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Grand Isle Consolidated Water District 

Preliminary Engineering Basis of Design 
February 03, 2012 

 

In order to comply with the US EPA Stage 2- Disinfectants and Disinfection By-Products Rule 
(as adopted in 2006), The Grand Isle Consolidated Water District (GICWD) has explored 
different treatment and disinfection options to implement, to comply with the Rule.  After 
evaluating the available options, the Water District has decided that changing the secondary 
disinfection of the potable water from Free Chlorine to Monochloramines is the most practical 
and economical way to achieve compliance.  A significant amount of research into the 
conversion of free Chlorine to Chloramines has been performed and based on the current 
GICWD treatment setup; compliance can be achieved using different design configurations.  
This document is providing the basis of design for two separate treatment configurations to be 
reviewed by the State of Vermont Water Supply Division (WSD) to confirm that compliance to 
the DBP Rule is being accomplished. 
 
CONFIGURATION #1  
 
Configuration #1 utilizes the construction of a targeted amount of large diameter pipe to provide 
the required available volume to achieve 1-log inactivation for Giardia Cysts and Viruses prior to 
Ammonium Sulphate injection (converting to Monochloramine).  Below is the basis of design 
and the disinfection process treatment train: 

 The current Sodium Hypochlorite injection point is located within the main room of the 
treatment facility after the raw water has been filtered.   This injection point will remain 
the same per this design configuration 

 Water will exit the facility (as it currently does) in an 8” diameter pipe.  This pipe will be 
valved to direct the water into the new 24” diameter CT pipe loop.  The basis of design 
for the required CT Pipe is as follows: 
 Based on the review of the collected water data for the GICWD, the lowest 

temperature / highest pH level (which determines the highest required CT value for 
1-Log Inactivation using Free Chlorine), took place on February 18, 2011.  The 
readings were:  pH = 7.6  Temperature = 3.6 degrees (C)  

 From Table A4-2 Giardia inactivation in the WSR, the charts given use 0.5 and 5.0 
degrees  Celsius.  Interpolation of the CT times (using 3.6 degrees) results in an 80 
(mg/L) minute CT requirement. 

 The anticipated free chlorine concentration will be 2.4 mg/l  
 Maximum Demand of System = 260 gpm 
 The  Log Inactivation is calculated as follows: 
 

Hydraulic Residence Time (HRT) = (Total Volume) / (Maximum Demand) 
220’ of 8” diameter pipe = (220’) * (2.6 gal/ft) = 572 gallons 

400’ of 24” diameter pipe = (400’) * (23.5 gal/ft) = 9,400 gallons 
Total Volume = 9,972 gallons 

HRT = (9,972 gallons) / (260 gpm) = 38.3 Minutes 
 

Effective Residence Time (EFT) = (HRT)*(Baffling Factor (T10/T) 
(38.3 Minutes)*(1.0 (plug flow) = 38.3 minutes 
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CT cal = (Chlorine Residual)*(ERT) 
 (2.4 mg/L)*(38.3 min) = 91.9 (mg/L) min 

           
Log Removal = (Log Inactivation)*{(ERT (mg/L)min) / (CT req (mg/L) min)} 

(1) * {(91.9 mg/L)min)/(80 mg/L)min)} = 1.1-Log 
 
 The disinfected water will travel in this looped pipe network and tie back into the existing 

8” pipe after the installed gate valve.  At this point, 1.1-log disinfection for Giardia using 
free chlorine has been achieved. 

 A ¾” tap and water line will be installed after the contact pipe loop to provide a free 
chlorine residual analyzer (installed in the treatment facility) with the necessary 
continuous water feed for monitoring. 

 Ammonium Sulphate will be injected into the disinfected water a minimum of 10’ from the 
chlorine analyzer tap. The Ammonium Sulphate will be stored and fed from the existing 
treatment facility building 

 Lastly, an additional ¾” water tap will be located approximately 200’ from the Ammonium 
Sulphate injection location.  This tap will supply a ¾” water line (to be installed in the 
same trench as the CT pipe) to the treatment facility building to monitor total and free 
chlorine levels.   

 The Total Chlorine measurement would be linked to the Ammonium Sulphate pump 
using a 4/20 mA signal to ensure that the correct Chlorine to Ammonia ratios are being 
achieved. 

 The free chlorine would be monitored to ensure that it is reading zero. 
 The goal behind calibrating the Ammonia/Chlorine injection levels from a remote sample 

location is to promote adequate mixing before the analyzer.  The theoretical mixing time 
is calculated as follows:   
 

Mixing Time 
200’ of 8” diameter pipe = (200’)*(2.6 gal/ft) / (260 gpm) = 2 Minutes 

 
Design Discussion 

   
There are some advantages and disadvantages to this configuration.  They are outlined and 
discussed below: 
 
Advantages 
 

 The system will achieve 1.1-log credit utilizing free chlorine.  This eliminates the need to 
evaluate the effectiveness of Monochloramine disinfection.  

 The full CT pipe storage will provide the necessary volume to cover the highly variable 
peak flows and water temperatures that the system faces. 

 All chemical feed, analyzers and logic controlling could be setup in the existing facility 
building 
 

Disadvantages 
 

 Discarding the use of the existing water storage to achieve disinfection credits 
 Additional up-front construction costs for the additional CT piping  
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Regulatory Compliance Discussion 
 
As configured, the system provides no monitoring (besides grab samples) of the system beyond 
the last Analyzer location.  A significant question with regards to the monitoring needs to be 
answered.   Will the WSD require additional monitoring of the finished water (chlorine residual, 
free chlorine, free ammonia) at another location, particularly after the storage tank?  Currently, a 
1-inch diameter water line serves the treatment facility building.  This water line is fed from the 
8” finished water line that serves the fish hatchery, post storage tank.  This water service could 
be setup to monitor total chlorine, free chlorine, free Ammonia or any other desired constituent; 
post water storage tank.  This option is not shown on Configuration #1’s site plan. 
 
CONFIGURATION #2  
 
Configuration #2 utilizes the construction of a targeted amount of large diameter pipe to provide 
the required available water volume to achieve 0.6-log inactivation for Giardia Cysts and Viruses 
prior to Ammonium Sulphate injection (converting to Monochloramine) using free chlorine.  The 
additional 0.4 Log disinfection will be achieved by Chloramine disinfection in the Bell Hill Tank 
Reservoir feed pipe and the Bell Hill Tank itself.  Below is the basis of design and the 
disinfection process treatment train: 

 The current Sodium Hypochlorite injection point is located within the main room of the 
treatment facility after the raw water has been filtered.   This injection point will remain 
the same per this design configuration 
 

Free Chlorine Disinfection Basis of Design 
 

 Water will exit the facility (as it currently does) in an 8” diameter pipe.  This pipe will be 
valved off to direct the water into the new 24” diameter CT pipe loop.  The basis of 
design for the required CT Pipe is as follows: 
 Based on the review of the collected water data for the GICWD, the lowest 

temperature / highest pH level (which determines the highest required CT value for 
0.5-Log Inactivation using Free Chlorine), took place on February 18, 2011.  The 
readings were:  pH = 7.6  Temperature = 3.6 degrees (C)  

 From AWWA CT Values charts (same as EPA), the charts given use 0.5 and 5.0 
degrees Celsius.  Interpolation of the CT times (using 3.6 degrees) results in a 40 
minute CT requirement. 

 The anticipated free chlorine concentration will be 2.4 mg/l   
 Maximum Demand of System = 260 gpm 

 
Hydraulic Residence Time (HRT) = (Total Volume) / (Maximum Demand) 

220’ of 8” diameter pipe = (220’) * (2.6 gal/ft) = 572 gallons 
200’ of 24” diameter pipe = (200’) * (23.5 gal/ft) = 4,700 gallons 

Total Volume = 5,272 gallons 
HRT = (5,272 gallons) / (260 gpm) = 20.3 Minutes 
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Effective Residence Time (EFT) = (HRT)*(Baffling Factor (T10/T) 
(20.3 Minutes)*(1.0 (plug flow) = 20.3 minutes 

 
CT cal = (Chlorine Residual)*(ERT) 

 (2.4 mg/L)*(20.3 min) = 48.7 (mg/L)min 
           

Log Removal = (Log Inactivation)*{(ERT (mg/L)min) / (CT req (mg/L) min)} 
(0.5) * {(48.7 mg/L)min)/(40 mg/L)min)} = 0.60-Log 

 
 The disinfected water will travel in this looped pipe network and tie back into the existing 

8” pipe after the installed gate valve.  At this point, 0.6-log disinfection for Giardia Cysts 
using free chlorine has been achieved. 

 A ¾” tap and water line will be installed after the contact pipe loop to provide a free 
chlorine residual analyzer (installed in the treatment facility) with the necessary 
continuous water feed for monitoring. 

 Ammonium Sulphate will be injected into the disinfected water a minimum of 10’ from the 
chlorine analyzer tap. The Ammonium Sulphate will be stored and fed from the existing 
treatment facility building 

 An additional ¾” water tap will be located approximately 200’ from the Ammonium 
Sulphate injection location.  This tap will supply a ¾” water line (to be installed in the 
same trench as the CT pipe) to the treatment facility building to monitor total and free 
chlorine levels.   

 The total chlorine measurement would be linked to the Ammonium Sulphate pump using 
a 4/20 mA signal to ensure that the correct Chlorine to Ammonia ratio is being achieved. 

 The free chlorine would be monitored to ensure that it is reading zero. 
 The goal behind calibrating the Ammonia/Chlorine injection levels from a more remote 

sample location is to promote adequate mixing before the analyzer.  The theoretical 
mixing time is calculated as follows:   
 

Mixing Time 
200’ of 8” diameter pipe = (200’)*(2.6 gal/ft) / (260 gpm) = 2.0 Minutes 

 
Monochloramine Disinfection Basis of Design 
 

 From Table A4-2 Giardia inactivation in the WSR using Chloramines, the charts given 
use 0.5 and 5.0 degrees Celsius.  Interpolation of the CT times (using 3.6 degrees) 
results in a 460 minute (mg/L) minute CT requirement. 

 The calculated Log Inactivation is calculated as follows:  
 

Hydraulic Residence Time (HRT) = (Total Volume) / (Maximum Demand) 
            
            HRT 1 (Pipe) 
            Volume =  2100’ of 8” diameter pipe = (2100’) * (2.6 gal/ft) = 5,460 gallons 
           HRT1= (5,460 gal)/(260 gpm) = 21 minutes 
 
            HRT2 (Tank)  
             Effective Volume = (0.5)*(Total Volume) = (0.5)*(264,312 gals) = 132,156 gals 
            HRT2 = (132,156 gals)/(260 gpm) = 508 Minutes 
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Effective Residence Time (EFT) = (HRT)*(Baffling Factor (T10/T)  
EFT1 = (21 min)*(1.0(plug flow) = 21 minutes 
EFT2 = (508 min)*(0.3(poor) = 152.4 minutes 

Total Effective Residence Time = 173.4 minutes 
 

CT cal = (Monochlorimine Residual)*(ERT) 
 (2.4 mg/L)*(173.4 min) = 416 (mg/L)min 

           
Log Removal = (Log Inactivation)*{(ERT (mg/L)min) / (CT req (mg/L) min)} 

(0.5) * {(416 mg/L)min)/(460 mg/L)min)} = 0.45-Log 
 

Design Discussion 
 
This configuration provides the system with the required 1-log Giardia Cysts inactivation.  This 
design assumes total compliance at the outlet of the storage tank.  The closest user is over 
2000’ away from the tank, which will provide additional CT times.  Also, the design is 
conservative with the useable volume within the tank.  Meaning, the Ammonium Sulphate is 
injected 2100’ away into the 8” pvc feed line which will provide significant times for mixing prior 
to the tank.  Theoretically, the tank should not require additional baffling to prevent short 
circuiting, therefore increasing the baffling factor to  0.5 – 0.6 instead of 0.3 and crediting more 
volume within the tank.  
 
 
 
 
 

 


