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Appendix D: Other STEP Documents Available from EPA
This guide is one in a series of Simple Tools for Effective Performance (STEP) documents for small drinking water systems.  The currently 
available STEP documents can be obtained from EPA by calling the Safe Drinking Water Hotline at (800) 426-4791 and requesting the 
document by its publication number.  To check on the availability of STEP documents listed below as under development, go to www.epa.
gov/safewater/smallsys/ssinfo.htm.

AVAILABLE NOW							     

Small Systems Guide to the Total Coliform Rule (TCR)
Publication number: EPA 816-R-01-017A
Published: June 2001

Complying with the Revised Drinking Water Standard for Arsenic 
Publication number: EPA 816-R-02-008A 
Published: August 2002
 
Complying with the Stage 2 Disinfectants and Disinfection 
Byproducts Rule: Small Entity Compliance Guide
Publication number: EPA 815-R-07-014
Published: February 2007

Complying with the Long Term 2 Enhanced Surface Water 
Treatment Rule: Small Entity Compliance Guide 
Publication number: EPA 815-R-07-015
Published: February 2007

Small Systems Guide to Safe Drinking Water Regulations
Publication number: EPA 816-R-03-017 
Published: September 2003

Strategic Planning: A Handbook for Small Water Systems
Publication number: EPA 816-R-02-015
Published: September 2003

Asset Management: A Handbook for Small Water Systems 
Publication number: EPA 816-R-03-016
Published: September 2003

Source of Technical and Financial Assistance
Publication number:  EPA 816-K-02-005
Published:  July 2002

Complying with Stage 1 Disinfectants and Disinfection 
Byproducts Rule: Basic Guide
Publication number: EPA 816-B-05-004
Published: March 2006
	 Supplement A
	 Publication number: EPA 816-B-05-005
	 Supplement B
	 Publication number: EPA 816-B-05-006

Setting Small Drinking Water System Rates for a Sustainable 
Future
Publication Number: EPA 816-R-05-006
Published: January 2006

UNDER DEVELOPMENT

Restructuring:  A Handbook for Small Water Systems
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Appendix E: Determining If a Disinfection System Provides a 4-
log Inactivation of Viruses

The purpose of this appendix is to provide information for ground water systems that currently, or are planning to, provide chemical 
disinfection for their ground water supplies. 

If you are providing treatment, including disinfection, of your ground water sources in your system and the State determines that the •	
treatment is capable of providing a 4-log inactivation and/or removal of viruses and you do not conduct triggered source water monitoring 
after a TC-positive sample, you must meet the treatment/disinfection and compliance monitoring requirements of the GWR (§141.403). 

If your treatment system does not provide a 4-log (99.99%) inactivation and/or removal of viruses, as determined by the State, you must •	
meet the triggered monitoring requirements if you have a TC-positive sample (§141.402).

The GWR does not require disinfection or a 4-log inactivation of viruses for all ground water systems.  
Only those systems with significant deficiencies or documented fecal contamination are required to 
provide corrective actions and one option for corrective action is to provide a 4-log virus inactivation 
through disinfection.

Inactivation of Pathogens

Inactivation of pathogens using a chemical disinfectant (chorine, chloramine, ozone) is based on the CT concept where C is the measured •	
concentration of the chemical disinfectant residual and T is the contact time between the point of application of the disinfectant and 
the point where the disinfectant residual is measured.  The point where the residual is measured must be before or at the first service 
connection or customer (§141.403(b)).

Once C is measured and T is determined from the flow and the size of the system components, the product C x T (CT) is compared to EPA •	
or State information of the CT needed for the inactivation, through disinfection, of a pathogen.  EPA has produced tables of CT values and 
your State may have information it uses for this purpose.
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How does the CT concept apply to ground water systems?

For the GWR, if a chemical disinfection system can achieve a CT at least equal to the CT needed for a 4-log inactivation of viruses for •	
the disinfectant being used, the system is not required to meet the triggered monitoring requirements of the rule.  However, such a system 
would have to comply with the treatment and compliance monitoring requirements of the GWR and any additional requirements set by the 
State. 

C, the concentration of the disinfectant, is measured at or before the first customer receiving water or the first connection providing water •	
to the public from the system. For a system using chlorine or chloramine, the residual concentration can be measured with a portable kit or 
with a continuous monitor using an EPA approved measurement method.  A list of EPA approved methods can be found on-line at www.
epa.gov/waterscience/methods or from the US EPA Water Resource Center at (202) 566-1729 (see mail address in Appendix B).  Your 
State may have a list of approved measurement methods as well.

T, the contact time of the disinfectant, is based on system components.  T, in minutes, is determined by dividing the capacity of the system •	
component part (pipe, storage tank), in gallons, by the flow, in gallons per minute (gpm), of the system. 

How do you determine whether a ground water system is providing a 4-log inactivation for the GWR? 

The following examples illustrate how T is determined and how CT is calculated for a particular  system.  The Guidance Manual for
Conducting Sanitary Surveys of Public Water Systems; Surface Water and Ground Water Under the Direct Influence (GWUDI)l (EPA 815-R-
99-016), available on-line at www.epa.gov/safewater/mdbp/pdf/sansurv/sansurv.pdf or by contacting US EPA Water Resource Center at (202) 
566-1729 (see mail address in Appendix B),  provides additional information on determining T for a system component. 

	 The following information is needed to determine if a chemical disinfection system is providing a 4-log inactivation for the purposes of 		
	 the GWR :

C, the measured disinfectant residual at or before the first customer or connection serving the public.  It is measured in mg/l 			  1.	
or in ppm.
Length (in feet) of each pipe between the point where disinfectant is applied and the point where it is measured.2.	
Size (diameter) of each pipe between the point where disinfectant is applied and the point where it is measured.  The diameter in 3.	
inches must be converted to diameter in feet (1 inch = 1/12 foot). 
Volume of water (in gallons) in any storage tanks used to determine CT provided by the system.4.	
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Maximum daily flow, in gallons per minute, (gpm) of the system.  This could be as measured by a flow meter, the maximum capacity 5.	
of the well pump, or another measurement acceptable to the State. 

The following example illustrates how this information may be used to calculate CT and to determine if a chemical disinfection system is 
providing a 4-log inactivation of viruses.

Example 

The Redwood Road water system serves 4 commercial businesses and a service station. (See Figure E.1).  The water supply is provided by a 
single well on the property that is operated by a pressure activated switch.  The information supplied with the well pump that was purchased 
for the system says it has a capacity of 5 gpm.  A hypochlorite solution is injected using a drum of prepared solution and an injection pump 
inside the well house.  The operator wants to determine how much virus inactivation the disinfection system provides.

To determine the inactivation the system provides through disinfection, the operator needs to calculate the CT achieved by the 
hypochlorination system. 

The operator must determine T, the contact time, from the size of the system’s components and measure C, the disinfectant residual •	
concentration, at or before the first service connection. 

The operator knows the well pump has a capacity of 5 gallons per minute (gpm) from the manufacturer’s  information.  This is the •	
maximum flow through the water system.  T, the contact  time in the system is the volume (in gallons) of the system divided by the 
maximum flow.

The operator knows there is 100 feet of 2 inch pipe between the well house and the first service connection, the service station.  To •	
obtain the volume in gallons of the pipe, first find the volume in cubic feet.
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The diameter of the pipe is 2 inch or 2/12 feet 
The area of the pipe is [π x (diameter2)] ÷ 4  and π = 3.14, or the area of the pipe is also 0.785 x diameter2

So the area of the pipe is 0.785 x [(2/12 feet)2] = 0.022 sq.ft.
And the volume of pipe in cubic feet = 100 feet x (0.022 sq.ft) = 2.2 cubic feet
The volume of the pipe in gallons is 2.2 cubic feet x 7.48 gallons/cubic foot = 16.4 gallons 

The contact time T in the pipe is the volume divided by the flow
T = 16.4 gallons ÷ 5 gpm  = 3.3 minutes 

The operator measures the chlorine residual at the service station and finds it to be 0.5 mg/l•	

So, the CT provided by the system is 0.5 mg/ l x 3.3 minutes = 1.6 mg/l-minutes.•	

The CT needed for  a 4-log inactivation is provided in Table E.1.  The operator has measured the temperature of the water as 10•	 oC 
and the last chemical analysis done for the well found a pH of 7.4 for the well water.

Looking in Table E.1 the CT for that temperature and pH for a 4-log inactivation with chlorine disinfection is 6 mg/l-minutes.•	

To provide a 4-log inactivation, the CT provided by the system must be equal to or greater than the CT required from Table E.1 (or •	
the ratio of CT required/CT achieved must be 1.0 or more).

Since the CT provided by the system, 1.6 mg/l-minutes, is less that the CT required from Table E.1 (6 mg/l-minutes), the system does not 
provide enough CT to achieve a  4-log inactivation.  If the system was required to provide a 4-log inactivation or wished to provide it to avoid 
triggered monitoring, the CT provided by the system would need to be greater.
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Key
W-1 Well #1 Valve
P-1 Pump #1 – Well Pump, 5 gpm
D-1 Drum #1 – Hypochlorite Solution Pressure Indicator
P-2 Pump #2 – Hypochlorite Injection Pump
S-1 Service #1 – Service Station Pressure Transducer
S-2 – S-5 Service #2 to Service #5 - Commercial Business

Pressure Activated Switch

Figure E.1 –Figure E.1 – Redwood Road Water SystemRedwood Road Water System
Well House
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The GWR does not require disinfection or a 4-log inactivation of viruses for all ground water systems.  
Only those systems with significant deficiencies or documented fecal contamination are required to 
provide corrective actions and one option for corrective action is to provide a 4-log virus inactivation 
through disinfection

Table E-1
CT Values for a 4 -log Inactivation of Viruses by Free Chlorine 1,2

			   1 Adapted from Table E-7, Appendix E, Guidance Manual for Compliance with the Filtration and Disinfection Requirements 
for Public Water Systems Using Surface Water Sources,1990.
2 Basis for values given in Appendix F, Guidance Manual for Compliance with the Filtration and Disinfection Requirements 
for Public Water Systems Using Surface Water Sources, 1990.

			 
			 
			 

CT for a 4- log Inactivation of Viruses (mg/L-minutes)

Temperature oC pH =6-9 pH=10

0.5 12 90
5 8 60
10 6 45
15 4 30
20 3 22

25 2 15
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Appendix F: Example-Systems with More than One Ground 
Water Source

The Burlwood Park water system serves 1,200 people.  The water supply is provided by three wells.  The North Well and the South Well are 
operated all year.  The Sunset Well is operated from May through September to meet higher demands.  The Sunset Well pumps into the Sunset 
Tank and the Sunset Tank serves the upper pressure zone of the Burlwood Park water system. 

The GWR requires systems with more than one ground water source that do not provide 4-log treatment of viruses for all of their ground 
water sources to collect a triggered source water sample from each source in use at the time of a TC-positive sample.  The Burlwood Park 
system would need to collect two source water samples after a TC-positive in the months of October through April (North Well and South 
Well operating) and three source water samples after a TC-positive in the months of May through September (North, South and Sunset Wells 
all operating).  However if the system has a State-approved triggered monitoring plan, that includes representative wells, it can reduce the 
number of samples it needs to collect after a TC-positive. 

Burlwood Park collects 4 TCR samples per month according to a State-approved TCR sample siting plan (See Figure F-1).  The GWR 
triggered monitoring sample plan, Table F-1, identifies which source will be sampled for a fecal indicator for each TCR sample site and 
for the different seasonal source use.  The sample plan allows Burlwood Park to reduce the number of source water samples collected and 
analyzed.  If Burlwood Park can demonstrate to the State that source sample collected from either the North or South Well is representative of 
the water quality in both the North and South Wells, the number of triggered source water sample required after a TC-positive sample could 
be reduced even further.  Information needed to show that the North or South well is representative of both wells would include well logs and 
drillers reports, water quality data, and geologic and hydrogeologic maps and information.



44

Figure F.1 – Burlwood Park System
Well House

Note: Figures not drawn to scale

Key
W-1 Well #1 – North Well T-1 Tank #1 – North Well Storage Tank 
W-2 Well #2 – South Well T-2 Tank #2 – South Well Storage Tank
W-3 Well #3 – Sunset Well T-3 Tank #3 – Sunset  Well Storage Tank
P-1 Pump #1 – North Well Pump TCR Sample Site
P-2 Pump #2 – South Well Pump Valve 
P-3 Pump #3 – Sunset Well Pump
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         Table F-1    
   Burlwood Public Water System Triggered Monitoring Plan

		

 TCR Sample Site GWR Source Sample 
October – April

GWR Source Sample  
May – September  

Redwood Park North and South Well North and South Well

Freshwater School North and South Well North and South Well

Walnut Grove Service North and South Well Sunset Well

Firehouse North and South Well Sunset Well


