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A laboratory scale study was undertaken to determine the feasi-

bility of the method of filtering Scenedesmus quadricauda from water

using fine sand/silt as the filter media. A total of forty-six experi-
ments were conducted with algae suspensions of varying concentrations.
Five median sizes of sand (0.064 to 0.335 mm.) and four bed depths (3.2

to 12.7 mm.) were investigated in constant head experiments. Continuous
measurements of flow rate, head loss, and effluent quality were collected.
All media with median sizes of sand at or below 0.200 mm. gave consistent-
ly high average percent removals (98.7 percent based on chlorophyll a).
The results suggest that the principal filtration mechanism with the

tfine sand/silt filtration is direct straining on the surface of the

filter media. The media grain size diameter of 0.200 mm. with the bed
depth of 1/8" (3.175 mm.) resulted in an average initial flow rate of

4.2 gpm/ft2 (246 m3/m2w&}a This combination of grain size diameter and
bed depth appears to be an effective means of removing algae. An average
removal of 96 percent (based on chlorophyll a) was obtained with the
advantage of low average initial head loss (7.75 cm.). No chemical

addition was required to obtain high removal levels.



One of the problems in water and wastewater treatment is the lack
of an economical technology to remove algae from eutrophic surface
waters and stabilization ponds. Eutrophication can be defined as the
natural or artificial addition of nutrients to water bodies and the
effects of these added nutrients (Rohlich, 1969). Although eutrophica-
tion is a natural process, it is often accelerated by runoff from agri-
cultural areas or by pollution associated with urban areas.

Although some nutrient removal does occur in waste water treatment
plants, the efficiency is generally low. Approximately 5-15% removal
results from primary treatment, and 30-509% of phosphorous and nitrogen
is removed in conventional activated sludge process (Rohlich and
Uttormark, 1972). Eutrophication problems associated with nutrient
content of wastewater and treatment plant effluents has focused in-
creased attention on development of processes to remove nutrients more
effectively. Some of these processes which have been reviewed by
Rohlich and Uttormark (1972) and Foehrenbach (1975) are: 1) nitrogen
removal by biological growth; 2) microbial denitrification; 3) ammonia
stripping; 4) ion exchange; 5) chemical precipitation; 6) demineraliza-
tion; 7) granular carbon columns; and 8)algae harvesting. The last
process, algae harvesting, could be accomplished by using high rate
stabilization ponds (McGarry, 1971). High rate stabilization ponds,
shallow in depth (15-45 cm.) with short detention times (not more than 3
days), are designed to maximize algal production. Use of stabilization
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ponds which provide an effective and economical method of wastewater
treatment has been severely curtailed. Effluent suspended solids stan-
dards resulting from the implementation of the Federal Water Pollution
Control Act Amendments (PL 92-500) cannot be met because of algae con~
centration in lagoon effluent (Harris, 1977).

Use of algae biomass for beneficial purposes such as protein
supplement for livestock (Grau, 1957), fermentation to alchohol, or
digestion to methane are limited by removal technologies. In recent
vears several algae separation techniques have been evaluated by
investigators such as Golueke (1965), Middlebrooks (1974), and Shindala
(1978). Based on consideration of economics, removal efficiencies, and
maintenance problems there appears to be no technology that has achieved
wide acceptance. It was concluded by Middlebrooks (1974) and Shindala
(1978) that intermittent sand filtration may prove to be the best method
even though it is land and labor intensive and does not produce a useable
sludge. Studies by Borchardt (1961), Davis (1966) and Marshall (1974)
indicate the importance of grain size in removing algae. The literature
review indicated that the use of fine sand/silt had not been evaluated
as a means of removing algae.

The purpose of this study was to investigate the feasibility of the
method of filtering algae from water using fine sand/silt as the filter
media. Effects of grain size and bed depth upon filtration efficiencies

of algae laden waters was investigated.



LITERATURE REVIEW

In recent years an evaluation of the availability of algae filtra-
tion technologies have been undertaken by numerous investigators.
Summaries of these techniques have been presented by Golueke (1965) and
Middlebrooks (1974). Several separation techniques were considered in
these papers. Based on consideration of economics, ease of operation,
minimum maintenance, dependability of operation, and removal efficien-
cies, there appears to be no technology that has achieved wide accep-
tance.

Centrifugation

An evaluation of centrifugation as a method of removing algae from
stabilization ponds was undertaken by Golueke, et al. (1965) and
Middlebrooks, et al. (1974). These reviews indicate that this process
may be an effective means of dewatering algal sludge. However, capitali-
zation costs, power requirements and operational problems associated
with the relatively sophisticated equipment makes this process impracti-
cal for application to stabilization ponds.

Microstrainers

Use of microstrainers for removing algae was evaluated by investi-
gators such as Shindala, et al. (1978), Berry (1961), and Kormanik, et
al. (1979). Microstrainers were found to be an effective means of
removing algae from stabilization ponds by Berry and Kormanik. These
findings are contradicted by Shindala. Shindala concluded that micro-
strainers were not feasible for upgrading lagoon effluents due to poor
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effluent quality and inconsistent performance. The major limitation of
microstrainers is that the small species of algae can pass through the
normal micro-mesh (23-60 microns). Another problem associated with
microstrainers is the build-up of bacterial and algal slime on the
micro-fiber (Middlebrooks, et al. 1974).

Coagulation-flocculation-sedimentation

This method is extensively used for the removal of colloidal and
suspended material in water treatment. Feasibility of this method for
removing algae has been investigated by Friedman, et al. (1975), McGarry
(1970), Tenney, et al. (1969), Van Vuuren, et al. (1965), and Al-Layla,
et al. (1974). However, the effectiveness of this process depends on
the type of coagulants used (Van Vuuren), pH levels (Tenney and
Friedman), and the type and physiological state of the cells
(Middlebrooks, 1974). Operating cost of coagulation-floculation process
is usually high because it requires large quantities of coagulants and
trained operating personnel. The amount of coagulants required is
influenced by the initial algal solids concentration. McGarry indicated
that this process was uneconomical for algal solids concentrations below
30 mg/1. Also a large volume of sludge is produced in this process.
This sludge contains high concentration of chemicals which may have
toxic effects on livestock when used as a feed stuff. Addition of
coagulants 1is costly and significantly increases the volume of sludge.
The high volume of sludge produced requires sludge handling facilities
and also creates sludge disposal problems. Coagulants normally used for
this process are alum, synthetic polyelectrolytes or the combination of

both.



Dissolved Air Floatation

Use of dissolved air floatation as a method of removing algae has
been evaluated by Bare, et al. (1975), Parker, et al. (1973), Stone, et
al. (1975), and Shell, et al. (1971). A comprehensive study of this
process by Bare indicates that addition of coagulants is necessary for
successful algae removal. Acid dosage (for example, H2SOQ) in order to
achieve optimum pH levels for flocculation is frequently necessary for
effective algae removal (Stone). This process is relatively expensive,
requires chemical addition (alum or synthetic polyelectrolytes) and con-
siderable maintenance (Middlebrooks, et al. 1974). A combination of
chemical flocculation with autoflotation was evaluated by Lincoln and
Hill (1980). This method was proved to be an effective harvesting
technique that recovered up to 48.6 kg/day of algal solids from BOQmZ of
culture area. Addition of coagulants is costly and significantly in-
creases the volume of sludge. Recovery of algae as a feed stuff, de-
pending on the coagulants used, is prevented due to toxic effects on
livestock.

In-Pond Chemical Precipitation

Precipitation of algae may be accomplished by adding chemicals,
such as alum, which bring about the formation of settleable insoluble
hydroxide particles in which algae are enmeshed. In-pond chemical
precipitation has been evaluated by Friedman, et al. (1975) and Golueke,
et al. (1965). Both Friedman and Golueke concluded that this process
appears to be feasible for algae removal. The review of this process by
Middlebrooks, et al. (1974) indicate that the addition of chemicals
immensely increases the sludge build-up in the pond. Thus, sludge

handling facilities would be required. Cost of chemicals used and



capital and maintenance costs of sludge handling facilities make this
process costly for small applications.

Rapid Sand Filters

Sand filtration is a unit operation in which solid particles are
removed from solution through the use of a sand media. The filter
medium consists of 45 to 75 cm. of sand supported by a layer of gravel.
Generally, the effective size of the sand media ranges from 0.45 to
0.55 mm. Filtration rate can range from 2 to 5 gpm/ft,z (117 to 293
mg/mz—d) for removing colloidal suspensions (Middlebrooks, et al. 1974).
Rapid sand filtration as a means for removing algae was studied by
Shindala, et al. (1978), Folkman and Wachs (1970), Borchardt and 0'Melia
(1961), and Davis and Borchardt (1966). Borchardt found that the algal
cells from a mixed culture are capable of passing through sand filters.
A comprehensive study of rapid sand filtration by Shindala concluded
that rapid sand filters require chemical flocculation for efficient
algae removal. Shindala also indicates that this operation is not
feasible for upgrading lagoon effluent averaging 100 mg/l suspended
solids or more. Addition of coagulants has the disadvantages of exces-
sive chemical cost, short filter runs. Addition of coagulants also
generates problems associated with backwash (Shindala, et al. 1978).

Intermittent Sand Filters

An intermittent filter is a slow sand filter to which pond effluent
is applied on a periodic or intermittent basis. Filter sand is placed
on the gravel at a depth that varies from 60 cm. to 150 cm. (Marshall,
et al. 1974). The effective grain size diameter normally used ranges
from 0.2 to 0.5 mm (Shindala, et al. 1978). Loading rates of 1.5 to

approximately 3 million gallons per day per acre (2297.7 to 4595.4 mj/



hectare-day) are commonly reported (Marshall). Comprehensive studies by
Marshall, Harris, et al. (1977), Hill, et al. (1977), and Shindala, et
al. (1978) indicate that intermittent sand filtration produces a high
quality effluent. Results by these investigators indicate that this
technique may have high potential as an upgrading alternative for oxida-
tion ponds. The reason that intermittent sand filtration is not widely
used today is because it requires a low loading rate (Middlebrooks, et
al. 1974). This process is also land and labor intensive.

Fine Sand /Silt Filters

The literature review did not reveal any investigations of the
feasibility of fine sand/silt filtration for algae removal. Sand fil-
tration of algae by Borchardt (1961) and Davis (1966) indicate the
importance of grain size in removing algae. Smaller effective size sand

resulted in a better removal efficiency. Davis used Selenastrum Gracile

and distinguished the diminishing effectiveness of coarser sand sizes at
increasing filtration rates. Furthermore, a decreasing removal effi-
ciency was associated with increasing size of media at any one flow
rate. Results of studies by Davis for filtration rate of 0.97 gpm/ft.2
(56.91 m3/m2“d) and by Borchardt for filtration rate of 1 gpm/ft.2
(58.67 mg/mzmd) are illustrated in Figure 1. 1In the results presented
were used by Borchardt. The smallest size of sand used by Borchardt and
Davis was 0.275 mm. Borchardt also found that the algal cells from a
mixed culture are capable of passing through the sand filters. Marshall
(1974) indicates that effect of sand size becomes greater at higher
algae concentrations. Andrews (1968), and Folkman (1970) indicate that
retention of algae occurred mostly at the upper part of the sand col-

umns.
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THEORY OF SAND FILTRATION

Sand filtration is employed in water treatment for removal of
suspended solids present in surface waters. The most common types of
filters used are deep granular filters (sand, dual-medium, and multimedia)
and precoat filters (diatomaceous earth). The mechanisms of suspended
solids removal these filters are relatively complex. Many investigators
such as Camp (1964) and 0'Melia and Stumm (1967) have discussed the
various factors which may play important roles in suspended solids
removal. The dominant mechanisms depend on the physical and chemical
characteristics of the suspended solids and the filter media, the rate
of filtration, and the physical and chemical properties of the water.

Precoat filters remove solids at the surface primarily by forming a

cake of solids on top of the filter media, probably by the simple mechanism

of mechanical straining. In deep granular filters of coarse material,
removal is primarily within the filter bed, commonly referred to as
depth filtration. Some solids may be removed by the mechanical process
of interstitial straining. Removal of other solids depends on two types
of mechanisms. First, transport mechanism (gravitational settling,
diffusion and interception) which brings the small particles from the
bulk of the fluid within the interstices close to the surface of the
media. Second, attachment mechanism in which the small particles are
retained by the surface of the medium or previously deposited solids.
The attachment mechanism may involve electrostatic interactions, specific
adsorption, or chemical bridging. In deep granular filters, removal may

9



10
result from a combination of surface cake removal and depth removal
simultaneously.

Hydraulics of flow through sand filters is dominated by flow con-
trol pattern and development of head loss. Flow control may be accom-
plished using constant-head, constant-rate, or declining-rate filtration
(Shindala, et al. 1978). 1In a constant-head filtration, the total
available pressure drop is applied to the filter throughout the filter
run. At the beginning of the filter run, high permeability of the
filter results in high filtration rate. As the filter clogs with sol-
ids, filter permeability decreases, and since the pressure drop remains
constant, the flow rate decreases. In constant-rate filtration, a
constant pressure drop is maintained across the filter bed; the filter
rate is held constant by means of automatic or manual flow control
valves. Declining rate filtration operates in a manner intermediate to
constant-head and constant-rate operation. The filter influent enters
the operating filters through a common influent header. As the filters
served by a common influent header become fouled the flow through the
dirtiest filters decreases, automatically causing the cleaner filters to
pick up the capacity lost by the dirtier filters. This method of oper-
ation causes a gradual decline of flow rate near the end of filter run.
Flow of water through the clean sand bed is assumed to laminar.

Several equations have been developed for the head loss through the
sand media. From the Carman-Kozeny equation, the head loss, H, caused
by flow at a face velocity, v, through a porous bed of thickness, L, and

porisity, E, is

H=f¢ LQ-E)Sv" 0
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where f is the friction factor, S the particle shape factor, d the

effective particle size, and g the gravity constant.

Experimentally the
friction factor has been found to be

(2)

where J is a constant, M and P are absolute viscosity and mass density

of the suspension. Substitution of Equation (1) for f in Equation (2)
gives

2 2
EB

ja=l =4
=

o<
—

(e)
d2

The face velocity is the flow rate through the filter divided by the

total filter surface area, or

_1 v

T A dt

where V is the filtrate volume.

(4)

Substitution of Equation (4) into
Equation (3) gives

2 2
H - [J {1 - E) S .
E°

A dt 2 g (5)

The variable quantities within the bracket in Equation (5) depend only

on the properties of the sand and may be called R, for convenience.

1 ,
2 e (6)

The coefficient R should be determined experimentally for a filtration
system. This could be done by measuring flow rate and head loss and

solving for R in Equation (6). This coefficient, R, is dimensionless.



Process Formulation and Experimental Design

The literature review indicated that the design parameters for
algae removal techniques were head loss, rate of flow, and quality of
effluent. Therefore, this process was designed to measure these fil-
tration variables.

The literature review also indicated the importance of grain size
diameter in removing algae (Davis, 1966 and Borchardt, 1961). Andrews
{1968) and Folkman (1970) indicated that retention of algae occurred
mostly at the upper part of the sand columns. These findings proposed
the idea of utilizing thin layers (less than 13mm.) of fine sand/silt as
the filtration bed. One of the most influential factors in the opera-
tion of sand filters was found to be the influent solids concentrations
(Marshall, 1974). The amount of suspended matter in the influent direct-
ly influences the length of filter run. To evaluate the effects of
influent solids concentration, influent solids concentrations were
varied randomly.

Description of Apparatus

A batch filtration apparatus, without backwash considerations, with
a constant head flow control pattern was designed and constructed for
this investigation. The apparatus is shown schematically in Figure 2.
Filtration unit was made of 2" (5.08 cm.) I.D. x 2%" (6.35 cm.) 0.D. x
8" (20.32 cm.) acrylic tubing with a support bed 3" (7.5 cm.) from the
bottom and a manometer tap directly below the support bed. The filter

12
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14
media was supported by a stainless steel wire cloth (#325 mesh). To
measure the rate of flow, a load cell connected to a recorder was used.
The cumulative volume of the filtrate was measured and then differen-
tiated to determine the flow rate. The use of an Oscilloscope-recorder
with the ability to provide digitized data points at 1 second intervals
made the differentiation of volume of filtrate a practical way of deter-
mining the flow rate. The head on the filter was kept constant (91 cm.)
by utilizing a constant head tank and the rate of flow was allowed to
drop as the head loss was increased due to accumulation of algae on the
filter bed. The head loss was measured manually using a manometer.
Concentration of algae in the effluent was measured by using a fluoro-
meter. Fluorometry has been found to be an effective means of direct
measurement of algae populations (Fitzgerald, 1975 and Turner, 1973).

A Turner fluorometer (Model #111) with continuous flow attachment
was used to measure the quality of the effluent. BRlue Lamp (Turner
#110-853) was used as the light source in the fluorometer with the
aperture setting on 3X. Combination of 50 and 10 percent neutral den-
sity filters was used in addition to primary (Turner #110-922) and
secondary (Turner #110-921) filters. A load cell (Model #3397, with a
total capacity of 25 pounds (11.34 kg.), manufactured by Lebow Inc. with
a recorder connected was employed to measure the volume of the filtrate.
To provide continuous measurements of volume and quality of the fil-
trate, the fluorometer and load cell were connected to an oscilloscope=
recorder manufactured by Nicolet Instrument Corporation. The range
setting on the recorder was 20 millivolts each millivolt being equiva-
lent to 0.9865 pounds (0.4475 kg.) of load exerted on the load cell.

The range setting for the fluorometer was 1000 millivolts to a full

scale of 100 fluorescence units.
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Data obtained included head loss across the bed, volume of the
filtrate, and the quality of the filtrate. For a typical run the fol-
lowing steps were undertaken. Initially, the sand was placed in the
filtration unit. With valves No. 1 and 2 closed, distilled water was
used to backwash the media in order to obtain a uniform filter bed.

Then with valve No. 3 closed, and valves No. 1 and 2 open, data was
collected. Head loss was recorded manually at 30-second intervals after
the initial drop (1-5 seconds) due to clean filter media. Volume and
quality of the effluent were recorded automatically every second for a
period of 16 minutes. The quality of the effluent was recorded in
fluorescence units. Suspended solids data (Standard Methods, 1976) on
various algal concentrations was utilized to develop a correlation curve
between suspended solids and Fluorescence units (Figure 3). Simple
linear regression procedure (SAS, 1979) was used to develop this corre-
lation model (R - Square = 0.957) which is illustrated as a straight
line in Figure 3. Lag volume between the filter bed and the fluorometer
was measured, by dye analysis, to be 104.33 milliliters. Therefore the
fluorometer readings were lagged for this value of filtrate volume.

Data was recorded on floppy disks and then was transferred on a computer
tape. A program developed by Recep Yilmaz (1981) was modified and used
for this transfer. A program was also developed for calculations and
plotting of data. A listing of these programs can be found in Appendix
A,

Filter Media

Five sizes of sand were used as filter media in this investigation.

Fine sand/silt was obtained by grinding a larger size of sand (#40) in a



16

SL1INN 30N30S34NO0T3 ANV SAITI0S G3IAN3dSNS N3IIML3FG NOILVIIYHOD °¢ 34N9i4

oorogt aoros ao-oa a0"Ge 4°qe ag-at




17
laboratory sand grinder. The standard sieve analysis was conducted and
results are found in Table 1.

The five sand sizes were compared at different depths. The bed
depths investigated were 1/8" (3.175 mm. )}, 1/4" (6.35 mm.), 3/8"

(9.525 mm.), and 1/2" (12.7 mm.).

U.S. Bureau of Median Sand
Standard Sieve No Diameter (mm.)
Media 1 = 40 + 60 0.335
Media 2 = 60 +100 0.200
Media 3 =100 +140 0.127
Media 4 =140 +200 0.090
Media 5 =200 +270 0.064

TABLE 1 - Results of sieve analysis.

Algae Cultures

Algae are unicellular or multicellular, autotrophic, photosynthetic
microorganisms. The process of photosynthesis is illustrated by the

equation

2, Sun light algae cells + C
C02 + ZH20 new algae cellsg + 02 + HZO.

The overall effect of this reaction is to produce new plant life, there-
by increasing the number of algae cells. Algae are autotrophic, using
carbon dioxide or bicarbonates in the solution as a source of carbon.
The inorganic nutrients of phosphorus Qnd nitrogen are necessary for
algal growth. In addition, certain trace elements, such as iron, mag-
nesium, sulfur, boron, cobalt, molybdenum, potassium, calcium, manga-
nese, zinc, and copper are also required.

Algae are undersirable in water supplies because they produce bad
tastes and odors. In water treatment plants, the presence of algae will

shorten filter runs. The green color of most species also lowers the
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aesthetic value of the water. Algae which grow unattached in the water
are referred to as "phytoplankton'.
Studies by Bare (1975), Abeliovich (1975), Bush (1961), Dryden

nant algae in stabilization ponds. Therefore, Scenedesmus quadricauda

was selected for use in this study. Scenedesmus quadricauda is seldom

known as a taste and odor or filter clogging algae (Palmer, 1962).

Scenedesmus quadricauda is often known as a pollution tolerant algae

(Palmer, 1969) with capability of passing through filter media because

of its small size (4-6 microns). Use of Senedesmus quadricauda has the

advantages of ease of culturing and availability of literature on its
physiology and biochemistry. A unialgal culture of Scendesmus

quadricauda was obtained from the University of Texas at Austin (Starr,
1978). This algae was cultured under laboratory conditions in covered
10 gallon aquariums. A bank of "Cool-White" fluorescent lights (30
watts) above the aquariums provided a constant light source to support
algal growth. An approximately 1.5 strength synthetic algal nutrient
medium used by Miller (1978) was prepared and utilized to grow algae,

Cultures were periodically observed under the microscope to ensure the

purity of cultures.



RESULTS AND DISCUSSION

A total of 46 useable filter runs were obtained with algae sus-
pensions of varying concentration. The two filter variables were bed
depth and the grain size diameter of the filter media. Head loss was
manually recorded every 30 seconds while effluent quality and the fil-
trate volume were automatically recorded at one second intervals. Head
loss, effluent quality and filtrate volume data at 30-second intervals
are summarized in the tables in Appendix B. Plots of corresponding data
sets are also presented in Appendix B. Figure 4 represents a group of
plots for a typical run. This group of plots consists of & plots.
Quality of effluent in fluorescence units, Head loss (cm.), Filtrate
volume (ml.)}, and Flow rate (ml./sec.) are plotted versus time (min.).
These plots allow direct reading of these variables at any time at the
duration of the experiment. A non-linear regression procedure (SAS,
1979) was utilized to fit an exponential model for the filtrate volume.
Filtrate volume equations are presented in data tables in Appendix B and
are illustrated in the plots of filtrate volume versus time (see Figure
4) as a line. Recorded values of filtrate volume for 30-second intervals
are also illustrated as square symbols on the same plot. It should be
noted that this curve fitting might have had a smoothing effect on the
values computed using filtrate volume. However, since good fits were
obtained for all the runs, this smoothing effect seems to be insignificant.

Filtrate volume equation was then differentiated with respect to
time to allow determination of flow rate. Flow rate is normally used in

19
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head loss models to predict the head loss. Plot of flow rate versus
time is also used to determine operating time based on a desired flow
rate. A typical plot of flow rate versus time is also presented in
Figure 4.

Five sizes of sand were used as the filter media. The largest
grain size diameter used was 0.335 mm. which is normally used for con-
ventional sand filters. It was determined that the effluent quality was
deteriorated when sand with grain size diameter of 0.335 mm. was used.
This was due to the fact that phytoplanktons were capable of passing
through the sand medium with grain diameter of 0.335 mm. This fact is
demonstrated on Figure 5 where the effluent quality of 0.335 mm. and
0.200 mm. grain size diameters at two bed depths are compared. Figure 6
illustrates the break point in the effluent quality breakthrough curves.
Final algal concentrations (fluorometer readings at the end of l16-minute
run time) over the initial (influent) algal concentrations were averaged
for identical runs for this plot. Following the determination of break-
through media, the two runs conducted on this size of sand (median grain
size diameter of 0.335 mm.) were eliminated and no further analysis was
performed on this media. Results and plots of these two runs are also
presented in Appendix B.

The head loss of 88.5 cm. which was the lowest head loss of all the
44 runs (46 total -2 Breakthrough media = 44) at the end of 16 minute
period was selected as the upper limit fixed head loss. Average percent
removal, average rate of algal mass removed (based on dry weight), run
time, and the initial flow rate were determined at this head loss for

all the runs. These values and the list of the 46 runs are presented in

Table 2.
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Values of average precent removal from Table 2 indicate that nei-
ther increasing grain size diameter from 0.064 mm. to 0.200 mm. nor
increasing the bed depth from 1/8" (3.75 mm.) to 1/2" (12.700 mm.)
atffects the effluent quality significantly. The results also indicate
that increasing the grain size diameter or decreasing bed depth de-
creases the initial head loss due to clean filter media. This is an
important factor because the initial head is then carried as a part of
the total head loss through out the run.

These data also showed a direct relationship between influent algal
concentration and rate of algal mass removed. Increasing influent algal
concentration resulted in an increase in average rate of algal mass
removed. The main effect of increasing influent algal concentration on
the system, at a fixed head loss, was to shorten run time. This effect
is illustrated in Figure 7 where two identical runs were compared at
various influent algal concentrations. This was due to the fact that at
higher concentrations of algae, head loss in the system increased at a
faster rate.

A stepwise regression procedure (SAS, 1979) was used to find the
relationship between the initial head loss and average rate of algal
mass removed with the variables of importance. The significance of
using this stepwise regression is that it ranks the variables based on
their significance on contribution to R-square. The following model was
developed to evaluate the significance of various parameters on initial

head loss through the filter media.
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MODEL 1

Initial Head Loss (IH) =

TABLE 3 - MODEL 1 Parameters.

STEP VARIABLE INTERCEPT R=-SQUARE
COEFFICIENTS
1 GS = =273.482 64.250 0.675
5 GS = ~270.809 48.463 0.854
BD = 1.932
GS = -269.789
3 BD = 1.915 51.821 0.857
IC = =-0.052
where
IH = Initial head loss across filter media in centimeters
GS = Grain size diameter in millimeters
IC = Influent algal concentration in fluorescence units
BD = Bed depth in millimeters

This model illustrates that main factors influencing the initial head
loss are grain size diameter and bed depth.

Effects of grain size diameter on head loss and flow rate is illus-
trated on Figure 8. 1In this figure flow rate versus head loss for
various sizes of sand at 1/2" (12.700 mm.) bed depth is plotted. This
figure indicates that initial flow rate increases and initial head loss
decreases as the grain size diameter is increased. Flow rate in this
filtration system could be divided into three (3) zones. The initial
flow rate is the upper limit for zome 1 which depends only on the grain
size diameter and bed depth. This is the zone of practical utilization
of a filtration system. Clogging flow rate (zone 2), which flow rate
decreases rapidly because of excessive accumulation of algae on the

filter. Clogged flow rate (zone 3), which is zone of no flow because of

30
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the clogged filter and a design head on the filtration system. These
zones are illustrated on Figure 8. Figure 8 also illustrates how using
sand with larger grain size diameter could increase the zone of practical
flow rate. This is due to the fact that flow rate starts at a higher
value (and lower initial head loss) and utilizes more time to reach a
minimum design flow. At the start of the test, the initial head loss is
influenced by initial flow rate, grain size diameter, and depth of sand
bed. But as soon as algae starts forming a mat on top of the sand
layer, head loss is increased and flow rate is consequently reduced.
This phenomena is illustrated on Figure 9. In this figure total algal
mass removed is plotted versus head loss (for the same set of runs as in
Figure 8). Effects of grain size diameter on the head loss in the
system is also illustrated (the larger grain size diameter, the smaller
the initial head loss). Formation of an algal mat on top of the sand
layer is analogous to the mechanism of mechanical straining in precoat
filters (see theory of sand filtration).

Initial head loss as it was discussed in the theory of sand filtra-
tion, is affected by depth of the sand bed, grain size diameter of the
sand and the flow rate. Measured values of initial flow rate, initial
head loss, grain size diameter, and depth of the sand bed were used in
the equation 7 (Carman-Kozeny equation, see chapter on theory of sand
filtration) to determine the value of R for the various sand media used
in this investigation. The water temperature was assumed to be 30°C,
Absolute viscosity of 0.798 N. Sec./m2 and mass density of 995.7 kg/m3
were used for this temperature. A linear regression procedure (SAS,
1979) was utilized to determine the mean values for R, their correspond-

ing standard deviations, and coefficient of variations. The reason for
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this analysis was to illustrate applicability of Carman-Kozeny equation
for this filtration technique. Mean values for R, their corresponding

standard deviations, and coefficient of variations are presented in

Table 4.
TABLE 4 ~ Values for Filter Media Coefficient R,
Median
Media Grain Mean Standard Coefficient
Size Deviation of
Diameter (mm.) Variation (%)
1 0.064 1.955 x 10° 3.756 x 10° 19
2 0.090 2.567 x 10° 8.045 x 102 31
3 0.127 3.174 x 10° 6.190 x 10° 20
4 0.200 3.120 x 10° 1.080 x 10° 35

Relatively large coefficient of variation for filter media coefficient
(R) in this filtration technique could be due to non-laminar flow through
the filter media. Although high degree of variation existed within the
same size of sand with different thicknesses, the mean value for R
increased with increase in the size of sand. Carman-Kozeny and similar
head loss equations are based on laminar flow through the sand media.
It is possible that flow pattern through fine sand/silt filters may
differ from flow patterns assumed through conventional sand filters
because of the type of sand used (fine sand/silt), thickness of the sand
media (less than 13 mm) and presence of algal suspensions.

One of the major parameters influencing the operation of this
filtration system was the amount of algae removed from the water.
Removed algae formed a mat on top of the sand layer. Therefore, a
stepwise regression model was employed to determine factors influencing

average rate of algal mass removed,



TA

ST

where

ARAMR

IF

IH

IC

BD

GS

As we s

mass removed are first, the influent concentration and second, the flow

rate.

operati

Average Rate of Algal Mass removed (ARAMR) =

BLE 5 - MODEL 2 Parameters.

EP VARTABLE INTERCEPT R-SQUARE

COEFFICIENTS
IC = 0.117 -0.698 0.813
IC = 0.096
IF = 1.064 -4.060 0.949
IC = 0.097
IF = 0.982 ~3.424 0.953
BD = -0.042
IC = 0.100
IF = 0.728 -2.116 0.954
BD = -0.040
IH = -0.013
IC = 0.101
IF = 0.670
BD = -0.015 -1.066 0.956
IH = -0.029
GS = ~4,294

= Average rate of algal mass removed (based on dry weight) in

mg/min

= Initial flow rate in milliliters/second

= Initial head loss in centimeters

= Influent algal concentration in fluorescence units

= Bed depth in millimeter

= Grain size diameter in millimeter

ee the most two important parameters influencing rate of algal

The significance of this model is that it illustrates that the

on of this filtration technique depends greatly on the mass

35



loading which is a function of initial algal concentration and flow

rate. The major effect of mass loading on this filtration technique is
shortening of the run time. This model also illustrates that the average
rate of algal mass removed does not depend significantly on grain size
diameter, bed depth, and initial head loss even though these variables
have significant influence on the flow rate.

From the results produced with the fine sand/silt filter bed it is
apparent that the median grain sizes lie outside the range compatible
with conventional filter units. The results also suggest that the
principal filtration mechanism with the fine sand/silt filter is direct
straining on the surface of the filter media. Sand with the median
grain size diameter of 0.200 mm. with the bed depth of 1/8" (3.175 mm.)
produced an effluent quality with the average removal of 96 percent.
This combination of grain size diameter and bed depth also results in
the highest average initial flow rate of 246 m3/m2~d. (4.2 gpm/ft.z).
Initial flow rate was used for this comparison because at the start of
the test, this parameter is influenced only by the selected combination
of grain size diameter and bed depth. Thereafter, flow rate is greatly
influenced by the amount of algal mass removed.

Utilizing 0.200 mm. size of sand with the smallest bed depth
(3.175 mm.) has the advantage of the lowest average initial head loss
(7.75 cm.). The major factor affecting run time of this filter at a
fixed head loss seems to be the influent algal concentration. Higher
influent algal concentrations resulted in shorter runs at a fixed head
loss. This was due to the fact that at higher concentrations of algae,
head loss in the system was increased at a faster rate.

This filtration technique is capable of producing a high quality

effluent with the initial flow rate of 4.2 gpm/ft.z (246 mB/mzmd).
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This initial flow rate falls in the range of flow rate for rapid sand

filters, 2-5 gpm/ ft.2 (117-293 m3/m2vd) (Middlebrooks, et al., 1974).
It has the advantage of the effluent quality and lower initial head loss
due to a much smaller bed depth (compared to 45-75 cm. of sand used in
rapid sand filters). Run time of this filtration technique is relatively

shorter than run time of rapid sand filters and depends greatly on the

influent algal concentration.



Principal filtration mechanism with the fine sand/silt filter
appears to be direct straining on the surface of the filter media.
This filtration mechanism is similar to the filtration mechanism in
precoat filters.

Increasing bed depth did not have significant affects on effluent
quality,

Increasing grain size diameter from 0.064 to 0.200 mm. did not have
significant effects on the effluent quality.

Effluent quality for all the runs was fairly consistant and stayed
the same thoughout the runs.

High values of average percent removal were obtained without addi-
tion of chemical coagulants. Average removal of 98.7 percent
(based on chlorophyll a) was obtained for all the 44 runs.

Effluent quality deteriorated when sand with a grain size diameter
of 0.335 mm. was used. This was due to the fact that phytoplank-
tons were capable of passing through the sand medium.

Sand with median grain size diameter of 0.200 mm. with the bed
depth of 3.175 mm. produced an effluent quality with average re-
moval of 96 percent (based on chlorophyll a). This combination of
grain size and bed depth also resulted in highest initial flow rate

(246 mgjmz-d) and lowest initial head loss (7.75 cm.).

38
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Run time was found to be greatly affected by influent algal con-
centration. Higher influent algal concentrations resulted in
shorter runs at a fixed head loss.

Average rate of algal mass removed was increased with increase in
influent algal concentration. Major factors influencing average

rates of algal mass removed were influent algal concentration and

flow rate.



RECOMMENDATTONS

Results of this investigation suggests that fine sand/silt filtra-

tion is an effective means for removing Scenedesmus quadricauda. Further

investigation to provide a better understanding of this filtration
technique for other species of phytoplanktons is required. Consideration
should also be given to their different physiological states. Mathematical
relationships between design parameters of this filtration technique

should be developed. Development of a cleaning mechanism for the clogged

filter bed to allow continuous operation of such filter is also required.

40



[

w

9.

10.

11.

12.

Abeliovich, A., and Azov, Y., "Toxicity of Ammonia to Algae in
Sewage Oxidation Ponds," Applied and Environmental Microbiology,
31(6):801-806, 1976.

Al-Layla, M. A., and Middlebrooks, E. J., "Algae Removal by Chemi-
cal Coagulation,” Water and Sewage Works, 76-80, September 1974.

Andrews, R. H. G., "Gravity Filtration of Algal Suspensions,” The
Ontario Water Resources Commission, Publication No. 21, August
1968.

Bare, W. F. R., Jones, N. B., and Middlebrooks, E. J., "Algae
Removal using Dissolved Air Flotation,” Jour. Water Poll. Control
Fed., 47(1):153=169, 1975.

Berry, A. E., "Removal of Algae by Microstrainers,” Jour. of the
American Water Works Association, 53(12):1503-1508, 1961.

- Borchardt, J. A., and O'Melia, C. R., "Sand Filtration of Algal

Suspension,” Jour. of the American Water Works Association, 53(12):
1493-1502, 1961.

Bush, A. F., et al., "Dissolved Solids Removal from Waste Water by
Algae,” Jour. of the Sanitary Engineering Division, ASCE, 39-57,
May 1961.

Camp, T. R., "Theory of Water Filtration," Jour. of the Sanitary
Engineering Division, ASCE, 1-30, August 1964.

Davis, E., and Borchardt, J. A., "Sand Filtration of Particulate
Matter,” Jour. of the Sanitary Engineering Division, ASCE, 47-59,
October, 1966.

Dodd, J. C., "Harvesting of Algae with a Paper Precoated Belt-Type
Filter with Integral Dewatering and Drying," Ph.D. Dissertation,
University of California, Davis, 1972.

Dryden, F. D., and Stern, G., "Renovated Waste Water Creates
Recreation Lake,” Environ. Sci. and Technology, 2(4):268-278,
April 1968.

Fitzgerald, G. P., "Factors Affecting the Algal Assay Procedure,"
University of Wisconsin, Madison, Wisconsin, pp. 31, 1975.

41



13.

14,

16.

17.

18.

19.

20. .

23.

o
o~

25.

26.

27.

42

Foehrenbach, J., "Eutrophication,” Jour. Water Poll. Control Fed.,
47(6):1538-1542, 1975.

Folkman, Y., and Wachs, A. M., "Filtration of Chlorella through
Dune-Sand,” Jour. of the Sanitary Engineering Division, ASCE,
96(SA3):675-690, June 1970.

Folkman, Y., and Wachs, A. M., "Removal of Algae from Stabilization
Pond Effluents by Lime Treatment,” Water Research, 419-435, 1973.

Friedman, A. A., et al., "Algae Separation from Oxidation Pond
Effluents,” Paper presented at Thirtieth Annual Purdue Industrial
Waste Conference, May 1975.

Goldman, J. C., et al., "The Kinetics of Inorganic Carbon Limited
Algal Growth,” Jour. Water Poll. Control Fed., 46(3):554-574, 1974.

Golueke, C. G., and Oswald, W. J., "Harvesting and Processing
Sewage-Grown Plankton Algae,” Jour. Water Poll. Control Fed.,
37(4):471-498, 1965.

Grau, C. R., and Klein, N. W., "Sewage Grown Algae as Feed-Stuff
for Chicks," Poultry Sci., 36, 1046-1051, 1957.

Harris, S. E., et al., "Intermittent Sand Filtration for Upgrading
Waste Stabilization Pond Effluents,” Jour. Water Poll. Control
Fed., 49(1):83-102, 1977.

Hill, D. W., et al., "Series Intermittent Sand Filtration to Up-
grade Waste Water Lagoon Effluent,”" Progress in Water Technology,
9:799-810, 1977,

Kormanik, R. A., and Cravens, J. B., "Cost-Effective Algae Removal
Possible with Microscreening,”" Water and Sewage Works, 31-35,
August 1979.

Lincoln, E. P., and Hill, D. T., "An Integrated Microalgae System,"
University of Florida, Gainesville, Florida, 1980.

Loganathan, P., and Maier, W. J., "Some Surface Chemical Aspects in
Turbidity Removal by Sand Filtration," Journal AWWA, 336-342, June
1975.

Marshall, G. R., et al., "Intermittent Sand Filtration to Upgrade
Existing Waste Water Treatment Facilities,” Utah State University,
PB-231 205, February 1974.

Miller, W. E., Greene, J. C., and Shiroyama, T., "Selenastrum

Capricormutum Printz Algal Bottle Test," EPA-600/9-78-018, July
1978.

Middlebrooks, E. J., et al., "Evaluation of Techniques for Algae
Removal from Waste Water Stabilization Ponds,” Utah State Uni-
versity, PB-255238, January 1974,



28. McGarry, M. G., "Algal Flocculation with Aluminum Sulfate and
Polyelectrolytes,” Jour. Water Poll. Control Fed., 42(5):R191-R201,
1970.

29. McGary, M. G., and Tongkasame, C., "Water Reclamation and Algae
Harvesting,” Jour. Water Poll. Control Fed., 43(5):824-835, 1971.

30. O'Brien, W. J., et al., "Two Methods for Algae Removal from Oxi-
dation Pond Effluents,” Water and Sewage Works, 10(3):66-73, 1973.

31. O'Melia, C. R., and Stumm, W., "Theory of Water Filtration," Jour.
AWWA, 1393-1412, November 1967.

32. Palwmer, C. M., "Algae in Water Supplies,” Public Health Service
Publication No. 657, U.S. Dept. of Health, Education, and Welfare,
Washington, D.C., 1962.

33. Palmer, C. M., "A Composite Rating of Algae Tolerating Organic
Pollution," Jour. of Phycology 5:78-82, 1969.

34. Parker, D. S., et al., "Algae Removal Improves Pond Effluent,"
Water and Waste Engineering, 26-29, January 1973.

35. Rohlich, G. A., "Eutrophication: Causes, Consequences, Correc-
» tions," Proceedings of Eutrophication Symposium, National Academy
of Sciences, Washington, D. C., 1969.

36. Rohlich, G. A., and Uttormark, P. D., "Waste Water Treatment and
Eutrophication,” In Carbon Limitation in Sewage Lagoons by D. L.
King, symposium proceedings, American Society of Limnology and
Oceanography, 231-245, 1972.

37. '"SAS User's Guide,” SAS Institute Inc., Cary, North Carolina, 1979
edition.

38. Shell, G. L., et al., "Upgrading Waste Treatment Plants,” Chemical
Engineering, 97-102, June 21, 1971,

39. Shindala, A., et al., "Demonstration of the Feasibility of Three
Filtration Techniques for Algal Removal from Lagoon Effluents,”
Mississippi State University, Jan. 1978,

40. "Standard Methods for Examination of Water and Waste Water,"
Fourteenth Edition, American Public Health Association, Inc., New
York, 1976.

41. Starr, R. C., "The Culture Collection of Algae at the University of
Texas at Austin,” Jour. of Phycology, 14 Suppl.:47-100, 1978.

42. Stone, R. W., Parker, D. S., and Cotteral, J. A., "Upgrading Lagoon
Effluent for Best Practicable Treatment,” Jour. Water Poll. Control
Fed., 47(8):2019-2041, 1975.



46 .

L8.

Tenney, M. W., et al., "Algal Flocculation with Synthetic Organic
Polyelectrolytes,” Applied Microbiology, 18(6):965-970, Dec. 1969.

Trainor, F. R., and Rowland, H. L., "Control of Colony and Unicell
Formation in a Synchronized Scenedesmus," Jour. of Phycology,
4:310-317, 1968.

Turner Associates, '"Determination of Algae in Natural Waters by
Fluorometry,” Flurormetry Reviews by G. K. Turner Associates, Palo

Alto, California, May 1973.

Van Vuuren, L. R., and Van Duuren, F. A., "Removal of Alage from
Waste Water Maturation Pond Effluent,” Jour. Water Poll. Control
Fed., 37(9):1256-1262, 1965.

Weber, W. J., Jr., "Physicochemical Processes for Water Quality
Control,” Wiley & Sons Inc., New York, 1972.

Yilmaz, Recep, "In-Situ Determination of Undrained Shear Strength
of Louisiana Soils by Quasi-Static Cone Penetration Test,” Master's
Thesis (Draft Copy), Louisiana State University, 1981.

b4



Listing of Programs

45



50,

), IF

N
(e

051

yLIVI(1050) ,1v2 (1

(2

8

ILe

P

£

i

N

U
Moy a by

«

D

TIVAL (b000) ,CV1 (10

¢
o

001

0

)

2(105¢

s OF

1(1050),1F2 (10
F1{1050)

&)

1

{
A

Y 5

0

T

.i(: B

V2 (1050,

<

>0, C

¢

faa]

oo g
)

3
2

o
o

§
ks

00!

i

,
{

0

¢

01

ol
R
o o

0014

-
P
o

0010

W
-
o]

)
0

0013

.
-

v

0017

$1-1),1=1,4)

1

M

(MeI=1) ,IF7(

171

-1y ,1

b
A

V2 (e

+
&

¥

o

e
-

g
22

21

]

0017
001

0019
0029

0
20



el

=
- =
b o1 B s AF
£ f] — o
,”f T — o,
- =
g L
Lo 2 B
- 3
Fod b8
< o,
= :
& o9
e
. T e
-~
o’ B o,
g
? 1] e
> Lo o
el Yy
i i ™ D
o = g N
e il
~
g L P [ =
T g 7
2 LY
o g PN o] oo
e e Ty
c A -
ey Fe & o

I~ SR Pl S o B S
i oy N
LR o B R e e I

3
3
9034
3
3

3031
00

0037
0038
0039

4]
0
00




s

i= (LL1/17T1)

y

) i’} = ‘ \(}

o0un
0062
0043

)+T)

Lot

-4

v -

T(Ly=CET{ (1Y) 7

1
[

[

&

v

i
A

)

¥

i

VLT

[

@0
pous
o

0047

g;)

3

¢

A1 (I=1)%30),

o




}
|
i
¢
|

49

CYTACORODL nOR VY

CYTAZONODL 0NV Y

OYTACIONODL B ORNYN T NN

L SR
NN

[

w8 e s
A [

3 n oy 8 op
: ~ﬁM C ke

3

<
L

(Ceordn’o1’¢ 7¢ :”;
T

= (1) oTan

I

e (2L

TPrrIfiuunt
TOLAL G T
TYRPIT GG

00
sm,w,ﬂ_
caT

> &

fu «u
£ 2
¢

3




D08

-1 #30),

rea

PL2(T4(

-

39y ,¢

#

Ne’
iy
o

-

1¢ (L-1) £30),

P
o
[ ]

[esIEOR
O
9 )




i

il
<7,
! L
LIPS,
I
o
R
(48] £l
S 3 v
brea e J
Sede 1L e L
e W
-
o
-~

[

AN /S
!

E

[

o, 7
Lo

-~ R

(25 “ -
i AR
Pt .
e P iz
2. & ;7 .
e — [ o

P e N —
e — o ml W e
o -
e L e [ [ P o o o L, T .

- 2 < ; 5

bt s s } -~
T bt B
P
L) vt
P
TS
L. e

-

X

[E
e

o kS

[ [
o

[

{




52

(L=-1)Ten+ (1) a0s LA/ (Lo (L =-T) 440X

corr e

B

W (0

G40

D

Lo~

P g
oy T e ey (7Y g
o>

iie]

£~y

o
P
L]
<

ol

N ) o9
- oo B T T b B SR o B O

Py

o
g Moy ™

A S S o
4
<o

Ita)

[

-
™
o)

=
o
[on]

LG
#1000
Lo
4L 00




~.

0

[ (el

Lo

B o

e o

T e

o

& {. [

YT T Y e

b

.y

o

N .
-~z X -~ - — - —
[P L7 4 I~ £ ~y .
[l . - - o g o . .
LT g a2 = 7 & WE =
-

e —~ -~

oo e Foum

o

3
0oy

0042

0063
0
{

003

0061
0062



.

Jo 0

)

5

=19

MN=y
VL (35

A

XL

L

C

)

i

&
REN

3

J0646

0

D065
)

D67

30613
0069

006

5
i

0.0

-

5

T(961)

TR B SEVREEVORE SN o lFy
00 oL o 00

0090

(SN S ] {'”‘
LI oI e T o0 B i

)
0
00

3081



P
e

WA
” 3 d

[N S, QO S S R R

O A S

(SRS RS NSNS
iag i~ dR Vo
oo o
DD
<O o

v

0099

J

=),

{

SN AL

-

y
1

010

1)

G

0
0102
0103

01

110
011

i

112

]

112
2114

[

el
-
-
<

N

o
e

kS

0117

0118

33, 1,1,

’("

(o
-
-
o



R

@ @
o
~

P
= °
.
o

.
>

o, o
i -~
s
o z
o
e

el

L2
ey
f—
Coom= O o ISP 0 Moo T e ey ) 2y L e O
NN DN NN oy O N e T T e 00 T ey ) ey e
T E g o g T g g O ET G P 0 gme 5 g g
Lt o Bt oo L IR o N o BE S B oo B il o B o B o B o JE S R i B e S

56



APPENDTX B

Tables and Plots of Typical Runs

57



®SAND 200/270-1

930
ﬂZG,QQ
150,03
182,00
210.00
240,00
273.00
300,00
330.00
160.00
399,00
420.00
450.00
Ls0.,.00
510.00
540,00
570.00
600.00
53).00
660.00
590,00
720.00
755.00
780,00
810,00
840,00
870.00
900.00
530,00
960,00

SO

1=1550.62817% (1-5P (-0

FILTRATYE
VOLUMT

0.0
G49,79
222426

312.98
385,55
4 T76a 27
585,13
684,92
Tus.43
Bid.0]
902.65
933,33
1029.05
1088, 62
1133.94
1152, 12
1183.,48
1202.02
1229, 24
12506, 45
1288.20
1324, 49
1329.02
1360, 75
1319.95
13u2.63
1333.50
1378.92
T419,.74
1424, 28
1437.39
1437,89
T410.067

THICK®
REAOVAL = 99,

=bd.7TH

(FLUOR

G it 21 oy
TFEST ile

51

16011

PLUCRESCENCT UNITS

EFFL
UALITY

ESCENCE

0.0
J. 15
De25
0.30
0,05
Jo@@
- 40

0.950
3@33
- 1)
@%3
O@mﬁ
0.55
Jou5
- 70
J. 20
O.&B
. 50

FLENT
pldm N

4}“}

Ty

A

=)

S00267654%4))

33.70
37.92
30,70
43,90
47,50
52.29
57. 30
62,29
6. 20
T3.75
76,80
23,490
.90
HY,80
92. 10
94 .10
95.50
Yf .90
3.00
95 .80
99 .40
G .80
100. 20
100.60
100. 80
101,23
101. 35
101.62
iI01.70

101.90

102,10
192.20
102,30



59

THICK

/0-1/8

fgd

["NIWY JWIL H
. coe . NS R .
00°02 00°g1  o0°2l 50’8 00°n 00 Q=
o
ol
n
| =
i ™
| %%ﬂm_.&n o
: N e 5S
i grart ol
i 3 -
,»@%&@h S ﬁmm
L
PR,
- L it o
ol
[
®
) P e
& - Bo
f] @ )
€02 o3
£33
{ONIW JWIL —
gotae [HEI I ggret agtg 20°h 00°0, —
-
. e -
ot »
Jares
)
Pra
—
=
S
f
fon ]
—
o
=
5(1.\
<
[ o]
o
€a
L)

200/ ¢

IND

(



¥SAND 200/270-1/8
AVERAGE

INITIAL CONC

FILTRAT

TIHE

(SEC.)

0.0
30,00
60.00
50.00

120.00
153.00
180.00
210.00
2%0.00
272,00
300,00
330,00
360.00
390,400
420.00
453.00
480.00
510,00
560,00
572,00
H00.00
533.00
660,00
693.00
720.09
753.00
T780.00
310.90
B45,00
273,00
900.00
930.00
960.00

1

. RO
PURCENT REAQVAL

TIRT F7 I AR A )
[ L i

B AT A

¥=1843.62100% (1-7y

FILTRATE
VOLUME

{1L.)

Do
103. 86
217.72
112, 38
435,45
53U, 73
652142
725,75
411.93
234,51
975,24

1329, a6
1097.69
1173, 27
1215.63
126099
12497.27
1356, 24
1378.92
1406, 14
1428.32
1451. 59
1475, 71
1591, 39
1515.00
1551, 29
1500, 3In
1569, 43
Iht4.79
1601.18
Tol23.86
155 61
1696, 44

THICK

N=T9.25

10

20.00
313,10
35,20
37 .67
30.80
44,70
49.00
53,74
58.80
63 .90
69, 20
T4 .40
TH.90
83,00
B, 40
B9 .40
91, 30
53,22
94,70
95 .90
97.00
497 .50
Y, 50
99,179
- 710
135,10
100.50
100.74
100.99
101.22
101, 40
101.60
171,80

8

PRt



{"NIW) 3HIL msmwxw ELP P -

80°0e #8081 porat 0o°g 00°% 00°Q, 0002 00°81 00°g 0o°8 00 h QQHMUWH
o m v e
; €y
[
.l/»// W
~ oy
(=i
(= lep]
m
// Tﬂ, 8=
S ol
T 3
o)
e N
- >
-7 8o
,ru = it
<3 o
2
{"NIW] FWIL ("NIW} 3WIL
ag°g2 4881 SRR 058 4o0°h 0o 0, so°ae 00781 8821 8008 06°h O@@U
£33
-
D e Rl
2w P
o o)
o @
o m
i w
r a
LD .1%3
L@ s
a._ am
™
(o
e Ll
& A
i © LW
2 ra E R bR et < Lol
"
ad [es]
n =}
€ 5
[l

K

~

L

300 51

xS5AND 200/270-1/8 THI



ASAND 200/270-1/4 THICK=

-

TAGE

¥4
ey

av

-

INITIAL

FILTEATE

P
i
=
o
o

e

D.0

33.00
60,00
90,00
120.0D
152.00
180,00
213.093
230.00
270.00
300.00
330,04
360.00
353,049
420.00
452,09
480,00
510.00
540,00
57309
600,00
630,20
660.00
593,00
720.00
750.00
780.00
810,30
B40.00
373.00
500,00
930,00
560,00

PERCENT RIEZMOVAL =

CONCENTREATION=T4Y.25

2.0

95,25
176,90
272. V6
344,73
539,95
530.70
nJ 3. 28
oldd,92
T8, 43
BZ5.504
BH9,.04
948,01
10u6. 97
1056.87
1129, 45
1152. 12
12066 50
1229, 24
1274, 5
1310.048
1315, 42
1333.56
1356, 24
1378.92
1337.99
1419, 74
1424, 2%
T446.90
1483, 25
14n5. 10
1492, 32
1528.01

99,89

PLUGRERC

D.05
LA
Joe U
D25
J el
Ve b

Ue 20
J.40
0. 30
0.15
n,un

[N S G

ENC

i

INGH2

OHITS

Y=1748, 11094% (1-7142 (=0.002149509%1))

S, 60
56 .00
57.90
59,89
62. 10
64,60
67,40
To.40
73,61
76,70
79.40
B2 .83
5. 40
BT 854
359690
91,60
& 3

160.70
100.80
101.10
101,40

62



63

ey
Lot

anTogR
DL U

be

[

rry
b

(e



®SAND 200/270-1/4 THICK* TEST ID,., NO. = 401

(.
fo=]
&

[

AVERAGE P7RCENT REMOVAL = 98,70

INITIAL CONCENTRATION=139,)0 PLUOP®SCENCD THITSH

o
[
e

TRAT

i

£, ¥=3633,40527% (15X (= 0.00088345% 1) )

TINE FILTRATE HTAD
VOLUME LOSS
(STC.) (ML.) INITS) (CH.)

.90 0.0 0.0 54,00
30.00 99,79 D0 55,50
60.90 190,51 Va0 57,30
99,00 285.76 0.0 58,600

123.00 349,27 U0 60.00
155.00 449,06 0.0 61,20
133,00 539,73 b1 B2, 40
%12.00 607,41 0.25 5 3. 30
243.00 694,00 022 54,20
270.090 771,11 J.50 vh,50
300.00 34 3. 61 J.25 6650
330,90 920.79 0.75 67,60
360.00 997,490 3.75 68.830
3906.00 1070.44 D.75 10. 10
420.00 1133.52 D.75 T1.50
450.00 1211.09 0.70 73.00
480.00 1279.13 D.60 Th .20
510,00 1347,17 De90 75,60
540.00 T43 1. 60 D90 76 .50
570,00 1465, 10 1.05 78,30
6500.00 1523, 61 J.95 79,70
630.00 1592, 11 0,490 81,30
660,00 1646, 54 D.57 82,50
690.00 1682.83 0595 83,80
720.00 1746, 33 1.95 35,10
T750.00 1796,23 1.05 B6H. L0
780,00 1837.05 3,95 $7 .40
310.00 1882.41 1.25 88,50
840.00 1923, 23 D80 89.5)
870.09 1982,20 D.85 90,50
900.00 2009, 41 1.25 91.29
930.00 2059,.31 D.95 92. 10
960.00 2081, 99 1.05 92 .90

J AL e



{ONTWD 3WTL [NTHD 3WIL 1
a80°02 8081 an-etl 0ate 00°h 00°Q, poroe 008t gg°el 2678 00" h mm,fﬂ!
; : : m br
; ! fou
m Fa ]
I
—d
71
b
505
i
e
m
[ T
e it 4
DN
o
&
x
& .
=
{"NIW? JWll
ag-ge 05641 ggret 608 80w 0074,
2
L S L ol
S Sc
o 3
o5 “m
M
(€3]
{2
e
o
=m
[
| Z
g
, S—
nUS
i = ]
]
o o
Les &
£ :
. <
[=3

£
fo]

200/7270-1/74 THICKx

*xSAND



®S5AND 200/270-1/4 THICK = TEST In. NO. = 10012
AVEFRAGE PIRCENT REMOVAL = 94.7%
INITIAL CONCENTRATION=68,75 FLUOZIRSCENCT dNIIS

FILTFATE ®Q. T=1585, 7T1265% 1=2¥2(-0.00274088%%))
i

TIME FILTRATS HEAD
VOLOME LG5S
(SEC.) (ML.) UNITS) {(CH.)

0.0 0.9
30.00 127.01

b3.20

45,10

oo
L]

o

60.0) 226. 30 Do 7.1
90.00 322.05 e 49, 10

120.09 417, 31
150.00 530.70
189.00 598, 74
210.00 639.56
243.00 730.28
270.00 872.86
300.00 893, 58
330.00 943,47
360.00 1006.97
390.00 1056.87 1
420.00 1115. 84
450.00 1156.66
480.00 1170. 27
510.00 1215.63
540.00 1256. 45
570.00 1251.91

51195
53,80
57,40
o1, 20
65,60
70,20
74,73
- 40 79.20
. 170 13,00
- 10 36.50
89,40
S51. 60
13 .40

R
El &

[

o

Sad Sl

&

&
O & s s B O

W

e
s
WY

~

[ S VIR O SR
@

e s
[SS RN
SO

o

R e
S A s e U

8 &

= N

> WL o o
Lt
&
o
NP
g}

600.00 1301, 31 .30 98.5
630.00 1252.74 0.0 99. 30

663,00 1333, 56
690.00 1369.85
720.00 1374, 33
750,00 1383.40
730,00 1352.53
810.00 1410.67
340.00 1419, 74
870.00 1333.46
900.00 1456.03
930.00 1397.9%06
960.00 1456. )3

B

]
= =2 g B RS B et b ) o O

[T v s
O O L oo o

o

100,40
120.89
101. 20
101.50
101. 80
102.00
102,10
132.20
102. 3D
102.49

¢ 5 e

s

3 s e

DL OO OO o
8



25.00
5.00

«y

73

16.00

it

12,00

g .8
.00 0g

[

00°06

("W3) $507 OH3H

[
0008 0008 oo d? 00°9 00°h 002 o'd

20.00

Gt

4.00

g0°c8

100 12
*x3AND 200/270-1/4 THICKx

67



®*SAND 200/270~-3/8 THICK*

AY FRAGYE

3.0
30.00
63,00
90,00

120.00
150,00
180.00
210.00
240.00
273.00
300.00
330.00
360 .00
390.00
420.00
450,00
480.00
510.00
549,00
570.00
600.00
630,00
£60.00
690.00
729.00
750,00
780 .00
810.00
843.00
870.00
300.00
930.00
963,00

TEST ID

PERCENT REMOVAL = 99,55

FILTRATE
VOLIOME
(4Le)

J. 0
45, 36
176, 30
246,904
0. 19
BB, 23
471, T4
553.348
029,95
bud. 39
757, 52
Bigd, 22
8% 3. 548
579,76

1011, 91
1033.73
1084, 09
11246,91
1192,.95
1247, 38
1292. 74
1329.02

1387.99
1397, 06
1d442.42
1492, 32
1510. 406
1519. 53
1537.68
1587, 57
1587.57
1573.96

CONCENTEATION=03.75 FLUOREZSC

et

EAR R I SRR IS e
RETLUENT
IR T Y T
OUATITY

(FLUOPESCONCE

Ve sl
0.0
0. 10
0.15

0.65
D.45
Do 85
Je 25

o NO L., =

TR T "’j,‘,
FVIEE B T )

HNITS)

b4

APA

10031

Ex
s

. ¥=2130. 39804% (1-75X2 (=J.00149922%%))

HYAD
1088
{C".)

S50 .50
580970
60.00
61,20
62.30
63,90
65,70
57,80
£9.,90
72.00
T4 .30
To.60
79,00
1. 30
83,50
85,70
17 .50
29,30
91,00
92.50
93,50
YU, 80
56,00
96,79
97 .60
98, 20
58 .80
99, 30
59,80
100, 10
100.40
100.70
101.00

68



69

0002

00°02

CNIW) IWIL .
anrel mﬁcmﬁ pore 0o
, s i.ir o
;;1
..!..i,!fl:i/i:/,
00°2T 808 00" h

000

%

THICK

3/ 8

-
L



*S5AND 230/270-3/8 TiHICcK«*
AVERAGE
INITIAL CONCEUTRATION:

FILTETATE

0.0
30,00
60.90
50.00

120.00
150,00
180.90
210.00
260,00
270,00
300.90
330.00
360,00
390.00
420,00
450,00
480.00
512.00
540.00
570.00
60J.00
©30.00
660,00
6590.00
720.00
753.00
780.00
310.00
849,00
370,00
900.00
930.00
960,00

Y=4842.15234% (17D (=0.900063

0.0

S54, 43
163. 249
254.91
344,713
426,34
521.63
580,00
bbb, TR
743.8%
330,07
916, 26
993.37
1065, 94
1138.52
1220. 16
12605.52
1351, 71
1424, 28
1483, 25
1955, 82
1614. 79
1¢73.70
1732, 72
1778,008
1846, 12
1900.55
1950, 45
1995,81
2045, 7
2113.74
2140. 96
2177.24

TFST ID.
FLUORT SC

RFFLUFNT

gUALITY

T T e e g a e
PLUDHESCEYNCE

8
~d oy SN g

[

@

s

O o

4

s v g
BRI g ST N T « I ST

@

L]
[ Y
s UV an Wt o Ut o

i T TP S T S i S QO S G
&
<o

@
— iy

[ &)

520%X3)

U

s—\t"‘.ﬁ
Yy O o
Koy e

@
St

53.00
54,70
55.5D
Se 40
5730
58. 30
59.30
), 40
61.50
62. 5D
AT.TS
bl .99
£6,00
67,30
HHe 50
£9,50
71. 30
T2 .89
T4, 10
T5 .00
76,89
T8.30
79,73
21,09
H2e 40
823,74
4,490
86 .00
87,10
88,20
89,20
50.00
90,90
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*SAND 200/270-3/8 THICR* TEST

=3

De HOL. = 10041
RVERAGE PIRCENT REMOVAL = 99,47
INITIAL CONCENTEZATION=86,0) FLUORRSCENCE JKITS

SILTRATE Z0. Y=1301. 866506% (1-7XD (=0.00291297%) )

TIME FILTRAT EEAD
VOLUM B 1055
(SEC.) (ML.) UNITS) (C¥.)

J.0 0.9 0.0 53.59
30.00 104,33 J.05 50,00
650.00 176, 90 Daeb ?ﬁ.aﬁ
90.00 272,16 .0 /,uq

120.00 A7, 41 J.25 o DU
150.00 4U45,06 0. 20 ﬁg.h@
130.00 521.03 0. 15 659,00
230.090 571.53 0.05 72. 30
240,00 H44, 10 3.0 To .50
270,00 125,75 0.480 80,40
300.00 757,50 .25 24,00
330,00 BE11.93 0.20 57,10
160,00 451,33 G0 559,90
390.00 902,05 030 Yde 20
420,00 9 34, 4i) Je 20 44,00
452,00 958,01 Do 15 Y45, 70
480.00 497,90 J,. 30 96 .90
510.00 1020,.54 0o 40 $3.00
540,00 1034, 19 Je 30 99,00
570,00 1038.73 0,40 9(5,.3’\)
600.00 1979, 55 D ¥

630,00 1054,09 0.3

660,00 1106, 77 0aut
690,00 1120.37 J. 35
720.00 1105, 73 3
T50.00 1138.52 4
730,00 ?ﬂ7%m%3
310.00 111,20
840,00 1179, 34
870.00 1183.38
900,00 1188. 41
930.00 1215.63
960,00 1211.09

)

J

0

5

5

D
40 101.80
40 132.00

n

5

0

5

5

J

e

el SR o SRR
8

102,20
102.49
102,50
102.63
102,70

1/1_..}3’\

e & e

(e
&
5l W A

e e

o
o
Y
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£SAND 200/270=1/2

AVEPAGE

0.0
30.0D
b0.00
9 .00
120.70

159.00
180,90
2810.00
240 .90
270.00
300.00
330.90
360,00
390.70
420,390
450.00
483,00
510.00
540,00
570.00
£00.00
630.00
660,00
6590.00
720,00
750.00
780.00
810.00
840,20
570,00
500.90
930.00
960,00

DERCENT

33
2

@]

THICK®
REMOVAL

TRATION=68,75

UNITS

T=1904. 12500% (1-742 (=0.00 153729 %1) )

B. 11
952,548
975,22
1043, 26
1097.09
1147, 59
1179, 34
1215. 63
1251.91
1270.36
1270.006
1319.95
130,783
1378, 32
1387.99
T4 1,60
14633,35
1460, 57
1465, 10
1483, 25

[

P

e

&

s

Y

R

&

R

8

Sy, 2 e S
d oW U N (O W o

°

&

o

9

.

S N A

L]

&

SN

£
°
S

oy T
Gy O
.y

98]

59,00
651,00
62,50
3,90
655,00
Hi, B0

o 30
nY . B
71 9}8%)
73,90
RESIRERY
Te. 30
ISRVt By
H2.600
B4 ,80
86,80
88.70
50640
91,90
493,10
94,30
95, 40
56 .44
97. 20
52,09
Y94, b
99,19
949,50
89,90

5

o
K

5

100, 20
100.50
100. 80
101.190
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®SAND

AVERAG?

INITIA

FILTEATE

sy
TiM¥E

i

(S7C.)

0.9
30.00
OJde DU
50.00

122,00
150,00
130.09
210.00
2860.00
270.00
309,990
330.00
363.00
390.00
420.00
450.00
480.00
510.00
540,00
57000
600.00
630.00
663,00
690,00
720,00
750.00
780.00
810.090
340.00
870.00
500.00
930,00
S960.00

200/270-1/2 THICK*

DTy ey
o l).ﬂi‘fLEUg i

RETOVAL

L COHCENTRATION=57,.90

K. Y=3365.59058% {1=-7XD (-

FILIRATE
VOLUME
(ML.)

Je 0
99,79
157,33
2422:» ,.Zb
303,91
358, 34
BigdeH2
517.10

T1be 08
736,71
B52.7%
329,146
954, 30
1016, 05
1379, 55
1133.98
1188, 41
1256, 45
1306, 35
1365, 31
14536, 14
1451.50
152 1. 39
1551. 29
1596.05
1h32.93
1669, 22
1696, 44
1723, 65
1759.94
1800, 74

e

B

5T I

949 .01

)

@

NO .

R A N T R
PLONOE 0T NCE

1.0

). 20
) o 20
1o 0
0

Y
el
SR
4 @ b
s

)a 0

0.0

9,20
J.05
Da 15
D25
D.15
0,05
D 05
U.0

0.15
3,15
0.20
D.25%
0.5

<o

L)

ad
jﬁ

1.)0081190%%) )

= 30011

UNITS

HEAD
LG5S

61 o))
65,80
Ub 50
67,10
67.7D
ho, ol
69 .40
70,20
T71.00
71.90
72.90
73,490
T4 .99
76,00
T77.13
78,40
ThS.60
0. 80
242,00
53,20
855,30

25

U
&
o)

Lo

B .6
87.50D
RE .50
89,40
0,30
51, 10
51,80
92. 59
93,290
93,90
Y, 5D

76
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S AND

AVERAGE DPUUCFEHNT REMC

Ja.0
30.00
6).00
50,00

120.00
150,00
180,00
210.00
289,00
270.00
300.99
330.00
363.00
390,00
42).00
450,00
480,99
510.00
540,00
570.00
00,00
530,09
667,90
690,00
723,00
750.00
730.00
8102.09
383,00
870.00
900.00
%30.00
900 .0

160/200-1,/8 IH

3
¥

g g e m T
AL CUHCENT] ATIO

YOLUOME
(1L.)

Dal

63,04
20B. 65
290,30
435,45
557,92
657,71
T71.11
875,43
975622
1053, 16
1192.95
1283, 20
1374,3¢8
1521, 39
1504,89
Ty, 22
1761.79
1837.05
1923.23
1986, 73
2086.52
2172. 71
2199,492
2272.50
2308.78
2367.75
242214
245H3., 01
2503.43
254%, 14
2590,01
26306 B3

ICK* TES

VAL = 95.71

N=34.,00

FLUG

woE

o
o i35

&
Py
~
N
s W

~or
Y

e 04
i

®
i

@

e
e =B e Nad s
SIS I I

DN = e ST
ey
W

&
i e e

e
s B
N AT

o
Fo
S Ut O oo O

W <

9
L W

8
W5

N
o 20
QN

@ 0L

THITS

4511.39053% (1=FLP (=0.0005374n%5) )

24 .50
25. 60
27.00
28,50
29,99
31. 30
32.68D
33,60
15,40
15,10
435,50

£2,75
0h.9)
69,70
T72.50
75,40
75.00
Ad. LT
02,75
PG .50
A6, 30
57 .80
59, 30
$0,.50
G 1,50

92 .60
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ESAND B 0/200-1/8 THICH® TEST IDe NO. = 20012

-

HAS

Av

v

DODERCENT RUMOVAL = w9.95

%

INITIAL CONCENTPATION=T2,2% TLUQRESCENCT UNITS

*ILTEATR

s

r<

Y= G455, 16528% (1=EXP (=0.00689928%%) )

TI¥E FILTRATE EFPTLUENT HFAD
VYOLIYEA DUALITY LOSS

\..‘)
9
o)
8

["L.) (FLUCRESCENCT UNITS) (CM.)

0.0 0eD) 0.0 25. 00
30.00 172. 37 .0 28,32
60.00 272,16 0.0 31. 70

90.00 362537 J.15 43.60
120.00 467,20 .0 61, 40
150.00 535.25% 3. 20 75.90
180,00 603,28 B.0 8#7.59
210.990 U, 10 Je 5 93,70
280,00 650,39 Je 50 97. 40
273.00 T12. 14 Delis 99 .40
300.0D 71214 0.5 100,70
133.99 T752. %6 3.0 101.30
300.00 752.96 D, 1450 101,90
390,09 Te6. 57 Je 5 102.20
42000 T75.04 N.55 102. 50
453,00 798, 32 J.855 192.70
480,00 311,93 Je 35 102,60
510,00 793, 32 Jeb5H 103,10
540,00 311.93 0. U5 103, 20
570.00 811.93 Je 1) 193 .20
600.00 30739 D.00 103, 30
530,00 821,900 0,40 103,34
660,00 8452.75 D45 103, 40
6903.00 830,37
723,00 B34.61
752.09 B61, 373
T780.00 Bugd. 22 103,80
8153.00 B4 3. 68 103,69

Je65 102,47
)
)
j N
D.55
B340.00 352,75 J. 5% 103,79
7.40
0.5

Ue 30 103. 50

I8 ? T £
De 50 103.50

870.00 B01.83 103,74
900,00 875,43 ( 5 103.80
$30.09 861.83 J.50 103.80
960.00 861,33 De50 10390



81

["NTH)

o
agtee Qorat agret 070 onroae Do et

h ©
S

o

=t

S s

T

—

TNT ¢

WL oy |

ggrae gorgt ao°g g0’%n —
| - — S

o 02

p mﬁ%& ﬁw M%
ﬁ.&%@w@%@@@%ﬁﬁ%&%@%@@@% T & |

| , D

R

2
<2




SAND 140/200-1/8 THICK=® TEST 1. N0 = 20022
AVEPAGE PTHCIENT EEYIOVAL = 99%,5P
[NITIAL CONCENTRATION=T5.2% TFTLUGRESCRNCT 1NITS

FILTEATE Zo. (= 870,67 114% (1-79K0 (-2.03653580%K) )

kAT

FTLIRATE SFFLUFNT HEA
VOLUME OUALITY 1055
(STC.) (ML.) (FLUORESCENCE UNITS) (C*.)

0.0 0.0 0.0 21.390
30.00 176,90 0.0 28000
63,00 272, 16 0.0 35 .90
90.00 390.09 0.0 45,00

120,00 50 3. 49 J.10 53.00
150.00 589.67 0.05 73.80
183.0D 639,57 Y 86,00
210.00 684,92 0. 15 93.10
269,00 716, 63 .05 57.20
273.00 752.96 0.25 99. 30
300,00 T4, 43 0,19 100,59
332.00 166.57 0.0 101,40
360.00 771.11 0.1) 102.00
390.09 T75.04 D.15 102. 30
422.00 807, 39 Je.15 102.60
450.00 834,01 .35 102.90
480,09 811.93 Ue33d 153,20
510,00 830,07 0e30 103,20
540,00 339,15 7.0 103.30
570.00 Bl6.47 0.0 133. 30
603.00 334,61 0.25 103.40
630,00 852,75 D620 103. 40
662,00 857,29 D. 20 103.52
690,00 870.90 e 103,50
720.00 373,37 De D 103.60
750.09 Bol.83 0. 15 103.60
782.00 379,97 0,15 103.790
810.00 370,90 1.0 103.72
840,00 839,04 Je20 103.89
870,00 879,97 0.0 103, 80
900.00 870,90 0.05 103,60
930.00 875,43 .25 103.90
969.00 870,90 Je 0 U .00
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#SAND 1490/200=1,/4 [THlCK* TEST ID. MO, = 30022

.
AVERAGE DPIRCENT REZYMOVAL = 3Y9. 04
INITIAL CONCENTRATION=ST.90 FLUNTEFSCTNCT JKITS

LAY .

FILTEATE FO. v=3168,53589% (1-TXD (=0.00 14456 4%4) )

TIME FILTHATE BEFFLILNT HIAD
VOLUAE ¢ LITY LOSS

(SEC.) {(ML.) (FLUORRSCENCE UNITS) (CM.)

2.0 D0
30,00 104, 33
60.00 226,80
92,00 349,27
120.00 BuY,52

153.00 576. 0 s A2 .49
182.00 Y%, 00 i, 60
210.069D 785,25 D.25 37,29
240,00 498,11 .20 40, 20
2723.00 1002, 44 0.5 43,59
300.09 108d.02 N, 25 47,00
13).00 1138, 41 DL 05 50,870
367.00 1292.74 D.20 54,50
390.00 1369, 85 J o 1) 58.50
429,00 456,03 0.50 2. 50
450,03 1537, 01 '
480,00 1o l14,79
510.00 1096 44
540.00 1750487
573.00 1791, 69
600.00 1864, 26
630.00 1313, 70
660,00 1986.73
690,00 2018, 49
720.00 2063.84
750.00 2100.13
780,00 2140.90
310.00 2190.85 92,40
840,00 2231567 Y 92,30
370.00 2254, 35 0. 40 G4 .10
900.00 2277.03 0,50 94.90
930.00 2322.39 J.25 95 .54
960,00 2336.,00 .10 96,10

25,00
26 .50
27,70
28,90

30. 50

s &
e e

°

e
I

s

8

®
=t
sl

NI W W
¢
=

o
&
=
W
.
-~
<
®
—
L

40 4. 70

e
e

¢ e

(S~
D
~
Tl
@ 8

[T
\..\ S

25 76,00
Bl1.60
23,35
He, 750
47 .57
[SECINRS !
YJ .33
91,30
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E5AND 18 0/200=-1/4 THICK* TeS T I, ¥0. = 27051

AVERAGZ DPL2CHENT BEMOVAL = 99.61

IHITIAL COxCENTEATION=T1.60 PIUOPR

INITE

r

PILTRATE Eo. Y=1598. 139 16% (1=5KD (=0,002n7386%() )

TIMT 0w
S

(C¥ .

7.0 0.0 Dot 43,00
32.00 140,61 Do 40 47,00
6000 231.33 0,10 49,10
9J.00 331, 1 0.0 51,00
120.00 412,77 Da0 53.50

150.00 464,42 0.55 50,40
189,00 585.13 0. 45 59.70
210.09 653,17 5,59 63.50

240,09 725.75 D
27399 227, 39 )
300.00 879,97 75. 60
3133.09 948,71 7G .80

5 67,30
T
D] §

360 .00 1011.51 .55 53,50
) 5
) )
J

71.50

393.00 1052, 33 86 .61
420,00 1097.69 L 89,40
450,00 1147, 59 Ua 91.60
480.00 1170.27 Deth 93, 40
510.309 1202.02 Jeld 45 .00
540.00 1233.77 Do 5 Y6, 20
573,00 1203.,99 Je 4 97 .40
600,09 1306.35 Je=D 98,40
530,09 1325,02 J. 18 SH .9
660,09 1335, 10 Jo b5 99, 40
65J.00 1342.63 0,15 100.00
720.00 1367, 17 i, 2% 100. 00
750.00 1383, 46 Ue 349 101.05
780.00 1397.06 e 50 101,30
810.00 140 1. 5D 3.15 131.60
BU4D.00 1410.567 DahH5 101,80
370.00 1424, 23 Je 0 102.00
900.00 1451, 49 . 5d 162, 20
732.00 1409 64 Jo 5 102.40
960.00 1460.57 0.0 102. 50
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®*SAND 140/200-1/4 THICKH TEET ID

AV ERAGE PYRCENT RENOVAL = 9b.29

INITIAL CONCENTRATION=35.39

FILTEATE Eu. Y=4272. 19922% (1=F¥2 (=0.00090976% X))

TIME FILIRATE EFFLYFANT IEAD
VOLUME QUALITY LOSS
C.) (ML.) (FLUORESCTNCE UNITS) (C.)

4137

e

(s

0.0 0.0 et 35,50
30.00 99,79 D.25 37.00
60,00 226030 Dab) 33,29
90,00 317.51 J.00 39,20

120.02 371,95 Ve 70 40.50
153.090 494,42 D.00 41.90
180.00 H0T. 31 1.15 53,40
210.00 H94 .00 1. 25 4a,499
243,00 R25.5% 1. 40 Gt .59
27G.00 902.65 1. 80 45,30
302.00 997,94 T.3J 52.10
330.00 1088.672 20,00 52.00
363,00 11759, 24 1. 910 54,10
390.09 1205.52 2. 00 H5he 30
420,03 1350, 24 1.9 HH .59
450.00 14571.50 2000 0.8
480,00 1533, 14 1.90 63,29
510,00 16 10,25 1,95 5. 50
540,09 16096, 44 2.00 A7.90
570.09 1764, 47 1.80 70, 30
600.00 1837.05 7. 10 72.73
630,09 1900.55 2 ) T4.590
660.00 1964, 05 1.65 77,00
690.00 2013.95 b, 9r 79,10
720.00 2109, 29 2 47,99
750.00 2131.88 2a0 83,00
780.00 2181.78 1.9
810.00 223b.21 220 Bte20
B840.00 2277.03 2. 10 57,50
875.00 2322.239 1o 65 8id.80
90J.00 2367.75 1.00 50,00
930,00 2408,.57 2.00 91.00
960,00 2435,79 1.9 31,90
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R oy
®*5AMND

=
g
1
pol
-]
"

4

1.0
30,00
6n3.00
an,nn

123.00
152,00
180,090
21J.00
240,00
273.0D
300.00
110,07
267,00
397 .00
420,071
453,00
BaN .00
513.00
540,00
5707.00
500,00
533,00
66,00
699,00
729,00
75%.00
730,00
319,00
H40,00
875,30
900,00
93J.00
G60,N9

149/200-3/8 THIC

13

YLD
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5

DEANYAT

AT AT et Ty
L ﬁskaw;,w];‘@ 2

e

v=1788. 4
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- S s €

N3
Do 20
92.53
21,60
b2.42

S NG
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o

0.
1o
7

AN =0,00262276%7) )
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gy
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10
£
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La. 70
VAL 00
PR |
1,00
rzfi.‘:“}
£,7 s 3
1,70
“h .20
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G0
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#SAND 1u0/200-3 /¢

AVEPAGT D7

=

TLTPATY B,

752,00
780,00
319.00
840,939
#70.90
900.00
439,00
EECIN DU IV

3

KCE

HITIAL CONCTHTHATIO

WTY ML TR

YOL ™

1L.)

1165,

1197,

1202.22
1211.0%

)
1229.1
1224.7

7
7
7
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ESAND

AV ERAGE

INITIAL CONC

FILTRBATE

J.0
30.00
60,90
90.00

122.00
150.00
130.00
213.00
240.00
270.00
330.090
330.00
360,00
390.00
420,00
450.00
480,00
510,00
580,09
572.00
600,00
630.00
560,00
690,00
723.00
750.00
780.00
810,00
840.00
870.00
900,00
930,00
960.00

Ry

PIRCENT

P

s
e

R e o) Ex]
ENTR

FILTRATE
VOLUME
(ML.)

0.0
Sd. 43
131, 54
217,72
303,91
390,09
477, 74
562,45
648, ol
721.21
753,793
d84.51
943,91

1020,.54
1293, 16
1174.80
1272.06
137,17
1410, 67
1483,25
1519.53
1564,589
1623, 8n
1700.97
1778,08
1832.51
1877.,87
1941, 37
1982, 2)
2032.09
2072.92
2127.35
2172, 71

1402/200=-3/3 THICK*

PEMOYVAL =

{FLUORESCENCE UNITS)

RFFLYFNT
QUALITY

Je0

D.0

e 13
0.0

0,45
.50
Dat)
Ue 70
J. 80
D655
J .80
D50
1.0
Ha70
J.95
De 60
0.85
Da G0
Ue 10
Da95
1.25
J.95
D15
1. 10
1.20
1. 10
Je 9D

8]
o
>

1,)

H
L
{

o O o
w

55.00
57.00
57 80
58. 50
59,30
£0.00
650.930
o 1,80
©2.70
63,50
o 47
v5. 3D
bt . 30
o7.30
oMU
HY . 30
T3.52
71,50
72,775
73,90
75,00
7o, 20
77 .49
T8. 60
75,85
51,00
B2 .20
43,30
H44 .50
H5. 50
Bo .60
37650

38,50

)
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FTAND 140/ 00=1/0 DUt AN
SAND 1LN/20N0=1 /2 PTHICEw TEST IN. N0, = 1002

PEMOVAL = 69,54

TANTT T o8 Y FU R S YRRT AT B T T [ ’
INITI2L FOFNTRATION=H6 .00 %1

T £8 AR LTINREsewiey It

vy i : ‘ ,
LLTREATE To, Y=1021.047876% (1=-742 (=) 00 INERLEDIFY) )
A BN A
. A T

A FILTRATE vran

3 L

VOLOM?™ 1085

ol n el . . -

(SvC.) (ML.) MITS) (™)

.

0.0 0.0 Do
30,00 108,36 N

650,00 204,12 n.15
83,00 317,51 e 15

120.09 385,55 0,10 "
159,00 471,74 .40 )
180,00 571,51 0.5% 59,40
21).09 675. 85 £

®
]

o

-

o

LRt o

243,00 739,346 N
273,00 :
300.00 370,90 e Hn 74

Py
[
®
y
el
5
-t
&
-
P
o
e

R oJgpe

319,09 534,40 ).59) o5

360 .00 979,76 8. A0 g
169,00 1029, 65 1.59 51
2

S
£ &

LoD

420.00 1065.94 0,85 97,50
450,00 1038, 42 .95 55 .69

387,00 11171.30
513.00 116305
540,00 1170.27
579.00 1157, 44 o
~00 .00 1206.56 y
639,00 1229, 24 1,
669,00 1215.53 3.95 101
59 .00 1283, 29 5.55 191
720.00 1279.96 SINERS 101
759,09 1
780.00 1
219,00 1
440,00 1
377.00 1
999.00 1

1

|
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8
&
—
s
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e T T
DS e 3

o
—
o
o
N
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o
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b et
o U
P
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ES5AND

AV EEAGE

INITIAL

FILTEAT

g

0.0
30.00
60,00
90,00

120.00
150.00
180,03
210,09
240,00
270.00
303,00
330.00
360.,00°
390,00
423.00
450,00
48,00
510,00
543,00
570.00
602,00
630,00
660.00
690,00
720.00
750.00
780,00
810.00
440,00
870.00
500,00
930.00
960.00

140/200-1/2 THICK*

PERCENT REMOVAL = 97
CONCENTRATION=35.00

™ 5]
[N

Y=5163,00300% (1-7¥D (=0.300¢

0.0
63,50
154, 22
226.30
335, 0t
412.77
521.63
589,07
630, 39
750.18
521,30
943,47

1225, 12
1102.23
1170, 27
1251.91
1342, 63
1397.06
1465, 10
1h42.21
1610, 25
Inol.od
1732, 72
1791.69
1859.73
1918.70
1968, 59
20148.49
2072.92
2122.81
2168. 17
2213.53
2267,90

® i,

FLUCRESCINCT

Y
Uo4D
Je 15

.50

U 40
0.6
J oo

o

8 5 &

LR B AN
o oed Lo

R DU Y
A O U

L]
w B
3 W A

[y

8
R

8 s
=
Y o

40022

53.00
53.90
54,50
55, 30
56,00
50,80
57,749
S5B. 70
55,746
£N.70
51,40
2. 80
H2,49y
o5, 10
o 20
67,60
DS IR
70,30
71.70
73. 30
T4 .60
Te .00
77.50
T8, 50
50,40
51,80
83,10
g4, 40
H5 .69
26,80
7.3
29,00

849.89
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¥*SAND T40/200-1/2 THICK= TEST ID. NO. = 43031

¥

o]

RAGE DPTRCTNT REMOVAL = 96,77

e

ed

INITIAL CONCENTRATION=39,30 FLUCAFPSURNCT JEIIS

FILTEATZE EOQ, YI%ﬁﬁﬁ@3%2%%*{1”?%?(@§a@3ﬂ70325*ﬂ}

€41

{

TIEE PILTRATE HEAD
VOLIYE LOSS
(1L.)

EC.)

{(Ca

Je Jo. U J e ot

30,00
60,00
92,00
120.00
150.00
180.00
210.00
260,00
273.973
300.00
333.00
360.00
360,00
420.00
450.00
480.00
510.090
540,00
573,00
600,00
5630.00
660,00
690,00

7258
172. 37
26T.62
340,19
449,00
539,78
B4, 10
734,82
$2%. 00
516,26

1002, 44
1093.16
1165, 73
1260.949
1324, 49
1415, 21
1674, 18
1562,21
1023, 86
1678.29
1755, 40
1409,83
1873, 34
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@
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e
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E
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— = R T G i T
il
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B S e o2

o~
CORR

°
Poed Lad O

DT

®

o
S DU QW

°
s
e

o ]
OO

®

R NG RO R
!J»,g:'l\)._.__._‘
s

Y

£ L]

e - O W
OO

W
Owd
®
-
z
SR

1

3

1

1
720.00 1932.30 1.55 79.50
750.00 1986, 77 1.65 81,29
780.00 2091, 17 1. 50 32,80
812.00 2395, 69 1.75 84,30
B40.00 2150.33 1.50 65,70
373.00 2195, 39 1.75 87,37
900,00 2245,28 155 8. 20
930,00 2299, 71 1.55 39,20
96¢9.00 2367.75 1,95 99,20



101

Wl
8 0o'h 00°G, 00°QE

o
<3
o3
EL P
agtge 808l 6’8 g8’ 08¢ o0tae
! i = |
pe
: - oo
: TN e
<3 o
3 <



102

SAND WWD/200=-1/2 malcus SEST I, MO, = 30071

TLTPATS F0, ¥=3208, LUS5E% (1-74"° (=0,071222002%%) )
rMw FILTRATE R i
VOLUAE MIAL LSS
(s7C. (1L.) (FLUNPRSCONCT 178y (cv.)

1.0 0.0 0
37.00 145.15 0.3
60,00 212,19 8
99,00 331,12 V.o

129.00 421.84 0.19 ;

150,00 521,63 3.05 4

180,00 607,461 N.25 43
i
i

FERRU e o

212.00 737,60 T
240,00 798,32 0,05 7
273,07 875,473 J.15 45,1
300,09 966,15 7.5 51,50
310,00 1052, 33 1.5 Hh 00
360,09 133,99

) )
193.00 1211.09 )
420,00 1284,20 0, 73¢ o
350,39 1360.78 Je D P, a0
489,00 1437,89 3
515.00 1515, 00 D45 74
540.N0 1560, 36 o0 73,10
573,00 1622, 40 J.20 75
503,00 1691,90 D, 4N 77
£30,00 1741, 79 D35
660.00 1800, 76 D, A0 72
697,09 1340, 12 3,35 an
720,00 189 1,44 e 25
752.00 19 36, 34 3.7 57
783,00 192,20 J. 05 SEEIN
810.00 2027, 50 0.0 R

el
SR

>

o
x
-
o
- D
iy LD D D 1

Fo TN B ST S 2 S S B et
N G

BU4D,.00 2054,77 e Bt 0
273,00 2104, K7 1,00 61,70
400,00 2122.81 0enh 92,60
930,00 2154, 5A Jeds 52,53
969,00 2177.24 0,75 94,20
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xS AV

AVFRAGE

$$$$$

650,90
G2 .00
127.00
153.00
180.99
217.90
240,00
273.95
300.00
139,90
367,00
190,30
420,00
450,970
380,00
513.00
540 .00
570.230
600,00
33,00
660,00
649,00
720,920
750.00
780,00
810.00
340,00
B70.00
900,90
937,00
967,00

190/1

0

7o
f

LO-1/8

g
FCENT

INCENTRATION=T
. y= 721,

0.0

95,25
204,12
322,05
17,31
4R35, 34
530.70
571,53
580.60
507,87
512,35
B2V, 42
SE RN )
Hhl, 17
657.71
hb2. 25
LHY, U
703,37
650,39
703,07
698,53
6bGHR, 53
65%.00
T07.60
703.07
Ti6.08
721. 21
734,82
716, 68
730,28
739, 356
730,28
743,89

oy Ty
NICK=

(SRR WaRT AN
TEAOYAL

E el el
™

R E S e

R LR
BTl

aUALTY
({‘”f 71 (“}Zf??“("("* My T

o

il
o

0
e

3
°

30

&)
50
35
S0
!3{»

Ty YT

S fr e w
IIHBEDE6FLY )

13039
16039
2R, 20
40N
2. 17
HAL IS
01, 60
¢ .70
95

192,70
D2.590
1.1
3. 20
gs
‘)
132,30
103,30
193,30
193, 30
122,32
103,30
103,39
i ’3. 3(!
.39
315
2

]1
1.
10

103,
107
1073,

%\m)

19
15
1
1
1

3%,/w
02,30
51,30
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ASAND 100/ W 0-1/83 THICK T
AVERAGR Z2URCPNT REMOVAL = 45,47
INITIAL CONCREYTRATTON=TY, 00 FLUNDTGCENST awT o
A EdS ’ 5 . H e S ® 7oA . ’

H (AW HES Ly

v g e
FILTRATE T,

S1510, 17139% (1-777 (=), 091592 9%

TIMR SILTRATE R SR U RE GRS ITAD
VOLIME DUATTTY LNS5
(S7C.) (M1L.) (YFLUDRESCHNCF TNITS) (")

2.0 2.0 7.9 14,4
30.00 127.01 N.o 17.40
53,00 272.16 N.25 27.40
99,00 351,02 9,25 2. 50
120.00 517.1) N.25 39,40
150.00 603,28 N.45 27,50
189.00 639, 46 ). 45 4E LS50
210.00 784,72 0. 65 55, 50
247,09 839,04 D.45 L4, 50
270.09 370.69 N7 72,80
307.00 1025, 12 S 79,69
330.00 1056.8 . u5 94,90
369.00 1107, 23 RS a1, A0
393,00 1161.20 D.a5 91,60
422,00 1211.09 D65 94,00
450,00 1247, 38 Neds 05,70
430.00 1270.96 9.15 97.29
510.00 1265, 57 3.60 SRR
549.00 1306, 735 0,35 99,30
577.00 1297,27 1.9 94,30
600.00 1367.17 .30 100. 39
632.00 1333, 56 0.50 190,29
H60.00 1392.53 0.55 171,30
£93.00 1378,92 n.25 1971.69
727.00 1415,21 0.20 191,80
750,00 1491, 60 .15 102.00
780.00 1428.32 N, 15 112,29
317,00 1415, 21 ). 0 192,47
840 .00 14733, 35 0,40 102,50
872,00 1474, 13 .4 172.7)
900,09 1469 .64 0,135 172.99
937,09 1469, 64 N.75 177,5)
969 .00 1460.57 0,25 17,00
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#5340 1090/160-1/8 THICKS TEST IO, NO
AVERAGE DURCENT BPUNVAL = 93,60

ITNITIAL CONCENTRFATION=39,.70 FLUNMHICORNCD quTTgy

ILTFATE F0, V=377, Toh62% 1= (=0,00131713%7))

TIME PILTKATF HEAD
YOLUM® 1058
(s7C.) ("1L.) I75) (cM .

.0 0.0 0e0
10,00 99,79 0.
60,00 250,40
90,09 367,41

120,00 462,00
152.00 598,74
183,09 730,28 . )
212.00 BuaR, 22 2.25
240,00 ELSE IR ¥
273.99 1084,
302,00 1197,

e = N
ARG

1

1) =0 p =
® °
w

RS I S
¥l

€,

S5O W

N
-

330.00 13095, 15

150,90 Ta13,74

350 .00 1515, 00 P
420.09 121,18 70
452,09 1710.04
4gn.nn 1300, 76 H2.20
510,00 1303.,55 73D
540,00 1982.20 i, 30
573,97 2054, 77 .10

500,00 2109.20
£37,00 2186, 31
£60.00 2227, 14
593,90 2295,18
720,00 2354, 14
750,09 2394,97
789.00 2625.79
317.00 2451.15
§40.00 2512.99

-
s
~

)
5 W D D

°
"
e

o

@

[SEREVERNS B S Y |
ol S o
] x.:e -

fieng
o

v e
6

e U3
]
U e O
DL D

-
[ JANCIING IRV &

872,00 25315.58 220 12.73
900,900 2585.48 2e 25 93,60

933.09 2626, 30 275 94,60
560 .00 2648 ,98 ) 95,40
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£#3AND 100/140-1 /4 THICK® AT Th, N0, = 30061

AVEPAST PUECENT REMOVAL = 99.54

et
“#
fd
[ ]
g
L
rM

5

]

w1y e AL R e B o gy Ty ey T AN R R A w e 7 e
DATTON=TG,.25 TLUORTSCTNCE GNITS

TILTREATE FO, V=106, 509528 (1=-"07 (=0 ,N0276702%1))

EeUR g e al o 2k LR B Wt A oy RSV Ee
11" ILTPA™T L RGO

USRI MmIEa T Ty

” ! [P

W

(S=C.) ("L.) (FLUDPRSCTNCT INTT3)

-0 0.0 N0 25. 30
317,00 145,15 3.0 7.4
. 30

99 .00 371,95 J. D
120.00 435,65 0.2

153,00 553, 13 ). 30 1940
187.09 694,00 0,59 43,40
212.00 771,11 J.4) 445,00
200,00 Bt 1.83 0.70 £5,.50
279.09 938,94 .00 £7.10
300.00 1125.12 1,55 6re 0
337.00 1106, 7° V.65

3160.00 1152.12 D.68 749.7)

£0.00 230,40 I 29
)
4"5

3197.00 1220, 1 0,55 AL, 00
420,00 1279, 00 1,00 a7 43
450.00 1310.88 N thH 50,10
487,00 1360,78 J.50 42,10

510,00 1387.99 1.60 G, 00
543,00 1410, 67 1. 17 a5 .43
570,00 1486,96 N. 75 i, 60
£00.00 1474, 183 1.60 57 r;"’*
£30.,00 1487.,78 N 4hH G55
57,00 1519, 53 N, 75

£90 .00 1533, 14 1. %0
720,99 1560, 36 0,

752,00 1573.497 0,80 ]i,;,’,,’g{,
780,00 15587, 57 o 190,70
219.0D 128,40 D

®
o

7 101,00
243,00 .35 121.29
373.90 o 1 111, 40
900,00 . 55 1-)1.6-’3

1.

137095

7
)
937,70 164200 0.
960,00 1660, 15 0
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®SAND 100/160-1/4 THICK* TROT
AVERAGF

INITIAL

Je0
30,00
HnI.0N
93,90

127,70
150,00
189,900
219.900
242.00
270.00
107,00
3130.00
167,00
199,00
423.00
453,00
483,00
510.09
B4 ,00
573.00
00,00
530,00
nhd .0
690,00
723,00
750.00
783,910
210,00
243,00
379.00
900,00
530,00
967 .00

PURCENT

P i

L oRE v TR ST 7

ITPATION=71,060 FLUNPFSCPNCT

¥=1439, 83250% (1=0¥0 (=)

PILTRATY

yOLIM T
(11.)

Je 0
122.47
235,97
Iui,723

e, 66
571.53
wh2e 25

739,
211.9
879 ,4
SHh1.,A2
1929.66
1050, 17
1IN2.23
1152, 12
1202.02
1202.02
1220. 16
1251.92
1250, 45
1274, 59
130635
1319, 95
130,748
1356, 24
1365, 31
1347, 17
1351.71
T3n5, 31
14006, 14
1415, 21
14910,.67
T42R,32

O

O O

TEMOVAL = 69,37

\

Lo e e e LD s O
8

@

i 4
i.v} )

50
TN
55
0o
#7)
13 {)
910
Hih

nn

.«

70
70
59
i

R4
a5
g0
=0
40
60
49
50
&0
55
~0

40
90

R

nEAD

T
I

()

S5

17, 51
Y
33,010

16, 00
By A
Bt, 10
52,90
£, 8D

57 .60

.
102,60
2.7
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ESAND

AVERAG®

7.0
37.90
0,00
99,00

122,00
157,09
193,00
217.00
243,00
270.00
100.00
133,00
THY,00
399,00
423,09
450,00
432,70
510.00
543,00
570,90
£03.00
£30.00
660 .00
097 .00
720,09
750,00
795 .00
210,00
240,00
B70.00
900 .00
930.00
960 .00

100/180-1/4 THICE
DURCENT PUMOVAL = i
COHRCENTEATINN=30,0)
)

oy

(FrLuon

0.1
108,40
213,19
335 ,.hb
By, "7
530,70
71,32
771, 11
877,90
Y79, 76

1088, 62
V174,20
1279, 113
1309.8%
1478, 71
1551.29
1632,913
1723,65
1787, 1%
1H50, 64
1927,77
1982.20
2945, 7)
20491,06
2145, 49
2136531
2231.467
2281.57
2317, 85
2358.68
2408, 57
2826,72
2L, Re

PINLEE!
L

s

,an
13,70
T4, 99
TH L)
35,59
3,75
B, A0
045,50
s, 47
5101
1, 30
BT hD

114



115

M
00’8 00'h 00°G, 00°02 0091

)

s
fee)

["NIK]
goraeg 8078l o0°et




FSAND

AVFRAGT

T YT ™YY
U 5 S

29

N
It

Y] TDATY

"o

(S=C.)

N0
33,09
50,00
93.00

129.00
152.030
180.09
212,00
240,00
273,99
31056.09
137,90
60,00
390,00
427,00
453,00
480,00
512,00
540.00
572,00
600,00
530,00
560,00
4‘,1‘9)90,}
729,00
753,90
750,00
312,00
840,00
373,39
900,00
930,00
Y60 .00

[l

L

o

=
.

n ('v -a ° w

¥=3251. 10620% (1-7v" (=7

D.0
113,40
185,97
331,12
349.06
544,85
[ R ER!
739, 36
243,68
943,71

1038,73
1147, 59
1242084
1306, 35
139,85
1465, 10
150943
1514, 74
1705,51
1773, 55
1827,498
1864, 26
1923.23
1932, 20
2013.95
231,95
2109,.20
2154, 56
2159,10
2213, 57
2254,325
2281, 57
2308,7H

RFYOVAL = 99

o
b " s

o B

1

T R
»“’4”“%)?@,;’}1 ‘”17’ 2B

n.

yra el ey

Wy ,"; W

NEA R
NI IR B

o

¥ oy g
1 ™Y
iy 3 i

vz

Ju

4

39,480
42,50
35,40
48,40
51.80
55. 40
55,50
62,40
H6 .00
£, 40
72 .60
75,60
T 40
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€SAND 1N0/140-3/8 THICK® TEST T, NOL = 10042

AVFEAGE PIEC

(T RTMOVAL = 99,61

el y

INITIAL CONOTNTRATIONSES .00 FLUOTRSCORNCT v ITs
PILTEATE PO, V=108, 11792% (1=700 (=0, 00 33450h% 1))
TIME FILTRAT S FYAD

T 059

{(52C)

{7 )

7.0 0.0 NN 12,97
30.00 117,93 0
62.00 235,87 N :
93.00 344,73 heun 16,
120.00 421.84 3
153.00 521.63 {
187,09 B2V, 42
213.00 739, 36 0 .
240.00 Tau .71 G, 4N HH, 80
272.00 270, 9) 3, 7% 75,5
392.00 934,40 0,70
333,09 9,37 .55 b . h
3160.00 1038,.713 2,70 an ., 1N

199,00 10671, 41 ) o) 9D .80
420.00 19883,62 1.05 95.00
453,99 1138, 57 G .48 GF ,T70

4E0.ND 1152, 12 0.5 47 .40
513.0) 1170, 27 Je b0 949,00
540,00 120202 DL,ubH 59,70
573,00 1215, 613 Jetil) 139.4
500,00 1206, 56 A ) 106, 70
»3).00 1224, 7) 0,50 191.1
660,00 25h .45 N, 0 131, 57
63,00 1275, 17 S ' 2
720.00 1260,95 N, 65 12,0
7523.00 1310, 84 { 2z
782.00 1262,74 1o 15 12,4
113,00 1319, 95 1.05 122.5
540,00 1329.03 0o 40 102,
373.00 1339, 10 1

900,09 1324,59 9

930,07 1356, 24 DD 102.99
360,00 139,85 1 '
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ZSAND ‘!f}ﬁ/‘)}gﬂ..‘g/i) PTUTK R TECT T O, = 3R D
AVERAGE PORCENT REMOVAL = 99,49

INITIAY COHCENTEATION=T9, 28 RLIMR P SOTow oy e

FILTEATT =y, Yxﬁ757eﬁ?@m2${1m“xﬂgaawﬁazﬁgiigﬁﬂ;
A VI o © -r{ g 'f‘;?‘?“? ,{?\ e

52 ry i)
VOLUM D

(S7C.) (ML)

V.0 D, 1 3.0 21,39
30.00 113,40 0.0 kN
62.00 217,72 0.9 3
90.00 317,52 0,135 3

120.00 430,91 0.4 35
153.00 530,70 9.95 43,3
180,00 630,49 Det5 48,00
213.00 725,75 .75 3

39

240,00 330,07 N85
273.00 902,65 L an
300,79 975,22 n.7N

330,00 047,30 5,75
367.00 106,77 8

390.00 1170, 27 ) g
420,00 1220.16 N.55%
453,00 1260.99 .7

u85.00 1301.81 .55
510,00 1329,.33 o N
540,00 1365.31 e hh

P T e el o D L s

573,00 1373,92

500,00 T4nt.n0 T
033,00 1419, 74 o B8
oHh 0,00 Taub, 96 . AN

590,00 1483, 25
720,00 1437,75
750 .09 1519.53 7. 50
750,00 1519.53 Nabtb
817.090 1551, 29 0

840,00 1564,89 0.55 101,
B73.90 1578, 50 0,35

909,00 1573,97 De 25 101,

°
.
o
i

°

R

O~ Uy L
O

93).00 1592, 11 3.75 101,09
969,00 605,72 0.0 102,00
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®SAND

=

7
AV

2

S5

14

TNy e v
INITT2

TLLTPATE

is s i

U a0 s

(S7C,)

"
2.0

30,00
53,00

90,00
120.00
150,00
139,03
217,00
247,00
270,00
203.00
337,00
163,00
390,00
323.00
450,01
530,00
510.00
549,00
577.00
632,00
630,00
66D ,00
599,00
720.00
750,00
730,03
510.00
849,00
870,00
9n0.00
530.00
95 Y, 00

POt

AGZ

100/189-1/2 rurcys

Lywa
2CENT

L COUCENTRATINONZ 39,01

0.0
81,65
176,90

281.2
350,09
BWYR,95

580, 50

1406, 1
1510, 46
1578,50
1660, 15
1728,19
1314, 37
188,80
1941, 37
2013.95%
2054,77
2118,28
2172, 71
2222.60
22%1.57
2317.86
2399, 47
2613, 11
2407, 4

ROMOVAL = 0%
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g 4.,
o # )
™y Tt e s
' AN s 1

N0
Da 20
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™ x WA § - . oy o PR
¥SAVD 100/140-1/2 THICK* TPST ID. X0, = 197352
AVERAGT PURCTPNT R7MOVAL = 99,83

INITIAL CONCFNTPATION=8b,00 WL I0P7aCayCe ey mn

FITTEAT T =¢, £=1277, 8765 1% (1=7 00 (=1, 0737192 3x7y )

BE T
RFTLIFNT

LTy

(FLUDEBESCINCTE qyTTsy

D0 0.0 1,0 32,70
310.00 198, 45 0.0 34,90
£2.00 213,19 D0 17,00
90.00 303,31 N0

120,00 430,91 U0
157.00 517,10 N,

133.70 021,42 BN f
210.00 94,00 .55 by, 50

243,00 757,50 D35 74,99
273.09 521,90 . uh 80,90

303.07 A8, 04 ) o B HE, 00
330,00 AR N 3,05 50,00
367,100 952, 54 1. 35 G000
190,00 06,98 N0 95,00
423,00 11.51 730 G670
459.070 o

430,00
510,00

A A
Y40 .00

570.09 # N 3
603,00 . 45 0,79 191,25
12 R0 101,45

663,00
90,00

!

1

]

1

1

9

1

1

530.00 i
1

1

1

1

]

1

343,99 1
1

723.00 54, 41 Y, 35 192,27
750.00 T4.30 Yo b D 02,40
783 .00 20. 1% VL AN 32 .50
219,00 92,95 0,55 .60
3
2

)

870,00 0
903,00 1233, 11 0,15

)

b

§
PURRG I Y
I TR SO I ST I

R G S

930,00 1247, 348
760.00 1220. 16

s
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#SAND o00/100-1,8 THICK#® TEST ID. HO. = 20021

AVERAGTE DURCIEAT REMOVAL = 94,74

TNITTIAL CONCENTRATION=78,25 FLUCRISCENCYE UNITS
FILTRATE FOQ. Y= 676, 13232% (1=-84D (~0.007323324%7))

TIME FILTRATE
YOLU4E
(SEC.) {1L.)

HEAD

a T
Lkt LD 8

(CM.)

0.0 D.0 e 0 Do S0
32.00 108. 36 a2

14,50
60.00 235.87 0.2 32.20

& N O
51U O W

3307 344,73 ) o 54,17
12000 430,91 o3 75, 10
150.99 485, 34 0.35 883,03
180,00 508,02 Do 55 94,40
212.9090 526,17 » 30 37 .99

240.09 553. 38
273.09 580, 60
300.0D 557,92
330,00 637,81 .35 102.20
360,00 603,28 - 30 102,69
390.00 6512, 35 D, 40 102,89
420,00 621,42 Do 0 103,00
450,00 b 1be 39 D45 103.20
480.00 635,03 0ol 10 3 40
512.00 bb2. 25 Ja50 123.40
540.00 630,49 0,30 103,50

N.65 103.5D
103,60

s 9
JalE e

99,90
> 107,39
- 30U 10 1. 80

573.09 bhd. 10
600,00 653,17
630.00 b2, 25

@
ks

¥ iad

De55 103.60

660.00 bbb, T8 Do 30 103,70
=) 193,73

720,00 675,85 . 15 103,80
753.0) 689, 4o 25 103,82

780,00 659,46
310,00 6B, 32
840,09 630,39
873.00 b9 4,30
900.00 694,00
930,00 T12: 14
960,00 703,07

)

123,990
103.90
104,00
104.00
104,10
104,10
104. 10

}
]
)
)
590.00 Hibe 714 J e
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#SAND  60/100-1/8 THICK® TEST ID. NO. = 30072
AVERAGE P2HACTNT REMOVAL = Y8.65
ISITIAL CONCENTHRATION=7Y,25 FLUODESCENCE UMITS

PILTRAT® ED. ¥=1773.79838% (1-54p {-0.00318375%%))

TINZ FILTRATE TEFLOINT HEAD
YOLUXE CUALIT LOSS

(SEC.) ("L.) (FLUOESSCENCE UNITS) (C¥.)

0.0 0.0 ‘ 0.0 8o 00
32.00 127,01 D65 1J.20
60,09 20762 .50 12.70
92,09 371,95 1. 15 15.79
120.00 512.50 1,35 20, 30

150.049 63049 145 20 .80
180.00 Tu. 43 1ot 25,00
210,049 B852.75 1 44,00
240.9D Yu3.u7 1 53.80
273.00 1025, 12 62,70

L]

[ 3 Q-

300.00 1120.37 AY 70. 70
332.990 1174, 30 U 7730
360,00 1247, 38 5 £2.70

390,00
420,00
450.20
580,00
51220

1283, 07
1347, 17
1374, 38
1400, T4
T4U4bH. I

L]
- Y B W &N W
S W U

36,70
BY. 80
42 000
43,90
9540

540,00 1469, 04 o 45 Yne bD
573,00 14960835 035 97 .60
600,00 1528.01 o 45 98. 59
£30.00 1524. 07 Y 99,20
660,00 150036 o 1 99,70
690,00 1578, 50 j§

109.190

723,00 1587.57 .0 100. 50
753,09 1397.00 Dot 190,80
760,09 1592, 11 1.0 101,00

310.00

162 3. 380

—
&

101.20

[ TEG IS B SO ]

340.00 1632.93 .2 101,40
370.04 1060, 15 ) 101. 69
2 101.80

930.100 1669.22
960,00 169 1. 99

s
o]

101,90

1

!

i

900.00 1660, 15 1
1

i 102.00
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o
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#SAND  60/100=-1/8 THICK* TEST ID. N0, = 40001
AVERAGE PFRCENT REMOVAL = 93,42
INITIAL CONCENTRATION=39.00 FLIUGPWSCINCE UNITS

FILTRATE EJ. Y=3553, 0078 1% (1=200 (-0, 00314 8u82% L)}

TIME f TEAD
. L 1058
(52C.) (FLUORESCFNCE ONITS) {(Ce)

D.0 Jo 0 D.0 7,59
30,00 108,86 0,70 £. 30
60,00 240,49 1.70 9.50
90,00 371,95 2,05 10.90

120.00 503,49 2.35 12.600
150.00 630,49 2.85 14.40
185.00 757, 50 2,60 16.70
210.00 893,54 3.00 15,60
240,00 1006, 97 2.90 22.740
270.00 1138.52 3.15 26.50
300.00 1238, 31 1,27 10,70
330.00 1369.85 3.35 35, 40
363.0) 1469, H4 1,40 0,30
390.00 1573650 1o 51 45, 40
420,00 o887, 3b 3,25 50,50
450,00 1769,01 3
480,00 183i46e 12 Vo3
510.00 193084 P 30 5. 40
580,00 2032.09 3,10 69,70
570.00 20531,.06 3,10 73.50

3.10

3.0

3o 15 55. 50

30 0.7

500.00 2127.35 77 .00
630,00 2195.39 1,00 B, 30
660,00 2222.69 290 A3.00
690,00 2322.39 .10 85,30
720.09 2349.61 2695 87,30
750.00 2390.43 26490 29,20
783.00 2435.79 <o) 50.690
810.00 2490.22 3.00 91.90
340.00 2521.97 2.85 93,00
870,00 2562.80 2470 94,00
900.00 2594, 55 Za U5 94 .99
930,00 2612.69 2070 95,50
960.00 2648,98 2.75 96 .30
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*SAND o 0/100-1/4 THICK=® TEST ID. H0. = 30032
AVERPAGE PIERBCENT REAQOVAL = Y8.067

INIT

beq

AL CONCENTREATION=5T,90 FLUNTEICENCE UNITS
FILTFATE E). Y=3220.069922% (1-237(-0.00161616%Y) )
TI®E FILTHATE

(SEC.) o

HEAD
LOsS
NITS)  {CH.)

0.0 D.0 e 10. 40
33.90 131, 54 J. 10 11.40
6000 240,40 N, 05 12. 50
90 .00 31,02 Dot 13,99
120.N0 480,81 0,80 15. 90

153.00 030, 49 Jabb 12,39
180.00 TE4.72 J. 60 21. 20
210.00 289,94 1.00 24 .50
240.00 997,90 NaY 28,50
273.00 1120. 37 32,73
300.00 1215.63 37.50
330.00 1324, 49 42.50
360.99 1437,39 47,79
359000 1514953 1 52.90
420,00 1590.05 1 57.90
450.00 1696, 44 1 6240
480,00 17682.02 1. hie BO

1

1

ok
S

Y
8

Yo

P

O o D
Y 8

@

e &
P oy Y
e IR

Son

o

o
ey e
Ay

510,00 18346, 12 73,70
540,00 1914. 10 o 20 T4, 40
570.00 1973.13 Je 95 77.70
600,00 2D30.63 D.75 80.70
633,00 2100, 13 1.05 83.2)
560,00 2160.490 0,95 B5. 40
590,00 2190. 135 7.85 87,290
720.00 2231.67 Naob 88,80
753,00 2263, 43 J. 99 90.20
780.00 2304.25 1.55 91.30
813,99 2343, 54 Tabh G2 .40
840,00 2394.,497 0.50 93,30
870.00 2417, 65 3o50 94 .30
900,00 28489, 490 Do &40 95,00
330.00 2476, 61 o5 55.70
960.00 2503.83 1.55 96,460

9
o
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*SAND 60/100~1/4 THICK= 128T ID, N0, = 23052
RVIERAGE PYRCENT REMOVAL = 99,74

INITIAL COKCENTPATION=T71.60 PLOODESCRNCT UNTIS

Je D
30.00
60.00
90,00

120.00
150,00
180.00
210,00
243,00
270.0D
102.00
330.00
360,00
390.90
423.00
450,00
480,900
512.00
543.00
570.00
500.00
630.00
660,00
690.00
720,00
752.00
780.00
#10.00
840,00
870,00
900.00
530.00
960,00

Y=1611.50089% (1-7X2 (= 0.00338493%4) )

0.0
140,61
263,083
408,223
485, 34
603,28
712. 14
321,00
598, 11
988,83

1052, 33
1097.649
115%6. 6o
1183.88
1233, 31
1263.67
1315, 42
1329.03
1338, 10
1365, 31
140 1. 60
T415,21
1433, 35
1456, 03
1483.25
1487, 78
T4496.85
150 1. 39
1519.53
150 1. 319
1515.00
1542, 21
1573.97

PYTLOFYT

Je U
De 2(
2.0
Ua0
Dad

0. 235
J,35
D.55
V.45
0.3

0,30
0. 30
D620
Je 25
.5
Ue 30
j

.65
J. b0
De 855

o o e t g
WD Wn .

h
/
L
Ve M
PO
Je 3
o
J. B
0.2
S B s

[ '
o
= g
O L O LW N

B
P

L
8

70.00
T6o .70
82.50
36,99
50.00
92.50
54,50
6 .00
47.40
G .50
94,20
99,30
100. 30
100.70
131,080
101, 40
121,79
102,00
132.20
102,40
102.50
102,60
102.70
102,50
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ESAND  50/100=-3/3 THICK*® TEST ID. NO. = 30089

AVERAGE DPEZCENT REMOVAL = 96,15

3

INITIAL CONCENTRATION=73.25 FLIUORYSCENCR OEITS
PILTRATE 29, ¥=1780.69800% (1-7¥P (-0,0031°
TIEE FILIRATE

VOLUME

[SEC.) {(“L.)

4]

0.0 0.0 0.0 11.50
30.00 145,15 De0 13,20
60,00 249,48 0.0 15,39
50.00 408,23 0,80 15,30

125.00 503,49 ). £ 22.80
150.00 b4y, 10 Ueb5 29. 30
183.00 Tug, 43 1.15 36.50
210,00 857,29 P 10 45,50
240,00 948.01 1. 15 56 .50
270.00 1029.65 1. 35 62,90
300.00 1106.77 1.25 70.50
330.00 1179, 34 1. 40 T6.50
360,00 1233.77 1.29 82,20
390.00 1283.67 1.25 B6.00
425,00 1333. 506 1. 20 H9 .30
450,00 1378.92 1.15 91.50
480,02 1410, 67 Je 35 ERI S
510,00 Tau2.42 0290 95.00
540,00 1474, 18 1.05 96,29
570.00 1487.78 1.00 97,40
600.00 1524.07 0,90 58,00
530.00 1528.61 1. 10 SbedD
060.00 1546, 75 1.05 99.5)
590.00 153,04 0,90 99.90
720.00 1596.65 e85 135.39
750.00 1555,82 Da490 160, 00
780.00 1610, 25 Je 173 130.80
810,00 1623.86 1,40 101,10
840,00 1642.00 Dohi 1901.30
870.00 1678.,29 1. 00 101.50
900.00 1655. 01 Je 75 101.890
930,00 1687. 36 Dabh 101.90
960,00 1705, 51 Je b 102.00
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=

FILTRAT

®#SAND

AVERAGE

INITIAL CONCENTRATION=B86,0U

L

i o
TIMFE

i35

(SEC.)

0.0
30.00
50,00
90.00

120.00
150.00
182,090
210.00
240,00
270.00
333.00
330.00
369,00
390,00
420.00
450.00
48J.,0U
510.00
540,00
570,00
500,03
©30.00
660,00
£90.00
720.00
750,00
780,00
810.00
840.00
870.00
903.00
930,00
960.00

b0/100=-3/3 THICK*

DU D ENT
P ECENT

oo

7ide

it

Y

-
-
f

Foyeg
B o
[
Pl

]
-~

0.0
127.01
281. 23
381.02
508.02
b4l 10
T1o. 65
202,86
AHl, 51
934,40

1016.05
1029.006
1070, 48
1102.23
1133.98
11 1. 20
1197, 43
1183.88
1215. 63
1224.70
1224, 70
1260.99
1251, 92
1292.74
1297, 27
1310.88
1297. 27
1333.5b
1333. 50
1300.,78
1310. 88
1351, 71
1360, 78

R s U
resT I,

99,06

FLUORESCTHCE

(FLUORESCENCT UUNITS)

Je )
Dot
J » ‘i") 0
0e 80

Je 5%

JNITS

1367, 5686 0% (1-7XD (= 0.00413530%%) )

HPAD
LG58

(Cc.)

12.59
4. 60
17 .90
23.00
20.990
41,00
51,990
63. 20
T2.40
30,00
46,00
0,00
52 .90
95,00
Yt o 11U
96,00
93,27
59,80
100.50
100.80
131.20
10 1. 50
101,80
102,00
132.293
102. 30
102.49
102.50
132.60
102.70
102.89
102.90
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®#SAND  H0/100=-1y2 THICKE* TEST TDe. W0. = U0062
AYERAGE PHRECENT BRMOVAL = Yokl
INTTIAL CUNCENTSATION=39,00 FLUOWFSCENCE UNITS

FILTEATE Ef

o]

. ¥=4251.49219% (1-7KD (=0.00114655%%))

TI®E FILTBATE EFFLIENT HEAD
VOLU"E QUALITY LGS55
{4Lo) (FLOORESCYNCE ONITS) (CH.)

o
25
{5
@]
&

S

0.0 0.0 0.0 100
30,04 108. 80 DelUn 17.39
60.00 235,87 1.20 18, 20
90.00 353. 80 .40 19,30
120.00 480.81 1.60 206 30

150,00 610. 39 1.85 21.60
180.00 152.96 2020 23,20
210.09 343, 08 2050 25.00
240,00 966. 15 2. 15 2690
270,00 1375, 01 Je U 29.19
300.090 1202.02 2. 10 31.70
337.00 1310. 28 2.55 5,90
160.00 1420, 28 2o 35 35, 10
390.00 1537. 68 3.15 371,50
420.00 142,00 .20 45, 30
350,00 1732.72 3. 15 49,30
480,00 1816, 37 3.05 53. 30
510.00 1909, 62 3,15

540,00 1991.27 2s9C

570.00 2077 45 g -
600.00 2159, 10 3.00 (eXs
630.00 2231, 07 31,05 T2 .60
660,00 2299,.71 2o 65 T5. 50
690,00 2372. 29 3.00 Ta.50
720,00 2631,25 2. 85

) E
750,00 2467454 ?.579 83.50
780.90 2526.51 2715 85,70
310,00 2580,.594 2,60 87.50
840,00 2621.76 2.45 89.20
370,090 2052, 59 2,70 90.50
900.00 2712.48 2.60 91.70
930.00 2726, 09 2,50 92.80
960,00 2780.52 2.65 33.70
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SAND  60/100=-1,2 THICK# TEST ID. NO. = 20032
AVERAGE PTHCENT REMOVAL = 99,50

INITIAL CONCENTRATION=71.60 FLUCRESCTENCF UNITS

FILTRATE 70, Y31833078@7b${?wﬂi?(@0@93315360*i)}

TIRKE FILTRATE ETPLONT HZAD

0.0
32,00
60,00
90.00

120,00
150.00
180.00
213.0D
240.00
270.00
3030.00
332.00
360.00
390,00
420,00
459.00
480,00
512.00
540,00
570.00
600,00
630.00
5660.00
590,00
720,00
755.00
780,00
310,00
540,00
570,00
900.00
930,00
960.00

YOT 11D
OLUME

{1L.)

0.0
140, 51
285,76
399, 16
535,24
639,57
T62.04
875, 43
970.69

1075.01
T161.20
1224, 70
1270.06
1333, %6
1383.46
1442, 42
1478,71
1524, 07
1546.75
1551, 29
1560. 36
1996, 565
1619, 32
1651, 048
1651.048
1691, 99
1700.,97
1573, 76
1673.76
1719, 11
1714.58
1755, 40
1750.87

-

D650
D45
Do 75
J.nh
V.35
D85
‘\} @ 4 %
et
Do 60
J.35
0.95
D.60
Datth
Ve D
0680

L4ss

(C1.)

11. 80
13.20
15,00
17 .40
20.90
25.60
31,60
38.90
40,90
55.40
64,00
T1.99
T8, 30
23,749
87,490
50.60
93,00
55,00
6. 20
37 .00
98, 6l)
99,30
100,00
100,89
1006. 89
191,29
101.560
131,80
162,00
102.20
102,40
102.59
102. 60
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*SAND  60/100-1/2 THICKX TEST Ib. N0, = 30041
AVERAGE PCRCENT REMOVAL = 99,45

INITIAL CONCENTRATION=97.90 FLUDRESCENC® ¥ITS

e

FILTRATE 70, Y533?$@5303%%(?@VK?(wQWOQY57Q85*X)}

DETI TN

2D
L0535
(FLUDF ESCENCT UNLTS) (C¥e)

0.0 J.0 9.
30.00 127. 01 Da
)

15,00
16 .00
16,90
) 17 .00
5 19. 50
)

60,00 235.87 !
90,00 367, 41
123.00 494,42 0
150.09 616,89 { 21.70
180.00 125,75 0.20 24,50
210.00 548,22 J. 35 27.79
240,00 957.08 0,40 31.50
272.00 1061, 41 2.30 35.50
300.00 1170.27 0.35 40,00
333.00 1274. 59 0.30 44,80
360,00 1374.38 0.40 49,70
390.09 1483, 25 1.20 54.59
420.00 1564.,489 D.25 5%9. 30
450.00 1642, 00 D.15 63,590
480.00 1714.58 .15 67,70
510.00 1767, 15 Da 35 71.50
549.00 1355, 19 J.139 75.10
570.00 1927.77 Do 10 78. 30
600.00 1982, 20 Je 51 81.20
630.00 2036.03 0.05 43.50
662,00 2091, 06 .25 35.70
£90.00 2109,.20 Ua 35 87,50
722,00 2150,.03 0.19 BY.00
750.00 2199,92 9. 10 90,40
780,00 2289.82 Je 05 91.59
510.00 2277.03 D.25 92,60
840,00 2313, 32 J.15 93.09
870,00 2349.61 0.0 R
900.00 23831, 36 0. 10 96 .19
930.00 2413, 11 0.20 9v. 30
960.00 2435, 79 D.35 Y6 .50
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SAND  4D/r 0 =174 THICK* TEET IN, A0, = 19980

INITIAL CONCENTRATION= 36,00 TLIOPo50 yen ] me
e eame o s sparoe iy A n e
LT RA . (=5332. 683595 (1-7X7 (=), 770930774 ¢) )
TIMT FIL HRAD

VoLamy

(S7C.) (*L.)

)0 D) 0.0 1e 5
3000 117.93 D.685 Ge 10
63,00 276,69 1. 1% 4
53,00 439,98 1,25 5,90

122.00 571,513 DLy 7,09
152,09 698,53 RN Ae 30
183.4070 19,971 EO ) 4,60
210,00 9hh. 15 1,15 11,20

243,00 1079, 55 hL0n 12,67

g
.
R —_
o
B
oy
S
—
&
'}
sl

277.09 1202 4 !

300,995 1347,17 He D 1H.29
330.09 T442.42 B, 0 1,50
363,09 1547.57 .00 21,90
399,01 1723.05 Y. B0 24,00
4275.00 1878, 90 be 70 27 .0
450,90 1945,91 7. U0 31,20

N

oy

48,00 206 3. 84 A, 00 37
510.00 2185,490 '

5473.00 2263, 472 )
57%.00 235,90 G it
530,00 2458, 47 51,07

63%.00 2562.30
560,00 2635,37

N
et

1,h0
aG0,00 2707 .95 7. 20
723,00 2730,57 J.7D
750,00 2H66,70 1.70

783,20 25271.13
810,00 2960, 49
840,00 3220.52
B70 .00 3N88.90
990.00 3143, 29
930.00 388,75
960,00 3229,53

o

S G T

S
S AR e
°
DO w

e

S e
&
.

w

®

o
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®SAND

INITIAL CORCENTRATION=TG, 29 FLUNG TS0

TIME

3.0
30,00
650,700
90.90
122.00
157.00
193,00
213.10
240,070
270,00
305.93
330.00
1672 .00
190,00
420,00
450 .90
483,00
510.00
540,00
570.00
502,00
630.00
660,00
690 .09
720.00
750.00
785,00
810.00
8473 .00
870,00
900.00
930,00
960,00

-3/8 THICK* TRET 19

e T M p T
PTLUEA

YOLOME

(*L.)

3.0
122.47
259, 55
370,48

1215.63
1334, 19
1453.25
1562, 11
1737,26
1850, 66
1991,27
2109, 20

2231.07

2363, 22
26467,54
2585, 44
2712, 48
2816, 31
2916.,00
3016, 39
3107.11
3147,433
3297.62
12848, 33
JLTL .52
3556, 16
Fo19.07
3705, 85

ATH, 2573 % (=250

Y FT LAy
! 4

MITRT Ty

(FLUORESCm R

.15

19
7o 59
2.90
1.2
3,70

[ DO
e85
7.70
2,00
Mo 55

10,20

14,95
1ho U5
17,15
17,30
18,60

19,25

20. 15
2).20

o e oA
1,53
$. 10
4,70
5. 40
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o 20
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£.59
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VITA

Babak Naghavi was born in Tehran, Iran, on January 2, 1955, the son
of Gholamreza and Ghodsi A. Naghavi. He graduated from Alborz High
School, Tehran, Iran, in May, 1973 and enrolled at Louisiana State
University, Baton Rouge, Louisiana, in June of 1974. 1In May of 1979, he
received the Bachelor of Science degree in Civil Engineering. In
August, 1979, he enrolled in Graduate School of Louisiana State Univer-
sity, Baton Rouge, Louisiana, to begin work towards the degree of Master
of Science in Civil Engineering. He is married to Lisette L. Naghavi

and has a daughter, Cydney Marie Naghavi.
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