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treated mechanically.

Frightening away birds and seals of threatened places seems to be very unsuita-
ble. In most cases the clean-up of oiled birds and seals is also little effective from the
point of view of conservation of the population.
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Abstract. The operation of UASB reactors during the initial start-up period was
studied with unadapted seed material. Different types of sludge granules developed
depending on the start-up conditions and the type of seed sludge used.
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Introduction. The Upflow Anaerobic Sludge Bed (UASB) reactor represents a
high-rate anaerobic wastewater treatment system (Lettinga et al., 1980). Most of
the active biomass in the reactor is present in the form of sludge granules which pos-
sess excellent settling properties. If no acclimatized (granular) sludge is available,
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the first start-up of a UASB reactor is performed with unadapted seed material.
Such a start-up frequently causes specific problems — such as excessive sludge wash-
out — and may be time-consuming. The subject of this study is the operation of
UASB reactors during the initial start-up period with digested sewage sludge as
seed material and volatile fatty acids (VFA) as substrate.

Material and methods. The experiments were performed in 5-litre intermittently
stirred batch reactors and in 20-30 litre UASB reactors at 30 °C. The feed solution
contained approximately equal amounts of acetate, propionate and occasionally
butyrate.

Digested sewage sludge was chosen as seed material, because it is readily avail-
able in industrialized countries and contains a rich variety of anaerobic bacteria.
The larger part of its volatile suspended solids (VSS) consists of refractory material
instead of biomass. In order to determine the methanogenic activity of digested
sewage sludge a standardized batch-fed activity test was used (sludge concentration
2.5 kg VSS per m3; substrate concentration 2.6 kg VFA-COD per m?). The metha-
nogenic activity of samples from 8 different sewage sludge digesters ranged from
0.08 t0 0.2 kg CH,-COD per kg VSS per day. Frequently lag phases occurred.

The start-up procedure of the UASB reactors consisted of a stepwise increase of
the loading rate whenever the COD removal efficiency surpassed 80 to 90%.

Results and discussion. A correlation was found between the original dry suspended
solids (DSS) concentration of digested sewage sludge as obtained from the different
sludge digesters and factors relevant to UASB reactor start-up, notably the VSS
content, the settleability and the methanogenic activity. One extreme is concen-
trated digested sewage sludge (=75 kg DSS per m?), which is inhomogeneous with
respect to the settling characteristics. A large fraction (more than 20%) of the VSS
of concentrated digested sewage sludge will wash out from the UASB reactor dur-
ing the first week of start-up. The fraction of the sludge which is retained exhibits a
relatively good settleability (Sludge volume Index (SVI) of approximately 40 ml
per g DSS) and a relatively low specific methanogenic activity. The other extreme is
dilute digested sewage sludge (<40 kg DSS per m?3). This sludge is much more ho-
mogeneous with respect to settleability and little siudge wash-out (less than 6% of
the VSS) will occur during the initial stage of reactor start-up. The retained sludge
exhibits a relatively low settleability (SVI of approximately 100 ml per g DSS) and a
relatively high specific methanogenic activity.

The average sludge growth yield for the digestion of VFA was 0.022 g VSS per g
COD in batch experiments as well as in UASB reactor experiments. The predomi-
nant bacterial population resembled Methanothrix (Zehnder et al., 1980). The spe-
cific methanogenic activity of newly formed sludge-VSS was determined to be 2.9
kg CH,-COD per kg VSS per day. From the corresponding growth rate u = 2.9 X
0.002 = 0.064 d-! the theoretical minimum start-up time of a UASB reactor treating
VFA and seeded with digested sewage sludge can be predicted to be approximately
35 days (assuming complete biomass retention and an initial average activity of 1kg
CH,-COD m-3d-!, and defining reaching an activity of 10 kg CH,-COD m~3d-! as
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effl_sludge concentration (kgVss. ™) Fig. 1. Gas production rate and effluent sludge concentration during
10 start-up of UASB reactors seeded with different types of digisted
A sewage sludge.

A. Seeded with 10 kg VSS m-3 of sludge with an original concentra-
tion of 43.5 kg DSS m-3. Predominantly sludge bed expansion wash-
out.

B. Seeded with 11.5 kg VSS m-3 of sludge with an original concentra-
tion of 79 kg DSS m=3. Predominantly sludge bed erosion wash-out.
Feed: mixture of acetate and propionate (3 kg VFA-COD m-3). Ar-
time (days) rows indicate the appearance of macroscopic sludge granules.
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the end of reactor start-up). In practice the start-up time is longer, i.e. 60 to 80 days,
because of sludge wash-out. '

The sludge wash-out from UASB ractors was examined in relation to the type
and amount of seed sludge supplied. Two types of sludge wash-out are distinguish-
ed: sludge bed erosion wash-out and sludge bed expansion wash-out. Sludge bed
erosion wash-out represents an essential feature of the UASB concept, i.e. the se-
lection process based on differences in the settleability of the sludge particles.
Washed out sludge should not be returned into the reactor, because this adversely
interferes with the selection process. Sludge bed expansion wash-out predominant-
ly occurs when using a dilute digested sewage sludge in the treatment of medium
strength wastewaters (3-6 kg COD m-3). It involves little selection between sludge
particles with a different settleability, and greatly reduces the average biomass re-
tention time in the reactor. By choosing a concentrated digested sewage sludge as
seed the latter type of sludge wash-out can be avoided, i.e. as long as the amount of
seed sludge is small enough — 10 to 15 kg VSS m~3 — to maintain the sludge bed be-
neath the settler compartment during the start-up period.

The average biomass retention time during the initial stages of reactor start-up
turned out to determine the type of sludge granules that develop. The first macro-
scopic sludge granules are normally observed after 30 to 45 days. A long biomass
retention time in the reactor permits conglomerates of bacteria to grow out to well
settling particles, and results in the development of granules predominantly consist-
ing of densely packed Methanothrix bacteria (Fig. 1; case B).

At short biomass retention times during the initial stage of start-up bacterial con-
glomerates are wasted before they can grow out to form granules. In that case
sludge granules develop through bacterial attachment to well-settling, inert carrier
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particles originating from the seed sludge. These granules consist mainly of loosely
intertwined filaments of Methanothrix (Fig. 1; case A).

The development of bulking anaerobic sludge is reinforced by seeding with a di-
lute digested sewage sludge type (<40 kg DSS m-3). This will prolong the start-up
time, because the flocculent sludge will wash out at higher loading rates.

In the treatment of a high-strength wastewater the dilution rate is low during the
initial stages of start-up. Little selection pressure is exerted on the sludge particles
and dispersed bacterial growth occurs. Consequently it will take a relatively long
time before sludge granules develop.

In contrast, the treatment of low-strength wastewater is accompanied by rela-
tively strong sludge bed erosion wash-out and consequently a high selection pres-
sure, leading to a rapid development of sludge granules.
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Abstract. A population was simulated with a selection process implemented. Sin-
gle- and multiple-trait mixed models for sire evaluation were used to try to account
for selection by comparing sire predictions on unbiasedness. Only complete mul-
tiple-trait models yielded unbiased sire predictions, both for traits directly selected
for and correlated traits.
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