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	Abstract 
The poor condition of the Citarum River demands more significant pollution control. One alternative for controlling pollution can be limiting the amount of wastewater entering one of the tributaries of the Citarum River, namely the Cikakembang River. This study is a follow-up study that will model heavy metal parameters in the Cikakembang River. Data collection was carried out six times, where the heavy metal parameter detected was copper. Numerical modelling for copper parameters was carried out using MATLAB software with the Runge Kutte-4 discretisation scheme. The study location covers 2.36 km upstream of the Cikakembang River, with 12 textile industry wastewater disposal points. Numerical modelling results for copper parameters show a settling rate of heavy metal particles of 40 day-1, with a maximum RRMSE value of 9.97%. Combining the water quality models for organic and heavy metal parameters created, pollution control simulations can be run in both seasons. The pollution control scenario aims to find the maximum amount that enters the Cikakembang River without passing the class four river water quality standards. The selection of the standard is based on the use of Cikakembang River water, namely for irrigation purposes. Based on the results of pollution control simulations, the pollutant carrying capacity for BOD, COD and copper parameters in the Cikakembang River is 199.43 kg/day, 1103.80 kg/day and 4.06 kg/day, respectively. 
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INTRODUCTION
The Citarum River is the largest in West Java province, flowing from the Cisanti spring and emptying into the Java Sea [1]. The large area covered by the Citarum River means that the management of the Citarum watershed is divided into three areas: upper, middle, and lower [2]. Some of the functions supported by the Citarum River are as an electrical energy generator, fulfilling Jakarta's raw water needs by 80%, and supporting irrigation water needs covering an area of 420 thousand hectares [3], [4]. Even though the benefits of the Citarum River are so great, the water quality of the Upstream Citarum River was named one of the most polluted rivers in 2013 [5]. The study conducted by [6] analysed the Water Quality Index (WQI) in the upper Citarum watershed from 2011 to 2019. The WQI value in the upper Citarum watershed ranged from 11,528 to 62,348, so the status was very poor to fair [6].
One factor that has the potential to worsen the water quality of the Citarum River significantly is textile industry wastewater discharge in the Majalaya District. The textile industry in this area accounts for 40% of the total textile industry in Indonesia [7]. The resulting textile industry wastewater is discharged into the Cikakembang tributary, which flows into the Citarum River. The characteristics of textile industry wastewater are that it contains low concentrations of Dissolved Oxygen (DO) with high concentrations of Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) [8], [9], [10]. Some textile industry waste also contains heavy metals, such as zinc, chromium, copper and lead [11], [12]. Concentrations of BOD, COD and heavy metals parameters that exceed standards will damage the local aquatic ecosystem; if consumed by humans, they will be lethal [13], [14].
Previous studies conducted numerical modelling on the Cikakembang River using data-driven models for three organic parameters: DO, BOD, and COD [15]. This study will focus on two things, namely, modelling heavy metal parameters from textile industry wastewater and developing a pollution control program for the detected DO, BOD, COD and heavy metals parameters. Previously, the parameters of heavy metals that are pollutants will be identified. Numerical modelling will be made for the identified heavy metal parameters. Afterwards, the developed model will simulate several pollution control scenarios. This study will limit the pollutant values that the Cikakembang River can accommodate without exceeding the applicable quality standards. The results obtained can be used as a reference to determine more effective pollution control policies for the Citarum River.  

METHOD
Study Location
This study covers a modelling area of 2.36 km upstream of the Cikakembang River, as shown in Figure 1. A total of 36 points in the location study were measured bathymetrically to obtain the river cross-sectional area. Then, water sampling was carried out at three locations, with detailed coordinates shown in Table 1. Each sampling location point had its reasons for selecting the location. The first sampling point is the upstream area of the Cikakembang River, where the dominant wastewater entering comes from domestic effluent. The second sampling point is in the middle of the Cikakembang River study location. Meanwhile, the third sampling point is downstream of the river, with the dominant type of wastewater being textile industry effluent.
[image: ]
Figure 1. Research area
Table 1. Coordinates of sampling locations
	Location Details
	Sampling Point
	Longitude
	Latitude

	C4
	S1
	107.746
	-7.061

	C19
	S2
	107.746
	-7.050

	C24
	S3
	107.743
	-7.047



Research Flowchart
The research flowchart of this study is represented in Figure 2. First, pollutant parameters from heavy metals for textile industry wastewater will be identified. After that, data was collected on three types: water quality data through water sampling, hydraulic parameters, and physical parameters. Data was collected six times from 27 January 2022 to 19 October 2022. Three were taken during the rainy season, and the others were taken during the dry season. Water samples from the Cikakembang River are tested at Parahyangan Catholic University for four parameters: Copper, Iron, Zinc, and Chromium. Hydrodynamic modelling was carried out in the same process using HEC-RAS to obtain hydraulic parameters at 36 points at the study location.
Afterwards, a water quality model for heavy metal parameters was developed using MATLAB. Numerical modelling was carried out using the Runge Kutte-4 explicit discretisation scheme. The calibration and verification process was carried out to obtain the water quality coefficient value for the Cikakembang River. Furthermore, pollution control was developed in the Cikakembang River using the water quality coefficient values obtained. Pollution control simulations are carried out in the rainy and dry seasons with four scenarios. Each scenario will show the impact of the amount of incoming waste on the water quality conditions of the Cikakembang River. Then, limits on the amount of wastewater entering the Cikakembang River during the rainy and dry seasons can be determined.
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Figure 2. Research Flowchart


Data Availability
This study assumes the rainy season starts from October to April, while the dry season starts from May to September. The results of water samples testing on four heavy metals parameters are shown in Figure 3, with black and red showing data taken during the rainy and dry seasons, respectively. To see how severe the concentration of heavy metals parameters is in the Cikakembang River, river water quality standards according to Indonesian government regulation no. 22 of 2021 are used. Based on the test results, it was found that the Zinc, Chromium and Iron content parameters were often under the range or in the safe range. So, in this study, numerical modelling for heavy metal parameters was only carried out for copper parameters.
Hydraulic and physical parameters of the Cikakembang River are shown in Table 2 and Table 3, respectively. The hydraulic parameters measured are flow velocity and water depth. Measurements for hydraulic parameters were carried out on 19 October 2022 and 24 August 2022. Two data were measured for physical parameters: pH and water temperature. Physical parameter measurements were also carried out on the same date as hydraulic parameter measurements. 

	
(a)
	
(b)
	
(c)
	
(d)


Figure 3. Heavy Metals Concentration for (a) Copper, (b) Zinc, (c) Iron, and (d) Chromium



Table 2. Hydraulic Parameter of the Cikakembang River
	Parameter
	Sampling Points
	10/19/2022 (Rainy Season)
	8/24/2022 (Dry Season)

	Flow rate (m/s)
	S01
	0.56
	0.63

	
	S02
	1.05
	0.70

	
	S03
	0.46
	0.44

	Hydraulic depth (m)
	S01
	0.33
	0.38

	
	S02
	0.27
	0.25

	
	S03
	0.56
	0.35


Table 3. Physical Parameter of the Cikakembang River
	Parameter
	Sampling Points
	10/19/2022 (Rainy Season)
	8/24/2022 (Dry Season)

	pH
	S01
	7.25
	6.57

	
	S02
	6.86
	6.79

	
	S03
	7.15
	6.93

	Temperature (˚C)
	S01
	28.00
	29.00

	
	S02
	28.00
	30.00

	
	S03
	28.00
	29.00








The Governing Equation
Pollutant transport is formulated using the Advection-Dispersion Equation (ADE), with each reaction derived from the parameters considered [16], [17]. ADE for heavy metals parameters can be seen in Equation (1). 
	

	
	(1)


Where: 
	: Copper’s concentration (mg/L)
	: Advection term (m/s)
	: Dispersion coefficient (m/s2)
		: Settling coefficient for copper (day-1)
Heavy metal parameters do not decompose like other organic parameters. Heavy metals in the flow can be found in two phases: the dissolved and deposited phases. Sedimentation and erosion processes in channels are the main causes of phase changes experienced by heavy metals parameters. When wastewater containing heavy metals enters a river flow, these parameters will first be found in the dissolved phase. As the flow progresses, heavy metal particles will be absorbed by sediment and sedimented at the bottom of the channel. Heavy metal particles that have been sedimented will be able to return to the dissolved phase if channel erosion occurs. Channel erosion will cause flow fluctuations, releasing heavy metal particles from the sediment back to a dissolved state. This process has been modelled by [18] using a constant that describes the settling coefficient of the heavy metal particles concerned [19]. The settling coefficient values of the heavy metal parameters will be estimated during the calibration and verification process. 

Discretization Scheme
ADE for the Copper parameter can be solved using the Runge Kutte-4 explicit discretisation scheme, with mathematical formulas written in Equation 2 to Equation 6. The Runge Kutte-4 discretization scheme is often used to solve differential equations because of its ease of computing [20], [21].  

	

	(2)

	

	(3)

	

	(4)

	

	(5)

	

	(6)


Where: 
	: Copper’s concentration at each spatial step with temporal step-t (mg/L). 
			: Copper’s concentration at each spatial step with temporal step-t+1 (mg/L). 
			: The temporal step (s)
			: The spatial step (m)
		: Runge Kutte-4 constants

Hydraulic Parameter of the Cikakembang River
Water quality modelling requires Cikakembang River hydraulic parameters to estimate the value of water quality coefficients, such as the dispersion coefficient (Ex). Previous research has succeeded in producing hydraulic parameters for the Cikakembang River in the rainy season and dry season, such as longitudinal flow velocity (ux), Froud Number (Fr), water depth (H), and channel's top width (W) [15]. All hydraulic parameters of the Cikakembang River are shown in Figure 4.

(a)

(b)
Figure 4. Existing Hydraulic Parameter of the Cikakembang River in (a) Rainy Season and (b) Dry Season
Point Source Pollution (PSP)
The source of copper parameter pollution that enters the Cikakembang River comes from the textile industry. Twelve PSPs were detected, with detailed locations depicted using the scheme in Figure 5. Prior research has successfully estimated the discharge value at each PSP, ranging from 0.001 m3/s to 0.053 m3/s.
[image: ]
Figure 5. PSP Discharging Scheme of the Cikakembang River

Relative Root Mean Square Error (RRMSE)
Evaluation of modelling results is needed to measure the accuracy of water quality coefficient values in the calibration and verification process. Relative Root Mean Square Error is an objective function measuring the error percentage in the observation data. The mathematical formula for calculating RRMSE can be seen in Equation 7. The error threshold for using RRMSE to declare the model accurate is 10% [22].
	

	(7)


Where: 
	

	:
	Relative Root Mean Square Error (unitless).

	

	:
	The mean observed data of a particular parameter (mg/L).

	

	:
	The observed data of a particular parameter (mg/L).

	

	:
	The model’s result of a particular parameter (mg/L).

	

	:
	Total amount of observation data (unitless).


Relative Root Mean Square Error (RRMSE)
Estimating the maximum amount of waste load without exceeding river water quality standards to a certain level can be an appropriate pollution control program. The pollutant carrying capacity (PCC) calculate the flowrate that includes variable discharge and effluent concentration discharged into the channel [23]. The mathematical formula for calculating PCC is written in Equation 8 [24].




	

	(8)



Where: 
	

	:
	Pollutant Carrying Capacity of a particular solute (kg/day)

	

	:
	Industrial effluent discharge (m3/s)

	

	:
	Industrial effluent’s concentration of a particular solute (mg/L)



The Indonesian Water Quality Regulations
The development of pollution control requires reference regulations to evaluate water quality conditions. This study uses two regulations from Indonesia relating to water quality. The first regulation is the Indonesian River Water Quality Standard No. 22 of 2021. River water quality regulations will be used to assess the pollution level of the Cikakembang River after including a certain level of pollutant load. The second regulation is the Indonesian Textile Industry Wastewater Standard No. 16 of 2019. Textile industry wastewater regulations were used to estimate the Cikakembang River PCC in a trial-and-error process. The copper parameter in the Indonesian textile industry waste regulations has not yet been regulated in terms of its levels, so the chromium parameter is the reference concentration. These two regulations can be seen in Table 4 and Table 5, respectively.
Table 4. River Water Quality Standard No. 22 of 2021 [25]
	Parameter
	River Water Quality Standards

	
	Class 1
	Class 2
	Class 3
	Class 4

	DO (mg/L)
	>6
	>4
	>3
	>1

	BOD (mg/L)
	<2
	<3
	<6
	<12

	COD (mg/L)
	<10
	<25
	<40
	<80

	Cu (mg/L)
	<0.02
	<0.02
	<0.02
	<0.2


Table 5. Textile Industry Wastewater Standard No. 16 of 2019 [26]
	Discharge
	BOD
	COD
	Cr

	≤ 100
	60
	150
	1

	100 < x < 1000
	45
	125
	1

	≥ 1000
	35
	115
	1

	m3/day
	mg/L
	mg/L
	mg/L







RESULTS AND DISCUSSION
Model Setup
The water quality model for heavy metals parameters will be simulated three times, namely once in the calibration process and twice in the verification process. The numerical model will be calibrated using observation data on 23 February 2022. Then, the verification process will be carried out using observation data on 24 August 2022. The concentration of copper parameters on 24 August 2022 was only detected at two sampling points. Further validation is needed to assess the accuracy of the modelling results so that observation data on September 7, 2022, will be used in the second verification process.
This study uses Dirichlet's and Neumann's boundary conditions methods at the upstream and downstream channels. Dirichlet's boundary condition determines the magnitude of a parameter. Neumann's boundary condition method assumes that the change in the gradient of a parameter is zero. Using Neumann's boundary condition principle, the numerical computation of a parameter at one point can be written as having the same value as the quantity at the previous point. Details of the boundary condition values used can be seen in Table 6.
Table 6. The Detail of Boundary Conditions Used in Calibration and Verification Processes
	Location
	Symbol
	Process

	
	
	C
	V1
	V2

	Upstream
	

	0.235 mg/L
	0.155 mg/L
	0.42 mg/L

	Downstream
	

	



The stability of the water quality model also needs to be considered by setting the Courant Number value. This study set the Courant Number value below one, with a mathematical formula in Equation 9. The temporal step, spatial step and courant number values used in modelling are shown in Table 7.
	

	(9)


Where: 
	: Courant Number (unitless)
	: Longitudinal flow velocity (m/s)
	: The temporal step (s)
	: The spatial step (m)


Table 7. Validating the Model's Stability
	Variable
	Units
	Rainy Season
	Dry 
Season

	

	s
	20.00 

	

	m
	20.40 – 186.60

	CN
	unitless
	 0.03 – 0.83
	 0.03 – 0.90


Water quality modelling will be run for 24 hours starting from 06.00 AM. Domestic wastewater disposal into the Cikakembang River will not be regulated while the model runs. Working hours from 08.00 AM to 05.00 PM are used as textile industry wastewater disposal time. The concentration of copper parameters in the effluent at each PSP point is regulated according to the textile industry wastewater quality standards, namely 1 mg/L.
Calibration and Verification
Two water quality coefficients need to be calibrated: the dispersion coefficient (Ex) and the settling coefficient for the copper parameter (α). The dispersion coefficient for the Cikakembang River has been estimated using the regression equation developed by Iwasa and Aya (1991). The dispersion coefficient value ranges from 2.33 m2/s to 7.64 m2/s and 2.31 m2/s to 7.54 m2/s, respectively, in the rainy and dry seasons. The slight difference in the dispersion coefficient value is caused by differences in the hydraulic parameters of the Cikakembang River in the two seasons. The value is calibrated using the trial-and-error method for the settling coefficient for the copper parameter. This study uses an α value of 40 day-1 in the calibration and verification.
The results of numerical modelling for copper parameters are shown in Figure 6. Next, the modelling results are evaluated using the RRMSE objective function. The RMMSE values for the three modelling results are shown in Table 8. The evaluation results of the three simulation results produced RRMSE values below 10%, so the modelling results were declared accurate.

(a)

(b)


(c)
Figure 6. The Numerical Modelling Results of Copper Parameter in (a) Calibration Process, (b) Verification Process-1, and (c) Verification Process-2
Table 8. The RRMSE Values of Copper Numerical Modelling Results
	Objective Function
	Process

	
	C
(02/23/22)
	V1
(08/24/22)
	V2
(09/07/22)

	RRMSE (%)
	2.30
	2.41
	9.97


Pollution Control Scenario
Combining the results of previous research with the current study, the water quality model for the DO, BOD, COD and Cu parameters has been obtained. The pollution control developed focuses on estimating the PCC of the Cikakembang River due to textile industry wastewater without passing class four river water quality standards in the rainy and dry seasons. The selection of the reference standard for class four river water quality standards is based on the function of the Cikakembang River, which is used for irrigation purposes.
In the first step in the pollution control simulation, the upper boundary conditions must be set as the third-class river water quality standard. Then, the PSP discharge value for each textile industry effluent is changed to 1000 m3/day, or the equivalent of 0.012 m3/s by the lower limit in textile industry wastewater regulations No. 16 of 2019.
The selection of the discharge value of 1000 m3/day was based on the similarity of the hydraulic parameter characteristics between the pollution control scenario and the existing condition. All hydraulic parameter values used in the pollution control simulation can be seen in Figure 7.


(a)

(b)
Figure 7. Hydraulic Parameters of the Cikakembang River in Pollution Control Simulations of (a) Rainy Season and (b) Dry Season

Changes in the hydraulic parameters of the Cikakembang River in the pollution control simulation also change several water quality coefficient values. Small changes in water quality coefficient values are found in the reaeration rate (Ka), decomposition rate for the COD parameter (Kc), and dispersion coefficient (Ex). The values of all water quality coefficients used for pollution control simulations can be seen in Table 9. 
Table 9. Water Quality Coefficients Used in the Pollution Control Simulations

	Water Quality Coefficients
	Units
	Value Used

	
	
	Rainy Season
	Dry Season

	Reaeration Rate (Ka)
	day-1
	10.13 - 48.27
	10.21 - 45.92

	Deoxygenation Rate (Kd)
	day-1
	0.23

	Decomposition Rate (Kc)
	day-1
	0.27 - 3.77
	0.27 – 4.31

	Dispersion Coefficients (Ex)
	m2/s
	2.32 - 7.60
	2.31 – 7.52

	Settling Coefficient for Copper Parameter (α)
	day-1
	40.00



The pollution control simulation produces maximum concentration values for the textile industry effluent's BOD, COD and Cu parameters. Meanwhile, the DO parameter concentration is set at one mg/L because the applicable regulations do not state a minimum standard for recovering DO levels. Table 10 shows the value of the effluent load entering the Cikakembang River during the pollution control simulation. Figure 8 and Figure 9 show the effects of entering textile industrial effluent into the Cikakembang River without passing class four river water quality standards in the rainy and dry seasons, respectively. The PCC of the Cikakembang River is calculated for both seasons and is shown in Table 11.  

Table 10. Pollution Control Scenario in Rainy and Dry Season
	Point
	Location (m)
	Qeff
(m3/s)
	Rainy Season
	Dry Season

	
	
	
	DOeff
	BODeff
	CODeff
	Cueff
	DOeff
	BODeff
	CODeff
	Cueff

	
	
	(m3/s)
	(mg/L)
	(mg/L)
	(mg/L)
	(mg/L)
	(mg/L)
	(mg/L)
	(mg/L)
	(mg/L)

	C5
	2208.39
	0.012
	1.00
	23.00
	145.00
	0.54
	1.00
	18.95
	122.00
	0.42

	C6
	2122.89
	0.012
	1.00
	23.25
	147.50
	0.54
	1.00
	18.95
	121.00
	0.42

	C12
	1564.99
	0.012
	1.00
	22.00
	97.50
	0.44
	1.00
	19.20
	93.50
	0.38

	C13
	1487.59
	0.012
	1.00
	22.00
	94.75
	0.43
	1.00
	19.20
	89.50
	0.38

	C16
	1179.19
	0.012
	1.00
	18.85
	88.50
	0.37
	1.00
	17.25
	86.50
	0.34

	C17
	1001.19
	0.012
	1.00
	18.85
	88.50
	0.37
	1.00
	17.13
	86.50
	0.33

	C20
	754.10
	0.012
	1.00
	15.75
	85.00
	0.37
	1.00
	14.90
	84.00
	0.36

	C21
	673.40
	0.012
	1.00
	15.75
	85.00
	0.37
	1.00
	14.85
	84.00
	0.36

	C22
	558.00
	0.012
	1.00
	15.65
	85.00
	0.31
	1.00
	14.80
	84.20
	0.28

	C23
	455.60
	0.012
	1.00
	15.53
	85.00
	0.31
	1.00
	14.80
	84.20
	0.27

	C24
	434.10
	0.012
	1.00
	15.53
	85.00
	0.30
	1.00
	14.70
	84.20
	0.27

	C25
	413.70
	0.012
	1.00
	15.53
	85.00
	0.30
	1.00
	14.70
	84.20
	0.27

	Maximum
	1.00
	23.25
	147.50
	0.54
	1.00
	19.20
	122.00
	0.42

	Minimum
	1.00
	15.53
	85.00
	0.30
	1.00
	14.70
	84.00
	0.27


	
(a)
	
(b)
	
(c)
	
(d)


Figure 8. Pollution Control Simulations Results in Rainy Season for (a) DO, (b) BOD, (c) COD, and (d) Copper Parameter
	
(a)
	
(b)
	
(c)
	
(d)


Figure 9. Pollution Control Simulations Results in Dry Season for (a) DO, (b) BOD, (c) COD, and (d) Copper Parameter


Table 11. Pollutant Carrying Capacity of the Cikakembang River
	Season
	PCC (kg/day)

	
	BOD
	COD
	Cu

	Rainy
	221.68
	1171.75
	4.61

	Dry
	199.43
	1103.80
	4.06


Discussion
This study has carried out water quality modelling for copper parameters in the Cikakembang River. Modelling consists of calibration and verification processes, where all simulation results are evaluated using the RRMSE objective function. The second verification process produced the highest RRMSE value at 9.97%. This value is very close to the error threshold of 10%, which can declare the model acceptable. Nevertheless, all simulation results have RRMSE values below this threshold, so the model is declared accurate.
Cikakembang River water quality modelling for heavy metals parameters was carried out using the assumption that there was no erosion in the channel. The model developed cannot model the parameters of heavy metals from the precipitated phase back to the particulate phase. Further research is needed to develop a hydraulic model so that erosion locations and changes in hydraulic parameters in the channel can be detected.
Pollution control simulation was conducted on DO, BOD, COD and copper parameters. There are changes in hydraulic parameters in the pollution control simulation due to changes in industrial wastewater discharge values at each PSP. Changes in water quality coefficient values in pollution control simulations differ greatly from existing modelling conditions.
The textile industry wastewater quality standards do not contain a DO value limit, so the DO concentration in the textile industry effluent is allowed to be 1 mg/L. Even though the simulation results show DO levels are between class three and class four river water quality standards, stakeholders must propose effluent concentration limits for DO parameters before being discharged into the river. This can be important in overcoming pollution due to BOD and COD parameters in textile industry waste.
As written in Table 11, the PCC of the Cikakembang River is greater in the rainy season than in the dry season. Rivers can better accommodate wastewater during the rainy season because the river's ability to regenerate is better during the rainy season. Establishing a pollution control policy requires a single value that can be used in both seasons. So, the industrial effluent concentration values recommended for use result from dry season pollution control simulations.

CONCLUSIONS
A water quality model for heavy metal parameters, especially copper, in the Cikakembang River has been successfully developed. The developed model can describe the number of copper particles in the particulate phase, which will settle at the bottom of the channel. The heavy metal modelling results were evaluated using the RRMSE objective function, with a maximum value of 9.97%. Based on the threshold error value, namely 10%, the modelling can be said to have good accuracy.
Combining the heavy metal and organic parameters models, pollution control simulations were carried out to estimate the pollutant carrying capacity (PCC) of the Cikakembang River. The main objective of pollution control is to restore the Cikakembang River water to be used for irrigation. If the two PCCs are compared, the simulation results in the dry season are smaller than those in the rainy season. The PCC for BOD, COD and copper parameters is 199.43 kg/day, 1103.80 kg/day and 4.06 kg/day, respectively. Any parameter that exceeds the PCC value will cause the Cikakembang River water condition to exceed class four river water quality standards.
Limiting the Cikakembang River's water quality to at least class four river water quality standards can regenerate the Citarum River, which is the main river, even better. Future research could focus more on investigating other areas that have the potential to pollute the Citarum River from its upstream. Apart from that, in the Majalaya District area, other pollutant parameters, both organic and inorganic, from different industries can be investigated. 
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ux (m/s)	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	0.98	0.71	1.06	1.54	0.5	0.95	0.3	0.76	0.93	0.93	0.96	0.75	0.44	0.96	0.31	0.46	0.68	0.55000000000000004	1.1299999999999999	1.27	1.67	0.41	0.2	0.51	0.42	0.71	1.25	0.85	0.42	0.18	0.14000000000000001	1.06	1.55	1.1000000000000001	1.54	1.45	Fr	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	1.02	0.66	1.02	1.77	0.35	1.01	0.19	0.73	0.98	0.8	0.81	0.63	0.32	1.02	0.16	0.28000000000000003	0.56999999999999995	0.4	1.02	1.25	1.7	0.19	0.06	0.26	0.21	0.41	1	0.63	0.22	7.0000000000000007E-2	0.05	1	1.66	1	1.45	1.39	W (m)	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	3.76	4.1100000000000003	2.98	2.92	3.5	4.29	5.22	4.8899999999999997	4.82	3.14	3.17	4.22	5.45	5.32	4.29	4	5.22	5.08	3.79	4.0999999999999996	3.41	2.82	2.4700000000000002	2.82	3.36	2.8	3.04	3.81	3.94	4.95	4.76	4.93	4.41	4.46	3.44	3.79	H (m)	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	0.09	0.12	0.11	0.08	0.21	0.09	0.26	0.11	0.09	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.19	0.09	0.37	0.27	0.15	0.19	0.13	0.11	0.1	0.49	1.2	0.41	0.43	0.31	0.16	0.19	0.37	0.66	0.89	0.12	0.09	0.12	0.11	0.11	Q river (cms)	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	0.35	0.35	0.35	0.35	0.36	0.37	0.41	0.41	0.41	0.41	0.44	0.45	0.46	0.46	0.49	0.51	0.52	0.54	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.61	0.61	0.61	0.61	0.61	0.61	0.61	0.61	0.61	0.61	0.61	0.61	Distance from Downstream (m)


Hydraulic Parameter Generated 




ux (m/s)	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	0.91	0.64	0.97	1.4	0.43	0.88	0.27	0.71	0.82	0.88	0.86	0.71	0.4	0.9	0.28000000000000003	0.42	0.63	0.51	1.06	1.19	1.58	0.37	0.17	0.46	0.38	0.64	1.19	0.79	0.37	0.16	0.12	1.01	1.43	1.04	1.43	1.37	Fr	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	1.03	0.64	1.01	1.7	0.33	1.01	0.18	0.74	0.92	0.82	0.77	0.64	0.31	1.02	0.16	0.28000000000000003	0.56999999999999995	0.4	1	1.24	1.67	0.17	0.05	0.24	0.19	0.39	1.02	0.62	0.2	0.06	0.04	1	1.61	1.01	1.42	1.38	W (m)	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	3.5	3.88	2.79	2.6	3.48	4.0599999999999996	5.03	4.63	4.6100000000000003	2.96	3.05	3.98	5.41	5.08	4.2699999999999996	3.98	5.21	5.0599999999999996	3.65	3.97	3.18	2.8	2.46	2.81	3.3	2.79	3.03	3.8	3.94	4.9400000000000004	4.75	4.92	4.41	4.45	3.43	3.65	H (m)	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	0.08	0.1	0.09	7.0000000000000007E-2	0.17	0.08	0.23	0.09	0.08	0.12	0.13	0.12	0.17	0.08	0.33	0.24	0.13	0.17	0.11	0.09	0.09	0.46	1.18	0.38	0.41	0.28000000000000003	0.14000000000000001	0.17	0.35	0.64	0.88	0.1	0.08	0.11	0.1	0.1	Q river (cms)	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	0.25	0.25	0.25	0.25	0.26	0.28000000000000003	0.31	0.31	0.31	0.31	0.34	0.35	0.36	0.36	0.4	0.41	0.42	0.44	0.44	0.45	0.46	0.47	0.48	0.5	0.51	0.51	0.51	0.51	0.51	0.51	0.51	0.51	0.51	0.51	0.51	0.51	Distance from Downstream (m)


Hydraulic Parameter Generated 




DO	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	3	3.0345023808101601	3.0118981635910802	2.9674102704820702	2.6703802363664	2.023872971856	2.3899920007820601	2.3988911856070398	2.3840254943783399	2.4367060556298101	2.4953505194518599	2.38010093795774	2.2694911638440498	2.2337997964190701	2.8866024414969802	2.6448033255980801	2.58302170628806	2.59844180946908	2.3889873411701998	2.19112282566546	1.9930924415189799	2.1877870531850099	2.2486657179046601	2.2819844060317198	2.3280027220117701	2.4167244171795299	2.3927024632629799	2.4552881025851501	2.5963285602665098	2.8501791899821498	3.1264025350131699	3.0365005765779598	2.9729955510970698	2.9026416590342898	2.8676754200338599	2.8676754882768001	Class 1	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	Class 2	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	Class 3	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	Class 4	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	Distance from Downstream (m)


DO (mg/L)




BOD	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	6	5.8634295273592096	5.8456999215176602	5.92377381596354	9.2001563716942307	11.947240762444499	10.7560942491878	10.3832846547317	10.072378904911499	9.8416386052885994	9.6142052049451596	10.7523201980518	11.922423151223001	11.6710101192122	10.0455291238914	11.7596508290976	11.9330084423248	11.664802389171401	11.542846899322001	11.751167959898	11.943091180627601	11.963202854627401	11.983103835168899	11.9587368361613	11.8948933514035	11.6957450118891	11.659950127552801	11.486157740520399	11.1565274535293	10.5513898727724	9.8491442156668505	9.8006622062411903	9.7670917302858005	9.7273557778744895	9.7047535969358805	9.7047540731725608	Class 1	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	Class 2	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	Class 3	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	Class 4	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	Distance from Downstream (m)


BOD (mg/L)




COD	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	40	39.826645221152397	39.830713609102197	40.531938852820097	62.7190093161365	79.668489092184103	78.051163394921204	77.437426193131003	76.902500460912407	76.571159295453796	76.263506516596493	78.267489924058296	79.980371360058797	79.536082136299797	77.546263078935198	79.641401217738803	79.797533196968601	79.374041670929998	78.970054931185601	79.147536972608407	79.296068249580003	79.609091343955498	79.7495454415007	79.762521016293903	79.720018088656801	79.4767724343411	79.394867632441802	79.171356648916799	78.783194147787597	78.079507030566702	77.254012430983195	77.089660268278095	76.973846044340107	76.841758560083605	76.771321543085705	76.771319219534405	Class 1	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	Class 2	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	Class 3	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	Class 4	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	Distance from Downstream (m)


COD (mg/L)




Cu	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	0.02	1.9686431807489201E-2	1.9745825778169301E-2	2.3155993458780999E-2	0.12766307066205701	0.200168181491889	0.169432797234776	0.16213658947685	0.156537512700516	0.15276071256541601	0.14955534748030999	0.176280960535311	0.19959452603705199	0.19079522891186601	0.15475209035888099	0.19586529122460999	0.19990253114575199	0.19166271201504101	0.18061052041297301	0.187324962929306	0.19368246023576599	0.19823290943046401	0.199347671232257	0.19927264800314101	0.19812762752044599	0.19384212868643599	0.191371426833223	0.18762784063224699	0.179353976762166	0.163329183570044	0.14484214641089899	0.14148392601485599	0.139640990270956	0.13700887901327699	0.135764128412596	0.13576412834957999	Class 1	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	Class 4	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	Distance from Downstream (m)


Cu (mg/L)




DO	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	3	3.01902194722825	2.9847283205242299	2.92032398175298	2.4028397883463599	1.67360049044792	1.9991062817761101	1.95299203570738	1.9036088575213901	1.94527553570221	2.0027152426820898	1.88604231089691	1.7864265608909	1.7289377074662	2.4071780235723099	2.1787246709046499	2.1078718177892699	2.10286626275479	1.8342074545754401	1.6233418349752899	1.43389393205103	1.7258973293217199	1.8157828268117	1.86143901756187	1.9183676680950801	2.0091972814683898	1.9788077530280199	2.0431020571813701	2.19955752738736	2.46944181348894	2.75264657207136	2.6373402593361299	2.5591832960958301	2.4777672277846601	2.4360975532550402	2.4360977500238699	Class 1	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	Class 2	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	4	Class 3	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	Class 4	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	Distance from Downstream (m)


DO (mg/L)




BOD	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	6	5.8613285143978002	5.8415758402762998	5.9196277306838097	9.5348444517955109	11.955839924815701	10.7412500669852	10.370102057857499	10.0481778454447	9.81907391541524	9.5869582323031306	10.7650671318639	11.9338729350549	11.6801449592419	10.0460829045987	11.8544311913837	11.9970438680438	11.621106414337101	11.0173771484914	11.272743117553601	11.5014748056046	11.635916036734599	11.6994764703258	11.68393995053	11.626274741829	11.4230515824876	11.3852053893697	11.202033161439401	10.831841663595901	10.1645717409911	9.3815151552115505	9.1690725315778199	9.1338138700004805	9.0929543568644196	9.0695209015362597	9.0695225748866797	Class 1	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	Class 2	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	3	Class 3	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	Class 4	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	12	Distance from Downstream (m)


BOD (mg/L)




COD	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	40	39.809117998003302	39.799855963419802	40.503249921094302	65.0342196550517	79.704499110198697	77.954638548605999	77.269591264666502	76.663824839842803	76.311177150447094	75.983587599490704	78.153555603110405	79.640783851562702	79.156455571306694	77.084866075537306	79.417675589192896	79.550705541403005	78.9833180670921	78.028696162386296	78.270171728861897	78.491915281382802	79.064288697175698	79.286462417568103	79.322091303931202	79.295048442823997	79.037968322270203	78.944958973406699	78.701794287800197	78.259309786452306	77.473436649260407	76.542673220090506	76.186409394371395	76.0524173004098	75.906338928848498	75.827167703459097	75.827161897533898	Class 1	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	10	Class 2	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	Class 3	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	40	Class 4	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	80	Distance from Downstream (m)


COD (mg/L)




Cu	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	0.02	1.9647659926799201E-2	1.96787127246115E-2	2.30410637297663E-2	0.13539264557958899	0.19921644795054599	0.16599819397999699	0.15834008749519601	0.15220107340943601	0.148317864876813	0.14492613312681599	0.17362363232435599	0.198963618480236	0.189638930118603	0.151324239108167	0.195986408463309	0.19983399064632801	0.190987277495761	0.17934948230540601	0.18882952911828901	0.197466999082207	0.199760829255751	0.19922637442230601	0.19864555421635299	0.19699600557397301	0.19231337436791901	0.18971912071284999	0.18558621430257699	0.176197636111975	0.15890995999442001	0.13941206272179801	0.13602457894380099	0.13410708563911	0.13144194090689201	0.130163224239221	0.13016322407104799	Class 1	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	0.02	Class 4	2359.89	2321.59	2290.59	2260.29	2208.39	2122.89	1964.89	1831.39	1755.59	1681.59	1631.39	1564.99	1487.59	1418.59	1365.79	1179.19	1001.19	955.89	909.49	754.1	673.4	558	455.6	434.1	413.7	393	357.5	324	295.5	273.3	242	180.6	123.6	81	32.799999999999997	0	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	0.2	Distance from Downstream (m)
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