commons

O N § D E E D

@creative

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HE=SS SH, HE, 32, 84, &3 5 28T 2 2UsLCH

— f=Rr—T0—

Ch5d 2= 245 Mdor gLk

HEAEA. Aot EHSAME EAGHAOE 2LICH

H2d. #5l= 0| A5== 2cl 5

Jd
0
it
=]
om
m
I
£
I3
It
B

o Fgts, 0 HEEY HOIS0ILIHH=EY 22, 0] AEENH HEE
ZTEH LHEHH MOE 2HLICH

o REATZNE U2 5718 wom 0123 ZAS2 MSEA WL

HESAEH OIE 0IEAS Ad= A2 HWEN Sotl IS BA BSLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Collection




SAFY HBF RG2S o §

T

o] = A g

Advanced treatment of sewage using Y-TURN process

R & 1 %

20084 8H
WP KBRS W 3 SR K BB
T RRE TR



fR 3% kel LEMAL B (o= AT

ZAR TEBEEL Kk ¥ (H)
Z B HEEL 5§ 2 8 (W)
Z A IBEt £ C % (H)

2008 8H

WG KBRS e o pE KK BB

T RKEE L2

L

%\
i

e



B | ettt i
LISt Of T@ble s wewvereeseeseusssssessseiissisiisits i iii
LiSt Of FigUres w ettt v
ADSEFQCL +++++wevrsesrsssesesessssesest sttt ettt bbb vi
I A B oo 1
1 PR - SOOI, . IR /O 3
21 U 35 A D O JFA] BBF e 3
292 AEA @] corvere TR PN WS ...ttt 5
23 2 AEH Aix 0 AA 7]E HIF 17
24 71 F 712 0] FEA A et s i e 25
25 9 Z W U AL Al TR A e 2%

S A E ) HFE s 31
AL B A R] eeeneene e 31
Al & }\]g_ Aé/}} ....................................................................................... 34
A F R F oot e 35
T,‘Z_‘_@'HJH‘;} ................................................................................................... 36



4.1 pHQ/] B B e 37
4.2 ORPQ/] %ﬂ ............................................................................................ 38
43 G718 A AT L FI| o 39
4.4 A A ;(1]7%_‘—5:_% \—37]. ............................................................................... 40
45 019 A A T B T T crevrererrereree 46
4.6 %_ 11]7% E% \—5] 7]. ................................................................................... 47
V. A B 48
VI. %i%t‘a ...................................................................................................... 49



Table 2.1

Table 2.2

Table 3.1

Table 3.2

List of Table

The current status of advanced treatment plants
in Korea ............................................................................................ 3
Advanced treatment processes used

il’l sewage TTEATIMIEIIT rorrrrrrrrrrorerrrrrreretetettieetittteteeeentateaeaes 21
Composition of the wastewater used
in YfTURN proceSS ................................................................... 34

Summary of analytical methods for this study --eeeeeeeeeeeeee 36



List of Figures

Fig 2.1 Fates of nitrogen in biological nutrient removal system -----+ 7

Fig. 2.2 Scheme of release of phosphorus

and uptake Of PROSPROIUS - wwsswesrserssressemserierieniciiseiseisieicens 14
Fig 2.3 Flow scheme of AsQ PIrOCESS wrwswwsewsreeseriemiemisisesissiiiiseiieees 18
Fig 2.4 Flow scheme of 5-step Bardenpho process «:::weeemeeseeeseeeeees 19
Fig 2.5 Flow scheme of SBR DProOCess s 20
Fig 2.6 Flow scheme of B3 ProCess - s wseeeruerimiuiuesincsisiissincees 29
Fig 2.7 Flow scheme of DNR DroCess s ceceeesiussiuserinesincusiissincnes 23
Fig 2.8 Flow scheme of modifying SBR process «: e 24
Fig 2.9 Flow scheme of Y-TURN Droess s wseeeeceecieceerumruscusncnes 30

Fig. 3.1 Schematic diagram of Y-TURN process reactor

used in this StURETSEe:: s g I - - rreerssecsecerseserssensecasecanss 39
Fig. 3.2 Picture of Y-TURN process reactor used in this study - 33
Fig. 3.3 Y-TURN process control panel used in this study - 33
Fig. 3.4 Flow scheme of Y-TURN process used in this study - 35
Fig. 4.1 Variation of pH in Y-TURN Drocess - sseeereceseeuecierecees 37

Fig. 4.2 Variation of ORP in complex reactor of Y-TURN process 38
Fig 4.3 Variation of CODwmn concentration

N Y-TURN DroCess TEACtOT «+eeerrsrssssssssssmsmissiisiiiiisiitisisieiiiisins 39
Fig 4.4 Variation of NHs -N concentration

in Y,TURN process TEACTOT “rrrerrrrererrereorseerentntititiiiiiiiiiiiiin. 40

_iv_



Fig

Fig
Fig

Fig

Fig

Fig

45 Variation of T-N concentration in the complex reactor by

denitrification «------++-+-

4.6 Variation of CODwmn concentration in the complex reactor -+ 43

. 4.7 Variation of removal efficiency of the complex reactor by

Variation of COI’ISuming CATDON SOUTCE rorerrrrrererrsrotrntatatnienaennn,

4.8 Variation of T-N concentration in Y-TURN process

reactor .........................

4.9 Variation of T-P concentration in Y-TURN process

reactor .........................

4.10 Removal efficiency of CODwya, T-N, NH, -N, T-P

in Y-TURN process



Advanced treatment of sewage

using Y-TURN process

Mi-young, Seo

Department of Civil and Environmetal Engineering
Graduate School of Maritime University

Korea Maritime University

Abstract

With the tightened governmental regulation on the quality of
effluent for the protection of water quality environment, it 1is
required to develop technology for converting sewage treatment
facilities designed to remove only organic matters to advanced
treatment systems that can remove nitrogen and phosphorus. As one
of solutions for this requirement, this study proposed Y-TURN
process using a two step influents and upflowed reactor. This
process minimizes civil engineering works, and can save power cost
because there is no internal circulation. Using the process, which
was named Y-TURN process, a pilot test was performed and its
results were analyzed.

The pilot test show that this process was able to remove nitrogen

_Vi_



and phosphorus as well as organic matter efficiently. The 80~90%
of chemical oxygen demand(COD) were removed. In addition, about
80~90%  of total nitrogen(T-N) was reduced. The total
phosphorus(T-P) reduction averaged 92%.

The results of this study show that the Y-TURN process has
performance and economic efficiency high enough to change the

existing activated sludge process to an advanced treatment process.
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Table 2.1 The current status of advanced treatment plants in Korea

Treatment of sewage Advanced treatment

Number of plants 268 76
Capacity (m'/day) 21,617,000 4,911,500 (20%)
Population (persons) 37,760,000 3,400,000 (9%)
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Fig 2.1 Fates of nitrogen in biological nutrient removal system
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SDNR(T) = SDNR(T,) < 0 (2.10)
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Organic matter

Release phosphorus
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Phosphorus

acetyle—CoA

Bacteria for removal phosphorus

Anaerobic state

Fig. 2.2 Scheme of release of phosphorus

Aerobic state

and uptake of phosphorus
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Denitrification

6NO + 2CH,OH — 6NO; + 200, + 4H,0 (2.14)
6NOy + 3CH,0H — 3N,+ 3CO,+ 3H,0+ 60H " (2.15)
. 6NO; + 5CH,0H — 3N,+ 5CO,+ TH,0+ 60H~ (2.16)

(ex. Bacillus)

Anammox

1.0 NH + 1.32 NO, +0.66 HCO; +0.13 H" (2.17)

—1.02 N,+0.26 NO; +0.066 CHy Oy 5N, 15 +2.03 H,O

(ex. Candidatus Brocadia)
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Fig. 3.3 Y-TURN process control panel used in this study

_33_



7] 256~28CWe w47 19~24T o™ pH¥ 7.2~8.0°]t}.

Table 3.1 Composition of the wastewater used in Y-TURN Process

Composition Concentration (mg/L) Mean (mg/L)
CODwn 88 ~ 150 119
NH, -N ST 385

T-N 36 ~ 70 53
T-P & B 135
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Fig. 3.4 Flow scheme of Y-TURN process used in this study
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MAE FHS A3 /1E BHHE SUAR Seeding F AP EH g o
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WeE, BElvx) 2 F 1~28 AR AFAste] BAstdnh B Ayl Abg

50009 EAWEE AESdTh 24 #EW ZAMEe Table 329 el

Oowbex e mAEe] WstE BRI AedvAd S ol &t dEE)

Table 3.2 Summary of analytical methods for this study

Item Analytical method

pH pH meter (Istek pH-20N)

ORP ORP meter (Istek pH-20N)

DO DO meter (YSI Model 55)
CODwin KMnO4 Reflex method
NH, -N HACH 5000

T-N UV spectrophotometer method

T-P UV spectrophotometer method

_86_



V. A% R 13
4.1 pHS W3}

HoA¥o 7 wrg-*%x9 pH W3:E Fig. 413 2ol B AdAxA ¥
AHE FHFEAE 73~79, B2y o)&xE 68~75 FTIFE 66~70,
TS FHL 6.7~72, FFNSE AHLE 6169, ¥ A=A &
4o H24d BP/lErE 76-80% KT 45, B w8
dAYE AR AR 9 WMSHAEZ pHE Aol A YERGT}

pH

—@&—— |Influent

-------- O:-:---- Carbon source tank

. WP oy DTS

—--—A-—--  Complex reactor(surface)
— —& —  Complex reactor(bottom)
—-—0O——  Effluent

D
,,D-—D—D/D/ R

o g
0.

po0

~ O"qg O E
O-- i o0 O .
%WQ&w@ﬂA,WQ}Fg

»~v~ -
, e

\

\/

1/91/16/19/23/26./28/302/2 2/42/12/12/2R/2%/284/2 4/74/18/214/231/285/2
Time(day)
Fig. 4.1 Variation of pH in Y-TURN process

_87_




2 A A Bgukgzo] =46 wE ORP W3lE AmHw Fig 4.29 2
o] yetdtl. Bauksz A X (bottom)ol A H-EH 200mm, 800mm, 1400mm,

2000mm, 2500mmE 2zt 4 w WMol A & Aoy 2500mm A H S
1l
=

AR Fabz g3t G710 Jolo] 2AHALT ¢ 4 At
200 - —&——  2500mm
........ Qevevene 2000mm
——-¥—— 1400mm
—-—A-—-- 800mm
100 + — & —  200mm
£ o
a
4100 LRSS ”g/ . -
: T i
\L A -
BNy
-200 - ~
'300 T T T T T T T T T T T T T T T T T

112 1714 119 1/28 130 2/14 2/21 3/31 412 4/4 A7 416 4/18 4/21 4/23 4/28 5/13

TIME(day)
Fig. 4.2 Variation of ORP in complex reactor of Y-TURN process

_88_



Fig. 43¢+ A9 ZA3del wa sty 4494 F(CODwn el Tt &

j- = = =
sz A, 72T TS YEWHAT 27 Al 717 4590 A3
H 2¥94Y oF fFYdae T4 AAQFFH(CODwn) FE 50~145mg/L, =

gz Aot 384 422 THCODw) BE 11~-213mg/L, FEFE
gtetd A48 F(COD, Mn) F% 9~1lmg/L=2 AAZE°] 8~90%E Y

Buidit. S4€9 23 fduve stk BRrErle WA7IEd CODwn

200
—&— |Influent
O+ Complex reator
—-w— Effluent

150 ~

COD,,,(mg/L)
[E=Y
3

50

14 16 21 23 28 30 52 65 79 100 107 119 127
TIME(days)
Fig. 4.3 Variation of CODwmn concentration in Y-TURN process reactor

_89_



44 A& AARZE H7}

431 243 24 #H7

Y-TURN process ¥+8%9 Y, &71%, HF&=x o] ¢rE o}

Z, frEF

A A2(NHy-N) 755 FA3t9 Fig. 4490 Jehdoh. fd59 dEyo}
A AANHy-N) FEE 20.7~555mg/L, &71% gEYotd HAL(NHs -N)
FTEE 26~76mg/L,

B
?_‘('
)

oo

BN

12

b

°
o

s

oX

i)

2(NH,/-N) F=& 7~

11.3mg/L, %4 d®2yold AANH, -N) 5= 0.6~4.7mg/Lat}t. A7) 9
ZAAE AYE o B APy A& 75~95%US & 5

80
—0—— Influent
........ =7 Oxic reactor
——-w—— Complex reactor
——A-—- Effluent
60 -
J
(=]
E
> 40 A
Iﬁ'
I
Pz
20 -
YT TS
% e S G AR S
0 N . o S R - Sty G
; I

16 21 28 30 45 52 93 100 107 119
TIME(days)
Fig 4.4 Variation of NH4 -N concentration in Y-TURN process reactor

_40_



o

=

oo

Aol F= AR 9F Al E

_Z‘.ﬂo

do

Gl

;O.ﬁ

A4 (T-N) &=+ 16.33~126.27mg/L, A2

X

2.67~27.95mg/L At}

1:\_,
-

12.55~67.86mg/L

T ANAE

2 (T-N)

Nr

(T-N) #%+ 11.77~22.7Tmg/L % t}.

L=
TEE

Ak 2] 60~80% 4 Lol k. welr 7] 2ol

5 1=
& v

E

o

Clyyp 1)

Q1X01+Q2><CY2
Q-+

Al
2

Mo
o

o

;Ot

_41_



I Carbon source tank
[ Oxic reactor

Calculation(Mixed)

I Complex reactor

120 +

100

T T
o o
© ©

(7/6w) N-L

40

20 A

114 119 127

72 79 93

52
TIME(days)

23 28 30 45
Fig. 4.5 Variation of T-N concentration in the complex reactor by

21

denitrification

% 7}

o)
=

ol

ol
sl

oF
o)

N
oo

o
4
my

o
U

=X

]

7

<

g%
EE!

]

o
Aol = AL

2]

1%, 223 &2

7

<

gz

Fig. 4.6°14 &4 o]

A A

ol

;Of

et

T ZF(CODwn) & YE

<

T (CODwn) &%=+ 52~320mg/L,

o
<]
e

CEN)

T ZF(CODwmn) ¥ %=+ 81~26mg/L AT}

A

}1\1—

T
Tor

(C)

o)
-
Ao
oF

N

_42_



oz wUx FETE Y A A ALFTFCODw) FE AEA

-
L

-
L

75% A ol vk, wekA 47

26.56~125.65mg/L AL AA Hgwkgx 34 A {7 FH(CODMn) 5=

11~24mg/LAvt. &% s= AR} Hwksx A2 Ao]7t 45~

)
-
Lo
off
k1
Y
i
i,
rE’.
olo
>
e
k>
o
-
ofo
BN
Lo
Ho
N

2ol gador ARG ddd = A ok

cob,,, (mg/L)

300

200

100 o

Il Carbon source tank
Oxic reactor
Calculation(Mixed)

I Complex reactor

Fig.

D |

14 16 21 23 28 30 52 65 79 100 107 119 127
TIME(days)

4.6 Variation of CODw, concentration in the complex reactor

o o]&H F7EL E&o wE HFudx F AA(T-N) A
3o YEFU At Seeding 717Fel Z717F dol AW 2z} g
*=

o f71%0 Bafon AgHE BE& PN HEgNgzE F 4

_43_



o

)

)

2(T-N) A g

%
™
B

hSS

—@— Using carbon source

--O -+ Removal efficiency of complex reactor

120

100

T T T
o o o
0 © <

(95)Aoua101))3 reroway

20 A

100 107 119 127

79

52 65
TIME(days)

30

21 23 28

16

efficiency of the complex reactor by

4.7 Variation of removal

Fig.

variation of consuming carbon source

Nd

oo
Gt
ol

49

-
R

Fig. 4.8°1 A

Jo

7ol

= 3674~

A 2:(T-N)

3

9
A2 (T-N) %% 11.77~22.77Tmg/L, #

2~
T

0]
H

[e]
T

=
[¢)

= ue

£0°] 80~90%

B

2.2~19.78mg/L& A A

==
5

A2 (T-N)

e ER

i,
o

Nr

N

- 44 -



(T-N) 20mg/L °|3st& TF=38l %t}

—@— Influent
80 ---O--- Complex reactor
—-wy— Effluent
60
)
(@]
E
Z 40
I—
20 O
] (e} ;//X O...... O...
w O O O & o \ N~ 0.
I Akt AR N "-~<}/ \ / /’9
\ / \_/ -
/
0 T T T T \Il T T T T T T T
21 23 28 30 45 52 72 79 93 114 119 127

TIME(days)

Fig. 4.8 Variation of T-N concentration in Y-TURN process reactor

_45_



45 A9 AAZE B}

Qrel A A 9

oM B
4~26mg/Lz WA 9 YAW 27 A& 77 4500 Ao 294

30
—@— Influent
O+ Complex reactor
25 1 —w— Effluent
20
g
(@]
£ 15~
Q-
I_
10 ~
5 -

9 14 16 23 28 30 45 65 72 79 93 107 114 119 127
TIME(days)

Fig. 4.9 Variation of T-P concentration in Y-TURN process reactor

_46_



Y-TURN process® HFg-x Ul A48 &o & g a&S Fig. 4.100 o
Y. 7715 AAZEL 384 ARS8 FH(CODuS AIAEES 80~

90%, FUYAF AAEZLELE dEYold HAANH,-N) AAZEL 80~90%,

o‘-'

AL(T-N) AAAEZELS 80~90%, &(T-P) AAEES 85~98%E LEHY

AT Y-TURN processE o] &3 sl nExg 9 kAN Ay a&S e
BieR=

100 - -"
—~~ 80_ l
S
>
(&)
S
S 607
@
©
3 10
e
)
e

20

0 T T

COD(Mn) T-N NH, -N T-P

Fig. 4.10 Removal efficiency of CODma, T-N, NH, -N, T-P
in Y-TURN process

_47_



REYA
o

29

Aldsta 2 AdE

=

HAFTHSE 1A 2 AZAD u F

2=

=

o

o 24

=
-

AFA A= 7]
A g2 10m 7529 Pilot test

e

=

o)

ol Mo o AT T 2} T
i Nd > Y ~ T jod B s
o oo X 03 o8 o2 w =
oy o =~ % o ™~ % o Hr s £} ot
2 X o o NS S (AU
»AL Lo ;OH Te) /O Lo LO ‘WL —
A — 408 B R oo
T @ q Z e = ool o
C S I 7w g
gt TowER - o P
S SR o~ CHEPADR « SRS B Jlo
S S o | & S el
E —r ~ — o
d BT ®mewh o R EDE gR
= Lo
z ° z oy Dok oz M o F
"D”Vn Q.ﬂ_ “D”Vn 3 w _z._o N ) S = "DUn 5 — A
o A AR B \ Y, TS H EF Mo
0 Q ' —
> P a5 BE TR B A
~ -~ ~ ~ O
o - o= T Gl 8 B G AF
Ho Mo W TR R o T o X I
~ of — _ = — o - Gy L N
B 8 ot % \ o - Mﬂ e B <
do do O lude WUl do do
T g oV ow gl | A H ook o AT T
S W ol 4 7 N z
wp %O TR o M i W gy
o8 L d oy e R e g Xy
=3 do © odo X oo Mo - zm /y Xoodo W Oo do —
o T BT W o ° RS EE R R g
=R R T = W B & BT x| e We on ne AR
MR T R L S U = S« B S S A
P W og o g T A~ L T S
R ) 7 2 2 T D g om = N oI N
[e} o [e} = [e} £ N~ o) e} [e}
wop B o f 2T P pow P
W= = i & ® OO oo oW = Jo ° ® &
W R o W ok &L wdkw WX WY B

o O S > S 3

nEAYFHder pA

shel ot
— 48 —

[¢]

A Al

A



VI. &3+

&

[1] 20049 = &= A (2004, €7 F)

[2] St EAL T T A E (2004, 375

[3] Metcalf & Eddy inc., st A 2] &, &3}7]1& (1979)

[4] SDA, 1989

[5] EPA, Mannual nitrogen control, EPA/625/R-93/010, Washington, DC,
Sempter. (1993)

[6] Ranmani, J., L. Roles, B. Capdeville, J. C. Coiner and A. Deguin.,
Nitrite removal by fixed culture in a submerged granular biofilter, War
Res., 29, 7, pp. 1745-1753. (1995)

[7] Painter, H. A., Areview of literature in inorganic nitrogen metabolism in
microorganism, Wat Fes., 4, pp. 393 450. (1970)

[8] Focht, D. D., and Chong, A. C., Nitrification and denitrification process
related to wastewater treatment, Adv. Appl. Microbiol, 20, 631. (1975)

[9] Loveless, J. E., and Painter, H. A., The influent of metal ion
concentration and pH value of the growth of a NiZrosomornas strain
isolated from activated sludge, /. Gen Microbiol, 52, pp. 1-14. (1963)

[10] Knowles, G., Dowing, A. L., and Barrett, M. J., Determination of
kinetic consetants for nitrifving bacteria in mixed culture with the aid
of a computer, J. Gen. Microbiol., 38, pp. 263-278. (1965)

[11] Groenestijin, J. W., and M. H., Deinema. Effects of cultural conditions
on phosphate accumulation and release by acinetobactor strain 210A
proceedings of the international conference, Management strategies for
phosphorus in the environment, Lison, Portugal, July 1-4, (1985)

[12] Sell, R. L., Low temperature biological phosphorus removal. Presented

_49_



at the 54th annual conference of the water pollution control federation,
Detroit, Michigan. Air products and chemicals, Inc., Allentown, PA,
USA. (1981)

[13] Tracy, K. D., and A., Flammino Kinetics of biological phosphorus
removal, Presented dt the b58th annual water pollution control
federation conference, Kansas city, Missouri, October, (1985)

[14] Fukase, T., Shibeta, M., and X. Mijayi. Studies on the mechanism of
biological phosphorus removal. Japar Journa/ Water Pollution Fesearch
5, 309.(1982)

[15] Nagashima, M., et al., A nitrification/denitrification recycling system
for nitrogen and phosphorus removal from fermentation wastewater,
Frrmentation technology, 57, 2. (1979)

[16] Simpkins, M. J., and A. R., McLaren. Consistent biological phosphate
and nitrate removal in an activated sludge plant. Progr. Water
technol(G.B) 10(5/6):4333. (1978)

[17] 53 Al 10-0649099 = @A FH A&7 BbsxE ol &3 st U

ol

[18] Ao} s E¥st= stz # 7l 2 ANFdsd

[20] st 2 S, Sk FAl S Wetel @ A5 (2004, &)

[21] UASB ®F8- %9} SBRS ©] €3 Anammox & A2 =& (v 4 2006)

[22] Development of high-rate anaerobic ammonium-oxidizing (anammox)
biofilm reactors (2007, Tsushima ez @/)

[23] Startup of reactors for anoxic ammonium oxidation: Experiences from
the first full-scale anammox reactor in Rotterdam (2007, van der Star

et al)

_50_



	Ⅰ.서론
	Ⅱ. 문헌연구
	2.1 국내 하수 처리 및 규제 현황
	2.2 고도처리
	2.3 국내외 생물학적 질소, 인 제거 기술 현황
	2.4 기존 기술의 문제점
	2.5 외국공법 국내 적용 시 문제점
	2.6 단계주입 상향류 반응조를 이용한 고도처리 공법(Y-TURN)

	Ⅲ. 실험재료 및 방법
	3.1 실험장치
	3.2 실험 시료 성상
	3.3 실험조건
	3.4 분석방법

	Ⅳ. 결과 및 고찰
	4.1 pH의 변화
	4.2 ORP의 변화
	4.3 유기물 제거효율 평가
	4.4 질소 제거효율 평가
	4.5 인의 제거효율 평가
	4.6 총 제거효율 평가

	Ⅴ. 결론
	Ⅵ. 참고문헌

