
each p:tir of data indicates no disoernable difference due to the effect of 
tanperature.. This is corroborated further by plots of turbidity versus time 
for the two temperatures, shown in Figures G-7 to G-10, Appendix G. Figure 
G-8 and G-9 shCM no differences in the plots of effluent turbidity versus 
time at s0c and ia0 c. 'lhe two plots are different in Figure G-10, where 
polymer was added to the first rapid mix basi9 and al~ was. added . t~ the 
second, for each of the two tests at 5 C and 18 c. 'lius result is not 
consistent with the others (where alun was ad&d first) ; an explanation is 
not offered. All tests were cbne at coagulant dosage 'Which gave minimum 
effluent turbidities. 

'lbose same plots, e.g. Figures G-7 to G-10, show an appreciable 
difference in the headloss versus time curves between s0 c and ia0 cci °!be 
initial headloss at time zero for the 1~0c water tem~.rature was naninally 7 
cm of Hg, and about 9.5 cm Hg for the 5 C tests for each of the four pairs of 
head.loss versus time curves. Further, the rate of headloss increase was the 
same for both tan:peratures for three of the four pairs. 'lhe difference is 
due to the effect of tanperature on dynamic viscosity of water.. 'Ibis can be 
seen ~ examining the ratio of initial headlosses for s0c and ia0c, 
respectively, in Figure G-8, e.g. 10.2 cm Hg/7 .O cm Hg <which a;Iuals 1.45) , 
and can:paring with the ratio of dynamic viscosities of water at the two 
temi;:eratures, which is 1.46 (using Darcy's law as the basis) • 'Ibis close 
canparison establishes that the headloss difference was due to the effect of 
temperature of the viscosity of water. 

'Ihe effect of temperature on removals cannot be discerned f ran these fet1 
tests. But if a tanperature effect does 5xist these data indicate that it 
may not be strong within the range s0 c to 18 c. 
Run Time 

Of widespread interest is the effectiveness of rapid rate filtration 
with respect to elapsed time after backwash, called "run time" here.. 'Ibis 
question wa.s of interest with resp:ct to ranovals of turbidity and other 
parameters measured, including· Giardia cysts. It was of interest also with 
respect to samplin.g protocol, since it was desired to obtain samples after 
the run had °'stabilized .. " · 

Figure 36 and 37 show the effect of run time on effluent turbidity, and 
headloss, respectively using water· having turbidity less than l N'.IU. Figure 
36 shows that effluent turbidity was about constant after 30 m.i.nutes of run 
time. 'Ibe rapid decline between 0-30 minutes was due to the fact that the 
detention time in the tubes, pipes, and filter was nominally about 30 minutes 
Cit was 30 minutes from · the coagulant box to the filter effluent for a flow 
fo 450 mL/m:i..n to a 5 cm filter)" 'lllis means that the system :ts essentially 
"steady state" after 30 minutes and that representative sampling can be oone 
after this time. Complete conditions associated with the test. runs in Figure 
36 are described in Figures G-7 to G-11 .. 
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RUn number(s) : 150-152, 154-160 
RaW water turbidity : 0.45 t'tlU 
Temperature : 18C 
Primary coagulant : 0-9 mg/L alum 

secondary coagulant : o.42-1.8 ~/L 572C 

Giaph Identification 
1.9 

1.8 

rum Plot ~· Coagulant Figure No. 
No. SVmtx>l c for ref rence 
150 0 17 alum E-11 
159 ~ 7 572C E-7 

1.7 i57 0 7 572C/alum E-10 
is1 0 17 572C . ·E-11 

1.6 158 \1 7 alum/572C E-9 
i54 + 18 alum/572C · E-9 

1.5 155 x I 18 572C/alum E-10 
160 • 7 572C/alum E-8 

1.4 
152 A 17 572C/alum E-8 
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Figure 36. Effect of run time · bn turbidity reduction for different 
te:nperatures and coagulants. Figures H-7 to H-11, A~ndix H 
describe complete conditions. 
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Test conditions 
Run number(e) : 150-152, 154-160 
Raw water turbidity : 0.45 N'ID 
Temperatu~e : 18C 
Primary coagulant 0-9 mg/L alum 

secondary coagulant : 0.42-1.8 mg/L 572C 
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Figure 37. Effect of run time on headless for different temperatures ·ana 
coagulants. Figures H-7 to H-11, Appendix H, describe canplete 
conditions., 
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Figure 37 shCMs headloss increase with time for the same test runs used 
to plot Figure 36. As explained in the section on temperature effects the 
differences between the initial headloss values is due to temperature 
differences. '!he rate of headloss increase is due to the differences in 
coagulants, or coagulation conditions. For al.un/572C the rate of headloss 
increase was about 0.5 an Hg/hr. For 24 hour run this would be 12 an Hg, 
which is 1.6 neters of water. If the allONable headloss is 3 neters, the nm 
time could be about 45 hours, assuning turbidity breakthrough 00es not occur 
first and asslllling the headloss increase is 1 inear, and not exponential. 'Ihe 
longest run time in these exper:inents was aoout 6 hours, during which 
turbidity was stable. · 

Table 17 shows ranovals of five i:arameters, turbidity, particles, total 
plate count bacteria, total colifom bacteria, and Giardia cysts, for 
sampling at 30 minutes run time and at 90 minutes. '!be table shCMs two 
categories of coagulant oosages, "optimun" and "nonoptimum." Removals are 
uniformly high .for all i;arameters at optimum chemical dosages. But in 
relation to the question at hand, there is essentially no difference in 
percent ranovals at these two times. . In practical teillls it means there is 
little need to run filter .to waste after the coagulants have becane effective 
in interacting with the filter media. 'lbese conclusions d:> not mean that 
filter to waste is not advisable. After backwash the incaning coagulant 
water will mix with the backwash water and there could be a reduction in 
filter effectiveness during this period. 

RELATIONSiIPS BE'IWEEN IEPENIENTVARIABLE.S 

'!he most canmon indicator of water treatment· effectiveness is finished 
water turbidity. l:t is camoon practice to use finished water turbidity as an 
operating parameter when rCIN water turbidity exceeds 1 . NIU. For low 
turbidity waters, howwer, this paraneter is ronitored, but it is not used to 
control oi:eration; the turbidity standard of 1 Nru is sinply not exceeded. 
But since turbidity is easy to measure and to measure accurately, its use as 
an op;rating paraneter for low turbidity wate;r was examined. At the same 
time, other parameters were exanined, such as tarticles, standard plate count 
bacteria, and total coliform bacteria. Of casual interest was to ascertain 
whether percent ·turbidity ranoval oould be an effective surrogate measure for 
percent removals of mw ·of the foregoing paraneters. But the main quest was 
to detennine whether percent ranoval of turbidity, or any of the other 
plrameters, mentioned above oould serve as an index of percent removal of 
~Qig cysts. It should be noted also that when using 10"1 turbidity 
rrountain waters that levels of total coliform bacteria in mountain streams 
are vecy low, e.g. less than. 100 per 100 mL CPsaris and Hendricks, 1982). 
'Ibis means that oolifoon tacteria may not te an effective indicator of 
percent ranoval of any pa.raneter if ambient concentrations of colifonns are 
used. ~spite this possible practical limitation it was examined 
experimentally. Its use as an indicator of filtration would re nullified 
also if prechlorination is practiced. 

'lherefore, the test dat.a obtained in this work, and rep:>rted in the 
foregoing sections, were plotted in teons of one parameter versus another, 
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Table 17. Effect of elapsed time . after backwash on renoval of Giardia cysts, pirticles, 
standard plate count bacteria, total colifonn bacteria, for low turffdity, loW 
temperature water at "optimUm" and "non-optimum" coagulant cbsages. 

Percent Removal 
Rufi water Inffluent2/ eoagulant31 30 Minutes R\lll T~ 90 Minutes Rl.B'l T~ 
No. SOUrce TUrbidity Dosages TUrbidity Particle Standard Total Giar,, TUrbidity Partical Standard Total 

(NIU) Count Plate Coliform CV st Count Plate Coliform 
85 HDE 2.2 Ool::imum 95.9 99.3 96.9 >99.9 >99.9 94.6 75.9 95.0 98.6 
86 HDE 2.2 Ont:imum 95.2 99.5 99.0 99.8 99.9 97.6 99.8 99.0 96.7 
87 HDE 2.2 Ont:imum 96.0 91.4 99.4 99.5 >99.9 97.2 >99.9 99.7 99.7 
88 HDE 2.2 octimum 94.2 99.7 95.9 99.9 99.9 76.8 S6.7 92.6 99.9 
89 HDE 2.2 Ootimum 96.8 >99.9 94 .. 1 98.8 >99.9 97.1 92.7 98 ... 9. 97.8 
90 HDE 2.2 Ootimum 95.5 99.9 _w >99.9 >99.9 96.4 99.9 - sv >99.9 
91 HDE 2.2 Ootimum 95.0 99.9 72.4 99.9 >99.9 96.7 99.9 86.4 94.8 
101 CLP 4~8 octimum 87.5 99.7 97.9 99.9 99.4 68.9 99.8 >99.9 99.9 
102 CLP 6.2 Nonootimum 76.S 27.1 oo.o 00.0 98.6 41.9 34.7 00.0 00.0 
104 CLP 1.1 Nono'Ptimum 16.7 98.8 50.4 -24.4 97.4 82.4 98.6 99.5 79.8 
107 CLP 0.7 N:>nootimum 60.3 95.4 96.7 90.0 99.7 92.7 95.4 96.7 90.0 

l/ Abstracted fran Table A-1 and Table A-2, AJ.:pm:li.x A. 
21 TUrbidity level after contaminate of raw sewage and dog feces were added to milk cooler, turbidity level prior to these additons ranged fran 

.45 to. 70 NIU. . 
31 Coagulants used for test runs 85,86,87 were all.Ill and 572C. For other test run the coagulants used were alum and 572C. 'lbe term "optimum" 

coagulant dosage means any dosage resulting lowest effluent turbidity levels. 

Giar~ 
cyst 

99.8 
>99.9 
>99.9 
99.8 
99.9 
>99.9 
99.9 
99.7 
95.4 
98.7 
99.9 

Al Time elap:;ed after back wash when sampling was initiated. Sampling duration was about 30 minutes for ~cysts, .and only long enough to fill 
the sample bottle for grab sample. · 

SI Percent recovery is reported as detection l:ilnites where zero cysts were recovered, and are indicated by the "greater than" symbol. 
'llle calculation of detection limit is showen in AWenfilx G. 

61 No sample taken. 



e.g. percent renovals of turbidity versus _ru.ard;La cysts, total ooliform · 
bacteria versus Giardia cysts, turbidity versus total colifonn bacteria, and 
turbidity versus standard plate oount tacteria. 'Ihese relationships were 
plotted cy- histograms and then were examined further bl' means of statistical 
tests. All relationships discussed in this section have used data obtained 
fran oi;::eration of the laboratory-scale pilot plant. 

Sµrrogate !ndicators £or Giardia Cyst Renpya1 

Detection and measurement of Gianna cysts requires the services of a 
skilled parasitologist, knowledgeable of techniques for concentration, and 
having oontinuing practice in identification of the organism. 'Ihus it is 
desirable that a surrogate be found to substitute for routine measuranent of 
Giardia cysts .which can be incorporated into water treatment practice. 
'.Iberefore, a surrogate ftF percent renoval of Giardia cysts, is another quest 
of this research. Several were investigated, including turbidity, particles, 
standard plate count 00.cteria, and total ooliform bacteria. Histogram plots 
were developed for two of these :EX>SSible surrogates, turbidity and total 
ooliform 00.cteria, using data fran Table A-1 and Table A-2. 'Ihese were 
selected for examination because both are easy to measure and could be used 
in evaluation of performance of the filtration process. 

Turbidity--
Figure 38 is a histogram shooing percent removal of Giardia cysts and 

corresµ>nding values of percent removal of turbidity. Figure G-12 is a plot 
of observations, used partially to construct Figure 38, but with all data 
shown. Figure 38 shews that if turbidity ranoval is high, then ranoval of 
Giardia cysts will be high also. To be more specific, t.he plot shows 44 
observations when turbidity removal is gr~ter than 70 percent. Of these, 37 
have ranovals of Giardia cysts of 99 percent or more. In other words, if 
turbidity ranoval exceeds 70 ~rcent the probability is 0.85 (e.g. 37/44) 
that renoval of Giardia cysts will be equal to or exceed 99 percent. 

Figure 39 is a "probability of occurrence" plot, explained in Appendix 
F. It was obtained ~ ordering the chta shown in Figure G-12 for statistical 
analysis, as explained in Appendix F. This plot shows that if percent 
removal of turbidity is at a given level; say 70 percent, then there is an 
0.85 probability that removal of !Jiardia cysts will exceed 95 percent. This 
is a result only slightly different than obtained using the histogram, Figure 
38. 'Ihe histogram is a visual intuitive representation of the same 
information. Figure 38 is more quantitative. 

While Figure 39 is useful in understanding the relationships sham (e.g. 
percent turbidity ranoval and probability of having a certain percent renoval 
of Giardia cysts} it probably is not accurate for the lower percent removals 
of turbidity. This · is due to the fact that data were not abundant in this 
range. In other words, . while the plot generated represents the "sample," 
it may not necessarily represent accurately the "population," at least not in 
the lower ranges of percent removal of turbidity. 
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A statistical test between the two variables (percent ranoval of Giardia 
cysts and percent renoval of turbidity> shCMed that a p>sitive association 
exists, with 99 .5 ~rcent confidence level, as tested by the stu<Ent t-
distribution. In other words, it is virtually certain that a functional 
relationship exists betweeen the two variables. 

Total Coliform Bacteria--
Figure 40 is another histogran showing percent ranoval of Giardia cysts 

and corresp:>nding values of percent removal of total colifonn bacteria 
shQtling all observations available. Figure 40 shCMs that if percent renoval 
of total colifonn bacteria is high, then high peramt removals of GianUa 
cysts can be expected. Counting the observations in the range of 90 to 100 
percent removal of total colifom bacteria, there is O. 70 probability that 
removal of GianUa cysts will be 99 percent or greater, and 0.85 probability 
that Giardia removal will exceed 96 percent. Figure 41 is another 
probability of occurrence plot for the sample of data shCMn in Figure G-13. 
By canparison, it shows that if percent ranoval of total colifom bacteria is 
98 percent, then there is 0.82 probability that pereent ranoval. of Giardia 
cysts is 96 percent or greater, which cani;:ares closely with the same 
calculation using the histogram data. 

A statistical test tetween the two variables (percent renwal of Giardia 
cysts and percent removal of total colifom bacteria) sha-1s that a p>sitive 
association exists, with 99.5 percent confidence lwel, as tested by the 
student t-distribution. Again, this says that it is virtually certain that a 
functional relationship exists between the two variables. 

standard Plate Count Bacteria--
Grab samples obtained for bacteria sampling were analyzed for standard 

plate cowit bacteria as well as total colifoon bacteria. Relationhips 
obtained between percent ranoval.s of standard plate count bacteria and 
percent renovals of Giardia cysts were virtually .the same as obtained using 
percent removal of total coliform bacteria. Figure G-14 shCMs percent 
ranovals of Giardia cysts plotted against percent ;emoval.s of standard ·plate 
collllt bacteria. Both the plot and the student t-distribution statistics are 
essentially the sane as obtained for total col if oon bacteria vs Giardia cyst 
plots in the preceding paragra}:ils. Figure G-15 is a probability of 
occurrence plot for the data shCMn in Figure G-14. 'Ibis plot is similar to 
Figure 41 where total ooliform bacteria is used as indicator. 

Particles-
Parti cl e cot.mting of grab samples of ra,, water and finished water was 

oone for 12 test rt.ms out of a total of 178. Percent renovals of particl~s 
were not plotted against percent renovals of GianUa cysts. But 
ins~ction of Table A-1 and '!able A-2 shCMs that the correlation is not high 
when cnni;ared with the other surrogates. 

'lUtbidity Retooval As A surrogate 

As noted prwiously, turbidity is easy to measure and it can be accurate 
as well. It is also used routinely in water treatment practice. 'lhe 
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previous section, in Figure 38 and 39, and the associated statistical 
analysis, shewed that it oould 1::e used as a aurrogate for Giardia cyst 
ranoval. 

Figure 42 is a histogram showing percent ranoval of total oolifor:m 
bacteria and corres1xmding values of percent renoval of turbidity. 'Jlle 
historgram shows a strong association l:etween the two variables. When 
percent ranoval.s of turbidity exceed 80 then percent removals of total 
colifor:m bacteria exceed 80 al.so. Figure G-16 sh<Ms all data plotted, along 
with the results of the student t-distribution. '!he analysis sha-1s that a 
i:;ositive association exists, with 99.5 percent confidence level. Figure G-17 
shows that "probability of occurrence" plot corresp:mding to the data shewn 
in Figure G-16. It shows .. for example that if percent ranoval of turbidity 
exceeds 80, then there is 0. 95 proba.bili ty that :percent ranoval of total 
coliform will exceed 80. 

Figures G-18 and G-19 in Appendix G show similar data and results 
between percent removal of turbidity and percent removal of standard plate 
count bacteria. '!be student t-distrib.ltion test of data in Figure G-16 shows 
again the 99.5 percent oonfidenoe that a :r;:ositive functional relationship 
exists. Figure G-19, for the probability of occurrence plot of data in 
Figure G-18, shows a generally lower fanily of curves than seen for total 
coliform bacteria. 

Figure G-20 and G-21 in ApJ;endix G show similar data .and results tetween 
percent removal of turbidity and percent removal of particles. '!be student 
t-distriWtion test of data in Figure G-20 shows . again the 99.5 p!rcent 
a:mfidence that a p:>sitive functional ,relationship exists. But examination 
of the family of curves in Figure G-21 for the probability of occurrence plot 
shCMs that the curves .are still lCMer than seen for the standard plate COWlt. 
For example, if turbidity ranoval is 80 percent .the probability that particle 
ranoval is 80 i;eroent is 0. 86, whereas the probability was O. 95 for the 
turbidity-coliform data. 

FIELD-SCALE PllDT PLANT TESrll'G 

The objective of the field-scale testing was to oonfim . findings frQn 
the laboratoey-scale experiments concerning the · role of che:nicals and the 
oosages of chanicals in detennining renoval efficiencies of Giardia cysts, 
turbidity, and total coliform bacteria, with particular reference to low 
turbidity waters. To oonduct this testing the pilot plant was set up to 
obtain water fran the cache La R>udre in its·mountain caeyon, at the site of 
Fort Collins Water Treatment Plant No. 1. '!be work was conducted during the 
period October 1983 to January 1984, when raw water turbidities are usually 
less than 1 NIU. 'Ihe results are rep:>rted in this section. It should be 
noted t.hat testing using the field-scale pilot plant was more limited than 
when using the laroratory-scale pilot plant. '!his was due first to the 
logistic problems of conducting field-scale testing. But al.so to oonduct 
tests using lCM turbidity water, it was necessary to find "windJws of 
opportunity", with resi;ect to weather, and sanetimes other factors. 

92 



~ w 

Test Conditions 
Run number<s> : 135 test run 
Raw water turbidity : 0.2-1.4 N1'U 
Temperature : 2-18C 
Coagulant : All pretreatment condition 

~~ a;,C 
~a 
~~o c:::.,,C:S ~ 

C) 

0 

~~ ~c 
~c t:oc 

c:§<. <i:>C) 
_,~ c 
o~ tK 

"<:-~~~<::) 
o'P 0 · 'D 

~ 
<°o 

% ~o 
~«'~ 9o 

<::>~< ..S-o 
o--<' d'o 

->-<:/~ ~o 
~<:)/ 

/'-~ 

~o 

Figure 42. Histogram showing percent ranoval of total ooliform renoval with oorrespond-
ing J:?ercent removal of turbidity. Each block represents one measuranent 
set. Data points are for all water tested. 



Testing was oone also using other waters when lCM turbidity cache La 
R>udre .River was was not available and included water fran the cache La 
R:>udre River during spring runoff and water fran Horsetooth Reservoir. 'lhese 
results are given in Appendix H. 

'!be low-turbidity testing phase using raw water fran the cache La R>udre 
River was canprised of 32 test runs. Effluent turbidity vs coagulant oose 
curves were generated for five combinations of ooagulant chenicals, with 
selction based on results obtained fran the laboratory-scale pilot plant 
work. Fran these curves, "optimun" and "nomptimun" coagulant cbsages were 
defined as the d>sage range causing minimun effluent turbidities with respect 
to the turbidity-dose curve, and ebsages which given significantly higher 
effluent turbidities. Evaluations of Giardia cyst and oolifonn bacteria 
renovals were done in nine tests for coagulant dosages of "none", "optimlln", 
and "nonoptimun". 'Die "none" test category means that coagulant chenicals 
were not .used. 

Coagulant Dosage Determination - Field Scale Pilot P1ant 
Table 18 shows the results of the 23 effluent turbidity vs coagulant 

ebse tests which used low-turbidity water fran the cache La :Ebudre River. 
Five coagulants and coagulant canbinations were used in this testing, with 
selection based upon the lab-scale experiments.1 Fran the data in Table 18 
ef fl ueat turbidity vs coagulant cbse plots were generated, shown as Figures 
43 through Figure 47, for Nalco 8102, Na.loo 8102 and alun, alun, Magnifloc 
572-C, and Magnifloc 572-C and alum, respectively. 

Of these five figures, Figures 43, 46, and 47 are typical U-sh~d 
curves; Figures 44 and 45 are not. '!he finished water turbidities in Figures 
3-10 to 3-13 shCM only 0 to 25 percent reductions comi;ared to rCM water 
turbidities which ranged fran 0.45 to 0.8 NTU. ~tennination of "optimllll" 
dosages are not well ~fined for these curves, except in Figures 46 and 47. 
Figure 47 shows the typical· U-shaped curve, using alun at different oosages 
and a fixed Cbsage of 2.0 rng/L of Magnifloc 572-C, where an "optimun" dosage 
is well defined. '!be finished water turbidity was reduced to 0 .35 N'lU 
com~red to 0.7 NIU for the raw water. rater, in Run 138, during a Gia{dia 
test run at "optimun" d:>sage of al.tin and Magnj.floc 572-C, the turbidity was 
reduced to 0.20 NIU after two-hours of operation. For the similar water and 
using the same coagulants, the turbidity was reduced to 0.05 to 0.10 NTU for 
the lab-sea.le work. 

t:f fect of coagulant nose on Filti;ation - Field Scale Pilot Plant 

Evaluations of renovals of Giar;dia cysts, colifoon bacteria, and 
turbidity were performed using coagulant Cbsages categorized as "none", 
"optimun", and "nonoptimun". Nine such evaluations were performed, and are 
described in Table 19, for lO'tl-turbidi ty water. 
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Table 19~ Results; of twenty three effluent· turbidity vs ch.anical cbse tests 
using low-turbidity raw water and field-scale rapid rate filtration 
pilot plant~ll.21 Data points. for d1anical cbse and corresponding 
effluent ··turbidity were used to ex>nstruct Figures 43 through 47. 

coagulants· 
Chanical Water 

Rtm Chenical . ~seJ,I Tenpe0ature 
# s~cies.3/ mg/L ( ) 

107 None 0 7 
108 8102 0.2 7 
109 8102 0.5 7 
110 8102 1.0 7 
111 8102 2.0 7 
112 8102 0.2 7 
113 Alurn/8102 3 .0/0.6 7 
114 Al Lill/ 8102 3.0/0.6 7 
115 Alun/8102 3.0/0.6 7 
116 Alun/8102 3 .010. 7 7 
118 Alum 3.0 2 
119 Alum 0.5 2 
120 Alum 1.5 2 
121 Alum 5.5 2 
122 Alun 1.0 3 
130 572-C 0.4 1 

. 131 572-C 0.8 1 
132 572"-C 2.0 1 
133 Alum/572-C 1.5/0. 7 1 
134 ro. uni 57 2-C 15/2.0/l/O. 70/1.00 
135 Al um/ 57 2-C 4.5/2.0 1 

l36 :Alun/572-C 9/2.0 l o. 70 
137 l-\lum/572-C 30/2.0 1 

l/Abstracted fran Table B-1. 
21 Cache La R>udre River water with less than 1 NIU. 
JI Naloo 8102, Magnifloc 572-C. 
JI Al.un roses are mg/L as Al2 cro4> 3 14 H2o. 
51Effluent turbidity after one hour of oi:eration. 
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Turbidity (NIU) 

Influent Effluent.5,'1 
0.55 0.45 
0.55 0.40 
0.45 0.50 
0.50 0.45 
0.45 0.65 
0.45 0.35 
0.60 o. 75 
0.60 o. 75 
0.70 o. 70 
0.60 0.60 
0.65 0.60 
0.65 0.55 
0.65 0.55 
0.65 0.69 
0.65 0.60 
0.80 0.65 
0.80 0.60 
0.80 1.60 
0.80 0.50 

o. 70 0.35 
0.35 ( 

0.70 . 3.00 



0.6 

0.5 

~ 0.4 • · 
0 

0.3 

0.2. : 

0.1 

li~~~~iTi:i 
I <lil~(lil . . 1·1~-1 to. ll-2-1131 
·--········--·~"-'"···-·· 1--··-'•---··-·-1 
'· 119\l~c;<,t qfi.l~W;. I ~\ldrli··R,iver I 

j~~-~;~j~~=~l 
1.~£!~~;e; .. ·. . . . ••• 1 .... :!!!::~: ... : 
l·.:~~~~~~ .. ~~t~MiM~~IJ!t~E~!~.:. 
1--~~~~-~~~----·l--~~~~~=~! .. l 
I . ~(ll ,~9\il;ant I nope I 1.····,.···········-..,. .•. """" 1·····-···--····1 
l ~~•'·w1-~, .... j nCiM I .I ' . ,.,.,,.. l ., . ~ 

I 1. I 

Figure ,43. Effluent turbiQity vs ~co -8102 do:se using 1C111-turbidity wa~r, 
and field-scale rapid rate f lltration pilot plant. 

96 



\0 
.....J 

1. b .ii! .-;;;., " : ·:: "~C:'.':~:'.":" _ " : '. ~ ...... ' _'. . . .., , . . ... .. . ... - ·,_: :~.: :: ~ti 

:::J 
f-1 :z 
~ 

>-< 
f-1 

0 
1-1 

OJ 
Ct: 
:::J 
f-1 

f-1 :z w 
:::J 
___] 
Li... 
Li... w 

0.8 

··---=---• 
0.6 • 

0.4 

0.2 

• ----------
I I 
I <Dilll'll<JIS I 1-------1-----1 
I Rm iimlierlsl I ll3 to 116 I 1- ... -1------1 
I dlte!sl I ll->-113 I 

1------1 
I swrce of water I Pl:ludre River I 
I 1-----1 
I ,.., ...tee turbidity 1.60 to • 70 RllJ I 1----------1--------1 
I ra. water tanperature I 7 C I 1----- ----1-------1 
I filtraticn mode I •in-line" I 1----------1-------1 
I hydraulic loading ratel 4.0 gpn/ft/ft I 1-- ------------1--------1 
I primacy coagulant I Alm 13 mg/ll I 1--------1- ---1 
I S!COndacy coagulant I Halm 8102 I 
1----------1 • I 
I I I 
I additicnal infomaticn I ntne I 
I I I 
I I I 
I 

0.0 I 

0.0 0.1 0.2 0.3 0.4 0.5 
NALCO 8102 DOSAGE (MG/Ll 

Figure 44. Effluent turbidity vs Naloo 8102 
Cbse using 3 mg/l of alun, Al cso4> 3 14 H O, 
for ICM-turbidity water and ffeld .sCale pfant. 

0.6 

:::J 
f-1 :z 

>-i 
f-1 
1-1 

0 

CD 
Ct:: 
:::J 
f-1 ; 

f-i :z. 
w 
::::J 
___] 
Li... 
Li... 
w 

1.0- -· . . - · 

0 . .8 

0.61 • 
• • 

• 

I 
I ammtliS 
I . 1----

0.4 I Rm nlmi>er(sl I' llB to 122 1------1 I 
I di!te Isl lll/15-ll/17/83 I 

I I 
I source of water I PIJadre Ri...,. I 
1--- 1-----, 
I "''' water tnd>idity I . 65 mu I 1--- -- I I 
I raw water tes:perat:ure I 2 c I 1-- --------,-----, 
I filtratiat mode I "in-line" I ·------------,----, 
I hydraulic loading rate! 5 . 0 gpnlft/ft I ·----------,-----, 

0.2 
I primacy coagulant I Alm I 
:-.::J::;-coagul--ant--:-~---: ·-----------,----, 
I I I 
I additional infor:niation I r.me I 
I I I 
I I I I __ _ 

0.0 I , 

0.0 1.0 2 .0 3.0 4. 0 5 .0 5 . 0 
ALUM DOSAGE (MG / Ll 

Figure 45. Effluent turbidity vs alun rose, 
A12 <so4>3 14~0, for low-turbidity water with 
field Scale pilot plant. 



"° co 

s 
f:' z 
~ 

)-t 
f-1 
~ 

0 ....... 
(() 
0::: 
:::J 
f-1 

f--< z w 
::J 
......]· 
[i_ 
[i_ 
w 

2.,00 .-·.,.- .. _. .. ... 

1.75 . 

1, 50 ~-

us:1 

1.00 

0.75 -'.., 

0.50 

0.25 

1-----------·------1 
f----~~ 1------: 
: ~ ~rW : 131 to 1R_ __ l 
I &tels> I 1-2-83 I ----:-""'--.-. --,----~· 
:-~~ <1 '"'11:er : B:llldr~~: 
I t~ ·'l!iJ!tli!<~ I O.BN!!J I 1---·- ·-----1-----1 
I '@'~~I <lC I 1- ,------1 
I fµ~a;;.01>-irqde I ".!n:-l.ic)e" I 1-.-· - .. - .-'. -----1----1 

1~:::: ~~~~=~~ 
} .·~~. : ~- : 
I . . l I 
I 'ldc'il~ iJifDfll!iStitlll .I na!e·. I · i - .... ,, ..... : . .. :. j: . . . .. f 
I -'I · I 
, __ _ . '. _,_, , . .,,_ - j -

~~· 

'.I ' 

I 

fl.OO~...---,~....-""'F"--""""',.,... ..... ~,__,~._....,.......,,_.......,..,....._~_..,.,,;..;....,._....,.....,. 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 L4 1.6 1.8 

MAGNifLOC 572-C DOSE lMG/L) 

Figure 46. Effluent turbidity vs dose of 
Magnifloc 572-C. I.Dw-turbidity water. Field 
scale pilot plant. 

2.0 

::) 
f--< 
·~ 

)-t 
E-i ....,.. 
D ,_, 
II) 
0:::: 
:::J 
E-'-t 

f-1 
:z w 
:::J 
-1 
l.i.:. 
[L 
!11 

3.or.,...... ____________ __,, ____ ,....... 

i.s 

2.o ·:::a: 

1.5 

_,,,;,·,. 

1.'o,l \ 
' \ 

\ 
0.5 

1-------------------1 
I ClNlIT!CHl I 
1----------1 I 
I Rm nlll!ber!s) I 133 to 137 I 1----------------1------1 
I date!sl I 1-.4 to 1-1Hl4 I 
-------------- I I 
I sow:ce of water I POudre RiVee I 
1-------~-----1-----1 
I raw water turbidity .1 • 7 mu I 1---------------------1------1 
I r,.,, ·water tenp;,rature I 1 C · I 
1--------~----1-----1 
I tiltraticn l!Dde I "in-.1.inli" I 
1-----· ----1 . I 
I hydrlllll.ic loading ratel s.o gptlftl~ I 1---------1 -.: I l pr.inacy ~i: . : Alm : 

:~dacy ~~~:~lllJ/l of 5*CJ 
I I i 
I ~l;imlal Wa.$tim I i..-- I 
I I I 
I I I 
I 

~ 

I 

i 

I 
I 

I 
I 

o.o-L----,.---~---,.----r---7:--~ 
25.0 30.0 !:LO 5.0 10.0 15.0 20.0 

ALUM DOSAGE lMG/Ll 

Figure 47. Effluent turbidity vs alum d:>se, 
Al2 (SO ) 3 °14H O, using 2 mg/1 of 
Magniffoc 572~ for low-turbidity water. 
Field scale. 



\0 
\0 

Table 19. Giardia anft~liform results fran testing using low-turbidity 
raJN water. Field scale rapid rate filtration pilot plant. 

coagulants Used Turbidity Giardia cyst !J/1/ 
Coagulant IUlE!lllcaJ. water 

Run Dosage <llElllical.J/ ~~ Temperature Influent:J.D/ Effluent.9/ 
No. ca+-"""""rull (ma/L) (NIU) CNIU> Removal 
117 None None 0 2 0.4 0.6 
129 None None · 0 1 0.6 0.7 
123 Od:imum 8102 0.1 1 0.6 1.1 
124 Oot:imum 8102 0.4 1 0.6 0.85 
138 Oi±imtin Alun/572-C 7.0/2.0 <1 0.7 0.4 
125 Nompt:ilm.Itl Alun 0.4 1 0.55 1.0 
126 Nonoptimun Alun · 5.o_ 1 0.55 1.0 
127 Nomci:imun Alun/8102 3.0/0.2 1 0.9 1.1 
128 Nomotimurn Alun/8102 3.0/0.4 · 1 0.9 0.9 

l/ Abstracted fran Table B-1 
21 Cache La :R>udre River water having ra,, water turbidities less than 1 NIU 
31 Nalco 8102, Ma.gnifloc 572-C 

Percent Influent:S/ Effluent.6/ Percent 
c.vsts/liter cvsts/liter Raoorlal No./100 mL 

<l 260 180 30 
<l ** - ** 
<1 325 180 45 
<1 325 100 40 
42 1300 70 95 
<l 1300 850 35 
<1 1300 950 30 
<l 175 100 45 
<l 175 125 30 

Colifonns.B/ 

Inf! uent;S/ Effl.uent.6/ 
No./100 mL 

lSoOO 12000 
3500 3000 
6900 5700 
6900 3500 

10000 150 
9000 8500 
9000 6500 
* * 
* * 

Al Alun wses are rng/L as Al cro > 148.,0 
.5/Detected cyst concentratio~, ~in(J influent stream after mixing by four el.tows and l:efore injection of coagulants. M:!nbrane filters used were 

NUcleopore polycaroonate 5 rnicraneter pore sl:ze, 293 nm dianeter. Sanples were analyzed by rnicropi~tte tedmique • 
.61 Procedures were the same as used for influent fXUDPl.ing and analysis. -
1.1 D:>uble asterisk indicates cysts were of questionable viability 
.Bl Single asterisk indicates no data; missed dilution range 
.91 Effluent turbidity after one hour of filtration 
l.Q/Influent turbidity prior to contaminant injection 
ll/Referenoe should l:e made to Figures 3-10 to 3-14 to judge coagulant wsage with respect to turbidity reductions. 

Percent 
Raroval 

20 
15 
20 
so 

>98 
10 
30 
* 
* 



™ts With No coagulation 

Runs 117 and 129, in Table 19 show results obtained for coagulant dosage 
tests in which ~iardia cysts and colifom bacteria were injected into low--
turbidity, low-temperature rad waters which were filtered without chanical 
pretreatment. For the "none" coagulant oondition, colifoon bacteria renovals 
were 20 and 15 peramt, restectively. '!be Giardia cyst removal of Run 117 
was only 30 percent. No Giardia removal data is reix>rted for Run 129 because 
the cysts were questionable with respect to maintaining identity for 
analysis. '!he effluent turbidity was greater than the influent turbidity for 
each of these "no chenical" runs. 

Optimum Coagulant IX>se 'I'ests-
Chanical Cbsages for Runs 123, 124 and 138 were classified as "optimun". 

For Runs 123 and 124 ranovals of ~ cysts were 45 and 40 i;:.ercent, 
respacti vely, ool iform removals were 20 and 50 percent, while turbidity 
removal were less than one percent. '!he chemicals used in these runs were 
fotmd to be not effective in the laboratory-scale work and so the field-scale 
testing corroborates this. 

For Run 138, however, ranovaJ.s in all three categories were high, i.e 95 
percent for Giardia cysts, 98 percent for colifoim bacteria, ·and 42 percent 
for turbidity. Coagulant dlenical.s used for Rlll'l 138 were 7 .o mg/L of alum, 
as Al2 <so4>3 14 H20, ~d 2.mg/L o~ M:lgnifloc 572-C. 'lbese coagulant oosages 
were found to be ef"fective in previous bench scale and lab-scale testing. 
For this test the rat/ water turbidity was O. 7 NTU, and the effluent turbidity 
was 0.4 NIU, while the water temperature was <1°c. Higher percent removals 
of turbidity, e.g. 70 to 80 percent, were found in the laboratocy-scale pilot 
plant results0 It should be noted, however, ~t the water tenperature was 
less than 1 C Cthe therrnaneter measured 0 C), during Run 138 and so while 
ten~rature did not seem to influence filtration Cbwn to 3°c during 
laboratory-scale work, the o0 c condition could have an effect. 

Nonoptimlln Coagulant IX>se Tests-
Runs 125 to 128 were classified as •nonoi;t:imun•, even though sane of the 

turbidity-cbse curves did not show well defined U-sha~s. Results for 
removals of turbidity, ool iform bacteria, and Giardia cysts were not 
significantly different than for the "zero" coagulant Cbsage tests. It 
should be noted that chanicals used were those found to be not effective 
during laboratory-scale pilot plant work. 

A8s.ociations Between Ilependent .variablM 

Figure 48 is a plot of data taken fran Table 19 sh<Ming percent removal 
of Gj.9rdia cysts plotted against percent renoval of colifoDn bacteria. 
Figure 48 indicates that high re:novals of Giard~ cysts can be expected when 
high ranovals of colifonn bacteria occur. Again, this is oonsistent with 
findings in lab-scale experiments with lCM-turbidi ty water. It is consistent 
also with results for Horsetooth water. Other associations were not made 
because of l:imited data for the low-turbidity testing phase. 
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Bometa<>th Water 

Results of f ield-satle pilot plant testing using rEftl water f ran 
Horsetooth water are given in Api;endix H. 'lbe turbidity of Horsetooth 
Reservoir water is about 4 to 1 O NIU, and it is more easily treatable by a 
wider range of chanical coagulants. Sane polymers not effective for the low 
turbidity waters were effective when using Horsetooth water. Percent 
ranovals of turbidity, Giardia cysts, and total colifoll'Cl bacteria were 
generally 90-97, 95-99, and 97-99, respectively when chenical pretreatment 
was used. When no chemical pretreatment was used, percent renovals were 
generally 3-14, 27-33, and 0-41, respectively for the turbidity, cysts, and 
tacteria. 
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SUmmacy of Results for Field-Scale Pilot Plant Testing 

'!he field-scale pilot plant testing underlines the importance of using 
chenical coagulants in the rapid rate filtration proeess. rurther, not all 
coagulants are effective, and so selection of coagulant chemicals is 
important. Chenicals can be' selected and dosages can be determined ~ 
generating the classical. turbidity-rose curves using a pilot plant. If 
peramt removal of turbidity . is high, the percent renoval of .Giar.Qia cysts 
and total colifonn bacteria should be high also. 
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APPENDIX A 

All reduoed· data and results f ran .... -the laboratory-scale testing are 
included in Tables A-1 and A-2. Table A;.,. l smmar izes all test oondi tions and 
results, categoriz¢ ~ test identification, influent water d:laracteristics, 
chanical ba.~in oonditions, filter oonditions, and filter effluent data. It 
contains all data obtained during test runs of the lalx>ratocy scale rapid 
rate filtration pilot plant. Fa.ch row in the table oonstitutes the data 
obtained during a given test run. 'lbe table can be read ~ each page using 
Run No. · and Col. No. to coordinate between i;ages. Alternatively a large 
table can be constructed f ran the pages of Table A-1 by cutting along the 
match ·marks indicated on each sheet and using the Run No. and Col. No. as 
guides to place the sheets. 

Table A-2 contains effluent results of G:j.ardta cyst testing corrected 
for sampling efficiency data and detection limits. 'lhe basic data were 
obtained fran Table A-1. It should be noted that Gi9rdj.9 cysts were not used 
in Runs 1-41. 'llle use of cysts to spike the influent water in the milk 
oooler was deferred until this time in order to beoane familiar with 
operation of the · pilot plant and to ct> prel:iminacy testing. 
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Table A-1. Master data table for lab:>ratory-scale rapid-rate filtration 
pilot plant (page 1 of 12). 

Test INFWENl' WMER QWU\Cl"ElUSrIC 
· ID~FioalON 

it ~11~ ~~ ~i'. ~ ~ ~ ~ 

i~~ j~ 88 iH ill i h ~1 ~ 
•N 

~+ i~ ~~ + ....,.N t3 ~ '-'+ 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

S-13-82 1 6.5 6.00B o.oo 0.000' 
5-13-82 1 6.5 6.00H o.oo o.ooo 
S-31-82 2 7.0 3.60H 74,265 59,000 10,500 o.oo o.ooo 
S-31- 82 2 7.0 3.608 74,265 59,000 10,500 o.oo o.ooo 
6- 2-82 3 n.o 3.00B 18,892 7,000 230 o.oo o.ooo 
6- 2-82 3· n.o 3.008 18,892 7,000 230 o.oo o.ooo 
6- 4-82 4 16·.0 3.808 35,380 'Il,000 10,000 o.oo o.ooo 
6- 4-82 4 16.0 3.SOB 35,380 'Il,000 10,000 o.oo o.ooo 
6- 8-82 5 n.o 3.708 . 36,181 36,000 9,000 o.oo o.ooo 
6- 8-82 5 n.o 3.708 36,181 36,000 9,000 o.oo o.ooo 
6•10-82 6 13.0 3.50B 38,266 o.oo o.ooo 
6-10-82 6 13.0 3.508 38,266 o.oo o.ooo 
6-14-82 7 14.0 3.208 45,241 25,300 350,000 o.oo o.ooo 
6-14-82 7 14.0 3.208 45,241 25,300 350,000 o.oo o.ooo 
6-16-82 8 14.0 3.30B 41,904 27,000 180,000 . o.oo ' o.ooo 
6-16-82 8 14.0 3.308 41,404 27,000 180,000 o.oo o.ooo 
6-17-82 9 u.o 3.308 53,498 387,000 54,000 o.oo 0~000 
6-18-82 10 14.5 3.308 161,300 6,100 o.oo o.ooo 
6-23-82 11 14.5 3.508 127,000 6,400 o.oo o.ooo 
6-23-82 11 14.5 3.308 127,000 6,400 o.oo o.ooo 
6-25-82 12 16.0 3.308 7032 28,000 1,250 o.oo o.ooo 
6-25-82 12 16.0 3.308 7032 28,000 1,250 o.oo o.ooo 
7- 6-82 13 16.0 4.208 228,036 15,000 1,595 o.oo o.ooo 
7- 7-82 14 14.5 4.SOB 123,593 ll,300 2,000 o.oo o.ooo 
7-13-82 15 13.S 3.408 73,540 13,600 800 o.oo o.ooo 
7-14-82 16 14.5 3.708 71,485 20,000 805 o.oo o.ooo 
7-19-82 17 13.0 3.708 o.oo o.ooo 
7-21-82 18 13.0 0.608 7860 s,100 4 o.oo o.ooo 
7-22-82 19 20.0 0.58B o.oo o.ooo 
7-26-82 20 20.s 0.418 32,048 464,000 so o.oo o.ooo 
7-'Zl-82 21 21.0 0.428 58,247 399,000 70 o.oo o.ooo 
7-28-82 22 21.0 0.428 58,247 399,000 70 o.oo o.ooo 
7-29-82 23 16.0 0.918 26,856 220 o.oo 0~000 
7-30-82 24 18.s 0.918 26,856 286,500 110 o.oo o.ooo 
a- 2-82 25 20.0 0.918 26,856 286,500 llO o.oo o.ooo 
·a- 4-82 26 21.0 0.138 o.oo O.OQO e- 6-82 27 20.0 0.228 286,500 llO o.oo o.ooo 
e- 9-82 28 20.0 0.168 4,150 so o.oo o.ooo 
8-10-82 29 20.0 0.168 4,150 so o.oo o.ooo 
8-12-82 30 13.5 0.178 210 180 o.oo o.ooo 
8-18-82 31 16.0 0.228 3840 24,500 95 o.oo o.ooo 
8-19-82 32 18.0 0.228 5599 32,500 650 o.oo o.ooo 
8-20-82 33 18.5 0.228 5599 32,SOO 650 o.oo o.ooo 
8-20-82 34 18.5 0.228 5599 32,500 650 o.oo o.ooo 
8-25-82 35 18.5 0.31H 14,923 o.oo Q.000 
8-30-82 36 2.0 0.27H.DE s , 210 21,400 
8-31-82 37 2.0 0.198.IE 
9- 1-82 38 2.0 0.19H.DE · 12,616 19,250 210.0 
9- 2-82 39 2.0 0.198.DE 12,616 14,300 160.0 
9- 3-82 . 40 2.0 O.l9H.DE 12,616 2,750 65.0 
9- 9-82 41 2.0 0.25B.DE · -
9-13-82 42 2.0 0.64H.DE 500.8 76.628 
9-13-82 43 2.0 0.648.DI!: so.a 81.632 
9-15-82 44 2.0 o.16H.m: 500.0 57.866 
9-15-82 45 2.0 0.168.m 500.0 23.255 
9-29-82 46 3.0 0.22B.DE s,001 1,950 4,000.0 480.6 260.000 
9-29-82 47 3.0 0.228.IE 5,001 1,950 4,000.0 480.6 260.000 
9-30-82 48 3.0 0.22&.DF.: s,001 1,825 i,·300.0 480.6 458.300 

10- 4- 82 49 2.0 0.298.DE s,001 • 3,650 1,300.0 480.0 458.330 
10- 4-82 so 4.0 0.36H.DE 27,613 12,700 45.0 480.6 112.500 
10- S-82 51 3.0 0.36H.DE 34,216 7,l2S 10.0 480.6 383.330 
10- 6-82 52 4.0 0.36H.DE 30,419 16,750 14.0 480.6 522.220 
10- 7-82 53 4.0 0.468.DI!: 37,380 12.5 480.6 372.400 
10-12-82 54 4.0 O.JSH.DE 18,875 1475.0 soo.o 340.000 
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Table A-1. Master data table for laboratory-scale rapid rate filtration 
pilot plant (page 2 of 12). 

+ + + 
Cl) (2) (3) (4) (5) (6) (7) (8) (9) 

10-13-82 55 4.0 0.40H.DE 45,121 29,900 315.0 500.0 404.540 
10-14-82 56 4.0 0.478.DE 63,388 ll4,500 195.0 soo.o 170.000 
10-15-82 'S'I 4.0 0.47B.De 63,388 29,790 96.0 soo.o 170.000 
10-19-82 58 4.0 O.SOB.DE 102,705 84,250 10.0 500.0 225.000 
U-23-82 59 
ll-23-82 60 3.0 0.348.DE 
12- 1-82 61 15.0 4.208.DE 1,248,438 39,000 330.0 461.S 
12- 2-02 62 4.0 4.208.DE 675,325 161,000 38.0 461.S o.ooo 
12- 3-82 63 4.0 4.20H.DE 461.5 o.ooo 
12- 3-82 64 4.0 4.20B.DE 961,881 196,000 6.0 461.S o.ooo 
12- 7-82 65 4.0 4.308.DE 961,881 ll,350 461.S o.ooo 
12- 4-82 66 3.0 0.458.DE 39,649 4,625 3500 500 368.750 
12-15-82 67 4.0 O.SlB.DE 39,629 1,370 10 500 333.330 
12-16-82 68 4.0 0.53H.DE 45,606 1,330 42 500 435.480 
12-17-82 69 4.0 0.538.DE 45,606 6,050 · 100 500 519.230 
12-17-82 70 4.0 0.53B.DE 45,606 6,050 100 soo 519.230 
1- 6-83 71 3.0 0.96B.DE 150,0ll 175,500 625 1000 628.200 
1- 7-83 72 3.0 0.99B.DE 110,814 151,000 50 1000 700.000 
l-ll-83 73 3.0 !.!OH.DE 36,750 1000 
1-12-83 74 3.0 l.33H.DE 142,932 35,800 160 1000 416.000 
1-14-83 75 3.0 1.33H.DE 144,924 1000 324.440 
1-27-83 76 3.0 0.47H.DE 10,837 1000 200.000 
1-27-83 77 3.0 0.47B.DE 10,837 1000 200.000 
1-27-83 78 3.0 0.47H.DE 10,837 1000 200.000 
1-27-83 79 3.0 0.47B.DE 10,837 1000 200.000 
1-28-88 80 4.0 0.478.DE 4,377 12,500 22 1000 
l-31-83 81 3.o 0.48H.DE 14,864 7,100 9 1000 
2- 1-83 82 3.0 0.59H.DE ,927 30,000 9 1000 
2- 2-83 83 3.0 0.59B.DE 25,961 1000 
2- 8-83 84 3.0 2.2B.DE 5000 2789.470 
2- 9-83 SSA 3.0 2.2H.DE US,643 17,500 200,000 5000 3000.000 
2- 9-83 ass 3.0 2.28.DE ll5,643 17,500 200,000 5000 · .JQ00.000 
2-10-83 86A 3.0 2.58.DE 211,356 30,000 10,000 5000 843.750 
2-10-83 86B 3.0 2.58.DE 211,356 30,000 10,000 5000 843.730 

'2-ll-03 87A 3.0 · 2.58.DE 394,600 192,500 100,000 5000 1783.780 
2-ll-83 87B 3.0 2.se.m 394,600 192,500 100,000 5000 1783.780 
2-15-83 88A 3.0 3.8H.DE 482,002 300,000 16,400,000 5000 2368.fil 
2-15-03 88B 3.0 3.88.DE 482,002 300,000 16,400,000 5000 2368.411 
2-16-83 89A 3.0 3.88.DE 785,263 665,000. 12,600,000 5000 2650.000 
2-16-03 89B 3.0 3.8e.m: 785,263 665,000 12,600,000 5000 2650.000 
2-17-83 90A 3.0 2.28.DE 21,570 46,000 5000 4040.4001 
2-17-83 90B 3.0 2.28.DE 21,570 46,000 5000 4040.4001 
2-18-83 9JA 3.0 2.48.DE 90,836 m,soo .28,000 5000 3181.8181 
2-18-83 91B 3.0 2.48.DE 90,836 m,soo 28,000 5000 3181.8181 
2-22-83 92A 3.0 9.GCLP 10,000 
2-22-83 92B 3.0 9.6a.P 10,000 
2-23-83 93A 3.0 9.6a.P 10,000 
2-23-83 93B 3.0 9.6a.P 10,000 
2-28-83 94 3.0 l.7CI.P 75,465 101,500 20,000 7f!7 753.850 
2-28-83 95 3.0 l.7CLP 75,465 101,500 20,000 787 753.850 
2-28-83 96 3.0 l.1a.P 75,465 1011'500 20,000 7ffl 753.850 
2-28-83 97 3.0 l.7a.P 75,465 101,500 20,000 787 753.850 
3- 2-83 98 3.0 2.4a.P 83,427 175,000 500 1025.640 
3- 3-83 99 3.0 3.2et.P 49,666 59,000 1500 1012.130 
3- 8-83 100 4.0 3.2CLP 61,053 6000 975.600 
3-14-83 lOlA 4.0 4.SCLP 494,482 211,000 83,000 700 159.760 
3-14-83 1018 4.0 4.8a.P 494,482 zn ,ooo 83,000 700 159.760 
3-15-83 102A 3.0 6.2a.P 63,696 30,000 14,000 700 422.080 
3-15-83 l02B 3.0 6.2CLP 63,696 30,000 14,000 700 422.080 
3-23-83 103 3.5 l.osa,p 105,000 5000 602 408.160 
3-24-83 104A 3.5 l.08a.P 80,805 60,500 450 602 56.690 
3-24-83 104B 3.5 l.OSCLP 80,805 60,500 450 602 56.690 
3-25-83 105 14.0 l.08a.P 80,759 9,300 1010 602 
3-28-83 106 3.5 0.51CLP 82,013 15,000 45 440 183.10 
3-31-83 l07A 3.0 0.68CLP 59,007 30,500 10 594 298.270 
3-31-83 107B 3.0 0.6aa.P 59,007 30,500 10 594 298.270 
4- l-83 108 1·.o 0.6oa.P 43,554 2li000 0 o.ooo 
4- 7-83 109 9.0 l.040..P 97,820 16,000 4500 0 o.ooo 
4- 8-83 110 2.0 l.14CLP 00,074 160 150 0 o.ooo 
4-14-83 111 3.5 l.13et.P 71,716 30,000 1500 240 233.160 
4-14-83 ll2 3.5 1.130:.P 71,716 30,000 1500 240 233.160 
4-15-83 ll3 3.5 l.13CLP 60,330 27,500 695 240 115.380 
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Table A-1. Master data table for laboratory-scale rapid rate filtration 
pilot plant (page 3 of · 12> • 

+ + + 
(1) (2) (3) . (4) (5) (6) C7) (8) (9) 

4-15-83 114 3.5 l.13CLP 60,330 ·Zl,500 .695 240 115.380 
4-20-83 115 3.0 l.28CLP 45,533 12,500 1400 200 238.940 
4-20-83 116 3.0 l.28CLP 45,533 12,500 1400 200 238.940 
4-21-83 117 3.0 l.24CI.P 34,962 9,000 790 858.180 
4-21-83 118 3.0 l.24CLP 34,962 9,000 790 858.180 
4-24-83 119 3.0 l.60CLP 72,520 15,500 4650 300 269.000 
4-24-83 120 3.0 l.60CLP 72,520 15,500 4650 300 269.000 
4-24-83 121 3.0 l.60CLP 72,520 15,500 4650 300 269.000 
4-24-83 122 3.0 l.60CLP 72,520 15,500 4650 300 269.000 
4-25-83 123 3.0 l.60CLP 72,520 13,000 200 300 245.450 
4-25-83 124 3.0 l.60CLP 72,520 13,000 200 300 245.450 
5- 3-83 125 3.0 33.00CI.P 12,500 1900 0 
5- S-83 l26A 3.0 )3.000:.P 35 0 
5- 5-83 1268 3.0 33.00CLP 35 0 
5-10-83 lZlA 16.S 14.20CLP 5,000 2600 0 
S-10-83 lZlB 16.5 14.20CLP 5,000 2600 0 
5-11-83 128A 4.0 14.20CLP 12,500 1350 0 
S-11-83 128B 4.0 l4.20CLP 12,500 1350 0 
S-12-83 129 4.0 14.20CLP 1010 0 
5-12-83 130 10.0 14.20CLP Zl 0 
S-16-83 131A 16.0 14.20CLP 10 0 
S-16-83 131B 16.0 14.20CLP 10 0 
5-17-83 132 4.0 14.20CLP 36,000 <10 0 
5-30-83 133 5.0 lBCLP 18,600 1285 400 450.000 
6- 6-83 134 3.0 l.19CDE 15,500 12,850 660.7 745.257 
6- 6-83 135 3.0 l.19CDE 15,500 12,850 660.7 745.257 
6- 7-83 136 4.0 l.19CDE 15,500 r 5850 o.o 
6- 7-83 137 4.0 l.19CDE 15,500 5850 o.o 
6- 8-83 138 3.0 l.19CDE 9,450 2350 o.o 
6- 8-83 139 4.0 l.19CDE 9,450 2350 o.o 
6-13-83 140 12.0 l.19CDE 23,700 40 o.o 
6-13-83 141 13.0 l.19CIE 23,700 o.o 
6-14-83 142 14.0 l.19CDE 24,800 <l o.o 
6-14-83 143 14.0 l.19CIE 24,800 <l o.o 
6-15-83 144 14.0 l.19CDE 900 <l o.o 
6-15-83 145 14.0 l.19CIE . 900 <l o.o 
7-19-83 146 3.5 0.89HDE 9,420 24,500 605.8 385.700 
7-20-83 147 3.5 0.89BDE 4,050 7,500 605.8 51.540 
7-26-83 148 3.0 l.06HDE 51,500 12,500 605.8 75.000 
7-Zl-83 149 3.0 l.06HIE 38,000 37,000 
a- 2-83 150 18.0 0.45HDE 16,950 7,500 o.o 
a- 2-83 151 18.0 0.45BIE 16,950 7,500 o.o 
a- 3-83 152 17.0 0.4SHDE 17,000 1,000 o.o 
a- 3-83 153 17.0 0.45HDE 17,000 1,000 o.o 
8- S-83 154 18.0 0.45BDE 38,500 3,650 o.o 
8- 5-83 155 18.0 0.45BDE 38,500 3,650 o.o 
8- 8-83 156 4.0 0.45BDE 53,500 5,700 o.o 
0- 9-83 157 4.0 0.45HOE 56,500 21,500 o.o 
0- 9-83 158 4.0 0.45HDE 56,500 21,500 o.o 
8-10-83 159 4.0 0.45HDE 56,500 40,000 o.o 
8-10-83 160 4.0 0.45HDE 56,000 4,000 o.o 
8-28-83 161 20.0 0.85BDE 9,150 350 o.o 
9- S-83 162 3.0 0.85HDE 12,800 20,000 o.o 

11- 7-83 163 15.0 0.85HDE 8,233 4300 o.oo o.ooo 
11- 8-83 164 16.0 0.85HDE 36,700 1150 o.oo o.ooo 
11- 9-83 165 17.0 0.85HDE 56,300 1100 o.oo 0.000 
11-10-83 166 18.0 0.85HDE 51,000 1000 o.oo o.ooo 
ll-ll-83 167 18.0 0.85HDE o.oo o.ooo 
11-14-83 168 18.0 0.85HDE 79,800 o.oo o.ooo 
11-15-83 169 19.0 0.85HDE 23,400 o.oo o.ooo 
11-16-83 170 20.0 0.85BDE o.oo o.ooo 
11-17-83 171 20.0 0.85HDE 10,500 600 o.oo o.ooo 
11-18-83 172 20.0 0.85HDE 38,800 150 o.oo o.ooo 
11-21-83 173 20.0 2.30BIE 18,200 1850 o.oo 0.000 
12-12-83 174 2.0 0.600:.P 14,700 1000 o.oo 0.000 
12-14-83 175 3.5 0.65CLP 5,500 3470 o.oo o.ooo 
12-15-83 176 3.5 0.69a..P 3,300 300 o.oo o.ooo 
12-16-83 rn 4.0 0.77CLP 6,000 6550 o.oo o.ooo 
12-19-83 178 4.0 0.78a..P 4,100 6850 o.oo 0.000 
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Table A-1. M:tster data table for laboratory-scale rapid rate filtration 
pilot plant . (page 4 of 12). 

amMICAL BASIN CDNDITIONS 

m~N 
~ 

-~ 
l1 j ~ -~ ~~j ~ ~j -~ .-...-l lfi E-1 ~ ~ .-l. ~-S 8 .$ Ei ~ ii ...... B'fi 

-~i :o-m !i ~ l :d ...... l ~l 8 ~ IM~ ·~ ~ ~ . ~;N ~~ ~-- ... J ....... 
+ &~~ ;~ f!.-- t:Q r2 ::>we£ BE-Ir£ ~R 

ClO) (11) (12) (13) (14) (15) (16) Cl7) (18) 

1 o.oo 40.9 186.0 7607 o.oo 57.2 186.0 10,639 
l o.oo 40.9 186.0 7607 o.oo 57.2 186.0 10,639 
2 o.oo 40.9 186.0 7607 o.oo 57.2 . 186.0 10,639 
2 o.oo 40.9 186.0 7607 o.oo 57.2 186.0 10,639 
3 o.oo 40.9 186.0 7607 4.60 8lOON 57.2 186.0 10,639 
3 o.oo 40.9 186.0 7607 4.60 8100N 57.2 186.0 10,639 
4 o.oo 40.9 186.0 7607 0.31 8102N 57.2 . 186.0 10,639 
4 o.oo 40.9 186.0 7607 0.31 8102N 57.2 186.0 10,639 
5 o.oo 40.9 186.0 7607 l.77 8170N 57.2 186.0 10,639 
5 o.oo 40.9 186.0 7607 1.76 8170N 57.2 186.0 10,639 
6 o.oo 40.9 186.0 7607 2.02 8l8J.N 57.2 186.0 10,639 
6 o.oo 40.9 186.0 7607 2.02 8l81N 57.2 186.0 10,639 
7 o.oo 40.9 186.0 7607 2.46 8l02N 57.2 186.0 10,639 
7 o.oo 40.9 186.0 7607 2.46 8l02N 57.2 186.0 10,639 
8 o.oo 40.9 186.0 7607 1.10 8l02N 57.2 186.0 10,639 
8 o.oo 40.9 186.0 7607 1.10 ·8l02N 57.2 186.0 10,639 
9 o.oo 40.9 186.0 7607 l.93 .8l02N 57.2 186.0 10,639 

10 o.oo 40.9 186.0 7607 28.00 6SON 57.2 186.0 10,639 
11 23.38 40.9 186.0 7607 Q.05 8l81N 57.2 186.0 10,639 
11 23.28 40.9 186.0 7607 o.os 818lN 57.2 186.0 10,639 
12 16.90 40.9 186.0 7607 0.09 8l81N 57.2 186.0 10,639 
12 16.90 40.9 186.0 7607 0.09 8181N 57.2 186.0 10,639 
13 14.05 40.9 186.0 7607 0.02 818lN 57.2 186.0 10,639 
14 32.69 40.9 208.3 8519 57.2 208.3 11,914 
15 12.96 40.9 95.3 3897 0.02 8l02N 57.2 . 95.3 5,451 
16 13.40 40.9 · 186.3 7607 o.os 8l02N 57.2 186.0 10,639 
17 19.37 40.9 186.3 7607 1.40 8l02N 57.2 186.0 10,639 
18 o.oo 40.9 186.3 7607 21.55 572C 57.2 186.0 10,639 
19 o.oo 40.9 186.3 76rn 16.00 572C 57.2 186.0 10,639 
20 o.oo 40.9 186.3 7607 o.eo 572C 'S'l.2 186.0 10,639 
21 o.oo 40.9 106.3 7607 16.30 752C 57.2 186.0 10,639 
22 s.12 40.9 186.3 7607 6.40 572C 57.2 186.0 10,639 
23 5.46 40.9 . 186.3 7607 ci.G2 572C 57.2 186.0 10,639 
24 0.83 40.9 186.3 7607 0.32 572C 57.2 186.0 10,639 
25 6 .. 33 40.9 186.3 7607 0.77 572C 57.2 186.0 10,639 26 1.17 40.9 186.3 7607 0.30 572C 57.2 186.0 10~639 
27 2.92 40.9 186.3 7607 O.Z1 573C 57.2 186.0 10,639 
28 4.45 40.9 186.3 7607 0.17 573C 57.2 186.0 10,639 
29 4.85 40.9 186.3 7607 0.25 573C 57.2 186.0 10,639 
30 21.82 40.9 186.3 7607 0.79 573C 57.2 186.0 10,639 
31 s.0s 40.9 186.3 7607 0.45 572C 57.2 186.0 10;639 
32 4.68 40.9 186.3 7607 1.70 572C 57.2 186.0 10,639 
33 4.19 40.9 186.3 7607 1.59 57X 57.2 186.0 10,639 
34 3.16 40.9 186.3 7607 1.38 57'2C 57.2 186.0 10,639 
35 3.34 40.9 186.3 7607 2.10 572C 57.2 186.0 10,639 
36 8.57 46.0 186.0 8566 4.09 . 572C 46.0 186.0 8,566 
37 15.33 46.0 186.0 8566 8.33 57'2C 46.0 186.0 8,566 
38 1.47 46.0 186.0 . 8566 1.97 572C 46.0 186.0 8,566 
39 3.02 46.0 287.0 213,209 l.40 572C 46.0 278.0 13,209 
40 S.57 32.9 278.0 9165 2.59 572C 46.0 278.0 12, 790 
41 15.07 33.4 282.5 9454 0.03 NPlO 46.7 282.S 13,213 
42 8.47 32.0 178.6 5716 1.45 572C 45.0 178.6 8,037 
43 5.48 33.4 266.0 8901 2.01 572C 46.7 266.o 12,439 
44 3.55 32.9 182.0 .6001 3.85 572C 46.0 182.0 8,376 
45 . 3.13 32.9 270.0 8903 1.47 57X 46.0 Z10.0 12,425 
46 o.oo o.oo 
47 o.oo o.oo 
48 o.oo o.oo 
49 o.oo o.oo so 2.14 33.4 184.8 6184 0.90 572C 48.2 184.8 8,917 
51 4.08 33.4 258.2 8639 1.68 572C 46.7 258.2 12,075 
52 2.07 33.4 179.4 6003 1.17 572C 46.7 179.4 8,391 
53 3.44 33.9 261.5 8880 2.13_3 572C 47.5 261.5 12,421 
54 2.11 33.4 184.8 6184 4.2xl0 Bl02N 
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Table A-1. Master data table for laboratory-scale rapid rate filtration 
pilot plant (page 5 of 12). 

+ + 
(10) (11) (12) <13) <14) (15) (16) (17) (lB) 

--+ 
SS 3.16 34.9 273.1 9S56 17.00 8102N 
56 5.30 33.4 186.2 6231 0.30 8102N 
57 5.07 33.4 267.1 B940 2.17 Bl02N 
58 2.47 33.2 lB0.7 6001 1.47 572C 46.3 lB0.7 8,383 
59 
60 13.7 34.4 256.2 BB26 0.50 572C 48.2 256.0 12,354 
61 15.97 3B.6 180.2 6963 0.73 573C 54.0 180.2 9,737 
62 16.63 33.4 180.2 6029 0.90 573C 46.7 lB0.2 8,42B 
63 lB.52 32.9 198.2 6534 0.50 573C 46.0 19B.2 9,119 
64 28.02 32.9 187.6 6185 1.00 573C 46.0 187.6 B,631 
65 18.52 33.2 180.7 6002 0.44 573C 46.3 180.7 B,383 
66 17.17 160.0 1B4.0 29,440 0.52 573C 160.0 184.0 29,440 
67 17.12 160.0 184.0 29,440 0.26 573C 160.0 184.0 29,440 
68 12.07 160.0 184.8 29,570 1.61 573C 160.0 184.8 29,570 
69 14.96 160.0 267.1 42,749 1.08 573C 160.0 '267 .2 42,749 
70 7.64 . 160.0 273.1 43,696 1.33 573C 160.0 273.1 43,696 
71 15.00 617.0 178.6 110,196 l.31 573C 617.0 178.6 110,196 
72 16.62 446.0 17B.l 79,432 1.30 573C 446.0 178.6 79,432 
73 24.60 300.0 285.8 85,740 1.22 573C 300.0 285.B 85, 740 
74 13.15 300.0 281.8 84,566 1.37 573C 300.0 281.8 B4,566 
75 12.70 300.0 273.1 81,935 2.00 573C 300.0 273.l 81,935 
76 o.oo - .o 
77 o.oo - .o 
78 o.oo - .o 
79 o.oo - .o 
80 5.56 300.0 183.4 55,031 0.74 572C 300.0 183.4 55,031 
81 6.77 300.0 181.5 54,462 o.Bo 572C 300.0 181.5 54,462 
82 8.82 300.0 270.1 81,035 0.55 572C 300.0 270.1 81,035 
83 75.63 300.0 270.l 81,035 11.00 572C 300.0 270.1 Bl,035 
84 12.60 300.0 270.1 81,035 1.97 572C 300.0 270.l .81,035 

BSA 13.03 300.0 279.1 83,797 1.31 572C 300.0 279.1 83, 797 
B5B 13.00 300.0 279.1 83,797 l.31 572C 300.0 279.l 83,797 
86A 15.64 300.0 186.2 55,865 1.28 572C 300.0 186.2 55,865 
86B 15.64 300.0 186.2 55,B65 1.28 572C 300.0 186.2 55,B65 
87A 14.77 300.0 186.2 55,865 2.19 572C 300.0 186.2 55,865 
87B 14.77 300.0 186.2 53,865 2.19 572C 300.0 186.2 55,865 
BSA 17.55 300.0 258.7 77,623 4.42 573C 300.0 258.7 77,623 
BBB 24.14 300.0 25B.7 77,623 4.42 573C 300.0 258.7 77,623 
89A 16.57 300.0 273.l 81,935 2.0 573C 300.0 273.1 81,935 
89B 16.57 300.0 273.l 81,935 2.0 573C 300.0 273.1 . 81,935 
90A 22.69 300.0 180.7 54,222 l.76 573C 300.0 180.7 54,222 
90B 22.69 300.0 180.7 54,222 1.76 573C 300.0 180. 7· 54,222 
91A 15.10 300.0 180.7 54,222 3.2 573C 300.0 180.7 54,222 
91B 15.10 300.0 180.7 54,222 3.2 573C 300.0 180.7 54,222 
92A 2.es 300.0 273.1 81,935 3.36 573C 300.0 273.1 81,935 
92B 2.85 300.0 273.l 81,935 3.56 573C 300.0 273.1 Bl,935 
93A 5.30 300.0 256.0 76,814 3.33 573C 300.0 256.0 76,Bl4 
93B 5.30 300.0 256.0 76,Bl4 2.66 573C 300.0 256.0 76,814 
94 o.oo 
95 o.oo 
96 o.oo 
97 o.oo 
98 o.oo 8.79 573C 237.1 186.2 44,159 
99 o.oo 7.46 573C 237.1 183.4 43,493 

100 o.oo 7.51 572C 237.1 1B4.5 43,754 
lOlA 9.70 237.l 186.2 44,159 o.oo 
101B 9.70 237.l 186.2 44,159 o.oo 
102A 7.70 237.l 183.4 43,493 o.oo 
102B 7.70 237.1 183.4 43,493 o.oo 
103 17.20 237.1 183.4 43,494 ' 1.34 573C 237.1 183.4 43,494 
104A 9.60 237.1 183.4 43,494 1.5 573C 237.l 183.4 43,494 
104B 13.40 237.1 183.4 43,494 0.6 573C 237.l 183.4 43,494 
105 11.50 237.1 183.4 43,494 . 0.82 573C 237.1 183.4 43,494 
106 o.oo 0.49 8102N 
107A 11.34 '237.1 180.7 42,853 0.47 572C 237.1 180.7 42,B53 
107B 11.3~ 237.1 180.7 42,857 0.47 572C 237.1 180.7 42,B53 
108 12.30 237.l 180.7 42,837 0.49 '512C. 237.l 180.7 42,853 
109 17.70 237.l l7B.l 42,232 0.87 572C 237.1 178.l 42,232 
110 18.64 237.l 178.l 42,232 O.B 572C 237.l 178.l 42,232 
lll lB.59 298.l 148.l 44,152 0.96 572C 298.l 148.l 44,152 
ll2 18.50 237.l 186.2 44,152 0.95 572C 237.l 186.2 44,152 
ll3 18.50 150.l 294.0 44,152 0.98 572C 150.l 294.0 44,152 
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Table A-1. Master data table for laboratory-scale rapid rate filtration 
pilot plant (page 6 of 12) • 

+ + 
(10) (11) (12) (13) (14) (15) (16) Cl7> (18) 

114 23.24 59.6 740.3 44,152 1.2 572C 59.6 740.3 44,152 
115 34.50 294.6 149.9 44,152 1.6 572C 294.6 149.9 44,152 
116 33.30 152.7 289.l 44,152 3.0 572C 152.7 299.1 44,152 
117 37.30 235.3 i87.6 44,152 1.6 572C 235.3 187.6 44,152 
118 23.69 68.3 646.8 44,152 1.42 572C 69.3 646.8 44,152 
119 0 o.oo 
120 0 o.oo 
121 0 o.oo 
122 0 o.oo 
123 0 o.oo 
124 0 ~ o.otf 
125 69.00 180 296.0 53,307 14.5 572C 180.0 296.0 53,307 
126A 32.53 180 296.0 53,307 12.77 572C 180.0 296.0 53,307 
126B 32.50 180 296.0 53,307 12.77 572C 180.0 296.0 53,307 
127A 32.50 217 296.0 64,199 5.0G 572C ~217 .o 296.0 64,199 
127B 32.50 217 296.0 64,199 5.06 572C 217.0 296.0 64,199 
128A 32.SO 186 296.0 55,056 5.06 572C 186.0 296.0 55,056 
129B 32.50 186 296.0 55,056 5.06 572C 186.0 296.0 55,056 
129 32.50 180 . 296.0 55,307 5.06 572C 180.0 296.0 53,307 
130 32.50 197 296.0 58,284 5.06 572C 197.0 296.0 58,284 
l3lA 58.80 217 296.0 64,199 o.oo 
l31B 0 19.30 572C 217.0 296.0 64,199 
132 0 19.30 572C 186.0 296.0 55,056 
133 o.oo 8.15 572C 241 267.l 64,371 
134 o.oo o.oo 
135 237 267.l 63,303 2.48 572C 237 267.l 63,303 
136 2.08 241 267.l 64,371 o.oo 
137 3.08 241 267.l 64,371 4.ll 572C 241 267.l 64,371 
138 3.64 241 267.l 64,371 4.13 572C 241 267.l 64,371 
139 3.64 241 267.l 64,371 4.30 572C 241 267.l 64,371 
140 o.oo o.oo 
141 3.47 282 267.l 75,322 4.52 572C 282 267.l 75,322 
142 3.69 280 267.l 74,788 4.36 572C 280 267.l 74,788 
143 4.56 280 267.l 74,788 3.64 57X . 280 267.l · 74,788 
144 o.oo l.97 572C 280 267.l 74,788 
145 2.46 280 267.1 74,788 o.oo 
146 1.45 240 270.l 64,824 0.35 S72C 240 270.l 64,824 
147 1.45 24o 270.l 64,824 0.35 S7X 240 270.l 64,824 
148 0.64 240 279.l 66,984 0.62 S72C 240 279.1 66,984 
149 0.61 240 . 285.8 68,592 0.65 57X 240 285.8 68,592 
150 0.87 188 248.2 46,661 o.oo 
151 o.oo 0.42 S72C 188 248.2 46,661 
152 0.67 188 248.2 46,661 1.e5 572C 188 248.2 46,661 
153 o.oo o.oo 
154 0.05 188 248.2 46,661 0.47 572C 188 248.2 46,661 
155 1.41 188 . 248.2 46,661 0.47 S72C 188 248.2 46,661 
156 1.41 159 248.2 39,464 OS1 572.C. 159 248.2 39,464 
157 1.41 159 ·248.2 39,464 l.Ol S72C 159 248.2 39,464 
158 o.a5 159 248.2 39,464 0.48 572.C. 159 248.2 39,464 
159 o.oo . 0.40 572C 159 248.2 39,464 
160 0.67 159 248.2 39,464 1.82 572C 159 248.2 39,464 
161 0.97 189 284.4 53,485 2.31 S72C 188 284.4 53,485 
162 o.rn 159 284.4 45,220 2.31 572.C. 159 284.2 45,220 
163 o.oo o.oo 
164 15.25 217.0 285.8 62,023 o.oo S73C . 217.0 295.8 62,023 
165 o.oo 0~48 573C 217.0 285.S 62,023 
166 17.04 220.0 285.8 62,881 0.16 573C 220.0 285.8 62,881 
167 14.95 220.0 285.8 62,881 2.50 S73C 220.0 285.8 62,881 
168 7.48 220.0 285.8 62,881 2.02 S73C 220.0 285.8 62,881 
169 15.55 220.0 2as.a 62,881 0.12 573C 220.0 285.8 62,881 
170 9.Zl 100.0 285.8 52,877 0.65 S73C 180.0 285.9 52,877 
171 22.os 180.0 285.8 52,877 573C 180.0 285.8 52,877 
172 26.01 180.0 285.8 52,877 0.14 573C 180.0 285.8 52,877 
173 o.oo o.oo 
174 o.oo o.oo 
175 o.oo 2.6 S73C 159.0 280.0 44,615 
176 19.18 159.0 280.0 44615 1.57 573C 159.0 280.0 44,615 in 34.05 159.0 280.0 44615 0.46 573C 159.0 280.0 44,615 
178 17.61 159.0 280.0 44615 0.57 573C 159.0 280.0 44,615 
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Table A-1. Master data tclble for lal::x::>ratory-scale rapid rate filtration 
pilot plant · (page 7 of 12). 

--+-
FILTER CXH>ITIONS 

~ i ~ ~ l~ 
-~~ ~6 M 14-!i 

~ r~ m~ iJN ~i J~ j h h. :;:I ~~ '3 :;:I ;:j 
+ ~-- ::> ~--

(19) {21) {21) (22) (23) (24) (25) 

1 32.80 s.08 dual 10.0 10.0 308.0 7.78 
.1 8.14 10.16 dual 10.0 2.4 308.0 . 7.78 
2 8.22 10.16 single 9.5 5.3 200.0 5.00 
2 31.47 5.08 single 0.0 25.0 191.0 s.oo 
3 30.11 5.08 single 13.0 14.0 92.0 4.00 
3 8.10 10.16 dual 14.0 5~0 187.0 4.00 
4 8.70 10.16 single 18.0 20.0 116.0 3.50 
4 22.eo 5.08 dual 17.5 17.0 111.0 4.00 
5 43.92 5.00 single 15.5 1.3 80.0 1.50 
5 11.ao 10.16 dual 15.5 1.3 22.0 1.50 
6 9.49 10.16 single 16.5 4.6 105.0 2.50 
6 . 30.30 5.00 dual 15.0 9.1 120.0 2.50 
7 7.80 10.16 dual 16.0 2.2 57.0 1.50 
7 29.12 5.08 single 16.0 22.5 53.0 i.5o 
8 9.60 10.16 single 15.5 8.0 140.0 3.00 
8 29.90 5.08 single 15.5 15.0 109.0 3.00 
9 8.60 10.16 single 14.0 14.0 147.0 3.50 

10 34.50 5.00 dual 16.0 9.2 42.0 1.00 
11 8.07 10.16 single 19.5 4.7 138.0 3.50 
11 24.90 5.08 dual 18.5 9.1 106.0 3.50 
12 6.53 10.16 single 18.0 24.0 127.0 4.00 
12 30.10 5.08 dual 17.3 17.0 146.0 4.00 
13 29.10 5.08 dual 19.0 13.7 ·- .o 4.75 
14 29.10 5.oe dual 17.5 9.1 124.0 3.50 
15 15.50 5~28 single 16.5 15.5 271.0 3.50 
16 32.91 10.16 dual 17.3 9.2 100.0 2.50 
17 9.00 10.16 dual 16.S 3.8 131.0 3.00 
18 8.24 10.16 single 20.0 4.4 220.0 5.50 
19 32.90 5.00 dual 20.1 8.8 80.0 2~00 
20 8 •. 59 10.16 (Jual 21.0 2.1 188.0 4.50 
21 34.40 5.08 single 21.0 17.0 230.0 5.50 
22 8.20 10.16 single 21.5 5.1 180.0 4.50 
23 32.56 5.08 dual 18.0 12.0 159.0 4.50 
24 8.20 10.16 dual 19.0 2.2 120.0 3.00 
25 32.56 5.08 single 20.0 20.0 119.0 3.00 
26 8.14 10.16 single 20.5 6.4 198.0 5.00 
27 32.56 5.08 dual 20.5 10.0 109.0 2.75 
28 e.20 10.16 dual 20.5 2.8 160.0 4.00 
29 32.07 5.08 single 20.0 22.5 182.0 4.66 
30 . 8.14 10.16 single 13.5 13.0 218.0 5.50 
31 8.14 10.16 single 17.5 6.9 132.0 3.33 
32 32.56 5.08 dual 18.5 14.0 139.0 3.50 
33 8.14 10.16 dual 19.0 3.1 89.0 2.25 
34 32.56 5.08 single 19.5 21.0 80.0 2.00 
35 0.20 10.16 single 19.0 9.0 106.0 2.67 
36 8.14 10.16 single 7.5 9.0 178.2 4A50 
37 32.45 . 5.08 dual 5.2 16.3 598.0 4.00 
38 8.14 10.16 dual 7.0 5.1 178.2 4.50 
39 21.20 5.oa single 9.5 18.5 90.0 3.50 
40 21.ao 5.08 dual 8.0 11.7 'R.2 3.67 
41 5.37 10.16 single 0.0 20.0 143.5 5.50 
42 8.48 10.16 single 8.0 9.4 103.2 2.50 
43 22.ao 5.00 dual 10.0 . 11.4 27.6 1.00 
44 8.32 10.16 dual 7.0 4.2 89.l 2.20 
45 22.45 5.08 single 8.5 23.5 56.9 2.00 
46 8.47 10.16 single 7.0 6.4 59.8 1.45 
47 22.59 5.08 dual 9.0 9.1 27.4 1.00 
48 8.26 10.16 dual 7.0 4.2 51.6 1.28 
49 22.20 s.00 single 10.0 15.0 40.5 1.50 
so 8.20 10.16 single 7.0 9.2 109.7 2.75 
51 23.48 5.08 dual 6.0 10.6 115.1 4.00 
52 8.45 10.16 dual 7.0 s.o 102.7 2.50 
53 23.19 5.08 single 9.5 18.7 65.8 2.33 
54 0.20 10.16 single 7.0 6.5 113.0 2.83 
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Table A-1. Master data table for laboratory-scale rapid rate filtration 
pilot plant Cpage 8 of 12) • 

+ + 
(19) (21) (21) (22) (23) (24) (2S) 

SS 22.20 s.00 dual 7.0 10.4 54.0 2.00 
56 8.14 10.16 dual 0.0 3.S 103.0 2.60 
57 22.69 s.00 single 9.S 16.8 47.0 l.70 
58 0.20 10.16 single 7.0 9.0 83.0 2.03 
59 
60 23.70 5.08 single 7.0 18.l 108.0 3.00 
61 8.41 10.16 dual 15.5 163.0 4.00 
62 8.41 10.16 dual 7.0 6.1 193.7 4.73 
63 30.60 s.oa single 8.5 37.S 18.6 o.so 
64 32.31 5.08 du!1l 6.S 19.l 59.0 1.50 
65 0.39 10.16 single 7.0 39.0 71.4 1.75 
66 8.24 10.16 single 6.5 9.4 114.0 2.75 
67 8.26 10.16 dual s.s 5.0 160.8 4.00 
68 32.80 s.oe dual 4.5 19.0 80.0 2.00 
69 22.69 s.00 dual 4.0 4.1 103.5 3.45 
70 22.20 s.oa Clual s.o 25.9 31.S 1.16 
71 8.49 10.16 single s.s 9.8 130.7 2.16 
72 8.51 10.16 dual . s.o 5.7 182.8 4.41 
73 21.21 5.08 dual 6.0 12.2 103.2 . 4.00 
74 21.so s.oa single 6.0 22.4 65.2 2.50 
75 22.20 s.os dual s.o 11.3 117.0 4~33 
76 8.14 10.16 single s.o G.9 39.6 1.00 
77 8.14 10.16 dual s.o 4.0 33.0 0.83 
78 20.72 s.00 single 1.0 15.7 29.4 1.16 
79 20.72 s.oa dual 6.5 0.4 25.S 1.00 
80 8.26 10.16 single s.o e.s 137.3 3.41 
8l 8.35 10.16 dual 4~0 5.4 206.S s.oe 
82 22.45 s.oa dual 4.0 11.6 132.0 4.83 
83 22.45 s.oa single s.o 20.0 Z'l.3 1.00 
84 22.45 5.oa dual 7.0 16.l 40.9 1.50 

SSA 21.70 5.08 single 7.0 20.0 13.2 o.so 
85B 21.70 5.08 single 7.0 23.6 26.4 l.QO 
86A 8.14 10.16 ·single s.s 7.0 19.8 o.so 
86B 8.14 10.16 single 5.5 11.6 89.l 2.25 
87A 8.14 10.16 dual 4.0 4.6 19.8 .so 
87B 8.14 10.16 dual 4.0 5.1 11.2· 1.95 
88A 23.44 5.08 dual e.o 10.2 14.2 o.so 
88B 23.44 5.00 dual 6.0 3.8 0.13 
89A 22.20 5.08 ' single e.o 17.8 6.7 0.25 
89B 22.20 5.08 single e.o 19.9 6.7 0.25 
90A 9.38 10.16 single 6.0 7.2 10.2 0.25 
90B 8.38 10.16 single 6.0 20.s 68.0 1.66 
9lA 8.38 10.16 dual 5.5 3.9 ·10.2 0.20 
9lB 8.38 10.lti dual 5.5 4.2 20.4 0.50 
92A 22.20 s.oa dual 6.0 14.3 31.5 1.16 
92B 22.20 5.oe dual 6.0 16.5 40.S 1.50 
93A .23.68 . 5.08 single 12.0 17.9 12.0 0.20 
93B 23.68 s.00 single 9.0 27.l 24.0 0.83 
94 8.14 10.16 single 7.0 s.o 27.0 0.68 
95 a.14 . 10.16 dual s.s 3.4 29.7 0.75 
96 21.46 5.08 single 6.0 18.0 10.0 0.38 rn 21.46 s.00 dual 5.0 9.l 8.7 0.33 
98 8.14 10.16 single 6.0 7.9 lSl.8 3.83 
99 8.26 . 10.16 dual s.s 3.0 90.5 2.25 

100 8.21 10.16 single 6.0 6.5 80.0 2.oa 
lOlA 8.14 10.16 single 8.0 6.0 9.2 0.23 
lOlB 8.14 10.16 single 8.0 10.0 63.4 l.6 
102A 8.26 10.16 : dual s.o 3.4 2.01 o.os 
102B 8.26 10.16 dual s.o 3.0 20.e 0.52 
103 8.26 10.16 dual s.o 4.4 244.6 6.08 
104A 8.26 10.16 dual s.o 2.6 153.4 3.82 
104B 8.26 10.16 dual 5.0 3.0 192.2 4.8 
105 8.26 10 .. 16 dual 14.0 2.0 20.1 o.so 
106 8.47 10.16 dual 5.0 2.a 199.2 4.83 
l07A 8.38 10.16 dual 4.0 3.0 10.2 0.25 
l07B 8.38 10.16 dual 4.0 3.4 87.0 2.13 
108 e.3a 10.16 dual 7.0 2.7 122.4 3.00 
109 8.51 10.16 dual 10.0 2.1 25.S 0.62 
110 8.51 10.16 dual 4.0 3.1 20.7 o.so 
lll 40.95 5.08 dual 5.5 19.2 49.8 1.00 
ll2 32.56 s.os dual s.o 15.0 79.2 2.00 
ll3 20.60 s.os dual 6.0 7.8 37.6 1.50 
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Table· A-1. Master data table for laboratory-scale . rapid rate filtration 
pilot plant (page 9 of 12). 

+ + 
(19) (21) (21) (22) (23) (24) (25) 

114 1.ao 5.08 dual 8.0 3.5 10.9 1.10 
115 40.40 5.08 dual 6.0 19.0 62.3 1.26 
116 20.96 5.00 dual 9.0 9.5 'II .6 1.08 
117 32.30 5.08 dual 6.0 17.5 61.6 1.56 
118 9.37 s.00 dual 11.0 4.0 38.0 3.33 
119 41.40 s.00 dual 4.0 17.9 36.l 0.71 
120 32.00 5.00 dual 4.0 13.5 26.0 0.66 
121 20.70 5.08 dual 4.0 8.8 16.8 0.66 
122 9.60 5.00 dual 6.0 4.0 7.8 0.66 
123· 40.20 5.08 dual 7.0 20.6 33.4 0.68 
124 32.56 5.08 dual 6.0 18.5 26.4 0.66 
125 20.47 5.08 dual 4.0 13.7 132.3 5.32 
126A 20.47 5.08 dual 4.0 9.5 31.l 1.25 
126B 20.47 5.00 dual 4.0 9.3 41.5 1.66 
127A 20.~ 5.08 dual 17.0 6.8 18.7 0.75 
127B 20.47 5.08 dual 17.0 7.2 18.7 0.75 
128A 20.47 5.00 dual 7.0 10.3 18..7 0.75 
128B 20.47 5.08 dual 7.0 9.2 lff.7 0.75 
129 20.47 5.08 dual 1.0 9.3 i0.1 0.75 
130 20.47 5.08 dual. 12.0 0.0 18.7 0.75 
131A 20.47 5.00 dual 16.5 7.0 18.7 0.75 
l31B 20.47 5.00 dual 15.5 8.1 18.7 0.75 
132 20.47 5.oa dual 7.0 9.8 18.7 0.75 
133 22.69 5.08 dual 7.5 4.5 17.9 0.65 
134 22.69 5.08 dual 7.0 9.0 24.4 0.88 
135 22.69 5.08 . dual 3.5 10.5 65.3 2.37 
136 22.69 5.08 dual 6.0 9.8 20.7 0.75 
137 22.69 5.08 dual 4.5 10.7 20.7 0.75 
138 22.69 5.08 dual 4.5 10.9 'I/.6 1.00 
139 22.69 5.08 dual 6.0 10.4 20.7 0.75 
140 22.69 5.08 dual 14.0 7.1 Zl.6 1.00 
141 22.69 5.00 dual 14.0 8.1 34.5 1.25 
142 22.69 5.08 dual 14.5 7.6 20.7 0.75 
143 22.69 . 5.08 dual 14.S 7.8 20.7 0.75 
144 22.69 5.oa dual 15.5 1.0 20.7 0.75 
145 22.69 5.oe dual 15.5 1.1 20.7 0.75 
146 22.45 5.08 dual 1.0 11.1 71.3 2.58 
l~ 22.45 5.08 dual 8.0 11.5 55.2 2.00 
148 21.70 5.08 dual 6.0 12.1 132.0 5.00 
149 22.22 5.08 dual 7.0 13.2 132.0 5.00 
150 22.42 5.08 dual 17.0 8.1 29.7 1.00 
151 22.42 5.08 dual 17.0 7.4 29.7 1.00 
'152 22.42 5.08 dual 17.0 0.0 29.7 1.00 
153 22.42 5.08 dual 11.0 1.0 29.7 1.00 
154 22.42 5.08 dual 18.0 7.4 29.7 1.00 
155 22.42 5.08 dual 18.0 8.5 29.7 1.00 
156 22.42 5.08 duai 7.0 10.0 29.7 1.00 
157 22.42 5.08 dual 7.0 10.5 29.7 1.00 
158 22.42 5.08 duai 1.0 11.6 29.7 1.00 
159 22.42 5.00 dual 7.0 10.4 29.7 1.00 
160 24.40 5.00 dual 6.5 11.5 29.7 1.00 
161 21.30 5.00 dual 19.5 8.2 35.0 1.35 
162 21.30 5.08 dual 4.0 10.0 39.0 1.50 
163 21.2 5.08 dual 14.5 6.7 25.8 1.00 
164 21.2 5.08 dual 16.0 6.6 25.8 l.00 
165 21.2 5.08 dual 17.0 6.7 25.8 1.00 
166 21.2 5.08 dual 17.5 6.9 51.6 2.00 
167 21.2 5.00 dual 19.0 7.5 103.2 4.00 
168 21.2 5.08 dual 19.0 8.2 129.0 s.oo 
169 21.2 5.08 dual 19.0 6.6 25.8 1.00 
170 21.2 5.00 dual 2.5 9.0 25.8 1.00 
171 21.2 5.08 dual 2.5 10.2 51.6 2.00 
172 21.2 5.00 dual 2.5 11.7 103.2 4.00 
173 21.2 5.00 dual 3.0 a.o 25.8 1.00 
174 21.2 5.00 dual 4.5 9.4 52.0 2.00 
175 21.2 5.08 dual 2.0 9.6 52.0. 2.00 
176 21.2 5.08 dual 3.0 11.0 52.0 2.00 
177 21.2 5.08 dual 2.5 11.4 52.0 2.00 
178 21.2 5.00 dual 3.0 11.6 59.13 2.25 
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Table A-1. Master data t.able for laboratory-scale rapid rate filtration 
pilot plant (page 10 of 12). 

--+ 
FILTm EFFLUENl' MTA 

.µ 

~--~ ~ ~~ ~~ a ~! ~er ~ ~ ia -- .11 11-i Ji 

H~ 
;:ii Ul o~ 

~i~ ~ u Q)i~ H j~ I~ 
(] .... so 
i~ HI ~- f ~ I ~~ ~~ 

•N 
11-i ~~~ ~S dP ~ ~~ + dP 0 df' i:i.i 

(26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) 

1 5.00 16.67 o.ooo o. oo o.o 
1 4.80 20.00 o.ooo o.oo o.o 
2 3.60 ·o.oo 22902 69.16 30,250 48.73 9,600 8.57 o.ooo o.oo o.o 
2 3.60 o.oo 19802 73.34 33,000 44.00 10,000 4.76 o.ooo o.oo o.o 
3 2.so 16.67 6465 65.78 79 65.65 o.ooo o.oo o.o 
3 3.80 -26.67 9116 51.70 81 64.78 o.ooo o.oo o.o 
4 0.43 88.68 3290 90.70 9,000 90.72 10,000 o.oo o.ooo o.oo o.o 
4 0.32 91.58 1776 94.98 1,000 98.97 10,000 o.oo . o.ooo o.oo o.o 
5 3.00 18.92 11663 67.76 I 2r800· . 92.22 o.ooo o.oo o.o 
5 2.10 43.24 11549 68.08 s,soo 83.89 . o.ooo o.oo o.o 
6 l.30 62.86 13860 63.78 o.ooo ' o.oo o.o 
6 2.30 34.29 10495 72.81 - o.ooo o.oo o.o 
7 o.so 84.37 17191 62.00 1,620 93.60 40,000 88.57 o.ooo o.oo o.o 
7 0.34 89.38 24518 45.81 940 96.28 60,000 82.86 o.ooo o.oo o.o 
8 0.23 93.03 3155 92.47 1,360 94.96 26,000 85.56 o.ooo o.oo o.o 
8 . 0.33 90.00 7221 82.77 880 96.70 25,000 86.11 o.ooo o.oo o.o 
9 0.22 93.33 5857 89.05 17,600 95.45 5,500 89.81 o.ooo o.oo o.o 

10 3.20 3.03 7,250 95.51 5,900 3.28 o.ooo o.oo o.o 
ll 2.80 20.00 37,667 70.30 3,500 45.31 o.ooo o.oo o.o 
ll 2.40 27.27 16,350 87.10 4,600 28.13 o.ooo o.oo o.o 
12 0.44 86.67 783 88.87 ' 3,500 87.50 200 84.00 o.ooo o.oo o.o 
12 0.24 92.73 652 90.73 3,600 . 87.10 <l >99.00 o.ooo o.oo o.o 
13 o·.30 92.86 24518 . 88.85 9,800 34.62 so 96.87 o.ooo o.oo o.o 
14 0.00 98.22 12262 90.90 1,050 90.70 <l >99.95 o.ooo o.oo o.o 
15 0.08 97.65 15741 78.60 450 96.81 8 99.00 o.ooo o.oo o.o 
16 0.04 98.92 200 99.70 620 96.90 l 98.80 o.ooo o.oo o.o 
17 0.70 81. 08 o.ooo o.oo o.o 
18 0.25 58.33 240 96.95 146 '¥1.46 0 100.00 o.ooo o.oo o.o 
19 0.54 53.45 o.ooo o.oo o.o 
20 0.54 -31.71 ll2 99.95 39,300 91.50 <J. >99.00 0·.000 o.oo o.o 
21 0. 44 -4.76 50896 12.60 153,000 61.60 l 98.57 o.ooo o.oo o.o 
22 o.os 90.48 3760 93.50 5,000 98.70 <l >98.50 o.ooo o.oo o.o 
23 0.04 95.60 164 99.40 950 98.30 <11 >99.50 o.ooo o.oo o.o 
24 0.04 95.60 1090 91.00 1,380 99.50 <l >99.00 o.ooo o.oo o.o 
25 0.04 95.60 668 97.50 1,485 99.50 <l >99.00 o.ooo o.oo o.o 
26 0.03 76.92 o.ooo o.oo o.o 
27 0.05 77. 27 295 99.90 <l >99.09 o.ooo o.oo o.o 
28 0.03 81.25 1,040 74.90 <l >98.00 o.ooo o.oo o.o 
29 0.06 . 62.50 660 84.20 <l >98.00 o.ooo o.oo o.o 
30 o.oe 52.94 226 -7.60 <l >99.00 o.ooo o.oo o.o 
31 0.09 59.09 694 81.80 9,000 63.27 l . 98.95 o.ooo o.oo o.o 
32 0.03 86.36 41 99.62 2,630 99.90 9 98.60 o.ooo o.oo o.o 
33 0.04 81.82 4 99.92 2r055 93.70 4 99.38 o.ooo o.oo o.o 
34 0.05 77.27 3 99.95 4,643 e5.71 27 95~80 o.ooo o.oo o.o 
35 0.04 87.10 . 494 96.68 o.ooo o.oo o.o 
36 0.05 81. 48 160 98.05 910 95.75 
37 0.03 87.21 ' 
38 0.03 84.21 10 99.92 1,047 94.56 <0.5' 99.90 
39 0.03 84.21 423 96.65 8,250 42.23 <l.O >99.90 
40 0.04 78.95 77 99.39 390 85.82 2.5 96~15 
41 o.os 00.-00 
42 0.09 85.94 o.ooo 100.00 43.3 
43 0.06 90.63 o.ooo 100.00 27.4 
44 o.oa 89.47 o.ooo 100.00 18.7 
45 0.07 90.79 1.932 91.69 20.7 
46 0.16 27.27 711 85.78 4,000 -51.25 3450.0 13.75 66.163 74.55 30.2 
47 0.38 -72.73 55 98.90 3,250 -66.67 3000.0 25.00 9.704 96.Z7 12.3 
48 0.26 -1Sol8 291 94.18 3,800 -100.20 800.0 38.46 o.ooo 100.00 33.S 
49 0.33 -13.79 71 98.58 2,900 20.55 520.0 60.00 o.ooo 100.00 16.6 
50 0.04 88.89 400 98.55 2,2so 82.28 <l.O >99.90 2.506 97.77 39.9 
51 o.os 86.11 368 98.92 890 rn.Sl 14.0 80.00 o.ooo 100.00 6.4 
52 0~03 91.67 250 99.18 745 95.55 <l.O >99.90 o.ooo 100.00 15.0 
53 0.08 82.61 2313 93.82 2,530 <l.O >99.90 o.ooo 100.0 10.2 
54 0.57 -38060 l,750 43.05 1040 29.50 16.660 95.10 12.0 
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Table A-1. Master data table for laboratory-scale rapid rate filtration 
+ pilot plant (page 11 of 12) • 

(26) (27) (28) (29) (30> (31) (32) (33) (34) (35) (36) 
+ 

55 0.60 33.30 2092 95.36 1,240 95.85 4.5 98.50 o.ooo 100.00 9.0 
56 0.39 17.02 730 98.85 5,800 94.93 2.5 98.70 15.150 91.09 13.2 
57 0.12 74.02 809 98. 72 6,100 79.52 <l.O >99.90 o.ooo 100.00 10.2 
58 0.03 94.00 2130 97.93 8,750 89.61 <l.O >99.90 28.900 87.13 19.0 
59 
60 0.07 79.41 
61 0.04 99.05 34 >99.90 3,005 92.29 <1.0 >99.90 143.2 
62 o.os 98.81 2394 99.65 2,340 98.55 <l.O >99.90 0.000 o.oo 143.2 
63 0.29 93.10 
64 0.32 92.38 269415 71.99 3,000 >98.47 <1.0 >99.90 o.ooo o.oo 3.2 
65 o.os 98.84 5132 99.47 1,250 88.99 o.ooo o.oo 14.9 
66 o.os 88.89 291 99.27 410 91.14 <l >99.90 <1.000 >99.90 140.2 
67 o.os 90.20 88 99.78 173 87.37 <l >99.90 <1.000 >99.90 120.6 
68 0.91 -71.7 182,894 -301.00 1,100 17.29 <l >99.90 25.060 94.25 17.9 
69 0.14 73.58 110,558 -142.42 1,280 78.84 <0.5 >99.90 <1.000 >99.00 4.6 
70 0.06 88.68 8237 81.94 97 98.40 <0.5 >99.50 3.220 99.30 34.2 
71 0.04 95.83 161 99.89 1,900 98.92 <0.5 >99.90 <1.000 >99.90 61.9 
72 0.05 94.95 13 99.99 250 99.83 <l >99.90 <1.000 >99.90 127.6 
73 . 1.27 -15.45 30,000 18.00 
74 0.00 93.85 24,232 83.05 595 98.34 <1 >99.99 2.158 99.48 31.8 
75 0.52 60.90 13.070 95.97 7.6 
76 0.36 23.4 123 98.86 11.no 94.44 33.0 
77 0.4 14.8 <10 99.92 24.4 
78 0.48 -2.1 25.2 
79 0.48 • -2.1 496 95.42 22.1 
80 0.00 82.9 <10 99.84 710 94.32 <1 >99.90 62.3 
81 0.07 85.4 240 98.34 161 97.73 <l >99.90 90.0 
82 0.23 61.0 <10 99.00 127 99.58 <l >99.90 20.4 
83 0.08 86.4 <10 99.00 30.0 
84 1.05 52.2 

SSA 0.09 95.91 873 99.25 530 96.97 88 99.96 <1.000 >99.90 13.2 
85B 0.12 94.55 27,800 75.96 870 95.03 2870 98.57 5.681 >99.81 26.4 
86A 0.12 95.20 1117 99.47 300 99.00 20 99.80 <1.000 >99.90 19.8 
86B 0.06 97.6 361 99.80 300 99.00 33 96.67 <1.000 >99.90 91.7 
87A 0.10 96.00 33,651 91.40 1210 99.37 125 99.48 0.488 99.97 19.8 
87B 0.07 97.2 . 361 99.91 640 99.67 310 99.69 0.336 99.98 106.9 
88A 0.22 94.21 1454 99.70 12,200 95.93 1000 99.90 2.185 99.91 14.2 
88B 0.88 76.84 20,890 56.66 l 22,300 92.57 1000 99.90 26.315 98.84 3.8 
89A 0.12 96.84 615 99.92 6200 94.07 150,000 98.81 1.481 99.94 13.5 
89B 0.11 97.11 57,rn 92.71 6700 98.99 276,000 97.81 2.614 99.90 49.9 
90A 0.1 95.45 <10 99.90 13 99.97 <1.000 >99.90 20.4 
90B 0.00 96.36 <10 99.90 33 99.95 <l.000 >99.90 70.0 
91A 0.12 95.00 <10 99.90 76,500 72.43 34 99.86 <1.000 >99.90 20.4 
91B 0.08 96.67 <10 99.90 37,500 86.44 63 94.78 <1.000 >99.90 68.0 
92A 0.47 95.10 
92B 0.73 92.40 
93A . 0.45 95.31 
93B 0.51 94.69 
94 i.n -1.12 14,289 81.07 87,000 14.29 2,000 90.00 58.213 92.22 19.8 
95 1.50 11.76 18,292 75.76 87,000 14,.29 2,000 90.00 184.624 75.51 24.4 
96 1.18 30.59 7,481 90.09 79,000 22.17 2,000 90.00 85.823 88.62 17.4 
97 1.69 0.59 27,889 63.04 101,000 0.49 2,000 90.00 82.588 89.04 11.7 
98 l.59 33.75 4171 95.00 100 99.94 0.866 99.91 23.1 
99 2.40 20.00 15,355 69.08 so 99.92 1.148 99.89 17.4 

100 0.73 77.19 1781 97.0B 0.500 99.95 39.9 
lOlA 0.60 87.50 1494 99.70 85 97 •. 97 100 .99.88 1.010 94.37 19.8 
101B 1.49 68.96 1034 99.79 65 99.98 125 99.85 0.415 99.74 48.2 
102A 1.46 76.45 46,433 27.1 30,000 o.oo >14,000 o.oo 5.97 98.59 10.0 
102B 3.6 41.94 85,791 34.69 30,000 o.oo >14,000 0.00 19.51 95.38 10.0 
103 0.28 74.07 34 99.97 17 99.66 2.13 99.;48 9.4 
104A 0.90 16.67 967 98.8 30,000 50.41 560 -24.44 1.492 97.37 20.1 
104B 0.19 82.41 lllO 98.63 330 99.45 91 79.78 0.740 98.68 20.1 
105 ·a.63 41.67 1821 97.75 190 97.96 555 45.05 
106 0.73 -43.10 10,651 87.01 11 99.93 <l >99.99 110.63 39.58 13.7 
107A 0.27 60.29 996 98.31 2,300 92.46 1 90.00 0.980 99.67 20.4 
107B 0.05 92.65 2714 95.40 1,000 96.72 1 90.00 0.245 99.92 81.6 
108 0.05 91.67 33 99.92 380 98.19 
109 0.16 84.62 <10 >99.00 920 94.25 5 99.8 
110 0.06 94.74 121 99.85 1700 -96.25 <1 >99.9 
111 0.49 56.61 48,150 32.86 1300 95.67 15 99.0 20.39 91.26 10.8 
112 0.30 73.45 44,620 37.78 410 . 98.63 8 99.47 7.34 96.85 21.8 
ll3 0.12 89.38 134,432 -122.93 30,000 o.oo l 99.86 >95.00 6.3 + 
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Table A-1. Master data table for laboratory-scale rapid. rate filtration 
pilot plant Cpage 12 of 12) • 

+ 
(26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) 

114 0.10 91.15 24, 797 58.90 880 96.80 <l >99.99 5.400 95.25 s.s 
115 0.27 78.90 28,257 37.94 40 99.68 <l >99.99 36.585 84.69 4.9 
116 0.23 82.03 21,166 53.52 20 99.76 <l >99.99 7.840 96.72 11.4 
117 1.05 15.32 32,907 5.88 2000 77.78 3 99.62· 24.427 97.15 9.8 
118 0.46 62.90 104,936 -200.14 140 98.44 5 99.37 21.050 97.55 38.0 
119 1.3 18.75 7462 89.71 14,000 9.68 4400 5.3 156.540 41.98 16.8 
120 1.3 18.75 10,312 85.78 13,000 16.13 5000 -1 :53 171.790 36.33 19.5 
121 1.31 18.13 12,915 82.19 13,000 16.13 4600 1.08 171.790 36.33 19.5 
122 l.35 15.63 13,397 81.15 <l >99.90 <l >99.90 85.470 68. 32 5.7 
123 l.19 25•63 6563 90.95 16,000 -23.08 200 o.oo 125.860 48.72 25.2 
124 1.23 23.13 7533 89.61 11,000 31.25 200 o.oo 68.180 72.22 19.8 
125 Z7.0 9.09 520 95.84 <l >99.99 
126A 1.20 66.06 <l >99.90 
126B 5.30 83.94 <l >99.90 
127A 2.00 85.92 1500 10.00 <l >94.40 
l 27B 1.38 90.28 2200 56.oo 14 >94.46 
128A 8.90 37.32 9900 20.00 <l >99.99 
l28B 9.20 35.21 1600 87.20 <l >99.99 
129 7.80 45.07 <l >99.90 
130 5.60 60.50 <l >79.90 
13lA 2.00 15.49 <l >79.90 ' 
131B 0.23 96.38 600 <l >79.90 
132 0.78 94.51 510 98.58 <l >99.90 
133 0.32 98.22 2540 86.54 1 99.99 <20 99.26 6.00 
134 1.15 3.36 17000 -9.68 >1000 <92.22 45.45 93.90 15.20 
135 1.86 -56.30 6800 56.13 >1000 <92.22 >10 >99.90 11.04 
136 1.93 -62.18 8000 48.39 4100 29.91 
137 2.20 -84.87 2600 83.23 10 99.83 
138 3.30 - 177.30 2310 75.56 5 99.79 
139 1.76 -47.90 780 91.75 >l <99.99 
140 1.03 13.45 18,000 24.05 10 75.00 
141 0.26 78.15 4100 82.70 
142 2.60 - 118.49 5200 79.03 <l 
143 l.68 -41.18 6200 75.00 <l 
144 l.51 -26.89 3000 -233.33 <l 
145 2.90 - 143.70' 6300 -600~00 <l 
146 0.09 89.89 3500 62.85 ' 600 97.55 0.602 99.84 33.21 
147 0.10 88.76 26000 -541:.98 300 96.00 <8.45 >83.60 5.91 
148 0.12 88.68 l.040 'Tl.98 410 96.72 4.55 93.94 5.3 
149 0.10 90.57 900 'Tl .63 19 99.49 
150 0.65 -62.50 17200 -1.47 >1000 <86.67 
isl 0.33 17.50 .30,000 -76.99 >1000 <86 .• 67 
152 0.06 as.oo - 3800 77.65 <10 >99.00 
153 0.42 - 5.00 ~ 30,000 -76.47 1250 -25.00 
154 0.19 52.50 6700 82.60 250 93.15 
155 0.09 77.50 2600 93.25 6 99.84 
156 0.52 -30.00 2500 95.33 113 98.02 
157 0.28 30.00 4800 91.50 80 99.63 
158 0.12 70.00 3800 93.27 60 99.72 
159 0.26 35.00 5600 90.00 >1000 <'Tl•5 
160 0.11 75.56 2300 95.89 200 99.5 
161 0.14 83.53 730 92.02 <l 99.99 
162 0.13 84.70 35 99.73 28 99.86 
163 0.62 Z'/ .06 6200 24.69 2233 48.07 o.ooo 
164 0.13 84.70 5920 83087 100 91.30 o.ooo 
165 0.24 71.76 730, 000 <46.70 10 99.09 o.ooo . 
166 0. 06 92.94 730,000 <41.18 10 99.00 o.ooo 
167 0.17 80.00 o.ooo 
168 0.03 96.47 38000 32.38 o.ooo 
169 0.03 96.47 1290 94.94 o.ooo 
170 0.19 85.00 o.ooo 
171 0.09 89.41 0 100.00 o. ooo 
172 0.39 54.10 730,000 <22.68 l 99.33 o.ooo 
173 l.66 ZT.80 20900 .. -14.84 llOO 40.54 o.ooo 
174 0.59 1.00 12~600 14.29 100 90.00 
175 0.30 53.00 800 85.45 1000 71.18 
176 0. 24 65.00 <l 99.99 
177 0.20 74.00 230 96.17 33 99.50 
178 0.16 79.00 8,120 -98.05 95 98.61 

+ 
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Table A~2~ Gi~,:c)ia cyst removal . efficiency corrected for detection limits 
fpage 1 of 4) • 
---· ~~--------~--~---------~-------~----------------

~I ~I ~>.,I ~I 
aJ bl ~I § ~ ~ .~ § ~.~ ~ . ·.0~1 w ro o ..:i 

~ Iii t~L, ;a ·r-l"-' ~-8 H .-1 0 @ .µ ~ • ~ 0 +' j ~-r-l r-l § u ·r-l (/) r ~ 
r-1 ' ' 4-1 ~ ] 4-1 C H 4-1 G1 

~ ·r-l 4-1 4-1 ·r-l 0 0 4-1 
A ·~ Cl) r£l µ:i C!) u 4-1 ~ .._.. 

---~------------------------------------------------
42 15.3 3.039 3.039 99.39 
43 16.33 4.469 4.469 99.06 
44 11.S7 9.244 9.244 94.lS 
4S 4-.6S 9.S579 41.SS 91.69 
46 S4.l 1.22 122.29 74.SS 
47 S4.l 3.006 17.94 96.27 
48 9S~37 0.626 0.626 99 •. 87 
49 9S.37 .0.012 0.012 >99.9 
so 23 .• 41 2.141 10.700 97.77 
Sl 79.76 4.179 4.179 99.13 
S2 108.66 1.227 1.227 99.74 
S3 77.49 2.S3 2.S3 99~47 
54 68.0 2.4S 30.8S 93.83 
SS 80.9 2.747 2.74 99.4S 
S6 34.0 4.45 44.S6 91.09 
57 34.0 5.767 S.767. 98.85 
S8 4S.O 2.339 64.22 87.16 
S9 
60 
61 
62 
63 
64 
65 
66 73.7S 0.1934 0.1934 4 99.96 
67 66.67 1.229 ' 1.229 99.7S 
68 87.0 0.912 28.8 94~24 
69 103.8S 4.1866 4.186 99.16 
70 103.8S O.S631 3.1 99.38 
71 62.8 O.Sl4 O.Sl4 99.95 
72 70.0 0.2239 0.224 99.97 
73 
74 41.6 1.5116 S.190 99.48 
75 32.4 0.122 40.34 9S.97 
76 20.0 3.03 SS.SS 94.45 
77 20.0 4.098 
78 20 .. 0 3.9683 
79 20.0 4.S2 
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Table A-2. Giataia cyst removal efficiency corrected for detection limits 
Cpage 2 of 4). 
--~----~--~~~-~--------~--------~------~-----------

::::i-, ~~~~I ~I 

ID ~~ § ~(;~~~~ ~ . ·.o' ffi co 0 ~ 
~ m f~·M f"..li ;a ·r-1' i·a lo-I r-l u ~ • u .µ 

~ j~ ~~ r-l ~ u ·r-1 U) 

~s c3 -~ ~-.-la~~~ 
~ CJ) µ;:j µ;:j t!:i 4-=1 µ;:j ........ ~ µ:j 

--------------~----------~-----------~--------------
80 
81 
82 
83 -84 55.79 
BSA 60.0 2.525 2.525 99.95 
85B 60.0 1.2626 9.47 99.81 
86A 16.0 6.3131 6.3131 99.87 
86B 16.0 1.3631 1.3631 99.97 
87A 35.6 2.8374 1.37 99.97 
87B 35.6 0.5255 0.52 99.99 
88A 47.37 2.9733 4.61 99.91 
88B 47.37 11.11 11.11 99.78 
89A 53.0 2.7952 2.79 99.94 
89B 53.0 0.756 4.93 99.90 
90A 80.8 1.2134 1.2134 99.98 
90B 80.8 0.3536 0.3536 99.99 
91A 63.64 1.5405 1.540 99.97 
91B 63.64 0.4622 0.4522 99.9 
92A 
92B 
93A 
93B 
94 95.74 1.05 60.8 92.27 
95 95.79 0.8557 192.7 75.71 
96 95.79 1.1994 89.9 88.62 
97 95.79 1.7845 86.2 89.04 
98 68.38 1.266 1.26 99.80 
99 67.48 1.703 1.70 99.89 

100 13.94 3.59 3.59 99.94 
lOlA 22.82 4.426 4.42 99.37 
101B 22.82 1.819 i.s2 · 99.74 
102A 60.30 3.3002 9.9 98.59 
102B 60.30 3 .. 3002 32.35 95.38 
103 66.8 3.192 3.192 99.47 
104A 9.42 1.056 15.8 97.37 
104B 9.42 1.056 7.85 98.70 
105 
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Table A-2. GiaaUa cyst renoval efficiency corrected for detection limits 
Cpage 3 of 4) • 
----------------------------------------------------

. 
~ 

106 
107A 
107B 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126A 
126B 
127A 
127B 
128A 
128B 
129 
130 
131A 
131B 
132 

41.61 
50.21 
50.21 

97.15 
97.15 
48.08 
48.0a 

119.5 
119.5 
as.a 
85.8 
a9.67 
a9.67 
a9.67 
a9.67 
81.a2 
81.82 

3.508 
1.952 
0.4a8 

1.906 
0.945 
6.63 
7.59 
3.416 
1.459 
2.3786 
0.6134 
1.328 
1.14 
1.143 
3.913 
0.9767 
1.2345 
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26S.a7 
1.952 
0.49 

20.99 
. 7.55 

6.63 
11.23 
30.6 
6.56 

28.7 
24.50 

174.57 
91.5 

191.26 
95.3 

153.8 
83.3 

34.57 
94.67 
99.92 

91.25 
96.a5 
97.24 
95.32 
84.64 
96.72 
97.15 
97.55 
41.81 
36.41 
36.25 
68.23 
48.72 
72.22 



Table A-2. Giardia cyst removal efficiency corrected for detection limits 
(page 4 of 4). 

l/.Giardia cysts were not used during Runs 1-41. 

2/Cinfluent No. of cyst detected/No. of cyst added 100 = Membrane filter 
sampling efficiency recovery. 

Yc20 cysts)/CCMembrane filter sampling efficiency recovery) (Effluent volume 
sampled)] 

Al (No. of cysts detected effluent)/[ (Membrane filter sampling recovery) 
(Effluent voltnne sampled) l 

5.1100 U - (Effluent cysts concentration corrected for detection limit/ 
Influent cysts concentration added)] 

*Detection limit when zero cysts are rewrted. 

Note: Procedures for these calculations are given in A~ndix J. 
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APPENDIX B 

Ml\S'mR MTATABLE OOR FIELD-$CAl..E 
RAPID RATE FILT.RATI<E: PIWT PLANT 

Table B-1 contains all experimental data . obtaiped during experiments 
using the field-scale rapid . rate filtration pilot ·plant, e.9. the Neptune 
Microfloc Waterboy R ~ JiJ3 with Table A-1, each rCM of the table contains 
·aata obtained fran a given test run. '!he table has three parts: i) influent 
water characteristics; sham in Table B-1 Ca> ; ii) chenical basin infonnation, 
shown in Table . B-1 Cb); and iii) filter oonditions and effltEnt water 
oonditions, shown in Table B-1 Cc). Ta.Die B-1 served as a source fran which 
other tables .and grapis were derived related to field-scale testing results. 
Appendix H and the latter part of Cllapter 4 contain these tables and grcqbs. 

Table B-1 is intended to be used either in place, or as :·'a "fold out. n 

'!he fold out · table can be amstructed using copies or originals, of Tables 
B-lCaJ, B-l(b), and B-l(c), oonstructed as shown below: 

Table B-l<a> 
Sheet 1 
Sheet 2 
Sheet 3 

Table B-l(b) 
Sheet 1 
Sheet 2 
Sheet 3 
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Table.B-lCc> 
Sheet i 
Sheet 2 
Sheet 3 



Table B-1 Ca) <P Master Data Table (Sheet 1). 
Test I 

Identif icati6n Influent Water O'laracteristics I source Giardia Giii!t:Qi~ 
Run of T~P· Turbidity Colif orms Designed Detected I 

# Date Water ( C) (NlU) (II I lOOml) (cyst/liter) (cyst/liter) I 
1 11/9/82 HT 10.0 9.0 21 l/ ·11· I 2 11/14/82 HT 7 .5 9.0 21 l/ l/ 
3 12/30/82 HT 6.0 9.5 21 l/ l/ 
4 12/31/82 HT 6.0 9.5 21 l/ ' l/ 
s ___ 1z_21 fD~ __ lfl' 6._9 __ ~--- u JI ,ll __ 
s 1/3/83 hT 6.0 9.5 21 l/ l/ 
7 1/4/83 HT 6.0 9.6 21 l/ l/ 
8 l/5/83 HT 6.0 9.0 21 l/ l/ 
9 1/7/83 HT 5.5 9.0 21 l/ l/ 
10 1/8/83 HT 5.5 9.0 21 l/ l/ 
I 

11 1/8/83 HT 5.5 8.0 21 l/ l/ 
12 1/8/83 HT 5.5 0.0 21 l/ l/ 
13 1/9/83 HT 5.5 8.5 21 l/ l/ 
14 1/9/83 HT 5.5 8.5 21 l/ l/ 
15 1/20/83 HT 5.0 9.0 21 l/ l/ 
16 1/20/83 HT s.o 9.0 21 l/ l/ 
17 1/2/83 HT 5.0 9.0 21 l/ l/ 
18 1/21/83 HT 5.0 9.0 21 l/ l/ 
19 1/23/83 HT s.o 9.5 21 l/ l/ 
20 2/2/83 HT 5.0 9.0 21 l/ l/ 
21 2/2183 HT 5.0 9.0 21 l/ l/ 
22 2/9/83 HT 5.0 9.0 ~ l/ ~ 
23 4/23/83 PR a.o 27.0 21 l/ l/ 
24 4/23/83 PR 8.0 27.0 21 l/ l/ 
25 4/23/83 PR 8.0 Zl .O 21 l/ l/ 
26 4/23/83 PR a.o 27.0 21 l/ l/ 
27a 4/26/83 PR 9.0 30.0 21 l/ l/ 
27b 4/26/83 PR 9.0 30.0 21 l/ l/ 
28a 4/26/83 PR 9.0 30.0 21 l/ l/ I 
28b 4/26/83 PR 9.0 30.0 21 l/ l/ I 29 5/25/83 PR 9.0 44.0 21 l/ l/ 
30 5/25/83 PR 9.0 44.0 21 l/ l/ I 
31 5/25/83 PR 9.0 44.0 21 l/ l/ I 
32 5/25/83 PR 11.0 35.0 21 l/ l/ I 33 5/261a3 PR 10.0 32.0 21 l/ l/ 
34 5/26/84 PR 10.0 27.0 21 l/ l/ I 
35 5/29/83 PR 7.5 34.0 21 l/ l/ I 
36 5/29/83 PR 7.5 35.0 21 l/ l/ I 37 5/29/83 PR 7.5 35.0 21 l/ l/ 
38 5/31/83 PR 7.0 16.0 21 l/ l/ I 
39 6/1/83 PR 7.0 17.0 21 l/ l/ I 
40 6/1/83 PR a.o 17.0 21 l/ l/ I 41 6/1/83 PR 0.0 12.0 21 l/ l/ 
42 6/1/83 PR a.o 12.0 ~ l/ l/ I 
43 7/3/83 HT 10.0 7.0 21 J./ l/ I 
44 7/3/83 HT 10.0 7.0 21 l/ l/ I 45 7/4/83 HT 10.0 7.0 21 l/ l/ I 46 7/4/83 HT 10.0 7.0 21 l/ l/ 
47 7/4/83 HT 10.0 7.0 21 l/ l/ I 
48 7/5/83 Hl' 10.0 7.0 21 . ll l/ I 49 7/12/83 HT 10.0 7.0 21 135 10 I so 7/12/83 HT 10.0 7.0 21 135 130 
51 7/13/83 HT 10.0 7.0 300 2~0 110 I 
52 7/14/83· . HT 10.0 7.0 220 220 30 

\ Q) l/ No Giar;:dia cysts or coliform bacteria injected 
21 coliform bacteria were not ronitored . I ;i 
31 Cysts were of questionable viability I .-t 
~ No Giardia injected, therefore no Giardia sampling I~ 51 No effluent turbidity sample 
6.1 Altnn dosages are in mg/l as Al2 cso ) . 14H o I CJ 

4 3 2 

129 



Table B-l(a). Master Data Table (Sheet 2). 
·Test 

Identification ___ I~.:!:.~~QL~.ilJig_~qt:.e~isti~s __________ 
source GiardiA Gi1uaiA 

Rtm .of ~P· TUrbidity Colif orms Designed Detected 
# Date wa_ter ( C) (NIU) . (ii l lQQmJ.) <cys~liter) (eyst/liter) 

53 7/13/83 ·HT 11.0 7.0 21 l/ l/' 
54 7/14/83 HT 10.0 7.0 21 l/ l/ 
55 7/14/83 . HT 10.0 7.0 21 l/ l/ 
56 7/14/83 HT 10.0 7.0 21 l/ l/ 
57 7/15/83 HT lQ.O 7.0 ~ 245 25 
58 7/15/83 HT 10.0 7.0 21 245 45 
59 7/18/83 HT 12.0 7.0 1200 210 25 
60 7/19/83 HT 12.0 7.0 13,000 150 50 
61 7/19/83 HT 12.0 7.0 23,000 150 16 
62 7/1~83 HT 12.0 7.0 u 800 60 
63 7/25/83 HT l .2.0 7.0 21 l/ l/ 
64 7/25/83 HT 12.0 7.0 21 l/ l/ 
65 7/25/83 HT ll.O 7.0 21 l/ l/ 
66 7/25/83 HT 11.0 7.0 21 l/ l/ 
67 8/3/83 HT 12.0 7.0 Zl JL 11 
68 8/3/83 HT 12.0 7.0 21 l/ l/ 
69 8/3/83 HT 12.0 7.0 21 ii l/ 
70 8/4/83 HT 12.0 7.0 21 l/ l/ 
71 8/ll/83 HT 12.0 7.0 v l/ l/ 
72 8/12/83 HT 12.0 7.0 Y.. l/ 11 
73 8/12/83 HT 11.0 7.0 3600 700 31 
74 8/12/83 . HT 11 .. 0 7.0 1500 700 31 
75 8/14/83 HT 13.0 7.0 3600 525 31 
76 8/14/83 HT 13.0 7.0 Z700 525 31 
77 8/14/83 HT 13.0 7.0 2l ll l/ 
78 8/15/83 lfl' 12.0 7.0 v l/ l/ 
79 8/15/83 lfl' 12.0 7.0 8700 550 35 . 
80 8/16/83 HT 13.0 7.0 21 l/ l/ 
81 8/16/83 HT 13.0 1.0 21 l/ l/ 
82 8/16/83 ffi' 13.0 1.0· 21 l/ l/ 
83 8116/83 HT 13.0 7.0 21 l/ l/ 
84 8/23/83 HT 12.0 7.0 21 l/ l/ 
85 8/23/83 In' 12.0 7.0 21 l/ l/ 
86 8/23/83 HT 12.0 7.0 21 l/ l/ 
87 8/23/83 HT· 12.0 7.0 2l l/ 11 .. 
88 8/23/83 HT 12.0 7.0 21 l/ l/ 
89 8/23/83 HT 12.0 1.0 21 l/ l/ 
90 8/24/83 HT 12.0 7.0 16,000 550 250 
91 8/24/83 HT 12.0 7.0 16,000 550 350 
92 8/24/83 m1 12.0 7.0 30£000 1000 800 
93 8/27/83 HT 12.0 7.0 21 l/ l/ 
94 8/28/83 ffl' 12.0 7.0 v l/ l/ 
95 8/28/83 HT 12.0 7.0 21 l/ l/ 
96 8/28/83 Ifl' 12.0 7.0 v l/ l/ 
97 8/28/83 HT 12.0 7.0 2l. ll l/ 
98 8/28/83 If!' 12.0 7.0 20,000 2400 2000 
99 8/28/83 HT 12.0 1.0 15,000 2400 1700 
100 8/29/83 HT 12.0 7.0 21 l/ l/ 
101 8/30/83 m1 12.0 7.0 21 l/ l/ 
102 8/30/83 HT 12.0 7.0 u. u. ll 
J.03 8/30/83 HI' 12 .. 0 7.0 'JI l/ l/ 
104 8/31/83 Hr 12.0 7.0 'JI l/ l/ 
105 8/31/83 HT 12.0 7.0 1200 450 200 
106 8/31/83 Hr 12. 0 7.0 2500 1000 75 
l/ No ~ cysts or coliform bacteria injected 
21 Coliform bacteria were not rronitored 
3/ Cysts were of questionable viability 
Al No Giardia injected, therefore no Giardia sampling 
51 No effluent turbidity sample 
6J Alum dosages are in mg/l as Al2 <SO 4) 3• 14H2o. 

130 



Table B-l(a). Master Data ?.'able (Sheet 3) . 
Test 

~:iE.a._tion Influent Water Characteristics 
Source GiaI.di.a Giardia 

~~,-·--~t~.- -·-_ -~~~L-.--~~~· .. - _:_~~~-ty --~~! i8-?;!J __ ~~~h~t>_ --- -- ~-~~~~\~;:]_ 
107 ll/l/83 PR 7 .O .60 2/ l/ l/ 
108 11/l/83 PR 7 .O .55 21 · l/ l/ 
109 11/1/83 PR 7 .O .45 21 l/ l/ 
110 11/2/83 PR 7 .O .50 21 l/ l/ 
11.L__!_l/2j83 PR 7.0 ._45 2/ l/ lL_ 
112 ll/Z/83 PR 7 .O .45 21 l/ l/ 
113 1115/83 PR 7 .O e60 21 l/ l/ 
114 ll/S/83 PR 7 .O .60 21 l/ l/ 
115 1115/83 PR 7 .O • 70 . 21 l/ l/ 
116 1115/83 PR 7 .0 .60 JL lL____JL__ 
117 11110/83 PR 2.0 .40 15000 1500 260 
118 11115/83 PR 2.0 .65 21 l/ l/ 
119 11115/83 PR 2.0 .65 21 l/ l/ 
120 11115/83 PR 2.0 .65 21 l/ l/ I 
121 11115/83 PR 2.0 .65 21 l/ JL_ I 
122 11/17/83 PR 3.0 .65 21 l/ l/ 
123 12/3/83 . PR 1.0 .60 6900 1400 325 I 
124 12/3/83 PR 1.0 . .60 6900 1400 325 I 
125 12/6/83 PR 1.0 .SS 9000 1300 1300 I 
126 12/6/83 PR 1.0 .55 9000 1300 1300 I 
127 12/10/83 . PR 1.0 .90 21 400 175 
128 12/10/83 PR 1.0 .90 21 400 175 I 
129 12/.15/83 PR 1.0 .60 3500 l/ l/ I 
130 114184 m l.o .so 21 l/ l/ I 
131 114/84 m l.O .ao 21 l/ l/ 
132 114/84 PR 1.0 .80 21 l/ l/ I 
133 114/84 PR 1.0 .so 21 l/ l/ I 
134 116/84 m 1.0 • 10 21 ll l/ I 1 

135 1/6/84 m i.o . 10 . 21 l/ l/ ·~ 
136 116/84 m l.o .10 21 11 11 Ir 
137 118/84 m l.o • 10 21 l/ 11 1 o1-

138 118/84 m l.O • 10 10000 2600 1300 I t 
l/ No Giardia cysts or coliform bacteria injected 
21 Coliform bacteria were not 100nitored 
31 Cysts were of questionable viability 
JI No Giardia injected, therefore no Giardia sampling 
51 No effluent turbidity sample 
61 Alum de>sages are in mg/1 as Al2 (S04> 3, 141IiO 
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Table B-l(b). Master Data Table (Sheet ll • 
I I 
I Olenical Basin Information I Alum Polymer Type 

Run I oosageY Dosage of 
G(sec-1) ' # I (ng/l) (mq/l) Pol~r T(sec) Gr I 

1 I 0 1.0 572C 750 202 151,500 I 
2 0 l.O 573C 750 222 166,soo I 
3 I 0 0.5 573C 714 228 162,700 
4 I 0 o.s 572C 714 212 151,400 I s I 0 1.5 573C 714 221 157 £aoo I 
5 

I 0 1.5 572C 714 212 151,400 I 
7 0 4.0 573C 714 204 145,700 
8 I 0 9.0 573C 714 228 . 163,ooo I 
9 I . 0 7.0 8181 702 221 155,100 I 
10 0 4.0 8102 702 217 152!300 I 
11 I 0 a.o 8102 702 207 145,300 
12 · I 0 u.o 8102 702 203 142,500 I 
13 I 0 l.O 8102 702 205 143,900 I 
14 I 0 ' 6~5 572C 702 203 142,500 I 
15 0 1.5 572C 691 280 193~500 
16 0 4.5 572C 691 256 176,900 l 
17 0 5.5 572C 691 2.59 178,900 I 
18 0 2.5 572C 691 228 157 ,500 I 
19 0 2.5 572C 691 : 242 167,200 
20 0 3.0 573C 691 217 150,000 I 
21 0 7.0 573C 691 219 151,300 I 
22 0 2.0 573C 691 223 154,100 I 
23 0 1.5 572C 720 202 145,400 
24 0 4.0 572C 720 202 145,400 
25 0 8.5 572C 720 202 145,400 
26 0 30 572C 720 202 145,400 

27a 0 4.0 572C 726 207 150i300 
27b 0 9.0 572C 726 207 150,300 
28a 0 17.0 572C 726 207 lS0,300 
2Bb 0 35.0 572C 726 207 lS0,300 
29 0 10.5 572C 726 238 172,800 
30 0 8.0 572C 726 238 172£800 
31 0 s.o 572C 726 238 172,800 
32 0 21.0 572C 767 238 182,500 
33 0 6.5 572C 750 217 162, 750 
34 0 0 none 750 217 162,750 
35 0 9.0 572C 774 238 184i200 
36 0 0 none 774 240 185,800 
37 0 12.S 572C 774 238 184,200 
38 0 7.0 572C 782 248 194,000 
39 30 0 none 782 269 ' 210,400 
40 18 0 . none 720 311 223,900 
41 12 0 none 720 230 165,600 
42 25 0 none 720 238 171,400 
43 0 3o0 573C 750 185 137,700 
44 0 2.0 573C 750 180 134, 700 
45 0 l.O 573C 750 175 131,300 
46 0 4.5 573C 750 175 131,300 
47 0 6.5 573C 750 170 127 fsoo I <lJ 
48 0 2.5 572C 750 180 135,000 I.~ 49 0 2.5 573C 750 175 131,300 
50 0 0 none 750 180 135,000 I r-1 

51 0 8.0 573C 750 180 135,000 :8 52 I 0 2.5 8102 750 180 135,000 
l/ No ~ cysts or oolifonn bacteria injected 
21 Coliform bacteria were not monitored 
'JI Cysts were of questionable viability 
JI No Giardia injected, therefore no s;iardia sampling 
51 No effluent turbidity sample 
~ Alum d::>sages are in mg/l as Al2 <S04> 3• 14"20 
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Table B-1 (b) • Master Data Table (Sheet 2). 
Olenical Basin Informationi I 

I Alum Polymer Type I 
Run I Dose.6/ Dosage of 

G(sec-1> 
I 

# I Cmq/l> (!!!J/l) Pol~r TC sec) GI' I 
53 I 0 2.0 8102 755 170 128,400 I 
S.4 0 0.8 8102 750 180 135,ooo I 
55 I 0 5.0 8102 750 170' 127,000 
56 I 0 . 7 .s 8102 750 170 121 ,ooo I 
57 I 0 0 none 750 180 135,ooo I 
!)8 I 0 5.5 8102 750 180 135,ooo I 
59 0 11.0 8102 760 180 136,800 
60 I 0 0 none 760 180 136,ooo I 
61 I 0 0 none 760 180 136,000 I 
62 

I 
0 0 none 760 180 136,000 

63 0 1.0 572C 760 ~80 136,ooo I 
64 I 0 2.5 572C 760 180 136,800 I 
65 I 0 5.5 572C 755 180 135,900 I 
66 I 

0 ll.O 572C 755 180 135,900 I 
67 4 0 none 760 180 136,800 
68 I 12 0 none 760 180 136,800 I 
69 I 18 0 none 760 180 136,800 I 
'70 I 25 0 none 760 180 136,800 I 
71 0 4.0 572C 760 180 136,800 
72 I 0 2.5 572C 760 180 136!800 I 
73 I 0 2.5 572C 755 180 135,900 I 
74 I 0 0 none 755 180 135,900 I 
75 0 1.0 572C 765 180 137, 700 
76 I 30 0 none 765 180 137,700 I 
77 I 30 0 none 765 180 137 ,100 I 
78 I 0 3.5 8102 760 180 136,800 I 
79 0 3.5 8102 760 180 136,800 
80 I 0 1.0 8102 765 210 160~ 100 I 
81 I 0 4.0 8102 . 765 210 160,100 I 
82 I 0 6.0 8102 765 210 160,700 I 
83 0 10.0 8102 765 210 160,700 
84 I 0 3.0 8102 760 210 159,600 I 
85 I 0 5.0 8102 760 210 159,600 I 
86 I 0 7.0 8102 760 210 159,600 I 
87 0 15.0 8102 760 210 159!600 
88 0 0 8102 760 ?.10 159,600 I 
89 0 ·4 .• 0 8102 760 180 136,800 I 
90 0 4.0 8102 760 180 136,800 I 
91 0 1.0 8102 760 ' 180 136,800 
92 18 0 none ~t 760 180 136!800 I 
93 16 0 none 760 180 136,000 I 
94 20 0 none 760 180 136,800 I 
95 30 0 none 760 180 136,800 
96 25 0 none 760 180 136,800 I 
97 10 0 none 760 180 . 136,000 I 
98 20 0 none 760 180 136,800 I 
99 0 0 none 760 180 136,800 

100 0 4.0 8102 760 180 136,800 I 
101 0 4.0 8102 760 180 136,800 I © 
102 20 2.0 8102 760 180 136,800 I~ 
103 20 l.O 8102 760 180 13(),800 
104 20 4.0 8102 760 180 136,000 I ..µ 
105 20 4.0 8102 760 180 136,800 I B 
106 I 20 4.0 8102 760 180 136,800 I . 
l/ No Giardia cysts or coliform bacteria injected 
21 Coliform bacteria were not monitored 
JI cysts were of questionable viability 
Al No Giardia injected, therefore no Giardia sampling 
'JI No effluent turbidity sample 
~ Alum oosages are in mg/l as M2 cso4> 3. 148:20 
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Table B-1 (bh Master Data Table (Sheet 3). 
I 

Chemical Basin Information I 
·Alum Polymer ~ I 

Run I rosage.6/ rosage of 
GCsec -l> I 

# I (IYQ/1) (mq/1) Pol~r TC sec> qr 
I 107 I 0 0 none 782 202 158,000 

108 0 0.2 8102 782 235 184,000 I 
109 I 0 0.5 8102 782 235 184,000 I 
llO I 0 1.0 8102 782 220 172,000 I .111 0 2.0 8102 782 220 172,000 
112 I 0 0.2 8102 782 220 172,000 I 
113 3.0 0.6 8102 782 252 197 ,000 I 
114 3.0 0.6 8102 782 252 197 ,000 I 115 3.0 0.2 8102 782 252 197 ,000 
116 3.0 0.07 8102 782 252 197 fooo I 
117 0 0 none 645 224 144,000 I 
118 3.0 0 none 645 202 130,000 I 119 0.5 0 none 645 202 130, 000 

I 120 1.5 0 none 645 202 130,000 
121 5.5 0 none 645 202 130,000 I 
122 1.0 0 none 661 202 133,000 I 123 0 0.1 8102 630 224 141,000 

I 124 0 0.4 8102 630 224 141,000 
125 0.40 0 none 630 235 148,000 I 
126 5.0 0 none 630 23'5 148,000 I 127 3.0 0.2 8102 630 202 127,000 I 128 3.0 0.4 8102 630 202 127 ,000 
129 0 0 none 630 202 127 ,ooo I 
130 0 0.4 572-C 630 202 127 ,ooo I 
131 0 0.8 572-C 630 202 121 ,ooo I 
132 0 2.0 572-C 630 202 127,000 
133 1.5 0.7 572-C 630 202 121 ,ooo I <Ll 
134 15 2.0 572-C 630 202 127 ,ooo I ~ 
135 4.5 2.0 572-C 630 202 127 ,000 . 
136 9.0 2.0 572-C 630 202 . 127 ,ooo I r-i 
137 30 2.0 572-C 630 202 127 ,ooo I .µ 
138 7.0 2.0 . 572-C 630 202 127 ~ooo I 8 
l/ No Giardia cysts or colifocm bacteria injected 
21 Colif orrn bacteria were not IIK>nitored 
'JI Cysts were of questionable viability 
Al No ~ injected, therefore no Giardia sampling 
51 No effluent turbidity sample 
~ Alum dosages are in mg/1 as Al2 <s:>4> 3. 14Hi0 
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Table B-l(c)~ Master Data Table (Sheet 1). 
..... --··-·---- I 

- . -l---· _fil te,E Con,9.lt:..!.9~!.l--·--·--·---·-~~t!:.~Ell)_t._~at:~E.-<Ef2.9!~ion~---·------ I 

Run I Type of Length of Flow ~e TUrbidity Gia.r~ua. Water Colif orrns I 
.# I Filtration Run (hr) (gpm/ft ) (NIU) (cyst/liter> sarn12led < 1> (#I 1 OOJE.1-J_ I 

1 I in-line 9.0 5.0 0.8 l/ JI 21 I 
2 I in-line 8.3 4 •. 6 0.3 l/ JI 21 I 3 in-line 6.0 4.4 1.2 l/ M 21 
4 I in-line 5.0 4.8 1.9 l/ M 21 I 
5 I in-line 4.0 4.6 0.2 l/ M 21 I 
5 I in-line 4.0 4.8 0.2 l/ JI 21 I 7 in-line 5.0 s.o . 0.15 l/ M 21 
8 I in-line 2.5 4.4 3.0 l/ y 21 I 
9 I in-line 2.5 4.6 3.5 l/ y 21 I 
10 I in-line 3.0 4.7 0.1 l/ Ji 21 I 11 in-line 4.0 4.9 0.15 l/ JI 21 
12 I in-line 3.0 s.o o.s l/ JI 21 I 
13 I in-line 3.0 4.9 0.3 l/ y 21 I 
14 I in-line 3.0 s.o . 0.4 l/ JI 21 I 15 in-line 1.5 3.6 0.4 l/ Al 21 
16 I in-line 1.5 4.0 0.3 l/ JI 21 I 
17 I in-line 1.1 3.9 0.4 l/ Al 21 I 
18 I in-line 2.0 4.4 0.45 l/ Al 21 I 19 in-line 2.5 4.2 0.30 l/ Al 21 
20 I in-line 1.0 4.7 0.45 l/ JI 21 I 
21 I in-line 0.75 4.6 2.0 l/ Al 21 I 
22 I in-line s.o 4.1 0.2 l/ ~(. 21 I 23 in-line 0.75 5.0 1.5 l/ JI 21 
24 I in-line 0.75 5.0 8.5 l/ JI 21 I 
25 I in-line 0.75 5.0 1.0 l/ JI 21 I 
26 I in-line 0.75 5.0 3.0 l/ ~ 21 I 27a I in-line 0.80 4.9 3.0 l/ JI 21 I 27b in-line 0.00 4.9 1.5 l/ JI 21 
28a I in-line 0.00 4.9 l.s l/ JI 21 I 
28b I in-line 0.80 4.9 6.5 l/ JI 21 I 29 in-line 0.80 4.3 2.0 l/ JI 21 
30 I in-line 0.80 4.3 1.5 11 JI 21 I 
31 I in-line 0.00 4.3 2.5 l/ JI 21 I 
32 I in-line . 0.00 4.3 3.0 l/ JI 21 I 33 I in-line 1.0 4.7 1.0 ll · Al 21 I 34 in-line 1.0 4.7 10.0 l/ JI 21 
35 I in-line 1.0 4.3 1.50 l/ Al 21 I 
36 I in-line 1.0 4.2 1.0 l/ JI 21 I 
37 I in-line 1.2 4.3 1.3 l/ JI 21 I 38 in-line 2.8 4.1 1.1 l/ y 21 
39 I in-line 1.0 3.8 4.0 l/ Ji 21 I 
40 I in-line 0.8 3.3 12.5 l/ JI 21 I 41 in-line 0.7 4.4 10.5 l/ JI 21 
42 I in-line 0.5 4.3 10.0 l/ M 2J I 
43 I in-line 3.0 5.5 0.3 11 JI 21 I 
44 I in-line 1.0 5. 6 o.s l/ JI 21 I 
45 I in-line 1.0 5.8 1.0 l/ JI 21 I 46 in-line 1.0 5.7 0.8 JI JI 2/ 
47 I in-line 1.0 5.8 2.0 l/ JI 21 I <JJ 
48 I in-line 6e0 5.6 0.2 l/ v 21 I i:: 
49 I in-line 2.0 5.7 o.s zero 150 21 ·r-i I r-1 50 in-line 1.3 5.6 r:N· zero 110 21 
51 I in-line 1.3 5.6 51 zero 110 <l I~ 
52 I in-line 1.4 5.6 51 zero 110 10 lo 
l/ No Giardia cysts or ooliform bacteria injected 
21 Coliform bacteria were not monitored 
31 Cysts were of questionable viability 
j/ No Giardi.Q injected, therefore no Giardia sampling 
51 No effluent turbidity sample 
§I Alum dosages are in mg/l as Al2 cso4> 3• 14~0 
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Table B-l(c). Master Data Table (Sheet 2). 
I 
I Filter Conditions Effluent Water Conditions 

Run I TyJ;e of Length of Flow ~e TUrbidity Gist:~U'1. Water Colif orrns I 
# I Filtration Run Chr> (qr;m/ft ) (NIU) (cyst/liter>1 Sar!Tl'led (1) (#/100rn.l) . I 

53 I in-line 1.0 5.8 0.6 l/ .41 21 I 54 I in-line 1.0 5.6 1.5 l/ .41 21 
55 in-line 1.0 5.9 0.45 l/ Al 21 I 
56 I in-line 1.0 6.0 0.55 l/ Al 21 I 
57 I in-line 1.4 5.6 6.0 30 150 21 I 58 I in-line 1.4 5.6 0.4 zero 190 21 
59 in-line 1.4 5.6 1.0 zero 150 20 I 
60 I in-line 1.4 5.6 6.0 8 150 >1000 I 
61 I in-line 1.4 5.6 6.2 16 150 >1000 I 62 I in-line 1.4 5.6 6.1 235 150 l/ 
63 in-line 1.0 5.6 0.7 l/ JI 21 I 
64 I in-line 1.0 5.6 0.55 l/ JI 21 I 
65 I in-line 1.0 5 .. 6 0.6 l/ ~ 21 I 66 I in-line 1.0 5.6 2.3 ),/ ~ 21 
67 in-line 1.0 5.6 6.3 l/ y 21 I 
68 I in-line 1.0 5.6 2.3 l/ !./ ;.y l 
69 I in-line 1.0 5.6 1.3 .v Al 21 I 70 I in-line 1.0 5.6 1.6 l/ JI ·21 I 71 in-line 10.5 5.6 0.5 l/ .41 21 
72 I in-line 1.0 5.6 0.6 Ji! Al '1!_ ! 
73 I in-line 2.0 5.6 0.5 'JI 'JI 100 I 
74 I in-line 2.0 5.6 6.4 31 3.1 1000 I 75 iil-line 2.0 5.6 1.7 JI JI 680 
76 I in-line 4.0 5.6 0.2 l/ l/ 100 I 
77 I in-line 1.0 5.6 1.8 l/ y 21 I 
78 I in-line 14.0 5.6 0.15 l/ Al 21 I 79 I in-line 1.5 5.6 0.15 zero 150 50 
80 in-line 1.0 4.8 1.4 l/ JI 21 I 
81 I in-line 1.0 4.8 0.4 l/ JI 21 I 
a2 I in-line 1.0 4.8 1 0.5 }/ Al 21 I 83 I in-line 1.0 4 .. 8 0.6 l/ .4/ 21 
84 in-line 1.0 4.8 0.4 l/ y y I 
~5 I in-line 1.0 4.8 0.4 ~ 21 I 
~6 I in-line 1.0 4.8 l/ JI 21 I $7 I in-line 3.0 4.8 0.8 l/ .41 21 
88 in-line 1.0 4.8 5.8 l/ .41 21 I 
89 I in-line 2.0 5.6 0.3 l/ .41 21 I 
90 I in-line 1.8 5.6 0.4 zero 150 70 I 91 in-line 1.8 5.6 1.2 zero 150 ,580 
92 I in-line 1.8 5.6 1.7 25 150 510 I 
93 I in-line 1.0 5.6 1.3 JI y 21 I 
94 I in-line 1.0 5 .. 6 1.3 l/ j/ 21 . I 95 in-line 1.0 5.6 2.1 l/ Al 21 
96 I in-line 1.0 S..6 1.8 l/ .41 21 I 
97 I in-line 1.0 5.6 8.4 l/ M y I 
98 1 in-line 1.8 5.6 1.1 125 150 330 I 99 I in-line 1.8 5.6 6.8 1000 150 11,000 
100 in-line 1.0 5.6 0.5 11 ~ y I 
101 I in-line 1.0 5.6 0.4 l/ JI 21 I 
102 I in-line 1.0 5.6 0.65 l/ Al 21 I 

(lJ 

103 I in-line 1.0 5.6 1.1 .l/ JI y 
I -~ 104 in-line 1.0 5.6 0.75 .l/ .41 21 r-1 

105 I in-line 1.8 5.6 0.8 zero 150 30 I a 106 I in-line 1.8 5.6 0.7 5 150 100 I 
l/ No Giardia cysts or coliform bacteria injEA:ed 
21 Coliform bacteria were not rronitored 
JI Cysts were of questionable viability 
~ No Giardia injected, therefore no Giaraia sampling 
51 No effluent turbidity sample 
fJJ Alum dosages are in rng/l as A12 cso4> 3• 14H2o 
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Table &-lCc) • Master Data Table (Sheet 3) • 

Filter Conditions Effluent Water Conditions 

RUn I . Type of Length of ·. Flow ~e TUrbidity Qicirdia water CoJ .. ifoi:;rnn I 
·~utrat:._i_~n_Ruri Chr>~!u__<~i~t/lit~~L.-~~!.~.J.!-> -.i!L~:Q~1~J_ 1 107 in-line 1.0 5.0 0.45 l/ Al · Y ~ 
108 I in-line 1.0 4.3 0.40 l/ .41 21 ~I 
109 I in-line 1.0 . 4.3 0.50 l/ .41 Y I 
110 I in-line 1,0 4.6 0.45 l/ .41 Y I 
111 in-line 1.2 4.6 0.65 l/ .4/ u_ 
112 I in-line ' 1.0 4.6 o.35 l/ i;----·-y - I 
113 I in-line' 0. 7 4.0 O. 75 l/ .4/ Y I 
114 I in-line 1.0 4.0 O. 75 l/ Y .2/ I 
115 in-line 1.0 4.0 o. 70 l/ .4/ Y 
116 I in-line 1.0 4.0 0.60 l/ $! y I 
117 I in-line l.O 4.5 o.60 180 22 12000 I 
118 I in-line 1.0 5.o 0.60 l/ Al 21 I 
119 I in-line 1.0 5.0 0.55 l/ A/ y 
120 in-line l.O 5.0 0.55 l/ Al 21 I 
121 I in-line 1.0 5.0 0.60 l/ Y Y I 
122 I in-line l •. o 5.o 0.60 l/ .41 y I 
123 in-line 1.8 4.5 i.1 lao 22 5100 
124 I in-line . 1~8 4.5 o.85 100 22 3500 I 
125 I in-line 1.8 4.3 1.0 · 850 22 8500 I . 
126 I in-line 1.8 4.3 LO 950 22 6500 I 
127 I in-line 1.8 s.o 1.1 100 22 21 I 
128 in-line 1.8 5.0 0.90 125 22 21 
129 I in-line l.o s.o 0.10 l/ .41 3000 I 
130 · 1 in-line 1.0 5.0 0.65 l/ Y 21 l 
131 I in-line 1.0 5.0 0.60 l/ .41 Y I 
132 in-line 1.0 5.0 0.80 l/ j/ 21 
133 I in-line l•O s.o o.50 11 M 21 I 
134 1 in-lirie 1.0 s.o l.o l/ .4/ 21 I ~ 
135 I in-line 1.0 s.o o.35 l/ .4/ 21 I .;::i 
136 in-line 1.0 5.0 0.35 l/ .4/ 21 r-i 
137 I in-lirie 1.0 s.o 3.0 l/ Al 21 , I ..µ 
138 1 in-lirie 1.8 5.0 0.40 70 22 150 ~I 8 
.l/ No Giardia cysts or coliform bacteria injected 
21 Coliform 'bacteria were not monitored 
JI Cysts were of questionable viability 
JI No Giardia injected, therefore no Giardia sampling 
~ No effluent turbidity sample . 
~ AllDll dosages are in mg/1 as A12 <so4> 3· 14ttiO 
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APH!NDIX C 

DESIGN OF IABORMORY-SCALE RAPID RATE 
FILTRATION PILOI' FLANT 

Figure C-1 is a schanatic drcwing of the lalx>ratory-scale rapid rate 
filtration pilot plant showing each of the can:pments canprising it, rapid 
mix basin, flocculation basin, sedimentation basin and filtration. '!he 
design canput.ation for each canp:ments are shown in the paragraph following. 

1. Rapid· Mix Basin Design 

A. Design Cbndi tion 

1. Tan~ratu~e of water = 4°c 

2. Flow rate = 660 mL/min 

B. Criteria 

1. Detention time 10 < T < 186 sec, (Riddick, T. M., 1961) 

2. Velocity gradient x time = 3000 < Gr < 180,000 CASCE-AWWA, 1969) 

c. Design Procedure 

1. Use three basins; first one for lime, second for alun, and third 
for coagulant aid 

2. Detention time 3 .1 min = 186 sec 

3. Volume of the basin: 

660 mt/min x 3.1 min = 2048.0 cm3 

= 12.7 cm x 12.7 an x 12.7 an 

4. Find dimension of tank and impeller, use shape factors 

Figure B-2 . (Hendricks, 1976) Csee Figure C-2) 

...H.. = 1 
Dt 'lherefore H = Dt = 12.7 an 
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Figure C-1. Schematic drawing of laboratory-scale rapid rate filtration pilot 
plant. 
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Figure C-2. Measurenents of a turbine mixer in a baffle tank (Hendricks, 
1976). 

D 
.:.t = 3 
Da 

..L.. - . . D ~ 0.25 
a 

ll.1. = 3 
Da 

E 
4.233 = l 

'lherefore Da = 4~233 an 

'Iherefore E = 4.233 an 

L 
4.233 = 0•25 

L = 1.0583 cm 

.ll.. = 0.25 
Da 

...J...-01 D - • 
t 

4.~33 = 0.25 W = 1.0583 cm 

J:t:i = 0.1 J= ·l.27 cm 

s. Let ~ed of shaft = 150 rpn = 2.5 rps 
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239~(1 - k> 3 s! n 
W = V · ~ Ai • ~i • •• 15.17 

(Hendricks, 1976) 

w = total power dissipated ~ the volune of basin lb-sec-1 -ft-2 

C1> = drag coefficient = 1.16 CH. E. Rouse, page 249) 

k = relative S:EEed of water past blade in rps = 0.24 

Ss = speed of shaft in rps 

v · = volune of basin = 0.0723 £t3 

A = projected area of blade = 0.0017 ft2 

rbi =distance to center of blade fran shaft= 0.75" = 0.0625 ft 
3 3 w = 2.i9 x 1.16<1 - 0.24> ~2.SJ~ 

0.0723 

C0.0017 x C0.0625) 34> = 0.0436lb - sec-1 - ft2 

6. G = -! p. = dynamic viscosity of fluid at 4°c 

= 3.273 x 10-s lb - sec - ft-2 

G = ~ 0.045J = 37. 7028 
3.275 x 10-s 

7. 'lherefore GT = 37 .2028 x 3.1 .x 60 = 6919. 7283 > 3000. See Figure 
C-3 for design detail. 

2. E.locculatio.n..J3g§ip Qe§:\gn 

A. Design O>ndition 

1. Temperature of water = 4°c 

2. Flow rate = 660 mt/min 

B. Criteria <Hendricks, 1976, page 15-36} 

1. Detention time D0 T = 30 - 60 minutes 

2. ~\Inter of compartment = 3 - 5 
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3. Velocity gradient G = 20 sec-l - 74 sec-l 

4. Velocity 9radient x o•T = 23000 - 210,000 

5. Area of paddles = ClO - 25) % of the cross-sectional area of basin 

6. Speed of paddles = 0.3 - 3.0 ft/sec 

c. Design Procedure 

1. Let detention time for each oompartment = 12.7 min 

2. '!he volume of each canpartment = 12. 7 min x 
660 ml/min 

= . 83 90 an sup 3 

= 20.32 cm x 
20.32 cm x 
20.32 cm 

3. Use five canpartnent 

4. Total detention time= 12.7124 x 5 = 63.5620 min 

5. Total volume = 8390.1768 x 5 = 41950.92 an3 

6. Area of paddle 

1. 

3/8" x 5 3/4" x 4 = 8.625 in.2 = 55.6451 cm2 

(55.6451/20.32 x 20.32) 100 = 13.48% 

. 3 3 
~39CpCl - k) S8 n 3 

W = . V ~ Ai rb2 • • • 

CClS-17) Hendricks, 1978) 

W = total power dissipated by the volume of compartment or 
oonduit 

lb - sec-l - ft-2 

en = drag epefficient = 1.39 (H. E. Rouse, page 249) 

k = relative speed of water past blade in rps = 0.24 

Ss = speed of shaft in rps 
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v = volume of basin = 8" x 8" x 8"/12 x 12 x 12 

= 0.2963 ft sup 3 

A = projected area of blade = 
5 3/4" x 3/8"/12 x 12 = 0.015 ft2 

rb = distance to center of blade for a shaft 

== f2 ft, Ti ft 
_ 239 x 1.39<1 - 0.24> 3 x s! 

w - 0.2936 

co~o15 x ~3 x 2 + 0.015 x ~3 x 2> 

w = 0.0768s! 

8. G = ~ 

JJ. = dynamic viscosity of fluid at 4°c 
3.273 x 10-5 lb - sec - ft-2 

3 0.0768(S5 ) . . 312 _5 = 48.431CS
5

) 9. G= 
3.273 x 10 . 

10. Let S5 = 40, 30, 20 nnp.or 0.667, 0.5, 0.333 rps 

11. G1 .T = 26 .4 x 762 = 20116 

G2·T = 17.1x762=13030 

~ .T = 9.3 x 762 = 7.086 

~GI' = 40,232 

12. ~Gr = 40,232 
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Use three computment.vo~une of each one is 8390.1768 an3 with area 
of paddle = 8.625 m~ , ~ed of shaft at 40, 30, and 20 rpn for 
each one • . See Figure C-4, Detail Design of Flocculation Basin. 

3. Sedimentation Tank · Design 

A. Design Condition 

1. Temperature of water =. 4°c 
2. Flow rate = 1321.358 mI./min = 22 .. 0226 mL/sec 

B. Design Criteria 

1. SUrface fl CM rate = 20 - 33 ml day 

(500 - 800 gpd/ft2> CE. W. steel and T. Mct;hee, i;:age 234) 

c. D:sign Procedure 

1. q = JJt x A . (Linvil G. Rich, p:ige 87) 

q = volunetric rate of clarification an3/sec 

illt = settling velocity an/sec 

A = cross section area of rectangular2volune in plan ~rpendicular 
to the direction of subsidence an · 

22.0226 cm3/sec = 0.023158 an/sec (20 m/day) x A 

A= 950.9730 cm2 

2. Choose 20.32 Cll.l- width and 46.8 an length or 8 -inch width and 18.4 
inch length 

3. Size of i;article will settle 
- _.l_ l. 2 v - 18 ,u CY floe - Yw> d 

stokes law (12-15) · <Hendricks; 1976) 

v = settling velocity LIT = O .023158 cm/sec 

µ. = dynamic visoosity FT/L2 = 1.567 centix>ise at 4°c 
Y floe = sp:cif ic weight of floe F/L3 = 1.18 (Table 12-12, Hendricks, 

1976) 
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Yw = specific weight of water F/L3 = 1 at 4°c 

d = diameter of floe L 

0. 023158 = f ~Ox xl •958J-7 Cl.18 - 1) a2 

d = 0.0037 an= 36.99 ,um or greater; size of floe will settle 

See Figure C-5 for Detail Design of Sedimentation Tanks. 

4. Filter Design 

A. Design Cbndition 

1. Tanperature of water = 4°c 

2. Flow rate = 660 mL/min 

B. Design Criteria (Table 16-5, Hendricks, 1976) 

1. Filtration rate = single media · ~ 2 - 5 gpn/ ft2 

dual media = 3 - 6 gpn/ ft2 

2. rella: sing! or dual 

3. Depth of media 

Single sand = 24 - 30 " 

Dual sand and anthracite = 12", 18 - 30" 

4. Effective size 

Single: Sand = O .35 - 50 nm 

Dual: sand = 0.4 - 0.5, anthracite = 0.8 - 1.4 

5. lkliformity coefficient 

Single: Sand 1.3 - 1. 7 

Dual : Sand l. 3 - 1. 7, anthracite = 1. 7 

6. Under syste:n; porous plates or gravel support-pi:t:e underdrain 

7. Backwash rate 10 - 20 gpn/ft2 

8. Backwash pariod 5 - 10 min 
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c. Design Procedure 

1. Area of filter = A 

Q=vxA 

Q = flow rate = 660 mI./min 

v = filtration rate = 2 gpn/ft2 = 8.2584 an/min 

A = area of filter 

660 an3/min = · 8.2584 an/min x A 

Therefore A = 80.058 an2 

'Iherefore Diameter of filter = 5 an = 2 inches 

2. Media: Single: Sand 

3. Depth of media = 30" sand 

4. Effective size = 0 .45 mm 

5. uniformity coefficient = 1-5 

6. Cbnsta.nt flow filtration = 660 mt/min 

7. Underdrain eystan = porous plate Csee Figure C-6 for detail) 

8. Backwash rate = 15 gpn/ft2 with air 

9. Period of backwash = 10 min 
See Figure C-6 for filter <Esign detail. 

5. Design of Flow Basin 

A. Design O:>ndition 

1. TEmperature of water = 4°c 

2. Flow rate = 660 ml/min 

B. Design Criteria 

1. Convenient velocity of flow carrying floes without breakup floes 

c. Design Procedure 

1. Iet the size of pipe = l 1/2" = 3 .81 cm 
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2. Velocity of flow 

Q=Axv 

Q = flow rate= 660 cm3/min 

A= area of pipe= (3.81> 2 x 114 x 3.1416 

= 11.40 an2 

v = velocity of flow = an/min 

660 = 11.4 xv 

Therefore v = 57.8901 cm/min= 0.9648 an/sec 

3. If the maximum size of floes = 100 J.lill 

v = it:I <Yfloc - Yw> a2 

Stocks law Cl2-15) Hendricks 

100 x 981 -6 2 = 18 x 1.567 {1.18 - 1) {100 x 10 x 100) 

v = 0.0626 cm/sec = 3.7562 cm/min 
. SZ.8901 Therefore v of flOd/v of floe = i.7562 = 15.41 so the flOti will 

carry the floes 

4. R Reynolds number 

R = ~ < 2,000 CH. RolU3e, page 174) 

~ - 0.9648 x 3.81 x 100 
p - 1.567 

= 234.5897 < 2,000 

'lherefore the flow is stable. 
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DESCRIPrION 

APmNDIX D 

DESCRIPI'ION OF THE FIELD-SCALE RAPID RATE 
FILTRATION PILOI' FLANT AND ITS omRATION 

'!be field-scale rapid rate filtration pilot plant used in this research 
was a Neptune Microfloc ltbdel WB...i.27 WATER BOY® package water treatment 
plant. Its naninal capacity is 76 I/min (20 gpn) and it is capable of 
satisfying the water needs of a camnunity of 190 J::e<>ple. 'Ihe plant was 
purchased~ the Drinking water Research Division of the U.S. Environnental 
Protection Agency in Cincinnati, who designed a 22 foot trailer to hold the 
WATER BOY as shCMn in Figure D-1; thus it. became a mobile water treatmept 
pl.ant. 

--iliiillli---------------------· ., -~ .............. ·~-
Figure Irl. 'lbe Neptune Microfloc WATER BOY@ field-scale rapid rate 

filtration pilot plant as set up at the Fort Collins water 
Treatment Plant No. 1 for low-turbidity testing. water was 
obtained fran the cache Lei R>udre River. 

Figure D-2 is a drawing of the Nepttme Microfloc WATER BOY@ shaving 
el.evation and plan views. Figure D-3 is a flCM diagram for the WATER BOY®, 
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supplied by Neptune Microfloc Inc., illustrating process hydraulics. As 
shown in Figures D-2 and D-3, the WATER PDY ® is a canplete rapid rate 
filtration water treatment plant oonsisting of: rapid mix basin, flocculation 
basin with variable s~ paddle wheel, sedimentation consisting of tube 
settlers at 7.5 degrees, and filtration box. 

When the WATER OOY ® arrived at Colorado State university, in August 
1982, after work at Oneida, New York conducted by Clarkson College of 
Teclmology, it oontained the filtration media shown in Figure D-4. 'Ibis 
media was used in experiments here during initial familiarization testing, 
but was replaced in March 1983 by media obtained locally. Figure D-5 shows 
the filtration media used after March 1983 and which has renained in the 
pilot plant filter bed for all subsequent testing. 
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Figure D-4. Filtration media used during familiarization testing. Media used 
was packed by Clarkson College of Technology, Postdam, New York • 
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Figure J>-5. Filtration media used during Spring Runoff, Horsetooth, and Low--
Turbidity testing. Anthracite was obtained fran the Fort Collins 
Water Treatment Plant No. 1, and the sand was obtained from the 
Fort Collins Treatment Plant No. 2. 

157 



~ 
U1 
00 

Table D-1. Appurtenan~s for o~ration of field scale rapid rate filtration 
~--..,~ -·-......·--

I tan Purpose & S~cif ications ManUfactor 

Paw water Pump PlmPs Raw water into Raoid Mix Goulds Pt.JnDS, Inc. 
<Dntaminant Feed Meters the cxmtaminant batch into Fluid Metering, Inc 
Punp the main flow CO to 1120 mr./min) 
Alun Feed Ptinp Meters al un solution into Precision O:>ntrol 

main flow CO to 75 ml/min) 
R>lymer Feed Pl.Unp Meters polymer ~lution Precision O:mtrol. 

into main flow CO to 75 ml/min) 
SOdiun 'lhiosulfate Feeds ~s2~ solution into effluent Cole i:anner 
Feed Pllnp stream f r chlorination 

CSO to 1000 cc/min) 
Giardia Sampling Diverts sampling strecun f ran Grainger 
Pllnp main fl.ON through manbrane filter 

CO to 8.5 I/min) 
Gianiia Sampling Drives Giardia sampl. ing Grainger 
Punp R>tot PunP C3/4 ho) 
cOntaminant Batch Agitates oontaminant b:ltch Lightnin Mixers 
Mixer 
Alun Batch Mixer Mixes alun solution Wilkens-Anderson Co. 
R>lvmer Batch Mixer Mixes Pol vmer solution O>le i:anner 
Papid Mix Basin Dis~rses chenicals in rapid mix Lightnin Mixers 
Mixer basin Cl/ 4 ho) 1725 mn 
Manbrane Filter Holds 5 JJIIl i:ore size 293 nm Gelman 
Holder I dianeter manbrane filters made sciences 

bi Nucleooore Conx>ration 
Ratio Turbidimeter ~asures grab samples Hach Chanical Co. 

for turbidity 
Fl ON-through ~nitor influent and effluent Hach Chemical Co. 
Turbidimeter turbiditv 

11 Neptune Microfloc Model WB-27 WATER BOY @ package water treatment 
plant, trailer motmted ~ EPA. 

MJdel i 

XSH 15 
RP-D 

111311-361 

111311-361 

212 

Rotary Beam 
P\Jnp 1P771 

27846 

Series 20 

i:ower Stirrer 
4555 H 
Mark II 

11873 

18900-10 

1720-A 
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Figure D-6. Schanatic diagram of the WATER BOY pilot plant showing chanical feed, contam-
inant feed, and sampling systatU? 



Table D-1 lists the appurtenances which were used with the WATER BOY® 
pilot plant. All appurtances except the flo\tr'through turbidimeters were 
assembled for the wrposes of the pr~ent research. 

Figure D-6 is a flow schema.tic of the WATER BOY as set up and used in 
this research. It shows the chemical feed system, contaminant injection 
system, and oontaninant sampling system. Sampling ports for turbidity, 
coliform bacteria, and Giardia cysts are shown on both the ir¢luent side and 
on the effluent side. 

'!he oontaminant injection port is comprised of a 0.64 cm Cl/4 inch) 
diameter tube placed at the center of the 2.54 cm Cl inch) diameter influent 
pipe. '!he contaminants were injected at the center of the pipe. Four elbows 
were added to the piping after the point of contaninant injection to assure 
mixing prior to sampling of the contaminants on the influent side. '!he 
sampling of contaninants on the influent side was aloost the same as the 
injection. 'I.be IX>int of withdrawal was located 30 cm (12 inches) downstream 
fran the last of the four elbows. '!he withdrawal tube was a g.95 cm (3/8 
inch) tube inserted to the center of the pipe. It was cut at 45 with the 
open side facing the flow. '!he purpose of this modification was to obtain a 
representative sample of oontaninant concentration as it is fed to chanical 
pretreatment. '!his same roodification for sampling was fabricated for the 
effluent side also. '!be point of effluent sampling was 122 an C48 inches> 
c:bwnstream fran the filter box. '!be stream sampled was pumped by positive 
displacenent pump through a 2.93 mm diameter Nucleopore polycarbonate manbrane 
filter, the device used to sample Giardia cysts. Coliform and turbidity 
samples were obtained from the influent side before oonnecting the membrane 
filter. Ql the effluent side, ooliform and turbidity samples were taken from 
the discharge to the clear well. 

OPERATION 

'!be oi;eration of the WATER BOY as it was set up and used at Colorad:> 
State University is described in the following sections. Instructions are 
summarized for the following steps: i) start up, ii) filtration, iii) 
backwashing, v> backwash flow control, v> filtration flow oontrol, vi> 
chemical feed, vii) contaminant feed and sampling. 

i} Turn filter switch Con major control oox) and backwash pump switch 
(minor oontrol box) to off positions. '!he major and minor contrql 
boxes are shown in Figure D-7. 

ii) Fill the rapid mix basin by tuming on the .rEM .water feed pump. 
Figure D-8 shows the raw water feed pump. ·Control raw water flow 
with the influent-flow-control-valve shown in Figure D-9. 
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Figure D-7. Side vi&1 of WATER BOY: a) major 
control p:mel, b) minor control pmel, c) 
effluent-flow punp, d) garden-oose-valve 

Figure D-8. R:lW water punp Cl 1/2 hp) 



Figure D-9. Top vis of rapid mix basin: a) influent-flow-control valve, b) 
mixer, c) rapid mix basin. 

iii) Allow the water to overflow fran the rapid mix basin into the filter 
box until the water level in the filter box is 10-12 an above the 
filtration media; then turn off the raw water pump. 

iv) Gently stir the filtration media (to a maximum depth of 50 cm> with a 
broan handle, or similar device, to ranove the air bound within the 
filtration media. 

v> After the bolDld air is renoved, fill the filter box, by turning back 
on the rl!ftl water pump, to within 5 to 7 an of the top, i.e. about 10 
to 12 an above the backwash overflow trough; then turn off rBN water 
pl:lllp. 

vi> Install the effluent-flow-control-float so the effluent-flow-control 
valve is about 90 percent open when the filter box is full. Figur~ 
D-10 shows the effluent-flow-control valve and the shaft of th~ 
float. 

vii) Open garden-hose-valve on the effluent-side of the effluent-flow--
pump. '!bis primes the effluent-flow-pump, by using the available 
head within the filter box. Figure D-7 shows the garden-hose-valve, 
and the effluent-flow-pump. 
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Figure D-10. Effluent flow control: a) effluent-flow-oontrol valve, b) 
effluent-flow-pmip-protector switch, c) shaft oonnected to 
effluent-flow-control-float, d) butterfly nut. 

viii) 'l\tm filter switch Con main control panel) to manual, green light 
should tum on. 'Ibis activates the effluent-flow-punp and opens 
backwash valve #2. 

ix) Tum on raw water pump. '!be effluent-flow-pump-protector-switch 
shown in Figure D-10 should be on, i.e. effluent-flow-purrp should be 
on. 

x> Adjust influent-flow-control-valve until an equilibrium is 
estabished within the filter box. Best operation is when the water 
level is 5 to 8 an below the top of the filter box. 'Ibis level can 
be varied by adjusting the fulcrum length on the effluent-flow-
control-float by using the butterfly nut on its shaft. '!be 
butterfly nut is shown in Figure D-10. 

xi) Once the system is running srooothly, al.low it to filter water until 
the clear well is filled, i.e. about 45 minutes at 76 :&/min (20 
gpn). below). 

xii) <:nee the clear well is filled, turn-off raw water feed punp and 
tum-off filter switch on main oontrol panel. '!he clear well is the 
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large cylindrical tank on the front of the WATER BOY@, and has an 
effective volume of 4000 liters. 

xiii) Backwash the system to prepare the filtration media for a test run, 
following the backwashing procedures below • 

.filtration 
i) Prepare chemical feed and contaminant feed systems as described 

under the appropriate headings below. 

ii) Tum-on the raw water pump, then imnediately begin step iii) and 
step iv). 

iii) Turn-on rapid mix basin mixer. Figure D-9 shows the l/ 4 hp rapid 
mix basin mixer. This mixer must be plugged into electrical box No~ 
1 Cleft hand box as shown in Figure D-11) or an overloading of the 
circuit breakers will occur. 

iv) Turn-on filter switch on main control panel to manualo Olce the 
water level in the filter box raises high enough to activate the 
effluent-flow-pump-protector-switch, the green light on the main 
control panel will light indicating that the effluent-flow-pump is 
on. Howe'\l'er, chenical and contaminant feed, and mixing, begin as 
soon as the filter switch is turned to manual even though the green 
light has not lit. 

v) Adjust flow as described above in step x> of start up. 

vi) Stop filtration by turning off raw water pump, filter switch, and 
rapid mix mixere 

j3ackwashing 

i) Turn-off rCM water feed pump, rapid mix mixe:r, and filter &Witch. 
'Ibis will automatically close ·backwash valve No. 2. 

ii) Turn on backwash pump using switch on minor control box (directly 
below major control box). This will automatically open backwash 
valve No ... L 

iii) iSloWl'l open backwash valve No. 3 (see Figure D-6) • This allows the 
backwash pump to draw water from the clear well and pump it into the 
bottom of the filter. 

iv) Gbeck to insure that the water level in the filter box drops to the 
top of the overflow weir. If it does not, then either the backwash 
hose is clogged, possibly with ice, or more head is required between 
the backwash water discharge, i.e .. disposal, point and the top of 
the overflow weir111 
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Figure D-11. Olanical feed system: a) polymer 
tank, b) alum tank, c> alun pllnp, d) polymer 
punp, e> electrical ooxes, f) speed controller 
for polymer mixer, g) polymer injection port, 
h> alun injection port, i) influent rClll water 

Figure D-12. Contaminant feed system: a) batch 
tank, b) mixer, c) injection port, d) metering 
punp, e) four elbows for mixing conbninants 
with raw water, f) raw water influent line, 
g) influent sanplir¥J port for Giardia, ooli-
foms., and t .urbidity 



v> Stop the backwash c..ycle before the water level in the clear well 
reaches the pipe used ~ the backwash pump to draw the water from 
the clear well. '!bis will prevent the backwash punp frcm punping 
air. 

vi) To stop the backwash cycle, turn off the backwash punp, and 
:inunediately close backwash valve No. 3. Close this valve ~, so 
that the filtration media "sets" properly. 

vii) Filtration can now be resuned. 

Bc\Ckwash Flow eootrol 
i) The backwash rat2 should be about 227 I/min (60 gpn) , which is 10 .2 

mnv's Cl5 gpn/ft ) , which is 61 cm per minute rise within the filter 
oox. 

ii) The backwash rate can be adjusted by thottl ing backwash valve No. 4 .. 

Filtration Flaq COntrol 

i) The influent flow is controlled ~ the influent-flow-control-valve. 

ii) 'llle effluent fl<M is controlled by the effluent-flow-control-float, 
which is connected to the effluent-flow-control-valve, which the 
effluent-flow-punp punps against. 

iii) The effluent-flow-~p is protected by the effluent-flCM-pump--
protector-switch, which is mounted at the top of the filter oox and 
has two s:nall floats attached to it. '!his protector switch 
autanatically tums off the effluent-flow-pump when the water level · 
in the filter box gets to low. 

~Chemical Feed 

i) The chemical feed system is . shown in Figure A-11. 

ii) Both alum and polymer injection :r;x:>rts are injecti,on quills which 
allow injection of the chanical s directly into the center of the 
flON stream. 

iii) The follQ-ving sample calculations illustrate h<M alun dosages were 
determined. Alun is reported as mg/L of Al2 cso4>3 '" 14H2o. 

iiiven: * Raw water flow rate = 75 I/min 
* Alun solution feed rate = 15 m!lmin 
* Alun solution consists of 5 liters of distilled 

water and 500 mL of canmerical grade liquid 
alun. 
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.EinQ: 

*There is 643 milligrams of Al2 <so4>3 14~0 in evecy milliliter of commerical 
grade liquid altnn • 

The oosage of alun in mg/L of 
Al.2 <oo4> 3 14H2o per liter of 
rCM water • 

. solution: 

643 mg of Al2 <s:>4> 3 ·14 a2o 500 rnL of l:iquid alllll 0.015 L of alun soln 
x x 

rnL of soln 5. 5 L of batch min 

x 
___ 1...,_nu.n_· __ = .11.s rrg of ro.2 cso4>3 14H2o 

75 L raR water liter of rc:M water 

iv) Polymer dosages were calculated as follows: 

Giygn: 

.EinQ: 

So1µtion: 

* Raw water flow rate = 75 I/min 
* Polymer batch feed ·rate = 70 mI/min 
* Pol~r batch consists of 20 liters of 

tap water and 10 mL of polymer 
* The s~cif ic gravity of the p:>lymer 

is 1.14 

The dosage of polymer is milligrams of 
polymer per liter of raw water. 

1,140 ng of po~r 10 mL of po~r 0.07 L of batch 
:ffil. of polymer x 20 L of batch x. 1 min 

I . min _ 0.5 ng of po1$ner 
x 75 l of ratt waterL- liter of raw water 

Contaminant Feed and ~ing 
i) The oontaminant feed systan is shCMn in Figure D-12. Notice the 

four elbcMs which insure adequate mixing of . the rontaminants with 
the ratt water prior to influent sampling. 

ii) An injection quill, similar to the ones used for chemical feed, was 
used for injecting the contaminants. 'Ihe contaminants consisted of 
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rat/ water, oog feces, and primary effluent from Fort Collins 
waste\\'ater Treatnent Plant No. 2. 'lbese oontaminants were mixed in 
a 50 liter plastic batch tank, shown as a) in Figure D-12. '!be , <bg 
feces served as the GiarsUa cyst source, and the primary effluent 
was the ooliform bacteria source. 

iii) Figure D-6 shows the points in the flow scheme where the influent 
and effluent were sampled for turbidity, ooliform bacteria, and 
Giardia cysts. 

iv> Figure D-13 slx>ws the Giardia sampling pump oonnected to the 
effluent Giardia sampling port. A representative effluent sample 
was obtained by placing the effluent sanpling port in a 3.8 an Cl.5 

sr .. ·--

Figure D-13. Portion of apparatus for sampling Giardia cysts in effluent 
stream: a) Giardia sampling pump, b) effluent sampling port 
for Giardia, c) dam~ner to attenuate pressure fluctuations in 
the sampling stream, d) flow meter used to measure sampling 
flow rate. 
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inch) elbow, taking the sampling stream from the center of the pipe, 
and having the velocity of the sampling stream s;1ual to the velocity 
of the main flow stream. 

v> Representative influent sampling was insured by allowing stream-
lines direct access to the influent sampling port. This was 
obtained by having the water velocity in the sampling stream a::iual 
to the water velocity in the main flow stream, and ·by directing the 
sampling .port towards the incoming flow. 
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AP:amDIX E 

DA.TA CDLLEcrION EORMS 

Tables E-1 through E-6 were used during test rWls using the laboratory-
scale rapid rate filtration pilot plant to collect data for the different 
measuranents and samples. Table E-1 shews an example of ch ta collected f ran 
the milk cooler, used as a feed tank. '!he milk cooler was spiked, depending 
UIX>n test run, with sewage and Giardia cysts, or with pure culture bacteria. 
Table E-2 is an example of data collected f ran the rapid mix basin and the 
filters; it shows also the results of sampling. Tables E-3 through E-6 are 
data forms used for reoording analysis results fran samples. Table E-7 
illustrates the form used to record data obt.ained during test rms with the 
field-scale rapid rate filtration pi.lot plant. 
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Table E-L Example of feed tank data obt~ined during test run using latoratory-scale 
I'.apid rate filtration pilot plant. 

DATE 3.JJ J / gJ 

Time Volume · Temp Turbidity 
(liters) (OC) (NTU) 

900 3 7o .3 . ; o·51(..LP 
0·'1 \ .. 

I I e o 312.. d· 6J 

Jl'tS 2..qs 3 ft·'t 

1300 o,,s 

l ll J 0 J 'IS 3 o- Gs 

FEED TANK 

Standard Total Giardia Cyst 
Plate Count Coliform (cyst/1) 

(org/ml) (org/lOOml) 

3 o S•o Jo _g.1so~ 
,.J.2..L 

RUN NO. J rJ7 

Notes 

B· 
c.. 

e 
d.. 

c 

l>t 
~ 

t..fOY~ <=t\~ 
j._J.. -

(4.~ 
500~ 

(. L-o... 
t<.. y1ve.r-

~IL 
0 c.c,,IL 
IC 
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Table E-2. Example of data collection during test run for laboratory-scale rapid rate 
filtration pilot plant. 

DATE 3/3/ /$.J RAPID SAND FILTER 

PUHP FILTER NO. _.3. D LlQ.L mt.c;l.tO.. Alum 572C 

RU~ NO. /Of 

TIME I 
Diameter JE.C'°' F·C· SD..J Cone. 10/990 ml Cone. !ml/liter Rapid Mix Filter Effluent 

Flow Rate Setting Pressure Temp, Pressure D-Pressure Flow Rate Turbidity FLow Rate Setting Flow Rate Setting RPM Temp. Standard Total 
(ml/min) (psi) cc (psi) (Hg/cm) (ml/min) (NTU) (ml/min) (ml/min) Plate Coliform Giardia NOTES 

(org/ml) (orgt.~I) (cysts/I) 

<j't5 680 ' 3·? I J ·5 :L·1 680 0 .1.f1 0 D 5'c.: I 

Jo30 3 ·'f * 1·5 3·S a - II I o-; 0. 34 o-1 

Jllo Gso ' 3 ·tf ij. J.' 3·/ 6 So t)·05 '·z 0·5 o-3'4 o ·I 3 

JllS 5tt ek wo..s k 

J/30 6;.,.&o ' 3·5 Lt J• lf ..t·& 6go C> ·14 I. 2. O·S O•Jlf o- I lf 

/J~I 4 5 3 3 .0 1·21 I. 2. G·S ~-34 o. \ 2300 J 
20~ 

.2o;'t L 

11.10 t-f ·f..t 1·5 3· 0 4'· 21. J· 2 ". s 0• 31.t a-I 

13rJO If. 2. 4 2 3-~ 630 ().05 /·3 o·5 0·.33 O· I 4 JtH>O ' .. 

JLf )O 6go ' 4- 2. 3-5 6Jt1 0 .07 1·3 " • .5 0·33 O· I Lt 2oc,st~ 

ii7'"' 

4.@: 
-yL 

g 

-~ 
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Table E-3. standard plate count bacteria data obtained during analysis of samples taken 
during operation of laboratory-scale rapid rate filtration pilot plant. 

RUN 
NUMBER 

/o1 

SAMPLE ANALYSIS 
·NUMBER START I DILUTION 

TIME DATE 
=--- 4= 

0 ·o.i> I 
~ -00 \ 

STANDARD PU\TE COUNT BACTERIA 
ANALYSIS SHEET 

(RAPID RATE FILTRATION) 

COUNT (colonies) AT . RESULTS ANALYSIS 
INCUBATION (hr) REPORTED BY 

24 48 72 96 (no./ml) · (initials) 

-~~r~=--- ?> -~ ·~ ~== ~==--=~" ~-=---==·~-~-:-
3 ~ 

3 Sieoo Re.~' /.11 -niJ'< I 11113i31~ 
$c...~A . O·( r--_.;_ __ ·l---i .!..!.1.+-·---+---1 

TAtJk 
I() 1 I Se..~-4_ 

(3 . 
1±

. 
6. oe I ·-· ·---~--
O · .J.,) \ 2-2 

f l/uD ll/J( 0- .;f ·f'.}c. . =i 
O .. v \ '{J.Jc.. 

).,. 61 o e o I R. c. w 

1~1 

. .. --.-- ·----r,.Z1:e-::--·-
~ . ~,._,.l< }I I l/"• J/;1 -< ;ldoe R c.LJ 

i:: 1 Lt~ 3 0 • ( - · --- ., ff; 

'10>0 
R<..w 

COMMENTS 

··]-·-~ --~~- · /i 

/01 I s~r J: 3111 _:f~-~·- J& ___ J __ I 
·------······- ·----···--..... · .. --·----.. - _____ .... -------------· 

------·-+-----·-I·--·---' ----- a---. 

-------+------~-. __ .,..__... _______ .. I -t----t-----f---.-+ 
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Table E-4. Total coliform bacteria data obtained during ana:J_ysis of samples taken during 
operation of laboratory-scale rapid rate filtration pilot plant. 

RUN SAMPLE ANALYSIS 
NUMBER NUMBER START DILUTION 

TIME DATE -
6 . < 

/6/ IA JJ I<. 3/31 J 

I f,JO:I i . 
lo 
lo 

. -r;..,..;k .. Ill -( 

I lf41>0 3151 I 
)o1 5'4-~ I 

{3 ' 
I() 

} .::. 

Pl7e¥1 '" 3/JJ JO 
J (J 7 SA.~ (tfn loo 

A /oO 
/IJfZJ 

r,1~> lo 

)07 
l t/1,)-" '3/11 /o s a.fd . io 0 

fl I Oo 

TOTAL COLIFORM BACTERIA 
ANALYSIS SHEET 

(RAPID RATE FILTRATION) 

COUNT (colonies) AT RESULTS 
INCUBATION (hr) REPORTED 

24 48 72 96 (rio./lOt:lml) 
t:> 

b lo (!) 

l 
t 
c 
0 
() Jo .. 
2 

I 
I 
0 
~ .1 
0 

I 
0 
t) 

l 1 
I 

ANALYSIS 
BY COMMENTS 

(initials) 

Re.~ 

I<. c. w 

/(c_ V' 

f{ (._<.) 



Table E-5. Particle cx>\mt data obtained . during analysis of samples taken 
during operation of laboratory-scale rapid rate filtration pilot 
plant. 

l'/\H'l'lCLE COUNT 1msUL'l'S 

Ua tc 3 / 3 I / '63 
!:iamplc ltatc 

Run No. I.. 07 Run No. 
Sample No. 

Bkgnd. 
Ch Count Count 

1 ~ -
2 -
3 2. '1 ~ 2. r.; c;) '2. 2. 
4 125 ioot/Z_ 
5 Io 4 ti~ 4'i' 
6 53 1547 
7 2. 'i 1:;·2i. 
8 ~ 2.:.·1 
9 3 4 "? 

10 5 t.; 3 
11 1:7 2l 
12 I II 
13 I L 
14 j '3 
15 I t 
16 0 j 

rrime ''"' J or; 

Run No. 
Sample No. 

Bkgnd. 
Ch Count Count 

1 -- --
2 - -
3 2. q"' 4tl.S4-
4 I 2. 5 760 
5 Io ti. u ~~ 
6 ,, 3 ? l/"2. 
7 2. <f J3S' 
8 ~ ~, 

9 -~ ~3 

10 ~ ,-, 
H () "' -12 I z 
13 I ~ 

. 14 I <!) 

15 J 0 
16 0 0 

rrime 

Count = Count x lOml 
lOml Time x Flow 

/ANt< Sample No. 

Net Count Bkgnd. 
Count (No. /lOml) Count Count 

__, --- -
2 l.4 nq ~ t-.; 2.,(, 2.. '~ ~ ~51 
q q 11 Jl/ tt.1'1 12s 2-9. I 
l/3'" 6;,.iS 10 ~ It.."' 
14 qu 2111 .t;• 3 -~s 

u 'iJ ?oJ 2.. '1 i1 
I q if .2 9. IJ" ~ "i 7 
x 'I J 27 3 16 
ti-~ ~~ t; /.( 
21 ·:t CJ 0 cj 
Jo /4 I 3 
5 7 I 3 
'2. ~- I Ir: 
0 IP I I 2. 
3 " v 

" 't 

1° 7 B Run No. 
j;.(lt~3 7 ·1:_ • . ._, Sample No. 

Net Count Bkgnd. 
Count (No. /lOml) Count Count 

- -- -II!>. r. /l,/Jq 
6'15 ·c, oL 
3 2.Cf iJ·t.'" 
J'l.4 2.7u 
Ja q 1155 
·73 Joli 
~Cl Ll-3 
I 2. /7 
ti i' 
I I 

- -- --
tl 0 

x 222 ml _ t.~X Jo . ~ ~ -::. 
207 mf - Io o 1' 2. '.... 2c 7 

Time in sec., Flow in ml/sec. U·' 

.175 

/o] A 
F 1 It e.-r 3 . 

·• . . . 
Net Count 

Count (No./lOml) 

--
3?3 5·0 '-' 
It ·L 2. ~I 
ll i:. '(, 
3L Jtt,;, 

<K t I 
'-I 13 

13 f q 
-

q ,.,. 
2 3 
2 3 

" 1J ,, '" t'/3 ·61 

Net Count 
Count (No./lOml) 

WDB 3-82 
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Table E-6. Giardia cyst data obtai.t1ed during analysis of samples taken during operation 
of laboratory-scale rapid rate filtration pilot plant. 

GIARDIA QUANTITATION 

Run In format ion Analysis amt. cone. Analysis Counts of 
(sample labe.l) Date in .sample by Replicates 

Rv..-.. 10(p Txs./-/- /!S 

~-£/ - /ZC50 /Zoo 
,-A-NK ll/00 

f<v""' I 0 (p i.1 I 

t/-<-j f-r I f-v. 3 - DGtt 141¥0 
l/lt>OO 

Rv,.. 101 1:s-
l/-t/ - -:D<5 \.\- ·2Goo 

IA-"'K 29oO 
f<.u.,,.... l 0 l f>.. /.'I 

4-C/ . - "Ix;c+. 
hf~ 3 0 

f?_v..-.. I D7 (3 
,~, 

1--t/ -
f\1~3 \:)<SJ-l 6 

Cyst # 
Reported 

/.306 
-

152.0 

. -27:so 

'"'0 <£... 

< 2.o 

.Filtration 
System f?A--Pu:J S,IJNt) 

Observations and 
Comments 

-T)p1.c.JL +e~~ ;.,JI 
~~of ch..'-/'\• ..s 
&~~ 
-h:_.,; rl7 c.Jlcc...,-.. 
C sts C\_.--c_ i,..... Cjo:,ol 

7 . c,.::,--..d· Ii :;"· 
>, o"' Cy.Sf::. i ""' J-.:xcJ C.C""" 

-ffr·cc...<2 ~""'\:: ~J ,. 
I·" ~--- t- '],. S.~t:: iJ 

<!/1!"0-~ 

~b ..... ·s 

~ ~~---'-.:.-v..J . 

IJG" 
dtcd-0."'"5 
v-e-., tJ2._r;:c. ....... . 
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TableE-7. Sample data sheet for field-scale pilot plant. 
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