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Introduction

Vacuum Bubble® Technology (VBT™) creates micro bubbles of air that are neutrally
buoyant. The bubbles are created under a partial vacuum and, as a result, the internal
pressure of the bubbles is lower than that of the surrounding water. Consequently, the
bubbles collapse to an average dimension of 0.25 mm in diameter. Because of their
small size and neutral buoyancy, the bubbles remain in the water for many minutes.
These micro bubbles increase the oxygen transfer potential in the water which, in turn,
enables aerobic bacteria to consume the organic waste in the water.

Following is the report as presented by the Baylor Wastewater Research Program
at Baylor University



Aeration Retrofit to Septic System

Phase Il
30-day test

A study of the effects of aeration systems on traditional
septic systems

Baylor Wastewater Research Program
Baylor University
Waco, Texas

March 21, 2009



Introduction

Purpose

The purpose of the project was to determine the efféedding aerators to a traditional
septic system in order to assess the potential forfitetrg traditional septic tanks in an
effort to improve traditional septic system performatceddition to improving the
septic tank effluent, one particular aspect of the ptrageto assess the impact of aeration
in the septic systems to the leach field performafide evolution of this study created
two sampling phases and offered the opportunity to stresthée¥BT micro bubble
process under several different conditions not normadhgteunder NSF Standard
protocols.

Location

The study was conducted at the Baylor Wastewater RésBPangram (BWRP) research
site in Waco, Texas. The site is located at the \W&ewopolitan Regional Area
Sewerage System (WMARSS) adjacent to the NSF Inienadt Waco site.

Methods

Wastewater was pumped form the WMARSS facility toNIs# facility then to the
BWRP facility where the wastewater was dosed to two 780rgseptic tanks placed in
series (figurel). The dosing followed the NSF/ANSI Stathd® design loading format
as the septic system received 500 gallons per day apportio©@8 gallons (35%)
between 6:00 am and 9:00 am in the morning, 125 gallons (25%)dreide)0 am and
2:00 pm, and 200 gallons (40%) between 5:00 pm and 8:00 pm to sitmolestehold
use. Effluent from the first tank flowed by gravity to gecond tank and effluent from
the second tank was pumped using peristaltic pumps to twoil(2pksomns to represent
the effect of a leach field. One of the soil colurnwas filled with a type 1b soil and the
other was filled with a type 3 soil. Effluent was pumpzthe soil columns scaled in
volume to the column size in a flow proportional ambof (35%, 25% and 40%) and
during the same dosing times as the design loading sehetibé effluent from the soll
columns drained by gravity to sample bottles stored in eeftor and collected every
48 hours (figure 2). Effluent samples from the two septesns were collected by
peristaltic pumps in a flow proportional 24-hour compoalse stored in the refrigerator.

Phase I of the study started in December, 2007 and conclut#sdyjr2008. Thirteen
weeks of dosing without any aeration occurred from LateeBer, 2007 to April 1,
2008. Accumulated sewage sludge was allowed to remain inrtke aéter the anaerobic
start up period and before the VBT units were installedl Afr2008. Phase | sampling
was completed in May of '08 and the sludge volumes we@sared in both
compartments of both tanks. The two VBT units were cleeédeproper operation and
both reactor tanks were then operated for six mantker a continuous 500 GPD load
without further sampling. The Phase Il sampling period eséablished to occur during



the coldest two months, December and January, to evahe¥BT Micro Bubble
performance during lower influent temperatures and thdtirggueduced rate of
biological activity. Sludge volumes were again measuréadand after the Phase Il
sampling period. Phase Il began after the aerators leadrbening for 9 months. This
phase (I1) focused on the reduction of parameters fremnfuent to septic effluent and
then to soil column effluent (soil columns simulatedemtial leach fields). Samples from
the raw influent and septic effluent were collected aralyaed 3-5 days a week for
CBODs, TSS and Nitrogen species but only weekly for P (TPR{D) and bacteria
(E.coli and Fecal Coliforms). The soil columns wené/@nalyzed once a week because
of the small volumes of effluent and the coordinatiothwblding times and lab analysis.
In situ parameters were measured in the septic tanke afftuent port with a YSI 650
multiparameter probe and meter for T, Ec (electrioabcictance at 25 degrees C), pH
and DO.



Figure 1. Dosing design. The wastewater flows frondtig@ng bucket in the upper right
to the tank oriented perpendicular to the view and thelmettaink oriented parallel to the
view in the forefront of the photo. The aeratorslacated under the black risers and due
to the small ¥4 mm bubble size and low velocity delivgstesm the air does not appear
to mix or agitate the settled solids.

The two tanks contained compromised partitions thatvatibfluid flow from the first to
the second chamber and the aerators were placed insthehfimbers of each tank. The
setting of the retrofit aerators is less than optmfar efficiency but a good worst-case
scenario for a test and appropriate for the situatiomsranly found in the field.



Figure 2. Soil columns and refrigerator.



Results and Discussion

The effluent mean values after 30-days of aerationdptiS Tank AA1, Septic Tank
AA2, Type 1b soil and Type 3 soil are compared to the Réweint during those same
30 days in Table 1. More detailed data can be found in Appdndihe more detailed
data in the Appendix show median as well as mean vedu€&BODs. The median
values may be more applicable because of a few outli¢he data.

Table 1. Mean 30-day values for retrofitted systems &ftaonths of aeration.

Raw to Raw to
System Raw AAl AA2 Soillb Soil 3 AAl AA2
% %

Parameter Mean Mean Mean Mean Mean reduction  reduction

CBODs mg/I 235 43.5 29.4 NA NA 81 87

TSS mg/l 186 22.6 7.4 NA NA 88 96

TKN mg/I 39 36 36 5 1 NA NA

NHs-N mg/l 24.5 27.8 30.3 5.1 0.2 NA NA

NOz; mg/l .16 A1 A1 19.5 28.4 31 31

PO, mg/l 4.39 421 3.93 0.66 0.06 4 11

TP mg/l 6.04 4.66 4.25 0.46 0.05 23 30

E. coli col/2100mlI 2,635,000 391,067 59,199 21 711 85 98

Fecal col/1000ml 2,322,500 166,040 41,217 10 174 93 98
Temperature C 17.6 15.8 15.7 NA NA
Ec uS 933 1289 950 NA NA
pH units 7.11 6.97 7.30 NA NA
DO mg/l NA 74 1.29 NA NA

The addition of aerators in septic tanks AA1 and AA2 prod@B@Ds and TSS values
that were quite low and there was significant improverfrem AALl to AA2. The
addition of oxygen may have continued to drive the Necgad appeared to increase
NHs—N in the septic tanks but the MHN decreased drastically in the soil columns.
However, the total nitrogen as measured by TKN appears teadecslightly from the
raw in the septic tanks then decrease drastically isghe€olumns. The Nevalues also
appear to decrease in the septic tanks slightly but tfezatices are not statistically
significant. The nitrate values increase significamtithe soil columns and much more
so in the Type 3 soil column. The TP, £8. coli and Fecal coliforms all decrease
throughout the treatment train. The largest decreases m the soil columns but the
aerated septic tanks also decreased each of thesespenmmlthough the soils
decreased the TP and P€ignificantly in this 30-day study, the soil should eveaiiy
saturate with respect to its ability to adsorb P and tthembility to decrease P would



cease. There may be some additional extractionafd\P by plants. Although there
may have been some extraction from the soil during thdysthere should be more
during warmer weather when the plant growth is greater.

The qualitative results include no odor coming from thetiseéanks, large and small
bubbles forming on the surface of the septic tanks’ efflead, and no problems with
soil column clogging during the study.

Early in the study (January and February, 2008) there avene times when the soil
columns overflowed. Although the columns were not disabted, it is hypothesized
that a biomat may have formed below the gravel layere/the effluent was being
added. This problem was not encountered after the aeratoesadded but the warmer
temperatures may have also contributed to better treaiméhe soils.

The septic tanks were measured with a sludge judge aftenths of operation without
the aerators and the again 6 months after the retntifitaerators and the following
results were recorded both times. The sludge that had atatechwas not pumped from
the tanks prior to adding the aerators. The area imtedgiander the aerator on the first
septic tank had only 3-4 inches of sludge but the areagffattay from the aerator
contained about 8 inches of sludge. There were 12 inclehgdafe in the outlet area of
the first septic tank. The second tank had 7 inchesidfislin the aerator area and 3-4
inches in the outlet area. Therefore, the aerapipeared to halt the development of the
sludge.

This 30-day test for a retrofitted aeration unit was coretliduring December, 2008 and
January, 2009. The temperatures were not optimum forrizdctevelopment and
decomposition of organic matter (high 20.2C, mean 17.6C and2oWC) but they did
not drop low enough for any extended period of time tolbedterial growth completely.
Therefore, the test is somewhat of a worse casesgoen this regard. On the other
hand, the lower temperatures can be helpful for disgobxygen levels. However,
because the oxygen source in this case included actual bubtilesvater column for
extended periods of time, bacteria had oxygen availakievimnot dissolved. It is
possible, and perhaps probable, that there would be simitarrasnof oxygen available
to bacteria even with warmer temperatures and theréfiere would be increased
bacterial growth and better treatment with warmer teaipees.

Conclusions

The addition of the aeration units appears to produckatavedy high quality effluent
from the two septic tanks in series with regard tohallparameters that were measured
except the nitrogen. Total Nitrogen increased 4% aftdr taatctors indicating the
settled solids may have contributed to the total N lowbtherefore the total organic
load. Because this increase in total N appears to be iNkg-N phase, there may have
been some additional ammonification from the aeratiotine maturation of the influent.
Reported effluent values for Nitrogen, CBOD, TSS and atbestituents probably
include partial digestion of settled solids. The two raaetioks were undersized and did



not provide adequate retention time for the 500 GPD flowdiouprovide a
demonstration of anticipated performance when retnagittimaller septic tanks resulting
in short retention times.



CBOD RAW
10-Dec 182
11-Dec 188
12-Dec 279
17-Dec 195
18-Dec 535
19-Dec 215
22-Dec 226
23-Dec 258
24-Dec 285
25-Dec 215
26-Dec 208
29-Dec 195
30-Dec 192
31-Dec 211
1-Jan 172
2-Jan 161
5-Jan 292
6-Jan 205
7-Jan 168
8-Jan 280
9-Jan 274
Mean 235
Median 211

mg/I

AAl

64
40.7
31.2
39.1
37.9
35.4
36.9
39.5
46.6
86.1
96.9
46.4
35.4
26.5
22.7
22.3
49.4
53.2
37.3
38.3
28.4
43.5

38
mg/I

AA2

25.2
22.3
22.8
20.9
21.7
20.8
21.7
24.2
21.7
55.7
70.9

35
26.9
26.1
37.1
23.3

29
34.2
27.1
27.4
22.8
29.4

25
mg/l
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TSS RAW AAl AA2
10-Dec 120 29 5.5
11-Dec 88 32.5 7
12-Dec 234 15 7.6
17-Dec 84 7.2 3
18-Dec 426 14.2 4
19-Dec 96 11.2 5
22-Dec 152 22.5 8.5
23-Dec 234 25 4.5
24-Dec 290 28.7 5.5
25-Dec 176 44 22.5
26-Dec 248 50 23
29-Dec 126 17 9
30-Dec 102 15.2 5
31-Dec 176 14.3 4
1-Jan 102 26.7 2.6
2-Jan 134 5 2.83
5-Jan 278 32.5 10.3
6-Jan 280 31.8 10.7
7-Jan 80 20.5 5.33
8-Jan 244 19.3 6
9-Jan 234 12 3.82
Mean 186 22.6 7.4
Median 176 21 6

mg/| mg/| mg/|
TSS mean values
200
1580
= 100
40
q [
RAW A AsD
a6 % 95%
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TKN Raw AAl AA2 Soillb Soil3
10-Dec 44 37.7 35.7 4.09 1.27
11-Dec 35.1 36.4
12-Dec 35.1 4.06 0.5
16-Dec 38.1 37.5 44.8
17-Dec 47.3 38.5 0.96
18-Dec 32.3 46.3
19-Dec 33 36.2 5.95
22-Dec 39.2 38.1 0.5
23-Dec 47.2 35.7 37
24-Dec 37.7 41.4 35.7 5.47 0.5
26-Dec 314 31.3 8.02 0.5
29-Dec 34.4 334 36.5 5.29 0.5
30-Dec 52.1 34.7 35.5
31-Dec 34.2 35.1 7.18
1-Jan 30.8 33 35.2
5-Jan 34.1 32.8 35.6 2.98 0.5
6-Jan 32.2 29.4
8-Jan 35.2 27.4 36.5
9-Jan 43.7 37.1 32.9 0.5
Mean 39 36 36 5 1
mg/I mg/l mg/l mg/l mg/l
TKN
a0
40
= 30
=
=0
10
a
Rawy AL AA2  Sail b Soail 3
5% 5% 87 % 97 %
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NH;-N Raw AAl AA2 Soillb Soil3
10-Dec 28.9 29.4 3.87 0.79
11-Dec 31.2 29.4
12-Dec 34.7 3.93 0.05
16-Dec 26 34.9 38.1
17-Dec 26.6 37.6 0.05
18-Dec 26.5 34.9 5.78
19-Dec 24.3 28.1
22-Dec 334 36 0.05
23-Dec 25.4 28.2 34
24-Dec 23.7 26.9 34.9 5.96 0.5
26-Dec 24.2 23.5 6.93 0.05
29-Dec 22.9 23.9 25.8 5.18 0.05
30-Dec 16.4 25 5.55
31-Dec 34.5 27.7

1-Jan 18.9 14.9 25.5
5-Jan 21.2 24.5 27.7 3.22 0.05
6-Jan 22.4 27.9 22.6
8-Jan 28.4 24.9 31.3
9-Jan 27.6 31.9 0.05
Mean 24.5 27.8 30.3 5.1 0.2
mg/I mg/l mg/l mg/l mg/l
NH3-N
350
0.0
25.0 +
= 200
£ 150
10.0
5.0
0.0
RAW AL AAZ2  Soil b Sail 3
25 g 303 5.1 0.2
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NO; Raw AAl AA2 Soillb Soil3
10-Dec 0.13 0.13 0.1 15.9 6.68
11-Dec 0.43 0.1
12-Dec 23.2 9.72
16-Dec 0.1 0.1 0.1
17-Dec 0.1 0.1 13.9
18-Dec 0.1 0.1
19-Dec 0.1 0.1 0.1 21.2
22-Dec 0.1 0.1 31.7
23-Dec 0.39 0.1 0.1
24-Dec 0.1 0.1 0.1 28.4 37.5
26-Dec 0.1 0.1 26 38
29-Dec 0.1 0.1 0.1 12.2 44.6
30-Dec 0.2 0.16 0.1
31-Dec 0.1 0.1 12.4
1-Jan 0.1 0.1 0.1
5-Jan 0.1 0.1 0.1 16.4 39
6-Jan 0.1 0.1
8-Jan 0.13 0.1 0.1
9-Jan 0.1 0.1 0.2 34.2
mean 0.16 0.11 0.11 19.5 28.4
mg/I mg/l mg/l mg/l mg/l
NO3
30.00
25.00
20.00
= 15.00
10.00
5.00
0.00
RAVY  AAI AL ZHoill b Sail 3

016 011 0.1

1958

28.4
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10-Dec
11-Dec
12-Dec
16-Dec
17-Dec
18-Dec
19-Dec
22-Dec
23-Dec
24-Dec
26-Dec
29-Dec
30-Dec
31-Dec
1-Jan
5-Jan
6-Jan
8-Jan
9-Jan
mean

Raw AAl AA2 Soillb Soil3
6.18 4.33 3.92 0.05 0.05
5.23 4.03 0.05
6.7 4.92 4.72 0.6 0.05

4.72 4.33 0.73
6.04 4.66 4.25 0.46 0.05
mg/I mg/l mg/l mg/I mg/I
Fr
7.00
£.00
£.00
= 4.00
=
S 300
2.00
1.00
0.00
Rawy A1 A2 Soillh Soil 3
04 465 425 046 005
P
5.00
.00
® 400
=
2.00
0.0 Rawy  A81 AAD SO -SorS
age  apy,  D2% 9%
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PO,
10-Dec
11-Dec
12-Dec
16-Dec
17-Dec
18-Dec
19-Dec
22-Dec
23-Dec
24-Dec
26-Dec
29-Dec
30-Dec
31-Dec

1-Jan
5-Jan
6-Jan
8-Jan
9-Jan
mean

Raw AAl AA2 Soillb Soil3
5.63 4.14 411 0.23 0.06
3.55 4.19 0.05
3.98 3.97 3.82 0.86 0.06
4.53 3.6 0.9
4.39 4.21 3.93 0.66 0.06
mg/I mg/l mg/I mg/l mg/l
P04

5.00

4.00

— 300

=2

= 200

1.00

0.0 AW aat  AAD Spiqp Soil 3

433 42 3893  [0gE 00E
PO4

5.00

4.00
— 3.00

=

= 200

1.00

n.ao |

Ry AAT AAZ oqilp Soil3
4% 10%  gau  09%
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E-Coli
10-Dec
11-Dec
12-Dec
16-Dec
17-Dec
18-Dec
19-Dec
22-Dec
23-Dec
24-Dec
26-Dec
29-Dec
30-Dec
31-Dec
1-Jan
5-Jan
6-Jan
8-Jan
9-Jan
mean

Raw AAl AA2 Soillb Soil3
1870000 604000 77600 1 26.9
5180
3450000 2010 88.2
1
2820000 48400
437000 24500 2420
2400000 261000 29100 3.1 308
980000 155000 101
16000 121000 1
2635000 391067 59199 21 711
colonies colonies colonies colonies colonies
2.64E+06 4.E+05 6.E+04 2.E+01 7.E+02
E-Coli
+
1.00E+07 nEﬂW
1.00E+06 AT
\.\
" 1.00E+05 \\ME
2 1.00E+04 N
o
= 1.00E+03
=] )
o oil 3
1.00E+02 AN //§
1.00E+01 Soil 1b
1.00E+00
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Fecal
10-Dec
11-Dec
12-Dec
16-Dec
17-Dec
18-Dec
19-Dec
22-Dec
23-Dec
24-Dec
26-Dec
29-Dec
30-Dec
31-Dec
1-Jan
5-Jan
6-Jan
8-Jan
9-Jan
mean

Raw AAl AA2 Soillb
2500000 670000 84000 10
70500 10
2400000 2000
2800000 4200 10
57000 12800
1590000 63000 17000 10
36000 61000 10
2322500 166040 41217 10
colonies colonies colonies colonies
2.3E+06 1.7E+05 4.1E+04 1.0E+01
Fecal
1.0E+H)7 Eay
1. 0EHIE —= vy
1.0E+HI5
@ \\w
= 1.0E+H4 \\
< 1.0E+03 :
3 \ Sail 3,
1.0E+H2
1.0EHT Sail 1b
1.0E+0

Soil3
10

80

560

210

10

174
colonies

1.7E+02
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