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Zone 7 Water Agency - Ozone & Peroxone Pilot Testing
Results of 1st Round of Testing - June & July 2008

Ozone Residual (mg/L) at HRT (min) Past 1st Chamber cr MiB Geosmin

Test ID Contactor Water pH NH,CI H,0,:03 Dose 0 2 4 6 8 mg-min/L Influent  Effluent % Rem. Influent  Effluent % Rem. Bromide Bromate
Conventional Raw 7.0 0 0 2.0 0.77 037 0.14 0.06 0.07 0.83 9.4 3.8 60% 9 2.8 69% 658 20
3.0 1.38 035 0.56 0.36 0.90 281 9.4 3.0 68% 9 2.2 76% 651 35
4.0 191 1.23 1.08 0.69 0.53 4.58 9.4 2.0 79% 9 1 89% 604 49
6.5 0 0 21 0.87 0.86 0.13 011 0.06 151 9.4 3.4 64% 9 23 74% 612 14
31 221 1.78 0.75 0.88 0.93 5.65 42 6.6 84% 33 39 88% 661 25
4.0 3.25 2.49 1.68 153 1.41 9.24 42 4.4 90% 33 2.1 94% 562 52
8.7 0.75 0 2.0 0.60 0.22 0.14 0.08 0.06 0.64 42 16 62% 33 8 76% 726 23
9.0 0.75 0 3.0 135 0.51 0.14 017 0.18 1.30 42 7.5 82% 33 3 91% 675 51
9.2 0.75 0 4.0 1.90 0.79 0.33 0.20 0.14 1.89 42 4.7 89% 33 1 97% 676 78
Settled 6.0 0 0 0.43 0.24 0.20 0.11 0.11 0.09 0.66 38 26 32% 40 27 33% 632 25
1.0 0.70 0.50 0.31 0.27 0.18 1.63 38 22 42% 40 20 50% 606 2.5
15 135 1.02 0.71 0.60 0.50 3.68 43 27 37% 38 20 47% 606 2.5
6.7 0 0 0.52 0.21 0.08 0.05 0.03 0.01 0.22 38 30 21% 40 27 33% 689 25
1.0 0.79 0.41 0.30 0.23 0.17 1.44 38 24 37% 40 18 55% 660 7.8
5-1.5-0-A-0 15 135 0.83 0.62 0.57 0.41 3.15 38 17 55% 40 14 65% 587 17
5-0.5-0-A-0.75 6.6 0.75 0 0.50 0.22 0.21 0.11 0.11 0.12 0.73 43 27 37% 38 24 37% 664 25
$-1-0-A-0.75 1.0 0.63 0.40 0.26 021 0.17 1.36 43 27 37% 38 18 53% 659 25
S-1.5-0-A-0.75 1.5 1.06 1.03 0.60 0.52 0.41 3.33 43 24 44% 38 18 53% 680 2.5

Ozone Residual (mg/L) at HRT (min) from Ozone Injection cT MIB Geosmin

Test ID Contactor Water pH NH,CI H,0,:05 Dose 0 1 1.5 2.6 mg-min/L Influent  Effluent % Rem. Influent  Effluent % Rem. Bromide Bromate
Pipeline Raw 6.5 0 0 3.0 1.9 9.4 23 76% 9 1 89% 594 32
39 27 42 5.0 88% 33 1 97% 549 64
4.6 3.8 42 3.1 93% 33 2.3 93% 479 105
7.0 0 0 3.0 11 9.4 32 66% 9 21 77% 643 43
3.8 2.1 9.4 2.0 79% 9 1 89% 545 91
5.1 3.8 9.4 1.0 89% 9 1 89% 468 158
8.7 0.75 0 3.0 25 42 13 69% 33 6.2 81% 691 39
9.0 0.75 0 4.5 23 42 6.4 85% 33 23 93% 626 89
9.2 0.75 0 6.0 29 42 3.4 92% 33 1 97% 608 143
6.5 0 0.14 2.8 11 30 85 72% 19 4.5 76% 723 33
0.16 3.8 1.8 30 6.5 78% 19 2.7 86% 687 45
0.18 4.6 2.2 30 5.6 81% 19 2.2 88% 631 69
7.0 0 0.13 3.0 12 30 73 76% 19 39 79% 691 45
0.15 4.0 14 30 6.0 80% 19 2.8 85% 672 65
0.17 4.6 2.5 30 5.4 82% 19 2.1 89% 630 90
8.2 0.75 0.13 3.0 0.49 30 7.7 74% 19 3.4 82% 738 50
83 0.13 4.5 0.78 30 5.4 82% 19 2.2 88% 741 72
83 0.13 6.0 1.13 30 3.8 87% 19 1 95% 719 93
6.5 0 0.53 3.0 0.69 24 76 68% 20 37 82% 612 19
0.62 39 1.25 24 51 79% 20 2.2 89% 553 38
0.69 4.6 1.56 24 4.4 82% 20 1 95% 528 60
7.0 0 0.53 3.0 0.64 24 6.9 71% 20 3.8 81% 622 38
0.63 3.8 113 24 5.8 76% 20 2.6 87% 567 65
0.69 4.6 1.50 24 4.2 83% 20 1 95% 510 101
82 0.75 0.53 3.0 0.72 24 6.8 72% 20 3.2 84% 594 28
8.2 0.75 0.53 4.5 1.04 24 53 78% 20 1 95% 588 49
8.3 0.75 0.53 6.0 1.36 24 4.0 83% 20 1 95% 558 71
Settled 6.0 0 0 0.95 0.91 38 22 42% 40 22 45% 621 2.5
1.62 1.03 38 18 53% 40 12 70% 567 7.3
$-1.5-0-6.5-0 2.22 2.00 43 17 60% 38 11 71% 547 18
$-0.5-0-A-0 6.7 0 0 0.93 0.63 38 26 32% 40 21 48% 663 25
-A-0 1.64 134 38 18 53% 40 14 65% 585 21
.5-0-A-0 2.25 157 38 13 66% 40 8.7 78% 526 42
$-0.5-0-A-0.75 6.6 0.75 0 0.75 0.43 43 26 40% 38 20 47% 596 2.5
$-1-0-A-0.75 15 1.42 43 21 51% 38 16 58% 589 52
5-1.5-0-A-0.75 2.25 1.90 43 21 51% 38 13 66% 629 2.5
5-0.5-0.1-6.5-0 6.0 0 0.13 0.8 0.76 36 20 44% 19 9.3 51% 619 2.5
$-1-0.2-6.5-0 0.14 14 1.42 36 14 61% 19 6.1 68% 611 57
$-1.5-0.3-6.5-0 0.16 1.89 1.48 36 13 64% 19 6.1 68% 509 2.5
5-0.5-0.1-A-0 6.6 0 0.11 0.93 0.44 36 25 31% 19 1 42% 714 2.5
5-1-0.2-A-0 0.13 1.52 1.16 36 16 56% 19 52 73% 698 17
$-1.5-0.3-A-0 0.15 1.98 1.83 36 12 67% 19 4.7 75% 486 23
$-0.5-0.1-A-0.75 6.6 0.75 0.11 0.93 0.76 36 23 36% 19 11 42% 583 25
5-1-0.2-A-0.75 0.13 1.52 135 36 19 47% 19 76 60% 574 2.5
§-1.5-0.3-A-0.75 0.15 1.98 2.14 24 11 54% 20 6.3 69% 538 2.5
6.0 0 0.53 0.76 0.81 24 15 38% 14 10 29% 590 25
. 0.51 1.56 117 24 13 46% 14 9 36% 515 25
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8007 J2qwa)das - 8

120 810 67 € 861 %56 TT [3 I3 %6 [3 [ st [ v70 160 %L9 10T € 6’1 € SL°0 9 8y
10 860 Sy 43 86 %69 VL €1 124 %8t €1 oz sz 9T 8€°0 180 %18 wt ST (24 ST SL0 9 2%
[450] 150 90 80 861 %ET 14 4 vz %1 8 0f sz 890 sz0 €0 %96 80 S0 v0'T S0 SL0 L9 9
3 8¢ 86 %56 11 1 23 %6 971 (33 sz 0€T 810 v0'T %89 0T € 1 € 89 St
o0z 124 861 %88 6T 9L 124 %YL 59 €1 sz STT SE0 vL0 %ES STl ST 0zt ST 9 142
€1 z0 86 %8E st st vz %1 44 34 sz SE0 €10 910 %96 80 S0 %0’ S0 L9 2%
1 B 86 %E6 81 9 23 %8 6€ T sz [353 660 89T %0L 1T € E&3 € 09 4%
€5 4 86 %58 S€ 43 124 %SL 9 9 sz wt 150 680 %E] STl ST 0zt ST 09 134
ST 81 86 %9Y €1 T vz %8T 81 61 sz 670 810 €20 %96 80 S0 v0'T S0 0 09 or
100 SE0 €1 A3 €S %16 ST 9L A3 %8 S 43 €€ 96T 670 STT %89 0T € vL0 ST SL0 89 o€
T0 0 TE sz €S %E9 o1 T 1z %2S Bl 144 €€ STT L0 0 %18 wt ST 190 SLo SL0 89 6z
170 S0 1 Lo €S %EE 81 24 rz %81 J24 8z €€ or'o €10 120 %96 8r'0 s0 750 sz SL0 L9 8T
95 65 €S %96 1 g€ I3 %E6 3 9L €€ v6T 80 [Z33 %89 0T € vL0 ST 89 1z
44 61 €S %18 zs 96 1z %IL o1 ST €€ 8T'T 90 990 %18 24 ST 190 SL0 89 9T
41 90 €S %ty ST A rz %EE 44 124 €€ ST0 00 600 %96 80 S0 750 4] L9 sz
A3 B €S %b8 vy 98 23 %SL 8 €1 €€ ST 980 53 %L9 107 € SL0 ST 09 vT
€1 vz €S %E9 o1 €1 1z %8t JAS 8T €€ 9T 170 890 %E] STl ST 090 SL0 09 24
70 10 €S %2S €1 st J24 %2y 61 24 €€ 00 0 00 %96 80 S0 50 sz 0 09 144
900 910 61 (&3 8€ %SS 8 o1 A3 %bY o1 €1 8T €9°S 9T 05T %EL 61T € SL0 s9 124
800 170 70 10 8¢ %ty o1 96 JAS %eT 1 v 8T 9T 1670 SOT %L8 €T ST SL0 59 e0z
€10 L0 10 z0 8¢ %6T 4] o1 JAS %L1 ST 9T 8T 880 ££°0 or'o %96 80 S0 0 SL0 s9 e61
i 0S 8€ %LS €L 8 A3 %bY o1 T 8T €T'S 86T 97T %EL 61T € s9 eg1
81 st 234 %2S 8 98 Bl %0t 41 €1 oz 19T 01T €17 %88 €T ST 9'9 es1
L0 11 Sy %ST 43 66 o1 %SE €1 ST oz 080 620 860 %96 80 S0 0 0 s9 egr
1z 6T Sty %SS A L8 B %St 1 €1 oz SL'S SET vET %EL 61T € 09 est
8 €€ 234 %Ly 6 'S £l %08 o1 €6 oz 6£T 680 ort %98 24 ST 09 eyl
S0 80 STy %ST 43 o1 91 %0 o1 JA3 oz 690 620 Lz0 %96 870 S0 0 0 09 papias e€T
9€ 6€ 685 %E6 [3 [3 1z %L8 2 9y 3 €60 (1o 800 %0L 1T € €1 € SL°0 [ s
10 0 re TL 685 %08 S'S 9s 1z %69 ot 3 143 0€0 €10 o %b8 1 4 611 4 SL0 '8 9
10 80 80 [aY 685 %2S €1 €1 rz %17 61 oz 43 Lz 800 ST0 %EL L0 T LET 1 SL0 78 SS
ST0 170 [ 89 [z %ES 8 19 3 %EL 33 43 2 500 100 00 %08 [Z3 € €90 ST SL0 L8 33
ST0 6£0 81 3% 24 %EL v'6 ot € %99 ST JAs 142 100 0 100 %L8 1 4 150 1 SL0 L8 8€
[4%0] 90 €1 z0 4] %9Y 61 81 33 %6€ Lz sz o [450] 00 900 %EL L0 T 890 S0 SL0 '8 L€
3 60 8T 23 6vE %8 S SS (3 %SL 9L 8 € LET 180 (33 %08 [Z3 € SL0 T8 ezt
7o 0 €6 Ls 6vE %89 16 a3 8 %SS 1 JAs 1€ LET 0 80 %98 1 4 SL0 8L ert
A S50 S0 81 6vE %9Y ST 91 8 %6€ 61 1z 1€ €90 Lz0 zo0 %56 ot T S0 8L eot
6¢ 2 685 %06 1 9T 23 %88 6€ S€ 23 110 900 200 %EL 53 € L€7T € SL 5
14 € 685 %L8 vE 143 rz %8L L L 43 90 o 600 %28 91T 4 wt z ve €5
88 43 685 %65 i ot rz %05 9t 9T 43 vE0 v1°0 v1°0 %EL L0 T LET 1 0 9L 4]
ov i2 [z %06 1T €€ 3 %68 S 69 22 vz0 100 €20 %L (33 € 690 ST SL 9€
62 143 v2s %68 g€ v SE %28 T8 s8 142 €10 @00 0T %E] 1 4 090 1 S S€
62 8t v2s %99 43 43 SE %S 0z 1z 44 200 0 200 %2L L0 T 690 S0 0 SL vE
810 9€'0 33 €1 6vE %S9 L6 a (3 %SS [ A3 € Wy 61 1 %08 [Z3 € SL0 SL 6
yT0 €70 v Ts S92 %S 10T 9T 44 %t 9vT L9t 9z S0T o 01 %L8 1 4 SL0 S eg
110 wo 8€ €2 59T %8E 9T T 44 %62 61 86T 9z 9,0 Lzo 70 %98 60 T SL0 SL e/
st (3 3 %EL 9 6L 23 %E9 6 €1 9z 3 8v'T 81 %18 (&3 € SL 9
9t 91 59T %59 9L 66 24 %2S (443 ST 9z €5°T 50 80 %98 1 4 St es
34 ot 6€ %29 ot 76 14 %TS st 91 € 910 £0°0 10 %L8 60 T 0 0 SL ey
St [23 685 %Y6 9T [ A3 %06 [ rs 3 080 120 050 %EL (33 € LET € s9 15
61 st 685 %L8 S€ TS Lz %8L L 7’6 43 690 10 670 %IL vT 4 W 4 59 0s
44 s9 861 %S9 S6 S8 J24 %ES st ST 43 050 120 0z0 %SL 80 T €€T 1 0 s9 6t
SS 9 [z %56 971 3 3 %26 SE vL 22 SL0 900 20 %0L 1T € L0 ST s9 €€
e st 24 %16 €€ 9 SE %v8 oL 13 14 50 900 70 %28 9T 4 190 T 59 43
e 8 44 %99 43 €1 33 %S 14 1z o €00 0 00 %58 60 T 650 S0 0 s9 1€
e i3 6€ %08 [ SS 9 %0L 6 €6 € &3 960 0T %LL €7 € S9 eg
81 61 6€ %8L rs St 9z %0L €6 43 € 90T €0 90 %L8 rt 4 59 ez
Ls S's 6€ %S9 6 o1 9z %SS 1 91 € €20 600 10 %96 ot T 0 0 59 mey auyadid er
N-HN 2214 D*HN wenyI  JdPIN apiwoug ‘WY %  WANya  DdPIN uanyul ‘way%  ueniya JdPIN uenpul  Y/ujw-Sw 9z ST T houapiya asoq 2500 fOO'H 950 TOZH  D'HN Hd sa1em Jopeuo)  alIsaL
S1ewoig [TITECET) an &) uanjyul wouy (uiu) LuH 3 (1/3w) fenj Jaysues) auozo auozo
10 S0'0 €1 86 %89 9 o %8S 8 8T ST oLt S6'T 96T Sv'T SLT %88 97 € S0 s9 1z
vT°0 120 T 186 %bS 8 JAs %EE 43 8T 6E'Y 90 80 180 60'T 0T %E6 (4 ST SL'0 1v'9 [i14
€10 6v'0 S0 186 %bT €1 JA3 %IT 9t 81 El 120 120 610 820 €0 %96 8’0 S0 0 0 SL'0 9v'9 61
89 8¢ %L9 9 A3 %65 A 8T 61T 90 T JX%3 097 e %68 7 € S9 8T
1 24 %E9 9 9t %05 ot o0z 0 090 €60 690 680 STT %E6 (a3 ST 99 JAs
0 194 %8E ot 9t %0E 1 o0z 89'0 €10 10 450} 91’0 0z0 %96 8’0 S0 0 0 s9 91
I3 SiY %L9 S 9T %09 8 [ 0T T T 17T €T SS'T %68 3 € 09 St
[44 24 %8S L 9t %St T oz 8¢ 290 L0 9L'0 98°0 vTT %b6 (a3 ST 09 T
70 94 %8E ot 9t %02 9t 4 890 w10 €10 [4%0) €10 €20 %96 870 S0 0 0 09 pPapias €1
€10 0 8T 6vE %98 g€ 8z WL 8 € e YE0 €70 950 STT €T %16 87 € SL0 T8 43
€10 750 8L 6vE %L 8L 8z %59 T € xas 81'0 9T'0 120 €70 80 %E6 61 4 SL'0 8L T
LT0 850 S0 6vE %9 st 8z %y 81 1€ 88'0 91’0 ST 120 91’0 120 %56 o1 T 0 SL'0 8L ot
7o 6€°0 €9 6vE %08 SS 87 %L 98 € 0 9v'0 090 180 @t 66T %16 7 € SL'0 SL 6
LT'0 o vy s97 %09 L8 44 %TS £k 14 ov't €10 810 0£0 150 660 %56 61 4 SL'0 St 8
€20 8v'0 €0 597 %8E LET 44 %ST 0z 9z 670 oro or'o oro 800 0z0 %56 o1 T 0 SL'0 St L
9z 59 %8 SE [£3 L 89 9z 1353 670 150 690 01 88'T %E6 87 € SL 9
€1 s97 %IL €9 44 %€9 96 9z 0T y1°0 170 €20 o 080 %56 61 4 St s
€1 6€ %bS 43 9z %8y 09T 1€ 44} £0'0 500 £0'0 900 €00 %L6 o1 T 0 0 St v
43 6€ %88 I3 9z %18 09 € 9T v20 0£'0 870 (75} TET %16 3 € S9 €
€1 6€ %8 Ty 9z %SL 6L € 10T €10 or'o 61°0 9€°0 75 %56 61 4 s9 4
TS 6€ %29 ot 9z %TS st 1€ €70 800 800 800 600 810 %96 o1 1 0 0 59 mey leuonuauoy T
N-HN 2214 D*HN waniy3  dd PIN apiwoig WY 9%  WANWI  DdPIN uanjyul ‘way %  ueniy3 JdPIN uenpul  Y/uiw-Bw 8 9 v z 0 Aouapiya asoq 9500 f0O'H 950 TOTH  PHN Hd sarem Jopeuo)  alisaL
2jewoig ulwsoan an 1D Jaquiey) IsT Ised (uiw) LyH 3e (1/3w) |enpisay J9jsuel) auozQ auozQ
pauajsues)  1a8ie)

591 JO PUNOY PUZ 4O SINSAY

Sunsa) 10|14 auUOX0Idd 1@ du0zQ - Adualy JaieM £ duoz



uonippe

au0z0 Jo
WV3dLISNMOa
SS EVE %16 € S€ %8 9s 143 S6'€ wt vLT %L v6T'T TE S0 STT - 89 Spu0das €9 1s
8T EVE %09 143 SE %ES T9t 143 81T LLo 680 %SL SL60 €T 150 S0 - 89 P3ppe ZOZH [
vT EVE %EYV (4 SE %LE 114 143 L60 €E0 or'o %SL S50 L0 8v'0 S0 - 69 auladid 34
S00 ¥S0 6T oLy %L6 6T €9 %L6 'z w vt 1439 w0t %EL we €€ 01T ST SL0 89 0€
6T°0 €L0 v oLy %L8 6L €9 %6L ST w SS'T wo 680 %EL S6°0 €T SOT 0T SL0 L9 62
610 €80 [4 oLy HEL LT €9 %19 8T (43 80T YE0 S0 %SL €S0 Lo S6'0 S0 SL0 89 8T
€10 990 114 oLy %56 (43 €9 %16 9 w 98'€ ozt S6'T %IL vET €€ €50 STT SL0 89 Lz
wo vL0 6T oLy %89 0T €9 %95 [43 [43 8¥'T 6L0 wt %89 880 €1 LS50 S0 SL0 89 9T
810 60 St oLy %87 €€ €9 %y 144 143 T LEO €S0 %SL €S0 L0 87’0 ST0 SL0 89 E14
S9 oLy %L6 9T €9 %66 T (43 ST 142% €0'T %SL EET TE 80T ST - 89 144
8T oLy %E6 124 €9 %06 L w Lyt 8v'0 oLo %L9 80 STT 6TT oT - 89 €T
(43 oLy %0L 6T €9 %19 8T [43 680 870 0 %SL €S0 L0 S6'0 S0 - L9 (44
S8 9V %56 TT 134 %E6 € 144 €8’ 8T'T S6'T %69 SET 143 €S0 STT - L9 114
113 9eY %88 s 134 %18 8 144 so0T 90 w0t %RIL 660 T 0s’0 S0 - 89 0z
S 9E %Ly €T 134 %9€ 8T L4 680 0€'0 or'o %SL €S0 L0 8v'0 S0 - 89 6T
8T 9EY %E6 € 134 %06 S 144 1747 YET 60T %0L 8€T or'e T ST - 09 uonippe 8T
9€ 9V %EI 9T 134 %TS 174 144 10T 890 €60 %L 060 STT T T - 09 3uo0z0 jo LT
0 9EV %61 [44 134 KEY ST 144 0T SE0 Lv'0 %0L 670 0L0 0T S0 - 09 Wv3¥ISNMOa 91
TE 9EY %18 8 134 %SL 111 144 108 88T 00T %L El %4 € 90 STT - 09 Spu0das Zg ST
9 9EY %6V (44 134 %6€ LT 144 96T 99'0 060 %0L SL8°0 STT 90 so - 09 Pappe ZOZH 141
S0 9V HLE Lz 134 P43 (43 144 SS0 L1°0 870 %SL STLY'0 £9°0 S0 ST0 - 6S Paas aujadid €T
00y €T 0T %LL 00°€ 68°E 000 [ - SL
we 990 T %8L S6'T ST 000 0 - SL P3ppV ZOZH ou
9€'0 00 €0 %SL 860 €1 000 0 - S'L auladid
8y 8S€E %56 9T €€ %L6 0T €€ ST0 L00 00 %18 0€E L'E 0T 0€ - SL uonippe €9
6T 8S€E %Y6 0T €€ %T6 ST €€ €T SL'0 T %98 (44 ST 60 0z - SL duozo jo 9
T 8S€ %L9 0Tt 133 %8S 6°€ET 133 SS0 110 LEO %9L 0T €T 0T 0T - 9L WvV3dLsdn 9
T’ 8SE %56 9T €€ %96 (43 €€ wo €00 LEO %LL 6T '€ S0 ST - SL Spuodas 7 09
114 8SE %E6 (44 33 %6 8T €€ 670 o 9’0 %8L 0t ST S0 0T - SL Pappe zOZH 65
14 8S€ %SL €91'8 €€ %99 SETT €€ 920 000 90 %SL 0T €T S0 S0 - 9L Mmey aujadid 8S
€00 wo 114 EVE %56 6T S€ %E6 e 143 080 900 6v°0 RTL Le 8'E T oe SL0 9L uonippe LS
900 670 76 EVE %68 8'€ SE€ %E8 6'S 143 180 S00 0s0 %08 0T ST 0T 0T SL0 9L auozo Jo 9S
€T0 850 0 EVE %9 L S€ %0S 89T 143 1€0 00 810 %SL 0T €T 0T 0T SL0 SL WV3dLISNMOa SS
600 o 9T EVE %Y6 886'T SE %16 0€ 143 81 870 00T %08 0E 8'E S0 ST SL0 S'L Spuod3s €9 s
o kil €1 EVE %06 S€ SE %8 9s 143 vt 610 890 %YL 6T ST S0 T SL0 SL P3ppe ZOZH €S
7o 850 154 EVE %69 11 SE %65 j43 143 €90 €10 €E0 %SL T T S0 S0 SL0 S'L Mmey auladid s
900 €0 144 T8¢ %96 8T 144 %56 e 144 00 000 00 %8L 6T '€ 0T oe SL0 S'L uonippe 8v
To vE0 €9 T8¢ %L8 s 144 %LL ot 144 900 000 L00 %98 0T €T 0T 0z SL0 Ve duozo jo Ly
10 870 1z 18€ %89 T L4 %SS (14 L4 €20 800 110 %SL 0T €T 0T 0T SL0 SL WV3dISNMOa 9
o vE0 8T 18€ %56 1%4 144 %16 S€ 144 950 000 950 %08 o€ 8'€ S0 ST SL0 SL Spuodas 7 Sv
o ve0 T 8¢ %88 s 144 %6L T6 144 or'o 100 6€°0 %58 0T 124 S0 T SL0 SL Pappe zOZH 144
10 Ly'0 €T 18€ %65 8T 144 KEY ST 144 620 €00 vZo %SL (3 €T S0 S0 SL0 S'L Mmey aujadid 134
100 670 6Y SE %L6 6T SS %56 6T 9 100 000 100 %EB o€ 9€ 0T 09 SL0 14 w
S00 €0 61 SE %16 a4 SS %98 98 9 100 100 000 %98 0T €T 0T or SL0 €8 114
S0°0 s9°0 €T SE HEL ST SS %S9 [44 9 900 100 00 %SL 0T €T X4 (x4 SL0 T8 ov
€00 SE0 [43 SE %56 8T SS %56 143 9 €00 000 €00 %8L 0E 8'E [ 0€ SL0 08 6€
600 90 11 SE %06 €S SS %8 ot 9 ST0 S00 L00 %8 0T vz 0T 0T SL0 08 8€
10 850 0 SE %L9 8T SS %09 ST 9 8T°0 €00 €10 %SL 0T €T 0T 0T SL0 08 LE
To 6€°0 LS 86€ %86 T Eld %96 8T Ly or'o €00 S0'0 %L8 o€ 143 S0 ST SL0 L8 ezt
To Lo LE 86€ %Y6 Le g %06 9V Ly o L00 000 %8L 0T ST S0 T SL0 €8 eTt
€10 €90 8 86€ %9L 11 Eld %89 ST Ly 6€0 L10 o %S8 (43 v'T o S0 SL0 €8 eoT
€6 0LE %96 LT 144 %86 0T 9 oto 100 7o %8 o€ S9'€ (s 0€ - SL 9¢
¥S %56 (44 144 %6 9T Eld 0€'0 100 €0 %EL 0T SL'T 0T 0T - SL S€
ST %EB €L 144 %8L. 0T W €20 00 [4Y %L 60 ST T 0T - S'L 143
800 €0 6Y %96 Ut 144 %L6 ST W vt 90 €80 %SL o€ 14 S0 ST SL0 SL €€
€10 wo 61 %16 8'€ 144 %88 9s 9 8L0 100 LLo %18 6T [4 S0 T SL0 9L (43
1o 90 ot %EB VL L4 %L 143 Eld 90 900 S0 %SL ST 4 €0 S0 SLO 'L €
w0 €0 LE %96 [4 9@ %56 vz Ly 9€'0 L00 1Y %8 0E 9€ 0T € SL0 Ve uonippe €6
900 vS0 L1 %E6 TE k14 %68 €S Ly SS0 Ssto To %EB 0T vz 0T z SL0 9L auozo jo eg
4% €90 'z %L (43 Eld %99 9T Ly €0 S0'0 z0 %SL 0T €1 0T T SL0 S'L WV3dISNMOa eL
0L %96 LT oy %56 6T oy wo 9T’o S0 %8L 6T SL'E S0 ST - 9L Spu0das zg €9
oy %16 S'€ or %88 8v or 150 01’0 €0 %08 0T ST S0 T - 9L P3appe ZOZH es
€T %EL Tt or %09 9T or LEO 600 z0 %S8 TT €T S0 S0 - 9L mey auiadid ey
N-FHN 2314 1?HN aewosg 9 ‘way % LNy juLnjul ‘weyy  ueny3  quanyul  1juiw-Sw 9T ST 0T houapiya asoq asoq f0:%0%H  950Q ZOTH Hd sem Joeu0)  @l3sdL
Ulwsosn an D uanjul wouy (Ui) 14K 3e (1/3w) [enpisay Jaysues) suozo auozo
91’0 wo w 86€ %96 4 9 %56 'z Ly Lo 200 oto L00 w0 850 %L o€ 14 - SL0 L8 un
1o 650 €z 86€ %6 9€ Elg %68 €S Ly 8v'0 oT'o o 900 800 £V'0 RTL 8T ST - SL0 €8 T
10 9L'0 14 86€ %EI LT W %ES [44 Ly wo 900 S00 L00 v1'o 01’0 %9 80 ST 0 - SL0 €8 ot
zo LEO 6€ 86€ %56 T g %6 9T Ly €60 600 w0 €10 Ly'0 [Aa1 %SL o€ 14 - SL0 v 6
sTo €S0 114 86€ %06 9v 9P %58 L Ly S0 €00 000 L00 €E0 160 %0L 0T 8T - SL'0 9L 8
YN YN €€ 86€ %L ST Eld %LS (24 Ly 9’0 800 €00 900 61°0 97’0 %vS 0T 8T 0 - SL0 SL L
8 [344 %E6 € or %68 9V or e 8€0 Sv'o 09'0 €0'T otz %8L €E (44 - - 9L 9
SE (344 %68 9v or %E8 89 or L60 100 800 610 Ly'0 80 %LL (44 8T - - 9L S
TE (344 %8V 114 or %EY 0'€Z or 6T°0 110 200 000 100 00 %L 60 T 0 - - 9L 14
133 l144 %EB L or WLL €6 oy 67’9 90 90°T 6E'T 06T 81T %8L 6T SL'E 0 - - S9 €
a [x44 %SL ot ov %89 0'€T or 68T 610 o o 190 680 %LL 0T 9T 0 - - s9 [4
0 [344 %8S LT or %8V 114 or S00 100 200 000 100 9T'0 %L TT ST 0 - - S9 mey jeuouaauo) T
N-€HN 2344 12°HN 2jewosg  aplwoig ‘way % uany3  uanpul ‘way % uany3 uanpu /uiw-sw 8 9 v T 0 Aouapyy asoq asoq £0:?0'H  @50Q ZOTZH Hd e Jopeuo) @liIsaL
ulwsoan N 10 Jaquiey) 3sT Ised (uiw) LyH e (1/3w) jenpisay Jaysuel) auozQ auozQ

passaysues)  payddy
800 4240320 - BUNS3L 4O PUNOY PIE O SHNSDY
Bunsa] 10|1d auoxoiad g auozQ - Aoualdy Ja1eM £ duoz



Percent MIB Destruction

Percent Geosmin Destruction

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

K [ A
N Dose = 1.3 mg/L Dose=2.4mg/L A
JG0al>T1% M L e
I m
__ Conventional Contactor
HRT = 10 minutes
I Raw Water
i pH=Amb (7.9 to 8.3)
i Prechloramine Dose = 0.75 mg/L
| A Round 1 (MIB =42 ng/L)
L O Round 2 (MIB =31 ng/L)
L @ Round 3 (MIB =47 ng/L)
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Ozone Dose, mg/L

I m

i Dose = 1.1 mg/L

r_Goal>73%___ _ v __ _ A ______.
F B Dose = 2.0 mg/L

I Conventional Contactor

i HRT = 10 minutes

F Raw Water

= pH=Amb (7.91t0 8.3)

L Prechloramine Dose = 0.75 mg/L
i A Round 1 (Geosmin =33 ng/L)
| O Round 2 (Geosmin = 28 ng/L)
I @ Round 3 (Geosmin = 46 ng/L)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Ozone Dose, mg/L

B-4



Bromate Formed, pg/L

Ozone Residual in Contactor Effluent, mg/L
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Prechloramine Dose = 0.75 mg/L
H202:03 Ratio=0.5:1
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Ozone Residual in Contactor Effluent, mg/L

90

80

70

60

50

40

30

20

10

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

E Conventional Contactor
N HRT = 10 minutes
L Raw Water
i pH=6.5
L No Prechloramine Added
i A Round 1 (Bromide =620 pg/L)
L O Round 2 (Bromide =394 pg/L)
r B Round 3 (Bromide =423 pg/L) A
i Dose = 2.5 mg/L
i A
C Dose = 1.8 mg/L
C BrO; = 18 ug/L
C BrO3 =13 ug/L
e T Goal <38 pg/L
C 1 1 1 1 1 1 1 1 1 I. 1 L 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 4.5
Ozone Dose, mg/L
i Conventional Contactor
L HRT = 10 minutes A
r Raw Water
[ pH=6.5
L No Prechloramine Added
r A Round1
- O Round2
i E Round 3
i Dose = 2.5 mg/L
i Dose = 1.8 mg/L
I Goal<0.1 mg/L
Tttt (O I e
1 1 1 1 1 1 1 1 1 I. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Ozone Dose, mg/L

B-17



Percent MIB Destruction

Percent Geosmin Destruction

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Goal > 71%

TN TR T TN I Y TN TN T I YT MY [N Y TN Y TN N Y TN TN Y Y N T N T T MY [N T T T N T M |

Dose =

1.3 mg/L

Pipeline AOP Contactor
HRT = 2 minutes

Raw Water

pH=6.5

No Prechloramine Added
H202:03 Ratio=0.5:1
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Bromate Formed, pug/L
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Bromate Formed, pg/L
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Bromate Formed, pg/L

Ozone Residual in Contactor Effluent, mg/L

90

80

70

60

50

40

30

20

10

2.2

2.0

1.8

1.6

14

1.2

1.0

0.8

0.6

0.4

0.2

E Conventional Contactor Dose > 4.5 mg/L
a HRT = 10 minutes (?)
L Settled Water
r pH=6.5-6.7
C No Prechloramine Added
i A Round 1 (Bromide =645 pg/L)
L O Round 2 (Bromide = 381 to 415 pg/L)
i Dose = 2.9 mg/L (?)
C BrOs;=37pug/L . -~
: 0 7
e <l Goal <8 pg/L
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5
Ozone Dose, mg/L
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Protocol for setting up and collecting samples to be analyzed for DBPs at Clemson

Background: A total of 20 samples will be collected from the pilot plant and sent to Clemson University
for analysis of non-regulated DBPs (I-THMs and HNMs). Samples will be shipped from Zone 7’s Del Valle
WTP on Tuesday, October 7 for arrival at Clemson on Wednesday October 8. For each process (i.e.,
ozone vs. ozone/peroxide), there will be 10 samples collected and shipped. Various conditions will be
established to examine the effects of different parameters such as chemical doses and pH values
consistent with expected plant operation.

Materials needed:

Ice chest

Blue ice

DBP Sample bottles (60-mL pre-cleaned amber
glass vials), total of 40

Labels

1-L clean amber glass bottles, total of seven

Caustic solution for adjusting pH

Sodium hypochlorite solution (1 mg/mL)

Ammonia solution (1 mg/mL as N)

1-L glass graduated cylinder

Pipettes

Sample Description: The 20 samples will be as follows (CC means Conventional Contactor — ozone only,

and PC means Pipeline Contactor — ozone + peroxide):

1-RW Raw water

2-CC Raw water dosed with 0.75 mg/L chloramine 2-PC Raw water dosed with 0.75 mg/L chloramine

3-CC Raw water that has been pre-chloraminated and | 3-PC Raw water that has been pre-chloraminated
then ozonated and then peroxone treated

4-CC Raw water that has been pre-chloramination, 4-pPC Raw water that has been pre-chloramination,
ozonated, and then dosed with chlorine for 10 peroxone treated, and then dosed with chlorine
minutes, followed by ammonia to form for 10 minutes, followed by ammonia to form
chloramine. This sample will be stored at room chloramine. This sample will be stored at room
temperature for 24 hrs before shipping. temperature for 24 hrs before shipping.

5-CC Raw water with pH depressed to 7.0 and 5-PC Raw water with pH depressed to 7.0 and
ozonated peroxone treated

6-CC Raw water with pH depressed to 7.0, ozonated, 6-PC Raw water with pH depressed to 7.0, peroxone
then pH raised back to 8.0, dosed with chlorine treated, then pH raised back to 8.0, dosed with
for 10 minutes, and followed by ammonia to chlorine for 10 minutes, and followed by
form chloramine. The sample will be stored at ammonia to form chloramine. The sample will
room temperature for 24 hrs before shipping. be stored at room temperature for 24 hrs

before shipping.

7-SW Settled water

8-CC Settled water dosed with 0.75 mg/L chloramine 8-PC Settled water dosed with 0.75 mg/L chloramine

9-CC Settled water dosed with chloramine, then 9-PC Settled water dosed with chloramine, then
ozonated peroxone treated

10-CC Settled water dosed with chloramine, ozonated, | 10-PC Settled water dosed with chloramine, peroxone
then pH adjusted to pH 8.0, dosed with chlorine treated, then pH adjusted to pH 8.0, dosed with
for 10 minutes, and followed by ammonia to chlorine for 10 minutes, and followed by
form chloramine. This sample will be stored at ammonia to form chloramine. This sample will
room temperature for 24 hrs before shipping. be stored at room temperature for 24 hrs

before shipping.

11-DV Del Valle Plant Effluent

12-SW Settled water, pH adjusted to 8, dosed with chlorine for 10 minutes, and followed by ammonia to form
chloramine. This sample will be stored at room temperature for 24 hrs before shipping.
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Instructions:

Day 1 (Monday, October 6"

1.

No vk

10.
11.

12.
13.

14.

15.
16.

17.
18.
19.
20.

Start up both trains of pilot plant with raw water, adding chloramine to each train. Establish the
following conditions:
a. CCflow=6.5gpm, PC flow =3.5 gpm
b. Chlorine dose = 0.75 mg/L to inlet of both contactors
c. Ammonia dose = 0.19 mg/L to inlet of both contactors
Allow to stabilize for 10 minutes
Collect the following samples
a. 1-RW from pilot plant influent tap
b. 2-CC from effluent of first cell (CC-1)
c. 2-PCfrom mid-point of pipeline contactor (PC-3)
Start ozone feed to both contactors. Use an ozone dose of 2 mg/L for both contactors
Start peroxide feed to pipeline contactor at a dose of 1 mg/L
Allow to stabilize for 20 minutes
Collect the following samples
a. 3-CCfrom the effluent of the conventional contactor (CC-5)
b. 3-PC from the effluent of the pipeline contactor (PC-6)
c. Filltwo 1-L amber bottles, one from the effluent of each contactor (collect exactly one
liter in each bottle). These will be used for 4-CC and 4-PC; set aside
Turn chlorine and ammonia feed off to both contactors
Start acid feed to source tank, adjusting until pH reaches 7.0
Allow to stabilize for 30 minutes (three HRT through contactor)
Collect the following samples
a. 5-CCfrom effluent of conventional contactor (CC-5)
b. 5-PC from effluent of pipeline contactor (PC-6)
c. Filltwo 1-L amber bottles, once from the effluent of each contactor (collect exactly one
liter in each bottle). These will be used for 6-CC and 6-PC; set aside
Switch source water to pilot plant from raw to settled water
Collect sample 7-SW from source water tank. At the same time, collect exactly 1-L of settled
water into a 1-L amber glass bottle, this will be used for 12-SW
Start up chlorine and ammonia feeds to each contactor
a. Chlorine dose =0.75 mg/L
b. Ammonia dose = 0.19 mg/L
Allow to stabilize for 10 minutes
Collect the following samples
a. 8-CC from effluent of first chamber (CC-1)
b. 8-PC from mid-point of pipeline contactor (PC-3)
Start ozone feed to both contactors at 1.0 mg/L
Start peroxide feed to pipeline contactor at 0.5 mg/L
Allow to stabilize for 20 minutes
Collect the following samples
a. 9-CC from effluent of conventional contactor (CC-5)
b. 9-PC from effluent of pipeline contactor (PC-6)
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c. Filltwo 1-L amber glass bottles, one from each contactor (collect exactly one liter in
each bottle). These will be used for 10-CC and 10-PC; set aside
21. Collect sample 11-DV from plant effluent tap into DBP bottle
22. Shut down both contactors and all chemical feeds
23. Take the seven 1-L bottles (4-CC, 4-PC, 6-CC, 6-PC, 10-CC, 10-PC, and 12-SW) to the lab
24. Place the 13 filled 60-mL DBP samples in the refrigerator (those starting with 1, 2, 3,5, 7, 8, 9,
11)
25. For bottles 6-CC, 6-PC, 10-CC, 10-PC, and 12-SW perform the following steps:
a. Place bottle on magnetic stirrer, add stir bar and mix
b. Make sure pH probe is clean, place pH probe in bottle
c. Slowly add caustic solution and measure pH. Continue adding caustic solution until pH
reaches 8.0 £ 0.2
d. Continue mixing for 5 more minutes, ensure that pH is stable at 8.0 £ 0.2
e. Measure and record pH of each bottle

Sample ID | pH after caustic addition
6-CC 8.06
6-PC 8.04
10-CC 8.01
10-PC 7.98
12-SW 7.96

26. For all seven samples in amber bottles, perform the following steps:
a. Add 2.5 mg of hypochlorite, gently stir
b. Wait 10-minutes
c. Add 0.63 mg of ammonia, gently stir
d. Cap bottle and store at room temperature overnight
27. Make sure there is sufficient frozen blue ice in freezer, add more if needed

Day 2 (Tuesday, October 7)

1. Twenty-four hours after completion of step 26, measure and record the following from each
amber glass bottle: pH, temperature, total chlorine residual

Sample ID | temperature pH Total chlorine, mg/L
4-CC 20.7 2.01 1.01
4-PC 20.6 7.61 0.53
6-CC 20.6 7.86 0.82
6-PC 20.6 7.87 0.12
10-CC 20.6 7.77 0.75
10-PC 20.6 7.73 0.30
12-SW 20.6 7.65 1.10

2. Pour samples from each of the 1-L bottles into the corresponding 60-mL DBP bottles
3. Packall 20 60-mL sample bottles in ice chest and add frozen blue ice
4. Ship ice chest via overnight carrier to Clemson University
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APPENDIX D
DATA FROM SIMULATED DISTRIBUTION SYSTEM DBP TESTS

<=WQrTs






T'6T L'LT v'eEe] ¢T18 98 0¢OoT| 1C0 ¢1'0] 840 76'0| v6°0 L6'0) S'€ S'¢ G¢| ST € € 8'L mel 800¢/8¢/0T
L'6 €6 90T) €95 ¥9¢€ T'/L6] €TO 00'0] €80 vT'0| ST'T 90'T| 9'¢ 9t 9€¢] S0 ST ST L9 pajles  800¢/0€/6
TT €0T 9€T| ¢t 9%y €TL ] ¥0'0 ¢T'0) 6T°0 LS'T] LOO 98'T| V'€ v'e Ve 4 4 4 89 pamas  800¢/91/6
(44 60T TTIT}] ¥9 TeEy L09] 000 6¢'0) LOO 97’0 €00 9€'T| ¢t e Tc € € € L9 pamas  800z/€/6
0’8 6L TOT| 66T L'6T 8LE] SCO STO) ¢vr'l LOT]| ¥9'¢ 9T'¢| 0Ot 0oe 0¢€] sL0 ST ST 99 pajes  800¢/S/8
¢1¢ 661 9'S¢) ¢y 0Ocr €/L9] €00 TT°0] 641 TS'T /9T ¢971 99'T [9'T| 0Ot oe 0€| €1 S'C SC 6L mel 800¢/te/L
LT 6'8T O0'€c] 6'€9 T'¢9 T899 ] €00 600] ¢v0 ¥E€EO TS0) 6V0 1SS0 SS0O] V¢ e vl €1 S'¢C s'c LL med 800¢/TT/L
€¢C¢ 6'TC¢ 06C) 6C8 LVvL 086 | LOO LTO] V€0 ¥6'0 €6'0] 960 960 86'0] S'E S€ G'El 80 14 14 '8 mel 800¢/0T/9
6'LE T'1e ¢cv) 9¢8 L'TL 866 ] 000 ¢0'0] 60°€ €G'E 68¢€| ¢’LT 90'¢c S6'0| 0O'S 0s 09 4 4 8T 8L mel 800¢/v/9
3F 30 8|35 26 £ |35 36 9|37 35 ¢35 2§ ?|27 % ?|g5 S5 5§ [ o ewg
c® c 2 S |lc o c 2 5 co® c 2 S5 |lco c2 = ce® c2 S|l 2 5|92 S o 82
©5 23 3|25 23 § |25 23 3|25 28 g3 |25 23 3(85 88 G|55 a5 33
> 0 2 3 2 o 2 3 2 = 3 > 2 3 2 = 3 > 0 2 3 O o ® 3
=, =3 = = = = o o O =

> o s > o s > o 3 > o 3 > o 3 > o 3 o > O 0O 0O o

o) 5 9 o) S ) e} S 9 ) s 9 e} s 9 ) > 2|20 g9 8>

o ) o o o3 @ o 58 @ o ) @ o 58 @ o 2 @ 3 o Iw M.. .w )

0 o 0 o ) o 0 o ] ) 0 a) @ Q o

s 5 - s 3 s 8 s 3 5§ |25 &g &5

] o @ I o o @ o o o @ o g T T3

o o o3 o a o o o a o o o ol o

o o o g o ] o o o ] ! o o ]
1/8n ‘pawiiod SyvH | 1/8n ‘pawiod SINHL 7/8w ‘|enpisay 7/8w ‘|lenpisay 7/3w

‘uollesluaduo) N

aulolYy) |e10} JY-17C

QUIIOJYD 3344 JY-T

‘@so( aulolyd

s} nsay Suiisa] walsAs uonnquisig paje|nwis







