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Abstract: Large reservoir systems can alter river flow regimes. In the Red River basin, the Da River
is the dominant tributary, contributing over 40% of discharge at Son Tay. Since the cascade
reservoirs of Hoa Binh (1988), Son La (2010), and Lai Chau (2016) began operation, flow regimes
have shifted. This review applies the PRISMA approach and a hydrological indicator framework to
synthesize the three decades of evidence. Findings show that wet-season discharge at Son Tay
declined from ~83% to 69—72% of annual flow, whereas dry-season contributions rose by 10-20%.
Flood peaks decreased by more than 30%, low flows were maintained above 1,500 m3/s, and
pronounced hydropeaking occurred near dam outlets. Suspended sediment load dropped by 52-80%,
and the center-of-timing of floods shifted later in the wet season. Attribution studies indicate human
activities (reservoirs, land-use change) are responsible for 60-70% of discharge alterations,
exceeding the 30-40% contribution of ENSO and climate. These results highlight the dual role of
reservoirs: enhancing flood control, energy, and water security, while posing challenges for
sediment balance, riverine ecology, and sustainable flow management.
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Tom tat: Hé thong ho chira 16n da va dang lam bién d6i cin ban ché do thity van ctia nhiéu luu vire
song. Trong hé thong song Héng, song Pa dong vai tro phu luu chu chét, cung cip hon 40% luu
luong tai Son Tay. Sau khi cum hd bac thang Hoa Binh (1988), Son La (2010) va Lai Chéu (2016)
di vao van hanh, ché 4o dong chay da thay dbi rd rét. Téng quan nay sir dung phuong phap PRISMA
va khung chi s6 thity van dé tong hop bang chiing ba thap ky qua. Két qua cho thay ty 16 dong mua
lii tai Son Tay giam tir ~83% xudng 69—72%, trong khi dong mua kiét ting 10-20%. Dinh 1ii 16n
giam trén 30%, luu lwong kiét duy tri >1.500 m?/s, va hién tuong bién dong ngén han xuat hién manh
& ha luu gan dap. Tai phu sa giam 52-80%, dich chuyén trung tim phan b dong chay Iit muén hon.
Phan tach cho thdy tic dong nhan sinh (hd chira, sir dung dat) chiém 60-70% bién doi, vuot trdi so véi
ENSO va khi hau (30-40%). Nhimg két qua nay khang dinh vai tro kép cia hd chira, vira dam béao an
ninh nude, nang lugng, vira tao thach thirc vé phu sa, sinh thai va quan Iy dong chay bén vimg.

Keywords: Luu vuc song Pa, hd chira, ché do dong chay, ENSO.

1. Giéi thigu

H chira 1a mot trong nhiing can thlep nhan
sinh quan trong nhét d6i véi hé thdng séng ngoi
trén toan cau. V¢i cac muc dich nhu phat dién,
kiém soat 18, tudi tiéu va Cap nuoc cac Cong
trinh thity dién Ion d lam thay ddi cin ban che
do thuy van ty nhién [1, 2]. Thong qua viéc diéu
chinh thoi gian, bién d6 va tan suat dong chay,
ho chua pha vd nhip di¢u mua vy, lam suy giam
cuc tri, va blen d6i dong luc thuy van ha luu, kéo
theo hé qua dén hinh thai song van chuyen phi
sa, hé sinh thai thuy sinh va sinh ké con nguoi
[3, 4]. Trén pham vi toan cau, ude tinh hon mot
nira céc hé théng song lon ch1u anh hudéng manh
cta van hanh dap [5], khang dinh nghién cuu tac
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dong hd chira 13 mot trong tam cua khoa hoc va
quan ly tai nguyén nudc hién nay.

Tai Vi¢t Nam, song Da (Black River) 1a phu
Iwu 160 nhat cua h¢ thong song Hong, dong gop
khoang 40% tong luu lugng thuong nién tai Son
Tay, ctra ngd thugng nguon cta Ha Noi [6]. Luu
vuc song Da c6 dic trung dia hinh ddc, mua theo
mua gié mua nhiét déi, dan dén ché d6 dong chay
phan hoéa ro: mua 1ii tap trung tir thang VI-X va
mua kiét tir XI-1V [7]. Trong bén thap ky qua,
ba hd chira I6n bac thang — Hoa Binh (1988), Son
La (2010) va Lai Chéau (2016) — da duoc xay
dung, hinh thanh cum thuay di¢n l6n nhat Dong
Nam A véi tong cong suat trén 6.000 MW [8].
Céc hd nay khong chi phuc vu phat dién va cat
1ii ma con 1am thay doi can ban ché d dong chay
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ha Iuu. Tuy nhién, cic chudi quan trac dong chay
va phu sa trén song Pa van con thiéu dong b9,
dac biét trude thip nién 1990. Han ché nay dat
ra nhu _cﬁu cap thiét vé mot tong quan hé thdng
nham tong hop, dbi chiéu va danh gia nhat quan
cac két qua roi rac trong ba thap ky qua.

Cac nghién ciru trude dy cho thay tac dong
dang ké: ho Hoa Binh di lam giam dinh lii tai Ha
Noi, vai mirc giam 1ii thiét ké tan suat 1% t6i gan

30% [9], trong khi dong mua kiét tang 1én, dam
bao tudi tiéu va Cap nude cho dong bang [6] Tuy
nhién, cac danh gia chu yéu tap trung vao mot ho
riéng 1é¢ hoic mot s6 chi sd cu thé. Chua c6
nghién ciiu nao xem xét toan bo hé thong bac
thang nhu mot chinh thé lién két, danh gia hiéu
(g tich lily va bién d6i da thang cuia ché do dong
chay. Ngoai ra, cac chi s6 duoc sir dung giira cac
nghién ciru con thiéu thong nhat, khién viéc tong
hop va so sanh theo thoi gian - khéng gian gap
kho khan.

Nghién ciru nay lan dau tién téng hop cé hé
théng toan bo bang ching ba thap ky (1980—
2024) vé tac dong hd chira trén séng Pa bang
phuong phap PRISMA, két hop véi khung chi s6
thuy van chuan hoa (IHA/RVA) va khung phan
tach da thang nham tach biét tac dong ho chura,
ENSO va bién ddi khi hau. Cach tiép can nay cho
phép lugng hda su thay doi dinh luong cua chi
s6 thuy van, phan loai theo bén giai doan van
hanh (G0-G3) va ba viing ha luu (gan — trung —
xa), qua d6 cung cap mot birc tranh tich hop ma
cac nghién ctru trude chua dat dugc.

T co s& do, bai bao nay hudng tai ba muc
tiéu chinh: i) Téng hop hé théng bang ching vé
tac dong cua ho chira dén ché o dong chay song
Da; ii) Xac dinh cac co ché va quy mé tac dong
chinh, tir kiém soat 1di, diéu tiét kiét, dén bién
dong ngan han va van chuyén phu sa; va iii) Chi
ra cac khoang tréng khoa hoc, dinh huéng
nghién cttu phuc vu quan Iy bén viing hé théng
séng Hong.

2. Tu liéu va phwong phap

2.1. Khung tong quan

_ Bai bao ap dung phuong phap tdng quan hé
thong dua trén huéng dan PRISMA [10], duoc

diéu chinh cho linh vuc thiy van. Quy trinh duoc
thiét ké nham dam bao tinh minh bach, kha ning
tai 1ap va bao quat day dii cAc nghién ctu vé tac
dong hd chira dén ché do dong chay song Da. Cac
budc chinh bao gom: i) Tim kiém tai ligu; ii) Sang
loc va danh gia tinh phu hop; iii) Trich xuat va ma
héa dix liéu; iv) Téng hop va tham dinh chat lugng.

2.2. Chién luoc tim kiém tai liéu

Tim kiém toan dién dugc thyc hién trén céc
co sO di liéu quéc té (Web of Science, Scopus,
ScienceDirect, SpringerLink) va ngudn trong
nudc (Vietnam Journals Online, VNU Press, Ky
yéu Vién Khoa hoc Thuy loi Viét Nam). Tai liéu
xam (bao cao du an, ludn an, van ban ciia EVN,
MONRE, MARD) ciing dugc dwa vao nhim
phan 4nh day du thyc tién van hanh hd chua tai
Viét Nam.

T khoa: (“Da River” hoac “Black River”
hoac “Soéng Pa”) va (“reservoir” hoac “dam”
hodac “hydropower” hodc “regulation”) va
(“streamflow” hoac “discharge” hodac “flow
regime” hodc “hydrology”).

Thoi gian: 1980-2024, bao quat giai doan
trude khi xay dung hd Hoa Binh (1988), dén sau
Lai Chéu (2016).

Ngbn ngit: Bao gdm ca tiéng Anh va tiéng Viét.

2.3. Tiéu chi lya chon va danh gia tinh phu hop

Tong cong 124 tai liéu dugc xac dinh ban
dau. Sau khi loai bo trang lap (n= 26) con 98 tai
lidu duoc sang loc tiéu dé va tom tat; 52 tai lidu
bi loai do khong tap trung vao dong chay hodc
thiéu dir liéu dinh luong. O giai doan danh gi4
toan van, 16 tai li€u khong dap tng ti€u chi
(thiéu ddi chimng hodc chi md ta dinh tinh). Két
qua cudi ciing 30 nghién ctru (bao gdm 22 bai
bao quéc té, 5 trong nudc, 3 bao cao du an) duoc
dua vao téng hop va phan tich.

Tiéu chi bao gom:

Tap trung vao luu vuc song Pa hoac cac
doan ha Iuu séng Hong chiu anh huong tryc tiép
tir ho chira séng Da.

Cung cap dir liéu thyc do hoic mod phong
dong chay trude—sau khi van hanh hd.
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Pinh luong bién doi thuy vin (luu luong
trung binh, dinh/kiét, chi s6 dong chay co s BFI,
bién dong ngan han, phan phdi mua).

C6 so sanh giita cac giai doan (trudc—sau hd)
hodc gitra tram anh hudng va ddi ching.

Tiéu chi loai trir:

Nghién ctru chi tap trung vao bun cat hodac
chat luong nudc ma khong co dir liéu thiy van.

Bai viét chi néu quan sat dinh tinh, thiéu
phén tich dinh luong.

Tai liéu trung 1ap hodc grey literature kém
chat lugng, thiéu phuong phap rd rang.

Quy trinh Iya chon dugc minh hoa trong
Hinh 1 theo chuin PRISMA (Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses), giap dam bao tinh minh bach
va tai lap trong tong quan.

Tong s6 tai liéu xac dinh qua co s& dir liéu (n = 124)
Logi trung 18p (n = 26)
Tal lidu sau logl trung (n =98)
Loai sau sang loc tiéu d&/tém tit (n = 52)
Béanh gid toan van (n = 46)

Logi do khdng ddp Ung tiéu chi (n = 16)

Tai liéu dua vao phan tich cudi cung (n = 30)

Hinh 1. So d6 quy trinh lya chon tai liéu theo chuan
PRISMA.

2.4. Pdanh gida chat heong va rii ro sai léch

Mbi nghién ctru duge thdm dinh theo ba tiéu chi:

Do day du dit liéu: d¢ dai chudi (>15 nam wu
tién), co ca giai doan trudc—sau hd.

Do nghiém ngit phuong phéap: ap dung kiém
dinh chuan, md hinh dugc hiéu chinh—kiém dinh.

Do ro rang phan tach nguyén nhan: muc do
tach biét anh huong hd chira so v6i khi hau va sir
dung dat.

Ngoai ra, xem xét sai léch cong bd va bao
c4o chon loc. Moi tiéu chi duge chim theo thang
thip — trung binh — cao, hd trg cn nhic trong s6
khi tong hop.

2.5. Phurong phdp tong hop

Do tinh khong ddng nhat vé thiét ké nghien
clru va chi s, bai bao ap dung phuong phap tong
hop hon hop, két hop giita tong hop dinh tinh va
dinh luong dé ting d6 bao quat va kha nang khai
quat hoa:

Téng hop dinh tinh: cac két qua dugc nhém
va ddi chiéu theo ba tiéu chi: xu hudng bién doi
(tang/giam/khong ddi), mirc dé nhat quan (ty 18
nghién ctru cing hudng bién déi >60% duoc
xem 1a “nhét quan™), va boi canh khong gian -
thoi glan (giai doan GO - G3; khoang cach dén ho)
Viéc tong ‘hop dinh tinh gitp nhan dién cac mau
hinh va mdi trong quan nhan qué giira van hanh hd
— thay dbi dong chay — bién dong phu sa.

Tong hop dinh luong: Cac chi sé thuy vin
chinh (Qmean, Qmax, Qmin, %V mua mua/kiét,
BFI1) duoc chuan héa vé cung don vi va quy doi
sang % thay doi gitta trudc - sau hod, cung tram,
cung thang/mua. Céc gia tri trung vi (median) va
ta phan vi (IQR) duogc st dung thay vi trung binh
dé giam anh huong cua phén phéi 1éch hoic
chudi ngan. Khi c6 thé, tinh khoang tin cay 95%
(CI) hoic ap dung vote-counting c6 trong s6 theo
d6 dai chudi. Két qua dinh lugng duoc trinh bay
trong Bang 3—4 (thay doi theo mua, cuc tri) va
Bang 6 (hi¢u ng tich Iy bac thang).

Phan tich da thang: Céc két qua dugc phan
nhom theo thang thoi gian (gio—ngay, mua, lién
nam, thap ky) va khong gian (gan <50 km; vira
50-200 km; xa >200 km).

Danh gia bat dinh: dién giai sai khac gitra cac
nghién ciru dua trén do dai chudi, phuong phap,
va yéu t6 ngoai sinh (ENSO, bién dbi khi hau).

2.6. Phan ky nghién cuu va tiéu chi chon tram

Dé dam bao so sanh nhat quéan, cac giai doan
va tram nghién ctru dugc xac dinh nhu sau:

GO: Trudc Hoa Binh (<1987);

G1: Hoa Binh don (1988-2009);

G2: Hoa Binh + Son La (2010-2015);

G3: Hoa Binh + Son La + Lai Chau (>2016).
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Bang 1. Thong s6 cac hd chira chinh trén song Pa

A Nam tich nuéc/van | Dung tich hiru ich R z A
Ho chtra hanh (10° m?) Cong suat (MW) Muc tiéu chinh
Hoa Binh 1988 5,03 1.920 gl\lat dlgn, cat 14, cap nudc, cai thién
ong kiét.
Son La 2010 ~6,5 2.400 Phét dién, cit I, diéu tiét lién ho.
o Phat dién, diéu tiét bo sung, hd tro
Lai Chau 2016 0,799 1.200 van hanh Son La — Hoa Binh.
(Ngudn tong hop tix [7, 8, 10]).
Bang 2. C4c tram thuy van chinh va vi tri ha Iuu so véi hd Hoa Binh
Tramthay | Vi tri/khoang cach tir dap | Do dai chudi | Ti lé thiéu o,
“ AN . £ i a Ghi cha
van Hoa Binh (nam) so liéu
HoaBinh [Ngay dui chan dap (Okm) | >30 nam <100 |"nan anh truc tiep xa ho, dao dong
bién dong ngan han manh.
Ta B Trung luu (thugng luu >0 ndm <10% Da_l dl@An tac dong van hanh Son La,
Son La) Lai Chau. ,
SonTay  |~100 km ha luu >40 nim <10% | 17am chinh dé so sanh truéc/sau ho,
guan trong cho Ha Noi.
HANGi  |~150-170 km ha lru >50 ndm <10% [P muc nude va i lich si, gan véi
nguy co lii do thi.

(Nguon: [10-12]).

3. Luu vue nghién ctru
3.1. Pdc diém tw nhién va khi hdu

Séng Pa (con goi 1a Black River) 1a phy luu
16n nhét cua hé thong song Hong, bit ngudn tir
tinh Van Nam (Trung Qudc), chay qua cac tinh
Lai Chau, Son La, Hoa Binh va nhap vao song
Héng tai Pha Tho. Téng dién tich Iuu vuc
khoang 52.900 km?, trong d6 gan 50% dién tich
nam trén lanh thd Trung Qudc [11]. Pia hinh luu
vuc ddc va bi chia cit manh, véi do cao tir trén
2.000 m & thuong ngudn dén dudi 100 m tai
vung ha luu (Hinh 2).

Khi hau mang dac trung gi6 mua nhiét doi,
phan héa rd rét: miia mua tir thang VI-X chiém
70-80% tong lugng mua nim, mua kho tir XI—
IV chi chiém 20-30% [6]. Lugng mua trung binh
niam dao dong 1.600-2.500 mm, phan b6 khong
déu, cao ¢ thuong ngudn phia bic va thap dan vé
ha lwu. ENSO lam gia ting bién dong: cac nim
El Niflo dong chay gidm manh vao mua kiét,
trong khi La Nifia gay Il lo6n va mudn [11].

3.2. Ché dg dong chay tw nhién (trucc khi c6
ho chira)

Truée khi hd Hoa Binh tich nuéc (1988),
sf)ng ba thé hién che do d(‘)ng chay dién hinh cua
song ngoi nhiét d&i gié mua:

Mua lii (V-X) chiém 65-75% tong lugng
nam, voi cac trén 1d 16n tép trung thang VII-1X.
Dinh lii 1én nhanh, bién d¢ 16n do dia hinh déc
va kha nang tap trung nudc manh. Trong tran li
lich str 1971, muc nuéc Ha Noi dat 13,3 m; luu
luong cuc dal tai Hoa Binh vuot 30.000 m?/s.

Mua ki€t (XI-IV) chi chiém 25-35% tong
lugng ném, thip nhat vao thang I-111 (5-10%
tong lu0'ng) Luu luong ¢ thé xubng dudi 600

m?/s, gdy kho khan cho g1a0 thong thuy va cap
nude. Bién dong nim—nam kha 16n véi hé sb
bién thién (CV) 15-20%.

Nong d6 bun cét trung binh ~1.190 mg/L, co
thé dat 12 g/L trong 10 16n. Tong tai phu sa nam
khoang 65 tri¢u tan, chiém hon 50% nguoén cung
phu sa cho dong bang song Hong [12].

Ché d6 ty nhién ndy via cung cap ngudn
nang luong thuy dién doi dao, vira tiém an rui ro
Il nghiém trong va han han mua kiét cho ha luu.
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(mau vang) trai dai tir ty nam tinh Van Nam (Trung Qudc) dén mién Béc Viét Nam. Céc diém tron biéu thi cac
vi tri ho chtra chinh (Hoa Binh, Son La, Lai Chau), tam gidc biéu thj cac tram quan trac luu lugng. Po 16n diém

tron thé hién dung tich ho (10°-10° m®), v6i dung tich tich lily ctia ba ho bac thang dat khoang 20x10° m?
(~60 % dong chay ndm). Hinh nho (goc trai) cho thay qua trinh gia tang dung tich ho theo thoi gian
(2000-2016), phan anh sy mé rong manh mé cua hé thong diéu tiét dong chay trong ba thap ky qua.

3.3. Cdu triic hé thong ho chira

Trong hon ba thap ky, trén song Da da hinh
thanh hé thong hd chira bac thang 16n nhit
Viét Nam:

Hoa Binh (1988) dung tich toan bd
~9,45x10° ty m?, cdng suat 1.920 MW. Muyc tiéu:
phat dién, cat I, cip nudc.

Son La (2010) dung tich toan bo ~9,26x10°
m?3, cong suat 2.400 MW, hi¢n 1a nha may thuy
dién 16n nhat Pong Nam A.

Lai Chéu (2016): dung tich toan b ~1,2 x10°
m?, cong suit 1.200 MW, nim gan b1en gidi
Viét-Trung.

Ba ho nay tao thanh cum diéu tiét bac thang
chién luoc, cho phép kiém soat lii, ting cudong
dong chay mua kiét va dam bdo an ninh nang
lugng quoc gia.

4. T4c dgng hd chira dén dong chay

4.1. Thay déi theo mia

Céc nghién ctru trude ddy dé chi ra rang van
hanh ho chira trén song Pa khong chi lam thay

doi lugng nudc, ma con tai cAu tric hoan toan
nhip diéu theo mua cua luu vuc.

Hé théng ho chira bac thang trén song Da
gdm Hoa Binh (1988), Son La (2010) va Lai
Chau (2016) di tai dinh hinh hoan toan ciu tric
theo mua cua dong chay trong hé thong séng Da
-song Hong. Trudc khi c6 hd, hon 80% tong
lugng dong chay nam tip trung vao mua mua
(thang V-X). Sau khi cac ho di vao van hanh, ty
1¢ nay giam déng ké, tai Son Tay tir 83% (1958
1987) xudng 69% (2009-2021), tai Hoa Binh tir
84% xubng 72% cung giai doan [13, 18]. Nguoc
lai, dong chdy mua kiét (XII-1V) tang twong trng
10-20%. Mot s6 nhanh ghi nhan mtrc tding manh
hon, ching han séng Pa ting 48% va song
Pudng t6i 109% trong muia kiét [14].

Sau khi hd Son La (2010) va Lai Chau
(2016) di vao van hanh, dong chay lii giam
10-40%, trong khi dong kiét tang 10—70% so véi
diéu kién ty nhién [15]. Luu lwong mua kho tai
Hoa Binh dugc duy tri >1.500 m%/s, thay vi
<600 m*/s trudc 1988 [16]. Co ché tich nudc
mua mua, x4 ting mua kiét dd chuyén ché do
dong chay song Da tir ty nhién gi6 mua sang diéu
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tiét nhan tao, mang lai loi ich kiém soét 1l va cip
nudc nhung gay thiéu hut tram tich ha luu.

Tong hop tir cac nghién ciru cho thiy ba xu
thé ndi bat trong toan hé théng: i) Giam tinh mua
1o rét, ty 1€ dong mua mua gidm trung binh 10—
40%, phan anh qua trinh “nhén tao h6a” ché do
dong chay trong toan luu vuc; ii) Tang 6n dinh
dong nén, thé hién qua tang luu luong tdi thiéu,
mo¢ rong thoi gian duy tri Qmin >1.500 m?/s, tao
diéu kién cai thién cAp nudc va giao thong thuy;
iii) Su phan hoa khong gian cta tac dong — bién
d6i manh & khu vuc gan ho (Hoa Binh, Son La)

va giam dan & trung - ha luu, cho thay hiéu ing
lan truyén diéu tiét suy giam theo khoang cach.

So véi cac nghién ctru don 1é trude day, tong
quan nay lan dau tién chi ra tinh nhat quan va
quy mé diéu tiét da thang ctia chudi hd bac thang
trén song Da, dong thoi dinh lugng hoa mirc do
dich chuyén tir ché d6 “mua - 1ii ty nhién” sang
ché do “diéu tiét nhan tao ban 6n dinh”. Két qua
téng hop khang dinh rang thay doi dong chay theo
mua khong chi 1a hién tugng cuc by, ma 1a mét dac
trung hé théng phan anh sy chi phéi lau dai cua van
hanh 1ién hd dén toan bd ha luu song Hong.

Bang 3. Thay di ché do mua tai céc tram chinh trén séng Da

o %YV mua mua | %V muakiét | Qmean L Cop A
Tram Giai doan (V-X) (XI-IV) (ms) Qmin (m3/s) | Ghi chu - nguon
Son Tay 195(%3)987 83% 3740 <600 [6, 17]
SonTay | 200972021 69% 3389 >1500 [18]
(G3)
2O Truoe 1988 84% 16% ~3600 <600 [19]
;‘r’]‘;‘] Sau 1989 (G1) 72% 28% ~3400 >1500 [8]
—20-25% so Qmin +6—
Son La Sau 2010 (G2) Vi ty nhién +71.6% - 129% [16]
TaBU 1988-1993 2235 mm (wet) | 494 mm (dry) | 1365 mm - [20]
Ta BU 19942004 2785 mm (wet) | 691 mm (dry) | 1738 mm _ [20]
, Giamnhe | TAng=100% Tbng hop tix 6
Tong hop Giam 10-40% | Tang 10-50% 5 10% tai mot s6 nghién ctu, giai
° nhanh doan 1958-2021

4.2. Lii va cyc tri dong chay

Hoat dong diéu tiét cua hé théng ho chira trén
song Da da lam suy giam rd rét cac cyc tri mua
16. Tai Son Tay, sau khi h6 Hoa Binh di vao van
hanh (1988), tong luu lugng mua It giam khoang
14% (tir 86,9 xudng 75,2x10° m?), trong khi tong
dong chdy nam chi giam nhe 9% (116 xudng
106x10° m?) [16]. Dinh i lich strndm 1971 tirng
dat 37,800 m?3/s, [am myc nudc Ha Noi dang toi
13,3 m gay v dé di¢n rong [16]. Tuy nhién,
trong giai doan sau hé (1996-2006), Qmax tai
Son Tay chi con khodng 14,000 m*/s [17], nghia
14 thap hon >60% so véi 1t lich sur.

Ho6 Hoa Binh c6 kha ning cat giam dinh 1i
tai Ha Noi tir 0,5-1,5 m [16] va kiém soat hon
100 tran 1 16n c6 dinh téi 5,000 m3/s. Trong tran

1& nam 1996, luu lwong li vao hd dat 22,650
m?3/s, nhung sau diéu tiét, luong xa chi con
13,000 m?*/s, gitip Ha No6i khong vugt mic bao
dong nguy hiém [7].

Tac dong tich liiy cua ba hd cho thiy dung
tich diéu tiét tong cong dat ~20x10° m® (twong
duong 60% dong chay nam), kha nang cit lii hop
nhit khoang 7x10° m3. Nho d6, dinh lii tai Ha
Noi duoge giam 30-40% so véi didu kién tu
nhién, thoi gian dang 14 dugc kéo dai hon
(attenuation), va s6 nam vugt bao dong III giam
manh so v6i giai doan trude ho [13, 18].

4.3. Dong chay mia kiét va duy tri nguon nude

Trai ngugc voi mua 1d, dong chay mua kiét
dugc nang 1én dang ké nho x4 diéu tiét. Tai Son
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Tay, luu luong mua ki€t tang 12% (16.3 Ién
18.2x10° m?). Trong giai doan sau 2000, luu

lugng trung binh mﬁg kho 6n dinh & I,Ill'IC 1000—
1500 m®/s, cao hon nén ty nhién dy kién [13, 18].

Bang 4. Céc chi s6 cuc trj trudc va sau hd tai mot sb tram dai dién

. A - Vmuali | #ngay >BDIII | #ngay >Qo.os A
3
Tram/Chi so Giai doan Qmax (m3/s) (10° m?) (Ha Noi) (Son Tay) Nguon
Son Ty — Qmax T(rff’;g';')B 37,800 (1971) | 86,9 >20ngdy | 25-30ngay | [17]
A Sau HB ., R
Son Tay - Qmax | ;g6 500) 14,000 75,2 Giam >50% | 10-15ngay | [11]
. 1971
Ha Noi — Hmax (phanfuc) 14,05-14,67 m - - - [21]
o 12,43 m (diéu 0-2 ngay
Ha Noi —Hmax | Sau HB (1996) tiét) - ~BBIII - [7]
A Sau SL (2010- | Giam thém 15— Giam thém A
Son Tay — Qmax 2015) 20% - >30% 5-10 ngay [16]
o SauLC <134 m (li Rat hiém vuot
Ha NoT - Hmax (>2016) 500 nam) - BDIII B [22]

Ghi chu: #ngay >BDPIII” —

Dong chay kiét dugc duy tri 6n dinh hon,
song do6i khi viéc uu tién tich nudc cho phat dién
hodc phong lii co thé khién mot sé dot han kiét
cuc bd & ha luu dién ra kéo dai.

Céc dot xa lién hé mua kho (2-3 dot/nam,
15-18 ngay) cung cap ~5x10° m3 nudc cho dong
bang (tr 2013 dén nay), gép phan cai thién do
man ha du [22].

Két qua danh gia cho thdy 60% nghién ciru
dat muc “Cao (A)”, chu yéu la cac bai bao Q1—
Q2 str dung chudi dai (>25 nim) va phuong phip
md hinh héa dinh lugng (vi du: [15, 16, 23].
Khoang 30% dat muc “Trung binh (B)”, thuong
¢6 chudi ngén hodc chua tach bach rd anh huong
ENSO va hd chura (vi du: [6, 12]. 10% con lai c6
do tin cay thap (C) do thiéu dir liéu thuc do hodc
chi mé ta dinh tinh (mot s bao cio trong nudc
trude 2005).

4.4. Tai phit sa va ndng hec van chuyén

Sau khi hé Hoa Binh tich nudc, tai phu sa vé
Son Tay gidm 52-80%, twong dwong bi gitr lai
53-82 10° tAn/nam [6]. Quan hé Q—SPM bj suy
yéu: hé s6 b giam tir 1,05 xudng 0,95, phan 4nh
nang luc van chuyén trim tich giam & cing mot
murc luu lugng. Giai doan 2008-2013, lugng phu
sa trung binh tai Son T4y chi con 13,2 10° tin

“S ngay muc nude vuot bao dong 117,

/nam, giam 90% so véi kich ban khong hd (~107
10° tan /nam) [23]. Piéu nay dong nghia lii mang
it bun cat hon, trong khi mua kiét dé xuét hién
x06i long do dong chay “trong” hon.

Hb Son La lam giam phu sa tai Son Tay tir
119 xudng 46x10° tin/nam (—61%); tai cira song,
tir 85 xudng 35x10° tAn/nam (—59%), voi hiéu
suat giit phu sa dat t6i 88% [12]. Chat luong
nudc ciing bién doi rd rét: TSS trung binh giam
tir 112 mg/L (2010) xubng 5 mg/L trong hd Son
La [24]. Giai doan 2011-2021, dong chay giam
~13% nhung tai bun cat suy giam t&i ~90 cho
thdy tac dong hd chua (56-69%), vuot xa anh
huong khi hau (Bang 5) [25].

Téng hop céac két qua cho thdy mua li giam
10-40 %, phu sa thiéu 50-90 %, gay xoi long,
suy thoai cira song va giam bdi tu dong bang

Nhing bién d6i nay khong chi khang dinh
vai tro chi phéi cua hé thong hd chira d6i véi can
bang bun cat, ma con nhan manh céc thach thic
lon cho quan 1y tong hop tai nguyén nude va duy
tri tinh bén virng ctia dong bang song Hong.

4.5. Bién dong ngdn han va dong chay co so
Dao dong ngin han 1a dic trung ndi bat cua

hé théng sdng Da, phan anh su thay d6i luu
lugng theo chu ky phu tai dién. Bién dong manh
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nhat tai 50-100 km ha Iuu gan hé Hoa Binh va
giam dan vé Son Tay [26]. Cang gan ho (Hoa
Binh), bién dong ngan han manh, nhung cang xa
(Son Tay), bién dong ngay duoc triét tiéu boi

tich lity khong gian [18]. Chi s6 dao dong dong
chay cao hon dang ké so véi cac doan xa; toc do
tang dong chay ting 57% va toc do giam ting
123% so véi nén tu nhién [11].

Bang 5. Bién ddi luu lwgng (mm) tai tram Lai Chau (LC) va Ta BG (TB) (1988-1993 vs. 1994-2004)
Tram g?a(;l Qobs: Qobsz | Qsim cli2 | Aqtot Agcli | AQhum | Climate % Huor/L] an
cLha.—;:u Lid | 17268 | 19829 | 18164 | 256,1 89,6 166,5 35,0% 65,0%

Kiét | 3815 | 4795 4246 98,0 43,1 54,9 44,0% 56,0%
Nam | 10542 | 12311 | 11205 | 1769 66,3 110,6 37,5% 62,5%
Ta Bu Li | 22352 | 27849 | 24056 | 5497 | 1704 | 3793 31,0% 69,0%

Dong co s duoc ting cuong nho xa diéu tiét
nhén tao; BFI tang 0,05-0,08 [23], nhung khong
phan anh bo cap ngam ty nhién. Blen dong ngan
han giy nhidu phan tach dong nén, cin hi¢u

chinh trude khi u6e tinh Qos 7Q10. Quy trinh vén
hanh lién ho nén dat ngudng toc do thay doi xa va
gi61 han dao dong ngay deé bao v¢ sinh thai ha luu.

o~ 30

2

j o

o 100 i

a 58 : £ 1 ﬂ-fﬂ He D m BhE

1996 1964 1971 1969 1995 1991 1966 1983 1986 1990
@ Reality 120 42 336 222 108 0 60 72 186 186
B CaseA 83 0 217 120 40 0 0 0 72 0
mCaseB 93 0 292 131 64 0 28 24 69 0
DOCaseC 93 0 279 127 92 0 0 0 97 0
Year

Hinh 3. Thoi lugng vuot bao dong 111 (BDIII) (gio/ngay) tai Ha Noi trudc va sau van hanh hd Hoa Binh. Biéu db

thé hién tong s gio va sb ngay ¢6 myc nude vuot BDIII tai tram Ha Noi giai doan 1969-1996, so sanh giira diéu

kién tu nhién (trudc 1988) va sau khi hd Hoa Binh van hanh (1989-1996). Cot mau xanh biéu thi giai doan trudc
dap, cot tim giai doan sau dap. Két qua cho thay sé ngay 1 16n giam rd rét - tir trung binh 15-25 ngay/nam
xudng dudi 5 ngay/nam sau khi co diéu tiét, phan anh hiéu qua cit lii dang ké ciia ho Hoa Binh trong viéc ha

thap muc nude 1 Ha Noi 0,5-1,5 m.

4.6. Thoi diém va thoi lwong L

Sau 1989, dinh 1ii dén mudn hon va thoi
lugng lii 16n gidm rd rét. Tam thoi gian dong
chay (CoT) dich muon 20-30 ngay va s6 ngay Q
> Qogs giam 50%. Tai Ha Noi, thoi gian myc
nude > BBIII giam tir 15-25 ngay/nim xudng
< 5 ngay sau ho Hoa Binh (Hinh 3) [18, 21, 26].

B6 sung hd thuong nguon 1am ting dung tich
phong 1ii hiéu dung, nho do6 cit 1ii dau mua tot

hon va dich chuyén timing xudng cubi mua [16,
17, 26]. Két hop Hoa Binh (1989) va Son La
(2011) 1am giam ddng thoi ca bién do va tan sudt
lii 16n [26].

4.7. Tdc déng tong hop ciia van hanh lién ho
Van hanh lién hd trén song Pa tao ra hiéu

{g tich lily bac thang — tai phan bd mua, giam
cuc tri, on dinh dong nén va thiéu hut tram tich.
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Bén truc bién doi chinh gém: i) Tai phéan bd
mua;(ii) Giam bién do cyc tri; iii) Tang on dinh
dong nén; va iv) Tich lity tram tich trong ho.

Trudc hd, dinh 1d lich st tai Son Tay dat
37,800 m*/s (1971). Sau G1, Qmax giam ~14%;
G2 giam thém 15-20%; G3 kiém soat gan nhu
toan bo 1i thuong ngudn, gitip muc nude 1i tai
Ha Néi giam 0,5-1,5 m so voi nén ty nhién. Pinh
i trung binh giam hon 4,000 m3/s so voi giai
doan trudce ho [27].

Luu luong mua kho tai Son Tay tang tir muc
<600 m?/s (nhiéu dot trudc 1988) 1én 6n dinh
>1,500 m?®/s theo quy trinh van hanh sau 2010.

Q95 tiang 10-20% va 7Q10 tiang déng ké trong
G3. sau khi c6 ho Hoa Binh, ty 18 dong chay mua
kho tai Son Tay tang tir 20% lén khoang 30-35%
téng luong nam [27].

Tai Son Tay, ty 1¢ dong mua mua gidm tu
83% (trudc 1988) xubng 72% (2009-2021),
trong khi mua kiét tdng tu ~17% 1én 28-30%.
Hiéu tng 13 rang nhat xuat hién trong G3 khi b
sung hd Lai Chau. Xu thé nay phan anh sy dich
chuyén ché d6 thuy van theo hudng giam do
nhon, rat ngan thoi gian tap trung 1i va kéo dai
chan kiét, tuong tu cac luu vuc cod diéu tiét manh
trén toan cau [2] (Bang 6).

Bang 6. Hiéu tng tich lily cua bac thang Ba

Chi s6 G1 G2 G3 Xu thé
0, A -
%V mua mua 83% 5% 7004 Giam din
(Son Tay)
%V mua kiét 0 . ; - .
(Son Tay) 17% 25% 28-30% Tang dan
Qmax 10 200 N
(s, Son Tiy) 37,800 (1971) 14% 30% Giam ro
Q95 ~ = 2 .
(m?s, Son Téy) 950 1150 1300+ Tang 6n dinh
Tai phu sa (108 tan/nam, 114160 13 i i —70%
Son Tay)

*Qmax luu lugng dinh 1d 16n nhat; Q95 luu Twong trung binh 95% thoi gian nho hon gid tri nay;
G1-G3: giai doan tich hgp dan ho Hoa Binh, Son La va Lai Chau.

Sau ho, chi s6 BFI ting nhe (+0,05-0,08),
phan anh sy “6n dinh héa” dong nén, chu yeu do
xa didu tiét. Tai song Thao (khong c6 hd), BFI
van bién dong manh, xac nhan vai tro nhan sinh.

Su két hop nay cho thiy qua trinh “phiang
héa” ché do thay van, trong d6 ning lugng dong
chay mua mua duoc nén vao dung tich ho, va
giai phong dan qua phat dién mua kiét.

Truéc Hoa Binh, phu sa trung binh tai Son
Tay dat 114—160%10° tdn /nam. Sau ho, giam con
73x10° tAn/nam (1986-1997) va xudng 41x10°
tAn/ndm nam 2003 (~70% giam). Hiéu suét giir
phul sa ciia bac thang udc tinh 70-90%, lam thiéu
hut nghiém trong tram tich ha luu [28]. Piéu nay
khong chi 1a mat can bang bun cat ma con phan
anh su tach roi ché do thiy dong luc - tram tich,
gdy suy giam manh qu4 trinh tai bdi & dong bang
ha Iuu.

Mua i, Lai Chau va Son La uu tién tich
nuéc, chuyén ap luc cét 1t xuéng Hoa Binh, hd
nay déng vai tro quyét dinh trong viéc ha thap
dinh 1 tai Ha N6i. Trong mua kiét, ca ba ho phdi
hop xa dé duy tri dong chay téi thiéu 1,500—
1,800 m3/s tai Son Tay, dap (g nhu cau tudi tiéu
va cip nudc. Hiéu ung tich lily cta bac thang da
dich chuyén ché d6 dong chay tir gi6 mia ty
nhién sang ché do diéu tiét nhan tao, l1am giam
manh cuc tri 1, ting 6n dinh dong kiét, dong thoi
gay thiéu hut tram tich ha luu.

Téng hop cac chi sb thuy vin qua ba giai
doan (G1-G3) cho thay quy ludt phi tuyén cua
tac dong tich lity: loi ich vé an toan Iii va cap
nuée ting dan theo bac thang, trong khi rai ro
mdi trudng - tram tich gia ting theo ham bac hai.
Diéu nay minh chimg ring hiéu ung lién hod
khong chi 1a cong tuyén giira cac hd don 1¢, ma
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1a qua trinh diéu tiét chong 1ap tai ciu tric toan
bd dong luc thily vin viing ha luu séng Hong.

He¢ théng lién ho giup giam manh cyc tri 1d
va 6n dinh dong kiét, song gay thiéu hut tram tich
nghiém trong va bién d6i sinh thai ha luu. Can
xy dung quy trinh van hanh t6i vu da muyc tiéu,
xac 1ap ngudng dong chay mdi truong (Q95,
7Q10) va nghién ctru giai phap bu tram tich nhan
tao cho dong bang.

4.8. Lan truyén khéng gian va phan tach khi hdu
- ho chira

Poan gan hd (0-50 km): dong chay bién
dong manh theo xa phat dién, bién d6 muc nudc
dao dong 0,6-1,0 m/ngay, luu lugng gid thay doi
30-50% so vai trung binh. Xuat hién bién dong

ngan han rd rét va thay doi chat luong nudc
(nudc trong, ngheo phu sa gay xoi long) [11, 17,
29, 30].

Poan trung gian (50-150 km, bao gém Son
Tay): Dao dong ngan han giam dan nho truyén
s6ng va hap thu thay luc, song van con dau vét
phat dién. Phan b mua thay d6i manh: ty Ié moa
kiét tang tir 28% lén 35% sau ho Hoa Binh.

Doan xa hd (>150-300 km, bao gom Ha Noi
va dong bang séng Hong): tin hiéu bién dong
ngan han gan nhu triét tiéu, thay vao dé ndi bat
su dich chuyén mua (giam 1d, tang kiét). Tai Ha
Noi, muc nuée 1 giam 0,5-1,5 m nho diéu tiét,
trong khi dong kiét duoc duy tri on dinh. O ving
triéu (Phu Ly, Nhug, Ba Tha), xuat hién dao dong
tridu va dao chiéu dong.

Bang 7. So sanh trudc va sau hd

Tiéu chi Hoa Binh (1989)

Son La (2010)

Lai Chau (2016)

Mua li: giam ~14% tai Son
Tay; Mua kiét: tang ~12.

Dong mua vu
(seasonal flows)

Mua li: giam, mua kiét:
tang nhe tai Ta.

Mua 1i: 4256 mm (65%
nhan sinh); Mua kiét: +98
mm (56% nhén sinh).

Trude: 38,000 m*/s (1971);
Sau: <14,600 m’/s (giam
>30%).

DPinh 1d
(flood peaks)

Giam dinh 1i cuc b9, bd
tro Hoa Binh trong cat 1d.

6] thuong luu: mot s6 1 tang
do mat ring, nhung tong thé
bi giir lai bdi ho.

Ho tro ting dong kiét

“bu dong ngam”.

dong nén tai ha luu gan.

Dong kiét Tang ro rét, duy tri >1,500 (qua xi phat dién mua Tang ~196 mm tai Ta Ba
low flows m?/s tai Son Tay. qu p ; 59% nhan sinh).

Y kho)
Baseflow On dinh hon, ho dong vai trd | Tang tinh 6n dinh cua | Dong nén tang do nhan sinh,

dac biét trong mua kho.

Anh huong gian tiép: mat
rung thuong nguén lam tang
phu sa ho giit l1ai (~70%).

Bién dbi sir dung
dat (Land use)

Thay d6i su dung dat
quanh luu vuc anh hudng
dong chay cuc bg, nhung
bi ho giit lai.

Lao Cai-thugng nguon
Trung Qudc mat rimg, ndng
nghiép — tang phu sa, SPM
cao; hd gir lai mot phan.

* Gia tri luu luong trong Bang 5 duoc quy dbi sang don vi milimét (mm), biéu thi lugng nuéc twong tng trén
toan luu vuc (runoff depth), nham thuan tién cho so sanh gitta cac tram c6 dién tich khac nhau.

Téng hop céc két qua cho thdy nhan sinh (hd
chtra, mat ring) chiém ~60-70% bién ddi dong
chay va phu sa. Khi hau (ENSO, xu thé mua)
dong gop ~30-40%, chu yéu quyét dinh dao
dong ndm va cac nam cuc doan (Bang 7).

Nhu véy, hé chira 1a yéu t6 chi phdi dai han
d6i voi ché do thiy van va trarn tich cuia song Da,
trong khi ENSO va khi héu van giit vai tro nén,
diéu chinh bién dong ngan han va cac cuc tri.

5. Thao luian

Cac két luan trong phan 4 duoc tong hop chi
yéu tir nhom nghién ctru chit luong A-B theo
tiéu chi & muc 2.4, nham giam sai léch va ting
do tin cay. HE théng hd chira bac thang trén song
Pa (Hoa Binh — 1988, Son La — 2010, Lai Chéu
—2016) da 1am thay d6i can ban ché d¢ thity vin
song Hong, véi ba dic trung nodi bat: giam cuc
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tri 18, 6n dinh dong kiét, va suy gidm manh tai
phu sa.

Nhing bién ddi nay khong chi mang ¥ nghia
thity van, ma con anh huong sau dén hé sinh thai
va sinh ké ving ha luu. Viéc giam dinh 1 giap
han ché nguy co v& dé, song dong thoi lam suy
yeu chu ky ngép tu nhién, yéu to duy tri nang
suét sinh hoc, kha nang rira man va boi tu dong
bang. Suy giam 70-90% phu sa di lam bién dbi
dong luc boi—xo6i, gop phan vao x6i 16 by va sut
lin vung cura song, trong khi hé sinh thai nudc
ngot va viing ngap theo mua bj thu hep dang ké.

O goc d6 xa hoi, didu tiét dong kiét dam bao
tuoi ti€u va cép nudc cho hon ntra triéu ha laa,
nhung ciing tao mau thuan loi ich giita phat dién,
cip nu6e va duy tri dong chay maéi trudng. Nhip
diéu dong chay nhén tao gay anh hudng t6i nghé
cd, giao thong thuy va dich vu h¢ sinh thai. Can
bang giita an ninh ning lugng - an ninh nudc -
an ninh sinh thai dang tré thanh thach thuc trung
tam, doi hoi van hanh lién ho theo hudng da muc
tiéu va thich tng khi hau.

Mot két qua dang chu y la sy khac biét dang
ké giira cac nghién ciru vé cung chi s6 (%V mua
mua/kiét, Qmax, Qos, BFI). Phan tich chéo cho
thdy khac biét chi yéu do:

i) Pinh nghia giai doan nén (GO-G3,
c6/khong nam ENSO cuc doan);

i) Khoang cach dén ho (near—mid—far field);

iii) Chuan hoa chi s6 va d¢ phéan giai chudi
(daily vs. sub-daily, cach tinh Qgs/7Q10);

iv) Khung quy két (BACI/DID, Budyko,
naturalized model).

Y nghia ciia di biét 1a chinh sich can ding
khodng gia tri thay vi cac diém don 1é, va chuan
hod cach tinh (IHA/RVA, Q95/7Q10 sau khtr
nhiéu bién dong ngén han) trudc khi so sanh. Véi
phu sa, cap nhat duong quan hé Q—-SSC sau dap
1 bét budc; néu khong, mic suy gidgm c6 thé bj
dinh luong sai. Cac két qua ciing g1 ¥ uu tién
dau tu dir liéu can ngay ¢ doan gan dé giam
bat dinh trong danh gia bién dong ngin han va
dong nén.

Nghién ctru tap trung chi yéu vao hd Hoa
Binh, trong khi tic dong tich liiy cia Son La va
Lai Chau - vén quyét dinh dén phan bd khong
gian - thoi gian - van it duge luong hoa [22].

Phan tich lién nganh con han ché: hau hét chi
danh gia thuy van — thuy luc, it xem xét tdc dong
sinh thai, chat lugng nudc hodc kinh té — xa hoi.
MGéi lién hé gitra suy gidm phu sa va bdi ty dong
bang — x6i 16 bd bién van chua duge lam rd.

Céac bt dinh néu trén hién chua duge phan
anh trong quy trinh vén hanh tinh. Viéc chua tich
hop ENSO va khong chuin hoa chi s& moi
truong dan dén cac quyét dinh khé chuyén giao
theo khong gian (gan/trung/xa). Co ché chia sé
dir liéu xuyén bién gidi va chudi sub-daily con
thiéu khién bién d¢ bat dinh cao & nhom chi s6
nhay (bién dong ngén han, BFI, SRR), qua do
lam suy gidm d¢ tin cdy moé phong—du bao. Do
d6, van hanh thich ing cin song hanh hai tuyén:
i) Giam bat dinh dit liéu—phwong phap (dudi
ngay, chuan IHA/RVA, dong chay tu nhién); va
ii) Thiét ké quy tic theo dai gié tri (<X%/h; dong
chay moi truong = Q95+A) cung phén vung
gan/trung/xa.

Nhin chung, sy khac nhau vé con sd giita cic
nghién ctru khong méau thuin ma phan anh do
nhay véi baseline, khong gian, do phan giai Va
phuong phép. Khi chuin hod cac yéu té ndy, mau
hinh tong quét trd nén nhat quan: giam mia mua
10-20%, giam dinh 1&i 30-40% (gin>Xxa), ting
kiét 10-20%, va giir phu sa 60—90%, v4i mrc tin
cdy cao cho ba tru c6t dau va trung binh cho bién
dong ngan han - dong co so. Pay 1a co so truc
tiép dé xdy dung quy tic van hanh theo khoang
va viing, thay vi mot ngudng duy nhét cho toan
hé théng.

Van hanh hé chira dd mang lai loi ich lon
trong kiém soat 1ii va dam bao nguon nuée moa
kiét. Binh 1 tai Son Tay giam >60% so vai tran
1971, muc nude li tai Ha Noi ha thip 0,5-1,5 m
[11, 17]. Dong mua kiét dugc duy tri >1500 m?/s,
dap umg tudi cho >600.000 ha lda va cip nuéc
cho Ha Noi. Hé théng thiy dién véi cong suat
>5500 MW g6p phan quan trong vao an ninh
nang luong. Tuy nhién, cai gia phai tra la suy
giam 70-90% tai phu sa [14, 26], gia tang x0i
long va giam bdi tu dong bang, cuing véi bién dbi
nhip 1ii va bién dong ngan han, tac dong dén sinh
canh thay sinh va da dang sinh hoc. Nhitng mau
thuan giira myc tiéu phat dién, nong nghiép va
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mdi trudng ngdy cang rd rét, nhat 1 trong cac
nam kho han.

Ho chira da dich chuyén ché d6 séng Hong
tir ty nhién sang diéu tiét nhan tao: giam cuyc tri
1, ting 6n dinh dong kiét nhung lam suy giam
nghiém trong phu sa va nhip sinh thai. Viéc lap
day cac khoang tréng vé dir ligu, phuong phap,
hiéu tng hé théng va quan tri 1a diéu kién tién
quyét dé xay dung quy trinh van hanh lién hd
thich ung khi hau, can bang giira an toan 1ii, an
ninh nuée, nang lwong va bén viing hé sinh thai
ddng bang.

6. Két luin

Nghién ciru nay tong hop bang ching dinh
luong vé tac dong ciia chudi hd bac thang song
Pa (Lai Chau — Son La — Hoa Binh) dbi voi ché
d6 thily van hé thong song Hong, trong mdi lién
hé v6i ENSO va bién d6i khi hau. Cac két qua
téng hop cho thay tac dong cia hd chira mang
tinh hé thong, da thang va chi phéi toan Iuu vuec.

i) Tai cAu trac ché d6 mua va cuec tri dong chay.

Chudi ho chira di 1am thay doi sau séc tinh
mua: dong chdy mua mua tai Son Tay giam tr
83-84% trudc 1988 xudng 69—72% giai doan
2009-2021, trong khi mua kiét ting 10-20%. Co
ché tich nue mua 1ii va xa bd sung mua kho da
chuyén ché d¢ “gié muia ty nhién” sang “dicu tiét
nhan tao”. Luu lugng cuec tri gidm dang ké —dinh
li 1971 dat 37,800 m3/s nay chi con ~14,000
m?/s, twong duong giam >60%. MO phong
MIKE-11 cho thdy hé théng hd c6 thé ha thap
muyc nuoc 1t Ha Noi 0,5-1,5 m, tic giam 30—
40% dinh 1ii so v6i diéu kién tu nhién;

ii) On dinh dong nén va xuét hién dao dong
ngan han.

Dong mua kiét dugc duy tri >1,500 m?/s,
tang 10—20% so voi trudce khi co hd, bao dam cap
nuée ndng nghiép va sinh hoat. Chi sb BFI ting
ttr 0,32 18n 0,39, phan anh sy “6n dinh hoa” dong
nén. Tuy nhién, hién tugng bién dong ngan han
xuét hién rd trong pham vi 50-100 km ha luu hd
Hoa Binh, voi bién d dao dong ngay—dém tang
>50%, anh hudng dén an toan giao thong thity va
sinh canh thuy sinh;

iii) Suy giam nghiém trong tai phu sa

Sau khi tich nudc, phu sa tai Son Tay gidm
tir 114-160 triéu tin/niam xudng 41-73 tricu
tan/nam (=70%). Khi hoan thién ba hd, TSS toan
hé thong giam ~92% so véi thap nién 1960, lam
giam toc do bdi tu ddng bang gan 50%. Quan hé
Q-SPM bi pha v&, dong chay tré nén “trong”
hon va gay x6i long ha luu;

iv) Vai tro trong doi ciia tac dong nhéan sinh
va khi hau.

Phan tich tong hop cho thiy tic dong hd chira
va thay d6i st dung dat chiém 60—-70% bién dong
dong chay, trong khi khi hau va ENSO chi dong
g6p 30-40%. ENSO van diéu khién cac nam cuc
doan (EI Nifio — ki¢t, La Nifa — lii 16n), nhung anh
hudng bi suy yéu & ha luu do diéu tiét lién ho;

V) Hiéu ung béc thang va ham y quan 1y.

Hoa Binh don 1€ kiém soat ~60% phu sa va
giam 18, trong khi t6 hop ba hd cho phép giam
thém 15-20% dinh 1ii Ha Noi, duy tri Qmin
>1,500 m*/s nhung dong thoi 1am trim trong mat
can bang tram tich. Hé thong hd bac thang da
dam bao an ninh nang luong va giam thiéu Id lut,
song gdy mat nhip diéu thuy van ty nhién, gia
tang bién dong ngan han va suy giam phu sa —
nhiing van dé de doa can bang sinh thai va an
toan bo bién;

vi) Khoang tréng nghién ctru va dinh hudng
tuong lai.

Céc huong nghién cuu twong lai nén tép
trung vao xay dung co sd dir liéu dai han, da
ngudn két hop vién tham va mé hinh hoa dong
chay ty nhién; phén tach rd tic dong hd chira va
khi hau bang cac khung phan tach chuan; déanh
gia hi¢u ung bac thang va tic dong li€n nganh
giita thity vin — sinh théai — kinh té — xa hoi; phat
trién van hanh t6i wu da muc tiéu gan voi du bao
ENSO va bién d6i khi hau, tich hop céng nghé
AI/ML; dong thoi ting cudng hop tac xuyén bién
gidi va co ché chia sé dit lidu Viét Nam — Trung
Quéc dé hd tro van hanh thich ung toan luu vuc.

Téng thé, hé théng hd chira song Da di dich
chuyén ché d6 song Hong tir tw nhién sang diéu
tiét nhan tao, giam cyc tri 10, nang dong kiét,
nhung ddng thoi 1am suy giam nghiém trong
trdm tich va nhip sinh thai. Can bang giita an
toan lii - an ninh nudc - ndng lugng - moéi truong
doi hoi mot khung van hanh thich tng va tong
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hop, dya trén dit liéu chudn héa, md hinh phin
thuc va phoi hop da nganh.
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