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Evaluation of Design and Opera’rion Parameters for a Spherical Sulfur
Denitrification Reactor Treating High Strength Municipal Wastewater
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Abstract : Autotrophic denitrification is known as an effective and economical alternative for heterotrophic denitrification using
external carbon sources such as methanol. In this study, we evaluated design and operation parameters for a sulfur denitrification reac-
tor (SDR) treating high strength nitrogen wastewater. The SDR was filled with spherical sulfur media in connected to a pilot-scale
nutrient removal process (daily flow rate, Q=18 m3/d) using moving spongy media. Total nitrogen (TN) concentration of the final
effluent was below the 7.0 mg TN/L because nitrate was additionally removed through autotrophic denitrificationin without adding
alkalinity (initial alkalinity was 169.4+20.8 mg CaCOjs/L). During the test period, 60~80% of nitrogen in the influent was removed
even in low temperature (below 15°C). The alkalinity consumption for nitrate removal in SDR was 4.09+1.29 g CaCOs/g NO5-N,
and the residual alkalinity of influent of SDR was higher than that of theoretical requirements for full conversion of nitrate. The con-
sumption of sulfur was 943.8 g S/d and it was 2.4 times higher than theoretical value (400.1 g S/d) due to abrasion and loss of
sulfur media in backwash, etc.

Key Words : Autotrophic Denitrification, Design and Operation Parameters, Sulfur Denitrification Rector, Spherical Sulfur Media
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Fig. 1. Schematic diagram of a NPR process and SDR,

Aerobic
Basin
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Table 1. Characteristics of a pilot-scale facility (Q=18 m®/day)

ltems Volume (m®) | HRT (hr)
Anaerobic Reactor 125 167
Anoxic Reactor 292 3.89
Aerobic Reactor 417 556
2nd Clarifier 375 5.00
Sulfur Denitrification Reactor (2 set) 184 245
Total 13,93 18,57
Sulfur
Denitrification
TS Secondary )
Al Clarifier Reactor

Back
washing

I{)

Effluent

Sludge Recycle Waste Sludge

| Joumal of KSEE | Vol.32, No.12 | December, 2010



KB TEY et

IEE TAGH MEIE 23 AaE BE BEx| A H 22Xt HIt

Table 2, Design conditions of the sulfur denitrification reactor (SDR)

ltem Valug® ltem Value®
Influent NPR effluent Flow rate (m°/day) 10
Reactor volume (m°) 0.92 HRT (hn) 15
Vol, Load (kg NOs-N/m?® - day) 028 Porosity (%) 36
Linear velocity (m/hr) 083 Backwash rate” (m*/hr) 6
NaxCO; addition® (kg/d) 1.67

2 For one SDR ° Once per day for 3 minutes ° No addition in practice
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Fig. 2, Behaviros of pH and alkalinity in the NPR process and
SDR,
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Table 3, Performance of the pilot-scale facility

(unit : mg/L, except removal efficiency, average+standard deviation)

e NPR SDR
Influent Effluent Efficiency (%) Effluent Efficiency (%)
BODs 2196+751 (111~411) | 104+42(31~174) | 945+3.0(89.5~98.6) 6.7+3.7(2.9~13.1) 31.3+259(1.8~72.2)
CODcr 358.9+67.0 (232~544) 20.4+4 6 (13~36) 941+1.9(85.8~97.1) 162+3.2 (8~22) 19.8+10.3 (56.0~50.0)
SS 161.8+39.3 (100~268) 8.1£3.1(2~17) 94 9+1.9(89.7~99.0) 6.4+13 (4~9) 321+11.0(12,5~54 5)
T-N 532+59(36.4~652) | 159+18(139~276) | 69.6+69 (24.2~764) 6.1+1.6(4.0~126) 60.2+9.8 (16,0~72.0)
T-P 54+08(29~7.6) 19+0.6(0.3~3.6) 63.7+13.8 (26.0~95.3) 16+0.6(02~23) 11.8+8.6(4.2~33.3)
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3.4.1. =20 2st

shelsl vl £ J17 W) FEAZ U e
A A AARES] ¥Et 9 20 AAGET] A
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vy
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-
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=
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2

2 342 gzo|z

L 29 7109 3 ANE vigoR PAR 4959
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% =

100 _ o
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T 2t %o o S A’ 180 & o] 83t =HYFY BN aREE Y=Y 2 o
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= =
= ¢ GEE T R
9} 18 A Temperature “
] N ® Efficiency z
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£ 0 2
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s 12 4 1% g
e L
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10 . ! 0 _
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_ % 5|3 CO,, NOs 50| 4R E D], ojejgt £4& pH Wt
X N
= AR P 7] "ol AA dHE|E AnFFo] o]
T ey o, o Egtel w3 27 239 5 e
P ° o .'.'t ) B ogrte A ggdx f49 ddEwrt 169.4+20.8
g 70r P mg CaCOy/L, BAM] A %7} 13.3741.57 mg NOy-N/L
s o 2 ueht geax 995t 4 A2 A% AAS
£ o = o Hagh dEeE(547 mg CaCO/L)E &3] 23
5 BT ANSS &+ AR, AAR AT FY Q]
= 50F 5 . = 5
: FeAz Ao o AL BEFLS THT S
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- m ) ) ) AN AN
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Table 4, Effects of alum dosage on phosphorus removal and denitrification efficiency

(average+standard deviation)

Alum Conc, (ppm) 0 1.39 1.94 250 278
PO,*-P Conc. of NPR Influent (mg/L) 437+078 425+0.64 485+0.07 445+0.49 467+0.40
PO.¥-P Conc, of SDR Effluent (mg/L) 1.69+0.32 0.85+0.07 0.95+0.21 0.35+0,07 0.27+0,06
Removal Efficiency of NOz-N in SDR (%) 7277+£557 7557+134 7407+0.77 76.28+0.27 7612+4 67
Aeo] ol AA Avket WA Ao AA AWE vet 4, "=

Witk Alum £¢) F=5 278 ppm7HA| 58 A9 HF
842 PO P 52 0.3 mg POS-P/L o3t2 A7HA|
24 4 %tk Alum 9] FE7F BoldE A5 A4
ol &t Hadhe S et o ghel dabg da
9 AARES & HI) gle 2SR UEYTh AlumS
EolakA] ok 717ke] HE A4 POT-P BT} 1.69+0.32
mg PO, -P/Lo| B2 o] = 027 mg PO, -P/L 714] W37] 9
3l ast Alum FYFo| sl FEdo| JFS A9
U XA ke Ao R woEch

=
18 m /day (13.4-4.1)mg NOs-N/L x 2.39 mg S/mg
NOs-N = 400.1 g S/day

Y71 12085 TS

3] 2 2nE JASre] AX 4n
SO A E Y b

(e}
©1(943.8 g S/Y

S 1133 kg ) 591717}
o] o] 2% FAWTFL 48.0 kg SE AbETE. A HwEf
I ol g4 AwEe] X}‘D]Oﬂt TRYGRY vh B A4
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F8 qow

AASE B9 W T 225E QY RELU

WSOl o 24 LnL
W BNt ek

NOs" + 1.08CH3;0H + 0.24H,CO; —

0.056CsH,0,N + 0.47N; + 1.68H,0 + HCO;5~ )
21 ()0 2AT ¢ mehe AEaF 247 kg CH;0H/kg
NO;-No| =, 9] F&F g %(TE 98.9% ZUL-

H|Z 0.79)7 QJArstel 7Ae Zhzk 1,067Y/ke CH30H
40090/kg S (20104 109 7141 7|20z Asd A
Adle ZAY dao] digh 48982 742 2,635U/kg

NO5-N, 9569)/kg NOy-NO. & 74WE101 l e v At
3 2 Qu]go] vgol 36.3%9] == ok

) NPR 247 grerdzn TAE wds 470 $odd
NE) 2x HF FFeY P Es BODs 6.7+£3.7 mg
BODs/L, COD¢; 16.2+3.2 mg COD¢/L, SS 6.4+1.3 mg SS/L,
T-N 6.1+1.6 mg T-N/L, T-P 1.6+£0.6 mg T-P/LE YEU 3]
th TN %% NPR 24 9914 53.245.9 mg T-N/L, NPR
24 Ael4> 15.941.8 mg T-N/L, FEAZ 6.141.6 mg T-N/
L2 2450 NPR 49 B AALEL 69.6%, H2
29 P AAEEL 602%= eI

2) shelgl Au] £ 717 B AR A Aol v
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