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CHAPTER I

INTRODUCTION

A, CGeneral

The demand for larger supplies of potable water for farms and
rural homes has increased considerably in recent years, Wells and
springs with low flows, and cisterns no longer are sble to meet the
daily requirements of modern farms and households, Many rural
regidents in Tennessee haul water, sometimes many miles, during drought
periods and have to ration themselves even in periods of greater than
average rainfall,

Increased household use of water has been brought about by
benefits and uses derived from having an automatic water system which
mst supply bathrooms, automatic washing machines, dishwashers and
many other household needs and equipment.

Modern technology in farm operation has necessitated increased
quantities and quality of water. Modern Grade A dairies require
relatively large quantities of clean water for washing equipment,
caring for cows aad cleaning the milking barn, Large scale
integrated poultry and hog enterprises are requiring quantities of clean
water for production and for prevention of disease. DMany farmers are
now processing their products on the farm, thus requiring safe water
in varying quantities depending on their operation.
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Bs Statement of the Problem

The only objective of research work upon which this thesis is based
was to design, construct, and test a water treatment system to utilize
surface water sources to meet the demands for rural domestic and
farmstead water., The system would provide an adequate supply of
potable water for a family of five and maintain sanitary conditions
for milking a herd of thirty cows. It is anticipated that the cows
could be supplied water for drinking, The daily family needs would
be fifty gallons per person or a total of two-hundred-fifty gallons (20).
Approximately four<hundred-fifty gallons of water would meet the dally
needs for cleaning the dairy utensils and the milking barn.

The initial investment in the water treatment system should be
reasonable, For any given situation, the justification would depend
upon the need and the availability of other sources or methods of
obtaining potable water.

Operating costs should be in line with other methods of obtaining
potsble water, |

The amount of attention necessary to keep this system in operation
should be held to a minimum., No more than weekly visits to the system
with a total attention time of not more than one and one-half hours
per month should be necessary.




C. Importance of the Study

Many of the present sources of water are inadequate to meet the
needs, Many more will become inadequate in the future as these and
other needs increase,

Ground water from wells and springs has been our major source
of rural domestic water since Tennessee was settled by the white men,
The only physiographic region in Tennessee where a dependable supply
of good ground water may almost always be found is West Tennessee
extending as far east as the western Highland Rim (30). The only
other region which approaches this quantity is the East Tennessee
Valley where adequate supplies of domestic water may be secured from
springs and wells in most areas (23). Figure 1 shows these regions
and their relative availability of ground water.

The area of most critical ground water supply is the central
basin where many wells cease to produce during drought conditions (28, 19).
The water is usually located in limestone fissures and drilling may
produce no water at all or yields of less than five gallons per minute.
If water is not found near the surface, some wells have been drilled
into the Knox dolomite formatiom lying from 40O to 1200 feet below the
surface,  This aquifer usually yields less than ten gallons per minute
for any one well, A good example is the well drilled in 1956, on the
Middle Tennessee Agricultural Experiment Station, Spring Hill, Tennessee,



b
which ylelded two gallons per minute at the bottom of the 1142 foot well.

Another area of deficient water supply is the Cumberland Plateaun
vhere wells are relatively shallow but produce little water, many of
which will not yield more than fifty gallons at one pumping (1, 17).
Farm ponds provide the ni.jor source of livestock water in this area.

The Highland Rim area produces fair quantities of domestic
water from wells but often high sulfur or iron content makes the water
undesirable, Farm ponds are also a major source of livestock water
in this area, Cisterns are used extensively in the high mineral
content areas (28, 19, 1, 17). |

The 1954 Census of Agriculbure showed that only 36 per cent
of Tennessee farms had piped running water (29). Estimates, as of
1959, indicate that not more than 50 per cent of Tennessee farm
families have running water. It is felt that these low percentages
are due in part to the lack of development of adequate potable water
sources in areas of ground water deficiency.

It is evident that sources other than ground water need to be
developed for farmstead and domestic use., Surface water appears to
offer the best future source since Tennessee is located in an area of
comparatively high rainfall., Aversge annual rainfall for the state is
51.,L inches with station averages renging from L2.21 inches to 60.48
inches (5, 22). The average amnual rainfall for the Central Basin and
the Cumberland Plateau is about the same as the state average.



Figure 1, AVAILABILITY OF GROUND WATER IN TENNESSEE
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Since there are no streams flowing in dry weather in many of the
water deficient areas, ponds depending primarily on surface runoff
offer the best water source.

The driest year on record in Tennessee was 1941, when an average
of only 37.86 inches of rainfall was recorded (5, 22), The town of
Halls, located in West Tennessee near the Mississippi River recorded
only 25.23 inches of rainfall that year and had a period of seven
consecutive months beginning in the Fall of 1940 in which no
appreciable runoff could be expected. Other stations in Tennessee
had periods of ten consecutive months when no large runoff could
be expected,

Storage in farm ponds would have to be provided to cover any
period of insufficient runoff. For example, a family using 250
gallons of water deily would require 75,000 gallons in a ten month
period, Most farms would require at least twice that amount to meet
minimun needs, Storage upaoityinafuﬁpoadohwldhomthm
twice the average annual water use to offset losses such as evaporation

and seepage.

De Definition of Terms (Used in a Particular Sense)

Aquifer = A water-bearing strata in the earth.
Coagulation « The formation of an insoluble gelatinous
flocculent precipitate which entrains



Coliform Bacteria -

Droughts -

Effective Size of Sande

Flocculation -
Manometer -
MO -
Prechlorination -

Rapid Sand Filter -

suspended and colloidal matter (2).

A bacteria present in the intestinal tract of
man and animals which is closely related to
the intestinal pathogens; typhoid and
dysentery.

Periods during which precipitation is less
than 85 per cent of mean (2),

The size of grain in a sample of sand such that
ten per cent, by weight, of the sample has
grains smaller than this size (2).

The agglomeration of the particles of floe
into masses of mtﬁciu;t weight and bulk
in order that they may settle readily,

A device for measuring the difference in
preassure head.

A small opening or aperture which may be used
to control the rate of flow of a fluid,

The addition of a relatively large dosage of
chlorine to untreated water to kill algae
and bacteria and oxidize minerals in order
that the precipitates may be removed by
filtration,

A device for the purification of water
consisting of a layer of sand through which
water is filtered at a more rapid rate than



the slow sand filter, the filter being
cleaned by reversing the flow of water
through the sand.

Schmutzdecke = The surface layer of a filter containing a
zoogloeal jelly which is largely responsible
for bacteria removal in a slow sand filter.

Slow Sand Filter = A device for the purification of water
consisting of a layer of sand through
which water is filtered at a relatively
slow rate, the filter being cleaned by
scraping a thin layer of dirty sand from
the surface (2).

Uniformity Coefficient

of Sand « The ratio of the size of grain in the sample
such that sixty per cent, by weight, of the
sand has smaller grains, to the effective
size (2).

It was decided to design, construct and test a single type of
water treatment system to determine its effectiveness in meesting the
objectives previously mentioned, It was anticipated that, from the
results of testing this system, recommendations for improvements in
equipment, methods and procedures could be made,

Since it was anticipated that approximately two months time



?
would be required to test each treatment, it was decided to test only

those treatments which are commonly used in commercial or municipal
water treatment systems and compare them with minimum treatments,

Since the primary objiective of the study was to develop a method
of providing an adequate supply of potable water from surface sources
for rural homes and farmsteads, tests were conducted on water samples
to determine whether the treated water met the specifications for safe
water as set forth by the Tennessee Department of Public Health,

 Since minimum attention to the system is necessary where

individual domestic water supplies are concerned, tests were set up
to determine the operating time of the filter prior to its need for
cleaning, |

This study will represent only the results of testing one type
of system at one location using 2 limited number of treatments.
However, the results should be applicable to water supplies under
similar conditions,



CHAPIER IX

REVIEW OF LITERATURE

A, Ceneral

A limited number of sbtudies have been made on the treatment of
pond water for domestic purposes, GLsmay et 2l (10), Sorrels (25) and
Daniels (6) seem to be the only ones to have made detail studies of the
problem, Several others including baumenn (3), Brakensiek (I;) and
Hodges (13) have made investigations of specisl phases of the problem,
Others have approached the problem in terms of municipal types of
systems (21).

Bs Domestic and Farmstead Waler Demands

Many authors have established recommendations on the water in
the home and around the farmstead (20, 3, 13, 21, 1k, 24, 12), The
general consensus of this group indicated that the daily use of water
where adequate supplies are available under pressure should be estimated
on the following basiss

50 gallons per person

35 gallons per milking cow

12 gallons per dry cow, beef cow or horse
4 gallons per hog
2 gallons per sheep

lh gallons per one hundred hens



Cs Ponds

Farm ponds are generally classified into three groups (11):

(a) Springefed, = This type of pond receives water continuously
from above or in the pond,

(b) Surface runofffed, = This type of pond receives practically all of
its water from surface runoff from its
watershed.

(¢) By-passefed, =« This type of pond receives water diverted
from the main flow of the stream.

Storage capacity in the pond should be sufficient to supply the
farm and home needs for at least four months (11) and preferably up

to ten months (5) without apprecisble replenishment from run off,

Brakensiek (i) indicated that most watersheds can be expected to produce

no runoff when the annual precipitation falls below approximately twenty-

two inches., Thirty inches of anmual rainfall would be expected to yield
six inches of runoff and fifty inches annually would yield twenty-two
inches of runoff (11, L). Using this as a basis, it could be expected
that a watershed in Tennessee would yield a minimum of 150,000 galions

of water per acre per year. The pond should be at least eight feet

deep over at ‘least one third of its area so that evaporation losses

may be held at a minimuan (3). The losses by evaporation and seepage

should be considered greater than the quantity of water retained in

storage.
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Plant and algae growth are problems in many ponds which may be
overcome by various methods of treatment (27).

D. Water Purification Methods

Rapidesand filters are successful for filtering pond water if
proper flocculation and coagulation are obtained prior to filtration (3).
However, the need for constant attention makes them of little value to
rural users with water sources having turbid water conditions. The
problems in maintaining this type of unit are the need for chemical
coagulation and frequeant backwashing.

Slow-sand filters of various types are recommended by various
state utepsion servicpa, experiment stations, health departments and
others (13, 21, 18, 26, 7, 16, 8, 2i), Apparently none of these
momndatiom is based on controlled experiments. One type of filter
consists of a sand trench leading from the bottom of the pond to a
cistern at the edge of the pond (10, 13, 3). The problem involved
with this type of filter system is the difficulty of removing the
hﬁr of sediment which forms over the surface of the filter in the
pond. Another difficulty is the lack of control of the filtration
rate which might be excessive if the cistern were pumped too low,
thus pulling turbidity into the cistern.

The recommended filtering rate for slow sand filters varies
considerably, ranging prinéipall,y from twenty-five to seven gallons
per square foot per day (21, 10, 1k, 13, 2). Babbitt et al, (2) suggest
satisfactory filtering up to one~hundred-seventy gallons per square



foot per day, however, Esmay et al, (10) state that their tests
indicate the maximum rate for pond water to be sixty-nine gallons per
square foot per day.

The effective sand size and its coefficient of uniformity are
of apparent importance in slow sand filters, Recommendations for
effective sand size range from 0.20 to 0,50 millimeters (10, 13, 1),
Esmay (10) reported that excessive turbidity was run through the
filter sand when the size exceeded 0,35 millimsters. The recommended
coefficient of uniformity should not be more than 2.5 according to
Hodges (13) or 3.0 according to Bsmay (10). Recommended sand
thickness ranged from twelve inches (28) to thirty inches (21).

When the surface of the slow sand filter becomes clogged with
sediment, the filter must be cleaned by removing the layer of dirty
sand, The filter operating time ranges from that which will allow
from five-hundred to thirty-five~hundred gallcns of water per square
foot of filter surface to pass through the filter between cleanings (3)
depending upon turbidity and algae in the raw water.

Slow sand filters which are operated properly may be expected to
remove 98 per cent or more of the total bacteria in the water (2, 3).
However, slow sand filters do not always consistently produce water which
is safe (31, 3); hence, the need for additional treatment such as
chlorination as a method of disinfection exists.

Turbidity removal is one of the major problems involved in
treating pond water. New ponds have high turbidity before a good
vegetative cover can be established. Hodges (13) indicated that water




which has twenty to twenty-five parts per million turbidity is
satisfactory for filtering; thus, requiring some pretreatment for new
ponds or ponds whose turbidity exceeded these figures. Esmay (10) reports

the results of a study of twenty ponds whose turbidities ranged from eleven

Yo fortyeone parts per million turbidity. He also reports that highly |
turbid ponds were treated with twelve pounds of gypsum per 1000 cubie

feet of water to reduce the turbidity level to below twenty parts per

million,



CHAPTER III

SELECTION OF WATER TREATMENT SYSTEMS

A number of different designs have been developed for farm
pond water treatment systems., Each of these designs appeared to have
Limitations which would make them somewhat less desirable than might
be expected,

A slow sand filter has been selected in most instances by
state colleges and health departments as the most practical method of
filtering surface water for individual farm or home use., This type
of filtration was selected for this study because of several factors.
Babbitt and Doland (2) said that a slow sand filter is highly efficient
in the removal of bacteria; being reliasble for the removal of 98 to 99
per cent of the bacteria in raw water. They also pointed out that slow
sand filters require less attention and less skilled operators. The
slow, sand filter is also suppose to remove suspended and settleable
matter not collected in the settling basin,

Since most septic tanks are now precast and delivered to the user
ready for installation, it was felt that there was a good possibility
of using these tanks as the basic units of the farm water treatment
system, If the demand for these filtering systems should increase to
a point where it would be feasable, manufacturers of septic tanks could
develop forms for precasting the water treatment tanks since there is
no basic difference except the location and gize of holes for pipe
connections. These tanks could be delivered to the farm for probably
less than the farmer could make his own cast-ineplace system. All that
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would be required would be that the user have a foundation on which to
set the tanks,

An objection to most castein-place systems is the common walls
between the various units of the system having different levels of
cleanliness, This objection is overcome by the use of separate pre-
cast tanks, Since septic tanks are usually available in only two
sizes, it may become necessary to use multiple units for some of the
operations,

There is a possibility of standardization of the plan whereby
complcte kits of the necessary materials could be made available to
the user, Pipes could be pre-cut and threaded, prox;er pipe fittings,
control devices, intske pump, pressure tank, raw water intake,
chlorinator and other necessary equipment could be included in the
complete kit, The user would have to provide a foundation which is
constructed to specifications and an enclosing structure. It is, of
course, possible that the entire unit could be installed by a
contractor.



CHAPTER IV

FACILITIES

A, Selection and Description of Site

The Middle Tennessee Agricultural Experiment Station was selected
as the site for testing the water treatment gystem due to its location
in an area of ground water deficiency, its relative proximity to facilities
of the Tennessee Department of Public Health in Nashville and the
availability of ponds on the station, The 846 acre pond was selected
because there was little chance that it would go dry, it had sources of
contamination, electricity was available, and a pipeline to stock watering
troughs was near.

The 846 acre pond, show in figures 2 and 3, contains approximately
forty one acre feet of water when full and depends upon surface runoff
and a spring for nn}.ntai:d.ng its water level, The spring presently
supplies the office, dwellings and barms on the station with drinking water.
Although there is no record of the springs going dry, its flow has been
reported to be small during extended drought periods. The normal flow
of the spring is estimated at approximately ten gallons per mimute.
This represents approximately fifteen acre feet annually.

The pond's surface watershed consists of approximately 153 acres

of gently rolling land, Roughly ninety per cent of the watershed is in

permanent pasture or hay crops. Only a small area of watershed, consisting
of small experimental test plots and gardens, is cultivated, A four-lane
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divided highway crosses the watershed for a distance of about 2,000

feet, Four dwellings, a large beef cattle barn with silo, and a
tobacco bern are located in the watershed.

The principal soil types found in the watershed are Maury silt
loam, Maury silty clay loam, and Maury rocky silt loam. Small areas
of the phosphatic phases of Linside, Burgin, and Huntington silt loams
ui found in the drainage area.

wryhoirmnndshupquudinthotieldinuhichmpmd
was locateds The heifers were observed wading in the pond and generally

vdiatnrbi.ng the water in the shallow areas. It was felt that the
conditions existing in this pond would approach the worst ones to be
found on most farms,

Senitary engineers from the Tennessee Department of Public

' Health were consulted prior to the final choice of locations,

Oﬁ of the two smaller ponds previously mentioned was selected
to compare conditions of raw water with the test pond,

The water treatment systen was located where there was access

o water at least five feet deep in the ponds The location was also
close to the livestock watering pipeline and the electrie line,

Bs Description of Water Treatment Plant

1. General

The component parts necessary for a small slow sand filter water
treatment system were selected and located on a plan of the plant as
shown in figure L.

AR L SR



Since it was decided to use pre~cast concrete septic tanks as
basic elements of the water treatment system, a local manufacturer
of tanks was contacted and arrangements were made for their construction
and delivery, The tanks for the settling, filtering, and storage units
were cast in standard 750 gallon septic tank steel forms,

The pipe openings in the septic tanks were not in the desired
locations, thus new holes were prepared by the manufacturer in the
tank walls after the forms were removed but before the concrete cured
to its high strength.

The foundation for the water treatment plant consisted of a
five inch slab of reinforced concrete with a drain, raw water inlet
pipe, and tréated water discharge pipe cast in place. When the
foundation conerete had cured, the tanks were delivered and set in
place (Figure 5). A conerete block building was constructed to
enclose the tanks and work area.

2. Raw Water Intake

Previous studies (3, 2) have indicated that pond water with the
least mineral and bacterial contamination is usually found near the
water surface where the water depth is at least four feet. The raw
water intake for this system is floated by two one-gallon glass jugs
(Figure 6) and is anchored approximately sixty feet from shore where
the water is normally more than five feet deep. Experience showed
that the glass jugs did not break as a result of the pond's surface
freezing, The intake consists of a screen and foot valve connected to
a one-inch plastic pipe which delivers the water to the treatment plant.
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Figure 5 Foundation and Precast 3eptic Tanks Set in Position
Prior to Construction of Building,

Figure 6, Raw Water Intake Showing Two OUne-gallon Jugs Used
As Floats,
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3+ Raw Water w

Since the rate of flow through the filter is relatively slow,
a onewquarter horsepower, shallowewell centrifugal jet pump was
utiliszed to pump the raw water (Figure 7)s The pump which was selected
had a capacity of approximately 300 galloms per hour at forty pounds
per square inch head or 600 gallons per hour at five pounds per square
inch, This pump is controlled by a moveble float switch located on the
wall of the settling tank for all the tests except the one which did
not include settling at which time the float switch was transfered
to the filter tank, (Figure 8).

L. Coagulant Feeder and Mixers

A coagulation agent was introduced into the raw water line
between the raw water pump and the settling tank in two of the tests,
hence the description of the feeder and mixer will be included at
this point. éood mixing of the coagulant with the raw water is
necessary for proper flocculation. The coagulant solution was pumped
from a large container by a high pressure chemical feeder (Figure 9)
into the raw water pipe then into the mixer, The coagulant feeder used
in these tests was a Proportioneer's "Midget Chloro-feeder" which was
on loan from the Tennessee Department of Public Health.

The mixing device used in the initial coagulavion test eccusistad
of a five foot high six-inch diameter pipe made from two thirty-inch
lengths of bell tile standing on end in the settling tank A(lizm 10).
The coagulant solution was introduced into the raw water line which
in turn discharged the rew water-coagulant mixture into the .top of

A .
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the tile near its edge in such a manner as to cause a swirling action
of the water. This mixture discharged from the bottom of the tile into
the settling tank proper,
The mechanicel mixer which was developed as a possible improvement
of the pipe mixing method is described in the chapter on Description of
Tests,

The settling tank is the first of three 750 gallon size

pre-cast septic tanks used in the plant. Since the tank was delivered
with holes in the ends for inserting the pipes and also the openings
normally needed for septic tanks operation, it was necessary to seal
the pipes in place and close the other openings. At first, a rapid
curing cement with a trade name of "Por-rock" was used as a sealant
(Figure 11), This material was easy to apply and solidified in about
fifteen minutes; but it was found that contact with water caused its
structure to deteriorate. It was necessary to cover this material
with a waterproofing cement called "Sta-dri" Patching Cement. After
all the holes were filled and the pipes were firmly held in place,
the entire enterior of the tank was painted with a waterproofing paint
"Sta=dri®, This paint has proved to be very effective since there
has been no evidonoo of seepage through the concrete., However,
failures have occured around pipes where the cement was apparently
applied improperly.

A twoe~inch drain was provided at the floor level of the tank
to facilitate the removal of sediment., The tank provided at least ten

Cetibiaed RS o
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hours of settling time for the raw water prior to entering the filter.
There was some question as to the elfectiveness of the tank for
settling very small particles due to currents caused by the incoming
water, Two vertical baffles made from galvanized sheet metal were
placed in the tank so as to cause the water to travel farther before
reaching the outlet and would dampen any current which might develop
from the inlet, A small skimmer was placed over the outlet to prevent
currents from developing and to remove the water from the top three 4o
six inches. The outlet through which the water passes from the settling
tank onto the filter was a one~inch pipe located sixteen inches below
the top of the tank,

6. Filter Tank

Initially, the filter tank was similar to the setitling tank
except for the pipe locations in the walls, The unwanted openings
and pipes were sealed in the same manner as in the previous tank, A
filter effluent collecting pipe (Figure 12) w;s installed lengthewise
along the center of the tank to collect the filtered water and convey
it to the storage tank, This one-and-one-half inch pipe had one quarter
inch holes drilled three inches apart on both sides for its full length
and was capped on the end,

A nine inch layer of pea gravel was placed in the bottom of the
filter to act as a collecting area for the filtered water cﬂd to support
the sand thus preventing it from entering the storage tank (Figure 12).
This pea gravel was obtained from a local building supply dealer and

visual inspection indicated practically no gravel derived from calcium
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ca;bonato sources, This gravel covered the effluent pipe to at least
e six inch depth, :

A thirty inch layer of filter sand was placed on top of the pea
gravel, This sand was obtained from the Monteagle Silica Sand Company,
Monteagle, Tennessee. | An analysis of tha sand (Appendix A) showed
that its average size was 0.L5 millimeters with a coefficient of
wniformity of i.5, This is somewhat larger than is considered most
desirable for a slow sand filter; however, it was within the specified
range, The surface area of the sand was determined to be 23.23 square
feet.

A one inch pipe and valve located sixteen inches below the tank
tops connected the filter and settling tanks and was so located that
the pipe would always be above the filter sand yet would be below the
water surface to prevent cavitation of the sand surface due to the
incoming water velocity.

An overflow pipe was located near the top of this tank to
prevent damage to testing equipment should the float switch fail to
operate properly.

The filter was heavily chlorinated prior to conducting the test
to remove all sources of contamination in the filter.

7o Storage Tank

The water leaving the filter tank normally goes directly into
the storage tank but was discharged at intervals for test purposes
through a flow rate meter, This discharge route is also used to drain
the filter for cleaning.

30
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The device which controled the rate of flow through the slow sand
filter was located in the storage tank. At first, a pipe whose outlet
could be raised or lowered was used to regulate the filter flow rate.
The swivel poix;t on the pipe was located above the highest sand level
of the filter so as not to allow the water to fall below the top of the
sands The increasing head losses in the filter necessitated changing
the outlet level at frequent intervals, At each change, the flow had
to be checked by filling a calibrated container in a specified time,
This required entirely too much attention, particularly for inexpe=
rienced operators,

It was decided to use an orifice (Figure 13) to control the
filter water flow rate since the discharge from an orifice varies
directly with the square root of the head.

Q=KA f2gh where Q = Rate of flow

K = Coefficient of discharge

A = Orifice area

g ® Acceleration due to gravity
h = Head

It was determined through calculations and tests that a
five-sixteenth inch nozzle would serve for this instellation, A%
fifteen inches head, which was maximum, the orifice delivered 1,28
gallons per minute which is well within the limits of a slow sand
filter, It also delivered 0,8l gallons per minute at six inches
head which meant that it maintained much of its capacity even when the
filter became increasingly clogged,



Figure 13,

Filter Flow Control Orifice,
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The storage tank was similar to the other tanks initially, and
the same methods were used to seal the openings, However, a top was
placed on this tank using septic tank cover sections which were placed
over the rear three-fourths of the tenk, These sections were sealed
from th‘ underside with 'Sta-dri? patching cement and painted with
1Sta~dri' waterproofing paint. The remaining opening was covered with
a removable close fitting galvanized metal cover to prevent
contamination by rodents, The discharge intake which has a screen and
‘ horizontal foot valve is locaved rear the bottom of the tonk, The
storage tank was also thoroughly chlorinated prior to testing the
system,

8. Discharge Pump

The discharge pump (Figure 1li) was a one-third horsepower shallow
well centrifugal jet pump which drew the water from the storage tank
and delivered it under pressure to the farmstead., It was controlled

by a pressure switch on the discharge line,

The chlorine solution was prepared in a large plastic container,
(Figure 1l) according to the water needs. A readily available laundry
bleach containing 5,25 per cent sodium hypochlorite was used during
the tests,

A Wallace and Tiernan 'Clorinet', a positive acting chlorinator,
(Figure 14), was used to inject the chlorine solution into the water
line between the discharge pump and the pressure tank, The chlorinator
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was connected 80 as to operate only when the discharge pump operated,
During the tests using prechlorination as a treatment, the
chlorine was injected into the raw water line and the c¢hlorinator

connected so as to operate only when the raw water pump was operating.,

10, Pressure Tank

The pressure tank (Figure ll) maintained its normal function in
the farm water systems, It also provided a short retention period for
the chlorine to perform its killing action on bacteria in the water,
Water was delivered to the farmstead upon demand,

Ce Instrumentation

1. HMeasuring Total Flow Through Treatmeni System
The quantity of water which passed through the treatment plant

was measured by two Niagara one~inch nutating disk type of water weters,
(Figure 15). One meter was located in the discharge pipeline between

the pressure tank and the farmstead distribution system, Figure kL, number
16, and measured the guantity treated water which is discharged through
the faucet in the building or was delivered to the farmstead, The

other meter, which is called the {low rale meter, measured the quantity
of water discharged from the filter effluent pipe without its passing
through the storage tank, (Figure 15). Readings were taken at regular
intervals during the test,



2, ing H Fil

In order to determine filter head losses, predetermined rates
of flow through the filter had to be established. The flow rate
meter (Figﬁro 15) used in these tests, was a one~inch Niagara
nutating disk type of meter with a small generator attached to the
dial actuating shaft. A millimeter was connected to the generator
and was calibrated to read the rate of flow directly. A glass tube
manometer (Figure 16) connected to the filter inlet and filter
effluent pipes, measured the pressure head loss through the filter at
predetermined flow rates established through the flow rate meter,
These flow rates through the filter were controlled by valves in the
line with the flow rate meter (Figure 15). It was necessary to close
the valve on the line from the settling tank to the filter tank in
order to get accurate readings on the manometer.

Head loss readings were determined for flow rate readings of
one, two and three gallons per minute until the manometer could no
longer be read due to excessive head loss, The higher flow rates
gserved the purpose of checking the accuracy of the initial readings
since there were no recording instruments used.

3. Facilities For Te Water

The Division of Sanitary Engineering, Tennessee Department of
Publiec Health, cooperated in conducting the tests to determine the
effectiveness of the water treatment plant. Sanitary engineers from
the state office were responsible for collecting the water samples
at weekly intervals during each test. Physical, chemical and
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bacteriological tests on these samples were made in the Temmessee
Health Department's Nashville laboratory using their normal methods
and procedures,



Aes Selection of Treatments

1. General

Four basic treatments were decided upon in ecooperation with
the Sanitary Engineering Division of the Tennessee Department of
Public Health, These represented the most common water treatments
used in commercial and municipal plants as compared to minimum
treatments,

Since the water treatment system was primarily in the
development stege, alterations and improvements were made on the
equipment and procedures as the tests proceeded, It was impractical
to get sufficient replications of tests for statistical analyses
due to the length of the individual tests, the limited time available
and the Health Department's limited p&tonml time for sampling.
Considering these factors, it was felt that rendomization of the
order of treatments would be of no particular advantage,

2+ Treatment g

Conditions were selected for the initial test so as to provide
a basis for comparing the succeeding tests, Since settling and
filtering would be the only treatments common to all the other tests
except the one to determine the relative effectiveness of the
settling tank, it was decided to conduct the first test to include



only these treatments as comparisons with those which followed.

3. Treatment !
The basis for Treatment II was the possibility for elimination
of the settling tank as a unit of the water treatment system., If
settling in this tank proved to be relatively ineffective, its
elimination would uﬁorially reduce the cost of the system. Therefore
Treatment II was conducted with the raw water being introduced directly
on the filter by passing the settling tank., Comparison of the results
with the test including the settling tank would determine its effectiveness.

ho Treatment g
Since most commercial and municipal water treatment systems

utilize coagulation with alum as a method for removing turbidity and
color from raw water, Treatment III was tested 4o determine its
effectiveness under the conditions existing at the test plant.

S5« Treatment IV
Several advantages are claimed for prechlorination according to
Babbitt et ale (2) which should prove effective in treating pond water.
These were (a) reduction of bacterial load on the filter (b) better
color removal in certain instances (¢) increased filter runs (d) control
of plankton in basins and filters and (e) eliminations of tastes and
odor. These possible advantages were the basis for testing Treatment IV
using prechlorination, settling and filtering as the principal elements
in the system,




B, Selection of Sample Tests and Data

1. Filter Head Loss and Total Flow

Since long filter life is important in a system requiring
minimum operator attention, the loss of pressure head in the filter
was measured at regular intervals and compared with the quantity of
water filtered. Data for three filter flow rates were collected to
determine the head loss. The one-gallon-per-mimute rate (62 gallons
per square foot per day) was considered standard for operating the
filter because it represented the optimum rate as reported by several
authors (2, 3, 10). This rate of flow was not exceeded greatly in
the general operation of the filter, Head loss readings were taken
at two and three gallons-per-minute flow to provide a check of the
accuracy of the one gallon per minute readings since no automatie
data recording devices were used in taking head loss readings, It
was hoped that the data from the higher flow rates would also provide
information for predicting filter life before completion of the test.
The total quantity of water filtered prior to filter stoppage indicated
the life of the filter.

C. Tests of Water Samples

All of the water samples were collected by the Sanitary
Engineering Division of the Temnessee Department of Public Health and
the samples were tested in their Nashville laboratory using standard
laboratory procedures, The significance of these tests are reported

in the following paragraphs,



1. Turbidity

Turbidity is a measure of the suspended and colloidal matter in

water. Visible turbidity which produces sediment is ordinarily
composed of fine particles of silt and clay and as such is not
particularly detrimental to the potability of water. The indication
of surface runoff suggests the possibility of pollution from surface
sources. Larger particles may conceal and prevent bacteria from being
killed by normal levels of chlorine treatment, Higher levels of
turbidity require higher rates of chlorination for effective
treatment, The United States Public Health Service standards limit
the permissible turbidity to ten parts per million and suggest that
it should not exceed five., The Tennessee Department of Public Health
 limits the permissible turbidity to five parts per million, The
colorimetric method of testing for turbidity was used in the
laboratory.

2. Golor

Color in water has little sanitary significance, however, its
presence is esthetically undesirable as it may stain materials with
which it comes in contact, The United States Public Health Service
standards limit the permissible color in acceptable water to twenty
parts per million and preferably less than ten. The Tennessee
standards are the same except that higher levels of color may be
d.loiud under special circumstances since sanitation is not effected.
The colorimetric method was used to test for color also.




3. Alkalinity

Alkalinity of natural water represents its content of carbonates,
bicarbonates and hydroxides, Oaustic alkalinity, caused by hydroxides,
is undesirable but is seldom found in natural waters. Titration using
phenolphthalein and methyl orange determined the quantities of each
alkalinity source. Neither alkalinity nor acidity hes sanitary
glgnificance in natural waters,

b Hardness
Hardness is primarily the solution in the water of the

carbonates and sulphates of calcium and magnesium, Its effect is to
inhibit lathering by soap and the formation of scale in boilers;
however, it has no sanitary significance in itself, The United States
Geologic Survey classifies water of various hardnesses as follows:
0 to 55 parts per million =« Soft
56 to 100 parts per million « Slightly hard
101 to 200 parts per million « Moderately hard
201 to 500 parts per million = Very hard
The test for hardness was conducted by titration,

S« Free 00

Carbon dioxide is of importance in a water supply because of the
desirable taste it imparts, its effect of increasing the solubility of
many minsresls in water, and the corrosiveness resulting from its
presence. No standards are established for its concentration in water
but a desirable balance between the concentration of calcium carbonate



and carbon dioxide should be maintained,

6o ZIron and Maganese

Iron and manganese are objectionable in water supplies because
they cause stain on plumbing fixtures and in clothing in the laundry
and they may cause tastes and odors, The United States Public Health
Service standards state that the combined conecentration of iron and
manganese shall not exceed 0.3 parts per million if more suitable water
supplies are available, The colorimetric method was used in tests for
these minerals,

7. Chloride
Chlerides found in natural waters are usually salts of sodium
and indicate salinity of water. Drinking water should contain less
than 250 parts per million of chlorides for palatability., Titration
was uged in the laboratory tests to determine the level of chlorides.

8, Fluorides

Concentrations of fluorides higher than one part per million
may cause mottling of infant's teeth. Small quantities of flourine,
however, are used in public water supplies to inhibit tooth decay.
The colorimetric method was used for the fluoride tests.

9. pH
The significance of pH in water treatment is primarily in the

control of chemicals used in the purification process. The pH level
of most natural waters ranges from 7.0 to 8,5. Coagulation with alum

is adversely affected by a pH in excess of 8,03 however, other
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coagulants have different ranges of pH in which they operate
satisfactorily, 7The colorimetric method was used for pH determination,

10. !ﬁ.tra‘bog
The presence of nitrates indicates an organic contact sufficiently

remote to permlt oxidizing action, Levels in sxcess of 0,5 parts per
imillion remaining for long periods of time are consldered saspicious,
Colorimetric tests were made for niirates.

1l, Calecium and Magnesium

The carbonates and sulphates of calcium and magnesium are the
ugual causes of hardness in water but have no sanitary significance.
Levels of magnesium should not exceed 125 parts per million if a
better water source is available,

12, GColiform Bw%a

The bacteriological analysis of water is for one purpose only,
namely, to determine the potability of water. Since coliform organisms
are closely related to the inbestinal pathogens such as typhoid and
dysmtory,‘thty are used as an indication of fecal matter in the
water supply. The laciose broth method was used in these tests to
determine the level of E. Joli, a member of the coliform family, in
the water. The United States Public Health Service standards state
that not more than ten per cent of all the 10 milliliter samples
examined per month shall show the presence of organisms of the
goliform group. Of all the 100 milliliter portions examined per
month not more than 60 per cent shall show the presence of the
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coliform group. The coliform bacteria count in these tests were
determined by the Most Probable Number (M. Por N.) method, Baumann

et ale (3) suggests the following classification for nonchlorinated

water suppliess
M. P, N, coliform count jm' 100 ml,

Highly satisfactory 0-1
Satisfactory 1-2
Suspicious 3-10
Unsatisfactory greater than 10

D. Describing Tests of Treatments
1, General

Upon completing the comstruction of the water treatment plant,
water was pumped from the pond into the settling tank and allowed to
flow onto the filter until water covered the top layer of sand. A
halfegallon of laundry bleach was poured into the water on the filter
and allowed to pass through the filter into the storage tank, thus
sterilizing the filter. Laundry bleach was used to sterilize the
storage tank when it filled with filtered water.

2. Treatment I, Sett and Filterd

A test to determine the effectiveness of the filter using
settling as the only Pretreatment was conducted upon completion of the
water treatment plant and sterilization of the filter. A flow rate of
one gallon per minute was established through the filter by regulating




L8
the level of the filter discharge pipe in the storage tank., This flow
rate represented an average rate of sixty two gallons per square foot
per day, or 2,700,000 gallons per acre per day. Had the filter been
operated at this capacity for a twenty four hour period, it would have
f£iltered approximately 1Ll0 gallons of water, Since normal usage
would not require this period of operation, a solencid valve
controlled by a time clock allowed the system to operate only eight to
ten hours per day.

In order to maintain the one gallon per minute rate of flow
through the filter, the diuhargo pipe which rotated on a swivel
connection, had to be lowered during each regular inspection of the
system to compensate for the increase in filter head loss. Each time
the pipe was moved, the flow rate had to be re-established by timing
its discharge into a standard size container.

Samples of the raw and filtered water were collected and filter
head loss readings were recorded at one week intervals by sanitary
engineers of the Tennessee Department of Public Health.

Figure 17 shows the flow diagram for Treatment I, The test
of this treatment extended over a longer period of time than planned
due to an equipment failure.

At the conclusion of the test, the top layer of filter send was
soratohed with a rake and the remaining water allowed to drain through
the filter until the water level was below the top layer of sand,

The dirty layer of sand was then removed by skimming with a shovel.
The top layer of sand was then leveled by raking, Water from the
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FARMSTEAD DISTRIBUTION
SYSTEM

Figure 17, Flow Diagram for Treatment I, Settling and Filtering
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clear storage tank was allowed to flow by gravity through the filter
in the reverse directiion to prevent a large depression f{rom being
formed in the sand due to the incoming raw water having nothing o
counteract its fall onto the sand, If the water level in the clear
atorage tank was below the filter sand level, a hose was connected
from the system discharge pump to the filter effluent pipe forcing
water up through the filter, Once the water level over the sand
reached approximavely three inches, the raw water was allowed to flow
onto the filter, This piuh].u indicated tha‘ need for a betier method
of controlling the flow of the water onto the top of the filter.

3. Ireatment II, Filtering

A test was conducted to determine the need for a settling
tank under the conditions existing at the test site. This was done
by operating the filter without prior settling and comparing the
results with tests including the settling tank, Treatment II was
the test of the system without settling,

The float switch and the raw water discharge pipe were
transferred to the filter tank to allow the raw water from the pond
to be introduced directly onto the filter without passing through the
settling tank as indicated in the flow diagram, Figure 18, The rate
of flow through the filter was established atl approximately one gallon
per minute as in the previous test. This flow rate was interrupted
by the time clock and adjustments were made in the oullet level of
the filter discharge pipe to compensate for head loss in the filter
as in the previous test., Samples of the raw and treated water were
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Figure 18, Flow Diagram for Treatment II, Filtering
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e¢ollected and filter head losses were determined as in the previous
test,

Lo Treatment III (First s tion, Set s _and

The first test using coagulation as a pretreatment was conducted
from October 1k, 1958, to November 5, 1958, following the steps shown
in the flow diagram, Figure 19, Alum, being the most commonly used
and avallable coagulant, was secured in gramilated form for this
test. Two pounds of the granulated alum were dissolved in ten
gallons of water and fed at the rate of fifty milliliters per minute
into the influent raw water pipe having a flow of approximately ten
gallons per minute, Mixing was accomplished by introducing the alum
solution into the influent pipe prior to its discharge into the top
of a six-inch diameter, five foot vertical tile located in the
settling tank, The velocity of the water as it was ejected near the
outer rim of the tile maintained a circular motion of the water until
it exhausted into the settling tank through an opening in the bottom
of the tile.

The alum treated water had an average minimum settling time
in excess of ten hours prior to its entry into the filter tank,
The rate of flow through the filter was controlled by raising or
lowering the filter effluent pipe as in the previous tests, The
time clock was used to control the quantity of water treated each
day, and samples of the water were taken as indicated previously.
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Figure 19. Flow Diagram for Treatment III, Coagulation, Settling and
Filtering
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S Treatment IV (First Test): Prechlorination, Set and Filte

A test to determine the effectiveness of prechlorination as a
method of producing potable water under the test conditions was conducted
from December 3, 1958, to December 1L, 1958, Equipment was set up
similar to the coagulant test except that a chlorine sclution was
introduced into the system where the alum had been previously used
(Figure 23), The chlorine solution, using a common household bleach
containing 5,25 per cent sodium Mypochlorite, was fed into the raw
water at a rate which would provids ten ppm of chlorine.

The chlorinated raw water was allowed to remain in the settling
tank for periods averaging not leas than ten hours., This time was
determined by the filter flow rate and the size of tank and was much
longer than normally considered necessary., The chlorine residual
varied from 0,1 to 0.3 ppm., free and combined, as measured in the
filtered water and on top of the filter,

Due to a failure of the time-clock operated valve, the rate of
flow through the filter was controlled by the valve operated in
conjunction with the flow rate meter. The filtered water was disposed
of through the floor drain of the building, This method of control
did not utilize the storage tank nor the discharge pump, The filter
operated continuously until it became clogged instead of intermittently
as in previous tests, Filter head loss, gallonage and chlorine residual
readings were taken every day during this test by experiment station
personnel, Health Department personnel were the only able to visit the
unit once during the test to secure samples for chemical, physical and
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bacteriological analysis; hence, there is only one sample of these data
for this test.

The low gallonage which passed through the filter during the
first test using a coagulant presented a serious problem of maintenance
if coagulation were used to assist in the removal of color and turbidity.
The percentage removal of color and turbidity was also below the average
of the other tests. It was thought that there was a possibility of
insufficient mixing of the alum with the water. A hydraulically operated
mechanical mixer was constructed to use in another test of coagulation.

The mixer (Figure 20) consisted of eight small paddles (Figure 21)
approximately eight inches long and one inch wide mounted on a shaft
which was driven by the water discharging through a nozzle located
approximately eight inches from the shaft and pointed at right angles
to the radial line (Figure 22). The water discharged on top of a
separating disk mounted two thirds of the distance from the bottom
of a fifty five gallon drum. The water passed through the shaft
opening into the lower section of the drum where the paddles acted
as a mechanical mixer, The alum solution was introduced into the
pipe immediately before the water was discharged through the driving
nozzle, Flash mixing was accomplished at this point. The paddles
were drivgidt approximately ten RPM which should be sufficient to
accomplish slow mixing with a retention time averaging seven minutes.

Water was discharged from the mixing drum (Figure 20) by gravity
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through a pipe having its intake within one inch of the bottom of the
drum., Pipes connected the mixing drum with the sixe-inch vertical tile
located in the settling tank where the coagulant treated water was
allowed to discharge into the tank.

ﬁu rate of flow through the filter was controlled by a valve
regulated according to the flow rate meter., A solution consisting of
two pounds of granulated alum mixed with ten gallons of water was
introduced at a rate of fifty milliliters per minute., Head loss
readings were recorded each day the unit was operated; however,
water samples were collected only once due to the short period of

operation.
Te Ireatment IV (Second Test): Prechlorination, Settling and Filtering

Since prechlorination as a pretreatment of the raw water showed
some promise in the first test, it was decided to conduct another test
with this treatment. The equipment set=-up, procedures, and facilities
were the same as those reported for the previous test of this
treatment, However, no one from the health department was able to
visit the plant to collect water samples during this test; hence,
no comparison can be made with previous tests where water quality is
involved.
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Figure 23, Flow Diagram For Treatment IV, Prechlorination, Settling and
Filtering



A. General

The limited number of tests and the limited observations for
each test eliminates the possibility of extensive statistical
analysis, The small quantity of data is primarily due to the
location of the experimental unit at the Middle Tennessee Agricultural
Experiment Station which is approximately 230 miles from headquarters.
Also, the schedule arranged with the Sanitary Engineering Division of
the Tennessee Department of Public Health was such that only weekly
observation could be recorded and samples collected. Some of the
tests were extended over a two month period which did not permit
many tests o be conducted during the limited time available, 4ll
of the water samples were collected by experienced Sanitary Engineers
who also recorded all of the head loss data prior to the prechlorination
test, Filter head loss data was collected daily by an experiment
station employee during the prechlorination and coagulation with
mechanical mixing tests.

When the tests were completed, the flow rate meter was removed
from the installation and taken to the Knoxville Utility Board to
check its accuracy. It was found that the meter recorded only 88
per cent of the water at a rate of one gallon per minute, 89 per cent

at two gallons per minute and 97 per cent at five gallons per minubte.
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Since most of the water passing through this meter did so at rates
less than two gallons per minute, it was decided to correct the readings
for this meter by the 88 per cent figure. _

The generator-ammeter porti.on of the flow rate meter was
calibrated in the Agricultural Engineering Laboratory at the University
of Tennessee before being installed in the water treatment systems
However, when this portion of the meter was checked by the Knoxville
Utilities Board following completion of the test, the ammeter
readings required correction as follows:

Meter Readings Iested Rate
OOS gpm ) 1.0 gpm
1l gom 2.0 gpm
2.9 gpm S. gpm

The flow rate meter was used to measure part of the water
passing through the filter in all of the tests, hence the corrections
were made on only that portion which passed through this meter.

Since it was desirable to determine the filter head loss at
one gallon per minute flow, and since there were no readings taken
at this level due to inaccuracies in the flow rate meter, two
reference sources were found which were helpful in caleulating the
one gallon flow rate figures from the higher flow rate head losses.

Ellms (9) reported that Hazen's formila developed through
experiments on filter sands, is adaptable to slow sand filters. It

is as follows:



vued!@(t¢m

where V = velocity of water in meters daily
¢ = a coefficient
d = effective size of sand
h = head of water

L = depth of sand layer
t = temperature of water, degrees F

Since ¢, d, L, and ¢ are constant at any given instant, the

velocity V varies directly with the head loss.
also q = VA
where q * rate of flow
V = Velocity
A = cross section area of pores

Since A is constant at any given instant, the rate of flow q
may be substituted for velocity V thus showing the rate of flow q
varies directly with the head.

Jacob (15) reported that Darcy investigated the flow of water
through filter beds and found that the discharge through a filter
varies directly with the loss of head at low flow rates.

Since both Hazen and Darcy found that filter rates vary
directly with the head loss, the head losses for the one gallon per
minute flow rate were calculated from the two gallon per minute head

loss readings.

Apprwd.ubolf 19,150 gallons of water were filtered during this
test (Table I). However, a breakdown of equipment may have affected
the results somewhat., This gallonage represented the largest amount
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of water filtered in any of the tests and is equivalent to 823 gallons

per square foot of filter surface.

It is apparent from Talle I that the filter head loss began
%o incresse rapidly es the filter approached clogging. quffioj.cnt
data are available from this test o determine any rate of increase in
head loss.

The turbldity of the raw water during this test ranged from
fifteen to forty nine parts per million (p.p.m.) and averaged thirty
five parts per million (p.p.m,), Table II, Turbidity of the filter
- effluent ranged from three to ten p.p.m, and averaged six p.p.m,

Two of the five samples of filtered water had more turbidity than is
congidered scceptable by the Temmessee Department of Public Health,
Average reduction of twrbidity in this test amounted to 83 per cent.

The raw waier eolor ranged from 88 to 224 p.p.m. averaging
173.2 pupems compared to the filter effluent color range of twenty
tg,m to sixty five p.p.m, averaging 37.8 p.p.n. Removal of 78 per
cent of the color was accomplished, Mowever, all of the filter
effluent samples contained more color than is considered acceptable
by the health departament,

Plankton was removed completely by the filter during this test.

The concentration of all of the minerals and chemicsls in the
filtered water were within acceptable limits zecording to the
Tennessee Department of Public Health,



TABLE I

EFFECT OF TREATMENT I, SETTLING AND FILTERING,
ON FLOW THROUGH FILTER

Filter Head Loss, Inches
Quantity of Filtered

Filter Flow Rate Water, Gallons

Date 1 gon®* 2 oon 5.16 gom Readings Total

7=28-58 0.4 0.8 o —— —
=358 0.2 Ouls - 1552 1552
Gulyms8 0.k5 0.9 2.7 953 2505
8-11-58 0.7 1.k 3.8 2520 5025
8-18-58 1.8 3.6 Te? 3924 8979
G=25«58 1.1 2.2 5.3 3646 12625
gulleS8 6.7 13.4 - 6525 19150



TABLE IX

PHYSICAL, CHEMICAL AND BACTERIOLOGICAL TESTS FOR TREATMENT I,
SETTLING AND FILTERING

Date Raw Treated
Turbidity, pepeite T=28=58 32
8li=58 15 b
8=11e58 L9 10
3-18+58 35 3
8=25-58 il il
Average 35 é
Color, paPeie 72858 142 25
Bwlim58 88 30
Bwlles8 22y 65
B=18-58 205 31
82858 BN
Average 17342 57.8
“%"n;'iii“p&ﬁ:‘iﬁ”’ PP qe28us8 , 10 1k
8«11-58 10 0
Methyl Orange, p.p.m. 7-28-58 76 76
8«11-58 62 72

8-18-58 62 70




TABLE II (continued)

PHYSICAL, CHEMICAL AND BACTERIOLOGICAL TESTS FOR TREATMENT I,
SETTLING AND FILTERING

nm‘ﬂ’ PePelle Betz 7‘28‘58

Free C02, pepeite 7=20=58
Iron (Fe) pepeins 7=28=58
Chloride (G1) PePelie 7w28=58
Fluoride (F) pepeme T=28=58
pH 728=58
8=11=58
8=18=58
Nitrate, pepeie 7=28-58
B=18-58
Manganese (Mn) pePelte 7=~28~58
B8=Li=58
Calcium (Ca) pep.me 7=28-58
Magnesium (Mg) p.pems T=28-358
Coliform/100 nl (MPN) T=28-58
Bl 58
8=11=58
8«18~58

Gw25=58




Coliform bacteria averaging 183 per 100 milliliter was reduced
by 73 per cent, with two of the five samples showing less than three
per 100 milliliter (Most Probable Number), Chlorination would be
necessary to kill the remaining bacteria following this treatment,

Ce Treatment II, Filtering

During this test, 37hk gallons of water passed through the
filter prior to stoppage, Table III, representing only 161 gallons
per square foot of sand surface. Only four head loss readings were
recorded due to the short time required to clog the filter; however,
the head losses as shown in Table IIY, indicated rapid increases in
head loss as the filter approached its stoppage point.

Due to ths short duration of the test only two samples of
water were collected for analysis. Raw water turbidity ranged from
twenty-five to forty-nine parts per million averaging thirty-seven

68

paDetts (Table IV), Filtered water turbidity ranged from 5 to 6 p.p.m.

averaging 5.5 p.p.m., which represents an average turbidity according
%o the Health Department.
Color was reduced from an average of 261 p.p.tte t0 61 paDelley

(Table III), representing a 76 per cent removal; however, the filtered

water still contained more color than is recommended by the Health
Department.

The concentration of iron and manganese was higher than
desirable with the possibility of cansing stain on bathroom fixtures.
The filter had no effect on the levels of alkalinity, pH or hardness.
Coliform bacteria were reduced to less than three per 100 ml.




EFFECT OF TREATMENT II, FILTERING, ON FLOW THROUGH FILTER

TABLE III

Filter Head Loss, Inches

Filter Flow Rate

Quantity of Filtered

Between

Water, Gallons

Date T 2 gpn Readings Total
9‘11-58 00 35 0 07 s ae ES—
9"’15"58 009 1.8 1,0” 1’0”
9=26~58 2.35 Le7 2,228 3,318
9=29-58 5.75 11.5 L26 3, 7hbs




PHYSICAL, CHEMICAL AND BACTERIOLOGICAL TESTS FOR
TREATMENT II, FILTERING

TABLE IV

Date Raw Treated
Turbidity, pepem. 9=15=58 L9 6
929-53 e
Average 37 545
Color, pepei, 9=15-58 272 72
9=29-58 wlbie el
Average 261 61
Ag:]nﬁnl;ht{hg:ch??p-p.m 9=29=58 0 0
Methyl Orange, pepefe 9=~29=58 90 80
Hardness (CaC03) pepem. 9=29-58 85.6 The9
Iron (Fe) pepeite Ym29=58 1.65 2.60
pH 9~29=58 Te6 75
Manganese (Mn) pepeme 9=29=58 1.15 1.05
Coliform/100 ml (MPN)¥ 9=29-58 91 3

B e e e e e e
*Most Probable Number




(Most Probable Number) in both samples. It was noted that all of the
sediment was collected in the top one-half inch of sand during this
test as compared to the one inch depth in the preceding test.

D, Treatment III (First Test) Coagulation,
Settling, and Filtering

Only 5562 gallons of water were filtered during this test
before the filter became clogged (Table V). This is at the rate of
239 gallons per square foot of filter surface, Turbidity was
reduced from an average of 34.3 pepems 0 9.3 pepem. None of the
three filtered water samples was acceptable by the Health Department.
Only 73 per cent removal of turbidity was affected by the system,
Color removal averaged only 51 per cent, reducing it from an average
of 149 pepeme $0 73.3 pepoms with one sample showing only a 15 per
cent removal of color.

The coagulant reduced the pH of the water from slightly over
8.0 to T.ie Iron and manganese were again higher than is considered
degirable. The most probasble number of coliform bacteria was reduced
to less than three per 100 ml. in all samples.

E. Treatment IV (First Test): Prechlorination,
Settling, and Filtering
The first prechlorination test produced approximately 13,090
gallons of treated water prior to filter stoppage, Table VII, This
gallonage represents a flow through the filter of 563 gallons per



TABLE V

EFFECT OF TREATMENT III (FIRST TEST) COAGULATION ‘
SETTLING AND PILTERING ON FLOW THROUGH FILTER

Filter Head lLoss, Inches

Filter Flow Rate ity of Water Filtered
Date 1 gpn’ 2 gom 5,16 gpm %n.:“;“@ Total
10-1=58 0,37 0.65 2465 —— ———
10-21-58  1.55 3.1 Le5 1839 1839
10=27=58 2.6 5.2 8ok 1096 2935
11-3-58 L9 9.8 - 2119 5054

11=558 8.25 16.5 - 508 5562




PHYSICAL, CHEMICAL AND BACTFRIOLOGICAL TESTS FOR
TREATMENT NO, IIX (FIRST TEST) COAGULATION, SETTLING
AND FILTERING

TABLE VI

mwt’; PeDellls

Average
30101', PeDellls

Average

Alkalinity (CaCO3)
Phenolphthalein, pepe.

Methyl Orange, pepeiie

Hardness (G“’)’ PeDellle

10-21=58
10-27=58
11-3-58

10=27=58
11=3=58

10=1-58
10~21-58
10-27=-58
10-11=58
10-21~58
10=27=58
10-27-58

R o o o %Fgg

2 &=
o

82

91
103

85.6




TABLE VI (continued)

PHYSICAL, CHEMICAL AND BACTERIOLOGICAL TESTS FOR
TREATMENT NO. III (PIRST TEST) COAGULATION, SETTLING
AND FILTERING

Iron (Fe) pepems 10-21-58 0.0
‘ 11358 0.6 1.6
pH 10=14-58 8.2 Tl
102158 8.0 Telt
10-2758 8,0 Tok
Menganese, (Mn) pepems 10-21-58 0,5
10-27-58 1.0 1.0
11-3-58 0.3 1.0 \
N e w3
10-27-58 90

11-3-53 3 3




TABLE VII

EFFECT OF TREATMENT IV (FIRST TEST) PRECHLORINATION
SETTLING AND FILTERING ON FLOW THROUGH FILTER

-
romac

Filter Head Loss, Inches

i

Quantity of Filtered

—Bilter owlste  _lster, Gellms
Date ’1v¢pi 2.gom 3,58 gom 5.16 gom Readings Total
12«3-58 OeliS 0.9 1.9 3.1 ——— e
bS8l 06 22 B gy’ WS Ak
ABBES . 045 . 13 2§ 3.7 W 1796
A0 A3 i 2 b ns 22
T VOSSR % S ¥ 5.7 M 292
12-8-58 1.9 3.8 5¢5 Ted 1734 L6L6
12-9-58 2.85 SeT T6 by 174 6387
12.10.58 33 6.2 8.4 99 89 6476
12-11-58 3.0 6.0 9.7 1.3 1770 8216
121258 3.95 7.9 1.0 — 1638 988l
123-58 65 9.3 103 e 1560 11,lks
LT T S - - - 164 13,090

*Qalculated




TABLE VIII

PHYSICAL, CHEMIGAL AND BACTSRIOLOGIGAL TESTS FOR
TREATMENT 1V, (PIRST TEST) PRECHLORLNATION, SETTLING
AND FILTERING

Date Raw . Treated
Turbldity, pepeie 12-8-58 32 6
Golor, pePeis : 12-8-58 145 L2
Iron (Fe), pepeme 12-8-58 0425 0.2
Manganese (Mn), p.p.m. 1243-58 0.0 040

Bacteriol
Colif 00 ml (MPN) 12-8=58 3 3



https://GoUfon0.OO

77
square foot of filter surface.

Samples of water were collected only once during this test due
to continuous operation of the gystem and its relatively rapid
completion. Turbidity in the one sample was reduced from 32 to 6
DeDsMs Or 81 per cent, which is again not acceptable by the Health
Department. Color was reduced by 71 per cent from 145 to L2 p.p.m. again
being above the general level of acceptability.

Bacteriological tests showed the most probable number of
coliform bacteria to be less than three per 100 milliliter sample
for both raw and treated water.

F, Treatment III (Second Test) Coagulation
(Mechanical Mixing), Settling and Filtering
S1lightly more than 4600 gallons or 198 gallons per square foot
of filter surface were treated prior to filter stoppage, (Table IX).
Samples were collected only once before the filter clogged due to the
tests lasting only four days. Turbidity (Table X) was reduced from
fourteen to three p.p.m. or 78 per cent removal, The turbidity level
in the treated water sample was acceptable according to the Tennessee
Department of Public Health.
Color was reduced from 111 to 28 parts per million or 75 per
cent removal.
The most probable number of coliform bacteria was less than
three for both raw and treated water,
The pH of the raw water was 8,8 which is higher than is usually



TABLE X

EFFECT OF TREATMENT III (SECOND TEST) COAGULATION
(MECHANICAL MIXING) SETTLING AND FILTERING ON FLOW
THROUGH FILTER

-

Filter Head Loss

g . -
- o cdnd

Filter Flow Rate tity of Water Filters
Date 1 gpu®* 2 gom 5.16 gom %;m Total
2+2=59  0.U5 0.9 2.3 ——ne e
2+25=59 1.8 3.6 8.7 1409 1409
2-26-59 6,35 12,7 - 1998 3407
2=27=59 - — e 1204 Le11




TABLE X

PHYSICAL, CHEMICAL AND BACTERIOLOGICAL TESTS FOR
SECOND TEST OF TREATMENT III COAGULATION
(MECHANICAL MIXING), SETTLING AND FILTERING

Date Raw Treated
Turbidity, pePete 22l 59 11 3
Color, pePele 2=2l4=59 11 28
Alkalinity (Cac03)
Phenolphthalein, pepeme 2=20i=59 642 2.1
Methyl Orange, pePeite 2w 20159 139 62
Hardness (CaC03), pepelte 2=2)1=59 83 30
Iron (Fe) pepeite 2a2l1=59 oT2 o35
Chloride, pePeite 2-2l1=59 17 13
pH 2=2li=59 8.8 8.3
Manganese (Mn), peDeMe 2259 0.01 0.0
Bacteriological

Coliform/100 ml (Mn) 2w2)i=59 3 3




recommended when alum is used as a coagulant, This high pH was not
known until the water sample was sent to the laboratory for analysis,
and the test completed, This factor could have possibly been the
reason for the relatively low gallonage of water treated during the
test,

The hydraulically driven mechanical mixer, which was developed
especlally for this test, operated satisfactorily throughout the test,
The level of concentration of minerals for which tests were conducted
was satisfactory, (Table X).

G, Treatment IV (Second Test)
Prechlorination, Settling and Filtering

This test was conducted over a period of ten days during which
the sanitary engineers from the Tennessee Department of Public Health
were unable to visit the unit to collect samples; thus, no comparisons
can be made of water quality, However, filter head losses and total
flow readings were recorded every day. A total of 16,775 gallong or
720 gsllons per square foot of filter surface was treated during the
test, There appears to be sufficient data from this and the previous
prechlorination test to suggest a pattern for filter head loss,




TABLE XX

EFFECT OF TREATMENT IV (SECOND TEST) PRECHLORINATION,
SETILING AND FILTERING ON FLOW
THROUGH FILTER

Filter Head Loss, Inches

Quantity of Filtered

Filter gov Rate Water, Gallons

Date 1gn® 2gm 3.5 gom 5,16 gpm  Readings Total
3~10-59 Ook5S 0.9 2.0 3.h s o
3-11-59 0.65 1,3 2.4 4.0 2328 2328
3-12-59 0.75 1.5 2.9 Loy ass L483
3~13«59 1.25 2.5 ko2 549 a52 6635
3-1L=59 1,90 3.8 5.8 Te2 1529 816k
31559 2,10 L8 Te3 9.1 2321 10485
3-16-59 3.0 6.0 9.3 11.1 1993 12487
3-17-59 3.2 6.4 10,8 1k.3 2074 14552
3-18-59 k.9 9.8 13.4 e 1368 15920
3-19-59 7:9_ 14,0 o - 855 16775
A:‘i“'

®calculated




CHAFTER VII

DISCUSSION OF RESULTS

A, General

Since there were insufficient replications of treatments o
analyze statistically, only generalized comparisons may be drawn
between the effectiveness of the various treatments. However, the
results of the tests give indications of the effectiveness of the
treatment system in general and are reported ia the paragraphs
which follow,

B. Turbidity

There seems to be no great difference between the various
treatments in their ability to remove turbidity from water,
Figure 24, The percentage of removal ranged from 71 to 84 per cent
with the two tests using coagulation having the lowest percentages,.
This could be due to improper use of the coagulant rather than any
difference between the treatments, According to these tests, the
turbidity of the treated water depends largely on the turbidity of
the raw water (Figure 25) since there seems to be a straight line
correlation between the two. The correlation between the turbidity
of the raw and treated water is significant at the 90 per cent lewvel
of probability (Appendix B). It appears from these tests that the
filter has more effect on the removal of turbidity than the pretreatmente




All of the treatments tested had samwmples in which the turbidity was

higher than is considered acceptable by the Tennessee Department of
Public Health, However, in all cases these samples were within the
maximim acceptability range according to the United States Public
Health Service.

Cs 0Golor

The removal of color by the various treatments ranged from
7L to 78 per cent in all except the first coagulation treatment which
removed only 51 per cent (Figure 26), This low removal rate is
probably due to improper use or mixing of the coagulant rather than
a difference between treatments,

The extremely high amount of color in the pond water presents
a problem in treatment which this system did not overcome, The
level of eolor in the treated water is not objectionable as far as
sanitary conditions are concerned. However, there might be some
esthetic objection to it, The asuthor feels that a farm or rural
family would be willing to accept and use water with this color
level in areas where other sources are inadequate.

D, Minerals and (Chemicsls

The level of concentration of minerals and chemicals on which
tests were conducted was not objectionable in most cases. Iron and
manganese, combined, were higher than recommended in some casesj
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however, the safety of the water for human consumption was not impaired
by these minerals, Prechlorination should cause some of the iron %o
oxidize and settle or be filtered out,

E. Coliform Bacteria

The most probable number of coliform bacteria was less than
three per 100 milliliter in the treated water before chlorination in
all tests except the initial one, It is still necessary to chlorinate

or sterilize the water for human consumption,

F, Taste and Odor

A musty odor was detected in the filtered water during all
of the tests. The odor of deteriorated grass silage was particularly
noticeable following the filling and subsequent leakage of a nearby
silo into the pond, The addition of activated carbon should remove
these objectionable odors and tastes,

G, Quantity of Water Filtered

The three tests (Figure 27) which included settling, with the
exception of the coagulation tests, produced an average of four times
as much filtered water as the test without settling, At least
one-fourth inch of sediment was deposited on the bottom of the
settling tank during some cft the tests, thus preventing this turbid

material from being deposited on and stopping the filter. It is
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therefore evident that settling is necessary to the efficient operation

of this system. No test was conducted to determine the most effective
sebttling time, It was felt that the low gallonage recorded during
the coagulation tests was due to small particles of floc clogging

the surface of the filter even though most of the floc and turbid
particles probably were deposited in the settling tank.

In terms of quantities of water filtered between filter
skimming, there seemed to be no great difference between treatment I,
settling and filtering, and treatment IV, prechlorination, settling
and filtering.

H. Pattern of Filter Stoppage

Sufficient readings of filter head losses were recorded during
both tests of treatment IV, prechlorination, settling and filtering,
to give general indication of the pattern followed in filter stoppage,
(Tables IX and XI)., When the filter head losses are plotted against
the cumulative quantity of water filtered (Figures 28 and 29) a
definite pattern develops. There seems to be very little :lncmao
in head loss during the period when the "schmutzdecke", the surface
layer on the filter, was being formed, A to B in Figures 28 and 29,
It appears that the head loss increases at a more rapid, but constant,
rate to the extent that a highly significant (Appendices C and D)
straight line will represent the readings from point B to point C.
Near point C, the head loss begins to increase at a much greater
rate, C to D, and the filter becomes clogged. The most effective
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range of operation of the filter occurs during the period represented
between points B and C.

Readings were taken at flow rates higher than that which the
filter normally operated to check the accuracy of the lower readings
and to see if the length of filter life could be predicted in the
early stages of filtration, These readings were plotted in Figures
28 and 29 but no definite method of prediction appeared to be
feasible from the limited data available,




CHAPTER VIII

NEED FOR ADDITIONAL RESEARCH

The results of the tests which are herein reported indicate
the need for further research in various phases of this project.

Some of the problems and possible solutions are indicaled in the
following paragraphs and it is felt that they justify further
investigation,.

1. Solving the problem of filter clogging is of utmost
importance if this system is ever to be utilized by any large number
of farmers, Investigation into several aspects of this problem might
include the followings (a) Killing algae in pond before it reaches
the treatment plant. This needs thorough testing to determine the
effects of chemicals on humans, bacteria, algae, fish, livestock and
plants. (b) Application of settling agents to remove algae, turbidity
and color prior to filtration.

2, Study the effect of sand size on the removal of bacteria,
turbidity, color, algae and other foreign material in the water,
Determination of the effective rates of flow through these various
sand gizes is necessarys

3. Determine the effect of other methods for the removal of
algae, turbidity, color, bacteria and other objectionable materials.
These methods might include centrifuging, rediation treatment, sonal
treatment, pasteurization, chemical filtration and coagulation through
the use of varlou; chemicalse




CHAPTER IX

SUMMARY AND CONCLUSIONS

The increased water sonsumption in the modern home and the
latest technology on farmstead operation have caused the demands
for potable water to exceed that which is generally available from
ground water sources in certain areas of Tennessee. It appears
that surface water sources such as streams and ponds offers the
most practical source of water in areas of ground water deficiency,

The major drawback to the use of surface water for rural
domestic and farmstead use is the lack of a water treatment system
which will provide an adequate supply of potable water, is easily
and economically constructed, and requires a minimum of attention.
This research study is designed to study the problems involved in
the operation of an individual domestic or farm water treatment
system and determine its effectiveness in meeting the requirements
for safe drinkable water under conditions which may be found in
Tennessee.

The design of the system incorporates elements which can be
prefabricated and installed as a complete unit near a water source.
Pre-cast septic tanks were used in the test unit for the settling,

filtering and storage tanks., However, these tanks could be pre-cast
with fittings cast in place if the demand for the system will justify
the development of forms.
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Plumbing elements could be pre-cut, threaded and assembled in a kit,
while other elements such as the chemical feeder could fit the sgystem
without alterations,

The system as designed was constructed adjacent to a pond on
the Middle Tennessee Agricultural Experiment Station. Four treatments
were selected for testing which were (a) filtering only, (b) settling
and filtering, (c) coagulation, settling and filtering, and (d) pre=
chlorination, settling and filtering.

The tests resulted in the following conclusions:

1, The water treatment system as used duriag this series

of tests requires too much maintenance time in relation
to the quantity of water treated.

2. The turbidity level of the treated water was in all cases
within the maximum limits established by the United States
Public Health Service., However, the turbidity level did
not always meet the standards set by the Tennessee
Department of Public Health, since the Tennessee Standards
are higher than those of the United States Public Health
Service.

3. The color level of the treated water exceeded the standards
get by both the United States Public Health Service, and
the Tennessee Department of Public Health. It was fell
that the degree of coloration in the water did not
represent a hazard to health but might be objectionable
where users require special water conditions.
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The coliform bacteria count after filtration was less than
three per 100 milliliters (MPN) for all the tests except
the initial one, This is a satisfactory level when
combined with chlorination,

The chemical tests indicated no necessity under most farm
and residential conditions for additional treatment to
remove any of the minerals and chemicals for which tests
were conducted,

Although there wers no specific tests made for taste and
odor, these were objectionable at times, A mmsty odor

was noted several times and a strong odor of spoiled

grass silage was in evidence following the filling and
subsequent leakage of a silo located in the watershed,
There seemed to be no apparent advantage %o prechlorination
and filtering as compared to filtering and postechlorination,
Sedimentation prior to filtering is necessary to the
extension of filter life,

Goagulation, using alum, was not effective under the test
conditions, It also more than doubled maintenance and
required additional equipment investment,

It is recommended that research studies on this project be

continued with emphasis on developing more effective methods for

the removal of algae, turbidity, color and undesirable taste and

odor, Particular attention should be pointed toward methods for

decreasing maintenance problems,
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APPENDIX B

RECRESSION ANALYSIS OF TURBIDITY REMOVAL

103

S T TR TR M Y U W S T W K W T T e A 5 TR WA M T Y AR 5 7 o IR

Raw Water Treated Water Deviations From Squares Products
Turbidity _ Turbidity Means ke
X Y X § X
32 5 1.2 1.5 1.k 2,25 1.80
15 k 18,2 2.5 33L.2h 6.25  L5.50
L9 10 15.8 +3.5 2h9.6) 12,25 55.30
35 3 1.8 =3.5 3.2 12,25 =5430
Lk 8 10.8 +1,5 116,64 2.25 16,20
k9 6 158 0.5 9.6k 0.25  =7.90
25 1 ~842 “le5 67.2h 2,25 12,3
35 8 +1.8 +*1.5 3.2 2.25 2,70
L5 10 +.8 +3.5 139.24 12,25  L1.%0
23 10 «10,2 +3.5 10L.0h 12,25 35,70
32 6 =1,2 «0,5 1.k 0.25 0.6
1 3 -19.2 ~3.5 368,64 12,25  67.20
Sum 398 78 0 0 1635.68 77.00 193,00
Mean 33.2 6.5
T T gk ol
vy 6.5 4 x
y® 6,54 .115 x
YTe26+ 218X

Significant at 90% level of probability




APPENDIX C

REGRESSION ANALYSIS OF FILTER STOPPACE RATES, FOR
PRECHLORINATION, SETTLING AND FILTERING
TREATMERT , FIRST TEST, POINTS
B T0 C IN FIGURES 28 AND 29

Cumalative
Sum of Head
Filtered Loss, Deviation
Water, Gals, Inches :ran llean; . Squares - i').'o,:mmy S
1796 0465 =420k «1.86 1767.36 3.4596  7819.Lk
2211 1.1 -3789 ~l.1 1435.65  1.9881  53h2.k9
2912 L.k -3088 «1.11 953.57 1.2321  3427.68
L6l 1.9 «1354 =~ 61 183.33 3721 825.94
6387 2.85 387 o3k k4,98 o115  131.58
6476 3.1 L76 59 22,66 3481  280.84
826 3.0 22h6 b9  50h.L5 +2401  1100.54
988k 3.95 3884  1.hhy 1508.55 2,0736 5592.96
g L85 oSS 2k 20680  _hlS796 11652.%
Sum 54003 22,60 9355.35  1h.L089 36173.77
Mean 6000 2,51

"= eIl . oss™

y = 2,51 + ,000387 x
¥y = .000387X + 0.19
i Significant at 99 per cent level of probability
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APPENDIX D
REGRESSION ANALYSIS OF FILTER STOPPAGE RATE FOR

PRECHLORINATION, SETTLING ARD FILTERING TREATMENT,
SECOND TEST, POINTS B TO C IN FIGURES 28 AND 29

A £ S 3l e A A V0 A - e o O AR B oA o A 1. 0 A e L - G 4 e L RSP ARl B I T AR

Cumulative

Sum of Head

Filtered Loss Deviation

Water, Gals. Inches i‘rm b&r . Squares =2 Prt%ﬂg

1183 0.75 983  -1,33 2h92.83 1.7689  6627.39

6635 1.25 -20831 -0.83 800.k5 6889  23L9.73

816k 1.0 ~1302 0,18 169,52  .032k 234,36

10485 2.0 #1019 + .36 103.84  .1296 366481

121,78 3.0 #3012 ¢+ .92 907.21  .8L7hW  2772.0k

Wss2 3.2 5086 #1212 25867 L2l 5696.32
Sum 56797 12.50 7060,59 L.7206  18045.68
Mean 9L66 2,08

re 180%568 - .989“

,.2.08*180 068!

¥y = 2,08 + ,000256 x
! - om2% X - 003,‘

** Significent at 99 per cent level of probability
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