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M6 phéng tram xu ly nudc thai bang gPROMS

Simulation of wastewater treatment plant by gPROMS
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TGM TAT

Bai bao trinh bay ket qua cda viéc st dung méy tinh d& ma phang tram
xtt Iy nude thai (XLNT) bing ngén ngir gProms, mat ngdn ngit r&t manh
dang ap dung kha phd bign trén the giti vé finh vure dao tao va quén Iy
quy trinh san xuat cong nghiép. Co st dir liu d& ma phang dua trén s
ligu do dac ciia tram XINT Benchmark, duge trinh bay trén website
(www.benchmarkWWTP.org). Két qué ma phang dd cho két qué kha
chinh xac, ddng thai céc tham s ma hinh thu duge gén sat vai ba thang
st Iy thuygt mac dinh dé xuét ap dung. Viec md phang & day dua trén
md hinh ASMI (Activated Sludge Model n®l), diéu nay cho thdy ma hinh
md phang |a dang tin cay dé thay thé cho viec do dac gay nhiéu tdn kem
nh&m kigém soat tat qua trinh van hanh tram XINT.

Tir khoa: Ma phang; tdi wu; nhan dién; tram xir Iy nudc thai;
gProms.

ABSTRACT

The article presents the results of using computers to simulate
wastewater treatment plants using gProms language, a very
powerful language that is widely applied in the world in the field of
training and industrial production process management. The
database for simulation is based on measurement data of the
Benchmark wastewater treatment plant, presented on the website
(www.benchmark). The simulation results have shown quite
accurate results, and the model parameters obtained are close to
the default set of theoretical parameters proposed to be applied.
The simulation here is based on the ASMI model (Activated Sludge
Model nol), which shows that the simulation model is reliable to
replace costly measurements to well control the operation of the
wastewater treatment plant.

Keywords : Simulation; optimisation; identification; wastewater
treatment plant; gProm.

1. DAT VAN BE
M6 hinh mé phdéng qua trinh sinh hoc bai bun hoat tinh cta
mot tram XLNT bang phuong phép sinh hoc da dugc phat trién va

gidi thiéu bdi IAWQ : ASM1 (Henze et al., 1987), ASM2 (Henze et al.,
1995), ASM2D (Henze et al., 1999) et ASM3 (Guijer et al., 1999). Méi
mo hinh ¢6 nhiing muc dich khac nhau d€ mé phéng chinh xac 1
thanh phéan nao dé trong nudc thai tuy thudc vao tinh chat nudc
thai dau vao, tuy nhién cac qua trinh xay ra khac nhau khéng
nhiéu. Diéu quan trong la xac dinh cac tham sé lién quan cho phu
hagp véi déi tugng dang nghién ctiu. C6 mot sé mé phong da dugc
tién hanh trén thé gidi cho két qua kha quan, tuy nhién van con
mét vai bat cap la viéc duy tri tram XLNT cho én dinh nhu trong
phong thi nghiém dé xac dinh cac théng sé lién quan, bén canh d6
viéc do dac chinh xé&c cac thong s6 nay la mot diéu khé khan khi su
bién d6i dong vao ctia tram XLNT dién ra mét cach lién tuc.

Trong pham vi nghién ctu nay, ching t6i s dung ngon ngir
mo phong kha manh (gProms) cling nhu tram XLNT dugc duy tri
ché& d6 1am viéc kha ly tudng (tram Benchmark) dé mé phéng dua
trén md hinh ASM1. Muc dich nham tim ra cac tham sé phu hop
ctia m6 hinh ciing nhu kiém chiing dé sai s6 gitta ly thuyét va thuc
tién.

2. DOI TUGNG NGHIEN CUU

Tram XLNT Benchmark nghién ctu & day gém 5 bé phén ting
sinh hoc va 1 bé 1ang 2 (hinh 1). Hai bé ky khi dat truéc 3 bé hiéu
khi. C6 2 dong tuan hoan dién ra & day: (1) dong tuan hoan bén
trong, ti bé hi€u khi cudi cung vé bé thi€u khi dau tién dé kha
nitrat; (2) dong tuan hoan tir bé 1ng 2 vé bé thi€u khi dau tién dé
cung cdp bun hoat tinh cho cac bé sinh hoc.
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Hinh 1. Tram XLNT Benchmark

Cac thong s6 cha tram XLNT dugc trinh bay trong bang 1, con
luu lugng céc thanh phan dugc mo ta trong bang 2.

Bdng 1: Cdc thdng s6 ctia tram xu ly Benchmark

Bé phan Thé tich kia Ghi cha
ung (m3) (h)
BE1 1000 0 Thiéu khi
B&2 1000 0 Thiéu khi
BE3 1333 10 Hiéu khi
BE4 1333 10 Hiéu khi
BES 1333 3.5 Hiéu khi

(*) kia : hé s6 cap oxy cho bé sinh hoc.
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NGHIEN CUU KHDA HOC

Bdng 2: Luu lugng tram xtt ly Benchmark

Thanh phan Gia tri Pon vi
Qo 18 446 m3/d
Q 18 446 m3/d
Q. 55338 m3/d
Qw 385 m3/d

3. LUA CHON MO HINH

Dé mo phoéng qua trinh xU ly cGia tram XLNT béi bun hoat tinh,
phan 16n cac nghién ctiu thuc té trong khoang 30 nam gan day la
dua trén su thiét lap cac mo hinh phuc hgp. Trong sé d6, mé hinh
ASM1 dugc ap dung kha nhiéu vi d6 chinh xac kha cao vi mé hinh
nay c6 mdi lién quan dén ly thuyét va rat chi tiét dé moé ta cac qua
trinh khac nhau trong phan Uing sinh hoc clia tram XLNT.

Trong nghién ctiu nay, cac dir liéu dau vao kha phu hgp véi cac
qua trinh ASM1 mo6 phéng, nén mo hinh ASM1 né dugc st dung
d€ mo ta dién bién cac chat COD, BOD5, Nito va TSS.

4. QUA TRINH THUC NGHIEM

Luu lugng va néng dé cac chat dong vao va dong ra cta tram
XLNT Benchmark dugc do dac mot cach lién tuc (ci 15 phat mot
lan 1ay mau, lién tuc trong 2 tuan trong khoang thdi tiét khac nhau:
mua khé, mua mua, mua bao). Cac dir liéu nay dugc cong khai trén
trang site clla Benchmark (www.benchmarkWWTP.org).
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Hinh 2. Dit liéu do dac dau vao cda tram XLNT

5. XAC DINH CAC THAM SO MO HINH

M6 hinh ASM1 cé 20 tham s8 (bang 3). D€ m6 phdéng tram
XLNT Ia can xac dinh cac tham sé nay sao cho d0 sai léch gita ly
thuyét va thuc tién 1a nhé nhat. V& nguyén tic, chung ta khéng thé
xac dinh toan bé cho 20 tham sé cung Iic ma chi xac dinh nhimng
tham s6 cé do nhay I6n nhat anh hudng nhiéu dén mo hinh, con
nhiing tham s6 khac 1y theo gia tri mac dinh cla ly thuyét dé xuat.

a/ Phuong phdp xdc dinh dé nhay cdc tham sé

Méi quan hé gilra cac dir liéu do dac va ly thuyét ctia dong ra
cta moét tram XLNT dugc mo td nhu'sau :

y[/':ﬁi(x’p’tij)-’»f[[ M

yij: gia tri do dac thuc nghiém.

¥, : gia tri udc lugng bang mo hinh (ly thuyét), Ia ham ctia cac
bién dau ra, tham s6 hiéu chinh va thai gian thuc nghiém.

€t sai sO gilta ly thuyét va thuc nghiém.

V6i:i=12,..,ns ; j=12,...,Nm

ns: s6 lugng cac bién dau ra.

Nm : 6 lugng céac bién do dac.

Phan tich d6 nhay cac bién dau ra cho phép dinh lugng tac
doéng cla cac tham s6 dén mé hinh. Viéc nay dugc can cu trén do
nhay cda ching:
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- j=12.m, 2)
J

g day: np:solugng cac tham sé.

Xac dinh theo khodng thai gian nhat dinh, hé s6 dé nhay tré
thanh:
sy = Pj | Pj Ay
U = B A. . = A.

=i yl |l:tk apj |t:tk yl |t:tk Ap

| (3)
S e=t,

Mé&i mét tham s6 gay ra mot su sai s6 nhat dinh dén mé hinh
khi cé su bién thién vé gia tri. Tuy nhién can xac dinh gia tri sai s6
bao nhiéu thi dugc xem la d6 nhay dang ké dé dua vao xac dinh,
trong trudng hop sai s6 khong nhiéu thi c6 thé bé qua khéng can
xac dinh ma 13y theo gia tri mac dinh. (Li, 2003) da lap thanh ma
tran Z dé xac dinh d6 nhay (4).
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Dung Matlab dé gidi ma tran Z sé cho ching ta th( tu d6 nhay
cUa cac tham s6 dugc xép theo thi tu tir cao dén thap. T gia tri do
nhay dé xuat cua (Li, 2003) ta c6 thé biét dugc s lugng tham s6
can xac dinh va chi ra nhimng tham sé nao dé tién hanh thuc hién.

b/ Thuc hién xdc dinh d6 nhay cdc tham sé

Ngén nglr gProms dugc st dung trong cong viéc nay dé tinh
toan va udc lugng cac tham s6 clia ma tran Z dua trén cac so6 liéu
do dac thuc té. Cac két qua thu dugc dugc luu thanh cac file excel,
sau do6 dugc st dung dé xac dinh cac thong s c6 dd nhay clia cac
tham sé bang ngdén nglr Matlab. Céc két qua phan tich dé nhay thu
dugc mé ta trong bang 3, & day cac tham sé dugc sdp xép theo thi
tu d6 nhay tur1én dén nho.

Bdng 3: Sdp xép cdc tham s6 theo d6 nhay giam ddn

Yu 101.837 Kno 0.1320
ixs 3.2281 Knu 0.0900
Fos 2.8492 HH 0.0805
bn 2.0133 ixp 0.0675
Ha 0.8816 kn 0.0562
ka 0.5265 ba 0.0466
f 0.4198 Ko.a 0.0381
Kon 0.3778 ng 0.0177
Ya 0.2576 Ks 0.0076
Nh 0.2405 Kx 0.0030

Bang 3 chi ra rang do nhay cda tham s6 Yx la I6n nhat va Kx la
nho nhat.

Theo dé xuat cua (Li, 2003), dua trén két qua bang 3 déi véi
tram XLNT nay chi can xac dinh 4 tham sé chinh c6 d6 nhay I6n
nhat 1a Yu, ixs, b va fns. CONn cac tham s6 khac 1y theo gia tri mac
dinh ctia m6 hinh ASM1.

¢/ Xdc dinh gid trj ciia tham sé

Muc dich ctia phan nay la xac dinh gia tri clia 4 hé s6 c6 do nhay
16N Y, ixe, br va fos d€ sai s gilta ly thuyét va thuc tién |a nhd nhat. Si
dung ngdn ngit gProms dé thuc hién céng viéc nay. Bang nhiéu vong
13p gProms cho ra dugc cac gia tri tham sé can xéac dinh nhu bang 4.
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Bding 4: Két qua cdc tham sé dugc xdc dinh

Yu 0.38 bu 1.6

ixs 0.0025 fas 0.02047

Thay céc tham sé xéac dinh dugc vao mo hinh, két hgp véi cac
tham s6 mac dinh cé d6 nhay nho. Tién hanh moé phoéng dua trén
s6 lieu do dau vao va so sanh két qua dau ra cho thay do sai s6
gitia ly thuyét (m6 hinh ASM1) véi céc s6 do thuc nghiém (hinh 3).
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Hinh 3. So sanh két qua do dac va gia tri md phdng clia md hinh véi cc tham s6 xac
dinh dugc

6. MO PHONG DONG

Mé phéng déng tram XLNT la viéc st dung céc sé liéu do dac
céac bién déi theo thai gian cac bién dau vao ciing nhu cac dang
thuc cép khi xac dinh sau day dan tai két qua cac néng dé COD,
BODs, TN, TSS nhu hinh 4.
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Hinh 4. Két qud md phong ndng do dau ra cia tram XLNT

Hinh 4 nay chi rang cac gisi han dau ra la théa man, chi tru
néng dé COD thinh thoadng vuot moét vai thai diém trong ngay. Do
vay viéc ti uu hoa dé dam bao ndng dod dau ra cling nhu tiét kiém
nang lugng van hanh la can thiét.

7. KET LUAN

Viéc mo6 phong tram XLNT da duoc thuc hién véi két qua rat sat
véi trang théi lam viéc cda tram XLNT. Viéc mé phdng chi ra nhiing
tham s6 c6 d6 nhay cao anh hudng dén su bién déi trang thai clia
tram xU ly nudc thai. Véi vong lap clia gProms dé xac dinh dugc
chinh xéc cac tham s6 nay dé hiéu chinh mé hinh c6 dé chinh xac
cao giia ly thuyét va thuc tién.

Do tram XLNT dugc dugc van hanh kha sat véi mé hinh thuc
nghiém nén céac tham s6 xac dinh dugc bai gProms kha gan ding
VGi cac tham s6 ly thuyét cia mé hinh ASM1. Biéu nay ching té
mé hinh ASM1 rt déng tin cay dé€ ing dung vao d€ mé phéng cac
tram XLNT.

Viéc mé phong thuc t€ mét tram XLNT da cho phép giam chi
phi rat dang ké cho qua trinh van hanh sau nay cau tram. B&i vi chi
can cap nhat trang thai dau vao cia hé thong x& ly nudc thai la cé
thé xac dinh dugc néng d6 dau ra ma khéng can do dac tén kém.
K&t qua mo phong ciing cho ching ta xay dung dugc nhiéu kich
ban dé cé nhiing phuong an van hanh hgp ly dam bao tiét kiém
dién nang cling nhu dat tiéu chuan xa thai yéu cau.
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