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Innovative Sequencing Batch Aerated Lagoon Process

Study Background

This study was conducted at the City of Dunlap WWTF, IA. The City was issued one construction permit
in May 2006 to install 10 units of the Aqua-Vac air inductors into the two lagoon cells. Each cell has the
same storage volume of approximately 9.5 million gallons not counting the bottom two feet. The
maximum operational depth is 7 feet. The population of Dunlap in 2007 was 1112. The purpose for
installing the Aqua-Vac air inductors was to enhance the evaporation rate of wastewater in the lagoon
cells. The Dunlap WWTF could not comply with IDNR’s 180 days storage requirement as a controlled
discharge lagoon. The City did their own study and found out the storage volume could be increased
through the operation of the Aqua-Vac air inductors. Through reviewing the submitted documents, lowa
DNR issued one construction permit for a two-year trial period. The 10 units of 3-hp Aqua-Vac air
inductors were installed in September 2006.

Each 3-hp air inductor is composed of one 2-hp air blower and one 1-hp submersible pump. The pump
draws low D.O. water from the lower pond bottom. Air is introduced into the air inductor, which is a
narrow passage tube, and creates a negative pressure in the air tube. This design allows all of the air
produced by the blower to be transferred into the air inductor and mixed with the low D.O. wastewater at
the emulsion tube. The schematic of the Aqua-Vac air inductor is shown in Figure 1.

The performance of this new installation was closely monitored. Michael Chyi (IDNR Wastewater
Engineering Section) visited the treatment site at the end of September 2007. This was his first visit after
the installation. The liquid level and effluent structure were checked. The operator Tony Warnock was at
the site when Michael Chyi visited.

Nothing really happened until March 2008. The manufacturer of the Aqua-Vac air inductor, Don Frankl,
DNR Michael Chyi, and the City of Dunlap decided to study the evaporation rate by isolation of one
lagoon cell beginning from the predetermined liquid level. Before the evaporation began, we also
measured the D.O. profiles in both lagoon cells beginning on March 23, 2008. All of the Aqua-Vac air
inductors had been shut down since the end of the fall drawdown in 2007. They were all turned back on
March 23, 2008 after the measurement of D.O. profiles was finished. The results of the six-time D.O.
profiles are in the appendix A.

The First Testing

The inter-cell valve was completely closed on April 28 as the necessary preparation for the evaporation
study. For the convenience of starting the two lagoon cells, the primary cell is named South Cell and the
secondary cell is named North Cell. In addition, since each cell is operated individually, it is not
appropriate to use primary and secondary cell. The North Cell finished drawdown on May 13™ and the
waste feeding was alternated from the South Cell to North Cell. Accordingly, the South Cell was isolated
beginning on May 13" Samples were taken near the effluent structure by Tony Warnock (WWTF
operator) from the South Cell and they were sent out to the certified lab. The results of ammonia are
shown in Table 1.

14



Date Ammonia

(mg/L)

“513/080 0 s 13
_ sS2008 48
S8R708 0 s 020

The South Cell had reached very low ammonia concentrations and could be discharged at any time. The
South Cell was kept running for the evaporation study. At that time, the concept of this new process had
not been developed yet. We had no idea that this process could achieve. E. Coli below 100 # org./100
ml.

The June flooding this year had forced us to adjust the plan because the South Cell had accumulated
rainfall more than one foot in one week. We decided to discharge the South Cell and isolate the North
Cell for the evaporation study. The South Cell finished its drawdown on August 1. During the South
Cell drawdown, the waste feeding was entering into the South Cell to allow the evaporation study using
the North Cell. The North Cell was isolated on July 1. We did not take samples during the South Cell
drawdown for the ammonia test because rainfall had greatly diluted the treated wastewater. Besides, we
had tested the ammonia concentration when the South Cell was isolated.

The Fall Drawdown Testing

Don Frankl brought up the possibility for the compliance with E. Coli limits using this process. After
discussion, measurement of E. Coli was included in this study. We also wanted to know what the total
nitrogen removal this process could achieve. The North Cell was ready to discharge in October when the
South Cell was reaching the full liquid level. The North Cell started drawdown on October 10. A pre-
drawdown sample was taken on September 29. The results of the three samples are shown in Table 2.

Table 2

Date Ammonia Nitrate+Nitrite TKN E. Coli CBODs

The 10/20/08 sample was taken when the liquid depth was less than 2 feet. It is possible that the E. Coli
number at the bottom of the pond is higher than the E. Coli number in the liquid. The data has shown that
the process can produce very low E. Coli numbers in the effluent at the fall drawdown. The total nitrogen
in this study was less than 8 mg/L.
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The Third Testing

The North Cell finished the drawdown process on 10/21. We decided to isolate the South Cell on 10/31
and alternate the waste feeding to North Cell on 10/31. Three samples were taken from the South Cell
after the isolation had begun. Table 3 shows the results of the different parameters.

Table 3
Date Ammonia Nitratet+Nitrite TKN E. Coli CBODS
: E,E 113008~ <02 iy '"nf"ifO;G“ = GucaigE
11/13

SR

These samples were taken after the South Cell had been isolated. Based on the results, the South Cell
could discharge the effluent at any time after November 20" and comply with the most stringent
ammonia and E. Coli limits. The South Cell is planned to be discharged at the end of January and the
North Cell will be isolated beginning early February.

The Fourth Testing

We could discharge the South Cell after November 13, 2008 but we did not do that because we left the
South Cell full for the evaporation study. We started the drawdown process of the South Cell on January
16, 2009. Table 4 shows the results of different monitoring parameters.

Table 4.

Date’ Ammonia Nitrate+Nitrite 4 ’ TKN " CBODs ’

19y <02 <0.2 53 <10 15

The sample taken on 1/6/09 was the pre-drawdown sample. These results indicate the ammonia and E.
Coli in the effluent have been very consistent. The drawdown of South Cell was completed on January
28" The North Cell was isolated on January 30®.

The Fifth Testing

The North Cell was isolated on January 30". Ammonia and E. Coli were monitored. The first
sample was taken on February 3™, The results are shown in Table 5.

16



Table 5.

. Date
2/03/09 .
2/10/09 N
3209
3909
3/23/09
~3/30/09
4/6/09
. 4/14/09
421109
424009
4/27/09 ;
Coan9ny
5/1/09
514109

It took 38 days for E. Coli to get down 69 #org./100 ml after the North Cell was isolated on
January 30", The ammonia concentration reached 1 mg/L on May 1. Based on the data, the
North Cell could not be discharged until May 1 in order to comply with the most stringent
ammonia limit of 1.9 mg/L in May. The ammonia drop in March was stagnant. It is indicated
that the system had lost nitrifying ability through winter. It is well known that nitrifying bacteria
is slow growing organisms. The nitrification rate was slowly coming back beginning end of
March. However, we did not see the ammonia drop rate consistently increase through the month
of April. It could be the reason that ammonia being hydrolyzed from the bottom sludge
increased as the weather became warmer. The nitrification rate was significantly increased after
April 24", Tt was dropped 3.5 mg/I from April 29 to May 1.

The North Cell started drawdown on April 24" due to the high water level in the South Cell.
Samples were taken during drawdown. From the drawdown samples, the ammonia dropped
down to 1 mg/L on May 1. This information indicates that the spring discharge has to be hold
until early May. Results of E. Coli during drawdown were all less than 2 #org./100 ml.

The Sixth Testing

The South Cell was isolated on May 6, 2009. Ammonia and E. Coli were monitored. The first
sample was taken on May 11", The results are shown in Table 6.

17



Table 6.

Date ; Ammonia Nitrate+Nitrite
. 6/01/09 W<0.5

Coli CBOD;
: 27‘ e : . VK

Description of SBAL Process

The present invention provides an sequencing batch aerated lagoon process for the treatment of
municipal wastewater carried in a minimum of two lagoon cells. The following description is
based on a two lagoon cell system; cell A and cell B. Only one lagoon cell accepts wastewater
from the raw wastewater feeding line at any given time. The biological reactions occur under
aerobic conditions in the liquid and anoxic conditions in the bottom sludge. Each lagoon cell is
operated on a fill-draw basis in a sequencing manner. When municipal wastewater is entering
into the cell A, the cell B is at a predetermined liquid level condition. Waste feeding into the
lagoon cell A continues until it is filled to a predetermined liquid level. The lagoon cell B at the
predetermined liquid level begins to discharge under the condition that the liquid level of lagoon
cell A is close to its predetermined full liquid level. The drawdown of the lagoon cell B
continues until a predetermined lowest liquid level is reached. The raw wastewater is then
alternated to enter into the lagoon cell B. The steps of filling the lagoon cell B, discharging the
lagoon cell A, and alternating waste feeding from the lagoon cell B to lagoon cell A occurs in the
next cycle. Air is provided by either a surface mechanical aeration system or a diffused bubble
aeration system. The aeration system is shut down during the drawdown mode when the liquid
level does not allow the aeration system to operate. The air is turned back on during the filling
mode when the liquid level allows the aeration system to operate. The capacity of the lagoon
system depends on the flow records of the wastewater treatment plant.

If the system has more than two lagoon cells, each lagoon cell will go through fill mode, full
liquid mode, and drawdown mode in a sequencing order of all lagoon cells.
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Figure 2. Cell A Starts Filling When the Cell B Is Full.
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Appendix A
D.O. Profiles of Dunlap WWTF
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o oB3 B2 Bl
Aerator

[e]

Secondary Cell
(North Cell)

o *C3 c2 C1

Influent Manhole

ALA2A =
£k Aerator

o

Primary Cell
(South Cell)

Legend |1 foot| 2 feet | 3 feet | 4 feet | 5 feet
Al 0.68 | 0.55
A2 0.58 [ 045 | 04 0.4 0.4
A3 0.51 | 041 | 0.39 | 0.39 | 0.39
Bl 22 1.88
B2 204 | 193 | 1.87 | 1.84 | 1.78
B3 1.89 | 1.81 | 1.73 | 1.68 | 1.66
Cl 143 | 1.14
Cc2 125 | 1.08 | 1.04 | 0.94 | 0.94
C3 1.22 1 1.02 { 097 | 0.87 | 0.86

Effluent Manhole

Date: 3/25/2008

-Water Temperature: 6.5 °C (43.7 °F)

-Dissolved Oxygen measurements from the water surface
before the surface aerators were turned on.

-Water depth: 5'-7"

Note: The one surface aerator as marked * in the secondary

cell could not be started after the D.O. measurements were done.
The two-cell controlled discharge lagoon has the same volume.
The effective volume from 2 feet to 6 feet is approximately 15.4
million gallons.
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Effluen

OE3 E2 El

Primary Cell
(South Cell)

Legend |1 foot| 2 feet | 3 feet | 4 feet | 5 feet
Al 1.31 | 1.08
A2 0.93 | 0.87 | 0.85 [ 0.81 | 0.8
A3 1.3 ] 1.03 | 1.06 | 0.88 | 0.81
o OB3 B2 BI
Aecrator Bl 15.71
B2
Secondary Cell B3
(North Cell) Cl 158 | 15.8
o Cc2
D3 3
D2
DI
. %C3C2 1 Legend |1 foot| 2 feet | 3 feet | 4 feet | 5 feet
D1 15.5 | 15.68] 15.8
D2 16.24 | 16.08 | 16.07 | 15.73 | 15.7
D3 16.13| 163 | 162 | 1551} 15.3
El 095 | 0.84 | 0.7 | 0.67
Influent Manhole E2 0.88 | 0.81 1075 | 0.7 | 0.72
E3 0.95 | 0.87 | 0.83 | 0.81 | 0.77
Manhole
A3A2Alo Aetor

24

Date: 4/2/2008

-Water Temperature: 7.1 °C (44.8 °F)

-Water depth: 5'-11"

-Saturated D.O.: 12.17

Note: The one surface aerator as marked * in the secondary
cell was not on after the last D.O. measurements.

Another surface aerator’s pump, as marked *, was not
working during this visit.



o]
Aerator

Secondary Cell

oB3 B2 Bl

(North Cell)
°p3
D2
DI
Aeroator o0C3C2 Cl
Effluent Manhole
Influent Manhole
A3A2AIo oE3 E2 Et
Aerator
F1
OF2
Primary Cell
(South Cell)
o (o]
Aerator
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Legend |1 foot |2 feet | 3 feet | 4 feet | 5 feet
D1

D2

D3

El 0.93 | 0.83

E2 072 10.65 | 0.6 | 0.6 0.6
E3 067} 06 | 052 | 049 0.47
F1 0.58 [ 0.51 {048 | 047

F2 0.82 [ 065 | 05 | 043 0.4
Legend |1 foot | 2 feet | 3 feet | 4 feet | 5 feet
Al

A2

A3

Bl 925 | 93

B2 9.14 | 9.04 | 9.04 | 8.98 | 897
B3 948 | 927 | 99 | 8.82 | 8.67
Cl

Cc2

C3

Date: 4/09/2008

Water Temperature: 9.7 °C ((49.4 °F)
Water depth: 6'-2"
Saturated D.O.: 11.39




Legend | 1 foot | 2 feet | 3 feet | 4 feet | 5 feet| 6 feet
Al 6.06 | 6.0
A2 6.18 | 5.84 | 579 | 568 | 5.81| 538
A3 6.08 | 593|593 | 60 | 591 5.9
o OB3 B2 Bl -
Aerator Bl 15
B2
B3
Cl 15
o Cc2
Secondary Cell C3
(North Cell)
Aex%tor oC3 C2 Cl
Effluent Manhole Influent Manhole
Date: 4/16/2008
-Water Temperature: 11.4 °C ( 52.5 °F)
-Water depth: 6'-4"
-Saturated D.O.: 10.9
AlAZA30 Acrator Note: The one aerator as marked* was not working during the
visit due to the super wind on 4/15. The blower was back to
function but the pump was missing the nozzle. The pump could
not be turned on. The secondary cell were not measured in the
cell because the D.O. are already saturated.
Q
Primary Cell
(South Cell)
*
Aeroator ©
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Legend |1 foot | 2 feet | 3 feet | 4 feet | 5 feet

Dl

D2

° o D3
Aerator El 1124

E2 11.37 |11.49 | 11.43 |11.01 [11.02

E3 11.80 j11.60 {11.50 |11.53 [11.60

Fl1

F2

o}

Secondary Cell

(North Cell)
[e] [e]
Aerator
Effluent Manhole Inﬂuent\l:/[anhole
O
Date: 5/13/2008
-Water Temperature: 60.2 °F (15.6 °C)
-Water depth: 6'-5" in the primary cell,
2' in the secondary cell (end of drawdown)
° oE3 E2 El -Saturated D.O.: 10.05
Aerator -Waste feeding was alternated from the primary
cell to secondary cell. The primary cell was
isolated. No waste was entering into the primary
cell.
o]
Primary Cell
(South Cell)
Aeroator °
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Legend |1 foot| 2 feet | 3 feet | 4 feet { 5 feet
Al
A2
o . A3 62 |56 |45 (267 | 242
Aerator El 53 | 47 | 41 32 1299
E2
Secondary Cell E3
(North Cell) FI | 401 | 376 | 27 | 24 | 2.39
° F2
o oC3 C2 CI
Aerator
Effluent Manhole Influent Q;Ianhole
O
Date: 6/20/2008
-Water Temperature: 24.9 °C
-Water depth: Primary Cell — 5'-6", Secondary Cell - 5'
-Saturated D.O.: 8.36
AlA2A30 o Note: The secondary cell is over saturated except close to the
Aerator pond bottom. The D.O. close to the pond bottom ot the secondary
cell was around 5. The raw wastewater has been fed into the
secondary cell since May 13, 2008.
F1
o
Primary Cell E1
(South Cell)
o
o
Aerator
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