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flow rate, ozone concentration, temperature, and pressure monitors of ozone gas line
ozone monitor for plant ambient air (in case of leaks)

ozon¢ monitoring for exhaust gas
Separate power input monitors for ozonator and air preparation units

14-8 UV DISINFECTION ;
The use of ultraviolet (UV) radiation for disinfection of wastewater is an emerging tech-
nology. It was first introduced almost 2 decades ago. This process has been described in

S, £
the EPA Task Force Report as potentially advantageous over conventional disinfection

by chlorination and ozonation.'? In addition, it is a physical process, whereas all o
are chemical processes, which leave chemical residuals. In this section the cul

of knowledge on the design of the UV disinfection process is presented. Bi
tively new technology, the process design procedures are still being develo

data on the operation and maintenance are limited. More Emo:n&_on

in the future as new plants come on-line.

14-9-1 Mechanism of UV D\m\anmoa.o:

Disinfection by UV radiation is a physical process 52
magnetic energy from a source (lamp) to the cellular
of an organism. The basic premise of the UV disinf

be absorbed by the organisms so that the energy
light that is absorbed by the organisms is measur
DNA molecule of an organism is the principal
is absorbed by the genetic material (DNA) o
occur that may prevent the propagation of t
tion by DNA molecules depends on v
that the most effective spectral regi
nm with an optimum absorbanc ,

Repair of the damaged D
to the visible range (primaril
pair phenomenon has been
organisms.?° The repai
nm to complete the 1
often addressed by
Enterococci can
repair. Maximu
in total colift

- 149 UV Q@Zﬂmﬁwﬂ *02 m.wu.
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Removable Lamp Support Rack
with Intarnal Wiring

(a) (c)

Tetlon Tubas 1o

iR AL
3 nsmnraneee
PR

Carry Water
Ilnﬂucnt
3/8" Mesly iGateimnior ; Figure 14-13—cont'd  (c) example of UV system utilizing Teflon® tubes (from Ref. 12).
Scf"n Mechanical Wipers Automatic Level
:/ Coatrol Gate
: ; : UV disinfection model is expressed by Eq. (14-30). The logarithmic expression of this
— =J{Gat Uitravi g i : . 5 : : ;
- 7o ’;r:\é::‘.;‘ Tt 5 equation yields a linear relationship [Eq. (14-31)).
— X : i ™ , : N,= Nge ™" (14-30)
Power Controls and i1 - In (N/Ng) = =kt (14-31)
Ballasts for UV Lamps Plan View e
: where
(b) Support Frame : ; e Sy

Drive Cylinder

N, = bacterial density remaining after exposure to UV and often after
photorepair, numbers per unit volume of liquid
Nd = initial bacterial density, numbers per unit volume of liquid
[ = intensity of UV radiation, WW/em?. A procedure to determine uv
intensity is covered in Sec. 14-9-5. ; :
1. = exposure time, min
: : k = rate constant, t'

UVUnit  Quartz-Sheathed La : f 3

: o ; The intensity [ is the rate at which the energy is delivered to the liquid. The product of
' UV intensity and time of exposure is called UV dose. The rate constant k is the slope of
the line (Eq. (14-31)]. The above equations represent the idealized situations. In practice,
however, deviation from the ideal model may occur because of many interfering effects,
such as the following:

Figure 14-13 System Components of UV Disinfection Reactors: (a) example of closed

vessel UV reactor, with flow parallel to lamps (courtesy of Trojan Technologies Inc.); (b) -
contact-type reactor with flow direction perpendicular to the lamps, and open channel flow.
(from Ref. 21).. ’ ; i !

! s Tailing effect is attributed to occulation or shadowing of bacteria by suspended par-
g P AT ticles. Filtration prior to UV disinfection is recommended to increase the efficiency.
o i « There is minimal or no response below a threshold dose (shoulder).
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The tailing and shouldering effects are shown in Figure 14-14. .

The intensity of UV radiation will attenuate as the distance from the lamps
increases. This is caused by dissipation of energy in increasing surrounding volume or
space. A second attenuation mechanism involves the actual absorption of the energy by
physical, chemical, and biological constituents in the wastewater. This is UV demand and
1s analogous to chlorine demand. The UV demand of a wastewater is quantified by ab-
sorption of energy per unit depth. This is expressed by absorbance units per cm (au/k
The au/cm is related to transmittance of UV light as measured by a spectrophotometer
wnd is expressed by Eq. (14-32): . % T

% Transmittance = 100 X 10~ @wem)

In most designs, a coefficient « is used to express UV absorbance. The co
to the base e and is directly related to au/cm. This relationship is e pre
33)2 : ;s

a = 2.3 (aw/cm)

The unit of « is cm ™ : i
The suspended solids in the liquid reduces the mmm

ments with mixed culture have shown that, as the
of inactivation is also increased but in'a reduced pre

unable to penetrate aggregated material, and inac
A : ; oy
occur. Thus, continued increase in the UV dose

s
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»‘. . . . .
OQ:uO EOE:Q n._~0 ideal Q:uO- which is know

i ) ) n as the residence time distribution (RTD).
— _.nnoauw Mw W.M,Mm_o: o“... the Em@ﬂ.m:on characteristics of a reactor. A disinfection Bonw_
— 1Spersive properties of a reactor was developed by Scheible et al.?* A

1zed expression of this model is given by Eq. (14-36): .

» (14-36)
where . s

x = the characteristic length of the reactor, defined as the average Emsbna
traveled by an element of water while under

u = velocity of water, cm/s
£

direct exposure to UV, cm
= &mvnmﬁ.o: coefficient (cm?s). E can be estimated from the RTD curve of
a particular reactor system (more information on this subject is m?n& in

the Design Example) - ik o
k = bacterial inactivation rate, s~
N,, Ny and N, have been defined earlier.

The performance curve of a UV reactor is mo:o.nm.:w based on the womw»mmorﬁﬁ. mm. .
n:mnn fecal coliform density, N'. Since the particulate fecal coliform density Zv, is addi-
tive, Eq. (14-36) can be modified in terms of N’ and is expressed by Eq. (14-37):

N'INy = nxnmnmﬁ 1- A,_ + %v Z S .

where

The inactivation rate k is ex
exposure time, £ will i

between k and [/ is expres:

~ the true intensities in such a system. Moreover,

7 -+ staggered uniform array: The array i
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Egs. (14-36) and (14-38) are combined to give a generalized UV design model. This
model is expressed by Eq. (14-39):

. ux 4Ea(L,. Y \'*
N, =N, Q%ﬂm? & AH £ :I._w.hlv ,; + ¢,(TSSy™ (14-39)

All terms in Eq. (14-39) have been defined earlier.

14-9-5 D&m.::?m:o: of UV Intensity

" Determination of UV intensity at any point

ina complex lamp reactor is not straightfor- -
ward. At the present time there is no commercially available detector that can measure

different lamp configurations will yield
different nominal intensities in the reactor. Calculations are performed for a number of
designs and subsequently reduced to show

the intensity as a function of UV amnqu of -
~the reactor and UV energy absorbed. : GirE : i o

. The UV density, D is defined as the total QQEEE uv uoinm ?w, 253.7 nm) véﬁmﬁmo
within a reactor divided by the liquid volume of the reactor (D = total UV output/liquid

volume). The density is directly related to the spacing of the lamps; the closer the spac-
ing, the highi

A er is the UV density in the reactor. Typical spacing configurations are as.
Follopvsie £8 i = S i bl i g

+ uniform array: gmﬁﬁ? are % in even, hor
 The centerline spacings are generally m_ﬂﬁu in both d
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Figure 14-17—cont'd (d) tubular array.

timate the actual intensity under a gi iti it i
: : ) given set of field conditions, it is necessary to adjust
the nominal intensity. Eq. (14-40) is normally used for this purpose. :

Y RE, OO, (14-40)

Iyyg = (Nominal I,
where
= Bmo of the actual output to the nominal output of the lamps
F, = ratio of the actual transparency of the quartz sleeve or Teflon® tubes to

the nominal transparency (100%) of the enclosures

When designing a new unit, the system should be designed at an average F, of 0.8,
which represents a lamp inventory output at approximately one-half of its ovanmmﬁ life.
An F, of 0.65 is expected at the end of the operating life. A reasonable minimum F,
would be 0.7 for a quartz system and 0.6 for a Teflon® system. :

14-9-6 Hydraulic Design of UV Reactor

There are three basic design objectives of an effective UV disinfection reactor: (a) the
unit should be a plug flow reactor (PFR), and (b) the flow motion should be turbulent ra-
dially from the direction of flow. This allows each element to receive the same overall
in the nonuniform intensity field that may exist in the re-
ent is that some axial dispersion will be introduced,
ow reactor, and (c) maximum use must be made

average intensity of radiation
actor. The trade-off in this requirem
yielding a dispersive or nonideal plug fl
of the entire volume of the reactor. Dead spaces mus
volume' is very close to the actual volume available.

design are discussed below.

The basic factors for a UV reactor

(RTD). The RTD provides key information on the actual

Residence Time Distribution
a reactor. Dye-tracer study should be conducted to

or anticipated hydraulic behavior of
establish the actual residence time.

t be minimized so that the effective -

Dispersive Characteristic.
mize the dispersion and maximize the contact tim
file should be established at different flow conditions.

Effective Volume.
consideration. The lamp battery volume is the portion of the to

occupied by UV lamps. It is therefore important
maximum vessel volume. Dead zones or short-cir
tive use of lamp power. Both components of the system
prise a major portion of the capital and operating costs.

A number of equipment
dresses of many manufa
work closely with the local representatives o
mance record of UV disinfection equipment at 0
fore e
equipment selection are given in Sec. 2-10.
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A key goal of hydraulic design of the UV reactor is to mini-
. Therefore, the average velocity pro-

Turbulence and Head Loss. An important consideration in the hydraulic design of a
UV reactor is fluid turbulence. So:
energy in the nonuniform intensity field of the reactor. But tur]
head loss, which is a function of velocity. Head loss is the contro
sign of a reactor. This topic is discussed in the Design Example.

me turbulence is desired for uniform distribution of UV
bulence is associated with
Iling factor in the de-

Maximum use of the reactor volume is another important design
tal vessel volume that is

that the reactor is designed to utilize the
cuited areas would also mean ineffec-
(reactor and lamp battery) com-

14-10 EQUIPMENT MANUFACTURERS OF A UV

DISINFECTION FACILITY

manufacturers supply UV disinfection systems. Names and ad-
cturers are given in Appendix D. The design engineer should
f the equipment suppliers. A good perfor-
ther installations should be reviewed be-

quipment selection is made. Responsibilities of the design engineer for proper

14-11 INFORMATION OImOXEm.ﬂ FOR DESIGN OF A UV
D\m\z\nmodoz FACILITY . :
n must be obtained and decisions made before the design en-

The following informatio
the design of a UV disinfection facility:

gineer should proceed with

1. Effluent TSS (must be typically less than 20 mg/L) :
2. Peak wet weather, peak dry weather, average design, and minimum initial flows
3. Treatment plant design criteria prepared by the concerned regulatory agency
4. Specified contact time and corresponding flow condition (peak or average)
5. UV absorbance or transmittance of the effluent to maintain the desired level of ger-
" micidal effect; color caused by industrial wastes can be serious.
6. Equipment manufacturers and equipment selection guide
7. Information about existing facility if plant is being expanded
8. Head loss constraints through the unit; the automatic level control gate requires a

minimum of 0.4 m of head loss.
9. Existing site plan with contours and
10. Influent and effluent seasonal coliform count

location of the disinfection system
for specific flows (annual average,
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maximum 7-day average, maximum 30-day average, peak dry weather, and peak

wet weather)

Amount of redundancy required

Attitude and capability of operating and maintenance staff towards cleaning the
Jamps and providing continued operation under adverse conditions

Cro:. future expansion of the plant and anticipated design changes such as module
size, number of banks, and number of channels

W3

14-12 DESIGN EXAMPLE

14-12-1 Design Criteria Used
The following design criteria shall be used for the design of the UV disinfection system.

Step A: General

1. The plant’s permit calls for year-round disinfection.

5. The influent to the UV disinfection system is the effluent from the secondary clarifi-
ers. Many manufacturers recommend a coarse screen in the channel ahead of the UV
disinfection facility.

3. Provide a Parshall flume ahead of the UV disinfection facility to measure the flow.
The flow data are necessary to operate the required number of channels and lamp
modules. : =R

4. The following flow shall be used for the design of the UV system:

o average daily wastewater flow = 0.440 m>/s (26,400 Lpm) (Table 6-9)
o maximum 7-day average flow = 0.660 m3/s (39,600 Lpm). This flow is based on

1.5 X (avg. daily flow)
o maximum 30-day average flow = 0.484 m

1.1 X (avg. daily flow)
o peak dry weather flow = 0.917 m*/s (55,000 Lpm) (Table 6-9)
e peak wet weather flow = 1.321 m>/s (79,300 Lpm) (Table 6-9)

5. The following TSS values shall be used for the influent to the plant:
« average daily TSS = 10 mg/L
« maximum 7-day average TSS = 20 mg/L
» maximum 30-day average TSS = 10 mg/L
6. Influent fecal coliform density:
« average daily = 5 X 10° org®/100 mL
« maximum 7-day = 2 X 10° org/100 mL
» maximum 30-day = 1 X 10° org/100 mL
o peak dry weather = 1 X 10 org/100 mL
« peak wet weather = 0.5 X 10 org/100 mL .
7. Required effluent fecal coliform density:
o average daily = 100 org/100 mL -
o maximum 7-day average = 200 org/100 mL

« maximum 30-day average = 100 org/100 mL

3/s (29,040 Lpm). This flow is based on

9Organisms.
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« peak dry weather flow = 200 org/100 mL
« peak wet weather flow = 400 org/100 mL
8. UV transmittance (at 253.7 nm wavelength of UV)
« daily average flow = 70%
+ maximum 7-day average flow = 60%
« maximum 30-day average flow = 65%
9. Assume UV transmittance at peak wet weather flow

flow = 65%.

— 70% and at peak dry weather

¢ used to determine
s and unit configu-
11 meeting the

The disinfection models presented earlier will b
lication. Several design scenario

Step B: Reactor.
ng to the system while sti

the optimum design for the stated app
rations will be evaluated to maximize the loadi

performance goals.
The basic assumptions for the reactor design are

1. Provide uniform lamp array.
2 The center to center spacing of.the lamps s
3. The lamps shall be 1.5 m long with an effective arc le
output is approximately 18.2 W (watts)/m arc.
4. Each lamp is sheathed in a quartz enclosure with an outer diameter of 2.3 cm.
5. The lamps shall be configured axially parallel to one another, and the flow path will
be parallel to the lamps. GAE v 8
6. The values of the energy loss factors, F,and F, (Eq. (14-39)], are 0.8 and 0.7, respec-
tively. : j
7. The coefficient a, b, ¢y, m;, and E in Egs. (14-35), (14-36), and (14-38) are generally
developed experimentally because they are site-specific. The typical values of these
coefficients for disinfection of secondary effiuent from a POTW are used here.'”
These typical values are o
, a=145%107° 5
b=13
¢, =025
m, =20 : Atk
e flow.

hall be 6.0 cm.
ngth of 1.47 m; the nominal UV

E varies in the range of 120-1300 cm?¥/s in proportion to thy

14-12-2 Reactor Type and Arrangement - .

The UV system designed in this example utilizes four open channels arranged in paral-
lel. Each channel has two banks of UV lamp
modules in a uniform array. The flow is parallel t
shall flume enters a common influent division channel
disinfection channels. A sluice gate and identical rectangul

disinfection channel divide the flow equally into each channel.

sists of UV modules, power distribution centers,

cables, along with a host of accessory components.

s in series. Each bank contains several UV

o the UV lamps. The flow from a Par-
that divides the flow into the UV
ar weir at the head of each
The entire system con-
and all necessary interconnecting
The effluent structure has an auto-
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chn control flap gate level controller. The flow from the flap drops into a common
collection channel. The system configuration for the Design Example and layout of

other UV system installation supplied by i cturi i
apaedh PP Yy equipment manufacturers are shown in

14-12-3 Design Calculations

Step A: Disinfection Reactor Design. The reactor design involves UV lamp selection,

arrangement and cleaning, module and bank arrangement, channel sizing, and head loss
calculations.

1. Calculate the UV density of the reactor.

The UV density is calculated from the volume of liquid exposed to light. Two banks
of the UV module are placed in series in each channel.

a. Calculate the volume of liquid (V,) exposed per lamp. s
The lamp spacings in both vertical and horizontal directions are 6 cm (Figure 14-
19). The volume of liquid exposed per lamp is calculated from Eq. (14-41):

V/lamp = (S°Z) — (wd,*14)Z (14-41)

where

S = center to center spacing between the lamps = 6 cm
Z = arc length of the lamp = 147 cm
d, = diameter of quartz sleeve = 2.3 cm

Therefore, V,/lamp = {(6.0 cm)? X (147 cm)} — {%(2.3 cm)® X 147 cm}
= 4700 cm® or 4.7 L .

b. Calculate the UV density.

The UV density, D = total UV output per lamp/liquid volume per lamp
= (1.47 m arc X 18.2 W/m arc)/4.7 L
=5.7W/L .

c. Calculate the absorbance unit (aw/cm), absorbance coefficient o, nominal UV in-
tensity (nominal /,,,), and adjusted UV intensity (adjusted /).
(i) At average daily flow : :
The absorbance unit (au/cm) is calculated from Eq. (14-32). At average daily
flow, the UV transmittance at 253.7 nm = 70% (see Design Criteria)

) 70 = 100 X HOIu:\n:..
aw/cm = 0.155

The absorbance coefficient a is calculated from Eq. (14-33):

N.u_xa.au\oev. __,.
0.35/cm e

[ed

It

{
!
!

s gt Rectangular Disinfection Two baaks of UV
/H weic for fow  chansel modules and lamps

Sluice gete to
isolate channel

Common Power dustnbution > Floor

Coarse w = x
influeat cemter drain Automatic level effiuent
control gate channel

Figure 14-18 UV Disinfection System .rm.(\os.. (a) plan view, (b) «gnmcasmw section of
proposed facility for the Design Example, and (c) a photograph of UV system with two
channels and three banks (courtesy Trojan Technoiogies, Inc.).
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Ballast

Inactivation
coefficient
k(s
2.21
58
1.85

%)

8450

‘Wastewater flow path i

Adjusted

Iy (WW/em
9700
7300

Figure 74-19 One UV Lamp and Flow Path (from Ref. 12).

At UV density = 5.7 W/L and o = 0.35/cm, the nominal Jyg is obtained
from Figure 14-17(a): . :

"fférent Flow Conditions

Coefficients at Di
clem™)

17,
13
115

Ly (pW/em?)

17,300
000
100

Nominal 7,,, = 17,300 pW/em® e
Adjusted ,,, is calculated from Eq. (14-40): C o R

~ Nominal

= 17,300 pW/em® X 0.8 X 0.7 -
: 700 wW/cm® b
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b. Calculate nominal exposure time
T'he nominal ex osure ti o . e
[ Xp time r_ is = i e
biesd is the average time the water is exposed to UV

For each lam i
p £, is calcul
flow st i ated from volume of w

ater exposed per lamp (V,) and

¢ % volume of water exposed/lamp

V. liter (L
flow rate/lamp D

- g, liter per min (Lpm)
ivide numerator and denominator by W, (watt):

Pl

- n

% W,

n

To d
HUMH mamMﬂNmMM%MnRoﬂdmw%n curve, assign different values to variable g/W,,.
-value of g/W,, calculate th ing v i
example, at g/, = 0.5 Lpm/W.> ko B Vi Ot A3 81
o 0.176 L/W die 0
" BS L tmn W s/min = MH..S. s

Similarly, om.HoEmS t,, for other assigned values of ¢/W, (¢/W, = 1.0, 2.0, 3.0, and
4.0 L per min per Watt). These values are summarized in Table 14-8.
c. Calculate the velocity through UV lamps in the channel.

The velocity through the UV banks is obtained from the nominal exposure time
and the liquid exposure length under the UV lamps. There are two UV banks per
channel, and flow is parallel to the lamps. The length of each lamp is 150 cm.
Therefore, total length of UV exposure is 300 cm. The nominal exposure time £,

for g/W, = 0.5 Lpm/W is 21.12 s. The corresponding velocity u is calculated be-
low:

u = 300 cm/21.12 s = 14.20 cm/s

rized in Table 14-8. i : ; v
d. Calculate the dispersion coefficient. : WA :
The dispersion coefficient E relates to

Similarly, the u values for other assumed g/W, values are calculated and summa-

the hydraulic regime, mixing, or the resi-
dence time distribution in a reactor. Experimental determination of RTD cmg.m ai:
conservative (nonreactive) dye tracer is the most reliable technique. Dispersion
models are used to evaluate or diagnose the flow regime in a m.voo.pmn reactor.
Equation (14-42) is generally used to define the &mmﬂao: behavior in a reactor:
| R b g e
~ Ux .. .

where

d = dispersion number e
E = dispersion coefficient, cm /i

Ve g

.@mrm 14-8 Calculated Performance Values log N'IN, at Daily Average
aximum 7-d Average, and Maximum 30-d Average Flows :

s, t () x (em) u (cm/s) L O E (cm?ls) log N'IN,
Average Daily Flow
0.5 2112 300 14.20 2 127.84 -1137
1 10.56 300 Sy 391 255.68 —6.88
1.5 7.04 300 - v 4del 221 383.52 -5.02
2 528 300" 56.82 231 51136 -398
28 422 300 71.02 221 639.20 -331
3 3.52 300 85.23 291 761.05 -2.83
315 3.02 300 99.43 2.21 894.89 —248
4 2.64 300 113.64 221 10273 220
4.5 235 300 27.84 30 1150.57 -198
5 2,11 300 142.05 2 a0 1278 41 -1.80
Maximum 30-d Average
0.5 2112 300 1420 1.85 127.84 -10.04
1 10.56 300 28.41 1.85 255.68 —6.01
15 7.04 300 42.61 1.85 383.52 —-435
2 5.28 300 56.82 1.85 SHseE -3.43
5 422 300 71.02 1.85 639.20 —2.84
3 3.52 300 85.23 1.85 767.05 -2.43
35 302 300 9943 1.85 894.89 =240
4 2.64 300 113.64 1.85 1022.73 -1.88
4.5 2.33 300 127.84 1.85 SRS —1.69
S, 244 300 142.05 185 127841 —1.54
Maximum 7-d Average
95 ke Ol 12 300 14.20 153 127.834 —-8.76
1 ; 10.56 300 28.41 1:53 255.68 —5.18
1.5 7.04 300 42.61 ; 33 383.52 =373
2 528 300 56.82 1353 511.36 -292
2.5 422 300 71.02 153 639.20 —-241
3 252 300 85.23 159 767.05 -205
3.5 3.02 300 99.43 s 294.89 =119
dudis 28 300 51 SRR 5 - 102273 -158
450 235 300 12784 153 - 115057 -14
5 2.11 L300 oo 4288 ok 1278.41 e X399
*These values are taken from Table 14-7.
595
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The variables v and x are defined earljer,
j,:m plug-flow and complete-mix reactor regimes are reached when d ap-
ches 0 and «, respectively. Performance of a disinfection system is high un-
er pl :m flow conditions. At d = 0.03, low to moderate dispersion exists, and E
ues

ralues are calculated for different flow velocities. m»EEn calculations for
q/W, = 0.5 are given below:

"Q.'r

E
14.2 cm/s X uoo cm

or E = 27.8 cm®/s

0.03 =

Similarly, the values of E for other assumed g/W,, values are calculated and are
summarized in Table 14-8.
e. Calculate UV performance values, log Z.\Zo. :

The UV performance values log N'/N, for average daily, maximum .\.a average,
and maximum 30-d average flow conditions are calculated from Eq. (14-37).
Sample calculations for g/W, = 0.5 and average daily flow are shown below. It i
may be noted that if the effect of photoreactivation in the effluent or receiving
water is considered, 50: the bnoo&E.o for %<o~ow5m Eo voamQ_.Bw:on goal
should be modified. e

f. 4kE\'"?
N'/Ny = exp Nmm.. i ~+:|»

The values of mamma given 5 a»za 148, x u..§§. and k=221s""

14.2 Es\m X wo@g L
2 X 127.8 cm?/s

Q.Ee = exp

log (NI ¥,)

-6

10

12

Figure 14-20 Perfor,

3.0
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TABLE 14-9 Estima
te of :
for the Design Example Reackr Pertmstes it N

Maxi i
_PWHMM : >.“..MMW~W-= Zuwwﬁwwa Peak Dry Uw@omwmn:
== ge Average Weather Hour
plRaiics ASW\NMM » 3 10° ot 1ge IS 10 163 108 0.5 X 10°
NMMW wc%naag solids 10 20 10 20° 20°
Parti 1
QMHMW._M MMWM\J_‘%O 5 25° 100 25 ‘100 100
mmmwomww %%MMM: density, 100°¢ 200¢ 100¢ : 200° v 400°
v ; ;
Ao.w“mwmﬁﬂvmoam N 757 100 75 100 300
Required UV perfor- —3.82f - —43 —4.12 ~ —40 —3.22

mance value log (N'/N,)

*Values are given in the Design Criteria (Sec. 14-12-1, St
®Assumed values. : e e
N, = (TSS)"

= 0.25 (10)*°

“Obtained from effluent standards (Table 6-6).
N'=N-N,

=75
75
log (N'INg) =1 A
it A B
= —382

The values of nominal exposure time for different flow conditions to achieve the re-
quired performance levels are given in Table 14-10. I

m.O&n:_mﬁm,_nncacnno:mﬁbmnnncwa. . ....
The number of lamps required is calculated from Eq. ( 14-43):

9 ,
. q/W, Al o >
= 2 : ] 14-43
Number ow lamps = s : (14-43)

-

The required UV loading ¢/W, for different flow condition
marnce are provided in Table 14-10. : ;

s and for no&& w&ov
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imhm 14-10 The Maximum UV Loading and Number of Lamps Required as
Different Flow Conditions to Achieve the Required Performance Levels

Maximum Maximum Peak Design
Daily 7-Day 30-Day Dry Peak
Average Average Average Weather Hour
Required UV performance —3.82* —43 —412 © 40 -322
value, log (N'/Ng)
Maximum ¢/W,, (Lpm/W), 2.08° 1.28° 582 1.40° 1.83°
from performance curve
Nominal exposure time t,, s 3.1 83 5.9 83 58
Flow (Lpm) 26400 36900 29040 55000 79300
Lamp requirement 475 1078 687 1468 1620
For daily average fiow the required performance, log (N'/Ng) = —3.82 is obtained from Table 14-9.

*The maximum UV-loading, g/W, is obtained from performance curves (Figure 14-20).
“The performance curve for maximum 7-d average flow is used.

26,400 Lpm
2.08 Lmp/W

Number of lamps at average daily flow =
1.47 m.arc - 182 W

Lamp m.arc

= 475 lamps

Similarly, the number of lamps at all other flow conditions are calculated and sum-

marized in Table 14-10.
7. Design the UV disinfection channel.

The maximum number of UV lamps (1

620 lamps) are needed for design peak hour
flow. There are four disinfection channels and each channel has two banks.

Number of lamps per channel = 405 lamps
Number of lamps per bank = 203
Provide 12 lamps per module. ;

Number of modules per bank = 16.9 or 17

Total number of lamps per bank = 204

Total number of lamps provided = 1632 .
Water depth in the channel = 12 lamp X 6 cm spacing/lamp

=72 cmor 072 m
Provide a free board = 0.6 m
Width of the channel = 17 modules X 6 cm spacing/lamp
=102 cm or 1.02 m
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This arrangement gives lamp spacings 6 cm center to center in vertical and horizon-
tal directions, 3 ¢m from the bottom and sides of the channel to the center of the
amp, and 3 cm from the free water surface fo the center of the lamp. Different Rectangular weir 17 modules and 12
manufacturers may specify different mvmnmnmm.%ﬂwmmnoa must work closely with the for flow iyl i maduit f.MiPB&TLFL
manufacturer for proper clearance requirements in the channel. The design details et
and lamp arrangement is shown in Figure 14@1. This arrangement gives a total of Influent

408 lamps per channel. i
8. Location of UV bank in the channel y
The placement of influent and effluent structures relative to lamp arrays is critical to

achieve uniform flow. Measurement of velocity profiles in full-scale systems show
that a minimum of 2 E a ft) should be allowed between Enoeaoﬁru structures and

the closest lamp m:.mv\

9. Select the head loss equation. ! :
The head loss through a UV bank causes a drop in the free water surface in the :
Stuice gate

channel. This may cause serious operational problems in the disinfection process. If i B ‘
the liquid level is set such that the downstream free surface is coincident with the the channel . A
top of the irradiated zone, then some liquid on the upstream end wili pass through Coarse .
aregion of low intensity. Conversely, if the free surface is set in accordance with the :
upstream lamps, then the portions of the Jamps in the lower end of the bank may not
be immersed. gﬁ&sﬁgﬁggii!%? ......
ternate immersion and dryness, which may cause fouling of quartz sleeves and ir-
regular heat distribution that may shorten the life of the lamps. Some designers have |
used the sloping bottom of the channel to step down the subsequent banks. ;
The head loss through the UV banks depends on the number and arrangement
of the UV lamps, .§_§!,§£ﬂ  channel. Most manu-
facturers of the UV system have experime :

Automalic




602 DISINFECTION

.rauv spacing 6 cm c/c 17 modules per
in <n~.nnL and horizontal blank, each module
directioj bas 12 Jamps

@

Figure 14-21—cont’d  (d) details of modules and lamp arrangement.

locity.?” From these experimental data the head loss coefficients X for each bank as
a function of approach velocity are calculated. These X values are shown in Figure
14-22. These X values shall be used in Eq. (7-9) to determine head loss -across each
UV bank in series. Eq. (7-9) for UV application is given below:

\N ambw

Calculate the head loss through the UV system at average daily flow.

The procedure for calculating head loss through the UV system involves the use of -
the energy equation at downstream and upstream sections of the UV bank. Apply the
energy equation at section (3) and (2) as shown in Figure 14-21(b).

a. Calculate head loss across the downstream bank.

Flow per channel® = 0.11 m/s

.The depth of liquid above the top o~. Uv FE@ at the downstream onn of 9« sec-

ond bank

0.44

*Average flow = 0.440 m’/s. Flow per nrm::n_ = ——ms = 0.11 m’/s.

4
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12

10

|+l

— ]

18]
oy s
L ————11

0 0.1 02 e 0.3 0.4 0.5 0.6
Approach velocity, m/s

Figure 14-22 The Head Loss Coefficient through Two Banks Arranged in Series.

Gen 2.3 ¢

. 7
1.02 m

section va = = 1.85cin

Channel width =

~ Liquid aao&. in the _ 0720 m
channel at section (3)

Velocity of flow, v3 _

: 0.150 m/s
at section (3)

= 0.11 m/s/ (1.02m X 0.72 é

Applying energy npcmaos between sections (2) m.ua (3) [Figure 14-21(b)]
Nm +dy +vH2g8 by
0150 misy
2 X 9.81 m/s*

+ Kv,*i28

o+m~+<~§muo+o.§a+

dy + (1 — K) v;2g =0.721 m

The center-to-center spacing of the lamps is 6 cm, and the outer diameter of quartz sleeve is 2.3 cm.
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Using the trial-and-error method,
Assume d, = 0.725 m

B s
0725 m X102 m

Yo

= 0.149 m/s

From Figure 14-21, K = 4.6.
Solving for d, and v, from the above equation,

(0.149 m/s)

QM.TAMlAOvXIi
2% 9.81 m/s®

= 0.721 m

d, =0.725 m

h; = 0.725 m — 0.720 m
= 0.005 m or 0.5 cm

b. Q:ni.mﬁ head loss across the upstream bank.
Applying the energy equation between sections (1) and (2) [Figure 14-21(b)]
7 +d +v,Rg =z +d + v22g + h,

(0.149 m/s)?

0+d, +v,*¥2g=0+0725m+
2 X 9.81 m/s?

+ Kv,*/2g

d, + (1 — K) v,*2g = 0.726 m

Using the trial-and-error solution, d, = 0.730 m, v, = 0.148 m/s, and K = 4.61.

Head loss across the

i el =0730m— 0725 m
= 0.005 m or 0.5 cm
= 0730'm — 0720 ;m

= 001 mer 1.0 cm

Total head loss

¢. Calculate the head loss across upstream and downstream banks for different flow
conditions. These head losses are summarized in Table 14-11.
11. Determine the head loss through the influent structure.
The influent structure to the UV channel is controlled by a rectangular weir. The
length of the weir is the same as the width of the UV channel. A free fall of 0.08 m
at average design flow is provided in the UV channel. The head over weir at average
and peak design flows are calculated below: :

.. . : 5 2/3
Sé o m > 0.11 m’/s S e
2 06%1.02m X V2 X981 m/s?
. ki 0.33 m¥s =
mvnnk e = (.32

2" 06% 1.02m % V2 X981 mist

12. Determine the height of influent weir above the floor of UV channel.
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TABLE 14-11 Head Loss across UV Banks at Different Flows

h, Across h; Across Total hy
Flow for Upstream Downstream for Two
Flow Condition (m®/s) Bank (cm) Bank (cm) Banks (cm)
Average daily 0.11 0.5 0.5 1.0
Maximum 7-d average 0.17 0.9 09 1.8
Maximum 30-d average 0.12 0.5 0.5 1.0
Peak dry weather 0.23 14 L6 3.0
Peak wet weather 0.33 3.0 3.0 6.0

Height of influent weir = (water depth downstream of second UV bank at
average design flow) + (head loss in both UV
banks) + (free fall at the weir)

=072m+ 001l m+ 008m
= 0.81 m

13. Determine the head loss in the influent channel.
The head losses in the influent channel will be encountered because of excessive
turbulence, friction, flow distribution, and change in direction. Therefore, a total of
0.37-m head loss is assumed in the influent channel.

14. Determine the head loss at the effluent structure. :
The effluent structure has a raised floor on which an antomatic flap gate level con-
trol structure is installed. The flap-type gate with counterweights keeps the liquid
level near the effluent structure at the exact depth. A free fall at the downstream of
the gate is necessary for proper operation of the flap gate. As 2 result, the entire head
because of channel depth is lost at the gate. In this design, the channel floor is raised
0.3 m to conserve some head. Therefore, a total of 0.42 m (0.72 m — 0.30 m) head
will be lost at the gate. Provide a free fall of 020 m downstream of the gate.

Step B: Parshall Flume Design. "A standard Parshall flume is designed as an integral
part of the UV disinfection system. The flow measured at the Parshall flume will be di-
vided into the operating UV disinfection channels equally. The design details of the Par-
shall flume are shown in Figure 14-23. e .

1. Select the dimensions of the channel upstream of the Parshall flume.
Channel section = rectangular
Width of the channel =2.0m

Depth of flow at peak

design flow, y, o ¥
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3 Figure 14-23—cont'd  (c) head loss through Parshall flume, second-ft = ft%/s. (from Refs.
02 28 and 29); and (d) water surface profile through Parshall flume at peak design flow.
m
! ;
i . ! The slope of the channel is obtained from the Mannings Equation [Eq. @-D1.
\ } ; Cross-sectional area = 2.0 m X 0.8 m = 1.60 m*
(b) 2
04 e.8 12 1.8 2.0 4 ] = area : 1.60 m
2 Discharge, mYs ' perimeter  width + 2 depth
; : R : 4
Figure 14-23 Design Details of Parshall Flume Used for Flow Measurement in the De- & 1.60 m
sign Example: (8) standard dimensions of Parshall flume (from Refs. 28 and 29); (b) cali- : 20m+2X08m
‘ . A =044 m

bration curve of 1.22 m (4 ft) Parshall flume.
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1
0.013
S = 0.000344 H, =197 ft (0.6 m)

H, at 70 percent submergence = 0.7 X 1.97 ft = 1.38 ft (0.42 m)

1.321 m¥/s = 1.60 m? x

X (0.44 m)*?3 g2 Solving this equation,

2. Select the dimensions of the rectangular channel downstream of the Parshall flume
Width = 2m 6. Compute head loss H, through Parshall flume at peak design flow.
The head loss is computed from Figure 14-23(c). At peak design flow of 46.7 cfs
(1.321 m?/s) and 70 percent submergence, the head loss is 0.77 ft (0.24 m).
7. Compute the downstream channel bottom from the flume crest Al
The slope of the channel is obtained from Eq. (7-1). The water surface in the flume at the H, gauge is essentially level with the surface in
Crosssaciie oF the downstream channel. Therefore, A =y, + H; — H, = 1.00 m + 0.24 m — 0.60
, area =2.0mX 1m=20m? | m = 0.64 m. :
S0 8. Prepare water surface through the Parshall flume at peak design flow.
Ris T =05m The water surface profile is shown in Figure 14-23(d).
a2 9. Prepare the calibration curve for the Parshall flume.
The calibration curve for the Parshall flume is prepared from Eq. (14-45). At lower

Depth of flow at peak
design flow y, =lm

Jn e ) 1
1.321 mfs = 2.0 m* x 0.013 X 0.5 )™ 52 flows the water depth in the contact chamber will be reduced, and therefore, the sub-
] mergence at the downstream side of the Parshall flume will increase. The calibration
§ = 0.000186 curve is shown in Figure 14-23(b). v :
3 : . : :

- Select the dimensions of fhe Paxghall fume. Step C: Head Losses and Hydraulic Profile. The head loss calculations through the
Throat width =122 m (4 fi) UV channel and Parshall flume were provided earlier. Following is the summary of head
losses that are encountered through each unit at peak design flow when all four UV dis-
Submergence at peak o infection chambers are in service. The hydraulic profile for such a condition is illustrated

design flow { ' inFigure 14-24. : At

The dimensions of various components of the Parshall flume are given in Figure 14-

23(a). . ‘ Head loss through Parshall flume . e =024 m
4. Select the discharge equation for the Parshall flume. _ Head loss in the influent channel due to free fall friction, turbulence, - .
m: submergence below 70 percent, the flow through a 1.22-m Parshall flume is essen- N (uemehy, | : i b g
tially the same as for free flow conditions.”®>° Free flow discharge for a Parshall Ditferbotial, eyl bisgusen et and Spmstcasn, o7 Encse way
flume is given by Eq. (14-45): ; 5 . of UV disinfection channel . : % o o =0.35 m
: s : Head loss through UV disinfection channel - =0.06m
QA st : (14-45) 3 Head loss through level control gate . ; =042 m
it : Free fall downstream of gate = . : =020 m
B Total = 1.64 m
Q0 = free flow, cfs .“ . m . :
W = flupat width, ft { . : . ; A total head loss of 1.64 m at the Parshall flume and UV disinfection facility is dis-
~ H, = depth of water at upstream gauging point, ft (Figure 14-23) i proportionately large; however, such head losses are not uncommon. In situations where

adequate head is not available, free fall allowances could be Raamoa. and further raising

5. Compute H, and H, (depth of water at upstream and downstream gauging points). the channel mo.Q at the level control gate may be considered.

H, at peak design flow of 1.321 m>/s (46,7 cfs) is calculated from Eq. (14-45): : i ; g A ;
Step D: Design Details. The design details of the UV disinfection facility and Parshall

A 1.522(4 ft)®0%¢
flcae AR 40a flume are provided in Figures 14-21, and 14-23.
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AT UV DISINFECTION FACILITY TROUBLESHOOTING

Nmmmco: .m:a EE:S:.mmnn 0».. a UV disinfection system requires well-trained operators
iliar with the UV disinfection system and personal safety. It is also important that the
operators know various components of the UV system. Therefore, a summary of major
components of a UV system are presented first, followed by operation and maintenance
and troubleshooting sections. The hydraulic profile through the UV disinfection channel
at average and peak hour flows are shown in Figure 14-23. <

14-13-1 Major Components

The major components of a UV system include disinfection channel, UV banks, and
.&anﬁ.oE supply system. The effluent flows by gravity into four open channels for dis-
infection. Each channel consists of two banks with 17 modules per bank and 12 lamps
per module. Each bank contains 204 lamps. In all, eight banks contain a total of 1632
lamps. Figure 14-21 shows the UV system components. & 4 ;
The UV system disinfects water as the effluent flows through the banks. A power
cord leads from each UV module to its power control (PC) module, located in the con-
trol panel. PC modules supply and monitor electrical power to the UV lamps. The UV
modules and PC modules can be removed separately for maintenance. Downstream from
the UV modules is the automatic level controller (a flap-type gate with counterweights),
which keeps the effluent at the correct depth. The banks of UV modules can be operated
singularly or in series. The number of channels can be varied to meet the disinfection re-
quirements of a given flow rate and effluent quality. : ; : Bot
The stainless steel UV modules hold the ultraviolet lamps. The lamps are enclosed

individually in quartz sleeves and submerged in the effluent channel. UV modules are -

held in the support frame with the module handle above the water. Each UV module is

connected to a power cable that Jeads through the wireway to a PC module in En..oopg_ :

panel. The lamps are 147 cm long, and there are 12 lamps in each module.
The PC Modules are located in the control panels. Each PC .Bo%_n.oonn&.nm the
ballasts for the UV lamps and a printed circuit board thdt monitors current to the lamps.

o "0.72 m at average and peak flows

14-13 OPERATION AND MAINTENANCE AND TROUBLESHOOTING 811

Attached to the circuit board and visible on the front of the PC module are light emitting
diodes (LEDs). They indicate the status of each lamp and are arranged in the same order
as the lamps they monitor. One additional LED monitors the power to the PC module.
The number and type of ballast, type of circuit board, and power requirements of the PC
module depend on the number and type of lamps in the UV module.
A total of eight control panels house the PC modules. A power cable leads from each
PC module to the UV module in the effiuent channel. The monitering LEDs are visible
through a window in the lockable front door. The PC modules connect to the main power
supply through ground fault circuit interrupters. Lamp ballasts are kept at operating tem-
perature by cooling fans located near the ballasts. The service entrance for the control
panel is located at the main disconnect.
The automatic level controller is a device that keeps the effluent at the proper depth.
It is positioned in the effiuent channel downstream from UV modules. It consists of a
baffle balanced by weights. The baffie automatically swings partially open in proportion
to the flow and releases the excess discharge. This keeps the effluent level constant, re-
gardless of flow rate. The position of the balance weights can be adjusted to control the
liquid level in the channel. The automatic level controller can be opened completely and
rested on a stop chain to Jower the depth in the channel to a minimum level. This perraits
maintenance of the UV modules while they are in the channel.

The UV sensor probe measures the intensity of UV light at 254 nm and converts this
measurement into a UV dose reading at the meter. The meter is also equipped with a UV
dose remote alarm or running light. A drop in meter reading can be caused either by re-
duced light output or by a change in the effluent quality. Either of these conditions re-
sults in a lower bacteria kill. The meter reading is a good indicator of the system'’s dis-
infecting power. .

The UV disinfection system includes the following equipment items:

Quantity

136
136

Item Description

UV modules

PC modules

Stainless steel control panel
Stainless steel UV rack assembly
Automatic level controller

Cable wireway tray stainless steel

Elapsed time meters g
UV module cleaning rack, cleaning basins and jib crane

;om-“-bmm

14-13-2 Routine Operation and Maintenance

consists of operating the UY disinfection channels in parallel. During
flow of 1,32 m’/s, all four channels and eight banks must be
only two channels or one bank in four
One UV bank may be removed
ak wet weather flow condition.

Routine operation
a peak design wet weather s
in operation. During the average flow oon&smmr .
channels will provide the required degree of aﬁsma.nco?
for cleaning and maintenance any time except during pe
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The following pEeration ¢ v i i ;

*ing operadon and maintenance steps are necessary to keep a trouble-free op- a. If the receptacle switches off immediately, the probable cause may be an electrical
leak (short) through ground connections. Look for and repair any cracked sleeves,
loose connections in the UV module, and faults in the power cable.

arat AR

w;i bk wmun FM.U £ /_ channel, turn on the lamps for that channel. Then start the b. If the receptacle stays on but the LED is still out, the probable cause may be a fault
«,_1 . é ‘S,J:m_,, the channel by operating the gate over the weir. Verify that the in the PC module. Check connections inside the receptacle. Replace the circuit
. nfj, g E.w closed. ﬁ.msﬁm require approximately 20 minutes to warm up. board or the entire PC module if necessary. o
<. ﬂ_‘ : down om./:z" down a ormaam_. Qo%w the slide gate to that channel and open the c. If LEDs come on but the system is not operable, check connections to the original
3. W;,HS, m)”:ﬁ%,a mwﬂmﬂﬁw‘_ﬁ .Ww Mn&sma, e the UV lamps. ground fault receptacle. Replace if necessary. ,
NM m o .9..%5,.,,._.,., w Mfz ¢ rﬂé wwacﬂwxg U.Sm meter reading of UV dose. Also check the 3. If the sensor indicates that the UV dose is below the desired level, the probable causes
Slaonat cabinet. If the lamps or ballasts are burned out, re- of the problems and solutions are as follows: . :
e y a. A sudden drop in measured dose may be caused by dirt or debris on the sensor
4, Uﬁ,., .n.cmbﬁ &mm&om and lamps can reduce disinfection efficiency. Turn off the lamp window. Clean if necessary. :
module and electric supply before removing the module or bank. Do not overtichten b. A low measured dose reading may be caused by a faulty lamp being monitored.
_ the sensor clamp on the quartz sleeves because this may break the sleeve, Try a different lamp. ;

5. Do not operate near UV lamps without proper eye, face, and body protection. Moni- c. Decrease in effluent quality may cause low readings in other sensors. If readings

tor the water surface and effluent gate to keep the top of the lamp near the gate com- of other sensors are acceptable, the sensor in question may be faulty.

_ Pletely submerged and 1o keep the water surface about 2 cm above the lamp. d. A gradual drop in sensor reading may be caused by a coating on the sleeve. Clean

m., Clean the UV module as needed in accordance with the manufacturer’s instructions. the sleeve. .

i wmmEE@ monitor the fecal coliform in the influent and effluent of the UV disinfec- e. Alow measured dose after elapse of a reasonable amount of time since installation
tion channel. Also record the number of banks and modules on-line and the flow of the lamp may be caused by normal depreciation of the lamp output. If sufficient
rate. This information is used tc determine the actual dose being applied. Addition- time has not been elapsed, the lamp is faulty. Replace the lamp in both cases. Fol-
ally, the information is useful ovar time, to identify trends, predict cleaning intervals, - low the instructions for lamp replacement. : .

and provide design information for future expansions.

8. Measure TSS and turbidity in the effluent. Both TSS and turbidity affect the perfor-
mance of the UV system. If TSS or turbidity is higher than normal, all standby mod- 14-14 SPECIFICATIONS
ules should be utilized to maintain the required degree of disinfection. :

9. Insects are generally attracted by the UV light. Vacuum the area daily around the UV
disinfection channels if an insect problem occurs.

10. Replace lamps after 8700 hours of actual operation.

- Specifications on a UV facility are briefly presented in this section. The purpose of these
specifications is to describe many components that could not be fully covered in the de-
sign. The design engineer should use these specifications only as a guide. Detailed speci-
fications for each unit or component should be prepared in consultation with the equip-

3 ment manufacturers.
14-13-3 Troubleshooting

The following troubleshooting guide should be utilized: _
14-14-1 General

1. If power LED is on but two or more LEDs are out, the probable cause may be % " The contractor shall provide all labor, materials, tools, and equipment required to furnish

. . = - 1 1 .
& E&M.mmsasm of one or more lamps: >. single faulty lamp cancl e than , | and install a complete, tested, and ready-for-continuous-service ultraviolet disinfection
one to go out. Replace the appropriate lamps one at a time, system in an open channel as shown on the design plans. :

b. If the LED is still off, check the connections in the PC module. The problem may i ;
be caused by a malfunctioning ballast. Identify the faulty ballast by the lamp num- : oy (e
ber written on it and replace the ballast. If necessary, replace the circuit board of 14-14-2 Channels and Io:mSQH da .

SWSQREOQEG : ,
2. If all LEDs are on but the PC module is out, make sure that the main switch is on and The contractor shall provide four UV disinfection channels complete with foundations,
oo:o«oanrwnsow.:wb&.»zmw:amﬁmm,ﬁcm:m.ogpaa3w9w§a<a<om.mo=n§o§

the PC module and related UV module are properly.connected. Press the RESET switch
located on the ground fault receptacle. If it does not solve the problem, plug the PC grating over the UV banks to confine light exposure within the banks (to minimize the

module into a different ground fault receptacle and press the rReser switch, The fol- | insect attraction), walkway grating, channel isolation gates, lifting hoist, and aas elec-
lowing troubleshooting guide may apply: : . trical power systems. . S : s .

A e AR e
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14-14-3 UV Equipment

The UV equipment shall include the following components:

—

Eight UV banks, two banks in series in each channel, with uniform array in horizon-
tal rows, and flow parallel to lamps, 17 modules in each bank, and 12 lamps in each
module
Power distribution center, control panel, W:Hmnoossanm:m cables to modules and
alarms

3. Lamp identification and monitoring system

4. UV intensity monitoring systems

5. Module cleaning station liner

6. Energy conservation flow pacing system

7. Automatic level control
8.
9.
10.

v ]

UV eye shields and safety equipment
Spare parts
Startup, testing, and personnel training

14-14-4 Quality Assurance

1. The UV disinfection system shall be capable of disinfecting the specified flows based
on the minimum effluent quality. i

2. Provide a 5-year history of successful installations. Evidence of previous perfor-
mance shall include the operational data documented by a laboratory independent of
the manufacturer. ;

3. Provide a reference list of a minimum of five wastewater treatment plants in which
similar UV disinfection systems have been installed. The list shall include operator
names and current telephone numbers.

14-14-5 Performance Requirements

1. The lamp output must be at least 65 percent of initial levels after 1 year of operation

and with no fouling on the lamp sleeves. .
2. The head loss through two series banks at peak design flow shall not exceed 6 cm, this

being confirmed by measurements in the field after startup. ;

3. The system shall be designed for energy conservation and partial system shutdown by

automatic flow pacing of modules in a manner that minimizes any Em.m wm &&.:moon.oa
capacity. The system specified shall be able to oo:&::.o providing disinfection of at
least 90 percent of peak design flow when the largest single bank of lamps are out of
service for cleaning or while replacing UV lamps, quartz sleeves, ballasts, or elec-

tronic circuit boards.

14-14-6 UV Module ; fis _

1. Each horizontal UV module shall consist of 12 UV lamps, each enclosed in an indi-

vidual quartz sleeve. The sleeve shall be sealed with a c<.3&mg.§ double seal with
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stainless steel backup. The closed end of the quartz sleeve shall be held in place by
means of a UV-resistant retaining cup. The quartz sleeve shall not come into contact
with any stainless steel in the frame. The quartz sleeve shall provide a minimum of
90 percent transmission at a 254-nm wavelength and shall have a nominal wall thick-
ness of 1.0 mm.

2. Each module shall be labeled with the module number permanently attached to the

module and shall be constantly visible without requiring the grating to be removed.
The module enclosure shall be suitable for continuous outdoor operation.

3. Each module shall include an integral air scrub system during the cleaning process.

Provision for compressed air shall be provided.

4. Wiring exposed to UV light shall be Teflon® coated.
5. Each UV lamp module shall include a safety interlock that shall automatically dis-

connect the power to the UV lamps when the module enclosure is opened for service.

6. Each module shall be protected by a panel-mounted thermal magnetic circuit breaker.

The rating of each individual circuit breaker shall not exceed 30 amps. The circuit
breakers shall be located adjacent to the UV channel in a proper load center.

7. Ultraviolet lamps and individual electronic lamp controllers shall be arranged so that

each may be easily and safely tested in place.

14-14-7 Ultraviolet Lamps

Lamps shall meet the following requirements:

1. The lamp shall be low-pressure, mercury vapor UV lamps. Each lamp shall produce
UV light with 90 percent of the UV emission at a 253.7-nm wavelength.

2. The UV lamp output shall not be less than 26.7 UV watts. Maximum power con-
sumption per lamp shall be 70 watts. The UV lamp intensity at a distance of | m in
air shall be 190 microwatts/cm?. :

. Minimum UV lamp arc length shall be 147 cm.

. Lamps shall be rated not to produce ozone.

5. The lamp base shall be of a durable construction resistant to UV. The lamp design

shall prevent electrical arcing between connections in moist conditions.

s W

14-14-8 Instrumentation and Controls

The power distribution center (PDC) shall be of type NEMA 3R and wall-mounted for
indoor/outdoor installation. It will be provided with necessary LED displays, alarms, and
controls.

K.-.R-m Automatic Flap Gate Level Controller -

An automatic level control shall be placed at the discharge end of the channels to ensure
that the UV lamps are properly submerged, regardless of the plant flows. The level of the -
water shall be maintained at an appropriate level at all design flow conditions by simple
adjustment to a counterbalance tank. The level control gates shall include a hinged baffle

with a counterbalance.



