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1. Mé dau

Thi nghi¢m Slug Test la thi nghi¢m xac dinh h¢
s6 tham cua dat da ngoai hién truong trong hd
khoan c6 duong kinh nho. Phuong phap nay dua
trén sy chénh muc nude trong hd khoan khi ta 1y
di hodc cho vao 16 khoan mot lugng thé tich nude
chiém chd bing dung cu Slug, do thay déi muc
nudc trong 16 khoan bang thiét tu ghi Diver. Thi
nghi¢m Slug Test dugc tién hanh rong rai trén thé
gi6i tir nhitng thap nién 50 cua thé ky XX. O Viét
Nam, thi nghiém méi chi 1in diu dwoc thyc hién
trong khuén khé céc hoat dong cua dy an “Viét
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As” phdi hop gitra t6 chirc Danida cua Pan Mach
v6i Truong Pai hoc M - Dia chat, Truong Dai
hoc Khoa hoc Ty nhién [10].

2. Co s6' 1y thuyét ciia thi nghiém

Thi nghiém Slug Test la mot dang thi nghiém
dic biét duoc cac nha dia chét thiy van, dia chat
cong trinh sir dung dé xac dinh hé sé thim K va
din nuéc cia ting chira nude. Thi nghiém duoc
tién hanh bang cach tha vao hoic kéo ra khoi 15
khoan mot vat nang (hink la, b) da duoc xac dinh
thé tich dé lam thay ddi muc nudc (ap suit) trong
16 khoan [3, 8].
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Hinh 1. Thi nghiém ha thdp muc nuéc (a); Thi nghiém dang cao muc nwéc (b)
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Dung cu thi nghiém Slug la mdt hoac nhleu doan
dng ndi v6i nhau, c6 thé dugc lam bing go kim
loai dac hoac cac ong PVC duoc bit kin hai dau, du
nang dé c6 thé chim nhanh trong nuéc. Kich thude
(duong kinh va chiéu dai) cua Slug phu thude Vao
cau trac 16 khoan (dudng kinh, chidu siu dng
chéng va vi tri dng loc) Va dic diém cua tang chira
nu6e. Theo dic diém tang chira nude (tinh thim
cang 16n thi kich thudc ctua Slug cling yéu cau 16n)
va yéu ciu thi nghiém ma kich thudc Slug khac
nhau. Ngoai ra, can co thiét bi do tu ghi muc nudc
Diver, day do muc nuéc, day kéo dung cu Slug,
may tinh 13y dit liéu.

Pi c6 rat nhidu nha khoa hoc dé& xuit cac
phuong phap chinh 1y tai li¢u thi nghi¢m Slug Test
nhung hién nay c6 3 phuong phap duoc cac nha
dia chét thuy vin cong nhén va ap dung cho céc
phin mém tinh toan, bao gdm: phuong phap tinh
toan cua Hvorslev (1951); phuong phap tinh toan
cua Cooper - Bredehoeft - Papadopulos (1967); va
phuong phép tinh toan cia Bouwer-Rice (1976).

Hién nay, c6 rat nhiéu phin mém xur ly tai liéu
thi nghi€ém Slug Test nhu: Aquifer Test hoac
AQTESOLV for Windows,... O Viét Nam,
chuong trinh Aquifer Test ciia cong ty Waterloo
dugc Gng dung phé bién. Pé xtr 1y két qua chung
t6i da chon phan mém Aquifer test V. 4.0.

2.1. Phwong phdp Hvorslev (1951)

Mot trong nhitng phuong phap don gian va phd
bién nhét xur 1y tai liéu thi nghiém Slug Test x4c
dinh hé s6 thdm cua ting chtra nude la phuong
phap do Hvorslev dua ra nam 1951 [6]. Phuong
phap nay co thé sir dung cho cac 16 khoan dit trong
tﬁng chtra nudc cé ap cling nhu khong ap, hoan
chinh hay khong hoan chinh.

2H
s=7°j

voi: M) = [, ()-20: ()] +[uY, @) - 2aX, )] ;
a=(RS)/r*;p=

(Tt)/ r*.

trong do: H - bién ddi muc nudc trong 16 khoan tai
thoi diém déu tién khi bit dau thi nghiém: r - bén
kinh dng chong, R - ban kinh 1 khoan; T - Hé s6
dan nudc cia ting chira nudc; S - Hé sb nha nude
clia ting chtra nudc; ¢ - thoi gian ké tir khi tién
hanh thi nghi¢m.

Hé $6 thAm duoc xéc dinh theo cong thurc :
_r?In(L/R)

1
2LT, M

trong d6: K - hé sb tham; r - ban kinh 6ng chong,
R - ban kinh hiru hi€u cua ong loc (ban kinh 6ng
loc ty nhién); L - chiéu dai éng loc (ké ca chidu cao
16p cudi loc cao hon gidi han trén 6ng loc); Ty -
thoi gian dé h = 37%h, hay h/hy=0,37;

_Phuong phap cua Hvorslev phu hop voi cac
diéu kién sau:

- Tang chura nudc c6 ap vo han;

- Tang chira nwéc dong nhit, dang hudng va co
chiéu day khong doi;

- Muc nuée ban dau la nim ngang;

- Muyc nuéc thay doi ngay lap tic sau tha vao
hay lay thanh Slug ra khéi 16 khoan;

- Ton that ap lyc coi nhu khong déng ké;
- L6 khoan hoan chinh hay khong hoan chinh;

- Dong chay dén va ra khoi 16 khoan 14 nim
ngang;

2.2. Phwong phdp ciia Cooper - Bredehoeft -
Papadopulos (1967)

Phuong phap Cooper-Bredehoeft-Papadopulos
4p dung dé tinh toan hé sb din va hé sb nha nudc
cla tAng chira nudc cho cac 16 khoan dudng kinh
16n trong ting chtra nuée c6 ap [1]. Khi tha dung
cu slug vao 16 khoan, muc nuéc trong 16 khoan s&
dang 1én cao hon myc nudc tinh. Trong truong hop
kéo thanh slug ra khoi 16 khoan, muc nudc s& ha
thép dudi muc nudce tinh. Tri $6 dang cao hay ha
thip muc nuéc S duoc tinh theo cong thirc sau:

jexpE—ﬂ;‘z}(Jo [f][uYo(u)—2aYl(u)]—K)[LZJ[WO(u)—ZaJI (u)]](A(lu)]du @)

Phuong phap Cooper-Bredehoeft-Papadopulos
duogc ap dung khi thoa man cac diéu kién sau day:

- Tang chira nuéc dong nhit, dang hudng voi
bé day khong doi;

- Céac tang chira nudc nam ngang va vo han;
- Myc nudc tinh nam ngang;
- Tang chtra nuéc dugc gidi han phia trén va

phia dudi boi cac tang cach nudéc;
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- L3 khoan hoan chinh;

- Muc nuée bién dbi ngay 1ap tirc sau khi tha
vao hay lay thanh Slug ra khoi 16 khoan.

Céc s6 liéu can thiét khi tinh toan bang Cooper-
Bredehoeft-Papadopulos bao gdm: tri s& ha thip
muc nudc theo thoi gian; cAu trac cua 18 khoan
thi nghiém.

2.3. Phwong phdp Bouwer-Rice (1976)

Phuong phap Bouwer-Rice dugc 4p dung dé tinh
toan hé s6 tham cho cac ting chira nudc c6 ap hodc
khong ap. Bouwer-Rice da phat trién cong thic tinh
hé s6 thim cua tang chira nudc nhu sau [5]:

Y t \h

trong d6: » = ban kinh éng chéng (hay ban kinh
anh hudng khi myc nuéc dao dong trong doan dat
ong loc); R = ban kinh 15 khoan tir tim dén thanh
16 khoan; Rcont = ban kinh anh huéng trong
trudng hop muc nudc 4, bi dao dong trong tﬁng
chira nuéc; L = chiéu dai 6ng loc; A, = muc nudc
tai thoi gian t; Ay = muc nudc dong tai thoi gian
t=0.

2 Rcont
r IH(R j { A
ke s R I(J ©)

t

So d6 mo ta thi nghiém theo phuong phap
Bouwer-Rice c6 dang nhu hinh 2.

Muyc nuwérc tai thoi
diém t>t,

Muyc nuéc trong 16
khoan tai thoi diem t,

(t=0) Muc nuéce tinh

Tang cach nuéc

D Tang chtva nuwéc

Tang cach nuwéc

Hinh 2. M6 t& thi nghiém Slug test cho
tang chira nwéc co ap, 16 khoan hoan chinh
theo Bouwer-Rice
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Cong thuc tinh toan cia Bouwer-Rice thtra
nhan cac diéu kién sau:

- Tang chtta nudc khong ap hodc tang co ap
tham nudc yeu (véi sy tham xuyén tu trén xuong);

- TAng chtra nuoce ddng nhit, ddng hudng va bé
day khong thay doi;

- Muc nudc tinh trude thi nghi€ém dugc coi nhu
nam ngang;

- Myc nuéc dao dong ngay lap tirc ké tir khi
tién hanh thi nghiém;

- T6n thét 16 khoan coi nhu khong déng ké;

- Ld khoan hoan chinh hay khong hoan chinh;
- Dong chay t6i 16 khoan & trang thai 6n dinh;
- Khéng c6 dong chay trén myuc nudc ngam.

Céc s lidu can thiét trong tinh toan bang
phuong phap Bouwer-Rice la:

- Hé s6 ha thap hay hoi phuc muc nuéc theo
thoi gian tai 16 khoan thi nghiém;

- Qua trinh quan tric myc nudc dugc bat dau tir
khi tién hanh thi nghiém (img voi thoi gian t =0 1a
gia tri muc nudc dong ban dau Hy, gia tri nay luén
khac 0).

3. Két qua thi nghiém tai Nam Pinh

Thi nghiém Slug Test dugc tién hanh trong 23
16 khoan thudc mang quan tric du an IGPVN tai
Nam Dinh va 12 16 khoan thudc mang quan tréc
quéc gia tai Nam Pinh, Ha Nam, Ninh Binh. Trong
d6, mot s 16 khoan c6 két qua hat nuée thi nghiém
don va phén tich thanh phin hat dé so sanh hé
s6 thAm (hinh 3).

Két qua tinh toan hé s6 thdm tai cac 15 khoan
dugc xir 1y trong phan mém Aquifer Test v.4.0
(hinh 4, 5).

Pé c6 thé danh gia muc do tin cdy cua tai li¢u
thu dugc tir cac thi nghiém Slug Test, ching t6i da
tién hanh so sanh véi két qua bom hut nudc thi
nghiém céc 16 khoan don & mét s6 16 khoan gan
cac vi tri tién hanh Slug Test do cac don vi khac
trugc day da tién hanh trong ving nghién ciru.
Dong thoi ching t6i ciing tién hanh so sanh véi két
qua luan giai tir phan tich do hat mau 16i khoan,
theo phuong phap ctiia Hanzen (1893) [2, 4].
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Hinh 3. B4 tri thi nghiém Slug test va bailtest tai Nam Binh

Do thiét bi phan tich mau con lac hau nén chi
¢6 2 trong sd 33 mau phan tich do hat dat tiéu
chuén dé ap dung phuong phap Hanzen. Két qua
chi tiét phan tich do hat va luan giai hé sé thdm
dugc trinh bay 6 bang 1 va 2 dudi day:

St dung cach tinh hé sb thdm theo Hanzen

(1893) theo cong thuc: K= C (dyo)*.
Trong d6: -K: 1a hé¢ s6 thAm (cm/s);

-C:la h.%mg $6 phu thude dég tinh trAm tich;
C=40-100 (cm/s) cho tung loai dat da khac nhau.
dyo: kich thudc hat lot sang 10% (cm).

Két qua so sanh hé s6 thAm theo thi nghi¢m
Slug Test va hat nudc thi nghiém don dugc trinh
bay trong bang 3.

Co6 thé nhan théy réng hé s6 thdm tinh thu dugc
tir ba phuong phap déu kha twong ddng va nam
trong gidi han thuong thay (10" + 10'm/ngay) dbi
voi tang chira nudc b roi co do tham trung binh
kha. Su sai khac giita két qua thi nghiém Slug Test
va thi nghiém hat nudc don cé thé do cac nguyén
nhén sau: (i) Cac thi nghiém dugc tién hanh khong
cung trén 1 16 khoan hodc vi tri cac 16 khoan giira
hai thi nghiém khac nhau; (ii) Mat khac, do thi
nghiém Slug Test chi danh gia kha ning thim cua
mdi truong dat da ¢ khoang cach rat gan 16 khoan
(khoang 0,1 - 1m) [7], trong khi d6 thi nghiém bom
hat nuéce 16 khoan don co kha ning danh gia kha
niang thim cua moi truong dat d4 & khoang cach xa
hon (c6 thé dén 5m) nén sy khac biét vé két qua
thu duoc 1a co thé Iy giai dugce. Tuy nhién, ca hai
loai thi nghiém trén déu cho két qua trung binh cua
timg ting chira nuéc déu ndm trong khoang gié tri
da duogc ghi nhan trong cac bao cao diéu tra, danh
gia va thanh lap ban do dia chat thuy van da thyc
hién trudc day ¢ vung nghién ctru.

r
Static WL [m] 1,67 —
WL at t=0 [rn] |%‘" D%“l
e h 4
] 5
% Import... ~ | Time - Water Level (TOC) v | Add Data Correction... =+ v Filter _
Time [s] Water Change in -
Level [m] WL [m] T
1 356 1.89 3 3
z 1 3.679 2,009 =
E 5.4 o ]
3 |z 3.58¢ 1.914 =, i
- ' .
4 |3 3.212 1.542
F 1.8 bl L 4 Aquifer
5 |4 2.65 1.18 -
6 |5 2.915 1.245 o i 1
g1z
7 g 2,607 0,937 c 3
T
8 7 2,657 0,987 = 0.6
ERE 2657 0,967 © ]
ek G Ll ’ 0 20 40 60 80 100 =
1|1 2,488 0.818 P R
Time [s]
12 |11 2,488 0.818 —
13 |12 2.776 1.106 B
14 13 = 423 n7es [

Hinh 4. Két qua d4u vao cua thi nghiém Slug Test dwoc x& ly trén Aquifer Test [9]
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thi nghiém Slug Test dwoc xt ly

Time: axis

Drawdown axis

trén Aquifer Test [9]

Diagram

Display

Bang 1. Két qua phan tich thanh phan hat theo tiéu chudn AASHTOT27, TCVN 7572-06 Q224a, tai dd sau 92-95m [9]

C& sang (mm) 0,075 0,15 0,3 0,425 0,6 1,18 2,36 4,75 9,5 12,5 19 25 37,5
KL sét trén sang (g) 6,0 265 325 136 385 2420 4930 5025 131,5 4055 283,0 0 0
HL sét trén sang (%) 0,3 1.2 1,5 0,6 1,7 11,0 22,3 22,8 6,0 18,4 12,8 0 0
% lot sang 1,4 1,7 2,9 4.4 5,0 6,7 17,7 40,0 62,8 68,8 87,2 100 100

Du con ¢6 sy khac biét nho gitra gia tri hé sb
thim thu duoc tr ba phuong phap, két qua thi
nghiém Slug Test nhu trén theo quan diém cua
chiing i 1 chap nhan dugc va ap dung t6t cho tang
chira nude Holocene (trén, dudi) va tang chira nudc
Pleistocene trén, voi thanh ph?m thach hoc chu yéu
cat pha, cat hat nho, hat vira. Con ddi véi cac tang
chira nude c6 kich thude thanh phan hat 16n nhu cat

hat tho, cudi san sdi thi thi nghiém s& khong mang
lai két qua chinh xac.

Bang 2. Két qua tinh toan hé s6 tham theo thanh phan
hat cua cac 16 khoan

Tén ting chira nuwéc Tén |6 khoan Hé sb thAm m/ngay
Pleistocene Q225a 0,25

Q224a 4,57
Gia tri trung binh 2,41

quan phwong

Bang 3. Bang tdng hop két qua so sanh thi nghiém Slug Test v&i cac thi nghiém thdm khac

tai khu vwc Nam

Binh cho tirng tang

Két qua theo thi nghiém Slug Test

Két qua theo tai liéu hat nwéc thi nghiém

Tang chira (Béo cdo lap ban d6 BCTV viung Nam Binh 1/50.000)
TR Tacx  Teassy  MSbuSm 0 taspy  roasex  MEsenén
Q.221b 612891.96 22601018 2,59 LK4 2258085.8 611049.45 1,50
Q.224b 635457.32 2246539.1 0,35 LK24 2232972 609243.94 0,97
Tangchka  Q.228¢ 626414.55 22259247 3,34 LK36 2245110 626358.15
nude ghy Q107 610145.55 22470256  5.95 LK3 1 22546271 630958.19 7,98
Q108a 616662.02 2240709.6 1,02
Q111 636461.1 22258222 0,34
Gia tri trung binh quan phwong 1,81 1,50
Q.224c (*) 635457.32 2246539.1 LK55a 2238601.6 639003.6 28
Tingchta Q108 616662.02 2240709.6 0,85
nude ghy Q109 625852.76 22342961 1,46
Q110 634947.67 22281288 0,14
Gia tri trung binh quan phwong 0,85 2,80
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Q.221a 612891.96 2260101.8
Q.222b 628153.39 2256251
Q.222a 628153.39 2256251
Q.223a 627757.69 2248725.2
Q.224a 635457.32 2246539.1
Q.225a 654207.65 2238689.7
Q.226a 645709.72 2238364
Q.227a 634626.03 2234979.5
Q.227¢c 634626.03 2234979.5
Q.227d 634626.03 2234979.5
Q.228a 626414.55 2225924.7
Q.229a 620687.71 2216509.5
Tang chwra Q92 (*) 597517.55 2244318.2
nuéc gp Q108b 616662.02 2240709.6
Q109a 625852.76 2234296.1
Q110a 634947.67 2228128.8
Q.225b (*) 654207.65 2238689.7
Q.228b 626414.55 2225924.7
Gia tri trung binh quan phwong, median
Q.221n 612891.96 2260101.8
Tang <':h0’a Q.223n 627757.69 2248725.2
Nggggn’ Q.226n 645709.72 2238364
n Q.229n 620687.71 2216509.5
Q109b 625852.76 2234296.1
Gia tri trung binh quan phwong, median
Tang chra Q.220T 602240.41 2252640.7
nwéce Trias,
T2 Q92a 597517.55 2244318.2

Gia tri trung binh quan phwong, median

2,83 LK37 2222821 609450.16 2,19
3,34 LK43 2229015 620192.6 2,39
LK46 2214121.7 610153.16
3,61 LK50 2227847 623637.93 1,39
2,16 LK55b 2238601.6 639003.6 7,52
1,73 LK62 2240319.7 647388.35 2,83
1,48 LK10 2255016.4 613308.92 4,08
1,47 LK11 2253548.4 616614.2 9,66
2,51 LK14 2241794.4 608260.54 4,76
LK15 22454425 611991.98 15,8

2,29 LK21 22446811 617997.4 2,68

1,51 LK28 2244652.5 621569.85 17,20
LK30 2250160.9 627146.68 6,99

1,15 LK35 2238145.4 619630.83 1,82

2,81 LK39 2231382.6 618222.44 2,24

2,60 LK41 2245737.6 630884.62 1,76
LK49 2224457 621831.99 2,20

546 LK52 2243337.9 644827.87 8,07
LK53 2223309.6 625888.56 1,83
LK54a 2228056.5 631301.17 6,68
LK55¢ 2238601.6 639003.6 4,58
LK55 2238601.6 639003.6 5,40
LK57 2215981.1 621913.83 1,89
LK63 2237758.8 650545.73 0,53
LK34 2251670.7 651153.64 4,78
LK54 2271739.5 594300.71 1,94

2,40 2,83

1,84

1,97

2,91

1,64

1,72

184

1,32

1,26

1,29

4. Két luan

- Thi nghiém Slug Test nén dugc tién hanh ap
dung cho céc 16 khoan duong kinh nho, ting chira
nudc c6 mirc do chira nude tir nghéo dén trung
binh (4p dung tot nhét cho ting chira nude gh,, gh,
va qp, dbi v6i dat da bo roi, con véi da tram tich,
karst mirc d6 nit né vura, viéc ap dung can duge
nghién ctru thém). Di vai cac ting chira nude giau
thi két qua s& bi han ché do hiéu tng tac dung toi
xung quanh tﬁng chtra nuée trong pham vi hep, tbe
d6 dang va ha thép muc nudc rAt nhanh khong xac
dinh chinh xac két qua.

- Két qua thi nghiém di xac dinh dwoc cac
thong s6 dia chat thuy vin cia ting chira nudc
quan tric, gop phan lam sang t6 dic diém dia chat
thuy van trong khu vuc tinh Nam Dinh. Két qua
ciing 12 co so tot dé Iya chon gia tri thim, giam chi
phi, phuc vu nhanh c6 hi¢u qua cho cac dang cong
tac khac.

- Trong qua trinh thi nghiém can phai chd y t&i
cac anh huong khéng mong mudn do cac tac dong
khac mang lai dé trong qua trinh xtr 1y sd liéu xem
xét toi, do la:
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+ Sy tai ling dong cac vat ligu 1ip nhét trong 15
khoan nhu: mun khoan, sat trong nudce két tiia bam
dinh vao ong loc din dén 16 khoan khong thong
tang, khong xéac dinh chinh xac dugc hé sé thim K
bang thi nghiém Slug Test.

+ Anh huong cac hoat dong khai thic nudc ngﬁm
cua nguoi dan nhu bom tay, bom mdy cong suat
nhd,... trong qua trinh thi nghiém dan dén ket qua
khong chinh x4c.

5. Kién nghi

- Trong qué trinh thi nghiém can c6 sy kiém
soat cac hoat dong bom hut nudc khu vuc xung
quanh dé c6 nhimng diéu chinh hop 1y tao két
qua tot.

- Khi da xac dinh cac 16 khoan c két qua thi
nghiém khong chinh xac do viéc tai lang dong vat
liéu trong qué trinh khoan va van dong cua nudc
ngdm can cho thdi rira thong tang chira nudce, dam
bao 15 khoan duoc van hanh tét, cho két qua
tin cay.

- Thi nghiém Slug Test 1a thi nghiém thAm
ngoai hién truong nhanh, can duoc tién hanh trong
tirng diéu kién cu thé, dé kiém ching so sanh thém
tai Viét Nam.

- V& mat kinh té, trong diéu kién cu thé cua
timg ting chira nudc, thi nghiém Slug Test s& mang
lai hi€u qua cao cho cdc cong tac ngoai nghiép
ciia chuyén nganh dia chdt thuy van, dia chat
cong trinh.

Loi cam on: Tap thé tac gia chan thanh cam on
cac chuyén gia Dtrc va Viét Nam cia dy 4n hd trg
k§/ thuat nguén von ODA ° Néng cao nang luc bao
vé tai nguyén nudc ngim céc do thi Viét Nam” da
cong tac, chia s¢ va déng gop cac y kién quy bau
trong qua trinh xr 1y cac so li€u thu dugc tir thi
nghiém Slug Test 6 tinh Nam Dinh.
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SUMMARY

Quickly determine of the hydraulic conductivity of the aquifer in Nam Dinh by slug test

Slug test was conducted in 23 boreholes of the groundwater monitoring network of the project “Improvement of
Groundwater Protection in Viet Nam - IGPVN” and in 12 boreholes of the national groundwater monitoring network in the
territory of Nam Dinh Province. The test allows to quickly determine in-situ hydrogeological parameters. The resulting
hydraulic conductivity (K) obtained from the slug tests are comparable with those obtained from previous single-well test
and core sample grain-size interpretation. The slug test shows that it can be applied in hydrogeological practice in order
to reduce the cost of hydrogeological investigation works in Vietnam.

680



