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Essentials of Surface Water 

Treatment

(Part 2 of 2)

Oregon Health Authority

Drinking Water Services
www.healthoregon.org/dws 

Overview of Course:

Part 1:

VBackground of Surface Water Treatment Rules

VFiltration

VDisinfection

VOperations

Part 2:

1. Review of Part 1

2. Reporting Requirements

3. Emerging Issues

4. Resources for Operators

Part 1 ï Review

Filtration Types:
ÅConventional Filtration (CF) & Direct Filtration (DF) ï 

a.k.a. ñRapid Rateò

ïGranular media filtration (Backwashed every 1-2 days)

ÅSlow sand

ïSand filtration (scraping/harrowed every 1-6 months)

ïRipening (24-hr filter-to-waste)

ÅMembrane

ïPore size dictates removal (backwash every 30-90 minutes)

ïChemical cleaning

ÅCartridge/bag

ïDiscard/replace clogged filters based on pressure differential

ÅDiatomaceous Earth (DE)

ïDiatoms (remove and replace cake layer)

Part 1 - Review

1989 SWTR

         Surface Water Treatment Rule

ÅRequired filtration for most SW and GWUDI (Groundwater 

Under Direct Influence).

ïStates were required to identify GWUDI sources.

ÅRequired pathogen removal/inactivation:

3-log Giardia (99.9%) & 4-log virus (99.99%)

ÅLimited turbidity in filtered water (combined filter effluent):

ïSlow sand/DE/membrane/cartridge/bag: 

95% of turbidity readings Ò 1 NTU; all < 5 NTU

ïCF/DF: 

95% of turbidity readings Ò 0.5 NTU; all < 5 NTU (replaced under LT1)

ÅRequired detectable disinfectant residual. 

ÅDid not address Cryptosporidium.

               

Part 1 ï Review

1998  IESWTR

 Interim Enhanced Surface Water Treatment Rule

ÅAddressed concerns about Cryptosporidium

required 2-log Crypto (99%) removal)

ÅLowered turbidity standard for CF/DF systems:

95% of readings Ò 0.3 NTU, all readings <1 NTU for 

systems with population Ó10,000 (later extended to all 

CF/DF systems under LT1)

ÅRequired Individual Filter Effluent (IFE) turbidimeters

Background (continued)

2002  LT1

          Long-Term 1 Enhanced SW Treatment Rule 

ÅExtended 0.3 NTU requirement to CF/DF systems with 
<10,000 population.

2006  LT2
          Long-Term 2 Enhanced SW Treatment Rule

ÅRequires additional Crypto treatment for systems with Ó 
0.075 oocysts/L in their source water.

ÅVery few systems are required to install additional 
treatment in Oregon.
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Part 1 ï Review

Disinfection Requirements for Surface Water

ÅSurface Water Treatment Rule (SWTR) requires 

3-log reduction of Giardia using a combination of 

disinfection and filtration

Å2.0 to 2.5-log removal is achieved through 

filtration

Å0.5 to 1.0-log inactivation is achieved through 

disinfection

ÅDetermines which column of EPA tables used to 

calculate CTs (0.5 or 1.0-log)

Part 1 ï Review

What are CTôs?

ÅItôs a way to determine if disinfection is adequate

CT = Chlorine Concentration x Contact Time

ÅDo not confuse ñCTò and ñContact Timeò

Part 1 ï Review

How do we calculate CTôs?

ÅWe use the EPA tables to determine the CTs 
needed to inactivate Giardia (CTrequired)
ïWe need to know pH, temperature, and free chlorine 

residual at the first user in order to use the EPA 
tables.

ÅThen we compare that with the CTs achieved in 
our water system (CTactual)

Å CTactual must be equal to or greater than 
CTrequired

Part 1 ï Review 

Tracer Studies and Contact Time:

ÅUsed to determine contact time (T) which is used in 
calculating CTôs

ÅDetermines the time that chlorine is in contact with the 
water from the point of injection to the point where it is 
measured (sometimes referred to as the ñCT segmentò)

ÅMay be at or before the 1st user

ÅMay be more than one CT segment

ÅEstimates of contact time are not allowed for calculating 
CTôs for surface water!
ïThe degree of short-circuiting is only approximately known 

until a tracer study is conducted.

 

Breitenbush River 

Mackey Creek (gravity flow to plant) 

36,000 g 
raw water 
tank 

4,000 g raw water tank 

Slow sand 
filter 
Cell #1 

Slow sand 
filter 
Cell #2 

210,000 g 
clearwell/reservoir 

Distribution system 

Cl residual, pH, temp, flow 

Raw NTU 

Sodium hypochlorite 

Flow, NTU 

Intake/pump station 

25hp 
booster 
pump 

So if we were conducting a tracer 
study, this is the segment we would 

be looking at and determining the 
contact time T for.

The shorter the path, the shorter the 

contact time (T)
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Part 1 ï Review 

Tracer studies (continued):

ÅMust redo if peak hour demand flow increases 
more than 10% of the maximum flow used 
during the tracer study

ÅCommunity water systems with populations 
<10,000 and non-profit non-community systems 
can use the circuit rider to perform a tracer study

ÅMust submit a proposal to DWS for approval 
prior to conducting the tracer study (even if using 
the circuit rider).

Part 1 ï Review 

Operations & Maintenance Manual

Keep written procedures on:

ÅInstrument calibration methods and frequency

ÅData handling/reporting

ÅChemical dosage determinations

ÅFilter operation and cleaning

ÅCT determinations

ÅResponding to abnormal conditions (emergency 

response plan)

REPORTING REQUIREMENTS

(Part 2)

Overview

ÅHow to fill out the monthly SWTR operating 

reports

ïHow often to record turbidities

ïHighest turbidity of the day

ïPeak hourly demand flow

ïCT calculations

ÅCommon mistakes

ÅWhat to do when things go wrong

How to fill out the monthly SWTR 

reports

ÅThere are 4 forms:
ïConventional/Direct

ïSlow Sand / Membrane / DE / Unfiltered

ïCartridge

ïUV (if used for Giardia credit)

ÅMust use correct form because each has 
questions that must be answered that are 
specific to the filtration type

How to fill out the monthly SWTR 

reports

Forms have places to report:

ÅTurbidity

ÅPeak Hourly Flow

ÅCT calculations

ÅLog inactivation requirement (0.5 or 1.0-log, 
CF/DF only)
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Turbidity

ÅRecord how often?

ïConventional and direct: every 4 hours

ïSSF, DE & Alternative: daily

ÅReport CFE turbidities

ÅAnswer questions about IFEs

ÅHighest turbidity of the day (can be between the 

4 hour readings)

Peak hourly flow

ÅReport the Peak Hourly Flow

ïgreatest volume of water passing through the system 

during any one hour in a consecutive 24 hr period

ÅNot the same as Peak Instantaneous Flow

ÅReport demand flow: flow leaving the clearwell, 

not plant flow (in most cases)

Method for determining peak hourly 

demand flow 
ÅOn a daily basis, use the best available operational 

data to identify the hour within the 24 hr period that 

had the highest demand flow

ÅFor the hour of highest demand flow:

ÁCalculate the average flow rate within the one hour 

period (i.e., add the flow rates and divide by the 

number of data points).  

ÁUse as many data points as possible, preferably no 

less than four data points taken at 15 minute 

intervals
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Method for determining peak hourly 

demand flow (continued)

ÅFor systems that only have a flow totalizer, spot 

check throughout the day to determine the time 

of peak demand

ÅOnce that time has been identified (e.g., 8am or 

9pm for residential; mid-day for industrial), then 

record how much water is used during that hour 

each day and divide by 60 minutes to get a peak 

hour demand
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Hereôs an example chart, meant to represent continuous readings that shows demand 
flow through a reservoir used for contact time.  The time period shown is from 7am to 

9am.  What would you say the peak hourly demand flow is?
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Again, the peak hourly demand flow is the hour within the 24 -hr period of the highest 
demand flow.  The red line represents the span of 1 hour: 7:30 am to 8:30 am ï 

the peak hour.   The avg. of the 4 data points equals 4125 gpm - the peak hourly 
demand flow.  
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Peak instantaneous flow

Peak hour was from 7:30 
am to 8:30 am.

Peak hourly flow = 4125 
gpm

The highest flow point, 5000 gpm, is the peak instantaneous flow , not the peak 
hourly demand flow.  

Exercise #4

ÅCalculate peak hourly 

demand flow based on 

continuous flow rate data
Questions:

Å At what 1-hour interval did PHD occur?

Å What is the peak hourly demand flow (gpm)?  

Å What was the peak instantaneous demand flow (gpm)? 

Bonus questions:

Å Is it ok to use the peak instantaneous flow instead for calculating time T?

Å If so, what are the advantages/disadvantages?

Å Is it ok to use the average daily flow instead for calculating time T?

 Why or why not? 
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Questions:
Å At what 1-hour interval did PHD occur?

Å What is the peak hourly demand flow (gpm)?  

Å What was the peak instantaneous demand flow (gpm)? 

Bonus questions:

Å Is it ok to use the peak instantaneous flow instead for calculating time T?

Å If so, what are the advantages/disadvantages?

Å Is it ok to use the average daily flow instead for calculating time T?    Why or why not?  

Questions:

At what 1-hour interval did PHD occur? 7:00 am to 8:00 am

What is the peak hourly demand flow (gpm)?   6375 gpm (sum 4 data pts & divide by 4)

What was the peak instantaneous demand flow (gpm)?  7500 gpm

ÅExample of calculate a running hourly average by 

averaging the previous 4 data points every 15 minutes.

Exercise #4: Calculating Peak Hourly Demand Flow

Bonus questions:

Is it ok to use the peak instantaneous flow instead for calculating time T?

Yes -  itôs more conservative

If so, what are the advantages/disadvantages?

Advantage -  easy to determine.  

Disadvantage -  may exceed tracer study flow by more than 10%

Is it ok to use the average daily flow instead for calculating time T?  

No

Why or why not? 

Averaging the whole day would not be conservative enough (it 
would not account for sustained period of high flow which is 

when it is important for CTs to be met)

How to use the EPA CT tables to 

figure out CTrequired

ÅThere are six EPA CT tables based on temp

ÅFind the correct table based on your water 
temperature in degrees Celsius.

ÅÁC = 5/9 x (ÁF ï 32)

ÅIf water temp is between values, then round down

ÅExample: for water temp of 12ÁC, use the 
10ÁC table

ÅEven if the water temp is 14.9ÁC, round down 
to 10ÁC

ÅWater gets more viscous the colder it gets and chemical 
reactions take longer, so rounding temp down is more 
conservative.
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How to use the EPA CT tables 

(cont.)

ÅThere are 7 sections for pH on each table

ÅFind the section that corresponds to your waterôs 
pH level

ÅIf your pH is between the choices, then round up 
to the higher pH
ÅExample: if pH of water is 6.8, use the pH 7.0 

section

How to use the EPA CT tables 

(cont.)

ÅUse the 0.5 log inactivation column if your plant 

is rated at 2.5 log removal for Giardia

ÅAll others use the 1.0 log inactivation column

ÅNote: unfiltered surface water must achieve the 

3-log inactivation through disinfection

How to use the EPA CT tables 

(cont.)

ÅMatch your free chlorine residual on the far left 
column

ÅIf in between, then round up
ïRounding chlorine residual up is more conservative 

because as chlorine residual increases at a given pH, 
more CT is required

ÅThe point where it intersects with the log 
inactivation column is the CTrequired

ÅExample: free chlorine residual is 0.6 ppm
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In review:

Åtemp of 12ÁC, 

ÅpH of 6.8, 

Åfree chlorine residual of 0.6

ÁCTrequired = 36

ÅRememberé

ÁCTachieved must be > CTrequired

(CT achieved = chlorine concentration x contact time)

15 Minute Break 15 Minute Break

Å10 minutes left

15 Minute Break

Å5 minutes left

Exercise #5

ÅUsing EPA CT tables to calculate CTs required
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Exercise #5

ÅThere are six EPA CT tables based on temp

Exercise #5: Using EPA CT tables to calculate CTs required

Example #1:  Conventional filter plant (2.5 -log)

Example #2:  Slow sand filter plant (2 -log)

Example #3:  Membrane filter plant (2.5 -log)

CT parameters measured at the first user are provided below

Example #1:  Conventional filter plant (2.5 -log)

ÅTemperature: 10Á C

ÅpH: 7.0
ÅFree chlorine residual: 0.8 ppm

ÅContact time T: 100 minutes

Example #2:  Slow sand filter plant (2 -log)

ÅTemperature: 16Á C

ÅpH: 6.6
ÅFree chlorine residual: 0.5 ppm

ÅContact time T: 46 minutes

Example #3:  Membrane filter plant (2.5 -log)

ÅTemperature: 8Á C

ÅpH: 7.3

ÅFree chlorine residual: 1.3 ppm
ÅContact time T: 100 minutes

Directions:  Use the data provided in the examples to determine the CTs 

required for giardia inactivation at the treatment plant for that day

Example #1:  Conventional filter plant (2.5 -log)

ÅTemperature: 10Á C

ÅpH: 7.0

ÅFree chlorine residual: 0.8 ppm
ÅContact time T: 100 minutes

Example #2:  Slow sand filter plant (2 -log)

ÅTemperature: 16Á C

ÅpH: 6.6
ÅFree chlorine residual: 0.5 ppm

ÅContact time T: 46 minutes

Example #3:  Membrane filter plant (2.5 -log)

ÅTemperature: 8Á C

ÅpH: 7.3

ÅFree chlorine residual: 1.3 ppm
ÅContact time T: 100 minutes

Answer 3 questions for each exampleé

1. What are the CTs required for that day?

2. What was the CT achieved?

3. Were CTs met?

Example #1:  Conventional filter plant (2.5 -log)

Example #2:  Slow sand filter plant (2 -log)

Example #3:  Membrane filter plant (2.5 -log)

Exercise #5

ÅRemember to set the bar high for CTrequired
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Exercise #5

Avoid common mistakes for CTrequiredé

ïMust round down for temperature

ïMust round up for pH

ïMust round up for free chlorine residual

Exercise #5: Use EPA CT tables to calculate CTs required

Example #1:  Conventional filter plant (2.5 -log)
ÅTemperature: 10Á C

ÅpH: 7.0

ÅFree chlorine residual: 0.8 ppm
ÅContact time T: 100 minutes

Example #2:  Slow sand filter plant (2 -log)
ÅTemperature: 16Á C

ÅpH: 6.6

ÅFree chlorine residual: 0.5 ppm
ÅContact time T: 46 minutes

Example #3:  Membrane filter plant (2.5 -log)
ÅTemperature: 8Á C

ÅpH: 7.3

ÅFree chlorine residual: 1.3 ppm
ÅContact time T: 100 minutes

For each example:

1. What are the CTs required for 

that day?

2. What was the CT achieved?

3. Were CTs met?

Exercise #5: Use EPA CT tables to calculate CTs required

Example #1:  Conventional filter plant (2.5 -log)
ÅTemperature: 10Á C

ÅpH: 7.0

ÅFree chlorine residual: 0.8 ppm
ÅContact time T: 100 minutes

Example #2:  Slow sand filter plant (2 -log)
ÅTemperature: 16Á C

ÅpH: 6.6

ÅFree chlorine residual: 0.5 ppm
ÅContact time T: 46 minutes

Example #3:  Membrane filter plant (2.5 -log)
ÅTemperature: 8Á C

ÅpH: 7.3

ÅFree chlorine residual: 1.3 ppm
ÅContact time T: 100 minutes

For each example:

1. What are the CTs required for 

that day?

2. What was the CT achieved?

3. Were CTs met?

Example #1:  Conventional Filter Plant (2.5 -log)

                                 CT Required = 18

Temp = 10Á C

pH = 7.0

Residual = 0.8 ppm

Example #1:  Conventional Filter Plant (2.5 -log) Temp = 10Á C

pH = 7.0

Residual = 0.8 ppm

Contact Time = 100 min

1. What are the CTs required for that day? 18 (EPA Table)  

2. What was the CT achieved? 80 (0.8 ppm x 100 min)

3. Were CTs met? Yes (CT achieved > CT required)

Example #2:  Slow Sand Filter Plant (2.0-log)

                                    CT Required = 24

Temp = 16Á C

pH = 6.6

Residual = 0.5 ppm
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Example #2:  Slow Sand Filter Plant (2.0-log) Temp = 16Á C

pH = 6.6

Residual = 0.5 ppm

Contact Time = 46 min

1. What are the CTs required for that day? 24 (EPA Table)  

2. What was the CT achieved? 23 (0.5 ppm x 46 min)

3. Were CTs met? No (CT achieved < CT required)

Example #3:  Membrane Filter Plant (2.5 -log)

                                    CT Required = 31

Temp = 8Á C

pH = 7.3

Residual = 1.3 ppm

Example #3:  Membrane Filter Plant (2.5 -log) Temp = 8Á C

pH = 7.3

Residual = 1.3 ppm

Contact Time = 100 min

1. What are the CTs required for that day? 31 (EPA Table)  

2. What was the CT achieved? 130 (1.3 ppm x 100 min)

3. Were CTs met? Yes (CT achieved > CT required)

Exercise #5: Using EPA CT tables to calculate CTs required

Directions:  Use the data provided in the examples below to determine the CTs required for giardia inactivation at the 
treatment plant for that day

Example #1:  Conventional filter plant (2.5 -log)

CT parameters measured at the 1st user as follows:
ÅTemperature: 10Á C

ÅpH: 7.0
ÅFree chlorine residual: 0.8 ppm
ÅContact time T: 100 minutes

What are the CTs required for that day? 18
What was the CT achieved? 80

Were CTs met? Yes

Example #2:  Slow sand filter plant (2 -log)

CT parameters measured at the 1st user as follows:
ÅTemperature: 16Á C

ÅpH: 6.6
ÅFree chlorine residual: 0.5 ppm
ÅContact time T: 46 minutes

What are the CTs required for that day? 24
What was the CT achieved? 23

Were CTs met? No

Example #3:  Membrane filter plant (2.5 -log)

CT parameters measured at the 1st user as follows:
ÅTemperature: 8Á C

ÅpH: 7.3
ÅFree chlorine residual: 1.3 ppm
ÅContact time T: 100 minutes

What are the CTs required for that day? 31
What was the CT achieved? 130
Were CTs met? Yes

Bonus :   Use the data provided below to determine the CTs required for virus 

inactivation at the treatment plant for that day

CT parameters measured at the 1st user as follows:
ÅTemperature: 10Á C

ÅpH: 7.0

1. What log inactivation is required for viruses in surface water?
2. What are the CTs required for viruses that day?

3. Assuming a contact time T of 30 minutes, what free chlorine concentration is needed to meet 
the CT required above?

4. What does this tell you about meeting the CT requirements for viruses compared to meeting 

the CT requirements for giardia?

Bonus :   Use the data provided in the examples below to determine the CTs required for virus inactivation at the treatment 

plant for that day
CT parameters measured at the 1st user as follows:
ÅTemperature: 10Á C

ÅpH: 7.0

1. What log inactivation is required for viruses in surface water?  4.0 - log
2. What are the CTs required for viruses that day?  6
3. Assuming a contact time T of 30 minutes, what free chlorine concentration is needed to meet the CT 

required above?  0.2 ppm
4. What does this tell you about meeting the CT requirements for viruses compared to meeting the CT 

requirements for giardia? If you meet CT requirements for giardia, then you 
automatically meet them for viruses (i.e. it takes more CTs to inactivate 

Giardia than it does for viruses)
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