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1.  Introduction 
 

1.1 Purpose and Background 
 
The purpose of these guidelines is to supplement the federal Ground Water Rule and 
Rule 62-550.828, Florida Administrative Code, and provide guidance for ground water 
systems that choose to provide four-log virus treatment of ground water. 
 
Virus treatment means treatment of water to inactivate or remove viruses.  The level of 
inactivation or removal of any microorganisms, including viruses, generally is 
measured on a logarithmic scale (i.e., in terms of orders of magnitude).  Log inactivation 
or removal is defined as follows: 
 

Log Inactivation or Removal = Log (NO/NT), 
where NO = initial (influent) concentration of viable microorganisms; 

NT = final (effluent) concentration of viable microorganisms; and 
Log = logarithm to base ten. 

 
Log inactivation or removal is related to percent inactivation or removal, which is 
defined as follows: 
 

Percent Inactivation or Removal = {1 – (NT/NO)} x 100. 
 
The relationship between log inactivation/removal and percent inactivation/removal is 
as follows: 
 

Percent Inactivation or Removal = {1 – (1/10Log Inactivation/Removal)} x 100, or 
Log Inactivation or Removal = Log {100/(100 – Percent Inactivation/Removal)}. 

 
Table 1-1 presents log inactivations/removals and corresponding percent 
inactivations/removals. 
 
1.2 Overview of Four-Log Virus Treatment Under the Federal Ground Water Rule 

(GWR) and Under Rule 62-550.828, Florida Administrative Code (F.A.C.) 
 
The GWR and Rule 62-550.828, F.A.C., apply to ground water systems (GWSs).  GWSs 
include the following public water systems (PWSs): 
 

 PWSs that use only ground water sources; 
 

 PWSs that use both surface water sources and ground water sources, provided 
the ground water is treated separately from surface water; 
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Table 1-1: Log Inactivation/Removal Versus Percent Inactivation/Removal 
Log Removal or Inactivation Percent Removal or Inactivation 

0.5 log 68.38% 

1.0 log 90.00% 

1.5 log 96.84% 

2.0 log 99.00% 

2.5 log 99.68% 

3.0 log 99.90% 

3.5 log 99.97% 

4.0 log 99.99% 
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 Consecutive PWSs that receive finished ground water from a wholesale PWS that 
is in one of the above two groups of PWSs; and 
 

 Consecutive PWSs that use their own ground water sources in addition to water 
received from a wholesale PWS. 

 
PWSs that combine all their ground water with surface water prior to treatment of the 
surface water are not GWSs.  PWSs that use only ground water sources that have been 
determined by the Florida Department of Environmental Protection (FDEP) to be 
ground water under the direct influence of surface water (GWUDI) are not GWSs.  
FDEP-determined GWUDI sources are subject to the surface water treatment 
requirements under Rule 62-550.817, F.A.C. 
 
The GWR and Rule 62-550.828, F.A.C., require that GWSs with their own ground water 
sources shall conduct ―triggered‖ and ―assessment‖ microbial monitoring of their 
ground water sources if they do not provide four-log virus treatment for their ground 
water sources.  Furthermore, the GWR and Rule 62-550.828 require that GWSs shall take 
corrective action--which may include providing four-log virus treatment for their 
ground water sources—if the results of ―triggered‖ or ―assessment‖ source water 
monitoring indicate that ground water sources are fecally contaminated. 
 
Rule 62-550.828, F.A.C., also requires that GWSs exposing ground water to the open 
atmosphere (and possible microbial contamination) during treatment shall conduct 
―assessment‖ microbial monitoring of their finished water before or at the first 
customer if they do not provide four-log virus treatment of their ground water after it is 
last exposed to the open atmosphere.  Furthermore, Rule 62-550.828 requires that such 
GWSs take corrective action—which may include providing four-log virus treatment of 
their ground water after it is last exposed to the open atmosphere—for significant 
deficiencies involving a fecal-indicator-positive ―assessment‖ finished water sample.  
Water treatment facilities that are protected against contamination from birds, insects, 
wind-borne debris, rainfall, and drainage—i.e., water treatment facilities that are 
covered by an impervious roof and enclosed within impervious sidewalls or sidewalls 
of at least 20-mesh* screen—are not considered to be exposing water to the open 
atmosphere. 
 
As a result of the above rule requirements, GWSs may choose to provide four-log virus 
treatment for ground water sources, or four-log virus treatment of ground water after it 
is last exposed to the open atmosphere, for one or more of the following reasons: 
 

                                                 
*  Mesh is the number of openings per linear inch measured from the center of one wire to a point one 

inch distant.  Mesh = 1/(D + O), where D = wire diameter in inches and O = opening size, which is the 
distance between two adjacent parallel wires, in inches. 
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 To avoid having to conduct ―triggered‖ and ―assessment‖ source water 
monitoring. 

 

 To avoid having to conduct ―assessment‖ finished water monitoring. 
 

 As corrective action for a fecally contaminated ground water source. 
 

  As corrective action for a significant deficiency involving a fecal-indicator-
positive ―assessment‖ finished water sample. 

 
GWSs that are exposing ground water to the open atmosphere may choose to provide 
four-log virus treatment after their ground water is last exposed to the open 
atmosphere, in which case the GWSs would avoid having to conduct ―triggered‖ and 
―assessment‖ source water monitoring and would avoid having to conduct 
―assessment‖ finished water monitoring.  Alternatively, such GWSs may choose to just 
provide four-log virus treatment for their ground water sources, in which case the 
GWSs would avoid having to conduct ―triggered‖ and ―assessment‖ source water 
monitoring but would still have to conduct ―assessment‖ finished water monitoring.  
 
GWSs that choose to provide four-log virus treatment in lieu of conducting 
―assessment‖ finished water monitoring and/or ―triggered‖ and ―assessment‖ source 
water monitoring, and GWSs that choose to provide four-log virus treatment as 
corrective action, shall do the following: 
 

 Notify the FDEP in writing, and obtain written FDEP approval, of the four-log 
virus treatment in accordance with Section 1.3 below. 

 

 Begin conducting compliance monitoring in accordance with the GWR, Rule 62-
550.828, F.A.C., and Section 2 of these guidelines. 

 

 Do both of the above before the GWS will be exempt from ―assessment‖ finished 
water monitoring, if applicable, and/or ―triggered‖ and ―assessment‖ source 
water monitoring. 

 
Additionally, GWSs that choose to provide four-log virus treatment as corrective action 
shall take interim measures as necessary, or as specified by the FDEP, to protect public 
health until four-log virus treatment is fully operational and GWSs begin compliance 
monitoring.  Such interim measures might include temporarily shutting down a fecally 
contaminated well, providing temporary four-log virus treatment, or issuing a 
precautionary boil water notice. 
 
GWSs that are providing FDEP-approved four-log virus treatment and conducting 
compliance monitoring in accordance with the GWR, Rule 62-550.828, F.A.C., and 
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Section 2 of these guidelines are in violation of the treatment technique requirements in 
the GWR and Rule 62-550.828 if… 
 

 They fail to maintain four-log virus treatment by failing to meet the operating 
requirements identified in the GWR, Rule 62-550.828, these guidelines, and/or 
the FDEP approval of four-log virus treatment; and 

 

 They do not correct the failure to maintain four-log virus treatment within four 
hours after determining the failure. 

 
1.3 Written Ground Water System (GWS) Notifications, and Written Florida 

Department of Environmental Protection (FDEP) Approvals, of Four-Log Virus 
Treatment 

 
For GWSs that intend to provide four-log virus treatment by using existing treatment 
facilities without doing anything more than providing necessary uninstalled standby 
equipment or installing or altering necessary alarm, or continuous monitoring, 
equipment, the written notification of four-log virus treatment shall consist of the 
following: 
 

 A four-log virus treatment demonstration prepared under the responsible 
charge of a professional engineer licensed in Florida; and 

 

 A description of any uninstalled standby equipment being provided and any 
alarm, or continuous monitoring, equipment installation or alteration work. 
 

The written FDEP approval of four-log virus treatment shall consist of a letter or order. 
 
For GWSs that intend to provide four-log virus treatment by constructing or altering 
treatment facilities—i.e., by constructing, installing, or altering structures, piping, or 
equipment other than uninstalled standby equipment or alarm, or continuous 
monitoring, equipment—the written notification of four-log virus treatment shall 
consist of a construction permit application and supporting documents, including a 
four-log virus treatment demonstration prepared under the responsible charge of a 
professional engineer licensed in Florida.  The written FDEP approval of four–log virus 
treatment shall consist of a construction permit and a letter or order. 
 
Note that, at water treatment plants using chemical disinfection for virus inactivation, 
GWSs must provide standby equipment, automatic switch-over of gas containers, and 
alarm systems in accordance with Rule 62-555.320(13), Florida Administrative Code 
(F.A.C.), and Recommended Standards for Water Works. 
 



Florida Department of Environmental Protection 
Guidelines for Four-Log Virus 

Treatment of Ground Water 

 

 

October 2009 Page 1-6 
 

Demonstrations of Four-Log Virus Treatment.  Demonstrations of four-log virus treatment 
shall be prepared consistent with these guidelines and shall include the following 
information: 
 

 The cover sheets in Appendix A to these guidelines. 
 

 Whether the WTP exposes ground water to the open atmosphere during 
treatment and, if so, whether the demonstration is for four-log virus treatment of 
water after it is last exposed to the open atmosphere or is just for four-log virus 
treatment for the ground water source(s). 

 

 Identification of the technologies used to provide four-log virus treatment and 
the virus inactivation or removal credit, in logs, claimed for each technology. 

 

 A schematic diagram of the WTP.  The schematic shall show all pumping, 
treatment, or storage facilities; all chemical disinfectant application points and 
disinfectant residual monitoring points; application points for any chemicals that 
will affect pH significantly; any turbidity or conductivity monitoring points; the 
point of the first customer (often the WTP itself); etc.  Also, the schematic shall 
identify any facilities that expose water to the open atmosphere. 

 

 For chemical disinfection—CT calculations; identification of standby equipment, 
switch-over devices for gas containers, and alarm systems as required by Rule 
62-555.320(13), F.A.C., and Recommended Standards for Water Works; identification 
of the disinfectant residual monitoring frequency and any continuous 
disinfectant residual monitoring equipment; the proposed disinfectant residual 
monitoring location(s); and the proposed minimum residual disinfectant 
concentration(s) for each disinfectant residual monitoring location. 

 

 For ultrafiltration—the absolute pore size of the membranes and, if the absolute 
pore size is greater than or equal to 0.01 micron, challenge testing information 
showing at least four-log virus removal capability for the membranes; the direct 
integrity testing frequency, method, resolution, sensitivity, and control limit for 
the membrane units if four-log virus removal credit is claimed; identification of 
the continuous filtrate turbidity monitoring equipment for the membrane units; 
and identification of the operating requirement (filtrate turbidity no greater than 
0.15 nephelometric turbidity unit [NTU]) for each membrane unit. 

 

 For nanofiltration (NF) or reverse osmosis (RO)—the molecular weight cutoff for 
the membranes; the direct integrity testing frequency, method, resolution, 
sensitivity, and control limit for the membrane units if four-log virus removal 
credit is claimed; identification of the continuous monitoring equipment for the 
membrane units; and the proposed operating requirement—i.e., maximum 
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percent salt passage (generally no greater than 25% for NF and no greater than 
5% for RO)—for each membrane unit. 

 

 For ultraviolet (UV) disinfection—UV reactor validation testing information, 
including the validated UV dose and validated operating conditions for flow 
rate, UV intensity, UV lamp status, and if applicable, UV transmittance (UVT); 
and identification of the equipment for continuously monitoring the flow rate, 
UV intensity, UV lamp status, and if applicable, UVT for each UV reactor. 

 

 For conventional filtration treatment, including lime softening; direct filtration; 
or microfiltration preceded by coagulation—identification of the combined filter 
effluent (CFE) turbidity monitoring frequency and any continuous CFE turbidity 
monitoring equipment; the CFE turbidity monitoring location; and identification 
of the operating requirement (CFE turbidity no greater than 1 NTU) for the 
filtration technology. 

 

 For slow sand filtration or diatomaceous earth filtration—identification of the 
CFE turbidity monitoring frequency and any continuous CFE turbidity 
monitoring equipment; the CFE turbidity monitoring location; and identification 
of the operating requirement (CFE turbidity no greater than 5 NTUs) for the 
filtration technology. 

 

 For other technologies—information from pilot plant studies, or other 
performance studies, demonstrating the level of virus treatment that the 
technology will achieve under the full range of expected operating conditions at 
the WTP; and the proposed compliance monitoring and operating requirements 
for the technology. 

 
FDEP Approvals of Four-Log Virus Treatment.  FDEP letters or orders approving four-log 
virus treatment shall… 
 

 For WTPs that are exposing ground water to the open atmosphere during 
treatment, indicate whether four-log virus treatment is for water after it is last 
exposed to the open atmosphere or is just for the ground water source(s). 

 

 Identify the technologies being used to provide four-log virus treatment and the 
virus inactivation or removal credit granted for each technology. 

 

 Identify or establish the compliance monitoring and operating requirements for 
each virus treatment technology. 
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 Indicate that failure to meet operating requirements for more than four hours 
after first determining the failure will constitute a treatment technique violation 
under the federal Ground Water Rule and Rule 62-550.828, F.A.C. 

 

 Include notice of the right to an administrative hearing. 
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2.  Accepted Technologies for Four-Log Virus Treatment of Ground 
Water 

 
The federal Ground Water Rule incorporated into the Florida Administrative Code 
(F.A.C.) under Rule 62-550.828, F.A.C., lists chemical disinfection and membrane 
filtration as accepted technologies for virus treatment of ground water.  Also, under 
Rule 62-550.828, F.A.C., the Florida Department of Environmental Protection (FDEP) 
accepts the following alternative treatment technologies for virus treatment of ground 
water: 
 

 Ultraviolet (UV) disinfection; 
 

 Conventional filtration treatment (coagulation, flocculation, sedimentation, and 
filtration), including lime softening; 

 

 Slow sand filtration; 
 

 Direct filtration (coagulation and filtration without sedimentation); 
 

 Microfiltration preceded by coagulation; and 
 

 Diatomaceous earth filtration. 
 
Some of the accepted virus treatment technologies discussed above—such as chemical 
disinfection, membrane filtration, and UV disinfection—may be used individually to 
provide four-log virus treatment.  Also, various combinations of the accepted virus 
treatment technologies may be used to provide four-log virus treatment. 
 
Table 2-1 summarizes the virus treatment credit that ground water systems (GWSs) 
receive for each of the accepted virus treatment technologies.  This table also 
summarizes the compliance monitoring and operating requirements that GWSs must 
meet in order to receive the listed virus treatment credit for each of the accepted virus 
treatment technologies.  Sections 2.1 through 2.8 below discuss the accepted virus 
treatment technologies—and their virus treatment credit and compliance monitoring 
and operating requirements—in detail.  Section 2.9 below discusses procedures that 
GWSs must follow to obtain FDEP acceptance of other virus treatment technologies not 
discussed in these guidelines. 
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Table 2-1: Virus Treatment Summary Table—Accepted Treatment Technologies, Virus Treatment Credits, and 
Compliance Monitoring 

Chemical Disinfection for Virus Inactivation 

Disinfection 
Technology 

Virus Inactivation 
Credit, logs 

Compliance Monitoring 

Monitoring Requirements Operating Requirements 

Chemical 
Disinfection Using 
Free Chlorine, 
Chloramines, 
Chlorine Dioxide, 
or Ozone 

Based on the calculated 
CT in relation to the 

applicable CT table in 
Appendix B to these 

guidelines. 

Ground water systems (GWSs) serving 
more than 3,300 people shall conduct 
continuous residual disinfectant 
concentration monitoring at one or more 
Florida-Department-of-Environmental-
Protection-specified (FDEP-specified) 
locations.  GWSs serving 3,300 or fewer 
people shall monitor residual disinfectant 
concentration at one or more FDEP-
specified locations by taking at least one 
grab sample daily during peak flow. 

AT each FDEP-specified 
monitoring location, GWSs 
shall maintain a residual 
disinfectant concentration 
that is not less than an 
FDEP-specified minimum. 

continued on next page  
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Table 2-1: Virus Treatment Summary Table—Accepted Treatment Technologies, Virus Treatment Credits, and 
Compliance Monitoring (continued) 

Membrane Filtration for Virus Removal 

Membrane 
Filtration 

Technology 

Virus Removal Credit, 
logs 

Compliance Monitoring 

Monitoring Requirements Operating Requirements 

Ultrafiltration 

4 

GWSs shall conduct continuous indirect 
integrity monitoring, consisting of 
continuous filtrate turbidity monitoring, 
on each membrane unit.  Also, GWSs shall 
conduct direct integrity testing on each 
membrane unit at least daily, and 
whenever the filtrate turbidity exceeds 
0.15 nephelometric turbidity unit (NTU) 
for a period longer than 15 minutes, using 
a test method having a resolution of 0.01 
micron (µm) or less and having a 
sensitivity of at least four logs. 

For each membrane unit, 
GWSs shall maintain a 
filtrate turbidity that does 
not exceed 0.15 NTU.  Also, 
if the result of any direct 
integrity test is outside the 
control limit that is 
established by the GWS, the 
GWS must remove the 
membrane unit from service. 

2 

GWSs shall conduct continuous indirect 
integrity monitoring, consisting of 
continuous filtrate turbidity monitoring, 
on each membrane unit. 

For each membrane unit, 
GWSs shall maintain a 
filtrate turbidity that does 
not exceed 0.15 NTU. 

continued on next page  
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Table 2-1: Virus Treatment Summary Table—Accepted Treatment Technologies, Virus Treatment Credits, and 
Compliance Monitoring (continued) 

Membrane Filtration for Virus Removal (continued) 

Membrane 
Filtration 

Technology 

Virus Removal Credit, 
logs 

Compliance Monitoring 

Monitoring Requirements Operating Requirements 

Nanofiltration; or 
Reverse Osmosis 

4 

GWSs shall conduct continuous indirect 
integrity monitoring, consisting of 
continuous percent salt passage (SP) 
monitoring, on each membrane unit.  
Also, GWSs shall conduct direct integrity 
testing on each membrane unit at least 
daily, and whenever the percent SP is 
greater than an FDEP-specified maximum 
for a period longer than 15 minutes, using 
a test method having a resolution of 0.01 
µm or less and having a sensitivity of at 
least four logs. 

For each membrane unit, 
GWSs shall maintain a 
percent SP that does not 
exceed an FDEP-specified 
maximum.  Also, if the result 
of any direct integrity test is 
outside the control limit that 
is established by the GWS, 
the GWS must remove the 
membrane unit from service. 

2 

GWSs shall conduct continuous indirect 
integrity monitoring, consisting of 
continuous percent SP monitoring, on 
each membrane unit. 

For each membrane unit, 
GWSs shall maintain a 
percent SP that does not 
exceed an FDEP-specified 
maximum. 

continued on next page  
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Table 2-1: Virus Treatment Summary Table—Accepted Treatment Technologies, Virus Treatment Credits, and 
Compliance Monitoring (continued) 

FDEP-Accepted Alternative Treatment for Virus Inactivation or Removal 

Alternative 
Treatment 

Technology 

Virus Inactivation or 
Removal Credit, logs 

Compliance Monitoring 

Monitoring Requirements Operating Requirements 

Ultraviolet (UV) 
Disinfection 

Based on the validated 
UV dose in relation to the 

UV dose table in 
Appendix H to these 

guidelines.  GWSs shall 
use UV reactors that have 

undergone validation 
testing to determine the 

validated UV dose and to 
determine validated 

operating conditions for 
flow rate, UV intensity, 
UV lamp status, and if 

applicable, UV 
transmittance (UVT). 

GWSs shall monitor each UV reactor 
continuously for flow rate, UV intensity, 
UV lamp status, and if applicable, UVT. 

GWSs shall operate each UV 
reactor within validated 
operating conditions for 
flow rate, UV intensity, UV 
lamp status, and if 
applicable, UVT. 

Conventional 
Filtration 
Treatment, 
Including Lime 
Softening 

2 

GWSs serving more than 500 people shall 
perform combined filter effluent (CFE) 
turbidity measurements at least every four 
hours.  GWSs serving 500 or fewer people 
shall perform CFE turbidity 
measurements at least once per day. 

GWSs shall maintain a CFE 
turbidity that does not 
exceed 1 NTU.  GWSs 
utilizing lime softening may 
acidify CFE turbidity 
samples prior to analysis of 
the samples. 

continued on next page  
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Table 2-1: Virus Treatment Summary Table—Accepted Treatment Technologies, Virus Treatment Credits, and 
Compliance Monitoring (continued) 

FDEP-Accepted Alternative Treatment for Virus Inactivation or Removal (continued) 

Alternative 
Treatment 

Technology 

Virus Inactivation or 
Removal Credit, logs 

Compliance Monitoring 

Monitoring Requirements Operating Requirements 

Slow Sand 
Filtration 

2 
GWSs shall perform CFE turbidity 
measurements at least once per day. 

Systems shall maintain a 
CFE turbidity that does not 
exceed 5 NTUs. 

Direct Filtration; 
or Microfiltration 
Preceded by 
Coagulation 

1 

GWSs serving more than 500 people shall 
perform CFE turbidity measurements at 
least every four hours.  GWSs serving 500 
or fewer people shall perform CFE 
turbidity measurements at least once per 
day. 

GWSs shall maintain a CFE 
turbidity that does not 
exceed 1 NTU. 

Diatomaceous 
Earth Filtration 

1 

GWSs serving more than 500 people shall 
perform CFE turbidity measurements at 
least every four hours.  GWSs serving 500 
or fewer people shall perform CFE 
turbidity measurements at least once per 
day. 

GWSs shall maintain a CFE 
turbidity that does not 
exceed 5 NTUs. 
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2.1 Chemical Disinfection Using Free Chlorine, Chloramines, Chlorine Dioxide, or 
Ozone 
 
Chemical disinfectants applied to water inactivate viruses and other pathogens by 
rupturing the cell wall of the pathogens and diffusing into the cell and interfering with 
cellular activity.  The most commonly used chemical disinfectants are chlorine, 
chloramines, chlorine dioxide, and ozone. 
 
2.1.1 Virus Inactivation Credit 
 
Ground water systems (GWSs) using free chlorine, chloramines, chlorine dioxide, or 
ozone for chemical disinfection of ground water receive the virus inactivation credit 
listed in the applicable table in Appendix B to these guidelines by meeting the 
corresponding CT value shown in the table for the applicable water pH and minimum 
water temperature.  CT is the product obtained by multiplying the residual disinfectant 
concentration (C), in mg/L, measured before or at the first customer times the 
corresponding disinfectant contact time (T), in minutes.  The corresponding T is the 
time it takes for water to move from the point of disinfectant application, or the 
previous point of disinfectant residual measurement, to the point where C is measured.  
CT is calculated during peak flow and under worst –case conditions—i.e., using the 
minimum water volume expected in tanks during any peak flow period and using the 
minimum C measured during peak flow. 
 
Calculating CT Provided When Using Chlorine, Chloramines, or Chlorine Dioxide.  T in a 
pipeline during peak flow is calculated based on plug flow by dividing the internal 
volume of the pipeline by the peak flow rate through the pipeline.  T in a tank during 
peak flow generally is calculated by… 
 

 First dividing the minimum water volume expected in the tank during any peak 
flow period by the peak flow rate out of the tank to determine the minimum 
theoretical detention in the tank; and 

 

 Then multiplying the minimum theoretical detention time in the tank times an 
appropriate baffling factor to calculate T in the tank. 

 
C is measured at the end of each disinfection segment.  A disinfection segment is 
defined as a portion of a water treatment system beginning at a disinfectant application 
or monitoring point—or beginning at the point where water is last exposed to the open 
atmosphere when calculating CT for virus inactivation after water is last exposed to the 
open atmosphere—and ending at the next disinfectant monitoring point.  (Every 
disinfection segment has an associated disinfectant monitoring point.  Water treatment 
plants [WTPs] with multiple treatment trains will have multiple disinfection segments.)  
The end of the last disinfection segment must be before or at the first customer, which is 
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often the WTP itself.  At WTPs with two or more disinfection segments, CT must be 
calculated for each segment.  A discussion of how to identify disinfection segments and 
calculate CT, as well as a discussion of how to determine peak flow rate, is included in 
Appendix C to these guidelines. 
 
Increasing either C or T will increase the CT value and provide additional credit for 
virus inactivation.  Increasing C poses the problem of potentially increasing the 
formation of disinfection byproducts, especially if chlorine is used.  Also, C at the end of 
the last disinfection segment generally should not be increased above the maximum 
residual disinfectant level (MRDL) for the disinfectant.  (The MRDL for chlorine or 
chloramines is 4.0 milligrams/liter [mg/L] as Cl2, and the MRDL for chlorine dioxide is 
0.8 mg/L as ClO2.)  T can be increased by increasing the minimum water volume in 
tanks, by improving tank hydraulics to increase the baffling factor, or by constructing 
additional water storage after disinfectant application and before the first customer.  
Increasing T also poses the problem of potentially increasing the formation of 
disinfection byproducts, especially if chlorine is used. 
 
Calculating CT Provided When Using Ozone.  The procedures for calculating CT when 
using ozone differ from the procedures for calculating CT when using chlorine, 
chloramines, or chlorine dioxide.  Ozone warrants special consideration for estimating 
virus inactivation efficiency because of the following complications that are specific to 
ozone disinfection and that distinguish it from other chemical disinfection processes: 
 

 The application of ozone to water is dependent on unique gas-liquid mass 
transfer characteristics.  Also, ozone is extremely reactive and dissipates quickly 
after application, and thus, an ozone residual persists only a short time after 
application. 

 

 Ozone contactors exhibit diversified flow configurations ranging from an almost 
continuously stirred tank reactor to an almost ideal plug flow configuration. 

 

 For many ozone contactors, the ozone residual in the contactor will vary and be 
nonuniform.  Also, ozone contactors are closed vessels because of ozone’s 
toxicity, and thus, the contactors have limited access for measurement of the 
ozone residual profile within the contactors. 

 
CT for ozone shall be calculated using the procedures in Appendix O to the United 
States Environmental Protection Agency’s (USEPA’s) Guidance Manual for Compliance 
with the Filtration and Disinfection Requirements for Public Water Systems Using Surface 
Water Sources, 1991. 
 
Determining CT Required (and Determining C Required).  CT tables are used to determine 
the CT required for a certain level of virus inactivation.  The CT tables in Appendix B to 
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these guidelines give CT values for various levels of virus inactivation as a function of 
disinfectant type, water pH, and water temperature.  The following procedures should 
be used to obtain the required CT from the tables in Appendix B: 
 

 Find the appropriate table, or the appropriate portion of the appropriate table, 
based on the disinfectant and, in the case of chlorine or chloramines, based on the 
water pH value at the point where C is measured. 

 

 Find the appropriate column and row based on the expected minimum water 
temperature at the point where C is measured and based on the desired log 
inactivation of viruses.  The effectiveness of chemical disinfection decreases as 
water temperature decreases, and virus inactivation must be achieved at all 
water temperatures; therefore, it is important to use the expected minimum 
water temperature to determine the CT required.  In the absence of sufficient 
system-specific water temperature data, GWSs shall estimate their minimum 
water temperature to be equal to the applicable minimum water temperature in 
Table 6 in the Florida Geological Survey’s Special Publication Number 34, 
Florida’s Ground Water Quality Monitoring Program – Background 
Hydrogeochemistry, 1992, which presents minimum ground water temperature by 
aquifer system and water management district.  The pertinent portion of this 
table is reproduced in Table D-1 in Appendix D to these guidelines. 

 

 In cases where the water pH is an intermediate value between the pH values 
listed in the table, use the CT value for the next higher or lower pH listed in the 
table, whichever pH value results in a more conservative (i.e., greater) CT value, 
or determine the CT value using linear interpolation between the CT values 
associated with the next lower and higher pH values listed in the table. 

 
For inactivation of viruses by free chlorine at pH 9.1 to 9.9 in lime softening 
environments, GWSs may use the CT values listed in Table B-2 in Appendix B or may 
determine CT values using linear interpolation between Tables B-1 and B-2 in Appendix 
B. 
 
The CT values for inactivation of viruses by chloramines in Tables B-3 and B-4 in 
Appendix B are based on data for inactivation of Hepatitis A virus, which is less 
resistant to inactivation by chloramines than is rotavirus.  Nevertheless, the CT values 
in Tables B-3 and B-4 may be used for inactivation of all viruses, including rotavirus, if 
chlorine is added prior to ammonia.  This is because rotavirus is very sensitive to 
inactivation by free chlorine, and thus, the short-term presence of free chlorine prior to 
the formation of chloramines can be expected to provide at least four-log inactivation of 
rotavirus.  The CT values in Tables B-3 and B-4 may not be used for virus inactivation if 
ammonia is added prior to chlorine, if ammonia and chlorine are added concurrently, 
or if preformed chloramines are used because, without the short-term presence of free 
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chlorine before the formation of chloramines, the CT values will not be adequate for 
inactivation of rotavirus.  If ammonia is added prior to chlorine, if ammonia and 
chlorine are added concurrently, or if preformed chloramines are used, GWSs must 
determine CT values by conducting an on-site challenge study in accordance with 
Appendices F and G to the USEPA’s Guidance Manual for Compliance with the Filtration 
and Disinfection Requirements for Public Water Systems Using Surface Water Sources, 1991. 
 
For inactivation of viruses by chloramines at pH 8.1 to 9.9 in lime softening 
environments, GWSs may use the CT values listed in Table B-3 in Appendix B or may 
determine CT values using linear interpolation between Tables B-3 and B-4 in Appendix 
B. 
 
Once the required CT is determined, the required C can be determined simply by 
dividing the required CT by the calculated T provided. 
 
2.1.2 Compliance Monitoring 
 
Monitoring Requirements.  GWSs serving greater than 3,300 people shall continuously 
monitor the residual disinfectant concentration at one or more locations specified by the 
Florida Department of Environmental Protection (FDEP) each day they serve water to 
the public.  Such systems shall monitor the residual disinfectant concentration using 
analytical methods specified in 40 CFR 141.74(a)(2) or in Appendix A to Subpart C of 40 
CFR 141 or using an on-line chlorine analyzer meeting USEPA Method 334.0.  The 
analytical methods specified in 40 CFR 141.74(a)(2) or Appendix A to Subpart C in 40 
CFR 141 are listed in Table E-1 in Appendix E to these guidelines; and draft USEPA 
Method 334.0, ―Determination of Residual Chlorine in Drinking Water Using an On-
Line Chlorine Analyzer,‖ is included in Appendix F to these guidelines.  The calibration 
of on-line chlorine analyzers shall be verified in accordance with draft USEPA Method 
334.0, while the calibration of all other continuous residual disinfectant monitoring 
equipment shall be verified in accordance with DEP-SOP-001/01 – FT 1900, 
―Continuous Monitoring with Installed Meters,‖ a copy of which is included in 
Appendix G to these guidelines.  If continuous residual disinfectant monitoring 
equipment fails, the GWS must conduct grab sampling every four hours until the 
continuous monitoring equipment is returned to service.  The GWS must resume 
continuous residual disinfectant monitoring within 14 days. 
 
GWSs serving 3,300 or fewer people shall monitor the residual disinfectant 
concentration at one or more locations specified by the FDEP by taking at least one grab 
sample/location during peak flow each day they serve water to the public.  Such GWSs 
shall monitor residual disinfectant concentration using analytical methods specified in 
40 CFR 141.74(a)(2) or in Appendix A to Subpart C of 40 CFR 141 or using a DPD 
colorimetric test kit or the Industrial Test Systems free chlorine test strip.  If any daily 
grab sample measurement is less than the FDEP-specified minimum residual 
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disinfectant concentration, the GWS must take follow-up samples every four hours until 
the residual disinfectant concentration is restored to a value equal to, or greater than, 
the FDEP-specified minimum concentration.  Alternatively, GWSs serving 3,300 or 
fewer people may continuously monitor residual disinfectant concentration and meet 
the requirements in the preceding paragraph. 
 
The FDEP-specified location(s) for monitoring the residual disinfectant concentration 
will be the end of each disinfection segment.  The end of the last disinfection segment 
must be before or at the first customer, which is often the WTP itself. 
 
Operating Requirements.  GWSs must maintain an FDEP-specified minimum residual 
disinfectant concentration at each FDEP-specified disinfectant residual monitoring 
location every day they serve water to the public.  The FDEP-specified minimum 
residual disinfectant concentration for each monitoring location will be determined on a 
WTP-by-WTP basis, and a disinfection-segment-by-disinfection-segment basis, by 
dividing the required CT by the minimum T provided during peak flow.  The FDEP-
specified minimum residual disinfectant concentration at the end of the last disinfection 
segment generally should not be greater than the MRDL for the disinfectant.  Upon 
request by a GWS, the FDEP will consider specifying a variable minimum residual 
disinfectant concentration to allow for seasonal changes in water temperature and 
required CT. 
 
Recordkeeping.  Each day they serve water to the public, GWSs shall record the following 
information on a revised monthly operation report (MOR) sheet that is similar to 
Exhibit J-1 in Appendix J to these guidelines: 
 

 The daily lowest residual disinfectant concentration at each FDEP-specified 
disinfectant residual monitoring location; and 

 

 The date and duration of any failure to maintain any FDEP-specified minimum 
residual disinfectant concentration, at any FDEP-specified disinfectant residual 
monitoring location, for a period of more than four hours. 

 
It is a treatment technique violation if a GWS fails to maintain FDEP-approved four-log 
virus treatment, by failing to maintain any FDEP-specified minimum residual 
disinfectant concentration, and does not correct the failure within four hours after 
determining the failure.  In addition to being recorded on the MOR, such treatment 
technique violations must be reported to the FDEP as soon as possible but no later than 
the end of the next business day after the violation. 
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2.2 Ultrafiltration (UF) 
 
UF is a pressure-driven membrane filtration process that typically employs hollow-fiber 
membranes with a pore size range of approximately 0.01 to 0.05 micron (µm) and a 
nominal (i.e., average) pore size of 0.01 µm. 
 
2.2.1 Virus Removal Credit 
 
Ground water systems (GWSs) using UF to treat ground water receive credit for virus 
treatment only if the UF membranes meet one of the following two criteria: 
 

 The membranes have an absolute (i.e., maximum) pore size less than 0.01 µm; or 
 

 The membranes are identical in material, and similar in construction, to 
membranes that have been shown via challenge testing to have at least four-log 
virus removal capability. 

 
GWSs using UF membranes that meet one of the above two criteria receive credit for 
four-log virus removal only if GWSs conduct, on each membrane unit, continuous 
indirect integrity monitoring meeting the requirements in Section 2.2.2 below and daily 
direct integrity testing having a resolution of 0.01 µm or less and a sensitivity of at least 
four logs.  The Florida Department of Environmental Protection (FDEP) realizes that a 
resolution requirement this small is very difficult to achieve with currently available 
direct integrity tests.  (The FDEP is not aware of any pressure-based direct integrity test 
that can achieve a resolution this small, and marker-based direct integrity tests with a 
resolution this small may be prohibitively expensive.)  However, without direct 
integrity testing having a resolution this small, it is possible that a number of very small 
integrity breaches could occur as membranes age or degrade, and such breaches could 
allow the undetected passage of viruses through the membranes.  Consequently, unless 
the GWS conducts direct integrity testing having a resolution of 0.01 µm or less, the 
FDEP is limiting the virus removal credit for UF to two logs as discussed in the 
following paragraph. 
 
GWSs using UF membranes that meet one of the two criteria discussed in the first 
paragraph of this Section 2.2.1 receive credit for two-log virus removal if GWSs 
conduct, on each membrane unit, continuous indirect integrity monitoring meeting the 
requirements in Section 2.2.2 below. 
 
2.2.2 Compliance Monitoring 
 
Monitoring Requirements.  GWSs receiving four-log virus removal credit for UF shall 
conduct direct integrity testing on each membrane unit at least once each day that the 
membrane unit is in operation and whenever the filtrate turbidity exceeds 0.15 
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nephelometric turbidity unit (NTU) for a period longer than 15 minutes.  A ―membrane 
unit‖ is defined as a group of membrane modules sharing common valving that allows 
the unit to be isolated from the rest of the membrane treatment process for the purpose 
of integrity testing or maintenance.  The direct integrity test must have a resolution of 
0.01 µm or less and a sensitivity of at least four logs.   
 
GWSs receiving two- or four-log virus removal credit for UF shall conduct continuous 
indirect integrity monitoring on each membrane unit in operation.  Continuous indirect 
integrity monitoring shall consist of continuous filtrate turbidity monitoring.  
―Continuous monitoring‖ is defined as monitoring at a frequency no less than once 
every 15 minutes.  The calibration of all continuous turbidity monitoring equipment 
shall be verified in accordance with DEP-SOP-001/01 – FT 1900, ―Continuous 
Monitoring with Installed Meters,‖ a copy of which is included in Appendix G to these 
guidelines. 
 
Operating Requirements.  If the result of any direct integrity test is outside the control 
limit that is established by the GWS as indicative of an integral membrane unit capable 
of providing four-log virus removal, the GWS must remove the membrane unit from 
service.  The GWS must conduct a subsequent direct integrity test to verify any repairs 
and may return the membrane unit to service only if the result of the subsequent direct 
integrity test is within the established control limit. 
 
For each membrane unit, GWSs must maintain a filtrate turbidity that does not exceed 
0.15 NTU. 
 
Recordkeeping.  Each day they serve water to the public, GWSs shall record the following 
information on an additional monthly operation report (MOR) sheet that is similar to 
Exhibit J-2 in Appendix J to these guidelines: 
 

 The daily maximum filtrate turbidity for each membrane unit; and 
 

 The date and duration of any failure of a membrane unit to maintain a filtrate 
turbidity of 0.15 NTU or less for a period of more than four hours. 

 
It is a treatment technique violation if a GWS fails to maintain FDEP-approved four-log 
virus treatment, by failing to maintain a filtrate turbidity of 0.15 NTU or less for any 
membrane unit, and does not correct the failure within four hours after determining the 
failure.  In addition to being recorded on the MOR, such treatment technique violations 
must be reported to the FDEP as soon as possible but no later than the end of the next 
business day after the violation. 
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2.3 Nanofiltration (NF); or Reverse Osmosis (RO) 
 
NF is a pressure-driven membrane separation process that employs the principles of 
reverse osmosis to remove dissolved contaminants from water.  NF typically is applied 
for membrane softening (i.e., to selectively remove hardness [calcium, magnesium, and 
certain other multivalent cations] but allow significant passage of monovalent ions) or 
the removal of dissolved organic contaminants.  The typical range of molecular weight 
cutoff (MWCO) levels is between 200 and 1,000 Daltons for NF membranes. 
 
RO is a pressure-driven membrane separation process that employs the principles of 
reverse osmosis to remove dissolved contaminants from water.  The typical range of 
MWCO levels is less than 100 Daltons for RO membranes. 
 
Reverse osmosis is the reverse of the natural osmosis process—i.e., reverse osmosis is 
the passage of a solvent (e.g., water) through a semi-permeable membrane from a 
solution of higher concentration to a solution of lower concentration against the 
concentration gradient, achieved by applying pressure greater than the osmotic 
pressure to the more concentrated solution. 
 
2.3.1 Virus Removal Credit 
 
Ground water systems (GWSs) using NF or RO to treat ground water receive credit for 
four-log virus removal only if GWSs conduct, on each membrane unit, continuous 
indirect integrity monitoring meeting the requirements in Section 2.3.2 below and daily 
direct integrity testing having a resolution of 0.01 micron (µm) or less and a sensitivity 
of at least four-logs.  The Florida Department of Environmental Protection (FDEP) 
realizes that a resolution requirement this small is very difficult to achieve with 
currently available direct integrity tests.  (The FDEP is not aware of any pressure-based 
direct integrity test that can achieve a resolution this small, and marker-based direct 
integrity tests with a resolution this small may be prohibitively expensive.)  However, 
without direct integrity testing having a resolution this small, it is possible that a 
number of very small integrity breaches could occur as membranes age or degrade, and 
such breaches could allow the undetected passage of viruses through the membranes.  
Consequently, unless the GWS conducts direct integrity testing having a resolution of 
0.01 µm or less, the FDEP is limiting the virus removal credit for NF or RO to two logs 
as discussed in the following paragraph. 
 
GWSs using NF or RO membranes receive credit for two-log virus removal if GWSs 
conduct, on each membrane unit, continuous indirect integrity monitoring meeting the 
requirements in Section 2.3.2 below. 
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2.3.2 Compliance Monitoring 
 
Monitoring Requirements.  GWSs receiving four-log virus removal credit for NF or RO 
shall conduct direct integrity testing on each membrane unit at least once each day that 
the membrane unit is in operation and whenever the filtrate turbidity exceeds 0.15 
nephelometric turbidity unit (NTU) for a period longer than 15 minutes.  A ―membrane 
unit‖ is defined as a group of membrane modules sharing common valving that allows 
the unit to be isolated from the rest of the membrane treatment process for the purpose 
of integrity testing or maintenance.  The direct integrity test must have a resolution of 
0.01 µm or less and a sensitivity of at least four logs. 
 
 GWSs receiving two- or four-log virus removal credit for NF or RO shall conduct 
continuous indirect integrity monitoring on each membrane unit in operation.  
Continuous indirect integrity monitoring shall consist of continuous percent salt 
passage (SP) monitoring. ―Continuous monitoring‖ is defined as monitoring at a 
frequency no less than once every 15 minutes.  The calibration of all continuous 
monitoring equipment shall be verified in accordance with DEP-SOP-001/01 – FT 1900, 
―Continuous Monitoring with Installed Meters,‖ a copy of which is included in 
Appendix G to these guidelines. 
 
Operating Requirements.  If the result of any direct integrity test is outside the control 
limit that is established by the GWS as indicative of an integral membrane unit capable 
of providing four-log virus removal, the GWS must remove the membrane unit from 
service.  The GWS must conduct a subsequent direct integrity test to verify any repairs 
and may return the membrane unit to service only if the result of the subsequent direct 
integrity test is within the established control limit. 
 
For each membrane unit, GWSs must maintain a percent SP that does not exceed an 
FDEP-specified maximum.  The FDEP-specified maximum percent SP will be 
determined on a water-treatment-pant-by-water-treatment-pant basis using membrane 
performance information provided by the GWS.  The FDEP-specified maximum percent 
SP generally should be no greater than 25% for NF and no greater than 5% for RO. 
 
Recordkeeping.  Each day they serve water to the public, GWSs shall record the following 
information on an additional monthly operation report (MOR) sheet that is similar to 
Exhibit J-3 in Appendix J to these guidelines: 
 

 The daily maximum percent SP for each membrane unit; and 
 

 The date and duration of any failure of a membrane unit to maintain a percent SP 
less than or equal to the FDEP-specified maximum for a period of more than four 
hours. 
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It is a treatment technique violation if a GWS fails to maintain FDEP-approved four-log 
virus treatment, by failing to maintain a percent SP less than or equal to the FDEP-
specified maximum for any membrane unit, and does not correct the failure within four 
hours after determining the failure.  In addition to being recorded on the MOR, such 
treatment technique violations must be reported to the FDEP as soon as possible but no 
later than the end of the next business day after the violation. 
 
2.4 Ultraviolet (UV) Disinfection 
 
UV radiation is the range of electromagnetic waves 100 to 400 nanometers (nm) long 
(between the X-ray and visible light spectrums).  The optimal UV range for disinfection 
is between 245 and 285 nm.  UV disinfection utilizes either… 
 

 Low-pressure lamps that emit maximum energy output at a wavelength of 253.7 
nm; 

 

 Medium-pressure lamps that emit energy at wavelengths from 180 to 1370 nm; 
or 
 

 Lamps that emit at other wavelengths in a high-intensity ―pulsed‖ manner. 
 
UV radiation inactivates viruses and other microorganisms via UV absorption, which 
causes a photochemical reaction that alters molecular components essential to cell 
function.  As UV penetrates the cell wall of a microorganism, the energy reacts with 
nucleic acids and other vital cell components, resulting in injury or death of the exposed 
cells. 
 
Unlike chemical disinfection, UV disinfection leaves no residual that can be monitored 
to determine UV dose and inactivation credit.  The UV dose depends on the UV 
intensity (as measured by a UV sensor), flow rate, and UV transmittance (UVT). 
 
2.4.1 Virus Inactivation Credit 
 
Ground water systems (GWSs) using UV light disinfection of ground water receive the 
virus inactivation credit listed in Table H-1 in Appendix H to these guidelines by 
achieving the corresponding UV dose listed in Table H-1. 
 
The virus inactivation credits and doses listed in Table H-1 in Appendix H are for UV 
light at a wavelength of 254 nm as produced by a low-pressure mercury vapor lamp.  
To receive virus inactivation credit for other lamp types, GWSs must demonstrate an 
equivalent germicidal dose through reactor validation testing as described below.  
Additionally, the UV dose values in Table H-1 are applicable only to post-filter 
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applications of UV light in water treatment systems with filters and to applications of 
UV light in water treatment systems without filters. 
 
Reactor validation testing.  GWSs must use UV reactors that have undergone validation 
testing to demonstrate that they are achieving a particular UV dose value and to 
determine the operating conditions under which the reactor delivers the UV dose (i.e., 
validated operating conditions).  Validated operating conditions must include flow rate, 
UV intensity (as measured by a UV sensor), UV lamp status, and if applicable, UVT.  
When determining validated operating conditions, GWSs must account for the 
following factors: UV absorbance of the water; lamp fouling and aging; measurement 
uncertainty of on-line sensors; UV dose distributions arising from the velocity profiles 
through the reactor; failure of UV lamps or other critical system components; and inlet 
and outlet piping or channel configurations of the UV reactor.  Validation testing must 
include full-scale testing of a reactor that conforms uniformly to the UV reactors used 
by the GWS and inactivation of a test microorganism whose dose response 
characteristics have been quantified with a low-pressure mercury vapor lamp.  UV 
reactors generally are validated for one of the following two dose-monitoring strategies: 
 

 The UV Intensity Setpoint Approach.  This approach relies on one or more 
―setpoint(s)‖ for UV intensity that are established during validation testing to 
determine UV dose.  During reactor operation, the UV intensity (as measured by 
a UV sensor) must meet or exceed the setpoint(s) to ensure delivery of the 
required dose.  Also, reactors must be operated within validated operating 
conditions for flow rate and lamp status.  The approach can rely on either a 
single setpoint (one UV intensity setpoint is used for all validated flow rates) or a 
variable setpoint (the UV intensity setpoint is determined using a lookup table or 
equation for a range of flow rates). 

 

 The Calculated Dose Approach.  This approach uses a dose monitoring equation 
to estimate the UV dose based on the flow rate, UV intensity, and UVT measured 
during reactor operation.  During reactor operation, the UV reactor control 
system inputs the measured parameters into the dose monitoring equation to 
produce a calculated dose.  The GWS operator divides the calculated dose by the 
validation factor and compares the resulting value to the required dose for the 
target virus inactivation level. 

 
The very high dose requirement for three- or four-log virus inactivation presents 
challenges for validation testing of UV reactors.  At present, the Florida Department of 
Environmental Protection (FDEP) is unaware of any testing protocols that can validate 
the performance of UV reactors at the dose of 186 milliJoules/centimeter2 needed for 
four-log virus inactivation credit.  However, UV reactors validated at lower doses can 
be used in a series configuration or in combination with other inactivation or removal 
technologies to provide a total of four-log virus treatment. 
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2.4.2 Compliance Monitoring 
 
Monitoring Requirements.  GWSs shall continuously monitor each UV reactor in 
operation for UV intensity (as measured by a UV sensor), flow rate, and UV lamp 
status.  Also, GWSs shall continuously monitor UVT for UV reactors operating using 
the Calculated Dose Approach.  ―Continuous monitoring‖ is defined as monitoring at a 
frequency no less than once every 5 minutes.  GWSs shall verify the calibration of UV 
sensors and UVT transmitters using the protocol discussed in Sections 6.4.1.1 and 6.4.1.2 
of the United States Environmental Protection Agency’s Ultraviolet Disinfection Guidance 
Manual for the Final Long Term 2 Enhanced Surface Water Treatment Rule, 2006; and GWSs 
must recalibrate sensors in accordance with the manufacturer’s recommendations. 
 
Operating Requirements.  GWSs must operate each UV reactor within validated operating 
conditions. 
 
Recordkeeping.  Each day they serve water to the public, GWSs shall record the following 
information on one or more additional monthly operation report (MOR) sheets that are 
similar to Exhibit J-4 or J-5 in Appendix J to these guidelines: 
 

 The daily maximum flow rate, daily UV intensity requirements, daily minimum 
UV intensity, and daily total operation time outside validated operating 
conditions for each UV reactor using the UV Intensity Setpoint Approach; 

 

  The daily dose requirements, daily minimum validated dose, and daily total 
operation time outside validated operating conditions for each UV reactor using 
the Calculated Dose Approach; and 

 

 The date and duration of any failure of a UV reactor to operate within validated 
operating conditions for a period of more than four hours. 

 
It is a treatment technique violation if a GWS fails to maintain FDEP-approved four-log 
virus treatment, by failing to operate any UV reactor within validated operating 
conditions, and does not correct the failure within four hours after determining the 
failure.  In addition to being recorded on the MOR, such treatment technique violations 
must be reported to the FDEP as soon as possible but no later than the end of the next 
business day after the violation. 
 
2.5 Conventional Filtration Treatment, Including Lime Softening 
 
Conventional filtration treatment means a series of processes including coagulation, 
flocculation, sedimentation, and filtration resulting in substantial particulate removal.  
Conventional filtration treatment includes lime softening. 
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2.5.1 Virus Removal Credit 
 
Ground water systems (GWSs) using conventional filtration treatment, including lime 
softening, to treat ground water receive credit for two-log virus removal if they conduct 
combined filter effluent (CFE) turbidity monitoring meeting the requirements in Section 
2.5.2 below. 
 
2.5.2 Compliance Monitoring 
 
Monitoring Requirements.  GWSs serving more than 500 people shall perform CFE 
turbidity measurements at least every four hours they serve water to the public.  GWSs 
serving 500 or fewer people may perform CFE turbidity measurements just once each 
day they serve water to the public, but if a daily CFE turbidity measurement exceeds 1 
nephelometric turbidity unit (NTU), the GWS must take follow-up samples every four 
hours until the CFE turbidity is restored to a value less than or equal to 1 NTU.  CFE 
turbidity measurements may be performed at any point after filter effluent is combined 
and before water treatment plant effluent enters the distribution system.  A GWS may 
substitute continuous turbidity monitoring for grab sample monitoring if it verifies the 
calibration of the continuous monitoring equipment in accordance with DEP-SOP-
001/01 – FT 1900, ―Continuous Monitoring with Installed Meters,‖ a copy of which is 
included in Appendix G to these guidelines. 
 
Operating Requirements.  GWSs shall maintain a CFE turbidity that does not exceed 1 
NTU.  GWSs utilizing lime softening may acidify CFE turbidity samples prior to 
analysis of the samples.  GWSs that acidify CFE turbidity samples shall do so using the 
protocol in Appendix I to these guidelines. 
 
Recordkeeping.  Each day they serve water to the public, GWSs shall record the following 
information on an additional monthly operation report (MOR) sheet that is similar to 
Exhibit J-6 in Appendix J to these guidelines: 
 

 The daily maximum CFE turbidity; and 
 

 The date and duration of any failure to maintain a CFE turbidity of 1 NTU or less 
for a period of more than four hours. 

 
It is a treatment technique violation if a GWS fails to maintain FDEP-approved four-log 
virus treatment, by failing to maintain a CFE turbidity of 1 NTU or less, and does not 
correct the failure within four hours after determining the failure.  In addition to being 
recorded on the MOR, such treatment technique violations must be reported to the 
Florida Department of Environmental Protection as soon as possible but no later than 
the end of the next business day after the violation. 
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2.6 Slow Sand Filtration 
 
Slow sand filtration means a process involving passage of raw water through a bed of 
sand at low velocity (generally less than 0.4 meter/hour) resulting in substantial 
particulate removal by physical and biological mechanisms. 
 
2.6.1 Virus Removal Credit 
 
Ground water systems (GWSs) using slow sand filtration to treat ground water receive 
credit for two-log virus removal if they conduct combined filter effluent (CFE) turbidity 
monitoring meeting the requirements in Section 2.6.2 below. 
 
2.6.2 Compliance Monitoring 
 
Monitoring Requirements.  GWSs shall perform CFE turbidity measurements at least once 
each day they serve water to the public.  If any daily CFE turbidity measurement 
exceeds 5 nephelometric turbidity units (NTUs), the GWS must take follow-up samples 
every four hours until the CFE turbidity is restored to a value less than or equal to 5 
NTUs.  CFE turbidity measurements may be performed at any point after filter effluent 
is combined and before water treatment plant effluent enters the distribution system.  A 
GWS may substitute continuous turbidity monitoring for grab sample monitoring if it 
verifies the calibration of the continuous monitoring equipment in accordance with 
DEP-SOP-001/01 – FT 1900, ―Continuous Monitoring with Installed Meters,‖ a copy of 
which is included in Appendix G to these guidelines. 
 
Operating Requirements.  GWSs shall maintain a CFE turbidity that does not exceed 5 
NTUs. 
 
Recordkeeping.  Each day they serve water to the public, GWSs shall record the following 
information on an additional monthly operation report (MOR) sheet that is similar to 
Exhibit J-7 in Appendix J to these guidelines: 
 

 The daily maximum CFE turbidity; and 
 

 The date and duration of any failure to maintain a CFE turbidity of 5 NTUs or 
less for a period of more than four hours. 

 
It is a treatment technique violation if a GWS fails to maintain FDEP-approved four-log 
virus treatment, by failing to maintain a CFE turbidity of 5 NTUs or less, and does not 
correct the failure within four hours after determining the failure.  In addition to being 
recorded on the MOR, such treatment technique violations must be reported to the 
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Florida Department of Environmental Protection as soon as possible but no later than 
the end of the next business day after the violation. 
 
2.7 Direct Filtration; or Microfiltration (MF) Preceded by Coagulation 
 
Direct filtration means a series of processes including coagulation and filtration, but 
excluding sedimentation, resulting in substantial particulate removal. 
 
MF preceded by in-line coagulation is effective at reducing arsenic levels in ground 
water.  This process also should achieve virus removal comparable to that achieved by 
direct filtration.  MF is a pressure-driven membrane filtration process that typically 
employs hollow-fiber membranes with a pore size range of approximately 0.1 to 0.2 
micron (µm) and a nominal (i.e., average) pore size of 0.1 µm.  
 
2.7.1 Virus Removal Credit 
 
Ground water systems (GWSs) using direct filtration, or MF preceded by in-line 
coagulation, to treat ground water receive credit for one-log virus removal if they 
conduct combined filter effluent (CFE) turbidity monitoring meeting the requirements 
in Section 2.7.2 below. 
 
2.7.2 Compliance Monitoring 
 
Monitoring Requirements.  GWSs serving more than 500 people shall perform CFE 
turbidity measurements at least every four hours they serve water to the public.  GWSs 
serving 500 or fewer people may perform CFE turbidity measurements just once each 
day they serve water to the public, but if a daily CFE turbidity measurement exceeds 1 
nephelometric turbidity unit (NTU), the GWS must take follow-up samples every four 
hours until the CFE turbidity is restored to a value less than or equal to 1 NTU.  CFE 
turbidity measurements may be performed at any point after filter effluent is combined 
and before water treatment plant effluent enters the distribution system.  A GWS may 
substitute continuous turbidity monitoring for grab sample monitoring if it verifies the 
calibration of the continuous monitoring equipment in accordance with DEP-SOP-
001/01 – FT 1900, ―Continuous Monitoring with Installed Meters,‖ a copy of which is 
included in Appendix G to these guidelines. 
 
Operating Requirements.  GWSs shall maintain a CFE turbidity that does not exceed 1 
NTU. 
 
Recordkeeping.  Each day they serve water to the public, GWSs shall record the following 
information on an additional monthly operation report (MOR) sheet that is similar to 
Exhibit J-6 in Appendix J to these guidelines: 
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 The daily maximum CFE turbidity; and 
 

 The date and duration of any failure to maintain a CFE turbidity of 1 NTU or less 
for a period of more than four hours. 

 
It is a treatment technique violation if a GWS fails to maintain FDEP-approved four-log 
virus treatment, by failing to maintain a CFE turbidity of 1 NTU or less, and does not 
correct the failure within four hours after determining the failure.  In addition to being 
recorded on the MOR, such treatment technique violations must be reported to the 
Florida Department of Environmental Protection as soon as possible but no later than 
the end of the next business day after the violation. 
 
2.8 Diatomaceous Earth Filtration 
 
Diatomaceous earth filtration means a process resulting in substantial particulate 
removal in which… 
 

 A precoat cake of diatomaceous earth filter media is deposited on a support 
membrane (i.e., septum); and 

 

 While the water is filtered by passing through the cake on the septum, additional 
filter media known as body feed is continuously added to the feed water to 
maintain the permeability of the filter cake. 

 
2.8.1 Virus Removal Credit 
 
Ground water systems (GWSs) using diatomaceous earth filtration to treat ground 
water receive credit for one-log virus removal if they conduct combined filter effluent 
(CFE) turbidity monitoring meeting the requirements in Section 2.8.2 below. 
 
2.8.2 Compliance Monitoring 
 
Monitoring Requirements.  GWSs serving more than 500 people shall perform CFE 
turbidity measurements at least every four hours they serve water to the public.  GWSs 
serving 500 or fewer people may perform CFE turbidity measurements just once each 
day they serve water to the public, but if a daily CFE turbidity measurement exceeds 5 
nephelometric turbidity units (NTUs), the GWS must take follow-up samples every four 
hours until the CFE turbidity is restored to a value less than or equal to 5 NTUs.  CFE 
turbidity measurements may be performed at any point after filter effluent is combined 
and before water treatment plant effluent enters the distribution system.  A GWS may 
substitute continuous turbidity monitoring for grab sample monitoring if it verifies the 
calibration of the continuous monitoring equipment in accordance with DEP-SOP-
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001/01 – FT 1900, ―Continuous Monitoring with Installed Meters,‖ a copy of which is 
included in Appendix G to these guidelines. 
 
Operating Requirements.  GWSs shall maintain a CFE turbidity that does not exceed 5 
NTUs. 
 
Recordkeeping.  Each day they serve water to the public, GWSs shall record the following 
information on an additional monthly operation report (MOR) sheet that is similar to 
Exhibit J-7 in Appendix J to these guidelines: 
 

 The daily maximum CFE turbidity; and 
 

 The date and duration of any failure to maintain a CFE turbidity of 5 NTUs or 
less for a period of more than four hours. 

 
It is a treatment technique violation if a GWS fails to maintain FDEP-approved four-log 
virus treatment, by failing to maintain a CFE turbidity of 5 NTUs or less, and does not 
correct the failure within four hours after determining the failure.  In addition to being 
recorded on the MOR, such treatment technique violations must be reported to the 
Florida Department of Environmental Protection as soon as possible but no later than 
the end of the next business day after the violation. 
 
2.9 Other Treatment Technologies 
 
The Florida Department of Environmental Protection (FDEP) will consider other 
treatment technologies for virus treatment.  Ground water systems (GWSs) must 
demonstrate to the FDEP, using pilot plant studies or other performance studies, the 
level of virus treatment that the treatment technology will achieve under the full range 
of expected operating conditions for the GWS’s water treatment plant.  For virus 
inactivation technologies, the pilot plant or performance studies should follow a 
protocol similar to that in Appendix G to the United States Environmental Protection 
Agency’s (USEPA’s) Guidance Manual for Compliance with the Filtration and Disinfection 
Requirements for Public Water Systems Using Surface Water Sources, 1991.  For virus 
removal technologies, pilot plant or performance studies should follow a protocol 
similar to that in Appendix M to the USEPA’s Guidance Manual for Compliance with the 
Filtration and Disinfection Requirements for Public Water Systems Using Surface Water 
Sources, 1991. 
 
Based on the results of pilot plant or performance studies, the FDEP will establish 
compliance monitoring and operating requirements that the GWS must meet on an 
ongoing basis in order for the treatment technology to remain eligible for virus 
treatment credit. 
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Appendix A: Cover Sheets for Demonstration of Four-Log Virus 
Treatment of Ground Water 
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Appendix B: CT Values for Inactivation of Viruses by Chemical 
Disinfection 

 
Tables B-1 through B-6 give CT values for various levels of virus inactivation as a 
function of disinfectant type, water pH, and water temperature.  The following 
procedures should be used to obtain the required CT from Tables B-1 through B-6: 
 

 Find the appropriate table, or the appropriate portion of the appropriate table, 
based on the disinfectant and based on the expected water pH value at the point 
where residual disinfectant concentration (C) is measured. 

 

 Find the appropriate column and row based on the expected minimum water 
temperature at the point where C is measured and based on the desired log 
inactivation of viruses.  The effectiveness of chemical disinfection decreases as 
water temperature decreases, and virus inactivation must be achieved at all 
water temperatures; therefore, it is important to use the expected minimum 
water temperature to determine the CT required.  In the absence of sufficient 
system-specific water temperature data, ground water systems shall estimate 
their minimum water temperature to be equal to the applicable minimum water 
temperature in Table 6 in the Florida Geological Survey’s Special Publication 
Number 34, Florida’s Ground Water Quality Monitoring Program – Background 
Hydrogeochemistry, 1992, which presents minimum ground water temperature by 
aquifer system and water management district.  The pertinent portion of this 
table is reproduced in Table D-1 in Appendix D to these guidelines. 

 

 In cases where the water pH is an intermediate value between the pH values 
listed in the table, use the CT value for the next higher or lower ph listed in the 
table, whichever pH value results in a more conservative (i.e., greater) CT value, 
or determine the CT value using linear interpolation between the CT values 
associated with the next lower and higher pH values listed in the table. 
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Table B-1: CT Values for Inactivation of Viruses by Free Chlorine at Water pH 6.0 - 9.0 

Log Inactivation 
Water Temperature (degrees Celsius [°C]) 

5 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

1 2 1 1.0 0.9 0.9 0.8 0.8 0.7 0.7 0.6 0.6 0.5 0.5 0.5 0.4 0.4 0.4 

2 4 2 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1 1.0 0.9 0.9 0.8 0.8 

3 6 3 2.9 2.7 2.6 2.4 2.3 2.1 2 1.8 1.7 1.5 1.4 1.4 1.3 1.2 1.1 

4 8 4 3.8 3.6 3.4 3.2 3 2.8 2.6 2.4 2.2 2 1.9 1.8 1.7 1.6 1.5 

Source: Table E-7 in Appendix E to the United States Environmental Protection Agency’s Guidance Manual for Compliance 
with the Filtration and Disinfection Requirements for Public Water Systems Using Surface Water Sources, 1991 (the ―Surface 
Water Guidance Manual‖).   = CT value modified or determined by assuming a twofold decrease in CT for every 10-
°C increase in temperature above 5 °C (per Appendix F to the ―Surface Water Guidance Manual‖).   = CT value 
determined by linear interpolation between 5-°C increments.   = CT value determined by assuming inactivation is a 
first order reaction (per the ―Surface Water Guidance Manual‖). 
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Table B-2: CT Values for Inactivation of Viruses by Free Chlorine at Water pH 10.0 - 11.5 in Lime Softening 
Environments* 

Log Inactivation 
Water Temperature (degrees Celsius [°C]) 

5 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

1 6.2 3.1 2.9 2.8 2.6 2.5 2.3 2.2 2.0 1.8 1.7 1.5 1.5 1.4 1.3 1.2 1.2 

2 12.3 6.2 5.8 5.5 5.2 4.9 4.6 4.3 4.0 3.7 3.4 3.1 2.9 2.8 2.6 2.5 2.3 

3 18.5 9.2 8.8 8.3 7.8 7.4 6.9 6.5 6.0 5.5 5.1 4.6 4.4 4.2 3.9 3.7 3.5 

4 24.6 12.3 11.7 11.1 10.5 9.8 9.2 8.6 8.0 7.4 6.8 6.2 5.8 5.5 5.2 4.9 4.6 

Basis: This table is based on predicted CT values from Tables E.1 and 4.10 in the American Water Works Association 
Research Foundation’s The Removal and Disinfection Efficiency of Lime Softening Processes for Giardia and Viruses, 1994.  The 
highest predicted CT value for achieving 2-log inactivation of Hepatitis A virus (HAV) at 5 °C and a pH range of 10.0 - 
11.5 was multiplied by a safety factor of 3 to obtain the CT value listed in this table for 2-log inactivation at 5 °C.  (The 
target virus of HAV and the safety factor of 3 were used for this table in order to be consistent with the basis for Table E-7 
in Appendix E to the United States Environmental Protection Agency’s Guidance Manual for Compliance with the Filtration 
and Disinfection Requirements for Public Water Systems Using Surface Water Sources, 1991 [the ―Surface Water Guidance 
Manual‖] as discussed in Appendix F to the ―Surface Water Guidance Manual.‖  CT values for 1-, 3-, and 4-log 
inactivation were determined by assuming inactivation is a first order reaction (per the ―Surface Water Guidance 
Manual‖).  CT values at temperatures other than 5 °C were determined assuming a twofold decrease in CT for every 10-
°C increase (per Appendix F to the ―Surface Water Guidance Manual‖). 
                                                 
*  For inactivation of viruses by free chlorine at pH 9.1 to 9.9 in lime softening environments, use the CT values in Table A-2 or determine CT 

values using linear interpolation between Tables A-1 and A-2. 
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Table B-3: CT Values for Inactivation of Viruses by Chloramines (if Chlorine Is Added Prior to Ammonia*) at Water 
pH 8 +/- 

Log Inactivation 
Water Temperature (degrees Celsius [°C]) 

5 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

1 429 214 204 193 182 171 161 150 139 129 118 107 102 96.4 91.1 85.7 80.3 

2 857 429 407 386 364 343 321 300 279 257 236 214 204 193 182 171 161 

3 1423 712 676 641 605 570 534 498 463 427 392 356 338 320 303 285 267 

4 1988 994 944 895 845 795 746 696 646 596 547 497 472 447 423 398 373 

Source: Table E-13 in Appendix E to the United States Environmental Protection Agency’s Guidance Manual for Compliance 
with the Filtration and Disinfection Requirements for Public Water Systems Using Surface Water Sources, 1991 (the ―Surface 
Water Guidance Manual‖).   = CT value modified or determined by assuming a twofold decrease in CT for every 10-
°C increase in temperature above 5 °C (per Appendix F to the ―Surface Water Guidance Manual‖).   = CT value 
determined by linear interpolation between 5-°C increments.   = CT value determined by assuming inactivation is a 
first order reaction (per the ―Surface Water Guidance Manual‖). 
                                                 
*  If ammonia is added prior to chlorine, if ammonia and chlorine are added concurrently, or if preformed chloramines are used, determine CT 

values by conducting an on-site challenge study in accordance with Appendix G to the ―Surface Water Guidance Manual.‖ 
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Table B-4: CT Values for Inactivation of Viruses by Chloramines (if Chlorine Is Added Prior to Ammonia*) at Water 
pH 10.0 - 11.5 in Lime Softening Environments† 

Water 
Temperature 

(°C) 

pH = 10.0 pH = 10.5 pH = 11.0 pH = 11.5 

Log Inactivation Log Inactivation Log Inactivation Log Inactivation 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

5 155 309 464 618 121 241 362 482 55 110 165 220 25 50 75 100 

15 77.3 155 232 309 60.3 121 181 241 27.5 55 82.5 110 12.5 25 37.5 50 

16 73.4 147 220 294 57.2 114 172 229 26.1 52.3 78.4 105 11.9 23.8 35.6 47.5 

17 69.5 139 209 278 54.2 108 163 217 24.8 49.5 74.3 99 11.3 22.5 33.8 45 

18 65.7 131 197 263 51.2 102 154 205 23.4 46.8 70.1 93.5 10.6 21.3 31.9 42.5 

19 61.8 124 185 247 48.2 96.4 145 193 22 44 66 88 10 20 30 40 

20 57.9 116 174 232 45.2 90.4 136 181 20.6 41.3 61.9 82.5 9.4 18.8 28.1 37.5 

21 54.1 108 162 216 42.2 84.4 127 169 19.3 38.5 57.8 77 8.8 17.5 26.3 35 

22 50.2 100 151 201 39.2 78.3 117 157 17.9 35.8 53.6 71.5 8.1 16.3 24.4 32.5 

23 46.4 92.7 139 185 36.2 72.3 108 145 16.5 33 49.5 66 7.5 15 22.5 30 

24 42.5 85.0 127 170 33.1 66.3 99.4 133 15.1 30.3 45.4 60.5 6.9 13.8 20.6 27.5 

25 38.6 77.3 116 155 30.1 60.3 90.4 121 13.8 27.5 41.3 55 6.3 12.5 18.8 25 

26 36.7 73.4 110 147 28.6 57.2 85.9 114 13.1 26.1 39.2 52.3 5.9 11.9 17.8 23.8 

27 34.8 69.5 104 139 27.1 54.2 81.3 108 12.4 24.8 37.1 49.5 5.6 11.3 16.9 22.5 

28 32.8 65.7 98.5 131 25.6 51.2 76.8 102 11.7 23.4 35.1 46.8 5.3 10.6 15.9 21.3 

29 30.9 61.8 92.7 124 24.1 48.2 72.3 96.4 11 22 33 44 5 10 15 20 

30 29.0 57.9 86.9 116 22.6 45.2 67.8 90.4 10.3 20.6 30.9 41.3 4.7 9.4 14.1 18.8 

Basis: This table is based on estimated CT values from Table 4.7 in the AwwaRF’s The Removal and Disinfection Efficiency of Lime Softening Processes 
for Giardia and Viruses, 1994.  The estimated CT values for achieving 2-log inactivation of Hepatitis A virus (HAV) using preformed 
monochloramine at 5 °C and pH 10.0, 10.5, 11.0, and 11.5 were used as the CT values listed in this table for 2-log inactivation of viruses at 5 °C and 
pH 10.0, 10.5, 11.0, and 11.5.  No safety factor was applied since chloramination in the field, where some transient presence of free chlorine would 
occur, is assumed more effective than preformed chloramines.  (The target virus of HAV, preformed chloramines, and no safety factor were used 
for this table in order to be consistent with the basis for Table E-13 in Appendix E to the USEPA’s Guidance Manual for Compliance with the Filtration 
and Disinfection Requirements for Public Water Systems Using Surface Water Sources, 1991 [the ―Surface Water Guidance Manual‖], as discussed in 
Appendix F to the ―Surface Water Guidance Manual.‖)  CT values for 1-, 3-, and 4-log inactivation were determined by assuming inactivation is a 
first order reaction (per the ―Surface Water Guidance Manual‖).  CT values at temperatures other than 5 °C were determined assuming a twofold 
decrease in CT for every 10-°C increase (per Appendix F to the ―Surface Water Guidance Manual‖). 

                                                 
*  If ammonia is added prior to chlorine, if ammonia and chlorine are added concurrently, or if preformed chloramines are used, determine CT 

values by conducting an on-site challenge study in accordance with Appendix G to the ―Surface Water Guidance Manual.‖ 
†  For inactivation of viruses by chloramines at pH 8.1 to 9.9 in lime softening environments, use the CT values in Table A-3 or determine CT 

values using linear interpolation between Tables A-3 and A-4.  In cases where the pH is an intermediate value between the pH values listed in 
Table A-4, use the CT values for the next lower pH listed in Table A-4 or determine CT values using linear interpolation between the CT values 
associated with the next lower and higher pH values listed in Table A-4. 
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Table B-5: CT Values for Inactivation of Viruses by Chlorine Dioxide 

Log Inactivation 
Water Temperature (degrees Celsius [°C]) 

5 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

1 2.8 1.4 1.3 1.3 1.2 1.1 1.1 1 0.9 0.8 0.8 0.7 0.7 0.6 0.6 0.6 0.5 

2 5.6 2.8 2.7 2.5 2.4 2.2 2.1 2 1.8 1.7 1.5 1.4 1.3 1.3 1.2 1.1 1.1 

3 17.1 8.6 8.1 7.7 7.3 6.8 6.4 6 5.6 5.1 4.7 4.3 4.1 3.8 3.6 3.4 3.2 

4 33.4 16.7 15.9 15 14.2 13.4 12.5 11.7 10.9 10 9.2 8.4 7.9 7.5 7.1 6.7 6.3 

Source: Table E-9 in Appendix E to the United States Environmental Protection Agency’s Guidance Manual for Compliance 
with the Filtration and Disinfection Requirements for Public Water Systems Using Surface Water Sources, 1991 (the ―Surface 
Water Guidance Manual‖).   = CT value determined by linear interpolation between 5-°C increments.   = CT 
value determined by assuming inactivation is a first order reaction (per the ―Surface Water Guidance Manual‖). 

= CT value determined by assuming a twofold decrease in CT for every 10-°C increase in temperature above 5 °C 
(per Appendix F to the ―Surface Water Guidance Manual‖). 
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Table B-6: CT Values for Inactivation of Viruses by Ozone 

Log Inactivation 
Water Temperature (degrees Celsius [°C]) 

5 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

1 0.3 0.15 0.14 0.14 0.13 0.12 0.11 0.11 0.1 0.09 0.08 0.08 0.07 0.07 0.06 0.06 0.06 

2 0.6 0.3 0.29 0.27 0.26 0.24 0.23 0.21 0.2 0.18 0.17 0.15 0.14 0.14 0.13 0.12 0.11 

3 0.9 0.45 0.43 0.41 0.38 0.36 0.34 0.32 0.29 0.27 0.25 0.23 0.21 0.2 0.19 0.18 0.17 

4 1.2 0.6 0.57 0.54 0.51 0.48 0.45 0.42 0.39 0.36 0.33 0.3 0.29 0.27 0.26 0.24 0.23 

Source: Table E-11 in Appendix E to the United States Environmental Protection Agency’s Guidance Manual for Compliance 
with the Filtration and Disinfection Requirements for Public Water Systems Using Surface Water Sources, 1991 (the ―Surface 
Water Guidance Manual‖).   = CT value modified or determined by assuming a twofold decrease in CT for every 10-
°C increase in temperature above 5 °C (per Appendix F to the ―Surface Water Guidance Manual‖).   = CT value 
determined by linear interpolation between 5-°C increments.   = CT value determined by assuming inactivation is a 
first order reaction (per the ―Surface Water Guidance Manual‖). 
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Appendix C: Calculating CT 
 

This appendix contains procedures for calculating CT for ground water systems (GWSs) 
using chlorine, chloramines, or chlorine dioxide as a disinfectant.  Appendix O to the 
United States Environmental Protection Agency’s Manual for Compliance with the 
Filtration and Disinfection Requirements for Public Water Systems Using Surface Water 
Sources, 1991 (the ―Surface Water Guidance Manual‖), contains procedures that shall be 
used for calculating CT for GWSs using ozone as a disinfectant. 
 
C.1 What Is CT? 
 
CT is a measure of disinfection effectiveness.  It is the product obtained by multiplying 
the residual disinfectant concentration (C), in mg/L measured before or at the first 
customer times the corresponding disinfectant contact time (T), in minutes.  The 
corresponding T is the time it takes for water to move from the point of disinfectant 
application, or the previous point of disinfectant residual measurement, to the point 
where C is measured.  Note that C is measured at the end of T. 
 
If there are multiple disinfection segments as discussed in Section C.2 below, CT must 
be calculated for each disinfection segment. 
 
CT must be calculated during peak flow as discussed in Section C.3 below and under 
worst-case conditions—i.e., using the minimum water volume expected in tanks during 
any peak flow period as discussed in Section C.4 below and using the minimum C 
measured during peak flow as discussed in Section C.5 below. 
 
The following steps may be used to calculate CT for a water treatment plant (WTP): 
 

 Identify the disinfection segments at the WTP. 
 

 Determine the peak flow rate(s) within each disinfection segment. 
 

 Determine or calculate the total T for each disinfection segment during peak 
flow. 

 

 Measure C at the end of each disinfection segment during peak flow. 
 

 Calculate CT for each disinfection segment during peak flow. 
 
C.2 Identifying Disinfection Segments 
 
A disinfection segment is a portion of a WTP beginning at a disinfectant application or 
monitoring point—or beginning at the point where water is last exposed to the open 
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atmosphere when calculating CT for virus inactivation after water is last exposed to the 
open atmosphere—and ending at the next disinfectant monitoring point.  Every 
disinfection segment has an associated disinfectant monitoring point.  WTPs with 
multiple treatment trains will have multiple disinfection segments.  The end of the last 
disinfection segment must be before or at the first customer, which is often the WTP 
itself. 
 
When calculating CT for virus inactivation of source water, the first disinfectant 
application point is the beginning of the first disinfection segment.  However, when 
calculating CT for virus inactivation after water is last exposed to the open atmosphere, 
the point where water is last exposed to the open atmosphere is the beginning of the 
first disinfection segment. 
 
For WTPs with multiple points of disinfectant application—such as chlorine application 
at two different points, chlorine application followed by chloramines application, 
chlorine dioxide or ozone application followed by chlorine or chloramines 
application—each disinfectant application point after the beginning of the first 
disinfection segment is the beginning of a new disinfection segment.  Also, for WTPs 
utilizing lime softening, each point where pH is adjusted after the beginning of the first 
disinfection segment shall be considered the beginning of a new disinfection segment if 
chlorine or chloramines are being used for disinfection and the pH adjustment is 
significant enough to necessitate the use of a different CT table or a different portion of 
a CT table.  Each disinfection segment has an associated disinfectant monitoring point, 
which must be prior to the next disinfectant application point or before or at the first 
customer and which establishes the end of the disinfection segment. 
 
For WTPs involving only one point of disinfectant application and no lime softening, 
ground water systems may determine total inactivation based upon one point of 
disinfectant monitoring (i.e., based upon one disinfection segment) or may choose to 
monitor residual disinfectant concentration at two or more points before or at the first 
customer and, thus, create two or more disinfection segments.  Each disinfectant 
monitoring point establishes the end of a disinfection segment. 
 
If a WTP with multiple treatment trains has identical treatment trains with flow split 
equally between the treatment trains, the disinfection segment, and the CT, for each 
treatment train will be the same.  However, if the treatment trains are different or if 
flow is not split equally between the treatment trains, CT must be calculated separately 
for each treatment train. 
 
Each disinfection segment could include pipelines and/or tanks.  The starting point for 
identifying disinfection segments and the pipelines and/or tanks within each segment 
is to develop a schematic drawing of the WTP.  The schematic drawing shall show all 
water treatment facilities and disinfectant application and monitoring points and shall 
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indicate whether treatment facilities are exposing water to the open atmosphere.  
Treatment facilities are not considered to be exposing water to the open atmosphere if 
the treatment facilities are covered by an impervious roof and are enclosed within 
impervious sidewalls or at least 20-mesh screen sidewalls.  Also, even in filters that are 
exposed to the open atmosphere, water is considered to be no longer exposed to the 
open atmosphere once the water moves below the surface of the filter media, provided 
the water is not exposed to the open atmosphere after filtration. 
 
C.3 Determining Peak Flow 
 
T is a function of flow rate.  When the flow rate increases, T decreases.  Using the peak 
flow rate provides a conservative value for T and, thus, for CT. 
 
Some WTPs might have a single peak flow rate across the WTP.  At other WTPS, the 
peak flow rate might vary across the WTP meaning that, if there are multiple 
disinfection segments as discussed in Section C.2 above, the peak flow rate might vary 
between or within the disinfection segments.  Smaller GWSs that are designed to serve 
300 or fewer connections or 1,000 or fewer people and that are not designed to provide 
fire protection generally have WTPs that include hydropneumatic tanks, that are 
designed to meet the GWS’s peak instantaneous water demand, and that will have that 
one peak flow rate (equal to the design peak instantaneous water demand) across the 
WTP.  As the number of service connections approaches 300 or as the service 
population approaches 1,000 people, peak instantaneous demand approaches peak-
hour demand.  Thus, larger GWSs that are designed to serve more than 300 service 
connections or more than 1,000 people or that are designed to provide fire protection 
generally have WTPs that are designed to meet the GWS’s maximum-day water 
demand and have water storage facilities at the WTP or in the distribution system to 
meet the GWS’s design peak-hour water demands and fire demands.  WTPs for such 
larger GWSs generally will have one peak flow rate, equal to the design maximum-day 
water demand, upstream of any water storage facilities at the WTP and a different peak 
flow rate downstream of any water storage facilities at the WTP.  The peak flow rate 
downstream of any water storage facilities at the WTP generally will be sufficient, when 
combined with any elevated equalization storage capacity in the distribution system, to 
meet the design peak-hour water demand for four consecutive hours. 
 
The peak flow rate into, through, or out of a pipeline or tank at a WTP is generally the 
design flow rate as discussed above or the maximum pumping rate into, through, or out 
of the pipeline or tank.  In cases where the design flow rate or maximum pumping rate 
into a tank is different from the design flow rate or maximum pumping rate out of the 
tank, the design flow rate or maximum pumping rate out of the tank shall be used to 
determine T in the tank.  In cases where the maximum pumping rate will vary 
depending on varying pressure in a pipeline or tank, the maximum pumping rate at the 
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minimum operating pressure in the pipeline or tank shall be used to determine T in the 
pipeline or tank. 
 
C.4 Determining or Calculating T 
 
If there are multiple disinfection segments as discussed in Section C.2 above, T must be 
determined or calculated for each disinfection segment. 
 
T must be determined or calculated during peak flow as discussed in Section C.3 above. 
 
In pipelines flowing full, T is calculated assuming plug flow (i.e., assuming all water 
moves in a uniform manner over time between two points); thus, T in pipelines flowing 
full is equal to the mean or theoretical detention time (TDT) in the pipeline during peak 
flow.  In mixing basins, flocculation basins, settling basins, filters, clearwells, storage 
tanks, and any other tanks, water generally does not move in a uniform manner; 
therefore, T in tanks is defined as the time that 90 percent of the water passing through 
the tank is retained within the tank (i.e., as the time it takes for ten percent of the water 
to pass through the tank) and is determined by a tracer study as discussed in Appendix 
C to the ―Surface Water Guidance Manual,‖ or is calculated as discussed below by 
multiplying the TDT in the tank during peak flow times a baffling factor (BF) that is 
representative of the baffling conditions in the tank. 
 
The following steps may be used to calculate T for each disinfection segment during 
peak flow: 
 

 Determine the internal volume of each pipeline, and the water volume in each 
tank, in the segment. 

 

 Determine the TDT in each of the segment’s pipelines and tanks during peak 
flow. 

 

 Determine the BF for each tank in the segment. 
 

 Calculate the T in each of the segment’s pipelines during peak flow based on the 
TDT in the pipeline during peak flow and determine the T in each of the 
segment’s tanks during peak flow based on the TDT in the tank during peak flow 
and the BF for the tank. 

 

 Sum the individual Ts in each of the segment’s pipelines and tanks during peak 
flow to obtain the total T for the segment during peak flow. 

 
Determining Water Volume in Tanks.  Some tanks, such as clearwells and storage tanks, 
can have fluctuating water levels that affect the volume of water in the tanks.  In such 
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cases, the volume of water in the tank shall be determined using the lowest water level 
expected in the tank during any peak flow period or, to be more conservative, using the 
minimum possible water level that could occur in the tank (i.e., the pump shutoff level). 
 
The volume of water in horizontal hydropneumatic tanks with a separate inlet and 
outlet shall be determined using the water level in the tank at minimum operating 
pressure.  Exhibit C-1 can be used to determine this water volume in cases where the 
tank diameter and gross tank volume, as well as the water level in the tank at minimum 
operating pressure, are known.  For minimally sized hydropneumatic tanks that are 
pre-pressurized to five or ten pounds per square inch gauge (psig) below a minimum 
operating pressure of 35 psig, the volume at minimum operating pressure will be about 
ten or 20 percent, respectively, of the gross tank volume.  Hydropneumatic tanks with a 
single inlet/outlet do not necessarily provide any T, and thus, the volume of such tanks 
shall be ignored when determining T. 
 
The volume of water in clearwells and storage tanks may be determined assuming the 
water level in the tank during peak flow is above the low water level (i.e., the pump 
shutoff level) in the tank by an amount representing 15 percent of the water volume 
between the low water level and high water level in the tank. 
 
Filters generally can be considered to have a porosity of about 0.4.  Therefore, the 
volume of water in filter media pores (i.e., the volume of water in filters below the 
surface of the filter media) shall be determined by multiplying the internal volume of 
the filter box below the surface of the filter media times 0.4. 
 
Determining TDT in Pipelines or Tanks.  TDT is the time that water is in a pipeline or tank 
assuming plug flow (i.e. assuming all water moves in a uniform manner over time 
between two points).  TDT in pipelines flowing full during peak flow is determined by 
dividing the internal volume of the pipeline by the peak flow rate through the pipeline, 
and TDT in tanks during peak flow is determined by dividing the minimum water 
volume expected in the tank during any peak flow period by the peak flow rate out of 
the tank. 
 

Equation C-1: 
TDT = V/Q, 

where TDT = theoretical detention time, in minutes, in pipeline during peak 
flow; or theoretical detention time, in minutes, in tank during 
peak flow; 

V = volume, in gallons, in pipeline; or minimum water volume, in 
gallons, expected in tank during any peak flow period; and 

Q = peak flow rate, in gallons per minute (gpm), through pipeline; or 
peak flow rate, in gpm, out of tank. 
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Exhibit C-1: Hydraulic Elements of Horizontal Hydropneumatic Tanks 
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Determining BFs.  BFs are ―rule-of-thumb‖ fractions representing the ratio of T to TDT 
for tanks and will vary depending on tank baffling conditions.  Based on tracer studies, 
BFs have been developed for five general classifications of baffling conditions—
unbaffled (mixed flow), poor, average, superior, and perfect (plug flow)—as shown in 
Table C-1.  The BF for plug flow is included in Table C-1 for comparative purposes; 
however, in practice, the BF of 1.0 for plug flow is seldom achieved because of the effect 
of dead space in tanks. 
 
The Florida Rural Water Association currently is conducting a special Florida 
Department of Environmental Protection study consisting of tracer studies for typical 
horizontal hydropneumatic tanks with a separate inlet and outlet.  Pending completion 
of this study, GWSs shall use a BF of 0.1 for horizontal hydropneumatic tanks with a 
separate inlet and outlet and for clearwells or storage tanks with a separate inlet and 
outlet and no intra-tank baffling. 
 
Calculating T.  T in pipelines flowing full during peak flow is equal to the TDT in the 
pipeline during peak flow.  T in tanks during peak flow is calculated by multiplying the 
TDT in the tank during peak flow times the BF for the tank. 
 

Equation C-2: 
T (in tanks) = TDT x BF, 

where T = disinfectant contact time, in minutes, in tank during peak flow; 
TDT = theoretical detention time, in minutes; in tank during peak flow; 

and 
BF = baffling factor. 

 
The total T for the segment during peak flow is calculated by summing the individual 
Ts in each of the segment’s pipelines and tanks during peak flow. 
 
C.5 Measuring C 
 
C must be measured before or at the first customer.  The first customer is the point at 
which water is first consumed.  In many cases, the WTP itself is the first customer. 
 
If there are multiple disinfection segments as discussed under Section C.3 above, C 
must be measured for each segment.  The C measurement point establishes the end of 
each disinfection segment. 
 
C must be measured during peak flow.  If there are multiple disinfection segments and 
if peak flow occurs at different times in the different segments, C for each segment shall 
be measured during the time of peak flow through the last segment.  In cases where 
daily grab sample measurements are taken, the samples shall be taken when pumps are 
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Table C-1: Baffling Factors (BFs) 

Baffling 
Condition 

BF Baffling Description Examples 

Unbaffled 
(mixed 
flow) 

0.1 
No baffling, agitated basin, very 
low length-to-width ratio, high 
inlet and outlet flow velocities 

 Circular, turbine ozone contactor 

 Clearwell or storage tank, including a hydropneumatic tank, 
with a separate inlet and outlet and no intra-tank baffling* 

Poor 0.3 
Single or multiple unbaffled inlets 
and outlets, no intra-basin baffles 

 Rectangular basin with multiple unbaffled inlet and outlet 
pipes and with no intra-basin baffles 

 Circular basin with an unbaffled center-feed inlet and with a 
weir at the outlet 

 Unbaffled, single-compartment flocculation basin 

 Single-stage ozone contactor 

 Settling basin that has an integrated flocculator without 
effective baffling at the flocculator/settling basin interface 
and without intra-basin baffling 

 Clearwell or storage tank with one or two intra-tank baffles 
or with a length-to-width ratio greater than 10 

Average 0.5 
Baffled inlet or outlet with some 

intra-basin baffles 

 Rectangular basin with an inlet diffuser wall and with intra-
basin baffling 

 Circular basin with an annular-ring baffle at the center-feed 
inlet and with a weir at the outlet 

 Baffled flocculation basin with two or more compartments 

 Multiple-stage ozone contactor 

 Settling basin that has an integrated flocculator without 
effective baffling at the flocculator/settling basin interface 
but with intra-basin and outlet baffling 

 Clearwell or storage tank with three or four intra-tank baffles 
or with a length-to-width ratio greater than 20 

continued on next page
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Table C-1: Baffling Factors (BFs) (continued) 

Baffling 
Condition 

BF Baffling Description Examples 

Superior 0.7 
Perforated inlet baffle, serpentine 
or perforated intra-basin baffles, 

outlet weir or perforated launders 

 Rectangular basin with submerged target-baffled ports at the 
inlet and with a sharp-crested full-width weir at the outlet 

 Circular basin with a perforated baffle at the center-feed inlet 
and with submerged orifice ports at the outlet 

 Filters, including the water volume above the filter media, 
within the filter media and support gravel, and in the 
underdrains 

 Clearwell or storage tank with five or more intra-tank baffles 
or with a length-to-width ratio greater than 50 

Perfect 
(plug flow) 

1.0 
Very high length-to-width ratio 
(pipeline flow), perforated inlet 

and outlet, and intra-basin baffles 
 

Source: Appendix C to the United States Environmental Protection Agency’s Guidance Manual for Compliance with the 
Filtration and Disinfection Requirements for Public Water Systems Using Surface Water Sources, 1991, and the American Water 
Works Association Research Foundation’s Improving Clearwell Design for CT Compliance, 1999. 
________________________ 
* Pending completion of the Florida Department of Environmental Protection special study being conducted by the Florida Rural Water 

Association and consisting of tracer studies of typical horizontal hydropneumatic tanks with a separate inlet and outlet. 
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pumping at maximum capacity.  For community water systems with multiple or 
variable speed pumps, the pumps generally will be pumping at maximum capacity 
between 7:00 A.M. and 1:00 P.M. or between 5:00 and 9:00 P.M. 
 
The minimum C measured during peak flow must be used. 
 
C.6 Calculating CT 
 
CT is calculated for each disinfection segment during peak flow by multiplying the C 
measured at the end of the segment during peak flow times the total T for the segment 
during peak flow. 
 
If there are multiple disinfection segments using the same disinfectant under the same 
water pH and temperature conditions, the individual CT values for each segment can 
be summed to obtain the total CT value for the disinfectant. 
 

Equation C-3: 
CT (in minutes-milligrams per liter) = C x T, 

where C = residual disinfectant concentration, in milligrams per liter (mg/L), 
determined before or at the first customer during peak flow; and 

T = disinfectant contact time, in minutes, during peak flow. 
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Appendix D: Minimum Ground Water Temperature by Aquifer System 
and Water Management District 

 
In the absence of sufficient system-specific water temperature data, ground water 
systems shall estimate their minimum water temperature to be equal to the applicable 
minimum water temperature in Table D-1. 
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Table D-1: Minimum Ground Water Temperature by Aquifer System and Water 
Management District 

Surficial Aquifer System 

Water Management District or Aquifer 
Minimum Water Temperature, 

degrees Celsius (°C) 

Northwest Florida Water Management District 18.0 

Suwanee River Water Management District 21.0 

St. Johns River Water Management District 19.0 

Southwest Florida Water Management District 21.0 

South Florida Water Management District 18.5 

Sand and Gravel Aquifer 18.0 

Biscayne Aquifer 18.5 

Intermediate Aquifer  System 

Water Management District Minimum Water Temperature, °C 

Northwest Florida Water Management District 21.0 

Suwanee River Water Management District 18.0 

St. Johns River Water Management District 18.0 

Southwest Florida Water Management District 23.0 

South Florida Water Management District 22.3 

Floridan Aquifer System 

Water Management District Minimum Water Temperature, °C 

Northwest Florida Water Management District 19.0 

Suwanee River Water Management District 15.0 

St. Johns River Water Management District 18.0 

Southwest Florida Water Management District 21.5 

South Florida Water Management District 22.2 

Source: Table 6 in the Florida Geological Survey’s Special Publication Number 34, 
Florida’s Ground Water Quality Monitoring Program - Background Hydrogeochemistry, 1992. 
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Appendix E: Analytical Methods Specified in 40 CFR 141.74(a)(2) or in 
Appendix A to Subpart C of 40 CFR 141 

 
Table E-1 lists analytical methods specified in 40 CFR 141.74(a)(2) or in Appendix A to 
Subpart C of 40 CFR 141 under the heading ―Alternative Testing Methods for 
Disinfectant Residuals Listed at 40 CFR 141.74(a)(2).‖  Also, note that the Florida 
Department of Environmental Protection approves the use of DPD colorimetric test kits 
for the measurement of residual disinfectant concentrations for free chlorine or 
chloramines and approves the use of the Industrial Test Systems free chlorine test strip 
for the determination of free chlorine. 
 



Florida Department of Environmental Protection 
Guidelines for Four-Log Virus 

Treatment of Ground Water 

 

 

October 2009 Page E-2 
 

Table E-1: Analytical Methods Specified in 40 CFR 141.74(a)(2) or in Appendix A to Subpart C of 40 CFR 141 
Residual Methodology SM1 SM2 SM Online3 Other 

Free Chlorine ...........  
 
 
 
Total Chlorine ..........  
 
 
 
 
 
Chlorine Dioxide .....  
 
 
 
Ozone ........................  

Amperometric Titration .............  
DPD Ferrous Titrimetric ............  
DPD Colorimetric .......................  
Syringaldazine (FACTS) ............  
Amperometric Titration .............  
Amperometric Titration (low 

level measurement) .................  
DPD Ferrous Titrimetric ............  
DPD Colorimetric .......................  
Iodometric Electrode ..................  
Amperometric Titration .............  
DPD Method................................  
Amperometric Titration .............  
Spectrophotometric ....................  
Indigo Method ............................  

4500-Cl D ...........  
4500-Cl F ............  
4500-Cl G ...........  
4500-Cl H ...........  
4500-Cl D ...........  
 
4500-Cl E ............  
4500-Cl F ............  
4500-Cl G ...........  
4500-Cl I .............  
4500-ClO2 C .......  
4500-ClO2 D. 
4500-ClO2 E .......  
 ............................  
4500-O3 B ...........  

4500-Cl D ...........  
4500-Cl F ............  
4500-Cl G ...........  
4500-Cl H ...........  
4500-Cl D ...........  
 
4500-Cl E ............  
4500-Cl F ............  
4500-Cl G ...........  
4500-Cl I .............  
4500-ClO2 C .......  
 
4500-ClO2 E ........  
 .............................  
4500-O3 B ............  

4500-Cl D-00 ......  
4500-Cl F-00. 
4500-Cl G-00. 
4500-Cl H-00. 
4500-Cl D-00 ......  
 
4500-Cl E-00. 
4500-Cl F-00. 
4500-Cl G-00. 
4500-Cl I-00. 
4500-ClO2 C-00. 
 
4500-ClO2 E-00. 
 .............................  
4500-O3 B-97. 

D1253-034 

 
 
 
D1253-034 
 
 
 
 
 
 
 
 
327.0, Revision 1.15 

1 All the listed methods are contained in the 18th, 19th, and 20th editions of Standard Methods for the Examination of Water and Wastewater, 1992, 1995, 
and 1998; the cited methods published in any of these four editions may be used. 

2 Standard Methods for the Examination of Water and Wastewater, 21st edition (2005).  Available from American Public Health Association, 800 I Street, 
Northwest, Washington DC 20001-3710. 

3 Standard Methods Online are available at http://www.standardmethods.org.  The year in which each method was approved by the Standard 
Methods Committee is designated by the last two digits in the method number.  The methods listed are the only online versions that may be 
used. 

4 Annual Book of ASTM Standards, Vol. 11.01, 2004; ASTM International; any year containing the cited version of the method may be used.  Copies 
of this method may be obtained from ASTM International, 100 Barr Harbor Drive, Post Office Box C700, West Conshohocken, PA 19428-2959. 

5 United States Environmental Protection Agency (USEPA) Method 327.0, Revision 1.1, ―Determination of Chlorine Dioxide and Chlorite Ion in 
Drinking Water Using Lissamine Green B and Horseradish Peroxidase with Detection by Visible Spectrophotometry,‖ USEPA, May 2005, EPA 
815-R-05-008.  Available online at http://wwwepa.gov/safewater/methods/sourcalt.html. 

 

http://www.standardmethods.org/
http://wwwepa.gov/safewater/methods/sourcalt.html


Florida Department of Environmental Protection 
Guidelines for Four-Log Virus 

Treatment of Ground Water 

 

 

October 2009 Page F-1 
 

Appendix F: Draft United States Environmental Protection Agency 
Method 334.0, ―Determination of Residual Chlorine in Drinking Water 

Using an On-Line Chlorine Analyzer‖ 
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Appendix G: DEP-SOP-001/01 – FT 1900, ―Continuous Monitoring with 
Installed Meters‖ 
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Appendix H: Ultraviolet Dose Values for Inactivation of Viruses 
 

The virus inactivation credits listed in Table H-1 are for ultraviolet (UV) light at a 
wavelength of 254 nanometers as produced by a low-pressure mercury vapor lamp.  To 
receive virus inactivation credit for other lamp types, public water systems must 
demonstrate an equivalent germicidal dose through reactor validation testing as 
described in Section 2.4 of these guidelines.  Also, the UV dose values in Table H-1 are 
applicable only to post-filter applications of UV disinfection in water treatment systems 
with filters and to applications of UV disinfection in water treatment systems without 
filters. 
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Table H-1: UV Dose Values for Inactivation of Viruses 
Inactivation (log) UV Dose (milliJoules/centimeter2) 

0.5 39 

1.0 58 

1.5 79 

2.0 100 

2.5 121 

3.0 143 

3.5 163 

4.0 186 

Source: 40 CFR 141.720(d)(1). 
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Appendix I: Protocol for Acidifying Combined Filter Effluent Turbidity 
Samples from Lime Softening Plants Prior to Analysis 

 
Protocol: 
 

1. Lower the pH of turbidity samples to less than 8.3 by adding either hydrochloric 
acid or sulfuric acid of Standard Lab Grade to the samples.  Care should be taken 
when handling acid and adding acid to samples. 

 

2. Invert samples several times to mix thoroughly and dissolve calcium carbonate. 

 

3. Measure turbidity as usual. 

 
4. Maintain documentation regarding the turbidity with and without acidification, 

pH values before and after acidification, and the quantity of acid added to a 
given sample volume. 

 
 
Source: Section 2.2.2 in the United States Environmental Protection Agency’s (USEPA’s) 
Guidance Manual for Compliance with the Interim Enhanced Surface Water Treatment Rule: 
Turbidity Provisions, 1999, and Section 2.4 in the USEPA’s Long Term 1 Enhanced Surface 
Water Treatment Rule Turbidity Provisions Technical Guidance Manual, 2004. 
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Appendix J: Monthly Operation Report (MOR) Pages/Sheets for Ground 
Water Systems (GWSs) Providing Florida-Department-of-

Environmental-Protection-Approved (FDEP-Approved) Four-Log Virus 
Treatment 

 
Exhibit J-1 is a modified page 2 of DEP Form 62-555.900(3), ―Monthly Operation Report 
for PWSs Treating Raw Ground Water or Purchased Finished Water,‖ that should be 
used by GWSs using chemical disinfection for FDEP-approved four-log virus treatment. 
 
Exhibits J-2 through J-7 are additional MOR sheets for GWSs using ultrafiltration; 
nanofiltration; reverse osmosis; ultraviolet disinfection; conventional filtration 
treatment, including lime softening; direct filtration; microfiltration preceded by 
coagulation; slow sand filtration; or diatomaceous earth filtration for FDEP-approved 
four-log virus treatment.  The appropriate additional sheet(s) based on the 
technology(ies) used for virus treatment, should be attached to DEP Form 62-555.900(3), 
―Monthly Operation Report for PWSs Treating Raw Ground Water or Purchased 
Finished Water.‖ 
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Exhibit J-2: Additional MOR Sheet for GWSs Using Ultrafiltration for FDEP-
Approved Four-Log Virus Treatment 

 

  

Membrane Unit 

1 

Membrane Unit 

2 
  

Membrane Unit 

3 

Membrane Unit 

4 

  

0.15 NTU 

 Did filtrate turbidity for any membrane unit ever exceed 0.15 NTU during the reporting month?  __________  If 

yes,… 

 Did filtrate turbidity for any membrane unit ever exceed 0.15 NTU for more than 4 consecutive hours?  _____  

If yes,… 

 What was the date and duration of this treatment technique violation?  ___________________________ 

 Was the calibration of the continuous turbidity monitoring equipment verified during the month?  ___________ 

 Was direct integrity testing, with a resolution < 0.01 µm and a sensitivity > 4 logs, conducted on each membrane 

unit daily and whenever the filtrate turbidity exceeded 0.015 NTU for > 15 minutes?  __________  If yes,… 

 Was any test result outside the control limit?  __________  If yes,… 

 How many test results were outside the control limit and what corrective action was taken?  ____________ 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

Maximum Filtrate Turbidity 
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Exhibit J-3: Additional MOR Sheet for GWSs Using Nanofiltration or Reverse 
Osmosis for FDEP-Approved Four-Log Virus Treatment 

 

 DEP-specified maximum % SP: __________ 

 Did % SP for any membrane unit ever exceed the DEP-specified maximum during the reporting month?  ______  

If yes,… 

 Did % SP for any membrane unit ever exceed the DEP-specified maximum for more than 4 consecutive 

hours?  __________  If yes,… 

 What was the date and duration of this treatment technique violation?  ___________________________ 

 Was the accuracy of the continuous monitoring equipment verified during the month?  __________ 

 Was direct integrity testing, with a resolution < 0.01 µm and a sensitivity > 4 logs, conducted on each membrane 

unit daily and whenever the % SP exceeded the DEP-specified maximum for > 15 minutes?  ________  If yes,… 

 Was any test result outside the control limit?  __________  If yes,… 

 How many test results were outside the control limit and what corrective action was taken?  ____________ 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

  

Membrane Unit 

1 

  

Membrane Unit 

2 

Membrane Unit 

3 

Membrane Unit 

4 

Maximum % Salt Passage (SP) Number of % SP 

Measurements > 
DEP-Specified 

Maximum 
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 Did the reactor ever operate outside validated operating conditions during the reporting month?  _____  If yes, did the reactor ever operate outside validated operating 
conditions for more than 4 consecutive hours?  _____  If yes, what was the date and duration of this treatment technique violation?  _______________________________ 

 Was the calibration of the UV sensors verified during the month?  _____ 

Total Operation 
Time Outside 

Validated 
Operating 

Conditions, hours 
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 Did the reactor ever operate outside validated operating conditions during the reporting month?  _____  If yes, did the reactor ever operate outside validated operating conditions for more than 4 
consecutive hours?  _____  If yes, what was the date and duration of this treatment technique violation?  _____________________________________________________________________ 

 Was the calibration of the UV sensors and UVT analyzers verified during the month?  _____ 

Total Operation 
Time Outside 

Validated 
Operating 

Conditions, hours 

 

. 
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Exhibit J-6: Additional MOR Sheet for GWSs Using Conventional Filtration Treatment, 
Including Lime Softening; Direct Filtration; or Microfiltration Preceded by Coagulation for 

FDEP-Approved Four-Log Virus Treatment 

 

 

 Did the CFE turbidity ever exceed 1 NTU during the reporting month?  __________  If yes,…. 

 Was the CFE turbidity monitored at least every 4 hours until it returned to a value < 1 NTU?  __________ 

 Did the CFE turbidity ever exceed 1 NTU for more than 4 consecutive hours?  __________  If yes, … 

 What was the date and duration of this treatment technique violation?  ___________________________ 

 

 Was continuous turbidity monitoring used during the reporting month?  __________  If yes,… 

 Was the calibration of the continuous turbidity monitoring equipment verified during the month?  _________ 

  

  

(CFE)

  1 NTU 
1 NTU 1 NTU 
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Exhibit J-7: Additional MOR Sheet for GWSs Using Slow Sand Filtration or 
Diatomaceous Earth Filtration for FDEP-Approved Four-Log Virus Treatment 

 

 

5 NTUs 

 

  

 

 Did the CFE turbidity ever exceed 5 NTUs during the reporting month?  __________  If yes,…. 

 Was the CFE turbidity monitored at least every 4 hours until it returned to a value < 5 NTUs?  __________ 

 Did the CFE turbidity ever exceed 5 NTUs for more than 4 consecutive hours?  __________  If yes, … 

 What was the date and duration of this treatment technique violation?  ___________________________ 

 

 Was continuous turbidity monitoring used during the reporting month?  __________  If yes,… 

 Was the calibration of the continuous turbidity monitoring equipment verified during the month?  _________ 

(CFE)

  1 NTU 


