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E‘R SE HOI NGHI TOAN QUOC KHOA HQC TRAI DAT
EARTH SCIENCES AND VA TAI NGUYEN VOl PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Tinh todn muc nudc ha thap bo sung va chi€u sau myc nudce ha thap
du bdo cho cac giéng khai thac c¢6 luu lugng bién doi theo thoi gian
Ding DPinh Phiic!, Nguyén Bach Thao>*, Pang Hiru Nghi?, Bui Thi Van Anh?

! Hpi Pia chat thiyy van Viét Nam
2 Truong Dai hoc M6 - Pia chat

TOM TAT

Hién nay & nudc ta c6 rat nhiéu cong trinh khai thac dang hoat dong. Trong cic dy 4n lap bdo cdo khai
thac nudc dudi dat dé xin phép tiép tuc khai thac cho cac cong trinh nay thuong dp dung cong thirc giai
tich va xem cac cong trinh dang khai thac nhu 1a cac cong trinh khai thac mdi. Phuong phéap tinh todn nay
khong phit hop va cho sai s 16n. Trong cubn sach “Co so thuy dong lyc va phuong phép danh gia trir
lwong nude dudi dat” chung t6i da dé xuat phuong phap thiy dong luc két hop thuy lyc dé tinh todn myc
nude ha thap bd sung va chiéu sdu myc nudc ha thip cho cac cong trinh dang khai thac. Trong bai bdo
nay ching tdi phat trién phuong phép néi trén dé tinh myc nu6e ha thdp bd sung va chiéu sdu muc nudc
ha thap du bao cho truong hop luu luong céc gleng trong qua trinh khac thac thay ddi theo cic khoang
thoi gian, dong thoi khi xin phép c6 bo sung cdc giéng khai thac méi hoac diéu chinh luu lugng cdc giéng
dang khai thac. Két qua tinh todn thir nghiém cho hé thong gdm 07 giéng ciia cong ty Eco khai thac nude
tir tang chtra nude Pleistocen cho thiy tong muc nudc ha thip bd sung tai thoi diém 3650 ngay ké tir khi
xin phép tiép tuc khai thic 12 0.35 m.

Tir khéa: ha thdp muc nudc, giéng khai thac, luu lwong bién dbi

1. Co s& Iy thuyét
1.1. Myc nwdc ha tlgci'p bé sung trong giéng don, trong qud trinh khai thdc va tiép tuc khai thic luu
lwong khong thay doi

Trong tang chita nudc co ap ddng nhat phan bb vo han khi thoi gian hat nudc tir giéng t >r2/2at myc

nude ha thip tai vi trf cich giéng hit nuée khoang cach r (m) duge xac dinh cho cong thirc (Bear, 1988;
Sextacov, 1969, Karanth, 1993).

S (t,r) :47% in (

O day: S 1a muc nudce ha thép (m)
Q 1a luu luong cua giéng (m*/ngay)
T 1a h¢ s6 dan (m*ngay)
t 12 thoi gian tinh todn ké tir khi giéng but dau bom hit. (ngay)
r 12 khoang céch tir diém tinh muc nudc ha thép t6i giéng hit, hodc 1a ban kinh cua
giéng tinh toan muc nudc ha thap (m)

2.25at)
r2

ey

s A LA Az 5 A T . - . N As
a la hé so truyén 4p (m*ngay dém ), a = o trong d6 p 1a hé so trlt nude dan hoi

Hiéu muc nudce ha thép hay myc nudc ha thép bd sung tai hai thoi diém t, va t; tinh tir khi bat dau hut
nude dugce xac dinh theo cdng thurc:

AS = S(t,) — S(t)) 2
_Q 2.25at, Q 2.25at;
as = o (25%) - L (252) 9
-9 5 (2
AS = 4mT In (tl) )

Tir cong thirc (4) cho thdy muc nudc ha thdp bd sung khong phu thudc khoang céch téi giéng hiit
(r =/2,25at ) tai tit ca cac diém nim trong pham vi ving anh huéng cta giéng t6i giéng hiit myc nudc

* Tdc gia lién hé
Email: nguyenbachthao @humg.edu.vn
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ha thép ~b(x) sung la nhu nhau, qui luat ha thép muyc nudc theo thoi gian tuan theo dong théi gia én dinh,
hinh phéu ha thap song song véi chinh né.

1.2. Tinh todn muc nwéc ha thip bo sung va chiéu sdu mwe nwéce hg thap dw bdo cho hé thong giéng
1.2.1. Treong hop cdc giéng khai thdc véi leu lieong khong doi

Cong trinh khai thic xin phép t1ep tuc khai théc va cdc giéng nam trong duong ha thip 0.5 m do cong
trinh khai thdc gy ra bao gébm n giéng, voi luu luong khong d6i 1a Q;, thoi gian da khai thac cua céc
giéng, tinh t&i thoi diém xin phép la ti. thoi diém tinh todn dy bdo ké tir thoi diém xin phép I t, tir phuong
trinh (4) ta c6 tong muc ha thap b sung 1.

Qi ti+t
. ) AS_Z?thl (tl) )
Chiéu sau myc nudc ha thap du bao dugc xac dinh theo cong thirc:
Hgpi = Hpi +AS (6)

O day Hgp; 1a chidu siu myc nudc ha thip du béo tai giéng thir i, Hy,; 12 chiu sdu muc nudc ha thap
hién tai tai giéng thir i

1.2.2. Trieong hop khi khai thdc heu leong cdc giéng thay doi hodc khi xin phép diéu chinh heu lwong
hodic ¢6 thém giéng mdi.

a. Tai thoi diém xin phép khong tién hanh hiit khai thdc thir.

Ap dung nguyén tic cong dong, ta xem su thay d6i muc nude do thay dbi luu lwong khai thic gidng
nhu la sy thay d6i muc nudc ha thap do mot gieng moéi di vao khai thac, ¢6 luu lugng bang chinh luu
lwong thay di. Khi d6 muc nuéc ha thap biang tong muyc nudc ha thap do giéng tiép tuc khai thic v6i luu
lwong khéng ddi cong muc nude ha thip do thay ddi luu luong (giéng méi) 6 luu luwgng bang chinh luu
luong thay doi.

Thi du gléng N, ¢6 thoi gian khai thac tinh tir khi bat dau khai théc toi thoi diém xin phép (hién tai) 1a
t;. O thoi diém t;-t; tinh tir khi bat dau khai thac luu luong giéng thay di, giéng bat dau khai thdc véi luu
luong bang Q: Su thay d6i nay glong nhu dua mot giéng moi (N1.2) vao hoat dong, gleng mdi co luu
lugng bang chinh luu lugng thay ddi AQ;= Q; — Q,, thdi gian di khai thac ciia giéng méi bang t, tinh tir
khi diéu chinh téi khi xin phep

Tai thoi diém xin phép, don vi xin phép xin diéu chinh Iuu lugng véi luu lugng bang Qs, sy diéu chinh
nay gidng nhu dua mot giéng méi vao hoat dong (N13) voi luu lugng AQ, = Q3 — Q.

Ap dung cong thirc cong dong myc nude ha thip bd sung bing tong muyc nuée ha thip bd sung do cdc
giéng N1, Ni2 va Nis gdy ra. Trong d6 hai giéng N; va N, 12 cdc giéng tiép tuc khai théc, giéng N3 xem
nhur 14 giéng khai thac méi.

Muc nudc ha thip bd sung dugc xac dinh theo cong thirc

Q ti+t) AQ ta+t) | AQ 2.25at
AS:ﬁln(ltl)-i-ﬁln( ztz) 4-11’;‘1 (rz ) 0

b. Trwong hop xin diéu chinh heu lwong tai thoi diém xin phép cé tién hanh bom khai théc thir

Trong qué trinh bom khai thac thir giit nguyén luu luong tai cdc giéng khong diéu chinh va thay déi
lwu lwong khai théc tai cdc giéng xin diéu chinh cong suét theo dé xuat. Khi d6 thoi gian da khai thac cia
céc giéng tinh t6i cudi thoi gian hit khai théc thu.

Véi truong hop bién ddi luu lwong nhu giéng N; & trén song khi diéu chinh c¢6 tién hanh hiit khai thic
thir. Thoi gian bom khai thac thur 1a t, myc nude ha thép duogc xac dinh theo cong thirc:

AS:&I (t1+t) LA (t2+t) 480, (tb-+t) ®

ty 4nT 4nT tp
Tt cac cong thirc trén rit ra cong thirc tong quat xac dinh myc ha thap bd sung nhu sau.
- Khi xin phép khai thac c¢6 diéu chinh luu lwong hodc bd sung giéng méi song, khong tién hanh bom,

khai thac tha
Q tiq+t _10Qj. tijt+t AQjn 2.25
AS = Zl 1[4];" n ( th1‘1 ) + [ ?zzl 47ro1 ln( r )] + j n ( r2 at) | ®

- Khi xin phép khai thac ¢6 diéu chinh luu lwong, hodc bd sung giéng c6 tién hanh bom, khai thac thir
_ym 9 tjatt n—10Qj1 tjitt AQjn tjp +t
as = S, [ Tln( - ) + [ 2 ln( - )] + 5 = ) (10)
Trong cong thirc trén m 1a 50 gleng khai théc, j 1a chi s chi ra s thir tur ciia giéng khai théc tinh todn,
n; 12 s6 1an thay doi luu lwong ctia giéng j va i 12 chi s6 chi ra s6 thir ty 1an thay doi lvu lugng cua giéng
thir j.
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Tir cong thirc (9) va (10) cho thay, trong qua trinh xin phép khai thac ¢6 diéu chinh luu lugng cin thiét
tién hanh bom hit thi nghiém v&i luu lugng du kién s& khai thac. Khi d6 chiéu siu muc nudc ha thip du
béo bé’mg chiéu sdu muc nude ha thép cudi giai doan bom hut cong myc nude ha thép bd sung, nhu vay
chidu sdu myc nudc ha thap du bio 1a gin véi thyc té (Dang Dinh Phic, 2013).

2. Thi du tinh toan

Hé thong giéng cua cong ty Eco gdm 7 gleng khai thic tang chira nudc Pleistocen. Trong khu viyre danh
gid, ting chira nudc khai thic dugc xem 13 dong nhat phén bd rong va dugc phi boi 16p tham 16p yéu,
trong tinh toan dugc xem 1a vo han, ¢6 4p va khong c6 tham xuyén.

Trong khu vyc tinh anh huéng cua cic 16 khoan, ngoai cic giéng khai thic cia cong ty Eco khong c6
giéng cua cdc don vi khic. Dién bién luu luong khai thic theo thoi gian tai cdc giéng dugc chi ra trong
Bang 1.

Dé danh gia trir lwong cho phuong an voi luu lwong khai thac 1a 8300 m3/ngay, dé an da tién hanh hat
nude thi nghiém ddng thoi, trong d6 ¢ diéu chinh lwu luong cac giéng cu thé hut nudc dong thoi tir 5 16
khoan trong d6 thay doi luu lwong khai thac cua cac giéng EC1, EC2 va EC3, EC4, EC5 va giit nguyén
luu luong khai thac cti tai 02 giéng EC6 va EC7. Thoi gian hat nudce dong thoi keo dai 3 ngay, du dam
bao gy can nhidu t6i tit ca cac giéng khai thac cua cong ty va cac giéng nam trong vung ha thap 0,5m do
khai thac cua cong ty gdy ra vi vay hoan toan cho phép tinh toan muc nudc ha thap theo phwong phéap thir
Ic két hop thity dong luec.

Bdang 1. Dién bién luu lwong khi thdc

Xz s Luu lugng Chiéu siu
Dién bién khai thic diéu chinh|Thoi gian| muyc nudc ha
TT |SHG ‘ | Luw ‘ . Luu | vakhai |hatnuée|thdp cudi thoi
Tu Toi lu?qng Tu Téi llr(,yngfr> théc the | (ngdy) | diém khai
(m*/ngay) (m*/ngdy)| (m¥/ngay) théc thir (m)
1 | EC1 |01/2000 [01/2005| 1200 |01/2005|01/2022| 1400 2200 3 14,0
2 | EC2 | 01/2000 |01/2005| 1200 |[01/2005|01/2022| 1500 2200 3 15.1
3 | EC3 | 01/2000|01/2005| 1100 |01/2005|01/2022| 1100 900 3 18.2
4 | EC4 | 01/2000 [01/2005| 1450 |01/2005|01/2022| 1450 900 3 18,5
5 | EC5 | 01/2000 [01/2005| 1450 |01/2005|01/2022| 1450 900 3 18,0
6 | EC6 | 01/2000 |01/2005 0 0172005 01/2022 | 490 490 3 16.5
7 | EC7 | 01/2000 |01/2005 0 01/2005|01/2022| 960 960 3 17.5

Muc nude ha thép bd sung duogc tinh toan theo cong thuc (10). Chiéu sau muc nudc ha thép du
bao duogc tinh toan theo cong thic (6). Két qua t{nh toan myc ha thap bo sung va chi€u sdu myc nudc ha
thap dy bao tai thoi diém 3650 ngay ké tir thoi diém xin phép dugc chira ¢ Bang 2.

Bdng 2. Tinh todn muec nueée ha thdp bé sung va chiéu sau mire nude ha thap die bdo

L Chidu | Chieu
1uc17rnug Luu Thoi gian ) sau Sau
g 3 khai i A myc
SHG| SHG | xin diéu | lugng | 93 Khai | Thoi Ha thap) myc | e
khai| tinh | chinh tai| gidng | ac i giandw) o |IR((i+D) DO sung) nuGe :
) ) x| .27 °S loiéng tinh| biot | i /ti) | AS(m) | ha thip| ha thap
thac| todn | giéng | tinh todn p N . | du ba
Cao SN todn ;i | (ngay) khi khai| duw bao
khai thac |(m°/ngay) N ; g (m)
(m*/ngay) (ngay) thac thur
(m)
ECIL| 5500 1200 | 4383 | 3650 8033 1.83 | 0.61 ] 0.04
EC1|EC12 200 2565 | 3650 |6215 2.42 0.89 0.01 14
ECI3 800 3| 3650 3653 | 1217.67 | 7.10 | 0.30 14.35
EC2I| 5500 1200 | 4383 | 3650 |8033 1.83 | 0.61 | 0.04
EC2|EC22 300 2565 | 3650 |6215 242 | 0.89 0.01 15.1
EC23 700 3] 3650 3653 | 1217.67 | 7.10 | 0.26 15.45

260




EC3 EC31| 900 1100 | 4383 | 3650 |8033 183 | 061 | 004 o,

EC32 -200 3| 3650|3653 | 1217.67| 7.10| -0.08 | 1855

EC41 1450 4383 | 3650
EC4 900 8033 183 | 061 ] 005 o

EC42 -550 3| 3650 {3653 | 1217.67 | 7.10 | -0.21 18.85
— EC51| 900 1450 4383 | 3650 8033 1.83 | 061 | 0.05 18

EC52 -550 3| 3650 {3653 | 1217.67 | 7.10 | -0.21 18.35
EC6| EC6 490 490 4383 3650 8033 1.83 0.61 0.02 16.5 | 16.85
EC7| EC7 960 960 4383 3650 {8033 1.83 0.61 0.03 175 | 17.85
Tong 8550 8550 0.35

Tong muc nuoc ha thap bd sung tai thoi diém 3650 ngay ké tir khi xin phép tiép tuc khai thac 13 0,35m.

Tir cot dia tAng cac giéng khai thac x4c dinh dugc chiéu mai cua tang chtra nudc khai thac tinh téi muc
nude tinh t nhién déu 16n hon chiéu siu myc nude ha thip cho phép theo quy dinh 14 35m. Do d6, chiéu
sdu muc nudc ha thip cho phép ¢ tit ca cac giéng bang 35m. Tir két qua ¢ Bang 2 cho thdy sau 10 nim
tiép tuc khai thac chiéu sdu myc nudc ha thap du bao rat nho va chi bang 1% so v6i chiéu sdu muc nudc
ha thp cho phép.

Két luin

Su dung phuong phap thuy dong luc két hop thuy luc 4p dung cho hé théng 15 khoan thudc cong ty
Eco cho két qua tinh toan myc nudc c6 df chinh xdc cao. Trong qua trinh lap ho so xin phép khai thac
nu6e dudi d4t can tién hanh bom khai thac thir. Trudng hop cac t6 churc, ca nhan c¢6 nhu cau bd sung cdc
giéng khai thac méi hodc diéu chinh luu lugng cac giéng dang khai thac, can 4p dung phuong phép thuy
dong luc két hop thuy luc dé tinh toan khai thac va du bao myc nude ha thép bd sung tinh tir thoi gian xin
phép dé 1am co s cho don vi quan 1y xem xét, cap phép.
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ABSTRACT

Calculating the additional drawdown and predicted depth of dynamic
water level for pumping wells with flow rate variation over time

Dang Dinh Phuc!, Nguyen Bach Thao*" Dang Huu Nghi? Bui Thi Van Anh?
! Viet Nam Hydrogeological Association
2 Hanoi University of Mining and Geology

Currently, in many cities and urban areasour country there are many groundwater exploitaion worls
that are operationing. In projects that make reports on groundwater exploitation to apply for a license to
continue exploiting for these works, analytical formulas are often applied for calculation of additional
drawdown calculation and considered existing works as new exploitation works. This calculation method
is not suitable and gives large error. In the book "Hydrodynamic basis and methods of assessing
groundwater reserves", we have proposed a hydrodynamic method combined with hydraulics to calculate
the additional drawdown and dynamic water level depth for works that are operating. The report presents
the development of the above method for calculating the additional drawdown and the predicted dynamic
water level depth for the case that the discharge of wells during the cascade varies over time, and when
apply for apply for a license has addtion new exploitation wells or adjust the rate of existing wells. The
research has applied to Eco company wellfield with 07 pumping wells exploit from Pleistocen aquifer
shows that total drawdown water level after 3650 days is 0,35m.

Keywords: groundwater drawdown, pumping well, viriable flow rate
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