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CHAPTER I
INTRODUCE 10K

Existing evidence indicates that man had realized the need for, and had
made some progress in obtaining, a safe and attractive quality of water as
early as 2000 B, G,k A safe supply of water is one which can be consumed
without causing illness to the consumer because of matter of any nature con-
tained in the walter, Attractiveness pertains to the physicel appearance of
the water, It does not follow that an attractive water 1s safe; likewise, it
is pot true that all unattractive waters are unsafe, These physieal proper-
ties of water that cause unattractiveness include mainly odor, taste, color,
température and turbidiﬁyog

Odors in wabter are nobiced by all of uws and require no real explanation
here other than to mention that they are usually caused by chemical or bio-
logical agents, Closely associated with odors are tastes. While the name
implies the sense affected by tasbes, the causatlive agents are identical to
those of odors, Color is given te water by mineral or organic colloids and
suspensions, Little has to be said of the desirability of drinking water
having the proper temperature, Waber too warm is much less desirable than
water too eold. However, for optimum quality, water should be between AO°F
and 50°F, Since turbidity removal is the major function of filtration, a
complete discussion of the nature of turbidity would seem appropriate here.

Most engineers prefer to define turblidity as a measure of the suspended

or collodial matter which interferes with its clarity. This matter may cone

[

L e Hindu Sysbem of Medicine fdccording te Sus! miba, Vol., XCV, pp. 215~
22, cited by M. N, Baker, The Qusst for Pure Wabter, p. 1.

2
* Harold E, Babbitt and Jawes J. Doland, Wabter Supply Engineering,
pp o 412“’150 * »



sist of clay, silt, fine particles of organic matter or microscopic organismsgB
The turbidity of the walter may be measured with any instrument capable of ine
dicating comparative clarities of liquids. The actual standard unit of tur-
bidity is defined by the American Public Health Associabtion as that turbidity
produced when one part per million of Fullerfs or diatomaceous earth is con-
tained in any sample of water. To clarify the term part per million, it might
be easier to think of it as identical to one unit weight of any substance con-
tained in one million unit weights of waﬁeroé

The forgoing information provides a foundation upon which to base the
structure for further discussion of turbidity. This discussion will attempt
to break turbidity down into three general classifications and investigate the .
composition as well as the importanse of these classes on the health and econ
omy of a community. A1l turbidity may be classed broadly as mineral, plant or
animal depending on the origin of the substance.

Mineral turbidity consists of the silts and clays in particular and may
be found in sizes smaller than 0,001 inches, This type of turbidity has no

ol

sanitary importance other than the lessening of the aesthetic qualities of
!
the water, unless some part of this mineral turbidity contains chemical sub-

L4 ]

stances poiscnous to the consumer, It might be noted here that chemical im
purities (causing turbidity) in the water supply have been grouped under the
general heading of mineral burbidity.

Plant life contained in water contributes greatly te the turbidity of

the water at times. However, if The kind of plant life is minute in size amd

3 s B, Turneanrs and H, L, Russell, Public Water Supnlies, p. 153.

4 American Public Health Associstion and American Wabter Works Associgw
tion, Standard Methods for the Examinstion of Water and Sewage, p. 10.
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the woncentrations in the wabter are small, there is doubt as to just how much
'turbidity might be imparted to the waber., Plant life in wabter may be divided
inte those that cause illness, the pathogens, and those that apparently cause
nan no ills but rather aid him in the daily cycies of 1life, One of these

a

harmless plants seen at times in various bodies of water is the Algae or pond
scum, Thisg plant causes no ills in man bul does present an encrmous problem
to those trying bto produce baste and odor frse water. It might prove ine
teresting to note here that diatoms, the fossils which are the prime consider—
ation in this thesis, belong to the Algae phyla. Plants causing illness to
man and animal are unfortunately fow small to be seen with the naked eye.
These microscopis organisms usually fall under the classification of bacteria.
Some pathogenic bacteris found in wzber are:¢ Eberthella typhosa, the causative
agent in typhoid fever; Spirilium cholerae, the bacteria causing cholera; and

Bacillus dysenteriae, the organism producing the symptons of bagillary dysen—

tery,

Animal 1ife found in waler affects man in much the same manner as ths
plant life described previcusly. There are those types of animal microscopic
organisms helpful te man and also those that are classified as pathogens,

e

The bacteria are not in this group since they are plants. Types of animal
orgenisms comaonly found in water are the protoszoa, rotifera, crustacea,

o~

bryogzos and porifera.” The most dangerous pathogenie forms of animal lifs
are Endamcba hystolytica, the cause of amebie dysentery, and the Cersariae
{Larval flakes) of the Schistosome, the cause of schistosomiasis,

The task of rendering these living organisms harmless in the water

supply is not uvsually that of the filter., Many methods of disinfection are

? George Chandler Wbipples Gordon Masgkew Fair and Melville Conley
Whipple, The Microscopy of Drinkineg Water, p. 13.
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used to kill those forms of life considered dangerous to the user. However,
Endameba hystolytica is usually consldered resistant to chlorination when
applied without the benefit of laboratory eontroloé The Cercarise of the
Sehistosome is ancther organism quite resistant to chlerination,7 This leaves
the alternastive of removing these organisms by some other means, and the prage—
ticel means is one of filtration, When operated at high rates, the sand filter
will not remove these organisms,g But the United States Public Health Service
demonstrated that diatomite filtration of water effects complete removal of the
cysts of Endameba hystolytica and the Cercariae of the Schistosomeog These
facts point to the limited use of the diatomaceous earth filter in removal of
pathogens from water.

It must be remembered that the prime purpose for the use of most filbters
is the removal of turhidities for the clarification of water and not the re~
moval of disease causing organisms. The reason for this being that most forms
of 1ife cansing iliness in man may pass through any ordinary filter, Ib is,
therefore, safegt to depend on chlorinagbion for the sterilization of water and
to use the straining astion of the filter medium to remove turbidity. Perhaps
the best vindication for producing an sbtractive safe water rather than spar-
ing the additional expense and distributing a safe water that may not be

gttractive is the fact that consumers will bhe driven from wnabtiractive safe

water to sources of clear water that are often u.nsafe.e10

6 George C. Dunham, Military Preventive Medicine, p. 176,

7 Milton J. Rosenau, Ereventive Medicine and Hygiene, p. 431.
g

Hayse H. Black and Charles H. Spaulding, "Diatomite Water Filtra-
tion Developed for Wisld Troops," Journal American Waber Works Association.
VI (November, 1944), 1208,

7 Ibid., p. 1221,

10 Tyrneanre and Ruseell, gp. gib., p. 152,



5%

The development of the pressure type diatomaceous filter arose from the
need for a compact, efficient high rate filter to service United States Avmy
field troops. Since the rapid sand filter, when filtering bt high rates, wouid
not do the work, the diatomaceous type pressure filter principle was borrowsd
from the chemical industry and adapted for use with water.

. The operation of the diatomite filter as finally developed, shown in
Figure 1-h, entalls essentially the use of two pressure vessels divided by a
separator plate. The purpose of the separator plate is to offer a support for
the filter elements and at the same bime gnard sgainst any liquid passing from
the influent vessel to the effluent vessel without first passing through the
filter element. The filter element supplies the foundabion for the diatomse
coous earth filter aid. The element, as seen in Figure 2, is in sssence a
heilow gylinder the surface of which conglsts of fine ghainless steel wire,

42

parsely wouand on a fluted form in sueh a manner that minute openings exist

{3

between the wires., These openings are small enough te cateh mpd hold the dise
tomsceous earth in a straining action as the mixbure of diatomite and water
bry o pass., This action is pictured in Figure 3. This straining action
bullds up a layer of diatomite called the "filter aake"'whi@h is the filten-
ing medium in the turbidity removal process.

When the filtering cycle is at an end and cleansing of the filter cake
from the element is desired, s presgure 1s bullt up on both sides of the
element, This is done by first closing the effiuent valve allowing the pump
to develop its maximum head asross the filter cake and then closing the in-
fluent walve, The guick opening valve, located on the influent pressure
vessel, is then quickly opened allowing liquid to leave this vessel and flow
to waste, This causes a sudden drop in pressure on the influent side of the

filter element actually Yexploding® or "bumping' the filter cake from the



Figure 1. General Assembly of the Stellar Filters
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fil@gr element., The earth then settlesbto the bottoﬁ:of the influent vessel
to await draining.or redepositing on thé element for re-use in another cyecle,

Throughout this introduction numeroﬁs references have been made to diato-
maceous earth, Deposits of the fossil remains of minuﬁé:aquatic plants called
diatoms are the source of diatomaceous earth. These ﬁiants, mieroscopic in
size, grew profusely in the prehistoric Pacific Ocean during the Miocene
Period, several million years ago. A4s the plants died they settled to the
ocean floor, fossilized and there remained in beds over 1000 feet thick until
some geologie upheaval lifted them into what now is a part of the coastal
mountains. 't Some sources of information state that it is possible that
these diatomaceous beds were deposited as recently as 100,000 years ago.l2

While the size of the diatom is measured in thousandths of an inch,
their structure is ome of delicate beauty fashioned in over 10,000 different
intricate patterns having glways a basie simple symmetry. One might find
the closest rival teo the beauty of the diatom in the snowflake.

These tiny "skelﬁons" are composed of silica extracted from the waber
during their life cycle. The physical structure of the fossil material cone
taine some 90 percent voids and 10 percent silica. These voids give the
digbomite excellent characteristics as a filter aid., Relatively few types
of diatoms are of commercizl Vélue, however, there seems to be a plentiful
supply of the suitable types.

In swmary this introduction has endeavored to integrate the follow

ing related topics:s

11 nge1ite FilterwAids@anﬁ Mineral Fillers," Johng-Manville DS Series
450, (New York: JohnSuManvilleg‘l943).

12 wpicalite Diatomaceous Aids to Industry," Technical Service Bulletin,
No. B-12, (New York: Great Lakes Carbon Corp., 1949).



Figure 2. Filter Element
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CHAPTER II
REVIEW OF PREVIOUS INVESTIGATIONS

Available literature indicates that the greatest amount of work done in
connection with the adaptation of the diatoﬁite filter to water purification
was done under the direction of Black and Spauldingl3 at the Engineer Board,
Ft. Belvoir, Virginia. With the aid of the National Institute of Health and
several manufacturing concerns, it was possible for the Engineer Board to
develop a diatomite filter particularly adapted to field use. The result
obtained with this filter indicated that the military use might only be the
beginning of the various possible uses of diatomite filtration in water puri-~
fication,

&, B, Cummins™% contributed a most useful quantity of information conm
cerning the relationship existing between several kinds of filter aids and
different qualities of suspended par’o‘iqleso His firdings indicate that the
flow characteristics are affected by the shape of the digtomaceous material,
And Elsenbast and Morrists highlighted the diatomaceous filtering precess
from the mechanical point of view. They also showed the wide range over which
the diatomacecus earth particle size may vary. An example of this variation

in Hyflo Super-Cel is as follows:

Particle Size Hyflo Super=Cel
(Microns) (%)
> /0 6,0
40=-20 15.5
2010 33.5
10~6 22,0
21.5
1.5

k4

62 o
< 2

®

13 Black and Spawlding, gp. cit., 1208-21.

14 A, B. Cummins, "Clarifying Efficiency of Diatomaceous Filter Aids,%
Industrial and Engineering Chemistry, XXXIV (April, 1942), 403-11.

15 A. S. Elsenbast and D. C., Morris, "Diatomaceous Silica Filter-Aid Clari-
fication,® Industrisl and Engineering Chemigtry, XXXIV (April, 1942), 412=18,
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Kikerl6 investigated the use of diatomite as a means of removing turbidity from
swimmiﬁg pool water, He used only 6ne grede, Celite 545, and found the results
to be highly sstisfactory.

Cheng and Feirl? contributed the bacteriological information that the cysts
ceusing emeblc dysentery are highly resistant to c¢hloringtion, Rosena‘l8 credits
Leiper with the statement that bilharzle cercariae are’very resistant to chlorine,
Black and Spauldingl? eredits the National Institute of Public Health, United
States Public Health Service for demonstrating that diatomlte water filtration
completély removes the chiorine resistant causative agents of the diseases
amebic dysentery and schistosomiasis,.

Possibly other information has been obtained in relation to diatomite
-filtraﬁion. However, no record of such edditional investigetion is availabie
to the writer,

16 John E, Kiker, "Diatomite Filters for Swimming Pools,;" Journsl Americsn
Hater Horks Associstion, IX (September, 1949), 801-9. |

17 8, L, Cheng and Gordan M. Feir, "Viability and Destruction of the Cysts
of Endamebs histolytles," Journal Americsn Waber Works Associgtion, XXXIII
(October, 1941), 1705. S ' o '

18 Rogenaun, loc. clt.

19 Black and Speulding, gp. git., 1220.

i
‘
i
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CHAPTER 11T
THE GENERAL PROBLEM

Since the investigations already made with the diatomaceous earth filter
cover only a small portion of this countries water sources, it would seem to
be most worthwhile to thoroughly investigate different waters with due regard
to the quantity and types of turbidity carried therein. This being done, the
compilation of a compendium on the capabilities and limitations of the diato-
maceous earth filter would prove invaluable in the solution of specific water
filtering problems, the answers to which might otherwise remain undiscovered.

Another aspect of the problém is to discover just what water sources in
any given arcamight be susceptible to satisfactory filtration either with or
without preconditioning of the raw water, The ultimate aim of this investi~
gation would be to become familiar with the final results obtainable from the
supplies available thus enabling a predetermined plan of action that would
guarantee a suitable supply of water to a given community in the event of an
emergency of major proportion. The author has in mind the posgibility of
mobile diatomaceous type filters being moved into an area needing a life sus-
taining quantity of water. This need could well arise from the acts of God
or the wrath of man,

It would appear that e most important item in our general plan for
national defenge should include exhaustive studies as to how an oblihterated
or radiation contaminated water supply could be replaced in the shortest
possible time.

At one time it might have appeared possible to supplant the rapid

sand filter with this high rate, space saving method of filtration,?0 How-

20 g, B, Applebaun, "Filtration of Water Through Diatomaceous Earth,"
Water and Sewage MWorks, XCIII (August, 1946), 308-10.




ever, with few exceptions, this substitution now seems remote in view of the
investigations and convincing arguments for increasing the present standard
rate of two gallons per minute per square foot of sand filter surface of the

rapid sand type £ilterst

up to as much as four or even five gallons per minute
per square foot. More work should be done before this seemingly obvious con=-
clusion ig declared a fact, especially in view of the results obtained when

the body feed method is used in diatomaceous earth filtration.?® In the body
feed method, diatomite is added to the water to be filtered to provide porosity
in the material deposited on the precoat.

It has been indicated that body feed enables higher filter rates over
longer periods of time when the liquid to be filtered is water. Additional
investigation of varicus types of water would be required before it could be
determined whether the British system of no body feed or the system of body
feed used most widely din the United States is more degirable for use with a
particular type of wabter., Before it can be considered feasible to use the body
feed method in diatomite filtration, such factors as total cost per unit quantity
of water produced, initial and maintenance cost of hody feed equipment and in-
creased complexity of the filter cycle must be weighed as to all their ad%
vantages and disadvantages. Obviously the results of these investigations

world depend in part on the type of water used,

Al jomn R, Baylis, "Are We Ready for High~Rate Filtration of Water?%
Water and Sewage Works, XCVII (November, 1950), 456=58.

2? Black and Spaulding, op. git., 1213-15.
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CHAPTER IV
SCOPE OF THIS THESIS

The purpose of this thesis is to show the effectiveness of the diato-
maceous earth filter on Lake Carl Blackwell water.

The investigation was confined to the operation of the filter with a
layer of diatomite deposited on the filter element from a slurry mixture of
diatomaceous earth and water. This initial filtering layer, free from any
additional diatomite fed to the influent water, is called the precoat. Data
as to what may be ex@ected from these same conditions when using the body
feed method of filtration lies beyond the scope of this paper,

A1l experiments were carried out with the agim of obtaining specifie in-
formation concerning the ability of the diastomaceous earth filter, to remove
turbidity and bacteria, particularly organisms of the "coliform group". The
Beoliform group? may be considered to be all aercbic and facultative anaerobic
bacilli which give off'gas vhen fermenting lactose. These bacteria are Gram-
negative nonusporemfbrmingOZB Jt was also most desirable to ascertain the
probable rate of flow through the filtér’when the removal of the turbidity
and coliform organisms is satisfactory,

Since the turbidities of the filter influent varied over moderate ranges
in both the raw and settled waters, and since these variations are typical of
what may be found under actual field conditions, no effort was made to stand-
ardize the influent turbidities. However, comparative results were made
possible by computing the percent removal of turbidity at critical time in-
tervals.

Standard Methods for making bacterial plate counts and for determining the

R3 American Public Health Association, gp. git., p. 1930
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most probable number of ecoliform organisms was used in obtaining data from the
bacterial analysis of all test samples. These test samples were taken at random
times from all waters to be tested so that the end results would represent true
probabilities.

Control of the influent temperature was practically impossible and the re-
sulting variations in the rate of flow caused by temperature-viscosity relation-~
ships are of an extremely complicated nature. With fine grain clean sands, the
eqpation324 concerning the flow characteristics are complex and inexact and
logic would dictate that no more precise formulae could be expected concerning
diatomite flow properties than the equations derived for sand. The presence
of so many variables, some of which are mest difficult to approximate, dictates
that the efTecta of temperature change lies beyond the scope of this thesis and
exists as an error in the results. However, &ince the temperature changes
encountered during this study were less than these frequently found in the field,
the writer feels that the negleot of such effects do not materially alter the
findings.

Having all the apparent water borne wvariables either correctly eliminated
as in@énsequen@ial to the desived daba or reduced to the form vhere proper
comparisons are possible, only the grade and manner of use of the diatomaceous
earth remained subject to variabtion. Assuming this knowledge to bhe trus within
the hounds of accuracy desired in this investiéationg the distomite grade and
weight per square foot of filter area were veried on each filter run. It was
thus possible te gather daba which would indicate the most probable practical

combination of weight and grade giving a satisfactory effluent,

% pmerican Society of Civil Engineers, Water Treatment Plant Design,
PP 53”’599



CHAPTER V
DESCRIPTION OF EQUIPMENT o
Thé squipment used tb nake this study included the following major iltems:
1. TFilters - two Stellar Filters manufactured by Iafileo, Inc., Chicago,
Illinois, size SW-G-E, Each filter, as showﬁ partly disassembled in
Figure IV, has nine square feet of filter area. Each filter is cotn-
plete with its own influent and effluent pressure gage, rate of flow
neter, observation porht, dlabtomite charger and quick opening release

~ valve. The velease valve ig used in bumping the filter. The battery

- of filbers has a Hi-Cap Feeder, manufectured by Infileo, Iﬁoog Chicagn,
Tllinois, for the purpose of feeding diatomaceous earth as body feed,
bk the feedor was not used in this study. PMlgure V is o flow dla-

- gram of the installation showing how raw or settled influent may be
Filtered through either or both filters wasting the filter@d effluent
until its quality is satisfactory. The teorms seottled water and
coagulated water will be used interchangesbly hereafter and will refer
to a water that has been coagulated with chemicals and settled., When

| the quality is suitable for the desired use, 1t mey be seen that the
waste valves can be closed and the water filtered to storage.

' ng Pump « the pump is a Fairbanks, Morse & Co., "Builtogether! centrife
ugal pump capable of delivering 150 gallons per minute againét a head
of 120 feet, The pump is powered by & 7.5 horsepower alternating

. eurrent, squirrel cage motor,

3o Spectrophotometer - the turbidities of all'fested samples were deter-

. mined by the use of the Colemsn Model 14 SpthTOphOtOmﬂteT925

25 Operstine Direotions for the Model 14 Colemen Un;versal Sgectrophotomster,
(Maywoods Coleman Instruments, INc., 1947), Do 2e
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Figure 4. Filter Partly Diesassembled
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Figure VI shows this instrument,

Comparator -~ the Hellige Comparator Model No. 611 was used on several
runs to ascertain whether or not any change in the hydrogen-~ion con-
centration occurred., Space is not available here for the discussion

of hydrogen~ion concentration and pH but Babbitt and Doland26

give g
clear explanation of this phenomenon, & photograph of this instrument
may be seen in Figure VII. The comparator was also used to measure
color in the water,

Ingubator = Figure VIII shows the incubator used to run the bacterio-~
logieal tests for organisms of thé coliform group., The test tubes
shown in the photograph are portions of a sample under observation for
presence of ceoliform orgenisms. The petri dishes shown are being used

o make plate counts®

of the same sample,

Refrigerator = the refrigerator used to keep all culture media at the
proper temperature is shown in Figure VIII,

Quebec Colony Counter - in Figure IX is seen the device used to facile=
itate ewpeditious and accurate counting of the bacteria on the petri
dishes or plates. A plate ready for ecounting is seen in place on the
instrument,

Other Equipment -- Figure X shows the analytical balance and weights,

stopwatch, centigrade thermometer and mixing pail used in the experi-~

ments,

26 Babbitt and Doland, opo Gite, pp. 41821

27

American Public Health Association, gop. ¢it., pp. 191=93.
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Figure 6. Spectrophotometer

Figure 7. Comparator
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Figure 8, Incubator and Refrigerator

Pigure 9, Quebec Colony Counter



Figure 10, Other Equipment

Figure 11. Close View of Control Velves and uages
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CHAPTER VI
DESCRIPTION OF DIATOMACEOUS EARTH
~ Of the more than 10,000 different specles of diatoms only the acicular
(*needle~1ike") and elongated types are of general use.28 In its dry state,
even though it has been subjected to the earths pressures for millions of
years, diatomaceous earth weighs only 18 to 30 pounds per cuﬁic foot when
quarried., After it is processed; the weight of the same diatomite varies
from 7 f; 13 pounds per cubie foot, The surface area contained in a pound of
© diatomite varies between 20,000 and 100,00 square feet.
The chemical composition of these diatoms is almost pure silica (Si0,)
and the physiceal state is amorphous in character. The feel gf this fine.
,powder like mass of fossils is soft to the touch.
Five grades of Celite, diatomite as sold by Johns-Manville Corporation,
New York City, New York, were investigated in this study. They range in grade
in the following order, the coarsest grade being listed first and the finest.
grade listed last:
Celite No. 545
Celite No, 535
Celite No, 501
Hyflo Super-Cel
Celite No, 512
Cumming<? provides a means of comparing the relative characteristics of
a fine and the coarsest diatomite used in this work. While his experiment used

liguid Puerto Rican raw sugar, a parallel comparable to water may still be

drawn, His findings were as follows:

Type Filtration Rate Clarity Factor
Hyflo Super-Cel 534 5745
Celite 545 1830 31.6

28 Great Lakes Carbon Corporation, Dicglite Aids to Industry, p. 8.

29 Carmins, gpe. Cit., ﬁ; 4070



Both the filtration rate and clarity factor used the results obtained from
Filter=Cel (finest grade sold) as the standard, each having values of 100,

30

Gummins”~ also ascertained the approximate particle size distribution of several
filter earths. A graph of these findings as they apply to the coarsest and

a fine grade of diatomite used in this paper may be seen in Figure 12.

30 Cummins, op. ¢it., p. 405,
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CHAPTER VII
PROCEDURE

The filtration rates were varied in obtaining data, depending upon
whether the influent was raw water or coagulated waters The variation in rate
was made necessary by the difference in composition of the material causing
turbidity in the raw water and the composition of the material causing tur-
bidity in the coagulated water.

When either raw or settled water was to be tested, the desired grade and
quantity (echarge) of Celite was weighed on the analytical balance, This
material was then mixed with a sufficient quantity of water to render it quite
fluid, or in other words, put it in a state of suspension. The mixture
(slurry) was then ready for charging the elements,

Ta start the filtering cycle the drain valve was closed and the diato-
mite-charger valve as well as the filter-to-waste valve was opened. The
filter~to~-storage valve remained closed. The ihfluent valve controlling flow
from pump te filter remained closed as did the valves regulating the rate of
flow indicater. The diatomaceous earth glurry was then poured from the mixing
container inte the diatomite charger. After all the slurry had entered theb
filter, the diatomite charger was rinsed with clear water and the charger
control valve clesed. This process is known ag charping the filter.

After charging, the centrifugal pump was started and the motor brought to
operating speed before the influent valve to the filter was slowly opened.
This influent valve was opened until the pressure gage indicated about two o
three pounds per square inch of pressure. The charging operation was completed
when the preccat had formed on the filter element, This was considered accomp-
lished when the turbidity of the effluent showed a marked decrease. The rate

of flow indicators were then actuated. At this point in the cycle, the pro-



cedure followed on the.maw watérg except in a few tests, differed from that used
on settled water, TFor the vast msjority of the raw wabter tests a constant rate
of flow was maintained by slowly adjusting the influent valve to inecrease the
input head as frichtion losg across the filter increased by the clogging of the
interstices with removed turbidity causing materials. The increase in loss due
to friction head eould then be observed as the discharge rate was held constant.

When the tests on settled water were run, every possible effort was made to
obtain the highest possible initial rate of flow. Thile was best done by first
precoating the element with the distomite to he tested and then opening the
influent wvalve to the fully opened position. The drop in rate of flow could
then be observed as the logs of head across the filter increased.

The remainder of the testlng procedure was identical for both raw and

settleod water, Durlng the flltering cycle readings were taken concerning

head and vhanges In temperature,

The regulating of the effluent dissharge vate was always done with the
filterhomgtorage valve cloged end the filtertowwaste valve cpen, Samples
wore baken from the efflusnult water and compared visually with a standard sample
containing & parts per millien of turbidity. When the effluent contained the
pales turbidity es the shandard sample, the filier~tewgleorage valve wae opened
and the [ilter=bomwaste valve slosed. The longth of time reguired from the end
of the precoal perled to produse an effluent conteining less than five parts
per millien of turbldity was determined and entered in the date under the term
Talegpl

At definite pegular intervals, depending on the type of waber and the
anticipated results, samples of both influent water and effluent water wers

taken and examined with the specotrophotometer to ascertain the amounts of



turbidity. As recommended in the Standard Methods,31 all turbidities less than
one tenth part per million were recorded as one tenth part per million, These

influent and effluent samples were also tested from time to time for changes in
pH and color. When it was decided that the filter precoat had reached the end

of its usefulness, this diatomite coating was removed by bumping.

In bumping the filter, the effluent valve was closed and the pressure in
the filter allowed to reach the maximum head of which the pump was capable.
The influent valve was then closed and the pump turned off. The quick-opening
valve on the side of the filter was then jerked open allowing the resulting
pressure differential to dislodge the filter cake from the wires of the filter
element. The drain valve was opened and the slurry produced by bumping was
draﬁn off to prepare the filter for another cycle,

The amount of diatomite used on cach test was varied within limits that
seemed to give additional information. If the rate of flow or turbidity
removal was improved as the amount of preccat used was either increased or
decreased, the investigation of the grade of diatomite being tested was con=
tinued. However, if the resuilts showed no general trend wpon which to base
further tests, the study of that materisl was discontinued. To determine if
there was a possibility of bumping the filter and redepositing the once used
diatomaceous earth for use in the succeeding cycle, it was decided to repeab
filter cyecles in this manner on several tests. Many tests were run for long
periods jusbt to see what characteristics would be evident during long cycles,
but because of the rapid build up of head loss and the resulting decrease in

rate of flow and often a decreage in percent removal of turbidity, it was

believed thab the initial sixty minutes of the filter cycle was of prime

31 pumerican Public Health Association, gp. gite, pe lbe



importance. Hence, most tests on the coagulated water were discontinued after
the initial sixty minute period. Subsequent observations indicated this early
agsumption to be correct. Cycles on raw water were carried far beyond the point
where suitable turbidity removal ended, but it was desired to find out just how
the loss of head and rate of flow varied as the cycle continued., It was visioned
that under extreme conditions, relaxation of the desgired standards might be
advantageons, The desirable limits of these relaxations were investigated by
noting thé additional length of filter mm obtaingble if the turbidity was
allowed to rise somewhat in the effluent. Since the U, S, Public Health Ser-
vice3? gllows turbidities up to and including ten parts per million, it was
considered worthwhile to study flow periods of a duration up to and exceeding
the length of time required to produce a water with a turbidity of ten parts

per million or less.

The basteriolopgical tests on both the raw and sebtled effluent followed
Standard Methods,>? In making plate counts 1 ml samples were planted and in
making coliform tests 5-10 ml portions were planted, Influent watér samples
were obtained from the filter just before the water entered the filter and
effluent water samples were hLaken just after the water left the filter,

It was decided that three:different grade-~weight combinations of Celite
improved the physieal quality of water to a degree warranting bacteriological

examination. The three combinations tested were:

wh/sq £t of Kind of influent
Grade Lilter surface waber
Hyflo Super-Cel 0.5 oz Goagulated and Settled
Celite No, 512 05 03z Coagulated and Settled
Celite Neo, 512 5.33 oz Raw

#2 Public Health Reports, April 10, 1925, 693, cited by Babbitt and Dolend,
gl)no s-iﬁg-;_tﬁog po -4-130

33 pmerican Public Health Asgociation, gp. gite., pp. 183208,



Figure 13. Petri Dishes With and Without Colonies of Bacteria

Figure 14, Culture Tubes With and Without Gas Formers
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Each grade~weight combination was tested on three cycles. The filter was pre-
coated with diatomite and filtration started. A sample was then drawm from the
influent water and from the effluent water, The filter was then bumped and
drained. On the second cycle, the filter was again precoated and filtration
allowed to continue for about fifteen minutes before the sample was drawn.
Again the filter was bumped and drained., A4nd for the third time the precoat
was formed and filtration started, but the sample was not taken this time until
after about thirty minutes of filtration. It was believed that thie spacing of
sampling would give the best results obtainable within the limited scope of this
thesis., The daba obtained from the above procedure made it possible to study

the effectiveness of the diatomaceous earth filter on Lake Carl Blackwell water.
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EXPERIMENTAL DATA
The follewing data was obtained from tests run between October 23, 1950
and November 30, 1950, The input head, output head and loss of head readings

were esvimated in the tenths place. The rate was estimated in the units place.

PART 1

Physical Data

Tost # 1
Grade = 545 ’ pH of influent ~ not determined
Weight = 1.77 oz/fi2 pH of effluent - not determined
Influent = Raw Waker Color of influent -~ not determined
Temperature of influent - 219C Golor of effluent - not determined
Turbidity of raw water - 29 Glear « not determined
Inputb Output Loss Turbidity
Time Head Head Head Rate Rate (ppm)
{min) (psi) (psi) {psi) (gpm) 5924233 Inf, Eff,
0 245 2,5 0,0 45 5.0 29 25
€0 13,0 6.3 6.8 45 5.0 29 25
120 38.0 7e5 30.5 45 5,0 29 27
180 40,0 745 3265 45 5.0 29 28
Tegt # 2
Grade « 545 ‘ pH of influent -~ not determined
Welght = 1.77 oz/ft? pH of effluent - not determined
Influent - Raw Water Color of influent - not determined
Temperature of influent - 21°C Color of effluent « not determined
Turbidity of raw water - 25 . Clear — not determined
Inpat Output Loss Turbidity -
Time " Head, Head Head Rate Rate (ppm)
{min) fpsi) (psi) (psd)  (epm) gon/Lt2 Inf, Eff,
0 265 S 0.0, 45 5.0 25 20
60 14,0 755 605 ‘4«5 50:0 25 hiitand
120 32,0 9.0 23.0 45 5,0 25 ——
180 55,0 785 4765 37 Lol 25 e
240 64,0 6.2 57,8 30 3.3 25 ——
300 69,0 6.2 62.8 26 2.8 25 -
360 70,0 6.2 638 23 2s5 25 s
6.2 65,8 23 245 25 R3

420 72,0



Test # 3

Grade = 545

Weight = 2 oz/ft?

Influent - Raw Water
Temperature of Influent - 21°C
Turbidity of raw water — 25

Input Outputb Loss
Time Head Head Head
{min) {psi) {psi) {psi)
O 755 0705 000
60 13.0 7a5 505
120 25.0 Teb 17,5
180 4/4-00 705 36e5
240 65,0 7.5 575
300 68.0 5.0 63,0
360 72,0 5,0 67.0
Test # 4
Grade - Hyflo Super—Cel
Weight ~ 1.77 oz/ft?
Influent ~ Raw Water
Temperature of influent - 21°C
Turbidity of raw water — 20
Input Output Loss
Time Head Head Head
(min (psi) (psi) (psi)
0 ) 7e5 C.0
a0 58.0 7.5 5045
120 7260 5.0 67,0
180 7400 5.0 69.0
240 76,0 5.0 71,0
300 78,0 5.0 7340

35

pH of influent - not determined
pH of effluent —~ not determined
Color of influent - 6
Color of effluent = 6
Clear -~ not determined

Turbidity
Rate Rate (ppm)
(zpm) eom/£t>  Inf. BEf.
45 5.0 25 15
45 500 25 15
45 5.0 25 16
38 bl 25 16
36 400 25 17
26 2.9 25 17
22 2ok 25 18

pH of influent = not determined
pH of effluent « not determined
Color of influent - 5

Color of effluent -~ 5

Clear - not determined

Turbidity
Rate Rate (ppm)
(gpm) gpm/FE2 Inf, Eff,
11-5 5 nO ZO 1,5
32 3.0 20 15
20 2.2 20 15
17 169 20 15
1/ 1.5 20 15
12 1.3 20 15



Tesh # 5

Grade = 545

Weight = 2.22 oz/ft*
Influent = Raw Water

Temperature of influent ~ 21°C
Turbidity of raw water ~ 19

Input Qutput Loss Turbidity
Tine Head Head Head Rate Rate , (ppm)
{min) (pei) (psi) (psi) (gpm) gpm/ £t Inf. Eff.
0 11.0 8.0 3.0 45 50 19 15
60 48,0 70 4£1.0 35 3.9 19 16
120 7340 6.0 67.0 20 2.2 19 17
180 76.0 55 70.5 16 1.8 19 19
240 78.0 5,0 730 12 1.3 19 19
Filter bumped and same diatomite redeposited
0 3440 8,0 26,0 41 4eb 19 17
30 60,0 7.0 53.0 30 343 19 17
60 70,0 6.0 64,40 22 Red 19 17
0 75,0 50 70.0 16 1.8 19 17
120 78.0 560 7340 14 1.5 19 17
150 79.0 5.0 7440 12 1.3 19 17
Test # 54
Grade = 545 pH of influent -~ not determined
Weight ~ 1,77 oz/ft? pH of effluent — not determined
Influent ~ Raw Water Color of influent -~ not determined
Temperature of influent -~ 210C Golor of effluent =~ not determined
Turbidity of raw water - 19 Clear — not determined
Ioput Output Loss _ Turbidity
Time Head Head Head Rate Rate (ppm)
(min), (psi) (psi) (psi) (gpm) gpm/ft° Inf, Eff,
0 70,0 68,0 2.0 27 3.0 19 14
60 68.0 64,0 40 27 3.0 19 16
120 68,0 4840 20,0 27 3.0 19 .
180 69.0 24,0 45,0 27 3.0 19 n
2ZLO 66«0 7«0 59.0 27 3.0 19 ——“—“—
200 7340 6.0 67.0 20 242 19 18

36

pH of influent = not determined
pH of effluent - not determined
Color of influent = not determined
Color of effluent - not determined
Clear =~ not determined
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Test 7.6
Grade - 501 . pH of influent = not determined
Weight = 1.77 oz/fte pH of effluent = not determined
Influent =~ Raw Water 7 Coler of influent - 5
Temperature of influent - 20°C Color of effluent - 5
Turbidity of raw water - 20 Clear = not determined
Input Qutput Llogs Turbidity
Time Hearl Head Head Rate Rate (ppm)
(min)  (psf), fpat)_ {psi) (gpm) gpm/ftS Inf, Eff,
0 71,0 63,0 8.0 R7 3.0 20 11
60 73,0 5060 2340 27 3,0 20 12
120 7245 765 65.0 29 3.0 20 14
180 80 .0 500 7540 22 2 o4 20 4
210 82,0 5.0 770 12 1.3 20 14
tost £.7
Grade - 501 " pH of influent « not determined
Welght = 3.55 oz/ft" pH of effluent - not determined
Iaflnent = Raw Water Color of influent = not determined
Tem are of influent - 2090 Golor of effluent -~ not determined
Turbigity of raw water - 20 Clear = 45 seconds
Tuput Output Logs Turbidity
Tine Head Head Head Rate Rate (ppm)
(win)  (pei)  fesi). 8 {gom)  gpw/ft® Inf. EEf.
0 80,0 7540 5.0 18 240 20 6
30 80.0 710 2.0 18 2.0 20 6
60 §0,0 65,0 15.0 18 2.0 20 6
20 80,0 59.0 210 18 2.0 20 6
120 30.0 43,0 32,0 18 2.0 20 7
150 80,0 40,0 40,0 18 240 20 7
180 80,0 22,0 58,0 18 2.0 20 8
210 80,0 16,0 64,0 18 2.0 20 9
240 79,0 560 T4 o0 18 20 20 13
270 790 5.0 7460 18 2,0 20 14
300 79,0 5.0 74,00 18 2,0 20 15
330 79,0 5.0 74,00 18 2.0 20 18



Test # 8

Grade - 501 pH of influent — 8,3
Weight = 3.55 on/ft2 pH of effluent - 8,3
Infiluvent - Raw Water Golor of influent ~ not determined
Temperature of influent - 19°C Color of effluent -~ not determinsd
Turbidity of raw water - 22 Clear - not determined
Input Output Loss Tuebidity
Time Head Head Head Rate Rate | (ppwm)
(@in)  (pst)  (psi) (psi)  (em)  pw/e®  Inf. Erf
0 84,0 78.0 6.0 18 260 22 8
30 8400 73,0 11.0 18 2.0 22 8
60 84.0 63.0 21,0 18 R o0 22 8
90 84.0 38,0 46,0 18 2,0 22 9
120 84,0 2240 62,0 18 2.0 22 10
150 84,0 20,0 6400 18 2.0 22 18
180 82.0 10,0 72,0 18 200 P 20
210 82,0 2,0 73,0 18 2.0 22 20
240 €3.0 10.0 73,0 18 2.0 22 21
Tost # 9
Grade = 501 " pH of influent = not determined
Weight — 5 oz/ftR pH of effluent = not determined
Inflvent ~ Raw Water Color of influent - not determined
Temperature of influent - 19°C Color of effluent = not determined
Turbidity of raw water - 20 Clear — not determined
Input Output Loss Turbidity
Time Head Head Head Rate Rate (pom)
(wn)  (psi) (psi) (psi) {epm)  gpm/ft°  Inf, Eff,
0 83,0 80.0 3.0 18 2.0 20 6
30 83,0 78,0 5.0 18 2.0 20 7
60 83.0 65,0 18,0 18 2.0 20 8
90 83.0 520 31.0 18 2.0 20 8
120 83,0 32,0 51.0 18 260 20 9
150 83,0 14,0 69,0 18 2.0 20 i1
180 83,0 11.0 72,0 18 2,0 20 12
210 83.0 9,0 7400 18 2.0 20 13
225 83.0 7.0 7640 18 2,0 20 15
2L0 83,0 6.0 770 18 2.0 20 16
270 83.0 5.0 78,0 17 1.9 20 17
300 83,0 40 79.0 15 1.7 20 18
330 83.0 440 79.0 15 1.7 20 18
Filter bumped and same diatomite redeposited
0 83,0 67.0 16.0 18 2.0 20 &
30 83,0 61,0 22,0 18 2.0 20 8
60 83,0 4ty o0 39.0 18 2.0 20 9
90 83,0 22,0 61,0 18 2.0 20 0
120 83,0 9.0 7440 18 2.0 20 16
135 83.0 6.0 77,0 18 2.0 20 12
150 83,0 6.0 77 .0 18 2.0 20 15
180 83,0 6.0 77.0 18 2.0 20 17
210 83.0 6,0 770 18 2.0 20 19



Test # 10

Grade = Hyfle Super—Cel

Weight « 4.44 oz/ft2

Influent ~ Raw Water
Temperature of influent » 199G
Turbidity of waw water - 24

39

pH of influent - &,3

pH of effluent -« 8,3

Coler of influent -~ not determined
Color of effluent — not determined
Clear - 60 seconds

Input Output Loss Turbidity

Time Head Head Head Rate Rate _ (ppm)
(min) {psi) (psi) (psi) (gpm) ot/ £t% Inf, Eff,

O 8?))@0 72 GO lO 00 18 20() 24 /{,

60 82,0 2240 60,0 18 20 24, !

90 82,0 5.9 7760 15 1.6 R4, 8
105 82,0 4o0 78,40 11 142 24, 9

Filter bumped and same diatomite redeposited

0 800 530 27,0 18 240 24 5

60 80,0 6,0 T4 0 16 1.8 24, 8

90 80,0 1.0 79.0 10 1.1 24 10
Tegh # 11

It wan discovered that the filter element was improperly precoated so this test

was digoontinued,

Grade =~ 535 i

Woight = 5 oz/ft?

ITnfluvent - Raw Waber
Temperature of influent - 199C
Turbidity of raw wabter - 23

Inpub Output

Tdme Head Head
(mim) sl (psi)
0 80,0 7440

60 8Lhob 10,0

120 85 .0 705

Loss
Head

600
7400
775

pH of influent - 8.3

pH of effluent - 8.3

Color of influent - not determined
Color of effluent ~ not determined
Clear = 20 seconds

Turbidity
Rate Rate (ppm)
(gom) gpm/ £ Inf, Eff,
18 2.0 23 7
11 1.2 23 8
2 0.2 23 1l
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Test # 13
Grade - 512 ' pH of influent —~ not determined
Weight = 5.33 oz/ft? pH of effluent - not determined
Influent « Raw Water Color of influent -~ 5
Temperature of influent - 18°C Color of effluent - 5
Turbidity of raw water - 25 Clear ~ 40 seconds
Input Output Loss Turbidity
Time Head Head Head Rate Rate (ppm)
(min (psi) (psi) (psi) (epm) gpm/£1° Inf, Bff.
0 81,0 . 68,0 13,0 18 2.0 25 3
30 83.5 275 56,0 12 2.0 25 4
60 85.0 12,0 7360 5 0.5 25 12
90 85,0 10,0 7540 1 0.1 25 17
Filter bumped and same diatomite redeposited
0 82,0 58,0 24,0 18 2.0 25 A
30 8200 705 7405 18 2.0 25 6
45 82.0 3.0 79.0 10 1.1 25 6
Test # 14
Grade - Hyflo Super—Cel pH of influent - not determined
Weight - 5,33 oz/ft2 , pH of effluent - not determined
Influent - Raw Water Color of influent - 5
Temperature of influent - 189C Color of effluent - 5
Turbidity of raw water — 24 Clear - 40 seconds
Tnput Outpub Loss Turbidity
Time Head Head Head =  Rate Rate , (ppm)
(min (psi) (psi) (psi) (gpm) gpm/EH Inf, Eff,
O 81..0 7400 7.0 18 2.0 24 5
30 21,0 63.0 18.0 18 2.0 24 5
60 310 19.0 62,0 18 2,0 24 6
75 81.0 5.0 76,0 16 1.8 24 6



Test #.15
Grade ~ 512 pH of influent -~ not determined
Weight ~ 5,33 oz/ft? pH of effluent - not determined
Influent - Raw Water Color of influent = not determined
Temperature of influent -~ 17,.5°C Color of effluent - not determined
Turbidity of raw water - 23 Clear ~ 52 seconds
Input Output Loss Turbidity
Tdime Head Head Head Rate Rate (ppm)
0 81.0 67,0 14,0 18 2.0 23 2
30 81.0 30.0 510 18 2,0 23 3
60 81,0 1.0 80,0 10 1.1 R3 8
Filter bumped and same distomite redeposited
0 82.0 65.0 17.0 18 240 R3 4
30 82,0 20,0 4240 18 2.0 R3 5
45 820 500 77,0 11 1.2 23 8
Grade ~ Hyflo Super~Cel pH of influent =~ not determined
Welght = 5,33 oz/fté pH of effluent = not determined
Inflvent -~ Raw Water Color of influent ~ not determined
Temperature of influent ~ 17,5°C Color of effluent =~ not determined
Turbidity of raw water - 67 Clear - 38 seconds
Input Output Loss Turbidity
Time Hesad Head Head Rate Rate (ppm)
(min) (psi) (psi) (psi) (gpm) Zon/feR Inf, Eff,
0 82.0 46,0 36,0 18 2.0 67 9
15 82,0 1,0 81.0 5 0.5 67 9
Filter bumped and same diatomite redeposited
0 82.0 4240 40,0 18 2,0 67 11
5 82,0 5e 770 15 1.7 67 15

2 0
10 82,0 2.0 80.0 5 0.5 67 23



Test # 17
Grade = 545 pH of inflvent ~ not determined
Weight =~ 5.33 oz/ftR pH of effluent - not determined
Influent = Raw Water Color of influent - not determined
Temperature of influent - 17,5°C Color of effluent - not determined
Turbidity of raw water - 51 Clear = 82 seconds
Input Output Loss Turbidity
Time Head Head Head Rate Rate (ppm)
(min) (psi) (psi) (psi) (gpm) gom/ Tt Inf, Eff,
0 82.0 7440 8.0 18 2.0 51 21
15 82.0 5.0 770 15 1.7 51 25
30 82,0 3.0 79.0 10 1 51 29
Filter bumped and same diatomite redeposited

0 82.0 5640 320 18 2.0 51 24

15 82.0 5.0 7740 12 1.3 51 29

30 82.0 1.0 8.0 9 1.0 51 38
Test # 18
Grade - 501 ' pH of influent - not determined
Weight - 5.33 oz/ft2 pH of effluent = not determined
Influent —~ Raw Water Golor of influent = not determined
Temperature of influent - 17.59C Color of effluent = not determined
Turbidity of raw water — 24 Clear = 90 seconds

Input Output Loss Turbidity

Time Head Head Head Rate Rate (ppm)
(in) (psi) (psi) - (psi) (2bm) Zom/£t2 Inf, Eff,

0 82.0 70,0 12 18 2.0 24 6

30 82,0 64,.0 18 18 R0 R4, 7

60 82,0 46.0 36 18 2.0 24 8

90 82,0 23.0 59 18 2.0 24 9
120 82.0 540 77 15 1.7 2, 12
135 82.0 3.0 79 14 1.5 24 1z
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Test # 19
Grade - 512 pH of influent - 8.
Weight - 5.33 oz/fte pH of effluent - 8.
Influent -~ Raw Water Color of influent - not determined
Temperature of influent - 16°C Color of effluent - not determined
Turbidity of raw water - 24 , Clear - 95 seconds
Input Output Loss Turbidity
Time Head Head Head Rate Rate (ppm)
(min) (psi) (psi) (psi) (gpm) gpm/Ft2 Inf. Eff,
0 82.0 66.0 16.0 18 2.0 24 3
30 82,0 32.0 50.0 18 2.0 24 4
60 82.0 4e0 7840 15 1.7 24 14
0 | 82.0 3.0 79.0 10 1.1 24 18
120 g2.0 2.0 80.0 8 0.9 R4 20
Filter bumped and same diatomite redeposited
0 83.0 51.0 32.0 18 2.0 23 13
30 83.0 13.0 70.0 18 2.0 23 13
60 83.0 5.0 78.0 15 1.7 23 16
9 83.0 3.0 80.0 15 1.7 R3 19
120 83.0 340 80.0 15 1.7 23 20
135 83.0 3.0 80.0 4 0.4 23 21
Filter bumped and same diatomite redeposited
0 83.0 45.0 38,0 18 2.0 22 16
30 83.0 10.0 730 18 2.0 22 17
Test # 20
Grade -~ 535 pH of influent = not determined
Weight = 5.33 oz/ft2 pH of effluent - not determined
Influent -~ Raw Water Color of influent - 5
Temperature of influent - 15°C Color of effluent -~ 5
Turbidity of raw water - 22 Clear - 96 seconds
‘ Input Ouvtput Loss Turbidity
Time Head Head Head Rate Rate 5 (ppm)
(min) (psi). (psi) (psi) (epm) gpny/ £t Inf, Effs
0 82.0 720 10.0 18 2.0 22 6
30 82.0 67.0 15.0 18 2.0 22 7
60 82,0 47.0 35.0 18 2.0 22 10
0 82.0 12.0 70,0 18 2.0 22 13
120 82.0 7e5 The5 15 1.7 22 17
150 | 82.0 4.0 78.0 14 1.5 22 19
i Filter bumped and same diatomite redeposited
0 77.0 23.0 54,40 18 2.0 22 13
30 78.0 15.0 63.0 18 2.0 22 15

45 78.0 Te5 7045 18 2.0 22 16



Test ﬁ 21

by

Grade = Hyflo SupexhCel pH of influent - not determined
Weight = 5,33 oz/ft? pH of effluent - not determined
Influent - Raw Water Color of influent - not determined
Temperature of influent - 15°C Color of efflvent = not determined
Turbidity of raw water « 23 Clear - not determined
Input Output Loss Turbidity
Time Head Head Head Rate Rate (ppm)
(min) (psi) (psi) (psi) (zpm) gom/£82 Inf, Eff,
0 81.0 740 7.0 18 2.0 23 6
30 81..0 63.0 18.0 18 2.0 23 6
60 81,0 42,0 39.0 18 2.0 23 7
20 81.0 21,0 60,0 18 2.0 23 12
120 81,0 10,0 71.0 18 2.0 R3 14
150 81,0 4.0 770 17 1.9 23 15
165 81,0 3.0 78,0 16 1.8 e e
Tost # 22
Grade - 512 . pH of influent ~ not determined
Weight = 7,11 oz/ft< pH of effluent ~ not determined
Influent - Raw Water Color of influent = not determined
Temperature of influent - 16°C Color of effluent - not determined
Turbidity of raw water = 23 Clear = 120 seconds
Input Output Loss Turbidity
Time Head Head Head Rate Rate (ppm)
(min) (psi) (psi) (psi) (gpm) gpm/ 2 Inf, Eff,
0 79.0 57.0 22.0 18 2.0 23 3
15 79,0 41,0 38,0 18 PARY 23 3
30 7900 22,0 57.0 18 2.0 _3 6
45 79.0 540 740 18 2.0 23 13
60 7900 4 0 7540 16 1,8 R3 15
75 79.0 35 75e5 15 1.7 R3 16
Fllter bumped and same digbtomite redeposited
0 80,0 48,0 32.0 18 2.0 23 16
15 80.0 40,0 40,0 18 2.0 23 5
20 80,0 18,0 62,0 18 2,0 23 7
L5 80.0 260 7840 12 1.3 23 9



Test # 23

Grade ~ 512 A pH of influent —~ not determined

Woight = 8,88 oz/ft2 pH of effluent = not determined
Influent - Raw Water Color of influent -~ not determined
Temperature of influent - 16°C Color of effluent — not determined
Turbidity of raw water -~ 22 Clear - not determined
Input Output Loss Turbidity
Time Head. Head Head Rate Rete (ppm)
(min) (psi) (psi) (psi) {gpm) gpm/ - Inf, Eff,
0 440 8.0 36,0 45 5.0 22 2
15 80.0 7.0 73,0 22 204 22 5
30 86,0 6,0 80.0 14 1.5 22 15
45 86,0 5.0 8l.0 11 1.2 22 17
60 86,0 5.0 81.0 9 1.0 22 18
Tegt # 24
Grade - 512 pH of influent - 8,3
Weight ~ 10,66 oz/ft° pH of effluent - 8,3
Influent ~ Raw Water Color of influent - not determined
Temperature of influent - 15.50C Color of effluent ~ not determined
Turbidity of raw water - 21 Clear - 150 seconds
Input Output Loss Turbidity
Time Head Head Head Rate Rate (ppm)
(min) (psi) (psi) _ (psi) (gpm) ggmgftz Inf, Eff,
0 54,0 Teb 46.5 38 4ol 21 2
15 76,0 6,0 70.0 25 2.8 21 3
30 83,0 6.0 77.0 15 1.7 21 10
45 84,0 6.0 78,0 14 Lo 21 15



Tesgt 2

Grade = 545

Weight - 3.55 oz/ft°

Influent ~ Coagulated Water
Temperature of influent - 14.5°C
Turbidity of coagulated water - 10

L6

pH of influent - &,.8

pH of effluent -~ 8,8

Color of influent - not determined
Color of effluent = not determined
Clear -~ 180 seconds

Input Output Loss Turbidity
Time Head Head Head Rate Rate (ppm)
(min) (psi) (psi) (psi) (gpm) gpm/F12 Inf, Eff,
0 5400 Te5 46,5 38 4a? 30 0,1
15 60,0 7e5 525 36 450 10 Dol
30 71,0 745 63.5 29 3.2 10 0ol
45 7600 7.0 69,0 25 2.8 10 0.1
60 78,0 6.0 72,0 23 2.6 19 0,1
75 80.0 5.0 750 21 203 10 0.1
90 81.0 5.0 76,0 19 2.1 10 0.1
105 82,0 500 770 18 2.0 10 0.1
120 82,0 5.0 77,0 17 1.9 10 0ol
135 82,0 5.0 77 .0 17 1.9 10 0.1
150 82,0 5.0 770 17 1.9 10 0.1
165 83.0 5.0 78,0 16 1.8 10 0.1
Filter bumped and same diatomite redeposited
0 56,0 765 4845 38 4ol 6 0ol
30 76,0 6.0 70,0 26 249 6 0.1
60 80,0 6,0 7440 20 22 6 1.0
20 83,0 6.0 77.0 17 1.9 6 1.5
105 84..0 6.0 78.0 16 1.8 6 245
Test # 26
Grade «~ 545 5 pH of influent « not determined
Weight - 1,77 oz/ft pH of effluent - not determined
Influent - Coggulated Water Color of influent - not determined
Temperatvore of influent - 13.5°C Golor of effluent - not determined
Turbidity of waw water - 21 .. Clear - 130 seconds
Input Oubput Loss Turbidity
Time Head Head Head Rate Rate _ (ppm)
(min) {psi) (psi) (psi) (gpm) gpn/ft~ Inf, Eff,
O 4—600 38a0 4—3 4-08 53 100
30 79,0 7240 23 2.6 13 0,5
60 82,0 76,0 18 2.0 13 2.0
g0 84..0 78,0 15 1.7 12 2,0
120 84..0 78.0 14 1.5 9 2e5
Filter bumped and same diatomite redeposited
0 52,0 bbro5 40 biok 9 200
30 80.0 7560 20 2ol 9 1.0
&0 84,0 78,0 16 - 1.8 9 Reb



Test # 27

Grade - Hyflo Super-Cel

Weight = 1.77 oz/f4R

Influent -~ Coagulated Water
Temperature of influent - 13, 500
Turbldlty of raw water - 21 -

| Input Output Loss
Time - Head Head Head
gnﬁnz ; gpsi} gpsiz ggsiz
0 ‘ 32.0 8.0 24
15 = 74.0 7.0 67
30 j 1.0 640 75
45 f 84,0 560 79
60 ? 85.0 50 80
75 : 85.0 5.0 80
9 85.0 5.0 g0
Test 28
Grade -‘512

Weight = 1,77 oz/ft?

Influent - Coagulated Water
Temperature of influent = 14°C
Turbidity of coagulated water - 10

47

pH of influent - not determined
pH of effluent - not determined
Color of influent - not determined
Color of effluent -~ not determined
Clear =~ 55 seconds

Turbidity

Rate Rate (ppm)
SgE Z QEEM Inf, Eff,
47 562 11 0.1
27 3.0 11 0.1
20 2e2 11 0.1
15 1.7 11 0.1
14 1.5 11 0.2
12 1.3 11 0.5
10 1.1 11 1.0

pH of influent -« not determined
pH of effluent = not determired
Color of influent - not determined
Color of effluent - not determined
Clear — 90 seconds

+ Input Output Loss Turbidity

Time . Head Head Head Rate Rate (ppm)
(min) (psi) (psi) (psi) (gpm) gpg[ftz Inf, Eff,
0 ! 42,0 8.0 340 Lty 49 10 0.1
15 63,0 745 5545 36 440 10 0.1
30 7340 7.0 66.0 27 3.0 - 041
45 I 77.0 7.0 70.0 24 2.7 — O°1
60 80.0 6.5 735 21 23 - 0.1
75 80.0 6.0 74,40 20 ' 242 — 0.1
90 w 8100 6.0 75.0 18 2.0 ——— 001
105 . 82 oo 6.0 76.0 17 1.9 —— o.l

| Filter bumped and same dlatomite redeposited

0 ' 45.0 7.5 37.5 b a9 10 0.1
15 67,0 75 595 34 3.8 o 0.1
60 80,0 6.0 740 22 244 — 0.l



48

Test # 29
Grade - 512 pH of influent ~ not determined
Woight -~ 1 oz/ft? pH of effluent - not determined
Influent = Coagulated Water Color of influent - not determined
Temperature of influent = 14.5°C Color of effluent - not determined
Turbidity of raw water = 22 - - ~ Clear - 120 seconds
Input Output Loss Turbidity
Time Head Head Head Rate Rate , (ppm)
(min) (psi) (psi) !gsi! (epm) gpn/ £t Inf, Eff,
0 40.0 7.0 33.0 45 5.0 11 0.1
15 63.0 6.0 5740 36 .40 11 0.1
30 78.0 5.0 73.0 25 2.8 11 0.1
45 80.0 540 7540 21 2.1 11 0.1
60 82,0 5.0 770 18 2.0 11 0.1
75 82.0 5.0 77.0 17 1.9 11 0,1
90 82.5 5.5 7740 16 1.8 11 0.1
Filter bumped and same diatomite redeposited
O 4300 705 3505 43 11-08 7 Ocl
15 70,0 Te5 62.5 30 33 7 0.1
30 76.0 6.0 70.0 25 2.8 7 0.1
45 78,0 6.0 7240 23 2.6 7 0.1
60 80.0 6.0 7440 21 Re3 7 0ol
75 81.0 6.0 7540 20 Re2 7 0.l
120 82,0 6,0 76.0 17 1.9 7 0.1
Test # 30
Grade - 512 pH of influent - 8,3
Woight = & oz/t° pH of effluent — 8,3
Influent = Coagulated Water Color of influent - not determined
Temperature of influent -~ 14.5°9C Celor of effiunent — not determined
Turbidity of raw wabter - 24 . Clear - 125 secends
Input Output Loss Turbidity
Time Head Head Head Rate Rate {pom)
{min} (psi) (psi) (psi) {(gpm) ggmgftz Inf, Bff,
0 400 8.0 320 48 563 7 Dol
15 60,0 75 52.5 36 460 7 0.1
30 72,0 7.0 65.0 29 3R 7 0.1
45 76.0 6.5 69+5 25 2.8 7 0.1
60 78 0 6.0 7240 23 2.6 7 0,1
75 79.0 6.0 73.0 22 2ok 7 0.l
90 80.0 640 740 21 Re3 7 0.1
105 80.5 55 7540 20 2.2 7 0.1
120 80,5 545 7540 20 262 7 0.2
135 81.0 5.0 76,0 . 20 262 7 0.3
150 8l.5 5.0 7645 20 22 7 0.5
180 82,0 5.0 77 .0 20 2.2 7 1.0
210 82.0 540 77.0 18 2.0 7 1.2



Test # 31

Grade - 512

Weight - 4+ oz/ftl

Influent ~ Coagulated Water
Temperature of influent - 14°C
Turbidity of raw water = 23

Input Output
Time Head Hesad

{min) (psi) gi

0 /2,0 7.5
30 71,0 7.0
60 78.0 6.5
90 790 6.0

120 80.5 640
150 81,0 5e5

Test 1 22

Grade ~ 535

Weight - & op/ft?

Influent ~ Coggulated Water
Temperature of influent - 14°C
Tourbidity of raw waber ~ 23

Input Output
Tinme Head Head

Gin)  fpet)  fpe)

0 26,0 8.0
30 71.0 7.0
60 780 6.5
90 80.0 6.0

120 82,0 6.0
150 82,0 6.0

uw@de - Hyflo Supevwccl
Welight - 1 OV/ft‘
Influent - Coagulated Water

T

Tuarbldity of raw water - 28

Input Output

T ime Head Head
0 32,0 8,0
30 78,0 6.0
45 80.0 6.0
(?O 81 o O 6 o 0

75 82,0 5:5

lemperature of influent - 13,590

Loss
Head

(pei)

345
64,0
715
73.0
Thod
755

Loss
Head

18.0
64,.0
TLe5
7400
76,0
76 00

Loss
Head

24,40
72..0
Ty a0
75 oO
7665

pH of influent - not de
effluent - not de
of influsnt -

pH of
Color
Color
Clear

Rate

Lepm)

43
29
R4
22
21
19

pH of
pH of
Color
Color
Clear

Rate
(gpm)

50
29
23
21
20
18

pH of
pH of
Color
Color
Clear

18

5

of effluent -~ 4
- not determined

Rate

m/ It~

Lo
30

27
2 oy
2.3
2ol

influent - not determined
effinent - not determined

of infinent « not detern i
of effluent - not determined

- 80 secconds

infliuent - &,

Tarhidity
( Pp lxl}r

3

effluent - 8,3

of influent ~ not delers

of effluent - not determined

- 70 seoconds

Turbidity
(pl 1!11)
Int, Eff,

SRV v SR s

22 0.0
23 SN
22 1.0
22 1.5
22 2ald



Test # 34

Grade = 512

Woight ~ 0.75 oz/ft?

Influent -~ Coagulated Water

Temperature of influent - 14°C

- Turbidity of raw water - 25

Time
0

15
30

45
60

Test # 35

Grade =~ 501

Weight - 1.25 oz/ft2

Input
Head

ggsil

32,0
76,0
81,0
82.0
84,0

Influent - Coagulated Water

Temperature of influent - 13.5°C

Turbidity of wvaw water - 28

Input

Time Head

(min) (psi)

0 28.0

15 70,0

30 82,0

45 84.0

’ 60 8400
Test # 36

Grade — 545

Weight - 3 oz/ft2

Output
Head
(psi)

8.0
760
505
500
5.0

Influent -~ Goagulated Water

Temperature of influent = 14°C

Turbidity of waw water « 25

Input
Head
si

22,0
63 ao
78.0
82,0
84,0
8400

Output
Head

ggsiz

10,0

Loss
Hesd
(psi

Rhod
70,0
75,0
7740
79.0

Loss
Head

(psi)

20,0
63 uO
7605
79,0
79,0

Loss
Head

{psi)

12,0
55,5
72,0
7645
79,0
79,0

56

pH of influent ~ 8,3

pH of effluent - 8.3

Color of influent - not determined
Color of effluent - not determined
Clear - 60 seconds

_ Turbidity
Rate Rate (ppm)
(gpm) epn/h Inf, Eff,
46 5.1 9 0.1
25 2.3 2 0,1
.19 2ol 9 0,1
17 1.9 9 0.1
15 1.7 9 0.1

pH of influent -~ not determined
pH of effluent = not determined
Color of influent -~ 5

Color of effluent - 5

Clear = 70 seconds

Turbidity
Rate Rate , (ppm)
(gpm) gpuy/ Tt Inf, Eff,
49 5 o 22 0ol
31 3ok 22 0.1
20 2.2 22 0.1
15 1.7 22 0.2
14 1.5 22 0.5

pH of influent ~ not determined
pH of effluent ~ not determinsd
Color of influent -~ not determined
Color of effluent - not determined
Ciear = 35 seconds

‘ Turbidity

Rate Rate (ppm)
(gpm) gom/T52 Inf, Eff,
50 5.6 9 0.l
36 400 9 0.1
R5 2.8 9 0ol
20 202 9 0.1
18 2.0 9 0.1
17 1.9 9 C.l



Grade -~ 535 -

Wsight - 1 oz/ft<

Intlvent - Coagulated Water
Temperature of influent - 13,5°C
Turbidity of wraw wabler ~ 24

Input Cutput

Time Head Head
{min) (pei) (psi)
0 25.0 15.0

15 66,0 75
30 79.0 7.0
45 82,0 565
50 83,0 5.0

Tegt # 38

Grade = 545

Weight ~ 4 oz/f"b2

Influent ~ Coagulated Water
Temperature of influent - 13,500

oy

Turbidity of raw water - 24

Tnput Outbput
Time Head Head
{min) {psi), {osi)
0 24..0 14.0
30 60,0 7e5
L5 7240 7.0
60 7700 600
75 80.0 5.5
90 81,0 500
120 83.0 5.0

Gyade = Hyflo SugeruCel

Weight = 3 oz/ft<

Influent - Goagulated Wgter
Temperature of influent - 12°C
Turbidity of raw wabter — 25

Input Output
Time Head Head
() (psi)  (esi)
0 33.0 8.0
i5 4660 Te5
30 76,0 7.0
j§5 8 6 ° 0 5 o D
&ED 83,0 560

pH of
pH of
Color
Color
Glear
Loss
Head Rate
(psi) (gpm)
10,0 50
58.5 35
720 24
76.5 18
78.0 17
pH of
pH of
Color
Color
Clear
Loss
Head Rate
gpsi} gggmz
10,0 50
5245 37
65,0 30
71.0 2L
T4 o5 22
76,0 21
78.0 18
pH of
pH of
Color
Color
GClear
Loss
Head Rate
{psi) {epm)
25,0 48
38,5 46
69.0 31
81.0 13
83,0 15

s

influent - not debermined
effluent - not debermined

of influent = not determined
of effluent - not determined
- A/ seconds

Turbidity

Rate (ppm)
pn/ey®  Inf, Eif,
5.6 6 ol
3.9 6 0.l
2.7 6 Gol
2.0 6 0ol
1.9 ) 0.1

influent - not determined
effluent -~ not determined
of influent -~ 4

of effluent - 4

=~ 39 seconds

Turbidity

Rate (ppm)
5.6 6 Oul
Lol 6 0.l
3.3 é 0.1
a7 6 Dol
2o, 6 0.1
2.3 6 0.l
2.0 & Dol

influent - not daterminsd
effluent ~ not determined
of influent ~ not debermined
of effluent = not determinad
- 60 seconds

Torbidity

Rate (ppm)
gom/EEE infe  EEfe
5 93 ‘-i{v (‘} 01
56l 4 0ol
3 ozl— ‘f} (\,‘ 01
2.0 4 Gol
1.7 b 0.1



Test # 40

(A\i L,Ld.o’ bid 501 2
Weight = 3 oz/ft
Intlouent - Ceagulated Water

Temperature of influent - 14,5 G

Turbidity of raw water ~ 25

Input Output

Time Head Hegd
{min lesd)  (psi)
0 28,0 10,0

15 68,0 75
30 83,0 6.0
45 85,0 505
&0 86,0 5,0

Togt # 41

Grade =~ 545
Weight ~ 5 oz/ft
Influent « Coagulated Water

Tomperature of influent - 13.5°C

Tuebidity of raw water - 24

Input Outpud
Head Head

{psi) psi

Time

0 26,0 17.0
15 56,0 7:5
30 81,0 6.0
45 83 o0 545
60 84,0 5,0

Toat f# 42

Grode « 545
Hoight « 3.5 oz/ft2
Influent - Coagulated Water

Temperature of influent = 13,590

CTurbidity of waw weber = 26

Toput Output

lJWb Head, Head

{min), fpsi), {psi).,
0 2460 13.0
15 46,0 765
30 V2.0 7.0
A5 80,0 6.0
&0 82,0 6.0
75 83,0 6,0
90 84..0 5.5
105 84,0 5.0

Logs
Head

!psi}

18,0
6005
77,0
795
81.0

Logs
Head

9.0
Zps 05
75,0
775
79 OO

Loss
Head

{psi)

11.0
38.0
65,0
740
7600
7760
7845
79,0

pH of
pH of

influent - 8.4
effluent - 8,4

Color of influent ~ net debermined
Color of effluent - not determine!
Clear ~ not determined
Turbidity
Rate Rate (ppm)
{eom) gom/fHe Iofe Effe
50 506 5 Ol
36 460 5 0ol
27 2.7 5 0.1
20 2.2 5 ol
17 1.9 5 ]
pH of influent - not debermined
pH of effluent - not determined
Color of influent « not determined
Color of effluent ~ not determined
Clear - 37 seconds
Turbidity
Rate Rate {(ppi)
50 5.6 & 0.1
37 4ol 6 0ol
21 203 6 A
17 1.9 & 0ol
15 1.7 6 1.0
pH of influent - not determined
pH of effluent -~ not determined
Color of influent -~ not determined
Color of efflusnt - not determined
Clear ~ 60 seconds
Turbidity
Rate Rate _ (ppm)
(gpm) Zon/ft ing,  BEE,
50 506 7 (il
L. 409 T .1
30 3.3 o 0.1
22 2ad 7 Dol
20 2R 7 0ol
18 2.0 7 0.1
17 1.9 7 el
16 1.8 7 Dol



Test # 43

Grade - HyfloSuper-Cel
Weight - 0.5 oz/ft2
Influent ~ Coagulated Water

Termperature of influent - 13,59C

Turbidity of raw water — 26

Input Output Loss
Tine Head Head Head
(min) (psi) (psi) (psi)
0 28,0 2.0 19.0
15 64,0 a5 5645
30 82,0 7.0 75.0
L5 84.0 6,0 78.0
_60 86,0 5e5 80.5
Test # 24
Grade - 535 5
Weight — 2 oz/ft
Influent - CGoagulated Water
Temperature of influent - 11°C
Turbidity of raw water -« 24
Input Cutput Loss
Time Head Head Head
(min) fpsi) fpsd) fpsi)
0 24,0 2.0 15.0
15 42,0 8.0 3460
30 72 o0 a5 6445
45 84,0 6.0 78.0
60 86,0 5.0 81,0
Test # 45
Grade = 535
Weight - 3 oz/ft°
Inflvent ~ Coagulated Water
Temperature of influent - 12°C
Turbidity of raw water -« 25
Input Output Loss
Time Head Head Head
min (psi). {psi) (psi)
0 2460 13.0 11.0
15 38,0 765 30.5
30 55.0 765 4765
45 80.0 6.0 740
60 86.0 5.0 81,0

pH of
pH of

53

influent - not determined
effluent - not determined

Color of influent - not determined
Coler of effluent - not determined
Clear -~ 50 seconds

Turbidity

Rate Rate . (ppm)

(spm) opn/ft° Inf, Eff,
50 546, 7 0ol
lll 405 7 Ool
25 2.8 7 0.1
22 2edy 7 0.1
18 2.0 7 .1

pH of influent ~ not determined

pH of effluent = not determined

Color of influent = not determined

Color of effluent -~ not determined

Clear « 60 seconds

Turbidity

Rate Rate (ppﬂﬂ
50 56 7 0.1
43 4o8 7 0,1
35 3.9 7 0.1
21 243 7 (%)
18 2.0 7 0.1

pH of influent ~ 8.4

pH of effluent - 8.4

Golor of influent - not determined

Color of effluent -~ not determined

Clear - 50 seconds

Rate

g g;;gm}

50
48
43
R7
18

Turbidity
Rate (ppm)
opm/£tR Inf, Bff,
5.6 4 0.l
5.3 4 0.1
4,68 4 O.L
3.0 4 0.l
260 4 0.1



Test i éé

Grade - 501

Weight - 4 oz/i"t2

Influent - Coagulated Wabter
Temperature of influent - 11°C
Turbidity of coagulated water -~ 5

Tnput Outpub
Tine Head Head
(min) - (psi) (psi)
0 25,0 9.0
15 56,0 8,0
30 82.0 6.0
45 86,0 505
60 87,0 5.0
Test 7
Grade - 535

Weight - 4 oz/fu

Influent - Coagulated Water
Temperature of influent ~ 14.5°C
Turbidity of raw water - 25

Inpub Outputb
Time Head Head
in), {psi) lpsi)
0 4.0 9.0
i5 60,0 75
30 83,0 6,0
45 86.0 5.0
60 87,0 5.0
Test # 48

Grade - Hyfle Su er»Cel

Weight = 3/8 oz/fte

Influent - Coagulsted Water
Temperature of influent - 14°C
Turbidity of coagulated waber - &

Input Output

Time Head Head
0 38,0 765

15 84,0 6.0
30 &7.0 5.0
45 88,0 5.0
60 89.0 5.0

Loss
Head

ﬂnsiz

16,0
48,0
7640
8045
82.0

Logs
Head

losi)
15,0
52,5
77 .0

8100
82,0

Loss
Head

30.5
78,0
82,0
83.0
84,0

pH of influent -~ not determined
pHl of effluent - not determined
Color of influent - not determined
Color of effluent = not determined
Clear - 70 seconds

Turbidity

Rate Rate (ppm)
(gpm) gom/f5% Inf, Eff,
L7 502 5 0.1
38 ‘ Lol 5 0.1
20 262 5 0.1
16 1.8 5 C.x
14 1.5 5 0.l

pH of influent « not determined
pH of effluent — not determined
Color of influent - not determined
Color of effluent = not determined
Clear -~ not determined

Turbidity

Rate (ppm)
{epm). gpmli__ Inf, Eff,
50 5.6 5 0.1
42 La'7 5 0.1
24 2.7 5 0.1
18 2.0 5 0.l
17 1.9 5 0.1

pH of influent — not determined
pH of effluent = not determined
Color of influent ~ not determined
Color of effluent -~ not determined
Clear - 180 seconds

Turbidity

Rate Rate (ppm)
(gom) epm/£t° Inf, Eff,
L5 5.0 8 2.0
20 202 8 3,0
14 1.5 8 3.0
11 1.2 8 3.5
10 1.1 8 3.5



PART IT
Bacteriological Data

Tegt 4 (Unsettled and Unchlorinated)

Grade = Celite No. 512
Weight = 5,33 oz/f%

Coliform Confirmed (5~10 ml. portions planted)

Influent Effiuent
Test cyele # 1 5/5 2/5
Test eycle # 2 5/5 1/5
Test cycle # 3 4/5 2/5
37¢ Standard Agar Plate Count (1 ml. placed)

Influent Effluent
Test oysle # 1 203 10
Test cycle # 2 275 5
Test cycle # 3 308 12
Test B (Settled and Unchlorinated)
Grade - Celite No, 512
Weight ~ % oz/f't<
Coliform Confirmed (5-10 ml. portions planted)

Raw Settled Influent
Test cycle # 1 5/5 1/5
Test eyele # 2 4/5 2/5
Test cycle # 3 e 2/5
37° Standard Agar Plate Count (1 ml, placed)

Ray Settled Influent
Test cyele # 1 310 g0
Test eycle # 2 aemem 95
Test cycle # 3 — 1190

Effluent

0;5
0/5
0/5

Effiuent

NOH

55



Test C _(Settled and Unchlorinated)

Grade = Hyflo Suger-cel
Weight = 5 oz/ft<

Coliform Confirmed (5-10 ml. portions planted)

Raw Settled Infliment
Test cyele # 1 5/5 1/5
Tesgt cycle # 2 e 0/0
Tost cycle # 3 o 3/5
37° Stendard Agar Plate Count (1 ml, placed)

Ray Settled Influent
Tegt cycle # 1 250 51
Test cycle # 2 s 76

Test oycle # 3 — 53

Effluent
0/5
0/5
/5

Efflnent
2

1
0
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CHAPTER VIII
SUMMARY
The study of the effectiveness of diatomaceous earth filters on Lake Carl
Blackwell water was divided into three distinet phases, 7
The first phase investigated the ability of the filter to deliver? at high
rates, a satisfactory effluent practically free from turbidity when the :'L;lm
fluent was raw, unsettled surface water, baving moderate turbidity. The coler
and the hydrogen~ion concentrabion were determined on severgl tests before and
after the water passed through the diatomite filter, This provided a general
indication asg tc the abili‘ﬁy of the d;ia’oomi"t:«e\ to affect these pEOpertieso
Diatomaceous earths of various grades were studied and it was decided that the
desired comparative data, concerning zach grade of diatomite, could best be ob-
tained by varying the following factorss
1. The grade of distomite used for preccating.
2o The wnight of each grade used per unit area of filter surface,
3. The rate of fiow through the filter. In testing most of the raw
water, the flow rabte was maintained at some predetermined figure,
Mowever, in a few tests of raw uster, gll efforts were made to
obtein the maximum rate of flow abt the beginning of the filter cycle.
Phage two followed the plan and purpose stated in phase cne in every
regpeot excopt that phese two used as an Influent water that had been coague
lated with eluminum sulphabe (alum), softened with caleium hydroxide (lime)
and then settled. One other varlation from the plan as stated in phase one
axiobed in the rabte of flow. The rate of flow in phase two was ralsed to a
maxismm as soon as poselble after the precoat was deposited on the filter
eloment .

Phase three consgisgted of the bacrter:lrﬂ.ogi@a’l examination of the effluent



from the diagtomite grade-weight variations that gave the most satisfachtory
results in phase one and in phase two,.

The results cf.the study indicated that satisfactory effluents could be
obtained from uwntreated water when the proper grade-weight combinations were
found and that even better effluents could be expected when the influent was
settled water, The rates of flow per unit area of filter surface did not
greatly exceed these rates proposed for rapid sand filters and after a few
hours of operation the rates obtained with diabomite filtration fell below the
gbandard rates of rapid sand filtration. Yebt, the head loss through the dia-
tomite filter greatly excecded the head loss which might be expected through
the rapid sand filter, It was indicated by the data that no color was removed
as the waber passed through the filter nor was the hydrogen-ion concentration
changed, The results of the basteriological bests inferred that bacteria in
general are greatly reduced or in some cases presumably eliminated from the

water as it passes through the filter,
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CHAPTER IX
DISCUSSION AND CONCLUSION

The over-all effectiveness of the diatomite filter decreased as the filter~
ing ayecle progressed. This loss of effectiveness was observed when treabing
either raw or coagulated water and when using all grades of diatomite. There
were three manifestations of the loss of effectiveness which were particularly
noted in thesc tests. Test # 30 is an example of the tests in which all three
occurred in the samo test; that is there was a decrease in the.effluent flow
rate, an increase in the head losz aerogs the filter, and a decregse in the
per cent of original turbidity removed, as indicated by the date. Test # 38
on the other hand indicates the ocourrence of only the first two menifestations
during the perlod that date was recorded,

The effective initial percent removal of turbidity from rew water increased
g5 the fineness of the grade of diatomite increased; bub thie increase in per-
cent removal of turbldily was gained only through a corresponding loss of head
and less of long term effeetivenesg. A comparative anelyeis of the data ob=-
teined duoring teste # 15 and # 21 1 indieative of the manner in which fineness
 affeets the threo exiteria of filter operation, Bethltests used raw water
having the same initial turbidity and the aamevw@ight of diatomite precoat.

At the end of a thirty minute period the fine grade of distomite maintained ite
high persent removal of turbidity, but the head lose wus almost three times
that, of the coarse grade of distomite. At the end of a sixbty minute period
the fine grade was removing a@pr@ximately 65 per cent of the original raw water
turbidity while the ccarse grade was removing about 70 per cemt. The head loss
with the fine grade was more than twice the head loss with the coarse grade.
The rate of flow of the finer grade had dropped from 2,0 gallone per square

foot per minute to 1.1 gallons per square foot per minute while the rate of



flow of the cvarse grade remained constant ab 2.0 gallons per square fool per
minute, The general trend of most tests on raw water followed the results of
test # 21 and test # 15,

Due to the nabure of the turbidity, no satisfactory results were obbained
from tests of Celite No, 545 between the limits of 1,77 ounces per square footb
and 5,33 ounces per square foob.

The tests on raw water represented by the data from test # 4, # 10, # 14

increasing the weight of diatomite used per square foot of filter surface only
tends te decrease the effectiveness of the filter, Test # 10 uvsing a precoab

of 4obd omnnes of Hyflo Super-Cel removed 83 persent of the turbidity at the

gtart of a 60 minute eycle while ab the end of the eycle it'remcved 79 percent
of the turbidity. In test # 14 a precoat of the same grade of diatomite was

used bt the welght was inereased to 5,33 ounces per square foot, This grade~

weight cmmbination remeved only 79 percent of the turbidity at the beginning
of the cycle and only 75 perecent ab the end of the cycle, No apprecisble de-
creage in the original turbidity was noted in test # 4 using 1,77 ounces of
Hyflo Super-Gel. Tesh # 21 wvsed the same grade and weight of diatomite as
test # 14 and filtered a water having less burbidity than the water of test
# 14 but still gave overall resulls inferior bo those of test # 10, The cone
clusiong reached from the analysis of these four tests would indicate thatb the
optimun grade—weight combination existed in 2 range close to that nsed in
test # 10, Similar conclusions can be deduced from cther test datas

Test # 15 using 5.33 ounces of Celite No., 512 per squsre fool was consider-
ed to give the best short term results on raw waber since the grade~wsight
combination wsed in this test gave effective removal of turbidity along with
a fair rate of flow for a period of 30 mimutes, Grade~weight combinations in

the range of those uged in tesh # 7 wwwld be of groatest wvalue when the turbidity



of the effluent could be.allowed to reach 10 parts per million and a longer
length of run was desired, Test # 7 used 3.55 ounces of Celite No., 501 per
square foot and continued to deliver an effluent of less than 10 parts per
million turbidity for a period of 210 minutes at a rate of 2 gallons per sguare
foot per minute. The advantages of the combination used in test # 7 are obvious
in view of an emergency when allowable maximum turbidity might be desired in
order to utilize the longer cycle with a corresponding greater volume of
filtered water,

Tests #16 and # 17 introduced informetion that demonstrates how quickly
the diatomite filter became clogged when the turbidity of the influent raw
water rose above 50 parts per million, The affect that body feed would have
on waters having turbidities in this range remaine a problem for further study.
It i believed that with watere containing high turbiditles, plain sedimentatlon
previous to filtration might prove quite worthwhile when using the diatomite
filter, These lovestigotions were beyond the scope of this thesis,

The results from the five grades of diatomite tested on coagulated water
indioated that the most satisfactory results were obteined when the weight of
diatomite charge per square foot of filter surface varied between % ounce and
4 ouncmg, OFf the five most satisfactory grade-weight combinations, studied,
teat # 30 using 4 ouwnes of Celite No, 512 per square foot and test # 43 using
+ ounae of Hyflo Super-Cel per square foot seemed to be the best grade--weight
combinations to use in Liltering Lake Carl Blackwell water. The highest rate
of flow was obbained in test # 49 using 3 ounces of Celite No, 535 per square
foot, but this test was not studied further becsuse the amount of diatomite
used was six times that used in tests # 30 and # 43. The shoiece as to whether
or not the extra amomwnt of distomite used in test # 45 is warranted in view

of the higher rate of flow was considered to be a problem dependent on local
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factors and beyond discussion in this paper.

The theory of the optimum grade-weight combination expressed in relation-
ship to filtering raw water also seems to hold true for coagulated water even
though the nature of the turbidity, due to the presence of chemical precip~
itates, i1s quite different., The series of tests made on a coagulated water
using Celite No. 535 as a precoat demonstrates most clearly the relationship
between the grade~weight combination and effectiveness. The few noted ex-
ceptions to the optimum grade-weight combination idea could probably be ex=
plained in terms of the difference in nature and quantity of the turbidity.

The filter cycles in-which the diatomite was used, bumped from the element
then redeposited for use in a subsequent cycle indicated plainly that addition-
al use can be made of the diatomite but a decrease in its effectiveness is
likewise evident. The Hydrogen-ion concentration and the color of the water
seemed to remain‘unchanged by the filtration process,

The bacteriological tests indicate that bacteria in general are greatly
reduced or in some cases presumptively eliminated from the water during the
filtering process. The tests on raw water are inconclusive but seem to bear
out this conclusion. The coagulated water for all bacteriological testing
was first processed through the Accelator as manufactured by Infilco, Inc,.
The results of confirmed coliform tests show from 50% to £0% decrease in
activity following coagulation., A further decrease in coliform activity was
observed following the diatomite filtration. It must be realized that the
bacteriological teste made in this study were by no means exhaustive and were
used only to ascertain a trend, Sterilization of water is not the primary
function of the filter, A1l potable supplies of water should be properly
chlorinated tq render them as safe as possible,

The results of this study would seem to eliminate the possibility of the



69

diatomite filter, without body feed, replacing the rapid sand filter. The
lengths of diatomite filter cycles for settled water are far below the 18 to
24 hour perlods used for rapid sand filters operated in the plant where the
tests for this study were conducted. The sand filter runs were made at the
same time the diatomite filter runs were made and with water from the same
coagulating basins. |
In surmarizing the conclusions of this work, it would appear correct to
state that the diatomite filter without bedy feed has a definite place in
emergency filtration of both settled and unsettled water. Any diatomite filter
opergtor having a knowledge of the characteristics of weightegrade combinations
and their relationship to the filtering process would be able to deliver a
satisfactory effluent in an economical memner, The time it takes to make a
proper study of a given water is the best argument, for investigations of
possible emergency waber sources before the actual need arises, The fach
that the filter does reduce the load of microorganismg is evident in the data
from this work and in the data from the work of others cited in this thesis.
The diatomaceous earth filter is effective in the filtration of both

ungettled and settled Lake Carl Blackwell water,
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