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Tém tit: He théng thuy loi Bac Nam Ha 1a mot trong nhirng hé thdng thuy loi 16n nhat ving
Dong bang Bic B9. Tiéu ting trong hé thong Bic Nam Ha thoi gian qua ludn la mot trong
nhimng van dé cang thang; hang nam ngép ung gay anh huong lon dén san xuat néng nghiép,
ddc biét 1a trong cac nam gan day nhu cac nam 2016, 2017 va 2018. Nghién ctru da sir dung
mo hinh PCSWMM dé mé phong ngap tng hé théng thity loi Bic Nam Ha, muc dich xay
dung md hinh phuc vu cho cong tac quan 1y diéu hanh tiéu ung phuc vu san xuit néng
nghiép. Két qua md phong, hiéu chinh mé hinh véi trdn mua trong thang 10/2017 va kiém
dinh lai v6i tran mua thang 9/2003 cho két qua kha tot véi viée so sanh duong quan h¢ myc
nudc gitra thyc do va tinh toan tir mé hinh. Nghién ctru da xay dung két ndi 1 chidu va 2
chiéu trong mé hinh PCSWMM, két qua di xay dung ban dd ngap lut, ing véi tran mua
thang 7/2017.

Tir khéa: PCSWMM; M6 phong ngap tung; Hé thong thily loi Bic Nam Ha.

1. Mé dau

Hé thong thuy loi Bic Nam Ha (BNH) la mot trong nhimng hé thong thity loi 16n nhat
vung Dong bang Béc Bo, dugc bao boc boi 4 song 16n: séng Hong, song Dao, séng Day va
song Chau voi tong dién tich ty nhién cia hé thong 100.261 ha trong d6 ¢6 60.000 ha dién
tich dat canh tac. Tiéu ung trong hé théng BNH thoi gian qua luon la mot trong nhimg van dé
cang thang, hang nam ngép ung gy anh hudng 16n dén san xuat néng nghi¢p. Tiéu ung trong
hé théng BNH chu yéu dung dong lyc, voi tinh trang thiét bi da xudng cap nhu hién nay thi
viéc van hanh trong diéu kién thoi tiét binh thuong ciing di rat kho khan. Truong hop 1 cao
két hop tridu cudng nhu ndm 1996, 2017 mét s6 tram bom 16n ciing phai ngimg hoat dong
nhu: tram bom Nhu Trac, Hitu Bi, Cc Thanh lai roi vao thoi diém laa méi ciy thi thiét hai
cho san xuét néng nghiép 1a khong thé tranh khoi.

Dic biét trong cdc nim gan day, tinh hinh thién tai da gay ra thiét hai rat 16n d6i v6i san
xuét nong nghiép thudc hé théng BNH theo bao cao cta Vién Quy hoach Thuy loi (2019) [1]:
Dién tich ngap ung vu mua nam 2016 1a 19.380 ha, ndm 2014 1a 4.295 ha. Thang 10/2017,
tinh Nam Pinh véi di¢n tich laa bi ngép lut, ung l1a 29.265 ha, di¢n tich hoa mau, rau mau bi
ngdp 1a 3.377 ha. Thang 7/2018, h¢ thong BNH bi ngép khoang 2.468 ha. Bé c6 thé tim ra
giai phap han ché, khic phuc tinh trang ngap lut, ting hién nay & hé thong BNH, can phai c6
cong cu dé md phong ngap lut cho toan bo hé thong tng véi cac kich ban/phurong an tinh toan
khac nhau mot cach khoa hoc.
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Trong nhiing nim gan day, kha nhidu céng cu mé hinh thily van, thiy lyc di va dang
duoc su dung trong cac nghién ctru trong va ngoai nudc. Mot trong nhirng mo hinh duoc su
dung nhiéu hién nay trong giai quyét bai toan tiéu tng d6 1a mé hinh SWMM cua Co quan
Bao vé Moi truong Hoa Ky. M6 hinh SWMM [2] dugc danh gid 1a mot trong nhitng mo hinh
duogc str dung rong rii trong thily vin d6 thi va chat lugng nude [3]. Trén thé gii, mé hinh
SWMM di duogc nghién ctru ing dung tir lau. Cac nghién ctru st dung SWMM trong danh
gid van dé bién d6i khi hau anh hudng nhu thé nao dén co s ha ting d6 thi von da xudng cp
& nhiéu khu vue [4-5]. M6t s6 nghién ctru so sénh giita mé hinh SWMM va céc md hinh thity
van khéc [3, 6-8] dé chi ra wu diém va nhugc diém ctia mé hinh trong mé phong ché do thuy
van do thi.

Mo hinh SWMM di duoc nghién ctru tng dung kha nhiéu trong giai quyét bai toan tiéu
& trén thé gi6i cling nhu & Viét Nam. Mot s két qua nghién citu SWMM & Viét Nam c6 thé
ké dén Nghién ctru mé phong thoat nudc d6 thi Hué trong trin mua thang 10 nam 2010 [9],
mot ndi dung thudc dé tai nghién ctru khoa hoc[10], trong d6 da xac dinh bd thong sb thuy
vin —thuy luc hop 1y cho xay dung tap ban dd canh bao nguy co ngip ting do mua. Két qua tir
nghién ctru tng dung m6 hinh SWMM tinh toén tiéu thoat nudc luu vuc song To Lich [11]
duoc tac gia Pham Thi Huong Lan va nnk trién khai trong nghién ctru danh gia nhanh thuy
vin (RHA) c6 sy tham gia cua cong dong [12-13]. Ngoai ra, m6 hinh SWMM con tng dung
trong phan tich mang ludi thoat nudc khu d6 thi méi & Ho6 Chi Minh [14]; Tinh toan thity luc
mang luéi thoat nude mua d6 thi anh hudng triéu cuong [15]; Nghién ctru phuong phap phan
ving ngp & thoat nudc do thi ndi thanh TP. H6 Chi Minh [16].

Vi phién ban cap nhat mé hinh SWMM, bb sung giao dién GIS than thién hon voi
nguoi dung la PCSWMM hién dang dugce sur dung & rat nhiéu nudc trong nghién ctru van dé
tiéu nudc mat do mua, md phong dong chay 2 chiéu[ 1 7] nghién ctru sit dung PCSWMM cho
lwu vyc song Myponga, Nam Uc [18] nghién ctru cho thung liing Sorrento, San Diego,
California. Pbi véi ving nong thon cé thé ké dén nghién ctu [19] d ap dung PCSWMM
trong md phong khu vuc néng thon luu vuc Ontario, Canada. M6 hinh PCSWMM véi rat
nhiéu cai tién so vdi SWMM ngoai giao dién GIS va c6 & viéc mo phong thuty vén, thity luc
va md phong dong chay ngap tung 2 chiéu [20]. Do d6, viéc nghién ctru img dung PCSWMM
trong mo phong bai toan ngap lut, ing cho hé thdng BNH 1a van dé can duoc xem xét va danh
gia kha nang mo phong céc tran ngap lut, ung trong thyc té 1a can thiét.

Muc ti€u cua nghién ctru 1a tng dung m6 hinh PCSWMM trong mé phong cac tran ngap
lut, ing trong thyc t&, tir d6 dé trién khai cac nghién ciru tiép theo trong dé xuat cac giai phap
cho tinh trang ngp tng hién nay cta hé thong BNH.

2. Phuong phap nghién ciru

2.1 Khu vyc nghién cuu

H¢ théng thuy loi BNH véi téng dién tich tu nhién cua hé théng 100.261 ha trong do
phan dién tich trong dé 1a 85.326 ha gdm c6 60.000 ha dién tich dit canh tac bao gdm 8
huyén, thanh phd cta 2 tinh Nam Dinh va Ha Nam. Tinh Nam Dinh gdm: thianh phé Nam
Dinh, huyén My Loc, Vu Ban, Y Yén; tinh Hi Nam gom: thanh phd Phu Ly, huyén Thanh
Liém, Binh Luc, Ly Nhan.Ngoai ra ¢6 12.200 ha & ving trong b6i ngoai dé, anh huéng dén
viéc tiéu cuia hé thong [21].

DPén nam 2020, téng dién tich dat tu nhién cua cac huyén, thanh phé thudc hé théng BNH
1 100.261ha, trong d6: dit nong nghiép 1a 62.883ha, chiém 62,72%; DAt phi nong nghiép 1a
35.743ha, chiém 35,65%; D4t chua s dung 1a 1.635ha, chiém 1,63% [22]. Hé thng kénh
muong va cong trinh ddu méi tiéu hé thdng BNH kha hoan chinh tir dau mdi, kénh chinh dén
kénh cép I11. Céc tram bom tiéu dau mbi ra song Héng c6 tram bom (TB): Nhu Trac, Hiru Bi;
bom ra song Day gém cac TB: Nham Trang, Kénh Thanh, C6 Pam, Quy D9, Vinh Tri 1,
Vinh Tri 2, Yén Bfmg, Yén Quang; bom ra song Bao g@)m cac TB: Cbc Thanh, Song Chanh,
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Quan Chudt; bom ra song Chau gdm Quang Trung, Pinh X4, Triéu X4. Xem chi tiét cac cong

trinh dau moi ti€u ¢ hinh 1.

BAN DO HE THONG TIEU THOAT NU'O'C BAC NAM HA

108540 108°570°C 106°00°C 106 I0°C wWe'evt WY 106°120°C
A1 2 AL A AL A1 .
N
W%&E
S
& Céng Téc Giang
AN
: R e .5,% | §
3 3 ‘ 4
2
QuanTung~
19m x 25003/
Dinh X& U Dip Dbng Mn
12m x 4000 m3/h oap Vinh Try
7z
g_ Sg Chau - Nhu‘ rdc "§
& £ LY NHAN x 11000 m3/h » “
7
« ) =
B
; "] | £
27 Nhan Hoa Hou Bl ®
4m x 21600 SO\ 4 x 32000 m3
\
Qlyah Chudt
in 24000 m3/h
: \ £ /] |
S P NAM DINE 8
g- “ C&c Thanh '§
& , 7m x 32000 m3/h “
Kinh Thanl v
4m x 30600 m3h”" |
Y SN mp canh Ga
€3 Dam Céng DS
7m x 32000 m&lyﬁ
¢ ‘ £
7 3
® J
: &
12m x 4000 m3/h o
g Chanh
x 4000 m3/h
3 : 5
i GHI CHU S
* Tram bom tiéu
S lrsnbom Phan viing tiéu
vm‘ Tram bom két hop Luu we C4 Dam
@) Céng Luu we Coe Thanh
< 0¥ Ly we Hou Bi
£ Décip3 Luu we Nham Trang K
f.; . Kénh tiéu Luu wie Nhu Trac 2
Kénh tudi . Luu we Quan Trung
{1 Hanh chinh huyén TY LE 1:150.000 Luv we Vih T
Sdng subi 0o 1 2 4 6 8 Luu wyc Dinh X&-Triéu Xa
|°°':‘VV l%':l’\)‘r 100"001 lO""Vt !00"0‘7' ‘Cll'lVV' 100" :M

Hinh 1. Ban d hé thong thuy loi BNH.
2.2. M6 hinh PCSWMM

2.2.1. Gi6i thiéu mé hinh PCSWMM

M6 hinh PCSWMM (Personal Computer Storm Water Management Model) 1a mot mo
hinh m6 phong dong luc hoc dong chdy nudc mua, thuong duge su dung cho nhitng mo
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phong don 1é hodc dai han vé sb lwong va chét lugng dong chay cho nhimg khu vuc ma dién
tich d6 thi 1a chu yéu [20]. Thanh phan dong chay mit trong PCSWMM la két qua cua viée
thu gom nudc tur cac bé mat hing nudc (Subcatchment), @6 1a noi nhan lwong mua, hinh
thanh dong chay va tai luong 6 nhiém. Thanh phan truyén tai cia PCSWMM van chuyén
dong chay nay théng qua mot hé thong nhitng dudng dng, kénh muong, thiét bi trir nude/ xir
ly, bom va cong trinh diéu tiét. PCSWMM theo ddi s6 luong va chat luong cua dong chay
sinh ra trong pham vi mo1 luu vye thu nudce va theo doi luu lugng, d6 sau dong chay, chat
lwong nudce trong mdi 6ng hodc kénh trong sudt thoi doan mé phong (bao gém rat nhiéu cac
bude thoi gian). Phuong trinh thé hién sy bao toan kh01 lwong va dong luong ddi véi dong
chay tu do khong on dinh trong kénh hoac duong ong trong mé hinh PCSWMM duoc ap
dung 1a phuong trinh Saint-Venant va co thé duoc biéu thi nhu sau:

9Q
7+a—° D

Q%4
at+ ~ +gA +gA5f_o 2)

Trong d6 x 1a khoang cach (m); t 1a thoi gian (gidy); A 1a dién tich mat cat ngang (m?); Q
1a luu luong trong kénh hodc duong dng (m3/ s); H 1a muc nuéc trong kénh hodc dng dan (Z +
Y) (m); Z 1a d cao cua day kénh hodc day 6ng dan (m); Y 1a do sau nudc trong kénh hodc cua
6ng dan (m); Srla d6 dc ma sat (ton that dau trén mot don vi chiéu dai); g 1a gia toc trong
trudong (m/s).

Do doc ma sat St co thé duge biéu thi theo phuong trinh Manning, duoc sir dung dé mo
hinh héa dong chay déu:

5 = (ase) arem G)

Trong d6 n 12 hé s6 nham Manning; R 14 ban kinh thuy luc ctia mit cit ngang dong chay
(m); U 1a van téc dong chay, bang Q/A (m/s).

Déi voi mé hinh 1 chiéu (1D), PCSWMM st dung phuong phép sai phan an-lui Euler dé
lam ting d6 6n dinh ciia mé hinh [23]. i v&i mé hinh 2 chiéu (2D), PCSWMM 2D md rong
cach tiép can dong chay dong luc hoc hoan toan 1D trong PCSWMM — USEPA SWMMS5 dé
14p mo hinh dong chay bé mét ty do 2 chiéu (2D) [24]. M6 hinh 2 chiéu PCSWMM st dung
cac phuong trinh Saint-Venant dé giai quyet ting thanh phan cua mot 6 tinh todn, doc theo
mdt mang ludi cac mdi ndi va cac ong dan mé dai dién cho vén de.

PCSWMM 2D dai dién cho mién tinh toan 2 chiéu bang ludi luc gidc (hexagonal) hoic
lu6i chir nhat (rectangular) cho toan bo khu vyc nghién ctru va dai dién cho mdi 6 ludi tinh
toan 2 chiéu (2D cells) véi cac nut tinh toan 2 chiéu (2D nodes). Cao d6 day trung binh trong
moi 6 dugc sir dung lam cao d6 day nut tinh toan (2D nodes). Cac nit lién ké lién két v&i nhau
boi cac kénh hd chir nhat hodc trong mot sé truong hop 1a cac éng dan (2D conduits). Mot
dién tich bé mat nho thuong 1a 0,1 m? dugc cung cép cho cac nat (2D nodes) va sau d6 mdi 6
(2D cells) c6 mot éng din (2D conduits) duoc két ndi vai dién tich bé mit cia mdi 6 dé duy
tri tinh lién tuc cta tinh toan. Chiéu dai va chiéu rong cua 6ng dan duoc diéu chinh dua trén ty
1& cu thé phu thudc vao sb luong lién két duoc két ndi voi nit, duoc xac dinh theo kinh
nghiém tir cac thir nghiém kich ban, truong hop tinh toan khac nhau. Cudi cing, PCSWMM
tinh toan vén toc nudc trung binh theo do sau cho mdi 6 (2D cells) thong qua tinh toan tong
vecto clia cac van toc lién quan dén mdi dong chay roi khoi 6 (2D cells).

PCSWMM coi may bom nhu céc lién két c6 mébi quan hé duoc xac dinh trudce giira toe
d6 dong chay Q va muc nudc H hodc mot sb thay thé phu hop. Mdi quan hé nay duogc xac
dinh boéi Puong cong dic tinh bom do nguoi st dung cung cép.

2.2.2. Thiét 1ap m6 hinh PCSWMM cho hé thing BNH

- Lép so do tinh toan trong PCSWMM i
So do tinh toan cho hé thong BNH trong PCSWMM bao gom:
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+ 273 tiéu luu vuc (subcatchments) lién két v6i 24 tram mua (rain gage); Chi tiét thiét
1ap céc tiéu luu vyc tiéu trong mo hinh PCSWMM ¢ Hinh 4a.

+377 nit (junctions); 12 tram bom tiéu tryc tlep ra cac song ti€u qua 12 ctra xa (outfalls)
va cac cong trinh diéu tiét trén hé théng. Chi tiét thiét 1ap cac nat va cira xa trong mo hinh
PCSWMM ¢ Hinh 4b.

+ 355 doan kénh tiéu (conduits) duoc khao sat ndm 2020 tir 27 tuyén kénh tiéu ndi dong
hé thong BNH véi tong chiéu dai cac tuyén khao sat 1 khoang 323 km. Chi tiét thiét 1ap cac
kénh tiéu trong moé hinh PCSWMM & Hinh 4c.

+ Lién két trong m6 hinh 1 chiéu PCSWMM: cac tiéu luu vuc tidu duge lién két voi 24
tram mua chuyén dung cua Cong ty Khai thac cong trinh thuy loi (KTCTTL) BNH (voi
nguyén ly cac tiéu luu vuc sé lién két voi tram mua gan nhét); cac tiéu luu vuc tiéu nay duoc
két ndi vao 377 nit tiéu; cac nut tidu duogc lién két boi cac hé thdng kénh tiéu (conduits) va
chay qua cac tram bom ra cira xa tai 12 vi tri.

- Quyét dinh s6 5470/QD-BNN-TCTL ngay 28/12/2016 ctua Bd Nong nghi€p va Phat
trién nong thon ban hanh Quy trinh van hanh hé théng BNH, trong d6 c6 mot s6 ndi dung
chinh lién quan dén Vén hanh tiéu nuée nhu sau:

+ Quy trinh huéng dan chi tiét trinh ty van hanh cac tram bom va cac dap diéu tiét phan
ving tiéu twong g vai cac truong hop lugng mua trén hé théng va muc nude 1i ngoai song.

+ Quy trinh ciing quy dinh & muc nudc khong ché tai cac vi tri tram bom va cac diém do
ndi dong tuong tng véi cac thoi ky sinh trudng cua cay laa.

+ Quy trinh ciing quy dinh myc nudc t6i da ngoai song cho phép van hanh tram bom.

- Thiét lap van hanh cong trinh trong PCSWMM:

+ Van hanh tram bom: 13 tram bom dau mdi tiéu thudc hé théng BNH dugc thiét 1ap van
hanh theo dudng dic tinh bom thuc té cta cac may bom. Cac dudng dic tinh bom nay duoc
thiét 1ap & dang Pump Curve trong mo hinh PCSWMM.

Van hanh tram bom trong mé hinh PCSWMM c¢6 thé dugc thiét 1ap & mo dun Control
Rules, cac diéu kién dua vao Control Rule bao gdm: thoi gian mé phong (SIMULATION
TIME); myc nudc tai diém nat (DEPTH) hoac luu lugng trén mot doan két ndi (FLOW); két
qua thyc hién s€ ra I¢énh cho bom hoat dong (STATUS = ON) hodc ngét may bom (STATUS
= OFF).

Trong nghién clru ndy, van hanh bom mdéi chi dua vao dang dudng quan h¢ luu luong
muc nudc tai vi tri tram bom nhu trong hinh 2. Viéc thiét 1ap Control Rules xay dung cac kich
ban vén hanh bom s& tién hanh trong nghién ctru tiép sau ctia nghién ciru nay.

+ Van hanh cdng x4 tram bom: 13 cong xa (Outfalls) tai vi tri cac tram bom dau mdi tiéu,
trong diéu kién véan hanh thyc té cac tran mua, cac cng xa mé lién tuc, muc nudc ngoai song
duogc 14y theo s6 liéu thuc té tai cong trinh do Cong ty KTCTTTL BNH cung cap.

+ Van hanh cac dap diéu tiét trén hé thong: trong hé thong BNH c6 8 dap diéu tiét My
Do, La Chg, Vua, Pap 3-2, Vinh Try, An Bai, Canh Ga, Cau Ghéo dé phan vung tiéu cho
toan bo hé thdng, trong diéu kién thuc té khi xay ra mua 16n, cac dap diéu tiét nay dugc dong
lai dé dam bao phan vung tiéu riéng biét, khi can thiét méi mé dé tiéu hd tro giira cac ving
tiéu. Thiét lap dap diéu tiét su dung loai Orifices trong m6 hinh PCSWMM.

- Lién két mo phong 1 chiéu va 2 chiéu trong PCSWMM

Dé mo phong dién bién ngap lut, ing hé théng BNH, nghién ciru da sir dung lién két giira
mang ludi thiy luc kénh tiéu 1 chiéu va mo phong 2 chidu cac khu ngap trong moé hinh
PCSWMM (Hinh 4d) dé mo phong dién bién ngap lut, Gng trén hé thong theo thoi gian dién
bién timg trin mua. Ludi hai chidu duoc xay dung dya trén cac thong s6 nhu sau:

+ Ludi tinh todn: dang ludi luc giéc.

+ O ludi tinh todn: Toan h¢ thong BNH chia thanh 4.084 6 luéi tinh toén.

+ Cao do dia hinh: Dugc ndi suy tir ban dd dia hinh 1/2.000 va 1/10.000, hé toa do
VN2000, dugc cung cdp boi Trung tdm Thong tin dit liéu va Po dac ban d6 do nam 2010.
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+ 86 lién két gifra 1 chiéu tai nit tiéu (Junctions) va 6 ludi 2 chiéu (2D cells): 347 lién két
(dang Orifices).

Puong qua trinh luu lwgng bom tiéu tran mwa thang 10/2017
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Hinh 2. Luu lugng bom tiéu thuc té dua vao mé hinh PCSWMM.

- So d6 khdi tinh toan dong chay cho hé thong dugc thé hién trén hinh 3.
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Hinh 3. So dd khdi tinh toan dong chay cho hé thdng BNH.
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Hinh 4. (a) Thiét 1ap céac tiéu luu vyc tidu (Subcatchments) hé thong thuy lgi BNH trong PCSWMM;
(b) Thiét 1ap cac nut tiéu (Junctions) va ctra x4 (Outfalls) hé théng thiry loi BNH trong PCSWMM;
(c) Thiét lap cac tuyén kénh tiéu (Conduits) hé thong thity lgi BNH trong PCSWMM; (d) Thiét lap 6
ludi 2 chiéu (2D cells) trong PCSWMM.

2.3. M6 phéng hiéu chinh va kiém dinh mé hinh PCSWMM

Pé dam bao bd mo hinh két ndi 1 chiéu va 2 chiéu PCSWMM hoat dong chinh x4c, mo
phong 6t tran ngap lut trong thyc té, nhom nghién ctru lya chon tran mua thang 10/2017 dé
mo phong va hiéu chinh cac tham sé ctia mé hinh. Tran mua thang 10/2017 gy ra ngap lut
nghiém trong cho hé thong BNH, anh hudng 29.256 ha dién tich nong nghiép tinh Nam Dinh.
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Bang 1. Luong mua thuc do thang 10/2017 khu vuc Ha Nam thugc hé théng BNH.

21

Khu vue Ha Nam (T10/2017)

Ngay Thanh Nham Kinh Binh
Ly Nhdn  Nhu Trac Binh Luc
Liém Trang Thanh quan
1 4,0 12,0 9,0 26,0 24,0 32,0 17,8
2 10,0 4,0
3 69,0 77,0 14,0 17,0 12,0 13,0 33,7
4 3,0 21,0 109,0 134,0 75,0 55,0 66,2
5 13,0 18,0 12,0 15,0 12,0 7,0 12,8
6 7,0 1,2
7 28,0 31,0 51,0 40,0 28,0 45,0 37,2
8 11,0 8,0 12,0 12,0 1,0 8,0 8,7
9
10 227,0 213,0 235,0 245,0 250,0 195,0 227,5
11 154,0 98,0 142,0 103,0 95,0 121,0 118,8
12 20,0 10,0 5,0
13 5,0 4,0 8,0 5,0 3,0 4,2
Bang 2. Lugng mua thuc do thang 10/2017 khu vec Nam Dinh thudc hé théng BNH.
Khu vue Nam Pinh (T10/2017)
Ngiay Hiru Thanh  Céc ) . Séng Vinh  Cb Y Qui
i Goi Dan BQ
Bi Pho Thanh Chanh Tri Pam Yén bo
1 2,0 5,0 1,0 3,0 15,0 14,0 150 5,5
2
3 95,0 41,0 61,0 58,0 66,0 40,0 41,0 10,0 140 18,0 444
4 8,0 7,0 41,0 62,0 69,0 24,0 10,0 74,0 36,0 52,0 38,3
5 10,0 15,0 30,0 250 6,0 29,0 12,0 140 22,0 16,3
6 6,0 21,0 15,0 17,0 5,0 4,0 12,0 10,0 9,0
7 79,0 67,0 64,0 49,0 58,0 42,0 20,0 30,0 41,0 530 50,3
8 11,0 6,0 3,0 1,0 4,0 2,0 7,0 2,0 3,6
9 4,0 5,0 16,0 13,0 3,0 15,0 33,0 8,9
10 220,0 207,0 266,0 252,0 238,0 248,0 197,0 282,0 246,0 242,0 239,8
11 71,0 75,0 57,0 93,0 68,0 43,0 70,0 111,0 71,0 126,0 78,5
12 9,0 4,0 4,0 20,0 9,0 4,6
13 23,0 18,0 7,0 3,0 7,0 12,0 16,0 8,6

7 }?é kiém dinh lai m6 hinh PCSWMM, nhém nghién ctru lira chon trin mua thang 9/2003
dé kiém dinh lai mo6 hinh.
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Bang 3. Lugng mua thyc do thang 9/2003 thudc hé théng BNH.

22

Khu vue Ha Nam (T9/2003)

Khu vue Nam Dinh (T9/2003)

Ngay Ly Nhr Thanh Nhim Binh __  Céc . Séng Vinh C6 ,
Nhin Trac Liém Trang Luc Hir Bj Thanh . Chanh Tri BPam Y Yen
1 5 15
2 47 22
3 2 4,5 13 3
4 28 45 23 15 15
5 90 98 21 17 13 17 12
6 3 40 32 20 28
7 7 27 8 27 40 27 15 23 57
8 3 34 187 5 90 32 31 14 205 23 17 26
9 153 231,5 258 146 140 256 260  217,5 341 194 180 190 221
10 80 82,5 80 16 89 20 146 102 103 14 120 55 57
11 10 8 20 22 15 5,5 18 2 35,5 2 10
12 19 2,5 20 20,5 25 19 22 15 27
13 4 2 36 75 29 34 70 128 52,5 149 81 65 85
14 21 17 41 10 25 8,5 15 31 13,7 61 42 40
22 2
29 16 10,5
30 43 7 62 30 25,5 10 30 6 29 28
Téng 403 482 552 542 404 5335 576 605 636,7 670 559,5 505 563

Pé so sanh, danh gia gitra s6 liéu muc nudce tai vi tri tram bom va tai cac vi tri dap diéu
tiét trong hé thng thyc do va mo phong, kiém dinh, trong nghién ctru nay da sir dung hé s6
tuong quan Pearson r, h¢ s6 x4c dinh R2, hé s6 hiéu qua cua mod hinh Nash—Sutcliffe (NSE),
Sai s6 toan phuong trung binh RMSE va Sai s6 tuyét dbi MAE. Gi4 tri mua dua vao mé hinh
PCSWMM s€ ndi suy tur lugng mua 6h/op tai cac tram mua Quéc gia tai Nam DPinh, Ha Nam,
Ninh Binh, Hung Yén (day 1a 4 tram mua bao phu 1én toan b hé thong BNH).
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Hinh 5. Gia tri mua 6h/op dua vao tinh toan trong mé hinh PCSWMM tran mua thang 10/2017 tai vi
tri cac tram do mua chuyén ding hé théng BNH.
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3. Két qua nghién ctru va thio ludn

3.1. Két qua mé phong, hiéu chinh mé hinh PCSWMM véi trdn miea thang 10 nam 2017

Qua trinh mé phong, hi€u chinh mé hinh PCSWMM két ndi 1 chidu va 2 chiéu, trong
nghién ciru nay sir dung s6 liéu thuc do tai bé hit cic tram bom chinh trong hé thong BNH,
bao gébm tram bom Céc Thanh, Nhu Trac, Nhdm Trang, Vinh Tri, Song Chanh va C6 Pam.
Qua trinh hi¢u chinh mé hinh str dung s6 liéu tran mua thyuc do tur ngay 08/10 dén 22/10 trén
pham vi hé thong BNH. Pudng qua trinh muc nude thue do va tinh toan tir mé hinh tai vi tri
06 tram bom duoc thé hién trong hinh 6, két qua cho thdy mé hinh d mé phong kha tot qua
trinh muc nudc tai vi tri bé hut cac tram bom.
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Hinh 6. So sanh giira gia tri thuc do va tinh toan két qua mo phong hiéu chinh mé hinh trdn muwa
thang 10/2017 tai vi tri cac tram bom chinh hé théng BNH.
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Ngoai ra, nghién ctru ciing sir dung 5 bo chi s6 dé danh gia chat lwong mé hinh d6 1a chi
s6 1, R2, NSE, RMSE va MAE. Két qua tinh toan chi tiét cac chi sé trong bang 4. Chi s6 r tai
vi tri 4 tram bom dao dong trong khoang 0,79 dén 0,84; chi sd R2 dao dong trong khoang 0,63
dén 0,70; chi s6 NSE dao dong trong khoang 0,17 dén 0,59; sai s6 RMSE dao dong trong
khoang 0,16 m dén 0,20 m va sai s6 MAE dao dong trong khoang 0,12 m dén 0,18 m.

Bang 4. Két qua tinh toan cac chi sé danh gia mé hinh.

Chi s6 Coc Thanh Nhim Tring Vinh Tri Co6 Pam

r 0,79 0,83 0,84 0,79
R? 0,63 0,69 0,70 0,63
NSE 0,54 0,59 0,44 0,17
RMSE (m) 0,16 0,18 0,16 0,20
MAE (m) 0,12 0,14 0,13 0,18

Qua két qua tinh toan, c6 thé thdy rang khi tinh cho chi s6 r va R? cho két qua kha tbt; tuy
nhién chi s6 NSE cho két qua kha thép, dic biét 1a tai vi tri tram bom Vinh Tri va C6 Pam,
diéu nay co thé ly giai cho muc nudc thuc té tai cac tram bom c6 bién dong rat 1on do qua
trinh van hanh cda con nguoi, trong khi d6 myuc nudc duge moé phéng tir mod hinh dugce tinh
toan tir cac phuong trinh lién tuc, dong luong (hé phuong trinh Saint Venant) c6 xu thé 1a
duong cong tron, khong mo phong dugc ché do thuy luc ciua dong chay xiét va xody tai bé hit
cac tram bom. Vi vay két qua tinh todn s€ khac rat nhiéu so véi s lidu quan trac thuc té, didu
nay c6 thé thdy trén bang 4. Néu c6 sb lidu quan tric myc nudc trén hé thong kénh noi dong
dé so sanh thi c6 thé NSE s& cao hon.

Nghién ctru da xay dyng cac duong quan hé twong quan gitta mé phong va thyc do va
da tinh toan hé so6 R? chi tiét trong hinh 7.
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Hinh 7. BPuong quan hé twong qua giitra mo6 phong va thuc do tai vi tri cac tram bom.

3.2. Két qua kiém dinh mé hinh PCSWMM véi trdn muwa thang 9 nam 2003

Két qua kiém dinh lai cic thong s6 m6 hinh PCSWMM thong qua tinh toan véi tran mua
thang 9/2003, két qua muc nude gitta tinh todn va thuc do ¢ hinh 8.
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Hinh 8. So sanh gitta gia tri thyc do va tinh toan kiém dinh mé hinh tai vi tri cic tram bom chinh hé
thong BNH tran mua thang 9/2003.

Dua vao két qua kiém dinh muc nuée tai cac vi tri tram bom va cau ta nhan théy: Két qua
kiém dinh tai tram trong ngdy thoi gian tir 6/9 dén 20/9/2003 chénh 1éch phan dinh giira tinh
toan va thyc do khong qua 25 cm. Puong biéu dién qué trinh myc nudc tinh toan va thyc do
1a tvong dong. M6 hinh du diéu kién dé mo phong cho dién bién ngap lut, Ging trén hé thong
BNH.

3.3. Két qua mé phong ngdp ving hé théng BNH

Két qua lién két gitta mang ludi thuy luc kénh tiéu 1 chiéu va 6 luéi 2 chiéu trong mo
hinh PCSWMM da mo6 phong dugc dién bién ngap lut, ung trén toan hé thong BNH theo
budc thoi gian tung gio (Hinh 9).

4. Két luin

Nghién ctru di str dung m6 hinh PCSWMM dé mé phong ngap tGng hé théng thuy loi
BNH. Két qua mo phong, hiéu chinh mé hinh véi trin mua trong thang 10/2017. Véi tran
mua 10/2017, két qua chi ra chi s6 r dat 0,79-0,84; chi s6 R? dat 0,63-0,70; chi s6 NSE dat
0,17—0,59; sai s6 RMSE trong khoang 0,16 m dén 0,20 m va sai s6 MAE trong khoang 0,12
m dén 0,18m. Nghién curu da kiém dinh lai thong s6 md hinh béng tran mua thang 9/2003, két
qua chi ra mo hinh pht hgp cho mé phong ngép lut, ing. Nghién ctru da xay dung két ndi 1
chiéu va 2 chiéu trong m6 hinh PCSWMM, két qua di x4y dung ban db ngip ung tuong tng
v6i tran mua thang 10/2017, ¢3 mo phong dién bién tran mua tir 13/10 dén 21/10 trén hé
théng BNH. Két qua nghién ctru phuc vu du bao ngép lut ung, két qua tinh toan myc nude va
ban d6 ngap tir md hinh c6 thé duge sir dung phuc vu cong tac chi dao diéu hanh tiéu nuéc
phuc vu san xuét néng nghiép.

Do déy 1a nghién ciru thir nghiém ap dung mé hinh PCSWMM trong mé phong dién bién
ngap lut, ung trong h¢ théng thuy loi ¢ Viét Nam, va do han ché vé sd liéu chi tiét khu vuc
ngap lut, ing ndi dong & hé thong BNH dé kiém dinh lai két qua tir md hinh nén két qua mé
phong tir md hinh ¢ thé khong chinh xac nhu trong thyc té.
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Hién nay, viéc xay dung ban dd ngap lut, ung cua nghién ctru con mot s6 ton tai, do chua
thu thap duoc day du so liéu tai ngi dong, két qua mo phong 2 chiéu moi dua trén myuc nude

tai cac vi tri trén kénh truc tiéu.
Trong giai doan ti€p theo, s€ nghién ctru xay dung kich ban van hanh tram bom dya trén

mod dun Control Rules ctia md hinh PCSWMM, va dua ra cac ban d6 ngap lut, ung twong tng
v6i cac kich ban tinh toan.
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Hinh 9. Qua trinh din bién ngap hé thdng BNH tran mua thang 10/2017: (a) 07h ngay 11/10, (b) 07h
ngay 13/10, (c) 07h ngay 15/10, (d) 07h ngay 17/10.
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bong gop cho nghién ciru: Xay dung y tuong nghién ctru: B.T.H.; Lua chon phuong phap
nghién ctru: L.V.S., B.T.H.; Thu thap, phan tich, xur 1y s6 li¢u: N.D.Q., P.V.T.; Viét ban thao
bai bao: B.T.H., B.T.V.; Chinh stra bai bao: L.V.S.

Loi cam on: Nghién ctru nay duoc hd tro boi dé tai Nghién ctru khoa hoc cdp B6 Nong
nghiép va Phat trién nong thon: “Nghién ciru du béo tinh hinh ngap Ging trén hé thong thuy loi
BNH nhim h tro ra quyét dinh van hanh bom ti€éu nudc theo thoi gian thuc”, chu tri thuc
hién 1a Vién Quy hoach Thuy loi.

Loi cam doan: Tép thé tac gia cam doan bai béo nay 13 cong trinh nghién ctru cta tap thé tac
gid, chua duoc cong bd & dau, khong dugce sao chép tir nhitng nghién ciru trude day; khong co
su tranh chép loi ich trong nhom tac gia.
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Abstract: Bac Nam Ha Irrigation System is one of the largest irrigation systems in the
Northern Delta region. The problem of drainage in the Bac Nam Ha system has always been
one of the stressful issues, every year it is flooded greatly affecting agricultural production,
especially in recent years such as 2016, 2017 and 2018. The research has used PCSWMM
model to simulate inundation of Bac Nam Ha irrigation system, purpose building a model to
serve management and drainage of flood drainage for agricultural production. Results of
simulation, calibration and validation of the model with the rain in October 2017 and
September 2003 give quite good results with the comparison of the water relations relation
between real measurements and calculations from the model. The study used the coefficient
of r, R2, NSE and errors of RMSE, MAE to evaluate the model. The study established a
one-way and two—way connection in PCSWMM model, resulting in a flooded map
corresponding to the rains.

Keywords: PCSWMM; Flooding simulation; Bac Nam Ha irrigation system.



