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FOREWORD

The Environmental Protection Agency was created because of increasing
public and government concern about the dangers of pollution to the health
and welfare of the American people. Noxious air, foul water, and spoiled
land are tragic testimony to the deterioration of our natural environment.
The complexity of that environment and the interplay between its components
require a concentrated and integrated attack on the problem.

Research and development is that necessary first step in problem
solution and it involves defining the problem, measuring its impact, and
searching for solutions. The Municipal Environmental Research Laboratory
develops new and improved technology and systems for the prevention,
treatment and management of wastewater and solid and hazardou's waste
pollutant discharges from municipal and community sources, for the pre
servation and treatment of public drinking water supplies and to minimize
the adverse economic, social, health, and aesthetic effects of pollution.
This publication is one of the products of that research; a most vital
communications link ~etween the researcher and the user community.

The Great Lakes National Program Office, through Section 108(a) of
PL 92-500, enters into grants for the demonstration of new methods and
techniques and for the development of preliminary plans for the prevention,
reduction or elimination of pollution within all or any part of the water
sheds of the Great Lakes. The Great Lakes National Program Office has
joined with the Municipal Environmental Research Laboratory in carrying
out this research and demonstration project to assist the Rochester Pure
Waters District to eliminate an urban drainage pollution problem to
Lake Ontario.

The deleterious effects of storm sewer discharges and combined sewer
overflows upon the nation1s waterways have become of increasing concern
in recent times'. Efforts to alleviate the problem depend upon characteri
zation of these flows both as to quantity and quality. This report
describes the results of pilot plant studies of a number of treatment
technologies for controlling the quality of combined sewer overflow dis
charges.

Francis T. Mayo
Director
Municipal Environmental Research
Laboratory
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Dr. Edith J. Tebo
Director
Great Lakes National
Program Office



ABSTRACT

The Rochester Pilot plant treatability studies were designed to
interact with combined sewer overflow (CSO) monitoring and system modeling
efforts for the Monroe County Pure Waters District with the ultimate
objective of evaluating CSO abatement alternatives, as presented in
Volume I of this Report.

The studies covered treatment by the following unit processes:
flocculation/sedimentation (F/S), swirl degritter and swirl primary
separator, microscreening with sonic cleaning, dual-media high-rate
filtration, activated carbon adsorption, sludge dewatering and high-rate
disinfection. Applied flowrates to the system ranged between 0.3 and
11.2 lis (5 and 177 gpm).

Pilot operations covered nineteen overflow events during the period
of September 1975 through June 1976. The studies evaluated the effects
of design loadings and influent quality on system performance. Data
were evaluated through application of statistical techniques and develop
ment of mathematical performance models. These models were used to
develop optimum cost/benefit comparisons of systems. Results were also
compared to published literature for similar installations at other
locations.

The flocculation/sedimentation system was evaluated employing
surface overflow rates from 33 to 82 m3/day m2 (800 to 2000 gpd/ft2).
Mathematical performance models were developed for the three chemical
treatment cases. These models related SS removal rates to overflow rate
and influent SS concentrations.

The swirl separators were pilot tested at flowrates ranging from
0.9 to 4.4 lis (15 to 70 gpm). Mathematical performance models were
developed for each system relating SS removal rates to influent flowrate
and influent SS concentration. Chemical treatments were tested on the
swirl primary system, but the in-line flocculation technique did not
provide sufficient energy to permit effective floc development. The
performance equations were compared to previously developed design
curves for swirl concentrators.

Testing of the microscreen system was limited due to equipment mal
function. Headloss development across the screen was shown to be related
to both hydraulic loading and screen rotational speed. The maximum
hydraulic loading attainable for most of the dry and wet-weather testing
was on the order of 550 l/min m2 (13.5 gpm/ft2) of screen surface when
using a 70 micron screen.
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Dual-media high-rate filters (DMHRF)2were evaluated at
2
hydraulic

loading rates between 407 to 1018 l/min m (10 to 25 gpm/ft). Re
sults are compared for filtration with no chemical addition and
with polyelectrolyte alone and alum plus polyelectrolyte. The per
formance curves show the effects of the chemical addition and the
impact of the upstream (swirl primary separator) treatment on per
formance of the DMHRF.

Operation of the carbon adsorption system was limited to three
storms. Detention times of 13.5 to 45 minutes were evaluated. Optimum
BOD5 removals (80-95 percent) were attained at detention times of 20
to 30 minutes.

Multiple regression modeling of the chlorine (C12) and chlorine
dioxide (CI0 ) disinfection data yielded statistically significant
equations fo~ the high-rate disinfection systems. The models indicated
that disinfection by C12 is more sensitive to mixing intensity and
detention time than disinfection.by C102. System cost optimization
procedures indicated that C102 permitted use of lower detention time
facilities. The use of C12 permitted lower overall cost systems relative
to C102 for all trial cases of required kill and wastewater quality.

A review of literature is presented on solids handling consider
ations involved with treatment of CSO.

Cost/benefit comparisons of the F/S and swirl primary separator
systems are presented. Cost/benefits of chemical treatment programs are
also presented. Cost/benefits of regional configuration alternatives
(central versus local treatment) and storage versus treatment sizing are
presented in Volume I of this Report.

This report was submitted in fulfillment of Grant No. Y005141 by
OIBrien &Gere Engineers, Inc. under the partial sponsorship of the U.S.
Environmental Protection Agency. This report covers the period from May
4, 1974 to November 1976, and work was completed as of September 1977.
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SECTION 1

INTRODUCTION
BACKGROUND

The significance of pollution caused by storm-generated discharges has
been well documented. A large portion of this pollution is associated with
overflows or relief points in combined sewer systems. A nationwide survey
by the APWA (1) indicated that combined sewers are used in more than 1300
municipalities serving a population of S4 million. The magnitude of the
overflow problem was exemplified by a 2-year study conducted on a 92.7 ha
(229 acre) combined sewer watershed in Northampton, England. This study
showed that the cumulative yearly five-day biochemical oxygen demand (BODS)
load in the combined sewer overflows nearly equaled the BODS load contained
in the effluent of the local secondary treatment plant. Suspended solids
within the overflows were three times the load contributed by the treat
ment work effluent (1).

Another aspect of the problem was illustrated in a report on the
combined sewers in Buffalo, N.Y. (2). In Buffalo, 20 to 30 percent of the
annual collection of domestic sewage solids settle in the sewers during
dry periods and are eventually discharged during storms. This results in
shock loadings which are detrimental to aquatic life in the receiving water.

The most obvious solution to abatement of combined sewer overflows
(CSO) is construction of separate storm sewer networks. In terms of dollars
per acre served, this is a very costly alternative and is technically
difficult in heavily populated and developed urban areas. Moreover, it is
possible that quality control of storm sewer discharges may be necessary
in the future.

CSO abatement alternatives have been classified into three groupings:
(a) nonstructural alternatives, (b) minimal-structural alternatives and
(c) capital intensive alternatives. These have been described in detail
i~ Volume I of this Report (3).

Many CSO abatement techniques such as regulator adjustments, elimi
nation of interceptor constraints and in-system storage, while reducing
overflow volumes~ result in containment of large volumes of wastewater which
require treatment. Ideally~ the flow-attenuating techniques would allow
treatment of the additional contained wastewaters in existing dry-weather
treatment facilities during nonstorm periods. However~ it appears that
existing dry-weather treatment facilities in many communities do not have
either the hydraulic or solids-handling capabilities to adequately treat
even attenuated storm flows. These stormwater contributions could cause
very serious hydraulic and toxic upset conditions in biological treatment
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systems not specifically designed for this impact.

Therefore, an integral part of most CSO abatement programs is con
sideration of the treatment technologies to be applied to the intercepted
wet-weather flows. Since the characteristics of combined sewage are quite
different from those of dry-weather domestic sewage, different treatment
concepts may be applied to wet-weather flows. For example, wet-weather
suspended solids generally exhibit a fairly coarse size distribution and
may readily be removed in primary facilities operated at relatively high
hydraulic loading rates.

PURPOSE OF STUDY

The pilot plant treatability studies were undertaken to delineate the
treatment alternatives available for control of CSO quality in the Rochester
Pure Waters District of ~1onroe County, New York.

The direction of the pilot plant study was based partly on requirements
outlined by the USEPA (73). These requirements stated that all csa shall
have a minimum of primary treatment, phosphate removal,and chlorination
with absolutely no bypassing.

A major emphasis of the study was the development of cost/benefit com
parisons of processes that would allow primary-1evel treatment efficiencies.
These p~ocesses were compared relative to their response to treating
variable-quality influent wastewater. Treatment of the highly concentrated
first-flush overflow was of particular importance. Most of the comparisons
centered around the flocculation/sedimentation and swirl separator
systems. Evaluations of chemical treatments were instrumental for the
determination of optimum conditions.

Previous studies of the District's combined system (74, 75) cited
deficiencies of the existing sewerage system and the effects of wastewater
discharges on the area receiving waters. Those studies recognized that
measures were necessary for collection, transmission, control and treatment
of combined wastewaters originating within the City of Rochester. Sub
sequent studies (76) have reinforced the earlier studies and documented
the impact of CSO on the Genesee River and the Rochester Embayment of Lake
Ontario. The objective of this study was to outline a plan of best
management practices through a program of CSO monitoring, system modeling
and treatability studies. The treatability studies reported herein were
designed specifically to interact with the modeling efforts and evaluations
of abatement alternatives. The treatability studies and cost estimates were
particularly instrumental to evaluation of satellite overflow treatment
versus centralized treatment and determination of storage versus treatment
capacity optimizations.

The treatment processes included in this study represent those systems
that are currently receiving prime nationwide consideration for treatment
of CSO. Combinations of the piloted processes could result in process
trains capable of providing treatment efficiencies from grit removal through
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tertiary treatment quality and disinfection. A secondary objective of the
pilot program was to provide additional expansion of the nationwide data
base for evaluating csa treatability. Every effort was made to compare
results of this study to results reported for similar installations at
other locations. .
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SECTION 2

CONCLUSIONS

1. Most CSO abatement techniques result in containment of large volumes
of wastewater which require treatment.

44.9
73.7

47.6
75.0

53.1
77.~

2. High-rate physical and/or chemical treatment processes are well
suited to the abatement of pollution from CSO.

3. Multiple regression modelling of the F/S data indicated the following
general relationships: % Removal of 5S

Influent OR (gpd/sg ft)
SS (mg/l) 800 1500 2000

No Chemical Treatment
200 15.9 12.0 10.1
500 60.9 59.1 58.2

With Polymer Treatment
200
500

With Alum plus Polymer
200 78.2 75;4 74.0
500 89.3 87.9 87.2

Performance of the flocculatipn/sedimentation (F/S) pilot system was
significantly enhanced by incorporation of chemical treatment. Per
centage removal of suspended solids (SS) in the F/S system was highly
dependent on influent SS concentrati~n as well as overflow rate (OR).
Increasing OR from 33 to 82 mJ/day m (800 to 2000 gpd/ftq in the F/S
system resulted in only marginal loss of performance.

4. Performance of the pilot swirl degritter generally supported the
data presented for the pilot swirl degritter evaluated at Denver.

. -
Multiple regression analysis of the data from the 0.91-m (3-ft) dia
swirl degritter developed the following general trends

%Grit Removal
Influent Flowrate (gpm)

SS (mg/l) 15 40 70
100 69.0 59.8 54.6
300 100.0 91.0 85.7
400 100.0 99.1 93.8
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5. After scaling of hydraulic flows and particle settling velocities to
prototype scale, the performance data obtained from the pilot swirl
primary separator unit generally supported the previously developed
design curves developed by APWA.

Multiple regression analysis of data from the 1.8-m (6-ft) dia swirl
primary separator indicated the following:

Influent
SS (mg/l)

100
300
500

15
56.5
66.6
70.4

%SS Removal
Flowrate (gpm)

40
32.5
48.1
54.1

70
13.3
33.3
41.0

69
76
83
79
92
91
96
88

BOD5 Removal
t %)

6. The hydraulic loading to the FMC pilot microscreening system with
ultrasonic cleaning appeared to be limited to about 550 1/min m2
(13.5 gpm/ft2) when using 70 micron screens. However, the data
suggested that higher loadings might be attainable if screen rotation
was increased above 136 rpm. SS removals averaged within the range
of 1.5-43.5 percent when treating CSO.

7. Increasing hydraulic loading to the pilot dual-media high-rate
filters (DMHRF) above 407 l/min m2 (10 gpm/ft2) tended to improve
specific captures by dispersion of trapped solids deeper into the
bed. However, without chemical treatment, SS removals fell rapidly
at the higher loadings. When chemicals were employed on or upstream
of the filters, performance loss at the higher influx was not as
great.

Flux Average %SS Removal Spec. Capture
(gpd/sg ft) Range Mean (lbs/sg ft)

No chemical 10-15 56-83 67 1.34
Treatment 20-25 40-71 50 1.57

With chemical 10-15 66-92 78 1.31
Treatment 20-25 45-95 64 1.59

8. The application of carbon adsorption indicated optimum BOD5 removal
at detention times of 20 to 30 minutes.
Influent BOD5 Detention Time Flux

(mg/l) ~in) (gpm/sg ft)
30 13.5 0.42
30 19.3 0.61
30 30.0 0.94
30 45.0 1.41
70 13.5 0.42
70 19;3 0.61
70 30.0 0.94
70 45.0 1.41
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9. Multiple regression modeling of C12 and Cla2 disinfection data
yielded statistically significant performance equations for high
rate disinfection.

10. High-rate disinfection employing relatively short detention time
and high-intensity mixing appeared to be a more cost effective
method than conventional disinfection for the treatment of CSO. These
procedures tend to increase operating costs while decreasing capital
costs. csa treatment facilities remain idle for much of the year;
thus, operating cost is a smaller fraction of the overall cost for
wet-weather facilities than for dry-weather plant.

11. Disinfection by C12 was preferred to disinfection by C102 on a cost
performance basis when treating csa with site factors specific to
Rochester, NY.

12. Cost/benefit comparisons of the F/S and swirl primary separator
systems indicated that the choice of treatment methodology for
csa was dependent on the influent quality and the degree of treatment
required. In general, the swirl separator was cost competitive
with F/S. However, chemical treatments incorporated into a F/S
system permitted significantly enhanced removal efficiencies with
fairly minor increases in operating costs.

13. Review of the literature indicates that, in general, sludges from CSO
treatment should not be bled back to dry-weather treatment plants.
-Physical/chemical sludges at local overflow sites should be treated
at separate on-site facilities. After considering site-specific
factors at Rochester, the recommended sludge treatment included
lime stabilization, thickening, vacuum filtration and land disposal.
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SECTION 3

RECOMMENDATIONS

1. Future studies of flocculation~sedime~tation of CSO should include
evaluations of 'ORis above 82 m/day m (2000 gpd/ft2), especially when
alum and,polyelectrolyte are employed.

2. Pilot and prototype scale swirl units should be tested side-by-side to
verify and establish the scaleup procedures for the pilot scale units.

3. Prototype verification testing should be conducted for the swirl
degritter and swirl primary separator units.

4. Chemical treatment should be further evaluated in the swirl primary
separator unit to studY the enhancement in perfo~mance.

5. Because of operating difficulties encountered with the FMC t1icroscreen
system, limited.data were collected. CSO treatment data from other
microscreen systems are available from references cited in the text.
Future testing should evaluate loadings above 550 l/min m2 (13.5
gpm/ft2) and other screen mesh sizes.

6. This study suggested that treatment efficiency of units upstream of
DMHRF had an impact on performance of the DMHRF. This impact should
be evaluated further along with additional studies with chemical treat
ment.

7. It has been demonstrated that carbon adsorption provides significant
removals of dissolved organics from eso. Because of the high costs
associated with carbon adsorption, its application should be limited
to locatiqns where receiving water loadings of dissolved organics and
toxicants are critical.

8. The need for dechlorination of disinfected effluents resulting from
high-rate disinfection systems using high C12 dosages should be
evaluated.

9. The formation of chlorinated organics and other refractory residuals
in high-rate disinfection systems using high C12 and C102 dosages should
be evaluated.

10. It;s recommended that sludges resulting from the treatment of CSO
generated from the Rochester system employ lime stabilization,
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thickening, vacuum filtration, and either incineration or land disposal.

11. A more cost effective process should be developed for on-site generation
of C102.

12. The utility of employing the swirl separator concept for sludge
concentration should be evaluated.

13. Additional process evaluations should be conducted to study the removal
of toxicants known to be constituents of CSO.

8



SECTION 4

PILOT PLANT FACILITIES
GENERAL

The pilot plant facilities were installed at the Joseph-Ward
Chlorination Station (Figure 1), a facility which had been abandoned as a
chlorination station. It is located near the Central Avenue overflow site
(designated as overflow No. 25 for the Characterization and Monitoring
Program). The drainage area associated with this overflow comprises an area
of 171.3 ha (423 acres), 137 ha (340 acres) of which could be characterized
as commercial usage. The remainder of the area is associated mainly with
residential use.

Inner Loop Trunk
(9ft Diameter) -----l"'

z _

.---PILOT

FIGURE 1. Pilot Plant and Pumping Station Locations
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Three types of treatment processes were investigated at the Rochester
pilot plant: (1) primary solids separation; (2) chemical precipitation
to achieve a greater degree of fine solids removal along with phosphorus
reduction below the 1 mg/l level; and (3) final polishing and high-rate
disinfection to achieve a secondary quality effluent with respect to
BOD5 and bacterial contamination. The primary solids removal processes
tested and evaluated included high-rate sedimentation, microscreening,
high-rate filtration, and swirl concentrators. The phosphorus removal
processes tested and evaluated included chemical addition and flocculation
prior to the high-rate sedimentation process and chemical addition prior
to application on high-rate, dual-media filter beds. Polishing and high
rate disinfection included carbon filters to study the effect of providing
the ~quivalent of secondary treatment to wet-weather discharges. The
disinfection process was directed towards applying conclusions of earlier
studies of chlorine and chlorine dioxide (42) and testing several mixing
concepts to evaluate methods for achieving bacterial reductions within
very short detention periods (five minutes or less).

Physical dimensions and design parameters of the pilot plant facilities
are listed in Table 1. Figures 2 and 3 show photographs of the pilot
plant facilities.

PUMPING STATION

The pumping station which provided the influent to the pilot plant
was located upstream of the Central Avenue overflow in a section of the
3.66 m (12 ft) tunnel. The pumping station location, although not at
the actual overflow site, collected runoff as part of the combined
sewage from more than 95 percent of the drainage area. Pumping of flow
to the pilot plant was accomplished through the use of two 10.2 cm (4
in) submersible high-head pumps. Each pump was capable of delivering
25.2 lIs (400 gpm) under a total head of 26 m (85 ft).

Immediately downstream of the pumps a 0.6 m (2 ft) weir was constructed
in order to maintain a minimum level of flow around the pumps. This
made it possible to operate the pumps under both dry and wet-weather
conditions. A removable gate was installed in the weir which permitted
the areas behind the weir and around the pumps to be cleaned periodically.

The pumps were controlled from the pilot plant by two alternative
modes of operation. The pumps could be started manually and independent
of flow conditions in the tunnel, or the pumps could be started inside
the tunnel. An ultrasonic head probe and continuous recorder were used to
monitor and record the amount of overflow produced with each storm
occurrence.

Conveyance of flow to the pilot plant was provided through the use
of a 15 cm (6 in) diameter pipe, approximately 457 m (1500 ft) long. A
bypass valve controlled the flow of CSO into the pilot plant. Gate
valves were used to control the flow into each of the treatment units.
Flow measurements were made. with magnetic flowmeters with direct reading
indicators installed in the vicinity of the gate valves to monitor
incoming flows.
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Swirl Primary Separator (foreground)
and Swirl Degritter (background)

C12 and C102 High Rate
Disinfection Tanks

From left: Swirl Degritter, Swirl
Primary Separator and Microscreen
Unit

Storage Tanks (on ground)

FIGURE 2. Rochester Pilot Plant Facilities
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Influent and Effluent Pumps Associated with Dual Media Filter Columns

Flocculation--Sedimentation Basin

Dual Media Filter Columns for High
Rate Filtration

Activated Carbon Columns

FIGURE 3. Rochester Pilot Plant Facilities
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TABLE 1. PILOT PLANT DESIGN PARAMETERS

A. Flocculation Basin

L dimensions 2~1 mx 0.9 m x 1.98 m deep (7 ft x 3 ft x 6.5 ft)
2. surface area 1.95 m2 (21.0 ft2)
3. volume 3864 1 (1021 gal)
4. flow rates 4.5-11.2 l/s (71-177 gpm)
5. detention times 5.1-1O. 1 mi n
6. velocity gradient 120/sec
7. mixing intensity (GT) 42000-104000

B. Sedimentation Basin

1. dimensions 6.1 mx 2.1 m x 1.98 m deep (20 ft x 7 ft x 6.5 ft)
2. surface area 11.8 m2 (127.3 ft2)
3. volume 21900 1 (5790 gal)
4. flow rates 4.5-11.2 lIs (71-177 gpm)
5. overflow rates 32.6-81.6 m3/day m2 '(800-2000 gpd/ft2)
6. detention times 33-81 min

c. Microscreen

l. dimensions 1.5 m dia. x 2.3 m (5 ft dia. x 7.5 ft)
2. tank volume 3452 1 (912 ga1~ '
3. screen surface area 0.56 m2 (6.0 ft ~
4. flux 610-1221 11min m (15-30 gpm/ft2) at full screen
5. flow rates 6-11 lIs (90-180 gpm) submergence
6. detention time 5.1 - 1o. 1 mi n
7. maximum rotation 136 rpm
8. screen aperture 10 or 70 microns

D. Swirl Degritter

1. dimensions (overall) 0.9 m dia. x 1.2 m (3 ft dia. x 4 ft)
2. D2/Dl ratio 6.0
3. HlID2 ratio 0.40
4. chamber volume 214 1 (56.5 gal)
5. grit cone volume 61 1 (16.0 gal)
6. surface area 0.64 m2 (6.87 ft2)
7. tested flow range 0.95-4.4 l/s (15 - 70 gpm)
8. operati ng NF 0.0018 - 0.0392
9. detention time 1.04 - 4.83 min

E. Swirl Primary Separator

1. dimensions (overall) 1.8 m dia x 1.8 m (6 ft dia. x 6 ft)
2. D2/Dl -rati 0 18.0
3. H1/D2 ratio 0.27
4. chamber volume 1173 1 (310 gal)
5. sludge cone volume 1181 1 (312 gal)

13 ( conb nued )



TABLE 1. (continued)
\

)

2.6 m2 (28 ft2)6. surface area
7. tested flow range 0.95 - 4.4 l/s (15 - 70 gpm)
8. operating NF 0.0137 - 0.298
9. detention time 8.9 - 4.5 min

10. equivalent OR 31.6 - 146.2 m3/day m2 (771-3600 gpd/ft2)

F. Dual-Media High-Rate Fi 1ters

l. dimensions 15 mm dia. x 5.5 m (0.5 ft x 18 ft)
2. surface area 0.02 m2 (0.196 ft2~
3. design flux 407 - 1018 l/min m (10-25 gpm/ft2)
4. flow rates 7.6-18.9 l/min (2-5 gpm)
5. media 1.5 m (5 ft) of No.2 anthracite

0.9 m ( 3 ft) of No. 1220 sand
G. Carbon Columns

41400 - 179000

0.61 m x 0.61 m (2 ft x 2 ft)
15-37 mm (0.5 - 1.2 ft)
57 - 136 1 (15 - 36 gan
0.13 - 0.63 lis (2 - 10 gpm)
3.4 - 8.4 min

Disinfection Tanks
dimensions
operating depths
volume
operating flow rates
detention time
mixing intensities
. (GT)

1. dimensions 0.9 m dia. x 2.9 m (3 ft x 9.5 ft)
2. surface area 0.66 m2 (7.07 ft2)
3. operating flow range 0.19 - 0.63 lis (3 - 10 gpm)
4. detention time 13.5 - 45 min
5. flux .. 17.3 - 57.3 l/min m2 (0.42-141 gpm/ft2)
6. media 2.1 m (6.8 ft) of Filtrasorb 400
H.
l.
2.
3.
4.
5.
6.

FLOCCULATION/SEDIMENTATION SYSTEM

The dimensions of the pilot flocculation/sedimentation system,
shown in Figure 4, are listed in Table 1. The elevation of the overflow
weir was adjustable so that both overflow rate and flow-through velocity
could be varied. Overflow from the flocculation basin was directed by a
baffle to the bottom of the sedimentation basin.

Chemicals were added to the flocculation basin using positive dis
placement pumps equipped with either 25 mm (1 in) or 12.7 mm (0.5 in) Viton
pump heads. Alum was introduced as far back in the influent line as possible
to ensure adequate mixing with the influent before coming into contact with
the polymer. The polymer was fed at the point of influent discharge to the
flocculation basin. Additional mixing in the flocculation basin was accom
plished using a 2.67 kg-Cal/min (0.25 hp) mixer equipped with two 13 mm
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(5.2 in) and one 20 mm (7.7 in) propellers on a 1.52 m (5 ft) shaft.

INFlUENT EFFLUENT

16' ?"

f1+ @ DRAIN /
C?

FLOCCULATOR I 6" -
j I '"

BAFFLE
SKIMMER G /~

-I~ ~
7' ®@ SEDIMENTATION I 2"

?-"
BASIN DRAIN

DRAIN

~
/ " .1 611 --I--- 38" lO". 12' a" 6' -~~!'- 2d'-- • •

!
I

:;~

EFFLUENT J
CHAMBER

FiGURE 4. Flocculation/ Sedimentation Tank (Pilot Unit)

The major portion ot the flocculation/sedimentation effluent was
returned to the main sewer system. A portion of this effluent was
capable of being directed into the carbon columns, the dual-media filters
and disinfection bays. Grab samples were taken from 12.7 mm (0.5 in)
taps located on the influent and effluent lines.

SWIRL CONCENTRATORS

The pilot facilities included a swirl degritter and a swirl primary
separator connected in series. Dimensions of the swirl degritter, shown
on Figure 5, are listed in Table 1. During normal operations the overflow
from the swirl degritter (Figure 5) became the influent for the swirl
primary separator (Figure 6). Provisions were also made, however, to
allow the plant influent to bypass the swirl degritter and go directly
i-nto the swirl primary separator.

Both the inlet and outlet pip~ diameters associated with the swirl
degritter were 15.2 cm (6 in); each was fitted with 12.7 mm (0.5 in)
sample taps. Installation of a 10.2 cm (4 in) gate valve on the swirl
degritter solids drawoff line permitted the intermittent discharge of
any solids which accumulated in the unit.

The dimensions of the swirl primary separator, shown in Figure 6,
are listed in'Table 1. The inlet pipe diameter, 01, was 10.2 cm (4 in)
and the outlet diameter was 7.6 cm (3 in). Sample taps were located on
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FIGURE 5. Swirl Degritter (Pilot Unit)

both the influent and effluent lines.

Two methods of sludge drawoff were provided for the swirl primary
separator unit: intermittent and continuous. Installation of a 12.7 mm
(0.5 in) ball valve on the solids drain line permitted accumulated
sludge to be withdrawn intermittently. Continuou$ drawoff was achieved
through a 2.54 cm (1 in) line using the head differential between the swirl
unit and the outlet.

Chemical treatments to the swirl primary unit were added using positive
displacement pumps. Alum was introduced to the swirl degritter effluent
immediately as it exited the overflow weir. Anionic polymer was introduced
approximately 1.8 m (6 ft) downstream from the point of alum addition and
2.4 m (8 ft) upstream of the swirl primary unit. A second mQde of chemical
addition was tested during Storm No. 19. It was attempted to gain enhanced
mixing and contact time by adding alum upstream of the swirl degritter--
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converting the degritter to a flocculation basin by installing a mixer.

MICROSCREENING SYSTEM

The microscreening system* used at the pilot plant employed a sonic
cleaning mechanism. Figure 7 shows an elevation view of the microscreen
and the sonic cleaner. Used in conjunction with the rotating strainer drum,
the sonic cleaner provided continuous cleaning of the screen area of 1.83
m2 (6 ft2) with a peak hydraulic loading rate of 1221 l/min m2 (30 gpm/ft2).
This represented a maximum flow rate of approximately 11.4 lis (180 gpm).

Determination of the headloss across the screens was accomplished
through the use of two manometers attached to the outside of the unit.

Both influent and effluent lines were 10.2 cm (4 in) in diameter.
Effluent from the unit could be directed back into the main sewer system or
into any of the four storage tanks. To prevent the accumulation of solids
in the unit during operation, a 25 mm (1 in) flexible hose and ball valve
were connected to the solids concentrate drain line. This permitted the
drawoff of solids on an intermittent basis in lieu of continuous drawoff.

STORAGE TANKS

The effluents from both the microscreen system and .the swirl
separators were capable of being stored in quantities of 37.9 m3 (10,000
gal) each. Four steel tanks, each having a capacity of 18.95 m3 (5000
gal), were used to provide this storage. This storage permitted, the
operation of the secondary treatment units for four to five days follow
ing the wet-weather event. Figure 8 shows dimensions of the storage
tanks used at the plant facilities.

Mixing of the stored CSO in each tank was provided with a 10.68 kg
cal/min (1 hp) mixer to keep the solids in suspension and maintain the
D.O. levels above 2 mg/l.

DUAL-MEDIA HIGH-RATE FILTERS

Pilot filter studies were conducted using one PVC and two plexiglass
columns. These filter columns were operated in parallel. Each column
was 15 cm (6 in) in diameter and 5.5 m (18 ft) in depth. Filter media
consisted of 1.5 m (5 ft) of No.2 anthracite over 0.9 m (3 ft) of No.
1220 sand. Influent to the filter was from the storage tanks containing
the effluent from either the microscreen or the swirl separator systems
and was delivered through 25 mm (1 in) diameter pipes using 16.02 kg
cal/min (1.5 hp) centrifugal pumps. Similar pumps were employed in
transferring the filter effluent to subsequent pilot operations. Flow
measurements for both the influent and effluent were obtained using 19
mm (0.75 in) rotameters having a range of 0.13 to 0.63 lis (2 to 10
gpm). Installation of a float-valve mechanism on the filter discharge
facilitated the operation of the filter units. Figure 9 shows dimensions
of the filter columns.
* supplied by FMC Corporation
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FIGURE 7. The FMC Sonic Cleaner Microscreen (Pilot Unit)
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FIGURE 8. Storage Tank

Samples were taken at the influent and effluent ends of the filters
and at depths of 0.6 and 1.5 m (2 and 5 ft) below the surface of the
filter beds. Head10ss measurements across the filters were obtained at
depths of 0, 0.6, 1.5, and 2.4m CO, 2, 5, and 8 ftl below the surface
of the filter beds. Upf10w backwash of the filters was accomplished by
feeding tap water to the bottom of each column. Air scouring was also
provided.

Chemical addition to the filter influent was accomplished by utilizing
positive displacement pumps. Alum was introduced upstream of the filter
feed pumps. Polymer was introduced immediately downstream of the feed pumps.

CARBON ADSORPTION

Three carbon columns were installed at the pilot plant site~ Figure
10 shows dimensions of these facilities. The units were sized to accept a
portion of the effluent from the flocculation/sedimentation system or the
total flow from the dual media filters. The three columns could be
arranged in either parallel or series to allow flexibility in testing.
Piping following the columns was arranged to allow the effluent to be
directed into any of the disinfection bays.

The units were filled with 2.1 m (6.8 ft) of Ca1gon Fi1trasorb 400
granular carbon. This media has an effective size of 0.55 - 0.65 mm, a
uniformity coeffident of 1.9 or less, and a bulk density of 400 kg/m3
(25 1b/ft3 ). Backwash facilities were provided by connecting a water line
to the bottom of each of the columns.
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DISINFECTION SYSTEM

Three parallel, high-rate pilot tanks were provided to study dis
infection optimization by mixing methods. The mixing techniques included
parallel corrugated baffling, sequential flash mixing and single flash
mixing at the point of application. These are outlined along with the
tank dimensions in Figure 11. Provisions were made to allow each mixing
technique to be evaluated in each of the three bays. Flash mixing was
furnished by 2.53 kg-cal/min (0.05 hp) mixers equipped with 0.46 m (18
in) shafts and 5 cm (2 in) diameter props. Each mixer delivered a water
hp of approximately 0.02. G values were calculated for three components:
walls, baffles, and mixers (58). The system G value was defined as
EGT/ET using the zone of influence for each component. A number of
different weir heights were made available for the purpose of evaluating
different detention times .

....~~------ 82 "----------..-

EFFlUEW
~,

tl"

•~ 2.7"
~-f--2.7"
~ I-f-- 2.7"

"

44.5"

FIGURE 11. Pilot Disinfection Tank and Mixing Concepts Plan View

The disinfectants used were chlorine and chlorine dioxide. Chlorine
was supplied in cylinders and chlorinators were used to disperse the
chlorine in water prior to dosing. The portion of the chlorine solution
applied to the bays was measured manually and samples were withdrawn
hourly for determination of solution strength by Iodometric back titration
methods (77).

Chlorine dioxide was initially prepared through two chlorine dioxide
generators (supplied by Chemical Generators, Inc.). Laboratory testing
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of chlorine dioxide revealed that low concentrations of the solution
would remain relatively stable for a period of 3-4 days if kept in a
closed container. This made it possible to manually prepare ,sufficient
quantities of the solution in advance of any disinfection testing. The
chlorine dioxide was fed into the bays using pumps having a capa~ity of
17 ml/min (0.004 gpm). Application rates were measured volumetri~ally.

Strength of the chlorine dioxide solution was determined using Starch
Iodide (77) or OPO titration techniques (50).
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SECTION 5

PROJECT PLAN

PROGRAM DEVELOPMENT AND APPLICATION OF RESULTS

The Rochester CSO study program included overflow sampling and monitor
ing, sewer network modeling, and pilot plant testing of the CSO treatment
alternatives. The pilot plant studies were designed to interface with the
mathematical modeling for evaluation of abatement alternatives.

The system modeling generally employed the EPA-developed Stormwater
Management Model (SWMM). One of the components of this model is a Storage
Treatment block which provides estimates of treatment efficiency for time
variable storm flows for specified process train selections and design
conditions.

The test programs and development of performance equations were
directed toward evaluating the effects of varying hydraulic loadings and
influent quality on the performance of the treatment systems. The effects
of chemical treatments are also included, where applicable. The performance
models, coupled with cost developments were used to compile cost/benefit
comparisons and design optimizations of some of the alternatives. Oppor
tunities for such optimizations generally arise because of the relative
infrequent use of the wet-weather treatment facilities. These optimizations
may indicate the possibilities of achieving greater economies by employing
procedures that may increase the operating cost (e.g. high chemical doses
or high energy mixing) by permitting great reductions in sizing of facili
ties and the capital costs. The operating costs for wet-weather facilities
represent a much lower fraction of total yearly costs than the cost for
dry-weather plants. These optimizations are highly dependent on site
specific factors such as number of overflows and the total quantity of
overflows to be treated per year.

The cost and performance relationships were also used to evaluate a
number of area-wide alternatives. These alternatives are presented in Volume
I of this report (3). The alternatives included: a) optimizations of
storage versus treatment sizing, b) use of local satellite treatment
plants versus centralized treatment, c) alternative locations of centralized
treatment, and d) use of satellite treatment for first-flush overflows
only,with collection of remaining flows.

SCOPE OF WORK

Pilot operations covered nineteen overflow events during the period
of September 1975 through June 1976. Storm characteristics associated
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with these storms are listed in Table 2. The piloted processes included
flocculation/sedimentation, swirl degritter and swirl primary separator,
microscreening~ dual-media high-rate filtration, activated carbon adsorp
tion and high-rate disinfection. While these include some of the major
processes generally considered for CSO treatment, there are other alterna
tives that were not piloted. For example, dissolved air flotation,
biological lagoons, and rotating biological discs have been studied by
others for application to CSO treatment. It was also not intended to
comprehensively evaluate all design parameters associated with each
system. The sampling and operation schedules were established to permit
evaluations of variable influent quality and the effects of the selected
operating conditions. Analyses included evaluations of BOD5, SS, VSS,
total solids, volatile solids, setteable solids, COD, TOC, total inorganic
phosphorus, TKN, oil and grease, temperature, metals, and fecal coliforms.
All analyses were conducted in accordance with Standard Methods (77)
and/or Methods for Chemical Analysis of Water and Wastes (78).

In addition to the pilot plant process operations, a number of support
studies were included throughout the program. These included dry weather
testing of the unit processes, determination of reaction rates in the C102
generator, determinations of alum and polyelectrolyte dosage requirements,
sludge thickening and dewaterability testing, particle size distributions
and specific gravities, and analyses of heavy metals content of influents,
treated effluents, and sludges.
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TABLE 2. STORM CHARACTERISTICS

Pilot Peak
Rainfall Rainfall Total Plant Overflow Overflow

Storm Start Duration Rainfall Startup Duration Rate
No~ Date Time (hrs. ) (inches) Time (hrs. ) (MGD)

1 09/25/75 1600 6.0 1840 5.25

2 10/09/75 1345 6.6 1810 2.7

3 10/17/75 1815 7.2 2100 6.75

4 11/10/75 0630 4.0 0.22 0830 3.0 7.0
1255 0.7 0.30 1310 1.6 12.1 '

5 11/21/75 0400 5.8 0.50 0815 3.7 7.0

6 12/06/75 0715 2.5 0.60 0830 - 2.25 10.6 '

7A 12/09/75 1130 2.3 0.25 1255 1.1 5.7
7B 12/09/75 2100 9.0 2255 7.5 6.8

8 01/26/76 0400 8.5 0930 14.0

9 02/18/76 0200 7.0 0730 5.0

10 02/18/76 2030 2.25 0.15 2115 2.4 30.0

11 02/21/76 1230 4.5 1315 2.0 30.0

12 03/03/76 0315 6.25 0.45 0530 11.75 30.0

13 03/12/76 1400 2.25 0.30 1500 2.0 10.0

14 03/19/76 0920 7.7 10.0

15 03/31/76 1140 3.2 0.60 1215 3.9 50.0

16 04/21/76 1620 2.6 0.50 1615 2.7 50.0

17 05/11 /76 1130 4.5 0.25 1335 3.5 12.0

18 05/19/76 1145 13.5 1. 51 1250 14.5 30.0

19 06/21176 1830 2.0 1900 1.8
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SECTION 6

FLOCCULATION/SEDIMENTATION

BACKGROUND

Primary sedimentation of raw municipal wastewater has been applied
conventionally at overflow rates (OR) of 24 to 41 m3/day m2 (600 to 1000
gpd/ft2). Typically, suspended solids removal rates of 30 to 60 percent
are attained in this process. .

The OR is the single most important design criteria for sizing of
sedimentation basins (6, 7, 8). Theoretically, depth and detention time
have minor influence on determining removal efficiencies for discrete
particles. However, for flocculent particles, detention time plays a
more important role since settling velocity increases with time of
particle agglomeration. In practice, minimum depths and detention times
are employed based on experience. '

OR is an expres~ion of the upflow hydraulic velocity created in the
basin. Particles with settling velocities greater than the upflow
velocity will be removed. In combined sewer overflows the particle size
distribution is considerably coarser than in typical dry weather flow,
since the high scour velocities created in the sewer suspend larger
particles. It would be expected, then, that ORis applicable to treatment
of CSO might be considerably higher than those applied to dry-weather flow.

The effects of OR on SS removals from municipal wastewater have been
evaluated by several investigators. The ASCE Manual of Engineerinq
Practice Number 36 (71) includes a design curve for selecting OR for a
desired removal efficiency. This is shown on Figure J8. Smith (72)
presented a similar evaluation from analysis of field data and developed
the performance function:

SS Removal Efficiency (%) = 82 e-(OR/2780)

This equation shown on Figure 18 closely approximates the ASCE curve. Both
relationships above were basically ueveloped for municipal dry-weather flows.

An analysis of operating data for primary facilities at Los Angeles
(9) evaluated ORis as high as 163 m3/day m2 (4000 gpd/ft2). These results
indicated that major losses in performance were not experienced until OR
was increased beyond about 82 m3/day m2 (2000 gpd/ft2) (see Fig~re 18). One
of the major reasons why such high ORIs were attainable might have been
the relatively high influent SS concentration (average 500 to 600 mg/l) in
the raw wastewater. This might indicate a relatively coarse solids size
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distribution. This study also indicated that performance was not in
fluenced by flow-through velocities, v, less than 1.2 m/min (4 fpm) , but
sludge resuspension became significant at levels above 1.2 m/min (4 fpm).
Camp (7) has stated that velocities up to 5.5 m/min (18 fpm) may not cause
resuspension, however, designs should incorporate velocities substantially
under 5.5 m/min (18 fpm). Other tests at Los Anqeles (10) showed that
velocities above 1.8 m/min (6 fpm) did not hinder removals when alum and
polyelectrolyte were employed. The selected velocity influences the con
figuration of the basin, high velocities being associated with shallow and
narrow basins. Below the scour velocity, high velocities tend to enhance
velocity gradient flocculation (11).

Data from full-scale primary facilities treating sanitary and wet
weather combined sewage at Toronto, Canada,. has also been published (12).
These data, covering a range of influent SS from 287 to 627 mg/l, show
significant removals at ORis up to 82 m3/day m2 (2000 gpd/ft2). Removals
are shown to be related to influent SS concentration, indicating the
impact of the coarser particle size distribution associated with the
higher SS levels.

OUTLINE OF EXPERIMENTS

A high-rate sedimentation system has been designed for treatment of
wet-weather flows from the Rochester Pure Waters District (13). The
facility is proposed to consist of four units with a total capacity
of 1041 m3/day (275 mgd). Dimensions of each unit are 117 m (384 ft)
x 32.5 m (106.5 ft) x 4.7 m (15.5 ft) deeD. Design parameters included
maximum OR of 81.6 m3/day m2 (2000 gpd/ft2), detention time of 75 min
and flow-through velocity of 1.22 m/min (4.0 ft/min).

The primary sedimentation basin at the pilot plant was intended to
evaluate the chemicals necessary to achieve phosphorous removal through
the flocculation/sedimentation process. However, due to the detergent
ban in New York State, the levels of phosphorous observed in Rochester
CSO have generally been less than 1 mg/l as P even under peak conditions.
These low levels of phosphorous preclude the need for phosphorous removal
as applied to the Rochester CSO.

Alum treatment is incapable of producing phosphorous levels
significantly below those observed. Therefore, chemical treatment (alum
and/or polymers) was evaluated mainly from the standpoint of enhancement
of suspended solids removal. However, a limited amount of testing was
included whereby the influent was spiked with phosphate and the alum
dosage adjusted for phosphorous removal.

The matrix of tests employed in the program is outlined in Table 3.

The pilot plant tests included evaluations of the effect of OR under
four chemical treatment programs. The chemical treatments included: no
chemical addition, polyelectrolyte only, alum + polyelectrolyte, and
phosphorous spiking accompanied by higher alum and polyeletrolyte doses.
Selection of the chemical treatments is discussed in subsequent pages.
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TABLE 3. FLOCCULATION/SEDIMENTATION SYSTEM TEST MATRIX

Pilot
Flowrate OR d.t. v P-Spike Alum Polymer

Storm No. (gpm) (gpd/ft2) (min. ) (fpm) (mg/l ) (mg/l) (mg/l)

1 71 800 38.8 0.8
2 71 800 38.8 0.8
3 133 1500 15.7 2.3
4 124 1407 16.7 2.3
5 165 1870 15.2 2.2
6 165 1870 15.2 2.2
7A 177 2000 14.2 2.2
7B 162 1830 15.6 2.0
8 71 800 78.0 0.24
9 133 1500 42.0 0.45

10 177 2000 31.0 0.59
11 71 800 78.0 0.24 1.0
12 133 1500 42.0 0.45 1.0
13 177 2000 31.0 0.59 1.0
14 177 2000 31.0 0.59
1-5 71 800 78.0 0.24 40 1.0
16 133 1500 42.0 0.45 40 1.0
17 177 2000 31.0 0.59 40 1.0
18 71 800 78.0 0.24 2.13 105 1.0
19 177 2000 31.0 0.59 0.85 105 1.0

The matrix of tests also included evaluations of ORIs of 33, 61 and
82 m3/day m2 (800, 1500 and 2000 gpd/ft2). OR was held constant throughout
the duration of each storm to study the system efficiency under variable
influent solids concentrations. It was considered necessary to evaluate
the performance relative to CSO quality, since some of the area-wide
abatement alternatives considered the use of facilities for treatment of
the first-flush storm component only.

Sludge withdrawal was not employed with any of the tests. Calculations
indicated that sludge accumulation for an average storm of 4 hours duration
would result in an accumulation of less than two inches of sludge. The
sludge layer was sampled at the termination of each test.

Weir overflow rates (WaR) of 84, 63 and 33 m3/day m2 (6800, 5100 and
2700 gpd/ft) of weir were employed at ORIs of 33, 61 and 82 m3/day m2
(800, 1500 and 200 gpd/ft2) respectively, which were low enough to prevent
exit losses of suspended particles.

The 2.67 kg-cal/min (0.25 hp) a~itator employed in the flocculation
basin imparted a velocity gradient (G) of approximately 120 sec-l . This
resulted in mixing intensities (GT) of 42,000 to 104,000, values typically
associated with flocculation systems.
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CHEMICAL TREATMENT REQUIREMENTS

In order to select the types and dosages of chemicals to be employed
in the pilot tests, a number of laboratory jar tests were conducted using
Rochester CSO. A range of polyelectrolyte types were tested in conjunction
with an alum dosage of 50 mg/l. Figure 12 indicates the comparison of the
performance of several polyacrylamides based on the charged functional
groups. These data indicate increasing performance with increasing anionic
content of the polyelectrolyte. A highly anionic polyacrylamide (Nalcolyte
676) was selected for use in all testing at the pilot facilities.

'"' __ --t- _Alum~l£!:!e...: !!£ polyme!-:::>
tlO

:/e/ \\
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tests w/50 mg/I alumt:8 All
a + I mg / I polymer
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l- i i ~e_-14
~ .-:::>
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(f) I1.1J
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FIGURE 12. Comparison of Polyelectrolyte Types

The same trend was verified when the data of Nebolsine, et al. (14)
were evaluated. That report presented the results of filtration of CSO
when employing a variety of polyelectrolytes from many suppliers. When
compared on the basis of charged functional groups it was a~ain noted
that flocculation of CSO responded best to hiqhly anionic polyelectrolytes.

The effect of polyelectrolyte dosage is indicated on Figure 13. A
typical dosage of 1.0 mg/l was anticipated to provide optional flocculation,
and was verified by this test.
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FIGURE 13. Selection of Polyelectrolyte Dosage

Alum dosage requirements were established by testing samples of csa
taken during several intervals throughout a storm. Figure 14 shows test
results when several alum doses were tested on each CSO sample. It is
noted that for all portions of the storm, optimal results were attained
with an alum dosage of approximately·40 mg/l.

SUSPENDED SOLIDS REMOVAL

Appendix B presents the results of the SS analysis of influent and
effluent data for the flocculation/sedimentation basin. These plots
indicate results as the samples were taken, and are not adjusted for
the detention time in the unit. From these curves, influent data were
lagged by the theoretical detention time in the treatment unit and SS
removal rates were calculated for each 20 minute increment. Multiple
regression analysis was then conducted between the SS removal rates,
surface overflow rate,and the concentration of influent suspenoed solids
for three chemical treatment conditions. A statistical fit to the pilot
plant data was obtained in the form of the following equation:

Log (ce/ co) = Kl + K2 log Q + K3 log Co
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where

ce/co = fraction of 55 remaining
Q= flow throu~h the flocculation/sedimentation basin (gpm)

Co = influent suspended solids concentration in the unit (mg/l)
Kl,K2,K3 = regression coefficients representing different chemical

treatments
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FIGURE 14. Variation in Alum Demand

Results of the regression analyses are indicated in Tables 4, 5, and
6. In all three cases the regression coefficients indicated the following
trends: (a) percent removal of 55 decreases as the hydraulic loading to the
system increases and (b) percent removal of 55 increases as the influent
55 concentration increases. The magnitude of the regression coefficients
associated with hydraulic loadings in all cases indicate a fairly minor
effect of applied flowrate within the test range on 55 removals; 'T I values
(measure of the statistical significance of the regression coefficients)
associated with the flowrate data indicate degrees of confidence of > 99,
75 and 55 percent, respectively, for treatments of no chemicals, polymer
only and alum plus polymer. The influent concentration of 55 has a major
effect on the percentage removal of 55; 'T I values associated with the
influent 55 data in all cases represent degrees of confidence greater than
99 percent.

The performance equations were derived from the regression analysis by
providing the"conversion OR = Q x 11.3.
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For no chemical treatment:

log (ce/co) = 1.71 + 0.072 log Q - 0.836 log Co

ce/c o = 43.4 (OR)0.072 (co)-O.836

For treatment with anionic ,polymer:

log (ce/co) = 1.20 + 0.175 log Q - 0.806 log Co

ce/co = 10.3 (OR)0.175 (co)-0.806

For treatment with alum plus anionic polymer:

log (ce/co) = 0.765 + 0.193 log Q - 0.775 log Co

ce/co = 3.63 (OR)0.193 (co)-0.775

where ce = effluent SS concentration (mg/l), Co = influent SS concentration
(mg/l), Q = applied pilot plant flowrate (gpm) and OR = overflow rate
(gpd/ft2) .

TABLE 4. MULTIPLE REGRESSION ANALYSIS OF FLOCCULATION/SEDIMENTATION DATA:
NO CHEMICAL TREATMENT

Standard Correlation -Regression Std. Error Computed
Variable Mean Deviation Xvs Y Coefficient of Reg. Coef. T Value

Log Q 1.07
Log c£ 2.45

1.054
0.225

-0.131
-0.855

0.072
-0.836

0.010
0.048

7.08
-17.4

Intercept 1.71
Multiple Correlation 0.934
Std. Error of Estimate 0.063
Analysis of Variance for the Regression

Degrees Sum of
Source of Variation of Freedom Squares

Attributable to Regression 2 1.23
Deviation from Regression 45 0.179

Mean
Squares

0.618
0.0039

F Value

154.8

Total 47
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TABLE 5. MULTIPLE REGRESSION ANALYSIS OF FLOCCULATION/SEDIMENTATION DATA:
TREATMENT WITH ANIONIC POLYMER

Standard Correlation Regression Std. Error Computed
Variable Mean Deviation X vs Y Coefficient of Reg. Coef. T Value

Log Q 2.16 0.118 0.496 0.175 0.146 1.19
Log Co 2.42 0.220 -0.908 -0.908 0.078 -10.2
Dependent
Log (celco) -0.373 0.206

Intercept 1.20
Multiple Correlation 0.912
Std. Error of Estimate 0.086
Analysis of Variance for the Regression

Degrees Sum of Mean
Source of Variation of Freedom Squares Squares F Value

Attributable to Regression 3 1.13 0.566 74.9
Deviation from Regression 30 0.226 0.0075

Total 32 1. 36

TABLE' 6. MULTIPLE REGRESSION ANALYSIS OF FLOCCULATION/SEDIMENTATION DATA:
TREATMENT WITH ALUM AND ANIONIC POLYMER

Variable Mean
Standard Correlation Regression Std. Error Computed
Deviation X vs Y Coefficient of Reg. Coef. T Value

Log Q 2.00 0.172
Log Co 2.443 0.253
Dependent
Log (ce/c~) -0.741 0.298

Intercept 0.765
Multiple Correlation 0.684
Std. Error of Estimate 0.225

0.197
-0.675

0.193
-0.775

0.244
0.166

0.792
-4.667

Analysis of Variance for the Regression

Source of Variation
Degrees Sum of Mean

of Freedom Squares Squares F Value

Attributable to Regression
Deviation from Regression

Total

2
27

29

34

1.20
1. 37

2.57

0.603
0.050

11.8



, The regression equations are plotted on Figures 15, 16 and 17. Also
plotted on these Figures are the experimental results for the test series
at hydraulic loadings of 33, 61 and 82 m3/day m2 (800, 1500 and 2000
gpd/ft2). It is noted that the chemical treatments result in significantly
enhanced SS removals at all influent SS concentrations. It is a~so noted
that only minor perfo3mance losses are incurred by raising the overflow
rates from 33 to 82 m/day m2 (800 to 2000 gpd/ft2). This indicates that
overflow rates greater than 82 m3/day m2 (2000 gpd/ft2) shouid be evaluated,
especially with the chemical treat~ents. It should be emphasized that
the performance equations apply to only ORis up to 82 m3/day m2 (2000
gpd/ft2) and influent SS concentration up to 800 mg/l. Results outside
of these ranges should not be extrapolated.
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FIGURE 15. Performance of Flocculation-Sedimentation System @800 gpd/ft2

SCALEUP CONSIDERATIONS

Camp (7, 47) has presented a comprehensive consideration of factors
involved in scaleup of the design of sedimentation systems. While overflow
rate is the most important design parameter, a number of other design
factors affect performance, particularly when dealing with flocculent
suspensions. For example, flocculation is affected by detention time,
differences in particle settling velocities, and velocity gradients in
the liquid. Turbulence due to density currents or high velocities can
retard settling or result in scour from the bottom. Entrance and exit
designs also affect performance. Camp (7) has demonstrated that the de
gree of short-circuiting in a basin is a function of the Froude"number
of the horizontal flow. Thus there may be some rationale for the appli
cation of Froude Law scaling relationships. However, neither scaleup by
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overflow rate nor Froude Law take into account the effect of detention time
on flocculation. I

Figur~ 18 presents a comparison of loading-performance relationships
derived from several sources. Some commonly accepted relationships for
domestic sewage are illustrated for comparison. Results of treatment of
CSO at the Humber plant in Toronto (12) are shown (six primary tanks 34 ft
x 327 ft x 10 ft deep). Results were presented for several ORIs and for
different storm intervals. The influent SS concentrations covered a range
from 287 to 627 mg/1. Removals predicted by regression analysis of the
Rochester data are presented for the same range of influent SS concentra
tion. All data apply to treatment without chemicals. At the higher
loading rates, performance results in Toronto and Rochester were similar,
while treatment at the lower loading rates were slightly better for
Toronto CSO.

Also indicated on Figure 18 are removals predicted from Rochester CSO
particle size analyses (see Section 6). Actual SS removals are in agree
ment with the removals expected from the calculated particle settling
velocities.

~ Rochester eso Regression ~o =287-627 mgt!)

I Toronto eso (Co= 287-627mgll)

NOTE: Performance functions of ref.
9.67.71 8 72 are far domestic

(ref.9) sewage.
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FIGURE 18. Loading-Performance Relationships: Flocculation/Sedimentation
System
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REMOVAL OF OTHER CONSTITUENTS

Removals of other parameters were evaluated on a storm-average basis.
Listings of minimum, maximum, arithmetic means, geometric means and
standard deviations of influent and effluent data are included in Appendix
B. Table 7 represents the geometric mean or median data for each storm
and parameter tested in Rochester, N.Y.

VSS removals were generally higher than the correspondin9 SS removals.
Average VSS removals were 37 percent without chemical treatment, 47 percent
with the addition of polymers and 79 percent with alum and polymers. Set
tleable solids removals were 52, 58 and 94 percent for no chemical treatment,
polymer addition, and alum + polymer treatment, respectively.

BOD5 removals also showed an increase with chemical addition. Median
removals were 21 percent for no chemical treatment, 37 percent with polymer
addition,and 61 percent for alum + polymer treatment. Average TOC removals
were 11, 29 and 47 percent for the above three chemical treatments respec
tively. Oil and grease removals were 27 percent without chemicals and 35
percent with the addition of alum plus polymer. The effluent pH values
ranged from 5.9 to 7.8 without alum, and 5.4 to 7.5 when alum was used.

No appreciable TKN removals were observed in the F/S system under each
of the three treatment conditions. TIP removals average 8 percent with no
chemical treatment, 11 percent with polymer addition, 71 percent with
alum (40 mg/l) and polymer, and 71 percent when phosphorous was spiked
(1-2 mg/l as P) and an alum dose of 105 mg/l was used in conjunction with
polymer.

Table 8 shows the percent VSS of 5S for influent and effluent samples
from the F/S system. Mean percentage of VSS in the CSO for all storms was
48.6 and 38.6 percent for effluent samples; 84 percent of the storms showed
a decrease in percent VSS for the effluent samples.
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TABLE 7. FLOCCULATION/SEDIMENTATION SYSTEM: MEDIAN REMOVALS,

SS Data VSS Data SETTS Data BOD5 Data
(mg/I) (mg/I)

% ~edian ~~a{;~
(mg/I)

Storm Medlan Medlan % Median Median % Median Median %
No. Infl. Effl. Removal Infl. Effl. Removal Infl. Effl. Removal Infl. Effl . Removal

1 132.29 236.16 -78.52 24.98 32.00 - 28.10 7.82
2
3 137.72 122.49 11.06 58.98 48.43 17.89 2.64 94 64.39 29.63 35.68 - 20.42
4 164.65 194.13 -17.90 92.09 75.11 18.44
5 71.13 93~9B -32.12 31.44 82.41 -162.12 340.97 500.07 - 46.66

w 6 87.75 123.36 -40.58 49~84 46.34 5.02 1.83 1.61 12.02 20.58 13.86 32.65
\0 7A 262.38 223.14 14.96 158.19 87.59 44.63 5.36 2.81 47.57 82.47 78.63 4.66

7B 74.42 50.33 32.37 46.44 15.89 f)5.78 .41 .24 41.46 21.74 19.96 8.19
8 189.12 197.30 - 4.33 105.67 57.51 45.58 2.13 1.04 51.17 71.46 88.58 - 23.96
9 302.58 180.10 40.48 158.54 80.53 49.21 1. 71 . 15 91.23 30.18 23.38 22.53

10 190.48 229.44 -20.45 83.65 86.46 - 3.36 1.24 .54 56.45 51.32 42.25 17.67
11 ,171.35 120.88 29.45 85.84 57.99 32.44 1.55 .92 40.65 37.27 25.86 30.61
12 266.01 112.06 57.87 146.04 54.40 62.75 2.52 .81 67.86 77 .~2 32.52 58.21
13 195.49 11 9.97 38.63 132.12 70.03 46.96 4.00 1.41 64.75 102.25 79.97 21.79
14 330.72 199.71 39.61 133.59 67.89 49.18 6.·73 1. 76 73.85 135.12 83.92 37.89
15 449.56 34.67 92.29 162.15 6.65 95.90 7.10 .13 98.17 121 .37 30.40 74.95
16 445.37 74.50 83.27 155.25 26.64 82.84 1.40 .26 81.43 48.71 27.73 43.07
17 162.52 50.98 68.63 79.20 17.60 77.78 8.45 .19 97.75 126.26 64.76 48.71
18 151.82 55.60 63.38 74.12 13.40 81.92 5.88 .10 98.30 71.43 19.74 72.36
19 i8'3.59 59.21 67.75 41.05 17.55 57.25 2.24 .10 95.54 35.58 11.24 68.41

, '

(continued)



TABLE 7. (continued)

COD Data TOC Data O&G Data
(mg/l) (mg/1) (mg/1) pH Data

Storm Median Median % Median Median % Median Median % Median Median
No. Inf1. Eff1. Removal Inf1. Eff1. Removal Inf1. Eff1. Removal Inf1. Eff1 .

1 7.93 10.23 - 29.00 16.87 20.07 - 18.97 9.34 21.00 -124.84 6.18 6.04
2 28.23 32.74 - 15.98 48.22 42.93 10.97 28.92 9.90 65.77 5.72 5.90
3 97.00 20.45 19.99 2.25 24.19 24.04 .62 5.90 6.02
4
5 37.65 109.67 94.53 13.81 20.36 6.86 66.31 6.21 6.63

.j:::> 6 25.41 27.95 - 10.00 30.55 29.12 4.68 1.. 27 1.33 - 4.72 6.80 6.19
0

7A 54.04 55.53 - 2.76 61.66 60.91 1.22 7.07 7.26
7B 25.42 24.77 2.56 14.15 14.25 - .71 7.02 7.13
8 86.49 155.79 - 80.12 48.31 48.36 - .10 6.51 6.44
9 11.04 12.99 - 17.66 31.3Y 28.55 9.05 7.17 7.40

10 15.69 24.35 - 55.19 44.01 39.75 9.68 7.16 7.04
11 26.27 16.72 36.35 8.09 7.85
12 30.59 21.44 29.91 6.68 6.76
13 60.46 48.66 19.52 64.17 63.96 .33 7.00 7.00
14 114.47 72.70 36.49 46.67 33.33 28.58 7.63 7.78
15 55.94 30.88 44.80 41.55 8.64 79.21 7.20 7.50
16 47.71 26.87 43.68 27.41 14.07 48.67 7.12 6.99
17 67.29 28.75 57..27 38.48 76.39 - 98.52 6.86 7.09
18 44.90 26.56 40.85 50.87 51.54 - 1.32 6.97 5.41
19 19.16 11.70 38.94 54.39 51.94 4.50 7.61 6.82

(continued)



TABLE 7. (continued)

TKN Data TIP Data Aluminum Data
(mg/l) (mg/1) (mg/1)

Storm Median Median % Median Median % Median Median %
No. Inf1. Eff1. Removal Inf1. Eff1. Removal Inf1. Eff1 . Removal

1 .29 .63 -117.24 .10 .12 - 20.00
2 2.63 3.18-20.91 .24 .33 - 37.50
3 1.10 1.44 - 30.91 .26 .24 7.69
4
5 6.20 5.98 3.55 1.49 1.29 13.42 1.67 2.16 - 29.34

-t::> 6 2.50 2.29 8.40 .55 .55 .00 2.28 2.11 7.46
I-' 7A 4.57 5.16 - 12.91 .63 .71 - 12.70 .60 1.45 -141.67

7B 1.22 1.36 - 11.48 .18 .23 - 27.78 .50 .46 8.00
8 3.05 3.85 - 26.23 .42 .84 -100.00 1.09 1.27 - 16.51
9 .77 1.21 - 57.14 .22 .21 4.55 5.67 4.23 25.40

10 .81 1.16 - 43.21 .26 .33 - 26.92 4.76 4.47 6.09
11 2.45 2.67 - 8.98 .29 .31 - 6.90 .61
12 3.39 3.06 9.73 1.16 1.03 11. 21 .75 .33 56.00
13 5.42 5.59 - 3.14 .62 .64 - 3.23 .05
14 4.12 4.56 - 10.68 .82 .79 3.66 3.06 1.62 47.06
15 4.17 3.98 4.56 .86 .19 77.91 1.26 1.33 - 5.56
16 2.25 2.99 - 32.89 .31 .35 - 12.90 2.94 2.57 12.59
17 3.47 4.87 - 40.35 .56 .21 62.50 1.12 2.93 -161.61
18 2.70 3.71 - 37.41 2.63 .81 69.20 l.77 14.10 -696.61
19 1.33 1.20 9.77 1.05 .29 72.38 6.96 9.85 - 41.52



TABLE 8. PERCENT VSS OF SS-FLOCCULATIOtI/SEDIMENTATION SYSTEM

Storm No. Inf. SS Inf. VSS Inf. % Vol. Eff. SS EFF. VSS Eff. % Vol.

1 132.29 24.98 18.88 236.16 32.00 13.55
2
3 137.72 58.98 42.83 122.49 48.43 39.54
4 164.65 92.09 55.93 194.13 75.11 38.69
5 71.13 31.44 44.20 93.98 82.41 87.69
6 87.75 49.84 56.80 123.36 47.34 38.38
7A 262.38 158.19 60.29 223.14 87.59 39.25
7B 74.42 46.44 62.40 50.33 15.89 31.57
8 189.12 105.67 55.87 197.30 57.51 29.15
9 302.58 158.54 52.40 180.10 80.53 44.71

10 190.48 83.65 43.92 229.44 86.46 37.68
11 171.45 85.84 50.10 120.88 57.99 47.97
12 266.01 146.04 54.90 112.06 54.40 48.55
13 195.49 132.12 67.58 119.97 70.08 58.41
14 330.72 133.59 40.39 199.71 67.89 33.99
15 449.56 162.15 36.07 34.67 6.65 19.18
16 445.37 155.25 34.86 74.50 26.64 35.76
17 162.52 79.20 48.73 50.98 17 .60 34.52
18 151.82 74.12 48.82 55.60 13.40 24.10
19 183.59 41.05 22.36 59.21 17.55 29.64
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SECTION 7

SWIRL CONCENTRATORS

BACKGROUND

The swirl concentrator has been developed following demonstration of
a vortex regulator by Smisson (15) who noted that the device permitted
solids separation in addition to functioning as an overflow regulator.
Swirl concentrators achieve removals of suspended solids by rotationally
induced forces causing inertial separation in addition to vertical gravity
sedimentation during relatively short detention times. Originally developed
as a CSO regulator (16, 17) the concept has been refined and extended to
selective grit removal (18) and attainment of primary removal efficiencies
(12) .

Mathematical and hydraulic modeling have been conducted in the studies
cited above. These models were developed using synthetic materials
simulating the particle size distributions and specific gravities of grit
and organics found in domestic sewage and CSO. The models are also being
verified by testing in prototype and pilot facilities using actual sanitary
wastewater and CSO at Lancaster, PA~(U.S. EPA Grant No. S-802219), Denver,
CO. (64), Toronto, Onto (12), and Syracuse, NY (22). Original development
work (12, 16, 17, 18) has presented a serles of design curves relating
anticipated performance to design capacity and other design parameters.

Structurally, swirl regu:ators/concentrators, swirl degritters, and
swirl primary separators incorporate distinctly different features. Some
of these differences are illustrated on Figures 19, 20 and 21. The selected
configuration for each application is a result of consideration of hydraulic
principles and testing on a variety of physical models. Distinct differ
ences are noted in weir configurations, baffling and floor layouts. The
units also differ in design features such as inlet velocities, D2/Dl (unit
diameter/inlet dimension) ratios, and Hl/Dl (weir height/inlet dimension)
ratios. The swirl regulator and degritter studies have presented results
for units with D2/ul ratios of 6, 7.2, 9 and 12. The swirl primary
separator study employed a unit with D2/Dl ratio of approximately 15.

Performance results in each of the above studies were scaled from
model results to predicted prototype results by using Froude Law scaling
relationships. Model to prototype conversion used the Froude number

v2
NF = 95

for scaling of unit dimensions, where NF = Froude number, v = velocity,
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g = acceleration due to gravity and s = reference length.

Since v = Q/A and area, A, is a function of the square of the inlet
diameter 01

therefore, NF = [Q2 J
°1 5

Froude number scaling thus employs the relationship:

Q model _[ °1 model J5/2
Q prototype - Dl prototype

for scaling of hydraulic flows. Geometric similarity must be maintained
between model and prototype. In addition. foul fraction (percent of flow
which is wasted) must be the same in prototype as in the model.

In a similar manner, particle settling velocities were also scaled
in the above studies using Froude Law relationships. Since

i
NF = f (-s-)

scaling of settling velocities employs the relationship

v2 prototype = 02 prototype = A
v2 model 02 model

where A = scale factor.

Since settling velocity is dependent on particle diameter and specific
gravity, the above studies employed synthetic materials to represent
settling velocities in the model studies. These represented scaled-down
settling velocities from prototype scale for expected particle size
distributions and specific gravities. The regulator studies used gilsonite
and polythene, the degritter studies used sand, gilsonite and pumice, and
the primary separator studies used petrothene and IRA-93 anion exchange
resin to simulate, respectively, solids in CSO, grit in domestic sewage,
and organics in domestic sewage.

The swirl regulator and the degritter studies reported effects of
varying the Hl/Ol ratio. Although results showed some impact on the
performance within the range tested, the effect was minor in comparison
to other design parameters. Selection of other unit dimensions is in
conformity with maintaining geometric similarity between model and
prototype.

The early work of Smisson on regulators/concentrators employed foul
fractions of 30 percent using a vortex device. Later studies (12, 16,
17, 18) demonstrated removals using foul fractions in the range of 2 to 3
percent. The regulator study (16) presented results indicating that
removal efficiency improved as foul fraction was increased from 3 to 30
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percent. Foul fractions employed in the Rochester work are discussed in the
subsections below.

OUTLINE OF EXPERIMENTS

Testing of the swirl degritter and primary separator was directed
toward evaluating the effects of hydraulic loading and variable influent
quality on removal efficiencies when treating Rochester CSO.

A matrix of tests was established whereby the swirl degritter and
primary separator units were evaluated at five f10wrates from 0.95 to 4.4
lIs (15 to 70 gpm) without chemical treatment. Flowrate was held constant
throughout the duration of each storm to observe the system efficiency
und~r variable influent solids concentrations.

Several of these tests were repeated in the program employing chemical
treatments (polymer alone and alum plus polymer with and without phosphorous
spiking). Selection of chemicals and dosages is described in Section 5.

Table 9 lists the matrix of tests conducted for the swirl degritter
and primary separator units. Also shown on this Table is the foul
percentage employed during each test. Grit withdrawal from the swirl
degritter was conducted intermittently at 20 minute intervals. Sludge
withdrawal for the swirl primary separator was carried out on both an
intermittent and continuous basis. For intermittent withdrawal ~ the sludge
was extracted at 20 minute intervals. Continuous sludge withdrawal was
conducted utilizing hydraulic pressure differentials which forced the sludge
through a L.54 cm (1 in) line at rates ranging up to 0.3 l/s (5 gpm).

TABLE 9. SWIRL DEGRITTER AND PRIMARY SEPARATOR TEST MATRIX

0.26 0.53
0.46 0.92
0.44 0.88
0.33 0.67
0.26 0.53
0.47 0.87 1.0
0.30 0.44 1.0
0.39 0.48 1.0
0.58 0.63 40 1.0
0.52 0.46 40 1.0
0.73 0.90 1.55 105 1.0
0.72 0.52
1.12 1.26 1.37 105 1.0

(conti nued )
46

Storm F10wrate
No. (gpm)

1 30
2 30
3 40
4 50
5 30
6 30
7A 30
7B 50
8 30
9 50

10 50
11 40
12 50
13 30
14 50
15 40

Foul Percentage

Degritter P/S*

*. PIS Chemical Addition
P Alum Polymer

(mg/l) (mg/l) (mg/1)



TABLE 9. (continued)

Foul Percentage PIS Chemical Addition
Storm Flowrate P Alum Polymer

No. (gpm) Degritter P/S* (mg/l) (mg/l) (mg/l)

16 50 0.22 2.4** 1. 37 105 1.0
17 70 0.34 2.7**
18 15 0.43 9.6**
19 50 40 1.0

* PIS - 5\'1i rl primary separator ** - Sludge continuously drawn

Scaling of hydraulic flows from model to prototype uses Froude Law
relationships as discussed earlier. The inlet pipe diameters, (Dl), for the
degritter and primary separator swirl units were 15 and 10 em. (6 and
4 in), respectively. The unit diameters, (D2)' were 0.91 and 1.83 m
(3 and 6 ft), respectively .. Thus the D2/01 ratios employed in these
designs were 6 and 18, respectively. Table 10 shows the flowrates tested
in the pilot plant and indicates the Froude number and flowrate for a 11 m
(36 ft) diameter prototype unit, corresponding to each model flowrate.
This Table also indicates the detention time in the model at each flowrate.

TABLE 10. SWIRL DEGRITTER AND PRIMARY SEPARATOR: MODEL AND PROTOTYPE FLOWRATES

D. T. in Influent Prototype D.1. in
Model Flowrate ~1ode1 Froude Flowrate protot)pe
(gpm) (mgd) (min) Number (mgd) (min
Swirl Degritter
3 ft dia model 6 ft dia prototype

15 0.022 4.7 0.0018 0.12 7.8
30 0.043 2.4 0.0072 0.24 3.9
40 0.058 1.8 0~0128 0.33 2.8
50 0.072 1.4 0.0200 0.41 2.3
70 0.101 1.0 0.0392 0.57 1.6

Swirl Primary Separator
6 ft dia model 36 ft dia prototype
15 0.022 41. 3 0.0137 1.9 105.3
30 0.043 20.7 0.0547 3.8 52.6
40 0.058 15.5 0.0972 5. 1 39.2
50 0.072 12.4 0.1518 6.3 31.8
70 O. 101 8.8 0.2977 8.9 22.5

Particle size distributions for Rochester CSO were measured for
several samples following storms 14, 15 and 17. These samples included
composites of influent CSO for the first and second half of each storm and
full-storm composites of effluents from the swirl degritter and swirl
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primary systems.

Particle size distributions were determined by passing wet samples
across individual screens ranging in size from 74 to 1000 microns. SS
determinations were conducted before and after screening. A small sample
volume was applied per surface area of screen to prevent matte formation.
The sample was initially deflocculated by adding 10 mg/l of detergent.
Results of the screen analysis are presented in Table 11. Results of the
influent CSO analyses are plotted on Figure 22 as a log-probability plot of
percent finer versus particle size. Figure 22 also shows CSO particle size
distributions presented in the APWA studies (18~64)for samples from
Lancaster, PA, and San Francisco, CA. It is noted the the Rochester samples
exhibited size distributions slightly finer than the other locations.

TABLE 11. PARTICLE SIZE DISTRIBUTIONS*

Swirl Swirl Primary
CSO Degritter Separator

Size Range Storm Effl. Effl.
(microns) No. 1st Half 2nd Half Compos. Compos.

>1000 14 0 54

] 16 ]841-1000 27 0
595-841 1 0 0
420-595 6 8
180-420 6 10 2 0
149-180 0 8 2 22
74-149 74 18 54 8

<74 280 192 208 148
394 290 282 178

>1000 15 0 10

] ]841-1000 30 10 8
595-841 20 10 0
420-595 50 0
180-420 10 5 20 20
149-180 30 5 16 0
74-149 60 70 40 0

<74 480 150 254 68
680 260 330 , %

>1000 17 36 0

] 41 ]841-1000 10 2
595-841 20 5 0
420-595 10 0
180-420 30 14 14 4
149-180 0 2 0 8
74-149 20 15 5 4

<74 170 48 135 80
296 86 195 96

* Results as SS (mg/l)
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Specific gravity of dried sludge solids was determined following
Storm No. 14 for a composite of swirl degritter and swirl primary
separator sludges. The specific gravity of the combined grit and
organic solids was determined as 1.70.

SHIRL DEGRITTER

Denver (64) and LaSalle (18) swirl de9ritter performance studies
were conducted on a 1.83m (6 ft) diameter prototype unit and a 0.9m (3 ft)
diameter pilot scale unit, respectively. Both studies concluded that the
swirl degritter could be effectiv~ly used to remove grit solids from all
vrastewater flows at application rates higher than those employed in con
ventional aerated grlt chambers.

The LaSalle study (18) was conducted to determine a design procedure
for the removal of grit solids using the swirl concentrator concept.. The
pilot scale model consisted of a 0.9m (36 in) diameter separation chamber
with a height of 1.02m (40 in). The influent pipe diameter was varied
to test the model at different operating conditions. Simulated materials
such as Gilsonite, pumice and fine sand were used to simulate grit material
found in combined sewage. The model was scaled up to a prototype unit by
using Froude Law relationships for both mass flow and particle settling
velocity.

The Denver (64) study was essentially an extension of the LaSalle
study (18), but conducted on a prototype scale using real .sewage. The per
formance of this unit was also compared to the efficiency of a conventional
aerated grit chamber (AGC). The swirl de~ritter unit consisted of a 1.83m
(6 ft) diameter separation chamber with a 30.4 cm (1 ft) diameter influent
pipe. The grit was defined as that component having a diameter greater
than 0.20 mm and a specific gravity greater than 2.65. Chasick samplers
were installed at the influent and effluent ends of the swirl degritter
to measure grit greater than 0.2 mm in size ..

The LaSalle report (18) calculated the grit removal efficiencies of
various grit chamber diameters at different scaled-up flowrates. This report
also presented a design curve for 80 to'95 percent range of grit removal
efficiencies of the swirl degritter.

In the Denver (64) study, two series of tests were conducted. In the
first series, only real sewage was applied to the swirl degritter, whereas
in the second series of tests, dry blastin9 sand, size 0.25 mm, was added
to the sewage after it was pumped from the influent channel. Grit removal
was measured as the weight of dry grit recovered and the weight of grit
ash recovered. The percentage removal of grit ash in the swirl degritter
ranged from 6& to 84 percent during the first series of tests. The grit
removals in the second series of tests were higheranduniform for the lower
applied flows. However, the removals at the hi9her flow rates (2.0 and
3.0 mgd) were erratic and at times indicated negative removals.
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Grit Definition

Grit is generally defined as particles greater than or equal to 0.2 mm
with a specific gravity of 2.65, thus possessing a settling velocity of
2.6 em/sec (0.085 ft/sec) or greater. The specific gravity of GSQ solids
measured for Storm No. 14 was 1.70. Therefore, particles of 0.3-mm size or
above would have a settling velocity of 2.6 em/sec (0.085 ft/sec) or greater.
For the particle size distributions measured during Storm numbers 14, 15 and
17, the percentage of solids with particle size greater than 0.3 mm was
calculated. These are shown in Table 12.

TABLE 12. GRIT SOLIDS DISTRIBUTION

Storm

14
14
15
15
17
17

Duration

1st half
2nd half
1st half
2nd half
1st half
2nd half

Wt. %of Particles> 0.3 mm

8.6
22.0
14.7
11.5
25.7
8.1

The percentage of particles greater than 0.3 mm has been defined here
as the percentage of grit in the influent GSO. It was attempted to

. correlate percentage. of grit with the infiuent SS level, but no strong
correlation was observed. Therefore, the arithmetic mean value of grit in
the influent GSO has been used as a measure of the concentration of grit in
untreated GSO.

Prototype Swirl Degritter Performance

The particle size distributions tested in the model translate to a
differe~t size distribution when scaled to prototype. Figure 23 shows the
mean particle size distribution of the influent to the swirl degritter for
three overflow events.

Particle settling velocities are scaled from model to prototype by
multiplying by the square root of the scale- factor A. A new particle size
distribution is thus obtained for the prototype by entering a chart of
settling velocity versus particle size and specific gravity such as those
found in the APWA reports (18, 64). The results of these calculations are
presented on Table 13 for the particle size distributions measured in the
Rochester work. The 1.8 m (6 ft) diameter prototype size distributions are
shown on Figure 23. It is noted that the particle size distribution for the
prototype swirl degritter does not differ greatly from that of the pilot
scale model. Therefore, the prototype swirl degritter performance
equations have been developed by assuming the same particle size
distribution as was observed in the pilot scale unit.
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TABLE 13. SWIRL DEGRITTER MODEL TO PROTOTYPE SCALING OF PARTICLE SIZES;
S.G. = 1.70

Model Assumed Ave. Infl. Settling Velocity Prototype
Size Range Model Size Distrib. (cm/sec) Size
(microns) (mm) (%) Model Proto. (mm)

Model dia. = 3 ft ~ Prototype dia. = 6 ft ~ A = 2

>1000 1.4 5.0 9.0 12.7 2.8
841-1000 0.92 3.9 7.0 9.9 1.7
595-841 0.71 2.8 5.8 8.2 1.1
420-595 0.50 3.7 4.2 5.-9 0.75
180-420 0.27 3.7 2.0 2.8 0.31
149-180 0.16 2.2 0.8 1.1 0.18
, 74-149 0.10 12.8 0.4 0.6 0.13
<74 0.04 65.8 0.07 0.1 0.04

Results and Performance

In the Rochester CSO analysis~ it has been assumed that changes in
particle settling velocity distributions are reflected in the influent grit
solids concentration. That is~ conditions such as high sewer velocities
which tend to scour heavier particles also result in higher influent grit
solids concentrations. Performance of the degritting unit was thus related
to influent grit solids concentration levels and the flow through the swirl
degritter. Influent and effluent SS results across the swirl degritter
are plotted in Appendix A. The pilot scale monel was scaled from a
0.91 m (3 ft) diameter unit to a 1.83 m (6 ft) diameter unit to compare
performance with the data obtained from the LaSalle and Denver studies.

Multiple regression analysis was conducted to statistically fit an
equation to the pilot plant data. The following equation was obtained
from the analysis:

ge/go = kl + K2 Log Q+ K3 Log Co

where ge/go = Fraction of grit remaining
Q= Flow through the swirl degritter (gpm)

Co = Influent suspended solids concentration in the unit (mg/l)
Kl~K2~K3= Regression coefficients

It was assumed that grit loading to the unit varied with the measured
influent SS concentration and that grit solids represented approximately
15 percent of the influent SS concentration (Table 12).

The developed regression coefficients of flow and influent SS in
dicated that the performance decreases with increase in flow through
the swirl degritter and increases with increasing concentration of SS.
The results obtained from the above regression analysis are shown in
Table 14. The 'T' Values associated with the flow and influent SS
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represent degrees of confidence above 70 percent and 99 percent, respective
ly. The IF I value gives an indication of the statistical significance of
the regression expression. In the above analysis, the IF' value represents
a degree of confidence greater than 99 percent. The final regression
equation obtained for the 3 ft diameter pilot system is as follows:

ge/go = 1.36 + 0.217 log Q - 0.653 log Co

Results of the regression analysis are indicated on Figure 24 after
scaling flowrates to a 1.8 m (6 ft) diameter prototype. Figure 24 indicates
that performance is affected not only by hydraulic loading but also by
influent grit concentrations. The dotted line on Figure 24 indicates
anticipated grit removals for the median concentration of solids in CSO
at the Rochester pilot plant location.

TABLE 14. REGRESSION ANALYSIS OF PILOT PLANT SWIRL DEGRITTER DATA

Standard Correlation Regression Std. Error Computed
Variable Mean Devi ati on X vs Y Coefficient of Reg. Coef. T Value

Log Q 1. 57 .161 .142 .217 .198 1.09
Log Co 2.28 .261 -.400 -.653 .122 -5.32
Dependent
ge/go .215 .440
Intercept 1.36
Multiple Correlation .408
Std. Error of Estimate .404

Analysis of Variance for the Regression

Degrees Sum of Mean
Source of Variation of Freedom Squares Squares F Value

Attributable to Regression 2 5.26 2.63 16.1
Deviation from Regression 161 26.3 .163

Total 163 31.5

Study Comparisons

Figure 24.indicates results of the swirl degritter studies at LaSalle
and Denver, both for a 1.8 m (6 ft) diameter unit. The LaSalle design
curve is based on hydraulic modeling using sand, gilsonite and pumice. The
Denver results express removals for grit in domestic sewage arid also include
some tests with sand added to domestic sewage. It is noted that the Denver
data indicate grit removals significantly lower than removals predicted by
the LaSalle modeling. The Rochester CSO data illustrate a trend

54



o

I.5Denver data

I

90

-- Regression analysis of Rochester data
A La Salle data
o Denver data

---- Median GS concentrations Rochester data

9 0 ~ Grit Solids
go" 15 % of Influent 55

70

<:;:90 .. 75 moll A

Median co-nc-.-'-n---=--------______ -.-------

Roch C$O ~ ~ ~ 90" 60m~A
90' 1... _ _ _ go.• 45 mgll 0 ""_

80 ----- 1 ~La Salle data

I ~A
~ --A-

I

10

IIIo
::i 60
o
III

~ 5
C)

.J
~ 40
o
::lE
IIJ 30
0::...
~ 20o
0::
IIJ
a.. 10

0.2 0.3 0.4 0.5 1.0, 2.0

FLOW (CFS)

FIGURE 24. Performance of Swirl Degritter ( 6 ft dia. unit)



more consistent with th2 Denver data than that indicated by the LaSalle
model.

SWIRL PRIMARY SEPARATOR
Primary treatment of GSO and municipal wastewater by the swirl primary

separator principle was developed in a ser.ies of hydraulic (usi~g synthetic
sewage) and mathematical model studies (12). The developed deslgn con
figuration was then tested on a pilot installation.in Toronto, G~nada..T~e
purpose of the Toronto study was to verify the deslgn when treatlng munlCl-
pal wastewater.

The hydraulic and mathematical model studies developed a series of
design curves for different size units. This study was conducted on a 0.9m
(3 ft) diameter unit and was scaled to prototype sizes using Froude Law
relationships. The Toronto pilot study was conducted on a 3.7 m (12 ft)
diameter unit .. The Toronto tests were carried out at flow rates of 1,137
m3/day (0.3 mgd) and 1,700 m3/day (0.45 mgd). Figure 26 shows a comparison
of the predicted performance by the LaSalle design curves and the arithmetic
mean of the SS removal results obtained at Toronto.

Pilot Plant Results

Data from operation of the 1.8 m (6 ft) diameter swirl primary
separator at Rochester are indicated in Appendix A. These curves represent
analyses corresponding to actual sampling times. Removal rates were
calculated after lagging the effluent analyses by the theoretical detention
time in the unit. Hydraulic loading to the unit was held constant for
each storm. For each storm it was noted that SS removal rates fluctuated
as a function of the influent SS concentration (co), It was furthermore
noted that an approximately straight line relationship was developed for
each storm when' log (ce/co) was plotted versus log co' ,Since the sus
pended solids concentration in GSO fluctuates in response to scouring
velocities in the sewer line, Co was viewed as a gross indicator of the
particle settling velocity distribution. Thus, wastewaters during the
first-flush, when Co is highest, tend to have a greater proportion of solids
of larger size and specific gravity.

The SS removal rate is also a function of hydraulic loading to the
unit. In order to account for both influences, the pilot plant data were
statistically fit using a multiple regression analysis to an equation of
the form:

log (ce/co) = Kl + K2 log Q+ K3 log Co

where Q = hydraulic flow applied to the unit and Kl' K2 and K3 are
regression coefficients.

Results of the regression analysis are shown on Table 15. The signs
associated with the regression coefficients indicate that SS removals
generally increased with an increase in Co and a decrease in Q. IT I values
associated with Q and Co indicated degrees of confidence of >99 percent
for the overall expreSS10n.
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TABLE 15. REGRESSION ANALYSIS OF PILOT PLANT SWIRL PRIMARY SEPARATOR DATA

Standard Correlation Regression Std. Error Computed
Variable Mean Deviation X vs Y Coefficient of Reg. Coef. T Value

Log·Q 1. 52 .236 .351 .447 .129 3.46
Log Co 2.17 .279 -.215 -.239 .109 -2.18
Dependent
Log ce/co-2.46 .297

Intercept -.409
Multiple Correlation .416
Std. Error of Estimate .273
Analysis of Variance for the Regression

Degrees Sum of Mean
Souce of Variation of Freedom Squares Squares F Value

Attributable to Regression 2 1.22 .613 8.20
Deviation from Regression 78 5.83 .074

Total 80 7.06

The final regression equation was thus obtained as

ce/co = 0.389 Q .447 Co -0.239

The trends indicated by the regression equation are shown on Figure
25. Using this model it is possible to predict the performance of the
swirl primary separator for simultaneously varying flows and influent
quality such as that which occurs during an overflow event. It should be
emphasized that the above equation was developed for a 0.9 m (3 ft) diameter
model tested up to the flowrate of 4.4 lis (70 gpm) and influent SS con
centrations range of 100 to 800 mg/l.

On Figure 26 the Rochester regression model is compared to performance
predicted by the LaSalle design curves. It is noted that for a range of
Co between 100 to 500 mg/l, the Rochester- data generally support the LaSalle
curve, except at the lower flowrates. It is recognized, however, that
the LaSalle curves were developed for a material synthesizing the settling
velocity distribution of municipal sewage while the Rochester work used
actual CSO. Figure 26 also shows a comparison of results of the Toronto
study (12) with the design predictions from the LaSalle study (12).

All of the analyses above used only the data from runs in which no
chemical treatment was employed. In general, it was observed that chemical
treatments (anionic polymer alone or alum plus anionic polymer) produced
no significant improvement beyond that observed without chemicals. It is
speculated that the mode of chemical addition was responsible for the
lack of improvement. Because of inadequate velocity gradients and/or
contact time, ih-line mixing of chemicals may not have provided efficient
floc development. It cannot be stated that the swirl primary separator is
ineffective for separation of chemical floc.
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Scale-Up Considerations

Figure 26 illustrates the trend attained by scaling of flows and parti
cle settling velocities as proposed by the LaSalle work. It is noted that
scaling of particle settling velocities results in lower removal efficiencies
for larger size prototypes at eq'uivalent scaled hydraulic loads. '

It is noted that scale-up by Froude Law results in a prototype size
significantly different from that which would be obtained by traditional
scale-up using OR. A rationale for the use of Froude Law scaling may
perhaps be seen in data presented by Camp (7, 47) for narrow and wide
rectangular sedimentation basins and circular, radial-flow basins. In
evaluating the results of dye tracer studies, Camp showed that the degree
of short-circuitng in the basin was related to the Froude number of the
horizontal flow through the basin. Thus, by scaling based on Froude
Law relationships it would be expected that the model and prototype would
both display the same degree of short-circuiting.

When dealing with primary separators in which flocculent parti,cles are
removed, it may not be entirely appropriate to apply Froude Law scaling to
particle settling velocities. It was noted on Table 10 that Froude Law
scaling of hydraulic flows results in greater detention times in the
prototype than in the model. While separation of discrete particles
i~ theoretically independent of detention time, there are aspects of
flocculent agglomeration that are affected by detention time. As flocculent
particles collide, the combineq particle size is increased and the settling
velocity increases. .This flocculation process is affected by detention
time, differences in particle settling velocities, and velocity gradients
in the liquid. Thus, it is possible that the loss in removal efficiency
predicted by particle scaling is partially offset by increased flocculation
in the larger prototype units.

Figure 27 shows the mean particle size distribution of the influent
SS to the swirl primary separator for three overflow events. For scale up
from model .to prototype, particle settling velocities have beEn scaled by
multiplying by the square root of the scale factor A. Table 16 presents
the prototype particle size distributions for the data obtained in Rochester.

TABLE 16. SWIRL PRIMARY SEPARATOR-MODEL TO PROTOTYPE SCALING OF
PARTICLE SIZES, S.G. = 1.70

Model Assumed Ave. Inf1. Settling Velocity Prototype
Size Range Model Size Distrib. (em/sec) Size
(microns) (mm) (%). Model Proto. (mm)

Model dia. = 6 ft, prototype di a. = 36 ft; A = 6

1000 0.60 7. 1 5.1 12.5 2.5
180-420 0.27 4.5 2.0 4.9 0.55
149-180 0.16 2.2 0.8 2.0 0.26
74-149 0.10 12.3 0.4 1.0 0.17

<74 0.04 73.9 0.07 0.17 0.065
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Figure 27 shows the particle size distributions for the 1.83 m (6 ft)
diameter pilot scale model and the 11.0 m (36 ft) diameter prototype unit.
If Froude Law scaling of particle settling velocities is to be employed, it
may be necessary to adjust removal rates to account for the coarser size
distribution represented in the prototype. However, as discussed above,
this may be offset by the longer detention times in the prototype.

REMOVALS OF OTHER CONSTITUENTS

Removals of pollutants other than SS were evaluated on a storm-average
basis. Listings of minimum, maximum, arithmetic means, geometric means,
and standard deviations of influent and effluent data are included in
Appendix C. For each of the parameters the geometric mean or median data
were compiled for each storm and median removal rates were determined (see
Tables 17 an~ 18).

Tables 19 and 20 show the ~ercent VSS of SS for the influent and
effluent samples for the swirl degritter and the swirl primary separator
systems. Mean percent VSS of SS in the raw CSO for all storms was 48.6
percent.
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used in LaSalle study

• 6' OIA. MODEL

o 36'DIA. PROTOTYPE
PIS - SWIRL PRIMARY SEPARATOR

LEGEND:
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FIGURE 27. Swirl Primary Separator Model and Prototype Particle Size
Distributions (specific gravity = 1.70).
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TABLE 17. SWIRL DEGRITTER SYSTEM

SS Data VSS Data SETTS Data
(mg/l) (mg/l) (mg/1 )

Storm Median Median % ~1edian Median % Median Median %
No. Infl. Eff1. Removal Infl. Effl. Removal Inf1. Effl. Removal

1 132.29 134.58 - 1. 73 24.98 24.39 2.36
2
3 137.72 112.27 18.48 58.98 50.14 14.99 2.64 1.94 26.52
4 164.65 124.05 24.66 92.09 64:08 30.42
5 71.13 124.84 - 75.51 31.44 112.96 -259.29
6 87.75 139.23 - 58.67 49.84 74.20 - 48.88 1.83 1.54 15.85

()) 7A 262.38 245.31 6.51 158.19 120.32 23.94 5.36 5.66 - 5.60
f-O

7B 74.42 41.38 44.40 46.44 14.38 69.04 .41 0.36 12.20
8 189.12 249.75 - 32.06 105.67 75.14 28.89 2.13 2.72 - 27.70
9 302.58 184.56 39.00 158.54 84.74 46.55 1. 71 1.23 28.07

10 190.48 "259.85 - 36.42 83.65 102.34 - 22.34 1.24 0.88 29.03
11 171. 35 149.35 12.84 85.84 76.99 10.31 1.55 1. 37 11. 61
12 266.01 164.06 38.33 146.04 42.56 70.86 2.52 2.09 17.06
13 195.49 249.69 - 27.73 132. 12 116. 44 11.87 4.00 3.69 7.75
14 330.72 336.95 - 1.88 133.59 143.41 - 7.35 6.73 6.22 7.58
15 449.56 302.16 32.79 162. 15 97.07 40.14 7.10 11.00 - 54.93
16 445.37 239.85 46.15 155.25 62.60 59.68 1.40 6.60 -371. 43
17 162.52 148.09 8.88 79.20 101.54 - 28.21 8.45 7.40 12.43
18 151.82 109.29 28.01 74.12 46.76 36.91 5.88 2.66 54.76
19 182.59 41.05 2.24

BOD5 Data
(mg/l)

7.82 10.35 - 32.35

29.63 32.75 - 10.53

340.97 1302.0 -281.85
20.58 13.16 36.05
82.47 75.09 8.95
21.74 15.79 27.37
71.46 72.02 - 0.78
30.18 20.74 31.28
51.32 32.98 35.74
37.27 36.05 3.27
77.82 45.72 41.25

102.25 54.59 46.61
135.12 97.08 28.15
121.37 60.95 49.78
48.71 25.68 47.28

126.26 113.28 10.28
71.43 56.46 20.96
35.58

(continued)



TABLE 17. (conti nued)
COD Data TOC Data U&G Data

(mg/l) (mg/l) (mg/1 ) pH Data
Storm Median Median % Median Median % Median Median % Median Median

No. Inf1. Effl. Removal Inf1. Eff1. Removal Inf1. Eff1. Removal Infl. Effl.

1 7.93 5.48 30.90 16.87 18.62 - 10.37 9.34 12.50 - 33.83 6.18 6.03
2 28.23 21.13 21.61 48.22 44.98 6.72 28.92 29.06 - .48 5.72 5.78
3 97.00 20.45 17.90 12.47 24.19 24.82 - 2.60 5.90 5.92
4
5 41.00 109.67 82.21 25.04 20.36 6.21
6 25.41 26.18 - 3.03 30.65 34.04 - 11. 42 1.27 6.80

O'l 7A 54.04 51.01 5.61 61.66 52.44 14.95 31.00 7.07N

7B 25.42 21.34 16.05 14.15 13.38 5.44 7.00 7.02
8 86.49 48.31 51. 74 - 7.10 28.00 6.51 7.81

/' 9 11.04 18.15 - 64.40 31. 39 31.89 - 1.59 20".00 . 7.17 7.33
10 15.69 15.48 1.34 44.01 30.33 31.08 42.00 7.16 7.65
11 26.27 26.28 - .04 24.00 8.09
12 30.59 31.34 - 2.45 18.50 6.68
13 60.46 63.52 - 5.06 64.17 88.00 - 37.18 7.00
14 114.47 99.44 13.13 46.67 32.00 31.43 7.63
15 55.94 87.45 - 56.33 41.55 56.00 - 34.78 7.20
16 47.71 40.36 15.41 27.41 18.00 34.33 7.12
17 67.29 67.07 .33 38.48 100.00 -159.88 6.86
18 44.90 33.49 25.41 50.87 66.00 - 29.74 6.97
19 19.16 54.39 7.61

(continued)



TABLE 17. (conti nued)

TKN Data TIP Data
(mg/l) (mg/l)

Storm Median Median % Median Median %
No. Infl. Eff1. Removal Infl. Effl. Removal

1 .29 .27 6.,90 .10 .08 20.00
2 2.63 2.19 16.73 .24 .25 - 4.17
3 1. 10 .87 20.91 .26 .20 23.08
4
5 6.20 4.96 20.00 1.49 1. 15 22.82
6 2.50 2.33 6.80 .55 .52 5.45

0'1 7A 4.57 4.84 - 5.91 .63 .60 4.76
(.oJ

7B 1.22 .81 33.61 .18 . 18 .00
8 3.05 . 18 94.10 .42 .94 -123.81
9 .77 1.34 - 74.03 .22 .31 - 40.91

10 .81 1.21 - 49.38 .26 .17 34.62
11 2.45 2.24 8.57 .29 .26 10.34
12 3.39 2.34 30.97 1. 16 .09 92.24
13 5.42 6.62 - 22.14 .62
14 4.12 4.59 - 11.41 .82 .71 13.41
15 4.17 2.49 40.29 .86
16 2.25 2.05 8.89 .31
17 3.~7 4.42 - 27.38 .50 .61 - 8.93
18 2.70 2.51 7.04 .50 .41 18.00
19 1.33 .20



TABLE 18. SWIRL PRIMARY SEPARATOR SYSTEM

SS Data
(mgLl)

VSS Data
(mg/l)

Median Median %
Infl. Effl. Removal

SETTS Data
(mg/l )

Median Median %
Infl. Effl. Removal

BOD5 Data
(mg/l)

1
2
3
4
5
6
7A
7B
8
9

10
11
12
13
14
15
16
17.
18
19

134.58 122.88 8.69

112.27 80.67 28.15
124.05 56.56 54.41
124.84 135.25 - S.34
139.23 35.55 74.47
245.31 300.72 - 22.59
41.38 55.69 - 34.58

249.75 198.70 20.44
184.56 209.35 - 13.43
259.85 175.81 32.34
149.35 113.48 24.02
164.06 121.79 25.76
249.69 153.71 38.44
336.95 260.12 22.80
302.16 109.85 63.65
239.85 135.90 43.34
148.09 121.58 17.90
109.29 88.32 19.19
183.59 91.77 50.01

24.39 53.86 -120.83

50.14 27.93 44.30
64.08 12.19 80.98

112.96 120.86 - 6.99
74.20 20.31 72.63

120.32 147.87 - 22.90
14.38 23.24 - 61.61
75.14 63.19 15.90
84.74 87.09 - 2.77

102.34 63.54 33.03
76.99 47.11 38.81
42.56 58.39 - 37.19

116.44 59.84 48.61
143.41 104.00 27.48
97.07 32.10 66.93
62.60 41.81 33.21

101.54 79.65 21.56
46.76 37.15 20.55
41.05 24.99 39.12

1.94

1.54
5.66

..36
2.72
1.23

.88
1.37
2.09
3.69
6.22

11.00
6.60
7.40
2.66
2.24

.76 60.82

1.41 8.44
4.67 17.49

.33 8.33
1.55 43.01
1.07 13.01
1.13 - 28.41
2.61 - 90.51
1.56 25.36

.22 94.04
2.62 57.88
1. 75 84.09
3.77 42.88
4.49 39.32

.32 87.97
1.18 47.32

10.35

32.75 24.63 24.79

1302.00 1739.00 -33.56
13.16 14.67 - 11.47
75.09 89.58 - 19.30
15.79 18.31 - 15.96
72.02 64.02 11.11
20.74 22.87 - 10.27
32.98 24.86 24.62
36.05 24.35 32.45
45.72 29.61 35.24
54.54 39.63 27.40
97.08 79.07 18.55
60.95 31.76 47.89
25.68 18.19 29.17

113.28 110.44 2.51
56.46 51.21 9.30
35.58 24.63 30.78

(continued)



TABLE 18. (conti nued)

COD Data TOC Data O&G Data
(mg/l) (mg/l) (mg/l) pH Data

Storm Meaian Median % Median Median % Median Median % Median Median
No. Infl. Effl. Removal Infl. Effl. Removal Infl. Effl. Removal Infl. Effl.

1 5.48 10.65 - 94.34 18.62 18.08 2.90 12.50 10.38 16.96 6.03 5.90
2 22.13 22.25 - .54 44.98 42.92 4.58 29.06 33.45 - 15.11 5.78 5.86
3 17.90 16.63 7.09 24.82 11.22 54.79 5.92 5.89
4
5 41.00 39.72 3.12 82.21 73.19 10.97

0'1 6 26.18 29.03 - 10.89 34.04 33.57 1. 38U1

7A 51.01 61.24 - 20.05 52.44 96.45 - 83.92 31.00 24.00 22.58
7B 21.34 22.02 - 3.19 13.38 14.95 - 11.73 7.00 14.00 -100.00
8 83.91 51.74 50.08 3.21 28.00 15.00 46.43 7.81 7.56
9 18.15 11. 31 37.69 31.89 21.22 33.46 20.00 24.00 - 20.00 7.33 7.47

10 15.48 16.57 - 7.04 30.33 20.96 30.89 42.00 38.00 9.52 7.65 7.85
11 26.28 25.74 2.05 24.00 16.00 33.33
12 31.34 26.06 16.85 18.50 15.00 18.92
13 63.52 42.34 33.34 88.00 76.00 13.64
14 99.44 68.20 31.42 32.00 30.00 6.25
15 87.45 33.02 62.24 56.00 17.00 69.64 I

16 40.36 31.80 21.21 18.00 15.00 16.67
17 67.07 33.91 49.44 100.00 88.00 12.00
18 33.49 32.92 1. 70 66.00 67.00 - 1.52
19 19.16 18.01 6.00 54.39 49.00 9.91 7.61

(continued)



TABLE 18. (continued)

TKN Data TIP Data Aluminum Data
(mg/l) (mg/l) (mg/l)

Storm Median Median % Median Median % Median Median -'Yo

No. Infl. Effl. Removal Infl. Effl. Removal Infl. Effl. Removal

1 .27 .39 - 44.44 .08 .09 - 12.50
2 2.19 2.90 - 32.42 .25 .33 - 32.00
3 .87 1. 26 - 44.83 .20 .31 - 55.00
4
5 4.96 4.29 13.51 1.15 1. 10 4.35

CT\ 6 2.33 2.30 1.29 .52 .51 1. 92CT\
7A 4.84 5.91-22.11 .60 .61 - 1.67
7B .81 .94 - 16.05 . 18 .20 - 11.11
8 . 18 2.86 -1488.89 .94 .41 56.38
9 1. 34 1. 31 2.24 .31 .10 67.74

10 1. 21 1.49 - 23.14 .17 .20 - 17.65 1.92
11 2.24 1.58 29.46 .26 .02 92.31
12 2.34 2.18 6.84 .09 ..10 - 11.11
13 6.62 7.40 - 11. 78 1.55 2.04 - 31.61
14 4.59 5.11 - 11.33 .71 .65 8.45
15 2.49 2.30 7.63 1. 37 1.50 - 9.49 134.00
16 2.05 2.40 - 17.07 1. 37 .68 50.36
17 4.42 4.74 - 7.24 .61 .46 24.59
18 2.51 2.84 - 13. 15 .41 .47 - 14.63
19 1. 33 1.57 - 18.05 .20 .20 .00 6.96



TABLE 19. SWIRL DEGRITTER - PERCENT VSS OF SS-
- - - mg/1 - - - mg/1

Storm Inf. Inf. Inf. Eff. Eff. Eff.
No. SS VSS Vol. % SS VSS Vol. 0"'(

,0

1 132.29 24.98 18.88 134.58 24.39 18.12
2 137.72 58.98 42.83 112.27 50.14 44.66
3 164.65 92.09 55.93 124.05 64.08 51.66
4 164.65 92.09 55.93 124.05 64.08 51.66
5 71.13 31.44 44.20 124.84 112.96 90.48
6 87.75 49.84 56.80 139.23 74.20 53.29
7A 262.38 158. 19 60.29 245.31 120.32 49.05
7B 74.42 46.44 62.40 41.38 14.38 34.75
8 189.12 105.67 55.87 249.75 75.14 30.09
9 302.58 158.54 52.40 184.56 84.74 .45.91

10 190.48 83.65 43.92 259.85 102.34 39.38
11 171. 35 85.84 50.10 149.35 76.99 51.55
12 266.01 146.04 54.90 164.06 42.56 25.94
13 195.49 132.12 67.58 249.69 116.44 46.63
14 330.72 133.59 40.39 336.95 143.41 42.56
15 449.56 162.15 36.07 302.16 97.07 32.13
16 445.37 155.25 34.86 239.85 62.60 26.10
17 162.52 79.20 48.73 148.09 101.54 68.57
18 151. 82 74.12 48.82 109.29 46.76 42.79

TABLE 20. SWIRL PRIMARY SYSTEM - PERCENT VSS OF SS

- - - mg/1 - - - mg/1
Storm Inf. Inf. Inf. Eff. Eff. Eff.

No. SS VSS Vol. % SS VSS Vol. %

1 134.58 24.39 118.12 122.88 53.86 43.83
2
3 112.27 50.14 44.66 80.67 27.93 34.62
4 124.05 64.08 51.66 56.56 12.19 21.55
5 124.84 112.96 90.48 135.25 120.86 89.36
6 139.23 74.20 53.29 35.55 20.31 57.13
7A 245.31 120.32 49.05 300.72 147.87 49.17
7B 41.38 14.38 34.75 55.69 23.24 41. 73
8 249.75 75.14 30.09 198.70 63.19 31.80
9 184.56 84.74 45.91 209.35 87.09 41.60

10 259.85 102.34 39.38 175.81 68.54 38.99
11 149.35 76.99 51.55 113.48 47.11 41.51
12 164.06 42.56 25.94 121. 79 58.39 47.94
13 249.69 116.44 46.63 153.71 59.84 38.93
14 336.95 143.41 42.56 260.12 104.00 39.98
15 302.16 97.07 32.13 109.85 32.10 . 29.22
16 239.85 62.60 26.10 135.90 41.81 . 30.77
17 148.09 101.54 68.57 121.58 79.65 65.51
18 109.29 46.76 42.79 88.32 37.15 42.06
19 183.59 41.05 22.36 91.77 24.99 27.23
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SECTION 8

MICROSCREENING

GENERAL

The microscreen is a liquid straining device that utilizes a micro
fabric mesh to remove suspended materials from liquid-solid suspension.
Although the use of the microscreen in the waste treatment field is not
new, application of the units for the treatment of CSO has been very
limited. Microscreen studies conducted by the Hydrotechnic Corporation
(14) demonstrated suspended solids removals ran~ing from 17 to 40 percent
and BOD5 removals of 4 to' 22 percent. The screens employed during these
investigations had aperture sizes of 420 and 841 microns. NeKetin and Dennis
(25), utilizing screens with a 105 micron aperture size, found suspended
solids and COD removals equal to 26.6 and 15.5 percent, respectively.
Microscreen experiments conducted by Glover and Herbert (26) exhibited
suspended solids removals of 20 to 93 percent. The screen aperture size
utilized during their investigations was 23 microns. Also, organic matter,
as measured by COD and TOC, was found to be reduced by 25 to 4·0 percent.
Glover and Herbert (26) also suggested that conventional "microscreens
employed in CSO treatment be operated at high headloss differentials of
approximately 61 cm (24 in). They proposed that this differential would
permit loading rates of 142 to 1831 l/min m2 (35 to 45 gpm/ft2) of screen
area and produce an effluent quality of 40 mg/l suspended solids.

The microscreen used at the Rochester pilot plant was comprised of a
vertically aligned cylindrical drum, the lower portion of which was covered
with a woven micromesh filter fabric (See Figure 6). When in operation,
the drum rotated about its vertical axis at peripheral speeds of 91 to
213 m/min (300 to 700 fpm) which corresponds to a rotational speed of
58 to 136 rpm. A sonic transducer was rigidly mounted on a stationary
support inside the strainer drum and as the fabric-covered portion of the
drum passed over the transducer, it was cleaned by the gas cavitation that
was developed in the liquid at the surface of the drum as a result of the
high-energy sound waves produced by the sonic transducer. Because the
sonic transducer must be covered with liquid to effectively clean the
fabric, the liquid (filtrate) inside the drum must be maintained at a level
sufficient to keep the transducer submerged. The liquid outside the drum
was maintained at a level qreater than that of the filtrate so that a
differential head was established, forcing the unfiltered liquid outside
the drum through the filter fabric.

The microscreening process at the pilot plant was evaluated in
comparison to swirl concentrators to establish primary solids removal prior
to filtration. The purpose of this comparison was to investigate the type
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of pretreatment efficiency necessary (90 percent SS removal for microstrain
ing or 50 to 70 percent SS removal for swirls) to optimize the performance
of dual-media hi9h-rate filtration.

OUTLINE OF EXPERIMENTS

Two of the more important variables that are relative to the micro
screening process are hydraulic loading rates and screen aperture size.
Since there areno historical data on the overall performance and efficiency
of sonically-cleaned microscreens in treating combined sewer overflows,
it was necessary to concentrate on hydraulic ~,oadin9 rates during the
initial testing stages. The emphasis of operation during the initial
investigations was concerned with establishing screen performance at
hydraulic rates of 1000 to 1200 l/min m2 (25 to 30 gpm/ft2).

The microscreen was originally equipped with screens having an aperture
size of 10 microns based on manufacturer's recommendation. Hydraulic load
ing rates greater than 400 l/min m2 (10 gpm/ft2) were unattainable without
creating an overflow condition in the unit when using the 10 micron screens.
This condition could have been due to the screen aperture size and/or to
the ineffectiveness of the sonic cleaning mechanism. In an attempt to
attain higher hydraulic loadings, the 10 micron screens were replaced with
screens having an aperture size of 70 microns. However, subsequent testing
of the microscreen, utilizing the larger aperture screens, failed to yield
any improvement in performance.

Examination of the microscreen unit disclosed a faulty transducer in
the sonic cleaning mechanism. The mechanism was returned to service only
prior to Storm No. 13. Because of time limitations in the pilot plant
program, subsequent testing of the microscreen unit was restricted to
maximizing the hydraulic loading rate.

RESULTS AND PERFORMANCE

Evaluations of the microscreening process were fairly limited due to
the problems encountered with the sonic cleaning mechanism. Results of
the first dry weather test (Storm No. 67) conducted in the microscreen
are presented in Figure 28. Suspended -solids removals avera0ed 33 percent
at a loading of 895 l/min m2 (22 gpm/ft2). Operating at a drum speed of
136 rpm, headloss in the unit stabilized at 30 cm (12 in).

During the next wet weather test, the microscreen unit reached a
loading rate of approximately 407 l/min m2, operating under a head
differential of 25 cm (10 in). Drum speed during this investigation
was maintained at 136 rpm. Figure 29 shows the suspended solids ,removal
efficiency for this test. Mass balance calculations indicated that a very
small fraction of the solids removed were present in the solids blowdown.
The majority of solids accumulated upstream of the strainer.

Following the above tests, the screens were steam cleaned and a series
of dry weather tests were conducted. Higher headlosses generally prevented
operation beyond a hydraulic loading of 407 l/min m2 (10 apm/ft2). The
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hydraulic loading and the drum speed were gradually increased to 407
l/min m2 (10 gpm/ft2) and 136 rpm, respectively. Headlosses associated
with the higher loading rates were much smaller than the headlosses in
curred by the sudden increase in loading rates as was done in the above
tests. Figures 30 and 31 present suspended solids removal results for
the two dry weather tests conducted under the above operating conditions.
Figure 32 presents the S5 removal efficiency of the unit at a maximum
hydraulic loading of 598 l/min m2 (14.7 gpm/ft2) and a rotational speed
of 136 rpm. The headloss incurred in this test was 44 cms (17.5 in). A
final wet-weather analysis was conducted by increasing the rotational
speed ~f the drum to 136 rpm at a hydraulic loading of 273 l/min m2 (6.7
gpm/ft). Figure 33 presents the system performance results during the
final wet-weather analysis.

From the above analysis, it appears that the rotational speed is a
very important parameter in the operation of the unit. Results indicated
that the microscreen performance improved considerably when the microscreen
drum was rotated at the maximum speed. With the exception of one storm
the maximum hydraulic loading attainable without producing overflow was
549 l/min m2 (13.5 gpm/ft2). This appeared to be the operating limit of
the microscreen for both wet- and dry-weather flows at the"'Rochester
pilot plant site. During wet-weather flows, operation of the unit was
considerably more erratic and hydraulic loadings attainable were lower
than those experienced during dry-weather investigations. This could
have been due to the varying level of suspended solids present in the
i~fluent. Influent suspended solids averaged 240 to 317 mg/l during the
wet-weather investigations and 40 to 60;mg/l during the dry-weather
operations. However, the higher influent 55 during wet-weather testing
did not always result in higher 55 removals as seen in Table 21.

A list of removal percentages for all the parameters analyzed during
the microscreen investigations is presented in Table 21. A statistical
analysis of this data for storm operations is presented in Appendix C.
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TABLE 2l. MICROSGREENING ANALYTICAL DATA*

PARAMETER WET WEATHER ANALYSIS DRY WEATHER ANALYSIS

Storm No. 12 13 17 67 71 72

Infl. SS (mg/l) 261.2 236.9 317.3 40.5 54.6 59.5
Effl. SS (mg/l ) 147.6 212.1 314.5 27.3 36.7 45.6
% SS Removal 43.5 10.5 1.5 32.6 32.8 23.4

Infl. B005 (mg/l) 82.6 107.9 209.6
Effl. B005 (mg/l) 42.6 109.0 201 .4
% B005 Removal 48.4 3.9

Infl. VSS (mg/l) 128.3 154.5 200.6 35.3
Effl. VSS (mg/l) 62.3 114.0 188.4 22.8
% VSS Removal 51.4 26.2 6.1 35.4

Infl. SETTS (mg/l) 2.48 9.41 13.50
Effl. SETTS (mg/l) 0.87 3.62 7.14
%SETTS Removal 64.9 61.5 47.1

Infl. TIP (mg/l) 7.27 0.63 1.01
Effl. TIP (mg/l) 0.41 0.99 1.23
%TIP Removal 94.4

Infl. TKN (mg/l) 3.56 4.88 3.32
Effl. TKN (mg/l) 3.42 6.49 6.74
% TKN Removal 3.9

Infl. TOC (mg/l) 29.6 62.9 107.4
Effl. TOC (mg/l) 43.2 85.2 97.7
%TOC Removal 9.0

Infl. 0 &G (mg/l) 86.0 59.0
Effl. 0 &G (mg/l) 76.0 52.1
%0 &G Removal 11.6 11.7

* Results are geometric means of the values obtained
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SECTION 9

DUAL-MEDIA HIGH-RATE FILTRATION

BACKGROUND

Studies of wastewater filtration have focused primarily on polishing
of secondary effluents. In this application deep bed filters have been
employed at hydraulic loading rates of 81 to 407 l/min m2 (2 to 10 gpm/ft2).
Dual or multi-media filters are generally preferred in wastewater appli
cations, as they allow more efflicient use of the filter depth.

In addition to removal efficiencies, the performance of filter units
is characterized by the run lengths attainable as determined by the rate of
headloss. Since run length is also affected by the hydraulic loading rate,
a more appropriate measure of pro~uction is specific capture or the total
kilograms of SS accumulated per m of surface area per run.

When treating secondary effluent, Baumann and Huang (31) have indicated
results showing up 'to 85 percent removal of SS when employing 30 cm (12 in)
of 1.84 mm anthracite over 30 cm (12 in) of 0.55 mm sand. Specific captures
of 3 to 3.6 kg/m2 (0.62 to 0.73 lb/ft2) per run were demonstrated when
employing terminal headlosses of 3 m(10 ft) of water. Their work indicated
that specific capture was basically unaffected by hydraulic loading and
applied solids concentration, but was related mainly to filter media size.
Tchobanoglous and Eliassen (32) developed a mathematical model for deter
mining specific capture based on data for activated sludge effluent from
Palo Alto~ Cal. They indicated specific captures ranging from 1.95 to
12.7 kg/mL (0.4 to 2.6 lb/ft2) per run as media size was increased from
0.4 to 1.5 mm diameter.

The filter performance equations employed in the EPA SWMM II model
(34) are based partly on secondary effluent filtration studies at Chicago
reported by Lynam et ale (33). These studies demonstrated SS removals of
65 to 78 percent for 0.58 mm sand wi~h hydraulic loading (flux) rates of
102 to 244 l/min m2 (2.5 to 6 gpm/ft). The filter results obtained at
Washington, D.C. (35) using a 'synthetic storm overflow were also incor
porated ,in the SHMM model. This report presented results for three
filters. The first filter consisted of fiberglass media which demonstrated
SS removals of 87 to 95 percent and BOD5 removals of 60 to 75 percent for
flux rates of 610 to 2035 l/min m2 (15 to 50 gpm/ft2). The se~ond filter was
comprised of 91 cms ( 3~ in) of coarse garnet. Two-hour run Tengths were
attained at 407 l/min m (10 gpm/ft2) with SS removals of 80 to 95 percent
and BOD5 removals of 50 to 80 percent. The higher removals were attained
with chemical treatment (150 mg/l alum + 4 mg/l flocculant aid). Flux
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rates of 814 l/min m2 (20 gpm/ft2) resulted in one-half hour runs. The
third filter consisted of 1.2 m (48 in) of medium garnet and 23 cm (9 in)
coarse garnet operated in an upflow mode. This filter maintained flux
rates of 204 to 610 l/min m2 (5 to 15 gpm/ft2) with SS removals of 60
percent and B005 removals of 45 percent. Efficiency dropped sharply for
flux rates above 610 l/min m2 (15 gpm/ft2).

Filtration of CSO was studied at Cleveland, Ohio by Nebolsine et al.
(14), where the filtration was preceeded by fine mesh screening (40 mesh).
After testing anthracite sizes of Numbers 2, 3, and 4, a filter media con
figuration of 1.5 m (5 ft) of No.3 anthracite (4.0 mm e.s.)over 0.9 m (3 ft)
of No. 612 sand (2.0 mm e.s.) was chosen. Results without chemical treat
ment indicated average SS removals of 65 percent. The performance of the
system decreased as the flux increased from 407 to 1628 l/min m2 (10 to 40
gpm/ft2). SS removal efficiencies of 90 and 95 percent were attained for
respective flux rates of 1017 and 326 l/min m2 (8 and 25 gpm/ft2) with the
addition of 1 mg/l of polyele~trolyte. Typical filter influent ,SS ranged
from 114 to 301 mg/l. B005 removals ranged from 23 to 62 percent without
chemical and 54 to 72 percent with the addition of polyelectrolyte. Phos
phorus removals averaged 26 to 52 percent with influent P concentration of
0.71 to 0.76 mg/l. Oil and grease removals ranged from 32 to 50 percent.
Results were also presented for treatment with alum and polyelectrolyte.
Typical run lengths were 6 to 10 hours at 977 l/min m2 (24 gpm/ft2) with no
chemicals and 3 to 6 hours with polyelectrolyte. The filtration tests with
out chemical addition were terminated by headloss development while the poly
electrolyte runs generally resulted in termination due to solids breakthrough.

Filtration studies of CSO at Syracuse (36) used filtration through
No.3 anthracite, -16 +50 mesh clinoptilolite, and 3.2 mm (0.125 in) plastic
pellets (37). When employing alum and polymer treatment, SS removal rates
of 90 to 100 percent were achieved at application rates of 407 to 529 l/min
m2 (10 to 13 gpm/ft2). Phosphorus removal increased from 30 to 98 percent
as the Al:P molar ratio was increased from 0.5 to 3.5.

Backwash water requirement is a function of the filter media used.,
The Cleveland study (14) showed backwash requirements of 1.9 to 8.6 percent
of filtered flow with a median value of approximately 4 percent. Backwash
rates of 1261 to 3663 l/min m2 (31 to 90 gpm/ft2) were used with durations
of 4 to 25 minutes. It is generally agreed that filters designed for waste
water treatment should incorporate both air scour and surface wash facili
ties. The Syracuse studies using No. 3 anthracite recommended 5 minutes of
air scour at 1.2 m3/min m2 (4 sCfm/ft2~, 3 minutes of scour-backwash at 1.2
m3/min m2 (4 scfm/ft2) and 814 l/min m (20 gpm/ft2), respectively, followed
by 12 minutes of backwashing at 814 l/min m2 (20 gpm/ft2).

OUTLINE OF EXPERI~ENTS

The dual-media high-rate filter (OMHRF) experiments included evalu
ations of the effects of hydraulic loading and chemica1

2
treatment on per

formance. Flux rates of 407, 610, 814 and 1017 l/min m (10, 15, 20 and 25
gpm/ft2) were employed. Chemical treatments included: no chemicals, poly
electrolyte only (1 mg/l - Nalcolyte 676) and alum (30 mg/l) plus poly
electrolyte (1 mg/1).
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The swirl separator effluent was used as influent to the DMHRF, Since
several chemical treatments were employed on the swirl separator system,
DMHRF performance is related to the upstream..swi rl treatment as well as
the chemicals applied to the filter influent. Table 22 is a summary of
the flux rates and chemical treatments associated with each filter run,

TABLE 22. DMHRF OPERATING CONDITIONS

Run No.

5-1
II

II

6-1
II

II

6-2
II

II

7-1
II

II

7-2
II

II

7-3
II

II

7-4
II

II

8-1
II

II

8-2
II

II

8-3
II

II

9-1
II

II

9-2
II

II

9-3
II

II

9-4
II

II

Filter No.

1
2
3
1
2

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

Flux (gpm/ft2)

25
10
20
25
10
20
20
15
10
25
10
20
20
15
10
10
25
15
15
15
15
25
10
20
20
15
10
10
25
15
25
20
10
10
15
25
20
10
15
25
20
10
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Polymer
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TABLE 22. (continued)

Flux (gpm/ft2)
Chemicals Chemicals On

Run No. Filter No. Swirl Separator* DMHRF*

9-.5 1 25 Polymer Alum + Polymer
11 2 20 II II

II 3 10 II II

11-1 1 15 Alum + Polymer II

II 2 15 II II

II 3 15 II II

12-1 1 15 II None
II 2 15 II Polymer
II 3 25 II II

12-2 1 15 II Alum + Polymer
II 2 15 II None
II 3 15 II II

13-1 1 25 Phos. + Alum Alum + Polymer
+ Polymer

II PolymerII 2 25 II NoneII 3 25
13-2 1 20 Alum + Polymer

II 2 20 Polymer
II 3 20 None

13-3 1 15 Alum + Polymer
II 2 15 Polymer
II 3 15 None

15-1 1 25 Polymer
II 2 25 II

II 3 25 None
15-2 1 15 Phos. + Alum Polymer'

+ Polymer
II 2 15 II II

II 3 15 II None
16-1 1 25 II II

II 2 25 II II

II 3 25 II II

16-2 1 25 II Polymer
II 2 25 II

II 3 25 II

17-2 1 15 None
II 2 15
II 3 15

17-3 1 15
II 2 15
II 3 15

17-4 1 15 None
II 2 15 II

II 3 15 II

*Chemica1 dosages: alum, 30 mg/l; polymer., 1 mg/1
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The filter media consisted of 0.9 m (3 ft) of No.2 anthracite over
1.5 m (5 ft) of No. 1220 sand. Following storm No.8, the filters were
regraded by hydraulically scalping the fines from the surface in an attempt
to attain longer run lengths. Sieve analyses indicated size distributions
of No.2 anthracite (effective sizes and uniformity coefficients) for
samples taken from the top of the filters as shown on Table 23.

TABLE 23. SIEVE ANALYSIS OF FILTER MEDIA

Filter No. Effective * Uniformity
Size (mm) Coefficient

No. 2 Anthracite

a. before regrading

b. after regrading

2.7 1.30

1 1.7 1.69
2 1.4 1.61
3 1.3 1.52

1 2.1 1.48
2 1.8 1.39
3 1.7 1.35

*Since the samples were taken from the top of the hydraulically classified
bed, the effective size would be expected to be slightly finer than the
unclassified media.

Filter runs were terminated upon headloss development of approximately
0.145 N/mm2 (21 psi), 14.8 m of water (48.5 ft water). Headlosses were
determined from pressure gauge readings taken at the top of the bed, and
at the locations of 61, 152, and 244 cm (24, 60 and 96 in) below the
top of the bed. Headlosses were corrected for static pressures at each
location.

OPERATING PROCEDURES

The filter units were prepared for service by backwashing at 80 to 90
percent bed expansion. Backwash was preceeded by air scour at 0.6-1.5
m3/min m2 (2-5 ft3/min ft2) plus 'backwash at 2279 l/min m2 (56 ~pm/ft2)
for five minutes follo~!ed by an additional 10 minute backwash at 2890 l/min
m2 (71 gpm/ft2).

Three parallel filters were operated with each run set. The units
initially contained clean water to prevent channel formation on ~tart-up.
Flowrate was controlled by regulating a pump drawing wastewater from an
effluent sump. A float valve on the column effluent thus regulated flow
through the filter equal to the rate of sump withdrawal. Applied flowrate
was constant throughout each entire run.,
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Pressure readings at each of four locations were taken every 15
minutes. Grab samples of influent, effluent and intermediate locations were
taken at 15 to 30 minute intervals. Intermediate samples were taken at
depths of 24 and 60 inches from the top of the media.

RESULTS

Figure 34 is a typical performance plot of data from the DMHRF system.
Headloss and SS data are shown versus time. It is noted that the majority
of the headloss occurred within the top 61 cm (24 in) of media. It is also
noted that a gradual deterioration of effluent quality was obtained toward
the end of this run. This is typical of the trend reported in the Cleveland
study (14) for treatment with polyelectrolyte.

Run Lengths

Figures 35 through 37 show·run lengths versus applied flux for
several chemical treatment cases. In general, the results indicate the
classical trend of reduced run lengths at higher flux rates. It is noted,
however, that the upstream treatment (swirl separator) had a definite
impact on the run lengths attained. Use of polymer and alum + polymer
on the swirl separator unit tended to result in longer run lengths on the
DMHRF. There may be two reasons for the longer runs. First, longer runs
would be expected when lower SS concentrations are applied to the filters.
However, as noted in Section 6, the chemical treatments on the swirl unit
generally did not result in imporved performance across that unit. More
likely, the longer filter runs were associated with the effluent solids
from the swirl unit being chemically conditioned further ahead of the
filter units.

Specific Capture

Measurements of filter run lengths do not allow assessment of the
effects of changes in influent SS concentrations and the effects of attain
ing greater removal efficiencies. For these reasons the use of specific
capture is a better indicator of performance.

Specific captures were determined by summing the incremental SS re
movals across the DMHRF for the duration of'the filter runs. Results were
calculated as total kg (or lb) of SS accumulated. per m2 (or ftz) of sur
face area per run. Although the capture is expressed per unit of surface
area, this does not necessarily imply that solids are only captured at the
surface of the bed.

Figures 38 and 39 show specific captures versus flux rates. The most
significant point immediately evident from these figures is that specific
capture generally increases in most cases as flux rate is increased. It is
characteristic of deep-bed filters that higher flux rates promote deeper
penetration of solids into the interior of the bed and permit fuller
utilization of the filter volume. However; as demonstrated below, higher
flux rates also. result in a greater rate of solids contamination of the
effluent, so that tradeoffs must be evaluated.
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Figures 38 and 39 demonstrate the impact of the chemical treatments
employed in the upstream swirl primary separator. Specific captures on
the order of 9.8 kg/m2 ( 2 lb/ft2) per run were attained when alum + polymer
were employed upstream. Comparison of Figure 38 to Fiqure 39 sugqests that
upstream chemical treatment had more impact on OMHRF performance than the
chemicals applied directly ahead of the OMHRF. This points out the
importance of contact time for chemical conditioning of CSO solids.

SS Removal Rates

Figures 40 and 41 show the effect of flux rate on percent removals of
SSe In general, average percent SS removals decrease as the flux rate is
increased. Figure 40 represents results for OMHRF runs where no chemicals
were applied to the OMHRF. Figure 41 includes results for OMHRF runs employ
ing chemical treatment. Again, the upstream chemical treatment on the swirl
unit shows more significant effect on OMHRF performance than the chemicals
applied to the OMHRF. SS removals generally ranged from 60 to 85 percent at
408 l/min m2 (10 gpm ft2) to 40 to 80 percent at 1018 l/min m2 (25 gpm/ft2).
Best removals were attained when alum plus polyelectrolyte were applied to
the swirl unit and/or the OMHRF.

Removal of Other Constituents

Statistical analyses of other parameters tested during the OMHRF runs
are included in Appendix 0 for influent and effluent samples. Results of
all tests of similar flux and chemical treatment (both swirl unit and OMHRF)
were grouped for· this analysis. Appendix 0 includes minimum, maximum,
average, geometric mean, and standard deviation for each data set. The
influent and effluent geometric-mean (or median) data are compiled on Table
24 and median removals are listed for each set of flux and chemical treat
ment employed.

VSS removals ranged from 30 to 61 percent without chemicals and 43 to
96 percent when chelolicals were employed. B005 removals ranged from 32 to 56
percent without chemicals and 20 to 92 percent with chemicals. TOC removals
were generally higher than COO removals. TOC removals ranged from 19 to 50
percent without chemicals and 23 to 68 percent with chemical treatment. COD
removals averaged 13 percent withou~ chemicals and 42 percent with chemicals.

Oil and grease removals were less than 4 percent without chemicals
and ranged from 5 to 56 percent when chemical treatments were employed. TKN
removals ranged from 8 to 13 percent without chemicals and 1 to 49 percent
with chemicals. TIP removals of 7 to 34 percent were attained without
chemicals, while chemical treatments generally resulted in TIP removals of
20 to 89 percent. Effluent pH ranged from 6.8 to 7.2 when chemicals were
not employed and from 3.6 to 7.4 when chemicals were employed. Aluminum
reductions were 10 to 93 percent without chemicals and 12 to 94 percent
with chemical addition.
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FIGURE 41. DMHRF Performance with Chemical Treatment.
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TABLE 2~·. r.1EOIAN PERFORr~ANCE OF OMHRF

Treatment* SS VSS B005 TOC
On Flux Inf. Eff. % Inf. Eff. % Inf. i:ff. % Inf. Eff. %

P/S m·1HRF gpm/ft2 mg/l mg/l Rem. mg/l mg!l Rem. mg/l mg/l Rem. mg/l mg/l Rem.

NC NC 10 58.8 25.3 56 26.6 10.5 61 15.3 6.67 56 18.8 13.4 29
NC NC 15 56.1 24.5 56 26.6 13.2 50 16.0 10.90 32 17.8 12.6 29
NC NC 20 70.5 38.9 45 30.9 16.9 45 17.7 10.00 44 20.7 10.3 50
NC NC 25 53.6 31. 3 42 25.1 17.5 30 12.5 7.50 40 19.5 15.7 19
NC PO 15 142.7 28.2 80 82.4 18.4 78 76.5 6.00 92 35.7 18.0 50
PO NC 10 203.4 45.8 77 61. 9 14.3 77 26.7 7.70 71 32.5 11.3 65
PO NC 15 187.4 31.9 83 54.6 11. 1 80 24.9 5.80 77 29.8 9.4 68
PO NC 20 240.3 85.5 64 80.5 30.1 63 24.0 19.10 20 42.4 17.2 59
PO NC 25 196.5 57.8 71 57.9 17.6 70 28.9 6.80 76 30.4 11.9 61
PO PO 10 229.2 78.7 66 71.4 21.3 69 12.6 37.2 17. 1 54

00 PO PO 20 217.4 117.1 46 70.1 39.9 43 12.2 37.4 22.3 4000
PO PO 25 217.4 119.5 45 70.1 34.0 51 11. 5 37.4 24.1 36
PO AP 15 185.6 39.8 79 35.9 6.8 81 11.5 33.1 15. 1 54
PO AP 20 185.6 66.1 64 35.9 9.1 75 11.5 33.1 20.3 39
PO AP 25 185.6 80. 1 57 35.9 18.9 47 27.6 33.1 19.4 41
AP NC 15 104.6 40.1 62 40.2 15.5 61 21.4 17.40 37 34.1 24.8 27
AP NC 20 192.6 114.1 41 79.8 42.9 46 27.9 53.0 39.6 25
AP NC 25 87.9 52.4 40 31. 3 14.3 54 27.6 19.50 30 26.8 20.2 25
AP PO 15 98.4 7.7 92 38.4 2.3 94 27.6 17.10 31.4 12.3 61
AP PO 20 192.6 47.7' 75 79.8 17.0 79 21.4 53.0 29.1 45
AP PO 25 161. 1 8. 1 95 54.0 2.3 96 29.5 24.30 39.7 14.0 65
AP AP 15 152.6 42.9 72 54.4 15.6 71 23.1 17.2n 46.2 19.0 59
AP AP 20 192.6 62.5 68 79.8 23.5 71 21.4 53.0 31.2 41
AP AP 25 205.7 82.3 60 85.6 35.8 58 34.7 43.0 33.0 23

(continued)
*NC - no chemical treatment

PO - polymer treatment only
AP - alum + polymer treatment



T86LE 24. (continued)

Treatment* COD o &G TKN TIP
On Flux Inf. Eff. % Inf. Eff. % Inf. Eff. % Inf. Eff. %

P/S m1HRF .9.2..m/ ft2 mg/1 mg/1 Rem. mg/l mg/1 Rem. mg/1 mg/1 Rem. mg/1 mg/1 Rem.

NC NC 10 18.7 17.5 5 0.95 1.10 0.14 0.13 7
NC NC 15 17.3 13.4 23 58.0 55.8 4 0.91 2.10 0.12 0.17
NC NC 20 20.7 18.2 12 1.19 1.03 13 0.16 0.10 34
NC NC 25 18.5 18.8 1.03 1. 38 0.15 0.15
NC PO 15 55.6 53.4 5 4.10 3.40 17 0.29 0.23 22
PO NC 10 20.4 17.0 17 2.80 1.80 35 0.56 0.33 41
PO NC 15 15.2 13.7 10 2.80 1.42 49 0.61 0.22 64
PO NC 20 53.5 30.9 42 2.20 1.80 18 0.67 0.30 55
PO NC 25 20.4 22.4 2.80 1.68 40 0.51 0.20 60
PO PO 10 2.03 1.72 15 1.34 0.37 72

co PO PO 20 1.83 1.69 8 1.34 0.22 84
ID PO PO 25 1.83 1.82 1 1.34 0.75 44

PO AP 15 2.23 1.81 19 1.49 0.58 61
PO AP 20 2.23 1. 78 20 1.49 0.19 87
PO AP 25 2.23 1. 75 22 1.49 0.23 85
AP NC' 15 27.6 24.4 12 3.94 3.50 11 0.45 0.32 29
AP NC 20 40.8 26.8 34 8.91 7.82 12 2.27 1.50 34
AP NC 25 31.6 18.0 43 2.90 2.06 29 0.20 0.27
AP PO 15 27.6 12.1 56 4.03 3.36 17 0.42 0.09 79
AP PO 20 40.8 20.0 51 8.91 7.90 12 2.27 0.67 70
AP PO 25 30.8 15.6 50 2.76 2.40 13 0.85 0.23 73
AP AP 15 37.4 4.82 2.80 42 0.89 0.10 89
AP AP 20 40.8 24.0 41 8.9 8.30 7 2.27 0.99 56
AP AP 25 86.0 40.8 53 8.2 8.05 2 1.60 1.28 20

(continued)
*NC - no chemical treatment

PO - polymer treatment only
AP - alum + polymer treatment



TABLE 24. (continued)

Treatment* Al
On Flux pH Inf. Eff. %

P/S D~1HR.F gpm/ft2 Inf. Eff. mg/l mg/l Rem

NC NC 10 7.01 7.03 0.70 0.52 26
NC NC 15 7.16 7.20 0.45 0.03 93
NC NC 20 6.89 7.08 0.86 0.51 41
NC NC 25 6.94 6.80 0.72 0.65 10
NC PO 15 6.92 7.00 0.60 0.05 92
PO NC 10 7.16 7.25 2.53 0.71 72
PO NC 15 7.20 7.14 3.10 1.90 39
PO NC 20 7.16 7.28 1.52 0.82 49
PO NC 25 7.10 6.95 2.6n 0.16 94
PO PO 10 7.35 7.40 2.53 0.85 66

1.0 PO PO 20 7.30 7.42 2.70 1.55 43
0 PO PO 25 7.30 7.28 2.70 1.56 42

PO AP 15 7.19 7.11 1.83 0.77 58
PO AP 20 7.19 7.37 1.83 1.83
PO AP 25 7.19 7.41 1.83 2.23
AP NC 15 6.23 6.38 16.55 12. 10 27
AP NC 20 4.07 4.15 96.00 80.50 16
AP NC 25 6.53 6.51 10.82 6.97 38
AP PO 15 6.08 6.57 12. 17 4.63 76
AP PO 20 4.07 4.15 96.00 67.10 30
AP PO 25 6.18 6.42 12.88 7.56 41
AP AP 15 5.51 6.64 33.63 3.97 88
AP AP 20 4.07 4.10 96.00 76.20 21
AP AP 25 3.40 3.60 98.90 87.00 12

*NC - no chemical treatment
PO - polymer treatment only
AP - alum + polymer treatment



SECTION 10

ACTIVATED CARBON ADSORPTION

BACKGROUND

The polishing of the effluent from the flocculation/sedimentation (F/S)
and dual-media high-rate filtration (DMHRF) processes may be desirable and
necessary to provide a secondary quality overflow effluent with respect
to BOD5 during wet-weather periods. Polishing of dry-weather flows at the
VanLare plant may also be a direct benefit of having facilities designed
to serve a dual purpose. The carbon facilities would be available to pro
vide additional BOD5 removal capability for dry-weather flows. During wet
weather conditions the carbon facilities could be switched over to provide
treatment of the effluent directly related to either the CSO treatment
tanks (flocculation/sedimentation basins) or, in the event of future plant
expansion, the high-rate filtration process.

OUTLINE OF EXPERIMENTS

Evaluations of the carbon adsorption system were very limited. An
outline of the experiments is presented in Table 25.

TABLE 25. ACTIVATED CARBON OPERATING'CONDITIONS

Storm No.

13
16
17

Influent Origin

DMHRF
F/S
F/S

Detention Time (min)

45.0
13. 5, 19. 3, 30. 0
13. 5, 19. 3, 30 . 0

Investigations conducted during Storm No. 13 were performed on filter
effluent applied to the carbon columns at a rate of 0.19 lIs (3 gpm), which
provided a detention time of 45 min at a surface flux of 57.4 l/min m2 .
(1. 41 gpm/ft2 ). BOD5 removal rates··'were evaluated for Storm No. 16 over a
lower range of detention times (13.5, ,19.3 and 30.0 min) with surface flux
at 17.1-38.3 l/min m2 (0.42-0.94 gpm/ft2). These investigations were per
formed on the effluent from the F/S basin operating at 61.2 m3/day m2
(1500 gpd/ft2) and chemically treated with alum and polymer.

BOD removal rates for Storm No. 17 were also evaluated over the same
range of detention times a~d surface flux for Storm No. 16 and ,at a hydrau
lic loading rate of 81.6 m Iday m2 (2000 gpd/ft2) on the F/S basin.

91



RESULTS

The major goal of pilot testing of the carbon adsorption system was
to compare BODS removal rates with detention time. BODS removal results
associated with Storm Nos. 16 and 17 are presented in Figures 42 and 43,
respectively. Figure 42 showed a significant improvement in the removal of
BODS when the detention time was increased from 13.5 to 19.3 minutes. No
improvement, however, was experienced when the detention time was further
increased to 30 minutes.

The results depicted in Figure 43 suggest that for Storm No. 17,
within the range of detention times investigated, variation in the
detention time had minimal effect on the BODS removal efficiency of the
carbon facilities. The disparity between these results and those attained
for Storm No. 16 may be attributed to the different influent BODS levels
experienced in each storm. Influent BODS in Storm No. 16 ranged from 16
to 46 mg/l while those associated with Storm No. 17 ranged from 52 to
79 mg/l.

BODS removal results for Storm No. 13 are shown in Figure 44.
Influent BODS experienced during this investigation were slmilar to those
experienced in Storm No. 16. A comparison of the results from these two
storms indicates that there was no enhancement in the BODS removal
efficiency when the detention time was increased beyond 30 minutes. This
shows that for an influent BODS range of approximately 15 to 50 mg/l, there
appears to be an optimum detention time for BODS removal between 13.5 and
30.0 minutes.
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FIGURE 42. BODS Removal with Carbon Adsorption. Low
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SECTION 11

HIGH-RATE DISINFECTION

BACKGROUND

Studies on disinfection of simulated combined sewer overflow (SCSO)
in Syracuse, N.Y. (42) indicated that bacterial reductions occur
rapidly in the presence of free chlorine (C1 2). As the level of chlo
rine demanding substances in wastewater increases, the amount of
free C1 2 available as a bactericide significantly reduces. Rfdenaur
and Ingols (43) have hypothesized that chlorine dioxide (C102) has an
advantage over C12 as a bactericide since it is less reactive with
reduced substances present in wastewater.

The Syracuse studies (42) stated that the time of existence of
free C1 2 in the SCSO was very limited. They also reported that follow
"ing the initial steep bacterial reduction brought about by the free
C1 2 ' there followed "a gradual decrease in the bacterial population
over an extended period of time. This second and lower rate of dis
infection has been attributed to the combined form of C1 2 ' which is
considerably less powerful as a disinf~ction agent than free Cl . The
work involving C10e revealed that rapid bacterial kills were ob~ained
within the first 30 seconds with little kill attained upon additional
contact. It was concluded that C102 itself is the disinfection species
and its decomposition product C102-has very little disinfecting capabil
ity. It was also concluded that on a weight basis, C102 is approx
mately twice as effective as C12 in reducing bacterial populations
to target levels. The Syracuse study (42) also observed an enhance
ment in the disinfection process with a two-stage (sequential) addition
involving the qpplication of C12 followed by C102 after an initial con
tact time of 15 to 30 seconds. It was hypothesized that this may be
due to th~ regeneration of C102 through the interaction of chlorite
ion (C102 ) and C12'

Mixing has been shown to be a significant parameter in all dis~

infecting practices. In his report on a survey of a number of treat
ment plants in the San Francisco Bay area, White (44) found that all of
the plants exhibiting good disinfection had good mixing.

The influence of mixing intensity on bacterial kills with £12 has
been demonstrated by Collin (45) and Kruse (46). The use of the
velocity gradient (G) as a measure of the mixing intensity was first
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proposed by Camp and Stein (47) in 1943. More recently, the non
dimensional expression, GT, has been associated with the effective
mixing intensity. In this expression, G represents the velocity grad
ient and T is the nominal contact time in the disinfection chamber. Glover
(26,49) reported that disinfection performance can be considered a
function of the GT 'parameter and suggested that as the value of GT
increases, disinfection is enhanced. Glover (49) also proposed the
use of initial flash mixing and corrugated baffles in the disinfection
chamber as an inexpensive means of increasing the GT value.

TEST PROGRAM

The intent of the distnfection program was to evaluate the
performances of C12 and C102 in a high-rate disinfection application.
Since CSO treatment involves capital facilities tbat are not operated
full-time, it may be desirable to reduce tbe capital cost of the
facilities at the expense of operating and chemical costs. If C102
reacts faster and more effectively than C12, as has been experienced
in previously mentioned studies, the high~r applied chemical cost
~ssociated with C102 may be offset by lower capital costs.

As a result of the bench-scale studies on high-rate disinfection
conducted in Syracuse, N.Y. (42), two-stage disinfection with C12 and
C102 was evaluated in the Rochester pilot plant. It was considered
possible that a more cost-effective alternative to single-stage dis
infection could be developed if there were an improvement in the level
of disinfection realized by two-stage application using C12 and C102.

The disinfection program also sought to define the type and .l~vel

of mixing which is necessaryto'optimize the disinfection process: It
was anticipated that if an optimum level of mixing could be established,
it might prove advantageous to reduce capital costs by lowering process
contact times.

The equipment involved in performing the disinfection studies is
presented in Section 4. Testing was conducted in three parts. During
storm events, the three disinfection systems were operated at three
different dosage rates with all other conditions being identical. This
allowed for the evaluation of the effect of the changes in chemical de
mand during the storm which could be attributed to organic and nitro
genous substances. This type of evaluation was conducted for both
single-stage and two-stage disinfection. The latter part of the test
program included the evaluation of different mixing conditions.

Following each storm, the disinfection systems were run using swirl
primary separator and/or microscreen effluents collected prior to and
following filtration. This allowed for further evaluations of the effects
of solids levels on disinfection. In addition, the post-storm dis
infection allowed for the evaluation of a larger array of dosages, deten
tion times, and mixing conditions. During the holding period the quality
of the stored wastewater remained relatively stable.
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Part three of the disinfection studies included a number of tests
utilizing dry-weather flow. These permitted the supplementary evaluation
of the effect of chemical demand and solids loadings on the disinfection
process.

Operating conditions for the wet- and dry-weather tests are outlined
in Tables 26 and 27. The variables controlled in these tests were dosage,
detention time, and mixing intensity.

TABLE 26. SUMMARY OF WET-WEATHER DISINFECTION OPERATING CONDITIONS

Influent D. T}'ti" C12 Dose C102 Dose
Storm No. Origin (min) Mixing (mg/l) (mg/l)

1-5 F/S* 1.8-5.6 CORR** 0

6 F/S 1.8-5.6 CORR 0 2-12 .
D~lHRF 1.1-8.4 CORR 0 3-10

7 F/S 1.8-5.6 CORR 0 3-10
DMHRF 1.1-8.4 CORR a 2-9

8 F/S 1.8-5.6 CORR 0 2-9
DMHRF 1.1-8.4 CaRR a 2-8

9 F/S 1.8-5.6 CaRR 2-19 a
DMHRF 1.1-8.4 CaRR 6-19 a

10 F/S 1.8-5.6 CaRR 4· 0

11 F/S 1.8-5.6 CaRR 4-14 0

12 F/S 1.8-5.6 CORR 6-15 a
m·1HRF 1.1-5.6 CaRR 6-15 0

13 F/S 1.8-5.6 FMtt ,SFM§§ ,CaRR 4 a
DMHRF 1.8-5.6 FM SFM ,CaRR 4 a

15 F/S 1.8-5.6 CaRR 2 1,2,3
or~HRF 1.1-5.6 CORR 2 1,2,3(C12

First)
DMHRF 1.8-5.6 FM,SFM,CORR 2 2

16 CC § 1.3-3.8 CaRR a 2,4,6
D~1HRF 1.1-3.4 FM,SH~,CORR a a

4,6,8 4,6,8

17 CC 1.3-3.8 FM 4,6,8 a
DMHRF 1.8-5.6 FM 0-12 0-6( C1 2

First)
( continued)
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TABLE 26. (continued)

Influent D.T. C1 2 Dose C102 Dose
Storm No. Origin (min) Mixing (mg/l) (mg/1)

18 F/S 1.8-5.6 FM,SFM,CORR 0 5
P/S*** 1.8-5.6 FM,SFM,CORR a 4,6,8

2,4,6 0

19 F/S 1.8-5.6 FM,SFM,CORR 1,2,3 1,2,3 (C12 First)
PIS 1.8-5.6 FM,SFM,CORR 1,2,3 1,2,3 (C10Z ~irst)

*F/S - Flocculation/Sedimentation tttD.T. - Detention Time
tDMHRF - Dual-Media High-Rate Filter
§CC - Activated Carbon Columns
**CORR - Corrugated Baffles

-rt"FM- Single Flash Mix
§§SFM - Sequential Flash Mix
***P/S - Swirl Primary Separator

TABLE 27. SUMMARY OF DRY-WEATHER DISINFECTION OPERATING CONDITIONS

Storm Influent D.T. C1~ Dose ClOt Dose
No. Origin (min) Mixing (m /1) (mg 1)

65 F/S 1. 8-5. 6 CORR 4,6,8 0

66 F/S 1. 8-5.6 CORR 4,6,8 2,4,6

69 PIS 1.8-5.6 CaRR 4,6,8 a
FM,SFM,CORR 1-4 1-4 (C1 2 First)

70 PIS 1. 8-5. 6 FM,SFM,CORR 1,2,3 1,2,3 (C1Olirst)

76 PIS 1.8-5.6 FM 0 4,6
6,8 a

SINGLE STAGE TREATMENT: CHLORINE VERSUS CHLORINE DIOXIDE

Multiple Regression Analysis

In order to evaluate the effects of the operating conditions and
variable wastewater quality it was considered desirable to develop a
mathematical model from the disinfection data. Multiple regression analysis
was thus conducted to statistically fit an equation to the pilot plant data
and to develop an optimal de~ign configuration for treating CSO.
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The final equation s~lected for the multiple regression analysis was:

log kill = K
l

(C) K2 (G) K3 (DT) K4 (10) K5 TKN + K6BoD (1)

where log kill = log Influent F. Coli-log Effluent F. Coli

C = concentration of disinfectant, mg/l

G = velocity gradient, min-1

D.T. = detention time, min

TKN' = concentration of TKN, mg/l

BOD = concentration of BoD5' mg/l

Kl through K6 = constants

The relation between D.T. and log kill was based on the·first-order
relationship normally referred to as Chick's law (51), i.e.:

dN = -kN
dt

where dN/dt = time rate of kill

k = rate constant

N= number of living microorganisms

Equation 2 may be rearranged (11) to yield:
Nt = 2.3 log_l

K N2

(2)

(3)

(4)

where Nl and N2 = number of microorganisms living initially and at time, t,
respectively.

Equation 3 suggested a linear relationship between the contact time and
the log kill.

The relationship between the concentration of the disinfectant and
the time required for the disinfection process has been suggested (52)
as follows:

kll

t =-
Cn

where t = time required to kill a given percentage of microorganisms
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C = concentration of disinfectant

n = coefficient of dilution

k" = constant,

Equation 4 suggested the use of the factor CK in the regression model
(equation 1).

Use of the term, G, in equation 1 was based on a review of Glover1s
(49) work with high-rate disinfection of CSO. Examination of Figure 2
presented in reference 49 indicated a straight line relationship
between the log (log kill) and the log GT:

log (log kill) = m log GT

where m = slope

GT = measure of mixing intensity, unitless.

Equation 5 can be further reduced to:

log kill = (GT)m = GmTm

-1where G = velocity gradient, t

T = contact time

(5)

Most relationships developed in the literature between disinfectant
dosage and kill are presented in terms of disinfectant residual. Dis
infectant residual is a function of dosage as well as contact time and
concentrations of reduced substances present in the wastewater (53).
I(Lorder to develop a mathematical relationship between kill and dosage
it was therefore necessary to include BOD~ and TKN data, as these para
meters affect the ability to maintain a disinfectant residual.

In addition to the variaQles presented in Equation 1, a number of
other possible variables were tested in the multiple regression analysis.
Changes ,in pH, temperature, suspended solids concentrations, and volatile
solids concentrations did not show statistically significant effects with
the disinfection system performance data.

Tables 28 and 29 present the results obtained from the regression
analysis conducted on the Rochester pilot plant data. The regression
coefficient values correspond to the exponential K values in equation 1.
The value of K in equation 1 is equal to 10' where i is equal to ~ne

intercept valu!. The magnitude of the regression coefficient gives an
indication of the relative importance of this term in the regression
expression. In the case of disinfection by C12, positive regression co
efficients associated with the dosage, detention time, and velocity
gradient signify that as these values increase, the value of the log' kill
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also increases. The negative signs associated with the TKN and BOD indicate
that as these values increase the value of the log kill decreases.

TABLE 28. MULTIPLE REGRESSION ANALYSIS RESULTS FOR DISINFECTION BY C12

Standard Correlation Regression Std. Error Computed
Variable Mean Deviation X vs Y Coefficient of Reg. Coef. T Value

Log Cl 0.820 0.193 0.605 0.662 0.059 11 .21
Log T 0.511 0.202 0.110 0.456 0.119 3.82
C2 3.80 2.56 -0.205 -0.00431 0.00433 -0.996
C3 36."1 25.0 -0.503 -0.00456 0.00052 -8.83

Log (G) 4.43 0.193 -0.137 0.280 0.125 2.24
Dependent
Log(Log !!l)0.466 0.265

N2

Intercept -1.37
Multiple Correlation 0.727
Std. Error of Estimate 0.183
Analysis of Variance for the Regression

Degrees Sum of Mean
Source of Variation of Freedom. Squares Squares F Value

Attributable to Regression 5 10.74 2.14 63.7
Deviation from Regression 284 9.57 0.0337

. ,. 0,. "

Total 289 20.3

TABLE 29. MULTLPLE REGRESSION ANALYSIS RESULTS FOR DISINFECTION BY C102

Standard Correlation Regression Std. Error Computed
Variable Mean Deviation Xvs Y Coefficient of Reg. Coef. T Value

Log C1 0.525
Log T 0.500
C2 3.17
C3 25.1

Log (g) 4.42
Dependent
Log(Log Hl)0.399

N2

0.216
0.210
1.16

13.6
0.201

0.204

0.548
0.031
0.157

-0.00719
-0.0241

0.628
0.0781
0.00314

-0.00719
0.0502

0.0797
0.139
0.0139
6.00156
0.146

7.88
0.560
0.224

-4.~1
0.J43

Intercept
Multiple Correlation
Std. Error of Estimate.

-0.0212
0.698
0.150
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TABLE 29. (continued)

Degrees Sum of
Source of Variation of Freedom Squares

Attributable to Regression 5 1.88
Deviation from Regression 88 1.98

Total 93 3.87

Mean
Squares F Value

0.377 16.7
0.0225

Multiple regression analysis with the C102 data also produced positive
regression coefficients for the dosage, detention time, and velocity
gradient and a negative regression coefficient for BOD5. The magnitude of
the standard error of the regression coefficient and the T value associated
with the TKN indicate that the effect of this parameter is fairly in
significant.

The IT I value designates the degrees of confidence with which the
corresponding regression coefficients may be assumed to be statistically
significant. In the case of C12 disinfection, the IT I values for the
dosage, detention time, and BOD5 correspond to a degree of confidence
greater than 99.5 percent. The IT I value associated with the velocity
gradient, G, represents a degree of confidence greater than 95 percent,
while that associated with the TKN indicates less than a 70 percent degree
of confidence. The IT' values associated with BOD5 and the C102 dosage
indicate degrees of confidence greater than 95 percent each.

The 1'·1 values for C102 disinfection associated with detention
time, velocity gradient, and TKN represent degrees of confidence lower
than 50 percent, 30 percent, 20 percent, respectively. These low values
indicate that variations of these parameters did not account for variations
in performance. The 'F I value in the multiple regression analysis gives
an indication of the statistical significance of the entire regression
expression. IF I values associated with both the C12 and C102 regression
analysis represent degrees of confidence greater than 99 percent.

The final regression equations obtained from the Rochester pilot
plant data are as follows:

log kill = .0422(C)·662(G)·280(DT)·456(10)-·00431TKN-.00456BOD(6)

for C12, and

log kill = .952(C)·628(G)·0502(DT)·0781(10)·00314TKN-.00719BOD (7)

for C102.

Lists of the multiple regression analysis input data and the regression
residuals for both C12 and C102 are presented in Appendix E.
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Illustrative Trends of the'Regression Model

Subsequent to their development, the regression models were used to
investigate the separate effects of the independent variables on the dis
infection unit performance. Variation in unit performance was fi~st

evaluated with respect to mixing intensity and detention time. Plots of
performance versus GT were developed using detention times of 1, 4, and 30
minutes. These detention times were selected in an effort to compare the
model results with the results Glover (49) obtained using a C12 residual
of 5 mg/l. A C12 dosage of 8 mg/l in the C12 regression model roughly
corresponds to the C12 residual of 5 mg/l used by Glover (49). The 4 mg/l
C102 dosage in the C102 regression model is roughly comparable to an 8 mg/l
C12 dose. Values for TKN and B005 used in this model analysis were the
average values· experienced in the Rochester studies.

Plots of Glover1s (49) results along with the results obtained using
the regression models are presented in Figure 45. A comparison of the
curves for C12 shows similar trends. The slope of these curves indicates
that disinfection with C12 is greatly enhanced with an increase in mixing
intensity. The slope associated with the C102 curve implies that additional
mixing does not produce'a very significant change in bacterial reductions
when C102 is used as the disinfectant. Figure 45 also suggests that at very
low mixing intensities and short contact times, C102 i~ more effective than
C12 in reducing bacterial populations.
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Figure 46 is a plot of performance versus GT for different dosages
of C12 using the average TKN and BODS values from the Rochester data.
Apparent in Figure 46 is the influence of mixing intensity on C12 disinfection
effectiveness. This figure also suggests that there is a more pronounced
effect on the performance when the C12 dosage is varied at the higher mixing
intensities.

A plot of performance versus GT for various C102 dosages is presented
in Figure 47 for average TKN and BODS values. The slope of the curves
indicates that mixing intensity has only a slight effect on the effective
ness of disinfection experienced with C102. The distance between the curves
suggests that increasing the C102 dosage produces similar increases in
bacterial kill, regardless of the mixing intensity. Comparison of Figures
46 and 47 shows C102 to be a better disinfectant than C12 at lower mixing
intensities.

The effect of changing BODS was the next area evaluated using the
regression models. Figure 48 presents plots of performance versus dosage
for both C12 and C102. BODS values used in the analysis corresponded 'to
half the average, the average, and twice the average of the BODS values
encountered in Rochester. Comparing the plots shows that lower dosages of
C102 are employed relative to those required when using C12. The plots also
indicate that variations in the BODS level of the applied wastewater produce
significant changes in the disinfection effectiveness of C12 and C102, the
greatest sensitivity observed for C102.
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A similar sensitivity analysis was conducted using the TKN information.
Results of this analysis are presented in Figure 49. The set of curves for
both C12 and C102 indicates that variation in the TKN levels produces a
fairly insignificant effect on the bacterial reductions experienced with
either of these two disinfectants.
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Figures 50 and 51 indicate the correlation between actual data and
performance predicted by the regression equations.

Cost/Benefit Analysis

Design factors such as G, D.T., and dose affect both capital and opera
tion/maintenance costs as well as the performance of the disinfection treat
ment facilities. It was the objective of the cost/benefit analysis to
determine the combination of design factors necessary to develop the most
cost-effective facility for the disinfection of combined sewer overflows.

Disinfection cost equations have been developed from the cost curves'
presented in reference (54). Capital costs for the disinfection facilities
are presented as a function of the size of contact chamber and the amount of
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mlxlng provided. All costs have been adjusted to the ENR construction cost
index of 2480.
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FIGURE 50. Predicted vs. Observed Bacterial Reductions for Chlorine

CAPITAL COST ($) = 10.229 (G)·5668 (V)·65 (8)
where G = velocity gradient, sec-l 3

V = volume of contact chamber, ft

When the capital costs are amortized over 20 years at an interest rate of
6 percent, the following yearly cost is attained:

CAPITAL COST ($/yr) = 0.89176 (G)·5668 (V)·65 (9)

Using the cost curve relating manpower requirements to the size of a rapid
mix basin, the following equation is developed:

MAN-HOURS = 0.04867 (OF)' 78031 (V)' 633 (l0)
where OF = number of overflow events per year
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FIGURE 51. Predicted vs. Observed Bacterial Reductions for Chlorine Dioxide

For the purposes of the cost/benefit analysis, all overflows in the
Rochester area under the application of the two-year design storm were
considered eliminated and all wet-weather flow was assumed treated at
central facilities. It was also assumed that a rainfall of2.5 mm (0.10
in) would produce enough runoff to warrant the operation of these facili
ties. Averaging the number of days per year in which the rainfall in
Rochester exceeded 2.5 mm (0.10 in) (1961-1975). Equation 10 yields:

MAN-HRS/yr = 1.4431 (V) .633 un
Assuming a manpower cost of $15/hr, the final operation and maintenance
cost equation becomes:

o &MCOST ($/yr) = 21.646 (V)·63~ (12)

Transformation of the material and supply cost curves produced the following:

M &S COST ($/yr) = 1.0768 (V)·6404 (13)

The expression relating costs to power requirements, assuming a charge of
$.025/KWH, was found to be:

PWR COST($/yr) = G2V (14)
257,875

108



Chemical costs were based on a total yearly treatment of 17,600 m3 (4651
mil gal), which corresponds to the average yearly quantity of wet-weather
flow experienced in Rochester over the past ten years (1965-1975). Using
a cost for C12 of $O.lO/lb, the chemical cost expression for C12 becomes:

C1 2 COST ($/ yr) = 3878.9 (DOSE)

where DOSE = disinfectant dosage, mg/l

Assuming a cost of $0.50/1b for C102 the cost equation becomes:

C102 COST ($/ yr) = 19394.5 (DOSE)

(15)

(16)

The cost equations were used to optimize facilities costs for a
selected set of operating conditions. These operating conditions included
the treatment rate, values of TKN and BOD5, and the desired bacterial kill.
Facilities costs were calculated for different detention times and
disinfectant dosages and the minimum cost was determined along with optimum
GT, dose, G, and D.T. values. In all of the optimization analyses, the
treatment rate was fixed at 1041 m3/day (275 mgd), which is the design rate
of proposed wet-weather facilities for Rochester. An evaluation of
facilities costs for three different quality conditions was performed using
the cost optimization program. This was done for both C12 and C102.
Minimum-cost facilities were developed for 3, 4, 5, and 6 log reductions
of F. Coliforms. Comparisons were conducted employing wastewater quality
representative of settled CSO, filtered CSO,and carbon adsorption effluent.
Comparisons of the minimum total costs for the optimum C1 2 and C102 systems
under these conditions are presented in Tables 30, 31, and 32. In most
instances, the C102 optimum systems exhibited lower detention times and GT
values than the C12 systems. However, because of the higher chemical costs
associated with C102, all of the C12 optimum systems exhibited much lower
total system costs than the C102 system~. This apparently. indicates
that even in a high-rate application, utilization of C1Z instead or C102 as
the disinfectant will produce a more cost-effective dislnfection facility.

Examples of two cost optimizations are shown in Figure 52 illustrating
the trends obtained during the iteration procedure for determining the
optimum cost system.

It is noted that attainment of high-rate disinfection employs chlorine
dosages slightly higher than those normally encountered in conventional
disinfection. It is recognized that such effluents may require de
chlorination to protect receiving water aquatic life. The cost of these
facilities has not been included in this analysis.

CHLORINE/CHLORINE DIOXIDE COMBINATIONS

Several tests were conducted during the Rochester studies to investigate
two-stage disinfection with both C12 and C102. It has been suggested (42)
that C12 added 15 to 30 seconds prior to the addition of C102, enhances
disinfection. It was hypothesized that after the C102 has been oxidized
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to C102-, any free C12 also present might oxidiz~ C102- back to C102. It
was further suggested (42) that this process may prolong the existence of
the more p~tent disinfectant, C102, and thus enhance disinfection beyond
that expected by the sum of the respective concentrations of C12 and C102.
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FIGURE 52. Optimization Trends

Storm No. 69 involved a series of tests on dry-weather flow comparing
the disinfection performance of chlorine, chlorine dioxide, and various
combinations of the two. These tests were conducted with C12 added before
C102 and employed corrugated baffles. The results of the above tests are
presented in Figures 53, 54, and 55. Figure 53 shows bacterial kill as a
function of C12 and C102 doses for a 5.6 minute contact time. Iso-kill lines
are interpolated between the observed data. This presentation indicates that
C102 causes the same bacterial kill as chlorine at roughly half the dosage.
The fact that the iso-kill lines are nearly linear indicates that combination
treatment does not exhibit a synergistic effect; combination treatment simply
results in replacing a portion of one disinfectant with another.

Figures 54 and 55 represent the same test conditions but at contact
times of 3.8 and 1.9 minutes. Again, the iso-kill lines are nearly linear.
The slopes of the iso-kill lines presented in Figures 54 and 55 are
greater, demonstrating that the contact time is less critical with C102
than with C1 2.
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TABLE 30. COST OPTIMIZATION. CSO-PRIMARY EFFLUENT*

3.0
Required Log Kill
4.0 5.0 6.0

Treatment With Chlorine Dioxide
Minimum Cost ($/yr) 481,000
Optimum GT 26,400
Optimum Dose (mg/l) 12.0
Optimum D.T. (min) 4.0
Optimum G (sec-1) 110
Treatment With Chlorine
Minimum Cost ($/yr) 232,000
Optimum GT 47,500
Optimum Dose {mg/l) 10.0
Optimum D. T. (min) 8.0
Optimum G (sec - ) 99

* At BOD5 = 59.5 mg/l
TKN = 2.7 mg/l
Treabnent Rate = 275 mgd

673,000
48,800
17.8
7.0
102

279,000
62,000
12.4
11.0

94

875,000
63,400
24.1
11.0

96

322,000
75,600
15.3
14.0

90

1;086,000
86,400
31.0
15.0

96

362,000
89,800
17.8
17.0

88

TABLE 31. COST OPTIMIZATION. CSO-FILTERED EFFLUENT*

3.0
Treatment with Chlorine Dioxide
Mi nimum Cost ($/yr) . 201 ,00f)
Optimum GT 8,500
Optimum Dose (mg/l) 4.1
Optimum D.T. (min) 1.0
Optimum G (sec-1) 141
Treatment With Chlorine
Minimum Cost ($/yr) 169,000
Optimum GT 30,900
Optimum Dose (mg/l) 6.4
Optimum D.T. (min) 5.0
Optimum G (sec-1) 103

Required Log Kill
4.0 5.0 6.0

278,000 357,000 440,000
12,200 16,300 24,500
6.1 8.5 10.8
2.0 2.0 3.0
102 136 136

203,000 234,000 263,000
39,900 48,500 57,000
8.1 10.1 11.7
7.0 8.0 10.0

95 101 95

* At BOD5 = 12.6 mg/l
TKN = 2.0 mg/l
Treatment Rate = 275 mgd

TABLE 32. COST OPTIMIZATION. CSO-ACTIVATED CARBON EFFLUENT*

3.0
Required Log Kill
4.0 5.0 6.0

Treatment With Chlorine Dioxide
Minimum Cost ($/yr) 168,000
Optimum GT 6,800
Optimum Dose (mg/l) 3.2
Optimum D.T. (min) 1.0
Optimum G (sec-1) 113

230,000
10,000
4.9
1.0
167

111

295,000
13,900
6.6
2.0
116

363,000
16,400
8.7
2.0
137

(continued)



TABLE 32. (continued)

Required Log Kill
4.0 5.0

Treatment With Chlorine
Minimum Cost ($/yr)
Optimum GT
Optimum Dose (mg/l)
Optimum D.T. (min)
Optimum G ( ec-l)

3.0

159,000
28,300
6.0
4.0
118

190,000
36,000
7.5
6.0
100

219,000
43,700
9.3
7.0
104

6.0

245,000
52,400
10.6
9.0

97
* At BOD5 = 2.5 mg/l

TKN = 2.0 mg/l
Treatment Rate = 275 mgd
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Disinfection tests similar to those conducted during storm No. 69
were also performed for Storm No. 17. The results of these investigations
are presented in Figures 56, 57 and 58~ Again, a series of iso-kill lines
were interpolated between the observed data. A comparison of these results
with those obtained for Storm No. 69 reveals that similar trends were
exhibited in both cases. The linear relations again illustrate no
apparent synergistic effect on the combination treatment. Similar bacterial
kills were again experienced with approximately half as much C102 as C12.

The effects of mixin~ and order of addition on two-stage disinfection
were examined during Storms No. 19, 69 and 70. Figures ~g and 60 show
the results obtained when these investigations were conducted on dry-weather
flow (Storms No. 69" and 70). Wet-weather (Storm No. 17) results are
presented in F.igures 61,62 and 63. Both series of tests implied that
slightly higher bacterial kills are obtained when C102 is introduced prior
to the addition of C12. Examination of the results also disclosed that
in the majority of the tests, sequential flash mixing was more effective
in reducing bacterial populations than were the other two mixing conditions
(corrugated baffles and single flash).

A comparison of Figures 59, 60, ~2 and 63 revealed that, at similar
dosage combinations, greater bacterial reductions were achieved during
the wet-weather investigations.
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SECTION 12

SOLIDS HANDLING CONSIDERATIONS

SLUDGE THICKENING

The scope of the pilot plant investigations did not permit extensive
studies of optimization of sludge withdrawal rates from the primary systems.
The philosophy of operation of the swirl devices was to withdraw sludges
at a rate sufficiently high to prevent solids contamination of the
effluent. Sludge withdrawal techniques associa~ed with the swirl devices
have been described earlier in Section 7. Rough approximations of the
effect of reduced draw-off rates may be gained by analysis of sludge
settleability curves, assuming that compaction would be attained in the
hopper of the swirl separator. Figure 64 shows sludge settleability
curves for the three primary treatment systems composite sludges acquired
during Storm No. 13. These tests. represent measurements. of the compacting
sludge layer in a 1000 ml graduated cylinder with quiescent settling.
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122



SLUDGE DEWATERABILITY

Dewaterability of CSO treatment residuals was also evaluated utilizing
sludge derived from the pilot plant primary treatment systems. Figures 65
and 66 show results of Buchner filtration tests of flocculation/sedimentation
(F/S) sludge for Storm Nos. 13 and 14, respectively. These sludges were
gravity thickened to 3.28 percent total solids (TS) (Storm No. 13) and 9.32
percent TS (Storm No. 14) prior to testing. A cationic polymer (Hercules
812) was used for flocculation. These Figures also show specific resistance
(a measure of dewaterability, sec2/g) as a function of polymer dosage.
Comparison of Figures 65 and 66 indicates that sludges derived from sedimen
tation basins employing polymer treatment exhibit a lower specific resistance
than sludges originating from untreated sedimentation systems. These Figures
also indicate that polymer treated sedimentation sludge is more conducive to
dewatering than untreated sedimentatlon sludge.

Figures 67 and 68 illustrate Buchner filtration test results for com
bined swirl degritter and swirl primary separator sludge from Storms No. 13
and 14, respectively. Examination of the results indicates that polymer treat
ed swirl sludge dewaters much more easily than untreated swirl sludge.

The chemical requirement for dewaterability of the sludge may be affect
ed by its septicity. Figures 69, 70 and 71 show the changes in pH and alka
linity of pilot plant sludges upon storage at room temperature.

DISCUSSION

Sludge Votume and Characteristics

Table 33 gives a preliminary estimate of the quantity of sludge solids
produced in Rochester, N.Y. during 1975 (assuming the average CSO discharge
per storm).

This analysis assumes 100 percent treatment of the CSO and includes
grit, sludge and scum loadlngs. It should be noted that utilization of
biological treatment methods and/or the employment of chemical addition
in the selected treatment process would also add solids to the final
sludge volume.

TABLE 33. ESTIMATED LOADINGS FOR 100% CSO TREATMENT

II Average SS concentration of CSO

III Average O&G concentration of CSO

IV Estimated volume of screenings in CSO
(wet basis)

No.

I

Description

Average CSO per storm

Quantity

3.2 x 105 m3 (85 mil gal)

244 mg/l

47 mg/l

>15ml/m3 (>2 ft3/mil gal)
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TABLE 33. (continued)

No. Description

V Estimated quantity of grit expressed as %of 55

VI Average No. of overflows anticipated per year

VII Estimated quantity of sludge anticipated from
an average storm (dry solids basis)

VIII Estimated quantity of O&G anticipated from an
average storm (dry solids· basis)

IX Estimated quantity of screenings anticipated
from an average storm

X Estimated quantity of grit anticipated from an
average storm (dry solids basis)

XI Estimated current VanLare operation· .

(A) Sludge processed per day (dry solids basis)

(8) Grit processed per day (dry solids basis)

(C) Screenings processed per day (wet solids basis)

Quantity

9%-15.5%

43

42,600
48,000 kg
(94,000 
106,000 1b)

3,800 kg
(8,400lb)

6,985 
12,250 kg
(15,400 -
27,000 1b)

38,900 kg
(85,700lb)

7,500 kg
(16,600 1b)

4,600 kg
(10,200 1b)

The volatile percentage of solids found in the flocculation/sedimen
tation system, swirl degritter and swirl primary separator sludges and the
pilot plant influent are listed in Table 34. The pilot plant sludges
averaged between 20 and 60 percent volatile solids. Envirex (55) reported
sludges exhibiting volatile fractions ranging from 25 to 63 percent; bio
logical treatment showed the highest volatile fraction (about 60 percent),
while the physical and physical/chemical treatment processes exhibited
sludges with a 25 to 48 percent volatile fraction. The volatile percentages
of solids found in the pilot plant sludges were similar to the volatile
percentage of SS in Rochester CSO (Table 8).
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TABLE 34. ROCHESTER PILOT PLANT VOLATILE SOLIDS FRACTIONS
Swirl Degritter

Influent F/S* Sludge Sludge P/S** Sludge
Storm No. %Vol. %Vol. %Vol. %Vol.

1 18.9
3 42.8 70.6 49.4
4 55.9 31.8
5 44.2 72.4 61.5 63.5
6 56.8 50.4 83.0
7A 60.3 48.0 13.0
7B 62.4 69.9 31.8 8.2
8 55.9 37.8 16.6
9 52.4 46.6 44.2 28.8

10 43.9 42.2 52.5 32.0
11 50.1 40.8 39.8 24.8
12 54.9 41.1 31.8 10.3
13 67.6 67.0 61.8 49.3
14 40.4 52.7 48.4 40.8
15 36.1 53.8 46.2
16 34.9 26.6 39.5 32.2
17 48.7 65.2 70.8 50.6
18 48.8 63.8 42.2
19 22.4 31.0 32.0

* F/S - Flocculation/Sedimentation
** PIS - Swirl Primary Separator

Possible toxic substances ,in CSO, sludges include heavy metals (zinc,
lead, copper, nickel, chromium, and mercury), PCB and pesticides (pp. DOD,
ppl DDT, and dieldrin) .. A list of the heavy metals encountered in the
pilot plant influent and the process effluents, which could contribute to
the heavy metal content in the process sludges, is presented in Table 35.
Another heavy metals analysis was performed on both the swirl degritter
and swirl primary separator sludges for Storm No. 17. The results of this
analysis are presented in Table 36. Also shown in Table 36 are the ranges
of heavy metals reported in the Envirex (55) study for sludges associated
with physical and physical/chemical treatment systems.

TABLE 35. PILOT PLANT CSO HEAVY METALS DATA*

Cd Cr Cu Hg Ni Pb Zn
mg/l mg/l mg/l Ll gil mg/l mg/l mg/l

Storm No. 8
Influent 0.03 0.05 0.07

Storm No. 9
G/S Effluent 0.02 <.01 0.04 <.02 <.02
PIS Effluent <.01 <.01 0.06 0.59 0.03 0.00 0.17
PIS Effluent <.01 <.01 0.04 <.02 <.02
Dt~HRF Effl uent <.01 <.01 0.04 <.01 0.03 <.02 0.11

~
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TABLE 35. (conti nued)

Cd Cr Cu HgO Ni Pb Zn
mg/l mg/l mg/l yg/l mg/l mg/l mg/l

Storm No. 10
Influent <.01 <.01 0.04 <.02 <.02
F/S Effluent <.01 <.01 0.04 <.02 . O' <.02
GIS Effluent <.01 <.01 0.04 <.02 <.02
PIS Effluent <.01 <.01 0.02 <.02 <.02

Storm No. 11
Influent <.01 <.01 <.01 1.48 <.02 <.02
PIS Effluent <.01 <.01 <.01 0.79 <.02 <.02
DMF Effluent <.01 <.01 <.01 0.39 <.02 <.02

Storm No. 17
First Half
Influent <.01 <.01 <.01 24.2 <.02 <.02 0.07
Second Half
Influent <.01 <.01 <.02 28.0 <.02 <.02 0.11
F/S Effluent <.01 <.01 0.06 20.2 <.02 <.02 0.15
GIS Effluent <.01 <.01 0.08 28.9 0.03 <.02 0.12
PIS Effluent <.01 <.01 0.06 23.1 <.02 <.02 0.13
MIS Effluent <.01 <.01 0.06 20.7 <.02 <.02 0.10

* GIS - Swirl Degritter
PIS - Swirl Primary Separator
F/S - Flocculation Sedimentation
MIS - Micro Screen

DMHRF - Dual-Media High-Rate Filter

TABLE 36. HEAVY METAL CHARACTERISTICS OF CSO SLUDGES*

Description Cd Cr Cu Hg Ni Pb Zn

Storm No. 17
Swirl Degritter
Sludge 23.4 249.6 1235 0.78 147.4 1241 2345

Storm No. 17
Swirl Primary
Separator Sludge 15.8 386.1 4554 0.28 85.6 1658 1980

Physical Treat-t
ment Processes 50- 250 200-800 0.01-3.0 125-300 1200-2500 800-1200

Physical/Chemi- §
cal Processes 150-1700 250-500 2.0 -4.0 50-225 150-1600 700-1700

(continued)
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* Results reported as mg/kg of Dry Solids

t Taken from Envirex Report (55); processes included storage-sedimentation
and microscreening

§ Taken from Envirex Report (55); processes included screening/dissolved
air flotation and dissolved-air flotation.

Summary of Envirex Study

GSa sludge characteristics vary as the influent sol~ds concentrations
vary. It was thus necessary to assess alternatives which may prove useful
in the handling of storm generated discharge residuals. These alternatives
included (1) bleed-back of the residuals to the dry-weather treatment
facilities, (2) separate on-site residuals treatment and (3) land disposal
of treated or untreated Gsa residuals.

The following presents a summary of conclusions developed in the
Envirex study (55). These conclusions are general and are not universally
applicable. Site factors specific to Rochester are discussed later.

I. Effect of Handling GSa Treatment Residuals by Bleed-Back to the Munici
pal Dry-Weather Plant --
Investigations have indicated that bleed-back of raw GSa treatment

sludges to the municipal dry-weather plant is not practical.
The Envirex report generally indicated that bleed-back of GSa treatment

sludges to the dry-weather treatment plant over a 24-hour period would
grossly overload the plant hydraulically, solids-wise and/or organically,
resulting in appreciably decreased treatment efficiency and deterioration
of the plant effluent quality.

Extending the bleed-back period does not appear to be a viable
alternative. Even under favorable conditions(minimum design dry-weather
plant operating conditions, no diurnal dry-weather flow flucuations, etc),
a bleed-back period of up to one to two weeks or more would be required.
For less than favorable conditions (plant operating conditions between
minimum and maximum design operating conditions, significant dry-weather
flow fluctuations, etc), a bleed-back period greater than that indicated
under favorable conditions would be required. If the dry-weather plant
were operating at maximum design operating conditions, no bleed-back would
be allowable. Disadvantages of prolonged bleed-back periods include:
(1) the longer the bleed-back period is extended, the more unfavorable the
alternative becomes, (2) the capability of handling succeeding GSa treatment
residual events is materially reduced and (3) because of the anticipated
extended bleed-back period, provision would have to be made during sludge
storage to minimize 'organic solids decomposition and prevent nuisance
conditions from occurring. .

Bleed-back, of GSa treatment sludges directly to the dry-weather sludge
handling facilities over a 24 hour period would hydraulically overload the
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facilities, both solids-wise and organically. These overloads would be
expected to detrimentally affect the dewatering and stabilization performance
and treatment efficiency of the dry-weather sludge handling facilities.
The downgrading in treatment effi"ciency would be manifested in poorly
stabilized sludge for disposal and grossly deteriorated thickener effluents,
filtrates, supernatants, etc. for recirculation back to the dry-weather
treatment plant.

Since handling of GSa treatment sludges in the dry-weather sludge
handling facilities does not appear to be feasible, it becomes apparent
that GSa sludge must be separately treated. Two alternatives for separate
treatment are (1) on-site facilities and/or (2) additional parallel
facilities at the dry-weather plant.

Biological GSa treatment facilities should be located at sewage
treatment facilities to provide a continuous active biomass. Therefore,
GSa sludges originating from bjological treatment should be separately
handled in separate parallel facilities at the dry-weather treatment plant.

Physical and physical-chemical GSa treatment facilities lend them
selves more easily to remote satellite locations. However, because of the
problems involved in transporting the sludges from the remote GSa treatment
site to the dry-weather plant, GSa sludges derived from these systems
should be separately treated at on-site facilities.

II. Effect of Handling GSa Treatment Residuals by Separate On-Site Treat
ment--

A. Generally, the process elements comprising a GSa sludge handling
system would include grit and low volatile solids removal, sludge dewater
ing, stabilization and ultimate disposal. The specific sludge treatment
train utilized will be dependent upon the characteristics of the GSa con
veyance system and the treatment method employed.

Grit and Low Volatile Solids Removal -- Physical and physical-chemical
GSa treatment methods treat raw Gsa with little or no preliminary treatment
for inert solids removal. It is therefore expected that GSa sludges from
physical and physical-chemical treatment will require provision for grit
and low volatile solids removal.

Biological GSa treatment methods are usually preceded by treatment
steps which remove the major portion of the grit and inert solids in the
raw GSa. Therefore, it is anticipated that GSa sludges from biological
treatment will not generally require provision for grit and low volatile
solids removal.

Stabilization -- It is necessary to stabilize sludges before ultimate
disDosal in order to minimize health hazards and nuisance conditions,and
further reduce mass. Stabilization processes and equipment include
anaerobic and aerobic digestion, heat treatment, composting and chemical
treatment (chlorine oxidation and lime treatment). Preliminaryexamina
tion of these alternatives indicates that anaerobic disgestion and lime

132



stabilization are more applicable to handling csa sludges. Evaluation
and comparison of these two processes from an ope~ating, cost, and land
reqyirement standpoint indicate the advisibility of employing lime stabili
zatlOn.
Dewatering and Volume Reduction -- Evaluation and comparison of gravity
thickening, vacuum filtration, centrifugation and incineration for appli
cability in handling csa sludge indicates that thickening and vacuum
filtration are the dewatering methods preferred for handling csa sludges.

Ultimate Sludge Disposal -- Evaluation and comparison of ocean dumping,
drying and land disposal (by landfill, land spreading and/or land
reclamation) indicates that land disposal is the most applicable to
handling csa sludges.

g: Estimation of costs for handling and disposal of csa sludge using
landspreading and landfill as the ultimate disposal alternatives indicates
that although 1andspreading has a significantly lower initial investment,
landfills have significantly lower operating costs and appreciably lower
land requirements.

G. The logistics of operating and maintaining multiple GSO solids handling
plants at different locations throughout a city are formidable but not in
surmountable. Similar logistics would be required for multiple csa treat
ment facilities from which 'the sludges to be handled are derived.

III. Considerat~ons for Land Disposal Alternatives

The criteria that must be considered for any waste disposal operation
are:

1)
2)
3)
4)

5)
6)
7)
8)
9)

10)
11)

12)
13)
14)

land application method to be used,
required preapplication treatment,
collection and transportation of the waste to the site,
suitability of the area in terms of present and future land
uses in and around the site, proximity to surface waters, and
sensitive environmental areas,
amount of land required
effects of climate on the disposal operation,
site topography, geology, and existing vegetation,
surface runoff control,
necessary storage facilities,
waste distribution techniques,
treatment efficiency and po11utiona1 loading constraints,
especially in regard to nitrogen and heavy metals,
possible growth of crops,
protection of public health, and
a site monitorinQ proqram.

are
Spc~ific.recommend~tions regardin9 some of the preceding criteria

out11ned 1n the Env1rex Report (55).
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Facilities and Cost Estimates
Using the estimated sludge quantities given in Table 33 it is seen that
treatment of an average storm in Rochester over a 24-hr period would produce
a solids loading of 110-124 percent of the current solids loadings at the
VanLare plant. Preliminary estimates were compiled to assess the order
of magnitude of sludge handling facilities required for the Rochester
area. These estimates are presented on Table 37. This analysis assumed
that the CSO solids would be treated in a manner similar to that used
for treatment of dry-weather solids at the existing VanLare plant, i.e.,
sludge thickening,' storage, vacuum filtration, and incineration (Option
A). The cost of facilities to handle these solids was found to be in
the range of $4.5 million.

Implementation of the treatment train recommended by Envirex (55),'
which consists of gravity thickening, lime stabilization, vacuum filtration
and landfill (Option B), would substantially reduce these costs by
replacing the high costs associated with the incineration process with
much lower landfill costs. Based -on figures derived from the Envirex Re
port (55), it is estimated that capital costs for lime stabilization and
landfilling are $96,000 and $533,000, respectively. Thus, sludge handling
facilities costs would be reduced to the range of $3.3 million.

While it appears that landfilling of sludges is the least costly
alternative, there are several factors which might reduce requirements
for incineration. It is possible that existing incinerators at VanLare
might be capable of handling wet-weather sludges if some modifications
are incorporated. Detention of wet-weather sludges may permit attenuation
of vacuum filter and incinerator loadings. Lime stabilization should be
applied prior to detention. Inclusion of wet-weather sludges also
results in a sludge mixture that contains a higher ratio of primary/secondary
components. The improved dewaterability of this type of sludge may
enhance operation of the existing incinerators.

The cost estimates presented here assume centralized treatment of CSO
and CSO sludges. Volume I of this Report concluded that receiving water
constraints preclude the use of satellite CSO treatment; therefore, costs
of satellite sludge handling facilities have not been developed.

TABLE 37. SLUDGE PROCESSING FACILITIES

Project Cost Estimate (Mid-1976)§,tt
Incinerator Landfill

No. Treatment Operation (Option A) (Option B)
I. Lime Stabilization: 9,463 m3/day $ 96,000

(2.5 mgd) loading (1% sludge)
II. Thickeners*

Design Loading: 962,200 kg
(212,000 lb) dry solids/day $1,570,000 96,000

III. Sludge Storage
Design Loading: 1,204 m3
(318,000 gal) - 8% sludge 540,000 540,000

(continued)
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TABLE 37. (continued)

No. Treatment Operation

Project Cost Estimate (Mid-1976)
Incinerator (Landfill)
(Option A) Option B

IV. Vacuum Filters**
Design Loading: l-in-20 yr max.
7,260 kg (16,0001b) dry solids/
day

V. Landfill: (5 yr: 1and pu rchase,
preparation)

VI. Sludge Incineratort
Design Loading: l-in-20 yr max.
7,260 kg (16,0001b) dry solids/
day

590,000

1,880,000

590,000

533,000

TOTAL PROJECT COST ESTIMATE':§§ $4,580,000 $3,329,0.00

§ No special site conditions have been factored i~to estimate.

tt Equipment cost estimates are based upon references (54) and (56).

* Thickener costs include structure, mechanism, associated pumps and
piping.

** Vacuum Filter costs include all mechanical equipment, pumps, piping,
etc. These costs also include sludge conditioning tanks and an
allowance for a structure to house filter and controls.

t Sludge incinerator costs include incinerator, controls, and necessary
appurtenances including air pollution controls and ash handling equip
ment. An allowance has also been included for a suitable structure to
house the facilities.

§§ Project costs include engineering, legal and miscellaneous fees plus
contingency allowance and estimated interest during construction.

135



SECTION 13
CAPITAL AND OPERATING COST ESTIMATES

BASIS OF COST ESTIMAtES

The cost'equations presented in, this section have been employed
to estimate capital, operating and maintenance costs for full-scale
flocculation/sedimentationClnd swirl concentrator unit processes.
These equations were developed from cost curves presented by Benjes
(57), and are based on the application of the unit process to CSO.
Capital ~osts include structural, mechanical, piping, housing, labor,
contingency, electrical and instrumentation expenses. The capital costs
do not include the fees associated with land and site work, engineering,
legal and administrative services~ fiscal concerns, and interest during
construction. Operating and maintenance costs include labor, power,
chemicals, miscellaneous supplies, administration costs, laboratory and
sampling, and yard maintenance. All .cost equations are adjusted to
November, 1976 according to the ENR Construction Cost Index of 2480.

CAPITAL COSTS

The following equation for estimating sedimentation basin capital
cost has been developed from reference 57.

SED CAP COST ($) = 238 (SA)0.81J (1)

where SA = surface area, ft2.

The equation for estimating flocculation basin capital costs was
derived from the cost curve relating construction cost to basin volume and
is presented below:

FLOC CAP COST ($) = 1.27 (106) x (.438 + (2.29}(10-6}(FBV)) (2)

where FBV = flocculation basin volume, ft3.

Employment of chemical treatment in the flocculation/sedimentation
process would require additional capital cost due to the installation of
chemical feed systems. Cost equations were therefore developed for both
alum and polymer feed systems since these chemicals were employed during
the Rochester studies. The respective capital cost equations for alum
treatment and polymer treatment were as follows:

ALUM CAP COST ($) = 1.127 (103) (28.8 + 0.0655 (ALPPH)1.09) (3)
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where ALPPH = alum feed rate, lb/hr

and,

POLY CAP COST ($) =1.12 (106) (.0081 + .0183 (POLPPH)·898)

where POLPPH = polymer feed rate, lb/hr

(4)

The cost equation for estimating swirl primary separator capital cost
has also been developed from reference 57 and modified by cost data from
LaSalle (12). The finalized form of the swirl primary separator capital
cost equation was:

SWIRL CAP COST ($) = 1620 (SA)O.779

where SA = surface area, ft2

OPERATION AND MAINTENANCE COSTS

(5)

A number of operation and maintenance costs are associated with the
flocculation/sedimentation and swirl concentrator processes. The equations
developed for estimating these costs are presented below.

Flocculation/Sedimentation

Operating and maintenance requirements were developed for a
flocculation/sedimentation system consisting of a rapid mix basin, a
flocculation basin and a sedimentation basin. Estimates of operation and
maintenance labor costs associated with the rapid mix basin were derived
from the following equation:

R-M LABOR ($/yr) = .0156 (LC) (NOF) (V)·681 (6)

where LC = labor cost, $/hr
NOF =number of overfl~w events per year
V = basin volume, ft
R-M = rapid mix

Rapid mix materials costs were assessed using the equation:

R-M MATERIALS ($/yr) = .844 (V)·688 (7)

and power costs were estimated from:

R-M POWER ($/yr) = .104 (PC) (NOF) (V)
where PC = power cost, $/kwh

(8)

The above equation was developed assuming two days of operation per
overflow event.

Flocculation basin operating and maintenance labor costs were obtained
from the following equation:
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FLOC LABOR ($/yr) = ~000375 (LC) (NOF) (V) ( 9)

Material and supply costs for the flocculation basin were~alculated

using:

FLOC MATERIALS ($/yr) = 1.99 (V)·588 (10)

Operating and maintenance costs associated with the sedimentation
basin were derived from:

SED LABOR ($/yr) = 0.0211 (LC) (NOF) (SA)·875

where SA = surface area of basin, ft2

(11)

(14)

(15)

and materials costs were computed from:

SED MATERIALS ($/yr) = 8114 (SA/112500)0.7 (12)

Sedimentation basin power requirements were estimated from:

SED PO~JER ($/yr) = .0042 (PC) (NOF) (SA) .926 (13)

Employing chemical treatment in the flocculation/sedimentation process would
also contribute to its operating and maintenance costs. Listed below are
the equations which were developed for estimating these costs for both the
alum and polymer feed systems.

1) Manpower Requirements

ALUM FEED LABOR ($/yr) = .0452 (LC)(NOF)(ALPPH)·715

POLY FEED LABOR ($/yr) = 2.94 (LC)(NOF)(POLPPM)·167

2) Materials and Supplies:

ALUM FEED MATERIALS ($/yr) = 1.12 (47.5 + .914 (ALPPH)) (16)

POLY FEED MATERIALS ($/yr) = 1.12 (69.6 + 69.5 (POLPPH)) (17)

3) Requirements (assumes two days of operation per overflow event):

ALUM FEED POWER ($/yr) = (NOF) (PC) (12.2 + .00676(ALPPH)) (18)

POLY FEED POWER ($/yr) = (NOF) (PC)(7.52 + 4.05 (POLPPH)) (19)

4)· Chemi ca1s :

ALUM FEED CHEMICALS ($/yr) = 8.34 (MGTPY)(DOSE)(CC)

POLY FEED CHEMICALS ($/yr) = 8.34 (MGTPY)(DOSE)(CC)
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(24)

where MGTPY =million gallons treated per year
DOSE = chemical dose, mg/l

CC = chemical cost, $/lb

Swirl Concentrator

The cost equation developed for estimating swirl concentrator labor
costs was:

SWIRL LABOR ($/yr) = (LC)(NOF)(12.l' + .0082 (SA)) (22)

Estimates of materials and supply costs for the swirl concentrator
were computed from the following equation: '

SWIRL MATERIALS ($/yr) '= 2028 (NUMUNITS)0.7 (23)

where NUMUNITS = number of swirl units

Miscellaneous Costs

Presented below is a list of equations which were developed to
estimate additional operating and maintenance costs which would generally
accompany any type of combined sewer overflow treatme~t facility.

1) Administration and general manpower:

A &G LABOR ($/yr) = 20 (LC)(Q)·460

where Q = treated flow, mgd

2) Administration and general materials and supplies:

A &G MATERIALS ($/yr) = 84.5 (Q).470

3) Laboratory manpower (assumes 2 days of lab. work per overflow
event) :

LAB LABOR ($/yr) = 17.4 (LC) (NOF)

4) Laboratory materials and supplies (assumes 2 days of lab.
work per overflow event and 4 s~mp1es/day):

LAB MATERIALS ($/yr) = 51.8 (~OF)

(25)

(26)

(27)

5) Yardwork manpower (assumes yardwork area equal to 2.5 times
the equipment surface area):

YARD LABOR C$/yr) = 26.7 CLCl lSA/4001'795 l27}

6) Yardwork materials and supplies:

YARD MATERIALS ($/y~) =15.4 (SA/400}·862
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Several other costs associated with CSO handling and treatment are <

discussed in Section 14. These include overflow storage and transmission
facilities and sludge disposal costs.
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SECTION 14

COMPARISON OF ALTERNATIVES

COST/BENEFIT COMPARISON OF SWIRL PRIMARY SEPARATOR VERSUS FLOCCULATION/
SEDIMENTATION

Cost/benefit comparisons of four alternative primary systems for
treating CSO are presented below. These include: 1) flocculation/
sedimentation with no chemical treatment, 2) flocculation/sedimentation
with polyelectrolyte treatment, 3) flocculation/sedimentation with alum
and polyelectrolyte treatment, and 4) swirl primary separator with no
chemical treatment. All costs were adjusted to November, 1976 based on
the ENR Construction Cost Index of 2480. Comparisons of satellite versus
centralized treatment, and storage versus treatment optimizations are
presented in Volume I of this Report (3).

Performance equations defined percent SS removal at various hydraulic
loadings and influent SS concentration. However, the designs associated
with each hydraulic loading result in facilities with different capital
costs. The operation and maintenance costs associated with each system
are also different. For example, treatment with chemicals in the floc
culation/sedimentation system results in improved performance but also
results in higher operating and maintenance costs. It was the intent of
the cost/benefit analysis to compare the cost and performance tradeoffs
resulting from variations in-system design and operating conditions.
Several design configurations were selected for each primary system and
capital costs and predicted performance were developed for each design
condition. .

Operation and maintenance costs associated with each design were then
calculated from the operation and maintenance equations outlined in Section
13. The following assumptions were made to develop the performance and
cost data for an example facility: a) collection and attenuation of over
flows with treatment at a central facility (VanLare STP in Rochester, N.Y.)
and a treatment rate of 275 mgd, b) 77 overflow events per year and c) a
total treated CSO volume of 4651 mil gal per year. The assumed treatment
rate was based on the design rate of the proposed wet-weather facilities
at VanLare. The number of overflow events and total CSO volume were based
on the available Rochester data for recent years.

The costs outlined in this Section include comparison of the primary
unit processes only. These costs do not include real estate nor facilities
for collection, transmission and storage of CSO, pumping, flow measurement,
preliminary screening, disinfection; sludge handling, treatment and disposal.
It was assumed that these items and associated costs would be common to each
of the primary alternatives. Disinfection and sludge handling costs have
been discussed in Sections 11 and 12. Costs associated with the coll~ction,

transmission and storage of CSO and raw wastewater pumping are outlined in
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Volume I of this Report (3). That Volume also presents additional
treatment alternatives and cost optimizations of various CSO abatement
alternatives.

Capital, operating and maintenance costs, and predicted performance
results for various design conditions at two different influent SS levels
were developed.

Amortization is for a period of 20 years at an interest rate of 6
percent per annum. Total yearly'treatment facility costs for two influent
SS conditions are plotted in Figures 72 and 73. These figures indicate the
estimated cost to achieve stated performance levels using alternative
systems. For example, Figure 73 indicates that for flows encountered dur
ing first-flush overflows (co ~ 500 mg/l), three of the four alternatives
would be expected to provide 50 percent removal of SS at approximately the
same annual cost. For influent SS concentrations more representative of
average CSO conditions (co ~ 300 mg/l), Figure 72 indicates that swirl
primary separators are cost-competi.tive with flocculation/sedimentation
incorporating chemical treatment. For SS removals greater than 60 percent,
the only system capable of providing this treatment appears to be a
flocculation/sedimentation system employing alum and polyelectrolyte
treatment.

Examination of Figures 72 and 73 also indicates that in all cases,
the highest SS removals are attained utilizing a flocculation/sedimentation
system employing alum and polyelectrolyte treatment. These Figures
illustrate that large improvements in performance of the flocculation/
sedimentation system are attained by chemical treatment for a relatively
small increase in yearly cost.

SECONDARY LEVEL TREATMENT ALTERNATIVES

The addition of high-rate filters to the primary systems would result
in overall SS removals of 72 to 84 percent when filters are operated with
out chemical treatment. Addition of high-rate filters that employ chemical
treatment following the primary systems would result in overall SS removals
of 86 to 92 percent. The capital cost associated with a high-rate
filtration system employing polyelectrolyte treatment is estimated to be
$6,300,000. This cost is based on a design flow of 1 x 106 m3/day
(275 MDG) and a surface flux of 651 l/min m2 (16 gpm/ft2). The capital
cost has been developed from reference 57 and includes structural,
mechanical, piping, housing, labor, contingency, and electrical and
instrumentation expenses.

The addition of a carbon adsorption system to the primary treatment
processes would result in overall 8005 removals of 92 to 98 percent.
Capital costs were developed for a carbon adsorption system consisting of
a carbon contactor and complete regeneration facilities (41). Carbon
contactor costs include carbon, miscellaneous tanks, piping, valves,
building costs,and instrumentation. Regener.ation costs include a feeding
and conveying system, scrubber, afterburner, instrumentation storage,
dewatering, defining tanks, and building costs. The capital cost associated
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with the carbon contactor was based on a design flow of 1 x 106 m3/day
(275 mgd) and a contact time of 30 minutes. Regeneration costs were
developed for a furnace loading rate of 195 kg/m2 yr (40 lb/ft2 yr), a
carbon exhaustion rate of 60 gm/m3 (500 lb/mil gal)~ 77 overflow events per
year and a total treated CSO volume of 17.6 x 106 mj (4651 mil gal) per year.
Total cap,ital cost of the carbon adsorption system was estimated:to be
$45,000,000.

MISCELLANEOUS COSTS

The capital costs associated with flow measurement and primary sludge
pumping were derived from cost curves presented in reference 57. These
costs include structural, mechanical, piping, housing, labor, contingency,
and electrical and instrumentation costs. The flow measurement cost was
based on a design flow of 1 x 106 m3/day (275 mgd) and was estimated to be
$64,000. Assuming a SS concentration of 209 mg/l (average SS value of
Rochester pilot plant influent), a SS removal rate of 70 percent and a
sludge solids concentration of 2.5 percent, the sludge pumping cost was
estimated at $327,000.

Cost curves developed by Smith (59) were utilized to derive the
preliminary screening capital cost. The capital r.ost was estimated to be
$1,200,000. This cost includes a screen chamber, grit chamber (or swirl
degritter), overflow, and bypass chamber.

DISCUSSION

The above anlaysis applies only to the stated case of central treat
ment at the the VanLare facility. Other areawide alternatives are dis
cussed in Volume I of this Report (3). That Volume considers several
alternatives including: (1) storage and treatment of the first-
flush from all of the river overflow sites at wet-weather facilities
located at the VanLare plant and treatment of all post first-flush flows
with primary swirl devices; (2) storage and treatment of the total over
flow at a treatment plant located on the Genesee River in the vicinity
of the lower falls; (3) storage and treatment of the total overflow at
a treatment plant located at the VanLare facility; (4) storage and
treatment similar to that expressed in Alternative 1, with the exception
that the post first-flush is not treated but directly discharged to the
river; (5) treatment of the entire overflow volume at each of the river
overflow locations using primary swirl concentrators; and (6) conveyance
of the river overflows to the Cross-Irondequoit Tunnel for storage and
treatment at the VanLare facility.

Optimization of storage versus treatment rates were also discussed
in Volume I of this Report. That Volume concluded that since organic load-
ings to the Genesee River are critical, the only alternative that could
be considered was collection and storage of the combined sewer overflow
with treatment

3
by. facilities at the VanLare location. A storage volume

of 0.2 x lOb m (60mil gal) was recommended with a treatment rate of 1 x
106 m3/day (275 mgd) at the wet-weather facilities. In order tp meet the
requirement of the EPA for primary treatment with disinfection, it appears

143



100 A. FLOCCUATION-SEDIMENTATlON: NO CHEM. TREATMENT
B' FLOCCUATION -SE DIMENTATION: POLYMER ONLY
C' FLOCCUATlON-SEDIME.NTATION: ALUM' POLYMER
D' SWIRL PRIMARY SEPARATOR: NO CHEM. TREATMENT C

80 ---_.-.-..,
""",

~ "I
I

0 60 I
~
w I
a:: I

,-

'"Ul f "Ul , I A
~ 40 I I
•

...'i
/'" I

/ I
20

o 1.0 2.0
TOTAL YEARLY COST <#MM)

3.0

FIGURE 72. Cost-Performance Comparisons. fnf. 55=300 mg/l

20

o

.",. .. -
...-......

'"'"/ ...... --
I ......

I ..-
1/"
II

!-'.,,-- -
/1

/' I
I I

A. FlOCCULATION-SEDIMErJTATJON· NO CHEM TREATMENT
B' FLOCCULATION-SEDIMENTATION" POLYMER ONLY
C' FLOCGU.AnON-SEDIMENTATION: ALUM • POLYMER
O' SWIRL PRIMARY SEPARATOR: NO CHEM. TREATMENT

to 20
TOTAL YEARLY COST ($ MM)

c

8

3.0

FIGURE 73. Cost-Performance Comparisons. Inf. 55=500 mg/l

144



that the most apgropriate system would be flocculation/sedimentation
operated at 82 m3/day m2 (2000 gpd/ft2) with alum and polyelectrolyte
treatment followed by a high-rate disinfection process employing a5
minute detention time and a mixing intensity (GT) of 35,000. Recommended
sludge handling would include thickening, lime stabilization, vacuum
filtration, and landfill disposal.

The alternatives evaluated in this Section were specifically limited
to swirl separators and flocculation/sedimentation with and without
chemical treatment. Based on receiving water quality objectives, as
discussed in Volume I of this report, the objective was to develop re
commendations for primary treatment of CSO at Rochester using centralized
facilities. Other alternatives, such as dissolved air flotation, micro
screening, dual-media high-rate filtration, or carbon adsorption, may be
viable processes for other locations, depending on effluent objectives.
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APPENOIX A
SS vs. Time Plots~F1Qcculation/Sedimentation

and Swirl Concentrators

Legend
l

I = Influent
F = Flocculation/sedimentation system effluent
G = Swirl degritter effluent
P =Swirl primary separ~tor effluent
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APPENDIX. B
Statistical Analysis of Influent and Effluent Data
Flocculation/Sedimentation and Swirl Concentrators

Note: The tables in Appendices B, C and Dwere
developed by a generalized computer routine.
The number of significant digits displayed
does not reflect the accuracy of the
analyses.

Concentrations of all parameters except pH,
SETTS and F.Coli are expressed as mg/l. SETTS
concentrations are expressed as ml/l. F.Coli
concentrations are expressed as colonies/100 ml.
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O'BRlEN & GERE ENGINEERS. INC; LASORATORY DATA SYSIEM

RDCHESIER CSO PP - •• PERfORMANCE DAIA

AUG 20, U16

INfLUENT CSD CSIOHM • 011

10106

PARAMETER..............
US
V5S
T5
V5
sETTS
B005
CUD
TUC
O&G
PH
IKN
TIP
AL
fCOLI

POINU MINIMUH.............
6 46,0000
6 8,10000
o
o
o
6 l,sOOOO

15 ,000000
15 4,00000

6 4.00000
15 5,80000
IS ,200000
15 ,600000E-01
o
o

MAXIMUM................
35q'OOO
01,0000

38,0000
16,0000
47,0000
32,0000
6,50000
,800000
,200000

AVERAGE.......~.....
nq,OOO
28,1161

lI,q500
l,q3J3J
22,0667
13,3333
6,IS666
,306666
,110666

GEa, MEAN. .
132,2n
24,918S

l,S2080
,000000
16,S13q
9,30005
6,18319
,291118
.IOUI8

810 DEVIATION........•....
q8.0Sao
II, S20q

12,2161
0,26562
Ia.SUO
1l,21H
.lql620
,221645
.OUSOIE·OI

nEWNESS. ...
1.10qjq
.10012IE·0 I

1,06Ul
,3]4634
.JqoSU
.1G5010
,a38180
1,I05lq
,104785

KURIOSIS......•......

3,55044
2,6115.
1,49190
1,10109
2,48·H
2,61~61
2,U515

RDCH[ST[R eso PP ••• PERfORMANCE DATA ••• INfLUENT csa ISIOHII • 021

................ ~.....................PARAMETER POlNTS AVERAOE OED, MEAN STO DEVIATION SKEWNESS............... ..

2,.7616
2,6H92
2,'.638
1,1645.
4,I2Y81
3,49812

KURIOSIS
.. 6 .

• '145158
,61S86t
,ftH191
.008015
1,35JJO
I,Zll56

9.66813
2~,1596
5,88557
.q1Ql95E·01
1,36290
,165051

2S,2lle
08,2182
2e,n08
5,11915
2,HUO
.H1310

lO,3150
53,0000
21,6000
5,1I9qq
2,90000
,211500

"AXIMUM

n,oooo
9q.0000
l6,OOOO
5,80000
6,10000
.650000

MINIHUH

o
o
o
o
o
o
8 11,0000
S 23,0000
5 Iq,oooo
5 5,60000
S l,lOOOO
S ,100000
o
o

185
V5S
T5
V5
SElU
B005
COO
IDC
a&o
PH
IKN
TIP
AL
'COLI

ROCHESTER CSO PP ••• PERfORMANCE DATA··· INfLUENT CSO UIOHII • OJ.

PARAHEIER

ISS
V55
TS
vs
SEITS
B005
COO
TOC
0&0
Pit
TKN
liP
AL
'COLI

POINT 5 MIN I MUM.............
11 35,0000
11 10,0000
11 50,0000
11 6,00000
11 ,300000
16 5,00000

I ql,OOOO
11 5,00000

q 8,00000
q 5,60000

11 .300000
11 ,000000
o
o

MAXIIIUM

010,000
210,000
618,000
316,000
25,0000
leo,OOo
91,0000
61,0000
01.0000
6,30000
4,40000
.130000

AVERAOE

181,116
91,4706
235.641
102,000
4.S2Q"
54,1815
91,0000
25,5294
21.0000
S,S19H
1,41765
,264111

OED, "UN

137,722
5S.Ql,8
185,661
56,8140
2.64093
29,6316
Q6,QQ91
20,4501
24.1915
5.S9100
1,IOllO
• 000000

STO DEVIAfJON

116'Q19
11.1499
151,450
103,284
5.S0814
68,6U5
,000000
15,nn
10.QQ49
,IS8~6Z

1,02Ql2
,2l1543

,812030
,'lS0105
,881958
I. l5502
2,35884
2,23231
,000000
,60lQ50
,264326
,491212
1.J98ll
,601"5

KURIOSIS......•......
l,55JOl
2.nl68
2,eB69l
],8l096
8,45115
1,52120
,000000
2,54~50

l,lUll
l,I2aQ6
4.68461
J ."loZ5

RDCMESIER t~O PP ••• PEHfORMANCE DAIA ••• 1"'LUtNT CSU ISlDHM • 001

PARANETEH

TSS
V5S
15
VS
SEilS
B005
COD
TOt
0&0
PH
TKII
TIP
AL
fCOLI

POINTS MINIHUM.............
12 52,0000
U 32,0000
o
o
o
o
o
o
o
o
o
o
oo

MAXIMUM

415,000
l2 4 ,OOO

AYERAGE

196, 7~0
106,250

GEU, IItAN 510 DEVIATION SKEHNESS

I.HZJ~

1,0\155

KUH !a51~..............

rERfOR;UNCE DATA '... INfLUENT csa lITOI'M ~ 051

PARAMETER

ISS
vas
TS
VS
SETT8
BODS
COD
lOt
O&G
PH
TKH
TIP
AL
fCOLI

POINU HINIMUM

1 24,0000
1 U,OOOO
q H6,OOO
q 103,000
o
q 30,0000
o
q 56,0000
5 3,60000
q 5.s0000
q 3,10000
q ,610000
q ,000000
o

MAXIMUM

148.000
eB,OOOO
Q69.000
585.000

noo,oo

530,000
101.600
6,SOOOO
11,6000
4,5S000
5.00000

AVERAGE

U,511a
0l,I02Q
041.555
198,000

815,555

IU,88Q
30.Z000
6,22222
6,94000
l.nUI
1,666'1

GEU, MEAN

11,1363
31,0398
014,418
160,2B~

340.Q61

IOQ.667
20,3UO
6.ZI3U
6,19702
l.aB9Jl
,000000

sTD OEYIAUON

oa,aua
26,8510
203,050
IOS,901

1006,11

140.510
l4,1030
.n2592
J,Q9601
1,.72S7
1,.9011

8KENIlESS

.101100£-01

.331900
1,18181
l,ee09J

1,5S021

2,22741
1,21683
,258358
I.Qn60
,620061
,9B3811

KUH!OSII.............
1,.35SQ
l,nUll
0.91215
5,16022

4.30594

6,31158
2,90791
1,83651
5,10011
1,10096
3,21000
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O'BRIEN & GERE ENGINEE~S, INC. LAUUHA lU~Y DA U SYSHH

RoeHESTEH eso pp ••• P~HrORHANeE OAlA

AUG ZU. IV1b

ll1rLU~NT esu CSTOHM • 01»

10101>

2.011133
l,II7oo
l.08U86
),07020
2,29U07
2.5U18
iI.06·50
9,9U98
3.936Ql
5,59V51
l,80V01
2,3UlJ
3,66l86

.9l8SQI
,691123
.6622U
.00862)
1.09102
.95165l
,SlI8l0
2;88069
1,65988
" 19576
.905096
.295611
.801542

11.076~

36.5081
81,6505
36,1657
1,60018
1b,1436
3.3006l
13.8530
2.]3110
.l0\18S
.68005!
.1I0~51

.851382

INnUlN7 esu ISTOHH • 1A)

B1.1905
09.8)9}
llo.200
107.130
1.8U02
lO.5782
Z5.0100
30.505V
,000000
6,19509
Z,09~70

,505105
2.211U

IOT.333
60.61>&1
U~.1>19
IIl.231
l.l5000
l5,OOOO
l5.6150
n.3011
1.261>61
6.19999
2.511>n
,55169l
l.OllOt

l04,000
1i8,000
4&8.000
lJ9.000
5,00000
60,0000
H.OOOO
19,0000
6.00000
7.00000
0,10000
,HOOOO
0,50000

36.0000
U.OOOO
lJ),OOO
88.0000
1,00000
8.00000
ll.OOOO
n.oooo
,000000
6.10000
1.10000
,330000
1,00000

PARAMElt~ poWlS

18S U
VSS U
IS 13
VS 13
sE ITS 0
8005 13
COO lJ
Toe 13
0&0 6
PH 13
TKH 13
liP 13
AL 13
'COLI 0

.-----------o-·-·----Riit"HWu"csoPP=:;"""Pi"iifo"R'HAN'CEDlIA •••

PARAHEIER PUINIS MAXIMUM AVEHAGE GEO. M~AN 91U OEVIAIION SKEHNESS KUR10S18........................... - - -_..

Roel'ESllR eso pp - •• PEHFO~~ANel OA" ••• INFLU~N' tSO CSIOHM • 161

I~S

~SS

IS
vS
SE ITS
8U05
CUD
Iue
U,~

PH
lKN
liP
AL
FeULI

o l20,OOO
o 128.000
o 113.1,00
o 13),000
U 0,60000
o 72.0000
4 05.0000
Q ~o.oooo

o
II b,!OOOO
q u.OOOOO
4 ,590000
4 .000000
o

340,000
208,000
20lu,OO
150,000
6.00000
95.0000
18.0000
13,0000

7,30000
5,10000
,660000
1,20000

266,000
HI,OOO
1559,15
101,000
5.00000
83.0000
55.5000
6i.5000

7,01499
0,62500
,63~500

,600000

2&2,HB
158,189
15B,38
14Z,862
5.l642l
82,07)4
54.0u14
61.6~89

7,07131
O,~7013

,631 8 05
,000000

45.0753
30,7734
334.92l
b.20Q8 a
.61&441
9.354 I 4
13,5000
IO,I61Z

,227761
,101.l38
,29474&E-01
,600000

,771733
,~05861

,~00938E·01

.678147

.151673

.824&92E-01
,921811
,857802E-01

,713316E·01
•~50 JI.I
,l62042
.000000

Z.04U9
1,74~77

1,~0I8.1

2.09005
1.20l~1

l.il7~8V

2.lllOl
1.IU19

1.0<l"6Q
l,bliJb21
1.46167
1,00000

PARA"ETER POINIS MAXIMUM AYE MAGE ~EU. MEAN STU DEVIATION ~UHIOSI8

...............- - - - .
ISS
v9S
IS
VS
aE" 5
dUOS
euu
10C
o,~...
OW
lIP
AL
FeUL!

IZ
12
IZ
IZ
lZ
12
IZ
IZ
o

Il
12
IZ
IZ
o

l8,OOOO
11.3000
160.000
°.00000
.100000
8,00000
22.00no
l.oOOOO

0,60000
.6000.,0
.llOOOO
,000000

252.000
112.000
160~.00

121,000
5,40000
66,0000
47.0000
09,0000

, ,£10000
11,5000
,i50000
1,20000

95.0166
&2.1500
993,500
49.llH
I,Z5000
21 ,3667
20,1667
18,0833

7.02500
1.90000
.184 166
,500000

70,0156
06.4391
970,649
35.7059
,40QQ8d
21.7449
25.4232
14,lQS4

7,Ol031
Idl180
.IBI83\
.000000

67.9.151
06,9l02
21&,.167
35,1267
I ,66~08
11,902&
7,17440
12.419~

,2~5l5.

2.9080l
.295681E-0 I
,Z8B67~

,962l57
1,00401
1.74695
,803563
1,5&090
,72ll95
i,05n5
1,08008

.309610
i. q6b14
,qe,OqQl
.910527

~.85~86

3.0l~38

5.118Z4
2.67sll
1.&~tbCjl

2.USbQQ
b,OQIOi!
l.58~35

1,10U08
q. QOH30
l.Z~U8

l.8h20

PAnAfltTER POINU MAXIMUM AVERA~E ~EO. MEAN 810 oEVI" ION 8KEWNESS KURIOSI8................................................................................................

ROCHUIlR CIO PP ••• PlR'ORMlNH !IlIA ••• IN'LUlNT esu (ilORM • 0')

lSS
VSS
19
va
SEIlS
8005
tOo
IDe
0&0
PH
I~N

TIP
AL
HULl

iI5 100.000
25 52,0000
25 1110.00
25 98.0000
il5 ,100000
25 38.0000
25 33.0000
25 20.0000
o

il5 60\5000
25 I, '0000
25 ,110000
25 .000000
o

51i1,OOO
228,000
3017,00
273,000
9.00000
201,000
205,000
'4,0000

6.85000
6.10000
I ;i!.000
2,80000

201.800
III,HO
1980,16
169,840
2.90400
16,6400
101,200
51,l200

6.51l99
l.18000
.052000
1,08800

159.1l1
105,668
1908,l6
162,560
2,U4R9
11 ••582
86.0'06
08.1I01

6.511U
l,00836
,016801
,000000

81,9191
l6,871)
95l,06 9
49.86.2
2,13269
n.J788
55.311'
11,7915

,188955
,970472
,201001
,51\537

2.06910
1,19.11.
.321156
.400930
J,ZI519
2,144B'
,477886
,6246n

,839988E-01
1,20696
21IQU5
.'9.1011

8,b\099
5.01858
1.1319.1
l.00192
3.91000
',09165
1,10903
Z.75610

2.29101
1,591l8
',760ill
4, 50~0 I

HINI~UM MAXIHUM...."" .
15.,000 n&,OOO
15,0000 392.000
oil, 000 602.000
30.0000 150.000
,900000 ],00000
11.0000 3810000
'.00000 11,0000
ill.OOOO 06,0000

no OnlATlDH 8K!WNES8 KURlosn......................................._...PARAH!TER POINU

7S8 8
VSS 8
19 8
vS 8
SE 77S 8
BOOS 8
euo 1
10e 1
O~O 0
PH 8
TKN 1
lIP 1
AL 8
, COL 1 0

0,80000
,180000
; hOOOO
1.06000

I.JOOOO
r,28000

";55COOO
16.9200

AVERAOE..............
3U,Us
186.875
520.750
8b.1500
1,88150
lO,8150
11.511.
lil,2n7

1.11499
I.OU28
.2'1028
1,nooo

O!O. MElH

l02,583
158.500
5i11,117
70,1700
1,710'1
lo.l81'
1I.04U
31.3869

7,I1U9
,76'162
,U611S
5.~1iIl1

110.061
109,416
",1881
Oo,05b\
,85050\
&,IIJU
J,UI97
1.81116

,\56\i15
,UllU
,13i1280
1,409)5

,868802
,811082
;138852
,169877E·01
.10il185
.Jon'!
.638388[.01
,51l021

1,55190
,3J7986
1.690"
2,UUI

iI,SiI.n
iI,ll061
2,3510\
l.l1586
2,060n
1,"627
2.Zl615
I.U!10

I.JiIIZ1
iI,32~81

I.Jlll'
6,06999
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U'oRIEN ~ GERE EIlGIIltER5, INC. ~AOONUURY OU A SYSTEM

ROCHESTLR CSO PP ••• PtRfORMANCt OAIi

AUG 24, I ¥70

INfLULNI esu larOHM ~ 101

10100

PARAMEIER

ISS
YSS
IS
YS
SEIlS
BUUS
COU
10C
OlG
PH
IKN
liP
A~

fCULI

PUINIS MINIMUM.............
o 04.0000
o 20.0000
o 416,000
o 74.0000
o .100000
b 31,0000
4 11,0000
4 20,0000

°o b,90000
4 .b40000
4 .150000
4 3,40000
o

MAXIMUI~

814.000
320.000
1120,00
353.000
1. SOOOO
110.000
21.0000
123,000

1.40000
.0bOOOO
.310000
1.09000

286.8U
120.b01
bi4,OOO
142.bbl
2.48U3
S8.H01
Ib.1500
51.2500

1.looob
.822S00
.211S00
5.00000

GEO, MEAN

190.419
BJ.0491
5U.oSO
120.'44
1,23199
51,3185
15,0890
44.0098

1.16403
.810049
.20l453
4.75120

STU OEYIATIOt.

212,18d
103,141
225,n6
91,3~86

2.55435
34,0610
6.l39lo
41.1240

.lo09bl
,I411J4
,804285E·01
1.65304

~KEHNESS

1.15118
.991208
1,05745
1.55124
1.01222
1.34429
,165049
.715Sb)

.28654l

.148559
,S99144
,791010

.._~~~l~!~!•.
2.82J04
Z.49i'iJ
3,91628
3,lISa
Z.UOH
3.ll171
1.950bo
1.89244

1,81Y49
lo1h51
2.0U90
2.00000

ROCHtSHR CSO PP ••• PtRfORMANCE OAU ••• INfLuLNr esu !SIOHM • III

PARlMt IER POINh MAXiMUM AYEHAGE LEO. MEAN SID OtYIATION SKEWIlLSS..................................................................................- - .

RoellESltR CSO PP ••• HNFOHHANCL DATA •••

.2~l~8t1 .~l2t1bO

1,35~10 2.10~J4

,713021E·01 .b90024
,779521 .038.01

INF~U~NT LSU ISIOhM • 121

ISS
VS~

15
vS
sun
BUDS
COO
IOC
o.G
PH
ll(,~

liP
AL
HIli!

10
10
10
10
10
10
o

10
o

10
10
10

9
o

57.0000
l2,OOoO
442,000
70.0000
.300000
18.0000

12,0000

7.60000
1. qOOOO
.220000
.000000

80~.000

405.000
9502.00
90Ql.l,OU
10.5000
125.000

9.,0000

8.~0000

0.50000
.030000
, .10000

201.~00

12O.bOO
1018.10
1025••0
2.91000
05,7000

12.7000

6.08999
2,08000
.290000
.bllill

111.353
85,8027
751,000
181,~01

1.~530<l

37.2085

2b.26~5

6,08570
2.05204
,280002
,000000

~t18.4blS

120,H2
~679, 70
2074.01
J,20110
J2,30b6

~O,b96J

1.20la9
1.59118
2.00129
2.0.221
1.27782
1.387]5

l,b0255

3,35005
4.01.03
a.olltia"
8,09102
l,030H
J.6Q~oea

0.51Y15

2,U'VY
6.04.32
2,Ol.30
l.u7Y55

PlHAI'UtH POINIS MINIHOM MAX IHUM GEo. HtAN STU DtYIATlON bKEwNtSS KUHIObl~

155
VSS
IS
YS
SlIlS
.OUS
CUU
IUt
o.G
Pll
IKN
liP
AL
HIlLI

~~ 102.000
2J 02,0000
22 629.000
22 107.000
20 l,oOono
25 .22.0000
o

24 13,0000
u

2£1 0.40000
24 2,00000
2~ ,l00000E.01
24 .000000

U

70b.000
503.000
2903.00
l.I,",~.OOO

0.10000
2.~,OOO

70,0000

7,OOOOU
b,lOOOO
18.9000
2,40000

J21,375
191,739
10U.01
22b,005
2.7708)
95,0522

H,HU

b.t7'llb
l.52083
3. 0 2010
,109998

2bO.009
100,000
IlSO,07
215,03~

2,517]3
77.8170

)O,~913

0.07000
3.38059
1.15671
,000000

191.595
140.08J
5'5.JI7
11.0051
1,20l01
02.967.

ll,900~

.20Q08c!
1,03602
5,0211 Y
.SH07J

,5.lo23
I,OH28
1.27000
1,b1ooo
,940742
1015338

,998HO

,U00559t·01
1,17227
1,91010
• 7S 7529

1.Qb.)Ol
J.09100
0.44017
5,3oU19
J.lU25
3,09123

".ijO~91

1.60030
3. ao035
~.141l4

0.70~11

ROChESltR CSO PP ". PtNFOH.tANCt UATA ••• JNfLU~NI CSU (",OHM. III

155
VSS
IS
VS
sE 115
.005
COU
10L
o.G
PH
TK'~

liP
AL
FCOLI

POINIS "INIMOt<

I~ n,OOOo
15 b7.00nO
15 b07.000
15 111.000
15 ,3nOOoO
15 5S.00oo
o

15 37,0000
8 19.2000

15 b.50000
15 0031000
'5 ,OZOOoo
15 .000000
o

NU [MUH

363,000
30a.oOO
109ft,DO
371.000
16.~000

I b8. 000

106,000
93.bOOO
7 .~OOOO
6.8MOO
1.11000
.800000

AVERAGE

21~,3H

1aT ,EtOO
7qQ,~67

195.H3
5,10bbb
109.7U

b2.6bb7
bb.8000
1.00bbo
5,ObOob
.bU2bbb
,5BB3E·01

GlO. /llAN

195,065
132,IIb
H8,Hl
181.2~1

0.001~0

JOZ.2U9

00. 059 I
00.1704
7,001bO
5,OU10
,ol9Ylb
.000000

SID DEVIATION

91.0520
09,5018
13b.,21
H2,lQao
O,5b203
1.I0,.J06l

'6,0002
11,8114
.2b0091
.692751
,I6l0b5
,199555

SKEW/lESS

.05b3b9
,bSU9':i8
I.Obb33
1.08056
1,31219
.2000b2

.7?bJ7b

.229102

.0';2727

.501100
1,13599
l.910.0

~UR!OSI•....- .
1.80610
2,49J18
3,30H6
2.B2H
o,oH31
I.Q1Q)b

3.22bOI
2.02.69
2.iJl2!
2,08100
3,59123
Il.Oll'

ROChESIlR eso PP ••• PEHFORMANCt OAlA ••• INF~OWI eso (STOHH • 101

PARAI'E1EH

ISS
vss
IS
vs
SE 115
8005
COD
lot
OoG
PH
IKN
liP
AL
Feo~1

POINIS MINI"UM

12 156,000
12 02,0000
12 898,ono
12 100,000
o 6,00000

12 75,oono
o
o 63.0000
o 31.0000
o 7030000
o 3.00000
o ,050000
b l.zOOOO
I 20,0000

MA~IMUM

Q12:,000
204,000
119b.00
300,000
7.50000
210.000

270.000
bO.8000
1.90000
5.50000
1.21000
5.bOOOO
20.0000

309,011
IOb,I07
I3bl,33
222,H3
b,15000
101,833

129 .101
08.1133
l,blHl
• ,I bbbb
.86999Q
l,OOOOO
20,0000

165

GEO, MEA ..

330.123
IB.588
J32&,58
21),014
0.12b75
135,122

110,971
46.6670
l,b3119
4.12100
,619713
3,05163
20.0000

510 DEYIATlDN

IOb.551
57.5002
i98,6Sb
bO,OQUq
,5590i t
01,6870 '

68.603 ,
1I,315J
.119,0.
.bQU-'3b
,2813b5
1,00000
.000000

.299219
,a00735E·U2
,197605
.HOb80
,000000
,633302E·01

1.18909
, 038Sb8
,505739
1,17b87
.165165
.810946E·05
.000000

...~~:l~~~~ ..
1.80131
1,72.00
1.05~3e

2,18608
l,b4000
2.0 tH184

301 8J80
I.09f:1JO
2,600 I 0
3.3901S
1.03481
2.IIV53
.000000



O'~RIEN A GERE ENGINEERS, INC, LA~ORAIORY DAU SYSTEM AUG ~~, 1976 08149

RUCHESTER C50 PI' •• - PERFORMANCE UAI A INfLUENI tSU <510KM • 151

PARAMETER pOINI5 MINIMUM MUIMUM AVERAGE GEO, MEAN 510 OEVIA110N SKE~NESS KURIOSU---......... ............... ............. .............. ....-..-......- .....--.- ..... -............-. ........-_...
155 15 158,000 1875,00 611,69~ 449.501 ~OO.loJ 1,~910Z 3, 74~1I
VS5 15 H.OOoO 1010,00 Z83,077 102.105 Z93.051 1,3b~oO 3.7Z589
15 15 359,000 Z050,OO 887.015 70Z.809 562,001 1.11083 3,OOH)
V9 I~ 110.000 I~OZ,OO 426.583 511.579 501,928 1,]0619 3,OloZ8
9EltS 5 ~ .300nO 17.0000 9.94000 7,0980Z 0.419ZZ .ZZ0340 I,Z5501
ijU05 15 O~.OOOO 510.000 170.9Z3 1~1.170 B8.HI I,OIOZO 3,10~30
cuu 0
lOt 5 9.00000 Z70.000 9Z.8000 55.9501 91.2508 I.Z7915 3,00108
UIG 1 18.8000 108.000 55,HI0 41,5514 "8,0 8 15 l.oOO~O 4,~60Z0

PH 5 0.80000 7.QUOOO 7.19999 7,19686 .Z0976l 1,17007 l,83000
lKN 5 1,80000 9.80000 S, Z~OOO 0,10885 3.l6717 .l74818 1.3550J
Ill' 5 .l30000 2,00000 1.19800 ,855157 .15Ho. • 5~Z522 I,ZZIH
AL S .8nOOno Z,OOOOO I.HOOO I,ZbJ9J ,391918 .507722 2.03620
fCULI 0

ROCHEStER CSO PI' ••• PERFORMANCE OAU '" INnUENl esu ISI0RM • 161

PARAMETER pOINIS MINIMUH MhlMUH AVERAGE GEO, MEAN 510 DEVIATION SKE~NE9S ...~~~!~~~~..........-..... · .. _-w....._·--- .............. ............. ............. ............. -......._._.-.
155 10 Z16.000 181 ~.OO SOo,lOO 045.HO 075.01 9 1,805M 0,91 ~50
V99 10 56.0000 620.000 208.l00 155.205 110,158 I,008ll J,S6SU
15 10 HI,OOO 955.000 580.200 S50.0B 181.09\ ,096807 2.33606
VS 10 11 0 .000 358,000 183.300 170.298 76,2011 1.14796 3,11"69
SEItS 0 .800000 0.00000 1.75000 1.59985 1.30671 1,11411 ~.30202

80U5 10 21.0000 11 0 ,000 56.2000 08. 708~ ~9.8851 .581022 1097~80

COO 0
10C 10 28,0000 92,0000 50.9000 07.7090 18.800~ .8H597 2,81192
OoG 5 U.2000 50,8000 JI.7600 ~7 .4060 16.6188 ,527290 1,5208Z
PH 10 7.00000 7.30000 7.llOOO 7,11918 ,107105 ,769026E-0 I 1,518110
lKN 10 1.10000 5.80000 2.70000 2,20791 1,71881 ,602549 1,70i51
tiP 10 .100000 ~ .36000 ,096999 ,3000l5 ••q~jJ9l l. ~9005 6.8U3S
AL 10 1.00000 8.00000 5.68000 l,OO~50 2,01 9 01 .b5111S 1.86011
fCULI a

ROCHESIER CSO pp ••• PEHFORMANCE DUA .-. INfLUENT tsU 1910HM • III

pARA"ElER pOINIS MI"IMUH MAXIMUH AVERAGE GEO, MfAN SID OEVIA7ION 5KE~NE9S
._.~~~I~~~~.............. ...-.......... ............. ............. ............. ...-.-.-.-...-- -.......-.....

US I. ~8, 0000 305,000 196.100 162.519 120.271 ,085099 l.oU02
VSS 10 10 ,0000 260.000 II ~,800 19.2006 89.8095 ,6193/1 1.t.QbGS
IS 10 'l u8.000 QbO,OQU 606,700 0~1.531 188.010 .0591\8 1.80V86
V9 10 l1~.ooo QOb.OOO 2H,100 ~00.9~2 110,231 .585956 1.e.Q,,J9
9EltS 0 1.50000 18.0000 10.2500 8. 0519~ 5,19HI ,146505 1.35850
8005 IU 73,0000 318,000 103,000 12>,200 17.9184 1.06001 2.89062
COD .0
IUC 10 22.0000 135,000 19,1000 67.Z?IO 19.5285 .059820E-01 J.48ti9b
OAG 5 25./000 60.0000 01.5000 58.0100 15.0603 ,212182 1,2115Z
PH 10 0.60000 7.20000 o.8SQ99 0.85118 .170550 .112161 2,5U81
lKII 10 2.10000 1.60000 5,81000 J,06119 1,700.0 .9R8H7 2,00961
Ill' 10 .170000 l.tI~OOO ,115000 .500611 .50159. .111037 2,IOV88
AL 10 .0nOooo 1. SnOOD 1,12000 .000000 ,80711~ .501988 I.S5071
ftULI 0

RUCHfSIlH C~U PP - •• PIHFOHKANCl UAU ••• IhfLUl,n LSD t:il0KK • 181

PARAHEIER PO 1111 9 HI'" Jr-tUM MUIMUM AVEHAGI GlO, "'t.Ar. SIU OEVIA7ION S~Ew~ESS ~UHIOSI •............ . ....-......... -..........-.....- . ......- ...... ....-........ .............. -............. ........-......
h9 Il v5.0000 Hl.OOO 103.5B 151.819 68,0)80 1,20878 5.15V7.
V59 12 20.0000 228.000 91,0107 74.1~19 62.109A .9S075S Z.90a6b
15 12 2S~.000 771.000 024,667 19'11,1I6b 153,001 .181090 2.t:l7bQ't!
v:l Il 90,0000 302.000 107.·17 155,260 10.1115 I, 0020~ 3.00111b
SE ItS 4 2,50000 10.5000 A.62500 ~.87870 2,81070 ,110912 I.QtstUU
.oo~ 12 JO,OOOO 190,000 82.9067 1I.410J =-b. D'i4b .'76131 2.tI!lY2b
cuo 0
IOC 12 21,0000 11 q,OOlJ ~1.2~00 00.9007 tb,51U .bb914ct J,Ioa60
OlG 6 20,0000 1l~,OOO hO.1Ul 50. 866~ 56, 7~75 1.08303 2,95'4~

PH 12 b.800QO 7.10000 o .ljJ~bbb 0.06578 ,II0SS0 ,oZ070~ 1.IU£ltu!
IKII Il 1.10000 8.1I000u J, J5831 2,69500 2.11281 .921020 2,07V29
liP 12 .260000 1,1 ~OOO ,55S000 ,49507\ .2130S0 .850H2 2.0ij51b
AL 12 .000000 0,20000 1.766U .000000 l,lUOl .l67812 1.71bU
HULl 0

ROCHES 1EN C50 PP ••• pERfURMAI<CE OAU ••• INfLUENl CSU UI0HH • 191

PARAMETER pOINI5 MINI~UM MAXIMUM AVEllA~E G~O, MEAN SIU O~VIAIION 5kEWIIES8 ...~~~I~~~~__............ .............. ............... ............. ............. ............. -............
ISs b 10.0000 1228.00 ·52~.661 1&5.592 ~1I.0.0 1,661\2 5,90130
VS5 0 28.0000 89,0000 00.8331 41.000~ 21,090~ 1.35082 l,U17o
15 6 275,000 417.000 106,831 300,9.8 01.4860 .21.6~9E·01 I,O}t90
V:l • 52.0000 10,OOOu 60. A66 7 5.,9JOS ~.A20S1 .0292Q1 1.39034
5E 119 2 2.00000 2, SOOOO 2.25000 2.2360b .250000 ,000000 l,oouOO
~O05 0 25.0000 50.0000 J6.8133 3S.5~06 9.9S685 .613575 I,Ob~20

COU 0
10C 0 8.00000 ~9,OOOO 20 ••661 1.,1623 6.8231. ,6700H 2.~2b51

UlG 2 51.2000 55.0000 50.4000 50,3867 1.20000 ,000000 1.00000
1',1 • 7.30000 8.00000 7,6106. 7,61199 ,267187 .lO0830 1,1.109
IKII 0 .900000 ~, 50000 I.~OOOO 1,5UOI ,461880 ••03838 2,69.78
liP b ,140000 .100000 ,~06666 ,1·700~ .b60 V•

'
f·01 1,07010 2.051.1

AL 6 0.1 0000 10,0000 1,60000 6,~5857 i.2t1tlCS ll .&02830 2.18005
fCULI 0

166



ROCMESTER CSO PP --- PERfORHANCE DATA

0'8RIEN l GERE ENGINEERS, INC. LA~OHA'OPY DATA SYSHM AUG 24, 1976

FLUC-SEO EfnU~1lT UlORH • 011

11112

PARAMEftR

us
VSS
IS
VS
SEllS
8005
CUD
TOC
OlD
PH
TKN
TIP
AL
fCOLI

POINTS

6
6
o
o
o
o

15
15

6
IS
15
I~

o
o

MINIMU'I...............
168,000
,000000

4,00000
9,00000
,000000
5,75000
,300000
,600000E-01

HAXIMUH

366,000
86,0000

24,0000
51,0000
44,0000
6,15000
1,80000
,260000

AVERAGE

243,667
32,0000

11,6000
22,8000
21,0000
6,03999
,766666
,1l2000

GEO. MEAN

236,165
.000000

10,2218
20,06b)
,000000
6,03737
.627727
.1I9~1Z

STO OHIATION

63,1201
3l.241~

5,88~56

11,7314
15,9896
,17720U
.517251
,6002Zit-01

8KE~N~SS

,810126
,517452

,808495
,925075
.557730E-01
,203157
1,II0H
,877626

KUR10SIa...~ .
l,771l8
1. 65~06

2.52J21
3,10345
1,55064
1,82522
2,76855
2,UU97

ROCHE8TER C80 PP --. PERfORHANCE DATA - __ FLOC-SED EFFlUUIT U!ORH • Ol)

PARAHElER POINIS ................................................................................

2000,00 lOOO,OO

ROCHESTER CSO PP

2000.00 1999,99 ,000000 .000000

PERFOHMANCE DATA -_- FLOC-UD IFfLUlN' IIrOR" • OJ)

1,48~19

1,60UI
1.64668
1,95JI6
1,54j52
1,4b!41

.000000

KUR!091~.............SKEWNESS

,31'951
,U8625
,344759E-0 I
,62894l
.38b711
,510504

15,9164
10,7600
7,88416
,178885
il, 0997 J
,215716

GEO, MEAN 8TD OEVIAUON

32,7315
4 •• H23
9.898a
5,89731
J,I7924
.3J1016

H,OOOO
44,JJ3J
U,lOOO
5.90000
3,76666
.186666

MAXIMUM

54,0000
60,0000
24,0000
6,20000
7,10000
,710000

HINIHUM

1.,0000
30,0000
2,00000
5,70000
1,40000
,180000

o
o
o
o
o
o
9
9
5
5
9
9
o
8

TSS
VSS
IS
va
SEllS
8005
COO
TOC
O'G
PH
TKN
liP
Al
fCOLI

PARAHETER

TSS
vss
TS
VS
SEITS
8005
COD
TOC
on
PH
TKN
TIP
Al
FCULI

POINTS "INIMUM

17 38,0000
17 12.0000
17 75,0000
17 29,0000
17 ,100000
17 6.10000'
o

I I 5,00000
8. 4,00000
8 5,70000

17 .700000
16 .JoOOOOE-Ol
o

17 iOoOoo.

MAXIMUM

360.000
179.000
5JJ.000
199,000
3.50000
160, 000

64,0000
41,0000
6,30000
6.30000
,940000

,noooOE 07

AVERAGE

147,294
6l. 64 70
lll,294
8l,94U
1,47059
50,1059

20,ellS
28,0000
6,02500
1,70000
, JSU25

,I61765E 07

GEO, HE AN

Ill,4U
48,4260
195,091
70,6142
.941665
35,6803

19,98H
24,OJl5
6.OZ107
1,4l155
,24]630

9885Y1,

sto DEVIAUDN

85,OJ81
45,2482
116,J58
49.5645
1,13902
41,JI63

1b,2054
10,1135
,216506
1,27510
.271IJT

,17017lE 07

~KEWNESS.............
,800154
I; 14918
I,JOll5
1,06808
,491913
1,34174

,970088
I,HI94
,249164
2,70722
,605344

l,08658

KUR!OSlH..............
J,i~OJl

3,54_18
4.27136
2,99531
I, 66~84
4,OllU

J,03594
4,2H06
1,_1171
10.0~10

2,ZUlI

7,50lJ_

ROCMESTER CSO PP -_. PERFORIIANCE DA'A -.- FLDC-9~D EFFLUtNI IS!ORM • 041

PARAHEHR PDIN15 MtNIMUM MAXIMUH AVtRAGE GEO, MUN flO OIVIATlOII 8KEnNU9 KUR!OUH............. . .

.IOZOOOE 07 .900000E 01 ,J77Hl[ 07 ,ZZ6517E 07 .369758E 07 ,704067

ROCIiEI1[R C80 PP --- PERFORHANCE DATA --- FLoC-UD EFFLUtNT IS!ORM • 051

ISS
V5S
T5
VS
S~118

8005
CUD
tOc
D'G
PH
lKtf
tiP
AL
fCOLI

5
5
o
a
a
o
o
o
o
o
o
a
o
3

100.000
20.0000

Z96,OOO
135,000

212,400
89.6000

19_,IZ6
75.1095

1.31447
i,I9b47

1,10000

PARAHETER

TSS
VSS
TS
vS
SEllS
6005
COD
TDC
O'G
PH
TKN
UP
AL
FCDLI

POINIS MtNIHUH.............
5 bl,OOOO
4 52,0000
o
o
o
8 JOo.OOO
4 JJ.OOOO
8 59.0000
• ,800000
6 6.20000
8 J,90000
8 ,650000
7 1,00000
a

MAXIMUM.............
164.000
132.000

I5JO,OO
47,0000
161,000
37 .6000
7,00000
10,6000
S,5Z000
J,OOOOO

AVERAGE

101,400
89,0000

610.000
31,0000
100,500
15.6000
6.U750
6,25000
1,50750
2.l8571

GEO, MUN

93,9815
82,4110

500,075
31,6SH
94,5J58
6,65570
6,6J170
5,976l1
1.29311
2,I5SU

ITO DEVIATION

480,469
5.33854
36,674Z
14,748b
,223257
1,960ZJ
,896.11
.U965~

~KEWNESS. .
,496351
.107036

I,U81.
,966 I bZ
,770414
,051108
,34008.
1,0206]
1,22660
,459279

~URIOIl9............"'...

z,sun
i,221bl
2,02179
l,b0)62
2,80055
3,.JOIi
J.0I789
2,10~lt

167



O'.RHN A GERE EN~INtENS, INC, ~A.ONA!ONY DATA unEIl AUG 2~, I ¥7_ 11112

ROCHESlER CSO PP ••• PERFORMANCE OAIA fLUC-SEO HHUtNI (S!ONH • O_l

PARAMETER POINTS HINIHUH MAXIMUM AVERAGE GEO. MEAN no OEVIAHON bKEWNtSS KUHIO.I •............ ............. .............. ""............. .............. ............. ............. ......,;......
us U n.oooo 200.000 128.51& mim 35.5_09 .i06000 I.U450
vss U 20.0000 U.OOOO 51.0769 20.0053 .771218 I,U~H
IS 0
VS a
SEITS 4 1,00000 1.00000 1,75000 1•• 1I1S .750000 .188089 2.1.)18
ao05 U 5,00000 H,OOOO 14.0000 U.8SS8 '.J)S91 .hU82 2,U17.
COO IS 24,0000 31,0000 il.IS38 21.9501 J.5048~ 1;0$101 ].S9~S2
toc U 16.0000 57 .0000 ]0.0159 29.1111 10.lon j ,011 0. 0.10)55
aLa - .000000 8.00000 I.U]]] .000000 2.98102 1.11185 8.10000
PH lJ 5,90000 .,70000 •• 20000 •• 19400 ,2.0111 .5aSBJ 2.08105
tKN Il 1.50000 3,10000 1.3_150

~l~;m
,SSS209 .IHSOS 1,1>3101

TIP lJ .3]0000 • '00000 .5_15]8 ,U9U4 ,JovOUE-OI 2.0001.
A~ U ,000000 J,OOOOO 2.USU .000000 ,711221 1,20101 0.Oi01l
fCo~1 U 2 70000, .122000E ~1 51 lisa • ill541, ~91117, I,U1lJ 2.95109

ROCHEStER CSO PP --. PERFORHANCE DATA ; •• 'HUC'·SEO Hf~·utijiIS-foil,.j'-71)

PARAHt lEN POINIS HINIMUH MAxiMUM AYEHAGE ~EO. MEAN STO OEVIAHOll ~KE.NESS KuHIOSI.
.............. ...- ........... .............. ............... .............. ............. ................ ................
ISS 3 200,000 20S,OOO 22", 000 U3,119 19.5V5¥ .000000 \.50000
vss 3 80.0000 100.000 8S.0000 81.5901 8, _0098 .595110 I,SOUOO
IS a
vS U
sEI T5 3 2.50000 3,30000 2,8BB i,BllbO .H9¥H .Sl.OOO \.SOuOO
.005 3 7b. 0000 82.0000 78.0007 7a,6271 2,49900 .381814 I,SOUOI
CUD 3 OD. 0000 73,0000

56,6 __ 7 55,5l27 II, USO .61190'1 1.50000
10C 3 5~.000U 82. 0000 bi, B33 60.9111 1S,9120 ,700368 1.50000
OIoG a
PH I 7.00000 7,1.10000 1.lobbb 7,2bOI. .18.5_l .70701.10 1.491194
T'H 3 5.00000 5,50000 5,I6bbl 5,16140 .235702 ,707115 I,SOUOI
liP 1 , ~90000 .9<0000 .723333 .7I02H ,141 ¥10 ,580lS8 1.50UOI
AL 1 1,20000 1,60000 1,4••07 1,05370 .188)_. .70710_ 1.50000
FCU~I I ,100000£ 07 ,IOOOOOE 07 • IOOOOOE 07 999987 • ,000000 .000000 .000000

ROCHES TEN CSO PP PERFOIlHAIlCE OUA - •• FLOC-StU HFLUUH (~IOH'" • 7~1

Pl'UIlEHH POIHI~ MJNIKUJ.I ",OXIMUM AVEHAGt ('fO. MtAN 510 OLvlAIiON SHE.fIESS KUHIO~h......-.- ..... . .............. ............... ................ .............. ..--.......... ............-.. ......-......
1>3 11 l5,OOOO 100,000 ~9,9091 50.BI. 31 .0.2) 1,03S43 2.73.0_
Y~S 11 0,00000 62.0000 21.727) 15,8930 17.278¥ I, 090ib 3012'b.
IS I 932,000 932,000 932,000 911.997 ,000000 .000000 , 000000
.~ I "b,OOOO 06.0000 0.,0000 95,9999 ,000000 ,000000 ,OOouOO
SE ITS II .100000 1,70000 ,500000 ,2001li ,SS9l9_ I. 06880 2.t19'Y20
duu5 II 10,9000 55.0000 23.1<118 19,9_37 11.7••9 1.\5707 •• Q9/U
COO 11 20.0000 02.0000 2S,lb36 20,71.9 6.1091 9 I.Si014 5,21_00
TOC II e,OOOOo H.OOOO 15,.505 10,2537 0.7._89 l.l1670 3.75/20
O,G a
PH II o.&O~OO 1.Q()OOU 7. Ub3_ 7.13Bb .20510. ,lbS._1 I.QIlUOti
1K" II ,&00000 <,10000 1,"lb16 1,35769 , 0530\7 ,101100 1.5819.
liP II ,lbOOOO ."00000 ,H8IS< ,U8l0) .72"050E-01 ,8511.9 2,80le7
AL Il • qoOooo 1,<0000 .500000 ,0_0015 ,<3<1007 2.2239d b.ijollJ
HULl D 595000, ,1"2000E 07 928Hl, Bb9lribl. JoIOo94. ,090090 1.Qbbil,

ROCHUTER Cia P~ ••• PERfORkANC( OA U ••• noc·uo !fF~UtNI U!OMH • 08)

PARAHETER POINTS MIHIHUH MAXIMUI~ AVERAGE, GEO, HEAN STO OEVI~T10N 8HEHNESS HUR10SIB
............ .............. .............~................ ••••••••••4 ... ............... .............. ......•......
Tn 12 16a.000 i20,OOO 197.917 IH.I91 1!.353¥ .588)67 I.4S491

vSS U 52. 0000 71.0000 57.7500 S7.S0a9 5 •• 1795 I,Oi982 3.07~aa

IS 0
vS a

.b430iOE-01 1.430)1SflU 12 .600000 l.bOOOO 1,l08H I.OJB~6 .379_01
eoo~ lZ n.oooo 105.000 89.0000 aa.5TSZ a.UIOO ;119710 1.51'51
COO 9 127.000 187.000 157.221 155.71b al,laOb ,505650E·0 I 1,619H

TOC It 15, 0000 n.oooo 49.2108 48.1020 9.lonO .UO~II!·OI 1,55is2

0'0 0
.i68766 1.10)81PH U o.IHoO 0.70000 6.00_15 '.OOou • U5109

THN lZ ).10000 4.00000 ).87099 J,ason .J89711 .011200 2.U~U

TIP II .6.0000 . Ii 18000 .U'8U ,81110' ,18iOOI .420001 1;88779
A~ U .aoOOOO 1.00000 1,10000 1,21004 .ilaus .9145]0 ).Inat
rcO~1 Ii 7aoOOO, .1'0500£ 07 .1I5017E 07 ,IIJHU 0' U31o,. .alUU I.U~OO

"oeHtin" cia PP ••• PE"fORMAHC! DATA ;~. ;~OC·BlO ff;~U~NT U!ON" , 0'1

"ARAMnER "OINIa HIHIHUH HAXIMUM AVERAGE 0(0. H(AN no OUIATION SKE.N!SS KURIOUS
...............

•••• ......~••••..6 ••• ...•• ... ••••••...••••••••..
............. ...........".. ...;,........... .............

188 6 160.000 U4,OOO 181.000 180,095 1I,3a08 .~8S769 1.191a,
VSS b 11.0000 'l.OOOO IO,IJU aO,5ll. 6.96120 ,100911 1,94381
u 0
vs a
SEIT. 6 .100000 .300000 .16bb67 ,I5l109 .lQ5I5)!·01 .626100 1.00000
aDo, 6 ' 15.0000 45.0000 16,0000 iI,Jnl 11.50)) ,67115J tl'OO43
COD 6 10.0000 16,0000 11,1607 lZ.,901 i.ll~16 ,219299 1.65.n
TOC 6 12. 0000 '0,0000 1'.6607 28.54U 9,2076~ I,U)H 1,9U46
OAG 0
PH 6 6.80000 a.ooooo 7.0106. 7.00UI .OT1551 .908060E-0\ 1.1379'
TKN • ,780000 1.6.000 1.20000 1.108U .166210 .271158 2.JS~87

TIP " ,110000 ,160000 "iIOaUS iZOU" iJOUOU-OI ',IU'" I,onu
A~

, ••1)000 •• ilOOO 4.ilOOO •• 11999 ,aa'loIE·O$ :;;~m
1,00000

'CO~I 6 1'0000. 40S000. i57500. U5US, UJaa.1 I.ZB~13
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O'dHlEu , G~RE tNGIN~EHS, INC, LA.ONAIOHY OAIA SrSIHI ,lU(; 24, 1970 IIIIl

ROCH~SIEH CSO ~P .-. PERFORMANCE OA I A fLUC·SEO EffLUtNI (S!ONM • 10)

PAHAHEltN POINIS HINIIIOM MUIHUM AV~NAGE GEO, MEAN SIU O~VIAIIOtj SKEHNtsa KUR!OSU.............. ............. ............. ............. ............. ............. ............. .............
ISS ~ 140.000 190.000 ~00.000 ~29,O]o VI.]717 .395807 1.7H99
VSS 5 50.0000 125.000 90.8000 80;0577 27.0211 .hl990E-01 1.00~07
TS 0
vS 0
sE ITS 5 ,200000 1.50000 .700000 • 537827 ,08579• .59000. 1.8UOO
8005 5 27.0000 04.0000 00.0000 02.2099 10.0050 .020175E-OI 1.07~00
COO 5 22.0000 27,0000 20,0000 .0.10U l.b2061 .179052 2.20600
TOC 5 17.0000 01.0000 0],0000 39,7050 1S.0oOV .b27881 2,10590
0'0 0
PI1 5 0.80000 7.20000 1,00000 7,018]9 .109000 ,301553 1.80b91
IKtl 5 1.05000 1.32000 1,10000 1,15001 ,90i3039E-0 I ,053090 2.20142
Il~ 5 .310000 .300000 .U2000 .]]1500 ,172040E·01 .395695 1.99050
AL 5 3.40000 5.77000 0.50000 0.00500 .82Sl8V ,IU721 1,7Un
FCOLI 5 050000. .102000E 07 810000, 821102, 145130. .507779E-01 l.lb~o5

ROCHtslt. CSO PP ,.tMfUHI1AN(,.E UAI" -.- .. LOC-SED U'h,UkNI (5h.."" • 11)

PARAME ItR POINIS MINIHUM MAXIMUM AVlHAG~ GEU. MtAN SIU OtVIAIlON SK~HNtSS KUH!08U............. ............. ............... ............. ............. ................. ............... ..............
I" 0 100.000 100.000 122,000 120.879 10.7182 ,128193 1.U9b76
VSS 0 08,000 0 77,0000 59,0000 57,9912 1I,2Vlo ,092800 1,90.50
I, 0
V5 0
SEIT, 0 .7000no 1.30000 .9S0000 .9231UQ .229120 .498785 1,70191
8UOS 0 22,0000 10.0000 20,2500 25,801. 0,710.50 .807097 2.0S0]0
CUU 0
1OC 0 Il,Ooou 22.11000 17,2500 10.721l7 O,02U7 ,505253 1.95003
Oa.lt 0
PI1 0 1.100ClO 8,10000 7.tiUQ99 7,60657 , I ~OOOU ,888V67 2.18530
Tl(f. 0 2,10000 1.20000 2.70000 2,00625 • 012111 .119~61~·0.. 1,22145
liP 0 ,100000 .]10000 .]10006 , ]09704 ,122470E-01 ,610097 2,00000
AL 0 .000000 ,000000 .000000 .000000 ,000000 ,000000 ,000000
FCOLI 4 255000, 615000. 4]8750. 414910, 100001, ,52]906E-01 1.02640

ROCII~SlEH CSO PP PtRfOH"ANCE OUA ••• fLOC·SEO EFfLUtNI (S!OHI4 • 12)

PARAI4E T~H PUINTS "I III MUI4 "AXI"UM AVEHAGE GEO, MEAN SIO OtVIATION SKEwNESS KUH IOSl8............. .............. ...........-.. .............. .................. .....--.-..... -............. ......-......
ISS 22 70,0000 100.000 110.000 112,005 20,1209 .099881 2,ISbO.
V~S 22 30,0000 60,0000 50,0909 50, ]980 1],196~ ,20698.5 1.99905
15 0
vS 0
SLIIS 22 ,000000 1.20000 ,618181 ,806390 , ll.1i'l~~ .tl801~!J j.b~blQ

dOO5 21 11,0000 lib.OOO 16,1429 J~.5220 23.6173 3.06021 15,9110
CUU 0
1OC 22 1~.0000 39.0000 22, Solo 21,0001 6,75913 , tl29c.fS2 2.05010
OLe 0
PH 17 Co. bOtlOO 7,00000 0.75.82 6,75771 0I1910b ,0200<19 2.b709'i1
IKN 22 2.20000 0,00000 1.09505 ].06357 , 400~14 .510470(-01 2.02010
liP 22 .iSOOOO 2i.lOOO l,82H2 I,O]O~I 6.0b505 1.70406 qtb4iO~
AL U ,000000 .000000 ,Jl7172 .000000 , H1270 .350710 1,52121
fCOLl 22 HoOOO. ,I 8OOOOE 07 894505, 6000bo. ,)95~47• ,o77JOo 2.15040

ROCfIESTfR CSO PP --. PERfORMANCE DAIA --- fLOC-SED EffLU~NI (SIDR" • 13)

PARAMETER PO 1111 S "'INt'-'UM HAXIHUH AVERAGE CEO. "EAN SID OEVIAIION S~EllrIESS KUHIOSIS. --.--......_... ....-...........-. . ................. ............. ................. .............--- ....-.............. ....................-
ISS I_ 89,0000 191.000 125.8S7 119,961 32,6QQ'" ,8HBIl 2. qz~qa
VSS I- 5l,OOOO t08,000 71,BS7l 70,0700 L6,5523 .f)Q&74J Z,(I,JU7c!
IS 0
VS 0
st liS Lo • 7t)()~OO a.loooo 1,521 a .5 1,00501 ,7S515~ i,7B'1 o,ell08
~U05 \0 bQ,OOOO \l0.000 81,2103 79.0711 15.3l12 1,5105S 0,15137CUU 0
1OC 11 11.0000 1/>.0000 SO,5385 08,662\ 13,981" .0079J7 1,81015O&G 1 (16.4000 \ 1~,OOO 66, }99q 03,96H 19.qb57 1."8891 q.0810~PI1 13 b.",OOOO 7.JOOOO 1.00000 6,09655 ,216386 ,oaJO 76 2,00\10I'N 13 .'.",OQOO 1.05000 5.60922 5, S8S 32 .937824 ,.581911 l,70460liP 13 .270000 1,10000 ,1>9071>9 ,b03~18 ,l390U .102008 2,03"98AL 11 ,000000 ,000000 ,000000 ,000000 ,000000 ,000000 .0oouoofLULI 1 21.:;000. , 125500E 07 015000. !,tJ Ib08. .l115i8, .QOb67& 2.oa_io

ROCHESIER CSD PP PERfORMANCE OAIA -.- flOC-SED EffLUWI {SlOR" • la,

PARAME IEH POINIS MINIMOH MAXIMUM AVERAGE CEO, MEAN SIU OEVIAIION SkEwNESS KUR10SI~......----_..- -...-.----.... --_ ...._.......-... ................ ---.-----_...- _.-..........-.. .. .....-..........-. ....- ...-.- .._....
ISS 10 157.000 2ao,OOO 20\ ,200 199,710 23,9825 ,30123~ 2,2U23
V~S \0 S&,OOno AO.OOOO 68,5000 07.8681 0.03009 .110879 1.aQtt2t.1
IS 0
vS 0
SlITS a I, '0000 2.~0000 1.80000 1.1001>6 .367a20 .211682 1,30150
00U5 10 03.0000 q&.OOOO Btl. 0000 83.9227 8,51111 1,28817 0,oQb6b
CUO 0
IOC 5 60,0000 87.0000 73,4000 12.70\5 10,ono .~91062E·01 1,08.90
O&r; ~ 2 1.0000 30,8000 H.5200 33.]302 3,06118 .740a02 1,960\6
PH 5 7,70000 7.90000 7.71990 7,77 00.5 ,70SHUE-01 .Ja181.5 1,8410J
IKN 5 u,oOOOO a,70000 a.50000 a,55885 .101980 .271 082 1,95500
liP 5 ,Q80000 1.58000 ,810000 .190200 .a05881 ,755202 2,12117
AL 5 1.?OOOO 2, aoooo 1,08000 1,01713 .0&&07& .30ll77 1,02003
fCDLI 0
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ROCHE&I£R CSO PP ••• PlRfOHHANCE OA14

O'URIEN ~ GERE lNGIHllRS. INC. LA.OHAIORY OAU SV&HM AUG 2~. 1~70

FLUC-SEO lHLUlll1 1~IO"M • I~I

U81~1

PAHAHEllH POINIS

~UHIOslS

I.~OUOU

1.45-12

1.8b~l~

1019180
J.7C&Vl.
1,48482
l.ol'l~
1.8b.!:2C1
2011u49

1.50000
l.o112J

1.50UOO
1,70UO
.000000
1.50UOO
1.50UOO
I.~OOOO

1.91'02

S_EnNE5S

.107100

.998QU3E·01

.191380

.IB062
1,19151
.28 HUo
.402i61
,~II 007
.809419

1~IOHIi • 171

.q7l40~l·01

9.28021

STO OEVIATIOII

7Q.50U2
20.6155

,471404E-01
1I.6~ll

GEO. HEAN

&EO. MON 510 OlVIAHON

GEO. HEAN 510 OEVIAl ION

JO.8012 ~.31140 .9nlqOE·01
0.6B24 2,50599 .J63~90E·05

7.49998 .000000 .000000
1,98258 .9101q~ .100808
.192.~0 .509901l·01 .528001
I,H9h .9q2808E·OI .707107
5110~9. 569191. ,185860

OAU ••• FLUC-SEO HfLUlNI (SIOHM • 101

20,8144 1.50011
14.0707 1.5b1l0
b.~8686 .9ll02~E·01

2.98805 1.20U61
.340152 .111470
2.~b029 .518~~9

101519. 91298.9

OAIA '.' fLOC·~lO EffLUlNI

AVEHAG~

J5.428.
l.q~857

.IBUI
11.8571

1I.UU
9.00000
7.50000
U.IOOOO
.200000
I.Jun
1\0000.

PE HF OHHANCE

AVERAGE

75.0250
27.8150

.2btab41
JO.OOOO

28.0000
10.3000
6.981~0

3.11250
.108150
2.62~00

111150.

PlR~OHHANCE

AVEHACE

HAXIHUH

HAXIHUH

.100000
00,0000

102.000
U4,OOOO

.200000
45.0000

50.0000
Iq.OOOO

HINIMUH

.200ono
16.0000

I~.OOOO 18.0000
11.0000 11.600U
0.90000 7.20000
1.80000 4.90000
.210000 .58 0000
1.70000 1.10000
10000.0 28~000.

ROCHESlER CoO PP

MUIMUM

02.0000
11.0000

2~. 01100
4.00660

.100000
18.0000

25.0000 18.0000
5.60000 12.qOOO
7.50000 7.50000
2.80000 4.86000
.II0~00 .250000
1.20000 1.40000
215000. .10UOOOE 01

ROCHlSIER CSO PP •••

...............................................................................................

.................................................................- ..- - .

8
ij

o
o
1
8
o
8
4
o
8
o
6
Q

1
7
o
o
-I
7
o
1
4
1
1
1
1
q

l:iS
VSS
IS
vS
SEllS
80U5
COO
IUC
O<G
p"1_"
liP
AL
FCOLI

ISS
VSS
IS
vS
StI!'
U005
COO
10C
0'&
PH
lKN
llP
AL
fcaL I

PAH'MEIER POINIS

PAHAHE IEH POINIS

ISS 9
VSS 9
IS 0

.•S 0
SlllS 1
8005 9
COO 0
10C 9
ULG b
p" 9
I~" 9
llP 9
AL 9
FlULI 1

lO,OOOO
2.00000

.100000
~O. 0000

10.0000
00,4000
o,QOClOO
1.50000
.100000
2010000
121000.

.700000
99.0000

bq.OOUO
89.bOOO
7,iOOOO
0.10000
."00000
1.10000
.111000' 01

.100000
b•• 5555

H.UU
lb.nn
1,06888
5.01111
.HOOOO
2.90068
~l"OOO.

.19129i
U.7~18

28. 740~
10.1908
1,08711
9,81184
.211161
2.9110Q
Hili ••

bO.1I34
~5.9_21

,282a4i
16.1190

17.~10~

T.Ulll
.126020
I.I~~I i
• 8804Ull·0 I
• ~~Bb!J6
418115.

.127072

.Q919lU

.105009
,1081 91
.IBlS'!"
• 3997b9
• 5J~ql tI

2.~~IQ4

2011i5~

1,98916
1.530Q9
2.QQJ91
2.01~lJ

1.~l,IlJOO

RnCHESIER CSO VP PERrORHAIlCE pau - •• nOC-SEO ErFLUENI \510"''' • I~)

VARAMEIER POIIlIS "AXI"UM AOERACE CEU. MEaN SID OEVIAIION SKEnN! 55 KOR10SI~
.............- - .

PARa"E IER POPITS "hIHUM

23.0000 12,0000
22.0000 158.800
a,100nO 6.bOOOO
2,50000 8.00000
,010000 1,25000
~,OOOOO 22.0000
.000000 25500.0

ROCHlSTER CSO pp

CEO, IIlAN STu OEYIAllON KOR 'OSIS

,000000
1,5bl05

l.bOH9
1,50UOO
1.34431
1.61139
l.oe5lS
1,0010 I
1.99306

S"EW~ESS

.2JI068

.322195

.358b06

.8b0958
,.4?0281
.558214
• J 13567
.901120E-01
.386106

\SIOAIi • 19'

,000000
.l~09qQ

,000000
7.00781

,100000
19.7J6Q

28.5590 1.23011
51.5449 bO.640o
5.00777 .788887
3,11012 1.5J821
.810125 ,315196
10,0960 5,07871
,000000 8812,48

041A ••• FLOC-SED HFLUlNT

260,7500
11,33)J
5.46250
3,98 IsO
.876250
15,1150
\4200,0

PERFORIIANCE

AOERACE

.100000
20.8150

51.2500
11.8T50

.100000
31.0000

15.0000
20.0000

,100000
12,0000

6
6
o
o
3
6
o
6
J
B
8
6
6
5

I~S

VSS
IS
VS
S~TIS

BOOS
COD
10C
OlO
PH
I",l
lIP
AL
rCULI

ISS
vSS
IS
VS
sEilS
8U05
COO
lOC
OlG
VH
IKN
llP
AL
FCOLI

5 30,0000
~ 12.0000
o
o
2 ,100000
5 9 • .0000
o
5 5.00000
q 50,0000
S 8.50000
5 1.10000
5 .160000
5 b •• OOOO
o

90.0000
30,0000

.100000
11.0000

18.0000
56,QOOO
7.00000
I.QOOOO
.620000
IU.OOOO

bl,6000
18,8000

,100000
11.1200

12.8000
52,0000
6.61999
1.20000
.332000
10.3400

,100000
1I.24Q8

11,6951
51,9361
8.61150
1,19520
,294292
9.6506U

ZQ,4Q91
b.6211~

,000000
1.29Jb6

•• 6bOH
2,51862
.16330J
,109545
,I89J99
1.1455~

,000000
,I5lb95

.523480
I.Ob004
,065745
.912688
,lH719
.ln963

.OOOUOO
1,161b5

2.00"16
2.25~50

2.12~52

2.50902
1.9230/
I.J1153
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O'URIEN , GERE E~GINEERS. INC. LldUHATORY DAU SYSTEM AUG l4. 197b 11115

ROCHESIER CSO PP .-. PERFORMANCE DA I A GRII-S~IHL EFFL. (8!OHM • Oil

PARAflEHR PDINIS MINlflUM MAXIMUM AVERAGE GEO. MEAN STU pHI'TlON SKEWN~SS KURIOSls............ ............. ............. ............. ............. ............. ............. .............
TSS 6 60.0000 l79.000 148.000 U4.575 64, U75 .818700 30 0800 7
vU 6 15,0000 Ol.OOOO IS.8H3 14.3931 8.93Jl9 .657480 2,loU58
IS a
VS a
SEITS 0
80P5 3 6,60POO IU,OOOO 10.8b67 10.3502 3, Jl55l .U96229 1.50UOO
COO 15 4.00000 12.0000 5.866b7 5,48945 2.36lb7 1.37l50 3.85!25
TOC 15 b.OOOOO 58.0000 21,4000 18.61ll I3.HTO 1,05809 3.60538
O&G b .000000 13,0000 1l,5000 .000000 9.804bl .163503 l.l03U
PH 15 5,85000 6.20000 b.OHH 6.03202 ,I04no ,l57319 1,36303
TKN 15 ,000000 .800000 ,26666b .000000 .24940U ,"9921 2.58138
TIP 15 .300000[.01 ,1 90000 .873332E-01 .7551UE-01 .0009lIE-01 .~766bl 2.72746
AL 0
fCULI 0

ROCHESTER eso PP ••• PER~ORMAN~E OAU ••• ORII·S~IRL EHL. UIORM • Oll

PARAME TER POINIS MINIMUM MAXi HUM lVERAGE OEU. MEAN STP DEVIATION SK[~NESS KUR!DSI •............. .............................................................................. .............
TS6 0
VSS 0
TS 0
V9 0
SETTS 0
8005 0
COO 9 7.00000 38.0000 25.1333 ll,UI5 II,U50 .192500 1.60l36lac 9 U.OOOO au.OOOO 08.8889 00,9788 lO.0745 ,607U9 1.13100
0&0 9 lO.OOOO 34.0000 29.bOOO 19,0575 5.17b36 .959381 1.J'SH
PH 5 5.70000 6.00000 S. T8000 5,778'U ,116619 l.nOOI l,"61U
TKN 9 1,20000 5.30000 l.U44UO I,UIU 1,2165. 1.IU8.1 3,U5Je
liP 9 ,170000 ,620000 .174a OU ,l50bS5 .13630~ 1.71150, ~,1lt50
AL 0
~COLI 0

RoCHESTER CSO PP ••• PERfORMANCI DATA ••• GRIT·IWIRL EfFL. IS!OHM • 03)

P4RAMOER POINT5 MINIMUM MAXIMUH AVERAOE GEO, MEAN STO OEYIATIoON SKlwNESS KURIOSIS......-..... ............. ............. ............. ••••• ID••••••• ............. ............. ..............
TSS 15 25.0000 490,000 ISI.U44 IIZ,Z69 1J8,86~ I,U7U '.lU30
VS8 18 8.00000 350.000 79.5000 50.loJo 81.3355 i,oiUd T,10101
IS 18 89.0000 691.000 Zi7,389 192,217 1.8.59/ l,nOil5 5,7JH6
VS 18 U,OOOOO HU .000 13.5555 36,il4'0 51.4111 1,8390il 6.24496
UITS '" .200000' 13.S000 4.00000 1,93670 5.a648~ 2.57086 9,lUOI
BOOS 18 12.0000 110.000 4b,5889 3l,7540 4S,llil 2,lT054 1.11696
COO 0
TUC 18 6.00000 lilJ ,000 20,H33 11 ,S997 ilS.7635 J,oS05l IZ,Oll6
O&G 9 7.00000 51.0000 19.5589 ZO. Un 14,850) .150807 1.99lll
PH 9 5.60000 6,ZOOOO 5.9ll11 5,919l3 .18UU5 .UllUI 1.93695
IKN 18 .100000 U,40000 1.38889 ,170575 1.13328 .909068 l,81403
lIP 18 .700000E·01 .810000 ,l572ll .1017U8 .19U502 1,31659 4.16UIO
AL a
~COLI 0

ROCHHIER t80 pp _•• PERFORMANCE OUA - •• ORII-5~IHL ['FL. (S!ORM _ 041

PARAMETER POiNTS MINIMUM MAXIMUM AVERAOE OEO. HEA~ STD DEVIATION SKEwNESS KUR!D3I~............. .............. ............. ............. ............. ............. ............. .............
ISS 8 sa.OOOO 13b,OOO IU.500 124.005 83.3412 1.21561 J.79130
VSS 8 32,0000 111.000 68,8750 60;0787 25,1865 ,131924 1.91hl
n 0
vS 0
SETTS 0
800S 0
COO 0
lac 0
0&0 0
PH 0
TKN 0
lIP 0
AL O·
HOLI 0

AOCHE8TEA taO PP ••• PER~ORMANCE DATA ••• ORIT·SWIRL EffL. l8!ORM • 051

PAR4METER POINIS MINIMUM MAXIHUH AuERAGE OED. MEAN ITO pEVIATlON SKEhNU. KURIOSU................... ............. ., ............. ............. ............. ............. ............. ......;.~.;. ..
ISS S 12.0000 359,000 UI,875 U4,843 86,0551 1,87504 9,IU04
vss 8 68.0000 301,000 U6~500 IU.9S5 11.0194 1.80506 U.98~4S
IS 0
VS 0
sEllS 0
5U05 8 bO.OOOO 09800,0 1278.15 1302.11 1609Z.4 Z,lS6U 6.IUU
COO 5 31.0000 57.0000 41.1750 00.9991 1.695)6 .J910U l,nilS
TOC 8 .3.0000 182.000 88.6250 1Z,21U ls.OSlU 1;59891 Q,80~b3

O'G 0
PH 0
IKN 8 3.20000 8.00000 5.1 5000 4.95629 1.45909 ,61U85 1.45080
liP 8 .6s0000 3."000 1.00500 1.ldll I.C08S6 1,4UU 3.97'"
AL 0
fCOLI 0
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ROCH~aTER CDO PP ••• P~H'ORMANCt OAtA

O'~HltN l GEHE tN~INHH6. INC, LA_OHA!ORY OAIA SYSHM 11115

PARAMETER POINU HINIMUI4 MAXIMUM AV~HAGE GEO. MEAN SIU DHIAliON SK[WNUS KURIOU............. . .

1.10000
.hOooo

1.00000
5.00000
ii.OOOO
11.0000

IU U ~~.OOOO

vas U 48.0000
IS 0
va 0
SElia q
8005 II
COD 11
10C 11
OU 0
Pol 0
TKN II
liP U
AL 0
HOLI 0--_.. ----~---------- ..

l2&.OOO
1l~,OOO

l.50000
00.0000
H.OOOO
11.0000

0.00000
,110000

1,~il500

IS, ~154
2~.la4~

10.1511

In.illl
14.19U

I. ~400l
11.IU9
il~.UOO

l4.0~~8

.S44~~il

9,&4915
1.l4062
l7.lSU

,IHI51
,115450

1021110
I, il46Si

l,09'9~

1."067
1.959ll
i.JJOQ9

ROChESTER CSO PP ' •• PEKfOH>4ANCE DAU '" GKIT,~wIHL [/fLUENT I~TUHM • HI

~ARAHEIER POWTS GEU, MEAN SIO D~vlAliorl

ISS
vSS
IS
vS
st II~
8005
coo
10C
O'G
PH

I""liP
AL
fCULI

MINIMUM

I 212,000
I 108,000
o
o
1 4,00000
1 61,0000
1 05,0000
1 "7.0000
o
o
I "020000
j ,510000
o
o

IIAAIMUM

272,000
144,000

7,10000
60,0000
59,0000
59,0000

5,00000
.100000

AVERAGE

206,661
lil,Bl

5,7660
75,llll
51,lHl
52,66b!

4,S66bY
,600000

~,b5ttb~

15,09i4
~I,0125

52,41S5

1,I025l
S,90666
S.79271
4.~2161

.t.I~tU~btl

,72511-[-01

.451111~·01
,69 1910
.1H0b9
,200706

KUHI06l~

I. ~OUOO
1,50000

1,~OuOO

I,SOUOO
I.~OOOO

1.50UOO

1.50UOO
1.50UOI

ROCollSIER CSO PP

PAHAI4E I~R POINI S MAXIMUM AV~HAGE GEO, MEAN SIU O~VIATION SKEWI;lSS KUHIO~I'- -- -..-
165
vSS
16
v..
sE liS
bUOS
COo
TUC
Olot,;
Pli

I""
II~

AL
FCULI

II 15,0000
II 1,00000
o
a

Il ,100000
12 9,10000
12 15. OOnO

9 4,00000
o
a

12 ,loOono
Il .140000
a
2 00.0000

IS0,OOO
76,0000

1,04lll00:
41.0000
15,0000
19,0000

1,80(100
,2S0000

63, 0000

~~,618l

20.6164

,6HHI
1&, ~250
2l.0000
16,1111

51,~000

41,lS24
14,3751

,lS'l96
15.7'25
21,1410
lI.lI60

.gUS01~

.175111

~O"'9~

~O.IOba

20,1597

•• OblHtb
1l,Il9U
",6124'
9, 191o~

.£I~q~~~

,l8S~81l'01

I J ,SOO~

l,lHSI
,9&7707
,868l4S
1010791

,H.'OI
• "~5S89

,000000

1,71107
5,}1'9S

1,61UOl
2,5&Vb.
J,IOu5}
1, 6S9, 6

l,001l0
1,68657

I,OOUOO

PEA'ORMANCI OUA ••• gAI7'I~IRL lHL, II!OHH. 011

............... .
110,000 512,000 17I,5lD
Zl,oooo 220,000 IS.H85

rARAM!1ER

tas
vas
IS
V8
SEilS
8005
CUD
TOC
OlG
PM
TKN
TIP
AL
'COLI

POI~1S

lb
2.
a
o

25
26
o

26
o

l6
26
20
o
o

,800000
28.0000

n.OOOO

1010000
.000000
.J70000

9.00000
lll;OOO

95,0000

8,20000
1.76000
9,16000

AVERAGE

5J,769l

1,815l8
,180180
1,10150

010, HEAN

lot,745
IS,UI5

~I~~m
51,7011

7,8119S
.000000
.'9]741

STO DEVIATION.............

l,29UO
" ,5901

n,SOSI

.Z26099

.180nt
,19UI7

SKONU8. .
,J6]911
,105951

.762961
;810101

.90']]7

.'85I7D
2,88582
1;716]'

~URI0818..............
1,1"01
l,SUU

l,6t9Jl
I,U018

J,U~51

1,'1'57
II.Ull
10,65"

1,85861
1,09'101
1,IUn
1,8)050

l,IQ'50
l,SiBU

·'i18101

,160001
.h18H
,JIt68.
,l856H

,'2~'00
,18nOJ

·1.Unl'

IIJOAH • 0')

,oesnl
1,"196

-il.nts6
II,UII

,U91n
.utlll
.11l3"

I.U5Z8
20,7110
18,15"
31.8886

l,lUSO
I, U301
ilOtIU

DID, MEAN no DIYIAflO~ 'KEWNUI KURIOSIS. .
184,5'5 J8,Ul8 ,llJ5U 1.16'51
84.7410 U,'~71 ,S98651 l,e5?41

188,750
85.7500

1,1I250
II,lI50
18.J750
11,&750

1,3J150
1.41815
inU50

240,000
10l,OOO

2.10000
]hOOOO
U,OOOO
52,0000

1.60000
1,88000
,"0000'

AOCM!lTlR CSO PP ••• PIR'OAHAHCE OU•••- onn"WIRL "'L,

"'INIMUH MAXI"'UM AVERACE

Us,OOO
60,0000

,100000
8'00000
10 ,0000
20,0000

6,90000
.680000
,llOOOO

• •••_ ••• ;.;;;•••-·.;~a .
POIMIS

8•o
o
8
8
8
8
o
8
I
&
o
o

•••••a ••••••
PARAMETER

188
vsa
IS
VS
8EIID
8005
COO
10C
OlD
PH
IKN
lip
AL
,tOLI

172



ROCHESTER CSO PP •• - PERfORHAllCE OAll

O'~HIEN & GEHE ENGIN~ER5. INC, LAUORA!ORY DAll SYSHH 11115

PARAMETER POINTS MINIMUIl MAXIMUH AVERAGe GeO, HEAN STO DEV1AIION ~KeWNESS KURIOSIS..........- - .
ISs
Vn
IS
va
aens
SODS
COO
Toe
0&0
Pli
TKN
liP
AL
FeOLI

4 116,000
4 11,0000
o
o
• ,100000
• 16,0000
6 11,0000
• 14 ,0000o
2 7,.0000
6 1,10000
• ,110000
2 1,92000
o

710,000
275, 000

7,50000
120,000
i!7.0000
88,0000

7,70000
1,60000
,260000
1,92000

329,750
1J2,250

2,2••67
42,SU3
16,lh7
18,8133

7,65000
1,21667
,180000
1,92000

25~,852

102,ll~

,882S3~

12,9763
15.q844
10,1294

1,4498]
1,21q22
,171106
1,92000

HI,811
90,2258

&,62084
35,9211
5,11741
H,U~J

,50000~E-01

,I S4270
,491l&~i'01

,000000

,810120
,bUllS

1,1I04Q
1.506\0
I,J0961
,796456

,000000
1,22796
.181188
,000000

;1,04502
1,91~14

2,85070
1,6Q576
1.18411
109••25

1,00000
2,93889
1,9J~U

,000000

ROCHESTER C50 PP PfRfURMANCE OATA .-- G~"-bWIHL fF~LUENT I~IOHM • III

PARAHETER POlulS HINIHUH MAXIHUH GEO, HEAN STU DEV/ATION KUMIOS1S

1,91541
.1,070.9

1,8098.

,907603
,131376

1,95290
, b51UO

,557159
1,05US

1,12479
,l97bVE-01

1,25117
IO,9Q5Q

15,8109

149, J4 7
16,9890

2,2101~

,242111

J •.H~ijo
36,051Q

~6,280J

19J,178
S9,OOOO

2,Q7171
,2.5555

1,~l1ll

17,4444

30,3150

il80,OOO
17., 000

4,10000
62,0000

55,0000

.,00000
, HOOOO

............................................................................................-..
9 64,0000
9 40,0000
o
o
9 ,'100000
9 28,0000
o
8 10,0000
o
o
9 1030000
4 ,190000
a
o

TSS
VSS
IS
v5
5ETIS
&005
COO
10C
O'~
PH
lilt.
liP
AL
fCOLI

ROCHESTER CSO PP PeRfORHANCE DATA --- Gkll-SWINL H~LU~NI ISIOHM • 121

PARAHETER PO/NIS GEO, M~AN STO DlVlATlON

ISS
vSS
IS
VS
S~ liS
U005
coo
lOt
0"';
PH
IKN
liP
AL
FeOL I

MINIMUH

~o &5,0000
24 40,0000
o
o

t:!q ,!Joaona
24 JO,OOOO
o

21,1 05,00000
o
o

ill I.S0000
i4 • vOlJUnll
o
o

MU1MUH

52·,000
191,000

b.OOO()l,)
111,000

14,0000

AVE~AGE

16.,000
85,5000

2:.4tJ,obo
50,1500

1.,6150

2,40000
,S••••5l-D I

16Q,061
7.,9050

2, 06110
os, UII

H,5OlO

2,54;!4"
,01)0000

17,0711

,~,BU;'i

,8J299.~-Ol

,959507
1,1047"

,~OO.I.

.~OQ4~tJ

,9370OJ

KOR 10SI~

2.tl;~o2j

5,2708.

;!,.Ul.l

ROCHES!!R CSO PP '00 PE"fOAHANCE DATA .-. GRII-SWINL EFfLUENT IHUHN • III

AVENAGE ';EU, HEAN BID OEVIAllot, SHEHIIESB KOHlosls

TSS IQ ZO.,OOO
VSS 10 60,OOno
TS 0
vS 0
StlTS 10 1,00000
8005 14 Z~,Oono

coo 0
10C 14 4S,OOOO
OAG 0
PH 0
TKN JQ q.1~OOO

TIP I" ,010000
AL 0
FCOLl 0

Ho,OOO
i'OQ. noD

11,0000
142,000

111,000

8,07000
3,42000

253,Z60 2Q9,.91
IZO,l1. 110,430

5,00286 3,09550
5~,71qj 50,5423

05,1857 03,5167

0,73028 .,023Z6
1,~3071 1,55251

05,150.
.lS,0151

4,52080
26.2&90

I,Z0704
I,OOIZI

I,ZIn3
1,51092

1,00006
2,1.503

1,5Z326

,)JU309E-01
.Q12830

3.5Bion
3,75836

Q ,Q8c!96
7,.1822

3,91530

1,13880
1,.·.lge

ROCHESTER cso PP -_. PENfOAHANCE DATA --. GMII-SWINL EfFLUENT ISTOHM • 14)

PARA~EHR POINTS "TNIMOH .,.. IHUN AVERAGE GEO, HEAN sTo DEVIATION SKEWNESS KU~IOSIS

.................................................................-.-.- - - -. --_ ---- ..--
ISS
VSS
IS
vS
sE TIS
8005
COO
TOC
o&r.
PH
THN
liP
AL
fCOLI

1& 190,000
12 e3, 0000
o
o
~ C1.50000

12 50,0000
o

Ii' 60,0000
o
o

12 3,90000
IZ ,300000
a
o

1,50000
100,000

155,000

5,50000
4,.1000

)01,000
IOe,917

.,35000
101,250

loj,250

0,01660
1,00563

)J6,953
145,412

6.21b£l9
91,0809

99,0011

0,59202
,706832

S7 ,659.
5A,8518

),25Z00
l1,1151

27,8061

,172962
,1450.16

,.3069.
,.11152

,230667

1,55191
J.E'BY5b

2,lob)9
6, oH 51
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Ll"O~"O~Y OAU U5HM

RoeH~SlER eso PP ••• PENFO~MAf'C~ OAIA GNII· •• lkL HHUltll 1.10NM • 151

PARAMEllR PUIN1~ MAXIMUM GEU, MtAt. SlU DEVIAlION....................................................................................................
ISS
VSS
IS
VS
SEilS
bOOS
COO
Iue
O~~

PH
IoN
liP
AL
fCOEI

Il 110,000
Il lO.OOOO
o
o
V V050000

Il lO.OOOO
o

Il 5S.0000
o
o

Il 1,.0000
Il ,000000
o
o

HO,OOO
vol.OOO

n.oooo
lU.OOO

590,000

9.)000U
5.nooo

501.000
151,OBl

11,7UOO
9U,I007

IlO.lSO

50l,IoO
97,071ij

10,997.
00,9Ulij

97,vv7v

ti.S} J~q
100,OUS

Il~,U9.

2.1qYtlJ
.990loJ

,711891
I,S71H

l,l519ij

l.IIIJl
1.09010

ROCNESIER CSO PP ••• P~~FORMANCt OAIA ••• GNlI·bHIRL EffLUENl l'IUkM • Ibl

PARAMEHR POINIS MAXIMOM AVERAGE GEU, M~AN 810 OEVIAlION

ROCHESltR C'O PP PENFORIURn OAU ••• GNII·bHIRL EffLUENI lbfURH • 171

ISS
VSS
IS
VS
SE liS
8005
COO
Iue
O~G

PH
lKN
liP
AL
FeUEI

9 108.000
9 U~,OOOO
o
o
1 0,00000
9 Il,OOOO
o
CI 21,0000
u
o
U 1,10000
V ,770000
o
o

8.00000
H,OOOO

B4.0000

V,OOOOO
1.84000

O,bbbbl
10.UUOV

ij5.0000

o,oOlBij
25,0750

UO.lOUS

.QII2t10a
11,9S7ij

.~Hooo

1,00901

.107100
,110401

1,0125.

l,lo.Sl
2,eU7U

1,50UOO
1.91/9ij

PARlMElfR POlfllS MI'HMUM MAXIMOM AVENAGE uEO. MEAN 810 OEVIAIIOR .UNI051~...................................................................................................
ISS
V58
18
VS
SE liS
OUOS
CUU
IUC
U~u

PH
Ifttl
liP
AL
teOLl

9 7S.0000
9 57.0000
U
o
1 V,SOOOO
9 .9,UOOO
o
9 15,0000
o
o
9 J,.UOOU
V ,~lUOOO

o
o

VOS.OOU
l7S.000

lO,OOOO
lBO,OOO

15V,OOU

7 ••0000
1,68000

111.550
1l~.Hl

1.59b.l
IIJ,20l

1.1001/
10,0101

1.08btUI
1.1 0905

,107107
I,Ol909

.075S.8t·01

1.50000
2,10.10

I, a9UOl

ROCHESIER C~O rp - •• ,PERFURHANCE OAU ••• G~I'.~HIRL f.FlLUENT 1.1URH • IAl

PARAHElER POilUS GEO, HE AN Sia oEVI-lI01l

J.0285U
I. T2002

1.07575.l8SII.

l.llH2
,520\27

.J805b5
,511570

2,ol98J
.11 0 .00

1.CH09'l
23,0508

18,5HO

25.1118
20,05~0

2,5\365
.012.00

3,ol~~b
•• 27500

J.22500
~O.5000

J8.1b~7

AVEIIAGE

111.750
50.0161

71.0000

7.10000
,610000

MAX IMUM

1~8,OOO

Q2.0000

~.OOOOO

Q6 .. 0000

Il 8A.OOOO
Ie? 2b.,OO.,,,
o
o
4 1,.0000

12 35.0000
o

12 10.0000
o
o

Il 1,50000
Il ,lMOOO
o
o

ISS
vSS
IS
vs
sE TIS
6U05
COO
lac
U&G
PH
lKN
liP
-L
FCULI

ROCHESIER C50 PP ••• PERFORHAIlCE OAU ••• GAll·SHIRL EFFLUENI (STURH • 11)

PARAHEIER POllllS MAXIMUM AVERAGE GEO. "'EAN STO OEVllTlON SKEWfllSS KURIOSIS
...._.__ __ • .. 40•••••__ ._ __ _

flO 0_71 EXISTS Fall lHIS PEOUESI
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O'BRIlH ~ GERE ENGINlEHS, INC, LAOOHAI0RY OATA SYSHM AUG 24, 197b 11118

ROCHESTER CSO PP --. PERfORMANCE OA1 A PRIM'S~IHL UfL, (SjOHM • Oil

PARAHEIER PUINIS MINll<UH MAXIMUM AVERAGE GEO, MEAN SlO OtvlAliON ~KE~NESS KUH !OSl».............. ............. ............. ............. ............. ............... .............. .............
lOS b 01,0000 220,000 lJl,]31 1l2,aU 49,~771 ,721829 2,0095b
VU b 19,0000 Ib4,OOO lI,lbU 5],85bO 49,4045 , 7l2lJ~ 2,U~Q1

U 0
VS 0
SEllS 0
6005 0
CUO 15 5,00000 H,OOOO U,OOOO 10, b48b ~,OH51 ,589]~0 1,94Y~~

1OC 15 8,00000 441,0000 20,8000 18,0809 IO,4B]0 ,3USI2 1,94i23
O'~ B 4,00000 17,0000 11,5000 IO,383b 4,4b2b1 ,3B814b 1,94928
PH 15 5,55000 b,!OOOO 5,VOJB 5,89977 ,203B88 ,3lbl08 2,~9~57

IKN IS .100000 1,20000 .nUB ,191895 .3~1504 .~88175 2,42B51
liP 15 ,500000E·01 ,220000 .988&85E·01 ,873175E'0! .52&98lE·01 1.158]7 ],08~1I

AL 0
,rna r A

ROCHHIER C80 PP PERfORMANCE DATA ••• PR:M·8WIH~ lffL, (il0RM • 021

PARAMETER P01~18 MINIMUIl MAXIMUM AVERAGE GEO, MEAN nu OEYIAliON ~KEWNUS KUR !081!............ ............. .............. ............. ............. .............. .............. ..............
ISS 0
VSS 0
T~ 0
V~ 0
SEilS 0
B005 0
COO V 12.0000 ]5.0000 2J,lIBU i!2,24S] 7.&1571 ,i!85919 1.957J0
lOC V 30,0000 53,0000 4],5555 42,9i!09 1,1B&45 .454309 2.091U
O'U 5 23,0000 47,0000 34,4000 ]],4534 B,Ol498 ,1B85~& 2,08U7
PH 5 5,70000 8,10000 5.05999 5,85844 ,U5Ub .75015b 2,38401
IKN 9 1,00000 b,OOOOO ],34404 i,Il988b I, 771Q~ ,4787~2 1,54~99

liP 9 .190000 .790000 ,]B222i • ]321I9 ,211751 ,8i!52!7 2,10~51

AL 0
fCOLI 0

ROCHUlfR CSO PP ••• PERfORMANCE DATA ••• P~IM'SWIRL EffL, !8!OHM M 031

PARA~~ TEM POINI~ MINIMUM MAXIMUM AYlRAGE ~EO, MEAN 110 DEVIATION ~KEWNE86 KUR1D8I¥............ ............. ........,.... ............. ............." .............. .............. ..............
US IB 1&,0000 195,000 91,2222 bO.UH 47,520i! 1.00174 iI,77U97
VSS IB 12,0000 1\5,OOU JIi,7222 27,9H~ ]O,bOi/M I, 77B~0 4,~5023
IS 18 80,0000 388,000 19B,278 181.118 BI,I211 .~69728 l,Oq~Ol

Va 11 IJ,OOOO IQO,OOO 58,7059 Q8,07n 31,Q48. 1,03780 4, ObB4 I
sf I IS 18 .a 00000 2,10000 ,9u5555 ,758b45 ,470181 ,~529H J,ill.3~

8UU5 16 9.70000 107,000 ]2,08]3 24,b~06 lb,5005 1,60034 O,57~U
~OO 0
IUC Ie 5.00000 33,0000 11,2222 Ib,bJiO 7,457.V ,538784 2,59~U

U'G 9 3.00000 50.0000 14,bbU ll,2UO 12,9bU i,llU7 b,IeOIl
PH 9 5,bOOOO &,lOOOO 5,B888e 5,b861b .179\B1 ,\B105~ 2,14~80
lKN 18 , hoooo b,OOOOO 1,95000 1.28479 !i;:m 1,14103 1.548U
liP IB .900000£·01 ,970000 ,J79444 ,UHOI 1,09bS6 1.30~15
AL 0
fCOLl 0

~OCIIESIER cso rp ••• PERFUR"ANCf DATA ••• PRIM·SWIRL EFFL, U'O~H • oal

PARAMETER POINIS MINIMU~ MAXIMUI! AYERAGE G£O, MEAN SIO DEVIAlIDH SKEWNESS ...~~~r~~!~ .............. ............. .............. ............. ............... ............. -............
ISS 10 10 ,0000 155,000 16,5000 5b.5519 50.0lb~ ,205068· 1,60161
VSS 9 2,00000 56,0000 Iq.QQqq 12,1862 16, J98b ,944367 J,IOU13
TS 0
va 0
Sf ITS 0
e005 0
CUD 0
IUC 0
UlD U
PH 0
TKf/ 0
llP 0
A~ 0
FCOLI 0

ROCKES!ER CSO PP ••• PlRFORHANCf DATA ••• PRIM-SWIRL EFFL, U!DNM , 05)

PARANE TER POINTS MINIMUM MAXIMU" AVERAGE GED. MEAN 8TO DEVIATION 8KEWNESS KUMI0811............ ............. ............. ............. ............. ............... ............. ...............
ISS 10Q,OOO 180,000 137.714 135,25l 2',lboe ,3150&l l,00999
vas 96, 0000 \72.000 123,029 120,017 25.9b07 .b3JOI8 2.1760&
IS
va
SEtn
8005 180,000 ]3600,0 5991,03 \7J9,15 11295,9 2,OZl58 5,12)00
COO ]J,oooo 06,0000 OO,OUOO 39,7235 4,n9Bb ,144007 1,08V04
IUC 55,0000 10a,OOO 74,5114 73.19\8 14.792a .730004 2,7at5s
OIG
PH
IKN 3.50000 5.30000 Q.342&5 4,29303 ••nlb! ,3230\5 I,Q8807
llP ,HOOOO 2,95000 1,2J7IQ 1,09892 .UI'H 1,'8511 .,60"19
&L
reaL I
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1,90\07
1.10187

1,00000
ii.oooH
01,05701
2.517U

11118

SKEl/NEaI

.IU82i
,209805

.000000

.~l9oU

• HUI OE·OI
,Sge"l

••OUO~
.9662JJE-01

,500000
4.79600
1,00011
10.990.

15.70U
ZO.73U

AUG 2~. 19H

PRIM·SWIRl EfFl. (S!OHli, O~)

2,10105
.509516

I,~IOU

10.6UO
29.0101
Jl,5688

1.50000
15.J8~6

29.2JOI
35.2308

~1.H92

10.33Jl
12~.000
84,0000

1,60000
• .,0000

Z.OOOOO
lij.OOOO
15.0000
57.0000

.............................................................................................
U 8,00000
Il 4.00000
o
o
~ 1.00000

IJ 8.00000
IJ Zq.OOOO
U 17.0000
o
o

U I.~OOOO
IJ ,190000
o
9

O'BRIEN , GERE ENGINHRS. INC.

TU
VSI
19
V$
6EITS
BOOS
CUU
TUC
O'G
PH
TKN
TIP
Al
reoll

POCMESIER CSO FP ••• PERfORMANCE OAIA _•• PHIM·UWIRl tHlUENI ('IURM • TA)

MINIMUM MAXIMUM GEU. MEAN SID OEVIAIION SKEWNESS

ISS
vss
'5
VS
sE liS
BUUS
euu
TUC
0'(;
PH
lKN
liP
Al
teull

~ 200.000
G 88,0000
o
o
~ 1.80000
~ JS.OOOO
q QO.OOl)O
o ~0.0000
o
o
~ 5010000
o .0~0000

o
o

860.000
520.000

lJ8,OOOU
100.000
86.0000
Q70,OOO

7.10000
.760000

175.000
200,000

U.6i50
130,500
61.7500
IbO.250

5.95000
.61 99 99

JOO,721
107.869

0.b689U
89,5771
61.2171
96.0517

5.91317
.6058Sb

I9.S08U
UI.0~7

17.3508
178.8bl

,6837UU
.12~700

loIU817
1.109S8

1.15016
1,10872
•983050E-0 I
101 51b8

.V50270

.66. IS3

2.32612
2.32~35

2olJi92
2030179
I, 56~00
2,3H5j

2.2IJ71
~,05789

ROCHESIER CSO pp

i.'1bb7~

2.8S71 J
~.q5U71

3070~67

.070965

.902875

1,20156
1012'07
1,02923
1,39680

.717779
1.27976

.58022.
•S6~iS5E·0 I

,l:fbY02b
10.IHU
~.ij5J7I

lJ. 050~

30,2805
15.0236

GEO, MEAN

.126i01
18.3053
22.0230
lij,9060

.71S000
21.9167
22.S8ll
18,5000

1,10000
.2116"

2.70000
52.0UOO
17,0000
5~,oOOO

2,10000
.3 00000

, 1000QO
,I6000Q

,100000
9.00000
I I .0000
ft, ooono

10,0000
lJ.oooo

.............
ISS Ii
vSS 12
IS 0
VS 0
SEilS 12
BUU5 Ii
CUO 12
tuc 12
O.~ 0
~tl 0

'"N 12lip 12
tL 0
t COLI 0

ROCHElIlR caD PP •• - PERfOHIUHCl DATA _.- PRIM·I~INL lffL. U!ONH. 06)

lSI
Y58
IS
YI
sl III
B005
CUO
TOC
OlG
PM
IKN
UP
Al
,tULI

P(lINII......
27
ii7
o
o

ii'
2'
21
27
o

21
ii7
27
o
~

10~.000

28.UOOO

,100000
30.0000
J5.0000
18.0000

6.&0000
I,~OOOO

.100000

., HUIHUM

JOO.OOO
116.000

2,70000
91,0000
209.000
0.,0000

8.00000
0,.0000
1.0lOOO

209.081
68.1652

1,16296
67,2592
".29U
~5.HJJ

1.H296
ii,n9U
,050700

196.101
U,IVU

1,55258
60.0230
n.90U
50,OHI

1,65828
2,6~1J6

• 0101i?

STO DEVIAllOH

61,9868
25.0J70

.eOHB7
19 .867)
57.nil~
il2.il97~

• ii61 262
,7J19aT
,19489•

SKU,NUB........... ,.....
.11~928

,171259

.556ii08

.116567
,'69103
,bSS096E-OI

1,5UOJ
• J307 On-Oil
.935805

KURIOU~.............
1.66015
IoT57l0

OI.1UOl
1.85UO
1,92166
1,91Hil

5,553ii5
ii.shos
1,10?5ii

~OCHEITE~ caD PP PU'ORIUNCE DATA .~- P~I"-I~I.l ff'L, (I!ORM f 0'1

PARAMHE~ 'OINIl HINIMUM M_XIMUM AVERAOE OED, MUH ITO DEVIATION ~KlWNU'............ . .
lIS
vu
sa
VI
SEITI
8005
COO
TOC
OlO
PH
IKN
liP
AL
fCO~l

S
8
o
o
I
6
8
B
o
8

•I
o
o

166.000
eo.oooo

,BOOOOO
17.0000
8.00000
19.0000

7.~oooo
,730000
.000000

165,000
105,000

1,10000,
]0,0000
11.0000
n,oooo
1.60000

-~ltm:

iill.n5
88,]150

h~m:
11.1500
za,5000

1.47~99

• l,oUii5
.101750

209.350
17 ,O?OO

1,07iiU
22,S671
11.3010
21,2237

7,~7~n

1,J1Jlii
.000000

29,01999
10,2996

- ,20090'
4,8uor
I.SOU9
'.S021.

.H9USE-OI

.100665

.n05l>7t-01

,U309S
• U8298E-OI
.531S10
.622803

.OY355,
,lUBlO
.522999E-01

KUR108l~..............
01,35868
2,nooi

-1,61800"
1001Q62
2.18U'
2,Uij09

I,U6ili
·1.8i~Oi
1,1195'
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O'BRIEN l GERE tN~IN~ERS, INC, L.A.ORlIOIIY OATA SYSTEM AUG ~ij. 191~ 11118

ROCHESTER CSO PP ••• PERfORMANCE OATA PRIM·SwIRL. EffL., IS10HM • 101

PARAMETER POINIS MII/IMUM MAXIMUM .nRAGt GEO. IIUN 8TO DEVIATION SKEhNES8 KUR!DIU............ ............. .............. ............. ............. .............. ............. .............
138 b 79.0000 340.0UO ~04.000 I1S.809 104.151 .~154al 1.44~11

ves ~ 3b.0000 115.00U 15.\000 .8.5~81 ]0. 8U4~ .~.0944E·01 1.381U
TS 0
VS 0
sE US b .500000 ~.OOOOU 1.~83n 1.I3IU .5941780 • !~5043E'0 1 1.3BU5
aDDS b 11.0000 42.0000 ~b.an3 24.8570 IO,8.4~ • b~04"9 1.48721
COO b 13.0000 ~•• OOOU 11.I~b7 Ib.5bbl 4.UO~9 .849851 2.18198
TOC ~ 11.0000 31,0000 22,5000 20.9b23 8.4oob9 .459015 1.91487
OlG 0
Ph 2 7.80000 7.90000 7.B5000 7,80983 .50000~E·01 .000000 I. 00000
TKN • 1010000 2.10000 1.530b? 1.4B062 .007049 .50995. 1.51~29

TIP • .150000 ,]50000 • Zoo.bb .1974B8 .bB7IBijE·OI 1.30953 3,27443
AL. 0
"OL.I 0

ROCHESTER CSO PP PEHFORMANCE DATA ••• PolIM.SHIRL. fffL.UEIIT Ibl0RM • III

PARAMUtR POINTS MII/UIUM MAXIMUM AVEHAGE GEO. MEAII STD DEVIATION SKEwNESS KUR!OSIS............. -.............. .............. ............. .............. ............. .............. .............
ISS 9 14.0000 174.000 \18,778 IU.415 !5.5081 .242119 1.5947'
vSS 9 30.0000 89.0000 50.~2Z2 47.105. 19.1l9. .995.bO ~.oUlo

'5 a
VS 0
HIlS 9 1.50000 3.00000 2,70000 l.bUIO .bbOOC)b .100492 1.8895~
8005 9 Ib.OOOO 44,0000 cS.555S 24,3489 8.4210l 1.01401 2.94g.
coo 0
10C 8 19.0000 40.0000 c7.1250 ~5. 7J5< 9. ~ 1.90 1.0824. c.50014
u'G 0
PH 0
lK11 9 1.00000 2.bOOOO I.O~~S5 1.,n05 .S~U8U .5ijI48. 2.05'l9
liP 9 .000000 .bOOOOOE-OI .IS5555E·01 .000000 .1830149E-01 I ,4~802 0.00J80
AL. 0
fCOL I 0

ROCHlS IlR CSO PP .'. PERFORHAtICt OAlA ••• PRIH.bHIIIL. EHL.UE~T 1~IOHH • I~)

PARAMETER POINTS MINIMUM MAXIMUM AVERAGE 6EO. MEAN STO OEVIAIION bKEwllESS KOR!OSIS....- .......-- .. ................. ................ ............. .............. ............. .............. .............
'SS 24 Bc.OOoo 24•• 000 129.192 121.186 ~I.OOI' 1,21270 1.18~3J
VSS 24 3c.0000 15~.000 bb.bb07 58.3895 10.1>8~9 1,05199 2.80184
IS 0
YS 0
SEilS 20 .4000no c.oOOOO l.oB750 1.5.171 .,.Bl97 .829~24E-01 2d9J90
8005 20 1.1.0000 00.0000 31.9583 29.0075 12.511. .115974 1.00<.8
COO 0
IOC ~4 1.00000 01.0000 ~8.9107 lo. 0000 12.7930 .103584 l.985U
0&6 0
p" 0
IKN 24 .900000 3.'0000 2.10000 2.11848 .708HU .J1I78JE-0\ 2.U717
liP 20 ,000000 .21>0000 .101750 .000000 .100905 .f:lq~7bb 1.1>1110
AL. 0
ItULI 0

ROCHES! ~R CSO PP --- PERFOHMlt'CE DAll .-. PRIM.SWIRL UtL.UlIll lSIORM • 13)

PARAME TlR POll/IS MI'/IHU" MAXIMUM AVERAGE GEO. MEAN STO DEVIATION S~EHIIE9S kllRI091S_...... _----.. ...-...._----- -........-.--- -...---..-... .......-....... ............-.. - .............-. ...--._..._...._-
ISS 14 111.000 171.000 15'.011 153.112 10.5591 .323178 I. 7&~2&
VSS 10 08.0000 12.0000 bo,,'c? 50.842' 5.95041 ,107070 i,Rbl lI1
IS 0
VS 0
SETTs 14 .Inoooo 1.10000 .285114 .218035 .250300 2.32122 8.11050
8005 I' 2~.00OO 83.0000 us ,9266 30.1>305 15.021>0 1.28520 .Q.Ql(!~8
CUO 0
10C I. H.OOOO S9.0000 43.0000 uZ.3J7Q 7.74501 .'OB611 2.12l38
0'(; 0
PH 0
'~N 10 5.68000 9. 42000 1.00028 7.'030ij 1.1914~ .138091 1."8699
liP I' 1.,0000 3.00000 2.1%43 2.01&10 .683150 .257S9Q 1.35180
AL 0
FCOLI 0

ROCHESTER CSO PP PERFORMANCE O"A .-. PRIM·SHIRL. EFFL.UENT ISIURM • 10)

PARAME IER POINIS MINI"UH MAX IliUM AYE"lGE GEO. MEAN SID DEVIATION S~Ew'IL 99 KIIRIOSIS--.....-..... .............. -_.. ...-.......... ............. ............. ............. ............. .............
ISS 12 1&3.000 350.000 265.833 200.12ij 52.0859 .382008 2.26101VSS 12 65.0000 140.000 101.lb7 104.005 25.1225 .191092 I.BSSc5IS 0
YS a
sE liS • 1.10000 5.10000 c.90000 c,blS79 1.3b93\ .7390bO 1.911408005 12 63.0000 02.0000 19.5000 79.073' 8.07175 .36021& 2.65152coo 0
IOC 12 31.0000 9a.oooo 71.8333 68,200G 20.79bO .51657b 2.12643
O'G a
PH 0
IkN 12 1.70000 b.80000 5.19166 5.IIG\7 .a826b4 .517542E-01 2.30559TIP 12 .200000 2.1>8000 .8216b6 .1>52898 ,b50aSQ 1.85'\1 5.73251AL. 0
FCOLI 0

177



O'~RIEh .. GERt UI~lhHRS. INC, LAUORATORY OAll SYSHM AUG 2~, IY7b 081~9

ROCH~SIER CSO PP ••- HRFORMAhCL OAIA

PARAtlElER POINTS MINIMun MAXIMUM AVLHAGt GtO, HLAN SID OtvlAlIorl KURIOSIS..............................................................................................

ROCHEaTER eSO PP PEHfORMANCE DATA ••• PRIM·SWIRL tH~UENT (~TURH • Ibl

ISS
vas
IS
~a

sE liS
HODS
COO
lOC
O,~

PH
IKN
liP
AL
feO~1

12 b3,OOOO
12 17,0000
o
o
4 ,bOOOOO

12 Ib,OOOO
o

12 15,0000
o
o

12 ,700000
12 ,baOOoo

2 95,0000
a

157,000
70,0000

3,20000
90,0000

50,0000

8,70000
2,2bOOO
189 .000

2,07~00

17 ,lb67

34,5000

3,25000
I,blsn
102,000

109, H4Y
H,103.

1,15491
31,7b40

, J3,OIS~

2,J02H
I,S03bb
Il}, ~9b

,967Yli
11, 7HO~

9,S4nb

l,801l4
,S44.7H
47,0000

,151999
1,2099H

,4~1744

I ,18~9b

,4U780E·01

1,04HI8
,457801
,000000

1,82b31
3.07~ll

l,bUbb

2,4bU4~

1.82U43
I,OOUOO

AYERAGE GEO. MEAN

,~94131 1.14~01

.l19873 l.l91l~

,S02H02 2,08J2$
,128b9~ 1,40479

.U9104 1.50uOO

.blll8S l.bl~2l

.i!9992IE·0 I 1,10170

KURTOSISSKEWNlSS

,833999
9,4b771

l,8S414

1,I91bY
,190181

~~~.~~~~.~~~~~
J2,2bOY
IO,b215

2,40415
,b80021

13S,Y02
41,8082

3,7bS8S
18,1938

JI,7YbI

2,bSOOO
.707500

140,111
43,1250

3.hbb7
20.1889

32, 7~00

4,50000
,900000

HAXltlUtI

4,bOOOO
3b,OOOO

42,0000

185,000
58,0000

l,bOOOO
,450000

2,10000
11,7000

24,0000

80,0000
30; 0000

PARAMUER POINIS

ISS
VSS
IS
vS
sE ITS
~OOS

COO
Toe
O'G
PH
IKN
liP
AL
HO~I

ROCHESTER CSO PP ••• PERfORtlANeE DATA ••• PRIH·S~IHL HHUENT [STUHH • 17l

............................................................................................PARAMUtR POINTS II AX I IIUIi AYERAGE GEO. HE AN STO D~YI'1I01l KUHlosn

ISS
VSS
IS
vS
SEIlS
8UOS
coo
TDC
OlG
PH
TlIN
liP
A~

FCULI

10 57,0000
10 .0,0000
o
o
4 •• ~OOOO

10 b1.0000
o

10 LO, 0000
o
a

LO .,80000
10 ,170000
o
A

284,000
lOO,OOO

L2.000e
2H,OOO

108.000

8,40000
.970000

118,400
90,5000

~,5~000

1l1.400

41,8000

~.tlOc.o~

110,401

13.9123

4.13HS
.4b1804

H.09H
58,0969

J,H>llU
~4, 7196

18,0·'41

,8'00S~
.817b34

.Vq61q~

.llIL84

1ol181H

1.0ll~1

,313829

t,IOUl7
2.01001

ROCIt£8T£R 00 PP - •• PERfORMANCE DATA .-. PRHI·aWIRL EffLUENT (STURM' la)

ROCHEST£R CSO FP ••• PERfORMANCE DATA ••• PRIM.SHIRL EfflUENT [STOHM • 191

PARAHE IER

TSS
vss
IS
VS
SEilS
800,
coo
IUC
UAG
PH
IlIN
liP
AL
fCO~1

POINIS "IfliMUfl

II 76,0000
II 20.0000
o
o
4 ,300000

II 3G.00~0
o

I I 20,0000
o
o

II 1.50000
II ,2.0000
o
o

HAXIHUH AVERAGE

98,0000 88.505'
52.0000 38.505.

.000000 .32,000
81.0000 53,8\81

105.000 37.0000

1,00000 3,32121
.b90000 ,oeal81

GEO. HtiN 810 DEVIATION

88,31S1 b.25155
31,1>2. 10 ••10.

.3.2172 ,OllOUE·OI
51.2lJ~ 11.0911

3l.9150 l2.bI,0

2,80010 1,91220
.Ob79U .lls03J

9KEHIlE9S

,30233l
.lJ818IE-01

1,1541\
,41131b

2035985

...~~~l~~!~._
1.30020
1.10Ull

2,33335
1.56036

PARAMETER

ISS
YSS
TS
VS
8EIIS
8UOS
CUO
lOC
U&G
PH
TKN
liP
AL
fCULI

POINTS HINI~UM.............
b sa.OOOO
b Il.OOOO
o
o
2 1,00000
6 Il,Oooo
o
6 1l.0000
o
o
b .9000no
o .160000
o
o

MAXIHUM

Ib8,OOO
08,0000

1. 00000
38.0000

~9,OOOO

2.50000
.260000

AVER ACE.......~.....
99.0000
n.Hbl

1,20000
l6.31H

18,60bl

1,66667
.205000

GEO. HEAN

1.1S1U
.4.&250

IS. DoH

1,57163
,lOP89

SID DEYIATION

la.90al
1•• 35lJ

.200000
9.0b7b Q

5.2 09 30

.50l/0l

.359398E·01

SKEwNESS

.000000

.b83038E-01

.94~009

,29481&
.142010E·04

KURI091~

2,05020
1,850bb

I.oouoo
I. 53~bO

•• a3~4J

1,69309
1.IU5J

178



APPENDIX C
Statistical Analysis of Influent and Effluent Data

Microscreen System

Note: Concentrations of all parameters except pH
and SETTS are expressed as mg/l. SETTS
concentrations are expressed as ml/l.

'STORM .. 12 - :03/03/76

INFLUENT -- ROCHESTER cso PILOT PLANT -. FMC DATA

PARo.METER POINTS MINIMUM MAXIMUM AVERAGE r.EO. MF.AN aTo DEVIATION SKEWNESS KURTOSIS
......-..--_..- -_._-. --.......-..... .__ ... __ ........ ................ .................. ..-....-.-.... .... - ••• '1'1'- ..... ...-......--_.
AL 20 .000000 2. 40000 .780000 .000000 .572363 .599790 4.11.LS53
B005 lq 22.0000 264.000 102.308 82.5904 00. 44 8.5 .950541 2.91~50

CL-M 20 300.000 1404.00 599.500 543.508 Z89.86o:, 1.38269 il.30~10

PH 20 6.40000 7.00000 0.bU1l99 6.04180 .200095 .311332 1.98125

..... sETTS 20 1.00000 5.00000 2.67!:l00 2. u8.30,; 1.03090 .724954 3.00701
-...J TC 20 32.00"00 tOll.OOO 53.1000 51.1~77 15.1.1722 1.51540 6.37626
\0 TOS 20 3b9.000 2400.00 1064.85 972.2119 463.~07 1.00084 4,2071.18

TIC 20 15,0000 28.0000 20.6000 20.2507 3.83927 .41205<1 2,24096'
TIf' 20 ,loOOOOE-Ol 18.9000 3.31450 1.1u40': 0:,.59021 2.08677 5.842-08
TKN 20 2.2°000 0.1(1000 3.07999 3,5576t 1.C27il2 1,251.104 3.!>31127
TOC 20 13.0000 70.0000 32.5000 29.0<138 14.U1l82 1.2155(1 4,78067
18 20 829.000 n63.00 1381.50 1306.05 !:l12,281 1.62301 5.1.19087
TSS 20 102.000 7:)6.000 31-6,650 261.195 193 • .387 .675189 2.07204
'IDS 14 4.00000 229.000 102.000 72.2852 56.9902 ,101331 3,08~18

v~ 20 11.j7.000 46 9 .000 232.250 221.t>37 78,5658 1.58162 5.0020.3
vss 19 1.12.0000 54.3.000 191.1.789 1(15.83'1 146,474 1,02810 2.99167

EFFLUENT -- ROCHESTER cso PILOT PLANT .. FMC DATA

PARAt-1ETE.R POINTS MtNIMUM MAxIMUM AVE-RAGE GEO. Mt::AN STO DEVIATION SKEWNESS KURlosn
......-.--- .. ....-- ......-- ......... --_................ ......- ........... ....._- ........... ...--_....-..... -....-._...-. ........-....
BOO"5 20 26.0000 66.0000 IHI.1500 42.631.11 11.5986 .292571.1 1.92S97
SETT8 20 .500000 2.10000 .95lf9QIf ,872660 .1.106261 1.30(171 3.33796
TC 20 34.0000 89,0000 64.6000 63.3 lf"t 11.8085 ,356076 3.80773
.TIC 20 13.0000 2'5.0000 19.1500 18.7~<lO 3.69154 .23S6ooE-01 1.79271
lIP 20 .2qOOOO .600000 .421!:l00 ,413622 ,810723E-01 ,1660011 2.';2155
Tt<N 20 c:!.60000 4.1::10000 3.a'::i1.l99 3.(llb88 .52£11357 .690U95 3.17,S63
TUC 20 12.0000 71.0000 '15,4500 £I3.240t> 12,159.3 .423056 4,51~38

TSS 20 98.0000 317,000 157.650 147.630 63.0':169 1.41c9'::i 3,70480
VoSS 20 40,0000 123,000 65.9000 62.3030 23.7800 1.15870 3.23586



STORM • 13 - 03/12/76

INFLUENT -- - ROCHESTER CSO PILOT PLANT -. FMC DATA

PARAMETER POIt-.lTS MINIMUM MAXIMUM AVERAGE GEO. MEAN SrD DEVIATION SKEWNESS KURTOSI:i
___••~.~••__ v __ ._. _~___ • _____ • ___••••••~•••• _~.__ • ___ •• _. _"w._. __ ._-.- •••_.•-•. ~-•• _M••_._~_._·" •••-.--••• -

AL. 3 .000000 .000000 .000000 .000000 .000000 .000000 .000000

800S 3 70.0000 168.000 115.000 107.9~0 40.'1063 .289223 1.50000

t\.-M 3 151.000 l?o.OOO 167.333 166.158 20.3.361 .68664'1 1.50000

OlirG 1 86.0000 86.0000 86.0000 85.q9~9 .000000 .000000 .000000

PH 3 6.50001) 7.00000 6.80000 6.7 Q651 .21602~ .59513'1 1.1.l9'197

l)E1TS 3 1.l.50000 18.5000 11.0000 9.'10720 5.75905 .255224 1,50000

TC 3 75.0000 1116.000 98 ..6607 93.0463 33.1l697 .707107 1.50000

TOS 3 4SIl.000 7118.000 559.000 5'14.355 133.918 .691l088 1.50000

TIC :; 2':l.0000 38.0000 30.6667 30.2023 5.113650 .4310'17 1.50000

TIP 3 .56 0000 .6800UO .630000 .627871 ,S099i1lE-"01 ,527995 1.1.19'c19Q

TKiIl :; 4.31'000 S.t.l<lOOQ 4.90066 4.88439 ".463L189 .202'113 1.50000

TOC 3 46.0000 108.000 68.0000 62.do12 28.331'1 .696550 1.50000

T:i :; 613.000 1090.00 813.333 788.'cI71 205.599 .536u6S 1.S0eoo

TSS 3 13f\.000 3118.000 251l.333 236.94'1 87.217':; .372277 1.50000

vos 3 7.000no 139 .000 03.3333 34.9827 55.5957 .479569 1.50000

vs 3 13a.Ooo 36.3.000 229.000 209.855 97.'1713 .536120 1.50000

V~S 3 90.0000 22 u .OOO 165.607 lS'I.~l13 50.001e;, .43Q219 1,:>0009

.....
00a

EFFLUENT -- ROCHESTER cso PILOT PLANT -w FMC DATA

PARAMETER POINTS ~"INIMUM MAXII-1U~1 AVERAGE Gf'.O. MEAN STD DE::VIATION SKEWNESS KUR10SIl)
_. __••__.~._ ••__ ~_ "~.-~.__ ••_"__•••w~•• _"••~ _. ___ • __ ••_~. ___._.~__ ._._ ••• ~_•••___ ~_ -~__••_._.w•. •••__ .;....
~OD5 3 107.000 110.000 10Q.000 108.990 1,41 11 21 .707107 1.50000
O&G 2 75.2000 76.8000 76.0000 75.9956 .799995 .286387E·04 1.00000
SETTS 3 2.10000 4.90000 3.866'.7 3.61735 1.25521 .676933 1.50000
Tt 3 114.000 133.000 121.667 121.398 8.17856 .582382 1.50000
T!C 3 32.0000 42.0000 35.6667 35.3973 4.49691 .680979 1.50001
TIP 3 .8~0000 1.15000 .996666 .990'115 .113235 .451767 1.50000
TKN 3 5.Q20no 7.57000 6.53333 6.49360 .737126 .072046 1.S0001
T~t 3 72.0000 101.000 B6.0000 85.1838 11.8603 .125873 I.S0000
TSS 3 200.000 220.000 212.333 212.147 8.80656 .646061 1.S0000
VSS 3 103.000 123.000 114.333 114.018 8.37987 .445107 1.50000



STORM ""'7 - 05/11/76

INFLUENT - - ROCHeSTER CSO PILoT PL.ANT - .. fMC DATA

PARAMETER- POINTS MtNI~UM - MAXIMUM AVERAGE GEO. MEAN STD DEVIATION SKEWNESS KUR!OSI~
.-._-.---~.~ _.-.-- " ..-.-'.-_.~ -_..-~..- - --.. ~.~_._-_..--- ~_.- -.. ~~.-.._.-.... ••........•.
AL. 9 .000000 2.~OOOO 1.01111 .000000 .823672 .632110 1.q32~2

80DS 9 73.0000 318.000 13~.222' 118.235 76.6605 1.46067 3.90465
CL-M 9 58.0000 104.000 70.1111 7~.9631 13.4014 .702531 2.73~84

O~G 4 25.2000 59.2000 36.7000 3~.4311 13.7990 .805846 1.9q~08
PH 9 6.60000 7.20000 6.84444 6.8U215 .17708~ .391RQ9 2.68~46

SeTTS 3 3.~OOoo 13.5000 7.66067 6.~0926 4.2491ti .~28000 1.50000
Te q 45,0000 164,000 100.839 92.4494 40,4102 .152109 1.?3088
IDS 9 334.000 574.000 432.889 425.752 80,18o~ .~19388 2.10095
TIC 9 24.°000 36,0000 28.0000 27.6763 4.47214 1.07331 2.42333
TIP 9 .170000 1.~3000 .632222 .SOI~28 .421631 .954016 2.87~06
TKN 9 2.10000 S.~QOOO 3.38889 3.17706 1.29910 1.00261 2.48698
TOC 9 22.~OOO 128.00U 72.5889 62.2822 36,7467 .2950~2E-Ol 1.4b78~

T5 9 q4~.OOO 94~.000 611.889 592.223 165.301 .969053 2.S0ti44
TSS 9 88.0000 395,000 179.0~0 1~8.959 118.435 1.0607U 2.j8938
vos 9 58.0000 213.000 113.333 102.983 50.4777 .663657 2.17751
vs 9 112.000 UOo.OOO 213.111 190.298 107.502 .925324 2.30678
VSS 9 1~.OOOO 200.000 99.7778 70.0211 83.0404 .977973 2.34~38

......
ex>......

~FFLUENT -- ROCHESTER eso PILOT PLANT - .. FMC DATA

PARAMETER POINTS MINIMUM MAXIMUM AVERAGE - GEO. MEAN STO DEVIATION SKEWNESS KURTOSl~
•••••• - ••••• _.-••• ~._~_-.__ ~•• ~ - •••~~-.- _. ._._••• _ •• __ w.~••·." ---•••••-.-••••--••••••••• - ••••• - •••••

800S & 1a7.000 240,000 202.333 201.449 19.8034 1.65323 3.96~82

O~G_ 3 45.6000 56.8000 52.2000 51.9720 4.78609 .553B~0 1.49999
SElTS 2 6.00000 8,50000 7.2500~ -7.1~142 1.25000 .000000 1.00000
TC &. 106.000 162.000 135,333 134.192 17.2691 .231051 2.3n~o

TIC 6 29.0000 49.0000 36.3333 3~.8S09 0.18241 1.12S96 3.28150
TIP b 1.04000 1.44000 1.24167 1.23342 .142410 .329673E-01 1.61012
TKN 6 6.00000 7.70000 6.66066 6.63794 .626276 .459746 1.70033
TOC 6 73.0000 127.000 99.0000 97.6800 16.0631 .173070 2.67654
TSS 0 2~0.000 aoo.OOO 316.000 314.476 47.0213 .121561 2.80~41

VSS 0 136.000 250.000 191.333 188.406 33.1344 .147959 2.934~4



Note:

APPENDIX D
Statistic Analysis of Effluent Data Dual

Concentrations of all parameters except pH
Media Filters
are expressed as mg/l.

oua\ Hedlo F1lter Influent oaLa

LAOORATORY OAU IYSHM OCI l~, I~Y6 161~0

KIIHIOSIS

56,0500
1.15677
l.27.7\
2.~1069

l6,27~.

O.I~HI

0.OU80
1.6~2.8

0.10000

SklWNfSS

7,~n68
,~56080

,607700
,62~011

0,50015

1.5Yb~6

1.65388
.50810.
1.16108

510,7&8
1J,8bl8
0.082~1

8,bbbb~

9,1835~

1.10\86
,t 820'0
,205281
,!200n

58,7595
26.6247
15,2999
18,800~

II.UiD

,909696
.1368.b
7,OJOb9
,6~819!

S\'tINC OH~ INC Lo LPM/~OfT

LEO, HUN SID OUIATIONAVERAGf

lSl.508
3U ,U20
17.IUO
20.6511
19,81l9

l.aulY
,l8MOU
7.01600
,UbJU

ROCHESltM cao p.p,

HAXIHUtI

5.000",0
.66('000
Y,50000
1,00000

0012,00
60,0000
J9.0000
02,0000
n,oooo

................................,. .
59 16.0000
5~ 4.00000
5J J.OOOOO
4J 5,00000
OJ 11,0000
o

OJ .200000
0" .500000E-01
Ol 6.10000
22 ,~ooooo

ns
vSS
8005
IOC
COO
O&G
lKI,
liP
P,\
AL

.................................................................................................PlHAME It" PUINIS

kOCltl8lU caD P.P,

AVlHAGE

8WINe OMFINC 15 LPN/Son

GfO, MfAN SID Of vIAll ON KURIOSIS

ISS
V~S

&01l5
lOC
COO
O&G
IKII
liP
Pli
AL

O~ 16,0000
O~ 0,00000
07 J,OOOOO
51 8,00000
11 n.oooo

I 58.0000
31 .000000
31 ,800000E-OI
10 b.90000
10 .000000

138.000
82,onoO
65,0000
~a.oooo

n.oooo
58.0000
5.10000
.120000
'. \0000
',10000

60.5S0.
30.7755
1'I.24U
IV. t9)S
18.70U
50.0000
t ,IOU2
.1))&7\
T,I~99'

,050000

56,075)
H.,U40
16,OS'7
17.8\10
17,BS4
58,0000
.~o79U
.12)1)0
Y.IS80.
.000000

01.S890
15.00~2
lZ,08JS
1,&1816
11.081 6
.000000
1.1 960 9
.6503SH-01
,164519
,155668

.lY1230
loIlIYO
1.68225
1.2SY~2

O,J8U2
,000000
2,2105Y
1,99Y67
,701827E-01
I,OS1~2

1.1l935
0.~10018

6. IUlb6b
4.42991
21,0090
.000000
6,39270
5.'2297
2.\2147
J,86860

PAHA'.E IlH POINIS HINIMIIM

HOCll~S'ER t~O p.p.

AVtHAGE

S\'t I NC O"F INC 20 GPOt/sort

GlO, HfAN SIO OEVIATION SKfwNESS ~"HIOSIS- - ~ .
TSS
~SS

aUI'5
10C
COO
O'ti
IKH
liP
pn
AL

~4 16.0000
00 &.00000
38 9.20000
28 5,00000
28 10,0000
o

l8 .200000
28 .5000001_01
28 6, JOOOO
t 7 .1.I1)00rll)

0012.00
,68,0000
30,0000
4',0000
B,oOUO

i.OuoOO
.660000
T.50000
2'.UOiHI0

IUO.250
33.91\8
10 .57]1
22.'85Y
al.107l

I. ~~OOO
.242692
o.199~9
1.01176

YQ.5 0 18
10.&981
!Y,7223
20.1181
20.1102

1,19100
,164028
b.OHIS
.&5b 7 10

5.Y.880
11,6000
8.05708
8.03UI
10.7009

, .297btlo~

.IIS087

.'97.0~

.'i!»0809

6,loUO
,378105
.2b7lH
.8~7009l-UI

3,7862.

.88005l
,849092
.n22I~E-OI

.UIOU9

ol.Y089
2,9128~

1,.011 3
2,25920
10.Jlb)

2,5~~79

1.97727
2,00560
,. nl0Sb

HOCHUII" UU p,P.

AHaAGI

SWI"C O"F ItIC l~ Grll/SOrT

GEO. IlfA" SIO OHllllON ~IJHIOSIS...............................................................................................

PANaHf I£N PoINI9

ROCNfSIEA CSO p.~. SHIIIC O~f1PO 15 GPM/SOFT

GEO. HUN SID OtVI~TTON

ISS
VSS
~01)5

IOC
coo
O&G
I~"
TIP
PH
AL

H H.OOOO
B 0.00000
27 J.OOOOO
B ~.Oooon

H Il.oonn
a

H .200000
31 ,)000001-01
32 6, )0000
iJ .Qnonoo

oolZ,OO
H.oOOO
10.noon
oZ.OOOO
?7.0C\no

~,OOOOO

,660000
1,00000
,. 1I 00no

111,606
30.1515
13,O~2t

P1,6364
10.80U

1,41Bn
.Ulbl)
6-. 'Qq,.
• 869~.0

AVERAGE

5).6221
15.06n
'~.0906
\9,500)
18,4567

I.OS?)I
.155085
&.04S56
.775615

679.25l
1~,on60

5.05201
9.1810 6
l.07050

I.HOII
• r03 0 08
• rO~800
,S)60S5

5,07n83
,552015
1,17S27
.360615
,bl101Sb

l.n7600
\,11068
.4056!1
• 98 1511

SKEW~ESS

3n,o~57

7"89~2
~.q7110]

7.09535
7,1.80n

2.96503
2,51 0Zb
'.ft8nftO
),)1009

'URIlISIS................................................................................................
ISS
VSS
8005
10C
COO
O&G
I~N

TIP
PH
AL

13 1l6.000
IJ 2&,0000
5 70.0000

13 '0.0000
o
) 50.0000

IJ 3.00000
I J .2nOOoO
I' 0.60000
IJ .onooon

18".ono
t?C1.!tOO
oo,onoo
JI,OnOn

60,8000
a.900(lO
.050noO
Y,oOOOO
I, JonOo

103.518
8".2)08
76.8000
S~. 2308

)6.666Y
°.15384
, '00615
6.~l307•".qq,

107,70'
82,OOZO
76,0960
)5.6001

56,0587
0.10882
,19)0)1
',91 916
.000000

16.20.2
21,177 0
7,025U
IY .0516

".15908
., 79900
.735"90r-OI
.lU783
,"'870

1.5\236
1.10057
1.07797
.SIIOIl?t

.6076H

.039106
,120081
.6IOJ"
.530190r-OI

0.13137
'.lBlbl
2.Hl17
1,·1I:..I.fJ

1.)0000
,.)HI8
2,3b6~2

l,&6606
7.0ZJ17

PlN~~t lEN POIPlTS ~IPlJMUM

SWIPO OH'INC 10 CP~/SOFT

GEO. ~E,N SID DEVIATION SKEWNf.SS KURIOSIS......................................................................................-....---
13S
VSS
8005
10C
COO
O&G
fKlJ
TIP
PN
AL

"6 52,0000
"5 o.noOOO
Q7 6.00000
07 Z.OOOOO
17 I S.OOOO
o

00 .000000
08 .100000
os 6.bOOOO
35 .ooonon

)"0,000
'"0,000
1at ,t'no
\5".noo
~&.()OOO

6.7000n
~1.20110
7.QOI')Of)
16.50nn

l\6.021
n.02ll
)3.700Y
37,70ll
lO,2901

2.793M
),03016
7.11330
7.n101

203.st~
bl.OIO'
26.7010
32.0911
70.03"Z

.000000

.)6114)
Y.I63I·
• 000000

U.0002
29,6670
20,8668
22,09J5
1~.lIH

2.0JH)
5.6151 b
,38079'
Q.(lUfiIQ

,025020
.281536
1.81Y61
3,04727
1,22750

.590615
I,A56J2
,07)612£-01
5.08937

).61688
2,76618
7.'18ll
16 • OJ7A
7.559\7

7.06550
t1j.OIlIH\l
1.75629
28.9008

182



Dual H,:d ia F11 tor Influont OHa

O'~Hllll I nH~ lllGINEER6, Jf·C. LAUORUORV VAU SYSIEM uCt 16, 1976 Ibl~O

kOCHlaTU C8U p.P, SWIPO OMf IIIC 15 GPMIIOft

PARAH! J~R POI 1115 Mill "'UM MAXIMUM AV~RAG~ GEO, ME All SID OH,AtlON SKEwNESS kUHIOS18............... .......-...... ................. ............... ............. ...."....~... .............. .............
ISS l5 51,OOOO J6~.000 lOO.I~J 181,~18 ~5,2U~ ,~22253f.01 5,76289
Y5s ll1 4,00000 Il2.000 l~,117A 511,'115 21.870b ,loSl04 2,1U51
800~ 3b 1,00000 n,oooo 19,9u4u 14,8909 ",Z1H ,b40654 l,n488
TOC lO 2,00000 154,000 S';.1055 l?,8UI 21,1011 J.54814 10.9022
COO IJ I I ,0000 11,0000 15 .J077 15,1 993 1,?J1>61 1,18092 b,00508
O'G 0
IKN II ,000000 b,bOOOO 2,19545 ,000000 2,204P .Obln9 1,08523
tiP 17 .120000 ll,2000 lollOSS ,blOOU 5,Ua bO 1,810H 5,1 0083
PH 10 b,I>OOOO. 1,90000 7,111170 l,lOSII ,nOl1 9 .l20lS0E.0 I 1,810bS
AL 25 ,000000 U,500q 1,10000 ,000000 4,859~i O,~0914 Il,lUI

ROCHUIU C80 p.', 8M IPO eMf I NC lO 'Ptl/SQfl

PARAM! If" POINls "'INIHU" MAXIMU" AVERAOE GEO. HI AN SID unlATlDN SKE...NfSS KUHIOSIS............ ............. ................ ............... .............. ............. ................ ..............
TSB 19 102.000 18~,OOO 202,IU 2~O,271 2e,~112 ,4Tb880 2.0~010

YSS 19 ~4,OOOO 1l2.000 81.1895 ao.oUl \O,19S9 .1244BS l.~540~

BOO~ 20 b,OOOOO 141.000 31,0000 U,OOU 31,OU2 2.12821 ,,5T~05

TOC lO 2b,OOOO 1i0 ,000 ~I,0500 42,191b H.IO 17 1.8~510 II,Ul8b
COO 0 51,0000 5b,OOOO 51.5000 51,4H4 l,aoit8 ,000000 1.65207
010 0
TK" 20 1,~5000 5,80000 2,UOOO l,I9900 I,ll ODI 1,~91 bO 5.1 970 1
liP lO .100000 11,0000 1,10599 ,~71U4 5,1&bl1 1,0111 9 ',559b2
P... 19 0.60000 7,80000 T.IU41 l,I5btl ,~05297 ,lS885n·01 1,40811
AL 18 ,000000 1,20000 I,Unl ,000000 1,01004 ,295109 l,l?Ull

~OCHUIU 'flU P,P, SWIPO O~' INC 25 ,PMllon

~Ak"EIIH ~OIN1S "111J~UM ~lXJ"'UIo4 AY~RAGE GEO, t1E~N SID OEYIAT!ON 5K£MNE~S KIIHIOSIS............. ............. .............. .............. ........".... .............. ............. ..............
ISS lo 52,0000 184,000 ZlI,OU 19b,501 b7,90U ,lBOU7 l,100b8
vss 15 4.00000 112,000 b9.0000 57,8872 19.1l42 ,SHU9 1,2 77 71
800S lD ~,OOOOO 141,000 1~,111I 28,8b94 H,a078 1,86100 8,00754
roc h ~.OOOOD 10,0000 1~,111I 30,4478 15,7405 ,207954 2.50 A19
COD 11 IJ,oOOO 50,0000 20.~9~1 IO,~J~2 Ib,1I ~2 1,2nSO 2.55917
OlG 0
I.N H ,000000 b,OOOOO 1,80000 .000000 l,09SH ,40nll 1,90941
liP 17 ,100000 11,2000 2,~H080 ,510528 5,9158~ 1,9l9bO 5,2204b
Ph U b,60000 1. 9 0000 7.1 OSll 7,09b18 ,lSb91~ , JS2~Oa i,Ob97S
AL H ,000000 20,5000 I,UOU ,000000 o',n471 Q, 054b~ PI,2oS9

"OO'18HA cso p,p'. ,MIPO O""PO 10 CP"/SOrT

PA~AMElEk POINls ~INI"U" ",All: JHU""' AYlRACE CEO, HUN STO OEVIAlIO" 'K[... lItSS KURrOSIS............ .............. .. ................ ............. ............. ............. ............. ..............
18S 8 ZOo. 000 216,OUO lID"" n',UI 13,n15 ,598057 l.1l980
VSS A 6J,OOOO eo,oooo 11,6250 11.3507 6,lb173 ,5b1205l.01 1,510T'
BO~5 8 11,0000 14,0000 12,b250 U,5051 ,850'57 ,l'104l l,51lll
TOC 8 ZI,OOOO t1',onnn lA.snoo J7 ,15&0 ".Ofl2-Q' ,'3h1t?9l' 1,50107
COO 0
OlG 0
TK~ 8 1,6uOOO 1. 75000 Z,II'" l,02707 .60abU 1,601n 0.1.0013
TIP 8 .210000 11,0000 6.1 41za 1.308)] 0.5&303 ,bA7186 1.11l11
PH 8 b,80000 1.00000 7,nno , .nU5 ,S8709b ,155801 1,87509
AL A i',tlOI'lOO l,lonno '",noo 1.Sl7U ,)onU • Jlllt n64 ',SUlU

RnCMr.STfR cso P,~, .... sMi 1ft nM"po 11 CPM/SDfl

PARI"Elt R POI~IS ~I~I~U~" . MUIMUM AVERAC! . c~o~ MEAN STO .DEVIATlQ~ S~Ew""SS KVRTnSIS............ ............. ............. .............. ............. .............. .............. ..............
ISS 11 11 0:000 lM,noo 16'.ln lbl~OO? Q".15'" .H4UI 1. .&3H7
vss 17 26,0000 101,000 59,70~' 54.0226 2,,0711 .58O'ZI£oOI 1.'6405
8005 9 11,0000 44.no~o U,IIII 29,GbtJ '.S85l2 .2n106 1.~1978
Toe 16 1',0000 110,noo 4' .1500 ".6TU 00,0213 3,1.IU8 U~51J1.
COO 0
DIG 5 16.4000 86.0000 11,4000 JO,~ljO 1.5.1584 1,1"00 l.'H74
T~~ 16 1.30000 A; HOOD 3,10070 l.""0 1~07a40 1,06'" '.42000
TIP 16 .1AOOOO 111,7000 1.66500 .050'" 3,30115 3"a". l~ltmPM I~ 1,10000 .;00000 A.'UT. 6~ 18011 1,l\l~5 I.non
AL 16 7.11'11'1no lnl.000 10,80n 1'.88JA 2';5"'0 1.ZUU 6,18058

Rnr.~!S1fR C50 p,'. Awj., ovnAP n oPtl156n

PIRA"r.T!R POI~U vl~IMU~. MAXI"UM AVER ACE CEO: WEAN STo.otvTATrQ~ SkEMNES' KIJRTOSlS................ ............. ............. ................ ............. ............. .............. ..............
ISS 25 90,0000 'l6,oOO 160,310 I ;2~ 5S0 50,'7n I, HOOD 0,02584
YSS 15 30,0000 I J~,OOO 58,IbOO 50.J6~8 1,..9568 1.4UO 5,61676
~OO5 3 zo.oooo 2S,OOOO 21,HJJ H,~", l,JO'U .5Z800' 1,'0000
TOC 15 'A,OOOO b'.OOoO Q".bIJOf) Ob,I118 b.S'b'3 ,14"4a l,1.8&50
coo °OIC 1 1A.AooO SO.oooo 1 7,4000 J7, ,." .~nOO06 .000000 1,00000
T~N 25 3,'0000 8,10000 3,09590 O,SI76' I.nool ,'3l6U l,nUl
TI" i' "'~OOO? 2,1 4000 1.06'50 ,8855S1 ,66e206 .5e140Z 1.41172
·w i5 0.00000 b.OOOOO 5.e81O. ',51010 t~J6361 ,'Ol607 1,1"06
AL 15 000000 • .,.ottnn H,61i' .noonon an~ft5q~ .04192' I,Z0258

183



Dual Iledi. Filter Influent Dat.

KURIOSIS

1.'0141
2,0 00 00
1.00000
1.1IJOO

.000000
1.'0000
2.06TOl
2. HJO'
2.UJn

SKfWtl! 55

HIli

,000000
,61050n-01
.so~oll

l.lSoU
l.u010

.167TOI
,8011164
.i)onnntt
.7100ZIE·01

.000000

.01ZS20

.80.2ASE·01

.aHoIOE.OI
I:U205

2. GPH/8an

1'.0111
'~5nhB
1,5000n
S.AOn7

OCT 20. 1970

SWiAP n'~F"p lO r,P'''''QIJ'

.............
192~U1
n.s".
21.0016
51.0\61

00.1099
S~912U
2.26010
0,01016
95,9sn f'

swilP OMFUP

1'1.250
SO.OOOO
21.'noo
51.1500

00.6000
S,QJHl
2.20150
o.ol,no
qta,onoo

L'AORATORV 011' SYSTEM

ROCHlsTER CSII p.p.

1I0.800n
Q~ 10000
2,0000 0
0,11)1)00
~n.nnoo

2U.OOO
89,0000
n.nooo
blt.nonn

l~lNIHIJ'"

In.ooo
7'.0000
70. nono
42.00011

40.1'000
It,loonn
2.19000
4.0nooo
91,0000

TSS
VSS
BOO~

TOC
COO
O'G
T~'J

TIP.,.
.\

TSS
VSS
ROO~

TIlC
coo
OAG
T~~

TIP
Pli

'L

POl'H9 j.fll'llHU'".............
I 142~noo
I 78.0000
1 28.nooo
2 Q2.0noo
o
1 ell.nnnl')
2 ~.05000

2 1.2'000
l ].100011
2 9'.0000

200.000
10l~000
C1Q.nnno
Cla,noon

"".oono
"~3'\non
2,00000
1.1nooo
I nl.oon

.VERAGE

20S.067
60.IHJ
JS,lllJ
lll,ooon

80.0000
e.1 SQ99
1.00500
J,OOOOO
'lll.oono

G~O: MF .'f
..l~~:;l;····

65,S13S
10.1Z92
02.9S8Z

S5.9999
B.18U9
1,59611
J.lftOTo
9S.9US

STO OEVIATlQ~

Ib.JOn
1),7851
0,,99M
I.onooo

.nnnooo

.1l9999
• Jq0999

q~g~~~~

SKEHtlESS

.ln~qge

• 7011 07
.Z90S0Z
,001)000

.004000

.8I1UoE.Oo
,000000
.000000
,OOOtlOO

~IJRTO~I~

1.~0000

1.'0000
1.'0000
1.00000

.I]oonoo
1.00000
1.00000
1.00000
1,00000

.................- "' ~ ,. .KURTOSIS

KURTOSIS

2.51078
1• .QQbb9
1.8Q090
1.91570

1.1l0ZJ
105679b
1.60~50

1.8U6'94

SKEWNESS

1.00950
.10520]
.JOJOlO
.115200

I.OUSO
.505080
• 18SU9l·01
• Jo J6i5

h.1986
O.bSI II
.708lll
5.11066

.lbOO]8
9,10709
.157111
.'99112?, r,./>I/son

1.625l!
1.lon76
7.29119
I,70JSl

~t1lPO ()"'FIPU

SWIPO OHFIPO -lO GPH/SOn

GEO. /lEAN STO DEVIII ION

ZI7.0a5
TO.060S
IZ.176b
11 .0009

AVtRAGE

21S.000
70.0000
(l.ZOOO
IT ,8000

1.8~000

1.418JQQ
7.Z9990
2, TZooo

HOCHlSIER CSO p.p.

HAXlttlnt

2. 'H'OOO
22 ,0000
, .eoooo
).20000

208,000
80.0000
II.DOOO
lI5,ooon

20a,Ouo
01.00110
t S.OOUO
JO.DOOO

I,baooo
.iIOOOO
6,80000
2,uOOOO

......- .-- - .

'Ol~IS

5,
5,
o
o
~,
5,

TSS
VSS
BOO~

lOC
COO
OlG
lkN
TIP
PH
'L

ISS
vss
OU05
TOC
COO
OlG
TK~

TID
OH
A~

5 ~O/J ,t1l'ln
'i 6J.(lQnn
~ 11,00 110
5 30,onnn
o
o
5 '.fotlO~I(I

5 ,210000
; 6,eoDfin
t; 2.aOono

~(J"'.OO(l

80,01)00
13,0000
1115.0000

l.1\8000
22.0000
f .!'-onoo
'.10000

l18.000
70. noon
tl.2000
".f'OOO

I • ~5000
7,on39~

7,290~1

? 12000

?17.0?5
To.On05
12.17bb
Jl,QQQQ

1.825U
I.JOOrs
7.29119
? ToJSI

16.1?8 R
b.6SIII
.708HI
5.IIOb8

.1f,b03~ll.' 67tt?

.157171

.P09HZ

l.nOQ56
.26S?OJ
.1016.0
,I J~700

I.Q2,50
.51'3Q8l1
.lft~b20F-01

• Jo lb25

2.57b76
I.Q46h~

1.~Qb9U

1. til ~;rb

3,IJ0 23
1,'607'16
I.USSO
1 ,"afJqq

ROCI'ISltR CSO p.'.
PARA"fTfk POiNTS GEO. MUN ~lD n!VIAltON S·rwNfS~ KURIOSIS

159
V5S
ROO~

TOC
CUO
OlG
'I(N
TIP
PH
AL

100.000
20.0000
11,ooon
21,0000

1.60000
.'50000
~. 70000
.OOOO(lO

U-.OOO
1ft.QOOt)
11.0000
5~.nonn

2',Q8000
il.?OOO
7.10000
r.ftDnoo

18ft.110
3'9,Q?ft.
11.5 710
3,.onoo

2,21~00

5,51099
7,19999
1.8zn51

185.591
15.S7I3
1I,509?
Hoi l71

2.ZIIU
1.09HJ
'.1902b
.000000

10.18n
1T.90\2
,1ie tJ l1
II,on05

.01501l
7.76006
.17 0 IbO
.8"ftO'

.527380E-01

.908610
,851~'5
.OJOSOT

.111110
1,20835
,01.972E-OO
1,06909

1.33S37
2.11787
?lb191
1.00605

2,11'90
2.e7021
1.50000
2.QQJOJ

Pl.AHEllR POINU

ROCH~STlR csu p.p.

AVER~GE

sw,PO o~rIA' 20 GPH/SO"

GEO. MfAN 8TO OEVIAIION K\IRTOSIS............................................................·_··.P.··- .
ISS
VS9
BOOS
TOC
COD
Olr.
ltc"
liP
P"
AL

7 100.000
1 20.0000
1 11.0000
1 ZI.oooo
o
o
6 l.hOOOO
6 ,250000
6 6. tooon
, .OPO(Hln

228.000
16,01)00
11.0000
-Sb.nooo

1.08000
21.?000
1.7nooo
t' .~onon

ISA.710
J9,0286
11,5710
15.nnoo

2.21500
I15.I,aQ"
7.1 0'09
I.S28S7

1S5.S'I1
'J5,S7S]
11.5°92
31.1211

2.23268
1.lIQlql
7.,'n1.6
,ooooon

10.18H
1T.9012
, U8011
It .6005

.01501Z
7.1bOOb
.Jl0166
.87180'

.S27380E·01
,'9t186l.a
.850895
.016~07

.133120
1.20835
.439QllE-04
I,Ob909

1.33Sn
2.19787
?36191
".06bOS

2.17590
1..81021
1.50000
Z.99301
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Du.l Hed1. fll ter Influunt Vala

O'H~It" l CtRE ("""HU, life, LAHoRA lORY VAIA SYSIEM VCI Zb, 197b 110105

~VLHlSl£A CSU P,P, SHIPU OMf lAP 2S CPl<lSUfl

PA~AHf IEH POltllS MIIIIMUr< MAX IMUM AVtRACE CfO. MfAN STU 0IYIAIIOII SkEHIIESS kURIOSIS

................ ............. ............. ............. .............. ................ .............. ..............
ISS 7 I~O.OOO n8,OOO IHO,710 1&5.'91 H,I8n ,5'7 JOO[-O I 1,11817

VSS 7 20.0000 h,OOOO )V,OU6 15,0751 1J,90ll ,941610 1,79707

800~ 7 11.0000 11,0000 II,STIO II. S~O" ,tl80U .859005 ",110101

10C 7 "1,0000 Sb,OOOO 35.0000 n,U" 11,10005 ,03U07 1,06005

COO °Ole 0
lkN b 1,100000 ",08000 Z.USOO 1."U68 ,USOIl ,111110 1,17590

liP 6 ,150000 11."000 5,li1099 1••0193 7, ?bo•• 1,200)5 2,67021
PH 0 ',70000 7,700uO 7.10999 7.1901' ,n0160 .019972[-00 1,50000

At 7 ,000000 ',00000 I,U8li7 ,000000 ,177805 1,010900 ',9930)

~OCIIUTEA C3U , .... a".AP OHf /IIC II ,PM/SOfi

PAlcA"fHH POINIS M1111 HUM MAXIMU" AVERAGE CEO, ,,£iN HID OIVIATIO" SKEWNESS ouR 10SIS
.............. ............. .............. ............. ............. ............... ............... ..............
ISS 58 SI,OOOO Jib.OOO IZ',29J 10.,1000 109.51.1 ,150807 1,501 92
VSS SO 10,onoO 1)0.000 49,41 SO OO,lOlO 2&.8600 ,OHOOO ",42V10
SODS 26 20,0000 S.,oooo 21,7851 27 ,.009 1.05141 ,995683 0,321106
IDC 54 9,00000 16,0000 16,1"96 10,140. U,5809 ,b0108bE-02 1,158107

COO 0
DlG 5 If,OOOO IS. 0000 2 'l ,'OOO 17,10118 7,58U' ,7 65b98E-0 I I,OZ607
IkN 57 2.50000 6. )0000 4,11060" S,0421O 1,~1001 1,291090 1,210197
liP 58 • looonOnl_O I 20,7000 1,41792 ,0'9771 ),00041 O,31nO 21.5009
PM 58 4,00000 8,tOOOO 0, POlO 0.21040 1,12271 1.2021i1 1,99270
AL SO ,000000 07,0000 Ib.S'17 ,000000 10,7601 1,73i7S 0.12120

~OClIlO'U CSU P,', S"'" OM'lNC 10 GPM/OOfT

P'~A""IER POI filS Mlk'I-IUM MAXIMUM AVERAGI CIO, "fAN STO D~uIAliON 8K~wNISS kURTOSU
.............. ................. ............. ................ .............. ................ ."............. .............
I~~ • 111,000 ll2,OUO \91,250 102.1017 15,4171 ,1107701 1,50107
VSS 0 n,OOOo 09.0000 OU,OOOO 19.1110 5,5n.8 ,8010100 2,00000
8005 I 20,0000 11,0000 21,5000 21.0016 1,50000 ,000000 1,00000
TOC 0 01,0000 H,OOUO 5),7500 53,01101 6.H02H ,71010211- 0 1 l,lUOO
COO 0
OtC 1 lIO,eO(,O UO,8000 UU,tsOOD (10.79'9 .onoooo .000000 ,000000
lKN 3 8,20000 9,10000 8.UBI 8,t1213 .~120"b ,81050lE-01 1.50000
liP 0 .2,10000 2,00000 2,26750 2.2b~10 ,I 00288f 00 I ,84l011 '.08101
PH 0 4.00000 0,10000 0,07500 0.07476 ,OnOIOE-OI 1,I545Z ',HIOS
AL 4 9),0000 07,0000 04,0000 9S,91l17 1.71205 1,IS.'0 I.UUl

POCNUIfR CSO p.', IKIA'OH'IIIC 15 CPM/SDn

PARA"EIE" POINIS "INI-U. ..tAxTMtI ... AVIRAOE roEO, "EAN SID OfYIATlO" SKEWNESS K\lRIOSIS
............. ................ ................ ............. ....-........ .............. -............ ..............
TSS 01 51,0000 leO,OOO 109,317 ~I ,8610 bl,Ob56 ,.,550. 1,92807
vas 01 10,0000 loJ,OOO 39,OUl )I,noo 1t,96'2 ,669576 Z,006"2
BUDS II 10 ,0000 Oll,OOOO 20,6119 17,'J06 6.lJbQ' .203303 ),5711 9
10C 51 °,000(10 110, noD H,Io2lb '6,61'1 lJ,05b9 O,7Iln 110,6530
COO 0
O&C 6 21,10000 86,0000 )b,OOOO 1I,Ioni lZ,768} 1,58751 3,61352
IKN 01 1,00000 6.3)000 1,09063 ',66166 1,05631 Z,s1516 6,0051'
TIP 01 ,10000001001 I Q, 1000 ,100"06 ,lnl910 2,tlOI0 5,95013 3I,500Z
PH 02 J,IOOOO 9.I(lOnO 6,~Oao 6,519 02 ,IlISIO 1,10603 11,61011
AL az ,000000 10J,OOO 10,6190 .000000 "0,10076 ),b5765 15.9.16

ROCHUTEN CSO p,r. IHi" O""PO II 6P~/snn

PARA"EIER POIt/IS MINIMU" 'drlMUM AYERAGE GEO, ~EAN STo nfVI'lIoN Sr.f~NESS KURTOSIS............ .............. ............- .............. ••••••••• p ••• ............. ...._-....... ...............
ISS 03 31,0000 sr. ,000 1".,349 'O,J505 80,1650 ,115009 1091605
VSS 01 10,0000 I Ja,ooo 50,17Z1 )6,.a25 1),0215 ,31 3045 1,07005
BOOS Z6 20,0000 30,0000 17,7651 17,600' ),051aJ , .9560) 0,31166
10C 30 q,OOOOO 86.0000 1~,15'0 31,.050 17.7550 ,"binI 2,alOI?
COO 0
OlG 5 10.0000 1°,0000 26.6000 11,6116 7,56156 ,785606E-OI 1,01807
T"" az 2,50000 6, JOOOO .,3HU O,OHI8 1,7051' ,9U919 1,20666
TIP 01 ,IoOOOOOHOI zn.7000 1,7I5U ,OI63IB 3,H5'1 J,bUII 15,5561
'H a1 0,00000 t.IOOOO .,PJ?SI 8,06011 I,U073 ,6Urn ',79580
AL Ol .000000 ",nooo 11.1614 .000000 lS,9986 1,27113 ',7Ull

ROCHBIU eso P,p, '"IAP OM'IPO 10 CPH/SQIT

PARAYE IER POIIiIS MINI.UM >lUII'UM AYEAAOf CEO. HfAN STO nEVIAlION SKEWNESS KURT091S............ ............. .............. ............. ............. ..........,... ............. .............
18S 0 ITt,OOO 1ll,OOO 193,250 192,617 15,0171 ,167701 1,50107
vas 0 75.000n 8Q.OOOO oO,onoo 79.811 0 5,52268 ,601alo. ',noooo
BODS 2 10.0000 H,oOOO 11,5000 lI, ••h 1,50000 ,000000 1,00000
10C 0 oz.nnno h,OOOO 51,7500 51,olll 0.R02l1 .71 002IE.01 1,7130.
COD 0
OIC I aO,OOOo flo.8000 00,0000 00,7999 ,000000 ,000000 ,000000
I"N 3 8,10000 0,10000 o"un 6,012)) ,Io1l6U ,O ..503E oOI 1,50000
TIP 0 Z,ltooo l,'onoo Z.U750 I,Z&&IO ,800100EoOI '80Zou 1,087.3
'M a 0,00000 .,10000 0,07500 .,n7076 ,aUOloroOI I,ISOH l,3JJ05
AL a CJJ"OOoO .. , ,,0000 96,0000 95,'8n I.U205 1,I5a7D Z,3J3JJ
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ll~'o" nlAH'i bOh6ZI' 000000' to-10000Sb' 000000' 000000' st 1v
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/frlO'a ZOll65' 10.3.16000' stohZ' OOOiiH' OOOOZI' OOOOtl' Sl 0111
A5105'[ A6Z'bZ' ~l~'''' talOb'( OO?I'~[ OOOOf'S OOOOt'Z sa 't.1
~'ILO'I ~b'lA6' ?S7fO'S l"f'fS ,,,o',s 0000'0' OOO.'lD, ,to

OS~IZ'I SSIO~~' o'AIs'i noo'si Ooob'ti OOOO'U 0000'11 ~l ~~~
,ASOO'Z fOZfH' 60151 '? otzoo" aOI.o" OOOs'l1 OOOOl'l I' SnriA
'lil"S II0aS'I I6IH" OIOb'OI 001"61 0000'00 0000'01 s, nA
oz'sO" AS061'I 10'0'01 ,lzz'OZ OOH'AZ oooO'u 0000'/1 S2 su
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unt/HoI' " o~i~.o ~N,"$ --- ,~,~ os, tillnH,nH
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~S09S'~ ,10iH' (OASOI' ~IfOO" 'SOU', OOOOS'I OOOO"'~' lid
ZqZ9l'I lI~lO" ~19ZlI' ~OllSI' nAA?p' 000015' 10-1000000' Al df!
Abfll'l IlULZ' qlOll', "\S,'I OOSU'I 00000'0 O~OOon' Ol N~I

o 9'0
;'Z~q,'{ ~'050~' OlhSO', ,llS'OI OOO"~1 OOOO'ZS 0000'01 oz 00'
AI!hO'1 SAAOI?' bl.ZI'A SiOt'SI 0050',1 OOOO'S[ 00000'5 Ol '01
OleZ,'1 Z9H60' 0510"" 009000' OOOOS'I 0000'0' 000000" sano
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IlbZl'. IltOS" fbbOU' oP&(ol' ttl/bl' OOOOso' 10·1000000' AI ~Tl
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DUll Hed to f IHer Effl uen t DH.

!l:.HI~~ , ,.n th~IN~tR', Ihe, U.O~l!OK~ liA" 'Y"~M U~I l~, I~H 0~!J9

ROCHUIU UO '.', --- 1_1'0 OHf INC U 'PM/,UfT

P4RAMHfK 'QINTf !lINlMVH !'UIMP!'I HtR~U~ qep, ~tAH nO P~VIHIQN 'K~kH~~~ KVR!OSl~
•••••••••u •••••••• ............. .............. ......."..... ............. .............. ............. .............
In 10 1',0000 U.OOOO 3',4800 3I.ea" If,1S6' 1.1519) 3,BUli
vn '0 4.00000 11.0000 li.noo II,OH4 •. '$7~. 1.07,n Jo7139l
BOPS II 3,70000 1.00000 S,"4n S.IDHI 1."0" .IIIDI. I,U503
10C I' l.OOOOO 17 .0000 10,U5I 9,11915 3,79811 .lZlIU l.n777
COo II 1',0000 a.oooo H.lin n,Hn 1.212~1 .83Be04 ',H49'
0" 0
IKN 16 .600000 4.S00PO I.UOOO 1,4169' 1,0'076 I.TUS7 4.nlu
UP in .4000001901 I.elooo .noooo .m,.. ,4'5~'O '.09,,1 6,Hlt0
PH 17 '.lOOOO •• 00000 7,I7U' ,lUll ,UJon 1,IUJ7 I,JOUO
A~ 16 ,000000 U,JOOO 1090000 ' 000000 '.10813 S,UII6 U.6IOJ

KOCHUTU CIO ',', '-IPO OMf,~C 10 PPM/lon

PA~"'~HM rPINI, MI~IMVM ~UI!'U!1 ~V~R~U g~o. I!~AN '7~ QH!~!!QN 'K~kNH~ KURIOS1!............ ................... ............. ......................................,.. .............. .............
ISS Il ... 0000 IU,OOO tl,l941 .5.UfO n,i065 ,166172 2.16058
yU 17 H,ooOO .0,0900 Ji,105' 10,IOU

~~ilm I~OiOOZ 2,3601'
8005 0 13.0000 31,0000 zO,un 19.1069 ,509.0 S,UJa9
10C IJ ',00000 19,0000 II,J'ZI Il ,2000 5.'9901 ,U1l9Dr-01 1.lTllb
CUD Z n.OQOo 1100009 " ,0000 H,n,~ l.opooP ,pooooQ 1,00000
0&6 0
UN Il , '40000 4,00000 1,90US 1,19U5 ,nDIU I.U~S3 5.S00t}
11' 17 , HOoOOl~91 I,nooo ,H999' ,lOZblJ ,4UBJO '~06019 6,IUll
PII 17 6••0000 , ,bOOOO J.IIIU 7,znn ,160911 , Z.OU I.D8550
A~ Il ,000000 1.00000 ,.unl '00000 ,691410 ,IIIUS 1,"010----

ROCHU1U CDO p.', 8~IPO OM,!NC is ,p~/'9n

P~~AMfltK ~oINU MINIMUII H~UMUI4 AV(R1H Gro, MHN 170 onlAfloli 'K(IINU' KUR!OIl............. ...... ............. ............. ............. ............. ............. ............. .............
In IS 23.0000 110.000 b4 ,4667 57,JUJ l7,'O" - ,153000 I,UU9vu 15 1,00000 00.0000 '0.'.0' 11..... II,Oln ,U85S1 1,.45$e
8005 9 3.10000 ',bOOOO 6.99991 o.en.' 1.11413 I.U713 '."."TOC 14 1,00000 SO,OOOO 1~,OJlO 11,8619 D.U701 ,353039 l,ODOU
cOo II 13.0000 '0,0000 ".9091 n,4UO l6,eUI ,HOllS I.nooo
0&6 0
'KN IS 1.00000' 3.00000 1.11533 1,6IOU ••09007 ....US 1••'463
liP IS ,lOOOOOhOI 1.00000 .HUn .1 9.,,, ,UII60 Z,91llT 10.SlIl
PH 15 6.10000 , .10000 6,tb." 6.9SS.. .0IHU ,U5D70 l,700n
A~ 15 ,000000 ,000000 .1&0000 .000000 .115919 .40uoe I,""J

ROCHUTU C!O P,P, SIIIPO OM~IPO ID OPMItOn

PARAMEIER POINIS MINIMUM MnlMUM AVERAn OED, M(AN no OUIAUON 'KE~NESI KURIO"I- . ; ............ .........~..... ............. ..........................;............... ...... ............. .............
us I ",0000 114,000 80,0000 J8,07" 26.9815 ,550744 1,10'51
VIS 8 • 000000 )',0000 ll.J500 ,000000 1I.0U' ,784551 t,n'l1
8005 0
lOC e 11,0000 10,0000 17.5000 I1,OOIl 3, TOHO .588)95E-OI 1.4tl54
COD 0
OIG 0
lK~ 0 1&17000 , 151000 1,7USO

Imm
,J76511 ,75511 4 30"151

TIP • , oOOOO!'OI 1 ,0000 I,uno ),87013 2,1l515 ',00108
'H • " JOOOO 1.00000 '.'Un , &-0'" ,3550" ,'OUlS J,Od"
A~ I .000000 1,10000 ,.,0000 , 00000 ,46U., ,7In06 I;70420

Roc~nTU CIO p.', I_;a, o~'i'o U OPMI80't

PARAMeTeR. 'OlRlS • .~I!,!MVM, .~nJMUM Ave~~of, •• ,.O~O: .~!~!'•• ~!Q. o~VlArrQN .,~KIHN~H_. , .• ~V~TQ818 •............ ...... ............. .............. ............. ............. ..."......... ...........................
TIl n ,',eoooo 118,000 2'§1600 8~08t1' "~0370 ',70819 ,. l.to517
yI! 15 ~100004 51.0000 :A,~;;; ','T~II t',6IJJ 1,61'01 ','''00
0005 , 18,'000 ".0000 lI.51 , I' .oe07 ,105554 1.'0000
loC 15 0.00000 01,0000 1','00' Il."" '.onoo 1.0040' ,,8550'
COO 0

';hooo is.iooo i~it~oo i;Jiiiii i'~t.oi! i.mie S'~'550OlD 8
TKN lO 1.50000 0, nooo 2, 16•• I, 901' l.neDI 2,66619 e,TOI"
TIP l4 ~oooooo 1,4eooo ~'JIOU ,Ooneo .oU786 I,n,n "Ul2.
PM U 5.50000· e, '0000 .nott .~... It'OO)9 ,,01''' "JI113
aL .. ~oooooo '1,0000 "sono ,0000$0 ,ge" J,O'4U I oi 1868

RocMunA esD P~'~ hli~ bM,iAP I' CRM/lon

PARAMETIR,. POIRTI MIRrMv,:" MUIMUM aV[R~O~ .. .DEO:."I~Ii•. "Q.QtvIATlQ':' IK~lINUS. '. KyRTpSls............. ................... ..:......~.... .......................... ......~...... ..........................
US 16

:~l~m
10.~000 50,751P

1

M

'"
'J~U" .1 "0'6 ',JlOT8

VIS " 02.0000 11,0500 IS,.. I I ,32" .T090IeE-ol 1••17el
800' I

~~om: " ,0000 ~r:~~; If,1'.' .,20000 ,000000 1,00000
TOC 15 ]4,0000 1',oHO T.0"'2 ,~'1A6' ),OT'86
COO 0
OlD 0

IUIO;T ;.6'''.TKN 15 2,ho06 ~§IOOOO t.o"" t~n'" •••0061
TIP 15 ~100000hot • 60000 ,U3U' .,eteht-ol ,1114" ',11'55 '.!II6'
PH 15 '.20000 7.10000 6."99' '~6nJf ,.,.." ).UH. 11,0695
AL 15 ,ooonoo ,,-.nooo ),91551 ,000000 It~"05 ),4100) U,05Z8
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Dual Hedla Filter Effluent Data

O'BAn~ & GEA[ E~GI~[[AI. ING'. LASORUORY OAlA nlnN oeT 26. 1'76 I6UI

ROCHUIU caD p~'. hiAP oMF,AP 20 OPN/IO"

PARAH[l£R POIHTS , NI~IHVN" ,HulHUN . AVERtO~ GEO~ ,,[~H, "O,OEVJA"O~ SKfH~EO~ .. KURTOSIS............. .............
··i~;~;~O····

............. ."........... ............. ............. .............
ISS I 21.5000 n.un U,5UO n~osu ,unll 1.10000
VIS J '~IOOOO 40,0000 H.looo U.51!S H ••qqo .6145., 1.50000
S005 0
IDe I 20~hOOO 1'.0000 n.6'" II.U66 1:.5668 .70JlOS 1.50000
COD 0

i~~ti&OO i •. oooo 2A.OOOO .000000 ~ooooooo&e I '~,oooo '.000000
I~~ 2 1.'0000 S, 0000 s.JOOOO S:2,0" ,400000 •12tS06EoOO 1.00000
UP J :OlOOOO

~~l~m
1.1$000 ~,sn" ,,,,,oq, , .'n'h ., 1,50000

PH I o.noooo '., 0000 ,~0"11 ."",1[00, ,11;1'1£00. 1,10000
AL I ....oot • 1'.0000 n.oo.o h:i,.. II."" .n 161 I.toooo

ROCHUTU ~'O p.P~ Iwi., OH,UP " DPH/IUT

PARlH[1~R, POINTS HIN!"'VH .• ,H~XTHUH.. lV[R~O~ •';'O~ N~'N STD.~EVJAnQN • SK'W~~S~ kURIOSIS............ ............. ............. ............. ....."..,..... ............. ............. .............
Tn , 11,0000 '0.0000 81,0000 12.2611 If.oooo .000000 1.00000
ves 2 H.oooo AO.OOOO la.oooo n.l7fo '.00000 .000000 1.00000
S005 0
roc I 15.0000 n.nooo Il.oooo n.oooo .000000 .OOODOO .000000
eOD a
O&G I 00:4noo op.sooo 00 .1000 00.7999 .0000 00 ,000000 ,000000
TK" I S,DIOOO S,05000 S.05000 O~O.." .000000 .000000 , 000000
T1~ I l.lIOOO 1,18000 I.UOOO 1,18000 .000000 .000000 .000000
PH I

:;~~~~:
'.60000 1.60000 J.60000 .000000 .000000 .000000

lL I " .0000 81.0000 h.'''' .000000 .000000 .000000

AOCHUrU ceo ~~p. ,wjpo OH"po It gPMIIO"

PARl"'~1[~ . POI~Tt •. "'I~IHV~" . . ' .~AXIM~N .' ~VERtn•.. O(o~ I;I~~~. .to.~nllJlQ~ 'K'W~~" • k\IRTQSIO............ ............. ............. ............. ............. ··iii:;;;···· ............. ........? ••••
lsa • ".0000 1a&~000 IU.OOO Ilr:0~6 .lolUO 1.16'21vse • n.OOOo 06.0000 aO.1500 39.10 A 5. 101' .'''''' l.nSOI
S005 0
IDe I 16.0000 n.oooo 21. noD n.i"6 0: 122qO .60n62 l.h977
Coo 0
o&~ 0
lKH • I: lTOOO ;:61000 , .,.1'0 I·...." ,ta0269 ,u"" '.10631
TIP 0 ~p 0000 .~60000 .270000 t~"7U ,Iunl .9qU'O '.leJqe
PH ° 1,10000 7,50000 1.onoo

I~:m:
,IUIIUoOI ."un ,.62S0'

AL 4 1.10000 •• 00000 1••0000 .100000 .lun'l-o! .'~~'"
ROCHISl[. ceo p.p. owlpo oHFipo ~I OPM/IOFT

PARAHliER ~OINr. ,HIHIHUH, • , follXlHtlM AVER~GE ••• oro~ M!~t•• OlO,OEVll!IQH "~WH[eO kURIoSIS............ ............. .............. ............. ·····r······· ............. ............. .............
us • 71.0000 lTa. 000 121.600 11' •• '5 li,5006 .2U152 2.1763\
vas 5 24.0000 !I.OOOO n.4noo 10.01 I 10.051 , .QQI7I' l.aU5A
R005 0
lOC 5 ".0000 H.oooo 15.0000 lo.ia" 6:1G105 .HUIO 2~n26J
coo 0
DIG 0
TK~ 5 1:'6000 t:50000 1.87200 1:01.11' ,4J55&6 .200U' l.l91ao
TI~ 5 ~)qOOOO 1,.1000 ,.,.", 75U • 10:118' 1.00,ao ,.,01 10
PM 5 , .00000 7,10000 T.17999 ',trUo .ltJ'97 .17"" 1.1000.
AL , 1.10000 I.ooono 1.40001 1.5"12 .IIUlI .AlhoOhOI 1."000

ROCHUn_ eso p.p'. swjpo OM,,,P II GPH/IOFT

PARlHETER POINTS "TN!H~H ... ."'lKIHUH • AVER~O[ • G[O~ "[~H STO. O[v I A1ION SK'WN~~S · kVRr~SIS............. ............. ............. ............. .............. ............. .............. .............
rsa 1 20,0000 ".0000 46.0~71 J"I'" 2~i 95Y2 .620tto I. '2'51
vIS , A.OOOOO 10.0000 0.00000 a.s 6ts 5. un 1.5,ua •• 00688
8005 0
10C , .:00000 ~2.0000 U.STU 15.00.. ':~"10 .'70870 2.TlSOS
COO 0
0&0 0
TKN , I~UOOO t:,oooo I.U4U 1:0010. .;59307 .20lt18 1.4U06
rtP , :)5000a 1'.0000 I. '0571 .,82UI s.o"ao l.q'Ul ••aU69
PH 7 ~.10000 :~:~:~~ 7.IIAU ,.19'1' ••t,... .1512161001 t.tilJt
AL , .000000 .s"ut ~'u, • .'tI", .5' ItS ,.'ltlo

ROeHISf[A eoo P:': .0• .~ i'o Oll"lP U IPH/.on

PA~lHET[R ~OINT8 • . l;Il~THU~, •. ., ,~ln~UH.•• .•. lVE~~G~ . •GEO·, I;IE~~. nO.Q£VllJlO~ . IK~~~EU · kIIRT~STS •............ ...... ..............
··io;:;~;····

.............. .............
··iJ~;;;i····

.....~....... .............
US 1 I~.OOOO 70.0000 66.1007 .Inn., '.10001
VSS 7 6.00000 16.0000 10.f1U t.06516 '.06529 1.31011 1,IU5t
0005 0

,: 62q I" 1','0851TOC 1 11.0000 n.OOOO PI ~ '101 'O,J4t1 .210060
eoo 0
DIG 0

':fllIJTXN 7 ,:5&000 ':"000 I."U' 1:""1 .tU5,Q .016901 .
liP 6 • 'oOOooE.OI .~'oooo .all666 :,a6919 .'058'11.01 .nltA'hOI t. 7~505
PH 7 6.80000 0,00000 1.1I1A'

:~m1r
.101067 .20"46 2.01215

AL 7 ~IOOOOO '.'0000 2.114n .6661" .A5"SO I,t""
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Dual 'Iedla Filter Effluent Uata

O'~RIE" & GERE EtIGINURS, !Ne~ tA~DRATORY OATA SYatEM OCI 2b, U1b uiu

ROCHEStER cso p.'. awi,o OMrlA' n GPMIIOfT

PARAMETEN POINTI .. ':lINIH~':'.. ':"HMU,:, AYERf~E GfO~ ~HN "O,DEVIATION 'KE\,NE~S KURTOSIS............. ............. ............. .............. ............. ............. ............. .............
ns 7 20,0000 lQa~oon n,11U 80,iofo ai~30il6 .48a~OI 2.00bll
vss 1 0.00000 00.0000 11.111' 1I.0ua 10.03a6 .~2'ta' 1.84'08
BOO' 0

8:2037310C 7 7'.00000 JQ.onOD 21,a286 10~OOI1 .2~UII 2.non
COO 0
O&G ° ~inm

~;55716lKN T 1:17000 2~ilooon 1.J6aU .n1U2 '.~739T
liP T :,OOOOOEoOI 1,23000 .011511 .435101 .01'0" 2.10053
PH 1

:i~~~~~ ~~m~~
1,oloU aooSI ,U99bO ,lSil'U 1,77050

At 7 il.IOOOO il~2Ull ,709UI 1,3Ia" 3.96280

ROCHUTU CIO '.'. Iwi" OMFINC II OPMII'"

PARAMElER POINU .. MI~IM~M. .MUIMUM • AVER.G! CEO~ MHN. flO .~fVIAtJQN Ok'WUE~S kURTOSIS............ ............. ...,......... ............. ............. ............. ••••• '!••••••• .............
lU 7il 7~00000 IY.~OOO 56."60 ao.iou O'~J"7 ,071569 il.)0749
VSS 7Z 2.00000 70. 0000 ill.oaao 15,55D' ,p.0"9 1,06Uo ,.,90\3
800' a5 b.OOOOO 'b.OOOO 18.02ao 1T,3770 ;i:m; ,a.n6. 3.l6aal
10C bO :000000 51.0000 ila.liln .000000 .al1on il.a38Al
COO 0

6~aObloOIG 4 1·.aOOO JI,6000 n.ZOOO ta.3710 .58 Hon-at I.~ona
lKu 71

!;~m~hOI
7,10000 3."a16 J~'OO" 1.36l7a 1.77,.6 a •.,no

UP 71 1,'1000 ,a·,n1 :,. 7044 ,'062O~ I, TOazl 1,10107
PH 71 4.00000 7.30000 b.I8\OJ 6.381n I.ollla 1•.,011 '.03940
AL 71 .000000 n,oooo 1iI,IIU .000000 il7."" a,n"05 J,UJl4

ROCHU1U CSO '~P. Iwi" oMnuc I' ;PIIIIGFT

,ARAMn£R POINT, ,,:,IN'MUII .HA~IMUM. AVER.Cf · G~O~ ~E~U 8TO.~EVIATIQN aKEwNESS KUR10SIS............. ............... .............. .......~...... ."'............ ............. ............... .............
lSS a n.oOOO 116.000 1I1.2!0 111:099 2a~0110 l,oaa38 I.U6ill
VSS a 21,0000 !a.oooo a•• a,OO a2,UOO 10.2SA' .bUIIO I,Obiia
R005 0
TOC a 27.00no 48.0000 aO~'DOO l~,'''1 I~OTT75 ,0220n '.\60'2
COO 0
DIG I

~~§:~~~
2b.1000 2A.IOOO I~. 7"0 .000000 .000000 : 000000

TK'I a I~ JODOO T,OZ'OO 7,ea OU .t~a7" .b9Z00a 2.06395
UP a : ,~OOOO

:~;m~
1,"250 I,a" .. , Juan 1.1il7oa 1.31072

PH I I. t 0000 1,\1000 4,11910 "~601,[i.01 1,I107b 1.J33U
At a 60.C'nno n.oooo 81. T5~0 ~O.~UJ 1I.'~74 1.11410 ~,n33t

ROCHU1U CIO ".". allIA, OM' INC " GPI'IIG"

PARAf'EIfR POluU "INIMUM . MU,MI/I' AV£A~C£ GEO~ Mn U pO .O~VIATlQN OkE N!~S KURTOSIS............ ............. .............. ............. ............. ............... ............. .............
lSS 51 7.000no too·.OOO ".!OU 52.Ut! • ;~ I~5a .a23018 ',10901
vas 5' 1.00000 '5.0000 '1.0000 la,nto I"OUI I,ll laa a,5000'
R005 17 11.0000 H .0000 20.2000 19," e ',&2761 .5UH7 '.01701
TOC aA 5.00000 'a5,OOOO ilil.asb' 20,12" 0.11260 ,3f1TJe l,IOA91
COO 0
OLC a :000000 n.2000 18,0000 .000000 1~uao& 1.64605 a.6b22.
TKII .~ 1.10000 0~'2000 1.150~' 2~06a"

~1~:m
3,13013 16~0300

TIP .. :000000 l,b7000 .a"',, .000000 ',.66aa 1&.4060
PW a9 ~. 70000 7,00000 6,sal51 6.50nl ,.,0007 4.n9U 30,8500
At ao .ononoo n,oooo 6.07145 .000000 1I.59n 5,11109 37.17TI

ROC~U1U eso p.p. SlIi" OM,.,O " GPMllln

.~~~~:~~!=.. POIN" MINIMU':', . MU!HU':' , AVERfG£ · G£o: I'HN aTO.QEVIATlQN $KE~NE$S KURToSIS............. ............. ............... ............. ............. .............. .............
ISS IS ~.noooo 1I0~000 Il,Onl 1: 7319' 2'~8819 3.70930 1S,I58b
VSS 35 ~ ,onaGO 43.0000 a,lle$1 2.2~6!7 0,303lQ 3,1a01O IS,2U'
ROO' a, _.flOOOI) 2&.1000 le.9720 IT. IOU &,3511' l.a2126 3.b....
fOC 30 t .OOORO a,. 0000 \a.76&7 12,26h 0.55ft]5 l.b1065 &.a332a
COO 0
OIG • 0~600no 1S,2000 12:3000 12.00" 2~il1505 .aI0126£-01 1.)6667
lKu 3a 2.00000 1~500no 3.Uln J·.ml! 1.11526 2.a9610 9.UT51UP 35 : )00000(.0 I 1,!2000 ...otas ,OlU ]foOl .BerU ,.9Ua9 I O~ 12a2PH J4 3.ftOOOO 7.10000 6.60all .,57UO ,852J97 1.''''1 '.JT5bOAL 35 :000000 81,0000 I.uan .OOOOID 11:1146 3,11968 15:60al

ROC~!nER CIO p.p. -.. Iwi" OM,.,O 2G GPMIIOH

PARAMnER POINTS MINIMUM .. MAXIMUM AVER.C£ · CEO~ "HN. a!O.~EV'A!JQN ~KEWNUS KURT9US............ ............. ............. .............. ............. ............. ............. ..............
ISS .. Il.5000 loa~ooo ".0000 47,6816 38:IUO ,Z5UetE-01 1,03044
vSS a e~loooo 38.0000 11.&500 17,010' n,'U2 ,726)2IE-01 \.09709
8005 0
70C a 20.0000 40.0000 10.Hoo 2', ift! 0:07301 , aOUbOE-OI 1.10005
COO 0
OIG I 2~.onoo ro.ot)(jn 20,0000 ilO,OOOO .000000 , onoooo ~OOOOOO
lKN J

:i~~m
O~IOOOO 1,03333 7~1l&J1 • Jil09U .ilOa7S& 1."~00Tlr a l,a2000 ,OSo090 .6&eoI9 ,101223 ,II 0'1& l.lJ9nPH a •• 10000 a.JOOOO a.1I000 a."o,o .8&6OlaE.OI 1,I!a76 2.U30il

At a 40.3000 ft5.nooO 6'.025n 67.086\ I t:5~53 .056027 1,16bil2
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APPENDIX E
Chlorine and Ch 1ori ne Di oxi de Analyti cal Data

Note: Concentrations of F.Col; are expressed as colonies/1OO rol.

CL2 DATA
SAMP NO. PI/EDICH.O Ol:lsERVED RESIOU4L 005t: 0.1. GT TEMP PH TKN 800 TSS vss INFLuENT tfFLUENT

LOG I\ILL LOG KILL (MG/Ll (M11'1l ( Cl (MG/L) (MG/L) ~MG/Ll (Ml>/L) F, tOLl t, COLI

U727 2.47'1bo 3.61"64'1 -1.U06t3 3.1 ~,6 69604. 7.0 ~.O 1.q IS.O 183.0 74,0 385000, SO.
43727 2.31641 3.3°670 -.'1'1029 3.1 3.e 89527, 7.0 8.0 I,U 15,0 163,0 7U,O 385~00, 190,
43727 2.':;01:l~4 U.28443 -1.375'>'1 3.'1 5.6 89604, 7.0 6,0 1,4 1!>,O 183,0 74,0 31:15000, 20,

Pa3731 3.S0014 6.57 403 -3.0731'9 9.1 3.8 89527. 7,0 6.6 I.U u5.0 160.0 71.0 375000, 0,
43731 3.711711 3.6197'1 .ln32 9.1 5.6 896CII. 7.0 6.8 I,ll 4!>.0 160.0 71,0 375000. 90, II)

unll6 3.50031 3.<>b4QO -.4=805 f1.'1 1.5 107211, !I.O 7.3 2.1 1'1.0 6!>,O 22,0 1/111:>00, 20, :I>
492116 3.'160S8 3.5~702 .39356 6.'1 3.0 61302, 8.0 7.3 2.1 19.0 6!l.to 22.0 164:.00. ~O. Z
1I'I211/, 4.253112 3.60393 .589a9 6.9 4.5 6B94. 8.0 7.3 2.1 1'1.0 65.0 2C!.0 184!>00. IlO. 0
4,928 2.771011 5.92 9 42 -1.15131 6.2 1.1 537'15, 5.0 7.2 1.1 <>,0 4!l,O lC!.O 170000, 20,
43'121:1 3.13845 3.115230 -.313!'4 6.2 2.2 53893. 5.0 7.2 1.1 b.O 4S,O 12.0 170000. 60, 0

43'151 3.134b9 4.34242 -1.20773 5.2 1.'1 6'1451, 5.0 7.0 1.1 b.O 25,0 f1.0 220000. 10, 5
43'1~1 3.!l1l031 4.3Q2~2 -.50211 5.2 3.6 1:1'1527. 5.0 7.0 1,1 1:1.0 25.0 b.O 220000, 10, I\)

4>733 2.0314'1 3.;0242 -1.161l'?3 5.5 1.9 6'1451, '1.0 6.a 1.2 S~.O 304.0 120.0 1020000, oliO,
43733 2.30113 3.:WI03 -.9Qq'lO 5.5 3.a 6'1!l21. '1.0 c.a 1,2 ~d.O 304.0 120,0 1020000. 510, • ::tI:I>
1137B 2.Qb350 3.39581 -.'?32~2 5,5 5.6 1:19004. 9,0 6.8 1.2 5~,O 304,0 120,0 1020000. 410, ITlZ

G'I:1>
I-' 43133 1./'~340 3.929U2 -2.23602 4.2 1.'1 8'1451, '1.0 6.8 1.2 53.0 304,0 120.0 1020000. 120,

~~
~ 4HH 1.91252 3.72'1~4 -1.817H 4.2 3.B 8'1527. 9.0 6,8 1.2 53.0 304.0 120.0 1020000, 190.
0 43735 1.858~'1 3.55764 -1.b9925 3.> 1,9 69451, 9.0 7.2 1,1 30.0 16l:',O 71.0 650000, 180, (J)-!

(J)-
43n5 2.0'11;1;10 3.17'11111 -1.OdO~8 3.3 3.8 8'1!l27 , 9.0 7,2 1.1 ~O.O Ib6.0 71.0 050000. Q30, -0

0:1>
u3715 2.?<lb'l0 3.90982 -1.I>b2b7 3.3 5.6 6%011. 9.0 7.2 1.1 3(,.0 16l:',O 71.0 b~OOOO. 80, Zr
43735 2.1578ll 3.73373 -1.575"~ 4.2 1.9 69451. 9.0 7.2 1,1 30.0 16b,O 71,0 6S0000, 120,
113735 2.43710 3.<;5764 -1.1<0'>4 4.2 3.a 89527. 9.0 7.2 1.1 30,0 168.0 71.0 6~0000. 180, :1>0
45735 2.,,0907 3.7 7152 -1.162<15 11.2 5.6 690011. 9,0 7,2 1.1 30,0 Ib8.0 71.0 650000, 110, Z!:j
U9,,88 2.00b10 3.57 /J03 -1.51>733 3.b 1.9 89451, a.O 7,a 3.0 20.0 129.0 60.0 525000, 1110. :I>}>
Q92~a 2.2b63b ".02119 -1.754'>3 3,6 3.a 69!l27. 8.0 7.a 3.0 20.0 129.0 60.0 !l2~000, SO, ~
492~!' 2. 'J2b28 ".41 '115 -1.'1'1205 3.0 5.b 69004, b.O 7.8 3.0 2t.• 0 12'1.0 00.0 :,2St-00, 20, Ill c
492b8 5.33711 3.Q4201 • .. oO!ti:::9 7.8 1.9 69451, a,o 7,8 3,0 20.0 12'1.0 60.0 !l25000, bO, (/)-1

U'I2b& 5.76'1/'0 3.1'1707 -.01l7'.7 7.8 3.6 b9527. 8.0 7.a 3,0 Zo.O 129.0 60.0 ~25000, 80, F
49286 4.03~!>9 3.94201 .09358 7.8 5.6 6'1004. 8.0 7.a 3.0 26.0 12'1,0 60.0 52~000, bO, N
4nea 5.03172 4.41913 .612!1'1 14.U 1.9 6'1451. a.o 7.8 3.0 2t.,O 129.0 bO.O 525000, 20, ITl

49288 5.Qd261 1I.7~016 .962b5 14.11 3.8 6'1527. 6.0 7.a 3.0 2b,O 12'1.0 bO.O 5"!l000. 10.
0

1192'10 2.105~7 3.3251'5 -1.220:'8 3.6 1.'1 891151, 8.0 6.1 2.li "".0 104,0 48.0 360000. 170,
u9290 2.377b9 lI.?>527 -1.877!la 3.b ·3.6 &9527. a.o 6.1 2.11 22.0 10li.O U8.0 3bOOOO. 20, Z
1I9290 2.~lI540 3.77815 -1.2321>9 3.b S.6 690011. 6.0 8.1 2.4 22.0 104.0 46.0 360000. 60,
49290 3.!>0167 3.65321 -.151';" 7.8 1.'1 691151. 8.0 a.l 2.1l 22,0 10u,O 48.0 360000. 80,

~
1I9290 3.951177 3.55b30 .39647 7.6 3.6 89527. 8.0 8.1 2.1I 22.0 104.0 1I8,O 300000, 100, C
49290 1I.cH83 4.07 9 18 .151105 7,8 5.6 896011. 8.0 8.1 2.1I j!C.0 101l.0 116.0 3bOOOO. ~O, ~
119501 2.!l8981 S.681125 -1.091144 7.8 1.9 894~1. 7.0 6.8 2.2 51.0 11",0 68.0 1170000. 180. "6
49'S61 3,13130 3.7.5;5'1 -.6b209 7.a 5.6 89bOli. 7.0 6.8 2,2 51.0 112.0 66.0 87~OOO, Il10, r
119501 2.709l!4 3.59710 -.88725 8.3 1.9 a9Q51, 7.0 6.8 2.2 51.0 112.0 6e.0 870000, 220. 111

1I9'Sbl 3.01:0 0 8 3.q8S2a -,'1247'1 e.3 3.a 89527, 7.0 6.8 2.2 ~1.0 11".0 66.0 870000. '10,
49S61 3.27045 3.61130 -.311067 8.3 5,0 119604, 7.0 6.8 2.2 51,0 112.0 68.0 8700CO. 210,
li9501 3.bH~7 4.2 4055 -.592~1j 13.0 1.'1 89451, 7.0 6.a 2.2 51.0 112.0 68.0 a70uOo. 50.
49501 1I.119~S 2,975H 1,1 11302 13.0 3.8 89S27. 7,0 6.6 2.2 51.0 112,0 b6.0 870000, '120,
li'l561 4.uI0"2 4.4b240 -.05217 13.0 5.& 8-1004, 7.0 6.a 2.2 51.0 112.0 bf.O 870000, 30,
U·H63 5.31882 5.60b38 -.287S6 7.8 1.9 89451. 7.0 0.7 2.6 27,0 126.0 04.0 1010000. 250,
49503 3.7l1026 3.4152b .33501 7.6 3.6 8• .,27. 7.0 6,7 2.6 a7 .0 126.0 64,0 1010000. 390,
49563 1I.012711 4.004n ,OOa'I2 7.8 5.6 89004. 7.0 b.7 2.6 27.0 1211.0 64.0 1010000. 100.
1I'I5b3 3.7d3OI 3 030:'5~ .47B~b 9.5 1.9 694:'1, 7.0 6.7 2.0 27.0 128,0 611.0 1010000. :'00,
119503 4.27320 3, ur.4=j,'J .8481>7 9.5 3.8 8'1!>27. 7.0 6,7 2.6 2/.0 126,0 64.0 1010000. 380,
IIQ,b3 Q.'o71172 3.7QQ05 .1l2'~7 9.5 S.& 89b04. 7.0 6.7 2.b 27.0 126.0 64,0 1010000. 160.



SAMP NO, PREDICTlO UIlSERVfD RESIOU4L 0051: O,T, GT TEMP PH TIIN !llJO T5S VS5 INFLUENT lFFLUENT
LOG KILL LOG KILL (MG/L) ("11104) ( C) (MG/L) (Ml;/L) ~Mt'/L) (Ml>/L) f, COLI ~, COLI

495b3 4;'157':i4 4,527;10 .43034 14.2 1.9 8~451, 7,0 b,7 Ol,b 27.0 128,0 b4,O 1010000, 10,
495b3 5.5990Q 5.7731H 1.8Ol51b 111.2 3.8 895Ol7. 1.0 b,1 2,b 27.0 IOlIl,O bll,O 1010000. 110,

49563 5.99411 4.70329 1.29061 11i.2 5,b 89b04, 7.0 b.1 2.b 27,0 128.0 b4.0 1010000, OlO,
4'1505 3. 37~8Ol 301'1149 .184>5 1.8 1.9 89451. 7,0 b,1 3,0 25.0 156.0 /)4,0 lc20000, 78!>,
495b5 3.!l120!!' 3.5falb .<!9~'la 7.8 3.8 8~527, 7.0 b.1 3.0 2~.O 136.0 b4,O 1220UOO, 370,
4'1SbS 4,(l81~6 4.411430 -,40263 7,8 5,b 89004, 7.0 b,7 5.0 2~,0 15.8.0 b4,O 1220000, 40,
4'1505 3.9&~b6 .2.5300b 1.454b3 10,0 1,9 89451, 7.0 b,7 3,0 2!>.0 138.0 b4.0 122UOOO, 3000,
495!lS 4.':i0029 4.;>1I12b .25'103 10.0 3.8 895Oll, 7.0 b.7 :S,O 25.0 J36 t 9. bll.O lOli!OOOO, ..70,
495b5 11.61763 3,051199 1.lb2114 10.0 5.b 89bOIi. 7.0 b.7 3.0 ?oS.O 13b,O b4.0 1220000, 270,
495b5 5.27917 3.85109 1.44808 15.3 1.9 89451, 7.0 b.1 :S.O 2!>.0 136.0 64,0 1220000. 180,
119565 5.962l7 3.b8842 2.273d~ 15.3 3.8 8"9527, 7.0 b.7 3.0 Z!>.O U6.0 &4.0 1220000, Ol50,
119505 0.362\1t1 4.3873 0 1.99559 15.3 5.b 89b04, 7.0 b.7 3,0 2S,O 136.0 b4.0 1220000, 50,
119507 3.234b'l 3.0'1548 ·.4bO I9 701 1,9 8'1451. 7.0 b.8 3.4 23.0 12b.0 70,0 1240UOO. 250,
4'1So7 3.n53c4 4."~l3b -.83&'1 701 3.6 69S27, 1.0 f..e 3.4 ?o5.0 12b.0 70.0 1240000. 110,
495b7 3.\l11~2 4.31527 -.40Llc':i 7.1 5.& 6960 11, 7.0 b,8 3.4 25.0 120.0 70.0 1240000, bOo
1195b7 3.b1010 3.&402& -.03bI6 6.4 1.9 89451. 1.0 b.8 3,4 25,0 12b.0 70.0 1<140000. 280,
4'15b7 4.07723 3.a&'130 .167.03 8.4 3.8 8.527. 1,0 b.8 Z.q 25.0 12b.0 70.0 1240000, loa.
49567 4.3b492 11.24832 .11000 6,4 5.b 8'1b04. 1.0 b,8 3.4 25,0 12b.0 70,0 Il40000, 70,

• o9S07 5"1~931 3.~~9~0 1.24001 111.2 1,9 &1 451. 1.0 b.6 3,4 25.0 120.0 70.0 12110000. lbO,
49507 5.793U2 4.09342 1.f.99!>') 14.2 3.8 89~27. 7.0 b.8 3.4 23.0 120,0 70.0 12401100, 100.
II'1Sb7 0.2017d a.13918 2.0b21>0 1~.2 5.0 &9bOIl. 1.0 b,8 3.4 2,).0 120.0 70,0 12aOoOO. 'la,
49509 3.12516 3,~7712 -.351'10 b.7 1.9 8'1451. 1.0 7,0 2.9 25.0 120,0 60.0 1560000. 4bO.
49Sb9 3.5<!950 3.7H15 -.24859 b.1 3.8 89527. 1.0 7,0 2.'1 25,0 120.0 bO.o 1.560000. 230,..... 4'1569 3.778£>1 2.96759 •791~2 b.7 5.b &9004. 1.0 1.0 2.9 2.5.0 1,,0,0 bO.O 1380uOO, 11120,

1.0..... 49Sb9 3.31416 .5.5'1~el ·,28Ib-; 7,3 1,9 6·~451. 1.0 7,0 2.'1 23,0 120.0 bO,O 1380000. 350,
09'09 3.74100 3,B~400 -.1 U I b·) 1.3 3.8 59527. 7.0 1.0 2,'1 ?-5,O 120.0 bO.O 1380000. 160,
119~1>9 4.U07l1 4013988 - .132 17 7.3 5.b 6'004, 7.0 7.0 2.'1 l5,O I<!O.O bO.O l.5bOOOO, 100.
49Sb9 11,\17577 4.231>78 • 7Bq~ 1.5.5 1.9 &';/4S1, 1.0 7.0 2,9 23.0 120,0 &0.0 1580000. dO •
495b'l 5.01-l~2 '1.8~8~'5 ,78077 13.5 3.8 89527. 7.0 7.0 2.9 25,0 120.0 bO.O 1380000. 20,
49509 6.01b14 4.b0275 1,j5UQ 13.5 5.b 89b04, 7.0 7.0 2.9 25.0 120,0 bO.O 1380000. 30,
4'1571 2.820So 3.5 /1 000 -.113'10 b.5 1.9 89451. 1.0 b.9 0.0 50.CI 12b.0 bb.O 1180000. 340,
119571 3.192lu 3.02472 -. a S2/HI b.S 5.8 89527. 1.0 b,'1 4.0 30.0 lco.O bb,O 1180000. 260,
4'1571 3.uI7"9 3.ol575 -.'.I03<1~ b.5 5.b 89b04. 7.0 b.9 11.0 :10.0 Ico.o bl>,O 1180000. 140,
4\1571 Z.78Hc 3,41867 -.b3S3~ b.4 1.9 89051, 7.0 b,9 11.0 30.0 12~.0 bb.O 1180000. 1150,
119571 3.I U3u8 11,10679 -1,02531 b.u 3,8 89527, 7.0 6.9 4,0 30.0 12b.0 ob.O 1180000. 60,
49571 3.3052b 4,37291 -1.001b.5 b.1I 5.b 89b04. 1.0 b,9 4,0 30,0 12b.0 bb.O 1180000. 50,
4\1571 4.1I053~ 4,5 9470 -,189'10 12.8 1.9 891151, 7,0 b,9 4.0 30,0 12b.0 bb.O 1180000. 30,
49571 4.97539 4,40962 .50551 12.d ~.a 69527. 7.0 b.9 a.O 30.0 126.0 bo.O 1180000. 40,
U9571 5.32040 5.0711\8 ,25458 lOl.8 5.b 8'1004, 7.0 b/9 11.0 .50.0 12b.0 bb.O 1160000. 10,
5025b 2.'12659 3.50'43 -.03a8~ 7,1 1,9 89451. 7.0 b,o 3.0 35,0 8d,O ~b.O b25000, 170,
50250 3.30':i27 3.3U452 .00011> 7.1 3.8 895.!1. 7.0 b.b 3,0 33,0 86.0 4b.0 b25000. .SI 0,
5025b 3,53850 3.7'15"8 -.2575<1 7.1 5.b 6900U. 7.0 b,b 3.0 5,).0 8~,O IIb,O b2JOOO. lOa,
50250 2.72392 5.B"i!79 -1.I~aa1 b.U 1.9 8'7451. 1,0 b.b 3.0 .5.),0 86,0 IIb.O b25000, 80,
5025b 3.07b38 5,1-1'179 -.S45'1l 6,4 3.8 69527. 1.0 b,b 3.0 3.5,0 6~.0 IIb,O b2S000, 1,0,
5025b 3.293~S 11.0'11>'11 -.803115 &.4 5.& 89b04. 7.0 b.b 3,0 35.0 6&,0 4b,O 025000. 50,
5025b 4.311H 4,1 9382 .11751 12,8 1,9 119451. 7.0 b.b 3.0 .55.0 88,0 4b.0 02S000 • 40,
S025/t 4.8b920 0.7 9588 .01332 12.8 3.8 89!>27. 1.0 b.b 3,0 33.0 88.0 Ob.O b25000. 10,
50257 3.0.5202 ·3.2~123 -.2131>1 7.5 1,9 8..451. 7.0 b.7 2.S 35.0 8b.0 Oc,O 555000. 500.
50257 3,11<1505 3.0~020 -.52517 7.5 3.a 8-l~21. 7.0 b.7 2.8 3.5,0 08,0 42.0 555000. bO,
50257 3."0070 3.S~22O ,II ~q u 7.5 5.b 6'/004. 1.0 b.7 2,8 35.0 88.0 U2.0 ~3S000. ISO,
502S7 2.'129H 5,31336 -.58~u5 o.Q 1.9 ll'luSI. 7.0 b.7 2,8 35.0 6~.0 42.0 53,000. cbO.
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SAMP NO. PREOICT~O UllS~R~fO RESIDUAL DOlle O.T. GT TEMP Pti TI<N 1100 T55 VSS INFLUENT ~FfLUENT

LOG KILL LOG KILL (MG/Ll (Ml~l ( Cl (MG/Ll (Ml;/Ll !Ml;/Ll (MC,/Ll F. tOLl ~, COLI

50070 .'1'122~ ,5188& .0733'1 4,7 3.8 6'1527. 10,0 &,9 5.& 11'1.0 148.0 96.0 12~SOOO. j80000.
50070 1.0&227 .68307 ,37860 4,7 5.6 89000. 10,0 6.9 5.0 11'1,0 148.0 '16,0 125!>000, coOOOO.
50070 1,05,30 1.&')108 -.5'1018 &.2 1.9 8'1H6, 10.0 &,'1 5.6 11 '1.0 1411,O 96,0 IZ!>!>OOO, ZIlOOO.
50070 1,191&1 1,95251 -.7&0'10 6.2 3.8 893'17. 10.0 6.9 5.6 119.0 108.0 96.0 12~SuOO. 10000.
50070 1.27~4j 2,~7853 -1.b0310 .0.2 5.& 8940'1. 10.0 6.'1 5,0 11'1,0 101l.0 '1hO 12!i!>UOO, 1&60,
50072 1,711515 .90~PO .R7"'~5 1• 2 1.9 8938b. 10.0 /'.& 0,0 71S.0 129.0 77 .0 80!>000, 100000.
soon 2.oc114 4.olBn7 -1.B07:'3 7,2 5.0 17d763, 10,0 0.& &.0 78.0 129.0 77 .0 805UOO. 30,
50072 .'133 09 1,09082 -.557H 2.7 1,9 69051. 10.0 6.& &,4 78.U le9,O 77.0 80SUOO, 20000,
50072 1.0542a ,215&0 .83808 2.7 ~.Ii 69527. 10,0 &.& b.o 78.0 12'1,0 77.0 805UOO. 4'10000,
50072 I,lZ8b7 .028&7 .70,.00 2.7 5.6 89bOo. fo.o b.o 0.0 71l.0 12'1,0 77.0 1l0~000. JOOOOO,
50072 1.,,1087 2.5 076& -.'130 99 &.2 1.9 69360, 10.0 6.0 0.0 71l.0 12'1.0 77 .0 80!>000, . UIlO.
56072 1.t<1890 2.12001 -.5071'7 &.2 3.8 89397. 10.0 0.0 0.4 78.U 12'1.0 77 .0 805000. j800,
50070 2. oO u31 0.0 013'1 -1.60Iil8 7.2 3.8 134080. 10.0 7.2 0.0 71,0 '14.0 60.0 440000. 00.
50070 2.83111 003 0202 -1,51 HI 7.2 5.& 118783. 10.0 7.2 0.0 71.0 90,0 &0.0 440000, 20,
50070 .92820 ,c:' 251 .07572 2.0 1.• 9 6'1051. 10.0 7.2 6,0 71.0 94.0 &0.0 000000. i!4bOOO.
50070 1,0483S .00998 1.03637 2.4 3.6 89527. 10.0 7,2 o.li 71.0 90.0 60.0 440000, 4.10000,
50074 1.70028 1.1'2390 -.08303 6.2 1,9 119360, 10.0 7.2 &,0 71.0 90,0 bO,O 4110000. 6000,
50074 1.9b:'Oo 2.06367 -.09060 0.2 3.6' 893'17. 10.0 7.2 &,0 71.0 90,0 60.0 41'0000. 3800,
50070 I.A1l1l82 0.0?119 -2.105237 7.2 1.9 69386. 10.C 7.3 7.1 7e.0 '17.0 50.0 420000. 40,
5007& 2.77330 0.32222 -1,54886 7.2 5,0 178783. 10.0 7.3 7.1 ?e.0 97.0 50.0 420000. 20,
50070 1.00b8S .?9b91 .70'190 2.8 I. 'I' &9451. 10.0 7.3 7.1 7<:'.0 97 .0 54.0 420000, c12000.
50071. 1.137U .73110 ,4059a 2.8 3.8 69527. 10.0 7.3 7.1 72,0 97,0, 50.0 020000, 78000,
50070 1,217>7 .1~013 1.07124 e.B 5.0 8'1604. 10,0 7,3 7,1 72.0 97.0 50.0 420000, jOOOOO.
!>G07b I. 704~2 1.8~~10 -.14008 ~.2 1.9 1:l9j8b. 10.0 7.3 7,1 U.O 97,0 50.0 420000. 0000,
50071. 1,920')7 2,11810 -. 1(1)~2 0,2 3.8 89397. 10.0 7.3 7.1 7C.0 97.0 54,0 420000. 3eoo,..... 50li7b 2.05995 3,22531 -1.165.5 b.2 5.6 &940'1. 10.0 7,3 7.1 72.0 '17,0 54.0 020uOO. eSO,

~ 50078 l.bbo"O 4.t3U!Q -2.067'H 7,2 1.9 &9380, 10.0 7.2 5.'1 8~.0 10j,O 51.0 !>/l5000, 40,
W 50078 2.4007'1 0.13430 -1.687!:>5 7,2 5.0 178783. 10,0 7.2 5.9 8~.0 103.0 51,0 54!>OOO, 00.

5007e .57'1~b 1.0929 0 -.5n211 1.5 1,9 &9451, 10.0 7.2 5,9 8~.O 10j,O 51.0 505000, 110000.
50078 .bS461 1.204'12 -.55('''5 1.5 3.8 b9!>27. 10,0 7.2 5.9 8~.0 103.0 51.0 545000, 34000,
50078 .70080 •• 3537 • cb549 1.5 5,& 8'1604 • 10.0 7,2 !>.9 8:'.0 10j.0 51.0 SU5000. 200000.
SOH!! 1.50372 1.9a821 -.4R~49 6,~ 1.9 &9j8~. 10.0 7.2 5,9 8~.0 103,0 51.0 505000, 5000,
50078 1,1,97'15 2.5 08H -.1;\50'13 0.2 05.8 893'17. 10.0 7.2 5,9 8:'.0 103,0 51.0 50!>oOO. I~OO,

soon I.lll 738 u.25927 -2.!HHts9 1..2 5.& 8940'1. 10.0 7.2 5.9 65.0 103.0 51.0 :'OSOOO. 3D,
50080 2.4331>5 4.33200 -1.89878 6.8 3.8 13110 B4. 10,0 7.1 0,9 bll,O 91,0 6(·.0 clS000. 10.
500BO 2.62.1 9'1 u.03101 -1.20742 b.d 5.& 178783. 10.0 7.1 0.9 b8.0 97.0 6(•• 0 215000. 20.
50080 .01l100 1.08730 -.80b26 1.4 1.9 &9051. 10.0 7.1 4,9 68,0 97.0 bO,O 215000. 7000.
50080 .76919 1.1 0199 -.33('Bo 1.4 3.8 8'1527. 10.0 7.1 0.9 1.&.0 97 ,0 60.0 21S000. 17000,
!>0080 .82347 1.':'035 -.3321;S8 1.4 5.& 89600. 10.0 7.1 4,9 68.0 91,0 oD,D 21:'000, 15000,
50080 1.8102~ c!.6!>120 -.834"7 6.2 1.9 1:'1386, 10.0 7.1 4.9 6&.0 97.0 00.0 215000. 480,
50080 2.u5082 3.Ie-b,1 -1.13549 6.2 3.8 89397. 10.0 7.1 4,'1 &0.0 97,0 60.0 21 ~ ')00. Ilia.
50080 2.19508 0.03141 -1.R3&B 0.2 5.b 89409. 10.0 7,1 0.9 08.0 97 ,0 60,0 215000. 20.
52105 1.'/2010 2,,<1111 ·,,215Gl 3.b 1.3 411111. 16.0 7.0 3,!> .s.o &,0 1.4 1:'!>oOO, 1120,
52105 2.17U99 2.216<;2 -.10152 3.0 2.b 41120 •. Ib,O 7,0 3,5 j.O 0,0 1,4 IS5000, 820.
52105 2,33532 2.~0811 -.53219 3.0 3.9 01138. 10.0 7.0 3.:' 3.0 1.,0 1.4 1:'!>000. 210.
52131 2.05111 2.07056 -.01947 4.0 1.3 41114. 1&.0 7.0 3,7 3,0 7,5 1.0 80000. 060,
52131 2.31610 2.IH21 .loli9S 4.0 2.& 01120. lo.li 7.0 3.7 j,4 7.5 1.0 80000. 570,
52131 2.4&08'1 2.52i?bS -.035'18 11.0 3.9 41138. 11..0 7.0 3.7 .s.o 7,5 1,0 80000, e40,
52107 2.72118 1.97~17 .70&01 6,3 1,3 09050, 16.0 7.0 0.1 &.0 1'1,0 9.0 0500000. 3000.
52107 3.07278 2.21972 .a'nOb ~.3 2.6 49 002. Ib.O 7,0 4.1 b.O 19.0 9,0 300000, ZOSO,
52107 3,~992q 2.7185& .56;;1>& 6.3 3.9 49 070. 16.li 7,0 4.7 e.o 1'1,0 9.0 0500000, b~O.
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SA~P NO. PREOICI~O UlIsf.R~H\ RESIDUAL 0051:' O.T. GT TEIIP PH TKN 1100 T5s VSS INFLlJENT I:fFLUENT
LOG I\ILL LOG KILL (MG/Ll (MI~l ( Ql (~G/L) (Mb/L) !MG/L) (Mb/L) F. COLI t, COLI

5i!109 2.74b93 2.1 9b29 ,5501>4 b.2 1.3 49450, Ib,O 7,0 6.7 4,4 7,0 4,0 220000, 11100,
52109 3.1018S 1.837;?7 1.2b456 6.2 11,0 494&2. 10.0 7.0 b,7 11.4 7,0 4.0 a2000D, 3l!00,
52109 3.3304& 11.980&9 .34977 &.2 3.9 49474. 10.0 1,0 0.7 4.4 7,0 4,0 al!OuOO, 1130,
52111 4,3'1738 0.0 4139 -1.&4401 11.9 1,3 49450. 10.0 7,0 3.':> 4.0 7,5 3.5 110000. 0,
52111 4.91>554 1>.01lH9 -1.0751<4 11.9 2.6 49402. 10,0 7.0 3,':> 4,0 7.5 3,5 110000, 0,
5cl11 5,33150 &,0 4139 -.7091>6 11.9 3.9 49474. I&.!! 7.0 3.5 4.0 7,5 3.~ 110000. 0,
5c!1I3 3.&.54':>'1 1>.2':>':>27 -2.&201>8 8.4 1.2 5977b , 1&,0 7.0 4,7 3,11 39.0 7.0 180UOO, 0,
52113 4.101121 &.2,527 -2.1510& S,II a,lI 59791. 1&,0 7.0 4.7 3,2 39,0 7.0 160000. 0,
521 Il 4,111176'1 1>.?~~27 -1,82735 8.11 3.7 59805. 1&.0 7.0 4,7 3,e! 3'1,0 7,0 180000, 0,
511115 3.1>2353 ".001132 -.38G79 8.4 1.2 59771>. 1&.0 7.0 b,l I.b b,3 1.0 101000. 10,
52115 11.0'1112 &.001132 -1,9121>0 8,11 2.4 59791, 1&.0 7.0 b,7 I.b b03 1,0 101000, O.
52115 11,11111111 &.001132 -1,58?91 8,11 3,7 ,:>9805, 1&,0 7,0 b,7 1.& &.3 1.0 101000, O.
52117 3.8143':> 11.113'111 -.2QQS9 8.t> I.a 59170. 1&.0 7.0 3.':> ,7 3.0 .9 130UOO. 10,
511117 11.3071'1 b 0115911 -1.801>75 5.0 2.4 59791, 1&.0 7.0 3.5 .7 3.0 .9 130UOO, 0,
52117 lI.b4b811 bo1 I 3911 -1.4670& 8.6 3.7 59dOS, 16.0 7.0 3.':> .7 3.0 ,'I 130000. 0,
52133 3.b 91162 3,84510 ·.152U8 6,& 1.2 5977&, 16.0 7.0 3.7 3.6 1,3 .2 700GO, 10,
52133 4.16973 5.8 11 509 -1.67536 8.6 2.4 59791, 16,0 7.0' 3.7 3.10 1.3 .2 70000, 0,
52133 1I.1I91156 5,R4~09 -1.3116~11 6.b 3.7 591105. 10,G 7.0 3,7 3,& 103 .2 10UOO, 0,
511396 4.175c!0 11.031111 • 14379 6.4 1.9 8938b • 13.0 7.11 2.4 10.10 18,0 10,0 1115000, 20,
52,96 4.71450 11,03141 .66309 Q.4 3.6 69397, 13.0 7.2 2.4 IU.6 18.0 10.0 21':>000. ZO,
5c!396 S.01l61l 110332411 .713&9 d.4 5,6 89/l09. 1.5.0 7,2 2,11 10,6 18.0 10.0. 215UOO, 10,
511QOO 4.1 9543 1I.32i!2Z -.ll1b79 6.4 1.9 119366, 13,0 7,1 3,5 9,1 25,0 I~.O 210000. 10,
Sl!UOO 4.73734 0,321122 -1.5841>7 8.11 3.6 ~9397, 13.0 7.1 3,S " ,I 2~.0 15,0 210000. 0,
511400 5.u7058 o,3222? -1.1151611 8.4 5.6 89409. 13.0 7.1 3,5 9.1 2':>,0 15,0 210000, 0,

l-' S2UG4 3.5ao'5 2.70602 .818r.:4 &.2 1.9 69380. 13.0 6.8 3.3 b.1I 2'1.0 I~.O 97000U, 1900,
1.0 5111104 3.961 9& 3.571 eo .UIOI& 6.~ 3.8 69391. 13.0 &,8 3,3 b.lI 29,0 19.0 970UOO. 2&0,
.f::::o 511404 4.ab2li':> lI. ob5711 -.423109 6.2 5.10 891109. U.O b.8 3,5 t>,11 e!Y,O 19,0 '170000, 20.

5240e 3. u53'1 203328e 1.11101>9 6.2 1.9 69366. l~.O 7.1 3.~ b.2 21,0 13,0 1195UOO, 2300,
52408 5.89'1&5 2.43'133 1.116032 10.2 3.6 89397. 13.0 7.1 3,5 8.2 21.0 13,0 495000. 1800,
5c?40e 11.11397 3.q9'it.3 .17553 b,Z 5.6 119409. 13.0 7,1 3,5 II.Z 21,0 13,0 49':>000. SO,
5114411 2.0':>':>52 2.,0'l2b -.1~374 4.0 1.9 &938b, 14.0 7.1 24,7 10,3 20,0 12.0 &1l0UOO, 4200,
52442 2.321?c? 2.3b5is -.0&453 4.0 3,8 69.597. 111.0 7.1 ZII.7 IU • .5 ZO,O 12.0 &bOOOO. 21100,
52U1I2 2.lIb4c8 4.0543b -1.57001 4.0 5.6 691109. 14,0 7.1 24,7 10 • .5 c!0.0 12.0,. b80000. bO,
5211~6 2.811702 2032736 .51"&& 4.0 3,6 b93'11, 111.0 7,1 3.6 10,10 111.0 16,0 411~000. ZOOO,
S2Q4& 3,0117211 3.39 7911 -.35i16b 4.0 5.& &9409. 111.0 7.1 3.8 10.b Je.o 1&.0 11115000, 170,
511&84 1.71~60 l.ei315 -.15755 4.Z 1.9 b9366, 16.0 7.0 2,0 51,0 82,0 30.0 2511000. 3400,
52&84 11.171 09 I,ssnll .611.56 4.2 3.8 1~4064, 16.0 7.0 2,10 51.0 82.0 30,0 2~IIUOO. 7000,
52684 2.':>1931 1.5597 4 .9,>';':>8 4.2 5.& 178763, I&.e 7,0 2,& 51.0 62.0 30.0 2':>4000. 7000,
511btl4 l.bb9~e! .110283 1.20,,99 11.0 1.9 6'1451. 110.(1 7,0 11.10 51.0 lIe.O 30.0 11~4000. 87500,
SZ/)84 1.8B5S11 ,830/>3 1.04'1'<5 11.0 3.8 89527, 16.0 7.0 c!,o 51.0 811,0 30.0 254000. 57000,
5Zb811 2.018'15 1.50174 .51'121 4,0 5.6 &9&04. 1&.11 7.0 2.6 51,0 82,0 30,0 2541)00, '8000,
526611 1,6&947 .73274 ,9J074 4.0 1.9 e936&. 1&,0 7,0 e,o 51.0 82.0 30,0 1154000. 47000,
52,,84 I.!'b'ill 1.103RO .781.51 11.0 3.8 69.597, 1&.0 7.0 2.6 51,0 611,0 30.0 1154000. 20000,
S2,,1!1I 2.01172 1.32':>65 .692(17 4.0 5.& 69409, 1&.0 7.0 a,o 51,0 82.0 .50.0 Z':>lI000, 12000,
5Zb'lll 2.235 90 1./>0974 .620<:2 4.9 1.9 69386, 16.0 7.2 3.0 35,0 80.0 32,0 e!S5000. 7000,
Si!694 11.112920 1.74303 1.08625 4.9 3.6 13110611, Ib.O 7.2 3.0 3':>.0 80.0 3e.0 c!1l':>000. 5150,
526911 3.28301 11.47712 .80,"5 4.9 5.& 176163. 1&.0 7,Z 3,0 3':>.U 60.0 32.0 21<5000, 'ISO,
511&911 11.20290 1.37500 .R2HO 4.6 1.9 t-94SI. 16.0 7.2 3,0 3':>.0 80,0 32.0 26':>000, 111000,
SI1b911 2.1I080c? 1.25072 1.23730 4.6 3.e 1>9':>117. 16.0 7.2 3.0 3':>.0 80,0 32.0 26':>1100. 10000,
520'14 2.&oj':>o a.50S.5 .lsdl2 4.8 'i.o &90G4. 10,0 7.2 3.0 35.0 1'0.0 3<'.0 285000, 890,
520911 11.0311 'I .~S278 1.170"1 4.2 1.9 &9351>., 1&.0 7.2 3.0 3':>.0 110.0 5e.0 110':>000. 110000,



SAMP NO. PREOlCr~O UllSERVED RESIDUAL DOH 0.1. GT TEMP PM TI<N flOD TS5 VSs Ii'lFLuENT ~FFLUENT

LOG IIILL LOG KILL (MG/Ll (Ml~l ( Cl (MG/Ll (MIi/L) ~Ml!/Ll (M(,/L) F. COLI ~. COLI

52b94 2.293~5 1.25072 1.011283 11.2 3.8 89397. Ib.O 7.2 3.0 35.0 80,0 32,0 285000, 11>000,
521>90 2.45489 1.8 7501> .57<11-3 4.2 5.6 691109. lb. (, 7.2 3.'0 3~.0 80.0 32.0 28!>O,OO. 3600,
527011 2.71358 2.<,11 917 .116.1 4 1 b.5 1.9 8938b, 16.0 7.0 2.9 3~,0 152,0 95.0 t!OSOOO, 1155.
527011 3.113363 2.5 4833 .88531 6.5 3.8 134084. Ib.O 7.0 2,9 35.0 152.0 95.0 205uOO. 580.
52704 3.981131> 2.<131511 '.0':'281 6.S 5.b 1787!!3. H.O 7.0 2.9 35,0 15t!,O 95.0 20SUOO. 2110,
527011 2.b5052 2.1'1781 .115271 lid 1.9 8911~1. '1b.O 7.0 2.9 35.0 152,0 95,0 205000. 1300,
527011 2.?93~9 2,37726 .61.'>23 6.3 3.8 89~27. Ib.O i.O 2. 0 35.0 152.0 95.0 205000, 8bO.
527011 3.20471 .i.2 3257 -.027':<7 b.3 5.b 896011. 16.0 7,0 2.9 35.0 1~2.0 95.0 20~000. 120,
527011 <1.71358 1.9"9,3 .74~t!~ 1>.5 1.9 109380. lb.O 7.0 2.9 35,0 152,0 95.0 205000. 2200.
52700 3.0611011 2,23257 .83151 b.5 3.8 69397. Ib,O 7,0 2.9 35.0 152.0 95.0 205000. 1200,
5270el 3.2H1>2 3.03300 ,211061 6.S 5.6 891109. Ib.O 7.0 2.9 35.U 152.0 95.0 205000. 190,
52714 2.591170 2.03892 .55518 b.2 1.9 "'9381>. 16.0 7,0 2.9 3".0 80.0 30.0 175uOO, 11>00.
';27111 3.283~0 2.251QI 1.~3139 6.2 3.8 13110811. Ib.O 7.0 2.9 31>.0 80.0 30.0 175000, 980,

.... 527111 3.80980 2.9 11 201 .8b7l 9 b.2 5.b 17d783. Ib.O 7,0 2.9 30.0 80.0 30.0 175UOO. t!00.
W 52il~ 2.od578 1.,,1979 1.00000 b.5 1.9 89451. Ib.O 7.0 2.9 30.0 60.0 30.0 175UOO. 4eOO,
01 527111 3.033H 2.552811 .1180117 . b.S 3.8 lJ'I~27 • 1&,0 7.0 2.9 30.0 80,0 30,0 175000. 1190.

527111 3.24755 2.1>6325 • 51lIl,)9 b.S 5.b &'1004 • 10.0 7.0 2,9 30.0 80.0 30.0 175000. 380.
527111 2.0&889 1,p-8IH .78758 b.5 1.9 e938~. 16.0 7,0 2.9 3".0 80,0 3U.0 1'15000. 2300.
527111 3.013 be 2.189~6 .6251>& &.5 3.8 f.93'17. 10.0 7.0 .2,9 30,0 80,0 311.0 175000, 1130.
S27t4 3.225 bl 3.12909 .09';!>1 b.5 5.b 891109. 1&.0 7.0 2,9 30.0 80,0 30.0 175uOO. 130.
521211 3.2311&9 3.3&172 -.12704 8.3 1.9 8'1380, Ib.O 7.0 5.5 31.0 82,0 3t!.0 345000, 1~0.

527211 1I.u93\12 11.23079 -.1115'/& 8.3 3.8 13110811, 1&.U 7,0 5.5 31.0 82.0 32.0 311~000, t!0.
527211 3.253h 2.522~tI .730118 8,11 1.9 119451. 10.0 7.0 5,5 31.0 1l~,0 32,0 3115000. 1035.
52724 3,b7113c! 3.75%& ·.06'534 8.11 3.8 119527. 1&,0 7.0 5,5 31.0 82.0 32.0 3115000, bO.
527211 3,933'>9 1I.0&0/>9 -.Inil 8,11 5,b 119&04, 16,0 7,0 5,'> 31,0 8e,0 32.0 3115000. 30,
52124 3.2Hb'l 2.5 9333 ./>4 15& 8,3 1.'1 b938&. 10••j 7.0 5.~ 31,0 82.0 32.0 3115000. 680.
52724 3.&5250 3.&9272 -.04022 8,3 3.6 89397, 1&,0 7,0 5,$ 31.0 82,0 32,0 3~·,UOO. 70,
52134 3.31BH 2.15112 1.1&735 8.11 1.9 &938&, 1&.0 7.0 2,9 3<.0 811.0 3&,0 24~000. 1730,
527311 11.1990" 2.~971\0 1.30124 6,4 3.8 1340811, 16,0 rr.o 2.9 3t!.0 811,0 3&,0 245000, 310.
527311 1I.87?S3 3.309,8 1.5&254 8.11 5.b 178783. Ib.O 7.0 2,9 32,0 811,0 30.0 2115000. 120.
52734 3.251111 2.73~q5 .51'i19 8,2 1,9 ~9451. 1&,0 7.0 2.9 3<.0 811.0 3';.0 245000. 1150.
5273e1 3.&7153 lI,oB814 -.111051 8.2 3.8 11'<527. 1&.0 7.0 2.9 3t!.0 64,0 30.0 245UOO. 20.
52734 3.950'11 1I.389 1b -.45325 8.2 5.& ll'l&OIl, 1&.0 7,0 2,9 3t!,0 84.0 31>.0 245000. 10.
527311 3.232u~ 2,30&38 •925,,7 8,1 1.9 893!l& • 1&,0 7.0 2,9 32.0 84,0 3&.0 245000, 1210,
527311 3.b4952 3.01>&9, ,582~7 8.1 3.8 119597. 10.0 7.0 2.9 . 3t!.0 8/1,0 3".0 211~OOO. 210.
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:lAMP NO. PHEOICTlO UllS~RVEO RESIOUAL QOS/:, O.T. GT TEMP PH T~N !lOO 'S5 V5S INFL.lJENT lFfLUENT
L.OG KILL LOG KILL 111G/L.l (KI~l ( Cl (I1G/Ll (11(;/Ll !11(;/Ll (11('/L.) F. COLI t. COL.I

52b34 1.l>b91!> 1.55023 • 11 392 2.0 5.6 178783. 11>.0 7.0 2.8 34.0 100.0 42.0, ZUOOO. bOOO •
52b34 1.560~C! 1.0 4%2 .51100 2.0 1.9 35451. 16.0 7.0 2.8 311.0 100.0 112.0 213uOO. 19000.
52&34 I.S94!l2 1.;>1443 .33039 2.0 3.8 89527. 16.0 7.0 Z.3 311.0 100.0 42.0 2131100. 13000.
52&34 l.bI2211 1.43b25 • 17591> 2.0 5.6 89b04. Ib.O 7.0 2.8 34.0 100.0 42.0 21.5000 • 71l00.
!>Zi>34 1.~to415 1.IZII?b • !l3990 2.0 1.9 8'138b • 111.0 7.0 2.3 34.0 10~.0 42,0 213000. IbOOO.
5203~ 1.~9470 1.28098 .30772 2.0 3.8 89397 • 11>.0 7,0 2.1I 34.0 100.0 42.0 21.5000. 11000.
501034 1.612 Uo 1.1 ,22'1 .45'<78 2.0 5.11 89 409. 10.0 7,0 2,8 311,0 100.0 42,0 21.5000. 15000.
5211114 2.34604 3,91b45 -1,5118 41 4.0 1.9 89.580. Ib,O 7.0 2,7 3~.0 '10,0 38.0 Ib!>OOO. 20.
52!>1I4 2,114313 11.21748 -1,774.54 4.0 3.8 134084, 16.0 7.0 2.7 3~.0 90.0 38.0 105000. 10.
52044 2.~05b~ 3.7 4036 -1.23471 4.0 5.11 17878.5. 111.0 7,0 2.7 35,0 90,0 38.0 11>5000. 30,
52!>411 . 2.3 4812 2,1I8bOO -, :s.s7~8 4.0 1... 39451 •. 111.0 7,0 2.7 3~.0 90.0 38.0 le~uOO. ,S40,
!>2!>u/I 2 • .l94U7 ?'1b221 -,5b813 4.0 3.8 Il'lS2" , 10,0 7,0 2,7 3~.0 '10,0 38.0 IbSOOO. 180.
501044 2.401022 3.01536 -.59314 11.0 5.b 1I9004. Ib,O 7.0 2.7 3~.0 90.0 38.0 105UOO. 1110,
S2~44 2.3480'~ ~.50"9t -.10187 11.0 1.9 89380. 111.0 7.0 2.7 3~.0 90.0 38.0 leSUOO. Sili.
5211114 2.39390 2.S30?4 -.1 4254 4.0 3.8 89397. 11>.0 7.0 2.7 .5~,O 90.0 33,0 1&5uOO. 1180,
521144 2.41990 2.l>t~42 -.t9S"b 4.0 S.b 8'140'1, 111.0 7.0 2,7 3,.0 '10.0 38.0 Ib5uOO. 400,
S2&~4 2.2~/I10 3.27bllu -1.02275 .Q.2 1.9 1I9380. 10.0 7.0 2.8 3'1.0 9~.O 30.0 227UOO. 120.
5211S11 2,3 11 !>39 3.4~293 -1.10755 4.2 3.8 13110611. 10.0 7.0 2,8 3'1.0 95.0 30.0 227uOO'. 80,
S20S11 2,4~~41 .l.an90 -1.473,0 11.2 S.b 178783. Ib.O 7.0 2.1I 3'1.~ 9,.0 30.0 227000 • .10,
52b54 2.2779b 2.77b24 -.49826 11.2 1.9 3911SI. l~.O 7.0 2.& 3'1.0 9!>.0 30.0 227uoo. 380.
520'>4 2.322S~ 2.1>9327 -.37073 4.2 3.8 89S27. i",O 7.0 2.8 39.0 9'.0 30.0 227000. 4bO.

I-' S2&S4 2.3117 91 2.!\b4bll -.SI07b 4.2 5.b 69b04. 111.0 7.0 2.1I 3'1.0 95,0 30.0 227000. .lIO,
1.0 S2&54 2.25~10 2.51093 -.?S083 11.2 1.9 89.l6b. Ib.O 7.0 2,8 39.0 9::'.0 30.0 227000, 700.
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