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Abstract Sludge drying reed beds have been used for dengind mineralization of sludge since the
beginning of the 90’s, but their insufficient perftances in terms of Dry Matter [DM] content and
mineralization of the sludge have made necessamystedies. Therefore, 8 pilots of 2m2 each and a
full-scale plant (13 000 p.e , 8 beds of 470m?peration for 4 years) have been monitored to examin
the influence of the sludge loading rate, the studgality and the loading frequency on the dewadgeri
and mineralization efficiencies. Two filtration kg (vegetal compost or sand) and two loading
rhythms were tested on pilots which were fed ataaling rate of 25 kgDM.fyr™ during the first year

of operation (commissioning period). Hydraulic bebar (infiltration rate, outflow), @ and CQ
relative concentrations in the filtration mediadog potential, pollutants removal and dry matter
content were assessed during all the study. Thelabieal quality of the extracted sludge from full
scale beds were assessed and showed that it mezhdmhaviour exceed those of sludge of
comparable dry matter content, making its spreadamjer Therefore, these sludge could easily claim
the status of solid and stabilized sludge accordinthe French regulatiorDesign and management
recommendations (number of beds, loading rateslifg&est period) gained from the experiments
results are suggested.

Keywords activated sludge, sludge drying, reed beds, deingteheology characteristics

INTRODUCTION

Sludge drying reed beds (SDRB) for WWTP sludge dexirag and mineralization exist in
France since the early 1990s and have been rdjativecessful over the last ten years because
approximately 300 systems have been built in Fravittea treatment capacity between 200-12
000 people equivalent [P.E.] (Lesavre, 2002) whetha last which have been built are sized
for 26 O0OP.E.

It is admitted that reduction of the amount of gieadccurs in SDRBs (Burgoaet al, 1997;
Hofmann, 1990; Liénard, 1999; Liénardt al, 1995; Nielsen, 2003; 2005; Obarska-
Pempkowiaket al, 2003) both with dewatering (drainage and evapesfaation) and aerobic
mineralization. The sizing of SDRBs is roughly dhea the sludge production, its quality and
the organic load acceptance (Nielsen, 2003). Skvewestigations have been done on
dewatering and mineralization efficiencies of SDRBsd for activated WWTP (Barbiest al,
2003; Begget al, 2001; Liénard, 1999; Liénardt al, 1995; Mellstrom and Jager, 1994;
Nielsen, 2003; 2005) kere ageneral design of 50-60 kgDM:fyr* (Liénard, 1999; Mellstrom
and Jager, 1994; Nielsen, 2003) with a half lo&IKGDM.m%.yr") during the commissioning
period is recommended. The system consists in aevwsds constructed in parallel and
alternately fed which allowed sufficient rest peridor dewatering and progressive
mineralization of the sludge deposit. Neverthelesdy a few studies concern either the
influence of the number of beds or its design oe thewatering and mineralization
performances. (Liénard, 1999) pointed out that Witheds, each being alternately fed during a
week and running at full capacity, the dewateriffigciency should not exceed a dry matter
(DM) content of 15% whereas in Denmark, (Nielse®Q2 2005) observed a DM content up to
30-40% with 8 or more units.



The ignorance of the concerned mechanisms tenchpirieism and uncertainties in bed design
(number of beds, composition of the filtration Igyeassive aeration design,...) and operational
strategy (organic load, hydraulic load, feedind/nesriods,...) which can lead to anaerobic
conditions and poor vegetation growth (essentialyring the commissioning phase),

insufficient drainage and clogging phenomenon @¢ie] 2003; 2005). In this context, this

work undertook new investigations on pilots and fdale SDRBs, to define more precisely
these key parameters and thus to increase therpearice of SDRBs and point out the

feasibility of sludge spreading by the determimatd its rheological characteristics.

METHODSAND MATERIALS

The pilot-scale beds

The experiments were performed on 8 experimentatrete beds of 2freach built close to an
extended aeration activated sludge plant (Andamcdi8 000 PE, France) (s€&ure ). 9
clumps.nt of one year old®Phragmites australiplantlets were planted in May 2006. The pilots
only differ in the top filtration layer to test thenportance of capillary connection on water
drainage. We used 5 cm of sand (d10=0.35, UC=32)0ocm of green compost from a
composting platform according to the French stahddF U 44-051. Six pilots are fed
exclusively with aerated sludge (from the WWTP #@ieratank) while two others are fed with
the thickened aerated sludge to verify if a lowgdrhulic rate with the same solids content
could achieve a better dewatering efficiency.

Therefore, activated sludge from aeration tankuimped in a static thickener with a for 4 to 24
hours before being extracted to the concernedspilot

Pilot design and loading characteristics are ptteskin Figure and Figure .

During the first half-year after planting, the pdovere fed with treated wastewater for a good
acclimatization of the reeds. After that a comnussig period of 1.5 year started in January
2007 with a specific-loading rate of 30kgSS.gr* for all the pilots in order to ensure a good
reed establishment (reed density of at least 258sn7T).

Two feeding frequencies were tested for the piletswith the septage/activated sludge mixture
which simulate a configuration of 6 and 10 dryiegd beds in parallel. Feeding and rest ratios
are summarized in Table 3.
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Thefull-scale beds
The performances of the sludge drying reed bedesysh Andancette (France) were also
monitored. It is the second largest facility in meca which was built in 2003 by SINT for a
13000 P.E. activated sludge in extended aeratibwaded sludge wastewater treatment plant.
The reed beds have a capacity of approximately T1MITper year.
The sludge drying reed beds were established adgul with reeds in July 2003 and consists
of 8 square beds, each having an area of 4&8nthe filter surface and a maximum area
loading rate of 80kgDM.fAyr". The beds are fed by a pump, placed directly eatration
tank, with a 130rhh™ (0.28n*.m?h?) flow dispatched in four feeding points, to ensare
uniform distribution of the sludge. The outflowlefchate from the beds returns directly to the
head of the WWTP.
The bed design is identical than this presentedirBigwith a 10 cm top filtration layer of
vegetal compost. The passive aeration system dsnsis 9 drain pipes (every 2 m
approximately) which collect the leachate in thettdoo layer and are connected to the
atmosphere on opposite sides.
As the WWTP is actually half-loaded, it was possitih feed some beds at different organic
loads which are summarized in Table 1.
Since 2007, each bed was fed with a loading peridiweeks followed by 14 weeks of rest.
Three reed beds have been monitored with the fotigyoading and oxygenation strategies:

- Two beds (E and F) at approx. 40kg DNf.yr™* which differ only by their aeration

system (one pipe over two was obstructed on bed F).
- One bed (G) with a load about 30kg DMEiyr? and aeration system opened.

Table 1: Characteristics of the monitor ed full-scale beds

Loading rate

Feeding/rest Loading rate * _ Sludge height  Reed density
Bed name (week) (kgSS.m-2.yr-1) 20072(I;E%S.m (cm) *
E 36 44 40 180
F 2/14 36 37 40 210
G 30 25 20 -

*global loading rate applied after the commissignperiod which ended in 2005
** mean density measured at the end of spring RO0Y)

Sludge samplingk-igure 1 shows a high spatial heterogeneity (var#md horizontal) of the
dry matter content of the residual sludge oventhele reed bed surface and at three depths on
bed G. The results do not present any logicalitigion for DM in regard of the feeding points
nor a possible “side effect”. Similar results haxen observed also for organic matter (not
presented here). Therefore with aim of doing aeasgmtative samples, a statistical analysis
allowed to choose a minimum of 4 samples per bad@idepths (top and bottom) to obtain a
25% and 8% relative precision for DM and organidteraespectively.

0-5 cm DM content 5-10 cm DM content 10-15 cm DM content
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Figure 1: Top view of a reed bed surface heterogeneity for & different depths (results of 90 samples done
May 2006)



During all the study two different sludge layerpnesenting each the half of the depth of the
sludge deposit have been distinguished:

- at the top; a fresh and poorly mineralized sludgb & pasty aspect

- at the bottom, a structured and well mineralizedigé

Chemical measur ements

The percolation flow quality was assessed on pioly the last day of a feeding cycle (except
for SS which were measured every loading day) aitlepresentative sample taken 24h after
the feeding while a spot sample of the influentgkiis done during the feeding. COD, SS,
KN, NH4-N, NOs-N, TP and P@QP were analysed according to the French standattiauds
(AFNOR, 2005a). The removal rates are calculategtinn([Cin*V in-Cout*V oud/[Cin*V in])

Hydraulic measurements

Inlet flows were calculated with the time of fureting of the feeding pump whereas the outlet
flow of the pilots are measured by the level ofinked water through a pressure probe (STS) in
a given adjacent vessel. For the full-scale bedspam channel and a rectangular weir (French
standard NF X10-311) connected to a bubble flownm@BCO 4230) are used. Infiltration rates
(IR) were quantified by measuring the level of temgpy excess surface water level with
ultrasounds probes.

Dewater ability

The dewaterability of the activated sludge was rd@teed through Capillary Suction Time
(CST) and bound water measurements. The CST hams videly accepted and used for the
evaluation of dewaterability of the sludge (Huisnaard Van Kesteren, 1998). It measures the
time in seconds necessary for the interstitial watemigrate by capillary suction from one
point to another one at a standard distance oneeifgpfilter paper. A high value of CST
usually denotes a poor filterability and dewatdighiThese measures were done by a Triton
Electronics Ltd® 304 M apparatus (10mm cylinder well).

The bound water measurement have been done tharkthermo balance (Kern MRS120-3)
used at 105 °C and 10-20 % of humidity. The waistridution can be derived from the curve
of the drying rate in relation to the moisture @mitof the sample (Kopp and Dichtl, 2001).

Quality of the sludge deposits

Thedry and organic mattemeasurements have been done at 105°C and 550itg) @4 (to
constant mass) and 2h respectively.

Aerobic conditiongnto the sludge were assessed by a redox measuremih a set for soll
(Eijkelkamp, 18.28.SC). The measured values argerted according to the standard hydrogen
electrode (SHE).

Once a week),, CO,and CH measurements were made by a Drager X am 7000rgesto
under the filtration layer to follow the respectiencentration percentages of these gases in the
gravel layer.

Sludge humification and its grade of stabilizatwwere assessed by several indicators like the
organic matter (loss of ignition), the biologic lstay indicator (BSI) and biochemical organic
matter characterization (BMC). These two last iathes give the organic matter percentage
which could resist to mineralization when spreadlamd. (AFNOR, 2005b). Therefore, the
residual sludge has been sampled in the bottom (&$e30cm depth) of the sludge deposit at 6
different points in beds n°F and n°G in May 20084(8ears old sludge) after 100 and 86 days
of rest respectively.

Mechanical qualityThe mechanical quality was assessed by rheologiessurements on a
mixture of the bottom and top layer of sludge sadpin bed F after 97 days of rest at the end



of August 2007. The experiments consist in theswidthe deformation and flow of sludge
under the influence of an applied stress. Thisattarisation consists in the determination of:
- the yield stress, which define the rate of flomloé material. The yield stress was
measured by the “slump test” (Baudstzal, 2002),
- the adhesion power to assess the sticky behavibtineosludge in the manure
spreaders. A texture analyser TA 500 Lyod Instrusheras therefore used.

- The compressibility of the material resulting t® | "
rigidity and elasticity modulus. - e

- The interior friction angle (tarp) and cohesion (C 4
which are determined from the shear stress at =

breaking pointd) resulting from different normal force
(Fn) applied on a shearing box (Figure 2):
o=F.tan@)+C

Pierre poreuse

Figure 2: Casagrande box

RESULTSAND DISCUSSION

Influent sludge quality

The treatment plant is underloaded (50% of its ¢albacity in 2007) which explains the low
suspended solids (SS) concentration (about 2%hefattivated sludge in the aeration tank
taken to feed the full-scale beds and 6 over 8pRoothers being fed with thickened sludge.
The static thickener allows a solid thickening ¢aiaif about 5. Besides, the activated thickened
sludge dewaterability quantified by the CST andrasbwater percentage, is lightly higher than
the one of the raw activated. This can be explaihethe fact that the majority of its free water

was evacuated after decantation and/or modificaifdhe flocs structure induced by anaerobic
conditions.

Table 2: Physico-chemical characteristics of the activated thickened sludge (Jan 07 — May 08)

Activated dudge Activated thickened sludge
Parameters Average SD* Nb.of values Average SD* oNmlues
CST (sec) 7,1 1,7 55 9,7 3,3 93
Bound water (%) 20% 3% 4 30% 12% 12
pH 7,1 0,2 9 6,7 0,2 19
Cond (uS.cm-1) 1063 131 10 1174 159 20
DM (mg/l) 2235 300 64 9493 4087 116
SS (mg/l) 1671 311 62 8 890 4114 110
VSS (%) 79 5 6 80 4 11
COD (mg/l) 1908 263 11 11 840 4308 23
N-KNt (mg/l) 117 14 11 739 256 23
N-NH4+ (mg/l) 15 1,9 10 14,6 9,5 23
N-NO3 (mg/l) 0,4 0,2 5 0,3 0,2 4
P-PO4 3- (mg/l) 9,4 2,3 4 38,0 14,1 8
TP (mg/l) 39 12 6 229 80 13

* Standard deviation

Sludge dose and accumulation

Sludge accumulation rate for activated sludge wwadent whatever is the filtration media or
the feeding frequency simulated. Similar figuresrev@bserved in the literature with a
10cm.yit, 50kgDM.m.yr* and 8 units running at their full capacity (Nigis€005).



As presented in Table 3, for a same organic load eblower hydraulic load, a higher
accumulation rate was observed in the pilots fetth whe thickened sludge. They also show

signs of a poor dewatering and clogging especfaliyhe 6 beds feeding frequency.

Table 3: Loading strategy and performances of the piloitswduring the commissioning period

- Nb. of eeding/ Hydraulic Loading Drainag_e_(lnutfgow** Outlet v:)l.
Sludge F|I|trat|on beds rest load * rate Acc. rz_alte .(L.mln .m°) in g.2h
ayer . lation period (cm.dY) (kgszl\_/ll.m (cm.yr?)  winter summer (%)
(d/d) yro) (745°C) (19£3°C)
= Compost 3.5/175 2446 28 5.1+0.6 4.6 4.1 81+15
§ 10 3.5/315 31+9 27 53 3.8 6.2 64+16
'*<3 Sand 3.5/175 24+6 27 6.1+0.6 2.3 3.2 81+18
10 3.5/315 31+9 26 54 2.8 51 64+16
Thickenec  Sand 6 35/175 T7+4 31 19.6 0.2 0.5 48+£22
10 3.5/315 8+4 32 9.3 0.2 0.3 51+23

* compared to the volume of the feeding dose
**mean of the peak outflow measured the last datheffeeding cycle

Plant growth

The main objective of the commissioning periodoighsure an initial good reed cover for the
durability of the system. In fact, the reed growthy be compromised by: i) the sludge quality,
i) an inadequate organic or hydraulic load, iin@n-optimised feeding and rest period ratio.
Nevertheless, in July 2007 on all pilots, the reglutsved signs of wilting due to a lack of water
deficit because the amount of sludge was not seffido provide enough water. Therefore the
pilots have been saturated with treated WW untifrbunder the filtration layer during 20 days.
This operation allowed the reeds to recover thigadity in 3 weeks.

In order to limit the wilting on the 10 beds freqag, we have shortened its cycle length from
35 to 20 days by decreasing the feeding periodday2 during four months (Jul 07 — Nov 07).
The experimental set up has permitted to assessfibence of the feeding frequency, the
growth media and the sludge quality (activatedkidaned or not) on the reed growth.
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Figure 3: Reed density evolution in 2007 vs 2008 on pilétgure 4: Infiltration rate with activated sludge in
fed (AS: Activated Sludge, COMP: Compost filtratiayer) winter (Dec. 2007) on both filtration media

The following observations can be pointed out:

The sludge quality did not impact negatively thedrggrowth even if some earlier
wilting signs were observed the first year on ilfgd with thickened sludge

A maximum of 3 and 2 days feeding period followsgthtaximum 20 days of rest is
recommended for a 6 and 10 beds configuration otispéy to avoid wilting of the
reeds,

The vegetal compost layer ensures a better growiedia (Figure 3) and may
improve capillary connection with the residual gfaccompared to sand.



Dewatering efficiencies/ sludge quality

Pilots results.The majority of the loaded volume is drained with? hours after feeding

(see Table 3). For both filtration media the drgmaefficiencies are quite similar in

summer while they are better on compost duringeviahd activated sludge feeding.

We have observed similar infiltration rates on bfitration media during the first feeding day

while the sand one led rapidly to clogging aftex third day of feeding (Figure 4). The sludge

deposit accumulated during the first feeding dassdnive totally the hydrodynamic as the type

of filtration media seems to play also a significanle. This is partly due to a better sludge

porosity with compost due to a higher reed dereaiy/or a better capillary connection between

the sludge deposit and the filtration media.

The drying efficiencies (end of the rest period:ar

- Slightly depending of the filtration media

- Not improved with a 10 beds feeding frequency (potsented here) at a 3.5/31.5
feeding/rest ratio.

- Impacted by the weather conditions while the depissithin either by the temperature,
freeze and thawing or by rainfall (Figure 5)

- Lower with thickened sludge than activated sludgee
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Figure5: Dry matter content evolution in the sludge depdsigure 6: Redox potential variations in residual
in pilots (AS=Activated sludge, COMP=compost) sludge in the pilots beds fed with thickened at&da
sludge or not

The low dewatering efficiencies on pilots fed withickened sludge lead to anaerobic
conditions within the sludge deposit (where theoregotential does not reach 200mV/SHE)
despite good oxygen concentration in the air athbgom of the beds (19,50,6 G%).
Moreover, when air temperature increases in sprihg, biological activity is stimulated
resulting in an increase of oxygen demand and O&drddtion-reduction potential) drops
down. When the easily degradable organic mattemineralised the ORP goes up again (15-
May).

Full-scale resultsWe have observed after a feeding cycle that thenwahich can be quickly
drained by gravity (7812% of the loaded volume is drained within the 24ikh a mean
outflow of 1.4:0.6L.min*.m?) allowed a dry matter content of approx486 in the top layer of
the sludge deposit. This latter DM content willther increase by evapotranspiration.

The beds which received the highest loads (E arfthi# reached a mean value of 30%DM in
the top layer at the end of the summer (2007) waileaverage of 17 % DM is observed in
winter. The benefits of freezing and thawing areadly pointed out in January when the top



layer reached 22%DM. Besides, the high standardchtiens on the Figure 7 are due the high
spatial heterogeneity of DM on the filter surfaEggre 1).

Humification. The humification performances have been essentiallestigated on the full-
scale beds. The organic matter decomposition tpkese principally in the ten centimeters
under the sludge surface. Figure 8 shows the ORRaese in the top layer (0-15cm) due to the
oxygen demand by the biological activity which esponds also with a CO2 production which
can be detected in the porosity of the filter medlize bottom layers of sludge are less impacted
because better mineralised and structured by iheghere activity.
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Figure 7: Mean evolution of the DM content on bedrigure 8: ORP in the sludge deposit at different depth
E and F over one year. under the sludge surface

The organic matter in the bottom layer of the swdpes not evolve anymore (4 years old
sludge) and has reached a value of about 60% (DN ihdicates that approximately 25% of
organic matter loaded was decomposed in, 20 and minerals .

The high BSI and BMC values (92 and 46% respedgijvldicate a good stability of this
product close to vegetal compost and its land 1sdton will give approximately 120kgf
humus per ton.

On the other hand the two different aeration pigessity tested on the beds E and F did not
show significative influence on the sludge mineatiion (ORP evolution in the sludge deposit,
mineralization kinetics) as the oxygen evolution tive filter media was similar for both

configurations.

Quality of the leachates

The quality of the leachates from the pilots isatigely good as shown in Table 4 and in
accordance with other experiments. Performanceslightly better with sand than with
compost, but we have seen that this latter gavgleehdensity of reeds and a better drainage
So, we would recommend a compost filtration layéich is less difficult to find than a sand
with an adequate granulometry. Moreover, the lecbathe full-scale beds, with a compost
filtration layer is clearly better (8,5mg*land 45mg.[* for SS and DCQrespectively). The
higher thickness of the sludge residue improvesfittration. Here also, the treatment of the
thickened sludge does not present any advantage.



Table 4: Percolate contents and removal performances fotspiftcommissioning period)

Activated dudge (6& 10beds) Thickened sludge (6beds)
Compost filtration Sand filtration Sand filtration
Mean SD n*%) Mean SD n(%) nbval. Mean SD n (%) Vr:;
pH 7.5 0.2 7.6 0.2 23 7.5 0.1 9
Cond (uS.cm-1) 1213 166 1163 156 25 1448 287 10
SS (mg/l) 73 92 95.9 27 36 985 174 41 25 99.%9
COD (mg/l) 105 89 95.4 64 20 96.8 29 136 62 98.11
N-KNt (mg/l) 6.7 6.3 947 7.7 72 923 29 13.5 129 96.41
N-NH4+ (mg/l) 1.8 2.1 4.8 6.0 29 9.8 15.0 11
N-NO3 (mg/l) 13.7 8.1 10.1 5.0 29 504 416 11
P-PO4 3- (mg/l) 11.2 2.0 12.3 2.6 9 24.9 4.3 4
PT (mg/l) 13.7 2.3 13.7 2.8 24 28.9 5.0 9

* removal rate

Mechanical quality of the sludge: an interesting material for land spreading?

The results from rheology characterisation of thhel@e deposit are presented in

Table 5. Despite a relatively low DM content (19%g sample analysed from bed n°F exhibit
a high yield stress (approx 3200 Pa) closed tmadisludge (with higher DM content) while a
pasty sludge with a similar DM content, has gemgralyield stress ranged between 100 and
500 Pa according to their organic matter contenhd@rning the compressibility, the analysed
sample has a "spring constant” of 4200 N.mhereas a sludge dosed with 5% of lime (pasty
aspect) and 20% DM (solid aspect) have a springtaah of 220 N.it and 7500 N.m
respectively. Moreover the texture meter analybiswed that the sludge from reed beds is
absolutely not sticking.

Finally, the low value of cohesion and interiorcfion angle proves that this sludge is sensible
to shearing andcould be classified between valtiasdoy compost (3 kPa and ta)0.3) and
manure (23 kPa and tanE0).

Table 5: Sludge rheological characteristics from bed F ugiést 2007

DM (% wet o Yield stress—  Elasticity Spring constar . nterior friction
weight) VS (% DM) Slump-test (Pa)modulus (Pa)  (N.m-1) Cohesion (kPaB angle (tanp)
19,4 62,9 3225 447 4257 1,09 0,0489

Due to rhizosphere effect, this residual sludgeasparable to a low deformable and well-
structured material easy to spread on agricultaral.

The status of solid and stabilized sludge coulalbened for this sludge and according to the
French regulation it can be extracted from the feeds and temporarily stored on plots near
the fields where it will be further spread if tharbest is not already done. The dissociation of
emptying and spreading should give more flexibitiyrespect the ideal period to empty the
bed(s) which must be scheduled between Jufyail late August to benefit both of the high
evapotranspiration in summer and not to undernheerégrowth of reeds in the beds emptied
before winter.

CONCLUSION

Experience gained from experiments conducted anspénd full-scale sludge drying reed beds
can be summarized in the following conclusions:



1. Inthe pilots, a density of planting of 9 clumps/anfabled a good reed cover after the
§eC(l)nd growing season (>250 stend.mith a specific load limited to 25-30kgDM-m

yre.

2. Despite lower removal efficiencies during the comsgroning period, a compost
filtration layer is preferable compared to a saadduse i) it ensures a better reed
growing rate and, ii) it seems to optimize the api connection with the sludge
deposits iii) physical filtration will further benproved when the height of the sludge
deposits will increase with time.

3. Feeding with a thickened activated sludge on a §#iration layerlead to low
drainage, poor dewatering (even after 30 dayssij even with 30 kgDM.Ayr ™ of
specific load. Moreover, there is no interest tmpbcate the process with thickening
activated sludge before applying it on SDRBs.

4. An aeration pipe every 4 m does not reduce the exygpntent measured in the porosity
of the filter media compared to another one eveny 2

5. The decomposition of the organic matter and itsification in the rhizosphere by the
roots/microbial activities have led to an uncommuechanical quality of the sludge
despite its relatively low DM content. These ch&gstics make its land spreading
easier than sludge with similar DM content.
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