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ABSTRACT
About factors related to the occurrence of earthquakes in the Song Tranh 2 hydropower area in period 2011-2014

This article focuses on analysis of the relationship between the occurrence of earthquakes in Song Tranh 2 reservoir area in
period 2011-2014 and factors: (1) Fault locations and features in the reservoir area; (2) The incremental stress caused by reservoir
loads; (3) The slip-tendency of faults in the reservoir area. Methods of analysis of geological maps, tectonic documents, earthquake
data; calculation of incremental stress caused by reservoir loads; assessment of the effects of oscillating reservoir loads on major
faults; the slip-tendency analysis on a fault surface are used for this goal. The obtained results indicate that the aforementioned
factors have interacted with each other and significantly contributed to the occurrence of earthquakes in the study area. Faults of
NW-SE directions within the reservoir area have the advantageous location and mechanism for slip process when they are affected
by oscillating reservoir loads. Moreover, reservoir loads have significantly increased stress of rocks under the bottom of the
reservoir. These provide explainations for the fact that most reservoir-induced earthquakes occurred in the Song Tranh 2
hydropower reservoir area (including event M4,7 occurred on 15 December 2012) are ralated to the activity of faults of NW-SE
directions.
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1. Mé dau Dién tich 1ong hd nam trén dia ban cac xi Tra Pdc,
Tra Bui, Tra Tan, Tra Giac, Tra Leng, Tra Don va
Tra Mai. HO chta ¢6 cao trinh thiét ké tich nudc

175m, dung tich hd chira 0,7292 ty m®, chiéu cao

Hb chua thuy dién Song Tranh 2 dugc xiy
dung trén dia ban hai huyén Bac Tra My va Nam

Tra My, tinh Quang Nam. HO chira nam trén séng
Tranh thudc h¢ thong song Vu Gia - Thu Bon, mot
trong nhimng hé thong song 16n ¢6 tiém nang thay
dién dung vao hang tht tu trong ca nudc. Song
Tranh bit ngudn tir nii Ngoc Linh cao 2598m
thudc huyén Dék Glei, tinh Kon Tum chay qua cac
huyén Nam Tra My, Bic Tra My, Tién Phuéc,
Hiép Purc cua tinh Quang Nam va chay ngugc 1én
phia Bic. Khi di qua ddy, song nhan thém nudc
ctia nhiéu chi luu do cac song va sudi nhé db vao.

*Tac gia lién hé, Email: buivanduan77@yahoo.com
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dap 96m.

Hb chira thuy dién Song Tranh 2 bét dau dugc
tich nudc vao ngay 29/11/2010. Bén thang 3/2011
& khu vyc Bic Tra My thdy xuét hién nhitng rung
ddng nhe kém theo tiéng nd. Ngay 03/11/2011, hd
chtra duoc tich nuéc dén cao trinh 175m. Sau do,
dong dét xay ra nhiéu va rd rang hon, dién hinh la
tran dong dit voi do 16n M=3.4 xay ra ngay
17/11/2011. Cudi thang 11/2012, do dong dat xay
ra nhiéu va xut hién hién tuong thAm nudc qua hé
thong khe nhiét & than dap chinh nén nudc hod
duoc xa bot dén cao trinh 140m (muc nude chét)
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dé theo dai va xur ly. Tir d6 dén nay, viéc tich nudc
dén cao trinh thiét ké chua duoc lap lai va hd chira
chi tich nuéc dao dong trong khoang 140m -
165m. Tuy nhién, hé théng tram quan tric dong dat
cia Vién Vit Iy Pia cau van ghi nhan dwoc rat
nhiéu dong dat xay ra ¢ khu vyc Béc Tra My, 16n
nhét trong s6 d6 1a tran dong dat véi do 16n M=4,7
xdy ra ngay 15/12/2012. Cac tran dong dat nay
duogc cac nha khoa hoc danh gi 1a dong dét kich
thich, lién quan téi viéc tich nude hd chura thiy dién
Soéng Tranh 2 (P.T. Trinh, 2012; L.H. Minh, 2012;
C.D. Triéu va nnk, 2013; L.T.T. Hoai va nnk, 2014;
Wiszniowski et al., 2015; N.V. Giang et al., 2015).
Trong bi canh da néu, viéc nghién ctru cac yéu t6
lién quan dén hoat dong dong dét & khu vuc hd chua
thuy dién Song Tranh 2 thoi gian vua qua la
can thiét.

Céc két qua nghién ctru vé dong dét kich thich
ho chtra trude day (Carder, 1970; Gough & Gough,
1970a, 1970b; Gupta et al., 1972a, 1972b;
Nikolaev, 1974; Bell & Nur, 1978; Roeloffs, 1988;
Talwani, 1997b; Qiu, 2012; Qiu & Fenton,
2015;...) da dé cap dén mot loat cac yéu t6 ¢ dong
gop trong viéc kich hoat dong dit xay ra. Nghién
clru nay s& tap trung phan tich, danh gia ba yéu tb
quan trong trong diéu kién cu thé cua khu vuc hd
chtra thuy dién Song Tranh 2. Do la: (i) vi tri va dac
trung cua cac dit gdy lién thong véi hd chua;
(i) Ung suét gia ting do tai trong nudc cua hd chira;
(iii) xu hudéng truot cia cac dut gdy trong pham vi
ho chira. Muyc dich chinh |2 nham dua ra giai thich
dbi véi hoat dong dong dit tai hd chira thuy dién
Song Tranh 2 trong thoi gian vira qua.

2. S6 liéu va phwong phap nghién ciru
2.1. 86 ligu sir dung

Cac tai liéu vé dia chét, kién tao dut giy, anh
md hinh s6 do cao sir dung cho nghién ciru nay
duoc thu thap tor cac ngu@)n khac nhau nhu: N.V.
Trang (1996, 1997); P.V. Hung (2001, 2004,
2010); P.b. Nguyén, 2014; L.T.T. Hoai va nnk.
(2014);  http://gdem.ersdac.jspacesystems.or.jp/;
http://www.geomapapp.org/.

Tai liéu vé dong dit sir dung cho nghién ciru
duogc ghi nhan boi hé théng céc tram dia chan do
Vién Vit 1y Dia cau va cac dbi tac thiét 1ap trong
cac giai doan khac nhau. Tir thang 1/2011 dén
thang 10/2012 hoat dong dong déat & khu vuc thay

dién Song Tranh 2 dugc ghi nhan boi 2 tram dia
chan Hué (HUVB) va Binh Dinh (BDVB). Day la
2 tram dia chin dai rong dugc lép dat tir nam 2008
nam trong hé théng mang tram dia chén Quéc gia
cua Viét Nam. Trong khuén khd thuc hién dé tai
doc 1ap cip Nha nudc mi sé6 DTPL. 2012-G/57,
thang 10/2012 Vién Vit 1y Dia cau phdi hop ciing
Tap doan Pién lyc Viét Nam lép dat thém 5 tram
dia chéan dai rong (TDVB, TNVB, TLVB, TMVB,
TBVB) & xung quanh khu vuc thiy dién Song
Tranh 2 dé quan tric dong déat & day. Tiép theo dén
thang 8/2013, trong khuon khd hop tac qubc té voi
Vién Vat ly Dia ciu Vacsava, Ba Lan cua dé tai
néu trén, hé thong mang tram dia chin ¢ xung
quanh khu vyc thuy dién Song Tranh 2 duoc tang
cuong thém 5 tram dia chin chu ky ngin (TLE,
TDO, TGI, PHI, TNG) (N.V. Glang et al., 2015)
Vi tri cac tram dia chin quan tric thy dong dat &
khu vyc thuy dién Séng Tranh 2 dugc thé hién &
hinh 1, thong tin chi tiét duoc dua ra & bang 1. Hé
thong 10 tram dia chan nay bao quanh khu vuc
thuy dién Séng Tranh 2 cing véi tram Hué va tram
Binh Dinh di cung cap mét tap sb liéu rat ddy du
va ¢cO chét lugng cao, phuc vu t6t viée quan sat
hoat dong dong dat tai day.

.
Jj b .ouA?ém

108° 109
HUVB &

T. THUA THIEN - HUE

L’,« T. QUANG NAM BIEN PONG
-

<
DaoLy Son

T.QUANG NGAI

T. KON TUM

Chi giai
&  Tramdiachan
dai rong
= Tram dia chdn
chu k¥ ngan
T. BiNH DINH
¥ Ho chia thuy
dién Song Tranh 2

T.GIALAI "
6 b BOVB G

———
kilometers

Hinh 1. Hé théng mang tram quan tric dong dat & khu vuc
hd chira thity dién Séng Tranh 2

229



Tap chi Cac Khoa hoc vé Trai Dit, 37 (3), 228-240

Bang 1. Thong tin vé vi tri cac tram dia chén quan tric thiy dong dét & khu vuc thity dién Séng Tranh 2 qua timg thoi ky

STT Tén tram Code Vi do Kinh d6 Cao do (m) May ghi / Diu thu

Tir 01/2011 dén nay
1 Hué HUVB 16,416 107,569 20 Q330 / Trillium - 40
2 Binh Pinh BDVB 13,865 109,111 61 Q330HRS / STS-2

Tir 10/2012 dén nay
1 Trabbc TDVB 15,334 108,163 113 Q330/Trillium - 40; Guralp CMG -6TD
2 TraNa TNVB 15,356 108,327 126 SAMTAC/Guralp; Guralp CMG -6TD
3 Tién Lanh TLVB 15,496 108,120 325 SAMTAC/Guralp; Guralp CMG -6TD
4 TraMai TMVB 15,148 108,120 202 SAMTAC/Guralp; Guralp CMG -6TD
5  TraBui TBVB 15,367 108,050 224 SAMTAC/Guralp; Guralp CMG -6TD

Tl 8/2013 dén nay
1 TraLeng TLE 15,272 108,023 192 NDL / LE-3DLite
2 TraDon TDO 15,243 108,085 185 NDL / LE-3DLite
3 TraGiac TGl 15,240 108,176 328 NDL / LE-3DLite
4 Phudc Hiép PHI 15,495 107,977 56 NDL / LE-3DLite
5  Tién Ngoc TNG 15,447 108,204 97 NDL / LE-3DLite

Trude khi 10 tram dia chan dia phuong tai khu
vuc thuy dién Song Tranh 2 dugc lép dat, do hai
tram dia chidn Hué va Binh Dinh nim kha xa khu
vuc nghién ciru nén sb lieu ghi nhan vé hoat dong
dong dat tai day rat han ché. Tir thang 10/2012, véi
hé théng 5 tram quan sat dong dét duoc lép dat ¢
khu vyc thuy dién Song Tranh 2, s6 lidu quan tric
hoat dong dong dat & day da dugc cai thién rd rét.
Tu thang 8/2013 dén nay, voi hé théng 10 tram dia
chan bé tri quanh khu vyc thuy dién Song Tranh 2,
hoat dong dong dét tai day da dugc ghi nhén d'?ly
du hon trude rat nhiéu, ké ca nhiing trdn dong dét
¢6 d6 16n (magnitude) rat nho ¢& M =0,3 (N.V.
Giang et al., 2015). Tir thang 11/2011 dn thang
7/2014 da ghi nhan dugc 100 trin dong dét c6 do
16n M_ > 2 (xem Phu Iyc). Phan b cua cac tran
dong dat nay duoc thé hién trén hinh 2. Chén tim
dong dét tap trung phan 16n ¢ khu vuc phia bac -
ty bac ciia hd chira, chan tidu cia dong dat tap
trung chu yéu & do sau tir 4 dén 7km.

2.2. Phuong phap nghién ciru

Bén canh cac phuong phap truyén théng nhu
phan tich ban db dia chat, phan tich tai liéu kién
tao, phan tich tai li€u dong dat, trong nghién ciru
nay con str dung mot s6 phuong phap sau day:

- Phuong phéap tinh ung suat gia tang dudi day
ho chira do tai trong nudc gay ra: Co sd chi tiét vé
phuong phap va thudt toan dugc dua ra trong
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Gough & Gough (1970a). Phuong phap cho phép
tinh Ung suat gia ting dudi day hd chira do tai
trong nudc giy ra theo cac thanh phan khac nhau
trong khong gian 3D. Phuong phap dugc T.D. Tri
(2004) st dung dé phat trién Chuong trinh tinh
toan do lun dan hoi va mg suét gia ting cua dat d4
dudi diay ho chira theo bai toan 2D va 3D
(Incremental Stress and Deflection in the 2D and
3D Lake) va da dugc ap dung tinh toan thanh cong
cho ho chira thity dién Hoa Binh, Son La (N. D.
Xuyén va nnk., 2005; N.T. Tung va B.V. Duan,
2007).

- Phuong phap danh gia anh huong ctia dao
dong tai trong ho chira trén cac dut giy dwa vao vi
tri va déc trung cua dat gdy néu ra trong Roeloffs
(1988).

- Phuong phép phan tich xu hudng truot trén bé
mat dut gdy: Phuong phdp dugc Neves et al.
(2009) phat trién thanh mét chuong trinh con thém
vao chuong trinh COULOMB cho phép phan tich
xu hudng truot cia dat gay trong khéng gian 3D.
Céc tinh toan dugc xdy dung dya trén dinh nghia
vé xu hudng truot trén bé mat dut gdy do Morris et
al. (1996) néu ra. Theo d6, xu hudng trugt trén bé
mit cua dit gdy duoc dinh nghia 13 ty s6 cua tng
sudt phap tuyén (1) va g suét tiép tuyén (c,) tac
dong 1én bé miat dut gy va dugc ky hidu 1a Ty .
but gdy c6 xu hudng truot khi 0,6 < T, < 0,85
(Neves et al., 2009).
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Hinh 2. Phan bé ctia 100 tran déng dat c6 My > 2 & khu vuc hd chira thuy dién Séng Tranh 2 (giai doan tir 11/2011 dén 7/2014)

3. Két qua nghién ciru

3.1. Vé vi tri va dic trung ciia divt gy lién thong
véi hé chira

Trén co so phan tich va giai doan anh mé hinh
s6 d9 cao (anh SRTM - Shuttle Radar Topography
Mission, anh GMRT - Global Multi Resolution
Topography), cac dut giy trong khu vuc nghién
cru di dwoc xac lap v6i 3 phuong 1a tay bic -
d6éng nam (TB-BN), 4 vi tuyén (AVT) va dong bic

- tdy nam (PB-TN). Vi tri va tinh chét cua cac dut
gdy nay dugc chi ra & hinh 3.

Dé xem xét mdi quan hé giira dit giy va dong
dat gay ra & khu vuc ho chira thuy dién Séng
Tranh 2 trong thoi gian qua, chung toi xem xét chi
tiét nhom cac dut giy ndm & vi tri lién thong véi
hd chita. Nhom cac dut giy nay dwoc ky hiéu trén
hinh v€ 1a F-1, F-2, F-3, F-4, F-5, F-11, F-12 va
F-16 (hinh 4).
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- bat gay F-1 va F-2 1a hai dat gay c6 phuong
4 vi tuyén c6 quy md Ién nhat trong khu vuc
nghién ctru. Dut giy F-1, F-2 thuong duge goi lan
luot véi tén 1a dut gay Tra Bong va dut giy Hung
Nhuong - Ta Vi (N.N. Thuy, 2003) hodc ca hai dut
gdy dugc gbp thanh mot déi va goi la déi Song
Bung - Tra Bong (P.V. Hung, 2001); hodc trong
L.T.T. Hoai va nnk. (2014) duoc goi lan luot 1a
dut gay Tra Bui - Tra Nu va dirt gdy Sudi Tra Leng
- Tra Khé.

- Cac dut gay F-3, F-4, F-5, F-12, F-11 va F-16

c6 phuong TB - DN. Day la cac dit gy sinh kem
cua dut gay F-1 va F-2. Trong nghién clru cua
L.T.T. Hoai va nnk (2014) cac dut gy F-3, F-4, F-
5, F-12 ¢6 tén lan luot 1a Phude Hi¢p-Tra Bui, Tra
Tan, Phudc Tra-Tra Son, Sudi Ta Vi, con dit giy
F-11 va F-16 co tén la Tra Leng.

Ké thira cac két qua nghién ciru truge ddy cia
P.V. Hung (2001, 2004, 2010); N.N. Thay (2003);
L.T.T. Hoai (2014); P.D. Nguyén (2014), dac
trung co ban cua cac dit giy lién thong voi hd
chra thuy dién Séng Tranh 2 duoc téng hop va
dua ra & bang 2.
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Hinh 3. Céc dit giy trong khu vuc nghién ciru duge xac lap  Hinh 4. Cac dut gay lién thong véi hd chira va chén tim dong dat

tir anh GMRT

Bing 2. Dic trung co ban clia cac dut gay lién thong véi hd chira thuy dién Song Tranh 2

Kiéu dich truot chu dao

STT Téndutgdy  Phuong  Goc déc/Huéng cim Do sau (km) trong Neogen-Dé ti Theo ngudn tai liéu
1 F-1 AVT 75°/ N - 90° 25-30 Truot bang phai-nghich (a), (b), (c), (d)
2 F-2 AVT 60-80°/B, DB 25-30 Truot bang phai-nghich (@), (), (c), (d)
3 F-3 TB-BN 70-80°/TN 10-15 Trugt bing phai-thuan (b), (c)
4 F-4 TB-BN 70-80°/TN 10-15 Truot bing phai-thuan (b), (c)
5 F-5 TB-BN 70-80°/TN 10-15 Truot bing phai-thuén (), (c)
6 F-11 TB-bN 65°/DB - 90° 10-15 Trugt bing phai-thuan (b), ()
7 F-12 TB-BN 60-70°/TN 10-15 Trugt bing phai-thuan (b), (c)
8 F-16 TB-BN 65°/ DB - 90° 10-15 Truot bing phéi-thuan ), (c)

Chi thich: (a) - (P.V. Hing, 2001, 2004, 2010); b) - (N.N. Thily - cha bién, 2003); (c) - (L.T.T. Hoai va nnk., 2014); (d) - (P.D.

Nguyén - chu bién, 2014)
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Mbi lién quan gitra cac dit giy voi vi tri chin
tdm cua cac tran dong dét xdy ra ¢ khu vuc hd
chura thiy dién Song Tranh 2 trong thoi gian qua
duogc thé hién & hinh 4. Phan 16n chin tim dong
dat phan bd doc theo dit gay F-4 va F-5.

Dua theo phuong phap danh gia anh huong cta
dao dong tai trong ho chira dén cac dit gdy ma

Dt gay F-1, F-2

Roeloffs (1988) dé xuat, tir hinh 4 ching ta thiy
trén cac dut giy ¢ ving ho thuy dién Song Tranh 2
déu chiu tac dong nhét dinh tir sy dao dong tai
trong hd chira (hinh 5). Tinh 6n dinh dwoc duy tri
trén cac dit gy F-1, F-2 va tinh khong 6n dinh
xay ra trén cac dut gay F-3, F-4, F-5, F-11, F-12,

bat gay F-5

=— éndinh

khéng 6n dinh

Hinh 5. Céc anh huéng ctia sy dao dong tai trong hd chira trén cac dit gy & ving hd chita Séng Tranh 2

Mit khac, ta thay trén hinh 4, dong dat ghi
nhan dugc trong thdi gian qua tip trung chu yéu
trén cac dut gay F-4, F-5. Pay la cac dat gay hoat
dong trong giai doan Hién dai theo kiéu truot bz"mg
phai - thuan. Két qua nay khong chi phu hop véi
cac danh gid theo phuong phap cua Roeloffs
(1988) ma con phu hop véi két qua thong ké cua
Qiu (2012) rang 79% cac tran dong dat ho chira
Xay ra trong mdi trudng dit giy truot bang hay
thuan. Nhu vay, véi dac diém phén bd khong gian
va kiéu hinh hoat dong cua cac dit giy ¢ ving hd
chira Song Tranh 2, hoat dong dong dat tai day
trong thoi gian qua chu yéu lién quan dén cac dut
gay phuong TB-DN.

3.2. Vé irng sudt gia ting do tdi trong nwéc
ho chira

Chuong trinh tinh toan d6 lin dan hdi va ung
suét gia ting cua dat da dudi day hd chira theo bai
todn 2D va 3D (T.D. Tri, 2004) dugc ching toi st
dung dé tinh toan Ung suat gia ting dudi day ho
Song Tranh 2 do tai trong nudc twong Gtng véi myc

nude dang & cao trinh 175m. Toan by mat thoang
ho6 chira Song Tranh 2 dugc phu boi ludi tinh gdm
8664 6 vudng, canh ctia mdi 6 vudng la 0,05km.
Két qua tinh toan cho thdy pham vi gia ting tmg
sudt ndm trong khoang do sau 0,067 - 4,61km. Tai
d6 sau 4,6km dudi day hd chira Séng Tranh 2
chung toi tién hanh tinh toan (mg suét phéap tuyén
huéng xudng dudi (c,) va g suét tiép tuyén cuc
dai (Tmay). Két qua thé hién & hinh 6 cho thay tmg
suat gia ting & do sau nghién ctru c6 gia tri 16n hon
0,1 bar tap trung trong pham vi ban kinh 6 - 7km tinh
tir vi tri hop Iuu cta sdéng Soc Soi, song Bui va song
Tranh.

So sanh két qua tinh toan tmg suat gia ting (hinh
6) voi phan bd dong dat theo d6 sau (hinh 2) c6 thé
thiy su twrong quan. Dong dat da xuét hién & noi ma
mg suét gia ting do tic dong cua tai trong nudc.
Diéu nay phu hop véi két qua ma Rajendran (1995)
da néu ra, rang sy thay doi ng suat dudi day ho
chtra nho c& 0,01MPa (0,1bar) co6 lién quan véi dong
dét kich thich.

233



Tap chi Cac Khoa hoc vé Trai Dit, 37 (3), 228-240

-
Chéin tém dng dét ghi nhan duce i | | T
© 01172011- 31122011 }
© 010172012 - 31/122012 '
© 01012013 - 311122013 «”Q_T
® 010172014 - 1410772014
% Bong 84t ngdy 22/10/72012 cb M4, \}4/;"
& Ddng it ngdy 15/11/2012&»44.7'? Y );9‘
7+ Long hé v6i MND 175m @ i‘ ‘ & 0.

S
SN |

H. TIEN PHUOC .~

@ %or :} 7
B oS ° -
[ W w
(=] (=3 ‘L:
: S w

o
Chén tam ddng d4t ghi nhan duoc tir:
© 03/11/2011 - 31/12/2011
©® 01/01/2012 - 31/12/2012

0.1817+

Pon vi: bar

O 01/012013- 31/12/2013 ®

® 01/01/2014 - 14/07/2014 o 4, X. Tra to.0047. 3
% Ddng At ngay 22/10/2012 cb M4,6 r_iﬁ,_ %b 5
¢ Dong At ngay 15/11/2012 cb6 M4,7 ! )é g
- Longhé v6i MND 175m Q { £7:0.0024

Ung suét phap tuyén hudng xubng dudi (o)

Ung suét tiép tuyén cuc dai (Tmay)

Hinh 6. Phan bd chén tam dong dét, ung suét gia tang tai d¢ sau 4,6km do tai trong nudc

3.3. Vé xu huéng trwot ciia dirt giy trong pham
vi ho chira

Pa s cac truong hop dong dat hd chira duoc
gdy ra do su tai hoat dong cua cac dut giy da ton
tai tir trudc chir khong phai 1a sy phat sinh cac dut
gdy mai (Morris et al., 1996). Kha ning tai hoat
dong cua nhitng dat gdy 16n trong khu vye Song
Tranh 2 c6 thé danh gia dua trén dic trung dong
hinh hoc cuia ching ¢6 lién quan dén truong tng
suit kién tao khu vuc trong giai doan Hién dai.
Trudng tng suét kién tao trong giai doan Hién dai
cua khu vyc nghién ctru dugce xac dinh ¢ truc nén
ép cuc dai (o1) phuong 4 kinh tuyén, truc tach gidn
cuc dai (o3) phuong 4 vi tuyén va tryc trung gian
(0,) gan thing ding (P.V. Hung, 2004; L.T.T.
Hoai va nnk., 2014). Cac dut giy & ving ho chira
cua thiy dién Song Tranh 2 s€ chiu tic dong cua
truong tmg sut kién tao nay.

Két qua phan tich khe nut bang phuong phap
kién tao dong luc giai doan Pliocen - B¢ tir cua
P.V. Hung (2004) da xac dinh dwgc dinh hudng
cua ba tryc ung suét chinh tai 22 diém khao sat
trén doi dit gdy Song Bung - Tra Bong. Trong sb
22 diém khao sat ndy, gia tri ba truc tng suét
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chinh tai diém khao sat s 3 voi o; (y=351, 8=50),
o, (y=192, 8=38), 63 (y=94, 6=10) dugc chon lam
dai dién cho khu vuc nghién ctru va dung dé phan
tich xu huéng truot cia cac dut giy ving hd Song
Tranh 2. Str dung gié tri clia ba truc Ung suat vira
néu ciing voi cac thong sb vé dic trung co ban cia
dut gay ¢ bang 2, chiing t6i dua vao chuong trinh
do Neves et al. (2009) xay dung (mét chuong trinh
con thém vao chuong trinh COULOMB cua Toda
et al., 2011) dé phan tich xu hudng truot cia cac
dut giy khu vuc hd chira Séng Tranh 2 trong
khong gian 3D.

Két qua phén tich xu hudng truot cua cac dut
gy & khu vuc ho chira Séng Tranh 2 dua ra & hinh
7 chi ra ring dudi tic dong cua trudong Gng suét
khu vyc giai doan hién dai cac dut gy F-3, F-4, F-
5, F-12 ¢6 xu hudng trugt manh (Ts= 0,8 - 0,85),
cac dut gay F-11, F-16 c6 xu hudng trugt trung
binh (Ts= 0,65 - 0,7), dat gay F-1 va F-2 khéng c6
xu hudng trugt (Ts < 0,6). Nhu vay, véi kha ning
trugt manh cia cac dut gdy phuong TB-DN ¢ khu
vuc thity dién Séng Tranh 2, chic chin co lién
quan chat ché vai hoat dong dong dét tai day.
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Slip Tendency

Hinh 7. Xu huéng truot cua dat gdy ¢ khu vuc
hé chita Séng Tranh 2 trong lugi 3D (mau d6 thé
hién xu hudng trugt manh)

4. Thao luan

Vé 1y thuyét, xac suat hd chira giy ra dong dat
ting theo chiéu cao dap ciing nhu dung tich hd
chira (Qiu, 2012). Trudng hop ho chira Song Tranh
2, v6i chidu cao dap 13 96m, dung tich 0,7292 ty m®
thi kha nang hd giy dong dat 1a rat thdp. R8 rang
yéu té chiéu cao dap va dung tich hd chira Song
Tranh 2 khong phai 1a diéu kién thuan loi dé dong
dat xay ra. Pay 1a 1y do dé chung t6i huéng nghién
clru tap trung vao phan tich nhitng yéu té khac c6
thé dan dén xuat hién dong dat kich thich, nhu da
néu trong bai bao nay, trong nhimg didu kién cu thé
ctia khu vye hd chira Séng Tranh 2.

Két qua théng ké toan cau tir 115 trudng hop
ho chira gay ra dong dat néu ra trong Qiu (2012)
cho thdy da két tinh bén dudi hd chira dé dang
dugc trai nghiém dong dat kich thich, chiém ty 1¢
39,13% trong s6 bdn loai d4: da két tinh, da voi, da
nui lra va ¢4 manh vun. Vi tri hd chira Song Tranh
2 trén ban d6 dia chét va khoang san Viét Nam, ty
16 1:200.000 (cac to Ba Na, Dik T6, Hoi An va
Quang Ngii) nam trong khu vuc gém chu yéu 1a

c4c loai da két tinh. Chung gom da bién chit ciia
cac hé ting Kham Puc (PRy; kd), Song Re (PR
sr) va Tac Po (PR, tp); ¢4 magma x4m nhdp cua
phirc hé Tra Bdng (5-y5 O-S tb) va phirc hé Chu
Lai (y PRz cl) (N.V. Trang - chu bién, 1996; 1997).
S6 liéu quan tric dong dat & khu vuc thay dién
Séng Tranh 2 thoi gian qua ciing cho thay ring
dong dat kich thich da xay ra ¢ nhiing noi ¢ mat
clia da két tinh (hinh 8). Tuy vay, trong khudn kho
nghién ctru nay ching t6i chua ¢ didu kién xem
xét, danh gia cu thé viéc ton tai cua da két tinh
nam dudi day hod chira Séng Tranh 2 c6 thuc sy 1a
moi truong thuan lgi dé dong dat kich thich xuét
hién trong thoi gian qua hay khong. Viéc dua ra
giai thich cho van dé nay duoc dé lai cho cac
nghién ctru tiép theo.

Nghién ciru nay c6 thé dugc thyuc hién va thu
duoc nhimng két qua nhu da trinh bay trude hét 1a
nho ké thira duoc cac két qua diéu tra, nghién ctru
rt gia tri vé dia chét, kién tao lién quan di duoc
cong bd (P.V. Hung, 2001, 2004, 2010; N.N. Thay
- chu bién, 2003; L.T.T. Hoai va nnk., 2014; P.D.
Nguyén - chu bién, 2014), dic biét la nguf“)n s6 lidu
quan tric méi vé dong dat khu vuc hd chira Song
Tranh 2 thoi gian qua. R3 rang, viéc bd tri cac tram
quan tric dong dit dia phuong tai cac ving ho
chira 16n, twong tw nhu d 1ap dat tai ving hd thay
dién Song Tranh 2, 1a v6 cing can thiét va hét stic
hiru ich cho cac nghién ciru vé dong dat kich thich.
Tuy nhién, dé t6i da hoa céc ich loi nay, can thiét
phai thiét 1ap cac tram sém, trude khi hd tich nude
va di vao hoat dong.

Céc két qua thu duogc tir nghién ctru nay 1a mot
kinh nghiém tbt, c6 thé ap dung cho cic danh gia,
nghién ciru sau ndy nhdm han ché cac mdi nguy
hiém tir dong dat co thé xay ra do viéc ngin dap
hinh thanh hd chta. Tét ca cac yéu té lién quan
dén dong d4t nhu da néu can dugc déng thoi xem
x¢ét va danh gia mot cach ky ludng.
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Hinh 8. Phan bd chén tim dong dit & khu vuc hd chira thiyy dién Séng Tranh 2 trén nén ban d DC va KS Viét Nam ty 18 1:200.000 ciia

N.V. Trang - chu bién (1996, 1997)

5. Két luan

Céc két qua thu duoc trong nghién ctru nay
dua dén mot so ket luan sau day:

- Hoat dong dong dét & khu vuc thiy dién Song
Tranh 2 trong giai doan 2011-2014 la do déng gop
tich cyuc ciia cac yéu té sau day: (1) Vi tri va dic
trung ctia nhiéu dit gy lién théng vaoi hd chira co
dic tinh khong 6n dinh, thuén lgi cho qua trinh
dich truot xay ra khi hd tich nudc; (2) Ung suét gia
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tang do tai trong nuéc hd chira Song Tranh 2 (khi
hé tich nudc téi cao trinh 175m) la rat dang ké;
(3) Nhiéu dut giy trong pham vi hd chira c6 xu
huéng truot cao trong bdi canh trudng ung suit
kién tao khu vuc giai doan Hién dai.

- Cac dut gy phuong TB-DN (F-3, F-4, F-5,
F-12) tai khu vyc thuy dién S6ng Tranh 2 chi phéi
va dinh huéng sy phan bd céc tran dong dét kich
thich xay ra & ddy trong thoi gian qua, bao gdm ca
tran dong dat co M4,7 xay ra ngay 15/12/2012.
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Phu luc. Danh myc dong dét khu vuc thity dién Séng Tranh 2 (giai doan tir 11/2011 dén 7/2014; M, > 2)

Thoi gian xay ra dong dat (Gio GMT)

Vi tri xdy ra dong dat

STT Nim Thang Ngay Gio Phut Giay Vi do Kinhdd  DJ séu (km) D9 16n (M.)
1 2011 11 3 3 49 14.4 15.35 108.02 5 2.7
2 2011 11 16 14 40 41.3 15.36 108.15 3 2.7
3 2011 11 16 20 0 55.6 15.28 108.01 45 3.4
4 2011 11 26 15 58 37.1 15.32 108.15 4 21
5 2011 11 27 14 22 15.9 15.37 108.11 45 34
6 2012 3 2 4 7 28 15.4 108.1 5 3.9
7 2012 9 3 13 47 53.7 15.32 108.05 7.3 4.2
8 2012 9 7 2 28 4.1 15.33 108.08 3 4.1
9 2012 9 23 3 57 317 15.38 108.05 6 4
10 2012 9 27 6 34 12.9 15.39 108.11 5 41
11 2012 10 22 13 41 395 15.38 108.09 6.8 4.6
12 2012 11 15 7 24 8.6 15.35 108.1 55 4.7
13 2012 11 18 18 44 18.2 15.38 108.11 6.5 2.6
14 2012 11 18 19 1 22.3 15.37 108.12 6.3 2.3
15 2012 11 18 19 21.7 15.38 108.12 6.1 2.2
16 2012 11 18 19 57 15.38 108.12 6.3 2
17 2012 12 5 5 46 15.36 108.08 7.2 2.2
18 2012 12 7 4 45 58.2 15.36 108.08 5.7 2.3
19 2012 12 8 7 41 18 15.36 108.07 7.1 2.4
20 2012 12 9 2 2 59.7 15.31 108.1 5 2.3
21 2012 12 9 13 48 42.8 15.36 108.08 51 2.7
22 2012 12 9 13 48 43 15.36 108.09 25 2.7
23 2012 12 12 11 45 30.1 15.35 108.09 53 2.2
24 2012 12 12 17 29 18.5 15.36 108.07 6 2.2

238



B.V. Duén va nnk/Tap chi Cac Khoa hoc vé Trai Dét, Tap 37 (2015)

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
0
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013

12
12
12
12
12
12
12
12
12
12
12
12
12

-
N

OO b B B D W WWWwWwWwWwWwowwowowowowowowowowwmMnphDNDNDMNNNNERRRRPRERERPRP

16
19
20
21
21
24
25
25
25
26
27

0 ~N NN NN D

N W N NN DN P PP
O N g O©NNS 0O ™ N b

12
10
6
16
16
7
10
11
11
6
11
2
3
21
8
9
19
19
7
5
23
14
1
12
20
23
11

A © ©® ® ®® oL

= e = B N NN P e -
[ S ST I I U N -G -G U U N = B N

33
24
39
58
58
47
55
2
14
15
34
48
15
30
3
33
12
13
36
26
57
44
8
52
38
26
36
52
54
39
43
48
48
47
48
16
18
22
40
40
48
40
40
18
47
13
0
33
48
39
0
25

41.3
374
15.4
44.2
21.4
6.3
43
36.3
31.7
40.3
51.7
19
54.4
13.8
46.8
36.8
36.3
41
6.1
24.8
50.6
47.4
9.2
33.6
40.4
20
9.1
59.9
12.2
52.2
59.7
34.3
34.3
22.8
34.3
19.9
54.7
59.8
49.1
49.1
38.7
2.8
26.8
13
24.3
14.6
15.6
25.9
23.8
28.2
58.1
2.7

15.38
15.39
15.38
15.4
15.39
15.38
15.38
15.37
15.38
15.37
15.38
15.37
15.38
15.37
15.4
15.38
15.39
15.4
15.39
15.39
15.39
15.39
15.4
15.39
15.36
15.39
15.25
15.39
15.38
15.39
15.39
15.39
15.39
15.38
15.39
15.35
15.38
15.36
15.38
15.38
15.4
15.4
15.4
15.41
15.4
15.39
15.38
15.37
15.39
15.37
15.29
15.36

108.1
108.11
108.1
108.07
108.11
108.1
108.11
108.09
108.11
108.09
108.12
108.13
108.12
108.1
108.09
108.1
108.09
108.08
108.09
108.1
108.1
108.11
108.11
108.1
108.1
108.1
108.21
108.1
108.06
108.1
108.1
108.1
108.1
108.1
108.1
108.13
108.11
108.13
108.1
108.1
108.09
108.1
108.1
108.08
108.1
108.1
108.14
108.14
108.09
108.13
108.04
108.05

6
6.2
5.9
5.2

5
55
5.7
2.9

5
53
6.6

2.2
2.2
2.1
2.2

2.1
2.4

2.3
2.6
2.2
3.6
2.3

2.3
2.1

2.8

21

2.8
2.1
2.1
2.2
2.5

2.9
3.2

2.9
2.7
2.4
2.7
2.3
2.2

2.1
2.1

2.3
2.5
21
2.3
24

3.2

2.3

2.3
2.3

239



Tap chi Cac Khoa hoc vé Trai Dit, 37 (3), 228-240

77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014

© 00 0O N N ~N N oo olag

e
= O

NN ~N~NOo oo AR

11
11
13
31
29
10
21
23
23
7
7
3
24
25
12
3
28
8
12
30
5
6
8
11

5
5
16
11
2
11
9
20
20
20
20

18

14
20

18
21
19
23
10

44
45
9
11
21
33
22
51
51
58
58
8
24
55
19
48
57
39
59
18
46
54
5
16

27
16.1
51
0.6
9.2
36.8
9.2
48.7
48.6
45
44.8
19
0
17
0
0
54
0
22
49
59
27
57
4

15.29
15.32
15.33
15.32
15.38
15.33
15.33
15.31
15.29
15.34
15.32
15.37
15.24
15.3
15.24
15.36
15.28
15.33
15.37
15.36
15.37
15.26
15.36
15.32

108.06
108.12
108.11
108.09
108.12
108.09
108.09
108.1
108.07
108.09
108.09
108.12
108.1
108.15
108.09
108.12
108.13
108.11
108.11
108.13
108.09
108.18
108.13
108.08

~
o w

SN ol
O BP0 wwwwww we

[$2] [$2) o

2.7

2.1
2.2
2.2
2.4
2.1
2.3
2.2
2.7
3.3
2.3

2.6
3.4
2.2
2.9
2.5
2.6
2.7
2.5
3.6
2.4

240



