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HAGENIMANA Christian1, NAHAYO Déogratias (MSc) 2 

1INES Ruhengeri, Civil Engineering Department, Musanze, Rwanda 
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Abstract: The main objective of this study was to design an efficient wastewater treatment plant for IPRC 

WEST. For a long period of utilization, the sewage generation was calculated by forecasting population in 

thirty years. The results were gotten through laboratory results and formulas by respecting principles and 

standards. By integration of environmental, biological, chemical and civil engineering aspects, the plant 

were designed perfectly to fulfill its duties of health protection and to achieve level of treated wastewater 

reuse in agriculture. 

Keywords: Wastewater, Biological/Biochemical Oxygen demand (BOD), Chemical Oxygen Demand (COD), 

food to microorganism ratio (F/M), hydraulic retention time (HRT), total suspended solid (TSS). 

1. INTRODUCTION 

Wastewater is any water that has been adversely affected in quality by anthropogenic influence. The principal 

sources of domestic wastewater in a community are the residential areas and commercial districts. Other important 

sources include institutional and recreational facilities, storm water (runoff), and groundwater (infiltration). (Ali, 

2011) 

Human and animal wastes: wastes that contain the solid and liquid discharges of humans and animals and are 

considered by many to be the most dangerous from human health viewpoint. The primary health hazard is 

presented by millions of bacteria, viruses, and other microorganisms (some of which may be pathogenic) present 

in the waste stream. For this project, the institution has many toilets which are the provenance of Human 

wastes.(Spellman, 2014) 

Household wastes: wastes, other than human and animal wastes, discharged from the home. House hold waste 

usually contain paper, house-hold cleaners, detergents, trash, garbage, and other substances homeowners 

discharge onto the sewer system. In this institution, many detergents and other cleaning substances are 

used.(Spellman, 2014) 

Industrial wastes: materials discharged from processes into the collection system. Industrial wastes typically 

contain chemicals, dyes, acids, alkalis, grit, detergents, and highly toxic materials. Here because the institution 

has different workshop, it is in this section is considered as industrial.(Spellman, 2014) 

Storm water runoff: many collection systems are designed to carry both the wastes of the community and storm 

water runoff. In this type of the system, when a storm event occurs the waste stream can contain large amounts of 

sand, gravel, and other grit as well as excessive amounts of water.(Spellman, 2014)  

Groundwater infiltration: groundwater will enter older, improperly sealed collection systems through cracks or 

unsealed pipe joints. This can add not only large amounts of water to wastewater flows but also additional 

grit.(Spellman, 2014) 

Wastewater treatment is the process of removing contaminants from wastewater and household sewage, both 

runoff (effluents) and domestic.(Ali, 2011)  

Wastewater treatment is a series of steps. Each of the steps can be accomplished using one or more treatment 

processes or type of equipment. The major categories of treatment steps are as follows: 

Preliminary treatment: removes materials that could damage plant equipment or would occupy treatment capacity 

without being treated while Primary treatment removes settleable and floatable solids. (Spellman, 2014) 

Secondary treatment removes BOD5 dissolved and colloidal suspended organic matter by biological action; 

organics are converted to stable solids, carbon dioxide and more organisms. (Ramaswamy, 1995) 

Advanced wastewater treatment: use physical, chemical, and biological processes to remove additional BOD5, 

solids and nutrients. (Ali, 2011) 
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Disinfection: removes microorganisms to eliminate or reduce the possibility of disease when the flow is 

discharged. (EPA, 2002) 

Sludge treatment: stabilizes the solids removed from wastewater during treatment, inactivates pathogenic 

organism, and reduces the volume of the sludge by removing water. (Singh, 2012) 

2. MATERIALS AND METHODOLOGY 

The forecasted population is estimated to be the total number of population in thirty years. The total number was 

gotten from the equation (1) below, by multiplying the maximum institution population capacity in 30 years with 

the ratio of the months which at least each staff or student is not available in the institution during the year. 

Pn = Pf ×
m

my
 ,          (1) 

Where:  

 Pn: Forecasted population, 

 Pf: maximum institution population capacity in 30 years, 

 m: months in the year of population availability, 

 my: months of the year (12 months) 

2.1. Calculation of sewage generation 

When calculating the sewage generation, it is required to have the ultimate design period, the number of 

forecasted population and the per capita water supply. 

The per capita water supply was gotten from (WASAC, 2017) data of water supplied in IPRC WEST during 

the year 2016, and was calculated as shown in the equations below. 

Average consumption per month=
Total supplied water

months of the year
,     (2) 

Average days of a month=
Year′s days

months of the year
,                (3) 

Average water supplied per day=
average consumption per month( m3)

average days of a month
,                 (4) 

Water supplied per capita per day=
average water supply per day

actual population
,                         (5) 

Average water supply per day= 

Forecasted population × water supplied per capita per day,            (6) 

 

And the sewage generation was also calculated by using the below formula: 

Average sewage generation per day= 80% of supplied water      (7) 

Average sewage generation per second=
average sewage generation per day3

24 ×60×60
,    (8) 

Maximum discharge (Design Flow) = 

3 × average sewage gerenation per second,      (9) 
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2.2. Design of receiving chamber 

The receiving chamber receive sewage from different buildings, it is located at the entrance of the treatment plant 

and has a rectangular shape. By using the Design flow and taking a detention time 60 seconds, its dimensions are 

gotten from the formula below: 

Volume required = Flow × Detention time                 (10) 

Area of receiving chamber =
Volume

depth
,                 (11) 

Area = Lenght × Breath,                   (12) 

Lenght − breath ratio = 2: 1 

In order to do Checking, the volume designed should be greater than the volume required and a free board should 

be provided. 

2.3. Design of screening 

Design of coarse screen 

Coarse screening consists of passing the raw sewage through usually bar screen, so as to trap and remove large 

floating matter. The velocity at average flow in coarse screen is not allowed to exceed 0.8m/s and the velocity 

through screen at peak flow should not exceed the twice the velocity at average flow. (Ramaswamy, 1995) 

The net area screen opening required (A) 

A =
Pick flow

velocity of flow
,                        (13) 

Clear area=
𝑛𝑒𝑡 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑠𝑐𝑟𝑒𝑒𝑛 𝑜𝑝𝑒𝑛𝑖𝑛𝑔 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

𝑝𝑒𝑎𝑘 𝑓𝑙𝑜𝑤 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑠𝑐𝑟𝑒𝑒𝑛×𝑆𝑖𝑛∅
,                (14) 

Number of clear openings=
𝑐𝑙𝑒𝑎𝑟 𝑎𝑟𝑒𝑎

𝑜𝑝𝑒𝑛𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑏𝑎𝑟𝑠
,                (15) 

Where: 

∅:  The angle of screen to the horizontal. 

Design calculation of fine screen 

When designing a fine screen, the design flow of sewage was taken into consideration. The velocity at average 

flow was taken as 0.8m/s, the velocity at peak flow was two times that of average flow and the screen was 

considered to be placed at an appropriate angle. The formulas used to get results are presented below. 

Area required=
𝑑𝑒𝑠𝑖𝑔𝑛 𝑓𝑙𝑜𝑤

𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦
,                   (16) 

Clear area=
𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑎𝑟𝑒𝑎

1.6×𝑆𝑖𝑛∅
,                   (17) 

Net clear width of the channel=
𝑐𝑙𝑒𝑎𝑟 𝑎𝑟𝑒𝑎

𝑐𝑙𝑒𝑎𝑟 𝑜𝑝𝑒𝑛𝑖𝑛𝑔
,                                                      (18) 

Length-Height ratio=2:1,  

2.4. Design calculation for aerated grit chamber 

When designing an aerated great chamber, some formulas presented below were used in order to get appropriate 

results. The detention time was taken as three minutes; the length was assumed to be increased by 30% to account 

for inlet and outlet of the tank and two chambers was provided for routine cleaning and maintenance. 

Volume = peak flow × detention time,                 (19) 

𝑉1 =
𝑉

2
,                     (20) 

Where: 

 V1: the volume of one tank, 

 V: volume of grit chamber, 

 

Width to depth ratio 2:1 

𝐿 =
𝑉1

𝐷×𝑊
,                             (21) 

Where: 

L: Length, 

V1: volume of one tank, 

D: provided depth, 

W: width of the tank 
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Diffuser arrangement: 

Diffusers are located along the length of the chamber on one side and place them at 0.3m above the bottom. The 

upward draft of the air creates a spiral roll action of the liquid in the chamber. The chamber bottom is sloped 

toward collection channel located on the same side as the air diffusers. 

Design the air supply system 

When designing air supply system, the rate of 2L/s/m length of the chamber was provided and 150% capacity for 

peaking purpose is considered. 

2.5. Design calculation of the skimming tank 

The design of skimming tank aims of removing oils and grease from the sewage. The formula below shows how 

to get the surface area required for the tank. 

The surface area (A) required for the tank: 

𝐴 =
6.22×10−3×𝑞

𝑉𝑟
,                    (22) 

Where: 

q: design flow of sewage in 𝑚3/𝑑𝑎𝑦 

Vr: 0.25 m/min (in m/day) 

The length-breadth ratio is 1.5:1 

2.6.  Design calculation of primary sedimentation tank 

Primary sedimentation tank is achieved in basins under relatively quiescent conditions; its dimensions are gotten 

from the formulas below by taking into consideration the maximum quantity of sewage, the surface loading and 

by assuming one hour of detention period. 

Volume of sewage=
𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑠𝑒𝑤𝑎𝑔𝑒

24ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑎 𝑑𝑎𝑦
,                (23) 

Surface area=
𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑒𝑤𝑎𝑔𝑒

𝑑𝑒𝑝𝑡ℎ (𝑝𝑟𝑜𝑣𝑖𝑑𝑒𝑑)
,                  (24) 

Surface area of the tank=
𝑡𝑜𝑡𝑎𝑙 𝑓𝑙𝑜𝑤

𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑙𝑜𝑎𝑑𝑖𝑛𝑔
,                                                       (25) 

2.7. Design calculation of Aeration tank 

Aeration tank is the mixing and diffusing structure with a rectangular shape. It was designed by considering the 

design flow, BOD at inlet and outlet, mixed liquor suspended solid and Food to microorganism ratio. 

BOD at Inlet = 3.39mg/L (From results gotten from the tested wastewater sample) 

TSS is equal to 0.055 

BOD removed in activated plant= 𝐵𝑂𝐷 𝑎𝑡 𝑖𝑛𝑙𝑒𝑡 − 𝐵𝑂𝐷 𝑎𝑡 𝑜𝑢𝑡𝑙𝑒𝑡,            (26) 

Minimum efficiency required in activated plant=
𝑌𝐸

𝑌𝑜
,                 (27) 

 Where: 

  YE: BOD removed in activated plant, 

  Yo: BOD at inlet of the tank. 

 

Volume (V) of the tank required=
𝑄×𝐵𝑂𝐷 (𝑟𝑒𝑚𝑜𝑣𝑒𝑑)

𝐹/𝑀×𝑀𝐿𝑆𝑆
,                (28) 

 Where Q: average flow of one tank, 

  F/M: food to microorganism ratio, 

  MLSS: mixed liquor suspended solid. 

The width to depth ratio taken as 2.2 

 Hydraulic retention time (HRT) equals to
𝑉×24

𝑄
,                (29) 

  Where:  

   V: provided volume, 

   Q: average flow of one tank. 

2.8. Secondary sedimentation tank 

The secondary sedimentation tank is designed as the primary one, the inflow of the tank is calculated by taking 

into consideration the return one, and in order to get its diameter, the big value between the surface area designed 

and the surface area provided is used. The formulas below describe them in details: 
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Total inflow= average flow + returned flow,                 (30) 

The volume of the thank (without the hopper portion) is
𝑄×𝑡

24
,                         (31) 

 Where:  

  Q: total inflow, 

  t: hydraulic detention period in hours 

𝐴𝑟𝑒𝑎 =
𝑉

𝐷
,                    (32) 

 Where: 

  V: volume of the tank, 

  D: provided diameter. 

 

Surface area provided=
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑙𝑜𝑤

𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑙𝑜𝑤
,               (33) 

 

 Use greater area of the two values, so surface area equals to 13.685m2 

 

 Diameter equals to √
𝐴𝑟𝑒𝑎(𝑔𝑟𝑒𝑎𝑡𝑒𝑟)×4

3.14
,                  (34) 

 

2.9. Design calculations of a Stabilization tank 

The design of stabilization tank aims at reducing pathogens, eliminating offensive odors and controls the 

purification of organic matter. The anaerobic digester was preferred by providing its dimensions by using the 

formula below. 

Volume (V) =𝑄 × 𝑡,                              (35) 

 Where: 

  Q: Total return flow, 

  t: detention time. 

𝐴 =
𝑉

𝐷
,                     (36) 

 Where:  

  A: Area of the digester, 

  V: volume, 

  D: depth (provided) 

And a pump which its capacity can pump the total returned flow was provided. 

2.10. Design calculations of drying beds 

When designing drying beds, some points was considered, which are the rate of applied sludge to drying beds, the 

assumed quantity of applied sludge, specific gravity of the sludge, solid content and also by taking into 

consideration the weather of region where the treatment plant should be constructed. 

The formulas below indicate how the dimensions of the aforementioned drying beds were calculated. 

Volume of sludge(V) =
𝑠𝑙𝑢𝑑𝑔𝑒 𝑎𝑝𝑝𝑙𝑖𝑒𝑑

𝑠𝑜𝑙𝑖𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡×1000×𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖𝑡𝑦
,               (37) 

Number of cycle in year=
𝐷𝑎𝑦𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑦𝑒𝑎𝑟

5𝑑𝑎𝑦𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑦𝑐𝑙𝑒
,                 (38) 

Area of bed required=
𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑙𝑢𝑑𝑔𝑒 𝑝𝑒𝑟 𝑐𝑦𝑐𝑙𝑒

𝑠𝑝𝑟𝑒𝑎𝑑 𝑙𝑎𝑦𝑒𝑟 𝑝𝑒𝑟 𝑐𝑦𝑐𝑙𝑒
,                (39) 
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3. FINDINGS AND CONCLUSION 

3.1. Population forecast 

Forecasted population was given by taking the maximum institution’s population capacity in 30 years (data given 

by IPRC WEST authorities) with the ratio of the months in which each staff or student is available in the institution 

during the months of the year. The population was found to be Five thousand six hundred and sixty (5,660) people 

in thirty years from 2017. 

3.2. Sewage generation 

Table 1: Principal data for sewage generation 

S. No. Data Value 

1 Average water consumption per month 1207m3 

2 Average water supply per day in 30 years 402.5m3 

3 Average sewage generation per day 139.2m3 

4 Average sewage generation per second 16×10-4m3 

5 Design flow 48×10-4m3/s 

 

3.3. Receiving chamber 

Table 2: Details of receiving chamber 

S. No. Design parameters Value 

1 Design flow 48×10-4m3 

2 Detention period 60 seconds 

3 Volume required 0.3m3 

4 Volume designed 0.64m3 

5 Depth  0.5m 

6 Length  1.6m 

7 Breadth  0.8m 

8 Free board 0.5m 

3.4. Screening 

3.4.1. Coarse screen 

Table 3: Details of coarse screen 

S. No. Design parameters Value 

1 Pick discharge flow through screen 48×10-4m3/s 

2 Velocity through screen 0.8m/s 

3 Size of bars 20mm×10mm 

4 Clear opening area 43×10-4 m2 

5 Number of bars 18 

6 Width of the screen channel 0.7m 

7 Depth of the screen channel 0.7m 

3.4.2. Fine screen 

Table 4: Details of fine screen 

S. No. Design parameter Value 

1 Design flow of sewage 48×10-4m3/s 

2 Velocity at average flow 0.8m/s 

3 Width of the channel 1.2m 

4 Depth  of the screen channel 0.5m 

5 Free board 0.5m 
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3.5. Aerated grit chamber 

Table 5: Details of grit chamber 

S. No. Design parameter Value 

1 Peak flow of sewage 48×10-4m3/s 

2 Detention period 180 Seconds 

3 Aerated volume of one grit chamber 0.44m3 

4 Depth 0.5m 

5 Length  1.3m 

6 Width 1m 

7 Number of chambers 2 

8 Placement of air diffuser from the 

bottom 

0.3m 

9 Capacity of air diffuser 9 l/s 

3.6. Skimming tank 

Table 6: Details of skimming tank 

S. No. Design parameters Value 

1 Design flow of sewage in skimming 

tank 

417.58m3/day 

2 Surface area 72×10-4m2 

3 Width 0.5m 

4 Length 0.5m 

5 Depth  0.5m 

6 Free board 0.5m 

 

3.7. Primary sedimentation tank 

Table 7: Details of primary sedimentation tank 

S. No. Design parameters Value 

1 Maximum quantity of sewage 139.2m3 

2 Volume of sewage 6m3 

3 Surface area 5m2 

4 Detention period 1hour 

5 Depth  1.2m 

6 Diameter  2.6m 

7 Free board 0.5m 

3.8. Aeration tank 

Table 8: Details of aeration tank 

S. No. Design parameter Value 

1 Number of aeration tanks 2 

2 Average flow in each tank 69.6m3 

3 BOD at inlet (Yo.) 2.712 mg/l 

4 BOD at Outlet (YE) 1.4mg/l 

5 BOD removed 2.312mg/l 

6 F/M ratio 0.1 

7 Volume required  3m3 

8 Width  2.2m 

9 Length  1.4m 

10 Depth  1m 

11 Hydraulic retention time (HRT) 1h 
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3.9. Secondary sedimentation tank 

Table9: Details of secondary sedimentation tank 

S. No. Design parameter Value 

1 Total inflow 208.8m3/day 

2 Detention time 1h 

3 Volume  8.7m3 

4 Depth  1.2m 

5 Surface area 7.25m2 

6 Diameter  3m 

7 Free board 0.5m 

3.10. Stabilization tank 

Table 10: Details of stabilization tank 

S. No. Design parameter Value 

1 Total return flow 0.05m3/min 

2 Detention time 15 minutes 

3 Volume of wet well 0.75m3 

4 Depth  1m 

5 Width  1m 

6 Length  1m 

7 Free board 0.5m 

8 Pump capacity 69.6m3/day 

3.11. Drying beds 

Table 11: Details of drying beds 

S. No. Design parameter Value 

1 Sludge applied 10kg/day 

2 Specific gravity taken 1.015 

3 Volume  0.5m3 

4 Number of cycles in one year 73 

5 Required area of beds 8.34m2 

6 Number of beds 2 

7 Area of one bed 4.17m2 

4. CONCLUSION 

The wastewater in IPRC WEST has a BOD and TSS which their values are less than allowable ones of World 

Health Organization. This make the water to be discharged in environment, for the purpose of irrigation of (non 

eatable) plants without any other treatment, but some treatment designs was conducted in order to minimize the 

risks of disease contamination and to promote health safety of the population when re-used in every day’s activities 

inside and around the school. 
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