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TGM TAT

Nghién ciru da xay ding mé hinh toan hoc dé ma phang mét s6 qué
trinh sinh hoc dién ra trong hé thang MBBR (Moving Bed Biofilme
Reactor), trong da tap trung vao céc qué trinh loai ba COD va xi ly
nite trong nuae ri rac. Nghién ciu dege thee hign trén co si phéat
trign cac phuong trinh toan hoo dege st dung dé mé ta cac qué
trinh bun hoat tinh va cac qué trinh mang sinh hoc biofilm dua
trén nguyén |y ASM 1 va ASM 3 (Active Sludge Model) va cac diéu
kign thuc t& nuac ri rac cia Viet Nam. He phuong trinh thu nhén
biéu thi s tham gia cia 19 céu tir vao 19 qué trinh sinh hoc xay ra
trong hé thing xt Iy nwde ri réc bing cong nghe AOD-MBBR. He
phurong trinh duge gigi s bang thuat toan Runge- Kutta bac 4 va
duoe code sd béng ngdn ngir 1ap trinh Matlab.

Nghién citu ciing da xac dinh do nhay cuc ba dé higu chinh dua ra
céc thang sd dong hoc phi hop vai diéu kign thyee t€ tai Viet Nam.
K&t qua tinh toan cia ma hinh da duroc so sanh vai cac ba s ligu
thic nghiém cho théy sai sd thép. didc bigt vai cac mdc thai gian
dai nhu 33 gir, 48 gitr cho sai sd tir 0,26% - 0,29% dai vai COD va
[.03% - 3.26% ddi vai NHs". Kt qua thir nghiém vai ba thang sd
ciia tac gid Giorgio Mannina va cac cang sy, 2011 cho thédy sai sd
|¢n nhét gira ket qua ma phang va sd lisu do dac ddi vai thang s
COD Ia 10%. Céc ket qua tinh toan cho thang sd khac khac déu cho
sai sfi <10%.

Ma hinh sd xay dung duge cho phép tinh toén ning da dau ra cia
mat sd thang sd 6 nhiém béng cia hé thang AD - MBBR, nham
danh gia higu qua xir Iy cia cac he thing va try gidp thigt ke.

Tir khda: Ma hinh haa; ma phang; MBBR; xr Iy nwdc ri réc; xir Iy
nuec thai
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ABSTRACT

The research has built a mathematical model to simulate some
biological processes taking place in the MBBR (Moving Bed Biofilme
Reactor) system, which focuses on the COD removal and nitrogen
treatment processes in landfill leachate. The study was carried out on
the basis of developing mathematical equations used to describe
activated sludge processes and biofilm biofilm processes based on the
principles of ASM | and ASM 3 (Active Sludge Model) and ASM 3 (Active
Sludge Model) and actual conditions of landfill leachate in Vietnam. The
system of obtained equations represents the participation of 13
components in 13 biological processes occurring in the |eachate
treatment system by AD-MBBR technology. The system of equations is
numerically solved by the 4th order Runge-Kutta algorithm and
numerically coded in the Matlab programming language.

The study also determined the local sensitivity to calibrate to give the
kinematic parameters suitable for the actual conditions in Vietnam.
The calculated results of the model have been compared with
experimental data sets, showing low errors, especially with long time
points such as 33 hours, 48 hours, with errors ranging from 0.26% -0.29
% for COD and 1.53% -3.26% for NH4+. Experimental results with the set
of parameters of author Giorgio Mannina et al, 201l show that the largest
error between simulation results and measured data for COD parameter
is I0%. The calculation results for other parameters all give error </a%.
The built numerical model is allowed to calculate the output concentration
of some pollution parameters by the AD - MBBR system, in order to
evaluate the treatment efficiency of the systems and assist in the design.
Keyword: Modeling; simulation; MBBR; leachate treatment;
wastewater treatment



1.GIGI THIEU

Mé hinh héa va mé phéng la mét céng cu quan trong trong thiét ké
va van hanh hé théng xt ly nudc thai bang cdng nghé bun hoat tinh. Tuy
nhién, viéc mé phdng cac hé théng lién quan dén MBBR van con la van dé
kho khan do d6 phic tap ctia mé hinh, cac tham s6 quan trong trong mé
hinh thudng khong dugc xac dinh [1; 2; 3; 4]. Cac nghién ctiu mé phong
cac qua trinh sinh hoc trong hé théng x( ly bang MBBR hién nay dugc tao
thanh tr hai mé hinh con khac nhau d& mé phang sinh khéi ¢6 dinh va lo
Iimg. Sinh khéi g 1ing dugc m6 phong theo mé hinh ASM 1, trong d6 xem
xét cac phuong trinh can bang khéi luong cho cac ca chat khac nhau dua
trén ly thuyét phuong trinh dong hoc Monod (Henze et al,, 1987) [2;5; 6; 71.
Mat khac, di vai mé hinh mang sinh hoc, mét mé hinh dong don gian dé
mo phéng nhanh viéc loai bd nhiéu co chat clia cac loai vi khudn khac
nhau d4 duoc 4p dung (Rauch et al, 1999) [8; 9; 10; 11]. Y tudng co ban
dang sau viéc thuc hién mé hinh mang sinh hoc la tach rdi cac tinh toan
clia hai qua trinh chinh trong mang sinh hoc: khuéch tan co chat va
chuyén déi sinh hoa. Viéc danh gia riéng biét vé khuéch tan co chat cho
phép lién két d6 sdu tham nhap clia co chat véi moét phan sinh khéi dang
hoat déng trong qué trinh chuyén héa. Cu thé han, sinh khéi lo Iting da
dugc mé hinh héa theo khéi niém ASM1 néi tiéng khi xem xét phuong
trinh can bang khéi lugng cho cac chat khac nhau va st dung dong hoc
Monod cho céc co chat khac nhau (Henze et al, 1987) [10; 12; 13; 14].. Cac
quy trinh da dugc mé phong gém: (a) tang trudng hiéu khi va su phan ra
ctia di dudng; (b) tang trudng thiéu khi va phan ra ctia di duéng; (c) ting
trudng hiéu khi va phan ra tu duéng; (d) ammon héa nito hiiu co hoa tan;
(e) thay phan nito hiiu co. Lién quan dén phan ra di duéng va tu dudng,
cach ti€p can dugc dé xuat trong ASM3 da dugc tshéng qua (Gujer et al,,
1999). Su phan ra clia sinh khéi gop phan vao viéc tiéu thy oxy va san xuat
hat tro khdng giéng nhu “su chét - téi sinh” dugc 4p dung trong ASM1 (G.
Mannina, D. Di Trapani, M. Torregrossa and G. Viviani, 2007) [10; 12; 13; 14].

Trén co sG ké thira cac tai liéu da cé va nghién clu thuc té, nghién
clu nay tap trung vao phat trién moé hinh s6 dé trg gitp viéc danh gia
cac qua trinh x{r ly, danh gia hién trang hoat dong va hé trg cho viéc
thiét ké hé théng xtr Iy nudc ri rac bang cdng nghé AO - MBBR.

2.D0I TUONG VA PHUONG PHAP NGHIEN CUU

2.1.Déi tuong nghién ciru

Nghién ctu tap trung vao viéc thiét 13p cac phuong trinh toan hoc Gé
mé phoéng cac qua trinh sinh hoc dién ra trong hé théng xu ly nudc thai
bang céng nghé AO - MBBR. Cau hinh hé théng dugc mé ta trong hinh 1.

Nudcthii  Q l_} Thiéy Hicu khi 4 Bé durdc tha
diu vio & klliﬂ]* * # l"“'"'é — M‘“:lLl ::II“
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Khéng khi |

Hinh 1 - S¢ d6 pilot nghién ctu AO-MBBR x{ Iy nuc i rac

Cac qua trinh sinh hoc dién ra trong hé théng dugc mé phong
gbm: cac qua trinh dién ra trong bé thiéu khi, bé hiéu khi va cac qué
trinh dién ra trén mang sinh hoc biofilm.

2.2. Phuong phdp nghién citu

Nghién ctiu dp dung mét s6 phuong phap nhu sau:

(i) Phuong phap ké thira: ké thita cac két qua clia cac cong trinh
nghién cuu, kinh nghiém clia cac chuyén gia trong va ngoai nudc, ké
thura céc thuat todn da dugc chiing minh.

(i) Phuong phap mé hinh héa, mé phéng: s&f dung cac phuong
trinh toan, phuong trinh vi phan vao dé mé ta cac qué trinh chuyén
hoa cac thanh phan trong mé hinh. Sau d6 tién hanh sé hoa cac

phuang trinh trén phan mém MATLAB dé giai cac phuong trinh toan
hoc duogc xay dung.

(iii) Phuong phép thuc nghiém: tién hanh thuc nghiém trén hé
théng AO-MBBR thuc quy mé phong thi nghiém.

(iv) Phuong phap phan tich: phan tich COD theo TCVN 6491:1999:
Chat lugng nudc - Xac dinh nhu cau oxy hda hoa hoc. Phan tich NH4*,
NO: theo Huéng dan thuc nghiém 02 va 05 clia Vién Khoa hoc Céng
nghé moi trudng, Pai hoc Bach khoa Ha No6i.

(v) Phuang phap théng ké: cac s6 liéu thuc nghiém dugc xar ly trén
phan mém théng ké SPSS.

(vi) Phuang phdp phan tich d6 nhay: phan tich d6 nhay dugc thuc
hién theo phuong phap clia tac gia Giorgio Mannina va cac céng sy,
2011. Pau tién, d6 nhay cuc bd clia moi hé s6 dugc dua ra cho tat ca
cac két qua dau ra dugc sir dung trong mé hinh. Sau d6 tinh toan téng
dod nhay cuc bo dé xac dinh muc dd nhay cdm cia méi hé s trong hé
théng. D6 nhay cuc bo dugc tinh theo céng thic:

Nmeas
S, _ 1 Z (|0var,j - Ocal,j| Pcal,j)
J.av(n) Nmeas = Pvar,j - Pcal,j Ocal,j

Trong d6: j- dai dién cho hé s6 khao sat; n- chi dinh dau ra ciia mé
hinh; 04 ; & gié tri tham chiéu ctia du ra n, dugc tinh toén trén co s&
gié tri hé s j thu dugc tir budc hiéu chinh mo hinh; O, ; la két qua
mod phdng cho dau ra n, sau khi thay d6i hé s6 j. Peq; j Va Pygy j dai
dién cho gia tri mac dinh va gia tri tang 1én cla hé sé j tuong Ung,
trong khi Ny, 1a s6 cac phép xac dinh thuc nghiém.

T Pygr j = (1 + 0,1). Py j, phuong trinh d6 nhay chuyén thanh:

Nmeas

Sjavm) = ! Z |0var,j — 0cal'j| 10
’ N, Ocar i
meas = cal,j

T6ng cac dé nhay cuc bd ctia méi hé sé j dugc suy ra tir biéu thiic
sau, c6 tinh dén tat ca cac d6 nhay cuc bo:

1 2
Sj,TOT = ;Zsj,av(n)
n

(v) Phuong phap hiéu chinh: viéc hiéu chinh mé hinh dugc thuc
hién theo phuang phap thit va phuong phap phuong sai, bang cach
t6i uu héa mét ham muc tiéu dugc xac dinh bai chi s6 Nash va Sutcliffe
nhu mo ta clia tac gia Giorgio Mannina va cac cong su, 2011, biéu thuc
hiéu chuan nhu sau:

E= (1 - G;Zi>
O-meas

Trong do:

O'SZim : 1a gia tri ctia 16i, duoc dinh nghia la su khac biét gilra cac gia
tri do dugc va gid tri mé phéng;;

02,045 : 12 phuang sai clia cac quan sat.

Pic biét, chiic ndng muc tiéu hiéu qua da dugc tinh bang téng clia
moi ham bién trang thai mé hinh dugc tinh dén va cho cac phan khac
nhau cta hé théng.

n

Eror = z E;;
=1

3.KET QUA VATHAO LUAN

3.1. Xdc dinh cdc thanh phdn tham gia trong mé hinh mé phdng

Cac thanh phan va cac qua trinh dién ra trong hé théng phan ting
AO-MBBR véi cau hinh nhu trén duoc lua chon dua trén mé hinh ASM1
va ASM 3 va can nhic dé phu hgp vai diéu kién clia nghién ctu. Cac
thanh phan tham gia trong mé hinh gébm cac cau tir & dang hoa tan
(S;) va cac cau tirdang hat X;) dugc mé ta trong bang 1.
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Bang 1. Mé ta cac thanh phan tham gia trong mé hinh
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TT | Ky hiéu | Mo ta

Cdu tihoatan (S;)

1 Sno, Bao gom nitrate va nitrit (NO3 — N, NO; — N). Trong tinh toan hé sé ty lugng (bao toan COD), thanh phan
trén coi nhu chi gém nitrat.

2 Snu, Bao gém amoni tu do va NH, dé ddm béo can bang dién tich electron, Sy, dugc gia thiét tat ca déu la
NH}.

3 Spo, Chét hitu co hoa tan, chli yéu la ortho-photphat. Trong can bang dién tich electron, gia thiét rang Sp,, bao
gbém 50% H, PO, va 50% HPO?Z~, phu thudc vao pH.

4 S; Chat hitu co hoa tan tre. Dac trung cla thanh phan nay la khéng bi phan hay trong qua trinh x{ ly nudc thai.

5 Snp Nito dé phan hay sinh hoc

6 So, Oxi hoa tan.

7 Sg Co chat dé phan huy sinh hoc, bao gém Sp + S,,.

Cdu ti' dang hat (X;)

8 Xy Thanh phan vi sinh vat di duéng do dudi dang COD, ching c6 thé phat trién trong maéi trudng hiéu khi, thiéu
khi (khr nitrat) va yém khi ( qua trinh 1én men hoa).

9 X, Thanh phan COD tro, dang hat trong hé théng. Thanh phan nay khéng bi phan huy trong suét hé théng, né
bam vao béng bun va di vao sinh khéi, do d6 né cé thé c6 trong dong vao va sinh khéi chét.

10 Xa Néng dé vi sinh vat tu duéng

11 X Co chat (COD) phan huy sinh hoc cham.

12 Xyat N6ng dd vi sinh vat di duéng trong biofilm. Cac vi sinh vat nay c6 thé phat trién dugc ca hai diéu kién hiéu
khi va hau hét ching cling c6 thé séng dugc & diéu kién thi€u khi (qua trinh khit nitg). Chung la cac vi sinh
vat bam dinh trén céc gia thé di chuyén va tao thanh biofilm trén gia thé sinh hoc.

13 Xgar NOng do vi sinh vat tu dudng trong biofilm (vi sinh vat trong qua trinh nitarat hoa). Cac vi sinh vat nay la tac
nhan cho qua trinh nitorat hoa (nitrification), ching la nhiing vi sinh vat hi€u khi bat buéc. Chung la cac vi
sinh vat bam dinh trén cac gia thé di chuyén va tao thanh biofilm trén gia thé sinh hoc.

14 XnD Nito hitu co phan huy sinh hoc cham

15 Xsro N6ng do san phdm tich luy bén trong té bao vi sinh vat di dudng. Cac san pham nay bao gém: PHA va
glycogen, chi xuat hién vdi vi sinh vat di duéng X.

3.2. Xdc dinh cdc qud trinh sinh hoc va ma trdn hé sé ty luong

Trong mé hinh tap trung nghién cliu cac qud trinh chuyén hoa
sinh hoc trong hé phan (ing AO-MBBR. Ma tran cac hé s6 ty luong
biéu dién cac qua trinh sinh hoa xay ra trong mé hinh c6 dang:

T =t

Trong d6: j-sé quatrinh (j=1-19)

i-s6cautli(i=1-15)

Téng hgp cac nghién clu da dugc minh ching, cac qua trinh
va ma tran hé sé ty lugng dugc mé ta trong bang 2:

3.3. Thiét Idp cdc phuong trinh todn hoc dp dung mé phéng
cdc qud trinh sinh hoc dién ra trong hé théng AO - MBBR

Trén ca s& két qua nghién cuu, ké thita cac cong thic tinh toan
da dugc minh ching, nghién ctu thiét lap cac phuong trinh toan
hoc biéu thj cac qua trinh sinh hoc chd yéu trong hé théng xr ly
nudc ri rac bdng cong nghé AO - MBBR. D& thiét lap dugc cac
phuaong trinh todn hoc, nghién ctu dya trén nguyén ly cdc phucng
trinh can bang khéi lugng ca chat va sinh khéi trong bé phan dng;
xac dinh dugc cac hé sé ty lugng trong bé sinh hoc hiéu khi, bé
sinh hoc thiéu khi va cac qua trinh dién ra trén mang sinh hoc
biofilm trong hé théng phan ing da dugc mo ta.

BE phan tng AO - MBBR dugc mé hinh hdéa nhu mot bé phan
Ung khudy trén hoan toan.

a. Phuong trinh can bang vat chat déi véi cac cau tir & dang
héa tan (S;): phuong trinh can bing vat chat trong bé déi vai cac
cdu ti & dang hoa tan (S;) dugc viét nhu sau:

b o
IS ) _ gin(sin _ 58)_ J,(¢, 2)AF + Ry (tWyggs (1)

Vissr

Trong d6: Q™™ : Luu lugng dong vao bé MBBR (m3/ngay);
Sin, s N6ng do cau tir hoa tan i dong vao va dong ra (g/m?);
Theo dinh luat khuéch tan Fick 1, J;(t, z) c6 dang:
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Ji(t,2) = —D{ 102 b))

Trong d6: D! : Hé s6 khuéch tan trong mang sinh hoc clia céu
tlr i (m?/ngay); D! gia thiét bing 80% hé s6 khuéch tan trong nudc
(D}N)(Wanner and W. Gujer, 1985).

Tu phuong trinh (1), (2) phuong trinh can bang vat chat cda
cdu tir hoa tan trong bé AO - MBBR tr& thanh :

e w
950 _ gingsin _s) 4 pf 2L
dt DjL;

3)

Vissr [S,'b(t)fs,f(t,L)JAF+R,(t)VMBBR

Néu khéng quan tam dén sy hinh thanh I6p bién gitta mang va
nudc (Wanner, O., Gujer, W. 1986), SP (t) = Sf(t, L)
Phuong trinh (3) tré thanh:

b S
a5 Q™ (S/™ - SP)+ Ri(tWygsr “)

MBBR

Trong d6 R;(t): toc dd phan (ng cha cau ti hoa tan i trong
toan bd qud trinh va dugc tinh theo cong thuc:

Ri = ZiZ1ilotir 5)

b. Phuong trinh can bang vat chat véi cac cau ti dang hat
(X;): phuong trinh can bang vat chat véi cac cau ti dang hat (X;)
dugc viét nhu sau:

b
axi(t) QM(XIN — XP)+ AL(t)> AF p + R (tWyyggr (6)

MBBR
Trong d6:Q'™ : Luu lugng dong vao bé AO - MBBR (m3/ngay);

Xin, XP : Néng d6 c4u tir dang hat (g/m3).
Do day ciia mang sinh hoc L dugc mé ta bang mét phuong

trinh vi phan:
0 = u(t, L)) - AL()? 7)
Van téc sinh khéi di chuyén trong mang sinh hoc:
ut2) = [T, Xi(62)  Ri(t2)) dz ®)
u(t,z) =0 9)




Bang 2. Cac qua trinh va ma tran, hé sé ty lugng tham gia trong mé hinh

Qudtrinhj |

CGuthi

Ss

Xs

Xi

Xu

Xa

XHat

XAat

S0

2

So,

ShH,

Sho

Xio

Spo, Xsto| S

Téng trudng cda vi
sinh vt di dudng
trong mdi trudng
hiéu khi

—lypm

—ip g

Tang truéng cla vi
sinh vt di dudng
trong mdi trudng
thiéu khi

—lypm

—ip g

Tang truéng cla vi
sinh vat ty dudng
trong mdi trudng
thiéu khi

_451-Y

—lp

Su phén hay cda vi
sinh vt di dudng

fy

ingm — foixe

Su phén hiy cda vi
sinh vat ty dudng

fy

inm — foixe

Qué trinh a mon hda

Qua trinh thay phan
thanh phan hitu co

1—fs|

Qua trinh thay phan
thanh phan N hitu
(<)

Tang truéng cla vi
sinh vt di dudng &
mang sinh hoc trong
moi trudng hiéu khi

—lygm

Tang truéng cla vi
sinh vt di dudng &
mang sinh hoc trong
moi truGng thiéu khi

—lygm

Téng trudng cda vi
sinh vat ty dudng 6
mang sinh hoc trong
moi trudng hiéu khi

4,57 Vg

YAad

—lypm

YAat

Su phan hdy ca vi
sinh vat dj dudng tai
mang

T—fat

ixpat - folxpat

Su phén hiy cda vi
sinh vat ty dudng tai
mang

1_fp,at

Thay phén thanh
phan hitu co ¢ mang

1—fs|

Thay phan N hitu co
G'mang

Qud trinh amon héa
tai mang sinh hoc

Lén men nha vi sinh
vt di dudng

Ho hap ndi bao cla
vi sinh vat hiéu khi

Tich Iy co chat cla
vi sinh vét hiéu khi

Ysto
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Hinh 2 - Két qua phan tich d6 nhay cuc bd d6i véi mdt s6 thong s trong m hinh

_ yi=8+15 Gilj
Ri - Zj:1+19 X:
1

(10)

3.4. Giai hé phuong trinh can bang vat liéu cia mé hinh

DE gidi hé phuong trinh can bang vat liéu thu dugc, phuang
phap Runge-Kutta dugc biét la phuong phap hiéu qua, n6 vira c6
d0 chinh xac cao, thuat todn khéng qua phec tap.

Hé cac phuong trinh trong mé hinh dugc giai s6 bang phuong
phap Runge-Kutta bac 4 va dugc code s6 bang ngdn ng( lap trinh
Matlab.

3.5. Phan tich dé nhay

Thuc hién phan tich d6 nhay cuc bé va tinh toan téng dé nhay

cuc bé theo phuong phéap da dugc mo ta & trén. K&t qua phan tich
d6 nhay cuc bé d6i véi mot sé thong s6 nhu sau:
Khi phan tich anh hudng cua tiing théng s6 co thé thay thong sé
téc do phat trién cuc dai (ux) c6 anh hudng I6n dén néng do Xu va
Snra. Cac théng s6 Ku, nNOs €6 anh hudng t6i hau hét cac tham sé
trong mé hinh. Théng s6 nang sudt tich 1y san phadm cla vi sinh
vat (Ysto) ¢6 anh hudng nhiéu dén néng dd Ss va Soz.

cyc b

Téng dé nhay

Hinh 3 - Két qué tinh toan téng do nhay cuc bd

Két qua tinh toan téng dod nhay cuc bo dugc mé ta trong hinh
3. D6 thi hinh 3 cho thay cac théng s6é mang sinh hoc va hé s6
khuéch tan nhu nang suét tich lay san phdm cua vi sinh vat (Ysro)
¢6 anh hudng I6n nhat t6i két qua mé phéng, véi tdng dd nhay cuc
bé la 9,5. Bung thi hai vé mic dé anh hudng la hé s6 bao hoa
oxygen (Kon) v&i téng dé nhay cuc bo 1a 9,0. Tiép theo |a hang s6
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bao hoa ca chat hitu co dé& phan hay sinh hoc (Ks) véi téng d6 nhay
cuc bd 14 7,3, hé s6 bao hoa Phosphat (Ken), thong s6 ddng hoc téc
d6 phét trién cuc dai (un). Cac thong sé khac c6 dnh hudng thap.
Két qua phan tich d6 nhay dugc dung dé xac dinh cac théng sé
tham gia trong qua trinh hiéu chinh mé hinh mé phong.

3.6. Hiéu chinh mé hinh

Hiéu chinh mé hinh dugc thuc hién trén co s& diéu chinh cac
théng s6 c¢6 d6 nhay cao nhu da phan tich & trén. Cac théng sé
déng hoc ctia mé hinh dugc 1dy theo két qua nghién cliu cla tac
gid Marta Revilla va cs, 2016, Giorgio Mannina va cs, 2011, sau dé
dugc hiéu chinh ting phan. Két qua hiéu chinh dugc trinh bay
trong bang 3.

3.7. Chay mé phdng véi cdc bé sé liéu do dac

Sau khi hiéu chinh céc b thong s6 phu hgp, chay mé phong
trén phan mém dugc viét trén ngdn ngr 1ap trinh Matlab véi cac
b6 théng s6 dau vao khac nhau. K&t qua mé phéng déi véi bé s6
liéu s6 1, thuc nghiém vai hé thong AO-MBBR quy mé phong thi
nghiém. K&t quad md phdng cho thay c6 su kha tuong dong gilia
két qua chay mé hinh va sé liéu do, ddc biét véi két qua mé phong
NH4*.

Bang 3. K&t qua do dac va chay moé hinh mé phéng véi bé s
liéu 01

Thoi (0D (mg/1) - NH4*(mg/l) Sai s
) PO Sai s6 (%) >
gian(h) | Dodac | Mdphdng Dodac | Mdphdng (%)

0 614,0 614 0 2344 2344 0
3 6241 3774 39,52 166,5 171,7 3,12
6 526,3 362,7 31,05 125,7 138,2 9,94
9 402,6 355,0 11,69 131,0 120,3 8,17
24 376,2 3473 7,63 100,3 100,5 0,20
33 3481 3471 0,26 96,6 99,7 3,21
48 348,0 347,0 0,29 98,1 99,6 1,53

Sai s6 gilfa s6 liéu do dac va s6 liéu mé phdng tai cac thai diém
do 33 gid va 48 gid la tuang déi ddng nhat déi véi két qua mo
phong vaéi COD va NHs*. § cac méc thai gian ngén hon nhu 24 gio,
sai sO gilta do dac va mé phéng clia NH4* chi 0,2%.
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Hinh 4 - Két qua md phdng COD Hinh 5 - Két qua mo phong NH4*

Két qua mé phdng ddi véi bo s6 liéu s6 02, thuc nghiém véi hé
théng AO-MBBR quy mé phong thi nghiém duoc thé hién trong
hinh 6 va hinh 7.
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Hinh 6 - Két qua md phdng COD Hinh 7 - Két qua mo phong NH4*

Két qua mo6 phong cho thdy, s6 liéu COD va NH4* trong dong ra
tai cac thai diém la kha tuong déng véi két qua do dac, dac biét la
NHa*. Sai s6 trong khodng 9 dén 40%. Cac gia tri & cdc moc thoi
gian cao nhu 30 gid, 48 gi& cho cac sai s6 thap hon do tai cac thoi
diém nay hé théng bé phan Ung da duy tri dugc & muc 6n dinh dé
xu ly.

3.8. So sdnh véi sé liéu cda tdc gia Giorgio Mannina va céng
su'(2011)

S6 liéu thuc nghiém tir mé hinh AO-MBBR cua tac gia Giorgio
Mannina et al. dugc st dung dé chay véi mé hinh mé phéng mai
dugc thiét 1ap méi. Cac gia tri dau vao mé hinh nhu sau:

Bang 4. Thong s6 dau vao trong nghién clu cla Giorgio
Manninna [8]

Don vj tinh: g/m?
Chisdé | Ss Xs Xi X X Xuat Xaat So2
Pau 42,73 | 81,89 | 17,81 21,37 | 0,001 | 0,001 | 0,001 0
vao
Chisé | Snos | Swas | Swo Xvo Spo4 Xsto Si
pau 0,29 | 1842 0,01 0,001 2,14 | 0,001 | 21,36
vao

Két qua md phong dugc thé hién trong hinh dudi, cho thay sai
sO gilta két qua mo6 phong va sé liéu do dac clia tac gia dao dong
tUr 1,25% -11,26%. Sai s6 16n nhat & ngay thd 26 véi COD khi so
sanh két qua mé phoéng la 40,5 (mg/l) trong khi s& liéu kiém
nghiém cla tac gia 1a 45 (mg/l), cho sai s6 10%. Con lai cac két qua
déu cho sai s6 thé’pﬂhdn.

00 mo phong
COD P reghiem

Hinh 7 - D4 thi so sanh két qua mé.pﬁén"g' COD véi 56 liéu do cla tac gid Giorgio
Mannina et al.

4. KET LUAN

Nghién cttu da xay dung dugc mé hinh khai niém, mé hinh cau
tric va ma tran tuang hé clia cac cau ti tham gia qua trinh trong bé
phan ting sinh hoc AO-MBBR. Trén co s& do6 da thiét lap cac phuang
trinh toan hoc biéu thi méi quan hé toan hoc clia 19 qué trinh xay ra
trong bé phan tng sinh hoc MBBR va 15 cdu ti tham gia vao cac qua
trinh nay. Hé phuong trinh dugc gidi s6 bang thuat toan Runge - Kutta
bac 4 va dugc code s6 bang ngén ng(t lap trinh Matlab.

Nghién ctiu cling da xac dinh do nhay cuc bo dé hiéu chinh va dua
vao cac thong sé dong hoc phu hgp véi diéu kién thuc té tai Viét Nam.

Két qua tinh toan ctia mé hinh da dugc so sanh véi cac bo s6 liéu
thuc nghiém cho thay sai s6 thap, dac biét véi cac méc thai gian dai
nhu 33 gid, 48 gid cho sai s6 tir 0,26% -0,29% doi véi COD va 1,53% -
3,26% doi véi NH4*. Két qua thir nghiém véi bd théng sé clia tac gid
Giorgio Mannina va cac cdng su, 2011 cho thdy sai s6 16n nhét gilta két
qua mo phong va sé liéu do dac d6i vai thong s6 COD la 10%. Cac két
qua tinh toan cho théng s6 khac khac déu cho sai s6 <15%. Két qua
cho thdy mé hinh budc dau phu hgp dé ap dung mé phéng cac qua
trinh sinh hoc dién ra trong hé théng xtr ly nudc ri rac bang cdng nghé
AO-MBBR.

L&i cdm on: Céc tac gid xin chan thanh cadm on sy tai trg cho
nghién ctu thong qua cac dé tai KC08.05 va KC08.DA.02 clia B KHCN.
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