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Tom tit:

Trong khudn kho bai bao nay, cac tac gia sir dung phwong phap cit 16p séng dia chan néng tinh toan van tdc song P (Vp),
vén tdc séng S (Vs) va ty s6 Vp/Vs khu vire bic thang thiy dién song Da. Két qua cho thay:

- Van téc song P (Vp) va séng S (Vs) ting dan theo d su: Tir Vp = 5,3-5,9 km/s va Vs = 2,9-3.4 km/s tai 2 km dén Vp =
5,8-6,3 km/s, Vs = 3,4-3,9 km/s tai 15 km. Trong khi d6, tj s6 van téc Vp/Vs bién dong trong giéi han tir 1,64 dén 1,74 va

it thay déi theo do sau.

- Pong dit kich thich viing dip Son La xay ra tai noi cé gia tri ty s6 Vp/Vs = 1,67-1,69, trong pham vi nguéon Muong

La - Bic Yén va mdt doan ngudn song D3, noi lién thong véi hd chira.

- Ngay 20/8/2014 da xay ra tran dong dét kich thich cAp d manh 4,0 tai viing dip Son La. Pay chua phai la cAp dd manh
16m nhét vi theo dw bzo thi nguy co dong dat kich thich 16n nhit tai day c6 thé dat 5,0-5,1.

Tir khéa: Béc thang thiiy di¢n séng Da, dap thity dién Son La, dpng dit kich thich, ty s6 vin toc Vp/Vs, vin téc séng P (Vp),

vin toc song S (Vs).

Chi sé phan logi: 1.5

M6 dau

Luu vyc song Da la noi co biéu hién hoat dong dong dat
manh nhét lanh thd Viét Nam [1]. Tinh dén hét nam 2016 da
¢6 326 dong dét cép do manh (M, magnitude) trén 3,0 ghi nhan
duoc tai khu vuc nay, trong do: Hai tran dong dat cép d6 manh
M = 6,7-6,8; 36 tran dong dat trude nam 1976 ¢ cap do manh
16n hon 4,0 (cht yéu theo tai liéu lich str va diéu tra trong nhan
dan); 288 tran dong dat xay ra tirnam 1976 dén 2015 (M 16n hon
3,0). Dang chu y 14 tran dong dt tai Tudn Gido nam 1983 co M =
6,7 [1-3]. Trong khi d9, chi tinh riéng trén dong chinh song Pa va
cac nhanh chinh d6 vao song Da da co t6i 6 nha may thuy dién
thudc vao loai 16n nhéat Viét Nam dang hoat dong: Hoa Binh,
Son La, Lai Chau, Nam Chién, Ban Chat va Hudi Quang (hinh
1). Chinh vi vdy, van d& nghién ctru dong dat va dong dét kich
thich phuc vu van hanh an toan cac nha may thiy dién tai khu
vire ny 1 cAp thiét va c6 y nghia khoa hoc, nhan vin sau sic.

Nghién ctru md hinh van tdc song dia chén trén co so
tai liéu dong dét: Van toc song doc (hay con goi 1a song P),

‘Tac gia lién hé: Email: cdtrieu@gmail.com
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Hinh 1. Cac nha mdy thiy dién c6 cong suat trén 200
MW khu vuc bac thang thiy dién song Pa.

Cha gidi: 1 - Bap thay dién va ky hiéu tén dap: (1) Hoa Binh, (2) Son La,
(3) Lai Chau, (4) Hudi Quéng, (5) Ban Chat, (6) Nam Chién; 2 - Vung ho;
3 - Thong s6 nha may thiy dién: S& nguyén tru6c phan so (vi du: 2015)
la ndm tich nu6c 1én cao trinh t6i da, s6 nguyén trén gach (vi du: 1200)
la cong sudt hoat dong t6i da clia nha may (MW), s nguyén dudgi gach
ngang (vi du: 137) la chiéu cao (m) dap thiy dién.
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Abstract:

In this paper, the authors had used the seismic
tomography method for determining the P-wave velocity
(Vp), S-wave velocity (Vs), and the Vp/Vs ratio in the Da
River ladder of hydroelectric dams. The study results
have shown that:

- The Vp and Vs are increasing in compliance with the
depth: from Vp =5.3-5.9 km/s and Vs = 2.9-3.4 km/s at
the depth of 2 km to Vp = 5.8-6.3 km/s and Vs = 3.4-3.9
km/s at the depth of 15 km. Meantime, the value of the
Vp/Vs ratio changes in the range from 1.64 to 1.74 and
remains unchanged with the depths.

- The triggered earthquakes in the Son La dam region
occurred in the area where has the value of Vp/Vs ratio
from 1.67 to 1.69, within the scope of the Muong La -
Bac Yen seismic source and the part of Da River source,
where have been connected with the reservoir.

- The triggered earthquake occurred at 20™ August,
2014 in the Son La dam region had the magnitude of 4.0
(M4.0). This earthquake is not the largest one because it
is forecasted that the maximum magnitude of triggered
evident occurrence at this place can reach the value of
5.0-5.1.

Keywords: Da River ladder of hydroelectric dams, P-wave
velocity (Vp), Son La dam, S-wave velocity (Vs), triggered
earthquake, Vp/V’s ratio.

Classification number: 1.5
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Vp; van tdc song ngang (hay con goi 1a song S), Vs va ty sd
Vp/Vs 1a can thiét. N6 phan anh dic trung ciu tric vo trai
dat, moi truong sinh chan va ning cao hiéu qua nghién ctru
du bao dong dat. Két qua nghién ctru mo hinh van téc song
P thach quyén, manti Viét Nam va Dong Nam A da chimng
minh dugc tinh uvu viét trong nghién ciu kién tao va dia
dong luc [4, 5]. Tai khu vuc long hd thuy dién song Tranh
2, phuong phép cét 16p song dia chan nong (xac dinh gia tri
Vp, Vs va Vp/Vs) da dugc ap dung va cho phép du bao khu
vuc ¢b nguy co xay ra dong dat kich thich [6].

Trong khudn kho bai bao nay, cac tac gia tién hanh:

1/ Xac dinh cac gia tri Vp, Vs va ty s6 Vp/Vs toan khu
vuc bac thang thiy dién song Da;

2/ Chi tiét hoa mé hinh van toc song dia chén tai vung
dap thuy dién Son La nham du bao khu vic ¢6 nguy co xay
ra dong dét kich thich.

Pay 1a nhimng két qua mdi nhat dat dwoc cua dé tai
“Nghién cieu thiét ldp mang tram quan trac dong dit va
danh gia dong dat kich thich ho chira trén hé thong bdc
thang thiy dién séng Pa”, ma s6: PTDLCN.27/15. Khu vuc
nghién ctru dugc minh hoa trong hinh 1.

Co sé phuong nn;in luan cia bai toan ngnig‘an cuiu mé
hinh song dia chan dua trén tai liéu dong dat

Trong bai toan nghién ctru mé hinh séng dia chin (hay
con goi 1a cét 16p song dia chin - seismic tomography),
nhitng thong s6 vé thoi gian truyén song dia chan P, S tir
cac tran dong dat ra méi trudng xung quanh duoc sir dung.
Tai céc tram dia chan, sau khi mot tran dong dat xay ra, sau
mot khoang thoi gian thi trén cac bang dia chan cua timg
tram s& xac dinh duogc thoi diém dau tién dén cua cac song
dia chin. Trong nghién ctru ciu trac, ngudi ta quan tim dén
song khdi (séng doc P, song ngang S) [4-9]. Hai loai song
khéi nay truyén xuyén qua long dit, khic xa qua cic moi
truong vt chét khac nhau hodc phan xa tai cac ranh gidi cua
moi trudng trude khi tré lai mat dat. Séng P c6 thé truyén
qua tat ca cic moi truong trong long dat tvong ty nhu song
am, con song S chi co thé truyén qua madi truong ran. Vén
tdc cua song thay ddi theo tinh chat cia moi trudng ma nd
truyén qua, chu yéu phu thudc vao mat do cua vat chit moi
truong. Do do, su thay dbi phwong hay vén tbc truyén song
khéi 12 déu hiéu bét lién tuc cia mat ranh giGi.

Trong phuong phap cat 16p song dia chan, thong qua gia
tri bién thién ctia Vp, Vs va ty s6 Vp/Vs c6 thé nhan dang
duogc dac trung cAu trac khu vuc nghién ctru. Quy trinh tinh
toan mé hinh séng dia chén trai qua 2 budc, tir don gian dén
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phirc tap (tir 1D dén 3D) [1, 6, 8, 9]. Thong s dau vao 1 toa
d6 cac tram ghi dia chin, thoi gian dén cua song P, song S va
mo hinh phéan bé cau triic don gian cta khu vuc theo van toc
truyén song. Quy trinh tinh toan duoc tinh theo cac vong lap
(iteration), khi nao ham téi wu (GF) dat ngudng gia tri sai s
t6i thiéu nao do thi quy trinh dimg lai. Trong qué trinh tinh
toan, vi tri chin tim dong dat ctia ving ngudn ciing dugc
chinh hoa theo gia tri ciia ham t6i wu giira thoi gian truyén
song thuc té va thoi gian theo mé hinh 1y thuyét [6, 8, 9].
Trong phuong phap nay, gia tri sai s6 RMS cua ham tdi uu,
phuong phép tinh t6i vu héa LSQR, thuat toan bending va
quy trinh xoay goc dugc su dung [6, 8, 9].

Chudn héa vi tri chan tiéu dong dat [8, 9]: Vi tri t6i wu
ctia ngudn diém duogc xac dinh bang nhan dinh tai vi tri d6
thoi gian truyén song theo tinh toan c6 gia tri sat nhét voi
thoi gian thyc té dua vao. Tai vong lap thu N, gia tri thoi
gian du dugc tinh theo cong thire:

M;\r—l 1
Z Apsdti;\]ilj
-1 Jj=1
dl‘év =dt;v - T (D

1

Trong d6, M 1a sb diém tit (tai cac diém nay gia tri
thoi gian thoa man diéu kién nho hon hodc bang gia tri
dr"); A, 1a gia tri trong s0, danh gia tri s quan trong trong
bai toan cua song P hoac song S. Khi st dung gia tri song P
dé xac dinh vi tri ngudn thi két qua bai toan chuan xac hon
s0 v6i sir dung gia tri song S. Pi vai song P, tham s ¢o gia
tri gap doi so voi song S. Tai vong ldp dau tién (N=1)
4l =1 ;M = M, Trong d6, 25" 1 thoi gian thyc
quan sat dugc; ti;ef 1a thoi gian truyén séng tinh toan theo
ngudn i va tram j. M 1a tong sb bang ghi song cho ngudn i.

Thudt todn t6i wu LSOR [8, 9]: Gia tri A va b cho trudc,

tim gid trj minb— Ax|

bat gia tri theo h¢ (2), gia tri can duoc xac dinh duge
chuyén hoa bang vector Yy :

X, =V 5
no=b—Ax,, @
b =Be =By,

Khi d6, mat do va gia tri can tinh dugc xac dinh bang

h¢ phuong trinh r, = U Véi muc ti€u || rk" dat gié tri

k+1tk+1'
nho, va do ham U, bi giéi han nén bai toan dan den vigc
||. Dén day van dé

lua chon y, dé t6i thiéu héa gid tri ||z,
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tr thanh tim gié trj thoa man min || B,e, - B, y, ||, day chinh
1a nén tang co ban cua bai toan LSQR. Pé tdi wu hoa quy
trinh tinh todn, ta s dung gia tri co s¢ (factor OR ) cua B,,

c6 dang:
pr B I #
p: | e
V.
Ry fi -
B 181 = - = [} 3
Ul fe) [ W":I pr-1 O E Pr-1 ( )
S L .
1' =

Trong do, O, =
xoay (plane rotations) duoc thiét ké dé loai trir nhiing tiét

Qi1 D012 1a két qua ciia quy trinh

dién nho (subdiagonals) B,, B.... cua B,. Céc vector y, vat,
sau d6 dugc tim tu h¢ phuong trinh (4) c6 dang:

Ry =1
. o {0 } “)
k+1 Qk ¢Tk+l

Tuy nhién, y, s€ khong ¢6 thanh phan nao gidng véi Vs
Dong thoi gid tri [R, f,] s& giong v6i [R,, f, ] chi bd sung
thém dong va cdt moi. Pé viéc tinh toan dugc don gian, ta
sadung X, =V,R.'f, =D, f,,v6iD, =[d, d,... d], thong

s6 duoc tim théy dé dang tir hé phuong trinh R/ D] =V . Néu

1 N
7(‘)1: -0,d,, )’xk =x, +4d, va
3

chi c6 vong lap tot nhét duoc gitr lai.

d,=x,=0, ching ta c6 d, =

Thudt todn Bending [8, 9]: Tim kiém duong di ngin
nhéit cho séng (thoi gian truyén song 14 ngan nhat). Thuat
toan dugc st dung t6i wu v6i cac mo hinh cu tric dia chit,
mat do truyén song khac nhau. Song dugc wu tién qua cac
16p cau trac thuan loi cho viée truyén song dé mang lai thoi
gian truyén 1a ngan nhat. Biét diém dau va cudi cta qua
trinh truyén song, chung ta chia nho cac budc truyén song
trung gian theo diém chia (quy tic phan chia di tir trung tim
dudng truyén song ra xung quanh) [6].

Quy trinh géc xoay [8, 9]: Dé chinh xac hon trong bai
toan tomography, chiing ta tién hanh quy trinh xoay goc
trong budc tinh toan gia trj tuyén song theo timg duong
truyén. Viéc dau tién 1a xac dinh cac diém nit giao (node)
hay céc khdi (block) c6 séng di qua. Do phuong truyén song
qua lai gitra cac 16p khong xac dinh dugc, ching ta tién
hanh quay céac goc v6i do quay khac nhau, va ldy trung binh
gia tri thoi gian [8, 9].
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Hinh 2. So d6 mang tram dia chan (a) va chan tam déng
dat (b) xay ra ti nam 2010 khu vuc béc thang thiy dién
song Da.

Cha gidi: 1 - Bap thly dién; 2 - Ving ho thay dién; 3(a) - Tram dia chan
clia dé tai lién ho sdong Da (tam gidc mau dd la tram quanh dap Son La,
hoat dong ti ndm 2009 dén nay); 4(a) - Tram dia chan ctia EVN (Vién
Vat ly Dia cau quan ly, hoat dong tii nam 2014); 5(a) - Tram dia chan
quéc gia (hoat dong t ndm 1976); 3(b), 4(b), 5(b), 6(b), 7(b), 8(b), 9(b) -
Chan tam dong dat quan sat dugc t nam 2010 (tr khi thdy dién Son La
tich nudc) va magnitude tuong Gng, Cac dong dat trong long hd Son La
dugc [2, 7] khang dinh 1 dong dat kich thich dua vao hé sd b clia ham
Gutenber-Richter.

Céc méy dia chin chu ky ngin loai L-4C3D (M§) v&i bo
bicn d6i twong tu s6 GEOSTRASOS bat dau hoat dong tur
15/4/2009. May dai rong loai CMG-40 T (Anh) v6i bo ghi
dir lieu SAMTAC-801H (Nhat Ban) dugc bo sung tir nam
2011. Véi h¢ thong mang tram quanh h6 Son La nhu trong
hinh 2(a) ta c¢6 thé ghi nhan dugc dong dat tr M<1,0 trd 1én
[2], va tir 2010 dén nay da c6 trén 500 dong dat dugc ghi
nhan, trong do c6 cac dong dat gan dap (bang 1) duoc su
dung trong nghién clru nay.

Ma hinh Vp va Vs khu vue bic thang thity dién séng Da

Muc dich cua viéc xdy dung mé hinh van tdc song dia
chén cho toan khu vuc bac thang thity dién song Da 1a tim
hiéu so bo dic diém céu tric vo trai dit va nang cao do
chinh xac trong dinh vi toa do chén tdm va chén tiéu dong
dat. Chinh vi vy thong s6 Vp va Vs dugc chu trong dic
biét. S6 liéu va quy trinh tinh nhu sau:

- Thoi diém dén séng P va song S cua 126 tran dong dat
¢6 cap do manh 16n hon 3,0 ghi nhéan duogc tai cac tram dia
chan khu vuc nghién ctru dugc xac dinh.

- Sir dyng phan mém LOTOS [9] trong thiét 1ap mé hinh
Vp, Vs va ty s6 Vp/Vs cho toan khu vuc nghién ctru.

- Ludi chia trong tinh toan Vp, Vs va Vp/Vs 1a 5x5 km.
M5 hinh van téc duge xac dinh tai cac d6 sau: 2 km, 5 km,
7,5 km, 10 km, 12,5 km, 15 km, 17,5 km va 20 km. D¢ sau
nghién ctru dimg & mue 20 km vi cho ring do sau chin tiéu
dong dat khu vyc bac thang thuy dién séng Da dat ti da
khong vuot qua 20 km [2, 7].

TAP CHI

H:é:g:l! |"t Nam 22(11) 11.2017

G268 1028 103 1032 1034 1036 1033 108 1042 1044 1045 1046 105 1052 1050

e ! 24

1025 1028 103 103.2 1034 1036 1038 104 1042 1046 1046 1048 105 1052 1054
Ir

S 7. B 224

DipLaichiy BipLachi

DiBinchis 218 OjpBnChic 213

18 s
Vp (ks Vs (kals)
ns| Ws R e s e T

e S owgorls s W7 sl

1626 1028 103 1032 1034 1036 1933 104 1042 1044 1245 1045 105 1052 1054 1025 1028 103 1032 1034 1036 1038 104_1042 1044 1046 1048 105 1052 1054

(a) (b)
Hinh 3. Gia tri Vp (a) va Vs (b) tai d¢ sau 2 km khu vuc
bac thang thiy dién song Da.

1026 1020 169 1032 1034 1036 1038 104 1062 1944 1046 1048 105 1052 1054

1026 1028 103 1032 1034 1035 ‘038 104 1062 1044 1046 1048 105 1052 1054
Ir

BipLaichi

OipBincak Bipincnk

oG DO UGy, et

o sonta

026 1028 103 1032 1034 1036 1038 104 1023 1344 1046 1048 105 1052 1054 016 1128 103 1092 1054 1005 1038 104 1042 1045 1046 1048 108 1052 1064

(@) (b)

Hinh 4. Gia tri Vp (a) va Vs (b) tai do sau 5 km khu vuc
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Hinh 5. Gia tri Vp (a) va Vs (b) tai do sau 10 km khu vuc
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Hinh 6. Gia tri Vp (a) va Vs (b) tai do sau 15 km khu vuc
bac thang thay dién song Da.
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Két qua nghién ctru dugc trinh bay vi du trong cac hinh
tir hinh 3 dén hinh 6. Day 1a cac gia tri Vp va Vs tai cac do
sau 2 km (hinh 3), 5 km (hinh 4), 10 km (hinh 5) va 15 km
(hinh 6). Phan bd van toc song dia chan theo dién va theo
d6 siu cho phép chiing ta hiéu biét vé dic diém ciu trac dia
chat khu vyc nghién ctru. Hon thé nita, mé hinh vén toc nay
phuc vu truc tiép cho nhiém vu dinh vi chin tdm va chin
tiéu dong dat duogc chinh xac hon [1,6].

Trén co s cac két qua xay dung mé hinh Vp, Vs va Vp/
Vs dat duoc trong nghién ctru nday cho phép rit ra mot s6
nhan dinh sau:

1. Tong thé cho ta thay buc tranh van toc Vp va Vs thay
d6i theo chiéu hudng ting dan cung voi do sau nghién ctru.
Vp bién doi trong gidi han tir 5,3-5,9 km/s tai do sau 2 km
dén 5,8-6,3 km/s tai d9 sau 15 km. Tuong ting ta c6 Vs bién
d6i trong gidi han tir 2,9-3,4 km/s tai do sau 2 km dén 3,4-
3,9 km/s tai d0 sau 15 km.

2. Nhin chung, gia tri cyc dai cuia Vp va Vs theo dién
tai cac do sau nho hon 5 km (Vp>5,8; Vs>3,4) 1a tuong dbi
16n. Pac diém nay phan anh sy ton tai kha phd bién ciia cac
thé dia chat xdm nhap dang granit hodc gabro trong pham vi
khu vuc nghién ctru.

3. Sy bién d6i Vp va Vs tuong di manh theo dién, hinh
thanh cac di thuong am cAu trac van toc theo dién, tai cac do
sau phan anh tinh chat pha hay kién tao manh trong pham vi
khu vuc bac thang thuy dién song Da. CAu trac van tde Vp,
Vs thép tao thanh cac di thuong dang giai phan anh déi dap
v kién tao manh. Céac di thuong dwong dang ding thudc
phan anh ciu trac dang khdi vo trai dat [4-6].

Mo hinh Vp, ty sé Up/Vs va hiéu hién hoat déng dong
dat kich thich ving dap thiy dién Son La

M6 hinh chi tiét Vp, Vs va Vp/Vs tai vang dap thiy dién
Son La dugc thiét 1ap trén co s& 107 dong kich thich hd Son
La quan sat dugc tir nam 2010 (bang 1) bang céc tram dia
chan trong khu vuyc (hinh 2). Day 14 cac dong dat nho, duge
ghi nhan diy du thoi diém dén cua song dia chan (song P va
song S) tai cac tram dong dit gan. Phin mém LOTOS [9]
cling dugc st dung trong tinh toan voi ludi chia 1x1 km va
d6 sau thay doi tir 1 km dén 10 km (cach nhau 1 km). Dimng
& d6 sau nghién ctru toi da 10 km vi dong dat kich thich ho
chira chit yéu ¢6 do sdu nho hon 10 km (bang 1) [2, 6, 7].
Gia tri ty sb Vp/Vs duoc chu trong dic biét, né phan anh
truc tiép su thay ddi méi truong cua déi dap vo kién tao
trude va sau khi thim nudc, 1a nguyén nhin giy nén dong
dét kich thich.

TAP CHI

onG o it \an 220 11207

Bang 1. Danh muc cac tran dong dat kich thich quan sat
dugc tir nam 2010 tai vung dap thay dién Son La dugc st
dung trong xac dinh mo hinh Vp, Vs va Vp/Vs.

- Thoi gian xj‘y Toa dj chan tam DP sﬁ.l: Cﬁ;)@gg r;g.ttnh
ra dong dat Vi dp Kinh &p chan tiéu M)
1 05/19/10 21,49 104,01 3,0 1,1
2 06/01/10 21,52 104,07 3,0 1,2
3 06/19/10 21,49 104,00 3,0 1,8
4 07/01/10 21,50 103,94 1,0 1,3
5 07/04/10 21,50 103,98 1,0 1,7
6 07/05/10 21,48 104,08 1,0 1,1
7 07/09/10 21,50 104,00 1,0 1,4
8 07/12/10 21,48 104,12 1,0 1,0
9 07/14/10 21,47 103,96 1,0 1,4
10 07/27/10 21,49 104,07 1,0 1,0
11 07/30/10 21,50 104,00 2,0 1.3
12 07/31/10 21,48 103,94 2,0 1,4
13 08/06/10 21,50 103,98 1,0 1,0
14 08/08/10 21,50 103,97 1,0 1,1
15 08/12/10 21,49 103,97 1,0 1,0
16 11/22/10 21,59 103,94 1,0 1,0
17 11/24/10 21,58 103,92 2,0 1,1
18 11/24/10 21,57 103,92 2,0 1,4
19 11/25/10 21,59 103,94 2,0 1,4
20 12/02/10 21,58 103,95 2,0 1,0
21 12/25/10 21,60 104,01 5,0 1,3
22 01/06/11 21,50 104,01 5,0 1,6
23 01/06/11 21,50 104,01 5,0 1,7
24 01/21/11 21,51 104,00 5,0 1,6
25 03/02/11 21,49 104,00 4,0 1,5
26 03/07/11 21,47 104,00 4,0 2,4
27 03/31/11 21,43 103,96 5,0 1,3
28 04/01/11 21,51 104,00 6,0 2,2
29 05/29/11 21,50 103,98 2,0 1,1
30 06/04/11 21,51 104,03 7,0 1,3
31 06/20/11 21,60 103,98 5,0 1,6
32 07/17/11 21,48 104,03 5,0 1,4
33 08/10/11 21,50 104,00 5,0 1,9
34 08/16/11 21,50 103,97 1,0 1,7
35 09/03/11 21,47 104,00 2,0 1,0
36 09/08/11 21,48 104,02 5,0 1,1
37 09/28/11 21,63 103,99 3,0 1,7
38 09/30/11 21,43 103,96 6,0 2,7
39 10/08/11 21,51 103,97 3,0 1,3
40 10/11/11 21,51 103,99 4,0 1,4
41 10/18/11 21,55 103,93 5,0 1,3
42 10/20/11 21,56 103,99 6,0 1,3
43 10/20/11 21,55 103,98 5,0 1,6
44 10/20/11 21,55 103,99 6,0 1,6
45 10/20/11 21,57 103,99 6,0 1,9
46 10/20/11 21,52 103,99 12,0 2,0
47 10/20/11 21,57 103,99 7,0 2,3
48 10/24/11 21,56 103,98 3,0 1,3
49 10/25/11 21,55 103,99 6,0 1,7
50 10/25/11 21,57 103,99 7,0 1,8
51 10/26/11 21,56 103,99 3,0 1,1
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52 10/28/11 21,57 104,00 5.0 1.5 M5 hinh van téc song dia chén tai vung dap thuy dién
53 10/29/11 21,57 104,00 6,0 1,8 Son La theo tai li¢u dong dét kich thich duoc biéu dién vi
54 1030/11 21,57 104,00 5.0 1,4 du tai cac hinh tir hinh 7 dén hinh 9. O déy, chi biéu dién gia
55 11/01/11 21,57 104,00 5,0 15 tri Vp va Vp/Vs vi khi biét duoc Vp va Vp/Vs thi ta co thé
56 L/OL/AT 21,57 104,00 4,0 2,0 suy luan duoc Vs. Luan giai két qua nghién ciru dat duoc
57 11/02/11 21,57 104,00 5,0 1,1 cho théy:

58 11/02/11 21,49 104,01 4,0 1,1

59 111011 21,57 103,99 5,0 23 a. V& co ban, Vp van tuan tha theo quy lut ting dan
60  1113/11 21,56 104,00 14,0 2,1 theo d9 sau (hinh 7a, 8a va 9a). Tai do sau 1 km Vp bién d6i
61 11/22/11 21,62 103,93 5,0 1,1 trong gidi han tr 5,42-5,74 km/s. Trong khi do, tai do sau 7
2 il 2056 LUBLD Gy L km gia tri Vp nam trong khoang 5,74-5,94 km/s. Cau tric
o presln 251 LR CHU Lot di thuong van tde Vp cao, lon hon 5,6 km/s tai 3 km va lon
o4 12/05/11 21,49 104,01 3.0 14 hon 5,64 km/s tai do sau 7 km, trung vdi khu vuc tap trung
65 12/16/11 21,62 103,95 5,0 1,1 PO I , o . P
6 IR R 40 15 chan tiéu dong (?at kich thich. D6i dit gdy Muong La - Bac
p= 1226011 21.58 103,97 40 L0 Yén trung vai di thuong cau trac 4uong cua vén toc song P,
68 1226/11 2158 103.97 40 1.0 trong khi d6i dut gay song Da lai nam tron trong hai cau tric
69 1226/11 21,58 103,97 4,0 1,1 di thuong van toc thap cua song P.

0 12/26/11 21,58 103,97 30 1,2 b. Ty s6 Vp/Vs vung dap thuy dién Son La c6 gia tri bién
71 12/27/11 21,56 103,99 6,0 1,1 A iy . £ A
- 1220/11 S e 0 e dong trong gidi han tu’1,64 dén 1,74. Trong pham vi do sau
—= el 21.56 103,99 6.0 13 nghién ctry, tr 1 km dén 10 km gia tri ty s6 nay khong the}y
74 123011 2156 103.99 6.0 1.9 doi (hinh 7b, 8b va 9b). Co nghia 1a Vp/Vs khong c¢6 biéu
75 01/05/12 2156 103,99 6.0 1.0 hi‘én bién d6i theo do sau. Dicu nay cht’mg td rang h¢ so tang
76 01/05/12 21,57 104,00 6,0 1,6 dan cua Vp va Vs theo d¢ sau la tuong dong.

;; g:;g?;i i:iz 1813? :Zg :; e B?i s?'lnh pl}én b?) ty sc:') Vp/Ys V.(E'i phan b chan té}n
79 020812 3150 103,99 50 14 dong dat kich thich vung dap thuy dién Son La cho thay
80 02/08/12 21,50 104,00 4,0 1,6 (hinh 7b, 8b va 9b):

£l oty 20 W0 e e - Pong dét kich thich viing ddp Son La chua yéu tap trung
82 03/16/12 21,49 104,01 3.0 1,5 trong pham vi d6i dit gdy Muong La - Béc Yén, noi c6 gia
83 04/05/12 21,50 104,01 5,0 2,2 . S o

o 04/06/ 12 2156 103,99 6.0 13 tr1 Vp/Vs bién dong trong gidi han 1,67-1,69.

85 04/08/12 21,50 103,99 4,0 1,3 - Déi dut giy song Da trung vai cau tric ty sé Vp/Vs ¢b
86 04/08/12 21,50 104,00 4,0 15 gia tri trung binh, bién doi trong gidi han 1,70-1,72. Tai cdu
87 04/08/12 21,50 104,00 4.0 1.5 tric nay gan nhu khong ghi nhan dugc bat ky dong dat nao
g8 ilz 2050 10 G lfe sau khi ho thity dién Son La tich nudc (tir nim 2010).

89 04/10/12 21,50 104,00 4,0 1,1 ) ,
90 04/10/12 2150  103.99 4.0 12 d. Myc dich cua nghién ciru chi tiét mé hinh vén toc
91 04/10/12 21,50 103,99 4,0 1,3 Sél’lg dla chan tir cac tréll’l dél’lg dat kich thich 1a nham tim
92 04/10/12 21,50 104,00 4,0 1,4 hléu kha néng thém théu cua nudc h6 Xlléllg doi dép vO
93 04/10/12 21,50 104,00 4,0 1,4 kién tao. Qua trinh tham thau nay thuong phu thudc vao do
94 04/10/12 21,50 104,00 4,0 2,0 cao muc nudce [6]. Tham thau nude vao doi khe nit dap vo
95 04/12/12 21,49 104,00 5,0 1.8 lam thay d6i trang thai tmg sudt 15 rdng, tao hiéu ing xuét
96 04/12/12 21,49 104,00 4,0 1.8 hién dong dit kich thich. Thong thuong, d6i voi méi truong
97 04/13/12 21,49 104,00 4,0 1,7 dong nhat vat chat (nguyén khi) ty sé Vp/Vs xép xi 1,74.
98 04/16/12 21,49 104,00 4,0 13 Déi ca nat, dap v kién tao (noi vat chit khong con nguyén
99 0424/12 21,57 10398 6,0 1.4 khéi, dong nhat) gia tri Vp/Vs giam, thuong chi nim trong
100 042512 21,50 104,00 4,0 1,2 gi6i han tir 1,70 dén 1,72 [6, 8, 9]. Thuc té nghién ctru moi
101 03/07/14 21,54 103,94 6,0 3,0 truong phat sinh dong dit ¢ song Tranh 2 cho thay, dong dat
102 071914 21,59 104,02 8,0 3.2 kich thich chi xuét hién tai noi ¢ d6 c¢6 ty s6 Vp/Vs thap,
103 07/19/14 21,62 103,99 7,0 3,5 bién dong trong gidi han 1,63-1,67 [6], trung véi d6i dap
104  0%/11/14 21,53 104,00 10,0 3,0 v, ngdm nudc cua da gneis phirc hé Kham Dire - Nui V.
105 08/12/14 21,60 103,97 1O Sl Trong khi d6, dong dat kich thich hd Son La xuét hién noi
106 0820714 21,60 103,97 10,0 40 ¢6 Vp/Vs = 1,67-1,69. Day hd Son La duge xac dinh ton tai
107 01/18/15 21,56 103,92 12,0 2.8 da voi hé t?mg Déng Giao [7]
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(a) (b)

Hinh 7. Gia tri Vp va Vp/Vs tai do sau 3 km.
Cha gidi: 1 - Bt gay; 2 - Bap thay dién; 3 - Vi tri chdn tam dong dat
kich thich; 4 - Viing hé; 5 - Song sudi; 6: (a) Gia tri Vp, (b) Ty s6 Vp/Vs.

(a) (b)

= 0 o = O ] [ m o) e 5

(a) (b)
Hinh 9. Gia tri Vp va Vp/Vs tai do sau 7 km.
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e. Khu vuc nghién ciru chi tiét (ving dap Son La) duoc
xéc dinh c6 2 ngudn phat sinh dong dat (hinh 9), d6 1a [7]:

1- Nguon Mwong La - Bic Yén: Pugc xac dinh ¢ nguy
co phat sinh dong dat tu nhién 1én nhit, Mmax.tn = 6,4-6.5.
Pong dat kich thich néu xay ra dugc du bao khong vuot qua
cép d6 manh 5,0-5,1 (Mmax.kt = 5,0-5,1).

2- Nguon séng Pa: Puge xac dinh ¢6 nguy co phét sinh
dong dét tu nhién 16n nhit, Mmax.tn = 6,5. bong dét kich
thich néu xay ra s& c6 cip do manh khong vuot qua 5,7
(Mmax.kt = 5,7).

Tham thau nude hd xudng ddi dap va kién tao chi xay ra
d6i v6i ngudn Muodng La - Bic Yén va mot phin ciia ngudn
song Da (hinh 10). Pong dét kich thich di chi xay ra trong
pham vi ngudon Muong La - Bic Yén 1a chinh, noi d6i dap
v& kién tao lién thong voi ho, xuat hién qua trinh tham thiu
nude xudng sau 1am cho méi trudng sinh chan thay dbi theo
chiéu huéng kich hoat dong dat. Mot phan rat nho cua doi
dap v& song Da lién thong voi hd nén dong dét kich thich
ciing xuét hién tai day. Dwa vao phan bé ty sb Vp/Vs cac tac
gia da khoanh vung duoc khu vuc c6 nguy co xdy ra dong
dat kich thich ving dap Son La (hinh 10). Pong dat kich
thich cap d6 manh 4,0 da xay ra vao ngay 20/8/2014 tai khu
vuc dugc du bao. Néu két qua du bao trong [7] 14 chinh xac
thi ddy chua phai 1a dong dat kich thich 16n nhét (16n nhat
dugc dy béo 1a c6 cap d6 manh 5,0-5,1).

TV LE 1:200.000
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Hinh 10. Ban db du bao viing c6 nguy co xay ra dong dat
kich thich.

Cha gidi: 1 - Dt gay; 2 - Dap thly dién; 3 - Vi tri chan tam dong dat; 4 -
Vung ho; 5 - Song sudi; 6 - Ty s& Vp/Vs; 7 - Viing ngudn c6 nguy co x3y ra
dong dat ty nhién; 8 - Viing ngudn c6 nguy co xdy ra dong dat kich thich;
9 - M, dong dat kich thich c6 khd nang xdy ra (5.1), Mmax dong dat tu
nhién c6 kha ning xay ra (6.5), M dong dat kich thich da xay ra (4.0).



Trén co s cac két qua xac dinh véan toc song P (Vp), van
toc song S (Vs) va ty so Vp/Vs khu vuce bac thang thuy dién
song Pa cho phép rit ra mot s6 nhan dinh sau:

1. Vp va Vs tang dan theo d6 sau: O d6 sau 2 km, Vp =
5,3-5,9 km/s va Vs = 2,9-3,4 km/s; & do sau 15 km, Vp =
5,8-6,3 km/s, Vs = 3,4-3,9 km/s. Vp > 5,8, Vs > 3,4 km/s
phan anh sy ton tai céc thé dia chit xam nhap dang granit
hodc gabro. Vp va Vs thép tao thanh cac di thuong dang giai
phéan anh d6i dap v kién tao manh.

2. Ty s6 Vp/Vs khu vuc nghién ciru bién dong trong giGi
han tir 1,64 dén 1,74, it thay d6i theo d6 sau. Pong dat kich
thich xay ra tai noi co gia tri ty s Vp/Vs bién dong trong
gidi han 1,67-1,69 va c6 gid tri Vp cao. Ddi voi doi dut giy
song Pa, noi cd Vp/Vs = 1,70-1,72 khong ghi nhan dugc
dong dat kich thich.

3. Tai khu virc ving dép Son La ton tai 2 ngudn phat sinh
dong dat tu nhién: Nguon Muwong La - Bdc Yén c6 nguy co
phat sinh dong dit ty nhién Mmax.tn =6,4-6,5; Nguon séng
Pa c6 Mmax.tn = 6,5. Pong dat kich thich di xay ra trong
pham vi ngudén Muong La - Bic Yén va mot doan ngudn
song Da, noi lién thong vai ho chira.

4. Dya vao phan bd ty s6 Vp/Vs c6 thé khoanh ving
duoc khu vire ¢6 nguy co xay ra dong dét kich thich ving
dap Son La. Bong d4t kich thich cép d6 manh 4,0 da xay ra
vao ngay 20/8/2014 tai khu vuc dugc du bao. Pay chua phai
1a cap d6 manh I6n nhat vi theo du béo thi nguy co dong dat
kich thich 16n nhat tai day c6 thé dat 5,0-5,1.
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