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Toém tat - Cau hdi dat ra véi tram xt ly nwéc thai do thi 1a can bao
nhiéu bé phan (rng sinh hoc dé hiéu suat xtr ly va hiéu qua kinh té
cao nhét. Da cé nhiéu cong trinh nghién ctru bang thwe nghiém chua,
€6 cau tra 161 chinh xac cho van d& nay. Bé giai quyét van dé nay,
can mo phong quy trinh x& ly cla tram x& ly nwdc thai bang toan
hoc, trén co s& d6 st dung ly thuyét téi wu dé tim cac théng sé thiét
ké xay dwng va van hanh thich hop nhat. Két qua nghién ctru cho
mo6t tram tram x& Iy nwéc thai chi ra réng chi can s dung 2 bé (hiéu
khi d&t trwéc va ky khi) sé& cho hiéu qua xt ly va hiéu qua kinh té cao
nhét. Chay thr v&i div lieu ddu vao clia tram x& ly nuwéc thai
Benchmark [5] cho thay sau khi téi wu héa, hiéu qua kinh té dat ti
40% so voi diéu kién van hanh thwc té ctia tram.

T khéa - téi wu héa; tram xt ly nwéde thai; xir ly nwéc thai do thi;
thiét ké; van hanh.

1. it van dé

Van d& mo6 phong quy trinh 1am viée 1a kha pho bién ¢
nhiéu Iinh vyc khac nhau, tuy nhién d6i véi linh vyc xir Iy
nudc thai con rat han ché. Mot phan do ngudi nghién ctru
kho co dong thoi 2 k§ ning vé xir Iy nude thai va vé tin
hoc, mot phan do dac thu cua cong nghé xir Iy nudce thai
khé c6 thé chuyén hoa thanh 1y thuyét mé hinh héa nhu
moét sé linh vue khac. Tuy nhién, hi¢n nay c6 mdt vai mo
hinh dugc gidi khoa hoc danh gia cao va dang dugc st
dung dé mé phong tram xur Iy nudc thai 1a ASM1 [1],
ASM2 [2],... tuy theo dac thu va tinh chét nuéc thai ma
duoc ap dung khac nhau.

Lién quan dén t6i wu hoa tram xir 1y nudc thai, Gillot,
1999 [3] da trinh bay cach xac dinh gia thanh tram xu 1y
v6i két qua kha chinh xac, nhung & day chi mo phong dang
don gian nhat ma khong dai dién cho moi trudng hop co
the Xay ra. Alasino, 2007 [4] ciing di tap trung giai quyét
van d¢ giam gia thanh xay dung cho mdt tram xur ly nudce
thai. Nghién ctru nay mang tinh tong quan hon boi sy md
ta tram xur ly nude thai duge hiéu nhu mét siéu céu trac,
bao gdm 1 bé lang va nhiéu bé sinh hoc véi cac kich thudce
khac nhau va duoc gia thiét v6i nhidu trudng hop van hanh
da dang hon. Tuy nhién, cac nghién ctru nay lai khong thay
dbi kich thude cac cong trinh ciia tram xir 1y, hay noi cach
khac 13 1am 13 chi phi dau tu cua hé thdng xir 1y nudc thai.
Chinh vi thé, & ddy chiing t6i tién hanh mé phong va t6i uu
dya trén mot tram xu 1y nude thai dién hinh Benchmark [5]
trén co so gia thiét cho tat ca cac truong hop co thé ap dung
cho tram, tir d6 tim ra sé lugng bé phan mg ciing nhu cac
duong luu lugng vao va hdi luu nude thai sao cho hiéu qua
xu ly cling nhu hiéu sult kinh té cao nhét. Dé thuc hién
cong vi€c nay, 6 ddy mo hinh ASM1 dugc ap dung do tinh
chat nude thai dau vao la nuée thai do thi.

Cong cu dé toi uu héa & day la gProms [6]. D6 1a mot
phan mém lap trinh rat manh va chinh xac thuong ap dung
dé mo6 phong, tdi wru héa ciing nhu diéu khién quy trinh san

Abstract - A big question in urban wastewater treatment is that
how many bioreactors are enough to provide the desired
performance with the best economic efficiency. There have been
many studies of the issue but so far no exact answer has been
found.To address this issue, it is necessary to simulate the
treatment procedure of the WWTP using mathematics with the
optimization theory to make the basis for the determination of the
most appropriate design and operation parameters. The research
on a WWTP suggests that the use of 2 bioreactors would provide
the best performance and economic efficiency. The pilot with the
input data of the Benchmark WWTP [5] indicates that after the
optimization, the economic efficiency increases 40% in comparison
with the actual operation condition of the plant.
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suat trong cac nha may cong nghiép hién nay. Vi gProms
ta co the giai cac thuat toan hét sirc phtre tap ma khong céan
sap xep céc cau 1énh theo trinh ty logic nhu cac phan mém
truyén thong khac. Bén canh d6, gProms con co kha ning
doc truc tiép cac file dit lidu do dac dau vao ma khong can
chuyén d6i sang dang cong thirc gan ding. Hién nay trén
thé gi61 van phong dai dién gProms duge dat ¢ mot sO nude
phat trlen nhim dura cong nghé didu khién vao cong nghiép
san xuat tu dong.

2. P6i twong nghién ciru

Nghién gfru dua trén tram xur 1y nuéc thai Benchmark
[5] gdm 5 bé phan tng sinh hoc (2 ky khi, 3 hiéu khi) nhu
Hinh 1.

Hinh 1. Tram xu Iy nuoc thai Benchmark
Céc thong sb cua hé théng duoc trinh bay trong Bang
1, con luu lugng cac thanh phan dugc mo ta trong Bang 2.

Bing 1. Cdc théng s6 ciia tram xir Iy Benchmark

Bé& phan tmg | Thé tich (m®) | ka @ (1/h) | Ghi chu
Bé1 1 000 0 Ky khi
Bé2 1 000 0 Ky khi
Bé3 1333 10 Hiéu khi
Bé 4 1333 10 Hiéu khi
Bé S 1333 35 Hiéu khi

(%) kra: hé s6 cdp oxy cho bé sinh hoc.
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Bidng 2. Luu luong tram xu ly Benchmark

Thanh phﬁn Gia tri Pon vi
Qo 18 446 m’/d
Qr 18 446 m’/d
Qa 55338 m’/d
Quw 385 m*/d

Céc dir liéu do dac dugc cong khai trén trang site cla
Benchmark (www.benchmarkWWTP.org), voi s6 liéu do
dac lién tyc trong 2 tuin trong khoang thoi tiét khac nhau
(mua kho, muia mua, mua bdo), cir 15 phat do 1 14n.

3. Phuong phap nghién ciru
Bude 1. Tién hanh m6 phong tram xur Iy Benchmark dé
chuan héa cac tham s6 cho phtt hgp véi mo hinh ASMI.
Buoc 2. Due} trén mé hinh md phéng dugc, 1ap SO dd
vén hanh gia thiét v6i day du tat ca cac kich ban c6 thé xay
ra vé dong vao, tuan hoan, cap khi, tach bun nhu Hinh 2.
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Hinh 2. Kich ban tong hop ciia tram xit Iy nuéc thai

Bude 3. Tién hanh tdi wu hoa tat ca cac bién cé trong
so d0 Hinh 2 dé thoa man 2 diéu kién chinh: (1) nudc thai
dau ra dat tiéu chuan xa thai; (2) tong gia thanh cta tram
xtr 1 1a nhé nhét. Qua trinh t&i wu hoa dugce thuc hién bang
phin mém gProms [6]. Béng phuong phép so sanh vong
lap s& thu duoc bo thong sé cubi cung tng v6i gia thanh
nhé nhét, nhitng théng sé qua nho hodc bang 0 coi nhu
khong ap dung vao so db xir 1.

4. Gia thanh cuia tram xir ly

C6 2 loai gia thanh cta tram xu ly nude thai, d6 1a gia
thanh dau tu (IC) va gia thanh vén hanh (OC). Tong cua
chiing (gia thanh tong) dugc tinh toan nhu sau [4]:

NPV =1C + OC (D
a. Gia thanh diu tw (IC)
IC = Icreactar + ICaerator + ICsettler + [Cpump + [Crecycle (2)
5
1C ey =2 b,V 3)
i=1
> 0,
ICaeratar = Zba (B : kLai : Vl) ’ (4)
i=1
6&'6 é‘se
ICsettler :bset,l'A set! +bset,2'A "2 (5)

s, Iips 2 s
Icpump = bips,l 'QO " + bipS,Z 'QO o+ bip5,3 'QO " (6)

1€, e = b,(0, 4 0,)" (7
& day: IC,eacror: gid thanh dau tu bé phan tng.

ICocraror: gid thanh du tu may cép khi.

ICyenter: gid thanh dau tu bé ling.

ICpump: gid thanh dau tu bom nudc vao.

ICyecycle: gid thanh dAu tu cac bom tudn hoan.

ba, by, bips.1, bips,2, Dips.3, bser1, Dser2, Ops.1, Ops.2s Gips 3,

Oser, 1, Oser,2, O cac tham so (Bang 3).

Vi: thé tich cac bé phan tng, (m®).

A: dién tich bé lang, (m?).

B: hing s = 30007 (kg O,) d/h.m’.

krai: hé s6 chuyén tai oxy & cac bé phan ung.

O Qs Oy Iuu lugng véo, tudn hoan trong va ngoai, (m’/d).

Bing 3. Tham s6 dau tw va vin hanh

bt 10 304 St 0,477
ba 8590 da 0,433
bset,l 6 630 Sset,l 0,678
bset,Z 6338 6591’2 0,325
bips,1 2334 Bips,1 0,637
bips.2 2123 Oips,2 0,540
bips,3 2090 Sips,3 0,349
bar 5038 Osr 0,304
b. Gia thanh vin hanh (OC)
0C =1.0C’ (8)
T
O(ji = OCaerator + OCpump + O(jsludge (9)
2 1-(1+id)™
rog L) (10)
= (1+id)’ id
OCaemmr = aE 'AE (1 1)
sat t=l4days (5
- S V. -kya,(t)dt (12)
7-1,8-1000 ), (5
oc¢,,,, =o,.PE (13)
1 t=14days
PE=— [ (0,0040, (¢)+0,0080, (£)+0,050, (1))
t=Tdays

(14)

Ocsludge = aSLD SP (1 5)

SP=TSS,.0, (16)

& day: OCucraior: gid thanh van hanh bé cép khi.
OCpump: gia thanh van hanh bom.
OCiuage: gid thanh xir 1y bun.
0C[: gia van hanh nim thi i.

I':hé $6 cdp nhat dé tinh gia hién hanh.
id: ty 1€ trugt gia, id = 0,05.

n: tudi tho tram xtr Iy, n = 20 (nam).

AE, PE: nang lugng bom va may cép khi.
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T: thoi gian tinh toan, (ngay).
g, Qs p: tham s van hanh (Bang 4).
Bing 4. Tham s6 chi phi vdn hanh hang ndm

Hé sb Gid trj Don vi
(073 25 euro ngay/kWh.nam
asLD 75 euro ngay/kg SS.nam

5. Gia thanh tram xir Iy khi chwa t8i wu hoa

Cac tham sé van hanh thuc té cia tram xu ly
Benchmark duogc trinh bay trong Bang 1 va 2. Sur dung céc
dit liéu dau vao boi cac gia tri trung binh cua cac s6 liéu do
dac thuc té, s€ xac dinh duoc duoc téng gia thanh dau tu
va van hanh hang nadm cda tram 1a 6906691,2 (euro/nam).
Gi4 tri thanh phan cua cac chi phi dugc trinh bay trong
Hinh 3. Két qua nay hoan toan tuong ty nghién ciru clia
Alasino, 2007 [4].

= |C_aerator 171465.8
®IC_pump 1217532,5

B e |C_recycle 997912
IC_settler 442670,9
IC_aerctor 1512419,5
OC_aerator 1041029 4

= OC_pump 1209364
mOC_sludge 23008454
6906691,1

Hinh 3. Gid thanh thuc té cia tram xir Iy nudc thai Benchmark
Hinh 3 cho thdy ring chi phi xir Iy bun, h¢ thong cp
khi, dau tu bom, xay lap bé phan tng la kha cao. Do viy,
vigc toi uu hoa vé mat kich thude va phuong phap vén hanh
tram xt ly nudc thai dé giam chi phi 1a rat can thiét.
V6i s6 liéu van hanh thyc té ctia tram, két qua mo phong
nong dg céc chat dau ra dugc trinh bay trong Hinh 4.
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Hinh 4. Néng dé dau ra thuc té ciia tram xir ly
Tét ca cac ndng do thap hon nhiéu so véi tiéu chudn xa
thai. Diéu nay chimg to ring qué trinh van hanh hodc viéc thiét
ké tram xtr Iy nudc thai Benchmark 14 an toan qua mirc can
thiét, nén kha tén kém trong dau tu va van hanh. O day tiéu
chuén xa thai dugc quy dinh: CODax = 125 mg/m’; BODsmax
=25 mg/m’; TSSmax = 35 mg/m?’; TNyax = 10 mg/m’.

6. Két qua t6i wu héa

Tién hanh t3i uu hoa tim gia thanh gid thanh tong nho
nhat (NPV = IC + OC), dong thoi thoa man tiéu chuan xa

thai vé COD,BODs, TN, TSS.

Qua trinh ti wu hoa duge xac dinh boi:

Min{NPV =IC+0C} (17)

Céac thong s6 can xac dinh: kza;, kras, kias, kias keas,
Qo1, Qo2, Qo3, Qoss Orit, Or21, Or22, Or31, Or32, Or33, Orat,

Ora2, Ora3, Oras, Orsi, Ors2, Orsz, Orsay Orss, Orecty Orec2y Orec3,
Qrec4, Qr‘ec5; QWs VI 5 VZ’ V3s V4a V5-

Gidi han khdng ché:

COD, < COD gy

BOD. <BODspax

TSSe < TSSmax

TNe < TN pax

kiay, kraz, kras, kraq, kias <krame

O1=01a; 0265 02¢5 O36= 034, Otp= Qua; O5=< O5a.
O Ow_max

Oii + 021 + 022+ 031 + Oz + 033 + Oras + Oraz +
Ori3+ Orag + Orst + Ors2 + Orsz + Orss + 01555 Ou_max-

QreLI + QreLZ + QreL3 + Qreuf + Qrcc5<Qr max

Str dung bd cong cu t6i wu hoa cia gProms [6] bang
phuong phap thtr vong lap nhiéu 1an dé tim gia tri theo didu
kién dat ra. Sau khi ti uu, cac gia tri bang 0 (hoac rit bé)
¢6 s& duoc bo qua. Do vay, két qua tir so dd tong quat &
Hinh 2 dugc rat gon thanh so d t6i wu nhu Hinh 5.

Qo , Qo2=17 995

Qu =451 ["y,=1665 Vo=1259

krai=301 kia;=0

Qui=224
Qrec1=36 891

Hinh 5. Két qua sau khi t6i wu tram xir Iy nudc thdi
Sau khi t6i wu hoa, két qua thu duoc 1a 2 bé véi hé sb
cap khi kza;> 0 et kzax = 0. C6 nghia la bé ky khi dat truge
va bé hiéu khi dat sau.

= IC_aerator 789359
g%%%@*%" IC_pump 1217532,5
IC_recycle 123198,6

IC_settler 4426709

m IC_aerctor 665163,2

OC_aerator £94410,7

= OC_pump 944021

mOC_sludge 7777818

4094095,7

Hinh 6. Céc gid tri ciia gid thanh sau khi toi wu

Mo phong tram xur ly nude thai véi cac dit liu trong
Hinh 5 dugc biéu dién trong Hinh 6. Trong truong hop nay,
gia thanh tong sau khi toi vu 1a 4094095,8 (€/nam).

Mb phéng véi cac dit liéu trong Hinh 7 chi ra rang phan
16n cac nong d¢ dau ra nam dudi ti€u chuan xa thai, chi
riéng TN Ia xap xi bang ti€u chuan xa thai ciia no, diéu nay
cling chirng t6 viéc toi wu hoa dat muyc ti€u dé ra.
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COD (g.m-3)

TN (g.m-3)

100
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=~
TSS (g.m-3)
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Hinh 7. Nong d¢ dau ra sau khi toi wu héa

€/nam
2000000 -~

7000000 -
6000000 -
5000000 -
4000000 —---
3000000 -
2000000 -
1000000

0

Trwéce toi tru hda Sau téi vu héa
Hinh 8. Gid thanh tram xit Iy nuoc thai trucc
va sau khi toi wu hoa
30
201
10

Sludge age (d)

Time (d)
Hinh 9. Tuéi bim sau 16i wu hoa khi bi khong ché

Gié thanh téng cta tram xir 1y nude thai sau khi t6i vu
giam rat dang ké so voi trudng hop thuc té cia Benchmark
(Hinh 8). Diéu nay cho phép tiét kiém khoang 41% gia
thanh téng cua tram xir Iy nude thai. Trong truong hop nay
tudi bun hoan toan phu hop yéu cau cong nghé (Hinh 9).

7. Kétluan

Sau khi toi wu hoa, dong ra cua tram xir Iy nudc thai dat
tiéu chuan cho phép. Chi c6 ndng d6 TN dat xdp xi ngudng
cho phép. Diéu nay ching to tram xir Iy ¢6 nguy co gy 6
nhiém nhit 1a TN.

Qué trinh t&i wu hoa cho thiy khong can xay dung nhidu
bé phan tng ma chi can 2 bé s& cho hiéu qua kinh té cao
nhat. Bén canh d6, mot luu y dang thao ludn la két qua thu
dugc cho thiy bé hiéu khi dat trude bé ky khi. Diéu nay hoi
khéac véi cac tmg dung trong thyc té 1a thuong bé tri bé ky
khi truée bé hiéu khi. C6 thé giai thich cho van dé nay la
tram Benchmark xur Iy nuéce thai d6 thi, c6 nf‘)ng do TN kha
cao, nén can thyc hién qua trinh nitrat hoa trong bé hiéu khi
trude khi chuyén sang be ky khi dé thyc hién qué trinh phan
nitrat nhim giam nito tdng trong nudc thai.
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