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ABSTRACT

The Yive secondary sedfmentation tanks at the
City of Edmonton Gold Bar Waste Water Treatment Plant are i/
frequently subjected tq large Qrolénged hydraulichoads. -
A comprehensive xamindtion of the internal tank flow
patterns and cha acteri tics for a wide range of geometric
and hydraulic var\lables was conducred. When the princ;ples

~ :

of open channel theor?\;&e combined with a bglocicy meter
and streanm pro%iles, a mechanism for monitoring the
hydraulié loads to each tank was developed. Internal flow
patterns in the prototype tanks were examined with a

[

technique involving fluorescent dvye and fluorometric

measuring equipment.
Similitude theory incorporating the Froude number
was used to develop a model sedimentation tank for
x .
laboratory analysis. Model flow patterns were derived for
a broad range of hydraulic loads and geometric configurations.
Prototype and model flow characteristics, integrated with

sedimentation and density current theories, eqeble the

prediction of optimal, practical hydraulic locading limits.

(8 J
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' NOTATION , J
- ‘ }
) The following notations are used throughout thig LR
treatise: PRERIN
L d~. . ‘f.", Vol
. SO SRR A
S AN
sa N ~)
A Ccross sectional area ) 4 R 2
bo' vertical dimension of the rectangular baffle
opening
C summation of the instrument measured fluorescence
concentration and the proportional fluorescence
\\
correction )
Cb flucsrescence background correction !
CC proportional fluorescence correction .
\
Cd fluorescence dosed correction G
\\ .
Cl,Cj,Ck fluorescence fnflection points on the time- J
concentration curve (ordinate)
Co initial concentration of fluorescence dve in the
injectpr
\
Cr maximum concentration ratio, ordinate value when
Equation 3.13 is valid
—-
CS summation of fluorescence background correction
and fluorescence dosed correction
Ct instrument measured concentration of fluorescent
dye -
Cu theoretical fluorescence concentration index

entrainment factor in stratified media D



NOTATION

KMnOQ

MS?

hydraulic Froude number
fluorometer dial reading
gravitational constant 32.2 ft/gec2
chemical symbol for potassium permanganate
any characteristiec length 1in a'hydéaulic regime
Mountain Standard Time
any numerical.sgbscript
not to scdle
. n
volume of a sedimenta;ion tank cell
volume of the fiuorescence dye injgector
rate of volumetric flow to a single cell of 2

-

sedimentation tank

.

rate of volumetric flow to a sedimentation tank

‘rate of volumetric flow in a tank return

rate of volumetric flow over the tank effluent
welrs
gradient Richardson number
Specific 8ravity of a tank media
dimensionless geometric scale factor
=
fraction of removed suspended solids
defined specific gravities in Successive
stratified layers of a media
time .

¥

theoretical detention time index
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NOTATION

/

<

actual detention time between the injection and
sampling stations in a fluorometric test

N
fluorescence inflection points on the time-

concentration curve (abscissa)

maximum time raio, abscissa value when Equation
A
3.13 is valid
any defined component of velocity
any defined mean component of velocity
a4 measured stream velocity occurring at
depth Y :
P a
4 measured stream velocity Occurring at depth Yb
maximum velocity in the lower laminar zone
average settling velocity of a sludge blanket
maximum velocity in the upper laminar zone
any velocity component along the Z axis
defined velocities in Successive stratified
o]
layers of a media e
longitudinal X axis in a Cartesian coordinate
System
longitudinal distance along the X axis which an
dverage particle requires to settle in the lower
laminar zone
v
vertical Y axd%s in a Cartesian coordinate system

a vertiral o e
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UNITS OF MEASURE
‘ The following units of measure are usced throughout

this treatise:

cfs .. cubic feet per second
cm céntimeters

cm/sec centimeters per second

L

°C - degrees Célsius
‘:ftl' .b.feet ' E
ft/f?M feet per feet -
ft/sec feet pe; seéqﬁQ ;.
ft/sec2 ,ﬁfe& per Seco;& secbng ,
gm ‘2}ygram§ .
_g.m,(l - gram;é 7 per lite‘r
in. M .inches | 5 e
pgm/ 1 microgracs per liter
url millilitérs .
m}/min q@lliii;ers ‘per miﬁutgf
urr_l‘ | millir},icr::}'ﬁ,., h |
migd. millibn Imperial gallons per day p
min ,; ’ minutes |
Mf%k‘;- ‘Mountain SE;ndard fime!
N.T.S. f&ot'torScale | +
U.S gpm United States gallonélpér minute

“u fi

U.S.gpd/ft ¥nited States gallons per day per foot
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INTRODUCTION
~

ry

The initial phase of the Citv of Edmonton Waste

Water Treatment Plant was constructed in 1956 ar a site
on the south bank of the North Saskatchewan River and
50th Street. In 1970, the plant was expanded to a
primary and secondaryv design capacity of 109 migﬁ. and
45 migd. respectively. Using an activated sludée
process, effective secondary tfeitment has generaily
been provided ti peak hyéraulic flows not exceeding
60 migd. (1). According to 1975 census records, the
plant provides service to a population of 451,635 (2)
persons within the greater Edmonton area. In addition
to domestic sources, waste water of varied composition
\]
from industr;al sources 1is being treated. According
to current records, waste water is conveyed to the

plant by 532 miles of sanitary sewers and 533 miles

of combined sanitary-~storm sewers (3).

u,
u
~

t
L
rh
—
‘<

The total treatment process cén o
described in the following consecutive ST
(1 Initially, waste water enters the ““mary grit
tank where a sedimentation process removes
" heavier settleable debris and inorganic grit.
(2) Floating debris is removed by a parallel

arrangement of automatic bartscreens and is

wasted at a sanitary land fill site.

:'m" *f ges 1 s



(3)

(4)

(5)

(6)

A discribution channel system directs the waste
water to the primary sedimentation tan$s where
bottom =sludge and surface skimmings ar; removed.
These materials are collected for the digestion
process while weirs direct the effluent to the
secondary treatment process. In this step there
exists the option of discharging primary effluent
directly to the North Saskatchewan River.

The primary effluent enters the secondary process
through a Venturi meter and is digmcted to the
aeration tanks by a distribution channel system.
The waste 1s mixed wirth an aerated, recirculated
liquor and 1is injected witﬁ additional air in a
parallel arrangement of five aerators.

The aerated mixed liquor is directed to the
secondary sedimentacion tank where the final
effluent is collected by V notch weirs for
discharge to the river. Surface skimmings are
rezirculated to the primary system and the bottom
sludge is divided between the digesters and the
liquor retﬁrn system described in step 4.
According to operation policies, the flow

returned to the aeration tanks ranges between 25Y%
and 307% of the total secondary flow.

Waste sludge is cdigested anaerobically in five
tanks for approximately 25 days and is then pumped

to open lagoons for indefinite storage.
e

’
)
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This investigation will deal only with the
secondary sedimentation process described ig s 'p five
of the total treatment process. The principal parameters
which influence the efficiency of secondary sedimentation
are tank geometry, hydraulic loads, and characteristics
of suspended solids. This investigation will rigorously
deal with tye first two parameters. The characteristics
of suspended solids are complex and vary directly with
the volume, composition, and naLure of the waste
material. This complex variable can only warrant a
thorough investigation of its own - an invéstigation
which could and should be linked with this treatise.

Five independent secondary sedimentation tanks
Provide continuous service at the City of Edmonton Waste
Water Treatment Plant. According to the convention
adopted in this investigation, ;he tanks will be
numbered from one to five from west'£o east (tank
number one is the most westerly taﬂk). Field measure-
ments confirm that the five tanks are geometrically
videntical except for the baffle openings and the cross
channel floor elevations. The tanks are rectangular
with a width of 80.00 ft and a length of 165.00 f¢.

Each tank contains five 15.60 ft wide, longitudinal
internal cells. According to -he same convention, the
iaternal celis are also numbered from one to five from

west to east. The north wall of each cell 1s situated

P v



on the extreme end Opposite the inlet opening. A
t&pical Plan view 1s shown in the Schematic of
Figure 1.01. The normal liquid depfh is 12.24 fe a¢
the inlet end and the floor slopes at 0.00758 fe/f¢
toward the north wall. At the inlet end a fixed
Plank baffle wall extends upwara from a terminus at
an elevation bo above the floor to 2@ second terminus
slightly above the normal water surfa;e.v Details of
thi tank profile are shown in thae schematic of
Figure 1.02. A typical baffl; wall detail 1is shown
in the schematic of Figure 1.03. a Secticnal detail]
for the cross channels is shown in Figure 1.04 aﬁd
will be discussed further 1in Chapter 2.

The Photograph of Figure 1.05 shows the surface

appearance of the tank when in normal operation.

Three of the four effluent weirs are shown in the

subdividers, rhe skimming flights, and tank'inlet are
shown in the background. The baffle wall at the
inlet, tank subdividers, and the sludge-skim flighets
are more clearly shown in the photograph of

Fléure 1.06 where the tank has been emptied for
maintenance work. The flights dre nominal 2 inp. by

8 in. timber Planks on a moving chain which is

contin%ous over the full length of the tank. It is
important to notice that the tank subdividers are nd{/—\

[ N
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monolithic walls, but arge open frames of vertical

columns and horizontal beams. Therefore lateral

currents can and probably do occur across the tank

idech.
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HYDRAULIC FLOWS

It is necessary to determine the hydraulic loading
on each of the five secondary sedimentation tanks
before 4n accurate performance evaluation can be
attempted. In this investigation a simple obén channel
Stream analysis was maae at an accessible control ’
station. It was convenient to select the downstreanm
end of each cross channel as the gauging station. The
¢ross channels connect the aerators with the sediment-
atién cénk!and flow with a free surface err the top
of the Secondary pipiﬁg gallery. The ﬁumbering
convention for the cross éhannels will be the same as
the tank convention.

Each of the cross channels is geometrically
identical except for the floor elevation. The channel

Cross section at the gauging station is shown in the

schematic of Figure 1.04. A11 €ross channels are

28.20 fre long and none have any longitudinal floor

slope. The concrete roof on the secondary piping

gallery provided a firm datum for meaéurements.

"Handrailing adjacent to the gauging station provi%éd

a substantial falsewo;k System for cumbersome velocicy
measuring equipment.

At each gauging station flow velocities were
measured with ; Cushing Model 611P velocity meter and

a Model 81 magnetic sensor. The unit was calibrated &



under controlled conditions at the University of
Alberta Hydrauliés Laboratory. Beginning at the floor
of each cross channel, velocity and depth measuremeryts
were taken in six inch increments until the sensor
elements were just below the liquid %evel. "For each-
group of velocity readings a corresponding surface
elevation with respect to an assumed datum was
recorded. Inicially, velocity measurements were

taken on profiles in the channel center as well as on
either side within four inches of the channel wall.
This procedure was abandoned in favor of a single,
profile in the channel center when it was discovered
that the side profiles had no .significant effect on
the determination of the mean velocicty.

From each group of stream measurements, a gener-
aily shapedlogarithmic velocity profile was developed.
The velocity elevation above the channel floor is
represented on the ordinate, while the velocity is
represented on the abscissa of a Cartesian coordinate
system. Completed velocity profiles“are shown in
Appendix 1. In a‘procedure suggested by Chow (4),
the mean velocity, V, is determined by averaging the
~respective velocities occurring at elevations.equal to
20% and 80% of the total stream depth. This procedure

is summarized in the schematic of Figure 2.01.

P
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v w NORMAL WATER SURFACE
0
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Y Y = 02 Yo
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FIG. 2.01 TYPICAL VELOCITY PROFILE FOR

CROSS CHANNELS
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Since the geometrics of the five croés channels
.

are identical, the cross sectional dred can be defined
by a cowmmon equation. From Figure 1.04, the cross
sectional area can be represented by :

[2.01] A = 3.50 yo - 0. 25

Where yo and 4 represent the stream.depth in
feet and area in Square feet, respectively. ,

Rates of volumetric flow Qo can be calculated

~ N

by the continuiyy equation according to:

[2.02] Q6 = a7

Where V is the mean velécfﬁy.

When Equation ZﬂOl is multiplieq by the mean

velocity, the result is g manipulated form of

Equation 2.02. This results in:

w

[2.03] Qo = V (3. 0 vyo ~ 0.25)
In\Equation 2.03, v and Qo have the units of feet
per second and cubic feet per second, respectively.
. Table 2.01 has summarized the Stream depths and mean
velocities assembled in Appendix 1. The corresponding .
rates of flow are éhown in the right hand column of
Table 2.01. | |
® . .
The vélues °of yo and Qo appearing in Table 2.01
ére plotted as the ordinate and abscissa, Tespectively,
on arithé;cic graph paper, On a large scale, five

distinct linear relations having the geéneral Cartesian

form of y = pyx + b were derived. The graphical

sy
.
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Table 2.01. Summary of Crossg Channel Hydraulic Parameters.

.Channel (ft) (CFs
1 4.68 ) o 1.21 19.5
1 4.71 1.53 , 24.8
1 4.75 1.65 27.0
2 4.61 2.30 3&.5
2 - 4.57 1.54 24 .2
2 4.63 1.89 27.6
2 4.66 2.46 | 39.5
3 4.82 1.99 33.1
3 4.77 1.61 . 26.5
3 4.82 1.91 31.7
3 4.69 2.42 39.1
4 : 4.98 1.97 32.1
4 4.97 1.62 : 27.8
4 5.02 2.17 37.6
5 12 2.06 _i 35.0
5 | 92 2.61 34.1

* Values of yo and V are derived 1in Appendix 1.

** Values of Qo are calculated from'Equation 2.03.



-
representation has been deleted from this treatise,
however they are Shown»mathemycically for each cross
channel as: !
Cross Channel No. 1
[2.04) Qo = 150.00 yo - 682.50 for yo > 4.55 f¢
Cross Channel No. 2
.
[2.05] - Qo = 164.58 yo - 727.44 for yo > 4.42/ft
Cross Channel No. 3
[2.06] Qo = 104.52 yo - 471.44 for yo > 4.51 fr¢
Cross Channel No. 4
(2.07] Qo = 100.31 yo - 467.46 for yo > 4.66 ft
Cross Channel No. 5 ;
. 7l
[2.08] Qo = 123.21 yo - 571.71 for yo > 4.64 fr. i
Here the positive number represents the debth—flow 7
slope and the negative number represents the product of i
the slope and depth iptercept. The depth intercept is 2
defined as that depth whrre the floQ‘becomes zero. The ‘
limits provided for yo ... ecach equation represént the
actual magnitudes of the depth‘inCercepts. These were
in fact confirmed when the tank levels were lowered to
a point where warter just began breaking over the
bottom of the V-notch in the effluent weirs.
When the magnitude of the slope is examined in
the previous cross channel equations it is clear that !
a ﬁear submerged condition exists in the system. This ’ g

1s the effect of a 2.00 ft head difference between the
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water surfaces of the primary grit tanks and the
secondary effluent weirs. Under normal operating
conditions there exists a fluctuating range in yo of

approximately six inches. Thus 1t is essential that

~extreme caution and precision be used when field

measuring.yo. With due care, the cross channel
equations agree reasonably well with-the output from
the plant Venturi meters. The curves in Aépendix 2
indicate a‘percentage error ranging from 6.4% to 13.5%
for the two methods. - %lows from the cross channel
equations are characteristically greater than the
Venturi meter flows.

For practical reasons, this study will consider
dq}y the flows to the individual cells rather than the
eﬁtife tank. Numerous efforts were made to precisely

monitor flows through the small influent openings in

each cell using a theory similar to the one used in the

cross channel study. Due to adverse distribution

‘channel geometry and turbulent eddy currents, the

Erecise approach was abandoned in favor of flow
estimating. In this investigation it will be assumed
that the total tank flow 1is equally aistributed amongst
the five .cells within the tank. Hence the ;eli flow,
Q, is estimacted to Be 20% of the tank flow measured

at the cross channel gauging station. Mathematically

this will be:

r27 nan A - N "N N~



FLUOROMETRIC EXAMINATION
The preceding chapter has provided a reasonably
accurate mechanism for measuring the hydraulic load to

each of the five secondary sedimentation tanks. The

investigation will now examine the flow characteristics

within the individual tanks. Various methods of floa
study were attempted, including the velocity meter
and buoys of.variousishapes and densities - all of
which provided data of little value. Useful results
were obtained with flﬁorescent dye and a fluorometric
analyzer.. - f

Becausé each sedimentation tank 1is subdivided
into five equal cells with longitudinal streamlines
normal to the effluent weirs, it was assumed t%at
lateral currents are insignificant and c;n be ignored.
This~a55umption implies a two dimensional flow regime
such that: |

[3.01] v, =0 _

Longitudinal éurrents (X component of velocity)

can be readily studied in the prototype cell with

fluorometric methods. Fluorometric methods of

studying the vertical curreants (Y component of velocity)

in the prototype cells must be discarded in favor of
modeling methods.
Known concentrations of Du Pont Rhodamine B

fluorescent dye were injected in the distribution

18
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channel stream of each tank with 3 constant flow
injector. Dye was injected at g point sufficient&y
downstream to ensure flow to only the first cell of each
tank. The injector ;nd a4 time clock were started
simultangously. During the eXecution of each dve
test, a Siréo, Model MK—§S7'automacic sampler collected
samples at one of three st;tions. The sampling points
were approximateiy two feet below the normal water
surface and were situated either adjacent to the firsce
weir, the fourth welir, or the nortﬁerly end wall. An
automatic timing frequency.ranging between three and
four minutes collected samples of suffiﬁient represent-
ation. Samples were collected generally over a two and
one half hour period in ordki\co accurately define the
cell flow pattern. _ =
Immediately following the sample collection, a
fluorometric'analysis was made wicﬁ a G.K. Turner,
Model "III, Fluorometer. Primaryland secondary filter_
lenses having wave lengths of 548 millimicrons and
590 millimicrons, fespectively, were‘used. The unit
was equipped with four light source apertures in the
ratio Qﬁ/l:B:lO:BO. Normal samples of Secondary
efflue\f required only.the use pf the 3, 10, and 30
apeftutgé. Samples were handled manually and

individually in small quarc: glass tubes.



Since the fluorometer provides fluorescence dial

< readings on a dimensioniess scale in unit increments
betwe;n one and one hundred, it was necessary to
develop a gr;up of calibration éurves. A series of
known dilutions using distilled water and Rhodamine B
dye were used as the calibrant for each aperture - the
zero end points of which were samples of pure distilled
water. As shown in Appendix 3, the calibration curves
are arithmetically linear. From simple graphical~
analysis the curves can be mathematicaily represented
as:

L3

Aperture No. 3

[3.02] C_ = 0.2083 Fi

Aperture No. 10 ) .

[3.03] Ct = 0.07?9 Fl
Aperture No. 30
[(3.04) Ct = 0.0370’Fl.

The dimensionless fluorometric dial'readﬁq§\is
represented by %l and the concentration of fluorescence
dye in micrograms per liter is represented by Ct

Fluorescence concentration Ct is a function of
temperature and the quantity of settleable solids.
According to Butts (5) fluorescence concentrations in
water are inversely_proportional to temperature changes
by an exponential function. Butts‘élso indicates the
degree.of fluorescence change in the vicinity'of 20°

-

Celsius 1is 'smal} when temperature chancec nra cmno11
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Since the temperature of samples was maintained between

16 and 20° Celsius, corrections were considered
unnecessary in this sctudy.

Conversely, settleable solids have a large
influence on fluorescence and can not be ignored.
When a fluorescent dye is {njected into a solution
laden wi;h suspended solids, a dye adsorption reaction
on individual solids particles can be expected. As the
suspended solids settle to thé bottom of the sediment-
ation tank, the concentration of dye in the effluent
wiil becom; less in an amount Puch less than the
normal dil;tion procdess. If one is énly concerned

with the dilution process, then the fluorescence of

e R RSN i Sl e

the collected sample must include an upward cor?ection.
The correction factorxis feadily developedfby
fkuorometrigally.énalysing mixed liquor and fin;l
effluent samples where the quantities of suspénded
solids‘are known. First, a background correctibn is
developed from an undosed sample and secondly, a
correction is developed from a dosed sample. In both
cases sémples of unsettled mixed liquor ana settled
final effluenc are.used. The summation of the two
corrections will be the total correction for settled

solids. In this investigation the correction will be

derived from a graphical analysis of fluorescence-

Sadimi Lt

concentration and the fraction of removed suspended

3



ana befond the scope of this chesis,che correction will
be estimated by assuming that fluoréscence 1s inversely
proportional to the amount bfiremoved suspended ;olids.
Hence a simple linear slope-intercept derivation wiil
be used.

From iable 3.01, the dimensionless fraction of
suspendg@ solids removed Sr is 0.9955 (i.e.
l.OOOO’: 15.0000/3344.0000) for both background and
dosed samples of final effluent. In Figure 3.0%,‘
fluorescence values of 1.09 ugm/l and 4.01 ugm/i
(from Table 3.01) are plotted respectively, as
ordfnates against a common abscissa value of Sr = 0.9955.
When the fraction of removed Suséended solids is 2ero, as
would occur 1in unsettled mixed liquor, the correéponding
fluorescence value will occur as the Y intercept. Also
in Figure 3.01, flu&rescence values of 5.42 ugm/1l and
6.04‘ugm/1‘(from Table 3.01) are pl%Sted respectively, as
ordinates against a commoﬁrgbscissa-value;of Sr = 0.0000.
By the slope-intercept method the gluorescence background
correction Cb in micrograms per liter can be shown as?

[3.05] Cb = ~-4.35 Sr + 5.42

In a similar manner, the fluorescence correction for

the dosed sample C, in micrograms per liter ‘is:

d

[3.06] cd=—2.4o sr+6.oa

Thus 1t 1is mathematically shown that the concent -

ration of background and dosed fluorescence diminishes as

Eat A
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settleable solids are removed. It 1s desirable to.
preclude the effects of natural background fluorescence
and consider only the effects of dosed fluorescence.

It 1s reasonable then to assign a negative‘sign to

the quantity defined by C,_ and sum equations 3.05 and

b
3.06. This manipulation leads to:
[(3.07] C =1.95s_+ 0.62
s r ‘
Equation 3.07 defines the intermediate region

between lines C. and C, in Figure 3.01. This summation

b d

of background and dosed corrections is represented by

CS in micrograms per liter.

Clearly, equation 3.07 1s valid onlylfor the .
initial injector dye concentration of CO = 2.5 pgm/1. "
A more general form can be derived if it is assumed
that the magnitude of the correction is directly
proportional'to any initial fluo;escence concgntration

CO in the dye injector such that:

[3.08] C, c N
C C : 9
o t

The measured concentration of fluorescence at any

"time T in the prototype tank 1s represented by Ct in

micrograms per liter. The proportional concentration
correction of Cs is represented by CC in micrograms

per liter. Hence for a fluorometric dye test using

S

small initial concentrations of Rhodamine B dye in mixed

liquor, equations 3.07 and 3.08 can ﬁe'combined to take

- o A
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Table 3.01 Average Fluorescence éﬁd.Suspended Solids

Measurements for Correction Factors.

T

Sahple Description
Fluorescence Suspended

Solids
(ugm/1) (mg (1)
1.09 15 Background - Final Effluent
5.42 3344 Background - Mixed Liquor
4.01 15 . Dosed* - Final Effluent
6.04 | 3344 Dosed* - Mixed Liquor

* fhe dosed sample represents a 2.5 ugm/1 solution of
Rhodamine B'dye.
1
The typilcal fraction of removed suspended solids Sr;is
0.9955 (i.e. 1.000 - 15.0000/3344.0000) which accufately
represents the secondary procesé in norméf%operation.' These
measurements were taken from seconaary sedimentation tank

No. 1 on March 22,ll975 and are graphically analysed 1n

Figure 3.01.

-

In each dye test the fraction of removed solids 1is
réadily,evaluated by standard laboratory metHods
and is assumed constant throughout the test period.
The final cofrected concentration of flﬁorescencé C
is the summation of any measured value Ct at time T

and the quantity represented by CC in equation 3.09.
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Machemacically{’this will be:

(3.10] C=¢C +¢C
t c

The rEsQlts of eight independent dye tests are
assembled in the time-concentration curves of Appendix 4.
In the assembly, the lower curve represents the field
measured concentration Ct and the upper‘curve represents
the corrected concentration for the percentage of removed
solids according to equation 3.10. For the purpose of
theory development, the ideal time-concentration
schematic of Figure 3.02 is a representation of the
Appendix &4 curves. In the schematic the lower plateau’
region between the ordinate arnd point I indicates the
time period Ti for the %irst detgctable particles of
fluorescent dye to reach the sampling station. The
éortion of curve between points I and J represents
the time (ijTi) for khe control volume to attain the
qaximum.concgntration Af dye. This is clearly a
fuﬁctioh of‘tHe velocity and the stfength of the dye
initiélly injected. The‘time period represented by
(Tg?Ij),isfsignificant only in that as this ;agnitude
becomﬁé.large, point J is more accurately defined.

When the injection of dye is stopped the control volume
begins washing out and the concentration begins

dimijishing to the original state. This behaviour

RS .

occurs to the left of point K. The most significant
A :

-portion of the time-concentration curve in this study

P
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l

o
occurs between pe:iats I and J. This -«. od (Tj—Ti)
o
represents the detention time of dve ; Lcles between

the injection station and sampling station and will be
identified simply as Tf.
The ideal curve in Figure 3.02 has illustrated a

y
pattern which can he observed in the curves of

Appendix 4. ‘In all cases the lower plateau regions

are well defined, h&wever,.the upper plateau ‘regions
are erratic and must be estimateé by visual observation.
The erratic trends can generally be attributed to two
conditions. F;rst, flow variations during the test
execution cause an inverse variation %n the dye
concentration. In reference.to the typical flow record
shown 1in Figdre 3.03, it {is imborcant that all testing
be performed during the periods of fairly constant

flow beginning at either 11:00 AM, 6:00 PM, or 5:00 AM
on any day. In this investigation all testing was
stafted at the beginning of the flow plateaus marked by
the two morning ctimes.

Secondly and less frequently, instantaneous changes
in secondary Sewage composition caused an erratic trend
in the time—concent;ation curve. Often sudden, short-
lived waves of suspended solids particles were observed
at the sampling st%yion These wavés wereée especially

conspicuous during_pericﬁg/of high flow. Because the

fluorometer is sensitive to abnormal fluorescence levels

.
AN
/N
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generated by these waQes, erratic readings were
obtained. This characteristic is €s: .ially notable
in tests 7 angdg 8, where samples were taken adjacent
to the northerly walls of the prototype tank. With
good judgment, the high fluorescence readings were
accurately edited from the test data. Table 3.02
Summarizes the detention times and cell flows derived
from the eight dye tésts in Appendix 4.

v .

A more imporCanc,approach to the fluorometric
éxamination is the dimensionless analysis of the time-
concentration curve. The complexities of varv1ng cell
flows and dye injection rates can be machematlcallv
eliminated, if dimensionless Fatios for time and
concentration are ysed. Time and concentration terms
can be made dimensionless Tatios by dividing each with
an index term. These ratios can then be plotted on a
Cartesian coordinate system for common comparisons. The
abscissa and ordinate are tepresented as 1‘/1"d and C/C )
respectively, where T and C are actual measured quant-
ities in a dye tesct. Denominators Td and Cu are the
index terms.

-

The dimensionless thecrv was applied to sediment-
ation processes.in gz treatise by Camp (6), iﬂ a section
depling with short—circuicing and stability, Usisg the -

L]

Catup theory, this Study will defipe the time index Td

as the detention time for fluid Particles in the control o



Table 3.02 Summarv of Proto;ype Dve Tests
Test Cell Dye Maximum Maximum
Number - Flow Detention Time Concentrapion
& Sampling Q Time T Ratio T Ratio C
Criteria (CFS) ot r :
| (Min)
1 b S.40 1 35 0.82 1.21
2 a 2.4 62 0.65 1.21
3 a 6.0‘ 99 2.52 1.00
4 b 1.5 67 0.48 2,25
5 . 6.8 47 2.06 0.98
6 d 6.2 ‘64 1.98 0.88
7 f 5;2 45 1.74 0.85
8 e 5.1 62 L.jﬁ 1.06
Sampling Criteria:
(a) Tank No. l,’beir No. 1, = h.00 ft
{(b) Tank No. 3, Weir No. 1, = 9.67
(c) Ténk No. 1, Weir No. 4, = 6.00
(d) Tank No. 3, Weir No. 4, = 9.67
(e) Tank No. 1, North End, bb = 9.67
(f) Tank'No. 3, North End, bO = 6.00

This summary is developed from the parameters in Appendices

4 and 5.
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volume according to:

P
[3.11] Td='Q—
The cell volume and rate of flow are represented bV

P and Q, respectively. The dye concentration index CU
is defined as the concentration of dye which 1is
instantaneously dispersed in the control volume of the
celffv If it is assumed that the dyve 1is totally
conserved in the coatrol volume, then Cu can be
mathematically defined as:
Peco

P

[3.12] | o
u

The initial volume and concentration of dye in
the injector is represented by PO and Co’ respectively.
Figure 3.04, a'reprint with modifications from
Camp in "Sedimentation and Settliﬁg Tank Design,'" (6)
illustrates six typical dispersion curves for tanxs.
Accotdi;g to Camp, curve A is developed from the
"ideal disperéipn tank'" and is approximated by the
equation shown in Figure 3.04. By definition this cank
has an instantaneous aqd uniform distribution of
suspended particle;. Curve F (actually a straight line)
represents the "ideal settling basin' where T/Td is
constant.at unity and C/Cu can approach infinity.
When T/Td'is unity, the velocities of all stream lines
‘'within the tenk are uniform and constant. Situated

between hypothetical curves A and F are intermediate

AT LT
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FIG. 3.04 TYPICAL DISPERSION CURVES FOR TANKS_ — —
i REPRINTED WITH MODIFICATIONS FROM "
T.R. CAMP (6)



curves B, C, D, and E. Cdrves B, C, and D are derived
: b4

from operating prototype tanks of various configurations.

Curve E depicts a model tank in the Camp study.
According to the Camp study, dimensionless time-

concentfacion curves generally assume a Gaussian shépg:

The indicator of tank performance is the magnitude of

|

T/TdfwhenVC/Cu reaches a maximum value according to the

differential:
(3131 ¢ (V1)
d (C/Cu>
It will be assumed that the center of gravity on
the abscissalof the slightly less than perfect Gaussian
curve occurs at the point where C/Cu reaches a maxiﬁum
value. By definition in this sﬁudy, when.differential
equation 3.13 is valid\then:
14 -
[3« ] Tr Td
It is apparent that as 'I'r assumes values less than
Sne, the actual travel time T of a particle is less
than the detention time Td. Thus flow stream liﬁes are
not reaching certain regions within the control volume,
shért—circuifing occuré, and dead spaces exist.
Conversely, as Tr dssumes values greater than one, the
actual travel time of a particle exceeds the detention

time and flow stream lines ‘are recirculating.

’
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Also by definition, when differential equation 3.13

is valid, the following will apply:

C
.[3.]5] Cr= C
u

If Cr assumes values less than one, then the
actual- particle concentration C is less than the
ultimate concentration CUT Thus the flow streéﬁ_lines
are directing the solution to other regions in the
control volume and a favorable condition of particle
dispersion exisrs. When C assumes values greater
than one, the actual particle concentration exceeds
the ultimate cqncentrapion. Thus flow stream lineé
.are not cadsing sufficient dilution, short—circuiting
occurs,‘and dead spacegs exist.

The ideal sedimentaciOn process will OCCur when
Tr and C_ are equal to one. This cdnditidn,would

Y

provide a control volume precisely large enough to

g

accqmmodate all partlcles with no recirculation and

sm?ll enough to preclude short-circuiting and dead spaces.

Syéce sewage flows aﬁd composition are variables, rhe
iheal process can be‘con51dered purely hypothetical
end will not be persued further 1in this study.

It can now be said of Figure 3.04 that the
sedimentatlon performance improves as T approaches and

exceeds one and as Cr approaches and becomes less than

one. Mathematically these limits are shown as:
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[3.16] Tr > 1.00
(3.17] cr < 1.00

The dimensionless theory has been applied to the

fluorometric tests for the prototype sedimentation tanks

in this study. The developed curves appear in
Appendixys. Dye tests 1, 2, 4, 7 and 8 have resglfed
in distinct Gaussian shaped curves. The remaining
curves have merely a Gaussian trend which possibly
would have been mo%e'distinct had the test period been
longer. The values of ?r and Cr have been estimated
and are summarized in rthe two right hand columns of
Table 3.7, Dye flows are constant in all tests.
fhe'theories for the time-concentration curves and
the dimensionle;s time~concentration curves are applied
td actual field daté collected from the first cells of
-Sedimentation tanks one and three. A qdaiitative
review of Table 3.02 with respect to equations 3.16 and

1

3.17 is covered in the following discussion:

~

Test No. 1 (Tank No. 3, Welr No. 1)
The test indicates sho:t—circuiting between the
baffle and the welr. Dead spaces will exist in the
remote regions of the cell. There is a negative
deviation of apbroximately 20%Z for both Tr and Cr' The
f%ow of 5.4 cfs is considered a normal load and can be

expected during most daytime hours.

36
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Test No. 2 (Tank No. 1, Weir No. 1)

The test indicates short-circuiting between thé
baffle and the welr with dead spaces in the remote
regions of the cell. Negative deviations of jSZ and
20% exist for Tr and Cp; resﬁecciveiy. Although typical
for.&hg early morning hours, the flow of 2.4 cfs 1s small

| ‘

and.shorc—lived.

Tésg No. 3 (Tank No. 1, Weir No. 1)
| The test with a large midday flow of 6.0 cfs
indicates a highly efficient process. . A positive
deviation gf 152% occurs for Tr while Cr assumes the
ideal unit value. Flow stream lines appear to be
directing the dye to éhe remote regions at some
~elevation well below the fi;sc efflugnc weir. The .
test tends to confirm the presence of the lower
positive current and the upper negacive ;urrent discussed

in Chapter 4. The large magnitude of T = 99 min also

f
reinforces this pattern. In large/ﬁ&ows, large values '
of jet stream momehtum loéiga&iy account for the V /
emergence of dye particles at points downstrean from the /

firsy weir. ' ‘ ’ /

Test No. 4 (Tank No. 3, Weir No. 1) /

The results of this test with the low flow of

1.5 cfs are consistent with the second test. Short-

cilircuiting oc¢urs between the baffle and the first weir



while dead spaces occur in the remote regions of the
cell. & negative deviation of 527 and 1527 exist for

Tr and Cr’ respectively. -

/.

Testc No. 5 _' (Tank No. 1, Weir No. 4)

Positive deviations of 1067 and 2% for Tf and Cr
respectively, indicate éptimum’performhnce in this
test. The large flow of 6.8 cfs appears to disperse
the dye particles throughout the cell in a manner
similar to the flow of the third tesc. The dye
detenc}on time of Tf = 47 min indicates a generally
direct path between the batfle énd the fourch welr.

This test also reinforces the concept of a lower

positive current and an upper negative current.

Test/go._é (Tank No;'3, Weir No. 4)
Positive deviations of 98~ and 12% occurring for

Trvand Cr’ respectively, %ndicate nh optimal process

in this test. The fldw of 6.2 c¢cfs is a heavy flow

which'frequently occurs. The dye detention time

Tf-= 64 min codtinues to confirm the presénce of a

lower posicfve current which 1s similar to the third

and fifth tests.

Test No. 7 (Tank No. 3, North End)
'Samples were collected adjacent to the northerly
end of the cell where 1 large vertical roller appears

1

to
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exisct. Positive deviations of 74% and 157% occur for

Tr and Cr' respectively, with an iwtermediate flow of
5.2 cfs.” The detention time Tf = 45 min, similar ro
the time in the fifth test, implies that a lower

- |

current zone exists.

Test No. 8 ~(Tank No. 1, WNorth End)

. This test, with an intermediate!flow of 5.1 cfs,

!
1s similar in every way to the seventh test. A

positive deviation of 32% occurs for%Tr and a small
negative deviation of 6% occurs for dr' A detention
%
time of T¢ = 62 min tends to confirm ithe existence of a
!

lower positive current. 1

1
On the Basis of eight dye tests dhe following
patcterns appear to existc: /

(1) Short—circuitingiand dead spaces; are minimaf/as

the flow. approach the la'ger.magniCudgs of 6.0
{

to 6.5 cfs. The present tank is hydraulically
efficient for flows of this order. It is
predictab - that flows in excess of 6.5 cfs will
-result in slues of Tr less than unity, a

conditidn of hydraulic overloading..

¥
(2) Short—circuicing and dead spaces dominate the
sedimentation process at low flows. This trend

merely confirms the presence of a hydraulic safety

factor for the peak flow periods and can not be
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These trends will be investigaced further under
)
controlled laboratory conditions in the model study of
/

Chapter 4, | ‘ .
In conjunction with the.fluorometric study,
Table 3.03 provides a tabulation of the settling
velocities of solid particles entering the secondary
: .
sedimehCation'process? Samples of mixed liquor, taken
at the cross-channel gauging Station, 'were Placed {in a-
6.00 cé diameter, iOOO ml graduated cylinder. In
conformance with the discussion by Metcalf and Eddy (7),
the klme rate of vertical displacement V of the s dge
blanket (zone settling region) was measured with a stop
watch. Since thé sludge removal chains are in
concinuous operation inbeach cell, the compression
zone of settling i§ not considered. The settling
velocities from four Independent fests are shown in
Table 3.03. When discussing tank Performance 1in
Chapters 4 apg 5, the average settling velocity of
Vs = 6:68 (107%) cm/sec [2.19 1077) ft/sec] will be

S

used .

I



Table 3.03 Average Settling Velocities for Suspended Solids
in Secondafy Mixed Liquor.
, —
Measured Settling Velocity v

S
X(10-°) X(1077) ’

(ft‘./SOC)

—_—— -tz r/sec)
1 1.33
2 3.13
3 1.28

-03
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MODEL STUDY

Flow patterns in the prototype se“iment;tion tank
were examined in cLose{ detail with a laboratory model.
In.all portions of the sedimentation tank a free water
surface exists with very low velocities. This condition
is analogous to open channel hydraulics where -nly the
rati- of.dynamic forces to inertial forces is
significant. The ratio of dynamic forces togravitational
forces is represented by the Froude number F and is

shown mathematicallv as:

[4.01] 7

F=—y
(sL]

The mean velocity in the system isArepresented by .

-V, g is the gravitafional constant (32.2 ft/secz), and L

1s a vertical or horizontal characteristic length.
Streeter (8) has used dimensional analysis with the
Buckingham Pi Theorem to derive equatipn A.Ql.

From the basic definition o° ~he Froude number,
Lt can be said that thelratiO»of dynamic forces to gravi-
tatlional-forces isvthe same for a prototype and its

model counterpagt. Maﬁhematicdlly this will be:

[4.07] F = F s/

KN

~The subscripts p and m represent prototype and

model\Froude numbers, respectively.A,Equations 4.01 and

4.02 can be manipulated to form:




[(4.03] v . v
/2 /2
[eL,] [sz,]
It is necessarv to desfgn a model having geometric
dimensions which completely coincide with prototype

dimensions. Consequently, a consta\t geometric scale

factor‘Sf can be defined as:’

. [4.04] L )
Sf = ._R .
L
m .
~ Vjv
Equation 4.04 can be substituted into Equation .
4.03 and simplified. This manipulation leads to:
4.05 -
[ ] v - s l/Z
—L£ 7 %
v
m
Th- characteristic lengths in Equation 4.04 can -a
be squared and cubed for an area parameter A and a é
volume parameter P, réspectively. The result of this
: 4
operation-is:
[4.06] A .
= Sf
A i
‘m
[4.07)]
P 3
P _ S
P £
m

When the hydraulic continuity equation, Q = AV

is substituted in Equation 4.05 for the velocity and

combined with Equation 4.06, a volumetric rate of flow

ratio is derived: This will be:

oy B ‘ | o
1;Jf5i ' T




(4.08]

e
Q .%..j

i

Velocity 1is the time rate of displacement of the

form:

L

=—

[4.09]
: j
- Time is represented by T. Equation 4.09 can be
combined with Equation 4.04 and simplified. This
simélificacion will be: |
(4.10]

1
_L = S /2
T £

It is desirable to construct a model with as large

a8 scales as possible for purposeful research and small

enough for laboratory accommodations. Thus practiﬁal
dictations call for a scale factor of twenty (Sf = 20.0).
The previously developed éimations for length, area, = .

volume, velocity, discharge, and time can be summarized
in the foliowing fashion:

(4.11]
—L < 29 ’ (Length)

[4.12]
_XE = (2 (Area)

[4.13]
—L = (20, _ Volumze)

44

GRS
TR,

B et ]

.,

B

ey




P2
Ny

(4.14) 7 ,
.f:R = (20) /2 (Velocity)
Va
(4.15] q 5
—L2 = (20) /2 (Discharge)
oI : .
(4161 1
—2 = (20) % (Time)
m

Using the coordinate convention of the prototype,

the ordinate and abscissa of the model will coincide .

‘fwith the influent wall and the floor, réspgccively.

The latitudinal axis will be rgpresented by Z.

Only one cell of the pro;otype tank was scaled to
model proportioﬁs. The 1:20 reduction developed a model
tank having an effective length of 8.25 fr, a width of

. . \
0.80 ft and an average liquid depth (7 0.70 ft. The

tank was construé¢ted of clear acrylic plexiglass plate

having a 1/2 in. wall thickness and was framed 1in rolled

aluminum stock.. Thevmodel ;as designed to be geometric-
ally. coincident with the prototype with two éxceptions;‘
Firstly, a horizontal floor was used in lieu of a
sloping floor. It was not practical:fo scale a.floor
slope with a magnitude of 0.00753 ft/frc. Secondly, the
sludge chains and flights were deleted from the model
tank. The économics and physical complexities of a

small scale moving chainvoﬁtweighed any useful gain.

-

e

B

ans
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The model was designed as a self-contained unit
where all water was discharged and recirculated to a )
central reservoir. The reservoir consisted of a |
standard forty-five-gallon steel drum with one end
removed and an epoxy paint rust control liner. A
Monarch quel_454 submersible pump was installed f(n
the reservoir. Hydraulic loading was controlled with
a throttling valve and a flow meter in the pump
discharge line. Inicially, a 5/8 in. Neptune-Trident
water metef was used for control. Later the meter was
replaced‘with a more efficient and accurate Fischer a%d

+

Porter rotometer rated for a maximum flow of 2.7 * 2%

0

U.S. gallon r minute.

The piping design provided effluent weirs and a
. . .
return line in the model tank for recycle to the

reservoir. Flows in the return line, Qr’ were

mainta&ned.within the range of 20%Z to 30% of the total
modél flow Q, by a throttling valve and time-volumetric
calibracioa. Apart from the four effluent weirs
normally oczurring in the‘prototype, two addit%onal

weirs were installed in the model. The effluent weirs

,Vyere fabricated from 1 1/2 in. copper tubing longitud-

inally machine cut on either side at the spring line.

The upper semicircular sections were removed entirely
and the remaining edges were sharpened for the bemefit

of good weir hydraulics. Each of “the weirs were fitted




&~
~J

to machined, eccentric cam fittings on either side of
the tank. These gasket sealed fittings provided fine
verticél édjustments for each weir. The flows across
the weirs, Qw’ were redirected to the reservoir by
means of a common external collactor manifold amd
flexible tubing connectors. Flow rates for each weir
were further controlled by means of a throttling clamp
bar across the flekible connectors.

The fixed baféle wall at the influent end of the
prototype tank was simulaéed in the model by an
aluminum plate designeq as a iluice gate. For greater
ve;satility in.the efflux opening bo, a threaded
adjgstﬁedt was installed on the model baffle. Water
depths in the tank were measured with a pointer gauge
equipped with a 0.001 ft vernier. ihe Same assembly 5
served as a holder QOL‘ a gtandard labératory syringe.
This apparatﬁs enabléd the injection of fine, minute
dye streams into the main stream of the model for ény
value of X, Y, or Z. A conceptual plan of the
sedimentation tank model is shown 1in Figure 4.01. The
photographs of Figures 4.02 and 4.03 illustrate actual
details of the model.

Water was used as the fluid media in the model
study and as expected was a séurce of two principal

obstacles in the analysis. Firstly and least signific-

antly, surface tension caused unbalanced flows over the
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Fig., 4.02 Effluent Eng of Sedimentationmfnnk Model

*

Fig. 4.03 Influent End of Sedimentation Tank Model
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edge§ of the effluent welirs. Tnitially, injections of
”Calgsn" detergent relieved the-rcondition, hg;ever, this
method was abandoned when found to be in coﬁ}iict with
the solution to the density current obétacle. Finally,
.the solution for 5urfaéevtension:interference was found ¢
to be in the precisé leveling of altl wéirs and the fine
adjustment of the external bar clamp.‘ Although flows in
each welr were equalized with precision, it was necessary

to operaté them in a éubmerged coqdition. Lacituéinal

(Z diréction) movéments of dye stre;ms‘on the s@rface

were insignificant, hence flows along the length of the

model weir were considered uniform. Epcept for exceed- -

st

ingly heavy flows, the prototype weirs are seldonm
operated under submerged conditions. \
Secondly and more critically, density currenté
caused interference in the model operation. Since the
water w;s continuously recirculated ip the closed system,
adverse temberatures induged a specific‘gravity d. . fer-
ential and.abnormal flOw'patterns'developed. Water was
stored in the reservoir and tank at an ambient
temperature of approximaﬁely 19 to 20 degrees Celsius
(°C.) i the laboratory. DuringAeach test, heat
generatgd by the_submersible;pump caus;d the reservbir
temperature to rise to about 25°C. " Since the specific

gravity 1s inversely proportional to temperature,

ﬁi“"’”
R

EE o
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positive curfgntsl ;1e formed Iin the upper zone and

negativé Curz%encs1 are formed in the lower zone of the

tank. When s%ecific gravity differentials induced by
Afloc particle# are considered for a normally opéracing
protocype,‘itlis apparent that these model flow
patterns are uﬁreasonable. ’, ‘

-The densic& current dilemma was overcome by heating
water within ché model tank to a temperature of about
3J0°C. City tap water having a temperature of 18°C wa§
meped from the reservoir te the tank and all water was
wasted rather thaﬁ.recircﬁlate{; Consequently; a
distinct positive current with a gemperature ranging
between 18°C aﬁd 25°Choccurred in-the lower zone of the
,tank'while a distincet negative current Qith‘a

teﬁperature ranging between 25°C and 30°C occurred in
the upper zone. The two zones were clearly Separated
by a turbulent zone.b Uncontrollable heat exchanges
caused the specific gravity differential to be shorc- . ' /
lived, thus on1y>one velocity profile was obtained from
-each test.

More useful 1is a comparison of the media specific

gravities in the prototype and model. With respect to /
e T - N ‘/"

! In a Cartesian coordinate ,system a positive current is /

~defined as one with the velocity component in the positive '/
X direction and a negative current is defined as one with . /
the velocity component in the negative X direction.

.‘;-..:{.g!,:-‘. . .
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the $emperacure ranges of the model media {n cthe

prec%ding paragraph, Table 4.01 has been reprinted

from khe Handbook of Chemistrv and Physics (9). 1In
& : . '
the third column of Table 4.0l it is seen that che

speci&ic gravity of water has a maximum deviatiof ot

-0.159% at 18°C. and +0.140% at 30°C. with respect to
|

\ . : f

the equilibrium temperature of 25°C, When the typical
model test i1s operating under normal cbnditions, 507

S

of the {maximum specific gravicy deviaction can be

! |
considﬂred the average deviation. Thus in a normal
model t%st. it can be said that the specific gravitcy . j
of the vater media has an average deviation of 20.074%. /

The exadt values appear in.the right hand column of

Table 4.01.

The| spegific gravity distribution for prototype

7

/

media is|shown graphically in Figure 4.04. A hvdro-

meter wajy used to measure the specific gravity of the

influent land final effluent in the prototype tank.

Since a clontinuous operating chain prevents any sludge
accumulation in the prototype cell, 1t 1is assumed that
the specific gravity due to suspended sg}idé varies

inverselyland linearly with the/d@ﬁfﬁ. When the

fraction Jf removed suspended solids 1is of the order of

98% and the»prg;otyéc depth dogs not exceed 12.0 ft,

-

the spgctfié,gfyvity S 1is rgiated to the depth Y

according to:

»
E\#é.:;':‘.‘.»qrf ALt



53

(4.17] Y = -12371.1 S + 12396.5
tor 0.0 - Y - 12.0
Table 4.01 Relative Density of Water - Reprinted from

Handbook of Chemistry and

e - h._.,a._ T
Water Spe cific Percentage Diff; 4 age®
Temperature Gravity Based on -Spéig ~”f€antjll
(Deg:C.) Gravity at 2576, w- | (Q
S N GO RS PO
- s :
.18 0.99862 -0.155 ~0.078
25 0.99707 0.000 1 . 0.000
30 0.99567 +0. 1407 . +0.070
. .

Equation 4.17 is used to calculate the specific
gravitics‘at the top, botrtom, and Intermediate levels of
the protot?pe cell. "~These vnlues.and the average

%Qé viation% are Labuldtod‘in Table 4.02. To summarize,
the average specific gravity of the brototypc med La
varies by *0.05% and the average specific gravi;y of'the
model medla varies by *0.07%. When this comparison is
considered, tt must be remembered that the profotype
media 1s laden with varying quantities of suspended
solids and has a me¢an temperature of 20°Cﬁ whilg the
model med?ﬁfhns no suspended solids and has a me#n
tgmpcrqﬁhre of 25°C. Thus specific gravity dii;érentiuls

-

are the inherent weaknesses of model studles of this kinad.
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Tabie 4.0 Relative Density of Water in Prototype Tank -

Calculated from Equation 4.17

[RN

Percentage Differencial
Based on Specific Gravity
at Y = 6 f¢

Specific
Gravity
S

Prototype
Water Depth
Y

(fe)

1.00205 .
6 1.00157 0.000
12 1.00108 ~0.049
. £ .
More accurate model.parameters could certainly havo been
developod if more soph tlcated de n51ty control equipment
had been available. 'Yet, it jis difficuler to economlcally v
Justify more sophisticated €quipment when the prototype
Pdrameters are never constant. Clearly, Figure 4.04 can
be considered an approximation of LPrototype specifiec ,:
3
gravity behavior. Specific gravity is a function of f

-

temperature, cheEical Lomposition, suspénded solids
composition, angd biological activircy, Thesé funcdtions
are continuoUSly changingion short and'long term bases,

Apart from iimitations caused by poorly controlled
Specific gravity differentials the model study continues
to be a valuable gulde for. Predicting flow patterns and
trends in the prototype cell, Numerous &§?§ads of

model analysis were attempted and most provided results'

of little value. Qualitatlvelv a successful analysis




was made by usingvsma
(KMnOy) crystals.. Qu
Qich numerié¢al values
WIDhin the tank.

; ‘When densicy cur
manipulated, pbéifive
lower‘region and nega
upper fegion. A turb

the upper and lower ¢

of erratic localize.

v.magnitudes in all diregs

i
Afluent end adjacent

oW
LT

cgrrent turned down a
current in a manner s

jamp.‘";j At the tnd adj

o

?lower posmﬁ;ve curreg
: k?

. d

11 grains of potassium permanganate
antitatively, velocity profiles

were developed from dye movements

rents within the tank are caréfull§
laminar currents occur in the

tive laminar currents appear in the
ulent zone at mid-depth separated
urrents. This zone was composed
%eloéitieslwith large and small

egkions of X, Y, and Z. At the
. ..s

[N

to the baffle, the upper negative
nd became entrained in the lower

imilar to a submerged hydraulic

acent to the return line, the

. is" small at loyz ;ﬁb #y.’
g :

t turned up and assumed the negative

.#~
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test, molecular diffusion of floating de paaﬁicles
dominated ahy displacement due to the X, Y, aﬂi YA
conponents of ¥elocity. The exceptions taq this
pattern are the higher velocity regions at each.end

of the tank and adjacent to either side of whe effluent

Y

welrs. - °

/ By strategically placing grains?f KMnOs, the -

described flow patterns are readily ooservedll The size
and density of the crystals provided a slow sattling
velocity which left a distinct, lingering purple trail
Figure 4.05 is developed from the KMnO, study. T
insert»of fiéure &.OS'and Figure 4.06 show a typical 4
velocity profile where the maximum velocities in th-
upper and lower la=.nar zones ate represented by V and

o

v respettively. Pepths of the upper and lower laminar .

1.

zones are denoted by Yu’and Yl’ respectively. -

Quantitative velocity profiles were obtained from

the model study by injecting small amounts of dye in the

-main stream. Undiluted amounts of, red food Qoloring

were injeotk& wﬁthsggsyringe and a long hypodermic
vy '\’?:9 Wq

‘needle mouﬂteaﬁén bhe pointer gauge When minute traces P

of dye were inJected “fhe ﬁpecific gravity differentials;
J B

between the dngﬁnd media were insignificant. This s

i procedure caused the movement of distinct red dye”

nodules at the same velocity and parallel to the media

streamlines. The velocity of the nodules was measured



538

X

¥
#

' . s e "
- , -
. h“s
7
.

N v g
3 o '

i‘..*.

WNISSVL0d  WOM4 N¥3Livd MOT4 WOIdAL  GO'H ‘9l4

("S"L'N) ANVL T300W OILYNIHOS 3idoua T

¢ b

’

3NOZ  YVNIWVT  d¥3IMOT

3NOZ IN3INEYNL
3INOZ HYNIWVT  H3ddn
N A A A
. :
3 P“ﬁ\,



T I I i t | 11 {
s
= 2z
(@]
N
- o
q
>3 £
=
| <
.
s ef g
s
= a
Q.
o]
Y
I -
- A
a -
wi
« | = &
— > | .
o
[ae]
0 g
5 2 . 41
A
| w .
o 2 L 4
> o
N
<y
| a i |
L=
Z V|
b
- < 4 |
-
"
L * =2 -
L3 Qo
—
Y, [ | | ' | | n
NEGATIVE o - ° POSITIVE
e Y | VELOCITY
FIG. 4.06 CHARACTERISTIC VELOCITY PROFILE
' WITHIN THE  MODEL TANK
"‘A-.
Vo 3

59

>

* o R

W@%@-@”;- a0



NS

with a stop watch as they moved across a lineér grid
installed on eiﬁher side of the tank. As long é;
measurements were restricted to the upper and lower
laminar zones at low and ihtermediate flows, accurate
vaiues of velocity along the X-axis were obtéined.

Dye injestions were made at several stations along o —

. . [ Y
the X axis, however the optimum model station was found

' to¥be X = 2.00 frt. Injections at. this station eliminated

o -

a

o . - ) . ’ R .
Qﬁ:ﬁe effgcts of slightly higher velocitdes from weir

constrictions and from turbulence ggneracad by the end
rollers. Aéain, the molécdlar dispersion of dye
particlqs‘on the surface and floor dominated any
dispersion patterns normal%y génefated by fluid motion.

A variety of flowing welir combinations was used im "the

.

model study. Flows were equgily balanced between a

7
’.,

combination of either four, five, or six‘weirs; In all
testing, the aﬁounﬁ of return flow leaving the bottom "
of ghe'tank.was maintaiﬁed within the ranfe of 20% to

30% of the total influent model flow.Q: Efflux

openings, bo’ at the model baffle ranged betwéen

'0.100 ft and 0.561 ft. There Qaslnq apparent effect on

™
-efflux velo-“ty became greater and more turbulent. This

flow patterns for any value of bO at model stations 7 o

> < '
X - 0.90 ft regardless the magnitude of the total'flog.
t :
As the magnitude of bO was decreased to 0.100 ft, the.

‘

resulted in greater amounts of floor scour adjacent to



\ ,
- Conversely, as bo was'fncreased the efflux velocity
\

e _ . -
) "rf' '

61

the baffle and an incfeasing'envelope of turbulence 'f

at the juncture of the\upper and lower currents.

\
v

became smallet and the‘%nvelope length was decreased.

When model dye tes@s are confined to model

.

station X = 2.00 frc, the\following summary 1is

. i f );*)Q,J;g,‘ o
» : | R
applicable: : | . RN '

i
|

(1) Model flow patferns @re only a function of
\
i . .
g influent flow Q. \t
L
(2) The location of flow1ng eftluent weirs in the

»

:model has a negligibl ieffect on the flow pétternsf

S -t i -
V'At any time at least fdur weirs should -be operacting

with balanced flows. “ ,
\\ A
(3) ~The rate of return flow\was maintained w1th1n the
ok ‘ .
xfange of 207% to 307 of the total model influent

D
i
i

flow Q. However, largerxand smaller'percengages g
did not significantly inglqence the patterns at A%‘
X = 2.00 fc. ’[. ( '

Q&) The magnitude of ga at th% model baffle opening

ﬁg? does not significiﬁtiz_idéiuenéexpatterns at }

| X =2.00 ft. WheA.kﬁrtp‘9O ft there was a strong |
influence. ;l_ ' t? 75 . v }

B e - ‘ 4

" Intrinsic with this summary,\Table 4.83 provides a

tabulation of parameters from- ten model dye.ﬁ?ﬁts The

-’

fifth and sixth columns'record measured velocities, Vu
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.than the corresponding magnitudes of Vl in the lower

zone. The shaller magnitudes depilict the quantity of

63 3

and Vl,“ﬁﬁich canform to the characteristic velocity
profile shown in Figure 4.06. It is seen that the
maximum lower velocity is positive and the maximum

upper velocity 1is ney zive.

If a continuous state is assumed, the depcﬁ of the

lower laminar zone Y, can be determined. from the . _ -

1
hydraulic continuity equation. Although the fluid

media 1s continually passing from the lower laminar

zone to the turbulent zone by virtue of entrainment, it
& ' .

1s reasonable to assume that the same entrainment '

process causes an equal and oppesite transfer back go

the lower zone. On this basis, the depth of cﬁiﬁlower

zone is represented by a manipulated form of the

conttnuity equation according to: S

(4.18] v . 1.25 Q ) L | b

The numerical “term, constant for all tests, 1is the
reciprocal of the width of the tank. The corresponding
values of Yl appear in the seventh column of Table 4.03.

.

It is noteworthy that the absolute magnitudes of

the negative measurements Vu are significantly smaller

fluid media extracted from the circuit by the effluent : -

weirs and the return line. This intermittent extraction

t4

will require the use-of spatially varied flow theory for

the evaluation of Y rather than continuous flow t



ot

Alchough*importanc in the toral process, activity in the .
upper zone has secondary importance with respect to lower

and turbulent zone activicy,
’ [ .
The eighth column of Table 4.03 provides a record /

of the turbulent zonea%epch Yt. The very nature of

turbulence .and entrainment Causes great difficuley in
: P

locating definitive boundaries in a turbulent regime.

At bBest Yc can only be estimated by visually observing - ' _;)
' ) - .

dye pactterns in the tank profile. The values of the -
eighth column 1in Table-4.03,‘although—mérejapproximatibns,
are establishing a clear trend. The magnitgge of Yc is a

function of the model flow Q such that/ﬁ§'Q increases
. > ‘

e

S0 also does Yt' The turbulent zone exists in some 7
~ v ‘ . . T
degree for all flows, even those which correspond to

»
the low early'morning gr&tgtype flows, Ihé/model.study

escaBlished‘that/xg/cends to never gg”émaller than

/ - i
/// . .

_ / . ‘_(‘./ . o
0.100 ft.  X§ the model Tlow Q-becomes—very large,

e ~ o

Yt app;dgbhes the maximum/vgtue/gf depth Y. P
The model'parh@&féfé of Table 4.03 are scaled to

o

prototype p;ppﬁif{ons by Equacioqs 4.11, .14, and

o

-,

4.1§;ZtTabléf4.04 provides a -tabulation of these

—

’//// transformed model parameters.

-

//////// Even though unpredictable localized velocities {in

the turbulent zone are frequently smaller than those

RN

in the . laminar zones, turbulént velocitiQS do attain higH

magnitudes for all components of X, Y,_andpé. This

”
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unpredicfably nature 1is not conducive to efficient

'd". 5' ’ . . s
'“¥ﬁ§cling ot low density floc particles.

thls thesis will define the turbulent

undesirable barrier which must be

(¢
w

minimum in ch

kept

indicaces Yt begins increasing for

3.321 (10° %)

(2]

a

ts (Testc No. 6). This

Consequently,

2one as an

edimentation process.

at a practical

T

able 4.03

model flow Q of

tlow can be

rounded to 3.8 (10—3) cfs and will constitute an

inflection pofnt for Yc. Scaled to

tions, the depth of the turbulent 2one will be 2.00 fe

and the flow Q will be 5.9 cfs in

is equivalent|to a tank flow of 29.5
\

- [}

prototype propor-

and to a secogdary flow, with five sedimentation tanks

of 147.5 cfs (79.4 migd.).

, o ‘
magnitude produce lower laminar zone

” :
approximate ogder of 5.00 f¢t.

4

ep

Prototype Elowsiof this

ths Yl of- the

C

‘The secﬁling velocities, assembled Iin the latter

part of Chaptdr 3, can be used to determine lon -udinal

bl

requirements flor pIOCQtypq,aéftling. Velocities Vl and

VS can be congidered velocity vectors in the positive X

direction and [negative Y direction, resp

ectively.ﬁ.If's

the velocity vectors are related in direcc‘proporcion

to the displadements, the required ceil length in the

"X direttion can be determined. Th@\roporcion is

mathematically shown to be:

‘ Y Vv
[4.191\ Px el ol

9 1r

P

V4

/

0o

e




"considered. Thus, 1n3EquéEiOn'5.i9, O.S“Y: mﬁsf Be P

In this equation, Xs tepresents the longitudinal

displacement in the lower laminar zone of the cell which
the d%erage particle requires ' to reach the floor.
Although "the settling diﬁcance 1s equal to the total

depth of the laminar zone, the mean distance must be

1

used ra'ther than l.a Yi.
Table 3.03 has defined. the average settling

S
velocity Vs as 2.19 (1% ft/sec and Table 4.04

indicates ;he desirable lower laminar zone depth Yl is”
5.00 fr. Also from the latter q;ble the repfesent—
ative maximum velocity Vl in the lower zone can be

approximated as 0.10 ft/sec. When these values are 'é

Ok S

substi;uted(in Equation A.IQ,iXS becomes 114 ;t. The
prototype cell {s 165.0 f¢ long of which 18.0 f¢ {s
reﬁdered ineffective by the turdulent roller adjacent
to the baffle. This provides a.net effective length
of approximacal& 147 f¢e fqr’ﬁhe seftling process
Generally the Prototype cells are adequate for inter-

mediate hydraulic loads when the susbgnded solids \<

have good settling characteristics.
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(5] STRATIFICATION . | e
According to a discussion by Schlichting (10), ‘ ‘ .
Prandti 13 known to have developed a dimensionless )

TN ~ ¢

Ticayion parameter identified as the graddent

a9

Richards Number Ri (L.F. Richardson used energy
o predict s:ragification,patCerns). ‘This is
maghemag;cglly shown as:

(5.01)

The media density is defined by 0 and y denotes
the dgpth measured upward from the bottom of a
stnitified layer in -a Cartesian coordinate system. The

«

'différencials in the numerator and denominator signify

v - L
A e e S
.

density dﬁd velocity gradients, respectively.

Schlichcing (10), has said of equation-5.01:

"When the density decreases upwards, the

arrangement 1s stable, and it becomes unstable

when the density variation is reversed." )

Thus the regime is stable when R, 1s greater than
zero and unsctable when@kiuis¢less than zero. When a
regime has a compleéely homogenedus media, thevdénsity
gradient becomes zero aad Ri becomes‘zero. In this study
it 1is reasonable to assume that the density and velocity
gradients are linear functions. The assumptidn regarding &
the former paraméter is merely a refteration of

[ R
Figure 4,04, Equation 5.01 can be rewritten fm rha



v, =—§:<§:—§i> » e T
Ve . .
<Y2—Y1> .

. . ’

Numerical subscripts n and n+; (i.e. 1 and 2)

refer to parameters for different values of y while x’and

Z are held comnstant such that Y > Y .
. n+, n

It is noﬁeworthy that when Equation 5.02 is )
simpiified and placed Qnder the square root radical, it:\“E
becomes equivalent to the densimetric Froude number. The |
aensimetric Froudevndmbervconcept, qften used by present'-
day hydraulic res‘?be;s; will not be used ’inv this
treatise. The sele;tion‘of the gradient Richardson number
enables the full use ofoboth positive and negative
numbers for mathématically duscribing regime conditioné%l . B ¥

Equation 5.02 will bg a more useful form when it is .
algébraically simplified and the specific graiity term S
;s substituted for the density term. The gfadient

Richardson numuer equation will then assume the form:

;5'03] ‘S(Sz-si)(Y2*Y1)

S2(Ve-V,)?2 ‘ . .

Ri =

Any fluid media layer of high specific gravity will

< an equilibrium position below a media layer of low } e

;pecific gravity whether in a icatic-or dynamic stacte. “
Research ﬁy Ellison and Turner (1l1) has showﬁ the

Sn .
existence of turbulent entrainment in the boundary zone

t
[ ET 5 R
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have further concluded that the amount of turbulent

eftrainmént, E, 'is’a function of the gradient

L]

ﬁichardson number of the éogg:
. [5.04] E = E(R,)
Lot

Bx\means of extensive hydraulic testing, Ellison

and‘Turnerm§ll) have shown that equation 5.04, when

»gtaphically illusﬁratéd, assumes a génerﬁl exbonential

form. The g}éphical~irlustration has been reprinted for
this Study'and.aépears'in Figure 5.01l. Whén a homogen~-
eous specific gravity condition exists, Ri is zero and
Figure 5.01 inqicate§ that E bedbmgsdo.dﬁa. When Ri
ASSumes the E;iciqai'valué of 0.83, then entrainment
ceases to exlist and E becoqes zero. Thus for a séable
regime with small, positive/values of“Ri, entrainment
between two stratified fluid layers will occur in

varying @%grees. When an unstable regfme occurs with

negative values of Ri’ uniformity is>overcome by the

féfraticiyertical movement of fluid particles seeking’a

écable position of equilibrium.

Regime stability in the propdtype cell will be

v

examined over the full depth. In this examination

A -

70

3
St i o i G e D L

parameters of a general order of magnitude will Be
considered, sin.e all parameters cover an average
T 2 . precise numbers. ﬁeprésentacive
depths and veldcifies will be selected for the lower

and upper 'zones which are not subjected to irregularities

~
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.estlmated to be equaf:ca the ma\imum ve l%LLEies l 6@? v

USLng the\cdn%ention’éf Equa;ign 5703, numgrical teqm;
- . B L , h +3

f, - L8 B o _
. B ' . < 5
X o %v Rk bt ;:’4'._' i B 7 2 .};\.
‘ ‘ R ‘ o
‘\ " .‘:'.R“"
e " | »
S : @
Lrom the surface, floor, or turbulent zigf. Hence f
. ¢
. ' , " 2 . o ‘ e {
the conditions dccurring at elevations equal to 207 and N
' ‘ o s R : - -
[ S ~ - :
Y © wi « 4 ) , N
80% of the normal cﬂie.p;.jn}k will ‘,:_\..L*onsiu red. *Frorp “
. s v v * \
prototype measuremen&é, che,nor pth is constant
- q' :
at 12.0 fe, chus éf@\ati ons for YR and Y, will be 2.4 ft o
e o otn
- ” ‘ :
and 9.6 f¢t, respectlvely“ ' .
* " '
. e . - ~)
The values of Y, and Y, n be subsciCUted inco v _ .
Equatiod 4.17 and the Specific gr itiew can bé*e:cimatd@Eff.J i
) el J ’ ‘ .
The specific gravicy v&luesvfor'sl“and S will be 1. OOlSé’“'ﬁg

L 2 X2
L ] ttx . -

and 1.00128, respectively. ‘&f%gltleb at Y and \v are”’

= ". )~

the laminar .oneg k brief review ot Table 4. 04 . 5
5 - a

N ' “ ) o N . , .
sA;he gene tH L *der of magnitude for Vi, an¢ Va i
\ . . ) oy
will be £0.10" ft/se;%and —OeO/ ft/sec‘ respegtivelv :E%L: .
N & V a -~ « > '“V 2 :&%M

o - ’ .3 - ﬁ('o : L F
art&summﬁrized as: - & vy v »
o8 o .- . . . ik R
) » . . - :
: S; = 1. 0018s@, °  s; =.1l.00128
. ; + 9 // —‘ B - N : o ' §
, Va 0.10 Fc?se; Vo, 0.07 ftﬂsel o J; j
Yy = 2.4 ft ) Yy = 9.6 fc

When ‘these values‘afe substituted in Equét;on S.Oﬁ,me

gradient Richardson:numbe},is'found to be +4.65. Clearly, . ?ﬁ
; the calculated value of Ri far exceeds thé@previou;ly : , -i

"grévity differentials does not exist. The regime is

definitely in a stable condition.

defined critical value and entrainment due to specific dn

IR

. . -

.
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To reiterate, calew&acions with Equation 5.03 have,

RO 2o oHd

1 been made with general order of magnitude numbers. The '
result 1is a very conservative positivge gradfent. Richardson X

numbef[ More generally, the naCUre'of the secondary
: 'proeess will~provide specific gravicy differenciafs which

.fmgrtually never etceed 0.2%. Under -no candirion gan, the

.““I“
) depth differential exceed 12.0" fx. Tme only remaining
B . . s

variablé’ 18 the velocity Q&fferencial which is- a

# “ 4 '\%
funct&on of hydraulic flow. Altholgh this latteyy . i1 * vl

- ' differential will have a wide wgriacion %ange, it is ‘ 7&,&,7;1
,@% v : H
khardly likely that a magnigﬁﬁe will ever be’ encou&@eredg C '
" x ? . R - gv'l %
which will cauge R ”to be less than the critical value. : ‘
: & L -
- : oo " C v # ‘a | R &"“l
. - . ' : ¢ “‘%‘i ) * L ,‘5 6 ) . P - .

A
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- oy Intrinsic to ¥His treatise 1- the assumption that

]

4

the suspended floc patticles ha: ideal seczling_ b
characteristics in the second: vy sedimentation process.
No'attempt has been made to a- 1vsé the many complex
variables which influence ,those ideal settling
characteristics, clearly a broad area of research alone.
’ Often the. secondary facilities generate a suspended floc
- which is far from ideal This leads o sludge bulking

U : i : -
gﬁh . .or nitrogen gas bdnding and consequently a total upset . A

L

'ofatheosedimentation process. Th;se two occurrences'o ;':
destroy nommal specific gravity character tics and.the“' 7
. P
*. a&pnCept of de L yBcurrents apd entrﬁinment stability i
ﬂf ¥ in this work is invalidated ,{; o -
;}{? "“ﬁf b “For the less than ided conditidns this writer has

vl ; «,
visually observed the surfae%‘emergence of floc

Y
’

" particles usually in the vicinity of the first and
]

;_Second weir. The media asgsarmés a brown colored gelat-

A . 1lnous scum and inordinate-ﬁuantities of'floc'particles

-3
¢ b

T are carried over “the weir%’; Wheniﬁdeal floc occurs, _ SN F o
T 2 A ; LI : ,
v the'media has. 4 slightly- gray turbid color; the Scum is
e

-

* —gTEY, and—faw ftoc particles pass over the ‘weir. Dyring
\ _ ) - .
prolonged periods of low and intermediate flows ideal.
\

floc conditions do in fact exist. As the City colle&;ion

gktem is expanded each year, prolonged heavy flows are >

b

more frequently encountered Consequently the design
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\

'cap%city of the sedimentation process 1i's exceeded and

the performance 1Is upset. \ J
i Let 1t be assumed that abnormally heavy hydraulic - o N
' : . ‘ o
loads do not ocgur and that floc xttling characteristics

3.

are optimal. The conclusions of this study gan be

' .
assembled in the following manner \ Y
. It L ) oot
(1) In the model study a high degree of velocitv scour ;
We R

wag; obseréﬁd on the floor in the vicinity of the

> ©

. e . baffle This 1is caused by the downward movement .
nW@f “of hydraulic mementum and a sudden change of _ v
A " v“n"" ;@—.,"' ﬂc - B
}%ouring condition i3 c0mgounded ' .
. N ' :;0“ : .‘ H
L . by the turbulent voller genenated & the xjﬂtbr’e : CE o

oo ‘ direction

* ' \ rs .
. S of lower positive current and the upper negati@g - &
. : . . . e . Coe

ew current. The conditiod persists over a wide'range

. .
i

of hydraulic f10ws and generally ewpires when thel e

L. e

)
distance ﬁrom the model entrance X is equal(So or; *
I

.»:' (3

greater than 0. 90mft Evidente af tl"'turbulent

i c
.

I . :
roller during high flow periods has been observed' ot

when the approximate distance from theﬂfrototvpe
Y

A

. :Th

entrance X 1s equal toior less. than 20.0 ft

Y S .'adverse scouring\vglocity can be minimiéed'

increasing the baffle efflux b in both the modei E -

vd
o ,yo, I’

and prototype. {I? ?s rec0mmended that the pEgror”

.“type baffles be shortened in a manner that they
'y ' | .
extend 3.0 fe below the normal water surface. This

¢ modification wibl maximize the opening;bo‘andﬁniil

~ U ' o~




\'p

. L 3 protect the scum collesction troughs against undue .

Y n . -

R

O .
surface current 'interference.

X,

(2) The fluorometric‘examination has Qkovided evidence

- »

RS
that a positive current in a lower zone transports

dye particles along the floor from the baffle tbo
e L

‘the northerly wall. The same particles are . o

o
Y

carried to the effluent weirs by means of a'negaﬁivé R

! . ' * oo

current in the upper zone. This concept is

; “ N
supported by the lar&g deteﬁ%ﬁon time valVe T IR

,H

’ 'uwhich fluorescent dye particles require far

travelling between the injegtion pr nt and the = = ¥

=Lv . a? 0 .}

y «”y P ‘ first weir The magnitude of "hf Fgauged against M
.';_v éf r . . » l o I " . . e -“: '_‘“ﬁ . T . .
g.* Toon " a.similar time derived from the velocity in-we' ~o ]

, . LA . %

- . B o
. hd N . o

lower laminar zone in the moiéi‘study. When -

= density currents erejcarefully maripulated, this

™

same upper-lower current concept can be observed
) = ' -
’ i P .

in the model study. These currents result in a

- ¥ vertical turbulent roller adjacent to the northerlib

>

g . wall. It is rec ended that 1f an addigmonal

'effiuent'weir 1s ipfstalled in the prototype, the , ‘
A . \‘ . ) . ‘ o l ~
"_f{}- upturn rolleTr sh uld be avoided by loceting'the.—{t'

A

weir not ss éggn?20 0 ft from tﬁe'uortherlv wall.

. \ -

(3) The model atudy has‘ﬁndicated the presencﬂfbf sn

intermeditte turbulent zone whicl is generateg by . o

M

,shear stress between thsapositive
b
f \ s

the negative upper current. The un redictable, e '~§

ower current and




EYE
“o,

p :
model study the turﬁﬂhent zone depth Yt tends to

HG\CEEd31ﬂ 5 (lO 3) &f s, th depth'ofkphg~¢qrbugent R -f;x
uncill ced eheh i Loniumed '*Tran!farmeds_'"%jb e

"flow i% approxindtelv 5.9 cfs. ,When che §u=§8ndcd

“to 29.5 cf® (15.9 migd.) ,for a single sedimentation

~4
~3
RSP ,wa_: k\:m

turbulent zone provides both high and low

.fm@gnitudes of velocity in small locali: . regruocs

“for %ﬁ; hydfauiiclloadsf‘ In an‘éffidienc

sedimentation ﬁrocéss it‘is-desiraqfe to keep

. g e Y -
turbulent zones to an absolute minimum. In the - Wiy @
: i s ’ o .
3

Ry
.~

remain consca;? SCNO.IOngt qu low: and "inter- v . R

s L | ' e
- . CL e . .7

mediate flowd. as the ﬁGd%l flow approaches amwd ° -,

e e . I

e L o
1
ng ﬁébm the gOn:tant“leu;

Y
‘
»

zone begin

to prdmotype proporcions; tth ;niti;al point -
R M

<-,

.

floc: hai ideal etcllng characteristics, it'iq

recommengded cﬁat'che hvdraulic loadkto;anprro;o—

3 ’ L Shaen e B i ’

\ . i
type c;ly in the .sgcondary system,not exceed

<

et )

A

5.9 cfs (i.f migd.). Th{s’idading'is equivalent
\ . ' %

\

cank compo ed of five cells and LAa7.5 Qs (79.% migd.)
for the entire secondary faciiity composed of five

sedimentation tanki. In a pingle prototd&s tank

-

the tank flow of,29.5 cfs 1s'Lonaijered the |

chere exiat: 67’ ft of(f:r ctive etflu{ét welr. If

effective welr loading is 28423 U.s. gpd/ic.
Although large this loading is'cqﬁs{sgént'wich the
range 20,000 to 30;000‘U.S. 3pd/ftvprescribed by

‘ , 8 I '

]




. . - ~ »
] - .
- \. \! - [ v
hade - S ) 8
e 9 ? , - ‘&3 > -3 .
LN ? B
;o | ; 9.
( ‘Wetualt and- Eddv (7 Due g0 frequently poor floc
N v v
aracteristics the \Y/ load Lng should perhaps be ’ -
/ l 3 a /o ‘#- ~
in -Che low;r end of the rgpg? at 20,000 U.S. gpd/tft & :
. This would result in a\ maximum prototvpe tank flow
‘of 20.8 ¢fs (11.2 migd.) and a secondary facilicty
: flow of 104.0 cfs (56.0 migd.). i
c (4) . When prota¢$pe flows are maintained wighin the range
. ' ) v :
; » 0
."{ - established by plant operating procedures, there £3
. .conservative regime stability with respect to :6
entraipment generated. by specifi 1§’§t‘ differ-
L}s i . . /)/, . J\ 4 .
S entials. . This {s confirmedby the*< *‘,C,Richardsou
o . ‘ A %
number. The exception clearly 1is a sysigm upset -
by less than ideal flocyconditions. . . )
1'
There is evidence that the first welr is sltuated .
. . ) B R LS \ ‘
tQo near t nfluent batfle for an efthient process N
t > / e . ¥
when floc ttling is poor. This LhﬁrsteflaCi; is
‘particularly noticeable when waves of sus ended’ Solld\,w
. g
_— emerge at the* surface of ~he protot\p in the region
- ﬁo&um o Y
» between the baffle and the first welr durln\ peak flow
periods. On o;;w;ion small va lues of T appeared in '
the fluorometric test when samples were collected at ' o
S - . ) ; o ' “/,,)"’:’: .
. the first weir. It does appesr that the efficienii’;LM’fM ' -
. ) . - r.‘ AN
: ~the process would be improved if the flrecleir ‘were
P e ‘ .
removed from serviijfgggkpcfffggs.with’a newv welr .
{ o iR . . ~5 R - .
! e . ' 2
within the-pfFeviously recommended limits of the,
. . ‘ ¢ R o«
) worth r wall. T fircs. Suld vel R N )
e northerly wall. .The first weir should be ¢ ompl 5§1v —
;o""""' : ’ y
:" - N . o P q‘ R b



efféctive if excessive hvdraulic loads are minimized and
good flqc charicteristics are maintatned,..
Important in tHisvtreacise is a statement regarding
further study in the treatment process. Primarily&'&n_
in-depth examination,of all process mechanisms in the
secondary aerJCOrs_COuld and should be linkep with this
paper. Flow pactgrns, air consumption requirements, and
rates of return ltyuor flow shouldlge examined for an
épti&al;combinacion withshydrdulig loading.

5 .
o t B
It would b® desifirable to examine the re&&ons tor
3 ;

eXCcessivd acgumulations of scum and foam in the
. ‘ E & o
secondaty sedimentaction process. These conditions
C A 'y ) . E ]
appear to be ‘_‘ebeioping from prolonged heavy hydraulic

loads and changes {in the 'general compositlion of the

media. Due to flow recyaling, the sdtum condition

-

appears to be tdansferred to the nary and digestion

a2 LI
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processes. ' v .. “ I
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1' TEST NO. 1 (Tank. 3, Cell 1, Weir 1)
: February 24, 1976 ’ ' ’
— ~Instrument: G.K. Turner Fluorometer; 111
« [!8.00L. ' ' ‘ Filters - Primary 548am;
-t i ‘ Secondary 590um. o«
4 1.00 cm. quartz tube - ) S
~ Dye: ~ DuPont Rhodamine B 20% with 202 © )
g I6.00L.- - methanol o
\\q . : P = 3950 ml; C = 2.0 gm/1
@ o C o .
g Flow = 48.06 ml/min
% ' : 1
5\ 1 1 Parameters: Q = 5.44 cfs; S = 0.9885 ‘ f . e
s \14.00- - c r _ : .
~ cC = 2.02 C ; T, = 35 min.
\\ v : . t ’ f \
1\\. B . 1
\\ Legend c B8 C, *—e
. . ' . v ' ]
<
e
-
L
@
-
Z
w .
O
<
o
o
w
>
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O

oo 20.0 - 400 Y 600 80.0 Ic

G. 4,0lA TIME - CONCENTRATION =~ CURVES
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_ . . i
TEST NO.' 2 (Tank 1, Cell 1, Weir 1)
: . February 24, 1976
- : : ¢
- 18.00 - Instrument::G.K. Turner Fluorometer, 111 !
f Filters - Primary 548um;- '
] Secondary 590pum. .
. ) 1.00 cm quartz tube
 16.00 Dye: ‘DuPont Rhodamine B 20% with 20%
: . . ' methanol . \
: Po = 4000 ml; C, = 2.0 gm/1
D ) o . L
g Flow = 24.90 ml/min
14.00¢- _ ‘Parameters: Qc = ?..40 cfs; Sr = 0.9853
C = 2.02 Ct; Tf = 62 !Pin.
‘ lz'ooL_ chcnd H C ._——.; _C( ._'. .
. N E ; ‘
—1
'I0.00‘ - ; = Iy
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= 18.00 TEST NO. 3 (Tank 1, Cell 1, Weir 1) !
W . March 6, 1976 ' '
!: :
~ Instrument: G.K. Turner Fluorometer, 111 :
~ Filters - Primary 548pum; i
S 16.00 Secondary 590um. i
; 1.00 cm quartz tube i
8 Dye: DuPont Rhod-amine B 207 with 202
x methanol "
s 14.00L , Po = 3000 ml; Co = 2.0 gm/l_
~ [ Fléw = 11.85 ml/min
Parameters: QC'=T6;00 cfs; Sr = 0.9746
12.00L C=2.01'C; . T, =99 min.
“ . chc 1;d : C —4a; Ct ."'_-.
z ]
S -
— 10.00
» :
o
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2 1
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3 N
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>
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o 4.00
2.00
0.00 ; .
0.0 ' 20.0 40.0 60.}0 .
| | T TIME
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