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SU DUNG BOM HUT BANG TELEMAC
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Tém tit: Mo hinh héa hoat dong khai théc cat bang bom hit la moét van dé trong iing dung mé
hinh todn s6. Nhiéu nghién civu trude day mé hinh héa hoat ddng khai thdc cdt trén ddy séng bang
bom hiit va hoat ddng nao vét dwoc mé hinh héa giong nhau. Cdch tiép cdn nay dan dén chwa mé
phong dwoc qud trinh hit cdt theo thoi gian thue ciing véi qud trinh thiyy dong luc va van chuyén
bun cat. Muc tiéu cua bai bao nay la dwa ra mot phuwong phdap mo hinh hoa hoat dong khai thdc cat
bang bom hiit theo thoi gian thic. Két qua nghién ciru cho thdy sw thay déi cia déay séng dién ra
phit hop vé mdt vit 1y, sai s6 rat thap 0,002%. Phwong phép ndy cé thé dp dung linh hoat véi cong

sudt khai thdc cat thay doi theo thoi gian, va ¢ thé vmg dung tiwong tw cho bdi todn nudi bdi.
Tir khoa: Khai thac cat bﬁng bom hut, Telemac, Sisyphe.

1. GIOI THIEU

Trong nhitng ndm gan ddy, nhu cau cat phuc
vu cho xdy dung, san lap dang co xu hudng
ngay cang gia tang. Viéc khai thac qua muc cat
trén séng c6 thé gdy ra nhimg anh huodng
nghiém trong dén moéi truong. Cac hd sau dugc
hinh thanh trong qué trinh khai thac cat gay ra
su hily hoai cia mdi truong sdng dudi nude va
vung ven song (M. Sandecki, 1989); la nguyén
nhan chinh anh huong dén tinh chit cua dong
chay va song tai khu vuc ctra séng ven bién,
dién bién x6i/bdi phirc tap tai ving cira song (D.
V. d. Eynde et al., 2010). Mot sb cac nghién ciru
vé hoat dong khai thac cat hodc nao vét tan thu
da duoc thyc hién c6 thé ké dén nhu: Nghién
ctru ciia Nguyén Thé Bién va ccs (T. B. Nguyén
et al.,, 2012) str dung m6 hinh Mike 11 + Mike
21C véi ddc tinh bun rdi dé danh gia anh huong
do khai thac cat dén 6n dinh long dan, sat 1o bo
song ha luu song Pong Nai — Sai Gon, nghién
ctru cho rang, do 1ong séng rong va sau nén viée
nao vét nay khong anh huong nhiéu dén ché do
thay luc toan vung; trir lugng khai thac cho
phép khoang 12.10° m’. Nghién ctru cia Lé

! Trwong Pai hoc Tai nguyén va Méi truong TP.HCM

Manh Hung va ccs (M. H. L¢ et al., 2015) da
danh gia tdc dong cia hoat dong nao vét luéng
Soai Rap giai doan 2 véi phuong 4an -9,5m va -
12,0m dén qua trinh x6i/bdi trén song Soai Rap.
Nghién ctru st dung mé hinh toan Mike21, véi
dat tinh bun khong két dinh dugc thiét lap tur
pham vi 16n dén pham vi nh6 cho khu vuc cira
Soai Rap. Nghién ciru cia Dang Thuong Huyén
va ccs (T. H. Dang et al., 2013) danh gia tac
dong cta nudc bién dang 1én cac mo khai thac
cat tai khu vire bién Can Gid; Nghién ctru sir
dung mé hinh toan Mike 21 (DHIL, 2007) dé du
bao qua trinh thiy dong lyc va van chuyén bun
cat trong truong hop khong va truong hop chiu
anh huong ctua nudc bién dang véi kich ban
+0,2m; Véi kich ban ¢6 10 16 khoan véi chiéu
sau 8,0m so v&i day bién, két qua mo phong cho
thiy hoat dong khai thac cat lam gia ting van
tdc tai mi¢ng hé khai thac; tang tdc do bdi x0i,
téc do xoi khoang 29cm/15 ngay trong ky gid
muia Pong — Bic va 8cm/15ngay trong thoi ky
g16 mua Tay Nam. Brendan T. Yuill va css (B. T.
Yuill et al., 2016) nghién ctru sy thay d6i hinh
thai ciia bii bdi ha lwu sdng Missisppi sau khi co
cac md khai thac cat; Nghién ctu nay st dung
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dir liéu quan sat bién d6i day véi 1,46 triéu m’
dugc khai thac tir cdc mo; Phuong phép st dung
trong nghién ctru ndy gdm 3 thanh phan: (1) Str
dung dir liéu quan tric cao trinh diy song
Missisppi dé tinh toan ty 1¢ lip day hd khai thac;
(2) Phan tich dir liéu do dac vé luu lugng dong
chay va van chuyén bun cét tir bién thuong luu dé
du bao dong chay va dong luc bun cat bén trong
hé khai thac; (3) St dung mo6 hinh toén Delft3D
duoc sir dung dé md phong dong chay va van
chuyén bun cat va so sanh véi dit liéu quan tric
trong hd khai thac; Két qua md hinh cho thiy ring
ty 16 14p ddy hd khai thac c6 quan hé chit véi
ngudn bin cat cung cap ven song va hinh dang hd
khai théc; Chiéu sau va chiéu dai h anh hudng
dén do 16n cuia Gmg suat day tai ho.

Nhin chung, cac nghién ctru déu md hinh hoa
qua trinh khai thac cat va nao vét 1a gibng nhau
dya trén gia dinh dia hinh day sau khi nao vét
mot thoi gian. Vi cach tiép can nay, khi bat dau
md phong thi cac hd siu tai cac mo cat da dugc
hinh thanh va két qua tinh s& c6 xu hudng cuc
doan hon, chua sat voi dién bién vat 1y cua hién
tuong hit cat bang bom cung voi qua trinh van
chuyén bun cat theo thoi gian thuc.

Nhiéu nghién ctru trude day thuong st dung
cac b0 mo hinh thuong mai nhu Mike nén
khong thé thay doi hodc bd sung thém céc
phuong trinh dé ing dung cho phu hop véi bai
toan cu thé. Myc tiéu ctia nghién ciru nay 14 dwa
ra phuong phdp md hinh héa hién trugng khai
thic cat bang bom hut theo thdi gian bang cach
xdy dung ham khai thac cat dua trén phuong
trinh bao toan khéi lugng (mg dung vao mé hinh
mé TELEMAC.

2. PHUONG PHAP NGHIEN CUU

Trong bai bdo nay, mé hinh hda hi¢n tuong
khai thac cat bang bom hit trén dy song dugc
tiép can theo hudng xem lugng cat dugc hit ra
khoi mién tinh theo timg budc thoi gian dién ra
cing v&i quéa trinh bdi/xdi tai timg nit trong
mién tinh. Luwu lugng cat khai thac trong mot
mo6 duge phan phdi déu cho cac nit trong pham

vi md khai thac. Goi lugng cat khai thac tai mo
trong mot nam 1a Q(m’), s lwong nat trong
pham vi ctia mé 1 N, thi luu lwong cat duogc lay
ra khoi mdt nut trong mdt budc thoi gian (A1)
dugc tinh nhu cong thue (1).
S(m/s)= 0 (1)
N x365x86400

Luong bun/cat hat ra (S) khoi cac nut trén
mién tinh dugc dwa vao trong phuong trinh bao
toan khdi lwong theo phwong trinh (2).

(1—/1)%+(E—D):S @

Trong d6: E, D 1a luong x6i, bdi (m/s); S 1a
luong bun cat hit ra ¢ day (m/s) trong mot budce
thoi gian (Q < 0 néu hit cat, Q > 0 néu cat bd
sung vao day). Lugng x6i/bdi (E, D) 1a céac
thanh phan tham gia trong cac phuong trinh co
ban van chuyén bun cat hdn hop di duoc trinh
bay chi tiét tai muc 2.1 (N. A. Lé et al., 2020).

So d0 két ndi gitta md hinh thuy dong lyc
(TELEMAC) va md hinh vin chuyén bun cat
(SISYPHE) cting v6i thanh phan luu lwong cat hut
ra (S) duoc bd sung vio phuong trinh bién dbi day
minh hgoa nhu Hinh 1. Sy khac nhau gitta phuong
phép trude day va phuong phap trong nghién ctru
niy dugc minh hoa chi tiét nhu Hinh 2.
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Hinh 1. Sor d6 két noi gitta TELEMAC
va SISYPHE.
Th: Ung suét tai day; Zy: cao trinh tai day; U,V la
van toc theo phuong X, Y; H 1a chiéu sau nuéc.
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Hinh 2. Mo ta phuwong phap mo hinh hoa hién
twong khai thac cat

3.KIEM TRA VA PANH GIA THUAT TOAN

Dé danh gia lai d6 tin cdy cua phuong phap
mo hinh hoéa hi¢n tugng khai thac cat, chung toi
tién hanh xdy duyng mé hinh cho bai toan co ban
dé kiém tra tinh bao toan khéi lugng. Bai toan
co ban duge mo ta chi tiét nhu sau:

- Mién tinh dugc mé ta nhu mot cai ao kin cd
dién tich F = 10.000 m® (1ha) véi 420 nit tuong
mg v&i 760 phan tir; bon bién kin khong thim
nude, khong c6 sy trao doi dong chay va
bun/cat qua lai trén bon bién.

- Cao trinh day tai cic nit trong mién tinh
duogc gia dinh bang 0 (Z, = 0 m) tai thoi diém
ban dau.

- Cong suét khai thac cat bang bom hut dugc
gia dinh 1.800 m’/ngay.

- Pham vi mién tinh dugc dai dién boi 9 nat
trén ludi tinh, twong Ung voi dién tich F =
10x10 = 100 m’. Nhu vay, tai mdi nut cong suat
khai thac cat dugc phan phdi déu cho timg nut
14 200 m*/1 nut/1 ngay.

- Mi code dugc viét bang ngdn ngit Fortran,
dugc xir 1y theo ché do tinh toan song song
(parallels) voi 4 cores trén laptop CPU AMD.

- Thoi gian m6 phong 1 ngay.

- Budc thoi gian 60s.

So dd toan cho bai toan co ban duoc thé hién
nhu Hinh 3. Két qua md phong cho thdy, sau
24h, téng khdi lugng bun cat trong mién tinh bi
ldy di -1.799,962 m’. Nhu vay, so voi khdi
luong bun/cat duge hut ra theo bai toan 1a 1.800
m’/ngd thi sai s rat nho 1a 0,002%. Két qua
ciing cho thdy qué trinh hit cat twong dong véi
dién bién vé vat Iy tai day va dam bao dugc tinh
bao toan khéi lugng. Qua trinh bién ddi day
theo thoi gian sau 1 ngay thé hién tai Hinh 6.
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Pham vi khai thac l
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Hinh 3. So dé luédi cho bai todn kiém tra

4. UNG DUNG MO PHONG HOAT PONG
KHAI THAC CAT CHO VUNG NGHIEN
CUU HA LUU PONG NAI-SAI GON

Trong nhitng nim gan déy, do yéu cau cia sy
phat trién kinh té x4 hoi ctia Tp. HO6 Chi Minh
va khu vyc kinh té trong diém phia Nam nén
nhu cau khai thac cat dién ra mot cach nhanh va
nhiéu, c¢6 ca co phép va khong co phép. Tir nim
1996 dén 2003, trén tuyén séng thugc HDSDN-
SG, By Cong nghiép da cap phép khai thac cat
5.455.000m’, UBND TP. Ho Chi Minh cap phép
cho khai thac 1.159.000m’. Bén canh d6, tinh
trang khai thac cat lau dién ra phd bién va hau
nhu kho kiém soat duoc. Theo sé liéu thong ké
chwa day du, trén dia ban Tp. HCM dang co
khoang 100 bén, diém khai thac cat va hang
tram xa lan, tau hat cat co cong suét khai thac tir
20 m’ dén 400 hodc 500 m’/chiéc dang ngay
dém tap trung bom, hut, khai thac cat trai phép
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trén cac song Pdng Nai, song Tic, sdng Soai
Rap, Long Tau thudc dia phan cac quan, huyén
Cu Chi, Thia Ptc quan 9, Nha B¢, Can Gio...
v6i khéi lwong khai thac hang chuc ngan mét
khdi cat mdi ngdy (trong d6 trén hé thdng cac
song Sai Gon, Pong Nai mdi ngdy bi khai thac
tir 70.000 m’ d¢én trén 100.000 m’).

Dé danh gi4 tac dong ciia hoat dong khai thac
cat dén sy thay ddi ciia dong chay va ngudn bun
cat tai cac khu vuc, nghién ctru da xay dung mo
hinh toan TELEMAC-2D cho mién tinh 16n nhu
Hinh 7 va vi tri cac khu vuc hat cat dai dién nhu
Hinh 4. Hai kich ban gdm: kich ban co s& KBO
(khdng c6 cac hoat dong khai thac cat); kich ban
KB3 (c6 hoat dong khai thac cat) dugc mod
phong va so sanh. Trong bai bio nay, ching toi
chi tom tit lai két qua, chi tiét co thé xem tai bai
variations  in  estuarine

bao ”Drastic

morphodynamics in Southern  Vietnam:
Investigating riverbed sand mining impact
through hydrodynamic modelling and field
controls” dd cong b trén tap chi Hydrology (N.

A. Le et al., 2022).

Hinh 4. Vi tri cdc khu vuc khai thac cat
(So TN&MT TP.HCM, 2008)

Nhiing thay ddi vé dong chay

C6 thé thiy ring, van tbc dong chiy c6 su
thay d6i 16n, khu vuc phia thuong luu thay déi
manh hon so véi phia ha luu. So véi kich ban
nén, van toc dong chay co thé ting 1én 1,5m/s
tai khu vuc thuong luu (KV1), tap trung tai bo
song ¢ nhirng doan séng cong. Khu vuc KV2 cé
su thay d6i nhoé hon thuong luu, van tdc co thé
ting thém 0,6my/s, thudng phan bd tai cac doan
song cong lan can cac mo khai thac cat. Khu
vuc KV3, ¢6 su thay ddi van toc it hon so voi
cac khu vuc thugng Iuu, van tdc 16n nhat tai day
c6 thé tang thém 0,4m/s so véi kich ban nén. Su
thay d6i van tdc dong chay ¢ khu vuc phia
thuong luu (KV1) thuong cao hon so véi khu
vuc ha luu 1a do lugng bun cat tai KV1 it hon
nén khong du bu dép cho luong cat mat di. Tai

vi tri mé khai thac, vén tdc co thé tang 1én dén
0,20+0,25m/s do hoat dong khai thac cat tao ra
céc hd cat v6i do dbe 1on hon. (xem Hinh 5)
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Hinh 5. Thay d6i vin toc lom nhat khi so sanh
kich ban c6 khai thac cat véi kich ban nén.
(+) tang, (-) giam
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Nhirng thay dbi vé hinh thai long din

Hoat dong khai thac cat tai cic mo bang
hinh thuc bom hut cat tai ddy song tao thanh
cac hé, sy phat trién cac hd nay lén va sau
dan theo thoi gian tao ra cac diém giy va lam
gian doan dong dich chuyén cia bun cat.
Phan 1én dong bun cat bi gilr lai tai céc hé
khai thac din dén gdy x6i tai cac khu vuc
khac do thiéu luong cat bd sung. Hinh 8 so
sanh sy thay doi cua hinh thai day long dan
khi co6 khai thac cat so véi khong khai thac
cat (+ tang, - giam). Két qua mdé phong cho
thiy, hoat dong khai thac cat lam gia ting
tinh trang x6i bdi khong chi tai cic mo khai
thac cat ma con tai cac noi khac. Khu vuc
xung quanh mé khai thac c6 nhiing thay ddi
long dan manh hon so véi khi khong c6 hoat
dong khai thac. Sau mét nam md phong, cod
nhitng vi tri ¢c6 muc d§ x4i tdng thém tu
0,10+0,15m thudng nim & phia b 16m cia
mot sd doan song cong; thdm chi, tai cac
doan song twong ddi thang, mic do x6i ciing
tdng manh hon.

Sy phan phdi lai ngudn bun cat

Hoat dong khai thic céat trén song bang
hinh thtrc hat cat trén ddy song lam mat di
lugng cat va truc tiép thay doi day song. Véi
luu lwong khai thac cat 16n hon so voi kha
ning cung cip cat ty nhién cia song, cac mo
khai thac khong thé tai phuc bdi duoc va bi
dao sau, hinh thanh cac diém gdy lam cho
qua trinh van chuyén bun cat di day bi mat
lién tuc. Sy méat can bﬁng bun cat dién ra do
su gian doan trong van chuyén bun cat 1am
cho cac khu vuc duéi ha luu bi “d6i” cat dan
dén sy phan phdi lai téng lwgng bun cat
(TLBC) tai cac khu vuec.

Bang 1: Tong lwgng cat tich lity sau 1 nim

bvt: 1.000 m’
Khu | Téng lwong
] KBO KB3
vuc | cat khai thac
KV1 4.300 2.600 -1.900
KV2 12.000 10.800 -0.144
KV3 5.600 34.900 28.700

Khu vuc KV1 ¢o tong lugng cat khai thac
4,3 tr.m’/ndm; TLBC tich liy trong trudng
hop khong khai thic cat 1a 2,6 tr.m’/nim.
Theo tinh toan thong thuong, sau khai thac
lwong cat thiéu hut 1a -1,7 tr.m’/ndm (2.600-
4.300), tuy nhién TLBC thiéu hut 1én dén -1,9
tr.m’/ndm, cho thdy khai thac cat giy ra su
thiéu hut tram trong hon.

Khu vuc KV2 ¢6 tong lugng cat khai thac
12,0 trm’/nam; TLBC bdi tai khu vuc nay
trong truong hop khong khai thac cat 1a 10,8
tr.m’/nam; v&i kich ban co khai thac cat,
lugng cat tich liy 1a -0,144 tr.m’/nim. Theo
tinh toan thong thuong, lwgng cat thiéu hut
sau khai thac la -1.2 trm’/nam (10.800-
12.000), tuy nhién TLBC thiéu hut chi -0.144
tr.m’/nim, cho thdy KV2 c6 kha ning khai
thac vuot kha nang cia no.

Khu vuc KV3 ¢o tong lugng cat khai thac
5,6 tr.m’/nam, TLBC bdi tai khu vuc nay
trong truong hop khong khai thac cat la 34,9
tr.m’/nam; v&i kich ban co khai thac cat,
lugng cat tai khu vyc nay chi bdi c6 28,7
tr.m’/nim. Theo tinh toan thong thudng, lwong
cat boi tai ddy sau khai thac con la 293
tr.m’/nam (34,9-5,6), tuy nhién TLBC chi con
28,7 tr.m’/nam cho thdy hoat dong khai thac
cat 1am tram trong hoa thém kha nang tich liy
cat tai KV3.
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KV1, KV3 la khu vyc phia thugng va ha
luu c6 luong cat thiéu hut tram trong hon so
v6i khu vue KV2 nam ¢ trung lwu khi c6 hoat
dong khai thac. Khu vuc KV2 c6 kha ning
khai thac cao hon tiém ning do nim ¢ trung
luu nén don nhadn dugc dong bun cat di
chuyén tir thuong luu va tir bién.

5. KET LUAN VA THAO LUAN

Bai bdo nay trinh bay viéc mo hinh hda
hoat dong khai thac cat bing bom hut cat/soi
trén ddy song. Khac véi nhiéu nghién ciru
trudc day, hién tugng hut cat béng bom
thuong duoc méd phong gidng hién tuong nao
vét. Bang cach tiép can nhu vay, dién bién

van chuyén bun cat khong mé ta dwgc qua
trinh van chuyén bun cét cing v6i quéa trinh
thuy dong luc va van chuyén bun cat theo
thoi gian thye.

Vi thé manh cta mo hinh todn mi ngudn
mé, TELEMAC cho thiy nhitng van dé khoa
hoc hitu ich ma ngudi dung ¢ thé sita chira dé
md phong qua trinh vat 1y thuc té hon so v6i
cac ho mo hinh thuong mai nhu MIKE.

Tuong ty nhu bai toan khai thac cat bang
bom hut, thi bai todn nudi bai phuc vu cho
cong tac bao vé bo song, bién cling c6 thé van
dung theo céch tuong tu voi luong S > 0
tuong ung véi lugng cat dugec bom vao.

T=6h T=12h
V = -450 m3 V=.900m3
60 - _ B gol |
> [ - A - [
)
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i B -
: ) R L
X 30
BOTTOM (m): -7 -6.5 -6 -5.5 -5 4.5 4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 BOTTOM (m): -7 -6.5 -6 5.5 -5 -4.5 -4 -3.5 -3 2.5 2 -1.5 -1 -0.5
T=18h T=24h
V=-1.350 m3 V=-1800m3
60 B 60
> [ _A >
a0t 40
B 1
: 00 o sk 30
X
BOTTOM (m): -7 -6.5 -6 -5.5 -5 4.5 -4 -35-3 2.5 2 15 -1 05 BOTTOM (m): -7 -6.5 -6 -5.5 -5 -4.5 4 -35 -3 25 -2 -1.5 -1 0.5

Hinh 6. Qud trinh thay doi ddy sau 1 ngay véi cong sudt khai thac S = 1.800 m*/ngd

cho khu vuee ¢é pham vi F = 100 m’. (V- tong luong bun/cdt bi ldy ra khéi mién tinh)
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Abstract:
MODELING SAND MINING ACTIVITIES USING SUCTION PUMP
ON THE RIVER/SEA BY TELEMAC

Modeling sand mining using suction pump is a problem in numerical modeling application.
Previous studies modeled sand mining on the riverbed using suction pumps and dredging
operations which were modeled identically. This approach does not lead to simulate the real-time
sand extraction along with the hydrodynamic process and sediment transportation. The objective of
this paper is to present a method of modeling sand mining using suction pump in real-time. The
research results show that the change of the riverbed is physically consistent, with a very low error
of 0.002%. This method can be applied flexibly with sand extraction capacity changing over time
and can be similarly applied to the problem of mining site.

Keywords: Sand mining by suction pump, Telemac, Sisyphe.
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