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ABSTRACT
The Effects of Selected Baffle Configurations on
the Operation and Performance of Model
Waste Stabilization Bagins
by
Jumes H, Reynolds, Master of Science
Utah State University, 1971
Thesis Director: Dr. E. J. Middlebrooks
Department: Civil Engineering
The performance and biological responses of three,
baffled, model waste stabilization basins weré compared
to those of an unbaffled, model waste stabilization basin,
The three baffle configurations studied were the a} over-
and-under, b) longitudinal, and c¢) end-around. The
model basins were 1lluminated with fluorescent light and
-fed a synthetic waste composed of dog food;i powdered, -

nonfat, dry milk; NaBPOh; and NHucl. Performance and

biological responses were monitored during a 5 and a 17-day

detention period.

Th: biological nature of the model basins was very

unlque. Although gignificant amounts of algae were present,

no measurable dissolved oxygen could be detected. Domi-

nant algae genera present were Euglens, Chlamydomonasg,

and Chlorella. The basins did not exhibit typical diurnal



xii
shifts in dissolved oxygen, pH, temperature, carbon

dioxide, or alkalinity.

Results indicated that although baffles increased
the total amount of biomass present in the model basins,
the longitudinzl and end-around configurations bad no
significent effect on treatment efficiency. However, the

ovar-and-under configuration reduced treatment efficiency

by approximately 10 percent.

{133 pages)



CHAPTER 1

INTRODUCTION

Nature of the Problem

The terms lagoon, stebilization pond, oxidation pond,
and waste stabilization pond are often used interchange-
ably to define 2 shallow, man-made basin designed for the
natural biological treatment of waste waters. To aveoid
confusion, the term waste stabilization basin will be
used in this text to include the above-mentioned facllities
and to define any artificial impoundment designed specifi-
cally for natural biclogical treatment of domestic,
industrial, or agricultural waste water,

Waste stabilization basins are normally of regular
and controlled shape and depths and are designed to
stabilize organic matter through a symbiotic relationship
between bacteria and photosynthetic green algae.

Waste stabilization basins may be classified according
to the type of influent they receive as either: primary,
Secondary, or tertiary. Primary waste stabilization basins
generally receive raw, untreated waste water and are
intended to provide only partial treatment. Secondary
waste stalilization basins are normally connected in series

with a primary waste stabilization basin or with a



- conventlional waste treatment facility: and thus, they

receive partially treated waste waters. Tertlary waste

gtabilization basins are usually designed as "polishing
units“ to remove nutrients from treated waste waters
before the final discharge of the effluent ito a receiving
gtream,

Waste stabilization basins are often further classi-
fied according to the type of biological process existing
in the basin as either aseroble, anaerodbic, or faculiative.
Aeroblic basins are those in which measurable dissolved
oxysen is present throughout the entire system. Anaerobic

basins are completely devoid of measurable dissolved

oxygen and are normally used for the stabilization of

complex organic matter. Facultative basins are aeraobic

at the water gurface and gradually turn anaercbic with
inc¢reasing depth.

Waste stabllization basins have a pariicular economic
advantage for small communities and industries with access
to relatively inexpensive land. Basins are economical
Yo construct and easy to maintain and operate. These
advantages make them particularly applicable to developing
nations and aparsely populated areas of the United States,
Austiralia, Great Britain, and other industrialized nations.
The use of waste stabilization basins for waste treatment
has grown rapidly in recent yéars. and the need for

adequate design criterla has increased accordingly.



Development of waste stabilization basin design

criteria has been primarily empirical. Recent years have

seen greater emphasis placed on the utilization of scien-
tific prineiples in basin design (38, 55, $6): however,
optimizetion of basin operation and performance has not

been achieved. Several investigators have implied that

the addition of baffles to waste stabilization basins

could improve treatment efficiency. Baffles are walls

or plates used to channel or direct the flow of liquid

through the basin. These baffles would provide additional

submerged surface area to which microorganisms could
attach themselves, thus increasing the concentration of

microorganisms in the basin and, theoretically, the rate

of organic stablilization as well., The baffles would also
affect the hydrasulic flow paitern of the system and should

reduce short circuiting and improve mixing conditions.

Unfortunately, little research has been conducted in this

areda,

Purvose gnd Scope of the Study

In this study the performance and blological responses

ef three, baffled model waste stabllization basins were

compared to that of an unbaffled, model waste gtabilization

basin., To implement this objective, the submerged surface
areas of the baffled basins were equal and the environ-

_mental factorg affecting basin performance were identlical

|
|
|
|
|
|

!
i
I
i



for all basins. The basins were illuminated with fluores-
cent lights and fed a synthetic waste. Performance and
biological resporses were monitored during two different
detention times (5 and 17 days).

The general objectives of the study weres:s a) to
determine the effecte of the threc baffle configurations
on the performance of the model waste stabilization
basins, and b) to assess the effects of increasing
submerged surface area on the amount of attached biocmass
produced in the model waste stabilization basins.

The specific objectives of the study were:

a) to determine and compare the actual mean detention
time with the theoretical detention time for each
basin.

b) to determine the dominant algae genera present
in eacn basin.

¢) to determine and conpare the diurnal variation of
dissolved oxygen, prd, carbon dioxide, and alka-
linity of each basin.

d) to determine and compare the horizontal and
vertical distribution of dissolved oxygen, pH,
and temperature in each basin.

e) to determine and compare the amount of attached
and suspended biomass in each basin.

f) to determine and compare the vertical and hori-
zontal distribution of attached biomass in each

basin, and



g) to determine and compare the treatment efficiency
of each basin.

The significance of this study lies in the fact
that the use of waste stabllization basins for waste
treatment has grown repidly since World War II., Today,
over 3400 waste stabilization basins are in service in the
United States (60), and many more are planned for the
future. However, it is quite likely that waste stabili-
zation basin effluent will not meet future water quality
standards unless new designs are developed to increase
treatment efficiency. Thus, if a significant increase in
the treatment efficiency of a model waste sgtabilization
basin could be demonstrated by the use of baffles, the
volume and surface area of prototype stabilization basins
could be drastically reduced and prototype effluent
quality significantly increased. This would result in
8 substantial economic benefit in addition to improved
effluent quality. Also, it is possible that the problem
of existing overloaded basins could be solved simply and
economically by the installation of baffles rather than
by costly land acquisition or the construction of addi-
tional facilities.



CHAPTER II

LITERATURE REVIEW

Historicul Development

The history and development of waste stabilization
basins have been traced by several investigators (11, 38,
39, 48, 50, 54, 57) and will not be reviewed here in
great detail. It is interesting to note, however, the
existence of waste stabilization basins in Persia as
early as 800 B,C. (11). Also, there is speculation that
the Chinese used waste stabilization basins as part of
their irrigation system some 1000 years ago (1). The
exact date of birth of the modern waste stabilization
basin, however, is lost in antiquity. The first recorded
construction of a waste statilization btasin in the United
States was at San Antonio, Texas (1l1). In 1901, the City
Council of San Antonio authorized construction of a
reservoir on Mitchell Lake to be used jointly for sewage
disposal and as an irrigation storage facility. By 1930,
the use of waste stabilization basins for treatment of
domestic waste had spread to other cities in Texas and
California (s&).

During World War 11, many waste stabilization basins

were constructed to relieve the burden placed on existing

Waste treatment facilities due to rapid and unpredictable



shifts in population. After the war, military and univer-
gity reseerch organizations conducted extensive studies
on these bausins to formulate propecr design eriteria (11).
About the sams time, North and South Dekota began pio-
neering in the use of waste stubilizatlion basins for
domestic waste water treatment in relatively northern
latitudes (50).

Today, waste stabilization basins are treating waste
waters in all parts of the world. Because basins are
economical to build, easy to maintain, and require little
technical skill to operate, they are being utilized
extensively by developing nations inpollution abatement.
Meanwhile, in developed countries, such as the United
States, basins are being employed by small rural commu-~
nities to satisfy increasingly stringent water quality
standards. In 1970, 27.9 percent of all municipal waste
treatment facilities in the United States were classified

as waste stabilization basins (60).

Biology

Many studies have been conducted in an attempt to
explain the complex symbiotic blology of waste stabiliza-
tion basins (2, 18, 20, 21, 38). The essential element
seems to be a symbiotic relationship existing between
bacteria and photosynthetic algae. This synergistic

relationship is often referred to as the photosynthetic



oxygenation cycle and 1s illustrated in Figure 1. This
cycle involves aerobic bacteria utilizing molecular oxygen
in the breakdown of erganlc matter into carbon dioxide

and inerganic nutrients. During photosynthesls, algae
~convert the carbon dioxide and inorganic nutrients into
cell matter, thus releasing molecular oxygen. The molec-
| ular oxygen is then utilized by the aerobic bacteria in
the breakdown of erganic matter, and the cycle repeats

itself, Typlecally, during daylight hours, if large

- coneentrations of algaze are present, waste stabilization

basins have a high dissolved oxygen concentration, a
high pH, and a relative reduction in carbon dioxide and
alkalinity (31, 61).

During the dark hours, the cycle is medlfied as is
illustrated in Figure 2. The bacteria continue tc utilize
malecular oxygen in the breakdown of organic matter, but
photosynthetic oxygen production ceases. Instead, the
algae undergo respiration anéd also utilize molecular
oXygen. Thus, it is possible for a waste stabilization
basin to be devoid of dissolved oxygen during portions
of the dark hours. Typically there is a rise in carbon
dioxide, a drop in pH, and a rise in alkalinity during
this period of nonphotosynthetic activity (31, 51, 61).

The extent of the diurnal shifts in these twoc cycles
is dependent on the relative concentration of algae and

bacteria present in the system. Bacteria grow more
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efficiently when attached to surfaces than when floating
free in suspension (5). The econcentration of organic
matter in gewuge is relatively low, and solid surfaces
may be essential for significant microbial growth and
function (5). The stimulating effects of so0lid surfaces
on bacterial growih have been shown by various workers
and have been reviewed by Zobell (62) and by Brock { 5).
The importance of solid surfaces was discovered when it
was found that bacterial growth in stored water was
related to the size of the storage container. Zobell (62)
showed clearly that this bacterial grbwth wag due to the

absorption of organic matter onto the container’s surface,

Heukelekian and Heller (22) reported that Escherichia coli
would not grow in low organic concentrate solutions

without the addition of glass beads.

Design Lriteria

Waste stabilization basin design criteria varies
according to local environmental conditions and the
standardg establisgned by state regulatory agencies. In
most cases, design criterla are based on empirical data,
operation, and observation with very little attention
€iven to theoretical design approaches.

Organic loading permitted by state regulatory

8gencies for facultative basins ranges from 16.7 %o 80.0
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1bs. BOD{/acrq/day (8). However, successful operation
has been achileved with much higher organic leading rates
(35, &7).
Detention times of from 20 to 180+ days are permitted
by most regulatory agencies with liquid depths ranging
" from 2 to 6 feet (8). Most northern states do not permit
effluent discharges from basine during the winter months.
There are many existing reporte on acceptable shapes
snd sizes for waste stabilization basins (7, 8, 12, 13,
23, 38, 47, 58)., However, although most regulatery
agencies encourage the use of square, rectangulsr, or
circular basins (8), irregular shaped basins are not
recommended (58), Shindale and Murphy (47) reported that
the distribution of dissolved oxygen, BOD, COD?, total
sugpended solids, and volatile suspended solids varied
least in a rectangular basin with a length-width ratio
of 2:1 s compared to a circular basin and another rectan-
gular basin with & length-width ratio of 1l.5:1. They
did not attempt to determine an optimum length-width ratio.
Dornbush and Anderson (13} reported that circular or
square basins appear to be the best designs for South

Dakota.

A theoretlical design approach has been developed by

Oswald, et al. (38) which employs the use of an oxygenation

1Biochemical oxygen demand

2Chemical oxygen demand
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factor. The oxygenation factor is the ratio betiween the
actual photosynthetic efficiency and a critical effi-
ciency required for a particular weste and a given depth,
detention time, and amount of illumination. Thirumurthi
and Nashashibi (55, 56) have developed a design approach
based on existing chemical engineering principles for

reactor design.

Previous Baffle Investigations

Few specific investigations to determine the effects
of baffling on waste stabilization basins appear in the
literature. Howe, Miller, and Etzal (24) reported on a
Pilot scale, anaerobic lagoon receiving chemical and
fermentation waste with a suspended solids concentration
of 30,000 ppml. This lagoon contained two baffles that
were transverse to the flow, located near the inlet,
Incidental observations indicated a solids build-up
behind the first baffle of 25 inches in 25 weeks of
operation. This investigation led to the construction
of a full scale lagoon of about 20 acres located on the
west bank of the Wabash River in Indiana.

Nemerow (34) operated a full scale plant for two
Years consisting of five waste stabilization basins, one

of which contained a close-baffle system., The baffled,

1Parts per million
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4 foot deep basin was unaffected by BOD loading up to 238
1bs. BOD/scre/day and had an average BOD reduction of
67.2 percent. With & constant load of 135 lbs. BOL/acre/
day, the baffled basin removed 92.2 percent of the BOD es
compared to & 78.0 percent BOD reduction by a similer
unbaffled bzsin. Nemerow concluded that in Central New
York State, BOD removals exceeding 80 percent could be
achieved with a close-baffled, 4 foot deep basin o. an
unbaffled bz:in, 8 feet deep at BOD loadings of 312-467
lbs./acre/day.

Nemerow (35) installed an over-and-under baffle
system as the first stage of a lagoon system to treat
poultry processing waste near Millsboro, Delaware. Thirty
redwood baffles were constructed on 15 foot centers to
cover the middle 435 feet of the 595 foot long basin.

The average loading was 935 lbs. BOD/acre/day with a
theoretical detention time of 7.35 days. Nemerow reports
that the baffles provide extra biological surface area for
BOD reduction, but does not provide any information
concerning the nature or amount of this extra biological

mass. The baffled basin removed ?72.5 percent of the
applied BOD,
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CHAPTER 111

EXPERIMENTAL EQUIPMENT AND PROCEDURES

The model basins used in this study were designed
to simulate prototype basin conditions. Esch basin, there-
fore, represented a 2 by 4 foot section extracled from a
4 foot deep prototype basin. As a result, there was no
scale factor for the physicel dimernsions. The distance
between the baffles in the model equalled the actual
dimensions between baffles in a prototype system. In
theory, it was felt that the ratio between the bdaffled
submerged surface area and the submerged surface area
of the sides of the basin should be kept as large as
possible, so that difference due to attached biomass
between the unbaffled model basin and the baffled model
basins could be detected.
Figure 3 is a schematic diagram of the system
employed. The major components are described below:
1. Model Basin: The model basins were 4 feet long,
4 feet deep, and 2 feet wide (outside dimensions).
They were constructed from three-fourths inch
plywood with 2 by 6 inch lateral bracing extending
the full length of each basin at the top, middle,

and bottom. These braces were connected with
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one~half inch carriage belts to similar braces
across each end. The besins were consiructed in
twe units so that each pair of basins shared a
common end wall, The interior of the basins was
covered with 2 ounce light-weight fiberglass
deck cloth and then sealed with a laminating
fiberglass resin1 to add strength and te insure
that the basin would be watertight. Then, the
bagin interior was lined with the same type of
lumber used to construct the baffles (1 by 12
inen pine lumber). This was done to provide the
same type of growing surface to which all micro-
organisms could attach themselves. With a liquid
depth of 3 feet 9 inches, the basin volume was
200 gallons. The baffles did not reduce this
volume significantly.
Baffle Configuration: The baffles were con-
gtructed of 1 by 12 inch pilne lumber and extended
the full depth of the basin. Each baffle con-
figuration provided the same amount of submerged
surface ared.

In the longitudinal baffle system, the

baffles extended parallel to the flow lines and

thug did not deflect or divert the flow. This

1igtributed by Plastic Products Company of Utah,
Salt Lakxe City, Utah.
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system was intended to measure the effect of
additional submerged surface arez with a minimum
of hydravlic distortion,

In the end-eround baffle configuration, the
flow was directed in a2 serpentine manner through
the basin. This system was designed not only
to increase the subnerged surface area but also
to reduce short circuiting.

In the over-and-under baffie configuration,
the flow was directed up and over one baffle and
then down and under the next baffle until it
emerged at the outia2t. This system was intended
to provide increased mixing and reduce short
circulting as well as ito assess the effects of
increased submerged surface area.

Inlet and Qutlet Devices: The inlet diffusors
were made from 1 inch (outside diameter) plexi-
glass tubing., In the control, longitudinal,

and over-and-under basins the diffusors were
lqcated 3 inches from the bottom and extended
horizontally scross the entire wiath of the basin
with four equally spaced outlets. These ocutlets
were directed into the basin wall and away from
the basgin effluent end to minimize short cir-
cuiting. In the end-arcund basin a single 1 inch

(outside diameter) plexiglass inlet was located
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3 inches from the bottom and was directed into
the bazin wall, Tygonl flexible plastic tubing
c¢onnected the diffusors to the substrate feed
pump=. A sliphon break was provided tc prevent
Biphoning from the model Dasin to the sudbstrate
feed tanks.

The outlets of the conirol, longitudinal,
end over-and-under systems were four, 1 inch
diameter holes equally spaced across the end of
the basin opposite the inlet diffusors. Adjust-
able V-notch weirs were fitted to these holes
£0 that the discharge was uniform across the full
width oI the basin. One inch Tygon tubing
connected the discharge holes to the efiluent
containers. The end-arcund system had a similar
discharge arrangement except that it was composed
of two, 1 inch diameter holes instead of four.

To prevent excessive algal and bacterial
wash ous, a protective baffle was installed in
each basin 1 inch upstream from the cutlet and
extending across the entire width of the basin,

- This baffle protruded 10 inches below the water
surface and prevented floating material from

being discharged through the outlet.

Manufactured by Norton Plastics and Synthetics

Division, Akxron, Ohio.




4. Effluent Containers: The effluent containers
were open-ené, 55-g2llon drums lines with plastic
bags to pievenit corrosion. The effluent was
collected for 24 hours at room temperature and
then disposed of.

5. Substrate Feed System: & 24-hour supply of
substrate was prepared daily and kept at room
temperature in twe, 200 gallon, heavy duty,
polyethylene tanksl. Each tank supplied sub-
strate for two basinas. Continual mixing of the
substrate was accomplished by a submersible
pumpz. The substrate was supplied to each basin
by a separate submz=rsible pumpB. The substrate
feed pumps were activated at 60-minute intervals
by a General Electric, TSA-1lL4 Percentage Timer.
Pumping periods were varied by adjusting the
percentage of the total time cycle that the pumps
operated or by adjusting pinch clamps on the
flexidle plastic lines connecting the substrate
feed pumps to the inlet diffusors.

6. Lighting System: 4 Western Lighting Corporation,
Issue E, four tube, high intensity light bank was

1Made by Argle.

Little Giant Submersible Pump, Model 4, made by
Little Giant Vaporizer Company.

3Same type as mix pump in 2 above.
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suspended 22 inches above eacn basin. Four Ken-
Rad, cocl white, FL8T12/CW/XHO fluorescent tubes
were instzlled in each light bank to provide

the necessary artificial 1ight. The light cycle
was controlled by a Scars Roebuck and Company,

Model 6170 lighti timer.

<

Infivent Substrate

The influent substrate was a synthetlc waste composed
of dry dog foodl. powdered, nonfat dry milkz. NajPOu, and
NHu01. The characteristics of the substrate are summa-
rized below in Table 1, and the constituents of the dog
food and powdered, nonfat dry milk are in Tables A-1 and

A-2 of Appendix A.

Table 1. Influent substrate characteristics

Item Quantity
BOD/T0C? 228 me/3
Suspended solids 40.5 mg/l
Temperature 23 C
pH 7.0

arotal organic carbon.

lGaines Gravy Train

ZPet Instent Nonfat Dry Milk, distributed by Pet
Incorporated, St. Louis, Missouri.
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Initially, the substrate was comprised solely of dry

dog food. However, after operating the basins for
approximately 20 days with a 5-day detention - and an
average subsirate total organic carbon concentration of

46 mg/l, no significant algze growths occurred. A

nutrient study of the dry dog Tool was then undertaken

to determine if the dry dog feood was lacking in any essen-
tial nutrients.

Flagks containing the dog food substrate with a
total organic earbon conceniration of 100 mg/l were
seeded with Chlorella sp. and then various essential
nutrients (42) were added to the different flasks. The
flasks were incubated at room teuperature under 400 faot
¢andles of light for 10 days. The nutrients used and the
results obteined are summarized in Table A-3 of Appendix
A, Positive growth occurred in those flasks to which
phosphorus or nitrogen had oeen added.

From these yesults it was decided to add 10 mg/l
{as nitrogen) NH,C1 and 2 mg/1 (as phosphorus) Na PO, to
the influent substrate. The model basins were then
operated ai a 5-day detention time with the influent
substrate composed of deg fcod (total organic carbon=
| L6 mg/1), NaBPOQ (2 mg/1 as phosphorus), and NH CL (10
| mg/l as nitrogen). After 10 days of operation, heavy

algal growths were present.
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Because tnz total organic carbon concentration of
the dry dog food was relatively low, it became impracti-
cal to use it 2z the scle source of organic carbon in the
substrate. Therefore, powdered, nonfat dry milk was
added at the rate of 335 mg/l. Thus, the influent sub-
strate utilized during the coliection of all experimental
data was composed of dry dog focd, powdered, nonfat dry

Imilk, NHuCl, and Na Pou.

3
The influent substrete was prepared daily by adding
90 grams of the dry dog food to 500 ml of tap water and
blending at the highest setting for 75 seconds in &
Waring Blenderl. The blended dog food was then diluted
with tap water to 2 liters and allowed to settle for 24
hours at 2 C, After settling, the supernatant was
siphoned into a 5-gallon container and stirred for 5
minutes to insure homogeneity. A sample was then taken
and diluted 1:200 for total carvonm analysis. From this
analysis the proper dilution factor was determined, so
that the dog food supernatant used to comprise the sub-
strate would have a total czrbon concentration of 2060
mg/l. The dog food solids which had settled during the
24-hour settling period were then disposed of as only the
diluted dog food supernatant was used as part of the

substrate. The powdered, nonfat dry milk (335 mg/l),

lWaring Solid State Blender, Model 1186, made by
Eari?g Product Divisien, of the Dynamics Corporation of
merica.
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Na PO, (2 mg/l as phosphorus), and NH, C1 (10 mg/l as
nitrogen} were then added in the proper concentrations
to the diluted dog food supermatant to form the influent

substrate._

Samnling Preceduraes

During the dye studies, samples were taken from the
effluent at various time intervals.

Periodicelly, the total effluent volume Tor a 24%-
hour peried was collected, and a representative sample
was taken to determine total organic carbon and total
soluble organic carbon.

The influent substrate in the substrate feed tanks
was changed every 24 hours. Samples of the gubstrate
were taken at the beginning and end of the 24k-hour period
and then combined in egual proportions to determine the
average total organic carbon and total soluble organic
carbon 9f the suostrate.

For diurnal measurements effluent sampies were
collected hourly Zor pH, alkalinity, and temperature

according to Standard Methods (3). Effluent diurnal

dissolved oxygen measurements were determined with an
electronic dissolved oxygen probe. Total saluble organic
carben, and carbon dioxide diurnal samples were collected
every two hours, and suspended sollds samples were

collected every four hours.
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Vertical and horizontzl measureiments of temperature,
dissolved oxygen, and pH were taken insitu for each
dentention tire at the sites illustrated in Figure 4.

Floating biomass samples were collected by removing
the entire floating mat from the water surface alfter the
other experimentzl data nhacd been collecled for each
detention time. After collection, the floating mats were
blended for 15 sesconds at the highest egetting in a Waring
blender. The total mass was then stirred tc insure
homogeneity while a representative sub-sample was taken.

Attached biomess samples were collected after the
floating biomass was removed. The attached biomass
samples were taken by scraping the submerged surfaces at
the sites illustrated in Figure 5 with the instrument
shown in Figure 6.

The scraping apparatus was constructed from a l-inch
square hollow tube with a beveled edge. The tube was
connected to a vacuum pump which sucked the sarple into
the collection bottle after the sample had been scraped
loose by the beveled edge. The samples were then blended
for 15 seconds at the highest setting in a Waring blender
and then stirred while a representative sample was taken
for analysis. Because the vacuum attached to the scraping
instrument also sucked ambient liquid into the collection
bottle, it was necessary to correct concentrations calcu-
lated in this manner by subtracting the ambient liquid

sugpended solids concentration.
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Analytical Technlaoues

Duponit Rhodamine WT dye was used to determine the
actual mean residence time of each model basin and was
| injected into the feed lines with a disposible plastic
.SYringe. The effluent dye samples were analyzed on a
Turner Fluornmeterl.

Tetal orgenic earbon and total soluble organic carbon
concentrations were measured with e Beckman Model 915
total organic carbon analyzer according to a technlque
;_developed by Van Hall and Stenger (59) and in accordance
_.with the Beckman Model 915 instrument manual {4). Measure-
ment of total soluble organic carbon required a filtered
sample, These samples were filtered using a Whatman
Glass Fiber Filter GF/C%, 4.25 cm in diameter.

All suspended solids concentrations, including those
~ to determine floating and attached biomass, were performed
according to Strickland and Parsons {(52).

Alkalinity, bicchemical oxygen demand, and carbon
dioxide determinations were performed according to Standard
Methods (3).

And OrLon Specific Ion Meter, Model 407, was used to

determine pH. ,

1Turner Fluorometer, Model 110, by G. K. Turner
Aggociates, Palo Alto, California,

“Manufactured by W. R, Balston Ltd., London, England.
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Dissolved oxyzgen and temperature measuremsntis were
performed usingz an Electronie Instruments Limited, Model
154, dissslveld oxygen meter with a Model 154, blologlcal
oxygen electrode and a thermister.

Lignt intensities were measured with . - von Illumi-
nation Meter, Fodel 603.

Algal sauzples wevre taken from each basin at the
conciusion of the 17-dzy detention time and analyzed for
both genera and percent composition. A preclse 5-day
detentlion time algzal sample ianalysis was not made because
facilities were not availavle. However, 5-day detentlion
time grab samples were analyzed by students at Utah State

- University during laboratery instruction.

Oparatlan of Model Basins

The variations in light intensitieé at the water
surface of the basins are recorded in Figures B-1, B-2,
B-3, B-4, B-5, B-&, B-?, ané B-8 of Appendix B. The
average light intensity at the water surface for the
entire expaerimental period was 970 foot candles. This
light intensity is sufficient for model basin studies
according to Eckenfelder (14 and Luebbars and Parkin (27).
Also, algal agssay work has shown that algal growth levels
off above 1,000 oot candles {40, 46). The basins were

illuminated for 1B hours each day. The lights were turned
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on at 6:00 a.nm. and saut off av 2:00 p.m. during both
detention times.

The model btasins ware initizlly sceded with 20
gallons of liquid sewzge per bdbasin which had been taken
from the primary pond of the lcgnn City Municipal Waste
Stabilizatio:: Pond System. Howcvecr, after 20 days of

operation no significant algal growth could be detected
by visual inspection., Therelore, the basins were then
seeded with Chlorellz sp. The experimental basins were
operated at S and 17-day theoretical detention perieds
during this study. The substrate feed pump flow rates
were set so that the pumps operated for 34 seconds of
every hour for the S-day detentiocn time and for 14 seconds
of every hour Tor the 17-day detention time. This was
sufficient to simulate a continuous flow system because
of the long detention period used. The total organic
carbon and solutle organic carbon loading rates changed
with each detention time beczuse an attempt was made to

hold the substrate feed concentration constant.

Czlenlations

Statistical analysis of the experimental data was
performed according to Sokal and Rohlf (49). In this
text the significance level is defined as the probability,
expressed as a percentage, of rejecting a true null

hypathesis.,



To calculate the daily treatiuent efficiency the
effluent soluble organic carvon concentration was divided
by the averagc influent substrats scluble organic carbon
concentration Tor the preceding detention time, and then
that fraction was subtracted from cac. This procedure

roon

vy

is illustrated in Appendix C. Total erganic ¢
treatment efriciencies were calculated in a similar manner.

The attachaed bicmass concentravions were calculated
as suspended solids measurem:nts (52) and then corrected
for the ambient liquid suspended solids concentration.

This procedure is illustrated in Appendix C.

Calculaticn of the mean residence time from the dye
study was accomplished by a computer program developed by
Mangelson (29). This progran calculates the mean residence
time as the distance along tie time axis, from the origin
to the centroid of the area under the effluent dye concen-

tration versus time curve.



33

CHAPTER IV
EXPERIMENTAL RESULTS AND DISCUSSION

Detention Time and Influent Substrate

Flow rate variations for both the 5 and 17-day
theoretical detention times are reported in Tables A-§

and A-3 of Appendix A, Statlstical analysis of the flow

rate variations between the model basins lndicated there
was no significant differencs between the four model basin

detantion times at the 1 percent level for the 5-day

detention time, and also no significant difference at the

5 percent level for the 17-day detentlon time.
The variations in substrate total organie carbon

concentration and soluble organic ¢arbon concentration for

each substrate feed tanl during the two detention times

are recorded in Tables A-6 and A-7 of Appendix A, Statis-

tical analysis Indicated there was no signifiecant differ-

ence between the total organic carbon concentration or the
goluble organic carbon concentration of the different
substrate feed tanks. The average substrate total organic
carbon concentration,
- and total organic carbon loading rate of each detention

time are reported in Table 2.

soluble organic carbon concentration,



Table 2. Substrate total orzenic carbon, soluble organic
carbvon, and total organic carbon loading rate
for the 5 and 17-day detention times

Detention Tine
Item 5 da:y 17 d.ay
Total organic carbon 198.9 mg/1 181.4 mg/1
Soluble organic carbon 175.7 mg/1 156.5 mg/1
Total organic carbon L32 1bs. 116 1lbs.
loading rate (calculated) BOD/acre/day BOD/zcre/day

Statistical analysis incdicates that the difference
between the 5 and 17-day detention time total organic
carbon concentration is significant at the 1 percent
level. The actual difference between the two concentra-
tions is 8.3 percent. Also, statistical analysis of the
soluble organic carbon concentration for the two detention
periods indicated significant difference at the 1 percent
level, but the actual difference between the two means
was less than 1l percent., It is felt that even though
these differences are statistically different, the actual
difference is not sufficient te invalidate a comparison

of data from the itwo detention times.



The actual mean cetention time for each basin was

determined by injecting Rhodanin WT dye into the

lines while the theoretical detensticn time of eacl

feed

was set at 53.5 minutes. The ploits of efiluent dye

concentration versus time curves are snown in Figure 7.

35

This date is tabulated in Tanles A-8, A-9, A-10, and A-1ll

of Appendix A. The results of study to determin

W
-

actual mean detention times are presented in Tab

Table 3. Actual mezn detention time with a 58.5 minute

theoreticzl detention time

e the

le 30

e S ESs ———————— i =
Basin Actual mean detention _ Actuzl D.T,?
configuration time in minutes Theoretical D,T.
Control {unbaffied) 34.90 0.597
Over-and-under 46,78 0.800
Longitudinal 26.70 0.457
End-around 33.86 0.579

aD.T. stands for detention time

The over-and-under baffle configuration provided the

longest actual detention time while the shortest

obtained by the longitudinal configuration. The actual

was

mean detention time of the control basin was greater than
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that of either the end-around basin or the longitudinal
basin., Theoretically, the actual mean detention time of
the longitudinzl basin should have been very similar to
that of the control basin because the baifles were paral-
lel to the flow pattern; however, 1t appeared that the
vaffles elliminated dead space, restricted the flow

pattern, and increased the fluid velocity, thus reducing

the actual mean residence time. This same phenomenon was

particularly evident in the end-arcund configuration

where the mean flow path was approximately 2.65 times
longer then that of the contrel bagin. but the actual mean
detention tine was one minute less than that of the
control baszsin.

A comparizon of actuzl mean residence time with
treatment efficiency indicated an almost inverse relation-
ship. This is illustrated in Table 4. However, it
appeared that owher factors, which will be discussed later,
had a greater e¢fect on treatment efficlency than did

the actuzl mean detention time.,
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Tadble 4. Cecmparison of soluble organic carbon removal
efficiency with actuzl mean detention tine

Averzge soluble

Basin Theoratical D.T. organic carbon
configuration Actual D.T. removal efficiency
5 day 17 day
Over-and under 0.800 L, 1 €1.29
Control (unbarffled) 0.597 53.0 70.14
Longitudinal 0.L57 49 .6 70.14
Alzae

The algae genera present and their relative concentra-
tions in each basin at the conclusion of the 17-day
detention period are reported in Table 5 (28).

Euzlenz were dominant ia all basins, with Chlamydo-
monas subdominant in the control and end-around basins.
Oscillatoria was subdominant in the longitudinal basin.
It appeared that the added Calorella sp. was only able to
survive in the end-around basins and then only in the
flocculent material. This may have been caused by either
heavy predation or by quiescent zones in the end-around
system which promoted the growth of Chlorellg~

Observations made by the Utah State Unl;érsity

laboratory sutdents during the 5-day detention time were
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Table 5. Algeae genera present ani their approximate
percentage composition of the algae population
of ezch basin at the conclusion of the l7-day

detention peried

Genere and approximate percent

Basin configuration __ _ cenmposition |
Supernatant Flocculent material
Control (unbaffled) Euglena Euglena
. 39 £ 5% 50 t 5%
Chlamydanonas Chlarydomonas
61 I 5% 50 T 5%
Over-and-under Euglena Buglena
99 T 1% 99 T 1%
‘Others less Others less
N than 1% than 1%
Longitudinal Euglena Euglena
o 99 * 1% 50 % 5%
Oscillatoria
50 = 5%
Bnd-around Euglena Euglena
| 97 * 2% 25 ¥ 3%
Chlamydomonas Chlorella
3% 1% 75 * 5%
Chlamydomonas

1% or less
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in agreement with those obtained during the 17-day deten-
tion time. However, no estimate of the percent composi-
tion of the alzze population vias made.

" All of these algae genera are commonly found in

waste stabilization basins (9, 10, 15, 1€, 18, 26, 32, 4h4).

Temperature

The model basins remcined at a constant temperature
of 24 C throughout their entire depth. Therefcre, a
thermocline did not develop in any of the basins during

either the § or 17-day detenvion tinme.

Dissolved Oxyrcen

Dissclved oxygen was not detectable at any depth in
any of the model basins during either of the detention
times studies. This does not mean, however, that the
model basins were completely devold of dissolved oxygen.,

Green algae such as Eugzlena, Chlamydomonas, Oscillatoria,

and Chlorella were present in various combinations in the
model basins during both detention times studied. These
algae forms are all photosynthetic oxygen producers.
Although an exact count was not made, these algae were
present in large numbers as was indicated by the formation
of floating algal mats which were present during the

L]

entire study.
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The lack of measurable dissclved oxygen may have
been due a) to the nigzh organic leading rate, b) the

biochemical cycles of the Euglene and Chlamydomsnas or,

¢) to a combination of these two factors. If orgenic
loading rates were too high, a situation would exist

where the oxyzen produced by the algae during photo-

oxidation process., This would mean that dissolved oxygen
would be present either in the algzl cell or immediately
outside the algal cell wall, but the area surrounding the
algal cell would be devoid of dissclved oxygen. Thus, a
micro aerobic environment would exist in a macro anaerobic
gystem,

The organic loading rates of the model basins were
432 1lbs. BOD/acre/day for the 5-day detention time and
116 lbs. BOD/acre/day for the 17-day detention time.
These loading rates were higher than those permitted by
state regulatory agencies (8) but were lower than those
used by Nemerow (3%, 35) in his successful operation of
baffled basins in New York and Delaware.

The other possible explanation for a lack of measur-
able dissolved oxygen concerns the biochemical nature of

certain species of Euglena and Chlamydomonas. These algal

forms are reported to consume dissolved oxygen during the
photoascsimilation of acetate (15, 16, 44), However,

these same species are capable of performing normal
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pnotosynthesis with a2 net oxygen preoduction under the
proper cenditions.
Merz {32) reported in 1957 that an almest unialgal

bloom of Chlamvdomonaszs in waste stabilization basins at

Mo jave, California produced no mezsurable dissolved
oxygen. This is similer to the situation that existed

in the meodel basins used in this study. It may be that

some forms of the Euglens and Chlamydomonas were producing

frminP - Mt e

oxygen by photosynthesis while other forms were utilizing
it in acetate photoassimilation as quickly as it was
being produced,

Undoubtedly, the absence of measurable dissolved
okygen was a combination of the preceding two factors.
In any event, the presence of pholtosynthetic algae
indicated the existence of dissolved oxygen on a micro
level. Essentially, the algae and some bacteria were
existing in a micro aerobic environment while being
surrounded by an anacrobic environment. Thus, in this

gsense, the model basins may be termed facultative. They

were not, however, facultative in the usual context, They

did not have a strictly anaerobic bottom zone and a
strictly aerobic surface zone separated by a facultative
transition zone as described by other investigators
{20, 31). Instead, they were typical of the facultative
transtition zone throughout their entire depth. However,
for the purposes of thlis repor{ they will be referred to

as facultative.
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The pH re ' -7 at 6.0 both vertically and herizon-

tally for the contrel, longitudinal, and end-around
basing during both the 5 and 17-dey detention times.

| There was no decrease in pH wlth increasing depth as
reported by other investigators (31, 33, 6l). The lack
of variation was probably due to the anaercbic nature
of the model basins.

The over-and-under basin had a rather unigue pH

distributioen. This variation is plotted in Figure 8 for

- both detention times. In the over-and-under basin, the

pH increased slightly with increasing distance along the
mean flow path. During the 5-day detention time the pH
increased from 5.9 at the inlet <o 6.1 at the outlet,

and during the l7-day detention time the corresponding
increase was from 5.8 to 6.1, This slight increase in
pH may have been due to removal of organic matter as the
flow moved through the system or to the release of carbon
dioxide by eddy current diffusion as the flow moved over
the submerged baffles. No attempt was made to determine
the exact cause of the increase in pH.

The diurnal variaticons in effluent pH for beoth

detention times are illustrated in Figures 9, 10, 11, and

12. There was very little diurnal shift in effluent pH

for either detention time. However, the 17-day detention
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time diurnal effluent pH readings were consistently higher
than those for the 5-day detention time.

This lack of diurnal pH varistion of the elfluent
is not typical of the facultative basins reported by
other investigators (31, 33, &1, 61}, but it coss conform
ratner closely to the transitlon zone pH variations
reﬁorted by Meenaghan and Alley (31). Undoubtedly, the
relative effluent pH stability was due to the anaeroblc
nature of the model basinz.

& comparison of the average diurnal effluent pH with
the pH of a 24-hour efflueﬁt composite sample for the same
period is shown in Table 6, The 24-hour effluent composite
sample pH was conslderably lower than the aversaze diurnal
effluent pd. This was probadbly due to a loss of carbon
dioxide to the atmosphere during the collection of the
2h-hour effluent composite sampla. The 24-hour effluent
composite samples for carbor dioxide and alkalinity

reflected +this same phenomerion.



Table 6. Average diurnzl effluent pH aand 24-hour
effluent composite sample pH

e ————

Over-and- Encd-
Sy

Control  _ wunder Longituvdinal _around

Sample G

17 5 17 5 17 5 17

day day day day day day day day

24-hour
composite pH

Average 6.77 6.96 6.75 6.85 6.52 6.93 6.65 6.96

diurnal pH

7.19 7.35 7432 7.18  7.07 7.20 7.0L 7.3¢

J

Carbon Dioxide

The shift in diurnal carbon dioxide for the 1l7-day
detention time is illustrated in Figures 13, 14, 15, and
16. Measurements were not recorded for the 5-day deten-
tion time. The increase in carbon dioxide during the
dark hours was due to biolozical respiration and was
typical of facultative waste stabilization basins (45,
53, 61).

The carbon dioxide values determined in this study
may oe incorrect because of the method of analysis and
sampling procedures employed (3). The samples were taken
from the effluent which was supersaturated with carbon
dioxide. Therefore, any turbulence experienced by the
liquid, either during discharge from the basin or during

sample collection, would release carbon dioxide from
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solution into the atmosphere. This would have resulted
in experimental valuesg that were lower than the actual
carbon dioxide concent:. 7 exis in the mocdel basgins.
Also, orgenic acids and other noncarvonate lons present
in the samples may have interferred with the tiiration
process. This would have resulted in experimental values
that were greater than the actual carbon dioxide concen-
trations existing in the model basins.

A comparison between the average diurnal c¢arbon
"dioxide concentration and the carbon dioxide concentration

of the 24-hour composite sample for the same perlod is

. ghown in Table ?. The average diurnal carbon dioxide

concentration was higher because carbon dioxide was lost
to the atmosphere during the collection of the 2L-hour
composite sample. This fact was also reflected in the

pH and alkalinity measurements of these same samples.

Table 7. Average diurnal cerbon dioxide concentrations
and 2k-hour composite carbon dioxide concentra-
tions for the 17-day detention time in mg/l

Control Over-and- Longitudinal End-
under around

24 -hour composite
sample CO, mg/1 28.0 40.0 24,0 36.0

Average diurnal
78.9 Bh.6 84.8 76.8
€0, mg/1




Alkalinity

The diurnal nature of totzl alkalinity for the model
basins is depicted in Figures 17, 18, 19, and 20. The
5-day detention time total alkalinities werc relatively
constant and did not differ significantly from each other,
This lack of diurnal shift in total alkalinity is not
typical of facultative basins (61) and indicates that
the basines were not affected significantly by diurnal
algal activity. This could have been due to the excessive
organic load applied to the desins and may also indicate
substantial anaerobic activiiy.

The 17-day detention time total alkalinities were
lower than the 5-day total alkalinities and showed a slight
decline in total alkalinity during the dark hours. This
decline was particularly evident in the control basin and
was less pronounced in the longitudinal basin. The down-
ward shift in total alkalinity was exactly opposite of
what is normally reported for a facultative basin (61) and
wag also inconsistent with the aforementioned increase
in carbon dioxide during tne same period.

Ludwig, et al. (26) had a similar experience with

sewage grown Euzlena gracilis. He concluded that since

the addition or removal of carbon dioxide does not affect
the total alkalinity (26, 53), the algae must either

produce a strong acid or release H' ions (possibly in
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exchange for absorbed NH4+ ions) either of which destroys
alkalinity.

The reduction in tetal alkalinity accompénied by an
increase in carbon dloxide and a relztively constant pH
was algo typical of anaercbic fermentation (€, 30). It
may have been that during the light hours the algal
produced phetosynihetic oxygen inhivited anaerobic activ-
ity while during the dark hours when photosynthesis had
ceased anserobic activity increased. This ircrease in
anaerobic activity would have resulted in the formation
of organic acids which would have destiroyed the alkalinity.
Thus, it must be concluded that the diurnal shift in
total alkalinlty was due to the bischemical nature of
the Euglena or to an increase in anaerobic activity.

Again, the comparison of the average diurnal total
alkalinities compared to the 24-hour composite sample
total alkalinities shown in Table B reflects the afore-
mentioned loss in carbon dioxide in the 24-hour composite

gsample.

.



Table 8. Averaze diurnal total alkalinity and 24-hour
composite sample total alkalinity in mg/l as

CaCo,
J
Over-and- End-
Controcl _ under  Longitudinal _around
B s 17 5 1 5 17 5 17
day day day day dzy day day day
2k -hour

composite 259.6 211.2 272.8 220.0 242.0 215.6 259.6 206.8

alkalinity

Average

diurnal
fatal 247.0 202.3 258.3 211.2 243.7 202.0 250.2 204.5

alkalinity

Suspended Solids

The average diurnal suspended solids concentrations
for both detention times are reported in Table 9. Baffling
had little effect on the removal of suspended solids
during the S5-day detention time. However, during the
17-day detention time the over-and-under system removed
nearly 40 percent more solids than did the control, longi-
tudinal, or end-around configurations. This was not
unexpected, however, since Howe, Miller, and Etzal (24)
used an over-and-under system for the removal of suspended

gsolids with considerable success.
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Table 9. Average diurnzl suspended solids concentration

etention times
(average influent suspended solids concentra-
tion = 40.5 mzg/1)

—_— et e e e - e — | —— _—— i ——

De:igzion Control Over-and-under Longitudinal End-around
5-day 531 3€.8 36.3 40.0
17-day 43.7 26.8 2.2 k5.1

Biomass

For the purposes of this discussion, biomass is
considered to be living and dead algae, bacteria, and
other microorganisms present in the model basins. The
discussion is presented in five parts: a) discussion
of the horizontal distribution of attached biomass,
b) discussion of the vertical distribution of attached
biomass, c) comparison of the total attached biomass,
d) comparison of floating biomass, and e) comparison of
the total biomass. The biomass samples for both detention
times revealed essentially the same growth patterns (see
Appendixes A and B, Figures B-9, B-10, B-11, and B-12
and Tables A-12, A-13, A-14, and A-15) and therefore
have been averaged together for this discussion.

The average attached biomass densities are presented

in Table 10, Statistical analysis indicates that the



Table 10. Attached biomzss densities (values are the

average for both detention times)

€0

T B
s TR T b e e
basin basin basin basin
1 5.2 14.3 7.6 5.6
2 3.8 8.9 7.2 35
2C o — - 5.9
3 14,3 4.1 2.8 3.9
n 17,4 8.7 2,6 2.2
5 - 5.6 5.9 2.6
3 — 4.0 2.9 —_—
7 --- 347 --- ---
8 i 4.1 sws —
9 --- 349 --- -—-
10 - 3.0 - -
11 — 3.8 o L
12 -—- 2.6 — —
13 - 4.9 i —
Average 10.18 5.48 L.83 3.95
s? 6470 3.29 2.33 1.5
cv®%  65.8 60.05 48.3 38.5

25 = gtandard deviation
bCV = coefficient of variation
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average attached biomass density in the control {unbaffled)
basin was significantly greater than the three baffled
basins at the 5 percent level, Further statistical
analyeis shows that there was no significamt difference

(5 percent level) between the attached blomass densities
of the three baffled basins.

The greater attached biomass density in the control
basin wzs probably due {toc greater light penetration of
the water surface in that bagsin. Light penetration in
the three baffled basins was severely impaired by the
formation of dense algal mats which almost completely
covered the entire water surface. A similar mat formed
in the control basin: however, the portion of surface area
covered on the control basin was much smaller than that
covered in the baffled basins. Also, the floating mat
in the control basin did not remain attached as in the
other basins; but instead it floated periodically from
one side of the basin tc the other. This permitted at
least intermittent light penetration over the entire
control basin surface. It was felt that these floating
algal mats and the amount of light penetration were a
major facter in producing the difference in the attached
| biomass densities between the basins. These mats will be
discussed more extensively later.

The growth patterns of the attached biomass are

depicted in Figure 21, The baffled basins showed a decrease
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in attached biomass density with increasing distance
from the inlet., This was probably due to the removal of
organic matter as the liguid flowed through the systems.
As the organic matter concentration decreased, the amount
of substrate available for biological growth decreased;
and hence, the attached biomass density also decreased.
However, the contirol basin revealed a peak attached

biomass density about midway through the sysiem. Thi

L47]

was probably duc either to the nature of the light
penetration or to the hydraulic flow pattern.

The attached biomass densities of the over-and-under
basin were particularly interesting. They indicate that
the growth of attached biomass was dependent on light
penetration, substrate concentration, and the hydraulic
flow pattern of the system. Figure 22 indicates that the
upstream sides of the under-flow baffles had a greater
attached biomass density than did the upstream sides of
over-flow bafiles. This was probably because the under-
flow baffles penetrated the water surface and thus received
more light while the over-flow baffles were submerged
approximately € inches below the water surface. Also,
as is indicated in Figure 23, the downstream sides of the
under-flow baffles had a greater attached biomass density
than did the downstream sides of the over-flow baffles
for the same reason. In each case, however, the attached

biomass density on the upstream side of each baffle was
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greater than the attached bicmass density of the down-
stream side of the same baffle. This was probably because
the upstream sidesg of the baifles received a mare direct
gubstrate flow due to the hydraulic flow pattern of the
system. Also, in each case the attached biomass density
decreased with increased distance from the inlet because
of substrate removal which occurred as the liquid flowed
through the system.

The vertical distribution of the attached bilomass
appeared to be dependent on light penetration and the
hydraulic characteristics of each pariicular system. A
comparison of attached biomass samples taken from the
bottom half of & given subtmerged surface area sample gite
to attached biomass samples taken from the upper half of
the same submerged surface area sample sgite is shown in
Figures 24, 25, 26, and 27.

There does not appear to be any definite pattern in
vertical attached biomass distribution in the control
or over-and-under basins. However, analysis o7 the
longitudinal and end-around basins’ vertical attached
biomass reveals some very interesting patterns. The com-
parison of longitudinal basin samples in Figure 26 indi-
cates that the upper half samples were denser than the
lower half samples, This was probably due to greater
illumination of the upper half samples. These samples

algso indicate the decrease in attached biomass density
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with increasing distance from the inlet as was mentioned
earlier. The end-around vertical attached biomzss disiri-
bution in Figure 27 exhibited a similar pattern excepl

at Site 2 where the opposite relationship was present.
Site 2 was located on the outside of a 180-degree turn
(see Figure 5). As the liquid flowed around this turn,

it was forced to the outside (25) and consequently surface
wave action and flow velocities were greater aleng the
outside edge of the turn. This surface wave action and
increased flow velocity mey nave washed off the attached
biomass. However, calculations indicated that flow
velocities around the outeide of the turn did not exceed
0.1 feet per second. According to Reid (43), this
velocity is not sufficient to prevent biomass from
attaching. Further evidence of the occurrence of this
phenomena was revealed by comparing thé attached biomass
density of Site 2 with that of Site 2C (see Figure 5).
Site 2C was located on the inside of the same turn as
Site 2, The attached biomass density at Site 2C was 1.68
times greater than that of Site 2.

Even though the control basin had the greatest
attached biomass density, it did not contain the highest
amount of total attached biomass. The total attached
biomass is illustrated in Figure 28 (see Tables A-16,
A-17, A-18, A-19, and A-21 in Appendix A). The over-and

under and longitudinal baffle configurations had the
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greatest amounit of total attached biomass. This was due
to the increased amount of submerged surface area provided
by the baffles in tnese sysiers. Alinough Lthe end-around
configuration had the same amount of submerged surface
area as the other baffled basins, it had the least amount
of attached bilomass. This was probably due to the lack

of light penetration caused by the floating algal mat and
the lincrease in hydraulic velocity through the system
caused by fthe reduction in channel width due to the
baffles.

A& statistical correlation between total attached
biomass end treatment efficiency could not be established
at the 5 percent level.

The floating bicmass was comprised mainly of the
floating algal and bacterial mats mentioned earlier.
These mats are illustrated in Figure B-13 of Appendix B.
In the baffled basins, thesec mats seemed to bridge between
the baffles and to form an umbrella-like structure which
trapped escaplng gases. Often these trapped gas bubbles
formed a ﬁattern on the floating mats which conformed to
the outline of submerged objects, such as the inlet
diffusors or the over-flow baffles in the over-and-under
basin. The trapped gases also formed small, buoyant
pockets which raised the mat in places above the water

gurface. Once the mat had been raised clear of the water
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it became cut off from the substrate supply and would die
forming a hard crust. The hard crust and the floating
mat in general were therefore pracitically impeneirable to
light.

The flostingmat in the over-and-under system had the
gfeatest amount of biomass as is illustrated in Figure
28. This was probably because this type of baffle config-
uration minimized the wush oul of bacteria and algae as
is indicated by the suspended solids datia presented
earlier. The amount of biomass in the floating mats in
the control, longitudinal, and end-around systems was
approximately equal. However, it appeared that the
stability of the floasing mats rather than their magnitude
had a greater influence on the bdiology of the model basins.
There was no statistical correlation at the § percent
level between floating blomass ané treatment efficiency.

The total biomass was the summation of the total
attached bilomass and the floating biomass. A comparison
of the total biomass in each basin is illustrated in
Figure 28, The over-and-under and longitudinal basins had
a greater total blomass than did the control basin while
the total biomass of the end-around basin was slightly
less than that of the control basin. No statistical
correlation between total biomass and treatment efficiency

could be establisghed at the 5 percent level,



The percent loss in total organic carbon through the
system is reported in Table A-22 and A-23 of Appendix A.
Average total orgenlic carbon removal was from 2 to 10
percent less than the removal of soluble organic carbon,
The variation in total organic carbon removal was similar
to that of soluble organic carbon removal. Total organic
carbon was not used as 2 measure of treatment efficiency
because daily variations in total organic carbon removal
appeared to be a function of the amount of biomass washed
out of the system rather than a function of system
performance.

The treatment efficiencies obtained in the model
basins were measured by the percent loss in soluble
organic carbon through the systems. Daily variations in
efficiency for both detention times are reported in
Tables A-24 and A-25 of Appendix A and illustrated in
Figures 29 and 30.

A statistical analysis of the treatment efficiencies
obtained during the 5-day detention period indicated that
at the 5 percent level the control basin was significantly
more efficient than the over-and-under system, but that
there was no significant difference between the mean
treatment efficiency of the control, longitudinal, or end-

around configurations. The end-around and longitudinal
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configuraticns were significanily more efficient than
the over-and-under configurations at the 5 percent level.
Treatment efficiency increascé 17 to 20 percont {see
Figure 31} when the detention time was increased to 17
days. A statistical analysis of the 17-day efficiencies
indicated that there was no significant (5 percent level)
difference between the mean treatment efficiency of the

control basin and the longitudinal and end-around baffliing

configurations. However, the over-and-under configuration

mean treatment efficiency was significantly (5 percent
level) lowar than the control. longitudinal, and end-
around systems.

The lower treeitment efficlency in the over-and-under
gystem may have been caused by mixing between the strictly
anaerobic and the facultative aerobic zone, Golueke (20)
has reported that similar mixing between the aerobic and
anaerobic zZones inhibits treatment efficiency. Also,
formation of the floating algal mat prevents light
penetration beleow the water surface which also would have
limited treatment effectiveness,

Treatment efficiencies obtained with the l7-day
detention time were less variable than those obtained
with the 5-day detention time (see Figures 29 and 30},
The average coefficient of variation for the 5-day deten-

tion time treatment efficiencies was ?.43 percent while
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the average coefficient of variation for the 17-day
detention time treatment efficiencies was 3.25 percent.
A similar condition Qas obsarved by Gloynz and Aguirre
(19) with laboratory scale facultative, anaerobic, and
maturation basins. Apparently model basins are hore
susceptible t¢ changes in environmental conditions at

shorter detention times.

Summary

These model basins did not behave as typical faculta-
tive waste stabilization basins reported in the literature
{31, 61). They did not exhibit the extreme diurnal shifts
in dissolved oxygen, pH, temperature, carbon dicxide, or
alkalinity that are commonly reported for facultative
basins (31, 61). These extreme diurnal shifts probably
did not occur in these models because of their anaerobic
nature.

The anaerobliec nature of these model basins may have
been caused by one or a combination of the following
factors: a) improper theoretical design, b} formation
of the dense floating algal mat, or c) high organic
loading rate. The theoretical design of these basins
provided a small surface area to depth ratio. The excess
depth may have produced an overabundance of bacterial

growth as compared to the algae growth, and thus may have
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upset the typical bateriasl-algal symbiotic relationship
axisting in tne waste stabilization basins. Thus, the
algzae would have been unable to produce the guantity of
dissolved oxygen necessary for aerobic bacterial oxidation
of the organic matter.

The formation of the dense algae mats prevented
adequate light penetration below the water surface. This
could have reduced algae growth and thus limited dissolved
oxygen production. Also, the organic loading rate may
have been great enough to exert an unusually high demand
on the dissolved oxygen resources of the basins.

| Howaver, these model basing did not exhibit striectly
Anaerobic waste stabilization basin characteristics
either. These model basins contained significant amounts
of algae and pH values greziter than those normally
attributed to anaerobic systems (31). In general, these
basins were characteristic of the transition zone beiween
the aerobic and anaerobic zone reported by Meenaghan and
Alley (31).

The unique biological nature of these model basins

should be kept in mind when extrapolating the results of

this study to prototype systems.



CHAPTER V

CONCLUSIONS

Based upon results reported earlier, the following

conclusions may be drawn:

1.

2.

3.

L.

5.

The model basins were devoid of measurable dissolved
oxygen and did not exnibit the diurnal shifts in pi

and dissolved oxygen typically found in facultative

waste stabilization basins.

The dominant algze forms present in the model basins

were Eugzlena and Chlamycdomonas. Other genera present

—— e

were Chlorella and Oscillatoria.

The actual mean detention time of the over-and-under
baffle configuration was 20 percent greater than that
of the unbaffled basin. The actual mean detention
times of the longitudinal baffle configuration and
the end-around configuration were 15 percent and 2
percent shorter respectively than that of the un-
baffled basin.

Diurnal variations in pH, carbon dioxide, alkalinity,
and temperature were similar for both baffled and
unbaffled basins.

The vertical and horizontal distributions of tempera-
ture were the same for all basins and remained

constant at 24 C,
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9.

10,

79

The pH remained constant both vertically and horizon-
tally at 6.0 in the longitudinal and end-around
baffled basins and alsoe in the unbaffled basin. How-
ever, the pH of the over-and-under vaffle configura-
tion increased from 5.8 to 6.1 from inlet to outlet
during the 17-day detention time and from 5,9 to 6.1
from inlet to ocutlet during the 5-day detention time.
The over-and-under and longitudinal baffle configura-
tions had respectively 68 percent and 60 percent more
attached biomass than did the unbaffled system. How-
ever, the end-around baffle system had 14 percent less
attached biomuss than did the unbaffled system. It
appears that attached blomass is affected by light
penetration and hydraulic flow patterns as well as

by the amount of submerged surface area.

For these model basins, no correlation between biomass
and treatment efficiency could be established.
Treatment efficiencies of tﬁese model basins varied
from 44 to 53 percent with an organic leading rate of
%32 1bs. BOD/acre/day and a 5-day detention time.

With an organic leoading rate of 116 lbs. BOD/acre/day

and a 17-day detention time, the treatment efficiencies

of these model basins varied from 61 to 70 percent.
For these model basginsg, the end-arcund and longitudi-.

nal baffle configurations had no significant effect
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on treatment efficiency as compared to an unbaffled
basin. However, the over-and-under baffle configura-
tion reduced treatment efflciency by approximately

10 percent.

In this study the over-and-under baffle configuration
had the best hydraulic performence but the poorest
treatment efficiency. This indicates that future
studies of baifles in waste stabilization basins
should include both hydraulic and Eiological consid-

erations.
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CHAPTER Vi

RECONMENDATIONS FOR FURTHER STUDIES

This study should be repsated on & model which more
nearly approximates a facultative wastie stebilization
basin.

This study should also te repeated on a model which
simulates both the hydraulic and biological features
of the prototype.

Studies of these models to determine the cause, nature,
and extent of the floating algal mat and its effect
on treatment efficiency should be made.

The optimum distance between baffles should be deter-
mined.

The effect of wind acticn on the floating algal mat
and on mixing should be studied.

Studies to determine the role of attached biomass in

the removal of organic matter should be undertaken.
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Table A-l. Analysis of dry dog food supplied by the
manufacturer

Item Quantity ( not less than)
Vitamin A 3000 USP/1b
Vitamin D 1000 USP/1b
Vitamin E 20.0 IU/1b
Calcium 1.0%
Phosphorus 0.8%
Potassium 0.8%
Sodium Chloride 1.4%
Magnesium 0.2%
Iron 45.4% mg/1o
Copper 3.0 mg/lb
Cobalt 1.0 mg/1b
Manganese 2,0 mg/1b
Zine 200.0 mg/1lb
Iodine 0.6 mg/1b
Vitamin Bl2 0.01 mg/1b
Folic acid 0.45 mg/1lb
Thiamine 2.0 mg/1b
Riboflavin 2.0 mg/1lb
Pyridoxane 2,0 mg/lb
D- Pantothenic acid 4.0 mg/lb
Niacin 18.0 mg/1b

Choline 700.0 mg/1b
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Table A-2. Analysis of powdered, nonfat dry milk supplied
by manufacturer

Protein 32.2 gm
Carbohydrate L6.8 gm
Milk fat 0.7 gm
Calcium 1173 mg
Phosphorus 912 mg
Yitamin Bl 0.30 mg
Vitamin B2 l.6 mg
Niacin 0.81 mg
Vitamin A 2000 USP
Vitamin D 400 USP
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Results of dog food nutrient study

above

Table A-jq
Sourcé
Flask Nutrient source concentration Response
(mg/1)
A NaNO3 2545 Significant
MgCl, * 6H,0 12,17
MgSOo, * 70 14.7
CaClps * 2H20 L.b
NaHCO, 15.0
B KZHPOQ 1.04 Significant
. (ug/1)
c H3BO4 185.6h Slight
. MnCly ° 4Hy0 417,18
CoCl, . 6H0 1.43
CuCl, » 2H,0 0.01
NaMoQ) * 2Hz0 726
D FeCl3 . 6H20 159,98 Slight
ABCD All of the Significant
: above
N None of the None

T
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mable A-4. Variation in detention time for the 5-day
detention time

Over-and- End-
Control under Longitudinal around
Eaigazion basin basin basin basin
P (days) (days) (days) (days)
4 5¢3 5.5 5.2 Sebe
_ 5.4 5.l 5.1 5.3
10 o 5,2 5,0 5,7 5.3
13 5,0 542 561 5.2
17 S 5.3 5.1 5.2
Average 5.26 5.28 5,16 5428
Coefficient of
variation 3.18 3. 64 1.73 1.58




Table A-5. Variation in detention time for the l7-day
detention time

Over-and- End-
Days of Control under Longitudinal around
operation basin basin basin basin
(days) (days) (days) (days)
4 12.3 15.0 13.5L 16.7
6 20,2 16.6 16.4 18.7
8 12.5 1147 14,9 13.2
9 - 25.2 20.0 18.9
10 22.9 21.3 26.9 19.4
11 26.9 21.6 21.1 21.6
12 -- 17.2 18.7 20.4
13 12,6 18.6 1643 14,1
14 18.5 15.5 17.1 19.6
16 14,2 15.4 15.1 -—
17 16.3 16.3 18.1 18.5
18 14.2 16.7 19.6 21.1
19 15.8 17.9 19.4 21.3
20 22.2 16.3 16.0 20.3
21 -- 13.4 15.0 10.7
22 14,1 11.5 1) 5 9.9
23 14.5 18.0 17.2 16.1
24 15.0 15.9 15.6 20.4
26 14,1 15.1 15.0 20.5
27 14,5 15.4 16,0 17.0
29 16.4 15.5 14.3 19.8
Average 16.51 16.67 17.06 17.41
CoNTIAGLAnE BF .8 19.0 19.0 22.30
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Table A-6, Variation in substrate total crganic carbon
o and seluble organic carben in mg/l for the
5-day detention time

Days of Sast feed tank West feed tank
operation TOGE Sal. 0OC°P TOC Sel., OC

1 226 180 208 186
2 212 188 218 193
3 200 174 207 182

y 186 170 183 170

5 193 170 194 168

8 178 166 174 151

’? 205 186 206 . 186
8 196 178 187 165
9 193 182 196 182

10 201 181 205 175
11 — —-- o -
12 176 154 182 166
13 210 191 200 181
14 202 182 203 181
15 225 192 232 216
16 160 146 184 148
17 216 175 216 177
18 | 192 169 192 164

Average 198.50 175.5 199,18 175.9

Brotal organic carbon
bSoluble organic carben
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Table A-7, Variation in substrate total organic carbon
and soluble organic carbon in mg/l for the
17-day detention time

Days of Fast feed tank West feed tank
operation TOC Sol, OC TOC Sol. OC
1 —— _— e _——

pd 165 1286 174 127
-.E 178 146 152 123
1 ——— ——— ——— —_——
& - - ——— _——
-7 204 158 208 154
8 194 152 202 152
9 218 178 216 180
10 192 168 189 176
11 187 163 Lad 168
12 196 154 198 154
13 164 139 166 135
14 198 170 184 172
1g 172 154 188 165
16 170 154 188 165
17 179 176 173 150
18 192 164 196 195
19 151 142 162 140
20 - -—— —— -——-
21 169 151 169 151
22 174 158 172 154
23 183 151 172 148
24 150 172 186 152
25 —— -—— ——— -
26 -—— - - -
27 -—— -—— - -
28 ——- -— ——— -
29 181 153 198 153
Average 182.85 156.8 181.85 156,2

1



Tabhle A-8,

Effluent dye
concentrations
for the con-
trol basin

Table A-9D,

97

Effluent dye
concentrations
for the over-
and-under basin

Time alter
injection

of dye in
minutes

Effluent dye
concentration

in
mg/l x 10

100

120
130

O OOONONOND Q

L} L] L ] - [} -

GO O M NWW FEU v o

Time after
injection
of dye in
minutes

Effluent dye
concentration
in 3
mg/l x 10

15
25
30
35
40
L5
50
55
&0
65
70
75
80
85
90
95
105
115
125
135

OO OOV O DD

e =t PO A N P b=

OO OQOoONEFVINMAFOFONMHOO

- L - - w - -
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Table A-10. Effluent dye Table A-11., Effluent dye

concentrations concentrations
for longitu- for the end-
dinal basin around basin
Time after Effluent dye Time after Effluent dye
injection concentration injection concentration
of dye in in 9 of dye in in 3
minutes mz/1 x 10 minutes mg/1l x 10-
0 0 0 0
1 12.2 5 8.2
3 17.1 15 13.6
5 13.0 25 13.6
10 10.0 30 13.6
15 19.6 35 12.6
20 19.6 40 12.6
25 16.0 LS5 10.0
30 14.1 50 8.2
35 11.0 55 7.6
40 8.6 60 6.0
Ls 5.0 65 4.6
50 3.6 70 3.0
55 e 75 2.6
60 l.1 80 2.6
65 0 85 2.6
70 0 90 1.6
75 0 95 1.2
80 0 105 0.6
85 0 115 0
90 0 125 0
95 0 135 0
100 0
110 0
120 0
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Table A-12. Control basin attached biomass densities
for both detention times

: 5-day deterntion 17-day detention
Site time densgities time densities
mg/in mg/in*
1 405 6.0
2 6-5 1!0
3A 26.9 12.1
3B 8.3 10.0
LA 16.7 17.3
LB 19.1 16.32

Table Aélj. Over-and-under basin attached blomass
densities for both detention times

5-day detention 17-day detention
Site - time dengities time dengities
mg/in? mg/in

-

+—l
]—l
FHORRETE OO O T W D
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H
* & B
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Table A~14. Longitudinal basin attached biomass densities
' for both detention times
5-day detention 17-~day detention
Site time dengities time dengities
mg/in mg/in
14 9.9 6.3
lB b‘oa 9'3
2 9.9 L.s
3 4.0 1.5
i 2.9 2.3
5 6ol 53
EA 1.7 5.1
6B 1.4 3.0
- Table A-15. End-around basin attached biomass densities
_ o for both detention times
S5~day detention 17-day detention
Site time densities time dengities
mg/in% mg/in
1A 6.0 9.1
18- 4.0 3.2
2A . 1.6 3.1
2B 8.7 0.6
- 2C 2.9 8.8
) Z 3.5 4,2
3'5 0-9
5B 3.6 1.4
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Table A-16., Control basin total attacned bDlomass for
S 5 and 17-day detention times

T Area :
. Total attached biomass
Sampling represented ~ . 5 i
site by sample 5 ?aiaﬁ;T. lf(giimE)T-
(in2) & i
1 990 b, L6 5.94
2 990 6,44 0.99
2 2 R
LA 495 8.37 8,56
LB 495 2.45% 8.07
- Total 63.97 3747

petention time

Table A-17. Over-and-under basin total attached biomass

for 5 and 17-day detention times

Area " )
Samolin revresented fotal attached biomass
s?te & b§ sample 5-day D.T. 17 -day D.T,
: {(in? (grams} (grams)
1-2 2,417 29,80 21,92
3~k 2,282 16.80 15,97
5-6 2,282 11,18 10,73
7-8 2,282 7430 12,55
9 2,282 £.62 9.81
10-11 2,282 L.0h 5.18
12-13 2,417 11.36 6.53
87.10 82.69




Table A-18.
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End-zround basin totzl attached biomass for

& and l7-day detention times
brea .
Sampling represented 5?3231D?;?a0he§?Eé;$ag?T.

gite by(?iT le (grams) (grams)

1A 1658 11.75 17.82

1B 1958 7.83 6.27

2A 1760 2.82 5.46

28 1760 15.31 1.06

3 3520 6.34 6.34

S 1958 2.74% 2.74
Total 46.79 39.69

Table A-19,

Longitudinal basin total attached biomass

for 5 and 17-day detention times

Area , .
Sampling represented 5T3ta1Da;tache% bé?magsT
site by sample mcay U.se 7-day D.l.
(in2 {(grams) (grams)
14 2574 25.48 16,22
- 1B 2574 12436 23.94
2 g9a 9.80 k.46
_ 2 3366 1.34% 5.05
R 390 2.87 2.28
 6A 1267 5.55 16,67
6B 3267 .57 11.11
Total 72.11 88.13

[
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Floaiing biomass for each basin for both

- Table A-20.
detention times
5~day detention 17-day detention

Basin time in time in

grams grams
Cantrol 48.5 ©8.,0
Over-and-under 54,8 154.,0
Longitudinal 85.2 72.6
10C.5 LE.8

End-around

Table A—2lc

each basin in grams

Average of 5 and 17-day detention time total
attached, floating, and total blomass for

Total .
Basin attached . {jonl 0 oianass
Control : 50.70 ?1.75 124. 60
Over-and- 8%.90 104 .40 189.30
under
Longitudinal 80.10 78.90 159.00
116.98

End-around 43,00 73.7




Table A-22, Variation in total organic carbon removal
for the S5-day detention time

Bave of Control Over-and- Longitudinal End-zround
5 eiation basin under basin basin basin
P () (%) (%) (%)

6 &Yy 39 L3 50

7 34 34 36 L2

8 k5 39 35 Ll

9 L1 43 L0 L2

13 47 L8 50 47

17 L7 L3 TS L6

18 Ly L) L7 L7
Average 43.1 41.0 L2.4 45.0
g™ 4.5 3.4 5.6 Jolt
cv® 10.5 7.8 13.3 2.5

8sStandard deviation

bCoefficient of variation
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Table 4A-23. Variation in total organic carbon removal
for the 17-day detention time

Bavi &1 Control Over-and- Longitudinal End-around
6 eiation basin under basin basin basin
p (%) (%) (%) (%)
10 63 58 72 63
11 70 64 66 6l
14 65 60 67 65
17 66 58 €6 63
22 61 59 6l €5
24 -- - = -
29 67 60 67 68
Average 65.3 59.8 67.0 68.7
S 3.1 2.2 2.7 1.9

cv L.8 3.7 k.o 2.8
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Table A-24, Variation in treatment efficlency for the
5-day detention time

e ——————— ———

e e —— e e ———

Deveg ‘of Control Over-and- Longitudinal End-around
x eiatgon basin under basin basin basin
P (%) (%) (%) (%)
6 53 L3 51 53
7 L5 39 Ll Lé
8 51 b1 bl 50
9 53 47 50 L9
13 sk Ly 49 50
17 56 L9 52 52
18 59 L6 57 50
Average 53.0 4,1 "’9. 6 50 .0
S L.b J.l L.6 8.9

cv 8.2 7.8 9.2 4.5
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Table A-25. Variation in treatment efficlency for the
. 17~day detention time
Control Over-and-~  Longitudinal End-around
ouiiztggn basin under basin basin basin
P (%) (%) (%) (%)
10 €8 6l 67 67
11 71 63 67 66 .
14 69 6l 71 68
17 70 61 70 £6
22 69 61 70 71
24 71 55 7)1 70
29 73 60 75 73
Average 70.14 61.29 20.1b 68.71
S 1.67 1.7¢ 2.7 2.7
CV 21“ 2.8 3!9 3'9
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Figure B-1. Contrcl basin light intensity variation in
foot candles at the water surface at the
beginning of the experiment,
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Figure B-2. Control basin light intensity variation in
foot candles at the water surface at the
end of the experiment.
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Figure B-3. Over-and-under basin light intensity varia-
tion in foot candles at the water surface
at the beginnirg of the experiment.

600| 700

900

900

1000

1000

600

600

mneuent | 209 89°

1100

1200

1200

1100

800

800

Effluent
-

600| 300

1100

1200

1200

1100

800

800

600| 700

900

900

900

900

600

600

Figure B-4. Over-and-under basin light intensity varia-
tion in foot candles at the water surface
at the end of the experiment.
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Figure B-S. Longitudinal basin light intensity variation
in foot candles at the water surface at the
beginning of the experiment,
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Figure B-6. Longitudinal basin light intensity variation
in foot candles at the water surface at the
end of the experiment.
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End-around basin light intensity variation

in foot candles

beginning of the experiment.

at the water surface
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End-around basin light intensity variation
in foot candles at the water surface at the
end of the experiment.
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Appendix C
Sample Calculations
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SAMPLE CALCULATIONS FOR DETERNINING

DAILY TREATVENT EFriCI1ENCY

The treatment efficiency for the control basin on

May 11 was calculated as follows:

Detention time = 5 days
Average influent substrate soluble
organic carbon concentration for
May 7 to May 11 (5 days) = 172.8 mg/l
Effluent soluble organic carbon
concentration for May 11 = 71.0 mg/1
Treatment efficiency =
1.0 mg/) N
E - 172.8 mg/1| X 100% = 59%






