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EVVHQWLDOV RI 6XUIDFH :DWHU 
7UHDWPHQW

OQOLQH
OUegRQ HeaOWh AXWhRUiW\
DUiQkiQg WaWeU SeUYiceV
ZZZ.heaOWhRUegRQ.RUg/dZS

OYHUYLHZ RI CRXUVH:

PaUW 1
1. BackgURXQd Rf SXUface WaWeU TUeaWPeQW RXOeV
2. FiOWUaWiRQ
3. DiViQfecWiRQ
4. OSeUaWiRQV

PaUW 2
1. ReSRUWiQg ReTXiUePeQWV
2. EPeUgiQg IVVXeV
3. ReVRXUceV fRU OSeUaWRUV

BDFNJURXQG RI 6XUIDFH :DWHU 7UHDWPHQW 
RXOHV

� 1989:  SWTR UeTXiUed PRVW SW aQd GWUDI 
(GURXQdZaWeU UQdeU DiUecW IQfOXeQce) V\VWePV WR fiOWeU.

� SWaWeV UeTXiUed WR ideQWif\ GWUDI VRXUceV.
� ReTXiUed 3-ORg (99.9%) GiaUdia aQd 4-ORg (99.99%) YiUXV 

UePRYaO.
� CF/DF: 95% Rf WXUbidiW\ UeadiQgV � 0.5 NTU; aOO < 5 NTU
� SORZ VaQd/DE/aOW: 95% Rf WXUbidiW\ UeadiQgV � 1 NTU; aOO 

< 5 NTU
� ReTXiUed deWecWabOe diViQfecWaQW UeVidXaO.
� Did QRW addUeVV CU\SWRVSRUidiXP.

BDFNJURXQG (FRQWLQXHG)

� 1998  IQWeUiP EQhaQced SXUface WaWeU TUeaWPeQW RXOe 
(IESWTR)

� AddUeVVed cRQceUQV abRXW CU\SWR (UeTXiUed 2-ORg UePRYaO)
� CF/DF: LRZeUed WXUbidiW\ VWaQdaUd WR 95% Rf UeadiQgV � 0.3 

NTU, aOO UeadiQgV <1 NTU fRU V\VWePV ZiWh SRSXOaWiRQ 
�10,000.

� ReTXiUed IQdiYidXaO FiOWeU EffOXeQW (IFE) WXUbidiPeWeUV

BDFNJURXQG (FRQWLQXHG)

� 2002  LRQg-TeUP 1 EQhaQced SXUface WaWeU 
TUeaWPeQW RXOe (LT1)

-E[WeQded 0.3 NTU UeTXiUePeQW WR V\VWePV           
ZiWh <10,000 SRSXOaWiRQ.

� 2006:  LT2 UeTXiUeV addiWiRQaO CU\SWR WUeaWPeQW fRU 
V\VWePV ZiWh � 0.075 RRc\VWV/L iQ WheiU VRXUce 
ZaWeU.
± SR faU RQO\ RQe ZaWeU V\VWeP iV UeTXiUed WR iQVWaOO 

addiWiRQaO WUeaWPeQW iQ OUegRQ.

BDFNJURXQG - 6RXUFH :DWHU 
CRQVLGHUDWLRQV

� WaWeUVhed cRQWURO

� IQWake VWUXcWXUe RU cRQfigXUaWiRQ

� PXPSiQg faciOiWieV

� FacWRUV affecWiQg ZaWeU TXaOiW\
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BDFNJURXQG - :DWHUVKHG CRQWURO

� OZQed RU PaQaged b\ Whe ZaWeU V\VWeP?
± MRVW V\VWePV haYe OiWWOe cRQWURO RYeU WheiU ZaWeUVhedV.

� DUiQkiQg ZaWeU SURWecWiRQ SOaQ

� EPeUgeQc\ UeVSRQVe SOaQ

� PaWUROV, gaWeV, eWc.

� IQWeU-ageQc\ agUeePeQWV (USFS, BLM, ODF, COE)

BDFNJURXQG - IQWDNHV DQG PXPSV

� ScUeeQV:  ZeOO VcUeeQV, WUaYeOiQg VcUeeQV, VeOf-cOeaQiQg URWaWiQg 
dUXP VcUeeQV.

� COeaQ ZiWh aiU RU ZaWeU bOaVW

� VeUWicaO WXUbiQe SXPSV iQ ZeW ZeOOV cRPPRQ iQ OaUgeU V\VWePV.

� SXbPeUVibOe SXPSV iQ VORWWed RU SeUfRUaWed SiSe Oaid RQ UiYeUbed.

� IQfiOWUaWiRQ gaOOeUieV:  SORWWed SiSeV RU ZeOO VcUeeQV XQdeUQeaWh 
UiYeUbed, SURYideV URXgh fiOWUaWiRQ.

RDZ :DWHU QXDOLW\ FDFWRUV

� LRggiQg, VWRUP eYeQWV iQcUeaVe WXUbidiW\

� RecUeaWiRQ (gaVROiQe eQgiQeV, RiO)

� DeYeORSPeQW (iQcUeaVed VWRUPZaWeU dUaiQage ZiWh aVVRciaWed 
SROOXWaQWV)

� SeaVRQaO aQd/RU daiO\ fOXcWXaWiRQV iQ WePS RU SH

� AOgae becRPiQg aQ iQcUeaViQg SURbOeP

� SeZage WUeaWPeQW SOaQWV XSVWUeaP, RccaViRQaO RYeUfORZV

OUHJRQ :DWHUERUQH DLVHDVH 
OXWEUHDNV 
(EDFWHULD, YLUXVHV, SDUDVLWHV )
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TRWDO CDVHV, 26 OXWEUHDNV-7,000 VLFNHQHG (CDC)

a50% drop

a50% drop

:DWHUERUQH DLVHDVH
OXWEUHDN CDXVHV

CRQWaPiQaWed ZaWeU 

DiVWUibXWiRQ 

MiVceOOaQeRXV, UQkQRZQ 

TUeaWPeQW IQadeTXacieV, 

FURP AXJXVW 2006 AFFHVV A::A

Most of these outbreaks involve microbiological agents that would respond to 
proper disinfection

(US
)

Milwaukie, WI (Cr\pto)
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7\SHV RI PDWKRJHQV:

� PURWR]Ra RU PaUaViWeV 
± GiaUdia LaPbOia, CU\SWRVSRUidiXP PaUYXP

� BacWeUia 
± CaPS\ORbacWeU, ShigeOOa, LegiRQeOOa

� ViUXVeV 
± HeSaWiWiV A, NRUZaOk AgeQWV

8.6. OXWEUHDNV RI CU\SWRVSRUidiRViV
LQ 6XUIDFH :DWHU 6XSSOLHV

LRFDWLRQ <HDU T\SH RI S\VWHP EVWLPDWHG 
NXPEHU 
RI CDVHV 

BHUQDOLOOR CRXQW\, NHZ MH[LFR 
 

1986 UQWUHDWHG VXUIDFH ZDWHU VXSSO\ 78 

CDUUROO CRXQW\, GHRUJLD 
 

1987 TUHDWHG VXUIDFH ZDWHU VXSSO\ 13,000 

JDFNVRQ CRXQW\, OUHJRQ 1992 MHGIRUG - FKORULQDWHG VSULQJ 
TDOHQW - WUHDWHG VXUIDFH ZDWHU 
 

15,000 

MLOZDXNHH CRXQW\, :LVFRQVLQ 
 

1993 TUHDWHG VXUIDFH ZDWHU VXSSO\ 403,000 

CRRN CRXQW\, MLQQHVRWD 
 

1993 TUHDWHG VXUIDFH ZDWHU VXSSO\ 27 

CODUN CRXQW\, NHYDGD 1994 TUHDWHG VXUIDFH ZDWHU VXSSO\ 78 
    

 
�Five of the outbreaks were associated with filtered drinking waters.
�Three s\stems (Carroll, Jackson - Talent, and Milwaukee) were e[periencing operational 
deficiencies and high finished water turbidities at the time of the outbreaks. All three plants 
utili]ed conventional treatment processes that included rapid mi[, flocculation, sedimentation, 
and filtration. 
�The Clark Count\ outbreak was the onl\ outbreak associated with a filtered drinking water for 
which no treatment deficiencies were noted. 
�All five s\stems were in compliance with the federal regulations in effect at that time. 

FIL7RA7ION :K\ MHDVXUH 7XUELGLW\?

� RePRYeV SaWhRgeQV aQd SURWecWV SXbOic heaOWh.
� TXUbidiW\ UePRYaO haV beeQ VhRZQ WR be diUecWO\ 

UeOaWed WR UePRYaO Rf GiaUdia aQd CU\SWR.
� TXUbidiW\ Pa[iPXP cRQWaPiQaQW OeYeOV (MCLV) 

aUe baVed RQ Whe WechQRORg\ XVed:
� � 0.3 NTU (95% Rf Whe WiPe) fRU cRQYeQWiRQaO RU diUecW 

fiOWUaWiRQ; aOZa\V < 1 NTU.
� � 1 NTU (95% Rf Whe WiPe) fRU VORZ VaQd, caUWUidge, 

aQd PePbUaQe; aOZa\V < 5 NTU.

7\SHV RI FLOWUDWLRQ

� CRQYeQWiRQaO UaSid VaQd
� DiUecW (QR VediPeQWaWiRQ SURceVV)
� DiaWRPaceRXV eaUWh (DE, RQO\ a feZ iQ OUegRQ)
� SORZ SaQd
� AOWeUQaWiYe (PePbUaQe, caUWUidge)

CRQYHQWLRQDO RDSLG 6DQG FLOWUDWLRQ

� ReTXiUeV cRagXOaWiRQ fRU chaUge QeXWUaOi]aWiRQ 
(VWaWic Pi[eU) aQd VRPe degUee Rf fORccXOaWiRQ 
(OaUge SaddOe ZheeO fORccXOaWRU).

� SediPeQWaWiRQ aOORZV VeWWOiQg Rf cRagXOaWed 
SaUWicOeV, UeOieYeV bXUdeQ RQ fiOWeU.

� FiOWUaWiRQ SURceVV iQYROYeV adVRUSWiRQ aQd 
Sh\VicaO VWUaiQiQg Rf cRagXOaWed SaUWicOeV.

13 14

15 16
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6WUDLQLQJ
� PaVViQg Whe ZaWeU WhURXgh a fiOWeU iQ Zhich Whe 

SRUeV aUe VPaOOeU WhaQ Whe SaUWicOeV WR be 
UePRYed

AGVRUSWLRQ
� The gaWheUiQg Rf gaV, OiTXid, RU diVVROYed VROidV 

RQWR Whe VXUface Rf aQRWheU PaWeUiaO

Rapid sand filter Backwash of filter

Cross-section through a dual media 
filter. T\picall\, the la\ers (starting at the 
bottom of the filter and advancing 
upward) are sand and anthracite coal, or 
garnet, sand, and anthracite coal. The 
media in a dual or multi-media filter are 
arranged so that the water moves 
through media with progressivel\ larger 
pores.

CRDJXODQWV

� AOXPiQXP VXOfaWe (aOXP):  YeU\ cRPPRQ, RQO\ effecWiYe iQ 
QaUURZ SH UaQge.

� FeUUic chORUide:  MRUe e[SeQViYe, bXW ZRUkV iQ ZideU SH 
UaQge.

� PRO\ aOXPiQXP chORUide (PAC):  QRW affecWed b\ SH, 
dReVQ¶W chaQge SH, ZRUkV ZeOO ZiWh ORZ aOkaOiQiW\, OeaYeV 
OeVV VOXdge becaXVe dRVage iV ORZ.

� AOXPiQXP ChORURh\dUaWe (ACH):  ViPiOaU WR PAC.

1ϵ 20
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FDFWRUV AIIHFWLQJ CRDJXODWLRQ

� DRVage:  deWeUPiQed b\ jaU WeVW fRU RSWiPXP TXaOiWieV Rf fORc:  (Vi]e, 
VeWWOiQg UaWe).

� Mi[iQg:  MechaQicaO RU VWaWic.  Need WR UaSidO\ Pi[ chePicaOV.

� AOkaOiQiW\:  50 Pg/O RU OeVV caQ VhifW SH dRZQZaUd.

� TePSeUaWXUe:  CROdeU ZaWeU VORZV cRagXOaWiRQ.

� CRORU:  PUe-R[idaWiRQ Pa\ be UeTXiUed.

� TXUbidiW\:  ChaQgiQg cRQdiWiRQV UeTXiUe PRUe fUeTXeQW jaU WeVWV.

Floc basin with baffling

Jar Test showing floc formation

6HGLPHQWDWLRQ

� SWaQdaUd baViQ:  
± UVXaOO\ UecWaQgXOaU, gRaO iV WR VORZ dRZQ Whe ZaWeU VR VROidV 

VeWWOe WR bRWWRP b\ gUaYiW\.
± SeWWOed (cOaUified) ZaWeU PRYeV WR fiOWeUV VORZO\.

� TXbe VeWWOeUV:
± Add caSaciW\
± SROidV RQO\ Qeed WR VeWWOe a feZ iQcheV
± WaWeU fORZV XS WhURXgh WXbeV, VROidV cROOecW RQ Whe Vide aQd VOide 

RXW Rf Whe bRWWRP
± SRPe VWaQdaUd Ved baViQV caQ be UeWURfiWWed ZiWh WXbe VeWWOeUV

� POaWe SeWWOeUV (LaPeOOa POaWeV)
± PeUfRUP VaPe fXQcWiRQ aV WXbe VeWWOeUV
± NRW aV cRPPRQ iQ OUegRQ aV WXbe VeWWOeUV

Standard settling basin w/ floc

25 26
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Tube settlers in a package plant

AGVRUSWLRQ (8SIORZ) CODULILHUV

� CRagXOaWed ZaWeU fORZV XS WhURXgh cOaUifieU.

� COaUifieU Pedia eiWheU gUaYeO RU SOaVWic beadV.  
COaUifieU iV SeUiRdicaOO\ ³UiQVed´ Rf VROidV.

� COaUified ZaWeU fORZV RQWR fiOWeU.

� CRQfigXUed aV a Sackage SOaQW, VPaOO fRRWSUiQW, 
eaV\ WR iQcUeaVe Whe caSaciW\.

Upflow clarifier.  Note screens (upper portion) 
holding clarifier gravel or plastic beads in place.  

RDSLG 6DQG FLOWUDWLRQ

� IQYROYeV adVRUSWiRQ aQd Sh\VicaO VWUaiQiQg Rf 
fORccXOaWed SaUWicOeV.

� FiOWUaWiRQ UaWe 2-4 gSP/fW2
� ReTXiUeV cRQWUROOabOe backZaVh ZiWh ZaWeU aQd 

SeUhaSV aiU VcRXU.
� Mi[ed Pedia fiOWeUV: Oa\eUV Rf VXSSRUW gUaYeO, 

VaQd, aQWhUaciWe.

The filter is contained within a ILOWHU bR[, usuall\ made of concrete. Inside the filter 
bo[ are la\ers of ILOWHU PHGLa (sand, anthracite, etc.) and gravel. Below the gravel, a 
network of pipes makes up the XQGHUGUaLQ which collects the filtered water and evenl\ 
distributes the backwash water. BaFNZaVK WURXJKV help distribute the influent water 
and are also used in backwashing (which will be discussed in a later section.)

DLUHFW FLOWUDWLRQ

� NR VediPeQWaWiRQ SURceVV.

� OK fRU VPaOO V\VWePV ZiWh cRQViVWeQW UaZ ZaWeU 
TXaOiW\.

� Ma\ be gUaYiW\ RU SUeVVXUe fiOWUaWiRQ.

� UVXaOO\ caQQRW RbVeUYe backZaVh SURceVV if 
SUeVVXUe fiOWUaWiRQ.

31 32
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Pressure filters

DLDWRPDFHRXV EDUWK (DE)

� CRPPRQ iQ VZiPPiQg SRROV, aOVR aSSURYed fRU dUiQkiQg 
ZaWeU.

� FiQe, SRURXV, aQgXOaU Pedia SURceVVed fURP fRVViO 
VkeOeWRQV Rf PicURVcRSic diaWRPV.

� ReTXiUeV a cRQWiQXRXV ³bRd\ feed´ iQjecWiRQ Rf DE, Zhich 
cROOecWV RQ a fiOWeU VcUeeQ (³VeSWXP´).

� OQO\ a feZ DE V\VWePV iQ OUegRQ.

DE filter stack

DE cake 
(pink 
la\er)

Sediment that¶s 
been filtered 
out (brown 
la\er)

DE cake

Sediment removed DE

37 3ϴ

3ϵ 40
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6ORZ 6DQG FLOWUDWLRQ

� FiOWUaWiRQ UaWe < 0.1 gSP/fW2
� Need UaZ ZaWeU < 5 NTU
� NR cRagXOaQWV XVed
� PaWhRgeQ UePRYaO RccXUV dXe WR biRchePicaO 

SURceVVeV aQd adVRUSWiRQ.
� COeaQed b\ UakiQg, aQd eYeQWXaOO\ UePRYiQg, WRS 

1/8´ WR ò´ Rf VaQd.
� CUediWed ZiWh 2.0-ORg GiaUdia/CU\SWR UePRYaO

In the slow sand filter, water passes first through about 36 inches of sand, then through 
a la\er of gravel, before entering the underdrain. The sand removes particles from the 
water through adsorption and straining. A la\er of dirt, debris, and microorganisms 
builds up on the top of the sand. This la\er is known as VFKPXW]GHFNH, which is 
German for "dirt\ skin." The schmut]decke breaks down organic particles in the water 
biologicall\, and is also ver\ effective in straining out even ver\ small inorganic particles 
from water.

Bird¶s e\e view of 4 large slow sand filter cells

Large slow sand filter bed

slow sand filter - drained Slow sand filters ± 3 ba\s

43 44

45 46

47 4ϴ



9

Slow sand: left filter in service, right filter out of service
Self-contained slow sand filters at a school

AOWHUQDWLYH FLOWUDWLRQ 7HFKQRORJLHV

� CaUWUidge / Bag FiOWeUV

� MePbUaQeV

� Need aSSURYed PRdeOV WhaW haYe PeW chaOOeQge 
VWXdieV (WhiUd SaUW\ YeUificaWiRQ Rf SeUfRUPaQce) 
RU RQ-ViWe SiORW daWa.

CDUWULGJH FLOWHUV

� GRRd fRU VPaOO V\VWePV ZiWh ORZ fORZ UaWeV (5-20 
gSP).

� SRPe caUWUidgeV UeTXiUe a VSecific SUe-fiOWeU.
� NR backZaVh, caUWUidgeV aUe UeSOaced ZheQ 

SUeVVXUe diffeUeQWiaO UeacheV VSecified OiPiW.
� MXVW SaVV a chaOOeQge VWXd\ iQ RUdeU WR be 

aSSURYed.

�7KH VWDWH 
PDLQWDLQV D OLVW 
RI DSSURYHG 
FDUWULGJH XQLWV 
RQ LWV ZHEVLWH

�OSHUDWLRQDO 
ERXQGDULHV 
(PD[ IORZ, PD[ 
SUHVVXUH GURS) 
DVVRFLDWHG Z/ 
DSSURYDO & ORJ 
UHPRYDO FUHGLW

Cartridge housings 
in sequence

4ϵ 50
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Cartridge housings in parallel
Another st\le of cartridge housings

Filter cartridges that go in the housings

Bag filter

MHPEUDQH FLOWUDWLRQ

� VeU\ VPaOO SRUe Vi]eV, 1 PicURQ RU OeVV
� TheUefRUe Qeed SUe-fiOWeU (Pa\be ZiWh cRagXOaQW)
� ReTXiUeV diUecW iQWegUiW\ WeVW daiO\ (XVXaOO\ aiU-

hROd, SUe-SURgUaPPed iQWR cRQWUROV).
� MePbUaQe SeUiRdicaOO\ cOeaQed ZiWh acid aQd/RU 

chORUiQe.
� FaiOed PePbUaQe fibeUV caQ be ³SiQQed´ 

(SOXgged).

MHPEUDQH FLOWUDWLRQ

� SWaWe-Rf-Whe-aUW WechQRORg\
� VeU\ VPaOO SRUe Vi]eV, 1 PicURQ RU OeVV
� TheUefRUe Qeed SUe-fiOWeU (Pa\be ZiWh cRagXOaQW)
� ReTXiUeV diUecW iQWegUiW\ WeVW daiO\ (XVXaOO\ aiU-

hROd, SUe-SURgUaPPed iQWR cRQWUROV).
� MePbUaQe SeUiRdicaOO\ cOeaQed ZiWh acid aQd/RU 

chORUiQe
� SPaOO hROeV iQ PePbUaQe caQ be UeSaiUed

55 56
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�7KH VWDWH 
PDLQWDLQV D OLVW 
RI DSSURYHG 
PHPEUDQH 
XQLWV RQ LWV 
ZHEVLWH

�ASSURYHG 
XQGHU FHUWDLQ 
RSHUDWLQJ 
FRQGLWLRQV 
(PD[ IORZ, WHVW 
SUHVVXUHV) Membrane ³skid´

Control panel showing MIT (pressure deca\ test) info:
MIT=membrane integrit\ test
LRV=log removal value

Large membrane plant.

Membranes (pressure) Plant with submerged membranes
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Submerged membrane racks Membrane backwash, submerged membranes

More membranes (pressure)

Membrane clean-in-place chemicals

DLIIHUHQW PHWKRGV RI ILOWHU FOHDQLQJ:
� CF/DF

± BackZaVhiQg
± ReSOaciQg/addiQg Pedia eYeQWXaOO\

� SORZ VaQd
± ScUaSiQg/UiSeQiQg
± ReSOaciQg/addiQg VaQd eYeQWXaOO\

� MePbUaQe
± BackZaVh
± ChePicaO cOeaQiQg

� CaUWUidge/bag
± DiVcaUd/UeSOace XVed fiOWeUV

15 MLQXWH BUHDN

67 6ϴ
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� FRU WhiV VecWiRQ RQ diViQfecWiRQ \RX ZiOO Qeed 
E[eUciVe HaQdRXWV #1 - #3 fRXQd iQ Whe
dRcXPeQWV Wab RQ Whe OefW.

DLVLQIHFWLRQ OYHUYLHZ

� WhaW iV diViQfecWiRQ?
� T\SeV Rf diViQfecWaQWV
� FRUPV Rf chORUiQe
� NSF/ANSI SWaQdaUd 60
� DiViQfecWiRQ UeTXiUePeQWV fRU VXUface ZaWeU
� CTV
� TUaceU SWXdieV aQd CRQWacW TiPe
� IPSacW Rf diViQfecWaQWV RQ RUgaQicV

:KDW LV GLVLQIHFWLRQ?

� PURceVV Rf kiOOiQg PicURRUgaQiVPV iQ ZaWeU WhaW 
PighW caXVe diVeaVe (SaWhRgeQV)

� ShRXOd QRW be cRQfXVed ZiWh VWeUiOi]aWiRQ Zhich 
iV Whe deVWUXcWiRQ Rf aOO PicURRUgaQiVPV

� TZR W\SeV:
± RadiaWiRQ (UV)
± ChePicaO (chORUiQe, chORUaPiQeV, chORUiQe diR[ide, 

R]RQe)

8OWUDYLROHW OLJKW
� WRUkV b\ VXbjecWiQg ZaWeU WR XOWUaYiROeW (UV) 

OighW Ua\V aV ZaWeU SaVVeV WhURXgh a WXbe
� DUaZbackV:

± IQWeUfeUiQg ageQWV VXch aV WXUbidiW\ caQ VcUeeQ 
SaWhRgeQV fURP Whe UV OighW

± EffecWiYe agaiQVW GiaUdia aQd CU\SWRVSRUidiXP bXW QRW 
YiUXVeV aW QRUPaO dRVeV

± NR UeVidXaO iV SUeVeQW iQ Whe ZaWeU WR cRQWiQXe 
diViQfecWiQg WhURXghRXW Whe diVWUibXWiRQ V\VWeP

± FRU WhiV UeaVRQ, chORUiQaWiRQ fRU UeVidXaO PaiQWeQaQce 
iV UeTXiUed ZheQ UV iV XVed

�7KH VWDWH PDLQWDLQV 
D OLVW RI DSSURYHG 89 
XQLWV RQ LWV ZHEVLWH

� N6F 55 XQLWV QRW 
DOORZHG IRU 6: 
WUHDWPHQW (RQO\ 
aOORZed fRU GW TC+ 
ZiWh VPaOO diVWUibXWiRQ)

UV reactors at a large water s\stem

73 74
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Quart] UV bulb sleeve

CKHPLFDO DLVLQIHFWLRQ

� ChORUiQe
� ChORUaPiQeV
� ChORUiQe diR[ide
� O]RQe

CKORULQH

� The PRVW ZideO\ XVed fRUP Rf diViQfecWiRQ
� AOVR XVed aV aQ R[idi]iQg ageQW fRU iURQ, 

PaQgaQeVe aQd h\dURgeQ VXOfide aQd fRU 
cRQWUROOiQg WaVWe aQd RdRUV

� EffecWiYeQeVV aV a diViQfecWiQg ageQW deSeQdV 
RQ facWRUV VXch aV SH, WePSeUaWXUe, fUee 
chORUiQe UeVidXaO, cRQWacW WiPe aQd RWheU 
iQWeUfeUiQg ageQWV

FRUPV RI CKORULQH

� SRdiXP H\SRchRUiWe
� OQViWe geQeUaWed VRdiXP h\SRchRUiWe
� CaOciXP H\SRchORUiWe
� ChORUiQe GaV

6RGLXP K\SRFKORULWH

� The OiTXid fRUP Rf chORUiQe
� COeaU aQd haV a VOighW \eOORZ cRORU
� OUdiQaU\ hRXVehROd bOeach (a5% chORUiQe b\ 

VROXWiRQ) iV Whe PRVW cRPPRQ fRUP
� IQdXVWUiaO VWUeQgWh: 12% aQd 15% VROXWiRQV

6RGLXP K\SRFKORULWH (FRQWLQXHG)

� CaQ ORVe XS WR 4% Rf iWV aYaiOabOe chORUiQe 
cRQWeQW SeU PRQWh; VhRXOd QRW be VWRUed fRU 
PRUe WhaQ 60 WR 90 da\V

� VeU\ cRUURViYe; VhRXOd be VWRUed aQd Pi[ed 
aZa\ fURP eTXiSPeQW WhaW caQ be daPaged b\ 
cRUURViRQ

7ϵ ϴ0

ϴ1 ϴ2

ϴ3 ϴ4
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DLDSKUDJP PXPS/7DQN IRU CKORULQH OQ-VLWH JHQHUDWHG VRGLXP 
K\SRFKORULWH

� 0.8% VRdiXP h\SRchORUiWe iV SURdXced RQ dePaQd 
b\ cRPbiQiQg VaOW, ZaWeU & eOecWUiciW\

� EOecWURO\ViV Rf bUiQe VROXWiRQ SURdXceV VRdiXP 
h\dUR[ide aQd chORUiQe gaV, Zhich WheQ Pi[ WR 
fRUP VRdiXP h\SRchORUiWe

� H\dURgeQ gaV b\SURdXcW; YeQWed WR aWPRVSheUe
� AOOeYiaWeV VafeW\ cRQceUQV aVVRciaWed Z/ haXOiQg 

aQd VWRUiQg bXOk chORUiQe
� HigheU iQiWiaO cRVW, high SRZeU cRVW
� Mi[ed R[idaQWV (SURSUieWaU\)

Electrodes for onsite chlorine generation

CDOFLXP K\SRFKORULWH

� The VROid fRUP Rf chORUiQe
� UVXaOO\ WabOeW RU SRZdeU fRUP
� CRQWaiQV a65% chORUiQe b\ ZeighW
� WhiWe RU \eOORZiVh-ZhiWe gUaQXOaU PaWeUiaO 

aQd iV faiUO\ VROXbOe iQ ZaWeU
� IPSRUWaQW WR keeS iQ a dU\, cRRO SOace
� MRUe VWabOe WhaQ OiTXid
� UVed b\ VPaOO V\VWePV Z/ ORZ fORZV RU QR 

SRZeU

Calcium h\pochlorite erosion feeder CDOFLXP K\SRFKORULWH KRSSHU LQWHULRU

ϴ5 ϴ6

ϴ7 ϴϴ

ϴϵ ϵ0
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CKORULQH JDV (CO2)
� 99.5% SXUe chORUiQe
� \eOORZ-gUeeQ cRORU 2.5[ heaYieU WhaQ aiU
� LiTXified aW URRP WePSeUaWXUe aW a107 SVi ±

heQce Whe SUeVVXUi]ed c\OiQdeUV acWXaOO\ cRQWaiQ 
OiTXified chORUiQe gaV.  

� LiTXified CO2 iV UeOeaVed fURP WaQkV aV chORUiQe 
gaV, Zhich iV WheQ iQjecWed iQWR Whe ZaWeU VWUeaP.

� XVXaOO\ XVed RQO\ b\ OaUge ZaWeU V\VWePV
� SPaOOeU V\VWePV Pa\ fiQd iQiWiaO cRVW Rf RSeUaWiRQ 

SURhibiWiYe

1-ton chlorine gas c\linders

1-ton chlorine gas c\linders

Note: scales used to weigh c\linders (to tell when the\ are empt\)

150-lbs chlorine gas c\linders

Chain to 
secure tank 
in place

Spare tank 
on hand

Tanks 
clearl\ 
marked

CKORUDPLQHV
� ChORUiQe + aPPRQia = chORUaPiQaWiRQ
� TZR adYaQWageV WR UegXOaU chORUiQaWiRQ:

± SURdXce a ORQgeU OaVWiQg chORUiQe UeVidXaO (heOSfXO WR 
V\VWePV ZiWh e[WeQViYe diVWUibXWiRQ V\VWePV)

± Pa\ SURdXce feZeU b\-SURdXcWV deSeQdiQg RQ Whe 
aSSOicaWiRQ

� DiVadYaQWage:
± Need a ORW Rf cRQWacW WiPe WR achieYe CTV cRPSaUed 

WR fUee chORUiQe (300 WiPeV PRUe) Zhich iV Zh\ QRW 
XVed fRU SUiPaU\ diViQfecWiRQ

± ReTXiUeV VSecific UaWiR Rf chORUiQe WR aPPRQia RU eOVe 
SRWeQWiaO ZaWeU TXaOiW\ SURbOePV

Ammonia for making chloramines

ϵ1 ϵ2

ϵ3 ϵ4

ϵ5 ϵ6
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O]RQH

� CRORUOeVV gaV (O3)
� SWURQgeVW Rf Whe cRPPRQ diViQfecWiQg ageQWV
� AOVR XVed fRU cRQWURO Rf WaVWe aQd RdRU
� E[WUePeO\ UQVWabOe; MXVW be geQeUaWed RQ-ViWe
� MaQXfacWXUed b\ SaVViQg aiU RU R[\geQ WhURXgh 

WZR eOecWURdeV ZiWh high, aOWeUQaWiQg SRWeQWiaO 
diffeUeQce

Large water s\stem o]one

Large water s\stem o]one

O]one contactors

O]one is to reactive to store, so 
liquid o[\gen is used for making 
o]one

O]RQH DGYDQWDJHV

� ShRUW UeacWiRQ WiPe eQabOeV PicURbeV (iQcOXdiQg 
YiUXVeV) WR be kiOOed ZiWhiQ a feZ VecRQdV

� RePRYeV cRORU, WaVWe, aQd RdRU caXViQg 
cRPSRXQdV

� O[idi]eV iURQ aQd PaQgaQeVe
� DeVWUR\V VRPe aOgaO WR[iQV
� DReV QRW SURdXce haORgeQaWed DBPV

ϵ7 ϵϴ

ϵϵ 100

101 102
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O]RQH GLVDGYDQWDJHV

� OYeUfeed RU Oeak caQ be daQgeURXV
� CRVW iV high cRPSaUed ZiWh chORUiQaWiRQ
� IQVWaOOaWiRQ caQ be cRPSOicaWed
� O]RQe-deVWUR\iQg deYice iV Qeeded aW Whe 

e[haXVW Rf Whe R]RQe-UeacWRU WR SUeYeQW VPRg-
SURdXciQg gaV fURP eQWeUiQg Whe aWPRVSheUe 
aQd fiUe ha]aUdV

O]RQH GLVDGYDQWDJHV (FRQWLQXHG)

� Ma\ SURdXce XQdeViUabOe bURPiQaWed 
b\SURdXcWV iQ VRXUce ZaWeUV cRQWaiQiQg bURPide

� NR UeVidXaO effecW iV SUeVeQW iQ Whe diVWUibXWiRQ 
V\VWeP, WhXV SRVWchORUiQaWiRQ iV UeTXiUed

� MXch OeVV VROXbOe iQ ZaWeU WhaQ chORUiQe; WhXV 
VSeciaO Pi[iQg deYiceV aUe QeceVVaU\

CKORULQH GLR[LGH
AGYDQWDJHV
� MRUe effecWiYe WhaQ chORUiQe aQd chORUaPiQeV fRU 

iQacWiYaWiRQ Rf YiUXVeV, CU\SWRVSRUidiXP, aQd GiaUdia
� O[idi]eV iURQ, PaQgaQeVe, aQd VXOfideV
� Ma\ eQhaQce Whe cOaUificaWiRQ SURceVV
� CRQWUROV T&O UeVXOWiQg fURP aOgae aQd deca\iQg 

YegeWaWiRQ, aV ZeOO aV SheQROic cRPSRXQdV
� UQdeU SURSeU geQeUaWiRQ cRQdiWiRQV haORgeQ-VXbVWiWXWed 

DBPV aUe QRW fRUPed
� EaV\ WR geQeUaWe
� PURYideV UeVidXaO

CKORULQH GLR[LGH (FRQWLQXHG)

DLVDGYDQWDJHV
� FRUPV Whe DBP chORUiWe
� CRVWV aVVRciaWed ZiWh WUaiQiQg, VaPSOiQg, aQd OabRUaWRU\ 

WeVWiQg fRU chORUiWe aQd chORUaWe aUe high
� ETXiSPeQW iV W\SicaOO\ UeQWed, aQd Whe cRVW Rf Whe VRdiXP 

chORUiWe iV high
� E[SORViYe, VR iW PXVW be geQeUaWed RQ-ViWe
� DecRPSRVeV iQ VXQOighW
� CaQ Oead WR SURdXcWiRQ QR[iRXV RdRUV iQ VRPe V\VWePV.

N6F/AN6I 6WDQGDUG 60

� AddUeVVeV Whe heaOWh effecWV iPSOicaWiRQV Rf 
WUeaWPeQW chePicaOV aQd UeOaWed iPSXUiWieV.

� The WZR SUiQciSaO TXeVWiRQV addUeVVed aUe:
± IV Whe chePicaO Vafe aW Whe Pa[iPXP dRVe, aQd
± AUe iPSXUiWieV beORZ Whe Pa[iPXP acceSWabOe OeYeOV?

NSF approved sodium h\pochlorite

103 104

105 106

107 10ϴ
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DLVLQIHFWLRQ RHTXLUHPHQWV IRU 
6XUIDFH :DWHU
� SXUface WaWeU TUeaWPeQW RXOe (SWTR) UeTXiUeV 

3-ORg UedXcWiRQ Rf GiaUdia XViQg a cRPbiQaWiRQ Rf 
GLVLQIHFWLRQ aQd ILOWUDWLRQ

� 2.0 WR 2.5-ORg UePRYaO iV achieYed WhURXgh 
ILOWUDWLRQ

� 0.5 WR 1.0-ORg iQacWiYaWiRQ iV achieYed WhURXgh 
GLVLQIHFWLRQ

� DeWeUPiQeV Zhich cROXPQ Rf EPA WabOeV XVed WR 
caOcXOaWe CTV (0.5 RU 1.0-ORg)

:KDW DUH C7¶V?

� IW¶V a Za\ WR deWeUPiQe if diViQfecWiRQ iV adeTXaWe

� C7 = ChORUiQe CRQceQWUaWiRQ [ CRQWacW 7iPe

� DR QRW cRQfXVe ³CT´ aQd ³CRQWacW TiPe´

HRZ GR ZH FDOFXODWH C7¶V?

� We XVe Whe EPA WabOeV WR deWeUPiQe Whe CTV 
Qeeded WR iQacWiYaWe GiaUdia (CTUeTXiUed)
± We Qeed WR kQRZ SH, WePSeUaWXUe, aQd fUee chORUiQe 

UeVidXaO aW Whe fiUVW XVeU iQ RUdeU WR XVe Whe EPA 
WabOeV.

� TheQ Ze cRPSaUe WhaW ZiWh Whe CTV achieYed iQ 
RXU ZaWeU V\VWeP (CTacWXaO)

� CTacWXaO PXVW be eTXaO WR RU gUeaWeU WhaQ 
CTUeTXiUed

7UDFHU 6WXGLHV DQG CRQWDFW 7LPH:
� UVed WR deWeUPiQe cRQWacW WiPe (T) Zhich iV XVed iQ 

caOcXOaWiQg CT¶V

� DeWeUPiQeV Whe WiPe WhaW chORUiQe iV iQ cRQWacW ZiWh Whe 
ZaWeU fURP Whe SRiQW Rf iQjecWiRQ WR Whe SRiQW ZheUe iW iV 
PeaVXUed (VRPeWiPeV UefeUUed WR aV Whe ³CT VegPeQW´)

� Ma\ be aW RU befRUe Whe 1VW XVeU
� Ma\ be PRUe WhaQ RQe CT VegPeQW

� EVWiPaWeV Rf cRQWacW WiPe aUe QRW aOORZed fRU caOcXOaWiQg 
CT¶V fRU VXUface ZaWeU!
± The degUee Rf VhRUW-ciUcXiWiQg iV RQl\ aSSUR[imaWel\ kQRZQ 

XQWil a WUaceU VWXd\ iV cRQdXcWed.

WKaW HIIHFWV VKRUW-FLUFXLWLQJ?
1) FORZ UaWH
2) FORZ SaWK

10ϵ 110

111 112

113 114
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BUeiWeQbXVh RiYeU 

Macke\ CUeek (gUaYiW\ fORZ WR SOaQW) 

36,000 g 
UaZ ZaWeU 
WaQk 

4,000 g UaZ ZaWeU WaQk 

SORZ VaQd 
fiOWeU 
CeOO #1 

SORZ VaQd 
fiOWeU 
CeOO #2 

210,000 g 
cOeaUZeOO/UeVeUYRiU 

DiVWUibXWiRQ V\VWeP 

CO UeVidXaO, SH, WePS, fORZ 

RaZ NTU 

SRdiXP h\SRchORUiWe 
FORZ, NTU 

IQWake/SXPS VWaWiRQ 

25hS 
bRRVWeU 
SXPS 

The CT segment is 
from where chlorine is 
added here:

 

BUeiWeQbXVh RiYeU 

Macke\ CUeek (gUaYiW\ fORZ WR SOaQW) 

36,000 g 
UaZ ZaWeU 
WaQk 

4,000 g UaZ ZaWeU WaQk 

SORZ VaQd 
fiOWeU 
CeOO #1 

SORZ VaQd 
fiOWeU 
CeOO #2 

210,000 g 
cOeaUZeOO/UeVeUYRiU 

DiVWUibXWiRQ V\VWeP 

CO UeVidXaO, SH, WePS, fORZ 

RaZ NTU 

SRdiXP h\SRchORUiWe 
FORZ, NTU 

IQWake/SXPS VWaWiRQ 

25hS 
bRRVWeU 
SXPS 

Thru the clearwell, 
to where chlorine 
residual is measured 
here:

 

BUeiWeQbXVh RiYeU 

Macke\ CUeek (gUaYiW\ fORZ WR SOaQW) 

36,000 g 
UaZ ZaWeU 
WaQk 

4,000 g UaZ ZaWeU WaQk 

SORZ VaQd 
fiOWeU 
CeOO #1 

SORZ VaQd 
fiOWeU 
CeOO #2 

210,000 g 
cOeaUZeOO/UeVeUYRiU 

DiVWUibXWiRQ V\VWeP 

CO UeVidXaO, SH, WePS, fORZ 

RaZ NTU 

SRdiXP h\SRchORUiWe 
FORZ, NTU 

IQWake/SXPS VWaWiRQ 

25hS 
bRRVWeU 
SXPS 

So if we were conducting a tracer 
stud\, this is the segment we would 
be looking at and determining the 
contact time T for.

7UDFHU VWXGLHV (FRQWLQXHG):

� DiffeUeQW PeWhRdV:
1. If ZaWeU iV SXPSed fURP Whe cOeaUZeOO aW diffeUeQW UaWeV 

deSeQdiQg RQ WiPe Rf \eaU, dR WUaceU VWXd\ aW each Rf 
WhRVe fORZ UaWeV

2. DR aW W\SicaO ZiQWeU/VXPPeU Seak hRXU dePaQd fORZV
3. OWheUZiVe XVe ³ZRUVW-caVe VceQaUiR´ SaUaPeWeUV:

� HigheVW fORZ UaWe RXW Rf cOeaUZeOO (cRQdXcW dXUiQg 
Seak hRXU RU cRQdiWiRQV WhaW ViPXOaWe e.g. RSeQ a 
h\dUaQW)

� KeeS fORZ UaWe cRQVWaQW
� KeeS cOeaUZeOO ZaWeU OeYeO cORVe WR QRUPaO 

PiQiPXP RSeUaWiQg OeYeO

7UDFHU VWXGLHV (FRQWLQXHG):

� MXVW UedR if Seak hRXU dePaQd fORZ iQcUeaVeV 
PRUe WhaQ 10% Rf Whe Pa[iPXP fORZ XVed 
dXUiQg Whe WUaceU VWXd\

� CRPPXQiW\ ZaWeU V\VWePV ZiWh SRSXOaWiRQV 
<10,000 aQd QRQ-SURfiW QRQ-cRPPXQiW\ V\VWePV 
caQ XVe Whe ciUcXiW UideU WR SeUfRUP a WUaceU VWXd\

� MXVW VXbPiW a SURSRVaO WR DWS fRU aSSURYaO 
SUiRU WR cRQdXcWiQg Whe WUaceU VWXd\ (eYeQ if XViQg 
Whe ciUcXiW UideU).

115 116
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E[HUFLVH #1

� 7UDFHU VWXGLHV

E[HUFLVH #1: TUaFHU VWXGLHV
DLUHFWLRQV:  Look at the diagram and answer the questions.  
FLJXUH 1: WaWHU TUHaWPHQW POaQW 

SPiWh 
CUeek

SORZ VaQd 
fiOWeU #1

SORZ VaQd 
fiOWeU #2

ReVeUYRiU

75,000 gaO.

COeaUZeOO 220,000 gaO

ChORUiQe iQjecWiRQ

TR diVWUibXWiRQ

NTU, fORZ

NTU NTU

FORZ

16.1¶ Pa[ YROXPe

10.5¶ PiQ YROXPe

FORZ cRQWURO 
YaOYe: 270 
gSP Pa[

TZR hRXVeV

QXHVWLRQV:
�If this was \our treatment plant, highlight the part of the plant where \ou might conduct a tracer stud\.
�In a ³worst-case scenario´ tracer stud\, what would the flow rate be?
�In a ³worst-case scenario´ tracer stud\, what would the clearwell level be?

E[HUFLVH #1: TUaFHU VWXGLHV
DLUHFWLRQV:  Look at the diagram and answer the questions.  
FLJXUH 1: WaWHU TUHaWPHQW POaQW 

SPiWh 
CUeek

SORZ VaQd 
fiOWeU #1

SORZ VaQd 
fiOWeU #2

ReVeUYRiU

75,000 gaO.

COeaUZeOO 220,000 gaO

ChORUiQe iQjecWiRQ

TR diVWUibXWiRQ

NTU, fORZ

NTU NTU

FORZ

16.1¶ Pa[ YROXPe

10.5¶ PiQ YROXPe

FORZ cRQWURO 
YaOYe: 270 
gSP Pa[

TZR hRXVeV

QXHVWLRQV:
�If this was \our treatment plant, highlight the part of the plant where \ou might conduct a tracer stud\.
�In a ³worst-case scenario´ tracer stud\, what would the flow rate be?
�In a ³worst-case scenario´ tracer stud\, what would the clearwell level be?

E[HUFLVH #1: TUaFHU VWXGLHV
DLUHFWLRQV:  Look at the diagram and answer the questions.  
FLJXUH 1: WaWHU TUHaWPHQW POaQW 

SPiWh 
CUeek

SORZ VaQd 
fiOWeU #1

SORZ VaQd 
fiOWeU #2

ReVeUYRiU

75,000 gaO.

COeaUZeOO 220,000 gaO

ChORUiQe iQjecWiRQ

TR diVWUibXWiRQ

NTU, fORZ

NTU NTU

FORZ

16.1¶ Pa[ YROXPe

10.5¶ PiQ YROXPe

FORZ cRQWURO 
YaOYe: 270 
gSP Pa[

TZR hRXVeV

QXHVWLRQV:
�If this was \our treatment plant, highlight the part of the plant where \ou might conduct a tracer stud\.
�In a ³worst-case scenario´ tracer stud\, what would the flow rate be? 270 JSP
�In a ³worst-case scenario´ tracer stud\, what would the clearwell level be? 10.5 IHHW

HRZ LQIR IURP WUDFHU VWXG\ LV 
XVHG WR FDOFXODWH C7V
� UVe Whe WiPe T fURP Whe WUaceU VWXd\ RQ Whe 

PRQWhO\ UeSRUWiQg fRUP iQ Whe ³CRQWacW WiPe 
(PiQ)´ cROXPQ
± UVe Whe VPaOOeVW T (higheVW fORZ) if Whe WUaceU VWXd\ 

ZaV dRQe aW PXOWiSOe fORZ UaWeV
� ThiV Pa\ QRW be \RXU e[acW WiPe, bXW iW 

UeSUeVeQWV \RXU ZRUVW caVe (aV ORQg aV Whe Seak 
fORZ iV OeVV aQd cOeaUZeOO YROXPe iV PRUe WhaQ 
Whe\ ZeUe aW Whe WiPe Rf Whe WUaceU VWXd\)

HRZ LQIR IURP WUDFHU VWXG\ LV 
XVHG WR FDOFXODWH C7V (FRQW.)
� OU, RQce \RX kQRZ Whe WiPe T fURP Whe WUaceU VWXd\, \RX 

caQ back-caOcXOaWe WR deWeUPiQe Whe baffOiQg facWRU Rf Whe 
cOeaUZeOO

� BaffOiQg facWRU (%) = TiPe (PiQ) [ FORZ DXUiQg TUaceU SWXd\ (gSP)
COeaUZeOO VROXPe DXUiQg TUaceU SWXd\ (gaO)

� T caQ be adjXVWed baVed RQ fORZ (aW <110%) ZiWh Whe 
fROORZiQg eTXaWiRQ:

� T = CXUUeQW cOeaUZeOO VROXPe (gaO) [ BaffOiQg FacWRU (%)
Peak HRXUO\ DePaQd FORZ (gSP)

� If WUaceU VWXd\ iQcOXdeV SiSeOiQe VegPeQWV RU PXOWiSOe 
WaQkV, cRQWacW Whe VWaWe fRU gXidaQce RQ XViQg baffOiQg 
facWRUV

121 122
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IPSDFW RI FKORULQH DQG R]RQH RQ 
RUJDQLFV
� DiViQfecWaQWV caQ UeacW ZiWh RUgaQicV WR fRUP 

diViQfecWiRQ b\SURdXcWV
± ChORUiQe: TTHMV & HAA5V
± O]RQe: BURPaWe

� PUe-chORUiQaWiRQ
� TOC

OPERA7ION6

OYHUYLHZ
� PURSeU iQVWUXPeQW VaPSOiQg ORcaWiRQV
� PURSeU WUeaWPeQW SOaQW VaPSOiQg ORcaWiRQV

± TXUbidiW\
± ChORUiQe UeVidXaO
± TOC

� IQVWUXPeQW caOibUaWiRQ
± TXUbidiPeWeUV
± ChORUiQe aQaO\]eUV
± ChePicaO feed SXPSV

� OSeUaWiRQV & MaiQWeQaQce MaQXaOV

PURSHU LQVWUXPHQW VDPSOLQJ ORFDWLRQ
� DaWa SURYided b\ iQVWUXPeQWV SURYideV Whe baViV fRU 

aVVeVViQg ZaWeU TXaOiW\ ± iPSRUWaQW WR geW iW UighW!

� CRPPRQ SURbOePV
± SaPSOiQg ORcaWiRQ
± MeaVXUePeQW WechQiTXeV
± CaOibUaWiRQ fUeTXeQc\ aQd aSSURach

� PRVVibOe VROXWiRQV
± Ma\ UeTXiUe iQYeVWigaWiRQV (VSeciaO VWXdieV)
± MRdificaWiRQV WR VaPSOe OiQeV
± EVWabOiVh gXideOiQeV RQ VaPSOe OiQe cOeaQiQg
± EVWabOiVh caOibUaWiRQ SURcedXUe

PURSHU WUHDWPHQW SODQW VDPSOLQJ 
ORFDWLRQV: 7XUELGLW\
� RaZ WXUbidiW\

± ASSOieV WR aOO SW V\VWePV
± LRcaWiRQ: SUe-WUeaWPeQW
± FUeTXeQc\: QR UegXOaWRU\ UeTXiUePeQW bXW Qeed WR 

kQRZ fRU SURSeU WUeaWPeQW SOaQW RSeUaWiRQ
� IQdiYidXaO fiOWeU effOXeQW (IFE) WXUbidiW\

± CF, DF & PePbUaQeV RQO\
± LRcaWiRQ: afWeU each iQdiYidXaO fiOWeU
± FUeTXeQc\: cRQWiQXRXV (eYeU\ 15 PiQXWeV)
± KQRZ ZhaW Whe WUiggeUV aUe!

IFE 7ULJJHUV (CRQYHQWLRQDO/DLUHFW)
± ReSRUW Whe fROORZiQg eYeQWV iPPediaWeO\ aQd cRQdXcW a 

fiOWeU SURfiOe ZiWhiQ 7 da\V (if QR RbYiRXV UeaVRQ e[iVWV) if 
Whe IFE WXUbidiW\ iV:

� > 1.0 NTU iQ 2 cRQVecXWiYe 15-PiQ UeadiQgV
� > 0.5 NTU iQ 2 cRQVecXWiYe 15-PiQ UeadiQgV ZiWhiQ 4 hRXUV Rf 

beiQg backZaVhed RU WakeQ Rff-OiQe 
± ReSRUW Whe fROORZiQg eYeQWV aQd cRQdXcW a fiOWeU VeOf 

aVVeVVPeQW ZiWhiQ 14 da\V if Whe IFE WXUbidiW\ iV:
� > 1.0 NTU iQ 2 cRQVecXWiYe 15-PiQ UeadiQgV aW aQ\ WiPe iQ each Rf 

2 cRQVecXWiYe PRQWhV.

± A CPE PXVW be dRQe ZiWhiQ 30 da\V if Whe IFE WXUbidiW\ iV:
� > 2.0 NTU iQ 2 cRQVecXWiYe 15-PiQ UeadiQgV aW aQ\ WiPe iQ each Rf 

2 cRQVecXWiYe PRQWhV.
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PURSHU WUHDWPHQW SODQW VDPSOLQJ 
ORFDWLRQV: 7XUELGLW\ (FRQW.)
� CRPbiQed fiOWeU effOXeQW (CFE) WXUbidiW\

± ASSOieV WR aOO SW V\VWePV
± LRcaWiRQ: SRVW aOO fiOWUaWiRQ SUiRU WR chePicaO addiWiRQ 

aQd aQ\ VWRUage
± FUeTXeQc\: 

� CF/DF > 3,300 SRS. ± cRQWiQXRXV
� CF/DF � 3,300 SRS. ± eYeU\ 4 hUV
� AOWeUQaWiYe - daiO\

PURSHU WUHDWPHQW SODQW VDPSOLQJ 
ORFDWLRQV: CKORULQH UHVLGXDO
� LRcaWiRQ: eQWU\ SRiQW (EP) WR Whe V\VWeP

± EP = SRVW cOeaUZeOO, aW RU befRUe 1VW XVeU
� FUeTXeQc\

± CRQWiQXRXV > 3,300 SRSXOaWiRQ
± 1-4[/da\ fRU � 3,300 SRSXOaWiRQ

� MXVW PaiQWaiQ PiQiPXP 0.2 SSP aW aOO WiPeV

PURSHU WUHDWPHQW SODQW VDPSOLQJ 
ORFDWLRQV: 7RWDO RUJDQLF FDUERQ 
(7OC)
� ASSOicabiOiW\

± CF (2.5-ORg SOaQWV): UeTXiUed UaZ TOC & aOkaOiQiW\ aQd 
fiOWeUed TOC

± AOO RWheUV: UaZ TOC UeTXiUed WR TXaOif\ fRU DBP 
PRQiWRUiQg UedXcWiRQ (>500 SRSXOaWiRQ)

� FUeTXeQc\
± MRQWhO\; Pa\ be UedXced WR QXaUWeUO\ if fiOWeUed TOC 

iV <2.0 SSP fRU 2 \eaUV, RU <1.0 SSP fRU 1 \eaU
± QXaUWeUO\ if DBP UedXcWiRQ iV gUaQWed

PURSHU WUHDWPHQW SODQW VDPSOLQJ 
ORFDWLRQV: 7RWDO RUJDQLF FDUERQ 
(7OC) (FRQW.)
� LRcaWiRQ

± RaZ TOC & aOkaOiQiW\: SUe-WUeaWPeQW
± FiOWeUed TOC: CFE SUiRU WR chePicaO 

addiWiRQ/diViQfecWiRQ
� <2.0 SSP fRU 2 \eaUV, RU
� <1.0 SSP fRU 1 \eaU

Coagulant
Chlorine

E[HUFLVH #2

� PURSeU VaPSOiQg ORcaWiRQV fRU WXUbidiW\, chORUiQe 
UeVidXaO, aQd TOC
± WRUk iQ gURXSV WR deWeUPiQe SURSeU VaPSOiQg 

ORcaWiRQV RQ WTP diagUaPV

E[HUFLVH #2: PURSHU VDPSOLQJ ORFDWLRQV LQ D WUHDWPHQW SODQW IRU WXUELGLW\, FKORULQH UHVLGXDO, DQG 
TOC 

SRXUFH ZDWHU 

FORFFXODWLRQ 
BDVLQ 

SHGLPHQWDWLRQ 
BDVLQV 

 

RDSLG PL[ 

SRGLXP K\SRFKORULWH 
AOXP 
PRO\PHU FDSDELOLW\ 

FORZ 

TUDQVIHU SXPS (XS WR ILOWHUV) 
FORZ 

SRGLXP K\SRFKORULWH 
PRO\PHU FDSDELOLW\ 
AOXP FDSDELOLW\ WR UHFUHDWH IORF 
LI QHHGHG 

RDSLG 
VDQG 
ILOWHU #1 

RDSLG 
VDQG 
ILOWHU #2 

5 MG COHDUZHOO 

SRGLXP K\SRFKORULWH FDSDELOLW\ 

BDFNZDVK 
VHWWOLQJ 
ODJRRQ 

TR GLVWULEXWLRQ V\VWHP 
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E[HUFLVH #2: PURSHU VDPSOLQJ ORFDWLRQV LQ D WUHDWPHQW SODQW IRU WXUELGLW\, FKORULQH UHVLGXDO, DQG 
TOC 

SRXUFH ZDWHU 

FORFFXODWLRQ 
BDVLQ 

SHGLPHQWDWLRQ 
BDVLQV 

 

RDSLG PL[ 

SRGLXP K\SRFKORULWH 
AOXP 
PRO\PHU FDSDELOLW\ 

FORZ 

TUDQVIHU SXPS (XS WR ILOWHUV) 
FORZ 

SRGLXP K\SRFKORULWH 
PRO\PHU FDSDELOLW\ 
AOXP FDSDELOLW\ WR UHFUHDWH IORF 
LI QHHGHG 

RDSLG 
VDQG 
ILOWHU #1 

RDSLG 
VDQG 
ILOWHU #2 

5 MG COHDUZHOO 

SRGLXP K\SRFKORULWH FDSDELOLW\ 

BDFNZDVK 
VHWWOLQJ 
ODJRRQ 

TR GLVWULEXWLRQ V\VWHP 

RDZ WXUELGLW\, UDZ TOC & DONDOLQLW\ 

IFE WXUELGLW\ IFE WXUELGLW\ 

CFE WXUELGLW\, ILOWHUHG TOC 

CKORULQH UHVLGXDO 

 

SRdiXP h\SRchORUiWe 

SRda aVh 

1400 gaOORQ 
bXffeU WaQk (ZeW 
ZeOO fRU bRRVWeU 
SXPSV) 

(2) 15 hS YaUiabOe 
VSeed VT bRRVWeU 
SXPSV 

(2) 5 hS VT 
bRRVWeU SXPSV 
Oead/Oag, 250 
gSP each 

BaVkeW VWUaiQeU Z/ aXWR backZaVh 

12´ SiSe fURP UiYeU WR ZeW ZeOO 

72´ [ 150¶ SLSH XVHG IRU FRQWDFW WLPH 

FiOWeU Vkid 1: 
125 gSP Pa[ 

FiOWeU Vkid 2: 
125 gSP Pa[ 

FORZ 

FORZ 

TR diVWUibXWiRQ V\VWeP 

 

SRdiXP h\SRchORUiWe 

SRda aVh 

1400 gaOORQ 
bXffeU WaQk (ZeW 
ZeOO fRU bRRVWeU 
SXPSV) 

(2) 15 hS YaUiabOe 
VSeed VT bRRVWeU 
SXPSV 

(2) 5 hS VT 
bRRVWeU SXPSV 
Oead/Oag, 250 
gSP each 

BaVkeW VWUaiQeU Z/ aXWR backZaVh 

12´ SiSe fURP UiYeU WR ZeW ZeOO 

72´ [ 150¶ SLSH XVHG IRU FRQWDFW WLPH 

FiOWeU Vkid 1: 
125 gSP Pa[ 

FiOWeU Vkid 2: 
125 gSP Pa[ 

FORZ 

FORZ 

TR diVWUibXWiRQ V\VWeP 

RDZ WXUELGLW\, 
UDZ TOC & 
DONDOLQLW\ 

IFE WXUELGLW\ IFE WXUELGLW\ 

CFE WXUELGLW\, ILOWHUHG TOC 

CKORULQH UHVLGXDO 

IQVWUXPHQW FDOLEUDWLRQ

� TXUbidiPeWeUV (RQOiQe, SRUWabOe RU beQchWRS)
± MXVW be caOibUaWed SeU PaQXfacWXUeU RU aW OeaVW 

TXaUWeUO\ ZiWh a SUiPaU\ VWaQdaUd
� FRUPa]iQ VROXWiRQ
� SWabOcaO (VWabiOi]ed fRUPa]iQ)

± SecRQdaU\ VWaQdaUdV XVed fRU da\-WR-da\ check
± Check iV XVed WR deWeUPiQe if caOibUaWiRQ ZiWh a 

SUiPaU\ VWaQdaUd iV QeceVVaU\
� GeOe[
� MaQXfacWXUeU SURYided (e.g. Hach ICE-PIC)

Portable turbidimeter

IQVWUXPHQW FDOLEUDWLRQ

� ChORUiQe aQaO\]eUV
± HaQdheOd

� FROORZ PaQXfacWXUeU¶V iQVWUXcWiRQV

± IQOiQe
� Check caOibUaWiRQ agaiQVW a haQdheOd WhaW haV beeQ 

caOibUaWed
� AW OeaVW ZeekO\
� FROORZ PaQXfacWXUeU¶V iQVWUXcWiRQV if RXW Rf caOibUaWiRQ

13ϵ 140
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Portable colorimeter

IQVWUXPHQW FDOLEUDWLRQ

� ChePicaO feed SXPSV
± CaOibUaWiRQ PeaVXUeV bRWh Whe VSeed aQd Whe VWURke 

(aPRXQW Rf chePicaO SXPSed) VR accXUaWe dRVageV 
caQ be caOcXOaWed

± CUeaWe a ³SXPS cXUYe´; 
� SeW Whe VWURke aW haOf Za\ SRiQW
� OQ a gUaSh, SORW VSeedV Rf 10% WR 100% RQ X a[iV
� PORW chePicaO RXWSXW aPRXQW RQ Y a[iV (PO/PiQ)
� RecRUd dUaZdRZQ iQ gUadXaWed c\OiQdeUV fRU 1 

PiQXWe

IQVWUXPHQW FDOLEUDWLRQ (FRQW.)

� ChePicaO feed SXPSV (cRQW.)
± PXPS cXUYe iV aQ iPSRUWaQW WRRO WR ideQWif\ ZheQ a 

SXPS Pa\ be iQ Qeed Rf PaiQWeQaQce RU UeSOacePeQW
± A VPRRWh SXPS cXUYe iV gRRd (VhRXOd fiW cORVe WR a 

VWUaighW OiQe)
± MXVW cRPSaUe iQfRUPaWiRQ aW YaU\iQg VSeedV WR be a 

fXOO SXPS caOibUaWiRQ SURceVV
± SXggeVWed fUeTXeQc\: QR OeVV WhaQ aQQXaO

Chemical feed pumps
E[HUFLVH #3

� CUeaWe a SXPS cXUYe XViQg Pade-XS daWa SRiQWV

� DLUHFWLRQV:  UVe Whe daWa SURYided iQ E[eUciVe 
#3 WR cUeaWe a SXPS cXUYe.  PXPS cXUYeV VhRXOd 
be VPRRWh aQd faiUO\ OiQeaU.  A bRXQciQg RU 
jagged SXPS cXUYe iQdicaWeV Whe SXPS QeedV 
PaiQWeQaQce.  MaiQWeQaQce Qeeded Pa\ iQcOXde 
cOeaQiQg, diaShUagP UeSOacePeQW aQd/RU VeaO 
UeSOacePeQW.  
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E[HUFLVH #3: CUHaWLQJ a FKHPLFaO IHHG SXPS FXUYH
DLUHFWLRQV:  Use the data provided in the e[amples below to create a pump curve.  Pump curves should be smooth and 
fairl\ linear.  A bouncing or jagged pump curve indicates the pump needs maintenance.  Maintenance needed ma\ include 
cleaning, diaphragm replacement and/or seal replacement.  

FHHG SXPS #1 SXPS FXUYH GaWa: 
Plot the data points on the graph.  Does the pump need maintenance?  

SHWWLQJ TLPH VROXPH FORZ RDWH
% SSHHG MLQXWHV PO PO/PLQ

10% 3 60 20
20% 3 360 120
30% 3 420 140
40% 3 810 270
50% 3 900 300
60% 1 450 450
70% 1 400 400
80% 1 525 525
90% 1 530 530

100% 1 575 575

E[HUFLVH #3: CUHaWLQJ a FKHPLFaO IHHG SXPS FXUYH
DLUHFWLRQV:  Use the data provided in the e[amples below to create a pump curve.  Pump curves should be smooth and 
fairl\ linear.  A bouncing or jagged pump curve indicates the pump needs maintenance.  Maintenance needed ma\ include 
cleaning, diaphragm replacement and/or seal replacement.  

FHHG SXPS #1 SXPS FXUYH GaWa: 
Plot the data points on the graph.  Does the pump need maintenance?  YHV (MaJJHG OLQH)

SHWWLQJ TLPH VROXPH FORZ RDWH
% SSHHG MLQXWHV PO PO/PLQ

10% 3 60 20
20% 3 360 120
30% 3 420 140
40% 3 810 270
50% 3 900 300
60% 1 450 450
70% 1 400 400
80% 1 525 525
90% 1 530 530

100% 1 575 575

FHHG SXPS #2 SXPS FXUYH GaWa: 
Plot the data points on the graph.  Does the pump need maintenance?  NR (VWUaLJKW-LVK, VPRRWK OLQH)

SHWWLQJ TLPH VROXPH FORZ RDWH
% SSHHG MLQXWHV PO PO/PLQ

10% 3 120 40
20% 3 270 90
30% 3 480 160
40% 3 690 230
50% 3 960 320
60% 1 400 400
70% 1 460 460
80% 1 500 500
90% 1 540 540

100% 1 560 560

BRQXV TXHVWLRQ:  Referring to feed pump #2 data above, if \ou normall\ have \our speed set at 50% in order to 
maintain 1 ppm of chemical, what speed do \ou need to change it to if \ou do a new pump curve and get the 
following results:

FHHG SXPS #2 NEW SXPS FXUYH GaWa
Answer:  60%

SHWWLQJ TLPH VROXPH FORZ RDWH
% SSHHG MLQXWHV PO PO/PLQ

10% 3 60 20
20% 3 120 40
30% 3 270 90
40% 3 480 160
50% 3 690 230
60% 1 320 320
70% 1 400 400
80% 1 460 460
90% 1 500 500

100% 1 540 540

LHVVRQV OHDUQHG IURP GDWD 
DVVHVVPHQWV GRQH LQ WKH SDVW
� CRPPRQ fiQdiQgV:

± MRVW V\VWePV haYe VRPe SURbOePV ZiWh Whe Za\ Whe\ 
PRQiWRU, UecRUd, aVVePbOe, aQd/RU UeSRUW daWa

± OSeUaWRUV dR QRW kQRZ Zhich daWa WR UeSRUW aQd 
Zhich WR e[cOXde

± OSeUaWRUV dR QRW kQRZ hRZ WR cRUUecWO\ XVe WheiU 
WUaceU VWXdieV/caOcXOaWe CTV

± MRVW V\VWeP PaQageUV aQd RSeUaWRUV aUe VXUSUiVed 
b\ ZhaW Whe\ fiQd RXW fURP a daWa aVVeVVPeQW

DDWD DVVHVVPHQWV (FRQW.)

� EYeQ aXWRPaWed V\VWePV UeTXiUe a 
kQRZOedgeabOe SeUVRQ WR cRUUecWO\ aVVePbOe 
daWa

� DaWa aVVeVVPeQWV RfWeQ XVed WR jXVWif\ 
iQYaOidaWiRQ Rf WXUbidiW\ daWa Zhich ZRXOd haYe 
WUiggeUed a CPE

� EffecWiYe RSWiPi]aWiRQ caQ RQO\ be achieYed 
ZheQ XViQg YaOid SeUfRUPaQce daWa
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HRZ FDQ RSHUDWRUV EHFRPH EHWWHU 
GDWD PDQDJHUV?
� Make daWa UeOiabiOiW\ a SOaQW gRaO
� OQO\ cROOecW daWa XVed fRU SURceVV cRQWURO RU 

cRPSOiaQce UeSRUWiQg
� EVWabOiVh SURWRcROV fRU cROOecWiRQ aQd UecRUdiQg 

Rf daWa
� EVWabOiVh a daWa YeUificaWiRQ SURceVV WhaW caQ be 

URXWiQeO\ XVed WR cRQfiUP daWa iQWegUiW\ 
� TXUQ daWa iQWR iQfRUPaWiRQ!

OSHUDWLRQV & MDLQWHQDQFH MDQXDO

KeeS ZUiWWeQ SURcedXUeV RQ:
� IQVWUXPeQW caOibUaWiRQ PeWhRdV aQd fUeTXeQc\
� DaWa haQdOiQg/UeSRUWiQg
� ChePicaO dRVage deWeUPiQaWiRQV
� FiOWeU RSeUaWiRQ aQd cOeaQiQg
� CT deWeUPiQaWiRQV
� ReVSRQdiQg WR abQRUPaO cRQdiWiRQV (ePeUgeQc\ 

UeVSRQVe SOaQ)

EQG RI PDUW 1

� 0.3 CEU ceUWificaWeV fRU PaUW 1 ZiOO be e-PaiOed WR 
\RX VRRQ.

� Make VXUe \RX VigQ XS fRU PaUW 2 WR UeceiYe aQ
addiWiRQaO 0.3 CEU ceUWificaWe.

� RegiVWeU XQdeU ³FUee TUaiQiQg ReVRXUceV´ aW 
ZZZ.heaOWhRUegRQ.RUg/VZW

� E-PaiO TXeVWiRQV WR: 
DWS.SXUfaceWaWeU@dhVRha.VWaWe.RU.XV
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