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Pho6 Truéng ban

GS.TS Bui Xuan Nam, Truong BPai hoc Mo - Dia chat

PGS.TS Tri¢u Hung Truong, Truong Pai hoc Mo - Dia chdt
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ThS Hoang Thu Hang, Truong Pai hoc Mo - Pia chdt
ThS Nguyén Thanh Hai, Truong Dai hoc Mo - Dia chat
ThS Pham Buc Nghiép, Truong Dai hoc Mo - Dia chat



LOI NOI DPAU

Haoi nghi Toan quéc Khoa hoc Trai dat va Tai nguyén vai Phat trién bén vitng - ERSD dugc Truong
Dai hoc M6 - Bia chat (HUMG) va céac ddi tac t chic 2 ndm mat 1an dé cac nha chuyén mén trong va
ngoai nudc ty hoi, gioi thiéu nhiing két qua va hudng nghién ciu khoa hoc méi, thao luan vé cac xu thé
phét trién, thach thire va co hoi méi déi vai nhiéu linh khac nhau cua Khoa hoc Trai dat, Tai nguyén va
cac nganh khac cd lién quan.

Tiép ndi thanh cdng cua Hoi nghi lan the nhat nam 2018 (ERSD 2018) va duoc su cho phép cua
B6 Gi4o duc va Dao tao, Hoi nghi Toan qubc Khoa hoc Trai dat va Tai nguyén voéi Phat trién bén viing
Ian thtr hai (ERSD 2020) duoc Truong Pai hoc M6 - Dia chat (HUMG) dang cai t6 chac véi sy phbi
hop dong to chic caa nhiéu don vi quan ly, nghién ctiu khoa hoc, dao tao va san xuat c6 uy tin trong
nu6c gdbm Tap doan Cong nghiép Than - Khoéng san Viét Nam, Tap doan Dau khi Quéc gia Viét Nam,
Téng cuc Dia chat va Khoang san Viét Nam, Cuc Do dac, Ban db va Thong tin dja ly Viét Nam, Vién
Dia chat va Pia vat ly bién, Vién Khoa hoc Dia chit va Khoang san, Truong Dai hoc Cong nghé Bong
Nai, Truong Dai hoc Pong A, Truong Pai hoc Thu Dau Mét, Tong hoi Dia chat Viét Nam, Hoi Khoa
hoc Cong nghé Mo Viét Nam, Hoi Cong trinh ngdm Viét Nam, Hoi Dia chit Thuy van Viét Nam, Hoi
Dia chit Cong trinh va Moi truong Vit Nam, Hoi K thuat N6 min Viét Nam, Hoi Khoa hoc K§ thuat
Dia vat ly Viét Nam, Hoi Tréc dia - Ban db - Vién tham Viét Nam, va véi su tham gia cua nhiéu t6 chirc
va cé nhan khéc.

Céc chu dé chinh cua Hoi nghi 1an nay tap trung vao thao luan cac két qua khoa hoc cong nghé va
huéng nghién ciu méi cua Khoa hoc Trai dat va Tai nguyén thién nhién, Khai thac va sir dung tai
nguyén dia chit, Méi truong va cac linh vuc khoa hoc khac 6 lién quan nhu Co - Bién, Cong nghé
Théng tin, Xay dung, ... ciing nhu viéc tng dung chdng vao phét trién bén vimng dbi véi nhidu linh vuc
khéc nhau cua khoa hoc cong nghé, kinh té va xa hoi.

Trong qua trinh t6 chic Hoi nghi, Ban T chire da nhan duoc sy quan tim cia dong dao cac nha
khoa hoc, chuyén mén va quan 1y trong va ngoai nudc, trong d6 ¢6 hon 300 bao céo khoa hoc lién quan
t6i cac chu dé cua Hoi nghi da dugc guri ti Ban bién tap. Trén co s do, 255 bao cdo c¢6 chat lwong da
duoc lya chon va xuét ban trong Tuyén tap tém tit cac béo cdo va Tuyén tip cac bao cao toan vin cua
Hoi nghi. Bao céo toan van duoc tap hop thanh 16 tap, mdi tap tng véi mot chir dé khoa hoc sau:

1. bia chat khu vuc

2. Pia chat cong trinh - Pja chat thiy vin

3. Tai nguyén dia chat va phat trién bén viing

4. Méi trong trong khai thac tai nguyén va phat trién bén viing
5. An toan mé

6. Cong nghé va thiét b khai thac

7. Thu héi va ché bién khoang sdn

8. Cong trinh ngam va Pja ki thudt

9. Vat liéu va két cdu

10. Ky thugt ddu khi tich hop

11. Trdc dia

12. Bdn do, Vién tham va Hé thong théng tin dia ly

13. Khoa hoc Co ban trong linh vuc Khoa hoc Trdi dét va Méi trieong
14. Co khi, dién va Tu dong hoa

15. Cong nghé thong tin

16. Phan tich di liéu va hoc may

Toan b théng tin khoa hoc vé hoi nghi, trong d6 ¢6 Tuyén tap cac béo céo toan vin, duoc dua 1én
trang Website chinh thirc ctia Hoi nghi tai dia chi: http://ersd2020.humg.edu.vn/.

Ban t6 chirc xin tran trong cam on Truong Dai hoc Mo - bia chat, véi tu cach 1a don vi dang cai
t6 chac Hoi ngh1 cung cac don vi dong td chie da hop tac va gop phan quan trong vao su thanh céng
cua Hoi nghi nay. Cam on cc nha khoa hoc da dong gop cac cong b6 khoa hoc c6 gia tri cho Hoi nghi.
Ban t6 chirc ciing danh gia cao su nd luc cua Ban bién tap va cac chuyén gia bién tap dé nang cao chat


http://ersd2020.humg.edu.vn/

lwong cua cac béo céo khoa hoc ciing nhu sy ¢é gang 16n ciia Ban thu ky trong viéc chuan bi va to chirc
hoi nghi nay.

Ban t6 chirc mong mudn tiép tuc nhan duoc su hop tac chat ché va gop y chan thanh cua cac don
vi va ca nhan ddi vai viéc chuan bi, t chirc, bién tap, va xuat ban cac bao cao khoa hoc, nham nang cao
chat luong cua cac hoi nghi tiép theo, gop phan thuc diy su phat trién bén viing cua cac hoat dong
nghién ciru khoa hoc, chuyén giao cong nghé thudc cac linh vuc Khoa hoc Trai déat va Tai nguyén va
cac linh vuc khoa hoc khac c6 lién quan.

TRUONG BAN TO CHUC
GS.TS Tran Thanh Hai
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SUSTAINABLE DEVELOPMENT

Phuong phép tinh In 6n dinh cho gian khoan ty nang,
ap dung tai khu vuc GO-1X
Truong Thanh Can®, Nguyén Vin Phong?*, Lé Vian Quyén?

1Cong ty TNHH MTV Djch Vu Khao sat & Cong trinh ngam PTSC
2 Truong Dai hoc M6 - Dja chat

TOM TAT

Trong linh vuc tham do va khai thac dau khi, gian khoan ty nang (jack-up) ludn 13 lya chon t5i wru nhét véi
khu vuc bién c6 do sau trung binh khoang 100m tr¢ lai. Véi wu thé linh dong, chi phi van hanh ré hon so
v6i cac phuong tién tham do va khai thac dau khi khéc, gian khoan tu nang dugc hau hét cac nha thdu dau
khi tai Viét Nam sir dung dé thuc hién chién dich khoan tham do va khai thac dau khi. Tuy nhién, viéc ha
dit gian khoan thuong gip cac su cd gdy mat 6n dinh do viéc dy doan d6 1tn chan gian khong chinh Xac,
ddc biét 1a viéc lya chon mo hinh nén dat, thong s dat tinh toan va tiéu chuan ap dung. Bai bao gidi thiéu
phuong phép tinh do lin chan gian khoan ty nang theo tiéu chuan ISO 19905-1:2012. Pay 1a tiéu chuan
dugc cac nha thau khao sat sir dung dé tinh toan d6 lin chan gian. Két qua tinh cho thiy do lun chan gian
du doan dao dong khoang 10% so vdi s liéu thuc té. Do dao dong nay nam trong gio1 han cho phép khi
xét dén cac yéu to anh huong khac nhu didu kién hai van, dia chat thyc té tai vi tri dat gian va cac yéu to
khac duoc néu trong bai bao nay.

Tir khoa: Gian khoan ty nang; dia chat cong trinh; do 1Gn chén gian khoan tu nang; su 6n dinh chéan gian.

1. D3t van dé

Tai Viét Nam, hau hét cac khu viuc moé khai thac dau khi déu phan b & thém luc dia phia Nam. O day,
d6 sau nudc bién dao dong trong khoang tir 40m dén 150m. Do do, loai gian khoan tu nang (Jack Up Rig)
dugc str dung chu yéu tai Viét Nam, dong thoi gian tu nang cling chiém ti trong 60% trong tong s cac gian
khoan dang hoat dong trén toan thé gidi.

Gian khoan ty nang 1a nhitng gian khoan c6 thé hoat dong trén bién mét cach 6n dinh béng vi€c su dung
hé thong chan dé ha xudng cac 16p dat bén dudi bé mat day bién trong sudt qué trinh khoan thim do va
khai thac dau khi. Gian khoan tu nang dugc thiét ké nhu mot phuong tién ndi dé co thé tu di chuyén trén
bién tir noi ndy sang noi khéac hodc di chuyén nho sy hd trg ciia cac tau lai dat. Khi dén vi tri khoan, than
gian s€ dugc nang 1én d6 cao yéu cAu trén mat bién nhim dam bao an toan va tao diu kién hoat dong tdt
nhét cho cong tac khoan. Liic nay, toan bo tai trong cia gian khoan s& dugc truyén xudng cac chan gian va
ép cac chan gian 1an sdu vao cac 16p dét bén dudi bé mat day bién dén do sau 6n dinh. Tuy thudc vao didu
kién dia chit chung ciia day bién ma chan gian s& dugc thiét ké theo nhiéu hinh dang khac nhau.

Theo céc nghién ciru thdng ké, gian khoan ty nang c6 thé gip su cd vé mat on dinh chan gian do cac
nguyén nhan nhu: 1) Sai sot trong tinh toan 6n dinh nén dat; 2) Thiét ké két cau gian khong phu hop; 3)
Cong tac nang, ha va van hanh gian khoan khong ding quy trinh; 4) Do cac hoat ddng tu nhién ngoai du
kién nhu bio va 16¢ xody, song than, dong dét ...

Xalankhoan  Gian tir ndng Gian ban tiém thiy Tau khoan
0-5m 20-120m 60-1200m 30-2800m

Hinh 1. Phan logi c4c gian khoan trén thé gisi Hinh 2. Gian khoan ti ndng dwoc kéo boi
2 tau lai dat

* Tac gia lién h¢
Email: nguyenvanphong@humg.edu.vn



Trong cac nguyén nhan ké trén thi nguyén nhan dan dén sy ¢6 mat 6n dinh chan gian do sai st trong
QU4 trinh tinh toan, dy doan 6n dinh nén d4t va do lin chan gian 1a thuong xay ra va chiém ti trong 16n nhat
s0 Vi cac nguyén nhan khac. Viée dy doan 6n dinh chan gian phu thudc rat nhidu yéu t6 nhu: dac diém va
thong s6 ky thuét cia gian khoan; ddc diém cau trac nén dit va cac dic trung co 1y; cac dic diém dia chét
thuy hai van. Trong mot sb truong hop, viée lya chon so dd cAu trac nén cling nhu thong s6 dat nén khong
hop 1y 1a nguyén nhan dan téi sai sot trong tinh toan.

Phuong phdp tinh lun chén gian theo SNAME (2002) (Hi¢p hdi Ky su hang hai) chu yéu dya trén céc
nghlen ctiu tir nam 2002 trg vé trude. Trong d6, co so dir ligu ding dé dua ra cac phwong an tinh lun chii
yéu thu thap tir khu vuc vinh Mexico, My. VéGi phuong phap ISO 19905-1: 2012, ngoai cac dir liéu truge
day cuia SNAME thi phuong phap nay c6 mé rong thém dir liéu thu thap duogc tir cie thi nghiém ly tam
(centrifuge tests) va qua d6 md rong, bao quat hon cac pham vi bién doi cia dat nén dé dua ra gia tri do lun
tinh ton tin cay hon. Tuy nhién, vé co ban thi ISO dugc ké thira SNAME nén nhin chung, hai phuong phép
dua ra két qua khong chénh léch nhiéu. Viéc quan trong nhat 13 lua chon dugc céc théng sb dat tinh toan
mang tinh dai dién cho céc 16p dét tai vi tri dat gian dé phén tich d6 Iun.

Nhur véy, viéc lya chon phuong phap tinh lan chan gian, so dd cau triic nén dat va théng sé dat nén phu
hop véi diéu kién khu vyc 1a rat quan trong d6i véi 6n dinh gian khoan tu nang.

2. Co sé Iy thuyét va Phwong phdp tinh todn litn én dinh cho chan gian jack-up
2.1. Cac bworc tinh toan

Viéc tinh toan 1Gn 6n dinh cho chan gian jack-up duoc thyuc hién theo quy trinh 5 budc nhu sau (theo
tiéu chuan 1SO 19905-1:2012):

a) M6 hinh héa chan gian.

b) Tinh toan kha nang chiu tai theo phuong thang ding, Fv, & cac d6 sau khac nhau trong khu vuc chiu lyc.

¢) Sir dung phwong trinh chuyén di stc chiu tai thuan cuc han theo chiéu doc tai mdi d6 sau thanh phan
luc két cau cua chan gian, V..

d) V& phan luc két ciu cua chan gian hién hitu, Vi, twong quan véi do 10n cia chan gian, c¢6 tinh dén
khoang cach cta dau mii chan gian dudi d6 sdu cia vang chiu lyc.

e) V& dudng cong phan luc két ciu cua chan gian hién hiru v6i d6 1an cua chan gian tai ap luc gia tai
trude 1on nhit.

Chan gian c6 thé dugc mé hinh hoa nhu mot méng tron phang (Hinh 3).

/TN |
T
Chdn gian thuc té - Liin mét phan Chdn gian thue té - LOn hoan toan
(o (o
M@ hinh héa chan gian - Lin mét phan M6 hinh hda chan gian - Ldn hoan toan

Hinh 3. M6 hinh hoa chan gian ti nang
2.2. Cdc so dé tinh todn d@j 1Un chan gian tw nang
C6 5 so d6 dugc sir dung dé tinh 1Gn 6n dinh chéan gian jack-up dugc biéu dién trén Hinh 5.
a) Truong hop chan gian lin qua Idp ddt logi sét
Strc chiu tai cia nén dat loai sét (Fv) dudi chan gian duge xac dinh nhu sau:
Fv = (SuNcSedc + p’o)nB?/4 1)
trong d6: p’o-ting suat hitu hiéu;
dc- hé s6 stre chiu tai theo do sau, dc = 1 + 0.2(D/B) < 1.5. Vi méng tron, Ncs. bang 6.
B-dudng kinh hiéu qua cua chan gian tiép xuc voi dat;



Su- stic khang cat khong thoat nuéce cua lop dat.
b) Truong hop chan gian lun qua lép ddt logi cat
D6 1an cua chan gian trong 16p dt loai cat dugc phan tich nhur qué trinh thoat nudc. Cong thirc st chiu

tai cia méng tron trong vat liéu ma sat ddng nhat dugc thé hién nhu sau:

Fv =  y°dN,BY8+p’o dg NquB/4 @)
trong d6: d,- hé sé tai trong cho dét thoat nuéc, d, = 1.0;

dg-hé sb d¢ sau cho dat thoat nudc, dq = 1 + 2tang’(1 - sing’)?tan"}(D/B);

y’- dung trong day noi cua dat;

N, Ng- hé s6 stc chiu tai.

¢) Triwong hop 1Gn qua 16p dat yéu trén 16p dat
cung

3

b) Truong hop lUn qua lép céat d) Truong hop 1Gn qua lop sét cing trén lop sét yéu

a) Truong hop 1Un qua lép sét

e) Truong hop 1Gn qua lép cat trén Iop sét yéu
Hinh 4. Cdc so do phan tich @ 10n chan gian
¢) Truong hop chén gian 1Gn qua 16p dat yéu phu trén 16p dét cang
Trong I6p sét chiu anh hudng co ché pha huy chén ép nam trén 16p dat cimg hon, sirc chiu tai cua né c6
thé duoc phan tich dya trén phuong phéap ciia Brown, Meyerhof va Vesic cling véi viéc két hop hé s6 do
sau va strc chiu tai cia Skempton:
Fv = A{(as + bsB/T + 1.2D/B)sy + p’o} ?3)
trong do: d.=1+0.2D/B;jas= 5.0; bs=0.33;
Su - sirc khang cét khong thoat nuéc cua 16p dat yéu.
d) Truong hop chan gian lin qua 16p sét cung trén Iop datyéu
Khi |0p dat cimg 1a dét loai sét, sc chiu tai caa chan gian trén bé mat I6p dét cing nam trén mot 16p
sét yéu ¢ thé dugc tinh theo phuong 4n ciia Brown va Meyerhof:
Fv = A((3H/B)sut + NcScsu,p) ) . 4
trong do: Sub- Strc khang cat khong thoat nuge cua I6p dat sét nam dudi;
Sur- Strc khang cét khong thoat nude cua Iop dat sét nam trén.



e) Trwong hop chan gian lGn qua I6p cét trén lop dat yéu
Khi I6p dat cimg 1a dt loai cat, suc chiu tai caa chan gian trén bé mat 1op dat cat nam trén mot 16p sét
yéu c6 thé dugc tinh bang md hinh phan bé tai trong. Trong md hinh nay, sirc chiu tai cua chan gian, Q,
duoc tinh nhu mot moéng 4o tai ranh gidi gitra 16p cat va sét. M6 hinh moéng ao nay c6 duong kinh tuong
duong nhu sau:
B’ =B + 2H/ns (5)
Hé s6 phan bé tai trong nsdao dong tir 3 dén 5.
Stic chiu tai ciia chan gian duoc thé hién nhu sau: Fy = Qup - W
trong d6: W =0.257(B + 2H/ns)2Hy’ - trong lugng cua phan dat nam giira chan gian va mong &o;
Qup- st chiu tai caa phan moéng 4o nam trén ranh gidi cat - sét.
3. Két qua tinh 14n 6n dinh cho céc chan gian tw nang
3.1. Pic diém thong sé ky thugt chan gian khoan
Gian khoan ty nang duoc cau tao géom 3 chan bao gdm: chan gian JU1 (Starboard leg), chan gian JU2
(Port leg) va chan gian JU3 (Bow leg).
Céc thong s6 cua gian khoan tu nang nhu sau:
- Tai trong tac dung 18n mdi chan gian trude khi tién hanh gia tai dén cuc han, LS: 46.6 MN
- Tai trong tac dung 18n mdi chan gian sau khi tién hanh gia tai &én cuc han, MP: 85.8 MN
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Hinh 5. Cac thdng sé chan gian

- Chiéu cao chép nén, H: 2.38 m; Dién tich day, A: 163.0 m?

- Thé tich, V: 431.0 m?; Buong kinh twong duong, B: 14.4 m.

3.2. Phan tich lwa chon phuwong dn tinh én dinh 1Gn téng thé cho gian khoan tai vi tri khdo sat

Gian khoan ty nang dugc st dung tai vi tri khao sat, ngoai khoi Viét Nam 1a loai gian c6 ba chan doc
lap. Tai mdi vi tri chan gian duoc thyuc hién cong tac khoan DCCT va thi nghiém CPT. Pia tﬁng tai 3 chan
gian tuong d6i ddng nhat véi sy phan bd cac 10p dat nhu sau: Tai vi tri khao séat, c6 mot 16p cat mong voi
bé day tuong ddi nho (0.8m) nam trén 16p dat sét yéu. Lop sét yéu c6 bé day thay doi tir 3.5 dén 3.6m va
bén dudi 1a 16p cat kha day (phan bd dao dong tir 46 sau 27.4 dén 28.2m) va theo danh gia ban dau thi chan
gian khong c6 kha nang dam xuyén qua 16p cét nay.

Cin ctr vao co so ly thuyét vé cac phuong an tinh Iin chan gian, dong thoi dua vao két qua phan tich dia
tang, tinh chat co 1y cuia dit nén, cac phuong an tinh 6n dinh do 14n cho chan gian tai vi tri khao sat duoc
két luan nhu sau:

L6p 1: Cét hat trung, mau xam nau, xam den, 13n vo s0, trang théi chat. Chiéu day thay di tir 0.0m dén 0.8m.

Lép cat bé mat - do bé day cua 16p dat cat kha mong (0.8m) nén chan gian s& dé dang dam xuyén qua
dén thang I6p sét. Trong truong hop nay, cong thirc tinh 1Gn &p dung theo muc 2.2 (e) di néu cho phuong
an “chan gian lun qua 16p dat cat trén I6p sét yéu”.

Céc chi tiéu can thiét nhu st khang cat khong thoat nudc, Su lay theo két qua thi nghiém nén 3 truc so
d6 UU xem xét trong mi quan hé twong quan véi cac thi nghiém cat canh (Vane Shear Test), thi nghiém
cit canh bo tai (Mini torvane), thi nghiém xuyén bo tai (Pocket Pennetometer). Trong do6, gia tri sirc khang
cit cua dat theo két qua thi nghiém nén 3 truc so d6 UU duoc wu tién lya chon vi c6 dé tin cay cao nhat do
mé hinh thi nghiém mo ta gan dtng diéu kién dat nén.

Lép 2: Sét mau xam den, xam nau, trang thai déo chay dén déo mém. Chiéu day dao dong tir 3.6m dén
3.7m, phan bd tir 0.8m dén 4.4m bén dudi day bién. Gia tri sic khang cét khong thoat nudc Sy dwoc lay
theo gi4 trj thi nghiém nén 3 truc so ¢ UU.

Lép sét yéu - do 16p nay yéu, bé day mong hon nhiéu so véi 16p cat bén dudi (16p cét c6 sirc khang cao
hon) nén co ché phé hay theo phwong an pha huy “squeeze” chén ép, phuong an tinh lun 4p dung theo
truong hop “16p sét yéu nam trén 16p sét cing” da néu & muc 2.2 (c).

L6p 3: Céat hat trung I4n cac thau kinh sét, mau xam nau xam den, trang thai chat vira. Lép cat nay co
chiéu day dao dong tir 23m dén 23.9m.



Lép cat day - do 16p nay day nén co ché tinh toan stc chiu tai cua chan gian ap dung cho truong hop
“chan gian lun trong dat loai cat” ¢ cong thirc & muc 2.2 (b).

Cin ctr vao dai bién thién cua gia tri cuong d¢ strc khang cit Su cua cac 16p dat theo sd lidu céac thi
nghiém nén ba truc so d6 UU, thi nghiém cét canh trong phong, ta c6 thé v& duong dudng gidi han trén va
gi6i han dudi theo bién thién vé d¢ 16n cla gia tri Su. Tir d6, gia tri du doan do lun chan gian s& nim trong
khoang gitra 2 gia tri gidi han nay.

D6 1Gn chan gian tai vi tri khao sat da duoc du doan dua trén sé liéu thyuc té cua cac thong sb gian khoan
va dia tang khu vuc ngoai khoi thém lyc dia Viét Nam. Do 10n tai 03 chan duoc thong ké trong Bang 2. Ca 03
chan gian déu duoc dat trong 16p cat hat trung, trang thai chat vura. Chiéu day I6p khoang 23m nén dam bao
chan gian s& co 400 on dinh cao, c&c hién tuong 1tn nhanh khong kiém soat (Punch through) 1a khdng xay ra.
3.3. Tinh ltn o én dinh chan gian JU1 (starboard leg), JU2 (port leg) va JU3 (bow leg)

Thong s6 tinh toan ciia cac chan gian dugc thé hién trong Bang 1.

Bang 1. Thong sé tinh toan cho chan gian JU1, JU2 va JU3

Chén gian | Lop Mo ta Do sdu (m) v' (kN/m®) | Su (kPa)/ ¢ (d9)
1 | Lép cat, chat 0-08 8.4 30
, | Lopsét, deo chay dén déo 0.8-4.3 8.2 LB: 15-20 / UB:
mém 25-30
Jul 3 | Lép cat, chit vira dén chat 4.3-28.2 8.9 25
4 | Lop cat bui, chit vira 28.2-34.8 9.1 20
Lé6p sét, déo mém dén déo 34.8- 40 9.4 LB: 45-55 / UB:
5 .
cung 55-65
Chén gian | Lép Mo ta Do sdu (m) v' (kN/m®) | Su (kPa)/ ¢ (d9)
1 | Lép cat, chat 0-08 8.4 30
, | Lopsét, deo chay dén déo 0.8-4.3 8.2 LB: 15-20 / UB:
JU2 mém i 25-35
3 Ldp cat, chit vira dén chit 43-8.9 8.7 30
4 | Lop cat bui, chit vira 8.9-27.9 9.0 25
5 | Lép cat, chit vira dén chat 27.9-30 9.1 20
Changian | Lép Mo ta Do sdiu(m) | y' (kKN/m® | Su (kPa)/ ¢ (dd)
1 | Lop cat, chat 0-08 8.4 30
, | Lopsét, deo chay dén déo 0.8-4.4 8.2 LB: 15-20 / UB:
JU3 mém ' 25-35
3 Lop cat, chat vira dén chat 4.4-8.9 8.7 30
4 | Lép cat bui, chat vira 8.9-274 9.0 25
5 | Lép cat, chat vira dén chat 27.4 - 30 9.1 20

Ghi ch: y' 1a dung trong day noi; ¢ 1a géc ma sdt trong ciia dat, LB/UB & gidi han trén / gidi han diedi.
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Hinh 6. D6 th; tong qudt dg 1Gn chan gian




Bang 2. Két qua dy dodn dg 1Gn chan gian tw nang

A s Du doan dd Iin chan gian
St Chan gian Theo gi6i han trén Theo gi6i han duoi
1 JU1 (Starboard Leg) 57m 6.0m
2 JU2 (Port Leg) 57m 6.0m
3 JU3 (Bow Leg) 52m 56m

4. Két luan

Viéc lya chon phuong phép tinh 1Gn 6n dinh, so db cau tric nén dat, théng sé dat nén phi hop véi diéu
kién cu thé c6 y nghia quyét dinh dén danh gia 6n dinh chan gian jack-up.

Str dung cac phuong 4n tinh lun cho trudng hop “16p cét trén 16p sét yéu™, “16p sét yéu trén I6p sét cang”
va truong hop “16p cat day” dé tinh 1an cho ca ba chan JU1, JU2 va JU3 cua gian theo tiéu chuan 1SO
19905-1:2012. Két qua cho thay d6 lun dao dong tir 5.2m dén 6.0m bén dudi day bién va do 6n dinh cua
gian dugc danh gia phu hop cho vi tri khao sét.

Céc kién nghi dé xuét vé phuong phap tinh lan:

- Phuong phép tinh lin theo tiéu chuan 1SO 19905-1:2012 dugc sir dung rong rai boi cac nha thau khao
st trong viéc tinh toan d6 14n chan gian. Tiéu chuan nay da dua ra dugc cac phuong phap tinh lun trong
truong hop 16p cat, 16p sét, 16p cat chat trén 16p sét yeu, 16p sét cung trén 16p sét yéu va cac diéu kién dia
chat phan 16p phirc tap. Tuy nhién, viéc m6 hinh héa chan gian bang md hinh mong nong khong thé hién
dugc sy khac biét thyc té vé hinh dang mong cua chan gian (chop nhon). D1eu nay dan dén nhing khac biét
c6 thé thay rd & d6 14n chén gian thyc té va tinh toan. Viéc lya chon thdng sé dét tinh toan can xét dén muc
d6 bién doi cua dat do muc do khong dong nhét bang cach phan tich d6 1Gn theo gigi han trén va gigi han
dudi dé bao quat pham vi d6 1Gn chan gian.

- Két qua dy doan do 14n chan gian cua Bai bao duoc danh riéng cho gian khoan jack-up dwoc dé xuat
tai vi tri giéng khoan GO-1X. Viéc xem xét cac bién ddi khac bén dudi bé mit day bién (nhu hién tuong
khi ndng) va cac diéu Kién méi truong khéc ¢6 thé anh huong dén do 1Gn chan gian khong thudc pham vi
cua nghién ciru cua bai bao.

Tai ligu tham khao

BSI Standards Publication, 2012. Petroleum and natural gas industries - Site-specific assessment of
mobile offshore units - Part 1: Jack-ups (ISO 19905-1:2012), Page: 0-322.

Technical and Research Bulletin 5-5A, 2002. Guideline for site-specific assessment of mobile jackup
units, Page: 0-493.

ABSTRACT

Prediction Method for Stability of Leg Penetration of Jack-up Rig at
GO-1X location

Truong Thanh Can® Nguyen Van Phong?, Le Van Quyen*
IPTSC Geos & Subsea Services Co., Ltd.
2Hanoi University of Mining and Geology

In the field of oil and gas exploration and exploitation with an average sea depth of about 100m, jack-up
rigs are the best choice. With many advantages and lower operating costs compared to other oil and gas
exploration and production facilities, jack-up rigs are used by most oil and gas contractors in Vietnam to
conduct drilling campaigns for oil and gas exploration and exploitation purposes. However, installation of
jack-up leg at survey locations often has stability problems if estimation of jack-up rig’s leg penetration is
not accurate, especially the selection of ground models, design soil parameters and applied standard(s). The
article introduces the method of calculating jack-up rig’s leg penetration in accordance with ISO 19905-1:
2012 and applies to jack-up rig “JU”. Results show that the predicted leg penetration fluctuates about 10%
compared to the actual monitoring data at survey site. This range of fluctuation is within the allowed limits
when considering factors such as the actual metocean and geological conditions at rig emplacement location
and other factors mentioned in this paper.

Key words: Jack-up rig; geotechnics; leg penetration of jackup rigs; stability.
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Nghién ciru xac dinh nguyén nhan gay mat 6n dinh
bo sdng Hau doan chay qua tinh An Giang
Tran Lé Thé Dién'*, Bui Trong Vinh?, Ta Buc Thinh?

1Trieong Pai hoc Bach khoa Thanh phé Hﬁ‘ Chi Minh
2Trong Dai hoc M6 - Dia chat

TOM TAT

Trong nhiing nam gan déy, hién twong trugt 16 va xo6i 10 by song Hau, doan chay qua tinh An Giang da va
dang xay ra rat phirc tap v6i quy mé va cuong do ngay cang 16n, anh hudng nghiém trong den doi song cua
ngudi dan. Vi vy, viéc xac dinh nguyén nhan giy ra mat 6n dinh doan bo séng nay 1 rat can thiét nham
dé ra cac bién phap phong tranh thich hop. Bai bao da chi ra cic nguyén nhan va yéu t6 thiic ¢y mét on
dinh bo song Hau la: cAu triic nén dat yéu b song, hinh thai long song, thuy dong luc dong chay va hoat
dong kinh té - xdy dung cua con nguoi. Két qua phan tich cac mé hinh sé Mike, _Geoslope/W, hé thong
quan tric song tau thuyen va cac thi nghiém hién truong da chi ra, tai nhirng noi ton tai cac 16p thau kinh
cat hat min trong cdu tric nén dat yéu, chiéu day 20 dén 30 cm, phan bd & d6 sau tir 14 m dén 29 m; nhitng
noi ngi ba sdng, c6 doan séng cong, 1ong dan hep, luu lugng dong chay 16n, tée d6 x6i mon trung binh tir
0,6 m dén 1,25 m/nam; nhitng noi ¢6 hoat dong giao thong thily manh gay ra chiéu cao song 1on hon 0,3 m
thi hién tuong truot 10, x6i 16 gdy mat én dinh b xay ra hét sitc manh m&, dién hinh 14 tai xa Binh My,
huyén Chau Phi; x4 My Hoi Dong, huyén Chg Méi; phuong Binh Pire, phuong Binh Khanh, thanh phé
Long Xuyén.

Tur khoa: Séng Hau; truot 16; x6i 16; X6i mon; cAu tric nén dat yéu; hinh thai; thity dong lyc dong chay.

1. Pit véan dé

S6ng Hau doan chay qua tinh An Giang dai gan 100 km mang lai cho con nguoi nhidu ngudn lgi nhu
thity san, vat lidu xdy dung, 1am tuyén thoat I, truc giao thong thity xuyén sudt chiéu dai tinh tir thuong
luu Vé ha Iuu. Tuy nhién, trong nhitng nim gan day, hién tuong trugt 16 va xoi 16 ‘duong bo da va dang xay
ra rat phuec tap voi quy mé va cuong do ngay cang 16n, thdm chi 1ap di ldp lai nhiéu 1an, anh huéng nghiém
trong dén doi sdng va cac hoat dong kinh té-xa hoi ciia nguoi dan (Hinh 1, 2, 3).

Hinh 1. Poan truot lo bosébng  Hinh 2. Doan truot 16 bo sbng Hinh 3. Poan truot 16 bo séng
Hdu tgi xa Binh My, huyén  Hdu tai phuong Binh Duc, thanh Hdu tai xa My Hgi DPong, huyén
Chau Pha (22/3/2010) pho Long Xuyén (4/3/2012) Cho Méi (22/4/2017)

Vi vay, nghién ctru xac dinh nguyén nhén gay mét 6n dinh bd song lam cén ctr dé xudt cac giai phap bao
vé bo thich hop, dam bao an toan cho cudc song va hoat dong kinh té-xa hoi cua ngudi dan khu vyc hai
bén bo séng co y nghia khoa hoc va thyc tién 16n. Bai bao s& phan tich lam sang t6 cdc nguyén nhan gay
mét On dinh by song Hau doan qua tinh An Giang thong qua nghién ciru dién hinh tai cac doan bo xay ra
trugt 16, tir d6 ¢6 thé ung dung nghién ctru mét 6n dinh cac bd song khac ving dong bang song Ctru Long.
2. Phwong phap luin nghién ciu

Dong song dugc hinh thanh tir hai hop phan la dong chay va cau tric nen dat bo song. Vi vay, cac nguyén
nhan gay mat 6n dinh bo lién quan truc tiép dén dong chay va céu triic nén dat b song. Ngoai ra, cac yéu

*Tac gid lién h¢
Email: dien.tran@vnrentop.com



t6 tac dong dén céu trac nén dat bo séong nhu hoat dong kinh té - xay dung ciia con ngudi trong 1ong sdng
va ven bo song, hinh thai ciing thiic ddy qua trinh gay mat on dinh bo song.

Do d6, dé dénh gia 6n dinh bd song c¢6 thé sir dung hé sé 6n dinh trugt Fs = f (X, y, ), 1a t6 hop cua
nhiéu yéu t6, trong d6 x: 12 yéu tb céu tric nén dat bo séng duge xac dinh thong qua két qua khao sat dia
chat cong trinh khu vye nghién ctru; y: 12 yéu t6 thuy dong luc dong chay, hinh thai séng dugc xac dinh
bang cach do tryc tiép tai hién trudong va tinh toan trén mé hinh MIKE; z 12 yéu t6 cac hoat dong kinh té -
xdy dung ctia con ngudi ngudi duge xac dinh bang hé thong quan tric, tinh toan thyc té tai khu vuc nghién
ctru. Hé s6 6n dinh bo séng Fs duoc tinh toan bang phan mém Geoslope/W, xac dinh theo cong thirc cia
Alan Wilfred Bishop vai gia thiét mit trugt cung tron hinh try nhu sau:

Z[C’b+(W.cosm—ub)tanel]l

FS = > W.sina = (1)
trong do: ¢’ - lyc dinh cua dét; 0' - goc ma sat trong cua dat; W - trong lugng m&i manh phan té dat trong
cung truot; b - chidu dai day cia m&i manh phan té dit doc theo cung truot; u - &p hee nuéc 16 réng; a - goc

A o X: A A 3K tan®’ sina
nghiéng day ctia moi manh phén t6 dat, m = cosa + s

Cac yéu tb tac dong truc tiép gdy mat 6n dinh bo gay x6i bé mit duong bo 1a séng tu nhién va song do
tau thuyén gay ra trén séng. Mirc d6 x6i bé mit ciia dat duge xac dinh theo phuwong phap cua Hanson (2002)
nhu sau: € = ky(t, — 7,.), trong d6: kg - hé s6 x6i bé mat cua dét; ,- luc gay xoi tac dong truc tiép 1én bé
mat cua dat; 7,.- sac khang x6i bé mit cua dat.

Theo Voulgaris va nhitng nguoi khac (1995), luc tic dong 1én b sdng cua song tu nhién va séng do tau

1

thuyén gay ra dugc xéac dinh theo cong thic: T, = ~Pfuw Ulyp, trong do: tw- luc tic dong cua song 1én bé

mat [N.m2]; p - ty trong caa nuéc [kg.m3]; £,,- hé sé ma sat; UZ,, - van téc quy dao séng gan by [m.s?].
Theo Soulsby va nhitng nguoi khac (1997), U2, = #j‘nhm v6i H - chiéu cao séng [m]; T - chu ky
s6ng [s]; L - chiéu dai song [m™]; h - d6 sdu SWL [m].

3. Két qua nghién ciru
3.1. Pogn bo sdng Hau tai xa Binh My, huyén Chau Phu

Hién truong truot 16 doan b sdng Hau tai xa Binh M$, huyén Chau Phi xay ra manh mé trong nhiing
nam gan day, lap di 1ap lai nhiéu lan trong cac nam 2010, 2019 va 2020. Pic diém dia hinh, dia tAng va
tinh chat co 1y cua céc I6p dit nén dat dwoc thé hién trong cac Hinh 4, 5 va Bang 1.

Bang 1. Tinh chdt co Iy cdc I6p dat bo séng Hau tai x& .

Binh My, huyén Chéu Phu \
. Bé | Dung | Suc khéng cit L \\
Stt), -I;r,: day | trong C © N ”\\
opca m) | (glem?) | (kGlem?)| (o) N

1 [Sét 33 | 1,985 | 0133 | 1028’ N .
2 |Bun sét 10,0 | 1,481 0,078 3%42° n\ ! M
3 (BUnsetkep| o4 | 1821 | 0,075 | 840 .

cat min -
4 |Sét pha 57 | 2,001 0,230 1695’

Cét hat min 0mrs Hinh 4. Séng Hdgu qua xa Binh My,
S | trung >10,0| 2,021 0,087 | 30°29 huyén Chau Phu

Dua vao két qua phan tich c4u tric nén dit va dia
hinh long sdng, két qua md phong va phan tich 6n dinh
c6 hé s6 6n dinh Fs = 0,85. Sy hinh thanh va phét trién
cac hd x6i trong 16p dét bun sét pha cat pha xen kep thau
kinh cét hat min tai than hoac chan mai dc bo séng co
¥ nghia quan trong dén 6n dinh truot by séng dugc mo
phong va phén tich bang phan mém MIKE. Két qua
phan tich x6i mon céc 16p dat yéu gom: bun sét pha xen
kep thau kinh cét, ban cat pha, thau kinh cat hat min tai
than hoac chan mai déc bd séng tai x& Binh My, huyén

CHU GIAI

ol Badle 7

Chau Phi cho thay, téc d6 xoi 1a 0,6 m/ndam dén 1,05 A ISHLNEC TR CHAT T

m/nam. Céc cung truot dwoc md phong bang phan mém . )
Geo-Slope/W c6 ké dén x6i chan mai déc ba song c6 hé Hinh 5. Cot dia tang bo sdng Hau tai xa Binh
s6 6n dinh Fs = 0,827. My, huyén Chau Phu



3.2. Pogn b song Hau tai phwong Binh Pire, phwong Binh Khanh - thanh phé Long Xuyén

Hién twong truot 1o doan by séng Hau tai phuong Binh Buc, phuong Binh Khanh - thanh phé Long
Xuyén xay ra manh me trong nam 2012. Cau trdc nén dat yeu, dia hinh bo séng va déc trung co 1y cua dat
dugc thé hién trong cac Hinh 6 va Bang 2.

Bang 2. Tinh chdt co Iy cdc I6p dat bo sdng Hau tai *
phurong Binh Purc, thanh phé Long Xuyén
Bé | Dung Strc khang cit _
Stt [Tén Lép dat| day | trong [ © U c1d1
(m) | (g/em’)| (kKGlem?)| (d9)
1 [Sét 2,6 1,92 0,228 14°32°

2 [Bun sét 13,6 | 1,58 0,049 496

Bun sét kep

. 10,5 1,76 0,077 7928
cat min

PHUONG BINH PUC - TP.LONG XUYEN

 ox 042> | Hinh 6. Cor dia tang bo song Hau dogn qua
4 [Set, Setpha >115) 1,66 0,075 s P. Binh Dirc, thanh pho. Long Xuyén

Két qua phan tich ciu tric nén dat, dia hinh 1ong séng va mé phong, phan tich 6n dinh bang phan mém
GeoSlope/W doan bo sdng Hau tai phuong Binh Durc, thanh phd Long Xuyén cé hé sé on dinh Fs = 0,605.

Két qua phan tich bang phan mém MIKE cho théy, toc d6 x6i mon cac I6p dat yéu nhu: bun sét pha xen
kep thau kinh cét, bun cat pha, thau kinh cat hat min tai than hozc chan mai doc bd song tai phuong Binh
Prc, thanh phd Long Xuyén 1a 0,6 m/ndm dén 1,05 m/nam. Cac cung trugt dugc md phong bang phan
mém Geo-Slope/W cd ké dén x6i chan méi déc b sdng ¢ hé sb 6n dinh Fs = 0,578.
3.3. Pogn b s6ng Hau tai dau cu lao Binh Thanh, ct lao Mj Hoa Hung

Poan bo song Hau tai cu lao Binh Thanh, My Hoa Hung c¢6 dic diém dia hinh day séng nong, xu huéng
vén chuyén trim tich theo phuong ngang chiém wu thé, vat liéu trAm tich tir phia bo ¢t lao duge mang sang
d8 tich tu tai cac vi tri gifra song.

Bang 3. Tan suat song xudt hién 20
Chiéu cao Cu lao Cu lao Q.-"o
séng (mm) | My Hoa Hung Binh Thanh SIN o
Tansuit] % Tién suit % 10% @

0.01-10 2838 | 9958 | 8382 | 22.96 < O
10.01 - 20 5 0.18 [ 17276 [47.32 53 .,.o-"o‘
20.01 - 30 2 0.07 6428 | 1761 e---O'"G Chiéu cao séng (m)
30.01-40 2 007 | 3075 | 8.42 0 O
40.01 - 50 0 0.00 1347 3.69 0 0.2 0.4 0.6 0.8 1

>50.01 3 0.11 0 0.00 Hinh 7. Méi tirong quan giira tng suat cat bé mat

Total 2850 100 36508 100 va Chié‘u cao Séng

Pay 1a khu vuc ¢ song tau thuyén tac dong truc tiép vao duong bd song va tan suét xudt hién va dic
trung song tu nhién, séng do tau thuyén gdy ra dugc quan tric va thé hién trong Bang 3. Vi mdi do cao
song khac nhau s& gay ra (ing suét cit bé mat khac nhau 1én dwong bo séng (Hinh 7). Khi tng suét tac dong
cua séng 6n hon tng sut khang cit bé mat cua dit thi bd song s& bi x6i mon. Thi nghiém strc khang cét
bé mit cta dat bo séng khu vue cli lao My Hoa Hung ty 1¢ nghich véi ¢ 4m. Két qua phan tich thi nghiém
dugc thé hién trong cac Hinh 8.

Su chénh léch muc nuéce theo mua mua, 14 -
mua kho va anh huong ti che do thay trieu 12 *
clia song Hau da tac dong dén dat loai sét '
cau tao bo. Khi kh6 nudc, dat bo séng tro Z 6
nén cang chac, co ngot tao khe nat, dudi <4 -
tac dong cuaa dong chay I6n sé gay ra xoi (2, { > o o
I;”y réghr:ém trong va lam bo séng Hau mat 40,0 450 5 500, 550 60.0
on dinn.

Hinh 8. Mdi quan h¢ sirc khang cat bé mar (zc) véi dé am

4. Thio luan vé& nguyén nhan gay mat 6n dinh bo song
4.1. Cau tric nén dat bat lgi



Véi cau trdc nén dat bat loi gom cac 16p dat: ban sét kep thau kinh mong cat hat min, bun cat pha kep
thau kinh cat hat min, cét hat min - hat trung, tai nhitg do sau tuong tng dia hinh dudng day long song,
noi c6 van téc dong chay I6n s& dé dang xay ra hién twong x6i mon, céc hat cat bi dong chay mang di tao
thanh nhing héc x6i phia dudi duong bo, tao diéu kién thuan loi thuc day qué trinh truot 1o bo.

- Tai doan bo sdng Hau qua x& Binh My, huyén Chau Phd, ciu tric nén cé 16p bun sét pha xen kep céc
thau kinh cat hat min, day 10 - 20 cm, phan b6 ¢ do sau twong (mg 14,0 m dén 23,0 m. Theo két qua quan
trac trac dién ngang day song mét can bang, hé s6 6n dinh bo Fs= 0,856, chan ciia mat truot hinh thanh va
phat trién trong 16p bun sét pha xen kep thau kinh cat hat min nay. Tbc @6 xi trung binh tai déy 1a 0,6
m/nim dén 1,05 m/nim (theo mod phong mo hinh MIKE). H¢ s6 6n dinh bd séng giam xudng rd rét khi cé
xét dén tac nhan x6i mon chan mai déc bo séng va hé s on dinh mai déc b séng 1a Fs = 0,827.

- Tai doan bo séng Hau qua phudng Binh Dirc thanh phd Long Xuyén, cau tric nén it co I6p bun sét
xen kep cac thau kinh cat min, day 20-30 cm, phan bb ¢ do sau tir 19,0 m dén 29,5 m, tric dién day song
hinh chit V léch vé phia b phai doc theo quéc 16 91, truc dong chay chinh cach bo sdng tir 75 m dén 100
m, d6 sdu dao dong tir 18,0 m dén 26,0 m. Hé s6 6n dinh Fs= 0,615, chan ciia mat truot hinh thanh va phat
trién trong 16p bun cat pha. Hé s6 6n dinh b séng giam xudng rd rét khi co xét dén tac nhan x6i mon chan
méi dbc bd song. Két qua x6i mon dugc tinh toan bang phan mém MIKE tir ndm 2009 dén nam 2012 cho
thay, tdc do xoi trung binh 13 0,8 m/ndm dén 1,15 m/nam va hé s6 6n dinh bd séng 1a Fs = 0,578.

- Két qua phan tich cho thay, su hinh E—
thanh va phét trién hién tuong truot ... ..
mang tinh quy luat va lap lai, nguyén
nhan chinh 1a trong cdu tric nén by wezsmeene
s6ng ton tai cac thau kinh cat hat min, "™
dudi tac dong cua dong chay 16n, cdthat e s
min s& bi bao mon va bi dong nudc
cudn troi 1am mét can bang lyc va gay  wea e s
ra hién tugng trugt sdu theo cung tron.  ...c.

Co ché truot 16 bd sdng khu vuc nghién
cttu ¢6 thé md phong nhu Hinh 9.

Van téo
va hudng déng chay

v

Hinh 9. Co ché truot 16 bo song Héu dogn qua tinh An Giang

4.2. Hinh thai long sdng va thaiy dgng lec dong chay

Poan bo song Hau tai xa Binh My, huyén Chau Phu, tinh An Giang la doan bo song cong, hé sb6 do cong
1a ac=1,11, hé s6 quan hé giira d6 rong va do sau trén mat cit ngang song la K=0,76, cho thdy sy 6n dinh
dong chay va bo song tai day rat thap. Két qua md phong cho thay, truc _dong lyc va huong dong chay ap
sat vao phia bo phai ciia doan song cong gdy mat 6n dinh bo song trén nén dat yéu bét loi (Hinh 10).

Poan bd song Hau tai phuong Binh Pirc, phuong Binh Khéanh, thanh phd Long Xuyén 1a dién hinh cta
hinh thai s6ng phan dong cua cu lao My Hoa Hung, 1am cho nhanh song bén phai di sat thanh pho Long
Xuyén qua phuong Binh Ptrc, phudng Binh Khanh ¢6 hé s6 quan hé do rong va do sau trén mat cét ngang
song 1a K dao dong tir 0,7 (Binh Dirc) dén 0,83 (Binh Khanh), cho thdy sy 6n dinh dong chay va bd song
tai day rat thip. Tur két qua mé phong cho théy, truc dong luc va luu tbe dong chay ciia nhanh phai qua khu
vuc thanh phé Long Xuyén ap sat phia bd phai thiic ddy qua trinh truot 16 dién ra nhanh hon (Hinh 11).

B [

D SwSt | Sawa)  Eleeoo | Sao00 | S50 SMep  SWSO | Eoee0 | SDE00 S0 EAdE0O
2]

Hinh 10. T mong phdn bo vin toc va hwéng dong chay — Hinh 11. Trieong phdn b vin toc va hwéng dong
song Hau doan qua xd Binh My, huyén Chau Phu chay lic thuy triéu xuong qua cu lao My Hoa Hung

Luu lugng dong chay ciia song Hau tiép nhan dong chay tir dong Vam Nao tang 1én dang ké. Ty 1¢ phan
chia luu lugng vao nhanh phai cu lao My Hoa Hung tang 1én dan dén hién twong truot 16 manh bo song
khu vuc thanh phé Long Xuyén va dau cu lao Phé Ba. Ngugc lai, nhanh trai cu lao My Hoa Hung luu lugng
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giam lam bi bdi trén dién rong hinh thanh cac doi cat va cac cui lao nhu An Thanh Trung, con Méi.

Dic biét, tai cac cui lao My Hoa Hung, cii lao Binh Thanh, dit bo song c6 d6 co ngét 16n, dao dong tir
4-9% theo két qua quan tric va mé phong tir md hinh MIKE 21, huéng dong chay séng Hau tac dong truc
tiép vao dau cac ci lao My Hoa Hung, cti lao Binh Thanh (cac Hinh 12,13, 14) gay ra x6i 16 nghiém trong
cac doan bo song ¢ khu vuc dau ct lao. Puge xem 1a co ché x6i 16 by song khu vie nghién ctru (Hinh 15).

®Dgcongot  ®Dg truong no

10 i g
g %
9 g — o g g
g 3 o 5 i
= & o e o ] i
E o5 8 g
B —n g . £
- - £ alel £ ale
ﬁ g " 8e%g0e ®asg0,%e" H B o ome H B Aove 08
- i moair f —HR
S0 Plot Area o, - o2 0e g - ool
12345678 91011121314151617181920 E . 2 ] o
Lo z Hinh 13. Huong va vign toc dong ~ Hinh 14. Huéng va vdn toc
S6 thir ty mau .. PYRI 2 \ , p e e s
o ) , chay tai khu vuc dau cuit Lao My dong chay nhanh phdi tai
Hinh 12. Biéu do trieong ng - co ngot thé Hoa Hung vio mua mua khu vie dau cu lao Binh

tich méau dat cii lao My Hoa Himg
Két qua phan tich cho thay,
cac yéu t6 hinh thai long song,
Iuu luong va thuy dong luc
dong chay la cac tdc nhan
chinh thuc day qua trinh truot
16, x6i 19, x6i mon gay mat 6n
dinh bo song Hau.

Hinh 15. Co ché x6i 16 bo song Hau doan qua tinh An Giang
4.3. Hoat dpng kinh té - xa héi ciia con nguwoi

S6ng Hau 14 truc giao thong thity quan trong tinh An Giang. Su gia ting ca vé s6 lugng va toc do luu
thong cta tau thuyén di tao ra nhitng dot song lién tiép tac dong vao bo. Su tac dong nay lam cho mai bo
S()ng bi pha v két cdu, cac hat vat liéu bi bao mon va duoc dong chay mang di noi khac. Qua trinh nay
dién ra lién tuc va lap di lap lai nhleu 1an s& 1am cho bo song bi x6i mon nghiém trong.

Ap luc song tac dong truc tiép 1én dudng bo song chinh 1a img suit cit cua song tac dong truc tiép 1én
duong bo. Trong thi nghiém hién truong tai cu lao My Hoa Hung va cu lao Binh Thanh, 16p sét pha mau
x4m xanh, nau do c6 chiéu sau day 16p tir 3,2 m dén 3,4 m, v6i thanh phan hat cat tir 10,3 % dén 11,4 %,
hat bui tir 41,1 % dén 50,3 %, hat sét tir 40,3 % dén 50,2 % va do am bé mit tir 45,6 % dén 53,2 % thi cac
dot séng c6 chidu cao nho hon 0,2 m da tao ra cic tng suit cit co thé pha hity méi lién két ctia cac nhom
hat véi nhau. V(n chiéu cao song 16n hon 0,3 m thi ing suét cat do song giy ra trong duong va 16n hon
(g suat khang cat bé mat cua 16p dat Véi chiéu cao song 16n hon 0,5 m thi (ng suat cit do song gy ra
hoan toan 16n hon ung suét khang cit bé mit ctia 16p dat. Diéu d6 ching minh ring, chiéu cao séng tir 0,3
m dén 0,5 m 14 tac nhan chinh gay nén pha v két cau dudng bd va gy ra x6i mon b séng Hau (Hinh 16).

ATc Remolded samples @ Tc Samples field =2 7Tw
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Hinh 16. Quan trac séng tau thuyén va Biéu do moi twong quan giita sikc khdng cdt ciia dat va iing
sudt cdt cia séng tau thuyén tai cii lao tai cit lao My Hoa Hung va Binh Thanh
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Nhu vay, 10 rang 13, duéi tac dong . y
cua song tu nhién va song tau thuyén, A
dat bo séng bi phéa va két cau, bi bao
mon va van chuyén di noi khac. Hién
tuong x6i mon thuong xay ra manh mé ‘
vao mua nudc It hoac khi muc nu6c >
song dang cao. Co ché x6i mon bé mit '
bo sdng Hau khu vuc nghién ciru duoc
thé hién trong Hinh 17.

Hinh 17. Co ché gay x6i mon be sdng tinh An Giang

5. Két luan va kién nghi

Dua trén két qua khao sat, do dac, quan tric thuc dia va tinh toan bang phan mém Geoslope/W, Mike
rat ra mot sé két luan vé mat 6n dinh bo séng Hau doan Chay qua tinh An Giang nhu sau:

- Cac nguyén nhan gay nén hién tuong truot lo, X0i 16, x0| mon lam mét 6n dinh bd séng Hau doan qua
tinh An Giang trong nhitng nim gan déy 1a do cau tric nén dat bd sdng, hinh thai long séng, cac yéu to
thay dong luc caa dong chay va cac tac dong cua hoat déng kinh té-x& hoi cua con nguoi.

- Nguyén nhan chinh gay mét 6n dinh bd séng Hau 1a do cau triic nén bd séng gdm cac 16p dat yéu kep
cac thau kinh cat hat min, c6 d6 bén khang cét nho. Duéi tac dong ciia dong chay Ién, cat hat min s& bi bao
mon va bi dong nuéc cudn trdi lam mat can bang luc, thiic day su hinh thanh va phat trién hién tugng truot
16 b sbng.

- Cac doan sbng cong, hinh thai long séng phan lach cua cac cu lao va luu lugng dong chay lon la cac
tac nhan chinh thuc day nhanh qua trinh truot I gdy mét 6n dinh bo séng Hau.

- Su chénh léch muc nude song theo mila mua, mua khé va do thiy triéu lam cho dét sét pha cau tao bo
song bi co ng6t manh ciing 14 tac nhan thuc day qua trinh x6i mon gay mét on dinh bd sdng Hau.

- Hoat dong giao thdng thuy cua tau thuyén gay ra séng 16n véi chiéu cao séng Ion hon 0,3-0,5 m lam
phé v két cAu dit cAu tao bo séng, 1am x6i mon céac cu lao trén séng ciing 1a tic nhan chinh giy mét 6n
dinh bo sbng Hau.

- C6 thé sir dung két qua nghién ciru 6n dinh bd séng Hau khi phan tich danh gi& 6n dinh cac bo séng
khéc & viing ddng bang séng Ciru Long, trong d6, can thiét phai 1am rd cAu trdic nén dét bo song, dac biét
1a can x4c dinh chinh xac su phan b, chiéu day cua cac thdu kinh cat hat min trong cAu trdc nén.

Tai Liéu Tham Khao
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ABSTRACT

The causes of the instability in the bank of Hau river
in An Giang province
Tran Le The Dien?, Bui Trong Vinh?, Ta Duc Thinh?

'Ho Chi Minh City University of Technology
2Hanoi University of Mining and Geology

In recent years, the phenomenon of landslides and erosion on the banks of the Hau River, the segment in
An Giang province, has been happening very complicatedly with the increase in scale and intensity,
seriously affecting the lives of people. The paper clearly states that the causes and factors that promote the
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instability of the Hau riverbank are: soft soil structure on the riverbank, river-bed morphology, flow
hydrodynamics and human economic-construction activities. The analysis results of Mike, Geoslope/W
numerical models, boat wave monitoring systems and field experiments showed that the average erosion
speed varied from 0.6 m to 1.25 m/year in location where existed the fine-grained sand lens layers in soft
ground structure with the thickness of 20-30 cm and distribution depth from 14 m to 29 m; at places of river
junction, with curved river section, narrow ledge, big flow. Additionally, in areas with strong water traffic
activities causing wave height greater than 0.3 m, the phenomenon of landslides, erosion causing shoreline
instability occurred strongly, typically in Binh My commune, Chau Phu district, My Hoi Dong commune,
Cho Moi district; Binh Duc ward, Binh Khanh ward, Long Xuyen city.

Keywords: Hau riverbank; landslide; erosion; soft ground structure; river morphology; flow hydrodynamics.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)
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Stc khang cat du ctia dat: cac yéu té anh huong va ang dung

Nguyén Thanh Duong'*, Pham Thi Ngoc Ha?, Trf?m Thi Lan Huong?
,, YTriong Bai hoc Mo - Dja chat
2Téng cong ty tu van xay dung Viét Nam (VNCC)

TOM TAT

Strc khang du ctia dat 12 mot trong nhiing chi tiéu quan trong trong phan tich, danh gia, va du bao 6n dinh
cua cac khéi truot tai hoat dong. Muc dich ciia bai bao nay 1a danh gia cac yéu té anh huong dén stc khang
cit du, va ung dung trong dia ki thuat. Dya trén viéc tong hop, phan tich cac nghién ctu vé sirc khang cit
du ctia dat trén nhiéu loai dat khac nhau str dung méy cit vongcho thay stc khang du cua dat giam dang ké
khi ham Iuong hat sét tang dén 50%, giéi han chay ting dén 150% va chi s déo tang dén 110%. Nguoc
lai, st khang cét du cua dat ting manh khi ham luong hat cat ting 16n hon 40%. Trong cac khoang vat sét,
khoéng vat smectite c6 anh hudng I6n nhit dén sic khang cit du cua dat, dac biét khi ham luong smectite
trong dat I6n hon tir 30-50% thi strc khang cit du rat nho va gan nhu khong ddi. Ngoai ra, né con phu thudc
vao cac yéu té cua diéu kién thi nghiém nhu téc d6 cat, 4p lec cit. Ste khang du giam khi ap luc cét ting,
dic biét & cap &p luc nho hon 100-200 kPa. Trong cac yéu té trén, anh huong cua te do cit dén sic khang
cit du phu thudc vao nhiéu yéu té nhu loai dit, khoang toc do cit, quy trinh thi nghiém va 1a van d& can
duoc tiép tuc nghién ctru. Vé miat Gng dung, sac khang cat du cua dat khong chi lién quan dén céc khoi
truot tai hoat dong sau khi da xay ra dich chuyén Ién ma con lién quan dén cac bé mat khong lién tuc trong
dat da, cac khoi dat dép bi phéa huy, cac mai doc cau tao bang dat cimg qua cb két.

Tir khéa: Stc khang cit du; yéu té ban chét dét; yéu té diéu kién thi nghiém; tng dung.

1. Mé dau

St khang cit du ciia dt da duoc nghién ciru tir nhig nam 1930s, dic biét 1a sau bai giang Rankine lan
thir 4 caa Skempton (Skempton, 1964) Trong bai giang nay, suc khang cit du cuia dat duoc dinh nghia la
sirc khang cit thoat nuéc nho nhét sau khi dat da trai qua bién dang cat rat Ion dudi tac dung cua mot Cap
tai trong nhit dinh. Do trai qua bién dang Cat I6n, & trang thai du cac hat dat xung quanh déi CAt tai sap xép
va nam song song vai mit cat. Sire khéng cit du dwoc coi 1a mot chi tiéu thudc ban chét caa dét, phy thude
cha yéu vao thanh phan hat (kich thudc va hinh dang), thanh phan khoang vat va dic tinh chay déo. Ngoai
ra, n6 con phu thudc vao thanh phan héa hoc cua nude 15 réng va mot sé diéu kién thi nghiém nhu tdc do
cét, &p luc cat. N6 khdng phu thudc vao do chat, hé s6 16 rdng ban dau cua dit va lich sir tng suét (hé sb
qué cb két, OCR). Suc khang cit du cua dat cd thé dwoc xac dinh tir cac thi nghiém trong phong nhur thi
nghiém cat vong, thi nghiém cit phang lap. Trong d6, thi nghiém cit vong dugc sir dung phd bién va cho
két qua dang tin cay vi mau dét cd thé duoc cat téi mac bién dang bat ky theo 1 huéng nhat dinh va sy sap
xép céc hat dat & doi cit theo 1 hudng khong doi trong qué trinh cat. Thi nghiém cat vong c6 2 loai thiét bi
phd bién, gdm: kiéu Bishop (Bishop va nnk., 1971) va kiéu Bromhead (Bromhead, 1979).

Strc khang cit du cua dat da dugc st dung phd bién trén thé gidi trong phan tich, danh gia, va du bao
6n dinh cua cac khdi truot d xay ra dich chuyén Ion. Tuy nhién, ¢ Viét Nam, chi tiéu sic khang cat du ctia
dat it dugc quan tam va st dung. Mot phén ciing 1a do thiét bi thi nghiém con han ché, mot phan 1a céc tiéu
chudn chua dua chi tiéu ndy vao tinh toén, thiét ké. Muyc dich cuia bai bao nay l1a danh gia cac yéu té anh
huong dén sirc khéng cit du cua dat duya trén két qua cac nghién ciru trude va khéi quét vé wng dung trong
c4c bai toan phan tich én dinh mai déc.

2. Phan tich cac yéu té anh hwéng dén sic khang cit dw

Céc yéu t6 anh huong dén suc khang cét du cua dat dwoc chia thanh cac nhém: 1) Nhom yéu té thude
ban chét cua dat; 2) Nhom yéu té thude diéu kién thi nghiém. Nhém thudc ban chat cua dat bao gom kich
thuéc va hinh dang hat; dc tinh chay déo; thanh phan khoang vat; thanh phan héa hoc nuéc 16 rong. Nhom
diéu kién thi nghiém bao gom tc do cat va &p luc cit.

*Tac gia lién h¢
Email: nguyenthanhduong@humg.edu.vn
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2.1. Anh hwéng ciza nhom yéu té thuec ban chat ciia dat
a. Kich thuéc va hinh dgng hat

Kich thudc va hinh dang hat 12 mét trong nhitng yéu t6 chinh khong chi anh huéng dén sirc khang cit
dinh ma con anh huong dén sirc khiang cat du cua dat. Trong cac nhém hat, cac nghién ctru da chi ra riang
ham lugng hat sét anh huong rat I6n dén stic khang cat du cua dat. Ham luong hat sét ting s& lam giam suc
khang cit du cua dat (vi du Skempton, 1964, 1985; Al-Dabbagh, 1986; Tsiambaos, 1991; Suzuki va nnk.,
2005; Lupini va nnk., 2009). Két qua cua mot s6 nghién clru trude dugc thé hién trén Hinh 1a. C6 thé thay
rang khi ham luong hat sét ting dén 50% thi stic khang cat du ciia dat giam déng ké, khi ham luong sét I6n
hon 50%, stic khang cit du cua dat gin nhu khong thay doi.

40 50

— N * Sand-mica (I upini etal., 1981)
a5 < - l_“P”" etal., 1981 45 | & Happisbush clay-London clay (Lupini et al., 1981) 1
7] e o ® Skempton, 1964 40 * Sand-bentonite (Lupini et al., 1981)
—~ 304 ¥ & 4  Al-Dabbagh, 1985 = @ Sand-bentonite (Tiwari and Tiwari, 2003)
=y L4 = 4 < Suzuki et al., 2005 = 35} © Sand-kaolin (Tiwari and Marui, 2003) 4
_; 25 = + Skempton, 1985 _9 30 [ <4 Sand-kaolin-bentonite (Tiwari and Marui, lelll‘) 4
A < Tsiambaos, 1991 2 - Q O x o
£ 204 < - 25t g * “ .
= < L &S o © 2 A%
F 154 . ® 4 E 20 - A .
£ < A{ = 15T 4 *opn - 1
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Ham luong hat sét (%) Ham lugng hat cat (%)

Hinh 1. Anh huong ciia ham heong hat sét (a) va hat cdt (b) dén sirc khang cdt dur ciia dat

Nguoc lai, khi ham lwong hat cat (hat tho) ting thi s& lam ting stc khang cit du cua dat (Tiwari va
Marui, 2003; Lupini va nnk., 2009) (Hinh 1b). Dya trén két qua trén Hinh 2b c6 thé thiy, ham lwong hat
cat tang tir 0 dén 40% it c6 anh huong téi sic khang cét du cua dat, khi ham lwong cat 16n hon 40%, nd
lam ting dang ké stc khéng cit du cua dét. V& hinh dang, khi dit chira cac hat c6 hinh dang det nhu sét,
mica s& c6 suc khang cit du nho hon khi dat chira cac hat c6 hinh dang tron hay géc canh.

b. Thanh phan khoéang vat

Cac nghién ctru d3 chi ra raing nhém khoang vat sét (kaolinite, illite, smectite) anh huong rat Ion dén
sic khéang cat du cua dat. Khi ham luong cac khoang vat nay ting s& lam giam stc khang cat du cua dét,
dac biét 1a ham luong khoang vat smectite (vi du Maio va Fenellif, 1994; Stark va Eid, 1994; Tiwari va
Marui, 2002, 2003; Gratchev va nnk., 2005).

Nguoc lai, sac khang cat du cia dit sé ting = Micadpint etal., 1751) ‘
f N , , n Quartz+Feldspar (Tiwari and Marui, 2002)
khi ham lu‘()’l’lg cac khoang vat .nhu; 4 Smectite (Tiwari and Marui, 2002)
quartz, feldspar va calcite téng (learl v Smectite (in kaolin mixture) (Tiwari and Marui, 2003)
va Marui, 2002’ 2003) Dél vdi nhém * Smecl!le(in sand{mixlure)FTi\vari al']d Mami. 2()()3?
, N . 1 . - 35 < Smectite (in kaolin-sand mixture) (Tiwari and Marui, 2003)
khoang Vat mica, khi h%m lu(_mg mlca tang *  Smectite (in kaolin mixture) (Di Maio and Fenelli, 1994)
s€ 1am giam surc khang cat du cua dat (Lupini 304 4
, 3 = i a
va nnk., 2009). Két qua nghién ctu vé anh T H Y "o
! / X . ne Ao o w ) "
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0 N o a , PN Z 2 o M Ny
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€06 anh huong toi suc khang cat . )
du cta hdn hop smectite-sand. Hinh 2. Anh luong cua khoang vt den suc

s R khang cdt due ciia ddt
¢. Bac tinh chay déo

Dic tinh chay déo ciia dat bao gom cac yéu té nhu do am gigi han chay (W), d6 am gidi han déo (Wp)
va chi s6 déo (Ip). Cung véi kich thudc hat va thanh phan khoang vat, dic tinh chay déo cia dat ciing anh
huéng rat 1on dén sac khang cat du ciia dat. Méi lién hé gitra cac yéu té chay déo cua dat va sic khang cit
du di duoc nhiéu tac gia nghién ciru va déu chi ra rang khi cac yéu tb nay tang s& lam giam stc khang cit
du cta dat (vi du Mesri and Cepeda-Diaz, 1986; Tsiambaos, 1991; Suzuki va nnk., 2005; Lupini va nnk.,
2009; Duong va nnk., 2018). Két qua ctia cac nghién ctu trudc trén Hinh 3 cho thiy strc khang cét du cua
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dat tang khi d6 am giéi han chay va chi s déo tang, dac biét khi cac gia tri nay tang twong ing dén khoang
150% va 110%.

40 T T T T 40
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Hinh 3. Anh hurong cuia giGi han Atterberg téi sirc khang cdt dur ciia ddt
d. Thanh phan héa hoc nuréc 16 rong

Anh huong cua thanh phan héa hoc nudc 16 réng gom héa tri va ham luong mudi hoa tan (Na*, K*,
Ca**), do pH dén stic khang cat du cua dat da duoc nhiéu tac gia nghién ciu ( Moore, 1991; Maio va
Fenellif, 1994; Di Maio va nnk., 2004; Suzuki va nnk., 2005). Nhin chung, cac nghién ctru nay da chi ra
rang thanh phan hoéa hoc ciia nudce 16 rdng it nhiéu anh huong dén stic khang cat du cua dat, dac biét 1a khi
dét c6 ham luong khoang vat smectite, kaolinite cao va thanh phan héa hoc cua nuéc 16 rong ¢ chira mudi
hoa tan K* va Ca**. Nghién ciru ciia Moore (1991) dya trén viéc phan tich anh huéng cua mudi Na* va Ca*
dén strc khang cit du cua kaolinite va bentonite cho thay hai loai mubi nay lam ting sirc khang cit du cua
bentotite, trong khi d6 n6 1am giam sirc khang cat du cua kaolinite. Ngoai ra, anh huéng cua mudi Ca** dén
sirc khang cit du 16n hon anh huong ciia mubi Na*.

2.2. Anh hwéng ciia diéu kién thi nghiém
a. Toc dé ct

Pay 1a mot trong nhitng yéu té chinh cua diéu kién thi nghiém anh huong dén sic khang cét du cua dat.
N6 d3 duogc nhiéu tac gia nghién ctru, dién hinh 1a cac nghién ctru cua (Skempton, 1985; Tika va nnk., 1996:
Suzuki vannk., 2017, 2002; Scaringi va Di Maio, 2014; Duong va nnk., 2018; Habibbeygi va Nikraz, 2018;
Lian va nnk., 2018; Xu va nnk., 2018; Wang va Cong, 2019; Wang va nnk., 2020a, 2020b;). C4c nghién
clru nay da chi ra rang toc do cit it nhiéu anh huong dén stiic khang cat du cua dat, dac biét 1a ddi voi dat
dinh va cit & van téc lon.

Tika va nnk. (1996) dya trén két qua thi nghiém xac dinh stc khang cét du cua nhiéu loai dat ¢ van tbc
Cét I6n da dua ra ba (ing xr cua suc khang du cua d4t khi tang van téc cit. Khi tang téc do cét, suc khang
cit du cua dat khong thay dbi (stc khang cit du cua dit khdng phu thugc vao tée do Cat) (khong anh huong);
Khi ting téc do cit, sirc khang cit du cua dat giam (anh huong giam); Khi tang téc do cét, sirc khang cat
du cua dit ting (4nh hudng ting). Tika va nnk. (1996) ciing di chi ra ring phuong thirc chuyén dong cua
cac hat dat trong déi cat ¢ trang thai du c6 anh huong dén ung xir cua sirc khang cat du ¢ cac tée do cat
khac nhau. D4i véi phuong thirc chuyén dong réi, stic khang cat du co thé khdng phu thudc hoidc giam khi
tang toc do cit va mac do anh huong phu thudc vao &p luc cat. Di véi phuong thirc chuyén dong truot,
sirc khang cit du c6 thé ting hodc giam khi ting toc do cit. DSi vai phuong thie chuyén dong trung gian,
sirc khang cit du c6 thé giam khi tang toc do cat. Co thé thay, toe do cit cd thé lam ting, giam hoac khong
anh hudng dén sirc khang cat du cua dét va voi mdi dat khac nhau, anh hudng cua tée do cit dén stc khang
cit du 1a khac nhau. Trong d6, c6 thé thiy suc khang cit du cua nhiéu loai dat khdng phu thudc vao tée do
cét nho hon 0.05 mm/min (Duong va Suzuki, 2018)

b. Ap luc cat

Két qua nghién ctiu cia nhiéu nghién ciru trude vé anh huéng cua &p luc cit dén stc khang cit du cho
thiy khang cét du cua dat dinh giam khi &p luc cit tang (LaGatta, 1970; Bishop va nnk., 1971; Townsend
va Gilbert, 1976; Gibo va nnk., 1987; Suzuki va nnk., 2000; Dewoolkar va Huzjak, 2005; Suzuki va nnk.,
2007; Li va nnk., 2013; Xu va nnk., 2018). Tuy nhién, khi &p luc cit I6n hon 100-200 kpa, anh huéng cia
&p lyc cit téi siuc khang cit du cua dat 1a khong dang ké. DI véi dat roi, &p luc cit it anh huong toi sac
khéng cit du, do dét roi chua it cac hat ¢d hinh dang det (Hungr va Morgenstern, 1984). Su giam stic khang
cit du cua dét khi ting ap luc cat Ia do &p luc cat cang 1on, cAc hat dat trong d6i cat cang dé tai sap xép va
nam song song véi doi cat dan tai lam giam stic khang cét du.
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3. I’J’ng dung c ¢ ¢ Tai hoat
Suc khang cat du cua dat chu yéu dugc st dung dong -1am dimg

trong viéc danh gia, du bao on dinh cua cac khoi
truot da xay ra dich chuyén Ién (trugt ¢d). N6i . Tiém tang
céch khac, siuc khang cat du co nghia 16n trong Tam dimg
viéc danh gia 6n dinh cua cac khéi truot tai hoat
dong. Khéi truot ¢6 thé trai qua cac giai doan khac Khong hoat dong
nhau gdm: truot lan dau, tam dirng hoat dong va Lin 1

tai hoat dong (truot lan 2) (Hinh 4).

Hoat dong

Chuyén vi

Lan 2

Hinh 4. Cdc giai dogn tmo{g(Crlﬁden and Varnes, 1996)

Céc két qua thi nghiém trong phong xac dinh stic khang cit du cho thay luc dinh két du cia dat co thé
khac 0. Diéu nay xay ra do sy anh huong cia &p lyc cat dén stic khang cit du. Tuy nhién, gia tri lyc dinh
két du thuong khdng l6n (Skempton, 1985). Vi vy, Stark va nnk. (2005) d4 dé nghi rang khi phan tich 6n
dinh mai déc ¢ trang thai du, gia tri luc dinh két nén 13y bang 0, trir truong hop két qua phan tich nguoc
cho gié trj lyc dinh két du khac 0. Trong thyc té, nhiéu truong hop mac du khdng xay ra dich chuyén Ién
nhung stc khang cit cua dit gan tuong duong vai sac khang cit du. Vi du nhu trong cac déi dut gay, khe
nit hay ranh gidi giita cac 16p tram tich. Trong nhing truong hop nay, sic khang cit du cua dit nén dugc
sir dung dé phan tich, danh gi 6n dinh méi doc. Ngoai ra, trong mot s truong hop nhu khéi dat dap bi pha
hity (chua xay ra dich chuyén), cac mai doc ciu tao bang dét sét cimng qua co két, cd nhiéu nat né thi sirc
khang cét du ctia dat ciing nén duoc sir dung.

Stic khang cit ¢ trang thai du c6 thé tang sau mot thoi gian do qua trinh tai ¢ két, goi la sy phuc hdi stic
khang cit. Tuy nhién, nhiéu nghién ctu da chi ra rang, su phuc héi sic khang cét du xay ra chu yéu ddi véi
trugt néng (do sdu nho hon 5-10 m) va né giam vé gia tri du sau mot khoang chuyén vi rat nho, mot vai
milimeters (Stark va Hussain, 2010). Chinh vi véy, su phuc hdi sirc khang cat ¢ trang thai du it ¢6 ¥ nghia
trong phan tich 6n dinh truot tai hoat dong.

4. Két luan

Dua trén viéc phan tich, danh gia cac yéu td anh huong dén sirc khang cat du va wng dung, mot sé két
luan dugc rut ra nhu sau:

Strc khang cit du cta dat phy thugc nhidu vao céc yéu té thudc ban chét cua dat nhu kich thudce, hinh
dang hat, thanh phan khoang vat, dic tinh déo, va thanh phan héa hoc ctia nudc 15 rdng. Theo do, stic khang
cit du giam khi ham luong hat sét va dac tinh chay déo tang, dac biét, khi ham luong hat sét ting dén 50%,
d6 am gidi han chay ting dén 150%, va chi s6 déo tang dén 110%. Khi Ién hon céc gia tri nay, suc khang
cit du cua dat giam khong dang ké. Nguoc lai, suc khang cat du tang khi ham lugng nhom hat cét ting, dac
biét khi ham lwgng nhoém hat cat I6n hon 40%. Trong cac loai khodng vét sét, khoang vat smectite cd anh
hudng 16n nhit téi sirc khang cit du cua dat. Khi ham luong khoéng vat smectite trong dat I6n hon tir 30-
50%, sirc khang cit du cua dat rat nho. Thanh phan héa hoc it nhidu anh huéng dén suc khang cét du cua
dét, dac biét 1a sic khéng cét du cua dat chira ham lwong smectite cao.

Strc khang cit du con phu thugc vao cac yéu té cua didu kién thi nghiém nhu tée d6 cit, ap luc cit. Theo
do, suc khang cit du cua dat giam khi &p luc cit tang, dac biét & cap &p luc nho hon 100-200 kPa. i voi
téc do cit, anh huong cua nd va cac nguyén nhan gay ra anh huong phu thuoc nhiéu vao khoang toc do cét
thi nghiém, loai dét, quy trinh thi nghiém va la van d& can dugc |am sang to hon nita.

Stc khang cat du cta dét khong chi lién quan dén cac khoi truot tai hoat dong sau khi da xay ra dich
Chuyen |6n ma con lién quan dén cac bé mat khong lién tuc trong dat d4, cac khoi dat dip bi phéa huy, cac
méi ddc cau tao bang dat cing qua cb két. Su phuc hoi strc khang Cit ¢ trang thai du 1a khong dang ké. Vi
vay, sirc khang cit phuc héi it ¢6 ¥ nghia trong tinh toan on dinh mai doc & trang thai dur.

Loi cidm on
Nghién ctru duoc tai trg boi Quy Phat trien khoa hoc va cong ngh¢ Qudc gia (NAFOSTED) trong dé tai
ma s6 105.08-2019.315.
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ABSTRACT
Residual shear strength of soil: affecting factors and application

Nguyen Thanh Duong?® , Pham Thi Ngoc Ha?, Tran Thi Lan Huong?
'Hanoi University of Mining and Geology
2Vietnam National Construction Consultants Corporation (VNCC)

Residual shear strength of soil is one of the important strength parameters for the analysis, assessment, and
prediction of stability of reactivation landslides. The main purpose of this paper is to evaluate the factors
affecting the residual strength of soil and application in geotechnical engineering. The results of review
research showed that the residual strength of the soil decreased drastically when the clay particle content
increased to 50%, the liquidd limit increased to 150% and the plasticity index increased to 110%. By
contrast, the residual shear strength of the soil increases sharply when the sand content increases to more
than 40%. Regarding clay minerals, the smectite mineral has the greatest influence on the rsidual shear
strength of the soil. When the smectite content in the soil is greater than 30-50%, the residual shear strength
is very small and almost unchanged. In addition, the residual shear stregth also depends on testing
conditions such as shear rates, normal stress. It decreases with increasing normal stress, especially at stress
of less than 100-200 kPa. Among the above factors, the effect of shear rates depends on many factors such
as soil type, range of shear rates, experimental procedure and it should be further studied. In terms of
application, the residual shear strength of the soil is not only related to the reactivated sliding blocks after
a large shear displacement, but also to the discontinuous surfaces in the soil, the embankment failure, hard
and stiff soil slopes.

Keywords: Residual shear strength; intrinsic soil properties; testing conditions; application.
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Tro trau va kha ning ung dung trong cai tao mot s tinh chat
cua dat yeu ¢ Viét Nam
Nguyén Thanh Duongl* Phuing Hitu Hai', Pham Thi Ngoc Ha',

Pao Manh Hiép?, Nguyén Thé Hung?, Nguyen Tién Giang!
Triong Pai hoc Mo - Pja chadt

TOM TAT

Tro trau 1a san pham con lai sau khi d6t vo trau va ton tai & nhidu noi ¢ Viét Nam véi tong khéi luong c6
thé 1én dén 1.7 triéu tin mdi nam. Trén thé gidi, tro trdu da duoc nghién ctu rong réi trong cai tao dat yéu,
nén dat yéu. Tuy nhién, viéc nghién ctu tro trau va ang dung nd trong cai tao dat & Viét Nam con han ché.
Bai bao nay nham muc dich danh gia dac diém cua hai loai tro trau gém tro trau dét trong khéng khi (tro
dbt) va tro ddt trong 10 nung (tro nung) va kha niang st dung cua chiing dé cai tao mot sb tinh chat coa dat
yéu nhu d6 4m gigi han chay, giGi han déo va chi sé déo. Két qua nghién ciru cho thy, tro nung ¢6 ham
luong silic oxit va hoat tinh pozzolan cao hon tro d6t. V& kha ning cai tao dét, tinh déo cua dat giam dang
ké khi ham lugng tro trdu ting, dac biét khi ham luong tro triu 16n hon 8%. Tuy nhién, loai tro trau it c6
anh huong sy thay ddi tinh déo cua dat. Cu thé, véi 15% cua mdi loai tro d6t va tro nung, chi s6 déo cua
dét giam twong tng 20.7% va 25.7%.

Tirkhoa: Loai tro trau; dat yéu; tinh déo cua dit; cuong d6 khang nén 1 truc.

1. D3t van dé

Lua dugc trdng ¢ hon mot tram qudc gia trén thé gioi, véi tong san lugng lua khoang 700 triéu tin/nam
(http://ricepedia.org/rice-as-a-crop/rice-productivity). Vo trau la 16p ngoai cung cua hat lga va duoc tach ra
trong qua trinh xay xat. Lwong vo trau chiém khodng 20% khéi luong lua (Jongpradist va nnk., 2018). Nhu
vdy, véi tong san luong lua khoang 700 tri¢u tan/nam, khoang 140 triéu tan vo trau s& duoc tao ra hang
nam. Thanh phan caa vo trau chi yéu la chit xo, ham luong protein thip, nén vo triu khong thich hop lam
thirc an cho gia stic (Behak, 2017). Mot phan vo triu duoc d6 bo hodc dét & ngoai méi truong, mot phan
duoc sir dung lam nhién liéu d6t dé siy hoa qua, san suét dién...San pham con lai sau khi dét vo triu duoc
goi la tro triu. Lwong tro triu con lai sau khi d6t vo triu chiém khoang 20% khéi luong vo trau (Jongpradist
va nnk., 2018).

Tro triu chira ham lwong silic oxit rat cao, thudng 16n hon 60-70%, ¢6 thé t6i 98% (Fapohunda va nnk.,
2017). Thanh phan silic oxit trong tro triu c6 thé két hop vai canxi hydroxit trong voi hodc xi méing theo
phan tng pozzolan dé tao thanh cac san pham c6 tinh chat két dinh (Behak, 2017; Yoobanpot va
Jamsawang, 2014). Cho dén nay, dd c6 nhiéu nghién ctru trén thé gigi vé viéc st dung tro trau két hop Vi
vOi va xi ming trong cai tao, xir Iy dat yéu, dién hinh I nghién ciru ciia cac tac gia nhu (Faisal Haji Ali va
nnk., 1992; F. Haji Ali va nnk., 1992; Basha va nnk., 2005; Choobbasti va nnk., 2010; Jongpradist va nnk.,
2018; Liu va nnk., 2019a, 2019b; Seco va nnk., 2011; Yoobanpot va Jamsawang, 2014). Cac nghién cau
nay da chi ra rang khi sir dung tro trau két hop vai voi va hogc xi ming co thé cai thién dang ké mot sb tinh
chat co hoc nhu ting cudong d khang nén 1 truc, chi s CBR, sic chdng cit. Ngoai ra, tro trau khéng co
tinh két dinh va hit am, nén tro trau c6 thé dwoc sir dung dé cai tao mot sb tinh chat cua dat nhu giam tinh
déo, giam do am, dic biét 1a giam tinh truong nd cua dat (Adajar va nnk, 2019; Alhassan, 2008; Aziz va
nnk., 2015; Fattah va nnk., 2013). Tuy nhién, kha ning ting cuong do cta dat khi tron véi tro trau khong
dang ké (Alhassan, 2008, Adajar va nnk., 2019). Nhin chung, viéc nghién ctiu st dung tro trau trong cai
tao dat yéu da dwoc nghién ciru ¢ nhiéu noi trén thé giéi dé cai tao dat lam vat liéu dip duong, lam 16p
moéng dudng giao théng ndng thdn va cho thy tiém nang rét 16n.

Viét Nam la mot nuée ndng nghiép, voi tong san luong lua hang nam khoang 44 triéu tan (Vietnam Rice
Annual Report 2018 & Outlook for 2019). Vi san luong lua nay, Viét Nam c6 thé tao ra khoang 8.8 triéu
tan vo trau mdi nam. Néu toan b lwong vo trau nay duoc dét s& tao ra khoang 1.7 triéu tan tro trau mdi
nam. Pay 1a mot khéi lwgng rat 16n va co thé gay anh huang 16n téi méi truong va stc khoe con nguoi néu

* Tac gia lién h¢
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20


mailto:nguyenthanhduong@humg.edu.vn

khong dugc tan dung. Chinh vi vay, viéc nghién ctu sir dung tro triu trong cac linh vyc nhu san xuat bé
tong, xir ly dat yéu la rat can thiét. Tuy nhién, cho dén nay viéc nghién ctu sir dung tro triu trong x ly, cai
tao dat & Viét Nam con réat han ché. Muc tiéu cua bai bao nay la trinh bay dic diém cua hai loai tro triu
gom tro trau @t trong khéng khi va tro trau ddt trong 16 nung c6 kiém soat nhiét do, thoi gian d6t va kha
nang str dung cua chling trong cai tao mot sé tinh chat cua dat yéu ¢ Viét Nam.

2. Pic diém tro triu dét va tro triu nung

Tro trau c6 thé duoc tao ra tir dt vo trau trong khdng khi, trong cac nha may dién sinh khdi hoac dét
trong 10 dét, 16 nung dudi diéu kién kiém soat nhiét do va thoi gian dét. Chat lugng tro triu phu thudc nhicu
vao nhiét do va thoi gian ddt. Dang oxit silic vo dinh hinh trong tro trau s& c¢6 hoat tinh cao hon oxit silic
dang tinh thé. Nhiéu nghién ciru di chi ra rang khi dot vo trau trong diéu kién khong kiém soat nhiét do va
thoi gian nhu dot trong khéng khi, dot trong cac nha may dién sinh khi sé tao ra tro trau c6 ham luong
carbon cao (lugng mat khi nung Ién), hoat tinh pozzolan thap (ham luong oxit silic thip) (Cordeiro va nnk.,
2009; Nguyen va nnk., 2011; Behak, 2017, Karatai va nnk, 2016; Liu va nnk., 2019a, b). Pé tao ra tro triu
c6 hoat tinh cao, vo trau can dugc ddt trong didu kién kiém soat nhiét do va thoi gian nhu ddt trong 1o @t
hozc 16 nung. Cac nghién ctru da chi ra riang didu kién tbi wu dé tao ra tro triu c6 hoat tinh cao la dét vo
trau trong diéu kién nhiét do tir 550°C-800°C va thai gian ddt tir 1- 4 gio (Nguyen va nnk., 2020)

Trong nghién ciru nay, dac tinh cua hai loai tro trau gdm tro triu thu duoc tir &6t vo trau trong khong khi
(diéu kién khong kiém soat) va trong 16 nung dudi diéu kién kiém soat nhiét do va thoi gian ddt s& dugc
nghién ctru. P4i véi vo trau dét trong khi, thoi gian dét trong khoang 5-6 gio (Hinh 1a). B4i véi tro trau
dbt trong 1o nung, nhiét d6 dbt duoc gitr & 600°C, thoi gian dét la 2 gio (Hinh 1b).

L& b)
Hinh 1. Qud trinh dét vé trdu. a) Trong khdng khi (tro dot); b) Trong l6 nung (tro nung)

Tro trdu sau khi thu dugc tir qua trinh dt s& duoc nghién nho va sang qua sang 425 pm trude khi sir
dung (Hinh 2). Nhiéu nghién ctru d3 chi rang tro trau cang min thi hoat tinh cang cao (Jongpradist va nnk.,
2018; Nguyen va nnk., 2011). Tuy nhién, n6 s& tén thoi gian va khé khan trong qua trinh nghién. Kich
thudc tro trau nho hon 425 um ciing da duogc sir dung trong nhiéu nghién ciu khi st dung tro trau dé xir Iy,
cai tao dat (Rao va nnk., 2012; Sharma va nnk., 2008; Subrahmanyam va nnk., 1981).

caanadici,

Hinh 2. Tro tréu sau k

Thanh phan héa hoc va mét sb tinh chat vat Iy caa 2 loai tro triu duoc thé hién trong Bang 1. S6 liéu &
Bang 1 cho thdy tro dét c6 ham luong Silic oxit la 58.6%, thip hon ham luong Silic oxit trong tro nung
(77.6%). Ham lugng mét khi nung (ham lugng carbon) trong tro d6t kha cao, chiém 33.3%, trong khi trong
d6 nung, ham luong nay la 8.1%. Téng ham luong SiOx+ Fe;0s+ Al,Os trong tro dbt 1 59.0%, trong khi
trong tro nung | 78.4%. Theo phan loai pozzolan (ASTM C618-00), tro nung dugc xép vao loai pozzolan
F v6i hoat tinh cao. Tro ddt co thé dwoc phan loai la pozzolan C, tuy nhién ham lwong mat khi nung trong
tro d6t kha cao dan toi lam giam hoat tinh pozzolan cua tro trau. Do c6 chira ham lugng carbon khé cao,
dan dén ty trong cua tro d6t (1.94) thip hon ty trong cia tro nung (2.24). Xét vé mau sac, tro nung c6 mau
sang hon tro d6t. Houston (1972) da phan loai tro trau thanh 3 loai dya theo mau sic, bao gém tro trau cé
ham lugng carbon cao (mau den); tro trdu c6 ham lugng carbon trung binh (mau xam); tro trau khdng chira
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carbon (mau trang hogc hong). Su thay doi mau sic lién quan dén qua trinh dét (nhigt do va thoi gian) va
su hinh thanh silic oxit trong tro trau. Tro trau mau cang sang thi ham luong silic oxit cang cao.

Bang 1. Thanh phan hda hoc va tinh chdt vt Iy cua tro trau

Chi tiéu Tro dot (TT1) Tro nung (TT2)
SiO, 58.6 77.6
Fe,O3 0.17 0.40
Al,05 0.20 0.48
TiO, 0.03 0.04
MnO 0.18 0.23
Na.O 0.03 0.07
. K20 3.35 5.34
Thanh phén hoa CaoO 1.25 2.95
hoc (%) MgO 0.71 1.21
P,Os 0.63 1.02
SO; 1.03 3.04
LOI (Mt khi nung) 33.3 8.08
SiOx+ Fe 03+ AlLO3 59.0 78.4
Tinh chat vat Iy Ty trong 1.94 2.24
Mau sic Xam den Xam trang

3. Kha ning sir dung tro triu trong cai tao mét sé tinh chat caa dat yéu
3.1. Pic diém mau dit

Trong nghién ciu nay, anh huéng cua hai loai tro tréu (tro d6t va tro nung) dén mot sb tinh chat cua dét
yéu nhu gidi han Atterberg, cudng do khang nén 1 truc s& dwoc nghién ciru. Mau dét duoc 1y ¢ do sau tir
1 dén 2m tai Dy an duong cao toc Biac Nam-doan di qua tinh Thanh Hoa. Mau dat c6 ham luong hat sét
(<2 um), CF= 19.0%; hé s6 15 rdng tu nhién, eo= 2.026; khéi luong riéng, vs=2.68 g/cm3; d6 am tu nhién,
w= 88.0%; d6 am gidi han chay, w.=91.9%; chi s6 déo, Ip= 43.5%; ham luong hitu co 1a 9.8%; cuong do
khang nén no hong, qu= 14.7 kPa. Pay la dat yéu, trang thai déo chay, c6 d6 am cao, duoc phan loai la dat
bui o tinh déo cao, MH (ASTM D2487-00). Thanh phan héa hoc cua dat dugc thé hién trong Bang 2.

Bang 2. Thanh phan héa hoc ciia dat
Thanh phan héa hoc (%)
SiOz Fe,O3 A|203 TiOz MnO | Na;O | K;O | CaO MgO P,Os5 | SOz Cr,03 Cl
536 |7.62 |201 |216 |0.06 |0.18 |149 056 |1.69 |0.07 | 239 | 0.05 | <0.01

3.2. Anh hwéng cia tro trdu dén gidi hagn Atterberg ciia dit
100

100
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Hinh 3. Anh hirong cua tro trau dén gidi han chay va gidi han déo cia dat

Déi véi gisi han Atterberg, tro triu s& duoc tron déu truc tiép voi dat va xac dinh cac gigi han Atterberg
theo tiéu chuan ASTM D4318-10. Két qua thi nghiém gigi han chay, gisi han déo cua dat khi tron véi cac
ham lugng tro trau tir 0 dén 15% duoc thé hién trén Hinh 3 (a, b). Véi cac ham lugng khac nhau cua ca hai
loai tro trau, cac gia tri giéi han chay va déo déu thay doi theo ciing xu hudng. Trong do, gidi han chay cua
dat ting dan khi ham luong tro triu tang dén 8%, sau d6 giam dan khi ham lueong tro tréu ting 16n hon 8%.
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Diéu nay c6 thé do khi ting ham luong tro trau, s& can nhiéu nudc hon dé dat dat dugc trang théai chay
(Okafor va Okonkwo, 2009; Sarkar va nnk., 2012), dan téi tang d6 am gioi han chay. Tuy nhién, khi tro
trau tang I6n hon 8%, s& 1am thay doi dang ké thanh phan hat cua dét do kich thudc tro tréu (< 425 um) I6n
hon kich thudéc hat sét (< 2 um), dan toi lam giam do am gioi han chay (Adajar va nnk, 2019; Rahman va
nnk., 2014). Béi vai gidi han déo, chi s nay déu co xu huong téng khi ham luong cua 2 loai tro trau ting,
do khi ting ham luong tro trau, s& 1am ting luong nudc dé dat dat trang thai déo. Két qua nay phu hop voi
két qua ciia nhiéu nghién ctru trudc (Adajar va nnk, 2019; Akinyele va nnk., 2015; Fattah va nnk., 2013;
Sarkar va nnk., 2012).

Dai vai chi s6 déo, chi sb nay déu giam khi 50

ham lugng cua hai loai tro trau ting (Hinh 4). ]
biéu nay cho thay, khi tang ham lugng tro trau, - ! » ]
tinh chat cua dat duoc cai thién. Cu thé, khiham  _ =
lwong tro trau dot tir 0 dén 15%, chi s déo cia s x
dAt giam tir 43.5 xuéng 34.5 (giam 20.7%). Péi 2 301
Véi tro trau nung, chi s6 déo cia datgiamtr43.5 %
xudng 32.3 (giam 25.7%) khi ham luong trotrdu & 20+
tang tir 0 dén 15%. Nhitng két qua nay ciing cho : * Trodot
thay loai tro trdu it c6 anh huong téi su thay ddi 10+ 8 Toang
chi sé déo cua dat. Ngoai ra, sb liéu trén Hinh 4 ]
cho thdy, chi s6 déo cua dat giam déng ké khi 0 . . .
ham luong tro trdu Ién hon 8%. Vi vay, ham 0 5 10 15 20
lwgng tro trau ti thiéu 8% nén duoc sir dung dé Ham lugng tro trau (%)
cai tao tinh deo cua dat. Hinh 4. Anh hwong ciia tro trdu dén chi sé déo cia ddt
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Hinh 5. Biéu do Casagrande thé hién si thay doi tinh déo cia dat

Két qua thi nghiém d6 4m gidi han chay va chi sé déo duoc thé hién trén biéu dd Casagrande (Hinh 5a,
b). Biéu d6 nay thé hién su thay doi tinh déo va thanh phan hat cia dat sau khi tron voi cac ham lugng tro
trdu khac nhau. Két qua trén cac hinh nay cho thay ca mau dét trudc va sau khi tron vai tro triu déu nam
dudi duong A (A-line) va dugc phan loai 1a dat byi c6 tinh déo cao (MH). Tuy nhién, sau khi tron véi cac
ham lugng tro trau khac nhau, cAc mau nay dich chuyén ra xa dudng A. Diéu ndy ching té ham lugng bui
trong dat da tang 1én. Khi dét tron véi ca hai loai tro trdu déu thé hién xu hudng nay. Két qua nay nguoc
véi két qua nghién ciru ciia Rahman va nnk (2014). Theo nghién ciru caa Rahman va nnk (2014), cac mau
dét khi tron vai tro trau sé co xu huéng dich chuyén lai gan duong A, ching t6 ham lugng hat kich thuéc
hat sét tang 1én. Su ddi ngugc ndy c6 thé do sw khac nhau trong kich thuéc tro trau sir dung va kich thuée
hat cua dat nghién cuu.

4. Két luan

Dua trén viéc nghién ctru dic diém cua hai loai tro trau dét va tro trau nung va anh huéng caa ching téi
mot sb tinh chat cua dat yéu, rat ra mot s6 két luan sau:

Tro trau dot thu duoc tir ot vo tréu trong 10 nung dudi diéu kién kiém soét nhiét d¢ (600°C) va thoi gian
d6t khoang 2 gio (tro nung) c6 ham luwgng silic oxit va hoat tinh pozzolan cao hon cia tro trau thu duoc tir
d6t vo trau trong khong khi (tro ddt). Tro trdu dot con ton tai ham lugng carbon chua chay kha cao
(LOI=33.3%), dan téi lam giam hoat tinh pozzolan cua tro ddt.

Ca tro d6t va tro nung déu ca cd kha ning cai thién dang ké tinh déo cua dat. Véi 15% ham luong tro
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dot va tro nung, chi sb déo cia dat giam lan lugt 25.7 va 20.7%. Do d6, loai tro triu it ¢6 anh huong sy thay
d6i tinh déo cua dat. Hon nita, d6i véi ca 2 loai tro trau, khi tron véi dat ham luong hat bui trong dat co xu
hudng tang lén.
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ABSTRACT
Rice husk ash and its application to soft soil improvement in Vietnam

Nguyen Thanh Duong? , Phung Huu Hai' Pham Thi Ngoc Ha?,
Dao Manh Hiep', Nguyen The Hung?, Nguyen Tien Giang*
'Hanoi University of Mining and Geology

Rice husk ash (RHA) is a by-product of burning rice husk va exists in many places in Vietnam with a total
volume of up to 1.7 million tons per year. In the world, rice husk ash has been widely studied for application
in soft soil improvement. However, in Vietnam, research on the utilization of rice husk ash in soil
improvement is limited. This paper aims to assess the characteristics of two types of rice husk ash, including
RHA from open fire burning va from buring in a furnace under controlled conditions va evaluate their
applicability to improve some properties such as plasticity index of soft soil, unconfined compressive
strength (UCS) of soil-cement mixture. Research results showed that RHA from burning in a furnace
contains a high content of silicate oxide va pozzolanic activity rather than RHA from open fire burning.
Regarding the ability to improve the soil, the soil plasticity decreases significantly as the RHA content
increases, especially when the content of RHA is greater than 8%. However, the type of RHA has little
effect on soil plasticity changes. Specifically, the plasticity index of soil is decreased by 20.7% or 25.7%
when the soil is mixed with 15% of open fire buring RHA or 15% of furnace burning RHA in respective.

Key words: Types of rice husk ash; soft soil; soil plasticity; unconfined compressive strength.
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ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

7 Nghién ciu sir dung cat giong ‘
ven bien thanh pho H6 Chi Minh ché tao bé tong dam lan

Nguyen Tuén Pat™* , 5 Minh Toan? Bui Truong Son®
1Céng ty ¢6 phan Pdo tao, Xay ding va Phat trién nguon nhan luc Sau
2Hgi Pia chat cong trinh va Méi truong Viet Nam
3Trieong Pai hoc Mo - Pja chadt

TOM TAT

Theo chuong trinh muc tiéu qudc gia vé xay dung ndng thén mai, viéc cang hda mat duong nong thon bang
bé tong dd va dang duoc phat trién rit manh m&. Tuy nhién, cbt liéu min 1a cat sbng dung trongbé tong
ngay cang khan hiém. Do do, viéc nghién ciru cét bién thay thé cho cat song dé ché tao bé tong c6 nghia
khoa hoc va thuc tién. Trong bao céo trinh bay nhitng nghién ciru bude dau vé viéc sir dung cat giong ven
bién phuc vu cho viéc ché tao bé tong dam lan lam 4o duong giao thong ndng thén khu vuc thanh phd HH
Chi Minh.

Tir khoa: Céat bién; bé tong dam lan; duong giao théng néng thon.

1. Pit van dé

Giao thong nong thdn (GTNT) 1a mot trong nhitng mit xich thiét yéu ndi cac viing ndng thén véi hé
thdng qudc 19, tinh 16, khu d6 thi, khu cong nghiép, khu ché xuit. Do do, cai thién kha nang tiép can voi
ndng thon c6 thé cai thién diéu kién song va dan dén lam giam doi nghéo, thuc day phat trién kinh té- xa
hoi & khu vuc néng thon, viing sau, viing xa, tao diéu kién phat trién co gidi hoa trong san xuét, trao doi
hang hoa, day manh, nang cao doi séng tinh than vat chat cho nguoi dan khu vuc ndng thon. Tai khu viyc
noi d6 thanh phé HO6 Chi Minh (TP.HCM), hang loat cac du an dang duoc xay dung va phat trién co so ha
tang dé phat trién trung tdm kinh té cua dat nudc. Gan day, khu vuc ngoai thanh TP.HCM ciing thuc hién
mot s6 du an dé cai thién va két ndi mang ludi duong bo nong thon. Viéc bé tong hda cac hém, ngd xém
da va dang duoc thyc hién. Tuy nhién, hé thdng dudng giao thong ndng thdn van con han ché. Céc x4, cac
thon, x6m va céc ap van dang van dong nhan dan, doanh nghiép cing chung stc tham gia xay dung ndng
thén & khu vuc ngoai thanh.

Theo béo cao dja chat khoang san TP.HCM va viing phu c4n, ngudn vat lidu cat giong, cat nhidm man
dang 12 ngudn tai nguyén dbi dao chua duoc khai thac, tan dung. Van dé dat ra la tan dung ngudn tai nguyén
nay vao nganh cong nghiép xay dung dia phuong nhu thé nao trong lic vat liéu cat ngay cang khan hiém,
co s& ha ting giao thong dudng bo tai Can Gid dang 1a yéu cau cip thiét. Cu thé, dbi véi duong giao théng
ndng thon, viéc cing héa bang bé tong xi ming dang duoc phét trién va doi hoi khéi lwong bé tong xi ming
kha I6n. Tuy nhién, hién nay, do tbc do d6 thi hda ngay cang nhanh, cac vat liéu sir dung lam bé tong nhu
cat truyén thong ngay cang dugc sir dung nhidu hon so véi kha nang khai thac. Didu d6 da dan dén dén viec
thiéu hut cac nguyén vat liéu dé 1am duong giao théng ndng thén. Viéc tim kiém cac nguyén liéu khéac thay
thé c6 mot ¥ nghia thuc tidn. C6 nhiéu nghién ciru da sir dung cét xay thay thé cat bé téng truyén thng.
Mot s6 tac gia da sir dung cat giong ¢ khu vuc Séc Tring va tro bay dé nghién ctu, ché tao bé tong c6
cuong do khoang tir 25 MPa dén 35 MPa dé kién nghi 1am duong GTNT (Nguyén Binh Hung va nnk, 2017,
2018). Ngoai ra, c6 thé sir dung thém céc rac thai cdng nghiép nhu tro bay tir nha may nhiét dién cling c6
¥ nghia trong viéc giai quyét van d& moi trudng (Andrew, B. and Aceves, P. G, 2011).

Dbi mat duong GTNT, ngoal Viéc str sung bé tong thuong truyén thong, thi bé tong ddm lan ciing 1a mot
lra chon phti hop cho két cau 40 dudng GTNT. Trén thé gisi, bé tong dam lin da duoc sir dung tir nhitng
nam 70 thé ky 20. Bé tong dim lan ra doi 1am giam dang ké gia thanh so vai bé tong truyén thng, dic biét
1a trong céc két cAu dap, do tiét kiém thoi gian thi cong. Ngoai ra, viéc sir dung ham luong xi ming it nén
it bi anh huéng bai nhiét trong qué trinh thiy héa sinh ra, han ché nat do nhiét. Tai Viét Nam, bé tong dim
lan van con twong dbi méi, méi chi ap dung & cac dap thuy dién 16n, viéc nghién ctu va sir dung loai bé
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tong nay cho giao thong chua dugc quan tm & mirc do can thiét. BSi véi két cdu mat duong, bé tong dam
lan ciing duoc st dung bang céch sir dung thiét bi rai bé téng nhwa chat truyén thong, sau d6 dam chat bang
cac loai may lu dé dam chat theo ting 16p c6 d6 day 200mm. Khi bé tong dong ctng s& hinh thanh nén két
ciu 4o duong (Nguyén Dinh Hung va nnk, 2017, 2018; Phan Ngoc Thao va nnk, 2006).

Céc vat liéu str dung dé ché tao bé tong dam lan ciing tuong twy nhu bé tong truyén théng gom: xi ming,
phu gia khoang, phu gia héa hoc, ¢t li¢u (min va th6) va nudc. Tuy nhién, bé tong dam lan khong c6 do
sut va lugng xi mang st dung it so véi cip phdi bé tong thudng. Ngoai ra, cap phol hat COt liéu va ham
lugng hat min la cac yeu t6 quan trong trong viéc dinh lugng thanh phan Cap phdi va quyét dinh tinh chat
ctia hon hop bé tong ddm lan khi rin chic. Hat min sir dung cho bé tong ddm lin 14 cac loai vat liéu c6 kich
thudc hat <0.075mm nhu tro bay tir nha méy nhiét dién. Trong nghién ciru nay, téc gia sé sir dung cat gidong
va thém mot phan tro bay dé ché tao mau bé tong dam lan.

2. Dic diém phan bé cia cat giong ven bién thanh phé Hé Chi Minh

TP.HCM c6 23km b bién déu thudc huyén Can Gio chay dai theo cac x& An Théi Dong, Binh Khanh,
Ly Nhon, Tam Thén Hiép, Thanh An. Theo tai liéu nghién ctru cua nhiéu téc gia, qua khao st 58 hé khoan,
trong khu vuc xay ra bdi 1ap hozc di chuyén theo céc con cat di dong theo mua tuwong di nhidu. Két qua
khao sat cho thiy, phia trén Ia I6p cét, thanh phan chu yéu I cét hat vira dén nho, 1an cat hat thd, bot sét,
vay mi ca mau xam dén nhat; bé day thay déi tir 1.5m dén 5m, trung binh 13 3m. Phia dudi 12 16p bun sét,
buin xen cét, tiép dén 1a sét mau xam xanh, trang thai déo thudc tram tich bién.

Doc theo bo bién Can Gid 1a céc bai cat ngam, doi cat, con cat, d6 1a cat tram tich bi nhiém man, cac
trdm tich ndy c6 thanh phan chu yéu la cat hat nho dén min. Giong (con) cat I di tich cac g cat ¢o, hinh
thanh & ven b viing cira sdng noi 1én trén muc nude bién, mo rong dong bang ctra sdng. Cét gidng duoc
tim thdy o khap cac khu vuc & dong bing séng Ciru Long, khu vuc ven b bién khu vuc séng Mekong va
ca & cac khu vuc huyén Nha Bg, Can Gio.

N i S

Hinh 1. Cat giong ven bién ¢ khu du lich sinh thai Can Gio

3. Thi nghiém xéc dinh kha ning sir dung cat gidng trong bé tong dam Lin
3.1. Vat ligu thi nghigm
a) Cét giong

Bang 1. Két qua phan tich thanh phdn hat cua cét giong

Budng 52 | 21 | 1-05 | 0.5-0.25 | 0.25-0.1 | 0.1-0.05 | 0.05-0.01
kinh (mm)
Max 139 | 7.1 | 192 22.7 91.4 32.9 34
Min 0.1 0 0.1 1 25.9 2.6 1.9
TB 208 | 1.16 | 4.36 7.87 65.79 12.04 6.45

Nhém nghién ctru da 1dy lay 4 mau (CG1, CG2, CG3, CG4) tai huyén Can Gio, dong vao trong bao ni-
long dé van chuyén vé phong thi nghiém ciia Truong Dai hoc Giao théng Van tai TP.HCM. Theo yéu cau
ctia cét str dung bé tong noi chung va bé tong dam lan noéi riéng, ham lugng bun, bui va sét khong dugc lon
hon 1.5% cho bé tong mac 16n hon 30Mpa va 3% cho bé tong c6 mac nho hon 30MPa. Do d6, cat giong
cling duoc xac dinh ham Iuwong bun, bui va sét. Sau khi duoc xa rira sach bang nuéc ding trong sinh hoat
qua c& sang 0.14mm, ham lwong buin, bui sét va phu sa trung binh dugc x4c dinh trong céat gidng nay khoang
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5.12%. Sau khi duoc rira sach, cét gidng kho ciing dugc phan tich thanh phan hat. Két qua phan tich thanh
phan hat trinh bay trong Bang 1.

Tir két qua & Bang 1, c6 thé nhan xét cat glong ¢6 phan 16n 1a céc hat nho, cat hat min va cat bui chiém
lén dén 93.78%. M6-dun do min cua céat gidong theo tiéu chuan ASTM C1257 Ia rat nho, chi vao khoang
1.5. Cép phi bé tong dam lan sir dung cét truyén thong bang cét giong c6 the 1am cho chat lugng bé tong
glam Do d6 nhom nghién curu sir dung thém tro bay de lam tang chat lwong cua bé tong.

Dong thoi voi viéc phan tich thanh phan hat, c4c mau cat giong ciing duge dua di thi nghiém xac dinh
thanh phan héa hoc, két qua trinh bay trong Bang 2. Do am cua cat duoc xéc dinh theo phuong phap sy
kho 14 22%. D6 am nay duoc sir dung dé tinh lugng nudc trong cap phdi cia bé tong.

Bang 2. Két qua phan tich thanh phdn héa hoc cua cat gisng

SHM CG1 CG2 CG3 CG4 Trung binh
SiO, 80.24 83.04 83.28 80.08 81.66
TiO» 0.42 0.42 0.39 0.53 0.44
Al203 3.8 3.32 341 3.25 3.445
Fex0s 4 4.1 4.14 5.07 4.3275
FeO 1.95 1.85 2.2 1.16 1.79
MnO 0.08 0.09 0.09 0.09 0.0875
MgO 1.02 0.94 0.98 0.81 0.9375
Ca0 2.38 1.25 1.01 2.67 1.8275
Na,O 0.41 0.43 0.23 0.27 0.335
K20 1.15 1 0.97 0.95 1.0175
P20s 0.04 0.04 0.05 0.06 0.0475
MKN 3.62 2.61 2.49 4.42 3.285
H.O 0.4 0 0.09 0.41 0.225

b) Tro bay

Tro bay 1a loai phu gia khoang thuong duoc sir dung trong cong nghé san xuit bé téng. Tro bay l1a phé
pham cua qué trinh than nghién chay trong cac nha may nhiét dién. Tro bay Ia nhitng tinh thé hinh cau tron
va siéu min c6 kich thudc tir 0.001mm dén 0.15mm. Trong do, ty 1é cac hat c¢6 kich ¢& nho hon 0.045mm
chiém tir 12.7% dén 39.7%. Céc hat xi mang c6 tir 85% dén 95% céac hat c6 kich ¢& nho hon 0.045mm. Do
d6, cac hat tro bay c6 kich ¢ nho cé thé dién vao khe giira cac hat xi ming dé ting do chic dic cua bé téng
va cudng do chiu nén cua bé téng, giam hé sé thim trong bé tong. Trong khi dé, nhiing hat c6 kich c& 16n
hon 0.045mm dac biét 14 16n hon 0.075mm c6 thé thay thé cho thanh phan cat min trong bé téng lam cho
bé mat bé tong ém thuan khi xe qua lai. Do c4c tinh chit bi anh hudng bai kich ¢& hat, nén tro bay thudng
dugc sir dung lam phu gia san xuit bé tong xi mang bén sulfat, giam anh huéng cua nhiét cho xay dung
cong trinh ¢ cac ving nuée lg, nude man, dong mudi, cong trinh bién dao. Tro bay trong thi nghiém nay la
phé thai tir nha may nhiét dién Vinh Tan. Do hit am cua tro bay duge xac dinh Ia rat nho. Do d6, khi tron
vita, tro bay duoc sdy kho va anh huong caa do hat m cia tro bay duoc bo qua. Két qua phan tich cac chi
tiéu ky thuat, thanh phan khoang vat, thanh phan héa hoc cua tro bay trinh bay trong Bang 3 va Bang 4.

Bdang 3. Céac chi tiéu ky thugt cua tro bay

Chi tiéu thi nehié S5 hisy ma B B B B
1 t1eu thi nghiem 0 hieu mau VT1 VT2 VT3 VT4
Luong lot sang% < 0.075mm 85.2 85.6 85.6 85.7
Do am % 20.40 21.30 20.60 24.50
Khoi lwong riéng, A (g/cm3) 2.22 2.21 2.20 2.21
Khoi lugng thé tich xdp,y (g/cm3) 1.07 0.97 0.99 0.95
Bang 4. Két qua phan tich thanh phan héa hoc, thanh phan héa hoc cua tro bay
Chi tiéu Ham luong (%)
Luong mat khi nung 3.99
SiO; 60.12
Thanh phan hoa Fe:03 24.93
hQC A|zO3 2.3
SO; 0.77
CaO 1.3
MgO 371
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K20 0.34
Na,O 0.3
Mica 14-16
Pyrophyllit 5-7
Thach cao -
Thanh phan Thach anh 47-49
khoang vat Canxit 1-3
Go tit 4-6
Hé matit 4-6
Khoang vat khac 4% Felsapt
Chi s6 kiém 0.08
Chi s6 hoat tinh Al,O4/ Si0, 0.038
Ty 1é Ca0+MgO 5.01

c) Céc vat ligu khac

(a) (b)
Hinh 2. Tro bay ci:a Nha may nhiét dién Vinh Tén (a); Cot liéu thd (b)

Cét lidu tho 1a d4 dwoc nghién tir d4 gc xam den c6 kich c& hat 16n nhat 1a 20mm. Cét liéu tho duoc
mua sin trén thi trudng, noi bé tong duoc 1am thi nghiém. Cét lidu tho ciing dwoc phan tich thanh phan
kich c& hat bang ray dé xac dinh mo-dun do 16n do theo tiéu chudn ASTM C125 14 7.0. Khéi luong don vi
do bang thung dung trong 15 lit 1 1450kg/m3. Xi ming PCB40 c6 sin trén thi truong dugc st dung trong
thi nghiém nay, day 1a loai xi mang hdn hop sir dung véi xi 10 cao c6 tinh ning nhu xi ming c6 tac dung
giam nhiét khi phan (ng voi xi mang. Xi mang c6 khéi lugng riéng 1a 3.15 tan/m3,

3.2. Cdp phai vat ligu va thi nghigm

C6 rat nhiéu phuong phép da dugc dé xuét dé thiét ké cap phdi bé tong tu dam trén thé givi. Diéu do lam
cho rat khé c6 mot phuong phép théng nhat nhu 1 tiéu chuan dé thiét ké. Nhoém nghién clru da str dung
phuong phép tinh toan két hop véi thuc nghiém cua Bolomey - Scramtaev. Nhin chung, cap phéi cua bé
tong dam lan dugc xac dinh dya vao mot sd tiéu chi. Ty 1é nude/xi mang thuong nam trong khoang tir 0.3
dén 0.4. Luong xi ming khoang tir 130kg/m? dén 200kg/m3. Trong thi nghiém nay, chon ty 1é nuéc/xi mang
(N/X) 12 0.4. Ty ¢ gitra thé tich c6t liéu min trén thé tich hd xi ming vao khoang 1.3. Trong khi d6 ty 1é
giita thé tich vita xi méng (bao gdm cét liéu min) trén thé tich cét liéu thd khoang tir 1.1 dén 1.3. Trong thi
nghiém nay, khdi lwvong xi mang duoc ldy lan luot 1a 130kg/m3,150kg/m3, 175kg/m? va 200kg/m3. Tro bay
dugc ciing dugc st dung nhiéu trong viéc cai hién chat luong cua bé tong tu ddm. Ham luong tro bay duoc
ldy khoang 10% khéi lugng xi mang. Khi d6, cap phdi ciia cac mé tron duoc thé hién & Bang 5.

Bang 5. Cac cap phai bé ton

Cép N/X Ximing | Nudc | Trobay | Céatgidng | Dadam
phoi (kg) (1it) (kg) (kg) (kg)

Cl 0.4 130 52 13 347.4 1770.6
C2 0.4 150 60 15 400.8 1689.2
C3 0.4 175 70 17.5 467.6 1587.4
C4 0.4 200 80 20 534.4 1485.6

_May tron cudng birc c6 dung tich 250 lit dugc st dung dé tron bé tong trong thi nghiém. Khuon dic mau
bang kim loai c6 kich thudel5x15x15¢cm duge dung dé ché tao mau bé tbng. Cac thanh phan duogc tron
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theo mot quy trinh nhét dinh duoc thiét ké phi hop trén co so kinh nghiém thyc té va thuc nghiém. Trudc
tién, khoang mot nira cat gidng duoc db vao may tron. Xi ming hodc/va tro bay duoc db vao may trudc khi
phan céat giong con lai duoc d6 vao may tron. Hon hop cét gidng, xi mang va tro bay s& dwoc tron trong
vong mot phut. Sau d6, nude duoc do vao va dugc tron thém khoang 1 phit. Da dam dwoc db vao may tron
va duoc tron khoang 5 phut cho dén khi bé tong dong déu. Bé tong dam lan sau khi tron dugc bo vao khubn
va chia lam 3 16p. M&i I6p sit dung thanh dam dam 25 Ian mi I6p. Sau khi dam xong 3 16p thi ding thuéc
tao phang dé tao phang mat mau va de trong phong thi nghi¢m dé bao dudng. M&i cap phdi bé tong sir dung
02 khudn loai 15x15x15¢cm dé tao mau. M6i khuén gém 3 mau tao thanh mot to hop va duoc nén bang may
nén bé tong c6 kha nang 2000kN dé cac dinh cudng do chiu nén cia bé tong duoc thi nghiém tai thoi diém
3 ngay va 28 ngay.

3.3. Két qua thi nghigm va nhan xét q i o
Trong Bang 6 the hién ket qua cuong do chiu nén trung binh cua cac to6 hgp mau trong cac cap phoi.
Hinh 3 thé hién két qua nén bang biéu d6 dé thay dugc su thay doi cua cac cap phoi.

Bdng 6. Cuong dé chiu nén trung binh cua cac té hop mau

z e Cuong do chiu nén (MPa)
Cap phoi 3 ngay 28 ngay
C1 5.6 16.8
C2 6.7 18.2
C3 8.2 24.6
C4 10.4 26.8
30

Cwdmg Ao chin nén, MFPa

1 2 3 £

Cic cip phéi thi nghiém

Hinh 3. Biéu do curong d@é chiu nén ciia cac cac cdp phoi bé tong dam lin
Két qua tir Bang 6 va Hinh 3 cho théy, khi tang ham lugng xi mang thi 1am cho cuong do chiu nén trung
binh cua céc t6 hop tai thoi diém 3 nay va 28 ngay déu tang. Gia tri cudng do chiu nén tai thoi diém 3 ngay
dat khoang 30% gia tri cuong d6 chiu nén tai thoi diém 28 ngay. Tai thoi diém 28 ngay cap phdi sir dung
200kg cho cudng d6 chiu nén cao nhat la 26.8Mpa. Néu két cau 4o duong cho duong GTNT ¢6 yéu cau
cuong do chiu nén tai thoi diém 28 ngay tir 25MPa dén 35MPa, thi bé tong dam lin sir dung cat giong, tro
bay trong cap phéi C4 cd thé duoc &p dung dé 1am két cau do duong GTNT.

4. Két luan

Nhu cau phéat trién hé théng duong GTNT 1a can thiét, ngay ca véi cac huyén ngoai thanh & khu vuc
TP.HCM. Déi véi dudng GTNT, két cdu 4o duong ¢ thé sir dung bé tong dam lan dé lam giam gia thanh.
Trong thi nghiém nay, bon cép phdi bé tong dim lan dugc thir nghiém, trong d6 ham lwong xi méang trong
1m3lan lugt dugc thir nghiém 1a 130kg, 150kg, 175kg va 200kg. Ham lwong tro bay duoc thém vao khoang
10% khéi lwong xi mang. Ty 1& nudc trén xi mang ldy 14 0.4. Khéi luong cét giong tao ra thé tich twong
ng vai 1.3 1an thé tich cua xi mang, nudc va tro bay, phan con lai 1a ¢a dam. Cudng do chiu nén cia mau
vuong 15x15x15cm dugce xac dinh tai thoi diém 3 ngay va 28 ngay. Cuong d chiu nén cua cac mau tai
thoi diém 3 ngay dat khoang 30% so véi cudng do chiu nén tai thoi diém 28 ngay. Cap phéi bé tong dam
lan st dung lugng xi mang 200kg/m® co cuong do chiu nén 1én dén 26.8MPa. Cap phdi nay c6 thé sir dung
dé 1am két cu 4o duong GTNT phl hop véi yéu cau hién hanh c6 cudong do bé tong khoang tir 25MPa dén
35MPa. Viéc str dung céat giong gop phan vao giam tinh trang khan hiém cét tu nhién hién nay. Trong khi
d6, str dung tro bay gép phan giai quyét vin d& méi truong tir nha may nhiét dién.
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ABSTRACT

Research on using coastal sand dunes
in Ho Chi Minh City in roller compacted concrete

Nguyen Tuan Dat!, Do Minh Toan?, Bui Truong Son®
1Six Human Resources Training, Construction and Development Joint Stock Company
2Vietnam Association of Engineering Geology and Environment
®Hanoi University of Mining and Geology

Under the national target program on new rural construction, the hardening of concrete rural roads has been
strongly developed. However, fine aggregates of river-sand used in concrete is increasingly scarce.
Therefore, researching sea-sand to replace river-sand in concrete has a scientific and practical meaning.
This article presents the initial studies on the physico-mechanical properties of coastal sand dunes to make
roller compacted concrete for rural roads in Ho Chi Minh City.

Keywords: Sea-sand; roller compacted concrete; rural roads.
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ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Pic diém suc khang cat va cb két caa dat loai sét yéu doan
Km339+100 dén Km342+270, dy an cao toc QL45 - Nghi Son
Nguyén Minh Hién'*, Bui Truong Son?, Nguyén Thi Nu2, Chu Qudc Diing!

1 Vien Khoa hoc va Cong nghé Giao thﬁng Van tdi
2 Truong Dai hoc M6 - Dja chat

TOM TAT

B4o céo trinh bay két qua nghién ciru stic khang cat bang cac thi nghiém khéc nhau va cé két cua dét sét
yéu phan b tai Km339+100 dén Km342+270, du &n cao téc QL45 - Nghi Son. Bé xac dinh stic khang cat
va cb két cua dat yéu da sir dung nhiéu phu’o’ng phéap trong phong va ngoai troi khéc nhau. Két qua cho
thay, chi sb nén IGn c6 mbi tuong quan rat chat v6i do am ty nhién, hé So rong va ty s6 (ywlya) va tuong
quan chat véi gisi han chay cua dat, ap luc tién cb két nho dat thuoc loai cb két thong thuong, hé s6 cb két
nho. Stc khang cit khong thoat nudc cia dat loai sét yéu déu nho hon 20 kPa va thudc loai rat yéu. Gia tri
sirc khang cit theo thi nghiém cit canh ngoai hién truong bang 1.63 lan thi nghiém ba truc UU. Trong thi
nghiém ba truc so d6 CU, géc ma sat trong hitu hiéu ting 64% so voi goc ma sét tir 11°05' 1én 18°12', nhung
gia tri luc dinh hiru hiéu giam tir 11.77 kPa vé 7.76 kPa.

Tirkhéa: QL 45 - Nghi Son; chi s6 nén In; sirc khang cit; ham tuong quan.

1. Pat véan dé

Viét Nam la mot nude dang phat trién nén nhu cau vé dau tu ha ting giao thong la rat 16n. Hién nay, cao
tbc Bic-Nam phia Pong dang duoc Nha nude dau tu xay dung, viéc hoan thanh sém cong trinh s& nang
cao nang lyc van tai caa Viét Nam. Tuy nhién, phan Ién cac doan tuyén cao toc déu di qua cic ving ven
bién va noi c6 chiéu day tang dit yéu I16n va gay kho khin cho cong tac xdy dung. Dé cong trinh dam bao
6n dinh, can tién hanh xir ly bang cac giai phap xir Iy nén dat yéu khac nhau. Cac phuwong phap xir Iy nén
bang bién phap thoat nudc thang ding nhu giéng cét, bac tham két hop voi gia tai truéc hoic cong nghé
hut chan khong di, dang va sé& dugc ap dung phd bién tai Viet Nam. Dé thiét ké, lua chon cac giai phap xir
Iy nén dat yéu, viéc nghién ciru dic diém sac chdng cit va ¢ két cua dét 1a hét sic can thiét. Ngoai ra,
trong cong tac thi nghiém thi thi nghiém cé két thuong mat nhiéu thoi gian, thong thuong 1a hon 1 tuan dbi
v6i dat yéu va ton chi phi. Do d6, ndi dung béo céo s& dé cap dén hai muc tiéu: so sanh sic khang cit cua
dét tir cac thi nghiém khac nhau dé dé xuat lya chon cac thdng sé phu hop; dé xuit ham twong quan giita
chi s6 nén 1Gn va cac chi tiéu co ban trén co s& sé liéu thi nghiém trong phong va hién truong doan
Km339+100 dén Km342+270 du an xay dung tuyén QL45- Nghi Son.

2. Pic diém dia ting cia doan tuyén nghién ciru

Poan tuyén nghién ciru thude dia ban huyén Néng Céng, tinh Thanh Hoa. Dé xac dinh cac dic diém dia
tang va lya chon mau nghién ctiru, nhém tac gia da tién hanh khoan khao sat dia chat cong trinh va thuc
hién cac thi nghiém ngoai hién truong. Dic diém dia ting ciia doan tuyén nghién ciru dugc trinh bay ¢ Hinh
1, gom cac I6p nhu sau:

Lép kQ: Dat trong trot, dat san lap, dat dap nén duong, bo muong, phan bd ngay trén bé mit dia hinh
V6i bé day thay doi tir 0.48m dén 2.54m.

Lép 1: Sét it déo, rat déo (CL, CH), déo mém, doi chd c6 trang thai déo cung, voi bé day thay doi tir
1.10m dén 1.51m.

Lép 2: Sét rat déo (CH), 13n hitu co, déo chay, vai bé day thay ddi tir 10.76m dén 14.76m.

Lép 3: Sét it déo, rat déo (CL, CH), déo cumg dén nira cing, véi bé day di khoan duoc tir 6.75m dén
9.41m.

Qua két qua khao sét cho thay, 16p sb 2 1a 16p dét yéu va gay bét loi cho viéc xay dung cong trinh.

*Tac gid lién h¢
Email: nguyenminhhiendkt@gmail.com
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Hinh 1. Mdt cdt dia chdt dién hinh tgi Km 340+000
3. Nghién ciru diic diém stic khang cit va cé két caa dat

3.1. Cdc phwong phdp nghién ciru

- Pé xac dinh sirc chdng cat khong thoat nudc cua dat yéu (16p s6 2) sir dung ba phwong phap khac nhau:
Nén ba truc khong thoat nude (so s6 UU) theo tiéu chuan TCVN8868:2011, nén ba truc theo so dd cb két
khong thoat nuréc theo tiéu chuan TCVN8868:2011, thi nghiém cit canh ngoai hién trudng theo tiéu chuan
22TCN 355-2006.

- Trong thi nghiém nén ba truc so @6 UU, mau dét thi nghiém chiu tac dung ap luc hong khong dbi, ddng
thoi chiu tac dung mot tdi trong doc truc, khi khong cho phép thay di téng d6 4m cua mau. Két qud xac
dinh duoc strc khong thoat nuéc. Tién hanh thi nghiém 09 mau tai cac do sau khac nhau tir 2.4 m dén 5.0m.

- Nén ba truc theo so d6 ¢ két - khong thoat nudc, do 4p lue nudc 16 rdng (CU) la phwong phap dang
duoc ap dung rong rai trong cac tuyén dudng di qua nén dat yéu dé md phong lai trang thai (ng suét tu
nhién cua mau dat. Mau trugc hét duoc ¢b ket trong diéu kién ung suat dang hudng khong ddi, thoat nude
hoan toan (giai doan ¢ két); sau giai doan ¢ két ting tai trong ¢ doc truc va khong cho thoat nudce (giai doan
nen) Trong giai doan nén do sy thay doi cua ap luc nuéc 16 réng. Thi nghlem ndy duoc dung dé xac dinh
céc thong sb cua | ang Suat tong ¢, ¢ va tng suat higu qua c', ¢'; su thay d6i ap luc nudc 16 rdng. Tién hanh
thi nghiém 10 mAu tai cac do su khac nhau tir 2.4 m dén 4.0m.

- Thi nghiém cit canh hién truong xac dinh sirc khang cit khong thoat nudc cua dat, dugc sir dung cho
cac loai dat dinh mém yéu, bao hoa nuéc. Thi nghiém thuc hién trong didu kién ty nhién, nén dam bao tinh
nguyén trang cua dat. Thi nghiém nay dwoc tién hanh tai 60 15 khoan (201 diém) va tai cac do sau khac
nhau trong I6p 2 (1.2m dén 14.4m). Thi nghiém xéac dinh cuong d6 khang cét khong thoat nudc cua dét
nguyén trang Su va cuong do khang cit khong thoat nudc cua dit pha hay S'u.

- Pé xac dinh cac dic trung cb két sir dung thi nghiém nén ¢ két theo tiéu chuin ASTM D2435 duoc
thuc hién ddi véi 15 mau dit cua 16p 2 tai cac do sau khac nhau tir 2.0m dén 10.0m. Thi nghiém xéc dinh
céc chi tiéu nhu hé s6 ¢6 két (Cv), chi s nén (Cc), chi s6 ng (Cr), &p tién cd két (Pc).

3.2. Két qud nghién ciru va nhan xét '
3.2.1. Cac dac trung vé suc chong cat cua dat ) )
Bang 1 trinh bay cac dac trung stc khang cat caa 16p 2. Céc két qua thi nghiém ciing cho thay, gia tri
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sirc khéang cit theo thi nghiém cét canh ngoai hién truong bang 1,63 lan thi nghiém UU.

Bang 1. Cdc ddc trung sirc khang cdt cia ddt

S6 lwong miu 9
Thi nghiém UU Qu (dd) 1°02'
Cu (kPa) 9.3
e o, S6 lwong miu 201
Thi nghiém cat canh Su (kPa) 152
S6 lwong miu 10
(Pcu 11°05'
P Cu (kPa) 11.77
Thi nghi¢m CU Su (kPa) 199
¢'cu 18°12'
C'u (kPa) 7.76

Gia tri sirc khang cit khong thodt nudc cia dét sét yéu theo ca ba phuong phép thi nghiém déu nho hon
20kPa va thudc loai dat rat yéu.

Bang 2. Cdc ddc tinh theo cuong dj chiu nén cia dat logi sét theo Tezaghi

Pic tinh Gia tri qu (kPa)
Chay <25

Déo mém 25-50
Mém 50-100

Déo cling 100-200

Ntra cing 200-400
Cung >400

Khi dét duoc cb két dé dua vé diéu kién tu nhién (nén ba truc theo so dd CU), gia tri strc khang cit ting
113% so vai thi nghiém nén ba truc UU tir 9.30 kPa 1én 19.9 kPa.

Két qua nghién ciru stic khang cat hitu hiéu bang phuong phap nén ba truc theo so dd CU cho thdy, goc
ma sét trong hitu hiéu tang 64% so vai goc ma sat tir 11°05' 1én 18°12', nhung gia tri luc dinh hru hiéu
giam tir 11.77 kPa vé 7.76 kPa.

Hinh 2 biéu thi su thay ddi cua ty s6 Su/c’vo theo d6 sau. Két qua cho théy, khi d6 sau tang lén th1 ty s6

Sulo’ve giam. Hé sb R? = 0.8297, ching t6 ty s6 Su/c’ vo va d0 sau co méi twong quan chat. Ty 6 Sulo’vo
dao dong trong khoang 0.09 dén 1.07. Nguoc lai véi méi tuong quan ¢ Hinh 2, méi tuong quan & Hinh 3
giita sirc khang cit khong thoat nudce va do sau la mbi tuong quan rat yéu khi hé sb R? = 0.4641. Két qua
cho thay sic khang cat khong thoat nudc ty 1€ thuan vei chiéu sau va thay doi tir 10 kPa dén 34 kPa. Trén
co s& mdi twong quan chat cua stc khang cét khong thoat nudc, cho phep tinh toan strc khang cit tai cac
diém khong c6 két qua thi nghiém khi tinh toan thiét ké xu ly nén dat yéu.

Sulc'y,

0.0 0.2 0.4 0.6 0.8 1.0 1.2
0.0

6.0 2ot ®
¢ ':. S,/c,o' = 0.8024Z-118
8.0 R = 0.8207
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—
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-
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Hinh 2. D6 thi quan hé giira ty sé Su/ovo va do sau Z (thi nghiém cdt canh)
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Hinh 3. P6 thi quan hé giira sirc khang cdt khong thodt nwée Su va dé sau Z (thi nghiém cat canh)

3.2.2. Cdc ddc trung vé co két cia dat

Chi sb nén Cc la mét trong nhitng chi s6 quan trong tinh toan ltn cua dat. Dat c6 chi sb ‘nén ln cang cao
thi bién dang cang lon. Trén thé gidi da co nhiéu nghién ciu méi tuong quan giira chi sb nén ltn véi dac
trung va cau trdc va loai dat. Tir cac cong thiic trong Bang 3, d6i véi dat sét, do am tu nhién (W) va hé sé
rdng (e), gisi han chay, khdi luong thé tich ty nhién (yw) va khd (ya) c6 anh huong Ién dén chi s nén 1Gn
Cc. Dya trén nhiing nghién cau trén, nhém nghién ciru xay dung cac ham ding dé du béo chi s6 nén 1an tir
cac chi tiéu co 1y co ban (Hinh 4). Tir két qua nghién cau cho thay, chi s6 nén 1un 16n, dao dong trong
khoang 0.487 dén 0.925 va c6 mdi twong quan rat chit (R2>0.9) voi do am ty nhién, hé s6 rong va ty sb
(ywlya) va twong quan chat véi giGi han chay. Khi hé s6 réng, 6 am ty nhién, gisi han chay va ty s6 (yw/ya)
cang l6n thi chi sé nén 1an cang lén.

- Ap lyc tién cb két Pc twong d6i nho va dao dong trong khoang 61 kPa dén 83 kPa, hé sé OCR xap xi 1
chang to dat ¢ trang thai ¢ két binh thuong. Do d6 cac bién phap xir Iy nén dat yéu bang cac bién phap
thoat nuéc thing dung c6 thé 4p dung cho loai dit nay.

- Chi s6 né thay d6i tir 0.123 dén 0.232 va ty s6 Cc/Cs dao dong trong khoang 3.63 dén 5.34, trung binh
Cc=4.36Cs.

- Hé 56 ¢6 két Cyy2 trong ddi 16n va bién ddi tir 2.6x10 cm/s dén 4.4x10 cml/s.

Bdng 3. Méi tuong quan giira chi s6 nén 1an va céc chi tidu khac (Bowles, 1984)

Cong thuc Tac gia Ghi cha
C.=0.01W Bowles Dit sét Chicago
C.=0.00115 W Bowles Pit hitu co, bun, bui hiru co
C. = 0.0046 (W.-9) Bowles Dit sét Brazin
C. =0.009 (W.-10) Terzaghi Dit c¢b két thong thuong
Cc = 1.15 (0-0.35) Nishida Dit sét
Cc = 0.30 (e0-0.27) Hough Dét dinh khong hiru co: sét, bui
C.=0.75 (e0-0.5) Bowles Dit it déo
C.=0.208 e +0.0083 Bowles Dit sét Chicago
C. = 0.156 e +0.0107 Bowles Dit sét
Ce = 0.5(yulya)'25 Herrero Dit sét
Trong d6: Cc 1a chi s6 nén lin, W 1a d6 4m ty nhién, W 1a giéi han chay, eo 1a hé s6 rdng,
vw 12 khéi lugng thé tich, ya 1a khdi lugng thé tich kho
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Hinh 4. Po thi quan hé giira chi sé nén lGn va cac chi tiéu co' Iy co ban

4. Két luan

Qua két qua nghién ctru dic diém stc chdng cit va cb két cua dit yéu phan bé tai doan tuyén Km339+100
dén Km342+270, dy &n cao téc QL45 - Nghi Son, rat ra mot sé két luan sau:

- St khéng cét khong thoat nudc tir cac thi nghiém khac nhau déu cho thiy Su<20 kPa chung to 16p
dét sét phan bd ¢ doan tuyén thudc loai dat rat yéu. Do d6 khi tién hanh thi cong nén duong can tién hanh
thay thé I6p dét trén néu chiéu day mong hoic ap dung céc bién phap xir Iy nén dét yéu bang cac phuong
phap thoat nuéc thang dung.

- Goc ma sat trong hitu hiéu tang 1én dang ké tir 11°05' 1én 18°12', didu d6 ching to d6 on dinh cua nén
duong sé tang 1én dang ké néu str dung cac bién phap thoat nudc thang dung dé thuc day qué trinh cb két.

- Gi4 tri sirc khéang cit theo thi nghiém cat canh ngoai hién trudng bang 1.63 lan thi nghiém UU. Stc
khang cét nay ty 1& thuan véi chiéu sau va thay doi tir 10 kPa dén 34 kPa. Ty s6 Su/o’vo va do sau cé mdi
twong quan chat.

- Dit & trang thai chua cb két xong va c6 &p lyc tién cb két trong ddi nho, thay ddi tir 61 kPa dén 83
kPa.

- Chi sé nén 1an 16n, bién dbi trong khoang 0.487 dén 0.925 va c6 mbi twong quan rat chat voi do am tu
nhién, hé s6 rdng va ty s6 (yw/yd). Ty sb Cc/Cs dao dong trong khoang 3.63 dén 5.34, trung binh Cc=4.36Cs.
Véi két qua nhu vay nhom tac gid dé xuét nén dung cac ham tuong quan dé du béo chi sé nén cho dit &
doan tuyén trén cho cac giai doan thiét ké thi cdng va céc cong trinh lan can khéc.

Loi cam on

Chuing tdi xin gui 101 cam on dén nhém tac gia dé tai “Nghién ciru danh gia cac dang cau tric nén dat
yéu viing ven bién Béc Trung Bo lam co sé khoa hoc dé xuat cong nghé xur Iy nén pht hop phuc vu xay
dung cong trinh” thuc hién 1/2020-12/2021. M4 s§ CT2020.04.MDA.02. Chu tri d& tai Nguy?n Thi Nu da
giup d& t6i hoan thanh bai bao nay.

Tai ligu tham khao
Lién danh TEDI-HECO-VNC (2019), Bao cdo DCCT nén dudng va cong doan tuyén Km339+100 dén
Km342+270, du 4n cao tbc QL45 - Nghi Son (Giai doan thiét ké ky thuat).
Bowles, J.E. (1984). Physical and Geotechnical properties of Soils, 2nd Ed., McGrow-Hill Book Co.
Karl Terzaghi, Ralph B. Peck, Gholamreza Mesri, (1996). Soil mechanics in engineering practice. Third
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edition, John Wiley & Sons.
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TCVN 8868:2011. Thi nghiém xéc dinh strc khang cat khdng cb két - khong thoat nude va cd két - thoat
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ABSTRACT

Shear strength and consolidation properties of very soft soils at section
(Km339 + 100 - Km342 + 270) of national highway 45 - Nghi Son
construction project

Nguyen Minh Hien®, Bui Truong Son?, Nguyen Thi Nu?, Chu Quoc Dung*
YInstitute of Transport Science and Technology
2 Faculty of Geosciences and Geoengineering, Hanoi University of Mining and Geology

The report presents research results of shear resistance by various testing and consolidated testing on soft
clay distributed at Km339 + 100 to Km342 + 270, NH45 - Nghi Son expressway project. To determine the
shearing resistance and consolidation of soft soils, various in-situ testing and laboratory testing have been
used. The results show that the compressibility coefficient has a very strictly related to natural humidity,
void ratio, and ratio (yw/yd) and strictly related to a liquid limit of soil, pre-consolidated pressure of soil with
ordinary consolidated soil, small consolidated coefficient soil. The undrained shear strength of soft soil is
both less than 20 kPa and of the very soft type. The shear resistance value according to the field vane shear
test in cohesive soil is 1.63 times of UU test. In the triaxial compression test of the CU diagram, the effective
internal friction angle increased 64% compared with the friction angle from 11°05' to 18°12', but the
effective consolidated value decreased from 11.77 kPa to 7.76 kPa.

Keywords: National Road No.45; compression coefficient, shear strength; correlation function.
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ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru cuong do khang kéo, khang uén cua vira xay dung
khi str dung xi day 16 nha may nhiét di¢n thay the cat tu nhién

Nguyén Van Hung™*
Triong Pai hoc M¢ - Dia chat

TOM TAT

Nuéc ta dang ngay cang phat trién, cac cong trinh xay dung moc Ién cang nhiéu. Kéo theo d6, nhu cau vat
lieu xay dung ngay cang tang cao. Trong thanh phan cua vira, cat tu nhién dong vai tro 1a cdt ligu min. Tuy
nhién, nguon cat tu nhién ngay cang khong dép g dugc nhu cau. Mat khac, cac nha may nhiét dién &
nudc ta ngay cang tang, dleu do dong nghia véi viéc xi ddy 10 tir cac nha may nhiét dién thai ra ngay cang
nhleu N6 gay ap luc 16n vé noi db thai cling nhu tdc dong cua Xi thai véi moi truong. Dé giai quyét nhu
cau vat liu xay dung ciing nhu giam thiéu tic dong méi truong, i day 16 cac nha may nhiét dién s& tham
gia thay thé cat ty nhién trong vita. Bai bao trinh bay két qua nghién cau thuc nghiém trong phong cuong
d6 khéang kéo, khang udn ciia mau vira khi sir dung xi day 16 thay thé cat tu nhién. Nghién ctru da chi ra
rang, & 300 ngay tudi, khi ham lwong xi day 16 tang, cuong d6 khang udn, khang kéo giam. Mat khéc, khi
ham lugng xi ming ting, cudng do khang udn, khang kéo ciia miu tang. Khi lugng xi méing ting 1én 15%,
cuong d6 khang udn, khéng kéo véi vira xay tiang tir 10-20%, vita trat ting tir 13-16%.

Tirkhoa: Xi day 10; vira; nha may nhiét dién; cuong @ khang uén; cuong do khang kéo.

1. D3t van dé

O Viét Nam, nghién ctiu str dung xi day 10 nha méay nhiét dién van con nghién cau mot cach han ché.
Viéc nghién ciu str dung tro xi chi tap trung vao muc dich lam gach khéng nung, vat liéu san lap hozc lam
nén moéng va 4o dudng giao thong.

Nhiing nghién ciru dau tién phai ké dén 1a nghién ctru cia Lién hiép cac Xi nghiép xi mang da ap dung
két  qua nghlen ciru cua dé tai 26A-07-01 vé ' “Nghién ctu st dung tro xi nhiét dién Pha Lai lam phu gia san
XUit xi mang” vao dau nhimg nam 90. Tiép do la nhitng nghién ciru cua Vién khoa hoc Vat liéu, Vién
KHCN Viét Nam (nhitng ndm 1995-1997) , Vii Thi Chiéu Duong (2011), Ngo Vin Toan (2014), Nguyén
Thi Nhién (2016). Nghién cttu méi nhat phai ké dén la nghién ctru caa Bui Truong Son (2019) trong dé tai
nghién cuu sir dung tro xi nha may nhiét dién tinh Thai Nguyén trong xay dung dwong giao théng phuc vu
phét trién bén virng va bao vé méi trudng.

Nhu vy, tinh hinh nghién ciru sir dung xi day 16 thay thé cat ty nhién trong ché tao vira xay dung & Viét
Nam van con han ché, hau nhu chua dugc dé cap dén.

Trén thé gici, tir 1au nguoi ta da tuyén tro bay dé Iéy than tuyén dua dung lai, liy tro tuyén dung lam vat
liéu xay dung (ndm 1914) da dung tro bay dé thay thé mot phan xi miang Podc lang cua bé téng).D. Suresh
va K. Nagaraju (2015) da nghién ctu tong quan vé sir dung xi day 10 trong ché tao bé tong, Br Phanikumar
(2017) nghién ciru dic tinh dam nén va cuong do cua tro bay tron voi: trong nghién ciu nay, tac gia da
thém voi voi ham lugng khac nhau vao trong tro bay dé nghién ciru anh huong ciia mot sé tinh chat ky
thuat cta tro bay.

Nhu véy, ¢6 thé néi tro xi 1a dbi trong thu hat rat nhiéu nghién ciru ¢é 4p dung ching vao céc ing dung
khac nhau trong linh vyc xay dung. Tuy nhién, cac cong trinh nghién ciru thay thé cat tu nhién biang xi day
16 chua duoc nghién ciu nhiéu.

Cuong d6 khang kéo, khang uén 1a cac chi tiéu quan trong quyét dinh dén kha ning sir dung cua vira.
Chuing 1a nhiing chi tiéu quan trong quyét dinh dén do bén, d6 6n dinh cua I6p vira Xy va trat, qua d6 quyét
dinh dén do bén, do 6n dinh cua cong trinh xay dung. Nghién ctru dugc tién hanh trén nhiing mau vira dugc
duc va bao dudng theo cac ngay tudi. Sau do, cic mau vira dugc nén bang ga nén theo quy dinh dé xac dinh
cuong do khang udn.

* Téc gia lién hé:
Email: nguyenvanhung.dcct@humg.edu.vn
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2. Vit ligu trong nghién ciru va phwong phap nghién ciu
2.1. Vat ligu si¢ dung trong nghién ciu

Vit ligu xi day 10 sir dung trong nghién ciru dugc lay tai hai nha may nhiét dién An Khanh va Cao Ngan
trén dia ban tinh Thai Nguyén. Hién trang bdi xi nha may nhiét dién An Khanh va Cao Ngan ciing nhu vat
lieu xtr dung trong nghién ctru dwgc trinh bay trong nghién ciru ctia Nguyén Vin Hung, Bui Truong son,
Pham Thi Ngoc Ha va Phung Hitu Hai, 2020.

Thanh phan hat ciia xi day 16 nha may nhiét dién An Khanh va Cao Ngan sau khi thay doi cap phdi dugc
thé hién & Hinh 1.

Biéu dé thanh phan hat - particle size dis. graph
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Hinh 1. Biéu do ham liwong phan tram tich Iuy cua xi |am vira xay va tréat

Ghi cha:

- Vung 1: thanh phan hat caa xi day 10 dung trong vira xay;

- Vung 2: thanh phan hat caa xi day 10 dung trong vira trét.

2.2. Phwong phdp nghién ciru

Phuong phép thu thap, t6ng hop, phan tich céac tal liéu da c6 lién quan dén linh vuc nghién cau, thyuc
nghiém trong phong két hop voi st dung céc phan mém tinh toan duoc sir dung trong nghién ciru nay.

Chudn bi mdu thi nghiém

Thiét ké cap phéi mau vira

Céc mau xi day 16 1ay sau khi thay d6i cAp phdi hat cho phu hop dugc ché bi va thi nghiém tai Phong thi
nghiém bia ky thuat cdng trinh, LAS-XD 928 thuoc B6 mén bia chét cong trinh, Truong Pai hoc Mo -
bia chat.

Nghién ciru str dung phuong phép tinh toan két hop véi thuc nghiém ciia Bolomey - Scramtaev dén khi mau
dat d6 luu dong yéu cau. Bo luu dong, khdi lugng thé tich cua vita tuoi, vira dong rin duoc thé hién & nghién
ctru Nguyén Vin Hung va nnk, 2020. 90 thoi mau (30 t6 hop mau x 3 miu) duoc dic trong nghién ctu.

Cép phdi cua hdn hop vita duoc thé hién trong Bang 2 va 3.

Bdng 2. Cdp phdi cho 1md viza xay sir dung xi déy o

STT Ky hiéu Xidaylo | Céthatto Nudge Xi mang Dia diém
mau (kg) (kg) 0] (kg) (NMND)

1 AK1-15% 1319 0 269 292 An Khanh
2 AK1 1267 0 304 329 An Khanh
3 AK?2 1240 0 298 371 An Khanh
4 AK3 1219 0 351 382 An Khanh
5 AK4 1029 329 303 329 An Khanh
6 AK5 792 639 307 332 An Khanh
7 AK6 514 953 299 324 An Khanh
8 CN1-15% 1288 0 279 303 Cao Ngan
9 CN1 1262 0 349 349 Cao Ngan
10 CN2 1209 0 386 385 Cao Ngan
11 CN3 1184 0 403 395 Cao Ngan
12 CN4 1002 336 341 341 Cao Ngan
13 CN5 715 641 372 333 Cao Ngan
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14 CN6 483 965 303 329 Cao Ngan
15 Ccv 0 1555 295 320 Cét hat to
Bang 3. Cdp phai cho 1md via trat siz dung xi ddy 1o
STT | Ky hiéumau | Xidaylo | Céathat | Nuoc(l) | Ximang Dia diém
(kg) nho (kg) (kg) (NMND)
-1H0, p
1 AK7-15% 1221 0 391 78 An Khénh
2 AK7 1160 0 359 311 An Khénh
3 AKS8 1123 0 371 346 An Khénh
4 AK9 1099 0 408 353 An Khénh
5 AK10 923 271 362 314 An Khénh
6 AK11 699 535 357 309 An Khénh
7 AK12 460 815 362 313 An Khénh
8 CN7-15% 1295 0 340 295 Cao Ngan
9 CN7 1160 0 359 311 Cao Ngan
10 CN8 1123 0 371 346 Cao Ngan
11 CN9 1126 0 372 362 Cao Ngan
12 CN10 941 265 356 308 Cao Ngan
13 CN11 699 535 357 309 Cao Ngan
14 CN12 478 846 300 325 Cao Ngan
15 CM 0 1389 298 323 Cat hat nho
Ghi cha:

- C&c mau; AK1-15%, AK7-15%, CN1-15%, CN7-15%, AK1, AK7, CN1, CN7 Ia cAc mau thay
thé 100% cét tu nhién bang xi day 16 cac NMND An Khéanh va Cao Ngan;
- Cac mau AK2, AK8, CN2, CN8 la cac mau thay thé 100% cét tw nhién bang xi day 10 NMND
An Khénh va Cao Ngan nhung lugng xi mang tang thém 15%;
- Cac mau AK3, AK9, CN3, CN9 la cac mau thay thé 100% cét tw nhién bang xi day 10 NMND
An Khénh va Cao Ngan nhung luong xi méng tang thém 20%;
- Céc miu AK4, AK10, CN4, CN10 ding xi day 10 thay thé 80% cat tu nhién;
- Céc miu AK5, AK11, CN2, CN11 ding xi day 16 thay thé 60% cat tu nhién;
- Céc miu AK6, AK12, CN6, CN12 ding i day 10 thay thé 40% cat tu nhién;
- Cac mau CV va CM la cac mau st dung 100% cat vang hoac cat min.
Ché bi mdu
Trudce khi tién hanh nén mau, mau duoc duc va bao dudng theo quy dinh tai TCVN 3121 - 2003.
Tién hanh thi nghiém
Cuong d6 khang udn ciia mau vita duoc xac dinh bang céch lan luot chat tai 1én 3 khdi vita di dong ran
dugc bao dudng theo cac ngay tudi ¢ diéu kién tiéu chuan cho dén khi mau bi phé huy.
Cuong d6 khang kéo ciia miu vira da dong rin dwoc xac dinh tir gid tri cuong d6 khang uén cua mau
vira thdng qua cong thire 1 duge dé xuat boi Model Code 90 (Catarina Neno va nnk, 2014):
Rk = 0.06h0.7. Ru/ (1+0.06h0.7) Q)
Trong do:
Rk la cudng do khang kéo ciia mau, MPa;
Ru la cuong d6 khang udn ciia mau, MPa;
h Ia chiéu cao ciia mau, (h=40mm).
3. Két qua nghién ciéu va thio luan
3.1. Két qud nghién crru
Két qua thi nghiém xéc dinh cudong do khang uén cia mau vira xay va trat duoc thé hién trong Bang 4 va 5.

Bang 4. Cuong d khdng uon cua mdu vira xay ¢ cac ngay tudi

x Cuong d6 khang udn theo ngay tudi, MPa
STT Mau 7 ngdy 14 ngay 28 ngay 300 ngay
1 AK1-15% 0.5 0.62 0.81 0.98
2 AK1 0.53 0.88 1.01 1.22
3 AK2 0.83 0.86 0.88 1.25
4 AK3 0.7 0.88 0.96 1.47
5 AK4 0.84 0.88 0.91 1.24
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6 AKS5 0.62 0.8 0.81 1.31
7 AKG6 0.54 0.82 0.83 1.35
8 CN1-15% 0.31 0.56 0.68 0.62
9 CN1 0.35 0.67 0.72 0.87
10 CN2 0.35 0.7 0.74 0.89
11 CN3 0.4 0.7 0.87 0.95
12 CN4 0.33 0.67 0.75 0.88
13 CN5 0.29 0.32 0.75 0.92
14 CNG6 0.35 0.63 0.76 0.98
15 CV 0.56 0.66 0.93 1.28
Bdng 5. Cuong dé khdng uon cia mau vira tréat ¢ cac ngay tudi
x Cuong d6 khang udn theo ngay tuéi, MPa
STT Mau 7 ngdy 14 ngay 28 ngay 300 ngay
1 AK7-15% 0.32 0.63 0.72 0.92
2 AK7 0.4 0.75 0.83 1.06
3 AK8 0.4 0.8 0.85 1.08
4 AK9 0.47 0.84 0.96 1.23
5 AK10 0.53 0.71 0.75 1.09
6 AK11 0.36 0.38 0.84 1.12
7 AK12 0.54 0.83 0.89 1.15
8 CN7-15% 0.3 0.59 0.67 0.72
9 CN7 0.39 0.66 0.8 0.84
10 CN8 0.53 0.66 0.8 0.89
11 CN9 0.41 0.68 0.85 0.95
12 CN10 0.5 0.56 0.75 0.83
13 CN11 0.33 0.69 0.74 0.86
14 CN12 05 0.67 0.76 0.92
15 CM 0.56 0.66 0.68 0.98

Tuong tu, két qua xac dinh cuong do khang kéo cua miu vira xay va vira trat cac NMND duoc thé hién

theo Bang 6 va 7.

Bang 6. Cuong dé khang kéo ciia mau vira xay ¢ cac ngay tudi

< Cuong dé khang kéo theo ngay tudi, MPa
STT Mau 7 ngdy 14 ngay 28 ngay 300 ngay
1 AK1-15% 0.22 0.27 0.36 0.43
2 AK1 0.23 0.39 0.45 0.54
3 AK?2 0.37 0.38 0.39 0.55
4 AK3 0.31 0.39 0.42 0.65
5 AK4 0.37 0.39 0.40 0.55
6 AK5 0.27 0.35 0.36 0.58
7 AK6 0.24 0.36 0.37 0.60
8 CN1-15% 0.14 0.25 0.30 0.27
9 CN1 0.15 0.30 0.32 0.38
10 CN2 0.15 0.31 0.33 0.39
11 CN3 0.18 0.31 0.38 0.42
12 CN4 0.15 0.30 0.33 0.39
13 CN5 0.13 0.14 0.33 0.41
14 CN6 0.15 0.28 0.34 0.43
15 CV 0.25 0.29 0.41 0.57
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Bang 7. Cuong dé khang kéo ciia mau vira tréat ¢ cac ngay tudi

x Cuong do khang kéo theo ngay tudi, MPa
STT Mau 7 ngay 14 ngay 28 ngay 300 ngay
1 AK7-15% 0.14 0.28 0.32 0.41
2 AK7 0.18 0.33 0.37 0.47
3 AKS 0.18 0.35 0.38 0.48
4 AK9 0.21 0.37 0.42 0.54
5 AK10 0.23 0.31 0.33 0.48
6 AK11 0.16 0.17 0.37 0.50
7 AK12 0.24 0.37 0.39 0.51
8 CN7-15% 0.13 0.26 0.30 0.32
9 CN7 0.17 0.29 0.35 0.37
10 CN8 0.23 0.29 0.35 0.39
11 CN9 0.18 0.30 0.38 0.42
12 CN10 0.22 0.25 0.33 0.37
13 CN11 0.15 0.31 0.33 0.38
14 CN12 0.22 0.30 0.34 0.41
15 CM 0.25 0.29 0.30 0.43
3.2. Thdo lugn

Cuong d6 khang udn cua vira gian tlep anh huong dén hiéu suat caa khéi xay dudi tac dung cua tai trong.
Do dé, viéc xdc dinh cuong do khang uon va do bén kéo sé hiru ich cho vige lua chon loai vira phu hop.
Dbi vai vira xdy NMND An Khénh, cuong d6 khang udn thay doi trong khodng 0.98MPa dén 1.47MPa.
Gia tri cuong do khang uon cua vita xdy NMND An Khanh nho nhét tai mau AK1-15% (mau giam 15%
luong xi mang so véi miu AK1) (0.98Mpa) va I6n nhit tai mau AK3 (mAu c6 ham luong xi mang ting
20% so v6i mau AK1)(1. 47Mpa) Vi cét hat to, cuong d6 khang u0n nay dat 1.08 Mpa. Viéc nay ching
to rang véi cac mau, khi cuong d9 xi mang tang thi cuong d6 khang udn tang. Mit khac, khi luong xi ting,
cuong do khang udn cua vira giam.

Con dol Vi vira trat NMND An Khanh, cuong do khang udn 16n nhét tai mau AK9 (1.23Mpa) va nho
nhat tai mau AK7-15% (0.92Mpa). Vai cat hat min, cuong do nay dat 0.98Mpa. Quy luat cuong dé khang
udn ciia mau trat tng voi ham lu’(mg xi mang va ham lugng xi day 1o tu’orng tu nhu vira xay

Vi tro xi NMND Cao Ngan, cuong do khang uén dat gia tri nho hon ca ¢ vira xay va vira trat. Cu thé
v&i muc dich lam vita xay, cuong d6 khang uon cua mau dat gia tri nho nhat tai mau CN1-15% (0.62Mpa)
va l6n nhét tai mau CN6 (0.98%). Dbi muc dich lam vira trat, cuong d6 nho nhit tai mau CN7-15% (0.72
Mpa) va I6n nhat tai mau CN9 (0.95Mpa).

Hign nay tai Vi¢t Nam chua c6 quy chuan nao Ve cuong do khang uén nho nhét. Tuy nhién, qua biéu
dd ta co thé thay gia tri cuong do khang uén cua mau vira so véi cat ty nhién ciing gan tuong tu tham chi
¢6 mau ¢ gia tri 16n hon.

Cuong do khang kéo cta mau 1a két qua tinh toan theo cong thuc (2) tr cuong d6 khang uén. Do do,
quy luat thay ddi ctia cuong d6 khang kéo twong tu nhu cudng d6 khang udn cua mau.

4. Két Iuan

Tir céc két qua nghién ctu, c6 thé rat ra mot sé két luan nhur sau:

- Uu diém cua st dung xi day 1o thay thé cat trong vira xay dung la giai quyét van dé xay dung phat
trién bén viing bao vé méi truong. Néu duge ing dung vao vita xay dung thi d6 la giai phap rat tot dé giam
tai ap luc bai thai va méi truong. Mat khac, khi lwong cat tu nhién giam di thi vén dé mét 6n dinh bo song,
1ong song do khai thac cat duoc giai quyét. Pong thoi, khi ap dung vao xay dung, st dung xi day 10 c6 thé
¢6 hiéu qua kinh t& hon so véi cat tu nhién. Mit khac, do 16 rdng cua mau vira 6 xi day giam so véi vira
xay dung binh thuong, 6 kha nang hép phu nhiéu nude hon nén co6 thé chéng chay t6t hon. Tuy nhién, mot
nhuoc diém 16n nhit cua vira sir dung tro xi 1a nd 1a vat lidu tai sir dung nén van cé nhiing van dé vé tham
my¥ va do an toan. Tuy nhién, tro bay ctua c&c nha may nhiét dién da sir dung trong céc cbng trinh vaéi vai
trd 1am cét liéu trong gach khong nung ciing nhu xi mang nén vat liéu xi day 10 ciing c6 thé c6 tiém nang
cao khi sir dung trong vira.

- Theo két qua nghién ctu trong phong vé cuong d¢ khang ubn, khang kéo cia mau vira cho phép két
luan: Cac mau c6 lugng xi mang it hon 15% so véi lugng xi ming thong thudng c6 cuong do khang kéo,
udn khong dat yéu cau. Nguoc lai, cAc mau c6 xi day 16 thay thé cat tu nhién déu dat yéu cau vé cac chi
tiéu trén.

- Cudng d6 khang udn, khang kéo cia mau ¢ xi day 1o cac NMND c6 gid tri xap xi hodc cao hon so v6i
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mau sir dung cét ty nhién. Do d6, khi sir dung xi day 1o cac NMND trong vira xay dung cho két qua vé
cuong do khang udn, khang kéo kha quan. i véi vira sir dung xi day 16 NMND An Khanh, kién nghi liy
cap phéi cuia mau AK1 cho vira xay va AK7 cho vira trét. Con véi vira s dung xi day 10 NMND Cao Ngan,
kién nghi sir dung cap phdi caa mau CN3 cho vira xay va CN9 cho vira trat.

Loi cam on
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ABSTRACT

Research on flexural and tensile strength of mortar when using bottom
ash from thermal power plants to replace natural sand in construction

Nguyen Van Hung?!
'Hanoi University of Mining and Geology

Vietnam is growing day by day, the buildings are growing more and more. As a result, the demand for
building materials is increasing. In the composition of the mortar, natural sand acts as a fine aggregate.
However, the natural sand source is decreasing. On the other hand, thermal power plants in Vietnam are
increasing day by day, which means more and more bottom ash. It puts great pressure on the dumping site
as well as the impact of the waste ash on the environment. To solve the need for construction materials as
well as minimize the environmental impact, the bottom ash from thermal power plants will participate in
replacing natural sand in the mortar. This paper presents flexural and tensile strength of mortar sample
when using bottom ash to replace natural sand. Research has shown that, at 300 days of age, when the
content of bottom ash increases, the strength of flexural resistance and tensile resistance decreases. On the
other hand, when the cement content increases, flexural strength and tensile strength of the sample decrease.
When the amount of cement increases to 15%, the strength of flexural resistance, tensile resistance to
masonry increases from 10-20%, plaster increases from 13-16%.

Keywords: Bottom ash; mortar; thermal power plant: flexural strength: tensile strength.
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ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Pic diém thanh phan vat chat va tinh chat co 1y cua dat loai sét yéu
Holocen phéan bo ¢ ving dong bang Quang Tri - Thtra Thién Hué
Hoang Thi Sinh Huong®2*, Tran Thanh Nhan®, Tran Hiu Tuyén', Nguyén Hai Dang?

L Truong Pai hoc Khoa hoc - Dgi hoc Hué ]
2 Phan hiéu Pai hoc Hué tai Quang Tri - Pai hoc Hué

TOM TAT

Bai bao trinh bay két qua nghién ciru dic diém thanh phan vat chat va tinh chit co 1y ciia dét loai sét yéu
Holocen phan b & viing ddng bang Quang Tri - Thira Thién Hué. D4t loai sét yéu Holocen khu vuc nghién
ctru cha yéu 1a bun sét, bun sét pha da ngudn goc (ambQ223pv; ambQ212pb) méi dugc thanh tao, dién phan
bd khong déu, bé day co su thay doi 1on va it 16 ra trén mat. Dat c6 thanh phan hat min chiém wu thé, thanh
phan khoang trong phan phan tan min cha yéu 1a cac khoang vt sét, phd bién 1a 1llit, kaolinit va clorit;
phan phan tan thd cha yéu Ia cac khoang vat thach anh. D4t hau hét c6 ap luc tién cb két bé (P. = 20,5 kPa
+88,9 kPa ddi vai bun sét pha va P = 38,9 kPa + 78,05 kPa ddi vai bun sét). Céc théng sb cb két C., Cscua
bun sét pha bién ddi trong pham vi rong: Bun sét pha C.= 0,35 - 0,39; chi s6 ng Cs= 0,06 - 0,12; C¢/ Cs
=3,51-7,32. Bun sét ¢ C. = 0,365 - 0,42; chi s6 né Cs =0,06 - 0,10; C¢/ Cs = 3,94 - 6,45. Hé s6 ¢ két tham
C. thap, stic khang cit bé. Pay 1a nhitng dbi twong c6 anh huong bét lgi dén cong tac qui hoach, thiét ké
cdng trinh.

Tir khoa: Dat loai sét yéu; bun sét; ban sét pha; thanh phan vat chat; tinh chét co 1y.

1. Pit van dé

Khi nghién ctu dét loai sét yéu phuc vu tinh toan, thiét ké cong trinh, ngoai cé4c chi tiéu co 1y thong
thudng cua dét thi thanh phan khoang vat, hoa hoc, dac tinh bién dang - c¢6 két tham va sirc khang cit cua
dét dong vai tro rat quan trong. Trén co s& do, c6 thé lya chon giai phap xtr Iy nén, dua ra du bdo vé thoi
gian cb két, do 1an tir bién, chiéu cao dip 6n dinh cua nén cong trinh. Trén thé gisi, cung véi nghién ciu
thanh phan vat chét thi cac théng s6 cb két - bién dang va stc khang cit cua dét loai sét dwoc nhiéu tac gia
quan tdm nghién ciru mot cach chuyén sau bang nhiéu thiét bi va trén cac moé hinh khéac nhau (Terzaghi,
1924, 1940, 1941), Taylor (1940, 1942), Bjerrum (1967), Casagrande (1938), da dugc cdng nhan va ap
dung trong cac tiéu chuan xay dung (ASTM 2435, JGS 2000, BS 1377,...). Ving dong bang Quang Trj -
Thira Thién Hué, dat loai sét yéu Holocen da nguon gbc c6 su phan bd khong on dinh, chiéu day thay doi
Ié6n theo dién va theo chiéu sau, hau nhu it 16 ra trén bé mat va la ddi twong chiu anh huong tryuc tiép cua
cdng trinh xay dung. Tuy nhién, nghién ciru chuyén sau vé thanh phan vat chit va dic tinh bién dang - ¢6
két thdm céc thanh tao dat loai sét yéu Holocen khu vuc ndy con han ché. Tur két qua thi nghiém, nhém tac
gia mudn chi ra céc gid tri dic trung ctia thanh phan vat chit, dic tinh bién dang - ¢ két tham ciing nhu
quy luat chung cua sy bién dbi cua ching. Két qua nghién ctru 1a ngudn tai liéu dang tin cay, c6 thé tham
khao trong khao sét, thiét ké xay dung cong trinh va lya chon giai phép xir ly nén dat yéu & ving dong bang
Quang Tri - Thira Thién Hué.

2. Miu thi nghiém va phwong phap nghién ciru

Dua trén cac tuyén khao sat két hop véi s6 ligu thu thap va cac hd khoan bo sung thi khu vuc nghién
ctru ¢6 05 thanh tao dét loai sét yéu Holocen da ngudn goc (1bQ?s, mabQ2*°pv, abQ2*%pv, ambQ2*°pv,
ambQz?pb). Tuy nhién, chi c6 hai thanh tao cé dién phan bo I6n va anh huong 16n dén cac cong trinh
xay dyng. D¢ la tram tich séng - bién - ¢am lay hé tang Phi Vang (ambQ2%3pv); tram tich song - bién -
dam lay hé tang Pha Bai (ambQ.'?pb). Do d6, nhom tac gia da di sau nghién ciru vé thanh phan vat chét
va dac tinh tinh chit co 1y ciia 2 thanh tao trén, d6 1a:

- Bun sét, bun sét pha mau xam xanh, xam den, chira nhiéu chat hitu co, ngudn gdc song - bién - dam
ldy thudc hé ting Pha Vang (ambQ223pv). Thanh phan thach hoc cua tram tich nay chu yéu bao gdom cét
min dén nho, bot va sét, thanh tao cling véi dam lay hoic dam pha hién dai. B& day thay ddi tir 3,5 + 8m.

* Tac gia lién hé
Email: htshuong@hueuni.edu.vn
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- Bun sét, bun sét pha mau xam xanh, xam den 1an vo so dc thudc hé ting Phu Bai c6 ngudn gdc song -
bién - lay (ambQ,%2pb). Ching c6 ngudn géc hdn hop da dang nén khong dong nhit vé dién va do sau phan
bd. Céc 16p tram tich c6 chiéu day thay dbi twong dbi 16n, tir vai mét dén vai chuc mét. Chiéu day céc thanh
tao thay doi tir 1 + 25 m.

Céc thi nghiém phan tich thanh phan vat chat duoc nhém tac gia thi nghiém tai cac phong thi nghiém
sau: Phan tich thanh phan hat dugc tién hanh tai cac phong thi nghiém ciia cac don vi nhur Cong ty ¢6 phan
tu van xay dung giao thong Hué, Vién thiy cong, phong thi nghiém Bia k§ thuat truong Dai hoc Khoa hoc
- Pai hoc Hué, phong thi nghiém Dia ky thuat Khoa ki thuat Xay dung - Phan hiéu Dai hoc Hué tai Quang
Tri. Thanh phan khoang vat duoc thuc hién tai Trung tdm phan tich thi nghiém Dia chét - Téng cuc Pia
chat va Khoang san Viét Nam bang phuong phap Ronghen nhidu xa trén thiét bi phan tich Méay D8 -
Advance va Vién Khoa hoc va Cong nghé Vat liéu gém (ISTEC-CNR, Faenza, Y). Phan tich thanh phan
hoa hoc tai Vién dia chat, Ha Noi va phong thi nghiém cua Khoa Khoa hoc trai dat va vat ly - Truong dai
hoc Bach khoa Ferrara (Y).

PHONG BPIEN QUANG DIEN PHU VANG HUONG THUY
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Hinh 1. Pdc diém phan bé ddt logi sét yéu Holocen khu viec nghién cizu theo chiéu sau

Bang 1. V; tri ldy mau nghién ciru

Nhém | Loai Vi tri 1ay mau (sb luong mau)
dat dat
& Bun sét| buong Cho Mai di Tan My, khach san Centurry (9), Pai Giang - Huong Thuy (9),
o z pha Cira Viét (5), Pong Nam Quang Tri (25) Thi tran Pha Loc (6)
%"’ Bun sét | Duong An Van Duong (10), Hai Thanh - Hai Lang (6), Bong Nam - Quang Tri (15),

Hai Tho-Hai Lang (10).

Bun sét| Duong Phii My di Thuan An (8), Thanh Tién - Phi Vang(10), Vinh Tu - Quang Dién
o pha (10), byong tranh 1 Quang Bién (22), Phong Binh - Phong Dlen(14) Phd Hoi - Thanh
:.Q phd Hué(8), Khach san Presiden - Thanh phd Hué (12), thi trdn Lang C6 - Phi Loc(11),
S An M6 - Triéu Phong(?) Cura Viét (5), Hai Thién - Hai Lang(8)

= Bun sét | Bu Lu - Phi Loc(9), Phi Bai - Huong Thuy(5), Quang Thanh - Quang Dién(7), Dudng
© Mong - Pha Vang(9), Nudc khoang nong Tan My(15), duong Cho Mai di Tan My(8),
Hai Tho-Hai Lang(5), dap séng Hiéu (35), Pong Lé - Bong Luong(5)

3. Két qua va thao luan
3.1. Thanh phan khoang vt ciia ddt
3.1.1. Thanh phan hat
Két qua phan tich thanh phan hat cta dt loai sét yéu cho thay dat co ham lugng hat sét nho, ham lugng
nhém hat cat va bui chiém uu thé hon phii hop véi quy luat trim tich ¢ ving dong bang hep, ddc ven bién
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¢6 diéu kién moi truong bién ddi nhanh theo phuong tir ria ddng bang ra bién (Bang 2).

Bang 2. Gia tri trung binh thanh phan hat ciia ddt

Thanh phan het, % ambQ2?3pv = Sitme21_2pb amezZ'3pI?\l/‘J = pthszl'Zpb
Hat sét (<0,005mm) 31,%%T§>§1.45 32,03(%;1%50 20,254+i7,7 16,62%7555,10
b 0os o | PEFS | S | g0 | Age
Hat cét (2-0,05mm) 21,%75?212,91 21,%1?815,42 12,3+,58,92 34,81?53,77
Hat san soi (>2mm) 0 0+0,08 0-0,75 0+3,50

3.1.2. Thanh phan khoang vt va ham heong hitu co

S6 liéu phan tich ¢ Bang 3 cho thay, trong phan phan tan min cha yéu la cac khoéang vat sét, pho bién Ia
[1lit, Kaolinit va Clorit, phan phan tan thd chu yéu 1a Thach anh. Ham luong Clorit chiém khéng cao chi tir
4-8%. Ham lugng Montmorilonit chiém rat thap chi tir 2-3% trong bn sét pha va 3-4% trong bin sét.

Bang 3. Két qua gid trj trung binh thanh phan khoéng vat

Loai dat
STT]| Khoéang vat Pon vi Bun sét Bun sét pha
ambQ2?3pv ambQ2%pb | ambQ,*3pv | ambQz*?ph
1 | it 29-31 22-24 12-14 17-19
2 | Kaolinit 17-19 18-20 4-6 7-9
3 | Clorit 6-8 5-7 5-7 4-6
4 | Thach anh 24-26 29-31 59-61 46 - 49
5 | Feldspat % 2-4 35 1-3 3-5
6 | Goethit 3-5 3-5 2-4 4-6
7 | Pyrit 7-9 2-4 5-7 7-9
8 | Montmorillonit 2-4 3-5 1-3 2-4
9 | Khoang vét khac T-cao; Gip 4%Sid Canxit Canxit
(Ghi chl: Ham lwong tir thap - cao)

Bdng 4. Ham heong hitu co ciia dat

Loai dat Bun sét Bun sét pha
: ambQ,*3pv ambQ,'?pb ambQ,*3pv ambQ,'%pb
Ham lwong, % | 4,20-10,32 3,29-11,40 3,9-6,28 2,26-8,57
Ghi chd: nhg nhat - I1én nhat

Pat yéu khu vuc nghién ciru ¢6 chira vat chat hitu co véi ham luong phan tich cac mau thay doi tir 2,26
- 11,4%. Sy c6 mat cua cac hat keo mun hiru co trén bé mat hat dat, 1am tang bé day mang nudc lién két
xung quanh hat sét.
3.1.3. Thanh phan héa hoc
Bang 5. Két qua gia tri trung binh thanh phan héa hoc ciia mdu dat

Khoang | Don Bun set Bun sét pha

STT vat vi ambQ2?%pv | ambQ:%pb | ambQ,*3pv ambQ,?pb
1 SIiO; 52,63-53,22 | 51,15-54,09 | 66,94-67.81 57,96-58,25
2 TiO; 0,76-0,80 0,87-1,0 0.88-0,94 0,85-1,0
3 Al;O3 20,73-20,93 | 20,97-21,26 | 13,99-16,11 17,39-19,07
4 T-Fe;03 6,37-6,77 7,38-7,91 4,52-5.17 5,33-5,86
5 MnO o 0,08-0,09 0,17-0,19 0,04-0.05 0,06-0,08
6 MgO 0 1,36-1,73 2,12-3,25 1,74-2.25 2,17-2,76
7 CaO 0,44-0,62 0,69-0,7 0,49-0.69 0,44-1,93
8 Na20 0,65-0,71 0,26-0,31 0.31-0,42 0,37-0,9
9 K20 2,712-2,74 2,75-2,78 2.25-2,27 2,47-2,74
10 P20s 0,07-0,08 0,12-0,13 0.05 0,08-0,10
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5.10
6.08-6,46

4,71-6,46
8,97-10,65

11 SO3
12 MKN

6,19
12,32-14,17

1,07
10,23-11,03

Két qua nghién cttu & Bang 5 cho tha‘iy ham lugng céc oxit SiO,, Al,O3 trong dat chiém ti I¢ cao. O diéu
kién binh thuong su hoa tan cua SiO, va Al,Oj3 rat kém, khi moi truong kiém co do pH cao thi cac oxit trén
dé bi hoa tan dan dén sy pha hay cac khoang vat thi sinh trong dat dac biét la cac khoang vat sét (Illit,
Kaolinit va Clorit), didu nay sé& cai thién dugc dic tinh bién dang - ¢ két thim va stic khang cit cua dat.

3.2 Tinh chdt co Iy ciia dit
3.2.1 Tinh chdt co Iy chung

Gia trj trung binh cac tinh chat co 1y ctia dat loai sét yéu Holocen ving dong bang Quang Tri - Thira
Thién Hué duoc nhom tac gia thu thap va nghién ciu bé sung tir hang loat hd khoan khao sat dia chat cong
trinh trén dia ban. Két qua nghién ciru dugc trinh bay ¢ Bang 6 cho thay dat thudc nhom dat rat yéu nén khi
thiét ké thi cong cong trinh trén nén c6 phan bé cac thanh tao nay can lya chon giai phap xu Iy nén phu hop
dé gia tang cudng do chiu tai cho nén dat.

Bdng 6. Gid trj trung binh cac chi tiéu co 1y nhém dat logi sét yéu (1012 mau)

§_ Thude tinh co 1y Thuy tinh cua dat Bién dang cit

E Loai dat o, g%wr{qs g/\g}] 5 g/gf_ne, e | Sn% WL, %|We, %10, % | B | 0.d0 | Neo
§BUn sét 51,22|15,95|14,95(26,22| 1,49 | 91,96 | 47,38 | 32,81 |13,74[1,27| 4952> (6,95 2-3
%BUH sét pha64,82 (1,56 (1,42 [26,21 | 1,75 |97,15| 58,91 | 36,91 |22,01|1,27| 4°25> |55 1-3
Z.g-BUn sét 56,99| 1,57 | 1,52 | 2,62 | 1,62 | 94,91 | 53,52 | 33,46 |20,06[1,17| 5%25> |7,48| 2-4
% Bun sét pha|46,37| 1,60 | 1,52 | 2,6 | 1,31 |90,27| 43,42 | 28,12 |14,66(1,18 6°25° |8,13| 1-3

Ghi cha: W - B am tie nhién (%); x - Khoz lwong riéng tu nhién (g/cm3); yc - Khoi lirong riéng kho
(g/cm3); s - Khei leong riéng cua hat ddt (g/em?); eo- H¢ s6 rong; Sr- Dé bao hoa (%); wi - Gigi hgn
chay (%); we - Gigi han déo (%); Ip chi s6 déo (%); B- DG sét; ¢ - Géc ma sdt trong (d9); ¢ - Luc dinh
két (kPa); Nao- Chi s6 xuyén tiéu chudn

3.2.2  Bdc tinh bién dang - ¢ két tham
Bdng 7. Téng hop két qua thi nghiém nén co két tham cuia cac thanh tao dadt logi sét yéu Holocen
Chi tie ) Bun sét pha Bun sét
i tieu Bon vi ambQ2%3pv ambQ'%pb ambQ2?%pv | ambQ:?pb
S0 lugng mau 24 60 20 52
~ 2 x 45,1 - 61,97/ 38,44 - 52,39/ |58,54/74,28 51,07- 61,50/
Do am ty nhign W, % 53,53 4541 66,41 56,28
Hé s6 r(:)ng e 1,36-1,73/ 1,22-15/ 1,51-2,0/ 1,51-1,74/
; 1,545 1,36 1,755 1,625
= ["Pg am gi6i han % 40,31-57,80/ 37,17-50,61/ | 53,2-67,45] |48,75- 57,5/
g chay LL 49,05 43,89 60,32 53,12
Chi sé déo Pl % 14,2-16,5/ 11,35-16,36/ | 18,19-25,36/ | 17,36-24,5/
15,35 13,85 21,77 20,93
D6 sét 1L 1,05-1,38/ 1,06-1,34/ 1,24-1,29/ 1,11-1,36/
v 1,21 1,20 1,26 1,23
- p KPa 42,00-88,20/ 20,50-88,90/ 61-78,05/ |38,90- 77,40/
g ¢ 65,1 54,7 69,525 58,15
5 C 0,32-0,40 0,38-0,55/ 0,32-0,41 0,31-0,42/
2 ¢ 0,36 0,46 0,36 0,37
= C 0,06-0,17 0,04-0,14 0,09-0,11 0,05 -0,07/
~§ s 0,12 0,09 0,10 0,06
- C./C 1,94-5,08/ 4,97-9,67/ 3,75-4,14 4,25-8,65/
g oS 3,51 7,32 3,945 6,45
< 30 0,21-0,35/ 0,21-0,46/ 0,20-0,24/ 0,22-0,35/
“ C 10%em*ls 0,28 0,335 0,22 0,2845
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K 107em/s 0,1-0,29/ 0,09-0,37/ 0,11-0,26/ | 0,09 -0,31/
¥ 0,19 0,23 0,18 0,20
Ghi chi: Gia trj ter thap - cao va / trung binh

Céc thong sb bién dang - ¢b két tham caa dat duoc xac dinh bang thi nghiém nén c6 két tiéu chuan. Mau
duoc gia tai theo timg cap, cap sau gap doi cap trudc, thoi gian theo doi do 1Un 1a 24 gid theo ding qui trinh
nén cé két tiéu chuan (TCVN 4200:2012). Gia tri cap gia tai lan luot 0,125; 0,25; 0,5; 1,0; 2,0 va 4,0 kG/cm?
tuy thudc vao trang thai va do sau lay mau.

Tir céc két qua néu trén cho thay dat nghién ciru déu rat yéu, ap luc tién c6 két bé. Do vay, khi cong trinh
dit trén dat yéu s& khong dam bao do bén va 6n dinh cua nén duong, can phai tién hanh gia ¢6 va x ly.

- Ap lyc tién 6 két P dat bun sét pha P = 54,70-65,10 kPa thip hon bun sét P. = 58,15-69,52 kPa.

- Céc thong s6 cb két C., Cs cua bun sét pha bién déi trong pham vi rong: Bun sét pha Cc= 0,35 - 0,39;
chi s6 ng Cs= 0,06 - 0,12; C/ Cs =3,51-7,32. Buin sét ¢6 C = 0,365 - 0,42; chi s6 no Cs =0,06 - 0,10; C¢/ Cs
= 3,94 - 6,45.

- D4t c6 hé sb tham rat k, bé: Bun sét pha ky = (0,195 - 0,0,23).107 cm/s, bun sét k, = (0,185 - 0,203).10"
7 cm/s. Do d6, kha ning thoat nuéc cua dat kém, kéo dai thoi gian cd két va thoi gian xur ly nén lau hon.
Hé s6 cb két thim C, thap: bun sét pha C, = (0,28-0,33)103cm?/s; bun sét C, = (0,22-0,28).10-3cm?/s.

3.2.3 Két qua nghién cizu sirc khang cat

Céc thong sb suc khang cat duoc xac dinh bang nhiéu phuong phép thi nghiém trén céc thiét bi va tiéu
chuan khéc nhau: Nén ba truc theo so dd UU (ASTM D2850), CU (ASTM D 4767 - 90); thi nghiém cit
phang tryc tiép (TCVN 4199 : 1995; BS1377: 1990; ASTM D3080) va cit canh ngoai hién truong (BS
1377: 1990, ASTM D2573, AASHTO T223 va 22TCN 355-2006) (ASTM, 2003; Monika & Whenham,
2000; Terzaghi va nnk). Tir cac két qua thi nghiém nén ba truc so dd UU, cit phéng truc tiép khong thoét
nudc va cit canh ngoai hién trudng VST, x4c duoc cAc gié tri trung binh cac dic trung sirc khang cit khdng
thoat nudc cua dat yéu nghién ctu. Két qua dwoc trinh bay Bang 8.

Bang 8. Tong hop trung binh sirc khang cat khdng co két - khdng thodt nuwéc

. A Cit phang tryc tiép g
Nén 3 truc theo so d6 UU khong thoat nudc Ciat canh VST

5 Loai
Phu nhom dht B €0

rT?’éOU Quu, d6 Cuu, kPa rﬁéou Quu, dé Cuu, kPa n?gu Su, kPa
| 0 > 0, )
Bun | 1,15 | 1,23 36 0°%46 7,5 60 6°07 6,4 18 9,4

sét pha| -1,28 |-1,50 -1%6° -10,5 -7%26> | -10,3 -33,4

Bun | 1,06 | 1,51 39 034’ 6,20 |44 4°01° 5,0 12 13,72
sét |-1,34 |-1,79 -1002° -9,41 7934’ | -10,94 -22,5

Bun | 1,05 | 1,41 0%8° | 850 205 | 51
sétpha| -1,38 |-159| 18 | -0%33° | -134 |41| o |-98a| 7 | 79

Bun | 1.24 | 1.69 0%4" | 10,20 3%50° | 4.80
set | 127|201 18 | o931> | 12990 | 31| 29440 | o | 11 | 84

Ghi chii: Gid tri tir thdp - cao

ambQ*?pb

ambQ2%3pv

Tir cac két qua thi nghiém nén ba truc so @6 CU (ASTM D 4767) c6 do ap luc nudc 16 rdng, tién hanh
xac dinh cac gia tri trung binh cac dac trung suc khang cat hitu hi¢u cua dat yeu. Ket qua dugc trinh bay
bang 9.

Bang 9. Tong hop gid tri trung binh sizc khang cadt cé két khong thodt niéc
o0 Nén ba truc so d6 CU
‘@ § i Hesé| = Thong sé khang Thong s0
Thanh tao g=! E 3 | Do sét rén "g cat tong khang cat hitu hiéu
_3 & & IL & “«© N s 3a Ceu’,
o < € | @ | ¢, d0 |Ceu, kPa| @u’, d0 KPa
251 | 1,15- | 1,27- 10%1°- 13%2°-
1-2 ' ’ ’ - -
ambQz""pb B sét pha| 2239 | 136 | 1.40 12| 30050 1132 1g0pye | 46-135
D
205- | 1,15- | 1,44- 11954 18%58-
2-3 ' ' J - -
ambQz""pv 258 | 138 | 1,59 | ° | 130410 [28109 50017 | 5582
 [32,06-| 1,18- [ 1,58 10%51°- | 10,6- | 16%20°-
1-2 ) [} [} y _
ambQz"pb  BUnset 175 5 | 134 | 164 | © | 1108 | 110 | 190390 | %297
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ambQ,23pv | [3454] 127 [181] 3 | 14%12° | 39 [ 21%12° | 36
Ghi chii: Gid tri tir thdp - cao

Stc khang cét hitu hiéu dat gia tri cao: ¢’ = 4,6- 13,5; ¢’ = 13%2°- 20°17” (bun sét pha) va 16°20” -
21°12’; 3,6 - 9,7 (bun sét). Khi dat dat dd co két U > 95% thi sirc khang cat cua dat ting 1én dang ké.

4. Két luan

1. Bét loai sét yéu Holocen cd thanh phan hat rat min, nhém hat sét va bui chiém wu thé s& 1am giam tinh
tham, kéo dai thoi gian 14n cua nén dép. Bén canh do, su phd bién cua khoang vat illit va su c6 mit cua
montmorilonit anh huéng téi tinh déo, tinh truong nd va tinh bién dang cua dat ciing nhur anh hudng xau
t6i kha nang cai tao dat bang chét két dinh vé co.

2. Tinh chat xay dung cua dat loai sét yéu Holocen rét thap, dat chua duoc c6 két, ap luc tién cb két bé:
dat bun sét pha P, = 54,7-65,1 kPa thép hon bun sét P = 58,15-69,525 kPa. Stic khang cit khong thoat nurdc
tir thi nghiém cit canh hién truong va thi nghiém 3 truc UU, thi nghiém cat truc tiép trong phong bé cho
thy dat nghién ctu khong thuan loi cho viéc xay dung cong trinh, can phai c6 cac giai phap cai tao hop ly.

3. C4c két qua nghién ciru vé thanh phan va tinh chat co 1y cua dat, dac biét 1a cac thong sé bién dang -

cb két thAm va stc khang cit cua dat yeu c6 thé sir dung trong qui hoach, thiét ké céac giai phap xtr ly nén
cong trinh trén dat yéu ¢ ving ddng bang Quang Tri - Thira Thién Hué.
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ABSTRACT

Physical composition and mechanical properties of Holocene clayey
soils distributed in Quang Tri and Thua Thien Hue plain

Hoang Thi Sinh Huong?, Tran Thanh Nhan® Tran Huu Tuyen® Nguyen Hai Dang?
! Hue University of Science - Hue University
2 Hue University - Quang Tri Branch - Hue University

The paper presents the research results on physical composition characteristics and mechanical properties
of Holocene clayey soils distributed in the plain of Quang Tri - Thua Thien Hue. The Holocene clayey soils
in the study area is mainly clayey silt, multi-origin mixed clay mud (ambQ2?3pv; ambQ'?pb) has just been
formed, the area is not evenly distributed, the thickness has big and little change exposed on the face. The
clayey soils have the dominant composition of fine particles, the mineral composition in the fine dispersion
is mainly clay minerals, most commonly Illite, kaolinite and chlorite; The coarse dispersion is mainly quartz
minerals. Most soil has small pre-consolidation pressure (P = 20.5 kPa + 88.9 kPa for mixed clay mud and
P. = 38.9 kPa + 78.05 kPa for clay mud). The consolidation parameters of Cc, Cs of clay mud are varied in
a wide range: C. clay mud phase C. = 0.35 - 0.39; hatching index Cs = 0.06 - 0.12; C./ Cs = 3.51-7.32. Clay
mud has C; = 0.365 - 0.42; hatching index Cs = 0.06 - 0.10; C. / Cs = 3.94 - 6.45. Cy low permeability
coefficients, small shear resistance. These are the objects that have an adverse effect on the work planning
and design.

Keywords: Clayey soil; clay mud; silty clay mud; material composition; physical properties.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Hién trang, dinh hudng phat trién hé thong giao théng ngam Thanh
pho H6 Chi Minh va nhiém vu cng tac nghién cuu dia k¥ thuat

V& Nhat Luan®*, Nguyén Thi NuZ D4 Minh Toan®
1Céng ty c6 phan dao tao, xdy dung va phat trien nguon nhan lyc sau,
2Trirong Pai hoc Mé - Pja chat,
8Hgi DCCT va Méi truong Viét Nam

TOM TAT

Thanh phé HO Chi Minh (TP.HCM) 1a d6 thi thuoc ving kinh té trong diém phia Nam, dién tich 2.095,06
km2, nam sat bién, viing c6 cac cira song 16n thudc hé thong song Bong Nai, vai 23 km bo bién, nén bi anh
huong cua thay triéu. Vang trung tdm véi dién tich 108 km2, c6 dén 40% dién tich cao d6 <+1.6 m tai cac
quan 4, 8 va Binh Thanh. P4y chinh 1a nhitng ving truc tiép hoac gian tiép chiu anh huong cua thuy triéu.
Trén pham vi Thanh phé, cha yéu gap dét dinh va roi Holoxen, nhiéu dat yéu c6 pham vi phan bé phirc tap,
bé day I6n; nudc dudi dat kha phong phi, muc nudc nam nong. Cac yéu to trén anh huong 16n t6i viéc thiét
ké, thi cong xay dung céc cong trinh ngam, dic biét 1a giao théng ngam.

TP.HCM budéc dau dinh huéng xay dung hé théng giao théng ngam. Song, céc tai lidu vé diéu kién dia ky
thuat da co nhung chwa ddng bo, chua thyuc sy hudng t6i khai thac giao thong ngam cia Thanh phd. Trén
co s¢ d6, bai bao dé xuat nhiém vu cong téc dia k¥ thuat 1a: nghién ctu mot céch hé thong, toan dién theo
huong phuc vu khai thac hop ly méi truong dia chat phuc vu xay dung hé thdng giao thong ngam. Cu thé:
lam sang to diéu kién dia chat cong trinh, dic dlem hién trang hé thong cong trinh ngam, phan ving dia
chét cdng trinh phuc vu khai thac khong gian ngam phuc vu xay dung giao thong.

Tir khoa: Cong trinh ngam; giao thdng ngam; dia ky thut.

1. Pit vén dé

TP.HCM la db thi dac thu, nam sat bién, dia hinh thap, triing huéng ra bién, hé thong co s ha tang giao
thong khong dap tng, trong khi chat lugng dich vu cung tng ciia van tai hanh khach cong cong khong dam
bao, tinh trang un tat, ngap lut,.. .thuong xay ra. Khong gian mat dat va trén cao da dugc khai thac, nham
giai quyét céc tinh trang trén, nhung van chua hi¢u qua. Vi vay, chinh quyen Thanh phé dinh huong phat
trién giao théng ngam doé thi 1a uu tién hang dau. Hién tai, thanh ph c6 hé théng giao théng ngam Ion nhat
ca nude nhu Ham Tha Thiém, Tuyén metro s6 1 Bén Thanh - Sudi Tién va hang loat cac cong trinh thugc
dang ngam khéc. Trong tuong lai, theo quy hoach, thanh phd s& phét trién cac hé thong giao théng ngam
khu virc trung tdm vaéi dién tich 930 ha. Vi vay, nghién ciru dic diém dia ki thuat TP.HCM can duoc hoan
chinh dé phuc vu khai thac giao théng ngam Ia rat can thiét.

2. Pic diém diéu kién tw nhién, kinh té - x4 hgi Thanh phé
2.1. Pdc diem vj tri, dia hinh

Hinh 1. Vi tri dia ly cia TP.HCM
TP.HCM la d6 thi I6n nhat Viét Nam xét vé quy mo dan sé va mic do d6 thi héa. Thanh phd duoc xép

* Téc gia lién hé:
Email: luancienco6@gmail.com
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loai d6 thi dac biét, nam trong vuing chuyén tiép giita Dong Nam Bo va Tay Nam Bo. Phia Bic giap tinh
Binh Duong, phia Tay Bic gidp tinh Tay Ninh, phia Dong va Pong Bac giap tinh Ddng Nai, phia Dong
Nam giép tinh Ba Ria Viing Tau, phia Tay va Tay Nam giap céc tinh Long An va Tién Giang. Nho diéu
kién thuan loi vé vi tri va dia ly ma thanh phd c6 wu thé vuot tréi vé chinh tri, kinh té, van hoa, xa hdi,...

Dia hinh thanh phé twong @i thip véi mot s6 go trién phia Tay Bac va Pong Bac. Cao do mat dat c6
khuynh huéng giam dan tir Ty Bac vé phia Nam va Dong Nam.

- Khu vuye dia hinh dang go trién lwon séng phan bé phan 16n & cac huyén: Cii Chi, Hoc Mén, phia béc
quan Tha Bic, quan 9, phia bac huyén Binh Chanh. Cao d6 mit dat thay doi tir +4m dén +32m. Trong do:
dién tich c6 cao do tir +4m dén +10m chiém khoang 19% va dién tich c6 cao d6 trén +10m chiém 11% so
véi tong dién tich thanh phé.

- Khu vuc c6 dia hinh bang phang, thap: phan bb ¢ noi thanh, huyén Hoc Mén va quan Tha Btc, nim
doc theo séng Sai Gon va phia Nam huyén Binh Chanh. Cao d6 mat dét thay doi tir +2m dén +4m, chiém
15% dién tich thanh phd.

- Khu vyc dia hinh dang triing thap: tao thanh mot vét kéo dai tir phia Nam huyén Cu Chi (x4 Thai My,
Tam Tan) vé phia Tay huyén Binh Chanh (doc kénh An Ha, L& Minh Xuan, Tan Nhut) dén phia Nam
(huyén Nha Bé va Can Gio) va Pong Nam (Bung 6 x thudc quan 9), mot sé khu vuc phia béc rach Tham
Luong - Bén Cét, khu Hiép Binh Phuéc, Hiép Binh Chanh. Cao do mat dét thay dbi tir Om dén +2m.

Dang dia hinh nay chiém dién tich Ién nhat caa TP.HCM, khoang 55% tng dién tich thanh phé.

2.2. Pgc diém dia chat

Theo to Ban dd dia chat do thi ty 1¢ 1:50.000 cua Lién doan ban dd dia chat mién Nam (2010), dia tang
tram tich Kainozoi dwgc mo ta khai quét thi tu tir gia dén tré nhu sau:

- Tram tich h¢ ting Nha Bé - Binh Trung (am N1*- Na'nb): gap ¢ do sau 80m (Nam Thu Dirc) dén 140m
(¢ trung tam thanh pho) va c6 thé trén 200m (¢ Tay Nam Binh Chanh). Chiéu day thay d6i tir O - 120m,
bao gom cac 16p cét 13n soi san mau xam tring.

- Tram tich hé tang Ba Miéu (amNz%bm) gap do sau 10-30m & Thu Buc, noi thanh va chiéu sau dén
75m & Binh Chéanh. Chiéu day bién ddi tir 0-140m. Céc trdm tich nay c6 tuéng chau thé la chu yéu, ¢ ciu
trdc dang nhip véi chiéu day mdi nhip tir 50-70m. Phan dudi nhip 1a cét 1an san, s6i mau xam trang.

- Tram tich hé ting Trang Bom (aQ1tb): phan bé rong khip trén toan dién tich thanh phd, nhung khong
Xuét 16 trén bé mat. Chiéu day trung binh tir 10 - 30m.

- Tram tich hé tang Thu Pirc (amQ:22 td): phia Bic Thu brre, gom dt sét xam tring loang nau do; sét
pha, cat pha xam trang, nau vang va cat xam vang loang trang, trang thai tir déo cimg dén chay, c6 chiéu
day tir 0,5 dén 7,5m.

- Tram tich hé tang Cu Chi (amQ13cc) phan b4 & cac quan 3, 5, 10, Tan Binh va Go V4p, c6 thanh phan
dét rt da dang, nhiéu mau sic, bé day tir 2,5- 25m, trang thai cang - déo cang, chiéu day tir 1,5-5m.

- Tram tich hé ting Binh Chanh (Q2'2bc) gém: tram tich ngudn gdc bién mQ,12bc, phan bd tai cac
huyén Nha B¢, Binh Chanh va phan Duyén Hai; tram tich ngudn gdc hdn hop sdng - bién (amQ,12 bc) phéan
bé & cac quan 4, 5, 6, 8, 11, Thu Birc, Binh Chanh va Nha Be, thanh phan chu yéu la sét, bun sét, bun sét
pha.

- Tram tich h¢ tang Can Gio (Q2*%cg) bao gom:

Tram tich ngudn goc hdn hop song - bién (amQ2*%cg) phén bo tai cac quan, huyén: Nha Be, Binh Chanh,
Binh Thanh, Nam Thua Birc va dién tich nho & Can Gio. Bao gdom hai 16p: 16p dudi chi yéu I bun sét, bun
sét pha mau xam den, 1an it thuc vat ¢ mic do phan hay kém. Lop trén 1a cat 1an bot mau nau, nau vang,
bé day tir 2-10m.

Tram tich ngudn gdc hdn hop dam lay- séng (baQ»*3cg) gap chii yéu & huyén Nha Be, doc triing Lé
Minh Xuén, thung liing song Sai Gon va Bac huyén Hoc Man. Thanh phan c6 thé chia mat cit hé tang
thanh ba 16p: 16p dudi 1a bun sét mau xam nau chira cac di tich thuc vat da phan hiy, bé day 1,5 - 3,5m.
L6p giira 1a than bin mau nau den, xop nhe, day 0,1 - 1,5m, ¢6 noi vang mat. L6p trén 1a bun sét mau xam
den chtra mun thyc vat, chiéu day 0,1 - 0,3m.

- Tram tich ngudn gbc dam lay bién (bomQ223cg): Gap & cac huyén Nha B, Can Gio. Thanh phan trim
tich gdm bun sét, blin sét pha mau xam den, chtra 20 - 30% tap chét hiru co va vun thuc vat phan hiy kém,
bé mat day 2 - 10m va I6n hon.

2.3. Pdc diém kinh té, vin héa, xa hi

Thanh phé bao gém 19 quan, 05 huyén vai dién tich ty nhién 1a 2.095 km2, trong d6 dién tich dt xay
dung d6 thi 12 952,86 km?2 va dién tich d4t ndng nghiép 1a 1.142,14 km2. Thanh phé 14 noi tap trung cic co
guan chinh tri cia ca nudc, trung tim vin hoéa voi mang ludi cac truong dai hoc, bénh vién, khu thuong
mai, vui choi,... do vay, luong di dan co hoc ngay cang ting, dan dén dan s6 hién tai trén 13 triéu ngudi,
v6i mat do 1a 3.888 ngudi/km?.
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Thanh phé 1a dau tau kinh té caa ca nude. Nam 2019, tong san pham trén dia ban (GRDP) uéc dat
1.347.369 ty dong, ting 8,32%, cao hon so v&i nam 2018 (8,3%), dong gop 29,15% tdng san pham quoc
ni GDP, cao hon nam 2018 (24,16%); 2017 (23,4%) va 2016 (21,3%), duoc Qudc Hoi quyét dinh thi diém
co ché, chinh sach dic thu phat trién thong qua Nghi quyét sb 54/2017/QH14 ngay 24/11/2017.

3. Pic diém hién trang hé thong cong trinh ngam
3.1. Hé¢ thong glao thong ngam

Quy hoach va phat trién khdng gian ngam 1a xu huéng tat yéu trong phaét trién do thi cta cac nudc trén
thé gioi. Mot d6 thi hién dai thuong c6 ty 1 cong trinh ngam chiém 20-25% tong s cac dang cong trinh.
Céc yéu tb chii yéu thiic day phat trién va sir dung khong gian ngam la &p luc vé sy gia tang dan s6; qué tai
khong gian trén mat dat va trén cao; su khic nghiét vé méi truong; nhu cau luu thong trong d6 thi; ting
hi¢u qua su dung dat; chdng ngap do thi,..Trong khi d6, voi thyc trang On tac, ung ngap, 6 nhiém moi
truong ¢é chiéu huéng gia tang tai cac do thi 16n cua Viét Nam n6i chung, TP.HCM noi riéng, thi quy
hoach va phét trién khong gian ngam la yéu cau cap thiét.

Tai TP.HCM, qua trinh st dung khong gian ngam dugc bat dau tir nhig dudng ong cép nudc, thoat
nudc, duong ong dan dién, cap quang dudi long dat, cac tang ham gui xe va mot s6 cong trinh xay dung
thuge bi mat qudc gia, dic thi quan sy nhu Dinh Boc Lap, duong ham bi mat ndi cac tru s¢ cao cap cua
chinh quyén, quan su,.

Hién tai, hé théng giao thong ngam cua thanh phd cé trén 2500m chiéu dai him duong bo (ké ca ham
dan), véi 9028,96 m2dién tich ham. Trong d6, dang ké nhét 1a dwong ham vuot séng Sai Gon (Ham Thu
Thiém) da dua vao khai thac va cac nha ga ngam cua tuyén Metro s6 1 Bén Thanh - Sudi Tién dang thi
cdng xay dung, du kién khai thac vao nim 2021.

Bang 1. Mgt s¢ cong trinh giao théng ngdm dién hinh tgi TP.HCM

STT Pia diém Cong trinh giao thong Chiéu dai Tinh trang
ngam (m)
Ham Tha Thiém 1.490 Dang khai thac
1 Quan 1 Tu;/én metro s6 1 (doan di 2600 DAang thi cong
ngam) xay dung
Ham chui Hoang Sa 100 Dang khai thac
2 | Quan?2 Ham chui My Thay 95.38 Pang khai thac
Ham kin nat giao khu A 25 Dang khai thac
3 | Quin7 Héiim ho ndt giao khu A 300 Pang khai thac
: Ham chui Nguyén Van Linh Pang thi cong
A 280 .
(quéan 7) xay dung
R Ham chui An Suong 750 Pang khai thac
4 | Quanl2 Ham chui Bén Cat 60 | Dang khai thic
Ham chui Vin Thanh 2 44.2 Pang khai thac
5 | Quan Binh Thanh Hé@ Ehui _Van Thanh 2 446 Pang khai thic
(phia cau Sai Gon)
6 | Quan Binh Tan Ham chui Tan Tao 40.6 Pang khai thac
7 | Quan Thu Puc Ham chui Linh Trung 38 Pang khai thac

Tuy nhién, hién nay chua c6 quy trinh quan ly khai thac chinh théng cho cac cong trinh giao théng
ngam néi chung, ham dwong bo noi riéng, tham chi doi véi ham Thia Thiém thi cong téc quan Iy khai thac
chi dua theo s tay van hanh. Do vay, tinh trang ngap nudc, rac thai, tai nan giao thong VAN xay ra trong
ham, gay anh hudng dén an toan va tudi tho cong trinh.

3.2. Hé thang cac dgng cong trinh ngam khéc

Hé thdng ha tang k¥ thuat trén dia ban Thanh phd kha da dang va nhiéu ching loai, do nhiéu don vi, co
guan quan ly khac nhau.

Sé Giao thong van tai (GTVT): mang ludi giao thong duong bo 1a phan dién tich c6 nhiéu cong trinh
ha tang k¥ thuat ngam bén dudi nhat, trong d6 ¢6 ca cac cong trinh dwong sat d6 thi, ham duong bo,...S6
GTVT la co quan quan Iy nha nuéc (QLNN) chiu trach nhiém quan 1y, tham muu cho Uy ban nhan dan
Thanh phé vé linh vuc nay.

- Tau dién ngam: du &n tuyén duong sit do thi dau tién, tuyén Bén Thanh - Sudi Tién dang duoc thuc
hién véi chiéu sau doan ngdm tir ga Ba Son dén ga nha hat Thanh phé khong qua 27,4m.

- Ham dudng bo: hién cac ham duong bo thuong cé chidu dai khdng 16n, cha yéu phuc vu cho ngudi di
bo bang qua duong, chiéu sdu khéng qué 8m.
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- Thoat nuéc mua: hé théng cong thoat mua dong vai tro rat quan trong trong viée thoat nude dé thi, co
chiéu sau chu yéu tir 0,5m dén 3,5m.

- Thoat nurc thai: hé thdng cbng thodt thai da dugc xay dung riéng véi hé thong thoat nude mua tai mot
s6 khu vuc dé dam bao chat lwong ngudn nudc thai ra mdi truong, ¢ chidu sau tir 0,5m dén 2,7m.

- Mang lué6i cap nudc: phuc vu cip nuéc sinh hoat cho toan db thi, c6 chiéu sau tir 0,5m dén 2m.

Sé Cong thwong 1a co quan QLNN dbi véi hé théng nang lwong va cap dién, gom mang ludi dién cao
thé (110KV, 220KV, 500KV), trung thé (22KV, 15KV), ha thé (0,4KV) c6 chiéu sau chdn ngam phd bién
tir 0,5m dén 1,8m.

Sé Thoéng tin va Truyén thong: 1a co quan QLNN ddi vai hé thdng thong tin lién lac, cap vién thong,
c6 chiéu sau chdn ngam tir 0,5m dén 1,8m.

Viéc ngam hoéa luéi dién, thong tin lién lac da duogc Téng Cong ty Bién lyc TP.HCM trién Khai phan Ion
cac khu vuc trung tdm Thanh pho chu yéu thyc hién tap trung tai khu vuc Quan 1 vamot sb truc duong
quan trong trén co so két hop bd tri ddm bao khodng cach an toan cong trinh ngam giita cac duong ong
duong day ha tang ky thuat (6ng cap nude, thoat nude, dudng day cap dién, thong tin lién lac...). Hién nay,
Tong Cong ty Dién lyc Thanh phé dang tiép tuc trién khai dé &n ngam hoa ludi dién, théng tin lién lac dén
cac khu vuc noi thanh va phdi hop chit ché véi cac nganh, don vi ¢6 lién quan dé dam bao chat ché, théng
nhét trong cng tac xay dung, quan ly va khai thac cong trinh ha ting k§ thuat ngim, dam bao khai thac an
toan va gitr gin my quan dé thi.

\ e T 7 L =— L ==
HIEN TRANG HA TANG KY THUAT NGAM TP. HCM ) \

<]

‘ \ Q.TH glic

: 5
AN GO VAP

N

/C / Q.9
- v L) :

.
\-/

CHU DAN
\ Cép nudc hién trang
— T4t nudc hién trang

\ — C&p dién hién trang
A= _— / Quy hoach dudng s&t dé thi
=

~~~~~~ Ranh thanh phd

Hinh 2. Hién trang ha tang ky thudt ngam Thanh phé Ho Chi Minh

4. Pinh hwéng phat trién hé thong giao théng ngam
4.1. H¢ théng Metro

Theo quy hoach dugc duyét, hé thong duong sit d6 thi TP.HCM gom 8 tuyén metro c6 dén hon 73km
doan tuyén di ngam va hon 72 nha ga ngam, trong d6 nha ga Trung tam Bén Thanh dugc quy hoach la mot
t6 hop khong gian ngam lon giao thoa gitra 4 tuyén duong sat do thi (tuyen s0 1,86 2, 50 3a, sb 4) va Khu
trung tim thuong mai ngam. Tuy nhién, hién nay chi c¢6 cac cong trinh ngam cua tuyén duong sit do thi so
1 dang duogc xay dung, chua dua vao khai thac.
4.2. Quy hoach cic cong trinh ngim khdc

Khu vuc trung tdm hién hitu Thanh phé 930ha 1a khu vuc ¢ nhléu cong trinh cao dc, nha cao tang va la
khu vire ¢6 gia tri s dung dét rét cao, nhleu cong trinh xay dung ting ham voi tong dién tich xay dung hdm
16n hon 11ha, hau hét st dung chu yéu vao muyc dich dau xe va mot s6 du 4n c6 tang hdm sir dung cho ca
muc dich thuong mai. Nhu cau sir dung khong gian xay dung ngam dang ngay cang gia tang ty 1¢ thuan vai
su gia tang gia tri sir dung dat va sy khan hiém dién tich mat dat dé bb tri xdy dung cong trinh.

Ngoai ra, khu trung tdm hién hitu (khu vyc hién dang ¢6 nhu cau dd xe cong cong rat 16m) cting da co
quy hoach bai dau xe ngdm cong cong va hién dang trién khai dau tu 04 du 4n bai dau xe ngdm véi nhiéu
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hinh thirc khac nhau gdom cong vién Lé Vin Tam, san khau Trong Dong, san van dong Hoa Lu, khu vyc
san bong da thudc cong vién van hoa Tao Pan. Tuy nhién, cic du an nay déu trién khai rat chdm do vudng
nhiéu thu tuc phap 1y va nhiéu van dé phat sinh, trong d6 c6 ca van d¢ ve kinh phi.

auy HOACH HA TANG K THUAT NGAM TP.HCM
“ L) Q THU euc
QUAN GO vKP‘ 7

_QUAN TK"AWJ % BINH THANH

=) i / BE " QuUAN 2 i
? QUAN 3/ : =
Quin 108 QuAN 1 { 7
QUAN 11 : N/

QUAN 5 QUAN 4
i QUAN7
QUAN 8 CHU DAN
: \ Cdp nuéc quy hoach
-------- Thodt nuéc quy hoach

........ Cép dién quy hoach
Quy hoach dudng st do thi

H. BINH CHANH

| i B Quy hoach bai 45 xe ngdm
e eenan LseaatfiE
S \ ~~~~~~ Ranh thanh phé

Hinh 3. Quy hoach ha tang kj thudt ngam Thanh phé Ho Chi Minh

Db an quy hoach chi tiét xay dung d6 thi (quy hoach phan khu) ti I& 1/2000 va Quy ché quan ly khong
gian, kién triic canh quan db thi khu trung tdm hién hitu TP.HCM (dién tich 930ha) da dwoc UBND Thanh
phd phé duyét. Theo d6, khong gian ngém cua 930ha dugc quy hoach tai cac khu vuc:

- Bén dudi duong Le Loi, gitra ga Bén Thanh va ga Nha hat Thanh phé (khéng gian bén trén tuyén
UMRT 1) / duong bo ngam va trung tim mua sam ngam;

- Bén dudi duong Nguyén Hug, giita ga Nha hat Thanh phd va duong Toén Bac Thang s& xay dung tuyén
duong bo, bai dau xe va trung tam mua sam;

- Khéng gian ngam bén dudi ga Bén Thanh s& xay dyng quang truong ga va trung tam mua sam;

- Khong gian bén dudi Cong vién 23/9 s& xay dung duong bo ngam, bai dau xe, bén xe buyt va trung
tam mua sam;.

- Khéng gian bén dudi cong vién doc bo séng Sai Gon (doc dudng Toén Buc Thing) va Cong trudng Mé
Linh s& xay dung bai dau xe va trung tim mua sam.

- Ngoai ra, con cac du 4n dang duoc l1ap va trién khai: bai xe ngim va trung tdm thwong mai dudi cong
vién Lé Van Tam; cong vién Tao Dan, san khau Trong Dong, san thé thao Hoa Lu va cong vién Chi Ling
(da dau tu xay dyung trudc Trung tdm Vincom).

f STT Chirc ning

1 | Nha ga UMRT va TTTM

-

2 | Nha ga UMRT

3 | TTTM ngam

4 | TTTM ngim va bdi diu
Xe ngam

5 | TTTM ngim, bén xe bus

ngam v bii diu xe ngam

STT Chirc ning

Bii xe ngam L& Vin Tam

Bii xe ngam Hoa Lu

Y )

Bii xe ngam Tao Dan

Bii xe ngim Trong Ding

Bii xe ngam CV Ch

P wn 5
Trong Dong 'JJ '\.» ] Ling

4 : <+ s 6 "/ 6 |Khéng gian ngam cv
2028 5 o e W \ 23/9; Lé Lgi: Nguyén

- - Hug: Mé Linh

Hinh 4. So do quy hoach c4c cong trinh ngam
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Tong dién tich quy hoach khéng gian ngam khu vic 930ha khoang 22,7ha twong dwong véi 2,44%.

5. Pinh hwéng cong tac nghién ciru dia ki thuat phuc vu phat trién hé théng giao thong ngam Thanh
phd Ho6 Chi Minh

Thong qua phan tich, danh gia hién trang va quy hoach hé théng céc cdng trinh ngam trén dia ban
TP.HCM cho thay: hién nay, viéc phét trién cong trinh ngam Thanh phé con han ché, cac nghién ciru chuyén
sau phuc vu khai théac khong gian ngam dé thi chwa cé. Do vdy, bai bao dé xuét cac nhiém vu nghién ciu
dia k¥ thuat phuc vu phét trién hé thong giao thdng ngam Thanh phé nhu sau:

- Pic diém dia chat cong trinh (dia hinh dia mao, dia ting tram tich dé ta, tan kién tao, thuy vin va dia
chat thity van, tinh chat xay dung cua dat da, cac hién tugng dia chat dong luc khéac) khu vuc Thanh phd
Hb Chi Minh;

- Pic diém hé thng céac cong trinh ngam hién tai (cac cong trinh giao théng ngam, hé thong thoat nuéc
ngam, cac hang muc ngam lién quan dén xay dung cac cong trinh nha cao tang,...);

- Pic diém vé quy hoach phaét trién ma rong cac cong trinh ngam cua thanh phé, dac biét cha y dén quy
hoach xay dyng cac cong trinh giao thdng ngam trong nhimg nam tai;

- Phan khu dija chit cong trinh phuc vu khai thac khong gian ngam trong quy hoach va xay dung céc
cong trinh giao thdng ngam (theo mirc do thuan loi hay khdng thuan loi cho quy hoach, thiét ké va giai
phap thi cong,...);

- Tr céc két qua: phéan khu dia chit cong trinh; quy hoach phat trién he thong giao thong ngam thanh
phd, kién nghi khai thac hop ly khdng gian ngam thanh phé (vi tri, huéng tuyén, chiéu sdu,...);

- C4c giai phap thi céng cdong trinh giao théng ngam hién dai dang duoc ap dung trén thé gii va ¢ Vieét
Nam (cha yéu hai thanh phd I6n 12 H6 Chi Minh va Ha Noi); cac van dé dia chit da phat sinh va cac bién
phap d khéc phuc;

- Tinh toan du bao (dinh tinh va dinh lugng) c4c hién twong dia chat phat sinh khi khai thac khong gian
ngam phuc vu xay dung giao théng ngam. Chd y anh huong cua nude dudi dat, cac vi tri gap dat yéu, dich
chuyén mat dit va gay hu hong cac cong trinh trén mat dat va Ian cn,....Tinh toan 6n dinh cong trinh ngam
sau khi cong.

6. Két luan

Tir nhitng phan tich trén, cho phép rat ra mot sé két luan:

- TP.HCM Ia Thanh phé nam sét bién co6 dic diém dia hinh kha bang phing, chii yéu 1a ddng bang thap
va triing thip, mot phan 1a dia hinh ddi thap, d6 1a cac thém sdng cb cua hé thong sdng Ciru Long phan b
& huyén Cu Chi, mot phan quan Thi Dirc va Héc Mon. Do nam sét bien, dia hinh lai triing thip ma TP.HCM
thuong bi ngép lut, gay nhiéu kho khin cho hé théng giao thong va cac hoat dong khac.

- bia tang dia chat bé¢ ta cua TP.HCM kha phuc tap, gdm 08 hé tang, VO’I tong bé day gan 80m, trong
d6 gap nhiéu loai dat yéu, gay khé khan cho viéc khai thac khdng gian ngam do thi.

- TP.HCM la thanh phé c6 dién tich va quy mé dan sé 16n nhit ca nuéc. Giao théng ngam mic du dung
dau ca nuéc song van & mirc do rat khiém ton so véi cac nudc trong khu vyc. Chinh vi vay ma da duoc
Lanh dao thanh phd dinh huéng phét trién khé r6 rang.

- Trude tinh hinh d6, nghién ctru dic diém dia ky thuat TP.HCM cén duoc hoan chinh dé phuc vy khai
thac khdng gian ngam trong xay dyng giao thong la rat can thiét.
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ABSTRACT

Status and development orientation of Ho Chi Minh City underground
traffic system and geotechnical research tasks

Vo Nhat Luan?, Nguyen Thi Nu?, Do Minh Toan®
1Sau Human Resources Training, Building and Developing JSC, 2Hanoi University of Mining and
Geology,
3Vietnam Association of Engineering Geology and Environment

Ho Chi Minh City (HCM City) is a city located in the key economic region in the southern Vietnam, with
an area of 2,095.06 km?, close to the sea; an area with large estuaries belonging to Dong Nai river system,
with 23 km of costline, influenced by tides. The central area of 108 km?, up to 40% of that area at altitude
< +1.6 min districts 4, 8 and Binh Thanh. These are the areas directly or indirectly influenced by tides. In
term of city scale, there are mainly cohesive and non-cohesive Holocene soils, many soft soils with complex
distribution and large thickness; groundwater is abundant, the water level is shallow. The above factors
greatly affect the design and construction of underground works, especially underground traffic.

Ho Chi Minh City initially projected to build underground traffic system. However, materials on
geotechnical conditions are available but not synchronous, not directing towards the exploitation of
underground traffic system in the city. On that foundation, the article proposes geotechnical tasks including:
researching systematically and comprehensively in the direction of serving reasonable exploitation of the
geological environment for building underground traffic system. Specifically: clarifying the geological
conditions of the engineering geology, characteristics of the current state of underground construction
system, distrubution of underground construction for the exploitation of underground space for traffic
construction.

Key words: Underground construction; underground traffic; geotechnical.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Panh gia kha nang ton thuong bo bién tinh Kién Giang dudi tac dong
cua bién doi khi hau va nudc bien dang
T6 Hoang Nam™*, Duong Tuin Ngoct
1 Lién doan Pjia chat va Khodng san bién, Téng cuc Pia chdt va Khoang san Viét Nam

TOM TAT

Hién nay, danh gia bién dong bo bién, dac biét 1a dudi tic dong cua bién d6i khi hau toan cau dugc cac nha
khoa hoc ciing nhu cac nha quan Iy hét sitc quan tm. C6 nhiéu phuong phap danh gia bién dong bo bién
trong d6 c6 phuong phap sir dung chi s d& bi tén thuong dudng bo bién (CVI). Dya trén gié tri CVI duong
bd bién tinh Kién Giang duoc chia thanh 4 cap dé rui ro. Rui ro thap (40,09km twong wng véi 27,4% chiéu
dai duong bo bién), trung binh (21,19km, 10,3%), cao (56,86km, 27,6%), rat cao (88,09km, 34,7%).

Tir khoa: Chi sé ton thuong duong bo bién; muc nudc bién dang; duong b bién Kién Giang.

1. Pit véan dé

Tinh Kién Giang c6 chiéu dai dudng ba bién trén 200km, ¢6 dién tich 1anh thé 16n nhat viing Tay Nam
Bo va lon tha hai khu vuc Nam Bo, 1a viing dat da dang vé sinh hoc vai nhiéu nganh nghé phat trién nhu:
ndng nghiép, thiry san, 1am nghiép va du lich,... Day that sy 1a ving dt c6 nhiéu tiém ning va diéu kién
thuan lgi cho viéc phét trién kinh té - x4 hoi. Trong nhimg nim gan day, bién dong duong bo bién khu vuc
nay hét sirc phirc tap. Dudi tac dong cua muc nudc bién dang, qué trinh x6i 16 dién ra manh va chiém wu
thé hon han so vai boi tu. Chinh vi vay, viéc theo dbi, giam sét bién dong duong bo bién la mot nhigm vu
quan trong trong Chlen lwoc phat trién bén vitng va bao vé moi truong bo bién viing nghién cau. Tir truéc
dén nay da c6 mot s cong trinh nghién cau vé bién dong duong bo bién trong khu vyc. Tuy nhién, cac
nghién ctru nay chua danh gia cu thé mirc d6 tén thuong cuia b bién. Trong bai bao nay, cac tac gia da su
dung chi sé mite dg dé bj ton thuong bo bién (Coastal Vulnerability Index-CV1) do myc nuéc bién dang
cua Cuc Dia chit Hoa Ky (Thieler va Hammar-Klose, 2001) dé danh gia mirc d6 rai ro cua bo bién cac tinh
Kién Giang. Pay la phuong phap dang dwoc sir dung rong réi trén thé gioi.

2. Co s6 tai liéu va phwong phap nghién ciu
2.1. Co sé tai liéu

Céc ban @6 dia hinh, bao gém ca trén dai luc dia ven bién va day bién ven bo. Ban d6 dia hinh luc dia
ven bién ty 1 1:50.000 UTM dugc an hanh tir nim 1965 dén nam 1970 (Ban do tin tirc). C4c anh vé tinh
dugc st dung trong nghién ciru ndy gdm cac anh dugc chyp vao 3 thoi diém:

- Anh vé tinh Landsat TM va ETM cua cac nam 1989 va 1990 duoc tham chiéu véi hé toa do UTM
WG84, zone 48N c6 do phan giai 30x30 mét;

- Anh vé tinh Spot 5 ndm 2004 va anh Spot 4 nam 2009 dugc tham chiéu véi hé toa do6 UTM WGS84
zone 48N c6 do phén giai 10x10 mét;

- Anh vé tinh Landsat8 nam 2019 duoc tham chiéu véi hé toa d6 UTM WGS84 zone 48N c6 do phan
giai 30x30 mét.
2.2. Phwong phap nghién cuu
2.2.1. Phirong phdp tach triét dwong bo bién

Cin ctr vao do bén viing cua dat da tao b va & mirc do chung nhat, duong bo bién tinh Kién Giang c6
thé phan ra 3 kiéu b chinh. D6 1a bo cat, bo bin va bo cau tao boi da gbe. DI vai b cat, phan b chu yéu
trén dai ven bién thi xa Ha Tién, phuong phap dugc lya chon la phuong phép Band Threshold-phanloai dua
vao gia tri ngudng phan biét dbi tuong nghién cau véi tat ca cac doi tugng khac trén anh. Qua trinh phan
loai anh duoc tién hanh sau khi tién xu 1y anh (Hinh 1). Khao sat so @ phan xa phd cua nuéc bién va cac
dbi tugng khac ven bo cho thdy nuée bién phan biét tot nhat & kénh 7 cua hai loai anh dugc chup tir cac bo

* Tac gia lién hé
Email: hoangnamldb@gmail.com
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cam TM, MSS va kénh 4 (0,77 - 0,90 pm) anh ETM+. Tuy nhién, trong didu kién cé viing séng v, kénh 7
anh MSS va TM cho két qua tdt, con rat khé phan biét gitra ving séng v& va bo cat & kénh 4 anh ETM+.
Ty 1¢ kénh phé t6t nhat dbi voi anh ETM+ trong diéu kién song v& duoc lya chon la (B5+B7)/B2. Vi
phuong phap nay c6 thé loai bo dugc ving song v va bo cét.

Hinh 1. Anh Landsat khuc viec Ha Tién, Kién Giang sau khi tach
vlng séng v& (phai) va trudc khi tach ving song vé (trai)

Doi véi bor bun ¢6 su xuét hién cia I6p phu thuc vat, phuong phap tach chiét dudng bo bién duoc lua
chon la phuong phap ty s6 anh. Do sy hap thy rat manh cta nudc va phan xa rat manh cua tham thyc vat
dbi voi nang luong hdng ngoai nén kénh 5 (kénh hong ngom s6ng ngin) dwoc lya chon dé tach céc vung
dat va nudc ciing nhu cac dac diém tu nhién khéc trong vang nghién ciru. Ly ngudng trén kénh 5 co thé
tach dugc cac vung dat (gla tri xam do anh cao) va nudc (gia tri xam do anh thap). Tuy nhién, véan dé kho
khén xay ra la ving chuyen tiép giita dat va nudce noi bi anh huong cua ché do thiy triéu va cac dic trung
vé ché do 6 am nén cac diém anh tai khu vuc nay 1a cac diém anh hdn hop. Viéc phan ngudng gié tri giia
dat va nude sé khong mang lai két qua chinh xac. Bé khac phuc, Alesheikh. A.A. va cong su (2003) da sir
dung phuong phap ty s anh (Hinh 2).

anh T™M va ETM+

| Nin chinh hinh hoc anh

~ Lap ty s6 va két hgp két qua
Tim ngudng cho Band 5 theo quan hé "And”
b2/b4>1 va b2/b5>1

Vector héa anh Raster

[

Bin d6 dudmg biy

Hinh 2. Quy trinh thyc hién tach dwong bo bién bang phirong phdp ty sé anh

2.2.2. Phuwong phdp chi s6 kha néng ton thwong dwong bo bién

Pay 1a mot phuong phap da dugc nhidu nuéc sir dung dé danh gia kha ning bién ddi bo bién do muc
nudc bién dang va dugc goi la chi s6 muac d6 dé bi ton thuong bo bién. CVI duoc tinh toan theo 6 bién sb
1a: dja mao, bién dong duong bo, do nghiéng cua bo, thay ddi myc nuéc bién tuong ddi, do cao song va do
I6n thay triéu. Nhiing bién s6 nay dugc xem la quan trong nhat quyét dinh tinh nhay cam cta duong bo ddi
vé6i sy dang 1én cua myc nuéc bién (Thieler va Hammar-Klose, 2001). CVI dugc tinh nhu sau:
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Ja*b*c*d*e*f
cVI = : )

Trong d6 a la dia mao (khong cé thir nguyén), b 1a ¢6 nghiéng cua bd (%); ¢ 1a thay déi myc nuéc bién
tuong d6i (mm/niam); d 1a tbc d6 bién dong duong b (x6i 16 hay bdi tu, m/nam); e 1a d6 cao trung binh
cua thuy tridu (m) va f 1a ¢ cao song trung binh (m).

Lyra chon gia tri cac tham sé: Gia tri caa cac tham sb trén duoc lya chon theo phwong phép chuyén gia.
Diém cho mdi tham sb dugc cho gi tri tir 1 d&én 5 theo xu thé ting dan muc d6 dé bi ton thuong.

1. Bién sb dia mao (a): Bién sé dia mao chinh 1a gia tri diém sé duogc tinh cho cac loai dudng bo bién c6
dia hinh va thanh phan vat chat ciu tao nén doan duong bo d6 khac nhau. Trén co s¢ d6 cao dia hinh va
thanh phan vat chat cau tao duong bo, b bién tinh Kién Giang duoc phén 1a bon kiéu (Hinh 3) véi cac gia
tri diém sé dugc cham theo Bang 1.

2. Bién s6 do nghiéng cua bo (b) va toc do bién dong duong bd (d): Pdi vai ba bién tinh Kién Giang,
sau khi phan chia cac loai b, da tién hanh xay dung 100 mat cat dé tinh toan do nghiéng va tinh toan téc
d6 x06i 16-bdi ty trung binh. Trén co s& chdng xép dudng bd bién tai cac thoi diém 1965, 1990, 2010 va
2019 tir cc thé hé anh vién tham néi trén, toc d6 bdi tu - x6i 16 duong bo bién trung binh dat x4p xi 6m/nam
trong giai doan 2010 - 2019. D4i véi bién sé @ nghiéng cua b (b), dugc tinh toan theo cac mat cit vudng
g6c véi duong bo bién trén co so ban db dia hinh dai dét lién ven bién va ban do do sau day bién ving
nghién ciru. Do doc dudng bo bién tinh Kién Giang dao dong trong khoang <0,01% ddi véi bd cau tao boi
bun sét dén > 1,5% ddi véi bo cau tao boi da gde. Piém sé tinh toan cho céc bién s trén dugc cham theo
Bang 1.

3. Bién sb d6 cao trung binh cua thuy triéu (e) va bién sb d6 cao trung binh caa séng (f): Ving bién tinh
Kién Giang chiu su chi phdi rat I6n vé ché d6 hai van ciia viing bién Tay. Vi vay d6 cao song trung binh c6
¥ nghia ddi véi bd bién tinh Kién Giang <1,5m va d6 cao trung binh cuaa thiy triéu luén nho hon 1,5m.
Chinh vi vay ma diém s6 doi véi 02 bién s6 nay chi la mot gid tri nhw nhau (hang so) trén doc chiéu dai
duong bo blen nghién cuu.

4. Bién s6 myc nudce bién dang (c): Gia cac gia tri muc nuoe bién dang duoc st dung theo két qua cua
Bui Xuan Thong va dong nghiép. Theo két qua tinh toén tir sé liéu do dac tai 3 tram do muc nude: Viing
Tau, Nam Can va Rach Gia cia Bui Huy Thong va nnk cho cac gia tri twong tng 1a 3,6 mm/nam, 3,0 mm/nidm
va 4,2 mm/nam. Vi vay toan viing bién tinh Kién Giang, téc d6 muc nuéc bién dang duoc lya chon dé tinh
toan tuong tmg 4,2 mm/nam. Diém sb dé tinh toan gia tri CVI cho bién sé myc nuoc bién dang ciing glong
nhu bién s thuay triéu va song la cing mot gia tri nhu nhau (hing s6) trén doc chiéu dai duong bo bién
nghién cuu.

CIT DAN

(&G TIOR TIE DUNG ) B

| Dung b 1965

— Buiing ba 1990

— Huing bis 2010

g bis 2019

Hinh 3. Phan logi duong bo bién (trai) va chong xép cac thé h¢ duong bo
dé tinh toén toc dé x6i o boi tu (phdi)
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Bdng 1. Thang diém cho cac tham sé dé tinh CVI

i Thang diém - muc ton thuong
Bién so 1 > 3 4 5

Dia mao Bodacao | Bodathdp | Bocatcao | Bo catthip | Bo bun-sét thap
Do dbc (%) >0,1 0,04-0,1 0,02-0,04 0,01-0,02 <0,01
Muyc nuéc bién dang (mm/nam) 4,2
Téc d6 bién d6i duong bd | >+20 | +21+ -20 | -21+-40 | -41+-6,0 >-6,1
(m/nam)
Do cao thuy triéu trung binh (m) <15
Do cao séng trung binh (m) <15

Tir cac gid tri trong Bang 1, tién hanh tinh gia tri CVI cho ting mit cat theo cong thirc da dua ra & muc
trude. Sau d6 phén cap mue do de bi ton thuong va thanh 1ap ban do chi so mue do deé bi ton thuong duong
b bién do myc nuéc bién dang theo cac budce dugc trinh bay trén Hinh 4.

D e
ciia b (55)

T ofi a1y - i d

Thay ddi mue hién |
Fréy b {inndim

tromg di [mendm )

| i mao

M thay ridu | |

D can sdng
g hinh (i

| trung hinh {m)

Phan logi - Phan logi
tinh didm i tinh dicm
ia) (b} di

bR dTeT

N
‘ BAN BO KHA NANG TON THUONG ‘

Hinh 4. Quy trinh tinh toan chi sé tén thwong dwong bo bién

3. Két qua va thao luan

Tir 56 lidu va quy trinh nhu trén, da tinh duoc gi4 tri CVI cho 100 mat cit da dwoc thiét 1ap cho dudng
bd bién tinh Kién Giang. Céc gia tri CVI duoc tinh toan c6 gid tri thay ddi tir 1,29 dén 27,36. Tur cAc gid tri
CVI nay, tién hanh xay dung dudng cong tich lily duoc bién dién trong hé toa do vudng goc, trong do, truc
hoanh biéu thi cac bac gié tri CVI, truc tung biéu thi % tuong tng cho céc gia tri CVI tir thap dén cao (Hinh
5). Tur biéu d6 duong cong tich lity trén Hinh 5 da xac dinh dwoc céc gi tri CVI thuong tmg nhu sau: gia
tri CVI tng véi 25% = 7,5, gid tri CVI ang véi 50% = 12,0 va gia tri CVI ing vé6i 75% = 15,5. T cac gia
tri nay da chia ra 4 mic do rai ro: thap (< 7,5), trung binh (7,5-12,0), cao (12,0-15,5) va rat cao (> 15,5)
(Hinh 6 va Bang 2).

Tir viéc phan chia cac khoang phan trim twong ng véi cac khoang gié tri CVI1 s& dua dwoc ra ban do
muc d dé bi ton thuong dwdng b bién tinh Kién Giang. Trong d6 khoanh dinh dugc nhitng doan bd tuong
g véi bdn cap mirc d6 ton thuong: yéu, trung binh, cao va rat cao (Hinh 8). Tir ban dd mirc d6 d& bi ton
thuong, c6 thé xac dinh duoc sé doan b, tong chiéu dai va ty 16 (%) caa cac mirc do rui ro cao hay thip
dbi véi mye nudc bién dang cia duong bo bién ving nghién ctu (Bang 2).

Bdng 2. S6 doan bo, chiéu dai va ty 1¢ phan tram twong img véi mire dé rii ro

Mire dé rii ro S6 doan bo Chiéu dai (km) Ty 18 (%)
Rat cao 3 88,09 34,7
Cao 4 56,86 27,6
Trung binh 4 21,19 10,3
Thap 14 40,09 27,4

60




100 : ]
90

a0

70

]

L]

40

]

0

10

0 5 10 15 20 25 30

Hinh 5. Biéu do dwong cong tich lily cac
gia tri CVI cho bo bién cac tinh Nam Bg

Hinh 6. Bdn do mirc do riii ro

Trén ban d6 mirc d6 d& bi t6n thuong ton thwong bd bién tinh Kién Giang cho thay mot céch bao quét
nhitng khu vuc c6 mirc d6 dé bi ton thuwong thap, trung binh, cao va rat cao.

Hau hét trén doc chiéu dai duong b bién trong ving nghién ctu, nhitng doan bo ¢6 mirc do dé bi ton
thwong thap va trung binh 1a nhitng doan b duoc cau tao boi céc thanh tao thach hoc rin chéc, do déc
trung binh cao, hoat dong x6i 16 dién ra khéng manh, gié tri tinh todn CVI nam trong khoang 1,29 - 7,5.
Nhitng doan bd c6 mirc d6 dé bj ton thuong cao va rt cao hau hét la cac doan bo duoc cau tao bai bun sét,
d6 déc trung binh nho, hoat dong x6i 16 dién ra manh gié tri CV1 >15,5. Nhirng doan bd nay la nhirng khu
vyc nhay cam va xung yéu vé kha nang x6i 16. Bai bién rong, tram tich ting mat 16 ra trén khu vyc nay hau
hét Ia tram tich bo roi, kha nang chdng chiu véi cac tac dong bén ngoai dé Ia pha va méi lién két khong
cao, tric dién ngang cua bai rat thoai, do nghiéng chung < 0,05%. Chinh vi vay ma téc do giat lui duong
bd bién trong giai doan gan day c6 dau hiéu ting lén.

Trong ving nghién ciru, c6 thé qua sat khoang 65km duong b bién phia Nam vinh Rach Gia kéo dai tir
thi tran Tha Mudi Mot huyén An Minh dén ctra s6ng Cai L6n thudce dia gidi hanh chinh cua thi trin Thi
ba huyén An Bién c6 mirc d6 d& bi ton thuong rit cao. Poan bd bién khu vire nay c6 xu hudng x6i ¢ rat
manh sau nam 1990 véi toc do trung binh xap xi 34m/nam. Két hop voi muc nudce bién dang trong khu vuc
nay 1a 4,2mm/nam, do cao cua séng 1m, d6 I6n thiy tridu <1,5m, gia tri d6 nghiéng <0,1%, chinh vi vay
ma hau hét cac diém tinh toan CVI tai duong bo bién noi dy co gia tri rat cao dat gia tri 27,3. Vi vay ma
duong bo bién tai khu vuce nay c6 kha d& bi ton thuong 16n nhét trong béi canh myc nuéc bién dang.

Trén co sé mtc do dé bi ton thuong bo bién dwoc trinh bay trén day két hop véi viéc phan tich cac gia
tri tai nguyén cua dia hinh bo bién, ciing nhu céc tai bién thién nhién trong viing nghién ctru s& dua ra dinh
huéng quy hoach phét trién va quan ly tai bién cho bo bién tinh Kién Giang.

4. Két luan

Dua trén phuong phép ty s6 anh va ky thuat chong ghép céc thé he duong bo, toan canh buc tranh xoi
16 va boi tu bo bién tinh Kién Giang da duoc md ta khé chi tiét.

Khu vuc bo bién kéo dai tir Hon Chong dén hét dia phan thanh phd Ha Tién kha 6n dinh, qua trinh boi
tu chiém wu thé. Khu vyc bo bién phia Nam tinh Kién Giang, duong bo bién bién d6i manh va dién bién
phtic tap. Hoat dong x6i 16 chiém Gu thé, mot s6 noi dién ra véi toe do rat 16n nhu: khu vuc cira Kim Quy
thugc thi trAn Thir Mudi Mét, ... Trong nhitng nim gan déy do tic dong cia muc nudc bién dang két hop
Vi su gia ting cua cac hoat dong nhan sinh 1am cho téc d6 x6i 16 din ra rit manh, da va dang de doa an
toan caa nhiéu doan b bién.

Béng viéc str dung chi s6 mirc do dé bi tén thwong bd (CVI) di chia ra duoc 4 cap do khac nhau: thap,
trung binh, cao va rat cao. Cac két qua nay da phan anh thyc té bién dong duong bd bién cua tinh Kién
Giang trong thoi ky gan day mot cach khach quan.

Viéc phan tich nhiing théng tin trén anh vién tham két hop véi cong nghé GIS c6 thé theo doi va giam
sat nhimg thay d6i duong b bién. Hién nay, véi viéc phaét trién khdng ngimg cua linh vuc khoa hoc cong
nghg, cac nha khoa hoc ¢6 nhiéu sy lya chon nhiing phuong phap khac nhau trong viéc nghién cuu bién
dong bo bién.
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ABSTRACT

The coastal vulnerability assessment of Kien Giang province under
the impact of climate change and sea level rise

To Hoang Nam?, Duong Tuan Ngoc?
'Marine Geology and Minerals Division, MGMC

Nowadays, assessment of the shoreline change, especially under global climate change condition, being
attended by both scientists and managers. There are a lot of methods to assess the shoreline change, among
them, it is using the coastal vulnerability index (CVI). Based on CVI values, the coast of Kien Giang
province has been divided into 4 risk degrees: low (40,9km, 27,4%), moderate (21,19km, 10,3%), high
(56,86km, 27,6%) and very high (88,9km, 34,7%).

Key words: Coastal vulnerability index; sea level rise; the coast of kiengiang province.
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ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Ung dung phan mém RockWorks17 trong viéc thé hién
cac thong so dia chat cong trinh
Nguyén Thi Nu'*, Bui Truong Son®, Ta Thi Toan', b6 Mai Anh?

,, 1 Trudng Pai hoc Mo - Dia chat i
2Cong ty c6 phdan Tw van khdo sat va Thiét ké cong trinh Than Héng Quang

TOM TAT

Phan mém Rockworks 17 ¢6 nhiéu vu diém nhu quan 1y co s¢ dir liéu va thé hién duoc cac thong sb dia
chét cong trinh, v& mit cat dia chat cong, ban d6 dia chat cong trinh dang 2D hoic 3D. Tur cac s6 liéu dia
chat cong trinh nhur d¢ day, chiéu sau phan bd, loai dat va tinh chat co 1y cua cac 16p dat, file dir liu cac
thong s6 dia chat cong trinh dwoc xay dung dudi dang dudi excel. Trén co sé do, file dir lidu dugc export
vao phan mém Rockworks 17. Bing cac module hién c6 trong phan mém, cac dix liéu va thong sb dia chét
cong trinh,. .. duoc xay dung. Bang vi du cu thé, bao cao di ap dung dé xay dung co so dir liéu va thé hién
cac théng s6 dia chat cong trinh ciia doan duong Km 341+430 dén Km 342+340 thugc qudc 16 Nghi Son -
Thanh Hoa. Két qua thé hién dudi dang mé hinh héa céc hinh try, mit cat, ban dd dang 2D, 3D, ban d6
ding bé day, ban d6 cao do cua céc I6p dit cho phép thé hién toan bo céac thong tin vé dic diém dia chat
cong trinh cua doan tuyén nghién ctru. Cac thong sé cua dat nén va thanh phan cua céc 16p dit ciing dugc
thé hién ddy du trong cac ban vé tuong ting.

Tur khoa: RockWorks17; dia chat cdng trinh; m6 hinh héa 3D.

1. D3t van dé

Trong dja chat céng trinh, nham khai quat hoa diéu kién dia chat cong trinh cua dy an xay dung, cé thé
sir dung nhiéu cac phwong tién khac nhau. Mot trong nhitng phan mém dugc tng dung trong linh vuc dia
chat cong trinh - dia ki thuat 1a phan mém Rockworks. Phan mém Rockwoks duoc phét trién tir nam 1983
boi cac nha dia chat nham muc dich ang dung cong nghé thong tin trong linh vuc dia chat. Nhitng san pham
nay duoc nghién ciru va thuong mai héa boi cong ty RockWare (M¥). Phan mém RockWorks c6 thé st
dung nhiéu trong cac linh vuc khac nhau nhu k¥ thuat, dia chét, dao tao, méi truong, dia chét thiy van, dia
chat cong trinh - dia k§ thuat, vat liéu xay dung, khi va ga, tang than....

Trong dia chit cong trinh, phan mém RockWorks (RockWare, 2017) duoc sir dung dé tao cac biéu dd
thach hoc (hinh try, mit cit thach hoc, so @6 khdi thach hoc) theo dang 2D va 3D. Xay dung mit cit dia
tang (hinh try, mat cét, so @b khdi) theo cac dang so dd 2D va 3D, tao cac mat cit thuy hda tang (hinh try,
mit cit, so dd khéi), tao cac mat cat dia vat ly (hinh tru, mat cit, so @6 khdi). Ngoai ra, c6 thé tao ra cac
ban d6 diém, b& mat, db thi, tao biéu dd va cac ban do cac chi tiéu tinh chét co 1y cua dit d4. Nhu vay, c6
thé thay trén co s c4c tai lidu khoan dao tham do, sé lidu thi nghiém dia k§y thuat c6 thé nhap vao phan
mém dé tao thanh co s& dit liéu va xay dung céc hinh try, mat cat, so dd khbi ban d6. Dic biét theo so do
khdi 3D phan anh day du va toan dién cac dic trung dia chat cong trinh cua dy an nghién ctru. Diéu nay
gilp cho cac nha thiét ké, cac k¥ su,... co thé sir dung dé dang céc thong tin thu nhan dugc. Chinh vi vay,
béo céo dé cap dén viéc gidi thieu phan mém va ang dung cu thé trong mot du an dia chét cong trinh.

2. Phuong phap thé hién cac thong sé dia chat cong trinh trong phan mém Rockworks 17

Tir co s6 dit liéu ban dau 1 cac hinh try hd khoan c6 cac dic trung bé day, do sau phan bd va thanh phan
thach hoc, ciing nhu cac théng s6 vé tinh chit co 1y cua dét, file dix liéu trong excel duoc thanh lap. Trong
file dit liéu, cac théng s6 v& tén hd khoan, toa do (X,Y), cao dg, chiéu sau hd khoan, chiéu sau phan b céc
I6p dét, thanh phan thach hoc dugc mo ta day du. File di liéu s& duoc import vao phin mém. Trén co s&
dir lidu c6 thé tao cac co so dit liéu dia chit cong trinh khac nhau nhu tao ban db vi tri cac hé khoan (RTE
2.1, 2016), tao try hd khoan dang 2D (RTE 2.2, 2016) va dang 3D (RTE 2.6, 2016), mit cit dang 2D (RTE
2.3, 2.4, 2016), mit cat dang 3D (RTE 3.0, 4.0, 2016), mat cat va ban do bién doi cac tinh chat co 1y cua
dat d4 (RTE 5.0. 2016), ban d6 dang bé day, ban d6 cao do céc I6p dat (RTE 3.0, 4.0, 2016).

* Tac gia lién h¢
Email: nguyenthinu@humg.edu.vn
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2.1. Tao cac biéu d@é thach hec (hinh tru, mdt cdt, mdt cit hang rio va so dé khoi)

. . s . N o Q Borehole Manager
T file dit liéu, tién hanh tao ban d6 hé khoan (Hinh 1). Ttr man hinh chon -

o -
22 k¥4 Borehole Locations ... o
Map - ,— lua chon cac théng s6 thé hién va
| & Process (Ctrl+G) | o ,
s€ tao duoc ban d6 ho khoan dia chat cong trinh nhu Hinh 1.

Trén co s do, tién hanh tao mat cit thach hoc, mat cit thach hoc hang rao hoic so db khéi thach hoc.
2.2. Tao mat cat dia tang (hinh tru, mgt cdt, mgt cdt hang rae va so d@é khéi)

Tur file dit liéu, tién hanh tao hinh tru dia ting dang 2 D hozc 3D trong 1 mat cit 2D chiéu céc 16 khoan
I&n, tir 15 khoan dén 15 khoan va tao céc ban dd bé mit dia tang dang 2D hozc 3D, tao mit cit dia ting, tao
mit cit hang rao dia tang va so @b khéi dia tang.

Dé tao mat cit dia ting sir dung cac so dd sau:

+ Tao hinh tru dang 2 D:

w -
@ Borehole Manager _, stripLogs _)lli 2-Dimensional N I Single Log ... N

= Process (Ctrl+G)

lya chon céc théng sb thé hién va
+ Tao hinh tru dang 3 D:

1313 . .
@ Borehole Manager N e . ml 3-Dimensional R
I Single Log ... o | & Process (Ctrl+G) I
—lya chon cac théng s6 thé hién va

2.3. Tgo bdn dé diém va bé mat

Sau khi mo tap tin dir liéu, s& tao duoc ban do diém EZ, ban d6 dang EZ, tao duoc ban d6 dang dua trén
lu6i 2D, hoic tao bé mit dua trén ludi 3D.

Tao ban d6 ding bé day:

MK
@ Borehole Manager Stratigraphy N> Stratigraphic Thicknesses
- -

R @5 2-Dimensional (Isopach) ...

the hign trén Hinh 6.
Tao ban d6 dang cao d6 mat I16p dang 2D

@ Borehole Manager Stratigraphy @ Structural Elevations
- - -

| *N 2-Dimensional ...

Hinh 7.
Tao bé mat cao d6 mat I6p dang 3 D

M N
@ Borehole Manager Stratigraph}r @ Structural Elevations
- - N

8 3-Dimensional
Hinh 7.

va lya chon céc thong sé can thé hién rdi thuc hién. Két qua

va lya chon céc thong sé can thé hién roi thuc hién. Két qua thé hién trén

va lua chon céc théng sé can thé hién rdi thuc hién. Két qua c6 thé xem &
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2.4. Thiét lgp cac thong sé khac.

Phan mém Rockworks con duoc sir dung trong nhidu muc dich khac. Viéc tinh todn ha thap muc nuée
cho 16 khoan don, cho nhiéu I8 khoan. Tir co s¢ d6 sé& tao duoc biéu d6 16 khoan hit nudce, d6 thi stiff va
phan tich duoc cac s6 liéu thanh phan nhu tinh toan thong ké co ban, tao biéu dd théng ké mot bién don,
ban db diém véi céc biéu tugng co ty 1é thay doi, d thi tam giac c6 ba bién hozc thé hién nhiéu thanh phan
trong mot ban dd c6 biéu dd tron (PIE), tao cac ban dd c6 yéu t6 tuyén tinh va cac dd thi hoa hdng, tinh
toan mat do cua cac yéu té tuyén tinh va hién thi ching trong ban d6 mau 3D, tién hanh huéng cac yéu té
tuyén tinh trén d6 thi hoa hong vai thdng ké hozc tao nhidu do thi khéc.

3. Thé hién cac thong sb dia chét cong trinh cho doan dwong Km 41+430 dén Km 342+340 thudc
quéc 16 Nghi Son - Thanh Hoéa

Dir liéu caa doan tuyén 1a cac hd khoan, véi céc sé liéu dau vao 1a cao do, dd sdu phan bd, toa do cua
céc hé khoan tham do, duoc luu dudi dang file excel, sau d6 dit liéu duoc import vao project. Trén co s&
d6, thiét 1ap ban d6 hé khoan (Hinh 1). Tir ban d6 hé khoan, thiét 1ap céc dir liéu dia chat cong trinh va thé
hién chung dudi cac dang khac nhau.

Easting
2‘175“400.0 2,178,600.0 " 2,178,800.0 i 21 79i0I]ﬂ.O
,:CND-40T
g, “ND-40 }k"ND-:}BT 2 npisTT E’
= ““ND-40P \I"ND-38 £
£ "I ND-38P " ND37 ~ ND-361 - . £
£ ND-37P - ND-38 < ND-35T LY ND-34T 7 5
5 ~ ND-36P AND-35 o] \L-ND-ITS
' ND-3sp it I-ND33
Sas ' 17’ND-33P
| 1 1 1 L
2.178.400.0 2.176.6000 21786000 2.178,0000
Easting

Hinh 1. Ban do ho khoan trong RockWorks17

Dbi vai mdi hd khoan, o thé thiét 1ap hinh tru dudi dang 2D hozc 3D (Hinh 2). Trén hinh try c6 thé

biéu di&n bét ky théng sé dia chat nao.

ND-33

Dét déf’ X
CL,CH, déo ctrng

0.0

L,CH, déo chay Stetiorephy
[Jostai

. CL,CH. déo cung
. CL,CH, déo chay

P

SC,SP .sw

10.0 Powoswens

CL,CH déo clirng

Hinh 2. Hinh try hé khoan dwéi dang 2 D va 3D

Trén co s6 dia ting cac hd khoan tham do, xay dung mat cit dia chat cong trinh dang 2D (Hinh 3) hoic

dang 3D (Hinh 4). Mat cat thé hién rd sy bién ddi dac diém dia tang cua céc |6p dat.

Mat cat A-A'

ND-35 ND-34 ND-33

ND-40 ND-38 ND-37 ND-36

00

Chu giai

© | DAtdsp
Bl Ci CH, déocimg
B cL.CH. déo chay

B CL.CH déa aong

Hinh 3. Mgt cat dia chdt cong trinh dang 2D
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Stratigraphy

I:l ©2at ddp

. CL.CH, déa ci¥ng

. CL.CH, céa chay

- sC. 8P
M-

. CL.CH de€o c¥ng

Hinh 4. Mdt car dia chat cong trinh dang 3D

Tai tuyén 15 khoan giita tim dudng, cho thiy bé day 16p dit yéu bién d6i manh nhét (I6p sét CL, CH,
trang thai déo chay). Déi véi I6p dat yéu ndy, ¢ thé thiét lap duoc su bién doi bé day (Hinh 5) hoic ban d6
ding bé day (Hinh 6) hoic su phan b cao d6 caa I6p nay (Hinh 7). Bdi véi cac 16p dat khac co thé xay
dung dit lidu tuong tu vé su bién d6i bé day, dang bé day, cao do phan b cua ting 16p theo ca chiéu sau
va trén dién rong.

SR8

Hinh 5. Bé day cua Iép CL, CH trang thai déo chay

Easting 1
2.178.400.0 2.178600.0 2.178.800.0 21760000 155
15
o 1as
£ 10
£ g.s
2 85
8
| 7®
2.178.400.0 2,178,600.0 21788000 : 2,179,000.0 6.5
Easting g.s
N ” A < A AN ’ z- ” ”
Hinh 6. Ban do dang bé day lép CL,CH, trgng thai déo chay
Easting [ Qs
2.178.400.0 21786000 i . 21785000 . 21790000 s
3275
055
(=2 0525
= 05
— 0478
T 045
S 0425
z 04
0375
035
! ' | ' \ 0525
2,178.4000 21786000 2.178,8000 2,179.0000 gg;s
Easting 0225

Hinh 7. Ban do ding cao dé 16p CL,CH, trang théi déo chay

Hinh 8 thé hi¢n so d6 khoi dia ting va sy bién doi bé mét cua céc I6p dat. Viéc tao so dd khdi phu thuge
vao Viéc lya chon mo hinh dau vao dé tao mo hinh. Két qua cho thay cé sy phu hgp véi dia tang ho khoan
& Hinh 4. Tuy nhién, viéc biéu dién 16p s6 SP - cét trén hinh v& chua cho thay sy phu hop tuyét doi.
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Stratigraphy

DDéI aip

. CL.CH, dén cirng

. CL.CH, déa chay

W=
B

. CL.CH déa cirng

Hinh 8. So do khéi dia tang va dia tang bé mdt doan tuyén nghién ciru

Hinh 9 thé hi¢n su bién dbi do am cua dat. Két qua cho thay su thay doi do 4m cuia dét r rang. Tir két
qua nay c6 thé xac dinh su bién doi d6 am cuaa dat trong khoang tir 50 dén gia tri Ién nhat Ia 83% ¢ Hinh
10.

Hinh 9. Si bién doi dg am cia dat tai doan tuyén nghién ciru

News LEGEND

100
I <O
a0

7O
s0
S0
40
20
20
10
(o]

Hinh 10. Su bién d6i d6 am cua dét trong khoang tir 50 dén 83%.



Mat cat A-A'

ND-40 ND-38 ND-37 ND-38 ND-35 ND-34 ND-33 80

Hinh 11. Su bién déi dé am cia dat trong khodng tir 50 dén 83%

4. Két luan

Phan mém Rockworks17 la phan mém dugc tng dung nhiéu trong cac linh vic trong d6 co dia chat cong
trinh - dia ky thuat. Khi str dung phan mém cho thiay mot s6 wu diém sau:

- Lam sang to cac dac diém phan bé cua céc 16p dat da theo mat phang hodc theo ba phuong khac nhau.
Tir d6, d& dang danh gia duoc sy bién ddi bé day va sy phan bé cua céc I6p dit da khac nhau

- Xay dyng dugc cac ban do diém khao sét, ban d6 ding bé day, ban d6 cao do cua cac Iop dat da.

- Xay dung duoc so do khéi vé thanh phan thach hoc cua cac 16p dat da. Xay dung so d6 khéi theo céc
phuong khac nhau va theo cac mat cat khac nhau.

- Xac dinh duoc sy bién do6i cac tinh chat co 1y cua dat da theo mé hinh khéi, theo mat cat va trong
khoang bién d6i.

- Thé hién duoc nhiéu thong tin di kém cing voi hd khoan dia chat cong trinh ciing nhu cac di lidu khéc.

- Két qua 4p dung cho doan dudong Km 41+430 dén Km 342+340 thudc quéc 16 Nghi Son - Thanh Héa
thé hién rd su phan bd, bé day cua cac 16p dat da, su thay ddi tinh chét co 1y cua dit d4. Day 1a co so dé sir
dung trong céc cong tac tiép theo trong linh vuc dia chit cong trinh - dia k§ thut.
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ABSTRACT
Application RockWorks17 in engineering geological work
Nguyen Thi Nu?, Bui Truong Son?, Ta Thi Toan!, Do Mai Anh?
! Hanoi University of Mining and Geology

2Than Hong Quang Construction company

Rockworks 17 software has many advantages such as building databases, drawing geological engineering
sections, 2D or 3D engineering geological maps. This paper introduces the method of database building as
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well as modeling, showing engineering geological data for the road section from Km 341 + 430 to Km 342
+ 340 on Nghi Son - Thanh Hoa highway. The results are shown the borehole log in 2D and 3D dimentional,

mapping of layer’s thickness and evaluation, the modelling of stratigraphy. This is a basic for using this
software in engineering geology.

Keywords: RockWorks17; engineering geology; 3D - Dimentional.
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ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Céc hé s6 danh gia kha ning hda long cua cat xac dinh tir két qua
thi nghiém SPT. Ap dung cho dat loai cat tai khu vuc Quang Tri

Nguyén Thi Nu*, Bui Truong Son
! Truong Dai hoc M6 - Dja chat

TOM TAT

Thi nghiém SPT hién dang duoc sir dung rong rii trong linh vuc khao sat dia chit cong trinh. Dua trén két
qua thi nghiém SPT c6 thé xac dinh céc hé s6 dé danh gia kha nang hoa 16ng cua dat nhu hé s6 an toan
chéng lai hoa long (the factor of safety against liquefaction - FSiig), chi sb tiém nang hoa long (Liquefaction
Potential Index -LP1) va chi s6 danh gia mirc d6 nghiém trong ciia hoa long (Liquefaction Severity Number
- LSN). Khi &p dung cho dat cét trang thai xop dén chat vira tai khu viuc Quang Tri cho thay, kha ning hoa
long cua dat phu thudc vao gia tri SPT va chiéu sau phan bd. Tai cac d6 sau nho hon 2m, mic do hda long
cua cét thap. Theo d6 su, khi gia tri SPT cang Ion thi mirc @6 hda long giam. Dbi vai ving nghién cuau,
néu FSiig <1, LPI <1 va LSN<10, dat c6 kha nang bi hda long. Két qua nghién ciru 1a co so thuc tién dé
danh gia kha nang hoa 16ng cua dat loai cét tai cac dia diém khac nhau khi xay dyng cong trinh.

Tur khoa: LPI, fsiig; Isn, héa long.

1. D3t van dé

Hién tuong héa long thuong xay ra trong dat cat min bao hoa nudc hoac bao hoa mot phan khi co s tac
dung cua tai trong dong (dong dat, cac loai tai trong dong khéc), ung suat hitu hiéu caa dat giam vé khéng
va dat khong con kha nang chiu tai, dan dén cong trinh phia trén bi pha huy va gay nhleu thiét hai dén hoat
dong kinh té cong trinh ciia con ngudi. Do d6, viéc nghién ciru héa long 1a hét sic can thiét.

Trén thé gioi, dé danh gia kha nang hoa 1ong cua dét, c6 thé str dung céc két qua tir thi nghiém ngoai troi
nhu thi nghiém SPT, thi nghiém xuyén tinh va nhiéu thi nghiém khac. Seed va Alba (1985) d thiét lap mdi
quan hé suc khang hoa long dugc xac dinh bang két qua thi nghiém xuyén tinh va thi nghiém SPT, ciing
nhu chi ra céc nhan t6 danh gia kha ning hoa long cua dat.You va nnk (2001) da sir dung bdn loai thi
nghiém khac nhau dé danh gia kha nang hoa long cua dat gdm thi nghiém xuyén tinh (CPT), thi nghiém
Xuyén tiéu chuan (SPT), thi nghiém tdc d6 song (Vs) va thi nghiém xuyén Backer. Céc tac gia di dwa ra uu
va nhugc diém cua mdi phuong phép khi danh gia kha nang héa long cua dat. Thi nghlern xuyeén tinh voi
két qua xuyén lién tuc va cé chat luong tét. Thi nghiém SPT véi vu diém 14 thyc hién nhiéu, s6 liéu phong
pht. Mat khéc, tai mdi d6 sau thi nghiém c6 thé lay dwoc mau dat dé xac dinh thanh phan hat cua dat (ham
lwong hat min) va mot sb chi tiéu khéc cua dat.

Tai Viét Nam, da co mot s6 tac gia tac gia nghién ciru vé kha nang hoa 1ong cua dat dya trén thi nghiém
ba truc dong (Bui Vin Binh va nnk, 2014; Bui Van Binh va L& Trong Théng, 2014, Bui Van Binh va nnk,
2016, Nguyen Van Phong va Le Trong Thang, 2016). C4c tac gia dé cap dén tiém ning hoa 1ong cua cat
thdng qua thi nghiém ba truc dong ciing nhu danh gia mot s6 yéu té anh huong dén kha ning hoa long cua
cat & Ha Noi. Day 1a tién dé dé nghién ciru cac dic trung hoa 16ng cua dét cat tai Viét Nam.

Dé danh gia kha nang hoa 16ng cua dt 6 thé sir dung nhiéu chi tiéu khac nhau nhu hé sb an toan chéng
lai hda long (FStig) (Boulanger va Idriss, 2014), chi s6 tiém ning hoa long (LPI) (Iwasaki va nnk, 1982;
Sonmez, 2003) va chi s6 danh gia mirc d6 nghiém trong ciia héa long (LSN) (Tonkin va Taylor, 2013). Tai
Viét Nam, cac tac gia mai d& cap dén chi tiéu hé s6 an toan chdong lai hda long (FSiig) cua cat dwoc xac
dinh tir két qua thi nghiém SPT (Bui Vin Binh va Lé Trong Thing, 2014). Thi nghiém SPT hau nhu dugc
sir dung trong hau hét cac du &n khao sat dia chit cong trinh. Day 1a ngudn tai liéu qui gia dé danh gia kha
ning héa 16ng cua dat. Chinh vi vay, bao cdo nay gidi thiéu ba chi tiéu danh gié khd ndng hoa long cua cat
va ap dung cac phuong phéap nay trong danh gia kha niang hoa long do dong dat cua cét tai Quang Tri. Két
qua gép phan (ng dung phuong phap danh gia hoa 16ng trong thuc tin tai Viét Nam theo thi nghiém SPT.

* Tac gia lién h¢
Email: nguyenthinu@humg.edu.vn
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2. Céc chi tiéu danh gia kha ning héa 16ng cia cat dwa theo két qua thi nghiém SPT
2.1. H¢ s6 an toan chéng lgi kha ning héa léng (FSiq)
Hé s6 an toan chong lai héa long (Boulanger va Idriss, 2014) tinh theo cong thic sau:

CRR
FSiiq = 1 1)
trong d6 CSR -Ty sirc khang dong dat duoc tinh theo Boulanger & Idriss (Boulanger va Idriss, 2014).
Néu hé sé an toan nho hon 1, dat bi hda long. Néu hé s6 an toan Ién hon 1, dat hau nhu khong bi hoa
long.
Ty sirc khang dong dat (CSR) dugc tinh theo cong thirc sau (Seed and Idriss, 1971):

CSRy,» = 0,65 ;’—“’"Trd (2)

trong d6 amax 12 gia toc nén; g gia toc trong luc; o’y va oy (ing suét higu qua va tng suét tong tai do sau
Z; rq la hé so giam 1tng suat cat theo chiéu sau;
rq tinh theo cdng thirc sau (Idriss and Boulanger, 2010):

T4 = exp (—1.012 - 1.126 sin( z_ 4 5.133) + (0.106 +0.118 sin(

11.73
trong d6 z 1a d6 sau tinh tir mat dat (m); M 1a bién do tran dong dét.
Ty s6 tng suat dong (CRR) xac dinh theo cong thic sau day (Boulanger and Idriss, 2014)

CRRMVGV’: CRRMz7,5,m’:1mm. MSF.Ks
(NDsoes | (Msoes\2 _ ((NDsoes\® | (Wadsocs)*
CRR=r5 v mnaom = exp {“ae+ (P — () + (“pe)” ~ 230) @
Tir gia tri SPT, x4c dinh duoc sic khang xuyén tiéu chuan chuan héa (Ni1)eocs duoc tinh theo cong thirc
cua Boulanger and Idriss (2014) nhu sau:

(N1)socs = (N1)so +A(N1)so (%)
A(N)go = exp {1.63 427 ( 15'7) } (6)

FC+2 FC+2

z
11.28

+ 5.142)) M) 3)

(N1)so Stic khang xuyén hién chinh khi ap luc dia ting twong tmg 1 atm (x4p xi 101.3kPa) va ti s6 ning
lugng bua & 60% nang luong htu ich; FC ham lugng hat min (%).

Ngo = CyCgCpCrCsNy (7

(N1)60 = CN. Neo. (8)

trong d6 CyCxCpCrCs ’l‘éln lwotla hé s6 anh huong ap lue dia tang, ty s6 nang luong, hiéu chinh duong
kinh 16 khoan, hiéu chinh 6ng mau, hiéu chinh chiéu dai can va Nw la gia tri do hién twong cta gia tri N.

Neo l& gia tri SPT duoc hiéu chinh nang luong dugc xac dinh nhu sau:
EmCpCsCRN

Ngo = 0.6 )
Trong d6 En 1a nang lwong baa; N 1a gia tri SPT thi nghiém dugc.
Hé sé hiéu chinh p lyc dia tang, Cn xéac dinh theo cong thic sau:

Pe \™
Cy = (U) <17 (10)
m = 0.784 — 0,0768,/ (N1 )gocs (11)

Véi (Nl)GOCS nho hon 46.
2.2. Chi sé tiém ning héa long (LPI)
Chi s6 tiem nang hoa long (Iwasaki va nnk, 1982; Sonmez, 2003) dugc xac dinh theo cong thac sau:
LPI = [7° F,W(2)dz (12)
trong d6: W(z)= 10-0.5z, F1=1- FSiq khi FS.i¢<1.0, F1=0 khi FSiq>1.0 va z d¢ sau tinh tir mat dat tro
xuong (m). Tur gid tri LPI, tiém nang hoa long cua dat duoc thé hién ¢ Bang 1.

Bdng 1. Phan logi tiém ndng héa long theo LPI (Iwasaki va nnk, 1982)

LPI Tiém ning héa Iéng
0 Khéng héa léng
0< LPI<2 Thap
2< LPI<S Trung binh
5< LPI<15 Cao
LPI>15 Rat cao
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2.3. Chz”rsé' ddnh gid mirc dj nghiém treng cia hda léng (LSN)

Chi s6 danh gia mirc d6 nghiém trong ctia hoa long - LSN (Tonkin and Taylor, 2013) tinh theo céng thac
sau:

LSN = 1000 [ 2 dz (13)

trong do: & 1a bién dang thé tich sau hoa léng (%), dwoc tinh theo cdng thirc theo Zhang va nnk (Tonkin
and Taylor, 2013), z d¢ sau tinh tir mat dat tro xuong (m). T gid tri LPI, tiém ndng hoa 1ong cua dat dugc
thé hién & Bang 2.

g, =15 exp(—o.369,/(N1)6OCS) min(0.08, Yimax) (14)

Ymax = 0, NéU FS;4>2 (15)

Ymax = Min (Viim, 0.035(2 — FS) (%)) néu 2 > FS,;,>FS, (16)
; Lig—Fa

Ymax = Yiim» néu FSLiq<FSa (17)

FO{ = 0.032 + 0.69\} (N1)60CS-0'13(N1)60CS Vdi (N1)60CS27 (18)

3
Yim = 1.859( 1.1 — (N1)socs -
46

Bdng 2. Phan logi tiém ndng héa long theo LSN (Tonkin and Taylor, 2013)

LSN Tiém ning hoéa léng

0-10 Khong bi hoa ldng hoic it bi hoa 16ng, anh husng it

10-20 | Hoa long thé hign nhé, chi mot sb loai cat bi anh huong it

20-30 Hoa long thé hién trung binh, nhiéu loai cat bi hda long va mot vai cau tric bj pha hay

30-40 Hoéa long thé hién trung binh dén nghiém trong, cét bi do 1un c6 thé bi anh huong dén cau
trdc bi phd huy

40-50 | Hoa léng manh, pha hay cAu trdc trén mat, pha hiy toan bo cAu tric va cau trdc bi Ian
léch.

Thiét hai nghiém trong, cac bang chang vé hién tuong héa long thé hién tran mit, toan bo

>50 £ , \AA 1 o . A A . Lo X, A P %
Cau tric va do 1Un anh hudng dén cau trdc, pha hay dén cau trdc cua dat.

3. X4c dinh tiém niing hoa 16ng cho dét loai cat tai mgt s6 vi tri & Quang Tri

Nham st dung cac chi tiéu danh gia kha ning hoa 1ong cua dat loai cét tai Quang Tri, tién hanh lya chon
tai ba vi tri khac nhau. Tai cac vi tri nay, 16p cét c6 trang thai xop dén chat vira nam ngay trén mat, bé day
thay d6i tir vai mét dén hon hai muoi mét. Tai mdi vi tri, tién hanh thi nghiém SPT tai ba hé khoan khéc
nhau va theo do sau. Két qua xac dinh gié tri SPT duoc thé hién ¢ Bang 1 va Hinh 1, ham lwong hat min -
FC (<0.075mm) duoc trinh bay ¢ Hinh 2. Tir két qua thi nghiém cho thay, gié tri SPT thay doi tir 5-28, dat
loai cat thudc loai SP - cat cap phéi kém, SP-SM - cét cip phdi kém Ian bui, SC-SM- sét 13n céat bui, trang
thai xop dén chat vira.

Bang 3. Vi tri nghién citu khd ndng héa long ciia ddt

Lép dat cat
TT Vi tri
Bé day,m Tris6 SPT Loai dat
1 | Thi Tran Ai Tu, huyén Triéu Phong 10-12 8-28 SP, SP-SM
2 | Quan Ngang, Do Linh 8-9 5-17 SP-SM, SC-SM
3 | CauCua Viet 15.8-22.5 5-28 SP, SP-SM
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Gia tri SPT
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Hinh 2. Ham luong hat min (FC<0.075mm) tai c&c vi tri nghién cizu

~ Déi v6i khu vuc Quang Tri, gia toc nén lon nhat la 0.062g theo TCVN 9386:2012. Tuy nhién trén thyc
te, tai Viét Nam da xay ra tran dong dat tai Dién Bién vai bién d6 dong dat M=6.7 (Phuong, 1991). Do d6,

dé danh gia kha niang hoa 16ng khi xay ra dong dt, trong nghién ctu nay lay bién do dong dat M=7.

Trén co so két qua gi tri SPT, tién hanh xac dinh CRR75 va (N1)eoes. Tir do, x4c dinh cac gid tri FSiio,

LPI va LSN.

Su bién d6i CRR75 va FSiig Véi (N1)socs durge trinh bay ¢ Hinh 3. Tir Hinh 3 cho thay khi gia tri (Nl)e()cs
tang thi CRR75 va FSy g ting va sy ting nay c6 mbi quan hé ham sé véi hé So tuong quan rat cao. Didu nay

cho thay khi gia tri (N1)eocs ting thi kha nang hoa long giam, thé hién & hé s6 an toan FSyig>1.

73



3.000 4.00

CRR; 5 = 0.0568e0-0685(N 1)50c FSyyq = 0.2907¢0-066(N1)60cs
- R2=09711 R2=0.8439
3.00 :
2.000 4
g & 2.00 ° §
(€3
& o« .
.'.
1.000 «° %
& 1.00 @-eseeneese PR )
[ ] @
- >»
0.000 ous 0.00
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 40 45
(Nl)ﬁﬂcs (Nl)ﬁl}cs

Hinh 3. Sir bién doi CRR75 va FSiig Vdi (N1)socs

Két qua & Hinh 4 cho thiy, hé s6 an toan thay doi theo do sau va theo cac vi tri khac nhau. Tai vi tri 1
(VT1), chi c6 2 gia tri FSyio<1 thé hién dat c6 kha nang hoa 1ong, ¢ cac d6 sau 4m va 6.3m véi gié tri SPT
lan luot 12 12 va 13, con lai ¢ cac do sau khac FSpio>1- dat khdng c6 kha nang hoa long. Diéu nay 1a do gia
tri SPT thay ddi tir 8-28. Mic du ¢6 gié tri SPT bang 8, tuy nhién d¢ sau thi nghiém 1a 2m nén van c6 kha
nang hoa 16ng. Nhu vay, ¢6 thé khing dinh kha ning hoa 16ng cua dat vira phu thugc vao gié tri SPT va con
phu thudc vao do sau thi nghiém. Bdi véi vi tri 2 (VT2), dat hau nhu déu bi héa long FSLio<1, chi c6 3
diém gia tri FSLio>1 tai cac do sAu 1m véi gié tri SPT bang 5, 1.5m véi gi tri SPT =6, 7m véi gié tri SPT
=16. B4i véi vi tri 3 (VT3), dat vira c6 kha ning hoa 16ng va vira khong ¢ kha ning hoa long, phu thudc
vao chiéu sau va gia tri SPT. Tai cac do sau tir 4-10m, khi gié tri SPT>10, dat khong c6 kha niang hoa long
(FSLio>1). Tai cac d6 sau 14-22m, gi tri SPT thay ddi tir 23-27, dat khong cé kha niang hoa long.
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Hinh 4. Hé s6 FSuig ¢ céc vi tri khdc nhau va tai cdc dé su khé&c nhau

Hinh 5 thé hién su thay ddi gia tri LPI theo chiéu sau ¢ céc vi tri khac nhau. Tai vi tri 1 (VT1), gié tri
LPI chii yéu thay doi tir 0 dén 0.26 thé hién dat khong hda long (Bang 1). Chi c6 2 gié tri véi FSpio<1 va
LPI bang 8.77 va 14.25, dét c6 kha niang héa long cao (Bang 2). Tai vi tri 2 (VT2) ¢6 3 gia tri LPI bang 0 -
0.71, dat khong c6 kha niang hoa 1ong (FSLig>1), mac di ¢6 1 gia tri bang 0.71 thudc dat cd kha nang hoa
long thap (Bang 2), tuy nhién két hop theo hai phuong phap danh gia thi dat khéng cé kha nang hoa long.
Tai cac do sau khac thi hé sé hoa long thay doi tir 6.82 dén 30.26, dat thé hién kha nang héa long tir cao
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dén rat cao theo phan loai & Bang 2. Tai vi tri 3 (VT3), LPI tai cic do sau cd FSpig>1 thay doi tir 0 dén
1.72, chi c6 2 gia tri >0 1a 0.05 va 1.72 khi hé s6 an toan Ién hon 1. Diéu nady thé hién dat khdng c6 kha
ning hoa 16ng va hoac hda long thap. Tai cac do sau khac LPI thay ddi tir 0.6 dén 32.01, dat thé hién tir hoa
long thap, trung binh dén cao va rat cao. Tuy nhién, hau hét dit déu c6 kha niang hoa 16ng cao dén rét cao.
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Hinh 5. Chi sé LPI ¢ cAc vi tri khAc nhau va tai cdc dé sau khac nhau

Hinh 6 thé hién sy thay dbi gia tri LSN tai c4c vi tri khac nhau va theo do sdu. Két qua cho thay, khi do
sau dén 22.5m, gié tri LSN tang 1én. Tai vi tri 1(VT1), mac du hau hét tai cac do sau khac nhau FSyiq déu
I6n hon 1, tuy nhién LSN lai thay doi tir 10.17 dén 32.51 thé hién dat c6 kha ning hoa long it dén hoa long
trung binh. Diéu nay, rat can chii y néu chi sir dung FSiig khi danh gia kha ning héa 1ong. DI véi vi tri 2
(VT2), tai ba gia tri FSpio >1, LSN lan lwong bang 0, 5.97 va 27.62, thé hién dat khong bi hda long va 01
diém héa long trung binh. Con tai cac d6 sau khéc, khi FSpio <1, LSN thay ddi tir 9.64 dén 29.69 thé hién
dat hoa long it dén trung binh theo phan loai ¢ Bang 3. Tai vi tri 3 (VT3), tai céc gia tri hé s6 an toan
FSLig>1 va thay d6i tir 1.01 dén 2.71, gia tri LSN déu & gia tri cao tir 19.85 dén 44.07 thé hién dat van c6
kha ning bi hda long. Con khi hé sb an toan FSpio<l1, dat thudc kha ning hoa long tir thap dén cao.
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Hinh 6. Chi sé LSN & cdc v; tri khac nhau va tai cde do sau khac nhau

4. Két luan

Tir két qua nghién ctu, rit ra mot sé nhan xét sau:

Khi danh gi4 kha nang hoa 16ng thi can sir dung ba gia tri FSii, LPI va LSN dé danh gia kha ning hoa
long cua dit. Mac du hé sb an toan 13 FSyig>1, dit van c6 kha niang héa long thip theo gié tri LP1. Theo gia
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tri LSN thi dt ciing van c6 kha nang héa 1ong vai mirc do thap.

Két qua danh gia mirc do hda long cua dat tai 03 dia diém khac nhau tai khu vuc Quang Tri cho thay,
dat vira c6 kha nang héa long va khong c6 kha ning héa long.

Két qua chi ra khi FSpiq <1, LPI <1 va LSN<10 dat ¢ kha ning bi héa long. Mirc d6 hda long con phu
thuoc vao gia tri SPT va thay ddi theo chiéu sdu. Khi do sdu <2m, mac du gia tri SPT thip nhung van khong
c6 kha ning hoa 1ong. Con & cac do sau 1on hon, néu gié tri SPT I6n thi dat khéng cd kha nang hoa 1ong.

Day la co s¢ danh gia kha nang hoa 1ong ctia dat trong trudng hop tran dong dt cap 7 theo thang Richter
xay ra tai khu vuc nghién cau.
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ABSTRACT

The paramaters for determining the liguefaction of sand soil from SPT
value: A case study in Quang Tri province

Nguyen Thi Nu?, Bui Truong Son*
'Hanoi University of Mining and Geology

SPT is currently used in geological enineering work. Based on the SPT value, the factor of safety against

liquefaction (FSLig), the Liquefaction Potential Index (LPI) and Liquefaction Severity Index (LSN) was
calculated to determine the liquefaction potential of soil. The liquefaction potential of soil at Quang Tri
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area was assesed. The experimental results showed that, in case of FSiiq <1, LPI <1 and LSN <10, the soil
is likely to liquefy. The liquefaction potential depends on the SPT value and varies with depth. An increase
in the SPT value leads to a decrease in liquefaction potential. In case of the depth less than 2m, the
liquefaction potential does not occur. The research results are the practical basis for assessing the
liquefaction potential of sand in different locations for construction buildings.

Keywords: LPI, fs_iq; Isn; liquefaction.

77



E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
e . VA TAINGUYEN VOI PHAT TRIEN BEN VIPNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Panh gia anh huong cua ty s6 ap luc nudc 16 rong dén stc chiu tai
cua mong coc tuabin dién gio khu vuc duyén hai Soc Trang

Nguyén Vin Phéng!*, Bui Bac Tung?3 Tran Nam Quang®
! Trrong Pai hoc Mo - Pja chadt
2 Vign Nén méng va Cong trinh ngam Fecon
3.Cong ty co phan Tuw van ky thugt ha tang Golden Earth
4Vién Khoa hoc Cong nghé Xay dieng Mién Nam

TOM TAT

Soc Trang 1a tinh ¢6 tiém ning 16n dé phat trién cac du an dién gi6. Pac diém hoat dong cua tuabin cong
trinh dién gi6 lam phét sinh tai trong dong, dong thoi gay ra ap luc nuée 16 rdng du trong dat. Sy xuét hién
ap luc nudc 16 rdng du (AU) 1am giam ung suat hiéu qua (o) kéo theo do bén cua dat giam. Nguoi ta su
dung ty s6 &p luc nudc 16 rdng (Ry = AU/c’) dé danh gia muc do anh huong cua ap luc nuéce 15 rdng du.
Trong nén dat khu vuc c6 mat phé bién dat cat hat min, cat hat nho véi ham lugng hat bui cao, 1a dbi tuong
rat nhay cam vei tai trong dong, c6 kha nang gia tang Ry I6n nén do bén dé bi suy giam va lam giam do on
dinh caa nén mong cong trinh. Vi dic diém cdng trinh va cau tric nén khu vuc duyén hai Sé¢ Tréing, gidi
phap mong kha thi 1a méng coc. Vi vy, su suy giam do bén cua cat doc than coc hodc ¢ mii coC c6 thé
lam giam dang ké kha nang chiu tai cua coc va viéc danh gia su suy giam nay la rat can thiét. Bai bao nay
s€ gioi thiéu phuong phép phan tich, danh gia anh huong cua ty s6 &p lyc nudc 16 réng dén do bén cua cat
va strc chiu tai cua coc, ddng thoi ap dung cho céu tric nén dic trung khu vuc duyén hai Séc Trang. Két
qua cho thay, tong ma sat thanh coc giam tdi da 1a 11,1%, strc khang miii coc giam tdi da 1a (31,8 +35,1)%.

Tir khoa: Ap luc nudéc 16 rong du; mong coc chiu tai dong; cong trinh dién gid; tinh Séc Trang.

1. Pit véan dé

Viét Nam c6 b bién dai trén 3000km, téc do gié cao nén duge danh gia 1a nuéc ¢ tiém ning dién gi6
I6n nhat Bong Nam A. Viét Nam du kién vao nam 2021 s& lip dat cac du an dién gi6 ca ngoai khoi 13n
trong dét lién nhiam nang cong suat 1én 1GW va muc tiéu nang téng cong suit dién gi6 1én 6 GW vao nim
2030. Trong d6, Soc Trang 1a tinh ¢6 tiém ning rat 16n véi 3 ving quy hoach phat trién dién gi6 tap trung
& vung duyén hai, tinh ¢ 10 du &n trong quy hoach (4 du an da khoi cong) va dang trinh B Cong Thuong
b6 sung 19 du 4n dién gié khac (Thanh Tra, 2020).

Cong trinh dién gid co6 dic thu la qué trinh hoat dong cua tuabin lam phat sinh tai trong dong va lam gia
tang ap luc nudc 15 rong trong dét, phan gia ting nay goi la ap luc nudce 16 rdng du (AU). Sy xuat hién ap
lyc nuée 16 rdng du 1am giam @ng suit hiéu qua (o”) kéo theo d6 bén cua dat giam. Trong thuc té, nguoi ta
sir dung ty s6 &p luc nudc 16 rdng (Ry = AU/c?) dé danh gia mirc d6 anh hudng cua ap lue nuée 1 rdng du
khi chiu tai trong dong. R, phu thudc vao loai dat, mirc do bao hoa va didu kién ting suit, trong d6 do bdo
hoa 16n thi c6 R, d& ting cao. Dat loai sét bio hoa thuong 1a dat yéu nén sy suy giam do bén anh huong
khong nhiéu dén 6n dinh nén mong cong trinh. Vi dat cat bao hoa co6 ham lugng hat min cao, d6 bén dang
ké o trang thai chiu tai trong tinh, khi chiu tai trong dong Ry c6 kha ning tang cao lam suy giam d¢ bén, c6
khi mat han (h6a long) gy anh huong I6n dén 6n dinh cong trinh. Loai dat nay dwgc xem la nhay cam voi
tai trong dong.

Dic trung dia tang Dé tr & cac ving quy hoach cong trinh dién gid tinh Séc Trang la dit yéu phu trén
mat (chu yéu 1a mQ,*?) va c6 mat pho bién céc loai dat cat (amQ.**, amQ,2 va amQ:®) & cc do sau khac
nhau (Nguyen Thi Ny, 2014). Giai phap mong kha thi cho c4c cong trinh dién gi6 ¢ day la mong coc. Trong
c4u trdc nén nhu vay, sic chiu tai cua coc dugc quyét dinh chi yéu boi ma sat cua cac 16p dét cat bén than
coc va I6p cat dat mili coc, day 1a cac 16p dat chiu luc nhung lai thugc loai nhay cam véi tai trong dong.
Viéc nghién cttu anh huéng cua Ry dén do bén cua cac 16p dat chiu lee nay ¢ ¥ nghia 16n trong danh gia
6n dinh méng coc tuabin dién gié ¢ khu vuc nghién cu.

* Tac gia lién h¢
Email: nguyenvanphong.dcct@humg.edu.vn

78


mailto:nguyenvanphong.dcct@humg.edu.vn

Trén thé gioi, da co nhiéu nghién ctu vé muac do suy giam do bén cua dat do ap luc nude 15 rong du,
cling nhu d6 6n dinh au dai cia méng coc tuabin dién gi6 (Awad Ali Al-Karni, 2001 va Lu-Qing Yu, Li-
Zhong Wang, 2015). Nhung & nudc ta, nhitng nghién ciru vé van d& nay van con han ché. Mot s6 cong b
trude day tap trung & khu vuc cac thanh phé 16n nhu thanh phd Ha Noi va thanh phé HS Chi Minh nghién
ctu vé kha ning héa long va danh gia 6n dinh cho nha cao tang chiu dong dat. Trong khi do, dic diém tai
trong dong cua cong trinh dién gio co thoi gian tac dung lau dai, khac véi tai trong dong do dong dat co
thoi gian tac dung ngén neén van d& nghién ciu dat ra c6 tinh cap thiét cao.

Dé ¢b co s danh gia 6n dinh cong trinh dién gi6 khu vuc nghién ctu, can xac dinh anh hudng cua ty s6
ap luc nuoc 16 réng dén d6 bén cua céc 1op dat chiu luc va mirc d6 suy giam cac tham sé stc chiu tai cua
coc khi tuabin dién gi6 hoat dong.

2. Co s ly thuyét va phwong phap nghién ciru
2.1. Sw suy gidm dé bén cria cét bao hoa theo Ry

Nhur dé cap & trén, tai trong dong thuong gay ra su gia ting dang ké Ry trong dat cat b&o hoa. Trong mot
s6 trudng hop Ry ¢6 thé tang dén 100%, nghia 1a AU tang dén tri s6 bang o, khi d6 d6 bén cua cat mat di
va cét bi hoa long hoan toan. O nhimg truong hop khéc, su duy tri do bén cua dét khi chiu tai trong dong
duoc quyet dinh bai tri s6 Ry.

Dé c6 co so danh gia dinh luong sy suy giam doé bén cua T
cat bdo hoa theo Ry, ching ta xét dinh luat Culong cho truong
hop dat roi:

v =c’tge = (c-U)tge () @

trong do:

o - (tng sut nén ép tong;

U - &p luc nudc 16 rong; T

Trong truong hop c6 tai trong dong, ap luc nudc 16 rong
taing mot lwong 1a AU, dan toi tng suat hiéu qua giam mot

lugng tuong tmg. Khi d6, do bén cua dat (v’¢) (Hinh 1) duoc 0 p
viét lai tir biéu thirc (1) 1a:
T’q = (c™-AU)tge (2 Hinh 1. Pg bén suy giam (z'q) theo AU

Chia biéu thuc (2) cho biéu thie (1), ta duogc:

Yo _ (0 tOe 4 __q_R, (3

T/ artgeo

Trong qua trinh chiu tal tr(_)ng dong, AU tang tir 0 dén gia tri bing o’ hay Ry tiang tir 0 d&én 1, dan téi g
giam tir bang t’ vé 0.

Tir biéu thue (3), ta dat: I; = —,d =1-R, 4)

Nhu vay, hé sb 14 bién ddi tir 0 dén 1, phan anh d6 6n dinh ciia dat cat véi tai trong dong. Néu dat c6 lg
= 0, d4t cat mat hoan toan do bén, nghia I bi héa long hoan toan, nguoc lai 14 =1 dit duoc xem 13 6n dinh
va lg < 1 dat thuoc loai khdng on dinh véi tai trong dong. Do d6, hé s6 I duoc goi 1a d6 6n dinh caa dat véi
tai trong dong, no ciing cho biét mic d6 nhay cam cua dat véi tai trong dong.

Tir hai biéu thirc (3) va (4), d bén cua dit cat khi chiu tai trong dong dugc xac dinh theo biéu thuc:

¢ = lg.7 (5)

Trong thuc té tinh toan, thuong ding chi tiéu phan anh d6 bén cua dét cat 1a géc ma sat trong. Dé tién
sir dung, tir biéu thic (5), ta xac dinh dwoc chi tiéu biéu kién 1a géc ma st trong cua cét khi chiu tai dong
(pq) 1

tgea = la.tge hay @q = arctg(la.tge) (6)

Gia tri biéu kién @4 duoc st dung 1am thdng s6 do bén cua dét khi tinh toan én dinh, st chiu tai cua nén
dét cling nhu thiét ké nén méng cong trinh chiu tai dong.
2.2. Tinh to&n én dinh méng cec dit trong nén cét bao hoa khi chiu tdi trong dgng

Vian d& 6n dinh caa méng coc khi chiu tai trong dong phu thudc vao nhiéu yéu té nhu: dac diém tai trong
dong, cau tric nén dat, dac diém nudc dudi dat va loai mong coc. Trong do, van dé chinh Ia can xac dinh
mitrc d6 suy giam stc chiu tai cia coc khi chiu tai trong dong. Dé ¢6 co sé danh gia van dé nay, ta xét truong
hop coc ma sat dat trong nén dat. Sirc chiu tai giéi han cua coc tinh theo dat nén vé mat ly thuyét dwoc xac
dinh theo biéu thuc:

Qu=UXtli+Acq, (7

Trong do,

U - chu vi coc;

- dién tich tiét dién ngang ¢ phan miii coc;
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li - chiéu day I6p dat thi i ma coc di qua;

7i - lye ma sat don vi xung quanh coc cua I6p dat thir i, dugc xac dinh theo biéu thic:

Ti = KoG2i.tgpa + Ca

Dbi véi coc bé tong cot thép: g = ¢@; Ca = C; Vi cét, luc dinh C = 0 nén ta co:

Ti = Kooz tg ) (8)

- hé s &p luc hong cua dat;

o’ - &p luc dia tang hiéu qua o gitra I6p dat tha i, 1a ham s6 ciua do sau (zi);

Qc - Strc khang (cuong d6) cua dat ¢ dau miii coc, truong hop dat trong dat loai cat:

qc = O_’z-Nq (9)

Nq- hé s tra bang theo g6c ma sat trong ¢ cua dat hozc tinh theo biéu thic (10):

N, = e™991g?(45° + %)

o’ - &p luc dia tng hiéu qua & d6 sau dit miii coc.

Trong trudng hop c6 tai trong dong, can sir dung tri s6 @4 thay cho ¢ ¢ nhiing 16p dat bi suy giam d6 bén
(c6 14<1), didc biét 1a dat loai cat bao hoa. Khi do, cac tri s6 ma sat thanh va strc khang dau miii dugc tinh
theo biéu thuc (8), (9) déu bi giam, dan téi strc chiu tai cia coc khi chiu tai trong dong (Qud) giam. Mirc do
suy giam Qua con phu thudc vao chiéu day va do sau cua nhiing I6p dét nay (I, zi). Nhu vay, khi chiu tai
trong dong, strc chiu tai cua coc giam tu tri s6 Qu dén tri s6 Qua 1am giam do 6n dinh cia méng coc. Mic
d6 suy giam nay dugc danh gia qua hé sb 6n dinh Fy:

Fy = %ﬂ’ (11)

Tir nhitng phén tich & trén, c6 thé thdy Fq phu thudc truc tiép vao ¢u, do sau va chiéu day phan bé cua
cac 16p cat bdo hoa & xung quanh than coc va miii coc, ciing nhu ty 1& chiéu day cua cac lop dat ndy so véi
chiéu dai tong thé caa coc. Nhitng thdng sé vé chidu day, d6 sau phan b cua ting 16p dit dwoc xac dinh
bang cac phuong phap khao sét hién trudng. Thong sé gu duoc xac dinh théng qua céc biéu thirc (4) va (6),
tre 1a xac dinh tir Ry,

2.3. Phwong phdp xdc dinh Ry trong cat bao hoa bang thi nghiém trong phong

Hién nay, nguoi ta thuong sir dung thi nghiém ba truc dong hoac thi nghiém cit phang dong dé xac dinh
Ru. Trong d6, thi nghiém ba truc dong c6 nhiéu uu diém hon do d& dang md phong lai trang théi ung suat
va do chat cua cét trong thyc té.

Quy trinh thi nghiém ba truc dong dé xac dinh R, dugc thuc hién theo tiéu chuan ASTM D5311, gom 4
budc: 1) Ché bi mau theo do chat yéu cau; 2) Bdo hoa bang ap luc nguoc; 3) C6 két mau véi ung suat higu
qua (c’c) phii hop vai diéu kién thuc té; 4) Gia tai dong. O budc gia tai dong, théng sé thi nghiém dugc lya
chon theo muyc dich nghién ctru va phi hop véi loai tai trong dong. Pdi vai tuabin cong trinh dién gid, tai
trong dong la tai trong didu hoa va c6 tinh chat lau dai, nén sé chu ky thi nghiém Ién. Tan sé cua tai trong
(f) thuong dugc chon trong khoang f = 0,4 - 1Hz (Thanh Tra, 2020; Nguyén Thi Ny, 2014). Bién do cua tai
trong dong (Aca) dugc xéac dinh theo ty s6 ung suat dong mong mudn (CSR), véi:

— Aga
CSR =37 (12)

Két qua cua thi nghi¢m cho biét su bién doi cia AU, Ry theo s6 chu ky gia tii twong tng Vi mdi ty sb
g Sut dong (CSR) da cho (Hinh 2a). Dé tién sir dung trong thuc té, nguoi ta thuong biéu dién R, véi ty
s6 giita s6 chu ky gia tai (N) véi sb chu ky gay hoa long (NL) (Hinh 2b).

(10)

Ru (%)
100 1
I : (b)
80 ’; .l 0.8 R,
60 , 0.6
/ DA s 0.4
40 Lz
A - 0.2
20 ; 0 1 1 1 1 |
0 0 op) 04 0.6 0.8 1
0 100 ¥ 200 300 N/N,

Hinh 2. Bién ddi R, theo chu ky gia tai.

Dua vao cac biéu dd ndy, c6 thé xac dinh Rytheo thoi gian tac dung cua tai trong dong (s6 chu ky tuong
ng N) va ty sb ng suat dong do tai trong dong gay ra trong nén dét (phu thudc vao tai trong dong va do
sau). Véi dic diém tai trong dong cua tuabin dién gio, ty sé N/Ni duoc lay bang 1.

3. Két qua nghién ciru va thao luan
3.1. Pic diém dia ting dic trung khu vic nghién ciru
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Theo céc tai liéu dia chat, dia chat thiry van va dia chat cong trinh thu thap dugc tir cac dé tai, du an o
khu vuc ven bién Séc Tring, dic diém dia ting dia chat khu vuc Soc Trang nhu sau:

Dia ting khu vuc dugc phu bai cac tram tich Holocen, phan trén chii yéu bai tram tich bién, séng bién
m,amQ,23. B¢ sau gap tir trén mat dén khoang 25m. Thanh phan gom sét bui, sét cat, cat bui mau xam,
x&4m nau. Bén dudi 1a tram tich séng bién, bién am, mQ,!2 véi bé day tir 19,5 dén 22m. Thanh phan gom
tap dudi la cat min dén trung, xam xanh, cat trung - thd, xam xanh, xam vang, chira it san thach anh, tap
trén la sét bui, bui cat xam vang.

Cac tram tich Pleistocen trén (a, am, mQ13): bi phu bai cac tram tich Holocen c6 tudi tré hon. Thanh
phan | dat loai sét mau loang 16, trang thai ntra cing, phan trén bi két von laterit ran chic.

O khu vuc ven bién gom thi x4 Vinh Chau, huyén Tran D¢ va huyén Cu Lao Dung, dic diém dia tang
dic trung duoc tong hop trong Bang 1.

Bdng 1. Pia tang dac trung khu vuc nghién ciu

Ky Do sau (m) Bé day Hé tang Loai dat Tri s6 SPT
*::; Matlép | Day 16p bi‘;ﬁ’}?n) (btia)

1 0 2,5-5,0 3,5 mQ,%3 Bun sét, xdm den 1

2 2,5-5,0 9,0-13,0 6,0 amQ,>® Caét hat min, Xop 3-5

3 9,0-13,0 | 20,0-25,0 13,0 amQ,?3 Bun sét pha, xAm den 1

4 20,0-25,0 | 31,0-45,0 20,0 mQ,'?2 Sét pha, déo mém 4-6

5 31,0-45,0 | 45,5-50,0 6,0 am, mQ,!? Cét hat nho, chat 27-42

6 455-50,0 | 55,0-60,0 10,0 am, mQ,!? Cét hat nho, rat chat >50

7 55,0-60,0 >80 >20 am,mQ,® Sét, sét pha, nira ciring 26-30

Dua trén dia tang dic trung khu vuc nghién ciu, c6 thé thiy giai phap mong kha thi cho tuabin dién gié
1a méng coc ma sat dat vao cac I6p 6 hodc 7. Stc chiu tai cua coc dugc hinh thanh chu yéu bai ma sat thanh
cuia cc 16p céat 2, 5, 6 va strc khang miii cua |6p dat dat coc. Cac 16p dat 1, 3 la cac 16p dat yéu, xem nhu
khong tham gia vao sirc chiu tai cia coc, thuc té chlng c6 thé gay ra ma st am 1am giam stc chiu tai caa
coc. Khi cong trinh hoat dong 1am phét sinh tai trong dong, cac I6p dét cat chiu luc c6 nguy co suy giam
d6 bén theo co so ly thuyét di trinh bay & muc 2. Nhu vay, viéc danh gia 6n dinh mong coc tuabin cong
trinh dién gi6 trong khu vuc can xac dinh dwoc mic do suy giam do bén cua cac 1op dat nay.

3.2. Pdnh gid mirc dp suy giam tham sé dé bén ciia céc lép cat

Theo két qua nghién ciru vé do bén va kha ning héa long do tai trong dong cua céc I6p dat 2, 5, 6
(Nguyén Vian Phong, 2020), su bién ddi R, cua cac mau trong cac 16p dat duoc tong hop trong Bang 2 va
biéu di&n trén cac Hinh 3, 4.

Bdng 2. Téng hop két qua thi nghiém budc gia tai dong
Lop | Posau | Dochit | Tysd | Ryochu | Rydchu | Ryochu | Ryo | Chuky
dét (M) | ciamiu | tngsudt | ky50 | ky100 | ky200 | N/NL=1 | héa long
Dy CSR % % % % NL
55 0,280 0,225 31,88 67,71 100,00 100 104
2 7,0 0,290 0,200 25,41 34,00 51,76 100 228
11,5 0,300 0,181 22,64 30,85 45,08 100 298
5 43,0 0,794 0,100 9,57 11,90 14,63 18,6 o0
6 43,0 0,740 0,083 7,13 8,40 9,67 11,3 o0
100 RUC%) . ,
] X CSR=0,225
80 i I
. — = = CSR=0,200
60 L.
B — . — CSR=0,181
40 / =1 — - CSR=0,100
Zogz.--’ R Ses—= CSR=0,083
0 | ‘ ‘ N
0 100 200 300 400 500

Hinh 3. Bién doi R, theo chu ky gia tai
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Hinh 4. Bién doi Ry theo ty sé N/N,

Trong Bang 2, ty s6 (ng suat thi nghiém CSR dwoc chon trén co sé tng suit dong I6n nhat ma cong
trinh c6 thé gay ra va kha nang chiu ang suat dong t6i da ciia nén dat. Nguyén tac chung la CSR gay ra boi
tai trong dong giam theo do sau. Lp 2 co do sau phan bb nho hon 10m va dat thudc loai cat min & trang
thai xop, do do ty s6 tng suat CSR duoc chon nhim xac dinh dwoc gisi han hoa long cuia dét. Céc lop dat
56 phan bb & do sau 16n, chiu ap luc dia tang hiéu gqua cao nén ty s6 ung suat CSR <0,100.

Déi véi ‘mong tuabin di¢n gio, ty s6 N/NL duoc lay bang 1. Do dé, ty sb ap luc nuéce 16 rong Ry cua cac
I6p dugc lay theo gid tri 16n nhat, tir &6 x4c dinh duoc muc do suy giam do bén cua cac 16p dét (Bang 3).

Bdng 3. Mire dg suy giam cac tham sé do bén cua cac I6p dat chiu luc

Gocmasat | TyséRu | Do éndinh | GOC ma sat Ty sd Ty s6
) trong ¢* 16n nhat lg =1-Ry trong ¢g T/t Nga/Nq
Lop dit (d6) (%) (%) (d6) (%)
’ 25-28 100 0 0 0 1
5 35-39 18,6 0,814 29-33 81,4 0,49-0,53
5 35-39 113 0.887 31-35 88,7 0,65-0,68

Ghi chi: (*) Goc ma sét trong Ciia cdt duwoc xdc dinh twong doi theo dé chat

Nhu vay, dé xac dinh mtc do suy giam do bén cua cac 16p cat trong cau tric nén phuc vu danh gia sic

chiu tai cua coc khi tuabin hoat dong, do thoi gian chiu tai dong 1a 1au dai (khac vaoi dong dat).
3.3. Pdnh gida mirc dp suy gidm sic chiu tdi cia coc trong nén cat khi chju tdi trong déng

Theo co s¢ ly thuyétrtl’inh bay & muc 2, tai trong dong lam ting Ry dan téi d6 on dinh I va va thong sb
dd bén cua dat giam, két qua lam giam suc chiu tai cua coc. Mirc Ao suy giam suc chiu tai cua coc p‘hu
thude vao d6 suy giam ma sét thanh coc, sirc khang miii coc va chiéu day cua Iép dat bi suy giam d6 bén.

Két qua tinh todn mirc d6 suy giam cac tham sé suc chiu tai cia coc duoc tong hop trong Bang 4.

Bdng 4. Két qud tinh toan mire d6 su

gigm cac tham sé sirc chiu tdi cua coc

, b giam | Po giam D6 diam
D6 sdu ‘ Poén | Pogiam | lycma st S &cgchiu
Léo dat trung Be day dinh vé&i ma sét sat thanh khang Wi coc
OP A | binhlop | 16p (m) | taidong | thanh Y taili mii 5‘ /(%
(m) Id Tdi/'fi (%) Z Tili qu/qC ;g/o) v
(%) (%)
1 1,75 3,5 - R
2 6,50 6,0 0 0
3 16,00 13,0 - - 88,9 64,9-68,2 | 80,5-84,0
4 32,50 20,0 - - *) **) (***)
5 45,50 6,0 0,814 81,4
6 51,00 5,0 0,887 88,7
Ghi chi: (*) Khi tinh téng luc ma sét thanh coc, 5 cia cac I6p bun (I6p 1, 3) coi bang “0”, cua lop sét

pha- déo mém (Iop 4) 1a hang sé; (**) Xdc dinh theo biéu thic (6) va (9); (***) Két qud tinh vdi gid thiét

sir dung coc bé tong - cor thép, kich thuéc @600mm dat sau 53,5m.

Nhu vay, khi xét & truong hop ty sé tng suat dong CSR 16n nhét, cac tham sé sirc chiu tai cua coc giam
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lan Tuot 14 11,1% vai tong luc ma sat thanh coc va tir 31,8% dén 35,1% véi sirc khang dau miii coc. Stic
chiu tai téng caa coc suy giam tir 16,0% dén 19,5%. Tuy nhién, muc do suy giam sic chiu tai tong thé cua
coc con phu thude vao kich thudc coc. V&i do sau phan b caa 16p dat chiu luc khu vuc nghién ctru, duong
kinh coc s& phai > ®600 din téi sirc chiu tai cia coc ¢6 thé giam 1on hon tri s6 (16,0+19,5)%. Tuy nhién,
trong thuc té Gng suat dong gy ra boi hoat dong cua tuabin cong trinh cu thé thuong duoc thiét ké thip
hon do ké t6i hé s6 an toan va phu thudc vao thong sé caa mdi cong trinh.

4. Két luan

Hoat dong cua tuabin cong trinh dién gi6 lam phat sinh tai trong dong va gy ra ap luc nudc 16 rong dur.
Trong khi d6, nén dat khu vyc duyén hai Soc Trang c6 céc loai dét cat nhay cam vei tai trong dong va bi
suy giam do bén theo mirc 4 gia tang ap lyc nuée 15 rong du (ty s6 ap luc nuéc 1 rdng, Ry). Muc do suy
giam do bén duoc danh gia thong qua h¢ s6 6n dinh voi tai trong dong (lg). Tir d6, danh gia duoc mirc do
suy giam cac tham 50 sirc chiu tai cua coc, 1am cin xac dinh st chiu tai cua coc ¢6 ké t6i anh huéng cia
Ry trong cau tric nén khu vuc nghién ciu. Két qua xac dinh duoc mue d6 suy giam tbi da ddi véi tong lec
ma st thanh coc 1a 11,1%, strc khang dau mii 1a (31,8 <35,1)%

Khi &p dung cho cong trinh cu thé, c6 thé da vao ty s CSR thyc té dé xac dinh Ry trong mdi loai dat,
tir d6 x4c dinh duoc st chiu tai cua coc khi chiu tai dong theo co sa 1y thuyét trinh bay & muc 2.

Loi cdm on )
Tap theé tac gid xin gui 16i cam on den tap the can bg, nhan vién Phong thi nghiém Dia ky thuat cong
trinh thugc Truong Pai hoc Mo - Bia chat da gilp hoan thién nghién cau.
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ABSTRACT

Assessment of pore-water pressure ratio effects on wind turbine
foundation in Soc Trang coastal area

Nguyen Van Phong?, Bui Duc Tung?® Tran Nam Quang*
! Hanoi University of Mining and Geology
2 FECON Corporation
3 Golden Earth Infrastructure Engineering Consultants JSC.
4Southern Institute for Building Science and Technology

Soc Trang is among the potential areas for development of renewable wind energy. Wind turbine operations
induces dynamic loading to foundation, this consequently results in excess porewater pressure in ground.
Excess pore water pressure (AU) then decreases effective pressure (c’) and shear strength and stiffness of
soil. Pore-water pressure ratio (Ry = AU/c”) is normally used to evaluate effects induced AU. Within studied
area, there is a fine sand layer with high percentage of silt, which is vulnerable to dynamic loading, Ry
therefore may increase significantly, triggering degredation of stiffness and stability of ground.
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With geological characteristics of the Project area, pile foundation is applicable. This paper presents
interpretation method to assess effects of Ry to stiffness of sand layer as well as to pile foundation, and this
aims to apply for Soc Trang coastal area. The results shows that total skin friction and tip resistance of pile
decreases 11,1% and (31,8 - 35,1) % respectively.

Keywords: Excess pore-water pressure; dynamic pile foundation; wind turbine, Soc Trang.
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ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Do bén dong va kha nang hda long cua céat khu vuc ven bién
Séc Trang dudi tAc dung cua tai trong tuabin dién gio

Nguyén Van Phéng®*
Truong Dai hoc M¢ - Dja chat

TOM TAT

Cau tric nén khu vyc ven bién tinh Séc Trang c6 mat phd bién céc loai dat cat hat nho, cat hat min 1a nhiing
loai dat rdt nhay cam véi tai trong dong. Khu vuc ven bién tinh Soc Triang nam trong ving ¢ cip dong dat
khong 16n (cap V, VI theo thang MSK-64), nhung 1a khu vic dwoc quy hoach phét trién céc du an dién gié.
Hoat dong cua tuabin dién gi6 gay ra tai trong dong, c6 kha niang 1am hoa long nén dat cat khu vuc, va gay
mét on dinh cho mong tuabin. Vi vay, viéc nghién ctru, danh gia d6 bén ciing nhu kha ning hoa long cua
cat khu vuc ven bién Soc Tring khi cac tuabin dién gio di vao hoat dong Ia rat can thiét. Bai bao gisi thigu
phuong phap nghién ctru bang thi nghiém ba truc dong dé danh gia d6 bén va kha ning hoa long cua dat
cat hat min, cat hat nho phan bd phé bién trong khu vire. Trong d6, cac mau dat duoc md phong lai trang
thai (ng suét, o chat phu hop véi diéu kién thuc té. Két qua nghién ciru cho thay, dit cat hat min trang thai
x6p phan b & d6 sau tir 2,5m dén 11,5m c6 kha niang bi héa long khi ty sé tng suit dong CSR > 0,160; dét
cat hat nho trang thai chat phan bb & d6 sau trén 30m khong bi hda long, nhung gay ra ty s &p luc nudc 16
rdng Ry = (11,3+18,6)% c6 kha ning lam giam do bén cua dét.

Tir khoa: Cat hoa long; ty s6 ap luc nuéc 1 rdng; cong trinh dién gio; tinh Soc Trang.

1. Pit van dé

Soc Trang 1a tinh ven bién thuoc ving dong bang séng Ciru Long, vai chiéu dai bd bién hon 72km. Vi
vay, tinh tiém nang rét 16n trong phét trién ning luong tai tao nhu dién gi6, dién mat troi. Theo phé duyét
quy hoach ciia Bd Cong Thuong vé phat trién dién gio tinh Soc Tring giai doan dén nam 2020, tam nhin
dén nam 2030, Soc Tring s& ¢6 3 viing quy hoach phat trién dién gi6 tap trung tai cac khu vuc ven bién thi
xa Vinh Chau, huyén Tran Dé va huyén Cu Lao Dung. Dén nay, tinh ¢6 10 dy &n trong quy hoach (4 dy én
da khéi cong) va dang trinh Bo Cong Thuong bd sung 19 dy an dién gi6 khac (Thanh Tra, 2020).

Dia tang D¢ tr o cac vung quy hoach cong trinh dién gid tinh Soc Trang dugc hinh thanh chu yeu bai
cac thanh tao nguon goc bién tudi Holocen, sdng - bién tudi Holocen va Pleistocen. Trong d6, dia tang dic
trung thudng c6 mat phd bién céc loai dat cat (amQ,23, amQ,12 va amQ:3) & cac d6 sau Khac nhau, chiing
thudng duoc chon 1am céc 16p dit chiu luc (Nguyén Thi Nu, 2014). Tuy nhién, day la cac loai dét nhay
cam vai tai trong dong. Cong trinh dién gid cé dac thu 1a qué trinh hoat déng cua tuabin Iam phat sinh tai
trong dong. Nhu vdy, nguy co hoa 16ng nén dét va lam giam d6 6n dinh nén méng cong trinh Ia rat Ién.

Nhur vy, viéc nghién ctru do bén dong va kha nang hoa léng cua dat loai cat trong nén cong trinh dién
gi6 la rat Can thiét. Tuy nhién, nhirng nghién ctu vé véan dé nay ¢ nudc ta van con han ché, mot phan do
han ché vé& thiét bi nghién ciru. Mot sé cong b trude day tap trung & khu vuc cac thanh phé 16n nhu thanh
phd Ha Noi va thanh phd H Chi Minh. Noi dung nghién ciru cha yéu phuc vu cho nha cao tang chiu dong
dét. Trong khi d6, ddc diém tai trong dong cia cong trinh dién gi6 va nha cao tang chiu dong dat khac nhau.
Mt khac, nhiéu nghién ciru méi chi dua vao cac lién hé thuc nghiém tinh toan gin tiép nén két qua c6 do
tin cay khong cao. Mit khac, dén nay chwa c6 cong trinh nghién ciru nao vé kha ning hoa long cia dat loai
cat phan bd ¢ khu vuc duoc cong bé.

Dé ¢6 co s danh gia 6n dinh cong trinh dién gié khu vuc nghién ctru vai do tin cay cao, can thiét phai
nghién ctru kha ning hoa long va do bén dong cua dét bang thi nghiém tryc tiép. Dac biét véi dat cat, viec
thi nghiém tryc tiép trén mau nguyén trang 1a khéng kha thi, nén viéc st dung phuong phap thi nghiém ba
truc dong cho phép md phong lai trang théi cia cat ¢ diéu kién tu nhién Ia thich hop. Tir d6, cho phép danh
gia mirc d¢ suy giam do bén, d6 6n dinh cua nén méng cong trinh dién gio.

* Tac gia lién h¢
Email: nguyenvanphong.dcct@humg.edu.vn
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2. Cosély thuyet va phwong phap nghién ciru
2.1. Co sé Iy thuyét

Do bén dong 1a kha nang cta dat chiu (phét huy) @mg suat dong tdi da trong khoang thoi gian nao dé ma
dat khéng bi pha huy. Trong dat bdo hoa, ing suat dong gay ra &p luc nuée 16 réng du (AU) lam giam tng
sut hiéu qua (o) kéo theo d6 bén cua dat giam. Do bén dong lién quan tryc tiép dén ty sé ap luc nuéc 16
réng (Ry = AU/c”). Khi chiu tai trong dong c6 cudong do du I6n hoac Iap lai nhiéu lan, ty sé Ry trong dat cat
b&o hoa cd thé tang dén 100%, dan dén o’ giam vé khong lam dat mat han do bén hay bi hoa long (Nguyén
Vin Phong, 2016). Nhu vay, hoa long 13 hién turong dat bao hoa bi mat d bén khi chiu tai trong dong, lam
cho dat biéu hién (ing xir) nhu chét long, thuong xuat hién bién doi dot ngot cua ung suat va bién dang
(tng suat giam dot ngot, bién dang ting dot ngot). Hién tuong nay thuong Xy ra trong dat cat min - bui
bao hoa nude, do chat thap.

Trong nghién ciru do bén va kha nang héa long ciia dét, can xac dinh diém phé hiry dong hay diém héa
long, d6 la thoi diém (hay s6 chu ky) dat bi phé huy (héa Iong) dudi tac dung cua tai trong dong nhét dinh
trong diéu kién ing suit cho trudc. Khi tién hanh thi nghlem can theo ddi, ghi lai va biéu dién su bién doi
cuia cac thdng sé tmg suat, bién dang, &p luc nudc 16 rong du, ty s6 &p luc nudc 16 rdng theo thoi gian. Tir
d6, diém phé hiy dong hay héa long duoc xac dinh duya trén co s¢ phan tich cac biéu db quan hé nay, cu
thé theo cac diéu kién sau: 1) Thoi diém Ry dat trj s6 bang 100%; 2) Bién dang twong ddi (¢) I6n hon 5%;
3) Bién (dang dong bing bién dang gay ra pha hay tinh. Hoa long xay ra khi Ry dat tri sb bang 100% va xuat
hién bién d6i dot ngot cua ung suat va bién dang. Truong hop khi thi nghlem ma ty s6 Ry tang dén tri s6
cuc dai nhung chua dat 100%, bién dang twong ddi vuot quéa 5% thi xem la mau bi pha huy.

2.2. Phwong phap nghién ciru

Hién nay, nguoi ta thuong sit dung thiét bi thi nghiém Ia cat phang chu ky va ba truc dong dé nghién cau
d6 bén va kha nang hoa 1ong cua dat. Vi dat cat, phuong phép thi nghiém ba truc dong cho phép mo phong
duoc trang thai ung Suit va d¢ chat thuc té mot cach dé dang nén dugc st dung phé bién. Trong bai viét
nay, thiét bj duoc sir dung nghién cau 1a hé thdng ba truc dong Tritech 100 kN cua hang Controls-Group
(thudc Phong thi nghiém Dia ky thuat cong trinh, Trudong Pai hoc M6 - Bia chat). Qué trinh thi nghiém
duoc thyc hién theo tiéu chuan ASTM D5311 bao gém cac budc sau:

1) Chuan bi mau: Mau duoc ché bi trong khuén mau c6 kich thuéc 70x140mm. Cé 3 phuwong phép
thuong dugc st dung ché bi mau cat: phuong phap rot kho; phuong phép tram tich trong nudc va phuong
phap dam am. Trong d6, phuong phap rét kho thich hop cho mau 6 do chat thap, hai phuong phap sau phu
hop dé ché bi mau c6 do chat cao. Yéu cau ddi vaoi bude ché bi mau 1a phai dam bao mau ché bi dong nhat
va c6 do chat twong duong vai trang thai tu nhién cia né. Do vay, cat cho vao khuon duogc rai thanh 16p cé
chiéu day khoang 2 +2,5cm (khoang 6 16p khéi lwong bang nhau) va ddm. Khéi luong cat can thiét cho day
trong khuén mau dwoc xac dinh theo d6 chit twong ddi (Dy) - dua vao tri s SPT hiéu trinh.

2) Béo hoa mau: Qua trinh bdo hoa mau duoc thyc hign biang &p luc nguoc véi 6 chénh gitra &p luc
budng (cceu) va ap luc nguoC (ovack) bang 10 kPa. CAc tri $6 ocell, Oback durge tang dan theo tung c4p vai bién
d6 tang mdi cap bang tir 10+20kPa. Trong d6, ocen dugc ting trude dat dén tri sb yéu cau mai ting oback
nham dam bao mau khong bi pha huy boi opack. Sau khi ting Grack XONg, M& van ap luc nguge dé nuée vao
mau cho dén khi 6n dinh mai 1 tdng cp tiép theo. Trong qua trinh nay, toan b¢ thay dbi luu lugng nuée duoc
ghi lai. Qué trinh bdo hoa miu bang ap Iuc ngugc dugc tlen hanh cho dén khi d6 bio hoa dat trén 95% (B
= AU/AGcen >0,95). Thong thuong, tri s6 &p luc nguoc can dat trén 70kPa ddi vai cat min, do bdo hoa cua
mau maoi dat yeu cau.

3) CH két mau: Viéc cb két mau nham dam bao dat dat dwoc trang thai phu hop véi diéu kién thuc té. Ap
luc b két (o7¢) 1a hiéu gitra &p luc budng va &p luc nguoc (6”c = ocel- Oback). D& dam bao mé phong diéu
kién thyc té tét nhét, &p luc budng ocen duge ting dén tri sé twong tng véi ap lue dia tang, con &p luc nguoc
Gback bang &p luc nudc 13 rdng thuc té (tinh theo muc nude dudi dat).

4) Gia tai trong dong: Trudc khi gia tai dong, ap luc budng dugc duy tri & muc tuong duong véi ap luc
dia tang. O budc nay, can lya chon thong s tai trong thi nghiém tiy thudc vao loai cong trinh, dic diém
tai trong dong va cac diéu kién cu thé khac. Ddi véi tuabin cong trinh dién gio, tai trong dong la tai trong
diéu hoa va c6 tinh chét 1au dai, nén s6 chu ky thi nghiém can rat I6n. Tan s6 cia tai trong (f) thuong dugc
chon trong khoang f = 0,4 - 1Hz (Subhamoy Bhattacharya, 2019). Bién d¢ cua tai trong dong phu thugc
vao khoi lugng, duong kinh canh quat, téc do quay cua tuabin, ... Thém vao do, tmg suat dong trong nén
dét con phu thudc vao vi tri cia diém dang xét. Do vay, bién d6 ung suat thi nghiém (Aca) dugc xéac dinh
theo ty s6 tng suat mong muén (CSR), voi:

CSR = 2% (1)

2 ac
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Véi myc dich nghién ciru dat ra, CSR duoc xéac dinh theo 2 diéu Kién sau: 1) Theo diéu kién tan dung
t6i da kha nang lam viéc cua dat, tirc 1a theo ty s6 Gng suat gii han (CSRgn). Tri s6 CSRgn phu thudc vao
loai va trang thai cua dat, cd thé du tinh theo thi nghiém SPT; 2) Theo tri s ng suat toi da ma tai trong
cong trinh ¢6 kha ning gy ra trong nén dat. Theo diéu Kién nay, do sdu cang Ién thi CSR cang nho.

Céc thong sb do tryc tiép theo thoi gian bao gdm: lyc doc truc (F, kN); &p luc budng (ceen, kPa); &p luc
nguoc (ovack, kPa); ap lwc nudc 16 rdng (u, kPa); bién dang doc truc (S, mm); thay doi thé tich (AV, mmd).
Tir d6, xac dinh cac thong s tinh toan va biéu dién trén céc biéu dd dic trung.

3. Két qua nghién ciu va thio luan
3.1. Pic diém phan bé cia cac loai dat nghién creu

Theo céc tai liéu dia chat, dia chat thiy vian va dia chat cong trinh thu thap duoc tir cac dé tai, du an &
khu vuc ven bién Soc Trang, dia ting khu vuc ¢6 mat hai loai cat 1 hat min thugc tram tich amQ222 phan
b6 & d6 sau tir 2,5m dén 13,0m; cat hat nho thugc tram tich am, mQ,%2 phan bé ¢ do sau tir 31,0m dén 60m.
Céc loai cat nay phan bé thanh 16p xen véi cac 16p dat yéu. Muc nude dudi dat dao dong tir 1,0m dén 1,6m.
Két qua tong hop vé dic diém phan b va thi nghiém SPT duoc trinh bay trong Bang 1.

Bang 1. Pia tang dic trung khu vuc nghién ciu

Ky Do sau (m) Be day . , .
hi¢u - . trung Hé tang Loai dat Trl(;%aS)PT
l6p * Mat lop bay 16p | pinn (m)

2 2550 | 90130 | 6,0 amQ,z3 | Cathatmin, xen kep set 3.5

pha, mau xam den, x0p
5 | 31,0450 | 455500 | 80 |am,mQmz| CAhatnho, mauxam 27-42
den, chat
6 | 455500 |550-600| 100 |am,mQa2| CAthatnho,xamnay, >50
xam den, rat chat

* Ky higu I6p dat theo dia tang dac trung khu vuc

3.2. Két qud thi nghiém xdc dinh d@é bén dpng va khd néing héa léng

Theo muc dich nghién ctu, ba mau cat duoc lay tai khu vuc thi xa Vinh Chau, & ba d6 sau dai dién cho
cac 16p 2, 5, 6. Mau lay vé dugc thi nghiém xac dinh thanh phan hat, khdi lwong riéng (vs), hé s6 rdng nho
nhat (emin), va hé s6 rdng 16n nhat (emax). Két qua thi nghiém duoc tong hop trong Bang 2.

Bang 2. Két qud thi nghiém mét sé chi tiéu vt ly

Do sau | Pic diém thanh phan | K.lg riéng [Hé s6 rong Hé sb rong
Loai cat va ky hiéu (m) hat (glcmd) I6n nhat  |nho nhét
Deo D20 D1o _
(mm) (mm) (mm) Vs €max €min
Lop 2: Céthat min - C1 | 5,5-6,0 0,28 0,14 0,06 2,65 1,021 0,577
Lop 5: Cat hat nho -C2 | 44,5-45,0 | 0,35 0,23 0,10 2,65 1,050 0,589
Lép 6: Cat hat nho -C3 | 48,5-49,0 | 0,36 0,24 0,12 2,65 1,040 0,593

M3i loai cat (C1, C2, C3) dugc ché bi lai nhiéu lan theo cac phwong phap khac nhau tiy theo do chat
mong mudn, sau d6 duoc bdo hoa, cé két nhdm md phong lai diéu kién thuc té & do sau khac nhau truée
khi thi nghiém gia tai dong. Phuong phép thuc hién dugc trinh bay trong muc 2.2. Trong d6, phuong phép
1ot kho duoc sir dung ché bj mau cét Xop, phwong phap ddm am st dung ché bi mau cét chat. Sau d6, mau

dugc bao hoa va ¢ két. Cac thong sb & cac budc thi nghiém dugc tong hop trong céc Bang 3, 4, 5.

Bang 3. Cac thdng sé ciia mdu ché bi

Ky Do sau md Phuong Kich thuéc mau | Khdi luong Hé s6 Do chat
hieu | phong (m) | phép ché bi (mm) thé tich kho rong tuong doi
mau (g/cm3)
D H T e D

C1-0 8,5 Rét kho 70,0 140,8 1,377 0,936 0,189
Ci1-1 55 Rét kho 70,0 1415 1,402 0,897 0,277
C1-2 7,0 Rét kho 70,0 140,0 1,420 0,893 0,287
C1-3 11,5 Rét kho 69,8 139,6 1,442 0,895 0,282
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Cl-4 7,0 ROt kho 70,0 | 140,0 1,376 0,937 0,188
C2-1 34,0 Pam am 705 | 141,0 1,572 0,692 0,777
C2-2 43,0 Pam am 69,3 | 140,0 1,572 0,686 0,790
C2-3 31,5 Pam am 71,0 | 139,5 1,518 0,753 0,643
C3 43,0 Pam am 69,3 | 139,7 1,549 0,711 0,736
Bdng 4. Cac thdng sé thi nghiém buwéc béo hda va cé két mdu
Ky n oA N A A £ 1A Do chat
hi é{l Dt:pésr?u (nr:]()) Bé&o hoa Co két sau cé két
mau | Phond 6cell (KPa) | oback (kP2) | eent (KP) | ooack (KPa) | o'c (kPa) D
C1-0 8,5 90 80 140 80 60 0,192
C1-1 5,5 100 90 120 80 40 0,280
C1-2 7,0 80 70 120 70 50 0,290
C1-3 11,5 100 90 160 80 80 0,300
Cl-4 7,0 80 70 120 70 50 0,191
C2-1 34,0 90 80 320 80 240 0,780
C2-2 43,0 120 110 400 100 300 0,794
C2-3 31,5 90 80 300 80 220 0,701
C3 43,0 220 210 500 200 300 0,740
Bang 5. Tong hop keét qud thi nghiém dg bén dong va kha ndng héa long
kg | Tyso| Bien ?;ﬁ‘; Roo | Reo ) Ru6 1 Ra0 g e | Chuky
hidu ing | do ung 16n chuky | chuky | chuky | chuky nhét héa long
sut suét 2 5 50 100 200
mau nhat
SR kPa % % % % % % NL
C1-0 | 0,234 28 7,86 100 - - - 100 4
Cl-1 | 0,225 18 8,44 8,1 31,9 67,7 100,0 100 104
C1-2 | 0,200 29 6,46 8,0 25,4 34,0 51,8 100 228
C1-3 | 0,181 20 5,94 34 22,6 30,8 45,1 100 298
Cl-4 | 0,160 16 472 24,2 64,2 77,4 88,8 100 468
C2-1 | 0,230 55 0,13 7,43 12,1 13,4 14,8 16,7 Khéng
C2-2 | 0,100 60 0,53 3,9 9,6 11,90 14,6 18,6 Khéng
C2-3 | 0,095 38 0,87 8,7 11,5 12,6 13,6 15,0 Khéng
C3 0,083 50 0,11 34 713 8,40 9,67 11,3 Khéng

Sau budce ¢ két mau, tién hanh gia tai dong theo phuong phap duoc trinh bay & muc 2.2. Trong dé, tat
ca cac mau déu duoc gia tai diéu hoa voi tan sé 1a 1Hz, nhung khac nhau vé ty s6 ung suat CSR. Cac mau
& d6 sau nho c6 ap luc dia tang thap, lai gan ngudn tai trong nén wng suat dong lén, dan téi CSR 16n va
nguoc lai. Két qua thi nghiém 9 mau (5 mau C1; 3 mau C2 va 1 miu C3) duoc tong hop trong Bang 5.

Ap luc (kP ()
15gue (kP2) — Riy (%)
100 . 80 Dinh tmg suét
biém hoa long / s doc truc
80 s , ~
60 5 - 60 feeeeens Ap Iye nuoe 16
4 rong du
— _,.r-/ - 40
40 : Jeeeseet — - —Ru
S R SRS Y TR
20 |—ppeenneeett - 20
0 0
0 50 100 150 200 250 Chu ky

Hinh 1. Dgng biéu do biéu dién bién dsi ing sudt, Ry ddc trung cho logi cat C1 (mau C1-2)

Tir cac két qua thi nghiém duoc trinh bay trong cdc Bang 4, 5 ¢ thé thay cac mAu cat hat min (C1) duoc
md phong ¢ d6 sau tir 5,5 + 11,5m (C1-0, C1-1, C1-2, C1-3, C1-4) déu c6 do chat Dy < 0,3 twong ung voi
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trang thai xop; Cac mau cat hat nho (C2, C3) duoc md phong tuong tng d6 sau trén 30m déu c6 Dy >0,7
thugc trang théi chat. Thuc té, khi tng suét cd két o°c >300 kPa d¢ chat cia mau cat khdng c6 su thay doi
dang ké. Nhu vay, d6 chat cua cac mau dugc md phong pha hop véi thyc té.

Két qua thi nghiém mau C1-2 (cat hat min, xop) cho cac dang biéu d6 nhu Hinh 1 va 2. Theo do, R, ¢6
xu hudng ting nhanh ¢ khoang 15 chu ky dau (do cét chat lai), sau d6 ting dan dén tri s6 70% (dén chu ky
215), vuot qué tri s6 nay Ry ting nhanh chong dat 100% & chu ky 228. Bién doi cua ung suat, bién dang ¢
thoi diém ban dau tuong ddi 6n dinh, nhung khi Ry > 70% thi ing suét bi sut giam va bién dang nhanh
chong vuot qua 5% (Hinh 2, & chu ky 217). Khi do, mau bi syt va hoa léng hoan toan ¢ chu ky thir 228.
Két qua thi nghiém cac mau khac thugc loai cat C1 (cac mau C1-0, C1-1, C1-3, C1-4 déu ¢ trang thai x4p)
cling c6 dac dlem tuong tu, theo d6 khi Ry >(60+70)% déu c6 su bién ddi dot ngot cua ung Suét, bién dang.
Tuy nhién, s chu ky hoa long (NL), mirc d6 bién dang va téc do tang Ry & cac mau 1a khéc nhau, phu thudc
vao CSR (xem Bang 6 va Hinh 3). Trj s6 CSR cang I6n, Ry ting nhanh hon, hoa long ¢ s6 chu ky nho hon.
Khi CSR tang tir 0,160 dén 0,234 thi s6 chu ky hoa long giam tir 468 xudng dén 4 chu ky. Cac thdng s6 cu
thé cua tirng mau duogc tong hop trong Bang 4.

.z o
8.000 Bién dang (%)
6.000 Bién dang nén
4.000 I — - = Bién dang kéo
2.000 '.'
==
0.000 = = = .
-2.000
0 50 100 150 200 250 Chuky

Hinh 2. Dang biéu do bién doi bién dang tiwong doi ddc trung cho logi cat C1 (mdu C1-2)

Ru (%)
100.00 7
Chu ky 50
80.00 u e
/ —— « Chuky 100
60.00 1/ i
= — = -Chuky 200
40.00 o I e
20.00 T
/
——
0.00 CRS
0.05 0.1 0.15 0.2 0.25

Hinh 3. Sw gia tang R, theo CSR ¢ cac chu ky khac nhau

Céc mau cét hat nho & trang thai chat phan bb ¢ d6 sau 16n nén ty sé g suat dong CSR thuc té thuong
nho hon 0,1. Khi thi nghiém & CSR < 0,1, Ry ting tdi da dat tir 11,3% dén 18,6%, bién dang 16n nhét chi
dat tir 0,11% dén 0,87%. Vi loai cat nay, khi thi nghiém & CSR =0,230 ciing khong nhan thay cé su thay
d6i dang ké vé& Ry va mirc d6 bién dang. Nhu vay, cét hat nho & trang théi chat phan bé ¢ do sau 16n hon
30m trong khu vuc nghién ctru khdng bi hda long. Tuy nhién, su gia ting cua Ry tir 11,3% dén 18,6% lam
giam do bén cua dat, c6 thé anh huéng dén 6n dinh nén méng cong trinh khi duoc sir dung 1am 16p chiu
luc.

Trén Hinh 4 cho thiy su khac nhau vé bién d6i Ry trong dat cat hat min, trang thai xp (C1-1, C1-2, C1-
3) va cét hat nho, trang thai chat (C2, C3).

4. Két luan

Khi nghién ctru do bén va kha nang héa long ciia cét khu vuc nghién ciru, dét cét hat min trang thai xp
dugc ché bi lai bang phuong phap rét kho, dat cat hat nho trang théi chat. ché bi bang phuong phap dam am
két hop véi qua trinh co két mau theo &p lyc dia ting cho do chat cua mau phd hop vai thyc té.

Két qua nghién ctru cho thay, cat hat min trang thai x5p phan bd & d6 sau nhé hon 11,5m c6 kha ning bi
héa long. Thoi gian dat dén trang thai héa long phu thudc vao ty sb tng suat dong, khi CSR tang tir 0,160
dén 0,234 thi s6 chu ky héa long giam tir 468 xudng dén 4 chu ky. Thoi diém héa long xay ra khi R, =100%.
Ty s6 Ry >(60+70)% la tri s6 nguy hiém, c6 thé dan t6i trang thai hda long nhanh chéng.
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Dat cét hat nho trang thai chat o diéu kién mé phong do sau phan b thuc té khong bi hoa long, nhung
gay ra Ry tang tir 11,3% dén 18,6% lam giam d6 bén cua dat, ¢ thé anh hudng dén 6n dinh nén méng cong
trinh khi dugc sir dung lam I6p chiu luc.

Nhur vay, khi xay dung cac cong trinh tuabin dién gi6 khu vuc ven bién Séc Trang, can phai nghién ctu
danh gia d6 6n dinh nén méng cong trinh co xét dén kha ning héa long va giam d¢ bén cua dét loai cét.

Ru (%) Ru (%)
100 ; 100
i
’ I . - 90 Cl1
80 ! ! go| —-— CL3
J Il : | 0| == -cl2
60 - i 60| 0 ¢
/ e c3
P - 50
- -
40 = 40
[P - 30
/' o
20 | et 20
Z P o By e =5 10
0 ‘ ‘ [ 0
0 100 200 300 400 soo  Chuky

Hinh 4. Si gia ting Ry theo chu ky gia tdi ¢ cac mau thi nghiém

Loi cam on ) )
Tap the tac gid xin gui 61 cam on dén tap the can bo, nhan vién Phong thi nghiém Dia ky thuat cong
trinh thudc Truong Pai hoc Mo - Bia chat da gilp hoan thién nghién cau.
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ABSTRACT

The cyclic strength and liquefaction potential of sand distributed in
Soc Trang coastal area under the loading of wind turbine operation

Nguyen Van Phong
! Hanoi University of Mining and Geology

Fine and small-grained sand are widey distributed in the coastal area of Soc Trang province which are
sensitive to the dynamic loading. Although this coastal area is located in the low-medium magnitude of
earthquake (levels of V, VI according to MSK-64), this area is planned for development of wind power
projects. The operation of wind power turbine generates the dynamic load which can cause the liquefaction
of sandy soil.

The aim of this paper is to introduce the research method using the triaxial dynamic test to evaluate the
liquefaction potential of sandy soil distributed in this area. In which, the soil samples are simulated the field

90



stress state and the field soil density. Research results showed that the loose fine-grained sand distributed
at the depth from 2.5 m to 11.5 m is prone to be liquefied when the cyclic stress ratio, CSR is higher than
0.16. By contrast, the fine sand with dense density distributed at the depth higher than 30 m is not liquefied,
but the pore water pressuse increases with the ratio of pore water pressure, Ru from 11.3 to 18.6% and can
cause the reduction in the soil strength.

Keywords: Liquefaction potential; excess pore-water pressure; wind turbine; Soc Trang.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ciu thuc nghiém mdi quan hé
gitra van toc song Rayleigh va do rong cua vat li¢u

Bui Truong Son"* , Nguyén Thi Nu!
! Truong Dai hoc M6 - Dja chat

TOM TAT

Song Rayleigh dwoc phat hién nam 1885 va dugc tng dung trong nhiéu nganh khoa hoc khac nhau nhu:
vién thong, khoa hoc vat ligu, dia vat ly,... Trong linh vuc dia k¥ thuat xay dung, song Rayleigh duoc sir
dung trong cac thi nghiém khong phé hity xac dinh tinh chat vat 1y, co hoc cua vat liéu. Béo céo trinh bay
két qua nghién ctru thuc nghiém méi quan hé giira van toc song Rayleigh va do rdng cua vat ligu vira xi
ming & trang thai bdo hoa va khong bdo hoa. Két qua nghién ciru s& duoc tng dung giai bai toan thuan la
van toc séng phu thude vao do rong cua vat ligu, hoac giai bai toan nguge danh gia khong phé huy, do rong
cua vat liéu thdng qua céc gié tri do duoc caa van toc song.

Tir khoa: Song Rayleigh; van téc; khdng pha hity; do rong.

1. Pit van dé

Céc mdi truong dan hoi (khi, long hay rén) cé thé coi nhu 1a nhitng méi trwong lién tuc gébm nhitng phan
tir lién két chat ché voi nhau. Luac binh thuong, mai phan tir c6 mot vi tri can bang bén. Néu tac dong mot
lyc 18n mot phan tir A nao d6 bén trong méi truong ndy, né sé rdi khoi vi tri can bang bén. Do twong tac
tao nén bai cac mdi lién két vai cac phan tir bén canh, mot mat phan tir A bi kéo vé vi tri can bang, mot mat
n6 ciing chiu tac dung bai lec tic dong nén phan tir A s& di chuyén qua - lai quanh vi tri can bang, c6 nghia
1a phan tr A thyc hién chuyén dong dudi dang dao dong. Hién twong nay tiép tuc xay ra di véi cac phan
tir khac ciia moi truong. Dang dao dong co, ¢o tinh chét lap di 1ap lai, lan truyén trong méi truong dan hoi
dugc goi 1a séng dan hoi hay song co; n6i cach khac, song 1a mot hién tuong vat 1y trong d6 niang luong
dugc dan truyén dudi dang dao dong cua cac phan tir vat chat ciia méi trudng truyén séng. Vé ban chat,
song siéu 4m 1a song co hoc, do d6 no tuan theo moi quy luat d6i véi song co, co thé tao ra séng &m bang
cach tac dong mot luc co hoc vao mdi truong truyén am. Vi du danh vao mat tréng, tac dong dong dién lam
rung mang loa, tic dong lam rung am thoa, dan bay trong khong khi,... (Bergmaam, 1948; Achenback,
1973).

Do mdi vi tri trong mdi trudng & trang thai binh thudng déu c6 mot mat do phan tir p va mot ap suat P
¢b dinh. Khi c6 mot phan tir trong mot méi truong dao dong thi mat do va &p suét tai vi tri d6 s& thay doi.
Nhu vay ban chit caa sy lan truyén dao dong 1a sy lan truyén cia mat do khoi va &p suét P.

S6ng siéu &m c6 tan sé cao hon tan sb t6i da ma tai ngudi nghe thdy dwoc. Tan sé ti da nay tiy vao
ting nguoi, nhung thong thudng nd vao ¢d 20.000 Hz. Nguoc lai véi siéu am, cac 4m thanh cé tan so thap
hon ngudng nghe duoc boi tai ngudi (thudng vao khoang 20 Hz) 1a ha am. Phwong phép siéu 4m c6 nhiéu
vu diém nhu khong pha huy két cau, co thé lap lai cac phép thir trén toan b két ciu, phat hién dugc cac
khuyét tat nim trong ciu kién va danh gia chat luong tryc tiép trén cong trinh. Ngay nay, hé thong may
siéu 4m khong chi hoat dong doc 1ap ma con duge nghién ciru dé két nbi véi cac thiét bi nén don truc, ba
truc dé ghi nhan duogc qué trinh pha huy cua vét liéu. Hién nay, cdc nghién ctru cua céc tac gia méi chi
huéng téi viée str dung truong van toe ciia song doc, song ngang ma chua dé cap dén cac loai song Rayleigh,
séng Lamb, séng Love trong nghién ctru tinh chét ciia vat liéu (Fortin, 2005; Wasserman, 2006; Javad,
2010; Fethi, 2010; Revil, 2014;...). Trong béo c4o ndy, nhém tac gia s& trinh bay két qua nghién ciru thuc
nghiém méi quan hé gira van tdc song Rayleigh va do rdng cua vat lidu vira xi ming & trang thai bio hoa
va khong bio hoa. Két qua nghién ctru s& duoc tmg dung giai bai toan thuan 14 van toc séng phu thude vao
dd rdng cua vat liu, hodc gidi bai toan ngugc danh gia khong pha hity do rong ctia vat liéu thong qua cac
gia tri do dugc cua van toc song.

* Tac gia lién hé
Email: buitruongson@humg.edu.vn
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2. Co s& ly thuyét

Song Rayleigh dugc phat hién nam 1885 va dugc tng dung trong nhiéu nganh khoa hoc nhu: vién théng,
khoa hoc vat liéu, dia vat 1y,... Trong linh vyc dia k¥ thuat xdy dung, song Rayleigh dugc st dung trong
céc thi nghiém khéng phé hay xac dinh tinh chat cua vat liéu.

Dé nghién ctru co so ly thuyét vé séng Rayleigh, xuit phat tir phuong trinh co ban chuyén dong:

o°U, B oo O
ar OX,
E v
Thay % = arn) (uik o U115ikj @
2~
Ta co: pa L2J _F AU + grad.divU (3)
ot 2(1+v) 21+ 0)1-2v)

Trong cac cong thuc (1),(2) va (3): U - véc to dich chuyén; p - khéi lugng riéng; E - mo dun
Young; v - hé sé Poisson.

Vay néu véc to dich chuyén U chi phu thugc vao thoi gian va mot trong cac toa do (X chang han), khi
d6 ta c6 song 1a séng phing dan hdi, phuong trinh chuyén dong dudi dang véc to bay gior s& don gian, viét
theo cdng thiic thanh phan:

2%U, 2%, U,  ,0Uy . U, 0%
7 Vp— =0 5 V=0 v —
at ox ot OX at ox
Tir cac phuong trinh trén, ta thay nghiém cua ching cé dang:
jlet=(2, )x] i[at—(2, )x
Uy = Ae Hp ; Uy:AeJ[ s ];klzﬁ ke = = ()
Vp Vs

T cdng thue (5), tacd 2 loai song (P va S) truyeén véi téc do khéc nhau Vp, Vs theo phuong X, vai tan
s6 f nao d6. Vay, trong vat ran dang hudng c6 2 loai song doc va séng ngang truyén doc lap voi nhau va
Véi tdc d6 khac nhau. Trong d6, song doc c6 phuong dao dong trung v6i phuong truyén song (thuong ky
hiéu P), song ngang c6 phuong dao dong vudng goc véi phuong truyen song (ky hiéu S). Song Raylelgh la
song truyén theo phuwong X trén mat bién gisi gitta khong khi va chat ran dang huéng, 1a to hop tuyén tinh
ctia s6ng doc va séng ngang, ¢6 tan sé nhu song doc, ngang nhung tat dan theo phuong Z.

Trén thyc té séng Rayleigh chi ton tai sat bé mat cua vat, dé c6 1oi giai tim van toc cua song Rayleigh 1a
rat phirc tap. Fethi, 2010, dd dé xuét phuong trinh (6) rat gon lién quan dén van téc séng Rayleigh.

-0 (4)

2 2 2
VR VR VR

16| 1-— || 1-—5 |-| 2-—% [=0 (6)
v Vp Vg

Trong d6: V- van téc séng doc; Vs - van toc séng ngang ; Vs - van téc séng Rayleigh.

Theo nghién ciru ciia nhidu tac gia (Bergmaam, 1948; Achenback, 1973; Briggs, 1992; Malischewwsky,
2005; Li, 2006) van tdc song Rayleigh 1a mdt dai lugng co ban va quan trong, thu hut dugce sy quan tam
ctia nhiéu nha dia chét hoc, khoa hoc vat liéu va vat Iy. Vi van téc song Rayleigh 1a nghiém cua phuong
trinh tan sic, nén phuong trinh tan sic dang tuong minh la muc tiéu co ban khi nghién ctru song Rayleigh.
NO s& dugc (g dung giai bai toan thuén la vén toc song phu thude vao do rong cua vat lidu, hodc giai bai
toan nguoc danh gia khong pha huy do rong clia vét liéu thong qua cac gia tri do dugc cua vén toc song.
Van tdc ctia song Rayleigh co thé duge xac dinh gan diing theo Bang 1.

Bdng 1. Xdc dinh gan diing van toc séng Rayleigh
(Bergmaam, 1948; Achenback, 1973; Briggs, 1992; Malischewwsky, 2005 ; Li, 2006)

Tén tac gia Ty s6 Vr/Vs
Bergmaam, 1948 (0.87+1.12v)/(1+v)
Achenback, 1973 (0.863+1.139v)/(1+v)
Briggs, 1992 1/(1.11418-0.25771v+0.12661v?
Malischewwsky, 2005 0.874+0.196v-0.043v? véi ve[-1,0.5]
Li. 2006 SQRT[(27.425-11.425v-SQRT(187.438v>-
’ 52.4769v+121.0384))]/21.5(1-v)
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‘Theo Bang 1, c4c gid tri gan dang khac nhau cua ty 1¢ Vr/Vs 1a mot ham ciia hé sd Poisson va dugc biéu
dien trén Hinh 1. Cac ket qua cho thay c6 su thong nhat gira nghiém s6 va gia tri gan dung ctia Bergmann
(1948). Su gan dung nay s& dugc ap dung cho tat ca su phat trién ly thuyét vé sau nay.

=T \I‘II I\l L \Il\l \I‘\I T I‘II I\l L \Il\l \I‘\I I hrll ™
E -7 ]
0943 P ___.£
E - L E
— = -]
r - 7
0.920— —
e, =
0.897¢ =
;_ - === NUmMErique: _;
0874 :// Bergmann | 3
z — -Achenbach =
= — = =Briggs | 3
- ——- Malischewksy |
DB5’|3—0—\|‘|||\||H||\|\l‘\|||‘|||\||u||\|\l\\lll\lu—o:
0.00 0.08 0.16 024 0.32 0.40

A%
Hinh 1. Méi quan hé giiza ty s6 Vr/Vs va hé s6 Poisson

Theo Bergmann, 1948 van téc séng Rayleigh c6 thé viét 1a ham cua hé sé Poisson:

) 0.87 +1.12v
Vi f(vy=—— (©)
1+v
Bergmann, 1948 d chting minh van téc cua song Rayleigh ciing 1a ham cua d6 rdng theo cong thic
VR = (1-bP)Vpg (9)

Trong d6: Vg - van téc song Rayleigh trong vat liéu can xét; P - d6 rong caa vat liéu ; Ve - van toc séng
Rayleigh trong vat liéu khong 13 rong ; b - hé sé khong thir nguyén.
Tuy theo tinh chat ctia méi trurong, thong thudng van téc séng Rayleigh trong vt lidu, ludn bé hon tdc
d6 séng ngang va nam trong khoang :
0,8 Vs < Vg < 0,94 Vs (10)

3. Két qua thi nghiém
3.1. Ché tgo mdu thi nghi¢m

Pé nghién cru mdi quan hé giira van téc song Rayleigh, nhém nghién ctu sir dung mau vira xi mang.
Mau vira xi mang ding trong thir nghiém duoc ché tao theo tiéu chuan NF EN 196-1, thanh phan bao gom:
xi mang Porland CEM I1/B-LL 52,5R, nudc va phu gia siéu déo. Ty I& nude/xi mang (N/X) tir 0.3; 0.4; 0.5;
0.6; 0.7. Quy trinh ché tao mau vira xi mang dung thi nghiém nhu sau:

- Nuéc tron va phu gia duge dua vao may tron trong thoi gian 1 phit, khéng dirng mdy tron, xi mang
dugc dua vao may trén trong thoi gian 4 phut.

- Ding may tron, d6 vira xi mang vao khuén co kich thugc 100x50x10 cm? va duoc lam chit bang ban
rung (theo tiéu chuan NF EN 191-1).

- Boc mau bang mang nhya va bao quan tranh su trao di nudc véi méi truedng bén ngoai trong thoi gian
48 gid. Didu ndy cho phép tranh bay hoi nuéc chira trong hdn hop va mat khac giam thiéu cac vi khe nut
do gradient nhiét gay ra boi phan g toa nhiét trong qua trinh thuy hoa xi méng.

- Sau thoi gian bao dudng cac mau dugc cat trén may c6 kich thudc 30x30x5cm? dé tién hanh céc thi
nghiém.

Bang 2. Thanh phan vt chat cac mau thi nghiém
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) Mau vira i mang

anO"L' Ty 18 Ximang | Nuéc Phu gia e

W woeixi mang (N/X) | (ka/md) | (kgm®) | (kg/m?) | P (Ko/m)
EC1 0.3 400 120 8 2127
EC2 0.4 400 160 8 2216
EC3 0.5 400 200 8 2276
EC4 0.6 400 240 8 2092
EC5 0.7 400 280 8 2138

3.2. Xdc dinh dp réng ciia méu thi nghigm

Nh6ém nghién ctru da xac dinh d6 rong cua mau vira xi mang theo ca 2 phuong phap: 1) Phuong phap ¢p
thay ngan xam nhap vao 16 rong va tinh thé tich 16 rong chinh la thé tich thay ngan dua vao mau; 2) Phuong
phap bio hoa thong thuong. Két qua tinh do rong cua cac mau thi nghiém duoc trinh bay trong Bang 3 va
Hinh 2.

Bang 3. Két qua xdc dinh d@g réng trung binh ciia c&c mau thi nghiém

L Ty l¢ Do ron
Kyhieumau | oo mang (NIX) | (%) ’
EC1 0.3 245
EC2 0.4 312
EC3 05 33,0
EC4 0.6 410
EC5 0.7 23.0

Tir Bang 3 va Hinh 2, chiing ti ¢6 nhan xét 1a trong ciing diéu kién thi nghiém, d6 rdng ciia mau vira xi
ming phu thudc vao ty 16 N/X, trong khoang ty 16 N/X tir 0.3 dén 0.4 d6 rdng tang nhanh (tng véi lugng
nudc thiéu khong di dé thay hoa xi mang), bién d6i cham trong khoang ty 16 N/X tir 0.4 dén 0.5 va tiép tuc
ting nhanh trong khoang >0.5 (lugng nudc du thira cho phan ung thiy hoa xi méng, khi bay hoi s€ lam
tang do rong).

45

40

20
0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75

T§ 16 N/X
Hinh 2. Sur thay déi dé réng phu thuge vao ty 1é N/X ciia mau thi nghiém

3.3. Po van téc song Rayleigh

Van toc cua song Rayleigh duoc do bang mot thiét bi tw dong khong tiép xtc do Piwakowski va
Safinowski, 2009 phat trién. Hé thong bao gém hai dau do siéu am dugc gin trén mot thanh ray tu dong
(Hinh 3). May phat (Ultran NCG) dugc ¢ dinh va may thu (Microsonics mBAT-1) di chuyén véi mot budc
khong ddi doc theo duong ray. Cac tan sé sir dung dé thi nghiém lan luot 1a 75 KHz, 200 KHz, 350 KHz.
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Hinh 3. Thiét b; thi nghiém do van téc s6ng Rayleigh do Piwakowski va Safinowski phat trién nam 2009

Bdng 4. Cac thdng sé ddu phéat va thu tin hiéu song Rayleigh

Loai ddu do | Ky hiéu diu phat/thu | Tan sé hoat dong D"‘Zgg};"”h Nguyén 1y do
BAu phét tin Ultran NCG 75 75 KHz 5
& h[?éu Ultran NCG 250 200 KHz 5 Khong tiép xdc
i Ultran NCG 350 350 KHz 5
Dau thu tin Tir 40KHz dén N
hicu MBAT-R1 02MHz 6 Khong tiép xuc

3.3. Két qud thi nghigm va nhdn xét v ' ,
Trén cac Hinh 4a,b,c,d trinh bay ket qua thi nghiém the hién moi quan hé giira van toc cua séng Rayleigh
va d6 bao hoa, d rong cua mau vira xi mang.
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Hinh 4. Két qua thi nghiém do van téc song Rayleigh phu thuge vao do rong va dg bao hoa cia vat ligu
(a, Mau thi nghiém ¢ trang thai b&o hoa; b, Mau thi nghi¢m ¢ trang thai bao hoa 70%; ¢, Mau bdo hoa ¢
trgng thai 30%; d, Mau ¢ trang thai kho)

Tur cac két qua thi nghiém trén, ¢ nhan xét nhu sau:

- Nhin chung ¢ tat ca cac trang thai, van toc song Rayleigh déu c6 xu huéng giam khi d6 rdng cua vat
ligu tang, 15 rang nhat 12 khi do bio hoa dat 30%, 70%.

- Khi d6 rdng giam (ing véi ty 18 N/X nho) van téc cua séng Rayleigh gan nhu phu thugc vao tan sb
(chiéu sau Z), nhung khi d6 rdng tang (ty 6 N/X I6n) thi van tdc séng Rayleigh it bién d6i hon.

- Su phét trién cua tbc d6 song Rayleigh trong vita xi ming bio hoa dugc thé hién trong Hinh 4a, c6 thé
chia ba giai doan. Giai doan dau lién quan dén ty 1& N/X thap, dao dong trong khoang 0.3 dén 0.4 (d6 rdng
thay ddi tir 24 % dén 31 %), c6 su phan tan toc 6 cho ba tan sb. Sy phan tan nay la do su hién dién cua céc
bot khi mac ket trong mau. Giai doan thir hai lién quan dén ty 18 N/X tir 0.4 dén 0.5, ba duong van téc gan
tring nhau. Giai doan thir ba lién quan dén ty 16 N/X 16n hon 0.5. Giai doan nay duoc danh diu bang sy
thay ddi cua téc do theo d xuyén thau ciia song Rayleigh. Céc gia tri tdc do song Rayleigh ddi véi tan sb
cao (f=1350 KHz) cao hon tdc d6 do & tan sé thap (f = 75 KHz).

- Trong c&c Hinh 4 b,c,d ¢6 thé chia 1am 2 ving, ving 1 va ving 2. Khi d b&o hoa giam, ving 1 ¢6 xu
thé giam va dat gia tri min khi ¢ trang thai kho. Di véi mau & trang thai kho Vg dat max ¢ khoang ty 18
N/X tir 0.4 dén 0.5. Cac xu huéng quan sat dwoc trong viing 1 cho thdy téc do do dwoc & tan sb thap thap
hon tdc d & tan sb cao.

Ving 2 ng véi ty 1& N/X Ié6n hon hodc bang 0,6 (d6 rdng 16n hon 41%). Trong phan nay cia dudng
cong, tbe d6 do duoc ¢ tan s cao thap hon tin s6 do & tin s6 thip. Xu hudng nay 1a nguoc lai voi xu huéng
quan sat duoc & vung 1. Didu ndy c6 thé lién quan dén sy hién dién cua cac vi khe nut xuat hién trén bé mat
vt lidu, anh huong dén gid tri cua téc do cua song Rayleigh.

4. Két luan

Tir cc két qua nghién ctu c6 the ket luan sau:

- Van téc séng Rayleigh 1a ham cua d¢ rong cua vat liéu vira xi méng, c6 xu huéng giam khi do rong
tang, mic do tang giam phu thuge vao do bao hoa cua mau. Khi do bio hoa tang, mdi quan hé giita van toc
song Rayleigh va d¢ rong vat lieu gan nhu tuyén tinh va nguoc lai.

- Can c6 thém cac nghién ctru vé hé sé suy giam cua séng Rayleigh trén cac loai vat liéu khac nhau dé
ma rong kha nang ung dung trong céac linh vuc khac

Loi cam on
_ Nhom nghién ciru chan thanh cam on Mr Fethi Soltani, Truong Dai hoc Lille, Cong hoa Phép da cung
cap s liéu dé hoan thanh bao céo nay.
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ABSTRACT
Research on the relationship between
Rayleigh wave velocity and porosity of the material

Bui Trruong Son?, Nguyen Thi Nu?
! Hanoi University of Mining and Geology

Rayleigh wave was discovered in 1885. Its is used in many sciences such as telecommunications, materials
science, geophysics, ... In geotechnical construction, Rayleigh wave is used in non-destructive testing which
determines the physical and mechanical properties of the material. The report presents the results of
experimental research on the relationship between Rayleigh wave velocity and porosity of the material in
the saturated and unsaturated states. The research results will be applied to solve the problem that the wave
speed depends on the porosity of the material, or solve the inverse problem to evaluate non-destructive,
porosity of the material through measured values of the wave velocity.

Keywords: Rayleigh wave; velocity; non-destructive; porosity.
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E R;S?ﬁf HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARRISCRNERS VA TAI NGUYEN V@I PHAT TRIEN BEN VI*NG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Assessing the Settlement Compensation Methods Applied for The
Breakwater on the Entrance of Hau’s River Navigation Channel

Nguyen Huu Son**, Dau Van Ngo?, Vo Thanh Long?, Nguyen Ngoc Minh?
1 Ho Chi Minh City University of Technology - VNU-HCMC

ABSTRACT

The settlement of the sea dike body and toe sand layer which require the compensated settlement mostly
occur in the construction phase. To determine the compensated settlement method during the construction
phase, two issues need to be pre-analyzing are resettlement method using sand or rock core compensation
during the construction process and calculating the compensated volume. The aims of researcher are to
assess the compensated resettlement methods with focus on the (1) the conformity of structure
characteristics and stability; (2) implementation of the construction and acceptance activities; and (3)
volume of compensated settlement, project cost impacts and project schedule. Results show that, method
using the rock core meet the study targets, project schedule with quality and constructability. Rock core
compensation shortens 8 months than sand layer method; reduce VND 7 billions of incurred cost; and
witness a maximum site monitoring settlement rate of 0.541m lower than calculated rate for the South
breakwater at Long Vinh commune, Duyen Hai district, Tra Vinh province, Vietnam.

Keywords: Settlement compensation; sand layer; settlement compensation volume; rock core.

1. Introduction

The southern breakwater under the Project of Investment in construction of artificial channels for large
vessels to enter the Hau River has a project scale of 2,400m in length. The dike structure is covered with
Chinese Accropode modules. The breakwater is placed on the toe sand layer with thickness instead of sand
from 3.5 to 6.0m. During the design phase, it was determined the settlement during construction phase is
0.469 to 0.72m with total 25-year settlement is 0.3m. However, during the project implementation, the cost
was incurred due to lack of settlement compensation in construction phase.

During the construction, there are typical settlement of the sea dike are body and toe sand layer (about
20 + 30 months). Main reasons are the settlement of the dike foundation and material itself. In general, the
material settlement is very complicated, long-term and there are no clear rules so it cannot be described by
empirical formula as in the case of settlement of the foundation. However, in the first stage, the material
settlement will be large and there is no rule, then the material settlement will decrease over time.

To provide a basis for determining the settlement compensation volumes and settlement expenses, it is
necessary to study the plan of handling and calculating the settlement compensation volumes for the breakwater
in the construction process. Analysis and evaluation of the settlement compensation plan considering the main
factors such as: Conformity with the structural characteristics and the degree of impact on the structure stability;
The impact level of the construction and acceptance activities; Conformity with the construction schedule and
incurred costs, and the method of calculating the settlement compensation volume of the breakwater. The content
of the study focused on analyzing the two alternatives, which are pre-compensating settlement with sand and
compensating settlement in the construction process with dike core rock.

The research results show that compensation of rock subsidence is faster than 8 months in comparison
with sand pre-compensation settlement plan, reducing costs incurred by more than VND 7 billion and the
actual observed settlement value is 0.51m smaller than the calculated value during the construction.

2. Determination of compensation settlement

To study the settlement compensation plan, it is necessary to focus on analyzing the important aspects
with the two options, which are pre-settlement with sand and compensating settlement in the construction
process of dike core rock: the degree of impact on the construction and acceptance activities; Characteristics
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and extent of affecting the stability of structures; the construction progress; the costs incurred due to
changing the settlement compensation plan.
2.1. Settlement compensation by rock

According to the construction process of the dike body (including core rock, rock pads, and Chinese
Accropode), it is divided into 2 main phases given in Figure 1 and Figure 2.

do el X "
- @ A T

4= Channel

Firgue 1. Phase 1 - Execution of core rock, Firgue 2. Phase 2 -
bedrock, and coating to the height of + 5.6m coating from + 5.6m to + 7.8m

25 A

Execution of bedrock and

After the completion of phase 1, based on the forecasted settlement result of 0.469 + 0.72m, the
settlement will be compensated by the material used as the core rock layer (Figure 3) and the core rock
material from 5 + 200kg ( average diameter DN50 = 0.35m) then the settlement compensation in the
construction process can be easily done by the settlement thickness at the center of the dike equivalent to
(1 + 2) times the average rock size (Figure 3 and Figure 4).
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Figure 3. Settlement compensation by rock Figure 4. Detail A

2.2. Settlement compensation by sand

Because the sand layer is below the rock pads and core rock layer, it should be compensated by sand for
pre-compensation settlement. After pouring the sand layer higher than the design level to prevent
subsidence and pouring the padding layer, the core rock onto the sand layer during construction, no matter
how much the settlement reaches, it will not need to be compensated as the settlement has already been
compensated by sand. In sand compensation method, follow one of two methods: (1) Method 1:
compensation of settlement on the whole area of toe sand layer with the compensation thickness on the
cross section is equal and equal to the expected settlement at the center of the dike (Figure 5) and (2) 2ethod
2: Compensating settlement on the whole surface area of the toe sand layer but the settlement thickness on
the cross section is different. The thickness within the dike body is equal to the predicted settlement at the
center of the dike and narrows to two boundaries (Figure 6).
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Figure 5. Constant thickness on cross section Figure 6. Thickness change on cross section
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2.3. Comparison on settlement compensation methods

Table 1 summaries the comparison of two settlement compensation methods with focus on schedule and
cost impacts. It was seen that, settlement compensation by rock is better than by sand with overall cost
incurred reduce by >7 billions VND without schedule impacts.

Table 1. Comparison of settlement compensation methods

No. Compensation material Schedule impact (month) Cost impacts (10°VND)
1 By rock 0 52.55
2 By sand +8 59.2

3. Method of calculating the settlement compensation volume
3.1. Model of settlement compensation volume

To determine the volume of settlement compensation, the Geo-slope model has been applied. As results,
the settlement compensation by rock was given in Figure 7. After modelling, on the cross-section, the
settlement area is divided into 3 main areas as shown in Figure 8. Specific areas are as follows: (1) Area 1:
is the area subjected to the dike core load, the width of this area at the surface of the sand layer depends on
the width of the top of the rock core and the pressure transmission angle of the rock (this value is equal to
450 according to 22TCN 207-92); (2) Area 2: the transition area between the dike core and the arrangement
of settlement markers at the border; and (3) Area 3: area under the protection of the dike toe of the Chinese
Accropode.

- e > — > -
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Figure 7. Modeling to calculate the volume of Figure 8. Detail B - Compensation area by rock
rock settlement

3.12. Settlement compensation area on cross-section
The process of calculating the settlement area on a cross-section is as follows:

Si = he. By + (2E1) By + (“27) . By + (e + i) Bs )

2
Where: S; is the area of settlement compensation by rock at cross section i (m?); h; is the settlement at the
center of cross section i (m); hye & hyp are the settlement at the dike toe on the left and right (m); B1 = B
+ 2.H.tan(p) = BL + 2.H is the width of core rock pressure transmission range (m).
3.3. Calculation method of settlemen compensation volume
The settlement compensation volume will be calculated by the method of average cross section according
to the formula:
V=3, () @.

Where: V is the volume of settlement compensation by rock (m?); Si and Si.1 are area of settlement
compensation by rock on consecutive cross-sections (m?); and L is the distance between cross sections S;
and Sis+1 (m).
3.4. Forecast of settlement compensation volume

The actual estimated settlement compensation by rock will be calculated based on the results of
monitoring the settlement in the field. The volume of settlement compensation in this calculation is
calculated based on the predicted settlement results of the theoretical model. The following specific figures
are applied to forecast settlement compensation volume: The value of settlement at the center along each
section of the dike is determined on the predicted value of settlement at the sections of Km 0+250; Km0+85;
Km 1+850 and Km 2+300; and reference cross-section of geological survey records and parameters used
to calculate the settlement process (shown in Figure 9):
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Table 2. Soil analysis parameters according to Mohr Coulomb Model

Name Type Yunsat Ysat kx ky H Eref 4)
[KN/m3] [KN/m3] [m/day] [m/day] [KN/m2] [degree]
Chinese Accropode | MC 12 17 86400 86400 0.3 500000 40
Rock MC 17 20 86400 86400 0.3 40000 40
Core rock MC 17 20 25900 25900 0.3 40000 40
Sand fill MC 18 20 1.72 0.86 0.3 70000 30
Layer 2 MC 18.3 18.3 1.72 0.86 0.3 14000 28.4
Layer 4 MC 18.7 18.7 1.72 0.86 0.2 67200 30.9
Layer 6 MC 18 19 1.72 0.86 0.2 21000 31.1
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Figure 9. Geological profile of the reference boreholes at Km 0+250

From the settlement forecast results according to the theoretical model, we can see: the settlement at the
sections of Km 0+250, Km0+850, Km 1+850, Km 2+300 are 0.496m, 0.696m, 0.72m, 0.703m respectively
and the value of boundary subsidence is approximately % of settlement value at the center. The calculation
of the total estimated amount of rock for settlement compensation calculated by the formulas (1) and (2) is:
50.661 m®,

04400 —-0H00
00 1200

HE00 - 1+600
24000 —=2+000
24400 —=2+400

i

dike
- l—lﬂiﬂﬁ 0696 L

072 0.705

Figure 10. Estimated settlement at dike center

4. Evaluation of actual settlement monitoring results

The settlement monitoring method used in the project is geometric measurement combined with
trigonometric measurement, these methods are suitable to the actual situation of construction and ensure
the technical requirements on monitoring subsidence under Vietnamese National Standard. The equipment
used in subsidence monitoring is Leica NA2-NAK2 and Leica TS02 with satisfactory technical features of
measurement accuracy.

The results of monthly subsidence measurements were strictly measured and adjusted; the closed errors
were within permitted limits. Actual settlement results at 04 monitoring points are relatively consistent with
theoretical calculations and actual construction conditions.

Both the settlement plate at the heart and the two sides of the slope are protected by steel pipes D = 14
+ 15cm with a length of 1m each and there are threaded. The top of the pipe mouth has a cap to protect it.
The settlement plate is constructed after the sand layer is replaced. During the construction process of
pouring pad rock and dike core, it is necessary to avoid contact with the settlement monitoring pile.
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Figure 11. Layout cross section and settlement monitoring plate details

Table 3. Actual settlement measurement results compared to the theoretical model

Numerical Name of mNeg;Etr):rrnz;t Actual total settlement Total settlement according
order marker cycles measurement, m to the theoretical model, m

1 MG-0+200 48 0.320 0.496

2 MG-0+800 31 0.448 0.696

3 MG-1+800 37 0.541 0.720

4 MG-2+200 30 0.404 0.703

Thus, the largest settlement was 0.541m at the MG-1 + 800 monitoring marker and the smallest
settlement was 0.320m at the MG-0 + 200 monitoring markers. The settlement values are relatively
consistent with the theoretically calculated settlement. At some marker with a relatively low settlement, the
reason is that during the construction process, these sections are finished early construction, thus stopping
monitoring settlement. From the above comments, it is shown that the use of settlement monitoring results
to calculate the settlement compensation amount is suitable to reality.

5. Results and discussion

Based on the above analysis, the proposed option is to compensate settlement by the dike core according
to Table 5. It was shown that, settlement compensation is an important work that directly affects the
progress and quality of the bidding package in particular and the whole project in general. Therefore, the
plan for settlement compensation by rock as a basis for contractors to carry out the construction.

The volume of settlement compensation has not been calculated in the technical design documents and
bidding documents. Therefore, to have a budget to carry out the construction of quality, it is necessary to
advocate additional funding for the work of compensation settlement compensation by rock during the
construction process.

The actual volume settlement compensation by rock will be calculated based on the results of monitoring
the settlement in the field. Quality settlement monitoring results as a basis for calculating the settlement
compensation amount need to determine the settlement values at the dike center ht and the two borders (left
side hbt and right side hbp) corresponding to each section with settlement monitoring plate. These values
are calculated from the time of starting the monitoring of settlement until the foundation rock is poured on
the dike crest.

Table 4. Summary table comparing settlement compensation by rock and sand:

Comparative criteria Settlement compensation plan
P By rock By sand
The Ie_zgallty a_md appropriateness of the settlement compensation plan for the Fit Not really fit
technical design document
Comforrr_uty of the settlement compensation plans for quality assurance Fit Not really fit
monitoring and acceptance activity
Conformity of the settlement compensation plan for the construction progress Fit >8 months
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Confqrmlty with the characteristics of the construction and its degree of Fit Not really fit
stability

Costs incurred (VND billion) 52.55 59.58
Actual settlement monitoring results compared to the theory Fit
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TOM TAT

Phan tich va danh gia phuong an bu lan tuyén dé chin song
phia nam cho tau trong tai lon vao song Hau

Nguyén Hiru Son?, Pau Vin Ngo?, V6 Thanh Long?, Nguyén Ngoc Minh
Khoa Ky thudt Pja chat va Dau khi - Trieong Pai hoc Bach Khoa - Dai hoc Quéc gia Tp.HCM

Lun than dé va 16p cat thay thé hé méng hau nhu chi xay ra trong qué trinh thi cong vi vay s& dugc b 1Gn
ngay trong qua trinh thi cong la rat can thiét. Bé lya chon phwong an xtr ly b 1Gn trong qué trinh thi céng
can phan tich bu lun truc bang cat hoac bu 1Gn trong qué trinh thi cong bang dé 16i dé va phuong phap tinh
toan khdi luwgng b 1Gn. Muc tiéu cua nhom nghién ctu nhim phén tich phuong an xt 1y b 14n véi céc
khia canh quan trong nhu: Su phi hop vai dic diém tinh chat cua cong trinh va mic d6 anh huéng dén do
6n dinh cua cdng trinh; Mic d6 anh huong dén cong téc thi cong va nghiém thu; Su phi hop véi tién do thi
cong va chi phi phat sinh, va phuong phap tinh khdi lwgng bu 1Gn cia tuyén dé chin séng. Két qua cho thay
phwong an xtr Iy bu 14n bang da 16i dé phu hop véi muc tiéu cia nhém nghién ctu, dat duoc tién do, chat
lugng va du co s& dé trién khai thi cdng bu 1an tuyén dé. Két qua b 1Gn bang da day nhanh tién do hon 08
(tdm) thang so véi phuong 4n bu lan trude bang cat, giam chi phi phat sinh hon 7 ty déng va do 1in quan
trac thuc té c6 gia tri I6n nhat dat 0,51m nho hon gia tri tinh toan trong qué trinh thi cong cua du &n tuyén
dé chan song phia Nam tai Xa Long Vinh, Huyén Duyén Hai, Tinh Tra Vinh, Viét Nam.

Tirkhoa: BU 1an; cat thay thé; khdi lugng bu 1n; phuong an bu lan; d4 13i dé.
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ABSTRACT

Bank erosion is one of the most unpredictable hazards in around the world and Vietnam, where the
hydrodynamic is occurring. The breaking of the bank materials occurs by two main mechanisms: surface
eroding by weakness and weathering of the soil components; and (2) hydraulic eroding by hydrodynamic
activities. This paper focuses on the role of geological structure of the river banks on erosion resistance:
the combination of the sand, silt and clay component play an important role in the bank erosion as per
ROM. Results from site analysed data from various boreholes at 1.5 to 7.5m depth show that, the Quan
Chanh Bo channel is categorized as “low” from erosion because of its clay materials of 50.0% to 74.1%
(left bank 50.0%-74.1%, right bank 50.0%-72.2%), and the critical shear stress of 22.06 to 22.52 N/m2 in
respectively. In the contrast, the erosion risk of the artificial canal (Tat canal) is fallen into “critical” region
due to its low percentage of clay material (0.2% to 67%).

Keywords: “Geological structure”; “erosion”, “rom”; “quan chanh bo canal”; “tat canal”.

1. Introduction

The Hau’s river entrance navigation route (hereinafter as Hau'’s entrance route) was kKicked off in 2009
and completed in 2017. The project scope includes with digging of 8.5km of artificial channel (name as Tat
(bypass) channel) with 7.7km of marine route at the entrance and dredging of 19.2km of existing Quan
Chanh Bo canal to -6.5m to allow the large cargo vessel up to 10,000DWT (full loaded) and 20,000DWT
(unloaded) entering the inland ports (Soc Trang, Hau Giang, Can Tho and An Giang province). As intent,
the movement of cargo ship through Hau’s entrance route will reduce 03 hours of trip to inland ports and
avoid the risk of grounding due to high sedimentation rate at Dinh An estuary. Figure 3 maps out the
schematic of the entrance route project.

The navigation profoundly impacts on aquatic ecosystems, bank erosion and deposition. Natural bank
erosion occurs by many factors which are natural properties and human-being factors. These natural
properties are wind-wave, current, tidal, geological structure of the riverbank... Human activities contribute
a significant impact on the bank loss, including buildings along the riverbank, ship movement, dredging...
In fact, movement on the surface water, they create the hydrodynamic impacts, lead the pressure, and
generate the front wave to the river bank. Ship-generated wave has been the most topics which took
considerations of many...

Several decays ago, bank erosion has attracted the concerns of various researchers focusing on erosion /
accretion of the Tien river, Hau river. Most of the concerns of the researcher focus on the hydrodynamic,
flow, river morphology, human impacts (sand extractions, river train...). Regarding the geological sector,
the low land area has gone by the sedimentation processes, tectonics activities, and external impacts. By
current affects, the bank materials are broken out and go along with the flow to the downstream. Therefore,
the construction of the bank material plays an important role in the bank resistance from external impacts.
In fact, there are two main causes triggered the river bank erosion including (1) hydrodynamic eroding and
(2) surface eroding. Current acts as the main cause leading the dynamic eroding while tidal regime,
weathering contribute to the other erosion mechanism of the river system. Weathering impacts on the bank
compositions which weakness the connection of the bank materials. Bank resistance from erosion
comprises with the various factor including geological structure, grain size distributions, physical
characteristic... Depends on the grain size composition, river bank is divided in the cohesive and non-
cohesive bank. In this paper, the authors have identified the role of geological structure on bank stability
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using the erodibility index called as “ROM” scale (Zainal Abidin, R & Mukri, M 2002). Study are chosen
in the Hau’s entrance navigation channel in Tra Vinh province.
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Figure 3. Overall map of Hau's entrance navigation project including (A) 19.2km of existing OCB
channel; (B) 8.5km of artificial cannal (named as Tat cannal) and (C) 7.7km of marine route.

2. Methodology
2.1. Geological survey

To survey the geological structure, 93 boreholes along the navigation route in various depth of 1 - 1.5m
were obtained for the experimental analysis of grain size distribution. Figure 2 presents the result bank
composition of the borehole along the navigation route. It was shown that, fine material (silk and clay)
contributes the significant amount in the geological composition. There were total of 12 boreholes (Figure

4) have been sampled for further laboratory analysis to supplement the survey area where existing boreholes
were missing or faulty.

(a) manual samp ng frsrc (b) geological sample stored o (ci Laboratory analysis
structure (upto -1.5m) in specific equipment
Figure 4. Geological sample and laboratoty analysis for the bank material strucutre

2.2. ROM Scale

In term of geological structure, bank erosion is divided into two main categories: geological and
accelerated erosion. Geological erosion is an essential process of forming the earth landscape. This process
takes place for a long period of time and shapes the natural topographic features. As a result, the process of
soil formation and erosion is in a balance state. The natural vegetative cover is of vital importance in the
maintenance of this balanced state while anything which disturbs this state would tend to produce
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accelerated erosion (Bache & MacAskill, 1984). In facts, bank erosion occur by the flow on a surface
exceeds the resistance of the bank structure. Until now, vulnerability index of the bank structure against
eroding is the most interesting for many researchers. According the Bouyoucos, G.J (1962) the erodibility
is proportional to the following ratio:

- 9 d+9 ik
Bouyou Erodibility Index = % of sand+% of Stk

% of Clay (1)

The erodibility theory has been expanded and modified by Zainal Abidin and Mukri (2002) to assess the

stability of the bank which is known as “ROM?” scale using the bank material grade.

__ %of sand+% of Silk

EIROM - 2x% of Clay (2)

Table 1 categorises the “ROM” scale which are varying “low, moderate, high, very high and critical
level”. Equation 2 shows that, the risk of erosion is dependent on the clay percentage.

Table 1. The soil erodibility ROM scale

ROM scale Risk Level
<15 Low
1.5+4.0 Moderate
4.0+8.0 High
8.0+12.0 Very high
>12 Critical

2.3. Critical shearstress

Critical shearstress plays an important role in the bank stability. It protects the bank structure from
external eroding impacts. Experimental equation has been suggested by many researchers to prove the
relationship of critical shearstress and cohesive materials. Determination of critical shearstress suggested
by Julian J.P. and Torres (2006) is given as follows:

1:=0.1+0.1779(SC%)+0.0028(SC%)2-2.34x10-5(SC%)3 3
where SC is the percentage of sand and clay combined.

3. Results and Discussion
3.1. Bank material composition and Erosion resistance

Figure 3 presents the grain size distribution of the borehole along the channel. It was shown that, silk
and clay are predominant in the bank materials.
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Figure 5. Grain size distribution of the borehole samples
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Figure 6. Relationship of clay contribution and critical shear stress on the littoral material samples
3.2. Soil erodibility “ROM” scale

Determination of soil erodibility index benchmarked with the ROM scale are applied for 12 borehole
samples and 93 boreholes at -1.5 - 7.5m acquired from the entrance navigation project. Overall relationship
of clay contribution and ROM scale is described in Table 2 and Table 3.

Table 2. Determination of ROM scale at QCB channel

. Grain size contribution
ROM Scale Risk level % clay % silk % sand
0.2 Low 74.1 25.9 0
0.5 Low 50.1 49.9 0
0.2 Low 74.1 25.9 0
0.4 Low 55.1 37.5 7.4
0.5 Low 50 45.8 4.2
Table 3. Determination of ROM scale at Tat cannal
. Grain size contribution
ROM Scale Risk level % clay % silk % sand
0.2 Low 67 31 2
0.8 Low 39 61 0
1.7 Moderate 22.3 77.5 0.2
13.0 Critical 3.7 2.7 93.6
2495 Critical 0.2 6.6 93.2
1000
eQCB
Tat cannal
100
x CRITICAL
S
£ 10 VERY HIGH
§ HIGH
1 MODERATE
* %
LOW P
0.1
0 10 20 30 40 50 60 70 80

Clay distribution (%)
Figure 7. ROM index and clay distribution in QCB and Tat cannal
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Table 2 shows that, ROM indexes along the QCB channel are fallen into “Low risk” region, i.¢ the bank
resistance is safe from the natural erosion causes (current, tidal, wave...). Otherwise, ROM scale at Tat
channel varies from 0.2 to 249.5 which is fallen into “Critical” region. The high risk level of the Tat cannal
is depend on the wide range contribution of the clay material in the bank structure (Figure 6).
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Figure 8. ROM index and Critical Shearstress at Tat cannal

Figure 8 determines the relationship of ROM index and critical shearstress along the Tat canal in various
depth levels. It is shown that, the higher of ROM index of the bank structure shall lead the weak resistance
of the bank structure from external impacts.

Left side of QCB channel has the ROM index varies in range of 1.9 - 40.1 of which critical shearstress
are 4.73 to 21.90 N/m2 in respectively. Meanwhile, the right hand side has the critical shear stress in the
range of 0.98 - 22.49 N/m2. The relationship of the ROM index and critical shear stress is given in Figure
7.
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Figure 9. Relationship of the ROM index and critical shearstress
Besides, the ROM indexes at Tat canal varies in a wide range which leads the high risk of erosion. Based

on the ROM determination and calculation of critical shearstress along the canal, the vulnerability of
erosion at the canal is summarised in Figure 9.
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Figure 10. Vunerability map of erosion at Tat cannal

4. Conclusion

Bank erosion is the most concerns at the lower Mekong river which have attracted the interest of many
researchers around the world. ROM determination is the tools for sorting out the erodibility of the bank
structure based on its materials. Application of ROM index allows the researchers / management overview
the bank stability, supports on the early detection and warning of erosion hazards.
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TOM TAT
Vai trd cua cau trac dia chat dén x6i 16 duong bo tai tuyén ludng cho
tau tai trong lon vao sdng Hau, tinh Tra Vinh

Nguyén Hiru Son?, Huynh Trung Tin!, Pau Vin Ngo*
Truong Pai hoc Bach khoa - Pai hoc Quoc gia Tp. Hé Chi Minh

X6i 16 bd séng dugc xem 1a mot trong nhiing tai bién khong doan trude dugc trén thé gisi bao gdm ca &
Viét Nam, nhitng noi ma c6 qua trinh thay thach dong luc con dang dién ra. Sy tach roi cua cac thanh phan
vat liéu bo séng dién ra bai bai 2 qua trinh: (1) su x6i 16 gan mat dat boi su suy yéu va phong hoa cua cac
vat liéu bo va (2) su xdi 16 thuy luc gy ra bai dong chay 1ong sdng. Bai béo nay tap trung vao vai tro cua
két cau dat trong qué trinh x6i 167 su két hop twong dbi cua cét, bot va sét trong dat dugc xem gop phan
thiic day hodc kim ham qué trinh x6i 1& dya trén thang ty 16 ROM. Két qua danh gia cho cac hd khoan c6
d6 sau tir 1.5m dén 7.5m cho thy rang, doan kénh Quan Chéanh B4 hién hitu c6 mirc d6 nhay cam ddi véi
X6i 1¢ “trung binh” boi phan tram hat sét tr 50.0% dén 74.1% (bo trai 50.0%-74.1%, bd phai 50.0%-72. 2%),
tuong tng vai gia tri tng suit cét t6i han 13 22.06-22.52 N/mm2. Tréi lai, doan kénh dao méi (kénh Tit)
thong ra bién c6 mac do nhay cam ddi véi x6i 16 “nguy kich” béi phan trim hat sét 0.2% dén 77.5%.

Tir khoa: Cau trac dia chét; x6i 1¢; rom; kénh quan chanh bé; kénh tt.
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ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)
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Nghién ciu tinh chat co Iy mau Xi mang- dat san hg
khi thi cong ham & khu vuc dao Truong Sa

P4 Minh Vugng*, Nguyén Huy Higp®
! Dagi hoc ky thudt Lé Quy Don

TOM TAT

Viéc dua cong trinh ngdm xudng sau & khu vuce dao Truong Sa gap nhiéu kho khin, nguyén nhan 1a do
muc nudc Ngam cao, dia chat & khu vuc nay 1a cac ran san ho d4 voi co hé sb tham Ién, nude ta chua c6
diéu kién cong nghé thi cong giam thiéu anh huong cia muc nudc ngam tai viée xay dung cac cdng trinh
ngam. Dya trén cong nghé khoan phun vita véi &p luc cao Jet - Grouting, nhém tac gia da nghién ciu ép
dung ddi voi méi trudng d4 san ho dé tao mang chdng tham gidp cho viéc thi cong cac cong trinh ngam trg
nén dé dang hon. Bai bao dua ra két qua nghién ctru mau trong phong va két qua mé phong sé budc dau
khing dinh sy ding dan ciia huéng nghién ciu.

Tir khoa: Jet- Grouting; xi mang - dat san ho; truong sa; cong trinh ngam; khoan phut.

1. D3t van dé

Trong qué trinh phat trién kinh té va quc phong, viéc xay dung cong trinh ngam dang 1a van dé can
thiét ddi voi Quan doi noi riéng va Nha nudc noi chung. Dic biét 1a nén méng, cong trinh ngam trén céc
dao san h6 da va dang dugc nghién cau. Cong nghé Jet-grouting la cdng nghé stir dung bom vita ximang
V6i ap luc cao dé cat dat tron voi vira ximang tai chd dudi sdu. Cong nghé nay xuét xu tir Nhat ban vao dau
nhitng nim 1970. Nam 2004, dé thuc hién dé tai doc lap cap Nha nudéc, Vién Khoa hoc Thuy loi (nay 1a
Vién khoa hoc thuy loi Viét Nam) da du nhép cong nghé nay tir Nhét ban. Trudc khi ap dung cong nghé
ngoai thuc dia can tién hanh nghién ctu tinh chét co ly cua mau dit - ximang véi cac ty 1¢ khac nhau. Nhom
tac gia da nghién cuu ap dung dbi véi moi truong dét - d4 san ho dé gia cb tao mang chdng tham gitp cho
viéc thi cong nén méng, cdng trinh ngam tro nén dé dang hon.

2. Tinh chit co Iy méiu san hd tw nhién va miu xi ming- san hd trong phong thi nghiém

Nén san hd khu vuc quan déo Trudng Sa dugc phan chia nhu sau (Nguyén Quy Pat, 2016):

- Lop 1: L6p san hé canh, nhéanh 13n cat, san, tang san ho;

- L6p 2: Lép dam, san két san ho;

- Lop 3: Lop da voi san ho.

Ché do nhat triéu khong déu véi bién do triéu I6n nhat: 2,2m; nudc dong nho nhat: 0,0m. Ché do mudbi
trong nudc bién: nude bién cé tén goi la clorua-kalinatri, do khoang héa khoang 35 g/, 6 pH= 7,7; Nhiét
d6 nudc bién: nhiét do ting mat ¢ vang bién Truong Sa dao dong trong khoang 26,5 + 29°C (10/1992). Bé
nghién ctu cac tinh chét co 1y cua san hd can tién hanh ché bi mau trong phong thi nghiém xac dinh cac
chi tiéu : hé s6 tham, tham sb chéng cét, tinh nén 1Gn cua mau dai dién.

2.1. Xdc dinh h¢ sé tham ciia méu dat- dd

Mau san hd duoc lay tir cac dao & Trudng Sa, dem vé ché bi tai phong thi nghiém cong trinh dac biét -
Dai hoc ky thuat Lé Quy Doén. Thi nghiém xac dinh hé s6 thdm mau canh nhanh dwoc thyuc hién theo céc
buoc:

Budéc 1. Tron cap phdi va tao mau

— Trai tung 16p cip phéi véi chiéu day 5cm vao khuén tao miu, diung ddm dam nhe theo cach lam cip
phéi trong mé hinh thi nghiém coc.

— Tao mau véi chiéu cao mau 60cm thi dung lai.

— Lép tAm dém st duc 18 ¢ boc vai dia ky thuat Ién phia trén cing mau.

— Lép tdm day mau.

— Vubt nhe bao tao mau, sau d6 lap vong thép dé bao tao mau on chit nap ddy mau.

*Tac gid lién h¢
Email: dominhvuongdkl@gmail.com
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— Lip cac 6ng cap nudc, thoat nudc.
Budc 2. Bdo hoa miu va tién hanh thi nghiém thim mau dat.
— Tién hanh bdo hoa mau: nudc bao hdoa mau 1 ngay dém.
— Sau khi bdo hda mau, tién hanh d4o vi tri cac van cip nudc, dua dong tham tir trén dinh mau xudng
day mau. Chd dong thdm 6n dinh tién hanh xac dinh luu luong thim.
— Duing binh dong thé tich xac dinh thé tich nudc thoat ra, dong hd bim giy dé xac dinh thoi gian.
Budc 3. Xu ly két qua thi nghiém

Hinh 1. Thi nghi¢m thdm

2.2. Xdc dinh khd néng chéng cit cia dat

Mau san hé duoc tron theo cip phéi dinh trude, st dung hé théng méy nén ba truc ¢& 16n, dudng kinh
30 cm ty ché dé thi nghiém thdm va xac dinh tinh chit co Iy cia mau dit san ho dang canh nhanh theo mo
hinh Mohr- Coulomb.

Bang 1. Xdc dinh modun bién dang Eso 1ng vdi ting cdp &p luc

A2 . Cap 4p luc budng o3 (kPa)
Thong so6 DPon vi 30 0 50
Ap luc phé hoai (01-63)max kPa 262.41 299.54 365.19
Bién dang tuong tng 1/2 &p luc pha hoai kPa 0.01171 0.01004 0.009868
Modun bién dang Eso (kPa) kPa 11209 14911 18500
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Hinh 2. Thi nghiém ba truc cé lon
Két qua duoc Iy theo tai liéu Bao cdo chuyén dé, 2019:

Bang 2. Xdc dinh céc tham sé vé cuong dg cia mdu dat

A £ . Mau thi nghiém véi 4p luc buong khac nhau
Pidu Tén cdc tham s bonvi Mau 1 Mau 2 Mau 3
kién pha Ap lyc budng - 63 kPa 30 40 50
hily mau Bién dang - € % 6.00 6.50 7.11
G1-03 kPa 262.41 299.54 365.19
Tham s Luc dinh ¢ kPa 20.88
chéng cat Goc ma sat ¢ do 46.04
Goc truong nd do 14.00

2.3. Tinh chdt mdu xi mang - san hd
Mau xi mang canh nhanh dugc tron vai ty 1¢ cp phdi:
* C4p phéi mau xi méang - cat san ho: Xi mang: 1,2 kg; cat san ho: 17,05 kg; nuéc: 1000 ml
*Cap phdi miu xi mang - canh nhanh: Cat : 1,5 kg; xi mang: 1,2 kg; cuc san hé: 3,07 kg; nuée: 700 ml

Hinh 3. Thi nghiém nén mdu da trén mday nén don truc
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Hinh 4. Thi nghiém tham mdu: cat san ho - xi mdang; canh nhanh, cat san hé - xi mang
Két qua mau xi mang san hé dang canh nhanh sau khi gia co:

He s6 tham K = 4.10° m/s
Thong so6 theo tiéu chuan Mohr - Culomb: E = 11950 MPa; v =0,2; ¢ = 2,98 MPa; ¢ = 56,5°

3. M6 phéng sb

Dua trén két qua nghién ciru trong phong thi nghiém, tién hanh xay dung mé hinh mé hinh giéng dung
(hoac hé dao) thi cong ¢ cdc ddo thude khu vuce dao Truong sa qua hai I6p cat san ho va san ho dang canh
nhénh véi két cau chdng giéng bang cong nghé¢ Jet - Grouting va vat liéu chdng d& bang composite véi cac
chi tiéu nhu sau:

Thong s vt liéu: nhya nén polyester khdng no - vai thuy tinh: d6 bén kéo 100 - 120 Mpa (1000 - 1200
kG/cm?); do bén nén: 150 - 170 Mpa (1500 - 1700 kG/cm?); @ bén udn: 130 - 150 Mpa (1300 - 1500
kG/cm?); khéi lwong riéng: 1,4 T/m3; M6 dun dan hdi: 240000 kG/cm? .

Théng s tiét dién: TAm dang thanh mong, day 1cm, rong 40cm; dién tich tiét dién: F = 40 cm?2; m6 men
quan tinh tiét dien: J = b.n%12 = 3,333 cm*

— &

a) b)

Hinh 5. So' do bai todn déi ximg truc: a) khi chira gia cé va b) so do bai toan gia co
dé dao gieng ding bang phwong phdp Jet - Grouting
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Hinh 6. Két qua dong tham khi déo buéc 1 véi phin doan 3m (a) va két qua dong tham
khi dao vaéi chiéu sau gieng ding 12m (b)

'Két qua md phong vai I6p gia ¢6 xi mang - san hd dam béo qué trinh chéng tham khi thi cdng chong
tham & khu vuc ddo Trudng Sa, tai day ho dao luu lugng tham la 1,04. 106 m3/s.

4. Két luan va khuyén nghi

- Khi nghién cau cép phbi mau canh nhanh (khong c6 cat) phuong phap Jet - Grouting khdng hiéu qua khi
chi phun dung dich xi méng. Nhém nghién ctru da tim ra cap phéi véi dung dich phun: cat + xi mang.

- Bang phan mém dia ki thuat hién dai Roscience Phase 2 m6 phong duge budc thi cong giéng dung (hé
d40) tinh toan duoc noi luc két ciu chdng, tinh toan dugc luu lugng nuéc ngdm chay vao trong hé dao tir
d6 1am co s& 1ap bién phép thi cong.

- Can hoan thién cong nghé thi cong, tinh toén giéng dung dé 4p dung tai Viét Nam.

- Bai bao da van dung két qua nghién ctiu vé vat liéu san hd cua nhém Dia k§ thuat bo moén Co sé ki
thuat Cong trinh, vat liéu méi: compozite dang soi dét trong Vién k§ thuat Cong trinh dac biét 1am vo chéng
giéng diing vai trong lugng nhe ché tao sin trong dat lién ¢6 thé co dong thi cdng ngoai bién dao, thi cong
bang phuong phép thi Cong phtl hop vai thé trang cua nguoi Vit Nam.

- Phuong phap gia c6 ham Jet - Grouting d4 dwoc sir dung ¢ dao Hawaii gia cb giéng dimg, cong trinh
nam ngang ¢ do sau -80m, qua nghién ctu nhan thay rang phuong phap nay c6 thé ap dung tai cac dao san
hé cua Viét Nam nham xay dung cong trinh ngam dudi muc nuéce bién, ting cuong sirc chién dau ciia Quéan
ddi nhan dan Viét Nam.
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ABSTRACT

Study on calculating the basis of cement samples- coral soil during
tunnel construction in Truong Sa

Do Minh Vuong!, Nguyen Huy Hiep?,
! Le Quy Don Technical University

It is difficult to bring underground works into deep area around the island Truong Sa, because of the
high groundwater level and geology in this area which is limestone reefs with a large permeability
coefficient, our country hasn’t had the technology conditions to minimize the impact of groundwater level
on the construction of underground works. Based on Jet - Grouting, a high pressure grouting drilling
technology, the authors have studied and applied them to the coral rock environment to create a waterproof
membrane which makes the construction of underground works easier. The article presents the results of
sample research in the lab and the initial numerical simulation results confirm the correctness of the research
direction.

Keywords: Jet- Grouting; cement - coral soil; underground works, drilling.
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Vai tro cua bién séng Hong ddi véi luong bd cap cho nude dudi dat
trong tram tich B¢ tir khu vuc Ha Noi

Tri¢u Bic Huy™*, Nguyén Vian Lam?, Tong Ngoc Thanh®, Pham B4 Quyén’, Hoang Dai Phuc?
Trung tam Quy hoach va Diéu tra tai nguyén nwéc Quac gia
2Trirong Pai hoc Mo - Pja chadt
3Lién doan Quy hoach va Piéu tra tai nguyén nwéc mién Bdc

TOM TAT

Thanh phd Ha Noi nam trén mot bé nudc ngam nhat rong hang nghin km2, chiém toan bo phan Tay Béc
ctia dong bang chau tho séng Hong. O day nude dudi dat c6 chat lugng tot, trir lugng 6n dinh véi nguon
b6 cap thuong xuyen la séng Hong. Piéu kién khai thac d& dang, thuan tién va dac biét 1a rat kinh té, chi
phi thap so véi ngu0n nud6c khac. Trong cac ngu0n hinh thanh trir lugng nude dudi dat (NDD) ¢ thanh phd
Ha Noi, séng Hong dong vai tro rat quan trong dbi véi lwong bd cap cho nude dudi dat trong céc tram tich
Dé tir. Két qua nghién ctru da chi ra tong trir luong nude dudi dat ¢ cac ving ven séng Hong khu vuc Ha
Noi duge nudc sdng cung cap truc tiép dao dong tir 410.285m3/ngay dén 591.123m3/ngay, trung binh
471.569 m3/ngay, chiém 47% tong trit lwong NDB khu vuc ven song. Trong d6 séng Hong cung cap cho
TCN gh trung binh 69.346m3ngay, chiém 34% tong trir lvong NDD ctiia TCN gh va cung cap cho TCN gp
trung binh 402.223m3/ngay, chiém 51% tng trit lugng NDD caa TCN qp. Véi téng trit lvong khai thac
nude dudi dat trong ca 2 TCN gh va TCN gp ¢ cac ving ven séng Hong khoang 482.737m3/ngay thi vai
tro cua séng Hong cung cép trung binh 98% trir lugng khai thac NDB. Trong d6, dbi véi TCN gh, séng
Hong cung cap 100% lwong nudc khai thac, d6i véi TCN gp séng Hong cung cap 83% lugng nude khai
théc.

Tir khéa: Nude dudi dat; bién song Hong; trit lwong khai thac.

1. Pit véan dé

Céc thanh phan cung cap trir luong khai thac nude dudc dat caa mot cong trinh cu thé gom thanh phan tir
tai nguyén nudc tich chira va lugng bd cap tu nhién. Pay 1 hai thanh phan nudc dudi dat co ban cua trir luong
khai thac nudc dudi dat. Nhung trong nhig truong hop dic biét, khi cac tang chira nudc ¢ mbi quan hé thiy
lyc v6i nhau va ¢ quan hé thay lec véi nude mit thi con hinh thanh trix Iwong cudn theo (cudn theo tir dong
mit, cudn theo tir nhitng tang chira nude khac). Pay 1a truong hop hop kha dic trung doi véi cau trac dia
chat thiry van ving Ha Noi. Cac cong trinh khai thac nude dudi dat trong nhiéu nam qua da cho thay nhing
bai giéng b tri & gan sdng Hong thi trix lwgng cudn theo tir séng Hong c6 vai trd quan trong.

Céc nha may nuéc ven séng Hong nhu Bic Thing Long, Gia Lam, C4o Dinh, Yén Phu, Luong Yén,
Nam Du,... hang ngay dwoc khai thac xap xi 400.000m3 nuéc, chiém khoang 2/3 san lwong cung cip nuéc
cua Cong ty kinh doanh nudc sach Ha Noi (Nguyén Minh Lan, 2014). Bén nay, qua nhiéu nim van hanh
cho thay cac bai giéng nay chua hoan toan hop ly, CO thé bé tri thém cac hanh lang khai thac, diéu chinh
giam céc giéng trong ndi thanh, bo sung cac giéng gan song dé phat huy hét nang luc cia tang chtra nudc
khu vuc ven sdng. Bai bao nay trinh bay két qua xac dinh vai tro cua timg doan bién song Hong ddi Véi
lugng bé cap cho nude dudi dat trong tram tich D¢ tor khu vuc Ha Noi. Két qua ndy la co s¢ quan trong
trong viéc tai cu triuc so d6 khai thac va b tri bo sung cac cong trinh khai théc tham loc ven song, dong
thoi diéu chinh vi tri, luu leong khai théc cua cac nha may nudc ven séng Hong nham duy tri va phét huy
hiéu qua viéc khai thac nudce dudi dit phuc vu phét trién kinh té - xa hoi thanh phd Ha Noi ma cac tac dong
tiéu cuc dén moi truong 1a khong dang ké.

2. Co sé ly thuyét va phwong phap nghién ciru
2.1 Phwong trinh vi phdn vdn dong Ciia nuwdc dwoi dat

* Tac gia lién hé
Email: trieuduchuy@gmail.com
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Trong d6:

- Kxx , Kyy , Ky 12 cac hé s6 tham theo phuong X,y va z.

- Ss 1a h¢ s6 nha nude.

- h 1a cao d6 myc nudc tai vi tri (x,y,z) ¢ thoi diém t.

- W 1a mé dun dong ngam, hay 1a cac gia tri b cap, gi tri thoat di cia nude ngam tinh tai vi tri (x,y,2)
& thoi diém t. W = Wxy2p 12 ham s6 phu thudc thoi gian va khong gian (x,y,z).

Phuong trinh (1) dugc gidi gan dung va ap dung cho bai toan nay la phuong phap sai phan hitu han va
dd duoc trinh bay trong nhiéu tai liéu chuyén mén (Nguyén Vin Pan, 2000; Dang Hiru On, 2013; Pang
Pinh Phuc, 2013).

2.2 Xay deeng va chinh Iy mé hinh dong chay nwéc dwéi dit khu veec nghién cieu

Trong nghién ctru nay, tap thé tac gia sir dung phan mém GMS (Groundwater Modeling System) phién
ban 10.0, 1a san pham ciia EMRL (The Environmental Modeling Research Laboratory) thuoc Truong Dai
hoc Brigham Young - Hoa Ky dé xay dung mé hinh dong chay nudc dudi dit nham nghién ciru xac dinh
vai trd cua bién song Hong déi véi luong bd cap cho nudce dudi dit trong tram tich Dé tir khu vue Ha Noi.

Pham vi xay duyng md hinh khoang 3. 600km? (Hinh 1). Ranh gi6i phia Nam va DBong Nam dugc xac
dinh trén co so ban dd dang cbt cao muc nude trung binh mua khé nam 2017, phia Bic tlep giap vai cac
thanh tao da goc chtra nuge kém, phia Tay duge xdc dinh trén ranh gici t1ep giap giita cac tang chira nudc
D¢ tir v6i da goc va da duoc xac dinh kiéu diéu kién bién la bién loai II, ddng thoi xac dinh dugc gia tri
cung cap qua bién (Triéu Birc Huy, 2019). Trén mat cit mo hinh mo phong 5 16p twong tng véi cac tang
chtra nudc, tham nude yéu va cach nude trong tram tich Pé tir va trude Pé tr (xem Hinh 2). Cac 6 ludi
duoc phan chia voi kich thudc 500x500m.

M)

s EEE EE B

Hinh 1. So doé pham vi xdy dung mé hinh Hinh 2. So @6 khéi cdu tric cac 16p
trong md hinh
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Céc thong sd dau vao dé xay dung va hiéu chinh
mé hinh dong chay nudc dudi dit bao gom: dia
tang, thong s6 PCTV, lugng mua, bdc hoi, diéu
kién bién, myc nude ban dau, hién trang khai thac
nudc dudi dat,... dugc ké thira nhimg két qua
nghién ctru trude day cua cac tac gia khi xay dung
mo hinh dong chay nuée dudi dit ving Ha Noi noi
riéng va ving dong bing song Hong no6i chung
(Nguyén Thé Chuyén, 2012; Triéu Btrc Huy, 2018;
Nguyén Minh Lan, 2014; Trén Minh, 1993; Pham
Quy Nhan, 2008; Pham Ba Quyén, 2016) va c6 cap s
nhat, bd sung s6 liéu dén ndm 2017. Riéng ddi voi o [ iy [eowas
bién song Hong, két qua nghién ctru trong (Triéu o
Duc Huy, 2019) di phan chia song Hong khu vuc
nghién ctru thanh 9 viing véi 3 kiéu, 4 phu kiéu cau
trac BPCTV khac nhau (xem Hinh 3).
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Hinh 3. So @6 phan vang cdu triic DCTV
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Trong d6, phu kiéu I-A nudc dudi dit c6 quan h¢ thuy luc chat ché véi song Hong, dic trung boi cau
tric dia chét thiy van dudi day song Hong gbm 3 16p chira nude (gh, gp2 va qp1) tao thanh mot hé thong
thuy lyc. Phu kiéu I-B dic trung boi cdu trac dia chét thiuy van dudi day song Héng gém 16p cach nudce hé
tang Vinh Phuc va 2 16p chitra nudc qp2 Va gp: tao thanh mot hé théng thiy luc. Phu kiéu II-A dic trung
boi song Hong cit vao 16p chira nude gh, giita 16p chira nude gh va qp2 khong ¢ 16p cach nude nén tao
thanh mot h¢ thong thuy luc, 16p chira nu6e gpl duoc ngan cach boi 16p cach nude. Phu kiéu I1-B dic trung
boi song Hong cit vao 16p chira nude gh, giita 16p chira nude qh va qp2 ton tai 16p cach nude, gitra 16p chira
nude qp2 va gp1 khong c6 16p cach nudc nén tao thanh mot hé thng thuy luc. Kiéu 11T dic trung boi su ¢o
mit day du cac 16p chira nude va cac 16p cach nude ngan cach giira cac 16p nén muic d6 quan hé thiy luc
gilta song Hong v6i 16p chira nudce qp, va qpa kém hon.

Két qua nghién ctru cing xac dinh dugc kiéu diéu kién bién trén song Hong ddi véi cac 16p chira nuée
1a bién song. Do d6 d&& mé hinh hoa dleu kién bién trén song Hong, mo phong 1a bién song voi tri sO myc
nudce trén song la myc nudc quan trac trung binh thang giai doan 1995-2017, c¢bt cao day song duogc sir
dung tir tai liéu khao sat do dac mat cét song Hong.

Sau khi cap nhat toan bg s6 liéu dau vao mo hinh s, chiing t6i tién hanh chinh 1y mé hinh bang giai bai
toan nguoc (chuan hoa bo thong s6 dau vao ctia mo hinh). Trong qua trinh chinh Iy mé hinh tac gia st dung
b0 s0 liéu quan tric - dong thai nude dudi dat & cac 16 khoan quan tric trong mang quan trac Qudc gia va mang
quan trac thanh phd Ha Noi. Do d6 mé hinh sb nay s& dugc st dung 1am co s¢ dé xac dinh vai trod cta timg
doan bién song Hong ddi véi lugng bd cap cho nude dudi dt trong tram tich Dé tir khu vire Ha Noi.

3. Két qua va thao luan
3.1Vai tro ciia song Hong déi véi lweng bé cap cho NDP ¢ cac ving thuge kiéu |

Két qua tinh toan cho thay cac ving thudc kiéu I voi tong dién tich khoang 297km? ¢6 tong trit lwong
nude dudi dat khoang 581.288m3/ngay. Trong do trit lwong NDD trong TCN gh khoang 143. 008m?3/ngay,
trir lwong NDD trong TCN qp khoang 438.280m3/ngay. Pay 1a noi tap trung nhiéu cong trinh khai thac
nuGce cua cac nha may nuge 16n nhu: Son Tay, Cao Dinh, Yén Phy, Luong Yén, Gia Lam, Pon Thuy,...
tong luu luong khai thac trung binh 289.166m3%ngay. Dudi tac dong cua viéc khai thac nudce dudi dat, song
Hong 1a ngudn cung cap chii yéu cho NDD véi luu lugng trung binh 231.918m?%ngay, chiém 78% lugng
nuéc dang khai thac. Trong d6, song Hong bd cdp cho nudc dudi dat trong TCN gh trung binh
43.326m%/ngay va TCN gp trung binh 188.592m%/ngay.

- Viing ven song Hong tir phuong Lé Loi thi x3 Son Tay dén xa Tho An huyén Dan Phuong la noi tép
trung cac cong trinh khai thac nude ciia Nha may nude Son Tay va mot s6 cong trinh khai thac don 1é véi
tong Iuu lugng khai thac 25.987m3ngay. Dudi tac dong ciia viéc khai thac nu6e dudi dat, song Hong b
cap cho NDD vdi luu luong trung binh 21. 043m? ngay, chiém ty 1¢ 81% tong lwong nudc dang khai thac.
Nude dudi dat thoat ra song Hong khong dang ké. Két qua nghién ctru nay l6n hon két qua nghién ctru
trude day (Nguyen Minh Lén, 2014; Nguyén Vin Lau, 1982; Tran Minh, 1993) da xac dinh luong bd cap
ctia sdong Hong cho cac giéng ciia nha may nude Son Tay 1a 70% 1a do s6 liéu chi tiét va tin cay hon. Két
qua tinh toan can bang nudc dudi dat & ving nay xem Hinh 4.

- Ving ven song Hong tir phuong Phu Thuong quén Tay Hb dén phuong Thanh Luong quéan Hai Ba
Trung, noi tap trung kha nhiéu giéng khoan cua cac nha may nude nhu Céo Dinh, Yén Phy, Vén Don, Thuy
Loi bén phia bo hitu séng Hong va mot sé giéng ciia nha may nude Gia Lam phia bo ta va rit nhidu giéng
khai thac don 1é. Tong trir lwong khai thac cua cic giéng khoan trong TCN gp ¢ ving nay khoang
262.884m%/ngay. Tuy nhién ving nay dugc bo cap rat 16n tir song Hong véi gia tri trung binh
195.627m%ngay, chiém ty 1¢ 74% tong lugng nudc dang khai thac. Trong d6, song Hong b cap cho TCN
gh trung binh 38.443m3ngay va bo cap cho TCN gp trung binh 157.183m%ngay. Nudc dudi dat thoat ra
song Hong khong dang ké. Két qua nghién ctru nay ciing kha tuong dong véi két qua nghién ctru trude day
(Trinh Vin Giap, 2006; Nguyén Minh Lan, 2014) da xac dinh lugng bd cap ctia song Hong cho cac giéng
ctia nha may nu¢ce Cao Dinh, Yén Phu khoang 66-78%.

Mic du tong trix lwong khai thac cua cac bai giéng ven song ving nay kha 16n (chiém 27% tong trix luong
khai thac nudc dudi dat cia toan ving Ha N6i) nhung mue nuée dudi dat khong ha thip sdu, voi cbt cao
muc nude dao dong tir -5m dén -6m. Két qua tinh toan can bang nuéc dudi dit & ving nay xem Hinh 5.
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Hinh 5. Do thi biéu dién can bc'mg nuede ki viee
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Hai Ba Trung

3.2 Vai tro ciia song Hong déi véi lweng bé cap cho NDP ¢ céc ving thugc kiéu 11

Céac vung thudc kiéu II véi tong dién tich khoang 71km? ¢ tong trir luong nude dudi dat khoang
114.228md3/ngay. Trong d6 trit luong NDD trong TCN gh khoang 18. 903m?3/ngay, trit lwgng NDD trong
TCN gp khoang 95. 325m3/ngay Séng Hong 1a ngudn cung cap chu yéu cho NDP véi luu luong trung binh
68.813 m¥ngay, chiém 60% tong trir lugng nudc dudi dat. Trong d6, song Hong bd cap cho nudce dudi dat
trong TCN gh trung binh 9. 291m3/ngay, chiém 49% trit luong NDD ctia TCN gh va bd cap cho NDD trong
TCN gp trung binh 59.522m?3ngay, chiém 62% trit lwong NDB ciia TCN qp.

- Vung ven song Hong tir phuong Thanh Luong quan Hai Ba Trung dén phudng Linh Nam quéan Hoang
Mai tap trung cac giéng khoan khai thac nudc 16n ctia Nha may nuéc Nam Du phia bo hitu va Nha may
nudc Gia Lam phia bo ta va mot sd giéng khai thac don 1¢ voi tong luu lugng khai thac khoing
35.130m3/ngay (TCN gh khong c6 hoat dong khai thic nuée). Do viée khai thac nude 16n quy mé 16n va
tac dong khai thac manh liét khu vuc trung tdm noi thanh nén NDD dugc nudc song Hong bo cap quanh
nim véi luu lugng trung binh 62.040m%ngay. Trong d6, song Hong cung cip cho TCN gh trung binh
7.124m%ngay va TCN qp trung binh 54.917m3ngay. Nudc dudi dat khong thoat ra song. Nhu vay c6 thé
thy viéc bd tri cac bai giéng khai thac ven séng nhu ctia Nha may nude Nam Du, Gia Lam tuong dbi hop
ly. Mic du khai thac nuée dudi dat véi quy mo 16n nhung do duge séng Hong bd cap quanh nim nén muc
nude ha thap khong 16n, cbt cao muc nuée dao dong khoang trén dudi -10m. Khong nhiing thé, viéc khai
thac nudc dudi dit & ving nay con chua phat huy hét ning luc ciia TCN trong khu vue, tong lwu lugng khai
thac chi bang 64% luong bd cap tir song Hong cho TCN gp nén nudce song Hong ngoai viée cung cip cho
cac giéng khoan con cung cip cho khu vuc trung tdm thanh phd. Két qua tinh toan can bang nudc dudi dat
& vung nay xem Hinh 6.

- Vuing ven song Hong tir xi Hong Van dén xa Lé Loi huyén Thuong Tin chu yéu la cac giéng khoan
khai thac don 1€ v6i luu lugng khoang 481m3/ngay Do ¢ quan hé thuy luc chit ché v6i song Hong nén
NDD chu yeu dugc nude séong Hong bd cap quanh nam véi luu lugng trung binh 6.773m3ngay. Trong d6
song Hong b6 cap cho TCN gh trung binh 2. 167m3/ngay va TCN gp trung binh 4. 605m3/ngay Nude dudi
dat thoat ra song Hong khéng dang ké. Nhu vay co thé thay viéc khai thac nude khong dang ké trong ving
nén ngudn cung cap cho cac giéng khoan chu yeu 1a luong b céap tir nude séng, dong thoi vung nay cling
1a ving trung chuyén luong b cép tir song Hong cung cip cho khu vuc trung tam thanh phd. Két qua tinh
toan can bang nudc dudi dat & ving nay xem Hinh 7.

Hinh 4. D6 thi biéu diétn cdn bﬁng miede ki vire tir Lé
Loi - Son Tay dén Tho An - Dan Phirong
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Hinh 6. Do thi biéu dién can b(%ﬁg g ki viee tir Hinh 7. D6 thi biéu dién cén bc‘fng niroe cia NDP
Thanh Lirong - Hai Ba Trimg dén Linh Nam - khu viee tir Hong Van den xé Lé Loi - Thirong Tin
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3.3Vai tro ciia song Hong déi véi lweng bé cdp cho NDP ¢ céc vang thugc kiéu 111

Cac ving thudc kiéu III v6i tong dién tich khoang 202km? c6 tong trir lugng nudc dudi dat khoang
299.162m3/ngay. Trong d6 trit lugng NDD trong TCN gh khoang 40. 516m3/ngay, trlt lugng NDD trong
TCN gp khoang 258. 645m3/ngay Song Hong 14 ngudn cung cap chu yeu cho NDD vdi luu luong trung
binh 170.838m3/ngay, chiém 57% tong trit lwong nuéc dudi dat. Trong d6, song Hong bd cap cho nudc
dudi dat trong TCN gh trung binh 16.729m3/ngay, chiém 41% trit luong NDD ciia TCN gh va bé cap cho
NDD trong TCN gp trung binh 154. 109m3/ngay, chiém 60% trit luong NDD cua TCN gp.

- Vung ven sdng Hong tir x4 Lién Hong huyén Pan Phuong dén phuong Pha Thuong quan Tay Ho, 1a
noi tap trung cac giéng khoan khai thac nuéce 16n ciia Nha may nudec Thuong Cat, Cao Pinh bén phia bo
hitu va Nha may nuéc Bac Thiang Long bén phia bo ta va mot sé giéng khai thac don 1¢ vai tong luu lugng
khai thic nuée trong ving khodng 109.669m?%ngay (TCN gh khong c6 hoat dong khai thac nuée). Do viée
khai thac nudce véi quy mo 16n va tac dong khai thac manh liét khu vyc trung tim ndi thanh nén NDD dugc
nude séng Hong bd cap quanh nam véi luu lugng trung binh 101.704m3/ngay, chiém 93% tong luu luong
dang khai thac. Nudc dudi dat thoat ra song Hong khong dang ké. Két qua nay cho théy cling kha phu hop
v6i két qua nghién ctru truge day (Trinh Van Giap, 2006; Nguyén Minh Lan, 2014; Tran Minh, 1993) da
xé4c dinh luong bd cép cua song Hong cho cac giéng cua nha may nudc Thuong Cat, Cdo Dinh khoang
75%. Nhu vy c6 thé thiy viéc bd tri cac bai giéng khai thac ven song nhu Thuong Cat, Cao Dinh, Béc
Thang Long twong d6i hop 1y. Mic du khai thac nude dudi dat véi quy md 16n nhung do duogc song Héng
bd cap quanh nim nén muc nudc ha thip khong 16n, cdt cao muc nudc dao dong khoang trén dudi -7m.
Két qua tinh toan can béng nude dudi dat & ving nay xem Hinh 8.

- Ving ven séng Hong tir phuong Linh Nam quan Hoang Mai dén xa Ninh S¢ huyén Thudng Tin tap
trung céc giéng khoan khai thac nuée 16n cua Nha may nuéec Nam Du bén phia bo hiru va mot s6 giéng
khai thac don 1¢ v&i tong luu lugng khai thac nude ciia TCN gp trong ving khoang 48.28 1m3/ngay. Khai
thac nudc trong TCN gh khong déng ké. Do viée khai thac nude 16n quy mé 16n va tac dong khai thac manh
liét khu vuc trung tim ndi thanh nén NDD dwoc nude sdong Hong bd cdp quanh nim véi luu lugng trung
binh 62.679m3/ngay, chiém 130% tong luu lwong dang khai thac. Trong d6, song Hong bd cip cho TCN
gh trung binh 11. 524m3/ngay va b cép cho TCN qp trung binh 51. 155m%ngay. Nudc dudi dat khong thoat
ra song Hong. Két qua nay cho thiy ciing kha phu hop véi két qua nghién ctru trude day (Nguyén Thé
Chuyén, 2012; Trinh Vin Giap, 2006; Nguyén Minh Lan, 2014) da xac dinh luong b cép cua song Hong
cho NDD khu vuc nha may nuéec Nam Du khoang 53%. Viée bd tri cac bai giéng khai thac ven song nhu
Nam Du twong ddi hop 1y, mic du khai thac nude dudi dat voi quy mé trén 48.000m3/ngay nhung do duoc
song Hong b cap quanh nim nén myc nudc ha thip khong lon, ¢dt cao myuc nude dao dong khoang trén
dudi -10m. Khong nhitng the viéc khai thac nudc dudi dat khu vuc nay con chwa phat huy hét nang luc
cua TCN trong khu vuyc, tong luu lugng khai thac bang 7% luong b cép tir song nén song Hong ngoai
viéc cung cdp cho cac giéng khoan khai thac con cung cap cho khu vuc trung tdm thanh phé. Két qua tinh
toan can bang nudc dudi dat & ving nay xem Hinh 9.

mB4 cap tir sdng HEng W Thodt ra séng Hang Khai théc B BG cip tirsong Hong M Thodt ra song Hong Khai thic

80.000
__ 70,000
=
& 60.000 1
5
= H
T 50.000

40.000 +
2 30,000
2 20,000 |

10000 +HTT M

0+

Lurw lurgng (m?/ngay

'\9 '\9 & P 'P']'Q
"L
N\N\ o q}\\) &\ & ‘o\q R %\»\ \~> &5
Thiri gian Théi gian
Hinh 8. Dé thi biéu dién can bang medc ki viee tir . Hinh 9. Pé thi biéu dién can bang mirde ki vire tir

Lién Hong - Dan Phirgng dén Phii Thieong - Tay Ho Linh Nam - Hoang Mai dén Ninh So - Thirong Tin
4. Két luan

Cac tang chira nuée trong tram tich Dé tir viing ven séng Hong khu vure Ha Ngi ¢6 trir lugng phong phu,
1a ngudn nudc dang dugc khai thac véi quy mo 16n va c6 quan hé thiy luc chit ché véi song Hong. Tong
trir lugng nuée dudi dét trong 2 TCN gh va TCN gp ving ven song Hong khu vue Ha Noi dao dong tir
947.304m3/ngay dén 1.180.236m%ngay, trung binh 994.677m3ngay. Trong d6, tong trit lugng nudc dudi
dat trong tang chtra nudc gh trung binh 202.427m%ngay, tong trir lugng nudc dudi dat trong tang chira
nude gp trung binh 792.250m%/ngay.

Sdéng Hong bé cap cho nude dudi dat quan nam véi luu lweong khoang 471.569m3/ngay, chiém 98% téng
lru lwong dang khai thac, 16n nhit tap trung cha yéu & nhimg noi ¢6 cac cong trinh khai thac nudc I6n ven
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song nhu Son Tay, Thugng Cat, Cao Dinh, Yén Phy, Luong Yén, Nam Du,... nén trir lugng cudn theo kha
I6n, cung cap hau hét cho céc giéng khai thac nuéc. Ngoai ra, con cung cap mot phan cho khu vuc trung
tam thanh phé noi da hinh thanh phéu ha thip muc nudc.

Néu diéu chinh luu lugng khai thac cc giéng o khu vyc trung tam, tham chi diéu chinh b sung thém
céc giéng khai thac nudc quy mo I6n & khu vuc ven song, noi co nguon bé cap phong ph thi s& phat huy
hét nang luc cua c4c ting chira nuéc va vai tro cua song Hong Két qua nay cho thiy, viéc duy tri va phat
trién hoat khai thac nuéc dudi dit & cac khu vuc ven sdng Hong hoan toan dam bao cip nudc cho thanh
phd cho hién tai va twong lai ma céac tac dong cua nd dén moi trudong 1a khong dang ké.

Tai liéu tham khao

Nguyén Thé Chuyén, 2012. Xéac dinh gia tri bo cap tir séng Hong vao nha may nuée Nam Du do khai
thac nudc gay ra. Luan van thac si ki thuat, Dai hoc Mo - Dia chat.

Nguyén Van Pan, 2000. Dé tai nghién ciru khoa hoc cong nghé cap Bo “Nghién ciru quy luat dong
thai NDD vung ddng bang Bic Bo” thudc chwong trinh 7.3.14/20. Luu trit TTTT B6 Khoa hoc Cong
nghé.

Trinh Vin Giap, 2006. Nghién ctru ky thuat dong vi va ung dung dé xac dinh tudi nude ngam khu vuc
Ha Noi. Luan an tién si Vat ly, Vién Khoa hoc va Ky thuat Hat nhan, Ha Noi.

Triéu Buc Huy, 2018. Bao vé nude dudi dit & cac do thi I6n. Luu trit Trung tim QH&DTTNNQG.

Triéu Birc Huy, 2019. B4o co chuyén dé 1 cap tién si “Nghién ciru xac dinh va phan loai céc kiéu
diéu kién bién song Hong va bién da gdc phan tay nam thanh phé Ha Noi”. Truong Pai hoc Mo - Dia
chat.

Nguyén Minh Lan va nnk, 2014. D& tai KHCN cip Bo: “Nghién ciru mdi quan hé gitra nuéc séng va
nude dudi dat, dé xuat hé phuong phéap xac dinh trir lugng khai thac nudc dudi dat ving ven séng Hong
tir thi xa Son T4y dén Hung Yén”, ma s6: TNMT.02.33. Luu trir Lién doan QH&DTTNNMB.

Nguyén Vin Lau, 1982. Bao cao két qua tham do nude dudi dat ving Téng-Son Tay. Luu trir Lién
doan QH&DTTNNMB.

Tran Minh, 1993. B4o céo két qua tham do nude dudi dt ving Ha Noi mé rong. Luu trir Lién doan
QH&DTTNNMB.

Pham Quy Nhan, 2008. Dé tai “Nghién ctru danh gi4 tiém nang tai nguyén nuée dudi dat khu vuc Ha
Noi, kha ning suy thodi trir lugng va chat luong nudc, xay dyng dinh huéng chién luoc khai thac hop
Iy, bao vé moéi trudng phuc vu cho phét trién bén viing Tha d6” ma s6 010-04/09-2008-2.

Ding Hiru On, 2013. Trit lugng khai thac nude dudi dat cua Ha Noi va nhitng van dé can giai quyét.
Tuyén tap béo céo hoi thao khoa hoc: Trir lwong khai thac nugc ngam ving Ha Noi va giai phép cap
nudc cho Tha dé6 Ha Nai.

béng Dinh Phuc, 2013. Co s¢ thuy dong luc va phuong phap danh gia trir luong nude dudi dat.

Pham B4 Quyén, 2016. B4o céo tong két dy &n cip Bo: Diéu tra, danh gia tai nguyén nude ving thi
d6 Ha Noi. Luu trit Lién doan QH&DTTNNMB.

ABSTRACT
The role of the Red River boundary in the amount of recharge for
groundwater in the Quaternary sediments in Hanoi area

Trieu Duc Huy?, Tong Ngoc Thanh?!, Nguyen Van Lam?, Pham Ba Quyen?, Hoang Dai Phuc®
INational Center for Water Resources Planning and Investigation
2Hanoi University of Mining and Geology
3Northern Division for Water Resources Planning and Investigation

Hanoi lies on a groundwater aquifer that covers thousands of square kilometers, occupying the entire North
West part of the Red River Delta. In this area, groundwater is in good quality and stable reserves with
frequent recharge source from Red River. Extraction conditions are easy, convenient, economical, and low
cost compared to other water sources. Among the sources of groundwater reserves (GW) in Hanoi, the Red
River plays a very important role in the groundwater recharge in Quaternary sediments. The study results
showed that the total amount of groundwater reserves in riverside area of Red River in Hanoi, which is
directly supplied by river water ranging from 410,285 m3/day to 591,123 m®/day, averaging with 471,569
m3/day, accounting for 47% of the total groundwater reserves in the riverside area. Specifically, the Red
River supplies aquifers gh with an average of 69,346 m?/day, accounting for 34% of the total groundwater
reserves of gh aquifers and provides an average of 402,223 m3/day to qp aquifers, accounting for 51% of

122



the total groundwater reserves of gh aquifers. With a total groundwater extraction reserves in both gh and
gp aquifers in riverside area of Red River averaging about 482,737 m®day, the Red River's role provides
an average of 98% of groundwater extraction reserves. Specifically, the Red River provides 100% of the
exploited water amount for gh aquifer, and 83% for qp aquifer.

Keywords: Groundwater; red river boundary; exploitation reserves.
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ABSTRACT

A numerical study was used to assess the applicability of the inverse parameter estimation method to
determine the unsaturated hydraulic properties of soils under capillary barrier effect in a one - dimensional
outflow experiment. A sample structure comprising a 40cm thick layer of fine sand overlying a 40cm thick
layer of medium sand was set up in a Plexiglas column. Eight locations at 10cm vertically in the sample
were set with eight tensiometers and eight electrical resistivity probes (ERP) for measuring soil suctions
and water saturations respectively. The drying experiment was carried out to measure cumulative outflow,
water saturation and suction of soil over time. Simultaneously, the unsaturated hydraulic properties were
also calculated by a finite element code and an inversion code using measured data of soil suction and the
outflow rate from outflow experiments as input data. To evaluate the applicability of the inverse parameter
estimation method, the comparison between computed and measured values of the unsaturated hydraulic
properties of the layered sands was conducted. The results indicate that the inverse analysis based on the 1-
D outflow experiment can be used to estimate the capillary barrier effect of unsaturated layered soils with
reasonable accuracy.

Keywords: Capillary barriers; unsaturated hydraulic property; inverse analysis; one-dimensional column
test; finite element method.

1. Introduction

Capillary barrier is the phenomenon that appears when soil water moves from the smaller to larger pore zones;
it is formed at the interface between these zones and has long been known. Capillary barrier relates to many
fundamental problems of soils such as seepage, water contamination, water storage, slope stability, water
resource management and waste management in various fields: geotechnical engineering, environmental
engineering, soil science, agricultural engineering, groundwater hydrology, etc (Nam, 2013).

Numerous studies have described the effective use of capillary barrier to prevent water infiltration in arid and
semi-arid conditions (Nyhan et al, 1997; Khire et al, 1999), resist the capillary rise and stop salinization from
underlying sources, thus permitting salt-sensitive plants to develop well (Rooney et al. 1998), protect steep slope
from rainfall-induced slope instability (Rahardjo et al, 2018), etc.

In unsaturated soils, the Capillary barrier can be comprehended by observing the unsaturated hydraulic
properties of two different soils (Bahar et al, 2016). The volumetric water content - soil suction (0-y)
relationship is called the soil-water characteristic curve (SWCC), which plays the most important role in
the description and design of a capillary barrier (Fredlund and Rahardjo, 1993). However, proposed methods
for achieving reliable unsaturated hydraulic properties of soils are still difficult. Therefore, reasonable and
simple methods to accurately determine the hydraulic properties of unsaturated layered soils are very
necessary and essential.

The objective of this study was to estimate the reliability of a numerical method of a capillary barrier
based on hydraulic characteristics measured in samples of the applied materials. To serve the objective, a
numerical simulation was carried out combining finite element code and inversion code to estimate
unsaturated hydraulic parameters for the capillary barrier using measured data of soil suction and the
outflow rate from one-step outflow experiments as input data. In addition, a comparison between predicted
and measured hydraulic properties was also performed to determine the optimal method for inverse
parameter estimation of unsaturated hydraulic properties.

* Corresponding author
Email: tovietham@hcmut.edu.vn
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2. Methods and materials

Material properties and experimental methods
In this study, two sands used to perform the capillary barrier of vertical heterogeneous soil are medium
sand and fine sand.

The properties of two sands are shown in Table 1.

. . . The hydraulic properties of two sands
Table 1. The properties of medium sand and fine sand obtained from independent experiments

Sample Gs | Cu | Cc |Dso(MMm) €max | €min | for column sands in 1-D outflow
Medium sand | 2.66 | 1.65 | 0.94 0.55 | 0.99 | 0.60 | condition (Nam et al, 2013) were
Fine sand 27 | 1.73 | 0.98 0.18 1.22 | 0.73 represented using van Genuchten

functions (van Genuchten, 1980). In
which, the hydraulic parameters (saturated hydraulic conductivity and fitting parameter) of medium sand
and fine sand are ks = 1.9E-3 m/s, Pom = 1.29 and An = 0.882; ks = 8.5E-5 m/s, Pos = 3.32 and s = 0.889,
respectively (Figure 1).

A sample structure comprising a 40cm thick layer of fine sand overlying a 40cm thick layer of medium
sand was put up in a Plexiglas column. Eight tensiometers and eight electrical resistivity probes (ERP) were
installed every 10cm vertically in the soil column to measure the soil suction and soil saturation respectively.
An electronic balance was set up to measure the cumulative outflow at the bottom of the column by
weighing and automatic recording. Output signals of all the implements were recorded automatically using
a data logger system, which is connected and controlled by a computer system, at every given time-interval
(Figure 2; Nam va nnk, 2013).
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3 Drying medium sand 1E-03 A
5 0.8 3 —— Drying fine sand g 42| & Medium sandf]
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g 061 q g 4
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8 g 4
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Figure 1. (a) The drying SWCC of two sands determined from independent experiments,
(b) Hydraulic conductivity of medium sand and fine sand.

The degree of saturation of soil at different locations in soil column and different times during draining
test was calculated by using calibration curves, which were built with exponents was fitted using Archie’s
law (Archie, 1942; Nam et al, 2013). As the results of independent experiments, the fitting exponents of
calibration curves for medium sand and fine sand are m = 1.32, n, = 1.57 and m = 1.68, n, = 1.93,
respectively (Figure 3).

fae 280 mum

Sand surface

Tensiorm eter

Filter mesh

Electronic halance

Figure 2. (a) The schematic diagram of column test, (b) The laboratory test for layered system, (c) The data
acquisition systems
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The temperature in the laboratory was maintained at 20°C to prevent a change in water-air surface tension
(Kechavarzi and Soga, 2002). Only one-step outflow experiment was conducted in this study. The time
interval for recording the hydraulic properties was set at every 10 seconds (Nam et al, 2013).
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Numerical method
Forward simulation for unsaturated flow

For 1-D vertical transient water flow assuming no gas flow
rate and no soil particle movement, the governing equation
becomes the well-known Richards equation:

*larsslev a0 )

where g :,k[‘lh,lj, ¢ is porosity of the soil, S is
-1 0z

Fig. 3. Calibration relationship between
electrical resistivity and saturation for two
sand

saturation of liquid water, p," is mass of water per unit

volume in the liquid phases, ( is the liquid flow flux in liquid
~1
phase, k is the hydraulic conductivity, h is the pressure head, and z is the depth which is positive upward
from the sample bottom.
The hydraulic properties of unsaturated soils are described by using the Van Genuchten model (1980):

-4

<)

Ky = /S, (1—(1— sj’k))‘)2 (3)

where Se is effective saturation, S, is the residual saturation, S is degree of saturation, Py - Py is soil
suction, Po and A is the curve fitting parameter, Kn (=Kunsat’Ksat) 1S relative hydraulic conductivity and K is
saturated hydraulic conductivity.

S, = S =Sy _
1-Sr,,

Nonlinear optimization

A non-linear optimization method used to minimize the objective function was L, error norm, which
expresses the difference between observed and predicted data by using the least-square solution for the
parameters in Egs. (2) and (3) (Santamarina and Fratta, 2005).

=gl e=MWy™ -Whx, -WAAX . W.y™ -Whx, ~WhAx] “)
where Xare unknown soil properties (X = X, +AX), X, is initial guess of unknown variables, Y™ is the
measurement data (saturation, pressure head, outflow, displacements, stresses, etc.), Eis the transformation

matrix and W is the weight factor (where Wj; = weight value, Wi = 0 for i = j).

In the optimization process, the minimization approach for the objective function and the sensitivity
analysis are embedded into a multilevel algorithm. Minimization starts with the initial guess following van
Genuchten parameters Pg and A. The values of initial guess parameters are repeatedly updated until a certain
stopping criterion is satisfied, or the convergence criterion is achieved.

3. Results and discussions

To reduce the quantity of data for analysis and simulation but still keep enough typical information for
the experiment, especially at location nearby the layer interface, the data at four locations of L2, L4, L5 and
L8 was selected out of eight locations to perform, compile the SWCC and use as input data for simulation.

Experimental results

Because of the highest hydraulic gradient at initial testing, the cumulative outflow with time performed
the steep slope during 60 min right after starting the test, and stopped flowing after 11 h with total outflow
Q ~ 20.5 cm (Fig 4a). The discharge rate reached the highest value of 0.023 cm/s just after starting the test,
decreased corresponding to hydraulic pressure and was nearly stop after 270 min (Fig 4b).
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Figure 4. (a) Cumulative outflow with time, (b) Discharge rate with time.

Immediately, after opening the bottom valve to allow free drainage, the lower end of the medium sand
column was exposed to atmospheric pressure, and soil is allowed to drain by gravity at that moment, hence
the pore water pressure started to drop at every location in soil column (Figure 5). As shown in Figure 5,
the distribution of pore water pressure for experiment was not hydrostatic at end of experiment (t = 3.0 d).
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Figure 5. (a) Pore-water pressure with time at different heights, (b) Pore-water pressure head profile.

Water drainage of the saturated models was initiated at time t = 0. Figure 6 shows the vertical water saturation
profiles measured by the ERP and calibration curve (Figure 3). The saturation time series inferred from the
four ERP are shown in Figure 6a. The soil saturation at different locations started to decrease only after the
pore water pressure at those locations reached to neighboring value of air-entry values or when the capillary
fringe passes through the profile.

When the unsaturated porous sand with a fine grained sand overlays on a medium-grained sand, the
capillary barrier phenomenon is developed during experiment (Zornberg, 2010). The gradual decrease in
water saturation across the interface from 60 % (L5) in the fine sand to 15.8 % (L4) in the medium sand
(Fig 6b) was obtained, that value indicates a transition zone with intermediate retention properties.
Therefore, the entrapped air saturations at these two locations were 0.3 and 0.842, respectively. The nearly
saturated liquid flow across the interface explains the lack of marked discontinuity in water saturation that would
be expected during unsaturated flow in layered soils. In addition, the permeability barrier effect was limited to a
small increase in the fine sand. The capillary barrier was also main cause of high hysteresis at location around
the interface of sands (Figs 5 and 6). This phenomenon was not observed for the case of the uniform medium
sand over the uniform fine sand. w“

Lo L\‘ o Ly i =
0.8 60 + N

—=— 0 min

A 504 —e— 0.5 min
0.6 —&— 2 min
—=— L2 (15cm) 404 —w— 4 min

—e— L4 (35cm) 10 min

—*—1hr

Height (cm)

0.4 —a— L5 (45cm) (a)

30 4
—=— L8 (75cm)

—+—24hr
—>—72hr

Degree of saturation

20

104 (b)

0.0 \ \ \ ; \ ; 0 , (c)
0 100 200 300 400 500 600 700 0.0 0.5 1.0

Time (minute) Degree of saturation

Figure 6. (a) Water saturation with time obtained at different heights, (b) Water saturation profile with
height, (c) water remaining at interface between two sands in laboratory test
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0.03 Numerical results

The initial guess following van Genuchten parameters
for medium sand and fine sand were: Po = 1.4 and 4 = 0.8;
0021 — Measured Po = 3.0 and A = 0.8, respectively. Two unknown
""" Predicted parameters in the van Genuchten model, Py and A, were
determined by solving iteratively the general flow equation,
updating the values of the parameters until the solution
agrees with measured data. After 9 iterative steps, inversion
results converged to Am = 0.9, Pom = 1.54 and A = 0.92, Pos

0.014

Discharge rate (cm/s)

0.00 —— '

0 20 20 60 80 w0 = 3.83 for medium sand and fine sand, respectively.
Time (minute) Figure 7 shows the evolution of discharge rate and pore-
Fig. 7. Comparison between predicted and  water pressure from the experimental observations and
measured outflow rate. reproduced numerical results. The predicted value of

discharge rate calculated using assessed hydraulic
parameters produced good agreement with experimental observations, although there exist of the difference
right after beginning of testing.

The comparison between predicted data and measured data of pore water pressure shows the well
agreement (Figure 8). This Figure indicates that at location of L2, L4, L5 and L8, the predicted values of
pore water pressure dropped more quickly than measured values at beginning of testing and then
progressively decreased with time during testing. The final predicted values of pore water pressure at four
locations were all lower than measured values at the end of the experiment.
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Figure 8. Comparison between predicted and measured pore water pressure at location of L2, L4, L5, L8.

The Figure 9a also shows a good comparison between predicted data and measured data of soil saturation.
However, contrast to pore water pressure, the predicted saturation dropped more slowly than measured
values right after beginning of testing and gradually decrease to get value lower than experimental values
at the end of experiment. The collected values with time at the same location of both soil saturation and
pore-water pressure can be compiled into the SWCC (Figure 9b). The difference of the pore system between
lower part and upper part in soil column and dramatic changes of pore water pressure at bottom of soil
column cause the discrepancy between predicted and measured data (Figs. 8 and 9). This discrepancy arises
also because the capillary barrier effect occurring at the lower textural interface between the fine-sand layer
and the bottom medium-sand deposit. The capillary barrier effect is controlled by the contrast in the
hydraulic properties of the layer and the soil formation (Zornberg, 2010). Because of the lower air-entry
pressure of the medium sand compared with the fine sand (Figure 1), the bottom medium-sand deposits
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(b)

start to drain before the fine-sand layer. As shown in Figs. 5b, 6b and 9b, the capillary barrier effect is
characterized by a discontinuity in water saturation across the lower textural interface.
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Figure 9. Comparison between predicted and measured hydraulic properties at location of 2, 4, 5 and 8: (a)
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change in degree of saturation, (b) compiled SWCC
The comparison was conducted by evaluating the root mean square error (RMSE) from predicted and

Table 2. RMSE from predicted and measured data in time domain.

pore-water pressure (kPa) Saturation
Location| L2 | L4 | L5 | L8 | L2 | L4 | L5 | L8
RMSE | 0.57 | 0.62 | 1.02 | 0.55 |0.065]|0.052| 0.11 |0.045
Average 0.6 0.785 0.059 0.077
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values. The inverse analysis in this
study is inappropriate to describe the



hysteresis and capillary barrier phenomenon. Therefore, at location influenced by the strongest hysteresis
and capillary barrier, the difference between predicted and measured data will be highest, which can be
proven with highest values of RMSE at L5 (Table 2, Fig 10b, Nam et al, 2013).

4. Conclusions

The issue of hydraulic properties for unsaturated layered sand showed the acceptable performance of
inverse analysis in predicting the unsaturated hydraulic properties of sands under capillary barrier effect.
The comparisons between predicted and measured hydraulic properties in that are less agreed than the
comparisons in homogeneous soil column. When the heterogeneous soil profiles are defined by every single
homogeneous soil profile, the straightforward calculation can be conducted using known hydraulic
parameters of single homogeneous soil to compute the unsaturated hydraulic properties of sand.

In the experiment, at location slightly above the interface, besides the capillary barrier effect, the
hysteresis effect also mainly governed to final results and iterative step for the convergence in inversion
analysis. Therefore, in this case, the multi-step outflow condition is more appropriate than one-step outflow
condition.

This study showed that inversion analysis of a 1-D de-saturation column test could be a promising
indirect method to evaluate hydraulic properties of unsaturated soils under the effect of the capillary barrier.

Since the laboratory experiment with layered sand and with more initial boundary conditions was carried
out, the presented approach should be extended to further investigate various soils with different
sedimentation and much more initial boundary conditions.
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TOM TAT

Str dung phan tich ngugc dé danh gia dic tinh thuy luc cua cat phan
16p chua bao hoa dudi anh hudng cia rao can mao dan

T6 Viét Nam®™, Nguyén Viét Ky? Hosung Shin®
12 B mén Dia Ky Thudt, truong Dai hoc Bach Khoa TP.HCM
3 Bé moén cong trinh xay dung, truong dai hoc Ulsan, Han Quaéc

Mot nghién ciru sb dugc sir dung dé danh gia kha ning ap dung ciia phuong phép phén tich nguoc xac dinh
cac dac tinh thay lyc cia dat chwa bio hoa dudi tac dung cua rao can mao dan trong thi nghiém thoat nugc
mét chiéu. Cau tr(c mau thi nghiém bao géom mot 16p cat min day 40cm nam bén trén mot I6p cét trung
binh day 40cm duoc chuan bi trong mét mot dng mau 1am bang nhwa. Tam dau do lyc hit bam va tam dau
do dién tré suat duoc dat tai 8 vi tri véi cac cao dd cach nhau 10cm dé do luc hat caa dat va do bdo hoa
nude twong wng. Thi nghiém thoat nude dugc thuc hién dé do dong chay tich liy, d6 bio hoa nudc va luc
hit cua dat theo thoi gian. Dong thoi, cac dac tinh thay luc caa cat khong bao hoa ciing duoc tinh toén bang
phan tir hitu han phuong phap va phuong phap phan tich nguroc str dung dir lidu do duoc vé lyc hit cia dat
va toc do dong chay tir thi nghiém lam dir liéu ddu vao. Dé danh gia kha nang ap dung cia phuong phap
phén tich nguoc, viéc so sanh gitta c4c gia tri tinh todn va gia tri do dugc cta cac dic tinh thay lyc khong
b&o hoa cuia cat phan Iop da duoc tién hanh. Két qua chi ra rang phan tich ngugc dua trén thi nghiém thoét
nuéc mot chidu cé thé duoc sir dung dé danh gia anh huéng caa rao can mao dan cua cat phan I6p chua
b&o hoa vaéi @6 chinh xéac hop ly.

Tu khéa: Rao can mao dan; dac tinh thity luc chua bao hoa; phan tich nguoc; one-dimensional column test;
phuong phap phan tir hitu han.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Panh gi4 dong thai nuée du6i dat phuc vu dinh hudng khai théc hop
Iy tai nguyén nudc tai tinh Tién Giang, Viét Nam

Thai B4 Ngoc™”, Tran Anh T(i %, L& Thanh Phong?, Phi Hoang Quang Trung®, Nguyén D4 Hixu Higp?
'Khoa KT Dia chat & Dau Khi-Pai hoc Bach Khoa:qu hoc Quéc Gia TP.HCM
2Vién Quy hogach Thay loi Mién Nam

TOM TAT

Nude dudi dat la tai nguyén dac bi¢t quan trong, la thanh phan thiét yéu cua sy séng va moi truong. Nhitng
thdng tin, s6 ligu vé su bién dong tai nguyén nudc dudi dat 1a dac biét quan trong dé ra quyét dinh ding
dén trong cong tac quan ly tai nguyén nude dudi dat. Bai béo trinh bay cac nghién ctru, phan tich, danh gia
dong thai nudc dudi dat phuc vu dinh huéng khai thac hop 1y tai nguyén nude cho tinh Tién Giang. Bong
thai nude dudi dat duge danh gia qua khai khia canh: Pong thai muc nuée dudi dat (cac giéng khai thac
trong tang Pliocen trén (n;?), tang Pliocen dudi (n,t), ting Miocen trén (n;3)) va Bong théi chat lugng nuéc
dudi dat (dwa vao 2 chi tiéu co ban: d6 pH va ham luong ion CI?). Nhin chung theo thoi gian, ham luong
clo trong céc tang chira nude Pliocen trén, Pliocen dudi va Miocen trén déu c6 khuynh hudng tang. Tir d6
c6 thé nhan dinh tac nhan gy anh hudéng dén su bién dong chét lugng nude cua cac tang chira nudc noi
chung duogc danh gia théng qua ham lwong clo c6 thé tir cac tac dong phia trén, trong d6 c6 hoat dong khai
thac NDP. Trong khi d6, hién tai nudc dang dwoc khai théc tap trung trong tang chira nude Pliocen dudi
va Miocen trén, néu khdng khai thac hop 1y thi ham lwong s& con bién d6i nhanh hon nira.

Tir khoa: Tai nguyén nuéc; dong thai nude dudi dét, tang chira nudc; giéng khai thac; chat lugng nudc.

1. Mé dau

Nude dudi dat 1a tai nguyén dic biét quan trong va khong phai 1a vo han, né gép phan vao su phét trién
cuia xa hoi va nhu cau khai thac str dung nuée dudi dat ngay cang gia tang. Viéc khai thac 6 at tai nguyén
nude dudi dat da gdy ra nhiéu tac dong gay suy thodi, can kiét va 6 nhiém ngudn nudc dudi dét. Nhirng
thong tin, s6 ligu vé su bién dong tai nguyén nudc dudi dat 1a dac biét quan trong dé ra quyét dinh ding
dan trong cong tac quan 1y tai nguyén nudc dudi dat.

Su bién dong tai nguyén nudc dudi dit theo thoi gian goi la L dong thai nude dudi dét. Cy thé hon - DBong
thai nude dudi dat 1a su thay dbi (dao dong) cac dac trung vé s6 lwong va chat luong cua nude dudi dat
(muc nude, luu lwong, nhiét d, thanh phan hoa hoc va khi, v.v...) theo thoi gian. Nghién ctru va phan tich
dong thai nude dudi dat cho phép xac dinh méi lién hé gitra nhitng nhén té co ban hinh thanh dong thai véi
cac yéu td dong thai, 1am sang t6 nhimg quy luat thay ddi cua ching theo thoi gian va khong gian. Lam
sang to nhimg nguyén nhan dan dén su thay ddi, co ché trong tac, quy luat xudt hién dé c6 thé dy bao dung
dén su thay doi cua dong thim theo thoi gian, xdy dung mé hinh tdi vu sir dung nudc dudi dat va diéu tiét
dong thdm theo yéu cau cia con nguoi.

Nghién ctru dong thai nude dudi dat con cho phép giai quyét cac bai toan thyc té trong Dia chat thuy
van, nhu xdc dinh cac thong s0 thdm, danh gia diéu kién bién ciia tang chira nude, xac dinh gia tri cung cap
thim cho nudc dudi dat, xac dinh mdi quan hé thiyy lyc gitta nude trén mat voi nude dudi dat, giita cac
tang chira nudc voi nhau, danh gia anh hudng tac dong clia con nguoi t6i diéu kién dia chat thiy van va
moi trudng xung quanh.

Ddc diém dia chdt thuy van: Dua vao ciu trac dia chét va thanh phém thach hoc, ddc diém thuy lyc, tang
trir nudce, cac nguon hinh thanh trit luong va chat luong nude cho thay trong tinh Tién Giang c6 mét 7 phan
vi dia ting dia chét thuy vén theo thir tu tir trén xu6ng dudi nhu sau: 1. Tang chira nuée 16 héng cac tram
tich Holocen (gh); 2. Téng chira nuée 16 hdéng cac tram tich Pleistocen trén (qp3); 3. Tang chira nudc 15
hong cac trim tich Pleistocen giira - trén (qp2-3) ; 4. Tang chira nudc 16 hong cac tram tich Pleistocen dudi

* Tac gia lién h¢
Email: tbngoc@hcmut.edu.vn
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(gp1); 5. Tang chira nuéc 16 hong cac tram tich Pliocen giita (n22); 6. Tang chtra nudc 16 hong cac tram
tich Pliocen duéi (n21); 7. Tang chira nude 16 hong cac tram tich Miocen trén (n13).

2. Panh gia dong thai nwéc dwéi dat tinh Tién Giang

2.1. Pgng thai muc nudc dudi dat

2.1.1. Myec nuéc trong céc gleng khai thac trong tang Pliocen trén (n?)

Khai thac trong tang nay c6 7 giéng khai thac nudc tap trung sau 253 - 260m véi luu lugng khai thac
mdi giéng dat 150 - 240m3/ngd. Nhin chung, myc nudc tinh ting ndy nam kha néng, khoang 5 - 6m. Muc
nude dong tdy thude vao luu lugng khai thac dao dong tir 20m dén 29m, d6 ha thap muc nudc dat tir 15m
dén 23. Céc giéng nay tap trung & Cho Gao va Go Cong Tay.

35

30

25 -\ B —.
. \/_/

15

Muc nuéce (m)

10
5 D R e — > —

0 T T T T T

Céc giéng khoan

Hinh 1. Biéu do chénh léch muee nuede tinh va mue nwée dong, tang chira niedc ny?
2.1.2. M nuweéc trong cac giéng khai thac tang Pliocen diedi (nah)

Nudc cua tang 1a nudc c6 ap luc. Chiéu cao cot ap trung binh khoang 290m. Trude ddy muc nudc
thuong phun cao khoi mat dét téi +1,55m nhu ¢ LK 51A tai Go Cong. Nay muc nudc thuong nam dudi
mat dat tir 1- 2m. Trong tang nay c6 s liéu cia 58 giéng khai thac tap trung. Do sau khai thac cua cac giéng
trong khoang 280 - 360m. Luu luong cac giéng tir 80 dén 400m3/ngd. Muc nude tinh dao dong trong khoang
4 -12,8m. Myc nuée dong 8,2 - 27,8m tuy theo luu lwong khai thac. Do ha thip muc nuéc khoang 5 - 21,5m
(Hinh 2). Céc giéng khai thac trong tang nay tap trung tai Cho Gao, Cai Lay, Cai Bé, Go Cong Dong, Go
Cong Pong, Tan Phude. D6 sau khai théc cua céc giéng tai Cho Gao thudng néng hon céac noi khac (260
- 280m).
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Hinh 2. Biéu d@é chénh léch muc nuwée tinh va muc nwée dong, t&ng chita nuéc not
2.1.3. Muee nueéc trong cac giéng khai thac tap trung tang Miocen trén (ns®)

Hién nay, trong tang nay ¢6 34 giéng khai thic duoc khao sat. D sau khai thac cua cac giéng nay
thuwong tr 340m t6i 493m. Luu luong céc giéng dao dong tir 100 dén 400m3/ngd. Muc nuéce tinh khoang
4, 0m t6i 10,9m, da s6 dat 7 - 9m. C4 biét c6 giéng muc nudc nam kha nong, cach mat dét chi 1,5m nhu
giéng TG84 tai khu phd Tan Binh, thanh phé My Tho. Muc nuée dong dao dong trong khoang 12 - 22m.
Do ha thip muc nude dat tir Sm dén 21,5m (Hinh 3).
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Hinh 3. Biéu do chénh léch muec nuede tinh va muee mede dong, tang chira nieée ni3

2.2. Djng théi chit lwong nwdc dwdi dit

DPong thai chat luong nude dudi dét - mot trong nhirng yéu tb guan trong trong viéc danh gia dong thai
nuée dudi dat. Moi blen dong vé trir luong déu thé hién nhing dau an trong chét luong nude dudi dat. O
phan nay, cac tac gia c6 ging phan anh nhiing nét chung nhat vé su bién .dong chat luong nude dudi dat
tinh Tién Giang. Ly do chinh tai day 1a so luong diém quan tric, mat 6 diém quan tric khong phan bé déu
va thoi gian quan tric qua ngén (4 ndm). Ciing chinh vi 1y do do, nhitng nhén dinh ve cac nhan t6 anh
huong, tac dong truc tlep t6i su bién dong chét luong nudc van con mang tinh dlnh tinh, suy luan Ia chu
yéu. Trong bo sb lisu vé chét lugng nudc dudi dat tinh Tién Giang, hién chi c6 sé liéu quan tric vé chat
luwong nudc dudi dét tir nam 2006 t6i 2009 Vi mot sb chi tiéu nhu pH, do cimg, ham lugng ion CI-, sét,
manggan; SO4Z, hop chit nito... Boi vy, dé danh gia dong théai chat lugng nuée dudi dat, nhém tac gia sé
tap trung dang gia dua vao 2 chi tiéu co ban: d6 pH va ham lugng ion Cl-. Dua vao d6 pH - ly do chinh la
vi 6 pH thé hién sy tn tai cua c4c dang ion trong nuéc - dy ciing chinh 13 mot chi tiéu nhay cam véi sy
bién ddi thanh phan héa hoc nudc. Qua bang dudi day ching ta co thé thay ré mdi quan hé hiru co nay
(Bang 1).

Bang 1. Twong quan giira C4c dang cua axit yéu trong ti nhién

pH 5 [ 6 [ 7
Axit Pha tron tieng dang riéng voi khéi lwong chung
AXit cacbonic
H,CO,+CO, (toido) | 96,62 | 74,08 [ 2222 | 2,76 | 0,27 | 0,02 -
[HCOT] 338 |2592 | 77,74 | 96,72 | 94,62 | 64,94 | 15,46
[CO*] - - 0,04 | 052 | 511 | 3504 | 84,54
Axit photphoric
[H3PO4] 0,10 0,01 - - - -
[H,PO, ] 97,99 | 8367|3390 | 488 | 0551 | 0,05 -
[HPO] 1,91 | 16,32 | 66,10 | 95,12 | 99,45 | 99,54 | 96,53
PO - - - - 0,04 | 036 | 347
Axit silic
[H,Si0;] 100 100 | 99,98 | 99,79 | 97,90 | 82,23 | 30,68
[HSiO5] - - 0,02 | 021 | 2,10 | 17,68 | 65,97
[SiOs*] - - - - - 0,09 | 335

lon CI" - mgt chi tiéu trong d4nh gia chét lwong nude dudi dat, ham lwong ion ndy gén bo chit ché voi
d6 tong khoang hoa nude dudi dat. Theo tiéu chuan VN, ham lugng ion CI- phai dudi 250mg/l, trong khi
d6 theo tiéu chuan ciia mot s6 nuéc phat trién trén thé giéi nhur Hoa Ky - chi tiéu nay phai duéi 200mg/l.
Dé théng nhét, ching ti st dung gid tri ion Cl-theo TCVN, tirc nhod hon hodc bang 250mg/1 dé theo doi
dién bién cua ham legng nay theo thoi gian va theo dién tich.

Céc chi tiéu khac hau nhu khéng phan anh dong thai chung cua tang chira nuéc, chung thuong phan
anh nhirg dot bién mang tinh cuc b nhu ham lugng cac hop chit nito, ham lugng vi sinh. .. phan &nh tinh
nhiém ban cua nuéc tai mot s6 dia diém voi nhitng dac th riéng nén kho c6 thé coi la nhing yéu to phan
anh dién bién chung vé lugng va chét ciia nudc trong tang chira nuc. Hién tai, tai Tién Giang, cac tang
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chitra nude Holocen va Pleistocen khong duroc quan tam hozc khdng c6 s6 liéu nén dudi day, cac tac gia tap
trung dénh gia dong thai nuée dudi dit cac tang Pliocen trén, Pliocen dudi va Miocen - c4c tang chira nuc
d6ng vai trd quan trong trong cung cp nudc cho tinh.

2.2.1. Péng théi thanh phan héa hoc nude duwdi dat tang Pliocen giira (nz2)

Trudc tién, ching ta xem xét dién bién do pH ciia nudc trong tang Pliocen trén. Nhin chung, vé co ban,
d6 pH ciia nuéc dudi dat ting Pliocen trén c6 su cai thién dang ké theo thai gian. Hau hét cac mau nudc tai
cac diém quan trac déu c6 xu huéng gia tang tri s6 pH tir nam 2006 dén nay. Tuy nhién ciing ghi nhan thay,
nam 2007, s6 diém c6 tri s6 pH nho hon ndm 2006 ting dang ké. Nhiéu diém quan trac cho tri sé pH dudi
gia tri 6,5 (TCVN).
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Hinh 4. Su thay déi ¢ pH theo thoi gian cia niréc tang Pliocen giira

Tuy nhién, c6 thé néi, hau hét cac mau nuéc tang Pliocen trén déu c6 gia tri pH trong gidi han cho phép
va thugc nhém trung tinh (Hinh 4). Nhitng bién doi trén khdng Ién song ciing ghi nhan thiy ¢6 2 xu thé
bién ddi do pH. Xu thé suy giam do pH tir kiém yéu t6i trung tinh phét trién & khu vuc Go Cong Tay va Go
Cong Pong, ngoai ra con gap rai rac ¢ nhiéu noi khac. Nguyén nhan gy nén su suy giam d6 pH c6 thé do
trong nude gia ting ham lugng CO; ty do tir khi quyén trong qué trinh bom hiit nuéc, hodc, da c6 sy xam
nhap ciia nude co do pH nho hon vao tang chira nwdc & dai can giéng. Xu thé gia ting do pH tir trung tinh
t6i kiém yéu - hién tugng nay phd bién & cac giéng khu vuc Cho Gao. Bé giai thich hién twong nay, can
phai c¢6 nhiéu s liéu quan tric va nghién ciu riéng.
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Hinh 5. Biéu do dién bién ham lwong Cl- trong muréc tang Pliocen giiza (n2?)
V& ham lugng ion CI, nhin chung, su bién dong ham lugng nay khong dang ké. Ly do 1a cAc mau nude

chi duoc thu thap tai cac giéng hién dang con khai théc, nhiing giéng da bj nhiém man da bj hiy bo. Tuy
nhién, trong 124 mau nuéc chung ta cling thay nhitng bién dong dang ké. Nhin chung, ham lugng clo ting
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theo thoi gian va ting manh vao nam 2009. Riéng cum 15 khoan (108-124) ham luong clo giam déng ké
vao ndm 2008 (Hinh 5). Tuy nhién, néu so vai quy chuan 2008, phan lén ham luong clo van trong gii han
cho phép < 250mg/l), nhung véi téc do ting nhanh nhu hién tai thi ham lugng clo c¢é thé vuot qua giGi han
cho phép trong vai nim vi mic du ham lugng clo trong céc 16 khoan vao nim 2009 chua vuot qua gidi han
nhung gia tri ciing dat gan véi giéi han cho phép.

2.2.2. bong thai thanh phan héa hoc nuée dudi dat tang Pliocen duwéi (n2)

Trén co s¢ 202 giéng khoan dugc ldy mau phan tich thanh phan hoéa hoc nuée dudi dat (Chu yéu tap
trung & Cai Be, Cai Lay,Chau Thanh) ching ta c6 thé thay dién bién d6 pH cua nudc trong 4 ndm quan tric
cling c6 nhitng nét tuong tw nhu nude dudi dét tang Pliocen trén. Toan bg cac mau nude déu ¢é gia tri pH
nam trong gisi han cho phép (> 7,0), ngoai trir mt s6 mau c6 pH > 8. Hau nhu nhiing thay ddi gia tri pH
cling c6 xu thé gia tang tir trung tinh t&i kiém yéu (Hinh 6).
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Hinh 6. Biéu do dién bién d¢ pH trong Hinh 7.: Biéu do dién bién ham heong Cl- trong
nude duci dat tang Pliocen dudi nudc tang Pliocen dudi (n2')

V& ham lugng ion Cl, do day la tang chira nuéc c6 sb lwong 15 khoan nghién ciru trong dbi lon (202 15
khoan). Ham lugng clo tuong déi thip hon so v6i quy chuan (250mgl) rat nhicu, tap trung trong khoang
gia tri 6-100mg/l (Hinh 7). Mot vai 15 khoan c6 ham lugng clo vuot tréi (16 khoan tai 4p 3 - My Tho, ham
luong clo tang dén 742,5mg/l vao nim 2009). Nhin chung xu huéng ting theo thoi gian la cha yéu, riéng
cum 15 khoan khu vic Cai Lay lai ¢6 xu hudéng giam. Céc 16 khoan khu viyc Chg Gao cho thay ham luong
clo twong ddi cao hon so véi khu vuc xung quanh va cé gia tri vuot qua gisi han cho phép. Sy suy giam
ham luong ion CI" trong mot s6 mau nudc tai khu vyc Cai Lay c6 thé do qua trinh khai thac lam gia ting
lwong nudc tham xuyén va hién tuong “hiéu qua thim Korjinski” da hoat dong. Nhd qua trinh nay, trong
tang chira nudc duoc bd sung mot lwong nuéce sidu nhat, tir ¢ 1am nhat héa ting chira nude va ham luong
ion CI giam. Nhing khu vyre ¢6 ham lugng ion Cl ting cao hon gi tri cho phép (250mg/l) thuong nam
gan ranh gi¢i man (LK tai Ap 3, thi x My Tho).

2.2.3. Bgng thai thanh phan héa hoc nude dudi dat tang Miocen trén (n,3)

Ciing tuong ty nhu nudc trong hai tang trén, rat nhiéu mau nuéc trong ting nay c6 gié trj pH thay doi
dang ké tir trung tinh chuyen sang kiém yeu kiém (Hinh 8). Nhiéu mau c6 gié tri pH dat gan 8.5 va hon.
Co thé thay rd mot diém chung cua ca 3 tang chtra nude dang nghlen cau la gid tri pH c6 xu huéng tang.
Diéu nay can luu ¥ vi trong diéu kién tu nhién, sy thay d6i nay hau nhu rat it gap C6 thé day 1a mot dau
hiéu 6 nhiém nuwéc ma hién nay it dugc quan tm. Can c6 thém nhiing phan tich va nghién cuu bo sung dé
lam sang to xu thé nay. Do dic diém phan bé tang chiia nudc Miocen trén tuong ddi su nén s6 luong 16
khoan nghién ctru ciing twong d6i han ché hon so véi cac tang chira nuéc khac. C6 59 15 khoan nghién ctu
thanh phan hoa hoc trong tang chira nay. Theo két qua phan tich, gia tri ham lwong clo rat nho so véi quy
chuan 2008 (250mg/l). Céc gié tri ndy c6 xu hudng ting theo thdi gian nhung bién d6 ting rit nho tir vai
mg/l/ nim dén vai chuc mg/l/nam. Riéng 15 khoan tai Long Tién - Cai L4y mic di ham lwong clo cao nhung
¢6 xu huéng giam rat nhanh (tir 455mg/l nam 2007 giam con 17mg/I nim 2008) (Hinh 8).

3. Két luan va kién nghi

Nhu vay nhin chung theo thoi gian, ham lugng clo trong cAc ting chira nude Pliocen trén, Pliocen dudi
va Miocen trén déu c6 khuynh huéng ting, trong d6 muc d¢ ting 16n nhat thé hién & tangchira nude Pliocen
trén va nho nhat thé hién trong tang chtra nuéc Miocen trén. Tuy nhién trong mdi tang chira nuéc déu co
nhitng di thuong cuc bg.

Tir d6 c6 thé nhan dinh tc nhan gay anh huong dén su bién dong chét lugng nudce cua cc tang chia
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nude néi chung duoc danh gia thong qua ham luong clo ¢6 thé tir cac tac dong phia trén, trong d6 c6 hoat
dong khai thac NDD. Trong khi d6, hién tai nudc dang dwoc khai thac tap trung trong tang chira nuoc
Pliocen dudi va Miocen trén, néu khdng khai thac hop 1y thi ham lugng s& con bién doi nhanh hon nira.
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Hinh 8. Biéu do dién bién giatri pH theo thoi Hinh 9. Biéu do biéu dién ham lirong ion Cl-
gian trong nudc tang Miocen trén trong miréc tang Miocen trén (n:°)
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ABSTRACT

Evaluating the groundwater behaviors in order to orientate the
reasonable groundwater exploitation in Tien Giang province, Vietnam

Thai Ba Ngoc?, Tran Anh Tu , Le Thanh Phong?, Phi Hoang Quang Trung?, Nguyen Do Huu Hiep?
'Faculty Of Geology & Petroleum Engineering-Ho Chi Minh City, University of Technology-VNU
2Ho Chi Minh City, Southern Institute of Water Resources Research, Viet Nam

Groundwater is an extremely important resource, it is an essential substance of life and environment. The
information, data of groundwater alterations are very significant in order to make the right decisions for
groundwater management. This papers showed the investigated, analized and estimated results of
groundwater behaviors in order to orientate the reasonable groudwater exploitation in Tien Giang province.
The groundwater behaviors were estimated through 02 aspects: The groundwater ‘s level (via the exploited
wells in Upper Pliocene (n2?), Lower Pliocene (n2!), Upper Miocene (n:%)); and groundwater quality
behaviors (based on 02 basis criteria: pH and ion CI- content). In general, overtime, the clorint content in
Upper Pliocene, Lower Pliocene and Upper Miocene groundwater reservoirs tends to increase. Overall, it
can be concluded that the factor which affects the groundwater quality alteration can be estimated through
clorint content. This alteration may be existed by the performances within shallower layers, which consist
of groundwater exploitation. Meanwhile, currently groundwater is being exploited concentrated in Lower
Pliocene and Upper Miocene, unless the reasonable exploitation is conducted, the content will alterate
faster.

Keywords: Water resource; groundwater behaviors; groundwater reservoir;exploited well; groundwater
quality.

137



ERSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Xac dinh mue nude ha thap toi da cho phép tai Tra Vinh

Nguyén Viét Ky'*, Pao Hong Hail, Pang Vian Tuc?
Y Pai hoc Bich khoa, PHOG Tp. HCM
2 Lién doan Quy hoach va Diéu tra TNN mién Nam

TOM TAT

Tinh Tra Vinh [a mét tinh nam ngay ven bién, kep gitra song Hau va sdng C6 Chién. Tinh Tra Vinh c6 diéu
kién dia chat thay van kha tha vi khi tai day ton tai 7 ting chira nudc tir Holocen téi Miocen trén, trong d6
hién dang tap trung khai thac nudc trong céc giong cat cd Holocen (3 khoanh véi tong dién nudc nhat
khoang 1.282km?, chiém 57,1% dién tich phan bé tang chira nudc) va trong ting chira nudc Pleistocen trén
(dién tich nudc nhat khoang 1.831km?, chiém 79,4% dién tich phan bd tang chira nuéc). Tang chira nudc
qp2-3 c6 dién phan bd rong, kha niang chira nude phong pha, dién nude nhat 16n, dién tich khoang 1.981km?,
chiém 85,9% dién tich phan bd tang chira nude. Tang chira nude Pleistocen dudi qpl phan b véi khoanh
rong, dién tich nuéc nhat khoang 1.322km?, chiém 57,4% dién tich phan bé tang chira nuée. Cac ting chira
nudéc Pliocen va Miocen cé dién chira nude nhat nhé, it dugc nghién ciru. Su phan bé nuée nhat ¢ Tra Vinh
tap trung chii yéu ¢ viing ven bién, vao sau noi ddng vé phia Vinh Long, nude dudi dat cha yéu 1a lo, man.
Viéc xac dinh myc nuéc ha thap téi da cho phép da dwoc thuc hién cho tang Holocen, d6i voi céc tang chua
nuéc con lai chua duoc xac dinh, mic di theo Nghi dinh 167/2018/ND-CP, muc nudc ha thap téi da cho
phép tai cac dia phuong thudc khu vuc ddng bang séng Ciru Long khong vuot qua 30 m tinh tir mat dat.
Tuy nhién, viéc xac dinh muc nudc ha thap tdi da cho phép trong cac truong hop cuc doan nhu han hén,
xam nhap min. .. budc phai khai thac nuéc dudi dat dé gitp khic phuc phan nao cac trudong hop trén la can
thiét, & bai béo nay s tap trung xac dinh cho tang Pleistocen giira - trén.

Tir khoa: Tang chira nudc; giong cét ¢o; dién phan bd; muc nudc ha thap tbi da cho phép.

1' Dét Vén dé BAN DO DY BAO PHAN BO DO MAN KHU VU'C DONG BANG SONG CUU LONG
Vao mua khd nhiing nam 2016 va 2020, céc tinh = S — - e
ven bién ddng bang sdng Ciu Long bi xdm nhap i PR E e
man va han han ning né, ranh gi¢i man nhiéu noi
X&m nhap sau vao dat lién 80 - 100km (Hinh 1) (Vi
Hdng, 2020) téng thiét hai do han man gay ra tai khu
vuc ndy vao khoang 39.000 ha lda (KTTV Viét
Nam, 2020). Trudc tinh hinh d6, van dé dat ra la
phai tim ra ngudn nudc dé chéng han va cap nudc
sinh hoat cho nguoi dan trong vung. Tuy nhién, theo
Nghi dinh 167/2018/ND-CP, muc nudc ha thap téi | 3

da cho phép khi khai thac nuéc dudi dat khong vuot b
qué 30-35 m tinh tir m3t dAt. Trong cac truong hop - =
CUC.dO%n nhl? hgn ?én:’ xam .I;lhap mefm.’... bAu(f)c ph;éi Hinh 1. Ban do du bdo phin bé @6 man dong bdng
khai thac nudc dudi dat nhfiéu hon, véi d6 ha thap . . . n .

. . T ., v 5 song Cuu Long (Nguon: Trung tdm Dy bao
muyc nudce 16n hon quy dinh d€ gitp khac phuc phan KTTVQG)
nao céc trudng hop trén 1a can thiét.

Tinh Tra Vinh ciing roi vao hoan canh twong tu. Day 1a mot tinh ndm kep giita ctra song Hau va séng
C6 Chién co diéu kién dia chét thily vin kha dac biét khi ca 7 tang chira nuée (TCN) tir Miocen t&i Holocen
hau hét déu chira nude nhat & khu vuc ven bién, vé phia noi dong chu yéu phan bd nuée lo - méan (Hinh 2)
(Lién doan Quy hoach va Diéu tra tai nguyén nuéc mién Nam, 2019). Trong du an “Piéu tra, danh gia va

* Téc gia lién hé:
Email: nvky@hcmut.edu.vn
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khoanh dinh khu vuc phai ding ky khai thac nu6c dudi dat trén dia ban tinh Tra Vinh”, céc tac gia thudc
Lién doan Quy hoach va Diéu tra TNN mién Nam d tong hop, xay dung cac bao cao két qua diéu tra, danh
gia hién trang va khoanh viing han ché va khu vuc phai dang ky khai thac tai nguyén nuéc duéi dat. Trong
du an ay, dién tich cac khoanh chira wdc nhat, do sau phan bd cac téng chira nudce, trit lugng tiém nang, kha
nang dap Gng nhu cAu nudc, hién trang khai thac nude dudi dét co ban d3 dugc lam sang td. Dac biét, mot
trong nhimg két qua dang chi y cua du an nay la cac tac gia da xay dung ban d6 do sau muc nude ha thip
t6i da cho phép cho tang chira nuéc Holocen, cac tang chira nudc Pleistocen - dbi tuong duge khai thac chi
yéu & Tra Vinh déu dugc xac dinh theo khodn 2, diéu 4 - Thong tw 27/2017/TT-BTNMT va khoén 3, diéu
7 - Nghi dinh s 167/2018/ND-CP nhu sau: ddi véi TCN khong ap, chiéu sdu myc nudc ha thap cho phép
dugc tinh bang 1/2 chiéu day TCN; ddi véi TCN c6 ap, chiéu sau myc nudc ha thap cho phép dugc lay
bang chiéu sdu mai TCN va khong dugce vuot qua 35m d6i véi khu vuc thanh phd/thi xa, khong vuot qua
30m d6i voi cac khu vuce con lai.

Ciing twong ty nhu & cac tinh khac ciia dong bang song Ciru Long, tit ca cac du an twong tu déu duoc
thyuc hién theo cac quy dinh, nghi dinh cua Chinh phu ma chua xét dén nhitng tinh huéng cuc doan. Nghia
1a khi ¢6 han han, xAm nhap man & cac tinh ven bién cta ddng bang, chiing ta hoan toan c6 thé tang do ha
thap myc nude 16n hon mire cho phép trong quy hoach, tang luu lugng khai thac nham giai quyét nhu cau
cép bach trong thoi gian mua kho. Vao miia mua, khi nhu ciu nuée nhat tir nuée dudi dat giam, lugng nude
khai thac giam manh, sy hao hut trir lugng cia TCN phan nao s& dugc phuc hdi, ranh gi¢i méan ciing dan
dugc day 1ui vé vi tri cii.
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So o6 phan b6 nuéc man, nude nhat - tang qpz-s~ So d6 phan b nuéc man, nude nhat - tang qp:
Hinh 2. So' do phdn bé nuwée man — nhat cac tang chira nuwée Holocen va Pleistocen

Vi cach tiép can nhu vy, cic tic gia bai bao s& xac dinh myc nude ha thap téi da cho phép ddi véi

TCN Pleistocen giita - trén (tng chira nuéc c6 nhiéu giéng khai thac nhét trong tinh) c6 xét dén kha ning
xam nhdp man va syt lin bé mat dat ma khong tuan theo cac quy dinh cua dy an “Picu tra, danh gia va
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khoanh dinh khu vuc phai dang ky khai thac nuéc dudi dat trén dia ban tinh Tra Vinh”da dwoc UBND tinh
Tra Vinh phé duyét.

2. Co s ly thuyét va phwong phap nghién ctru

Trong dia chat thiy vin, d6 sau ha thap muc nudce tdi da cho phép thudng duge xac dinh theo TCN. i
v6i TCN khong ap, do ha thap muc nudc t6i da cho phép bang mét nira bé day TCN, déi véi TCN ¢6 ép,
d6 ha thdp myc nudc tdi da cho phép bang chiéu cao cot &p cong véi mot nira bé day... Thuc té, do ha thap
muc nudc tinh theo phuong phép nay 16n hon nhiéu so véi quy dinh ciia Chinh phu.

Co s tai lidu phuc vu cho cong tac xac dinh do ha thap muc nudc tdi da cho phép gdm: Céc tai ligu vé
cac tang chira nudce tai Tra Vinh; Két qua diéu tra muc nude dong tai thoi diém thang 7/2019 cua 2 TCN a
gp2-3 va gpl.tai 198 cong trinh khai thac ¢6 luu lugng > 20m3/ngay trén dia ban tinh Tra Vinh (175 cbng
trinh khai thac trong tang qp2-3); Két qua tong hop chiéu sdu phan bé mai va chiéu day cac ting chira nudc
tir 71 phiéu mo ta cot dia tang cua cac giéng khoan nghién ciru dia chat thity van trén dia ban tinh Tra Vinh
cling nhu d6 sau ha thap myc nuéc véi hai gia thiét duoc trinh bay ¢ Bang 1;

Nhom téc gia dya vao dic diém dia chét thity van cua TCN Pleistocne giira - trén dé tinh toan so bo do
ha thap myc nu6e cho phép dbi ¢ nhitng khu vuc khac nhau. Tuy nhién, do dién tich phan bé khoanh nuée
nhat cia TCN qp2-3 rat I6n (khoang 1.981km2), cAc tac gia s& chon mot sb giéng gan ranh gi¢i man nhat
dé tinh toan anh huong cua do ha thip muc nudc t6i qué trinh nhidm man va mot sé giéng nam & nhiing
khu vuc phéu ha thap hién tai dé xac dinh tac dong khi khai thac véi do ha thap t6i da theo diéu kién TCN
t6i su sut 1Gn bé mat dat.

Bang 1. Cdc théng tin vé tang chira nwdc qpa-3 theo huyén/TX/TP va dé ha thdp muwc nwée téi da dw tinh

Biday | DOS8 | ps | Sididatinh | 50142
Diéntich | trun mng | G | trmucap | &Y bang
STT Huyén/TX/TP D Tung binh i P mue ap
(km?) binh tang T muc luc ]
mai/day | | _ luc
qp2-3 (m) ap luc S=H+m/2 S—H
1 | Thanh phd Tra Vinh 67,9 36 75/111 | 8,5-9 84 66
2 | Huyén Cang Long 293,9 60 116/176 | 8-8,5 138 108
3 | Huyén Cau K¢ 246,6 48 94/142 | 6,5-7 110 86
4 | Huyén Tiéu Cén 227,2 38 98/131 | 8,5-9 108 89
5 | Huyén Chau Thanh 343,1 43 71/110 | 995 79 57
6 | Huyén Chu Ngang 328,4 58 | 100/158 1110;3 108 ”
7 | Huyén Tra Ca 317,5 53 94/142 | 9-95 105 79
8 | Huyén Duyén Hai 305,4 45 114/162 | 9-9,5 122 100
9 | Thi xa Duyén Hai 175,1 45 100/145 9 112 91

Dé xéc dinh thoi gian ranh gii man van dong t6i cong trinh khai thac nuéc, sir dung cong thic:

2
z.mn.R
t=————(1) 1
0 1)
V6i  R: Khoang céch tir bién man t6i giéng gan nhat.
M: Chiéu day thuc trung binh cta tang chira nuéc
Q:Téng luu lugng khai thac.
Khoang cach dich chuyén bién man sau thoi gian khai thac 180 ngay (6 thang) dugc xac dinh theo cong

thuec:
b- [XT
zXmxn

V6i - Q: Tong luu luong khai thac cua hanh lang 1a 20.000 m3/ngay.
T: Thoi gian khai thac theo quy pham [a 10.000 ngay.
M: Chiéu day thyc trung binh cua ting chira nuwéc khai thac 1a 61,5 m.
N: D6 15 rdng hitu hiéu cia dat da chira nuée 12 0,301 .

O]
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Tong do khoang hda cuc dai ciia nudc khi bién man xam nhap dén hanh lang khai thac dugc xac dinh

theo c6ng thuc: o o
_Cyx(360" -’ )+C xa

C.. =
b 360°

© ©

V6i  Crmax:P9 khoang héa cuc dai cua hanh lang khi nuéc man xam nhap dén (g/l)
0% Goc man vao thoi diém tinh toan (o= 180°).
Co: P9 téng khoang héa trung binh cua hanh lang khai thac
Cm: D0 tong khoang hoa I6n nhat

Dé du bao tri s6 1Gn khi muc nude ha thap, sir dung cong thicc caa LOHMAN 1961:

AM = AP x (5 —Oxmx B)(4) 4)
Trong do: g
y Trong luong riéng cua nudc, (y = 0,1kg/cm?.m).
Am - Tri 6 1Gn mat dat (m). 0 - Hé s rdng cua dat da chira nudc.
AP - Myc giam ap trong qué trinh khai thac (kG/cm?). m - Chiéu day tang chtra nudc (m).
S - Hé s6 nha nudc dan hoi (kg/cm2m). B - Hé sb nén ép caa nudc, lay p = 0,75x10°

Céc két qua tinh toén trén (sy dich chuyén cua ranh man) s& duoc kiém tra bing mé hinh GMS véi d6
ha thap t6i da dé xuét trén co s& nén moé hinh dé c6 cua dé tai nghién ciu vé xam nhap man cua nhém
nghién ciu tir IHE (Ha Lan), khoa K¥ thuat Dia chat va Dau khi (truong PHBK Tp HCM) ciing Lién doan
Quy hoach va Diéu tra tai nguyén nuéc mién Nam.

3. Két qua va thao luan

Tir két qua diéu tra hién trang khai thac, sir dung nudc dudi dat trén dia ban tinh Tra Vinh ty 1¢ 1:50.000
nim 2019 cho thay: lugng nuéc dudi dat danh cho chan nudi, tudi chiém 17% tong lwong nudedudi dat
dugc khai thc, lrgng nuéc danh cho sinh hoat chiém 68,6%, nudi trong thiy san - 13,6% (Hinh 3).

Trén Bang 2, ta ciing nhan thiy, hién nay, lugng nuoc khai thac tur tang gp23 Méi chi chiém 14,4% trix
lwong khai théc tiém nang nuéc nhat cua ting va tir Bang 2 ta ciing thay, tang gp2-s hién 1a tang khai thac
chinh cua tinh Tra Vinh - luong nuéce khai thac chiém téi hon 72% tong luong nudc khai théc tir tat ca cac
tang chira nudc.

Ty 1€ % luu lwgng khai thic NDD theo mac muc dich sir dung

Nubi trong thiy

Khac
0,7%

Chan nu6i, Tudi
17,0%

Sinh hoat

San xudt CN 68,6%

0,2%

Hinh 3. Biéu do ty 1é % luu luwong khai thac NDD theo muc dich sir dung

Bdng 2. Mite dg ddp g cua triz eong khai thac tiem ndng viing nwéc nhat

Tarrlg Tf'u’ lu?ng k_h:dl thac H1¢nltrang khai Mire d6 khai
STT | chura tiém nang nudc nhat thac NDD .
. 3 3 s thac. %
nudc (m°/ngay) (m*/ngay)
gh 30.863 14.985 48,6%
2 aps 465.051 67.831 14,6%

141



3 | dgpes 1.579.719 226.859 14,4%
4 qp: 315.792 4.608 1,5%
5 N2 186.039
6 nat 212.376
7 ng 169.083

Téng 2.958.923 314.283 10,6%

Theo “Quyet dinh s6 63/1998/QD-TTg cua Thu tusng chinh phu ngay 18 thang 3 ndm 1998 va Binh
hudng phét trién cap nudc do thi qudc gia dén nam 20207, néu ldy tiéu chuan sir dung nudéce sinh hoat trung
binh cta 1 nguoi/ngay trén dia ban tinh Tra Vinh 1a 150 lit/ngay thi luu lwgng khai thac NDD cho myc dich
sinh hoat la 215. 529m3/ngay ¢6 thé cung cip duoc cho 1.436.857ngudi. Nhu vay, néu luu lwong khai thac
NDD phuc vu cung cap cho sinh hoat nhu hién nay 1a 215.529m3ngay thi c¢6 thé dam bao du nhu cau can
thiét phuc vu cho muc dich sinh hoat cia nhan déan trén dia ban tinh hién nay va ké ca cho dén 2030
(1.182.951nguoi) va ngay ca trong tinh hinh han man.

Tong luong nude dudi dét hién nay ding cho chin nui, twdi hang nam 1a 53.351m3/ngay va nudi trong
thity san 1a 42.726m%ngay, tong cong khoang 96.077 m3/ngay trong diéu kién binh _thuong. Trong nhiing
hoan canh cyc doan nhu han man nam 2016, 2020, nhu cau nude cho nhirng nhu ciu ndy ting nhleu lan.
Trudc mét, ta tam tinh gip ba 1an thoi diém binh thudng - tirc khoang 300.000m?*/ngay.Nhu vay, tong luong
nude can cung cip cho sinh hoat va chin nudi, twdi, nudi trong thuy san 1a khoang 500.000m3ng. O bai
bédo nay, cac tac gia xem nhu ngudn nude cip bu trong giai doan nay duoc 1y tir cac giéng thiét ké trudc
va khai thac tir ting qp2.3 v6i d6 ha thp t6i da theo cau trac TCN va theo nhiing tinh toan phtt hgp ma
khong anh hudng t6i moi truong.

Nhu d3 no6i trén, giéng duoc chon dé tinh toan 13 giéng 851 phan bé tai Thanh phd Tra Vinh céch ranh
giéi man - nhat 1,5g/1 khoang 1000m. Giéng hién dang dugc khai thac dé cap nudc cho sinh hoat va dé
dong chai. Giéng c6 duong kinh 146mm, 6ng loc duong kinh 130mm dit ¢ do sau 79 - 108m. Thanh phan
dét d4 tang chira nudc - Cat san soi 1an cudi, xen kep bot cat min xam néu, dudi 13 cat thd xam xanh xam
tro chira san cudi thach anh véi hé s6 thim 12m/ngay. TCN qp2-3 phan bd ¢ d6 sau 75 - 111m, bé day tang
chtra nuéc tai day dat 36m, muc nude nam cach mat dat 9m. Nam dudi ting chira nudc qp2-s 1 16p cach
nude tudi Qi day 10m. Dudi 1a tang chira nudc gp.

Theo céu tao tﬁng chira nude, d6 ha thép muc nudce téi da duoc tinh béng:

Sw=H+m/2 =66 +36/2 = 84m

Pé chon duge do ha tl}ép téj uu, nhom tac gia da cho do ha thép thém cac gid tri S = H = 66m, S = 40m,;
S =30m va S = 20m. Giéng dé tinh toan dugc cho ban kinh r = 0,1m.

Vi day 1a tAng chira nudc c6 ap, cong thire tinh luu lugng tmg v6i cae do ha thap muc nude nhu sau:

0=273 Em5s
EQRIT (5)

Trong do: Q - Luu luong giéng (m3/ng)
K - Hé s6 thdm (m/ng)
m - Bé day tang chira nudc (m)
S - P$ ha thap myc nudc (m)
r - Ban kinh giéng (m) .
R - Ban kinh anh huéng (m), duoc x4c dinh theo cong thie R = 105K

Bdng 3. Két qua tinh luu lwong giéng 851 véi cdc 6 ha thdp twong vmg

LK k m S KmS R r R/r lg RIr Q

851 12 36 84 36288 2909 0.1 29090 4.46 22212.16
12 36 66 28512 2286 0.1 22860 4.35 17893.74
12 36 40 17280 1385 0.1 13850 4.14 11394.78
12 36 30 12960 1039 0.1 10390 4.01 8823.142
12 36 20 8640 693 0.1 6930 3.84 6142.5
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QuaBang 3 ta thay, voi mot giéng cong nghlep duong kinh 200mm vao tang chira nudc qpa2-3, voi d6 ha
thap myc nudc tang tir 20m t6i 84m, luu lugng giéng co thé tang tir 6.142,5m%ng t6i 22.212.16m3/ng, tirc
gan gip 3,5 lan.

Sau khi xem xét vé d6 ha thip myc nudc va luu luong giéng, ching ta cin xem xét cac tac dong toi moi
truong khi ting d6 sau ha thip myc nudc.

Trudc tién, tinh thoi gian dich chuyén cua ranh giéi man dén giéng khai thac theo cong thire (1) véi R:
Khoang céch tir bién man toi giéng - o day ta Iy R = 1.000m; m: Chiéu day thyc trung binh cta ting chira
nudc - 36m; Q:Tdng luu lwong khai thac - dugce lay theo d6 ha thap tuong tng; n : Do 15 rdng hitu hiéu -
duoc |y theo tinh toan bang 0,3.

Bdng 4. Két qud tinh thoi gian dich chuyén cia ranh gidi mén dén giéng voi cdc do ha thap twong img

LK m n R R*R rmnR? Q t(ngay)
851 36 0.3 1000 1000000 | 33912000 | 22212 1527
36 0.3 1000 1000000 | 33912000 | 17893 1895
36 0.3 1000 1000000 | 33912000 | 11394 2976
36 0.3 1000 1000000 | 33912000 | 8823 3844
36 0.3 1000 1000000 | 33912000 | 6142 5521

Nhu véy, thoi gian ranh gi6i man dich chuyén t6i giéng khai thac sém nhat 1a 1527 ngay khi d¢ ha
5ha61p muc nudc S = 84m véi luu lugng dat 22.212m3%ng va lau nhat 1a 5.521 ngay khi S = 20m va luu
lugng dat 6.142m%ng. C6 thé thay ngay rang, néu thoi gian khai thac 180 ngay véi céc ché do ha thap va
luu lugng nhu tinh todn, ranh gidi mén chua anh huong toi gieng khai thac.

bé danh gia khoang céach dich chuyén bién man sau thoi gian khai thac 180 ngay st dung cdng thic (2),
trong d6 cac thong sd vé luu lugng ciing 14y theo do ha thap muc nudc, bé day tang chira m = 36m, do 16
rdng n = 0,3 va thoi gian bom 14y T = 180 ngay. Két qua trinh bay ¢ Bang 4 cho thdy, véi do ha thip S =
84m, Iuu lwong khai thac dat 22.212m3ngay, ranh man dich chuyén khoang 343m. Tuong tu nhu vay, khi
S =20m, Q = 6142m%ng, ranh man chi dich chuyén khoang 180m va hoan toan chua anh hudng téi giéng
khoan.

Bang 5. Khoang céch dich chuyén bién man sau thoi gian khai thac 180 ngay

LK Q T Q*T m n 3.14*m*n | QT/(3.14nm) | D (m)

851 22212 180 | 3998160 36 0.3 33.912 117898.1 343.36
17893 180 | 3220740 36 0.3 33.912 94973.46 308.17
11394 180 | 2050920 36 0.3 33.912 60477.71 246.47
8823 180 | 1588140 36 0.3 33.912 46831.21 216.41
6142 180 | 1105560 36 0.3 33.912 32600.85 180.55

Khi ranh gi¢i man dich chuyén téi giéng khai thac, d6 khoang héa cuc dai ciia nuéc trong giéng duoc
tinh theo cong thic (3) vai a®: Goc man vao thoi diém tinh toan (o= 180°), Co: B tong khoang hoa trung
binh ciia nuéc giéng dat 0,7g/l, Cm: D6 tong khoang héa I6n nhat liy bang do man tai ranh gigi man nhat
1,50g/1. Két qua tinh toan cho thay, khi ranh gigi man 1,5g/1 dat téi giéng, do tong khoang héa ciia nude
lic nay s& dat 1,1g/l va duong nhu khong c6 thay doi 16n vé chat lugng nude so véi tiéu chuan.

Tai vi tri tinh toan, TCN nhat gpz3 nam trén TCN gp: mén. Khi ting d6 ha thip muc nuéc trong giéng
khai thac tir 20m I&n t6i S = 84m, chénh léch muc 4p luc giira ting qp2-s va ting qp: cling tang. O day tam
tinh vé6i cac muc chénh léch AH = 20 + 60m. Bé day 16p cach nuéc mo = 10m. Hé sé thim 16p cach nude
K = 0,003m/ng. Tdc do thAm qua 16p cach nudc kha nho, V chi dao dong tir 0,006 dén 0,018m/ng twrong
g v6i thoi gian tham nham man theo phuong thing dig tir 1.666,7 ngay t&i 555,6 ngdy. C6 nghia 1a su
gia ting do ha thdp muc nude va luu lwong khai thac trong thoi gian 6 thang cling chwa anh huéng gi t6i
x4m nhép min theo phuong thing ding (Bang 5).
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Bdng 6. Toc dg va thoi gian thdm thang ding tir TCN qpz 1én TCN gp2-s

LK K (m/ng) | AH (m) K* AH mo (M) | V (m/ng) | t(ngay)

851 0.003 20 0.06 10 0.006 1666.7
0.003 30 0.09 10 0.009 11111
0.003 40 0.12 10 0.012 833.3
0.003 50 0.15 10 0.015 666.7
0.003 60 0.18 10 0.018 555.6

Twong ty, tinh lun duoc tién hanh theo cong thiic (4), trong d6 AP - Muc giam &p trong qua trinh khai
thac (kG/cm?), m - Chiéu day tang chira nudc = 36m,S - Hé s6 nha nudc dan hoi = 2,5.10*kg/cm2m), p -
Hé sb nén ép ciia nudc, lay p = 0,75x10°, y - Trong luong riéng cia nudc y = 0,1kg/cm2m, Am - Tri s6 1Gn
mat dat (m), 0 - Hé sb rong cua dét da chira nude = 0,3.

Theo két qua tinh toan trén Bang 6 cho thay, néu do ha thap dat 84m, do 1Gn miat dat co thé dat 2cm,
tuong ty nhu vay, tng véi do ha thap 66m, do lun dat 1,6cm, d6 ha thap 40m - d6 lin dat gan 1,0cm. Véi
d6 ha thip nho hon, do lun dat khoang 7,3 - 4,8mm. Nhu vy, ¢6 thé ndi, néu chon d6 ha thap muc nudc
nhé hon 40m, tac dong téi méi trudng hoan toan ¢ thé chat nhan dugc.

Bang 7. P¢ 1Gn bé mar ddt do khai thac medc tang qpa-s

LK | AP S vy | S/y=A ] 0 | m B 0*m*B=B A-B Am

851 | 84 | 0.000025 | 0.1 | 0.00025 | 0.3 | 36 | 0.00000075 | 0.0000081 | 0.0002419 | 0.0203

66 | 0.000025 | 0.1 | 0.00025 | 0.3 | 36 | 0.00000075 | 0.0000081 | 0.0002419 | 0.0160

40 | 0.000025 | 0.1 | 0.00025 | 0.3 | 36 | 0.00000075 | 0.0000081 | 0.0002419 | 0.0097

30 | 0.000025 | 0.1 | 0.00025 | 0.3 | 36 | 0.00000075 | 0.0000081 | 0.0002419 | 0.0073

20 | 0.000025 | 0.1 | 0.00025 | 0.3 | 36 | 0.00000075 | 0.0000081 | 0.0002419 | 0.0048

V6i nhirng tinh toan nhu trén, viéc ting do ha thap muc nuéc nham ting lugng nude khai thac trong khi
han han, xam nhap min 1a hoan toan c6 thé thyuc hién dugc ma khong cé anh huéng nhiéu téi méi trudng
va ban than tang chira nudc. Nhitng két qua nay ciing da duoc kiém chimg qua két qua duy bao trén mé hinh
dong chay nudc dudi dat tinh Tra Vinh. Thoi gian du bao trong 27 nam véi d luu luong khai théc tang
qp2-3 dam bao tang 500.000m3/ng. Két qua cho thiy ranh gigi man 1,5g/I khu vic huyén Cang Long dich
chuyén khoang hon 1200m vé phia céc giéng khai thac. Muc nudc ha thap toan ving sau 27 nam xuét hién
cac phéu ha thap véi d6 sau gan 50m (Hinh 4). Tuy nhién day 1a két qua du bao sau 27 nam. Ché do6 khai
thac ma ching ta du kién, trong trudng hop cuc doan, nhidu nhat 1a 6 thang mua kho, khi han han va xam
nhap man (nudc mat) tang cao. Con vao giai doan mua mua, viée khai thac nude dudi dat lai tré lai véi luu
lugng binh thuong va téng chira nuéce s& dan hdi phyc.

Theo tinh toan, nhu cau nudc 6 nhiing giai doan cuc doan la khoang 514. 000m?®/ng, trong luc do, binh
thudng, voi hé thong giéng co san da khai thac tir tat ca cac TCN khoang 314.000m3/ng, lugng nuoc, can
khai thac bd sung tir TCN qp2.3 s& dat khoang 200.000m3ng. Véi lugng nude nhu vy, chiing ta s& can it
nhét 20 giéng khai thac vi d6 ha thap muc nudc khoang 40m, lwu lugng khoang 10.000m®/ng/giéng, hodc
khoang 24 giéng khai thac v6i do ha thap muc nuéc khoang 30m, luu lugng khoang 8.500m3/ng/giéng.

Cac giéng khai thac bd sung phai dugc thiét ké dé dat duge cac may bom dién chim hut sau véi luu
lwong 16n va chi hoat dong khi bi han han hodc nuée mit man xam nhép. Viée bd tri cac giéng nay can két
hop véi didu tra tinh hinh han man va thiét hai ciia néng nghiép, nudi trong thiy san...

4. Két luan

Tinh trang han han cuc doan va xdm nhap min vao sau dit lién nhu nam 2016, 2020 & cac tinh ven bién
ddng bang sbng Ctru Long doi hoi phai ¢6 nhitng giai phap cu thé va kha thi trudc mat va lau dai.. Mot
trong nhiing giai phap do la tang do ha thdp muc nudéc, tir d6 ting luu lugng khai thac nude dudi dat phuc
vu chdng han man va cap nudéc sinh hoat. Tuy nhién, tang do ha thap t6i mirc nao dé khong dnh husng toi
moi truong va tang chira nudc? Cac tinh toan da cho thay, tai diém giéng 851, d6 sau ha thap myc nudc toi
uu khoang 40m. Véi do ha thap muc nuée nhu vay, ranh gioi man khéng anh huong téi giéng khoan. Thoi
gian dé ranh giéi man dat téi giéng khoan sém nhat ciing mat 4 nam, tuong ty nhu vay dbi véi xam nhap
man tir dudi 1én. Do 14n bé mat dat véi do ha thip muc nude 40m khong dang ké.
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Hinh 4. M6 hinh du bdo nudc dudi d@’t trong thoi doan 27 nam véi luu luong khai thac 500.000m3/ng
(a- Muc nuéc tang gpo-3 thoi diém 12/2019; b- Muc nudc du bdo thoi diém 12/2046; c- Phan bo
TDS thang 12/2019; ¢- Phan b TDS dur bao tai thoi diém 12/2046)

Céc tinh toan di dugc kiém ching bang mé hinh. Két qua cho thy, trong thoi gian du bao 27 nam, véi
luu lugng dy bao 500.000m3/ng, tac dong téi moi truong khdng 16n. Vay trong khoang thoi gian khai thac
trong cac tinh toan 1a 180 ngay - tic dong téi méi trudng va ting chira nuéc chat nhan dugc.

Tuy nhién, do khudn kho bai bédo khong cho phép nén trong noi dung bai nay, chiing t6i mai tinh toén
cho 01 diém giéng va 01 tang chira nudc gps-s. S& can phai tinh thém cho cac TCN khac, phai tinh tuong
tac giira cac giéng khi dong thoi ting d6 sdu ha thap muc nude. Mo hinh ciing phai dy béo thém cho cac
tang chira nudce con lai tai tinh Tra Vinh.
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ABSTRACT

Determination of the maximum allowable lowering water level
in Tra vinh

Nguyen Viet Ky!, Pao Hong Hai', Dang Van Tuc?
L HCM University of Technology, ? Southern Division of Water Resources Planning and Investigation

Tra Vinh is a coastal province, sandwiched between the Hau and Co Chien rivers. Tra Vinh has quite
interesting hydrogeological conditions when there exist 7 aquifers from Holocene to Miocene, which is
currently focusing on water exploitation in the ancient sand dunes of Holocen (3 plots with total fresh water
area about 1.282km?, accounting for 57.1% of the aquifer distribution area) and in the upper Pleistocene
aquifer (fresh water area is about 1,831 km?, accounting for 79.4% of the aquifer distribution area). The
aquifer qp-3 has a wide distribution area, abundant water storage capacity, a large area of pale fresh water,
an area of about 1.981km?, accounting for 85.9% of the aquifer distribution area. Under Pleistocene aquifer
qp: is distributed with a large area, the freshwater area is about 1.322km?, accounting for 57.4% of the
aquifer distribution. Pliocene and Miocene aquifers have small, little studied water area. The distribution
of fresh water in Tra Vinh is concentrated mainly in coastal areas, deep in the field towards Vinh Long, the
underground water is mainly brackish and saline.

The determination of the maximum allowable lowering water level has been implemented for the
Holocene and Upper Pleistocene aquifers, the remaining two Pleistocene aquifers have not been
determined, although according to Decree 167/2018/ND-CP, the ink maximum allowable lowering water
in localities in the Mekong Delta region shall not exceed 30 m from the ground. However, the determination
of the maximum allowable water level in extreme cases such as drought, saline intrusion ... is forced to
exploit underground water to help partially overcome the above cases, in this paper, we will focus on
identifying the middle - upper Pleistocene aquifer.

Keywords: Aquifer; ancient sand dunes; distribution area; the maximum allowable lowering water level.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Xac dinh luu lwong dong ngam trong tang chaa nuée
cd mat nudc nam nghiéng bang phuong phap moé hinh hoa
Ding Pinh Phiict*, Nguyén Béach Thao?

L Hgi bja chat thiiy van Vit Nam
2 Truong Dai hoc M6 - Dja chat

TOM TAT

Béo céo trinh bay co s¢ 1y thuyét xac dinh muc nuéce ha thap khi bom hut nuéc trong tang chura nude dong
nhat 6 mat nudc nam nghiéng. Trén co s¢ Mo hinh hoa dong ngam toi giéng khi bom giéng nhu mot giéng
cép 6 luu lugng ting dan theo thoi gian va ap dung phuong phap s6 va cong dong, tac gia da xay dung
cong thire xac dinh muc nudc ha thap khi hat nuée trong tang chua nuge ddng nhat co mat nudc nam
nghiéng. Béo cdo cling trinh bay phuong phép xéc dinh luu lwong dong ngam va thong sb dia chat thuy van
theo tai liéu hat nuGce tir tang chira nuéc déng nhat c6 mat nude nam nghiéng va ap dung tinh toén cho 2
giéng hat nudc nam trén ving déng bang ven nui.

Tir khéa: Thong s6; hut nudce thi nghiém; luu luong dong ngam; mit nude nam nghiéng.
1. D3t van dé

Xac dinh luu lwong dong ngam 1a mot nhiém vy quan trong diéu tra danh gia nuoc dudi dat. C6 nhiéu
phuong phap xac dinh luu lrgng dong ngam da dwoc dé cap trong céc tai ligu cong b trén thé gisi (Jacob
Bear, 1972; Karanth, 1993; Dang Dinh Phuc, 2013). Trén co so ly thuyet vé phuong phap két hop véi mo
hinh hoéa, ching t6i dé Xuat phuong phap xac dinh luu Iuong dong ngam, cling nhu cac thong so dia chat
thiry van (hé s6 dan, hé sé trix) theo tai liéu bom hut nuée thi nghiém tir giéng trong tang chira nuwéc c6 mat
nudc nam nghiéng.

2. Co sé ly thuyét va phwong phap nghién ciru

Khi hat nuéce trong ting chira nude ddng nhét cé bé mit dang ap nghiéng, trong qué trinh hat nuéc dong
chay tu nhién s& chay vao giéng. Luu luong dong chay tu nhién vao giéng la ham sb caa ban kinh anh
hudng dugce xac dinh theo cong thirc.

Qen(t) = 2.qep Ran(t) @

O day qu 12 luu luong don vi cua dong ngam tu nhién, tire 1a luu lugng trén mot mat cit ngang cua tang
chtra nuée vudng géc véi dong ngam va cé chiéu rong la 1 m

Ran 12 ban kinh anh huéng coa giéng hat nudc, 1a ham sé cua thoi gian t va duge xac dinh theo cong
thuc.

Ru, =V2.25.a.t 2)

O day a 1a hé s6 truyén &p (mzlngay ), t 1a thoi gian tinh tir khi giéng bét dau hut nudc (ngay ).

Qu 12 luu lugng cua dong ngam tu nhién chay vao giéng va la ham sb cua thoi gian. Qu tdng khi ban
kinh dnh hudng ting va dat cuc dai bang luu lugng hat nuée tir giéng khi myuc nuée ha thap trong giéng
dat trang thai 6n dinh.

Tac dong cua luu luong ty nhién chay vao gleng gidng nhu tac dong cua mot giéng Cap nudc ¢ vi tri
trung vm giéng hit, luu lugng cua giéng cap bang luu lugng cia dong ngdm chay vao giéng, luu luong cua
gleng cép tang theo thoi glan

Ap dung phuong phép so, ta chia thoi gian bom thanh n khoang thoi gian tinh toan, giéng Cap c6 luu
lugng thay doi dugc chia thanh n giéng voi luu lugng khong doi duoc ky hién 1a Gi, trong d6 i bién thién
tir 1 t6i n va lan lugt duge dua vao hoat dong & cac thai diém tir 1 t6i n. Luu lugng cua giéng Gi bang luu
lugng tang 1én cuia dong ngam chay vao giéng trong khoang thoi gian At duge xac dinh theo cong thirc.

* Tac gia lién hé
Email: nguyenbachthao@humg.edu.vn
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AQpxi = AQun = 2.9 ARgp hay AQpy(i) = 2. gpp. [Rah Ok Rah(i -1) ] (3)

Sy tang nay giéng nhu 1 dua mot giéng méi vao hoat dong c6 luong lugng bang AQtn (i). O thoi diém
1 chi c6 mét giéng bé cap di vao hoat dong, s6 giéng bo cap hoat dong tang 1én khi thoi diém tinh toan muc
nudc ha thap ting 1én.

Su dang myc nude do tac dong cua dong chay tu nhién chay vao giéng trong tung khoang thoi gian duoc
mé phong la giéng cap. Khi 2.qtn.Rah(i) < Q, & day Q 14 luu lugng cia giéng hut nude duoc xac dinh theo

cdng thic
ASb; =0 4
Khi 2.25.a(t—t;) <1 )
teccla (t—t;) <
225a
ti 12 thoi diém giéng thire I di vao hoat dong
hi (¢ =) = 77 ©)
khi d6 : ASbx;(t) = AQBX;.Ln(2.25.a.(t — t;)/r?)/.7.T) 7

Trong cong thie nay A [Shx] _i (t) 1a myc nuéc dang tai thoi diém t do giéng cap thir i di vao hoat
dong, a la hé s6 truyén ap, T 1a hé sb dan, r 12 ban kinh giéng hit hay & khoang céch tir giéng quan sét toi
giéng hut nudc

Tong muc nude dang do tac dong ciia dong ngam tai thoi diém tinh toén t duoc xac dinh theo cong thirc

n

AShx(t) = Z AQBX, In <w) /4T ®

Ap dung phuong phap cong dong, muc nudc ha thap tai thoi diém tinh todn bang tong muc nuéc ha thap
gdy ra trong diéu kién tang chira nudc phan bd vo han trir di muc nudc dang 1én do dong chay tu nhién vao
giéng va dugc xac dinh theo cong thic

S(t) = ~=In(2355) — T3 AQBX; In (2450 /(4.7.T) ©)
Khi 2.gtn. Rah(l) Q tirc 1a luu lwong ciia dong ngam chay vao giéng bang luu lugng bom hut, myc nuéc
ha thap dat trang thai on dinh, thoi diém nay nay goi la thoi diém cdn bang va dugce xac dinh theo cbng
thuc.

225a(t —t;)

__1 [e7
teb = 5754 [Z.qm] : (10)
Khi d6 muc nudc ha thap dugce xac dinh theo cdng thirc
S(te) = —2In((2.25. 4. t) /772 ) — X7 AQBX, In (Z2252=y /(4 1. T) (11)

3. Ap dung t|nh toan

Ap dung cdng thuc & trén dé xac dinh luu lwgng dong ngam theo tai liéu hut nuoc tir giéng G1 va tai liéu
guan sat muc nudc tai giéng guan sat QSL.

Khu vuc thi nghiém nam trong vung tiép giap gitia dong bang va mlen nGi. Tai vang ndi tang chira nuéc
d4 voi ndi cao va 16 ra ngoai mat dat, tai khu vuc dong bang d4 voi nam sau va duoc phu béi 16p tham nudc
va tang chira nuéc cat cudi soi cua tram tich dé tu, tang chira nuéc karst khe nit va tang chira nuéc 13 hong
c6 quan hé thay lyc véi nhau, tai ddy nudc dudi dht tir viing ndi chay xudng cung cp cho nudc dudi dat
tai khu vyc dong bang.

Hai gleng hit nuée va quan sat déu nam trén ving ddng bang va cat sAu vao tang chira nude karst nut
né. Gleng quan sat nam cach gleng hat nude 1a 120 m, Iuu lvong hit 6 6n dinh bang 300 m3/ngay.

Dé xac dinh thdng s6 dia chat thay van: hé sb dan hé sb truyén ap va luu luong dong ngam ching téi st
dung phuong phép 1ap va db thi. Cho céc thdng sb dia chat tity van: T, a va qu €6 c4c gia tri khac nhau va
thay vao cong (10) va (11) dé tinh toan myc nudc ha thép Tir két qua, do thi muc nudce ha thép tinh toan
va thuc do trén cing mét hé truc toa do, lan luot thay doi cac gia tri cua cac thong s6 dia Chat thuy van T,
avaqn cho dén khi d6 thi tinh toan va thuc do gan tring nhau, khi d6 nhan dugc c4c gi tri can tim cua cac
thdng sb dia chat thiry van: T, a va qm

Tap thé tac gia da xay dung phan mém dé xac dinh cac thong sb dia cht thity van: T, a va qum bang ngdn
ngr VISUAL BASIC

Khi chay phan mém nay, st dung cac phim chure nang dé thay doi cac gia tri cua cac thdng s6 dia chat
thiy van : T, a va qun dé thay ddi vi tri caa do thi myc nuéc tinh toan sao cho tring véi db thi myc nude
thuce do.
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Khoang cach (m)
Hinh 1. So d6 mat cdt chum 16 khoan tinh toan
Hinh 2 chi ra dd thi muc nuéce ha thap thue do va tinh toan. Trén do thi nay doan cudi cua d6 thi thuc do
déc do anh huéng cua bién hé sb dan thay d6i, vi vay trong tinh toan céc téc gia chi sir dung doan dau cua
do thi dé tinh toan. Két qua xac dinh dugc cac thong so ciia tang chira nude nhu sau: hé s6 dan bang 516
m?/ngay, hé sb truyen &p bing 6515920 m¥ngay, luu lwong dong ngdm don vi bang 0.047 m3/ngay.
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Hinh 2. P6 thi mue nwéc ha thap thue do (mau den) va mue nwéc ha thdp tinh todn (mau do).

Do thi quan h¢ myc nudc ha thép thuc do (H,,) va muc nudc
tinh toan (Hy,) cho doan 1
0.35
0.3 rS
__ 025
£ o y = 0.944x - 0.0056 2
- R?=0.9667
L 0.15
0.1 /
0.05
L 4
0 ’H T T T T T T 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Hg(m)

Hinh 3. P6 thi twong quan gitra Muc nweéc thue do va tinh todn (xdc dinh cho phan dau ciia do thi)
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Tir do thi trén cho thiy h¢ s6 twong quan R?=0.9667, h¢ s6 gbc gan bing 0.944 (xap xi bang 1) va tung do
goc gan bang khong chiing to d6 chinh xac cua tinh toan kha cao, dang tin cay.

Bang 1. Murc nieéc ha thap thuee do vay tinh todn giéng G1

Thoi
Muc nude ha thap (m) STT| gian Muc nuée ha thap (m)
" (phat
Thoi STmh
STT | gian Tinhtoan | Dang | Tinh "M pang ten| .
ht), o < 1A C toan .. | Tinh toén
P Thuc |khong cd |1én do | toan cd A | dodong | . .
. N X SD(I) | khéng cg N c6 dong
do) | dong dong dong \ ngam N
ngdm | ngdm | ngam dong DX(I) neam
g g g ngam

1 1 | 003] 0.000 | 0,000 0.000 | 21 | 21 0.31 0.283 | 0.013 0.270
2 2 | 007| 0.028 | 0.000 | 0.028 | 22 | 24 0.31 0.292 | 0.014 0.278
3 3 | 009| 0071 | 0.000 | 0.071 | 23| 28 0.34 0.309 | 0.017 0.292
4 4 0.1 0.102 | 0.001| 0.101 | 24| 30 0.36 0.316 | 0.018 0.298
5 5 | 012| 0126 | 0.002 | 0.124 | 25| 32 0.37 0.323 | 0.019 0.304
6 6 | 0.15| 0.145 | 0.003 | 0.142 | 26 | 34 0.38 0.329 | 0.020 0.309
7 7 | 017| 0.161 | 0.003 | 0.158 | 27 | 36 0.39 0.335 | 0.021 0.314
8 8 | 019| 0175 | 0.004| 0.172 | 28 | 38 0.4 0.341 | 0.022 0.319
9 9 | 019| 0.188 | 0.005| 0.183 | 29 | 40 0.42 0.347 | 0.023 0.323
10 | 10 | 0.2 0.199 | 0.005| 0.194 | 30 | 45 0.46 0.359 | 0.026 0.333
11 | 11 | 0.21| 0.209 | 0.006 | 0.203 | 31| 50 0.47 0.370 | 0.029 0.342
12 | 12 | 021 | 0.219 | 0007 | 0.212 | 32 | 55 0.5 0.380 | 0.031 0.349
13 | 13 | 0.22| 0.227 | 0.007 | 0.220 | 33 | 60 0.52 0.390 | 0.034 0.356
14 | 14 | 023 | 0.235 | 0.008 | 0.227 | 34 | 70 0.56 0.406 | 0.038 0.368
15 | 15 | 0.24| 0.242 | 0.009 | 0.234 | 35| 80 0.61 0.420 | 0.043 0.377
16 | 16 | 0.25| 0.249 | 0.009 | 0.240 | 36 | 90 0.67 0.433 | 0.047 0.386
17 | 17 | 027 | 0.256 | 0.010 | 0.246 | 37 | 100 | 0.72 0.444 | 0.051 0.393
18 | 18 | 0.28| 0.262 | 0011 | 0.251 | 38 | 110 | 0.77 0.454 | 0.055 0.399
19 | 19 | 029 | 0.267 | 0.011 | 0.256 | 39 | 120 0.8 0.463 | 0.059 0.404
20 | 20 | 0.29| 0.273 | 0.012 | 0.261 | 40 | 140 | o0.87 0.480 | 0.067 0.413

Két qua tinh toan theo tai liéu hut nuéce tir gleng C2 Giéng G2 nim trén ving dong bang gan nai thuoc
huyén My buc.Tai khu vue nay nuée dudi dat cling tir vang nai chay vé cung cap cho nudc dudi dat tai
ving dong bang. Mt cit dia chat cua giéng C2 nhu sau: tir mat dat téi 27,0 m 1a sét, bot; tir 27,0 toi 31,7
1a cat min; tir 31,7 toi 34,2 1a sét 1an cét, tir 34,2 t6i 60 m 1a d4 phién sét. Hut nudce duoc tién hanh tir 16p
chtra nu6e cat min véi luu lugng hat 1a 50 m3/ngay. Tai liéu muc nuéc ha thap tai giéng hat nude duoc chi
ra trén Bang 2.
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ET[NH LUU LUONG TU NHIEN BANG T/
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LHE 50 o o
. L LUoNG [0 S
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Hinh 4. D6 thi muee nieéc ha thap thuee do (mau den ) va muc nuéc ha thép tinh toan (mau do ). Poan 2 cho
T = 186 m?/ngay, a = 110836 m?/ngay, qtn = 0.08

bd thi quan h¢ myc nudc ha thép thue do (H,,)
va muc nudc tinh toan (Hy,) doan 2

0.9
0.8 //.4
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0.6 y =1.1647x-0.0942, )2
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£0.4
T 03 ¢
0.2
0.1
O T T T T
0 0.2 0.4 0.6 0.8 1
H.g (M)

Hinh 5: Pé th twong quan giita Myc nudocC thue do va tinh toan (xdc dinh cho phan dau cia do thi )

Bdng 2. Muec nuréc ha thap thuee do vay tinh todn giéng G1

Muc nudc ha thap (m) Muc nuéc ha thap (m)
. A Tinh R .
Thoi ;‘22 P29 | Tinh Thoi toan | DN 222
TT | gian | Thuc N toanco | TT gian | Thuc | khong .
. khong do X , ] do cé
(phat) | do P . dong (phat) do co . N
cé dong | dong 5 o dong | dong
ngim ngém neam ong ngém ngém
& ngam
1 1 0.03 0.000 | 0.000 | 0.000 | 21 21 0.31 | 0.283 | 0.013 | 0.270
2 2 0.07 0.028 | 0.000 | 0.028 | 22 24 0.31| 0.292 | 0.014 | 0.278
3 3 0.09 0.071 | 0.000 | 0.071 | 23 28 0.34 | 0.309 | 0.017 | 0.292
4 4 0.1 0.102 | 0.001 | 0.101| 24 30 0.36 | 0.316 | 0.018 | 0.298
5 5 0.12 0.126 | 0.002 | 0.124 | 25 32 0.37 | 0.323 | 0.019 | 0.304
6 6 0.15 0.145 | 0.003 | 0.142 | 26 34 0.38 | 0.329 | 0.020 | 0.309
7 7 0.17 0.161 | 0.003 | 0.158 | 27 36 0.39 | 0.335 | 0.021 | 0.314
8 8 0.19 0.175 ] 0.004 | 0.172 | 28 38 0.4 | 0.341 | 0.022 | 0.319
9 9 0.19 0.188 | 0.005 | 0.183 | 29 40 0.42 | 0.347 | 0.023 | 0.323
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10 10 0.2 0.199 | 0.005 | 0.194 | 30 45 0.46 | 0.359 | 0.026 | 0.333
11 11 0.21 0.209 | 0.006 | 0.203 | 31 50 0.47 | 0.370 | 0.029 | 0.342
12 12 0.21 0.219 | 0.007 | 0.212 | 32 55 0.5 | 0.380 | 0.031 | 0.349
13 13 0.22 0.227 | 0.007 | 0.220 | 33 60 0.52 | 0.390 | 0.034 | 0.356
14 14 0.23 0.235 ] 0.008 | 0.227 | 34 70 0.56 | 0.406 | 0.038 | 0.368
15 15 0.24 0.242 | 0.009 | 0.234 | 35 80 0.61 | 0.420 | 0.043 | 0.377
16 16 0.25 0.249 | 0.009 | 0.240 | 36 90 0.67 | 0.433 | 0.047 | 0.386
17 17 0.27 0.256 | 0.010 | 0.246 | 37 100 0.72 | 0.444 | 0.051 | 0.393
18 18 0.28 0.262 | 0.011 | 0.251| 38 110 0.77 | 0.454 | 0.055 | 0.399
19 19 0.29 0.267 | 0.011 | 0.256 | 39 120 0.8 | 0.463 | 0.059 | 0.404
20 20 0.29 0.273 ] 0.012 | 0.261 | 40 140 0.87 | 0.480 | 0.067 | 0.413

3. Két luan

Phuong phap tinh toan néu trén cho phép xac dinh kha chinh xac luu luong tu nhién cua dong ngam va
cac théng s6 dia chat thiry van theo tai liéu hut nudc trong tang chira nudc ¢d dong ngam (tirc 12 mat nuse
nam nghiéng). Trén co so ly thuyét, tap thé tac gia da xay dung cong cu tinh toan tu dong trén ngdn ngir
Visual Basic cho phép ngudi ding c6 thé dé dang lya chon doan tinh toan va chong khép duong muc nude
tinh todn va muc nuéc thuc do dé xac dinh cac thong sé cua ting chira nude nhu T, a va gwm cho két qua
dam bao do tin cay.
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ABSTRACT

Determination of groundwater flow in aquifer with inclined water
surface

Dang Dinh Phuc?, Nguyen Bach Thao ?
! Vietnam Association of Hydrogeological
2 Hanoi University of Mining and Geology

The report presents the theoretical basis for determining the water level drawdown when pumping test in a
uniform aquifer with inclined water surface. Base on numerical modeling, groundwater flow to the well
during pumping test as a supply well with increasing flow with time. According to the time and application
of number method and flows superposition method, the author formulated a formula to determine the
drawdown when pompong test in a uniform aquifer with sloping water surface. The report also presented
the method of using the above formula to determine discharg of underground flow and hydrogeological
parameters according to the data of pumping test in a uniform aquifer with sloping water surface and
applying calculations for 2 pumping wells in the plain near mountain.

Keywords: Groundwater flow; inclined water surface.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Phuong phép xac dinh théng sé dia chat thuy van
theo tai liéu hut nudc nhdm

Ding Dinh Phtc*, Biang Hitu Nghi 2, Nguyén Bach Thao?, Ding Dinh Phi®
1 Hgi dia chat thiy van
2 Truong Pai hoc M6 - Pia chdt
3 Trung tam Qudc gia nuwéc sach va vé sinh méi triong ndng thon

TOM TAT

Bai bao trinh bay co s¢ ly thuyét va phuong phap do thi xac dinh thong sb dia chét thiy vin theo tai iéu hit
nudéce thi nghiém nhém tir céc giéng véi luu lugng hat khéac nhau, thoi gian bét d¢iu hat khac nhau.

Bai bao ciing trinh bay thi du tinh toan x4c dinh thong sé dia chat thuy van theo tai liéu hat thi nghiém tir 3
giéng véi luu lwong khac nhau, thoi gian bat dau hiat khac nhau bang phuong phép db thi trén phan mém
Excel va bang phan mém do tac gia xay dung.

Tir khoa: Thong sé dia chat thay vin; hit nudge nhom.

1. Pit van dé

Trong nhiéu truong hop khi khao sat dia chat thay van trong ving dang khai thac khong thé nging khai
thac tir cac giéng khai thac d¢é tién hanh hat nudc thi nghiém don hodc hat nuéc thi nghiém chim dé xéac
dinh théng s6 dia chat thay van, dé danh gia thong sd dia chét thiy vin chi c6 thé tién hanh theo tai ligu hat
nude dong thoi tir cac giéng khai thac. Bong thoi trong nhiéu truong hop khi tham do danh gi trir lugng
nude dudi dat can tién hanh hit nuée nhom doi hoi xac dinh théng sb dia cht thuy van theo tai liéu hat
nude nhom. Duéi ddy trinh bay phuong phép tinh thong sb dia chét thity van theo tai liéu hit nudge nhom.
2. Co so' Iy thuyét

Gia st ¢6 n giéng hat vé6i luu lwong Q;i, khoang céch céc giéng hat nudc téi giéng quan sét 14 ri, thoi gian
bom hut cia giéng thi i tinh t6i thoi diém xac dinh myc nudc ha thap tai giéng quan sat 1a t;, ap dung
nguyén tic cong dong (Pang Pinh Phuc, 2013; Freeze and Chery, 1979; Sectacov, 1969) muc nudc ha thap
tai giéng quan sat S dugc xac dinh theo cong thic:

v Q 2.25at; (1)
S=2 4.;;.T|n( r? j

Trong cong thie (1):

T 12 hé s6 dan (m?/ngay);

a la hé sb truyén ap (m%ngay)
Khai trién (1) ta co:

SLZ?(QL ln(tl.) + Qiln (2.25_0,

4n.T riz

) &)

Phuong trinh (2) c6 thé xem gan dung 1a phuong trinh bao gdm ho cac duong thang quan hé giira S va

Zn:Q‘ In(t,) trong do A la hé s6 goc va B la tung do goc .
1
Q 2.25.
A=iT B, = A Ln(=53%)

Khi cac giéng khong hat dong thoi, ta dat khoang thoi gian quan tric muc nudc tinh tir khi giéng hat

* Tac gia lién hé
Email: dangdinhphuc@gmail.com
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s6m nhat bt dau hat la t, thoi gian bat dau hit cua céc giéng tinh tir khi giéng hit nuéc sém nhat hoat dong
1a toi (thoi gian bat dau hat caa giéng hat sém nhat 1a t,=0).

Thoi gian da hat cua cac giéng tinh toi thoi diém do muc nuéc 12 ti duge xac dinh theo cong thirc:

ti =1 —to; 3)
O day t 1a thoi gian tinh tir khi giéng hit som nhat bt d¢au hoat dong.
Thay (3) vao (2) taco :

$ = 12 [E3@ G — o) + 0iin G239 @

MT

Tir cong thic trén ta ¢6 do thi quan hé gitia myuc nudc ha thap voi d thi nay c6 dang

ZHZQ, Ln(t+to, )’
1

ham s phtc tap bao gém cac nhanh dwong thang ndi tiép nhau. Dé xac dinh théng sé dia chat thily van
theo d6 thi nay ta phai xay dung cac duong cong ly thuyét quan hé S - f(zn“Qi Ln(t +to,)) (g véi cac trj
sb d§}n T vahé Sé truyén ap “a” khac nhau va chdng 1én d6 thi thyc nghlem S - f(In(t)), hé So truyen ap va
hé $O dan cua do thi ly thuyét gan chang khép voi @6 thi thuc nghiém chinh 12 gié tri hé sé dan va hé sé
truyén ap cua tang chira nuée duge hiat nuge thi nghiém.

Trong truong hop don gian nhat, luu lugng céc giéng hut nhom nhu nhau, dong thoi thoi gian bét dau
hat c&c giéng giong nhau phuong trinh (4) ¢6 dang :

Qo A, (2254 5
S=, % In(t) .Qzllln( = j (®)

Khi luu lwong céc giéng khong nhu nhau song thoi gian hdt bit diu gidng nhau, phwong trinh (4) c6
dang :

n

ZQ

S5 Z on (2 25. aJ (6)
D) thi ctia phuong trinh (5) va (6) c6 dang duong thang :
S=AIn(t)+B
Trong d6 hé s géc:
nQ Qi .
v6i treong hop luu lwong cac giéng nhu nhau (phuong trinh 5) va A= khi luu Iuong
4ﬁT 4ﬂT

cac giéng khéc nhau.

Tung d6 goc B cua phuong trinh duong thang (5) 1a:

- 225.a
B=0 ) In(=3)
1 L

cta phuong trinh (6) la:
8-3°0 In(z.zg.aj
1 5]

Trong nhimg treong hop don gian nay tic la khi céc giéng cting hit tai mot thoi diém, viéc xéac dinh
théng s6 c6 thé sir dung cac phuong phap thong thuong Theis hoac Jacov (Pang Pinh Phic, 2013; Freeze
and Chery, 1979; Sectacov, 1969).

* Xdc dinh thong dia Chat thuy van theo cong thirc (1) bang phwong phdp do thi theo tai liéu quan trdc
Myec nudc tai gleng quan trdc:

Xac dinh thng s6 dia chét thiry van (hé s6 dan va h¢ s6 truyén ap) duoc tién hanh theo cac budc sau:
- Cho céc gia tri tiry v (duoc hra chon theo kinh nghiém) cua cac thong s6: hé s6 dan nuéc va hé so truyén ap.
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- Tién hanh tinh toan muc nudc ha thap tai giéng quan tric theo thoi gian theo cong thic (1) véi céc
thong sé hé s dan nuéc va hé sb truyén ap da cho.

- Tr tai lidéu muc nudc ha thap thue do va muce nudc ha tip tinh toan trong giéng quan sét, xay dung do
thi muc nudce ha thip tinh toan va thuc do trén ciing mét hé toa do.

- Lan luot thay déi gia tri cua cac thdng sb: hé s6 dan nudc va hé sb truyén ap thu dugc cac do thi véi
céc i trf cua duong cong ha thip myc nuéc tinh toén va thye do khac nhau. Vige thay doi céc gia trj thong
s6 dia chat thuy van két thic khi vi tri duong cong ha thdp muc nudc tinh toén va thyuc do gan trung khép
v6i nhau. Khi d6 gid tri he sb dan va hé sb truyén ap su dung dé tinh toan myc nuéc ha thip xay dung
duong cong ha thiap muc nudc chinh 1a gi tri caa hé sé tham va hé sb truyén &p cua ting chira nuée duoc
tién hanh hat nude thi nghiém.

* Tinh toan thong sé dia chdt thuiy van theo tai liéu miec nieoc ha thap thee do tai giéng it nuéc:

Muc nuéc ha thap thuc do tai giéng hat nudc khong chi phu thudc vao he sb dan nudc, hé sb truyén ap
cua tang chira nuéc ma con phu thuge vao budc nhay muc nuée trong gieng (bn).
Muc nudc ha thap dugce xac dinh theo cong thirc:

noQ, 2.25at |4 pn )
S = _XI_ || £22%5
; AT " r?

Trong truong hop nay do chinh xac cua viée xac dinh hé s truyén ap phu thudc vao do chinh xac cua
Viéc xéc dinh budc nhay trong giéng hat ma st dung tai liéu do myc nudc tir giéng nay dé tinh toan thong
s6 dia cht thiy van. De tinh toan hé sb truyén ap phai xac dinh budc nhay trong giéng.

Budc nhay trong giéng c6 thé xac dinh theo tai liéu bom git cip, hoac liy gin ding theo budc nhay &
thoi ky dau bom hit (su thay d6i manh ciia muc nudc & mot, hai phut dau).

Tién hanh tinh toan théng s dia chat thily van bang phwong phap d6 thi nhu trudng hop tinh theo tai
liéu myc nudc ha thap tir giéng quan sat, duoc trinh bay o trén song & day tai liéu muc nudc ha thap thuc
do tai giéng hut nudc phai trir di budc nhay trong giéng do hut nudc tir chinh giéng gay ra trudc khi xay
dung dd thi myc nuéc ha thap thuc do va muc nudc ha thap tinh toan.

Phuong phap tinh toan duoc thyc hién trén phan mém Excel, ngoai ra chung t6i da xay dung phan mém
dé tinh toan thong sé dia chat thay vin theo phuong phap nay.

3. Vi du tinh toan

Duéi ddy trinh bay vi du tinh toén thong sé theo tai liéu muc nudc tir giéng quan sat khi tién hanh hat
nuée nhém tir 3 giéng. Bang 1 chi ra cac thdng sb cua giéng hut nude: Iuu luong, khoang céch tir giéng hat
t6i giéng quan sat, thoi gian bat dau hat tinh tir khi giéng hat sém nhat bit dau bom hut.

Bang 1. Thong sé cac giéng hat nhém

S hiéu giéng G1 G2 G3
Luu lugng (m%/ngay) 500,00 600,00 900,00
Khoang cach tdi giéng quan tric 10,00 20,00 30,00
Thoi gian bat dau hat tinh tir giéng hit sém nhat (phit) 0 77 1426

Tlen hanh tinh toan Muc nudc ha thap tai giéng quan tric theo thoi gian theo cong thac (1) véi cac thong
sd hé 50 din nudc va hé sé truyén ap khac nhau. Két qua tinh toan muc nudc ha thap tai giéng quan tric do
c4c giéng hiit nudc gy ra ciing duoc chi ra trong Bang 2.

Tir tai lisu muc nudc ha thap thue do va muc nuéc ha thap tinh toan trong giéng Quan sat, xay dung do
thi myc nudc ha thap tinh toan va thuc do trén ciing mot hé toa do. Lan luot thay doi gid tri cua cac thong
s6 hé s6 dan nudc va hé sb truyén ap thu duoc cac do thi voi cac vi tri cua dudng cong ha thdp muc nude
tinh toén va thuc do khéc nhau. Viéc thay d6i cac gia tri thong sb dia chat thay van két thac khi vi tri duong
cong ha thap muc nuéc tinh todn va thuc do gan tring khép véi nhau. Khi d6 gia tri hé s6 dan va hé sé
truyén 4p sir dung dé tinh toan muc nuéc ha thap xay dung duong cong ha thap muc nuéc chinh 1a gid tri
ctia hé s6 tham va hé sé truyén &p cua tang chira nude duoc tién hanh hut nuée thi nghiém. Két qua quan
tric muc nudc trong giéng quan tric duoc chi ra & Bang 2. Bang 2 ciing chi ra cac thong sé dia chit thay
van dugc lya chon, ciing nhu myc nuée ha thap tinh toén do céc giéng hit nuée gy ra cho giéng quan sét.

Bang 2. Muzc nieéc ha thap thuee do va tinh todn tai giéng quan sét véi cac thong sé lira chon hé sé dan T,
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hé sé truyén &p a

. e £ Muc nuéc ha thap do cic giéng
Thei Muc ude Gia tri thong so chon tinh to4n gy ra (m)
2 ha thap tai P
diém giéng quan HE 50 H¢ s6 dan Giéng
(phut) . truyén ap o G1 G2 G3 0
sat (m) (m2/ng) (m?/ngay) quan trac
2 0,41 1000000 390 0,41 0,00 0,00 0,41
4 0,49 1000000 390 0,49 0,00 0,00 0,49
6 0,54 1000000 390 0,54 0,00 0,00 0,54
8 0,58 1000000 390 0,58 0,00 0,00 0,58
10 0,60 1000000 390 0,60 0,00 0,00 0,60
12 0,62 1000000 390 0,62 0,00 0,00 0,62
17 0,67 1000000 390 0,67 0,00 0,00 0,67
22 0,70 1000000 390 0,70 0,00 0,00 0,70
32 0,74 1000000 390 0,74 0,00 0,00 0,74
42 0,77 1000000 390 0,77 0,00 0,00 0,77
52 0,80 1000000 390 0,80 0,00 0,00 0,80
62 0,82 1000000 390 0,82 0,00 0,00 0,82
77 0,85 1000000 390 0,85 0,00 0,00 0,85
92 1,35 1000000 390 0,87 0,50 0,00 1,37
122 1,52 1000000 390 0,90 0,63 0,00 1,53
152 1,61 1000000 390 0,93 0,70 0,00 1,62
182 1,67 1000000 390 0,95 0,74 0,00 1,69
212 1,72 1000000 390 0,97 0,77 0,00 1,73
302 1,82 1000000 390 1,01 0,83 0,00 1,84
362 1,87 1000000 390 1,03 0,86 0,00 1,89
392 1,89 1000000 390 1,04 0,87 0,00 1,91
452 1,93 1000000 390 1,06 0,89 0,00 1,95
482 1,94 1000000 390 1,07 0,90 0,00 1,97
542 1,98 1000000 390 1,08 0,92 0,00 2,00
1366 2,21 1000000 390 1,19 1,04 0,00 2,23
1426 2,22 1000000 390 1,19 1,05 0,00 2,24
1486 3,63 1000000 390 1,20 1,05 1,41 3,66
1606 3,67 1000000 390 1,21 1,06 1,42 3,69
1666 3,68 1000000 390 1,21 1,07 1,43 3,71
1726 3,70 1000000 390 1,22 1,07 1,43 3,72
1786 3,71 1000000 390 1,22 1,08 1,44 3,74
1846 3,73 1000000 390 1,23 1,08 1,45 3,75
2746 3,89 1000000 390 1,27 1,13 1,52 3,92
2806 3,90 1000000 390 1,28 1,14 1,52 3,93
2866 3,91 1000000 390 1,28 1,14 1,52 3,94
2986 3,93 1000000 390 1,28 1,14 1,53 3,96
3106 3,95 1000000 390 1,29 1,15 1,54 3,97
3226 3,96 1000000 390 1,29 1,15 1,55 3,99

156




Hinh 1. Pé thi muee nieéc ha thdp thue do va tinh
toan tai giéng quan sat véi cac thong so: Hé so
ddan nwéc bang 300 m2/ngay, hé sé truyén ap
bang 2000000 m#/ngay

, e £ Muc nuéc ha thap do cic giéng
Thoi Muc nude Gia tri thong so chon tinh ton gy ra (m)
i ha thap tai X
M| giéng quan HE 50 He¢ s6 dan Giéng
(phut) . truyén ap o G1 G2 G3 0
sat (m) (m?/ng) (m?/ngay) quan trac
3286 3,97 1000000 390 1,29 1,16 1,55 4,00
4186 4,07 1000000 390 1,32 1,19 1,59 4,10
4246 4,08 1000000 390 1,33 1,19 1,59 4,11
4366 4,09 1000000 390 1,33 1,19 1,60 4,12
4486 4,10 1000000 390 1,33 1,19 1,60 4,13
4606 4,11 1000000 390 1,33 1,20 1,61 4,14
4726 4,12 1000000 390 1,34 1,20 1,61 4,15
4846 4,13 1000000 390 1,34 1,20 1,62 4,16
4966 4,14 1000000 390 1,34 1,21 1,62 4,17
5086 4,15 1000000 390 1,35 1,21 1,63 4,18
5206 4,16 1000000 390 1,35 1,21 1,63 4,19
5326 4,17 1000000 390 1,35 1,22 1,63 4,20
5446 4,18 1000000 390 1,35 1,22 1,64 4,21
5 5
4 200000000000 Ml_l’C 4
Mu:c i nuéc 5
nuwocy ha 5
hg 2 s thap
thap o (m) 1
(m) 1 0 }HH\HHHHHHHHH\HHHHHHH\HHHHHH
AN AN AN AN O O OO OO
O l\H\\\\\\\\H\\\\\\\\HHHHHHHHHHHHHHH - 0 a g g 'x\> g E § g
“ER3BR88S SN
@ N g Thoi gian (phat)
.. . ; —<+TD 30TT
Thoi gian (phut)
—+-TD 30TT

Hinh 2. Pé thi muc nwo‘C ha thcfp tl:lu’c do va tinh
toan voi cgic thng so: H¢ so dan T = 390
m?/ngay, hé so truyén ap a bang 1000000 m?/ngay

Tir cac d thi trén chon hé s6 dan nudc bang 390 m?/ngay, hé sb truyén ap bang 1000000 m%/ngay. Cac
gia tri nay 1a cac gia tri ciia cac thong sb dia chat thay van cuia tang chira nude hiit nuéc thi nghigm.

Céc hinh dudi chi ra db thi muc nudc tinh toén, thuc do va két qua tinh toan thong sé dia chat thiy van
theo tai ligu hat nudc tir 3 giéng néu trén bang phan mém tinh thong sé khi hiit nuge nhoém do ching toi

xay dung.
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"8 Tinhthong sodotni Tinhthang 30 nhiey gieng Faem3 Formd €51 Tinh thong sodothi Tk thong so nhieu greng Foem 3 _Form

TINH THONG SO NHIEU GIENG TINH THONG SO NHIEU GIENG

g w @ T P

r > m—

He so fruyen ap (m2/ngay) He so truyen ap (m2/ngay)
T+ 010000 T 1 1111 |\ i0as

He so dan m2ingay He so dan m2ingay

Hinh 3. DPé thi muc nudc hg'thcz'p thuc do va tinh ~ Hinh 4. Pé thi muc nuéc ha,thcip thuee do va tinh
toan vdi cac théng so hé sé dan nudc T =500 toan vdi cac thc‘)ng so hé sé dan nmieéc T = 400
m?/ngay, hé so truyén ap a = 1010000m?/ngay m?/ngay, hé so truyén ap a = 1010000m?/ngay

Tir két qua xéc dinh thong s6 theo phuong phép do thi bang phan mém tinh thong s6 & trén xac dinh
duoc hé sé dan cua tang chira nude bang 400 m2/ngay, hé s truyén ap bang 1.010.000 m#/ngay.

4. Két luan

Tir co s6 ly thuyét ciing nhu vi dy tinh toén & trén cho thay phuong phap do thi dé tinh toan théng sé dia
chat thuy van duoc trinh bay ¢ trén hoan toan c6 thé &p dung dé xac dinh thdng sb dia chat thily van theo
tai liéu hat nhom, dong thoi ciing duoc ap dung khi xac dinh théng s dia chit thuy van theo tai liéu hat
nude don hoac chum.

Tai ligu tham khao

Ding Dinh Phiic, 2013, Co so thuy dong luc va phuong phap danh gia trir luong nude dudi dit, Nha
xuat ban Pai hoc Qudc gia Ha Noi.

R. Allan Freeze, John A.Chery, 1979, Groundwater, Prentice Hall, Engllewood Cliffs, NJ07632.

V. M, Sectacov, 1969, Co s tinh toan dia chat thuy van. Long dat, Matxcova (tiéng Nga).

ABSTRACT

Method to determine hydrogeological parameters according
to group pumping

Dang Dinh Phuc?, Dang Huu Nghi 2, Nguyen Bach Thao?, Dang Dinh Phu?
Vietnam Association of Hydrogeology
2Hanoi University of Mining and Geology
3National Centre for Rural Water Supply and Environmental Sanitation

The paper presents the theoretical basis and method of graphing for determine hydrogeological parameters
according to observation date of water level when pumping test from group wells with different discharge
and, different starting time.

The paper also presents an example of calculating hydrogeological parameters according to observation
date of water level from observation well when pumping test from 3 wells with different discharge, different
starting time by the above graph method (Excel software and by software developed by the author).

Keywords: Hydrogeological parameters; pumping test.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ciru xac dinh nguén goc xam nhap man cac tang chira nuéc
16 hong ven bién khu vuc Thanh pho Ba Nang
Nguyén Bach Thao'*, Lé Duy Sy Canh?, Pao Buc Bang!

! Truong Dai hoc Mo - bia chat )
2 Trung tam Quy hoach va Piéu tra Tdi nguyén nuéc Quoc gia

TOM TAT

Tinh hinh dién bién xam nhap min nudc dudi dat khu vuc thanh phé Ba Nang chiu tac dong rat 16n boi
cong tac quy hoach do thi va khai thac, bao vé tai nguyén nudc. Bai bao dua ra cac s liéu nghién ciu moi
nhat vé hién trang xam nhap man vang thanh phd Da Néang. Bén canh d6, viéc ung dung thanh cong ky
thuat dong vi cho khu vuc ven bién da giai thich dwoc nguon gbc xam nhap man nudce dudi dat cho khu
vic nay, dic biét trong didu kién nhu cau khai thac nudc dudi dt ngay cang ting do xu hwdng phét trién
kinh té-xa hoi ciing nhu trong bi canh bién d6 khi hau va nudc bién dang. Nhitng két qua nghién ciru nay
¢6 ¥ nghia dic biét quan trong trong viéc lya chon cac giai phap t6i wu nham kiém soat xam nhap man cho
nude dudi dat va nude mat.

Tir khda: Nguon goc; xam nhap min; nudce dudi dat; ven bién thanh phé Pa Ning.

1. Mé dau

Nudc dudi dat 1a mot loai tai nguyén dac biét, co vai trd quan trong trong ddi séng ctia con ngudi. Tai cac khu
vuc ven bién, ngudn tai nguyén nay dang c6 nguy co bi de doa do hién twong xam nhap man vao cac tang chira
nudc. Theo Ghassemi (1995), thé gioi mat di 10 hecta dét trong trot mdi phut, trong d6 3 hecta do xam nhap
man. Nhiéu cong trinh nghién ciu chi ra rang, hién twong tang chira nuéc bi nhidm min 1a do sy anh huong caa
qué trinh thay tridu, nuéc bién dang, qua trinh khai thac nude dudi dit qua muc (Adriano, 2016).

Theo théng ké caa Shi va Sighn (2001), cac viing ven bién ludn cé mat do dan cur 16n, trung binh toan thé gisi
13 100 ngudi/km2, chiém khoang 40% dén s trén 7,6% tong dién luc dia. Viét Nam, véi duong bo bién dai hon
3.200km, 1a mét trong s6 cac nude dimg dau c6 mat do dan cu ving ven bién cao, vai khoang 320 ngudi/km?,
trong do, cac thanh phé 16n ludn cd mat do dong hon ca, trung binh trén 800 ngudi/km2. O d6, nhu cau st dung
nudc cho sinh hoat, san xuat khong ngimg tang 1én cling véi su phéat trién kinh té-xa hoi. Do vay, kha niang xam
nhap cta nudc man vao cAc tang chira nudc (TCN), cac thau kinh nudc nhat dang 6 nguy co ngay cang gia ting,
dic biét trong diéu kién bién doi khi hau (BDKH) va nuéc bién dang (NBD) hién nay, ma nudc ta la mot
trong cac qudc gia chiu anh huong manh mé nhat (Hoang Vian Hoan, 2014), dic biét tai cac thanh phd 16n
tap trung dong dan cu.

Khu vuc thanh phé Ba Nang la mét trong nhitng khu vyc ven bién c6 mat do dan cu dong nhat ca nude
c0 trén 50 cong trinh khai thac tap trung véi luu luong 14.091m3/ngay (S Tai nguyén va Mai truong TP.
Pa Néng, 2016) cuing sb lugng I6n céc 15 khoan 1é ciia nha dan phuc vy tudi, rira xe va sinh hoat véi cong
suét trung binh 1-2m%ngay ma khong dugc kiém soat, phan lon cac giéng nay dang c6 xu huéng bi man
héa. Nhirg ndm gan day, tinh trang xam nhap man vao nude song va nudéce dudi dat da gay bat lgi cho viéc
khai thac ngudn nuoe cap ngot cho d6 thi, cdng nghiép, ndng nghiép... dap ung cac nhu cau thiét yéu; day
1a nhitng han ché rat I6n cho viéc phat trién cua TP. Pa Néng trong qué trinh phin d4u tré thanh d6 thi véi
cac thé manh nhu dich vu du lich, khu cong nghé cao.... Duéi tic dong cua bién déi khi hau va nudc bién
dang cung vai cac hoat dong khai thac cling nhu viéc xdy dung céc cong trinh thay dién, thuy loi khu vgc
thuong nguon séng Cu P8, song Cam Lg, song Cau Do da lam gia ting van nan khd han ciing nhu lam gia
tang xam nhap man, vi¢c khai thac nude cho an udng sinh hoat gap rat nhiéu kho khan. Vi vay, ngoai bién
phap khai thac nudc mat cap cho céc hoat ddng, viéc nghién cau nguon goc xam nhap man va cac tang
chira nuéc khu vuc thanh phd Ba Néng c6 y nghia vé mat 1y luan, 1a co s¢ dé Iya nghién ctu, lya chon giai
phap kiém soat, ngan chin xam nhap man phu hop vé6i diéu kién tu nhién - xa hoi cua ving nghién ctu va
nhén rong &p dung cho cac viing ddng bang ven bién Viét Nam.

* Tac gia lién hé
Email: nguyenbachthao@humg.edu.vn
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2. Khai quat ving nghién ctru
2.1. Pic diém dia chit thiiy vin

Viing nghién ciru gém ba dang dia hinh bao gém niii, dong bang va con cét ven bién. Phia Béc la day nui
Bach M c6 d6 cao trung binh trén 700m, 12 bién gidi ty nhién giita thanh phé Da Néng va Thira Thién Hué;
phia Tay Bac c6 ndi Mang cao 1712m tiép giap voi ba tinh Thira Thién Hué, Quang Nam va Da Néng; phia
Tay Nam c6 nti Ba cao 1487m; phia Pong c6 diy nui Son Tra 4n ngit. Pdng bang ven bién va déng bang
phia Nam cua thanh phé bi chia cit bai song Han. Dia hinh do gi6 téi tich tu cat bién gap ¢ cac dun cét khu
vuc Ngii Hanh Son va Nam O.

Vuing nghién ctu ton tai nam tang chira nude, d6 1a tang chira nude 16 hong tram tich Pé tir khdng phan
chia (q), tang chira nuéc 16 hong tram tich Holocen (gh), tang chira nudce 16 hong tram tich Pleistocen (gp)
dugc chia ra thanh 16p trén (qp2) va 16p dudi (qps), tang chita nudc khe nit via tram tich Neogen (n), tang
chtra nudce khe nut Karst, khe nirt via tram tich luc nguyén va tram tich bién chat (€-C).

Tang chira nuéc g phan b rai rac trén bé mat véi dién 16 nho khoang 3-5 km?2. Thanh phan thach hoc
hdn tap gom sét, sét pha, céat pha, cudi soi lan dam da goc. Theo két qua bom hiit nuée thi nghiém tai 15
khoan LK710 thi ting chira nudc dwoc xép vao loai nghéo nudc véi luu lugng Q=0.84 I/s, ty luu lwong q
=0.05 I/sm. Dong théi bién di manh theo mua, vé mua kho nhiéu giéng dao bi can kiét.

Tang chira nwéc gh bao gdm tram tich hdn hop sdng bién dam lay gié. Chlng phan bé khong déu voi
téng dién tich khoang 160 km2, dic diém dia chat thay van khac nhau theo tirng khu virc. Thanh phan thach
hoc chu yéu la cat thach anh hat tir min t6i trung, cat pha, sét pha, két cau roi rac ¢ kha nang chira nuée
t6t. Pong thai nudc dudi dat bién d6i manh theo mlia véi bién do thay doi tir 0.45 3.0m tai Lién Chiéu Hai
Chau dén 1.8 -11.2m tai khu vuc Son Tra Ngii Hanh Son. Theo két qua bom hut nuéc thi nghiém tai 10
cong trinh cho thay, mirc d6 chira nuéc ciia tang tir trung binh téi giau, ty luu lugng thay ddi tir 0.04 - 3.65
I/sm. Tuy mirc d6 chira nuéc 16n nhung 1a tang chira nuéc trén mat nén chiu anh huong rd rét bai qué trinh
nhidm min do hoat dong thuy triéu; dic biét tai khu vuc séng Cau Do, Cam L&, hon 50% dién tich ting
chtra nuée gh bi nhiém man. Loai hinh héa hoc ciia nude dudi dét ting chira nude nay chu yéu la Clorua-
Natri.

Tang chira nu6e gp phan bé véi dién tich khoang 360 km?, thanh phan thach hoc gdm cét thach anh tir
min tGi thd, cat chira san soi, cudi soi. Lop chira nude qp2 ¢é ty luu lugng q=0.32 I/sm, muc do chira nudc
trung binh. Trong khi d6 16p chira nudce qpi ¢ mirc d6 chira nude phong phu hon tir trung binh téi giau, ty
Iwu lwgng thay d6i tir 0.03 - 3.32 I/sm.

Cac tang chira nuéc khe nut trong viing nghién ciu cd dién phan bé khoang 40km?2 phan 16n ching bi
phu bai cac tram tich tré hon. Thanh phan thach hoc chu yéu gom dé voi hoa héa, da phién xerixit, da phién
sét va da phién thach anh. Can ctr két qua nghién ciu cua Nguyén Truong Giang va nnk, tang chira nuge
duoc xép mirc d6 chira nude tir nghéo téi trung binh.

Véi cac dic diém dia chat thity vian da trinh bay trén, ting chira nuée co y nghia trong khai thac 1a ting
chira nuéce 16 hdng tram tich Holocen va Pleistocen. Tuy nhién ca hai ting chtra nuéc déu c6 hién tuong
nhiém man, do d6 can c6 phuong an khai thac hop ly.

=

E Nuse 16 g
Nirgie khe i, karst
C4e thanh o rit nghdo nude
v khong chity nutde

{0 Ving nuée nhism man

Hinh 1. Ban do dja chat thiiy vin va hi¢n trgng nhiém man nuéc dudi ddt viing nghién ciiu
(Lién doan Quy hoach va Diéu tra Tai nguyén nwdoc mien Trung, 2012).
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2.2. Hién trang xam nhdp mén nwéc dudi dit

Hién trang xAm nhap man tang chira nudc gh va gp tai thoi diém 04/2017 theo két qua tir md hinh xam
nhap man (Nguyan Bach Thao va nnk, 2018) chi ra rang, dién tich man ban dau cua tang chira nuéc gh
giam nhanh hon so v&i tang chira nudc gp vi ngoai mat di do qua trinh khai thac, chay sang ving khac thi
tang chira nuwdc trén mat con chiu anh hudng caa qué trinh bd cap do mua gy nhat héa ting chira nuéc.
Tuy nhién, ting chira nuéc trén mat chiu sy anh huong 16n cia séng va bién, do do tai cac khu vuc doc
song Han, song Cu Dé, song Do Toan va ven bién, dién tich man ting 1én theo chudi thoi gian tinh toan
cua md hinh. Trén Hinh 1 thé hién nhitng ving c6 TDS 16n hon 1g/l caa hai ting chira nuwéc gh va gp tai
thoi diém hién tai. Theo do, tong dién tich nhiém min ting chia nuéc gh 1a 41,8km? va tang gp 1a 53,4km?2.

3. Phuong phap nghién ciru 61B|:|2’%9,p -15 -10 -5 0 540

Dong vi 180 ¢o do phd bién trong nudc la 120
0,225% so voi thanh phan dong vi oxy-16 dé ¢ mat + Nudc bién, ~Nuoc biénf
nghién cau nguon goc nude dudi dat tai thanh 10
pho Da Nang. Lya chon nay la do 180 c6 do
phd bién cao hon so véi do phéd bién cua 140
deuteri (0,115% so Vi proti) nén phép phan {-60
tich thanh phan ddng vi oxy-18 ¢6 do lap lai {-80
cao hon so v6i phép phén tich thanh phan 3-100
ddng vi deuteri. e 1120

Bing ching minh ¢d hay khong ¢ xam Nwéc mat + Nude co chén vii -140
nhap man vao tang chira nudc dudi dat trén 8”H, %o
khu vyc nghién ciru dya vao gian do trinh bdy  Hinh 2 - Gian do pha trén ba thanh phan ciia nuée dudi
trén Hinh 2 dudi day. ddt phong theo mo hinh cia Yutsever va Payne (1979)

Tir gian d6 Hinh 2, dé biét nguon goc  phat trién tir nghién cuzu thuc tién nuede dudi dat ¢ Qatar.
nuoe dudi dat khu vyc TP. Da Nang can MWL la dwong nuwée khi twong khu viec

phai c6 s6 liéu vé thanh phan ddng vi cua

mau nude nghién ciru va dudng nude khi trong dia phuong (LMWL/MWL). Bang cach hdi quy cac gid tri
82H va 880 cua mau dé biét vi tri tuong déi cua duong hdi quy so v&i duong LMWL. Trén co s& so sanh
do taco the biét nudc dudi dat duoc bd cap truc tiép tir nuée khi tuong, hay la hdn hop cua nudc khi tuong
v6i nuée ¢b chon vai, hodc hdn hop cua nude khi tuong véi nude bién, hodc hdn hop cua nuée cb chon vii
véi nude bién.

Mirc dong gop cua tirng thanh phan trong hdn hop hai ngudn b cap cho nude dudi dat khu vuc s& duge
wdc tinh trén co s 6 liéu ddng vi hoac cua 0 hoic cua 2H va phuong trinh can bang vat chat. Goi muc
dong gop ciia ngudn bo cap thir nhét 1a x, thi ngudn bo cap thir hai ¢ mirc dong gop 1a (1-x). Can bang vat
chat theo ty s6 dong vi, vi du 180 duoc thiét lap nhu sau:

50, =60, x+6"0,(1-x) W

Trong d6 8'80nn Ia thanh phan ddng vi 180 trong nuéc dudi dit nghién ctu; 8801 1a thanh phan ddng
vi 180 trong ngudn bé cap thir nhat va &
180, 14 thanh phan ddng vi 180 trong ngudn bé cip thir hai. Ty & dong gop ciia ngudn bd cap thir nhat s&
duoc rit ra tir biéu thic (2):
5050,
—5180 o 100
, % )
Ty Ié dong gbép cua ngudn bd cip thir hai s& 1a (100-x).
Trong qua trinh khao sét thyc dia tai thanh pho Pa Ning da 1dy 31 mau dong vi phan tich thanh phan
hoa hoc nghién ctu tudi, ngudn gde, co ché xam nhap man nude dudi trong ting chira nuéc Holocen.
Mau ddng vi dugc ldy vao lo thuy tinh 15ml véi nap gdm 1 16p cao su va 1 16p nhya bao vé (Hinh 3).
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Hinh 3. Lo thay tinh 15ml dwng mau dong vi

4. Két qua va thao luin
4.1. Méi quan hé giita 0*H va 6'°0 trong cic mau nwéc dudi dit nghién ciru

Khi hau ¢ Da Néng 1a kho va nong quanh nim nén dudng nudce khi twong cé thé ciing c6 do doc goc
nghiéng nho hon 8 gidng nhu viing dong bang séng Me Kong 1a 7,67. Trong nghién cau nay, rat tiéc la do
cac ly do ca chu quan va khach quan ma dwdng nudce khi twong khu vuc khong duge xac dinh. Thanh phan
ddng vi trong cac mau nuéc nghién ciru dwgc trinh bay trén Hinh 5.

Két qua trén Hinh 5 cho thy, nudc tai tang chira nuéc Holocen trong céc tram tich d¢ tir ¢ thanh phan
ddng vi duoc cho 1a tuong ddng véi nude khi twong khu vuc, khéng cé pha tron véi nuée bién vi diém dai
dién cho thanh phan ddng vi ciia nuéc blen

(diém hinh vuong mau d6 trén Hinh 5) nam 0.00 ' ' ' J
cach biét xa duong nudc dudi dat. -.00 y - 7.0566x+43.922
Nhu vay nuée dudi dat khu vue Ba Nang -10.00 R-09334 Val
c6 nguon bd cap l1a nuéc khi tuong dia -15.00
phuong va nuéc mat. Tuy nhién, thanh phan 20.00
dong vi trong nude dudi dit tai cac diém dai Z 2500 .
dién twong dong véi thanh phan dong vi 30,00 .-,}‘,
trong nudc mua khu vuc cho nén nudc bo 3500 ,’ *
cap cho cac tang chira nude dé tir 1a nuéc ' o
khi twong khu vuc -40.00
Mot s mau nudc trong cac tang chira -45.00 y
nuéc nghién cuu (DV22-BS25; DV24- -50.00
HV40; DV25-BS-27) c6 vi tri cach bo bién 1400 1200 -10.00 -800 600 400 200 0.00
dén 5,1 km két qua phan tich ndng do téng 3180
khoang hoa va nong do ion clorua (Cl-) kha # Delta H2 vs Delta 018 B Nuoc Bien

cao (30-60 mMole/L) (Hinh 6). Tuy nhién & R . o e ,
céc giéng ndy thanh phin ddng vi oxy-18 Hinh 4.A’Thanh phan d_‘(zng vi trﬁong nudc bién va nuroe dudi
trong cac mau nudc déu chi dao dong trong dat khu vye nghién cizu o khu viee TP. Da Nang

tir -9 dén -12%o so véi mau chuan VSMOW

(8%H va 580 trong VSMOW déu bang 0) va twong dwong thanh phan dong vi 0 trong nuéc mua. Do
khong dugc nudc bién bo cap nén thanh phan dong vi 120 trong cac tang chira nuéc nam trong khoang gia
tri twong ty nhu nuéc mua hién dai. Piéu ndy ching to nude man trong cac ting chira nude dé tir khu vie
thanh phd Da Néng ¢ tir trude va khong lién quan dén nude bién hién dai tir d6 co thé thiy nwdc man trong
c4c trim tich dé tir tai thanh phd Pa Nang 1 nudc trim tich dugc thanh tao cing véi qua trinh thanh tao
tang chira nude. CAc tram tich trén khu vuce nghién ciru ¢6 ngudn gdc tir bién céc 13 rdng chira nude mudi
va duoc bdi ty tir thoi ky bat dau dugc hinh thanh, thanh tao tang chira nudc.

4.2. Ty b 56 gitra [Na+]/[CI-] va nong do Clorua

Ty sb gitra nong do ion natri va clorua [Na+]/[CI-], tinh theo mili-equivalent trong mot don vi thé tich (L)
(meq/L), trong nudc bién Ia khoang 0,86. Do vy, néu ty $0 [Na]/[C]] trong nude dudi dat < 0,86 thi co thé
coi nguon nudc nay bi nuéc bién xam nhap, nhung néu ty sé [Na]/[CI] >1 thi c6 thé coi nudc dudi dét bi
man bai cac ngudn & nhiém nhan sinh.
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Tir két qua phan tich chat luong nuéc

ty sb [Na]/[Cl], dao dong tur 0,2 dén 0,91

-14.00

Delta 18-0 vs [CI]

trong viing nghién citu cho thiy mdi quan 0.00 . : .
h¢ gitra ty s6 [Na]/[CI] va nong do ion g 2.00
clorua, tinh theo meg/L, trong cac mgu = 00
nghién ctru trong doi phirc tap. Nhicu mau @ '
nudc ty 50 natri/clorua dao dong tir 0,5 dén 7, 600
1, tac la gan VGi gla trj ty s6 ctia nudc bién, ~ 800 L ]
nhung ty sb nay hau nhu khong doi theo = 10.00 N
chiéu tang nong d ion cloruatheo Hinh 7. © a:' . *
Mat khac, mot s6 mau nude nghién ciu co o 1200 72
0

trong khi nong do ion clorua rat thap. Diéu
nay dugc giai thich la do cé qua trinh trao
d6i cation giira Ca®* trong nudc ngot va
Na* hap phu trén bé mat hat tram tich ting
chira nuée lam ting ndng do natri trong
mau nudc nghién cau va s& dugc minh
chung trén Hinh 7.

Hinh 5. Méi twong quan gira thanh phan dong vi oxy18 va

10 20 30 40 50 60

[CL], mMole/L

nong do clorua trong mau nude duwdi ddt cac tang chira
nude dé tir ving thanh phé Pa Ndng

4.3. Ty sé giita [Na+]/[Ca2+] va nong dé Clorua

70

Quaé trinh ngot hoa nudc dudi dat trén
khu vuc nghién ctru con duoc minh chimng [Na]/[Cl] vs [CI]
béng‘ méi twong quan giira ty s6 [Na]/[Ca] 1 \
va nong do ion clorua trong nude nhu trinh 09 (43 \ | Trao ddi cation
bay trén Hinh 8. ’ o R Nat/Ca2+

Két qua trinh bay trén Hinh 8 cho thay 3 o6l 122
trong cac mau nuéc ty sé [NaJ/[Ca] trong = os ¢
nudc ¢ chiéu hudng tang theo chiéu ting £ o Al + INal/[Cl] vs [C1]
ndng do ion clorua. Ndng do ion calci trong 0y NS/
nudc giam di va ndng do ion natri ting 1én 0.1 - C Ruamin
(dé ty sb [Na)/[Ca] tang 1én) 1a do Ca?* da 0 ‘ ‘
trao doi véi Na+ hap phu co trong nudc 0 20 40| 60 80
man tai cac tang chira nude dé tir, cho thiy [eH

nuée dudi dat trong khu vuc nghién ctu
dang duoc rira man.

Hinh 6. Ty sé giia [Na+]/[Cl-] v nong dé Clorua

Nhu vy nuéc man trong tang chira
nude Holocen trén dia ban thanh pho ba
Nang la nudc tram tich ven bién dugc

thanh tai cing vai qua trinh thanh tao tang 10 _ )
, . A ., X e 9
chira nuéc, khéng chiu anh huong truc tiep 8 + I~ _ Trao dOZI
. r - \ = R - o A + +
boi nuéc man tir bién hogc theo crasong .. 7 Na*/Ca
dudi tic dong cua thiy trieu. Nuéc man & ° 7, Rura man C2tion
trong tang nay dugc nudc khi tugng day 72 Nel/[Cal v [C1]
x 4 - 7 \ N *
man dan dén hién tvong nhat héa va dien = = 3 ¢ & S e
tich nuwdéc man trong tang chira nudc dang i Tf,
Py &
dan thu hep. 0]
0

Két qua tr mo hinh tinh todn xam
nhap man tang chira nuéc gh va gp tai thoi

[Na]/[Ca] vs [CI]

40 60 80

[c1]

diém 04/2017 chi ra ring, dién tich man
ban dau cua tang chira

5. Két luén

Hinh 7. Ty sé giia [Na+]/[Ca2+] va nong dé Clorua

Trén co s& diéu kién ty nhién - kinh té x& hoi va cac nghién ctru phuong phap dong vi trong nudc va
trén thé gisi, tac gia da lya chon dong vi 180 dé nghién cau nguon goc nudce dudi dat tai thanh pho ba
Néng. Két hop véi diéu tra thuc dia, két qua phan tich mau hoa, mau dong vi tac gia dua ra cic moi quan
hé dé xac dinh nguon gdc nhiém man nhu sau:
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- Mbi quan hé giira 52H va 580 cho thay nudc tai tang chira nuéc Holocen trong cac tram tich dé tar
ven bién thanh phd Pa Nang c6 thanh phan dong vi twong dong véi nuée khi twong khu vic, khdng cé pha
tron voi nude bién. Nguon nudc mat bo cap cho céc tang chira nudc chii yéu 1a nuée khi tugng khu vyc.

- Ty s6 gitra [Na+]/[CI-] va nong d6 Clorua cho thdy méi quan hé giira ty s6  [Na]/[Cl] va nong do ion
clorua, tinh theo meg/L, trong cac mau nghlen Clu tuong aoi phuc tap. Nhleu mau nudc ty sé natri/clorua
dao dong tir 0,5 dén 1, tirc 1a gan véi giatrity s6 cua nudc bién, nhung ty s6 nay hau nhu khong di theo
chiéu ting nong do ion clorua; mot sé mau nuée nghién ciu cé ty s6 [Na]/[Cl], dao dong tir 0,2 dén 0,91
trong khi nong d¢ ion clorua rat thap. C6 thé 1a do c6 qué trinh trao doi cation trong nudc ngot va Na+ hap
phu trén be mit hat tram tich tang chira nuée lam tang nong d6 natri trong mau nu6c nghién cau.

-Ty sb gitra [Na+]/[Ca2+] va nong d6 Clorua cho thay trong c4c mau nudc ty sé [Na]/[Ca] trong nudc
¢6 chiéu huéng tang theo chleu tang nong d6 ion clorua. Nong do ion calci trong nudc giam di va nong do
ion natri tang 1én (de ty s6 [Na]/[Ca] tdng lén) la do Ca2+ da trao d6i vai Na+ hap phu trén bé mit nhitng
hat sa ling. Cho thay nuéc dudi dét trong khu vyc nghlen ctu dang duoc rira man.

Nhu vay, nuéc man tang chira nuée Holocen trong cac tram tich dé ta trén dia ban thanh phd Ba Ning
1a nuéc tram tich ven bién dwoc hinh thanh cling vai qué trinh thanh tao tang chira nuéc va khdng chiu anh
hudng truc tiép bai nude man tir bién hoic theo cira song dudi tac dong cua thiy triéu. Nudc man trong
tang nay dugc nudc khi trong (nude mua) rira man dan dén hién twong nhat héa va dién tich nwéc man
trong tang chira nuéc dang dan thu hep.

Loi cam on:

Bai bao nay duoc thuc hién trong Dé tai cap Bo “Nghién ctru xac dinh ngudn gdc, co ché va giai phap kiém
soat xam nhap man céc tang chira nude ven bién khu vuc thanh phd Da Néng trong diéu kién bién doi khi
hau va nuéc bién dang”, ma s6 B2019-MDA-562-16.
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ABSTRACT

Research to determine the origin of saline intrusion in the coastal
pore-water aquifers in Da Nang city

Nguyen Bach Thao?, Le Duy Sy Canh?, Dao Duc Bang*
! Hanoi University of Mining and Geology
2 National Center for Water Resources Planning and Investigation

The situation of groundwater salt intrusion in coastal area of Da Nang city is greatly affected by the urban
planning, exploitation and protection of water resources. The article gives the latest research data on the
current status of saltwater intrusion in Danang city. In addition, the successful application of isotope
techniques for the coastal area has explained the origin of groundwater saline intrusion for this area,
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especially in the condition of increasing demand for underground water exploitation. due to socio-economic
development trends as well as climate change and sea level rise. These research results are importance to
find out the optimal solutions to control saltwater intrusion in groundwater and surface water.

Keyword: Origin; saltwater intrusion; groundwater; coastal aquifer; Danang city.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Xac dinh sy dich chuyén ctia mot s6 chat 6 nhiém tir bai rac Nam Son -
TP. Ha No1 vao tang chtra nude

Duong Thi Thanh Thuy®*, Kiéu Van Anh, Truong Viét Nam Anh?,
Nguyén Vin Khanh?, Bui Thi Thiy?
!Bé mén Dia Chdt Thuy Van, Truong Dai Hoc Mo Dia Chat
2Céng ty Kasei - Nhdt ban

TOM TAT:

Bii rac Nam Son, Soc Son, Ha Noi dugc xay dung tir nim 1999 va di vao hoat dong véi téng dién tich gan
85 ha. Bii rac dugc xay dung véi nhiém vy chinh 1a tiép nhan, xir ly chat thai ran sinh hoat cua thanh phé
Ha Noi va caa mot sb quan huyén céc tinh 1an can véi yéu cau cong nghé dam bao vé sinh maéi trudng. Tuy
nhién cac bai rac ndi chung ciing nhu bii rac Nam Son khi vao hoat dong déu c6 mot lwong 16n nudc réc
duoc tao ra va nguy co tham ri tir bai rac 1a rat I6n. Vi vay réat can nghién ciru danh gia su anh huéng cua
lwong nudc ri rac dén chat luong nuwdc mat va nude dudi dit ving bai rac Nam Son. Dé danh gia sy tc
dong ciia nudc thai bai réc, chung t6i da tién hanh khao sét thyc dia, 1Ay mau, phan tich nuéc rac va nuéc
dudi dat viing xung quanh bai rac, tinh ton su dich chuyén cua céc chat 6 nhiém tir bai rac Nam Son vao
tang chira nudc Triat hé ting Na Khuat (t;nk) - ting khe nit chira nuée chinh caa ving nghién ctu. Két
qua phan tich, tinh toan cho thay chét luong nudce dudi dat hién tai cua tang chira nudc tnk tai khu vuc
xung quanh bai réc van trong tiéu chuan cho phép cua Bo y té dbi v6i nuéce an udng sinh hoat. Két qua
nghién ctru 1a co s¢ du bao va canh bao sy anh huong cua bai rac Nam Son, cling nhu céc bai rac khac da,
dang va s& dua vao hoat dong trong tuong lai. Ket qua nghién ctru cho thiy nguy co 6 nhiém cua cac bai
rac d6i véi mbi trudong nodi chung va nudc ngam ndi riéng l1a rat 16n vi vay can cé bién phap quan trac dé
theo dai va dbi pho kip thoi truée nguy co anh hudng nghiém trong cua nudc ri rac tham ri tir bai réc vao
tang chira nude dudi dat.

Tir khoa: Dich chuyén chét 6 nhiém; bai rac Nam Son; ting chira nuéc nit né Tonk.

1. D3t vin dé

Hién nay, cung v6i sy phat trién cua xa hoi, cac bai rac sinh hoat va cong nghiép ciling gia tang, cac bai
réc nay it nhiéu c6 mot sé anh hudng tiéu cuc t6i doi sdng con ngudi cling nhu méi truong séng xung
quanh.

Nudc thai ri ra tir cac bai rac chon lap khong 16n, nhung lai gdy 6 nhim rat cao. Nude ri rac néu khong
xu 1y tbt thi c6 anh hudng truc tiép dén chat luong cac ngudn nudc mat nhu song, sudi, a0, ho, gay 6 nhiém
t6i cac ngudn nude trong d6 c¢6 ca nude dudi dat,.. . thay d6i moi truong song cua hé thyc dong vat thuy
sinh. Chinh vi vy, nghién ctru xac dinh sy dich chuyén cac chit 6 nhidm tir béi rdc vao tang chira nudc va
mirc 6 anh hudng ciia mot s6 chit 6 nhidm tir bii rac vao trong tang chira nude rat 1a quan trong.

2. Cosoly thuyét vé xac dinh sw dich chuyén vat chét 6 nhiém tir ngudn gy 6 nhiém dén nwéc duéi
dat

Su 6 nhidm nudc dudi dit xay ra ca nhiing ving cong nghiép hoa, do thi va nong thon. Ngudn giy 6
nhidm kha nhiéu: ving noéng nghiép nuéc dudi dat 6 nhiém do phan bon héa hoc va chit hiru co; Ving
ngoai 6 bi 6 nhiém do nudc tir phan bon va cac bai rac, nghia trang. ..

Su 6 nhiém nudc dudi dat khéng phai 1a qua trinh khdng thé thay doi. C6 nhing diéu kién tu nhién tac
dong dén su dich chuyén cac chat 6 nhidm: sy khuyéch tan, su cuén theo, su phén tan... Dé danh gia su di
chuyén chat 6 nhiém tir nguon gay 6 nhiém trong nudc dudi dat, Beruch & Street, 1967; Hoopes &
Harleman, 1967 da dua ra phuong trinh phén tan thity dong luyc mot chiéu nhu sau (Oshkosh and Fetter):

}2
T 1)

* Téc gia lién h¢
Email: duongthithanhthuy@humg.edu.vn
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Trong d6 : Dy - Hé s6 phan tan doc thuy dong lyc
C - Nong d6 chét hoa tan
Vy - Téc d6 ctia nude dudi dét theo phuong x
t - Thoi gian ké tir khi chat hoa tan bit ddu xAm pham vao ting chtra nudc

Néng d06 C tai khoang cach L tir nguén co néng d6 Co & thoi diém t, dwoc xac dinh theo cong thirc sau (Beruch
& Street, 1967) :

¢ = [erfe( ﬁ) exp (== erfc (’;j%)] @)
Trong d6 : C- Nong d6 chit hoa tan (mg/l) tai thoi diém t

Co - Nong d6 ban dau cua chat hoa tan (mg/l)

L - Chiéu dai duong thim (m)

Vy - Toc d6 ctia nude dudi dat theo phuong x (m/ng)

t - Thoi gian ké tir khi chat hoa tan xAm nhap vao (ngay)

D - Hé sb phén tan doc thuy dong luc (m)

Trong qua trinh van dong ctia nude dudi dat khong thé chia tach qua trinh khuéch tan phén tir va phén tan
co hoc. Do vay, cac nha khoa hoc da dua ra mét hé sO phén tan doc thily dong luc D d€ xét dén ca dich
chuyén co hoc lan khuéch tan. Doi véi dong mét chi€u, hé s6 nay duoce bi€u thi bang phuong trinh sau:

D.=a..Vx + D* 3)
Trong d6 : Dy - Hé sb phéan tan doc thiy dong luc
aL - Bo phan tan dong luc doc
Vi - Toc d6 cta nude dudi dat
D" - Hé s6 khuyéch tan phan tir hitu hiéu
- Nam 1990, Neumann tién hanh nghién ctru quan hé giita d6 phan tan dong hoc véi chiéu dai dong
thim va dugc xac dinh theo cong thirc sau day :

a_=0,0175.L1%=0,0175.1820'46 4)
- Hé b khuéch tan phan tir hitu hiéu D* ¢6 thé xac dinh theo cong thuc sau :
=w.D ©)
Trong d6 : W - Hé s6 kinh nghiém dugc xac dinh bang thuc nghiém trong phong thi nghiém w bién

dbi tir 0,5 dén 0,01 (Freeze & Cherry, 1979)
D - Hé s6 khuyéch tan
- Céc chat 6 nhim mang theo di chuyén cung véi tée do ciia nude dudi dat, toc dd dong tham cia nude
dudi dat xac dinh theo dinh luat Dacxi nhu sau :

K dh
h e , ©
Trong do : Vx - Toc do ctiia nude dudi dat (cm)

K - Hé s tham (cm/s)
- D6 16 hong hiru hiéu
:11_}11 - Gradien thuy luc
3. Két qua tinh toan sw dich chuyén ciia mot so6 chit 6 nhiém tir bii rac Nam Son vao ting chira
nuée Triat h¢ ting Na Khuit ving bii rac Nam Son

Bai rac Nam Son, So6c¢ Son, Ha Noi dugc xay dung tir nam 1999 va di vao hoat dong véi tong dién tich
gan 85 ha. Béi rac duge xdy dung v6i nhiém vu chinh 1a tiép nhén, xu ly chat thai ran sinh hoat ctia thanh
phd Ha Noi va ctia mot s6 quan huyén cac tinh 1an can véi yéu cau cong nghé dam bao vé sinh méi truong
(Nguyén Thi Phugng, 2015).

Vung bai rac Nam Son Ha Noi ¢6 tang chira nude chinh c6 kha nang khai thac phuc vu cho cac nhu cdu
trong vung nghién ctru la ting chtra nu6e khe nut Triat hé ting Na Khuét (t2nk).

Bii rac Nam Son nam truc tiép trén 16p dat phong hoéa cua hé tang (t2nk), néu vat liéu chong thim khong
t6t hodc bai rac bi ro ri thi nudc rac s& di chuyén truc tiép vao ting chira nudc va sé gay nhidm ban tang
chira nudec.

Hién tai trén dia ban ving xung quanh bai rac Nam Son da c6 hé théng nudc sach cua thanh phé. Cac 15
khoan khai thac nudc sach khai thac nude dudi dat trong tang chira nude ngdm c6 tudi Tiat hé téng Na
Khuat (ton k). Trong vung van c6 nhiéu ho gia dinh dung nudc giéng dao khai thac nudc trong tang chira
nugc nay dé an udng va sinh hoat (Ban quan ly giao thong do6 thi Ha Noi, 2006). Do vay, dé danh gia hién
trang chat lugng nudc mit, nude dudi dat va danh gia sy anh huong ctia bai réc trong ving bai ric Nam
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Son, ching t6i tién hanh khao sat va ldy mau nuéc tai cac dong chdy trén mit (2 méu), 16 khoan (5 mau)
va giéng dao (14 mAu), nudc ri rac (4 mau) (Hinh1, Hinh 2).

De danh gia qua trinh di chuyén va xam nhap ctia nudGce rac tr bai raic Nam Son vao tang chira nudc
trién vong Triat trong viing nghién ciru, trén co s¢ cic mau nude di ly trong qua trinh khao sat thyc dia,
nhém nghién ctru da lya chon va phan tich hai ion C1- va ion NOs™ trong cac mau nudc trong phong thi
nghiém ctia B6 moén Dia chit thiy van : Thi nghiém xé4c dinh ham lugng ion Nitorat (NO3") bang phuwong
phép so mau; thi nghiém xac dinh ham luong ion Clo (CI') bang phuong phap dinh phan AgNO3.

Hinh 2. Khdo sat hé thong thu gom nuoc ri Yac tir bai rac Nam Son

Bang 1. Tong hop két qua bom nuwéc thi nghi¢m va tinh toan thong s6 PCTV
Céc 16 khoan va giéng ddo trong tang chita nweéc Triat (tonk)

Sé hicu 15 | Mwenuée | Chidu dai — Th°‘fg a B}féTsz —
STT khoan tinh duong tham | H¢ s6 tl_lﬁm H¢é so thAm e
(m) (L, m) (k, m/giay) (m/ng) "
1 HK1 3,09 2299 0,00000345 0,30
2 HK2 1,02 1959 0,00
3 HK3 1,59 1363 0,00000531 0,46
4 HK4 2,05 1173 0,00
5 BS1 0,72 2040 0,00
6 BS2 1,07 2614 0,0000008 0,07
7 BS3 3,05 2196 0,0000036 0,31
BS4 3,02 2212 0,0000067 0,58
8 GOL (LK
5 Lu(at) 0,0000052 0,45 0,000305
BS5 0,58 2577 0,0000099 0,86
9 GOT (LK
7) Thf,m) 0,0000053 0,46 0,00018
10 BS6 2,15 1946 0,00
11 NS1 1,08 1930 0,00
12 NS2 2 1386 0,00
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13 NS3 7,56 1711 0,00000388 0,34
14 NS4 2,71 2022 0,0000098 0,85

Trung Binh 1959.2 0,00000561 0,48 0,00024

Nguén (Bdo cdo két qua tham do mede dwedi dat ciia Ban quan Iy giao théng dé thi 2006)

Dé danh gia sy dich chuyén cua Clo va Nitorat tir bai rdc Nam Son vao téng chtra nudc dua trén phuong
trinh giai tich (Ogata, 1970) : Nong d6 chat C tai khoang cach L tir nguon ¢6 nong d6 Co, ¢ thoi gian t duoc
xac dinh theo cong thirc 2 biéu thie sau day:

Co L-VXt VxL L+Vxt
C = 7[erfc(2 _D“)+exp (Eerfc ( 5 _D“)]

Trén co so cac s6 liéu Bang 1 va cac s6 liéu theo kinh nghiém trong cac sach chuyén mén di cong bd
(Oshkosh va Fetter), chung téi tién hanh tinh toan su dich chuyén Clo va NOj" tir bai rac Nam Son véo cac
16 khoan 15 khoan khai thac nudc ciia cong ty cap nudc va cac giéng dao trong ting chira nudc (tnk) & thoi
gian sau nira nam va 1 nam. Két qua tinh toan cu thé tai 156 khoan HK01 nhu sau :

- L& khoan HKO1 céch bai rac Nam Son 1820 m.

Hé s6 tham Ky = 5,61.10°® (m/s)

Gradient thuy lyc [ = 0,00321978

Do 16 rong hiéu qua ne = 0,00024
Hé s6 khuéch tan D= 10" ( m%s)
Hé s6 khuéch tan phan tir hitu hiéu.
D* = 2,03.10%
- Xac dinh vén tdc tuyén tinh trung binh:
=K dn_ S61107° ) 4371978 = 0.00046284 (m/s)

"X The al 0.00024

- Xéac dinh hé s0 phan tan thuy dong luc doc:

Xéc dinh gié tri d0 phan tan dong luc doc: aL

a.=0,0175.L.146=0,0175.1820*% = 1006.334 (m)

Xac dinh gia tri HE ) phén tan doc thuy dong lyc : DL

Di= a..Vx + D* = 1006.334.0,00046284 + 2,03.10"** = 0.046578 (m?/s)
Dbi thoi gian mot nam di chuyén ra gidy:
t = 1.60.60.24.365= 3,15.107 (s)
Thay cac gia tri tinh todn vao phuong trinh (1) tinh ndng d6 ciia Clo va Nitorat tai 16 khoan HKO1:
Co=22649mg/l L=1821m D.=0.046578 (m?/s) Vy=0,00046284 (m/s)
C= 2264.9{erfc(1821—0,00046284— .3.15.107)+ex (0,0004—6284.1821)erf0(1821+0,00046284— .3.15.107)} - 1327,5913(mg/l)
21/0.046578.3.15.107 0.046578 2,/0.046578.3.15.107

Tinh toan twong ty nhu trén, tinh dugc ndng d6 Clorua va Nitorat sau thoi gian nira nam va 1 nim da
x4m nhap vao tang chira nudc tai cac 16 khoan va cac giéng dao xung quanh béi rac Nam Son (Bang 2)

Tir két qua tinh toan trén cho thay, néu nudc rac tir bai rac Nam Son do ri va xdm nhap véo ting chira
nude gay hau qua rat nghiém trong:

Mua mua véi ham lugng Clo trong nudc rac 1a 2264,9 mg/l, ham lugng Nitorat 1a 39,15 mg/1. Trong khi
d6 ham luong Clo dich chuyén dén cac 15 khoan va giéng dao dat tir 507,9557 mg/I (KS18) dén 2264,7192
mg/l (KS02), ham lwong Nitrat dat tir 8,8mg/l (KS 18) dén 39,2 mg/I (KS02).

Mua kho ham lugng Clo trong nudc rac la 3478,3mg/l, ham luong Nitrat 1a 26,35mg/l. Trong khi d6
ham lugng Clo dich chuyén dén cac 16 khoan va giéng dao c6 ham luong dat tir 192,8 mg/l (KS18) dén
3478,1 mg/l, ham lugng Nitrat dat tir 1,5 mg/l (KS 18) dén 26,3 mg/l ( KS02).

Nhu vay, v6i két qua nghién ctru va xac dinh ham luong cac chat 6 nhidm nhu trén c6 thé thiy: néu bai
rac Nam Son ¢ quy trinh cong nghé khong dat tiéu chuan, xay dung khong dung quy dinh hodc dudi day
bai rac khong duoc gia cd bang cac vat liéu khong tham nudce hodc trong qué trinh van hanh bai réc tai day
hé chira nudc rac bi 1o ri... viée nudce rac do ri va di chuyén vao ting chira nudc s& lam anh huong nghiém
trong dén chat lugng nudc dudi dat ting chira nude trién vong cua ca ving nay.

4. Panh gia hi¢n trang chit lwong nuwée dudi dit ting chira nuée Triat ving bii rac Nam Son.

Dé danh gia s anh huéng cua bii rac Nam Son, ciing nhu hién trang chét luong nuéc mit, nuée dudi
dét trong tAng chira nude Triat ving bii rac Nam Son. Nhom nghién ctru di 14y miu va phan tich ham
luong ion Clo, Nitrat cua... mau nudce tai giéng dao0, 16 khoan khai thac nuéce, cac sudi va ao hd trong vung
bai rac Nam Son.

Tir két qua phan tich thanh phan héa hoc nude, so sanh véi tiéu chuén chét lwong (QCVN 01:2009/BYT)
cho théy: Chat luong nudc mat, nude dudi dét trong tﬁng chira nudc Triat (tznk) hién tai van ndm trong ti€u
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chuan cho phép ctia BYT ddi véi nude phuc vu cho an udng sinh hoat (QCVN 01: 2009/BYT). Ham lugng
Clo trong nudc dudi dat thay doi tir 2,13 dén 12,8 mg/l, ham lugng Nitorat thay doi tir 0,28 dén 1,17mg/l,
chi ¢6 ham lugng Clo va Nitrat tai suéi Cau Lai, noi nudc rac sau xtr 1y thai ra c6 tang cao toi 136mg/l,
nhung vin nam trong gidi han cho phép.

Bang 2. Két qua tinh toan dich chuyén clorua va nitrat tir bdi rac Nam Son dén céc giéng khoan va giéng
dao xung quanh bdi rac Nam Son.

Ctanim | C/1nim | C/nkanim | C/1 ndm
L.; Mua mwa Mua kho
Piém Chiéu
T - dai K Vy a D
T | Ko qomg| mis) | mis) | m) | (m¥s)
sat | e Cl | NO3 | cI [NO3| CI' |NO3| CI' |NO3
(m)

1 KS02 | 742 [5,61.10° |0,000232 271,54/ 0,0631 | 2252,6| 389,4 | 2264,7| 39,1| 3459,4| 26,2| 3478,0| 26,3

2 KS04 |1209 |5,61.10%|0,000097 553,84|0,0537 | 1706,7 | 295,0 | 2112,8| 36,5 2621,0| 19,9| 3244,6| 24,6

KS06 |1102 |5,61.10°|0,000051 483,75/ 0,0249 | 1178,8| 203,8 | 1823,2| 31,5 1810,4| 13,7| 2800,0| 21,2

KS09 |1893 |[5,61.10°|0,000055 | 1,065,81|0,0586 | 791,5 | 136,8 | 1452,3| 25,1| 12156 9,2| 2230,4| 16,9

3
4 KS07 |1111 |5,61.10°|0,000038 489,53/ 0,0184 | 840,9 | 1454 | 1558,1| 26,9| 1291,4| 9,8 2392,9| 18,1
5
6

KS11 |1797 |5,61.10°|0,000063 987,82/ 0,0625 | 968,8 | 167,5 | 1614,0| 27,9| 1487,8| 11,3| 2478,7| 18,8

7 KS12 |2672 |(5,61.10°|0,000032 | 1,762,87|0,0556 | 199,3 | 34,5 677,4| 11,7 306,1| 23| 10403| 7.9

KS13 |3068 |[5,61.10°|0,000048 | 2,156,98|0,1042 | 392,3 | 67,8 962,7| 16,6| 602,4| 4,6 14785 11,2

9 KS15 |2243 |5,61.10°|0,000079 | 1,365,37|0,1082 | 1011,3| 174,8 | 1626,8| 28,1| 1553,1| 11,8 2498,3| 18,9

10 KS16 |862 5,61.10°| 0,000217 337,97/ 0,0733 | 2230,5| 385,6 | 2263,7| 39,1| 3425,5| 26,0| 3476,4| 26,3

11 KS17 |3036 [5,61.10°|0,000043 | 2,124,22|0,0905 | 3154 | 54,5 856,6| 14,8 484,4| 3,7 13154 10,0

12 KS18 |3887 |[5,61.10°|0,000034 | 3,047,02|0,1022 | 1255 | 21,7 508,0; 88| 192,7] 15| 7801 59

Nhu véy, hién tai bai ric Nam Son anh huong khong dang ké dén méi trudng nude mit va nude dudi
dat ving xung quanh. Cong nghé xir Iy chon 1ap va xir Iy nude thai & bii rac dat tiéu chuan cho phép (QCVN
25: 2009/ BTNMT).

Tuy nhién, v6i cdu tric dia chit cua vung ¢6 16p dat phong hoa cia hé tang Na Khuat tonk, day bii rac
nam ngay trén 16p dat phong héa nay, néu vt li¢u chong thim khong tot hodc bai rac bi ro ri thi nude ri rac
s& di chuyén tryc tiép vao tang chira nuéc giy nhiém ban nghiém trong tng chira nuc nhu phén tinh toan
& trén ctia nhém nghién ctru.

5. Két ludn

Trong thoi gian nghién ciru nhém nghién ctru di khao sat thuc dia, 14y mau vao mua mua va mua kho tai
cac 16 khoan, giéng dao, nudc mat va nudc ri rac, phan tich 2 chi tiéu déc trung cho su nhiém ban nudc
dudi dat 1a Clo va Nitorat cua cac mau nude nude trong phong thi nghiém.

Nhom nghién ciru di tién hanh tinh toan du bao sy di chuyén ctia nuoc rac vao tang chtra nudc véi hai
chi tiéu CI', NOs sau 1 nim va nira nam cho 18 diém khéo st thuc té tai cac nha dan va 14 15 khoan khai
thac nudc theo cong thire tinh toan : Trong mgt ndm vao mua mua ham lugng Cl'min = 507,9557 mg/I; CI
max=2264,7192 mg/l; ham lugng NOsz'min= 8,7803 mg/l; NOz max= 39,1469 mg/l. Mua khé ham luong CI°
min="780,0885 mg/l, Cl'max =3478,0223 mg/I; ham lugng NOzmin=5,9096 mg/l, NOs'max= 26,3479 mg/l. Nhu
vay néu bai rac khong ding quy chuén va trong qua trinh van hanh bai rac ma ddy bai rac bi ro ri thi chat
bén tir béi rac vao tang chira nude Triat 12 rat 16n va gy anh huéng nghiém trong dén chét lugng nude dudi
dat.

Thuc té két qua phan tich cho thdy chit lwong nu6e dudi dat hién tai cua ting chtra nudce Tank tai khu
vuc xung quanh béi rac van trong tidu chuan cho phép caa BYT dbi véi nude an udng sinh hoat. Nuéc thai
ctia bii rac sau khi xir Iy thai truc tiép ra sudi Cau Lai, mau nudc & d6 van dat tiéu chuin nhung ham luong
ClI" khé cao so v6i thoi diém chua x4 nudc thai tir bii rac.

Két qua nghién ctru cia nhom nghién ctru 1a co sé du bao va canh bao sy anh hudng cia bii rac Nam
Son, ciing nhu cac bdi rac khic da dwa vao hoat dong, cac bai rac dang chuan bi xay dung can c6 bién phap
quan tric dé theo ddi va dbi pho kip thoi v6i nguy co anh hudng nghiém trong clia nudc ri rac tir bai rac
vao ting chtra nude dudi dt.
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6. Kién nghi

Khong chi bai rac Nam Son ma céc bai rac cin c6 cong nghé xir Iy va chon lap dat tiéu chuan vi su dich
chuyén céc chat ban vao ting chira nudc khi bai rac khong lam dung quy trinh 14 rat nguy hiém, c6 anh
hudng rat 1on dén moéi truong va nguoi dan xung quanh béi rac.

Tai cac bii rac can thiét ké mang ludi 16 khoan quan tric dé dé nghién ciru chat lugng nudc dudi dét tai
vung xung quanh bdi rac, cing nhu sy anh huong cua bai rac dén moi truong nuéce dudi dat. Pinh ky lay
mau nudc trén mit va nudc dudi dat dé giam sat chat lugng nudc va phat hién kip thoi sy anh huong cua
bai rac dén moi trudng nudc.

Phan tich thém cac chi tiéu khac trong nudc dudi dat dé danh gia k§ hon anh hudng ciia nude ri rac t6i
tang chira nudc.
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ABSTRACT

Movement determination of some contaminations
from Nam Son landfill into groundwater

Duong Thi Thanh Thuy?, Kieu Thi Van Anh?,
Truong Viet Nam Anh?, Nguyen Van Khanh?, Bui Thi Thuy?
Hanoi University of Mining and Geology
2Kasei company - Japan

Nam Son landfill in Soc Son, Hanoi was built in 1999 and put into operation with a total area of nearly 85
hectares. The landfill is built with the main task of receiving and treating domestic solid waste of Hanoi
city and some districts of neighboring provinces with technology requirements to ensure environmental
sanitation. However, the landfill in general as well as the Nam Son landfill, there is a large amount of waste
water generated and the high risk of seepage from the landfill to aquifers while operation. Therefore, study
and evaluate the effects of wastewater on surface and ground water quality in Nam Son landfill area is
needed. In order to assess the impact of landfill wastewater, we conducted field surveys, sampling and
analysis of waste water and groundwater around the landfill, calculating the displacement of pollutants.
from Nam Son landfill to the Triat aquifer of the Na Khuat system (T2nk) - which is the main water-bearing
fracture layer of the study area. Analysis and calculation results show that the current groundwater quality
of the Tonk aquifer in the area around the landfill is still within the Ministry of Health standards for drinking
water. The results of this study are usefuk for prediction and early warning the impact of Nam Son landfill,
as well as other landfills. Research results show that the pollution risk of landfills to the environment in
general and to groundwater in particular is very high, so it is necessary to monitor and early warning to the
risk of serious impacts from the landfills into the groundwater.

Keywords: Solute transport parameters; nam Son landfill; fracture aquifer Tonk.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)
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Phan viing tiém ning bo cap nudce dudi dat trong cac thanh tao bazan
khu vuc Cu M’gar, tinh Bak Lak

Nguyén Thi Thanh Thay™*, Vii Thi Minh Nguyét?, Mai Thanh Tan?, Phi Kim Manh?3
1B6 mén Dja chat thiiy van, Khoa KHKT Pia chdt, Truong Pai hoc M6 - Pja chat
%Vign Pja chat, Vién Han 1am KH&CN Viét Nam
3Van phong cong nhan Chat leong, B¢ KH&CN

TOM TAT

Nhu cau sir dung nudc trong cac thanh tao bazan Tay Nguyén ngdy cang tang cao, tinh trang kho han, khan
hiém nudc xay ra thuong xuyén, dac biét trong thoi diém can str dung nudc tudi cho cac cdy cong nghiép
vao mua kho. Giai phap bo cap nhan tao nude dudi dat ngay cang dugc quan tam chd trong, mang lai hiéu
qua va tinh kha thi cao. Dé tang cuong hiéu qua cua giai phap bo cap cling nhu lya chon dugc khu vuc b
cap phu hop can thiét khoanh dinh dwoc viing va mirc do tiém nang bo cap. Phuong phap SALDIT da dugc
ap dung va cai bién cho phu hop véi diéu kién tu nhién cua khu vuc cao nguyén Cu M’gar, Pak Lak. Két
qua nghlen ctru da xay dyng dugc bo thong sb (SALDOW) xac dinh phan viing tiém nang bod cap gém do
dbc bé mat dia hinh, hé s6 nha nudc trong lyc cua tang chira nudc, chiéu sau toi Muc nudc tinh, bé day cua
I6p vo phong hoa, dic diém cua |6p dat phii, mién cip va mién thoét. Céc thong sé da duogc lwong hoa theo
thang diém va trong s6 dé xac dinh chi s bé cap tiém ning (PR). Ban db phan viing tiém ning bd cap nuéc
dudi dat duge xac dinh trén co sé tich hop céc 16p thong tin trén va da phén dinh duoc 4 khu vyc véi muc
do tiém ning bd cap tu kém (voi gia tri PR tir 1,5 dén 2,5), trung binh (PR tur 2,5 dén 3,5), tot (PR tir 3,5
dén 4 5) va rat tét (PR >4,5). Két qua nghién ciu nay cung cAp thong tin dinh huéng de lya chon céc giai
phap bé cap phu hop va hiéu qua dong thoi 12 co sé cho viée khoanh dinh cac khu vuc can bao vé va giam
thiéu nguy co 6 nhiém nudc dudi dat.

Tirkhoa: B cap nhan tao; tiém ning bo cap; bazan; Pak Lic.

1. Pat véan dé

Du thira nudc trong mia mua gy ngap lut va thiéu hut nuéc trong mua kho da xay ra ¢ céc tinh Tay
Nguyén tac dong tiéu cuc téi cac hoat dong kinh té - xa hoi. Véi dac diém dia chat, dia chat thuy vin cua
Tay Nguyén néi chung va khu vge Cu M’gar, tinh Dak Lik noéi riéng thi van dé tan dung ngudn nuée du
thira trong mua mua luu trit trong cAc tang chira nuwéc bazan nham khic phuc khan hiém nudéc trong mua
kho (b6 cap nhan tao) da duoc dau tu nghién ctru (Poan Van Canh va nnk, 2011; Paul Pavelic va nnk,
2018). Bé dam bao chat lugng va trir luong nude ciing nhu hiéu qua cua cong trinh b cap, van dé danh gia
phan viing tiém ning bo cap va dang cao muc nudc ngam ciing nhu xac dinh khu vyc bé cap dong vai tro
quan trong. Tuy nhién, van dé nay khong don gian va phu thugc nhiéu yéu té anh hudng t6i ngudn bé cap,
kha ning bo cap va tich chira nude cua tang chira nudc.

Viéc khoanh dinh khu vic cé tiém nang bo cap va dang cao muc nudc ngam trén thé gisi dugc khé nhiéu
cac tac gia nghién cuu gan day. Cac phuong phap vién tham va GIS thuong dugc str dung dé d4nh gia phan
vung kha néng bd cap duya trén co sé tich hop cac thong tin cua cac yeu t6 dia chét, dia hinh, dat, st dung
dét, I6p phu, mang dong chay, muc nuéc ngam, luvong mua, . . .Viéc cho diém va trong sé anh huéng cua
céc yéu td trén duoc thyuc hién theo nhiéu k§ thuat khac nhau nhu phan tich da thu bac (Analitical Hierachy
Process - AHP) (Kazakis, 2018; Patra va nnk, 2018), phan tich nhan té anh huong (Influencing Factor -
IF) (Shaban va nnk, 2006;Yeh va nnk, 2009, 2016; Magesh va nnk, 2012; Selvam va nnk, 2015;
Senanayake va nnk, 2016), hé sb tin xuét (Probabilistic Frequency Ratio - PFR) (William Abrams va nnk,
2018), Fuzzy logic (Mahdavi va nnk, 2010; Selvarani va nnk, 2015), Delphi (Chachadi, 2015).

O Viét Nam, nghién ciru danh gia khoanh ving kha ning b cap nudc ciing da duoc tién hanh cho mot
s6 khu vue nhu Ha Noi (Hoang Pai Phic va nnk, 2018), Thanh phé H6 Chi Minh, Budn Ma Thudt (Tong

* Tac gia lién hé
Email: nguyenthithanhthuy@humg.edu.vn
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Duy Hung va nnk, 2018), Ninh Thuan, Binh Thuan (Nguyén Thi Kim Thoa, 2007; Nguyén Qudc Diing,
2018), cac tinh Tay Nguyén (Poan Vin Céanh, 2015; Lé Triéu Viét, 2015). Phuong phép vién tham va GIS
cling da dugc st dung trong mot sd nghién ciu Vi cac ky thudt cho diém va trong s nhan 6 hi¢n dang
phd bién trén thé gisi nhu Fuzzy logic (Hoang Dai Phic va nnk, 2018) hay chi sé kha nang bd cap (Tong
Duy Hung va nnk, 2018). Nhin chung, cac nghién ctu trén it nhiéu da dya vao cac yéu t6 lién quan dén
ngudn bd cap va kha ning bd cap cua tang chira nude nhung con & mirc do khéi quat, trén pham vi l16n va
chwa phén chia dugc kha nang bo cap theo mirc do khac nhau.

Bai bao nay trinh bay nghién ctru xac dinh phan viing b cap tiém néng tai khu vuc Cu M’ gar (tinh Dak
Lak) trén co s¢ ap dung co cdi bién phuong phép SALDIT cua Chachadi (2015) cho phu hop vei diéu kién
dac thu cua khu vyc va thong tin hién co. Két qua dd khoanh dinh duoc cac khu vuc bo cap tiém nang theo
mirc d6 thap, trung binh, tot va rat tt dong thoi dé xuat cang véi cac khuyén nghi vé loai hinh cong trinh
b6 cap nhan tao phu hop.

2. Phuong phdp phén viing tiém nang bé cdp cho ving nghién ciu
2.1. Xay dung b chi s6 SALDOW (SALDOW index)

Phan viing tiém ning b cap nudc dudi dat theo phuong phap SALDIT (Chachadi, 2015) duoc xéc dinh
dua trén céc thdng sé: Do dbc bé mit dia hinh (S), Hé sb nha nuéc trong luc cua ting chira nude (A), Pac
diém I6p dét phi (L), Chiéu sau téi muc nude tinh (D), Anh huong cua yéu td dia chat bé mat (1), va cac
yéu té dia hinh (T). '

Phuong phap SALDIT da dwoc ap dung tai khu vuc Goa, An Po (Chachadi, 2015) va phuong phap tiép
can nay ctia Chachadi da dwoc ap dung tai Karangkobar, Indonesia (Putranto, 2019), Washington, M§
(Ayetan, 2019).

Céc thong s dung dé danh gia phan ving bd cap theo phuong phap SALDIT duwoc ra soét, ap dung c6
chon loc va b sung nham xay dung bo théng sé cho viing nghién cau trén dira trén co so sau:

- Phu hop véi diéu kién tu nhién cia khu vuc Cu M’gar, Dak Lik noi riéng va Tay Nguyén noi chung.
Céc thong s6 lya chon phai dic trung cho diéu kién dia chat, dia mao dac thi cua cao nguyén Cu M’ gar
va dac biét ching phai dic trung cho diéu kién dia chat thily van (vé tinh thiam, diéu kién bd cap) cua céc
tang chtra nudc bazan trong ving.

- Céc thdng s6 lya chon va bo sung dam bao c¢6 du thong tin, nguon tai liéu dé danh gia xac dinh thang
diém va trong s6. Viéc xac dinh thang diém va trong sb cua cac théng s6 duoc bd sung thay thé cho pha
hop véi khu vuc nghién ciru duoc dya trén co sé cac tai liéu, thong tin vé diéu kién dia chat, dia chat thuy
van va mirc d6 anh huong cua ching téi diéu kién, kha ning bo cap.

Bo chi s6 SALDOW (SALDOW Index) duoc viét tit tir cAc chir trong 6 thong sé sau: i) Do dbc bé mat
dia hinh (Slop of the ground); ii) Hé s6 nha nuéc trong lyc cua dat da (Aquifer Specific yield); iii) Dac
diém dit da 16p phu (Land and soil cover); iv) Chiéu sau téi muc nudc tinh (Depth to groundwater table);
v) Mién cép va mién thoat (Qutcrop Recharge and Discharge areas); vi) Bé day Iop vé phong héa
(Thickness of Weathered layer).

2.2. Co sé tai ligu xdc dinh SALDOW index

Cin cir vao phuong phap SALDIT, trén co so diéu kién dia chat, dia chét thiry van thyc té cua khu vuc
Cu M’gar, tinh Pak Lik, cac tac gia lya chon sir dung bo thong s6 dé phan ving tiém niang bo cap nudc
duéi dat d6i véi khu vuc nghién ctu bao gom:

Do dbc bé mat dia hinh (Slop of the ground) dwogc xac dinh theo md hinh sé d6 cao (Density Elevation
Model - DEM). M5 hinh nay dugc dé tai TN16/T02 xay dung tir ban d6 dia hinh 1:25.000.

Kha ning tich chira cia tang chira nudc thong qua Hé sé nha nuréc trong luc cia dat da (Aquifer Specific
yield) x4c dinh theo céc két qua thi nghiém tinh toan thong sb dia chit thuy vin cua ting chita nudc bazan
trong khu vyc (Ngb Tuan Ta va nnk (2018).

Dic diém dét da 16p phu (Land and soil cover) duge xac dinh dya trén cac két qua nghién ciu vé dat &
Tay Nguyén (Luu Thé Anh, 2015) trong d6 ¢6 khu vuc nghién cau.

Chleu sau toi muc nude tinh (Depth to groundwater table) duge xac dinh theo tai liéu quan tric 15 khoan
va sb lieu muc nude do duoc & 33 giéng quan tric trong cac dot khao sat thyc dia thuoc khudn khé dé tai
TN16/T02.

Mién cap va mién thoét (Qutcrop Recharge and Discharge areas) phan chia dua theo di¢n tich thu nuéc
cua dong mat (luu vuc), két hop véi ddc trung cua dong ngam trong khu vyc. Phén chia nay dugc dya trén
co sé mo hinh sa d6 cao, hé théng song sudi ¢ dugc tir ban d6 dia hinh 1 :25.000 va ban d6 dang chiéu
sau muc nudc ngam.

Bé day 16p vo phong hoéa (Thickness of Weathered layer) duoc xac dinh theo cac tai liéu dia chét, tai
lieu 15 khoan két hop vaéi tai liéu do dia vat 1y dién tré thuoc cac noi dung nghién ciu sd 4 cua dé tai
TN16/T02.
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Dic diém tw nhién, dia chat, dia chat thiy vian khu viee Cuw M’gar, Dik Lik:

Khu vuc nghién ciru c6 dién tich xap xi 200 km2thudc dia phan cac xi Ea Poc, Ea Bar, Cu Sue va Cu E
Bur tai phia nam huyén Cu M’gar, tinh Dak Lak (Hinh 1). Day 1a khu vuc dong dan, phat trién manh kinh
té cAc trang trai ca phé va cdy an qua, doi hoi nhu ciu vé nuéc cao song hién dang bi khan hiém nuéc tram
trong, dac biét 1a trong thoi ky mua khd. Dia hinh cao nguyén kha bang phang nhung xu huéng déc tir dong
sang tay véi do dbc trung binh tir 3-8%. Dic trung khi hau chia thanh 2 mla rd rét: mua mua kéo dai 6
thang va mua kho kéo dai 6 thang. Luong mua ndm trung binh dat tr 1600mm dén 1800mm nhung trong
muia mua da chiém t6i 84% tng lugng mua ca nam. Trong khi d6, lwong boc hoi trong khu vyc trung binh
nam dat t6i 1300mm dén 1500mm, chiém téi 80% luong mua ma chu yéu xdy ra trong 6 thang mua kho
nén lam cho tinh trang han hén, thiéu nudc sinh hoat, thiéu nudc cho cay trong ¢ khu vue Cu M’ gar, Pak
Lak tré nén khéc liét va cang can thidt phai bé cap cho nude dudi dat.

Trong khu vyc nghién ctitu khdng c6 song I6n nao chay qua nhung c6 hang chuc hé chira nuéc va céc
dong sudi nho c6 phan chia thanh cac nhanh (chi luu) chay chi yeu theo huéng dong -tay. Khu vuc nay
nam trong luu vuc song Ea Sp vai cac nhanh sudi Ea Tul, Ea Klih, Ea Pak, Ea Ho, Ea Dring ...bao gdbm
ca dong tam thoi va dong thuong xuyén véi mang ludi twong db6i day, mat d6 phan cat ngang trung binh
dat 1,83km/km2. Pay la diéu kién kha thuan loi cho viéc bd cap nude dudi dat théng qua mang thiy van
v6i cac giai phap nhu ngén lam chém dong chay, phan chia mién cap, mién thoat cho nudc dudi dat.

Khu vie Cu M’ gar chu yéu phan bd cac thanh tao bazan phun trao hé ting Ttc Trung (BN2-Qtt), chiém
t6i 95+98% tong dién tich, ngoai ra con mot so thanh tao bazan thugc hé tang Xuan Loc (BQixl) va céc
tram tich Holocen (Qz) chi chiém khoang 2-5% dién tich phan bd va 16 ra thanh dai nho hep ¢ doc qudc 16
14 va doc cac séng sudi. Chinh vi vay, trong khu vuc nghién ctru gan nhu chi ton tai tang chira nudc khe
nit - 16 hong P(n-pq) dugc cau thanh tir cac thanh tao bazan nat né xen 16 hong thudc hé tang Tac Trung.
Thanh phan dat da ctia tang nay bao gém bazan - olivin - gaulit - plagioclas. Phan trén cua tang chira nuéc
1a san pham bazan phong hda triét d¢, c6 mau do, tao 16p vo phong hoéa véi bé day tir 5-15m. Pay 1a 16p
d4t d4 c6 kha ning tich nuéc vao mua mua va ngdm dan xudng bd cap cho nude dudi dat & 16p dat da bazan
nit né, phong héa do dang dang cau boc vé bén dudi.
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Hinh 1. Khu vic nghién ciu

2.3. Xdc dinh chi sé SALDOW

Nhu vay, cac théng s6 xac dinh tiém nang bd cap nude dudi dat khu vue Cu M? gra, Bk Lak bao gém:
- Do dbc bé mat dia hinh (Slop of the ground)
- Kha ning tich chira cua tang chira nuée théng qua (Aquifer Specific yield)
- Dic diém dat da 16p phu (Land and soil cover)
- Chiéu sAu téi myc nudce tinh (Depth to groundwater table)
- Mién cap va mién thoat (Qutcrop Recharge and Discharge areas)
- B& day I6p vo phong hoa (Thickness of Weathered layer)

Twong ty nhu phuong phap SALDIT, nghién ctru phan ving tiém ning bd ¢ap tai Cu M’Gar duoc dé
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xuat gém 6 thong so trong d6 4 thong s6 dau ap dung céc thong sb trong bg chi sd SALDIT cua Chachadi
(2015) va bo sung, thay thé 2 théng s cho phu hop voi diéu kién dac thd cua khu vuc. Cu thé la thdng s6
“Mién cp va mién thoat” duoc sir dung thay thé cho théng s6 “Anh huong cia dic diém dia chat bé mat”
va “Bé day 16p vo phong hoa” thay thé cho “Anh huéng cua dic diém dia hinh” cua Chachadi (2015).

Trén bé mat vang nghién ciru duoc phan bé chu yéu cling mot loai dit bazan phong héa nén dic diém
dia chat bé mat hau nhu khong c¢6 sy khac biét theo khong gian. Trong khi do, mang ludi song sudi trong
khu vuc tuong ddi day véi mat do phan cit ngang 1a 1,83km/km? tao nén nhiéu tiéu luu vuc cua cac chi luu
cho séng EaSup chay qua. CAc tiéu luu vuc cuaa chi luu lai 1a mién cip cua dong chdy phia ha Iuu (chi luu
bac 16n hon). Vi véy, viéc bé cap cho nude dudi dat sé duge phan dinh thuan loi & mién Cap va kém thuan
loi hon & mién thoat nén trong phuong phap nay da lya chon “Mién cdp va Mién thoat” dé lam théng s6
phan chia tiém ning b6 cap cho nudc dudi dat.

Dic diém dia hinh anh huong toi khd néng b cap nude dudi dét da duoc danh gia thong qua thong 5O
“d6 doc bé mit dia hinh” va qua thong s6 “mién cap va mién thoat” ké trén. Mot thong sé can thlet phai
dugc dua vao danh gia tiém ning bo cap nude dudi dat 1a do khu vuc nghién ciu phan b chu yéu 1a 16p
vo phong hoa bazan véi chiéu day tir 5-15m va chinh 1a ddc trung cho chiéu dai di chuyén cua nuée duge
bé cap vao long dit. Do dic diém 16p trén cling la phong héa triét dé cua da bazan, phan 16n 12 sét va 4 sét,
nén bé day 16p vo phong hoa cang lon thi con duong di chuyén dén 16p phong hoéa d¢ dang cang 16n, kha
ning bd cap cho tang chtra nudc cang giam. Vi vy, trong phuong phap d& xuat nay, “Chiéu day I6p vo
phong héa” duge dua vao danh gia tiém niang bo cap cho nude dudi dat & ving nghién ciu.

2.4. Tinh todn xdc dinh gia trj chi s6 SALDOW i ) ] i
Ket qua lugng hoa cac thong so SALDOW theo thang dieém, trong so va tong diém duoc trinh bay trong
Bang 1. Gid trj chi s6 SALDOW (SALDOW Index) dugc xac dinh twong ty nhu SALDIT.

Bdng 1. Két qua lwong hoa cac thdng sé cia chi s6 SALDOW

Théng sb Pon vi danh | Céc khoang gia tri Thang Trong | Piém s Ghi
gia diém (Ri) | s6 (W) WiR; cha
Do doc dia Do doc (%) 0+2 10 3 30 max =
hinh (S) >2+6 9 27 |30
>6+12 5 15 min =3
>12+18 3 9
>18 1 3
Kha ning tich | Hé sb nha 0,08+0,1 4 2 6 max =
chira cua tang | nudc trong luc 0,1+0,15 5 10 12
chira nu6e (A) | cua dat da p 0,15+ 0,2 6 14 min =8
Dic diém dat | CN number >65 + 70 7 4 28 max =
da 16p phu (L) | (CN) >70+75 6 24 | 28
>75+80 5 20 min =
>80+ 85 4 16 12
>85+90 3 12
Chiéu su téi | Chiéu sau t6i <2 1 5 5 max =
muc nude tinh | Muc nudc 2+5 5 25 30
(D) ngam (H, m) 5+10 6 30 min=5
10+ 15 4 20
15+25 3 15
>25 2 10
Mién capva | Pham vi phan Mién cap bac 1 4 6 24 max =
Mién thoat bé trénbandd | Mién cap bac 2 - 3 18 24
O) Mién thoat bac 1 min = 6
Mién cap bac 3 - 2 12
Mién thoat bac 1+2
Mién cap bac 4 - 1 6
Mién thoat bac
1+2+3
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Théng sé

Pon vi danh Cac khoang gia tri Thang Trong | Diém sd Ghi
gia diém (R) | s6 (W) WiR; cha
Bé day lop vo | Bé day 16p vo <10 4 6 24 max =
phong hoa phong héa, (h, 10+ 20 3 18 24
(W) m) 20 + 30 2 12 min =6
> 30 1 6

Céin cir vao céc gia tri thyc té cuia cac thong s trong bo chi s6 SALDOW dugc ap dung cho khu vyc Cu
M’gar, c6 thé tinh dugc cac gia tri max va min tuwong ng la:

SALDOW Index max = 2Xt10+28+30+24+24 _ 5,6; SALDOW Index min = 3+10+1245+646 _ 1,6.

3+2+4+5+6+6

3+2+4+5+6+6

Theo s6 liéu tinh toan trén day c6 thé xép hang cac khu vuc c6 tiém ning bd cap nude dudi dat cho
vung nghién citu va so sanh vai cac hang tiém nang bo cap theo SALDIT cho thay su twong déng nhat

dinh (Bang 2).

Bdng 2. Phan vang tiém ndng bé cdp cho miede dwedi dat theo SALDOW Index, SALDIT Index

Mirc d9 tiém ning Mirc d¢ tiém ning
STT | SALDOW Index (PR) bé cap theo SAL'?I'DTR)'”deX bé cap theo
SALDOW SALDIT
1 1.6dén<25 Kém 1dén<3 Kém thuan loi
2 2.5dén <35 Trung binh 3dén<5 Thuan loi TB
3 3.5 dén <4.5 Tot 5dén<7 Thuan lgi cao
4 >4.5 Rét tot >7 Rat thuan loi

3. Két qua phan vUng tiém ning bo Cép NDD khu viee Cw M’gar, Dik Lik

Ban d6 phéan viing kha nang b6 cap va dang cao myc nuéc ngam khu vue Cu Mgra (Hinh 2) dwoc thanh
lap trén co s¢ 06 16p thong tin va tinh toan chi s6 kha nang bd cap tiém nang, phan hang tiém ning bd cap
tir kém, trung binh, tbt va rat tét trinh bay ¢ trén. Déc diém va dé xuét cac giai phap bd cap nudc dudi dat
pht hop cho cac viing phén chia duoc thé hién & Bang 3.
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Bang 3. Phan vaing tiém ndng bé cdp nuée dwdi ddt theo SALDOW khu viee Cie M Gar

TT Tén Pic diém Giai phap bo cap NDD
| - Knu vuc c6 chi s& SALDOW index < 2,5, | - Glal phap hiéu qua nhat
Khu vuc cé kha SO X 2 A 1 A cho khu vyc nay la sir dung
1 < PN Chiém dién tich khoang 25 km?vé phia Béng | ~,~ . R <
nang bo cap kém A A cac cong trinh dap chan,
Bac cua vung nghién cau. N
dap tam.
- Khu vyc nay nam Iiijen ké khu vuc c6 kha
Khu vuc cokha | ning b6 cap kém, co diem SALDOW index tir | - Ranh dao theo cac duong
2 | nang bo cap 2,5 den 3,5 véi dién tich khoang 65 km? trai tir | dong muc va két hop giéng
trung binh trung tdm va phia Béng Bac cua vung nghién | dao hap thu nudc.
clru.
o - Ranh dao theo cac duong
Khuvuccokha | - Khu vuc chﬂu phéan bo phan _Ifyn o,phla Tay_\!a d9ng Enuc va ke,t hop giéng
3 ndne bé CAD tét phia Nam cua khu vuc nghién cau, véi dién | dao hap thu nudc.
g bocap tich khoang 80 km2. - Bon tham va 16 khoan
/giéng dao hap thu nudc.
Khu vuc c6 kha | Nam vé phia Tay caa khu vuc nghién cuau, TV
< P ISP X A A i A - Bon tham va 16 khoan
4 | nang b6 cap rat nam trén vung Mién cap bac 3 vai dién tich Jiéne ddo hao thu nuse
tot khoang 30km?. gleng p thu )

4. Két luan

Nhu cau sir dung nude, khai thac nude dudi dat trong mua kho trong cac thanh tao bazan Tay Nguyén
phuc vu tudi ti€u ngay cang tang 1én va gy ap luc cho viéc dam bao an ninh ngudn nudc trong khu vuc.
Giai phap bo cap nhan tao nudc dudi dat gop phan giai quyét kho khan vé nudc vao mua kho trong cac
thanh tao bazan Tay Nguyén di va dang duoc dau tu nghién ctu, 4p dung va dat duoc mot sé két qua kha
quan. Dé tang cudng hiéu qua cua gidi phap bé cap ciing nhur Iya chon dugc phuong phap bd cap phu hop
cho mot khu vuc cu thé can thiét nghién ctu, xay dung phuong phap phan ving tiém ning b cap va thé
hién trén ban do. Lua chon phuong phap SALDIT va co cai bién cho phu hop véi didu kién tu nhién coa
bazan khu vuc Cu M’gar, b 6 thong s dé danh gia kha nang bo cap va dang cao myc nuwdc ngam da dugc
dé xuat bao gdom: d6 déc bé mit dia hinh, hé s6 nha nuéce trong hee cua tang chira nudc, chidu sau téi myc
nudce tinh, bé day cua l16p vo phong hoa, dic diém cua I6p dat pha, mién cap va mién thoét. Trong sé, thang
diém cua cac 16p thong tin trén ciing da dwoc XAc lap dé tinh toan chi sé b cap tiém ning.

Ung dung phuong phép GIS, ban d6 phan viing kha nang bd cap tiém ning cua khu vyue di dwoc thanh
lap va phan dinh dwoc 4 khu vuc véi mire do tiém ning bd cap khéc nhau, tir kém (twong &ng véi gia tri
SALDOW index tir 1,5 dén 2,5), trung binh (SALDOW index tir 2,5 dén 3,5), tét (SALDOW index tir 3,5
dén 4,5) va rét tét (SALDOW index > 4,5). Cling v6i d6 da dé xuat va lya chon céc giai phap bo cap nudc
dudi dat phu hop va hiéu qua cho ting khu vuc duoc phan cép tiém ning bd cap. Két qua nay con cung Cap
thong tin co sé cho viéc khoanh dinh céc khu vuc can bao vé va giam thiéu nguy co 6 nhiém nudc dudi dat
trong khu vuc.

Céc nghién ctu tiép theo can xay dung va cap nhat viéc danh gia SALDOW index va ban d6 phéan viing
kha ning bo cap tiém ning bang cac thong tin, sé liéu chi tiét hon.
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ABSTRACT

Zoning potential groundwater recharge in basalt formations in Cu
M’gar, Dak Lak province

Nguyen Thi Thanh Thuy?, Vu Thi Minh Nguyet?, Mai Thanh Tan?, Phi Kim Manh?
'Hanoi University of Mining and Geology
2Institue of Geological Sciences
3Bureau of Accreditation (BoA)

Water demand in the basalt formations of the Central Highlands is increasing, where drought and scarcity
occur frequently. This is even more pressing in the dry season, when water for industrial crops irrigation is
highly required. The solution to artificially recharge groundwater is becoming increasingly popular for its
efficiency and high feasibility. In order to increase its effectiveness as well as to select a suitable area, it is
necessary to delineate such areas and their rehabilitation potential. The SALDIT method has been applied
and further modified to suit the natural conditions of the Cu M’gar plateau, Dak Lak. The study results
helped build a set of parameters (SALDOW) to determine the potential zoning of the Slop of the ground,
the Aquifer specific yield, the Land and soil cover, the Depth to groundwater table, the Outcrop recharge
and discharge areas, the thickness of the Weathered layer. The data was weighted to determine potential
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complement index. The map of recharge potential, determined on the basis of the above data, has identified
4 areas with poor recharge potential (with PR values from 1.5 to 2.5), medium (PR from 2.5 to 3.5), good
(PR from 3.5 to 4.5) and very good (PR > 4.5). The study results provide orientation information to choose
suitable and effective complementary solutions and serve as the basis for the delineation of areas to be
protected and to minimize the risk of groundwater pollution.

Keywords: Artificial recharge; potential recharge; basalt; Dak Lak.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
e . VA TAINGUYEN VOI PHAT TRIEN BEN VIPNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Danh gia kha nang sir dung nudc S’ufr)i Na Rugc dung vao muc dich
sinh hoat cho nguoi dan Thi tran Yén Minh - tinh Ha Giang

Ding Xuin Thuong®*, Nguyen Phi Duyén?®, Pao Quang Linh?, Nguyén Mai Hoa?,
Pham Quang Tung?, Nguyén Vin Cuong* , Nguyén Hong Quang!
1Vién Ky thugt va Cong nghé Moi trueong - L|en hiép cac Hgi KHKT Viét Nam
2Trieong Pai hoc Mo - Pja Chdt
3 Truong Dai hoc Déng D6
4Cong ty CP #ng dung céng nghé Tai nguyén va Moi truong tinh Lai Chau

TOM TAT

Dé tai: “Nghién ctru tng dung cdng nghé mang loc két hop véi vt liéu loc da nang dé xir Iy nudc sudi ving
bién gisi Tay Béc cap nu6c cho sinh hoat”, ma s6: KHCN-TB.15C/13-18, thudc Chuong trinh Khoa hoc
va Cong nghé trong diém cip Nha nudc giai doan 2013 - 2018 “Khoa hoc va Cong nghé phuc vu phat trién
bén viing viing Tay Bac”. Ma s6 KHCN - TB /13-18) dang duoc trién khai tai thi tran huyén Yén Minh (Ha
Giang). Theo d6 hé thng thiét bi mang siéu loc UF két hop vai vat liéu loc da ning da dwoc lap dat tai
Tram cip nudc sach huyén Yén Minh, dé xir Iy nuéc sudi Na Ruge thanh nuéce sinh hoat cip cho ngudi
dung thi trdn Yén Minh. Két qua do chi ra rang luu luong nuée subi Na Ruge vao ngay binh thudong mua
mua ndy 1a 360 I/s, 1on gép hon 3 1an lugng nuéc I6n nhét qua cong lay nuéc cho ca 3 myc tiéu 1a: sinh
hoat, ndng nghiép va duy tri dong chay moi truong t6i thiéu & phan ha luu dap. Két qua tinh toan cho thay
lru lwong nudc cdp cho sinh hoat cia 2.000 dan thi tran Yén Minh hién nay vao mua hé 1a 2,55 I/s, vao
mua dong sé& 1a: 1,52 I/s. Twong tu, luu lwong nudc cap cho sinh hoat phuc vy 5.000 dan thi trin Yén Minh
vao mua he s& 1a 6,36 I/s, vao mua dong 1a: 3,8 1/s.Ti 1¢ lugng nude cap sinh hoat hién nay cho 2.000 dan
vao mua he chiém ~ 0,71% Iuu luong nuéc sudi Na Rugc vao muia mua, tuong ty cho 5.000 dan vao mia
he, ti 1é nay sé& chiém ~ 1,7 % luu lugng nuéc sudi Na Ruoc (muia muwa). Bong thoi 2 kién nghi duoc dwa
ra |a can giam ti 18 that thoat nudc cap tir 25-30% xubng 10-12% va khi mua kho dén, néu luu lwong sudi
Na Ruoc giam xuéng 7 1an so v6i mia mua, thi lic do néu mudn giir nguyén luu luong cp cho sinh hoat
1a 1,52 1/s nhu hién nay (2.000 nguoi dung), thi 4t phai diéu tiét giam luong nuéce cép cho néng nghiép va
lugng nudc cho duy tri dong chay moi truong, nghia la phai chia s¢ va tiét kiém tai nguyén ngu0n nuéc
sudi Na Ruge. Nudc sudi Na Ruoc c6 dau hiéu 6 nhidm nhe & mot vai thong sé nhu Tong chét rén lo ling,
BODS5, COD, sit va vi sinh (d6i chiéu cot AL ciia QCVN 08-MT:2015/BTNMT). Bong thoi bai béo ciing
chi ra nguyén nhan gay 6 nhiém nguon nudc sudi Na Ruge, ciing nhu dé xuét hang loat bién phap bao vé
ngudn nude bén viing.

Tur khéa: Na Rugc; vat liéu loc da nang; mang siéu loc; dong chay.

1. D3t vin dé

Tram cip nudc sach huyén Yén Minh dang 1iy nuéc tir sudi Na Ruge dé xir Iy va cip cho ngudi ding
thi tran huyén Yén Minh (Ha Giang). Theo s liéu cia Tram, hién nay dang quan Iy 1.047 ddng hd cip
nudc, trong d6 c6 hon 400 ddng hd dang bi treo vi khong du nude dé cap. Tac 14, chi co hon 600 dbng hé
dang hoat déng véi hon 2.000 nguoi duoc st dung nudc sach thuong xuyen do Tram cép, trong So hon
8.000 nguoi dan cua Thi tran huyén (chiém khoang 25% ngudoi dan thi tran). Tram cap nu6c sach néu cai
tao va nang cao cong suat hon nira, thi ciing chi ¢d thé bom cap cho khodng 5.000 ngu‘OI dan 50ng dnhaco
cbt nén thap hon cét nén ciia Tram bom. Con lai chimg 3.000 ngudi dan song ¢ nha ¢ ¢t nén cao hon cdt
cao cuia Tram cp nudc, chua c6 nudc sach dén. Cong suit cia Tram xir Iy duge 50 m3/h va bom day vao
hé thong cp nude sudt ngdy dém (24/24 h). Hién nay Tram dang hoat dong hét cong suat, tuy nhién van
chua déap tng duoc nhu cau ding nuéc sach cua ngudi dan thi tran (Bao cdo hang nim cua Tram cip nude
sach huyén Yén Minh - tinh Ha Giang).

* Téc gia lién h¢
Email: nguyenphuduyen124@gmail.com
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Hién nay, dang trién khai du an xay dap thiay nong Na Ruoc, chan ngang sudi Na Ruoc, tao thanh hd
chira da muyc tiéu: vira cap nuéc cho sinh hoat, vira cho néng nghiép va vira phai duy tri dong chay tdi thiéu
ctia Na Rugc ¢ phan ha luu dap.

Bai bao nay nham danh gia kha ning cip nude cua sudi Na Ruoc cho sinh hoat phuc vu cho khoang
5.000 dan thi tran Yén Minh, tinh Ha Giang. Vang Nghién ctru 14 luu vyuc sudi Na Ruogc duoc thé hién trong
Hinh 1.

Suéi Na Rugc

T eweow

Ranh giéi luu vuc
s. Na Rugc

Hinh 1. Luwu vurc Suéi Na Ruoc Hinh 2. Khdo sat sudi Na Ruoc tai diém B.4, canh
Vi tri dap thity néng dang xdy dung

2. N§i dung nghién ciu
2.1. H¢ thdng suéi Na Ruwec va c&c phu luu chinh

Luu vyc sudi Na Ruoc la vang dién tich tu nhién nghiéng tir Tay Nam xuéng Déng Bic, dugc gidi han
bang dudng chia nudc bao quanh hé théng sudi Na Rugc (Hinh 1). Dién tich luu vuc x4p xi 10,8 km2. Hé
thdng sudi Na Ruoc hinh nan quat, gdm dong chinh 1a sudi Na Ruoc véi cac mang ludi sudi nhanh phan
b6 & 2 bo trai va phai caa dong chinh nay:

« Tai phia Tay (bo trai s. Na Ruoc) phan thugng ngudn cua sudi Na Rugc (phia Ty Nam cua luu vuc)
¢6 2 nhénh subi cap | bat nguon tir gan ban La Si Lung cling chay vé phia Dong va gap nhau tao nén sudi
cap 11, chay phia dudi chan ban Na Nhuéng, rdi chay tiép d6 vao dong chinh Na Rugc. Tai day, no hoi luu
v6i nhénh cap I phia Pong, tai nga 3 sudi Na Rugc.

* Tai phia Dong (b phai Na Rugc) phan thuong ngudn cua Na Rugc, ¢6 nhanh subi cp |, | bt nguon va
chay dudi chan ban Tu Do, tiép theo chay ngang qua phia dudi chan ban Na Noong va cubi cung dd vao
dong chinh Na Rugc. Tai day, hoi luu véi nhanh cap 1T da noi trén tai nga 3 sudi Na Ruoc.

o Tu dlem ngd 3 nay, dong chinh Na Rugc tlep tuc chay vé phia dap thiy nong theo huéng Bic - Dong
Bic va cudi cing d6 vao sdng Bic Nghe tai thi trdn huyén Yén Minh.

2.2. Khdo sdt va do luu lweng dong chdy c&c sudi trong lwu viee Na Ruwoc
2.2.1. M0 ta cdc diém khdo sdt, do leu lrong dong chay:

Trong thoi gian nay khi muia mua dang dién ra, ching t6i da tién hanh khao sat va do luu luong dong
chay sudi chinh Na Rugc. Phan b cac diém khao sat va do luu lugng dong chay nhu sau:

« Biém tha nhat: Tai phan ha luu dap thiry nong, 1 diém khao sat do luu lugng nudc subi Na Rugce (D.2)
duoc tién hanh duéi cau bic qua sudi nay. Nugc chay kha nhanh, va twong ddi duc, do phia thugng luu
dang c6 cong trudng thi cong dap thuy ndng.

« Diém thir hai: Canh vi tri dang xay dung dap thuy ndng, dong sudi Na Ruogc dwoc nén, chay tranh sang
phia bén b phai va tai day chung t6i da tién hanh khao sat va do luu lwong dong chay (D.4).

2.2.2. Po va tinh todn luu lirong dong chay tai cdc diém do:

« Khao sat diém thtr nhit (B.2) va do luu lvong dong chay dudi chan ciu lén Tram cip nuée sach huyén
Yén Minh (ha luu dap).

Diém khao sat c6 toa d6: 1050 8' 37,1724" va 230 6' 31,4532"), chay dudi chan cau, trén duong 1én Tram
cép nudc sach Yén Minh. Cam quan ban dau: nudc kha duc do ¢ thuong luu ¢6 cong trinh dap dang thi
cong, chay tuong ddi nhanh. Tai diém nay, sudi rong 3,43 m, do sau trung binh 12 0,116 m. Khdc subi khao
sat dai 1,4 m.

Cong thuc tinh toan luu lugng dong chay: Qi=S . Vi

trong d6 Qi: luu lwgng do 1an thir i, m3/s, S: tiét dién long sudi (m?), Vi : van téc dong chay do 1an thi i
(m/s).

S = chiéu rong subi x chiéu sau dong sudi (d6 day 16p nudc sudi)

Vi = quing duong/thdi gian (46 dai doan sudi khao sat/thoi gian)
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Cong viéc khdo sat dugc thuc hién 3 ngay sau tran mua 16n trén luu vuc subi Na Ruoc va dong chay ldc
nay da o6n dinh binh thuong tré lai (sau 1-2 ngay dinh 1T s€ hét).

Bang 1. Két qua tinh todn lweu heong trung binh 10 ldn do ciia dong Na Rueoc tai diém P.2

S6 Chiéu Chiéu | Chicusau | Thoigian | Vantdc | Diéntichtiét | Luu luong
lan dai rong trung binh chay dong chay dién nudc trung binh
do:10 (m) (m) (m) (s) (m/s) chay qua (m3/s)
(m?)
T. 1,4 3,43 0,116 1,18 0,98 0,36 0,352
binh (352 1/s)

« Khdo sdt diém thir hai (P.4) va do luu heong nwée dong Na Ruoc canh Vi tri dang xdy dung dap thiy
néng):

Diém khao sat nay co toa do: 1050 08' 37,6224" va 230 06' 29,0844"). Dong chay Na Ruoc tai day da
dugc nan sang phia bo phai, tranh cong trinh dap thity nong dang xay dung.

Cam quan ban dau: nuéc khé trong, chay binh thuong. Pay 1a diém Iy tuong dé do luu luong vi c6 day
bé tong bing phang, dong chay 6n dinh, chiéu rong ciing on dinh. Tai diém nay, subi rong 4,14 m, sau trung
binh 0,152 m. Khic sudi khao sat do luu lugng dai 1,4 m.

Viéc khao sat dugc thuc hién 3 ngay sau tran mua 16n tai diém (D.4), trén dong chay sudi Na Ruoc. Lic
nay dong Na Rugc da 6n dinh binh thuong trg lai (Hinh 2).

Béng cach tinh toan luu lugng dong sudi trong tu nhu diém D.2.

Bang 2. Két qud tinh todn lwu heong trung binh 10 ldn do ciia dong Na Ruot tai diém D.4:

S6 Chiéu Chiéu Chiéusau | Thoigian | Van toc Dién tich tiét | Luu luong
lan dai rong trung chay dong chay dién nudc trung binh
do:10 (m) (m) binh (s) (m/s) chay qua (m3/s)
(m) (m?)
T. 14 4,14 0,152 2,45 0,572 0,629 0,360
binh (360 I/s)

2.3. Tinh todn lwgng nwéc tiéu thu cho sinh hoat Idy tir hé Na Ruoc
2.3.1  Khd nang cap nwée cho 2.000 nguoi dung vao thoi diém hién tai & thi trdn huyén Yén Minh:
e Cép nudc vao mua dong:
> Luong nudc tiéu thu 1 ngdy: 2000 ngudi x 60 I/ngay = 120.000 I/ngay (Tran Thi Viét
Nga 2018; TCXDVN 33-2006).
> Luong nudc tiéu thy + that thoét Ia ~ 132.000 I/ngay (132 m3/ngay, hay ~ 1,52 1/s).
> Luong nudc tiéu thu trong ca mua déng 1a: 132 m3/ngay x 120 ngay = 15.840 m®
e  Céip nudc vao mua he:
» Luong nudc tiéu thu 1 ngay: 2000 nguoi x 100 I/ngay/nguoi = 200.000 I/ngay (200
m®ngay (Tran Thi Viét Nga 2018; TCXDVN 33-2006).
> Luong nudc tiéu thy + that thoat 1a 220.000 I/ngay (220 m3/ngay, ~ 2,55 I/s).
» Luong nudc tiéu thy trong ca mlia hé 1a: 220 m¥/ngay x 240 ngay = 52.800 m®)
Khd ndng cdp mieéc (Mo rong trong tiwong lai) cho 5000 nguwoi dung ¢ thi trdn huyén Yén Minh:
e Cép nudc mua dong:
> Luong nudc tiéu thu 1 ngdy: 5000 nguoi x 60 I/ngay = 300.000 I/ngay (Tran Thi Viét
Nga 2018; TCXDVN 33-2006).
Lwong nudc tidu thy + that thodt 1a ~ 330.000 I/ngay (330 m3/ngay, hay ~ 3,8 I/s).
> Luong nudc tiéu thy trong ca mua dong la: 330 m3/ngay x 120 ngay = 39.600 m?
e  Cép nudc mia he:
» Luong nudc tiéu thu 1 ngay: 5000 nguoi X 100 1/ngay/nguoi = 500.000 I/ngay (500
m3/ngay) (Tran Thi Viét Nga 2018; TCXDVN 33-2006).
> Luong nudc tiéu thy + that thoat 1a 550.000 I/ngay (550 m3/ngay, hay ~ 6,36 I/s).
> Luong nudc tiéu thy trong ca mua hé la: 550 m3ngay x 240 ngay = 132.000 m?

2.3.2

2.4. Tinh todn lwong nwéc bé cap vé hé Na Ruoc vio mita khé va mia muwa
2.4.1Tinh hinh s¢ liéu khi twong thuy vin viing nghién ciru

S liéu chudi quan trac Tram khi twong thuy van dat tai thi trdn huyén Yén Minh, so véi s6 liéu Tram
dit tai thanh ph Ha Giang thi khong dwoc kha quan. S liéu Tram Yén Minh mai ¢6 tir 1990 (30 nam),
trong khi tai Ha Giang da gan 50 nam. Trong khoang thoi gian 30 nam do, s6 liéu khong dugc lién tuc (co

182



khoang vai nam sb do khong dwoc ghi nhan), 6 thé do diéu kién mién nti, mua bdo qua nhiéu, tram bi hu

hong, khong c6 kinh phi sira chira kip thoi..

vung nghién ctru vao mua kho 13 61 mm va mia mua 13 289 mm.
2.4.2 Lwong nuwdc bé cap trung binh mua khé vé ho Na Ruoc

Xac dinh chinh xac lugng nudc tham gia dong chay mat (con lai sau khi boc hoi va ngam vao dét...) 1a
van dé khd. Hién nay chua c6 cong trinh khoa hoc nao tién hanh tai viing nghién ctru. Sau khi tham khao
vén dé nay tai mot s6 ving tuong tu, c6 thé xac dinh twong ddi rang lugng dong mit bang khoang tir 20 -
30% lugng mua trung binh mua khé nhiéu nam (tirc khoang 15 mm tai ving thi tran Yén Minh).

Luong nudc bd cap mua kho trén dién tich luu vuc sudi Na Ruoc sé la:

Vbe kho = Lugng nudc tham gia dong mat x Dién tich luu vyc (trong d6 Vbe khé 1a luong nudéc bé cap
mua khd). Thay so: Vbc khé 0,015 m. 10,8 . 106 m2 = 162.000 m3
2.4.3 Luong nuét bé cdp trung binh mia mwa vé hé Na Ruroc

Tir chudi s6 liéu Tram Yén Minh, x4c dinh lugng nuéc tham gia dong chay mat mia mua 1a 100 mm.

Tuwong ty nhu mua kho, lwgng nuéc [ cap trung binh mua mua vé hd Na Ruoc 1a;

Viemua = 0,1 mx 10,8. 106 m? =1.080.000 m3

2.5. Nhu cdu ditng nwéc tir hé chira

Na Rwgc

Luong nudc gianh cho ndng nghiép:
Theo tinh todn cta dyu &n (Bao cao khi twong thuy van - thay néng - Cong trinh thiy néng Na Ruoc)

nude dung cho nong nghiép la: Q wei =

0,06 m?/s.

Luong nudc gianh cho sinh hoat hién nay cho 2.000 nguoi ding thi tran Yén Minh:
Q sh nam (hien ﬂay) = Q sh muia kho + Q shmiamua ~ 0 0035 m3/S

Nhu cau nuéc cho dong chay tdi thiéu méi truong:

Theo (QCVN 04-05-2011/BNNPTNT) khi xay dung ho chira phai dam bao tra vé ha luu luu lwong va
ché d6 dong chay phu hop véi yéu cau bao vé méi trudng trong moi trudng hop. Theo (Bao céo khi tuong
thiy van - thuy ndng - Cong trinh thity nong Na Rugc), thi Quamr = 0,037 m3/s = 3/4 Qyay ¢, Vi cdch dap
thity ndng vé phia ha luu khoang 500 m, con ¢é con sudi khac d6 vao bé sung nudc cho sudi Na Rugc.

Chu trinh nuéc bd cap vao hd va tiéu thoat tir hd Na Ruoc:

.Tuy nhién van c6 thé xac dinh dugc lrong mua trung binh

Luong nude mua bd cap:
- mUa mua:1.080.000 m?3
- mUa kho: 162.000 m3

Dung tich hd dinh li: 244.995 m3
(cao trinh 464,03 m)

Dung tich hd mua mwa: 191.675
m? (cao trinh 462,5 m)

Muyc nuéc hd
16n nhat: 464,03

Cao trinh
dinh tran:
462,0 m

Béc hoi \Jk ¢

Hinh3. M& phéng liwong nieéc bo cdp va tidu thoat tir ho chira Na Ruoc

2.6. Chdt lwgng nwéc susi Na Rugc

Dung tich
ho theo
thiét ké vei AT
muc nudc < ,
dang binh Dung tich hiéu dung: 80.000 m* Xa
thuong: day
121.000
m3
—a Dung tich chét: 41.000 m? 7
Ngéam sau / X Ngéam sau
vao dat A N vao dat

Mau nudéc sudi Na Ruge duoc lay dai dién vao nia mua va mua kho va dugc phén tich tai Phong thi
nghiém thudc Vién Ky thuat va Cong nghé Mai truong (c6 Chung chi cong nhan VILAS 995 va Ching
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nhan VIMCERTS 112). Két qua cho thdy mau nude Na Rugc ¢6 dau hiéu 6 nhidm nhe (so vai cot Al cua
QCVN 08-MT:2015/BTNMT), mét s6 théng s nhu: Tong chat rén lo ling, BOD5, COD, sit ciing nhu
Coliform va E.coli vuot tir 1,5 dén 1,8 1an). Can phai c6 hinh thirc xir ly pht hop nham dat dugc QCVN
01-1:2018/BYT, trude khi dua téi tay ngudi tiéu dung.

Nguyén nhan 6 nhiém: Trén luu vuc subi Na Ruoc ghi nhan hién tuong rimg bi phé, khién mua
xudng gay rira troi dat mat, Cu01 cung lam tang chat ran lo ltng trong nude. Nudc thai chan nu6i cac ho
dan trong vung, cling nhu ciy cdi, 14 rung cudn tréi xudng nudc sudi co thé 1am tang thong sb BOD5, COD.
Mot vai diém dao tham do quang sat bat hop phap (d4 bo tir 1au) ¢6 thé 1am ting ham luong sit trong nude
subi Na Ruoc.

2.7. Pé xuat gidgi phap bdo vé nguén nwéc susi Na Rwoc

Dé dam bao khai thac sir dung ngudn nuéc sudi Na Ruoc bén viing, nhitng dé xuat duge dua ra la:

Khong chat pha ring trong pham vi luu vuc Na Rugc

Khong san gat m¢ duong gan sudi gay thu hep long sudi. P4t da & xudng dong sudi d& 1am chat lwong
nudce sudi b bién doi theo chidu hudng xau do lwgng chét lo limg trong nude gia ting.

Nuéc thai chin nubi lon tap trung (ho gia dinh ¢6 tir hon 10 con trd 1én) trong viing can duoc xir ly bang
him biogas, trudc khi xa thai ra méi trudng.

Tap tuc chan tha réng caa dong bao mién nli nhu trau bo... can duoc dan duoc khic phuc, quan ly.

Tién hanh Iip hd dao tham do quing trong pham vi luu vuc

3. Két luan, kién nghi, thao luan
3.1Két lugn

Két qua do va tinh toan chi ra luu lugng dong sudi Na Ruogc vao ngdy binh thuong trong mua mua la
0,360 m3/s (360 I/s), 16n hon 3 1an luu lugng nudc 16n nhat qua COng ldy nuéc cho ca 3 muc tiéu Ia: sinh
hoat, ndng nghiép va duy tri dong chay mai truong téi thiéu ¢ phan ha luu dap, Q 3 muc tieu = 0,1m3/s
(~100 I/s).

Luong nudc sudi Na Ruoc hoan toan dap tng day du lugng nudc dung cho sinh hoat (ké ca mé rong
cho 5.000 nguoi dung) thi tran Yé&n minh ngay ca vao mua khé (dwong nhién 1a mia mua la qué du).

Luu luong nudc cap cho sinh hoat cua 2.000 dén thi trdn Yén Minh hién nay vao mua heé 1a 2,55 I/s, néu
ti 16 tht thoat 1a 10 %, con tuong ty vao mua dong sé 1a: 1,52 I/s.

Tuong ty, luu lugng nudc cap cho sinh hoat trong trudng hop mé rong phuc vu 5.000 dén thi tran Yén
Minh vao mua he sé& 1a 6,36 I/s, con vao mua dong la: 3,8 Us.

Ti Ié lwong nudc cap sinh hoat hién nay cho 2.000 dan vao mua he chiém ~ 0,71% luu luong nudc Sudi
Na Rugc vao mua mua, twong ty néu mo rong cap cho 5.000 dan vao mua hé, ti 1é nay s& chiém ~ 1,7 %
Iwu lwong nudc sudi Na Ruge (mia mua).

Nudc sudi Na Ruoc ¢6 dau hiéu 6 nhidm nhe so vai cot Al caia QCVN 08-MT:2015/BTNMT, mét sé
thong s6 nhu: Tong chat ran lo ling, BOD5, COD, st ciing nhu Coliform va E.coli vuot tir 1,5 dén 1,8
lan.

Nhiing bién phap bao vé bén virng ngudn nudc sudi Na Rugc 1a nghiém cadm chit dén cy ring trong
pham vi luu vuc, khdng mé duong san gat gy thu hep dong chay Na Rugc, xua 1y nudc thai chan nuoi
bang hiam biogas truéc khi thai ra méi truong, khic phuc dan tap tuc nudi tha rong trau bo... cling nhu tién
hanh 14p céc hé dao tham do quing trén luu vyuc nghién ciu.
3.2Kién nghj, thao lugn

- Can giam thiéu ti 1¢ that thoat lugng nudc cap hién nay tir 20% xudng ti 18 that thoat hop 1y hon con
10-12%.

- Khi muia kho dén, luu lugng sudi Na Rugc giam xudng 7 lan, tic 1a khoang 50 Us, thi lic ¢6 néu mudn
gir nguyén luu lugng cap cho sinh hoat 14 1,52 /s nhu hién nay (2.000 ngudi dung), con trong trudng hop
ma rong cho 5.000 nguoi dung, luu lugng s& phai 1én téi 3,8 1/s. Dén luc d6 4t phai diéu tiét giam luong
nudéc cap cho ndng nghiép va luong nude cho duy tri dong chay méi truong (theo dy tinh caa (Bao céo khi
tuong thay van - thiy ndng - Cong trinh thuy nong Na Rugc), luu luwgng cho ndng nghiép: 60 1/s, con luu
lwong dé duy tri dong chay ti thiéu 1a 37 I/s).

Loi cam on

Tap thé tac gia xin cam on Ban chu nhiém Dé tai Cap Qudc gia:"Nghién ciru ng dung cdng nghé mang
loc ket hop véi vat lieu loc da nang dé xur 1y nudc sudi ving bién gisi Tay Bac cap nu6c cho sinh hoat”,
ma s6: KHCN-TB.15C/13-18, thugc Chuong trinh Khoa hoc va Cong ngh¢ trong diém cap Nha nuéc glal
doan 2013 - 2018 “Khoa hoc va Cong nghé phuc vu phat trién bén viing ving Tay Bic”. M s6 KHCN -
TB /13-18), da tai trg kinh phi cho bai béo nay.
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Tai liéu tham khao

Béo c4o hang nim cta Tram cdp nude sach huyén Yén Minh - tinh Ha Giang.

Tran Thi Viét Nga 2018, “Phuong phap tong hop xac dinh nhu cau tiéu thy nudc sinh hoat & ho gia
dinh”. T/c Mi truong va do thi, s 1+3 (114 + 115)/2018 (pp. 36-41).

QCVN 04-05-2011/BNNPTNT

Tép III: Béo céo khi tuwgng thity véan - thay ndng - Cong trinh thiy nong Na Rugc.

TCXDVN 33-2006.

ABSTRACT

Assessment of stream water ability for water supply in Yen Minh
town, Ha Giang province

Dang Xuan Thuong?, Nguyen Phu Duyen?, Dao Quang Linh?, Nguyen Mai Hoa?,
Pham Quang Tung?, Nguyen Van Cuong*, Nguyen Hong Quang?
Institute of Technique and Enviromental Technology
2Hanoi university of Mining and Geology
3Dong Do University,
4Cong ty CP #ng dung cbng nghé Tai nguyén va Moéi truong tinh Lai Chau

Project "Research on application of membrane technology combined with multi-purpose filter materials for
treatment of stream water in the North West border for water supply for living"”, code KHCN-TB.15C/13-
18, under the State-level Program for Science and Technology for the period of 2013 - 2018 "Science and
Technology for Sustainable Development in the Northwest". Science and Technology Code (TB/13-18) is
being implemented in Yen Minh district (Ha Giang province). Accordingly, the system of UF ultrafiltration
equipment combined with multi-purpose filter materials was repeatedly placed at the fresh water supply
station of Yen Minh district to treat Na Ruoc stream water as daily life water for users of Yen Minh town.
The results show that Na Ruoc stream flows on normal day during this rainy season is 360 I/s, which is
more than 3 times higher than the maximum water volume through the water intake for all 3 objectives:
domestics, agriculture and maintaining the minimum environmental flow in downstream of the dam. The
calculated results show that the flow of water supplied to 2,000 inhabitants of Yen Minh town is 2.55 I/s in
summer, in winter will be: 1.52 I/s. Similarly, the flow of water supply for living for 5,000 people in the
town of Yen Minh in summer will be 6.36 I/s, in winter: 3.8 I/s. Rate of water supply the current activity
for 2,000 people in the summer occupies ~ 0.71% Na Ruoc stream flow in the rainy season, similar to the
5,000 people in the summer, this ratio will account for ~ 1.7% flow of Na Ruoc stream water (rainy season).
At the same time, two recommendations were made to reduce the rate of water loss from 20-25% to 10-
12% and when dry season, if the flow of Na Ruoc stream decreased 7 times compared with the rainy season,
If we want to keep the current flow of 1.52 1/ s (2.000 users), we must adjust the amount of water supplied
to agriculture and water to maintain the flow of the environment, that is to share and save resources Na
Ruoc strem water source.

Na Ruoc tream water showed signs of slight pollution in some parameters such as Total suspended solids,
BOD5, COD, iron and microorganisms (compare with column Al of QCVN 08-MT: 2015 / BTNMT). At
the same time, the article also pointed out the cause of pollution of Na Ruoc stream water, as well as
proposed a series of measures to protect sustainable water sources. The authors should give the purpose
and scope of research; applied methods and the main results achieved.

Keywords: Na Ruoc; uf (ultrafiltration ); multi-purpose filter materials; flow.
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