








beyond the critical velocity the particles become more widely separated
and travel in an unhindered manner. During the bed expansion the
particles trapped during the filtration process are freed from the media
particles by the shearing action of the wash water or the abrasive
action of the contact with other rising bed particles. The waste solids
and wash water are then treated for reuse in the plant with appropriate
sludge handling. Kawamura (1976) stated that the use of polymers as
primary coagulants or coagulant aids reduces sludge volume and improves
subsequent sludge dewatering.

The rate of backwash is media size and distribution dependent.
The ultimate goal in backwashing is sufficient media bed expansion such
that trapped waste solids are freed from the media while using the
smallest volume of wash water possible. One operating parameter for
backwash that was typical of the literature reviewed was the cleaning of
the filter surface by surface wash or air scour prior to commencing
backwash.

Air scour was found to be necessary for the prevention of mudball
formation and algal growth in the Ontario direct filtration plant
(Hutchison 1976). The Committee Report (1980) further states that
cleaning the filter by air-scour prior to backwashing has been success-
ful in reducing the volume of wash water required.

A recent development in backwashing has been the introduction of
an appropriate polymer in the clear water used for backwashing. Accord-
ing to Yapijakis's (1982) study, by adding a polymer to the backwash
water it was possible to simultaneously condition the filter bed, reduce
the initial turbidity breakthrough duration and peak, and improve the
settling ability and consequent sludge thickening of the backwash
solids. This procedure provides both economic and operational advantages
in the direct filtration process compared with adding polymers separate-
ly for each purpose.

Advantages and Disadvantages

The principal attraction of direct filtration is the potential
capital savings of up to 30 percent (Culp 1977 and Tate et al. 1977)

of the cost of conventional treatment systems. Similar savings are
realized in the operation and maintenance of direct filtration facili-
ties, The savings in capital cost result from elimination of the

sedimentation basins the sludge-collection equipment which cuts down not
only on construction costs but also the land required for the treatment
plant. When applicable some direct filtrationm facilities incur even
greater capital savings by eliminating the flocculation process.

Operation and maintenance costs are reduced because there is
less equipment to maintain and chemical requirements are less. In
direct filtration a filterable floc is desired rather than a settleable
floc. To achieve this type of floc less alum is required. Culp (1977)
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reports that the costs for polymer may be greater than in conventional
plants, but these higher costs are more than offset by the lower costs
for coagulants with savings of 10 to 30 percent. The decrease in
chemical coagulant dosages further results in decreased sludge produc-
tion and maintenance.

Westerhoff et al. (1980) reported that the direct filtration
process can consistently produce high quality filtered water with
significant annual operating cost advantages of about $50,000 for the
present (1980) plant production, not including the savings incurred in
less sludge treatment and disposal costs. The City of Springfield,
Massachusetts, experienced a 43 percent savings with construction of its
60 mgd direct filtration addition opposed to expanding its conventional
treatment plant facility (Willis 1972). After two years of operation of
the Bella Vista Water District direct filtration facility in North
Central California, Chapman and Genoit (1980) report "low operation and
maintenance costs, in addition to the low capital cost, have made the
system (direct f£filtration) cost-efficient, with minimum labor, power,
chemical and required maintenance expenditures." The Direct Filtration
Pilot Plant studies for Croton, New York, proved to be well worthwhile
by indicating a potential savings of $14 million, the difference between
the construction cost of direct filtration and optimized conventional
treatment (Fulton 1980). [Logsdon et. al. (1980) present an excellent
analysis method for the comparison of costs and capabilities of direct
filtration and conventional treatment based on varying construction
costs and operation and maintenance costs,

The limitation to direct filtrationm is the ability to handle
high concentrations of suspended solids. Direct filtration may not be
applicable for raw waters with high turbidities (>200 TU), color greater
than 100 units, or plankton exceeding 2000 ASU/ml. Another disadvantage
of direct filtration is shorter filter runs compared to conventional
systems. Culp (1977) reports the cost consequence of this is not
significant, but that more operator vigilance is required, increasing
the chance of operation error. Wash water requirement in direct filtra-
tion plants is another disadvantage. Requirements may be as high as 6
percent if not greater compared to the average 2 percent required for
conventional treatment of similar raw water, However, Culp (1977)
reports that this difference is not significant in the overall treatment
plant operating costs.

The overall potential of economy, both in capital outlay and
operating costs, make direct filtration attractive. This is especial-
ly true for communities whose water supplies were potable with little or
no treatment other than disinfection but must now furthur treat to
comply with the 1 NTU limit of the EPA National Interim Primary Drinking
Water Regulation. By using direct filtration, communities can meet the
more stringent turbidity limit at a cost substantially less than that
of a conventional treatment system. Direct filtration can also make an
important contribution to drinking water safety in developing countries
with limited financial resources.
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COMPARISON OF TREATED EFFLUENTS

In order to analyze the quality of the product water of an on
line direct filtration facility, the effluents of an operating conven-
tional treatment facility and an operating direct filtration plant
treating comparable waters were compared through statistical testing for
significant differences. The Little Cottonwood Metropolitan Water
(LCMW) Treatment Plant (conventional treatment) and the Utah Valley
Water Purification Plant (UVWPP) (direct filtration) were the two
treatment plants chosen for comparison. The Little Cottonwood Treatment
Plant receives approximately 65%Z of its source water from Deer Creek
Reservoir whereas the Utah Valley Water plant treats only Deer Creek
Reservoir water.

Little Cottonwood Metropolitan Water Treatment Plant

The Little Cottonwood Metropolitan plamt is a conventional water
treatment plant located at the base of Little Cottonwood Canyon in Salt
Lake County. This 102 mgd plant is a major supplier of water to Salt
Lake City and County. The plant receives water from two sources, Little
Cottonwood Creek and Deer Creek Reservoir. Deer Creek Reservoir supplies
about 65 7% of the water treated annually with the largest withdrawals

occurring in the winter, summer, and fall seasons. The water from Deer
Creek Reservoir 1is delivered via a 32 mile long reinforced concrete
aqueduct., The raw water from Deer Creek is normally treated at the

reservoir outlet with 0.5 mg/l chlorine to control bacterial growth
during transport.

The Little Cottonwood water treatment plant employs the conventional

treatment processes shown schematically on Figure 7. Potassium perman-—
ganate (KMnOg) is added at the raw water intake for taste and odor
control and aeration basins are used prior to the rapid mix. Alum is

the primary coagulant, added prior to rapid mix with silica ds the
coagulant aid most generally used at the plant. Lime is also added at
varying dosages for pH control.

Minor amounts of chlorine are added at the rapid mix to control algal
and bacterial growth during treatment, and post chlorination 1is used
prior to filtration to maintain a residual. During the period of this
research, the filters consisted of 24 inches of sand supported by
gravel.

Utah Valley Water Purification Plant

The Utah Valley Water Treatment Plant is a 42 mgd direct filtration
facility located at the mouth of Provo Canyon in Orem, Utah. This plant
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This plant serves the urban areas of Central Utah by treating water from
Deer Creek Reservoir. The water travels from the Reservoir in the same
aqueduct supplying the Little Cottonwood Treatment Plant. The water
travels 10.1 miles to the Utah Valley Plant, where water is withdrawn to
the UVWPP facility, with the remainder traveling on to the Little
Cottonwood plant.

As shown in Figure 8, the direct filtration treatment begins with the
addition of KMnO, for taste and odor control. It is followed by
coagulant addition at the rapid mix unit. The major difference from the
conventional treatment plant at Little Cottonwood is elimination of the
sedimentation basins. After flocculation the water travels directly to
dual media filters, 20 inches of anthracite coal and 10 inches of sand
supported on an 18 inch gravel underdrain.

The primary coagulant used at the Utah Valley plant is alum with
cationic polymers added as coagulant aids during the high turbidity
season. When necessary, the pH is controlled by the addition of caustic
soda. Disinfection is accomplished by post-chlorination after filtration
and just prior to discharge of the water into the reservoir and distribu-
tion system. '

Data for Analysis

The Utah Valley Purification Plant was placed online in the spring
of 1979, and the Little Cottomwood Treatment Plant has been operated
for the past 23 years. To allow a one-year period for correcting
initial operating difficulties at the Utah Valley plant, the water
quality data prior to August 1980 were not used in comparing the two
treatment facilities. Thus, data log sheets from August 1, 1980,
through August 31, 1983, were obtained for both the Utah Valley and
Little Cottonwood Treatment Plants. Four representative data sheets are
in Appendix A.

The parameters chosen for comparisons were total daily flow, raw
water turbidity, effluent turbidity, effluent chlorine residual, raw
water pH, effluent pH, finished water temperature, and alum and KMnOy
dosing concentrations. These were available from the sample data sheets
on a daily basis for a total of 1055 days of data for the Little Cotton-
wood plant and 1044 days for the Utah Valley Plant (periodically data
were missing from the log sheets).

Data were entered into computer storage for each parameter aforemen-
tioned for each day between August 1, 1980 and August 31, 1983 for both
locations. Listings of the data were checked for any discrepancy from
the original log sheets. Following entry, the data from Little Cotton-
wood were matched with those from the Utah Valley Treatment Plant on a
day-to-day basis. At this time, any difference in the units for a
parameter between the two treatment plants were corrected (e.g.,
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Figure 7. Schematic of processes for the Little Cottonwood Metropolitan
water treatment plant.
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temperatures were converted °C, total flows to mgd, etc.). The matching
procedure also involved the elimination of any day that had missing data
from either treatment plant for any one of the parameters under investi-
gation. This procedure gave 509 days of matched data. Days missing in
the matched data set appeared random. Adjustments to the Little Cotton-
wood data were necessary because of the two different source waters.
The total flow was taken as the sum of the Deer (Creek water and the the
Little Cottonwood Creek water treated at the plant. A weighted average
was used in estimating the raw water turbidity and pH because the waters
from the two sources are mixed prior to treatment.

Using the matched set of data several different statistical methods
were tried for some type of correlation between the two treatment
plants. The statistical methods included a listing of the mean, standard
deviation, maximum, and minimum for each designated parameter and each
treatment plant. Finally the matched data sets were examined by the
t-test (based on sample size and standard deviation) for significant
differences of the parameters

Review of these comparative statistics suggested that the large
sample size created an abnormally high variance among the two locations
when the mean values showed little descrepancy. The sample size was
thus segmented into smaller groups such that a "practical" statistical
comparison could be achieved.

In order to examine the differences of the year, the data were
grouped into four seasons, with winter including November, December, and
January, spring including February, March, and April, summer including
May, June, and July, and fall including August, September, and October.
The months placed in each season were selected from the sequential plots
for raw water turbidity where a cyclic pattern was seen.

The total, rather than just the matched data were used for the
seasonal comparisons. This was accomplished by including any measured
parameter for days that had been eliminated because one or more paramet-
ers were missing. A package statistical program (Minitab) from Penn
State University was used to determine the seasonal means, standard
deviations, and sample sizes for each parameter and location.

The seasonal data were examined for significant difference by a
randomized block design analysis of variance based on an F-distribution.
The F-distribution is used to compare two directions of variatiom (Ott
1977, Huntsberger and Billingsley 1977, Middlebrooks 1982). In the
data, there were possible variations in location (e.g., Little Cottonwood
vs. Utah Valley) and in season. An F-ratio, which is the mean square of
the variation in the data associated with location (or season) divided
by the mean square of the total variation in the data, is used as the
reference to indicate significance.
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Results

The statistics computed from the 509 days of matched data are shown
in Table 1 (UVWPP) and Table 2.(LCMWIP). Plots of all the available
seasonal data for August 1, 1980 thru August 30, 1983 for the Little
Cottonwood and the Utah Valley Treatment Plant are shown in Figures
through Figure 14. The results of the randomized block design analysis
of variance differences among the means of the parameters for each
location and each season are presented in Table 5. The F-ratio values
and raw data for their determination are presented in Appendix B. Table
6 presents the mean seasonal turbidities for both treatment plants.

Discussion

The first parameter to consider in comparing the conventional
treatment plant and the direct filtration plant is finished water
turbidity. According to the literature reviewed, finished water turbid-
ity has typically been the main criterion for evaluating the quality of
water for operating and pilot~scale direct filtration plants. As seen
from Tables 3 and 4, the mean finished water turbidity for both the Utah
Valley Water Purification Plant and the Little Cottonwood Metropolitan
Treatment plant is well below the EPA Primary Drinking Water Regulation
of a maximum contaminant level of 1 TU.

A t-distribution test (Ott, 1977 and Huntsburger and Billingsley,
1977) was conducted to examine the significance of any difference in the
finished water turbidity for the matched data means. The rejection
region for the t-test of equality of means is specified by the
inequality t>ta’n_1,

where (1)

and ¥; = mean value for location 1
Y9 = mean value for location 2
n] = sample size for location 1
ny = sample size for location 2

.Sp = the pooled standard deviation for locations 1 and 2.
The value for t, -1 at a= 0.05 is between 1.645 and 1.661 for 509
degrees of freedom (sample size), and for = 0.01, ta,n—l is between

2.326 and 2.358. The value calculated for the t statistic from the data
on finished water turbidity was 5.2053 since this value is larger than
both to1,n-1» the t-test hypothesis was rejected. Although, this
difference in means is statistically significant, the measured mean
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finished water turbidities (Tables 1 and 2) show that the difference
between the treatment plants is too small to have a practical impact in
achieving the turbidity standard.

The randomized block design analysis of variance of all available
data was approached in three different fashions. As seen in Appendix
B, Tables B1-B7, seasonal values for the mean, standard deviation, and
sample size of each parameter under investigation for both treatment
plants were available for use in the analysis. An analysis of variance
using strictly the mean values for each location, with the block being
the seasons, proved to be the simplest method. An analysis of variance
was also tried by weighting the means with the standard deviation in one
instance and the sample size in another. This method was somewhat more
complex with results not significantly different than those obtained by
use of the means alone. Thus the F-ratio presented in Table 5 and the
data in Table B8 were derived from the mean values of each parameter for
both treatment plants.

As shown in Table 5, the randomized block design of variance using
an F-distribution indicates there is not a significant difference
between the finished water turbidities for the Little Cottonwood Treat-
ment Plant and the Utah Valley Water Treatment Plant.

For the turbidity data segregated by season, Table 6 shows that the
Utah Valley plant consistently treats water of higher raw turbidity,
with the greatest turbidity occurring during the fall months of August,
September, and October. The high fall turbidity is no surprise because
Deer Creek Reservoir, a eutrophic lake, characteristically turns over
during this period. Although the turbidity is higher during this
period, both plants produce a product water well below the maximum
contaminant level of 1 TU specified by EPA.

The difference in raw water turbidity between the two plants
may be attributed to two possible factors. Part of the raw water from
Deer Creek Reservoir travels via the Salt Lake Aqueduct for 10.1 miles
to the Utah Valley Plant, and then travels an additional 22 miles to the
Little Cottonwood Plant. The additional 22 miles allows opportunity for
some of the particulate matter to settle within the aqueduct before it
reaches the Little Cottonwood plant, thus lowering the raw turbidity.

The other contributing factor is the low turbidity of Little
Cottonwood Creek. During the fall when the turbidity of Deer Creek
reservoir is at its highest, Little Cottonwood Creek's turbidity is
generally less than 0.2 NTU. It is also during the fall season that the
relative volume of Little Cottonwood Creek water treated at the plant is
greatest. The lower turbidity and higher volume of Little Cottonwood
Creek water coupled with the particulate matter settling as the Deer
Creek water travels through the aqueduct accounts for the lower raw
water turbidity at the Little Cottonwood Treatment Plant.
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The other water quality parameters investigated with the F-distribu-
tion all show a significant difference. It is obvious that a difference
should be seen for the total flow considering the design capacity of the
Little Cottonwood plant is 102 mgd and that of the Utah Valley Plant is
only 42 mgd. The important factor here is that both the Little Cotton-
wood and Utah Valley plants are treating volumes of water for which they
were designed to treat, but less than their maximum capacities.

The difference between the raw water pH and the finished water pH
for the two plants is significant statistically, but from a practical
standpoint, a difference of 0.1 and 0.2 in the pH for the finished and
raw water pH respectively, is not high. For the finished water, Little
Cottonwood exhibits a pH of 8.0 and Utah Valley shows a pH of 7.9.
According to Standard Methods (1975) +0.1 pH unit represents the limit
of measurement accuracy under normal conditions. This difference cannot
be considered significant from a practical viewpoint.

The variance in water temperature between the two plants 1s account-
ed for by the additional 22 miles the water travels underground in the
Salt Lake Aqueduct to the Little Cottonwood plant. In the summer the
water 1s cooled by the lower temperatures encountered below the ground
surface, and the longer the water is underground the more time it has to
equilibrate with the lower ground temperatures. The'major temperature
concern is the minimum temperature encountered. Foley (1974) reported
that at temperatures below 3.3°C there may be after-floc formation when
using alum as the primary coagulant in direct filtration systems. The
minimum water temperature of 4.0 °C (Table 4) approaches the level for
after-floc formation, but does not go below. Low water temperatures can
be handled in the direct filtration plants by increasing the detention
time in the flocculators (Foley, 1974).

The other parameter investigated, alum dosing, is not compared
meaningfully by the statistical analysis because of outside variables
that affected it. Periodically, the treatment plants would use either
cationic or anionic polymers as coagulant aids without a set pattern of
dosing. Although, alum was used by both plants as the primary coagulant,
its dosing concentrations are directly related to the concentrations of
polymer doses. Thus the erratic addition of polymers and not the
effects of direct filtration accounts for the difference in amount of
alum dosing.

Figures 9 through 14 provide pictorial representations of the
seasonal differences in chosen parameters for the Little Cottonwood and
Utah Valley treatment plants. The most apparent trend is the cyclic
pattern in raw water quality among the seasons. ’
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CONCLUS IONS

Overall the data exhibit that the direct filtration process employ-
ed at the Utah Valley Purification plant produces an acceptable quality
of water and one that is comparable in quality to that produced by the
conventional process at the Little Cottonwood Metropolitan Treatment
Plant.
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A-1. Utah Valley Water Purification Plant d ata for the month of August, 1980.

i
!

FILTER OPERATION CHEMICALS USED
& . Hro M| < Alum ;adsti,:c b ,,] - | s
5 Total "5.3 % .| °5 3 3‘5 /1 | Sada °Pen| PEC % >
= Amount w0 IT| = Lol &3l[™8 L =2/1 g2 'é'%

v g Vater 38| 2| 28l 8] 2% = 2159

3 3 Used TO | ZOl2E1E=] 3 ks, Lbs. 0S8 |I2

I |Hot 45,256 1 .32 147 3=/4 11 il None

2 |uor 43,317 | .500 160 | 1 |

3 |warm | 42.235| .49| 153 11 | 11

4 |Warm 43,328 | .50! 160 11 11

5 |Hot 43.321 1 .501 160 11 11

6 ot | " 46.2135! 531 174 11 11 | 0.10

7 g0t 46,762 | .54 172 11 | 1l 0.10 !

8 [Hot 41,070 | .47 151 11 11 0.10 ;

9 ot 40,241 | .47 143 11 1 31 0.10 !
10 lyarm ! 38.800 .43! 143 11 | 117 ! 0.10 !
11 Iyarm 41,668 | .45 1540 RSN 0.10 ;
12 |Warm | 40.386 | ,47! 149! o1 1L | 0,10

13 lpot | 46.073] .531 170! 11 Lt | 0.10

14 _|giouads 42,930 ,307 155 11 | | 0.10

15 1£3ingl 33,237 | st g4 11 |11 0.10

14 |Warm | 38,796 | .45 191 11 | ~if 0.10

17 lwarm | 41.050 | .47 202 11 [ 1k 0.10

18 |warm 1,311 | 431 203 11 1L 0,10

19 Jc9ol | 35 025 | .40] 172 14 | 11 10

20 |cool | 38,108 | .44 187 18 | 11 0.10 | !
21 |yarm | 44.313 ) .51 218 [ 4 11 0.25 !
22 |Bata | 40.830 1 .47 200 4 2 0.25 ;
23 |Warm 40.410 | .47 1 159 4 3- ~_l0.25 !
24 [PsC. 39.970 [ .45 1 197 | s :
25 |Rain | 36.690 | .42 ! 180 6 3 0.40 f
%5 lyarn | 24.570 | 23] 121 i s 3 0.40 |

¥ lwarm | 32.750 | .40 161 } 6 5 0.40 i

28 |warm | 40.993 | .47 201 | | 6 3 0.40 J

29 |warm | 40,479 | .47 | 199] e 3 0.40 o

30 warm | . 43.833 | .51 215! | 6 1 3 i 0,40 :

3N |Warm | 38,213 | .44 157 i 1 6 8 0.40 o
Toral| -- 1,257,150 | --'! -- | ; | :
Ave. | -- | 40.559 | .47 [ 174} 22 | 1,1 11 ] 11 | 0.10 i
Mox.| -- | 46.762 | .54 218] 59 | 2.2 13l | 0.40 i
Mio. | —- | 26.570 | .25 12t]_ 4 |0.05 | s | 5] 6,10 |
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A-1. Cont.

CHEMICAL OR PHIYSICAL TESTS
Chlorine Turbidity g pH Odor Color Hordness
Residucl ]
- O
P 3
& [[AM.[PM. |Raw|app.| Fin. | 3% |Row | App.{ Fin. | Raw | Fin. | Raw| Fin. | Raw | Fin.
1 0.606(9.40/Y1.8 0.51117.4l 7.7 17,611 1 201 51138 134
2 | .55 .50l 1.6 ln.2sl1a.77.7 7.6
3 |.55] .53} 1.8 0.41]15.8 7.6 7.5
4 || 45| .60 1,7 0.35 16.8 7.8 7.6! 15 | 5140|143
5 | .46 .45 1.4 0.33/17.7 7.8] " 7.71 1.4 1.4! 20| 51134 138
s | .50 .50 2.0 0,29/ 18.6| 7.5 7.70 1.4 1,40 251 51138 [136
7 1.521 .48l 1,9 0.36/18.71 7.6 7.6 2,00 1.4 251 5]135 |135
8 ! .460 .49 3.6 0.37/17.7] 7.6 7.60 2,00 1,40 25| 51135 |135
9 | .40! .60 2.9 0.34118.2 7.6 7.5 i
o |35 .50 3.0 Jo.36'17.807.6] .|7.6 i
1 || .40 ,43] 3.8 0.2318,20 7.7 17.71 3.0 2,00 30| 10136 [134
12 || .501 .45] 5.2 10.18:119.7[ 7.7 | 7.6 | 136 | 134
13 w30 5.1 lo.s5:17.3] 7.5 7.3 30| 5
14 40, 401 4 6 0.,26119.31 7.7 2.90 2,0l . 1.01 35 51136 1134
15 35| .42 4.8 0.23017.70 7.7 700 1.4 140351 51136 134
16 | .34 5.8 5.1 0.15120.0 7.6 8.21 1.4] 1.4
17 || .61} 5.9| 5.0 0.21119.0/ 7,5 7.9
18 || ,511 5.4] 6,1 0,64119,0 7.8 7.9 40 | 51137 [132
19 | a0! 4.4l ¢ & o 72118 6l 7 7 7.90 1,40 1.4 40 5 1134 1134
20 || ,05] .50] 6.9 0.84118.5( 7.7 7.7 1.4] 1.0l 45 | 10
21 1,330 .30! 8.5 1.00117.7/ 7.7 7.71 2.0 1.4 501 150134 [132
22 || 40| .30] 7.2 l0.23118.3/ 7.8 8.212.0/ 1.0l 43| 5
23 il .40! .40/13.0 10.20!18.4l 7.6 8,1
24 | ,30! .35[15.0 0.47117.7 8.1
25 | .451 .30]i7.0 1.40117.91 7.7 8.11 2.0 1.0l 70| 10 1136 |134
26 | .50 .a5] 9.5 0.52118.2 7.8 7,90 2,0l 1.0] 50+ 5 ]136 1134
27 11.35] .40[11.0 0.76117.117.7 8.0 50+ 5 [137 |132
28 (| ,50( .35/14.0 0.50117.7] 7.6 7.91 2,00 1.0 so¢l 51136 [132
29 1.330..41]12.0 0.65118.7 7.8 '8,0! 2.0 1.0l soxl 5 (139 [136
30 ¢,331 ,25(14.0 11,10'18,61 7.9 ‘8,1
T .55[13.0 10.30118.4] 7.9 18.0!
Total | ==| =--| -- - i e | -- -t -- I
ave. | .62] .45] 6.8 0.50'18.2] 7.7 7.8 2,00 1.4] 40| 5 |136 |135
Max. |l 611 ,60i17.0 1.40°20.0] 7.9 '8.2,3.01 2.0l 70 | 15 |140 [143
Min. 1,051 .25 1.6 0.16'15.8] 7.5 7.3 1,00 1.0l 15] 51134 1132]
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A-1. Cont.

PotenAt"iac!?-:’-,"\':'fic' sir Tem
N Ram_orh
v
8 | Raw | Rin. |Raw | Fin.
! 80 1 75 | 93 70
2 A4 A0
3 89 70 cl,
4 80 | 76 1| 86 57 new €12 consaliner
] 82 | 76 | .95 66
6 s¢ | 75 1 92 74
7 82 | 75 | 93 73
8 80 | 75 {94 92
4 93 72
10
" 79 | 74 [ 96 60
12 79 | 73
13 95 72
14 g0 | 82 I 85 74
15 g0 | 82 | s0 ¢4
16 32 58
7 26 57
18 80 | 81 |l 92 8
19 a1 | sg I as  as
20 81 | 78 | 78 16 €S #3 ouk, #2| on lir
2 78 | 75 I 75 30 ¢
22 g1 | 89 % ga 54
23 i 8663
24 N 33 &5
25 81 | £6 ! 63 36
26 80 | 86 i 32
7 81 | 83 | 33 &4
28 | 50 | 83 & 84 %2
29 Ps1 |85 | 33 -0
30 ' ;
n i P Th 50
Total {am | == == --
| Ave. | 120 ] 30 Fss 63
Max.| | 2 159 oy 74
Min. l s ] T3 tan zp




Utah Valley Water Purification Plant data for the month of July, 1983.

| _FILTER OPERATION | CHEMICALS USED |
TUTAL ' !:x.z ) | ——! Ta
ca || AOWT broa| 8 s :2 ﬁg ;-: 5|18 0 2 b’ |or? cgé‘so‘}gm SUR3.
S || WATER ad bopp SEIBH SqlELl 2| 4 [ ¢ % bl et -
'Y Sl TR imgf1l =z 3=z /1 25 /127 1:5,’!".:".-.'3.‘;‘.{ £ i 2| RAFIN
Lt omeor 17,503 Lios FielaZateaalg .3 besgl celss 2.7 116 1216
2 3 saer0 (75033 [10sd20 (0 0250 15 s leml-= | broollzzloy 2 s lip 11.c
3 1|l 32380 |8.51.37 [119 | on back 1943 -s oo e- .80 1,83 §2.91.09 :
4 )i 27372 |7.31.32 |102 IR oci]45] 16 126 | == | == 11.3 p73ci.45 159 13.6 130 ¢
| 5 || 27827 [7.4].32 1102 [ on Back 84zl 16 se d ool e- 113 brioll ez 083 d2.0l12
C il 20126 17.6].34 |107 | on back [9a5l16 120 |- | - 1o 114 bersllga 7y 13,3 a2 122
7 Il 30775 [8.11.35 (113} o BAck |244li16 [.30 1,2 P620u.66 .67 13.11.25 |
8 || 25097 [6.7].29 192 M uls 1'9zlls |- 1.4 pe20ll.58 .63 |3.01.32 |12,
9 |l 23959 [7.6/.34 | 106 | on Back [1945] 15 o]0 lo [1.5pse0l.56 143 13.0].18 |
10| 17454 [a.6l.20]64 [18].7 124816 .28 0 [0 Jo {1.2 bsssll.e7 L1 f3.1]13 i12.z
|1 ]| 29857 [7.81.38 J110] on Back19g5liie (.28 { o [0 |0 [ .o bs5s0l.51 .50 {4.60.38 ii7 2
12 33008 18.74.38 121 on back [%4€ll17 .29 ] o 1o |o l1.1bsesil 55|56 [3.4 )20 [1z7.:
131 25209 |6.6[.29 [93 |E5| 4018445 0 {0 o [1.0ks0s8.42) 2 [3.41.37 [12.;
141 33081 18.7.38 [ 122 [dapddeisi0zzll17 |.30| o [0 1o 1.2 bagol.55 060 |3.5 28 [12.¢
| 151 20008 |7.7).34 | 107 eAY/ o dSaillisgl.2s | o [ o [0 |1.2 basol 691 ag 13.2] 30 12.2
5| 24222 16.41.28 89 1% ,\L"-f:'%s 16.4.35| 0|0 |0 lisbaisle2lsy I30l1s.
17 32724 [8.6].38 [121] on BAck |I9Z]17.d.39 | 0 | o [0 11.5 baosll 64 |67 3.1 22
181 32610 [8.6].38 1120 on Back [Cadllis.2l.a2 | 0 | o o 118 b3ralleslss 135 50
191 27671 [7.3[.32 [102 ] on back [Ve8ll18.d.48 | 0 | o Jo 1.3 b3s2ll.z2 54 13,54
201 25113 [6.6].29 [93 | on BAck |9«5ll15.91.53 | 0 | o 1.3 p32s|l.51 [.53 (3.7 |.46
211 26668 [7.0[.31 |98 | on back [9li17.0[.54 | 0 [0 1o 1.2 booallsal 2 |3.3]32 |
22| 298352 |7.50.33 {104 | on back |'36ll160l54 [ o |0 1.2 boesil a2 Lea 13,9138
231 32142 [8.5[.37 | 118 | on Back [Og5ll17.0l.54 | 0 [0 1.3 p2soll.61 |67 13.3
24 32221 [8.5[.37 |119 [0 BACk [Oe€|17.0[.21 [ 0 |0 | _ 1.3 p215|.53 .58 3.5 L31_
25| 26610 |7.0[.31 098 | * | » |S7elli7.4].43 | 0 |0 1.4 p1o2.37 la2 |23 |58
261 30318_'8.0[.35 (112 " | * [344][17.0[.90 [ 0 [0 1.2 b1esll.55 [60 (4.1 [38_
27 28169 |7.41.33 [10al » | » |8adl153la7 [ o [0 | 113 kosslla7 |53 13,1134
28| 32410 [8.6].38 |120| " | » 197al1s7).a1 ] o o | |1.3 bozallsalsa 3.2 130
290l 32551 |s.61.38 |120| " | " [Baqll1s7lar | o |o | li.2 baolisaler l2alas_
SO 32533 |8.6(.38 (120 " | " [SaBll1z.9l21 | 0 lo | _l1.2 kaey 51114,
(310 32425 |g.5].371.96] » | » ISadl1sa].21 ] o [0 | [7.2 bassl en|za {10123 |
i ]
I
TOTl| 9063333 1238 110.49 33028869 83.31475 1495, 310 |9 [46.2 i
AVE] 2013 .77]7.6].3361106 4246 .71 1242 15.9 0 |0 [9 |t.s| Ws7is9 3.36l.31
3_*5}1_“ 33008 13.7].38 1122 55 | 1.5]|%3[15.4 a6 1o |13 T30 91 [3.5150
i 17254 [4.6] 20160 [ 2.8l 2[%dAhs s lo o [ .ol larlee |2.5}c
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A-2.

Cont.

ICHEMICAL OR PHYSICAL TESTS I REMARKS
: U IS o AIR .

ol i 050R ZOLOR HARD, [ TR e 5 (8. g |me

& e 18188 & £

a ) AP ZENT[TRUS a@al F T

Raw | FR|Raw | FINF === rav|Pon | Raw| FIN| Raw!Frn ) = 18
RAV | FIU|RAW : 2

it 7.al7.7 <1lz1l 21720171 11330133 1 3501370 p/c BSE8Y

2 Clears 54

3

4 Clear80 60 i
| 5 . _
€78 <1|«1| 21 172]170 [ 130[121 ] 360350 b4 |70

?17.77.6 4| e1i<1l167]164 | 124]116 ! 365|350 —
81876 1]<1] <1170]163 | 1281116} 365[345 8 70 e v 0
o : Rajn. y ’
10 c224r 72 ko

il 77875 <1 l<al «il163li61 350340 '

12] 7.707.6 <1l<1] «1]160]1601 118|113 | 345|340 Clear8o U7

131 7.8l7.6 <1l<1]| <ili60l158 | 1391112 | 3601355 Clead

141 7.8l7.6 <1l<«1| <1160]158 | 120]110] 370|355 Clearios l68
[ 151 7.8[7.7 <1|<1| «1f158(156 | 118|110 350|340 #4651| Cleangs ls2

s ' Cleari90 Is5

17 . Cleado? l52

18l 7.¢]7.6 22| «1| «1l155]155 | 116|106 ! 35325 Cleanas 71

190 7.717.5 <1|<1| «<1l150]149 | 115106 | 340[320 p/C_l93 |70

20 ' | p/c_lo1 [74

211 7.8s.0 le1] «1] «1115aN85 | 1170109 ] 335] 330 Ovrostios lss

22| 7.717.8 <1l 21| <1l 148147 ] 116] 107 ] 332]330 56,

23 :

24 p/C 191 159

25 F19¥Mes 11

28] 7.7]2.2 31«1l «1l1a1339 113001131 2101330 |- Claardas lg5

2? Clr:x:nrJ 27 170

28| 7.6/8.1 <1l «l] «1t181)139 1 118]117 | 3301245 Cleays? lgg
291 7.6[8.0 <1l «1] «1 3051325 Cleares ls5

3 oudy ]
3] {0uey
1

TOT] i (L -]
AVE] 7.7 7.7 <1|_< 1158535l 120lma | azlzeo! i ia 20t
MAXIl 7.d 3.2 <1l el a72]i20 1 3330131 | 3enl 375 | i33 174l
Ml 7.4 7.5 <1 <1 14101330 11001968 3051325 I72 ol -
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A-3.

Little Cottonwood Metropolitan Water Treatment Plant data for the month of
August, 1980.
DATE Allgzlﬁ]ﬁ pH H:%:éss cotor
I 2| e I
w9 E 8 lugl e g wE| £ 8 |8 B g
Ez| Y s |Ezl * 5 | Ez| Y & |Ezi1 ¥ 5
0| = z =9 Z z =0| = Z =C| = z !
e ot = = Y = = ot z = w i
0o e (o) G o) o o o
] o o W)
1 39.4/'112.3 98.8| 7.56] 7.49 8.28|41.6 N26.7]114.4] 0 4 0
2 i1.2] 113.4 99.0| 7.75] 7.48] 8.12|51.5 [130.7]126.7] O 5 0
3 ! |
4 41.6/ 111.1112.2] 7.77/7.59] 8.19/42.9 124.7[118.8] © 4 0
5 40.8 110.7 95.7| 7.90l 7.64 ! 8.21151.1 h2e.71114.8] o 5 0
6 42.5/ 116.7101.3] 7.98/ 7.5 8.14]52.7 133.9]119.6] o 6 0
7 42.9] 110.4101.9] 7.93[ 7.61] 8.11]43.6 [128.7]121.9
8 43.1] 108.8 98.0| 7.93] 7.64 1 8.12]55.4 134.6122.8] © 5 0
9 42.81108.8 87.9| 7.92/7.65] 8.11/55.0 135.0123.6| O 5 0
10 .
11 43.3) 110.8 92.1] 7.97/7.63] 7.78|74.5 h40.7]124.1] © 5 0
12 46.3 110.d104.1] 7.91/7.531 8.22[59.5 h20.2[142.2
13 £9.8/ 113.9 97.9| 8.00 7.60] 7.78]70.0 h41.8]135.5] o 5 0
14 47.8110.0101.9| 8.04] 7.85] 7.95/62.7 h37.9]136.3] o0 6 0
15 46.6 109.1101.9] 8.80l 7.54 ] 8.19]67.4 134.00138.3] o | 6 o |
16 50.4 109.9 96.2% 8.08] 7.58 1 8.21167.0 B34.0{13c.0] O i 7 o |
17 \ |
18 51.6] 11¢.3102.5| 7.98/ 7.62| 8.14]66.6 [137.9149.7] © | 6 0
19 50.4l 110.7100.0] 7.92( 7.60] 8.01163.8 hs50.1(142.6] © 6 0
20 50.6/ 114.9 93.8] 7.92/ 7.63 | 8.06{55.2 137.9(137.9] © 6 0
21 50.6/ 117.9100.0] 7.92/ 7.65] 8.15[59.5 ha1.81137.9
22 54.2/111.9101.31 7.97/ 7.55] 7.99]74.5 R37.90152.5] © 0 |
23 54.8 113.3104.8] 7.95 7.53 1 7.87174.9 ha1.8[157.6] 0 0
2%
25 54.6/ 113.2104.8| 7.96) 7.55| 8.06|67.4 139.9 [142.2] & 7 0 i
26 54.8| 110.9109.2] 7.74/ 7.55 1 7.91]75.3 138.0|1¢6 l |
27 | ! | |
2 51.11 108.1101.0] 7.90] 7.51 | 8.13[70.9 [5¢.6 [141.5 7 o
29 51.91108.5102.1] 7.9117.46 | 8.08186.7 134.41138.7] _0© 7 0
53.00 112.1107.5| 7.88/ 7.44 ] 7.90]78.8 hat1.8lis1.8] o | 7 0
| ! | | |
TOTAL li19¢ [ 27051 25110107, 8l 180.5 201.41622 P3s10] 3362 0 (123 0
Aave. | 47.8/111.40100.4] 7.91]7.58 1 8.07]64.9 k36.4[134.5] o 5.8] 0
MAX. 54.8/117.5112.2| 8.08/7.85 | 8.2886.7 141.8[157.6| © 7 0
MIN. 39.40108.11 92.1] 7.56l 7.44 | 7.78]a1.6 h2a.7 N14.4] o© 4 0
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A-3. Cont.

DATE TURBIDITY T”'ggggw MANGANESE
a |, . ol '
w§§8§=§38u83§!8
=z, 8 gz | S loe| 3 [E3: V3
E: g Z|giEvlZ sglg -z
w [, w : . r— a
8 o o iiD‘ 8
1 25 | 2.9 | .10
2 22 | 2.2 | .09
3
4 19 1.5 ] .13
5 18 12.6 ! .10
6 15 2.0 1 .12
7 .20 1 2.2 ] .20
8 .15 | 2.6 | .14
9 15 | 2.6 | .17
10
11 .15 | 3.2 | .15
12 .14 4.8 | .19
13 16 | 6.2 | .13
L4 Jd4 3.6 | .23
15 L4 13,6 | .17
16 .16 [3.8 | .09
17
18 .12 5.5 | .09 |
19 .15 (3.7 | .09 |
20 .16 | 7.0 | .09
21 12 ji1s.0 | .09
22 .12 8.0 | .11
23 .14 J11.0 | .15
24
25 00 [15.0 | .13
26 97 4.0 | .12
27 ‘ |
28 16 |9.c | .10
29 |.12 ho.o | .13 |
30 22 bo.o | .18 l
| |
TOTAL l6.64 [161.4(3.29 ]
AVE. |.27 6.5 .13 _ |
MAX. [2.00 0.00 | .23
MIN. .12 1.5 .09 N
- _
|
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A-3. Cont.

APPLIED w [T A%,
MATERRAIR g2 || B | wee
Bl 120 !
8 < 5. " gfg 8 l x
o & o = 2 1298 Q. ¢ o 2
u:’ 3 5 = o < W w o w3 ! 6 w ‘i’
cEzl Y B = T O |TOR|E Z: z 8
=0 4 Z e . z l2<®li=ci g | £ | 2
- w e et < ZE, E . w frad
S| ° | = =% 8! °
———— : -—_?” _-'_i — — !
1 i .87 7.874 .69 27 | 60 | 50 |53
2 { l.4] 8.15 .73 26 | 65 | 51 |54
3 | .78 26 | 41 | 49 |52
4 | 1.7] 8.21 .79 26 | 41 | 49 |53
5 {1.8| 8.27 } .72 26 | 51 | 49 |53
6 i 1.5] 8.09 | .71 21 1 91 | s0 |ss
7 | 1.51 8.01 .82 49 155
8 | 1.8| 8.04 .78 21 1 43 | so |55
9 1.8 8.08 .76 21 1 58 | 50 |53
10 L. _ I .71
11 i 1.6 7.78 .69 21 68 | 50 |54
12 i 2.0| 8.35] 1 .75 17 i 71 | 52 1564
13 1.2] 7.77 .85 17 | 70 | 52 |54
14 | 1.3] 7.95] 1 .78 7] 81 |52 |34
15 | ' 1.5 7.91 .75 17 | 47 | 52 |54
16 | . .88| 8.15]| _ .79 7 126 |52 |55
17 i i .77 _
18 ; .83] 8.04 69 || 17 ! a9 | 52 Isa
19 | 1.31 7.85 .70 14 | 24 | 52 Iss
20 Il ' 85| 7.92 | .78 15 | 10 | 47 !s3
21 ; ! 1.2] 8.00 | .80 15 | 55 | 52 i55
22 | .95 7.92 .72 15 1 62 | 51 i55
23 | i 1.6f 7.83 .69 12 1 62 i 53 |57
24 I .79 |
25 I 1.8| 7.89 71 12 | 58 | 52 |55
26 1.8 8.01 .81 41 | s4 |57
27 ' [ .74
28 | 1.20 §.02| | .82 13 + 47 | 53 Iss
29 ! i 1.1 8.00 | .76 12 | 66 | 53 |55
30 | i ) 7.80 | .75 12 | 68 | 54 |58
| ~ | | .81 |
TOTAL | 35 | 200 1234.4]]l 385 11314 (1281 | 1364
AVE. | 1.4] 8.00 .76 15 | 53 [ 51 |55
MAX. | 2.0| 8.35 .85 27 | 81 | 54 |57
MIN. .83 7.77 .69 12 | 10 | 47 153
}
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Cont.

A-3.

TREATMENT MILLIGRAM PER LITER (PPM)

CARBON

ELENRIP]

SYIXIW-Ad

NOILvYIv-34d
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NO11vyIv
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2.0
2.0

o
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2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0l
2.0]
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2
2

2.0|"

2
2

2
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2
2
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2

2
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KMnoé

SYIXIW HSYIL

SIIXIW-3ud

NOILVY¥3IV-34d

.55
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.58
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.66
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A

11
.63
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.55

S¥IXIW HSYY4

SYIXIW-JY4d
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20|
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20
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30
30
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30
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30
30
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NOILYYd3IY - 3dd

LIME

o
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11
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10
10
10
10
10
10
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11
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12
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14
14
14
14
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NOIlvi33Iy
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13
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TOTAL
AVE.

MAX,
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A-4. Little Cottonwood Metropolitan Water Treatment Plant data for the month of

July, 1983.
TOTAL H : TOTAL COLOR
DATE AL;’E‘;'CNSEY UNITS - H:;%ECNS:?S Pt-Co Units
(] fa) @) [}
28| B | alwsS| 5 |2|.8] % |al.8 E|s
EE| 6 |z |FZ| 6|3 |22| 8|8 |EE| 6 |3
Sgle | 2|58 g |2 58| |2 |52z
w o = e w =y w w = w w
8| a =) o 9| o 3| o
(&)
1 | 141 | 140 7.75|7.70 149 |170 25 | <1
2 | 138 | 134 7.75]7.75 151 [160 25 | <1
3 | |
4 i
5 | 140 | 138 7.6617.63 148 149 30 1<1
6 38 | 152 | 1091 7.78| 7.66[7.79| 45 | 157 |137 20 | 30 | <1
7 | 40 1131 ] 1321 7.71| 7.7417.80] 43 | 141 |156 20 | 25 | <1
8 32 1132 | 113 7.69] 7.7117.83] 52 | 145 |158 20 20 | <1
9 133 | 117 7.7918.02 _146 153 20 | <1
10 !
11 142 | 126 7.6717.80 138 |144 25 i<1
12 37 | 128 | 121] 7.601 7.6907.97 ] 53 [ 162 [148 20 25 | <1
13 37 1129 | 104 7.74| 7.6908.12] 45 | 176 [135 15 25 | <1
14 35 1129 | 87| 7.8217.7518.221 65 | 152 [132 15 | 25 <1
15 | 43 11291 82| 7.83]| 7.70l8.15] 54 | 153 J107 | 25 | 25 | <1
16
17
18 116 | 126 7.60[7.88 122 136 25 | <1
19 46 | 125 86| 7.83| 7.70/8.281 38 | 126 | 96 17 25 | <1
20 36 | 120 | 102 7.91| 7.6617.931 35 | 120 |117 %
21 36 | 121 90| 7.89] 7.74/8.15] 4o | 119 [100 _ !
22 35 1123 | 103! 7.82] 7.76(8.29| 43 i 122 |132 | 15 | 27 | <1
23 | | )
24
25 . _
26 i 153 | 137 7.55|7.93 144 |151 30 | <1
27 [ 116 | 125 7.5517.89 135 |151 35 1< 1
28 37 11201 86| 7.82] 7.6218.04| 40 | 107 | 96
29 39 1121 | 78l 7.901 7.69/8.01! &3 [ 126 | 98
30 |
31 | |
TOTAL | 489 12739 12336|101.3(161.4/167.2 596 |2813 |2826| 167 [442 | <1
AVE. 38 | 130 | 111] 7.80| 7.6917.96] 33 | 134 [134 19 | 26 |< 1
MAX. 44 1 153 | 140] 7.91] 7.79(8.29| 65 | 176 [170 20 | 30 T«<1
MIN. 32 | 116 78| 7.60] 7.6017.63! 35 | 107 | 96 15 | 20 | <1
I
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A-4. Cont.

DOR
o PV ¥ =)
wS| 8 g | B |u8| 2| g]|t
-2z o & 3] dZ o S @]
Eo « = x [ EO w = @
SEl 8 | E | 8| CEl 2| 2|
8 o) o 8 = &
1 3.50/0.17] 6 N.0.O|N.0.O
2 3.80/0.09
3 0.08
4 0.10
5 4.20[0.19
6 4.70| 3.90/0.47
7 5.90] 3.50/0.20
8 7.00! 4.00/0.15}) 6 1 N.0.0IN.0.0.
9 3.90/0.17 '
10 0.17: |
11 3.70l0.10! |
12 9.40! 3.90l0.13
13 3.60] 3.90[0.25
14 3.40| 3.9010.531 6 1 N.0.0iIN.0.0Q.
15 5.90| 4.10[0.30
16 Q.13
17 0.22
18 4.40)0.34
19 2.00! 4.40/0.39
20 1.90| 5.60/0.22
21 2.50] 4.60/0.27
22 1.901 4.40l0.17!
23 0.14
24 0.11
25 0.19
26 4.90/0.15
27 5.10/ 0.31 6 1 N.0.QiN.0.O.
28 2.20| 4.40/0.21
29 1.70] 9.60/0.14
30 0.15 |
31 0.16 |
TOTAL [52.1 193.7 ! 6.40]| 24 3 N.0.0lN.0.0Q.
AVE. 3.47| 4.646/0.20] 6 1 N.0.0}N.0.d.
MAX, 9.40[ 9.60/0.53] 6 1 N.0.0lN.0.d.
MIN. 1.70| 3.50 0.08| 6 1 N.0.0\N.0.d.
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A-4. Cont.

APPLIED CHLORINE - RAW
DATE |WATER DATA . Z R ERMINAL ‘ oW UaER
{at fitters) w RESERVOIR |: M.G.D.
29I :
> 252 S a
= Swal 2 | & |w2]| ¥ | 2 &
= | & |89= 3| 3 [F3| S | 2| @
5 =z | E 58| 8| %|¢z
- w S - w l o) a
< ! &)
! 0.821 2,791 1.03 11.34 1 0,571 70 | 44 149
2 1.40] 7.69 ] 1.12 | 52 44 | 49
3| 1.08 ! 52 | a4 |49
4 i 1.07 | 52 46 | 49
5 0.82] 7.70| 1.01 [1.46 | 0.5901 19 | 73 | &4 |49
6 | 1.20] 7.83 ] 1.06 |1.12 | 0.59] 35 | 85 | 44 | 49
7 | 2.10) 7.921 1.24 [1.32 | 0.77] 26 | 67 | 44 | 49
8 li.300 7.981 1.19 11.25 | 0.750i 33 | e0 | a4 | a9
9 | 3.101 7.93 1 1.05_ | 12 | 65 1 &4 149
10 1.08 I 36 | 44 149
n 0.41] 8.06 | 1.02 11.20 | 0.72 56 46 149
12 0.64] 8.101 1.00 [1.18 | 0.540 48 | 3 44 | 49
13 1.10) 8.15| 1.07 |1.10 | 0.690l 21 | 48 ' 44 | 49
14 1.10] 8.34 | 1.09 |1.80 | 1.00ll 45 | 48 | 44 147
15 1.40] 8.18 | 1.04 |1.42 | 0.720 19 | s0 | a4 |47
16 1.02 45 | a4 | 47
17 1.03 61 44 | 47
18 2.80] 7.95| 1.06 |1.18 | 1.00ll 19 | 77 | 44 |50
19 1.70| 8.50 | 1.09 |1.43 | 0.93} 39 | 62 | 4 |48
20 3.70] 8.32 | 1.11 |0.98 | 1.150 10 | 97 | 44 50
21 2.90! 8.46 | 1.07 |1.70 | 1.15! 59 | 56 46 | 48
22 2.20| 8.49 | 1.06 [1.90 | 1.050 16 | 52 i && i 49
23 | 0.97 i 19 | 52 1 a4 |49
24 1.08 i 19 1 52 44 | 50
25 1.06 | 19 | s 45 | 51
26 0.92] 8.19] 1.09 [1.42 | 0.75/ 70 | 45 | 51
27 1.90] 8.07 | 1.04 |1.05 | o0.65]| 52 | 64 | 44 | 51
28 1.50] 8.33 | 1.12 |1.45 | 0.72]l 54 | 36 | 44 |49
29 1.30] 7.97 | 1.14 I 35 | 38 st | 49
30 1.12 35 | 38 | 44 |49
31 1.06 35 | 38 | a4 | 49
TOTAL | 34.30169.91 33.3 |24.3 [14.3 1672 [1702 | 1366 1518
AVE, 1.63] 8.09] 1.07 |1.35 | 0.79] 30 | s4 st | 48
MAX. 3.70| 8.50 | 1.24 [1.90 | 1.15] 48 | 97 | 45 | 51
MIN. 1.10] 7.95] 0.97 10.98 | 0.54] 12 | 36 | &4 | 47
|
[i
L li
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Cont.

A-4.

TREATMENT MILLIGRAM PER LITER (PPM)

CARBON

COAGULANT AID
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APPENDIX B
Statistical Data for Random Block

Design Analysis of Variance
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