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Towns and reservoirs for 
 aluminum dilution factor studies 

Settling velocity reservoir 
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Project Objectives 

• Develop a method for computing dilution 
factors for the discharge of aluminum-
containing filter backwash wastes into 
reservoirs. 

• Compute dilution factors for all (about 
21) of the aluminum effluents from PWS 
treatment plants that discharge into 
Massachusetts PWS reservoirs.  
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What is a dilution factor? 
 

»  For Massachusetts:  
» Equation used to calculate the dilution factor at the 

outfall  
      

Dilution Factor = QR + (QP x 1.55)  
                                        QP x 1.55   
     where:  

  
     QR   = Estimated 7Q10 low flow for the receiving water at 

            the outfall, in cubic feet per second (cfs).   
     

 QP   = Discharge rate, in million gallons per day (mgd)  
 
1.55 = Factor to convert mgd to cfs.   
 
 

• Used to set concentrations and flows for discharge permits. 
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Could define DF by 
concentrations: DF = Ce/C 

• dC/dt = (QeCe+QsCs+QgCg-QwC–ACv)/V, where 
 

• C is the total aluminum concentration in the reservoir, 
Qe is the discharge of the effluent, 
Ce is the total aluminum concentration in the effluent, 
Qs is the discharge of the streams that are influent to the reservoir, 
Cs is the total aluminum concentration in the stream, 
Qg is the discharge of groundwater that is influent to the reservoir, 
Cg is the total aluminum concentration of the groundwater, 
Qw is the sum of water withdrawal for water supply and discharge downstream,  
A is the area of the reservoir, 
v is the apparent settling velocity of total aluminum in the reservoir, and  
V is the volume of the reservoir subject to mixing—typically the epilimnion 
volume. 

C 

QsCs QwC 

QgCg 

ACv Settling velocity 
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To solve the differential 
equation, need: 

• Daily inflow and concentration from 
streams 

• Daily inflow and concentration from 
groundwater 

• Volume of the reservoir  
That is we need stream-flow estimators; 
safe yield studies. 
• Estimate of settling velocity 
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Settling velocity versus DOC 

Lily Pond, Cohasset MA 
 
Aluminum is very insoluble, 
<1µg/L at pH 4.7-7.0, so we 
could expect it to precipitate 
from the water and end up in 
the sediment. But organic 
carbon holds it in solution.  
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Predicted 
versus 

measured 
values of Al 

concentration 
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How difficult is the solution? 
• 40 years of data because of the need for recurrence 

statistics. 
• Excel input files used by MATLAB routine (available in 

the appendix) to generate Al concentration time series 
in the reservoir and a time series of dilution factors. 1.5 
minutes of run time. 

=> 

Daily input data 
Simulated Al conc.. Simulated DF. 
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With DF 
 defined by 

concentrations, 
what happens to 

the 7Q10 
stipulation? 

• Determine the annual 
lowest 7-day average 
dilution factor 

• Fit the data to a 
known distribution 

• Select the 10th 
percentile non 
exceedance value 
(here equal to 4.8) 
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Final step 

• Divide the effluent concentration used in 
the simulation by the 7DF10 to determine 
a concentration to compare to the 
standard 

• 438/4.8= 91.3 ug/L  Compare 87 ug/L 
standard. (Data from Quittacus Pond). 

• Matching the effluent value to the standard 
more exactly requires an additional run at 
a lower effluent concentration value and 
interpolation. 
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