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CDM stands behmd the recommendations provlded m thls report for improvmg the 
operation of the Zn Water Treatment Plant and provldmg the means for plant staff to 
respond quickly and effectively to changes m raw water qual~ty Each recommendation has 
~ t s  bass m sound enpeemg  judgment and the concepts behmd each have been appked 
successfully m other locations 

Whde CDM cannot guarantee that taste, odor, and nematode problems d never occur 
agam, it does beheve that its recommendauons, along wrth proper plant operation and 
mmtenance, provrde the most effective and e c o n o d  way of equppmg the Zar plant to 
handle taste, odor, and nematode problems 

I 
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GREATER AMMAN WATER PROBLEMS, JULY-AUGUST 1998 
ZAI WATER TREATMENT PLANT ASSESSMENT 

FINAL REPORT (Revised) 

January 1999 

Executive Summary 

Ths  report has been prepared by Camp Dresser & McKee Internauonal Jnc (CDM) for the 
Uxuted States Agency for Internauonal Development (USAID) and the Muustry of Water 
and Imgauon/Water Authonty of Jordan, wrth USAID f u n b g  Followmg severe taste and 
odor events m the water supply m July and August of 1998, CDM was asked to make 
recommendatlons to moddy the plant and operaung procedures to prevent a repeat of the 
taste and odor events, based on the followmg study of the Der  Ma-Z;u WTP System, 
renew of water qudty and operating reports, and study of other reports and designs The hst 
of references used m &IS report IS mcluded m Appendut A The full scope of work 
undertaken by CDM is given rn Appendur B Plans are m progress to double the capauty of 
the current conveyance, treatment, and dehverance systems through German and Japanese 
f u n b g  agencles 

The Draft Report of 30 September, 1998, made recommendauons that some bench-scale tests 
be performed to better refine the final recommendauons T h  Fmal Report mcludes the 
results of these tests (Appendm C) and these are reflected m many of the findmgs m the 
recommendauons herem In adcttron, th report d u d e s  complete cost esumates for each of 
the recommendatlons 

The Za Water Treatment Plant (Za WTP), its assouated mtake system, raw water 
conveyance system, and treated water conveyance system were constructed m the 1980s Up 
unul July, 1998, the plant had performed well Any cLssolved odorous compounds m the 
water were removed through the treatment processes However, the July-August events were 
so severe the plant could not, at full production rate, h a t e  the taste and odor 
expenenced Investigauon of the problem was performed by Jordaman Government 
Agenues, the World Health Orgamzat~on, and pnvate consultants Two conclusions were 
reached first, that the taste and odor were cormng from taste and odor producing algae, 
second, that dead nematodes were occasionally passrng through the plant As a result, it was 
thought prudent to Issue a boll water order 

The current system takes water'from the f(mg Abdullah Canal (UC) The KAC serves as an 
Irrigauon canal and raw water source for the Za WTP The water sources for the canal are 
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Lake Tibem, the Yarmouk &very the Mukheiba Wells, and, occasionally, the WacL Al-Arab 
Dam The length of the KAC, from its start to the draw-off polnt at Derr Alla, is 
approxmately 65 km It 1s an open canal Water is taken from the KAC, screened, and 
pumped at five pump statlons m series through five stretches of p ~ p e h e  Water travels 
vertically through approximately 1,123 meter (m) and hornontally through 14 kdometers 
(km) 

The Za  WTP is designed to provrde a vanety of treatment processes The process tram 
mcludes a flow regulatmg or balancing reservoir, chermcal rap~d mwng, flocculatlon, 
sedmentauon, and fdtrat~on Chermcals used are potasslum permanganate as a pre oxldant, 
powdered act~vated carbon (PAC) for taste and odor control, alum for coagulation and 
particle flocculatlon, two polyelectrolytes to a d  m coagulauon and flocculation, and chlorme 
for &mfecuon Treated water passes lnto a clearwell and is pumped from there to the 
Dabouq Reservoir From there the water gravrtates mto the western part of Amman's 
htnbution system 

The reported ranges of raw water quahty parameters are not extreme when compared to the 
normal raw water parameters, and are easily treatable mth the exlsung facht~es These 
parameters are turbidty, color, fecal cohform, algae, pH, hardness, a l l sh ty ,  and total 
orgamc carbon The water does contam nutnents that promote algae, mcludmg those specles 
that can cause taste and odor The raw water also contams nematodes The treated water 
records show that up unul July, 1998, the Zat WTP was treatlug the water effectively, 
meetmg the Jordan Standard Speclficauon 286/1997 for potable water To predct a taste and 
odor event is very d~fficult The maptude of the July-August event was unexpected and 
extreme m companson mth any events expenenced before It took plant management and 
operatmg staff by s u p s e  Further, &e one chemcal avdable at the plant to control taste 
and odor had msufficient feeder capauty to meet the hgh demand experienced 

It can be expected that the raw water qu&ty wd detenorate somewhat m the future because 
of contmued development m the catchment areas It wdl be necessary for all those 
responsible for control m these areas to enforce regulations to mmrrmze this deche m water 
quahty However, the decrease m future water quahty IS not antiupated to warrant any major 
changes to the treatment processes at the Za WTP beyond the recommendations m ths 
report It 1s more Lkely that changes m treated water quahty standards may necessitate a 
change m the current bmfectant at the plant 

The cause of the taste and odor m the treated water experienced m July and August was due 
to an algae bloom m the KAC of the species that p d y  causes taste and odor The 
detention tune m the KAC is long, and, grven the correct combmations, algae blooms are 
mevltable The correct rauo of nutnents, water temperature, s d g h t ,  and sufficient 
detention time d cause a bloom The Zar WTP cLd not have the PAC feeder capauty to 
handle such an event The feeder capacity of the duty and standby feeders was only 10 mg/L 
each Tests performed by a German spec~ahst at the tune demonstrated that at least 60 mg/L 
was needed 

The exact sources of the dead nematodes rdenufred m the water durmg the Intense 
rnvestigations m July and August have not yet been determmed They may ongmate from 
any or all of the raw water sources or may be enterrng the canal wrth stormwater run off 
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from adjomg apcultural lands In any event, it 1s M y  the nematodes are breedmg m the 
bottom deposits of the slow f l o m g  KAC If the filter mecha at the plant are not effectively 
cleaned, then the medla can harbor nematode breedmg sites, as well 

CDM, after studymg all avadable mforrnatlon, has rdenufied a number of m ~ ~ c a u o n s  and 
addxuons to the overall system that d mumme the posssbhty of another taste and odor 
event occurmg agam, whde controlhg nematodes more effecuvely Many of the 
recommendat~ons m h s  report are endorsements of suggestions made by others who have 
studxed ths  problem Included also are comments where CDM may not agree wlth the 
recommendauon of others, m some cases, it IS felt the recommendation may exacerbate the 
problem, mstead of dewate a 

a CDM recommends that the PAC apphcauon pomt be relocated to the vault on the raw 
water h e  just upstream of the regulatmg reservou T h  d allow a longer ume for the 
carbon to adsorb taste and odor and o rgac  compounds, and its effemveness d not be 
mmmmed by the coagulant floc To h t  shortcrrcu1ung m the regulaung reservorr, 
CDM is recommendmg that h s  reservou be baffled and the two compartments operated 
m p d e l  The bench-scale tests demonstrated the benefits of ths  recommendauon 

CDM recommends the use of f m c  sulfate for coagulation mstead of the alum currently 
used F m c  sulfate d be a more optunum coagulant than alum at the normal raw water 
pH levels experienced This change wdl also avold the use of an aud w~th  the alum. The 
test results and cost analyses show femc sulfate to be the better uon salt 

CDM recommends the powdered activated carbon feeders and slurry pumps be mcreased 
m capaclty to 35 mg/L each at full plant capauty as recommended m the German report 
When all the other recommended moddicatlons are unplemented, CDM does not beheve 
feedmg at this hgh of a rate d be necessary 

CDM recommends that the relocauon of the apphcauon of potasslum permanganate to 
the raw water from the present mlet, the plant's regulatmg reservorr, to the Intake Pump 
Stauon Currently, copper sulfate IS bemg added there at the suggesuon of one of the 
remewmg consultants CDM beheves the potasslum permanganate wdl do just as effecuve 
a job of macuvatmg the algae and wdl also a d  m the mactlvatron of nematodes, 
particularly when used together with chlome dlonde 

CDM recommends addmg d o n n e  &oxde to the raw water at the Intake Pump Station 
as the pnmary dlsmfectant and to a d  m taste and odor and nematode control 

CDM recommends that the exlstrng mechmcal electnc motor-dnven rapld murers for 
the coagulant c h e d  and coagulant a d  be converted to hydra& flash muung, u&mg 
avadable head at the plant and thereby creaung savlngs m electrical and c h e d  costs 

CDM recommends addmg a perforated Inlet wall to the flocculation basln to reduce 
shortacu1tmg m the first stage and to unprove flocculation, and to make permanent the 
apphcatlon pomts for floccdlant polymer a d  at all second and t h d  stage flocculators 
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CDM recommends the adcLuon of perforated outlet w d s  m the sedunentauon barns 
and the abandonment of the finger wem and troughs Ths w d  unprove the barns' 
effectiveness m removrng fine floc and mmmlze carryover on to the filters 

CDM recommends that the filter operation and controls be m o u e d  to allow for the 
h a u o n  of the lmtial turbidly splkes lmrneckately followmg start-up after 
backwashmg 

CDM recommends the use of a fdter a d  polymer to help m the performance of the filters 
and m the effectlve removal of dead nematodes CDM does not recommend addmg PAC 
to the settled water 

CDM recommends that the exlsung filter surface wash water system be replaced mth an 
ax scour method for fulldepth filter me&a cleanrng CDM further recommends the 
blowers and controls for the air scour system be part of the Japanese dagn  

CDM recommends the constant speed wash water recovery pumps be converted to 
vanable speed. These pumps are beheved to be replaced mth larger pumps under the 
proposed Japanese expansion deslgn, however, &IS may be unnecessary If the exlsung 
filter surface wash system is replaced with an air scour system, as recommended herem 

CDM recommends that the pipmg at the storage (flow balancmg) tanks at four of the raw 
water pump stations be moddie& and new pipmg added, to allow water to pass through 
them and avoid stagnation and algae growth W M  also recommends the tanks be bailed - 
to avo~d shorturclllt~ng 

CDM does not agree mth the adcltion of f m c  chlonde at the proposed se&g basms at 
the Intake Pump Stauon site These basms are deslgned to settle out the sdt m the water 
and reduce wear on the pump Impellers These basm would only be cleaned out 
occasionally A&g fernc chlonde will preupltate out a great deal of organrc matter 
Thls wdl decompose and could create further taste and odor problems The removal of 
o r p c  particles m the water IS better left to the exlsung plant's sedunentauon basms 
where the deposited sludge is vacuumed off the floor regularly and therefore, d not 
contribute to taste and odor 

CDM does not recommend a&g f m c  chloride to the raw water at the head of the 
KAC to precipitate out phosphorous, one of the nutnents that algae depend upon Ths 
chermcal coagulant will preupltate out more than phosphorous, thereby mcreasmg 
bottom deposits These deposits wdl add to the algae taste and odor problems when these 
bottom deposits are resuspended Conslderation should be gven to usmg an algude as an 
alternauve 

CDM does not recommend that the exlstlng filter mecla be replaced with granular 
acuvated carbon (GAC) over a shallow layer of garnet at &IS ume 

Each recommendations has its  bas^ m sound enpeemg judgment In adcluon, the concepts 
behmd the recommendauons have been successfully apphed at other plants m the U S and 
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Europe These include ieconmlend~tions for the use of chlorinc d~ovicle ul~d pot~suum 
permanganate as oxidants, PAC contact basms, hydl aulic flash nuvlng pl ~tes, perfor ltcd 
lnlets and outlets (no finger weirs) in the rectangul~r scd basms, ferllc sulfate zs I colgul~nt, 
filter aid polymer, filter ur scour systems, znd tmk bzffhng 

CDM cznnot ~rovide In outrigl~t guarantee that taste, odor, znd nenlltode problcllls wtll be 
prevented 100 percent oi the time I-Ionevcr, CDM bclicve~ t h ~ t ,   long wlth propci p11nt 
operation and mainten m'e, ns recornmendatlons provide the most ~llcctivc ~ncl cconon~~c 11 
way of equippmg the Zai plant to handle taste, odor, and nem~tode problcms 

In vrewlng the J~panese ieport on the proposed 2% WTP ~ L I P ~ I C I L I O I ~ ,  CDM recommcnd\ 
the design m proposed be mended to incorporate the CDM recommcnd~tions to die Lxlsting 
plant, as stated above and in more detall in the body of the report The Japlnese proposed 
instrumentation and control system should Include updatmg and integr~ting thc cxistlng 
plant control system It is important that the two plants be identic11 111 design, pelform 111 

the szme manner, and be controlled as one plant from I central control room 

The Japanese design should also Include a coagulant polymer ald ~ n d  cnsure t h ~ t  the PAC 
feeder system be capable of dosing at up to a total of 70 mg/L zt full pllnt c ~ p ~ c l t y  Th1\ 
PAC system should also include conveyor loaders, bag splitters, compxctors, and dust 
extractors The recommendations of the German report have, for the nlost p lrt, becn ~grccd 
to 

The matrix whlch follows prov~des a summary of CDM's recon~mencl~tlons, in priorlty 
order, as well as expected benefits, Tpproulmate costs, and other con mcnt\ collcerning ewh 
recommendation Note that the cost estimates provided Ire "planning levcl" esumltcs only 
and will be developed and revised durmg design for the complete progr 1111 
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SUMMARY OF RECOMMENDATIONS FOR THE ZAl WATER TREATMENT PLANT 

No 
I 

2 

3 

4 

5 

6 

7 
I 

Benef~ts 
(a) Improves taste & odor control wh~le reduclng 

necessary dosages 
(b) more effect~vely reduces THM precursors 

(a) Provldes a heav~er floc to maxlmlze nematode 
removal rn the sed~rnentat~on bas~ns, 

(b) el~rn~nates the need to adjust pH ~n the raw or 
treated waters w~th ac~ds and bases, 

(c) elrmlnates the rmmedlate need to upslze the 
exlstlng alum feeders, 

(d) ~rnproved flocculat~on reduces load on fllters 
(e) forms less sludge than alum whlch also drres 

more read~ly 
(f) overall operatlng cost comparable to that of alum 

system (wlth pH adjustment) 
(a) Increases the plants abllrty to adequately handle 

taste & odor problems of the rnagn~tude of the 
1998 event and larger 

(a) Increases the contact trme and therefore the 
effect~veness of KMnO, as an ox~dant for 
controlling taste & odor and nematode 
lnactlvatlon 

(a) Mlnlmlzes short-c~rcu~t~ng, 
(b) increases chemical contact t~me 
(c) reduces PAC dosages needed to control taste & 

odor 
(a) lnact~vates algae, 
(b) malnta~ns clean p~pel~ne 
(c) ox~d~zes taste & odor compounds 
(d) helps lnactrvafe nematodes 
(e) reduces final chlorrne dose needed to malntaln a 

res~dual In the treated water 
(f) greatly reduces THM formatron potentla1 rn 

comparison to chlorlne 
(a) Reduces flocculant chemical aosages, 
(b) ellminates cost of operating and marntarnrng the 

exlstlng mechan~cal rnrxers 

Descr~ptron of t~eromrnendat~on 
Relocate the PAC appl~cat~on po~nt to the 
chem~cal ~nject~on vault on the raw water 
p~pel~ne before the regulating reservoir 
Relocate the chlorlne appllcatlon polnt from thls 
vault to the settled water channel before the 
fllters 
Convert from alurn to ferr~c sulfate as the 
prlrnary coagulant 

I 

I 

I 

Replace the exlstlng PAC feeders and slurry 
feed pumps wlth new feeders and pumps to 
allow feedlng PAC at 35 rng/L capac~ty each at 
9 
Add a potasslum perrnanganate feedrng 
system at the Intake Pump Stat~on 

Baffle the regulatllng reservoir at the Zal WTP 

Add chlor~ne d~oxrde doslng fac~llt~es at the 
Intake Pump Statron 

Change over the exlstlng mechancal flash 
mlxlng system to a hydraulic flash mlxrng 

Cost (JD) 
0 

0 

200 000 

85,000 

40 000 

650 000 

10 000 
1 
I 

b 

1 system 
I 

Comments 
Chlorrne must be relocated concurrently wlth the PAC , 
relocat~on 

Polymer testlng should be conducted to ensure the 
use of one wlth the greatest compat~bll~ty and 
effectlveness wlth ferrlc sulfate i 

I 
1 

Cost estlmate Includes capaclty for exlstlng and 
expanded plant requlrements 

Cost estlmate lncludes capac~ty for exlstlng and 
expanded plant requrrements, wlth bulldlng 

Mod~f~cat~ons can be ac~ompllshed qulckly wlth 
m~nlmal effect on plant operation 

Cost estrmate ~ncludes capac~ty for exlst~ng and 
expanded plant requlrernents wlth budding 

El~mlnation of mechan~cal rnlxeis would prov~de a net 
cost savrng rn the Japanese expansron desrgn 
Mod~ficat~ons ~ o u l d  requlre mlnlmal plant downtrnie 

I 



No 
8 

9 

10 

I I 

12 

13 

14 

Description of Recommendation 
Add perforated Inlet walls to the flocculation 
baslns, change the motor drives for 
flocculators to thew low speed, and apply 
polymer at impellers 

Add perforated outlet walls to the 
sedimentat~on basins 

Modify the filters to eliminate the turbidity spike 
after backwashing 

Add a filter aid polymer system 

Provide an air scour cleaning system for the 
filters 

Convert fixed-speed recovery pumps to 
varlable speed 

Modify the plprng at the storage tanks of Pump 
Stations 2,3, and 4 

Cost JD 
5000 

15,000 

88,000 

90 000 

450,000 

25,000 

220 000 

Benefits 
(a) Creates larger floc for higher percent removal in 

the sedimentation baslns, 
(b) eliminates "dead" zones ~n the basins to 

maxlmize settling tlme and space 

(a) Increases percent floc removal 

(a) Minimizes particles passing through the filters 
following backwashing particularly those of 
nematode slze 

(a) Flocculates particles passing through the 
sedimentation basins to retain them on the filters 
and prevent their passing through 

In combination with backwashing, 
(a) provides complete filter cleaning, 
(b) prevents the possibil~ty of nematodes breeding in 

the filter media 

(a) Ensures that recycled waste backwash water is 
fed to the head of the plant at a steady rate over 
24 hours, rather than in slugs to help any 
nematodes in the waste backwash water to settle 
out in the sed basins 

In comblnatlon with Recommendat~on 15 below 
(a) Prevents stagnation of water in the storage tanks 

to prevent algae growth, 
(b) el~mlnates need to occasionally overflow the 

tanks to flush them out 

Comments 
In combinat~on with Recommendation 9 below, will 
require approximately 12 to 20 days of downtime for 
each process tram 

Elimination of the finger weirs would provide a net 
cost saving in the Japanese expansion design In 
combination with Recommendation 8 above, will 
require approximately 12 to 20 days of downtime for 
each process train 
Proposed modifications allow for a gradual backwash 
startup, filter "restt' period following backwashing the 
ability to add polymer during the last few mlnutes of 
the backwash cycle, and automation of backwash 
control 
An anionic polymer is recommended 

The cost for a duty and standby air blower, which is 
included in the estimate above, is sufic~ent to cover 
the existlng and expanded plant needs since only 
one filter will be backwashed at a t~me Other costs 
associated wlth the expanded plant, however (piping, 
etc ), are not included in this estimate It IS expected 
that the additional (non-blower) costs of the air scour 
system for the expanded plant will be roughly 
equivalent to the related costs of the surface wash 
system currently proposed in that design Air scour 
grid systems are marketed which allow for their 
installation without filter downtime 
Recommendation could provlde a net cost saving In 
the Japanese design, since the proposed larger 
pumps may not be requlred if a filter air scour system 
is adopted 

Recommendation does away with the need to 
"dispose" of any water Should be ~mplemented after 
completion of the proposed settling basins at Pump 
Station No 1 



Comments I 

Recommendatron does away wrth the need to ! 
dispose of any water Should be rrnplernented after 

complet~on of the proposed settlrng basrns at Pump 
Statron No 1 

Cost JD 
35 000 

No 
15 

Descrrpt~on of Recommendation 
Add baffles In the storage tanks at Pump 
Statrons 1, 2, 3 and 4 

Benefrts 
In combrnatron wrth Recommendation 14 above, 
(a) Prevents stagnatron of water In storage tanks 

to prevent algae growth, 
(c) elimrnates need to occasronally overflow the 

tanks to flush them out 



1 0 Introduction 

This report 111s been prep ued by Camp Dresser & McKee Internalon 11 lnc (CDM) it the 
request of the Un~ted Stites Agency for International Development (USAD) through 
CDM's Indefinite Quantities Contract with USAID In preparing for the writing of this 
report, CDM personnel visited the Z u  W ~ t e r  Treatment Plant (Zai WTP) uld its associ~~cd 
rzw and tre~ted water conveytnce systems, reviewed wzter quallty ind operitlng records, 
studied 1vu1 tble wltcr convcylncc tnd 2.u WTP drawings, lncl rcviewed vlrious 
ii1vcstig1tive reports rcl i l~d to the wlter qu~llty probl~ills ~ Y ~ L I I L ~ ~ L L J  t l i ro~~~l i (x~ t  ihc 
western pans of the city of Amman's water distribution area CDM personnel also reviewed 
proposed modIfrcations ~ n d  addt~ons to the facilities All reference nl1teril~s ire citcd 111 

Appendlx A of t h ~ s  repoi-t 

The scope of CDM's services for this ieport includcd revlewing wltcr quility d ~ t ~ ,  plint 
operatlon4 records, associated reports, water treatment processes, chcmcd requirements ?rid 
dosages, operational efficiency, and projected Iuture mohfic~tions zi~d expansions CDM's 
scope of work was limtcd to the conveyance and treatment systems from the King Abdull~h 
Canal (KAC) intake ?t Deir All? through the Zal WTP &scharges CDM was islccci to 
rdentify mocLficatlons to the Zal WTP thn would be necessary to lnlprove wlter ~ L I  thty iild 
relrabll~t~, considering present and future water treatment demands The full wordlng of the 
scope of services as they relate to this report is glven in Appenhx B 

The draft of this report dated 30 September 1998, recommended a sencs of bench scale tcsts 
be conducted to better define poss~ble tlternltives t h ~ t  irose during the pcr~ocl prcptrltory to 
wriung the draft report This Fmal Report mcludes the results from these tests, ~ n d  1dci11iIicd 
the best coagulant chemcal, dsinfectant, and most appropnate chenllc 11 for in lctiv itlnq 
nematodes in the raw wtter traversing the conveyailce system from thc intahe to the Z ii 
WTP The results of test? for trihalomethine form~tion, uslng chloiinc lt the pllnt 'ind ~t the 
Intake Pump St ltion, 111d the test colnp iring the proposed ~lternatlvc ~ p p l ~ c  1tio11 polnt for 
powdered act~vdted carbon (PAC) comp~red to the eustlng ~pplic~uon polnt, trc 11so 
Included in this final report The report incorporates a l l  zpplicable comments on the d r ~ i t  
report received from USAID, Water Authority of Jordan (WAJ), Dr Murzd Jzb~y  131110, 
Consultant to WAJ, and the German funhng agency, KredItanstalt fur Wiedcrrmfoiu, ~ n d  
the Japanese funding agency, Japan Internltlonal Cooperation Agency (JICA) 

This report was prepared by Robert D G Monk, z CDM Consult~nt, under the gcner~l 
direction of the Project Mqnzger, Dav~d A Ogden, of CDM Ammun, Jord~il CDM 
acknowledges the ready assistance glven by the Minister of Water 2nd Irr~g?tion, HIS 
Excellency Dr Hanl Mulki, aild other MWVWAJ personnel, m furnishing information ?nd 
for their helpful review comments of prevrous drafts CDM would dso like to t h ~ n k  the 
actlng Zai WTP Manager, Mr Saleh Malkawi, and his staff for their coopermon durlng the 
course of gathering data znd for participatmg in the bench-sclle tests CDM ilso 
acknowledges the help and direction glven by Mr Alex Sundermann of USAID 

CDM trusts this combmed assistance will contribute to a permanent solution to the problenls 
experienced and to the continued wellbeq of the citizens of A m m ~ n  

- - -- 
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The Zal WTP was designed to trelt 123,000 cub~c meters per dly (nl'/rl) ~ n d  to yrovlde 
potable water to the western pu t  of the clty of Amman The water source for the pllnt 1s the 
King Abdullah Cm11 (KAC) wlllch trlnsports nuxed surflce water5 from Lake Tlbcriu IL 

the Dqjlnll Gate, the Ylrlnouk hver, ~ n d  occas~on~lly the W ~ d l  A1 Arib Dam Ground 
water from the Mukhelb~ Wells u llso p~ped to the KAC The KAC 1s used prlmlr~ly to 
convey waer for Irrlgluon purposes down the elstern srde of the JOILI m kvcr  Valley 

The water to be used for tile clty of Anlrnan 1s dverted from the kAC ~t Deir Alla, where lt 
IS screened, and then conveyed through a serles of 5 pump stat~onr, 13x1 lnclng tlnks, lnd 
plpel~nes to the Zal WTP The treated water u then pumped to the D ~Louq Reservoir lnd 
from there conveyed by grlvltg Into the clty Thls over111 conveylncc lnri treltmcnt <yqtcni 
IS shown on the Schemltlc Dl lgrqnl of the D e ~ r  A111-Z 11 Conveyvlcc SJ rtem ol Flgu~c 2-1 

In early July, 1998, there was an lncldence of bad taste and odor m the tre lted w lter dellvcred 
from the Zal WTP to the clty Thls taste and odor pers~sted through July and well Into 
August A number of Jordan Government agencles and ~nternat~onll consult ints mvestlg ~ted 
the problem and concluded that the taste and odor or~gmated from 11glc. ~n the water qnd 
that the treatment plant processes and operations were ~nsuffic~ent to dell wlth the mqgnnude 
of the problem Invesugations m~t~ated to determne the source and reqcons for the outbreqk 
also ldentlfied dead and llve nem~todes ~n the raw waters and dead ones m the treated w iters 
WhlIe the ewct sources Ire not known for sure as yet, nemltodes Ire lllsely to be conllng 
from the Y lrmouk bver  ~ n d  could llso be developing m my sllt lnrl orglnlc deposlts In thc 
bottom of the KAC (between dredgmgs) In wet weather, they could orlglnate ~n sods ~ n d  
be washed Into the canal wlth surface stormwater nln off There ue also mdxitlons that 
they could have been breedng ~n the plant's filters 

Currently, the Den- Alla Zu  WTP-Dabouq Water Conveyance Systen~ 1s ~t ln ldv lnced 
deslgn phase for doubllng systems cap~city by Tokyo Englneerlng Consult?nts fol JICA 
CDM revlewed these proposals as pan of the preplrltlon for thls report ~ n d  comnlents on 
them are Included hereln 
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The system reviewed under the term of the scope of work of this contr ICL wzs the Dcir All I 
Zv WTP System This system includes tlie raw water mt&e off tlic KAC zt Dell Al11, 
screens, the Intake Pun~p Station qnd 1,200 rnm lameter force m ~ i n  co Pump Stzt~on 1, 
Pump St-Itions 2, 3, znd 4, with storlgc (b~l~ncing) tznlrs ~ n d  connecting 1,200 i~lni dl~nirtcr 
force mzins, the 2-11 WTP, iilcluding tlie r IW wzter regul lting (b 11 lncin~) regervolr, ind I two 
compartment clearwell From the Zai WTP, the tiedted water proceeds through Pu~np  
Station 5 and 1,200 n1n1 diameter force mam and on to the Dabouq (Terrmn~l) Rescrvoir 
Water is transrmtted from the Dzbouq Reservoir via a 900 mm &?meter pipeline LO thc city's 
&stribution system The Wala Well supply connects into the 900 mm force mun between thc 
Zai WTP and Dabouq Reservoir This well supply is pumped into the Munt-~zah Reservoir 
and from there flows by grakity The KAC is an open canal used prim~rily foi irrigltion lnJ 
is approximately 65 kilometers in length from its start to the poiilt of the Deir A111 intzkc 
The w-Iter in this cznzl n slow moving ?nd, therefore, the cznll will ttnd to ~ccurnul~tc slits, 
muds, ~ n d  orgliiic n i l t t~ i  on ~ t s  floor Tliis ~ccun~uluioi~, colnbiiled mlth thc long dct~~itiotl 
time arid exposure to si~illight, promulgltes algze growths In ordrr LO rcduce thcsc llglc 
growths, the addtion of ferric clilor~de to the rlw w Iter ~t the lir ~d of tlie opcn c ln 11 lin 
been recently Initiated to precipitate out phosphorous in the water, 1t the recommend ~tioii of 
the German water specialist Dr Christoph Czelralla of CONSULAQUA, Hamburg 
Phosphorous u one of the chemcals that enhances algae growth The conveyznce ~ n d  
treatment system is shown graphically in Flgure 3-1 

The balancing tanks at Pump Statlolls I, 2, 3, and 4 are open to the limosphere -Ind fl0-1~ on 
the system, that is, the w-Iter is not routed through them The wltcr level sinlply rises ~i ld  
falls wlthill them, depenrhng on the inlb dance between w lter delivcrcd and w lter punlpcd 
Consequently, the w Iter in these tanks czn stagnate znd grow algae This c In result in slugs of 
water, loaded with dgde znd potential algae secreted taste and odor compounds, enteriiig the 
conveyance system and the Zai WTP To rmnimze this highly algze 1 ldeil w lter entering the 
conveyance system and the Zai WTP, the operators occ~s~onally flush 1111s w-Itcr out VI I tlic 
reservoir overflows 

The Zal WTP w ~ s  consti-ucted in the md 1980s The treatment proccssrs Ire convciition~l 
and collsist of flow b111ncing znd control, mechanical iapid rimers 111d floccul~tors for 
chemcal coagulation and flocculI.tion, rectangulu, horizontal flow type, sediment~tion 
basms, dud-mecla, rapld gravity filters, and a two compartment treated water cle~rwell 
Chemcals used include potassium permanganate for pre oxidation lnd 1s zn ald 111 tzste lnd 
odor control, powdered lctivlted czrbon (PAC) as the primlry chciluc~l for t~s tc  ~ n d  odor 
control, alumnum sulfate (alum) -IS the primary coagulznt, cationic polyelectrolyte (polymer) 
as a coagulant aid, anioilic polyn~er -IS a flocculation aid, and chlorlne to control zqu~tlc 
growth, to contribute to the control of taste and odor, and to function -IS thc primlry 
lsmfectant Provision WIS also Included in the original deslgn to ~ d d  ~o&um hydroxide 
(caustic  sod^), but this chenllcal is not needed and was never used Provision was made in thc 
design for a spare chermcal which has never been used elther The pH of the raw water is 
normally greater than 8 0 This IS well above the optimum pH for llum cozgulant The pII 
of the wzter leaving the plant is 7 plus Tlils inclcates that excess alum is be~ng used to depress 
the pH closer to the optimum value The znionic polymer has been reloc xed from the settled 
water zpplication point to the lzst stzge of flocculation to ?id in floc forlnltion 
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Figure 3 2 shows the Process Flow Schematic of the Zar WTP's tieqtmcnt tram ~ n d  the 
chermcal application points currently used F~gure 3-3 is a general 1 lyout dr iwing showiilg 111 
the treament conlponentr ~t the sitc T l b l ~  3-1 Lsts the treltnlent prouss components liid 
thelr respective des~gn criterla 

At a meetlng with Eng Koussu Qute~sh ~ t ,  Secretvy Gcneral of thc Miniary of W ltcr ind 
Irr~gqtion, Ind other Min~stry personnel, the question wqs raised about the Isr~elis' appro 1c11 
to water treatment It was suggested that Jordan should take the same ~pproach, ~nclu&ng the 
pretreatment method the Israelis use Israel's mam water source is Lake Tiberlas They puny 
the water into a canal wh~ch dscharges mto a large open reservoir As the aqter enters the 
reservoir a coagulant and an ac~d are added, and hydraulic flocculation follows Thc wltcr 
then traverses the reservoir, wh~ch is in f ~ c t  a large sedimentat~on bwm At this time, othcr 
t11-111 the .~dditlon of chloime, the wlter receives no further treqtment Thc Irrlclis hlvc 
conducted pllot ~ l a n t  studies and now plan to add ozonation and filters dtcr the s e t t l q  b Ism 
reservoir at the same site In effect, then, aplrt from the addtion of o;.one, the tre~tment 
process w~l l  be the sqme u t h ~ t  used qt the Zal WTP In fact, the pretreqtment qt the Zai 
WTP 1s a more controlled m d  effective system than the Israeli pretreunlent system CDM 
does not recommend other forms of pretreatment thm those mcluded in tills lepon I h c  
more concentrated treatment processes are, the more n~anq~eable, effectlvc, Ind efficient they 
will be To &versify treatment processes complicates management, comnlunlcztlon, md the 
control of the overall treatment process 
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The raw water quality In tlie KAC ~t the Deir M a  offtalre fluctu~tes d~ie to the mult~tudc of 
water sources, the long trqvel and detention time in the KAC, poss~blc releases froni the W ldi 
Al-Arab Dam, the nutrient proportions in the water, and seasonal wen1 er conditioils T l l ~  
reported range of the normal raw water quality parameters for a surf~ce witer sourcc for 
treated potable water, such 1s tui bihty, color, fecal cohform, algae, pH, hlrdness, 11k ~llnny, 
and total organic carbon (TOC), are generally not extreme, cons~der~ng the source w Iter ~nrl 
conveyance systems Stanley Consultants Inc has reported some occlsion 11ly very 111gl1 kvek 
of TOC, whch could result In a hi& incidence of trihalomethlne (THM) form~tion 
following chlorine adhtion to the water at the Zai WTP Dr Czek~lla reported t h ~ t  thc 
algae denslty in the raw water durlng July and August was considered low to modera~c He 
also stated that the levels of algae favoring nutrients, phosphate ind n ~ t r ~ t e ,  In wltcr fioill 
Lake Tlberias were low, whereas the nutrients m the Yarmouk kver  wlter were ten fold 
more The algae identified by the Government and the Royal Scieiitific Soclety 1 ibor ltorics 
&d Include a varlety of taste and odor producers Adcltioi~ally, the riw water wqs found to 
contain nem~todes These hqve been ~dentified u the free living (non pu ui-c) type, ~nri of 
themselves ire not a threat to public hedth However, they do feed on i~ucroorglnisii~~, ~ n d  
can harbor pathogens and vlruses m then digestive systems Therefore, a public llt 11th 
concern should arise whenever nematodes are present In the finished w lter 

Although only dead nemltodes hqve ever been detected in the finishcri w ltcr, CDM bclievcs 
~t is prudent from both health and aesthetic standpoints to control nciii~tod~s through tlie 
opurmzation of plant processes for both clsinfection and partlcle renlovd (seclmentation ~ n d  
filtration) CDM's reconlmendauons, hscussed later in this report, prolide the nieing to 
accomplish this, In comblnatlon wlth the proper operatlon of the plant's tre ltment proccsscs 

The watel produced by thc Zal WTP, untll the stvt  of the taste qnd odor ~nc~dcnts in July 
and August of 1998, h ~ d  met the drinklng water qu&ty stand~rds of the Jordin Stwd~rd 
Specification 286/1997 The referenced taste md  odor events were q surprise to ,111 conccrncd 
Nothing like this had h~ppened before Often at plants m the United Stat~s, ~ n d  otbcr 
countries that Irregularly experience taste and odor problems, the operttols do not 
coincidentally ~dentify the problem uz the plant ulltil they receive consumcr cop~plaintg It is 
d~ff~cult for managers and operators wha run a plant continudly to identlfy t,~stc lnd odor 
theplselves Even If they are anticipating I regular seasonal taste and odor event, lnd pcrform 
threshold odor number (TON) tests on the water, tastes and odors cln still pass through into 
the &stribut~on system undetected A more sophisticated testing svstem 15 often used, 
consisting of a plnel of personnel from people not associlted with thc cqxrltioll of t l i ~  pl lilt, 
and who h a ~ e  nose sensors that are not duenced  by extraneous tlllngs llbe smoking, 
perfume use, etc , to colduct regular Flavor Profile Analyses (FPA) 1 ha p~ne)  nlust conslst 
of people that fit a vigorous specification, are available regularly, lnd coilduct their lnqlyscs 
In rooms specillly msuhted from outside odors t h ~ t  could impqct upoil the results Even 
wll~re this method IS used, taste 1nJ odor c in lnd do still get through 111~ pl int? 

In the future, it cqn be expected that the I$& water q~~alltp will detenorlte so mew ha^ This is 
an mevitable result of re~~dentid, ~ndust~ld,  and agricultural development increlslng 111 the 
water source catchment lreas With the planned plant expansion, ln  addltiorlal A5 nllllion 
m'/year (123,000 m3/d) of raw water will be used Where this water comes from will clusc I 
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mnor c111n~e In the wa t~ i  q ~ ~ ~ l i ~ y  Howevcr, rt IS not muci~atcd tlil t  I dccrc ~ s r  in w ltrr 
q ~ ~ l i t Y  will be sufficient to wariult lny myor cllangcs to the ex~sting treltnleilt processes or 
adhtional processes outside the recomnlendations of t h ~ s  report It would be prudent for '111 
the responsible Government regul7ting Igencles to be mndful of the implications of not 
str~ctly enforcrng exlstlng control regulations, the fallure of whirh could impact wzter 
quallty However, the control and management of large parts of the watershed arels ale 
outside the drect control of Jordan and ns regulatory agencies Future, more strmgent trczted 
water quallty requirements nlay be more of a drlvmg force for process ch Inges, but cven this 
1s unhkely except for the possibility of the addtion of ozone or another primary Islnfectant 
to meet lower future Isinfectant by-products (DBP) regulations Even then, Jord~n sllould 
not necessardy follow the Unlted States' criteria The potential dangers of DBPs Irisc from 
drmkmg large amounts of water containing high le~els of DBPs over I long perlod The 
question IS, do the people of Jordan drink as much tap water as in the U S If not, tlicn Iny 
DBP regulation set by Jordan should reflect this hfference Worldwide, there is still I wldc 
lvergence of opmion over THM and other DBP levels wlthin the regulltlng countries 

The quahty of the water leavlng a ~ a t e r  treltment plant is not neccss~rily the qu~llty romng 
out of the consumer's t ~ p  It is very iinportant to m~i i l t~ ln  .I tight tr~nsnuss~on qnd 
&stributlon system to protect this water from contnnxndtion A disinfect~nt resldu 11 st111 in 
the water at the farthest location In the system will help to ensure b ~ c t e r i ~  free water The 
lack of T chlor~ile residuql 1s ul indlcitor of possibie contanun~tion through ? cross 
connection or by seine other nlclns Howtver, siilcc the Inlount LI rc \id1111 disinfect ~ n t  111 

the treated w lter 1s lnsufii~lert to dsinfect contamn~ted w Iter e~~terlng the system, vigil ~ncc 
1s necessary to check for signs of trouble by regularly testlng to ensure th ~t a residu 11 1s being 
maintained everywhere throughout the system Lack of a resldual is m iilrGc~tor of troublc, 
To spend a lot of time and money to produce the high quality oi wlter the Z u  WTP IS 
capable of producing only to have it degraded in the &stribution system woulJ bc 
unfortunlte and dangerous 
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5 0 Potentla1 Causes of the Taste ~ n d  Odor and Nematode PI oblerils 

The quality of the raw water sources ~ n d  the warmer summer tempci uures in elrly July, 
1998, mltiated the taste nnd odor producing algae in the raw wntel sources, thc long 
conveyance systems promoted their further developnlent, and the Zai WTP mznzgement ~ n d  
operztors were unlble to treat the wlter at full plant capaclty effectively znd responsively 
Thls was m part due to inexperience, but primzr~ly due to insufficient powdered ~cilvated 
carbon (PAC) metering c ~ p ~ c i t y  The tzste ~ n d  odor events were far lnri may gre lter th In 
any experienced before and of such a magnitude that the plant stzff w 1s unlble to respond 
quickly enough to avoid the catastrophe that resulted The plznt h.rd nln successfully for 10 
years without an mcldent lllre this At no time was more than 10 rmlligr-ms per liter (nlg/L) 
of PAC needed However, m this incident water production had to be cut bzck to ~Ilow the 
exlsmg feeders to add 60 mg/L of PAC to the water Although the operations mnnull 
indicated there may come 7 time when 100 mg/L of PAC may be needed, it dld not go into 
any detail as to how this could be Implemented However, each of the two PAC volumetric 
feeders are rated at 2 7 n</d- about 10 mg/L at the design flow of 123,000 m3/d From the 
data CDM has collected, the PAC feeders cannot feed PAC in excess of  bout 10 mg/L ~t the 
design flow PAC 1s the primqry chenllc~l prov~ded by the dcagnci5 to control t ntc und 
odor Thi  pltnt had successfully controlled taste and odor in the rlw wacr (in 1997, for 
example) by using an averzge of only 1 2  mg/L of PAC, plus 1 3 mg/L of potzssium 
permanganate and 2 8 mg/L of chlorine CDM reconlrnends the PAC feeders md  slurry 
haphragm pumps be replzced wlth units czpable of dosing PAC at up to z tot71 of 70 mg/L 
based upon Dr Czekalla's test results zt the time of the taste and odor event Thc cap~city of 
each unit should be 35 mg/L zs discussed 111 more det ul111 Sectloll 6 10 

The multlple water sources supplying raw water to the Z ~ I  WTP contain algae ~ n d  
nematodes This is something t h a  cznnot be easily controlled or economc~llv tddressed 
The scope of work relaed to tlus report IS llrmted to the Delr A111 Zai WTP-Water 
Conveyznce System, however, the fact thzt the raw water sources do contain ~ l g ~ e  lild 
nematodes must be assumed as a given, and thelr impact on the treatment plznt imni~mi-ed by 
lirmting thelr growth in the conveyace systems Because the water m the KAC 1s prirnzrlly 
for irrigation purposes, the canal 1s used to store water Thus, the waer veloclty in the cnnnl 
IS often slow, causmg sllt, mud, and organlc matter to settle out and zccurnulate on the c nn nl 
floor This then becomes a potentlzl breehng ground for nemztodes and I further sourcc of 
taste and odor Adhng fernc chloride to precipitate out phosphorous, zs is currciltly 
practiced, can actually exacerbate the sltuatron When these bottom deposlts are resuspended, 
severe alg~e blooms can result due to the resuspended phosphoious Thew blooms could 11 lve 
the potent111 to cnuse FCVLIC t lste ~ n d  O ~ O I  problems Slilulaily, tiic I C ~ L I ~ ~ C I ~ ~ I ~ ~ I  o[ JCL ~yilig 
organlc deposlts due to Increased wzter velocities, or other reasons, will furthcr idd to the 
txte znd odor The resugp~nded nutrient5 wlll encourige algte bloonlr 

The contrlbutmg factors for .m alg~e bloom are complex Thesc i~lclude the correct 
combinatioil of elements thzt go to contribute to an dgzl bloom, nutrients lnd thcir 
respective combination, watel temperlture, sunlight, znd runfzll These nre cbfficult to 
predlct with any degree of lccuracy Storm run off from the areas traversed by the c m ~ l  c ln 
also contribute waters that increase the nutrients in the water and therefore the potent111 for 
algae prollferatlon These run-offs mzy also add to the nem~tode popul~tion in the clrlll 
water, as well 
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The often stagnant water in the pump station bal~ncii i~ tanks of tlic Drir A111 Z u  WTP 
Conveyance Svsten~ is a further potenti11 breedng ground for t lste Intl odor producing 11g1c 
The rlw w ItLr forcc mliilr up I o tlic Z u WTP c 11  7190 h IVC I ~ L I   tic hronrrhr th ~t develop on 
walls of the plpes and that c In further produce taste -tnd odor 

The CDM report of 13 August 1998 111d a press reports of 21 September 1998 ~ n d  
subsequently, all state t h ~ t ,  colllc~dental mlth the taste znd odor went, the wlter ww "turhtd" 
and "murky" Water quallty reports for the treated wver lczvlng the Z u WTP ~t the s lnlc 
time inlcate that the turbiclty of the wlter was low The question then is how did the wucr 
become turbld or murky> Wllile ~t was not m CDM's scope of work to qssess die 
&stribution system, one scenario could be thdt the water was cont-tmi~~ted by discli~rgcs 
from the Wala Well Supply that sends well water Into the 900 rnm di~nicter p~pcl~nc bcfore 
the Dabouq Reservoir 

- 
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6 0 Posslble System Modificatrons 

There ire I num\>er of moJ~fr~ltions thlt c 111 be ~nldc  to ti c convcy ~ncc ~ystcn~s 1nc1 to thc 
treatment process units thlt will, first, rec1uc.c the potentill tqste acd.odor c;cnts ind/or thcir 
magnltudei and, second, be able to suc~eafully treat for such events when they occur in the 
future There are other n~od~ficatioiis thdt will increase the p~mculate removzl efficiency of 
the Zai WTP and these are discussed ln the followm, 0 sections 

6 1 Klng Abdullah Cqnd (KAC) 

Although the KAC conveyance system is outside the scope of this report, 1t lllust be 
recognized as a major potential contributor to the taste and odor znd nemdtode problems 
experienced m 1998 It would not be pnident for CDM to make recommended mod~fic~t~o~is  
to the Zai WTP without t ~klng into ~ccount the waer source md q11 llity 

In order to lirmt the deterioration of the quahty of the raw wzter gources, control should be 
exercised over the surface water &charges Into Lake Tlberias, the Y lrmouk hver, ~ n d  t l ~  
KAC itself This may mean that international treaties must be zgreed to Czre should llso bc 
exerc~sed -is to when and how much water is lscharged from the Wqdi A1 Arzb D xm 

CDM does not believe thc use of fcmc chloride to prcclpitdte phosphoro~is In the clilll n 
advisable if the current operational practices of the KAC are continued While somc short 
term benefits in contolling algae could result from this prlctlce, a 1s CDM's op~illon thqi 
adding ferrlc chloride ultim~tely increases the risk of devclopmg 1 1 lrgc sc 11c llg le bloom in 
the clnql by cmsing phospho~~rous znd orgznic mntel to settle out Tiiesc dcpost15, II  
allowed to collect and then be resuspended, could provide nutrients for such 111 ilgae bloom 
and result in an extremely high taste and odor event If bottom deposlsts cqnnot be ~voidcd 
altogether, then a way to resuspend this mlterial on a regulzr ba~w, bciore decomposition 
starts and the phosphorous deposits get too lzrge, should be investiglted lnd im~lcmcnted 

Prechlorination of the wver in the KAC IS also not 7dvisable A high lmount of chlorlne 
would be necessary to achieve a residual over the c~n-il's 65 lrm length, und tlzls would ~esult 
in high levels of dsmfectlnt by-products, such as trih~lomethanes ClYlMs) Consider~tion 
must also be glven to the effects of adding chlorine and ferric chloride to watel used prim~rlly 
for irrigation of crops 

Any pretreatment should conslst of sllt separation only, as proposed lt Pump Statlon No 1 
To bulld larger pretreatment facilities w111 add costs, comphzte oper ~tlons, lnd m ~ k e  p 111s of 
the exlstlng Zai WTP redundant By implementing the recornmendqtlons of thls report, the 
plant will be able to trelt wlter currently and in the foreseeable future The qdltion of 
copper sulflte or some othei ?Igicide into the top of the cln-11 would, 111 our professlon~l 
oplnion, be better thvl using fernc chloride However, the use of copper sulfate or any other 
alg~clde should be investigzted 1s to the impact these toxlns would hive 011 soils subject to 
Irrigation It may be thlt copper sulf~te need only be used on ?n lntcrnuttent b-isis, not 
continuously This will nunirmze the effect on agricultural solls 
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Copper sulfate 1s now bemg added to the raw water at the intake This rhoulci efft ctivcly 
lnactivlte the algae but not necesslr~ly ellnunate taste and odor from ~1114 source Dtad 1lg1e 
can st111 result in taste and odor qnd zlg~e-secreted taste znd odor cornpout-dr wlll likely bc In 
the water already Copper sulfate will not remove these However, dead ~lgae ue caslcr to 
remove by coagulation, flocculation, lnd settllng at the Zai WTP t h ~ n  llve rlgle The 
removal of dead algae would reduce potential algae clogging of the pl~ni's filters Howcver, 
because the balancing tanks at the pump stltions along the raw wlter coqvey-mce syjtein 
st?gnIte, dgle bloollls will st111 occur m thcse bal~ncmg t ~nks, whch rould rcsult 111 slug$ of 
algae and/or tastes and odors reaching the Zal WTP The best solution to thls pzrticul~r 
problem 1s to mohfy the plpmg at each tank, so as to route the water through the reservoirs, 

and to add baffing to each tank to ehrmnzte dead areas where algae could flounsh Flgurcs 
6 2-1, 6 2-2, 6 2-3, and G 2-4 show the re piplng necessary to ellrmnatc ihc stagnation, Flgure 
6 2-5 shows detals of the type and configuration of bdffles ~ecommendcd to zvoid short 
circuiting through the tanks 

Stanley Consultants Inc hzs des~gned settling baslns at the Pump St ltioil No 1 slte CDM 
has reviewed the final design drawlngs for the basms These basins are illtended to promote 
the deposltlon of tbrquve silts m the rlw wuel to mil1imi7e wev on thc pump iinpellcr~ 
The b~sins Ire designed to ~ccunlulzte 1111s silt uld to flclht lte itr r ~ n i o v ~ l  by front-cnd 
lo~ders, loaded on to truclss, and hduled off site to a dlspos11 ?re1 on 111 mtcrnuttent b uir 

Slnce the taste and odor event, Stanley has further recommended that consideration be given 
to addng ferric chloride to the wzter entering these bqsins CDM d o ~ r  not recoinmend thir 
practlce Between the interlmttent cleanlngs organic matter will accuin~~l~te dong with thc 
silt and be the cause of tastes and odors Also, on the recommend~tion of Stznlcy 
Consultants, copper sulfate is now bemg added at the Intake Pump St~tlon to inactivate alg~e 
and help control taste and odor CDM recommends that potassium permanganate be ldded 
here mstezd of the copper sulfate Potasslum permmgmzte n qlready bclng used in the Zai 
WTP It should work as effectively as copper sulfate ln m~ctivatmg tlgae In ~ d l t ~ o n ,  1s ln 
oxldant, n wdl better a d  m the control of taste and odor By adhng a here Instead of at the 
Inlet to the Z a  WTP as currently practiced, the contact tlme will be extended qnd, therefore, 
~ t s  effectiveness enhanced Further, potasslum permanganate wlll keep the pipelines cle 111 of 
aquatic growths and ellmnate potentld taste and odor from thls likely source Confiiru ltlon 
testlng of potasslum pcrmanganate and other potential chemcals is further hscussed in the 
next sectlon of this report 

CDM recommends thlt the setthng bwns l t  Pump Stat~on No 1 be operqtion~l before the 
baffing and piplng mo&fications suggested above are Implemented This will wold the 
deposition of zbr~slve sllts in the bzlancii~~ tznks 

The llfe cycle of free living nematodes conslsts of the egg, four l l rv~e  stlges, and one zdult 
stage These are generdly rmcroscoplc m slze but can be removed from raw wlter through 
well oper?ted, convention11 water treatment plants such as the Z u  WTP Thus flr, only 
dead nemqtodes have eve1 been detected ~n the plant's treated wzter However, ~t is more 
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llkely these nematodes wlll be removed d they are lnactlvated before re lchlilg the co~gul~tlon 
stage of the plant By dolng thls, ~t also ellmnates the chance of nem?todcs breeding m tllc 
filters of the plant To do thls, a d~sinfcct ~ n t  could be ~dded to the w uer n some st lge wnlun 
the raw water conveymce system such thlt the product of the d~s~nfcction Loncentrltion (C, 
In mg/L) and contact tlme (T, m m u t e s )  IS adequate to mactlvate the nematodes 

Nematodes are not easlly lnactlvated by chlonne These requlre a re1 ltlvely hlgh dose ~nd/or 
contact tlme for effectlve lnactlvatlon Alternatlvelp, a nemat~clde chemcal could be used 
However, CDM has not ldentlfied one that IS s ~ f e  for use m pot~ble wlter Potaslum 
permqnglnlte mly ~lso bc tffectlve in ln\crlvmng ncm~todcs if the dose und/or coiltw rlmc 
1s adequate As a 1s already recommended to mactlvate algae, ~t 1s the most cost-effective 
alternatlve 

There 1s not a lot of lnformatlon avalable on the mactlvatlon of nem~todes Therefore, based 
upon the recomrnendatlons of the Draft Report of 30 September 1998, a serles of tests were 
performed to help ldentlfy a &sinfectult, or determne the effectiveness of potasslum 
permanganate for nematode mactlvatlon, and the respectlve effectlve doses It was assumed 
the chemcals wdl be appl~ed at the Intake Pump Statlon Mlnlmum trqvel tlmes of the water 
m the conveyance system to the plant at h ~ l f  plant capaclty of 61,500 m3/d 2nd the future full 
expanded p l ~ n t  capaclty of 246,000 m3/d were used Various dls~nlectu~ts md potasslum 
perrnangm~te were used ~t different doses (C), and contact tlmes for each From these 
tests ~t WAS possible to ldentlfy the effect the vanous dismfect~nts uld potlsslum 
permqnganlte hqd on nematodes The dlsmfectants tested were chlorlne, chlorimne, ?nd 
chlorme lovlde Pot~ssmm permqngan2te and chlorlne were also tested together The test 
results summary IS provldcd m Appendix C 

Based upon bench-scale Test No 1 results, the use of chlonne to ald m nem~tode mactlv ltlon 
1s not posslble because of the hlgh levels of trhalomethane 0 by-products produced Of 
the four oxtdants used m the test (chlorlne hoxlde, chlorme, chlor~mne, arid pot-~s~iun~ 
permanganate), chlorme dioxtde was the most effectlve m mactlvitlng the tcst nem~todt 
Ccplalobtrs Test No 2 showed the synergistic benefit of uslng chlorine and potass~um 
permanganate together It is expected that uslng chlorlne dioxlde and potlsslum 
permanganate together wlll have a s~mdar, or better, nematode lnlctlvation result thm if 
these chemcals are used separately 

The advantages of uslng chlorme doxtde are that ~t wdl result in mlnlmum THM formation, 
w d  a d  m nematode mactlvatlon, wlll dismfect the water, arid will contribute to tlste ~ n d  
odor control, thereby reduclng the PAC dose necessdry at the 271 W1P This 19 dlscuzsed 
further m Sectlon 6-10, "Taste and Odor Control" 

Conader~n~,  then, the use of chlor~ne diowde as a dismfectant, the shortest detentlon tlme m 
the system from the Intqke Pump stltlon @S) to the filters wlll occur m the future whcn thc 
pump statlons and the plant are doubled m capaclty Thls wdl result In a mzwmum of 
246,000 n13/d bemg pumped ~ n d  treated T ~ b l e  6 3-1 shows l~ydr~ulic residence detention 
tlmes (t) for the vanous system components, the contact tlme factor (Tto/t), where "TI0 1s the 
detentlon tlme corresponding to the tlme for 90 percent of the water 11 I S  been In cont lct wit11 
at least the residual dismfectant concentration C" (AWWA, 1990), md the resultant tlme Tlo, 
whlch 1s the tlme to be used m the product expression CT From Tlble 6 3 1, the resulting 
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rmnlnlum trme 1s 3 9 horns (234 nunutes), close to the mzumnlum t lms  uscd ~n the nell l~tod~ 
mactlvatlon Test No 2 

TABLE 6 3 1 
SYSTEM RESIDENCE TIMES 

Therefore, n 1s recommended that chlonne domde be used because of ILS oxldlzmg benef~~s 
for taste and odor control and nematode lnactivatlon In addtion, a should be used 1s the 
prlmary dlsinfectmt, talrlng advantage of the long contact time availlble in the conveymce 
and treatment systems 

As the proposed prunary Isinfectant, the chlor~ne lomde system should be sized foi dosing 
rates capable of lnactlvatlng viruses and cysts, such as Gzrdza lanzbl~n and Cryptosporrdurr~l, 
should future water quallty condtlons warrant such rates (note, however, that vlnlses znd 
cysts have not been detected m the current water supply) To mactlvate/remove viruses znd 
Gzurdza lanzblzu cysts, the USEPA has specified 3 log (99 9%) m~ct~vation/remov~l for 
Gzurdzu and 4 log (99 99%) for vlruses A 2 5 log (99 7%) removal credtt for Gzurdza md 2 log 
(99 0%) removal credt for viruses can be taken for an efficient treatment plants wlth filters 
The remaining Gzardla uld v~rus log requirement (2 log and 0 5 log respectively) must be 
implenlented by disinfect lilt m lctlv 1tlon (AWWA, 1990) 

CONTACT 
TIME 

TlO (Mr) 

1 6  

0 4 

0 4 

1 5  

3 9 

Appenlx E show coples of the applicable USEPA Glardla znd vlrus m~ctivatlon t ~bles for 
chlorine loxlde that apply to the Zal WTP raw water, 1 e , pH in the 6 9 rlnge and the worst 
case water temperature of 15 degrees C From these tables, Gurdla cyst lnactivatlon dlctltes 
requlrlng T CT of 3 2 mg/L-rmn Wlth the Tlo time of 234 rmn, the residud chlonne Ioulde 
concentration at the end of the seIment.~tlon basins need only be O 014 mg/L Thls 1s the 
worst case conltion, slnce at any other flows the resldual can be redu~cd proportional to the 

FACTOR 

rlO/t 

1 

0 8 

0 75 

0 5 

- 

SYSTEM COMPONENT 

RAW WATER PIPELINE 

REGULATING 
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FLOCCULATION BASIN 
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TIME (t) (Hr) 

1 6  

0 5 

0 55 
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5 65 



decrease in flow and an acconip lnying lncre lse In tlme Tlo 

Because chlonne dloxlde 1s a more expensive lsmfectant than chlorine, its u ~ c  should be 
llrmted to belng the prlmary Is~nfect-~nt Chlorine should be added ~t the ch~nnel feerLng 
settled water to the filters and agvn following filtration, as is the practice now, and to 
mwtam a lslnfectant resldual m the lstnbutlon system 

The cfismfection system, IS recommended, wlll allow for a hlgher log In lctlvltlon by simply 
lncreasmg the chlorme loxlde dose to provlde a higher resldual to meet the requlred CT 

There has been work done on the benefrcld synerglstlc effects of two or more dlff~rcnt 
dsmfectants bemg applled sequentially, as recommended, i e , chlorlne dlox~de followcd by 
chlorme Work still needs to be done on this approach to deternune definlrlve and 
quantitative results for the Z a  plant, however The two proposed ould~nts to be zpphed ~t 
the IPS, chlorine cfioxlde and potassium permanganate, wdl breah down more organlc 
molecules in the raw water than ~f only one were used As dscussed in the bench scde study 
report (Appendur C), more organlc matter w~ll  be adsorbed onto the PAC in the regulaimg 
reservoir Thls, together wlth the improved flocculation and settlmg perform-mce, and the 
resultmg reduction in chlonne demand of the oxllzed and settled wzter, fewer lsmfectqnt 
by-products, prlmanly THMs, wlll be formed In the treated water 

From the stolchiometnc requlrements (Equation 1, below) of combining so lum chlonte 
(NaC102) and chlorme (Clz) to form chlorlne loxlde (ClOz), 1 part of Clz IS required for 
every 2 68 parts of NaClO2, assurmng 95 percent efficiency 

From Test No 2 of Appendx C, the reductron of C102 m the s1nlul1ted conveyance tlme 
averaged 47 percent for doses greater than 1 mg/L Theoretically then, only 0 03 mg/L of 
chlorme doxlde IS needed Pracucally, it is recommended that provrsion be mzde for a higher 
dose, on the order of 3 0 mg/L mstalled capacity, assumng a 1 5  mg/L average dose 
Operatlonzl experience wlll determne ~f this average dose can be reduced zny, taklng Into 
account the relatlve cost compared with both KMn04 and PAC This hrgh dose wlll not be 
necessary to meet dsmfectlon requlrements, however, as polnted out earller 

Chlonne loxlde is a powerful oxldant and excellent d~smfectant (AWWA, 1997 and Cooper, 
1981) Its use IS growing m a number of areas, lnclucfing the U S  and Western Europe The 
reason for the rlslng interest In and use of thls alternat~ve lsmfect~nt 111 the U S u two-fold 
(I), the dsinfectant by product THM IS rrrrmmal, and (2), the USEPA proposes, m its next 
round of regulations, less stringent ClOz by products mzvlmum cont lrmnant levels (MCLs), 
1 e ,  1 mg/L of chlonte 1011 only (Pontms, 1998) Prevlous suggested MCLs for chlonte, 
chlorate, znd the C102 resldual levels themselves, were much more stringent, mllrrng the use 
of chlorlne doxlde problematic 

Chlorme lowde as a gas is dangerous and potentially euplosive, znd ~t must be generzted at 
the slte where it 1s to be used ClOz for use in water treatment is m ~ d e  from by mxlng 
chlorine md solum chlorite The early generator deslgns Involved pumplng a solutlon of 
solum chlorlte into a solutlon of chlorme However, 2 to 3 tlmes the amount of chlorlne 
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required stoi~hiometrically was needed by the process High levels of THMs also resulted 
from this method Modifications to this type of generator system were made, such as adding 
an qcid and optiiillzing the mg/L Cl2 in the Cl2 solution, thereby reducing the excess Clz 

A more receilt alternative generator has been developed that blends a chlorine gas and so&um 
chlorite solution and yields a greater t h ~ n  95 percent chlorme hoxlde solution with less than 
5 percent excess chlorlile (AWWA, 1997) Figure 6 3 1 shows t schematic dl lgranl oi thls type 
of generltor, whlch 1s reconmended for use at the IPS Appendur D prov~des a copy of I 

manufacturer's catalog featuring this type of generating system Figure 6 3-2 1s a plan of the 
chemcal bmlhng needed at the IPS to house the equipment for the chlorine loxlde and 
potassium perinlnganate systems, and areas for chermc~l storage 

A positive w ly to mactivate nematodes is to use ozone as the pnmary disinfectant However, 
unless there is justification for the use of ozone for other compelling reasons, its use 1n thls 
application cannot be economcally justified Ozone is the strongest disinfectant avalable and 
does not form TMHs The capital cost of .m ozone system to supply 3 mg/L of ozone and 
contactors designed for A contact time of 12 m u t e s  w estlmqted lt JD 3,200,000 The 
operating ~ o s t  of such a system, assumng air feed w ~ t h  all the associaed air filtermg and 
drying equipment, would amount to JD 4,000 per day at 123,000 m3/d CDM does not 
recommend an ozone facllity for the Z u  WTP at thls time 

Other danfect lnts such as chlorarmne, a compound rn~de from chlorine and ammonia, and 
chlonnc doxlde, produce only rmnimal quantities of THMs These hsinfectants wdl form 
other disinfect t l t  by-products, but in smdll enough quantities not to cause health problems, 
(based on currtnt knowledge), and are much less costly than ozone 

6 4 Rqw Water ReguIat~ng Reservoir 

This rcgul 1t1i1g rLservoir lcts to b dance thc w lter being d~livtred to t h ~  Z 11 WTP from the 
puillped rlw wlter conveyance system and the rate of water treatment at any particular tlme 
Upstream of the reservoir a vault 1s located over and around the mcormng raw water force 
main with provision to add caustlc sod? (never used), powdered activated carbon (PAC), and 
potassium pernnnganate Currently, potassium permanganate and chlonne are bemg added at 
this point PAC is being added at the first rapid m e r  together with the alum coagulant This 
is not a11 optimum arrangement PAC should be added to raw water for taste and odor 
removal well before a co~gulant is added This provides tlme to allow the PAC to adsorb the 
taste and odor compounds m the raw w-tter before coagulation Thls will have the added 
benefit of reducing THM formation, since more tlme is provided for organic precursors to be 
tdsorbed CDM has designed many PAC contact basins wlth success, as well Ideally, PAC 
should be added to the raw water at the Intake Pump Station, slnce thls would allow the 
longest possible contact time However, PAC is very abr~sive and would do damage to the 
pump impellers along the conveyance system An ~lternttive would be to add ~t to the raw 
water on the discharge side of the Pump Stat~on No 4 This would necessaate using very 
high presqurc PAC slurry metermg pumps, however 

If PAC ~ n d  durn are added together, as is now practiced, the PAC particles become nucle~ for 
floc formltion lrhat means the carbon part~cles become coated with alum floc before the 
c ~rbon c 111 tdsorb the t Iste ~ n d  odor conlpounds, thus mnimzing its effectiveness The best 
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economc solutlon u to utlllze the eubting regulatlng resei-volr as contlct blslns for PAC 
taste and odor control by qdding the PAC to the raw water at the exlstlng chermcal mjectlon 
vault Baffing both compartments of the reservolr wlll m n m z e  short-circu~tlng 111d 
mzxlrmze the detention trme and contact tlmes for the carbon ~ n d  nllninllze cubon 
deposltlon The current way of using the reservoir 1s to pass the s lter through the two 
compartments of the reservolr m senes Water passes from the first Into the second over the 
mtermekate dlvikng will This mews only the one compartment c In he used for b il uilcing 
And parucle depos~tlon w~ll  occur m the outer ends of elch complrtment This linu~q the 
regulztlng c ip7city of the reservoir When the plqnt is doubled m cap Icny, b 11 ~ncing will not 
be posslble The Japanese engineers who Ire deslgnlng the plant exp~ils~oil hive ~ssumcd rhe 
full capaclty of the reservoir for regulatlng purposes m then- deagn 

Chlorme adktlon at the raw water regulating reservoir application polnt sllould be stopped 
when PAC application IS started there, smce PAC wlll adsorb the chlorlne and nullify its 
resldual effect Instead, chlonne should be applled at the settled water clunnel, just ahe ld of 
the filters 

Flgures 6 4 1, 6 4 2, and 6 4-3 show the configuration of the exlstlng and recommended 
reservolr baffllng arrangement and baffle detals As stated above, pot.lsslum permanglnzte 
should be qdded at the Intake Pump Statlon The added PAC coilt~ct time through the 
regulatlng reservolr will Improve the effectiveness of PAC for orglnlc adsorption, ind 
therefore reduce the formltlon potential for THMs when chlorlne IS bn illy qdded 

The baffling configuration, as proposed, wlll not only mmlrmze short clrcuiting m the 
reservolr compartments but rmnlmze partlcle deposltlon The velocity m the rqce-w~ys of 
the baffled compartments wdl be 0 04 meters per second ( d s )  at 123,000 m3/d p l~n t  flow 
and both compartments at maxlmum water level Thls is compared to 0 01 m/s In the 
sedunentation basms The reservolr veloclty w d  increase to 0 08 nl/s when the plant is 
doubled m capacity It 1s posslble that some PAC may drop out v times, but it wlll be a 
s~rnple matter to move thls deposited mater~al out For example, all the lncommg rlw water 
can be passed through one compartment for a short tlme and operated at whatever depth wlll 
be needed to prov~de the necessary added veloc~ty to move deposited mzternl Sln~darl~, both 
compartments could be operated together and the water levels dropped to Increase the 
velocity for a short time No manual cleaning w d  be necessary, except for the norm~l  annud 
close down and inspection of one compartment at a time The deslgn det~ils of the hyp~lon 
baffles Include sand filled hems at the bottoms to keep the baffles on the floor and prevent 
short circultlng 

6 5 Rapid Mlx~ng 

The exlsting rapid mxlng system consists of two vertlczl turbine, mech lnical, electric motor- - .  

drlven rmxdrs A serles The arrangement 1s not efficient and the coagul~nt cqnnot be rmxed 
qulckly enough mto the water Back mwng and short circuiting through the b~sins also 
occurs Idezlly, the qulcker the coagulant chermcal cm be added to the water the more 
efficient the use of the chermcal and the less chermcal is needed CDM's experience hqs been 
that up to 20 percent less coagulant is needed rf the coagulant is mured Into the water qulchly 
This has been venfied by others also (Kawamuru, 1991) The hydraulics of the plant IS such 
that excess head between the water level in the regulatmg reservolr and the top wqter level in 
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the rapid nuwng basin has to be dssip-tted through the r-tw w-tter flow control i~~odul?tmg 
butterfly valve, as seen by the hydr-~uhc profile shown in Figure 6 5 1 It would be more 
econormcal to modlfy the current system to provide flash (close to inst?ntmeous) nuxing, 
usmg some of the excess head available, either by using a welr configuration or a pressure jet 
and splash plate The pressure jet/splash plate hydrqulic mxlng method has been used 
successfully for many years by British designers This way, the concept of flash rmxlng -tnd 
chermcd reduction will be re~lized qnd the cost of running and mqint unmg the imxer will be 
elirmnated The exlstmg rapid mxers should be removed The nozzle {or the replacement 
system would be designed to accommodate 111 flow ranges 

The flash m n g  concept is not needed for the polymer coagulant a d  Again, using some of 
the excess avalable head, hydraulic mxmg uslng baffles would be adequ~te, qnd the 
mechanical m e r  could be ellrmnated Figures 6 5-2 and 6 5 3 show the cxlsting mech lniczl 
flash rmxlng arrangement for the coagulant and the polymer coagulant ?id Figures 6 5 4, 6 5 
5, 6 5-6, and 6 5 7 show the alternative ariangements These are simple configurations t h ~ t  
wdl cost very little to Implement but wdl yield long term savings Of the two alternatives 
developed, CDM recommends the nozzle type of flqsh rmm~g As stqted -tbove, it is 
recommended the PAC appllc~tlon point be relocated from the first flish mxer to the law 
water pipe vault upstream of the regulatmg reservoir 

The plant was designed for the use of a l m n u m  sulfate (~lum) 1s the primlry codgulant This 
has worked satisfactorily, although due to the relatively high pH of the rlw water, excessive 
alum is perhaps bemg used to lower the pH closer to the optimum value for co?gulation 
However, with the advent of the knowledge of nematodes m the raw water, it is advis~ble to 
Increase efforts to ensure therr removal at the plant so that they do not get into the 
Qstribution system, dead or &ve The use of an alternative coagulant should be considered so 
as to form a better and heavier floc to ensure more effective floc and pzrticle removal in the 
sedmentation basins and less load on the filters The two possible candld~tes are ferric sulf lte 
and ferric chlor~de The former is more econormcal, as it 1s avalable in a dry form and is 
compatible with the exlsting corrosive resistant alum equipment now in use at the pl-tnt 
Another advantage of using a ferric salt as a co-tgulant is t h ~ t  the resulting sludge dries better 
than for an alum sludge It will also be advisable to identify alternative heavy molecular 
weight coagulant a d  polymers for the same reasons, to form a heavier floc Investi, -ztions 
should be made and tests conducted to identify a polymer more compatible to ferric 
coagulants than the polymer currently being used as an alum coagulant ald The pH of the 
raw w-tter u more optinlum for a ferric s ~ l t  co~gullnt, ~ n d  its use should result in less 
coagulant bemg required CDM is therefore recomrnendmg the use of ferlic sulfate as the 
pnmary coagulant m place of alum CDM believes this option to be a better alternative than 
lowermg the pH by ad&ng an acid, as recommended by Dr Christoph Czeh 1111, the Germqn 
consultmt th-tt reviewed the Zai WTP qnd its operation Jlr  tests were conducted to compqre 
the relative effectiveness and costs of -tlum, ferric sulfate, znd ferric chloride The testing 
procedure is included m Appendur C 

From these llrmted tests, the ferric salts proved effective Ferric chloride was somewhat better 
than fernc sulfate It dld however, depress the pH more and final pH adjustment with a b-tse 
would be needed Ferric chloride is also 1 more corrosive met-tl szlt than ferric sulfate 
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Therefore, if it were used 211 the exlsting ~ lum feeders and pumps would h ~ v e  to be replqced 
with eqwpnlent made from more corrosive resistant mztenlls If ferric bulfate 1s used, the 
exlstmg dum equipment could be used CDM recommends ferric sllts over 2lum becmse 
they a heavler floc than alum floc This will result In better p~rticle separztion qnd 
nematode removal and avoid alurmnum residual and carry over into the &stribution system 
CDM recommends ferrlc sulfate over ferric chlorlde because lt 1s less corrosive, new feeder 
and pump equipment w~l l  not be needed, and pH adjustment wlll not be necessary A further 
benefit of uslng ferric sulfate 1s that less sludge wlll be produced Thls will h ~ v e  less 
environmental Impact, compared to the large volumes of alum sludges currently produced at 
the plqnt Section 10 includes 111 the relevant cost comparisons between the alum znd ferric 
sulfate systems 

6 7 Flocculation Basins 

The flocculatlon system is a good design with two trains, each train hlving three p,~rIllel 
flocculators with three stages m series The flocculators are the mechanical vertlcal turbme 
type, with two speed electnc motor drives There are therefore, a totzl of nine flocculators 
per tram There are two parallel trams, each with three flocculators per stage, with bzffled 
walls between each stage, makmg a total of 18 flocculators The veloclty gradents for each 
stage are 100 l, 80 ', and 60 ' at the higher speed This arrangement, together with the vertical 
turbme type rmxmg, ensures m i m u m  short circuiting and good detention tlmes for floc to 
form Currently, the first stlge flocculztors ?re operzting zt their high speed while the second 
znd third stlges are operlting ~t their low speeds It mly be more cffcctlve to operlte all 
flocculator drlves at them lower speeds This should result m a marglndlly larger floc qnd will 
reduce the wear and muntenance costs and the current draw on the SIX first stage flocculator 
drives In order to further improve the flow through characterrstlcs of the flocculatlon bzsins, 
~t IS recommended that perforated walls be Installed at the first or inlet stage of the 
flocculators Currently, there is a single inlet plpe to each basm A perforated Inlet wzll will 
tend to reduce short circultmg In the first stage Figures 6 7 1 and 6 7-2 show the 
recommended wall location The provision to add a flocculant polymer ard h?s been added 
recently The polymer is currently being added to the top of the water at the start of tile third 
stage of flocculatlon Thls is not an efficient appllcatlon pomt CDM recommends the plplng 
be rerouted to allow for the injection of the polymer drectly under the flocculator rmpellers 
To add flexlbilrty, provisron should also be made to provide the option of adding the 
polymer under the second stage flocculator Impellers Full scale plant testlng wlll quickly 
identify, for different types of polymer, whlch apphcation polnt is better based upon floc 
formation, size, and polymer cost 

6 8 Sedimentation Basins 

There are two sedmentltion basm trams in parallel, mztchrng the flocculation truns 
Flocculated water enters the baslns &rectly from the flocculation b~sins through perforated 
divrhng w~lls At the design capzuty of 61,500 m3/d per trzm, the overflow lozdmg rlte 1s 
1 5 m/hr Settled sludge is vacuumed off the bottom by a travelling brldge type scrlper 
mechanum, usmg suction pumps mounted on the brldges The track records of these types of 
scrapers have not been good in the United States They tend to rzck dnd j lm However, the 
operators report the units at the 21  WTP do not cause problems Therefore, there 1s no 
recomrnendatlon to change these out wlth an alternative system 
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The seclmenta~on basms have long fmger launders and wem T h s  type of design results m a 
large outlet zone and an extensive assouated dead zone T h s  configurauon results m some 
shortclrcultmg and is therefore mefficient, considemg the slze of the basms Figure 6 8-1 
&splays a plan and section down the length of a basm, showmg the theoretical flow pattern 
through the exlstlng basm and setthg path of a hscrete part~cle If the wmd u flowmg down 
the length of the basm m the opposite clrection from the flow, circulation flows can result 
By e h a t m g  the fmger launders and wem, and addmg a perforated baffle wall at the outlet 
end of the basms, the set thg zone can be mcreased by close to 50% This wdl result m 
smaller floc setthg out m the basms at the same flow-through rates Flgure 6 8 2 shoms the 
possible theoretical set thg path of dscrete particles under t h s  scenario The actual floc 
set thg path WIII be better than the dscrete particle path shown, because floc w d  
agglomerate as they settle and colhde with other floc on the way down Uslng a ferric salt 
and/or heaq molecular flocculant a d  polymer w d  give even better results Comparmg this 
Figure 6 8 2 with Figure 6 8-1 demonstrates graphcally the potentially better performance of 
basrns wlth the fmger launders removed and a perforated end wall added Isolation sluice gates 
can be added at each exlstmg wall opening where the launders meet the R all Alternatively, 
these openmgs can be blocked up, two larger openmgs cut, and sluice gates added CDM has 
retrofitted many sehmentation basins in the United States m this manner, with marked 
mprovement to floc separation 

It w d  not be necessary to demohsh the full launders and their support columns Only the 
short pieces of launder between the flrst columns and the end wall need be demohshed A 
hole should be cored mto the outer end of the launders to allow some flow through the 
launders to prevent local stagnation Currently, there 1s provision for ad&ng PAC to the 
settled water at each launder Whereas this application pomt is not currently bemg used or 
has never been used, it is not recommended, as PAC can rmgrate right through the filters 
Further, PAC will mactivate the pre-chlome being added to the help keep the filters clean 
from aquatic growths and nematodes 

6 9 Filters 

There are SIX dual-mela filters, each with 600 rnm of anthracite over 300 mm of sand 
supported by a 300 mm of multi layered gavel The underdrms are the perforated plastic 
block type The filters are each dvided mto two cells with a central filtered water gullet 
under a feed channel The filters are fitted with waste wash water troughs Water for 
backwashmg is pumped from the filter control weir chamber to a backwash water tank 
Backwash water is fed to the underdrms from a header plpe via the filtered water gullet The 
rate IS controlled by means of a rate-of flow controller consisting of a venturi meter and a 
modulatmg, motor operated, butterfly valve An a u d a r y  rotating surface water wash 1s 
mcluded This type of system does not reach large areas m the corners of the filters surfaces 
The filters are washed every 24 hours or less based upon termrnal head loss or time, 
whchever comes first Each frlter 1s fitted with a turbidmeter These may not be workmg 
properly, as the readmgs appear to be unreasonably low The mclvidual filter turbidlmeter 
r eahgs  are not transrmtted to the control room or tied into the control loop Nematodes 
were reported by the German consultant to be accumulatmg in and passmg through the filter 
mecla, although no hve nematodes have been known to leave the plant Also, the backwash 
system does not clean the m e l a  as well as ~t should The filters have all been cleaned recently 
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bv a mvture of chlorine and sodium hy drovlde (caustic soda) in order to remove coagulant 
floc, mud deposits, and nematodes 

To more effectively clean the filter media, and ensure nematodes are not breelng in the 
media, CDM recommends that the filters be fitted with an air scour system m place of the 
elustmg surface water aash Water backwashing alone will not effectively clean media, this is 

true when a filter a d  is used (Monk, 1987) A combined air and water backwash 
system will ensure that the full depth of the mela  is effectively cleaned The use of 
concurrent air scour and water in backwashq is virtually standard practice in the USA and 
Europe CDM has designed all of its filters since the 1970s with a r  scour systems 

The wash cycle of an air water backwashing system is no longer than a water surface and 
water backwash system There are a r  scour systems avalable that comprise a grid system that 
can be installed in place without removing the meda The installation u achieved while the 
mela  is fluidzed In order to ensure that the floc carried over onto the filters from the 
sehmentation basins is trapped in the filters, it is recommended that provision be made for a 
nonionic polymer to be added to the settled water 

it w further recommended that provision be made to elimnate turbidity spikes in the filtered 
water at start up followmg a backwash This can be done by inclulng in the backwash 
system provision to add a polymer to the backwash water during the last few m u t e s  of the 
water backwash, allowmg for startmg the backwashed filter slowly, allowmg the filters to rest 
for up to an hour before being brought back on h e  followmg a backwash, or any 
combination of these techniques The automatic backwash sequence should be mitiated on a 
preselected termmal tutbilty, termmal head loss, or termnal filter nm time, whichever 
comes first T h s  concept should be incorporated into the expansion and control 
molfications proposed by the Japanese 

The air scour system should include two blowers (one duty, one stand by), each with an inlet 
filter and silencer, a discharge silencer, automatic start up bypass svstem, and gages, meters, 
etc A header pipe from these blowers all1 run down the length of the filter gallery wlth pipe 
laterals to each filter Motor~ed  valves on each lateral will allow the filters to be alr scoured 
in conjunction with the water backwash by the automated wash c ~ c l e  As the Japanese 
engineers design mill Include an a r  scour s\stem to be compatible mith these 
recornmendatlons (see Section 7 I), CDM recommends their deslgn include a common 
blower system Their design utilizes the eustmg mater backwash slstem it makes sense 
therefore, for them to mclude the air scour blower system and tie these into the proposed 
new header pipe and laterals m the exlstmg filter gallery The a r  scour system can be 
installed at any time It will not be necessary to close the plant don n Lndividual filters on11 , 
need be shut down ior short periods 

With the improvements made to the flocculation and sedmentation basms and filters, ~t n 1'1 
not be necescaq or ad~isable to back- ash ex e n  24 hours The run time criteria should be set 
at 48 to 60 hours (no more), the maxlmum avadable cloggmg head should be uthzed, and the 
termma turbilty should be set lower hgau, ths  w d  save on the amount of aater used 
wMe stdl achevmg the operatmg water quahty goals Considenng electncal costs represent 
approvlmately 92 percent of the unit cost water production, the less water used for 
backwashmg the greater the savmgs The mdi~idual termmal turt?i&t~ should be set ~t 3 1 
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NTU The abandoning of the selmentation basin troughs will benefit the ~erformance of 
the filters When taking a filter off-line for backwashmg, the change in water level over the 
filters mill be small and slow due to the dampening out effect of the dlrect connection of the 
water in the filters and sedmentation basms This w d  reduce the rate of flow change of the 
operatlng filters, thus improving the water qu&ty With the proposed lsmfection/oxldatlon 
modifications, and the high turbidity goal of 0 1 NTU, the inactivation and removal of 
nematodes can be assured, if the plant is operated and maintamed accordmg to appropriate 
standards 

It is also recommended that the filters be inspected on an annual basis This should lnclude 
coring the mela  and the exammation and testmg of the media grams over the full depth to 
check media loss through abrasion, effectiveness of the backwash, evidence of mud ball 
formation, and evidence of nematodes When the backwash system is working correctly, 
there should not be any need for acid or alkaline cleanmg of the bed Regular observation of 
clean bed head loss following backwastung should be noted A gradual lncrease m this value 
wdl be an early sign of problems Surface cracking of the medla is another sign the mela  is 
not being cleaned effectively Cracks can lead to short circuiting through the filter 

6 10 Taste and Odor Control 

As discussed earller in this report, tastes and odors are lfficult water quahty characteristics to 
effectively identify, monltor, quantify, and control The plant now has the capacity to 
control taste and odor events by the use of the oxldant potassium permanganate, the oxldant 
chlorine, and PAC The exlstmg PAC feeders each have the capacity to feed approxlmately 
10 mg/L at the mammum 123,000 m3/d plant capacity Dr Chr~ toph  Czehalla conducted 
odor tests on the water in m d  August and determned a PAC dose of 60 mg/L was needed to 
reduce the threshold odor number (TON) to 1, i e , no odor Dr Czekalla recommended that 
proviaon be made to feed PAC at the rate of 70 mg/L Currently, the Zai WTP is dosing 
PAC at about 20 mg/L, using both feeders 

To molfy  the exlstlng feeders to feed 60 mg/L each of PAC will, according to the 
manufacturer of the exlsting units, cost almost as much as replacing the exlsting with new 
feeders Therefore, complete system replacement is recommended 

In the draft report of 30 September 1998, CDM recommended relocating thr P4C 
application point to the chemcal injection tault on the raw water ~ i ~ e l m e  ahead of the 
regulatmg reservoir Test No 4 of Appenlx C, conducted by CDM, compared addmg PAC 
to the raw aater ahead of the regulatmg reservoir to the current practice of adlng PAC to 
the water along with the coagulant chemcal at the rapid m e r  Thls test ~erified CDM's 
behef that add& the PAC ahead of the reservoir would allow more time for organic 
molecules and particles to be adsorbed to the PAC and reduce the P 4C dose required to meet 
the same TON taste and odor reduction objectne The current method is much less eifective 
because the PAC part-des become nuclel for coagulant floc formation, thereb~ depri~.mg 
surface area for mole~ule adsorption The test showed that only 3 mg/L was needed to meet 
the same TON level to sunulatlng the addtion of PAC ahead of the reservoir compared to 
the 20 mg/L bemg used at the plant at the tlrne Although it was not estabhshed that 20 mg/L 
of PAC was necessary nor was ~t possible to slrnulate the same taste and odor concLtions of 
Ju1 J-il upct 1998, it does demonqtrate the effecriz eness r f this reccmmendatlon 

-- - 
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The recommendations, m Section 6 3, "Nematode Inactivation and Disinfection", to relocate 
the potassium permanganate apphcation point to down at the IPS and to add chlorme doxlde 
at that location also, will help m controllmg tastes and odors Both chemcals are strong 
oxldants (AWWA,1997 and Cooper, 1981) that will oxllze taste and odor compounds The 
added contact time allon ed for these oxldants as they traverse the conveyance pipelrne wlll 
add to the fachty's capacity to control major taste and odor events As discussed in the 
bench scale test results (Appendx C), this pre oxidation wdl mprove the effectiveness of the 
PAC due to a break down of organlc molecules that will have access to more PAC 
adsorption sites 

The recommended capaclty of these unlts are 5 mg/L for both the potasslum permanganate 
and chlorme dioxlde Thls dose is more than necessary for normal operations In fact, it may 
be possible to use the chlonne dioxlde alone most of the time Tlme and full plant 
operational and/or bench scale expenmentatlon wlll soon determne the optimum 
condtions The average anticipated PAC requirement is 3 mg/L when used m conjuncuon 
with the other two taste and odor controllers 

Untll there is a repeat of the major taste and odor event of July-August 1998, a 1s not possible 
to prove the effectiveness of the recommendations It could be tested bench-scale uslng 
Geosmn and MIB as the taste and odor producing compounds CDM has done this often m 
pilot plant stuhes usmg ozone for taste and odor control and as a hsinfectant However, the 
problem compounds of July-August have not been specifically Identified and untll they are or 
there 1s a repeat of the episode, there is not a lot one can do that wlll guarantee a 100 percent 
solution Bench scale stuhes uslng Geosmn and/or MIB would demonstrate somethmg, as 
these are among, If not the most, potent algae secreted compounds known 

In the mean tlme, CDM recolinmends that the exlsting PAC feeder system be replaced wlth 
two new units each of 35 mg/L capacity at 123,000 m3/d, i e , 4 3 kg/d This means that the 
"standby" unit may need to operate on occaslon This is a reasonable risk to rake for two 
reasons (I), with all the other provisions recommended to a d  m taste and odor control m 
place it is unlikely that anywhere near this dose would be required, and (4, even if 11 was 
needed for the short and mfrequent occasions when more than 35 mg/L is required, the other 
unlt can be used It will be advisable to laj a second PAC slurry line up to the chemcal 
mjectlon x ault on the raw a ater incomng plpehne as plpes car7 ing PAC slurrv sometimes 
become blocked and requlre cleaning 

Should ram water quahty deterlorate in the future, and the events experienced in July August 
occur more frequently, ~t may be more cost effectlve to replace the exlstmg meda wlth 800 
rnrn depth, or more, of 1 mm effective size granular activated carbon (GAC) and 100 mm 
depth of O 5 mm effectlve slze garnet This wdl ensure that there m111 always be a double 
carbon barrier provided for taste and odor control The use of garnet m place of sand will 
mean that the me&a will not need to be fluidrzed aftcr backsashug to restratlfy the dual- 
meda because the heavy garnet wdl not move durmg the backwash cycle Thls mdl result m 
less water bemg used for backwashq thereby reducmg operatmg costs GAC 1s often 
mstalled m the Umted States to act as both a filter and an adsorbent of taste and odor 
compounds, natural orgamc compounds, and synthetic carbon compounds If GAC 1s 
insralled In the filters zt tile Zal WTP in the future, *r would st 1! be 2d ~ r z b ' ~  to Lse s smdl 

-- 
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amount of PAC to handle the background taste and odor, thereby calllng on the GAC to 
handle the occasional hlgh excursions This wlll extend the hfe of the GAC The cost of 2 

replacmg the exlstlng filter meha wlth GAC and garnet 1s estlmated at JD 300,000 

A further way to ensure the control of taste and odor 1s to add ozone to the treatment tram 
Ozone 1s belng used more and more 1n the Unlted States, mostly as the prlmary dlsmfectant, 
m an effort to avoid excesslve THM formations with raw waters wlth high amounts of THM 
precursors It 1s also proven to be very effectlve m oxcLzmg the normal algae orrgmatmg taste 
and odor compounds dissolved 1n the water, such as Geosmm and MIB However, the on-slte 
generation and application of ozone 1s complex and very costly As pomted out m Section 
6 3, until THMs l m t s  are regulated lower than the current Jordanian standard, ozone should 
not be considered Monnormg of THMs should be contmued Other disinfectant by-products 
of chlorme dloxde and chlonne not currently regulated 1n Jordan should be regularly 
analyzed for Lf and when the standard for THMs 1s lowered m Jordan, the relatlve cost of 
alternatlre lsmfectants that avold the forrnatlon of THMs, and the cost of taste and odor 
control, caE all be evaluated at that tlme to determme the most appropnate and cost effectlve 
comblnatlon of control methods for taste and odor and clsmfectant by-products 

CDM belleves the recommended molfications to be made to the water conveyance system 
and the Za WTP, together w ~ t h  the recommended relocation of the PAC and potassium 
permanganate apphcatlon pomts, and the addltlon of chlorine dloxlde, provlde the means to 
ensure complete protection agamst current and lmmehate future taste and odor events 
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7 0 Rev~ew of Japanese Funded Design and German Funded Report 

7 1 Japanese Desrgn 

CDM rev~ewed the detailed drawmgs of the expansion and modfications of rhe Zai WTI? 
prepared by Tokyo Engineermg Consultants Co ,  Ltd, for the Japan International 
Cooperative Agency Based upon this revlew, comments and recommendations on the 
proposed deslgn concept follow The recommendations made here follow the 
recommendations for the exlsting plant made m the precedng sections 

1 That proposed changes to the raw water regulatmg reservoir should be 
molfied to comply wrth the recommended reservoir baffllng system as 
outhned m Section 6 4 

2 That the flash m m g  concept be changed from the mechanical t a o  stage 
concept to a two stage hydraulic flash mxtng concept as proposed in Section 
6 5 of this report 

3 That perforated inlet walls be included in the flocculation baslns as proposed 
in Section 6 7 

4 That launders and weirs be omtted in the selmentation basms, and 
perforated outlet walls be mcluded in the basins, as detailed m Sectlon 6 8 

5 That the filters mclude provision for concurrent air scour and water 
backwash using appropriate underdrans The deslgn should include the a r  
scour blowers and control system and allow for tymg mto the proposed air 
header for the exlstlng filters This blower system can be used for both the 
exlsting and expansion filters as is proposed for the water backwash svsrem 

6 That the filter boxes be designed to allow for 1,000 mm of GAC ovel 100 
mm of garnet rn the future This allowance wdl necessitate locating the waste 
backwash water troughs hlgh enough to avoid GAC meda loss 

7 That the exlsting and new filter turbidmeters all be fitted with transnxtters 
and included ~r- the fdter control system as one of the three criteria for 
termnation of filters, 1 e , run time, head loss, and turbilty 

8 That the filters be fitted wlth pro~lslon to add a polyelecrrolyte filter ad,  to 
add a polyelectrolyte mto the backwash water for filter maturing, 

incorporate s10m start filter flow throughput lmearl~ over 0 60 w u t e s  
(adjustable) after backwashmg, and allow for filters to rest (m the backwash 
sequence) for 30 60 mtnutes (adjustable) after bachm ashmg and before 
bmgmg back on-he  

9 That the extstmg and new filters all be rncorporated mto the same 
programmable computer momtonng and automatic control system 
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10 That the Japanese design Include the use of PAC up to 70 mg/L as stated m 
I 

Section 6 10 The Japanese design for the plant expansion allows for utllizlng 
one of the evlsting PAC feeders Addtional feeders w d  be necessary 
Alternatively, two new feeders to feed 35 mg/L each at 236,00Om3/d could 
be furnished Space wise, this may be the more economc solutlon CDM 
further recommends that the Japanese expanded PAC design system mclude 
bag loadmg conveyors, bag sphtters, bag compactors, and dust extractors 

11 The Japanese design proposes to add chlorrne to the filtered water only 
because of the posslblllty of exceedmg the THM standard However, n is 
more important at this time to carry chlorinated water on to the filters to 
aid m the inactivation of nematodes The need to reduce THM levels 
should be addressed 1n the future if and when THM levels in the 
dlstrlbution system are exceeded or the maximum allowable average THM 
levels are lowered 

12 The Japanese design does not allow for the use of an anionic polymer as a 
flocculant ald CDM disagrees and recommends the continued use of a 
polymer to aid in floc formation This requirement should be included m 
the proposed plant expansion 

13 The new wash water recovery pumps m the wash water tank should have 
vanable frequency dnve controls to allow a variable but dady constant flow 
rate back to the head of the plant, based upon plant flow recovery volumes 
The automatic plant control system should allow for this New or larger 
pumps may not be necessary if a filter a r  scour system 1s mstalled 

14 The design mcludes addtional backwash pumps CDM does not beheve 
these are necessary These and the force main can be omitted 

7 2 German Report 

CDM reviewed the report prepared bv Dr Christoph Czekalla for CONSULAQUA 
Hamburg, Consulting Engineers Ltd for the Minlstry of Planrung of Jorddn through the 
JordanladGerman Technical Cooperation GTZ Amman CDM's comments on the 
recornrnendatlons of thls report are as follow s 

1 CDM agrees that monltormg of the raw water m the KAC is advisable A 
more detded &scussion can be found m Section 9 0 

7 - Although outslde the scope of CDM's assignment, me .R ould agree wlth the 
recommendation of mater resources management ad5ocated m the German 
Report 

3 CDM does not agree wlth the concept of usmg fernc chlonde to reduce the 
nutnent phosphorous m the canal because of other slde effects, as dscussed 
m more de td  m Section 3 0 
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4 CDM supports the lnvestlgation of the elements that contribute to algae 
growth .J 

5 As stated earlier ln thls report, CDM has recommended an alternat~ve 
approach to algal control m the pumped conveyance system to the Z ~ I  WTP 
uslng potasslum permanganate, as opposed to the use of copper sulfate as 
recommended In the German report 

6 CDM agrees that the PAC feelng system should be increased m capaclty 
CDM does not see the need to Increase the alum doslng rate In fact, CDM 
has recommended usmg ferrlc sulfate as the pnmary coagulant chemcal Thts 
will ehrmnate the need to add an acid feed system as advocated by the 
German report The adcGt~on of an acld will necessitate the addtion of a base 
chermcal to the fm~shed water, as well 

7 CDM agrees wlth the makmg of the anlonic polymer doslng points to a d  ln 
floc formarlon permanent CDM has gone further and recommended 
prov~dmg alternative apphcatlon points at both the second and th rd  
flocculator stages for added flexlblhty 

8 CDM agrees that standby feeders, meterlng equipment, and spare parts 
should be available With the Japanese addmg to and molfymg the chemcal 
systems to cover the exlstmg and expanded plant, they should allow for 
adequate standby faclht~es and spares 

9 CDM agrees wlth the change over from the exlstmg filter surface wash 
concept to an w scour fachty 

10 CDM does not agree with the concept of addmg filter-to-waste in an enstmg 
~ l a n t  There are other methods that can be used to meet the object of 
ellrmnatlng the lnltial turbldty splke CDM has recommended these 
alternatives m Section 6 9 of this report 

11 CDM does not see any water quality reason to accelerate the dralnmg of the 
secLmentat~on basms 

12 CDM does not agree that an adltronal two backwash and sludge decant 
recovery tanks are needed However, the recovered water should be returned 
to the head of the plant at a steady and consistent rate over 24 hours This 
means the recycle pump motor controls should be changed to allow these 
pumps to operate at vanable speeds and, therefore, flon rates If the Japanese 
expansion requires bigger pumps, they should mclude variable speed pump 
motors and automatic controls m their deslgn 

13 As &scussed m t h s  CDM report, the use of ozone is not warranted or 
economcally justdied at h s  tune 

15 CDM agrees that an alternative hsmfectant be mvestlgated, although for 
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shghtly lfferent reasons than those glven by Dr Czekalla CDM has 
recommended the use of chlonne hoxlde J 

16 CDM agrees wlth the recommendation of uslug GAC m the filters, but only 
In the future ~f and when ~ t s  use 1s proven to be requlred and IS economtcal 

17 CDM agrees w ~ t h  the recommendation of chang~ng from alum to a fernc salt 
as a coagulant CDM has evaluated the effectiveness and cost merlts of uslng 
fernc chlorlde and ferr~c sulfate as opposed to alum and has recommended 
the use of fernc sulfate 

I 
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The CDM recommended molfications contamed m this report have been prioritized below, 
the first havmg the highest prionty and the last the lowest CDM hrghly recommends that 
all of the recomrnendat~ons be Implemented together However, ~f omsslons were to be 
made, then the recommendations CDM would propose for omssion would be numbers 14 
and 15, smce the pump station balancmg tanks could be kept free of algae by operators 
regularly flushmg them out However, a lot of water would be wasted m the process 

The CDM recommended mo&fications and adhtions contamed in this report are designed 
to meet the control of tastes and odors and nematodes Other benefits such as THM 
formation potentla1 reduction are comcidental and not prrmary considerations If for some 
reason the staggering of thelr rmplementatron were desrrable, then the followmg 
arrangement would be CDM's recommended order 

1 Relocate the PAC application pomt to the chemcal injection vault on the 
raw water pipelme ahead of the regulatmg reservoir Relocate the chlome 
apphcation pomt to the settled water channel 

2 Convert from alum to fernc sulfate as the primary coagulant 

3 Replace the exlstmg PAC feeders and slurry feed pumps with new feeders 
and pumps to allow feedmg PAC at 35 mg/L capacity each at the expanded 
plant flow of 246,000 m3/d 

4 Add a potassrum permanganate apphcation polnt at the Intake Pump Station 

5 Baffle the regulatmg reservoir at the Za WTP 

6 Add chlonne doxlde dosmg fachties at the Intake Pump Station 

7 Change over the exlstlng mechmcal flash mwng system to a hydraulic flash 
mwng system 

8 Add the perforated mlet walls to the flocculation basms, change the motor 
speeds for all flocculators to their low speed, and apply polymer at the 
impellers 

9 Add outlet perforated walls to the sedmentation bas~ns 

10 Mo&fy the filters to e h a t e  the turbdty  splke after backwashrng 

11 Add a filter a d  polvmer system 

12 Provrde an arr scour for the filters 

13 Convert fured-speed recoverv pumps to vanable speed. 



14 Molfy  the pipmg at the storage tanks at Pump Stanons 2,3, and 4 

15 Add baffles m the storage tanks at Pump Stations 1,2,3, and 4 

Many of these recommendations offer more than one benefit in water treatment, maklng 
their groupmg Into priority "packages" difficult 

In CDM's judgment, taste and odor m the water is of greater concern than nematodes The 
recommendations whch deal most lrectly with the taste and odor Issue Include 
recomrnendations 1 and 3 - 6 

The recommendations dealulg most directly with nematode Issues are 2 and 8 - 13, although 
6 w d  provide great benefit, as well Recornmendatlon 2, involv~ng the conversion of alum to 
ferric sulfate coagulant, 1s hsted second m priority, however, smce it can be Implemented 
imrnelately, at essentially no cost, and wlth ~mmela te  benefits for improved setthng 
character~stics m the sed bas~ns 

Recommendatlon 7, mvolvmg improved coagulant and polymer m u n g  methods, is strlctly a 
cost-saving measure which IS listed as a medum priority because of ~ t s  abiht~ to qu~chly pay 
for Itself, whlle requirmg a day or less of plant downtime to unplement 

Recommendations 14 and 15 also deal most lrectly with the taste and odor issue but, as 
explamed earher m thls sectlon, are lower m pnority smce thelr unpact is less than the other 
related recomrnendations Also, close supemsion and regular, manual flushmg by a1 
operator could provlde the same result m prevenitng water stagnation 
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9 0 Water Quallty Monitoring 

CDM has renewed the Norwegian (CESAR) Proposal on an Early Warnmg Water Quahty 
Monitoring System for the Water Supply to Amman This system 1s very comprehens~ve and 
costly, callrng for sur monnormg stations located along the KAC, at the Intake Pump Stat~on, 
and at the mlet to the Z u  WTP Each statlon would monitor seven parameters pH, 0 2  , 
turbilty, conduct~v~ty, W absorpt~on, PO4 A, and arnrnonla Each stauon would be fitted 
w ~ t h  automatic samplers and results transmsslon capabhty to the control room of the Z u  
WTP 

A n  early warmng system to advise the operators at the Z u  WTP would be benefic~al 
However, ~f too much raw water data or samples are fed to the plant to be analyzed, ~t could 
result m the plant chemsts and b~ologists bemg overwhelmed Taste and odor events can be 
mterrmttent, and analyzmg all this data w~thout an event occurrmg can result m analysts 
b e c o u g  lethargic When a taste and odor event does occur, it could be through the plant 
before the compounds causmg the event are detected Further, the cost of the samphng 
program and analytical work recommended by the Norweglans w~ll  be very h~gh  

The CDM (Medler/Horsefield) 13 August 1998 Greater Amman Water Problems Report 
recommended continuous monitormg of pH, regular countrng of taste and odor causmg 
algae, plottmg the counts agmst tlme to identlfy rapid mcrease m numbers, mstdat~on of 
automatic chlorophyll-a analyzers at a location(s) g~vmg sufficient time for plant operators to 
be prepared Often, simphc~ty u the best answer, and CDM, therefore, recommends locatmg 
a smgle automatic monltormg statlon w ~ t h  telemetermg provisions approximately 30 km 
upstream from the D e ~ r  Alla mtake T h ~ s  station should analyze for pH and chlorophyll a 
Manual samples should be collected every second day and exarmned for taste and odor 
producmg algae, nutrients and TON tests should also be performed These samples should be 
collected at the top of the KAC, and at the 15 km and 30 km downstream mdestones 

Durmg recent lscussions at WAJ m preparation for fmahmg thls report, the suggestion was 
made to cons~der operatmg the clearwells as two separate chambers- one for flow-through to 
Pump Stat~on No 5 and the &str~but~on system, and the other for temporary retention m 
order to Srst run quahty tests before releasmg the water to the destnbution system Each 
chamber would alternate In retunmg or supplymg water 

CDM beheves th~s  mode of operation would be impract~cal, glven the number of tests which 
would be requred, both day and mght Also, these tests would need to be performed w~thln 
an extremely short timeframe, smce at the expanded plant capacity, a retention tlme of only 
about one hour w d  be avadable CDM 1s not f a d a r  w ~ t h  any other plants whch operate 
the~r  clearwells m this manner 
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10 0 Costs 

10 1 Operatmg and Capital Costs for Alternative Chermcal Systems 

CDM has suggested m the precedmg Sect~ons a number of changes that would affect the 
operatrng costs, pnmanly so far as alternatlve chermcals are concerned If other operational 
factors Impact the comparative costs than these are also mcluded as noted Polyelectrolyte 
chermcals are common to all alternatives and therefore, are not mcluded m thls cost 
comparison Three basic alternatlve combmatlons of chermcals fall out These are 

Alternative A Potasslum Permanganate 
Chlorlne Dloxtde 
Powdered actlvated carbon 
Ferrlc sulfate 
Chlorme 

Alternative B Potasslum permanganate 
Chlorme doxlde 
Powdered actlvated carbon 
Sulfurrc acld 
Alummum sulfate (Alum) 
Caustlc soda 
Chlorme 

Alternative C Potasslum permanganate 
Ozone 
Fernc sulfate 
Chlorme 

Table 10 1 shows the varlous chermcals under conslderatron Thls table glves the antrc~pated 
doses of each, thelr unlt cost per tonne, the annual cost of each, and the total annual cost for 
each chermcal and combmatlon of each of the three Alternatives The operatmg costs are m 
h e  wlth CDM's recornmendatlons earher m thls report for reasons other than cost 
Alternatlve B IS the least expenslve chermcal cost-w~se Although, consrdermg the level of 
estlmatrng for a report, the cost dfference between Alternatives A and B 1s small However, 
Alternauve A uses a lesser number of chermcals and for that reason Alternatlve A 1s 
preferred Operauonally, Alternatlve B uses some undesirable chemcals, namely sulfuric acld 
and caustic soda The control of these chermcals would be cldficult wlth hnle, if any, benefit 
over Alternative A 
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TABLE 10-1 
ANNUAL CHEMICAL COSTS O F  ALTERNATIVE COMBINATIONS J 

CHEMICAL 

KNn04 

CHLORINE 
DIOXIDE 

PAC 

ALUM 

FERRIC SULFATE 

SULFURIC ACID 

CHLORINE 

CAUSTIC SODA 

OZONE 

TOTALS 

(1) Made up of 1 1 NaClO2 ~ l u s  0 4 C12 (2 68 1 00 ratlo assummg 9j0/0 effrc~enc~) 
(2) Reflects reduct~on in dose needed due to  murer improvements (see Sectlon 6 5) 
(3) Alternative to ferrrc sulfate 
(4) mg/L x 123 x 365 x Cost/tonne x 1/1,000 

ALTERNATIVE A, usrng ferrlc sulfate 

ALTERNATIVE B, uslng alum wlth p H  
adjustment 

ALTERNATIVE C, uslng ozone m llei of chlorlne d~oxlde 
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1,414 

1,241 

2,505 

DOSE UNIT COST 
(JD/TONNE) 

2,600 

NaClO2 4,125 

C12 400 

1,000 

200 

965 

548 

400 

2,040 

16,000 

EXISTING 

1 3  

0 

20 

45 

0 

0 

3 

0 

0 

EXISTING 

(mg/L) 

PROPOSED 

1 5  

1 5(1) 

3 

40(2) 

20(2) 

3 5 

1 5  

5 

2 

I 
COST PER YEAR(4) 

(JD 

EXISTING 

152 

0 

898 

404 

0 

0 

54 

0 

0 

1,508 

x 1,000) 

PROPOSED 

1 
211 

I 
1 

135 

360(3) 

866 

86(3) 

27 

458(3) 

1,437 



Table 10-2 sets out the capltal cost of equipment for chermcals that come Into the comparison 

of chermcal alternauves, namely chlorme loxlde, sulfunc aad, caustlc soda, ferrlc sulfate, and 
ozone KMn04 and chlorme are not ~ncluded as these are common to all  Alternatives These 
capital costs are presented as an annual slnklng fund cost, 1 e , the cost to borrow money and 
pay n back the loan based upon 20 years and 6 percent 

TABLE 10-2 
CAPITAL AND SINKING FUND COSTS 

(1) Sinklng Fund, based upon 20 years and Interest at 6%,1 e , factor of 0 0272 
(2) Exsting alum feeders used for ferric sulfate 

CHEMICAL EQUIPMENT 

CHLORINE DIOXIDE 

PAC 

SULFURIC ACID 

CAUSTIC SODA 

FERRIC CHLORIDE(2) 

OZONE 

Table 10 3, on the next page, comblnes the annual chermcal costs from Table 10-1 wlth the 
smkmg fund costs from Table 10 2 
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CAPITAL COST 
(JD x 1,000) 

650 

200 

78 

203 

0 

3,200 

ANNUAL COST(1) 
OD x 1,000) 

18 

5 

2 

6 

0 

87 



TABLE 10-3 
CHEMICAL ANNUAL OPERATING AND SINKING FUND COSTS 

10 2 Capital Costs for Individual Items 

CDM has estimated the cost of the m&v~dual items recommended for mo&ficatlon in ths  
report These are hsted below m order of the pnoritles recommended 

I 

Relocate the PAC apphcation pomt to the 
lnjectlon vault at the ~nlet to the regulatmg 
reservoir Relocate the chlorme apphcation pomt 
to the settled water channel 

TOTAL ANNUAL 
COST 

(JD ~1,000)  

229 

I40 

88 

360 

464 

866 

1,524 

1,235 

1,281 

2,390 

CHEMICAL 
COST 

(JD x1,000/Year) 

211 

135 

8 6 

3 60 

458 

866 

1,437 

ALTERNATIVE A 

2 Convert from alum to fernc sulfate 

ANNUAL COST 
(JD ~1,000)  

18 

5 

2 

0 

6 

0 

87 
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Replace the exlstmg PAC feeders and replace the 
slurry pumps with larger pumps as recommended 
m Sect~on 6 10 

Add potasslum permanganate feeders at the Intake 
Pump Station as described m Section 6 2 

Baffle the Raw Water Regulatmg Reservoir as 
recommended ~n Section 6 4 and as detaded m 
F~gures 6 4-1,6 4-2, and 6 4-3 

Add chlorme loxlde facAties at the h a k e  Pump 
Station 

Moddy the Flash Mwng as recommended in 
Section 6 5 and detaded m Figures 6 5-6 and 6 5-7 

Mo&fy the flocculation basms, includmg the mlet 
baffle walls, and install flocculat~on polymer ads 
m the second and t h ~ r d  stages of floccdatlon as 
recommended m Sectlon 6 7 and shown m Flgures 
671and67-2 

MocLfy the sed~mentation basins, which illcludes 
addmg a perforated outlet wall and addmg slmce 
gates, as recommended m Sectlon 6 8 and detailed 
m Figure 6 8 2 

Mo&fy filter controls to ehrmnate the turbilty 
splke, as recommended in Sect~on 6 9 

Add a filter a d  polymer system to improve 
filtration performance, as recommended m 
Section 6 9 

Add an au scour system to filters as recommended 
m Section 6 9 The a r  scour blowers and controls 
should be mcluded m the Japanese part of their 
expansion des~gn 

Convert fured-speed motors on wash recovery 
pumps to vanable speed, and mo&fy control 
system to recycle recovered water at a constant 
rate over 24 hours, as recommended m Section 
7 2, Item 12 (ths change should be mcluded m the 
Japanese phase of the project) 

M o w  and add p~puig arid valves for the storage 
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tanks at Pump Stations 1,2,3, and 4 m accordance 
with Section 6 2 and as shown in Figures 6 2-1, 
6 2 2, 6 2-3, and 6 2-4 

15 Baffle the storage tanks at Pump Stat~ons 1, 2, 3, JD 35,COO 
and 4 m accordance with the recommendations 1n 
Section 6 2 and as shown m Figures 6 2 1, 6 2 2, 
6 2-3,6 2-4, and 6 2-5 

-- 
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11 0 Bench-Scale Test Results Summary 

CDM, m the Draft Report of September 30, 1998, recommended a series of bensh-scale tests 
be conducted These Included Test No 1, to determme the potent~al trrhalomethane (THM) 
formation lf the chlorme was added to the raw water at the Intake Pump Statlon (IPS), Test 
No 2, to better identlfy ways to kd or inactivate nematodes, Test No 3, to compare 
alternative coagulation chemcals, and Test No 4, to evaluate the effectiveness of relocating 
the apphcatlon pomts of some chemcals A summary of these test procedures, results, and 
mterpretations is mcluded m this Section As and where appropriate, prevlous 
recommendations m ths  report are based upon these test results 

Appendur C contams the test protocols, tests, and mterpretations m a detded report An 
mtroduction to each of the four tests IS followed by detals of test procedures, the results, and 
a dscuss~on section Conclus~ons and recommendations at the end of each test section put the 
test m context m terms of associated recommendations for plant upgradmg and/or process 
changes Other mformation and suggestions are provided as considered appropnate, mcludmg 
supporrmg documentation from plant deslgn and water quahty Lterature 

A Laboratory Implementation Group formed In Jordan helped hone and plan the work The 
group dscussed a number of issues, mcludng needs for watershed protection and for further 
protection of water quahty wlthm the dstnbution system It was noted that the peak taste 
and odor eplsode had ended, makmg a ddficult m some cases to extrapolate laboratory results 
to worst-case condtions 

Test No 1 mvestigated raw water oxldatlon at the IPS wlth chlorme or potasslum 
permanganate (KMriO4) Raw water samples were exposed to an oxldant as lf lt were added at 
the IPS, and then treated accordmg to plant simulation protocols These protocols follomed 
two flow rate scenanos high flow rate (after the planned doubhng of the Z a  Water 
Treatment Plant and low flow rate (half the current WTP and raw water man capacity) 
Temporal changes m THM formation were then momtored as lf the product water was 
traversmg the dstnbution system under summer (worst-case) condtions 

Test No 1 results mcLcated that preoxldation at the IPS with elther chlorme or - 0 4  

followed by simulated Zai WTP treatment, mclulng chlorme addtion, can result m THM 
levels above Jordanian standards THMs formed durmg lnltial prechlormation stages 
decreased due to THM volathzation and to adsorption of THMs and THM precursols onto 
PAC dunng the treatment su-nulation 

The Jordaman THM standard of 150 parts per blllion (ppb) was exceeded for the 
prechlormation s~mulatmg hgh  flow rates For the low flow rate amulation, prechlonnation 
d d  not result m THM levels exceedmg Jordatuan standards over the elght day monltonng 
period T h s  unexpected result was Uely due to several factors (or combmations of factors) 
volathation of THMs mtlally formed, powdered activated carbon (PAC) adsorption of 
these compounds, oxidation of THM precursors by chlorine, formation of other total 
organtc halogen (TO@ compounds such as haloacetlc acids (of relauvely recent health and 
regulatory concern), and/or expenmental error 

KMnOr preoxldation resulted m hgher THM concentrations than for prechlonnat~on T h s  
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result 1s s~rmlar to results sometimes obtamed w ~ t h  ozone (AWWA, 1990) However, as 
suggested by the Test No 4 results, KMn04 adktlon at the IPS can s t d  be effectlve for taste 
and odor control wlthout causmg mcreases m THM levels Actual better freld results from 
usmg KMn04 to those used m the laboratory tests are possible because of the hlgher 
turbulent mwng condtlons m the raw water conveyance system Resulung mcreases m 
oxldatlon may reduce the THM formauon potential of the raw water, particularly in 
conjunction w ~ t h  the recommendat~on to relocate the PAC feed pomt ahead of the regulatmg 
reservoir Expermental uncertamtj and the mabhty to perform statlstlcal analyses must also 
be considered m evaluatmg the results 

Test No 2 procedure< focused on effects of the following oxldants on nematode mot&ty 
KMn04, chlonne, chlorammes, and chlorme loxlde A fifth exammatlon of a murture of 
KMn04 and chlorme was conducted because t h s  approach u currently used at the Zu WTP 

Sufflcleni quantltles of nematodes could not be found at the IGng Abdullah Canal (KAC) or 
at the WTP, so culture? of the nematode Cephalobus were 113ported Results for the 
Cephalohis mdlcate that they wlll not be mactlvated by KMn04 01 chlorme, or a blend of the 
two, at feas~ble concentratlons w~thm reasonable tlmes Whlle chlorammes at hlgl 
concentratlons were effectwe to some extent, only a very stlong oxldant such as ozone or 
chlorme choxlde can prov~de maxlmum assurance that nematodes wrll be mactlvated 
Chlonne doxlde proved very effectlve at mactlvatlng the Ctphalobr~s nematodes under test 
conOlt~ons However, concentratlons of chlorme koxlde requlred for mactlvatmg these 
nematodes may result m the chermcal concentratlons of the lnorganlc reactlon product 
chlorlte Ion exceedmg planned U S  EPA recommended levels, but as yet unregulated m 
Jordan 

Removal of nematodes and pathogens such as Gmrdta kzmblta and Cryptosporzdtum can be 
mmrmzed by opi lmmg all treazment steps M m m m g  filter performance 1s a key factor m 
removmg nematodes Highly appropnate recornrnendat~ons are glven m thls report mclude 
unproved filter meda and au scour Improv~ng sedmentat~on basln performance by 
e h a t m g  the fmger wells and replacing them wlth baffle walls w d  a d  frlter performance, 
as will addmg polyelectrolytes as a filter ad and durmg the last few m u t e s  of backwashmg 

Test No 3, jar tests, compared alum (used presently at the WTP) wlth fernc sulfate and fernc 
chlonde Pnor to most of the jar tests, oxldatlon of raw water at the IPS was simulated usmg 
KMnOJ doses m a t c h g  those m use at the plant at the tlme WTP slmulatlon protocols were 
then followed 

Jar test results mdcate the fernc salts work reasonably well Under test con&tlons, fernc 
chlonde worked better than fernc sulfate or alum, but suppressed pH values somewhat more 
than &d the other coaplants Alum worked better under test conchtlons than fernc sulfate 
usmg the coagulant ades avdable Shghtly h g h  doses (above optlrnum) of the femc chlonde 
solut~on stuched mparted a yellow color to the settled water 

Efforts to use ac~d for lowenng p H  values with alum may help both coagulation and with 
decreasing alurmnum solubhty Dissolved alummum concentratlons are often above the 
J o r h a n  recommended level of 0 1 ppm, and often approach the Jordaman rnaxrmum level, 
0 2 ppm However, some caustrc soda (or lune or soda ash) may have to be added later to 
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preTent corrosion and/or colored water problems m the distnbutlon system It 1s hkely that 
ferr~c sulfate would function better wlth a lfferent polyelectrolyce, andor  ferrrc 
polyelectrolyte combmatlon, than the one currently m use wlth alum Current cost data 
mdicate that alum IS less expenslve than the other two coagulants However, d p H  
adjustment(s) 1s needed for alum, total costs for alum use mcreases 

Test No 4, PAC testmg, targeted two suggested Improvements for taste and odor control at 
the plant prov1dm.g a KMn04 feed system at the mfluent pump statlon (IPS), and PAC feed 
at the regulatlng reservoK Influent Because thls testmg was performed after the major July- 
August 1998 taste and odor eplsode, test conditions cannot mdicate preclse means for 
addressmg a problem event Nevertheless, mformatlon on the relatlve effects of new KMn04 
and PAC feed locations were obtamed 

The results mdicae that the combmatlon of KMn04 oxldatlon at the IPS followed by PAC 
adcLt~on at the regulatlng reservo11 w d  requre less PAC than used at present for taste and 
odor control In fact, ~t IS posslble that wlth a long preoxldatlon stage, PAC may not be 
requlred for taste and odor control under present condiuons However, a IS cLfficult to 
extrapolate these results to the compounds responslblp for the summer taste and odor 
ep~sode, whlch may have dfferent oxldatlon and adsorption properties 

In the s~mulatlons of KMn04 addtlon at the IPS, addng PAC well before the coagulatlon 
stage resulted m less THM formatlon than when PAC 1s added just before coagulatlon Thus, 
~t IS likely that PAC adcLt~on at the regulatlng reservolr removed THM precursors, regardless 
of whether KMn04 Increased THM formatlon potentla1 as suggested by the Test No  1 
results However, other TOX compounds should be considered m exarmnrng these THM 
results Wlde PAC appears to have decreased THM formatlon, other as yet unregulated 
TOX by-product compounds, such as haloacetlc acids (HAA), may have been produced m 
unknown quantltles 

A test where - 0 4  and PAC added simultaneously also indicated that addirg PAC well 
before coagulatlon lowers PAC dosage requlremects However, effects on THM (and TOX) 
formation were not deternmed for thls expenment 

These observaunns bolster the recornmendatlon of a d h g  a second KMnOA feeder to the IPS, 
and addmg PAC to the raw water at the qecuon vault on the raw water llne feadng the 
regulatmg reservolr Thls arrangement w d  prov~de added operational flexlbhtv to respond 
to the next taste m d  odor eplsode 
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APPENDIX A Referenced Reports and Materials 

1 Report, Greater Amman Water Problems July August 1998, Camp Dresser & McKee 
International Inc , 13 August, 1998 

2 Stud) Report for Implementation Revlew of the Project for Improvement of Water 
Supply System ro Greater Amman Stage 11 m the Hashermte Ktngdom of Jordan, 
December, 1997, Japan International Cooperation Agency 

3 P r e h a r y  Report, Water Qu&ty Invest~gations, Z a  Water Treatment Plant, 
August 18, 1998, Stanley Consultants Inc 

4 Recommendations for Molfications of the Water Treatment Systems at Zal Water 
Treatment Plant, August 23, 1998, Dr Chr~stoph Czekalla 

3 Proposal on an Early Warnmg Water Qu&ty Monltorrng System for the Water 
Supply to Amman, August 31, 1998, Centre for Env~ronmental Studeh and Research 
Management, Oslo, Norway 

6 Pqelme from Pump Station No 5 to Dabouq Reservo~r, Delr Allz-Za Amman 
Water Expansron Project Stage 11, Stanley Consultants Inc Drawmgs 

7 htake Pump Statlon Expansion, Settlmg Basms, and Pump Statlon No 5 Eupansion, 
Delr Alla-Zar-Amman Water Expansion Project Stage 11, Stanley Consultants Jnc 
Drawmgs 

8 Raw Water Sources, Z ~ I  Water Treatment Plant, and Associated System, Draft 
Report on Water Qu&ty and Water Treatment Investigations, CONSULAQUA 
Hamburg, Consulting Engmeers Ltd , August, 1998 for German Technical 
Cooperatron (GTZ) 

9 Draft Report on Drmkrng Water Qual~ty m Amman Jordan, Dr H o u ~ s m  
Abouzard and Dr Mouharnmed Alr Khan, of World Health Organlzatlon 

10 Various Zal Water Treatment Department Reports 
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APPENDIX B Scope of Work 

"SCOPE OF WORK, Emergency Assrstance for 2a.1 Water Treatment Plant Operations 

Technical Ass~stance, and Cornrnohty and Construction Procurement Servlces 

Based upon the current and expected raw water quahty of the Z ~ I  plant system, the 
contractor shall re assess the requlred chemcal treatment processes of the plant from the ran 
water mtake structure through the Za plant treated water lscharges T h s  should Include 
assessment of the chemcals reqtured and dosage rates, dosmg equipment capabhty, and 
efficiency of operatlons Based upon thls assessment, mclulng revlew of avdable plant 
operatlons and raw water quaLty hlstonc data, and recent CDM and Stanley Consultant 
reports on plant operatlons and effealveness, the contractor shall prov~de alternative optlons, 
recommendauons, and cost analyses for permanent moctficatlons to the plant and treatment 
Subsequent WAJ and USAJD approval and selection of d recommended optlon to be 
Implemented vla an amendment to the IQC contract 

The contractor shall renew the proposed German and Japanese funded plans for expansion 

of the Zal plant to double rts capacity, to assure plant operational compatlbhty and 
uruformty between the German and Japanese plans and proposed CDM modrficatlons m 
plant operatlons and fachues " 
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APPENDIX C Bench-Scale Test Results 

T h s  report summarizes a group of laboratory experunents conducted at the Z ~ I  Water 
Treatment Plant (WTP), whch serves a large portion of the population of Amman, Jordan 
In the summer of 1998, a bloom of taste and odor producing algae resulted m severe customer 
complmts and management turnover ~ematode i  were &;covered w i t h  the system dumg 
the resultmg mvestigations The work descnbed m t h s  report was mtiated to a d  with 
fm&mg recommendations made m thls CDM Repon and analysls of conltlons at the Z a  
WTP (CDM, 1998) These recommendations targeted helpmg the plant Improve ~ t s  
capabh) to respond to future taste and odor events, and to enhance removal of rematodes 
by plant unlt operations Four test protocols were sugge5ted 

D u m g  p r e h 7 a r y  plannmg, it was recognized that the testmg protocols wele extremely 
ambitious m terms of avadable resources and time, and associa~ed needs for methods 
development However, every effort was made to meet the goals and objectives of the 
orlgmal plan As a component of this approach a Laboratory Irnplementatlan Group was set 
up during mlt~al meetings m Amman This group consisted of Dr Narwal Sunna m a t e r  
Authority of Jordan] WAJ), Dr Murad Jabay Bmo (Execut~ve Drector, Inter-Islamc 
Network on Water Resources Development and Management), Dr Barnes Bierck (CDM), 
Ms Mageda Alzoubl (WAJ Z a  WTP), and Mr Hatham &lam (W AJ Z a  WTP) D r  Bierck 
was responsible for d~ectmg the work and preparmg the report The Laboratory 
Implementation Group held numerous meetmgs, helpllig mol fy  testmg protocols ro adapt 
to current conditions, avadable, resources and constrams 

The Laboratory Irnplementatlon Group discussed a number of Issues Ferric chlorlde was 
bemg added many kilometers upstream from the Intake m the l b g  Abdullah Canal (KAC) 
To elimrnate effects of t h s  chemcal addition, Dr Murad Jabay Blno arranged to have the 
ferr~c chlor~de feed temporardy halted The importance of Ratershed study-and protection 
was noted, as were effects of distnbutlon system factors on the qua!~ty of water reaching 
consumers Other Issues and declslons made by the Laboratory Implementation Group are 
noted along with test descriptions below 

At the tlme of thls tehtmg, the raw water no longer elrhlbited the problem :aste and odor 
characterrstics of July and August 1998 Emergency work, mcludmg dlsmfectlng the filters 
and some process changes, are hkely to have helped reduce nematode counts Charactenstic 
taste and odor algae were belng identified at tlmes, but m msufficient quantiues to create 
problems T h s  factor bears dlrectly on follow up taste and odor testmg, makmg ~t difficult to 
compare PAC dosages effectlve at present to those found necessary during the eplsode 

Each test is discussed m detad below An mtroduction to each test is followed by detds of 
test procedures, and a results and lscussion section Conclusions and recommendations at 
the end of each test section help put the test m context m terms of associated 
recommendations for plant upgradmg and/or process changes Other information and 
suggestions are provided as considered appropriate, mcludmg supportmg documentation 
from plant design and water quallty literature 
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The help promded by many people a very much appreuated The excellent o n p a l  
formulation of the laboratory stuctes, study results evaluation, and recommendations of the 
authors of the September 30, 1998 Draft Report gulded the entlre project Thex help and 
advice helped further hone the testmg program 

Mageda Alzoubi, Saleh Malkawl, Sal~ Zenatl, Jamal Ibrahm, and Sahar Kharbat were among 
the many at the Za WTP who provided much practical help and advlce Dr  Murad Jabay 
Bmo was a constant source of ideas and mspiration Dr Narwal Sunna helped also to 
crystalhe a feaslble approach addressmg the goals of the project Dr Muna HmcLyeh and 
Mr Ernad Eddadu of the Royal Sciemlfic Society, along wlth others at the Za WTP, helped 
tremendously with the nematode study 

Others at CDM were extremely helpful The entire staff at the CDM Amman office provided 
a nice and productive workmg envu-onment and tremendous assistance and pdance  Others 
m CDM's US offrces, mcludmg the Env~ronmental Health Project, helped as well and ths  
help 1s much appreciated 

Test No 1 - THM Forrnatlon 

Test No 1 was developed to mvestigate raw water chlormation at the mfluent pumpmg 
statlon (IPS) Raw water samples were exposed to chlorme as if it were added at the IPS and 
then were treated usmg chemcds and treatment procedures m place at the plant at the tlme 
Followmg this full complement of testmg, samples were taken for subsequent 
trrhalomethanes (THMs) analyses A test sn-nulatmg use of potassium permaaganate Instead 
of chlorme at the IPS was added to the protocol AX testlng procedures are described m d e t d  
below 

The Laboratory Implementation Group moddied the THM formauon procedure targettng 
speclfic treatment optlons and associated issues The comrmttee considered the odds to be 
very high that the prechlormatlon approach would lead to THM levels exceedng Jordanian 
standards 

The c o w n e e  elected to test two contact tlmes to simulate addtlon of chlorme at the IPS 
The contact time used u the time reqwed for pumpmg the raw water to the regulatmg 
reservou- at the plant (at which pomt potasslum permanganate 1s currently added) The tlmes 
chosen were one half the exlstmg raw pumplng and plant capauty (1 e , one half of 123,000 
cubic meters per day [m3/dD, and twice the exlstlng capacity, i e ,246,000 m3/d The smaller 
value IS the lowest water production rate used by the plant, whlle the higher value wlll be 
attamed after the planned doubhg of the plant's capaclty (which wlll not mclude enlarpg 
the raw water plpelme) 

Note that raw pumpmg methods vary-the operators can make use of storage m baslns at the 
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pump stations, such that sometimes the IPS is operated at less than half capacity even when 
the plant flow is half ~ t s  maxlmum capacity Incorporatmg such operations complexltles mto 
the testrng was considered unnecessary for the testlng program 

It was deaded to "mcubate" samples of raw water wlth dfferent chlorme dosages for the two 
calculated contact tlmes, and to select the samples resulting m total chlome residuals closest 
to 0 2 mg/L for the plant simulations 

A thlrd THM test was also added to the protocol Thls test procedure smulated adltlon of 
KMn04 at the raw pump station for the raw water conveyance tlme after the plant 
expansion The sample was then treated followmg the plant sunulat~on protocol for Test 
No 1 

It was agreed that ~t would be optlmal to use mcubation temperatures equivalent to the 
maxunum water temperatures found Warm temperatures were consldered the best approach 
because such temperatures represent "worst-case" condtlons durmg whch THM formation 
would be greatest 

Followmg the mcubatlon penod, the samples were to be treated as at the plant, using the jar 
test apparatus Chlormation and filtration simulations were mcluded, and finally a group of 
samples were taken for THM analysis To amulate worst case condtions for THM 
formation dumg summer, final samples for THM analys~s were held m the dark at 28 
degrees C This temperature conltion is the one avadable at the WAJ laborator~es, where 
THM analyses are performed on a regular basls 

Regardmg THM formation kmetics, n was or~gmally suggested that THM analyses be carried 
out to an endpomt equivalent to the maxunum travel time m the dstnbutlon system 
However, the commtttee consldered ~t unnecessary to estimate and use as an endpoint the 
tlme of conveyance to the furthest customer Estimatmg ths  time IS comphcated by a 
number of factors mcludmg polnt of-use water storage and mtermttent water provision 
schedules Instead, measuring the maxlmum THM concentrauon formed over time was 
considered to be an effectlve approach for the present testlng program It was decided that 
dady THM testmg for one week would suffice Testmg laboratoq resource hrmtatlons and 
the comrmttee's opmion that the prechlormatlon procedure would result in T I 3 4  levels 
exceedmg Jordanian standards were addtional factors leadmg to the declsion to limt kmetics 
testmg to a one-week per~od 

Testlng Procedure 

Nommal residence tmes m each treatment process for the three components of Test No 1 
(labeled lA, lB, and 1C) are shown m Table C-1 These tunes were used for smulatmg plant 
operatmg con&tlons as descnbed below Note that the residence urne m the regulatmg 
reservoir was determmed assurmng that ~t w d  be baffled to promote a near plug flow regime 
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Table C 1 
Plant Residence Tlmes 

Tests 1A and IB were run concurrently Test 1A was a test s~mulatrng addtlon of chlorme at 
the IPS, whlle Test 1B simulated addt~on of KMn04 at the IPS 

System Component 

Raw Water Plpelme 
Regulating Reservoir 

Rapld hhx 
Flocculation 

Sed~mentatlon Basin 

Test 1A was begun by settrng up a senes of 12 one Lter glass flasks contauung raw water from 
the KAC intake Measured volumes of a stock solut~on of 1,100 ppm chlorme wele added to 
pwed raw water samples, resultrng m 5 palrs of o n e t e r  samples with chlome dosages of 
0 5, 10, 15, 2 0 and 2 5 ppm The stock chlorrne solutron was made from a solutlon of 
Hypex, whch is a 6 5% soluuon of sodrum hypochlor~te s d a r  to Chlorox Chlome 
res~dual concentrations were measured usmg a Hach Model CN-66 DPD test ka T h ~ s  
approach was taken to rmnlrmze sample volumes used for measurmg chloririe residuals 
After 1 6 hours at amblent temperature, a was determmed that the sample pair dosed at 1 5 
mg/L chlome resulted m a total chlorme res~dual concentration of 0 2 mg/L A 40 rnl 
portion of th15 sample p a r  was preserved w ~ t h  thosulfate and held for later THLL? analvslr 

La1 WTIJ stock solutions for plant jar testlng were used for s~bsequent process slmulat~ons, 
except for chlome solutlon whlch was made up as outhed above 

Residence Time wlth System 
at Double Capacltv 

Tests 1A and 1B 

1 6 h r  
0 5 hr 
11 sec 

33 rmn 
3 hr 

Next, 2 3 mg/L of KMn04 was added to each one hter flask, and the two flasks were aliowed 
to slt for 30 m u t e s  to s~mulate conl t~ons  m the regulatmg reservolr The concentration of 
KMnQ was the same as that berng added to the regulatmg reservoir at the trme of the test 
The samples were exposed to sunhghr. for a few m u t e s  toward the end of the 30 m u t e  
penod Exposure to bght was cons~dered a conservative approach, sunulamg day tune 
condtlons which promote KMn04 &sslpat~on m the legulatmg reservolr through suulrght 
exposul e 

Residence Time 
with 

System at  Half 
Capacity 
Test 1C 
6 5 hr 
4 0 h r  
22 sec 
66 rmn 
6 hr  

Jar testmg was then performed usmg the plant jar test apparatus All chemcal addxtlons 
produced the same concentratlons as used m the plant Itself at the tlme of testmg, I e , alum at 
45 ppm, catlomc p~l~electrolyte at 1 5 ppm, and powdered acuvated carbon at 20 pprn 
These chemcals were added whde s t m g  the water samples at 130 rpm. Rapld muang 
contmued at 130 rpm for 1 mm, followed by gentle s t m g  at 30 rpm for 22 m u t e s  to 
stunulate floc formauon, at whch pomt 0 01 ppm of momc polyelectrolyte was added 

- 
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Surr~ng at 30 rpm continued for another 11 rmn, then surmg was stopped for a 3 hour 
penod to allow the floc to settle 

The samples st111 were pmk from KMn04 adduon at the end of the flocculation step In 
addtlon, the flocs appeared sm-dar to those produced durmg a plant jar test a few 
hours before Test 1A These flocs appeared normal, yet some PAC laden particles floated to 
the water surface, remarnmg there throughout the testmg The samples were no longer plnk 
followmg the 3 hour se&g penod 

Followmg the setthg penod, sehmentatlon, the turbl&ty of the water was 1 6 NTU The 
clear rmddle portlon of water was removed and chlorme was added untd the total chlome 
resldual measured 1 2 mg/L (matchmg the target value then at the plant, pnor to fdtratlon) 
The sample was then fdtered through 9 0 cm Whatman GF/C filter paper m a Buchner 
funnel and the residual chlonne was mcreased to 1 65 pprn, agan as practiced at the plant A 
40 ml portlon was taken and preserved with a few crystals of thlosulfate for THM analysls 
A series of unpreserved 40 rnl portions were taken and held for THM analyses over the 
follom mg week 

Test 1B was run together with Test lA, followmg essenually the same procedure wlth two, 
one h e r  water samples Instead of chlorme, however, mcubatlon for Test 1B was performed 
usmg 2 3 mg/L m n 0 4  for 2 1 hr, slmulatmg the future residence tlme rn the raw water 
pipehe (followmg the plant expans~on) plus the residence tlme m the regulaung reservoir 

(after b&g) Test procedures from that pomt were the same as for Test 1A Followrng the 
settLng phase, the settled water turblhty was 1 03 NTU The prefdtration chlormatlon step 
resulted m a total chlorme residual of 1 2  mg/L, whde chlormat~on followmg fdtratlon 
resulted m a total chlorme residual of 160 pprn A 40 rnl portlon was then taken and 
preserved wrth a few crystals of thlosulfate for THM analysis A senes of unpreserved 40 ml 
portlons were taken and held for THM analyses over the followmg week 

Test 1C was run m a manner smular to Tests 1A and 1B A senes of pars of one h e r  
samples of raw water were dosed at 2,4,6 8, 10, and 12 pprn chlome wlth the chIome stock 
solutlon Followmg a 6 5 hour lncubatron tune at amblent temperature, the sample p a r  
dosed at 2 pprn had a chlorme residual of 0 1 pprn chlome, and was closest to the 0 2 pprn 
critenon Thus, th~s  sample was used for subsequent Eestmg followmg the procedure as for 
Test IA, but following the t~rmng sequence shown m Table C I Pnor to the treatment 
procedure a 40 mI pornon was preserved wlth a few crystals of sodurn thlosulfate for THM 
analys~s Following setthg, the turbrctty of the settled water was 0 51 NTU The 
prefdtrauon chlome residual adjustment resulted m a total chlome resldual of 1 15 ppm, 
whde the post-fdtratron chlomatlon step resulted m a chlome resldual of 1 55 pprn A 40 rnl 
portlon was the taken and   reserved wlth a few crystals of thlosulfate for THM analysls A 
senes of unpreserved 40 rnl portions were taken and held for THM analyses over the 
followmg week 

Results and Discussion 

Results are summarued m Table C-2 THM levels followiug mcubauon, sunuIatlng 
chlomauon at the IPS, are m h e  with expectauons The THM concentration of 113 ppb 
for Test IC was greater than the Test 1A hgh flow result of 86 ppb due to the longer 
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reaction time afforded by Test 1C and the hlgher mlual chlorme dose 

Followmg treatment smulatlons, the THM levels were reduced due to PAC adsorption 
However, THM levels were shghtly greater for Test 1A than for Test 1C Thls result was 
due to a number of factors The jar test treatments, chlormation, and fdtrat~on steps were, of 
necessity, performed out m the open, permttmg THM losses to the atmosphere Such THM 
losses are hkely to have been greater durmg Test 1C treatment simulations (which took far 
longer) than for Test 1A The residual chlome level followmg treatment was shghtly greater 
(by 0 1 ppm) for Test 1A than for Test lC, possibly creatmg more THMs durmg 
chlormation treatment m Test 1A than for Test 1C In adclt~on, PAC adsorption of THMs 
may have been more eff~c~ent dumg the Test 1C jar testmg than durmg the Test 1A 
procedures Glven the hmted time avadable for testmg, n was not posslble to generate 
suff~uent data to perrmt statlsacal analyses to shed further hght on these phenomena 

Results for the Test 1B sample followmg the treatment simulat~on are reasonable The 
chlorme contact tune was short at that stage, such that the THM concentration was 21 3 ppb 
soon after treatment Note however, that for subsequent days thls sample, which had been 
pre oxdzed wlth m 0 4 ,  had hlgher THM concentrauons than the samples preoxldrzed 
with chlorme 

D u m g  Test lB, THM formatlon potentlal may have been mcreased by m 0 4  preoxldatlon 
due to mcomplete oxldation of natural orgaruc matter (NOM) Such a process could decrease 
the hydrophobicity of some NOM compounds by reducing them mto smaller sub-unlts not 
as Lkely to adsorb onto PAC as the orlgmal NOM molecules WMe expenmental error due 
to factors dtscussed above could also account for the results, thls explanation 1s plausible For 
example, Waer and Vlastnik (1994) apphed t h s  reasonmg, suggestmg usmg preoxldation of 
NOM to mcrease the number of avadable adsorption sltes on activated carbon for removmg 
the resultmg smaller taste and odor producmg NOM molecules 

Other oxldants have been shown, under some con&tions, to mcrease THM formatlon 
potentlal As discussed by AWWA (1990), ozone often decreases THM formation potentlal, 
but under some c~rcumstances, ozone can mcreases THM formatron potential Different 
water qualrty factors affect the results As a result, AWWA (1990) strongly recommended 
pdot studtes when ozone u proposed m the treatment tram. Note that m some caqes, 
preozonatlon can stimulate removal of THM precursors through biological actlvity m 
anthracite and sand, and GAC filters While ozone can be problematrc m reactmg with 
brormde to form THMs such as bromoform, AWWA (1990) notes that " F d d  studes have 
shown that the y~eld of bromoform is not significant unless the brormde level u hgh, for 
example, m certan groundwater and m seawater ozonated for control of blofouhng m 
coohg towers " Nevertheless, most THMs formed durng test experiments were 
brormnated, suggesting that bromde concentrations and vanatlons should be carefully 
exarmned If ozone IS considered further as an oxldant at the Zar WTP The formation of 
bromoform can bemrnunrzed by lowermg the pH of the water, or addmg ammoma to the 
water, before ozonatlon 

Although - 0 4  may have mcreased the THM formatlon potennal m Test lB, ~t sull may 
be useful as an opuon at the IPS for admg m taste and odor control As lscussed m the Test 
No 4 sectron, KMn04 u often used for t h s  purpose Turbulence m the raw mater pipehe 
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1s substantial, such that a should be posslble actual field results would be better than the test 
results Increased oxldatlon beyond what was accomphshed In Test 1B may not have the 
same effect on THM formauon potential as suggested by the test results In addtion, effects 
of addmg PAC to the regulatmg reservoir mfluent must be cons~dered, as dscussed m the 
Test No 4 sectlon below PAC addt~on at thls pomt wdl markedly mcrease ns effectiveness 
for removmg both taste and odor compounds and THM precursors Note further, that 
a d h g  a mod feeder at the IPS would add to plant operations flexlb&ty, resulung m two 
KMn04 feed pomts for oxldatlon Such flexlbhty u hlghly recommended (Kawamura, 
1991), particularly under present circumstances 

The use of oxldants other than KMn04 for taste and odor control can be considered 
Chlonne doxtde and ozone are both commonly used for this purpose m Europe, and North 
Amencan use is mcreasmg However, note that "Of the common oxtdants, ozone appears to 
be the most effect~ve at destroying some of the recalc~trant taste and odor compounds 
panlcularly g e o s m  and 2 methyksoborneol (MlB), but all oxtdants are l~rmted m thelr 
effectrveness of taste and odor control " (AWWA, 1990) 

Trends shown m Table C-2 mdcate that THM formatlon peaked after about three days, 
declmed, and then Increased toward another maxlmum on Day 8 Some of these fluctuations 
may be due to mstrumental error (For quahty control, a duphcate sample was subrmned for 
analysls on Day 6 The result was qulte reasonable) It IS posslble that THM levels would 
have contmued mcreaslng beyond the elght days of monltonng For Test 1A the Jordanran 
THM standard value of 150 ppb was exceeded w~thm a few days, for Test lB, the standard 
was exceeded wlthm one day 

For Test IC, the Jordanlan THM standard was never exceeded The chlonne resdual 
concentration followmg the Test 1C treatment was shghtly lower than for the other Test No 
1 procedures However, thls small ddference is not considered responsible for the fact that 
the Test 1C samples d d  not exceed the Jordanlan THM standard This result may also be 
explaned by volathatlon of THMs as dscussed above A hlgh proportion of the relatively 
large THM concentration formed dumg the Test 1C incubation phase may have vol~tdued 
durrng the plarlt sunulatlon jar testmg However, PAC adsorptlon may also have played a 
role m reducmg THMs dumg the jar test phase Another explanat~on u that the relzt~vely 
hgh  lnltial chlome dose (2 ppm) oxldzed orgaruc matter to conlpounds less hkely to form 
THMs than for potasslum permanganate oxldatlon, for example Note that such reactions 

would hkely mclude formatlon of other, as yet unregulated m Jordan, chlormated 
compounds, or total orgamc halogens (TOX), some of whch, such as haloacetic acrds, may 
be of health concern above certam concentrations 

Conclusions and Recornmendatlons Re~ardmp. THMs and Raw Water Oxldatlon 

The results mdcate that preoxldatlon at the IPS with exher chlome or KMn04 can result m 
THM levels above Jordaman standards It 1s hkely that THMs formed dumg 
prechlomatlon sunulatlons volathed dunng subsequent expenmental steps, contnbutmg to 
expenmental error However, PAC adsorptlon of THMs and THM precursors may also 
have contnbuted to observed THM decreases Nevertheless, the Jordaruan THM standard of 
150 ppb was exceeded for the prechlomauon smulaung hgh flow rates For the low flow 
rate srmulatron, prechlomatlon d d  not result m THM levels exceedmg Jordaman standards 
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over the e~ght day momtormg per~od T h ~ s  result was due to any of several factors (or 
combmatlons of these factors) volat~lizauon of THMs lnltlally formed, PAC adsorpt~on of 
these compounds, oxldat~on of THM precursors by chlome, format~on of other TOX 
compounds such as haloacet~c aclds (HAA, of relat~vely recent health and regulatory 
concern), andlor expermental error 

The observation that KMn04 preoxldat~on resulted m hlgher THM concentratlons than for 
prechlomat~on 1s slrmlar to results sometlmes obtamed wlth ozone (AWWA, 1990) 
However, as suggested by the Test No 4 results, KMn04 addtlon at the FS can s t d  be 
effectrve for taste and odor control w~thout causmg mcreases In THM levels A second 
KMn04 feed pomt would add to operatlons flexlbhty I-Irgher turbulent JIUXUI~ concLuons 
m the raw water conveyance system could result m better results than m the laboratory tests 
The resulting mcreases m oxldat~on may reduce the THM format~on potentla1 of the raw 

watel, particularly m conjunction wlth PAC adsorpt~on improvements when PAC feed IS 
added to the regulatmg reservorr Experimental uncertanty and the mabhty to perform 
statlstlcal analyses must also be considered m evaluatmg the results 

Test No 2 Nematode Inact~vatlon 

Nematodes were found at the Z ~ I  WTP dunng mvestlgatlons of the taste and odor problem 
However, ~t u generally agreed that these phenomena are unrelated At present, nematode 
counts m the raw water are low, although mactlvated nematodes are sometlmes detected In 
the fnushed water 

There 1s a consensus that no parasltlc nematodes were ever detected One major pubhc 
health concern 1s that nematodes do mgest pathogens and therefore, can harbor v~abIe cysts, 
sh~eldmg them from dsrnfect~on Aesthet~c concerns are also Important Nematodes are 
quite reslstant to mactlvatlon Thelr ova (or eggs) are even more reslstant than the larvae 

Recently, the staff began adding chlonne and KMn04 sunultaneously at the chemcal 
addt~on vault preceding the regulating reservorr (Chlorme a added at 1 6 -2 0 mg/L, wlth 
F&04 at 1 6 to 2 5 rng/L) Apparently, KMn04 alone I d  not lnactrvate nematodes, but 
addrng both compounds appears to have a synerglstlc effect 

When KMn04 and chlonne are added sunultaneously m thls manner, ~t was found that 
chlome res~duals of 2 mg/L result m THM concentratlons m the fmshed water of 65 to 80 
ppb, w ~ t h  chlome added at 1 6 1 7 ppm, THMs leavmg the plant are about 40-50 ppb One 
plant operatlons cntenon 1s to try to keep fmshed water THM values at half the Jordaman 
standard of 150 ppb total THMs Thus, addmg the chlome and KMnO4 at reported levels 
does not appear to cause THM problems However, the method of oxt&mg s u n u l t a n e o ~ l ~  
wlth chlonne and potasslum permanganate apparently does not always result m e h a t ~ o n  
of hve nematodes from the hushed water Further elaborat~on of these effects 1s expected by 
plant staff, once h e y  have THM measurement capabhtles and a new, funcuonal TOC urut 

Chang, et al (1959) and Wel, et a1 (1969) studed nematodes sn pubhc water supphes Very 
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h g h  chlorlne concentratlons are generally lneffectlve at ellmnating nematode v~abd~ty For 
example, Chang, et al (1959) found that 100 m n  m a hypochlor~te solution contaming 1 8 
1 4 ppm free chlorme res~dual at a p H  of 8 3 8 4 was ~nsufficient to lnactlvate nematode larvae 
1x1 thelr expenments However, ~t was found that nematode removal by filtration 1s 
enhanced slgn~ficantly by reducing or ehrmnat~ng their motll~ty through mactivation 

Test No 2 ~rocedures focused on effects of the following oxldants on nematode motdity 
KMn04, chlorme, chlorarmnes, and chlorme loxlde A fifth exammatlon of a mxture of 
- 0 4  and chlorme was conducted because, as noted above, thls approach 1s currently used 
at the plant 

Testing Procedure 

Exhaustive efforts were made without success to locate more than one or two hve nematodes 
at a tlme m the Amman area Some nematodes were found at a nearby t n c k h g  fdter plant 
However, the low numbers of nematodes, and the fact that they were suspended m tricklmg 
filter effluent, whch would exert an oxldant demand, ruled out this source Additionally, 
nematodes were sougllt In the sediments of the KAC, but vahoclt success Hence, all testkg 
was performed uslng the nematode Cephalobtts, from Carolina B~ological Supply (Burlmgton, 
NC, USA) Stock solutions of 1,000 mg/L KMn04 and 1,000 free chlorme (made from 
Hypex, a 6 5 O h  hypochlonte product lscussed under Test No 1 above) were used for 
testing 

A chlorarmne stock solution was produced by ad&ng excess amrnonlum chlonde to 100 mI, 
of the 1,000 p p a  stock chlorme solutlon Attempts to measure the total chlonne rcsldtd of 
thls solut~on were unsuccessful due to formation of a dark orange preclpltate during the DPD 
measurement, suggestmg interference by the excee ammonium chlorlde Free chlorme 
res~dual values were zero and thus it was reasoned that added ammonia had been converted to 
comblned chlorme It was not possible to determme the dstributioq bet% een mono-, & , and 
tri chlorarme ~n the resultmg solution However, presurmng all of the free chlorme present 
reacted such that only tr~chloramme resulted, the stock solut~on- concentratlon was 2,300 
mg/L chlorarmne Note that the poss~bhty of some a m o n l a  toxlcltv of thls solut~on 
cannot be ruled out at th~s  time 

Chlome cLoxlde (Clod solut~ons were produced usmg an Aquamura water treatment kit 
prov~ded by McNett Corporation (Belhgham, WA, USA) Instruct~ons were fallomed to 
produce C102 by combm~ng equal volumes of the two solutions and addmg dstdled water 
ClO2 residuals were measured usmg the DPD ClOz method as in Standard Methods 

KMn.04 and chlome dosmg expenments were performed usmg the first stock soluuon' of 
nematodes T h s  stock solution was produced by addmg lstdled water to a test tube 
c o n t w g  potato plug growth melum and twlrhng the test tube The resultmg nematode 
slurry was placed m a separate test tube, and one ml was removed for countmg The 
r e m m g  slurry was poured rnto 100 ml of canal water to make the stock nematode 
soluuon Ten ml portlons of t h s  stock solut~on were added to beakers c o n t u g  100 ml of 
raw water Four beakers were dosed to 10, 15, 20, and 25 ppm KMnO4, and four beakers 
were dosed to 10, 15, 20, and 25 ppm of chlorme Two undosed control samples c o n t m g  
10 ml of the nematode stock solution were also set up The beahers c o n t w g  the 
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nematodes and chermcals were m e d  mtermttently by swirhng One mlllllter portion from 
each beaker was counted at recorded time intervals All experunents wlth this stock 
nematode solutlon were performed at amb~ent temperature, 24 3 degrees C 

A second "stock solut~on" of nematodes was used for another set of expenments For thls 
solutlon, three test tubes of nematodes were used, creatrng a more concentrated solutlon of 
nematodes than the first stock solutlon Fifteen ml portions of t h s  stock solution were added 
to beakers contanmg 100 ml of canal water Four beakers were dosed wlth 4 6, 23, 34 5 and 
69 pprn chlorarmne usrng the stock solutlon dscussed above Another four beakers were 
dosed wlth 2 pprn KMn04 plus 1 5 pprn chlorine, 7 pprn KMn04 plus 5 ppm chlonne, 25 
pprn KMn04 plus 25 pprn chlorme, and 15 pprn KMn04 plus 10 pprn chlorme A control 
was also set up with no oxldant The beakers contvnlng the nematodes and chermcals were 
w e d  mtermtttently by swlrhg One ml portion from each beaker was counted at recorded 
time Intervals All expenments wlth thls stock nematode solutlon were performed at 
ambient temperature, 22 6 degrees C 

Chlorme doxlde was produced in dstllled water to concentratlons of 0 8, 1 7, 8 8, and 5 0 
pprn ClOz The 1 7 and 5 0 pprn solutlons were 200 ml, whle the 0 8 and 8 8 pprn solutlons 
were 100 rnl m volume Fifteen &ters of the second nematode stock solution were added 
to each of these beakers One mlUter  portlon from each beaker was counted at recorded 
tlme rntervals 

A dstllled water control was also run to determme effects of dstded water on the 
nematodes Ctphakzbus were "extracted" from a test tube as described above, and eight ml of 
thls extract were added to 100 ml of canal water to make a third nematode "stock solution " 
Ten rnl of thls thlrd stock solution were added to 100 ml of dstllled water Nematode4 were 
counted irnrnedately and at the end of two hours as a check on effects of dstded water on 
the nematodes 

Results and Discussion 

Results of the nematode rnactivatlon studes are shown m Tables C 3 through C 8 All 
nematode counts rn the table rows were obtaned wlth 1 mL samples usmg a countmg shde 
and mcroscope Thus, the number &ve and the number dead for each concentration and 
exposure tlme listed are for the same 1 ml sample Followmg countmg, each 1 ml sample v, as 
dscarded 

The results help to understand relatlve effects of the cLfferent oxldatlon procedures on the 
Cephalobus nematodes Extremely high concentratlons of chlorme and KMnO4 were 
requred to mactlvate very many nematodes The combination of KMnOJ and chlorme 
(Table C 6) was only effect~ve at very hgh  concentratlons as well These concentration levels 
are not practical 

Chlorammes at high concentratlons (Table C 5) were more effective than chlonne (Table C- 
3) or KMnO4 (Table C-4) (Note that ammoma toxluty may have been a factor contnbutlng 
to the toxlcity of the chlorarmne soluuon used for thts study) Agm, such hgh  chlorarmne 
concentrations are not feas~ble 
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Chlorrne cLox..de (Table C-7) at 1 7 ppm was effective at inactivating nematodes withm a two 
hour per~od Because the experrment was performed m a solutlon that was about 90% 
dlstrlled water, the chlorme hoxlde demand exerted was llkely to have been somewhat lower 
than would be expected m canal water (Note that the dtstllled water control test lnlcated 
that dtstllled water m Itself &d not affect nematode viabllny over the testmg perlod) Thus, 

Table C 3 
Nematode Inactlvatlon Using Chlor~ne 

Table C-4 
Nematode Inactivatron Uslng KMn04 

Chlor~ne 
Concentratlon 

( P P ~ )  
10 
15 
20 
25 

Control 

10 
15 
20 
25 

Control 
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Exposure tune 
rmn 
117 
127 
137 
147 
98 

204 
222 
237 
247 
257 

KMn04 
Concentrat~on 

( P P ~ )  
10 
15 
20 
25 

Control 

10 
15 

20 
25 

Control 

Resldual 
Chlorine after 
240 nun (ppm) 

3 2 
10 
13 
20 
- 

3 2 
10 
13 
20 

No Al~ve 

1 
5 
5 
4 
7 

4 
4 
5 
4 
7 

No Inactivated 

0 
0 
0 
1 
0 

4 
0 
1 
4 a 

0 

Exposure tune 
m 
110 
120 
130 
138 
98 

204 
215 

223 
233 
204 

Cormnents 

1 damaged, 
2 yellow 

2 yellow 

No Allve 

4 
3 
2 
4 
7 

4 
2 

1 
1 
3 

No Inactivated 

0 
0 
1 
0 
0 

1 
3 

- 7 

3 
0 



Table C 5 
Nematode Inact~vation Us~ng Chloram~ne 

Table C 6 
Nematode Inactlvatlon Uslng KMn04 And Chlorlne 
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Table C 7 
Nematode Inactivation Using Chlorlne Dioxide 

nematode inacuvation was probably greater than had concentrations been reduced by some 
chlonne lomde demand exerted by constituents of the canal water Given the short scope of 
the testmg program, it was not possible to perform chlome &oxlde demand studes needed 
to understand this compound further 

Over a four hour penod, the chlorme &oxlde level decreased from 1 7 to 1 0 ppm This 
chlorme &omde concentration suggests that the U S EPA's proposed maximum value of 1 0 
ppm for chlonte (ASCE, 1998) may have been exceeded 

Note that the turbulent con&tions emsting m the raw water pipehne would lead to much 
stronger mwng condtions than were poss~ble dumg this study Thus, it is anticipated that 
better inactivation would be achieved in the raw water m m  than durmg this srmulat~on In 
addtlon, chemcal residuals m water reachmg the plant would be lower than those measured 
durmg the laboratory study, agam due to turbulence m the transmssion m m  

Conclusions and Recommendations Reeardme Nematodes 

Results for the Cephafobtrs nematode m&cate that they wlll not be mactivated by KMn04 or 
chlorme, or a m u r e  of the two, at feasible concentrations w i t h  reasonable tunes WMe 
chlorarmnes at hgh concentrations were effeave to some extent, only a very strong oxldant 
such as ozone can provlde maxunum assurance that nematodes w d  be macuvated However, 
chlorme &oxlde proved effective at rnactivatmg the Ccphafobus nematodes under these tea 
con&t~ons 
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Concentrations of chlorme loxlde requlred for mactivatrng these nematodes may result m 
chemcal concentrations of the by-product chlorite exceedmg possrble US EPA future 
recommended levels Even if nematodes are inactivated or kdled, however, they stdl may 
harbor pathogens, shreldmg them from dlsmfect~on 

Removal of nematodes can be maxmrzed by optimzing all treatment sreps Applymg water 
of rnmmum turbilty to the filters helps assure maxlmum removal pnor to filtration 
Currently the plant IS upgradmg ~ t s  jar test apparatus to the more apphcable square jar type 
Plant personnel are perforrmng many jar tests, and are evaluatmg various coagulants and 
Afferent polyelectrolyte types and concentratlons It is important to approximate plant 
conltlons w~th  the jar test as closely as possible, makrng sure velocity grahents (G) and 
temperatures m the jar test apparatus are the same as w~thm the plant coagulation and 
flocculatron steps 

Maxlrmzing filter performance is a key factor m removmg nematodes Irnprovmg 
selmentatron basm performance by ehrmnatmg the finger welrs and replac~ng them wlth 
baffle walls w d  improve sed~mentat~on performance Addmg polyelectrolyte filter aid and 
filter conhtioner durmg the last few minutes of backwashmg w d  result m lower fdter 
turbilt~es An a x  scour system will provide improved mela  cleanrng for more effective 
performance 

Test No 3 -Jar Testing 

Introduction 

The object of the jar tests were to compare alurmnum sulfate (alum, (used presently at the 
plant) wrth the alternatrve Iron salt coagulants, fernc sulfate and fernc chloride Pnor to most 
of the jar tests, oxidation of raw water at the IPS was simulated using KMn04 doses matching 
those m use at the plant at the tlme Then, plant sirnulations were performed m the jars usmg 
chemcal dosages m use at the time of testmg 

ASCE (1998) noted that optimum pH values vary for alum and ferr~c salts, and hsted pII 
ranges wlth~n wh~ch alum and fernc salt coagulation can generally be opt~rmzed For alum, 
ths  pH range 1s from 5 5 to 7 5 (typically 7 O), while for fernc salts, the pH range 1s from 5 O 
to 8 5 (typically 7 5) Note that optlmum coagulant and coagulant ade concentrations as 
well as optimum pH values are best determmed by jar testmg and observations of plant 
performance 

Jar tests were performed usmg an old, impeller type of jar test device This umt requued 
shghtly hgher rnuung speeds than the more modem unit used for process control jar testmg 
at the Za WTP All jar testmg was performed m one-her beakers At present, plant 
personnel are p l w g  to build the square type of mwng vessels, whch can be used to more 
closely match rapid m u n g  and flocculatron stage m w n g  charaaenst~cs It was not poss~ble 
to study the many variables affectlug jar test (and plant) results, such as muang speeds and 
durations, and temperatures Results can be used for comparative purposes, however, because 
testmg concLt~ons were kept as identical as poss~ble for comparing alum, fernc sulfate, and 
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At present, plant personnel are conductmg numerous jar tests for process control, wrth alum 
as the duef coagulant Whlle alum appears to be servmg well (both functronally and 
economcally), there may be problems assocrated wrth a l u m u m  solubhty The Jordanian 
standard for lssolved alumnum IS 0 1 wlth a maxlmum of 0 2 ppm (The maxlmum level 
suggested m the US 1s 0 05 ppm Thrs suggested level IS not a requrrement, but rather 1s a 
preferred goal) Plant jar tests run In concert wlth lssolved a l u m u m  determmatrons are 
revealmg that normal alum doses resulting m good coagulatron and flocculatron do not 
suppress pH values enough to lower alummum solub&ty to desired levels Hence, plant staff 
are experimentlug wlth mcreasmg alum doses for lowemg pH values such that alummum 
solublhty u reduced 

It 1s recognrzed that mcreased coagulant doses can also be used to remove Total Orgamc 
Carbon Ths  approach u bemg developed m US regulations (where it 1s termed "enhanced 
coagulatlon") for reduung THM formation potential However, use of sulfunc ac~d for pH 
suppression IS bemg mvestrgated in terms of treatment effectrveness and costs Once 
laboratory total organic carbon (TOC) and THM mstruments are up and runnmg, the plant 
staff wdl be targetmg and optrmzlng the vanous Interrelated treatment objectives 

Note that pH values favorable for reducmg alum solubdrty and/or for opt~rmzmg alum 
coagulatlon can be corrosive to lstrrbutlon systems For thls reason, pH values often are 
subsequently mcreased, further a d b g  to chermcal and labor expenses T h s  factor further 
favors ferric salts whlch are usually effectlve at hlgher pH values than alum, wlthout posmg 
a l u m u m  solub&ty problems, or necessltatmg the rnrtlal downward adjustment of pH and 
fmal upward adjustment of the pH m the treated water to avold corroslvlty and colored 
water problems m the dlstnbutlons system 

Testmg Procedure 

Ferrlc sulfate, fernc chloride, and alum were compared m a set of tests on a sample of raw 
water taken from the KAC mtake The plant laboratory stock alum solutlon used was 10 
g/L A 10 g/L stock fernc sulfate (as tetrahydrate, that IS, Fe2(SO& " 4H20) solutron was 
made for testmg usmg reagent grade fernc sulfate purchased from Flsher Sclentifrc 

A ferrlc chlor~de stock solutlon was made by dJutmg the 40% ( n o m a l  concentratlon) fernc 
chlonde solutlon on-hand Label mformatlon on thls solutlon was as follows FR-1410 
Ferrlc Chlonde, Made m Inla,  supplied by Saleh and Abdulazlz Abahsam C o ,  Ltd 
(Chermcals Dlvislon), P 0 Box 209, AL Khobar 31952, SaucL Arabra The resultmg stock 
solutlon for jar testmg was 6 88 g/L fernc chlor~de and had the same Iron concentratlon as 
the ferrlc sulfate stock solutlon 

Raw water charactenstics were measured before testmg For each coagulant, sur one hter 
samples of raw water were dosed wlth 2 ppm KMn04 (as used at the plant at the tune) and 
kept m the dark for 195 m u t e s  (the nominal ume for raw water to reach the plant at the 
ume of tesung) Whde stlrnng at 115 rpm, coagulant was added m varylug amounts, along 
mth 1 5 ppm catlomc polymer and 20 ppm PAC The samples were stirred at 115 rpm for 
one m u t e ,  followed by slow muung at 44 rpm for 20 m u t e s  Then the amomc 
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polyelectrolyte was added at O 01 ppm, followed by another 10 m u t e s  of slow m w n g  at 44 
rpm b n g  was then stopped Followmg a 30 mnute settllng penod, turbidty and other 
properties of the settled water were measured 

Two other jar test sets were run usmg raw water at the plant tap, wh~ch had KMnO4 added at 
the regulating reservoir (and a low dose of copper sulfate added at the IPS) One jar test set 
mvolved adjustmg the p H  of raw water m SIX one lrter beakers from 8 59 to 7 58 usmg 
sulfur~c acid Then, the jar tests were run as above Another jar test set was run m an 
attempt to optimze the catlonlc p~l~electrolyte dosage used w ~ t h  ferr~c sulfate Thls test 
mvolved uslng the best fernc sulfate dosage prev~ously determmed, and dfferent catlonlc 
polyelectrolyte concentrations Other chermcd addt~ors and mwng procedures were then 
catrled out as descnbed above 

Results and D~scuss~on 

Inltral raw vater properties were as follows 

Table C 8 
Raw Water Chara~ter~stics 

Value 
21 6 NTU 

Alkahnit 

21 6 

Res~lts of t h ~  ~nltial coagulant tests, which ~ncluded prelimnary oxldat~on wah KlAn04, 
are shown In the follow~ng three Tables C-9 through C 11 

Table C 9 
Jar Test Ferrlc Sulfate Coagulant 
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Temperature 
(Degrees C) 

21 5 
21 4 
21 5 
21 4 
21 4 
21 4 

Ferric Sulfate 
Concentration 

( P F ~ )  
20 
25 
30 
3 5 
40 
45 

Turbldlty 
( N m )  

1 55 
1 05 
1 29 
1 30 
135 
1 15 

- 

P* 
I 

Alkalln~ty 
(rng/L) 

7 97 166 
7 89 160 
7 8 162 

7 69 160 
7 61 160 
7 56 150 



Table C 10 
Jar Test - Alum Coagulant 

Table C-11 
Jar Test - Ferric Chlorlde Coagulant 

Alum 
Concentrat~on 

( P P ~ )  
30 
35 
40 
45 
50 
5 5 

All three coagulants reduced turbdty levels below the U S gu~dehe  maxlmum of 2 NTU 
(UAEPA, 1991) before fdtrat~on However, mm~rmzmg turbl&ty apphed to filters IS an 
important treatment goal, such that values well below 2 NTU should be obtamed If posslble 
Fernc chlonde and alum reduced turblclty levels to a greater extent than fernc sulfate dunng 

testmg 

Under the jar test concltlons, fernc chlonde funct~oned best, although above 21 ppm the 
settled water was yellow~sh m color Fernc chlonde suppressed pH values more than the 
other coagulants, although t h s  effect was a small one T h s  may have been due to the fact 
that the fernc chlonde solut~on on hand was reported to contam ac~d) 

Turbidity 
(NTU) 

0 45 
0 78 
0 75 
0 72 
0 55 
0 81 

Alum functloned best at 30 and 50 ppm However, the 30 ppm result appears anomalous 
because t h  alum dose should have resulted m the least p H  suppression compared to the 
other dosages The 50 ppm alum dose functloned well, and IS m h e  w ~ t h  current use (except 
when alum concentrauons are mcreased to reduce alurmnum solub&ty) Femc sulfate 
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Temperature 
(Degrees C) 

21 6 
21 4 
21 6 
21 4 
21 5 
21 6 

PH 

7 73 
7 83 
7 69 
7 64 
7 59 
7 52 

Alkallnlty 
(mg/L) 

162 
160 
160 
156 
150 
150 



worked reasonably well, but not as well as alum or ferrlc chlonde under test conhtions At 
concentrations resulting m mawnum turblhty levels, fernc sulfate cLd not suppress settled 
water pH values to the same extent as the other two coagulants It 1s not known whether the 
ferrlc chlonde solution used m the canal (and used for these tests) IS approved for potable 
purposes 

Results for the ferrlc sulfate jar testlng wlth varymg catlonic polyelectrolyte doses is shown m 
Table C 12 

Table C-12 
Jar Test Ferr~c Sulfate With A Cation~c Polyelectrolyte Aid 

As noted above, this testlng was performed usmg raw water as it extls the regulaung reservoir 
The ferr~c sulfate dose was 25 ppm, which gave the lowest settled water turbdty dumg the 
mtlal fernc sulfate jar test Other chemcals dosages were as at the plant at the tlme of 
testmg PAC dosrng was at 22 5 mg/L, and amonlc polyelectrolyte dosmg was at 0 08 ppm 
Further bench scale or full-scale testlng wlth Qfferent (lower perhaps) fernc sulfate doses and 
perhaps shghtly higher polyelectrolyte doses could result m a more cost effectlye coagulant 
and a d  combmatlon At the clty of Los Angeles' Aqueduct Flltratlon Plant for example, the 
p~l~electrolyte is the primary chelmcal and fernc chlonde 1s the coagulant a d  

The results mQcare that the catlonlc polyelectrolyte currently in use 1s not nearly so effectme 
a coagulant ade w~th ferrlc sulfate as ~t 1s w~th alum Dr Murad Jabay Blno is m contact 
w ~ t h  Ahed Collolds (and perhaps other polyelectrolyte manufacturers) and further jar tests 
are planned m an attempt to ldentlfy a more effective coagulant ade (or a d s )  for fernc 
sulfate 

Results of the alum jar testmg wlth pH adjustment are summanzed m Table C 13 

For ths  pH adjustment test, the raw water turbldtty was 13 4 NTU, & h t y  was 180 
mg/L, pH was 8 59, and the temperature was 24 8 degrees C The mtlal p H  was lowered 
from 8 59 to 7 58 pnor to testmg PAC was dosed at 20 ppm, catiomc polyelectrolyte at 1 5 
ppm, and amomc polyelectrolyte at O 01 ppm. h g  condltlons were the same as used for 
all Test No 3 jar testxng 
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Table C 13 
Jar Test - Alum Coagulant With pH Adjustment 

The alum results with pH adjustment was somewhat better than wthout pH adjustment 
However, drfferent raw water samples were used for the two jar test sets, such that this result 
could be due to &ffermg raw water charactenstlcs In addtlon, the water temperature was 
greater dumg the pH adjustment jar test: than durmg the miual testmg Thus, water v~scos~ty 
was less dumg the p H  adjustment test than when pH values were not adjusted, favoring 
hgher particle veloaty set thg and hence promotmg lower settled water turbidties 

Alum 
Concentration 

( P P ~ )  
10 
20 
25 
30 
40 
50 

Optlmum tu rb rd t~  removal was at A0 ppm alum The final pH was lower when alkaLnity 
was reduced wlth sulfuric ac~d first than when a k h l t y  was reduced by alum alone In 
addtlon, sulfunc ac~d addtion resulted m final pH value (at the lowest turbldty) w l t h  the 
range of optum.uns generally found for alum (5 5 to 7 5) as reported by ASCE (1998) These 
results mcLcate that pH adjustment with sulfunc acld can lower alum requrements 

Note also that decreased fmal pH values are helpful ( w i t h  hmts) for reductng alumnum 
solubkty Howe\er, corrosion phenomena m dqtnbution systems can be problematic when 
pI-l values are too !ow A m m u m  pH value of around 7 8 u often cons~dered necessq m 
dstribution systems to prevent copper ctssolution from piping, for example Thus, the 
stlfunc acid approach could necessitate addtion of a base to brmg pH values back up 
somewhat Base addt~on also could be needed if hlgh alum doses are used to suppress pH 
values, and If fernc chlonde is used as well Optlrmzmg ferrlc chloride addtion appears to be 
a better approach than altermg pH values wlth sulfunc acid when using alum The use of 
fernc sulfate avo& the use of either acid and base pH adjustments 

Cost estimates for the usmg the three coagulants are shown m Table C-14 Note that the 
costs are based on the plant runnmg at full capacity (123,000 m3/d) 

Turbdty 
(NTU) 

1 02 
0 60 
0 49 
0 48 
0 33 
0 45 

Clearly, alum 1s much less expenslve than the other coagulants at the dosages and pnces 
shown However, costs associated w ~ t h  alum w d  mcrease should pH adjustment be 
practiced As ctscussed above, such pH adjustment could be both downward to optlmtze 
coagulauon and to mmurme a lumurn solubkty, and then upward to reduce corroslmty 
Other sources of fernc salts may be found, w t h  better pnces 

PH 

7 58 
7 58 
7 55 
7 52 
7 42 
7 33 

Alkahity 
(mg/L) 

155 
150 
150 
150 
142 
140 

-- 
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Temperature 
(Degrees C) 

22 0 
21 9 
21 9 
21 9 
21 9 
21 9 



Table C 14 
Comparatrve Coagulant Costs 

Conclus~ons and Recornmendatlons Re~ardmrr Coadants 

Jar test results mlcate the ferrlc salts work reasonably well Under test conclt~ons, fernc 
chlonde worked better than fernc sulfate or alum, and suppressed pH values somewhat more 
than &d the other coagulants Alum worked better under test con&tlons than fernc sulfate 
usmg the coagulant ades avdable Sltghtly high doses (above optmum) of the ferr~c chlonde 
solutlon stuhed imparted a yellow color to the settled water 

Estmated 
Dally Cost at 
Full Capacity 

U D )  

1,107 

2,804 

2,967 

Coagulant 

Alum 
(as currently used) 

Ferrlc chlonde 
(soluuon, on-hand) 

Fernc sulfate 
(tetrahydrate) 

Efforts to use aad for lowemg pH values w ~ t h  alum may help both coagulauon and w ~ t h  
decreasmg alummum solubhty, however, some caustlc (or hme or soda ash) may have to be 
added later to prevent corroslon problems m the hstnbut~on system It is Lkelv that ferr~c 
sulfate would function better wlth a ddferent polyelectrolyte than the one m use a ~ t h  alum, 
plant staff are currently seelung alternative coagulant ades for further jar testmg wlth ferric 
sulfate Current cost data mdcate that alum 1s much less expenslve than the other two 
coagulants However, ~f pH adjustment(s) is needed for alum, total costs associated wlth alum 
use wdl mcrease 

If fernc sulfate 1s used, a 1s recommended that jar tesung be performed to find alternative 
polymer coagulant ads and doses for use w ~ t h  lfferent ferric sulfate doses 

U n ~ t  Cost 
(JD/Tonne) 

200 

950 

965 

Ferric chlonde may also be consldered as well Potable applcabhty of the fernc chlonde on 
hand should be confirmed and further jar testmg should be performed to understand any 
color changes Capltal costs of fernc chlonde storage, feed (and backup feed), etc all must be 
consldered m terms of switchmg to ferr~c chlonde Base ad&tlon wdl be necessary for 
corroslon control ~f pH values are suppressed too far by ferrlc chlor~de 

Dosage 
(ppm) 

50 

24 

25 
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Test No 4 - PAC Testing 

Introduction 

Ths  test targeted tesung two improvements for taste and odor control at the plant 
providmg a potasslum permanganate feed system at the mfluent pump statlon (IPS), and PAC 
feed at the regulatmg reservoir mfluent (It was assumed for purposes of this test procedure 
that the regulatmg reservoir w d  be baffled such that its flow reglme approaches plug flow ) 

Note that this testmg was performed after the taste and odor episode m the summer of 1998 
Thus, the test con&tions cannot lndcate preclse means for addressmg a problem event of this 
h d  However, mformation about the relatlve effects of new potasslum permanganate and 
PAC feed locations can be learned 

A number of aspects of chemcal oxldatlon for taste and odor control at the Za plant were 
dscussed under Test No 1 Chemcal oxldatlon is commonly practiced for addressmg taste 
and odor as well as other problems, and potassium permanganate is often used m this 
apphcatlon However, oxldants are not always effectlve at taste and odor control and can 
impart taste and odors themselves In a d d ~ o n ,  as suggested by the Test No 1 results and m 
the hterature, preoxldat~on can m some circumstances Increase THM formation potential In 
any event, oxldant feed at the IPS wdl add sipficantly to plant operations flexlbdity for 
addressmg future taste and odor episodes Activated carbon 1s also very Important for 
addressing taste and odor problems at the Za WTP, and providmg an Improved feed polnt 
for PAC w d  s~gn~ficandy enhance taste and odor reduction 

Use of PAC for taste and odor control was revlewed m some detd  by ASCE (1998), and 
concepts from th~s  design text follow PAC contact time should be at least 15 m u t e s  
Further, lt has been reported that even longer contact times than 15 m u t e s  can be required 
for adsorptlon of 2-methylIsoborneo1 (MB) and geosrmn These compounds are commonly 
associated wlth offensive odors caused by certm algae, and can be &%cult to o x l h e  PAC 
should be fed pnor to addtion of coagulants because they can coat the surface of PAC 
particles, xnhiblung mass transfer to carbon adsorptlon sites 

Total Odor Number (TON) testmg at the Zu WTP is performed by operators on a regular 
basls Ddut~ons are performed usmg dstdled water 

Interest has been expressed m alternative treatment of canal water pnor to the mtake 
Kawamura (1991) dscussed chemcal treatment methods useful for algae control Copper 
sulfate can be added m dosages r a n p g  from 0 05 to O 8 ppm, dependmg on algae species, 
potassium permanganate dosages from O 4 to 5 ppm can be effectlve, and free chlome 
residuals of 0 2 - 1 ppm can control algae However, chlonne residuals are ddficult to 
m a t a m  when orgamc matter is present, and sunl~ght mcreases chlonne dsslpation 
Potasslum permanganate IS not usually used m water reservoirs due to ns cost and resulung 
purple to plnk color Use of natural treatment methods such as ctfferent fish species reqwres 
careful evaluation by bolog.lsts and aquaculture experts 
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Testlng Procedure 

The test was a treatment s~mulatlon procedure s ~ d a r  to Test 1B descnbed prev~ously Six 
one-her raw water samples were dosed w ~ t h  2 3 pprn potasslum perrnanganate and held m 
the dark for 3 3 hours (the nommal detentlon tlme m the raw water plpmg system at the tune 
of testmg) Then, one llter beakers were dosed wlth 3, 6, 9, 12, 15, and 18 pprn PAC 
followed by gentle agltatlon wlth the jar test apparatus for 129 rmn (the detentlon tune m the 
regulatmg reservoir at the tune of testmg 

Next the jar contents were treated uslng essentially the same procedure as for Test No 1, 
addmg during rap~d mwng at 115 rpm alum at 45 pprn plus catlonlc polyelectrolyte at 1 5 
ppm, followed by one m u t e  of rapld mwng Then the mwng speed was reduced to 44 
rpm for 20 mm, followed by addtlon of 0 01 pprn anlonlc polyelectrolyte After another 10 
nun of slow st~rrmg, muung was turned off Followmg 30 rmn of settlng, the settled water 
was removed from each beaLer and the chlonne resldual was adjusted to 0 8 ppm usmg the 
chlorme stock solutlon from Test No 1 Next, each sample was filtered as m Test No 1, 
followed bj addtlon of chlome from the stock solutlon to a resldual of 1 45 ppm, matchmg 
the value m the fuushed water at the tune 

Then, TON flasks were set up for each sample, and for raw and fmlsned water samples taken 
at the ume of testlug In consultation wlth operators on shdt at the tune, who reported a 
TON of 1 for the fmshed water, ctlutlons were set up only for the raw water sample T O N  
determmatlon (Note that ctlutlons are performed wlth hstded water) It was learned that 
fmshed water TON values were considered to be 1 d the only odor detected was that of 
chlorme As m Standard Methods, sohum th~o~ulfate 1s generally added by plant staff 2t that 
polnt to suppress the charactenstlc chlome odor to confirm n IS the only odor constituent 

After the TON flasks reached 60 degrees C, the bottles were sxuffed It was ascertamed that 
the only odor present m all the flasks was the charactenstlc chlonne odor The odor level 
was the same m each flask Therefore, the sample wlth the lowest PAC dose (at 3 pprn) was 
reserved for long-term odor exarmnatlon Ths  flask and the fmlshed water odor flask were 
stored at room temperature except when odor testmg was performed at 60 degrees C over a 
three day penod 

A sample from each jar test and one fmlshed water sample were set up for THM tesnng three 
days later THM samples were stored at 28 degrees C as lscussed for Test No 1, to slmulate 
worst-case temperature conhtlons 

A second test was conducted slmulatmg sunultaneous adhtlon of KMn04 and PAC pnor to 
the regulaung reservolr The test was rim as above, usmg the same PAC dosages as above, 
and other chemcal addtlons as at the plant at the ume of testmg These chemcal addtlons 
were 1 73 pprn KZvLn04, 59 5 pprn alum, 1 77 pprn catlomc polyelectrolyte, and 0 011 pprn 
momc polyelectrolyte The residual chlorine before testmg was adjusted to 1 2  pprn (as 
opposed to O 9 pprn w ~ t h  the plant), and to 1 3 pprn after filtrat~on Odor tests were set up 
as above for the sample mth 3 pprn PAC and plant effluent at the tlme of testlug No THM 
tests were performed for t h ~ ~  second experiment 

Results and Dlscusslon 

Za WTP Assessment - Final Reporc. (Revised) Page 81 of 92 



For both tests, the TON of the raw water was 12, and that of the fin~shed water was 1 The 
odor of the first water sample dosed mitrally with 3 ppm PAC was followed d d y  for three 
days No dscermble change was detected m thls sample's odor The plant frn~shed water 
sample held m the same manner also &d not change At the end of the three day penod, 
even the characteristic chlorme odor had dss~pated, and chlome residuals were found to be 
zero 

Therefore, the results mcLcate that preoxldation wlth KMn04 followed by 3 ppm PAC 
before coagulation was at least as effective as plant procedures at the tlme of testmg W l h  
the plant, 20 ppm PAC was bemg added just pnor to the coagulation step As noted above, 
this locatlon 1s not recommended because ~t both bmds adsorptlon sites and mhtblts mass 
transfer to the sltes However, ~t u dfficult to extrapolate thls result to the taste and odor 
compounds responsible for the summer ep~sode These compounds may respond hfferently 
to preoxldation and may have ddferent adsorptlon charaaenstlcs than the compounds 
responsible for the relatively m o r  odor at the tlme of testlng 

THM testlug results followmg three days of storage are shown m Table C 15 

Table C-15 
PAC Versus THM Formation 

The plant fmshed water sample had the hghest THM concentration of d samples taken, 
and was above the Jordanian regulatory level of 150 ppb Thus, the combmat~on of 
oxldat~on at the IPS and PAC ad&tlon at the regulatmg reservox appears to result m less 
THMs than the current configuration However, THM volat&zation dunng tesung may 
have Quenced th result, somewhat 

Carbon Dose, ppm 

20 
(Plant fin~shed water) 

3 
6 
9 
12 

15 
18 

The Test No 4 jar test samples &d not show a clear THM trend Most samples were close 
to or below the Jordantan rnaxlmum allowable THM value As &cussed for Test No 1, 

THM concentration 
after 3 days, ppb 

198 

111 
79 6 
131 
160 
16 1 
81 
186 
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non-unrform THM volatdzatron durmg the dtfferent treatment steps, and experrmental 
error, contnbuted to vmabhty of the results However, unUe Test lB, when PAC was 
added just prlor to coagulatron, PAC added well before coagulatron m Test No 4 u Uely to 
have had a benefrcral effect PAC added m Test No 4 was ready avadable to adsorb THM 
precursors m spae of potentral adverse effects of preoxtdatlon on THM formatron potentral 
Thus, Test No 4 THM levels at three days were below the Test 1B THM result (except for 
the 18 ppm PAC sample) after three days of storage Ths  result may also have been due to 
the fact that the mrtlal chlome resrdual was lower m Test No 4 than m Test 1B (1 45 pprn 
versus 1 60 ppm) However, at these chlorme resrdual levels, the correlatron between 
chlome concentration and THM formatlon IS not a strong one 

The second TON test gave odor results srrmlar to the first The sample wrth the least amount 
of PAC (3 pprn) had a chlome odor that was mdtstmgurshable from the plant fmshed water 
sample taken at the same tme Both samples had only the characterrstrc chlome odor noted 
above When sodtum throsulfate was added as m Standard Methods, nerther sample had a 
dtscemble odor Thus, under test condttrons, smultaneous addttron of KMn04 and 3 pprn 
PAC pnor to coagulauon was as effectrve as the plant practrce of adding 20 pprn PAC Note, 
however, that at that trme the plant was adding a very hrgh alum dose (59 5 ppm) Thls hrgh 
alum dose may have resulted m removal of more NOM responsrble for some taste and odor 
than at the 45 pprn alum dose previously m use 

Conclusrons and Recommendatrons Reeardmg. PAC and KMn04 Addtron 

The results mdtcate that the combmatron of KMn04 oxtdatron at the IPS followed by PAC 
adhtron at the regulating reservov w d  requre less carbon than used at present for taste and 
odor control In fact, a u posslble that wlth a long preoxldatlon stage, PAC may not be 
requlred for taste and odor control under present condttrons However, ~t IS ddfrcult to 
extrapolate these results to the compounds responsible for the summer taste and odor 
episode, whch may have dfferent oxtdauon and adsorptron properues 

In the smulatrons of KMn04 addttron at the IPS, addmg PAC well before the coagulatron 
stage resulted m less THM formatlon than when PAC IS added just before coagulatron Thus, 
rt IS Uely that PAC addtron as at the regulatmg reservor removed THM precursors, 
regardless of whether KMn04 mcreased THM formatron potentral as suggested by the Test 
No 1 results 

The expenment wrth addmg KMn04 and PAC s~rnultaneously also mdcated that addmg 
PAC well before coagulatron lowers PAC dosage requrements However, effects on THM 
or TOX formatlon were not determed for ths  expenment 

These observatrons bolster the recornmendatron of addmg a KMn04 feeder at the IPS, and 
addmg PAC at the (baffled) regulatrng reservov T h s  arrangement w d  provlde added 
operational flexlbhty to respond to the next taste and odor eplsode 

Because it was not possrble to nm these tests wrth the problem water, rt  appears necessary to 
provlde PAC feed capabhty comparable to that found necessary dumg the event T h s  
approach d be a conservauve one, of course Two carbon feeders, each feedmg from zero 
to 35 pprn carbon at current flow rates could be used T h  approach would provlde a 
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maxlmum of 70 ppm PAC, whlch was found adequate dumg the taste and odor event The 
feeders should be p~ped to maxlrmze operations flexlbhty Decisions would have to be made 
later m terms of needs for more carbon feed capaclty after the plant capacity is doubled, data 
gathered over the near term wdl ade wlth that declslon-makmg 

If GAC 1s added to the filters, then a 70 ppm PAC feed capabdty w d  of course not be 
necessary However, the Lfetlme of GAC for taste and odor control cannot be known 
precisely Careful monltormg of the carbon m the filters w d  be necessary d t h s  route 1s 
taken GAC may present some cost savmgs over PAC feed m the long run 

Regarchug the KMn04 feed concentration at the IPS, dosage ranges from 0 5 to 5 mg/L are 
usual for KMn04 feed (Kawarnura, 1991) Note also that 0 6 to 1 2 mg/L KMn04 IS often all 
that 1s necessary to remove taste and odor compounds Fawamura, 1991) 

Other omdants may be cons~dered, such as chlorine &oxlde and ozone, for removlng taste 
and odor compounds These omdants should be considered for long-term upgradrng of plant 
fachtles 
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APPENDIX D 

MANUFACTURER'S CHLORINE DIOXIDE SYSTEM 
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RIO LINDA 
CHEMICAL COMPANY'S 

CHLORINE DIOXIDE 
SYSTEM 

THE SOLUTION 
FOR 

WATER TREATMENT 



CHLORINE DIOXIDE 

Chlorlne drox~de (C102) IS a yellow-green gas standard was to generate chlorrne dloxrde uslng 
srmllar ~n appearance and odor to chlor~ne Unl~ke chemlcal feed pumps to add a c ~ d  and sodlum chlorlte 
chlorlne chlorrne droxlde gas cannot be compressed to a solutlon of chlorlne (chlor~ne/chlorrte/ac~d sys- 
and bottled Consequently chlorlne dloxlde must be tem) Typ~cal y~eld* for thls type of generator IS 80- 
generated on-slte 90% RIO Llnda Chem~cal Company d~scovered a way 

Prior to the ~ntroductron of RIO Lrnda Chem~cal to lncrease the chlorrne dloxrde yleld to 95-98% wlth- 
Company's (RLC s) chlor~ne drox~de system ~ndustry out uslng acrd or chemlcageed pumps 

The Chemistry of Chlorine Dloxrde** 

When chlortne gas 1s d~ssolved In water rt rapidly There are also some undesirable s~de react~ons 
hydrolyzes (actually reacts wrth the H20  molecule) to that can take place In the generation of chlor~ne 
form hypochlorous a c ~ d  dloxlde These reactions consume sodium chlorrte 

and produce an undeslrable reactlon by-product - HOCI+H++ CI- (I) CI2(gas) + H20 - sod~um chlorate 

The further d~ssoc~at~on of hypochlorous acld follows HOCl + NaC102 +OH--NaC103 +Cl-+ Hz0 (5)  
to produce hypochlor~te Ion 

HOCI -- H++OCI- (2) and 

The pH of the water Into whlch the chlor~ne gas 1s 
d~ssolved determ~nes the speclatlon of chlorine as CI2 +NaC102 + H20- NaC103 + 2CI-+2 H+ (6) 
shown In F~gure 1 for a 0 05 M chlorlne solutlon (thls IS 
the hlghest chlorlne concentration encountered In 
typlcal lnstallatlons) 

Reactron (3) 1s extremely fast as compared to 
react~on (4) whlch 1s about 100 tlmes slower React~ons 

The reactions that generate chlor~ne dloxlde from (5) and (6) become ~mportant ln d~lute solutions The 
chlor~ne and sodlum chlorrte are Ideal situation from the standpoint of maxlmlzlng 

chlorrne dloxlde yreld 1s to select react~on condrtrons 
to promote reactron (3) and mlnlmlze reactrons (5) and 

2NaC102 + Clp(gas) - 2C102(gas) + 2NaCI (3) (6) Wlth our fundamental understandma of chlor~ne - 

d~oxlde chemrstry RIO Llnda Chemlcal 6ompany has 
done just that We manufacture chlorlne dloxlde gen- 

and eratrng systems based on sound chemlcal prlnc~ples 
Our systems s~mpllfy chlorlne dloxlde generat~on 
achleve yrelds approaching the theoretrcal maxlmum 

2NaCl02 + HOCI-2C102(gas) + NaCl + NaOH ( 4 )  and are virtually maintenance free 

4 4 

RELEVANT CHLORINE SPECIES 

CHEMICAL FORMULA NAME 

C1z Molecular chlorine 
(gas) 

HOCI Hypochlorous acid 

0 CI Hypochlorlte ion 

CI Chlor~de Ion 

NaC102 Sodturn chlorite 

NaC103 Sodium chlorate 

C102 Chlorine dioxide 
(gas) 

* d 
pH of Solutton 

i I 
TABLE 1 FIGURE 1 

Yteld deftned as conversion of sodturn chlorite to chlorlne d ~ o x ~ d e  
Relevant chlortne spectes forthts d~scusston are shown In Table I 
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FIGURE 2 

THE COMPETITION 
To ~liustrate the counterproductrve nature of our 

competitors' systems, cons lde r  thrs t h e  
chlor~ne/chlor~te/actd systems (Flg 2 )  requlre the 
use of a c ~ d  (some use excess chlorlne In place of ac~d) 
to Increase the relatlve concentratlon of hypochiorous 
a c ~ d  and molecular chlorlne In the eductor water (see 
reactlons 1 and 2) F~gure 1 illustrates the fact that even 
at pH 2 most of the chlorlne 1s strll hypochlorous a c ~ d  
whlch promotes the slower reactlon (4) Instead of 
react~on (3) Furthermore these systems feed the 
concentrated sodlum chlorrte solutlon Into the 
chlorlne water stream where ~t IS diluted before rt can 
react with the chlorlne These condrt~ons force 
react~on (4) to compete wrth reactlons (5) and (6) for 
the sodlum chlor~te thereby decreasing chlor~ne 
d ~ o x ~ d e  y~e ld  and formlng the undesirable react~on by- 
product sodrum chlorate 

REACTION ZONE 

FEED RATE 
METERS 

I 

FIGURE 3 

OUR SYSTEM 
In contrast the RLC patented reactor brlngs the 

concentrated sodtum chlorite solutron Into contact 
wrth molec~lar  chlorine gas In such a way thattheonly 
react~on that takes place IS the substantially 
Instantaneous reactron (3) whlch ylelds only chlorlne 
dloxlde (see F~gure 3) Slnce the molecular chlortne 
gas and concentrated sodrum chlor~te react before 
dllutlon react~ons (5) and (6) are completely 
suppressed The pure chlortne dloxrde gas IS then 
dtssolved Into a water stream ready for use- 
uncontamlnated by costly competltrve reactlon by- 
products by excess chlortne or by acrd We provide a 
srmple and efflclent system that ach~eves a 95 to 98% 
yield-and that means more chlorlne dloxlde for your 
dollar 

Economy 

Thts revolutionary Bchem~cal process does not requlre a c ~ d  addrt~on and does not requlre chemlcal 
feed pumps, thls results In lower Operating costs less maintenance and srmplrf~ed control 

An ~mrnedlate and complete reactlon occurs yleldrng a cont~nuous 95 to 98% converslon of sodlum 
chlor~te to chlorlne droxlde The hlgh y~e ld  Insures a pure product uncontam~nated wrth chlortne or 
other by-products Thls results In reduced chem~cal costs 

Safety 

The chlorine-chlonte react~on takes place under vacuum lnsurlng maxlmum safety and slmpllc~ty of 
operation Both the chlorlne gas and the sodrum chlor~te solutlon are educted Into the reactlon 
column The system automatically shuts down rf eductor water supply falls or ~f chemlcal feed Ilnes 
break 

Rio Llnda Chem~cal Company has a natronal and lnternatlonal reputation as a suppller of hlgh performance chlorlne 
d ~ o x ~ d e  systems Our patented process for generatlng chlorlne droxlde prov~des cons~stently hrgh yrelds and does so 
more cost efflcrently than any other equlpment on the market today So no matter what your appllcatlon for chlorlne 
dlox~de RIO L~nda Chemrcal Company s engrneerlng staff can custom deslgn a chlorlne droxlde system to flt your 
needs 
If you want a simple and econom~cal method for generatlng chlorlne dlox~de, talk to RIO Llnda Chemlcal Company- 

we can save you money! 

--- 



Cost Compar~sons 

To ~llustrate the savlngs of the RLC Chlorlne D~oxtde System consider the following cond~t~ons 

Flow Rate 25 MGD 
Chlorlne dlox~de dose 3 pPm 
Sodlum chlor~te 25% solutlon 
Chiorme dloxrde usage 625 5 Ibs ClO27day 
Sod~um chlorlte consumption at 95% y~eld  336 galslday 
Sod~um chlor~te consumption at 85% y~eld 376 galslday 

SODIUM CHLORITE SAVINGS 
40 galslday 
= $200/day 
= $6,00O/month 
= $72 000/year 

AND THIS DOES NOT EVEN INCLUDE THE SAVINGS FROM NOT ADDING ACID1 

FOR WHATEVER REASONS YOU ARE CONSlDERlNG 
CHLORINE DIOXIDE 

- DRINKING WATER DISINFECTION AND THM CONTROL - TASTE AND ODOR CONTROL 
- IRON AND MANGANESE CONTROL - MICROBIOLOGICAL CONTROL OF COOLING WATER 
- WASTEWATER DISINFECTION 
- PULP BLEACHING 
- DISINFECTION AND SANITATION IN FOOD PROCESSING 

Rio L~nda Chemlcal Company's Chiorme Dioxide System can save you money! 
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TABLE E-8 

CT VALUES FOR 
INACTIVATION OF GIARDSA CYSTS 

BY CHLORINE DIOXIDE 

TABLE E-9 

CT VALUES FOR 
INACTIVATION OF VIRUSES 

BY CHLORINE DIOXIDE OH 6-9 

I Remova 1 

2-1 og 

Temoerature (Cl 
<=I - 5 - 10 - 15 - 20 2 5 - 


