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Abstract

Delft3D model employed to simulate the distribution and transport of suspended sediment and black carbon
in Ha Long bay shows outcomes meeting with results from previous experiment studies. In the rainy season,
suspended matter in surface layer is mainly in waters of western and southwestern Cat Ba island regions, and
from Cua Luc toward the south nearshore areas with concentration of 50-130 g/m®. The concentration of
suspended setdiment in the waters from Cua Luc to the north nearshore area is from 20 g/m® to 50 g/m® and
that of offshore areas is 2-20 g/m®. In the dry season, the average concentrations of suspended matter are
lower, approximately 110-150 g/m® compared to the rainy season. In the rainy season, the total particulate
carbon in surface layer is 0.0016-0.0028 kg/m® and in the dry season, it ranges from 0.0001-0.005 kg/m®.
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M@ phéng lan truyén tram tich lo liing va muéi than trong l6p nuéc bé

mat tai vinh Ha Long
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Tom tit

M6 hinh Delft3D &p dung vao md phong qué trinh van chuyén, lan truyén caa tram tich lo lirng va mudi than
tai khu vuc vinh Ha Long cho két qua twong d6i phi hop véi mot sé nghién ciru thuc nghiém trude day.
Trong mua mua, tram tich lo limg tap trung chu yéu & khu vuc phia tay, ty nam dao Cét Ba va ven bo tir
Ctra Luc tré xudng phia nam véi ham lwong 50-130 g/m®. O khu vuc ven ba tir Cira Luc nguoc |én phia bic,
ham lwong tram tich lo liing khoang 20-50 g/m?®, & khu vuc ngoai khoi trong khoang 2-20 g/m®. Trong mua
khé, ham lugng tram tich lo lirg trung binh trong miia nay thap hon khoang 110-150 g/m?® so v6i mua mura.
Ham lugng ham luong mudi than dang hat tong sé (BC) trong 16p nudc bé mat trong muia kho dao dong
trong khoang 0,0001-0,003 kg/m® va mua mua trong khoang 0,0016-0,005 kg/m®.

T khoa: Mudi than, mé hinh Delft3D, vinh Ha Long.

MO PAU

Khu vuec vinh Ha Long cé dia hinh va
duong bd bién phuc tap, bién do thuy tridu
thuoc loai 16n nhat ca nude. Dong chay 1a tong
hop cua dong triéu, dong chay do gi6 va dong
chay séng, trong d6 dong triéu c6 vai tro chi
dao va quyét dinh dén xu hudng van chuyén
cua tram tich lo ling (TTLL). Do dong triéu c6
d6 16n bién d6i khong dang ké theo chiéu sau
cot nudc, su van chuyén caa TTLL trong 16p
nuéC mat va tang bén dudi ¢d xu thé khong
khac biét nhiéu.

Mudi than hay con goi la cacbon den 1a mét
dang sol khi, dugc phét thai tir c4c nguon: chay
rimg (42%), d6t nhién liéu sinh hoc theo
phuong phap truyén théng (18%), giao thong
duong bo (14%), giao théng khac (10%), cdng
nghiép va may phét (10%), chat dot tir dan cu
va ky thuat truyén théng (6%). Mudi than trong
khi quyén thuong ling dong & dang khd hoic
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udt trén dat lién hoic dai duong. O trong moi
truong nudc, chdng la mot trong nhitng hop
phan cua TTLL. Mudi than ton tai ¢ 3 dang:
dang hat tong s6, hitu co dang hat va nguyén té
dang hat. O Viét Nam hién nay, cac nghién ciru
¢6 lién quan dén muoi than trong méi truong
nudc chua nhidu va mai chi tap trung vao moi
truong khdng khi. Vinh Ha Long 1a noi hoi tu
day du cac ngudn phét thai muoi than dién hinh
& viing ven bién Viét Nam. Do d6, viing vinh
nay duoc lya chon vung dién hinh nay dé tién
hanh nghién ctiu sy van chuyén mugi than dang
hat tong s6 (BC) trong méi truong nudc.
Nghién ctru va danh gia cac qua trinh van
chuyén, phat tan cia TTLL va BC trong khong
gian va theo thoi gian duoc thuc hién thong qua
viéc ap dung mé hinh thuy dong luc ba chiéu
Delft3D vao md phong. Qua do tao co so dé
hiéu chinh va so sanh vé6i cac phuong phap
phan tich khac, gop phan xay dung co s& khoa
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hoc cho céc nghién ctu cd lién quan va cho
viéc bao vé tai nguyén va moi truong bién va
phat trién bén viing.

TAI LIEU VA PHUONG PHAP
Tai lidu

S6 liéu @6 sau va duong bo cua ving bién
vinh Ha Long dugc sé hoa tir cac ban do do
Cuc Po dac Ban do xuit ban nam 2005. Do sau
ctia ving bién phia ngoai str dung tir co so dir
lieu GEBCO-1/8. Pay la sb liéu dia hinh c6 do
phan dai 0,5 phat dwoc xir Iy tir anh vé tinh két
hop Vi céc s6 liéu do sau [1].

S6 liéu khi tugng gdm cac sé liéu gi6 quan
tric trong nhiéu nim & Tram Khi tuong Hai
van va Moi truong Bai Chay da duogc thu thap
va xtr Iy (tin suat do 6 h/Ian) va tong hop tai
liéu tir cac cong trinh da cong bd trong va ngoai
nuéce [2-4].

S6 lieu muc nude dung dé hiéu chinh mo
hinh 1a cac két qua do dac muc nuéc (1 h/lan)
cia Trung tam Khi twong thity van Qudc gia.
Céc hang sé diéu hoa thuy triéu ¢ bién phia
ngoai khoi duogc trich xuét tir co so dir ligu
FES2004 [5]. S6 liéu vé nhiét d6 va d6 mudi
nuéc bién & ving bién vinh Ha Long va viing
bién phia ngoai duoc thu thap tir céc két qua
khao sat trong hai mua va cac nghién ctu lién
quan trong khu vuc. Sb liéu nhiét 6 va do
mudi nudc bién ¢ ving bién xa bd dugc thu
thap tir co s& dir liéu WOAL3 véi do phan giai
0,25° [6].

S6 lidu vé dao dong myc nudc, dong chay
va ham luwong TTLL 1a két qua do dac cua
nhiém vu : “Nghién ciru cdc phuong phdp phdn
tich, danh gid va giam sdt chdt liwong nwéc ven
bo bang tw lidu vién tham dé phan gidi cao va
dé phan gidi trung binh, da thoi gian; Ap dung
thu nghiém cho danh cua vé tinh VNREDSat-1”,
2014-2015; Céc sb lieu v& luu luong nude
song ciing da duoc thu thap, xir Iy dé phuc vu
hiéu chinh kiém chtng d tin cay caa mé hinh
thay dong luc.

S6 ligu mugi than duoc do dac dinh ky
hang thang tir 10/2012 dén 10/2013. CAc tram
khao sat bao gdm 16 tram mit rong va 1 tram
lién tuc dai dién ¢ khu vuc cta sdng, 1 tram

lién tuc phia ngoai khoi duoc tién hanh do dac,
phan tich trong 2 chuyén khao sat (miia muwa va
mua khd) do nhiém wvu hop téc quéc té
“Nghién cuiu Sy dnh huwong cua mugi than
(black carbon) téi hé sinh vdt va méi truong
bién vinh Ha Long nham d@é xudt gidi phap bao
Vvé méi triong bién’’ [7] thuc hién.

Phuwong phap

M® hinh Delft3D [8] dwgc sir dung md
phong véi cac mé dun Delft3D-Waq dé tién
hanh tinh to4n van chuyén TTLL va Black
Carbon trén nén két qua mé phong cia mo dun
(Delft3D-Wave) két hop thuy dong luc
(Delft3D-Flow), va &p dung ky thuat ludi 16ng
(nesting). Bé tién hanh phuc vu tinh toéan
truong thuy dong luc cho khu vuc vinh Ha
Long, truong thay dong luc vung phia ngoai
khoi duogc md phong, cac két qua sau do duoc
trich xuat 1am dau vao cho md hinh thiy dong
luc & vung vinh Ha Long.

Qua trinh van chuyén muéi than trong moi
truong nudc vinh dugc mé phong mot cach
riéng biét bang md hinh Delf3D véi cac théng
s6 dau vao duoc thiét 1ap dua trén cac dic diém
Vvé ty trong va hé sé nhét nhu sau: Duong kinh
hat ~ 500-50.000  microns, ty  trong
0,00313-0,004119 kg/m® [9] va d& nhot
12.800-192.600 cps [10]. St dung phuong
phap danh gia sai s6 binh phuong trung binh
RMSE [12] (Root Mean Square Error) lam chi
tiéu dé danh gia do chinh xac caa md hinh
théng qua kiém chirng muc nuéce tir két qua mo
hinh va quan trac.

Thiét Igp mién tinh

Pham vi tinh toan & khu vuc phia ngoai
khoi giéi han tr vi do 19°51°36,83"N dén
21°29°28,14”N, va tir kinh do 106°5°46,54”E
dén 108°7°36,687E. SO diém ludi tinh toan
vung phia ngoai la (M, N) = 162, 267 vai kich
thude bude lugi nho nhat 1a 300 m va I6n nhat
la1km.

Vung tinh vinh Ha Long dugc gigi han
trong pham vi 80 km theo phwong vi tuyén
(d6ng - tay) va 50 km theo phuong kinh tuyén
50 km (nam - béc). Véi s6 diém luai 1a (M, N)
= 625 x 435, budc ludi nho nhat 1a 150 m va
I6n nhat 12 500 m (hinh 1).
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Hinh 1. Truong d6 sau va pham vi tinh todn ciia mé hinh

Diéu Kién ban diu va diéu kign bién

Tai thoi diém ban dau, van téc dong chay
va muc nude dugc gan bang “0”.

Bién m¢ phia song Gom luu hrong nudc
song trung binh qua cac mat cit trong mua mura
va mua kho tai ctra Bach Dang, sbng Gia, sbng
Glanh,,song Hébt, cua Luc ya Tién Yén. Su
dung so ligu nhi¢t do, d6 muadi trung binh mua
tir cac ket qua thu thap va so ligu khao sat cua
cdc de tai, du an do Vign Tai nguyén va Moi
truong bién thyc hign, i

Bién m¢ phia bien: St dung 8 song tricu
chinh (Ol, Kj, Ql, P1, Ny, My, Sgy Kz) trich xuat
tir FES2004 [5] ap dung cho md hinh ¢ vung
phla ngoal sau d6 trich xuat muc nudce lam dau
vao cho vung vinh Ha Long. S6 liéu nhiét do,
do mgol Iay,tu sb lieu do dac, thu thap két hop
Vi so ligu lay tir cac deé tai, du an do Vign Tai
nguyén va Moi truong bién thuc hién.

Thoi gian tinh toan la 45 ngay cho mai kich
ban, thoi gian tinh toan d¢ m6 minh dat do on
dinh la 15 ngay.

Higu chinh va kiém chizng mé hinh

Pé danh gia va hiéu chinh cho mé hinh khu
vuc vinh Ha Long, chang t6i sir dung két qua
tinh toan muc nugc ciia mé hinh so sanh véi
Muyc nuGc quan trac Cho mua mua va mua kho.
Sau lan hiéu chinh cudi, sai s6 binh phuo‘ng
trung binh (RMSE) cua két qua tinh toan c6 gia
tri 0,19 cho mua mua va 0,21 cho mua kho
(hmh 2). Sai s6 nay c6 thé chap nhan dugc
trong diéu kién dia hinh khu vuc tinh phuc tap
va bién d6 dao dong myuc nudc I16n nhu & khu
vuc vinh Ha Long. Dao dong muc nudc tinh
toan caa moé hinh vai ket qua quan trac dugc Ve
trén hinh cling cho thay sy phu hop tuong ddi
ca vé pha triéu va do lon.
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Hinh 4. Ham lugng BC tang mét giita mo hinh
va quan trac tai khu vuc Cura Luc trong mot
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Qua nhiéu lan hiéu chinh, céc két qua mo
phong vé ham luong tram tich lo ling va mudi
than dang hat tong sé tai vi tri Cira Luc (hinh 3
va hinh 4) thé hién quy luat kha phi hop giira
két qua tinh toan tir md hinh va sé liéu do dac
bang may Compact CTD ciing nhu phén tich
anh vién tham.
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KET QUA MO PHONG
Két qua mo phong tl‘ll’()‘ng dong chay

Trong mua khoé, & khu vuc bién phia ngoai
cta vinh Ha Long, dong chay c6 huéng nam tay
nam, nam va dong nam chiém wu thé véi toc do
khoang 50-80 cm/s. D6i khi manh hon, khodng
120 cm/s nhung tan suét nho, chi khoang 4-5%.
Ngoai ra, trong mua nay ciing xuat hién dong
chay co huorng bic, tay bic voi toc do tuong
duong va co6 hudng nguoc lai. Trong mua nay
dong chay c6 hudng phan tdn manh hon so véi
mua mua, dic biét la vao thoi ky chuyén giao
gitta hai pha triéu. Vao mua mura, dudi tac dong
clia nudc luc dia do cac song d6 ra gay anh
huong dén hoan luu nuéc, huorng thinh hanh cua
dong chay la nam tay nam va tay nam va hudng
nguoc V6inod la bic déng bic va dong bac la chii
yeu. O mot sb cira lach hep c6 thé quan sét thay
triéu Iru chay manh vei toc‘ d6 trén dudi 90-100
cm/s. O luong Cira Ong, triéu luu kha manh theo
tryuc cua luong. Tai Cura Luyc tricu luu chay ra
manh hon triéu luu chay vao, dat téc do 80-90
cm/s, trong cac pha triéu xudng c6 thé 16n trén
1 m/s (hinh 5).
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Hinh 5. Két qua mod phong truong thuy dong huc viing vinh Ha Long
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Két qua md phong TTLL

Vao mua kho, ham lugng TTLL & khu vuc
phia tay, tay nam dao Cét Ba va ven bo tir Cua
Luc tré xudng phia nam khoang 60-80 g/m® va
¢6 xu hudng phat tin mo rong kém hon so vai
mua mua. Ham luwong TTLL trung b|nh trong
mua nay thip hon, khoang 110150 g/m® so voi
mua mua. Trong thoi Ky nudc kém, sy phat tan
cua TTLL ra phia phia ngoai khoi khong co sy
khéc biét nhiéu trong ca pha triéu 1én va xudng,
vung nude ¢6 ham luong TTLL cao tap trung
cha yéu ¢ khu vuc cira séng. Dai ven bd khu
vuc Bii Chay nguoc Ién phia bic, ham luong
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TTLL khé nhé. O cac khu vuc khac ham luong
TTLL c6 gia tri tu’orng dbi nho va nam trong
khoang 1,5-2,5 g/m® (hinh 6).

Trong mua mua, ham luwgng TTLL trong
16p nu’orc bé mat v6i ham lugng cao (50-130
g/m?) tap trung cha yéu & khu vuc phia tay, tay
nam dao Céat Ba, ven bo tir Cira Luc tré xuong
phia nam va & khu vuc ngoai khoi va ven bo
Bii Chay nguoc 1én phia bic. Vung ven bo tir
Ctra Lyc nguoc 1én E)hla bic, ham luong TTLL
khoang 20-50 g/m”, khu vuc ngoai khoi

trong khoang 2-20 g/m (hinh 6).
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Hinh 6. Két qua md phong TTLL (g/m®) ting mat trong khu vuc vinh Ha Long

Két qua mo phéng lan truyen BC
Vao mua mua, Vun§ ¢6 BC véi ham luong
cao (0,002-0,003 kg/m®) c6 xu hudng phét tan
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mo rong hon so v6i mua kho, trong mua nay
BC c6 diéu kién phat tan manh ra phia ngoai
khoi, ham lugng BC trung binh thip hon
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khoang 0,001-0,002 kg/m® so véi mua kho,
tuy nhién ham luong BC cuc tiéu (0,0016
kg/m) lai 16n hon so véi mua khd (0,001
kg/m?), tirc 13 bién do dao dong cua BC trong
I6p nuwdc bé mat nho hon mua kho. Ving nudc
ven bo c6 ham luong BC cao tap trung chu
yéu ¢ khu vuc Cira Luc va Cira Ong. Trong
thoi ky nudc kém, sy phéat tdn cua BC ra phia
phia ngoai khoi khong khac biét nhiéu trong
ca pha triéu 18n va pha triéu xudng. Trong thoi
ky nudc kém véi bién do thuy triu nho, su
phat tan cua BC ra phia ngoai khoi khong co
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su khac biét nhiéu trong ca pha triéu Ién va
pha trieu xuéng, pham vi phat tan vé phia
ngoai khoi cling hep hon so véi thoi ky nudc
cuong, trong ky nuéc kém ving nudc ven bo
c6 ham lugng BC cao tap trung chu yéu ¢ khu
vuc Cira Lyc va Ctra Ong. Trong thoi ky nuéc
cuong, vung nudc c6 ham lugng BC cao nay
cling dugc Mo rong hon so vai thoi ky nudc
kém. Trong mua khd, ham luong ham luong
BC trong 16p nudc be mat dao dong trong
khoang 0,001-0,003 kg/m3(hinh 7).
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Hinh 7. Phan b4 BC (kg/m®) khu vic vinh Ha Long

Trong thoi ky nuéc kém, ham lugong BC
bién doi bién do dao dong trong khoang tu
0,001-0,005 kg/m®. Tuy nhién, ham lucyng
BC ¢ khu vuc ven bo phia dong bac va phia
tay vinh Ha Long c6 su bién dong manh hon
so vai khu vuc phia dong va phia nam. Trong

pha triéu 1én, dudi sy anh hudéng cua khoi
nudc bién ham luorng BC c6 xu thé tap trung
cao & khu vuc cira song va doc bg. Trong pha
trleu xuéng, BC trong lép nuéc bé mat co
diéu kién mo rong ra phia ngoai khoi vé phia
nam va nam déng nam. Ham lugng cao nhat
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tap trung ¢ khu Vuc Cira Luc va Cua Ong, dat
trén 0,005 kg/m®, & khu vuc gitta vinh Ha
Long, ham lugng BC bién doi trong khoang
0,001-0,0015 kg/m®.

THAO LUAN ,

Qua ket qua tinh toan va md phong ta thay,
dong triéu quyét dinh dén ham luong va qua
trinh van chuyen cua TTLL va BC trong nudc.
Trong mua mua, TTLL c6é ham luong trung
binh cao hon so v&i mua kho, ving nuéc co
ham luwong TTLL cao cha yéu tap ¢ khu vuc
phia tay, tdy nam ddo Cat Ba va ven b tir khu
vyc Ctra Luc xuong phia nam, do luu lugng
nuéc séng 16n nén pham vi phéan bé caa TTLL
ra phia ngoai khoi manh hon so véi mua kho,
dac biét 1a trong pha triéu xuéng. Nhin chung,
ham lwgng trung binh cia TTLL trong mua
mua 16n hon mua kho, ving nuéc ¢ ham
lugng TTLL cao chu yéu tap trung & vung ven
bo Cira Luc Xuong phia nam noi c6 nhitng ctra
séng nho db ra bién. O khu vuc phia tdy nam
dao Cat Ba, do chju tac dong cia luu lugng
nuéc song Cam va Bach Dang, ham lugng
TTLL ¢ khu vyc nély luon dat gid tri cao nhat.
bac biét, ving nudc c6 ham luong TTLL cao
nay phat tdn manh mé& trong céc pha triéu
xuong, mot phan TTLL theo khéi nudc séng di
chuyén sang vinh Ha Long lam cho ham luong
TTLL & xung quanh khu vuc phia tdy va tay
nam dao Cat Ba tang cao.

Theo két qua nghién ctu cua Tran Duc
Thanh va nnk., (2007), tram tich lo litng ¢ khu
vuc ¢6 lién quan nhiéu dén dao dong myc nuéc
va bién dong rd rét theo mua.Vao mua mua,
ham lwong tram tich lo limg trong nuéc trung
binh 27,6 g/m® bién d6i trong khoang 5-60
g/m?, thudng 20-40 g/m?, dat dén 40-60 g/m* &
khu vuc Bai Chéay va khu ludng tau chay tir
Cura Luc téi Hon Mot. Khu vue ¢6 ham lugng
tram tich lo limg cao véi ham luong tir 25-40
g/m® 12 phia tdy nam dao Tuan Chau, khu vuc
cac cua song (phia trong vinh Cira Lyc) va khu
vuc cira song Mong Duong (Ctra Ong). Céc
khu vuc con lai déu c6 ham lwong tram tich lo
ling trong nuéc hau hét nho hon 25 g/m®. Phan
bd khdng gian cua cac khu vyce c6 ham lugng
tram tich lo lang cao trong vinh Ha Long - Bai
Ta Long bién d6i rd rét theo pha tridu. Khi
triéu 1én thi khdi nude c6 ham luong tram tich
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lo Iing cao bi thu hep va day sat |én phia trén
trong khi pha triéu xuéng cac khéi nuée song
¢6 ham luong tram tich lo ling cao c6 diéu
kién ma rong ra bién. Vao mua mua, su két hop
cia nudc tir sdng chay ra khi pha triéu xubng
lam cho khu vuc c6 ham lugng tram tich lo
ling cao m& rong ra phia ngoa| bién Ién hon
trong pha triéu xuéng trong mua kho [12]. Nhu
vay, két qua nghién ciru nay kha twong dong
véi két qua nghién cau & trén, phl hop ca vé
ham lugng TTLL trung binh trong nudc va
khoang bién dong, khdng gian phan b, quy
luat van chuyén va phat tan caa TTLL dudi cac
diéu kién thuy dong luc.

Muodi than ciing 1a mot dang cua tram tich
lo lirng, sy phét tdn cua BC ciing tuan theo
quy luat van chuyén va phat tan cua tram tich
lo lang. Trong mua mua sy bién dong ham
lugng BC theo khong gian 16n hon so v6i mua
kho, tuy nhién ham lugng BC trung binh trong
mua kho lai 16n hon mia mua. Nguyén nhan
14 do trong mua khé do anh huong ctia hudng
gi6 dong bic va ap suat khi quyén trong mua
kho cao hon so véi mua mua, didu nay lam
cho mudi than phat tan ra phia ngoai bién kém
hon mua mua, lwong mudi than tir khi quyén
di vao méi truong nudc ciing dién ra manh
hon. Trong thoi ky nudc kém, do bién do thuy
triéu nho nén su phét tan cia BC ra phia phia
ngoai khoi khong c6 sy khéac biét nhiéu trong
ca pha triéu I&n va pha triéu xudng, pham vi
phat tan ra phia ngoai khoi cling hep hgn so
Véi thoi ky nude cuong, trong ky nudc kém
vung nudc ven bo ¢6 ham lugng BC cao tap
trung chi yéu ¢ khu vuc Ctra Luc va Cira Ong.
Trong thoi ky nudc cuong, vung nudc ¢6 ham
lugng BC cao nay cling dugc mo rong hon so
vai thoi ky nudc kém. Tuy nhién, theo chu ky
ngay ham lu:ong BC & khu vuc ven bo phia
d6ng bic va phia tay vinh Ha Long c6 su bién
dong manh hon so véi khu vgc phia déng va
phia nam. Trong pha triéu Ién, dudi sy anh
huong caa khdi nude bién, ham lugng BC c6
xu thé tap trung véi ham lugng cao & khu vuc
ctra song va doc theo ven bd. Trong pha tridu
xuéng, BC trong 16p nuée bé mat ¢ diéu kién
m& rong ra phia ngoai khoi vé phia nam va
nam doéng nam.



Mb phong lan truyén tram tich lo hing
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