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Lo, K.V., Liao, K.V. and Van Kleeck, R.J. 1991. A full-scale sequenc
ing batch reactor treatment ofdilute swine wastewater. Can. Agric.
Eng. 33:193-195. An aerobic treatment system consisting of three
sequencing batch reactors was installed on a swine farm. The reactors
were operated at ambient temperature and run in series. A cycle of four
hours with a react period of 3.3 hours was adopted. One thousand four
hundred litres of swine wastewater were treated and discharged each
cycle. A mean cell residence time of fourteen days was maintained
after the fifteenth week. The reactors were monitored regularly for
seven months. The results indicated that very high biochemical oxygen
demand removal (more than 91%) was achieved. In general, effluent
biochemical oxygen demand concentrations were below 50 mg/L. No
nitrification occurred in the beginning of the experiment, although
nitrification was observed in the second part ofmonitoring period. The
sequencing batch reactor system proved to be an effective treatment
method for dilute swine wastewater.

On a installe, dans une porcherie, un systeme de traitement aerobie
a l'aide de trois reacteurs discontinus en serie. Les reacteurs

fonctionnaient a la temperature ambiante et en serie. On adopta un
cycle de quatre heures avec une periode de reaction de 3,3 heures. 1400
litres d'eaux usees ont ete traites et decharges a chaque cycle. Un
temps de residence moyen en cellule de quatorze heures a ete maintenu
apres la quinzieme semaine. Les reacteurs etaient controles
regulierement pendant sept mois. Les resultats indiquerent une tires
grande reduction de la DBO, ou demande biochimique d'oxygene
(plus de 91 %). En general, les concentrations de DBO des effluents
etaient infeneures a 50 mg/L. II n'y a pas eu de nitrificationau debut de
rexperience,bienquece phenomeneaiteteobservedans la secondepartie
de la periodede surveillance.Le systeme de reacteursdiscontinusen serie
s'est avere tresefficacepour le traitementde ces eaux usees.

INTRODUCTION

The trend for swine operations in British Columbia to intensify
production has created severe waste disposal problems. The
land required for manure spreading is often not sufficient
given the number of animals. This can result in an overloading
of the treatment capacity of the plant-soil-water system as
contaminants gain access to waterways and ground water due
to surfacerunoff and percolation. If this type of pollution is to
be avoided, it is essential that efficient waste treatment sys
tems be developed for such intensive operations. This
technical note reports the results of research aimed at the
development of such a system.
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SBR OPERATION

A full-scale system of sequencing batch reactors was used to
treat the swine wastewater on an operation in Langley, BC.
The sequencing batch reactor (SBR) is a fill-and-draw acti
vated sludge treatment system which consists of one or more
tanks, each capable of waste stabilization and solids separa
tion. Each tank is operated through a succession of five
periods: fill, react, settle, draw, and idle. In terms of kinetics,
an SBR behaves as an ideal plug-flow reactor (Dennis and
Irvine 1979). The SBR has been successfully used in the
treatment of municipal and industrial wastewater, where the
high treatment performance resulted in excellent effluent qual
ity (Irvine et al. 1985; Ng 1987).

The swine farm on which the SBR system was located
currently produces 3600 hogs annually. The farm has insuffi
cient crop land to dispose of the approximately 14,000 litres of
swine wastewater which are produced daily. The farm's exist
ing wastewater treatment system which consisted of a manure
holding tank and a manure storage lagoon which collects all
the discharges from the farm was also inadequate for this
volume of wastewater. To have an effective wastewater treat

ment system, a SBR system was added to this existing
treatment system. The reactor design was based on the results
of a bench-scale study of swine wastewater conducted at the
University of British Columbia. The SBR system comprised
three 8000 litre cylindrical SBRs (4.8 meters tall and 1.8
meters wide) run in series (Fig. 1). The swine wastewater was
pumped into the first reactor (Reactor 1), the effluent from the
first reactor was treated in the second reactor (Reactor 2), the
effluent from the second reactor was further treated in the third

reactor (Reactor 3) from which the final effluent was dis
charged into adjacent land.

The results of the bench-scale study also indicated that an
operating mode of a 4 hour cycle with a withdrawal of forty
percent of reactor capacity yielded acceptable treatment per
formance, and this mode was therefore adopted. In this study,
a cycle consisted of the following:

Aerated Fill 0.1 hours

React 3.3 hours

Settle 0.5 hours

Draw 0.1 hours
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Fig. 1. A schematic diagram of the SBR system.

Idle

Total

0.0 hours

4.0 hours

Quiescent settling took place at the end of the React period
for 0.5 hours. At the end of this period, an automatic valve
opened and the clarified effluent (supernatant) was discharged
into the next reactor or into the effluent holding facility.

One thousand four hundred litres of wastewater were

treated and discharged each cycle. Mixing and aeration were
provided in the SBRs by WYSS fine bubble diffusers. Com
pressed air was supplied to the diffusers by blowers located in
the control room. Operation ofall motors, pumps, blowers, and
valves was controlled by a programmable process controller in
accordance with the desired operational objectives.

The SBRs were run at ambient temperatures which ranged
from 12 to 38°C over the course of the study. Based on the
results of the bench-scale study, sludge was wasted each cycle

Table L Summary of treatment efficiency (weeks 1 &2)
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from each tank. A mean cell residence time of 14 days was
maintained after the fifteenth week. The hydraulic retention
time (HRT) was calculated as 22.9 hours. The reactors were
monitored regularly over a period of 25 weeks (from March to
August, 1988).

ANALYTICAL METHODS

Influents and effluents of each reactor were sampled and
analyzed regularly. The samples collected for the study were
manual composites collected by the operator. Following stan
dard methods (APHA 1985), the major parameters monitored
were chemical oxygen demand (COD), 5-day biochemical
oxygen demand (BOD5), total solids (TS) and volatile solids
(VS). Ammonia-nitrogen (NH3-N) and nitrite-plus-nitrate-ni
trogen (NO2+NO3-N) were analyzed using a Technicon
Auto-Analyser II. Dissolved oxygen (DO) levels in the reac
tors were aiso monitored using an oxygen meter (YS157).

Influent Treated effluent Removal*

(mg/L) (mg/L) (%)
1 2 3 1 2 3

BOD5 640 123 80 56 81 88 91

COD 2297 1570 1390 1335 32 40 42

NH3-N 358 323 320 320 - - -

NO2+NO3-N .44 .39 .33 .24 - - -

TS 2680 2336 2156 2102 13 20 22

VS 1590 1310 1162 1089 18 27 32

pH 8.1 8.9 9.1 9.1 - - -

Based on the influent concentration.
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Table n. Summary of treatment efficiency (weeks 15-25)

Influent Treated effluent Removal8

(mi5/L) (mg/L) (%>
1 2 3 1 2

BOD5 507 (115)* 61 (24) 38 (16) 33 (168) 88 93

COD 2347 (253) 1381 (315) 1138 (254) 1059 (252) 41 52

NH3-N 330 (64) 47 (32) 41.3 (29) 43.6 (13) -

NO2+NO3-N 0.56 (0.07) 276 (83) 276 (91) 296 (145) -

TS 3199 (467) 2920 (455) 2463 (1057) 2610 (514) 19 23

VS 1787 (361) 1552 (304) 1416 (252) 1339 (271) 13 31

PH 7.6 (0.2) 6.1 (0.3) 6.0 (0.5) 6.1 (0.2)
-

8 Based on the influent concentration.

Figures in brackets are standard deviation.

RESULTS AND DISCUSSION

Theswinewastewaterused in this studywas diluteand consistent
in quality. The influent had BOD5 and COD concentrations
which variedfrom 342-656 mg/Land 2013-2826 mg/L, respec
tively. The TS concentrations were between 1650 and 3848
mg/L.The VS were approximately sixty percent of TS.

Preliminary results from the full-scale system are presented
in Tables I and II. Table I shows the summary of operation for
the first two weeks, two sets of analyses were performed for
all the reactors. To allow for the accumulation of the active
bacterial biomass, there was no sludge wasting prior to week
15. Theresultsfromthe timeperiodof week15 through week25
are reported in Table II. Nine sets of data were collected for the
first and second reactors. However, due to the malfunction of the
compressor, Reactor 3 was shut down in week 19 with the result
that only three sets of data were tabulated for this reactor.

The data showed that high BOD5 removal efficiency was
obtained. In the first two weeks of operation, an overall reduc
tion of 91% was achieved (Table I). As the experiment
advanced, the first two reactors accomplished 93% of total
BOD5 removal (TableII), with80%of thereduction occurring
in thefirstreactor. The secondand thirdreactorsonlycontrib
uted an additional 5 to 10% of BOD5 reduction. The highest
concentration of the mixed liquor suspended solids (MLSS)
was also obtained in the first reactor. For example, at the 25th
week, MLSS concentrations were 3770, 1960 and 626 mg/L
forReactors 1,2 and 3, respectively. The sludgeconcentration
in the first reactor was more than double that of the second
reactor. The high sludge concentrations in the first reactor
mightbe attributed to a major reduction of BOD5in the overall
treatment of the wastewater. In general, the BOD5 concentra
tion of the treatedeffluentwas less than 50 mg/L.

COD analyses are also presented in Tables I and II. The
relatively high COD value and high COD:BODs ratio indicate
that theswine wastewatercontained a large quantity of non-bi
odegradable organic material. The COD treatment efficiencies
in terms of percentage were therefore much lower than those
ofBOD5. Although effluentBOD5concentrations werelow,the
effluent COD concentrations remained very high. Given the large
portion oforganic material which resisted biodegradation, theTS
andVSremovals werealso very low (TablesI and II).
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No nitrification occurred in the first two weeks of the oper
ation, as evidenced by the fact that both ammonium and nitrate
nitrogen in the reactors were similar in concentration to the
influent (Table I). However, nitrification was observed in the
second half of the monitoring period (Table II). Nitrate con
centrations in the reactors then reached a very high level (296
mg/L), while ammonium decreased to 47 from 330 mg/L. The
high concentrations of nitrate in the reactors indicated that the
denitrification process was not of consequence under this op
erating strategy.

The results showed that the SBR system is a viable method
for the treatment of swine wastewater which produces an
acceptable effluent. Research was curtailed as of February,
1989,when unexpected cold weather and a consequent power
failure caused severe damage to the reactors. The reactors
were subsequently reconstructed below ground level in order
to prevent this recurring. A settling chamber has also been
added to the treatment system. This will increase the stability
and treatment efficiency of the SBR. Additional research is
now underway.
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