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FOREWORD

The U.S. Environmental Protection Agency 1is charged by Congress with
protecting the Nation's ‘land, air, and water systems. Under a mandate of
national environmerital {aws, the agency strives to formulate and 'implement
actions leading to a ompatible balance between human activities and the ability
of natural systems to_ support and nurture life. The Clean Water Act, the' Safe
Drinking Water Act, i4nd the Toxics Substances Control Act are three of the
major congressional laws that provide the framework for restoring and maintaining
the integrity of our Nation's water, for preserving and enhancing the water
we. drink, and for protecting the environment from toxic substances. These
laws direct the EPA to perform research to define our environmental problems,
measure the impacts, and search for solutioms.

The Water Engineering Research Laboratory 1is that component of EPA's
Research and Development program concerned with preventing, treating, and
managing municipal and industrial wastewater discharges; establishing practices
to control and remove contaminants from drinking water and to prevent its
deterioration during storage and distribution; and assessing the nature and
controllability of releases of toxic subsequent product uses. This publication
is one of the products of that research and provides a vital communication
link between the researcher and the user community.

Slow sand filters have provided quality water for many years. Recently
interest in this technology has been revived especially as a technique which
is appropriate for small supplies. This study was conducted to determine how
slow sand filter efficiency is affected by maintenance operations and to quantify
the labor required to operate and maintain a slow sand filter.

Francis T. Mayo, Director
Water Engineering Research Laboratory
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ABSTRACT

A study was conducted to determine how slow sand filter efficiency
is affected by scraping and to quantify the labor required to operate and
maintain a slow sand filter. The data were obtained by monitoring scraping
and other maintenance operations at a number of full-size slow sand filtra-
tion plants in Central New York. ’ o

Ripening periods (the time required for filtrate quality to improve
after filter scraping) were evident in the slow sand filtratioa plants
visited, Ten maintenance operations were monitored in six filtration
plants, and in four of these operations there was some evidence of a ripening
period. This evidence included filtrate turbidity and/or HIAC particle
count values that were greater for a filter that was maintained than for
a control filter that had been on-line for a significant period of time.
The length of the ripening periods ranged from 6 hr to 2 weeks. The data
also suggests that a recently scraped filter is less efficient than a
control filter in attenuating a spike input of lower quality raw water.
Factors such as the use of prechlorination, water temperature, scraping
methodology, and frequency of filter maintenance did not seem to be related
to the presence or absence of a ripening period. However, the nature of
the particulate matter in the raw water apparently has an important effect
on filtrate quality, and a2 pilot plant study should always be conducted
before a slow sand filtration plant is constructed. The continuous monitoring
of the turbidity of each filter effluent may be required to ensure that
slow sand filter maintenance operations do not have a detrimental effect on
treated water quality; the capability.to waste individual filter effluent
for a period of time may be necessary in some cases to prevent quality
deterioration.

Under typical conditions of filter scraping (i.e., removal of about
1 in, of dirty sand with shovels and conveyance of this sand from the
filter with a motorized buggy (or hydraulic tEansport), the labor require-
ment is approximately 5 man-hours per 1000 ft~ of filter plan area. The
resanding operation in which 6 to 12 in. of sand is applied to a bed that
has been depleted of sand by rﬁpeated scraping operations, requires approxi-
mately 50 manhours per 1000 ft~. No clear relatioanship was observed between
the frequency of scraping and the raw water quality or maintenance procedures.
Operational convenience appears to be a coutrolling factor in the plants
visited.

This report was submitted in fulfillment of Cooperative Agreement
CR-810850010 by Syracuse University under the sponsorship of the U.S.
Enviroumental Protection aAgency. This report covers the period Jume 1, 1983,
to November 30, 1984, and work was completed as of December 31, 1984.
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SECTION 1
INTRCDUCTION

STATEMENT OF PROBLEM

A large proportion of the public surface water supplies in the United
States are small and unfiltered. Many of these systems have experienced
difficulty in meeting the 1 nephelometric turbidity unit (NTU) maximum
contaminant limit (MCL) in the U.S. Eavirommental Protection Agency Drinking
Water Regulations. Some of these communities have failed to meet the MCL
for coliform group bacteria. The slow sand filtration process may be an
appropriate treatment altermative for many of these small systems.

Slow sand filters have been shown to be very effective for removing
a variety of microorganisms (1,2,3 and 4). For certain types of raw water,
slow sand filters are also very effective for removing turbidity-causing
particulates (5). Slow sand filters have been successfully used to remove
various trace elements such as copper, lead, and zinc (6).

When slow sand filters are used by water utilities, the raw water
typically is given no pretreatment. Uncoagulated water is applied and slowly
passed through the sand filter. As the run progresses, a layer of soil par-
ticles and biological matter (the schmutzdecke) accumulates on the top of the
sand bed, and head loss increases. When terminal head loss is reached, the
water level is drawn down to 10 c¢m or more below the surface of the sand, and
the schmutzdecke and a thin layer of sand are removed.

The filter cleaning operation tends to be labor intensive, For small
installations, manual cleaning procedures are generally used. Use of
shovels and wheelbarrows to remove the sand layer and haul away the dirty
sand would be typical practice at smaller slow sand filter plants. Sand fil-
ter cleaning and maintenance work would generally be the most time~consuming
aspect of slow sand filter operation, and it would be expected to have a
stroag influence on the labor costs associated with slow sand filter oper-

ation.

When the slow sand filter is scraped and the dirty sand is removed from
the filter bed, some disturbance of the filter bed is inevitable., Huisman
and Wood (7) state that disturbing the upper layers of the sand bed can
be detrimental to the bacterial population in the filcer. They also in-
dicate that when a slow sand filter is placed into operatiomn after scraping,
filter effluent is run to waste until the normal filtered water quality
standards ars met, as shown by analysis of water samples,



Though the literature (8,9 and 10) contains evidence that scraping may
affect effluent quality in full scale filters, the results of recent slow
sand filter research have not shown this. Research at Iowa State (11) and
Colorado State Universities (12) has confirmed that pilot slow sand filters
do not show quality deterioration after scraping.

A reason for this differemce in results may be related to the size of
the facilities and the extent to which the filter is disturbed during the
scraping operatiocn. The older evidence in the literature was obtained with
full scale filters, whereas the recent data have been obtained using pilot
units that are generally only a few square feet in area,.

Additional information needs to be developed on the extent to which fil-
ter cleaning can influence the effluent quality as well as the cost of the
slow sand filter operation. Evidence (13) exists that resanding of a fil-
ter bed has a more detrimental effect on effluent quality than scraping. This
research focused on these aspects of slow sand filtration by studying muni-
cipal slow sand filters before, during, and after the filter scraping and re-
sanding operatioas. ’

BACKGROUND

Slow sand filters have been used to treat drinking water since 1829,
when James Simpson constructed a plant to treat water for the Chelsea Water
Company in London. Information is available oun slow sand filters, but much
of the work published on slow sand filtration in this country was done in the
late 1800's or early 1900's, before rapid sand filtration became almost uni-
versally popular in the United States. Recent research on slow sand fil-
tration has used analytical techniques that were not available in 13900 or
that have been modified since then,

Treated Water Quality as Influenced by Filter Scrapving

Slow sand filter scraping is generally thought to result in deteriora-
tion of filter effluent quality immediately upon resumption of operationm.
The duration of the water quality improvement or filter ripening period is
variable, but it could last as long as several days. Higher plate count
bacteria concentrations were observed in a slow sand filter pilot plant study
conducted at Pittsburgh in 1898 (14). For 1 to 2 days after scraping, plate
count bacteria concentrations were 2 to 6 times the monthly average plate
count data from which the 48 post-scraping data were excluded. This sort of
result is suggested by Huisman and Wood (7), although they did not present
data to show the extent of quality deterioration that might occur.

~o



In the book, The Filtration of Public Water Supolies (9), Hazen stated
that Piefke in Germany had suggested wasting filtered water for one day after
scraping and for a full week after filter sand was replaced (p. 74). Hazen
reported that the Imperial Board of Health rules required that German filters
should be constructed so that filtered water could be wasted. Hazen also
reported (pp. 75,76) that experiments in Germany and at the Lawrence
Experiment Station in the United States had shown higher bacterial counts in
filtered water for ome or more days after scrapings. The increase in the
bacterial count was greater when the sand filter depth was reduced and when
the rate of filtration was higher.

Results of recent slow sand filter research have not shown the detri-
mental effects of scraping on effluent quality. Results of EPA research
presented by Logsdon and Lippy (15) indicate no deterioration of water
quality during two different runs when a filter was restarted after scraping
(Figure 6 in Logsdon and Lippy). This is in coatrast to the 6 week interval
of poor effluent quality observed when the filter operation first started
and water was passing through new, clean sand. Information available from
EPA's Drinking Water Research Division also indicates that other pilot slow
sand filters operated at Iowa State University and Colorado State University
did not show quality deterioration after scraping (11,12).

One possible reason for the differences in results could be the size of
the facilities and the extent to which filters have been disturbed during
scraping and cleaning. The municipal filters observed decades ago were
large, and the sand could not be removed without walking on the filter.

Even the pilot filters at Pittsburgh studied by Hazen were large enough

(11 ft. x 23 fr.) that sand would have been disturbed during cleaning.

In contrast to the large sizes of the filters on which the deteriorated
water quality observations are based, the pilot scale slow sand filters
currently under study are generally very small. The DWRD filter (2) is

1.5 x 1.5 feet and other filters being used are from 1l to 2.5 feet in
diameter. The absence of the walking action and the resulting disturbances
to the sand bed may be a factor in the high quality of water obsarved within
the first day of renewed operation of the slow sand pilot filters.

Influence of Scraving on Operation and Maintenance Costs

During routine operation, slow sand filters do not require much labor
on a daily basis. In less than an hour, a plant operator should be able
to monitor filter flow rate versus water consumptioa and adjust the rate
if needed, obtain a filtered water turbidity sample and analyze it, check
chlorine residual and adjust if necessary, monitor head loss, and record
the appropriate operating data.



( 0

»

When a slow sand filter is removed from service for cleaning, the labor
needs rise dramatically. One or more persons may have to work for a portion
of a day or longer to clean the filter. The extent of labor required is
related to working conditions, filter access (closed versus open filters),
extent to which sand removal is mechanized, size of the filter, depth of
sand removed in the scraping process, and extent of cleaning performed on
filter walls. Resanding (adding more sand to the bed when the depth of the
sand has reached the minimum desired amount) would be expected to take
considerably longer than simply removing 2 to 4 cm. of dirty sand from the
top of the filter bed., Sand washing may also involve extra labor if the
water utility reuses sand previously removed from the filter during cleaning.

Data that can be used to relate slow saud filter costs to filter size
are very limited, even though cleaning costs could exceed filter monitoring
costs if the area of the filters were sufficiently large. Up~to~date in-
formation needs to be developed so that costs of operation and maintenance
of slow sand filters of various sizes can be estimated by engineers when
conceptual designs are prepared and process optious are considered.

RESEARCH OBJECTIVES

The primary goal of this research was to provide insight into the effects
of slow sand filter scraping on water quality and operation and maintenance
costs. The major objectives are as follows:

(1) To evaluate filtered water quality before and after slow saund
filters are scraped and compare it with the quality of raw water and control
filter effluent to determine how filter efficiency is affected by scraping.
A determination can then be made of the volume of water per unit plan area
of filter bed which must be wasted before the filtrate meets the MCL's for
turbidity and coliform group bacteria.

(2) To quantify the labor required to operate slow sand £filter plants
and to compare the labor needed for routine operation and monitoring with
that needed for scraping filters. Labor requirements can then be related
to the area of filter cleaned, volume of sand removed, extent of mechaniza-
tion, and working counditioms.

(3) To attempt to ascertain the frequency of filter scraping (length
of run or volume of water filtered per run) and relate this information to
raw water quality, pretreatment before filtration (if any), filtration rate,
sand size, and other relevant design factors. A related objective was to
determine whether and to what extent the frequency of filter scraping
varies with the depth of sand removed during the scraping operation.

o
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SECTION 2

CONCLUSIONS

In four of the ten scraping and resanding maintenance operations moni-
tored during the study, there was some evidence of a ripening period.
This evidence included filtrate turbidity and/or HIAC particle count
values that were greater for a filter that was maintained than for a
control filter that had been on~line for a significant period of time.

The length of the ripening periods observed ranged from 6 hours to 2
weeks. The factor that seemed to have the most significant effect on
filtrate quality was the nature of the particulate matter in the raw
water. The presence or absence of a ripening period does not seem to
be related to the use of a prechlorination step, water temperature,
scraping methodology or frequency of filter maintenance.

The results suggest that a receatly scraped filter is less efficient
than a "ripened" coutrol filter in attenuating a spike input of lower
quality raw water. This behavior was observed at several sites and was
apparent in both the turbidity and HIAC particle count results.

The water production per filter run raEged from approximately 3000
gal/ft” at Ogdensburg to 16,000 gal/ft” at Geneva and Ilioan. The
average frequency of filter scraping ranged from twice per year at
Geneva and Ilion to 12 times per year at Ogdemsburg. No clear
relationship exists between the frequency of scraping and raw water
quality or maintenance procedures. Operational coanvenience and
tradition seem to be the important factors. There is limited evidence
that the filter run length is shorter during the summer.

Under typical conditions of filter scraping, (i.e., removal of about
1 in. of dirty sand with shovels and conveyance of this sand from the
filter with a motorized buggy or hydraulic transport}, the labor
requirement is approximately 5 man~hours per 1000 £t~ of filter planm
area. The resanding operation in which 6 to 12 in. of clean sand is
applied to the depleted bed, requires approximately 50 man-hours per
1000 ft. The average operation and maintenance cost for the plants
visited was 2.4¢/1000 gal.
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SECTION 3

RECOMMENDATIONS

The continuous monitoring of each filter's effluent turbidity in a
slow sand filtration plant will be necessary in many cases to ensure
that mainterance operatiocus such as sceraping and resanding do not
have a detrimental effect on treated water quality,

The capability to waste individual filter effluent for a period of time
is recommended to prevent water quality deterioration. The length of
time that filter effluent wasting is required can be determined with
turbidity or particle count measurements.

Pilot plant studies should be used to determine whether slow sand
filtration is a feasible treatment altermnative,

ar



SECTION 4

SAMPLING AND ANALYTICAL METHODS

INTRODUCTION

Seven treatment plants were chosen for study because of their proximity
to Syracuse University: Auburn, Geneva, Hamilton, Ilion, Newark, Ogdensburg,
and Waverly, New York (See Figure 1). The typical study visit involved
traveling to the plant site ome or two days before a filter was to be scraped.
The plant was toured and the plant records were examined to determine filter
run lengths and historical water quality. The effluent from the filter to be
scraped was sampled, along with the raw water. Each plant provided space to
set up laboratory equipment.

The manpower, techniques and equipment used in scraping (or resanding)
the filters were determined by observation and interview and recorded.

SAMPLING

When water flow through the filter was started after scraping, grab
samples were collected for a period of 24-48 hours. Initially, the grab
samples were collected every hour and gradually the interval was increased
to every two hours. Finally, the samples were collected over four and
eight hour intervals. Samples were withdrawn from the scraped filter
effluent, a control filter effluent and the raw water. The control was
a filter which had been on-line at least one month. All of the samples
were taken before post-chlorination; three of the plants visited practiced
pre-chlorination (Ilion, Newark and Waverly). At two of the three plants
with pre-chlorination (Ilion and Waverly), raw water samples were obtained
both before and after the point of chlorine addition. The samples were -
not dechlorinated,

Between 25 and 66 samples were taken during each plant visit. Samples
were obtained by dipping a polystyrenme bottle into the water or drawing water
directly from taps. The details concerning sampling at each site are dis-
cussed in the Results and Discussion sectioms. Every sample bottle and cap
was rinsed with the water three times before the sample was collected.

The water temperature and turbiditcy were measured immediately after the
sample was drawn., Standard plate count and total coliform bacteria analyses
were almost always started within 0-4 hours after sampling. The loagest time
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period between sampling and beginning the microbiological tests was 12 hours.
If the analysis was not carried out immediately, the samples were kept refrig-
erated at 42-45°F,

The samples were finally transported to Syracuse University for particle
count/size analysis on the HIAC Particle Size 4nalyzer. These counts were
obtained 6 - 48 hours after sampling., The samples were kept rafrigerated or
iced at all times.

ANALYTICAL METHODS

Turbidity

A Turner Designs Model 40-100 Digital Nephelometer was used for all
turbidity measurements. The instrument was calibrated twice daily with
AMCO AEPA-]1 standards of 0.5 and 5.0 NTU. (AMCO Polymerics, Inc., Mountain
View, CA)

Particle Count

The HIAC Model PC-320 Particle Size Analyzer was calibrated using PVC
microspheres from Particle Data Labs, Inc. Four, tean wlL replicates were
counted for each sample and the results were averaged. The samples were
brought to room temperature before the measurements were made, Dilution of
the samples was not required; all samples were below the recommended particle
concentration limit of the 1 - 60 um HIAC detector. The particle counts
recorded are the particles in the 2 um to 60 um effective diameter size
range.

Standard Plate Count

Portions (1 mL and 0.1 mL)of undiluted sample were plated in triplicate
by pouring 10 mL of medium tempered to 45°C into the plate and gently mixing.
The culture medium was autoclaved plate count agar prepared according to the
manufacturer's (BBL Microbiology Systems, Becton, Dickinson and Co.,
Cockeysville, Maryland) specifications., The agar was allowed to harden for
10-15 minutes after which the plates were incubated at 35°C for 48 £ 2 hours.
All plates containing 30-300 colonies were counted with the aid of a Quebec
colony counter (counts from 1.0 mL portions having less than 30 colonies
were also recorded).

Total Coliform Group Bactaria Concentration

Portions (100 mL) of each sample were tested in triplicate using a stan-
dard membrane filter apparatus. Each membrane filter was placed on M-endo
agar and incubated for 24 % 2 hours at 35° £ 0.5°C., The M-endo plates were
placed in a separate covered container lined with a water soakad towel to
maintain 100% numidicy.



The BBL M-endo agar was prepared by mixing 2.4 g M-endo broth, 0.4
standard methods agar, 50 mlL water, and 1 mL 95% ethanol. This amixture was
heated to the boiling point and 2.2 2L portions were added to the coliform
plates using a pipette and allowed to harden. The filters were placed oun
the surface of this agar.

Sand Analysis

All sand samples were washed in distilled water and dried for 1-2 hours

at 110°C. The analyses were conducted in duplicate and the results were
averaged,

Sieve Analysis--

A 100 to 110 g quantity of sample was weighed and placed in a sieve
stack. The sieve stack was composed of the following sieve screen sizes
from top to bottom: .

lid

3.327
2.000
1.410
0.850
0.589
0.295
0.208
0.104

EEEEEBEE

pan

The pre-weighed sieve stack was placed in a mechanical sieve shaker.
The shaker was turned on for five minutes. Next the weight of the sand re-
tained on each sieve was measured and the percent of sand retained was deter-
mined., Finally, the perceat passing each sieve was calculated and plotted
vs. the sieve size, The effective size (opening which 10% passes) and the
uniformity coefficient (opening which 60% passes divided by the effective
size) were determined using the graph.

Sand Dissolution Test--

Between 100 and 110 grams of the clean, dry sand was placed in a 1 liter
beaker and 1l:1 HCl (minimum volume of 320 mlL) was added. The beaker was al-
lowed to stand for 30 minutes after the effervescence (if any) had ceased.

The acid was then removed by pouring and the sample was washed several

times with distilled water and dried for 1-2 hours at 110°C, The sample was
cooled and weighed and the weight loss reported as:

weight lost . .
welight ‘ost x 100 = % weight lost

original weight

10



SECTION 5
RESULTS AND DISCUSSION
SITE 1 - AUBURN
The city of Auburn, New York is located in Cayuga County on the Owasco
River, thirty miles west of Syracuse. With a populatiom of 35,000, it is

the industrial center of an agricultural area.

Water Source

The city of Auburn receives its water from Owasco Lake, the second of
the long, narrow Finger Lakes located two miles south of the city.

Owasco Lake is 11 miles long and 1.5 miles wide and 177 feet deep at
its deepest point. The summertime turbidity of the raw water being pumped
from the lake is usually in the range 1 -~ 2 NTU. In the winter the tur-
bidity may decrease to a value as low as 0.8 NTU if the lake freezes over.
Coliforms are rarely detected by Auburn water plant personnel in Owasco Lake
water. The water chemistry results of a United States Geological Survey
analysis (16) of Owasco Lake are listed in Table 1.

Water Treatment

Slow Sand Plant--

A slow sand filter plant designed by Allen and Hazen Consulting En-
gineers was put into service in Auburn in 1919. As shown in Figure 2,
there are four identical covered filters, each 195' x 95', giving a total
filtration area of 74,100 feet” (1.7 acre). The slow sand plant was built
to treat 5 MGD, however, it normally operates at approximately & MGD,

The design filtration rate is, therefore, 0.1l cubic meters per square
meter per hour (m/hr). The plant normally operates at 0.l4 m/hr. The
water flowing through the slow sand plant receives no pretreatment.

Auburn's sand has the largest effective size (0.45 mm) and with Hamilton
and Waverly the largest uniformity coefficient (2.4) of any of the sites
visited. The weight loss after dissolution in l:1 dCl was 35% suggesting
that the sand is not of nigh quality. The sand does not meet the AWWA Stan-
dard 3100-80 raquirzment (1l7) that less than 5% dissolve in L:1 HCL.



Table 1.
(16)

silica
calcium
magnesium
sodium
potassium
bicarconace
sulface
chloride
fluoride

total kjeldahl
nitrogen as nitrogen

nigrate as N
phosphorous as PQg

sum dissolved
solids

total havrdness

non-carbonate hard-
aess as CaCoOj

‘total organic
carbon

specific
conductance

pt

coliforms

mg/L
1.5 - 2.7
4, - 45
7.5 - 8.3
3.7 = 4.1
1.1 - 1.2
131 - 141
19 - 21
6.5 - 7.6
0 -23.10
0.19 - 0.39

0.80 - 0.90
0.02 - 0.06
152 - 161

133 - 145
25 - 30

109

272-287
8.0 - 8.3

none found

micromhas

[
[1S}

aluminum
barium
beryllium
bismuth
boron
chromium
cobale
copper
gallium

Zermanium

iron
lead

lichium

manganese

molybdenum
anickel

silver

strontium

tin
titanium
vanadium
zine

zirconium

ug/L

93 - 230
24 - 31
<0.8 - 2.0
4.0

8.0 - 14.0
<4.0

<2.0 - 4.0
4.0 - 28
2.0 - 4.0
4.0 - 8.0

74 - 140
<2.0 - 4.0
<10

<4.0 - 8.0

4.0

€2.0 - 4.0
220 240

<6.0 - 8.0

Qwasco Lake Water Chemistry From U.S. Geological Survey
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Rapid Sand Filtration Plant--

To meet an increasing water demand a rapid sand filtration plant was
designed by Metcalf and Eddy and put into service in December of 1969.
This plant was designed to treat 5 MGD (filtration rate of 7.25 m/hr);
however it is normally operated at 4.5 MGD (filtration rate of 6.53 m/hr).

Each filter consists of a 16 inch graduated gravel layer covered by a
10 inch sand layer and a 10 inch anthracite layer.

The rapid sand filters receive water which has been pretreated with gas-
eous chlorine. The total chlorine usage rate at Auburn (a breakdown be-
tween pre and post chlorination and slow and rapid sand plants is not avail-
able) was 120 1b Cl,/day. The free chlorine residual in the water leaving
the combined plants was 0.8 mg Clz/L.

Normally the rapid sand filters are operated without the use of coagu-
lants. However, when the raw water turbidity is high (4=5 NTU or greater), a
dosage of 100 1lbs per day of aluminum sulfate (2.7 mg/L)is added.

Ovperation

There is an operator on duty at Auburn twenty-four hours per day. Two
operators are on duty during the eight-hour daytime shift. However, with
the exception of scraping and resanding, very little of the operators' time
is devoted to the slow sand plant. Most of the operators' time is coansumed
by the rapid sand plant or groundskeeping.

Scraping and Resanding=--—

Each filter is initially filled with a sand layer 36 inches thick. This
allows seven to eight feet of space between the sand and the concrate and
earth filter cover. When in operation there is six feet of water above the
sand.

The decision to scrape a filter is made with the guidance of headloss
gauges (although visually checking the water height in sampling wells may also
be used). When the headloss reaches four feet (which represents a 50% de-
crease in flowrate through the filter), scraping is scheduled.

During the past ten years each filter was "cleaned" an average of 4.4
times3pe£ year. This Eorresponds to an average filter run length of
279 o /m~ (6844 gal/ft")., Scraping is usually scheduled for the summer moanths
when Auburn can hire low wage workers (high school and college students).
Scraping coantinues during the summer until approximately ten filters are
finished (each filter is scraped at least twice). During non-summer months
when help is not available the schmutzdecke is raked rather than scraped
(this is usually done twice annually for each filter). Thus, the "cleaning"
process at Auburn may cousist of scraping or raking (to total am average of
4.4 operations per year). ILn addition, seven times during the past ten years
a filter was resanded. Each of the operations will now be discussed.

14
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Scraping Process--

During a normal scraping operation the filter is out of service for
three days; one day to drain, one day to scrape, and one day to refill and
put back in service. One day is considered to be the eight hour day shift
when all the work is dome. Therefore, this operation could be comsolidated
into 24 hours if the need arose. There is no effluent wasting period after
cleaning.

The scraping operation employs 12-14 people (summer help) directed by
one operator. It takes 12 people approximat]ey six hours to scrape a filter
which corresponds to 4 man hours per 1000 £t”. Approximately 1/2 inch of
sand is skimmed from the surface of the filter bed with broad shovels and
placed in piles at strategic points on the filter. Each filter has three
outlets from permanent piping to which a hopper may be connected. The sand
is shoveled into the hopper and moved hydraulically to one of two sand
washers (a sand agitator with a settling tank). After washing the sand is
stored in an open sand court above the filters uantil needed (see Figure 2).

During the non-summer months (about 2 times per year) the schmutzkecke
is raked rather than scraped. This operation still requires eight hours to
drain the filter and eight hours to refill. However, raking o?ly takes 5-6
men about 5-6 hours to complete or 1.4-2.0 man-hours/1000 feet™. Auburn
can reduce the headloss from four feet to ome foot by raking the schmutzdecke.
Therefore, raking is a good substitute for scraping when workers are aot

available.

Resanding Process—-

Seven filter beds were resanded during the past ten summers. This
corresponds, for each filter, to six years of operation between resandings.
When the sand reaches a depth of approximatley thirty inches the bed is
resanded to a depth of thirty-six inches. The resanding operation consists
of placing previously washed and stored sand on top of the remaining sand
in the filter bed. This sand is brought into the filter bed hydraulically.

Occasionally the workers will spade the sand in the bed before adding
more sand to prevent subsurface hardening. This seems to .break up any
calcium carbonate or hardened mud deposits.

During a resanding operation,a filter may be out of service for three
weeks (up to 50 man-hours/1000 £t”), however, no written records are
available. Twice during the history of the plant (1957 and 1972-74) all
of the sand in the filters was completely replaced. There is no record
of the cost or duration of these operatious.

Sampling
Each slow sand filter discharges into its own wet well. Samples were
taken by climbing into the wells via an attached ladder and dipping the



bottles into the water. Samples at the rapid sand filtration plant were
taken from sampling taps built into the water lines. Raw water samples
were taken by dipping bottles into the water which flowed onto the covered
slow sand filter beds.

Results and Discussion - Auburn

Two filter cleaning operations were monitored in July 1983 (filter #1
and #3) and a third cleaning operation was monitored in July of 1984 (fil-
ter #1). ‘

Turbidity--

According to plots of turbidity versus time (Figures 3, 4 and 5) two
of the three filters tested (#3 and #1 in 1984) had no ripening period.
The effluent was at control levels (0.2-0,.3 NTU) as soon as the filters
are put back in service.

Filter #1 (1983) (Figure 4) had a slightly higher turbidity (0.55 vs.
0.25 NTU for the control) for the first six hours off operation. After six
hours it had decreased to control levels. Overall the water quality was
satisfactory from a turbidity standpoint., It was always significantly
less than the 1.0 NTU MCL.

Particle Count Data--

The water samples from two of the scraped filters (#1 in 1983 and 1984)
were analyzed using the particle size analyzer. In general the trends
were the same as the turbidity results (See Figures 6 and 7). The first
filter (#1, 1983) (Figure 6) started high (600 particles/mL) and took four
hours to reach comntrol levels (~ 200 particles/mL). The other filter (1984)
(Figure 7) started high (1142 particles/mL) at time-zero, but decreased
to control levels (~ 400 particles/mL after just one hour.

Analysis of the change in particle size (in the range 2 to 60 um)
over a period of time (for July 1984) indicated that the count median
particle size changed a small amount, from 3.2 um (at 1 hr) to 3.5 um (3 hr)
and finally to 2.5 um (29 hr)..

The size of the particle which 90% of all particles counted are smaller
than (d..) and the size of the particle which 10% of all particles counted
are smai?er than (dl ) both decreased with time. This suggests that the
particles that passeg through the filter become slightly smaller with time.
However, these are not statistically significant differences.

Standard Plate Count--

It is very difficult to detect any trends in the standard plate count
results; the data exhibits significant scatter (See Figures 8, 9 and 10),.
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In Filrer #1 (1983) (Figure 9) there is an interesting result. The effluent
was at the countrol level until hour 21. At hour 21 the raw water count peaked
at 1500 colonies/mL and the effluent increasad abruptly from 10 colonies/mL

to 770 colonies/mL. The coatrol filter also peaked, but less dramatically
(from less than 10 colonies/mL to 64 colonies/mL). This suggests that
although 2 newly cleaned filter may not exhibit a significant ripening

period, if shock inputs arrive it may not be able to handle them as well

as an established or "ripened" filter.

Total Coliform Bacteria-—-

Coliform bacteria were not detected at Auburm except for the day of
July 22, 1983. Two filters were being monitored that day: Filter #1 had
been operating for 71-75 hours following scraping; Filter #3 was in hours
1-5 of service following scraping. The results are shown below:

Coliforms
#/100 oL #7100 wl in
Time in raw water finished water % Removal

10 aM Filter #1

Hour 71 1000 15 98.5
7/22/83 Filter #3

Hour 1 1000 10 99.40

Control filter 1000 15 98.5
Noon Filter #3
7/22/83 Hour 3 1500 6 99.6
2 PM Filter #1
7/22/83 Hour 75 300 13 95.7%

Filter #3

Hour 5 300 1 99.7

Control filter 300 13 95.7

According to the above table, greater than 95%Z of the coliforms were
removed in all cases. In filter (#3), more than 99% of the coliforms were
removed in hours 1-5 after start-up. This is better than the control filter
which removed 98.5% of the coliforms. Filter #1 removed 98.5% of the
coliforms in its 71st hour of operation and 95.7% of the coliforms during
the 75th hour of opveratioa. These numbers are the same as for the comtrol
filter. Therafore, although the appearance of coliform bacteria in Auburmn's
water is rare the slow sand filters removed them effectively with essentially
no indication of a ripening period.



Rapid Sand Filtration vs. Slow Sand Filtration

Auburn presented a unique opportunity to compare the performance of slow
sand filters with that of rapid sand filters. In July of 1984 a rapid sand
and a slow sand filter were backwashed/cleaned simultaneously. Since both
filters were receiving the same raw water (the rapid plant was not using
coagulation since the raw water turbidities were low) the effects of cleaning
on water quality could be compared.

As discussed previously there was, according to the turbidity measure-
ments, no evidence of a ripening period in the slow sand filter plant. The
rapid sand filters also did not exhibit a significant ripening period (See
Figure 5). The effluent from the clean filters was slightly higher than cou-
trol levels throughout most of the test, with the exception of the first hour
of service. However, while the slow sand filter produced a low turbidity
water (0.3 NTU) the rapid sand filter effluent quality was not as good; the
turbidity was generally between 1.3 and 2.0 NTU and, therefore, above the
1.0 NTU MCL.

The particle count results were similar to the turbidity data (See Fig-
ure 7). After the appearance of a first hour peak, the effluent particle
count for both the rapid and slow sand filters decreased to control levels,
However, while coutrol levels for the slow sand filter were 100-400 par-
ticles/mL, they were much higher for the rapid sand filter, 1000 - 7000 par-
ticles/mL.

No conclusions can be drawn from the standard plate count results since
the rapid sand plant utilizes prechlorination while the.slow sand plant does
not (See Figure 10). Coliform bacteria were not detected in the influent or
individual plant effluents during these special tests.

It is evident that in this case the slow sand filters yielded a higher
quality effluent than the rapid sand filters. This test tends to support
the claim of the Auburn plant operators that the slow sand plant is "much
better”" than the rapid sand plant, however, it also raises questions about
the efficacy of operating a rapid sand filter without pretreatment using a
coagulant.
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SITE 2 - GENEVA

The city of Geneva, New York is located in Ontario County on the north
shore of Seneca Lake, fifty miles west of Syracuse. It is the center of an
agricultural area and has a population of 17,000, ‘

Water Source

Geneva obtains its water froam Seneca Lake, the fourth from Syracuse of
the six Finger Lakes. Seneca Lake, the largest and deepest of the Finger
Lakes, is 40 miles long and 3.5 miles wide. The turbidity of the raw water
which is pumped from the lake at Geneva is usually less than 1.0 NTU (70% of
the time) and rarely exceeds 4.0 NTU (only seven times in the past five
years). The water chemistry results of a 1973 survey of Seneca Lake are
listed in Table 2,

Water Treatment

The original slow sand filter plant at Geneva was placed in service in
1911. At that,time there were two covered rectangular filters each 0.20
acres (8712 £t”) in size. In the 1920's a third, Jarger covered filter was
added. This filter contains 0.30 acres (13,068 ft7) of filtration area (See
Figure 11). The two small filters were designed to treat 1 MGD, while the
larger filter was designed to filter 1.5 MGD. The design filtration rate is
therefore 0.19 m/hr for all three of the filters. The water is treated with
a microstrainer before filtration.

The sand at Geneva is characterized by a uniformity coefficient of 1.9
and an effective size of 0.37 mm. These values are approximately equal to
the average values obtained for all of the plants visited. The weight loss
in the sand dissolution test was 367%, indicating that the sand is net of high
quality and does not meet the AWWA Standard 3100-80 requirement that less
than 5% dissolve in Ll:1 HCL.

Operation

There are five full time operators on duty at Geneva working a swing
rotation. During the summer one person is added to the staff to help with

groundskeeping and sand scraping.

Scraping and Resanding--

There are no head-loss gauges on the filters at Geneva, therefore, the
decision to scrape a filter is guided by the position of a butterfly valve
located between the clear well and the distribution system. As the head
loss in the filters incresases, the valve is opened to maintain a coanstant
flow into the distribution system. When the valve is finally fully opened,



Table 2. Seneca

Lake Water Chemistry From U.S. Geological Survey

(16)
mg/L ug/L

silica 0.10 - 0.50 alumium 2l - 47
calcium 40 - 45 barium 19 - 31
magnesium 9.3 - 10 beryllium 2.9 - 9.0
sodium 96 - 100 bismuch <8.0 - 10
potassium 2.7 - 3.0 boron 10 - 17
bicarbonate 105 - 116 chromium <9.0 - 10
carbonate 0 cobalt <4.0 - 10
sulface 42 - 43 copper 5.0 - 30
chlcride 160 - 170 gallium <3.0 - 9.0
fluoride 0.10 - 0.20 germanium <10 - 19
:g:gi &jeldahl ¢.23 -~ 0.52 iron $1 - 590
nitrate as nitrogen 0.20 - 0.50 lead 4.0 - 4.7
ammonis as nitrogen - lithium 20 - 40
phosphorous as POg Q.02 - 0.06 manganesa <6.0 - 18
5321?§:SOLVCd 403 - 431 mo lybdenum <2.0 - 5.¢
total hardness 14C - 153 nickel 4.0 - 17
non-carbonate 56 - 58 silver <0.90 - 2.0
hardness
total organic 7.00 strontium 270 - 120
carbon
specific micromhos ti7 29.0 ~ 19
conductance 770 - 835 ———m;g——
pH 8.0 - 8.3 titanium 4.0 -~ L0
coliforms --- vanadium <500~ 1

zine 1390 - 40C

zirconium <15 - 20
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one of the filters is scraped and the process is repeated. The filters are
scraped on a rotational basis. During the past ten years each filter was
scraped an average of 2.6 times3pe§ year. The average water production
per filter run length was 440 m”/m~ (15,718 gal/ft").

Scraping Process--

The normal scraping process includes 36-~38 hours of draining; 4-5 hours of
cleaning for the two smaller filters and 6-8 hours of cleaning for the larger
filter, followed by 24-48 hours to restore the water to the operating level.
(The last step may be dome in as little as 12 hours, if needed). Geneva does
not run-to-waste after cleaning, however, they will allow the water used to
fill the filter remain there under a no-flow condition for 12 hours or more
before the valve is opened and filtration is begun.

The scraping operation utilizes eight men, 4.6 mgn-hours/1000 ftz for
each of the smaller filters and 4.9 man-hours/1000 £t” for the larger filter. .
Approximately one inch of sand and deposit is removed from the surface of the
filter bed using broad shovels. The laborers work back and forth the length
of the filter, scraping and shoveling the sand into piles. A secound group
follows, shoveling the sand into a buggy which is used to haul the sand from
the filter. One person follows up the entire operation with a rake.

Resanding Process--

After approximately 18-24 scraping operations the sand depth decreases
to approximately two feet and new sand is added to increase the sand depth
to 3-4 feet. Since 1970 each filter at Gemeva has been resanded twice.

During a normal resanding operation the filter is scraped using normal
methods as previously described, except that more than oune inch of sand
(1.5-2 inches) is removed from the filter surface. Truckloads of sand are
brought in and the new sand is dumped on top of the old sand through the
hatches in the covered filter. Finally, the sand is spread uniformly through-
out the filter by men using rakes. The entire resanding operation removes
a bed from service for four to ten days. The out of service time varies
greatly depending on the time of year, the amount of sand to be replaced,
etc.

Results and Discussion - Geneva

All of the filters in Geneva are connected to a common header and it is
not possible to sample the effluent from an individual filter. Therefore, no
samples were taken at Geneva. However, an analysis of the daily "combined
effluent”" turbidity values for the period 1978 to the present showed a number
of post-scraping periods in which the turbidity exceeded 0.5 NTU for a day or
two. The effluent was coatinuously less than 0.2 NTU before the filter was
scraped. Since these readings were obtained from a header which is coumnected
to 3 filters and only one of these is a recently scraped filter, it is pos-
sible that the turbidity of the effluent of the scraped Iilter exceeded 1 NTU
for a short periocd Zollowing scraping.
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SITE 3 - HAMILTON "
The village of Hamiltonm, New York is located in Madison County, 35 miles

southeast of Syracuse. Hamilton is a rural "college town" community. The

total population is 3,500 not including the students of Colgate University.

Water Source

Hamilton receives its water from Woodman's Pond. This is a small spring-
fed pond located omn a hill outside the village. The turbidity of the raw water
pumped from the pond is generally 1-2 NTU and seldom higher. At times
coliform bacteria are abundant in the raw water due, according to village Water
Department personnel, the presence of birds on the pond. Water chemistry re-
sults for the raw water from Woodman's Pond are not available, However, the
water chemistry results of a USGS survey of the Hamilton distribution system
water are shown in Table 3.

Water Tredtment

A slow sand filter was placed in service in Hamiltom in 1895. 1In the
1920's a second filter was added to the original comstruction., As shown in
Figure 12, each filter is circular and both filters are uncovered. The
diameter of each filter is agproximately ninety feet yielding a total
filtration area of 12,724 ft~. At the present time the Water Department
produces an average treated water flowrate of 0.480 MGD, however, ouly
50~60% of this water (0.2646 MGD) passes through the filters. Therefore, the
filtration rate is 0.04 m/hr. The 0.264 MGD of water which passes through
the two filters receives no pretreatmeat, After filtratiom the water is
mixed with an almost equal amount of unfiltered water from Woodman's Pound,
and the combined flow is chlorinated and distributed to yield the total daily
production rate of 0.480 MGD.

The size distribution of the sand used at Hamiltom is characterized by
an effective size of 0.27 mm and a uniformity coefficient of 2.4. The weight
loss in the sand dissolution test was 19%. The sand does not meet the AWWA
Standard Bl00-80 requirement (17) that less than 5% dissolve in 1:1 HCIL.

Ogeratiou

There are two operators assigned to the Hamiltom water plant. Both work
the day shift but actually devote very little time to the operation of the
plant. Much of their time is spent working on water main breaks and other
chores outside the filter plant.

Scraping and Resanding—-—

There are no headloss gauges or other devices which would nelp indicate
when a filter should be cleaned at Hamilton. Each of the two filters is
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Table 3. Village of Hamilton Distribution System Water Quality
From U.S. Geological Survey (16)

silica
calcium
magnesium
sodium
potassium
bicarbonate
carbonate
sulfate
chloride
fluoride

total kjeldahl
N as N

nitrate as N
ammonia as N
phosphate as PO

dissolved solids
sum

total hardness

non-carbonate
hardness

‘¢yanide

specific
conductance

pH

4.3
56
16
3.5
0.90
212

22
6.7
0.80
0.73

393
7.8

mg/L

micromhos

cm

aluminum
barium
beryllium
bismuth
boron
chromium
cobalt
copper
gallium
germanium

iron

lead
lichium
manganese

nolybdenum

aickel

silver

strontium

tin

titanium
vanadium

zine
zirconium
arsenic
cadmium

total mercury

selenium

ug/L
5.0

170
<3.0
<5.0
7.0
<5.0
<5.0
660
<3.0
<8.0
26

<5.0
<10
13
3.0

<5.0
<4.0

-~
<

260
“11
1.0

<0.50
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routinely scraped twice per year; once in the spring and once in Ehe fall.
The avsrage water production per filter runm is therefore 175 mw™/m"~ (4302
gal/ft%). :

Scraping Process—-

The amount of time that a filter is out of service during a scraping
operation varies greatly. Due to pumping problems it may take Hamilton as
long as two weeks to drain a filter prior to cleaning. The cleaning
operation itself takes ounly one day to complete. However, weather is a
significant factor since Hamilton has uncovered filters which cannot be
scraped during inclement weather. After scraping it takes 24 hours to
refill each filter to its operating water level of five feet above the
sand. Each filter is put back into service without discharging any water
to waste.

The scraping operation takes 7-8 people approxim?tely 7 hours to com-
plete. This Eorresponds to 7.7-8.8 man-hours/1000 ft°, which is about 3 man-
hours/1000 £t~ greater than the average for other plants visited. Approxi-
mately one inch of sand is scraped from the filter surface with wide
shovels and placed in large piles. The sand is then shoveled into 55 gallon
drums which are lifted out of the filter bed with a backhoe. The drums are
taken by truck to a spot near Woodman's Pond two miles away, and emptied.

At the time of the survey it was estimated that the beds contained approxi-
mately two feet of sand.

Resanding Process—--

There are no records available on resanding at Hamilton. However,
according to the operators the filters were resanded in 1972, This operation
consisted of simply placing new sand on top of the old sand after a scraping
operation. Each filter was out of service for 2-3 weeks. One of the oper-
ators has been at the plant for 28 years and this was the only resanding oper-
ation that occurred during his tenure.

Sampling

Sample collection at Hamilton posed a special problem since there is
no direct way to sample the effluent of individual filters. The first sampling
point was at the wet well which contained effluent from both of the filters.
Therefore, the effluent from the scraped filter was diverted to an old wet
well that is no longer in use so that the samples could be taken. The samples
were obtained by attaching the sample bottles to a golf ball retriever and
filling them from the pipe entering the old wet well. This method, however,
prevented the sampling of a second filter as a control since there was no way
to divert a second filter to be sure the effluent was strictly from that fil-
ter. The main wet well could not be used as the control sampling point since
it was still receiving the flow from both of the filters. Therefore, control
samples were not taken in Hamilton. Raw water samples were obtained directly
from the top of the uncovered filter beds.

3%



Results and Discussion - Hamilton

A single filter cleaning.operation was monitored at Hamilton in May 1984.

Turbidity--

According to the turbidity versus time graph (Figure 13), the raw water
turbidity values were within the expected range (1-2 NTU). A check of the
Hamilton records showed that the average turbidity of the effluent leaving the
plant for the one month period prior to cleaning this filter was 0.47 NTU.

The average turbidity of the water from the scraped filter (0.44 NIU) was
essentially equal to the average of 0.47 NTU obtained from the plant records.
Therefore, there appeared to be no ripening period following filter scraping
at Hamilton. Although the effluent turbidity values are somewhat higher than
those normally obtained using slow sand filters, the values do not exceed

1 NTU.

Particle Count--—

During the first two hours of operation after scraping, the particle
number concentrations in the effluent were nigh (1000-1500 particles/mlL)
(See Figure 14). After that time period the values became relatively coun-
stant at 500-700 particles/ml until they reached a peak at 48 hours (3850 par-
ticles/mL). The peak at 48 hours mirrored a peak obtained at 48 hours in
the turbidity measurements. There are two possible reasons for this peak.
The first is that particles were sloughing off the old pipes leading to the
wet well when water was diverted for sampling. The second is that the filter
was not operating efficiently. The coatention that the filters,are aot
operating efficiently is supported by the turbidity results which show
numbers twice as high as are normally found in a slow sand filter effluent
(even with a relatively low raw turbidity water).

Standard Plate Count--

The plate count results are scattered as shown in Figure 15. The
plate counts appear to decrease with time as the filter run continued.
After scrapiang, the initial plate count values were high (1000 colonies/uml)
and tended to decrease to within the range 10-100/ml wichin several hours.
The raw water plate count values were cousistently lower than those of the
effluent. There was no plate count peak at 48 hr where particle count
and turbidity spikes were observed.

Total Coliform Count——

Coliform bacteria were detected in 4 of 23 samples. Three of the
four positive samples were raw water. One effluent sample in hour 193 of
operation after scraping (noon, 5/15/84) contained 45 coliforms/100 ml. The
raw water three hours earlier (9 am, 5/15/83) contained 35 coliforms/100 ml.
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Figure 13. Turbidity versus Time at Hamilton, May 1934.
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SITE 4 - ILION

The village of Ilion, New York is located 60 miles east of Syracuse.
Ilion's major industry is the Remington Arms Company and its population is
10,000.

Water Source

The village of Ilion receives its water from three upland reservoirs
which are fed by small streams. Several streams flow into the Ilion Gorge
which flows into reservoir #1 (15 million galloas capacity), which then flows
into reservoir #2 (65 million gallonms capacity) at the plant site. A separate
160 million gallon reservoir (#3) receives water from another small watershed.
The turbidity of the raw water is. generally about 2 NTU, however it may be
higher, especially when algae are abundant in the reservoir. USGS or other
detailed water chemistry results are not available for Iliom.

Water Treatment

A slow sand filtration plant was placed in service at Ilioum in 1893. It
consists of two uncovered filters, each is 3040 square feet in area, and
still operating today (filters #l and #2 in Figure 16). In 1912 two filters
- covered with concrete and earth and measuring 3948 square feet each, were
added to the original facility (filters #3 and #4 in Figure 16). Finally in
1917 filters #5 and #6 were added. Both filters were covered and measured
5550 square feet each. However, filter #6 is no longer in service due to ex-
cessive leakage through its concrete walls. During normal operation, £il-
ters #1, 2, 3, and 4 are used to produce 1.5 MGD of water. This is equiva-
lent to a filtratioun rate of 0.18 m/hr. During a cleaning operatiom, filter
#5 is put into service in place of the filter being scraped. During this
time the filtratiom rate is 0.15-0.16 m/hr.

The raw water at Ilion is pretreated with chlorine. The chlorine dosage
varies with the time of year; 150-160 lb/day (12.0-12.8 mg/L) during the sum-
mer, and 50-60 lb/day (4.0-4.8 mg/L) during the winter. These dosages are
much higher than those used for post-chlorination; 10-12 lb/day (0.8-1.0 mg/L)
during the summer, and 3-4 lb/day (0.2-0.3 mg/L) during the winter.

A microstrainer is in place to provide additional pretreatment for the
water from reservoir #3, however, it is no longer used (18).

The sand used at Iliom is characterized by an effective grain size of
0.37 mm and a uniformity coefficient of 2.2. The weight loss in the sand
dissolution test was 5%. Ilion is one of the two sites where the sand met
the AWWA Standard B100-80 requirement (17) that less than 5% dissolve in
1:1 HCL.
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Operation

One chief operator and two full-time operators work during the day time,
five days a week, at Ilion. However, with the exception of the scraping and
resanding operatioans, very little of the operators' time is comnsumed by
specific attention to the slow sand filters. Much of their time is devoted
to maintenance of the distribution system and groundskeeping.

Scraping and Resanding--

Normally, each filter is operated with approximately three feet of sand
and four to five feet of water on top of the sand.

There are no headloss gauges at Ilion, therefore, the decision to scrape
is based on past experience and observatioan of the quantity of water in the
clearwell. In the past the two open filters (#1 and #2) have been scraped
an average of 2.5 times per year. The three covered filters (#3 4, 5) are
cleaned less often for an averagg of 1L.25 times ger year. Therefore, the
average rug lﬁngths are 631 mz/m (15,487 gal/ft”) for the uncovered filters,
and 1261 @ /m"~ (30,973 gal/ft")for the covered filters.

Scraping Process

During a normal scraping operation a filter will be out of service for
approximately 12 days. First the raw water valve is closed and the water
allowed to drain to the top of the sand. Although this omly takes one day,

a total of three days are required before the sand is dry enmough to scrape.

It then takes 4-5 workers four days to scrape the filter, after which the
filter is refilled (approximately 6-8 hours). Finally, Ilion wastes water

for 3=4 days before feeding the filter bed effluent back into the distribution
lines. Bad weather can slow this cleaning process, especially for the un-
covered filters.

Approximately 3-4 inches of sand is scraped from the filter bed and
placed in a hopper. This unusually large scraping depth (0.5 inches is more
common) is an unexplainable traditiom at Ilioa. High pressure fire hoses are
connected to the hopper so that the sand is transported hydraulically to a
sand washer and finally te the outdoor sand storage court. Headroom is a
problem in Filters #3 and #4 since there is only 5 feet 10 inches of space be-
tween the sand and the ceiling. This, according to plant personnel, hampers
scraping operations. Filter #5 has seven feet of headrcom and along with
the uncovered filters, presents no such problem.

As a consequence of the large depth of sand taken from the filter and
the headroom problems, the scraping time is unusually long. The total man-
hours per 1000 square feet ranges from 23-42 depending on filter conditions
(head room, 2tc.)
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Resanding process—=-

Each filter bed is resanded every other year. At this time the sand
depth has decreased to 2-2.5 feet. The resanding operation returns the sand
depth to the original three feet. In this operation the sand depth scraped
is one to two inches more than the usual, Hardened sand areas are removed
and pockets of penetration are cleared of sand to allow workers to check
the effluent trenches. The washed sand is returned to the filter bed
hydraulically. The hopper is placed in the sand court and the sand is
shoveled into it. The sand travels through the fire hoses, passes through
the sand washer and finally arrives in the filter bed., Here it is spread
with rakes and shovels on top of the existing sand until the total sand
depth reaches three feet.

During the resanding operation the uncovered filters are out of service
for two weeks before the filters are refilled and the wasting period begins.
Filters #3 and #4 are out of service for 2-3 weeks and the largest filter (#5)
is out of service for 3-4 weeks.

Sampling

Filter effluent samples were obtained from sample valves located uear
the main floor of the gate house. Raw water samples were taken directly
from the top of the open filters.

Results and Discussion - Ilion

Turbidity—-

As shown in Figure 17, the turbidity .of the scraped filter effluent was
essentially the same as that of the control filter. There was no evideace
of a turbidity ripening period at Ilion.

Particle Count Data-—-

The particle count data (plotted in Figure 18) are in agreement with the
turbidity results in that there was no evidence of a particle count ripening
period. The scraped filter particle count was at coatroli levels except for
hour 6 when filter #1 effluent contained 789 particles/mlL and the control fil-
ter effluent coantained 319 particles/mL. The influent particle count during
this period ranged between 8000 and 11,000 particles/al.

Standard Plate Count Data--

The Standard Plate Count Data for influent and scraped and coatrol f£il-
ters are plotted in Figure 19. The raw water densities were essentially the
same as those of the control filter, This may have been a counsequence of the
use of prechlorination at Ilion. The scraped filter SPC demsity peaked at
hours 2-3 (174-178 colonies/al) and gradually returned to the control filter
level by hour 10. Since these levels wers not measurad in the raw water, it
is possible that the source was the sand layer. Lt is possible that shoveling
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and walking on the filters caused some of the microbial population to be re-
leased. However, these numbers never exceeded 200 organisms/mlL and, in
general, are considered to be low.

Total Coliform Bacteria--

Coliform bacteria were not detected in any of the samples taken at Ilion.
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SITE 5 - NEWARK !

The village of Newark, New York is located on the New York State Barge
Canal, 55 miles west of Syracuse. The Newark water treatment plant, which
serves a population of 12,000, is located ten miles southwest of the village
in the small community of Shortsville.

Water Source

Newark obtains its water from Canandaigua Lake., The lake is located 18
miles southwest of the village and is the sixth (from Syracuse) of the long,
narrow Finger Lakes. Canandaigua Lake is approximatley 18 miles long and 1.5
miles wide. The turbidity of the raw water being pumped from the lake is
usually 1-3 NTU. A comprehensive water chemistry survey of Canandaigua Lake
is not available.

Water Treatment

Newark's slow sand filter plant was built in 1950-51. According to the
plan diagram in Figure 20, there are four identical coveied filters each 39
feet x 139 feet. The total filtration area is 21,684 ft~ (0.5 acre). The
plant operates at its design value of 2.0 MGD, or a filtration rate of
0.16 m/hr.

The raw water from Canadaigua Lake is pretreated with chlorine before
it is pumped to the water treatment plant., The primary reason for chlorine
pretreatment i1s to prevent algae from affecting the transmission pipeline,
especially during the summer months. Fifteen pounds of chlorine are used
daily for pretreatment (0.9 mg CL,/L). Post chlorination is accomplished
with 25 pounds of chlorine (1.5 ag ClZ/L) per day.

The effective size and uniformity coefficient for the sand at Newark are
0.35 om and 1.7, respectively. The weight loss in the sand dissolution
test was 367 indicating that the sand at Newark does not meet the AWWA Standard
B100~-80 requirement (17) that less than 5% dissolve in l:1 HCL.

Operation

Two full-time operators work the day shift at the Newark plant. Most
of their time is consumed by routine groundskeeping and traveling to check
pumps, etc. Except during scraping and resanding operations, only a couple
of hours each day are spent oun actual plant operations such as water sampling
and performing routine maintenance. One of the operators lives in a house
situated on the plant site, thereby remaining available should any problems
arise during non-working hours.

Scraping and Resanding--

Originally each filter is filled with sand to a depth of 36 inches.
During normal operation there is six feet of water oun top of the sand.
when the filter ded is drained for scraping there is 7-8 feet of head room
betweea -he sand laver and the cover.
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The total plant output is 2 MGD. This is achieved using four identical
filters with 0.5 MGD capacity each. The decision to scrape a filter is made
with the guidance of headloss guages. A filter is normally scraped when
the headloss reaches three feet of water. Three feet of headloss repre-
sents a 20% decrease in flowrate through the filter, i.e., a decrease from
0.5 MGD to 0.4 MGD.

Over the past five years each filter was scraped an average of 3.4 times
per year. The durations of the filter runs lengths vary greatly, depending
primarily on the time of year. Runs may be as short as two months during
the summer ot as long as eight months at other times.

Scraping Process--

During a normal scraping operation a filter is out of service for
approximatley 24 hours. The operation begins at 3 p.m. the day before
scraping. At this time the filter stops receiving raw water and is
allowed to drain overnight. The following morning workers are bhorrowed
from the Department of Public Works so that a total of five people are
available to scrape the filter.

A motorized, four-wheel buggy with a capacity of ome cubic yard is
driven onto the filter bed and parked in a central area. The workers
skim approximatley one-half inch of sand from the surface using long
handled, flat bladed shovels and pitch the sand into the buggy. When
the buggy is full, one persoun drives it out of the filter, dumps the
sand and drives back. This routine is coatinuous for the two hour
period required to completely scrape the filter.,

To finish the scraping operation one person drives the buggy with
a piece of chain link fence attached to the rear. Two other men rake
the corners and other areas that can not be smoothed by the buggy. This
finishing operation takes about ten minutes to complete, The entire
scraping operation using five men to scrape the filtef and three men to
smooth the surface corresponds to 2 man hours/1000 £,

Finally, the filter is refilled with water in a period of approximately
three hours and put back into service. No water is discharged to waste.
The used sand is piled at the plant site and used by the Village of
Shortsville for sanding streets in winter.

Resanding Process--

Approximately every five years the filter beds are resanded to keep the
depth of the sand greater tham a two foot minimum. At the beginning of this
operation a filter bed is scraped using the procedure described above. Then,
§-12 inches of sand is added to the filter using the buggy and workers with
shovels. The sand is increased to approximately three fa?t total denth,

This operation takes 7-3 days and 32-39 2an hours/1000 £:” to complate,



The filter s refilled with water and the effluent is discharged to waste
for the next 3.5 to 4.5 days. During this wasting period the amount of
chlorine added to the filter bed is increased to 50-60 pounds per day to
disinfect the new sand. This amount is greater than the normal prechlorina-
tion dose of 15 pounds per day. After the wasting period the filter is put
back on line, the total time out of service for the resanding operation is
10-13 days.

Sampling

Since the Wewark facility is a relatively new slow sand filtratiom plant,
sampling was not as complicated as in some of the other plants visited. Each
filter bed and the raw water line were equipped with taps.

Results and Discussion - Newark

A filter cleaning operation was moaitored in August of 1983 aad a re=-
sanding operation was monitored in January of 1984,

Turbidity--

Figure 21 is a plot of turbidity versus time after the filter was scraped.
Turbidity values were plotted for the raw water, the scraped filter and a
control filter which had been on line for at least one moanth. The countrol
and scraped filter effluent turbidities were essentially the same, suggest-
ing that, in this case, a ripening period did not exist. The scraped and
control filters had average turbidities of 0,31 NTU. The average raw water
turbidity for this period was 2.5 NTU. An analysis of turbidity records
back to 1978 showed no evidence of a ripening period following filter
scraping.

The turbidity results were somewhat different for the resanding operation
(See Figure 22). In this case the resanded filter turbidity (0.3-0.4 NTU)
was higher than that of the control filter (0.10-0,15 NTU). The resanded
filter turbidity values gradually approached those of the control filter
over the 24 hour period after the resanding operation was completed.

An interesting observation 1s that the average August raw water tur-
bidity was 2.54 NTU, while the average January raw water turbidity was 0.96
NTU. This difference was most likely due to the absence of algae during
the winter months, and may account for the apparent ripening period observed
during the winter resanding. Since the water turbidity is lower during
the winter it takes longer to form a schmutzdecke on the sand surface,
therefore, giving a ripening period.

Another explanation for the slight ripening period observed after
resanding may be related to the chlorine dose. As mentioned previously
Newark increases the prachlorination dosage in the water supplied to a
resanded bed in order to disinfect the anew'sand. However, wnila achieving
this result, beneficial organisms in the old sand that may help to remove
turbidicy may also be killed and zemporarily raduce the aificiency of the
filrer.
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A third possibility is the decreased water temperature during the
winter resanding operation. During the summer scraping operation the
water temperature was approximately 11-13°C. However, the water temperature
was 4°C during the resanding operaticn. This lower water temperature may
decrease the activity of the organisms in tHe sand, thus, decreasiag the
efficiency of the filter.

Finally, a combination of all three of the above may result in the
apparent ripening period after resanding.

Particle Count Data--

The results obtained using the HIAC particle size analyzer generally
correlated with the turbidity results., After the August scraping operation,
the particle counts for the scraped filter were similar to the values for
the control filter (Figure 23). In the case of resanding, the particle
analysis indicates that the resanded filter particla counts (500-900 par-
ticles/mL) were higher than those of the control filter (140-200 particles/mL)
during the first twenty hours of operation (see Figure 24).

The one exception to this trend was during the first hour of operation.
This may be because Newark backfills its filters with clean water after
scraping and resanding, and it may take an hour or two before raw water
is actually filtered.

Standard Plate Count--

The Standard Plate Count data for the scraped filter (Figure 25) shows
two peaks; one after two hours of operation (27 colonies/ml) and one after
twenty hours of operation (380 colonies/mL). The twenty hour peak follows
four hours after a raw water peak of 310 colonies/mL. It is interesting to
note that the control filter also peaked at twenty hours but the peak
height was much less (25 colonies/mL) than the cleaned filter peak height.
This result, which was also seen at the Auburn plant, suggests that a very
recently scraped filter cannot handle slugs of poor quality water as
effectively as an established filter.

There were no apparent trends in the plate count data at Newark.
This may be due to the prechlorination practiced there, especially during a
resanding operation when the prechlorination dose used is comparatively high.
The resanding plate count graph (Figure 26) does, however, suggest the pre-
sence of a slight ripening period. The resanded filter plate count values
were initially high (690 colonies/mL) and then scatter for the first eight
hours before decreasing to the 2-3 colonies/mlL range. The control filter
generally remained between two and ten colonies/aL.
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The plate count results seem to support the turbidity and particle anal-
ysils tesults. No ripening period is seean during filter cleaning operations
at Newark. A check of turbidity history records (back to 1978) supported this
observation. However, a ripening period of approximately oune day was seen
after a resanding operation.,

Total Coliform Bacteria--
Coliform bacteria were not detected in the samples taken at Newark
during this study.

w
~3
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Figure 26. Standard Plate Count Bacteria Density
versus Time at Newark, January 1984,
Resanding Operation, Filter # 1.
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SITE 6 - OGDENSBURG

The city of Ogdensburg, New York (population 15,000) is located
130 miles northeast of Syracuse on the St. Lawrence River at its
confluence with the Oswegatchie River opposite Prescott, Ontario.
It is the manufacturing center in one of the most productive dairy regious
in northern New York and is the site of an intermational harbor.

Water Source

The city of Ogdensburg receives its water from the St. Lawrence River.
The raw water is of very high quality with turbidity consistently less
than 1.5 NTU and often less than 1.0 NTU. Water chemistry results for
the St. Lawrence River are shown in Table 4, The water chemistry results
in this table are from samples taken at Massena, New York (30 miles north-
east of Ogdensburg).

Water Treatment

A slow sand filter plant was put into service at Ogdeasburg in 191lL.
As shown in the accompanying diagram, Figure 27, there are four identical
covered filters and a sand washing apparatus. Eaih filter is 140 ft. x
60 £t giving a total filtratiom area of 33,600 ft® (0.8 acre). The plant
produces an average of 3.6 MGD which corresponds to an average filtration
rate of 0.18 m/hr. According to plant personnel the design value for the
filtration rate is 0.20 w/hr. The water supplied to the filters receives
no pretreatment.

The sand at Ogdensburz has an effective size of 0.35 mm and a uniformicy
coefficient of 1.7. The sand dissolution test results showed that the sand
is of high quality, only 0.47 dissolved in l:1 HCL.

Ogeration

There is an operator on duty at Ogdensburg twenty-four hours a day.
Three operators are used to operate the plant and pump station from 8 a.m.
to 4 p.m, Three additional operators share the duties from 4 p.m. to
8 a.m., with only one operator om duty at a time.

Scraping and Resanding—-—

When the filter beds are in operation there is seven feet of water
on top of three feet of sand. When a bed is drained for cleaning there is
approximatley ten feet of clear space between the sand and the filter
cover.

There are no headloss gauges at Ogdensburg. One filter is scraped every
Friday. Therefore, each filter i{s scraped every Zour weeks. This correspoands



Table 4. St. Lawrence River Water Chemistry at Massena, N.Y.
From U.S. Geological Survey (16)

silica

calciunm
magnesium

sodium

potassium
bicarbonace
carbonace
sulface

chloride
fluoride

tocal kjeldahl N
nitrate as N
ammonia as ¥
phosphate as PQy

dissolved solids
sum

total hardness

non-carbonate
hardness

cyanide

specific
conductance

pH

mg/L
0.20 - 1.0

41

7.5 - 8.1
12 - 13
1.2 - 1.5
109 - 113
0

26 - 29
26 - 28
0.10 - 0.80
.20 - .43
.08 - .20
.05 - .09
170 - 176

133 -~ 136
4l - 46

g - .01

micromnos

313-325 TREE
7.8 - 8.3

alumium
barium
beryllium
bismuth
boron
chromium
cobalt
copper
gallium
germanium
iron

lead
lithium
manganese

molybdenum

aickel

silver

scrongium

tin

citanium
vanadium

zinc
zircanium
arsenic
cadmium

total mervcury

selenium

ug/L
14 - 290

26 - 33
<0.80 - 2.0
4.0 - 8.0
8.0 - 16

<.0

4.0
30 - 110

N
~
o o
]
-

150 - 190
<6.0

3.0 - 26
2.0 - 6.0
(26 - 380
<6.0 - 9.0
0 - 10

.50
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to a water production per filter run of 121 m3/m2 (2978 gal/ftz). Past
experience has shown that at the end of each four week tum a filter bed is
producing only 10-20% of its maximum capacity (1 MGD) or may not be producing
water at all. This varies depending on the time of year, demand for

treated water, etc.

Scraping and Resanding Process--

Ogdensburg is unique in that for a givem filter the cleaning and
resanding operations are conducted at the same time. The bed is drained
the night before and is ready for cleaning in 6-10 hours.

The scraping/resanding operation begins at 8 a.m. Friday morming.
Six to seven city employees are brought in to do the job, which takes
six hours. This correspoands to 4.3-5.0 man hours per 1000 square feert.
Approximately one inch of sand is scraped from the filter bed with broad
shovels and placed in a hopper. The hopper is coanected to a permanent
eductor system which pipes the sand slurry to a sand washer (a sand
agitator with a settling tank) located above the filtar bed.

The sand 1s stored in the sand court until the scraping operation
is complete. Hard spots in the filter bed are spaded. Next the washed
sand is conveyed hydraulically back into the filter bed where it is
spread and smoothed using rakes and shovels. Finally the filter is
filled with raw water (not filtered water as in most plants) and put
back in service after being out of operation for approximately twenty-
four hours. Ogdensburg usually does not run to waste after cleaning,
however, they will do it occasionally for a maximum of two hours during
nonsummer months.

Sampling

As in Auburn, each filter emptied into its own wet well. Sawmples
were taken by attaching bottles to a string and dropping the bottles
into the wells. Raw water samples were taken by dipping bottles directly
into water on the tops of the filter beds at the points where the raw
water entered.

Results and Discussion - Ogdensburg

Two filter scraping/resanding operations were mounitored at Ogdensburg,
one in August 1983 and a second in February 1984,

Turbidity=--

According to the turbidity versus time data plotted in Figures 28
and 29 there was no evidence of a ripening period. The control and
scraped filter turbidity values were essentially the same. The raw water
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and the filtered water were both of high quality. The raw water never
exceeded 1.25 NTU while the filtered water was cousistently in the range
0.1-0.2 NTU during testing in August and February.

Particle Count--

Due to the long travel distance, samples could not be brought back
to Syracuse University for particle analysis in a reasonable amount of
time. Therefore, HIAC Particle Count data could not be collected for
Ogdensburg.

Standard Plate Count--

There were no obvious trends in the Standard ?late Couant data. The
scatter in the data for the just scraped filter is greater than the scatter
in the control filter data (Figures 30 and 31). This suggests that a
receantly cleaned filter may not be as able to effectively treat slugs of lower
quality water as well as an established filter. It is obvious that the plate
count values obtained during the winter are much lower (1-20 colonies/mL)
than during the summer (80-250 colonies/mL). During the summer (water
temperature approximately 11°C) the raw water plate count values were lower
than the filtered water plate counts. This is not the case during the winter
(water temperature 1,5°C), indicating that the warmer summer water is more
conducive to organism growth in the filter bed.

Total Coliform Bacteria=--

Coliform bacteria were not found in any of the winter samples.
However, coliforms were found during the summer in seven out of 37 of the
scraped filter effluent samples and one raw water sample. The apparent
absence of coliforms in the control filter samples indicates that there
may have been a ripening period in the filter. The reason the turbidicy and
plate count results did not show this may have been due to the exceptionally
high raw water quality.
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Figure 31. Standard Plate Countc Bacteria Density
at Ogdensburg, February 1984, Filter # 3,
Scraping and Resanding.
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SITE 7 - WAVERLY

The village of Waverly (population 5,000) is 90 miles southwest of
Syracuse on the New York-Pennsylvania border. It is near the city of Sayre,
Pennsylvania and midway between the cities of Binghamton and Elmira, NVew
York.

Water Source

The village of Waverly has two sources of water. One source is a set
of three deep wells that meets the Village's average demand flowrate when
operating continuously. A second source is surface runoff impounded in two,
45 million gallon earthen, uncovered reservoirs. .

The well water is hard (250-300 mg/L as CaC0O,) but is otherwise of good
quality and needs no treatment other than chlorination. Water from the
reservoir generally has a high turbidity (8-20 NTU). The turbidity peaks
during the spring runoff at values which are sometimes as high as 40 NTU,

In addition the reservoir water occasionally contains significant amounts of
iron and manganese. Total irou concentrations as high as 0.9 mg Fe/L and
total manganese concentrations greater than 3 mg Ma/L have been measured.

Water Treatment

In the summer of 1982 a new slow sand filtration plant went on line in
Waverly to treat the reservoir water. This plant was designed without the
benefit of a pilot plant study. As illustrated in Figure 32, the plant has
four identical covered filters each 100 fr x 30 £t and therefore a total fil-
tration area of 12,000 square feet. The plant treats 1.2 MGD at a filtration
rate of 0,16 m/hr.

Originally the plant was operated with no pretreatment. However, the
filtered water turbidity frequently exceeded 5 NTU, a value which is well
above the MCL of 1.0 NTU. An expert hired by the village's consulting en-
gineer concluded that in addition to the presence of iroan and manganese, the
Waverly raw water contains silica. According to the expert the silica is in
what is essentially a soluble form before treatment and therefore anot readily
removed by filtration. After the silica passes through the filters it
"polymerizes" forming particles which scatter light and contribute to the
turbidity of the filtered water.

In February of 1982 prechlorination was begun at Waverly. With pre-
chlorination and raw water turbidity less tham 1S5 NTU the filtered water
turbidity could be maintained below 1,5 NTU. Consequeantly the New York State
Department of Health requires Waverly to take the slow sand filtration plant
off-line when the raw water turbidity exceeds 12.5 NTU and to rely entirely
on its well water supply.
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It is not known exactly why prechlorination has affected lower filtered
water turbidities. Two explanations are offered by plant personnel. One is
that the chlorine slows or prevents the "polymerization" of the submicron
siliceous particles which are detectable as turbidity after filtration.

The second explanation is that the chlorine promotes particle aggregation
which in turn increases the efficiency of removal by filcration.

Prechlorination has had the added bemefit of helping to countrol iron and
manganese at Waverly. The chlorine apparently oxidizes the iron and man-
ganese and promotes the formation of metal hydroxides and oxides which are
removed by filtration. Iron as high as 0.9 mg Fe/L has been reduced to
<0.1 mg Fe/L and manganese as high as 3.0 mg Mg/L has been reduced to
<0.05 mg Mn/L with prechlorination.

The prechlorination chlorine dosage at Waverly is 5 mg Cl,/L. For post-
chlorination a dosage of 1.5-2.0 mg Cl,/L is used. In additiod to chlorine,
soda ash is added to the raw water. %he soda ash increases the pH and alka-
linity of the water, thus tending to make it more compatible with the
water with which it may become mixed. The soda ash dosage of 10-13 ag NaZCO
according to Waverly personnel, prevents "a precipitate from forming" when
the two waters are blended.

3/L

The sand used at Waverly has an effective size of 0.15 am and a uni-
formity coefficient of 2.4, This effective size is the smallest of any plant
visited., The uniformity coefficient is slightly higher than the average
(2.4) for all plants. The sand dissolution test results (weight loss = 17%)
indicated that the sand is not of high quality and does not meet the AWWA
Standard Bl00-80 requirement (1l7) that less than 5% dissolve in l:1 HCL.

Operation

One person is responsible for the plant eight hours per day on week-
days and four hours per day on the weekends. However, very little of his
time is spent at the plant. The operator is responsible for taking samples
and adjusting flow rates, etc. Normally this takes no more than one hour
per day. The remainder of his time {s spent working with other water
department employees on the distributica system.
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Scraping and Resanding - -

The depth of sand in each filter is initially 36 inches, and there is
approximately ten feet of head room in the filter building. When the filter
is in operation, the depth of water above the sand surface is approximately
six to eight feet,

The decision to scrape a filter is made with the guidance of a differ-
ential headloss gauge. Waverly normally scrapes a filter when the headloss
is 6.0 -7.5 feet. During a filter run the flowrate in a filter will drop
from 200 gallons per minute (0.29 MGD) to approximately 170 gallons per
minute (0.24 MGD).

Due to the variable quality of the Waverly raw water, the filter run
lengths vary significantly. A filter run may last as loag as six weeks or
be as short as two days. When the plant was designed it was estimated
that the average run length would be 4 months (2800 hours). A4s noted, the
plant is taken off-line when the raw water turbidity exceeds 15 NTU.

Scraping Process—-

During a normal scraping operation the filter is out of service for 2
to 3 days. It takes 24 hours to drain the filcer, 8 hours to scrape, 24
hours to backfill the filter, and finally the water is wasted for approxi-
mately three hours before the filter is put back into service.

The scraping operation requires two laborers whozcomplete the job in
eight hours. This corresponds to 5 man hours/1000 £t”. Approximately one
inch of sand is removed from the £ilter bed with long~handled flat-bladed
shovels. The sand is loaded into a standard four cubic foot wheelbarrow
which is pushed outside the filter bed and dumped near the filter building.
Due to the small volume of the wheelbarrow, a significant amount of time is
spent by one worker using it, while the other worker comntinues to scrape.
This process is inefficient since the second worker must sometimes wait for
the wheelbarrow to return. Finally, the filter bed is smoothed with rakes
and refilled with water,

Resanding Process —

The filter beds at Waverly were resanded during the summer of 1983. Omne
foot of sand (100 tons) was added to each filter. The resanding operation
was very similar to the filter scraping operatioun. First, a filter was
scraped in the normal manner. Next, the workers brought in sand with wheel-
barrows and spread it om top of the existing sand with shovels and rakes.
Each filter was out of service for approximately three and ome half weeks
during resanding.



.Sampling

Filter effluent and raw water samples were obtained using taps installed

.in the pipelines, However, raw water samples taken after prechlorination but

before the filter were obtained from the water on top of the filter beds.
Taking these samples involved climbing down through a roof hateh to the water
surface on a permanent ladder. The sample was taken by dipping a bottle
directly into the water on the surface of the filter,

Results and Discussion - Waverly

One filter scraping operation was monitored in June of 1984,

Turbidity --

According to Figure 33, the filtered water turbidity for the scraped
filter was initially rather high (6.7 NTU versus 1.5 NTU for the control
filter), After approximately one hour of operation the turbidity decreased
to 2.9 NTU and eventually leveled off in the 2.0~2,2 NTU range after eight
hours of operation. The filtrate turbidity remained at this level until
hour 127 (approximately 5.3 days of operation) when regular sampling was
terminated. The control filter effluent turbidity remained at approximacely
1.5 NTU during this entire time period.

Experience at Waverly has shown that it usually takes approximately
two weeks for the effluent turbidity of a recently scraped filter to become
essentially equal to that of the control filters (< 1.5 NTU). In the case of
the scraping of June, 1984, plant personnel continued to take daily turbid-
ity readings. After ten days (240 hours) of operation the effluent turbidity
in the receantly scraped filter decreased to 1.1 NTU. (The raw water turbid-
ity was essentially comstant at 7.0 NTU during this period).

What we observed at Waverly in June of 1984 seems to be more or less
standard for this plant. A lengthy (2 week) ripening period is the rule
rather than the exception. The reasons for this situation are not known al-
though it appears likely that the raw water source countains particulate
matter (or precursors to the formation of particulate matter) which is dif-
ficult to remove by slow sand filtratiom.

Particle Count Data -

The HIAC particle count data is plotted in Figure 34. The initial particle

count after scraping was approximately 2300 particles/mL. The count data for
the scraped filter approached that of the control filter after approximately
27 hours of operation. An extensive ripening period is not seen in the
particle count data. It is possible that the particles in the Waverly supply
are simply too small to be detected by the HIAC unit.

Figure 35 is a plot of turbidity versus particle concentration for all
the samplas collected during this study for wnich both turbidicy and HIAC
particle counts were measured. 3oth raw and filtered water samples ars in-
cluded.
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In Figure 35 the results cbtained for the samples c¢ollected at Auburm, -
Hamilton, Newark and Ilion appear to cluster around the same trend line.
The data collected at Waverly plot significantly above the points which cor-
respoud to the other sites. For example, at Auburmn, Hamilton, Newark and
Ilion a particle concentration of 1000/mL corresponded to turbidity values in
the range 0.3 to 0.7 NTU. At Waverly a particle councentration of 1000/mL
corresponded to turbidity values in the range of 1.8 to 3.0 NTU.

The results plotted in Figure 35 suggest that in terms of the removal
of particles greater than 2 ym in diameter the filters at Waverly were as
efficient (or more so) than the filters at the other sites. Apparently,
particles smaller than 2 um passed through the filters at Waverly and had
a significant effect on turbidity.

Standard Plate Count -—

Treatment at Waverly includes prechlorination and therefore the standard
plate count is not an effective means to detect the presence of a ripening
period. As can be seen in Figure 36, the plate count data for the control
and recently scraped filters were very similar until hour 47. After this
time the plate count for the recently scraped filter became substantially
greater than that of the countrol. Since the same raw water was pumped to
both the just scraped and control filters, the high number of plate count
organisms in the recently scraped filter effluent may have come from the
sand within the filter bed. '

Total Coliform Bacteria —

Out of the 52 samples tested for coliform bacteria, 10 samples were
positive. Six of the ten pesitive samples were raw water samples and the
total coliform concentrations ranged from one to three coliforms/100 aml.

The remaining four positive samples wers from the receatly scraped filter
effluent, In all four of these cases one coliform/100 ml of water was found.
The positive samples were obtained at 1, 2, 80 and 106 hours after scraping.
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at Waverly, June 1984, Filter #2.
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SECTION 6

SUMMARY

The following tables summarize the principal results of this study.
Table 5 lists characteristics of the sites visited including raw water source
and average operating filtration rate. Table 6 gives the effective size,
uniformity coefficient and percent weight loss in the dissolutioa test for
the sand sample obtained at each of the sites. Tables 7 and 8 summarizes
the results obtained in the analysis of the filter scraping data (manpower
requirements, etc.) and Table 9 lists where and under what conditious
ripening periods were observed.

According to Table 5 the average operating flowrate for the sites
visited ranged from approximately 0.3 MGD at Hamilton to 6.0 MGD at Auburnm,
The average raw water turbidity for .every site was less than 3.0 NTU, except
at Waverly, where the average was approximately 8 NTU. All of the sites
visited have covered filters except at Hamilton, and two filters at Iliom
which are uncovered.

The average operating filtration rate is the average operating flowrate
for the slow sand filters divided by the total filter plan area. Filtrationm
rates ranged from 0.04 to 0.19 m/hr and had an average value of 0.15 m/hr.

Three of the plants visited (Ilion, Newark and Waverly) practice pre-
chlorination. At Newark prechlorination is used to coantrol biological growth
in the transmission line between the lake and the treatment plant. Waverly
uses prechlorination to oxidize iron and manganese and to decrease the fil-
trate turbidity. The purpose of prechlorination at Ilion was not stated
by plant personnel.

It is usually assumed that the efficiency of filtration in a slow sand
filter is determined, at least in part, by the presence of viable micro-
organisms within the filter bed and, therefore, the use of a prechlorimation
step in these systems would be detrimental to filter performance. The ef-
fluent volume weighted average turbidity (for the control filter) was com-
pared with the influeat volume weighted average turbidity at each site and
monitoring period where a control filter was sampled. The values were aver-
aged for the antirs langth of each sampling period and used o calculate the
percent turbidity ramaining in the effluent. The average and standard devia-
tion of the values of the percent turbidity remaining for the three cases
in which prechlorination is used (4% sets of data) are L7% and 7.9%, respec-
tively. For the three cases (& sets of data) in wnich theres is no pre-
chlorination step, the average and sctandard deviation of the values of the
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percent turbidity remaining are 21% and 7.6%, respectively. Although other
factors may have obscured the true significance of the addition of chlorine
before slow sand filtration these results do not give a clear indication
that prechlorination is detrimental to performance. In fact, in the plants
sampled it may have a slightly positive effesct on turbidity removal,

The effective size of the filter sand ranged from 0.15 mm at Waverly to
0.45 mm at Auburn (see Table 6). The average effective size for all sites
was 0.33 mm. The uniformity coefficient had an average value of 2.1 and
ranged from l.7 at Newark and Ogdensburg to 2.4 at Auburm, Hamiltom and
Waverly. The 1982 Edition of Recommended Standards for Water Works (19)
states in Sectiom 4.2.4.6 that for slow rate gravity filtration the effective
size should be between (.30 and 0.45 mm and the uniformity coefficient should
not exceed 2,5,

Standard B100-80 of the American Water Works Association (17) stactes
that a high quality filter sand should not lose more than 5% of its weight
when it is treated in a prescribed way wich l:1 HCl solution. According to
Table 6 the only sites with filter sand which meets the AWWA Standard
are Ilion and Ogdensburg. When the sand dissolution tests were conducted
significant effervescence was noted in most of the treated samples suggesting
that these sands contain significant amounts of CaCO,. The significance of
this in terms of filter performance and operation is not known. It is,
possible however, that coaverting to a more expensive, higher quality silica
sand would have a significant economic impact on many of the utilities vis-
ited, especially those which do not wash and reuse their saund.

Table 7 summarizes the results that pertain to the filter sdraping oper-
ation. The,water production per filter run,ranged from approximately
3000 gal/ft” at Ogdensburg to 16,000 gal/ft” at Geneva and Ilion. The average
frequency of filter scraping ranged from approximately twice a year at Geneva,
Hamilton and Ilion to 12 times a year at Ogdensburg. Twice a year at Auburn
(usually during the colder months) the filters are raked and no sand is re-
moved, According to Auburm persounel, raking effectively reduces the head-
loss across the bed without having an adverse effect on filtrate quality.
The frequency of 4,3 times per year listed in Table 7 for Auburn includes
scraping (i.e., sand removal) and raking. Slezak, et al. (20) in a survey of
slow sand filtration practice in the U. S, noted a mean filter cycle length
of 44 days in spring, summer and fall and 60 days in winter.

The water production (3200 gal/ftz) and scraping frequency (9.7/year)
listed for Waverly in Table 7 are based on an estimate that in the future
their average filter run length will be 900 hours. This average run length
estimate is based on data obtained in a 9 month study in which Waverly per-
sonnel developed an operational strategy for effectively dealing with the
high raw water turbidity and high iron and manganese concentrations which
frequently occur in their reserveir supply. In the past Waverly operators
experienced f£ilter run lengths as short as two days. In the future when
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Table 6.

Location

Auburn

Geneva
Hamilton

Ilion

* Newark
Ogdensburg

Waverly

Average:

Effective Size (mm)

0.45
0.37
0.27
0.37
0.35
0.35

0.15

0.33

Sand Characteristics at the Slow Sand Filtratiom
Plants Visited ’

Uniformicy % dissolved
Coefficient in 1:1 HC1

2.4 35

1.9 35

2.4 19

2.2 5

1.7 36

1.7 9.4

2.4 17

2.1 21

* Resulcs at Newark were obtained from plantc personnel
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high turbidity (>12.5 NTU) and/or high total iron (>3.0 =g Fe/L) and manga-
nese (>1.0 mg Mn/L) are present in the raw water the New York State Depart-
ment of Health, Bureau of Public Water Supply, will require Waverly to take
the slow sand filtration plant off-line and to use their well water supply,
exclusively.

The last three columns in Table 7 summarize the methods used and man-
power requirements for filter scraping at the sites visited. Most of the
sites remove approximately ome inch of sand from the filter surface using
broad shovels. The one exceptionm is Ilion where, for unexplained reasous,
over three inches of sand is removed,

The depth of sand ssraped has an effect oun the man hours required
for scraping per 1000 ft“ of filter surface. In the cases where 0.5 to
1.0 inc? was removed the labor requirement ranged from 2 to 9 man hours/
1000 £t°, At Ilion where 3-4 inches was remov?d the labor requirement was
significantly greater, 23-42 man hours/1000 ft°,

The method used to convey the dirty sand from the filter area also has
an effect on the labor requirement. For example, the lowest labor require-
ment was at Newark (2 man hours/1000 ft”) where an efficient motorized buggy
was used to haul the dirty sand form the filter. The greatest labor require-
ment (for the plants which scrape Eecween one-half and one inch of sand) was
at Hamilton (8-9 man hours/1000 £t°) where the dirty sand removal process in-
volved £illing 55 gallon drums and hauling them away with a tractor.

In general, under typical counditioans, i.e., removal of about 1l inch of
dirty sand with shovels and couveyance of this sand from the filter Eydrau-
lically, the labor requirement was approximactely S5 man hours/1000 £t~ of
filter surface.

Table 8 compares the estimated slow sand filter operational costs for
the treatment plants visited, It was assumed that day-to-day activities
devoted exclusively to the filters (collecting samples, checking the filters
etc.) require ome man-hour per day. The labor requirement for scraping is
based on the scraping frequency listed in Table 7. Resanding w3s assumed
to require, based on data from Auburan, 50 man-nours per 1000 fc”.

The estimated operational unit costs range from 0.5¢/1000 gal at Auburn
to 5.3¢/1000 gal at Hamiltou. The mean value for all plants is 2.4¢/1000 gal.
The exceptionally low value at Auburn is due, in part, to their use of low
wage ($3/hr) summer help for most scraping and resanding operatioas.

Table 9 summarizes the results that pertain to the presence of a ripen-
ing period. A ripening period is an interval of time immediately after a
scraped and/or resanded filter is put back on line in which the turbidity
or particle count results for the scraped/resanded filter are significantly
greater than the corresponding values for a control filter.
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Ripening periods wers observed at Auburm, Ilionm, Newark and Waverly,
At Auburn one out of the three scraping operations monitored exhibited a
short ripening period. For a period of about 6 hours the filtrate turbidity
and particle count data for the scraped filter exceeded the correspouding
values for the control filter by a factor of about 2, However, the turbidity
values were always less than the 1.0 NTU, MCL.

The measurements made at Ilion are difficult to interpret with respect
to indicating the presence of a ripening period. The scraped and control fil-
ters gave very similar turbidity results after scraping, but, approximately
6 hours after the scraped filter was brought back on line the particle
count results for the scraped filter began to exceed the values of the coun-
trol filter by a factor of about 2. The length of time required before this
disparity essentially disappeared was about 12 hours.

Two operations were gonitored at Newark. One was a typical scraping
operation and the other involved resanding the bed. Vo ripening period was
observed when the scraping operation was monitored, however, a ripeaning per-
iod was clearly evident in both the turbidity and particle count results
when resanding was the case. During the ripening period the filtrate tur-
bidity of the scraped filter exceeded that of the comtrol by a factor of
about 3, However, the effluent turbidity of the control and scraped filters
never exceeded 0.5 NTU. The particle count values were always less than
1000/l for both filters.

Ripening periods are a routine occurrence at Waverly. Operating per-
sonnel are not surprised if two weeks elapse before the scraped filter tur-
bidity decreases to values approaching those of the control filter. During
this study ripening was wmost appareant in the turbidity results; the scraped
and control filter particle count data appeared to coincide after about 30
hours while the turbidity values converged after about 10 days.

It is not known exactly why Waverly has problems. It appears that the
raw water contains sub-amicron particles which scatter light and increase the
turbidity but are not efficiently removed by slow sand filtratioa. According
to the particle count data Waverly removes particles larger than 2 pm as
efficiently as the other plants visited.
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DATA SHEET
LOCATION:  auburn - Filter #1 DATE: 7/19/83; 7/20/83, 7/22/83
Sampl Water | Turbidity Std. Place Coliform HTAC
ample Tenp. Count Bacteria Particle
Location* | Time (°c) (NTU) (colonies/mL) [ (#/100 mL) Count(#/mL)
7/19
E 11 am| 19 0.55 1 <1 588
I 11 am 20.5 1.20 1 <1 8364
E 12 am| 19.5 0.52 88 376
EC 12 am| 19 0.24 0 178
I 12 am 18 1.40 137 9102
E 1 pm| 19 0.52 2 <1 723
EC 1 pm| 19 0.25 1 <1 200
I 1 pm 18 1.30 800 <1 11468
E 2 pm 19.5 0.43 1
EC 2 pm 19 0.25 1
I 2 pm| 17 1.30 57
E 3 pm{ 19.5 0.48 9 <1 152
EC 3 pmfy 19 0.32 1
I 3 pm{ 17 1.30 8’ <1 109138
E 4 pm|{ 19 0.43 8
EC 4 pm| 18.5 0.27 1
I 4 pm| 18 1.30 37
E 5 pm 19 0.32 S <1
EC 5 pm 18.5 0.38 0
I 5 pm 18 1.30 130 <1
E 7 pm 0.25 5
I 7 pm 1.30 37
E S pm 0.33 4 <1 147
EC 9 pm 0.38 4 <1 154
* I 9 pm 1.20 Y <1 16803
I = 1{nfluent
E = gscraped filter effluent
lEE = control filrer effluent

Nocte:

was not conductad on that sampla.
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DATA SHEET

¥y

LOCATION: gyhyrn - Filter #1 DATE: 7,/19/83; 7/20/83; 7/22/83
Water | Turbidicy std. Plate Coliform HTAC
Sample Temp. Count Bacteria PagE§C1§
Location* | Time (°c) (NTU) (colonies/mL) | (#/100mD) Count{#/mL)
7/19
E 1T pm 0.43 4
I 11 pm 1.20 28
7/20
E l am 0.43 3 <1l 170
EC 1l am 0.35 4 <1l 109
I 1 am 1.70 32 <1 14979
E 4 am 0.40 10 <1 123
EC 4 am 0.32 3 <1 57
I 4 am 1.50 500 <1 22322
E 8 am 19.5 0.34 770 <1
EC 8 am 18.5 0.35 54
I 8 am | 21 2.00 1500 <1
E Noon 19.5 0.29 170 <1
EC Noon 18.5 0.44 64 <1
I Noon 19.0 1.60 71 <1
E 4 pm 19.5 0.55 21 <1
EC 4 pm| 19 0.40 1
1 4 pm | 17.5 1.70 53 <1
7/22
E 10 am 19 0.38 5 15
I 10 am 19 1.00 9 1000
E 2 pm} 18.5 0.27 3 13
I 2 pm 1.20 57 300
E 2 pm 0.22 3
« 1 2 pm 1.00 21
I = influent
E = scraped filter effluent
EC = control filtcer effluent
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DATA SUEET

LOCATION: suburn - Filter #3 BATE:  7/18/83 - 7/22/83
il Water | Turbidity Std. Plate Colifurm H1AC
_ emple Temp. Count Ricteria Partiecle
TLocation* | Time (°¢c) (XTU) (colonivs/wD [ {(#/100uL) Covnt (7 ap)
Pre-
Scraping
7/18
E 11 am 18.5 0.40 0 <1
1 11 am 21 1.30 1 <1
E 1 pm 18.5 0.32 1 <1l.
I 1 pm 20.5 1.40 0 <1
E 2 pm 18.5 0.30 0
I 2 pm 21 1.50 18
E 8 pm Q.22 1 <1
I 8 pm 1.60 41 <1
E 11 pm 0.20 0 <1
I 11 pm 1.30 S <1
**Post-
Scraping
7/22
E 10 am 19 0.39 11 10
EC 10 am 19 0.38 S 15
I 10 am 19 1.00 9 1000
E 11 am 18 0.31 4
1 11 am{ 19 0.90 2
E 12 pumf 18 0.45 2 6
I 12 pmf 19 0.90 2 1500
*
I = influenc
E = =zrrzned {iltar effluent
i2C = contvol filter effluent
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OATA SHEET

DATE:

(Filter 3 pur back

eryice af 9 am  7/22/83)

LOCATION:  ayburn =~ Filter 3 7/22/83
) Wzter | Turbidity Std. Plate Caliform Hl1AC
Scmple_ Ta=p. Count Bacteria YarCicle
Location* | Time (°¢) (NTD) (colonic:u/mL) | (#/7100mL) Covayg (F/wL)
E 1 pm 17.5 0.32 14
I 1 pm 18.5 0.80 31
E 2 pm 17.5 0.28 1 1
EC 2 pm 18.5 0.27 3 13
I 2 pm 18.5 1.20 57 300
E 4 pm 17.5 0.30 4
EC 4 pm 18.5 0.22 3
I 4 pm 18.5 1.00 21
*
I = influent
E = secraped {ilter cifluent
EC = control filter effluent
*x in

L]




DATA SHEET

LOCATION:

DATE:

Auburn - Filter #l 7/13/84
Water | Turbidity Std. Plate Coliform HIAC
Sample Temp. Count Bacteria Particle
Location* | Time (°c) (NTU) (colonies/mE) | (#/100mL) Count (#/mL)
7/13
E (rapid) |10 am 17 2.40 2 <1 12,233
EC(rapid) |10 am 17 0.44 1 <1 272
E (slow) {9 am 18 0.21 10 <1 1142
EC(slow) |9 am 18 0.16 2 <1 407
I 9 am 18 2.85 10 <1 9733
E (rapid) |9 am 17 0.87 1 <1 986
E (slow) (11l am 18 0.22 43 <1 429
EC(slow) (11 am 18 0.23 28 <1 382
E (rapid) | 1 pm 17 1.30 15 <1 2060
EC(rapid) { 1 pm 17 1.19 7 <1
E (slow) 1 pm 18 0.21 47 <1 401
E (rapid) | 3 pm 18 1.80 3 <1 3714
EC(rapid) | 3 pm 18 1.60 3 <1 2640
E (rapid) {5 pm 19 1.92 3 <1 4508
EC(rapid) | 5 pm 19 1.70 4 <1 3412
E (slow) 5 pm 18 0.22 3 <1 407
EC(slow) S pm 18 0.23 4 <1 420
I S pam 19 2.75 5 <1 7650
*
I = influent
E = scraped filter effluent
EC = control filter effluent
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DATA SHEET

LOCATION:  Auburm - Filter #1 DATE: 7/14/84
Water Turbidity Std. Plate Coliform HIAC

Sample Temp. Count Bacteria Particle

Location* | Time (°c) (NTU) (colonies/m1) [(#/100mD Count (#/mlL)
7/14

E (rapid) | 7 am 2.00 1 <1 7040
EC(rapid) ! 7 am 1.81 1 <1 6627
E (slow) |7 am 0.16 1 <1 300
EC(slow) 7 am 0.16 210 <1 141
I 7 am 2.05 14 <1 4728
E (rapid) { 1 pm 1.30 1 <1 1689
EC(rapid) { 1 pm 1.23 1 <1 1454
E (slow) {1l pm 0.22 2 <1 330
EC(slow) 1 pm 0.24 310 <1 142
I 1l pm 2.10 14 <1 5636
*
I = influent
E = scraped filter effluent
EC = control filter effluent
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DATA SurET

[}]] l:;) —
o) *
L]

= scraped filter effluent

control filter effluent

LOCATION:
Hamilton A,
Water | Turbidity std. Plate
Sample Tenap. Count
Location* | Time (°c) (NTU) (colenies/mD
Pre- 4/16
Scraping| 1 pm 8 0.50 14
1 pm 8 1.02 500
Pogt-~
Seraping| 5/7
E 11 am 13 0.37 1000
I 11 am 13 1.25 67
E Noon 13 0.70 280
E 1 pm 13 0.25 210
I 1 pm 13 1.00 98
E 2 pm 12.5 0.40 370
E 3 pm 13 0.30 280
I 3 pm 14 1.05 82
E 4 pm 13 0.28 220
= i(nfluent -

96

4/16/%9_:“§121§A _

Coliform
Bacteria
(/100 L)
<1
<1

1
<1

<1

<1

<1
<1

<1

HTAC
Particle
Cornt (D

3162
5484

1096
5592

1107

1593
5293

664

678
5024

546




DATA SHEET

LOCATION: Hamilton TE:
2ml Water Turbidicy Std. Plate
emple Temp. Count

Location* | Time (°¢) (NTW) (colonivs/mL)

5/
E 9:30a 12.5 0.31 430
I 9:30a 12.5 1.20 57
E 11:30 12.5 0.37 250
I 11:30§ 12.5 1.20 200
E 4 pm 0.34 230
I 4 pm 1.30 100

5/9
E 11 am 12 0.95 26
I 11 am 12 1.30 9
E 11:15 12 0.65

5/15
E 9 am| 0.43 7
I 9 am 1.37 230
E Noon 0.36 170
I Noon 1.30 200

%*

I = influent

E = sciagcd {ilter efflucent

[EC = control filter eff{luent
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Coliform
Bacteria

(</100mL)

<1
<1

<1
<1

<1
<1

<1
<1

<1
35

45
10

1 batE: s/8/84 - 5/9/84 - 5/15/84

HIAC
Particle
Conat (£ /mL)

613
5714

526
5906

506
5982

3852
6666
2998

1475
6899

880
6317




DATA SHEET

"

LOCATION: Ilion DATE: 7/28/83, 8/4/84, 8/5/83

Water | Turbidity Std. Plate Coliform HIAC
Sample Temp. Count Bacteria Particle
Location* | Time (°c) (NTU) (colonies/mL) | (#/100mL) Count(#/mL)
Pre-
Scraping| 7/23

E 9 am 0.35 0 <1

I 9 am 2.30 0 <1

E 10 am 0.30 1 <1

I 10 am 2.30 7

E 11l am 0.25 2 <1

I 11l am 2.70 5 <1

Postc-

Scraping | 8/4

E 2 pm 0.45 0 <1 1060

EC 2 pm 0.40 0 <1 1327

I 2 pm 3.8 3 <1 10,139

E 3 pm 0.55 0

E 4 pm 0.40 174 <1 942

EC 4 pm 0.60 0 <1 1191

I 4 pm 4.00 0 10,158

E 5 pm 22.5 0.35 178

E 6 pm 22.5 0.30 51 <1 370

EC 6 pm 22.5 0.40 3 <1 367

I 6 pm 22.5 3.50 0 <1

E 8 pm 0.35 26 <1 789

EC 8 pm 0.30 1 <1 318

I 8 pm 3.30 0 <1 8678

*

I = influent

E = scraped filter effluent

EC = control filter effluent
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DATA SHEIEZT

LOCATION: Ilion DATZ: 8/4/83, 8/5/83
Water Turbidity Std. ?lzce Coliform HIAC
Sample Temp. Count Bacteria Particle
Location* { Time (°c) (NTU) (colozmias/m=L) {(#/100mL) Count(i/mL)
8/4 T
E 9 pm 0.25 69
E 10 pm 22.5 0.30 42 <1
EC 10 pm 22.5 0.23 5 <1
1 10 pm 22. 5 3.50 26 <1
E Mid. 0.22 7 259
EC Mid. 0.31 1 165
1 Mid. 3.15 1 9447
8/5
E 4 am 0.18 11 <1 194
EC 4 am 0.22 1 <1 79
I 4 am 2.90 4 <1 9423
E 8 am 22.5 0.16 17 <1 235
EC 8 am 22.5 0.26 6 180
I 8 am 22.5 2.95 5 8474
E 10 aj 0.21 4 <1
EC 10 a 0.21 10 <1
I 10 anm 3.15 2 ¢!
Iv 1.20 27 <1
(before
Clz)
E 2 p 0.25 9 <1 459
EC 2p 0.25 3 <1 222
I 2 p 3.10 4 <1 10,306
I (beford 1.10 700 <1
Clz)
*
I = influent -
E = scraped filter effluent
£C = control filter effluent
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DATA SHEET
LOCATION: yewark PATES /11786, 1/12/86,
Water | Turbidicy Std. Plate Colifoim
Sample Temp. Count Bacteria
Location* | Time (°c) (NTU) (colenies/mp) | (#/100my)
1/11
E 12:30p 4.5 0.19 690 <1
EC 12:30p 4.5 0.15 38 <1
I 12:30p 4.5 2.70 320 <1
E 1:30p 4.5 0.34 6 <1
EC 1:30p 4.5 0.14 4 <1
I 1:30p 4.5 0.67 8 <1
E 2:30p 4.5 0.34 200
EC 2:30p 4.5 0.14 14
E 3:30p 4.5 0.31 2 <1
EC 3:30p 4.5 0.14 A <1
I 3:30p 4.5 0.69 12 <1
E 4:30p 4.0 0.45 2
EC 4:30p 4.5 0.11 5
E 5:30p 4 0.41 2 <1
EC 5:30p 4 0.12 11 <1
I 5:30p A 1.18 20 <1
E 6:30p 4 0.41 42
EC 6:30p A 0.11 8
E 8:30p 4 0.38 6 <1
EC 8:30p A 0.12 7 <1
I 8:30p 4 1.03 32 <1
E 10:30p 4 0.36 2
EC 10:30p 4 0.11 18
* —_
I = influent
E = scraped filter effluent
EC = control filter effluent
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1/13/84

HIAC
Particle
Count (f/w 1)

181
259

335

561
146
2479

738
145

711
197

1140
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DATA SHEET

1/11/84, 1/12/84, 1/13/84.

EC =

= gcraped filter effluent
control filcer effluent

LOCATION: Newark DATE:
Water | Turbidity Std. Plate Colifowm

Sample Temp. Count Racteria

Location* | Time (°c) (NTU) (colonies/mL) | (#/100CkL)
1/12
E 12:304] 4 0.32 2 <1
EC 12:304 4 0.12 3 <1
I 12:304 4 0.64 7 <1
E 4:30a 4 0.30 3 <1
EC 4:30a 4 0.14 12 <1
I 4:30a3 4 0.65 16 Q1
E 8:30a 4 0.26 2 <1
EC 8:30a 4 0.13 3 <1
I 8:30a 4 0.72 11 <
E 12:30p 4 0.25 1 <1
EC i2:30p 4 0.11 84 Q1
I 2:30p 4 0.84 1600 {1
E 4:30p] & 0.24 2 <1
EC 4:30p 4 0.14 4 <1
I 4:30p 4 0.68 22 <1
E 8:30p 0.24 4 <1
EC 8:30p 0.12 5 <1
I 8:30p 0.70 15 <1
1/13

E 2:30a 0.23 0 <1
EC 12:30a 0.11 10 <1
I 12:30a 0.99 6 <1
* U S,
I = influent

101

Covmg (7 /mL)

NTAC
Paiticle

886
547
4542

744
112

623
480
4365

564
738

820
213
4874

375

484
533
6574




DATA SHEET

—

DATE: 8/22/83, 8/24/83

LOCATION: Newark
8/26/83
Water | Turbidity Std. Plate Colifuim

Sample Temp. Count Racteria
Location* | Time (°c) (NTD) (colonies/mL) | (#/100imL)
Pre- 8/22
Scraping
E 8 am 0.40 1 <1
I 8 am 1.80 6 <1
E 12:30a 0.50 5 <1
bt 12:30a 3.00 1 <1
Post- 8/24
Scraping
E 3p 0.35 3 <1
EC lp 0.30 8 <1
I 3 pof 3.00 4 <1
E 4 pmf 0.35 16
EC 4 pm 0.35 4
E 5 pm 0.45 27 <1
EC 5 pmj 0.75 11 <1
bt 5 pm 3.20 453 <1
E 6 pmi 0.40 25
EC 6 pm 0.35 5
E 7 pm 0.35 9 <1
EC 7 pm 0.35 8 <1
I 7 pm 3.00 17 <1
E 8 pm 0.35 2
EC 8 pmf 0.35 7
.
I = influent
E = scraped filter effluent
EC = control filter effluent
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, 8/25/83,

Pa

HTAC

rticle

Cunnl(f/mL)

982
1093
13685

483
280

4




DATE: 1/11/84, 1/12/84, 1/13/84

LOCATIONS Newark
WVater Turbidity Std. Plate Colifmim
Sample Temp. Count Bacteria
Location* | Time (°c) (NTU) (colonies/mLl) {(i/100my)
1/13 T
E 8:30 4 0.20 1 <1
EC 8:30 4 0.12 7 <1
I 8:30 4 0.61 12 <1
E 12:30g 4 0.26 0 <1
EC 12:30¢ 4 0.13 S <1
I : 12:30 4 1.30 19 <1
* . '
I = influent
E = scraped filter effluent

EC =

control filter effluent

HIAC
Particle
Comt (7 /mL)

270
317
7680
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DATA

SHEET

DATE: 8/22/83, 8/24/83, 8/25/83,

104

HTAC
Particle

Cotmt (£ /ul)

——— = . = e

199
149

329
562
1495

622
299
9596

LOCATION: Newark
8/26/83 )
Water | Turbidity Std. Plate Colifoim
Sample Temp. Count Racterta
Location* | Time (°cy (NTU) (colonies/mL) | (#/100uml)
8/24 S
E 9 pm 0.35 2 <1
EC 9 P 0.35 8 <1
I -9 pm 1.30 2
E 10 pm 0.23 12
EC 10 pm 0.30 7
E 11 po 0.30 7 <1
EC 11 pm 0.25 3 <1
I 11 po 3.20 7 <1
8/23
E 1 an 0.23 3
EC 1 an 0.30 5
E 3 ad 0.25 2 <1
EC 3 an 0.24 S <1
I 3 ao 1.69 7 <1
E 5 am 0.20 7
EC S aq 0.18 S
E 7 ano 0.24 27 <1
EC 7 aq 0.22 11 <1
I -7 ang 1.30 310 <1l
E 11l ao 0.25 380 <1
EC 11 ag 0.22 25 <1
I 11 an 2.50 10 <1
*
I = influent - ST T T
E = scraped filter effluent
EC = control filter effluent




DATA SHEET

LOCATION: Newark DATE: 8/22/83, 3/24/83, 8/25/33,
/26 /83
Water | Turbidity Std. Place Coliform HIAC
Sample Temp. Count Bacteria Particle
Location* | Time (°c) (NTU) (colonies/my) | (#/100mL) Count(#/my)
8/25
E 3 pm 0.25 12 <1
EC 3 po 0.20 27 <1
I 3 pm 2.10 7 <1
E 7 pm 0.30 2 <1
EC 7 pm 0.30 4 <1
I 7 pm 2.30 3 <1
E 11 pd 0.40 5 <1
EC 11 pm 0.30 85 <1
I 11 pm 3.30 7 <1
38/26
E 7 am 0.45 12 <1
zC 7 am 0.30 5 <1
I 7 am 2.80 15 <1
E 1l am 13 0.30 6 <1
EC 11 am 13 0.20 4 <1
I 11 am 11 2.70 15 <1
E 3 pm 0.25 12 <1
EC 3 pm 0.30 18 <1
I 3 po 2.70 13 <1
*

I = influent
E = scraped filter effluent
EC = control filter effluent




DATA SHUET

LOCATION: Ogdensburg - Filter #4 DATE:8/18/83; 8/20/83;8/21/83;
. 8/22/83 e ————
Water | Turbidity std. Plate Colifoim HTAC
Sample Temp. Count Racterta Particle
Location* | Time (°c) (NTU) (colonies/mL) | (#/100mL) Count (£/nt)
Pre- 8/18
Scraping
E |1 pm 0.15 190 <1
I 1 pm 0.55 5800 <1
E 2 pm 0.30 260
I 2 pm 0.60
E 3 pm 0.15 v 260 <1
I 3 pm 0.45 560 <1
Post- 8/20
Scraping
E 8:30 0.18 250 | <1
EC 8:30 0.10 160 <1
I 8:30 0.50 300 <1
E 9:30 0.15 2490
EC 9:30 0.10 150
E 10:30 0.15 170 7
EC 10:30 0.12 110 <1
I 110:30 0.50 140
E 11:30 0.15 100
E 12:309 0.12 190 <1
EC 12:30p 0.10 54 <1
1 12:30p 0.50 41 <1
% 1:30¢p 0.20 230

= influent
scraped filter effluent
EC = control filter effluent

NH*

- — - ———— ]
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DATA SHEET

LOCATION: Ogdensburg - Filter #4 DATE: 8/18/83; 8/20/83; 8/21/83;
8/22/83
1 Water | Turbidity Std. Plate Coliform 4IAC
Sample Teap. Count Bacteria Particle
Location* | Time (°¢) (NTU) (colonies/mL) | (#/100mL) Count(#/mL)
8/20
E L 2:30¢ g.18 180 <1
EC 2:30p 0.10 89 <1
3:304 0.18 180
4:30g 0.10 55 1
C 4:30q 0.10 100 <1
4:309 0.50 70 <1
(Cy)- 4:30g 0.15 220
6:30g 0.20 270
8:304 0.20 79 <1
C 8:30¢ 0.15 86 <1
T 8:30¢ 0.55 66 <1
T(Cy) 8:309 0.20 300
E 11:304 200
8/21
12:30 0.20 200 9
c 12:30 0.20 110 <1
12:30 0.60 52 <1
(C2) 12:30 0.18 56
4:30 0.20 120 6
C 4:30 0.15 220
"4:30 0.60
I(Cy) 4:30 0.25 340
*

I = influent

E = gcraped filrter effluent
EC = control filter effluent




DATA SHEET

LOCATION: Ogdensburg - Filter #4 DATE: 8/18/83; 8/20/83; 8/21/83;
8/22/83
Water | Turbidicy Std. Place Coliform HIAC
Sample Temp. Count Bacteria Particle
Location* | Time (°c) (NTU) (colonies/mL) | (3#/100ml) Counc(#/uk)
8/21
e 8:304 0.10 67 2
&C 8:304 0.10 73 <1
L 8:304 0.55 78 5
1(Cy) 8:304 0.10 12
E 12:309 0.10 110 6
c 12:30¢ 0.10 110
T 12:30g 0.40 11
1(Cp) 12:30d 0.10 48
4:30¢ 0.10 210 <1
c 4:309 0.10 140 <1
4:309 0.40 57
(c2) 4:30¢g 0.10 190
8:30n 0.10 3
EC 8:30p 0.20
[ 8:30p 0.50 <1
8/22
e 12:30 0.10 2
EC 12:30% 0.08 <1
: 8:30a 0.12 <1
EC 8:30a 0.10 <1
[ 8:30a 0.60 <1
*
I = influent
E = scraped filcer effluent
EC = control filcer effluent
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DATA SHEET

e m——— - = = -

LOCATION: Ogdensburg - Filrer #3 DATE: 2/23/84, 2/25/84, 2/26/84
Water | Turbidity Std. Plate Coliform
Sample Temp . Count Racterfa
Location* | Time (°c) (NTU) (colonies/m1) [(#/100mL)
Pre~ 2/23
Scraping
E 11 am 0.20 4 <1
I 11 am 1.06 54 <1
E 4 pof 0.19 9 <1
1 4 pm 1.14 28 <1
Post- 2/25
Scraping
E 8 amg 1.5 0.18 ) <1
EC 8 am 1.5 0.18 <1
I 8 am 1.5 1.15 8 <1
E 9 1.5 0.22 22 <1
EC 9 am 1.5 0.21 5 <1
I 9 am 1.5 1.11 6 <1
E 10 am 1.5 0.19 7 <1
EC 10 a 1.5 0.18 6 <1
I 10 am 1.5 1.12 51 <1
E 11 am 1.5 0.18 7 <1
E Noon 1.5 0.19 5 <1
EC Noon 1.5 0.22 4 <1
I Noon 1.5 1.15 30 <1
E 2 pm 0.22 25
EC 2 pmf 0.24 8
* - - - - —— - - -
I = influent
E = scraped filter effluent

EC =

control filter effluent
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DATA SHEET
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LOCATION: Ogdensburg - Filzer #3 DATE: 2/23/84, 2/25/84, 2/26/84 ]
Water | Turbidity Std. Colifoim HTAC
Sample Temp. Racteria Particle

Location* | Time (°c) (NTU) {(colonies/mL) | (#/100nk) Count (£ /L)
2/25

E 4 pm 1.5 0.17 4 <1

EC 4 pm 1.5 0.19 8 <1

I 4 pm 1.5 1.23 5 <1

E Mid. 0.20

EC Mid. 0.20

1 Mid. 1.30
2/26

E 8 am 0.28

EC 8 am 0.26

I 8 am 1.20

* .

I = 1influent

E = scrzped filter effluent

EC = control filcer effluent

- - ———ir i s =
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o DATA SHEET
LOCATION: Waverly DATEe/18/86, 6720784, 6/21/86 |
. 6/22/84, 6/23/84, 6/24/84, 6[25/BA._
Water | Turbidity Std. Plate Colifoim HTAC
S?mple - TGTP- Count Racteria Particle
Location* | Time (°c) (NTU) (colonies/mL) | (/100w D Count (#/mnt)
Pre- 6/18
Scraping
E 8 am 2.50 550
E 4 pm 2.50 600
Post- 6/20
Scraping
E 9 am 14.5 6.70 370 <1 2312
c 9 am 14.5 1.55 67 <1 337
I 9 am 16.5 8.00 190 1 13126
E 10 am 14.5 2.87 150 1 960
E 11 am 14.5 2.69 450 1 1161
EC 11 am 14.5 1.53 240 <1
I 11 am 14.5 8.52 150 <1
I 11 am 14.5 10.8 0 2 16800
(withClj)
E 1 pm 14.5 2.34 3900 <1 649
EC 1l pm 14.5 1.52 1200 <1 190
E 3 pm| 14.5 2.32 880 <1
E 5 pmJ 14.5 2.17 440 <1 590
EC S poyf 14.5 1.50 22 <1 267
I 5 pm 14.5 7.84 110 <1 13703
I 5 pmf 16.5 9.20 0 <1 16436
(with Cl;)
E 7 pm 14.5 2.10 410 <1 567
*
I = influent e s e T T
E = scraped filter cffluent
EC = control filter effluent
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DATA SHEET

LOCATION; Waverly ’ DATE:6/18/84, 6/20/84, 6/21/84
_ 6/22/84, 6/23/84, 6/35/846 _ _ __ ___ __ |
Water | Turbidity Std. Plate Colifoim H1AC
Sample Temp. Count Racterta Particle
Location* | Time (°c) (NTU) (colonics/mp) | (#/100mL) Count (#/iL)
6/20
E 9 pm 14.5 2.13 27 <1 567
EC 9 pm 14.5 1.51 6 <1 252
E 11l pm 14,5 2.09 21 <1 731
1 Ll pmn | 14.5 8.21 81 <1 14820
6/21
E 8 am 14.0 2.02 27 1 <1 885
EC 8 am 14.0 1.55 1 <1 428
I 8 am 14.0 8.10 63 <1 15046
I 8 am 14.0 8.35 5 <1 15459
(with Clz)
E Noen 14.5 2.02 1 <1 543
EC Noon 14.5 1.56 1 <1 502
I Noon 14.5 8.65 <1
E 4 pm 14.5 1.87 S <1 413
EC 4 pm 14.5 1.47 2 <1 297
I 4 pm 14.5 8.10 63 <1 15603
I 4 pm 14.5 8.40 10 <1 15078
(with Clz)
6/22
E 8 am 1.82 850 <1 1342
EC 8 am 1.49 2 <1 1131
I 8 am 6.30 190 1 15078
6/23
E 7 am 1.82 1000 <1 962
EC 7 am 1.47 2 <1 1078
I 7 am 6.97 170 1 14743
* . — - —— -— - — - - - ———— = w— - -
I = 1influent
E = scraped filter effluent
EC = control filter effluent

- e —— - . s e
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DATA SHEET

LOCATION: Waverly ) DATE: 6/18/84, 6/20/84, 6/21/84,
- —6/22/84, 6/23(84 6/24/8k, 6/25/84 - -
Samol Water | Turbidity Std. Plate Coliform H1AC
ample Temp. Count Racteria Particle
Locatfion* | Time (°c) (NTU) (colonies/mL) }(i'/100wL) Comnt (f/mL)
6/23
E 5 pm 1.87 77 1 565
EC 5 pm 1.47 2 <1 426
I 5 pm 7.35 140 <1 15912
6/24
E 8 am 1.92 340 <1 570
EC 8 am 1.48 2 <1 500
1 8 am 6.90 220 3 14811
E 7 pm 1.93 660 1 750
EC 7 pm 1.47 6 <1 488
I 7 pm 2,25 100 2 16345
6/25
E 8 am 2.08 65 <1 534
EC 8 am 1.62 5 <1 514
I 8 am 7.15 <1 16647
E 4 pm 2.08 300 <1 571
EC 4 pm 1.56 5 <1 458
I 4 pm 7.60 1 16557
*
1 = influent . T o
E = gscraped filter effluent
EC = control filter effluent

]
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