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ABSTRACT

Water treatment efficiency of slow sand filtration was studied under
various design and operating oonditions to ascertain removal of Giardia
lamblia cysts, total coliform bacteria, standard plate oount bacteria,
particles, and turbidity. Filter removals were assessed at hydraulic loading
rates of 0.04, 0.12, and 0.40 w/hr, temperatures of 0°, 5°, and 17°c,
effective sand sizes of 0.128, 0.278 and 0.615 mm, sand bed depths of 0.48
and 0.97 m, influent Giardia cyst concentrations of 50 to 5000 cysts/liter;
and various oonditions of filter biological maturity and influent bacteria
concentrations. Testing was conducted from July 1981 to December 1983 with
nine pilot filters, each 1 foot in diameter.

Results showed that slow sand filtration is an effective water treatment
technology . Giardia cyst removal was virtually 100 percent for a
biologically mature filter. Total and fecal coliform removal was
approximately 99 percent. Particle removal averaged 98 percent. Standard
plate count bacteria removal ranged form negative removals to 99 percent,
depending on the influent oconcentration. Turbidity displayed a unique
ability to pass through the filters, a characteristic not previously
reported, and removal ranged from 0 to 40 percent.

Changes in process variables resulted in decreased filter efficiency for
increased hydraulic loading rate, increased sand size, decreased bed depth,
and decreased biological activity. Giardia removal was influenced by the
biological maturity of the filter but not by the variables mentioned above.
During filter start-up, Giardia removal was 98 percent; and once the filter
was mature, removal was virtually complete.

Slow sand filtration is effective in removing Giardia cysts and bacteria
and should be oonsidered as an alternative to rapid sand filtration during
treatment process selection for small cammunities. As a general principle,
on-site pilot testing should precede any selection or installation of a water
treatment system.

This report was submitted in fulfillment of Contract No. CR808650-02 by
Colorado State University under the sponsorship of the U.S. Envirommental
Protection Agency. This report covers the period March 1, 1981 to February
28, 1984, and work was campleted as of February 28, 1984.
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SECTION 1

INTRODUCT ION

INVESTIGATION

Rasis £ ticati

This study of Giardia Jlamblia removal by slow sand filtration was
initiated as one part of a oooperative agreement between Colorado State
University and the U.S. Envirommental Protection Agency (EPA). Its objective
was to ascertain removals of Giardia lamblia cysts by slow sand filtration,
rapid sand filtration, and diatamaceous earth filtration. This document
describes the results of the slow sand filtration research.

Slow sand filtration was included in the cooperative agreement because
of EPA interest in ascertaining appropriate treatment technologies for small
communities. Outbreaks of giardiasis have been associated most often with
small cownunity water systems. A frequent cause of these outbreaks has been
problems in operation of their rapid rate filtration systems. Slow sand
filtration and diatamaceous earth filtration are possible alternative
technologies, especially appropriate for small communities. Though slow sand
filtration is well established in other parts of the world as an effective
treatment technology, it has not been used extensively in the United States,
where it has been largely pre-empted by rapid rate filtration since about the
turn of the century. Thus there was interest by EPA in developing additional
first bhand knowledge about the process and in assessing its effectiveness in
removal of Giardia lamblia cysts.

Rurpose

The purpose of this study was to ascertain the suitability of slow sand
filtration as an appropriate water treatment technology for small cammunities
that could have an existing or potential Giardia problem. The project
included developing an understanding of the respective roles of process
variables. Recommendations were made for design and operating guidelines,
with emphasis on removal of Giardia lamblia cysts.

biecti

The objective of this research was to detemmine the removal efficiencies
of slow sand filtration for Giardia cysts, coliform bacteria, standard plate
count bacteria, turbidity, and particles as influenced by process variables.



The process variables of interest included design parameters (hydraulic
loading rate, sand bed depth, and sand size), and operating oonditions (age
of filter schmutzdecke, effect of schmutzdecke removal, age and condition of
the biopopulation within the sand bed, effect of nutrient addition on
accelerating biological development, concentrations of influent contaminants,
and water temperature).

Scope

The research was a classical experimental investigation in which the
magnitude of one independent variable was changed while the others were
maintained constant and the response of the dependent variables were
measured. The dependent variables were: Giardia cysts, total coliform
bacteria, fecal coliform bacteria, standard plate count bacteria, turbidity
and particles. The independent variables were: hydraulic loading rate, sand
bed depth, sand size, temperature, role of schmutzdecke, ocondition of the
biological population within the sand bed and the effect of accelerating
biological development. The "biological population" refers to the aggregate
populatz.on of bacteria, protozoa, and higher organisms attached to the sand
grains comprising the sand bed. The level of activity of this bio-mass is

dependent upon the nutrient loading on the filter and the time elapsed since
startup.

The experimentation was performed in three phases using laboratory scale
pilot filters. The Phase I experimentation was conducted during the period
August 1981 to December 1982, using three 1 foot-diameter filters. The three
filters were operated at hydraulic loading rates of 0.04 m/hr, 0.12 whr, and
0.40 vhr. This work ascertained how hydraulic loading rate, biological
condition of the sand bed, the schmutzdecke, and influent concentrations of
bacteria and cysts affected the removal of bacteria, cysts, turbidity and
particles.

Based on the results of the Phase I tests, Phase II was designed to
assess the influences of sand bed depth, sand size, biological activity in
the sand bed, and temperature on filter performance. To accomplish six
additional 1 foot-diameter pilot filters were built. One was a control; the
other five were operated the same as the control, but a difference in one of
the process variables was imposed for each of the other five filters,
respectively. The Phase II testing period was from February to September
1983. ‘

The Phase II test results lead to the design of the Phase III
experiments, which were conducted with the same six pilot filters. The Phase
III experimentation was an extension of the Phase II program and was designed
to improve the resolution of the influence of temperature, sand size, and
schmutzdecke development on filter performance.

Signifi

Rapid rate filtration 'is the water treatment technology used most
extensively in the United States. Often it has proved inappropriate for

N



snall communities. Essentially, rapid-rate filtration is a "high" technology
that requires skilled operation, which in turn means trained operators who
are retained in service by the community. Even with skilled operation, the
process may not be effective, especially when cold, clear waters are used
as a supply. This observation is borne out by the increasingly frequent
outbreaks of giardiasis, many of which have been associated with improper
operation of the rapid rate filtration process.

Slow sand filtration, on the other hand, is a "passive" technology that
requires 1little attention because the filter effectiveness occurs naturally
fram the development of its schmutzdecke and of the bio-population within the
sand bed. Knowledge of the relationships between removal effectiveness and
process variables (the focus of this research) provides a basis for
recommending improved design and operating guidelines for slow sand
filtration. Fram this knowledge, design engineers, regulatory personnel, and
water utilities have a basis for considering slow sand filtration as an
alternative technology.

PRINCIPLES OF SLON SAND FILTRATION

Slow sand filtration is a "passive" filtration process—that is, it is
subject to very little control by an operator. There is no chemical addition
or backwash. The raw water is passed through a sand bed where physical,
chemical and biological mechanisms remove contaminants. The most important
removal mechanism has been recently attributed to the biological processes,
(Huisman and Wood 1974, van Dijk 1982, Taylor 1974). The first two authors
outline general principles of design and operation and have served as
important references for practice.

During operation, biological growth occurs within the sand bed and
within the gravel support. ‘That this phenamenon is important was a
conclusion fram the research reported within. Also, a layer of inert
deposits and biological material, called the "schmutzdecke," forms on the
surface of the sand bed. The schmutzdecke and the biological growth
within the sand bed, which may require weeks or months to develop, have the
most important roles in the effectiveness of slow sand filtration. The
literature emphasizes the importance of the schmutzdecke.

Operation of a slow sand filter requires two periodic tasks: 1)
removal of the schmutzdecke and (2) replacing the sand. The schmutzdecke is
removed by scraping the top 2 cm fram the surface of the sand bed after the
filter bed is drained. The procedure is done when the filter headloss
exceeds about 1 to 1.5 meters. ‘The removal interval depends on the
contaminants present in the raw water and the hydraulic loading rate. Weeks
or months of operation should be expected between removals. Since operating
expenses will be affected by the frequency of schmutzdecke removal, pilot
testing is advisable to ascertain this important operating parameter.

Replacing sand is necessary after repeated scrapings have reduced the
sand bed in the filter to its lowest acceptable depth, which is about 0.3 to
0.5 m. The method of replacing sand recammended by Huisman (1974) is to



remove the remaining 0.3 to 0.5 m of sand down to the gravel support layer,
add new sand to one half the design depth, and place the sand previously
removed on top of the new sand. This procedure results in clean sand being
placed in the bottam half of the filter bed and formerly biologically active
sand in the top half. It also provides for a complete exchange of sand over
time, which alleviates any potential problem of excessive silt accumulation
and possible clogging of the filter bed. Several years of operation should
be expected before this operation is necessary.

The slow sand filter is designed to operate at hydraulic loading rates
ranging from 0.04 mwhr to 0.40 whr. By oontrast, the lowest expec&ed
hydraulic loading rate in rapid rate filtration is 13.6 mvhr (2 gm/ft®).
The effective sand sizes used range fram 0.15 mm to 0.35 mm, with a
uniformmity coefficient of less than 2. In rapid rate filtration using dual
media the ‘effective sizes are about 0.45 mm for the sand and about 0.90 mm
for the anthracite. The sand bed depth ranges from 60 am to 120 acm, and is
supported by 30 cm to 50 cm of graded gravel.

To sumarize, slow sand filtration is a "passive" process, requiring
development of biological activity within the filter. Because of the low
hydraulic loading rates, a large filter bed area is required. :

LITERATURE REVIEW
siardia Lambli

History——

The protozoan Giardia was first observed in 1681 by Antony van
Leeuwenhoek  (Dobel, 1932). Since that time the genus and species
nomenclature have undergone changes and are still being disputed. In 1882
the organism was given the genus name of Giardia by Joseph Kunstler. The
genus name Lamblia was used by Raphael Blanchard in 1888, and this name is
still used to same extent in Europe (Levine, 1979). The species lamblia was
established in 1915 by Charles Stiles and prior to this was synonymously
known as intestinalis, duodenalis, and enterica.

Table 1 lists the different names used to identify Giardia cysts from
different hosts. It is believed that the species in group 1 are the same
and, therefore, may be cross-transmitted between host of different animal
species. Hibler (Davies et al. 1983) has reported self infection using
Giardia cysts obtained fram dogs. The characteristics of Giardia Jlamblia
cysts and Giardia canis cysts are identical, and there is every reason to
believe that the two are the same organism. This is ocorroborated in a
different manner by Hewlett, et al. (1982) who established that Giardia cysts
from humans can infect dogs. Thus the designation Giardia lamblia is proper
for the Giardia cysts used in this research, which were obtained from dog
fecal samples.

Structure—
The organism has two life stages: a reproductive trophozoite stage and
a domant cyst stage. Sketches representing these two life stages are shown



Table 1. Different species names given to Giardia found in specific hosts
(Jakubowski, 1979).

IFFERENT SPECIES IDENTIFICATION HOST ORIGINATED FROM
1. Claw-like Median Bodies
Giardia lamblia Man
Lardia i ali Man
Glardia canis Dog
Giardia cati Cat
Giardia bovis Ox
Giardia dusxiemy.s Rabbit
Giardia simondi Rat, Mouse
2. Rounded Median Bodies
Giardia mun?/ House Mouse, Rat,
Hamster

v Cross-tranamittance of these species has not been demonstrated.

1 5-|5)Jm__]

9-2lpm Flagella

Claw-like
Median Bodies

Figure 1. Sketches of a) trophozoite, and b) cyst stages of Giardia Jlamblia
(Jakubowski and Hoff 1979)

in Figure 1. The trophozoite, shown in Figure 2-la, is pear-shaped, with a
broad anterior and a blunt, pointed posterior. The dorsal side is convex,
while the ventral side contains a sucking disc and is oconcave. Its



dimensions are 9-12 um long by 5-15 am wide and 2-4 am thick. The
trophozoite is also bilaterally symmetrical with two nuclei and eight
flagella.

The cyst, shown in Figure 2-1b, is ovoid to ellipsoidal in shape with a
translucent cyst wall approximately 0.3 um thick. Its dimensions are 8-12 um
long by 7-10 um wide. Newly formed cysts have two nuclei while mature cysts
usually have 4 nuclei. It is uncertain when division and doubling of
organelles occurs, but during excystation two trophozoites emerge.

Disease——

Infection is caused by ingestion of as few as one and ten cysts
(Rendtorff, 1954). Giardiasis symptoms will appear anywhere from two to
thirty-five days after ingestion with one to two weeks as the most common
incubation period. ‘The cyst is the only life stage that is infectious. It
survives digestive processes and harbors in the s=mall intestine. Once
exposed to Giardia lamblia the host can be a lifetime carrier. Presently,
drugs with harmful side effects will cure the symptams but the disease can
recur, especially during stressful periods. The symptoms of the disease
include: diarrhea, flatulence, foul stools, cramps, distention, anorexia,
nausea, weight loss, belching, heartburn, headache, constipation, vamiting,
fever, chills, and fatigue (Jakubowski and Hoff 1979).

Waterborne Transmission—

The first documented waterborne outbreak of giardiasis in the United
States was in Aspen, Colorado, during the winter of 1965-1966. The town's
water supply was treated with chlorine only. More than 11 percent of the
1,094 vacationing skiers surveyed over a two-month period developed
giardiasis. At approximately the same time there were reports of epidemic
giardiasis among travelers returning fram the Soviet Union. The Center for
Disease Control surveyed 1,419 members of 47 tour groups which visited the
Soviet Union between 1969 and 1973. The CDC estimated 23 percent of the
travelers had giardiasis (Jakubowski 1979). The largest outbreak of
giardiasis in the U.S., and the first when a Giardia lamblia cyst was
recovered fram a municipal water supply, occurred in Rome, New York, from
November 1974 to June 1975 (shaw 1977). A total of 350 residents had
laboratory-confirmed giardiasis and an estimated 5,300 others may have been
symptomatic. Chlorine, again, constituted the only form of water treatment.

Outbreaks in Camas, Washington, in 1976 (Kirmer 1878 and Berlin,
New Hampshire, in 1977 (Lippy 1978) were the first cases in which Giardia
cysts were found in filtered water supplies. Subsequent reports from Estes
Park, Colorado, (Blair 1979) and Vail, Colorado (Blair 1980) substantiated
the seriousness of the problem and the difficulties in adequately treating
water to prevent Giardia cyst transmission.



3 Filtrati

History--

Slow sand filtration has had a long and successful history of providing
treatment for potable water use. It was first practiced at the beginning of
the 19th century in Europe to remove undesirable materials from highly
oontaminated surface water sources. In a short period of time it became
apparent that occurrences of cholera and typhoid were reduced when waters
were filtered. Consequently, by the end of the 19th century most European
countries, and experts in the United States, were advocating filtration for
public waters and same required it by law. Slow sand filtration is widely
used throughout the world and is still considered an excellent water
treatment technology. The World Health Organization recommends it as the
water treatment technology of choice for developing countries.

The first recorded use of slow sand filtration was in 1804 in Paisley,
Scotland where John Gibb designed and constructed a filter to provide water
for his bleaching business and for public purchase. Chelsea Water Company in
1829 provided the first slow sand filtration of a public water supply which
was delivered through a piped distribution system (Baker, 1948). James
Simpson designed and constructed the filter with a hydraulic loading rate of
0.1 nwhr which has became the standard of design (Fox, 1978). The attributes
of filtered water became apparent to London's populace and in 1839 the city's
cammercial water suppliers began filtering their water. ‘There were five
successive increases in filter area until 1894 when the total filter surface
area had reached 470,000 m“ and was producing 890,000 of water per day.
In 1852 the health benefits became so obvious that the London city govermment
required filtration of many waters prior to public sale, and later
established the Thames Oonservancy Board to regulate potable water quality
(Hazen, 1913).

Scientific evidence that filtration reduced the occurrence of disease
was provided in 1850 when Dr. John Snow ooncluded that cholera was
transmitted in water by "materies morbi" and that filtration ocould remove
this substance. In 1892, a very graphic example of filtration benefits
occurred in Germany. Hamburg had over 7500 people die in a typhoid epidemic
while Altona, Hamburg's neighbor, had only a few typhoid deaths. Both used
the Elbe river water as their water source; however, only Altona filtered the
water prior to distribution (Huisman, 1974).

Continental Europe began filtering public waters by the 1850's.
Filtration for Berlin began in 1856, Altona in 1860, Zurich in 1884, Hamburg
in 1893 and Budapest in 1894. Hamburg's filter plant construction was done
by day and night under electric lights to complete construction as soon as
possible and prevent another cholera epidemic. By 1899 4.7 million cubic
meters per day were being filtered in Europe (Hazen, 1913).

Europe is still using slow sand filtration as a major component in their
water treatment systems, e.g., London, Zurich and Amsterdam. It was not
until 1962 in Rotterdam that a large-scale rapid sand treatment plant,
similar to U.S. designs, was constructed in Europe (Okun, 1962).



The use of slow sand filtration was not and is not as wide spread in the
United States. The short filter runs associated with the turbid waters found
in the East and Midwest caused interest in the new rapid sand technology
developed in the 1890's. The first slow sand filter in the U.S. was designed
by James P. Kirkwood and built in 1872 for the town of Poughkeepsie, New
York. This was followed by filters in Hudson, N.Y., 1874; St. Johnsbury, VT,
187(?), and Lawrence, MA, 1894. By 1899 filtration in §he U.S. had reached
1.1 million cubic meters per day but only 200,000 m”/day was by slow sand
filtration.

The filters installed at Lawrence, Massachusetts were notable because of
the extensive research conducted by the Massachusetts State Board of Health
prior to the filter design and construction. This was the most scientific
approach to design yet made. Three years of turbidity and bacteriological
testing at different flow rates and sand sizes provided the proof that slow
sand filtration would remove the typhoid germ which was causing up to 28
deaths per month in Lawrence. The effective sand size selected was 0.25 mm,
the bed depth was 1.5 m and the hydraulic loading rate was 0.08 whr
(McCarthy, 1974) which is within the specification recommended by the World
Health Organization.

A study in 1899 for the city of Pittsburg detemmined that slow sand
filtration removed 99 percent of the influent bacteria while rapid sand
filtration removed 97-98 percent. Even though rapid sand filtration cost
less to install, Hazen recammended installing slow sand based on bacterial
evidence and the city proceeded with the oonstruction of the slow sand
filters.

A recent survey conducted by Slezak (1983) had 27 responses to a
questionnaire concerning practices in U.S. slow sand filter plants. Although
this was not a large response, there are some interesting results presented:
1) 9 of the 27 plants are less than 25 years old, 2) 17 of the 27 plants
serve communities of less than 10,000 people, and 3) the filtration rates are
within recammended guidelines, but 4) the effective sand sizes are usually
larger than recommended, i.e., greater than 0.3 mm. This survey demonstrated
that there is still interest in the U.S. for slow sand filtration, primarily
for small communities.

Perfomance—-

Slow sand filters have proven to be very effective in removing bacteria
and virus, as well as organics and inorganics. Table 2, taken from Slow Sand
EFiltration for Community Water Supply in Developing Countries, summarizes
the performance characteristics of slow sand filtration.

The data in Table 2 have been supported by a number of investigations.
Organics including humic acids, detergents, phenols, and same herbicides have
been removed fram 50 to greater than 99 percent (Bergling, 1981; Burman,
1978; den Blanken 1982; Huisman, 1974; Taylor, 1974; Miller, 1980).
Puramasivam (1980) demonstrated that (OD removal was 67 percent with an
influent of 7.5 mg/l. Buman (1979) and James (1979) determined that
improved organic removal, especially for color and man-made compounds, can be



Table 2. Performance of slow sand filters (Van Dijk, 1982).

- —— -y

Parameter _ | _ ___ _ Purification Effect
organic matter |slow sand filters produce a clear
effluent, virtually free from organic
matter

bacteria between 99% and 99.99% of pathogenic
bacteria may be removed; cercariae of
schistosoma, cysts and ova are removed
to an even higher degree;

E. Coli are reduced by 99-99.9%

viruses in a mature slow sand filter, viruses
are virtually completely removed

color color is significantly reduced

turbidity raw water turbidities of 100-200 NIU
can be tolerated for a few days only; a
turbidity more than 50 NTU is acceptable
only for a few weeks; preferably the raw
water turbidity should be less than

10 NTU; for a properly designed and
operated filter the effluent turbidity
will be less than 1 NTU

achieved by preozonation. Total coliform removal to 99 percent has been
denonstrated by almost every investigator. In addition, fecal coliforms, the
spore of Clostridum sporogenes, typhoid bacteria, cholera bacteria, and the
liver fluke, Schistosome cercariae, have been shown to be removed to the
detection limit (Benarde, 1971; Folpmers, 1943; Hazen, 1913; Notermand,
1980). Virus removal in a biological mature filter was reported to be
virtually complete (Slade, 1977; Poynter, 1977). Turbidity removal has been
shown nomally to be below 1 NTU, recent examples are Fox (1983), Cleasby
(1983) , Paramasivam (1989), and Taylor (1974).

Same inorganics are also removed. Alagarsamy (1981) showed that iron
and manganese were removed fram 56 to 100 percent for influents of 0.5 to 53
mg/l. Beryllium removal was found to be virtually complete and copper, lead,
chranium, and zinc were all removed fram 80 to greater than 90 percent for
influent concentrations of 30 to 50 ppb (Schottler, 1979; Schottler, 1978).
Ammonia removal is approximately 100 geroent and if preozonation is used this
will be true for temperatures to 0.1°C (Miller, 1980). Asbestos fibers were
removed fram 76 to 99.94 percent (Flickinger, 1976).

Filter effectiveness has nomally been tested within the nommal design
ranges for hydraulic loading rate of 0.1 to 0.2 mw'hr, effective sand size of
0 615 to 0.35 mm, sand bed depths greater than 0.50 m, and temperatures above
5°C. Testing beyond these limits has not been prevalent. Schalekamp (1975)
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reported that rates of 0.63 m/hr would not adversely affect water quality,
and Taylor (1974) reported the same for 0.4 nvhr while Huisman (1974) and van
Dijk (1982) definitely recommend staying below 0.2 m/hr. Sand sizes have not
been shown to affect removal when they are below 0.35 mm. The selection of
size is based on contaminant penetration and ease of cleaning (Huisman,
1974). Sand bed depths above 0.6 m are recammended by van Dijk (1982) while
normal operations in England achieve good results at 0.46 m (Taylor, 1974).
Temperature reduces filter efficiency but the reduction varies for each
contaminant. Huisman (1974) reports that E. ¢oli ranova% will be reduced
fran a normally achieved 99 percent to 50 percent at 2°C. These tests and
plant observations were usually made within ambient ranges of influent
contaminant oconcentrations. As a result same of the functional relationships
were not well defined because the systems were not tested under extreme
conditions. Also, a number of the tests were conducted in series rather than
parallel and changes in influent conditions tended to mask functional
relationships. '

Experimental and operating results have demonstrate the superb treatment
efficiency which can be obtained with a well designed, operated and
biologically mature slow sand filter. This coupled with its ease of
operation make it a prime candidate for installation in small camunities
where higher technology techniques may not be suitable (Paramasivam, 1981;
WHO, 1980; vaillant, 1982).

Removal Mechanisms—-

A combination of processes acocount for the removal of impurities in the
raw water. They include straining, sedimentation, adsorption and chemical
and biological activity.

Straining and sedimentation are processes normally associated with
transport mechanisms. Straining will occur when a particle is too large to
pass through the pores between the sand grains. This will occur at or near
the surface of the sand bed and improves as the removed particles reduce the
pore sizes between the surface sand grains, i.e., the schmutzdecke.
Sedimentation is the transfer by gravity of suspended particles to the
surface of the sand grains throughout the bed.

Adsorption and biological activity are closely related. Adsorption is a
process by which mass attraction and attraction between opposite charges
attaches impurities to the sand surfaces. These adsorption sites can occur
naturally on the sand surface but more importantly are created by the
biological growth i.e., zoogloeal film on the sand surface. After the
impurity is adsorbed the biological population will assimilate it as a food
source. This occurs through campetition and die off or by predatory
organisms which abound in the sand bed (Huisman, 1978; Huisman, 1974).

A canbination of all of the removal mechanisms occur on top, i.e., at
the schmutzdecke, and within the sand bed. Various investigators studied the
importance of each and reached different conclusions. The generally accepted
belief is that the removal occurring in the sand bed is most important
{(Burman, 1978; Taylor, 1974). Removing the schmutzdecke, however, will
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reduce the filter's removal capabilities for approximately one day; this is
the reason for Huisman (1979), Johnson (1978) and The World Health
Organization (1980) recammending filtering to waste after the filter is

scraped.

The amount of time for the biological population to mature in a new sand
filter, also called ripening or curing, and provide stable and full treatment
was found to vary. The World Health Organization (1980) says it can take
from a few weeks to a few months. Fox (1983) found "about 30 days" were
required to bring particle and bacterial effluents down to a stable level.
Den Blanken (1982) found that phenol removal was complete after 50 days of
maturing the filter. All researchers agree that a curing time for a new
filter is required before the filter operates at its fullest potential.
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SECTION 2
SUMMARY AND OONCLUSIONS

GIARDIA CYST REMOVAL

Giardia cyst removal by slow sand filtration was affected only by the
biological maturity of the filter. 'The lowest removals of Giardia cysts
occurred during start-up and were about 98 percent. Once a filter had a
mature microbiological population, removal was to the detection limit (i.e.
approximately 100 percent). Giardia removal was not .observed to be affected
by hydraulic loading rate, temperature, sand size (below 0.278 mm), sand bed
depth, schmutzdecke removal, or sand replacement once the biological
population was mature, as qualified by the testing ranges specified for the
experimental program. Whatever influences these other variables may have on
removal of Giardia cysts, these influences were masked by the role of the
biological population within the sand bed. The biological population within
the sand bed was deemed "mature" when the removals of coliform bacteria were
constant at about the 99 to 99.9 percent level or geater.

TOTAL COLIFORM REMOVAL

Total coliform bacteria removal was found to be approximately 99 percent
for a biologically mature gilter operated at a hydraulic loading rate of 0.12
m/hr and temperature of 15°C. The conditions that decrease coliform removal
are: 1) cold temperature, 2) increased hydraulic loading rate, 3) large
sand, 4) decreased sand bed depth, 5) decreased nutrient availability, 6)
decreased level of biological activity (the chlorinated filter), 7) decreased
influent contaminant concentration, 8) removal of the schmutzdecke, and 9)
replacing sand. Coliform removals decreased to about 80 percent during
periods when certain of these oonditions were imposed. The lowest
removal observed was 83 percent when the filter was operated at 5°C and had a
sand with an effective size of 0.618 mm.

STANDARD PLATE COUNT REMOVAL

Standard plate count bacteria removal followed the same trends as
coliform removal. The removal percentage depended, however,son the influent
concentration. When the influent was greater than 5x10° colonies per
milliliter, the removal was greater than 99 percent. When the influent
concentration was below 200 colonies per milliliter, the removal was less
than 20 percent or negative.
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This latter occurrence was determined to be caused by the discharge of
100 to 200 standard plate ocount bacteria per milliliter regardless of the
influent concentration. This base level concentration of standard plate
count bacteria in the effluent is the result of bacteria growing and then
being sloughed by the filter.

TURBIDITY REMOVAL

Turbidity removal ranged fram negative removals to 43 percent. The poor
removal results were detemined to be caused by the small clay particles that
constitute the majority of the turbidity. These particles were shown to pass
through the filter.

Turbidity removal followed trends similar to those of coliform removal.
Turbidity removal improved with increased biological activity, decreased
hydraulic loading, and increased temperature.

Turbidities in Horsetooth water ranged from 4 to 10 NTU, and filter
effluent turbidities were naminally 3 to 7 NIU. This is not representative
of the nommal capabilities of slow sand filtration. These results emphasize
the need to do pilot plant testing for any system before design.

PARTICLE REMOVALS

Particle removal in the 6.35 to 12.7 um range was approximately 98
percent. ‘This size range was selected for routine measurement because it
encompasses the nominal size of Giardia cysts, which is 10 um. Particle
removal was not observed to be affected by hydraulic loading rate or
temperature. Testing for particle removals was not conducted for any of the
other process variables.

PROCESS VARIABLES

Figures 2 through 8 summarize the influences of the process variables on
filter performance as determined by experimental work reported here. While
removals of ooliforms are illustrated, the use of this parameter
characterizes removal trends in general. The influences of each process
variable on removal are enumerated in the following.

1. Figure 2 shows that increased hydraulic loading decreases treatment
effectiveness. This was shown in Figure 13 for Phase I testing.

2. Figure 3 shows that increasing sand size decreases treatment
effectiveness. This was shown in Figure 17 for Phase II and III
testing.

3. Figure 4 shows that decreasing sand bed depth decreases treatment
effectiveness. This was shown in Table 20 for Phase II testing.

4. Figure 5 shows that decreasing the temperature decreases treatment
effectiveness. This was shown in Table 21 for Phase II and III testing.
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5. Figure 6 shows that decreasing biological activity decreases treatment
effectiveness. This was shown in Table 29 for Phase II testing.

6. Figure 7 shows that increasing the influent ocontaminant concentration
decreases treatment effectiveness. This was shown in Figure 19 for
Phase 1 testing.

7. Figure 8 shows that a decrease in the biological maturity within the
filtration 2zones (i.e., different modes of operation) will decrease
treatment effectiveness. This was shown in Figure 35 for Phase 1
testing.

These figures were constructed based on the results obtained during this
research. The effluent coliform densities are based on a hypothetical
influent density listed for each figure. The calculated removals are
averages fram testing under the oonditions stated. The figures were
constructed to show trends in treatment only and to summarize the findings of
this research.

Figure 9 shows the interrelationships between sand bed depth, hydraulic
loading rate, sand size, temperature, and nutrients. The surface shown in
this figure is a hypothesized isopleth of treatment efficiency.. An
understanding of the composite effects demonstrated in this figure can assist
in developing better slow sand filter designs and in operations. The values
given in the figure for each variable indicate the range for this
experimentation.

To understand the figure, consider points a,b,c and d. The treatment
efficiency is the same at each of these points. There are differences,
however, in the magnitudes of the variable mixes at each point. At point a,
the most stressful condition, the following represents the variable mix: high
hydraulic loading, low temperature, large sand and low nutrient loading.
These oonditions require a deep sand bed to compensate. Point d, on the
other hand, is the least stressful condition and requires the least sand bed
depth. As related to design and operation the response surface represents
the relevant trade-offs.

Figure 9 summarizes further the findings of this research. While these
findings are not new, they are important in that they are documented by
experimental data. Presently, design and operating guidelines for hydraulic
loading, sand size, and sand depth are based on the lore accumulated both
over the decades from various investigations and from observations of
practice. The works of Hazen (1913) and Huisman and Wood (1974) have defined
much of the current practice.

APPLICATIONS FOR SLON SAND FILTRATION
From this research, it may be asserted that slow sand filtration is an

effective water treatment technology. It is passive in nature, requiring
little action on the part of the operator. Because of its effectiveness and
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Figure 9. Trade offs of process variables for equal treatment efficiency in slow sand filtration.
The response surface is an isopleth; it is a surface of equal treatment. The testing
ranges for process variables are shown; they are for guidance only.



its passive nature, slow sand filtration should be especially appropriate for

small cammunities. The selection of a water treatment process for a small or
large community should be based on an economic evaluation of the technically

acceptable alternatives.
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SECTION 3
EXPERTIMENTATION

The experimentation was carried out in three phases. Phase I was
conducted using three one-foot diameter filters operated continuously fram
July 1981 to January 1983. Phase II was conducted using six one-foot
diameter filters operated oontinuously fram February 1983 to July 1983.
Phase III was conducted using the same six filters operated fram July 1983 to
December 1983. The experimental work for the three phases was conducted at
the Engineering Research Center located adjacent to Horsetooth Reservoir at
the Foothills Campus of Colorado State University. A map of the reservoir
and a description of the water source is included in Appendix K. The filters
were supplied with raw water from Horsetooth Reservoir. Test runs were
conducted at intervals during these periods to determine the efficiencies of
the filters for removal of Giardia cysts, turbidity, total coliform bacteria,
fecal coliform bacteria, standard plate count bacteria, and particles. At
the same time, the experimentation assessed the effects of design, operation
and influent water quality on filter performance.

A seventh filter was built and placed in operation in the chemical
storage building at the Fort Collins Water Treatment Plant No. 1 on the Cache
La Poudre River. Because of the proximity to the Fort Collins water supply
this filter was not spiked with bacteria or Giardia cysts. Also the
operation of the filter was teminated after about two months of operation
when a pump failure occurred. Because this work was deemed of lower priority
with respect to available manpower, it was decided not to continue operation.

This chapter describes the pilot plants, filters, design of experiments,
and testing procedures. The pilot plants are described first since they are
an integral part of the experimental design.

PILOT PLANTS

Phase I

Figure 10 is a schematic drawing of the laboratory-scale slow sand
filtration pilot plant used for the Phase I testing. The pilot plant was
comprised of three one-foot diameter filters and associated appurtenances.
Figure 11 is a photograph of the pilot filters. The three slow sand filters
were operated in parallel such that the influent water to each of the filters
was the same. The filters were fed Horsetooth Reservoir water from a 1400
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Figure 11. Photograph of the slow sand pilot filter for Phase I
experimentation.

liter, temperature controlled milk cooler. The milk cooler is shown in
Figure 12.

Figure 13 is a cross-section drawing of one of the three pilot-scale
slow sand filters used during Phase I. Each filter was oonstructed with 12-
inch diameter, Schedule 200, PVC pipe. The filters were enclosed as pressure
vessels, having blind flanges for their tops and bottoms. The top of the
sand bed was just below the middle flange. This allowed access to the sand
surface for cleaning purposes. _

The filter columns were filled with 0.97 meters of sand obtained from
Muscatine, Iowa. The effective diameter, d,,, of the sand, as measured by
the sieve size passing 10 percent of a sample,lxgas 0.27 mm. Figure 14 shows
the results of a sieve analysis for this sand. All sieve analyses were
performed with Tyler Standard Screens. The d60 size, the size of sieve which
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Figure 12. Temperature controlled milk cooler used as raw water storage tank
for Phase I slow sand filter experimentation.
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Figure 14. Sieve analysis of sand used for Phase I slow sand filtration
testing.

passes 60 percent of a sample of filter media, was 0.44 mm, and the
unifomity coefficient (UC) was 1.63. These values are within the
recommended specifications of Huisman and Wood (1974) for slow sand filter
media, which are: 1) 0.15mm < d,, < 0.35mm, and 2) a uniformity coefficient
< 3, with < 2 being preferable. '}ﬂe sand was supported by a graded gravel
underdrain of approximately 0.46 meters depth. The gravel was supported by a
plate, shown in Figure 15. The media specifications for the gravel support
layer are given in Table 3.

To eliminate wall effects, sand was glued to the inside of the PVC pipe
fran the middle flange to the support layer. The sand was the same as that
used for the sand bed. This was done by painting a layer of PVC solvent glue
on the inside wall and then pouring sand over the cement. The sand retained
by the glue provided a surface which one would expect to eliminate virtually
all wall effects. This was done for both Phase I and Phase II columns.
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Fr 15. Gavel upport ate.

Table 3. Media specifications for gravel underdrain.

Depth of Layer Media Size

(cm)

0-7 - 0.6-0.8 mm sand
7-15 0.8-1.2 mm torpedo sand
15-23 0.12-0.32 am gravel
23-30 0.32-0.64 am gravel
30-38 - 0.64-1.27 cm gravel
38-46 1.27-1.91 cm gravel
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Table 4. List of equipment and appurtenances used in the operation of the Phase I
slow sand filtration pilot plant.
Equipment Purpose Specifications
Tank Influent water storage 1400 L milk coocler
Pumps Filter feed pumps, March Mfg., Inc. piston metering pumps
before 2-19-82 1 ea. model 210-10, 0-400 mL/min
2 ea. model 212, 0-1000 mL/min
Filter feed pumps Fluid Metering, Inc., piston metering pumps
after 2-19-82 1 ea. model RP-D-1, 0-450 mL/min
2 ea. model RP~D-2, 0-1000 mL/min
Flowmeter Monitoring flowrate through filter Gilmont, model F-1400, 10-850 mL/min
Manometers Monitoring differential 75 cm Hg ~
pressure across filters
Piezameters Monitoring differential 180 am Hzo

Pressure gauges
Temperature gauges
Turbidimeters

Accessory Pumps

Cooling Coils
PC Pipe

WC Flanges
Membrane Filters

Membrane Filter
holder

pressure across filters
Monitoring pressure on heads
of colums and on pumps
Monitoring temperature in
filter colums

Measure turbidity

Concentrate Giardia influent

sample

Drain tanks, circulation

through cooling coils

Temperature control in filter heads
Filter housing

Filter housing
Giardia cyst sampling
Membrane filter housing

Weiss Corp., 0-30 psig, 0-100 psig
Weston, model 4300

Hach ratio, Model 18900-10

HF Industries flow-through Model DRT 200

March Mfg., Inc., piston metering pumps
model 210-10 and 212

Teel Corp., Marine utility pump
model 1P5739C

Copper tubing, 3/8" 0.D.

Schedule 200,12" 0.D., Reeves Plastic,
Denver, QO

Van Stone flanges, Reeves Plastic,
Denwver,

Nuclepore Corp., 5 um, 142 mm diameter

polycarbonate membrane

Millipore Corp., P.V.C. filter holder,

142 mm diameter




In addition to the three filter columns, the pilot plant was comprised
of appurtenances to facilitate control and to provide for monitoring. These
are shown in Figure 10 and are listed in Table 4, which also describes the
purpose and specifications of each.

Phase II And Phase III

Figure 16 is a schematic of the laboratory-scale slow sand filtration
pilot plant use for both the Phase II and III testing. The plant was
comprised of six one-foot-diameter filters and associated appurtenances.
Figure 17 is a photograph of the pilot plant. The six filters were operated
in parallel so that the influent water flow and the hydraulic loading rate to
each of the filters were the same. Each filter, however, differed in
operation by the magnitude of one process variable, using a control filter as
the basis for camparison. '

Figure 18 is a cross-sectional drawing of one of the six pilot-scale
slow sand filters. The construction was almost identical to that described
for the Phase I filters. The pipe, gravel support and flanges were identical
to those used in the Phase I construction. The top, however, was left open
and the filters were operated as a gravity system. Like the Phase I filters,
the top of the sand bed in the gravity filters was just below the middle
flange; this allowed access to the sand surface for cleaning.

Four of the Phase II filters were packed with 0.97 meters of sand having
a D of 0.29 mm, a De of 0.44 mm and a UC of 1.52. The fifth filter
was pdcked with 0.48 metersCOf the same sand and the sixth filter was filled
with 0.97 meters of sand with a D o ©°f 0.61mm, a D of 0.98 mm and a UC
of 1.59. For the Phase III testil]\‘g the sand in tgg second filter was
replaced with sand having a Dy, of 0.13 mm, a D, of 0.20 mm and a UC of
1.60. Figures 19, 20 and 21 show %ﬁe results of siesg analyses for the three
types of sand used. The gravel support layer was the same as that specified
in Table 3 for the Phase I filters except the bottamn layer of 1/2 - 3/4"
gravel was not used.

The appurtenances used to facilitate operation, control and monitoring
of the six pilot sand filters are shown in Figures 16 and 17. These
appurtenances are listed and the function of each is described in Table 5.

Figure 22 is a photograph of the constant head tank and orifices used to
supply a oonstant flow to each filter. This tank was constructed with
acrylic plastic. The orifices used to regqulate flow to the filters and
placed in the side of the constant head tank were made with 0.2 mm brass
plate.

Figure 23 is a picture of the control box used to regulate the pilot

plant. Tank level, water temperatures, mixing rates and pump rates were
controlled with this circuitry.
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Figure 16. Flow schematic of slow sand filter pilot plant for Phase II and Phase III experiments.



Figure 17. Photograph of Phase II and III slow sand filter pilot plant.
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Table 5. List of equipment and appurtenances used for the Phase II and III slow
sand filtration pilot plant.
Equipment Purpose Specifications
Tank Influent water storage 1200 L polyethylene tank, Industrial plastics,
Chlorine storage 20 L pyrex glass bottle, covered with aluminum foil.
Nutrient storage 20 L pyrex glass bottle
Piezameters Measure head loss 120 cm H20
across filters
Pumps Punp raw water fram Fluid metering Inc., 0-1000 mL/min piston

Refrigeration Unit
Cooling Coils

WC Pipe

WC Flanges
Membrane Filters

Membrane Filter
Holders

feed tank to oonstant
head tank.
Pump chlorine

Pump nutrient
Cool filters for low
temperature operation
Temperature control in
filter heads
Filter housing
Filter housing
Giardia cyst sampling

Membrane filter housing
142 mm diameter

metering pump

Ecodyne, 0-7 gal/day, Mec-O-Matic
diaphragm pump.

Master Flex, Head K-7014 0-126 mL/min

Neslab HX-500, Regrigeratgd Recircular tray

Heat Exchanger, 1°C to 35°C, 53,500 BTU.

Copper tubing 3/8" 0.D.

Schedule 200, 12" 0.D. WVC

Van-Stone flanges 12" WC

Nuclepore Corp., 5 am, 142 mm diameter
polycarbonate membrane

Millipore Corp., PVC filter holder
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Figure 22. Constant head tank used for the Phase II and III slow sand filter
pilot plant.

Figure 23. Electrical control panel used for the Phase II and III slow sand
filter pilot plant.
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EXPERIMENTATION PROGRAM

The experimental program, which included Phase I, Phase II, and Phase
III testing, was designed to evaluate the effectiveness of slow sand
filtration for various design, operating, and water conditions. The Phase I
experiments were conducted to detemine the response of slow sand filters to
several operating variables such as hydraulic loading rate, presence of
schmutzdecke and biological development of sand bed. The Phase II and III
experimentation examined the roles of biological activity, sand bed depth,
temperature and sand size on treatment mechanisms and performance.

. e Exveri

The Phase I experimental program was established to determine the
efficiency of slow sand filtration for removal of Giardia cysts as affected
by hydraulic loading rate. At the same time removals of total ooliform
bacteria, fecal coliform bacteria, standard plate count bacteria, particles,
and turbidity were investigated. As the Phase I results were evaluated,
however, it became apparent that the biopopulation within the sand bed had a
great deal to do with filter efficiency, and that a great deal more could be
learned about this and other process variables by setting up additional
experiments. The approach was to use the results of each phase of tests to
direct the design of subsequent tests. Thus Phase I was the basis for
designing a subsequent set of experiments, which was Phase II. The results
of Phase II tests were the basis for the Phase III experimental design.

The experimental design followed the empirical approach of observing the
outputs of a physical model while subjecting the model to changes in process
variables. The physical model was the slow sand filter pilot plant and
changes were imposed on the process variables affecting the efficiency of the
filtration process.

Table 6, Table 7 and Table 8 summarize the dependent and independent
(process) variables incorporated in the design of the Phase I, II and III
experiments, respectively. The range for each of the independent variables,
i.e., the testing range, is also given in the tables.

Tables 9, 10 and 11 show in matrix form the independent variables used
during the Phase I, II and III testing, respectively. These matrices map the
experimental program. The dependent variable responses to each of the tests
indicated in the matrices provides a set of functional responses to the range
of testing imposed.

o ¢ Fxperimentati

For the Phase I experiments, Table 6 shows the independent variables
examined and the range of testing for each, while Table 9 outlines the
overall experimentation program. The three hydraulic loading rates, 0.04,
0.12, and 0.40 n/hr, were imposed, respectively, on three filters run side by
side over the 18 month period. They were fed Horsetooth Reservoir water, and
all oonditions were maintained the same for the three filters, except
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Table 6.

Dependent and independent variables for Phase I testing.

Removal standard
plate count
bacteria

Removal of
turbidity

Removal of
particles

Influent Giardia cyst
concentration

Influent total
coliform bacteria
concentration

Surface
condition of filter

Age of filter sand

Dependent Independent Variable
variable vVariable Range
Removal of Hydraulic loading rate |0.04, 0.12, 0.40 w'hr
Giardia cyst
Removal of Temperature 5°C - 15C (tempesature
coliform was lowered to 5°C only for

selected test runs)
50-5000 cysts/liter

0-290,000 coliforms/100 niL

Established schmutzdecke
or schmutzdecke

removed
Newly installed sand

to filters in continuous

42
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Table 7. Dependent and independent variables for Phase II testing.

Dependent. Independent Variable
Variable Variable el _RAange
Removal of Giardia Temperature 59¢, 17°¢
cysts
Removal of coliform Filter bed sand 48 cm, 97 am
bacteria depth
Removal standard Sand size 0.287 mm, 0.615 mm
plate count
bacteria

Removal of turbidity Nutrient loading Lake water and lake
water with injection
of nutrients. The
DO reduction was

<1 to 5mg/ L,
respectively.
Influent standard |10%nmL - 10°/mL
plate count
bacteria
concentration
Surface condition Establishedl/ schmutzdecke
of filters or schmutzdecke
removed

Age of filter sand |Newly installed sand to
filters in continuous
operation for 10 months

L/pn mestablished" schmutzdecke is not defined precisely. It could be
defined by selecting a criterion using for example, thickness, hydraulic
headloss, or percent removal of coliform bacteria. 1In this work we have
used age, with a criterion of about 15 days. After 15 days of operation,
nominally, a schmutzdecke seems to be in place, or measured by the other
parameters. It takes only a few days, however, for the schmutzdecke to
became established again after scraping, vis a vis with a new sand bed.
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Table 8. Dependent and independent variables for Phase III testing.
Dependent Independent Variable o
Variable Variable Range N

Removal of Giardia Temperature 2°¢c, 17°C

cyst

Removal of coliform
bacteria

Removal standard
plate count
bacteria

Removal of turbidity

Filter bed sand
depth

Sand size

Influent standard
plate count
bacteria
concentration

Filters surface
oondition

Age of filter sand

0.97m

0.13mm, 0.287mm, 0.615mm

10%n5, 108/mL

Establ ished schmutzdecke,
or diatamaceous

earth coating, or
schmutzdecke removed

Filters in continuous
operation for 10 months
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Table 9. Phase I experimentation program for slow sand filtration.
Influent
Filter Temp. Giardia Hydraulic Loading Rate _ _
Condition ©c) Concentration 1 MGAD 3 MGAD 10 MGAD
(cysts/liter) | 0.04 wh 0.12mwh___0.40 wh |
5 30 _ TR SO SIS . S
500 X X X
Establ ished 50 X b4 X
500 X X X
Filtexl/ —— —
15 1000 x>/ 7 x
2000 L X__
3700 X
5000 X X X
5 50 X X b S
Sctnnut;z}?cke 500 X X X
Remov 15 50 X X X
1500 X X X
Schmutzdecke 15 2000 X x X
Shocks _
Resanded®’ 15 3700 x
New Sand
and Gravel 15 2000 X
Support . L

v Established filter means that there is a developed and stable biopopulation
within the filter and that there is an established schmutzdecke at least 2
weeks old on the surface of the sand.

2/ Schmutzdecke removed means that the schmutzdecke has been scraped off just
prior to the start of the test run.

3/ The schmutzdecke was scraped and an attempt was made to simulate practice

by disturbing the sand

surface.

Disturing the sand surface was done by

mixing the top 15 an and beating on the sand surface and sides of the
filter in an attempt to simulate equipment and men moving on the surface.
The column was refilled with water fram the bottom after 48 hours.

& A resanded filter is one that has the sand column replaced but the gravel

layers remain intact.

Three test runs were performed for these conditions.
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Table 10. Phase II experimentation program for slow sand filtration.

P N ———— e e - s

Filter Condition
Filter |Operating Conditionsv _— e

No. New Sand Established Schmutzdecke
Biological Removed
Population —

1 Controlz/ X X X

2 48 cm sand depth X X X

Chlorinated, i.eﬁ/

Physical removal X X
4 Nutrients added, i.e.,
Enhanced bigléﬁgical P X X
activi _ ]
5 - 0.615 mréoscand size X x .
6 5°C X X X o

v All filters were operated at the same hydraulic loading rate of 0.12
mwhr. All were fed the same raw water from Horsetooth Reservoir, which
was first temperature equilibrated to 17°C. The filters operated at 5°C
were temperature equilibrated in the head water above the sand bed.

r4 Filter No. 1, the control filter, was operated at 17°C with a sand bed of
0.97 m, an effective sand size of 0.278 mm, and with no nutrient
addition, i.e., <5 mg/L QOD.

<4 The physical removal was maintained by keeping a 5 mg/L chlorine residual
in the filter when bacteria tests were not being performed;
dechlorination with sodium thiosulfate was performed prior to bacteria
testing.

& The biological activity was enhanced by adding nutrients in the form of
sterile, synthetic sewage, prepared as outlined in Appendix P.
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Table 11. Phase III experimental program for slow sand filtration.

Filter Condition
Filter Operating Conditio 27 ST U
No. Other than Control New Sand Established Schmutzdecke
Biological Removed
Population _
1 controld X
2 Diatamaceous earth X
coated surface o ]
3 0.128 mm sand size X X ———
4 Nutrient addition stopped | ==~~~ x
5 0.615 mm sand s &ze, X
warmed fran 5°C L . e
6 2°C o ___ X . L

L/mhe control filter (No. 1) was operated at 17°C with a sand bed of
0.97m, an effective sand size of 0.278mm, and with no nutrient addition,
i.e., <5 mg/L QOD.

hydraulic loading rate. Test runs were conducted by spiking the milk
cooler with Giardia cysts or raw sewage. gerature was maintained at
15°¢C except several test runs were conducted at 5°C (for the duration of
the test run only) . bhuring initial Giardia test runs temperature was
maintained at 20°C, but Giardia cysts could not be recovered fram the
milk oooler when this temperature was used so all further testing was
conducted at 15°C. A range of concentrations was used in the testing for
both Giardia cysts and total coliform bacteria. This was done by
ocontrolling the dosage to the milk cooler. 'The role of the schmutzdecke
was ascertained by conducting test runs before and after scraping the sand
surface to remove it. The influence of the "age" or "biological maturity”
of the filter sand was determined by merely noting the weeks elapsed since
the start-up of the filters, and the corresponding removal efficiencies.

The Phase II program of experimentation, outlined in Tables 7 and 10,
was inspired by the results obtained during Phase I. The Phase I results
gave a basis for determining the influences on removal efficiencies due to
hydraulic loading rate, concentration of organigms, the schmutzdecke, and
biological maturity of the sand bed. Since the 5°C temperature was imposed
only during selected test runs, the role of temperature was not clear. But
the main impetus from Phase I was to learn more about the role of the
biopopulaion within the sand bed. To do this three filters were to be
operated side by side. The first was to be a "oontrol”, i.e. operated
using raw water fram Horsetooth Reservoir, maintained at 17°C. Another was
to be operated the same, but a nutrient solution, prepared as outlined in
Appendix P, was metered to the raw water fed to the filter. The idea was
to ascertain whether the development of biological maturity could be
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accelerated by providing nutrients. At the same time the experiment would
provide further evidence on whether the internal biopopulation within the
sand bed has an important role in improving removal efficiency of the slow
sand filtration process. The measure of efficiency used as a means to gage
the degree of biological maturity of the sand bed was percent removal of
total colifomm bacteria, which were added to the filters as pure cultures.
The pure cultures were used, vis a vis sewage, to minimize fouling due to
the testing itself. 1In order to further develop the point related to the
role of the internal biopopulation, the third filter was chlorinated
continuously. The chlorine was purged fram the system before test runs.
While the role of the internal biopopulation was the principle interest in
Phase II, the econony of scale permitted operation of three additional
filters to examine the effects of sand bed depth, effect%ve sand size, and
temperature. Two filters were operated continuously at 5°C.

After examining results from Phase II, some questions were pursued
further. The experimentation program for pursuing these questions was
called Phase III, and the outline of experimentation is given in Tables 8
and 1l. To ascertain the role of straining as a mechanism in slow sand
filtration, a thin layer of diatamaeous earth (Manville C-545 R ) was added
to the surface of Filter No. 2. Then another point was needed to determine
the influence of effective sand size so Filter No. 3 was repacked with sand
having 0.128 mm effective size. 'The nutrignt addition wag ceased for
Filter No. 4, and Filter No. 6 was operated at 2°C instead of 5-C.

Test Run

A "test run" is defined as the process of daily spiking the filter
source water with Giardia cysts and or bacteria over a period of one to two
weeks while sampling effluent concentrations of these organisms over the
same time period. The daily spiking was done by adding an aliquot of cysts
fram a refrigerated stock suspension, whose concentration had been measured
after preparation. Data were obtained also, at times other than test runs,
for removals of turbidity, coliform bacteria and standard plate count
bacteria. These data augmented data obtained during test runs.

. i0d

The testing procedures were basically the same for Giardia and
bacteria test runs. A test run would last from a few days to two weeks.
During this period there was a daily routine of sampling and measurements.
The following is the testing protocol conducted daily during a test run.
This protocol was followed for the Phase I, II and III testing.

SAMPLING PROTOCOL FOR TEST RUN

1. Fill the 24 hour filter feed tank with a known volume of water fram
Horsetooth Reservoir.
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2. Add a known concentration of Giardia cysts fram a stock suspension
and/or bacteria to the filter feed tank. These counts are designated
as "added" cysts.

3. Oollect a grab sample fram the filter feed tank for coliform bacteria,
standard plate oount bacteria, turbidity and particles. Not all of
these parameters were measured for every test run.

4. Collect a grab sample fram the effluents of the slow sand filters for
coliform, standard plate count bacteria, turbidity and particles as
required for the test run.

(Procedures 5, 6, 8, and 9 are required only for Giardia testing.)

5. Start effluent Giardia sample collection by oonnecting membrane
filters to the effluents of the slow sand filters.

6. Collect influent Giardia cyst sample by filtering 2 to 10 1liters of
water fram the filter feed tank through a membrane filter. The counts
obtained were designated as "detected".

7. Record operating data fram slow sand filters:

1. Temperature
2. Head loss
3. Flow

8. Remove membrane filters from slow sand filters after a minimum of 4
hours, preferably after 6 hours, or before 10 psi pressure is built up
across the membrane filters.

9. Prepare samples for analysis.

10. Check all pumps and equipment to assure the pilot plant is operating
correctly.

In calculating percent removals, the influent samples were compared
with the effluent samples obtained 24 hours later. This 24 hour time
displacement between influent and effluent comparisons allowed for several
volume displacements in the filters. Since the feed water to the filters
was constant for 24 hours, a more accurate comparison was made by
separating the influent and effluent samples by 24 hours. Using this
procedure, the feed tank was sampled on the first day of a test run and the
filter effluents were sampled on the last day of a test run.

Testing Procedures
Giardia Testing and Cyst Procurement--

A basic premise for this study was that viable Giardia lamblia cysts
were to be used. This dictated the use of fresh, unpreserved cysts.
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Previous research had been performed with preserved, formalin fixed, and or
"cleaned" cysts. Such processing is believed to cause changes in the
morphology of the cysts and possibly in their behavior during filtration.
Also, the viability of such cysts is questionable. Appendix K, Cyst
Preparation, Use and Analysis, contains a brief discussion on cyst behavior
after fommalin fixing and cyst cleaning. Also it has descriptions and
evaluations of the Giardia analysis techniques.

The Giardia cysts used for this study were obtained from dog feces.

These cysts are believed to be Giardia lamblia species, as discussed by
Davies et al. (1983) and by Hewlett et al. (1982). Table 12 shows the
sources where cysts were collected.

Table 12. Sources used in obtaining dog fecal samples containing Giardia

Jamblia cysts.
Source Conditions
1. Collaborative Radiological Approximately 200 dogs
Health Laboratory (CHRL) About 10 to 30 dogs are

infected at any one time.

2. Humane Society for Larimer County 25-50 dogs, strays, runaways

3. Veterinary Teaching Hospital Random samples brought into
Parasite Diagnostic Laboratory
4. Oncology-Veterinary Teaching 12 dog pens, 10-30 dogs
Hospital

Giardia cyst procurement, supervised by Dr. C.P. Hibler of the
Colorado State University Pathology Department, was accomplished by the
following steps:

1) Collect a fecal sample from a dog suspected of having giardiasis.

2) Analyze a portion of the sample by the Zinc flotation procedure to
ascertain whether Giardia cysts were present.

3) Weigh the sample and add an equal weight of cool distilled water, if
cysts are present.

4) Mix the sample to break apart aggregates.

5  Filter the sample through cheese cloth if the sample oontained an
excessive quantity of organic matter.

6) Detemine the cyst concentration in the concentrate by the "Stoll
dilution" technique, described in Appendix K.

7)  Store the sample under refrigeration until use.
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The cyst concentrate was used within two weeks of collection even through
cyst ocounts have been observed to remaining constant in stored concentrates
for two months or longer.

Giardia Sampling--

The cyst sampling technique used for these experiments was patterned
after the procedure developed by Luchtel et al. (1980). First the sample
was concentrated by passing it through a 5  um pore size polycarbonate
membrane filter. Then the membrane filter was washed with approximately
200 mL of cool distilled water. The wash water was then stored under
refrigeration until analysis. This was done for both the influent and
effluent samples. Figure 24 shows the membrane filter apparatus.

The 5 uam pore size polycarbonate membrane filter was selected as the
method of sample concentration when it was determined that the cysts would
not pass through the filter and that the cysts appeared to wash almost
completely off the filter, (see Appendix K). Also of interest is the fact
that in one of the samples the 142 diameter membrane filter could
concentrated 2670 liters of slow sand filter effluent.

The steps in obtaining a sample fram the influent feed tank containing
a known concentration of Giardia cysts (described previous page as step 6)
are described in the enumeration following. The "known" concentration
designation was based upon calculation of the tank contents based upon
measurement of cysts "added" from the refrigerated stock solution. The
procedure below describes how the tank contents were sampled to obtain a
"detecte" cyst concentration in the tank, using the same procedure as use
for the effluent sampling. The "detected" cyst concentration in the tank
was the basis for percent removal calculations. The steps were:

GIARDIA SAMPLING - INFLUENT TANK

1. Wash membrane filter holder with hot, soapy water. Rinse with cold
tap water.

2. Place membrane on stainless steel support plate, as shown in Figure
25. Screw top securely into place.

3. Fill membrane filter holder chamber with cold tap water through the
influent and effluent hose.

4. Mix influent tank thoroughlyv before sampling. Circulate water through
punp sample for at least five minutes to assure a representative

sample.

5. Attach membrane filter to pump, making sure all air is bled fram the
system.

6. (ollect the effluent flow from the sample filter in a calibrated
bucket. Figure 26 shows this process.
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Figure 24. Assembled 142 mm diameter filter holder used in testing for
Giardia cysts.

Figure 25. The 5 um pore size 142 mm diameter polycarbonate filter used
for sampling Giardia cysts.
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Figure 26. Membrane filter and pump setup used to concentrate an influent
Giardia cyst sample.

Figure 27. Aspirator connected to effluent piping of membrane filter
holder to draw off excess water.
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7. Filter in this manner until a minimum of two liters has been
concentrated. The maximum volume filtered is limited by a pressure of
10 psi on the pump.

8. After sampling is complete, turn off pump and unhook filter fram pump.
Record volume oconcentrated in log book.

(The Giardia cysts must now be washed fram the membrane filter.)

9. Attach the effluent tube of the membrane filter holder to an aspirator
as shown in Figure 27 to remove the excess water in the chamber.

10. Open membrane filter holder carefully so that the membrane remains on
the bottam half of the apparatus.

11. wash top of filter holder with distilled water from a spray jet
bottle, into a clean pyrex dish, as shown in Figure 28.

12. Lift stainless steel support plate with membrane fram bottom half of
filter holder and thoroughly spray wash into pyrex dish. Discard
membrane after washing. Figure 29 shows the membrane filter being
washed.

13. Wash bottam of membrane filter holder into dish. Especially spray the
inlet portal. Figure 30 shows this procedure.

14. Pour contents fram pyrex dish into a cooled mason jar labeled with the
sample number, as shown in Figure 31. Spray off dish into jar to
assure oomplete transfer of sample. Refrigerate the sample
immediately.

15. wWash membrane filter holder with hot, soapy water to eliminate
contamination. This is shown in Figure 32.

A similar procedure is used for obtaining samples from  the filter
effluents. The following steps describe this method. Figure 33 depicts by
three schematic drawings the three alternate flow paths during different
steps of filter effluent sampling during Phase I testing. Figure 29
depicts the membrane filter path used during Phase II and III testing.

GIARDIA SAMPLING - FILTER EFFLUENTS

1. Wash membrane filter holder with hot, soapy water. Rinse with cold
tap water.

2. Place membrane on stainless steel support plate, as shown in Fiqure
3-16. Screw top securely into place.

3. Fill membrane filter holder chamber with cold tap water through the
influent and effluent hose. ‘
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Figure 28. Spraying the top of the membrane filter holder with distilled
water.

Figure 29. Spraying the membrane support and the membrane filter with
distilled water.
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Figure 30. raying the bottan of the membrane filter holder with
distilled water.

-

Figure 31. BEmptying the Giardia cyst collection dish into sample jar.
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Figure 32. Washing membrane filter holder with hot, soapy water to make
the filter Giardia "free".
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10.

11.

12.

13.

14.

15.

Slightly open valve No. 2, Figure 33(b), and allow flow to drip inte
the influent tube of the membrane filter at Point A until full.

Attach the influent tube to the tube connector at Point A and bleed
remaining air through air vent valve.

When flow comes out of the membrane filter tube at PRoint B, attach
this effluent tube to the tubing connector at Point B.

When pressures equilibrates within the filter holder, after about five
minutes, open Valve No. 3 and close Valve No. 1, the main slow sand
filter effluent line. This forces the entire effluent flow through
the membrane filter. Figure 34 shows the holder.

Open Valve No. 2 completely. Figure 33(b) shows the valve positioning
for effluent sampling.

Filter in this manner for a minimum of four hours, but no longer than
permitted by pressure increase (i.e., 10 psi on filter feed pumps).

To remove the membrane filter, slowly open needle valve, allowing flow
to bypass membrane filter. Simultaneously watch the piezoameter or
manometer monitoring differential pressure on the filter column to be
sure there are no abrupt changes which will cause pressure shocks to
occur.

When the pump pressure returns to its original reading, begin opening
Valve No. 1, allowing flow to campletely bypass the membrane filter.
Especially watch pressure shocks at this step, as indicated by
fluctuations in differential pressure.

Once Valve No. 1 is completely opened, Valves 2, 3, and the needle
valve can be closed.

Remove membrane filter fram sampling apparatus at Points A and B. The
filter is now ready for washing as per Steps 10-16 of influent
sampl ing procedure.

The entire effluent fram the slow sand filter was passed through the
slow sand filter. The volume of effluent flow passed through the
membrane filer was measured volumetrically using a 190 L. tank.

The Giardia samples are taken to the laboratory of Dr. C.P. Hibler,
Colorado State University Pathology Department, where the Giardia cyst
ocounting and analysis is performed, described in Appendix K.

Bacteria Testing and Procurement--

Bacteria removal efficiency was used as an indicator of filter

performance. Bacterial analyses included: fecal coliform bacteria, total
coliform bacteria, and standard plate count bacteria. Testing was
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Figure 34. Membrane filter sampling for Giardia cysts on effluent of slow
sand filter.
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conducted using the following influent bacteria conditions: 1) naturally

‘occurring bacteria ooncentrations which were presented in Horsetooth
Reservoir water, 2) increased concentrations of coliform and standard plate
count bacteria by the addition of primary settled sewage, 3) increased
coliform and standard plate count bacteria concentrations by addition of
cultured bacteria, and 4) decreased standard plate count bacteria by
chlorination and dechlorination of the filter feed water. Wide variations
in bacteria ooncentrations were used to assess the effect of such
concentrations on removal.

Horsetooth Reservoir water contained approximately 0.6 total coliforms
per 100 mL, < 0.5 fecal coliforms per 100 mL, and from 50 to 600 standard
plate count bacteria per milliliter. These were the natural bacteria
concentrations which occurred in the source water.

Fecal ocoliform and total coliform bacteria concentrations were
increased by addition of primary settled sewage, or by addition of cultured
E. coli. Sewage was used during the Phase I testing., During the Phase I
tests it became apparent that for evaluation of the slow sand filtration
process there was little difference between testing with sewage or with
cultured colifomms. Both Phase II testing and Phase III testing were
conducted with cultured coliforms. Concentrations could be controlled more
easily than if sewage was used, and addition of nutrients and debris, which
could affect experiments, was not a factor.

The E. ¢oli were cultured in nutrient broth at 15°C. The culture was
a stock culture used for confirmation testing by the EPA certified water
quality laboratory 65.n th§ Microbiology Department at Colorado State
University. From 10° to 10° coliform were grown in 10 mL of nutrient broth
and a portion of this culture was added to the filter feed tank. The
culture was grown at 15°C to help prevent problems caused by temperature
variations between growth conditions and testing conditions.

Standard plate count bacteria used in Phase III testing were obtained
as described in the follouingé Firgt, they were cultured in aerated
nutrient broth for 24 hours at 30~ to 35°C. The nutrient broth was seeded
with raw water from Horsetooth Reservoir. After 24 hours of growth the
mixture was centrifuged and the excess nutrient broth was removed. ‘The
concentrated bacteria were then rinsed by resuspending them in Horsetooth
water, recentrifuging and removing the excess liquid. After rinsing, the
bacteria were added to the batch filter feed tank. This substantially
increased the influent standard plate count bacteria concentration without
significantly increasing the nutrient or debris loading to the slow sand
filters.

The influent standard plate count bacteria concentration was decreased
by chlorinating and dechlorinating the water in the filter feed tank. This
procedure was used only in Phase III testing. The filter feed tank held a
24 hour supply of water. The flow into the filters was discontinued for
approximately 45 minutes each day while the tank was filled and the water
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chlorinated; a chlorine residual of 5 mg/liter was maintained for this time
period. Dechlorination was performed with approximately 700 nL of 10
percent sodium thiosulfate. This procedure reduced the standard plate
count to below 10 colonies per milliliter.

The influent standard plate count bacteria concentration was increased
to detemine filter removal efficiencies as well as functional
relationships between sand sizes and temperature. Because the filters grew
and sloughed 100 to 200 standard plate count bacteria per milliliter and
the raw water had 100 to 200 colonies per milliliter, these relationships
could not be determined without influent spiking.

Bacteria Sampling——

Total coliform bacteria, fecal coliform bacteria, and standard plate
count bacteria samples were obtained fram the filter influent and effluent
streams by grab samples collected in sterile 250 mL plastic bottles. The
influent samples were collected from the filter feed tank and the effluent
samples were collected out of a sample tap indicated in Figure 13 for Phase
I testing and Figure 18 for Phase II and III testing. One sample was taken
at each location and analyses were performed with aliquots from this
sample. As discussed in Section 3.2.2. influent samples were campared to
effluent samples obtained 24 hours later.

Turbidity and Particle Sampling——

Grab samples of influent and effluent turbidity were collected in the
turbidimeter sample cells or in 300 mL glass bottles. The particle samples
were collected in 500 mL glass bottles. The influent samples were
collected fram the filter feed tank and the effluent samples were collected
from the same sample taps used for the bacteria sampling. Both the
turbidity and particle bottles were washed thoroughly then rinsed with
distilled water. The particle sample collection bottles were rinsed an
additional time with particle free water, as described in Appendix N.

Analysis

Giardia Cyst Analysis—

Analysis for Giardia cysts involved microscopic examination of the
samples. Two methods of processing for microscopic counting were used
during these tests by Dr. C. P. Hibler, who directed this work. The first
consisted of concentrating the sample by centrifuging and then floating the
cysts in a 1.20 specific gravity zinc sulfate solution onto a cover slip
and oounting all of the cysts recovered. The second, called the
micropipette technique, consisted of reducing the sample volume to 1 mL by
centrifugation, taking a 0.05 mL aliquot, and then microscopically counting
the cysts in the aliquot. Dr. C.P. Hibler of the Pathology Department of
Colorado State University experimented with various analysis techniques and
ultimately decided to use the micropipette technique. Appendix K contains
a description of the analytical techniques used and an evaluation of each
technique.
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Bacteriological Analyses—-—

The procedures of analyses used in this experimentation for
measurement of total ooliform, fecal c¢olifom and standard plate count
bacteria oconcentrations are described in Microbiological Methods for
Monitoring the Environment. Tryptone glucose extract agar (Difco number
DF0002-01-1) was used as the medium for standard plate count analyses
instead of tryptone glucose yeast agar. This medium is specified by

Standard Methods, 15th Ed. and was in stock.

Most of the analyses were conducted by graduate microbiologists from
the Microbiology Department at Colorado State University. Those analyses
performed by civil engineering graduate students attached to the project
were supervised by the graduate microbiologists who were under the
supervision of Dr. Sumner Morrison and Mr. Kirk Martin.-

Turbidity and Particle analyses—

Two turbidimeters were used for the Phase I testing, an H. F.
Instruments, Model DRT200 R , flow-through turbidimeter, and a Hach Model
18900-10 ratio turbidimeter. Only the Hach Ratio Turbidimeter R was used
for the Phase II and Phase III testing.

The H.F. instrument reads in nephelametric turbidity unit (NTU) and
was calibrated with fomazin standards. Through a system of valves, the
flow from each of the Phase I filters was routed through the H.F.
turbidimeter and monitored coontinwusly. The influent turbidity was
obtained as a grab sample and measured manually using a sample cell for the
instrument.

Beginning in July 1982 a Hach Ratio Model 18900-10 R turbidimeter was
used for turbidity analyses. 'The. Hach meter was used because of its
stability and use in the rapid sand research phase of the project. The
rapid sand work required a turbidity sensitivity in the 1 NTU or less
range, which was provided by the Hach instrument. The Hach nephelameter
was standardized also against formazin standards.

A Coulter Counter, Model TA II R was used to analyze particle
samples. Figures 35 and 36 show this apparatus. The Coulter Counter
performs its analysis by measuring a change in resistance as particles pass
through an orifice. A 1.5 percent by weight solution of NaCl was used as
the conducting and particle carrying fluid for the analyses. This was
detemined to be the lowest oconcentration that would give an acceptable
electrical conductivity through the 140 um orifice.  Appendix N reviews the
operating protocol for using the Coulter Counter.

DATA HANDLING

All operating data and analysis results were recorded on computer
coding foms for data processing. Appendix O contains a ocopy of each data
sheet used, with samples of recorded data. These forms are constructed so
that each line contains a set of data with the run number, date, time, and
the corresponding measurements.
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Coulter particle counter model TA II used in slow
filtration testing.
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Figure 36. Coulter Counter aperture stand.
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The data on the computer-coded data sheets were entered into a master
file in the CSU Cyber 720k computer. This master file was then transferred
to the ERC HP 1000, the machine used for data processing. The master file
was then split into categories according to test (i.e., coliform, Giardia,
etc.) and filter number. A series of computer programs was written to
extract the pertinent information fram these subfiles. After the data were
collated and pertinent calculations were made by the appropriate programs
the output was transferred to the OAS word processing system. This
transfer permits printing of a clear copy of results. The tables which
appear in Appendices A-I are the products of these programs.

The data were also routed back to the Cyber 720 for plotting. A
number of the graphs in this text were produced by the Cyber 720 and a
Tech-Tronix R graphic terminal. Examples are: Figures 55-58 and the
graphs in Appendix I.

QUALITY QONTROL

The quality control program for this research was designed to assure
that valid measurements were obtained and that the equipment performed as
intended. The following paragraphs describe the methods used to
standardize, monitor, and provide quality assurance during the
experimentation. Appendix J oontains the forms used for the quality
control program. '

Flow-Measurement and Metering Pumps

Flow rates were monitored daily during test runs by time-volume
measurements and were documented on the operational data sheet. These data
were used to verify the oconformity of the pumps to their respective
standardization curves for the Phase I experiments. 'The time volume

measurements were used to verify the flow from the orifices used in the
Phase II and III experiments.

Punps were standardized by time-volume measurements made at different
flow rates and at different pressures. Appendix J contains the pump-
standardization curves in terms of flow versus pump setting at various
pressures.

bidi

The H. F. Instruments R and the Hach Ratio Turbidimeters R were both
calibrated with formazin standards as required by the manufacturer. The H.
F. Instruments model was checked daily with a 0.14 NIU manufacturer-
supplied reference standard and adjusted as needed with a reference
adjustment knob. The Hach Ratio instrument was also checked daily with
18.0 NTU latex factory standard (a secondary standard). The instrument was
restandardized as recommended by the manufacturer when it drifted fram 18.0

65



NIU. Appendix J contains a standardization form used with the Hach and HF
turbidimeter.

Temperature

All thermometers were standardized against a National Bureau of
Standards thermometer. Discrepancies between the two were marked on each
thermometer and the correction as applied when used. Temperature gauges in
the filter heads were similarly standardized and these discrepancies were
ocorrected for by adjustment screws on the gauges. Appendix J contains the
NBS calibration certificate and a thermometer standardization quality
control form.

Pressure

Piezameters were not standardized, but were used as the standard for
other pressure-measuring devices. Visual checks for air bubbles in the
piezameters were made periodically. Pressure gages were standardized
against piezameters and variations were recorded as a correction factor for
each pressure gauge. Appendix J oontains pressure gage standardization
forms.

i crobioloaical ]

Automatic Autoclave—

The autoclave operation was checked by the manufacturer and all
instruments and gauges were certified as operating correctly. In addition,
the autoclave was checked each time it was used by heat-sensitive tape and
a recording thermometer.

Manual Autoclave--

The autoclave was checked each time with heat sensitive tape and
periodically by manually checking the pressure and temperature gauges.
Appendix J contains an autoclave quality control form.

Incubator and Water Bath—

The temperatures of the incubator and water bath were checked and
recorded every other day when in use. The incubator was allowed to
stabilize for two hours when temperature adjustments were made. Appendix J
oontains quality ocontrol forms for these pieces of equipment.

Bacterial Analysis—
The agars and analyses used in microbiological testing were checked
according the the following procedures:

1. Total Coliform Analyses
a. Filter sterility was monitored by randomly choosing one of
the 0.45 um filters and placing it on a petri dish of the

standard coliform media. (The procedure followed is the
same as that for routine analysis except no water is
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filtered.) The plate was checked for growth after 24-hour
incubation. This was done daily during sampling process.
Periodic checks of the dilution water were also conducted.
Appendix K oontains a quality control form.

b. Whenever possible, duplicate plates of each sample dilution
were simultaneously prepared and ocounted. The average
number between corresponding plates was the number reported.

c. Total coliform plates were refrigerated and kept for no
longer than ten days.

2. Standard Plate Count Bacteria

a. Standard petri dishes were poured with the plate count agar
alone (no water sample) to check sterility of the media.
This was done a minimum of once every two days when testing.
Appendix J oontains a quality control form.

b, Duplicate plates of each sample dilution were prepared,
counted, and the average number recorded as results.

c. Plate count agar was refrigerated and was kept no longer
than two weeks.

Membrane Filters
To prevent Giardia contamination fram one sample to another, the
membrane filter holders were washed with hot soapy water and rinsed with

cold tap water between samples. Also, the membrane filters were used for
only one sample and then discarded.

Data Entry

The data were entered into the computer manually by key punch
personnel. After the data were entered they were verified by the same key
punch personnel. A copy of the data was then printed out and two people
would check the camputer hard copy of the data against the original data
form.
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SECTION 4
RESULTS AND DISCUSSION

This chapter presents, in tables and graphs, the experimental results
with a corresponding discussion and interpretation of the results. The
discussion explains observed relationships, interprets their significance,
and adds qualifications. 'The results are organized into four areas: 1)
effects of process variables; 2) removal of dependent variables, e.g.,
Giardia cysts, bacteria and turbidity; 3) routine monitoring of filter
operations, i.e., headloss, hydraulic loading rate and temperature; and 4)
removal mechanisms.

The tables and graphs were constructed fram data in Appendices A through
H. All of the data are in these appendices and include the following number
of analyses: 309 Giardia, 1087 total coliform bacteria, 108 fecal oolifomm
bacteria, 1309 standard plate count bacteria, 2108 turbidity and 52 particle.

ROLE OF PROCESS VARIABLES

This section discusses the influence of the process variables on filter
performance. The process variables considered were: 1) hydraulic loading
rate, 2) sand size, 3) sand bed depth, 4) temperature 5) influent bacteria
ooncentration, and 6) conditions of operation.

varauli 3

Table 13 shows the influence of hydraulic loading rate on percent
removals for all dependent variables tested, e.g. total colifomm bacteria,
fecal ocoliform bacteria, standard plate count bacteria, turbidity, particles
and Giardia cysts. The data shown are average removals calculated using data
abstracted from Appendix A. The numbers of data points used for each result
are shown in Table 13 also.

Each row in Table 13 is termed a "vector". Figures 37 through 40 are
plots of vectors in Table 13 for total coliform bacteria, turbidity, standard
plate count bacteria and Giardia cyst removals, respectively, plotted against
hydraulic loading rate. The fecal coliform vector was not plotted but its
trend is similar to the total coliform vector. The particle removal vector
was not plotted either. The filter was shedding cyst-size biological
particles, as observed by Dr. Hibler during microscopic examinations, and
thus the particle oount parameter using the 6.35 to 12.7 um size range was
considered as an unsuitable measure of filter performance.
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Figure 39.
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Table 13. Slow sand filter treatment efficiency as effected by hydraulic
loading rate, Phase I testing.

Low Rate Control High Rate | Number of
Filter 1 |Filter 2 Filter 3 Samples
0.04m/hr |0.12n/hr 0.40nvhr
Total Colif
Reroval (%)27"‘ 99.5 98.6 95.7 81
Fecal (olif
Reoval (%)if’“ 99.7 99.5 99.1 27
ggﬁn“‘ga;? Plate 41/ 81 83 76 117
Turbidity
Removal 1%) 39 32 27 297
Particle Removal (%)
(6.35-12.7 um) 97 99 98 13
Giardia Cyst
ol 99,991 99.994 99.981 74

v These removal values were calculated with the geanetrs.c mean influent and
effluent concentrations.

Each of the four plots show that removal decreased with increasing
hydraulic loading rate. The decrease in percent removal caused by increasing
hydraulic loading rate fram 0.04 whr to 0.40 whr was fram 99.5 to 95.7
percent for total coliforms; 82 to 76 percent for standard plate count
bacteria; 39 to 27 percent for turbidity; and 99.995 to 99.981 percent for
Giardia cysts. The low and high rate results for coliforms and turbidity
were found to be statistically different at the 0.1 percent significance
level (p=0.001) for a two way test of the variance. The Giardia values were
not statistically different. Nevertheless, the trend shown is "“expected,"
and it is oconsistent with the others.

Table 14 is another analysis of the data, showing the "breakthroughs” of
total coliform bacteria at the three hydraulic loading rates, and the average
concentrations for each breakthrough group. It shows that Filter 1 had only
35 breakthroughs during the entire testing period, while Filter 2 had 59, and
Filter 3 had 70. The average coliform concentrations during the
breakthroughs were 13.4 coliforms/100 mL, 59.6 coliforms/100 ml, and 152.5
coliforms/100 mL for Filters 1, 2 and 3, respectively. These breakthrough
data also show that removals decrease with increasing hydraulic loading rate.

The trends in Figures 37 through 40 show clearly that filter removal
efficiency is functionally dependent upon hydraulic loading rate. These
results document the accepted premise regarding the influence of this
parameter. The trends shown are not, however, critical to design. Removal of
total coliform bacteria is reduced from 99.5 percent at 0.04 mwhr to 95.7
percent at 0.40 whr, which is a change of only 3.8 percent. The change in
removal of Giardia cysts is hardly perceptible; removal approaches 100
percent regardless of hydraulic loading rate, albeit a trend is shown.
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Table 14. Correlation of total coliform breakthroughs to hydraulic loading.

HBydraulic Number of No. Average Conocentration
Filter Loading Breakthroughs in of of Coliforms during
Rate the Filter Effluent | Tests B reakthroughsl/
(mvh) (No.) (coliforms/100 mL)
1 0.04 35 81 13.4
2 0.12 59 81 59.6
3 0.40 70 81 152.5

V These values are averages of coliform concentrations when breakthroughs
occurred. They do not include samples where the effluent concentration was
determined to be zero. Complete data are given in Appendix D.

The cost savings in using a design at 0.40 whr opposed to 0.04 whr
could be substantial, while the difference in percent removals is slight.
Thus the use of the higher hydraulic loading rate should not be declined
because of reduction in effectiveness. Other design considerations may
influence more strongly the case for a lower hydraulic loading rate. The
frequency of schmutzdecke removal, for example, will increase if a higher
hydraulic loading rate is used. This will cause an increase in operating
ocosts, which must be weighed against the lower capital costs.

The improved filter performance at a reduced hydraulic loading rate is
due most probably to the biological nature of the slow sand filter. The
detention time within the filter increases with lower hydraulic loading rate
and thus the opportunity increases for the contaminants to contact and be
retained by the adsorption sites on the filter sand. These adsorption sites
are provided by the biopopulation within the filter.

Sand Size

Table 15 shows the average removals of total coliform bacteria, standard
plate count bacteria and turbidity as affected by sand size. These data were
obtained as a part of the Phase III testing and consisted of nine analyses
for each of three effective sand sizes.

Figure 41 is a plot of the coliform removal vector in Table 15. The
plot shows an increase in treatment efficiency with a decrease in sand size.
The coliform removal improved from 96 percent to 98.6 percent to 99.4 percent
for effective sand sizes of 0.615, 0.278 and 0.128 mm, respectively. These
removal values are significantly different at a significance level greater
than 0.1 percent (p=0.001) for a two way test of variance.

The turbidity data vector in Table 15 did not show a trend and neither
did the standard plate ocount data. The turbidity in the Horsetooth Reservoir
water, used in all testing, is comprised of small clay particles and there is
question as to whether it is a suitable indicator of filter performance. The
particles causing turbidity in other raw waters, however, may be more
susceptable to removal by slow sand filtration. Neither is the standard
plate count data a suitable indicator for comparison of performance. The
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Figure 41. Effect of sand size on removal of total coliform bacteria for
slow sand filtration, Phase II and Phase III experiments.
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Table 15. Effect of sand size on slow sand filter treatment efficiency Phase
III testing.
Small Sand | Control Large Sand
Filter 3 Filter 1 Filter 5
0.13 mm 0.29 mm 0.62 mm
Number of Samples 9 9 9
Total Goliform
Standard Plate
Count Removal (%) 0 16 12
Turbidity _
Removal (%) 15 16 26

filter continually grows and sloughs 100 to 200 standard plate count bacteria
per milliliter of effluent. The influent concentrations averaged about 150
colonies/mL. Thus standard plate count bacteria removal is very low or
negative and is not a suitable indicator for camparison of filter performance
unless the influent concentration is sufficiently large to overwhelm the base
level effluent ooncentration. Table 15 shows percent removal of 0, 16, and
12, for the three sand sizes, which do not show a trend, but do show that
percent removals were low.

The above idea was tested in a special experiment designed to overwhelm
the filter influent f£lows with high concentrations of standard plate count
bacteria for each of the three filters having different effective sand sizes.
The filter influents were spiked with bacteria as described in Section 3.3.
Table 16 presents the data obtained, showing that there was indeed an
increase in standard plate count bacteria removal for the smaller sand size.
The effluent of the filter with large sand emitted 1054 ocolonies/mL while
the filter with small sand emitted only 470 colonies/mL. Both of these
filters had been in operation for 280 days and had mature schmutzdeckes.

Table 16. Standard plate count bacteria removal as affected by sand size,
Phase III testing. Filter 1 was the cocontrol. Bacteria
concentrations are geametric means calculated from data abstracted
fram Table F-6, Appendix F.

Filter 1 Filter 2
Sand Size (mm) 0.278 0.615
Number of Samples 10 10
Average Standard Plate Count
Influgit Concentration (No./mL) 469,000 469,000
Average Standard Plate Count 470 1,054
Effluent Concentration (No./mL) !
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The smallest sand size (d,, =0.128 mm) was not included in this table
since the effluent for Filte}03 had not stabilized for standard plate count
values prior to the test. This was determined by analyzing the data in
Appendix F and observing that the removals were still decreasing with time.

The influence of sand size on treatment efficiency was also evaluated
for filters operated at 5°c. Table 17 shows removal data for filters
operated at 5°C with 0.287 mm sand and 0.615 mm sand. Coliform removal
decreased fram 87 percent to 83 percent when the filter sand was increased
from 0.287 mm to 0.615 mm, confimming the trend shown in Figure 41. Standard
plate ocount bacteria showed the same trend, but the results are not
considered significant since the influents were not spiked.

Table 17. Effect of sand size on slow sand filter treatment efficiency while
being operated at 5°C, Phase II testing.
Control Large Sand
Filter 6 Filter 5 Number of
0.278mm 0.615mm Samples
Total Coliform
Removal (%) 87 & 82
Standard Plate
Count Removal (%) 64 60 _ 80
Turbidity
Removal (%) 8 8 &7 |

The trend shown, i.e., that the filter effectiveness is increased with
smaller sand, is not due simply to increased surface straining by the smaller
sands. The role of straining was ascertained by an experiment in which the
sand surface of Filter 2 was coated witg a deposit of Manville C-545 R
diatamaceous earth (d,, = 0.013 mm) at 3 kg/m (which was about 15 mm in
thickness). Further, the schmutzdecke was allowed to develop for 40 days on
the diatomaceous earth. The results of this test, given in Table 18, show
that the total coliform bacteria, standard plate count bacteria, and
turbidity removals were improved only slightly by the diatamaceous earth
coating. The increase in coliform removal, from 97.7 percent to.98.5 percent
is no better than that which occurred with the small sand, which had a d,, of
0.13 mm. These results then point toward a removal mechanism of adsorption
on the biological material attached to the sand grain, with possible
metabolism of those materials adsorbed which are metabolizable.

Table 19 summarizes results of six Giardia test runs conducted with an
effective size of 0.615 mm. The data show that removal is > 99.9 percent
when the filter is biologically mature. Even with new sand and gravel
support, cyst breakthrough did not occur at 0.12 whr. Breakthrough occurred
only at a hydraulic loading rate of 0.47 whr with new sand and new gravel
support. (Control filters operated at the same time as each of these tests
with 0.278 mm sand also had no cyst breakthrough. These results show that
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Table 18. Slow sand filter treatment efficiency as affected by a
diatomaceous earth coating of the sand surface, Phase III testing.

Control Diatanézéaﬁg
Filter 1 | Earth Coated
Filter 2
Number of Samples 6 6
Total Coliform Removal (%) 97.7 98.5
PN N,
Standard Plate Count Removal (%) 78 84
Turbidity Removal (%) 8 9

Table 19. Giardia cyst removal as affected by an effective sand size of

0.615 mm.
Filter | Test | Biological | Hydraulic | Influent | Effluent Percen
No. No Condition Loading Cyst Cyst | Removal
of Filter Rate Conc. Conc. (%)
(m/hr) (c/L) (c/L)
1 Mature 0.12 3000 0 > 99.98
5 2 | maturel 0.12 1456 0 > 99.92
3 Mature 0.12 1845 0 > 99.94
1 New2 0.12 3227 0 > 99.99
7 2 New 0.12 2768 0 > 99.99
3 New 0.47 2768 26 99.06

v Mature refers to a biologically mature schmutzdecke, sand bed and support

layer, i.e, the biological population is at steady state,

2 New refers to new sand and gravel support with no prior filtration, i.e.,
no biological develomment in the filter.

The "greater than" sign was used when cysts were not recovered; the percent
removal shown is the detection limit, calculated as shown in Appendix K.

for a hydraulic loading rate of 0.12 mwhr Giardia removal approaches 100
percent, even for sand having dlo = 0.615 mm.

The results in Tables 15, 16, and 17 demonstrate that decreasing the
sand size will improve filter performance. But data fram the diatomaceous
earth coating experiment shown in Table 18 indicates that the removal
mechanism is not simply straining. Increased removals can then be attributed
to increased surface area resulting in increased adsorption sites within the
filter, i.e., decreased sand size increases surface area for biological
growth.
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Sand Bed Depth

Table 20 shows the influence of sand bed depth on removals of total
coliform bacteria, standard plate count bacteria and turbidity. These
removals are calculated using all data, i.e., during start-up and after
schmutzdecke removal. The data show a small decrease in coliform removal,
e.g., 97 percent versus 95 percent, for a decrease in sand bed depth fram
0.97m to 0.48m. A two way test of the variance shows these results to be
significantly different at 0.2 percent significance level (p=0.002).

Table 20. Slow sand filter treatment efficiency as affected by sand bed
depth, Phase II testing.

Full Sand Bed |1/2 Sand Bed |Number of®
’ Filter No. 1 [Filter No. 2 Samples
Sand Bed 0.97 0.48
Depth (m)
Total COlifE}‘m 97 95 82
Removal (%)
Standard Plate 1/ ~32 3 80
Count Removal (%)
Turbidity Removal (%) 13 13 87

v The coliform and standard plate count removals are calculated using

geometric means of influent and effluent data.

The standard plate count data and the turbidity data in Table ‘20 show no
trends. This is due to the same conditions, described in the preceding
chapter, which preclude their use for camparison of filter performance. The
standard plate count tests were conducted with the low, naturally occurring,
influent concentrations, i.e., without spiking. Turbidity data was not an
appropriate indicator because of the small size clay particles which comprise
the turbidity and the inability of the filter to remove them,

Figure 42 shows the two data points from Table 20 plotted as colifomm
percent remaining versus sand bed depth. The trend line shown represents the
expected functional relationship of decreasing coliform removal with
decreasing sand bed depth. The line is anchored at 100 percent remaining at
a 0.0m bed depth.

Giardia removal was not affected by the decreased sand bed depth.
Results given later (in Table 31) show that Giardia removal was 100 percent
(qualified by detection limits) at the bed depth of 0.48 m as well as at the
full bed depth of 0.97 m.

The relationship shown in Figure 42 indicates that percent bacteria
remaining is not highly sensitive to sand bed depths above 0.48 m. In
practice this means that a series of schmutzdecke removals, scraping off the
top two centimeters of the sand bed, will not seriously impair the efficiency
of the filtration process, and that the attrition of the sand bed to a depth
of 0.48 m is acceptable, which is consistent with the literature.
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Temperature

Table 21 shows the effect of temperature testing at 17°c, and 5°C, and
at 17°C and 2°C on removals of total coliform bacteria, standard plate count
bacteria, and turbidity. ‘These pairs of data for Phases II and III,
respectively, show that percent removals of coliform bacteria are affected
significantly by temperature. Thg removals of total coliform bacteria were
97 percent and 87 percent St 17°C %nd 5°C respectively for Phase II, and 99
percent and 92 percent at 17 C and 2°C respectively for Phase III.

Table 21. Bacterial and turbidity removal slow sand filtration as
effected by temperature. Both filters had hydraulic loading rates
of 0.12 w'hr and effective sand size of 0.278 mm.

Phase II Phase III
Control Cold Number | Control Cold Number
Filtgr 1 {Filter 6 of Filtgr 1 Filtgr 6 of
17°¢ 5°c  |samples | 17°c 2°c | samples

Total Coliform
Removal (%) 97 87 82 9»9 92 9
Standard Plate
Count Removal (%) =32 64 80 17 7,2 ?.‘_.
Turbidity
Removal (%) 12 7 87 16 21 9

The effect of temperature is borne out further by the results shown in
Table 22 which shows that reduced temperature decreases the removal of
standard plate oougt bacteria by slow sand filtration. The effluent
concentration at 17°C was 100 times lower than at 2°C. The influents to the
control (Filter 1) and to tge low temperature filter (Filter 6) were spiked
with approximately 5x10° bacteria/milliliter and so these tests are
considered valid. As discussed, this was done to offset the effects of
bacteria propagatgon and release fram the filters. No specialized testing
was performed at 5°C.

Table 22. Effects of temperature on standard plate count bacteria removal by
slow sand filtration, Phase III testing.

Filtsr 1 Filtoer 6
Temperature 17°C 2°C
Number of Tests 0 10
Influent Standard Plate 469,000 469,000
Count Concentration (No./mL)
Effluent Standard Plate 470 46,300
Count Bacteria (No./mL) -

Note: These geametric means are calculated from data presented in Table F-6,

Appendix F.
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Table 23. Giardia removal by slow sand filtration as effected by temperature, Phase I testing.
Influent Number Number of
Hydraulic Giardia of Effluent Cysts Effluent v
Filter Loading Run Age of Cyst Effluent volume Detected Cyst Removal
Number Rate Number p. | Schmutzdecke | Concentration | Samples Sampled | in Effluent | Concentration
(vh) (Y] (weeks) (c/L) (No.} (1) {No.) (c/L) (%)
54 15 3 500 5 84 13 0.253 99,949
1 0.04 60 5 5 500 5 81 0 0.000 100.000
66 15 11 50 7 175 5 0.050 99.900
69 5 12 50 5 140 8 0.116 99.772
53 15 3 500 5 225 16 0.140 99.977
2 0.12 59 5 5 500 5 220 5 0.035 99.993
65 15 11 50 7 429 . 4 0.016 99.968
68 5 12 50 5 345 7 0.041 99.918
55 15 3 500 5 346 68 0.321 99.936
3 0.40 61 5 5 500 5 366 26 0.111 99.978
67 15 2 50 7 1098 7 0.011 99.978
70 5 3 50 5 962 8 0.017 99.966

Voualified by the detection limits shown in Table 30.

Note:

Data in this table were extracted fram Table 14.




Table 23 shws the Phase I Giardia removal results for operating
temperatures of 5°C and 15°C. The data are organized by hydraulic loading
rate and by oomparable schmutzdecke ages. No apparent change in f ilter
effectiveness is shown when the 5 C test runs are compared with 15°C test
runs for the same conditions. The 5°C temperatures dunng the Phase 1
testing were maintained only during the 5 OC test runs; so it is unlikely that
the biological populations within the filters had sufficient time to be
affected by the change. Because of this deficiency, temperature testing was
igcluded in the Phase II program. Two filters were operated continuously at

Table 24 shows the Phase 11 Giaxdia removal results for operating
temperatures of 5°C and 17°C. Filters 5 and 6 were operated for the entire
testing period at 5°C. As shown there were no cyst breakthroughs for these
low temperature filters or for the control, Filter 1. These results
corroborate the Phase I findings and demonstrate that temperature has no
observed effect on Giardia cyst removal.

Table 24. Giardia removal as effected by temperature, all filters were
biologically mature and operated at 0.12 mw/hr, Phase II testing.

Filter Test Influent Cyst Effluent Cyst Cyst
No. No. Temp% rature Concentration Concentration Removal
(Fc) (cysts/liter) (cysts/liter) (%)
1 17 3000 0 > 99.99
1 2 17 1956 0 > 99.93
3 17 1845 0 > 99.94
1 5 3000 0 > 99.98
5 2 5 1956 0 > 99.92
3 5 1845 0 > 99.94
1l 5 3000 0 > 99.99
6 2 5 1956 0 > 99.92
3 5 1845 0 > 99.93

Fluent C . .

Figures 43 and 44 are plots of influent concentrations versus effluent
concentrations for total coliform bacteria and standard plate count bacteria
respectively. These data were abstracted from Appendices D and F, and are
from Phase I testing. Each figure shows two log cycles of scatter for all
the plotted data but the plots of the averages within each indicated range
show that an increase in influent concentration will cause an increase in the
effluent concentration. The scatter is due partially to the fact that all
data were plotted without attempting to achieve any resolution for varying
test conditions, e.g., microbiological maturity of the sand bed. Similar
results were obtained for data generated for the filters operated at 0.04 m/h
and 0.40 n/h.

83



Figure 43.

104~

AR DU 1 5 P il
-t o K

103 ;

i

cr
Seobet o O - FILTER NO 2 (012
2 : INDIVIDUAL DATA POINT
10 T M- FILTER NO 2 (0.12 M/H)

AVERAGE OF DATA POINTS
WITHIN INDICATED RANGE

i H
i ; r
T 0 OO W
g t
!

T
o
i

EFFLUENT COLIFORM CONCENTRATION (COLIFCRMS /100 ML)

1 Nulinisiaaicle | (B 0000 o 8- | e
10! 102 03 104 0% 106

INFLUENT COLIFORM CONCENTRATION (COLIFORMS/ 100 ML)

Effluent coliform concentration as affected by influent coliform
ooncentration at hydraulic loading = 0.12 w/h. When no coliforrgf
were found in an effluent sample the value was plotted at 10
but 0 was used in the calculation of the mean.

84



HHHA
TR
il
st
. !rg
B3 ol
H R
A et
il g
Lot
1 I
it it
‘05 \t I |!‘:‘, l;"
|

1 : : i
] ; ¥

1] . { :'T'

{0~ FILTER NO 2 (0.12 M/H)
INDIVIDUAL DATA POINT

M- FILTER NO 2 (0.12 M/H)
AVERAGE OF DATA POINTS
WITHIN INDICATED RANGE

] — B T T SR
00 ] | , |
102 103 T 103

EFFLUENT HETEROTROPHIC BACTERIA CONCENTRATION (COUNT /ML)

INFLUENT HETEROTROPHIC BACTERIA
CONCENTRATION (COUNT/ML)

Figure 44. Effluent standard plate count bacteria concentration as affected
by influent standard plate count bacteria ooncentration at
hydraulic loading rate = 0.12 n/h.

85



Replotting the data in Figures 43 and 44 in term of percent remaining on
the ordinate, it is seen in Figures 45 and 46 that percent remaining declined
as the influent bacteria concentration increased. While the three points for
the higher influent ooncentrations in Figure 45 decline sharply, the trend
line is shown with only a slight slope, which gives more weight to the other
points. These data were abstracted from Appendices D and F, Phase I testing.
Similar results were obtained for data generated at hydraulic loading rates
of 0.04 mw/hr and 0.40 nvhr.

Figure 47 is a time series plot of influent and effluent total coliform
results for the first 115 ds.ys of Phase II testing for Filter 1, the control,
and Filter 5, operated at 5°C with 0.615 mm sand. These data were abstracted
from Appendix D, Phase II testing. The influence of influent bacteria
oconcentration on filter effluent concentrations is clearly indicated by the
corresponding responses of the effluent concentrations for the two filters.
The inflvence is evident during filter start-up, defined here as day 0 to
approximately day 50, as well as for established operation, day 50 to day
115. The same relationships can be seen in plots of total coliform
concentration data for Filters 2, 3, 4 and 6 as well. These plots using
Phase II data, corroborate the interpreted trends for the Phase I data in
Figures 43 and 44.

Although a similar removal relationship could exist for influent Giardia
cyst ooncentrations, none was found, for an influent range of 50 to 5000
cysts/liter. Tests were not conducted with an influent concentration greater
than 5000 cysts/liter because it was deemed more important to investigate
other relationships. Also, effects caused by <changes in influent
concentrations of cysts would be extremely hard to define, or they could be
masked by the effects of other variables.

Modes of Operation

Four modes of operation are defined here as: 1) filter start-up, 2)
replaced sand, 3) removed schmutzdecke, and 4) steady state operation. How
these different modes of slow sand filtration affect percent removals is the
subject of this section.

Effect of Modes of Operation on the Biological Community-——

Based upon observations from this work it can be asserted that the
condition of the biological community within a slow sand filter is dependent
on the mode of filter operation. Figure 48 is a matrix we have coconstructed
which relates the state of the biological community at different filtration
zones in the filter to the four modes of operation. The biological cammunity
is defined to be in one of two states, "growth” or "mature". Growth refers
to a nonsteady state condition where the amount of biological mass is less
than the level that can be supported by the mass nutrient loading.
Consequently, the biological community is growing and increasing in mass. A
new sand bed having nc biological community is included in this definition;
the biological community is defined to be in a "growth" oondition. The
"mature” community is at steady state and the biological mass is in balance
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Figure 45.
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with the available nutrients. In this state maximum contaminant removal will
occur. While the depiction shown in Figure 48 is consistent with our
findings quantitative documentation would require further research focused on
these particlar questions.

To illustrate, Figure 48 shows that during "filter start-up" the
biological camunities in all three filtration zones are in "growth". By
contrast, for "steady state operations" the biological communities are
"mature” in all three filtration zones.

Filter Start-up—-

Figure 49 is a plot of average percent total coliform remaining for
start-up and for established operation during the Phase II testing. The
plotted points are weekly average values for the first 10 weeks of filter
operation. The sloping portion of each plot, except for Filter 4, is a
linear regression of the log values for the first few weekly averages. The
regression plot Filter 4 used only the first four weeks of data. The
horizontal lines, which mark steady state operation with respect to removal,
indicate at the same time that the filter sand bed is, by earlier definition,
"mature". Th plotted points were calculated using 26 analyses obtained
between 4 weeks and 10 weeks operation after start-up. The steady state
removal lines reflect the effect of the filter test ocondition on filter
performance, i.e., Filter 4, added nutrients, achieved 99.9 percent coliform
removal; Filter 1, control, achieved 98 percent removal; Filter 2, one half
sand bed depth achieved 9@ percent removal; Filter 6, 59C, achieved 85
percent removal; Filter 5, 5 C and 0.615 mm sand, achieved 83 percent
removal; and Filter 3, chlorinated between test runs, achieved 60 percent
removal. These percent removals can be calculated fram the respective
intercepts of the horizontal lines Figure 49 as, 100 minus percent remaining.

Fram Figure 49, the time to reach steady state operation for Horsetooth
water, without nutrient addition, appears to be between 5 and 7 weeks. The
trends shown illustrate the differences between the filters. It is clear
that the slopes and the times to reach steady state operation, are affected
by nutrient availability, temperature, and filter operations.

The plots emphasize the important role of nutrient loading in reaching
steady state operation. Filter 4, with nutrient addition, matured in
approximately one half the time required by the other filters. Also, the
stabilized percent remaining line for mature operation is lower than for any
of the other filters and shows the importance of the nutrients in increasing
filter efficiency.

The plots show that Filters 1, 2, 5, and 6 matured at approximately the
same time. It was expected that the cold filters, 5 and 6, would take longer
to mature since their rate of biological development would be slower due to
the cold. However, because the steady state removal was less for the cold
filters, the rate of biological development did not have to be as great to
reach mature operation at the same time as the warm filters.
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Figure 50 through 54 are time series plots of total coliform
concentrations for the first 115 days of Phase II operations. Each plot
shows the influent coliform concentration history, which was common to each
of the six filters, and the effluent concentration history for Filter 1, the
control. Figure 50 shows, in addition, the effluent coliform concentration
over time for Filter 2, which had one half the sand bed depth. Figure 51
shows the effluent concentration for Filter 3, which was chlorinated between
test runs. Figure 52 shows the same for Filter 4, which had ngtrients added.
Figure 53 shows the same for Filter 5, which was operated at 5°C with 0.618
mm sand. Figure 53 sgows the effluent coliform concentration for Filter 6,
which was operated at 5°C. For each plot, the start-up period is indicated
by the improvement in percent removal, illustrated by an increase in
separation between the influent and effluent plots i.e., day 0 to
approximately day 50,. These results also confirm the effect of time on the
development of a biological population and on filter effectiveness. The
respective filter performances as depicted by the concentration time
histories are similar to the camparisons shown in the plots of Figure 49.

Figure 49 summarizes the outcomes of the six filters each operated with
one variable differing in magnitude. Campared with the control, Filter 3,
the chlorinated filter, had the highest percent remaining of total ocolform
removal, e.g. about 50 percent, vis a vis 2 percent. This was expected, of
course, if the internal biopopulation is as important as hypothesized. By
comparison, Filter 4, which had nutrients added, had only 0.1 percent
remaining. These results show that the internal biopopulation does indeed
have a most important role in the rapid rate filtration process.

The roles of sand bed depth, temperature, and sand size are indicated
also in Figure 49. With large sand (d o = 0.62 mm) operated at 5°C
temperature, percent remaining was about 26 percent, while the percent
remaining for the d = 0.28 mm sand was still only about 18 percent when
operating at 5°C. Fil%gr No. 2 having a bed depth of only 48 an (vis a vis
97 cm for the oontrol) still had only about 5 percent total coliform
remaining, which is significant in terms of how much the sand bed can be
removed by scraping and have high removal efficiency.

Figures 55 and 56 are time series plots of influent and effluent
turbidity analyses for Filters 1 and 4 the control filter and the nutrient
added filter, respectively. As shown, the turbidity removal improved fram
day 0 to approximately day 50 in the same manner as the coliform removal
improved in Figures 50 through 53. But more importantly, Filter 4 with the
nutrients added showed remarkably lower effluent turbidities than the control
filter, e.g. 6.5 NTU raw water to about 2.5 NTU effluent vis a vis 6.5 NTU to
4 NIU, respectively. This provides evidence that turbidity removal for
Horsetooth Reservoir water is influenced by the same mechanisms of removal as
coliforms. If the surfaces of the sand particles are coated with bacterial
films, it is quite 1likely these surfaces are "sticky" and will retain
particles which impinge upon them as a result of transport by convection and
diffusion along the tortuous path during filtration. Further it is quite
possible that the bacteria have natural polymers which could coagulate some
of the clays entering the biofilms on the sand.
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Influent and effluent turbidity concentration for Filter 3. Sodium hypochlorate at mg/L
was metered to this filter oontinuously except during test runs. Plot demonstrates
increase in turbidity after each chlorination and dechlorination of the filter.
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The initial days of start-up were also analyzed with results from Filter
3, Phase 1II, which was chlorinated between periods of analyses. The filter
was dechlorinated with sodiun thiosulfate 24 hours prior to biological
analyses. This provided a filter in the "start-up mode" for repetitive
testing periocds. Figures 57 and 58 are time series plots of influent and
effluent turbidity and standard plate count bacteria analyses for Filter 3.
The influent data for the standard plate count were displaced 24 hours to
campare influent and effluent analyses. These results show four different
"start-ups" after chlorination. For each case the turbidity and standard
plate count started below the influent level and then increased above the
influent level. If the filter was not further dosed with disinfectant these
negative removals would have been overcome within another week and the
removal steadily improve as demonstrated by Figure 50 through 54.

Table 25 shows the Giardia removal capabilities of a filter in the
start-up mode compared to a filter which has been in continuous operation for

80 weeks. The filters were operated in parallel with identical influents.
Table 25. Giardia removal as effected by a filter in the start-up mode of
operation versus a filter with a mature biopopulation. Phase I
results.
Filter Run |Hydraulic | Length Influent | Effluent | Perce
Condition |[No. | Loading |of Filter Qyst Cyst Removal
Rate Operation | Conc. Conc.
(nvhr) (weeks) (c/L) (c/L) (%)
New 118 0.40 0 2000 17 99.2
sand
Mature 119 0.40 80 2000 0 100
Biopop.

l/Qualified by the detection limits shown in Table 4-18.

For this test the filter with a mature biological population was capable
of removing all of the Giardia cysts, i.e., to the detectable limit.
Probably the cysts are adsorbed by adsorption on the biological film attached
to the sand grains, and then, it is speculated, they are metabolized by these
organisms. The filter with new sand allowed 17 cysts per liter to pass from
an influent of 2000 cysts per liter. This demonstrates that a filter in the
start-up mode will not remove all of the influent Giardia cysts while a
filter with a mature biopopulation will do so. It shows also that a new
filter is still capable of removing approximately 99 percent of the Giardia
cysts. Asorption to the sand grains and straining must be the removal
mechanisms for the new sand.

Figure 59 shows the effect of the four modes of filter operation on
effluent coliform ooncentrations, i.e., percent remaining at hydraulic
loading rates of 0.04, 0.12 and 0.40 m/hr. The effectiveness of a filter
during start-up, can be seen by camparing the bar for that condition, Run
118, with those for the other modes of operation. Run 118 shows that percent
total coliforms in the effluent is higher in the start-up mode than for any
other condition of operation. The mature filter, Run 106, had only 0.4
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Figure 59. Effect of conditions of schmutzdecke and sand bed on percent
remaining of total coliforms for three hydraulic loading rates.
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percent coliforms remaining while the filter during start-up had 15.4 percent
coliforms remaining. Put another way, if the influent total coliform
concentration was hypothetically one million coliforms per 100 mL, a mature
filter would have only 4000 coliforms/100 mL in the effluent while a start-up
filter would have 154,000 coliform/100 mL.

Table 26 shows that replacing sand had no effect on Giardia removal for
the test runs indicated. The filter with replaced sand, it should be noted,
had a "mature" gravel support layer which had been in operation 67 weeks.
The gravel support was not disturbed when the sand was replaced. While
perhaps in retrospect we should have found some way to scrape the surface of
the gravel particles and plate the suspensions, standard procedures are not
available to evaluate biological films, and this was not done. Nevertheless
there can be little doubt that if a biological film was present on the sand
particles, it had to exist also on the gravel.

Table 26. Effect of sand replacement on Giardia cyst removal.
Filter Run | Hydraulic Length Influent | Effluent | Percent
Condition | No. Loading of Cyst Cyst Remoyl
Rate Operation Conc. Conc. (%)
(v hr) (weeks) (c/L) . (c/L)
Replaced
sand on
mature 116 0.12 ot/ 3692 0 100
gravel
support
Mature 117 0.12 67 3692 0 100
(control)
A4

The gravel support layer had been in continuous operation for 67 weeks.
2/ (a1 ified by the detection limits shown in Table 30.

Comparing the results of Run 116 with those of Run No. 118, which had
both new sand and new gravel support, i.e., "start-up" condition, it is seen
that the filter with the mature gravel support removed the cysts which
passed a new sand bed. This indicates that even the modest amount of
microbiological growth in the gravel support can provide the marginal effect
required to cause cyst removal to approach 100 percent.

The role of a mature gravel support is illustrated further in Figure 59.
It shows that replacing sand with a mature gravel support remaining, as in
Run 116, will permit as much as 7 percent coliform bacteria remaining
compared with 0.1 percent for a mature filter, as in Run 105.
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Fram these results it can be inferred that removal of Giardia cysts will
remain near 100 percent, even after the operation of replacing sand, if a
mature gravel support remains in place. The coliform removal results,
however, show that a significant decrease in filter efficiency occurs after
sand replacement.

Schmutzdecke Removal--—

It is established practice that the schmutzdecke is removed when the
headloss exceeds the maximum design values of 1 to 1.5 meters. Schmutzdecke
removal is described in a previous section.

Table 27 shows the results of 15 Giardia test runs for filters with
freshly scraped sand surfaces, i.e., no schmutzdecke. These test runs are
listed in order of the number of weeks of continuous filter operation, which
ranged from 26 to 70 weeks. The table shows that removal of Giardia cysts to
below the detection limit was achieved in all but four of these test runs.
The key difference between those tests which achieved complete removal and
those that did not was the degree of microbiological maturity within the sand
bed and not the fact that the schmutzdecke had been removed. All four of the
tests in which cysts were passed occurred during the first 41 weeks of filter
operation. After this period, when the microbiological population had
developed to "maturity", complete removal of Giardia cysts occurred. Also,
Table 27 shows that this occurs independent of hydraulic loading rate,
influent Giardia cyst concentration, and presence of a schmutzdecke.

Table 27. Giardia removal by slow sand filtration as affected by
schmutzdecke removal. Each of these tests were conducted within
one day of removing the schmutzdecke.

Hydraulic Length Influent Effluent
Run Loading of Cyst Cyst Percent
No. Rate Operation Conc. Conc. Rem
(m/h) (weeks) (c/L) (c/L) (%)
48 0.04 26 420 2.014 99.520
49 0.40 26 420 5.431 98.707
47 0.12 33 420 1.541 99.633
75 0.04 41 50 0.000 100.000
76 0.40 41 50 0.002 99.996
81 0.04 45 50 0.000 100.000
82 0.40 , 45 50 0.000 100.000
74 0.12 48 50 0.000 100.000
80 0.12 52 50 0.000 100.000
107 0.04 62 1500 0.000 100.000
109 0.04 62 1500 0.000 100.000
100 0.04 63 1953 0.000 100.000
112 0.40 63 1953 0.000 100.000
108 0.12 69 1500 0.000 100.000
111 0.12 70 1953 0.000 100.000
1/

Qualified by detection limits shown in Table 30.
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Figure 59 shows the effect of schmutzdecke removal on percent total
coliforms remaining in filter effluent. The bar graphs camparing Runs 104,
105, 107 with Runs 107, 108, 109, respectively, show that schmutzdecke
removal will result in approximately a 10 times, i.e. one log, decrease in
treatment efficiency when compared to operation under steady state.

Schmutzdecke removal followed by the disturbance of the sand bed was
also investigated, as illustrated by runs 110, 111 and 112. This experiment
was intended to simulate the effects of a full-scale filter operation in
which the filter is drained and the sand bed is disturbed by the movement of
men and equipment over the filter surface during schmutzdecke removal. ‘The
experimental disturbance was accomplished for each filter by: draining the
filter for a two day period, removing the schmutzdecke, mixing the top 10
centimeters of sand, and pounding on the sand surface. This experiment
caused an additional 5 to 10 times decrease in treatment efficiency campared
with the schmutzdecke removal procedure when no disruption occurred.

To sumarize, the Giardia results show that schmutzdecke removal will
not affect cyst removal. Coliform results indicate however, that filter
efficiency does deteriorate by 10 to 100 times immediately after schmutzdecke
removal. Because of this, filtering to waste for one to two days after
removing the schmutzdecke is recammended by the World Health Organization.
While we have the feeling based upon this work that the filter will still
produce acceptable effluent if this is not done, its use as a precautionary
measure oould be advisable. This would provide time also for the biological
population within the sand bed to recover also, in event the scraping period
has caused same determination.

Steady State Operation—

Steady state operation occurs when the biological population is mature
throughout the filter. At this stage maximum contaminant removal can be
expected.

Figure 49 shows that the greatest total ooliform removal occurs when
operation is steady state, i.e., the sand bed is "mature". This is
demonstrated by runs 104, 105 and 106 in Figure 39 which display better
treatment efficiency than any other mode of operation. This figure shows
also that treatment efficiency will deteriorate markedly as greater portions
of the biological community are disrupted.

Table 28 shows Giardia cyst removal results for 24 test runs with
established schmutzdeckes, listed in chronological order. These results
demonstrate that the removal of cysts improved steadily with time and was
independent of schmutzdecke age, hydraulic loading rate, or influent cyst
ooncentration. Cysts passed through filters with 12 week old schmutzdeckes
while they were removed to below the detectible limit with four to five week
old schmutzdeckes when the microbiological population within the filter was
given a longer time to mature. In fact, after 49 weeks of operation, cyst
removal to below the detection limit was achieved in all cases, even with
influent cyst ooncentrations as high as 5,075 cysts/liter. These results
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Table 28.

Giardia removal by slow sand filtration as effected by
maturity of the biological population.

the

Tests with established

schmutzdeckes.
Influent |Effluent
RBydraulic Length Age of Cyst Cyst
Run Loading of Time Schmutz- Concen- Concen- Percem:‘v
Number Rate in Operation decke tration tration Removal
{m/h) (weeks) (weeks) (c/L) (c/L) (c/L)

54 0.04 29 3 500 0.305 99.939
55 0.40 29 3 500 0.387 99.923
60 0.04 31 5 500 0.000 100.000
61 0.40 31 5 500 0.111 99,978
53 0.12 36 3 500 0.140 99.972
59 0.12 38 5 500 0.035 99.993
66 0.04 38 11 50 0.050 99.900
67 0.40 38 2 50 0.011 99.978
69 0.04 39 12 50 0.114 99.772
70 0.40 39 12 50 0.017 99.966
65 0.12 45 11 50 0.016 99.968
68 0.12 46 3 50 0.041 99,918
87 0.04 49 4 1000 0.000 100.000
88 0.40 49 4 1000 4.373 99.863
90 0.04 50 5 1000 0.000 100.000
91 0.40 50 5 1000 0.000 100.000
86 0.12 56 4 1000 0.000 100.000
89 0.12 57 5 1000 0.000 100.000
101 0.04 60 16 1087 0.000 100.000
103 0.40 60 16 1087 0.000 100.000
104 0.04 61 17 5075 0.000 100.000
160 0.40 61 17 © 5075 0.000 100.000
102 0.12 67 16 1087 0.000 100.000
105 0.12 68 17 5075 0.000 100.000

L/ qualified by detection limits shown in Table 30.
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and those shown in Table 16 demonstrate that the maturity of the
microbiological population in the sand bed is the most important factor in
cyst :enoval.

Biological Community Importance--

To further access the importance of the biological community, Filter 3
and 4, Phase II testing, were operated under continuous disinfection and with
augnented biological activity, respectively. Disinfection of Filter 3
between test runs was done to prevent a biological cammunity from developing
in the filter. For Filter 4 nutrients were added as a sterile synthetic
sewage, as formulated by Piper (1962), see Appendix P. The nutrient addition
caused a decrease in dissolved oxygen across the filter of 3 to 4 mg/L. The
synthetic sewage had a BOD of approximately 5 mg/L according to Piper's
calculations.

Table 29 shows the results of these test runs. Total ooliforms
bacteria, standard plate count bacteria, and turbidity were all improved by
increasing the level of biological activity. Percent removals for Filter 4,
with the nutrient addition, were 99.9, 58, and 52, respectively, campared to
60.1, -89, and 5, respectively for the disinfected filter.

Table 29. Effect of the biological cammunity on filter effectiveness. These
results are for established filter operations.

Nol/ AugmentedZ/

Biological Biological Number

Community Control Activity ‘ of
; Filter 3 Filter 1 Filter 4 Samples
Total Coliform ~
Removal (%) 60.1 97.5 99.9 24
Standard Plate _ _
Count Removal (%) 89 4 58 23
Turbidity
Removal (%) 3 15 52 26

v This filter was chlorinated between test runs.
2/ This filter had nutrients added continuously.

These results leave little doubt about the important role of the
biological population within the sand bed and that the slow sand filter
removal mechanism is strongly influenced by biological processes. Also,
they show that biological development ocould be accelerated by nutrient
addition. This could be important for start-up of a new system. The cost
for this should be naminal. Guidance on how much should be added and for how
long could be provided by further research, though development of a practice
should not be held up for this reason. Amounts can be detemmined empirically
if done under the guidance of a sanitary engineer or a microbiologist.
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Table 30. JS/uiugg;yﬁ results for Giardia cyst experiments for Phase I slow sand filtration, 2/1982 to

TEST IDENTIFICATION TEST CONDITIONS ANALYSIS RESULTS
Rmber of
Cysts in Effluent Effluent Cyst
eﬁ/ r——»--—-—~‘—————-;a, Concentration Percent Removal
Average Influent Cyst Membran Nurber Corrected

Hydraulic Age of v Detection? Concentration Filter of Efflvent? for pased on? Correctedd pased oY correcteat?

Filter Run Dates Loading Schmutz-  Special’ Ana.lysis” Limit e —, Recovery Effluent Volume - Recovery Cysts for Detection Cysts for Detection
No. No. of Runs  Rate p. decke  Conditions Technique added”  Detected” Efficiency Samples Sampled Detected Efficiency Detected Limit Detected Limit
(m/h) (°c)  (weeks)  Imposed (c/L) (/L) (c/L) 1) (No.) (L (o.) (No.) tc/L) (c/L) (c/L} (e/1)
48 2/26-3/3  0.04 5 [] [4 ZF 0.085 420 196.8 46.8. 5 65 49 130.9 2,014 2.014 99.520 99.520
S4 3/18-3/23  0.04 15 3 N zP 0.061 500 1137.0 61.21Y 5 84 13 1.2 0.253 <0.296 99.949 >99.942
60 4/1-¢/6,  0.04 s 5 N 2P 0.062 500 399.3 79.9 [ 81 [ 0.0 0.000 <0.062 100.000 >99.988
66 5/17-5/24 0.04 15 11 N 2P 0.040 50 35.8 7.7 7 175 5 8.7 0.050 <0.076 99.900 >99.848
69 5/25-5/29 0.04 5 12 N IF 0.037 50 3.3 62.6 5 140 8 16.0 0.114 <0.137 99.772 >99.725
75 6/6-6/25  0.04 15 0 c 2P 0.036 50 15.9 31.8 11 314 [ 0.0 ©.000 <0.036 100.000 >99.928
8l 7/4-7/23  0.04 5 0 c NP 0.104 50 32.2 64.3 10 344 0 0.0 0.000 <0.104 100.000 >99.792
1 87 8/1-8/6 0.04 15 4 N P 0.993 1000 183.2 18.4 4 111 4 0.0 0.000 <0.993 100.000 >99.901
90 8/8-8/12  0.04 15 5 N HP 0.586 1000 221.0 22.1 4 157 [ 0.0 0.000 <0.586 100.000 >99.941
101 16/20-10/25 0.04 15 11 N 3 0.200 1087 853.0 78.5 H 138 0 0.0 0.000 <0.200 100.000 599,982
104 10/26-10/31 0.04 15 12 N NP 0.231 5075 2705.0 53.3 5 171 0 0.0 0.000 <0.231 100.000 >99.995
107 1V/3-1V/7  0.04 15 0 C MP 0.302 1500 726.0 48.4 4 142 [} 0.0 0.000 <0.302 100.000 99.980
110 1V/12-11/16 0.04 15 0 c,S MP 0.151 1953 1556.0 79.7 4 176 [ 0.0 0.000 <0.151 100.000 >99.992
116 12/7-12/11 0.12 15 [ R P 0.046 3692 3470.0 94.0 4 497 0 0.0 0.000 <0.046 100.000 >99.999
118 1/18-1/23  0.40 15 0 F MP 0.049 2000 1440.0 72.0 s 610 7450 10403.0 17.050 17.050 99.150 99.150
41 2/26-3/3  0.12 5 0 4 2F 0.030 420 19.8 46.8. 5 182 105 280.4 1.581 1.541 99,633 99.633
53 3/18-3/23 0.12 15 3 N b4 0.023 500 1137.0 61.21 5 223 16 26.1 0.116 <0.135 99.977 599,973
59 4/4~4/6 0.12 5 5 N 7F 0.023 500 399.3 79.9 s 220 5 7.8 6.035 €0.054 99.993 >99.989
65 5/17-5/24 0.12 15 1 N ZP 0.016 50 35.8 71.7 7 429 4 7.0 0.016 <0.024 99.968 599.953
68 5/25-5/29 0.12 5 12 N g 0.015 50 31.3 62.6 s 345 7 14.0 0.041 <0.046 99.918 >99.908
74 6/6-6/25  0.12 15 0 < ZF 0.014 50 15.9 31.8 11 803 0 0.0 0.000 <0.140 100.000 >99.972
2 80 7/4-1/23  0.12 5 [] c P 0.042 50 32.2 64.3 10 853 0 0.0 0.000 <0.042 100.000 >99.916
8 8/1-8/6 0.12 15 4 N MP 0.398 1000 183.8 18.4 4 mn 0 0.0 0.000 <0.398 100.000 >99.960
89 8/8-8/12  0.12 15 5 N P 0.246 1000 221.0 22.1 4 374 [} 0.0 0.000 <0.246 100.000 >99.975
102 10/20-10/25 0.12 15 11 N MP 0.081 1087 853.0 78.5 H 342 0 0.0 0.000 <0.081 100.000 >99.993
105 10/26-10/31 0.12 15 12 N L3 0.091 5075 2705.0 53.3 5 435 [} 0.0 0.000 <0.091 100.000 >99.998
108 1/3-1/7  0.12 15 0 C NP 0.121 1500 726.0 48.4 4 354 0 c.0 2.000 <0.121 100.000 >99.992
111 11/12-11/16 0.12 15 0 [ P 0.059 1953 1556.0 79.7 4 454 0 6.0 0.000 <0.059 1060.000 >99.997
119 1/18-/23  0.40 15 10 N P 0.039 2000 1440.0 72.0 5 770 [+ 0.0 0.000 <0.039 100.000 >99.999
49 2/26-3/3  0.40 s 0 c 2F 0.020 420 19.8 46.8 s 270 549 1466.3 5.431 9.431 98.707 98.707
55 3/18-3/23  0.40 15 3 N P 0.015 500 1137.0 61.21Y 5 346 68 1.1 0.321 0.321 99.936 99.936
61 4/1-4/6 0.40 5 5 N ZF 0.014 500 399.3 79.9 s 366 26 40.7 0.111 <0.117 99,978 >99.977
67 5/17-5/24 0.40 15 2 N F 0.006 50 35.8 71.7 7 1098 7 12.2 0.011 <0.014 99.978 >99.971
70 5/25-5/29 0.40 5 3 N iF 0.005 50 313 62.6 5 762 8 16.0 6.017 <0.019 99.966 >99.963
76 6/6-6/25 0.40 15 0 C 13 0.005 50 15.9 31.8 11 2239 1 3.9 0.002 <0.006 99,99 >99.988
3 82 7/4~¢/23  0.40 5 0 < MP 0.013 50 32.2 64.3 10 2671 0 0.0 0.000 <0.013 100.000 >99.974
88 8/1-8/6 0.40 15 4 N P 0.127 1000 183.8 18.4 4 871 220 1195.7 1.373 <1.407 99.863 >99.859
91 8/8-8/12  0.40 15 5 N MP 0.109 1000 221.0 22.1 4 843 i 0.0 0.000 <0.109 100.000 99.989
103 10/20-10/25 0.40 15 11 N HP 0.024 1087 853.0 78.5 5 1134 ] 0.0 0.C00 <0.024 100.000 >99.998
106 10/26-10/31 0.40 15 12 N P 0.027 5075 2705.0 53.5 5 1440 [ 0.0 0.000 <0.027 100.000 >99.999
109 1V3-11/7 0.40 15 0 c e 0.036 1500 726.0 48.4 4 1199 0 0.0 0.000 <0.036 100.000 599.998
112 11/12-11/16 0.40 15 0 c,s MP 0.026 1953 1556.0 79.7 4 1020 [ 0.0 0.000 <0.026 100.000 >99.999
117 12/7-17/11 0.12 15 5 P 0.040 3692 3470.0 94.0 4 <66 0 6.0 0.000 <0.040 100.000 >99.999
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Table 30. ocontinued.

Va:ecia.l Conditions: N-none, C~schmutzdecke scraped just prior to test run, S-filter bed shocked by draining, leaving dry for two days, stirring
sand on top, beating on filter with hagpmer, and rapidly backfilling, R-resanded filter, 38 inches of sand replaced with new sand, gravel left
intact. F-new filter media for entire column, both sand and gravel replaced.

4 The analysis technique is either zinc sulfate flotation (ZF) or micropipette (MP). These methods are described in Appendix J.
3/Detect:'.or\ limits are explained in Appendix K.

A/'x'he cyst concengration designated as “added" equals the number of cCysts in the cyst concentrate, as determined by the stoll technique, divided
by the number of liters in the feed tank.

¥ The cyst concentration designated as "detected” is determined by concentrating a sample fram the filter feed tank, with a 142 mm polycarbonate
membrane filter having a 5 um pore size and analyzing for Giardia cysts.

5/'I'i'\e Megbrane Recovery Efficiency is calculated as: 100 (Detected Cyst Concentratio)/(Added Cyst Concentration).
ysaspling was by passing effluent stream through 142 mm polycarbonate membrane filter having 5 um pore size.

The corrected number of cysts equals: (No. of Cysts Detected)/(Membrane Recovery Efficiency). If the ZF method of analysis is used, the memr
brare recovery efficiency is multiplied by 0.8. The 80% factor is used to correlate ZF to MP, i.e. the ZF is only 80% as effective as MP.

ym& values were calculated by: (Number of Cysts in Effluent Corrected for Recovery Efficiency)/(Effluent Volume Sampled)

m/’mese values were calculated by: [(Number of Cysts in Effluent Corrected for Recovery Efficiency) + (Average Detection Limit) (Volume Stamped
when *0" Cysts were Detected)]/(Effluent Volume Sampled).

wﬂ:ese values were calculated by: 100(1 ~ (Effluent Cyst C oncentration Based on Cysts Detected)/(Influent Cyst Concentration Added.
w’mese values were calculated by: 10011 - (Effluent Cyst Concentration Corrected for Detection Limit)/(Influent Cyst Concentration Added]

Wme influent cyst concentration added had an error of unknown origin, so this test run was assigned an average value calculated fram the first
13 test runs in this table.

1, Test results prior to this date were not used because a cartridge filter was used instead of a membrane filter for sample concentration. This
technique could not be calibrated. o

NOTE: Corplete data for these test runs are given in Appendix A.
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Table 31. g/ugary of results for Giardia cyst experiments for Phase IT slow sand filtration, 4/83 to

Cysts in Effluent Effluent Cyst

ia1& v Menbr Concentration Percent Removal
v Special! Influent Cyst Filter Mamber of  Effluent? Corrected”
Filter Date Flow Temp Conditions Detection‘v Concentration Recovery Effluent volume stS For Recove Based on 51;53/ Corrected R)xy Based on C‘,s:lﬂ/ Corrected fmu'/
cov oy oy oy Y ed for °
No. o Imposed Limit Added Efficiency Samples Sarpled Detected Efficiency Detected Detection Limit Detected Detection Limit
whr Q) (days) (/1) {c/1) %) (No.) {No.) {No.) (No.) c/L c/L [$Y) ®)
5/4-8/4 0.12 10 NONE 0.42 3000 50 3 88 0 0 [] <0.42 100 >99.9%

1 21/4-22/4 0.12 10 NONE 1.33 1956 50 1 30 0 0 [] <1.33 100 >99.93
3/5-4/5 0.12 10 MONE 1.18 1845 S0 1 34 o 0 Q <1.18 100 >99.94
5/4-8/4 0.12 10 172 0.43 3000 50 3 95 [} 0 0 <0.43 100 >99.99

2 21/4-22/4 0.12 10 172 1.33 1954 50 1 30 [ ] 0 <1.33 100 >99.93
3/5-4/5 0.12 10 172 1.08 1845 50 1 37 [} 0 0 <1.08 100 >99.94
5/4-8/4 0.12 10 Cl2 0.58 3000 50 3 71 ] 1] Q <0.58 100 >95.98

3 \21/4-22/4  0.12 10 C.l.2 1.74 1956 50 1 35 0 0 0 <1.74 100 >99.91
3/5-4/5 0.12 10 Cl2 1.1 1845 50 1 36 0 0 0 Q.11 100 >99.94
5/4-8/4 ¢.12 10 Ny 0.33 3000 50 3 125 0 0 0 <0.33 10C >99.99

4 21/4-2274 0.12 10 T 1.38 1956 S0 1 29 Q 0 0 <1.38 100 >99.93
3/5-4/5 0.12 10 T 1.05 1845 50 1 38 0 0 0 <1.05 100 >99.94
5/4-8/4 0.12 5 LS,LT 0.47 3000 50 3 87 0 0 0 <0.47 100 >99.98

5 21/4-22/4 0.12 5 LS,LT 1.48 1956 50 1 26 0 0 0 <1.48 1 >99.92
3/5-4/5 0.12 5 LS, LT 1.05 1845 50 1 38 g 0 ] <1.05 100 >99.94
5/4-8/4 0.12 5 LT 0.34 3000 50 3 122 [] 1] 0 <0.34 100 >99.99

6 2174224 0.12 5 LT 1.48 1956 50 1 27 0 [ ] <1.48 100 >$9.92
3/5-4/5 0.12 S LT 1.33 1845 50 1 3¢ 0 L] 0 <1.33 1 >99.93
27/1-29/7  0.12 10 s 0.41 227 50 2 100 0 0 0 <0.41 p 1] >89.9%

7 16/8-18/8  0.12 10 LS 0.41 2768 76 2 100 0 0 0 <0.41 100 >99.99
18/8-17/8 _ 0.47 10 s 0.20 2768 16 1 132 2620 3434 26.0 26.0 99.0¢6 99.06

Vhlter 1 was the control filter; Filter 2 had cne half sand bed depth; Filter 3 was chlorinated between test runs; Filter 4 had nutrients
added; Filter S had 0.615 e sand and was cooled to 5°C; Filter 6 was cooled to 5C; Filter 7 had 0.615 mm sord.

Z’Special conditions are: 1/2 = one hglf the sand bed depth, Clz = chlorinated between test runs, NUT = nutrient addition, LS = large sand (dm
= 0.615 cm), LT = low temperature (5°C).

Vbetection 1imits are explaired in Appendix K,

Ve irfivent cyst concentration equals the number of cysts in the cyst concentrate, as determined by the Stoll technique, added to the filter
feed tank divided by the nurber of liters in the feed tank.

5/'I‘he merbrane filter recovery was nct calculated for any tests accept for Filter 7 tests. The 50 percent efficiency used is approximately
equal to the average membrane filter recovery efficiency for all the Phase I testing.

€/This is the volume of sample corcent:rated fram the filter effluent with a 142 mm membrane filter with 5 m pore size.

1/The corrected runber of cyste equals: (No. of Cysts Detected)/(Membrane Filter Recover Efficiency).

B/Thece velues were calculated by: (No. of Cystu in Effluent, Corrccted for Recovery)/(Effluent Volume Sampled).

9/Tt.ese values were calculated by: {(Mc. of Cysts in Efflucnt Corrected for Recovery) + (Detection Li.it) (Eiiluen: volune sampled were “0°
cysts were detected) 1/ {Effluent Volupe Sampled).

10/These values were calculated by: 100(1 - (Effluent Cyst Concentration Based on Cyst Detected)/(Influent Cyst Corcentraticn Added).

11/These values were calculated by: 100{1 ~ (Effluent Cyst Concentration Corrected for Detection Limit)/(Influent Cyst Conccintration Added).



REMOVALS OF DEPENDENT VARIABLES

This section presents the filter performance in terms of the dependent
variable removals, i.e., Giardia cysts, total coliform bacteria, fecal
coliform bacteria, standard plate count bacteria, particles, and turbidity.
The results are presented for all conditions of operation and summarize the
capabilities of the slow sand filter for removal of these variables.

{ardi ¢ F ]

Table 30 summarizes the Giardia cyst removal results for Phase I
testing. Table 31 sumarizes the Phase II results. These two tables
summarize the Giardia testing program showing test conditions, cyst analysis
techniques, and cyst data. The data were abstracted from Appendix C.

The results show that removals of Giardia cysts were uniformly high,
exceeding 98 percent under the most stressful condition imposed. Giardia
cysts were detected in about half of the effluent sample in Phase I. Once a
filter had a "mature" microbiological population, cysts were not detected in
the effluent and removals were reported in terms of "detection limit". Table
31, showing Phase 1II results, indicates only one breakthrough of Giardia
cysts. This was attained only after "many" tests in which cyst breakthrough
was expected but not attained. Finally, using a sand having a d,, = 0.615
m, a hydraulic loading rate of 0.47 mwhr, and a high infllidnt cyst
oconcentration, breakthrough was attained.

These results show simply that removals of Giardia cysts by slow sand
filtration are high even under the most stressed conditions. Removals
approached 100 percent show1ng no functional responses to hydraulic loading
rate, temperature, sand size (below 0.278 mm), sand bed depth, schmutzdecke
removal, or sand replacement. While filtration through a new sand bed will
remove 98 percent of <cysts or more, development of the biological
population within the sand bed will cause removals to approach 100 percent.

Total Coliform Removal

Table 32 sumarizes the total coliform bacteria removal results for
Phase I, Phase II and Phase III testing. It presents an overview of coliform
testing, illustrating the experiment themes for each phase and the test
oonditions for each filter.

Table 32 shows that percent removals of total coliform bacteria for the
Phase I filters, i.e. 99.957, 99.675 and 99.017 percent, were higher than for
the Phase II and III filters. 'This is due most likely to the longer
operating period of the Phase I filters. The longer period of operation of
the Phase I filters which spanned 16 months, provided for more testing when
the filters were biologically mature, hence, the higher percent removals.
When the state of biological maturity for each filter is considered the
results between Phases I and II campare favorably with each other. The
removals shown are similar also to those obtained by other researchers, e.g.,
Poynter and Slade (1977).
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Table 32. Total coliform removal by slow sand filtration.

PHASE Il/ PHASE Ily
Filter No. W VY sV 1 2 3 4 5 6
sand Size (mm) o lo.27 0.27 0.27 |o.287 o0.287 0.287 0.287 0.267

Sand Depth (m) 97 97 97 97 97 97 97 97

Hydraulic loading (mhr) 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12

Temperature (°C) 17 17 17 17 17 17
Nutrient Addition None None None None None None None None None None None
NMumber of Tests 81 81 81 108 82 43 81 82 82 25 16 25 25 25 25
Geometric Mean

Influent (no./100mL) 346 346 346 7668 7102 8286 7134 7102 7102 | 14389 39284 14389 14389 14389 14386
Geametric Mean

Effluent (no./100mL) 1.7 4.8  14.9 246 332 3531 9 1192 914 439 1468 913 192 1042 915
Geametric Mean

Removal (%) 99.5 98.6 95.7 96.8 95.3 57.4 99.9 83.2 87.1 96.9 96.3 93.6 98.7 92.8 93.6

NOTE A: This table was constructed fram the information contained in Appendix D.
B: Phase I testing: Hydraulic loading rates were different

Phase II Filter 1 was the control, Filter 2 had 1/2 the sand bgd depth, Filter 3 had no biolggical population (chlorinated), Filter 4 had
nutrients added, Filter 5 had large sand and was operated at 5°C, Filter 6 was operated at 5 C.

Phase III Filter 1 was the control, Filter 2 had a diatanaoeoug earth surface coating, Filter 3 had small sand, Filter 4 was taken off of
nutrients, Filter 5 had large sand, Filter 6 was operated at 2°C.

C: The shading indicates the process variables of interest.
v Calculations were made using only days when data were available for each of the Phase I filters.

2/'I'his filter was coated with approximately 3.kg/m2 of C545 diatomaceous earth.



Appendix D shows daily removals of total coliform bacteria for all
filters used in each of the three phases of experimentation. It also has
summaries of removals for each of the filters. Tables D-1 and D-2 compare
the Phase I results for Filters 1, 2 and 3. Table D-3 and D-4 present the
Phase II results and Tables D-5 and D-6 present the Phase III results.
Tables D-2, D-4 and D-6 show the overall percent removals for each filter.
These removals are calculated as geametric means of the influent and effluent
total coliform analyzes. 'Two averages are presented in these tables. The
first average was calculated with all available data. The second average for
Phase I testing was calculated with data from those days when data were
available for all three filters. The second average for Phase II and III
testing was calculated with data from days when the filter was biologically
mature.

The results shown in Table 31 demonstrates that coliform removal for a
biologically established slow sand filter exceeds 95 percent for most
operating conditions. It was shown also that for various conditions of
design and operation the removal can vary from 80 percent to 99.9 percent.
The conditions which tend to decrease removal in an established filter are:
1) cold temperature; 2) increased hydraulic loading rate; 3) large sand; 4)
decreased sand bed depth; 5) decreased nutrient availability; 6) decreased
influent contaminant ooncentration, 7) removal of the schmutzdecke, and 9)
replacing the sand. The biological maturity of the filter has the greatest
influence on coliformm removals. As the biological cammunity develops in the
schmutzdecke and sand bed, removal improves from about 60 percent at start-up
to greater than 99 percent for a biologically mature filter.

Coliform bacteria proved to be highly appropriate as indicators of
filter perfommance for three reasons. First, they will not be propagated in
the filter bed. Second, they are easy to analyze. Third, they are used
within the water industry as a standard indicator. The premise has been that
if coliforms are removed during treatment then pathogens will be removed
also. Other researchers have shown that virus and bacterial pathogen removal
by slow sand filtration is as good or better than coliform removal, e.g., den
Blanken (1982), McCarthy (1975), Hazen (1913).

Fecal Coliform Removal

Table 33 sunmarizes results of fecal coliform testing, which was done
only for four months during Phase I testing. Average percent removals are
shown, along with corresponding geametric means of influent  and effluent
concentrations. The fecal coliform removals were about the same as total
coliform removals. Percent removals were 99.7, 99.5 and 99.1 for Filters 1,
2 and 3, respectively. All data related to fecal colifom testing are in

Appendix E.
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Table 34.

Standard plate count bacteria

removal by slow sand filtration.

_ PHASE I PHASE 11
Filter No. WV WV 1 2 3 4 6 1 6
Sand Size (mw 0.27 0.27 0.27 ]0.287 0.287 0.287 0.287 0.267 |0.287 0.287
sand Depth (m) 97 97 97 o | o 97
Hydraulic Loading (mhr) 0.12 0.12 0.2 0.12 0.12 | 012  0.12 0.12 0.12 0.12 0,12
Temperature (°C) ’ 17 17 17 17 17 17
Nutrient Addition ane None None | None None None None None None
Number of Tests¥ 17 117 117 | 8o 80 42 78 80 80 43 16 39 43 43 43
Geametric Mean

Influent (no./mL) 2869 2869 2869 | 624 624 595 628 624 624 | 904 630 1524 904 904 904
Geametric Mean

Effluent (no./mi) 538 489 686 | 825 603 1075 352 249 223 | 150 141 495 170 279 165
Geametric Mean

Removal (%) 81 8 76 | -32 3 ~80 44 60 64 83 77 68 81 69 82

NOTE A:

B: Phase I testing:

Phase II testing:

This table was constructed fram the information contained in Appendix F.

Rydraulic loading rates were different.

Filter 1 was the control, Filter 2 had 1/2 Bhe sand bed depth, Filter 3
nutrients added, Filter 5 had large sand and was operated at 5

hgd no biological population, Filter 4 had
C, Filter 6 was operated at 5°C.

C:
D:

Phase III testing: Filter 1 was the control, Filter 2 had a diatomaceous egrth surface coating, Filter 3 had small sand,
taken off of nutrients, Filter 5 had large sand, Filter 6 was operated at 2°C.

The shading indicates the process variables of interest.

Removals were calculated with 24 hour separation between influent and effluent values.

v Calculations were made using only days when data were available for each of the Phase I filters.

x4 This filter was coated with approximately 3 kg/m2 of C545 diatomaceous earth.

k74

Nine of the Phase III tests were spiked with greater than 5x10° bacteria.

Filter 4 was



Table 33. Fecal coliform removal by slow sand filtration, Phase I results.

Geametric Geanetric

Hydraulic | Number Mean Mean Average

Loading of Influent Effluent Fecal

Filter Rate Tests Concentrations { Concentrations | Coliform
Number Removal
(mh) (No.) (Coliforms/ (Coliforms/ (%)
100 mL) 100 mL)

1 0.04 27 444 1.44 99.7

2 0.12 27 444 2.08 99.5

3 0.40 27 444 3.95 99.1

Note: Complete fecal coliform data are given in Appendix E.

Standard Plate Count Removal

Table 34 summarizes the standard plate count bacteria analyzes for Phase
I, Phase II and Phase III testing. The results are average removals for all
conditions of operation, i.e., start-up through mature operation. They were
calculated from data in Appendix F, which oontains the daily removals.
Tables F-2, F-4 and F-6 summarize the percent removals for each filter. Two
averages are presented in these tables. The first average was calculated
with all available data and the second was calculated with data fram those
days when analyzes were available for all three filters.

The use of standard plate count bacteria as an indicator of performance
presents a problem when interpreting results. Since there is an active
biological community within a slow sand filter it is expected that bacteria
will be sloughed fram the filter. The base level effluent concentration of
standard plate count bacteria observed for Phase II and III testing was 100
to 200 colonies per milliliter. The concentration of standard plate count
bacteria present in the raw water fram Horsetooth Reservoir water was about
the same. Thus percent removals were usually small or negative during day to
day operation without spiking. Because of this, standard plate count
bacteria was not oonsidered a suitable indicator for evaluating filter
effectiveness. When the filter influent was spiked, however, it was useful'5
As an example, the influent to Filter 1 was spiked with approximately 5x10
standard plate count bacteria from November 20 to November 29 during Phase
IIT tests. [Results showed 99 percent removal. Also, during the Phase I
testing the influent concentration of standard plate ocount bacteria was
higher due to sewage addition and results showed 76 to 83 percent removal.

The phenamenon of bacterial production and sloughing was studied further
by increasing and decreasing influent standard plate count bacteria above and
below ambient conditions. The procedures used are described :‘)T a previous
paragraph. The 5in;ff].uent concentration was varied between <10~ colonies per
milliliter to >10” colonies per milliliter. Figure 60 shows the results of
these tests for Filter 1 during Phase II and III testing. The curve
representing the trend in the data indicates that effluent standard plate
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0.287 mm, at a hydraulic loading rate of 0.12 wh and at a temperature of 17
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sand size of
C, Filter 1,



count bacteria concentration is independent of the influent concentration
over a range of 1 to approximately 1000 colonies/ml. Also, the data indicate
that very large influent concentrations are needed to cause an increase in
effluent concentrations.

Figure 61 is a representation of the trend indicated in Figure 60. The
influent oconcentration from point "a" to point "b" represents the range in
which the effluent standard plate count bacteria concentration is at the
"base level". The magnitude of the base level concentration is unique for a
given set of operating and ambient water conditions, (e.g. nutrient
concentration, temperature). Beyond point b the influent bacteria
concentration begins to overwhelm the filter's removal capacity. Fram this
point on the bacteria in the effluent will be camprised of both generated
bacteria and those influent bacteria which pass through the filter. Figure
61 illustrates the bacteria "passed through" the filter, i.e., the level
leaving above base level, and the bacteria "removed", which are those
entering less the base level.

Figure 62 was hypothesized and constructed by Allen Hazen in 1913, The
Filtration of Public Water Supplies. Although Hazen did not have the data to
support his hypothesis it is apparent that he believed a removal of influent
bacteria was occurring with a corresponding generation and discharge of
bacteria from the filter. This concept explains the baseline or lower
concentration of bacteria discharge from a slow sand filter for given design,
operating and ambient conditions. The test described above confimms this

hypothesis.
Turbidity F ]

Table 35 summarizes the turbidity removal results for all of the slow
sand filtration testing. The table shows averages of influent and effluent
turbidities obtained during all test conditions for each phase of testing and
for each filter.

Table 35 shows that the Phase I testing demonstrated average turbidity
removals ranging from 27 to 39 percent while average removals for the Phase
IT and Phase III ranged from 7 to 18 percent. The differences occurred
because the Phase I results included many more values obtained during
operations with biologically mature filters. A high proportion of Phase II
and Phase III results on the other hand, were obtained during start-up and
after schmutzdecke removal.

Appendix G contains all of the turbidity information oollected during
testing. It can be seen in Table G-1, Appendix G that "negative removals"
appear for some daily turbidity percent removals. These removals are
calculated by using the influent and effluent values fram the same day.
Therefore, if a rapid decline in influent turbidity takes place, a negative
removal will result, due to an insufficient time for it to be reflected in
the effluent; this was not a common occurrence. A negative removal can also
result if biological sloughing is occurring during the effluent sample
collection. In addition, negative removals may occur during the initial
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Table 35.

Turbidity removal by slow sand filtration.

PHASE I PHASE 11

Filter No. WV gV 1 2 3 4 5 6 1

sand Size (mm 0.27 0.27 0.27 |0.278 0.278 0.278 0.278 |0.278

sand Depth (m) 97 97 97 97

Bydraulic Loading (m/hr) 0.12  0.12  0.12 0.12 0.2  0.12

Temperature (°C) 17 17 17 17 17

Mutrient Addition None None None | None  None Mone  None  None

Mmber of Test 297 297 297 | 87 87 87 87 87 87 44 17 43 a4 44 44
Average Influent (NTU) 6.01 6.01 6.01 |7.2 7.2 7.2 7.2 7.2 1.2 |71 7.7 71 7.1 71 7.1
Average Effluent (NTU) 3.66 4.08 4.37.| 6.2 6.3 6.7 4.2 6.7 6.7 | 6.2 6.3 8.2 6.6 6.2 6.0
Average Removal (%) 39 32 2 14 12 7 e 7 7 13 18 -15 7 13 15

NOTE A:
B: Phase I testing:

Phase II testing:

Phase III testing:

This table was constructed fram the information contained in Appendix 6.

Hydraulic loading rate was different.

Filter 1 was the control, Filter 2 had 1/2 the sand bed
had nutrients added, Filter 5 had large sand and was operated at 5°C, Filter 6 was operated at

Filter 1 was the control, Filter 2 had a diatomaceous earth surface cga
was taken off of nutrients, Filter 5 had large sand, Filter 6 was operated at 2

C: The shading indicates the process variables of interest.

, Filter 3 had no biologi

ting, Filter 3
C.

v Calculations were made using only days when data were available for each of the Phase I filters.

4 This filter was coated with approximately 3 kg/m2 of C545 diatomaceous earth.

cgl population, Filter 4
5°C.

had small sand, Filter 4



start-up of a filter. This can be caused by fines being washed out of the
sand bed and by excessive bacteria sloughing.

The process variables which were shown to affect turbidity removal were
hydraulic loading rate and biological activity. As the hydraulic loading
rate decreased turbidity removal increased. This was shown in Figure 38. As
the biological activity increased turbidity removal also increased. This was
shown by the data in Table 35, comparing Filter 1, the control, and Filters 3
and 4, the chlorinated and nutrients added filters, respectively, in which
removals are 14, 7, and 42, respectively.

Turbidity removal, for those particles too small to be strained, was
shown to be influenced by the biological maturity of the filter. This can be
seen in the start-up data presented in Figure 55 for the control filter and
in Figure 5 for the nutrients added filter. Turbidity removal was shown to
increase with increasing time except for the chlorinated filter where removal
never improved, i.e. no biological assistance.

Turbidity removal, on the whole, was not high. Turbidity removal during
all three phases of testing was insufficient to comply with a 1 NTU standard.
This was not expected and is not usual for slow sand filtration, e.g. Huisman
(1974), Cleasby (1983), Fox, (1983). The low removals were due to the small
particles comprising the turbidity in Horsetooth reservoir water which passed
through the slow sand filters. .

Turbidity Characterization—

Turbidity removals during this experimentation were much lower than
results reported by others. Nomally, effluent turbidity levels can be
expected to be less than 1 NIU after slow sand filtration. ‘The higher
effluent turbidities experienced in this work can be attributed to the small
particles comprising the turbidity in Horsetooth Reservoir water.

The sizes of the particles camprising the turbidity were detemined by
running membrane filter tests on Horsetooth water. Figure 63 is a plot of
turbidity removal versus membrane pore size. As shown the turbidity is not
removed to below 1 NIU until a membrane with a pore size of less than 0.45 um
is used. Even a 0.22 um filter allows 0.49 NTU to pass fram an influent of
5.2 NTU.

The values in Table 36 provide a means to gage the relative size of the
particles which comprise Horsetooth turbidity to particles in "natural
waters". Horsetooth particles would be classified as fine turbidity or
colloids.
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Table 36. Typical size of particles in natural water (Beard, 1977).

Source Diameter of
L Particle um
Ooarse turbidity 1-1000
Algae 3-1000
Silt 10
Bacteria 0.3-10
Fine turbidity 0.1-1
Colloids 0.001-1

A mineral analysis of a turbidity sample fram Horsetooth Reservoir water
was done by Dr. E. Robert Baumann at Iowa State University using a sample
residual from a 0.22 um membrane filter, through which water fram Horsetooth
Reservoir was filtered. X-ray diffraction and scanning electron microscopy
were used as the analytical methods. His results are included in Appendix L.
The particles were identified as kaolinite, illite and montmorillonite in
sizes ranging fram 6 um to "lots of smaller (much) particles."

Once the size distribution and mineral nature of the turbidity particles
were detemined, attention was directed toward learning why the turbidity
removal efficiencies were low (as compared with others reported in the
literature, e.g. Cleasby, 1983). One explanation could be that none of the
turbidity particles were large enough to be retained on the top of the sand
bed which could aid in the fomation of a schmutzdecke. Another explanation
was that the low nutrient levels (<5 mg/L QOD) in the Horsetooth water may
not be enough to pemit adequate development of biological activity within
the sand bed so that the filters would function properly. Two tests were
conducted to detemine if either of these factors might contribute to poor
turbidity removal.

First, diatamaceous earth, Mangille C-545 having a d,, = 0.013 mm, was
deposited at the rate of 3 kg/m“ on the top of a biolddically mature slow
sand filter. This was Filter 2, used in Phase III testing. The schmutzdecke
was given 40 days to develop on the diatamaceous earth before testing. At
the end of this period, turbidity removal was only 9 percent for Filter 2
while the oontrol filter removed 8 percent, see Table 18. These results
demonstrated that adding a layer of fine material to improve retention of
bioclogical matter for schmutzdecke development did not affect turbidity
removal.

The biological activity and amount of biomass was increased in Filter 4,
Phase 1II, by adding sterile synthetic sewage nutrients at a rate sufficient
to reduce the dissolved oxygen by 4 to 5 mg/L as contrasted with 1 mg/L in
the other filters. Turbidity removal was 42 percent, versus 14 percent for
the control filter, as shown in Figure 35. The 4 to 5 ppn dissolved oxygen
decrease is greater than most slow sand filter installations experience;
consequently, the biological activity can be assumed to be as high as or
higher than most slow sand filters producing 1 NTU water. This test showed
that enhaced biological activity within the sand bed definitely contributed
to improve removal of turbidity, which is shown by comparing percent removals
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of turbidity in Figures 55 and 56 for the control and nutrients added filters
respectively. Table 35 shows the same comparisons of average percent
removals of turbidity. Percent removals of turbidity are sharply improved by
adding nutrients to enhance biological activity. Further, Table 35 shows
that when Filter 4 was taken off nutrients, in Phase III, the percent
removals of turbidity declined to only 7, vis a vis 42 with nutrients.
Figure 57, and Table 35 also, show turbidity removals for the ‘chlorinated
filter which is presumably devoid of biological actvitity. Turbidity
removals are very low. These results corroborate the role of biological
activity within the sand bed in turbidity removal. As discussed previously,
it seems likely that the turbidity particles may impinge on the biological
film on the sand grains or are coagulated by natural polymers fram the
microorganisms (see Pavoni et al., 1972).

It was pointed out that there may be a turbidity exchange rather than

the turbidity passing through the filter. The above described tests showed
that this was not likely.

First, if an exchange of turbidity is occurring it is reasonable to
assume that the effluent turbidity is due to sloughing of cellular materials
which are products of the biological process. To reiterate, filters were
operated at: 1) available nutrient levels (Control Filter 1, Phase II and
Phase III), 2) when biologically inactive (Chlorinated Filter 3, Phase 1II),
and 3) with increased biological activity (Nutrient Addition Filter 4, Phase
II). The average turbidity removals fram these filters, fram Table 35, were
14, 7, and 42 percent, respectively. If a turbidity exchange occurred one
would expect higher effluent turbidities as the Dbiological  activity
increased, which was clearly not the case.

Second, the amount of biological material necessary to create a
turbidity of 6 NTU, the naminal turbidity level - of the raw water from
Horsetooth Reservoir, would most probably have to have standard plate count
levelg. far in excess of those detected in the filter effluents. The addition
of 10" standard plate count bacteria per milliliter to the influent of the
filters ra&sed the turbidity from 6.1 to 6.7 NIU. This is only a 0.6 NIU
rise for 10" bacteria per milliliter.

Finally, a chlorine demand and disinfection test was performed on the
slow sand effluent. The results of these tests, Appendix M, indicate that
there is very little difference between the chlorine demand of the slow sand
filter effluent and that of the water being produced by the City of Fort
Collins. The city nommally achieves turbidity levels below 0.1 NIU. This
test demonstrates that the turbidity particles being passed by the filter do
not create a chlorine demand and are probably not organic matter being
produced by the filter.

In summary, the particles which comprise the majority of the turbidity
in Horsetooth reservoir water can be characterized as very small, i.e below
0.5 am, composed of clay, and capable of passing a slow sand filter. The
particles oomprising this turbidity are not likely to be primarily cellular
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The start-up and final operating periods of the Phase 1 testing ghoyg
some variations in flow rate. The first variations were the result of the
pilot plant start-up and "debugging." During this period different pumps and
flow settings were tried. The latter fluctuations were deliberately produced
to test extremes in operating conditions under identical flow rates. No
Giardia testing was performed during variations of flow fram the designated
values.

Tenmperature

The temperature histories for the slow sand filters are given also in
Figures I-1 through I-9 in Appendix I. The Phase I filter temperatures were
allowed to fluctuate with ambient conditiong, except odurlng Giardia testing.
The amblgnt tengerature ranged between 10°C and 20°C. Giardia testing was
kept at 5°C or 15°C. It was determined in preliminary tests that Giardia
cysts are not stable for very long at temperatures above 15% C; consequently
this was the upper temperature limit used during Giardia testing. This is an
area where further research is needed since the information was needed for
our experimental work and it would be useful in practwe to assess the
viability of the cysts in warm waters.

The Phase II and III testing on Filters 1, 2, 3 and 4 was performed at
approximately 17°C for all but the Giardia tests; again the temperature was
lowered to 10°-15°C for these tests, which was done only to insure cyst
viability. Fllters 5 and 6 were operated continuously at 5 OC for the second
phase and then at 17 Oc and 2°c, respectively, for the third phase of testing,

as indicated in Table 24.
Headloss

The headloss for the entire operating period of each filter is presented
in Figures I-1 through I-9 in Appendix I. Headloss was monitored to follow
the progress of schmutzdecke development and also the increase in hydraulic
resistance within the filter.

Sharp decreases in headloss were caused by removing the schmutzdecke.
Figure C-3 shows, for example, that on days 70, 248 and 435 the headloss was
greater than 150 cm which was enough to warrant removal of the schmutzdecke.
The headloss dropped to 5 am after the schmutzdecke removal on day 70 and to
about 20 cm after the schmutzdecke removal on day 435. ‘This increase in
headloss was probably due to silting, which is caused by the gradual
acamulation of inorganic and organic particles within the sand column.

Sharp increases in differential pressure, as seen in Figure C-3, were
generally oconcurrent with Giardia test runs. The Giardia cyst suspension,
oonsisting of liquefied dog feces, increased the level of suspended solids
in the influent water especially in the size range which tend to form a
deposit on the surface of the filter. C(onsequently, a rapid rise in headloss
was experienced during Giardia testing.
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material, as suggested by one of the peer reviewers of the Phase I results of
this research.

Disinfection—

Because effluent turbidity levels from the slow sand filters did not
reach the 1 NIU standard, it was oonsidered necessary to perform preliminary
disinfection testing. Appendix M contains the results of two test runs which
were oonducted to evaluate the effect of the turbidity from Horsetooth
reservoir on chlorine disinfection. The results indicated that there was not
a major difference in chlorine demand nor disinfection effectiveness between
the effluents fram the slow sand filters, from a diatamaceous filter, or from
the rapid sand filters at Fort Collins Water Treatment Plant No. 2, which
removes turbidity to 0.1 NIU. These results of tests indicate that the
turbidity in the Horsetooth Reservoir water does not interfere with
disinfection.

Particle Removal

Table H-1, Appendix H, gives the particle counting history for the three
slow sand filters for the period fram February to June, 1982. It includes
daily particle removal percentages for each filter. Table H-2, Appendix H,
gives average particle removal percentages. ‘The average removals for
hydraulic loading rates of 0.04, 0.12 and 0.40 &whr are 96.81, 98.50, and
98.02 percent for the 6.35 to 12.7 um size range, respectively. No
correlation was found between particle removal and any variable tested.

Because particles such as rotifers and bacteria are continually emitted
by the filter during normal operations, it is impossible to differentiate
between particles passing through the filter and particles that are sloughed
fram within the filter. Dr. Hibler observed these organisms repeatedly
during microscopic examinations of the filter effluents. Since the general
level of removal had been established, i.e. 96 to 98 percent for 6.35 to 12.7
am particles, it was felt further testing was not necessary.

MONITORING OF FILTER OPERATIONS

Hydraulic loading, temperature and headloss were monitored for each
filter during the three phases of testing. These data are presented in
graphical form in Appendix I. The following sections review the behavior
exhibited.

Jrauli 3i

The hydraulic loading rate history for the entire operating period of
each filter is given in Figures I-1 through I-9 in Appendix I. The hydraulic
loading rate for the three Phase I filters was set at 0.04 mwhr, 0.12 mhr
and 0.40 w'hr for Filters 1, 2 and 3, respectively. The rates of 0.04 n/hr,
0.12 7/hr and 0.40 w/hr are equivalent to 1 mgd/acre, 3 mgd/acre and 10
mgd/acre, respectively. The hydraulic loading rate for each of the six Phase
IT and III filters was set at 0.12 n/hr.
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MECHANISM

This research has demonstrated that removals of bacteria and Giardia
cysts are influenced predaminantly by biological processes. The biological
influence was illustrated by the Phase II testing with: 1) Filter 3 which was
chlorinated between test runs to prevent biological growth, 2) Filter 1 which
was the control, and 3) Filter 4 which had nutrients added to increase the
biological activity. ‘The results of these tests, presented in Tables
28,29,32, and 35 demonstrate unequivocally the improvement in removals of
bacteria and turbidity as the level of biological activity increased. As
shown in Table 29 percent coliform removal was 60.1 for the chlorinated
filter, 97.5 for the control filter, and 99.9 for the nutrient fed filter.
Similarly turbidity removals were 5, 15, and 52 percent. Note that Table 29
sumarizes data after filter operations were "established," while Tables 32
and 35 are for all data.

The filtration removal processes most often hypothesized include
straining, sedimentation, and adsorption. These processes must occur to scme
extent in a sand bed without a biological population. But, as seen by the
data in Table 29, the effect of increasing the biological activity is
pronounced. The micro-organisms exist attached to the surface of the sand
grains. The build-up of the biological film will certainly enhance all of
the mechanisms mentioned. It seems reasonable to hypothesize, however, that
the biofilm provides a surface capable of adsorbing particles that are
transported to it, and that this is more important by far than straining or
sedimentation. Once attached to this surface biofilm on the sand grains,
those particles that are organic are subject to being metabolized by the
biological camnunity camprising the biofilm. This mechanism explains the
data observed. Same of the clays comprising the turbidty will adhere to the
biological matter comprising the schmutzdecke and also the biofilm on the
sand grains. As discussed earlier, the latter was found to be most important
in turbidity removal. The clays that penetrate into the sand bed deeper and
stick to the sand grain biofilm can clog the bed eventually.

The important role suggested for the internal biopopulation within the
sand bed was supported also by the Phase I testing which measured coliform
and Giardia cyst removals at different levels of biological maturity within
the filter. These tests were performed with new sand and new gravel support
(filter start-up), new sand with mature gravel support, mature sand with
schmutzdecke removed, and a mature biological population. The results for
these tests are summarized in Figure 59 as a series of bar graphs. The
graphs show that filter efficiency is directly related to the maturity of the
biological population within the filter, i.e., the filter with new sand and
gravel support had the poorest removal while the biologically mature filter
had the best removal.

Physical removal at the top of the sand bed without the aid of any
"sticky" biological substances, was discounted as a major removal mechanism
based on the results of Phase III testing with a diatamaceous earth coated
filter; results of this test are contained in Table 42. If physical removal
at the sand bed surface was a predominant mechanism, then the efficiency of
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this filter should have been far superior to the control filter, which it was
not.

The increase in removal of bacteria and of turbidity-causing particulate
matter such as clay in these results could be explained by the production of
exocellular polymers. In their chapter entitled, "Theory of Biological
Filtration," Huisman and Wood (1974) discuss attachment mechanisms that ocould
hold particles in the sand bed after they are removed from the raw water.
They mention electrostatic attraction and Von der Waals forces as causing the
adhesion. Concerning adhesion, they state that a "sticky gelatinous film"
forms on the surfaces of the sand grains and the schmutzdecke. They give no
detailed explanation for this. The explanation for the sticky film could be
caused by the production of exocellular or extracellular polymers by bacteria
residing in the slow sand filter bed. Metcalf and Eddy Inc. (1979) state
that polymers produced by microorganisms promote formation of floc particles
in the activated sludge process. Further, Pavoni et al. (1972) showed that
extracellular polymers produced by activated—-sludge bacteria could flocculate
Kaolin suspensions. These polymers could be produced by bacteria within the
schmutzdecke and within the sand bed of a slow sand filter. Same of the
polymer material may remain within the biofilms attached to the sand grains
and schmutzdecke, or in the vicinity of these biofilms. It seems quite
plausible that these polymers could enhance chances for attachment of clays
and bacteria when these particles impinge on the biofilms of the sand grains
and schmutzdecke material. Also, trace amounts of extracellular polymer
could be released into the water flowing through the filter and might aid in
destablizing clays and bacteria.

The improved turbidity and coliform removal results obtained in the
biologically enhanced filter show that the biopopulation of a slow sand
filter plays a very important role in the water quality improvement that
occurs during slow sand filtration. The extracellular polymers, shown to be
produced by activated sludge bacteria process and cause flocculation, could
very well have a similar role in promoting adsorption of particles on the
biofilms in slow sand filtration, or in destablizing particles for
coagulation and then attachment.

If the mechanism is attachment within the sand bed (with or without
metabolism), a mathematical description of removal may fit an equation for
contaminant removals by trickling filters, given by Eckenfelder (1966):

=kAd
i . e V
1°
Where: L is the effluent contaminant ooncentration, is the influent

contaminant ooncentration, k is the mass transfer coeffl&ent (reaction rate
constant), A is the surface area of biological slime, d is the depth of
filter, and v is the hydraulic loading rate.
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This equation predicts that percent removal will increase as the sand
surface area, A, increases, i.e., smaller effective sand size, as the depth,
d, increases, temperature increases (which increases k) and, as the hydraulic
loading rate , v, decreases. All of these effects, as indicated by the
equation, are in the directions observed experimentally in this research.

Turbidity Removal—-

Wide spread experience with slow sand filtration, such as reported by
Huisman and Wood (1974) has demonstrated that the slow sand filtration
process is efficient in removal of turbidity. Also, Cleasby (1983) operated
a pilot filter for 123 days using lake water as a source in which turbidity
levels were reduced fram 10 NIU to less than 1 NIU in the filtered water.

According to Huisman and Wood (1974) most of the turbidity removal
occurs at the surface of the sand bed. Further, Cleasby (1983) has reported
that turbidity removal for his situation reached the 1 NTU level within three
days of start-up.

The surface of the sand bed is, of course, different than the underlying
sand. Any material susceptible to straining by the pores of the sand bed is
likely to be removed as it enters the bed rather than within it. ‘This
accunulation of material on the surface, called the schmutzdecke, will
reinforce itself. As the mat builds, straining of finer particles can occur.
The hydraulic gradient across the schmutzdecke will increase at a higher rate
than within the sand bed. The schmutzdecke can be any combination of mineral
and biological material. The mechanism of removal could be straining or
adsorption or both.

In these experiments water from Horsetooth Reservoir was used, having
turbidity comprised of fine particles, as noted. Despite the development of
a schmutzdecke, as evidenced by headloss increase, turbidity removal was not
affected by its buildup, nor by its removal. Turbidity removal was enhanced,
however, by increased biological activity within the sand bed. For example,
the turbidity removal was about 40 percent for Filter 4 having nutrients,
added, vis a vis 12 percent for Filter 1, the control filter. Thus in this
research the schmutzdecke had a role less important than is generally
attributed to it in the literature, e.g., Huisman and Wood (1974).

The mechanism operative in turbidity removal will depend upon the
situation at hand. For certain kinds of turbidity, its removal will occur at
the surface of the filter, while for the kind present in Horsetooth Reservoir
water, removal occurs within the filter and will be enhanced by an increase
in biological population.
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APPENDIX A

Results of Phase I Experiments for Slow Sand Filtration
7/1981 - 1/1983

The following three tables, Tables A-1, A-2, and A-3 contain all of the
Phase I experimental results obtained from three laboratory scale slow sand
filters, operated continuously at hydraulic loading rates of v = 0.04 m/hr,
0.12 whr, and 0.40 whr, respectively, over the period July 1981 to January
1983. These tables contain the raw data collected for Giardia cysts, total
coliform bacteria, fecal colifom bacteria, standard plate count bacteria,
turbidity and particle count testing. The tables in this appendix can be
cross-referenced by date with Figures I-1, I-2, and I-3, of Appendix I, which
contain ocorresponding graphical histories of temperature hydraulic loading
rate and differential pressure.
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Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 1 of 9)
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Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 2 of 9)

DY MO
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Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 3 of 9)

STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY CONCENTRATION CONCENTRATION  EFFLUENT DETECTED GIARDIA
AGE OF (NO. /ML) (COLIF./100ML) (COLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VOLUME IN  ANALYSIS
DATE  RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METHOD
NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY M YR °C) (WEEXS) () (§0.)

1911 81 39 15 12
20118 39 15
21 11 81 39 15
221181 39 15
231181 39 15
241181 39 15
2511 81 39 15
291181 39 15
301181 39 15
1281 39 15
12 .81 39 15
1281 39 15
1281 39 15
1281 39 15
12 81 39 15
1281 39 15
1281 39 15
128 39 15
101281 39 15 13
11 12 81 42 15 15
12 12 81 42 15
131281 42 15
1412 81 42 15 16
151281 45 15 16
16 12 81 45 15
17 1281 45 15
18 12 81 45 15
20'1281 45 15
221281 45 15
23 1281 45 15
271281 45 15
311281 45 15
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Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 4 of 9)

6€T

STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION OONCENTRATION TURBIDITY CONCENTRATION QONCENTRATION EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (COLIF./100ML) (COLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VOLUME IN ANALYSIS
DATE RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METHOD
NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED

DY MO YR (°C) (WEEKS) (L (NO.)

30 182 45 15 11.0 4.5

2 282 45 15 11.0 4.2

3 282 45 15 6200.

4 282 45 15 9400. 840. 11.0 4.8

5 282 45 15 30000,  14000.

6 282 45 15 6000.  1720. 9.2 4.8

7 28 45 15 4100, 470.

8 282 45 15 6800.  1090. 8.5 4.5

9 282 45 15 900.  5300.

10 282 45 15 4400. 880.

1 282 45 15 2400.  1400.

12 282 45 15 1200. 630. 6.8 4.5

13 282 45 15 1800.  1260.

14 282 45 15 3200,  10300. 6.3 4.4

15 282 45 15 200.  1200.

16 282 45 15 7200,  3400.

18 282 45 15 6.0 3.8

20 282 45 15 25 6.2 1.1

26 282 48 5 0 360. 30000. 4.0 4.3 1769. 500 413 - - ZF

27 282 48 . 5 300.  1310. 700. 110. 4.7 4.1 1609. 112. 500 180 1 8 ZF

28 28 48 5 260.  1730. 200. 28. 4.8 3.7 1720. 208. 500 230 13 17 ZF

1 38 4 5 350.  1030. 1. 6. 5.0 3.6 1738. 252. 500 138 15 3 ZF

2 382 48 5 3. 4.7 3.8 922. 206. 102 23 14 6 ZF

3 38 48 5 1 960, 520, 0. 5.5 3.6 831, 112, 0 - i2 15 ZF

4 38 51 15 1 3.8 3.9

5 382 51 15 3.8 3.5

9 38 51 15 1700. 35000. 4.5 4.2

10 382 51 15 1.

11 382 51 15 0.

12 38 51 15 0.

13 382 51 15 176. 500. 3.9 3.1

14 38 51 15 300, 390. 1240. 1.

15 382 51 15 157. 180, 160. 1. 4.1 3.0

16 38 51 15 350, 270. 160. 0. 4.2 3.0

17 382 51 15 3 319, 110, 360, 0.

18 3 82 54 15 3 7900.  1910. 6300. 0. 4.5 2.9 1294. 500 1262 - - IF

19 382 54 15 8500.  1840. 6100. o. 4.5 2.5  40506. 308. 500 665 14 0 ZF

20 382 54 15 17900.  4200. 4900. 0. 4.6 2.5  12591. 100. 500 656 17 0 iF

21 382 54 15 40000. 200. 3900. 0. 4.4 1.9 7975. 206. 500 1965 16 6 ZF

22 318 54 15 300. 410. 0. 0. 3.6 1.7 553. 109. 0 - 16 7 IF

23 382 54 15 4 460, 190, 0. 0. 4.2 1.7 62, 104, 0 - 21 0 IF
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Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 5 of 9)

STANDARD INFLUENT NRBER
PLATE OOUNT TOTAL COLIFORM  FECAL COLIFORM PARTICLE OOUNT  GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION QONCENTRATION TURBIDITY CONCENTRATION CONCENTRATION  EFFLUENT DETECTED GIARDIA
ANGE OF {NO./ML) (COLIF./100ML) {COLIF./100ML) (NTU) {NO./10ML) {CYSTS/L) VOLUME IN ANALYSIS
DATE RUN TEMP SCHMUTZ~ SAMPLED EFFLUENT METHOD
NO. DECKE  INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR (°c) (WEEKS) » (L n0.)
24 382 57 15 4 3.6 1.6
26 38 57 15 3.4 1.5
29 382 57 15 3.4 1.3
31382 57 15 5 4,2 1.4
1 482 60 5 5 21900. 160. 4.0 1.8 5811. 500 327 - - ZF
2 482 60 5 24300.  8400. 98. 0. 4.1 1.9 1500. 241. 500 278 16 0 ZF
3 482 60 5 19000.  1650. 130. 0. 3.7 2.8 1697. 172. 500 828 13 0 ZF
4 482 60 5 15100,  1100. 70. 1. 4.0 2.4 500 164 13 0 ZF
5 48 6 5 1040.  1500. 2. 0. 3.7 2.4 198. 70. 0 0 18 0 ZF
6 482 605 § 310, 660, 9. 0. 3.9 2.4 90, - - 21 0 2F
7 482 63 15 6 3.4 2.3
8 482 63 15 3.2 2.4
10 48 63 15 2.9 1.4
12 48 63 15 2.8 1.6
14 482 63 15 2.7 1.1
17 482 63 15 3.5 1.2
19 482 63 15 4.0 2.2
21 482 63 15 5.0 2.2
23 482 63 15 4.8 2.3
26 482 63 15 4.9 2.4
28 482 63 15 4.2 2.6
30 48 63 15 5.1 2.4
3 582 63 15 4.9 2.2
5 582 63 15 5.7 2.0
7 582 63 15 4.4 2.0
10 582 63 15 4.3 1.7
12 582 63 15 4.1 1.8
16 582 63 15 11 4.4 1.9
17 582 66 15 12 5800. 5.0 2.5 50 66.7 - - 2F
18 582 66 15 1010000.  8300. 5.2 2.6 50 53.2 7 2 2F
19 582 66 15 6400. 4300, 5.4 2.6 50 14.5 22 Q ZF
20 582 66 15 8500. - 670. 5.3 2.6 50 42.6 28 2 2F
21 582 66 15 23300.  9700. 0. 4.5 2.8 50 10.4 25 1 2F
22 582 66 15 68000. 5. 0. 4.4 2.4 50 7.1 25 0 ZF
23 582 66 15 22200. 820. 10. 0. 4.5 2.4 50 56.3 28 0 2F
15 13 28100, 620, 14. 9, 4.4 2.4 50 0.6 40 0 IF
25 582 69 5 13 10300. 700. 49, 0. 4.4 2.4 50 21.4 34 0 IF
26 58 69 5 13200.  8600. 26. o. 4.3 2.6 50 95.4 29 0 ZF
27 58 69 5 2900.  7400. 52, 0. 4.4 2.6 1150. 662. 50 21.1 24 0 ZF
28 58 6% 5 9100.  14%0. 48, 1. 4.4 2.6 935. 314. 50 17.9 28 5 ZF
29 582 69 § 13 1330. 0. 4.4 2.6 12.5 - 25 3 2F
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Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 6 of 9)

STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS
QONCENTRATION QONCENTRATION QONCENTRATION TURBIDITY CONCENTRATION CQONCENTRATION EFFLUENT DETECTED GIARDIA
MAGE OF (NO./ML) (CQLIF./100ML) (COLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VALUME IN ANALYSIS
DATE RUN TEMP SQHMUTZ- ’ SAMPLED EFFLUENT METHOD
NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY M YR (°C) (WEEKS) (L (NO.)
1 68 72 15 14 3.9 1.8
2 682 72 15 3.7 1.8 1462. 535.
3 682 72 15 3.7 1.9
4 682 72 15 14 3.8 1.9
6 682 75 15 0 4200. 2700. 330. 4.4 2.5 50 8.7 - - ZF
7 682 75 15 5100. 640. 3.7 2.3 426. 261. 50 0.8 33 0 ZF
8 68 75 15 3020. 30.  3100. 0. 4%, 0. 3.8 2.7 50 0.9 31 0 ZF
9 68 75 15 2980.  6200.  2800. 0.  1100. 0. 3.8 2.7 50 31.1 31 0 2F
10 682 75 15 12100. 600.  1480. 2. 1800. 0. 3.7 2.5 422, 186. 50 16.6 26 0 ZF
11 682 75 15 7600. 580.  1140. 0.  1600. 0. 3.8 2.4 50 20.4 25 0 2P
12 682 75 15 2000. 0. 0. 5.8 2.4 0 - 33 0 ZF
15 68 75 15 3.6 2.4
17 682 75 15 3450. 500. 260. 0. 2. 0. 3.5 2.4
18 68 75 15 5800. 300. 262. 0. 31. 0.
20 682 75 15 2670. 490, 3.5 1.6 50 18.0 - - 28
21 682 75 15 2265. 320. 720. 0. 29, 0. 3.5 1.6 497. 584. 50 26.9 28 0 2F
22 682 75 15 2725. 250. 550. 0. 66. 0. 1.5 1.9 50 15.1 30 0 ZF
23 68 75 15 2520. 350. 237. 0. 118. 0. 3.3 2.0 50 19.9 27 0 2F
24 682 75 15 3910. 210. 393. 0. 190. 0. 3.4 2.1 50 16.7 26 0 ZF
25 682 75 15 3 1430, 0. 0. 3.4 2.2 0 - 24 0 ZF
28 682 78 15 3 380. 145. 3.7 2.2
29 68 78 15 1070. 144. 155. 0.
30 682 78 15 800. 273. 148. e. 4.1 2.1
1 78 78 15 640. 492, 20. 0.
2 78 78 15 4 1300, 560, 1. 0. 3.8 2.2
4 78 8 5 0 1785. 100. 4.1 2.0 50 34.3 - - P
5 78 8 5 2655.  4100. 67. 0. 4.1 2.3 50 56.0 28 0 P
6 782 8 5 2800. 850. 7. 0. 4.4 2.7 50 29.1 26 ] MP
7 782 8 5 2785.  1050. 3l. 0. 4.4 2.8 50 26.7 24 0 ¥P
g8 78 8 5 2875.  1620. 37. 0. 4.4 2.9 50 28.1 26 0 WP
9 78 8 5 179%. 350, 10. 0. 4.2 2.8 50 - 27 0 1P
12 78 8 15 3.3 2.3
14 782 8 15 3.4 1.9
16 782 81 15 3.5 1.8
18 782 8 5 800. 23. 3.5 1.6 50 16.6 - - Mp
19 78 8 5 845. 500. 18. 0. 3.5 1.7 50 30.0 24 0 MP
20 78 8 5 1390. 290. 17. o. 3.5 1.9 50 15.7 23 0 MP
21 782 8 5 2045. 465. 20. 0. 3.5 2.0 50 13.6 22 0 np
22 78 8 5 1290. 535, 20. 1. 3.5 2.1 50 58,2 - - MP
22 78 81 5 3 : 3.1 2.3 50 45.6 144 0 M
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Table A-1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 7 of 9)

STANDARD INFLUENT NUMBER
PLATE CQOUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION QONCENTRATION TURBIDITY CONCENTRATION QONCENTRATION EFFLUENT DETECTED GIARDIA
AGE OF {NO./ML) {COLIF./100ML) (COLIF./100ML) {NTU) {NO./10ML) (CYSTS/L) VOLUME IN ANALYSIS
DATE RUN TEMP SQIMUTZ- SAMPLED EFFLUENT METHOD
NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY M YR (°C) (WEEKS) (L (NO.)
25 7 82 B4 15 3 3.6 2.0
26 782 84 15 20000. 270.  4400. 0. 4.0 1.9
27 782 84 15 4400. 230. 600. 0.
28 782 84 15 1600. 260. 700. 0. 4.1 1.7
29 782 84 15 4500. 40.  4300. 2. 4.1 1.8
30 7282 84 15 4 4400, 630, 650, 0. 3.9 1.7
1 882 8 15 4 66000, 74000. 5.0 2.0 1000 123 - - MP
2 882 87 15 66000.  2620.  71000. 1. 5.0 2.0 1000 173 29 0 Mp
3 88 8 15 300. 0. 5.0 2.1 0 - 28 0 WP
4 882 8 15 15800. 290000, 5.0 2.1 1000 256 - - »p
5 88 87 15 10700. 260. 210000, 0. 4.8 2.1 1000 183 27 0 MP
6 882 87 15 5 410, 1. 5,2 2.2 0 = 21 0 HP
8 88 9 15 5 4500. 22000, 4.8 1.9 1000 167 - - MP
9 882 9 15 6300.  3480. 13000. 0. 5.0 1.9 1000 220 ) 0 HP
10 882 9 15 17100. 85.  13800. 8. 4.8 2.1 1000 160 29 0 ]
11 882 9 15 17850. 190.  18000. 5. 5.6 2.2 1000 258 27 0 MP
12 882 9 15 39900. 176.  17000. 2. 5.6 2.3 1000 300 78 0 MP
13.882 90 15 6 131, 1. 5.5 2.3
16 8 82 92 15 6 7100. 2050, 5.1 1.8
17 882 92 15 5800. 230.  1600. 4.
18 882 92 15 550. 95, 75. 4. 5.0 2.0
20 882 92 15 y, 5.1 2.1
24 882 95 15 7 5.1 2.2
27 882 95 15 5.2 2.0
31 882 95 15 5.5 3.8
3 982 95 15 6.4 3.4
7 98 95 15 6.5 3.2
10 982 95 15 6.7 2.9
13 982 95 15 6.7 2.8
16 982 95 15 6.9 2.8
18 982 95 15 7.2 2.6
9 7.5 2.7
9 7.6 2.6

82 95 15 12
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Table A~1. Results of Experiments for Slow Sand Filter No. 1, v = 0.04 m/h (page 8 of 9)

STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS
CQONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY CONCENTRATION CONCENTRATION EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML} (COLIF./100ML) (OOLYF./100ML) (NTO) (NO./10ML) (CYSTS/L) VOLUME IN ANALYSIS
DATE RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METHOD
NO. CECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED  DETECTED

DY M YR (°C) (WEEKS) (w (NO.)
28 982 98 15 12 2250, 21000. 9.0 2.8
29 98 98 15 3500. 11200. 24000, 4.
30 98 98 15 2700. 390. 32000, 6. 7.9 3.4

11082 98 15 3350. 220. 7000, 7. 6.9 3.7

210 8 98 15 1100. 120, 4400. 10. 7.2 3.8

31082 98 15 2000, 330. 6000. 5.

§1082 98 15 2675. 605.  21000. 4. 7.8 3.6

5108 98 15 2800, 366. 26500, 4.

610 82 98 15 2005. 197.  20000. 1. 7.4 3.7

7108 98 15 2340. 660. 500. 1. 7.1 3.6

81082 98 15 3600. 860. 145. 0.

91082 98 15 210. 1.
1010 82 98 15 7.1 3.7
111082 98 15 10250, 47500.
121082 98 15 1700.  1075.  1150. 0. 7.3 3.5
131082 98 15 2800. 12500,
1410 82 98 15 8.0 3.6
1510 82 98 15 2350,  1080. 700. 1.
16 10 82 98 15 165. 0.
18108 98 15 15 1.5 1.8
20 10 82 101 15 16 19400, 600. 7.8 3.8 1000 720 - - MP
21 10 82 101 15 29750. 355. 13000. 0. 7.8 4.4 1173 986 23 [+] Mp
22 10 82 101 15 670. 110. 3. 2. 7.6 4.6 0 - 38 0 MP
23 10 82 101 15 600. 120. 4. 1. 7.6 4.7 0 - 27 0 »P
24 10 82 101 15 650. 139. 1. 0. 7.6 4.5 0 - 24 0 MP
25 10 82 101 15 16 420, 143, 2. Q. 1.1 4.6 0 - 26 1] MP
26 10 82 104 15 16 4400. 23500. 0. 8.4 4.9 5000 2060 - - MP
27 10 82 104 15 7750. 61.  22500. 1. 8.0 4.6 5150 3350 23 0 P
28 10 82 104 15 995, 180, 1. 2. 8.1 4.5 0 - 36 0 MP
29 10 82 104 15 1400, 5. 1. 0. 8.2 4.6 0 - 48 0 MP
30 10 82 104 15 450. 300. 3. 0. 8.3 4.5 0 - 32 0 MP
31 10 82 104 15 955, 115. 2. 0. 8.0. 4.6 0 - 32 0 MP
11182104 15 13. 122. 2. 1.

0, 235, 1. 0. 7.8 4.7

311 82 107 15 0 16500.  2750.  20000. 0. 8.1 5.0 1505 784 - - MP
411 82 107 15 27000. 525,  24000. 6. 8.1 5.2 1500 668 28 0 MP
511 82 107 15 315. 35. 3. 7. 8.9 5.8 0 - 45 0 ¥
6 11 82 107 15 126. 50. 0. 1. 8.9 5.8 0 - 26 0 P
711 82107 15 144, 7. 0. 1. 9.1 6.3 0 - re] 0 NP
811 82 107 15 111. 54. 1. 1.

91182107 15 1 321, 64, 1. 0.
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Table A-1. Results of Experiments for Slow Sand Filter No. 1, v=10.04 v/h (page 9 of 9)

STANDARD : INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM FECAL OOLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY CONCENTRATION CONCENTRATION  EFFLUENT DETECTED GIARDIA

N ANALYSIS

Table A-1 Results of Experiments for Slow Sand Filter No.l, v = 0.04 vh (page 9 of 9)

STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY CONCENTRATION CCNCENTRATION  EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (COLIF./100ML) (CQLIF./100ML) (NTO) (NO./10ML) (CYSTY/L) VQLUME IN ANALYSIS
DATE RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METH(D
NO. o DECKE  INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED

DY MO YR ("C) (WEEKS) (L) (NO.)
12 11 82 110 15 0 37500. 20500. 10.9 8.1 1982 1250 - - Mp
13 11 82 110 15 29100. 1430.  15500. 235. 10.2 8.9 1923 1863 26 0 MP
14 11 82 110 15 210. 970. 6. 110. 9.9 8.4 0 - 37 0 MP
1511 82 110 15 10. 26. 1. 26. 9.6 7.8 0 - 75 0 MP
16 11 82 110 15 82. 350. 1. 7. 9.7 7.4 0 - 38 0 MP
17 11 82 110 15 110. 224, 0. 3. 10.2 7.1
18 11 82 110 15 3010. 620. 0. 1. 9.5 6.7
19 11 82 110 15 1 1120. 138, 0, 2. 10.4 6.2
22 1182113 15 2 9.7 5.4
24 11 82 113 15 10.0 5.1
26 11 82 113 15 9.6 5.2
29 11 82 113 15 9.8 4.8

11282113 15 10.1 4.5

31282113 15 3 10.4 4.3

712 82116 15 0 29500. 10.7 14.5 3692 2433 - = MP
8 12 82 116 15 11800. 166500. 24000. 2050. 10.6 12.6 3692 4507 98 0 MP
912 82116 15 5600.  18000. 1270. 1700. 9.5 10.9 0 - 138 0 MP
10 12 82 116 15 20300. 4400. 960. 180. 9.5 10.8 0 - 111 0 MP
11 12 82 116 15 13700. 6100. 230. 120. 9.8 12.3 0 - 150 0 MP
12 12 82 116 15 10800. 4110. 1. 40. 9.8 12.9
13 12 82 116 15 2550. 2310. 0. 5.
14 12 82 116 15 1 530, 1410, 0, 2.
18 183118 1S5 0 19500. 39000. 10.1 10.8 2000 2100 - =1/ MP
19 183118 15 80000. 113000. 42000. 9500. 9.9 10.1 2000 1458 127 1180~ MP
20 183118 15 72000. 246000. 52500. 6300. 9.9 10.2 2000 1282 115 2060 MP
21 183118 15 60000. 76000.  39000. 6500. 10.0 9.2 2000 920 139 1920 MP
22 18118 15 19500. 51500. 930. 4200. 9.6 8.9 0 - 127 1330 MP
23 183118 15 3700. 2800. 180. 1100. 9.2 9.1 0 - 102 1000 MP
24 183118 15 960. 2600. 0. 210. 9.7 8.9
26 183118 15 1 290, 1630, 0. 21,

Y. These high numbers of cysts detected in effluent were due to replacing the biological mature sand and gravel support with new sand and new gravel support.
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 w'h (page 1 of

10).
STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY CONCENTRATION CONCENTRATION  EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (OOLIF./100ML) (COLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VaLUME IN ANALYSIS
DATE RUN TEMP SQIMUTZ- SAMPLED EFFLUENT METHOD
No. | DECKE  INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR ("C) (WEEKS) (n (NO.)
1 78 3 15 0 5.2 3.5
2 78 3 15 7.5 3.5
4 78 3 15 5.5 4.3
6 78 3 15 4.2 4.3
7 78 3 15 4.5 3.7
8 781 3 15 1 5.4 4.1
26 78 4 5 4 770000. 100000. 11.0 3.8
21781 4. 5 4. 4.5 3.5
28 78 S5 15 4 20000. 3.7 3.7
29 78 5 15 3.6 3.6
30 78 5 15 3.9 3.8
31 78 5 15 3.9 3.6
1 88 5 15 3.6 3.5
2 88 5 15 3.6 3.5
4 88 5 15 3.9 3.6
5 881 5 15 3.7 3.7
6 88 5 15 3.9 3.7
7 881 5 15 4.2 3.1
9 88 5 15 3.9 3.5
10 88 5 15 3.4 3.3
11 881 5 15 3.8 3.4
12 881 5 15 [ 3.6 3.3
13 88 6 5 6 80000. 0. 5.0 3.3
14 88l 6 5 [ 47000, 3000, 5.0 3.0
15 881 7 15 7 9300. 800. 4.1 3.0
17 881 7 15 220. 3.7 3.9
18 881 7 15 3.8 3.8
19 881 7 15 3.8 3.8
20 881 7 15 3. 0. 3.7 3.7
21 881 7 15 3.7 3.6
22 88 7 15 7.8 3.4
24 881 7 15 5.9 4.8
25 881 7 15 6.0 3.9
26 881 7 15 4.0 3.4
27 88 7 15 4.0 2.5
28 881 7 15 4.0 2.0
29 88 7 15 3.9 1.9
30 881 7 15 4.0 1.7
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 w'h (page 2 of

DATE RUN TEMP SCHMUTZ-

10).
STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE CCUNT GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY CONCENTRATION CQONCENTRATION  EFFLUENT DETECTED GIARDIA
ACE OF (NO./ML) (CALIF./100ML) (CQLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VOLUME IN ANALYSIS

SAMPLED EFFLUENT METHCD

NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR (°C) (WEEKS) (L) (NO.)
1 98 7 15 4.1 1.7
2 98 715 4.0 1.6
3 98 7 15 4.1 1.7
4 98 7 15 4.4 1.8
5 98 7 15 4.2 1.8
6 98 7 15 4.3 1.7
7 98 7 15 4.7 1.7
8 98 7 15 4.4 1.9
9 98 7 15 4.5 1.8
10 981 7 15 4.6 1.9
11 98 7 15 4.6 3.4
12 981 7 15 5.0 3.5
13 98 7 15 4.9 4.0
14 98 7 15 5.8 4.3
17 981 7 15 6.0 4.6
18 98 7 15 5.8 4.8
19 98 7 15 5.9 4.6
20 981 7 15 5.5 4.6
21981 715 12 5.4 4.6
22 981 14 15 12 7.2 4.6
23 981 14 15 5.8 2.8
24 981 14 15 12 5.6 3.3
25 981 17 15 12 28900 5.7 5.2
26 981 17 15 13 100000 . 0. 5.8 5,1
27 98 20 15 13 5.9 4.7
28 981 20 15 6.2 4.2
29 981 20 15 7.0 4.4
30 981 20 15 7.1 4.1
1108 20 15 6.4 3.4
21081 20 15 13 6.5 5,1
31081 23 5 14 80. 6.5 5.0
4108 23 5 390. 4. 6.8 5.3
5108 23 5 290. 10. 6.6 5.0
6108 23 5 70. 0. 6.8 5.1
71081 23 5 14 3. 1.0 5,2
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 nvh (page 3 of
10).
STANDARD INFLUENT NUMBER
PLATE CQUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE CCOUNT GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY OCONCENTRATION CQONCENTRATION  EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (CALIF./100ML) (COLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VOLUME IN ANALYSIS

DATE RUN TEMP SCHMUTZ-

SAMPLED EFFLUENT METH(D

NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR (°C) (WEEKS) (w (NO.)
910 81 26 15 14 6.3 4.5
10 10 81 26 15 6.3 4.5
11108 26 15 6.5 5.1
121081 26 15 6.9 5.2
131081 26 15 6.6 5.2
141081 26 15 6.5 5.4
1510 81 26 15 6.7 5.5
16 10 81 26 15 6.4 5.4
1710 81 26 15 6.9 5.5
181081 26 15 6.8 5.6
1910 81 26 15 6.7 5.7
2010 81 26 15 6.9 5.2
211081 26 15 1.0 5.5
221081 26 15 6.8 5.3
231081 26 15 7.0 5.3
24108 26 15 6.8 5.3
2510 81 26 15 6.5 5.3
26 10 81 26 15 6.6 5.7
27108 26 15 6.6 6.1
28108 26 15 6.7 6.1
2910 81 26 15 17 6.4 5.1
301081 29 5 17 22300. 6.5 5.6
31108 29 5 24200. 6.6 4.8
1118 29 5 28000. 6.4 5.9
2118 29 § 32300. 6.1 5.9
3118 29 5 39000. 6.2 6.0
41181 29 5 18 4000, 6.3 6.3
6 11 81 32 15 18 6.2 5.6
7118 32 15 480, 6.3 5.1
8118 32 15 280. 6.3 5.7
9118 32 15 1900. 6.5 5.3
1011 81 32 15 40000. 6.3 5.2
1111 81 32 15 10000. 6.7 4.5
121181 32 15 19 6.7 4.6
131181 35 15 19 6.7 4.0
14118 35 15 6.4 4.0
1511 81 35 15 6.5 4.8
161181 35 15 6.7 5.1
171181 35 15 6.4 4.8
181181 35 15 20 6.5 4.9
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31:«’3.)2~‘,ull:s of experiments for slow sand Filter No. 2, v = 0.12 wh (page 4 of

STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM  FECAL COLIFORM PARTICLE COUNT  GIARDIA CYST OF CYSTS

CONCENTRATION CONCENTRATION ~ CONCENTRATION TURBIDITY CONCENTRATION  CONCENTRATION  EFFLUENT DETECTED GIARDIA

AGE OF (NO./ML) (COLIF./100ML)  (COLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VOLUME IN  ANALYSIS

DATE  RUN TEMP SCHMUTZ~ SAMPLED EFFLUENT METHOD

NO. DECKE  INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR (°c) (WEEKS) §4) (NO.)

19 11 81 38 15 20 6.2 5.5
201181 38 15 6.9 5.4
2111 81 38 15 6.3 3.6
221181 38 15 5.9 4.0
2311 81 38 15 6.3 4.2
24118 38 15 6.6 4.7
2511 81 38 15 6.5 4.7
2911 81 38 15 6.3 4.8
30 11 81 38 15 6.4 4.7
1128 38 15 6.6 4.8
2128 38 15 7.1 4.6
31281 38 15 7.2 4.9
4128 38 15 6.8 4.6
51281 38 15 . 7.0 4.7
61281 38 15 7.0 5.0
7128 38 15 7.2 4.1
8128 38 15 6.7 5.1
91281 38 15 7.1 4.6
101281 38 15 23 7.0 4,5
1112 81 41 15 23 8.6 6.8
12128 41 15 8.8 7.8
13128 41 15 8.6 6.1
141281 41 15 24 8.6 4.9
1512 81 44 15 24 8.7 6.2
1612 81 44 15 8.8 6.0
17 1281 44 15 8.8 6.0
1812 81 44 15 9.1 7.2
201281 44 15 8.9 4.0
2212 81 44 15 8.7 3.9
231281 44 15 9.5 3.9
271281 44 15 8.9 4.2
3112 81 44 15 8.9 4.5
4 182 44 15 8.8 3.8
8 182 44 15 7.9 3.6
10 18 44 15 8.0 4.0
15 182 44 15 8.2 3.6
18 182 44 15 8.1 4.1
22 182 44 15 8.7 3.9
25 182 44 15 9.2 4.0
28 182 44 15 10.5 5.0
30 182 44 15 11.0 4.4
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 m'h (page 5 of
10).
STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS
CONCENTRATION COONCENTRATION CONCENTRATION TURBIDITY CONCENTRATION CONCENTRATION  EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (CQLIF./100ML) (COLIF./100ML) (NTO) (NO./10ML) (CYSTS/L) VOLUME IN ANALYSIS
DATE RUN TEMP SQHMUTZ- SAMPLED EFFLUENT METHCD
NO. DECKE  INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR (°C) (WEEKS) w (NO.)
2 282 44 15 11.0 3.8
3 282 44 15 6200.
4 282 44 15 9400. 21300. 11.0 3.7
5 28 44 15 30000. 14000.
6 282 44 15 6000. 20400. 9.2 3.6
7 282 44 15 4100. 10200.
8 282 44 15 6800,  3800. 8.5 3.2
9 28 44 15 900. 29%0.
10 282 44 15 4400, 2600.
11 282 44 15 2400. 4800.
12 282 44 15 1200. 30000. 6.8 3.7
13 282 44 15 1800. 6000.
14 282 44 15 3200. 5%900. 6.3 3.0
15 282 44 15 200. 1190.
16 282 44 15 7200. - 2300.
18 282 44 15 6.0 2.9
20 28 44 15 34 6.2 7.3
26 282 47 S5 0 360. 30000. 4.0 5.2 1769. 500 413 - - ZF
27 282 4 5 300. 570. 700. 1350. 4.7 4.1 1609. 290. 500 180 33 25 2F
28 282 47 S5 260. 500. 200. 87. 4.8 4.5 1720. 89. 500 230 36 33 ZF
1 38 47 S 350. 1710. 1. 16. 5.0 4.6 1738. 8l. 500 138 42 14 2F
2 38 47 S5 12. 4.7 4.5 922, 102 28 37 5 ZF
3 382 47 5 1 960, 420, S, 5.5 4.4 831, 43, 0 = 34 28 ZF
4 38 50 15 1 3.8 3.9
5 38 50 15 3.8 3.5
9 38 50 15 1700. 35000. 4.5 2.9
10 382 50 15 17.
11 3 82 50 15 0.
12 38 50 15 0.
13 382 50 15 176. 500. 3.9 3.1
14 38 50 15 300. 540. 1240. 0.
15 3 8 S0 15 157. 770. 160. 1. 4.1 3.1
16 38 50 15 350. 710. 160. 0. 4.2 3.0
17 382 50 15 3 319. 1050, 360, 0.
18 38 53 15 3 7900. 980. 6300. 0. 4.5 3.0 1294. 500 1262 - - ZF
19 382 5 15 8500. 400. 6100. 0.. 4.5 2.7 40506. 88. 500 665 38 0 ZF
20 38 53 15 17900. 840. 4900. 1. 4.6 2.7 12591. 38. 500 656 45 0 ZF
21 38 53 15 40000. 8900. 3900. 0. 4.4 2.4 7975, 60. 500 1965 42 16 ZF
22 382 53 15 300. 330. 0. 0. 3.6 2.2 553. 75. 0 - 44 0 ZF
23 382 53 15 4 460, 380, 0. 0. 4.2 2.4 62. 59, 1] = 56 0 ZF
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 wvh (page 6 of

10).

STANTARD INFLUENT NUMBER

PLATE COUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS

CONCENTRATION QONCENTRATION CONCENTRATION TURBIDITY QONCENTRATION OONCENTRATION EFFLUENT DETECTED GIARDIA

AGE OF (NO./ML} (COLIF./100ML) (COLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VOLUME IN  ANALYSIS
DATE RUN TEMP SQHMUTZ~ SAMPLED EFFLUENT METHOD
NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED

DY MO YR (°C) (WEEXS) (L (%0.)
24 38 56 15 4 3.6 2.2
26 382 5 15 3.4 1.9
29 382 5 15 3.4 2.1
31_382 56 15 5 4.2 2.3
1 482 59 5 5 21900. 160. 4.0 2.8 5811. 500 327 - - ZF
2 48 59 5 24300.  4400. 98. 1. 4.1 2.8 1500. 135. 500 278 46 5 ZF
3 48 59 S 19000.  5000. 130. 1. 3.7 2.6 1697. 86. 500 828 35 0 2F
4 48 59 5 15100.  3200. 70. 3. 4.0 3.0 500 164 34 I ZF
5 48 59 5 1040.  3550. 2. 0. 3.7 2.9 198. 3l. 0 0 48 0 2F
6 482 59 5 6 310, 1070, 0. 0. 3.9 3.0 74, 0 - 57 0 ZF
7 482 62 15 6 3.4 2.8
8 482 62 15 3.2 1.8
10 482 62 15 2.9 1.1
12 482 62 15 2.8 1.1
14 482 62 15 2.7 1.2
17 482 62 15 3.5 1.9
19 48 62 15 4.0 1.8
21 48 62 15 5.0 2.3
23 482 62 15 4.8 2.4
26 48 62 15 4.9 2.3
28 4 82 62 15 4.2 2.2
30 48 62 15 5.1 2.4
3 582 62 15 4.9 2.3
5 58 62 15 5.7 2.3
7 58 62 15 4.4 1.8
10 582 62 15 4.3 1.5
12 582 62 15 4.1 1.5
16 58 62 15 11 4.4 1.6
17 582 65 15 12 5800. 5.0 1.4 50 66.7 - - ZF
18 582 65 15 1010000.  290. 5.2 2.4 50 53.2 15 0 2F
19 582 65 15 6400.  430. 5.4 2.6 50 14.5 54 0 ZF
20 582 65 15 8500.  450. 5.3 2.4 50 42.6 70 2 7F
21 582 65 15 23300. 1170. 0. 4.5 2.0 50 10.4 66 0 ZF
22 582 65 15 68000. 5. 0. 4.4 2.0 50 7.1 60 0 ZF
23 582 65 15 22200.  680. 10. 0. 4.5 1.9 50 56.3 69 1 ZF
24582 65 15 13 28100, 650, 14, 0, 4.4 2.0 50 0.6 95 1 IF
25 582 68 5 13 10300,  1795. 49. 0. 4.4 2.3 50 21.4 79 3 IF
26 582 68 5 13200.  540. 26. 0. 4.3 2.5 50 95.4 71 2 ZF
27 582 68 S 2900.  730. 52. 1. 4.4 2.6 1150. 226. 50 21.1 62 0 ZF
28 58 68 5 9100.  2320. 48. 2. 4.4 2.6 935, 48. 50 17.9 70 0 IF
29 582 68 5 13 490, L. 4.4 2.8 12.5 - 63 2 ZF
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 w'h (page 7 of

10).
STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM  FECAL COLIFORM PARTICLE COUNT  GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION QONCENTRATION TURBIDITY QONCENTRATION CONCENTRATION  EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (COLIF./100ML)  (COLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VOLUME IN  ANALYSIS
DATE RUN TEMP SCHMUTZ-~ SAMPLED EFFLUENT METHCD
NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR °C) (WEEXS) (w (NO.)
1 682 71 15 14 3.9 2.0
2 68 71 15 3.7 1.9 1462. 4402,
3 68 71 15 3.7 2.0
4 682 71 15 14 3.8 2.1
6 682 74 15 0 4200, 2700, 330. 4.4 4.0 50 8.7 - - ZF
7 68 74 15 5100.  830. 3.7 4.1 426. 276. 50 0.8 79 (] ZF
8 682 74 15 3026. 350,  3100. 6. 490. 4. 3.8 3.9 50 0.9 79 0 ZF
9 682 74 15 2980.  250.  2800. 1.  1100. 0. 3.8 3.6 50 31.1 74 0 ZF
10 68 74 15 12100. 232, 1480. 2. 1800. 4. 3.7 3.4 422, 78. 50 16.6 7 0 2F
11 682 74 15 7600.  310.  1140. 4.  1600. 0. 3.8 3.4 50 20.4 65 0 F
12 682 74 15 140. 0. 0. 5.8 3.4 50 - 84 o 2F
15 682 74 15 3.6 2.7
17 682 74 15 3450.  260. 260. 2. 2. 0. 3.5 2.8
18 6.82 74 15 5800. 1455, 262. 6. 1. 0.
20 682 74 15 2670, 490. 3.5 2.8 50 18.0 - - ZF
21 682 74 15 2265.  236. 720. 3. 29. 0. 3.5 3.0 497. 85. 50 26.9 70 0 ZF
22 68 74 15 2725,  130. 550, 0. 66. 0. 3.5 3.1 50 15.1 79 o 2F
23 682 74 15 2520,  181. 237. 1. 118. 0. 3.3 3.2 50 19.9 69 0 ZF
24 682 74 15 3910. 161, 393, 0. 1%. 0. 3.4 3.1 50 16.7 n 0 ‘IF
25 682 74 15 3 280, 1. 0. 3.4 3.0 0 - 62 0 F
28 682 77 15 3 380, 145, 3.7 2.8
29 682 77 15 1670.  156. 155. 1.
30 682 77 15 800. 59, 148. 2. 4.1 2.9
178 77 15 640.  14l. 20. 2.
2182 7115 4 1300. 452, 11, 0. 3.8 2.1
4 78 8 5 0 1785. 100. 4.1 3.2 50 34.3 - - MP
5 782 8 5 2655.  1330. 67. 1. 4.1 3.0 50 56.0 60 0 MP
6 782 8 5 2800, 550, 7. 0. 4.4 3.3 50 29.1 75 o Mp
7 782 8 5 2785.  770. 3l. 0. 4.4 3.4 50 26.7 67 0 np
8 782 8 5 2875, 440, 37. 0. 4.4 3.4 50 28.1 72 0 P
9 78 8 5 1790. - 390. 10. 0. 4.2 3.3 50 - 75 0 MP
12 78 80 15 3.3 2.7
14 782 8 15 3.4 2.4
16 782 80 15 1.5 2.4
18 782 80 S 800. 23. 3.5 2.2 50 16.6 - - MP
19 78 8 5 845.  175. 18. 0. 3.5 2.2 50 30.0 55 o MP
20 782 8 5 1390,  370. 17. 0. 3.5 2.3 50 15.7 50 0 “p
21 782 8 5 : 2045, 20. 1. 3.5 2.5 50 13.6 55 0 MP
22 782 80 5 1290.  365. 20. 1. 3.5 2.5 50 58.2 - - NP
23782 80 5 3 3.1 2.6 50 45,6 334 0 MR
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 m/h (page 8 of

10).
STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL CCLIFORM  FECAL COLIFORM PARTICLE COUNT  GIARDIA CYST OF CYSTS
CQONCENTRATION QONCENTRATION CONCENTRATION TURBIDITY CQONCENTRATION CONCENTRATION EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (COLIF./100ML)  (COLIF./100ML) (NTD) (NO./10ML) (CYSTS/L) VOLUME I ANALYSIS
DATE RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METHCD
NO. DECKE  INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR (°C) (WEEKS) , (L 0.}
25 782 83 15 3 3.6 2.7
26 782 83 15 20000.  160.  4400. 4. 4.0 2.5
27 78 8 15 4400, 40. 600. i1.
28 78 83 15 1600.  126. 700. 6. 4.1 2.5
29 782 8 15 4500. 0.  4300. 7. 4.1 2.4
30 782 83 15 4 4400, 190, 650, 6. 1.9 2.4
1 882 8 15 4 66000. 74000. 5.0 2.4 1000 123 - - »P
2 882 8 15 66000,  780.  71000. 143. 5.0 2.4 1000 173 72 0 MP
3 88 8 15 1100. 9. 5.0 2.7 0 - 7 0 P
4 882 8 15 15800. 290000. 5.0 2.5 1000 256 - - »p
5 88 8 15 10700.  150. 210000. 10. 4.8 2.5 1000 183 68 0 P
6 882 86 15 5 110, 4, 5.2 2.6 0 - _66 0 P
8 88 89 15 5 4500. 22000. 4.8 2.3 1000 167 - - MP
9 882 89 15 6300.  246. 13000. 1. 5.0 2.6 1000 220 57 0 MP
10 882 89 15 17100. 40.  13800. 2. 4.8 2.7 1000 160 69 0 P
11 882 89 15 17850.  410.  18000. 6. 5.6 2.7 1000 258 61 o P
12 88 89 15 39900.  114.  17000. 1. 5.6 2.7 1000 300 187 0 NP
13882 89 15 6 86, 1. 5.5 2.7
16 8 82 93 15 6 7100. 2050, 5.1 2.4
17 882 93 15 5800. 320,  1600. 0.
18 882 93 15 550.  113. 75. 0. 5.0 2.7
20 88 93 15 y) 5,1 2.8
24 882 9 15 ] 5.1 2.9
27 882 9% 15 5.2 2.7
31 882 9% 15 5.5 3.3
3 982 9 15 6.4 3.6
7 982 9% 15 6.5 3.8
10 982 9 15 6.7 3.6
13 982 9% 15 6.7 3.6
16 982 9 15 6.9 3.8
18 98 9% 15 7.2 4.0
21 98 9 15 7.5 4.1
24 982 96 15 _ 12 _1.6 4.3
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 m’h (page 9 of

10).
STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM  FECAL COLIFORM PARTICLE COUNT  GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY CONCENTRATION CONCENTRATION  EFFLUENT DETECTED GIARDIA
NGE OF (NO./ML) (CALIF./100ML) (COLIF./100ML) {NTU) {NO./10ML) (CYSTS/L) VOLUME IN ANALYSIS
DATE RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METHCOD
NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED

DY MO YR (°C) (WEEKS) (L (NO.)
28 982 99 15 12 2250, 21000. 9.0 1.3
29 982 99 15 3500.  170.  24000.
30 98 93 15 2700. 90.  32000. 275. 7.9 4.7

1108 99 15 3350.  175.  7000. 290. 6.9 4.7

21082 99 15 1100,  380.  4400. 107. 7.2 4.9

3108 99 15 2000. 80.  6000. 170.

4108 99 15 2675. 1060. 21000. 85. 7.8 4.6

5108 99 15 2800. 26500. 110.

610 82 99 15 2005. 43.  20000. 4. 7.4 4.5

71082 99 15 2340,  143. 500. 3. 7.1 4.6

81082 99 15 3600, 143, 145, 9.

91082 99 15 430. 6.
1010 82 99 15 7.1 4.7
111082 99 15 10250. 47500.
1210 82 99 15 1700.  255.  1150. 22. 7.3 4.5
1310 82 99 15 2800, 12500,
1410 82 99 15 8.0 4.6
1510 82 99 15 2350. 6400, 700. 8.
16 10 82 99 15
181082 99 15 15 _1.5 4.8
20 10 82 102 15 16 19400, 600. 7.8 4.8 1000 720 - - ¥P
21 10 82 102 15 29750.  1245.  13000. 4. 7.8 5.4 1173 986 51 0 MP
22 10 82 102 15 670.  830. 3. 17. 7.6 5.6 0 - 87 0 MP
23 10 82 102 15 600.  580. 4. 5. 7.6 5.4 0 - 70 0 MP
24 10 82 102 15 650.  320. 1. 3. 7.6 5.6 0 - 66 0 MP
25 10 82 102 15 16 420, 305, 2. 2. 1.1 5.5 0 - 68 0 )
26 10 82 105 15 16 4400. 23500. 1. 8.4 5.7 5000 2060 - - MP
27 10 82 105 15 7750.  361.  22500. 30. 8.0 5.5 5150 3350 60 0 P
28 10 82 105 15 995,  260. 1. 18. 8.1 5.6 0 - 95 0 MP
29 10 82 105 15 1400.  130. 1. 4. 8.2 5.7 0 - 121 0 MP
30 10 82 105 15 450. 80. 3. 1. 8.3 5.9 o - 79 0 MP
31 10 82 105 15 955,  305. 2. o. 8.0 5.9 0 - 80 0 NP
111 82 105 15 ‘13. 6. 2. 0.

21182105 15 17 800, 80, 3. 0. 7.8 6.1

311 82 108 15 0 16500.  870.  20000. 0. 8.1 7.3 1505 784 - - MP
41182108 15 27000. 1010.  24000. 195, 8.1 7.8 1500 668 7 0 MP
511 82 108 15 315.  560. 3. 235, 8.9 7.8 0 - 113 0 MP
6 11 82 108 15 126. 180, 0. 22. 8.9 8.1 0 - 63 0 MP
711 82108 15 144. 127, 0. 13. 9.1 8.3 0 - 107 0 MP
8 11 82 108 15 111. 84. 1. 6.

-21) 82108 15 1 321, 144, 1. 1.
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Table A-2. Results of experiments for slow sand Filter No. 2, v = 0.12 wh (page 10

of 10).
STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM  FECAL COLIFORM PARTICLE COUNT  GIARDIA CYST OF CYSTS
QONCENTRATION CONCENTRATION QONCENTRATION TURBIDITY CONCENTRATION QONCENTRATION EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (COLIF./100ML) (COLIF./100ML) . (NTO) (NO./10ML) (CYSTS/L) VOLUME IN  ANALYSIS
DATE RUN TEMP SQHMUTZ- SAMPLED EFFLUENT METHOD
NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED

DY MO YR (°C) (WEEXS) (L) (M0.)
1211 82 111 15 0 37500. 20500. 10.9 15.5 1982 1250 - - P
13 11 82 111 15 29100. 7350. 15500.  1118. 10.2 12.9 1923 1863 67 0 MP
14 11 82 111 15 210.  5700. 6. 570. 9.9 11.1 (i} - % 0 MP
15 11 82 111 15 10. 23. 1. 57. 9.6 9.7 0 - 192 0 MP
16 11 82 111 15 82.  710. 1. 34. 9.7 9.7 0 - 99 ¢ MP
17 11 82 111 15 110.  182. 0. 12. 10.2 8.7
18 11 82 111 15 3010.  1455. 0. 11. 9.5 8.2
1911 82111 15 1 1120, 810, 0, 4, 10.4 1.8
2211 82 114 15 2 9.7 7.7
24 11 82 114 15 10.0 7.7
26 11 82 114 15 9.6 7.6
29 11 82 114 15 9.8 7.6

11282114 15 10.1 7.6

31282114 15 3 10.4 1.6
18 1 83 119 15 10 119500. 39000. 10.1 7.5 2000 2100 - - MP
19 183119 15 80000. 42000. 670. 9.9 7.9 2000 1458 193 0 MP
20 183119 15 172000. 26800.  52500. 895. 9.9 7.9 2000 1282 139 0 MP
21 183119 15 160000. 28200.  39000. 870. 10.0 7.6 2000 226 154 0 MP
22 183119 15 19500. 13350. 930. 630. 9.6 7.3 0 - 166 0 MP
23 183119 15 3700.  800. 180. 120. 9.2 7.4 0 - 173 0 MNP
24 183119 15 9%0. 1000. 0. 72. 9.7 7.4

26 183119 15 11 = 2%, 720, 0. 14,
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 1 of 9)
STANDARD INFLUENT NUMBER
PLATE CCUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS
OONCENTRATION CONCENTRATION QONCENTRATION TURBIDITY CONCENTRATION CONCENTRATION  EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (COLIF./100ML) (COLIF./100ML) {NTU) (NO./10ML) {CYSTS/L) VOLUME IN ANALYSIS
DATE RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METHOD
NO. DECKE  INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED

DY MO YR (°0) (WEEXS) (w (N0.)
27 881 9 15 0 4.4 4.4
28 881 9 15 4.4 4.4
29 88 9 15 3.9 3.7
30 881 9 15 4.0 3.7

1 981 9 15 4.1 3.7

2 981 9 15 1 4.1 4.0

3 98 11 15 1 92000. 19000. 6.4 4.6

4 98F 11 15 1 715000, 1700, 4.2 5.2

5 981 13 15 1 1400. 4.5 4.5

6 981 13 15 4.4 4.2

7 98 13 15 4.7 5.0

8 98 13 15 4.5 5.3

9 98 13 15 4.5 5.5
10 981 13 15 4.6 5.6
11 98 13 15 4.6 5.4
12 98 13 15 5.0 4.8
13 981 13 15 4.9 4.7
14 981 13 15 5.8 4.7
17 98 13 15 6.0 5.3
18 981 13 15 5.8 5.5
19 981 13 15 5.9 5.5
20 981 13 15 5.5 5.4
21 981 13 15 4 5.4. 5.1
22 9861 16 15 4 7.2 4.7
23 981 16 15 5.8 5.0
24 981 16 15 4 5.6 3.2
25 981 19 15 4 28900. 5.7 5.3
26 981 19 15 4 100000, 0. 5.8 5,3
27 98 22 15 5 5.9 5.7
28 98 22 15 6.2 5.2
29 98 22 15 7.0 5.5
30 981 22 15 7.1 5.5

11081 22 15 6.4 5.6

21081 22 15 5 6.5 5.9

3108 25 5 5 80. 6.5 5.3

41081 25 5 390. 6.8 6.3

51081 25 S 290. 195. 6.6 6.1

61081 25 S 70. 121. 6.8 6.1

71081 25 5 6 1.0 6.2
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 2 of 9)

STANTAARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM  FECAL COLIFORM PARTICLE COUNT  GIARDIA CYST OF CYSTS

CONCENTRATION CONCENTRATION CONCENTRATION PURBIDITY CONCENTRATION CONCENTRATION  EFFLUENT DETECTED GIARDIA

AGE OF (NO./ML) (CCLIF./100ML)  (CQLIF./100ML) (NTD) (NO./10ML} (CYSTS/L) VOLUME IN  ANALYSIS

DATE  RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METHOD

NO. DECKE  INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR (°C) (WEEXS) (w (NO.)

10 10 81 28 15 6.3 5.2
11 10 81 28 15 6.5 5.3
1210 81 28 15 6.9 5.4
13108 28 15 6.6 5.5
1410 81 28 15 6.5 5.5
1510 81 28 15 6.7 5.6
16 10 81 28 15 6.4 5.6
17 10 81 28 15 6.8 5.8
1810 81 28 15 6.8 5.8
191081 28 15 6.7 5.6
2010 81 28 15 6.9 5.6
211081 28 15 7.0 5.5
221081 28 15 6.8 5.4
231081 28 15 7.0 5.4
2410 81 28 15 6.8 5.6
2510 81 28 15 6.5 5.7
26 10 81 28 15 6.6 6.1
27 10 81 28 15 6.6 5.9
28 10 81 28 15 6.7 6.1
291081 28 15 9 6.4 8.1
3010 81 31 5 9 22300. 6.5 5.9
31108 31 5 24200. 6.6 5.5
1118 31 § 28000, 6.4 6.1
2118 31 5 32300. 6.1 6.1
3118 31 5 39000. 6.2 6.1
41181 31 5 10 4009, 6.3 5.9
6 11 81 34 15 o 6.2 5.7
71181 34 15 480. 6.3 5.1
81181 34 15 280. 6.3 6.0
91181 34 15 1900. 6.5 5.1
1011 81 34 15 © 40000. 6.3 5.1
1111 81 34 15 10000. 6.7 4.6
121181 34 15 1 6.7 4.8
1311 8 37 15 1 6.7 4.9
1411 81 37 15 6.4 4.0
1511 81 37 15 6.5 4.9
16 11 81 37 15 6.7 5.5
17 11 81 37 15 6.4 5.4
181181 37 15 2 6.5 5.3
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 3 of 9)

STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM  FECAL CCLIFORM PARTICLE COUNT  GIARDIA CYST OF CYSTS

CONCENTRATION  CONCENTRATION  CONCENTRATION TURBIDITY CONCENTRATION ~ CONCENTRATION  EFFLUENT DETECTED GIARDIA

AGE OF (NO./ML) (COLIF./100ML)  (COLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VOLUME IN  ANALYSIS

DATE  RUN TEMP SCHMUTZ~- SAMPLED EFFLUENT METHOD

NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR (°c) (WEEKS) (L) {NO.)

i9 11 81 40 15 2 6.2 5.1
2011 81 40 15 6.9 4.8
211181 40 15 6.3 4.4
221181 40 15 5.9 4.5
2311 81 40 15 6.3 4.2
241181 40 15 6.6 5.1
2511 81 40 15 6.5 4.9
2911 81 40 15 6.3 5.4
30 11 81 40 15 6.4 4.7
1128 40 15 6.6 5.3
2128 40 15 7.1 4.7
31281 40 15 7.2 4.8
41281 40 15 6.8 4.7
51281 40 15 7.0 4.6
61281 40 15 7.0 5.0
71281 40 15 7.2 4.8
8128 40 15 6.7 4.5
91281 46 15 7.1 4.8
15 5 7.3 5.0
1112 81 43 15 5 8.6 6.2
12128 43 15 8.8 6.6
131281 43 15 8.6 7.0
14128) 43 35 § 8.9 1.2
1512 81 46 15 6 8.7 7.3
161281 46 15 8.8 6.8
17 1281 46 15 8.8 5.8
18 12 81 46 15 9.1 6.8
20 12 81 46 15 8.9 1.2
22128 46 15 8.7 2.0
231281 46 15 9.5 5.0
27128 46 15 8.9 4.8
311281 46 15 8.9 4.8
4 18 46 15 8.8 4.2
8 182 46 15 7.9 3.9
10 182 46 15 8.0 4.4
15 182 46 15 8.2 4.0
18 182 46 15 8.1 4.4
22 182 46 15 8.7 4.8
25 182 46 15 9.2 4.9
28 182 46 15 10.5 6.1
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 4 of 9)

STANDARD INILUENT NUMBER
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE CCUNT GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY CONCENTRATION CONCENTRATION  EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (COLIF./100ML) (CQLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VOLUME IN ANALYSIS
DATE  RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METHQD
NO. ° DECKE  INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED

DY MO YR ("C) (WEEKS) (L) (NO.)
30 182 46 15 11.0 6.2

2 282 46 15 11.0 4.9

3 282 46 15 6200.

4 282 46 15 9400. 990. 11.0 4.9

5 282 46 15 30000. 1600.

6 282 46 15 6000. 4800. 9.2 5.0

7 282 46 15 4100. 640.

8 282 46 15 6800, 16100. 8.5 5.1

9 282 46 15 900. 6100.
10 282 46 15 4400. 14100.
11 282 46 15 2400. 140.
12 282 46 15 1200. 1600. 6.8 4.9
13 282 46 15 1800. 540.
14 282 46 15 3200.  30000. 6.3 4.8
15 282 46 15 200. 800.
16 282 46 15 7200. 700.
18 282 46 15 6.0 4.0
20 282 46 15 15 6.2 4.2
26 282 49 5 0 360. 30000. 4.0 5.3 1769. 500 413 - - ZF
27 28 49 5 300. 940. 700. 1100. 4.7 4.1 1609. 151. 500 180 28 31 ZF
28 282 49 S 260. 3000. 200. 7. 4.8 4.9 1720. 116. 500 230 48 24 ZF
1 38 49 5 350. 3600. 1. 8. 5.0 4.6 1738. 41. 500 138 76 176 2F
2 382 49 5 1. 4.7 4.4 922, 78. 102 23 69 251 2F
3 382 49 5 1 960, 630, 1. 5.5 4.2 831, 64, 0 = 49 61 ZF
4 382 52 15 1 3.8 4.1

5 38 52 15 3.8 3.9

9 382 52 15 1700. 35000. 4.5 3.2
10 38 52 15 17.
11 382 52 15 6.
12 38 52 15 0.
13 382 52 15 176. 500. 3.9 4.0
14 382 52 15 300. 450. 1240. 0.
15 382 52 15 157. 340. 160. 10. 4.1 3.2
16 38 52 15 350. 460. 160. 0. 4.2 3.1
17 382 52 15 3 319. 330, 360. 0.
18 38 55 15 3 7900. 330. 6300. 0. 4.5 2.9 1294. ) 500 1262 - - IF
19 382 55 15 8500. 750. 6100. 3. 4.5 2.5 40506 . 1. 500 665 69 16 IF
20 382 55 15 17900. 980. 4900. 16. 4.6 2.5 12591. 40. 500 656 62 15 ZF
21 382 55 15 40000. 1770. 3900. 7. 4.4 2.3 7975. 58. 500 1965 68 21 ZF
22 382 55 15 300. 1550. 0. 3. 3.6 2.1 553. 54, 0 - 77 6 F
23 382 55 15 4 460, 1810, Q, 1. 4.2 2.2 62, 329, 0 = 10 10 F
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 5 of 9)

STANDARD INFLUENT NUMBER
PLATE CCUNT TOTAL COLIFORM  FECAL COLIFORM PARTICLE COUNT  GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY CQONCENTRATION CQONCENTRATION EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (COLIF./100ML)  (COLIF./100ML) (NTO) (NO./10ML) (CYSTS/L) VOLUME IN  ANALYSIS
CATE RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METHCD
NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR (°C) (WEEKS) (L (No.)
24 382 58 15 3 3.6 1.8
26 382 58 15 3.4 1.6
29 382 58 15 3.4 2.4
31 38 58 15 5 4.2 2.8
1 482 61 5 5 21900. 160. 4.0 3.2 sal. 500 327 - - ZF
2 48 61 5 24300.  15100. 98. 5. 3.1 3.8 1500. 63. 500 278 61 2 2P
3 48 61 5 19000,  12500. 130. 10. 3.7 2.6 1697. 61. 500 828 74 0 ZF
4 482 61 5 15100.  9100. 70. 12. 4.0 3.8 500 164 68 2 ZF
5 48 61 5 1040. 7600, 2. 9. 3.7 3.5 198. 30. 0 0 84 1 zF
6 482 61 5 6 310, 1350, 0. 0. 1.9 2.8 47. 0 - 79 0 ZF
7 482 64 15 6 3.4 2.6
8 48 64 15 3.2 1.9
10 482 64 15 2.9 1.4
12 482 64 15 2.8 1.8
14 482 64 15 2.7 1.6
17 48 64 15 3.5 2.3
19 482 64 15 4.0 2.7
21 482 64 15 5.0 2.6
23 482 64 15 4.8 2.5
26 482 64 15 4.9 2.8
28 482 64 15 4.2 2.8
30 482 64 15 5.1 3.1
3 582 64 15 4.9 2.7
5 582 64 15 5.7 4.0
7 582 64 15 4.4 3.5
10 582 64 15 4.3 2.6
12 582 64 15 4.1 2.5
16 582 64 15 11 4.4 2.4
17 582 67 15 2 5800. 5.0 3.2 50 66.7 - - ZF
18 582 67 15 1010000.  1200. 5.2 3.9 50 53.2 64 0 2F
19 582 67 15 6400.  2150. 5.4 3.4 50 14.5 79 0 ZF
20 58 67 15 8500. 440. 5.3 3.9 50 42.6 149 0 ZF
21 582 67 15 23300. 780. 0. 4.5 3.5 50 10.4 131 0 ZF
22 582 67 15 68000. 5, 0. 4.4 3.5 50 7.1 167 0 ZF
23 582 67 15 22200.  5100. 10. 0. 4.5 3.4 50 56.3 216 1 ZF
24 582 67 15 3 28100, 21700. 14, 0. 4.4 3.5 50 0.6 292 6 2F
25 582 70 5 3 10300.  1265. 49. 0. 4.4 3.3 50 21.4 245 2 ZF
26 58 70 5 13200.  1795. 26. 3. 4.3 3.4 50 95.4 184 3 ZF
27 58 70 5 2900. 3200, 52, 2. 4.4 3.4 1150. 553. 50 21.1 148 3 ZF
26 58 70 5 9100.  1440. as. 8. 4.4 3.6 935, 440. 50 17.9 172 0 IF
29 582 70 5 4 1200, 3, 4.4 3.6 12.5 - 213 0 ZF
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 6 of 9)

STANDARD INFLUENT NUMBER
PLATE CQUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS
CQONCENTRATION CONCENTRATION CQONCENTRATION TURBIDITY CONCENTRATION QONCENTRATION EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (COLIF./100ML) (OOLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VALUME IN ANALYSIS
DATE RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METHOD
NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR (°C) (WEEKS) (L (NO.)
1 682 73 15 4 3.9 3.1
2 682 73 15 3.7 3.0 1462. 472.
3 68 73 15 3.7 3.1
4 682 13 15 4 : 3.8 3.0
6 682 76 15 0 4200. 2700. 330. 4.4 3.5 50 8.7 - - ZF
7 682 76 15 5100.  1500. 3.7 3.8 426. 137. 50 0.8 241 0 ZF
8 682 76 15 3020. 330. . 3100. 49. 490. 18. 3.8 3.7 50 0.9 218 0 ZF
9 68 76 15 2980. 800.  2800. 17.  1100. 2. 3.8 3.5 50 31.1 230 (i} ZF
10 68 76 15 12100. 620.  1480. 1.  1800. 2. 3.7 3.3 422, 172. 50 16.6 172 0 ZF
11 682 76 15 7600. 680.  1140. 5. 1600, 5. 3.8 3.1 50 20.4 141 0 2F
12 682 76 15 390. 8. 0. 5.8 2.9 50 - 179 0 ZF
15 682 76 15 3.6 2.6
17 682 76 15 3450. 170. 260. 1. 2. 0. 3.5 2.6
18 682 76 15 5800. 990, 262. 3. 3l. 0.
20 68 76 15 2670. 490. 3.5 2.6 50 18.0 - - ZF
21 682 76 15 2265. 290. 720. 4. 29. 0. 3.5 2.8 497, 200. 50 26.9 229 1 2F
22 682 76 15 2725. 340. 550. 0. 66. 0. 3.5 2.9 50 15.1 253 0 ZF
23 682 76 15 2520. 245, 237. 1. 118. 0. 3.3 2.8 50 19.9 228 0 ZF
24 682 76 15 3910. 160. 393, 2. 190. 0. 3.4 2.6 50 16.7 149 0 2F
25 682 76 15 3 209, 0. 0. 3.4 2.6 0 - 199 0 2F
28 682 79 15 3 380. 145. 3.7 2.7
29 682 79 15 1070. 168. 155. 2.
30 68 79 15 800. 265. 148. 4. 4.1 2.8
1 78 79 15 640. 275. 20. 2.
2 78 79 15 3 1300, 130, 1. 2. 3.8 2.7
4 78 8 5 0 1785. 100. 4.1 3.0 50 34.3 - - MP
5 78 82 5 2655.  1620. 67. 3. 4.1 3.1 50 56.0 229 (] P
6 78 82 S 2800. 750. 71. 0. 4.4 3.2 50 29.1 225 0 MP
7 78 82 5 2785.  1340. 3l. 2. 4.4 3.4 50 26.7 202 0 MP
8 78 8 S 2875.  1000. 7. 1. 4.4 3.3 50 28.1 227 0 MP
9 78 8 5 1790. 930. 10. 0. 4.2 3.3 50 - 228 o MP
12 78 82 15 3.3 2.4
14 782 82 15 3.4 2.6
16 782 82 15 3.5 2.3
18 782 8 5 800. 23. 3.5 2.3 50 16.6 - - MP
19 78 8 5 845. 605. 18. 0. 3.5 2.3 50 30.0 209 0 MP
20 78 8 S 1390. 270. 17. 2. 3.5 2.4 50 15.7 200 0 MP
21 78 8 5 2045, 515, 20. 0. 3.5 2.5 50 13.6 189 0 MP
22 782 82 S 129%. 730. 20. 1. 3.5 2.6 50 58.2 - - MP
23 7182 82 5 3 3.7 2.6 50 45.6 962 0 MP
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 7 of 9)

STANDARD INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT  GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY CONCENTRATION CONCENTRATION  EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (COLIF./100ML) (COLIF./100ML) (NTO) (NO./10ML) (CYSTS/L) VOLUME IN  ANALYSIS
DATE RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METHCD
NO. o DECKE  INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO ¥R ("C) (WEEKS) (L) (NO.)
25 782 85 15 3 3.6 2.8
26 782 8 15 20000. 460. 4400. 150. 4.0 2.4
27 78 8 15 4400, 220. 600. 300.
28 78 8 15 1600. 630, 700. 135. 4.1 2.3
29 782 8 15 4500. 550, 4300. 305. 4.1 2.3
30 782 8% 13 4 4400, 130, 650, 125, 3.9 2.3
1 88 88 15 4 66000. 74000. 5.0 2.3 1000 123 - - Mp
2 882 88 15 66000. 5900. 71000. 2420, 5.0 2.6 1000 173 237 ] 14
3 882 88 15 3600. 1200. 5.0 2.8 0 - 232 80 MP
4 882 88 15 15800. 290000. 5.0 2.7 1000 256 - - MP
5 88 88 15 10700, 270, 210000. 260. 4.8 2.8 1000 183 182 40 MP
6 882 88 15 5 230, i 0. 5.2 2.9 0 - 220 100 MP
8 882 9 15 5 4500. 22000. 4.8 2.6 1000 167 - - ¥P
9 88 91 15 6300. 500. 13000. 111. 5.0 3.0 1000 220 191 0 MP
10 88 91 15 17100. 150.  13800. 76. 4.8 3.1 1000 160 233 0 MP
11 882 91 15 17850. 295.  18000. 71. 5.6 3.0 1000 258 223 0 4
12 882 91 15 39900. 490.  17000. 59. 5.6 3.2 1000 300 19 0 MP
13 882 91 15 [ 256, 86, 5.3 3.2
16 882 94 15 6 7100. 2050. 5.1 2.9
17 882 94 15 $800. 395. 1600. 72.
18 882 94 15 550. a3. 75. 82. 5.0 3.2
20 88 94 15 1 5.1 3.3
24 882 97 15 7 5.1 3.4
27 882 97 15 5.2 3.4
31 882 97 15 5.5 4.5
3 982 97 15 6.4 4.3
7 982 97 15 6.5 4.3
10 982 9 15 6.7 4.5
13 982 97 15 6.7 4.6
16 982 97 15 6.9 4.5
18 982 97 15 7.2 4.7
21 982 97 15 7.5 4.6
24 982 97 15 12 1.6 4.7
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 8 of 9)

STANDARD - INFLUENT NUMBER
PLATE CQUNT TOTAL COLIFORM  FECAL COLIFORM PARTICLE COUNT  GIARDIA CYST OF CYSTS
CONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY CONCENTRATION CONCENTRATION  EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (CQLIF./100ML)  (OOLIF./100ML) (NTU) (NO./10ML) (CYSTS/L) VOLUME IN  ANALYSIS
DATE RUN TEMP SCHMUTZ- SAMPLED EFFLUENT METHOD
NO. DECKE INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED

DY MO YR (°c) (WEEKS) w (NO.)
28 9 82 100 15 12 2250. 21000. 9.0 4.2
29 9 82 100 15 3500.  2500.  24000. 114.
30 982100 15 2700. 580.  32000. 185. 7.9 4.6

110 82 100 15 3350. 340. 7000, 140. 6.9 4.4

210 82 100 15 1100. 570.  4400. 120. 7.2 4.5

310 82 100 15 2000. 200,  6000. 80.

410 82 100 15 2675. 380.  21000. 63. 7.8 4.1

510 82 100 15 2800. 230.  26500. 125.

6 10 82 100 15 2005, 9.  20000. 61. 7.4 3.9

7 10 82 100 15 2340. 185. 500. 31. 7.1 3.9

810 82 100 15 3600. 219, 145. 20.

9 10 82 100 15 136. 7.
10 10 82 100 15 7.1 3.8
11 10 82 100 15 10250. 47500.
12 10 82 100 15 1700. 80. 1150, 37. 7.3 3.8
13 10 82 100 15 2800, 12500.
14 10 82 100 15 8.0 3.8
1510 82 100 15 2350. 85. 700. 20.
16 10 82 100 15 40. 10.
18 10 82 100 15 15 1.5 4.0
20 10 82 103 15 16 19400. 600. 7.8 4.0 1000 720 - - MP
21 10 82 103 15 29750,  1245.  13000. 5. 7.8 4.6 1173 986 183 o MP
22 10 82 103 15 670.  1460. 3. 28. 7.6 4.8. 0 - 315 0 MP
23 10 82 103 15 600. 890. 4. 12. 7.6 4.4 0 - 216 0 WP
24 10 82 103 15 650. 520. 1. 6. 7.6 4.7 0 - 203 o MP
25 10 82 103 15 16 420 340, 2. i, 1.2 4.8 0 - 2117 0 MP
26 10 82 106 15 16 4400. 23500. 2. 8.4 4.9 5000 2060 - - MP
27 10 82 106 15 7750. 105.  22500. 101. 8.0 4.8 5150 3350 193 0 MP
28 10 82 106 15 995, 235. 1. 76. 8.1 4.9 0 - 309 0 MP
29 10 82 106 15 1400. 165. 1. 7. 8.2 4.9 0 - 401 0 MP
30 10 82 106 15 450. 101. 3. 3. 8.3 4.9 0 - 268 0 MP
31 10 82 106 15 955, 142. 2. 4. 8.0 5.0 0 - 269 0 )
111 82 106 15 13. 119. 2. 1.
21182106 15 17 800, 43, 3. 1. 1.8 5.0

311 82 109 15 0 16500. 273.  20000. 2. 8.1 8.0 1505 784 - - MP
411 82109 15 27000.  1940.  24000. 680. 8.1 7.6 1500 668 240 0 P
511 82 109 15 315.  1370. 3. 560. 8.9 7.9 0 - 382 0 P
6 11 82 109 15 126. 420, 0. 152. 8.9 7.2 0 - 215 0 MP
7 11 82 109 15 144. 2. 0. 79. 9.1 7.1 0 - 362 0 P
8 11 82 109 15 111. 101. 1. 51.

91] 82109 15 1 327, 155, 1. 10,
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Table A-3. Results of Experiments for Slow Sand Filter No. 3, v = 0.40 m/h (page 9 of 9)

STANDARD ’ INFLUENT NUMBER
PLATE COUNT TOTAL COLIFORM FECAL COLIFORM PARTICLE COUNT GIARDIA CYST OF CYSTS
CQONCENTRATION CONCENTRATION CONCENTRATION TURBIDITY QONCENTRATION CONCENTRATICN  EFFLUENT DETECTED GIARDIA
AGE OF (NO./ML) (OOLIF./100ML)  (CQLIF./100ML) (NTO) (NO./10ML) (CYSTS/L) VOLUME IN  ANALYSIS
DATE RUN TEMP SCHMUTZ~ SAMPLED EFFLUENT METHOD
NO. DECKE  INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT ADDED DETECTED
DY MO YR (°C) (WEEXS) (L (NO.)
12 11 82 112 15 0 37500. 20500. 10.9 9.7 1982 1250 - - MP
1311 82 112 15 29100, 6000, 15500.  1350. 10.2 10.0 1923 1863 193 0 Mp
1411 82 112 15 210.  6850. 6. 880. 9.9 9.5 0 - 314 0 ue
15 11 82 112 15 10.  1220. 1. 175, 9.6 8.8 o - 189 0 P
16 11 82 112 15 82. 940. 1. 105. 9.7 8.2 o - 324 0 MP
17 11 82 112 15 110. 225, 0. 65. 10.2 7.8
18 11 82 112 15 3010. 830. 0. 28. 9.5 7.2
. 209, 9. 12, 10.4 6.6

2211 82 115 15 2 9.7 5.9
24 11 82 115 15 10.0 6.0
26 11 82 115 15 9.6 6.1
29 11 82 115 15 9.8 6.3

112 82115 15 10.1 6.3

31282115 15 3 10.4 6.3

712 82 117 15 4 29500. 10.7 4.8 3692 2433 - - P
81282117 15 11800. 100.  24000. 0. 10.6 4.6 3692 4507 102 0 MP
912 82 117 15 5600. 600.  1270. a. 9.5 5.3 0 - 194 0 np
10 12 82 117 15 20300, 210. 960. 2. 9.5 5.5 0 - 112 0 "
1112 82117 15 13700. 112. 230. 0. 9.8 5.4 0 - 157 0 P
12 12 82 117 15 10800. 247. 1. 1. 9.8 5.7

13 12 82117 15 2550. 61. 0. 0.
14 12 82 117 15 5 530, 267, 0. (11




APPENDIX B

Results of Phase II and Phase III Experiments
for Slow Sand Filtration
2/1983 - 12/1983

The following six tables, Tables B-1, B-2, B-3, B-4, B-5, and B-6
contain all of the Phase II and III experimental results obtained fram six
laboratory scale slow sand filters, operated continuously at a hydraulic
loading rate of 0.12 whr over the period February 1983 to December 1983.
These tables contain the raw data oollected for total coliform bacteria,
standard plate oount bacteria, and turbidity. The tables in this appendix
can be cross-referenced by date with Figures I-4 through I-9, in Appendix I,
which contain graphical histories of temperature, lydraulic loading rate, and
headloss.

The test condition imposed on each filter is summarized as follows:

B-1 1 Control

B~2 2 Depth of sand bed
B-3 3 Chlorine added
B-4 4 Nutrients added
B-5 5 Large sand, 5°C
B~6 6 5°C
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Table B-1. Phase II slow sand filter data for Filter No. 1, the con-
trol filter.

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT  INFLUENT  EFFLUENT
DATE CONTINUOUS SCHMUTZDECKE TURBIDITY TURBIDITY COLIFORM QOLIFORM STD PLATE STD PLATE
OPERATION COUNT COUNT

MN DY YR (DAYS) (DAYS) (NTU) (NTU) (NO/100ML) (NO/100ML) (NO/ML)  (NO/ML)
2 983 1 1 9.1 6.6

210 83 2 2 9.1 8.0 2.0 240 3345
211 83 3 3 8.9 8.5 51000.0 0.0 1310 65000
21283 4 4 9.0 8.4 7100.0 52000.0 755 125000
213 83 S 5 9.0 8.3 3400.0 5300.0 74 24200
2 14 83 6 6 8.7 8.1 4900.0 150.0 985 31100
215 83 7 7 8.8 8.2 5000.0 390.0 3620 18250
2 16 83 8 8 8.7 8.5 2250.0 570.0 4000 12200
217 83 9 9 8.6 9.5

2 20 83 12 12 8.6 8.5 20000.0 3850

22183 13 13 8.6 8.5 14667.0 13600.0 365 2700
222 83 14 14 8.5 8.1 21000.0 5750.0 630 2790
223 83 15 15 8.6 8.3 37500.0 9200.0 635 3150
224 83 16 16 8.3 8.1 20500.0 13100.0 9650 1337
22583 17 17 8.4 7.9 4550.0 150
227 83 19 19 8.3 8.0 1460.0 1015

2 28 83 20 20 8.2 7.9 990.0 140.0 395 2400
3 183 2] 21 8.0 7.7 6700.0 39.5 125 1320
3 283 22 22 7.8 7.7 2200.0 1235.0 330 1120
3 38 23 23 8.2 7.7 640.0 120.0 131 630
3 483 24 24 8.0 7.7 47.0 116
3 683 26 26 8.1 125.0 600

3 783 27 27 7.4 7.5 48.0 7.0 44 1500
3 883 28 28 7.6 7.3 126.0 3.0 3045 3155
3 983 29 29 7.5 7.2 42,5 2.5 135 1060
310 83 30 30 7.6 7.2 2000.0 1.5 330 1220
31183 31 31 7.6 7.1 41.5 1970
314 83 34 34 7.8 7.1 2650.0 415

31583 35 35 7.8 7.1 20000.0 35.0 945 1265
316 83 36 36 7.4 7.2 22000.0 1205.0 975 1040
317 83 37 37 7.4 7.1 790.0 1500
32083 40 40 7.2 7.0 66000.0 595

32183 41 41 7.0 6.9 76500.0 2250.0 830 1065
32283 42 42 6.9 6.8 91500.0 2300.0 9950 1050
32383 43 43 6.8 6.7 61000.0 2500.0 700 915
32483 44 44 6.7 6.7 66500.0 750.0 775 685
32583 45 45 6.7 6.3 900.0 1130
327 83 47 47 6.8 6.3 64000.0 850

328 83 48 48 6.7 6.2 14000.0 1400.0 340 755
32983 49 49 6.7 6.2 1150.0 600
4 583 56 56 7.3 6.2 3000.0 19200

4 683 57 57 7.2 6.2 2200.0 4.0 1570 660
4 783 58 58 7.0 5.8 1100.0 5.0 1790 1075
4 883 59 59 7.0 5.8 12.0 590
411 83 62 62 6.8 6.0 3950.0 690

4 12 83 63 63 6.8 6.0 3000.0 26.0 775 345
413 83 64 64 6.8 6.0 6700.0 59.0 285 415
414 83 65 65 6.7 5.9 38.0 410
4 16 83 67 1

421 83 72 6 6.6 6.3

4 22 83 73 7 6.4 5.9

4 25 83 76 10 7.7 5.8 145000.0 1555

4 26 83 77 11 6.9 5.8 125000.0 1500.0 1375 335
427 83 78 12 6.5 5.5 215000.0 900.0 2285 160
4 28 83 79 13 6.4 5.3 2100.0 435
5 38 84 18 6.7 5.0

5 483 85 19 6.6 5.0

515 83 96 30 6.3 4.0

516 83 97 1 6.3 3.9 113000.0 1460

517 83 98 2 6.3 4.1 70500.0 450.0 755 515
518 83 99 3 6.2 4.1 72500.0 330.0 840 390
519 83 100 4 6.2 4.1 70000.0 425.0 965 815
520 83 101 5 6.1 4.1 430.0 15
52383 104 8 6.1 4.1 63000.0 1145

524 83 105 9 6.0 4.1 69000.0 240.0 820 555
52583 106 10 6.1 4.1 69000.0 180.0 390 980
5 26 83 107 11 6.1 4.0 56500.0 330.0 670 960
527 83 108 12 6.0 4.1 360.0 1265
530 83 111 15 6.1 4.2 64000.0 680

53183 112 16 6.1 4.2 52500.0 190.0 710 580
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Table B-1. (continued).

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT  EFFLUENT
DATE CONTINUQUS SCHMUTZDECKE TURBIDITY TURBIDITY COLIFORM COLIFORM STD PLATE STD PLATE

OPERATION QOUNT QOUNT
MN DY YR (DAYS) (DAYS) (NTU) (NTU) (NO/100ML) (NO/100OML) (NO/ML)  (NO/ML)
6 183 113 17 6.2 4.2 35500.0 655.0 630 965
6 283 114 18 6.1 4.2 320.0 820
6 27 83 139 42 8.9 5.6 35000.0 515
6 28 83 140 44 7.8 5.5 38000.0 180.0 660 895
6 29 83 141 45 7.4 5.4 45000.0 440.0 655 975
6 30 83 142 46 7.3 5.5 33000.0 710.0 420 760
7 183 143 47 7.3 5.6 610.0 740
7 483 146 50 7.0 5.8 930.0 224
7 583 147 51 7.0 5.9 2300.0 30.0 155 580
7 683 148 52 7.0 6.0 3200.0 73.0 150 140
7 783 149 53 7.0 6.0 4250.0 82.0 515 750
7 883 150 54 7.0 6.1 88.0 405
711 83 153 57 7.1 6.1 35.0 3000
71283 154 58 7.1 6.1 66.0 5 280 635
71383 155 59 6.9 6.2 76.0 .5 190 33
7 14 83 156 60 6.8 6.2 74.0 .5 160 515
715 83 157 61 6.8 6.1 31.0 <5 49 650
718 83 160 64 6.8 6.2 340.0 320
719 83 161 65 6.7 6.3 230.0 15.0 345 590
7 20 83 162 66 6.6 6.2 290.0 21.0 340 590
7 21 83 163 67 6.8 6.2 310.0 13.0 180 610
7 22 83 164 68 6.8 6.3 2100.0 41.0 130 475
723 83 165 69 7.0 6.2 2300.0 260.0
7 24 83 166 70 7.0 6.2 2300.0 150.0 350
72583 167 71 7.0 6.2 2000.0 210.0 307 530
7 26 83 168 72 6.8 6.4 20500.0 170.0 325 460
7 27 83 169 73 6.8 6.6 12000.0 820.0 485 715
7 28 83 170 74 6.8 6.6 6600.0 650.0 205 450
7 29 83 171 75 6.8 6.6 340.0 605
8 183 174 1 6.9 6.6 34500.0 290
8 283 175 2 7.1 7.1 24000.0 2400.0 365 470
8 38 176 3 7.1 6.9 37500.0 5700.0 320 360
8 48 177 4 7.2 6.8 25000.0 3500.0 370 471
8 583 178 5 7.1 6.8 1600.0 410
8 883 181 8 7.2 6.9 113500.0 1480
8 983 182 9 7.2 6.7 129300.0 6900.0 1870 90
8 10 83 183 10 7.2 6.8 280000.0 16200.0 3760 175
811 83 184 11 7.2 6.7 110000.0 8000.0 1055 390
8 12 83 185 12 7.1 6.8 7500.0 405

THIS IS THE START OF PHASE III

:
;
§
g

THE CONTROL FILTER.

8 15 83 188 15 7.6 7.1 113000.0 1080

8 16 83 189 16 7.8 7.2 73500.0 7700.0 1360 195
817 83 190 17 7.8 7.2 77000.0 7200.0 835 125
8 18 83 191 18 7.7 7.3 6200.0 235
8 22 83 195 22 8.7 7.3 65700.0 1085

8 23 83 196 23 8.0 7.3 78000.0 7000.0 99 145
8 24 83 197 24 7.9 7.3 80500.0 6300.0 720 170
8 25 83 198 25 7.8 7.4 4600.0 140
8 29 83 202 29 8.0 7.4 70000.0 790

8 30 83 203 30 7.9 7.4 70000.0 4200.0 990 25
9 183 204 31 8.1 7.4 4950.0 110
9 583 208 35 8.1 7.4 58000.0 1025

9 683 209 36 8.1 7.4 75000.0 3100.0 795 85
9 783 210 37 8.0 7.4 80000.0 4850.0 790 113
9 26 83 229 56 7.6 6.7 123000.0 3140

9 27 83 230 57 7.8 6.9 120000.0 1050.0 1225 130
9 28 83 231 58 7.5 7.3 70000.0 1400.0 1085 141
9 29 83 232 59 7.5 7.1 1650.0 40
9 30 83 233 60 7.4 7.1

10 11 83 245 72 7.2 6.7 2.0 365

10 12 83 246 73 7.2 6.7 4.0 1.0 584 101
10 13 83 247 74 7.4 6.6 0.0 0.0 415 114
10 14 83 248 75 7.5 6.6 3.4 0.0 268 101
10 15 83 249 76 7.7 6.7 2.6 .5 172 81
10 16 83 250 77 7.5 6.6 1.4 0.0 118 70
10 17 83 251 78 7.5 6.6 1.3 0.0 120 86
10 26 83 260 87 7.4 6.4 7 96

10 27 83 261 88 7.4 6.3 7 0.0 56 86
11 5 83 270 97 7.3 6.4 .6 9
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Table B~l. (continued).

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT  INFLUENT  EFFLUENT
DATE CONTINUQUS SCHMUTZDECKE TURBIDITY TURBIDITY COLIFORM OOLIFORM  STD PLATE STD PLATE

OPERATION COUNT COUNT
M DY YR (DAYS) (DAYS) (NTU) (NTU) (NO/100ML) (NO/100ML) (NO/ML)  (NO/ML)
11 6 83 271 98 7.2 6.4 .6 .6 67 124
11 783 272 99 7.2 6.4 1540.0 S 418 57
11 883 273 100 7.1 6.5 1530.0 40.0 93 152
11 983 274 101 7.2 6.5 2350.0 88.0 62 147
11 10 &3 275 102 7.3 6.6 1950.0 90.0 52 79
11 13 83 278 105 7.3 6.7 13
11 14 83 279 106 7.4 6.6 13 80
11 15 83 280 107 7.8 6.7 8 63
11 16 83 281 108 8.1 6.7 7 108
11 17 83 282 109 7.8 6.7 7 197
11 18 83 283 110 7.7 6.7 7 118
11 19 83 284 11 7.6 6.6 5 95
11 20 83 285 112 7.7 6.7 4 84
11 21 83 286 113 7.8 6.7 173500 124
11 22 83 287 114 8.0 6.7 205000 315
11 23 83 288 115 8.0 6.7 630000 500
11 24 83 289 116 7.8 6.5 525000 300
11 25 83 290 117 6.7 6.3 130000 315
11 26 83 291 118 7.2 6.1 108000 520
11 27 83 292 119 6.8 5.9 1385000 175
11 28 83 293 120 7.0 5.9 1510000 410
11 29 83 294 121 7.3 5.8 1145000 1910
11 30 83 295 122 7.4 5.8 1310000 580
12 183 296 123 7.4 5.8 870
12 14 83 309 136 5.3 4.3 2300.0 115
12 15 83 310 137 5.4 4.3 2350.0 25.5 102 122
12 16 83 311 138 5.4 4.4 2900.0 19.0 201 118
12 17 83 312 139 5.3 4.5 2450.0 49.5 121 102
12 18 83 313 140 5.4 4.6 2600.0 32.0 143 102
12 19 83 314 141 5.3 4.5 2250.0 65.0 90 105
12 20 83 315 142 5.2 4.5 2300.0 20.0 115 78
12 21 83 316 143 5.4 4.4 2500.0 27.0 87 79
12 22 83 317 144 5.4 4.6 2150.0 40.0 126 82
12 23 83 318 145 5.5 4.7 65.0 115
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Table B-2. Phase II slow sand filter data for Filter No. 2, this
filter has 1/2 the sand depth.

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT  INFLUENT  EFFLUENT
DATE CONTINUCUS SCHMUTZDECKE TURBIDITY TURBIDITY COLIFORM QOLIFORM  STD PLATE STD PLATE
OPERATION COUNT COUNT

My DY YR (DAYS) (DAYS) {NTD) (NTU) (NO/100ML) (NO/10OML)  (NO/ML)  (NO/ML)
2 98 1 1 9.1 6.6

210 83 2 2 9.1 8.0 2.0 240 3445
211 8 3 3 8.9 8.6 51000.0 0.0 1310 67000
2 4 4 9.0 8.1 7100.0 55500.0 755 116000
213 83 5 5 9.0 7.9 3400.0 4950.0 74 2900
214 83 6 6 8.7 7.9 4900.0 845.0 985 23350
215 83 7 7 8.8 8.0 5000.0 360.0 3620 12400
216 83 8 8 8.7 8.6 2250.0 420.0 4000 23600
217 83 9 9 8,6 9.2

220 83 12 12 8.6 8.6 20000.0 3850

221 83 13 13 8.6 8.5 14667.0 12350.0 365 2600
2228 14 14 8.5 8.4 21000.0 8200.0 630 4200
22383 15 15 8.6 8.3 37500.0 7100.0 635 10850
22483 16 16 8.3 8.3 20500.0 24000.0 9650 2850
22583 17 17 8.4 8.1 4750.0 320
227 83 19 19 8.3 8.2 1460.0 1015

22883 20 20 8.2 8.1 990.0 75.0 395 1845
3 183 21 2 8.0 7.9 6700.0 49.0 125 2350
3 283 22 22 7.8 7.7 2200.0 113.5 330 625
3 38 23 23 8.2 7.8 640.0 170.0 131 525
3 483 24 24 8.0 7.7 58.0 240
3 68 26 26 8.1 125.0 600

3 78 7 27 7.4 7.7 48.0 2.0 44 1160
3 88 28 28 7.6 7.4 126.0 7.0 3045 7900
3 983 29 29 7.5 7.2 42.5 1.0 135 1080
31083 30 30 7.6 7.1 2000.0 1.3 330 415
31183 31 31 7.6 7.0 67.0 765
31483 34 34 7.8 7.1 2650.0 415

315 83 35 35 7.8 7.1 20000.0 45.0 945 1095
316 83 36 36 7.4 7.2 22000.0 2400.0 975 930
317 8 37 37 7.4 7.0 1160.0 1155
320 83 40 40 7.2 6.9 66000.0 595

32 & 41 41 7.0 6.9 76500.0 3300.0 830 660
32283 42 42 6.9 6.7 91.500.0 3800.0 9950 810
32383 43 43 6.8 6.7 61000.0 2900.0 700 645
32483 44 44 6.7 6.7 66500.0 1700.0 775 860
32583 45 45 6.7 6.3 1400.0 770
38 47 47 6.8 6.3 64000.0 850

32883 48 48 6.7 6.3 14000.0 1750.0 340 615
32983 49 49 6.7 6.3 1250.0 710
4 583 56 56 7.3 6.6 3000.0 19200

4 683 57 57 7.2 6.5 2200.0 8.0 1570 820
4 783 58 58 7.0 6.0 1100.0 7.0 1790 1360
4 883 59 59 7.0 6.1 27. 840
411 83 62 62 6.8 6.5 3950.0 690

4128 63 63 6.8 6.5 3000.0 54.0 775 455
413 83 64 64 6.8 6.4 - 6700.0 130.0 285 460
4 14 83 65 65 6.7 6.4 44.0 370
4 16 83 67 1

4 21 83 72 6 6.6 7.1

42283 73 7 6.4 6.8

4 25 83 76 10 7.7 6.5 145000.0 1555

4 26 83 77 11 6.9 6.6 125000.0 850.0 1375 325
4 27 83 78 12 6.5 6.4 215000.0 510.0 2285 155
4 28 83 79 13 6.4 6.3 1150.0 405
5 383 84 18 6.7 6.0

5 483 85 19 6.6 6.0

515 83 96 30 6.3 4.7

516 83 97 1 6.3 4.7 113000.0 1460

517 83 98 2 6.3 5.5 70500.0 6050.0 755 665
518 83 99 3 6.2 4.9 72500.0 4200.0 840 610
519 83 100 4 6.2 4.8 70000.0 4300.0 965 630
520 83 101 35 6.1 4.6 4050.0 60
523 83 104 8 6.1 4.1 63000.0 1145

524 83 105 9 6.0 4.1 69000.0 1120.0 820 150
525 83 106 10 6.1 4.0 69000.0 1700.0 390 320
526 83 107 11 6.1 4.0 56500.0 1260.0 670 465
527 83 108 12 6.0 4.0 1140.0 625
530 83 111 15 6.1 4.1 64000.0 680

5 3183 112 16 6.1 4.1 52500.0 430.0 710 300

LOVRTMTAT I
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Table B-2. (continued).

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT  EFFLUENT
DATE CONTINUQUS SCHMUTZDECKE TURBIDITY TURBIDITY COLIFORM OOLIFORM  STD PLATE STD PLATE
OPERATION COUNT CQOUNT

MN DY YR (DAYS) (DAYS) (NTU) (NTU) (NO/100ML) (NO/100ML) (NO/ML)  (NO/ML)
6 183 113 17 6.2 4.1 35500.0 2300.0 630 405
6 283 114 18 6.1 4.1 715.0 310
6 27 83 139 43 8.9 5.5 35000.0 515

6 28 83 140 44 7.8 5.4 38000.0 420.0 660 775
6 29 83 141 45 7.4 5.3 49000.0 530.0 655 450
6 30 83 142 46 7.3 5.2 33000.0 1000.0 420 215
7 18 143 47 7.3 5.2 820.0 300
7 483 146 50 7.0 5.4 930.0 224

7 583 147 51 7.0 5.5 2300.0 29.0 155 295
7 683 148 52 7.0 5.7 3200.0 75.0 150 225
7 78 149 53 7.0 5.7 4250.0 90.0 515 360
7 883 150 54 7.0 5.4 79.0 295
711 83 153 57 7.1 5.5 35.0 3000

712 83 154 58 7.1 5.5 66.0 3.0 280 180
7 13 83 155 59 6.9 5.5 76.0 2.0 190 145
7 14 83 156 60 6.8 5.5 74.0 2.0 160 215
7 15 83 157 61 6.8 5.5 31.0 2.0 490 245
718 83 160 64 6.8 5.6 340.0 320

719 83 161 65 6.7 5.9 230.0 16.0 345 220
7 20 83 162 66 6.6 6.0 290.0 19.0 340 265
721 83 163 67 6.8 6.0 310.0 15.0 180 260
7 22 83 164 68 6.8 6.0 2100.0 33.0 130 230
7238 165 69 7.0 6.1 2300.0 390.0

7 24 83 166 70 7.0 6.2 2300.0 150.0 350

7 25 83 167 71 7.0 6.2 2000.0 200.0 307 120
7 26 83 168 72 6.8 6.4 20500.0 140.0 325 155
7 27 83 169 73 6.8 6.6 12000.0 790.0 485 180
7 28 83 170 74 6.8 6.6 6600.0 690.0 205 75
729 83 171 75 6.8 6.6 400.0 205
8 183 174 1 6.9 6.6 34500.0 290

8 283 175 2 7.1 7.0 24000.0 3300.0 365 195
8 38 176 3 7.1 6.7 37500.0 6900.0 320 150
8 48 177 4 7.2 6.6 25000.0 3000.0 370 245
8 583 178 5 7.1 6.6 1800.0 175
8 883 181 8 7.2 6.7 113500.0 1480

8 983 182 9 7.2 6.7 129300.0 7750.0 1870 140
8 10 83 183 10 7.2 6.7 280000.0 27000.0 3760 290
8 11 83 184 11 7.2 6.7 110000.0 8500.0 1055 270
812 83 185 12 7.1 6.7 11000.0 225

THIS IS THE START OF PHASE III DATA FOR FILTER NO. 2, THIS FILTER HAS A DIATOMACEOUS EARTH COATING

8 15 83 188 1 7.6 7.0 113000.0 1080

8 16 83 189 2 7.8 7.2 73500.0 11300.0 1360 635
817 83 190 3 7.8 6.8 77000.0 5300.0 835 415
818 83 191 4 7.7 6.1 9000.0 1380
8 22 83 195 8 8.7 6.4 65700.0 1085

823 83 196 9 8.0 6.1 78000.0 4100.0 99 150
8 24 83 197 10 7.9 5.8 80500.0 6800.0 720 90
825 83 198 11 7.8 5.6 4900.0 170
8 29 83 202 15 8.0 5.7 70000.0 790

8 30 83 203 16 7.9 5.6 70000.0 3000.0 990 70
9 18 204 17 8.1 5.7 5050.0 190
9 583 208 21 8.1 6.0 58000.0 1025

9 683 209 22 8.1 6.0 75000.0 2400.0 795 85
9 7 83 210 23 8.0 6.0 80000.0 3100.0 790 152
9 26 83 229 42 7.6 6.3 123000.0 3140

9 27 83 230 43 7.8 6.5 120000.0 700.0 1225 175
9 28 83 231 44 7.5 5.9 70000.0 2300.0 1085 120
9 29 83 232 45 7.5 6.8 1300.0 32
9 30 83 233 46 7.4 6.8

10 11 83 245 58 7.2 6.2 2.0 365

10 12 83 246 59 7.2 6.2 4.0 1.0 584 75
10 13 83 247 60 7.4 6.2 0.0 0.0 415 163
10 14 83 248 61 7.5 6.3 3.4 0.0 268 95
10 15 83 249 62 7.7 6.3 2.6 .5 172 94
10 16 83 250 63 7.5 6.3 1.4 1.5 118 35
10 17 &3 251 64 7.5 6.4 1.3 0.0 120 83
10 26 83 260 73 7.4 6.7 .7 96
10 27 83 261 74 7.4 6.7 7 0.0 56 38
11 583 270 83 7.3 6.7 .6 9
(CONTINUED)
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Table B~2. (continued).

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT  INFLUENT  EFFLUENT
DATE CONTINUQUS SCHMUTZDECKE TURBIDITY TURBIDITY COLIFORM COLIFORM  STD PLATE STD PLATE
OPERATION CQOUNT CQOUNT
MM DY YR (DAYS) (DAYS) (NTU) (NTU) (NO/100ML) (NO/100ML) (NO/ML)  (NO/ML)
11l 68 271 84 7.2 6.8 .6 0.0 67 106
11 783 272 85 7.2 6.8 1540.0 0.0 418 56
11 883 273 86 7.1 6.8 1530.0 24.0 93 81
11 983 274 87 7.2 6.7 2350.0 34.0 62 106
11 10 83 215 88 7.3 6.7 1950.0 .33.0 52 29
11 13 83 248 91 7.3 13
11 14 83 279 92 7.4 13
11 15 83 280 93 7.8 8
11 16 83 281 94 8.1 7
1117 83 282 95 7.8 7
11 18 83 283 96 7.7 7
11 19 83 284 97 7.6 5
11 20 83 285 98 7.7 4
11 21 83 286 99 7.8 173500
11 22 83 287 100 8.0 205000
11 23 83 288 101 8.0 630000
11 24 &3 289 102 7.8 525000
1125 83 290 103 6.7 130000
11 26 83 291 104 7.2 108000
11 27 83 292 105 6.8 1385000
11 28 83 293 106 7.0 1510000
11 29 83 294 107 7.3 1145000
11 30 83 295 108 7.4 1310000
12 183 296 109 7.4
12 14 83 309 122 5.3 2300.0 115
12 15 83 310 123 5.4 2350.0 102
12 16 83 311 124 5.4 2900.0 201
1217 83 312 125 5.3 2450.0 121
12 18 83 313 126 5.4 2600.0 143
12 19 83 314 127 5.3 2250.0 90
12 20 83 315 128 5.2 2300.0 115
12 21 83 316 129 S.4 2500.0 87
12 22 83 317 130 5.4 2150.0 126
12 23 83 318 131 5.5
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Table B-3. Phase II slow sand filter data for Filter No. 3, .this
filter had chlorine added when tests were not being per-

formed.
DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT  INFLUENT EFFLUENT
DATE QONTINUQUS SCHMUTZDECKE TURBIDITY TURBIDITY COLIFORM QOLIFORM STD FLATE STD PLATE
OPERATION ’ CQOUNT COUNT

MN DY YR (DRYS) {DAYS) (NTU) {NTU) (NO/100ML) (NO/100ML)  (NO/ML) {NO/ML)
2 983 1 1 9.1 6.4

210 83 2 2 9.1 7.9 2.0 240

21183 3 3 8.9 8.1 51000.0 1310

21283 4 4 9.0 8.0 7100.0 755

21383 S 5 9.0 8.1 3400.0 74

214 8 6 6 8.7 7.9 4900.0 285

21583 7 7 8.8 7.9 5000.0 3620

216 8 8 8 8.7 7.6 2250.0 4000

217 83 9 9 8.6 8.0

220 83 12 12 8.6 7.6 20000.0 3850

2218 13 13 8.6 7.5 14667.0 365

2228 14 14 8.5 7.6 21000.0 630

223 83 15 15 8.6 7.5 37500.0 635

224 83 16 16 8.3 7.5 20500.0 9650

2 25 83 17 17 8.4 7.4

227 83 19 19 8.3 7.4 1460.0 1015

2 28 83 20 20 8.2 7.3 990.0 395

3 183 21 21 8.0 7.1 6700.0 125

3 283 22 22 7.8 7.2 2200.0 330

3 383 23 23 8.2 7.3 640.0 131

3 483 24 24 8.0 7.2

3 683 26 26 8.1 125.0 600

3 78 27 27 7.4 7.1 48.0 44

3 883 28 28 7.6 7.0 126.0 3045

3 983 29 29 7.5 6.8 42.5 135

31083 30 30 7.6 6.9 2000.0 330

318 31 31 7.6 6.7

314 83 34 34 7.8 6.7 2650.0 415

31583 35 35 7.8 6.7 20000.0 945

316 83 36 36 7.4 6.8 22000.0 975

317 83 37 37 7.4 6.5

320 83 40 40 7.2 6.4 66000.0 595

3218 41 41 7.0 6.3 76500.0 830

3228 42 42 6.9 6.4 91500.0 9950

323 83 43 43 6.8 6.3 61000.0 700

324 83 44 44 6.7 6.3 66500.0 775

32583 45 45 6.7 5.8

327 83 47 47 6.8 5.8 64000.0 850

3 28 83 48 48 6.7 5.9 14000.0 340

329 83 49 49 6.7 5.9

4 583 56 56 7.3 6.6 3000.0 19200

4 683 57 57 7.2 7.5 2200.0 480.0 1570 10000
4 783 58 58 7.0 8.0 1100.0 75.0 1790 18050
4 B 83 59 59 7.0 10.5 540.0 24300
411 83 62 62 6.8 5.9 3950.0 690

412 83 63 63 6.8 5.9 3000.0 775

413 83 64 64 6.8 5.9 6700.0 285

414 83 65 65 6.7 5.9

4 16 83 67 1l

4 21 83 72 6 6.6 6.1

4 22 83 73 7 6.4 5.8

4 25 83 76 10 7.7 6.3 145000.0 1558

4 26 83 77 11 6.9 6.4 125000.0 1375

4 27 83 78 12 6.5 6.2 215000.0 2285

4 28 83 79 13 6.4 6.1

5 383 84 18 6.7 5.6

5 483 85 19 6.6 5.9

515 83 9% 30 6.3 5.6

5 16 83 97 1 6.3 5.7 113000.0 1460

5 17 83 98 2 6.3 5.8 70500.0 71500.0 755 710
518 83 99 3 6.2 6.0 72500.0 58000.0 840 780
5 19 83 100 4 6.2 6.2 70000.0 69500.0 965 3650
5 20 83 101 S 6.1 7.2 49500.0 2750
523 8 104 8 6.1 5.6 63000.0 1145

5 24 83 105 9 6.0 5.7 69000.0 51000.0 820 360
5 25 83 106 10 6.1 5.5 69000.0 30500.0 3%0 310
5 26 83 107 11 6.1 5.7 56500.0 42000.0 670 950
5 27 83 108 12 6.0 5.9 32500.0 3850
5 30 83 11 15 6.1 5.4 64000.0 680

5 31 83 112 16 6.1 S.4 52500.0 24000.0 710 100
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Table B-3. (continued).

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT
DATE CONTINUQUS SCHMUTZDECKE TURBIDITY TURBIDITY COLIFORM OCLIFORM  STD PLATE STD FLATE
OPERATION CQOUNT COUNT
MN DY YR (DAYS) (DAYS) (NTU) (NTU) (NO/100ML) (NO/100ML) (NO/ML)  (NO/ML)
6 18 113 17 6.2 5.5 35500.0 33000.0 630 980
6 283 114 18 6.1 5.7 27000.0 1480
6 27 83 139 43 8.9 7.5 35000.0 ) 515
6 28 83 140 44 7.8 7.1 38000.0 12000.0 660 525
6 29 83 141 45 7.4 6.4 49000.0 24000.0 655 1530
6 30 83 142 46 7.3 6.9 33000.0 18000.0 420 2310
7 183 143 47 7.3 8.1 20000.0 3545
7 483 146 50 7.0 6.3 930.0 224
7 58 147 51 7.0 6.3 2300.0 450.0 155 55
7 683 148 52 7.0 6.4 3200.0 1040.0 150 930
7 783 149 53 7.0 6.8 4250.0 1600.0 515 1695
7 883 150 54 7.0 7.2 790.0 3110
7 11 83 153 57 7.1 6.1 35.0 3000 )
712 83 154 58 7.1 6.1 66.0 19.0 280 780
71383 155 59 6.9 6.5 76.0 13.0 190 1755
7148 156 60 6.8 7.3 74.0 7.0 160 429
715 83 157 61 6.8 7.8 . 31.0 12.0 490 4340
718 & 160 64 6.8 6.3 340.0 320
719 83 161 65 6.7 6.3 230.0 130.0 345 85
7 20 83 162 66 6.6 6.3 290.0 86.0 340 760
7218 163 67 6.8 6.9 310.0 110.0 180 1510
7228 164 68 6.8 7.3 2100.0 200.0 130 174
7238 165 69 7.0 6.0 2300.0 :
7248 166 70 7.0 6.0 2300.0 1300.0 350
72583 167 71 7.0 6.1 2000.0 1400.0 307 225
7 26 83 168 72 6.8 6.6 20500.0 1500.0 325 870
7218 169 73 6.8 6.8 12000.0 5300.0 485 985
7 28 83 170 74 6.8 7.1 6600.0 4800.0 205 235
7 29 83 171 75 6.8 6.2
8 18 174 1 6.9 6.2 34500.0 290
8 283 175 2 7.1 6.3 24000.0 18700.0 365 455
8 383 176 3 7.1 6.8 37500.0 37500.0 320 870
8 483 177 4 7.2 6.9 25000.0 36000.0 370 1305
8 583 178 5 7.1 7.2 6000.0 5870
8 883 181 8 7.2 6.0 113500.0 1480
8 983 182 9 7.2 6.4 129300.0 58000.0 1870 560
8 10 83 183 10 7.2 6.8 280000.0 56000.0 3760 2460
8 11 83 184 11 7.2 7.1 110000.0 54000.0 1055 387
8 12 83 185 12 7.1 7.3 50000.0 2580
THIS IS THE START OF PHASE III DATA FOR FILTER 3, THIS FILTER HAD SMALL SAND (0.128mm).
8 15 83 188 1 7.6 7.3 113000.0 1080
8 16 83 189 2 7.8 24.0 73500.0 61000.0 1360 324
817 83 190 3 7.8 23.5 77000.0 40000.0 835 750
8 18 83 191 4 7.7 23.0 53000.0 1685
8 22 83 195 8 8.7 15.8 65700.0 1085
8 23 83 196 9 8.0 13.8 78000.0 33000.0 99 905
8 24 83 197 10 7.9 12.0 80500.0 32000.0 720 285
8 25 83 198 11 7.8 11.3 35000.0 730
8 29 83 202 15 8.0 9.1 70000.0 7%
8 30 83 203 16 7.9 9.0 70000.0 23000.0 990 410
9 183 204 17 8.1 8.1 24000.0 575
9 583 208 21 8.1 7.9 58000.0 1025
9 683 209 22 8.1 7.9 75000.0 7400.0 795 235
9 783 210 23 8.0 7.8 80000.0 20000.0 790 295
9 26 83 229 42 7.6 9.7 123000.0 3140
927 83 230 43 7.8 9.8 120000.0 7000.0 1225 500
9 28 83 231 44 7.5 10.0 70000.0 14000.0 1085 455
929 83 232 45 7.5 10.0 9800.0 340
9 30 83 233 46 7.4 9.9
1011 83 245 58 7.2 10.1 2.0 365
10 12 83 246 59 7.2 10.2 4.0 1.0 584 310
10 13 83 247 60 7.4 106.5 0.0 0.0 415 339
10 14 83 248 61 7.5 10.4 3.4 0.0 268 296
10 15 83 249 62 7.7 10.6 2.6 0.0 172 381
10 16 83 250 63 7.5 10.5 1.4 0.0 118 372
10 17 83 251 64 7.5 10.7 1.3 0.0 120 350
10 26 83 260 73 7.4 10.5 .7 96
10 27 &3 261 74 7.4 10.6 .7 0.0 56 258
11 583 270 83 7.3 9.4 .6 9
(CONTINUED)
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Table B~3. (continued).

DAYS OF MGE OF INFLUENT EFFLUENT  INFLUENT EFFLUENT INFLUENT  FEFFLUENT
DATE OONTINUQUS SCHMITZDECKE TURBIDITY TURBIDITY COLIFORM COLIFORM  STD PLATE SID FLATE
OPERATION CQOUNT QOUNT
MY DY YR (DAYS) (DAYS) (NTU) (NTO} (NO/100ML) (NO/100ML) (NO/ML)  (NO/ML)
11 6 83 1 84 7.2 9.4 .6 0.0 67 296
11 7 83 272 85 7.2 9.2 1540.0 0.0 418 250
11 883 273 86 7.1 9.1 1530.0 125.0 9 570
11 983 214 87 7.2 9.0 2350.0 230.0 62 414
11 10 83 275 88 7.3 9.1 1950.0 170.0 52 157
1113 83 218 9 7.3 9.0 13
11 14 83 7% 92 7.4 9.1 13 444
11 15 83 280 93 7.8 8.7 8 456
11 16 83 281 94 8.1 8.2 7 482
11 17 83 282 95 7.8 8.3 7 408
11 18 83 283 1 7.7 7
11 19 83 284 2 7.6 8.6 5
11 20 83 285 3 7.7 8.7 4
1121 83 286 4 7.8 8.5 173500
11 22 83 287 5 8.0 8.5 205000 2800
11 23 83 288 6 8.0 8.5 630000 3600
11 24 83 289 7 7.8 8.5 525000 2160
11 25 83 290 8 6.7 8.4 130000 1900
11 26 83 291 9 7.2 7.9 108000 3700
11 27 83 292 10 6.8 7.5 1385000 810
11 28 83 293 11 7.0 7.5 1510000 1280
11 29 83 294 12 7.3 7.3 1145000 2100
11 30 83 295 13 7.4 7.3 1310000 2800
12 183 296 14 7.4 7.3 2050
12 14 83 309 27 5.3 4.4 2300.0 115
12 15 83 310 28 5.4 4.2 2350.0 9.5 102 105
12 16 83 311 29 5.4 4.5 2900.0 2.5 201 155
12 17 83 312 30 5.3 4.4 2450.0 26.0 121 2
12 18 83 313 k31 5.4 4.4 2600.0 17.0 143 142
12 19 83 314 32 5.3 4.4 2250.0 28.5 90 103
12 20 83 315 33 5.2 4.5 2300.0 7.0 115 116
12 21 83 316 34 5.4 4.7 2500.0 19.0 87 120
12 22 83 317 35 5.4 4.8 2150.0 17.5 126 123
12 23 83 318 36 5.5 4.8 38.5 122
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Table B-4. Phase II slow sand filter data for Filter No. 4, this
filter had nutrients added.

DAYS COF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT  INFLUENT  EFFLUENT
DATE CONTINUOUS SCHMUTZDECKE TURBIDITY TURBIDITY CQOLIFORM (DLIFORM  STD PLATE STD PLATE

OPERATION COUNT COUNT
MN DY YR (DAYS) (DAYS) (NTU} (NTU) (NO/100ML) (NO/100ML) (NO/ML)  (NO/ML)
2 983 1 1 9.1 6.7
210 83 2 2 9.1 8.5 2.0 240 14500
21 83 3 3 8.9 9.6 .51000.0 0.0 1310
21283 4 4 9.0 5.3 7100.0 39000.0° 755 4030000
213 83 5 5 9.0 5.9 3400.0 10300.0 74 12000
214 83 6 6 8.7 6.9 4900.0 2350.0 985 8000
215 83 7 1 8.8 8.4 5000.0 3620
216 83 8 2 8,7 8.4 2250.0 1350.0 4000 15200
217 83 9 3 8.6 10.0
220 83 12 6 8.6 7.5 20000.0 3850
228 13 7 8.6 8.1 14667.0 100.0 365 3600
222 83 14 8 8.5 8.0 21000.0 12.5 630 1820
22383 15 9 8.6 8.0 37500.0 5.5 635 3000
224 83 16 10 8.3 8.0 20500.0 17.0 9650 3300
22583 17 11 8.4 8.3 4.5 560
227 83 19 i3 8.3 8.1 1460.0 1015
228 83 20 14 8.2 7.7 990.0 2.0 395 2040
3 18 21 15 8.0 6.6 6700.0 5.0 125 900
3 28 22 16 7.8 6.5 2200.0 9.0 330 340
3 38 23 17 8.2 6.1 640.0 0.0 131 215
3 483 24 18 8.0 5.1 0.0 240
3 683 26 20 8.1 125.0 600
3 783 27 21 7.4 5.2 48.0 0.0 44 740
3 88 28 22 7.6 4.8 126.0 0.0 3045 1510
3 983 29 23 7.5 4.4 42.5 0.0 135 810
3108 30 24 7.6 4.8 2000.0 0.0 330 525
3 e 31 25 7.6 5.0 5 905
348 34 28 7.8 5.1 2650.0 415
31583 35 29 7.8 5.1 20000.0 0.0 945 480
31683 36 30 7.4 5.1 22000.0 26.0 975 875
31783 37 31 7.4 4.9 12.0 1765
320 83 40 34 7.2 4.3 66000.0 595
3218 41 35 7.0 4.0 76500.0 6.0 830 480
32283 42 36 6.9 4.0 91500.0 9.0 9950 920
3B 8 43 37 6.8 4.1 61000.0 9.0 700 385
32483 44 38 6.7 4.1 66500.0 16.0 775 70
325 83 45 39 6.7 4.0 12.0 2500
327 8 47 41 6.8 4.0 64000.0 850
32883 48 42 6.7 4.0 14000.0 97.0 340 S05
32983 49 43 6.7 4.0 15.0 265
4 58 56 50 7.3 3.5 3000.0 19200
4 68 57 51 7.2 3.7 2200.0 4.0 1570 690
4 78 58 52 7.0 3.4 1100.0 1.0 1790 810
4 88 59 53 7.0 3.2 3.0 305
411 83 62 56 6.8 4.3 3950.0 690
412 8 63 57 6.8 4.3 3000.0 3.0 775 320
413 83 64 58 6.8 4.3 6700.0 5.0 285 585
41483 65 59 6.7 4.2 2.0 750
416 83 67 1
42183 72 6 6.6 4.9
4 22 83 73 7 6.4 4.6
4 25 83 76 10 7.7 4.1 145000.0 1555
4 26 83 77 11 6.9 4.0 125000.0 7.0 1375 140
4 27 83 78 12 6.5 3.8 215000.0 2.0 2285 85
4 28 83 79 13 6.4 3.4 13.0 91
5 38 84 1 6.7 4.3
5 483 85 2 6.6 4.1
51583 96 13 6.3 2.4
516 83 97 1 6.3 2.2 113000.0 1460
517 83 98 2 6.3 3.1 70500.0 66.0 755 310
518 83 99 3 6.2 2.8 72500.0 58.0 840 100
519 83 100 4 6.2 2.8 70000.0 250.0 965 410
520 83 101 5 6.1 2.8 245.0 20
523 83 104 8 6.1 2.4 63000.0 1145
524 83 105 9 6.0 2.5 69000.0 23.0 820 125
52583 106 10 6.1 2.4 69000.0 12.0 3% 180
526 83 107 11 6.1 2.4 56500.0 14.0 670 260
527 83 108 12 6.0 2.5 9.0 345
530 83 111 15 6.1 2.5 64000.0 680
53183 112 i6 6.1 2.5 52500.0 2.0 710 205
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Table B~4. (continued).

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT  INFLUENT  EFFLUENT
DATE CONTINUQUS SCHMUTZDECKE TURBIDITY TURBIDITY COLIFORM COLIFORM  STD PLATE STD PLATE
OPERATION . QOUNT COUNT

M DY YR (DAYS) (DAYS) {NTU) (NTU) (NO/100ML) (NO/100ML) (NO/ML)  (NO/ML)
6 183 113 17 6.2 2.4 35500.0 27.0 630 460
6 283 114 18 6.1 2.4 5.0 420
6 27 & 139 43 8.9 2.8 35000.0 515

6 28 83 140 44 7.8 2.7 38000.0 4.0 660 255
6 29 83 141 45 7.4 2.7 49000.0 3.0 655 185
6 30 83 142 46 7.3 2.8 33000.0 7.0 420 115
7 18 143 47 7.3 3.0 11.0 110
7 48 146 50 7.0 3.2 930.0 224

7 58 147 51 7.0 3.2 2300.0 0.0 155 160
7 683 148 52 7.0 3.3 3200.0 0.0 150 110
7 78 149 53 7.0 3.3 4250.0 <5 515 745
7 883 130 54 7.0 3.3 0.0 125
711 83 153 57 7.1 4.2 35.0 3000

7 12 83 154 58 7.1 4.3 66.0 0.0 280 75
71383 155 59 6.9 3.9 76.0 0.0 190 55
714 83 156 60 6.8 3.8 74.0 0.0 160 90
7 15 83 157 61 6.8 3.7 31.0 0.0 490 1100
718 83 160 64 6.8 3.2 340.0 320

7198 161 65 6.7 3.6 230.0 5 345 190
7 20 83 162 66 6.6 3.6 290.0 0.0 340 205
7 21 83 163 67 6.8 3.6 310.0 0.0 180 55
72283 164 68 6.8 3.6 2100.0 0.0 130 175
7 23 83 165 69 7.0 3.5 2300.0 2.0

724 83 166 70 7.0 3.5 2300.0 2.0 350

7 25 83 167 71 7.0 3.4 2000.0 2.0 307 150
7 26 83 168 72 6.8 3.6 20500.0 3.0 325 90
727 83 169 73 6.8 3.9 12000.0 12.0 485 100
7 28 83 170 74 6.8 3.7 6600.0 9.0 205 100
7 29 83 171 75 6.8 3.8 6.0 55
8 183 174 1 6.9 3.8 34500.0 2%

8 283 175 2 7.1 4.6 24000.0 330.0 365 85
8 383 176 3 7.1 3.7 37500.0 360.0 320 90
8 483 177 4 7.2 3.7 25000.0 230.0 370 70
8 583 178 5 7.1 3.4 35.0 50
8 883 181 8 7.2 3.4 113500.0 1480

8 983 182 9 7.2 3.7 129300.0 20.0 1870 15
8 10 83 183 10 7.2 3.8 280000.0 28.0 3760 25
811 83 184 11 7.2 3.8 110000.0 260.0 1055 340
8 12 83 185 12 7.1 3.9 51.0 295
THIS IS THE START OF PHASE III DATA FOR FILTER NO 4, THIS FILTER WAS USED AS A SECOND CONTROL.

8 15 83 188 15 7.6 3.9 113000.0 1080

8 16 83 189 16 7.8 5.1 73500.0 130.0 1360 120
817 83 190 17 7.8 6.0 77000.0 195.0 835 25
8 18 83 181 18 7.7 7.1 320.0 140
8 22 83 195 22 8.7 8.1 65700.0 1085

8 23 83 196 23 8.0 8.1 78000.0 870.0 99 130
8 24 83 197 24 7.9 8.0 80500.0 910.0 720 110
825 83 198 25 7.8 8.1 13%.0 105
8 29 83 202 29 8.0 8.5 70000.0 790

8 30 83 203 30 7.9 8.6 70000.0 1210.0 990 125
9 18 204 31 8.1 8.2 1500.0 135
9 583 208 35 8.1 8.1 58000.0 1025

9 683 209 36 8.1 8.1 75000.0 1300.0 795 45
9 783 210 37 8.0 8.0 80000.0 2200.0 790 75
9 26 83 229 56 7.6 7.2 123000.0 3140

9 27 83 230 57 7.8 8.0 120000.0 610.0 1225 110
9 28 83 231 58 7.5 8.1 70000.0 1600.0 1085 168
929 83 232 59 7.5 7.7 1300.0 80
93083 233 60 7.4 7.7

10 11 83 245 72 7.2 6.7 2.0 365

10 12 83 246 73 7.2 6.6 4.0 0.0 584 88
10 13 83 247 74 7.4 6.7 0.0 .5 415 394
10 14 83 248 75 7.5 6.8 3.4 0.0 268 286
10 15 83 249 76 7.7 6.7 2.6 0.0 172 362
10 16 83 250 77 7.5 6.8 1.4 .5 118 88
10 17 83 251 78 7.5 7.0 1.3 0.0 120 344
10 26 83 260 87 7.4 6.9 .7 9%

10 27 83 261 88 7.4 6.9 .7 0.0 56 115
11 583 270 97 7.3 7.3 .6 9
(CONTINUE)
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Table B~4. (continued).

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT EFFLUENT
DATE QINTINUOUS SCHMUTZDECKE 'TURBIDITY TURBIDITY CCLIFORM COLIFORM  STD PLATE STD FLATE

OPERATION COUNT QOUNT
MN DY YR (DAYS) (DAYS) (NTD) (NTU) (NO/100ML) (NO/100ML) (NO/ML)  (NO/ML)
11 683 271 98 7.2 7.3 .6 0.0 67 176
11 783 272 99 7.2 7.3 1540.0 0.0 418 143
11 8 83 273 100 7.1 7.3 1530.0 45.0 93 234
11 983 274 101 7.2 7.3 2350.0 69.0 62 273
11 10 83 275 102 7.3 7.3 1950.0 91.0 52 117
11 13 83 278 105 7.3 7.1 13
11 14 &3 279 106 7.4 7.0 13 271
11 15 83 280 107 7.8 6.8 8 217
11 16 83 281 108 8.1 6.7 7 238
11 17 83 282 109 7.8 6.6 7 296
11 18 83 283 110 1.7 6.5 7 278
11 19 83 284 111 7.6 6.6 5 215
11 20 83 285 112 7.7 6.5 4 219
11 21 83 286 113 7.8 6.5 173500 285
11 22 83 287 114 8.0 6.6 205000 195
11 23 83 288 115 8.0 6.6 630000 485
11 24 83 289 116 7.8 6.6 525000 620
11 25 83 290 117 6.7 6.5 130000 310
11 26 83 291 118 7.2 6.5 108000 470
11 27 83 292 119 6.8 6.6 1385000 195
11 28 83 293 120 7.0 6.3 1510000 325
11 29 83 294 121 7.3 6.2 1145000 510
11 30 83 295 122 7.4 6.2 1310000 575
12 183 296 123 7.4 6.3 495
12 14 83 309 136 5.3 5.1 2300.0 115
12 15 83 310 137 5.4 5.2 2350.0 21.5 102 92
12 16 83 311 138 5.4 5.2 2900.0 7.0 201 108
12 17 &3 312 139 5.3 5.3 2450.0 75.5 121 117
12 18 83 313 140 5.4 5.4 2600.0 37.0 143 130
12 19 823 314 141 5.3 5.4 2250.0 75.5 90 96
12 20 83 315 142 5.2 5.5 2300.0 20.0 115 100
12 21 83 316 143 5.4 5.3 2500.0 21.0 87 104
12 22 83 317 144 5.4 5.3 2150.0 68.5 126 101
12 23 83 318 145 5.5 5.2 66.5 123
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Table B-5. Phase II slow sand filter data for Filter No. 5, this
filter had large sand and was operated at 5°C.

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT  INFLUENT  EFFLUENT
DATE CONTINUQUS SCHMUTZDECKE TURBIDITY TURBIDITY CQLIFORM CQLIFORM  STD PLATE STD PLATE
OPERATION QOUNT QOUNT

MN DY YR (DAYS) (DAYS) (NTU) (NTU) (NO/100ML) (NO/100ML) (NO/ML)  (NO/ML)
2 98 1 1 9.1 6.8

210 8 2 2 9.1 8.1 2.0 240 5150
211 8 3 3 8.9 8.4 51000.0 0.0 1310 1440
212 83 4 4 9.0 8.4 7100.0 79000.0 755 8300
213 83 5 5 9.0 8.3 3400.0 5600.0 74 1000
214 83 6 6 8.7 8.1 4900.0 100.0 985 1780
215 83 7 7 8.8 8.2 5000.0 1195.0 3620 2005
216 83 8 8 8.7 8.0 2250.0 2350.0 4000 2645
217 83 9 9 8.6 7.8

2 20 83 12 12 8.6 7.9 20000.0 3850

22183 13 13 8.6 7.8 14667.0 4900.0 365 1290
222 83 14 14 8.5 7.7 21000.0 8050.0 630 2580
22383 15 15 8.6 7.7 37500.0 7700.0 635 410
2 24 83 16 16 8.3 7.7 20500.0 28000.0 9650 1840
2 2583 17 17 8.4 7.6 4600.0 170
227 83 19 19 8.3 7.6 1460.0 1015

2 28 83 20 20 8.2 7.6 990.0 375.0 395 1950
3 18 21 21 8.0 7.5 6700.0 101.0 125 1610
3 283 22 22 7.8 7.6 2200.0 4300.0 330 985
3 383 23 23 8.2 7.7 640.0 510.0 131 720
3 48 24 24 8.0 7.7 165.0 565
3 683 26 26 8.1 125.0 600

3 783 27 27 7.4 7.7 48.0 13.5 44 1100
3 883 28 28 7.6 7.4 126.0 20.0 3045 875
3 983 29 29 7.5 7.3 42.5 28.5 135 540
310 83 30 30 7.6 7.4 2000.0 13.0 330 320
3118 31 31 746 7.3 530.0 750
314 83 34 34 7.8 7.6 2650.0 415

31583 35 35 7.8 7.7 20000.0 410.0 945 410
316 83 36 36 7.4 7.9 22000.0 8400.0 975 740
317 83 37 37 7.4 7.7 8150.0 690
320 83 40 40 7.2 7.3 66000.0 595

3283 41 41 7.0 7.2 76500.0 36000.0 830 155
32283 42 42 6.9 7.2 91500.0 27500.0 9950 385
323 83 43 43 6.8 7.1 61000.0 36500.0 700 500
324 8 44 44 6.7 7.1 66500.0 16000.0 775 145
32583 45 45 6.7 6.8 25000.0 350
327 83 47 47 6.8 6.9 64000.0 850

3 28 83 48 48 6.7 6.7 14000.0 2950.0 340 435
329 83 49 49 6.7 6.7 1600.0 145
4 583 56 56 7.3 6.4 3000.0 19200

4 683 57 57 7.2 6.5 2200.0 405.0 1570 3400
4 783 58 58 7.0 6.5 1100.0 14.0 1790 4000
4 883 59 59 7.0 6.2 22.0 490
4 11 83 62 62 6.8 6.2 3950.0 690

412 83 63 63 6.8 6.2 3000.0 180.0 775 25
413 83 64 64 6.8 6.1 6700.0 185.0 285 110
414 83 65 65 6.7 6.3 125.0 50
4 16 83 67 1

421 83 72 6 6.6 6.2

422 83 73 7 6.4 6.1

425 83 76 10 7.7 6.6 145000.0 1555

4 26 83 77 11 6.9 6.6 125000.0 4200.0 1375 80
4 27 83 78 12 6.5 6.4 215000.0 3400.0 2285 150
4 28 83 79 13 6.4 6.3 3150.0 103
5 383 84 18 6.7 6.2

5 483 85 19 6.6 6.1

515 83 96 30 6.3 5.7

516 83 97 1 6.3 5.8 113000.0 1460

517 83 98 2 6.3 5.8 70500.0 22500.0 755 215
518 83 99 3 6.2 5.8 72500.0 18000.0 840 260
519 83 100 4 6.2 5.8 70000.0 13450.0 965 265
520 83 101 5 6.1 5.8 18000.0 155
523 83 104 8 6.1 5.7 63000.0 1145

524 83 105 9 6.0 5.7 69000.0 10500.0 820 155
525 83 106 10 6.1 5.7 69000.0 10300.0 390 75
5 26 83 107 11 6.1 5.7 56500.0 16000.0 670 215
527 83 108 12 6.0 5.8 9870.0 70
53083 111 15 6.1 5.7 64000.0 680

531 83 112 16 6.1 5.7 52500.0 4700.0 710 50

:
!
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Table B-5. (continued).

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT  INFLUENT  EFFLUENT
DATE CONTINUCUS SCHMUTZDECKE TURBIDITY TURBIDITY COLIFORM CCLIFORM  STD FLATE STD PLATE
OPERATION COUNT QOUNT

MWN DY YR (DAYS) (DAYS) (NTU) (NTU) (NO/100ML) (NO/100ML)  (NO/ML)  (NO/ML)
6 183 113 17 6.2 5.7 35500.0 10450.0 630 145
6 28 114 18 6.1 5.7 6050.0 65
6 27 83 139 43 8.9 7.5 35000.0 515

628 83 140 44 7.8 7.0 38000.0 3100.0 660 425
629 83 141 45 7.4 6.6 49000.0 5200.0 655 170
6 30 83 142 46 7.3 6.5 33000.0 5400.0 420 35
7 18 143 47 7.3 6.5 7200.0 100
7 483 146 50 7.0 6.4 930.0 224

7 58 147 S1 7.0 6.5 2300.0 320.0 155 60
7 683 148 52 7.0 6.5 3200.0 500.0 150 25
7 783 149 53 7.0 6.4 4250.0 560.0 515 60
7 88 150 54 7.0 6.4 320.0 10
711 8 153 57 7.1 6.2 35.0 3000

71283 154 58 7.1 6.2 66.0 28.0 280 65
7138 155 59 6.9 6.2 76.0 25.0 190 50
7148 156 60 6.8 6.2 74.0 7.0 160 25
7158 157 61 6.8 6.2 31.0 13.0 490 155
718 83 160 64 6.8 6.3 340.0 320

719 83 161 65 6.7 6.3 230.0° 17.0 345 215
720 83 162 66 6.6 6.3 290.0 35.0 340 300
7218 163 67 6.8 6.3 310.0 76.0 180 100
722 83 164 68 6.8 6.3 2100.0 87.0 130 400
7238 165 69 7.0 6.2 2300.0 490.0

724 83 166 70 7.0 6.2 2300.0 560.0 350

7 25 83 167 ks 7.0 6.1 2000.0 520.0 307 85
7 26 83 168 72 6.8 6.1 20500.0 475.0 325 75
727 8 169 73 6.8 6.1 12000.0 1300.0 485 95
7 28 83 170 74 6.8 6.1 6600.0 1450.0 205 25
729 83 171 75 6.8 6.1 850.0 100
8 183 174 1 6.9 6.1 34500.0 290

8 283 175 2 7.1 6.3 24000.0 2800.0 365 580
8 383 176 3 7.1 6.2 37500.0 3700.0 320 20
8 48 177 4 7.2 6.2 25000.0 2900.0 370 128
8 583 178 5 7.1 6.1 3850.0 140
8 883 181 8 7.2 6.1 113500.0 1480

8 983 182 9 7.2 6.1 129300.0 14600.0 1870 90
8 10 83 183 10 7.2 6.1 280000.0 39000.0 3760 400
811 83 184 11 7.2 6.1 110000.0 31500.0 1055 385
8 12 83 185 12 7.1 6.2 23500.0 465
THIS IS THE START OF PHASE III DATA FOR FILTER 5, THIS FILTER HAD LARGE SAND.

81583 188 15 7.6 6.2 113000.0 1080

8 16 83 189 16 7.8 6.5 73500.0 14000.0 1360 57
817 83 190 17 7.8 6.6 77000.0 5500.0 835 120
8 18 83 19 18 7.7 6.7 6400.0 410
8 22 83 185 22 8.7 7.2 65700.0 1085

823 8 196 23 8.0 7.2 78000.0 10900.0 99 110
‘82483 197 24 7.9 7.2 80500.0 11500.0 720 315
8 25 83 198 25 7.8 7.1 15000.0 115
8 29 83 202 29 8.0 7.3 70000.0 790

8 30 83 203 30 7.9 7.3 70000.0 11200.0 990 95
9 183 204 31 8.1 7.1 10700.0 102
9 58 208 35 8.1 6.7 58000.0 1025

S 683 209 36 8.1 6.7 75000.0 5250.0 795 70
9 783 210 37 8.0 6.7 80000.0 7250.0 790 145
9 26 83 229 56 7.6 5.7 123000.0 3140

927 83 230 57 7.8 6.0 120000.0 2150.0 1225 150
9 28 83 231 58 7.5 6.2 70000.0 7350.0 1085 184
929 83 232 59 7.5 6.1 2650.0 300
9 30 83 233 60 7.4 6.1 :
10 11 83 245 72 7.2 6.4 2.0 365
10 12 83 246 73 7.2 6.4 4.0 0.0 584 277
10 13 83 247 74 7.4 6.4 0.0 5 415 280
10 14 83 248 75 7.5 6.5 3.4 0.0 268 127
10 15 83 249 76 7.7 6.5 2.6 0.0 172 275
10 16 83 250 77 7.5 6.6 1.4 1.0 118 248
10 17 83 251 78 7.5 6.6 1.3 0.0 120 n
10 26 83 260 87 7.4 6.8 N 96
10 27 83 261 88 7.4 6.8 .7 .5 56 330
11 583 270 97 7.3 6.8 .6 9
(CONTINUED)
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Table B-5. (continued).

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT  INFLUENT  EFFLUENT
DATE CONTINUQUS SCHMUTZDECXE TURBIDITY TURBIDITY COLIFORM COLIFORM  STD PLATE STD PLATE

OPERATION COUNT COUNT
MN DY YR (DAYS) (DAYS) (NTU) (NTU) (NO/100ML) (NO/100ML)  (NO/ML) (NO/ML)
11 6 83 271 98 7.2 6.8 .6 0.0 67 333
11 78 272 99 7.2 6.8 1540.0 0.0 418 223
11 8 83 273 100 7.1 6.9 1530.0 280.0 93 408
11 9 8 274 101 7.2 6.9 2350.0 305.0 62 298
11 10 83 275 102 7.3 6.9 1950.0 210.0 52 191
11 13 83 218 105 7.3 7.0 13
11 14 83 279 106 7.4 7.0 13 373
11 15 83 280 107 7.8 7.0 8 251
11 16 83 281 108 8.1 7.1 7 272
11 17 83 282 109 7.8 7.0 7 382
11 18 83 283 110 7.7 7.1 7 363
11 19 83 284 111 7.6 6.9 5 289
11 20 83 285 112 7.7 6.8 4 305
11 21 83 286 113 7.8 6.8 173500 328
11 22 83 287 114 8.0 6.8 205000 405
11 23 83 288 115 8.0 - 6.9 630000 805
11 24 83 289 116 7.8 6.9 525000 885
11 25 83 290 117 6.7 6.5 130000 970
11 26 83 291 118 7.2 6.3 108000 700
11 27 83 292 119 6.8 6.1 1385000 370
11 28 83 293 120 7.0 5.9 1510000 795
11 29 83 294 121 7.3 5.7 1145000 3535
11 30 83 295 122 7.4 5.7 1310000 2785
12 18 296 123 7.4 5.7 2985
12 14 83 309 136 5.3 4.6 2300.0 115
12 15 83 310 137 5.4 4.7 2350.0 85.0 102 143
12 16 83 311 138 5.4 4.7 2900.0 45.0 201 178
12 17 83 312 139 5.3 4.6 2450.0 133.0 121 201
12 18 83 313 140 5.4 4.7 2600.0 105.0 143 197
12 19 83 314 141 5.3 4.7 2250.0 120.0 90 144
12 20 83 315 142 5.2 4.7 2300.0 74.0 115 121
12 21 83 316 143 5.4 4.8 2500.0 86.0 87 113
12 22 83 317 144 5.4 4.8 2150.0 139.0 126 115
12 23 83 318 145 5.5 4.8 125.0 166
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Table B~-6. Phase II slow sand filter data for Filter No. 6, this
filter was operated at 5 C.

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT  INFLUENT  EFFLUENT
DATE CONTINUQUS SCHMUTZDECKE TURBIDITY TURBIDITY COLIFORM COLIFORM  STD PLATE STD PLATE
OPERATION : COUNT CQOUNT

MY DY YR (DAYS) (DAYS) {NTU) (N1 (NO/1COML) (NCO/1OOML) (NO/ML)  (NO/ML)
2 983 1 1 9.1 6.6

210 83 2 2 9.1 8.0 2.0 240 330
211 83 3 3 8.9 8.3 51000.0 0.0 1310 670
21283 4 4 9.0 8.3 7100.0 61500.0 755 1530
213 8 5 5 9.0 8.1 3400.0 2700.0 74 1115
214 83 6 6 8.7 8.0 4%00.0 1290.0 985 1820
215 83 7 7 8.8 8.1 5000.0 1370.0 3620 2100
216 83 8 8 8.7 7.9 2250.0 1800.0 4000 2230
217 83 9 9 8.6 7.8

2 20 83 12 12 8.6 8.0 20000.0 3850

2218 13 13 8.6 8.0 14667.0 3600.0 365 18300
22283 14 14 8.5 7.7 21000.0 7450.0 630 5460
2238 15 15 8.6 7.6 37500.0 6500.0 635 11250
224 83 16 16 8.3 7.5 20500.0 30000.0 9650 2960
22583 17 17 8.4 7.5 4700.0 13700
227 83 19 19 8.3 8.3 1460.0 1015

2 28 83 20 20 8.2 7.5 990.0 35.0 395 6450
3 18 21 21 8.0 7.4 6700.0 97.0 125 1200
3 283 22 22 7.8 7.4 2200.0 2250.0 330 7000
3 383 23 23 8.2 7.6 640.0 675.0 131 675
3 48 24 24 8.0 7.7 165.0 970
3 683 26 26 8.1 125.0 600

3 78 27 27 7.4 7.8 48.0 8.0 44 2615
3 88 28 28 7.6 7.6 126.0 16.5 3045 112
3 983 29 29 7.5 7.6 42.5 23.5 135 110
31083 30 30 7.6 7.6 2000.0 5.5 330 550
31183 31 31 7.6 7.5 490.0 785
31483 34 34 7.8 7.7 2650.0 ) 415

31583 35 35 7.8 7.9 20000.0 -500.0 945 680
316 83 36 36 7.4 8.2 22000.0 %00.0 975 810
31783 37 37 7.4 8.0 9000.0 925
32083 40 40 7.2 7.8 66000.0 595

32183 41 4] 7.0 7.6 76500.0 29500.0 830 505
32283 42 42 6.9 7.6 91500.0 34500.0 9950 630
323 83 a8 43 6.8 7.7 61000.0 61000.0 700 620
324 83 44 44 6.7 7.7 66500.0 20000.0 775 280
32583 45 45 6.7 7.1 32500.0 310
32783 47 47 6.8 7.0 64000.0 850

3 2883 48 48 6.7 6.9 14000.0 2300.0 340 510
32983 49 49 6.7 6.8 1700.0 315
4 583 56 56 7.3 6.4 3000.0 15200

4 683 57 57 7.2 6.5 2200.0 345.0 1570 2400
4 783 58 58 7.0 6.2 1100.0 4.0 1790 4200
4 883 59 59 7.0 6.0 13.0 700
41183 62 62 6.8 6.0 3950.0 690

412 83 63 63 6.8 6.0 3000.0 440.0 775 15
413 83 64 64 6.8 6.1 6700.0 420.0 285 60
414 83 65 65 6.7 6.0 100.0 70
416 83 67 1

421 83 72 6 6.6 6.3

42283 73 7 6.4 6.0

4 25 83 76 10 7.7 6.4 145000.0 1555

4 26 83 77 11 6.9 6.4 125000.0 2100.0 1375 45
4 27 83 78 12 6.5 6.2 215000.0 2000.0 2285 15
428 83 79 13 6.4 6.1 7100.0 33
5 383 84 18 6.7 5.9

5 483 85 19 6.6 6.5

515 83 96 30 6.3 5.7

516 83 97 1 6.3 5.8 113000.0 1460

517 83 98 2 6.3 5.8 70500.0 3400.0 755 90
518 83 99 3 6.2 5.9 72500.0 4100.0 840 55
519 83 100 4 6.2 5.9 70000.0 4250.0 965 95
520 83 101 5 6.1 5.8 5750.0 20
$ 23 83 104 8 6.1 5.7 63000.0 1145

524 83 105 9 6.0 5.7 65000.0 3200.0 820 65
525 83 106 10 6.1 5.8 69000.0 4300.0 390 S5
526 83 107 11 6.1 5.7 56500.0 3550.0 670 65
527 83 108 12 6.0 5.8 3200.G 245
53083 111 15 6.1 5.8 64000.0 680

53183 i12 16 6.1 5.8 52500.0 990.0 710 33
(CONTINUED)
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Table B-6. (continued).

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT  EFFLUENT
DATE CONTINUCUS SCHMUTZDECKE TURBIDITY TURBIDITY COLIFORM COLIFORM  STD PLATE STD PLATE
ON

OPERATTH QOUNT COUNT

M¥ DY YR (DAYS) (DAYS) (NTV) (NTO) (NO/100ML) (NO/100ML) (NO/ML)  (NO/ML)
6 18 13 17 6.2 5.8 35500.0 4900.0 630 105
6 283 114 18 6.1 5.8 4850.0 35
6 27 83 139 43 8.9 7.6 35000.0 515

6 28 83 140 44 7.8 7.0 38000.0 2800.0 660 210
6 29 83 141 45 7.4 6.6 49000.0 5000.0 655 95
6 30 83 142 46 7.3 6.5 33000.0 6900.0 420 15
7 183 143 47 7.3 6.5 6100.0 95
7 48 146 50 7.0 6.4 930.0 224

7 58 147 s1 7.0 6.4 2300.0 265.0 155 50
7 683 148 52 7.0 6.5 3200.0 590.0 150 15
7 78 149 53 7.0 6.5 4250.0 670.0 515 80
7 883 150 54 7.0 6.5 1170.0 45
7 11 83 153 57 7.1 6.3 35.0 3000

71283 154 58 7.1 6.3 66.0 39.0 280 40
713 83 155 59 6.9 6.3 76.0 17.0 190 75
7 14 83 156 60 6.8 6.3 74.0 21.0 160 15
715 83 157 61 6.8 6.3 31.0 15.0 490 %0
7 18 83 160 64 6.8 6.3 340.0 320

719 83 161 65 6.7 6.3 230.0 27.0 345 165
7 20 83 162 66 6.6 6.3 290.0 28.0 340 205
7 21 83 163 67 6.8 6.3 310.0 60.0 180 55
722 83 164 68 6.8 6.3 2100.0 68.0 130 145
7 23 83 165 69 7.0 6.2 2300.0 300.0

7 24 83 166 70 7.0 6.1 2300.0 510.0 350

7 25 83 167 71 7.0 6.1 2000.0 390.0 307 110
7 26 83 168 72 6.8 6.1 20500.0 365.0 325 80
727 83 169 73 6.8 6.1 12000.0 950.0 485 45
7 28 83 170 74 6.8 6.1 6600.0 1250.0 205 45
7 29 83 171 75 6.8 6.1 750.0 45
8 183 174 1 6.9 6.1 34500.0 290

8 283 175 2 7.1 6.2 24000.0 2200.0 365 260
8 383 176 3 7.1 6.1 37500.0 1300.0 320 45
8 483 177 4 7.2 6.1 25000.0 1100.0 370 65
8 583 178 5 7.1 6.1 2250.0 85
8 883 181 8 7.2 6.1 113500.0 1480

8 983 182 9 7.2 6.1 129300.0 4450.0 1870 110
8 10 83 183 10 7.2 6.1 280000.0  14500.0 3760 90
811 83 184 11 7.2 6.1 110000.0  17500.0 1055 65
8 12 83 185 12 7.1 6.2 13000.0 145
THIS IS THE START OF PHASE III DATA FOR FILTER 6, THIS FILTER WAS OPERATED AT 2°C.

8 15 83 188 15 7.6 6.2 113000.0 1080

8 16 83 189 16 7.8 6.4 73500.0 4000.0 1360 60
817 83 190 17 7.8 6.4 77000.0 3050.0 835 50
8 18 83 191 18 7.7 6.3 4100.0 65
8 22 83 195 22 8.7 6.6 65700.0 1085

823 83 196 23 8.0 6.6 78000.0 4000.0 99 50
8 24 63 197 24 7.9 6.5 80500.0 5300.0 720 45
8 25 83 198 25 7.8 6.5 5300.0 65
8 29 83 202 29 8.0 6.8 70000.0 790

8 30 83 203 30 7.9 6.8 70000.0 6300.0 990 55
9 183 204 31 8.1 6.7 4550.0 65
9 583 208 35 8.1 7.7 58000.0 1025

9 683 209 36 8.1 7.7 75000.0 2600.0 795 45
9 783 210 37 8.0 7.7 80000.0 3000.0 790 77
9 26 83 229 56 7.6 7.0 123000.0 3140

9 27 83 230 57 7.8 7.1 120000.0 4450.0 1225 26
9 28 83 231 58 7.5 7.2 70000.0 7500.0 1085 60
9 29 83 232 59 7.5 7.2 3200.0 32
9 30 83 233 60 7.4 7.7

10 11 83 245 72 7.2 6.6 2.0 365

10 12 83 246 73 7.2 6.7 4.0 8.0 584 29
10 13 83 247 74 7.4 6.7 0.0 15.5 415 49
10 14 83 248 75 7.5 6.8 3.4 10.0 268 46
10 15 83 249 76 7.7 6.8 2.6 4.0 172 12
10 16 83 250 77 7.5 6.8 1.4 6.5 118 17
10 17 83 251 78 7.5 6.9 1.3 5.5 120 22
10 26 83 260 87 7.4 6.8 .7 96

10 27 83 261 88 7.4 6.8 .7 2.0 56 20
11 5 83 270 97 7.3 6.7 .6 9
(OONTINUED)
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Table B-6. (continued).

DAYS OF AGE OF INFLUENT EFFLUENT INFLUENT EFFLUENT INFLUENT  EFFLUENT
DATE CONTINUQUS SCHMUTZDECKE TURBIDITY TURBIDITY OQLIFORM CQLIFORM  STD PLATE STD PLATE

OPERATION CQOUNT QOUNT
MN DY YR (DAYS) (DAYS) (NTD) (NT? (NO/100ML) (NO/100ML) (NO/ML)  (NO/ML)
11 6 83 271 98 7.2 6.7 .6 0.0 67 11
11 783 272 99 7.2 6.7 1540.0 0.0 418 6
11 8 83 273 100 7.1 6.7 1530.0 69.0 2 18
11 9 83 74 101 7.2 6.8 2350.0 145.0 62 10
11 10 83 275 102 7.3 6.8 1950.0 135.0 52 4
11138 278 105 7.3 6.8 13
11 14 83 279 106 7.4 6.8 13 19
11 15 83 280 107 7.8 6.8 8 13
11 16 83 281 108 8.1 6.6 7 17
1117 &3 282 109 7.8 6.7 7 18
11 18 83 283 110 7.7 6.6 7 17
11 19 83 284 111 7.6 6.6 5 19
11 20 83 285 112 7.7 6.7 4 20
11 21 83 286 113 7.8 6.6 173500 15
11 22 83 287 114 8.0 6.8 205000 50000
11 23 83 288 115 8.0 6.8 630000 21830
11 24 83 289 116 7.8 6.7 525000 66500
11 25 83 290 117 6.7 6.6 130000 32000
11 26 83 291 118 7.2 6.4 108000 69500
11 27 83 292 119 6.8 6.0 1385000 13550
11 28 83 293 120 7.0 5.9 1510000 94000
11 29 83 294 121 7.3 5.6 1145000 55000
11 30 83 295 122 7.4 5.6 1310000 84500
12 1 83 296 123 7.4 5.7 47500
12 14 83 309 136 5.3 3.7 2300.0 115
12 15 83 310 137 5.4 4.1 2350.0 1%.0 102 27
12 16 83 311 138 5.4 4.2 2500.0 148.0 201 52
12 17 83 312 139 5.3 4.2 2450.0 305.0 121 63
12 18 83 313 140 5.4 4.2 2600.0 213.0 143 43
12 19 83 314 141 5.3 4.3 2250.0 280.0 90 33
12 20 83 315 142 5.2 4.1 2300.0 165.0 115 26
12 21 83 316 143 5.4 4.2 2500.0 139.0 87 17
12 22 83 317 144 5.4 4.3 2150.0 210.0 126 23
12 23 83 318 145 5.5 4.2 238.0 43
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APPENDIX C

Giardia pata for Slow Sand Filtration
2/1982 - 1/1983

Table C-1, C-2, and C-3 contain the results of Giardia cyst testing for
the period February 1982 to January 1983. The same Giardia data shown in
Table A-1, A-2, and A-3, Appendix A, are given here, as well as additional
information such as the number of cysts in effluent corrected for the
membrane recovery factors. The "detection limit" is the cyst oconcentration
that is theoretically detectable, which is different for each test as it
depends upon the volume of sample. Thus when cysts are not detected, i.e. 0
numerically, it is possible that the cysts were present, but it is not likely
that the concentration could be greater than the detection 1limit. The
"recovery factor" (also called "recovery efficiency") and the "detection
limit" are described more fully in Appendix K.
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Table C-1. Giardia Data for Slow Sand Filtration, Filter
No. 1, v = 0.04 m/h (page 1 of 2)

Membrane
Influent Cyst Filter Number of cyste Giardia
Concentration Recovery Effluent in Effluent Detection Analysis
Date Temp. Age of 1 2 4 Volume 5 6 7 8
(1982) Rumn Schmutzdecke™ Added Detected3 Factor  Sampled Detected” Corrected Limit Method
Day Mo Number (°C) (veeks)  (¢/L)  (e/L) () (L) (No.) (No.) (e/3)
26 2 48 5 0 500 413 %.8 - - - 0.243 ZF
27 2 48 5 500 180 11 8 21.4 0.243 ZF
28 2 48 5 500 230 13 17 45.4 0.205 ZF
1 3 48 5 500 138 15 3 8.0 0.78 ZF
2z 3 48 5 102 23 14 6 16.0 0.191 A3
3 3 48 5 1 0 - 46.89/ 12 15 40.1 0.223 ZF
18 3 $4 15 3 500 1262 63.4 - - - - ZF
19 3 54 15 500 665 14 (] 0.0 0.141 ¥
20 3 54 15 500 656 17 0. 0.0 0.11¢6 ZF
21 3 54 15 500 1965 16 6 11.8 0.123 ZF
22 3 54 15 0 - 16 7 13.8 0.123 ZF
23 3 54 15 4 0 - 63.4 21 0 0.0 0.094 ZF
1 4 60 5 5 500 327 79.9 - - - - ZF
2 4 60 5 500 278 16 0 0.0 0.098 ZF
3 4 60 5 500 828 13 0 0.0 0.120 ZF
4 4 60 5 500 164 13 0 0.0 0.120 ZF
5 4 60 5 0 0 18 0 0.0 0.087 ZF
6 4 60 5 6 - - 79.9 21 0 0.0 0.074 ZF
17 5 66 15 12 50 66.7 71.7 - - - - ZF
18 5 66 15 50 53.2 7 2 3.5 0.249 ZF
19 5 66 15 50 14.5 22 0 0.0 0.079 ZF
20 5 66 15 50 4.6 28 2 3.5 0. 062 ZF
21 5 66 13 50 10.4 25 1 1.7 0.070 ZF
22 5 66 15 50 7.1 25 0 0.0 0.070 ZF
23 5 66 15 50 56.310/ 28 [¢ 0.0 0.062 A3
24 5 66 15 13 50 0.6 71.7 40 0 0.0 0. 044 ZF
25 5 69 5 13 50 21.4 62.6 34 1] 0.0 0. 059 F
26 5 69 5 50 95.4 29 0 0.0 0. 069 Z¥
27 5 69 5 50 21.1 24 0 0.0 0.083 ZF
28 5 69 5 50 17.9 28 5 10.0 0.071 ZF
29 5 69 5 13 12.5 - 62.6 25 3 6.0 0.080 ZF
6 6 75 15 0 50 8.7 31.8 - - - - ZF
7 6 75 15 50 0.8 33 0 €.0 0.119 ZF
8 6 75 15 50 0.9 31 [d 0.0 0.127 ZF
9 6 75 15 50 31.1 31 0 0.0 0.127 ZF
10 6 75 15 50 16.6 26 0 0.0 0,151 ¥
11 6 75 15 50 20.4 25 0 0.0 0.157 ZF
12 6 75 15 0 - 33 0 0.0 0.119 ZF
20 6 75 15 50 18.0 - - - - ZF
216 75 15 50 26.9 28 0 0.0 0.140 ZF
22 6 75 15 50 15.1 30 0 0.0 0.131 ZF
23 6 75 15 50 19.9 27 0 0.0 0.146 ZF
24 6 75 15 50 16.7 26 0 0.0 0.151 ZF
25 6 75 15 3 0 - 31.8 24 0 0.0 0.164 ZF
& 7 81 5 0 50 34.3 64.3 - - - - MP
5 7 81 5 50 56.0 28 0 0.0 1.11 MP
6 7 81 5 50 29.1 26 0 0.0 1.196 MP
7 7 81 5 50 26.7 24 0 0.0 1.296 MP
8 7 81 5 50 28.1 26 0 0.0 1.196 MP
9 7 81 5 50 - 27 0 0.0 1.152 MP
8 7 81 5 50 16.6 - - - - MP
19 7 81 5 50 30.0 24 0 0.0 1.296 MP
20 7 81 5 50 15.7 23 0 0.0 1.352 MP
21 7 81 5 50 13.6 22 0 0.0 1.414 MP
22 7 81 5 50 58.2 - - - - MP
23 7 81 5 3 50 45.6 64.3 144 0 0.0 0.216 MP
1 8 87 15 4 1000 123 18.4 - - - - MP
2 8 87 15 1000 173 29 0 0.0 3.748 MP
3 8 87 15 0 - 28 0 0.0 3.882 MP
4 8 87 15 1000 256 - - - - MP
5 8 87 15 1000 183 27 0 0.0 4.026 MP
6 8 87 15 5 0 - 18.4 27 0 0.0 4.026 MP
8 8 90 15 5 1000 167 22.1 - - - - MP
9 8 90 15 1000 220 23 0 0.0 3.935 MP
10 8 90 15 1000 160 29 0 0.0 3.121 MP
11 8 90 15 1000 258 27 0 0.0 3.352 MP
12 8 90 15 6 1000 300 22.1 78 0 0.0 1.160 MP
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Table C-1. Giardia Data for Slow Sand Filtration, Filter
No. 1, v = 0.04 m/h (page 2 of 2)

Membrane
Influent Cyst Filter Number of cysts Giardia
Concentration Recovery Effluent in Effluent Detection Analysis

Date Temp. Age of 2 3 Volume 5 & ? 8
(1982) Run Schmutzdecke® Added“ Detected” Factor Sampled Detected  Corrected Limit Method
Day Mo Number (°C) (weeks)  (c/1)  (e/1) (x) (1) (No.) ((Nu.) (e/1)

20 10 101 15 16 1000 720 718.5 - - - - MP
21 10 101 15 1173 986 23 0 0.0 1.108 MP
22 10 101 15 0 - 38 0 0.0 0.944 MP
23 10 101 15 0 - 27 0 0.0 1.062 MP
24 10 101 15 0 - 24 0 0.0 1.062 MP
25 10 101 15 16 0 - 78.5 26 0 0.0 0.980 MP
26 10 104 15 16 5000 2060 53.3 - b - - MP
27 10 104 15 5150 3350 23 0 0.0 1.631 MP
28 10 104 15 [1] - 36 0 0.0 1.0 MP
29 10 104 15 . 0 - 48 0 0.0 0.782 MP
30 10 104 15 0 - 32 0 0.0 1.173 MP
31 10 104 15 17 0 - 53.3 32 0 0.0 1,173 Mp
3 11 107 15 0 1505 784 48.4 - - - - MP
4 11 107 15 1500 668 28 0 0.0 1.476 MP
5 11 107 15 0 - 45 0 0.0 0.918 MP
6 11 107 15 0 - 26 0 0.0 1.589 MP
7 11 107 15 1 0 - 48. 4 &3 0 0.0 0.961 MP
12 11 110 15 0 1982 1250 79.7 - - - - MP
13 11 110 15 1923 1863 26 0 0.0 0.965 MP
14 11 110 15 0 - 37 0 0.0 0,678 214
15 11 110 15 0 - 75 0 0.0 0.335 MP
16 11 110 15 1 o - 79.7 38 o 0.0 0.660 MP
7 12 116 15 0 3692 2433 94.0 - - - - MP

8 12 116 15 3692 4507 98 0 0.0 0.217 P
9 12 116 15 0 - 138 0 0.0 0.154 MP
10 12 116 15 o - 111 0 0.0 0.192 MP
11 12 116 15 1 0 - 94.0 150 0 0.0 0.14 MP
18 1 118 15 0 2000 2100 72.0 - - - - MP
19 1 118 15 2000 1458 127 1180 1639 0.219 MP
20 1 118 15 2000 1282 1158 2060 2861 0.2& MP
21 1 118 15 2000 920 139 1920 2667 0.200 MP
22 1 118 15 0 - 127 1330 1847 0.219 MP
23 1 118 15 1 0 - 72.0 102 1000 1389 0.272 MP
1

Age of schmutzdecke refers to the number of weeks which have passed since the last schmutzdecke removal.

The influent cyst concentration 'added' is determined by performing multiple analyses of a cyst
concentrate, ie. liquified dog feces, This known concentration of cysts is diluted in a known volume
of water in the filter feed tank, and the cyst concentration listed is corrected by this dilution factor.

The influent cyst concentration 'detected' is determined by analyzing a subsample from the filter feed
tank. The subsample is concentrated with a membrane filter.

4 The membrane filter recovery factor is calculated by: (Influent Cysts Detected/Influent Cysts Added).

3 The number of cysts detected in the effluent is the actual number of cysts counted in the effluent
sample. This value has been corrected for any dilution factor which occurred during analysis.

B This value is the number of cysts detected in the effluent corrected for the membrane recovery factor
and when the zinc floatation analysis method was used, an additional factor of 0.8 was incorporated
in the calculation. These two correction factors are discussed in Appendix I.

The calculation is:
(Effluent cysts detected)/(Membrane recovery factor)
With zinc floatation analysis method:
(Effluent cysts detected)/[{(Membrane recovery factor)(0.8)]

7 Detection limits are discussed in Appendix I,

8 Giardia analysis method:
ZF = Zinc Floatation
MP = Micropipette
These analysis methods are discussed in Appendix J.
9 The wembrane recovery factor could not be determined for this test run so an average of similar
test runs was used.

m’l’his value is ugsed with test runs 68, 69 and 70 since it is used in calculations with the
effluent value from the following day.
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Table C-2.

Giardia Data for Slow Sand Filtration, Filter
No. 2, v = 0.12 m/h (page 1 of 2)

Influent Cyst
Concentration

Membrane

Filter

Recovery Effluent

Number of cysts

in Effluent

Giardia

Detection Analysis

Date Temp. Age of 2 3 Volume 5 6 7 8
(1482) Run Schmutzdecke™ Added” Detected” Factor  Sampled Detected” Corrected Limit Method
Day Mo Number (°C) (weeks) (e/L) (/1) (%) (1) (No.) (No.) (c/1)

26 2 47 5 0 500 413 %.8 - - - - ZF
27 2 4 5 500 180 33 25 66.8 0.081 ZF
28 2 ) 5 500 230 36 33 88.1 0.074 ZF

1 3 47 5 500 138 V] 14 37.4 0.064 ZF

2 3 47 5 102 28 37 5 13.4 0.072 2F

3 3 47 5 1 0 - 146.89/ 34 28 74.8 0.079 ZF
18 3 53 15 3 500 1262 63.4 - - - - 2F
19 3 53 15 500 665 38 0 0.0 0.052 ZF
20 3 53 15 500 656 45 0 0.0 0.044 ZF
21 3 53 15 500 1965 42 16 31.5 0.047 IF
22 3 53 15 0 - 44 0 0.0 0.045 ¥
23 3 53 15 4 [} - 63.4 56 0 0.0 0.035 ZF

1 4 59 5 5 500 327 79.9 - - - - ¥

2 4 59 5 500 278 46 5 7.8 0.034 YA

3 4 59 5 500 828 35 [ 0.0 0.045 ZF

4 4 59 5 500 164 34 0 0.0 0.046 ZF

5 4 59 5 0 0 48 ¢ 0.0 0.033 2F

6 4 59 5 6 0 - 79.9 57 0 0.0 0.027 ZF
17 5 65 15 12 50 66.7 71.7 - - - - ZF
18 5 65 15 50 53.2 15 0 0.0 0.116 ZF
19 5 65 15 50 14.5 54 0 0.0 0. 032 2F
20 5 65 15 50 4.6 70 2 3.5 0.025 ZF
21 5 65 15 50 10.4 66 0 0.0 0.026 ZF
22 5 65 15 50 7.1 60 0 0.0 0.029 ZF
23 5 65 15 50 56.310/ 69 1 1.7 0.025 ZF
24 5 65 15 13 50 0.6 71.7 95 1 1.7 0.018 ZF
25 5 68 5 13 50 21.4 62.6 79 3 6.0 0.025 ZF
26 5 68 5 50 95.4 71 2 4.0 0.028 ZF
27 5 68 5 50 21.1 62 0 0.0 0.032 ZF
28 5 68 5 50 17.9 70 0 0.0 0.029 2F
29 5 68 5 13 12.5 - 62.6 63 2 4.0 0.032 ZF

6 6 74 15 0 50 8.7 31.8 - - - - ZF

7 6 74 15 50 0.8 79 1] 0.0 0.050 2F

8 6 74 15 50 0.9 79 0 0.0 0.050 ZF

9 6 74 15 50 31.1 74 0 0.0 0.053 ZF
10 6 74 15 50 16.6 71 0 0.0 0.055 ZF
11 6 74 15 50 20.4 65 0 0.0 0.060 ZF
12 6 74 15 50 - 84 0 0.0 0.047 2ZF
20 6 74 15 50 18.0 - - - - ZF
21 6 74 15 50 26.9 70 0 0.0 0.056 ZF
22 6 74 15 50 15.1 79 0 0.0 0.050 ZF
23 6 74 15 50 19.9 69 0 0.0 0.057 ZF
24 6 74 15 50 16.7 71 0 0.0 0.055 ZF
25 6 74 15 3 o - 31.8 62 0 0.0 0.063 ZF

4 7 80 5 0 50 34.3 64.3 - - - - MP

5 7 80 5 50 56.0 60 0 0.0 0.518 MP

6 7 80 5 50 29.1 75 0 0.0 0.415 MP

7 7 80 5 50 26.7 67 0 0.0 0.464 MP

8 7 80 5 50 28.1 72 0 0.0 0. 432 MP

9 7 80 5 50 - 75 0 0.0 0.415 MP
18 7 80 5 50 16.6 - - - - MP
19 ? 80 5 50 30.0 55 0 0.0 0.566 MP
20 7 80 5 50 15.7 60 0 0.0 0.518 MP
21 7 80 5 50 13.6 55 0 0.0 0. 566 MP
22 7 80 5 50 58.2 - - - - MP
23 7 80 5 3 50 45.6 64.3 334 0 0.0 0.093 MP

1 8 86 15 4 1000 123 18.4 - - - - MP

2 8 86 15 1000 173 72 0 0.0 1.510 MP

3 8 86 15 0 - 71 0 0.0 1.531 MP

4 8 86 15 1000 256 - - - - MP

5 8 86 15 1000 183 68 0 0.0 1.598 MP

6 8 86 15 5 0 - 18.4 66 1] 0.0 1.646 MP

8 8 89 15 5 1000 167 22.1 - - - - MP

9 8 89 15 1000 220 57 0 0.0 1.588 MP
10 8 89 15 1000 160 69 0 0.0 1.312 MP
11 8 89 15 1000 258 61 0 0.0 1.484 MP
12 8 89 15 6 1000 300 22,1 187 0 0.0 0. 489 MP
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Table C-2. Giardia Data for Slow Sand Filtration, Filter
No. 2, v = 0.12 m/h (page 2 of 2)

Membrane
Influent Cyst Filter Number of cysts Giardia
Concentration Recovery Effluent in Effluent Detection Analysis

Date Temp. Age of 1 2 3 Volume 5 6 7 8
{1982) Run Schuutzdecke” Added” Detected” Factor Sampled Detected” Corrected Limit Method
Day Mo Number (°C) (weeks) (efL) (c/L) (%) (L) (No.) ({No.} (/1)
20 10 102 15 16 1000 720 78.5 - - - - MP
21 10 102 15 1173 986 51 0 .0 0.500 MP
22 10 102 15 0 - 87 (1] 0.0 0.293 MP
23 10 102 15 (1] - 70 (1] 0.0 0.364 MP
24 10 102 15 0 - 66 0 0.0 0.375 MP
25 10 102 15 16 0 - 78.5 68 0 0.0 0.375 MP
26 10 105 15 16 5000 2060 53.3 - - - - MP
27 10 105 15 5150 3350 60 0 0.0 0.625 Mp
28 10 105 15 0 95 0 0.0 0.395 MP
29 10 105 15 0 - 121 0 0.0 0.310 MP
30 1¢ 105 15 0 - 79 0 0.0 0.475 MP
31 10 105 15 17 .0 - 53.3 80 0 0.0 0. 469 MP

3 11 108 15 0 1505 784 48,4 - - - - MP

4 11 108 15 1500 668 71 0 0.0 0.582 MP

5 11 108 15 0 - 113 0 0.0 0.366 MP

6 11 108 15 S0 - 63 0 0.0 0.656 MP

7 11 108 15 1 0 - 48.4 107 0 0.0 0.386 MP
12 11 11 15 0 1982 1250 79.7 - - - - MP
13 11 111 15 1923 1863 67 0 0.0 0.375 MP
14 11 111 15 0 - 96 0 0.0 0.261 MP
15 11 111 15 0 - 192 0 0.0 0.131 MP
s 11 111 15 1 0 - 79.7 99 0 0.0 0.253 MP
18 1 119 15 10 2000 2100 72.0 - - - - MP
19 1 119 15 2000 1458 193 0 0.0 0.144 MP
20 1 119 15 2000 1282 139 0 0.0 0.200 MP
21 1 119 15 2000 920 154 0 0.0 0.180 MP
22 1 119 15 0 - 166 0 0.0 0.167 MP
23 1 119 15 i1 0 - 72.0 173 0 0.0 0.161 MP

1

Age of schmutzdecke refers to the number of weeks which have passed since the last schmutz&ecke removal .

The influent cyst concentration 'added' is determined by performing multiple analyses of a cyst
concentrate, ie. liquified dog feces, This known concentration of cysts is diluted in a known volume
of water in the filter feed tank, and the cyst concentration listed is corrected by this dilution factor.

The influent cyst concentration 'detected' is determined by analyzing a subsample from the filter feed
tenk. The subsample is concentrated with a membrane filter.

The membrane filter recovery factor is calculated by: (Influent Cysts Detected/Influent Cysts Added).

The number of cysts detected in the effluent is the actual number of cysts counted in the effluent
sample. This value has been corrected for any dilution factor which occurred during analysis.

This value is the number of cysts detected in the effluent corrected for the membrane recovery factor
and when the zinc floatation analysis method was used, an additional factor of 0.8 was incorporated
in the calculation. These two correction factors are discussed in Appendix I.
The calculation is:
(Effluent cysts detected}/(Membrane recovery factor)
With zinc floatation analysis method:
(Effluent cysts detected)/{(Membrane recovery factor)(0.8)]

Detection limits are discussed in Appendix I.

Giardia analysis method:
ZF = Zinc Floatation
MP = Micropipette
These analysis methods are discussed in Appendix J.

¢ The membrane recovery factor could not be determined for this test run so an average of similar

test runs was used.

IQThis value is used with test runs 68, 69 and 70 since it is used in calculations with the
effluent value from the following day.
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Table C=-3. Giardia Data for Slow Sand Filtration, Filter
No. 3, v = 0.40 m/h (page 1 of 2)

Membrane
Influent Cyst Filter Number of cysts Giardia
Concentration Recovery Effluent in Efflucnt Detection Analysis

Date Temp. Age of 1 2 3 Volume 5 6 7 8
(1982) Run Schmutzdecke” Added” Detected” Factor Sampled Detected” Corrected Limit Method
Day Mo Number (°C) (weeks) (c/1) (c/L) (%) () (No.) (Nu.) (c/l)

26 2 4 5 0 500 43 %.8 - - - - ZF
27 2 49 5 500 180 28 31 82.8 0.095 ZF
28 2 &9 5 500 230 48 24 64.1 0.056 ZF
1 3 49 5 500 138 76 176 470.1 0.035 ZF
2 3 49 5 102 23 69 251 670.4 0.039 ZF
3 3 49 5 1 0 - 46.89/ 49 67 179.0 0.055 ZF
18 3 55 15 3 500 1262 63.4 - - - - ZF
19 3 55 15 500 665 69 16 31.5 0.029 ZF
20 3 55 15 500 656 62 15 29.6 0.032 ZF
21 3 55 15 500 1965 68 21 41.4 0.029 ZF
22 3 55 15 0 - 77 6 11.8 0.026 ZF
23 3 55 15 4 0 - 63.4 70 10 19.7 0.028 ZF
1 4 61 5 5 500 327 79.9 - - - - ZF
2 4 61 5 500 278 61 23 36.0 0.026 ZF
3 4 61 5 500 828 74 0 0.0 0.021 ZF
4 4 61 5 500 164 68 2 3.1 0.023 ZF
5 4 61 5 0 0 84 1 1.6 0.019 ZF
6 4 61 5 6 0 - 79.9 79 0 0.0 0.020 ZF
17 5 67 15 2 50 66.7 71.7 - - - - ZF
18 5 67 15 50 53.2 64 0 0.0 0.027 ZF
19 5 67 15 50 14.5 79 0 0.0 0.022 2F
20 5 67 15 50 4.6 149 0 0.0 0.012 ZF
21 5 67 15 50 10.4 131 0 0.0 0.013 ZF
22 5 67 15 50 7.1 167 0 0.0 0.010 ZF
23 5 67 15 50 56.310/ 216 1 1.7 0.008 ZF
24 5 67 15 3 50 0.6 71.7 292 6 10.5 0.006 ZF
25 5 70 5 3 50 21.4 62.6 245 2 4.0 0.008 ZF
26 5 70 5 50 95.4 184 3 6.0 0.011 ZF
27 5 70 5 50 21.1 148 3 6.0 0.013 ZF
28 5 70 5 50 17.9 172 0 0.0 0.012 ZF
29 5 70 5 4 12.5 - 62.6 213 0 0.0 0.009 ZF
6 6 76 15 0 50 8.7 31.8 - - - - ZF
7 6 76 15 50 0.8 24) 0 0.0 0.016 ZF
8 6 76 15 50 0.9 218 0 0.0 0.018 ZF
9 6 76 15 50 31.1 230 0 0.0 0.017 ZF
10 6 76 15 50 16.6 172 0 0.0 0.023 ZF
11 6 76 15 50 20.4 141 0 0.0 0.028 ZF
12 6 76 15 50 - 179 0 0.0 0.022 ZF
20 6 76 15 50 18.0 - - - - ZF
21 6 76 15 50 26.9 229 1 3.9 0.017 ZF
22 6 76 15 50 15.1 253 0 0.0 0.016 ZF
23 6 76 15 50 19.9 228 0 0.0 0.017 ZF
24 6 76 15 50 16.7 149 0 0.0 0.026 ZF
25 6 76 15 3 0 - 31.8 199 0 0.0 0.020 ZF
4 7 82 5 0 50 34.3 64.3 - - - - MP
5 7 82 5 50 56.0 229 0 0.0 0.136 MP
6 7 82 5 50 29.1 225 0 0.0 0.138 MP
7 7 82 5 50 26.7 202 0 0.0 0.154 MP
8 7 82 5 50 28.1 227 0 0.0 0.137 MP
9 7 82 5 50 - 228 0 0.0 0.136 MP
18 7 82 5 50 16.6 - - - - MP
19 7 82 5 50 30.0 209 0 0.0 0.149 MP
20 7 82 5 50 15.7 200 0 0.0 0.156 MP
21 7 82 5 50 - 13.6 189 0 0.0 0.165 MP
22 7 82 5 50 58.2 - - - - MP
23 7 82 5 3 50 45.6 64.3 962 0 0.0 0.032 MP
1 8 88 15 4 1000 123 18.4 - - - - MP
2 8 88 15 1000 173 237 0 0.0 0. 459 MP
3 8 88 15 0 - 232 80 435 0. 469 MP
4 8 88 15 1000 256 - - - - MP
5 8 88 15 1000 183 182 40 217 0.597 MP
6 8 88 15 5 0 - 18.4 220 100 543 0.494 MP
8 8 91 15 5 1000 167 22,1 - - - - MP
9 8 91 15 1000 220 191 0 0.0 0.474 MP
10 8 91 15 1000 160 233 0 0.0 0.388 MP
11 8 91 15 1000 258 223 0 0.0 0. 406 MP
12 8 91 15 6 1000 300 22.1 196 0 0.0 0.462 MP
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Table C-3. Giardia Data for Slow Sand Filtration, Filter
No. 3, v = 0.40 m/h (page 2 of 2)

Membrane
Influent Cyst Filter Number of cysts Giardia
Concentration Recovery Effluent in Effluent Detection Analysis

Date Temp. Age of 1 2 3 Volume 5 6 7 8
(1982) Run Schmutzdecke® Added” Detected” Factor Sampled Detected” Corrected Limit Method
Day Mo Number (°C) (weeks) (e/L) (c/L) (2) (L) (No.) ((No.) (c/L)
20 10 103 15 16 1000 720 78.5 - - - - MP
21 10 103 15 1173 986 183 0 0.0 0.139 MP
22 10 103 15 0 - 315 0 0.0 0.081 MP
23 10 103 15 0 - 216 0 0.0 0.118 MP
24 10 103 15 0 - 203 0 0.0 0.126 MP
25 10 103 15 16 0 - 78.5 217 0 0.0 0.117 MP
26 10 106 15 16 5000 2060 53.3 - - - - MP
27 10 106 15 5150 3350 193 0 0.0 0.194 MP
28 10 106 15 [} - 309 0 0.0 0.121 MP
29 10 106 15 0 - 401 0 0.0 0.094 MP
30 10 106 15 0 - 268 0 0.0 0.140 MP
31 10 106 15 17 0 - 53.3 269 0 0.0 0.140 MP

3 11 109 15 0 1505 784 48.4 - - - - MP

4 11 109 15 1500 668 240 0 0.0 0.172 MP

5 11 109 15 0 - 382 0 0.0 0.108 MP

6 11 109 15 0 - 215 0 0.0 0.192 MP

7 11 109 15 1 0 - 48,2 362 0 0.0 0.114 MP
12 11 112 15 0 1982 1250 79.7 - - - - MP
13 11 112 15 1923 1863 193 0 0.0 0.130 MP
14 11 112 15 0 - 314 0 0.0 0.080 MP
15 11 112 15 0 - 189 0 0.0 0.133 MP
16 11 112 15 1 0 - 79.7 324 0 0.0 0.077 MP

7 12 117 15 4 3692 2433 94.0 - - - - MP

8 12 117 15 3692 4507 102 0 0.0 0.208 MP

9 12 117 15 0 - 194 0 0.0 0.110 MP
10 12 117 15 0 - 112 0 0.0 0.190 MP
11 12 117 15 b 0 - 94.0 157 0 0.0 0.136 MP

1 Age of schmutzdecke refers to the number of weeks which have passed since the last schmutzdecke removal.
2 The influent cyst concentration 'added' is determined by performing multiple analyses of a cyst
concentrate, ie, liquified dog feces. This known concentration of cysts is diluted in a known volume

of water in the filter feed tank, and the cyst concentration listed is corrected by this dilution factor.

The influent cyst concentration 'detected' is determined by analyzing a subsample from the filter feed
tank, The subsample is concentrated with a membrane filter.

The membrane filter recovery factor is calculated by: (Influent Cysts Detected/Influent Cysts Added).

The number of cysts detected in the effluent is the actual number of cysts counted in the effluent
sample. This value has been corrected for any dilution factor which occurred during analysis.

This value is the number of cysts detected in the effluent corrected for the membrane recovery factor
and when the zinc floatation analysis method was used, an additional factor of 0.8 was incorporated
in the calculation. These two correction factors are discussed in Appendix I.
The calculation is:
(Effluent cysts detected)/(Membrane recovery factor)
With zinc floatation analysis method:
(Effluent cysts detected)/[(Membrane recovery factor)(0.8)]

7 Detection limits are discussed in Appendix I.

8 Giardia analysis method:

ZF = Zinc Floatation
MP = Micropipette
These analysis methods are discussed in Appendix J.

The membrane recovery factor could not be determined for this test run so an average of similar
test runs was used.

lo'l'hio value is used with test runs 68, 69 and 70 since it is used in calculations with the
effluent value from the following day.
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APPENDIX D
Total Coliform Data for Slow Sand Filtration

Tables D-1, D-3, and D~5 contain the results of total coliform testing
for Phase I, Phase II and Phase III testing. These tables show the influent
and effluent total coliform data, as in Appendix A and Appendix B, as well as
daily removal percentages. ‘These removals have been calculated using the
influent value from the previous day to account for residence time in the
filter.

Tables D-2, D~4, and D-6 are statistical summaries of the total coliform
data. These oontain the total number of samples analyzed, the average
influent and effluent coliform concentrations and the average removal
percentage achieved by each filter. These calculations were performed first
for all data available and again including only days having data for all
three filters, allowing comparison between filters.
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Table D-1. Total Coliform Data for Slow Sand Filtration,
7/1981 - 1/1983 (page 1 of 2)

FILTER NO.1 (0.04 m/b) FILTER NO.2 (0.12 m/h} FILTER N0.3 (0.40 m/h)

INFLUERT SCHMUTZ-~  EFFLUENT PERCENT SCHMUTZ-  EFFLUENT PERCENT SCHMUTZ-  EFFLUENT PERCENT
TEMP COLIFORM DECKE AGE COLIFORM REMOVAL DECKE AGE COLIFORM REMOVAL DECKE AGE COL1FORM REMOVAL

DY M0 YR (°C) (NO/10OML) (WEEKS) (NO/1OOML) () (WEEKS) (NO/10DML)  (X) (WEEKS) (NO/looML) (%)
26 7 81 5 770000.0 4 100000.0
28 7.8 15 4 20000.0
13 881 5 80000.0 6 0.0
14 8 81 5 47000.0 6 3000.0 96.25
15 8 81 15 9300.0 7 800.0 98.30
17 88 15 7 220.0
20 88 15 3.0 7 0.0
3 98 15 92000.0 1 19000.0
4 98l 15 75000.0 1 1500.0 98.37 1 1700.0 98.15
5 98 15 1 3100.0 95.87 1 1400.0 98.13
25 98 15 28900.0
26 981 15 100000.0 4 6.0 99.98 13 0.0 100.00 4 0.0 100.00
310 81 5 80.0 .
410 81 5 390.0 6 0.0 100.00 14 4.0 95.00
510 81 5 290.0 6 5.0 98.72 14 10.0 97. 44 6 195.0 50.00
6 10 81 5 70.0 6 0.0 100.00 14 0.0 100.00 6 121.0 58,28
7 10 81 5 6 0.0 100.00 14 3.0 95.71
20 58 15
21 58 15 12 0.0 12 0.0 2 0.0
22 582 15 5.0 12 0.0 12 0.0 3 0.0
23 582 15 10.0 12 0.0 100.00 12 0.0 100.00 3 0.0 100.00
24 5 82 15 14.0 13 0.0 100.00 13 0.0 100.00 3 0.0 100.00
25 5 82 5 49.0 13 0.0 100.00 13 0.0 100.00 3 0.0 100,00
26 5 82 5 26.0 13 0.0 100.00 13 0.0 100. 00 3 2.5 94.90
27 5 82 5 52.0 13 0.0 100.00 13 ] 98.08 3 1.5 94.23
28 5 8 5 48.0 13 ] 99.04 13 2.0 96.15 3 8.0 84.62
29 5 82 5 13 0.0 100.00 13 .5 98.96 4 3.0 93.75
8 68 15 3100.0 ¢ 0.0 0 6.0 0 4.0
9 68 15 2800.0 1 0.0 100.00 1 1.0 99.97 1 17.0 99.45
10 6 82 15 1480.0 1 2.0 99.93 1 2.0 99.93 1 11,0 99.61
11 68 15 1140.0 1 0.0 100.00 1 4.0 99.73 1 5.0 99.66
12 6 82 15 1 0.0 100.00 1 0.0 100.00 1 8.0 99.30
17 6 82 15 260.0 2 0.0 2 2.0 2 1.0
18 6 82 15 262.0 2 0.0 100.00 2 6.0 97.69 2 3.0 98.85
20 6 8 15 430.0
21 6 82 15 720.0 2 0.0 100.00 2 3.0 99.39 2 4.0 99.18
22 6 82 15 550.0 2 0.0 100.00 2 0.0 100.00 2 0.0 100.00
23 6 8 15 237.0 3 0.0 100.00