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°C

pm
AwwaRF
BF

C

CFE
CFR
CT

D (or d)
DPD
F.A.C.

FDEP (or DEP)

Abbreviations a nd Acronyms

degrees Celsius

micron (s)

American Water Work s Association Research Foundation

baffling factor

residual disinfectant concentration, in mg/L , measured before or at
the first customer during peak flow

combined filter effluent

Code of Federal Regulations

the product obtained by multiplyi ng C times T

wire diameter, in inches, or tank diameter

N,N-diethyl -p-phenylenediamine

Florida Administrative Code

Florida Department of Environmental Protection (means the F DEP
and the approved county health departments ii i.e., the county health
departments designated by the Forida Department of Health and
approved by the FDEP to implement the public water system
supervision program)

gpm gallons per minute

GWR Ground Water Rule

GWS ground water system

GWUDI ground water und er the direct influence of surface water
HAV Hepatitis A virus

mg/L milligrams / liter

MF microfiltration

MOR monthly operation report

MRDL maximum residual disinfectant level

MWCO molecular weight cutoff

NF nanofiltration

nm nanometer(s)

No initial (influen t) concentration of viable microorganisms
Nt final (effluent) concentration of viable microorganisms
NTU nephelometric turbidity unit

@] opening size

psig pounds per square inch gauge

PWS public water system

Q peak flow rate, in gallons per minute

RO reverse oSmosis

SM Standard Methods for the Examination of Weaded \Wastewater
SP salt passage
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~

T disinfectant contact time, in minutes, during peak flow fi i.e., time, in
minutes, it takes water to move, during peak flow, between the point
of disinfectant applic ation, or the previous point of C measurement,
and the point where C is measured

TDT theoretical detention time, in minutes, during peak flow
UF ultrafiltration

USEPA (or EPA) United States Environmental Protection Agency

uv ultraviolet

UvT UV transmittan ce

V (or v) volume, in gallons

WTP water treatment plant

October 2009 Pagev



Guidelines for Fowlog Virus

Florida Department oEnvironmental Protection Treatment of Ground Wat

October 2009 Pagevi



Guidelines for Fowlog Virus

Florida Department oEnvironmental Protection Treatment of Ground Wat

1. Introduction
1.1 Purposeand 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 vi ruses, generally is
measured on a logarithmic scale (i.e., in terms of ordersof magnitude). Log inactivation
or removal is defined as follows:

Log Inactivation or Removal = Log (No/N T),
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:

PercentInactivation or Removal = {13 (N1/N o)} x 100.

The relationship between log inactivation /removal and percent inactivation /removal is
as follows:

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

Table 1-1 presents log inactivation s/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 gro und water systems (GWSs). GWSs
include the following public water systems (PWSs):

e PWSs that use only ground water sources;

e PWSs that use both surface water sources and ground water sourcesprovided
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%
3.5log 99.97%
4.0 log 99.99%
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e Consecutive PWSsthat receive finished ground water from a wholesale PWSthat
is in one of the above two groups of PWSs; and

e Consecutive PWSsthat 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 62550.828, FA.C., require that GWSs with their own ground water
sourcesshall conduct ot r i g gaedroeads & e s sniarehiat ndonitorin g of their
ground water sources if they do not provide four-log virus treatment for their ground
water sources. Furthermore, the GWR and Rule 62-550.828require that GWSsshall take
corrective action--which may include providing four -log virus treatment for the ir
ground water sourcesfi if the results of otriggered 6 or bassessmend source water
monitoring indicate that ground water sources arefecally contaminated.

Rule 62-550.828, F.A.C.also requires that GWSsexposing ground water to the open

atmosphere (and possible microbial contamination ) during treatment shall conduct
coassessment o6 microbial monitoring stf their fi
customer if they do not provide four -log virus treatment of the ir ground water after it is

last exposed to the open atmosphere Furthermore, Rule 62-550.828 requires thatsuch

GWSs take corrective actiorii which may include providing four -log virus treat ment of

their ground water after it is last exposed to the open atmospherdi for significant

deficiencies involving a fecal-indicator -positve 0 as sessment 6 damplei shed wa
Water treatment facilities that are protected against contamination from birds , insects,

wind -borne debris, rainfall, and drainage fi i.e., water treatment facilities that are

covered by an impervious roof and enclosed within impervious sidewalls or sidewalls

of at least 20-mesh* screemi are not considered to be exposing water to the open

atmosphere.

As a result of the above rule requirements, GWSs may choose tgrovide four -log virus
treatment for ground water sources, orfour-log virus treatment of ground water after it
is last exposed to the open atmosphere, forone 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 = ope ning size, which is the
distance between two adjacent parallel wires, in inches.
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e Toavoidhavingtoconduct otriggeredd amvatdr 0assessmer
monitoring .

e¢ To avoid having to conduct oOassessmentd fi
e As corrective action for a fecally contaminated ground water source .

e As corrective action for a significant deficiency involving a fecal -indicator -
positive Oassessmento finished water sampl

GWSs thatare exposing ground water to the open atmosphere may choose to provide

four-log virus treatment after the ir ground water is last exposed tothe open

atmosphere, in which case the GWSswould avoid havingtoconduct 0t r i gger ed 6 anc
coassessment 6 s our caed wauddtawwid having toicdnducti n g
dcoassessment 6 f i ni s hAtenativaly, such GhWesmay amagose mogust

provide four-log virus treatment f or their ground water sources, in which case the

GWSs would avoid having to conduct otriggered
monitoring but would still have to conduct o0a

GWSs that choose toprovide four -log virus treatment in lieu of conducting

dOassessment 60 manitoiingdneé/at ovai ggeredo and oOassessm
water monitoring, and GWSs that choose to provide four-log virus treatment as

corrective action, shall do the following :

e 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 guidmes.

e Do both of the above before the GWS wil/l b
water monitoring, if applicable,and/ or o0tri ggereddé and oOassess
water monitoring.

Additionally, GWSs that choose to provide four-log virus treatment as corrective action
shall take interim measures asnecessary, or aspecified 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 62550.828, F.A.C., and
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Section 2 ofthese guidelines are in violation of the treatment technique requirements in
the GWRand Rule62550. 828 i f &

e They fail to maintain four -log virus treatment by failin g to meet the operating
requirements identified in the GWR, Rule 62550.828, these guidelines, and/or
the FDEP approval of four-log virus treatment; and

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

1.3Written 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, orcontinuous monitoring ,
equipment, the written notification of four -log virus treatment shall consist of the
following:

e A four-log virus treatment demonstratio n prepared under the responsible
charge of a professional engineer licensed in Florida and

e 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 facilitiesfi i.e., by constructing, installing , or altering structures, piping, or
equipment other than uninstalled standby equipment or alarm, or continuous
monitoring , equipmentfi the written notification of four -log virus treatment shall
consist of a construction permit application and supporting documents, including a
four-log virus tre atment demonstration prepared under the responsible charge of a
professional engineer licensed in Florida. The written FDEP approval of four dlog virus
treatment shall consist of a construction permit and a letter or order.

Note that, at water treatment p lants using chemical disinfection for virus inactivation ,
GWSs mustprovide standby equipment, automatic switch -over of gas containers, and
alarm systems in accordance with Rule 62555.320(13), Florida Administrative Code
(F.A.C.), and Recommended Standartbr Water Works
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Demonstrations of Fodkog Virus Treatment.Demonstrations of four -log virus treatment
shall be prepared consistent with these guidelines and shall include the following
information:

e The cover sheesin Appendix A to these guidelines .

e 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 oris just for four -log virus
treatment for the ground water source(s).

e |dentificati on 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.

e For chemical disinfectionfi CT calculations; identification of standby equipment,
switch-over devices for gas contaners, and alarm systems as required by Rule
62-555.320(13), F.A.C., andRecommended Standards for Water Wodentification
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 lo cation.

e For ultrafiltration i 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 test ing 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 [N TU]) for each membrane unit.

¢ For nanofiltration (NF) or reverse osmosis(RO)ii 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 requirementfi i.e., maximum
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percent salt passage(generally no greater than 25% for NF and no greater than
5% for RO)i for each membrane unit.

For ultraviolet (UV) disinfection i 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 id entification of the equipment for continuously monitoring the flow rate,
UV intensity, UV lamp status, and if applicable, UV T for each UV reactor.

For conventional filtration treatment, including lime softening; direct filtration;

or microfiltration prece ded by coagulationii 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 f identification of the
CFE turbidity monitoring fr -equency and any continuous CFE wrbidity

monitori ng equipment; the CFE turbidity monitorin g location; and identification
of the operating requirement (CFE turbidity no greater than 5 NTU s) for the
filtration technology.

For other technologiesfi information from pilot plant stud ies, or other
performance studies, demonstrating the level of virus t reatment 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 Foukog Virus Treatment FDEP letters or orders approving four-log
virus treatment shall é

For WTPsthat are exposing ground water to the open atmosphere during
treatment, indicate whether four-log virus treatment is for water after it is last
exposed tothe 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
eachvirus 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.Jists chemical disinfection and membrane
filtration as accepted technologiedor 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;

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

¢ Slow sand filtration;

¢ Direct filtration (coagulation and fi Itration without sedimentation);
e Microfiltration preceded by coagulation; and

e Diatomaceous earth filtration.

Someof the accepted virus treatment technologies discussed abovédi such aschemical
disinfection, m embrane filtration, and UV disinfection i 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 ofthe 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 acceptedvirus
treatment technologies. Sections 2.1 through 2.8below discussthe accepted virus
treatment technologiesfi and their virus treatment credit and compliance monitoring
and operating requirementsii in detail. Section 2.9below discussesprocedures that
GWSs must follow to obtain FDEP acceptanceof other virus treatment technol ogies not
discussed in these guidelines
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Table 2-1: Virus Treatment Summary Tableii Accepted Treatment Technologies, Virus Treatment Credits, and
Compliance Monitoring
Chemical Disinfection f or Virus Inactivation

Disinfection Virus Inactivation Compliance Monitoring

Technology Credit, logs Monitoring Requirements Operating Requirements

Ground water systems (GWS9) serving
more than 3,300 peopleshall conduct

Chemical continuous residual d|§|nfectant AT each FDERspecified

Based onthe calculated |concentration monitoring at one or more
CT in relation to the Florida -Department -of-Environm ental-
applicable CT tablein | Protection-specified (FDEP-specified)

monitoring location, GWSs
shall maintain aresidual

Disinfection Using
Free Chlorine,

Chlorgmlnt_as,_ Appendix B to these locations. GWSs serving 3,300 or fewer dlsm_f ectant concentration
Chlorine Dioxide, uidelines eople shall monitor residual disinfectant that is not less than a
or Ozone g ' Peop FDEP-specified minimum .

concentration at one or more FDEP-

specified locations by taking at leastone

grab sample daily during peak flow.
continued on next page
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Table 2-1: Virus Treatment Summary Table i Accepted Treatment Technologies, Virus Treatment Credit s, and
Compliance Monitoring (continued)
Membrane Filtration for Virus Removal

Mgmbrane Virus Removal Credit, Compliance Monitoring
Filtration

Technology

logs Monitoring Requirements

Operating Requirements

Ultrafiltration

GWSs shall conduct continuo us indirect
integrity monitoring, consisting of
continuous filtrate turbidity monitoring ,
on each membrane unit. Also, GWSsshall
conduct direct integrity testing on each
membrane unit at least daily, and
whenever the filtrate turbidity exceeds
0.15 nephdometric turbidity unit (NTU)

for a period longer than 15 minutes, using
a test method having a resolution of 0.01
micron (um) or less and having a
sensitivity of at least four logs.

For each membrane unit,
GWSs shall maintain a
filtrate turbidity that doe s
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.

GWSs shall conduct continuous indirect
integrity monitoring, consi sting 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 i Accepted Treatment T echnologies, Virus Treatment Credits, and
Compliance Monitoring (continued)
Membrane Filtration for Virus Removal (continued)

Mgmbrane Virus Removal Credit, Compliance Monitoring
Filtration

Technology

logs Monitoring Requirements Operating Requirements

GWSs shall conduct continuous indirect
integrity monitoring, consisting of For each membrane unit,
continuous percent salt passage (SP GWSs shall maintain a
monitoring , on each membrane unit. percent SP that does not
Also, GWSs shall conduct direct integrity | exceedan FDEP-specified
4 testing on each membrane unt at least maximum . Also, if the result
daily, and whenever the percent SPis of any direct integrity test is
. . greater than an FDEP-specified maximum | outside the control limit that
Nanofiltration; or . i ] ) i
Reverse OSMosis for a period longer than 15 minutes, using |is established by the GWS
a test method having a resolution of 0.01 |the GWS must remove the
um or less and having a sensitivity of at membrane unit from service.
least four logs.
) o For each membrane unit,
GWSs shall conduct continuous indirect L
integrity monitoring, consisting of GWSs shall maintain a
2 gnty g ng percent SP that does not
continuous percent SP monitoring, on o
. exceed an FDEP-specified
each membrane unit. :
maximum .

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

Alternative
Treatment
Technology

Ultraviolet (UV)
Disinfection

and

FDEP-Accepted Alternative Treatment for Virus Inactivation or Removal
Compliance Monitoring

Virus Inactivati on or
Removal Credit, logs

Based onthe validated
UV dose in relation to the
UV dose tablein
Appendix H to these
guidelines. GWSs shall
use UV reactorsthat 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).

Monitoring Requirements

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

Operating Requirements

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

Conventional

GWSs serving more than 500 peopleshall
perform combined filter effluent (CFE)

GWSs shdl maintain a CFE
turbidity that does not

Filtration Ny exceedl NTU. GWSs
turbidity measurements at least every four | . . . :
Treatment, 2 . utilizing lime softening may
. . hours. GWSs serving 500 or fewer people - .
Includ ing Lime L acidify CFE turbidity
: shall perform CFE turbidity : .
Softening samples prior to analysis of
measurementsat leastonce per day.
the samples
continued on next page
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Table 2-1: Virus Treatment Summary Table i Accepted Treatment Technologies, Vi rus Treatment Credits, and
Compliance Monitoring (continued)
FDEP-Accepted Alternative Treatment for Virus Inactivation or Removal (continued)

Alternative Virus Inactivation or Compliance Monitoring
Treatment

Technology

Slow Sand GWSs shall perform CFE turbidity
Filtration measurements at least once per day.

Removal Credit, logs Monitoring Requirements Operating Requirements

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

GWSs serving more than 500 people shall

Direct Filtration; erform CFE turbidity measurements at o
Y P y : GWSs shall maintain a CFE
or Microfiltration least every four hours. GWSs serving 500 .
1 turbidity that does not
Preceded by or fewer people shall perform CFE
. A - exceed 1 NTU.
Coagulation turbidity measurements at least once per
day.

GWSs serving more than 500 people shall

perform CFE turbidity measurements at GWSs shal maintain a CFE

Diatomaceous least every four hours. GWSs serving 500 .
e 1 turbidity that does not
Earth Filtration or fewer people shall perform CFE
- exceed 5 NTUs.
turbidity measurements at least once per
day.

October 2009 Page 26



Guidelines for Fowlog Virus

Florida Department oEnvironmental Protection Treatment of Ground Wat

2.1 Chemical Disinfection Using Free Chlorine, Chlorami  nes, 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 dcase conditionsf i.e., using the
minimum water volume expected in tanks during any peak flow period and using the
minimum C measured during peak flow.

Calculatng CT ProvidedWhenUsing Chlorine, Chloramines, or Chlorine Dioxid€ in a
pipeline during pe ak flow is calculated based on plug flow by dividing the internal
volume of the pipe line by the peak flow rate through th e pipeline. T in atank during
peak flow generally is calculated b y é

e First dividing the minimum water volume expectedin the tank dur ing any peak
flow period by the peak flow rate out of the tank to determine the minimum
theoretical detention in the tank; and

e 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 A 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 atmosphereil 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 ohow to determine peak flow rate, is included in
Appendix C to these guidelines.

Increasing either C or T will incre ase 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 Ck, and the MRDL for chlorine dioxide is
0.8 mg/L as ClO2.) T can be inaeased 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 prdolem of potentially increasing the formation of
disinfection byproducts, especially if chlorine is used.

Calculating CT Provide®VhenUsing 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 disin fection processes:

e 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.

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

e For many ozone contactors, the ozone residual in the contactor will vary and be
nonuniform. Also,0zone contactors are closed vessel
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 Environment al P r o GuaanteiManual fargCempbaypcé s ( USE
with the Filtration and Disinfection Requirements for Public Water Systems Using Surface

Water Sourcesl991.

Determining CT Requiredand DeterminingC Required).CT tables are used to determine
the CT required for a certain level of virus inactivation. The CT tables in Appendix Bto
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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 onthe
water pH value at the point where C is measured.

e 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. Th e effectiveness of chemical disinfecton 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 ofsufficient
system-specific water temperature data, GWSsshall estimate their minimum
water temperature to be equal to the applicable minimum water temperature in
Table 6 in the Florida Geological Surveyos
Floi dads Ground Water QuddBackgtoynd Moni t ori ng Pr c
Hydrogeochemistryl992, whichpresents 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 inTable 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 basd 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
Appendi ces F andG to the USEPAS &uidance Manual for Compliance with the Filtration
and Disinfection Requirements for Public Water Systems Using Surface Water Sdig@gs

For inactivation of viruses by chloramines at pH 8.1 to 9.9 in lime softening
environments, GWSs may use the CT values listed inTable 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.

2.1.2Compliance 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 (F DEP) each daythey 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 online 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 areisted in Table E-1 in Appendix E to these guidelines; and draft USEPA

Met hod 334.0, oDetermination of Residwuval Chl o
Line Chlorine Analy zer , 6 1 s i ncl utdthebe guidelinésp phe calibraton F
of on-line chlorine analyz ers 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 6 FT 1900,
oContinuous Monit oMdtngr swi & haichasangdydeldddnfe dw h
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 monitorthe residual disinfectant
concentration at one or more locations specified by the FDEPby taking at least one grab
sample/loc ation during peak flow e ach day they serve water to the public. SuchGWSs
shall monitor residual disinfectant concentration using analytical method s 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 Systemsfree chlorine test strip. If any daily
grab sample measurementis less than the FDERspecified minimum residual
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disinfectant concentration, the GWS must take follow -up samples every four hours until
the residual disi nfectant concentration is restored to avalue 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 disinf ectant 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 RequirementsGWSs must maintain an FDEP-specified minimum residual
disinfectant concentration at each FDERspecified disinfectant residual monitoring
location every day they serve water to the public. The FDEP-specified minimu m
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 avariable minimum residual
disinfectant concentration to allow for seasonal changes in water temperature and
required CT.

RecordkeepingEach day they serve water to the public, GWSs shall record thefollowing
information on a revised monthly operation report (MOR) sheet that is simi lar to
Exhibit J-1 in Appendix J to these guidelines:

e Thedaily lowest residual disinfectant concentration at each FDEP-specified
disinfectant residual monitoring location; and

e The date and duration of any failure to maintain an y 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 fail ing 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 dayatfter the violation .

October 2009 Page 211



Guidelines for Fowlog Virus

Florida Department oEnvironmental Protection Treatment of Ground Wat

2.2 Ultrafiltration (UF)

UF is apressure-driven membrane filtration process that typically employ s hollow -fiber
membranes with a pore size range of approximately 0.01to 0.05micron (um) and a
nominal (i.e., average)pore size of 0.01 pum.

2.2.1 Virus Removal Credit

Ground water systems (GWSg) using UF to treat ground water receive credit for virus
treatment only if the UF membranes meet one of the following tw o criteria:

e The membranes have an absolute (i.e., maximum) pore size less than 0.0um; or

e The membranes are identical in material, and similar in construction, to
membranes that have been shown via challenge testing to have at least fourlog
virus remov al capability.

GWSs using UF membranes that meet one of the aboveéwo criteria receive credit for
four -log virus removal only if GWSsconduct, on each membrane unit, continuous
indirect integrity monitoring meeting the requirements in Section 2.2.2 belowand daily
direct integrity testing having a resolution of 0.01 yum or less and a sensitivity of at least
four logs. The Horida Department of Environmental Protection (F DEP) realizes that a
resolution requirement this small is very difficult to achieve wit h currently available
direct integrity tests. (The FDEP is not aware of any pressurebased 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 conductsdirect integrity testing having a resolution of 0.01 um 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 meetone of the two criteria discussed in the first
paragraph of this Section 2.2.1receive 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.

2.2.2Compliance Monitoring
Monitoring Requirements GWSsreceiving four -log virus removal credit for UF shall

conduct direct integrity testing on each membrane unit at least once each daythat the
membrane unit is in operation and whenever the filtrate turbi dity exceeds 0.15
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nephelometric turbidity unit (NTU) for a period longer than 15 minutes . A O0Omembr ane
unitdé is defined as a group of membrane modul
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 umor 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 unitin operation. Continuous indirect

integrity monitoring shall consist of continuous filtrate turbidity monitoring.

oContinuous monitoringdé is defined as monitor
every 15minutes. The calibration of all continuous turbidity monitoring equipment

shall be verified in accordance with DEP-SOP-001/016F T 1900, oContinuous
Monitoring with Installed Met eppendit Gioothesepy of
guidelines.

Operatng Requirements|f 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 su bsequent 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.

RecordkeepingEach day they serve water tothe public, GWSs shall record the following
information on an additional monthly operation report (MOR) sheet that is simi lar to
Exhibit J-2 in Appendix J to these guidelines:

e Thedaily maximum filtrate turbidity for each membrane unit; and

e 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 lessfor any
membrane unit, and does not correct the failure within four hours after determining th e
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 contaminantsfrom 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 pressuredriven 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 thanatural osmosisprocesdi i.e., reverse oSmosis is
the passage ofa solvent (e.g., water) through a semipermeable 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 GWSsconduct, on each membrane uni, continuous
indirect integrity monitoring meeting the requirements  in Section 2.32 below and daily
direct integrity testing having a resolution of 0.01 micron (um) 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 um or lessthe FDEP is limiting the virus removal c redit for NF or RO to two logs
as discussed in the following paragraph.

GWSs usingNF 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 Sedion 2.3.2 below.
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2.3.2 Compliance Monit oring

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
nephel ometric turbidity unit (NTU) for a p
unitdé is defined as a group of membrane mo
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 umor 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) monitoringd Cont i nuous monitoringdétas defined
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 6 FT 1900,
oContinuous Monitoring with Installed Meters,
Appendix G to these guidelines.

OperatingRequirements|f 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 rem ove 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 limi t.

For each membrane unit, GWSs must maintain a percent SP that does not excee@n
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.

RecordkeepingEach day they serve water to the public, GWSs shall record the following
information on an addit ional monthly operation report (MOR) sh eet that is similar to
Exhibit J-3 in Appen dix J to these guidelines:

e The daily maximum percent SP for each membrane unit; and
e The date and duration of any failure of a membrane unit to maintain a percent SP

less than or equal to the FDER-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 fo r disinfection
is between 245 and 285 nm. UV disinfection u

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

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

e Lamps that emit at other wavelengthsina high-i nt ensi ty oOopul sedd ma

UV radiation inactivates viruses and other micro organisms via UV absorption, which
causes a photochemical reaction that alters molecular components esential to cell
function. As UV penetrates the cél 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 (asmeasured 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 doseslisted 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 inactivatio n credit for other lamp types, G WSs 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.

Reactowalidation testing. GWSs must use UVreactors 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.,
validat ed operating conditions). V alidated operating conditions must i nclude flow rate,
UV intensity (as measured by a UV sensoj, UV lamp status, and if applicable, UV T.
When determining validated operating conditions, GWSsmust account for the
following factors: UV absorbance of the water; lamp fouling and aging; measurem ent
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 channe | 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:

e The UV Intensity Setpoint Approach. This approach relies on one or more
osetpoint(s)o for UV intensity that are es
determine UV dose. During reactor operation, the UV intensity (as measured by
a UV sensor) must meet or exceed the setpoint(s) b ensure delivery of the
required dose. Also, reactors must be operated within validated operatin g
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).

e 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 operatordivides 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 present s
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 18amilliJ oules/ centimeter? 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 GWSsshall continuously monitor each UV reactor in

operation for UV intensity (as measured by a UV senso}, flow rate, and UV lamp

status. Also, GWSsshall continuously monitor UVT for UV reactors operating using

the Calculated Dose Approach. 6 Cont i nuous monitoringo6 is
frequency no less than once every 5 minutes. GWSsshall verify the calibration of UV
sensorsand UVT transmitters using the protocol discussed in Sections6.4.1.1and 6.4.1.2
oftheUni t ed St ates Envi r on meultravlet DiBinfestioreQuidanae n
Manual for the Final Long Term 2 Enhanced Surface Water Treatment Ru0&;and GWSs

def i

Agen

must recalibrate sensors in accordance witht he manuf acturerds recomme

OperatingRequirements GWSs mustoperate each UV reactorwithin validated operating
conditions.

Recordkgeng. Each day they serve water to the public, GWSs shall record the following
inform ation on one or more additional monthly operation report (MOR) sheet sthat are
similar to Exhibit J-4 or 35 in Appendix J to these guidelines:

e 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;

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

e 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 tr eatment, 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 tec hnique 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 conventio nal 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 Canpliance Monito ring

Monitoring Requirements GWSsserving more than 500 people shall perform CFE
turbidity measurements at leastevery 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 orequal 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
001/016FT 1900, oContinuous Monitoringhicwisth | nst
included in Appendix G to these guidelines.

OperatingRequirements GWSs shallmaintain 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 sousing the
protocol in Appendix | to these guidelines.

Recordteeping.Each day they serve water to the public, GWSs shall record the following
information on an additional monthly operation report (MOR) sh eet that is similar to
Exhibit J-6 in Appendix Jto these guidelines:

e The daily maximum CFE turbidity; and

e 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 tur bidity 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 GWSsshall 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 orequal 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 continuou s monitoring equipment in accordance with
DEP-SOP001/016FT 1900, oContinuous Monitoring
which is included in Appendix G to these guidelines.

OperatingRequirements GWSs shall maintain a CFE turbidity that does not exceed 5
NTUSs.

RecordkeepingEach day they serve water to the public, GWSs shall record the following
information on an additional monthly operation report (MOR) sh eet that is similar to
Exhibit J-7 in Appendix Jto these guidelines:

e The daily maximum CF E turbidity; and

e The date and duration of any failure to maintain a CFE turbidity of 5NTUsor
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 5NTU sor 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 En vironmental 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 shouldachieve virus removal comparable to that achieved by
direct filtration. MF is a pressuredriven membrane filtration process that typically
employs hollow -fiber membranes with a pore size range of approximately 0.1 to 0.2
micron (um) and a nominal (i.e., average) pore size of 0.lum.

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 requirem ents
in Section 2.7.2 below.

2.7.2 Canpliance 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 res tored to a value less than orequal 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 m onitoring for grab sample monitoring if it verifies the
calibration of the continuous monitoring equipment in accordance with DEP -SOP
001/010FT 1900, o0Continuous Monitoring with I nst
included in Appendix G to these guidelines.

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

RecordkeepingEach day they serve water to the public, GWSs shall record the following
information on an additional monthly operation report (MOR) sh eet thatis similar to
Exhibit J-6 in Appendix J to these guidelines:
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e The daily maximum CFE turbidity; and

e 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 filtr ation means a process resulting in substantial particulate
removal i n whichéeé

e 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 orequal to 5 NTUs. CFE
turbidity measurements may be performed at any point after filter effluent is combi ned
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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001/016FT 1900, oContinuous Monitorinwghicvist h | nst
included in Appendix G to these guidelines.

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

RecordkeepingEach day they servewater to the public, GWSs shall record the following
information on an additional monthly operation report (MOR) sheet that is similar to
Exhibit J7 in Appendix J to these guidelines:

e The daily maximum CFE turbidity; and

e 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 ndater than
the end of the next business day after the violation.

2.9 Other Treatment Technologies

The Horida Department of Environmental Protection (F DEP) 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 forthe GWS6 s wat er t r.darviment pl ant
inactivation technologies, the pilot plant or performance studies should follow a

protocol similar to that in Appendix G to the United States Environmental Protection

A g e n c ySOEsP A(@uidance Manual for Compliance with the Filtration and Disinfection
Reaqiirements for Public Water Systems Using Surface Water Sout®4.. For virus
removal technologies, pilot plant or performance studies should follow a protocol

similar to that in AppendixM to t he U&iE&heeManual for Compliance with the
Filtrati on and Disinfection Requirements for Public Water Systems Using Surface Water
Sources1991.

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

Cover Sheets for Demonstration of Four-Log Virus
Treatment of Ground Water

General Information

Public Water System (PWS) Information
PWS Name:

PWS ID:

PWS Type
DComrmmity Water System
DNon—Tra_nsient Non-Community Water System
[ |Transient Non-Community Water System
Population Served by PWS
[ ]>3,300 people
[ ]501 to 3,300 people
[ ]« 500 people
PWS Owner Information
PWS Owner:

Contact Person:

Contact Person's Title:

Contact Person’s Mailing Address:

Contact Person’s E-mail:
Contact Person's Telephone:
Water Treatment Plant (WTP) Information
WTP Name:
WTP Address:

Permitted Maximum-Day Operating Capacity of WTP:
Does the WTP expose ground water to the open atmosphere during treatment?”

DYes
[ ]No

* Water treatment facilities that are protected against contamination from birds, insects, wind-borme debris, rainfall,
and dramage—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.
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Cover Sheets for Demonstration of Four-Log Virus Treatment of Ground Water

Virus Treatment Information

Type of Virus Treatment Demonstration
If the WTP exposes ground water to the open atmosphere during treatment, check one
of the following:
[ IThis demonstration is for four-log virus treatment after water is last exposed to
the open atmosphere.
[ |This demonstration is just for four-log virus treatment of the ground water
source(s).
[ |Not applicable (the WTP does not expose ground water to the open atmosphere
during treatment).
Summary of Technologies Used for Virus Treatment; and Virus Inactivation or
Removal Credit Claimed for Each Technology

Virus Inactivation
Technology or Removal Credit
Claimed, logs

[ |Chemical disinfection using free chlorine

[ |Chemical disinfection using chloramines

[ |Chemical disinfection using chlorine dioxide

[ |Chemical disinfection using ozone

[ ]Ultrafiltration (UF)

[ |Nanofiltration (NF); or reverse osmosis (RO)

[ Ultraviolet (UV) disinfection

[ |Conventional filtration treatment, including lime softening
[ ]Slow sand filtration

[ |Direct filtration; or microfiltration preceded by coagulation
[ |Diatomaceous earth filtration

[ |Other (describe):

Total

Checklist of Information Attached and Included in this Demonstration
Required for all demonstrations:

[_]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.)
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