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SUMMARY AND CONCLUSIONS

at the reguest of the Engineering Department in a memo-
randum dated September 1, 1998, a laboratory simulation study
was carried out to determine whether additiocnal pumping <f an-
aercbically digested sludge through a proposed looped piping
distribution system would adversely affect the polymer demand
for centrifuge dewatering at the Stickney Water Reclamation
Plant (WRP). The experimental plan was developed by Consoer.
Townsend Envirodyne (CTE) Engineers in discussions with per-
sonnel of the Environmental Monitoring and Research Diwvision
of the Metropolitan Water Reclamation District of Greater Chi-
cago {Distriét).

Measurement ©f the capillary suction time (CST; of the
digested sludge was used to determine the polymer dose needed
to effectively condition the sludge for dewatering. A Ilazbora-
tory mixer with a two-inch diameter propeller, at a speed of
500 rpm, was used to mix separate aliquots of the digested
sludge for periods ranging from 15 to 120 seconds to provide
various mixing energy and detention times to simulate the
pumping conditions. The experiments were carried out in Sep-
tember 1998 using digested summer sludge, and repeated irn Feb-
ruary 1999 using digested winter sludge.

The experiments were repeated on four separate days for
each of the two time periods, for a total of 24 sets of dosage

data for each type of sludge.



For the summer sludge, the polymer dose for 15- and 30-
second mixing was not significantly different from the =zero
mixing polymer dose. However, the polymer dose of the di-
gested summer sludge mixed for 120 seconds was significantly
different from the dosage of the control sludge in all repli-
cates, and was also significantly different in some of the
replicates mixed for 90 and 60 seconds.

CTE Engineers estimated that the product of mixing energy
and mixing detention times (GT value) for the full-scale addi-
tional sludge pumping is eguivalent to the 60-second premixing
treatment.

On the average, the dosage difference between the di-
gested sludge samples mixed for 60 sgeconds and the control was
2.8 1lbs/ton, or 0.9 percent of the control polymer dosage.
When compared to the actual variability of 16 lbs/ton obtained
in full-scale polymer testg on the centrifuges, the mixing of
digested sludge at 60 seconds 1is considered to have no sub-
stantial impact on polymer dosage.

With the winter sludge, no increase in polymer dosage was
observed at any of the premixing times in the range of 15 to
120 seconds.

Thus, it does not seem that the 60-second premixing
treatment, which is expected to simulate the mixing energy
that would be imparted to the digested sludge due to addi-

tional pumping through the proposed looped pipe distribution
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system, would have any significant impact on polymer dose for
either summer or winter sludge.

The general conclusions given to the Engineering Depart-

ment were:

1. Pumping of winter sludges showed no additional
demand for polymer when subjected to simulated
pumping for 15-120 seconds.

2. Neither summer nor winter sludges showed any
significant additional demand for polymer when

subjected to simulated pumping for 60 seconds.
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INTRODUCTION

in September 1998, the Engineering Department reguested
that the Research and Development (R&D) Department investigate
whether additicnal pumping of anaerobically digested siudge
throcugh a proposed looped piping distribution system with a
recirculating return line that would feed 21 centrifuges would
adversely affect the polymer demand in centrifuge dewatering

of the digested sludge at the Stickney WRP (Appendix I). This

request was in support of the planned expansion of the centri-
fuge complex at the Stickney WRP. CTE Engingers, the cgnsult—
ing firm designing the centrifuge facility, proposed an im-
proved centrifuge feed system which would include a wet well,
a looped-pipe distribution system for pumping the sludge, and
a recirculating return line to feed 21 centrifuges. An ex-
perimental plan for a laboratory study was developed by CTE
Engineers to study the effect of this additional pumping of

sludge, with modifications by the District (Appendix II}. The

experimental study was carried out in accordance with the
modified experimental plan.
The essential points of the modifications were:
1. Include 90 seconds of mixing in the mixing
schedule.
2. Replicate each run four times.
3. Repeat the experiment on four separate days.

4., Repeat the study under winter conditions.



These modifications were made in order to provide a more
robust database for evaluation. The need to conduct the study
under winter as well as summer conditions is due to the fact
that the sludges undergo changes in chemical characteristics
and polymer performance under winter conditions as compared to
summer conditions.

Historically, the performance of the Stickney WRP post
digestion centrifuges deteriorates in the winter season. The
percent capture and percent cake goes down, while the polymer
dose goes up. District studies have shown that this is pre-
dominantly due to an increase in alkalinity in the winter sea-
son sludge (approximately 5500 mg/L) from what is observed
with sludge in the summer season (approximately 3000 mg/L) .
The anaerobically digested sludge produced at the Stickney WRP
from December through May is characterized as winter sludge,
while the sludge produced June through November is character-
ized as summer sludge. The Ménnich—type polymefs are found to
be cost effective and are able to meet performance specifica-
tions at the Stickney WRP. They are detrimentally affected by
high alkalinity. To partially compensate for this, polymers
with different characteristics are used with winter sludge
(winter polymer) and summer sludge (summer polymer). Typi-
cally, the summer polymer has a lower cationic charge than the
winter polymer. Also, the sludge input flow is typically re-

duced during the winter period, which aids dewatering perform-

ance.



The work presented in this report was summarized £for a
paper which was presented at the WEFTEC '99 Conference in Oc-
tober 1999. The paper is entitled, "Effects of Pump Mixing
Dynamics on Polymer Demand During the Dewatering of Digested
Sludge," and was authored by M. Halm, D. Zenz, and A. Bouchard
of Consoer Townsend Envirodyne Engineers and D. Lordi, S.
Soszynskif P. Tata, and C. Lue-Hing of the Metropolitan Water
Reclamation District of Greater Chicago.

This paper is attached as Appendix III.




METHODOLOGY

Laboratory Procedure

Treatment dosage curves were determined (CST vs. volume
of a 12 percent or 15 percent polymer solution to flocculate
200 mL of anaerobically digested sludge) for sludges premixed
prior to flocculation (at 500 rpm) for 15, 30, 60, 90, and
120 seconds. Three different polymer dosages were tested for
each premixing time. A blank dosage curve was also determined
for the anaerobically digested sludge that was not premixed
prior to flocculation with aliguots of polymer solution.
Thus, five treatment dosage curves for premixed sludge and one
blank dosage curve for the unmixed sludge were determined on
four separate days (for a total of 24 curves), with new sludge
being used each day, and with each point (polymer dosage) de-
fining a given curve replicated four times (for a total of 12
values for each curve). The data for the dosage curves for
the summer sludge was taken so as to straddle a CST of
10 seconds, and for the winter sludge a CST of 15 seconds was
chosen. These were the performance criteria chosen to esti-
mate polymer dosage at the centrifuges.

The action seguence for obtaining a data point which is
used to define a treatment dosage curve is as follows:

1. Measure 200 mL of anaercobically digested sludge.

2. Premix the sludge (at 500 rpm} for 15, 30, 60,

90, or 120 seconds.



3. Add a volume aliquot cof 12 or 15 percent polymer
soclution to the sludge and mix by hand to flocc-
culate the sludge.

4. Mix the flocculated sludge (at 500 rpm) for 120¢
seconds.

5. Obtain the CST measurement.

The action sequence for obtaining a data point which is used
to define a blank dosage curve is the same, but the premixing

is excluded.

Data Analysis

The 24 dosage curves obtained from testing a given type
of slﬁdge were linearized by fitting the data to the following
model developed at the District using a least squares algo-
rithm for parameter estimation:

Log,(CST) = K, + K,(ML)"

Where, CST

L]

Capillary suction time (seconds)
ML = Volume of polymer solution (mlL)
Ki, K2, N are fitting parameters.

Each of the 24 equations was solved for the volume of
polymer solution (mL) when CST was set equal to either ten
seconds for the summer sludge, or 15 seconds for the winter
sludge. Then 24 values of polymer dosage were calculated from
these 24 polymer volumes as pounds of wet polymer per ton of
dry sliudge solids (lbs/ton). The dosages were calculated as

follows:



(ML, )&P) 2000

lbs/ton =

(Mr)(23)
Where, MLer = Volume of polymer solution (mL)
%P = Percent concentration of polymer (12 or 15
percent)
MLs = Volume of sludge (200 mL)

oe

S = Percent concentration of sludge solids

For the data in a given day with a given sludge, five
dose differences were obtained by subtracting the blank dosage
from the five treatment dosages; and five dose percent differ-
ences were obtained using the blank polymer dose as the base
for the calculation.

In order to determine statistical significance of the
calculated dose differences the Johnson-Neyman technique
(Huitema, 1980) is applied to the optimum doses derived from
the models. This technique is specifically used to determine
if there is a statistically significant difference between the
model that represents the blank, and the model that represents
one of five treatments given to a common sludge on a given
day. The technique does not assume that the models being com-
pared have equal slopes, but instead establishes regions of
signifiﬁant difference and regions of nonsignificant differ-
ence (at a specific probability level «) based on the values
of a covariate, which is the independent variable (volume of

polymer solution) in the models. An example of the dosage



curve for the summer sludge obtained for the September 3,
1998, 60-second test is presented in Figure 1.

The region to the left of the dark wvertical line shows
the region of polymer dosage where the two curves are not sig-
nificantly different, while in the portion of the curves to

the right of the wvertical line the curves are significantly

different. This figure also shows that at a CST of 10 seconds
(Log C8T = 1), the two curves were not significantly differ-
ent.

An example of the dosage curves from the winter sludge
tests of February 10, 1999, is presented in Figure 2. The
blank and treatment curves are not significantly different
over the entire range tested.

The Johnson-Neyman technigque may be considered as an en-
hancement, extension, and generalization of the analyveis of
covariance for a point of reference to more familiar tech-

nigques.
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RESULTS

Summer Sludge

Tests using the summer digested sludge were conducted
during early September 1998. The experimental data collected
on four separate days with four different sludge samples are
presented in Table 1 for the summer sludge. This table dis-
plays the volume of 12 percent polymer solution used to floc-
culate 200 mL of sludge along with the resultant CST values
arising from the blank and the five premixing tréatments, ob-
tained on the four days. Table 2 summarizes the centrifuge
feed summer sludge characteristics. The sludge percent total
solids concentrations for the four days in sequence were 4.57,
4.2, 4.23, and 4.23 percent, respectively.

The summary of results obtained from the data collected
over four days using summer sludge is presented in Table 3.
This table displays the polymer dosages obtained from the mod-
els, the dose differences obtained by subtracting the blank
dosage from the five treatment dosages (in a given day), the
dose percent differences using the blank polymer dose as a
base, and the statistical significance of the dose differences
at the 0.05 probability level using the previously described
dosage curves and the Johnson-Neyman technique. The statisti-
cal significance is denoted as "NS" (for nonsignificant) or

ngr (for significant). When a dose difference is labeled

10



METROPCOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGC
TABLE 1

EXPERIMENTAL DATA COLLECTED (SUMMER)

CST* (Seconds)

Polymer 15 secs. 30 secs. 60 secs. 90 secs.  1Z0 secs.
Date {mL) Blank Mix Mix Mix Mix Mix
9/3/98 11 12.8 13.6 12.8 13.8 14.8 15.1
11 12.8 13.1 13.2 14.6 15.1 14.7
11 13.4 12.7 14.1 14.2 14.1 15.8
11 13.7 13.4 13.7 13.3 13.7 14.1
12 1L.1 10.5 11.4 11.1 11.3 12.0
12z 11.5 10.8 11.7 11.7 12.1 12.7
12 10.6 11.6 10.8 11.9 12.3 11.8
12 11.1 11.2 11.0 11.3 11.6 12.3
14 8.6 8.9 8.5 8.6 8.9 9.6
14 5.5 8.7 9.3 8.5 9.6 5.3
14 8.8 9.6 9.6 g§.9 9.2 8.7
14 9.1 9.3 8.8 5.2 8.5 9.1
9/9/98 10 13.7 13.8 14.4 14.2 15.7 18.5
10 14.1 13.5 14.2 14.8 15.1 16.0
10 13.5 13.7 13.8 15.3 16.1 17.0
1 13.6 14.2 13.5 14.5 15.3 15.5
1 10.3 $.7 9.8 10.6 10.6 11.8
1 10.4 10.1 10.2 10.9 11.0 11.1
11 10.0 10.2 10.0 10.4 10.8 10.9
i1 9.8 10.5 10.5 10.2 11.3 11.2
12 8.1 8.3 8.5 8.1 8.1 - 8.3
12 8.2 7.5 7.9 8.8 8.8 8.8
1 8.0 8.1 8.3 8.4 9.0 8.3
12 7.6 7.8 7.7 7.9 8.3 8.7
9/10/5%8 10 13.7 13.8 14 .4 14.2 15.7 16.5
10 14.1 13.5 14 .2 14.8 15.1 16.0
10 13.5 13.7 13.8 15.3 16.1 17.0
10 13.6 14.2 13.5 14.5 15.3 15.5
11 10.3 S.7 5.8 10.6 10.6 11.8
11 10.4 10.1 10.2 10.9 11.0 1.1
11 10.0 10.2 10.0 10.4 10.8 10.9
11 9.8 10.5 10.5 10.2 11.3 11.2
12 8.1 8.3 8.5 8.1 8.1 2.3
12 8.2 7.5 7.9 8.8 8.8 B.8
12 8.0 8.1 8.3 8.4 8.0 g.3
12 7.6 7.8 7.7 7.9 8.3 8.7

11



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 1 {Continued)

EXPERIMENTAL DATA COLLECTED (SUMMER)

CST* (Seconds)

Polymer ’ 15 secs. 30 secs. 60 secs. 90 secs. 120 secs.
Date {mL)} Blank Mix Mix Mix Mix Mix
9/14/98 10 11.¢9 12.4 12.5 12.9 13.5 14.2
10 11.7 11.8 12.7 13.2 13.7 13.9
10 12.5 11.6 12.1 12.5 13.0 13.0
10 12.1 12.2 11.8 12.3 12.6 13.8
11 B.8 8.8 8.6 8.9 9.6 11.2
11 8.5 9.5 9.7 9.3 9.9 11.1
11 8.8 9.2 9.3 10.2 i0.8 10.0
11 9.4 8.6 9.1 9.4 10.4 10.4
12 7.9 7.7 8.1 7.8 8.4 8.8
12 8.2 7.9 7.7 8.3 7.9 8.1
12 8.1 8.4 8.3 8.6 8.6 8.7
12 7.7 8.1 7.9 7.9 8.1 8.1

*CST = Capillary Suction Time.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 2

CENTRIFUGE FEED SLUDGE CHARACTERISTICS (SUMMER)

£T

Total
Total Volatile
Sample Solids Solids NH3-N TKN Alkalinity Ca Mg Conductivity
Date (%) (%) (mg/L) {(mg/L) {mg /L) (mg/¥g) (mg/Kg) {umhos/cm)
9/3/98 4.57 50.5 544 2811 3143 36,450 16,300 4180
9/9/98 4.2 50.8 531 2418 3158 35,370 16,860 4175
9/10/98 4.23 52.2 675 2446 3081 35,480 16,300 4090

9/14/98 4.23 53.9 787 2476 3033 34,910 16,120 4150




METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 3

SUMMARY OF RESULTS USING SUMMER SLUDGE

Polymer Dose Dose Statistical
Dose Difference Difference Significance
Date Sample {Lbs/Ton) {Lbs/Ton) Percent 0.05 Level
9/3/98 Blank 333.8 - - -
15 secs. Mix 335.7 1.8 0.5 NS*
30 secs. Mix 336.2 2.3 0.7 NS
60 secs. Mix 338 .7 4.7 1.4 NS
90 secs. Mix 340.2 6.5 1.9 NS
120 secs. Mix 344.3 10.4 3.1 Sk*
9/9/98 Blank 322.9 - - -
15 secs. Mix 322.3 -0.6 -0.2 NS
30 secs. Mix 323.8 0.9 0.3 N&
60 secs. Mix 326.0 3.1 1.0 NS
S0 secs. Mix 329.2 6.3 2.0 s
120 secs. Mix 332.0 9.1 2.8 s
9/10/98 Blank 314.3 - - -
15 secs. Mix 314.0 ~-0.3 -0.1 NS
30 secs. Mix 315.4 1.1 0.4 NS
60 secs. Mix 318.2 4.9 1.6 S
90 secs. Mix 323.2 8.9 2.8 8
120 secs. Mix 326.3 12.0 3.8 S
$/14/98 Blank 300.0 - - -
15 secs. Mix 300.6 0.6 0.2 NS
30 secs. Mix 302.0 2.0 0.7 NS
60 secs. Mix 306.3 6.3 2.1 S
90 secs. Mix 310.6 10.6 3.5 [
120 secs. Mix 315.1 15.1 5.0 s

*NS = Not significant.
**5 = Significant.
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"NS," it is not significantly different from zero; and when it
is labeled "§," it is significantly different from zero.
The 15- and 30-second premixing treatments are not sig-

nificantly different from zero in polymer dose response, 1in

all cases. The 120-second premixing treatment is signifi-
cantly different from zero in polymer dose response, 1in all
cases. The 90-gecond premixing treatment 1is significzantly

different from zero in polymer dose response, in three out of
fouf cases; and the 60-second premixing treatment is signifi-
cantly different from zero in polymer dose response, in two
out of four cases.

Substituting zero values for dose differences that are
not significantly different from zero, and averaging cver the

four dayvs provides the following data reduction summary:

Dose Dose
Pretreatment Difference Difference
Mixing (Lbs/Ton) {Percent}

15 secs. Mix

20 secs. Mix

60 secs. Mix

90 =secs. Mix
120 secs. Mix i

OO O
U oooo
WNNOO o
~1HWoOoo

CTE Engineers estimate that the product of mixing energy
and wmixing detention times (GT wvalue) corresponding to the
full-scale additional sludge pumping is egquivalent to the 60-
second premixing treatment (actual value 1is 57 seconds; see

Appendix III). Thus, greater attention may be placed on this

casa. As a point of reference, previous experience indicates

that the 95 percent confidence limits for polymer dosages from

15



full-scale polymer tests on centrifuges are + 6 lbs/ton. In
this experiment, the increased polymer dosage at a 60-second
premixing time was 2.8 lbs/ton when compared to the control.
Thus, it does not seem that the 60-second premixing treatment,
which is expected to be equivalent to the mixing energy that
would be imparted to sludge due to the additional pumping
through the proposed looped pipe distribution system has any

substantial impact on polymer dose.

Winter Sludge

The experimental data collected for the winter digested
sludge on four different days is presented in Table 4. This
table displays the volume of 15 percent polymer solution used
to flocculate 200 mL of sludge along with the resultant CST
values arising from the blank and the five premixing treat-
ments, obtained on the four days. Table 5 summarizes the cen-
trifuge feed winter sludge characteristics. The sludge per-
cent total solids concentrations for the four days in sequence
were 4.21, 4.21, 3.97, and 3.89% percent, respectively. The
winter sludge alkalinity ranged between 5279 and 5485 mg/L as
CacloOs,

A comparison of the data in Table 5 to the data in Table
2 shows that the alkalinity, conductivity, ammonia, and TKN
are lower in the summer sludge than in the winter sludge. The

calcium and magnesium are higher in the summer sludge as

16



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGC
TABLE 4

EXPERIMENTAL DATA COLLECTED (WINTER)

CST* (Seconds)

Polymer 15 secs. 30 secs. 60 secs. 90 secs. 120 secs.
Date {mL) Blank Mix Mix Mix Mix Mix
2/10/59% 10 16.1 17.5 16.9 17.2 17.3 17.4
10 18.4 16.0 16.5 16.8 16.3 16.9
I 16.4 16.8 17.8 17.7 17.8 16.3
10 17.6 18.5 17.4 16.4 16.9 18.2
i1 14.8 15.3 14.8 14.1 14 .7 15.2
11 15.1 13.5 14.0 13.5 13.9 14.4
1 13.7 14.2 14.6 14.8 14 .5 i4.7
11 14.3 13.9 15.2 15.0 15.1 13.6
X 14.2 13.8 13.8 13.8 13.9 12.8
12 13.8 14.1 12.8 13.0 13.0 13.7
iz 13.1 13.5 14.1 13.4 13.4 14.4
i2 12.9 13.2 13.3 14.3 14.1 12.4
2/11/9% 10 18.9 19.5 18.8 18.6 17.8 18.5
10 ig8.0 17.9 19.2 1%.4 19.7 19.4
L 19.6 18.5 18.4 18.9 19.2 18.2
10 19.2 15.2 18.7 18.2 18.4 18.0
12 1%8.3 15.6 15.3 14.3 16.0 15.0
12 16.0 15.5% 14.7 15.9 15.5 15.3
12 14.3 14.7 15.1 15.4 14.1 4.3
12 14.9 14.2 15.5 14 .5 14.7 15.8
i3 13.4 13.8 15.0 14.1 13.5 3.3
13 14.9 14.5 13.2 13.5 14.6 12.9
1 14.6 14.9 14.2 14.8 13.7 14.9
13 13.7 13.4 14.4 14.0 14 .3 14.2
2/16/99 10 17.4 18.3 17.9 iB.6 17.4 18.8
1 19.2 18.9 19.1 19.0 19.3 17.7
10 18.1 18.4 18.7 17.5 17.58 18.2
10 18.5 17.6 17.6 17.9 18.7 18.6
11 14.7 16.2 15.6 15.9 16.1 15.4
il 16.1 16.0 15.4 15.2 15.2 14.8
11 16.6 15.1 16.4 14.9 15.0 5.7
11 15.3 15.3 15.0 16.3 16.4 16.5
12 15.1 13.8 13.8 14.6 15.4 15.7
12 4.8 15.4 15.7 15.2 14.9 13.7
12 13.8 14.2 14.4 15.5 14.0 i4.3
12 15.6 15.8 15.5 14.1 14.5 14.9

17



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGC
TABLE 4 (Continued)

EXPERIMENTAL DATA COLLECTED (WINTER)

CST* (Seconds)

Polymer 15 secs. 30 secs. 60 secs. 90 secs. 120 secs.
Date {mL) Blank Mix Mix Mix Mix Mix
2/11/99 10 17.4 17.3 17.1 18.2 16.2 17.3
10 18.1 17.8 17.7 17.5 18.3 16.0
10 16.7 16.8 16.3 16.2 16.6 17.8
10 16.1 16.4 17.3 16.6 17.6 16.9
11 14.3 14.7 15.1 14.5 14.6 15.6
11 15.5 15.7 14.3 15.2 15.4 13.5
11 13.8 13.4 14.0 13.8 13.9 14.1
11 14.8 14.2 14.8 14.7 14.4 14.9
12 14 .5 13.1 14.7 13.4 13.0 13.3
12 12.5 14 .2 13.2 14.4 13.8 14.6
12 13.8 13.6 12.6 13.1 14.5 14.0
12 13.2 13.5 14.1 13.7 13.3 13.0

*C8T = Capillary Suction Time.

18
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 5

CENTRIFUGE FEED SLUDGE CHARACTERISTICS (WINTER)

Total
Total Volatile
Sample Solids Solids NHe-N TKN Alkalinity* Ca Mg Conductivity
Date (%) (%) (mg/L) (mg/L) (mg/L) (mg/Kg) (mg/Xg) (pmhos/cm)
2/10/99 4.21 51.4 1807 4505 5485 28,300 15,388 7200
2/11/99 4 .21 52.6 1749 4552 5682 34,112 15,238 6900
2/16/99 3.97 48 .5 1699 4376 5555 31,243 14,651 7000
2/17/99 3.89 50.1 1576 4088 5279 34,516 15,310 6800

*As CaCoOs.



compared to the winter sludge.

The percent solids are ap-

proximately the same for both sludges.

Table 6 presents the results obtained from the data col-

lected for the winter sludge.

Substituting zerc values for dose differences that are

not significantly different from =zero,

and averaging over the

four days provides the following data reduction summary for

the winter sludge:

Pretreatment
Mixing

15 secs. Mix

30 secs. Mix

60 secs. Mix

90 secs. Mix
120 secs. Mix
With the

Dose Dose
Difference Difference
(Lbs/Ton) (Percent)
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

winter sludge, no

increase in polymer

observed at any of the premixing times.

20
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METROPCLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGG

SUMMARY OF RESULTS USING WINTER SLUDGE

TAELE 6

Polymer Dose Dose Stetistical
Dose Difference Difference Significance
Date Sample (Lbs/Ton) (Lbs/Ton) Percent 0.5 Level
2/10/9% Blank 379.6 - -
15 secs. Mix 379.3 -0.3 -0.1 nNg*
30 secs. Mix 380.8 1.2 0.3 HS
60 secs. Mix 379.¢0 -0.6 -0.2 N8
80 secgs. Mix 380.4 0.8 0.2 NS
120 secs. Mix 380.3 0.7 0.2 s
2/11/99 Blank 431.0 - -
15 secs. Mix 430.2 -0.8 -0.2 NS
30 secs. Mix 431.9 0.9 0.2 NS
60 secs. Mix 428.6 -2.4 ~-0.6 N8
90 secs. Mix 428.0 -3.0 -0.7 W8
120 secs. Mix 429.1 -1.9 ~0.4 Ng
2/16/59 Blank 441.0 - -
15 secs. Mix 4490 .4 -0.6 -0.1 NS
30 secs. Mix 440.0 -1.0 -0.2 S
60 gecs. Mix 440.0 -1.0 -0.2 fags]
90 secs. Mix 437.3 -3.7 -0.8 1S
120 secs. Mix 434.2 -6.8 -1.6 N5
2/17/9%% Blank 413.5 - -
15 gecs. Mix 413.6 0.1 0.0 NS
30 secs. Mix 414.,5 1.0 0.2 3
60 secs. Mix 414.7 1.2 0.3 HB
80 secs. MiX 415.1 i.6 0.4 WS
120 secs. Mix 414 .4 0.9 0.2 oty

*N8 = Not significant.
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IEI‘RODOLITAN ’PFAJ"ER RECLAMATION DISTRICT OF GRZATER CY{?'CAGO

_ Engineering // ;
savoranpM [ A/ (]

FROM

. SUBJE’"’":

-Laboratory Stud

Cecil Lue-Hing ' 15A an EES
Director of Resezrch and Development %;ﬁﬂjﬁ%ﬁmw

| | ’ FoR YOF ;Ki?ﬁ ‘
7 Ol s N
John C. Farnan (A/ ijmF~ o

. - . A e—
Chief Engineer uﬂ EDTIVJWA,

- Effects of Additional Pumping on the
Polymer Demand of Digested Sludge

Septenber 1, 1998

Engineering is requesting vyour department to undertake

' the ' above mentioned Laboratory Study. Attached is an

experimental plan developed by CTE Engineers (the
consultant. designing the Post-digestion Centrifuge

Facility at Stickney WRP) through informzl consultation.

with Dr. Prakasam Tata and Stanley Soszynski.

Please submit the results to Englnne ing by September
28, 1998, so ‘that. CTE. Englneers may incorporate the
results into their report. ,

L4

For further lnxormatlon pleasé call Thomas Kunetz,
Principal Civil Engineer, at extension 13077. .-

PO : ’/
JTZ:TK LAl /
Attachments : ///,f/
=
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APPENDIX II

EXPERIMENTAL PLAN: LABORATORY STUDY TO DETERMINE THE EFFECTS
OF ADDITICNAL PUMPING ON THE POLYMER DEMAND OF DIGESTED SLUDGE



| _&FE ENGINEERS

———

CONSOER TOWNSEND ENVIRODYNE ENGINEERS, INC:

: , June 25, 1998
303 East Wacker Drive ‘.

Mr. Thomas E. Kunetz, P.E,
Principal Clvil Engineer | : .
"+ Melropolitan Water Revlamatlon Dlstnct of Greater Chicago
111 East Erfe Street
Chicago, Hlmo;s 60611; 2802

Suite 600

- Gt g rp _Reference: MWRDGC - Centrif uge Fccmty Expansion and Electncal
- Chicago. Hinas 69@1-5252 - ' Pane!s Repl acementProlect
Su‘ojed -Expenmentat Pnan Laboratory Study ta Deten'nme the
‘ - ) : . -+ - Effecls of Additional Pumping on the Pclymer Demand of
Phone! [312} 9380300 . - o Dsgested Sludge - .

o Deaer Kunetz_

Fax: (312) 9381109 "~ - As per your request,-_Consoer Townsend Envirodyns Enginsers, -Inc.
C : . (CTE) has prepared-an experimental plan for & lahoratory study to.
determine tha effects on biosolids dewalerability (!f any) of the additional
pumping that wilt occuras a result of the loopead pipe distributidn system
- for the cenlrifuge expansnon at the Stickney Waler Recl amahon Plant.
:Thxs expenm=nta] plan'is attac‘ned T -

The'plan was developed tnrough informal consultaion with. MWRDGC
‘Research ‘and Development stali mambers at the Shcmey Lsboratory.
They have estimated that the plan‘will take about 4 days of lzboratory
wom for 2 Research Chermst and Laboralory Techn cla :

‘Upcn recelpt of tha laboratory datz, CTE wil pfﬂpare a report to

* . determine if the pipe loop system proposed for the Stzf‘mey Centrifuge
' o expans:on would affacl polymer demand. .

Resp_ectfully Submxt@d,
NE ENC'SI-NEERS; ING.

CONSOER TOWNSEND ENVI

cc; David Zenz _
MarafecisWMAOSSIramems\kunet26.des



- 'EXPERIMENTAL PLAN

. LABORATORY STUDY

Effects of Addmonal Pumpmg on The Polymﬂr Demqnd o}' Dlge ted :,1udge
‘ Stzc;kney Centnfuge Expans;on '

Me’:ropoluan Water Rec!amauon District of Greater Ch:caco

Introduction

The Metropalitan Water Reclamation District of Grealer Chicago (MWRD’GC) has decided to

' expaﬂd the ex;stmo Centrn.uge Cormnplex at the SticknayWater Reclamauon Plant (WRP) in
~order’ to dew all dxgasted sludge produced at ih= plant. -As part of thh Cenirifuge Complay
expaﬂsmn the emshng webwell will be cbandoned ano anew wetwell and digested siudge -
pumping stauon will be COnstructed wuh the Ultimate capabzhty to feed sludge 6 21 ! centrifuges
focatad in the expanded facmty The naw dxgested sludge feed syslem will incor aorate a looped
dist nbumn piping system with a rec:(rculatmg reiurn line. That is, digested sludge will be . '
pumpsad ihcugh a p:pe !oop to each’ cewtnfuge and z portion of the fead sludge w; ’be retumed
~ tothe \.vehve! This Eooped system ensures an equzl dastnbuhon ofdxgested udge to each ',
cent rnuge prcvxdes cparatlonat ﬂexxblhty with variable speed -drive pumps, and prevents -
,blcsckages 2nd shgnahon in tnedxgnsted sludoe distribution systern

lhe MWRDGC has ralsed concems that the loopad dlstribuhon sys£=-m will "éii,!' ina porhon of
the digested sludge undergoing addmonat pumping before reachmg the inlet to a centnrug=
Thus a portion of the dtg=stﬂd sludge \"x” be sub;ected to more shear slress than oceurs at tne
existing c»ninruge camp(nx pumpmg slat:on The MWRDGC believes that it possible thatihxs
additional shecr stress could result inan mcrease in polymar dose to dewater ina dxgest ed
siudae o ' ' ’ '
The d:gested sludge currentiy bemg processed at tnﬁ Stxckney Centnfuce Cc:mpl°x undergoes
' pumpmg ztthree pump stations "t the Stxckney WRP, Fiest, d(g=ster drawolf is pumped to a
-+ haolding tank, Front the. holding tank, the drawoff | |s pUmp=d to lhn extstmg cam nfuge compleX
webyal wnare itis agclﬂ purnoed to individual centnfugas At tn= new \.va‘ww‘ and pump
‘atm = Damon oi the dlgc‘slﬂd sludge’ wsll be returnad to the wetw=!l in thﬂ fooped pipind
system. The refore although dxgest~d sludge is now pumpod three tmes some of the diggsted
sludge wsn be subjected to zddilional pump mixing in compzrison lo the exis'ing pumping
sysiem. ' o s .



. Efrects ofAdd:txOnal Pumping on the Pclymer Removal or : : Experimental Plap
. Digested Siudge - . - ‘ : .
Stickney Centrifuge Expanswn : '

Metropohtan Water Rec!amatton sttnct ofGreater Ch:cago

The MWRDGC has asked that an'exp'erimental plan be prepered dascribing laboratory tests
that will, d‘emons'trate the additionel polymer demaﬁd if 2ny, that will occur due to additional
pumpmg of d;gested sludce Lhrough {he new looped piping system This documnnt descnbes
such l=boratcfy tests.

Consoer Townsend Enwrodyne Engneers Inc. (CTE) developed the expenmenta! program
through ;nformal consu!t tion with the ro!lowmg MWRDuC Research and Deve\opment (R & D)
Department stafr members

1. Dr. Prakasam Tata, Manager of Research and Technical Services

2. Mr.-Staﬁ{ey'quzyris'ki,."Researc_:h Cﬁemist ..

,Shear Forces in the Proposed New Purﬁ'p Station

M(xmg energy :mpaded to a hqu:d is defmnd as tne mean veloczty gredxent G, whjch is the '

difference i in velocity at a given: dnslance at ng‘\t anuies to the dtrect\on of flow Gisa funcuon
of the power input, F’ the volume of the veasel z2nd the dynamic ViS"OSlty o. tne ﬂmd Gis K ,'

| convemenﬂy apphed and widely accepted s & means o. compuhng the mlxmg energy tmparted

toz ﬂu;d The velocity grad;ent mey bz calculated {rom the following equauon '

Equa{tiop 1 - - G= [(’550_(p)/(MV)3"1'. G = Velocily Gradie'nt,'sec"
o ' . o P & Applied Hoisepower hp
V= Eff ecnve Vo.ume ft°
M= D/ncrmc Viscosity of Fluid, lo— 5=drlz



Effects of Addltnonai Pumpmg on the Polymer Remova\ of - Experimental Plap
Digestad Sjudge -~ : .
Stickney Centrifuge Expansmn .

: Metronohtan Water Redamahon D;slnc! of Greater Chicago

The power; P, imparied by a mixing device under turbulznt flow c;o_ndiiions {Reynolds number
exceeding 1(}0}000)' is "'J'E,“”Ef,i Zg fQIIO‘.f,;s: . . . _

Equation2: - P =K M N3DS
gc .

P = Povrer, ff;—- lo/sec
K= Qqﬁstant, aeﬁendfng_qpon shape of mixing device

: _gc Newton Conversxon Factor
32, 17ft—- lb/secz—lo

. pé Mass d'ens'ltyro.f ﬂuid. ‘tD/ﬁ_j :

,N Speed ofrmxe rev/sec

D= Diakneter of 1mpener', o

v
H
[
!

i%m pumps to be mstallod at the new pumpmg s‘atlon have a 125 hp motor, Th=- G value can
tnen be vatculatad d:rchy from Equatlon 1, since the volume of the pump t:aamg is about 11 ’
. The G valun for the. n=w pump statlon is 19 ;258 sec™

ln ordnr to cnaraclenze thﬂ mlxmg enargy nrnp=rted to lfqmds for vanOUs i wng fimes, tn== valu
of G is mul t:puegl by the mixing detention time (I‘, seconds) to produce the’ r}nmnns:onlcss
ccnété:}_& CT. Forthe naw pump stahon the detention time of digested sludge in the pump
casing is ebout 3.3 seconds, &t a f:ow of 1500 gpm. Th=refore the GT velue for the pump
station is about 63,551,



Eﬁ'ects ofAddrtrona! Pumpmg en- lhe Polymer Pemoval of . : ’ Experimental Plap,
Digested Sjudge . . . .
Stickney Centrifuge Expanswn .

Nerropohtan Water Reclamation Drstnct of Greater Chrcego

. Proposed Laboratory Experiments

For many years, the MWRDuC s R & D Depariment hes usad tne measurement of cc:plllary
sectson 'ume (CST) to delermme inthe laboratory the polymer dosages for tha exrslmg
centrifuge complex The CST device is 2 type of mlmelunzed Buchner Funnel filtration
apparatus that measures the time'to ﬁller a constanr volum= of sludge The CST measuremem
is a vary versatrlo tool in prov:dlng ml’orma ion for 2!l dewerenng eppllcallons mcludsng
cenlnfuges '

The CST measurement can be used to cletermme the polymer dosege requ:rement fora "
partrculer sludge. Various polymer dosages are applied to the sludge untila CST of 10.seconds
is reached. The MWRDGC R&D Departmenl has found that sludge bemg fed to the existing
‘cenmfuge complexis atan opllmal dewatering condmon at’a CST of 10.~ Thererore the CST

test can be used ina snrnllar way as lhe Buchner Funnel test to determine the polymer do
needed to ehec‘uvely CO"IOIUOn sludge for proper clewalenno

- CST test procedures would bz used to determme the polymer dose requirements for drgesled

~sludge sublec\ed to'various mrxzng energy and detentiori llmes (GT values) A small laboratory
" mixer would be'used to stmulqte vanous GT values EEE ' T ‘_;

h‘rixingLRal-e and Time f'or'l_'abo‘ratory Mlxlno S&Lstemj.'

Usmg Equalnon 2, the power eppheo by 2 labora‘c,r,' mixer was calculated under = 2 following
‘conditions:’ » . -

Impeller Dlameler =2 inohée
K=1.0

n =500 rpm



. Effects of Additional Pu*npmg on the Polymer Removal of Experimental Plap
Digested Sludge ~ . }
Sticknay Centrifuge Expanszon

Metropolitan Water Rec'amatlon Dzsmct of Greater Chn:ago

The G value was than caiculzted based L]pon Equation 1 and the mi‘x'ng of 200 m! of sludge.
The G value is 1,115/sec. In order to prowoo a GT value of 63,551 (the GT vajue for the naw
pump stahon); a mixing time of 57 seconds would be requxred for the laboraiory mixer.

Laboratory Testing Procedur~~

Samples of'digesfed s!udge should be ge'th'ered from the exisling Stickney Centrifuge Complex
downstream of the existing \."e‘wen and pump station, ThlS dlgested sludge shoJ!d be mixed
with & laboratory. mlxer with a propeiler dlameler of 2 mches ata speed of £00- mm Separat e
1200 m] eliquots of the sludge should be muxed for. penods of 15 seconds, 30 secmds €0 '
seconds?oandc‘!z{) seconds Next, usmg the exxstmg centnfuge complex pelymer, the polymer

. dosage needed to zchieve & CST of 10 should be determm=d for each mixed a2 1quot

RePLIGhTLO | '_
. The above eﬁcoenment procedure should be eepnﬁed-eemg 2 sample of dzgas;ed sludge

co! ected from the centrifuge complex on-a dmerent days

|k is esi.me ed lhat na experments wz{[ ta;(e abou\ 4 days to complete . The MWRDGCR & D

Depz r{menf wou}d be asked to perform fhe experiments and prepare a short reoor’t listing tne ’
resuhs of the laboratory tasting. CTE would assemble the R & D data into a final report ang wi
determine whether the additional mixing prowded by the. new pump stahon cﬂ"‘* p:pe Ioop would

negahve{y affectthe polymer usage at lhe expanded centnfuge complex.

id:Mi\projects\4005SUramerms\axperplan.doc

TOTR. P.87
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INTEROFFICE MaMORANDUM

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

DEPARTMENT: Researcn and Developmant DATE: September 3, 1998
TO! John C. Farnan w“ ‘_—;‘:3
Chief Engineer T T
. o —
iy ‘ s R .
FROM: Cecil Lue-Hing ™ e
‘ e L2
SUBJECT: Laboratory Study - Effects of Additional Pumping §§3
on the Polymer Demand of Digested Sludge = =
— R
O '_.‘-3-:)
o e

We are in -receipt of your memorandum of September 1,0519%
(copy attached) and the attachménts, which include an Experimsn-
tal Plan for the Laboratoxry Study, which was provided by CTE En-
gineers. :

Please be advised that the work will bé done promptly, and
the informatiom- you reouested cellvered on or about September-28,

1988. ﬁfﬁ__»

Please be advised also that in consultation with Dr. -David
Zenz, of CTE Engineers, the experimental .design protogol Wwas
modified; not to change the experimental design per .f:,év/, but
rather to provide a more robust.database for later evaluztion.

-

The modifications agreed upon with Dr. Zenz are as follows:

Include 90 seconds of mixing in the mixing schedule.
Replicate each run 4 times.

Repeat the experiment on 4 separate days.

Repeat the study under winter conditions.

i LI R 2

Whnile we feel confident that the information ané the date
obtained from this study during summer conditions will be valid,
we are also aware of the fact that these sludges undergo changes
in chemical characteristics under winter conditions. Thus, our
decision|to examine this material under winter conditions also.

We plan to conduct the “winter conditions”. study on such a
schedule that the information will be available to the Engineer-

% /J/JL ﬁ/&x/fﬁ/«a s \/’:ﬁ

MﬁAW&M

/



John C. Farnan 2 September 3, 1998

Subject: Laboratory Study - Effects of 2dditional Pumping
on the Polymer Demand of Digested Sludge

ing Department and CTE Engineers such that. design modifications
to the pumping system can be made if warranted. Thus the engi-
neering design of the pumping system can proceed as originally

contemplated.

Cecil Lue-Hing
Director
Reseaxrch and De¥elopment

/

CLH:3jD

Attachment

cc w/att: P. Tata
D. Zenz




APPENDIX IIT

PAPER ENTITLED, "EFFECTS OF PUMP MIXING DYNAMICS ON POLYMER
DEMAND DURING THE DEWATERING OF DIGESTED SLUDGE, *

BY
M. HALM, D. ZENZ, AND A. BOUCHARD

CONSOER TOWNSEND ENVIRODYNE ENGINEERS, INC.
CHICAGO, IL

AND
D. LORDI, §. SOSZYNSKI, P. TATA, AND C. LUE-HING
RESEARCHE AND DEVELOPMENT DEPARTMENT
METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
CHICAGO, IL
PRESENTED AT
WATERE ENVIRONMENT FOUNDATION WEFTEC '99

NEW ORLEANS, LA
OCTOBER 1988



¥ Vi S

EFFECTS OF PUMP MIXING DYNAMICS ON POLYMER DEMAND DURING THE DEWATERING OF |

Water Environment Federation
WEFTEC'99
New Orieans, LA

EFFECTS OF PUMP MIXING DYNAMICS ON
POLYMER DEMAND DURING THE DEWATERING
OF DIGESTED SLUDGE

M. HALM, D. ZENZ, A. BOUCHARD, D. LORIBI, S. SOSZYNSK]I, P. TATA, C. LUE-
HING
CONSOER TOWNSEND ENVIRODYNE ENGINEERS, INC.
303 E. WACKER DRIVE
CHICAGO, IL. 60601

ABSTRACT

The Metropolitan Water Reclamation District of Greater Chicago (MWRDGC) retained
Consoer Townsend Envirodyne Engineers Inc. (CTE) to expand the existing Centrifuge

" Complex at the Stickney Water Reclamation Plant (WRP) in order to dewater all
digested sludge produced at the plant. The capacity of the complex will be increased
from approximately 90,000 dry tons per year to 150,000 dry tons per year. As part of
the Centrifuge Expansion, the existing digested sludge wetwell and pumping station will
be abandoned and an improved centrifuge feed system will be constructed including a
new wetwell and looped piping distribution system with a recirculating return line to feed
21 centrifuges. Digested sludge will be pumped through a common pipe loop to each
centrifuge and a portion of the feed sludge returned to the wetwell.

There were concerns that the looped distribution system would result in a portion of
the digested sludge undergoing additional pumping before entering a centrifuge, and
as a result, a portion of the digested sludge would be subjected to more shear stress
than occurs in the existing piping system, which does not have a return line. A
laboratory study was undertaken to determine the polymer demand of digested sludge
subjected to the range of mixing which would be encountered in the expanded
centrifuge complex. '

*D. Lordi, 5. Soszynski, . Tata, C. Lue-Hing, Metropolitan
Water Réclamation District of Greater Chicago. .

Copyright © 1999 Water Environment Federation. All rights reserved. Page 1 0of9
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Two hundred milliliter samples of digested sludge were mixed with a 2-inch laboratory
paddle mixer at mixing times of 15, 30, 60, 90 and 120 seconds. In order to provide a
mixing energy and detention time (GT) of approximately 64,000, (the GT of the new
pump station) a mixing time of about 60 seconds would be required for the laboratory
mixer. Using the laboratory measurement of capillary suction time (CST) the polymer
demand of the sludge was determined. Sludge samples were taken on eight separate
days (4 days in the winter and 4 days in the summer) and 576 separate CST
measurements were conducted.

Using the Johnson - Neyman statistical technique it was determined that there was no
statistical difference between the polymer demand at the various mixing times for the
winter sludge. For the summer sludge, the mixing times of 60, 90 and 120 seconds
caused a statistically significant increase in polymer dose of about 3 Ibs of polymer
per dry ton. Since the 95% confidence limit for polymer dosage on full-scale tests had
previously been found to be about £ 6 Ibs/ton, it was concluded that the mixing energy
imparted to the sludge due to the pipe loop would not have any significant impact
upon polymer dose. The pipe loop system will therefore be included in the expanded
centrifuge complex.

KEYWORDS

centrifuge, digested sludge, polymer dosing

INTRODUCTION

The Metropolitan Water Reclamation District of Greater Chicago (MWRDGC) decided
to expand the existing Centrifuge Complex at the Stickney Water Reclamation Plant
(WRP) in order to dewater all digested sludge produced at the plant. As part of the
Centrifuge Complex expansion, the existing wetwell will be abandoned and a new
wetwell and digested sludge pumping station will be constructed with the ultimate
capability to feed sludge to 21 centrifuges located in the expanded facility. The new
digested sludge feed system will incorporate a looped distribution piping system with a
recirculating return line. That is, digested sludge will be pumped though a pipe loop to
each centrifuge and a portion of the feed sludge will be returned to the wetwell. This
looped system ensures an equal distribution of digested sludge to each centrifuge,
provides operational flexibility with variable speed-drive pumps, and prevents
blockages and stagnation in the digested sludge distribution system.

The MWRDGC raised concerns that the looped distribution system will result in a
portion of the digested sludge undergoing additional pumping before reaching the inlet

Copyright © 1999 Water Environment Federation. All rights reserved. Page 2 of ©
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to a centrifuge. Thus, a poriion of the digested sludge will be subjected to more shear
stress than occurs at the-existing centrifuge complex pumping station which does not
have a sludge piping distribution system with a return line. The MWRDGC believes
that it is possible that this additional shear stress could resutt in an increase in
poiymer dose to dewater the digesied siudge.

The digested sludge currently being processed at the Stickney Centrifuge Complex
undergoes pumping at three pump stations at the Stickney WRP. First, digester

- drawoff is pumped to & helding tank. From the holding tank, the drawoff is pumped fo
the existing centrifuge complex wetwel where it is again pumped to individual
centrifuges. At the new wetwell and pump station, a portion of the digested sludge wiil
be returned to the wetwell in the looped piping system. Therefore, although digested
sludge is now pumped three times, some of the digested sludge will be subjected to
additional pump mixing in comparison to the existing pumping system.

The MWRDGC requested that CTE prepare an experimental plan describing
laboratory tests that will clemanstrate the additional polymer demand, if any, that will
occur due to additional pumping of digested sludge through the new looped piping
system. .

MIXING THEORY

Mixing energy imparted to a liquid is defined as the mean velocity gradient, G, which
is the difference in velocity at a given distance at right angles to the direction of fiow.
G is a function of the power input, P, the volume of the vessel and the dynamic
viscosity of the fluid. G is conveniently applied and widely accepted as a means of

. computing the mixing energy imparted to a fluid. The velocity gradient may be
calculated from the folowing equation:

The power, P, imparted by & mixing device under turbulent flow conditions (Reynolds
number exceeding 100,000), is defined as foliows:

Equations: P N D IGNYD

i, dopending upon shape of mixing device
Gonvarslon Factor '

‘o= Misé iy of i, Alughe = MY
‘h-sséeé&iif;wa&a;,_‘ Teviec

B Diamele o mpetr,
fM'».e:sn"e‘g’mc_wdght'-bﬁli;id;_wﬁ(ézitz{atra_seé).

The pumps to be instatied at the new pumping stafion have a 125 horsepower motor.
The G value can then be calculated direcly from Equation 1, since the volume of the
pump casing is about 11.1 2. The G value for the new pump station is 19,258sec.

in order to characterize t- . ....; energy imparted to liquids for various mixing tin- =
the value of G is multiplied by the mixing detention time (T, seconds) to produce the
dimensionless constant &T. For the new pump station, the detention time of digested
sludge in the pump casing is about 3.3 seconds, at a flow of 1,500 gpm. Therefore,

Copyright © 1999 Water Environment Federation. All rights reserved. Page 3 of 8
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the GT value for the pump station is about 63,551.

LABORATORY EXPERIMENTS

For many years, the MWRDGC's Research & Development (R & D) Department has
used the measurement of capillary suction time (CST) to determine in the laboratory
the polymer dosages for the existing centrifuge complex. The measurement of (CST)
is a very simple way to determine the sludge dewatering characteristics and the
-dosage effects of conditioning agents. CST tests are'much quicker to perform than
Buchner funnel tests. The instrument used to measure CST consists of a hollow
stainless steel well (1 cm in diameter and about 4 cm in height) which serves as a
sludge reservoir resting on a filter paper. The filter paper and the sludge holding well
rest on a plastic base, which is equipped with two electrodes. When a sludge sample
is poured into the reservoir, filtrate is drawn out of the sludge and moves outward as it
saturates the filter paper. .

When the filtrate reaches the first electrode mounted on the plastic base touching the
filter paper, a timer is started. When the filtrate reaches the second electrode touching
the paper, the timer stops. The time interval that the filtrate takes fo travel the distance
(10 mm) between the two electrodes is called CST. The filter paper services as both a
filter medium and a filtrate volume container.

In effect, the CST apparatus is a type of miniaturized Buchner funnel filtration
apparatus, where the time fo filter a constant volume (into a graduated cylinder) is
measured. In the case of the CST apparatus, the time to filter a constant volume (in .
the pores of the filter paper between the electrodes) is measured.

As in the Buchner funnel tests, the conditioner dosage may be varied and the CST
measured at each dose. The CST versus the conditioner dosage may then be plotted
to find the optimum dosage, and the conditioners may be ranked according to the
CST noted at their optimum dosages. A conditioner that yields the lowest CST valves
indicates the optimal dose.

The CST measurement can be used to determine the polymer dosage requirement for
a particular sludge. Various polymer dosages are applied to the sludge until a CST of
10 to 15 seconds is reached. The MWRDGC R&D Department has found that sludge
being fed to the existing centrifuges is at an optimal dewatering condition at a CST of
10 to 15 seconds with appropriate mixing/stirring protocol and appropriate sample
size. Therefore, the CST test can be used in a similar way as the Buchner Funnel test
to determine the polymer dose needed to effectively condition sludge for proper
dewatering.

CST tfest procedures were used to determine the polymer dose requirements for
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digested sludge subjected to various mixing energy and detention times (GT values). A
small laboratory mixer was used to simulate various GT values.

MIXING RATE AND TIME FOR LABORATORY MIXING
SYSTEM

Using Equation 2, the power applied by a laboratory mixer was calculated under the
following conditions:

impéller Diameter = 2 inches
K=1.0
n =500 rpm

The G value was then calculated based upon Equation 1 and the mixing of 200 mi of
sludge. The G value is 1,115/sec. In order to provide a GT value of 63,551(the GT
value for the new pump station), a mixing time of 57 seconds would be required for
the laboratory mixer.

LABORATORY PROCEDURE

Treatment dosage curves were determined (CST vs. volume of 12% polymer solution
to flocculate 200 mL of sludge) for sludges premixed prior to flocculation (at 500 rpm)
for 15, 30, 60, 90, and 120 secs. Three different polymer dosages were tested for
each premixing time. A blank dosage curve was also determined for sludge that was
not premixed prior to flocculation with aliquots of polymer solution. Thus, five treatment
dosage curves for premixed sludge and one blank dosage curve for the unmixed sludge
were determined on separate days, with a new sludge being used each day, and with
each point (polymer dosage) defining a given curve replicated four times (for a total
of 12 values for each curve). The data for all dosage curves was taken so as to
straddle a CST of 10 to 15 seconds, which was the performance criterion chosen to
estimate polymer dosage at the centrifuges. The action sequent for obtaining a data
point which is used to define a treatment dosage curve is as follows:

1.Measure 200 mL of anaerobically digested sludge.
2.Premix the sludge at 500 rpm for 15, 30, 60, 90, or 120 secs.

3.Add a volume aliquot of 12% polymer solution to the sludge and mix by hand
to flocculate the sludge. -
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4 .Mix the sludge at 500 rpm for 120 secs.
5.0btain the CST measurement.

The action sequence for obtaining a data point which is used to define a blank
dosage curve is the same, but the premixing is excluded.

SLUDGE SAMPLES

Digested sludge for the laboratory tests was taken from the discharge from the
existing pump station at the centrifuge complex. Therefore, all sludge samples were
subjected {o the mixing energy of the existing pump station.

POLYMER USED

The Stickney WRP employs two polymers used at two separate times of the year.
Two different polymers are used because the dewatering characteristics of the
centrifuge feed sludge differs significantly from summer to winter seasons. Sludge
samples taken during the winter (February 1999) and summer (September, 1998)
were used for the CST laboratory tests. The polymer used for these tests are those
that were routinely used in 1998 and 1998 at the existing full scale centrifuge.

For the winter polymer, dosages were determined at a CST of 15 seconds, For the
summer polymer dosages were determined for a CST of 10 seconds. This was done
based upon the CST each polymer was capable of achieving for the sludge being
dosed. It simply was not possible to consistently produce a CST less than 15 seconds
for the winter sludge using the winter polymer. The summer polymer, however, was
capable of producing a CST of 10 seconds for summer siudge.

DATA ANALYSIS

Al dosage curves were linearized by fitting the data to the following model using a
least squares algorithm for parameter estimation:

Equatons:

i, K5, Nare fitiig:pacameters

Ez .. .. uie equations was solved for the v .ine of polymer suution (mL) w ... S8T
was set equal to 10 seconds (summer polymer) or 15 seconds (winter polymer). Then
values of polymer dosage were calculated from these polymer volumes as pounds of
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wet polymer per tone of dry sludge solids (Ibs/ton). The dosages were calculated as
follows:

Equation'4:- Ibsnon = (ML){%E)2000
(ML)Y%S)

Whera, MLy=  Voiumeé of polymersdlution (mk) *
%P 'Pg;geg't_v?conqenﬁaﬁon‘ ‘of polymer {12%)
MLi= Volume of sludge (200 mi)

%S = Parcentconcentration of sludga:solids

For the data in a given day with a given sludge, five dose differences were obtained
by subtracting the blank dosage from the five treatment dosages; and five dose
percent differences were obtained using the blank polymer dose as the base for the
calculation.

In order to determine statistical significance of the calculated dose differences, the
Johnson-Neyman technique was applied to the models. This technique was
specifically used to determine if there was a statistically significant difference
between the modei that represents the blank and the model that represents one of five
treatments given fo a sludge on a given day. The technique does not assume that the
models being compared have equal slopes, but instead establishes regions of
significant difference and regions of non-significant difference (at a specific -
probability level) based on the values of a covariate, which is the independent variable
in the models. The Johnson-Neyman technigue may be considered as an
enhancement, extension, and generalization of the analysis of covariance, for a point
of reference to more familiar techniques.

RESULTS FOR THE SUMMER POLYMER

The experimental data coliected on four separate dates with four different sludges is
presented in Table 1 (See Table 1, Experimental Data Collected for

Summer Polymer). This table displays the volume of 12% polymer solution used to
flocculate 200 mlL of sludge along with the resultant CST values arising form the blank
and the five premixing treatments, obtained on the four days. Table 2 (See

Table 2, Centrifuge Feed Sludge Characteristics Used in Summer Polymer

Testing), summarizes the centrifuge feed sludge characteristics. The sludge percent
total solids concentrations for the four days in sequence were 4.57%, 4.20%, 4.23%,
and 4.23%, respectively.

The summary of results oblained from the data collected over four days is presented
in Table 3 (See Table 3, Summary of Results Summer Polymer). This

table displays the polymer dosage obtained from the models. The dose differences
are obtained by subtracting the blank dosage from the five treatment dosages (in a
given day), the dese percent differences using the blank polymer dose as a base,
~nd the statistical sigr:" :nce of the dose differences at the 95% confi~-=re level.

1 he statistical significance is denoted as "NS" (for non-significant) or "S" (for
significant). When a dose difference is labeled "NS", it is not significantly different
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from zero; and when it is labels "S", it is significantly different from zero.

RESULTS FOR THE WINTER POLYMER

Table 4 (See Table 4, Experimental Data Collected for Winter

Polymer), shows the experimental data collected on four separate days with four
difference sludges. This table displays the volume of 15% polymer solution used to
flocculate 200 mL of sludge along with the resultant CST values arising from the blank
and the five premixing treatments, obtained on the four days. Table 5 (See ‘
Table 5, Centrifuge Feed Characteristics Used in Winter Polymer Testing)
summarizes the centrifuge feed sludge characteristics. The sludge percent total solids
concentrations for the four days in sequence were 4.21%, 4.21%, 3. 97% and 3.89%,
respectively.

The results obtained from the data collected over four days is summarized in

Table 6 (See Table 6, Summary of Results Winter Polymer). This

table displays the polymer dosages obtained from the models, the dose differences
obtained by subtracting the blank dosage from the five treatment dosages (in a given
day), the dose percent differences using the blank polymer dose as a base, and the
statistical significance of the dose differences at the 0.05 probability level. The
statistical significance is denoted as "NS" (for. non-significant) or "S" (for significant).
When a dose difference is labeled "NS”, it is not significantly different from zero. When
it is labeled "S", it is significantly different from zero. Unlike the case with summer
sludge where some of the dose differences were significantly different from zero,
none of the dose differences with winter sludge are significantly different from zero.

CONCLUSIONS SUMMER POLYMER

The 15 secs. and 30 secs. premixing treatments are not significantly different from
zero in polymer dose response, in all cases. The 120 secs. premixing treatment is
significantly different from zero in polymer dose response, in all cases. The 90 secs.
premixing treatment is significantly different from zero in polymer dose response, .in
three out of four cases; and the 60 secs. premixing treatment is significantly different
from zero in polymer dose response, in two out of four cases.

Substituting zero values for dose differences that are not significantly different from
" zero and averaging over the four days provides the following data reduction summary:

Erggmgu_nent Mixing Dose Difference{lbsiton)
0.0:
28
FE .
Y 37

The product of mixing energy and mixing detention times (GT value) corresponding to
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the full-scale additional sludge pumping is equivalent to the 60 secs. premixing
treatment. Thus, greater attention may be placed on this case. As a point of
reference, previous experience indicates that the 95% confidence limits for polymer
dosages from full-scale polymer tests on centrifuges, are * 6 lbs/ton. In this
experiment, the increased polymer dosage at a 60 secs. premixing time was 2.8
Ibs/ton when compared {o the control. Thus, it does not seem that the 60 secs.
premixing freatment, which is expected to be equivalent to the mixing energy that
would be imparted to sludge due to the additional pumping through the proposed
looped pipe distribution system, has any substantial impact on polymer dose.

CONCLUSIONS FOR THE WINTER POLYMER

Substituting. zero values for dose differences that are not significantly different from
zero and averaging over the four days provides the following data reduction summary.

Pretreatment Mixing Dose Differerice (ibsfton) Dose Difference {percant)
15 secs. Mix 0.0 0.0
30 secs Mix 0.0 0.0
60 sacs Mix - 0.0 0.0
90 sacs Mix 00 0.0
120 secs Mix 00 0.0

With the winter sludge, no increase in polymer dosage was observed at any of the
premixing times.

OVERALL CONCLUSION

The 60 seconds premixing treatment, which is expected to be equivalent to the mixing
energy that would be imparted to sludge due to the additional pumping through the
proposed icoped pipe distribution system, will not have any significant adverse impact
on polymer dose for either the summer or winter siudges.

The expanded centrifuge complex has been designed with a looped pipe distribution
system with a recirculation return line. Construction of the facility began in May of
1999. Based upon the results of the laboratory tests described here, the pipe loop
system should not result in increased polymer costs for the expanded centrifuge
complex.
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