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Solar corona as seen in deep UV light
Extreme UV imaging telescope aboard Solar and Heliospheric Observatory spacecraft




What UV is

How it Disinfects
Dosage
Equipment
Operational Issues

Wastewater Applications
Regulatory Issues
Design
Cost
Example Installation
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ELECTROIVIAGNETIC SPECTRUM
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JV Dose

Energy per unit area times contact time




UV Dose

Energy per unit area times contact time

Irradiance (mW/cm?) x time {sec) = mWs/cm?

(sometimes-expressed as pWs/cm? ro>

-
1 mWs/cm? =1 mJ/cm?
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UV Dose

Equipment Rating
Lamp Age
Lamp Fouling

Water Quality : —

UV Transmittance, organic content, suspended solids, turbidity, iron
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UV energy levels at 254 nanometer units

| ' | '
wavelength required for 99.9% destruction of J =2 rlN/=a 0 e
various organisms. _” SJ </ ‘JJ _/\.:J ‘_\J \) _r_l

Microwatt-seconds per square centimeter.

Bacteria

Bacillus anthracis 8,700
Escherichia coli 6,600
Pseudomonas aeruginosa (lab) 3,900
P.aeroginosa (environmental) 10,500
Shigella dysenteriae (dysentery) 4,200
Staphylococcus aureus 7,000

Vibrio cholerae (cholera) 6,500

Protozoa
Chlorella vulgaris (algae) 22,000

Paramecium 22000 :

Virus

Coliphage 6,600
Hepatitus virus (infectious) 8,000
Influenza virus 6,600 ™

Poliomyelitis (polio virus) 21,000 ‘ ‘ TR
Tobacco mosaic virus 440,000 | .'I et N G
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UV Dose-Response

Figure 2.8 Shapes of UV Dose-Response Curves
(adapted from Chang et 2). 1985)
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UV Pros anec Cons

 No byproduct formation - Lamp cleaning/replacement
e Effective disinfectant - Solids can reduce effectiveness
e No chemicals

* No need to dechlorinate

 Low cost
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Table A2 UV Sensitivity of Pathogenic Microorganisms in Water'
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Table A3 UV Sensaivity of Non-Fathogenic Bacteria, SBacteriophage, and
Spore-Forming Bacteria in Water'
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Technology Performance and Availlability:

An EPA Perspective
Dan Schmelling, USEPA

UV can inactivate high levels of waterborne
pathogens at feasible doses and is effective
against bacteria, viruses, Giardiazand
Cryptosporidium.

Typlcal UV-doses for water dlsmfe ange from
30 - 140 mJ/cm2. Lo¢finactivation '
pathogens is reported at doses of 3 - 34 mJ/cm?.
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Technology Performance ancd Avallability:

: —p » NV, < 1 =
An EPA Perspective
Dan Schmelling, USEPA

inactivation

Viruses

“Giardia

Crypto

bacterial pathogens
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The Gear

 Mercury lamps
e Ballasts and power supplies

- -

e Lamp sleeves -
* Cleaning systems
* UVintensity sensors—. —
e UV transmittance monitors
= _— T

* Temperature sensors = | =l 57
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Sallasts-Magnet)

LUMETRON Y SERIES
Constant Current Balests
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Sallasts-Magnet)

Magnetic Ballas

MnacTabon
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I’ ternation ‘I(}.:nght Germicidal Radiometer

Preliminary Specifications

NIST - traceable certification

* 2% accuracy

42 - digit readout

Spectral response 214 - 360 nm (10% pts.)
Calibration at 254 nm

Visible blind

Simple 1 - button operation, auto shut down
9 - volt battery operated

Designed for measurement of low-pressure
mercury lamps




Low-presgiire mercury-arc lamps
uv Radmi&;utput peaks at 253.7 nm
UV output decreases over bulb life, perhaps 20 25%

Proprietary connections?
-




Lamp Inten:

: TopleBright long wave lamp LL-60-352
— S PRy

- TrpleBright medium wave lamp LM-60-306
. - st

e p—— TripleBright short wave lamp LS-60-254 =

‘ Commercial long wave 25W F25T8 lamp

( i —
~a 3
' l % Commercial short wave 25W G25T8 lamp e



uv=tecnnix

Germany

geometry” (values mn mum) electrical data . UV-power’
types axEM--*!:)’!;TL;g—U_;W-_ mbe lamp W oz'kuvl-{: -P_‘:\_;\Il;n_x_. A. 1 total | @ lm
length GL with diameter wattage current voltage* ballast” | power | in
BL wires/base D ‘ W | A V ? W uWicm

VI 40 240 290/300 15 | 35 1.2 30 EB-D 200C 12.5 80
UVI 60 370 4251435 | 15 | so | 1.2 3 | EB-D200C | 15 | 150
l \l | $40 | 195/40% | 18 | 70 | 1.2 | 70 . |3 !& D 200C | 20 | 200
UVI120 | 785 | 8so/s60 | 15 | 110 | 1.8 75 | EB-D200C | 35 | 340
UVI201 | 1473 | 1540/1884 | 18 | 200 | 15 | 150 | EB-D200B | 72 | $%0
UVI130 | 770 | 830/80 | 19 | 110 | 185 | 68 | EB-D200A | 35 | 330
LVI 16D 930 990/ 10040 19 130 1.85 80 EB-D 200A 43 390
UVI200 | 1040 | 1013/1120 | 19 | 170 | 185 | 100 | EB-D200A | 46 | 400
LVI 240 1220 1300/1310 19 190 2.0 ] (¢ EB-D 400D 60 SO0
UVI260 | 1470 | 1540/1554 | 19 | 225 | 20 | 115 | EB-D400C | 78 | 600
LUV 300 | 1920 | 1990/2000 | 19 | <68 ‘ 2 | 155 . EB-D 400C | 90 | 600
UVI 100 480 540/550 | 25 78 |l 22 ' 36 | EB-D40OC | 22 | 22
UVIL40 | 810 | 870/880 | 25 | 125 | 21 | 60 | EB-D400C | 34 | 310
UVI 200 1130 1190/1200 B8 = 29 | 75 | EB-D400B | 80 | 69
UVI300 | 1430 | 1490/1%00 | 25 | 260 29 | 92 | EB-D400B | 110 | 860
" 32 mm diameter lamps are being <lc'.'c.lopc<l; ballasts (EB-D 400 A) lor these are already available
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Dimensions Spectral
Length (A) Diameter (B) Peak
(mm)  (in) | (mm) (in)




Instant-Start Lamps

Base Lamp Lamp Uv  uv Output Rated
Face Arc Lamp Lamp Volitage Output @ 1 .
Lamp Type : Current _ _ @ 1m Life
Baseto Length Diameter Wattage 5 Va 50 UuvC Watts/cm2 Hours
Base* or60Hz Watts " " T
G10T5L/C 357mm 281mm 15mm 17 425mA 51 5.7 56 9000

G36TSL/C 843mm 767mm 15mm 42 425mA 100 144 150 9000
G36TS5L/HO/C 843mm 767mm 15mm /S 800mA 95 25.0 240 9000
G64TS5L/C 1554mm 1478mm 15mm 75 450mA 175 30.0 260 9000
GB4TS5L/HO/C 1554mm 1478mm 15mm 145 800mA 180 48.0 385 9000
Note * UV output is measured at 253.7nm at 100 hours under laboratory conditions

Output may vary under actual operating conditions
* - Base face measurement is from base to base, not including pins.

** - Lamps are also available in both Pure Quartz (VH) or Synthetic Quartz (VHS)
A e escm——



Instant-Start Lamps

Base Lam Lamp uv
Face Arc Lamp Lamp Curre‘r)tt Voltage Output
Baseto Length Diameter Wattage A5 V@ 50 UuUVC

Base"® or 60Hz Watts
G10T5L/C 357mm 281Tmm 15mm 17 425mA 51 5.7

Lamp Type

G36TS5L/C 843mm 767mm 15mm 42 425mA 100 144
G36T5L/HO/C 843mm 767mm 15mm 75 800mA 95 25.0
GB4T5L/C 1554mm 1478mm 15mm 75 450mA 175 30.0
G64T5L/HO/C 1554mm 1478mm 15mm 800mA 48.0




Figure 2.10 UV Disinfection System Schematic
[courtesy of Severn Trent Services)
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UV Equipment

Single-vessel
Multiple-lamp
200 - 500 watts

+ 200 - 700-gpm*
$2,000-4,000__—

* at 15,000 yWs/cm?
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UV Eguipmen

High-output

450 - 2,000 watts

400 - 2,000 gpm*
* $4,000---13,000

* at 15,000 yWs/cm?




UV Equipment

TMC

110 - 660 watts

15 - 100 gpm*
-+ $350 -2;600

* at 30,000 yWs/cm?
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UV Equipment

Pentair Aquatics
8 - 240 watts
4 - 150 gpm*

* $140.-1,300

* at 15,000 yWs/cm?




bt g

LN
fv_tkkvw

-
o




Figure 211 Example of Closed (a) and Open (b) Channel Reactors
(courtesy of Trojan Technologies)

a. Closed-Channel Reactor b. Open-Channel Reactor

N

Closed Channel —— Open Channel
for Drinking Wafer — for asewater







NVIDNR’s Design Standards tor
Nastewater Systems

Rules of Department of Natural Resources
Division 20—Clean Water Commission, Chapter 8—Design Guides

(3) Forms of Disinfection. Chlorine-is the

most commonly used chemical forwastewater
disinfection-—The forms most often used

are liquid chlorine and calcmm_QLsLum
hypochlorite. Other dfSinfectants; including—=
chlorine dioxide, ozone or bromine, may be

accepted by the agency in individualfcases. &
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Design standards, operating data, and experience are not well
established... prototype testing... ask reviewing authority...

e open-channel designs
e modular UV units
e two banks in series

=~ consider safety, operation, and mainteriance
e water level control o — : —
e closed-chamber units reviewed on a case-by-case basis
» ask reviewing authority
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EFFLUENT WATER QUALITY CHARACTERISTICS

Parameter Maximum

- -

| -

UV 254 transmittance 65% at 1 cm
(3—5%‘absorbance)

BOD -
TSS
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GENERAL GUIDE TO UV DOSAGE BASED ON DESIGN PEAK HOURLY FLOW

UV dosage > 30,000 yWs/cm?
(30 mJ/cm?)

p—

AFTER adjustmentsfor: ..
 maximum tube fouling— | —
* lamp output reduction after 8,760 hours of operation
e other energy absorption losses '
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SYSTEM

CONTROL
CENTER "

COVER (SUPPLIED 8Y OTHER)

\tlantic Ultraviolet

WEIR

./’," SYSTE’J‘
o ld | WIREWAY

SYSTEM
MODULE

PLAN VIEW OF MAGNUM WATER
DISINFECTION SYSTEM IN CHANNEL



MHC2-64/2WE 9.4 100 4 P26 x6"x1%" | 16"x14°x22* | 20°x14"x22" . ¢° “
HC2-64/3WC 104.2 1%50,00 £ 6" xF " x1S" 16" x16"x22" 20"x16"x22" 8" £ &
MC2-64/4WE 1369 200,000 @ P6"x32°x2%" | 16"x16°x22" | 20°x20"x22" (S 32" ¢
HC2-64/5WC 173.6 250,000[ 10 96" x13"%15%" 16"x22%x 22" 20"x25"x22" a* 15" (N
HE2-64/6WE 208.3] 300,000 12 96"x10°x19%" | 26"x22"x22° | 20"x30"x22" [ 10" “
HC2Z-64/7WC 243.0 350.000[ i4 96" x21"x13" 16" x28"x 22" 20" x 35" x22" 8* 21" &*

1 Channel, Transition Box & Wewr Box are Stanless Steel

2 Lamp Modules and Electronic Endosure omitted for darity,
3 Flow rates are based on:

* Maximum Total Suspended Solids (Y55) of J0meg/|

= Maximum Biclogicel Oxygen Demand (BOD) of 30 me/l

= Mnimum Ultraviolet Transmission of 65% per cantimaeter
4 Contact factory for further information

1 URraviclet tyttem does not indude concrete channels.

2 Lamp Modules and Elactronic Endosure omitted for carity.

3 Flow rates are Dased on

- Maximum Total Suspended Solids (TS8) of Z0mg/l.

- Maximum Biclogical Oxygen Demand (BOD) of 30 myg/)

« Miniernurn Ultraviclet Transmission of 6%% per centimeter,
) o ) . srrn atic
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Operation ancd Vaintenance

Power consumption
 similar to fluorescent lighting

Lamp and sleeve cleaning
e important to maintain UV dosage
e automatic / manual
 chemical / mechanical

Lamp replacement (7,500 to 20,000 hours)

—a
Performance monitoring (tem-p,_UV mterﬂty 5
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