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Mc rhead Public Service

_:ase Study: Moorhead, MN
Ozone Water Treatment Plant

by Cliff McLain & Troy Hall
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abrought 988-1989

— Derzjle ‘mand 9.2 MGD
= HJr}E *Capacity: 9.0 MGD
:_—-m furce Capacity: 8.5 MGD

==z .1'986 Amendments to SDWA

-—':_.-—-'

— THMs
® Average: 55 ug/l
® Range: 6 - 180 ug/I



saErground; (contd) s

I9B6/Amendments to SDWA (cont'd)
— |u LrJJr

rage 0.2 -0.3

: _,_Eﬁ s .and odor problems

) ;ImItEd ground water supplies
— Slow decline in ground water levels
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REARIN Wa@@uahh]f

o Totel Ale |n|ty- AvVerage: 214 mg/L
=REnge: 80 - 289 mg/L as CaCo;

J rgrf ‘1—Iardness- Average: 286 mg/L
— ange 131 - 527 mg/L as CaCO,

_...-_-,_._.

= 1r*Calcmm Hardness- Average: 146 mg/L

—-—

~ —Range: 82 - 279 mg/L as CaCO;
® pH- Average: 8.20
—Range: 7.04 - 8.89
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REGETRI Wa@@uamiyh

o Turelel[sy Average 107 NTU
”’mr‘ 1.7 - 909 NTU

J r er,gja rature- Average: 52°F
o — Range: 32°F - 86°F

= tTotaI Organic Carbon- Avg.: 9.63 mg/L

_'-_

— Range: 5.59 - 19.20 mg/L

e Total Coliform- Avg.: 207 per 100 ml
— Range: 0 - 6800 per 100 m|



gpaisifor New Water Treatment

Plant

Mhchieasel capacity to 16 MGD
Lp) r)rOv“ \Water Quality

— Ee) er chlorinated by-products
_;_-.-““ wer turbidities

— o
=

. — - —
=
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__.'_.::_ - EI|m|nate taste & odor problems
= Increase use of surface water
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OZONE enerators —
(Fyo 4 und/dayu




PS/— — Stem. | T —

28Gns of oxygen/day) —
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WhyrOzoner .. «):‘
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] 'success with KMnO, and PAC for

OZ0N owerful oxidant for T&O reduction
y) OAe e effectlve disinfectant
" % Ozone: with chloramines = low THMs

T

= :'”P—HO’E study
— Effective reduction in THMs
— Effective taste & odor removal

® | ow electric rates in Moorhead
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OZOINETDC g&—«) “-;

SNOVENEll Dose

r\vemc ,: 4 99 mgy/L

“'mre 1.30 to 15.59 mg/L

) S Er Dose (June through August)

__.——.. ,....

_;;g_-;-: — Range 2 25 to 15.59 mg/L
" Winter Dose (December through February)

— Average: 2.23 mg/L
— Range: 1.30 to 4.80 mg/L
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EPETGY sag_e,@@zeneﬁ@ﬂ”

SNOZONE GEnNerators

— 424_;, -Ar per pound of ozone

J HSA "Stem for Oxygen

=0 _88 KW=hr per pound of ozone

= "f—GveraII Electrical Cost of Ozone Process

—

~ —$18,660 in 2003 (746,560 kW @ $0.025/kW)
— $51/day for 4.10 MG




|
¢

]

t‘%anes (ug/l)
||§

!l\'l l: |

T

W

d

of free chlorine

/

/

¥

00 000 0000020006 %0000 0060 00606900 00 00



hanes (ug/l)







__ ’uccesi"v\'/ith
Ozone & Chloramine
005 THM Levels
r\vemc e; 1.0 ug/I
PFfE_L,‘ O 6-1.6 ug/l
# 3 HAA Levels

_- ~—Average 5.0 ug/l

—Range: 3.5 - 6.2 ug/|

_0 Eliminate Taste & Odor Complaints




Succe

> Op"r]m]-/r:a.'l"‘ ace water sources
33 4 )F /0 Surface water

= ;eductlon In groundwater usage

— In eé sed ground water levels
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OZpIE System, Operat

) . u‘-‘:-
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SNO70NE “"tactorSampIe Line Location
SNl € or (0
) Q/Q 2 Residual Monitoring

;r;;;_uc Re5|dual Present in Filter Influent
Durmg Winter Months.

e Bromate Formation
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O/oh'! ontactor S‘a%
.

|Qﬁdﬁin

=

Ioblem: Measured higher ozone residuals
25 O/Of contactor outlet than at the
ePNIiaCLor sample points.

= °50 dlution: Extend sample lines from
= ontactor wall out 18 inches.

i
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gigiControl .. - ——
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- et

SProblem: Unacceptable variation in pH and
oZONE fiesiduals. Ozone dosage is very
WEDE Sndant on pH.

=% 50 utlon Replaced in-contactor pH probe

_-f’\’zvlth a flow-thru pH probe and installed a

~ sample pipe cross. The new sample pipe
collects sample from a cross-section of the
contactor, rather than a single point.
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970N Residual Monitoringh

SNPIOBlem: Original design used one on-line
er]rJJ\/7° for each contactor effluent point.
1\ 2jelel; d to monitor two of the three
chiamber for CT credit.

=
T

’SBIutlon. Install an additional on-line
- 0zone analyzer and sample pump for each
contactor.
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Ozone Residual Present infEilter
IiFfiuent Durr@-‘-\Nmter onths.

J HJ’OJP 1: Ozone Present in Filter Inffluent
Brog J it Ozone into Filter Room.

RSO ion: Add Reducing Agent to Ozone
*__:__--”' uent to Neutralize Ozone in the Water.

_"J‘Calcmm Thiosulfate is Used as Reducing
‘Agent.




REGUEINC A‘g%* J«-"’

- — —

SAViter time operation only; ozone decays
sIBWErRandl higher ozone residuals (CT)
alie rec uired.

BIReducing agent used to quench ozone
==t ssidual before filters.

= '; __-_onne analyzer in lab measures filter
Influent stream.

® Sodium Metabisulfite or Calcium
Thiosulfate used as reducing agent.



SronmEl Formajclon J*"""’

SPrOblem: Stage 1. L ECLANS aNE
DISIATECTON Byproduc ;S Rule MCL of 0.010
lu/l :unnmg annual average. Summer
grzoNe doses produce bromate

_d0]] jcentrations greater than 10 ug/I.

== % Splution: Reduce pH, move CO2 feed
~ point from middle chamber to first
chamber, feed CO2 through ozone
diffusers,and feed ammonia before ozone
contactor.
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Bromate Concentration vs, OzZone .
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DBSE (January 2002 to Present)
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Sioidte’Levels, (2002 te

Began

. :
Addition in —
- B _ Accelator
SR BN R T
;i Stopped
--'“""--‘ T FE p Ammonia
= Addition in ) AR
: ERIERRE R u Accelator
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SY/SteEn 'm13r _ygfnent-g}"

SNEaTIon Dioxide Control: Added Second pH
sontreller'and CO2 Control Valve.

o rJJ'ifJ Additional Ozone Residual
= = Ana yzers and Sample Pumps.

- eal time Calculation and Trending of Ozone
- Residual CT Value.




Carbc e ioxiggGOZ)J‘-"

SReparallel’ contact chambers for CO, and
sZONE addition.

2 Oper: ators had to control splitting CO, and
S 0zone dosages between the two
===—" ntactors

e Runnlng both contactors was very tricky in
past. Operators had to spend a lot of time
monitoring ozone and recarbonation
systems.




Carbc 1 ioxiggGOZ)J‘-"

ca}f- mependent pH control for each
ar* chamber in July 2003.

JDQ digital controller instead of analog.

= , is now fed with ozone through the
_ zone diffusers (better mixing and
bromate control).

e Results: Smoother plant startups/shut
downs, easier contactor startups.
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Real-Time Display Client - [TURBID TRENMDING]

=] File Edit %iew “Window Options Help - |ﬁ' |ﬂ
g EE® S 7
o0 PLANT TURBIDITIES o0 FILTER TURBIDITIES MAIN MENU
' ; TRENDING MEHU
0.an 0.an
0.20 0.20 T.IMEHS. 5
070 0.70 _ HLTER
0.60 0.60 fis F_:HEM'CI!-L_S "
050 0.50 DOSAGE
D."“I’D I:l.q'l:l [R— - - -
0.0 0.0 = - .C.I.w LEUELS
0.20 L e e T & e T S _RIWER CONTROL |
0.10 - .10 = EAST BOOSTERS |
o0 W R R o e el | EAsT BUOST
1] 2 12 16 20 1] 0 4 2 12 16 20 0 WESTEDDSTEHS ]
0:0: 0 0:0: 0 0:0:0 p; CHEMICAL FLOWS |
harch 3, 2003 warch 4, 2003 hbarch 3, 2003 harch 4, .' o WEST PLAH]—
PLANT TURBIDITIES PLANT PH VALUES  CHLORINEAMMON )
PLANT PH VALUES - e
1 RIVER 51.50  FIVER o | LEELEE f
S LEVELS FLOVYS |
» | | AccEAIeR | %9 BOOSTERTOWER|
CLEARMWWELL 0.04 .70 _ BIVER STATUS
o EASTRESERVOIR | 003  FILTERINFLUENT | @60  =-HR HR--=|
R Lo A mewd—|  FILTER TURBIDITIES ~ CLEARWELL am S iR
g | E ' | s : —— 216 HR - 1B HRES
| FILTER #1 0.03 E4ST RESERYOIR 9.40 <oy | Davs
. i) ; I T FILTER #zZ 0.03 ROSEMOIMT PH = WEEK, WWEEHK--=
i : 12 16 00 FILTER#3 0.04 1 HOUR SPAN
r:; DLDS 2003 harch 4D znnng 003 8 HOLIR SEAN
vy el oo B HOUR SPANS
_RIVER TURB. 1 DAY SPAN
ALARM | |[Cornected  [April 24, 2004 120031 AM



Real-Time Display Client - [03/CL2 TRENDING]

=] File Edit %iew “Window Options Help _|ﬁ'|ﬂ

N EBO & ;

030 LContact Chamber1] Contact Chamber 2| Ll gl
098 it L 1 - 1 R ' TRENDING MENU
016 |——e | SR S— : . . S TIMEHS
014 i T U S B e ) _FLTER
E:i 1 e i L B J ’ |:|12 ------------------------- T : Pt .- b I (;HEMIC“LS
.08 S N B R __ DOSAGES
0.0 | 008 Lodb i el e D O TANKS
004 e 1 [ | RWERCONTROL
d 4 : E 15 - 0 WEST BOOSTERS
rf,'ﬂ-rgiﬂ”& 200 RESIDUAL IH PPM P Eﬂnhg rgﬁ: riﬂnz. s RESIDUAL IH PPM e f:ﬁﬂmmm FLOWS |
WEST PLANT |
CHLORINE/AMMON

CT Values CELL D high | 0.000 CELL D hizh 0070 BOOSTERTOWER

58 CELL F high 0.000 CELL F high (0046  LEVELSFLOWS

a0 R T T U D [ e R e e |
CELL D high (Backup) | 0.000 CELL D high (Backup) | 0.080 PHRHIBI

28 | T it I (A e e et S RIVER STATUS

20 | =HR__| _ HR->»
Filter Influent Cehis. | 0,00 « & HR 5 HR--=

1] d a 12 16 20 1]
0:

Ozone Chamber 1 nﬂ.r'est]l; Ozone Chamber 2 (East)

15 -

10 ==

JMW Chamber Flowe | 0 Chamber Flow | 2721 =-16HR | 16HR-=

0.5 |- e e S VR | Required CT Vahe 054“ Raquired CT Vahe ﬂﬁ-f“] d“"D'ﬂ'x'I ] D'ﬂ"\f"b
o 5 . e [ e : — = WEEK | WWEEK--=
: Current CT Vahae 0.020 Cwrent CT Vahie B T 1 I ——

o 4 2 12 16 an B e : 1 HOLR SPAN
0:0: 0 LEVEL IH FEET 0:0:0 & HOUR SPAR
harch 3, 2003 hdarch <, 2= el e
CHAMBER #1 DOSE | 500  CHAMBER #2DOSE | ™ _TDAY SPAN

[ALARM | T e Cornected  |Bprl 23,2004 51356 PM



Real-Time Display Client - [TURBID TRENMDING]

=] File Edit %iew “Window Options Help - |ﬁ' |ﬂ
g EE® S ?
- PLANT TURBIDITIES o8 FILTER TURBIDITIES MAIN MENU
' ; TREHDING MENU
0.40 0.40
050 0.50 TIMERS
0.70 0.70 _ HLTER
0.60 0.60 fis F_:HEM'CI!-L_S "
0.50 0.50 DOSAGE
D."“I’D I:l.q'l:l 1 ————— - - -
0.0 0.30 § SRR i) sl _ CITY LEVELS
020 0.20 s SRR _RIVER CONTROL |
0.10 e = L 1| EASTBOOSTERS |
0.00 0.00 - : _ERS1 BULES T
18 22 2 i 10 14 18 18 22 2 B 10 14 13 WWEST BOOSTERS
18:0: 0 18:0:0  18:0:0 15: CHEMICAL FLOWS |
ol 22, 2004 forl 23, 2004 Aprl 22, 2004 fpril 23, .' = WEST PLANT
PLANT TURBIDITIES PLANT PH VALUES  CHLORINEAMMON |
PLANT PH VALUES - : —
12 FIER, 56.70 FEIVEE | 4.00 U-EUHEICT anUE
— LEVELSFLOWS |
’ _ aeamR | BW BOOSTERTOWER|
' CLEARMYELL 0.04 : 9.70 . HNEHSTATLIS ;
o EASTRESERVOR| 003 FLTERNFLUENT | 960 =-HR R
FILTER TURBIDITIES  CLEARWELL T o P v
0 | s e 21BHR [ 16HR-
FILTER: #1 | i l]l]3 " ELZT RESERNOIR i 94!] DAY DAY -]
Gl FILTER %2 0.03 ROSEMOLUMT PH 9.51 =-WEEK, _: WWEEK =
13 12 2 f 10 14 18 FILTER #3 | o3 1 HOUR SPAN
EFES 2004 fril 2138 :znnijg 003 8 HOLIR SPAR
n . n . | = |
! _RIVER TURB. 1 DAY SPAN

IALARM |

" Cormected  Bpril 23, 2004 5:24:24 PM




Real-Time Display Client - [03/CL2 TRENDING]

=] File Edit View ‘window DOptions Help = 7] x|
g @EE S 7
030 LContact Chamber1] Contact Chamber 2 Ll gl
AP N — - A I N TRENDING MENU
U | =t T S IR M Uels st
I e S SR Sk NP S T N _FLTER
S B v o1z | CHEMICALS
008 [ (R S S S oo Ry T I-" DOSAGES
1 ) S—— S oo | | ; | '?ﬂ“f  CITYTANKS
ol N N IR S I 004 | "'w"v'"" %\'q" M "*”W i : H’"*‘*MW RIVER CONTROL
.00 Ton | 'EAST BOOSTERS |
17 iy 1 5 9 13 17 17 71 1 5 g 13 17 WEST BOOSTERS
UGe el RESIDUAL IH PPM R 2% T RESIDUAL IH PPM

Ppnil 22, 2004 Ponil 23, 2004

Fforil 22, 2004

Ozone Chamber 1 (West)

CT Values CELL D high 0.000
35 T TR peesseses———
CELL F hizh 0.000
s e
CELL I high (Backup) | 0.000
e T B — _
0.000
20 |
15 | Filter Influent Otbis. | 0.00
1.0 Chamber Flow ; l]”
05 = Required CT Vahse 0.540
0.0 Curent CT Vahe -0.020
17 21 1 L L 13 17
17:0: 0 LEVEL IH FEET 17:0: 0
FApnl 22, 2004 April 23, Znnd i
CHAMBER #1 DOSE | 5.00

A LARM | Connected

il 23,

17: CHEMICAL FLOWS |
Aol 23, G :

WEST PLANT

Ozone Chamber 2 (East) CHLUH]HE."A.MMDH_!

CELL D hizh 0.080  BOOSTERTOWER
CELL F hizh 0.030 LEVELS/FLOWS
CELL D high (Backup) | 0.080 LRI AL,
RIVER STATUS

M e HR>

| =-BHR | EHR--=

Chamber Flow 2723 <-16HR | 16HR--=

SWWEEK | WWERK--=|

emCh R M jHolRsean |

____________ & HOUR SPAN |

CHAMBER #2 DOSE 00 1 DAY SPANE |

2004 52519 PM



PrZONEREsIdual Monit-@r:ing" -

PPErators adjust ozone dose, pH, and
WelEirlemperature (blend of river and
JroLs jdwater) to attain required CT value.

——8 On- [ine ozone analyzers measure ozone
-*"3"" sFESIduaIS In each contact chamber.

~  SCADA system calculates water
temperatures using ratio of river and
groundwater flows into the plant.




@Z011e Operation ——

SRENIVer temperature is' measured with a
gnEline analyzer and 50°F is used for
Jjour @water temperature.

5 =DA calculates the CT value.

-.._..,-.—-___

‘C1Ii values are added for the sampling
pomts

‘e Current calculated CT values are
compared to the required CT.

J
=

:
—
-
,‘
—
=



Real-Time Display Client - [03/CL2 TRENDING]

=] File Edit View ‘window DOptions Help = 7] x|
g @EE S 7
030 LContact Chamber1] Contact Chamber 2 Ll gl
AP N — - A I N TRENDING MENU
U | =t T S IR M Uels st
I e S SR Sk NP S T N _FLTER
S B v o1z | CHEMICALS
008 [ (R S S S oo Ry T I-" DOSAGES
1 ) S—— S oo | | ; | '?ﬂ“f  CITYTANKS
ol N N IR S I 004 | "'w"v'"" %\'q" M "*”W i : H’"*‘*MW RIVER CONTROL
.00 Ton | 'EAST BOOSTERS |
17 iy 1 5 9 13 17 17 71 1 5 g 13 17 WEST BOOSTERS
UGe el RESIDUAL IH PPM R 2% T RESIDUAL IH PPM

Ppnil 22, 2004 Ponil 23, 2004

Fforil 22, 2004

Ozone Chamber 1 (West)

CT Values CELL D high 0.000
35 T TR peesseses———
CELL F hizh 0.000
s e
CELL I high (Backup) | 0.000
e T B — _
0.000
20 |
15 | Filter Influent Otbis. | 0.00
1.0 Chamber Flow ; l]”
05 = Required CT Vahse 0.540
0.0 Curent CT Vahe -0.020
17 21 1 L L 13 17
17:0: 0 LEVEL IH FEET 17:0: 0
FApnl 22, 2004 April 23, Znnd i
CHAMBER #1 DOSE | 5.00

A LARM | Connected

il 23,

17: CHEMICAL FLOWS |
Aol 23, G :

WEST PLANT

Ozone Chamber 2 (East) CHLUH]HE."A.MMDH_!

CELL D hizh 0.080  BOOSTERTOWER
CELL F hizh 0.030 LEVELS/FLOWS
CELL D high (Backup) | 0.080 LRI AL,
RIVER STATUS

M e HR>

| =-BHR | EHR--=

Chamber Flow 2723 <-16HR | 16HR--=

SWWEEK | WWERK--=|

emCh R M jHolRsean |

____________ & HOUR SPAN |

CHAMBER #2 DOSE 00 1 DAY SPANE |

2004 52519 PM



il Real-Time Display Client - [DZ0ME SETUP]

=] File Edit %iew “Window Options Help - |ﬁ' |ﬂ
Vg TE@ & 2
MAIN MEHU
Signal | Chamber Fl Chamber Signal Totsl Plant FI River Temp. (F
(8[| amber Flowy amber Signals al Plant Flomwy iver Temp. (F TRENDING MENU
Contact Chamber 1 (Wiest) 1 ar4y 0 - Chamber Off 3743 a6 .4 WHT CHART MEHU
Cortact Chamber 2 (East) 0 0 T - &nly Chamber Running Combined Temp. (F) TIMERS
2 - Bath Chambers Running = FILTER
= CHEMICALS
Czone Monitaring Point signal | Ozone Reading Czone Monitar Signals e Ul ST el DOSAGES
Chamber 1 (Wiest) Cell Dhigh 1 0.090 0 - Mo Analyzer | 0510 RIVER CONTROL
Chamber 1 (Wiest) Cell Fhigh 4 0106 1 - Orbisphere (03 Room: | 0.090 Currert Chamber 1 CT ST B0 ERE
. 1170 WEST BOOSTERS
Chamber 1 (Weszt) Cell Dhigh Extra | 2 0,090 2 -InUza Analyzer 0.050 |
Chamber 1 (West) Cell Fhigh Extra | 3 0110 3 - Rosemourt #1 0110 Current Chamber 2 CT
Chamber 2 (East) Cell Dhigh 0 0.000 4 - Rosemourt #2 | -ua20 AU
BOOSTERTOWER
Chamber 2 (East) Cell Fhigh 0 0.000
amber 2 (East) Cell Fhig LEVELSFLOWS
Chamber 2 [East) Cell Dhigh Extra | 0 0000 TURBIDITY ! pH
Chamber 2 (East) Cell Fhigh Extra | 0 0.000 RIVER STATUS
=--HF HF--=
=8 HR & HR--=
CHAMBER #1 DOSE 500 - 46HR | 1B HR--=
CHAMBER #2 DOSE 500  =--DAY DAY --=
OZCNE ROCM o2 WEEK | WWEEK--2
1 HOUR: SPAN
03 RES. NEEDED [ oo 2 HOLR SPAN
CLRRENT CT
0.00 1 DAY SPAN
REQUIRED CT 0.2¢
ALARM Convected  |September 27, 2002 11:54:54 Ak






e Distribution & Sampling™
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- . e |
Regltime Calculation aﬁzlr%gﬁm_g.,
of OZo)gls ResME'éi—CT Vall
0 Fez)=d me calculation and! trending of CT value
(_ & Onc__; -__tration * time).

CT 'r':"” on EPA Tables: 0.5 log Giardia Cysts
fjr 612

' ‘* "PL.C programming is a conservative, linear

—
'lﬂ""
e V=,

= "calculatlon of required CT value for simplicity.

-—

® Temperature: Real-time river temperature and
fixed groundwater temperature.
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.{] Real-Time Display Client - [03/CL2 TRENDING]

=] File Edit %iew “Window Options Help - |ﬁ' |ﬂ
g DE@ S 2
020 Contact Chamber 1 Contact Chamber 2 A=
0 1z f.20 TRENDING MENU
0.1 o TIMERS
0.14 014 FILTER
o T .12 CHEMICALS
: wh i : 0.10
068 | WMWK | A 05 DOSAGES
' e | - k .
0.08 ﬂlﬁﬂ* ' = uf& TR wﬁ‘lh UW . CITY TANKS
EE: ] * ‘ﬁ I D0 RIVER CONTROL
.00 oog | EAST BOOSTERS
2 fi 10 14 13 i 2 2 & 10 14 18 25 1 WEST BOOSTERS
2:0:0 2:0:0
RESIDUAL IH PPM 2:0: 0 RESIDUAL IH PPM 2
September 27, 2002 September 22, 2003 September 27, 2003 . ?EII;IEMICAL FLOWS
WEST PLAWNT
Ozone Chamber 1 (West) Ozone Chamber 2 (East) CHLORINE/AMMON
CT Values CELL D high 0.050 CELL D hizh 0.000 BOOSTERTOWER
= CELL F high 0.086 CELL F hizh 0.000 LEVELS.FLOWS
3.0
CELL D high (Backup) | 0.060 CELL D high (Backup) | 0.000 TUREHDITY /pH
2.4 RIWER STATUS
- 0.086 o000 s
r Filter Influent Orbis. 0.02 = A HR & HR__=
1.0 W\w Chamber Flowy 3186 Chamber Flowy 0 =-16HR | 1E6HR--=
0.5 vm-'"ﬁ“wmﬁwﬁﬁﬂﬂ et 10 g 0.560 Fequired CT Vahe p.s60 DAY BlAiees
0.0 2 WEEK | WWEEK--=
o ; o » » » , Coment CT Vahe 0.970 Cumrent CT Vahe 0,020 1 HOLIR SPAN
:0:0 LEVEL IH FEET :0:0 & HOLUR SPAN
September 27, 2003 September 2%, Z0N%
CHAMBER #1 DOSE | 430  CHAMBER #2 DOSE 4.30 1 DAY SPAN

ALAR M Connected  |[October 2, 2003 4:10:40 Ak
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Jlnfititure, we illlinclude real-time CT
cgJquH r}r for chloramine disinfection in
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AN _l \WESTIGATION OF THE

IS1 Jr CTION BY-PRODUCT FORMATION
AND'REMOVAL AT THE MOORHEAD
,L\/ Al _ER TREATMENT PLANT
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Complete Oxidation

g
)]
E
&
O
=

- N
6)] N (&)}
| | |

— ¢ Influent TOC
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Task 3
Aldehyde Preduction
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Aldehyde Production
Vs Ozone Dose

& Zone 1 Production
1 Zone 2 Production
A Zone 3 Production

-
—~—
(o))
3
c
)
=
o
=)
T
o
S
o
Q
T
>
L
Q
T
<
©
i)
o
[t

N
o o
| |

)
o

o

Ozone Dose in Each Zone (mg/L)




. Formaldenyde
= REmoval

45

—«&— Contact Chamber Effluent
40 - ---[0- - - Filter Effluent

35

30

25

20

15

10

0
~
()
=
c
S
et
©
1S
=]
c
[}
Q
c
o]
(&)
Q
T
>
=
Q
3
©
£
S
LL

K|

[

- o o G o ;

54 . o ;o
' "‘EfziEtl“\ .o

[} ' .
; \ .' . " l. - .H 0 \ E
0 Q.l—lﬁl—ll—ll—l—l e =

08/02/00 08/22/00 09/11/00 10/01/00 10/21/00 11/10/00 11/30/00 12/20/00

Time




Acetaldenyde
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Butanal
Rémoval
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Glyoxal
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‘Methyl Glyoxal
Removal
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