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Ora n ge Co u n ty Uti l i ties Wa ter Divi s i on
( OCUWD) is a water- su pp ly uti l i ty
with over 100,000 servi ce con n ec-

ti on s . In re s ponse to growing con cern s
rega rding sec u ri ty and to improve plant and
n ei gh borh ood safety, OCUWD eva lu a ted the
use of a l tern a tive met h ods of d i s i n fecti on to
provi de a safer means of d i s i n fecting at its
w a ter fac i l i ti e s .

Ch l orine gas has long been con s i dered
a safe , co s t - ef fective means to produ ce
active free hypoch l ori te for the disinfecti on
of d rinking water. Al t h o u gh history has
s h own rel a tively few catastrophic acc i den t s
rel a ted to the handling of this ch em i c a l , t h e
po ten tial ex i s t s . Al s o, these su pplies are dif-
ficult to sec u re , con s i dering the po s s i bi l i ty
of t a m pering du ring the tra n s port a ti on of
the produ ct and at the point of u s e . Us i n g
c u rrent detecti on sys tem s , these ch em i c a l s
produ ce unde s i ra ble em er gency re s pon s e s
to the most ro utine of i n c i den t s , and the
s a fety requ i rem ents now impo s ed for han-
dling the produ ct are time con su m i n g,
c u m bers om e , and co s t ly.

The eva lu a ti on report’s con clu s i on s
showed that maintaining the status quo using
ch l orine gas was the most co s t - ef fective
m et h od of d i s i n fecti on . The stu dy also
s h owed that the next most econ om i c a l
method of disinfection was the use of on-site
bulk sod ium hypoch l ori te feed sys tem s
(BFS). As a result, two separate projects were
developed: first, to convert 11 of the sub-
regional facilities by October 2003, and sec-
ond, to convert the two regional facilities by
the fall of 2004.

The purpose of these projects is to con-
vert the existing gas chlorination systems to
BFS without interrupting water-supply serv-
ice to OCUWD customers. This process was
selected in order to improve local neighbor-
hood safety and operator safety and also to
improve water quality.

The design team assembled the design
criteria based on input from all members of
the project team, including consulting engi-
neers (WCG/Neel-Schaffer, Inc.), OCUWD
engineers, and water-treatment plant person-
nel. The county water-supply facilities con-
sist of Floridan well-water supply and ground
storage. Most facilities tray aerate for H2S
removal and use sodium hydroxide for pH

stabilization. The following qualitative design
criteria were developed:

1. Pre- and post-tank chlorination.
2. Standardized skid-mounted feed systems

a. Two self-contained skids provided for
pre- and post-chlorination.

b. Each skid has two prominent pumps,
one working and one standby.

c. Overpressure relief.
d. Pulsation dampening.
e . Com bi n a ti on calibra ti on tu be / Dega s

port to prevent bu i l dup of c a rbon a te
of f - ga s .

3. Two Depolox 3+ analyzers–dual channel
pre side chlorine residual/fluoride post
side chlorine residual/pH.

4. S t a n d a rd i zed high - den s i ty po lyet hyl en e
( H D PE) tanks–su b s ti tuted for cro s s -
linked polyethylene after awarding con-
struction contract.

5. Easily replaceable half-inch poly tubing
hypoch l ori te injecti on lines piped
through a two-inch conduit chase for ease
of replacement.

6. Above - ground piping all UV- re s i s t a n t
PVC.

7. Drop point pre-injection point into the
tank to reduce contact with water and
eliminate the need for scale cleaning.

8. Suction line post injection point, to pro-
vide mixing in the pump and adequate
chlorine control.

9. Dual contained tanks to speed up c on-
struction.

10. Mixing pump to su s pend any set t l ed
solids within the tanks.

11. Ch emical feed panels – Mod i con
Quantum PLCs connected to main PLC
via fiber optic interface.

12. Stand-alone chemical buildings for facili-
ties where tanks and pumps do not fit in
existing chlorine facilities.

13. Temporary chlorine facilities for systems
requiring demolition of existing chlorina-
tion facilities.

14. Tank design was based on 14 days of stor-
age during the maximum-month flows.
Metering pumps were sized based upon
chlorine-to-hypochlorite dosage conver-
sion and pacing with well and/or high-
service pumps.

A modular approach to design was taken
to improve the constructability of these sys-

tems and minimize down time at any single
facility. This design also allows for uniformi-
ty between plants and interchangeable parts
for repairs, thus reducing inventory.

Other considerations were to reduce and
simplify the maintenance of these facilities;
such as drop-point chlorination and chlo-
rine-tubing carrier pipe with pull boxes, for
quick and inexpensive tubing replacement.
Also, fiber-optic connections were selected to
increase the speed and reliability with which
ex i s ting plant-con trol PLCs com mu n i c a te
with the chemical-control PLCs.

The sodium hypochlorite feed pumps
were sized using a qualitative analysis of past
chlorine usage, coupled with jar testing. This
data was valuable in determining the approx-
imate size of feed pumps, even though it dif-
fered from actual dose rates observed in the
field. One possible reason is that the jar-test
chlorine demand samples taken at the pre-
treatment side of the facility had time to react
with oxygen in the water prior to demand
testing in the lab.

Fac i l i ties with significant raw - w a ter
su l f i de con cen tra ti ons histori c a lly ex h i bi ted
h i gh er ch l orine demands on the pre - ch l ori-
n a ti on side of the re acti on than were
ob s erved in the ben ch te s t s . Evi den ce su p-
ports the fact that ox ygen takes five to 15
m i nutes to com p l etely re act with su l f i de .
Ben ch scale tests were con du cted well
beyond this peri od of ti m e , d i f fering from
f i eld con d i ti on s , wh ere ch l orine con t act
occ u rs almost immed i a tely fo ll owing aera-
ti on ; t h erefore , f i el d - ob s erved ch l ori n e
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demand at the pre - ch l ori n a ti on point typ i-
c a lly requ i red more ch l orine than was pre-
d i cted in the ben ch scale te s t s .

Control schemes were set to provide
well-flow-paced chlorine addition at the pre-
chlorination point. All points are assumed
from historical well-flow data, not from digi-
tal input from a flow meter. A chlorination
point is checked but is currently not used to
do feedback control on the pre-chlorination
point. The post-chlorination point is con-
trolled based on flow-meter input and adjust-
ed in increments of 0.1 units, based on input
from the post-chlorine analyzer.

Lag times were ad ju s ted to all ow for
com p l ete mixing 

 



A nu m ber of m od i f i c a ti ons were made
du ring con s tru cti on that improved the
overa ll va lue of the fac i l i ties both opera-
ti on a lly and tech n i c a lly. The co u n ty eva lu-
a ted the opti on of s i n gl e - con t a i n m ent fac i l-
i ties with a con s tru cted secon d a ry - con t a i n-
m ent wall . Some of the retrofit fac i l i ties did
not have su f f i c i ent room for the single tank
p lus con s tru cted secon d a ry con t a i n m en t ;
t h erefore , the co u n ty dec i ded that all tanks
would have built-in secon d a ry con t a i n m en t
for con s i s ten c y.

Ma nu f actu rers of ch emical tanks have
s t a n d a rd size s , but very few have com m on

d i m en s i on s . It was found at a couple of
f ac i l i ties that the tanks could not fit in the
propo s ed loc a ti ons because dimen s i ons dif-
ferent from the en gi n eer ’s propo s ed tank.
Thu s , the tanks were down s i zed to fit the
de s i gn a ted are a s .

Metering pump skids were set up for
both the pre and post ground storage tank.
The pumps were designed to start with and
m a tch well or servi ce-pump flows wh ere
appropriate, using an assumed dosage. For
con s i s tency and redu n d a n c y, the large s t
pump required, either pre or post, was select-
ed for both skids. Unfortunately, this selec-
tion meant in some instances that the chem-

ical feed pumps were greatly oversized, result-
ing in high turndowns during normal opera-
tion; therefore, it became necessary to down-
size some of the pumps to use them in a more
normal turndown range.

Specifically, the second post-side pump
was rep l aced with a small er pump. Th i s
allowed for adequat e turndown during low
flows. The larger pump was set to activate in
the event of high flows. Although this did not
provide the redundancy originally planned, it
was decided that there was sufficient redun-
dancy present in the dual point feed.

To measu re stora ge-tank vo lu m e , a
pre s su re tra n s du cer was install ed on the
pump out l et . Du ring metering opera ti on ,
s ome of the tra n s du cers provi ded erra ti c
m e a su rem en t s . The co u n ty is in the proce s s
of ch a n ging the sys tem to an ultra s on i c
depth measu rem ent sys tem in the tank to
a ll evi a te the va ri a ti on .

All 11 BSF facilities were substantially
complete by October 8, 2003. The systems
were started in groups of three, with the first
facilities in successful operation for over six
m on t h s . The ori ginal con tract was
$2,577,000 with a final amount of approxi-
mately $2,552,000.

Based on the experience gained in this
hypoch l ori te implem en t a ti on proj ect , t h e
following specific design and operational rec-
ommendations will be considered for future
hypochlorite facilities:
1. Dosage rates were found to vary from gas

chlorine and batch tests. It is recommend-
ed that pump platforms be desig ned to
allow the metering pumps to be exchanged
on ce the sys tem is opera ti on a l . Pu m p
s el ecti on can then be accom p l i s h ed by
either installing a temporary operation or
establishing an exchange with the supplier
after the permanent system is stabilized.

2 . Gas bu bbles within the hypoch l ori te
produ ct found areas to co ll ect .
Pa rti c u l a rly, f i t ti n gs on the su cti on side of
the metering pumps co ll ected gas pocket s
that air- l ocked the pumps. Opera ti on a lly,
the calibra ti on tu be was left open , a ll ow-
ing gas to escape from the su cti on piping.
Al s o, a su cti on - s i de cross fitting caused
s i gnificant gas bu i l d - u p. That fitting was
t a pped to all ow gas to ven t . It is impor-
tant to minimize fitti n gs bet ween tanks
and metering pumps. In ad d i ti on , t h e
piping should be sloped su f f i c i en t ly to
a ll ow gas to migra te back to the tank on ce
pumping is shut down . To help fac i l i t a te
the release of the ga s , the con trol sch em e
was mod i f i ed to open the vent solen oi d
va lves each time the pumps were given a
p acing sign a l .

3. The PLC control system for the BFS system
provides a flexible operation as well as ease

Continued from page 33
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Table 1.1 
Comparison of Water Quality Parameters Before and 

After Hypochlorite Conversion at Point of Entry and At Distribution Locations

This represents average data from 11 point-of-entry locations and 44 distribution locations.

of SCADA operation; however, the operat-
ing software must make certain assump-
tions on dosage and hypochlorite strength.
During start-up, the dosage assumptions
were continuously modified.

4 . Ch l orine analy zer con trol loop logic was not
ef fective on the pre side due to the deten ti on
time in the GSTs . Thu s , it was used pri m a ri-
ly as an indicati on . Re s i dual con trol on the
post side was more ef fective , as re s ponses to
ch a n ges were almost immed i a te .

5. Metal contact with hypochlorite resulted in
some corrosion issues. In particular, the
flexible coupling between the storage tank
and secon d a ry con t a i n m ent uti l i zed
hastelloy bolts. They almost immediately
began to dissolve when coming into con-
t act with the hypoch l ori te . These bo l t s
were changed to titanium, which is resist-
ant to hypochlorite.

6. The tank storage t ransducers also had a
stainless steel face, which began to corrode.
A rubber membrane was installed that pro-
tected the metal seat from the hypo chlo-
rite. Eventually, these transducers will be

replaced with the ultrasonic depth-meas-
urement system mentioned earlier.

7. The strength of the hypochlorite is main-
tained by scheduling deliveries of fresh
product every three to four weeks.

Pre- and po s t - hypoch l ori te sampling
was con du cted at the point of en try and in
the distri buti on sys tem for all plants.
Ei gh ty - f ive different para m eters were ana-
ly zed for each loc a ti on . The te s ting inclu ded
pri m a ry and secon d a ry dri n k i n g - w a ter
s t a n d a rd s , d i s i n fecti on byprodu ct s , to t a l
or ganic carbon , and vo l a tile or ga n i c s . Mo s t
of the data was unch a n ged after the
hypoch l ori te convers i on ; h owever, Ta ble 1.1
repre s ents a su m m a ry of the sel ected
p a ra m eters that ch a n ged .

Some initial water-quality changes were
apparent after the addition of hypochlorite.
The most obv ious change was the elimina-
tion of caustic feed at the plants. The higher
pH of the hypoch l ori te is su f f i c i ent to
increase the finished-water pH to the coun-
ty’s target for corrosion control.

Total trihalomethane (TTHM) forma-

tion was also a consideration when selecting
this process. A desired benefit was a reduc-
tion in TTHMs using sodium hypochlorite.
Testing to date in the distribution system has
not shown a significant reduction in TTHMs.
In addition, potential strategies ar e being
evaluated to reduce contact time through the
tank, which may effecti vely red uce TTHM
formation overall in the system.

Wa ter- qu a l i ty re sults have been above
ex pect a ti on s , and not having to store and feed
c a u s tic is an unfore s een ben ef i t . Opera ti on and
m a i n ten a n ce pers on n el are en t hu s ed abo ut the
convers i on because they no lon ger have to de a l
with ga s eous ch l orine and now have one less
ch emical (NaOH) to handl e . Nu i s a n ce alarm s
that cost time and mon ey, both for OC U W D
pers on n el and the fire dep a rtm ents who mu s t
re s pon d , h ave been el i m i n a ted .

This project has been a complete success.
Communication and coordination by opera-
ti on s , en gi n eeri n g, con su l t a n t s , equ i pm en t
suppliers, and the construction contractor
throughout the project resulted in imple-
mentation on time and below budget.
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