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Tom tit:

Pip dwoc xay dung dé ngin nwéc cho cac cong trinh thily dién va ho chira thiiy loi. Theo théng ké ciia Hi Pap 16m
(ICOLD) cho 900 truwdng hop hw héng dap trén toan thé giéi (trir Trung Qudc) thi 66% truwdng hop xay ra véi dap
dét, trong do gin mét nira (46%) sé hw héng 1a do x6i mon ngim trong than va nén dap. Mic du trén cac dip cé cac
hé thong quan tric, tir loai ding k§ thuit truyén thong nhw 6ng piezo dén cac ky thuit hién dai dung cam bién ap
suét, dién tro va nhiét d... Tuy nhién, hiu hét cac truwong hop ro ri lai dwge phat hién bing quan sat trye tiép do
hién twong ro ri ban dau thwong xay ra & pham vi kha hep so v6i tim kiém soat ciia lwéi quan tric. Khi phat hién
hién twong thim rd, bén canh quan tric dién tién ciia lwu lrong thAm va mire dd tai theo bun cat ciia dong ro thi
danh gia d9 thAm hay dd din thiiy lue ctia viing tham ro va dién tién ciia cAc thong s6 nay theo thoi gian la yéu ciu
thue té giip danh gia anh hwéng cia hién twong ro dén an toan cia dap. K§ thuit danh diu 1a phwong phap khao
sat trén thuc dia cho phép xac dinh thoi gian di chuyén, téc d9 di chuyén cia dong ro, d9 din thity Iwc va thé tich
ciia viing ¢6 dong thim ro qua dép, 12 nhirng théng sb thiy dong hoc quan trong ciia hién twong ro ri.

Bai bo trinh bay nhiing két qua buéc dau thir nghi¢m tng dung k§ thuit danh diu dé dinh vi 16i vao cia dong ro
¢ mai thwong Iru (phia hd), xac dinh thoi gian di chuyén, van téc thAm trung binh, d9 din thiy luc va thé tich bio
hoa nwée ciia viing ¢é dong tham ro qua than dap thiy dién HT.

Tir khéa: Panh diu, dap, dé dén thity lwe, ho, ro vi, tham, thiy dién.
Chi s6 phén loai: 2.7

t6i sur ¢ (46% su ¢b dén tir nguyén nhan x6i mon bén trong
d6i voi dap dat). Qua trinh x6i mon bén trong phat trién qua
nhiéu giai doan, bit dau tir nhitng dong tham tap trung rat
nho 1am céc hat roi khoi lién két va bi tai di boi dong chay.
Qua trinh nay tiép dién lam thay ddi phan bd cip hat, tao ra
nhitng viing c6 d6 rdng 16n va hinh thanh dong chay trong
dﬁp Giai doan sau thudng dién tién nhanh hon giai doan
dau, tao ra nguy co pha huy lon [1-5]. Méac du tren dap co
cac he théng quan tric, tir loai dung k§ thuét truyén thong
nhu dng piezo dén cac ky thuat hién dai ding cam bién ap
sut, dién tré va nhiét do; tuy nhién hau hét cac truong hop
1o ri lai dugc phat hién b?mg quan sat truc tiép do hién tugng
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Pap 1a t6 hop cong trinh dugc xay dung dé ngan nudc
cho céc cong trinh thuy dién va ho chira thity lgi. Theo loai
vat liéu xdy dung, c6 nhiéu loai dap nhu dap dat, dap da, dap
bé tong... trong d6 phd bién nhét 1a dap dat. Pap dat dugc
xdy dung chu yéu bang vat liéu dat sin co tai dia phuong,
gia thanh xay dung thap, bén va chiu tac dong ctia dong dat,
nén rét phd bién trong cac cong trinh thuy dién va thuy loi.
Céac dic diém hoat dong cua dap d4t 1a ludn co dong tham
qua than va nén dap. Cu tao chinh ctia dap dat gom than
dap, hé thdng chong thdm (tudong 151, tudng nghiéng, san
trudce), hé théng thoat nudc, hé théng bao v¢ mai dap, hé

thng quan tric va canh bao.

Dong tham bt thuong xay ra c6 thé 1am x6i mon vat liéu
bén trong than hodc nén déap la nguyén nhan chinh gy ra su
¢b pha hity dap. Theo bao cao thong ké ciia ICOLD [1], trén
75% dap xay ra hién tuong ro ri, trong d6 khoang 30% dan
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10 ri ban dau thudng xay ra & pham vi kha hep va quy mo
rat nho so voi tim kiém soat cua ludi quan tric [2, 3]. Khi
phat hién hién tuong thdm r0, bén canh quan trac dién tién
cua luu luong tham va murc d9 tai theo bun cat cla dong ro,
cac yéu tb va thong sb dic trung cho dong va ving thim ro
cling rat can duoc danh gia theo thoi gian. Cac thong sé do
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Abstract:

Dam is a construction work to store water in hydropower
and irrigation reservoirs. Statistical reports on 900
cases of dam failures in the world (except China) of the
International Commission on Large Dams showed that
66% of the failures occurred in earthen dams, in which
almost a half (46%) was due to internal erosion [1].
Although the monitoring systems were installed on the
dams, from traditional techniques like using piezo tubes
to modern techniques like using pressure, resistance,
and temperature sensors, most of the leak cases were
discovered by direct observation because the initial
leakage occurred in relatively narrow range compared
with the control of the monitoring network. When the
percolation leakage is founded, besides monitoring the
progress of seepage flow by the measurement of flowrate
and sediment load, the parameters such as permeability
or hydraulic conductivity of the leakage and infiltration
progresses over time are actually requirements to
help assess the impact of the leakage phenomenon to
the safety of the dam. Tracer technique as a survey
method in the field allows determining such important
parameters as hydraulic conductivity and volume of the
zone with leakage through the dam to characterize the
hydrodynamics of the leakage.

This paper presents the preliminary results of tracer
technique applications to locate the leak point in the
reservoir; to determine the transit time, permeability
velocity, hydraulic conductivity, and water saturated
volume of leakage zone through the HT dam.

Keywords: Dam, hydraulic conductivity, hydropower,
leakage, permeability, reservoir, tracer.
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bao gom thoi gian di chuyén, d6 tham hay d¢ din thuy lyc
ctia ving tham ro, udc luong thé tich ving ro tip trung va
dién tién cua cac thong s nay theo thoi gian 1a yéu cau thuc
té gitip danh g1a anh hu’ong cta hién tuong ro dén an toan
ctia dap va chuén bi ké hoach khéc phuc [2, 5].

Qua trinh 1o ri dap lac dau xay ra kha cham chap va quy
mo nho nén can dugc phat hién som va theo doi thuong
xuyén dién tién dé phong ngira hay khic phuc. Cac théng
ké vé su cb dap cho thiy nguyén nhan chu yéu 1a thiéu cac
phuong tién k¥ thuat thich hop dé phat hién, theo doi, danh
gia mirc do phat trlen ctia dong thim tap trung trong than
va nén dap Mot sb phuong phap duoc dé xuat gan day bao
gom hé thdng quan tric bang dién tro dét, phuong phap dién
thé tu nhién, phuong phap do ap luc khe rong, phwong phap
xac dinh dong thim tap trung bang dién tir tan s thap. ..
[3]. Cac phuong phéap nay déu c6 nhimng uu thé nhat dinh va
thuong c6 xu hudng hinh anh héa ving thim trong than va
nén dap. Piém yéu chung cua cac phuong phap nay 1a cho
céc tin hiéu gian tiép vé dong tham va ving thim tap trung.
Do phan giai khong gian ciing nhu d6 nhay ddi véi dong
thim con rat han ché, do d6 cac két qua khong cho biét ban
chat vat Iy vé thuy dong hoc ciing nhu kho dap tng duogc
muc dich phét hién sém va theo ddi cac dién tién theo thoi
gian xdy ra mot cach cham chap.

K¥ thuat danh ddu 1a phuong phap khao sat trén thuc
dia sir dung cac chi thi dua vao thanh phan nudc tham qua
dap dé theo ddu dong ro. Chét danh diu c6 thé & dang hop
chét tan trong nudc (nhu mubi NaCl, Ethanol, Fluorinated
Benzow Acids, khi SF...), cac chét chi thi mau, cac chat
gin dong vi phong Xa (nhlr I-131, Tc-99m, H-3...) hay cac
hat ran. Nhitng y€u to can quan tam khi lya chon chat danh
dau thich hop bao gém kha ning bi hap phu vao trong dat,
kha ning phat hién bang k¥ thuat hién c6, sy phan huy boi
cac yéu t6 hoa hoc, nhiét d6 va Vi sinh, sy phan ra phong
xa 601 v6i dong vi phong Xa, sy ton tai cua cac chit can tré
hay nong d6 phong cao, yéu t6 anh huong tdi moi truong
va gia thanh.

Céc dic trung quan trong ctia phuong phap ddnh dau
trong khao sat hién tugng ro ri 1a kha nang xac dinh vi tri
diém 1o trong ho, thoi gian di chuyén tir ho t6i diém xudt 19,
qua do tinh toan cac thong s6 vé thoi gian di chuyén trung
binh, d6 dan thuy lyc trung binh, thé tich cta ving thim tap
trung [6-8]. Noi chung, phuwong phap danh ddu khong mai
trong khao sat dia chit thily van va nudc ngam, nhung wu
diém ctia n6 1a kha nang vat ly xac dinh truc tiép cac dac
trung vé qua trinh van dong va khuéch tan cua dong tham
tap trung ciing nhu méi trudng rdng xbp clia ving tham.

Mic di duge biét dén nhu mot cong cu phd bién trong
khao sat dia chat thily van, nudc ngam nhung phuong phap
danh diu trong quan trac hién tugng tham ro qua dap van
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chua duoc sir dung phd bién nhu cong ning cia nd. Ly do
chinh c¢¢ 1€ 1a ban than phuong phap chua dugc chuyén biét
hoa phuc vu muc dich cta viéc quan ly an toan dap.

Dé trién khai tmg dung k¥ thuat danh dau nhu 1a mot
cong cu hitu hiéu, bd sung vao cac phuong phap khao sat
tinh trang ro thim qua dap phuc vu cong tic dam bao an
toan dap, Phong thi nghiém danh diu thuoc Trung tam Ung
dung k¥ thuat hat nhan trong cong nghlep da tién hanh thir
nghiém danh déu khao sat mot sé diém thim ro nho trén
céc dap phu HT va dap PD két hop véi cac phuong phap
mo phong sb va do tir trudng cam tmg. Bai bao nay néu cac
két qua danh dau trén cac dap phu s6 2 va s6 3 cta hd thay
dién HT.

Doi wigng va phueng phap nghién ciu
Déi twong nghién ciru

Déi tugng nghién ctru ap dung k¥ thuat danh dau 1a dap
phu so 2 va dap phu so 3 cua thuy dién HT. Ca 2 dap déu
la dap dat.

Dap phu s6 2 ¢ chiéu cao gan 36 m, chiéu dai dinh dap
215 m, 1a loai dap dong chat. Nam 2013 quan sat thiy su
xuét hién diém thidm uét R2 c6 kich thude 7 m x 3 m ndm
& mat cit No.6, tai cao trinh diém trong tdm vung tham w6t
khoang 595 m (hinh 1). Sy thdm w6t dat mat xuat hién khi
cao trinh muc nudc hd trén 604 m, khong co sé lidu quan
trac vé luu luong tham ro.

Dap phu s6 3 ¢6 chidu dai dinh dap 150 m chia lam 8 mit
¢t (tir No.1 dén No.8), chidu cao tir dinh Xuéng nén dat ty
nhién khoang 50 m. Nam 2011 phat hién diém ro R3 phia
trén ranh thu nudc vai phai tai mat cit No.7, cao trinh 583
m (hinh 1), khi myc nudce hd dat cao trinh khoang 604 m trg
[én. Luu lugng 1o khong 16n, chi du thAm u6t dat mat. Nam
2013, hién tugng ro ri tai vi tri nay tang Ién vé luu lugng,
ddng thoi xudt hién thém 2 vi tri ro thdm uwdt R4 va RS gan
d6. Sé lidu quan tric muc nude hd va luu luong diém ro R3

Diémrd R2
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Viinig b thim wét o6 hinhy
dlunhll:dignurhkh g

‘.lm1'}";n \/\

Hinh 1. Hinh chup dap phu s6 2, diém ro R2 (trai) va dap phu sé 3, diém ro R3, R4

va R5 (phai).
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ctia dap s6 3 duoc biéu dién trén do thi (hinh 2) cho thiy,
diém ro tir hd ndm & khoang cao trinh myc nudc hd 604 m,
14 cao trinh bat dau quan sat dugc hién tugng ro tham w6t
xuit 16 ¢ ha luu dép.

Can ctr cao trinh xuat hién di€ém ro va cao trinh diém
xuat 19 c6 thé xac dinh day 1a su tham rd qua than dap, ca ¢
dap phu so 2 va so 3.

Muc nwée ho & Iwu lwgng ro tai diém ro R3, dap s6 3
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Hinh 2. S§ liéu quan trac muc nudc hd va luu lugng ro ri & diém
ro R3, dap phu s6 3. Hai diém tham uét R4 va R5 khong do dugc
luu lugng.

Phwong phap nghién ciru

Phuong phép nghién ciru 1a danh déu nude hd, iy mau
phan tich ndng d6 chit danh déu dé tim ving ro tham trén
ho va xac dinh phan bd ndng d6 chat danh diu theo thoi gian
tai diém ro ¢ ha luu.

Ddnh déu trén ho: Dénh dau trén hd nham muc dich
xéc dinh vi tri 16i vao cua dong rd thim di vao dap dua trén
nguyén 1y pha loang. Khi cao trinh nudc hd dat t6i ngudng
10, chat danh ddu duogc rai doc theo vung nghi c6 thdm trén
hd d6i xing 2 bén giao diém dudng truc tuyén qua diém rd
vé6i chidu doc than dap, gén vO1 mai. Phan
bb ndng d6 chit danh dau trong nude hd
doc theo vung rai chat danh dau dugc
do dinh ky theo thoi gian trong khoang
1-2 h. Biém o dugc x4c dinh 1 diém c6
néng dd chat danh diu cao nhat sau mot
khoang thoi gian khuéch tan.

O cao trinh nudc hd trén 604 m, chat
danh du 1a mubi NaCl chira trong céc
bao nilong c6 duc nhiéu 18, mdi bao khéi
lugng 5 kg dugc tha tai nhiéu diém trén
h6 cach nhau khoang 2 m, ¢d dinh &
d6 sau khoang 1 m, doc theo suon mai
thuong luu, cach mép nudc khoang 1
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m. Mau nuéc hd doc theo vi tri tha mudi duge thu thap
theo thoi gian sau khi tha dé do do dan tai hién truong va
phan tich thanh phan ion CI tai Phong thi nghiém hoa ly
(VILAS-609) ctia Trung tdm Ung dung k¥ thuat hat nhan
trong cong nghiép.

Pdnh ddu lién théng: Panh dau lién thong 1a phuong
phap danh diu thoi gian van chuyén (Transit Time Method)
dugc ép dung dé xac dinh van toc thuc cua nude chuyén
qua khe rdng giira cac hat [9]. Trong thi nghiém nay, chat
danh déu duogc pha vao nudce trén hd tai khu vye da xac dinh
duoc 16i vao cta dong ro va ldy mau quan tric su xudt hién
ctia chung & ving xudt 1 cia diém ro dudi ha luu dap. Két
qua phan tich cho phép biéu dién ndng d6 chit danh dau
xuét hién theo thoi gian C(t) ké tir khi tha chat danh déu.
Trong truong hop ro qua dap, nghiém cua phuong trinh van
chuyén khuéch tin mé ta ndng d6 chét danh dau C(x.t) c6
dang [9]:

X—Vxt o

e 2/Po? (1)

Mg

2,/ ® Doyt

i Trong do, M, (kg) 1a khéi lu’()rr}g chat danh déu ban
dau hoa vao nude ho, ]?OX la h¢ so phan tan :[hﬁy dong
doc theo phuong chuyén dong cia nudc tham (cm),
V_(cm/s) 1 van téc trung binh chay trong khe rong.

Cx,t) =

Thoi gian di chuyén trung binh t dugc tinh dya trén
phan b6 ndng do chat danh dau xac dinh tai diém ro theo
thoi gian C(t), theo cong thuc:

TC(t).t.dt
=2 (2)

TC(t).dt

Trong do, t 1a thoi gian (ngay) tinh tir khi tha chat danh
dau.

Van tdc thuc v, "(m/ngay) ctia dong chdy qua khe rong
dugc ude luong duya trén van tdc di chuyén trung binh v trén
khoang cach giita 16i vao trén hd va viing ro dudi ha luu dap
L (m) va thoi gian di chuyén trung binh T(ngay) boi cong
thirc [6, 7]:

L
V== 3
t

Noi chung, v # v_vi quing duong di thuc cua dong ro
thuong 16n hon khoang cach truc tieép L va 16i vao va ra
ctua dong ro khong phai 1a 1 diém ma la mdt ving c6 dién
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tich. Nhu vay, két qua tinh van tdc di chuyén theo (2) 1a u6c
lwong gid tri thap nhat cua vén toc thuc v cua dong ro qua
khe rong.

Cho dén nay chua c6 cong trinh cong bd nghién ciru sy
khac biét gifta van toc thuc v, va van tdc dich chuyén xac
dinh bang danh dau trong truong hop 10 ri qua déap. Trong
khao sat sy khéc biét van tdc thuc va van tde dich chuyén
do anh hudng cia 2 giéng - giéng bom chit danh dau va
giéng thu hoi, Durnbraun (1967) [10] dua ra cong thirc udc
luong nhu sau:

”d} )

v, =l L+
t 4pa

Trong d6, d 1a duong kinh giéng (cm), p 1a d rdng va
o 14 goc anh huong ciia dong chay tir diém bom chat danh
dau v6i y nghia chit danh déu phén tan theo khoang cach tir
diém bom theo dong chay. Theo Durnbraun, trong trudng
hop giéng gan nhau thi anh hudng 1én su sai khac vé van
tde do béng danh diu va van tdc thuc 13 16n nhét. Vi du
truong hop L=2,5m,d =20 cm, a =2 vap=31% thi v>
v khoang 10%.

Dua trén thoi gian di chuyén trung binh, d6 dan thuy luc
K (cm/s) dugc tinh theo cong thire [11]:

n, (AL)*

K — Q (5)

t Ah

Néu do duoc luu lugng ro Q thi thé tich bdo hoa nude
V., trong vung ro tap trung duoc xac dinh boi cong thure:

Vom = Q{ (6)

Tiét dién bao hoa nuéce S, ving tham rod duoc xéc dinh
tr the tich V,, theo cong thuc:

S = Vbhn/L (7

Thi nghiém danh d4u lién théng dugc tién hanh 2 14n vao
cubi mia mua, cach nhau khoang 25 thang. Lan thtr nhét
vao thang 11/2014 va lan tht hai vao thang 12/2016. Chat
danh diu 12 mudi NaCl duoc dung trong cac bao nilon duc
16, khoang tir 15-20 bao tuy theo d6 dai ciia ving khéo sat,
mdi bao 10 kg (khdi lugng mudi ting 1én dé kéo dai thoi
gian quan tric trén thuc dia) dat doc theo mai dap thuong
lwu xung quanh vi tri diém ro trén ho, dbi xtng véi diém
10 phia ha Iuu qua dinh dap. Mau nudc thdm ro c6 thé tich
300 ml duoc thu thap theo thoi gian tai cac diém ro dé do do
dan tai hién truong va phan tich thanh phan chat danh dau
CI (hinh 3).
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Trong tat ca céc thi nghiém, do dan duoc do bﬁng thiét
bi Hana HI98197 (Nhat Ban), nong d6 CI- dwoc phan tich
bang thiét bi sdc ky ion ICS-1000 cua hing Dionex - USA.
Ngudng phat hién cta quy trinh phén tich dbi véi CI va do
dan 12 0,1 mg/1 va 0,1 microS/cm.

Két qua va thao luan
Xdc dinh diém ré trén ho
BPip phu 56 2:

Chat danh déu dugc tha xudng hd ngay 11/12/2016 doc
theo mai dép trong khoang 50 m, ddi xtmg v&i diém ro ha
lwu. Tuy nhién, do diéu kién thoi tiét x4u nén 10 ngay sau
moi tién hanh 14y mau dot thi nhit va 11 ngay sau lay dot
thir hai. Khoang thoi gian tir khi tha chat danh ddu dén khi
quan tric qua dai, chat danh déu bi pha lodng do khuéch tan,
n6ng d6 chat danh déu va d6 dan do doc theo mai dap giam
vé gia tri phong (gia tri phong + o), do d6 khong phat hién
dugc diém ro trén hd (hinh 4). Dé 1am co s cho cac tinh
toan tiép theo, diém ro dugc gia dinh nim trén duong vudng
gbc voi than dép tai cao trinh 604 m, cach diém 0 xuit 10
ha luu khoang 75 m.

Pdp phu 56 3:

Chat danh dau dugc tha xudng hd ngay 20/12/2016 doc
theo mai dap 40 m, cach mép nudc 1 m. Mau quan tric duoc
thu thap tai ving tha chat danh diu sau khi tha chit danh
ddu 4 h (ngay 20/12) va 25 h (ngay 21/12). Két qua phan
tich ndng d6 chat danh du (CI') va do din cua 2 dot quan
tric dugc biéu dién trén do thi hinh 5.
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Hinh 3. B4 tri tha chat danh dau lién thong & dap phu so 2 (trai) va dap phu s 3 (phai).

Déap phu sé 3

Vi tri thi

3,30 54
3,70 53,5
. 360 53
. T
g 350 525 S
= 4 —a— Cl (20/12/186)
(%)
S 340 52 =
i £ —m-cl(21/12/16)
) -}
5330 515 & —e—Ec(20/12/16)
=z
3,20 51 —m— EC (21/12/16)
3,10 50,5
3,00 50
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Vi tri (m)

Hinh 4. Sau 10 dén 11 ngay tha chat danh dau, nong do chat
danh dau CI va d¢ dan doc theo mai dap cta dap phu s 2 da
khuéch tan pha loang tré vé gan gia tri phong, do dé khong xac
dinh dugc diém ro trén hd. Gia tri phong ctia do dan va nong do
Cl- la 53,5 uS/cm va 3,60 mg/I.
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Hinh 5. Phan bd nong do chat danh dau CI- va d dan doc theo
mai dap cla dap phu s 3 dugc do sau khi tha chat danh dau 4 h
va 25 h. Gia tri phong ctia d¢ din va ndng do CI la 54,0 uS/cm
va 3,60 mg/l.
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Phan bd do dan va néng dd CI- chat danh dau c6 dinh dat
gia tri cyc dai 1a 66 uS/cm va 6,8 mg/l tai vi tri 36 m ké tir
mdc & lan quan tric sau 4 h, va tro vé gia tri phong ¢ lan
quan tric sau 25 h. Nhu vay chat danh dau tap trung & xung
quanh diém ro va sau 25 h thi khuéch tan hét. Tir d6 xac
dinh duoc vi tri trong tam diém ro trén hd cua dap phu s63
& khoang cach 36 m tinh tir mde, tir cao trinh 604 m. Tir két
qua trén, khoang cach L gitra diém ro trén hd va diém ro R3
dudi ha luu dugce xac dinh 1a 94 m.

Két qud dinh dau lién thong

Panh dau lién thong duoc tién hanh 2 1dn vao nim 2014
va 2016.

Bdp phu s6 2:
Tai dap phu s6 2 chi quan sat thiy 1 ving thdm uét,

cl-, dap phusd 2
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dong ro khong chay tap trung thanh dong. Viéc 1dy miu
quan tric duoc thuc hién bé'mg cach tao hod nong trén mat
d4t ving thim u6t dé thu gom mau nudc ro. Cao trinh nude
h6 604 m. Két qua phan tich ciia thi nghiém danh diu thang
11/2014 cho thay nong do CI- ¢6 1 dinh don dat cuc dai 185
mg/l sau 79 ngay tha mudi (hinh 6, trai).

Thi nghiém duogc lap lai vao thang 12/2016 ciling cho
két qua tuong tu, phan bd chat danh diu thong qua nong do
Cl-c6 1 dinh don dat 8,8 mg/l sau 38 ngay tha chat danh diu
(hinh 7, trai). Cac két qua do d6 dan ciing phu hop voi két
qua phan tich CI'. Cao trinh nudc hd trong khoang 604 dén
605 m trong sudt qua trinh quan tric.

Bdp phu s6 3:

Két qua danh déu lién thong tai dap phu sb 3 vao thang
11/2014 phat hén duoc sy xuat hién cua chat danh dau tai ca

cl-, ddp phusd 3
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Phan bd nong do chat danh dau xuat hién 6 cac diém ro ri clia dap phu sd 2 (trai) va dap phu so 3 (phai) nam 2014.
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Hinh 7. Phan bd ndng do chat danh dau xuat hién & cac diém ro ri R2 clia dap phu s6 2 (trai) va R3 clia dap phu s6 3 (phai) nam
2016. Tai thoi diém khao sat cac diém R4, R5 khong lay dugc miu.
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s Khoa hoc Ky thuat va Céng nghé

3 diém ro xut 16 R3, R4 va R5 véi néng do cuc dai tuong
mg 12 7,3 mg/l, 5,2 mg/l va 52 mg/l. Thoi gian xuat hién
clia cac dinh khong khac nhau nhiéu, tuong mg 1a 70 ngay,
70 ngay va 66 ngay (hinh 6, phai). Luu lugng ro tai R3 do
duogc 0,1 I/phut tai cao trinh nudc hd 604 m.

Thi nghiém danh déu lap lai vao thang 12/2016 chi liy
dugce mau ¢ diém ro cii R3, hai diém con lai nu6e chi thAm
am bé mat nén khong liy dugc mau. Két qua danh dau tai
R3 cho phan bb ndng d6 CI- ¢6 dang dinh don dat gia tri cuc
dai 18,0 mg/I tai 37 ngay sau khi dat chét danh ddu. Do rong
dinh tir 35 dén 38 ngay (hinh 7, phai). Luu luong 1o tai R3
do dugc 0,6 I/phut tai cao trinh nudc hd 604 m.

Céc két qua thi nghiém va thong sb tinh toan duogc liét
ké trong bang 1.

56 2 can dugc tién hanh bd sung trong diéu kién nudc ho dat
cao trinh 604 m tr¢ lén.

- Két qua danh dau lién thong gitra hd va diém ro xuat
16 cho théy dién tién cua hién tuong tham tap trung, sau 25
thang thoi gian di chuyén trung binh cta dong ro & ca 2 dap
déu ngdn hon dén 2 lan, trong dwong vdi van tdc di chuyén
trung binh nhanh hon khoang 2 1an. O trudng hop dap phu
s6 3, két hop voi két qua do luu lwong 1o cho thiy thé tich
bdo hoa nude (thé tich rdng hiéu dung) ting hon 3 lan, tir
10,1 m* dén 32,0 m’.

- Do dan thiy lyc trong ving tham r0 xac dinh duoc
trong tat ca cac truong hop déu & mic 107 cm/s, cao hon
50 vGi yéu cau thiét ké 1a < 10~ cm/s, va c¢6 xu hudng ting,
khoang 2 lan trong thoi gian 25 thang.

Bang 1. Cac thong s6 dac trung cho dong tham rd xac dinh tir két qua danh dau.

Diém ro Nim  Luulwong ro, Thoi gian di Van tbc di Hé s dén thiy Thé tich bdo  Tiét dién bio hoa
lit/phut chuyén trung chuyén trung lye ving thAm rd  hoa nwéc ving  nwéc ving thim
binh, ngay binh, m/ngay K, cm/s thim ro, m?* ro, m’
Diém ro R2, Pap phu sb 2 2014 0,1* 79 0,75 2,7.10-3 11,4%* 0,15%*
2016 N/A 38 1,6 5,8.10° - -
Piém ro R3, Pap phu s63 2014 0,1 70 1,3 2,1.10° 10,1 0.11
2016 0,6 37 2,7 3,9.10° 32,0 0,34
Diém ro R4, Dap phu sb 3 2014 0,1% 70 1,3 2,1.10-3 10.1%* 0,11%*
Piém o R5, Dap phu s6 3 2014 0,1* 66 1.4 2,1.10° 9.5%* 0,10%*

N/A: Khong ¢ s6 liéu vi nudc ro chi di tham udt nén khong do dugc luu lugng

*Luu lugng gid dinh tuong duong vai diém ro lan can
**Két qua tinh dua trén luu lugng gia dinh

Céc thong sb dic trung cho dong ro va ving thdm rd bao
g6m thoi gian di chuyén trung binh, van tdc di chuyén trung
binh, hé sb dan thuy luc, thé tich bio hoa nudc va tiét dién
bao hoa nudc dugc tinh theo cac cong thuc (2), (3), (5), (6)
va (7).

Do rong cua ving thim ro duoc gia dinh 1a 30%. O cac
diém ro thim udt khong do dugce luu lugng, gia tri gia dinh
dugc 1iy tham khao tir diém 1an can 13 0,1 I/phut.

Thdo ludgn

Tu két qua quan trac va cac tinh toan dua trén so licu
danh dau c6 thé dua ra cac nhan xét vé vung ro va dién tién
cta dong ro qua than dap nhu sau:

- bap phu $63 ¢ 1 diém vao trong hd, cach vi tri mébc 36
m, tir cao trinh 604 m, thé hién & dinh don trén duong cong
danh dau (hinh 5). Thi nghiém danh déu trén hd ¢ dap phu
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Keét luan

K¥ thut danh ddu da duoc tng dung thir nghiém khao
sat hién tuong thim ro trong cac dap dat tai dap phu sd 2 va
s6 3 cua thuy dién HT & 2 thoi diém cach nhau khoang 25
thang. Bang k¥ thuat danh diu theo doi su khuéch tan pha
loang, diém ro trén hd & dap s6 3 da duge xéc dinh tai vi
tri cach mdc 36 m, tai cao trinh muc nuéc 604 m. Phan bd
néng d6 chét danh diu tai cac diém ro xuét 10 xac dinh bﬁng
ky thuat danh diu lién thong cho thay hién tugng thdm rod
tap trung. Thoi gian di chuyén trung binh cua diém ro R3,
R4 va R5 tai dap s6 3 nam 2014 1a 70 ngay, 70 ngay va 66
ngay. Két qua quan tric sau d6 25 thang vao nam 2016 cho
thiy thoi gian di chuyén tai R3 ngan hon, con 37 ngay. Tai
dap sb 2, két qua khao sat cho thiy thoi gian di chuyén cta
dong thdm tap trung tai diém ro R2 14 79 ngay nam 2014 va
giam xudng 38 ngay vao nam 2016.

Tir thoi gian di chuyén trung binh cua dong thim tap
trung, k&t hop véi so li€u quan trac luu lugng ro, cac két qua



tinh toan udc lugng van tde di chuyén trung binh, d6 dan
thily Iurc va thé tich viing ro tap trung di duoc tién hanh dé
lam co s6 cho cac dénh gia vé hién twong tham ro tiép theo
phuc vu cho cong tac an toan dép.
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