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NGHIEN CUU LUA CHON QUI MO CONG TRINH XU LY NUOGC THAI
SINH HOAT CHI PHi THAP

Duwong Quoc Huy, To Viét Thing,
Vi Hai Nam, Vii Thi Thay
Vién Khoa hoc Thuy loi Viét Nam

Tom tat: Cung Véi sir sir gia tang dan 56, s phat trién cia kinh té xa hgi thi nhu cau sir dung
nuwdc ngay cang tang dan dén viéc hang ngay lwong nudc thdi sinh hogt sinh ra cang lén tiém an
nguy co gdy é nhiém méi trwong néu khong co giai phap xi Iy trude khi dé vao nguan tiép nhan.
Hién da cé nhiéu gidi phap céng nghé dioc ap dung dé xir 1y 6 nhiém nuwréc thai sinh hoat bao
gom: xi ly sinh hoc trong diéu kién tw nhién ré tién nhung can nhiéu dién tich (ao ho, dam lay...),
xir Iy cuong bire ddt tién nhung chiém it dién tich xay dung (derotank, MBR, JOHKASOU...), va
cac cdng nghé két hop cac qua trinh xi 1y sinh hoc (ki khi, hiéu khi) tez nhién hogc ban ti nhién
nham han ché cdc nhiroe diém va tan dung cde wu diém cua hai gigi phap cong nghé trén. Bai bao
nay trinh bay két qua nghién cizu lwa chon qui mé ciing nhu cdc théng sé co ban cua cac hang
muc st dung gidi phap xi 1y sinh hoc ki khi va hiéu khi pht hop trong xi Iy nuréc thdi sinh hoat.
Tir khoa: ABR, AF, HGF, ky khi, hiéu khi

Summary: Along with the population increasing as well as the development of socio-economic,
the demand for water concussion was increased leads to the increasing of domestic wastewater,
potentially causing environmental pollution if have no treatment solution before discharging into
the receiving source. Currently, there are many technological solutions applied to treat domestic
wastewater, including: natural treatment solution that is cheap but requires a lot of space (ponds,
lakes, wetland, etc.), expensive but has high treatment efficiency but less construction area
(Aerotank, MBR, JOHKASOU...), and semi-natural treatment technologies combine biological
treatment processes (anaerobic, aerobic) to limit the disadvantages and using advantages of two
above mentioned technological solutions. This paper presents the results of research on selection
of scale and basic parameters of modules using suitable anaerobic and aerobic biological
treatment solutions for domestic wastewater treatment.

1. PAT VAN PE
1.1. Hién trang

phét tir c4c ngudn: (1) san xuat qui md hd, cum
ho va lang nghé; (2) chian nudi qui mé ho gia
dinh; va (3) sinh hoat hang ngay cua cong dong.
Véi su phét trién kinh té xa hoi viing ndng thén
hién nay, hang ngay c6 hang triéu m3 nudc thai
tir cac hoat dong néu trén tir cong dong dan cu
ndng thdn hinh thanh va xa ra moi truong. Cac
nha may xtr 1y nudce thai tap trung thuong ¢ khu
vuc thanh thi, thi ti con tai vang noéng thén thi

V6i dan s6 cua Viét Nam hién nay khoang
94,67 triéu nguoi trong do ty 1€ nguoi dan sinh
sbng, sinh hoat va lao dong san xuét tai khu vuc
ndng thon chiém khoang 64,26% (Téng cuc
thdng k&, 2018)*, dong vai trd quan trong trong
qua trinh phét trién kinh té - x4 hoi cua dat nuéc.

Tai khu vuc néng thon, nude thai chu yéu xuat

Ngay nhan bai: 15/9/2021
Ngay thong qua phan bién: 07/10/2021

hau nhu khong c6 cong trinh xir Iy nudc thai dé

Ngay duyét dang: 07/02/2022
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TAP CHi KHOA HOC VA CONG NGHE THUY LQI SO 72 - 2022 1



| KHOAHOC

(of0] e} \[e]3]2

xtr Iy cac ngudn thai nay.

DAi v6i nudc thai san xuét, chan nudi ¢6 thanh
phan phtc tap va tiy thudc vao tinh chat caa
nuéc thai ma co thé s dung cac cdng nghé Xt
ly khéc nhau. Trong khudn khé bai tham luan
nay, ching t6i d& xuat mot cdng nghé xir ly
nudéc thai sinh hoat pht hop véi cong dong dan
cu nong thén, von chiém maot ty trong Ién trong
téng sé lwong nude thai hinh thanh tir khu vuc
nay.

1.2. Lwa chon cdng nghé xir ly nwéc thai phu
hop

Véi dic thi cia nuéc thai sinh hoat 1a nong do
6 nhiém hiru co nhu COD, BODS, TSS..., mit
khac cong dong ngudi dan nong thon 1a nguoi
huong loi. Do vay, cdng nghé ap dung can phai
don gian, hiéu qua trong xu ly va cé chi phi van
hanh thap dé d¢am bao tinh bén viing trong van
hanh.

Hién nay, cac giai phap cong nghé trong linh
vuc nay rat phong phi va da dang c6 thé ké dén:
hé théng Aerotank, MBR, SBR, MBBR,
Trickling Filter, Johkasou... Cac giai phap nay
tiét kiém dién tich xay dung, cha dong trong
quéa trinh xt Iy, hiéu qua xir 1y twong d6i cao
nhung bén canh do6 chi phi xay dung va chi phi
van hanh ciing rat cao.

Céc giai phap xur ly tu nhién khéng st dung
hoa chat hoic ning lugng trong qué trinh xi
1y nhu USBA, BASTAF, hd sinh hoc, dam
ldy... c6 chi phi ré va than thién véi moi
trrong hon nhung can nhiéu dién tich nén
cling 1a moét rao can lon cho viéc &p dung cac
cong ngh¢ nay.

Hién nay, mot s6 giai phap dung hoa giita hai
xu hudng trén str dung céng nghécéng nghé
xtr Iy sinh hoc ki khi dugc dé xuat ap dung dé
xtr ly céc chat hiru co kém theo cac cdng nghé
sinh hoc hiéu khi don gian dé ting hiéu qua
xtr 1y Ni to, phdt pho. Do d6, cong nghé dé
xuét lya chon dé xu 1y nuéc thai sinh hoat

duoc dé xuét s& bao gom cac giai doan nhu
sau:

a. Qua trinh xir Iy so bd: Pdi véi nudc thai sinh
hoat chua mot lugng 16n chat ran lo ling, cat,
diu m&... va d& 1am nhanh day hozc 1am tic cac
cong trinh xa ly. Do vy can xu 1y so bd 1am
ling lwong bun cian nay théng qua cac cong
trinh st dung phuong phap co hoc vai nguyén
ly cac vat chit c6 khdi lwong riéng nang hon s&
ling xudng day bé, con cac vat chat ¢ khdi
luong riéng nhe s& noi trén, 16p nude thai ¢ giira
s& tu chay cac qua trinh xu ly tiép theo.

b. Quéa trinh xur ly sinh hoc ki khi: Nhu da
phan tich, cac cong nghé xu ly sinh hoc ki khi
cho hiéu qua xtr ly COD, BODS rat cao. Do
vay, trong qué trinh nay cac cong nghé xu ly
ki khi théng qua I6p bun hoat tinh dong huéng
Ién hoac/va loc ki khi v&i van téc dong chay
duoc gidi han, chiéu day 16p bun hop 1y, loai
vat liéu loc ciling nhu cac kich thudc hinh hoc
phl hop s& xur 1y co ban cac thong s6 COD,
BODS, TSS... trong nudc thai sinh hoat.
Cong nghé sur dung trong qua trinh nay dé
xuat 1a (i) Bé phan ng ki khi vach ngin dong
huéng l1én (ABR); va (ii) Bé loc ki khi (AF)

c. Qué trinh xw ly sinh hoc hiéu khi: Nuéc thai
sinh hoat sau qua trinh xtr ly ki khi van con cac
van dé vé mui, mau, cac chat dinh dudng... Do
do, mot qué trinh loc thyc vat trong moi truong
hiéu khi va/hoic théng qua céac ao, hd hoic hé
thdng kénh muong 1a can thiét dé xir ly cac van
dé trén, dam bao nudc thai du ra dat cac chi
tiéu chinh trong cac QCVN trudc khi do vao
ngudn tiép nhan hoic tai sir dung cho cac muc
dich nong nghiép khac. Cong nghé su dung
trong qua trinh nay dé xuat la (i) Béi loc thyuc
vat dong chay ngang (HGF); hoic (ii) Ao hiéu
khi béi tinh than thién véi moi truong va dé
dang trong quan ly van hanh.

So dd cdng nghé lya chon dé xu 1y nudc thai
sinh hoat tir cong dong dan cu duoc thé hién &
hinh duéi day.
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| Xt 1 50 bo N X 1y ki khi . Xoljhéukhi |
Dong thi hé Xd ra nguon
thong thu gom tiep nhan
; hoac tai sur

dung

Bé lang

i E X ly sinh hoe ki khi qua lép bln hoat tinh
] H dong hudng lén

Hinh 1: Cong nghé dé xudt xir Iy nwéce thai sinh hoat

2. NGHIEN CUU LUA CHON QUI MO
CAC HANG MUC

2.1. Nguyén tic tinh toan

V& mit hiéu qua xur 1y, nudce thai sinh hoat sau
khi xtr Iy phai dat yéu cau theo qui dinh hién
hanh tai QCVN 14:2008/BNTNMT va céc qui
dinh lién quan khac. Qui moé cong trinh cang 16n
thi hi€u qua xtr Iy cang cao nhung di kém theo
la chi phi xay dung s€ tdng 1én. Do d6 nguyén
tic tinh toan lua chon s& bao gém (i) dam bao
hidu qua xir Iy dép tmg quy chuan k¥ thuat ; (ii)
thoi gian lvu nudc thai (HRT); va (iii) van toc
dong chay tbi da cho phép tai cac module.

2.2. Két qua tinh toan qui md cac hang muc
2.2.1. Dit lieu sw dung tinh toan

- Chét luong dau vao cta nudc thai sinh hoat
trung binh dé tinh toan [3] nhu sau:

COD =415 (mg/l); BODs =186 (mg/l)

- Chat lwong nuéc dau ra dat QCVN
14:2008/BNTNMT

- Cong suat xtr Iy: 15m®/ngay dém

- Hiéu qua xu 1y va kich thudc cac hang muc
duoc tinh toan theo tai liéu hudng dan[4].

2.2.2. Két qua tinh todn
a. Bé lang ki khi

Bé ling ki khi c6 tac dung xur 1y so bo ngudn
thai, c6 thé sir dung bé ling 1 ngan hoic 2 ngan.
Trong pham vi dé tai, dé xuét str dung bé lang
02 ngan v6i muyc dich: (i) giir lai toi da rac thai,
vat thai kich thude 16n di vao cong trinh XLNT;
va (ii) dam bao cho hé théng phia sau khong bi
tic nghén.

Hiéu qua xur 1y va kich thudc (chiéu dai) ctia bé
lang phu thudc vao thoi gian luu nudc trong bé
va dugc nghién cuu tinh toan[4] nhu hinh 2
dudi day.
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1 y HETA

Quan h¢ hi¢u qua va thoi gian luu nuéce

" HIRT

Quan h¢ kich thudce va thoi gian luu nude

Hinh 2: Quan hé giita hiéu qua xir Iy, kich thiede va thoi gian leu nwée trong bé ling

Két qua tinh toan cho thiy thoi gian luu nudce
trong bé lang ki khi khoang 2(h) s& cho két qua
t6i wu vé hiéu qua xtr Iy va kich thudc ctia hang
muc bé lang.

b. Bé phan tng ki khi vach ngin dong hudng
Ién (ABR)

Bé phan tmg ki khi véi cac vach ngin giup cho
nuéce thai chuyén dong 1én xubng. Dudi day
mdi ngan, bun hoat tinh dugc gitr lai va duy tri,
dong nudc thai vao lién tuc duge tiép xtc va
dao tron véi 16p bun hoat tinh ¢6 mat d¢ vi sinh
vat ki khi cao, nho d6 ma qua trinh phan huy
cac hop chét hiru co trong nude thai dugc dién
ra manh mé giup lam sach nude thai hiéu qua
hon cac bé ty hoai thong thuong

Hiéu qua xur 1y, s6 ngin cua bé ABR va gia tri
Xay dung (truong hgp tinh todn) ciia hang muc
bé ABR duoc nghién ctru tinh todn[4] nhu hinh
3 dudi day.

COD ress (™) Costir WYND)

0 7 4 & L H,

Chamberd ?

® i qud i i i 56 ngdn bl & Chi oty xdy dyng theo <8 ngle b

Hinh 3: Quan hé giita hiéu qua xu ly, gia tri
xdy dung va so ngan bé ABR

Két qua tinh toan cho thiy sd ngin bé ABR
cang l6n thi hiu qua xtr Iy cang cao nhung kem
theo d6 1a chi phi xay dung cang 16n. Khi sb
ngin bé ABR ting trong tir 2+6 ngan thi hiéu
qua xu ly tang tir 10+14%/01 module kép 2
ngan, con khi sé ngin bé ABR ting trong
khoang tir 610 ngén thi hi¢u qua xtr ly chi tang
tur 5+8%/01 module kép 2 ngan, trong khi gia
tri xay dung ty 18 thuan v6i s6 ngin bé (khoang
27 triéu/01 module kép 2 ngan). T d6 thay
rang s6 ngdn bé ABR hop 1y khi so sanh twong
quan gitta hiéu qua xu 1y va gia tri xay dyng la
tir 4+6 ngin bé..

c. Bé loc ki khi vach ngan dong hudng 1én (AF)

Bé loc ki khi véi vt liéu loc c6 vai tro 1a gia thé
cho céac vi sinh vat phat trién, tao thanh cac
mang vi sinh vat. Cac chat 6 nhiém hoa tan
trong nudc thai duge xtr 1y hiéu qua hon khi di
qua cac 16 rSng cua vat liéu loc va tiép xuc voi
cac mang vi sinh vat

Hiéu qua xur 1y, s6 ngin ciia bé lang va gid tri
xay dung (truong hop tinh todn) ctia hang muc
bé AF duoc nghién ciru tinh toan[4] nhu hinh 4
dudi day. (xem hinh 4)

Két qua tinh toan cho thay s6 ngin bé AF cang
16n thi hiéu qua xtr Iy cang cao nhung kém theo
d6 1a chi phi xay dung cang 16n. Khi s6 ngin bé
AF tang trong tir 1+4 ngan thi hi¢u qua xu ly
tang tir 5+7%/mdi ngin bé tang thém, con khi
sO ngin bé AF ting trong khoang tir 4+10 ngin
thi hiéu qua xtr 1y chi ting khoang 3% dbi véi
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mdi ngin bé ting thém, trong khi gia tri xay
dung ty 18 thuan véi s6 ngian bé AF (khoang 22
triéu/ngan). Tir d6 thiy rang sb ngin bé AF hop
1y khi so sanh tuong quan gitra hiu qua xu ly
va gia tri xy dung 1 tir 3+4 ngan bé.

COD rem () Costitr. VNI

80 v
L 200 00

B 150 00

10000

A ( 13
No, Clastibers

i s sy dung theo <8 ngan be

Hinh 4: Quan hé gitra hiéu qua xuw ly, thoi gian
leeu nuée va so ngan bé AF

d. Bai loc thuc vat dong chay ngang (HGF)

Pay 1a qua trinh xt 1y yém-hiéu bang sinh hoc
két hop hap thy chat 6 nhiém vao cay trong trén
bai loc. Do dic tinh cia bai loc ngang nén sé ton
tai ving hiéu khi (tiép xuc véi khong khi, va
dugc cung cap oxy tir bo ré cla cdy trong trén
bii loc), va ving yém khi ¢ phan day cia bai
loc. Ngoai qua trinh lang va loc tiép tuc xay ra
trong bai loc thi h¢ thuc vat tréng trong bai loc
gdp phan dang ké trong xtr 1y nude thai nhd kha
nang cung cap 6xy qua bo ré cia cdy xudng bai
loc ciing 12 moi truong soéng thich hop cho cac

[_kHoAHOC TNV TN
vi sinh vét c6 kha ning tiéu thu cac chat dinh
dudng cé trong nudc thai, taing hiéu qua xu ly
ctia bai loc. Do d6, cac chét hiru co va dic biét
1a cac chat dinh dudng dudi dang N, P s& trai
qua mot qué trinh chuyén hoa thanh nhiéu dang
khac nhau dudi qua trinh nitro hoéa, khir nitro
hoéa, ¢b dinh Nito, anammox, khir ammoniac...
Céc chét hitu co va vo co chira Phdt pho s& trai
qua cic qua trinh ling, hip phu 1én bé mit vat
liéu trong bai loc, khoang hoa va hﬁp thu vao
cAy trong va vi sinh vat

Péi v6i hang muc nay, qua trinh xir Iy COD
va BODs khong con quan trong ma van dé xir
Iy dinh dudng quan trong hon. Chua co
nghién ctru sdu vé méi lién quan gitra hiéu qua
xtr 1y céc chét dinh dudng va kich thude bai
loc, nhung theo khuyén nghi [4] thi dién tich
bii loc can dam bao 2,5+3,5m?*/m? cong sut
xu ly.

2.2.3. Té hop két qua tinh todn

Hiéu qua xr 1y chat hitu co chu yéu dugc dién
ra trong qua trinh xtr 1y ki khi ciia hé théng xir
Iy nudc thai. Ngoai bé ling c6 nhiém vu lang co
hoc cho giai doan tién xir 1y ki khi da duoc dé
xuat bao gdm 02 ngan thi t6 hop s luong cac
ngin bé ABR va AF dap ung hiéu qua xu 1y va
chi phi xay dung 1a rit quan trong dé lya chon
dugc s6 luong cac hang muc mot cach hop 1y.
Két qua to hop dugc trinh bay ¢ hinh dudi day.

n(AF)
n(ABR) | AF=1 | AF=2 | AF=3 | AF=4 | AF=5 | AF=6 | AF=7 | AF=8 | AF=9 | AF=10
ABR=1 41.7%| 49.4%| 56.0%| 61.9%| 67.3%| 72.0%| 76.8%| 81.0%| 83.9%| 85.1%
ABR=2 52.4%| 58.9%| 64.3%| 68.5%| 73.2%| 77.4%| 81.0%| 83.9%| 86.9%| 88.1%
ABR =3 57.1%| 63.1%| 67.9%| 72.0%| 76.2%| 79.2%| 82.7%| 85.1%| 88.1%| 89.3%
ABR =4 60.1%| 64.9%| 69.6%| 73.2%| 77.4%| 80.4%| 83.3%| 86.3%| 88.7%| 89.9%
ABR=5 62.5%| 67.3%| 71.4%| 75.0%| 78.6%| 81.5%| 84.5%| 86.9%| 89.3%| 90.5%
ABR=6 65.5%| 69.6%| 73.8%| 76.8%| 80.4%| 83.3%| 85.7%| 88.1%| 89.9%| 91.1%
ABR=7 69.0%| 72.6%| 76.2%| 79.2%| 82.1%| 84.5%| 86.9%| 89.3%| 91.1%| 91.7%
ABR=8 70.2%| T74.4%| 77.4%| 80.4%| 83.3%| 85.7%| 87.5%| 89.3%| 91.7%| 92.3%
ABR=9 72.0%| 75.6%| 78.6%| 81.5%| 83.9%| 86.3%| 88.1%| 89.9%| 91.7%| 92.9%
ABR=10] 73.8%| 77.4%| 80.4%| 82.7%| 85.1%| 86.9%| 89.3%| 90.5%| 92.3%| 93.5%

Khu vic mau xanh trong hinh trén 1a cc t6 hop

Hinh 5: Hiéu qua xit Iy (BODS) khi t6 hop sé ngdan bé ABR va AF

c6 hi¢u qua xur ly dép tng duogc yéu cau cua
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QCVN 14:2008 vé nudc thai sinh hoat. Viéc lya
chon sb luong cac ngian bé ABR va AF tdi uu
chinh 1a duong bién phia bén trai cta vung
xanh.

V6i cac yéu cau k¥ thuat (thoi gian luu trong bé
AF t6i thiéu 12h [4] twong duong voi 03 ngin
bé AF), va chi phi xdy dung ciia mot ngin bé
AF 16n hon ngian bé ABR khoang 1,5 lan thi

thy rang t6 hop 6 ngin ABR + 3 ngin AF la
hop 1y ca vé k¥ thuat va chi phi.

Do d6, nghién ctru d& xuét t6 hop cac truong
hop tinh toan kich thudc va sé ngin bé theo (i)
hi€u qua xur 1y; va (ii) chi phi xay dyng cong
trinh xtr Iy nudc thai dam bao chit luong nude
thai sau xu ly dat céc chi tiéu trong QCVN
14:2008/BNMT cot B dugc tong hop nhu sau:

STT Hang muc S6 ngin — Kich thwéc Ghi chu
1 | Bé ling ki khi 02 ngan, L1 = 2(m); Lo=(1(m) H=1,8+2,0 (m);
2 Bé ABR 06 ngan, Li = 0,8(m) B: phu thudc cong suat xir
3 | BEAF 03 ngin, Li = 1,5(m) ly
4 | Bai loc thuc vat 3,0m?/m® cong suit xir 1y

3. AP DUNG THUC TE [2]

Két qua nghién ctru duoc dp dung tai xom Nam
Tan Dan, xa Tung Loc, huyén Can Lc, tinh Ha
Tinh trong khuon kho dé tai “Nghién ctu, lya
chon cong nghé phi hop xir 1y chét thai (sinh
hoat, chdn nuéi) qui mé vura va nho phuc vu
Chuong trinh xay dung néng thon mdi vung
Bic Trung Bo” thudc “Chuong trinh khoa hoc
cong ngh¢ phuc vu xay dung nong thon méi giai
doan 2016-2020”

3.1. Thong tin chung vé mé hinh
Tén mo hinh: M6 hinh MHO1

Loai cong trinh: Cong trinh xtr Iy nudc thai sinh
hoat

Pja diém: X6m Nam Tan Dan — x4 Tung Loc —
huyén Can Ldc — tinh Ha Tinh

Qui md: 15m*/ngay dém

3.2. Thong s6 ky thuat ciia mé hinh

L. The tich Kich thwéce (m)
STT Hang muc S0 ngan (m3) Dai Réng | Cao
1 | Béling 2 12,83 20+10 | 15 2,85
2 | Bé phan tmg ABR 6 20,52 0,8 1,5 2,85
3 | Béloc ki khi 3 19,24 1,5 1,5 2,85
4 | Bai loc thyc vat 1 59 m? 14,7 4,0

3.3. Hiéu qua hoat dong ctiia mo hinh

Hiéu qua xtr 1y dugc tinh toan vé mit 1y thuyét
[2] va ldy mAu phan tich dé theo ddi déanh gia
hoat dong ctia mé hinh [3]. Két qua tinh toan va
theo doi danh gid dwoc thé hién trong hinh 6
dudi day.

Két qua theo ddi hoat dong cho thiy hiéu qua
xtr 1y giira tinh toan va thuc t& c6 xu hudng

tuong dong véi nhau tai cac qué trinh xir 1y. Do
1éch cua hiéu qua xtr 1y trén thyc té theo doi thap
hon két qua tinh toan 1y thuyét khoang 20%
trong qua trinh theo ddi danh gi4 hoat dong cia
md hinh. D6 1éch nay c6 thé s& con giam tiép
sau khi mo6 hinh di vao hoat dong on dinh.

6 TAP CHi KHOA HOC VA CONG NGHE THUY LQI SO 72 - 2022



Hiéu qua x ly BODS tinh toan va thyc té
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Hinh 6: Két qua tinh todn va Hiéu qua xir Iy
thuc té cua mo hinh

4. THAO LUAN

- Tuy cong nghé don gian, dé ap dung nhung
can phai tuan thii thiét ké ciing nhu quy trinh thi
cong xay duyng cong trinh dam bio ding yéu
cau ctia cong nghé.

- Vat liéu loc trong cac ngin bé loc ky khi thuong
str dung vat liéu xi 16 gach hodc xi 10 gém c6 do
cting cao, o rong 16n va dién tich bé mit rat 16n
dé tang dién tich mang vi sinh vat trong qua trinh
nay. Trong truong hgp khong tim dugc loai vat
liéu, c6 thé can nhic lua chon cac vat liéu dia
phuong khéc tuong duong nhu d4 ong, manh vun
cua gach khong nung...

- Trong qua trinh xtr 1y hiéu khi, cac loai cy trong
trong bai loc ngang ciing cn dugc lya chon cho phu
hop. Két qua thir nghiém cho thay ciy chudi hoa
(con goi 14 chudi canh, chudi mo két...) 1a loai cay
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5. KET LUAN
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