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DN EZNEL Uz, THITEART, 4-log DM RIBE OARTEIE 12 mI/cm2 78

Pathogen mJ/em?2 Required to Achieve

1 log 2log 3ilog 4iog
Cryptospordium parvum oocysls 3.0 4.9 6.4 7.9
Giardia lamblia cysts NA b 10 <10
Giardia murnis cysts 1.2 4.7 NA NA
Vibrio cholerae 0.8 1.4 2.2 Re
Shigella dysenteriae 0.5 1.2 2.0 3.0
Escherichia coli O157:H7 1.5 2.8 4.1 58
Salmonella Typhi 2.7 4.8 6.4 8.2
Shigella Sonnei 3.2 49 6.5 8.2
Poliovirus Type 1 4-6 8.7-14 14-23 21-30
Hepatitis A virus 416565 B2-14 12-22 16-30
Rotavirus SA11 7.1-91 1619  23-26 31-36
Adenovirus 25-30 50-58 80-90 121
Facal Coliform 3 5] 9 12
Streptococsus faecalis 5.6 8.8 9.9 11.2
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No.55 Water Environment Federation (2003)

FATYATIAR S OFSAFLEREE UK OMEZ G2 UV & 2 7 L O K
IMPLEMENTATION OF BEST-VALUE UV SYSTEMS THROUGH COMPETITIVE LIFE CYCLE COST
BIDDING PROCEDURES

Leslie S. Samel 5
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FDH%, TAKROHEFEOBTIERA B UV 2 AT LA OEMIC DWW TEHICIE U /2.
FELEW AT LEUTFOEBDTH S,
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TTRED Tablel [IRTEFTDOUW P ATFLEFEL

REE, RMEICHLBAMLSOE CGEIBESRCEBEDI —T 1 VT EBLE, & U
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F, &l - FEEGDOBEITHEDNWT 4 DO UV MEEENT G OUIIE I B W TEE

BORBIHZMIZT VAT LATHD EREL T,

Table 1 - Comparison of UV System Technologies

Trojan Ultra Trojan
3000 | WEDECO | ODI | SunTec 4000 | Aquionics
Guard
Plus Plus
Horizontal/Vertical Hor. Hor. Vert. Hor. Vert, Hor. Hor.
60- . o 60- 30- 30- .
Power Range 0% | S0M0% | 100% | 100% | 100m | 730 100%
; ) Linear . . » Step
Step Linear | Linear | Step
Guaranteed Lamp | 1) 500 | 12000 | 13,000 | 12,500 | 8760 | 5,000 | 8,000
Life (hrs)
Lamp Operating 100 110 95 100 160 | 350 | 600-800
Temp, (°C)
Cool fi(wvn to Yes Yes No No Yes Yes Yes
Restart
Power
Consumption/Lamp 250 300 165 200 1,100 | 2,800 4,050
(Watts)
UV Qutput/Lamp - - e " cox
(Watts) @ 254 nm 106 125 52 63 340 400 383
W 3 <A
No. of Lamps $12/240 | 4327216 | 960/430 | 768/384 | 60/30 | 140/84 |  96/48
(Sugar/lrwin)
Efficiency 42% 41% 38% 32.5% 31% 14% 15%

(1) Original facility layouts were based on a peak flow at the Sugar Creek and [rwin Creek
WWTPs of 40 and 20 mgd, respectively. After further research, the peak flow for Irwin

Creek WWTP was increased to 30 mgd. This table presents the UV manufacturer

configuration based on the initial Irwin Creek WWTP peak flow of 20 mgd.

{2) Values above are based on information provided on the UV Disinfection System

Manufacturer Questionnaire. Refer to Table 6 for values provided during the bid evaluation.
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Table 2 - UV Manufacturer System Non-Cost Criteria Matrix

Selected UY Manulacturers

Non-Cost

Trojan 3000

Criteria Plus WEDECO oDl Aquionics
Constructability 2 2 ] 3
Reliability 3 3 3 3
Meeting Future
Permit Limits : } ’ ’
Operation & -
Maintenance 3 2 - 4
Expandability 2 2 2 3
Hydraui : : : :
Limitations
Total 13 14 13 19

Scale: 1 - least beneficial; 4 - most beneficial
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Table 3 - Sugar Creek WWTP UV System Reliability in Meeting Future Permit Limits

, No, .
Daily Max Lamps | No. Rows [{Channels/No, Es‘tarx{ate(l
Fecal Limit Required* | per Banl*| Banks per Capital
(efu/100 ml) equired”®|per Bank : pe Cost
Channel®
1000 512 1 172 £793.000*
600 768 32 1/3 $1,1435.000
Trojan 3000 Plus 400 300 25 2/4 $1.216,000
200 1200 25 2/ $1,734,000
25 2016 28 3/9 $2,950,000
1000 96 2 (bundles)| 4 (vessels) | $763,161*
600 96 2 (bundles)| 4 (vessels) | $763,161%
Aquionics 400 96 2 (bundles)| 4 (vessels) | §763,161*
200 96 2 (bundles)! 4 (vessels) | $§763,161*
23 192 2 (bundles)| 8 (vessels) 1$1,526,322
1000 432 6 /2 $844,200*%
600 432 6 2/2 $844,200*
WEDECO 400 432 6 /2 $844,200*
200 304 7 2/2 $914,200
25 648 9 2/2 £1,094,200
1000 960 5 2/12 $792,000*
oDl 600 960 3 2712 $792,000%
' 400 960 5 2/12 $792.000*
200 960 3 2/12 $792.000*
25 1,040 5 2013 $942.000

* Indicates the original UV equipment capilal cost estimated by each manufacturer provided on
the UV Disinfection System Manufacturer Questionnaire,
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Table 4 -Irwin Creek WWTP UV System Reliability in Meeting Future Permit Limits

Daily Max

No. Channels/No,

Fecal Limit Lan‘lps . No. Rowi Banks per Est'immed

(cfu/100 ml) Required® | per Bank Channel* Capital Cost
1000 240 15 1/2 $413.000*
600 368 23 1/2 $586,000
Trojan 3000 Plus 400 400 25 1/2 $631,000
200 600 25 1/3 $903.000
25 992 31 274 $1.452.000
1000 48 2 (bundles) 2 (vessels) $392,940*
600 48 2 (bundles) 2 (vessels) $392,940%
Aquionics 400 48 2 (bundles) 2 (vessels) $392,940*
200 48 2 {bundles) 2 (vessels) $392,940*
25 96 2 (bundles) 4 (vessels) $785,880
1000 216 6 172 $444,600*
600 216 6 172 $444,600*
WEDECO 400 216 6 172 $444,600*
200 252 7 172 $474,600
25 324 9 1/2 $566,600
1000 480 ) 2/6 $397.322%
600 480 5 2/6 $397,322%
Obl 400 480 5 2/6 $397,322%
200 480 5 2/6 §397,.322%
25 560 5 277 $304.,000

* Indicates the original UV equipment capital cost estimated by each manufacturer based on
information provided on the UV Disinfection System Manufacturer Questionnaire. The values
reported in this table reflect the original Irwin Creek WWTP UV System design capacity of 20 mgd.
See Table 7 for Irwin Creek WWTP capacity and reuse limit values as provided during the bid

evaluation.
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Table 5 - Summary of UV Disinfection Design Criteria

Sugar Creek WWTP

Irwin Creek WWTP

Peak Hourly Flow Rate (1agd) 40 30
Average Daily Flow Rate (mgd) 20 15
Maximum T8S (mg/l) 15 15
UV Transmittance @ 254 nm (%) 60 60
Maximum BOD (mg/L) 20 20
Maximum Iron Concentration ~ )
o <1 <]
{mg/L)
Daily
Fecal Coliform Maximum 1,000 1,000
Limit- Discharge Weekly
Permit Compliance | Average 400 400
{(cfu/100 mL) Monthly 200 200
Average
Fecal Coliform Daily v
Limit- Reuse Limit | Maximum NA 14
Compliance Monthly A g
(cfu/100 mL) Average NA =
UV Dosage- Discharge Permit 10 10
Compliance (mJ/em™)
UV Dosage- Reuse Permit NA 20

Compliance (mJ/em?)
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Table 6 - Summary of Bid Lamp Operating Conditions and Component Part Guaranteed

Prices
WEDECO opr | TroBn 3000y guionies

No of L-amp‘s-— ?ugar Creek 360 960 448 96
Discharge Limits
Nf" of Lgmpﬁs«« ‘Irwm Creek 288 770 390 7
Discharge Limits
No. of Lfam’psm Irwin Creek 672 1,020 912 144
Reuse Limits
&Z{f{“""“d Lamp Life 12,000 13,000 12,000 8,000
Guaranteed Ballast Life 10 5 17 20
(yrs)

) o :
Guaranteed Wiper Life 30,000 1,000 1,000 8,000
(Mo, of wipes)
Guaranteed Lamp Cost $160.00 $45.00 $125.00 $367.50
(3/Tamp)
Guarantced Ballast Cost §275.00 | $135.00 | $315.00 $1,560.00
{$/ballast)
Guaranteed Wiper Seal i . - : aa <
Cost (S/winer soal 510.00 $6.50 $11.00 $94.50
Guaraniced Quartz Sleeve | g9 o $25.00 §48.00 §14.40

Cost (8/slecye)
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Table 7 - Summary of Bid Capital and Annual Operating Cost

Trojan 3600

WEDECO OD1 Plus " Aquionics
Sugar Creek . . AR . .
oy D e s | $433,100.00 | S628,000.00 | $491,000.00 | $581,900.00
Equipment e )
Lz;:?:‘gﬁt g;’:;‘uf'r’;:‘fmm $363,300.00 | $543350.00 | $399,000.00 | $351,900.00
& Irwin Creek Reuse | <705 900,00 | $1,007,200.00 | $860.000.00 | $659.900.00

Limits

Construction
Impact Cost
(%)

Sugar Creek
Discharge Limits

$218,166.50

$183,671.68

$163,915.83

$461,136.78

Irwin Creek
Discharge Limits

$361,722.73

$337,520.98

$328,241.63

$643,472.15

Irwin Creek Reuse
Limits

$512,379.63

$489,927.60

$385,569.13

$762,509.80

Sugar Creek

Total UV B . $651,266.50 | $811,671.68 | $654915.83 | $1.043,036.78
s Discharge Limits
Equipment Irwin Creek
and vin Lrees $725,022.73 | $880,870.98 | $727,241.63 | $995,372.15
C . Discharge Limits
-onstruction Irwin Creek Reuse
Cost ¥ Limits Y 181,255,179.63 | $1,497,127.60 | $1.245,569.13 | $1,422,409.80
Sugar Creek 20 0 2 . w1 o . X
Estimated Discharge Limits | $20:704.74 $27.682.30 $17,678.56 $69,608.49
Annual Power | Irwin Creek ) vy e -
: 52 i S 2 S6R.83:
Consumption | Discharge Limits $16,556.90 $21,854.45 $12,601.26 $68,834.80
Iy ‘in Creck Reuse o . .
(81yr) [ovin Creck Reuse | g38.621.00 | $55,364.60 | $34,400.52 | $137,709.60
Estimated SugarCreek o3y 496 00 $34,411.50 $34,707.00 | $30,882.90
Discharge Limits
Annual Irwin Creek
Equipment i - $27,780.00 $26,249.00 $24,795.00 | $22,228.50
Discharge Limits
Replacement rwin Creck Reuse
Cost (3/yr) erigs TECKIEUSE ) £64,360.00 $68,798.00 $70,110 $56,748.60
Sugar Creek : .
£ 8 P {
Estimated Discharge Limits NA 5440.00 3112.00 514,816.00
Aunnual Irwin Creek ) )
£ $dhd N g
Chemical Cost | Discharge Limits NA $440.00 $20.00 $11,112.00
(H7yr) Inwin Creek Reuse ) o o $282.80 $232.00 $22,224.00
Limits
S‘,"%‘” Creek %1,800.00 $7,750.00 $2,425.00 $600.00
Lo Discharge Limits
Estimated Irwin Crocl
Annual Laber | [mAreer $1,450.00 $5,850.00 $1,750.00 $425.00
. - Discharge Limits
Cost BN Miwin Creek Reuse
‘ fvin LIeeK REUSE 1 ¢3 325 00 $18,650.00 $4,875.00 $1,000.00

Limits

Total Net
Present
Worth
Construction
& O&M Cost

Sugar Creck
Discharge Limits

$1,237,536.57

$1,534,891.98

$1,220,068.97

$2,235723.82

Trwin Creek
Discharge Limils

$1,196,169,93

$1,440,579.58

$1,130,879.85

$2,058,335.04

Irwin Creek Reuse
Limiis

$2,349,068.58

$2,969,579.27

52,373,533 .41

$3,662,359.64

(1) Values shown have been adjusted to account for non-responsive bid values,
(2) Includes 15% Contractor overhead and profit.

304




¢) BOX MR EBME L Z8ie AL E

KIT CMUD #hid, MBI X FOHIEOZOIZ, ¥ AT A DORKRET OWE LRI EM
PEBBOEEEZBL, BEFEIOIZTNONE IV fiICBWTHAEITO 2 &N
TELZMERFLZ, MAT, ZOREREDLHE—OFMEREBERIZDOWTHRL =,
ZDOHFEETIE, CMUD #h& CDM #hidHFEITENEN T Lz UV X5 L D 4053 51K
HEER Lz, BIKE ASE - BB AT LAEHKNY - hF - BEES AT LADOHAD
BRI EERL, BEMIZECED,

HkaE b ok IV A—H—I%, RTOEM, e, HACHIT 2R, JIBEEE, A
RBROETEEAEEFWMICBNTHAANLEIT > ALIZBNWTIEHE LD A—T1—
L, 527, NIZAb, KBRU—T, TANX—2 =)V HITDONT, fRIEL 2
BRI H OB E B OBtk i it a5 LD EsR L7z,

W B AT LOMEHMMICBNWTEN R SHFEHRIIEELENTH D720, WV
A= — QEHHE T DML, UV P AT AREOEREZ T TIdRL, 20 FHO
I - FEICH T A BAEMEICHE LB &, UV S AT A% E RO 5 @EEy ot
RICEXOBEINDIEABEILIC U, BIEMEL L RS ER S - FHE LR
INC U= EMAALE DL L 7o HALE IR ORMEREr 2Tk E .

d)

T DOUVEGOFMIRIL, Pali—0U—08T7 =04 20 U= FKOUEE O
Fh7 00— ETFAKRKBEIZE > TREITH > 7z, o FRKLBEITB W TRMD 512 2
W2 D2 AT L DS AT BN TR B> ERPES NS RiENDH 5.

ULinUledss, UV iHEHEN OB R SEART 2HEMEIC LD IV HEREHPKEHRIIBY
THSHTOHD, FETE, BAMTHRNRBILE /22 THAS D, HR - AMEDOH
EEEABRE TS ZEIck D, (MDD fidEREREIIE T, TNEn075 2 b0
Z-XRHIL, BbHMiEOHD WV AT LADEKREZ2/H5ZENTER, ZOHWIE
BEMEH A L D AFBEZBEL TR LETENTH O, EkoREEALEEZEL
TEHARNBETDH o .

4. Jr—
AWGEDHENZ RO 7 O—IZTxRLE,
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No.56 Water Science and Technology (2004)

BB O RS2 I D SRS T O 38
Increased resistance of environmental anaerobic spores to inactivation by UV

W,A,M Hijnen 5

B

Water Company Europoort {d. 4 > F 1T BT B KERMER T ZOICHET > TD
NAby b 75> MEBRERIBL 2. TO/E. Sulphite-reducing clostridia(SSRC) D i
SUEZEREAY, FEH ITIRIMRI E 2SR N & EONERR S N7z, 180m3/h OREIT T, BEFH D
SSRC &iBR=EH;# D C.perfringens. MS2 /N7 7 VU A 77—, Bacilus subtilis D &5}
M2 iR U7 & 2 A, SSRC 14 C.perfringen D) 1.6 DN RMEEZE L TWB
EMND, BKEEICBIE U /2 EOMAY L 0 BIMRIEN RN EAVRS Nz, £
D7z®. SSRC L. A U1 MiZBT 2ENRMEOEE R TELH/EDO—D &5
RN D B, 51%I1L. SSRC DRI ARHE D 32 4 OMEE RN, BERICB T2 MEY O
SRAVERI A DA B T DM ZE 2 EML TS BENH 5,

iz

Water Company Europoor(WBE) Tld, 5 >4 OB KEMEVROM,2001) % ji# /=9 /=
OORIVRBF R RO, BFKMERET 2201275 > FEREIT>TW5S, SSRC DF
f2izid, C.perfringen. HEENTH V., 1984 FLIKIT, SBIKEREE > TS, A
FEZPBNTI, SSRC 1. MDIHEMZ & OMAY K 0 BIVRAMTEN RN Z & 2R,

J5 ik
KB & RIVR T > T DR
YRR 25 B (Berson ,In-line 1000) N DR A K & L Tid, Meuse JI| % impoundment
reservoirs, Y7 TA hL—7J, B, TOv IERE BEOEERABZIT DO ZMEH
UZco SROMBURIBIE 2 DO L 72 BOREN 5D &I 40~180m3/h TEEL /.
Figure.l {Z/RI N1 0w FERTIE, FADOAHDIEEZE 180ms/h THIRZIT > 2,

Dosage point micro-organisms

E ’ Sampling point Sampling point
P N

By-pass 3 m¥h

w@“ Static mixer UV reactors  Static mixer

Main stream 170 m%h

Figure 1 The UV pilot plant installation of WBE
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BOSHEZ 4 DOF a—T 2 BITRE L. PIET > 7(B202000 & i U . ROV RS &1,
770,990,1150J/m? IZ CEEZ{T o /2, R, RIMRBRRK AR L, Fa—T &
D lem DETAIZHRE LR, BB —FE2HNTHEL &, KIGE 1,2 O%NERS
> OMREHIRE 34~304 HEEE TH 5,

3 R O R TE L AR

SO RRE OATELIEAE. UK @ SSRC IREL DEE L. WMAKB LU
KD SSRC IREE A AR A 281 MRS @3 (Hijnen et al.,2000)& W KEEY 7
Ttk ollE Lk,

KB

FIREREFERO SSRC OREREZRET 57012, Clostridium perfringens (D10) % H
W Z1T o7z, FIRFIZ, UV253.7nm TO IR HEMNEEAITH % Bacillus subtilis
ATCC 6633 Z T, HEMHRBOR N ZTo/z, Kz, BT L S U1 I ADATEL
Y obs— = E LT, F-Specific RNA NV FUF T »—2, 2HETHEMNL .

BALUTHED OB EHERITT OO, MEMX Bypass 71 IHEMLER. X%
TAYIIFT—ICL0BREIT o, £, FAKROBEBT, SMREBEOREICIHRY
TA VT IFY—ERELZ, 200L DAT 2L AKEHRNIZ 100L O GAC WHK & LY
EMA. AY—I—IZTRLLIZNS, 30L/h ORBETNANATA VICEALZ, 7OR
ATy ya e ske, WAKERHEKIER 2 DARIZE 0K, SERIE 2 [
E BT I,

E Y TE S

WAIK &tk D SSRC I, Perfringens FERKFHI(PAB.Oxoid CM5878) & F T4 L
7o B2 7% 100mL KL, 70+1CT 30 /MR L /#%, Ail&fTo7z. ILHALED
HRZEER LTI T > 7K &K%, BRI 12T 02 1°C T 30 2 MRH L. SSRC
FICH D=, BHL =,

Bacillus subtilis ATCC 6633(101/g)% 7 ) — X R 71 L/z3f@% Vienna KF¥ XD AT
L. 30-50mg % 10ml OWEKITHEMURE S 3721CT 24 FffEBER R H(Difco
247040)THIE L 2%, I L 7=,

C.perfringens & B.Subtilis ORRE TG EATICHTUEE 2175 /2. 10m] ORI Z R
T F - ¥ —(Branson Digital Sonifer) % 30 MV /2%, Smm DWEFHAHD T 4 IV 7 —%
W, e e fri Lz,

MS2 KW 7 7 — 2BV T, 18010905 ICHDE 04 L7z, MS2 13, 0.22mm D7
AT = HWT, R Z2RE L=,
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SROVRRE R, BRI R SRS ik
O IRSE B3, Berson model BUV3D ZHWTEHRE Lz, ¥ REEEZ HW, 8.4
ROAIT, SOLRREA LB E2AWEIE Uk, FERIMEIRE &I, s 07— KT,
RS, REL OFHE L, SROVRIRE 813, SR G B KR EIC L DI
EEIN, TOTHENH, 2707y T, KBICKOWEENS, IrB, T8
—IZ&k D, I 27E 1 BMEIRENTO IS,
HRAEBH EHIS Reduction Equivalent Fluence(RED)&. ¥R &G & LT, B.subtilis
ERWSHZEICI0BEHRU, BB, HHLZ Bsubtilis iZ P TREIN S,
REF=145.149*10g{(Cout/Cin)+100.623
ZZ Ty Cin,Cou lEIMAK, WHIAKDIFNIRETH O, REF 13 253.70m T FHAISEI R
BREXRT,
AELHEBERS . Decimal elimination capacity(DECIE., TR THbHEHN S,
DEC=log Cin—logCout

R
BUEP D SSRC DFAMEIT & BATEAL

WAKB L OWHAKDEYE SSRC B, 5.0/L(SD=6.0)K%T* 0.28/1L(SD=0.48)T®H 1D
(n-32). DEC 3 1.3log THh > /z. FREOARE(LERIT 0.20~2.92l0g(FFF 1.5010g) TH D,
Figure2 123 X H1C. IBEME SBBERICH D, ~KARELEEBET 5 &, AEL
HEEHUT 0.0132md.cm?2 TH 5,

100md/cm2 D EESRE T B = # D Clostridium perfringens 78 2.8log A& L7z &

DOWEMNH BHMN, UL, Figure 2 1ZRT SSRC OARTELNED 2 5DETH D, TD*

RBid, EEELE., BEPERREEREIOREIIH D EBDNS, FIT, MBES

OMEY EBREER O SSRC 2 FKFIC WBE UV Y A F A% AIWTERET- 72,

0.0
-0.5
=1.0
=15 1

«2.0 7

Reduction (log)

2.5

=3.0 Log (Cout/Cin) = -0.0132*fluence (2=0.66)

-3.5 T
0 50 100 150 200

Calculated UV fluence (mJ/icm?)

Figure 2 The relation between the inactivation of environmental SSRC in the WBE water and the calculated
UV fluence
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