Charpter IV
IBXPEHRIMENTAL TESTS AND APPARATUS

These in watcr works consist of routine and jor tests, These routinc
tests normally include pH, alkalinity, hardness, turbidity and residual

iron,

4.1 Jar Tests
4.1.1 Purpose_of Tost

Onc of the objectives of o water trcatment plant is to producc
a finished watcr which is clear and colorless, and, therefore, of an
appecrance and taste acceptable to the consumcr,

Surface watcrs geonerally contain suegpended matter called tur-
bidity which varics in size and amount., When on unire@ted turbid watcer
is applied alone to a rapid sand {ilter, only o portion of the dirt will
be removed. Turbidity removal isg improved Ly adding o coagulant to the
water, mixing ropidly for a brief interval, stirring showly for a longcr
perioa, and then sctiling for an oven longer time,.

The jar tests are-designed to show the nature ond extent of the
chemical treatment which will prove effective in the plant, Many of the
chemicals added to o water supply can be ovaluxted on a laboratory scale
by means of jar tests. 4imong the most importont of these chemicals are
coagulants, coagulant aids, softening chemicals, ond activeted carnon for

tasts and odor removal.
4.1.2 Apparatus

4.1.2,1. A stirring machine with six paddles, capable of operc~
tion at variable speceds (from O to 100 revolutions
per minute). Multiple stirring units like that
illustrated in Fig.4.1.

4.1.2,2, Beakers, 1,000-ml, can be used with stirring machines.



43

STIRRER FOR JAR TEST

FIGURE 4.1
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4.1.2.3 A plastic pail, with a capacity in excess of 2 gallons,
for collecting the sample.

4.1.2.4 A 1,000-ml graduated cylinder, to be used for measur-
ing samples.

4.1.2.5 Measuring pipets, 1,5 and 10 ml, all graduated in
0.1 ml steps, for dosing samples rapidly with coagu-
lant, and other necessary solutions. Rinsc these
pipets thoroughly with tap water or distilled water
to prevent caking with coagulant, or other solutions
being used,

4.1.2.6 Apparatus for determining turbidity, pH, alkalinity,

hardness, and iron regidual.

4.2 pH Value
4.2.1 Purpose of Test

The pH scalc denotes the intcmsity of acidity and alkalinity.
The pH scalc runs from O to 14. A water having a pH of 7.0 is at the
midpoint of the écale and is considered neutral., Such a water is neither
alkaline nor acidic. A water containing an acid will yield a pH rcading
below 7.0. The stronger the intensity of the acidity, the lower the pH
will be. A pH of O means that the sample is very acid. The opppsite
holds true with alkalies. Alkalies roise the pH values above 7.0. A
pH of 14 means that thec samplc is in tensely alkaline,

' pH plays an important role ih such trcatment processes as
coagulation, softening, and corrosion ¢ontrol. The pH test cnables the
plant operator to detect changes in the raw-and finished-water quality,
and accordingly itc add the proper chemical doses for the best coagula—
tion and softcning reactions. The finished water of some plants is
adjusted with lime or soda ash to the slightly alkaline pH of 8 or more

for the purpose of minimizing corrosion in the distribution system.

4.2,2 pH Determination

There are two methods for determining the hydrogenion



FIGURE 4.2 ELECTROMETRIC DETERNMINATION OF pH VALUE
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concentration or the pH valuc :

(1) The clectrometric method.

(2) The colorimetric method.

As far as the experiment in this thesis is concerned, the
electrometric method, which is more convenient than the colorimetric
method, was uscd. Fig.4.2 shows the pH meter used in this study.

The clectrodes when placed in a water solution develop an
electrical potcntial that is proportional to the hydrogen ion concentra-
tion. The potential is amplified and balanccd against a standard poten-~
tial through 2 complicated system of clectron tubes and a sensitive
potentiometer. The balancing voltage is read directly in terms of pH

value,

4.3 Turbidity

4.3.1 Purpose of Test

Water supplices obtained from rivers usually require chemical
flocculation pecause of high turbidity. Turbidity mcasurements aye used
to determine the effectiveness of the treatment produced with different
chemicals and the doéages nceded. Thueg they oid in selection of the
most effective and cconomical chemical to usc. Such information is
necessary to design facilitics for feeding thc chemicals and for their
storage.

Turbidity mcasurements help to gouge the amount of chemigals
needed from doy to doy in the operation of trcatment works. Measupement
of turbidity in settled water prior to filtration is usefull in cowtroll-
ing chemical dosages so as to prevent excessive loading of rapid sand
filters. Finally, turbidity measurement of the filtered watcer arc peeded

to check on faulty filter operation.

4.3.2 Turbidity Determination

Turbidity values may range from cssentially zero in pure water
to several thousand in highly turbid rivers; consequently no one method

of measurement is applicable to 211 samples. Determination of turbidity



Three types of turbidimeters are frequently used.
(1) Jackson Turbidimeter.
(2) Baylis Turbidimeter.
(3) Hellige Turbidimeter.

ing turbidity. It consist of three essential parts : 2 calibrated glass
tube, 2 heclder; and a candle. Details of its construction and operation
are given in "Standard Methods". With the tube in place over the lighted
candle, portions of the sample arc added until theoutline of the candle
flame is no longer discernible. Readings in terms of turbidity are then
made directly from the calibrated tube. A series of readings should be
taken on each sample to obtain reliable results until the operator
becomes highly proficicnt in its usec.

The Jackson turbidimeter is considercd o rather crude instru-
ment in this day of modern instrumentation. Attempts are being made to
replace it by 2 standard instrument with greater casc of operction and
less dependence on the human cye (SAWYER and McCARTY).

The Baylis turbidimetcr of St. Louis type of turbidimeter is
designed to measure extremely low turbidity such as occur in the
effluents of rapid sond filters.

The Baylis turbidimeter is enclosed in a galvanizediron box.
There are two glass tubes at one end of the box, one tube contains a
standard solution of known turbidity and the other is filled with the
water to be tested. The contents of the tubes are viewed from above.
Light inside the box is furnished by a 250 watt bulb. Different tubes
contain standard sclution and are tried until the standard solution that
is nearest to the sample is found.

The Hellige turbidimeter is the accurate instrument for mcasur-
ing the turbidity of water.

The instrument is particulatly efficient in measuring low
turbidity renges, even to fractions of 1 part per million silica, for
which no other method of measurement is available. Turbidities as low

as 0.05 p p m. can rcadily be detected. By utilizing the various tubes
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FIGURE 4.3 HELLIGE TURBIDINETER
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and light filters furnished with the instrument, the complete turbidity
scale from O te 150 p.p.m. 3102 can be accurately measured. Higher
values arc determined by diluting the sample with turbidity-frec water.
The ecasy, 3-step operating procedure cnables completely
untrained personnel to make accurate and rapid tests with confidence.
First, the tube is filled with sample to be tested, oovered with the
glass plunger, and placed in the instrument. Second, the dial at the
side of the instrument is turned until the field secen in the eyepicce
becomes uniform, Third, the value indicated on the dial is read ond
the turbidity content of the sample being tested is determined directly
from one of the charts furnished with the instrument.
The sturdy construction of the Hellige Turbidimeter assurcs
long ond dependable service. The metal housing with heavy cast iron
' base measures 6 x 7 x 16 inches and is finished in crystal black.
Mounted in the housing are an opal glass bulb, vitrcous cnameled
reflector, and a precision slit which is regulated by & large, graduated
dial. A platform in the front compartment supports a special apertured-
mirror and the specimen tube. A frame with two glass light filters is
held under the platform, and an opal glass reflector is located below.
The sensitivity and ronge of the turbidimeter are greatly increased by
the light filters, and long. cumbersome tubes are not needed. An ocular
with lens and diaphragm is mountcd at the top of the apparatus. In
order to facilitate comparisons in the presence of extrancous light,
the ocular is furnished with o shield designed to fit the curvature of
the eye. A dark room or shaded area is never required.

The glass plunger furnished with the instrument automatically
adjusts the liquid in the tubes to the exact height #o that careful
filling is unnecessary. In addition, perfectly unifqrm abservation
field, freo from distortion and shadow, are assured by the polished plang
surfaces of the plunger and the plano-parallel bottom plates of the tubes
(HELLIGE CAYALOG No.62 a).



50

4.4 | llhc.llulty

4.4.1 Purpose of Test

Many of the chemiecals uscad in trecating water can cousc a change
in itse ~lkalinity, Lut the nost proncunced chonses are caused by cogyg
lants and Ly the softcning chemiczls, lime and soda ash (sodium corbon-
ate). This alkalinit ty test is 1nt(‘nﬂeu to provide results for use in
calculating the chemicnl dosaszes nceded in the coasulation and softening

pProccsses.
4.4.2 Mkalinity Dotemintion

In order to distingmish Letween the kinds of alkalinity present
in a sample and o determine the quantities of each, a titration is made
with 0.02 N H2304 using phenolphthalein ond methyl--oron ¢ as indicators,
Phenolphthalein cives o pink c¢olor only in the presence of hydroxide or -
normal carbonate. Fethyl-oranfe is yellow in the prescnce of all types
of alkalinity, The quantitice of alkalinity may be determined from the
results of acid titraticns, If the results of fitration of a 100—ml.
sample with 0.02 N HzSO are substituted in the corrcct condition and
the results multiplicad Wy 10, the valucs obtoincd will be in parts per
million (ppm,) of the spoeific wlkelinity in torms of CaCO3 (2lkolinitics
are wsually expresscd in terms of Ca.CO .)e || The factor 10 is usced
because 1 ml, of 0.02 N sulfuric acid is equal to 1 mg., of C::.CO3‘ If a
100 ml, somple is used, 1 ml, of acid would present 1 mg, of C.-:,COB.. per

100 ml., or 10 mz. per liter (10 ppm. ), (STANDARD 1Z4TODS 1565).

4.5 Hardness
5.1 Purposo of Test

Herdness of a water is an important consideration in detcrmining
the suitability of 2 wator for domestic ond industrial uses The en;incer
uses it ag o bagis for recommending the necd for softening; processcs.

The relative amounts of caleium and masmesium hardness and of corbonate

and noncarbonate hirdness present in o water arc factors in determining
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the mest cconomicol type of softening process to usc, 2nd become inport—
2 N - 5 ¥
ant considerctions in desin, Determinations of hordness scrve as a

n
basis for routinc control of softcning; processes.,

4£.5.2 Hardness Determination

To determined the values of hardness, o titrotion is made with
standard EDTA using Buffer solution and Eriochrome Black T as o indicu~
tor. USing 100-ril. of soample and after TDTA has bLeen added, the solu-
tion will turn from wine rcd to blue. /This is the cndpoint of +he
¥itration. The quontities of the hordness may be detoermincd from the
results of standard BDTA titrations arc-multiplied by 10; the valucs
obtaincd will be in parts pezmillion (ppm.) in tcrms of CC04 (ST..NDARD
MITHODS 1965).

4.6 Iron

4.6.1 Purposc of Test

Remeval treaticnt is wnderteken on those watcr supplies where
iron causes color, staininsg, bactericl; ond toste ond odor prollems in
the distritution gystcm. 'Tron coaulants many be added in water treat-
nent for the rcmoval of turbidity.  In-such canses si nificant aaounts
of iron in the finished wotcr indicate that in incorrcct coasulant dosage
ig heing applied. A knowlcdpe of the total iron content of o water is
adeguate for most purposcs.

This method is desirmnced to measure the total iron thot, is

.

normally prescnt in woter or that may be introduced as o result of
trecatment with iron coagulants.
4.6.2 Iron Determination
There are ma methods of dctermining iron have been developed.
(&)
Some of them is Hellige Color Diso lethod. By color dise No,611~35,
The proccdure as follows :
1. Place 100 ml of the woter to be tested in an Erlenmeyer

. flask,



FIGURE 4.4 HELLIGE COLOR DISC FOR DETERMINATION OF

IRON
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LAdd 10 ml of 6. hycdrochloric ocid.

N

3. Add 02N, potassium permansonotce, dropwise until a faint
pink color persists for a few minutes.

1. Boil until the volume is slightly less thon 100 ml.

5. Cool to room tcmperature snd add nnother drop of potassium
permansoncte solution.

6. Dilute to exactly 100 ml with cistilled water. Add exactly

10 ml of potassium thiocyznate reagent, ond mix,

7. lMcke the color comparison within 10 minutes,; os follows:

7.1 Pill a 200 mm Nessler tube to the mark with the trectod
sample, insert & glass plun-er, and place the tube on
the risht-hand openin; of the stoge.

7.2 11 another Nessler tube to the mork with distilled
water, insert a glass pluncer, and place on the left-—
hand opening of the stage., Close the cover. The second
tube is used for optical compensation,

7.3 Remove the color dise untill a color match is obtaincd
or until the unknovm value can be estimated by the
interpolation between two of the ¢lass standards,

7.4 The color disc directly in parts per million of iron in
the ronse from 0-3.0 ppm, Fe, but another ranges arc
casily obtained by altering the quantity or dilution of
the s~mple and multiplying the reading accordingly
(HBLLICRE),

4.7 Test Proccdure

Samples of river water were treated at a given dose of ferrous
sulphate in liter beakers, ropidly mixed by stirring with a rod aznd then
acitated with mechanical stirrer ag noted. pH volue was determined upon
completion of ogitation and sample cllowed Go settle for 15 minutes.

Determination were usually made for every 0.5 pH value,
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4.7.1 Tost Procedure for Cozgulation Trositment

i
1,
2—

5

10.
13

12,

13.

he procedure usced in the Jor tests is os follows

Fill o scries of Dbeakers with 1-liter of raw woater into cach,
Place all the heakers containin: the measured 1-liter some
ples on the stirring machine,

With o mcasuring pipet, add incrcasing doses of coagulant
solution as rapidly as posible. Select a series of doses
so that the first becker will rc¢present undertreatment and
the last beaker will represent overtrectment., Then a proper
series is set up; the succession of beakers will show poor,
medium, fair, Zood and excellent coagulation at the end of
the run, _

Lower the stirring paddles into the beakers, start the
stirring machine, and operate it for 5 minutes at a speed
of 60 to 80 revolutions per minute,

Nove the appearance of first floc,

After 5 minutes reduce the stirrins speed to 30 revolutions
per minute, and continue stirring at that spced for 25
minutes,

Observe cach boecker for the appearance of floc and record.,
Lift the stirring poddles ond leove to stand.

Usin» o ;lass tube immedictely siphon off 2,5 cm, (1 in.)
of water (4A).

After 5 minutes siphon off a further 1 in., of water (B).
After 15 minutes siphon off a further 1 in. of water (C).

Compare the turbidity of 4,B, and C.

12,1 Turbidity reduot ratio aftes 5 mintues= 9:2?‘

12,2 Turbidity reduction ratio after 15 mimutes = 22C
The pH value, alkalinity, hordness and also residucl iron
with influchced coarulation were noted in order to check the

condition of woter,
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4.8 Preparaiion cf The Jor Tests.

4.8.1 Coasulant  Cooculants were preparcd. as follows :
Weisht 10.0 ;rams of ferrous sulphate discolved in 1 liter of
distilled watcr. This preparations gjave a solution of such concentration

that 1 cc. was cquivalent to 10 ppm. or 10 ml./liter (AWWA M.12 1964).

4.8.2 Lime Solution

Heirht 10.0 grams of lime were added to 1 liter of distilled

water and the mixturce boiled for about 15 minutes to expel the carbon
dioxide and then cooled to room temperature ond filtered, The clear
saturated limc water contained gbout 1.6 grams per 1,000 cc, The solu-
tion wae kept in o well stopped bottle to prevent precipitation upon

standing (AWWA M,12 1964).

4.9 Proccdure in Determination of Amount of Ierrous Sulphate for Various

Turlaidijy

The procedure for these tests was thc same as in the previous
teste. Therc wag only onc difference in these latter tosts. Very fine
clay were added to the raw water samples bofore being treated by ferrous
sulphate.

Test No 12 to 22 was made to determinc the amount of ferrous
sulphate needed to rcmove the turbidity for varioﬁs ronges caused by
clay from Pothum Thanee which added.

The procedure wos as follows @

4.9.1 Collect about 15 liters of raw water and added the fine clay

sample., After mixed sample leave it for 1% hours.

4.,9.2 The turbidity of the mixturc should be read by the use of a

Hellise Turbidimeter,
4.9.,3 Using lime solution in raising pH to zbout 11,

4.9.4 Run cozcgulation tests with forrous sulphate as-.a coagulant,
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