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Jwmsaecismo A TAINGUYEN VOI PHAT TRIEN BEN VIING (ERSD 2020)
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MBS hinh héa dich chuyén 6 nhiém nudce tai cac khu cong nghiép
tinh Ninh Binh

Tran Van e, Lé Tién Diing!, Tran Vii Long', Nguyén Hitu Trong'
Nguyén Manh Hung?, Pham Thi Kim Giang®
! Trung tam Trién khai Cong nghé Khodng chat, Trieong Pai hoc Mo - Dia chat
2 Ban qudn Iy cac khu cong nghiép Ninh Binh
3 Trieomg Pai hoc Gido duc, Pai hoc Quéc gia Ha Ngi

TOM TAT

Cac khu cong nghiép voi nhiéu nganh nghé dong vai tro quan trong trong viéc phat trlen kinh té tinh Ninh
Binh. O nhiém méi trudng nude mit va nude ngam tai cac khu cong nghiép dang 1a van dé bao dong. Tai
nhiéu noi, chét lugng nudc dang bi suy giam nhanh chéng vugt qua kha ning tu lam sach cua tu nhién. Mo
hinh MIKE 11 (cho nuéc mit) va Modflow (cho nuée ngam) da duoc tng dung dé mé hinh hoa qué trinh
van dong cua cac chit 6 nhiém trong méi trudng nude. Két qua cho phép danh gia, du bao sy dich chuyén
6 nhidm trong moi truong nudc, 1am can clr dé xuat cac giai phap xir 1y, bao vé moi trudng tai cac khu cong
nghiép tinh Ninh Binh.

Tir khéa: O nhiém nuéc; mo hinh héa; khu cong nghiép Ninh Binh.

1. Pit van dé

Trong mdi truong ty nhién, nudc mat va nude dudi dat ludn van dong theo nhitng quy luat phirc tap.
Qua trinh van dong, kéo theo sy dich chuyén céac yéu to va tdc nhan gay 6 nhiem. M6 hinh héa dich chuyén
cac chat gay 6 nhiém trong mdi truong nudc, 1a mot trong cac giai phap cong nghé co tinh hién thuc, dugc
Umg dung rong rai trén thé gidi va trong nude. Cac md hinh duge xay dung trong cac khu vue cuy thé, tro
thanh mét phuong tién dé xac dinh huéng va dien bién cac qué trinh di chuyén cua cac chat gdy 6 nhiem,
xay dung céc giai phap giam thiéu c6 hiéu qua va bén viing.

2. So' lwge vé dic diém dia chit, dia chit thity vin cac khu cong nghiép
2.1. H¢ thong song ngoi

Toan tinh Ninh Binh ¢ 811,2 km chiéu dai song sudi va 2367,5 km kénh muong, mat do trong khoang
0,6 - 0,9 km/km?. Nhitng con song chinh chdy qua tinh 13 sdng D4y, song Boi, song Hoang Long, song
Ding, song Vac, song Van. Song Hoang Long va song Pay 1a dudng giao thong thiy quan trong, n6i lién
cac ving trong tinh va mé rong giao thong véi cac tinh xung quanh, dic biét véi dong bang séng Hong.
2.2. Dic diém dia chét, dia chdt thiiy van tai cdc khu cong nghiép

Bdng 1. Pdc diém dia chat, dia chat thity van cdc khu cong nghiép

Khu Lép dia Do séu (m)
T cong chét. Tir | Bén Day Mo ta
nghiép
Lop 1 0 5 5 Sét va sét pha, tham nudc yéu.
Loép2 5 24 19 Sét mau xam vang, trang thai déo mém

Gian Lép 3 24 38 14 Sét mau xam trang
Khau | Lép4 | 38 | 44 6 | Sét mau xam xanh
Lép 5 44 46 2 Cét hat tho 13n dam san thach anh
Lép 6 46 55 9 Nén d4 véi cing chic, it niit né, rat nghéo nudc.
Khanh | Lép 1 0 2 2 Cat va cat pha, thAm nudc tot.
Phu Lép2 2 28 26 A sét, sét pha

* Tac gia lién hé
Email: ductnmtvn@gmail.com
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Lop 3 28 31 3 Cat hat nhd, mau den, 1a té‘mg chira nudc.

Lép 4 31 60 29 Sét va sét pha méu tim

Lép 5 60 70 10 Sét mau xam xam xanh.

Lép6 | 70 | 75 5 Sét pha mau vang dén nau do.

Lép 7 75 100 25 Cat hat tho 1an dan san thach anh, chita nudc tot.

Tam Lop 1 0 22 22 Laterit sit, sét va sét pha mau niu do, ndu vang.
3 Pié Lop2 22 45 23 Thanh phan gom da voi cung chac, nirt né kém.
P " Top3 | 45 | 50 | 5 | Davoinatné vakarsthoa.

2.3. Hién trang 6 nhiém méi truomg nwéc

Khu cong nghiép Gian Khau. Nguén nude dusi dat da bi 6 nhiém cac kim loai nang, trong do co asen,
cadimi, chi, mangan. Nong d6 asen dao dong trong khoang 1,468 mg/l dén 1,462 mg/l; nong d6 cadimi dao
dong trong khoang 0,021 mg/l dén 0,024 mg/I; ndng d6 chi dao dong tir mirc 0,07 mg/l dén 0,05 mg/l; nong
d6 mangan dao dong trong khoang 8,50 mg/I dén 8,55 mg/l. Ngudn nudc mit bi 6 nhiém amoni, ham luong
dao dong tir 0,319 mg/l dén 0,8 mg/l.

Khu céng nghiép Khdanh Phii. Tang chira nude thir nhat bi 6 nhidém asen. Ham lugng asen dao dong trong
khoang tir 0,487 mg/1 dén 0,283 mg/1;. Mot s6 chi tiéu khac gém cadimi, chi, clorua, mangan, amoni cling
vuot ngudng cho phép. Ngudn nude mit bi 6 nhiém amoni, ham lwgng dao dong trong khoang 0,319 mg/1
dén 0,5 mg/1.

Khu céng nghiép Tam Diép. Ngudn nude dudi dat va nude mat chua c6 déu hiéu bi 6 nhidm.

Nu6e mat trong cdc hé chira. Nudc trong cac hd 1on: Dam Chuong, Pong Quang, Thuong Sung, Yén
Thing, H6 1, H6 2, H) 3, Ho 4, chua ¢6 d4u hiéu bi 6 nhiém.

3. Thiét 13p va xdy dung mé hinh nwée mit
Xay dung m6 hinh va du bao sy dich chuyén 6 nhidm trong méi trudng nuGe mét trong tuong lai, trong bai
bao trinh ing dung phan mém véi model code MIKE11(DHI, 2017). Cac s6 liéu dau vao bao gém: binh do

mang ludi song, cac mat citdija hinh dong song, cac s6 liéu muc nudc tai cac tram (Trén Vin Duc va nnk, 2020)
(Hinh 1, 2).

- . . B
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Hinh 1. S6 liéu muc nwoc cac tram do

Tram Ba Tha Tram Phﬁ L}'/ ' Tram Niﬂh ﬁinh
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Tram Nhu Tan 7 Tram Hung Thi Tram Bén Dé
| ' |
s \””."]. s e ‘ ‘ I" s
Tram Gian Khéu Tram Nam Dinh

Hinh 2. Mat cdt dia hinh day song tai cdc tram do

Muyc nudc tai cac tram thuy van Bén Dé, Gian Khéu, Phu Ly, Ninh Binh dugc hi¢u chinh theo ngay tir
1/1/2017 @én 31/12/2017 va dwoc kiém dinh tir 1/1/2018 dén 31/12/2018. Khoang gi tri giéi han cua chi
tiéu Nash dao dong tir -co dén 1. V& co ban, gia tri cua Nash cang tién t6i 1, két qua mé phong cang chinh
xé4c va 16n hon 0.5 1a dé c6 thé dwoc chip nhan. Két qua md phong muyc nude duoc hiéu chinh tai cac song duge
nhu sau (Trén Van Bic vannk 2020 ) (Hinh 3).

Bang 2. Thang phdn loai chi tiéu Nash va R2

TT | Cap do Nash, R? TT Cap do Nash, R?
1 Rat tot 0.75 <Nash,R*< 1 3 Chap nhan duoc 0.5 <Nash,R? < 0.65
2 Tot 0.65 <Nash,R><0.75 | 4 Khong dat Nash,R><0.5
Tram Bén Dé Tram Gian Khéu

1€
Higu chink Widm dink

MJW“LWJ o | | |

Pimsrortel Y ool TV

Tram Phu Ly Tram Ninh Binh
Hinh 3. Két qua mé phong muec nwée tai cdc tram do

Danh gi4 theo chi tiéu Nash va R?, qu4 trinh hiéu chinh va kiém dinh tai tram Ninh Binh 14n luot dat
0,86+0,96 va 0,86+0,98 (Bang 3).

Bdng 3. Két qua hiéu chinh, kiém dinh myc nwée (Tran Van Pirc va nnk, 2020)

Hiéu chinh (2017) Kiém dinh (2018)
Tram thuy van Nash R? Nash R?
Bén Dé 0,89 0,90 0,9 0,94
Gian Khau 0,90 0,95 0,92 0,97
Phu Ly 0,86 0,95 0,88 0,97
Nam Dinh 0,86 0,96 0,86 0,98

Céc chi tiéu Nash va R? trong c4c qua trinh hiéu chinh va kiém dinh tai 4 tram Bén Dé, Gian Khéu, Phu
Ly, Ninh Binh déu c6 gia tri 16n hon 0,75 - dat ngudng rat tot. Két qua ctia qua trinh nay s€ dugc danh gia
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theo chi tiéu PBIAS, 1a m6t loai phan tich sai s6 théng ké dinh luong kha ndng md phong cac gia tri cua
md hinh dé danh gia gidi han dao dong cia chuoi dir li€u quan trac dugc (Bang 4).

Bang 4. Thang phdn loai chi tiéu PBIAS

Cép do PBIAS(%) Cép do PBIAS(%)
Rat tot PBIAS<+10 Chap nhén dugc | +15<PBIAS<+25
Tt +10<PBIAS<%15 Khong dat PBIAS>+25

Do han ché thong tin vé dix liéu do dac nf")ng do amoni trén cac sdng, nghién ctru nay chi thuc hién qua
trinh hiéu chinh md hinh tai 9 diém (4 vi tri trén song Hoang Long va 5 vi tri trén song Day) (Hinh 4a).
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Hinh 4. Vi tri céc diém va két quad hiéu chinh néng do amoni

Tir két qua trén thiy rang, két qua md phong tai cac diém HL1, HL4, SD4 va SP5 tuong dbi tring khop
v6i két qua quan tric (Hinh 4b). Tai cac diém con lai nf)ng d6 amoni quan tric c6 xu huéng cao hon tinh
toan, nguyén nhan co thé 1a do tai khu vuc ngoai hai ngudn xa chinh tir 2 KCN Gian Khau va Khanh Phu
van con cac diém xa nho lé khac tir cac khu dan cu doc hai bén bo séng. Nghién ciru nay chua tinh dén anh
huédng tir cic ngudn nay do chung phan bd rat roi rac va khong lién tuc gay kho khan trong viée xac dinh
va do dac.

Danh gia theo chi tiéu PBIAS, két qua hiéu chinh nong d¢ amoni dat 9.3%, két qua tinh toan chi ra ring
muc d§ trung binh cua céc gid tri m6 phong ndng do dugc danh gia 1a rat tt (PBIAS <+10), nhu vay bo
thong so cua qua trinh nay c6 thé duoc chap nhan dé sir dung trong cac budc ké tlep

Dua trén cac sO lidu dau vao va két qua hiéu chinh myc nudc, hiéu chinh nong do, két qua ing dung
phan mém MIKE 11 cho két qua md hinh dich chuyen 6 nhiém amoni trong nudc mat dugce thé hién dudi
day MIKE (DHI, 2017) (Hinh 5).

| ‘-‘-5 o — '__‘ =i _— . = w
Hinh 5. Mé hinh dich chuyén 6 nhiém amoni trong nudc mat tai KCN Gian Khéu (trai) va KCN Khanh
Phu (phai)

4. Thiét 13p va xdy dung mé hinh nwéc duéi dat

Tuong tu nhu cong tac xdy dung mo hinh dich phuyén 6 nhiém nudc mit, dé xay dung mé hinh dich chuyén
0 nhiém nudc ngam, bai bao da tmg dung phan mém model code Modflow va MT3DMS.

4.1. Co 56 dir liéu diu vio

Thu thép dit liéu dia hinh. B& mit dia hinh dwoc xay dung dua trén thong tin tir ban d dia hinh dugc s6
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ho4 va gan cac thong tin trén co s nén ban d6 dia hinh ti 18 1/10.000.

Xdc dinh hé s6 khuéch tan. Trong céc hé thong phan tang ngang, d6i voi dong chdy song song v6i phan tang,
gid tri cua d6 phan tan ngang trén phan tang c6 the tuong tur voi gia tri ciia hé s6 khuch tan hiéu qua (Lecturer
note by Mackay, 2010). Véi dién tich Iya chon xay dung mo hinh cho céc khu cong nghiép, gia tri khuéch tan
duogc tinh toan va xac dinh dudi bang sau:

Bang 5. Gid tri khuéch tan cia cdc khu cong nghiép (Tran Van Pirc va nnk, 2020)

TT | Khu cong nghigp | PO |  Chiéu dai theo H¢ 50 khuéch tan (K)
; vi | chiéumé hinh (m) | o =L an =0,1 ar ay =0,1 an
1 KCN Gian Khau m 5000 70 7 0,7
2 | KCNKhidnh Ph1 | m 7000 83 8,3 0,83
3 | KCNTamDbPiép | m 4000 63 6.3 0,63

Thong $6 6 ludi. Viée Iya chon khoang cach kich thudce cac 6 luoi cua mé hinh phai duge danh gia qua
hé so Peclet (Pe) (Batu, V. 2006). Gia tri Pe < 2, thi s0 li¢u kich thuéc mang 6 ludi dugc chap nhan. Do
vay, d¢ tai da lya chon ludi mo hinh cho 3 khu cong nghiép nhu sau:

Bdng 6. Tao ldp théng s6 kich thude 6 lwdi (Tran Vin Pirc va nnk, 2020)

TT | Khu cong nghiép | Dai (m) | Rong (m) | S6cot | Sdhang | KCcot | KC hang
1 | KCN Gian Khau | 5000 3000 250 150 20 20
2 | KCN Khanh Pha | 7000 4000 350 200 20 20
3 | KCNTamDigp | 4000 2000 200 100 20 20

Théng s6 16p. Dya vao cac s lidu dia chat, dia chat thuy van cho phép xac dinh céc 16p dia chat trong
khu vye nghién cttu lam can cur d€ phan cac 16p khac nhau phuc vu cho viéc xay dung md hinh.

Bdng 7. Tao ldp théng s6 16p mé hinh (Tran Van Birc va nnk, 2020)

, Do cao , Do cao , Do cao
KEN' | Lop Dinh | Pay KCN Lop Dinh | Pay KCN Lop Pinh | Pay
| Lopl | +2 | 41 ) Lopl | +49 | +29 Lopl | +49 | +29
g}llz‘:l Lop2 | -41 | -46 Ki}ﬁzh Lép2 | +29 | +4 | Tam | Lop2 | +29 | +4
Lép3 | -46 | -53 Lop3 | +4 .1 | biep | Lép3 | +4 | -1
(B0 cao 16p md hinh dugc lay so voi myuc nude bién) Lop4 -1 -51

Théng sé dia chat, dia chat thiy vin. Dya vao sb liéu dia chat thuy vin hé sb tham tham khao cac tai
liéu da nghién clru trude nhiing cong trinh giai doan trudce, bd xung va kiém ching thém céc tai liéu duoc
xay dung trong qua trinh thyuc hién d¢ tai. HE s6 tham cia cac 16p thong ké trong bang dudi day:

Bdng 8. Hé 56 tham ciia cdc 16p trong cdc khu cong nghiép (Tran Van Pirc va nnk, 2020)

. Heé so tham K (m/ ngay)
STT Lop KCN Gian Khau KCN Khanh Phu KCN Tam Diép
1 Lop 1 20 20 40
2 Lép 2 40 40 30
3 Lép3 8 5 1625
4 Lép 4 80 20

Théng s6 khi twong thiy van. Pugc la”i,y theo lwgng mua quan tric trung binh theo cac thang trong cac
nam 2010 - 2018 dao dong 1.356,1mm dén 1.945,9mm.

7Dié‘u kién bién. Dua vao diéu kién thuc té, cac loai bién trong mo hinh bao gém: Bién song (River), bién
bién (H = const), bién khong dong chay (no-flow) (Q=0), bién myc nudc xac dinh (H = const).

Bdng 9. Hé thong diéu kién bién khu cong nghiép Gian Khdu (Tran Vin Pic va nnk, 2020)

KCN Hg (Muc nude song | He (Muq nude cudi I:Ib (Muc nudc tinh & | Muc 1~1uéc tinh
dau mo hinh) song cudi mo hinh) | 16 khoan xung quanh) tai 10 khoan
Gian Khau (m) 1,38 0,59 1,19 1,3
Khénh Pht (m) 0,5 0,4 0,6 0,35

Théng s6 é nhiém. duge xac dinh qua két qua 1y mau thi nghiém nudc trong cac ndm 2018 dén 2019.
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Badng 10. Thong 56 6 nhiém (Tmn Van Purc va nnk, 2020)

Nong dd 6 nhiém Nong dd 6 nhiém
T KCN Don vi TCVN 2018 | 6.2019 | 7.2019 9.2019
1 | Gian Khau ug 10 1468 | 1462 | 1464 1466
2 | Khanh Pha ug 10 275.5 387 385
3 | Tam Piép ug 10 KPH KPH KPH KPH

4.2. Xay dung mé hinh dich chuyén 6 nhiém nwéc ngam

Cap nhat cac thong s dau vao da duoc thu thép vao model code Modflow, modpath va MT3DMS (Zheng,
1990; Harbaugh va nnk, 2000). Hinh 6 thé hién m6 hinh 6 nhiém mé phong tir dong chay, hudéng dong
chay, hudng va nong do dich chuyén chat 6 nhiém.

Mo hinh dong chay (Modflow)

Hudng dong chay (Modpath) Mo hinh dich chuyén 6 nhiém (MT3D)

(a) KCN Gian Khau
(b) KCN Khanh Pha
(c) KCN Tam biép

Hinh 6: Két qua mé hmh dong chay va huéng dich chuyén 6 nhiém Asen trong nudc ngam
5. Cic két qua dy bso 6 nhiém tir cic mé hinh

Can cr vao cac sb lidu thu thép, khao sat, quan tric va phan tich, dé tai da su dung phﬁn mém MIKE 11
dé xay dung kich ban lan truyén 6 nhiém nudc mit va ing dung phan mém Groundwater Vista dé xay dung
mo hinh theo céc kich ban 6 nhidm khac nhau trong nudc dudi dat. Cac két qua dé tai cho _phép du bao
duoc su dich chuyen ctia cac chit 6 nhiém nham phuc vu dy bao tac déng cua cac chat 6 nhiém trong moi
truong nudc ngam va nudc mat, cu thé:

Trong méi truong nudc mét: Khu cong nghiép Gidan Khdu, xa thai voi cong suat khoang 1000

m’/ngay.dém, nong do amoni tai diém xa thai 12 0.306 mg/l. Trén song Day, tir khu cong nghiép Gian Khau
amoni lan truyen 8 km nguoc 1én thuong luu va 10 km vé ha luu trude khi ndng do dat 0.3 mg/1- dat nong
d6 theo tiéu chuan QCVN 08-MT:2015/BTNMT. Trén séng Hoang Long, amoni di chuyén theo huéng
thuong luu va dat gia tri 0.3 mg/l tai vi tri cach KCN Gian Khau 12km; di chuyén vé phia ha luu tring voi
hudng dich chuyén trén dong song Day. Khu céng nghiép Khanh Phii, xa thai voi cong suat khoang 8.375
m?/ngay.dém, ndng do amoni tai diém x4 thai 1a 0.56 mg/l. Trén séng Péy, tir khu cong nghiép Khanh Phy,
ham lugng amoni lan truyén 25 km nguoc 1én thugng luu va 24 km vé ha luu trude khi nong do dat 0.3
mg/l- dat ndng do theo tiéu chuan: QCVN 08-MT:2015/BTNMT. Trén song Hoang Long, amoni di chuyén
vé phi thugng Ivu va dat 0.3 mg/1 tai vi tri cach KCN Khanh Phu 27 km.

Trong mdi trudng nudc ngdm: Khu cong nghiép Gidn Khdu, véi nong do ban dau tai nguon 1a 1,468
mg/l, arsen dich chuyén vé phia dong nam khu céng nghiép. Thoi gian xuét hién 6 nhidm tai bién ciia mo
hinh trén bo phai cta dong song Pay sau khoang 600 nam. Khu céng nghiép Khanh Phii, véi ndng ban dau
tai ngudn 1a 0,387 mg/l, As dich chuyén vé phia dong - dong nam khu. Thoi gian xuat hién 6 nhiém tai bo
phai cua dong song Pay vao khoang 300 nam; Khu cong nghiép Tam Diép: dua trén cac thong s6 dia chat,
dong chay ngam theo hudng tay bic cta khu. Pay sé 1a co so dé tiép tuc xdy dung hudng dich chuyén 6
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nhiém khi phat hién cac yéu t6 6 nhiém.
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ABSTRACT

Modeling of solute transport in water at industrial zones in
Ninh Binh province

Tran Van Duc’”, Le Tien Dung!, Tran Vu Long!, Nguyen Huu Trong',
Nguyen Manh Hung?, Pham Thi Kim Giang?;
! The Center for Technology Development of Minerals, Hanoi University of Mining and Geology;
2 Ninh Binh Industrial Zones Management Board;
3 VNU University of Education;

Main industrial zones with discipline of industries plays an important role in economic development of
Ninh Binh province. Polluting surface water and groundwater in the industrial zones is an alarming
problem. In many places, water quality is deteriorating rapidly outpacing nature's ability of self-cleaning.
Applying model code MIKE 11 (for surface water) and Modflow (for groundwater) to simulute solute
transport in water environment. The results allows to evaluate and to predict movement of polluted water
and are used as basic to recommend solutions and to protect water environment in the main industrial zones
of Ninh Binh province.

Keywords: Water pollution; numerical model; Ninh Binh industrial zones.
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