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I. INTRODUCTION 

Ik>mestic sewage·contains tremendous numbers of microorganisms, 

some of which are pathogenic to man. It is potentially a power.tu.l. 

vector of water ... borne disease; therefore, it is necessary to destroy 

the pathogenic microorganisms .. prior to discharge· to the environment 

of mankind. 'l'he destruction of path.ogenic.microorganisma ,is. acoom- • 

plished in a unit operation ter:m.eddisinf'ection. '.lhe strict definition 

of disinfection is the complete destruction .of all pathogenic organisms 

{7); however in the case of domestic sewage treatment, disinfection 

implies esse:ntial.l1' complete destruction of pathogens because it is 

impractical to obtain complete.destruction. 

'.lhe unit operation of disinf'ection as practiced in sewage treat... 

ment involves the addition of chlorine to the sewage.and passing the 

flow through a baffled contact tank with adequate residence time to 

allow the toxic chlorine compounds to destroy the susceptible 

microorganisms. The disinfection achieved is rarely complete ·because 

microorganisms·differ widely in respect to their susceptibility to 

the action o.f the chlorine compounds and/ or they may be imbedded 

in suspended matter which shields them from the action of the chemical 

agents. 1b.e shielding .. suspended matter may consist, for example, of' 

aggregates.of finely divided. fecal material, fibers, garbage,·g-reases, 

or clumps of microorganisms. 

'lhe object of this investigation was to determine if disruption 

of we~ bound aggregates by agitation would .improve the degree of 

disinfection as a result of exposure of susceptible imbedd.ed organisms 

to the action or the disinfectant. 
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II. REVIEW OF LITERATURE 

1be practical method of plant scale disintection of sewage 

or treated sna.ge e:tnuents is by the addition of chlorine. 1be 

results obtained. are a.ttected by a JD7rlad of variables, lllAtr1' of 

them uncontrollable, mak1ng rational investigation of the process 

tedious and ditticult~. Consequen~, little information has been 

reported in the literature relative to the etfeet of mixing on 

disinfection of sewage~ 

Eliassen .!1 !l (4) have· studied· the etttct of initial JDi.xtng 

on coliform kills 1n chlorinated· filtered sewage., Samples. of 

do•stic.sewage,were.f'iltereci thl'ough absorbent cotton to reDIQVe 

suspended •tter. and •re dosed with 40, 70, 100, 1140, and 200 per 

cent of the chlorine demand of the sewage~. lriplicate samples were 

used. Before mixing the samples wre dosed to the prescribed 

percentages of the chlorine demand. 1be m1:ring was · etteetecl by e1 ther 

manual ndxtng. (10 stirs 0100 revolutions per :minute) or rapid 

mecban1cal mi:xing for lS seconds with an electric propeller mixer. 

Control samples for each dosage of cblorine were prepared by permitting 

the chlorine solution.to· now·f'rom a pipette down the side of' the 

beaker ·to mlrrhd se the ndxing induced by the, addition of the reagent. 

1be coliform population of' each sample was determined after 10 minutes 

of lapsed time. by the multiple. tube fermentation technique (12 ). 

1be results ware e:x;pressed in percentages of' the colitora population 

of .the control sanq>le, for each chlorine dosage. The results showed 

a decrease in coliform popu.l.a.tion of approximate~ SO per cent. 



6 

A comparison of the results indicated no effects attributable to 

differences in the mixing technique. Eliassen concluded. that both 

methods of mixing accomplished complete blending of the chlorine 

solution with the ·sewage. The lack of quantitative expression of the 

intensity of mixing would make translation of the results to practical 

design difficult. 
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III. METHODS AND MATERIALS 

Determination of adequate mixing for disinfection required the 

use of a disinfectant capable of producing approximately the same 

bactericidial products in the settled sewage for each application. 

Fair and Geyer (5) stated that chlorine in water releases hypochlort>us 

acid ( HOCl) , hypochlori te ion ( OCl-) , elemental chlorine ( c12 ) , 
, " 

monochloramine (NTd2Cl), dichlora.11ine (NHC12), nitrogen trichloride 

(NC13), and complex orga..1"lic chloramines in sewage. Fair and Geyer ($) 
also stated the disinfecting power of the above chlorine species varied 

widely. The variance of the characteristics of the settled sewage to 

be used in this experiment made the use of chlorine impractical 

because of inherent differences in the composition of the active 

chemical agent. It was desirable to use a disinfectant which would 

produce a small number of active compounds in sewage and which would 

yield a reasonably stable residual. Chang (J) suggested the use of 

active iodine for disinfection and showed the forms of iodine in 

aqueous solution at pH values below 8.0 to be hypoiodous acid {HOI), 

elemental iodine (I2 ), and tri-iodate (IJ - ) • The disinfectant 

suggested was a solution containing cry~talline iodine (I ) and . .. 2 
potassium iodine (KI). The reaction in aqueous solution is: 

- .. I +I =I 
2 J 

In dilute solutions with an iodine concentration greater than 0.5 ppm 

and pH less than 8.0 the elemental iodine will predominate (3) as 
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the sole active disinfectant. 'lhe use of active iodine solutions 

1t0uld probably yield reproducible concentration of. iodine. compounds 

in the settled sewage. 1.'he use of iodine eJ1m1nated many ot. the 

problems associated with control of the disinfectant dosage in 

chlorination. 

The object of the investigation was t.o study the ef'f'ect of 

mixing intensity on disinfection. Chicks law· (.5) formulates the 

rate of disinfection by the foll.owing. equation: 

dy/dt = k(N0 - y) 

where: y = nuniber·of organisms.destroyed 

N0= initial number of organisms present 

k = constant 

Integration of this relation gives a relation 

log N/No = -ktm 

where: ~- number organisms rema.1 m.ng 

(5) 

Recognizing that there is a finite time lapse before the·disinf"ectant 

reaches all the organisms in the system, the plot of the mnaber of 

microorganisms remainingwuld resemble Figurel. (5) 

log per cent 
remaining 

Figure l 
Characteristic Disini"ection Curve 

(time)11 
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To study the. relation betweenJdx1ng;..1ntens1'f:.7 and disinfection. 

it was.necessa1'7 to det&rmlne,,t.he plot of the number of- organiSDls 

versus time. , .. The q-stem was .• oontinuousJT Jd.xed, and samples removed 

at. spedtied. times.-"'r ·the -deter1EJJation .. of. the oolU'orm populations. 
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A. Design of Mixing System 

'lhe mixing system size was governed by the characteristics 

of the Chem1.neer, Inc. Mixer, lbdel ELB Experimental .Agitator 

equipped with a conventional six bladed straight turbine impeller. 

'lhe impeller blade was 2 • .5 inches in diameter and 0!3 inches in 

width. Parker (9) suggests .. a ratio of tank diameter to impeller 

diameter rariePng from .3 to 6 for blending with multiple straight 

turbine imp•llers. 'l'herefore, the mixing vessel selected was an 

8-8 straight sided stainless steel beaker providing a tank.diameter 

to impeller diameter ratio of J.2. 
The system was baffled with four galvanized.steel plates 

providing a ratio of batfie width to tank diameter of 0.10 in 

accord with the recommendations of O'Connell (8). Four baffies 

0.8 inches in tddth were equally spaced around the periphery of 

the mix1ng. vessel. A sketch of the apparatus is shown in F.igure 2. 

'l'he :f'inaJ. characteristics of the system as designed. were: 

T/D = J.2 

z/T = 0.625 

:Q:n=6 

W/D = .12 

Ill) = 4 

libere: C = impeller clearance, inches 

D =impeller diameter, ,inches 

n = number of impellers 

ll1) = number of ba.tfies 

T =i:.tank diameter, inches 

wt, = ba.!fie width, inches 

Z = liquid depth, inches 

C/T = .094 

Wb = T/10 
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Beaker_ 

.1s• 

Mixing Apparatus 
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B. Experimental Methods 

A sample of domestic sewage was obtained from the sewers of 

Blacksburg, Virginia. The settleable solids were separated from the 

sample by settling tor one hour. One hundred millillters of 

settled sewage were placed in each of ten 250 milliliters Erlenmeyer 

flasks and five of the flasks were dosed with 2.,;. ;.o, .'.3.5, 4.o 
and 4.5 milliliters respectively of 0.086 N. iodine solution. The 

fla.sks were swirled and· cheeked for the presence of iodine at the 

end or a 10 minute contact period. A starch indicator was used and 

the appearance of a blue color taken as an indication of the presence 

of iodine. The remaining .five flasks were inoculated with 0.1 

milliliter increments or iodine solution in the range dotined by 

the positive and negative nasks in the previous test. The dosage 

of iodine providing the minimum detectable residual was defined as 

the iodine demand of the sewage. 

Four liters of the settled sewage were placed in the 8-8 

stainless steel beaker and a sample withdrawn with a glass ladle 

to enable evaluation of t.'lie initial colifonn population. The mixer 

was activiated to the specified number or revolutions per minute and 

the settled sewage was dosed by dumping in.a predetermined quanity 

or iodine solution from a beaker into the center of the beaker • 

The quantity of iodine solution added was determined by the iodine 

demand of the sample and the results of previous experiments. 

Following iodine addition. samples were withdrawn at 0.5, 1, 1.5, 2, 

2.5. 3, 4, 6, a. and 10 minutes of lapsed time and placed in beakers 
< 



13 

containing 1 milliliter of 0.018 N. neutral sodiu.~ thiosulfate 

solution. The beakers were swirled to insure the destruction of 

the iodine. 

At the end of 10 minutes the iodine residual was determined 

and if it was not within the range defined. all samples were dis-

carded and the experiment repeated. 

All samples were analyzed for the presence of organisms of the 

coliform group by the multiple-tube fermentation technique. Lactose 

broth and brilliant· green bile broth were used as media in accordance 

with Standard Methods for~the Examination of Water and Wastewater (12). 

Five tube replicates were used. 

Iodine Residual 

The iodine residual at the termination of the mixing operation 

was deter.mined by titration of a 200 milliliter sample of sewage ob-

tained from the mixing vessel with 0.018 M. neutral sodium thiosulfate 

in the presence of starch indicator solution. The disappearance or 
the blue color was taken as the end point. 
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c. Solutions 

Iodine Solution {11) 

1be iodine solution usec:l tor · disinf'eotion was. preparec:l bJ' 

dissol'V'ing 40 grams. et potassiUll: iodide,. reagent grade, in 25 

milliliters ot distilled. water and. tben.·ad.ding·l) grams.of :resubl.imed 

iodine, reagent grade •. ·:!tie aelution •a.diluted 1:400 beto:re use~ 

Sodium tbio8'1l1'ate solution (10) 

1he · 80diua:thioaul.fate,.solution, used f'or ti.tration ot the 

iodine -. prepare(i b7 dissolving :25 grams 'Of" hydrated . sodium 

thiosulf'ate Ckz520)• S HiO), .reagent.grade,..inone liter ot tre~ 
~· . . 

boiled diatillecl water.-and. diluting 1:4 bef'ore use. 

D1cbroute.aolution (10) 

1he dicbroute solution .. used. to?' standardisation ot sodium 

thioaul.fa:te. was. prepared hJ' drying· p0wderecl · potassiUJll: dichro•,te, 

reagen.t grade, .at.1040 c. overnight am dissol'Ying 4. 904 graaa 

bJ' dr;y veigb.t·ia one:llter ot distilled wa~r. 
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D. Mixing Parameters 

'lhe parameters selected. to express the mixing applied. to 

the system during experimentation were as follows: 

a) Mean temporal velocity gradient - G -- This parameter was 

suggested. by Camp .. (2) to express flocculation in chemical. treatment 

of wastes.· The expression in use is 

G = J P/ ( v V ) 

where: ·P =power, foot pounds per second 

v =viscosity, pound seconds per square foot 

V = tank volume, cubic feet 

b) Power Number -- 1\> - Viii te and Brenner (13) proposed the 

parameter characterizing. the basic flow pattern in impeller. agitation 

of liquids. 'lhe expression is ~ = P g/ ( w s3 n5 ) = 

where: d = density, slugs per cubic foot 

g = gravitational constant, 32.2 feet per second per second 

K =constant 

L = bl.a.de length, inches· 

S = impeller speed, revolutions per minute 

W = impeller width, inches 

c) Power to Volume Ratio -- P/V -- '!he intensity of mixing in the 

system was expressed in a P/V ratio as suggested. by Parker (9). 

d) Pumping Bate -- Q -- 'lhe intensity of mixing. was also expressed 

by the pumping rate which •s defined as follows for the Cb.emineer, 

Inc. Ellk:.Ex:perimental mixer in cubic inches per minute: 

Q = 0.62 s .v3 
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E. Calculation of m1x1ng parame~rs 

Bates· (1) simplified the. expression .:ror Power Number by 

stipulation of.geometric simillarity·and a no:n-swJ.rling,system. 

1hesimplifioation resulted in the followingequation: 

where~ NRe = (d.S if /v) is the Reynolds number. 

Bates (l) gives a plot of Re;ynolds Number versus Power/Number fer a 

Chemineer Mixer Model EIB equipped with a straight: bladed impeller. 

The value of Reynolds Number ·fer .. the .mixing. qstems: used in the 

experiment was calculated and the corresponding Power Number 

determined from.Bates'·plot. 'lhe Power·Number,thus selected·was 

used to calculate the impeller power by solving . th.e expression for 

Power Number. as ·follows: 

P = (w Np sl ~)/g 

Knowing the power applied to the·qstem, the mean temporal velocity 

gradient was calculated. from the expressien G =JP/ (vV). 

The P/V ratio was also determined as a parameter· to express the 

intensity of mixing~ in the. system. 
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IV EXPERIMENTAL RESULTS 
. . 

It was recognized that the minimum degree o:t mixing :tor 

efficient disinfection would be that required to effect complete 

blending of the disinfectant with the sewage. It was considered 

conceivable that improved disinfection might be achieved through 

application o:t adequate mixing to effect disruption of floccules 

present in domestic sewage. 

The initial experiment, Experiment 1, was to determine the 

value.of the exponent "m" as defined by Fair and Geyer (5). A 4-liter 
. 

sample of settled domestic sewage was placed in the stainless steel 

beaker and a sample withdrawn with a glass ladle to enable evaluation 

ot the initial coli.tom population in accord with the procedures 

described in the Methods Section. The mixer was activated to 100 
" . 

revolutions per minute. The 4-li ters of settled sewage was dosed . . 

with 120 milliliters of 0.0086 N. iodine solution amounting to 107 

per cent of the iodine demand. Samples for the multiple tube ferm.-

entation determination of the coliform population were withdrawn at 

1. 2, 3, 4, 6, 8, and 10 minutes of lapsed time. These samples were 
. . 

placed in beakers containing one milliliters of 0.018 N. neutral sodium 

thiosulfate and swirled to insure destruction of the iOdine. The 

iodine residual was dete:nnined at the end of 10 minutes and found to 

be approxiJ'llately 0.48 milligrams per liter. The complete results 

ot the experiment are tabulated in Table 1 and the data are illustrated 

in Figure J. Figure 3 was obtained by the trial plotting of the datfil. 
. .. 

varying the power of the exponent of time until the data traced a 
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straight line on semi-logarithmic paper. The value of the exponent 

ttm" was found to be approximately 1 /J.. The slope of the line 

plotted in Figure 1 is -1.8. 

The next experiment, Experiment 2, was designed to determine 

if increased agitation would improve disinfection. The mixer speed 

was increased to 255 revolutions per minute and the previous experi-

ment was repeated. The 4-liters of settled sewage were dosed with 

180 milliliters of iodine solution. This dosage was 107 per cent 

of the iodine demand.. Samples were taken at the Sa."'ile time-intervals 

used in Experiment 1. The 10-minute iodine residual was o.48 milli-

grams per liter. The data obtained is tabulated in Table 2 and 

SU.l'Ill1'larized in Figure 4. The bacterial disinfection data traces a 

straight line with a slope of -2.0. The slope of the line in Figure 

4 is very similar to the slope of the line in Figure ). No effect 

of the additional agitation was evident. 

The two previous experiments had defined the effect of mixing 

and the third experiment was designed to decrease the intensity of 

agitation below that employed in previous experiments.. The mixer was 

adjusted to tts lowest s~ of 32 revolutions per minute. The 

4-llters of settled sewa.ge were dosed with 110 milliliters_ of 0.0086 

N. iodine solution amounting to 91.6 per cent of the iodine demand 

of the sewage. Samples were taken at 0.5, 1, 1.5, 2, 2,5, ), 4, 6, 

8 and 10 minutes of lapsed time. The iodine residual was 0.48 

r.tilligrai.ilS per liter after 10 minutes of contact time. Table J is 

a tabulation of the data obtained and Figure 5 is a plot of the 
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condensed data. The data traces a straight line with a slope of 

-2.0. The relation for disinfection was similar to Experiments 1 

arnd 2. It appeared that adequate mirlng had been provided throughout 

the contact period. 

The next experiment, Experiment 4, was to determine if the 

turbulent addition of the iodine solution was sufficient to cause 

adequate miKing. The only mixing provided was that effected by the 

addition of 105 :milliliters of iodine solution to 4 .. liters of settled 

sewage. Samples were taken from the top portion of the beaker with 

a glass ladle at 0.5, 1, 1.5, z. 2.5, J, 4, 6, 8 and 10 minutes. The 

iodine residual in the top portion after ten minutes was not detectible. 

The mixer was briefly activated at a high mixing rate and the iodine 

residual again determined. It was found to be approximately e.49 

milligrams per liter. Iodine was therefore present in the beaker 

throughout the entire contact period. Table 4 is a tabulation of 

the data for the experlment and Figure 6 is the graph of the condensed 

data. The line trace had a ~lope of -1.1. The disinfection achieved 

in this experiment was inferior to previous results and indicated 

that insufficient mixing was provided. 
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TABLE 1 
< •c' 

Iodine Demand 2.8 milliliters per 100 milliliters sewage 

Iodine added 120 milliliters 

Iodine Residual 0.48 milligrams per liter 

Impeller Speed 

G 

P/V 

Q 

Temperature 

Time 
Minutes 

0 

1 

2 

J 

4 

6 

8 

10 

100 revolution per minute 

61 per second 

8.94 foot pounds per second per 1000 gallons 

0.0094 cubic feet per second 
• 78 F. 

Coliform Population Per cent 
per 100 milliliters Remaining 

13.000,000 

130,000 1.00 

)48,000 2.67 

,54.200 o.42 
54,200 o.42 
24,000 0.20 

13.000 0.10 

9.900 0.06 
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TABLE 2 

Iodine Demand 4.2 milliliters per 100 milliliters sewage 

Iodine Added 180 milliliters 

Iodine Residual 0.48 milligrams per liter 

Impeller Speed 255 revolutions per minute 

G 251 per second 

P /V 148 foot pounds per second per 1000 gallons 

Q 

Temperature 

Time 
Minutes 

0 

1 

2 

3 
4 

6 

8 

10 . 

0.0258 cubic feet per second 

78• F. 

Coliform Population 
. per 100 milliliters 

130.oootooo 
790,000 

4)0,000 

542,000 

13,000 

542,000 

)4.200 

79,000 

Per cent 
Remaining 

o.64 

o.:n 
o.42 

0.01 

o.42 

0.03 

0.06 



Iodine Demand 

Iodine Added 

Iodine Residual 

Speed· 

G 

P/V 

Q 

Time 
Minutes 

o.o 
0.5 
1.0 

1.5 
2.0 

2.5 
3.0 

4.o 
6.o 
e.o 

10.0 

22 

TA.BLI 3 

3 .o milliliters per 100 milliliter sewage. 

110 milliliters 

p .48 milligrams per liter 

32 revolutions per min\1ter" 

11 per second 

0.294 foot pounds per second per 1000 gallons 

0. 003 cubic feet per- second 

Oolif orm Population Per cent 
per t.00 milliliters Remaining 

2,210,000 

70,000 3.16 

80,000 3.62 

17,000 0.77 

17,000 0.77 

23,000 1.04 

175,000 7.92 

7,000 0.32 

24,000 1.09 

1,300 0.06 

790 o.04 



Iodine Demand 

Iodine Added 

Iodine Residual 

Impeller Speed 

Temperature 

Time 
Minutes 

o.o 
0.5 

1.0 

1.5 

2.0 

2.5 
).0 

4.0 

6.o 
8.o 

10.0 

23 

TABLE 4 

3. 0 l'llillili ters per 100 milliliter sewage 

105 milliliters 

O .49 milligrams per liter 

0 (No agitation) 

78•F. 

Coliform Population 
per 100 :Ydllili ters 

4,900,000 

490,000 

))0,000 

240,000 

)48,000 

)48,000 

790,000 

)48,000 

1.30,000 

240,000 

79,000 

Per cent 
Remaining 

10.00 

6.73 
L~.90 

7.10 

7.10 

16.10 

7.10 

2.65 

4.90 

1.61 
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V GENERAL DISCUSSION 
'"" ... 

In the cal~lation tor the power to volume ratio and the mean 

temporal velooit7 gradient, the plot of Power Number versus Reynolds' 

Number reported by Bates (1) was used to determine the impeller power. 

Bates specifies geometric similtaritY' and a non-swirling system to 

use the suggested plot. A comparison ot th~ geometric characteristics 

ot the s7stem used by Bates and the system used in this research is 

given below. 

' 

Charactenstic Bates This Research 
,. 

D/T 0.33 0.312 

C/T 0.33 0.094 

z/T 1.0 0.625 
"" 
nb 4 4 

n 6 6 

w/D 0.,25 0.12 

wbi T O.Q8,)) 0.10 . 

The values are similar withthe exception of the C/T ratio. The 

power applied to the·wstems used·in these experiments will have 

a slightly higher valµe than those derived tromtheplot due to the 

decreased clearance. Thus the values or the. power parameters deter- " 

mined from the plot.· are slightly less than the actual values delivered 

to the system as·designed. 

With no mixing9ther than the turbulence generated from the 

introduction or iodine solution, the slope of the disinf eotion curve 
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was less than.in the previous experiments.· '1be da.ta-points •re 

also mre dispersed· presumabq,due. to the presence ·ot pockets ot 

ditterent iodine concentration w1:th:1n. the qstem. . A ditterence in 

iodine concentration wollld result in great ditf'erences··between various 

samples in respect to concentration ot coliform organisms remaining. 

Conceivabl1', a reduction in the iDlicated rate ef~kill could also be 

attributed to the fa1lure to d181"\lpt the tloccules within the sewage. 

In this case orgaJd.sms.coatained::w:l.thin .s.-.ge·tlocculea would be 

protected from the "IDaeter.lcidi&i action of . the d1aintectant and 

therefore nm.ve · tor longer 'Peri~•· 

'lbe'.data points in. Experiaents l, 2.and. 3 showed good f'it to 

the expression 1/B0 •kt l/'J. 'lbe CNrTes 1nallthree expe:r!l.ments 

could be appl'OXimatecl bJ'. w.~ expo:nenti&l;relat11>n •. :.;'1be points 

exhibited .. little;,dispersion froa-.th• above.equation menplotted 

on semi-logarithmic paper. 

'1be an&l1'si• et. the comhined: renlts indicated. that the 

disinf'eotion rate 1n the s;rstems·:su.bjeeted.·to Jdx1ng at .32 revolutions 

per minute correspondirlg; to G = 11. per second.· am P/V = 0.29 foot 

pounds per second per 1,000 . gallons'••"··•"" liar to the disintection 

in the qsteas. 111.xecLat .. 100 nvolutions per Jli.nute ·corresponding. to 

G = 61 per second am P/V = 8.;9 toot pounda·per second per 1,000 

gallons, and 2SS revolutions per JdmLtes correspomltng ·to G = 251 

per seconds and. P/V. = 148 toot· pounds pel" second per 1,000 gallons. 

'lbe .tdlldl•rit.J" implied that .a m:lxing. intensitJ' greater than G • 11 per 
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second and P/V = 0.29 foot pounds per second per 1000 gallons, did 

not increase the efficiency of disinfection as a result of increased 

disruption of the floccules and dispersion of the disinfectant. 

Eliassen reported the effects of initial mixing on disinfection 

systems. The systems were mixed by paddle stirring of 10 stirs @100 

revolutions per minute or mechanical mixing :for 15 seconds with an 

electric propeller. The results showed that approximately the same 

degree of disinfection was obtained for both types of mixing. The 

turbulence induced by both the paddle mixer and the mechanical stirrer 

used in Eliassen's research was probably sutfic1ent to induce dis-

ruption of the floccules and dispersion of the disinfectant. The 

initial mixing employed by Eliassen was presumably sufficient to 

achieve a comparable region of mixing as attained in "the continuously 

mixed systems used in this research. Eliassen also obtained approx-

imately the same degree of disinfection with the paddle mixer and the 

mechanical stirrer indicating that the degree of mixing was not a 

limiting factor. 

The results of this research showed that the continuously mixed 

systems with mixing intensitygreaterthan that induced by 32 revol-

utions per 111inutet the disinfection obtained was similar. The 

disinfection curves for the mechanically agitated solutions had 

approxi.'llately the same slope. This similiarity suggested that after 

some time period the disinfectant was sufficiently dispersed and the 

flocoules were disrupted sufficiently to e,ffect optinru.m disinfection. 

Realizing that Ellassen obtained the same degree of disinfection in 
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the initially mixed systems under different mixing conditions, it 

was considered conceivable that continuous mixing was not required. 

If the initial mixing was sufficient, the point where the data points 

first showed little dispersion around the line of theorical points 

would probably be a rough estimate of the required initial mixing. 

Experiment .3 with the rnixing induced by a turbine speed of 32 revol-

utions per minute was the experiment wi. th the least mixing. After a 

time lapse of one minute the data points showed little dispersion 

and it was inferred from .. Figure 5 that mixing at this time was 

sufficient to place the system. in the region of complete mixing and 

no further mixing was propably required. 

From the above estimate of the initial !llirlng ti.me the 

quantity o.f mixing was approximated. The values as approximated were: 

Gt = 660 
P/V = 21.6 foot pounds per 1000 gallons 

(for 1 minute) 

Tank Turnovers= 1.J 

This quantity of mixing would probably be sufficient to place 

the system in the region of complete mixing. 

The investigation did realize its objectives in that the effect 

of continuous mixing was quantatively evaluated for the disinfection 

system studied. Eliassen did not quantitively evaluate the mixing 

in his research. The lower limit of the required mixing intensity 
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was not determined because ot .limitation in the available equipnent. 

the minimum speed of the mixing equipnent was too great to permit 

study at speeds of less than 32 revolutions per minute. 

Fu.rt.her studies in the range below G = 11 .1 per second and 

P/V = 0.294 foot pounds per second per 1000 gallons are indicated 

to determine the mnimum requirements for mixing to maintain the 

relations obtained by this research. 
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VI CONCWSION 

Continuously mixed systems disinfected by iodine showed similar 

disinfection rates for mixing more intense than G = 11 per second 

and P/V = 0.29 foot pounds per second per 1000 gallons. The mixing 

intensity corresponds to 1.3 tank turnovers per minute. Considering 

these results together with Eliassen•s results it was estimated that 

an initial mixing time of one minute was required .. 

The quantity of mixing tor the one minute time period was 

estimated as Gt= 660. P/V = 21.6 . .foot pounds per 1000 gallons or 

1.J tank.turnovers. 

The investigation pursued for this thesis suggests a more 

detailed study fo evaluate the opti.mum initial mixing time a.11d the 

minimum mixing intensity required for adequate disinfection. It 

would be advisable to verlfy the estimates of these values that 

were calculated as a result of this investigation. 



VII SUMMARY 

When domestic sewage is disinfected it is necessary to destroy 

the pathogenic organisms before discharge to the environment of 

mankind. Some of the more resistant pathogens may survive the 

disinfection process and escape to the environment. To minimize 

the possibility it is advisable to study the unit process known as 

disinfection and to determine if the disinfectant is adequately 

mixed to minimize the number of pathogenic surv1.ving. 

The method devised to study the mixing was the determj_nation of 

the disinfection rate in continuously mixed s;;rstems disinfected 

with iodine. The mixing intensity was evaluated and the rate of 

disinfection detenu:\.ned by plotting the per cent of .microorganisms 

remaining against time m on semi-logarithmic paper (5). The slope 
c 

pf the aata plotted was approximately -2.0 when the per cent 

remaining was plotted against time1/J for all experiments where 

the mean temporal velocity gradient (2) was greater than 11 per second 

and the power to volume ratio (9) was greater than o,a9 foot pounds 

per second per 1000 gallons. 

From these results and interpretation of Eliassen's studies (4), 

the initial mixing time required was estimated as one minute and the 

approximate quantity of mixing required was estimated as 1.3 tank 

turnovers corresponding to a product of mean temporal velocity gradient 

and time of 660 and a power to volume ratio for one ri.inute of 21 • 6 

foot pounds per 1000 gallons. 

The design and operation of plant scale disinfection processed 
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could be evaluated considering the minimum mixing defined by this 

thesis. Such evaluation might indicate the need for additional 

mixing other than the turbulence induced by the baffling present]¥ 

used in the disinfection processes. 



mI ACKNOWLEDGEMENTS 

The author would like to take this opportunity to express his 

deepest appreciation to his thesis advisor, Dr. Willia A. Parsons 

for his constant encouragement, prudent guidance and constructive 

criticism. 

He wishes also to express his appreciation to Dr. Henr;r R. 

'Bungay, m, for helpful cri ticiSlTl and encouragement during the 

Masters program. 

The author would also like to take this opportunity to thank 

the Public Health .service for supporting his work through a 

Trainee ship. 



37 

IX. BIBLIOGRAPHY 

1. Bates, R.L., Fondy, P.L., and Corpstein,R.R., 
"An Examination of Some Geometric Parameters of 
Impeller Power", Industrial~ Engineering Chemistry, 
Vol. 2, P• 310, (1963) 

2. Camp, T.R., and Stein, P.C., "Velocity Gradients and Internal 
WOrk in Fluid Motion", Journal Qf ~ Boston Society of 
Civil Engineers, Vol. 30, p. 219, (1943) 

J. Chang, S.L., rt The Use of Active Iodine as a Water Disinfectant", 
Journal of the American Pharmaceutical Association, 
Vol. 47,p. 417, (19.58) 

4. Eliassen, R., Heller, A.N., and Kreiger, H.L., 
nA Statistical Approach to Sewage Chlorination", 
Sevrage ~rks Journal, Vol. 20, No. 6, p. 1008, (1948) 

5. Fair, G.M., and Geyer, J .c., Elements of Water Supply and 
Waste-Water Disposal, New York, John Wiley and sons, (1961) 

6. Fenic~ J.G., Personal Correspondence. 

fto McKinney, R.E., Microbiology fQ£. Sanitary Engineers, New York, 
McGraw-Hill Book Company, Inc~, (1962) 

8. O'Connell, F.P., and Mack, D.E., 0 Simple Turbines in Fully Baffled 
Tanks ••• Power Characteristics", Chemical Engineering 
Progress, Vol. 46, No. 7, P• 3.58, (1950) 

9. Parker, N.H., "Modern Theory and Practice on the Universal 
Operation ... Mixing", Chemical Engineering, Vol 71, 
No. 12, p. 166, (1964) 

10. Standard Methods for~ Examination of Water and Waste."."'water, 
.Araerican Public Health Association, 11th Edition, New 
York, P• 8J, (1960) 

11. Ibid., p. 96 

12. Ibid., P• 494 

13. White, A.M., and Brenner, E., "Studies in Agitation ", 
Transaction of the American Institute of Chemi~al Engineers, 
Vol~ JO, Pe .585, (1934) 





39 

II. APPENDIX 

A. Nomenclature 

C impeller clearance, inches 

D impeller diameter, inches 

d density, slugs per .cubic toot 

G mean temporal.velocity gradient, per seeond 

g gravitational.constant, 32.2 .teetper second per second 

k rate constant 

K constant 

L blade length, .. inches 

m time exponent 

H number of organisms. remaining 

No number ·of ·organisms~· in1 tially 

Np Power Nwnber 

NRe Reynolds Number 

n number of impellers 

r;, number of" baffles 

P power, foot pounds per second 

Q pumping rate, cubic inches per minute 

S illpeller.··speed, .revolutions per··mi.nute 

T tank diameter, inches 

V tank volUJ11e, cubic feet 

v viscosity, pound seconds per square· foot 

W impeller. width, inches 

w specific weight, .pound.s per cubic foot 

w., baffle width, _inches 

y number of organisms destroyed 

Z liquid depth, inches 
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B. Sample Calculations 

For 255 Revolutions per minute. 

Temperature = 78•F. 

w = 62.3 pounds per cubic foot 

v = 1.85 pound seconds per square foot 

d = 1.93 slags per cubic foot 

D = 2.5 inches 

g = 32.2 feet per second squared 

V = 4 liters= 1.056 gallons= 0.134 cubic feet 

d s n2 
NRe = v 60. 144 

P = w N s3 n5 
g f6oP (12>' 

= 

32.2 

= (62.3) 
62.2. 

(2.7) (76.2) (0.00039) = 0.156 ft. lb. 

P/V = 0.148 ft. lb. 
sec. gal. 

G =r-;-
·~VV-

Q = 0.62 s n3 = 0.62 (255) 15.5 = .0238 
(60) 1728~ 

sec. 

= 251/sec. 



ABSTRACT 

When domestic sewage is disinfected it is necessarJ to destroy 

the pathogenic organisms before discharge to the environ..~ent of 

ma.~kind. Some of the more resistant pathogens may survive the 

disinfection process and escape to the environ.~ent. To minimize 

this possibility it is advisable to study the unit process know 

as disinfection and to determine if the disinfectant is adequately 

mixed to minimize the number of pathogens surviving. 

Eliassen et al (2) studied disinfection of sewage subjected to 

initial mixing. He reported the disinfection in syste..llls subjected 

to slow initial mixing and systems subjected to rapid initial 

mixing were approx:lxnately equal. 

The method devised to study the mixing was the determination of 

the disinfection rate in continuously mixed systems disinfected with 

iodine. The mixing intensity was evaluated and the rate of disin-

f ection determined by plotting the per cent of microorganisms 

remaining against time m on semi-logarithmic paper (J). The slope 

of the data plotted was approximately -2.0 when the per cent remaining 

was plotted against time 1/J for all experiments where the mean 

temporal velocity gradient (1) was greater than 11 per second and 

the power to voltlllle ratio (4) was greater tha.."1 0.29 foot pounds 

per second per 1000 gallons. 

From these results and intrepretation of Eliassen's studies (2), 

the initial mixing time required was estimated as one minute and the 



approximate quantity of mixing required was estimated as 1.J tank 

turnovers corresponding to a product of mean temporal velocity gradient 

and time of 660 and a power to volume ratio for one minute of 21.6 

foot pounds per 1000 gallons. 

The design and operation of plant scale disinfection processes 

could be evaluated considering the mini.mum mixing defined by this 

thesis, such evaluation might indicate the need for additional mixing 

other than the turbulence in::l.uced by the baffling presently used in 

the disinfection processes. 

1. 

2. 

;. 

4. 

Ca.mp, T.R., and Stein, P.C., "Velocity Gradients and Internal Work 
in Fluid, Motion". Journal of the Boston Societ;z of Civil 
Engineers, Vol. )0, P• 219, (1943) 

Eliassen, R., Healler, l.N., and Kreiger, H.L., "A Statistical 
Approach to Sewage Chlorinationn, Sewage Works Journ~al, 
Vol. 20, No. 6, p. 1008, (1948). 

Fair, G.M., and Geyer. J ~c., Elements of Water Sunply and Waste-
water Disnosal, 'New, John Wiley and Sons, 1961. 

Packer, N.H., "Modern Theory and Practice on the Universal 
Operation ••• Mixing", Chemical Engineering, Yol. 71 
No. 12, p. 166, (1964) 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042

