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Appendix J: Water Quality Modelling 
 
 
1. QUAL2K MODEL 
 
The water quality model for Segment 2B (Sg. Serendah to Sg. Selangor) was established 
using the QUAL2K software developed by Chapra et al. (2006). QUAL2K is a stream 
water quality model that is a modernized version of the QUAL2E model that was 
developed by Brown and Barnwell (1987). QUAL2K is : 
  
 One dimensional. The channel is assumed to be well-mixed vertically and laterally.  
 The system supports branching - A mainstem river with branched tributaries.  
 Steady state hydraulics. Non-uniform, steady flow is simulated.  
 Diel water-quality kinetics. All water quality variables are simulated on a diel time 

scale.  
 Heat and mass inputs. Point and non-point loads and withdrawals are simulated. 

 
The QUAL2K framework includes the following elements:  
 
 Software Environment and Interface. QUAL2K is implemented within the Microsoft 

Windows environment. Numerical computations are programmed in Fortran 90. 
Excel is used as the graphical user interface. All interface operations are 
programmed in the Microsoft Office macro language: Visual Basic for Applications 
(VBA).  

 Model segmentation. QUAL2E segments the system into river reaches comprised 
of equally spaced elements. QUAL2K also divides the system into reaches and 
elements. However, in contrast to QUAL2E, the element size for QUAL2K can 
vary from reach to reach. In addition, multiple loadings and withdrawals can be 
input to any element.  

 Carbonaceous BOD speciation. QUAL2K uses two forms of carbonaceous BOD to 
represent organic carbon. These forms are a slowly oxidizing form (slow CBOD) 
and a rapidly oxidizing form (fast CBOD). 

 Chemical Oxygen Demand (COD) cannot be modeled. 
 Anoxia. QUAL2K accommodates anoxia by reducing oxidation reactions to zero at 

low oxygen levels. In addition, denitrification is modeled as a first-order reaction 
that becomes pronounced at low oxygen concentrations.  

 Sediment-water interactions. Sediment-water fluxes of dissolved oxygen and 
nutrients are simulated internally rather than being prescribed. That is, oxygen 
(SOD) and nutrient fluxes are simulated as a function of settling particulate organic 
matter, reactions within the sediments, and the concentrations of soluble forms in 
the overlying waters.  

 Bottom algae. The model explicitly simulates attached bottom algae. These algae 
have variable stoichiometry.  

 Light extinction. Light extinction is calculated as a function of algae, detritus and 
inorganic solids.  

 
computed based on these two quantities.  

 Pathogens. A generic pathogen is simulated. Pathogen removal is determined as 
a function of temperature, light and settling.  



 

 Reach specific kinetic parameters. QUAL2K allows the user to specify many of the 
kinetic parameters on a reach-specific basis. 

 
 
2. RIVER SEGMENTATION 
 
The QUAL2K model requires the river to be represented as a series of reaches. These 
represent stretches of river that have constant hydraulic characteristics (e.g., slope, 
bottom width, etc.). The reaches are numbered in ascending order starting from the 

-point sources and withdrawals 
 

 
For systems with tributaries, the reaches are numbered in ascending order starting at 
reach 1 at the headwater of the main stem. When a junction with a tributary is reached, 

tributaries are also numbered consecutively following a sequencing scheme similar to the 
reaches. The major branches of the system (that is, the main stem and each of the 
tributaries) are referred to as segments. This distinction has practical importance because 
the software provides plots of model output on a segment basis.  
 
 
2.1 River Representation 
 
A 33.31 km stretch of the rivers - from Sg. Serendah (approx. 0.18 km upstream of the 
Serendah Komuter Station) to about 0.87 km downstream of the water intake of SSP1 
along Sg. Selangor  traversing through Sg. Garing and Sg. Sembah. The hydraulic 
schematic model of rivers modelled is shown in Figure 1. 
 
 
2.2 Headwaters 
 
The model has one headwater. A headwater is the upper limit of the model but do not 
necessarily represent the upper limit of the catchment. Each headwater has an upper 
catchment area which provides the inflows that drive the model. The headwater of the 
model is labeled as HW0. 
 
The details of the headwater are as follows: 
 
 

Head-water ID : 0 
Headwater name : HW0 
River name : Sg. Serendah 
Reach No. : 1 

Coordinates : 3°22'36.75"N 
  101°36'57.53"E 

Catchment area (km2) : 13.5 km2 
  
 
 
 

 

 



 

2.3 Reaches 
 
Reaches are sections of the river that have uniform hydraulic characteristics. The three 
main factors governing the flow discharge (Qo) in a reach of a river are the flow cross-
sectional area governed by the flow depth (yo) and geometry of the river cross-section, the 

n) (Table 1), which 
is a measure of the channel boundary resistance to water flow.   
 

 
Each segment of the model was classified and divided into reaches according to its 
hydraulic characteristics. A separate reach was established whenever a significant 
change in the hydraulic characteristics was observed. The channel slopes were 
calculated from the measured elevation at each reach. 
 
The model has 9 reaches (Table 2). The determination of reaches was made by field 
surveys of project site, secondary data and satellite images wherein the following features 
were noted : 
 
 Bottom width to determine the flow area (A) during low flow. On-site measurements of 

the channel width were made, where possible. Otherwise, they were estimated from 
survey drawings 

 Channel shape (side slope) 
 On-site GPS measurement of the elevations at the boundary of river reaches, to 

estimate the channel bed slope of the reach. 
 

cient (n) was estimated based on observations during site 
visits to the project site and by comparing the conditions of the channel bottom and 
wetted perimeter at the channel sides with the values given in the QUAL2K 
Documentation Manual by Chapra et. al (2006) (Table 1).  
 

Table 1    
 

Material n 
Man-made channels  
Concrete 0.012 
Gravel bottom with sides:  
 Concrete 0.020 
 Mortared stone 0.023 
 Riprap 0.033 
Natural stream channels  
Clean, straight 0.025-0.04 
Clean, sinding and some weeds 0.03-0.05 
Weeds and pools, winding 0.05 
Mountain streams with boulders 0.04-0.10 
Heavy brush, timber 0.05-0.20 

Source: (from Chow et al. (1988), cited in QUAL2K Documentation Manual) 



 

Table 2  Reaches in the Water Quality Model 
 

Reach 
Label 

Reach 
No 

Headwater 
Reach 

Length 
(km) 

Upstream 
(km) 

Down- 
stream (m) Manning n 

R1 1 Yes 1.59 33.31 31.72 0.035 
R2 2 No 5.92 31.72 25.80 0.035 
R3 3 No 5.24 25.80 20.56 0.035 
R4 4 No 3.44 20.56 17.12 0.035 
R5 5 No 2.18 17.12 14.94 0.035 
R6 6 No 3.21 14.94 11.73 0.035 
R7 7 No 3.39 11.73 8.34 0.035 
R8 8 No 2.94 8.34 5.40 0.035 
R9 9 No 5.40 5.40 0.00 0.035 

  



 

Figure 1a Hydraulic Schematic for Segment 2B (Construction Phase) 
 

 
  



 

Figure 1b Hydraulic Schematic for Segment 2B (Operation Phase) 
 
 

 

 



 

3. Flows 
 
Three types of flow values were used in the model:  
 

a) flow obtained from field measurements to establish the baseline model;  
b) peak discharge of 2-year-return-period calculated using  Hydrological 

Procedure No. 4 for  Scenario 2 during the construction phase; 
c) 7Q10 low flow calculated using  Hydrological Procedure No. 12 for Scenario 

2 during the operation phase. 
 
 
4. Pollution Sources 
 
4.1 Point sources 
 
Tributaries (streams and drains) were modeled as point loads (see Section 2.1 above). 
The quantity of discharge for the tributaries was calculated using their drainage areas and 
the average annual low flows while the quality of discharge was determined from field 
sampling. In total, 7 point sources were included in the model during Construction Phase 
and 1 point source was included during Operation Phase. The details of the point sources 
modeled are given in Table 3. 
 

Table 3   Point Sources input for the Model 
 

Point source Description Headwater 
ID 

Location 
(km) 

Inflow 
(m3/s) 

Construction Phase 
PS1 ROW Sediment 1  0 29.81 5.9383 
PS2 S13  Serendah Station 0 29.47 1.0700 
PS3 ROW Sediment 2 0 25.06 2.4127 
PS4 ROW Sediment 3 0 22.41 2.5896 
PS5 ROW Sediment 4 0 19.61 2.4230 
PS6 Hotspot S15 0 18.50 0.4700 
PS7 Hotspot S16 0 14.94 8.8790 

Operation Phase 
PS1 Serendah Station SSTS 0 29.93 0.0023 

 
 
4.2 Diffused sources 
 
Diffused sources of pollution were input into the entire stretch of the model. Diffused 
sources entered the reaches directly. The locations and area of diffuse sources were 
determined from land use maps and satellite images. 
 
The diffused pollution loadings were determined based on the Event Mean Concentration 
(EMC) method. Generally, the estimation of pollutant input is based on the concept that 
land use may be regarded as a direct indicator of the amount of pollutant released 
annually or, that the concentration of the pollutant which is discharged out of the 
catchment may be estimated. For calculating pollution loads, the formula below is applied: 
 
  



 

L = R x EMC x A x Cv / 100 
 
where, 

 
L = Annual pollutant load (kg/year) 
R = Mean annual rainfall (mm/year) 
EMC = Event mean concentration (mg/L) 
A = Catchment area (ha) 
Cv = Area-weighted volumetric runoff coefficient for the whole catchment. 

 
Each type of land use will however generate different pollution characteristics and loads 
and therefore EMC values will need to be determined for the individual land use type. 

Table 4 shows the recommended mean EMC value for various pollutants and land uses 
(MSMA 2nd Edition, DID, 2012) while Table 5 shows the input of diffuse sources into the 
model. Diffuse flows are established from flow balance calculations. 

Table 4  Mean EMC Values for Selected Land Uses 
 

Pollutant Land Use 
Parameter Unit Residential Commercial Industry Highway 

TSS mg/L 128.00 122.00 166.00 80.00 
Turbidity NTU 122.00 96.00 147.00 69.00 
TDS mg/L 131.00 43.00 137.00 38.00 
pH - 6.46 6.77 6.66 6.57 
BOD mg/L 17.90 22.90 19.30 14.90 
COD mg/L 97.00 134.00 140.00 81.00 
AN mg/L 0.73 0.85 1.00 0.44 
Source: MSMA 2nd Edition, DID, 2012 

 
Table 5  Diffuse Sources input for the Model 

 
Diffuse 
Load 
Name 

Reach 
no. 

Location 
upstream (km) 

Location 
downstream 

(km) 

Diffuse 
Abstraction 

(m3/s) 
Diffuse Inflow 

(m3/s) 

D1 1 33.310 31.720 - 6.5207 
D2 2 31.720 25.800 - - 
D3 3 25.800 20.560 - 0.2020 
D4 4 20.560 17.120 - 1.5975 
D5 5 17.120 14.940 - - 
D6 6 14.940 11.730 - 1.4358 
D7 7 11.730 8.340 - 9.3494 
D8 8 8.340 5.400 0.5263 - 
D9 9 5.400 0.000 18.1950 - 

 
 
 
 
 
 
 
 



 

5. Reaction Rates 
 
The default values for water quality kinetics and reaction provided in the QUAL2K model 
were used for the Perwaja Drainage model (Table 6). 
 

Table 6  Default Values for Water Quality Kinetics and Reaction Rates 
 
Parameter Value Units Symbol 
Stoichiometry:       
Carbon 40 gC gC 
Nitrogen 7.2 gN gN 
Phosphorus 1 gP gP 
Dry weight 100 gD gD 
Chlorophyll 1 gA gA 
Inorganic suspended solids:       

Settling velocity 1.304 m/d vi 
Oxygen:       

Reaeration model 
O'Connor-

Dobbins     
 0    
 0    
 0    

Temp correction 1.024   a

Reaeration wind effect None     

O2 for carbon oxidation 2.69 gO2/gC roc 

O2 for NH4 nitrification 4.57 gO2/gN ron 
Oxygen inhib model CBOD oxidation Exponential     

Oxygen inhib parameter CBOD oxidation 0.60 L/mgO2 Ksocf 
Oxygen inhib model nitrification Exponential     

Oxygen inhib parameter nitrification 0.60 L/mgO2 Ksona 
Oxygen enhance model denitrification Exponential     

Oxygen enhance parameter denitrification 0.60 L/mgO2 Ksodn 
Oxygen inhib model phyto resp Exponential     

Oxygen inhib parameter phyto resp 0.60 L/mgO2 Ksop 
Oxygen enhance model bot alg resp Exponential     

Oxygen enhance parameter bot alg resp 0.60 L/mgO2 Ksob 
Slow CBOD:       

Hydrolysis rate 4.999 /d khc 

Temp correction 1.047   hc

Oxidation rate 5 /d kdcs 

Temp correction 1.047   dcs

Fast CBOD:       

Oxidation rate 5 /d kdc 

Temp correction 1.047   dc

Organic N:       

Hydrolysis 0 /d khn 

Temp correction 1.07   hn 



 

Settling velocity 0 m/d von 
Ammonium:       

Nitrification 1.649 /d kna 

Temp correction 1.07   na 
Nitrate:       

Denitrification 0 /d kdn 

Temp correction 1.07   dn 

Sed denitrification transfer coeff 0 m/d vdi 

Temp correction 1.07   di 
Organic P:       

Hydrolysis 0 /d khp 

Temp correction 1.07   hp 

Settling velocity 1.999 m/d vop 
Inorganic P:       

Settling velocity 0 m/d vip 

Inorganic P sorption coefficient 0.073 L/mgD Kdpi 

Sed P oxygen attenuation half sat constant 1.831 mgO2/L kspi 
Phytoplankton:       

Max Growth rate 2.5 /d kgp 

Temp correction 1.07   gp 

Respiration rate 0.1 /d krp 

Temp correction 1.07   rp 

Excretion rate 0 /d kep 

Temp correction 1.07   dp 

Death rate 0 /d kdp 

Temp correction 1   dp 

External Nitrogen half sat constant 15 ugN/L ksPp 

External Phosphorus half sat constant 2 ugP/L ksNp 

Inorganic carbon half sat constant 2.00E-05 moles/L ksCp 
Light model Half saturation     
Light constant 57.6 langleys/d KLp 

Ammonia preference 25 ugN/L khnxp 

Subsistence quota for nitrogen 0 mgN/mgA q0Np 

Subsistence quota for phosphorus 0 mgP/mgA q0Pp 
Maximum uptake rate for nitrogen 0 mgN/mgA/d mNp 
Maximum uptake rate for phosphorus 0 mgP/mgA/d mPp 
Internal nitrogen half sat constant 0 mgN/mgA KqNp 
Internal phosphorus half sat constant 0 mgP/mgA KqPp 

Settling velocity 0.15 m/d va 
Bottom Algae:       
Growth model Zero-order     

Max Growth rate 999.991 mgA/m2/d or /d Cgb 

Temp correction 1.07   gb



 

First-order model carrying capacity 1000 mgA/m2 ab,max 

Respiration rate 1 /d krb 

Temp correction 1.07   rb 

Excretion rate 0.5 /d keb 

Temp correction 1.05   db 

Death rate 0.09 /d kdb 

Temp correction 1.07   db 

External nitrogen half sat constant 0.052 ugN/L ksPb 

External phosphorus half sat constant 96.379 ugP/L ksNb 

Inorganic carbon half sat constant 1.00E-05 moles/L ksCb 
Light model Half saturation     
Light constant 76.319 langleys/d KLb 

Ammonia preference 99.982 ugN/L khnxb 

Subsistence quota for nitrogen 2.524 mgN/mgA q0N 

Subsistence quota for phosphorus 0.002 mgP/mgA q0P 
Maximum uptake rate for nitrogen 149.913 mgN/mgA/d mN 
Maximum uptake rate for phosphorus 5.009 mgP/mgA/d mP 
Internal nitrogen half sat constant 0.384 mgN/mgA KqN 
Internal phosphorus half sat constant 0.102 mgP/mgA KqP 
Detritus (POM):       

Dissolution rate 7.179 /d kdt 

Temp correction 1.07   dt 

Fraction of dissolution to fast CBOD 1.00   Ff 

Settling velocity 0.236 m/d vdt 
Pathogens:       

Decay rate 0.8 /d kdx 

Temp correction 1.07   dx 

Settling velocity 1 m/d vx 

Light efficiency factor 1.00   path 
pH:       

Partial pressure of carbon dioxide 347 ppm pCO2 
Constituent i       
First-order reaction rate 0 /d   

Temp correction 1   dx 

Settling velocity 0 m/d vdt 
Constituent ii       
First-order reaction rate 0 /d   

Temp correction 1   dx 

Settling velocity 0 m/d vdt 
Constituent iii       
First-order reaction rate 0 /d   

Temp correction 1   dx 

Settling velocity 0 m/d vdt



 

6. Model Calibration 
 
The water quality model was calibrated using field data (flow and dissolved oxygen) 
collected in August 2017.  
 
Figure 2 shows the predicted and the observed water quality along the rivers modelled. 
Some variance in the correlation between the predicted and observed data can be 
expected, as the model predicts a steady-state water quality whereas the observed data 
captures the water quality at a particular point in time. The limitations of the model are 
due to estimations of hydraulic and water quality data along sub-tributaries and 
incomplete pollution source data, such as inflows and effluent quality of the pollution 
sources. Reaction rates and kinetics also play an important role in determining the 
outcome of the model.  

 
Figure 2 Model calibration of the water quality model for  

Flow and Dissolved Oxygen 
 

 
 

 

 



 

7. SCENARIO MODELED 
 
For both Construction and Operation Phases, in addition to the baseline scenario which 
simulates the changes in the water quality without the proposed project, two scenarios 
were modeled for this study. During the Construction Phase, the scenarios are: 
 

i. Scenario 1 (with Mitigation Measures) 
 
The first scenario with the proposed project models the changes in water quality 
as a result of sediment contribution from the ROW and station construction 
sites of the Project. The maximum sediment contribution from the Project is 50 
mg/L with implementation of mitigation measures.  
 

ii. Scenario 2 (Worst Case with Mitigation Measures):  
 
The Worst Case Scenario simulates the outcome when rainfall event occurs 
and sediment runoff increases drastically. The sediment contribution from the 
Project is 1,000 mg/L with implementation of mitigation measures at peak 
discharge of 2-year-return-period.   

 
 
During the Operation Phase, the scenarios are: 
 

i. Scenario 1 (Normal) 
 
Sewage treatment systems will discharge effluent that meets Standard A limits 
of the Environmental Quality (Sewage) Regulations 2009 at discharge flow of 
0.0023 m3/s. 
 

ii. Scenario 2 (Worst Case):  
 
Sewage treatment systems will discharge effluent that meets Standard A limits 
of the Environmental Quality (Sewage) Regulations 2009 at discharge flow of 
0.0023 m3/s but during 7Q10 low flow conditions. 

 
 
8.  MODELING RESULTS 
 
The impact of the Project to the water quality of the river during the Construction Phase is 
shown in Chart 1 while during Operation Phase the results are shown in Charts 2 to 4 
below. 
 
9. ASSUMPTIONS AND LIMITATIONS OF THE MODEL 
 
The water quality model is assumed to be reflective of the actual conditions based on 
calibration of selected parameters only, i.e. dissolved oxygen, BOD, pH, and TSS. Default 
values of the water quality kinetics, reaction rates and constants have been used, as local 
data is very limited.  

 



 

Chart 1 Impact of Proposed Project on Suspended Solids Concentration during 
Construction Phase 

 

 
 

Chart 2 Impact of Proposed SSTS Effluent Discharge on Suspended Solids Concentration 
during Operation Phase 

 



 

 

Chart 3 Impact of Proposed SSTS Effluent Discharge on Biochemical Oxygen Demand 
(BOD) Concentration during Operation Phase 

 
 

Chart 4  Impact of Proposed SSTS Effluent Discharge on Ammoniacal Nitrogen 
Concentration during Operation Phase 
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