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TFEATMFRT OF THE EAST G0HR rAAL WATER 

FOR AMMAN, JORDAN 

1.0 RAW WATER
 

The source of water for the treatment plant will 
be the Fast Ghor Main 
Canal. The water in t'e canal 
coxes principally fror the drainaoe of 
the
 
east bank of the .orir.Piver. 
 The canal runs parallel to the river and
 
prcides irricat,%. to
hater a laroe and rich aoricultural area.
 

Fro,- o..eraticr, herch scale test 
no and re,.ie, of the )irrited data
 
a~ai ahla,there ic rthinc to indicate any servous treatrent prot' er-, 
"he hater coxes "ra)- v rot' ar, 3rea 0,ere there is an tUndance of lime
sto)ne s,' that it is hinhin alk3linitY and relatively hard. 
 As expected
 
.t is V.oh r,dissc',ed sc,.1es b:,t not excessive. Purinc the 
rainy season
 
turiditv is hioh bjt atout half 
is settleale silt. In oeneral 
,t is the
 
k-nC of ,hater Mich could be ewpected in any strea!r whch is fed 
by sur
face runoff. The hea,.v silt .,ill settle out 
ouickly while a small amount
 

of caticnic pc,ver hill accelerate the removal of rure of the liahter
 
turbiit.v in tht* prrsediretation hasins. ,urino 
the dry season there is
 
an -ndic! of aicar but the data is not 
clear in terms of nurmbers.
 

The species indcatee, as present 
in the canal water did not include the 
most serious offenders in terrs of taste and odor producers. This doesn't
 
mean that they here not .)resent; they were not 
found in the samples
 
exarr ined. NIo real assessment of the algae prob!err will be possible until
 
the hot season w.'hen further word 
can be done on aloal counts.
 

2.(f TPFATAPILITY TFSTING (.rENC SCALE, OF THE 
EAST GHOR CANAL WATER 
2.1 General
 

Testino was carried 
out in the NPA laboratories with the assistance of 
the 
NP, staff for space, olassare and use of pH meter, balances and other 
iecessary laboretorv eouipn'ent. F~r. Joseph Sar'an and Eno. Yousef Oassar 
of the JVA cooperated in carryina out the work. 

I 



In aenerci, the reaction pf the water with all coagulantrraw was 
instantaneous. Minute floc appeared immediately lndicatinp the speed of 
the reactio~n. Thi would be &pected of this type of water'# 

i AmOes w- pointeein thecanaer-tet proposed.... 
pump station site, 
 They were collected in20 liter plastic containers and 
~taken tothe laiboratory where the bench scale testin was carried out, 

Testina waslIdone in the conventional manner of rapid mixing of the
 
coa.ulant, followed by flocculation arnd settlin. Tests were 
run also to
 
determine the "Direct Filtration Potential" of this raw water.
 

2.2 Floccul'tion and Settling Tests of Turbid Water
 
The raw waters at this season was very turbid--from 114 to 156. The first 
samples were collecto on lMarch after several4,1981, Jiust days of rain. 
Fioure I aives the ranoe of results from the settlinq tests carried out 
with this water. The results of this testing indicates that FeC 3 gives
somewhat better results but recuires la dose of about 80 percent of the 
alum for about euual performance, This would be uneconomical since the' 
cost differential ismuch more 
than 20 percent of the difference inconsumption. An alum dose of 30 mq/L is about eauivalent to 25 mQlL of ,.
FeC] 3 on the settlino velocity distribution curve. The alum would be 

mo(p- economical and should be the cbaoulant used. Theoretically ferric 
should have been much more effective but the tests did not coirfirm this 
prognosis. An alum dose in the ranoe of 22 to 30 mg/L should produce a
 
satisfactory settled water for filtration 
ir the raw water at this
 
season. 
 -


The time'reouired for flocC0 ation 
isabout 20 minutes, Inthe ranoe of 3 
to 5 zm/min, loadina allthe tests produceda settled water lwhich would 
filter -- ll without puttina an excessive load on thefilters. , The lower 
velocitV .radients produced a settled water of 
lower turbidity. Due to0 

I ( lthe heavy water turbidity and therefore its high mass, the floc formed 
i very ouickly and much of it settled out in the Jars ourinp flocculation. 

( 
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2.3 Flocculation and Settlino Tests of Decanted Raw Water
 
Inorder to try to simulate the water which wil11 
 reach the treatment plant
 
after presettlin in the tanks near 
the intke, the samples'collected on
 
M'arch 7, 1981 were alloOed to settle and water was decanted off the tp,
This water was in the turbidity ranaeof oN eseresults
 
are shown in Figure 2. As miaht be expected, the lack of the turbid mass
 
to form heavy floc is immediately apparent. 
 Settled water turbifities in
 . the high loadina rane"'Ore high, 
 Also when the alum dose drops off the
 

settled water turbidity , immediately oes up into the unsatisfactory ranoe 
even at low loadinos. The test run 
at 30 min. floc time produced a
 
somewhat better settled water at 
loadinas of 2 to 5 cm/min
 

The dramatic effect of the addition of 
a very small dose of non-ionic
 
polymer (80 IV) i5 shown in Figure 3. 
In this test two different polymers
 
were applied to.,two separate samples. The difference between samples with
 
and without polymer is very great in the hiah 
loading ranoes. The 80 NP
 
produced a Qood settled water even 
at the highest loading while NOIP was
 
somewtat less effective.
 

2.4 Testina For Destabilization
 
Destabilization of colloidal 
turbidity inraw water for direct filtration
 
is a relatively new development in terms of treatment. This is a process


P 
 somewhat different than traditional coaaulation and-lilocculation., In the
 
destabilization treatment a type of micro coagulation 
occurs while
 
settleable floc Which is normally obtained in the conventional sense of
 
water treatment, is not formed. At the 
same time, however, filterable
 
floc isformed. The difference is that inrest waters, only a very small
 
coaoulatnt dose is reouired to achieve destabilization' while a larqe dose
 
is needed to nbtain settleable floc. Furthermore, in wu't situatio/,s a
 
large part of the, treatmint units of conventional desiq such as, tlino
 
basins, flocculation and sludqe handlinq systems is elirpminated. I,(filter
 
runs of a reasonable lenqth and filtered water 
ouality ca be~maintained, 
treatment by destabilizatio. and direct filtration is a very economical 
method.
 

4."
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Destabilization tests were carried out on both the turbid raw water 135 
and 114 NTU as well as the decanted water in the rante ofa!12.5 at 
17.5 NTtP Results of these tests are contained in Floures:4 and 5. 

These tests were carried out with one liter samples dosed with pe-"
 
- uantities and reagents in
1
ndicatedu Stirring was done at 
the hiohest
 
speed of the stirrin machine, about 120 RPM.- After one minute, the speed
 
was reduced to 20 RPIp'and continued for 3 to 5 minutes. This latter is 
about the time renuired for the water to qo frcm the point of'mixinq to
 
the level of the filter mediad
 

After mixing, the water was filtered through No. 40 Whatman filter paper,
 
This orade of paper has proven to produce ftered water turbidities 
slightly higher than those-from a dual media filter. Inother words, the 

" 

turbidities obtained fromn filter paper are conservative relative to those 
which will be prbcidied by the pilot' or plant filter. 

As isclear inFiqure 4,even at the hiphest turbidity of 135~ NTU the
 
doses of 1.0 rrauI. of alum and 0.2 mci/ of Am~erican Cyanamid Cationic
 
Polymer 573C produces a filtered water 'considerably below the World Health
 
Standard which is that adopted by the Jordanian Government.
 

In ,Fioure 5 the results of further destabilization tests with polymer only..
 

indicates that alum isnot 
required for good destabilization, A dose of
 
0.2 to6 0.5 mq/L of three differed cationic polymers proved satisfactory,
 
One of the polymers 515C proved to be much less effective than the
 
others.
 

2.5 Testing for Extent of Settlinq in PreSediientation Tanks 
Twr large holdina tIanks have been planned for construction between the 
4:4intake and the fVrst pump station. These basins ,are 30 m in diameter and 
will provideonf hour of settlino. A laroe amount of sediment was 
bbserved in the bottom of the beakers in the laboratory after treating 
with a small polymer dose. This would indicate the value of applying a 
small amount of polymer at the intake in order to accelerate the removal 
of solids before the water qoes to the plant.treatment 
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The test was done with two larip Jars filled to the same level with raw 
water havina a turbidity of 156 t4TU. One btakIer contained raw water only
 
while the second containedraw water mixed with 0,2 mqJonf cationy
 
polymer. After one hour a ]pT'plewas drawn from each Jar at a point
 
,ex]ctlv 1/2 the water depth, This point was selected because the large
 
concrete, holding tanks are desioned so that the bottcon hal~f is jo proe.

£settling and the outlet will take water off theu top half only., -The sample,

taken froman the jar containing only'raw water had a turbidity of 73 .NTU 
 -. 
while that which was dosed with 0,2 ma/L of cationic polymer had a
 
turbidity of 15 NTII (see Figure 6). 

The supernatent from the latter jar was filtered throuah No, 40 IWhatman
 
filter paper and the resultant turbidity was 4.0. This is a little high
 
for the filtered water, but it,indicates"that destabilization occurred
 
throuahout the entire mass 
of water with this, very small polymer dose.
 
Even thouoh most of the solids had settled out, the remainder still met
 
the World Health Standard for filtered water ouality. ,A slightly hiqher
 
dose would have reduced the turbidty even more i!n the settled water and
 
very probably produced a filtered water turbidity frdn the supernatent in
 
the ranue of ?.0 NTII or less. In other words, it is probable that no 
other application of polymer would be necessary prior 
to filtration in the
 
plant.
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3.0 	 THF *TfR TRFATP1#NT PLANT Of I N
 
~jGeneral
 

The pl nt *esion conforms to usual practice inthe U,$.A. The loadings on 

developedtfi 	 ........ .~t, £t~ein s
b A i.~~..... l 	 s . .
Iti must be ljnd stood that the plant is pe~penswie_ as'~de by thecot
 
developed by the U.S. 
 EPA and published undr'the title, Ostimotinpl Water
 
Treatment Costs" in August 3979, Some of the higher are to
costs due the 
importation o equipment and supplies which 
are obviously more expensive
 
in Amman than inthe country of origin, A pert, however, is the result of
 
the design concept,.
 

The plant is hiqhly mfchanized and sophisticated. All chemicals are
 
mechanicallymixed and pumped to 
their respective points of application.
 
All filter valves are electrically operated, and settled sludge ismechan.
 
ically co1lected and removeO from the settling basins. 
 Controls and in
strumentation are electrical and 
 the plant fuctions are lar.ely automated
 
throuoh a central looic unit. In other words, hand and
labor gravity are
 
riniT'ized while pumps,, mtors a, ,enuipment are maximized,
 

This increases the initial cost and will require very high level compe
tence inoperation. The necessity of good maintenance in this type of a 
plent isobvious. This reauires well-trained technicians to maintain the
 
eauipment in rod operating condition 4ind a sufficient supply of spare 
parts,
 

Conservative loadinos inthe flocculation basins, low-rate plain settlino
 
invery laroe basins have consideraby increased the size of the settling
 
basins, and relatively low filtration rates with constant-rate filter con-,
 
trols increases the cost of filters. 
 These costs may not be lost because 
they provide for excess capacity which ifrecognized can be utilized later 
to produce more treated water. 

The nom-inal desion is1.42 m3/secfjwhile 2.5 m3/sec can Quite readily 
be treated inthe treatment unit( as now designed. The hydraulic 
transport pipes, canals, and ports must be sized, however, for the higher 
flow to avoid floc breakup at some points and excessive head-loss in 

12 



S-sd load. the flocculation time would be reduced
 
to JIust under 19 minutes, the settling velocity would be 4,38 cu/mmn 
 or 
63 M3/daytin2'Pand the averae filter rate would be just over 400 in/day
 
or about 280 L/in/m1n. These loadings are being successfully used in
 
maY plants around the world which have well designed Wnoperated fmixingj,
 
flocculation, settling and filter uiits,
 

3, Pecommended Improvements in the Plant as Desioned 
Regardless of the plant loadinps, several details of the existing design
 
should he modified to improve the treatment efficiency, end reduce opera

tino and maintenancecosts. 
 r% 
3,.1 Initial Mixino of Coaoulant
 
The reaction of this raw water with alum is essentially over in a fraction
 
of a seconO. It is I'mportant therefore for all the coagulant to be mixed
 
with all the raw water instantly, The po-nt of dosing of alum is not
 
clear from the inforrraticn available; Presumably it is immediately prior
 
to the first mot r mixer in the channel shown. This channel does n)t
 

appear to be desioned in such a way that instant mixing of all the
 
coaOulant with all the raw water will occur, As a matter of fact, a
 
considerable portion'will not participate in the immediate ixing because
 
the channel 
 is 2.5 m wide while the mixino will occur in the cente-, 
portion only.
 

A better system would be an inline blender type of mixing in the pipeline
 

just prior to enterino the open concrete channel. Another possibility 
would be a diffuser at a weir which could be easily constructed in the 
channel as de,,icned and it has the advantaoe that the operators can see 
the coaoulant beina applied.
 

[Iore treatment problems arise from faulty coagulant dosina than anyv"other
 

sinale cause.)
 

3.2.? Flocculation 
Another problem is that, of the baffles in the flocculation basins which 
separate the sections of each basin where the mixers' are in operation. 

13 



Tto sections are 4.proximately x6 m square, They are separated with 
4/,aflemade up of alternatinq fiberolass channels 20 cm wide mounted on 

each side of concrete coun nother wrsitis ahorizontal 

soidal having only one opninghsbetweeneach section,
5lticeo iegas hnes bflsh AsI .siqined,,
db relacedwith 

there willbeecsiesotcrutn.Teshudbreegeda
 

A redesign of the flocculation basin$ could accomplish better control of
 

the flow and reduce short circuitino as well as reduce tk number of 

aoitator motors and mixing mechanisms. 

3.2.3 Settling
 
Itisdifficult to construct and maintain long outlet weirs in a
 
completely level posiltion. The difference inelevation common in this
 
take-off system is the source of many problems of excessive floc carry
 
over. This can be easily a d economically corrected with perforated,
 
subperaed launders. These can be made of light weight plastic and the
 

take-off rate is unaffected by sm411 differences in elevation.
 

There does not apear to be, a compellina reason to provide continuous
 
ludQe re, oval from the settlin basins. These could well be modified to 

manual cleaning with the economy of eliminatina the sludge removal eauip
ment as well as their continuous maintenance., Obviously such a system 
will reouire a basin shut down every 4 to 6 months and manual ic'leanino. 

3.2.4 Settlino Basin Entrance Baffle 
Inorder to insure ood distribution of flocculated water across the 
entrance of the basin a specially designed baffle isrecommended. This 
baffle contains a larae number of ports vhich provide a small head- loss 
between the flocculation a settlinci basins. The head-loss must be laroe 
enough to assure;oood distribution over the section but at the same time 
not introduce a velocity gradient that will break p the carefully formed 
floc. Attached separately are excerpts from H.E. Hudson's new book which 
describes this baffle desian. 0 
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3SFilters 
Tt desiao memoranda show about a*5.0 mn headloss through the filters 
which is large. I*ore than half of this loss can be recovered by changinq 
the filter rate control to a Oeclinino-rate control systemn,* This wi1,l
reduce the headloss, eliminate the expensive constant-rate-of-f low Cc ,n
trollers, assure a better ouality effluent because the filter flow re. 

-d~It&,-asoebh7&-ei produce more filtered water dur~ 
inq each filtration cycle,,,i 

•hanoing to 4 declining rate can be accomplished by 1) substitutino the
Krate-ofuflow controllers with an orifice plate to limit maximn flow in
 

clean filters; 21 raisino the effluent weir structure walls to elevation
 
886,00 and providino a throttle valve at 
the chamber outlet to regulete
 
the level in the chaiTber to provide back-pressur\ filter control.
 

The only sperifications for filter media in the memoranda..were the thick
ness of each of the media stone, sand and anthracite. It is recommended 
that the support aravel be "reverse aradation". That is, there should be 
laroe diameter arvel on the top section of the support layer as well as 
the bottom. This was developed by Paylis** and somewhat modified by
 
Hudson*** (excerpt attached separately). This support resists aavel
 
disturbance much better than 'the conventional support gravel layer,
 

Since the Jordanian Government has wisely adoptd WHO Quality standards
 
the filter media can be somewhat more porous. The sand layer in the fil
ter should have an effective size of about 0.6 im, 
while the(anthracite
 
should be about 1.2 m. Roth sand and anthracite should be hphly uni
form, with a uniformily coefficient not mre than 1.3 to 1.4.
 

3.2.6 Chemicals and Chemical Feed
 
Points of chemical application are oenerally indicated. Contact time is
 
important inmany of the applications. For example, C12, K2MnO4,
 
and activated carbon may be applied to the 
raw water at the entrince of
 
the raw water reaulating reservoir. There is no detail in the reservoir
 
design to indicate that attention has been given to the matter of short
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circuitinqa. since inthe control of tastes and odors contact time is very
important, the reaulatlna reservoir should be baffled, to avoid short. 

Inthe Oesion, the use of non-inonic polymer has been anticipated as a 
flocculation aid. 
 This polymer is best applied in the flocculation basin
 

t-apoint -where- the Iloc-ha$rbtenr 'Wetl40oemed -buCIf,t -the -ja - __ _,_s_. 
early as possible inthe flocculation cycle, Also itshould be applied at 
a very high dilution which most be done after the dry pol~mr is wetted 
an( mixed initially with water at the chemical feed unit. The design 
should provide for the dilution (not less than 1000;1) iswell as the 
proper point of application (about 4 minutes after flocculation begins).
 

tiecicals and chemiical handlina facilities will be required at the intake 
and puny station No. f. Durina some periods of the Year copper sulfate 
will ned to be applied to the canal water to control algae growths, Also
 
durino the high turbidity season a small dose of cationic poloymer applied
 
at the intake will greatly accelerate the settlinn of solids inthe
 
storaae holclina basin immed'latley prior to pump station No, 1. The
 

"
S pipeline from intake to pump N~o.
> f i ,g <* +< >o ]< < ! : % ! ! 
+ 

-!! - 44ii <:< 
-

/ 
< h ~ C < I will: + ne;d shock<k </ chlorination!; k* from <time5 


to time, Copper sulfate will obviously be applied by hand at some point
in the canal above the intake. The cationic polymer and Cl2, however, 
w~ill have to be dosed accurately at the intake pump station. 

Inorder to keep~the pipeline free of any possible organic slime, heavy
 
doses of chlorine applied intermittently at pump station No. I will be
 
necessary. Possibly once every week or ten days a dose of up to inmq/L
durina one to two hours will be necessary. Whether such a dose will carry 
a sufficient residual 1 the way to the treatment plant can only be 
determined after operation begins or in the laboratory by simulatingi the 
time lapse from begiinnino to the end of the pipeline. The chlorine demand 
will probabily vary somewhat throuphout the year so that such testing may
be necessary on at least bi-weekly basis, The result of such tests would 
indicate whether or not further chlorination would be reouired at 
some
 
intermediate point on the pipeline.
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Alumi Oseredj in Africa and the Nlear rest is tory lpmpy having a large

portion in the form of heavy pravel (1" to 2'). This kind of alum 
m 
cause seriOus problems with the type of Dsino ouipment specified. The 
alum feed eculpment should be able to handle coarse material, 

3.?.7 Pre-Settlino Tankrs Prior to Pump Station No. I
 
-The~Purpose -of -these basins 
 iso eo h i~i munt of so ids from
 
the raw water before pumpinq to the treatment plant. Details of these
 
basins were not available but the design must provide baffling which will
 
reduce the possibili: of short circuitino. Unless the basins contain
 
such bafflino, some of their effectiveness"will be lost.
 

4,0 DIRECT FILTRATION 
The results of the bench scale testino from March 4 to Parch 10 of the
 
East Ghor Fair Canal water 
indicate clearly and unouestionably that this
 
water can be treated by the destabilization -direct filtration method.
 
This work is described in Section 2.4, "Treatability-..Benh Scale
 
'Testino". Ftoures 4 and 5 contain the information on dosages and
 
resultant filtered water turbidity with a wide range of alum and polvmer
 
doses as well as those of polymer alone,
 

Treatino the East Ghor Pain Canal water by the direct filtration process
 
has several important advantaoes: 

-'
 

1. The very laroe settling basins are eliminated.
 
2. Most of the flrcculation system iseliminated.
 
3. Post of the sludoe dryinp beds are eliminated.
 
4., Drastically reduce chemical 
storaoe and handlino.
 
5. Substantial reduction in chemical costs.
 
6. With 
the elimination of the larae structures, the possibility of
 

relocatinn the plant to the original site in the Jordan Valley
 
may be feasible.
 

7. Relocating the plant to the Jordan Valley site has several,,, 
further advantaoes.
 

a. The two planned and designed holdino basins each 30 m in dia
meter can serve as the reoulatinq reservoir as well the
as 

pre-settling basins.
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b, 	 All the chemical feed and treatment operations wI be inthe 
same oeneral area where they will be much easier to Control
 
and supervise,
 

c. 	The pumps and pipeline will be handling clean water, 
d. Whilethere isthe possibility of 2arthQuake, the largest 

structure and probably the npst vulnerable will be the 

very rigid, full of cross walls and likely to resist any
nv 	 re;.;r" pro:The lem ph~hmentatiect biain brinT, it he u ~n
earth tremor much better than the presedimentation basins, 

The problem which treatment by direct filtration brinas isthe reauireunent 
of carryin. out pilot filter testing. This is the only way in which the 
filter cloaginq characteristics can be determined for each loading, dose 
and filter media. While experience indicates that this method of treat.
 
ment will be satisfatory, there is no substitute for pilot filter test
in. Unfortunately, this will take time, 
A pilot filter must be obtained 
and set up, A raw water preparation system is reouired as well as person
nel 	 and eauipment for monitoring the results. Also, a further disadvantaoe 
with the plant at its present site will be the need for a clarifier to 
separate the solids from the filter wash water, This would substitute the
 
presently planned wash water recovery system. 
 If the site were to move to
 
the Valley, the value of wash water recovery is doubtful.
 

While the elimination of structures, and in this case the possibility of
 
moving to a better location, are important considerations, the economy in
 
chemical cost and operation may be more important, The alum dose reouired 
for conventional treatment of the canal water is from 22 to 280 mq/L. At 

(.A' At a costnominal plant capacity this is2.7 to 3.5 metric tons per day. 

'
of $300 per ton, this is $810 to $1,050 per v in alum cost. The dose of
 

polymer to eliminate the alum is--ahout .3to .5ma/L or 37 to 62 Ko/day at
 
nominal flow. Polymer cost is about $3.50 per kq. or $130 to $217 per 
cay. Based on this calculiton, the minimum savino is over $600 per day,
 
$220,000 per year, while tne maximum would be over $330,000 per year. 
 At
 
the same time the alum handling' and storaae cost is practically
 

eliminated.
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5.0 CONCLUSIONS
 

1. 	With proper operation the treatment plant, as desioed, will produce a
 

oood oual itv teeatee water. 

2. The desion corcept ut'li:es electric eneroy, mechanicdl eouipment and
 

auto-atic r in contrast to more extensive use of manual labor, 

h.vdrau'ic .r anid 	aravitv which can reduce construction costs and
 

r'ainterance needs. 

3. 	The plant will recuire hIah-level competence in its operation and 

Tlr'ter arce. Vater treatrent skills of this level are 	not available 

r,
 

4. 	LoaJncs or thetreatr-ert runits are conservative. 
 If channels, ports, 

and p;pes a-i: s1z2K for hioher flows the plant can readily treat 2.5 

to 3 r---..ec Ir the. , re. 

5. 	Ferch sCale test irc or, bctr ttirbie and clarified raw water confirmed 

the adantao of e'of as the ch'ce for coaculant. 

6. 	A sr-a!l dose of nor-ionic polyImer creatly accelerates the 

clari ca#:or, prr1cess. 

7. 	A smrall dose of cat.ionic pol.nier sianificantly accelerates the 

settlino of !,jspended solids in the raw water ore-treatment basins.
 

F. 	Tests for destabil1zat]Or dndi direct filtration of the raw water 

indicated that there is a aood possibility of successfully treatina
 

the 	water bv this meth, d. 

9. 	 It is oiviour. frorr the report 
that Water and Air Research, Inc. takes 

a cons ideralv differert view of the treatment of this water both in 
concept and in sorre of the desion details. Because of this difference
 

in approach, and a hirrted tudoet, our review of the desion is auite
 

aeneral.
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6.0 RECOMM[NDqATIONS
 
In view of the advantaoen of direct filtration and the possibilitY that it
 
will be tuccessful, pilot filter testin should beam immediately. Ouite
 
pro.atlv, the Critical 
times for testina will be in this hiah-turvidity 

season ard later when alcae r"3v be a problem. 

Dur;no the initia: filter test 
work, JVA enoineers should he intimately
 
Irvo'ved sc they ca" carry on the work for several months. This work 
need
 
nct be cor:r'rucus h)L t-e done, p-rhaps,
t should one day per week. In 
periods of %ate- C.alitv chanoE it should be carried out for a week or two 
at a time, until treatabilitv is established. 
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Attachment A: Inlet Baffle 
Excerpt from "Water Clarification Processes" by
H.E. Hudson, Jr, published by Van Nostrand Reinhold. 

"O IXNA- O SDM T~O 

Cppventional Settlinig basis live rout mlajor yons: ( 1) Ile jisic1iei(
fillnzone; (3) the sludge sioriapc or sludge (remolval luwic; mndl(4) thc 

137 

Ile 
utlet 

44 

For control of the turbulent zone near the setlini basin inlet, various baffling
methods have been used for admitting water to the settling basin, but the one 
most successfully used to date has been the perforated bafle. In the design of
perforated baffles, four requirements must be met: 

I. The head loss through the ports should be about four times higher than 
the kinetic energY of an% approaching ve3octies in order to equalize flow 
distribution both horizontal!y and vertically. 

2. To oid breaking up flo,. the %ektcitygradiciol through inlet conduits and 
port should be held down fo'a slur close to or little liltle, than that in
the last compartment of the fiocculators 

3. The naxinmur feasible number of ports should be piovided in older to 
minimize the length of the turbulent entry zone produced by the diffusion 
of the submerged jets from the ports in the perforated.baffle inlet. 

4. The port configuration should be such as to assure that the discharge jets 
will direct the flow toward the basin outlet. 

...* 

The use of a large number of small ports in accordance witl item 3 tends to
increase the velocity gradients tihrough the ports, as isshown by Table 4-21 * 

It is desirable for the port diamete to be no more than ilhe tliickness of the 
perrrmeablcbaffle wall, so that the hydwulic behavior will cause the jets to 
emerge in the proper direction, Thus is one disadvantage in using timber per
mea~ie baffles. It can be overconie b) using tubular inserts fastened in the 
openings of the timber wall, made of plastic or asbestos.cement tubes or of
wood construction to train the flow pioperly. Timber baffles alone are probably
not desirable for basin inlet perforated walls. Since there is n wuknowledgle of 
how to design the inlet s)stem propeily, there is no longer any need to use 
makeshift construction that can easily be modified. 

The easiest way to U1111iiilCC the deiin of peiniealle lmflle its, estimate 
ithekinetic energy of flows a*pioadhiiig or passing alig tle baffle. Stillingbaffles or shrouds can be used to reduce these velocities and the resulting kinetic 

energies to relatively low vahucs. so tliatin niont cases it is afe Intule a velucity
thiiugh the perforated baflei tof ahiill 20 ir 30 cm/Isec. Thie he.al Iis thliough.

-,cylindrical ports is J.7. tunes the velo~ity head through the ports. The 1.7
figure i based on a 0.7 entr) coefficient plus one velocity head.Thus rabasd:nty oefiie ad Tusufr 

. 
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Celohiid --30 cm/sec.asnh of osnaflwcpcity a1eaaexapru aThe desiganU mple.*m 

'. proceeds as is shown in Table 8-J, For this example, amean port velocity of 
30 cm/sec has been selected which, with aport coefficient of 1.7, gives the headloss thrpugh the ports of 7.8 mm at nominal flow rate. With row of I m',!sec
and this velocity, the total port area required is found to be 3.33 M2 . For eachof a number of different port diameters, the number of ports required is 
computed. 

If the setuling basins are 22.5 in wide and the depth of flow in the sedimen.
tation zone is 2 m. the area of the permeable-baffle wall is corpuse. to' be
45 m2. Next, a wall space per port is computed. Finally, the square root ofthis wal! spye per port is computed. giving the mean spacing between port 
centerles. . 

Assu that the d acnal port arrang~ement shown in Fig. 8-2 will bI 'ed,
the spacing of horizontal rows of ports is c.lculied as approximatelk'0.7a 

TABLE 8'1i. Design of Perforated Inlet Baffle,. 
. 

Assumptions: 

O=1 m 3 /so Vp- 30 cm/sec 
Baffle wall:2m X 22.5 m,45m2 

'a 1.65 m~K. Port areas- 3.33 !,2
V 0.3
 

(0.3)'
Head loss 1.7X - 7.8 mm . 

20 
Port dianict iin 6 -t" 0 12
Port diamete,.cm. iS 20 25 30Aica pet port tm:) 0.01777 0.032 0.03 0.071No. of PortsIuJ. 181t 104 67
%all spare I put in') 0.24 

47 
0.43 0.67 0.96Avg. port spaoinmta) 0.49 0.66 0.82 0.98

G. Sec" .9 
. 3o r orw sp~a aj~ll r 4 

. .
 

estimate. m. 0.34 0.47 0.59 0.76No. hor". ows 6 5 4NO. portnoIJO. 3 
11 21 17 16 

ininspaing Iirn
" wu 0.3.3I 0.4U 0.S1 0.67
inal distance Mbcrin
 

ports in arw% fdia-.
 
on! viapinment) 
 0.73 1.07 1.32 1.40 

',.-AAA'A,.1 
A' 

'A A.AA 

.A 


http:approximatelk'0.7a


- _ - _I jo
 

-G 0 0 O, 0 o
 

VC LZ71C 

0,?, 

-_ . 02r\c. 0 / 

"
 -
 -0 _ 
 _ 

o 0o
 
A. VpGF;/ "ArF E A/ , ,-,,,,
 

F'6.'-: -;. " . ,: 1eP , ,z


I/,A/ P6_, rc. 1,; ., 4j~r k . ,,.} ,,'LL, . ' 



. ... ip . 

MNIfETA-FLQW SUPMPIETATIPAN 13 

a+
 

rilu -2 P o1 V1rra1tients in Ierfoute .l-baebaun inletl Val. 

(where 4 ISfile Centerline spacing of ports). and the numbci of tows of ports is
~estimated. The total number of ports is then divided by thic number of tows ofports to obiam the numbei of poils per tow. The exact prt spacjiipsiZ'n thenbe calculated,.ol 

a...The velocity, gradients for each, size or pore, as taken from Table 4-2. are also
"J """noted in Table b.-l. In the example cited. all these values aze relatively low.but 
Sit isassumed that in the futm h -o% i) aet h oI1td;i ibelinominal flowv rate. It isseen f'roillTable 4-2 thlat will; doubled ili. tlie velut'il)

gradient would rise to a range ol'about 13-90 scc "l. The hig~hry of [hose values 
iiI ~ ~would,prob, bl)/), cause floc breakage, impairing settling. Piefeien:e sh~ould th,re

http:calculated,.ol
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6 1t be given to the jailer sized po,,s. ii apparent from Fig. 8- that with averical aJipmteti of 6-in~ports only three rowsj are feasible. whr s with Int .........- npmta. 
 - r ut
feosible n~umbera of polts, It iswell III plepate a%setiu(Vcd. arrbiinclill vimsiderti in oider to see w'l,,:her any minor adjustments are desirable. It is likelyto be found that a smA"'djustment of a number of ports %4ll,be desirable inorder to make even spacing feasible. The end ports may be located as close tothe side walls as one-half the rlculated horizontal spacing.If this basin were designed for a settling velocity loading of 4 cm.!min, thesetlinE zone would have a length of 67 in and the total tank, length would be70 in. From information given in Chaptet 4, assuming the use of 15-cm ports,the turbulent entrance zone would be 4.,- of the tank length, not an unrea
sonable propor:ion. 

SETTLING ZONE 

A second impc.:ant zone in the basin is the settling zone. It hds been the usualpracuce to allow more than 2 rn of depth for this zone, but the trends of today
su;gest that, wherever cond;:ioni permit, this zone need be only 1-2 m deep.

it hat been tradationa! to design settling basins that ai, Iomig ;Jo, nariow,
pati) because of lack,f knowlcdl:e of effective inlet and outlet dcsjign, prtlyto help overcome unsaisfactory pretreatment provisions, and partly to helpcontrol density currents. The rule of thumb has been to make each basin at least 
three times as Iong as its uidth, sometimes six or mote times. 

In the setthni, zone of 2 properly designed semtling basin the now is turbulentbut reti,,e! q,;;es,:ent, For purpbes of illustration, let us ,Onsider two SpIcificcases of basins designed for a settling velocir) of"4 cniil anJ a rate of flo% ofI rn*sec, the first being a 3&7.m square and the second being a 22.5 X 67-mrectangular unit. If the depth of the setlhng zone is 2 in. the time tof flo%fromthe beginnin to the end of the settling zone will be SO mill. kcause of thegreater velocit) in the rectangular basin. it will provide moie drag to help overcolne density currents by reducing the gradient used in tie dcrisity.current " computation described in Chapler 7."9 
A long and narrow basin also bas some advantape in sediiing Ihic likelillniJ .of ShIort-circuiting., 1 alst, has a!r aJvanlare in uimiing ihi p. tiui oil tie (ilctill occupied bv lihe t ruillelinalet Y.1,i.lThe ,cs l.1j1eil., wttluh ha sul h1t1a.ia,further advantae over tile square one in that equipnenit cost an be reduced byinstalling cleaig mcchanism:s in only the first part olib1e basin, leaving the

aiter part for periodic manual cleaning. 

:; : + .I' :, + / •.: 



Attachrrient P., Reverse Grad,4tion Filter Support'KExcerpt from "Water Clarifica.t1~n Prcsss byH.E. Hudson, Jr.. published by Van Nostrand Reinhold. 

FII.T611 WASINGt aa1 

H ead loj e in [fie d .'a- ic op,d s ~ em ~ r e w ~ a b r # e~ 
labrator.y,, wherc ite low$c tbifuugf, ihk, blikLs *CFO:sllv.qi Ito 1W 

vhere i. is hlicd loss in reet. and I is vertical %ash fale fIgpni1t). At tlecustlmar- wash late of IS irmt't'. head loss was 2.3 fI of iler.Tists re!ation 
does not indude the entry inol velosay head losses it the inlet l'sfile i)stcm.The latter ire functions of the total Ilo-A entering cach lateral. A hh:h dc'ens On
both wash rate and lateral Ienith. Head loss %as found to he 1.9 %elocit) beads
for hottor4.eftry s.wsems. The entry less is equal to the Nh1k Iontses at a wa;h
r.ite of I sill,.r whl-n the longth of 11teril is 47 it. %ilh il1orite lnglhs.
entry kIss is IS. ant lbath h'er fisses entry loss is pealei. Tive enis' .:ose$ aie
a3-oxim.a;el The apme %belher the t1ou enters thro Jis the end of the lateral 
or throuih I btiorn enir). as ;n Fig. 12-3. 

In IlQ 8. thle Lettrold Dvni~an imt.uued niouliiwd Japs~t~ r~vhh.ks f rgatce of ha.b.dr.+tr ubrejkable mituucd plasix The rim tloks
hac prcimze turst sr1n1 but Imss ';mpr;ssiw stnng.th thin the G'ilner ties.rig1 

Pr~amina,', hyvdrauala leStizig ;ht,-a them to have 
 hed losi lluva1aer;ilics that are 35- O lmer than thve of the lile bh'cks. The mod lied cnAiguration,
using imta+it'jar passag". endi tself to use u fill air wash or wate.-t Uah. For use 
,A:ta' air wAsh. a reverse aj.J grad.asun is remmnjo"'. "ad ir.dced, the
retcls. g:.,J ra ppcars is:!ahlC 'Witll) aler i lh. to eliminate gravel Intie. 
mcnl ir arn" S stem requirin; gravel ave rise intlridaijn. 

A reveri :ga ve. raJelion that has heen found t) be sjc agJinst Imuvenseis1 ofthe top gitsc! layr in mode! tests done fur the F. B. Leopold Divismn can he 
used wi:h :thier t-pe LcpoX bottom. It is, 

I n ailnn PirlkIc Siot Oin.l Thiokkn%' Io.n.) 

Top 
314 X 112 

1!S X !14 
I0 XI8181IIS X I '4 

1/4 X 112 -
Boltom 112 X 3.4 3 

Total 14 

Two in a;h t ;shiallll llic itismes layer 1h1.1t 1tall I I.t'cersl nwll, I veto ll sIr, uainsc,
level chal!k iing m,. the walls, sellim eme1 L hoiIs. %tikus -1II+. aiml hekinug
the surfae by hrilnlqIng wal.r up t,) flhe deuej Cloalitll. l'laelilelt is dune by 
mets %oik~i;gtIseinl wiJe b irds to prcbnt ft,,.puinis. 
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