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A STUDY OF THE FLOYW OF VATER IN THZ SETTLING BASINGS
OF THE DETROIT VATER VIOTKSe ITS FFFICITIHCY ARD
I PROVIZUINT,

PROBLFM

It has bean found from experinments on the settling
basins of the Detroit water works that the "detention
time" 18 & very poor measure of the actual condltions
in the éa.nks. It has been found, for example, that with
a theoretical detention time of a little over three hours
some of the partioleé of any certaln charge of water find
thelr way through in less than fifty mimutes while others
take slx hours or more to get through, with the larger
portion of the charge pascing through in from one to throo
hourse.
_ Theoretlcally every partlcle of water should pass
through in the =smme length of time as every other partiocle,
that 18, suppose that a certaln quantity of water be
charged into the inlet of the basin in a mass, That quantity
should pass throush the basin and out of it in the sane
mass wlth each particle in the samo ganeral rolation to
1ts fellows as at the bezinning. A dasin with this
condltion of flow would be an 1deal basin. Obwviously,
however, this condition cannot be fully attained but it
can be quite closcly approximated.

If 4t were possible to attaln a completo lack of
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dls persion in a tank the 1deal or perfect flow in the
tank would be accomplishede With a stralsht recteansular
tank open at both ends, the ideal flow Would mean that
the velocity at any point wouid be the the same as at
any other point and that the water entering in a vertical
plane at one end would pass out at tho other as the same
vortical planee. Howover, with the wator flowing in a curved
path, as 1t does at the Detroit plant, it wlll be necessary
that the veolocltlies at some points be greater than at
others to cause the water to flow in and out in the same
relation. A mumerical measure of this dispersion in the
tanks would be a falr indication of the effdcliency of the
basine. The smaller the dispersion the higher the effeclency.
The problem, then, is to find a measure far this
dispersion and then put such an arrangeament of baffles,
sereens, Or vanes in the basin as will make this disperslon
as small as possiblee

MEANING OF DISPTRSION

In thls discussion dlspersion is taken to mean
what is cormonly termed short olrcultinge It 1s belleved
by some that this 1s a better term for ite. The word
dispersion, however, would include not only short circuiting
but also long circulting and so would indicate the whole
action of the water in the tank and not Just a part of 1t.
short clrculting is where a portion of the water tekes a
more direct route from the in let to the outlet at a ruch
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higher veloolty than the theoretical. Long clrculting,
then, must be taken t0 mean Just the opposite, or where
a portion of the water stays in an eddy for some time or

flows in a circuituous route at a low velocity.

EFFECT OF DISPERSION

Exporiments oonducted by Imhoff on sewage settling
basins show that the sffect of the detention time on the
clearness of the effluent diminishes progressively with
the timee. That 18, the first unit of time 1s more effective
than the second and the second i1s more effective than the
third and s0 one Now if the disporcion in the tank is great
i1t 1s apparent that the %ater that passes through in a
ghort while has less sottled parts per millon than that
which is retained a longer time but as all the water
flows out of the same outlet the water of less clearmess
in mixed with that of greater clearness and the effluent
hag a quality of an effluent from a tank where there is
no dispersion and a detention time somewhat less than the
theoretlcal period of the tank with the greater dlspersion.
Therefore, a tank devold of dlspersion would give a much
clearer effluent than one having the samc detention time

and great dlspersione.

NETD OF A MEASURE OF DISPERSION

It would appear then that dispersion lowers the
effeclency of a settling basin. If this is true, then a
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measure of thls dispersion would be important in
indicating the actlon or characteristics of the basine.

In tho words of Mr. lMorrill of the Detroit Vater Tiorks,

a measure of the dlspersion in a settling basin 1s a
dimension, nearly, if not quite as important as the actual
volume of the basin. To glve the noninal time of a settling
basin without glving a measure of its dispersion 1s like
giving the effoctive glze of a fllter sand without glving
its uniformity coefficlent.

FLOATS

Floats were at first used to determine the dlspersion
in the tanks. These floats were of two types, namely,
surface floats and subsurface floats. By placing these
floats at various points and watching thelr respective
courses, a good general idea of the currents and eddles
in tho tanks was obtalned. However, floats started at the
same point but at differemt times bchaved entirely
different from each others. This showed that the eddies
wore ever changing and no represcntative indlcations
could be obtalned. Some floats would pass from inlet to
outlet in a fairly direct path while others would get
into a large slow eddy and at times would one and at tinecs

would nove in the opposite directions, stlll others would
get In a corner or along the wall and remain theree.

cometimes the paths womld cross each other thus indlcating

that tho water flowed now in one direction and then in



another.

When the floatd paths were plotted up they proved
to be merely & maze of lines from which no é:zfinate
conclusions of value could be drawme Other than showing
that there was dlspersion and that the flow in tho tanks

was very poor, tho floats proved usclcsse

COLORED WATER

Coloring natter wos nexé used as an indicator.
The water was dosod with the colored luquid at the inlet
and the color front of the flow was carefully plotted at
one minute intorvals. A model basin cimilar to the one
shown in figze 1 was used for these and succeeding experimants.
Wires wore stretched across the basin parallel to all four
sldes at one foot intervals. A man standing above this
model with a chart could easily draw in the contours. A
sample of these contours is shown in fiz. Qe lfud was at
first used as a coloring matter but 11'._ settled out too
quickly and it also necessitated oleaning the basin after
each rme Uranine was then tried with mmch better success.
This is of such a nature that it will difuse quite
thoroughly with the watore A small quantity poured in to
the water at the inlet would color 1t sufficlently to
enable the observer to follow the course of tho water
around the tani: with eases However, vhers thore woes a

roversal of flow the colored wator flowlng boclkward would
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mix with tho other end no indicationa could be obtalnode

This nothod gave sufflcient indications of the
flow to allow experimants to be carricd on usiny different
arranganents of screoens, vanes, and baffles. lio mmeriocal
data could be obtained from this method that would in any
way glve a measure of the digpersion or of the effeciency
of the bagine. Quite a munber 0f experiments wero carried
on by this method using different arraengemonts in tho
tank but as a bettor metiod of indicatin; tlie dispersion
was later devised the reoults of thicss e:xperincnts will
not be glvone. This mothod dld prove valublo, however, in
adjusting the flow in ths model basin to make tho condltions
of flow in 1t to that in tho large basine

THE SALT TEST

The salt tesct 1s the same in principle as the
color test with this exception, 1t lends 1itself quite
readlly to chemical and mathematlical analysige TO nake
this test a mixing chamber is required in which to mlx up
the salt sokutlion and some means i1s necessary wherckty the
solution may be dosed into theo water in as short a time
as possciblee Accordingly a tank was constructed large
enouch to hold a quantity of water sufficieont to dlsolve
about ¥ pound of salt for use with the model basin. An
outlet was provided that would enpty the tank in approximately
one nimites By thking quantative analyses of the efflumt
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at one mimuite intervals from the time of dosing to the time
when no more excess salt appears and plotting these results
on ordinary graph paper, aourve will be obtalned that
closely resembles a normal dlstribution curve. Tho data
thus obtained will be in parts per million per minute of
salte

The nethod used to make the quantatlve analysis of
the effluent was to mcasure the reslstances at the outlet
by means of an Ohrmetere This consistod cssentlally of a
wheatstone bridge and a cell containing two platinized
electrodeses This instrumont measures the resistance of the
liquid in chnse To use this data 1t must be changed into
pe.peme Of galt which necessitated calidbrating the instrumont
to read in p.pente In callbrating tho instrumont it was
found that tamperature change effected the rcadings materiall;.
A change of ono tenth of a degree centegrade being sufficient
to change tho resistance of the solution about 7 olms.
Vith the tenperature cénstant, a change of one olm indlcates
a change of about «2 Pepeme Of salte Accordingzly it is
necesgary from thoe point of accuracy to read tomperatures
to the hundredth of a degres. The c'ell shculd be rlaced in
such a place in the outlet as to secure the most representative
readingse.

If each pepeme OFf salt be considered as an individual
phenomenon with a certaln mumbor occurring or passing out
in each unit of time, i1t wlll be seen that thoy truly
reprosent a frequency distribution . Thon plottced as a




frequency series the curve will conform more or less closely
to the curve of normal dlstribution, depending on the
offeciency of the basine. If the data be considered as a
grouped froquency series, 1t will be sean that a certain
mumber of mulecules of salt will appear a ceortaln mmber
of mimites after the dosing, a certaln mumber in the next
mimite, and a certaln mmber in each minute thereafter
until the completion of the rmm when no more excess salt
appearse The high point of the curve, which i1s the point
where the molecules of salt appear most frequently, should
be somevhers near the nominal time of the basine It should
be evident that the closer the high point of the curve is
to the noninal time, the more effecient the basin would be.
Flge 2a shows a ourve plotted from data obtained from a
salt un on the original basin. Fig. 2b shows a curve
obtalned from the model basin with the curved wanes in
Place, glving a much better flowe This indicates the same
thing that the color did, namely, that there 1s dispersion
and eddying in the basine Withgreat dispersion the curve
is irregular, rather flat and drawn out, and tho center
of gravity ®es not coincide vory closely with the noninal
time of the basine At the time of writing this thesis the
curved vanes had not yet been installed in the original
basin so that no check on the results could bo obtainede.
If the basin had a complete lack of dbspersion, the entire



S
quantlity of salt would come out of the outlet at or very
close to the nominal time of the basin and the curve
would rise from zZero a mirmute or two before this time to
e considerable height at the time and return to zero f
immediately aftor ite The cenfer of gravity of this curve
would coincide with the nominal time of the basline

COFFFICIENT OF DISPERSION
Now if a mmorical value could be obtalned to

indicate the difference betwoen the canter of gravity of
the curve obtained from plotting t'he data collected fronm
& salt run and the center of gravity of the ideal curve,
or, in other words, the line throuch the theoretical time
of the basin, it would be a falr measure of the disporsion
in tho basine. If disporsion be defined as that property
of a series bp which the several variates tend to differ
in value from the average, it will be found that two serles
with $dentical means may have entirely different disporsions.
There are several methods used in statlstical work to
neasure this dlsporsion. Of thoese the average deviation
1s probably the best adapted to the prosent needse

The average deviation 1s tho mean of the absolute
(without rogard to plus and mimus signs) deviations of the
soveral variates from the medlan. In the follpwing work it
will be assumed ef'ficiently accurate to moasure the dev=-
lations from the mean rather than from thoe modian becauoss
of the somowhat greater faclility of measuring the deviations
fron tho mean. If tho frequancy be danoted by(f)and the
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time by x , then¥fx g 2f = lI, thoe nean tinees liow let r =
percent excess of salt, then Sr will be the total percent
of excess salte Let t z tho thooretlcal time and B, = time
in nimites from the beginning of the run. Then (t - t;)-
the deviation from the mean for that nliute. Tho averagre
deviation, then, will be the surmation of the product of
each percentage and its deviation dividod by the total

percoentage, or, expross>d as a forrmula, A.De c!trst - ttﬂ‘

3T

The coefficient of dispersion may now be defined as 100 = XK,
whore X 48 taken as the average deviation divided by the
averazo rean tine and expressed in percent. On the followiny

page wWill be found an exanple i1llusgtrating this principle.

BEXPERIINTS

Following this discusgsion is a sumary of the
experinonts that hswe bean conductod in the attampt to
improve the conditions of flow in the sodimantation basins
at Detroite The poor arrancenents are glven as well as the
good with tho i1dea of showing tho effect of tiie various
devices usede. Many experiments were run with floats and
othors with coloring but the results thus obtained diad

not yeald much information and they willl not be discussed.

Design of Vanes

The arrangcnont shown in fipge 21 is tho one that



was chosen to tw used in the large btacin. The vanes an
designed are to ba made of two sheots of iron bolted to
channel irons thus forming a double walle. At the upstroanm
end of the vanes are placed roveable wings so that adjuste
ment can bo easlly made for varylng rates of flow. The
exact position of thesc vanes in the large hasin will be
determined largely te experimente It 1s unfrotunate that
time does not permit of tho actual results being given in
this thesls.

X AMPLIL

The following 1s an example of the mothod of computing

thoe coefficient of dispersion.

x b r °or t -ty r(t -t x
Time in ©p.pe.ne Excess ( J ( Q)

mine. laCl

1 70.8 0.0

3 71.8 1.0 1.10 1.10 5.8 6413 30
4 735 2.7 3.00 4,10 4.8 14.40 10.8
5 76,0 5.2 5.77 9.87 3e8 21.92 2640
68 7945 Be7 94683 19453 268 27408 522
7 82.8 12.0 13.34 32.87 1.8 24,00 84.0
8 B8Ge6 15.8 1757 50e44 0.8 14.06 126.4
9 834 12.6 14.00 64.44 02 280 113.4
10 80.8 10,0 11,00 75444 l.2 13.20 100.0
11 78¢5 767 Be56 844,00 2e¢2 16483 84,7
12 7569 501 5668 89466 Ze? 1810 61.2
13 743 SeH 3489 93455 4.2 1532 45456
14 73e1 23 256 96411 B.2 1334 3262
15 727 1.9 211 98422 6.2 13.06 2868
16 72,0 1.2 l1e33 99455 7¢2 9« 58 19.2
17 71l.1 03 0433 €9.88 8.2 2446 Bel
18 70,9 0.1 Oell 99,99 D22 0.92 1.8
19 70.8 0.0 ——m— eme- 102 ———— @-—e-
20 70.8 0.0 mmwwe wweee 11,2 ——— -
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lHean gZfx = 794.0 w 8.8 nimitose
=r T un.0

ADe 82 [r(t = t)/ = 216.23 = 241623
T = 100

K= ADe = 241823 T 246
- hean Be8

Coeffiolent of dbsporsion m 100 = (0.246 X 100) & 75.4%
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In figure 2 is
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Vane

\ s
tlge 5 12 a sketch of the NV 14 ®

nodel baoin showing screens 30 1!
and a curved vane in placi . . 30 It

selow is the curve plotted
fron & salt run with this
arrcngenente Corner baffles
and the orisinal baffle wers
al=so in place.

This curw shows that

tliis arrangement is somewhat

betior hoft the previous
20
/5
z_ 10
Q
¢ s
o 10 20 30 711?1? 1 Rridtes i

ones but is qguite spread out and very irrerulnare
The totel flow was 122 gal. at the rate of 58 gal.

rer minute divi’ed Tlowe
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In fi;e« 6 is shown another [/
errangonent of screens, baffle
alld valiee

The curve ' lotted from this Ll:a?:a

is lers irregular than the
previous ones but the peak
comas rather early an! it is
lon~ drawn out on the end
indicating that there is still

Orl‘ /;ld/.__‘_,
quite 2 lot of dispersion Bartle i
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and that thereo is a strong direct current that caerries

most of the water through in a short while.
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is not much better than the
original baffle alone. The /ﬁne:lx
curve is falrly smooth but
it returns to normal very
plowly indicating very sgrea
dispersion.
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In this arrangement seven 4 N
glass vanes were used at the inlpet
to deflect the water over 30 Mesh
the entire width of the pass.
A 30 mesh screen was also used att the
turn. these gave the most
uniform flow of any combination
vet tr¥ed as 1s evidenced by

narrow uniform curvee.

7 Glass
.- 172
Fi{_‘;- 9

20 ¢
Nt
Q
Q- 10 ¢

st

o 70 20 Jo .;o ) 60 >0 80 90 700

Tirmre 1n Minutes



rere € tin vanes were used /|
+1th the orisinal baffle in rlade.
vhese vanes were curved cnd so flaced
as to distribute the flow as
uiformly ac ponssible over

the entire passage waye A 14
mesh and a 59 nesh screen

were used at the turn as shovie
"his srrongemeng geve much the

cane curve ags the glass vonese f
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"he tin vencs have the advantage over ‘hie glas £ b

flexitle and easier to adjuste
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T™his is the same arrangerent P
a3 that on the previous page Tin' Deflector
with the oxception that there Kia rresh
is a curved tin vane for a }’
deflector at the end of the
center baffle. ‘the deflector
nakes very little difference
in the appearance of the curvee
'his same arrengement was &
orginal
tried without the 14 mesh _‘CJZ"”
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gcreen and with the 30 mesh run all the way acrosse. Tho
only effect tha' this had was to spread out the curve

a littles
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This set up is thesame as s
that shown in fig. 11 with the Tin e >/
addition of 27 - 2 inch }“"'3;,,“,'
couplings on the bottom at
the center line of each pass

transversly.

These glve practically the
same results as the two

previougl arrongements.
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This was also tried with go arrle
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1 inch couplings on each side with very little change
in results. the dist#ibution effeclency was computed by

the method perviously discussed and was found to be 8l.9%,



This coribination of screens

curve! vane at the end of the 7171 Deflector

center baffle, couplings, and

(4 Mesh

25 smal}] tin vanes at the inlet
gave very poor results. It
seems that the vanes &b thHe™  |.......¢cscclsrvcecrsnsnves
inlet were too small and
difficult to adjust. The curve
indicates that there was a

strong direct current from the vanes
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The stillin: baffle shown
in fis. 14 was drilled with
1" holes. Corks were fitted
tc these holes so that any
desired number of them could
be closed. With all of them
open the test gave a fair
curve but not as good as some
other arrangements previously

showne.
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Here the stilling baffle Sl
¥ N T e
£ 1» Defleclors
was used with 165 holes and X
N £1 S i G0 Mesh
tin deflectors were plcced
pliced as /m(_‘b
ahovwne
This gave a very irregular
curve indicating tiwat eddies
were prevalent and that currecntsg
were ever changing.
The arrangement is not goode.
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This set up was tried with the deflector marked 1
removed and a 1< mesh screen plaocoed as shovm by the dotted
line. This gave practically no changze except to smcoth out

B2

the curve a littlee.



The arrangement shown in fig

16 seems to give the best I

results of any yet tried.

The curve 1ig fairly smnooth
showing that eddies are few
and small end that the larger
rortion of the dose pasees
throurgh in sbout 30 ninutese

Vith an overflow weir at

> st/hing Bal¥/e
tle outlet as shown by the So ST AR
165 -~ .f’/ule!
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dot¢ted line ir the Tigure tie curve was spread out much
rnore at the base indicating that the welr did more hamm
than good.

The arrangeoment shown in fiz. 16 was also tried without

the tin vanes but this too was unsatisfactorye.



In this set up the 14 mesh [ 219 Mesh N
screens were doubled and tripled
I~ 1Ir1e3h
at the polnts where the velocity 1-30/1e3h
was greatest and the 30 mesh
placed between as shown. It did
not seen to improve conditions
much except to move the center
of gravity of the curve a little

farther overe.

an arrangement similar to st /ling gmvp

25}
KFi fe 17
20

154

R RrI7.

Fw

o P 20 J0 $0 ) 60 20 8o So row

Time in Mimutes
thie but with vertical slots in the stilling baffle fitted
with small swinging gates was tried. This gave a better
looking curve than that shown above but the coefficient
of dispersion was only 77.7% . The gates when placed on an
angle did not distribute the flow as was expected but rather
let the greater flow through where the velocity was the greétest.
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/5 Gal. Cut o™

N
n this set up a larger |B/Wea//

<

anount of water was cut off in {3
R Barrle
corner by a wall and an A A |

'F'*//Vo /Jro0les
baffle was substhituted for the

acreens at the taurne. 4 deteil
of the A baffle is shown below.
The coefficient of dispersion
for this arrangement 1s 74¢3.
The curve shows that there is

still too rmuch dispersion as Shiliing Bar¥le
T i

a2s§oes the coe’ficient.
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This was also tried with 2" holes at A with little ohange

in resultse.
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The A baffle was also tried with out ofT wallc at
both £ and C, fig. 18, and the =tilling baffle abd tle
°" holes as showne The coefficient for this run was 77.Ce

The stilling baffls was then talen out and the
original baffle replaced at the inlet. CoefTiclont 77.%.

Three tin va.neé were then nlaced at the end of the
original baffle ard adjusted to give vhat apreared to be
the best d stribution of the water. The coeffidient was
then 793, which 1s a decided improvanent over the sanme
arrangement without the venece

rowr tin vanes were then tried in rlace of the three
at the inlet. this gave a coefficient of 75.0.

It would appear that three vanes could be adjusted
to give a better flow than a greater nmumber.

The original baffle was agaln replaced by the stilling
baffle but this time the stillin;: baffle contained verticel
slots end sliding vanese The highect coefficient that
could be obteined by moving the sliding vanes woo 70.0.

The A baffle and corner walle were ne=t tried ursing
seven glass vanes &t the inlet. This arran sment zave a
coefficient of 78.C.

Ser eral different devices were tried on the A bafile
such as perferated tin,l<4 mesh screens,ond glass vrnes,
tut they did not improve it & noticesble amcunte It would
appear fromn these experiments that the A baffle would not

be of any valuees
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six tin vanes were next g tvotor, Sesrets 5. |

placed as shown in fig. 19 '3 70 iabaF \\
P
with cormer boards and the '\

original baffle. Sewveral
tests were made on this
arrangementgd with the venes
in various poesitionse The
highest coefficient that was

obtained was £le%e

or! ral
r"Baﬁ'/e 3
rrom these runs it would —Z )/ 2 T+ Vanes
appear tha this arrangement e
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that tin vaner give a more even flow than any thing that
has yet becn tried.
The six vanes were also tried with the corner baffles
curved and in addition a curvoed cormer baffle at A. The
coefficient then wes only 75.C but this might have been

bettered by shifting the curved vanes tc various posltions.
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It was thought that by
putting the curved vanes in
the dead corners that the
oddises misht be elliminated
but 1t was found that large
glow eddies occured in béth
pascsese. The coefficient wan
only 46. The ecurve also shows

poor distributione
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This is the arranzecment that R

was finclly adopted to be used \\

in the large basin. It consists '\

Curved Vanes \

of nine curved vanes, one in eac
of the three dead ccrners,

three at the inlet and three

at the turn. The hizhest
coefficient obtained form

this set up wos 8l.?.
eurved Vanes

=

eurved Vane
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The exact location of these vanes and other detalls

[ N

have been previously given. The exact sett

ne, o hese

Q

varies 1s quite materially effected by the quantity of flow.
Therefope the ends of the vines have been so desimed that

Liley can be moved to accoriodate varyins conditions of flowe
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