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Metal Ion > 0.4 mg/L (Conventional Treatment) 

 In comparison to the backward elimination procedure that produced the best 

model for the MI> 0.4 mg/L subset, repeated stepwise and forward selection procedures 

resulted in models with lower R
2
 values.  Repeated stepwise selection resulted in a model 

that contained effluent turbidity, portion of filter run and the intercept, used 89 

observations, and had an adjusted R
2
 value of 0.36 and an RMSE of 1.16.  The final 

forward selection procedure produced a model that used 65 observations, had an R
2
 value 

of 0.37, an RMSE of 1.16 and included the variables of polymer dose, pOH, effluent 

turbidity, portion of filter run, coagulant dose optimality, filtration rate, and intercept. 

Metal Ion < 0.4 mg/L (Direct/Inline Treatment) 

 Repeated forward selection applied to the MI < 0.4 mg/L data set resulted in a 

model with 8 regressors:  MI dose, pOH, media depth 1 and 2, effluent turbidity, influent 

turbidity, and coagulant dose optimality.  While this model had an adjusted R
2
 of 0.99, 

and RMSE of 0.064, the number of regressors in the model was excessive considering the 

number of observations in the data set (n=14).  In comparison, when the repeated 

stepwise elimination procedure was run on this data set, the model produced was very 

similar to that of the repeated backwards procedure except that MI dose appeared in the 

model in place of polymer dose.  The R
2
 value for the polymer, media depth 1 and 2, and 

coagulant dose optimality model was 0.99 with an RMSE of 0.09. 



256 

  

 

APPENDIX E :  ANOVA TABLES FOR STEPWISE REGRESSION MODELS BEST 

MODELS  

 

 

Table E.1:  Full data set with treatment train variable. 

Source DF 
Sum of 

Squares 

Mean 

Square 
F p 

Model 4 170.10 42.53 36.92 <0.0001 

Error 110 126.71 1.15     

Corrected Total 114 296.81       

 

Table E.2:  Full data set without treatment train variable. 

Source DF 
Sum of 

Squares 

Mean 

Square 
F p 

Model 5 75.51 15.10 8.31 <0.0001 

Error 87 158.10 1.82     

Corrected Total 92 233.61       

 

Table E.3:  Metal ion concentration > 0.4 mg/L. 

Source DF 
Sum of 

Squares 

Mean 

Square 
F p 

Model 4 92.83 23.21 19.28 <0.0001 

Error 92 110.72 1.20     

Corrected Total 96 203.55       

 

Table E.4:  Metal ion concentration < 0.4 mg/L. 

Source DF 
Sum of 

Squares 

Mean 

Square 
F p 

Model 4 14.96 3.74 36.85 <0.0001 

Error 13 1.32 0.10     

Corrected Total 17 16.28       
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APPENDIX F :  FULL DATA SET WITHOUT TREATMENT TRAIN VARIABLE 

 

 

 For the full data set without a treatment train variable included, stepwise and 

backward elimination techniques produced the same model.  This model included less 

variables than the forward selection model but had a similar R
2
 value.  The first round of 

stepwise selection resulted in a model containing effective size of media 1 and effective 

size of media 2, effluent turbidity, portion of filter run, and filtration rate variables in 

addition to an intercept term.  This model had an R
2
 value of 0.51 and used 60 of the 115 

available observations.  The second round of stepwise selection used 93 observations and 

resulted in the inclusion of all the variables in the selection set.  However, with the 

increased number of observations included the adjusted R
2
 value was reduced to 0.28.  

Parameter estimates for this model are presented in Table F.1.  Figure F.1 presents a 

scatter plot of predicted versus actual removal model values shows the model does not 

appear to contain enough terms to account for the variability in the data.  

Table F.1:  Parameter estimates for full data set without treatment train variable obtained 

using repeated stepwise selection.  Adjusted R
2
 - 0.28, RMSE = 1.35, n =93   

Variable 
Parameter 

Estimate 

Standard 

Error 

t 

value 
p 

Effective Size 1 -1.61 0.79 -2.04 0.04 

Effective Size 2 0.23 0.71 0.32 0.75 

Effluent turbidity -1.15 0.33 -3.53 0.00 

Coagulant Dose Optimality -0.87 0.53 -1.64 0.11 

Filtration Rate -0.06 0.04 -1.74 0.09 

Intercept 6.02 0.81 7.42 <.0001 
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APPENDIX J :  DETAILED ANALYSIS OF ROCK QUARRY TANK RESPONSE TO 

OPERATIONAL SCENARIOS  

 

 

 The Rock Quarry tank turnover time increased markedly in the volume reduction 

scenarios.  The 30%-All and 30%-LRG increased turnover time a staggering 30 days 

more than was observed in the Base scenario.  Figure J.1 presents the level for this tank 

over the last 24 hours of the Base and 30% volume reduction scenarios.  This figure 

suggested the lower turnover time observed in the 30% volume reduction scenarios were 

a result of reduced water level variation.  The Rock Quarry top water level was limited by 

the specified top tank height but was not able to drain below a certain point despite no 

restrictions placed on the minimum water level.  

 The lack of draining of the Rock Quarry appeared to be due to the logic rules 

controlling it.  The operation of this tank was based on system clock time and flow in the 

North transmission main (logic-based controls number 24-26 in APPENDIX F).  This 

control was found to best match the tank head observed on the modeled day, although 

less draining of this tank was also observed in the Base scenario than noted in SCADA 

data from the modeled day (as shown in APPENDIX I).  Basing control of the tank on 

flow that had predictable fluctuations throughout the day and would not be expected to 

deviate from the base flow pattern caused the pumps and valves to function as if 

controlled by time.  This type of control led to less draining and filling of the tank and to 

higher tank turnover times when the volume of the tank was reduced.  Results for the 

Rock Quarry tank that were contrary to those of other tanks therefore came from a 

limitation in the control of this tank and not necessarily by the operational scenario under 

consideration.  This point highlights the important role played by the logical controls and 
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their benefit over time-based controls for comparing operational scenarios, as well as the 

need for logical controls based on sufficiently sensitive parameters. 

 
Figure J.1:  Water level of Rock Quarry tank in the Base and 30% volume reduction 

scenarios. 
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