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LOINOI PAU

Cang vadi sie phdt trién cua cde nganh kinh 16 quée ddn, yén cdu dung noe ciing
idng lén khong ngitng. Van dé bimg né din 56, viée phd ritng bita bdi, sit 6 nhidm
nguén nde... lam cho mdu thidn gifta khd nang cung cdp nude va rluc cén nuce
ding ngay cang gay ydi ¢d vé s hiong va chdi ltong. Vé miia kiét, mise o cdc dong
80ng bi can kiét khong dap ing dige yéu can niede ding, nhdt 1 & nhitng viing kho
han kéo dai. Chinh vi vay. ¢ mide ta mdc dit nguon nide phong phi nhimyg 1y xa
X dng cha ta dd chie y dén khai thae mede ngam. Song ¢o 1¢ chi trong nhitng nam
gdn day né mdi diege phdr trién manh mé va rong khdp.

Nuoe ngdm tro nén gan giti va quan trong déT véi cude séng ciia con RgIOL.
Ngudn wiic ngdm c6 trit lugng Ion, chét licgng 101 va la nguon diy nhdt be stng cho
nucc mdal nhdm thod mdn yéu cdu dung niede ciia con nguoi.

Dé cung cdp nhitng kién thite co ban vé thuy van niée ngdm cho sinh vién nganh
Thuy van va sinh vién cdc nganh c6 lién quan, ddp ing yéu cdu cia cong cuéc déi
mor gidgo duc trong cde Trieong Pai hoc, nim 1991 chin g 10! da bién sogn gido trinh:
"Thay vdn nuve dudi ddt”. Sau 10 nam, cung voi nhitg 1ién bo ciia khoa hoc, nhimn g
kinkh nghiém tich (uy them duore, gido trinh can dugc cdp nhdt, sita chita va bé stng
nhiéu thong tin méi. Ngoai muc dich phuc vie gidng day va hoc 1ap o bde dai hoc,
gido trinh cung cdp nhitng kién thicc gitip cho nghién citu & cde bdce san dai hoc.

Mdc di dd 6 gang tim kiém tai liéu tham khdo va suy nght chon loc thong tin,
aing khong thé trinh khdi nhitng sai sér. Chitng 161Gt mong nhdn ditve s gép v
chdn thanh ciia dong nghiép va céc em sinh vién.

Nhdn dip nay, chiing 16i ciing xin bhay to long biét on ciia minh véi Bo mon Tink
tdn Thiy vin dd tao diéu kién thudn loi, dong vién va giip di chiing t6i hoadn
thanh gidgo wrinh nay.

Cic tac gia



Chuong 1
MG PAU

Thuy van nuée dudi dit ¢6 the dinh nghia nhu mot khoa hoc nghién cdu sy xuat hién, su
phan bo va sy chuyén dong clha nuée dudi bé mat dal.

L LICH SUPHAT TRIEN CUA THUY VAN NUGC DUGI PAT

Viée sur dung nude dudi dat ¢ tir thei ¢é xua. Trong Kinh Cuu uéc ngerJi 1a dii noi dén
nuGe ngam, sudi v giéng. Ngudi ta di ding nhing ganats,nhing giéng nim ngang dé lay
nude ngam. Nhitng giéng nay vin cdn 16n tai dén ngdy nay O ciac viing sa mac tay nam
Chau A va bac Chau Phi kéo dai tir Arghanistan dén Moroco. Ngudi ta xdc nhan cdc qanats
da duge nhimg ngudi the tail hoa xay dung céch day 3.000 nam.

Iran ¢4 nhicu ganats, nhat khoang 22.000 qanats, cung cdp 75% tong Jugng nude ding
cho dat nude. Chicu dii cia ganats kéo dai ¢6 khi 161 30km, nhung hiu hét ngan hon Skm.
D6 sau gidng me thudng nhé hon 50m, nhang ciing ¢ giéng sau 16i 250m. Luu luong cia
qanats thay déi theo mla vét su dao dong cia muc nude ngam, nhung rat it khi luu Juong
vuot qua 100m/h.

Tuy nhién day méi chi fa thuc t€ sir dung, khai thac nuéc ngam cda ngudi xua. Con viee
nghién ciu 1y thuyét thi duoc tién hinh cham hon

Cac hoc gia Hy-lap va La-mi di giai thich ngudn goc cua sudi v nudc ngim bang
thuyet than bi. Vao thé ky 17, ngudi ta cho rang nudc chay trong sudi, song khong thé do
nuée mura tao ra. Ngudt ta cir mot mue khang dinh ring khéi lwong nudc mua khéng ddng
ké va trén bé mart dat khong tham nude, nrde khong thé tham xudng tang sau dugc. Do vay,
nhiing tri¢t gia Hy-lap nhu Homer, Thales, Plato cho rang nudc susi duoc hinh thanh bdi
nudce bicn xuyén qua cic dudng dan nudc ngdm nam dudi ndi, sau dé duge day 1én trén bé
mat dat.

Aristotle gia dinh rang khong khi chui vio céc hang ddng lanh vi 161 & dudi nii, & 46
nuse s€ ngung dong va chay vio sudi.

Nhiing trict gia La-md, bao gém Seneca vi Pliny theo nhimg tr widng Hy-lap vi da dong
£6p ban dau vao linh vue nghién ciu nude ngam.

Mot budc tién quan trong da duce tao ra bai kién tric su La-ma - Vitruvius, ong gidi
thich rang ndi nhan mot khai luong khd [6n nudc mua thong qua qud trinh tham qua dat.

Nhing nha 1y fuan Hy-lap vin bdo thi. Qua ¢4 thai k¥ trung ¢ khong ¢6 mét bude tién
b0 nao. Cho dén cudi thai k¥ Phuc Hung, ngudi the gom Phdp va c¢fing 1a mot trict gia
Berard Palissay (A.C 1510-1589) fap la1 1y thuyét thadm trong nam [580. Tuy nhién, su
ddng gop ciia ong khong dang ké 1am.



Nha thién van hoc Johannes Kepler (1571-1630) ngudi bic la mot ngudi giau tri tuong
tuong da coi tréi dat nhu mot dong vat khéng 18 1dy nudc & bién ca, dai duong mang dén
cic viing khdc nhau, x4 xuong, hinh thanh ra nudc mat va nudc ngam.

L¢ thuyét nuée bién cua nhiing nguoi Hy-lap da duoc bé sung tu tudng cla gqui trinh
béc hoi v qué trinh ngung dong trén trdi dat do nha triét hoc Rene Descartes (1596-1650)
ngudi Phap .

Nira cudi the ky 17, nhimg hiéu biét vé chu trinh thuy vén da dugc nghién cqu. Lan dau
tién 1y thuyét nude ngdm duoc tao trén co so cdc s6 lieu thuc nghiem. Ba ngudi da c6 cong
hién to 16n la:

1. Pierre Perrault (1611-1680) di do duge lugng mua roi trong 3 nam va diéu tra dong
chay & thugng luu song Seino. Nam 1674 ong di cong b& k&t qua nghién cliu trong do
lwong mua trén huu vue gap 6 lan lugng nudc song.

2. Nha vat 1y Edme Mariotte (1620-1684) ngudi Phap da ti€n hanh do dac thuy van ¢
Seino (Phdp) va cong nhin két qua clia Perrault. Nhitng két qua nghién ciu clla 6ng Xuat
ban vio nam 1686 sau khi éng qua doi, di chiing minh mot cdch xdc dang ly thuyét tham.

Nhi khoa hoc Meinzer di viét vé 6ng nhu sau "Mariottc ding dugc ca ngoi hon bat ci
mot ngudi nio khac. Ong 12 ngudi sang 1ap ra khoa hoc Thuy van nudc ngam va cling ¢d
thé néi 1a ngudi dat nén méng cho khoa hoc thuy van”.

3. Nha thien van hoc Edmund Halley (1656-1742) ngudt Anh, sau khi do dac boc hot,
nam 1693 di cong b6 "luong nude boc hoi trén bién di cung cap nude trd lai cho tat ca
song suoi”.

Trong thé ky 18, dua trén co sd dia chét hoc, ngudi ta da c6 nhiing hiéu biét dang ké vé
sy xudt hién va van dong ctia nudc ngam. Trong nita dau thé ky 19, rit nhicu giéng cé dp
dugc khoan & Phap. Ky su thuy luc Henry Darcy (1803-1858) ngudi Phip di nghién cifu sy
chuyén dong nudc qua cat. Ong nhan duge moi quan hé piita téc do dong tham va tinh chat
moi trudng tham, gradient col nude, sau nay thudng goi 1a dinh luat Darcy.

Nhimg déng gép cla cdc nhad khoa hoc Chau Au O thé ky 19 di thye su Jam cho viéc
nghién citu, khai thic, sit dung nudc ngdm phét tri¢én mot cdch ddng ké. Cac nhix khoa hoc
¢6 nhitng déng g6p to 1on la J.Boussinesq, G.A Daubsee, J.Dupuit, P.Forchheimer va
A Thiem.

Trong the ky 20, cdc cong trinh vé thuy van nude dudi ddt cla cic tac gia noi ti€ng nhu
R.Dachier, E.Imbeause, K Keilhak, W.Koehne, J.Kozeny, E.Prinz, H.Scgocller viv (5. Thiem
da duge cong bo.

IL. SU XUAT HIEN NUGC DUOI PAT
2.1. Nuéc duéi dat trong chu trinh thuy van

Nudc dudi dat 1a mot bo phan trong chu trinh thuy van (hinh 1-1).
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Béc hoi - Mua khi quyén
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4
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Hinh I-1: S0 do chu trinf thuy vdn va sw hinh thanh nudce dudi ddt

Nude xam nhap vao h¢ thong dat da tir bé mat dat hoac tir ao, hé, séng, sudi trén mat
dat. Nuée ngam van dong mot cich cham chap trong 1dng dat cho dén khi trd lai bé mat do
trong lyc cua dong chay tu nhién, do thye vat va do cic hoat dong clia con ngudi... Vi kha
nang trit nuSe trong kho chita ngam va két hop vdi luu lugng chdy ra kha nhd da duy tri su
cung ¢ap nudc cho nguén nude mat sudt mot thoi gian dai. Co thé ké ra cic ngudn cung cap
cho nudc dudi dat nhu sau:

s  Mua;

e Dong chay mat;

s H6, ao, kho chita nudc;

¢ Cdp nude nhén tao, chang han khi tudi vuet kha ning gi 4m cta dat;

e Nudc ngdm & viing ven bién ciing ¢6 thé bi nhiém man khi d6 déc mat nudc hudéng
vao dat lién.

Nudc sau khi van chuyén qua viing dat khong bio hoa dudi tic dung cla trong luc va luc
khuyéch tan s€ t6i ving bdo hoa. Luong nude dén ving bido hod phu thuae vao didu kién
thuy luc moi trudng dat dd xung quanh.

Nude ngam chay ra khoi long dat s€ chay vao hd, ao, song sudi va cudi cung chay ra
bién c4, trong qué trinh &y mot phédn 6 thé truc 1i€p boc hoi trd vé khi quyén. Bom nuéc tir
cac giéng 1a mot loai xudt luu nudc ngdm nhan tao.



FB=a) Da phién sét (khéng tham)

0] Da cét (tng chita nudc)

_ Tang nudc ngam

Grant M&t phan giéi' ——Huéng chuyén dang cua dé am
nugdec man , nude ngot

Hinh 1-2: Chu trinh tuan hoan micc

2.2. Phan loai hé tang chita nudc

Dua trén tinh chat chifa nudc (trit nude) va tinh chuyén nude cda dat dd ¢6 thé duge phan
cdc loai dat da thanh cac h¢ tang chita nudc nhur sau:

1) Tang chita nude (aquifer): 1a mot hé dia chat trong dod nudc ¢ thé chita va chuyén
dong, chang han cdt, cudi soi, da... Hién nay theo cdc nha khoa hoc trén thé gidgi, mét thanh
tao dia chal ngoai viéc chita va chuyén nudc thi chi duge got la ting chia nude khi nudce
trong tAng dugc khai thic.

2) Tang thidm nudc yéu (aquitard) 12 mot hé dia chat ¢6 tinh chifa nude va dan nude kém.
Dat thit, dat sét pha cat la loai dat chia nude yéu.

3) Tang chida nhung khong thim nude {(aguiclude) 1a mét hé dia chat ¢6 khi nang chira
nuée ma khong ¢6 kha nang dan nude. Vidu : dat sét.

4y Tang cdch nude (aquifuge) 1a hé dia chat khong ¢6 kha nang chia nudc va cing
khong ¢6 kha nang dan nude. Vi du nhu céc toat da granite.

Trong bon loai trén, tang chita nudc (aquiter) ¢6 ¥ nghia nhit d6i véi oude ngam. No
dong vai tro nhu mot kho chita nude ngam va didu tiét dan cho nude mat. Haun hét cde tang
chita nude 13 mot viing rong, kéo dai. Nude tap trung vao kho chea tir sy b sung ngam cla
tu nhién hay nhan tao. Nudc ngim chiy ra ngodi bé mat dat dudi téc dung cua trong luc

hoac bom hit. Thong thudmg téng luong hang nam clla nude ngdm bi¢n déi rat it. Tang



chita nude ¢6 the duge phan loai thanh tang chita nudc cé ap va tang chita nudc khong ap.
Tang chita nudc ban 4p 1a trung gian giira hai loai trén.

ajTdng chita nuoc khong dp
La loai tdng chia nude trong d6 ¢6 muc nudc ngim bign déi dudi dang séng va dudi
dang doc. N6 phu thude vao dien tich cda viing b3 sung nude ngim, luu lugng thodt ra va

tinh thim nudc ctia tdng chira nudc. Su nang lén va ha xuéng clia muc nude ngam twong
tng vdi sy thay déi téng lwong nude tri trong tang chita nude (hinh 1-3).

Ving bé cap

Mat dat

., o MU thuy ap

Giéng khéng ap

Téng khang ap
%@Zﬁ ng khong tham
“\ Tang o6 ap
TTTTTT——,

Tang khéng tham

Hinh 1-3: Svd6 mé td cdc loui tdng chita nuoe

D¢ xay dung ban dé muc nude ngdm hodc muc nude ngam theo mat cat doc, ta ¢ thé
dua vao cdc s6 lieu diéu tra muc nudc giéng trong ving.

Truong hop dac biét, mot tang chia nude khon

g dp ¢6 thé bao gém nhiéu bo phan nudc
ngam treo (hinh 1-4).

Lop khong tham nudc

Muc nude ngam

: Tang chia mudc
" khéng ap

Hinh 1-4: Sir dé mé 1d nudc ngdam treo



Nuéc ngdm treo (i nuéc ngam) xuat hién bat ky & dau khi bo phan chita nudc ngdm bi
tach biét véi ving nudc ngam chinh do tdng khong thdm nudc ¢6 dién tich nho. Nudc ngam
treo thudng c¢é & ving tram tich cudi sol, phia dudi 12 16p dat sét. Luong nudc trong cdc tai
nuéc ngam thudng nho va chi ton tai tam thoi.

b} Tdng chita hwdc cé dp

Xudt hién & nhimg noi nudc ngam bi nén ép dudi mot 4p sudt khd 16n (16n hon dp suat
khi quyén) (hinh 1-3). Su thay d6i myc nudc trong gi€ng c6 dp phu thude vao sy thay ddi ap
suat (muc thuy ap). C6 thé coi nd 1a mot dudng 6ng dan nuéc tir ving nhan cip nude den
ving khic. Dudng thuy dp ia duong tudng tugng tring véi dudng cot nude thu{ tinh cha
ting chita nudc. Tang chifa nudc ¢o ap tr&s thanh ting chita nude khong ¢d dp khi muc thuy
4p ha thip hon ddy trén cla ting chita nudce cd ap.

¢) Tdnyg clita meie ban dp

L2 tdng chira nudc ¢ dp, nhung tang phia trén c6 kha nang thim xuyén. Nudc trong
tang bdn 4p co thé trao déi vdi bén ngodi, tuy thudc vao tuong quan giita myc nudc ngam
va bé mat thuy ap (hinh 1-5).

—

T Mat gat
_____________ et e mmmmmmm e mmmmemm e m - == MUC nude ngdm
Giéng - { Giéng khéng 4p
ban ap [-
B E © Muc thuy ap
O i i e
= 2

_—————— Tk

Hink 1-5: So dé mé td wding chita niedc ban ap

2.3. Phan b6 chia nuée dudi dit theo phuong thing ding

Nudc dudi dit ¢6 thé duge phan chia thanh hai déi: Do thong khi va déi bao hoa. Dé
thong khi bao gom cic 16 réng trong d6 nude chiém mot phan, phan con lai la khong khi.
Trong di bdo hoa, toan bd cic 16 réng trong dat dugc 1ap ddy bii nudc dudi p luc thuy
tinh. Pai thong khi c6 thé chia thanh cdc ving nhd nhu ving ré cdy, ving trung gian va
viing mao dan.

1. D6i thong khi
a)Ving ré cdy
Nude & trong ving nay tén tai véi do am thuc &€ nho hon do am bio hod, trir trudng hop

bdo hoa tam thdi do nude ngam dang cao hodc do mira, do wdi. Ving nay kéo dai 1ir bé mat
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dét dén hél chiéu sau hoat dong clia ré cay. Do diy ctia tang nay thay déi tuy thuoc vio loai
dat va loai cay tréng va c¢é ¥ nghia rat 16n d6i v&i san xudt nong nghiép, do vay quy luat
phan b6 ciing nhu chuyén dong clla nude trong vung nay dugc nhiéu nha khoa hoc quan
tam nghién ciu.

Mat dat
Wiing
thoang
khi
Viing mao dan v )
Muc nude ngam
Yang ¥
biio Ving bdo hoa
hod

% Téng khéng thdm

Hinh 1-6: So dd phan bé theo chidu thdng ditmg ciia nuée duci dat

Do dm chia dat trong ting ré cay phu thugc trude hét vao cdc y&u td khi tugng. Duéi didu
~ kién khé néng, nudc boc thodt hoi manth 1am gidm do 4m trong viing ré cdy. Nudce trong dat
giam dén mic chi con nhimg mang nuéc mong bao quanh cic phan tir dat dugc goi 1a nude
mang. Nudc trong vimg ré cay cling ¢6 thé & dang nudc mao quan. Trong nhiing trudng haop
€6 cdp nudce trén mat (mua hodc twéh), d6 4m vuot qud kha nang gilr dm cia dat s& xuat hign
nude trong lic.

a)Vung trung gian

Ving trung gian kéo dii tir bién dudi ciia tang té ciy dén bién trén cua tang mao dan.
10 day cla ting nay 6 thé bing khong khi nuée mao din phdt trién 161 sdt ting ré cay v
cling ¢6 thé dat 16i hang tram mét khi muc nuéc ngam d rat sau. Ving nay déng vai trd nhur
VUng ndi tiép gilta viing sdt mat dat va vung ké sdt nude ngam. Nudc chuyén dong tir trén
xudng vung bdo hoa bit buoc phai qua vang nay. Nudge gitt lai trong viing nay do luc mao
dan va lyc hit phan . Nudc trong fuc s€ chuyen tir trén xuéng dudi khi do am dat vuot qué
kha nang gir am cia dat.

¢) Ving mao din

Ving mao dan kéo dai tr mye nude ngam dén giot han dang mao ain cta rerde. Néu gid
thi€t cdc 16 réng trong dat hinh thanh bdi cic ong din 1¥ tudng, thi do dang mao dan duoc
tinh theo cong thite:
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h, = 2—1005?-. (1-1
ry

Trong dé:

1 - Stic cang bé mat;

v - Trong lugng riéng cla nudc:

r - Ban kinh clia 6ng dan;

% - Géc nghiéng giifa thanh ong va phuong tiép tuyén bé mat cong.
bai vor audc nguyén chal trong 6ng thuy tinh sach: & =01 1= 20'C: © = 0.074 gfomg

v =1 gfcm’ thi:
0,45

h, = (1-2)
T

Theo cong thiie (1-2), 4o day cia d61 mao dan s& tv 1¢ nghich véi kich thude cua cic 16
rong trong dat da.

Két qua do dac vé do mao dan doi véi mot s6 loai dat dd dugc dua ra & bang sau:

Po dang mao din mot so loai dat da

JR— e |

‘. Loai dit da Kich thude hat (mm) Do mao din (em) I
‘ Cuoi nho 5.00 + 2,00 2,5 ,
Cat rat tho 2,00 = 1,00 6.5 |
Cét tho 1,00 = 0,50 13,5 \
! Car trung binh 0,50 + 0,20 246 ‘
C4t min 0,20 = 0,10 42.8
Cat rdt min 0,10+ 0,05 105.5 |
sét 0,05 + 0.02 200,0 |
B _ Sau 72 ngay - |

(3 phia trén muc nude ngam, hau hét cac 16 réng trong dal chita nudc mao dan. Cang len
¢ao luong nude trong 16 hong cang giam. Sy phan b6 cla nudc maoe din trén muc nudc
ngdm gua khao sat thuc nghiém d61 véi cdt biéu dién trén hinh 1-7.

Cic dac teung cla ddi thong Khi nhu sau:

1) D6 4am cla dat 1 ty s6 phin tram (%) gifra rong luong nuée ¢o trong mau dal va
trong lugng cua mau dat dé.

2) D6 4m cay héo: Do am cha ddt twong tng véi rang thai thue vat khong cd kha nang
hat am trong dat. Luc hit cta ré cay nho hon Juce hiit phan tif gifra nude va dat.

33 Do am dong ruong (kha nang gitt dm cla dat): Bo am cia dit nrong (ng val trang thai
~ nude mao quan treo O trong dat.
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4) Do rong cha dat 1a ty s6 giita thé tich ciia tat ca cac 16 rong trén mot don vi thé tich

mau dat.

5) Dung trong ctia dat 12 trong lugng mot don vi thé tich dat & trang thai tu nhién (dung

trong udt) hodc ¢ trang thdi kho kiét (dung trong kho).

_____

Chiéu cao trén mue nudic ngdm (cm)

60

40

20

F 3

WViing trung
gian

NS
7

Ving mae dan

10

20

30

D6 ring cla dat

Hinh 1-7: Su phan bo cila nuce trén mue nuce ngam doi voi mdu cdt

2. Doi bdo hoa

40

Trong déi bao hoa, nude 1dp ddy tat ca cac 16 rong cua dit da. Do vay, d6 réng (hifu ich)
s€ cho biet duge luong nude trir trong mot don v thé tich dat da. Mot bo phan nudce ¢ thé
chuyén ra khoi thanh tao dia chat do tiéu nudc hodc do hiit nuée thi nghiém. Tuy nhién do
lue hit phan tir va luc hit bé mat mot phin nude € bi gitt lai & trong dat. Cic dac trung cita
d6i bido hod bao gém: hé 56 giit nudc (specific retension), hé s& thodt nudc (specific vicld)

va he s6 chifa nude (storage cocfficient).

a) Hé s6 giit nuie (S))

He $6 gilr nudc cha dat, dd 1a tv s6 giita lugng nude con gilt lai sau khi thoat nuée do

trong luc doi véi thé tich cda né.

Trong dé:

W, - Thé tich nudc con giit lai;
V - Thé tich mau dat, da.

(1-3)



b) Hé 56 thodt mic (S,)
He s thodt nudc hay con goi 1a h¢ s6 nha nudc cua dat hay dd la ty so gitta lugng nudc
(sau khi bdo hod) ¢6 thé dugc thodt ra do trong luc va thé tich clia nd.
5, = W,
v

(1-4)

O day, W, Ia thé tich nudc thodt ra.
Gid trj cha S, v S, c6 thé bicu thi dudi dang phin tram (%). Quan he gitra d6 rdng cua
dat, da v4i hé s6 gilt nudc vaa thodt nude nhur sau:
a=S5+38,
Trong dé: o 1a do rong cha dat, da.
Heé s& thoat nude (S,) phu thude vao kich thudc hat, phian bo cac 16 réng, su nén chat cut
cdc dia ting va thoi gian thodt nude. He s thodt nudc clia mot vai loai dat da nhu sau:

Loai ddt dd 11¢é 56 thodt niie S (%)
1. Cuoi, s01 tho 23

2. Cudi, so01 trung binh 24

3. Cudi s6i nho 25

4. Cat tho 27

5. Cat trung binh 28

6. Cat min 23

7. PBat thit 8

8. Dat sét

Cén chi ¥ ring, cdc vat liéu cd kich thude hat nho thi hé s6 thodt nude cing nho. Trong
thuc € céc loai vat liéu pha tron v6i nhau thi he 56 thodt nude giam tir 7 + 15%.

¢) H1é 56 chita meoc

Nudc chay ra hay thim vao mot tang chifa nudc biéu thi qua sy thay déi tong lugng nude
chifa trong 1dng chia nude. PSi véi cdc tang chita nude khong dp, né don gian duge biéu thi
béi sy thay ddi Jugng nudc ngdm nam trong khoang muc nudc ngdm ¢ dau thoi dicm va
cudi thoi diém tinh todn. Tuy nhién, trong tdng chita nude ¢o 4p, gid thi€t rang tang chifa
nudc van con duy trl trang thdi bio hod, su thay déi dp sudt chi gay ra su thay déi nho trong
lugng trir. Khi 4p sudt cha thuy tinh giam di, ching han do bom hit thi nghiém, lye nén cua
ting chida nudc tang 1én. Sy nén ¢p cua ting chita nude gay ra nhiing luc tdc dong lén phan
tr nudc.

He s& chita nude duge xéc dinh bang tdng lugng nudc thodt ra hay nhap vao mol tang
chita nude trén mot don vi dién tich bé mat clia tang chifa nude khi thay déi mot don vi cot
nudc ap luc.
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Noéi chung ngudi ta xdc dinh hé s& chita nude bang cdc thi nghiém hit nude tir gléng
(van dé s& dugc dé cap dén trong cic chuong sau).

2.4. Cac thanh tao hé dia chit chira nuéc

Mot h¢ dia chat san sinh ra mét Iuong nude dang ké duoc goi 1a mot hé tdnp chua nudc.
Nhicu loai hé dia chat hoat déng nhu mot tang chifa nudc. Yéu cau cht yéu 1a kha nang cia
né trir nude trong céc 16 réng cta dét dd. Do réng c6 thé hinh thanh do ditt gdy, nat né cla
dat dd. Dugi day 1a mot s6 loai thanh tao dia chit chita nudc.

1. Béi tich (phit sa)

Hau nhu 90% céc tdng chia nude phat trién déu bao gom da, cudi, soi, cdt khong nén
chat. Nhitng h¢ chita nuée ndy c6 thé dugc phan chia thanh 2 loai dua trén trang thdi xuat
hi¢n cua né.

a) Thanh tao ké sdt nguén nuée: Bao gdm cac béi tich phi sa, trong dé nude hinh thanh
trong long dat hoac hinh thanh bén canh cdc bii tran i Nhitng giéng nuée & day c¢6 thanh
tao dia chat thim nudc t6t. Do tiép gidp véi dong chay mit nén c6 mot khéi luong nude kha
[6n tham tir dong chay mat (séng ngdi) vao trong dat.

b) Thanh hé thung liing chon vii hay céc long séng ¢ La nhitng thung lting do dong
song thay déi huéng chay hoac bi cudp dong hinh thanh nén. Mic du loai nay gan gidng
nhu loai ké sit ngudn nudc, nhung do tham thau va khoi lugng nude ngam it, luong bd sung
nude ngam it hon so voi loai he ké sat nguén nudc. Nhing dong bang rong lon ma dudi mat
dat la nhimg [6p cuoi, s6i, cdt khong bi nén chat la noi chua nhicu nude ngdm. Nhiing thung
ling ké sat sudn niii, noi trdm tich nhiéu ciing & noi chda nude ngam kha 1on. Nguén cung
_ cdp nude chu y&u 1a do nude mua hodic thim thau tir cdc dong chay khong thudmg xuyén.

2. Pd voi

Pa voi ¢6 mat 4o, do réng va tinh tham nudc thay déi trong mot pham vi kha 16n, tuy
thude vao mife d¢ két cdu va phdt trién cha cic vuntg ¢6 kha nang thdm sau khi tich tw.
Nhitng 16 réng & trong dd voi ¢6 thé 1a cdc 18 nho i b, nhung cing ¢6 thé 1a nhimg hang
dong 16n, hinh thanh nén cdc dong song ngani. Su hoa tan CaCO; do nudc 1am cho nudc
ngam ¢ d6 cimg 16n. Ciing do hoa tan CaCO; ma cic hang dong, 16 réng trong da ngay
cang phat (ricn. Hi¢n tuong dé goi 1a caxto (karst).

3. Dd hinh thanh do niii lira

D4 hinh thanh do nui hra ¢6 thé 13 mot tang chita nudc 161, dic biét 12 dd bazan. Nhing
IGp cudi, soi, cit hoac vat licu khdc nim xen k& giffa hai 16p dung nham tao cho dd bazan
chita va chuyén nude tot. Ngoai ra, do hién tugng phong hod, do céc van dong noi sinh gay
ra it giy ma da bazan ¢6 kha nang chita vi chuyén nuéc 161,

4. Cdt két

Dad cit va da dam ket 1a cdc dang bi xi mang hod cua cdt va cudi soi. Do vay, do réng,
kha nang san sinh nudc ngam clia ching bi giam nho do xi mang lién két. Cic tdng chia
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nude d4 cat san sinh nude ngdm qua cac chd ndi, lien két clia cic phan t cing (hat cdt). Ba
dam két khong ¢6 ¥ nghia 16n 1am trong viéc chia va chuyén nudc ngam.

5. Hoa thach va da bién chadt

Céc dang d4 cing cha hod thach va da bi€n chat khong thim nude va do vay cé thé coi
ching 13 cdc ting chiia nude rdt kém. O nhimg noi loai d& nay 10 ra trén mat dat, ching bi
phong hod manh va do vay din dan ching phat trién thanh ting chifa nude. Lwong nudc
chita trong loai thanh tao nay tuong d6i nho chi da diing cho sinh hoat clia mot s0 ho.

6. Pt sét

Diat sét va cdc vat lidu thd hon bi tron 1an v6i sét néi chung c6 do rong tuong doi Lom,
nhung 16 réng cha ching lai qui nho dén mic co thé coi ching la vat li¢u khong tham
nude. Cdc ting dat sét nam trong mot hé chita nude 16t ¢6 thé hinh thanh nén cic tii nudc
ngam cuc bo hoic hinh thanh nén cdc ting chifa nude ban ap.

2.5. Luu vue nude ngam

Mot luu vie nude ngam cd thé dugc xdc dinh nhu 1a mét don vi dia chét thuy vén, chia
mot ting chifa nude rong 16n hoac mét vai tang chita nude lien thong va quan hé qua lai vé1
nhau. Trong mot thung ling gitta cac day nii, lus vye nudc ngam cé thé chi ¢ phan trung
tam cla luvu vuc dong chay mat. Trong ving dd voi va vung déi cdt, luu vye nude ngam va
lru vuc dong chay mat hoan toan khic nhau. Khdi ni¢m e vue nude ngam trg nén rat
quan trong vi tinh lién tuc thuy lue trong khu vuc chita nudc ngam.

Pé xdc dinh lrru vue nude ngdm cdn phai c6 ban d6 dia chat cha khu vire can nghién ciu,
két hop véi céc tai ligu vé dia 1y tu nhién.

IIL. NUGC NGAM O VIET NAM

Trong nhiing nam gan day, & nudc ta nude ngdm dang duge quan tam nghién citu phuc
vu cho cédc hoat dong kinh 1€ - x4 hoi. Nganh dia chat da ti€n hanh dong bd viéc nghién
citu, diéu tra, tim ki€m tham do va lap ban d6 dia chat thuy vin véi cdc ty 1¢ khdc nhau,
fim ki€m cdc ngudn nudc khodng, nudc néng chira bénh, quan tric dong thdi nudc dudi
dat v.v... Céc loai ban dé dia chat duge xay dung bao gom:

e Ban db dia chat thuy van 1y lé nho: Nam 1984 d4 hoan thanh viée do vé, 1ap ban do
ty 1& 1: 500.000 trong toan quéc. Ngoii ra, c¢on co nhiéu cong trinh nghién ciu téng hop,
trong d6 quan trong nhat 1a ban d6 dia chat thuy van ty 1¢ 1: 3.000.000 duoc 1ap trong Atlas
quéc gia va ban d6 dia chat thuy van ty I¢ 1: 1.000.000 clia Tong cuc Dia chat.

e Ban dé dia chét thuy van ty le 1: 200.000 dugc lap theo t& hay nhém 19 ¢ nhimg
ving kinh t&, dan cu quan trong. Hén nam 1997, da hoan thanh 17 t&y vi nhém o v6i 16ng
dién tich 255.000 km® di dugc do vE, chi€ém khoang 79% diér (ich toan linh thé. Cic ban
dé da 1am sang to tinh hinh dia ckhat, thuy van khu vic, gitp cho viéc dinh hudng tim ki¢m
nudc dudi dat, phuc vu ¢6 higu qua cho cde nghién ciru va diew tra co ban khac.
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* Ban d6 dia chat thuy van ¥ 18 16n 1 : 50.000 va 1 : 25.000 dugc 1ap cho céc ving do
thi, khu cong nghiép. Dén nam 1997 da ¢é 46 ving cong nghiép véi dién tich 40.000 km?
dugc 1ap ban do dia chat thuy van ty 1¢ nay. Ban dé dia chat thuy vin ty 1¢ 1dn gép phan vao
cOng tic quy hoach, xay dung, khai thac va bao Ve tal nguyén nude dudi dat.

Ngoai cong tac 14p ban d6 dia chat thuy van, ching ta tién hanh ¢6ng tdc tim ki€m tham
do nudc dudi dat. Pén nam 1997 di ¢6 165 vung dugc tim kiém, tham dd véi téng trix
lugng khai théc wée tinh 2.300.000 m*/ngay dem.

Bén nam 1996 di ¢6 3 mang quan trac quéc gia dong thdi nude dudi dat duge xay dung
va dua vao hoat déng & déng bang Béc bo, Nam bo va Ty nguyén vdi tong s& 500 16 khoan
quan trac. Ngoai ra con mét mang quan tric chuyén nganh vé6i 62 tram, 120 16 khoan ciing
dd dugc xay dung & Ha Nai.

Theo céac két qua diéu tra va nghién ciu dia chat thuy van khu vuc va tim ki€m tham do,
c6 thé phan chia cic phan vi dia chat thuy van & nudc ta nhu sau:

* Cdc tang chia nudc 16 hdng trong thanh tao dé ti;

» Cdc tdng chita nude khe niit trong thanh tao bazan Pliocen - dé ti,

* Cic 1ang chiia nude khe niit trong thanh tao luc nguyén;

¢ Cidc tang chira nudc khe nint karst trong thanh tao carbonate;

¢ Céc thanh 1ao dia chat rat ngheo nuée hoac khong chida nudc.
3.1. Cac tang chita nuoc 16 hong

Cdc tang chifa nudc loai ndy phan bd rong rii & dong bang Bic ba, Nam bo va ven bién
mi¢n Trung.

Dong bing Bic bg: ¢6 02 ting chia nude chi y€u la Halocen (Q,) va Plcistocen Q).
Téng trit lugng khai thac khodng 7.500.000 m*/ngay dem.

Tang Q,, phan b hau khip déng béng, thuong gap ¢ do sau 20m + 40m. Pat da chia
nude chd yéu la cat, san, soi. Linu lugng 16 khoan tir 0,5 + 10 I/s. G viing ven bién, nudc bi
nhi¢ém man. Nudc trong ting cé quan h¢ truc Li€p véi nude mat. Tang chita nuée nay coé thé
ddp ung yéu cdu cdp nudc quy mo tir nhd dén trung binh. Hau hét cdc 16 khoan 14y nudc
sinh hoat ¢ nong thén ndm trong tang nay.

Tang Q, nim dudi ting Q, va duoc ngan cich bdi mot 1Gp sét mau loang 16 day tir 5 + 20m,
thudng gap & d6 sau 50 + 60m. Dat da chia nudc 13 cat, cugi, soi hat tho. Pay la tang chia
nudc ¢6 ap, giau nudc va ¢é thé dap img yéu cau khai thic 16n. Luu lugng 16 khoan thudng
16n hon 10 1/s. Hau hét cdc nhi may nuée & déng bang Bac bo dang khai thac  ting nay.
Nudc c6 quan hé véi tang Q, va tang mat théng qua cdc cira s6 dia chit thuy van. Vung ven
bién va hai ddo thudng bi nhidm man. |

Dong bang Nam bo: C6 5 (dng chia nudc 16 réng ke tir trén xudng dudi la Halocen Q)
va Pleistocen trung- thuong (Qpa.3), Pliocen (M) va Miocen (M,). Tong trit lugng khai thac
khoang 27.500.000 m’/ngay dem.
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Ting Q, c6 dién tich phan b§ khoang 43.000 km”, thudng gap & do sau 20 = 70m. Dal
d4 chita nude chh yéu 1a cat hat nhd, cat bot. Nhin chung, ting nay ngheo nudc, chat luong
nudc kém, thuong bi nhiém phén, nhiém man.

Tang Q,; ; phan b6 trén hu hét déng bang véi dién tich khoang 50.000km’. Tang nay
nim & do sau 40 + 80m, bé day wr 25 + 135m, trung binh 50 = 70m. Dat da chira nudc la
cat, soi, doi khi lin san, soi. Pay 1 ting chia nudce phong phd. Chat lugng nude thay doi
timg vung. O dong Nam bo, nude tang ndy c6 quan hé mat thict v6i nude mat, chat luong
nude tot. O tay Nam bo, ¢6 nhiéu noi nude bi nhiém man.

Tang M, phan bs trén dién tich khodng 49.000km?, do sau khoang 150 + 350m, be day
50 + 140m, thudng gap & do sau 90 + 100m. Pat dd chia nude la cat v6i nhiéu ¢& hat, 1an
san soi. Day 1a tang chia nude khd phong phi. Chét luong nude thay déi timg ving. Vung
trung tam v viing ven bién nude bi nhiém man.

Tang M, phan cdch véi ting M, bdi lép sét day 20 + 50m, phan bo trén dién tich khodang
37.000km?, do sau khoang 200 = 450m, thudng gap & d6 sau 200 + 350m. Dat dd chia
nudc 13 cdt 1an san soi. Day 13 ting chia nudc khd phong phd. Chat lugng nuée 161, Vung
trung tam va viing ven bién nudc bi nhiém man.

Pdng bdng ven bién mién Trung: Cac ting chia nudc phan bo trén dién hep, kéo dai va
khong lien tuc. Thudng gap ca hai loai tang 1a Q, va Q, nhung chiéu day nho. Tang chia
nuée chii yéu la cit. Tang Q, La cat, s6i, cudl. Hién tugng nhiém man trong tang chita nuse
khé phd bién, nhat la ting Q.

3.2. Cac tang chifa nuée Khe nit trong thanh tao bazan Pliocen- dé¢ tir

Téng nay phan bé rong khip & Tay Nguyén va dong Nam bo, ngoai ra con gap & mot s6
viung véi dién tich khong 16n nhu Quy Hop, Dién Bién v.v... Bat da ch( yé&u 12 bazan olivin
va bazan kiém. Mitc d¢ phong phii nuGe thay déi theo viing, phu thude vao mirc dé nirt né,
d6 diy va mic do phan bs clia khoi bazan. Chiéu sau 16 khoan khai thic thuong khong qud
100m. C6 noi khéi bazan day téi 200 + 300m nhu ving Pleiku. Nudc trong thanh tao bazan
cé chat lugng tot, phé bién 1a nude bicarbonat - clorua c6 do téng khodng hod 0,2 + 0,3 g/l.
Nguén cung cip chii yéu la nudc mua. Dong thii bien déi manh theo miia. Mia khd, muc
nudc ha thdp rat nhanh. Nude trong thanh tao bazan ¢6 thé cung cap cho quy mo khai thac
tir vira dén lon.

3.3. Cac ting chira nuée khe nirt trong thanh tao luc nguyén Mesozoi

Phan b chi yéu & viing dong bic Béc bo, bac Trung bo, ngoai ra con gip & Tay Nguyén
va nam Trung bo. Tang chia nudc bao gém céc trdm tich fuc nguyén h¢ Triat, Jura,
Neogen. Dat dé chia nuée chl yéu 1a cét két, cudi két va sét két bi nit ne.

Nhin chung tng nay ngh&o nudc. Tuy nhién, & mot s6 noi ¢6 thé gip tdng cat két, cudi
két nit né kha gidu nude. Luu luong 16 khoan ¢6 thé dat t6i 5 =10 I/s. Luu luong phé bicn
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trong tang tai cdc 16 khoan 0,5 + 2.0 Ifs hodc nho hon. Tang chita nuéc nay chi thich hgp vdi
yéu ciu cap nude nhé, cuc bo. Chét luong nude 161, téng d6 khodng hod thudng 0,01 + 0,2 /1.

3.4. Cac tang chita nuée khe nit karst trong thanh tao carbonat »

Cic thanh tao carbonate & Viet Nam ¢6 tudi Carbon - Pecmi dén Triat. Cac tang chita
nude hé Triat phan bé thanh mot déat lén kéo dai theo hudng tay bac - déng nam teén vung
Tay Bac véi dien tich khodng 1.200km? thudc cdc tinh Lai Chéu, Son La, Ninh Binh, Thanh
Hoa. Céc tang chira nuée khe nit Karst - Paleozoi phin b6 khd rong ¢ nhiéu viing thuoc bic
b6 nhu Quang Ninh, Cao Bing, Lang Son, Bic Kan, Thdi Nguyén, Tuyén Quang, Son La,
Lai Chau, Thanh Hod. Dat dd chia nudc 13 d4 voi nit né hodc karst phdt trién. Nhin chung
tang chita nuée nay khd phong phi. Lé khoan khai thic thuong & d6 siu 80 + 150m ¢6_ luu
lugng 50 + 15 I/s hoac 16n hon. Chat lugng nuée ot thuong [a dang bicarbonate - clorua
hoic bicarbonate - sulfat, ¢é do tong khoang hod tix 0,3 = 0,7 g/l. Tang chita nuée loai nay
c6 the ddp tmg quy mo khai théc tir vira dén 16n.

Céc thanh tao carbonate Ordevic - Silur ¢6 din tich phan b6 hep, bat gap & mot s6 vung
¢ tay Nghé An, Ha Tinh, Quéng Binh, Quang Tri, Dién Bié¢n, Lai Chau v.v... Thanh phéan
chu yeu 1a cdc dd mdng, mite do nitt né va karst y€u nén chifa nuée ngheo.

3.5, Cac thanh tao dia chat rit nghéo nude hoac khong chita nuée

Bao gém cdc thanh tao luc nguyeén, luc nguyén phun trao hé Paleogen - Neogen (P-N),
he Jura - Creta (J;-K,) v hé Triat. Thinh phan thach hoc chi yéu 1a sét ket, bot két va
phi€n sét. Cdc thanh tao bién chat Cambrj - Ordevic, Proterozoi (Pr) va Arkeozoi (Ar). Dt
dd chu yéu la phién thach anh, mica, d4 phi€n amphibolit, quarzit. Cdc thanh tao nay phan
b6 & viing Bic bo, Tay béc, bic Trung b6 va Tay Nguyén. Nhin chung, cac thanh tao nay
nghéo nuge. Cic 16 khoan thudng khong cé nude hodc luu lugng < 1,0 Ifs. Tuy nhién, cic
dut giy ki€n tao hinh thanh cic déi phd huy kha phong phi nude. Pay chinh 12 d6i tuong
tim kiém day trién vong trong cdc thanh tao nghéo nudc. Nude trong thanh fao loai nay
chat lugng t6t, 16ng d6 khodng hod thuong nhé hon 0,3 g/, nuéc thudng 13 dang
bicarbonate - clorua.

Céc thanh tac mac ma xam nhap c6 cau tao khéi dac, it ndt né nén khéng c6 nude. Nuge
chi t6n tai trong déi phong hoé phat trién khong day trén b& mat cdc khéi xam nhap. Trong
mua kho nudic trong khéi phong hod thuong khong tén tai hoac rit it.

19



Chuong 11
PHUONG TRINH CO BAN NUGC DUOI DAT

1. PHUGNG TRINH TRUYEN AM TRONG DAT

1.1. Phuong trinh co ban truyén 4m trong moi truong khong bao hoa

Trong moi trudng dat dong nhat vé mat nhiét do, néng do muéi, cac luc tic dong en
phén tlf nude bao gém: luc hit mao quin (gom 4p luc mao quan sifc cang mat ngoal. luc
hat ion) va ap luc bén ngoai. X¢ét trong mot qud trinh nao dé, céc luc trén thay doi dan dén
su xudt hién gradient cot nudc trong dat. D6 chinh 1a nguyén nhan gay ra sy chuyén dong
nudc trong dat.

Viée nghién cttu chuyén dong nudc trong méi trudng dat bio hoa da duge Darcy nghién
cliu tir nam 1855. Lic ddu dinh luat Darcy duge it ra tir ket qua quan trac thuc nghiém.
Sau ndy ngudi 1a dd ching minh rang do6 la két qua cua gidi han viéc dp dung mot trong
nhitng quy luat co ban cha chdt long. Dinh luat Darcy duoc bicu dién bang cong thire sau:

YV = — K¢ x grad (D) (2-1)

Trong dé:

V - Tée do thim;

Ko - He s6 tham on dinhy;
ob
rad (®)y= —
& ) a

@ - Téng the nang.
Do nhitng gia thiét khi xay dung, dinh luat (2-1) chi dugc 4p dung trong nhifng dicu
ki¢én sau:
- Méi trudsmng x6p dong nhat vé mat cdu trdc;
- T6c d6 chuyén dong du nho dé dam bao trang thai chuyén dong la chay tang.
Sur dung s¢ Raynon: R.= XEE
Trong do:
V - Toc d¢ dong;
p - Mat do nuoc;
d - Budng kinh 16;

1 - He s6 nhdt dong hoc clia nude.



Neu R, > 1000 thi trang thdi chdy 1a chay réi.

. Thee Fanchen-Lewis, Bener thi quy luat Darcy khong thé dp dung vo diéu kién khi so
R, > 1 vi khi d6 chuyén dong ¢ tuan theo quy luat Phooc-gay-mer:

Grad =aV+bV|VI["; (O<n<])

Trong vong hon 40 nam gén day, qua thi nghiém va chung minh bing 15 thuyét ngudi ta
thdy rang trong dat khong bhio hoa, téc do chuyén dong ty & véi gradient th¢ nang:

V =—Karad (p + pgz) (2-2)
Biéu thic (2-2) clng ¢6 thé viét dudi dang:
V = Dgrad 0 + Kk (2-3)
Trong do:
i -
D=K 0 duge goi la hé s6 khuyéch tin mao din:
0

8 - Do am coa dat;

k - Véc to don vi theo phuong truyén am;
h - Cot nude mao quin;

K - Heé s6 truyén dan trong luc.

H¢ s6 truyén dan trong lyc (K} ¢6 thit nguyén 16c do (LT ™) dac trung cho tinh truyén
am cua dit. Do truyén dan trong luc bidu thi cic trang thdi cho phép cht 16ng chuyén qua
mo1 trudng x5p dudi mot gradient nhat dinh.

Trong moi truding biao hod, hé s6 truyén dan trong luc phu thuoc vao kich thude cia 16
va 56 lugng cha ching. Trudng hop 1Y tudng mo hinh hoi dang cdc 16 mao quén 1a hinh tru
bdn kinh 1, truc dng ndm theo phuong pradient thé, van dung phuong trinh Poazeyo ta cé
the tim duge hé 56 truyén dan trong luc:

_ I'lif'tl"4

K= 2-4)
B (

Trong d6: ,
n - SO luong céc 10:
H - HE 6 nhdt caa chal 1ong.

Theo Saizo vi Colizooc, ¢6 thé gia thiét cic 16 ta cée mao quan ngan ting doan, ¢4 chidu
dai bang nhau, ban kinh 16 phan bo theo phuong trinh dudng cong ddc trung am cha dat.
Cic mao quan duce néi lién véi nhau mot cach hén loan theo tinh chat ngdu nhién. Mat
phang cat ngang vuong géc vi gradient the xuyén qua diém néi ti€p cdc mao quan. Tir d6
im ra dugc cong thic;

K=Y 3 25v,5v, (2-5)
p 7 s
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Trong da:
r - Bdn kinh 16;
8V, 8Vy - Dién tich noi LEp cac mat dat cla ong.

Trong méi trudng bio hoa, theo ket qua nghién citu cua Staple, Lelaine, Philip thi he 50
truyén dan trong uc khong phai 1 hing $6. N6 dic trung cho do dan am khong chi doi vol
chat 1ong ma con dai véi dong hoi. Do truyén dan phu thuge chir y€u vio tinh chit cua dal.
nhi¢t do dat, néng do mudi. Truong hop tinh chat cia dit, nhiét do, nong o mudt khong
thay déi thi hé 6 truyén dan trong ke phu thuoc vio do am cla dat.

Cac tdc gid Philip, Gardner nhat tri cho ring voi do am nho thi hé s6 truyén dan trong
lge bang 0. Diéu niy ¢6 thé duge giai thich la doi vai do am nho, nude 1On tai trong dat
duéi dang nude mang hodc timg doan mao quan ngdn. Nhu vy, trong luc tic dong tén cic
phin tir nudc trong dat rat nho so vai luc hie gila cdc phén tr dat va phén tir nude. Nudc
khong thé di chuyén dudi tdc dung cua trong luc duge. Hay néi cich khdc, hé s& truyén dan
trong luc bang 0. Nhung véi do 4m cu thé nao (d6i val timg loai dat) he s6 K =0 con la van
d¢ chua duoc thong nhat. Cang gan t6i do dm bao hod thi h¢ o truyén dan trong uc cang
tang nhanh va dat gid tri 16n nhat tal do am bao hoi.

Chiing ta di biét hinh thitc chuyén dong cua nude trong dat eém: nude trong luc, nudc
mao quan, nudc mang, nude dudi dang hoi. Néu hé so truyén dan trong luc dac trung cho pha
chuyén dong nudc trong luc thi hé s0 khuyéch tan mao dan dac trung cho pha nude mao
quan. ¢ so khuyech tin mao dan ¢6 thir nguyen (L? T ") biéu thi cutng d¢ khuyéch tin do
am trong dat. Dimg vé mat todn hoc thi he s0 khuyéch tdn mao dan va he s6 truyén dan
trong tuc ¢6 sur lién hé thong qua bicu thic:

oy

D=K— 2-6
co (20)

Trong d6 : y - Nang lugng hit mao dan.

C6 thé nhan thic duoc ring, hé s khuéch tin mao dan D ciing la mot dac trung gan gidng
hé s6 K. Hé 56 D ciing phu thudc vao tiph chat, do 4m, nong do mudi, nhiét do dat v.v...

Trong trudng hop cdc yéu t& nhu tinh chat dit, néng do mudi ¢d dinh thi h¢ s6 D ciing
phu thuoc chit yéu vao do am cha dat nhu hé 6 K. C6 thé nhan thay ngay rang, tng véi do
im nao dé he s6 K = 0 thi hé s6 D ciing bing 0 va img vo1 do am bdo hod thi he s6 D ciing
dat gia thi 1én nhit,

Trudng hop dung trong ctia dat thay doi, h¢ s6 D v K cling thay d6i. Khi dung trong
clia dét tiang len, gid tri D va K giam nho.

Sur khac biét gita D va K v& y nghia vat 1y 1d 6 chd: h¢ s0 D bicu thi su truyén dan am
trong dit dudi dang khuy&ch tdn duéi téc dung cua gradient nang lugng hiit mao quin. Con
hé s6 truyén din trong lyc bidu thi su truyén am dudi tic dung cua trong lyc.

Nhu viy, trong qué trinh chuyén dong am, thanh phén toc d6 do khuvéch tdn mao din
vi do trong luc ciing anh huong dén t6¢ do chuyén dong clia cde phin o nude trong dat.
Nhung tuy timg pial doan ma thanh phin nay roi hon thanh phin kia.
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He s6 khuycch tdn mao dan déng vai trd chi y&u doi véi tée do chuyén dong cla nude
trong vung dé am dat nho. Liic ndy tri s6 D nhd, nhung do gradient am 16n nén thanh phin
to¢ do khuyceh tdn rdlt 160, con thanh phan 16¢ do do trong tuc khong ddng ké. Khi do am
dat tang Ién, su phan bé trong dat kha déng déu, gradient giam nho vi dit hé khuyéch tén
¢o tang nhung thanh phin 16¢ do khuycch wdn van gidm, trong khi dé thanh phan téc do do
trong fuc tang lén,

Bicu thite (2-3) khong thuan ticn cho viec nghién ctu true tiép vin dé chuyén dong am.
Bi¢n doi phuong trinh (2-3) véi cic diéu kier trinh bay ¢ trén nhan duge mo hinh truyén dm
trong dat:

7t
— = div(Dgrad( + K) 2-h
at

(2-7) 1o phuong trinh vi phan dao ham riéng cap hai, phi tuyén dang parabolic. Giai
phuong trinh (2-7) nhan duge su phan bo dm trong dat. T dé c6 thé xdc dinh 15¢ do
truyén am & mot diém bat ky. Trong, trudng hop chung khong thé tim dugc nghiém giai
tich coa (2-7).

Nam 1955, Philip sir dung phép bi¢n déi Bolsman dua phuong trinh truyén am theo mot
phuong thinh phuong tinh vi phan thudng. Ciing bang cach do, sau nay Klute. Bruce,
Russell, Gerdner da giai bai todn trong mét vii truong hop don gian.

Nam 1956, Childs da gidi phrong trinh truyén dm trong trutng hop dong 6n dinh véi
vi¢e mo hinh hod quan h¢ gitta hé s6 truyén din trong luc K va luc hit mao quén.

Vi ¢6 gang tim mot nghiem gidi tich 1o gidi gon ghé, dep d& nén cdc tic gid da lam don
gian hod bai tedn va khong phit hop véi thue 1€, Vi viy viéc ing dung kél qui rat han ché.

Nam 1969, Hahks, Klute va Brealer Freeze da st dung phuong phdp so dé giai bai todn
truyén am voi su gitip dd cla may tinh dién ur.

Phuong trinh (2-3) khong xét dén dnh hudng cha boc thodt hoi nude, vi vay khi vin dung
doi véi tang dat canh tdc can phai ¢6 su cai bién.

Richards dd bién doi (2-3) dusi mot dang khic v dua thém thanh phan bdc thodt hoi
nudce vivo phuong trinh. Phuong trinh cta Richards ¢6 dang nhu sau;

o 2 o
cﬂz--{—(l{g}lﬂ(] + S(z.t} (2-8)
a oz oz

Trong dé:

h - Cot nude mao quan;

K - He 50 truyén dan trong lue;
o0

&h

5 (2,1) - Lugng nude bée thodt trén mét don vi thé tich cua dat:
z - Truc toa do thang ding;
t - Thot gian.



Trong khoang 10 nam gan day di c6 nhiéu tdc gid giai quyct (2-8) bang phuong phdp s
(sai phan hitu han hodc phan tir hitu han) nhu Brun vii Fyvoloslu (1974), Newman (1975).
Vayhoc (1978), Minal va Hands (1973), Hill (1977), Feddes (1976), Slak (1972), Singh Vi
Kumar (1983).

Thuc chét 10 gidi cha cdc tdc gia trén khdc nhau la do muc dich cta ho khic nhau din
dén diéu kién bai todn khdc nhau.

Muén sit dung mo hinh truyén am dudi dang (2-3) hoac (2-8) phai xdc dinh dugc cac
thong s6 mo hinh D(6) va K(8).

1.2. Xac dinh thong s6 ciia mo hinh truyén dm

Trén co 3 1y thuyét D va K duge xdc dinh bing cdeh tién hanh nhing chuong trinh thuc
nghiém xdc dinh riéng biét D, K hoac xdc dinh K trude sau d6 dua vio K dé¢ xde dinh D
hay ngugc lai. Nhu viy ¢6 nghia 1a khong thé xdc dinh bang thyc nghi¢m dong thoi D va K
mi phai tim cdch tao ra mot chuong trinh thuc nghiém trong d6 hoac K hoac D bi khw di.

Hién nay phuong phap 6n dinh va phuong phdp khong &n dinh thuong dugc dung d¢ xic
dinh hé s6 truyén dan K vi he s6 khuyéch dn bang thyc nghi¢m. Phuong phap on dinh st
dung ché do dn dinh cla chuyén dong, trong d6 phan bo am phu thuoc vao thai gian.
Phuong phép khong 6n dinh st dung ch€ do khong én dinh cta chuyén dong, phan bd am
thay déi theo khong gian va thoi gian.

M&di phuong phédp cé nhimg wu diém va tén tai khdc nhau. Phuong phédp on dinh khi
chinh 1§ s& liéu it s dung cdc gid thiét vi ndi chung 1a chit ché hon phuong phip khong 6n
'dinh. Tuy nhién, trong thuc t€ ché d on dinh vé mat k¥ thudt khong phai lic ndo cling de
dang tao ra duge. Thém vao d6 1hai gian thue nghiém theo phuong phdp nay y&u cau phai
di 16n. Phuong phap khong 6n dinh gidm bdt duge thoi gian thuc nghi¢m. Tuy nhién muc
d6 tin cdy va do chinh xdc cla $6 ligu nhan duge phu thude vio dicu kién thuc nghiém co
phit hop vdi nhitng gid thiét trong Ly thuyét hay khong. Khi trong dat ¢ nhiéu 16 cut (hay
con goi 1 thé tich ¢hé), dai lugng K xdc dinh theo phuong phdp 6n dinh va phuong phip
khong 6n dinh s& khdc nhau.

Nhr vay van dé lua chon phuong phap thyc nghiém xdc dinh D va K phai dua tren dicu
kicn k¥ thuat c6 thé thuce hién duge va diéu kién thuc &€ noi thuc nghiem.

Trong trudug hop truyén am theo phuong nam ngang, mot chiéu phuong trinh truyén am
co dang:

D _ —‘f"--{[ﬁ@} (2-9)
ot dx\ Ox

Nhu vay, trong phuong trinh chi ¢on mot thong 6 12 D. €6 thé xde dinh 1D bang cach
dua vao phuong trinh (2-9) hoic str dung cong thie Darcy trong moi truong khong bio hoa
nudc khi biét su phin bd 4m theo thoi gian tal cic mat ciit ngang cla méu dat thue nghicm:
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a0

V,=D=— (2-10)
oX
Truong hop truyén am theo phucng bat k¥, phuong trinh truyén am c6 dang:
ot
@:_6‘__[[) 08+Ksin0¢} 2-1D
N Gx\ x
Cong thitrc Darcy trong truéng hop ndy c6 dang:
a0
Vo=D-— +Ksinu (2-12)
ox’

Trong doé:
X' - Truc cta phuong trinh 4m:
« - Goce tao bai phuong trinh truyén am va phuong nim ngang.

Ncu nhu bi€t duge phan b 4m theo khong gian, thai gian va gia thi€t moi truong truyén
am dang hudng thi c6 thé tinh duge hé s6 K theo (2-11) hodc (2-12).

Tir cdc diéu kién phan tich & trén ta thiy dé xdac dinh D can phai to chic mat chuong
trinh thue nghiém vé su truyén am cia phuong nim ngang véi hai yéu cau:

- Am duge truyén trong ddt nam ngang dudi tdc dong clia luc khuyéch tdn mao dan:

- Do do dm cua cdc mat cat ngang miu dat dam bao khong phd v& két cdu cia méau dat,
khong gay danh hudng dén qua trinh truyén dm.

Dé tinh todn gid tri K va D dua trén s6 liéu thuc nghiém theo phuong phdp khong 6n
dinh c6 thé sir dung cdc phuong phap:

1. Phuong phap dya trén nghiém gan ding ctia phuong trinh truyén 4m.

2. Phuong phdp dua trén co s& gid thiét dong khong én dinh dudi dang tong clia cdc giai
doan én dinh.

Cé the thdy ring néu dua vio mot s6 gid thiét dé khic phuc nhing khé khan vé thuat
todn gap phai trong 1y thuyét ctia phuong phdp thit nhat ciing ¢6 su khéc nhau gilra tinh
chat cia moi trudng thue véi moi trudng 1y tudng s& gay ra su khéc biét gitra két qua tinh va
tai licu thue do. Nhung tinh todn theo phuong phdp nay nhanh chéng nén né vin hap dan
nhi¢u ngudi nghién ciu hoan chinh 1y thuyét va k§ thuat tinh.

Phuong phdp thit hai hoan thién hon. Vin dé do chinh xdc cta phuong phip lién guan
dén s6 lugng nhimg giai doan én dinh duce phan chia tir qué trinh khong 6n dinh. Hay néi
cach khdc di n6 lién quan t6i kha nang hodn thanh s6 luong 16n treng cong viée do dac va
trong chinh 1y s6 licu,

II. PINH LUAT DARCY

Cdch day mot the ky, k§ su thuy luc Darcy ngudi Phdp da thue nghi¢m dong chiay ua
ot ong mau cit duge ding ¢ loc nude. Ong vict "Toi du dinh bang nhiing thic nghiém
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dic biet d¢ xac dinh dong chiy qua nhitng dung cu loc... thye nghiém di ching 10 ring
luong nude chuyén qua méu cdt ty 1€ thudn véi dp sudt va ty 1¢ nghich vér chiéu dai cua ong
mau ma nudc chuyén qua’.

C6 thé phat bieu ring: luu lugng dong chiy qua mot moi trudng 16 tong ti 1¢ vai ¢t
nude tén that va ti 1& nghich vdi chiéu dai cla quing dudng dong chay. Sau nay. 1ot phit
bidu dé di (& thanh ndi tiéng va duge goi 1a luat Darey. Su dong gop cla Darcy doi vai su
nghién citu nude dudi dat to 16n hon bat ky mot sy déng gop nao khdc.

Luat Darcy ¢6 thé duge bicu dién qua bicu thic:

Al
O=—K. A (2-13)
L
Hoic: 0=-K. A 512 (2-14)
di
Hay: V:_g:_}(ﬁ (2-15)
A df
Trong dé:

V - Van toc dong chay Darcy;
K - Hé s6 tham;

Q - Luu luong;

A - Dién tich mat cat ngang:
Ah - Chénh léch dau nude.

Téc 36 V trong phuong trinh (2-15) duge goi ka téc do Darcy vi gia thict dong chay chay
qua toan bo mat ¢t ngang ma khong xem xét dén cac phan 1 ran va 16 réng & trong do.

Thue ra dong chéy chi 16n tai trong cac 16 rdng, vi the t6¢ do tham thuc trung binh s¢ bang:

v, = L (2-16)
oA

Trong dé: « 12 do rdng cda moi trudng 16 rong.

Vé méi trudmg 1 cdt ¢6 do réng o = 33% thi V, = 3V.

Dé xdc dinh téc do thue cha dong chiy, bat buoc phai xem xét dén cau trie cua vat ligu
dé. Vi du nude chay qua cac khoang khong cia 16 rong thay doi lien tue tal cic vi ui khic
nhau trong moi trudng xop. Dicu nay ¢6 nghia rang toc d¢ thue khong phai la déu.

Khi dp dung dinh luat Darcy, can phai hi¢u 16 pham vi ing dung cua nd. Boi vi trong ché
do chay tang, toc do 1y 1 bac nhdt véi gradient ¢ot nude nen dinb luat Darcy cang chi ¢6 higu
luc khi t6¢ do chay trong moi trudng xop di nho dé ¢6 the coi ché do chay la chay ting.

St dung s6 Raynon:
pVd

1L

R.=

[
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Trong do:
p - Mat do chat long;
V - Toc dé dong chay;
d - Dudng kinh 6ng;
1 - D¢ nhét cha chat 1ong.
Thuc nghiém da chimg 16 rang luat Darcy chi diing khi R, < 1 v khéng 6 y nghia khi
R. > 10.

IIL. PHUONG TRINH CUO BAN DONG CHAY TRONG MOI TRUGNG BAO HOA
3.1. Dong chdy khong 6n dinh trong tang chira nude
L. Truong hop moi truong dong nhat, khong ding hudng
X¢t mot phan (6 tinh todn ¢6 do dai Ax, Ay, Az trén toa d6 Pé Céc nhu hinh 2-1.

AX

AZ

Hink 2-1: Phdn 15 tink todn thiét Idp phuong trinh co bin

Luong nude vao the tich khong ché qua mat I trong moét don vi thai gian 1a;

ch
— K.‘xw]AyAz (2-17}
%
Luong nude ra khoi thé tich khong ché& qua mat 2 trong maot don vl thot gian;
oh &
AzAY| <K, = - Ky T2 Ax (2-18)
OX ox”
Luong nude trong the tich khang ché theo phuong x la:
&h _
K“ag—AxA}'Az (2-19)

Tuong w nhu viy doi v6i phuong v vi 2, ta nhn duge leong nude trong thé tich khon g
che theo cd ba phuong s¢ 1a:
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&h &*h #h
Ky —o +Kyy = + Kpp (2-20)
ax” ay ce”

Theo dinh luat bio 10in khai lugng (2-20) phai bing sy thay dol it lugng trong 1thoi
gian tinh todn, hay:

-2 ) -7
h h ’h_ oh
Koo+ Ky o + Ky s =8 = 2-21)
) gy 07 ot

Trong do:
K. K, K, - He 6 tham theo cac phuong X, v. z3

Xx?

S, - Hc 0 trit nude don vi;

f1 - Co1 nudc tinh toan.
2. Truong hop moi trweong khong dong nhat, khong dang huong

Tuong tu nhir cdch lam trén ta nhan dugc:

5 %, o % 3l
i[Kxxﬂ]+i Kyy +f—'LKuc—h]:85 & (2-22)
X ox,/ Oy oy} oz Jz A

Phuong trinh (2-22) viét cho mot don vi thé tich cla ting chira nude. Trong trudng hop
viét cho toan bo tdng chita nude c6 ap, cé do day b phuong trinh sé c6 dang:

"J '11 - ’5 1 = -
S ), Ofpd)_ g (2-23)
ox\ ¥ ax 0y ay az dz ot
P6i véi ting chita nude khong dp, phuong trinh s€ ¢6 dang:
) ch 5 0 ?
g (K hah] lgad (K N (2-24)
ox Ox ay oy (?fz dz a

3. Gid thiét Dupuit - Forchheimer
Pé don gian hod dong chay ngam ba chiéu, Dupuit - Forchheimer dua ra cdc gid
1hi¢t sau;

a) Téc do hudng ngang trén toan b mat cit doc lap v6i phuong thang ding z.

b) Téc do tai bé mat nude ngdm duge tinh theo cong thire:
¢h ¢c¢h ch | i}

V=w-K— ) —=— ; sind ~ tgh {(2-25)

ds  0s  OX

Véi gia thiét cia Dupuit - Forchheimer ¢ thé viél lai phuong trinh dong chay ngam
trong moi trudng khong dang hudng va khong déng nhat nhu sau;

Goi b(x.y,t) Li do day tang bio hoa, lugng nudc vio qua mit | trong mot don vi thol
pian la
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ch

VXAXA)F = TRy (2*26)
Lugng nude ra khoi mat 2 trong mét don vi thoi gian 1a:
[Vx + 6(;/,‘ ]AxAy (2-27)
¥

Luong nude con lai trong thé tich khéng ché trong mot don vi thai gian theo phuong
x la:

° [bK,, @] (2-28)
OX X
Tuong tu d6i v6i phuong y 1a:
a 3
AxAy — [ bKy, ch (2-29)
ay cy
Tong lugng dong chay con lai trong thé tich khéng ché theo c¢d hai phuong la:
"1 =]
axay| 2K, h] [ bk, D (2-30)
Ox 0x By Gy
Thca'; dinh luit bao toan khéi luong ta co:
g d %, 5
bK,, — h bK,, h —h- (2-31)
ox ox ay ¥ oy ct

boi véi taing ngam nude khong ap b(x,y,t) = h(x,y,1). Do d6 ta nhan duoe:

5 oh
p(K“hah] (K h@] s & (2-32)
ox,) oy Oy at

Truomg hop ¢é lm_mg Aude bé sung nude ngdm hodc mat nude trong khu vuc:

9 % g}
N S Kb |ig-s D (2-33)
(?x Ox 8y ooy ot
Hay:
5 % A % .
E(Txx ﬂ + i Tvv Lh + Q =S —h (2-34)
ox ox) Oy\ T &y at

Trudng hop doi v6i dong chiy on dinh v& phai clia (2-34) bing 0, ta ¢é phuong trinh
Bouqssiness v61 moi trudng déng nhat va dang hudng:

T[__h LY. 235
X &y J
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Trong d6: S - La hé s trit nudc ;
Toe Tyyr Tyr - HE 56 dan nude (LT );
Q - Luong bd sung tham (L T ).

C6 thé nhan xét ring cdc phuong trinh trén déu 1 cdc phuong trinh vi phan phi tuyén
cap 1l dang parabolic. Trong trudng hgp chung, ching ta khong thé tim nghiém giai tich
cua no.

3.2. Phuong trinh co ban déi véi tang chia ¢6 tham xuyén (tang ban ap)

Dic diém cla loai ting ngam nudc nay, nhu da ndi, 12 ting ¢é mot ting ngdm nudc yéu
& trén nd (aquitard), vi thé nudce vin co thé trao doi voi bén ngoai tang ngam nude. Muc do
trao ddi thy thudc vio twong quan gilta myc nwde ngam va muc thay ap.

Mat dat

----------------------------- Mue nude ngdm

Giéng :: Giéng khang ap
ban ap - . s
[ Mue thuy &p
T A A | g thim nude yéu

.70
Illilll ||

A A /
_—_—————y Tangkndngthdm

Hinh 2-2: So dé 1dng chita cé thdm xuyén

Phuong trinh co ban ¢6 thé viét duéi dang:

2fp ) 2 gms
0x ox,) oy\ T oy ot

Q = Q(h) = [hy(x.y.0) ~ h(x.y.0)] fl}

' h(].“‘h

= -h — ===
Q=(h, )E, -
K’

(2-36)

bat: C= i Stic can thuy luc clia ting ngam nudc yéu, don vi thuong ding la (ngay)™;

A = VKbC - Chi s6 thim xuyén (Leakage factor).

D3i véi tdng ngam nudc ¢6 4p X = oo, cdn d6i vdi tdng ngdm nuoc khong ap A rat nho.

Xét trudng hop dong chdy én dinh, moi trudng déng nhat va dang hudng:



92ﬂ+h‘)‘h=0 (2-37)
ox? T.C
&°h _ h-hg
o A
Nghiém cia bai todn [a;
h=Ce™ + Ce” +h, (2-38)
T}ong d6 C) va G, 1a hai hang s6 tich phan, ching duge xac dinh theo céc diéu kién bién.
Vidu: x=0—->h=H,
x=L-—->h=H,
Ta nhén duoc:
H=C +C+h,
H,=Cie™ + Cpe'? (2-39)

Giai h¢ phuong trinh ta s& tim duge C, va C,.

IV. MOT SO BAI TOAN THUGNG GAP TRONG THUC TE

4.1. Dong chdy 6n dinh mot chiéu déi v6i tang ngam nude khéong ap, moi truong
dong nhat, day khong tham nam ngang

Mzt dat

Téng khong thdm \]
L

Hinh 2-3: Dong chdy on dinh trong tdng khong dap

Phuong trinh: 9 (hgll] =0 (2-40)
ox L ox
bicu kién bién: H({O)=H,;HL)=H,
Tich phan phuong trinh (2-40) ta nhan duoc:
h® = Ax + B (2-41)

Trong dé: A, B la cdc hing s6 tich phan.
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H3 - H}

Theo diéu kién bién: A= 3
B= H’
, 12 -1}
Ta c6: h“:lllzwLILlHl X

Trudmg hop co lugng bé cap cho nude ngam, phuong trinh ¢4 dang:

SECIRS

Sau khi tich phén ta nhin dugc:

2
h2=—}—{1—2—+Ax+B

Theo diéu ki¢n bién h(0) = H,, h(L) = H,:
H:-H} RL
+ JE—

A =
L K
B= Hj
. 2 2 2 2, X Rx
Do doé: h=Hi+ (H5-Hj)— + — (L-X)
L K
Trudng hop diéu Kién bién cho dudi dang Neuman:
, . ¢h
Taix=0thi: — =0; x=Lj; h=H
X
R 5
Ta c6: hi= — (L2 —x%)+ H
K

(2-43)

(2-44)

(2-45)

(2-46)

4.2. Doi v6i tAng ngam nuéc cé ap, dong chay on dinh mot chidu, moi truong dong nhat

a) Chidu day tang ngdm nmicdc khong doi (b = const)

e’;’/./.-"./';",f’,/.-".-"."‘.v".//.-’.-’/.-".-".-’///,-“.-“.-".-".-’//.-".-".-".-".-"./.-’.fz".-".-".-"]

Mat dat

< L —_—

Hinh 2-4: Dong che o1 dink vong ting o6 dr ¢4 bé day khong dot




Phuong trinh co ban:

&*h
T— +Q=0 (2-47)
x>
Piéu kién bién: x=0—->h=H,
Tich phan phuong trinh (2-47) ta nhan dugc:
2
h:—Q’; +Ax+B (2-48)
Theo dicu kién bién xdc dinh duoc cic hang s6 tich phan A va B
B=H,
A= QL H -1,
2T L
Do dé: h=p, - e Qx (2-49)
L 2T

b) Chiéu day tdng ngdm nuéc thay doi (b # const)

R i e o o i o P P i i o e Mat dét

--------- } '-t']—"‘—“'""““"“'“'—'-'-v--_.

Hinh 2-5: Dong chdy én dinh trong tdng c6 dp cé bé day thay doi

Gia thiét chicu day tang chita nudc thay déi tuyén tinh theo phuong trinh:
b = b, - xtanc.
V6t a la d6 nghiéng cla tdng chita nude (*).
2

Ta ¢é: K (b, - xtanoy 2 = 0 (2-50)
X Ix

Sau khi phan tich ta duge:
' Aln(by — X tana) N
—tana

h(x) = B (2-51)

Dua vao dicu kién bién cu thé ¢6 thé x4c dinh duge cdc hang s6 tich phan A va B.



BAI TAP CHUONG U

1. Tng cit ¢ dudng kinh hat trung vi bang 0,50 cm. D¢ dp dung dinh luat Darcy, doi
véi nude tinh khigt & 15°C 16c do 16n nhat cho phép 1a bao nhi¢u?

Loi giai:
Tuong dng vdi nhiét do 15°C, p = 0,999 x 10° kg/m3 vap=1,14x 10 gfs-cm.
Theo ¢oéng thirc:

vd
R, =%
1!
Tacé: y = Rett
pd
Dé dam bio R khong dugc phép 1én hon 1 thi t6¢ do 16n nhat cho phép € l1a:
| 1x1,14x107

= ‘ =0,0028 m/s
0,999 x 10° x 0,005
Nhu vay dé dam bao dinh luat Darcy c6 gid tri, toc do dong chay trong tdng cdt nay phai
nho hon hoac béng_0,00'ZSm/s.

2. Mot tang chita nudc khong ap ¢ do dén thuy luc bang 0,0020cm/s va 46 rong hiéu
qua bang 0,27. Tang chita nude ndy ¢6 do diy déng déu 31m ké tir mat dat. Tai gi¢ng 1,
muc nude ngdm }a 21m dudi be mat dat. Tai giéng 2, cich giéng 1 chimg 175m, muyc nudc
ngam 1a 23,5m dudi mat dat. Tinh a) Luu lugng trén mot don vi chiéu réng; b) Tée do trung
binh tai giéng 1; ¢) Muc nuéc ngam o vi tri gifa cha hai giéng.

Téng khang thadm

Loi giai:

a) Tinh luu lugng don vi:

2 42
—h
Theo phuong trinh: q= lK(h' 2 ]
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hy=3Im-2Im= 10m
h, =3Im - 23,5m = 7,5m

L=175m
1 [10°~7,5 2
==17 ——— =021 m“/n
a 2 ( 2x175 ] &
b) Téc do trung binh tai giéng 1: V= Q
nA
Theo céng thiic :
ViQ=qgxdorong vi A =hx do rong, nén :
Vz—q—— 0,21 = 0,08 m/ng

nh 0,27 x 10

¢} Muc nudc ngdm G gitta hai giéng:

Theo phuong trinh: h :th —MJFE(L—;()X
L K
Trong d6: h - Dau nudc tai x;
X - Khoang cich, ké tir géc toa do;
h, - Muc nude ngim tai géc toa do;
h, - Muc nudc ngdm tai khoang cich L;
K - B dan thuy luc:
w - Luong b6 eap (luong gia nhap ngdm).

Ta ¢6 thé it ra; h:\/hf_(hf_hg)[fj
L.

Thay céc s6 liéu da cho vdo phuong trinh trén, ta nhan dugc:
h= 002 - 02 -7, 322 ) _g g
175

3. Mot kenh tu6i duge xay dung song song vai song, cach séng 1500m. Ci kénh va song
déu nam trong ting c4t ¢ do dan thuy luc K = 1,2m/ngay. Khu vuc ndy c6 lugng gia nhap
ngam la 0,0014m/ngay. Myc nuéc séng 13 31m va muc nuéc kénh 1a 27m. Xéc dinh: a) Vi tri
dudng phén chia nudec ngdm; b) Muc nudc ngam cao nhat; ¢) Luu luong trén mot don vi
chiéu dai vao song; d) Luu lugng trén mot don vi chidu dai vio kénh.

Loi giai:
a) Vi tri duong phan chia nude ngam:
2 42
Theo cong thifc: d= L_Khji-h)
2w 2L
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Véi cdc s6 lieu dd cho: hy =31m ; hy = 27m; L = 1500m;
K = 1,2m/ng; w = 0,0014m/ngay.
Thay céc s0 liéu vao cong thic trén ta ¢o:
g2 1500 12 (31°-27%)
2 0,001 2x1500

= 680m (ké tr séng)

b} Muc nudc ngdm cao nhat:

2 12
Theo cong thiic: By =\/h%—(-1”—h?)d-+ﬁ(L~d)d
L K
Thay cdc s6 liéu da cho
N (312 —27*)680 , 0:0014
max 1500

(1500 - 680)680 = 39m

¢) Luu lugng trén mot don vi chiéu dai vio song:

242
Theo phuong trinh qzw—w rL——x
2L 2
2 42
Khi x = 0 ta c6: qo = Xt —ha) _ E]
2L 2
Thay s& liéu vao:
1,201 -27) (1500 ; |
=280 720 ) g o014] —— | =-0,960 m*/ng/m
b= 1500 2 &

Dau (-) biéu thi chiéu dong chiy nguoc vdi chicu duong clia tryc toa do
d) Luu luong trén mot don vi chiéu dai vao kénh:
Tuong tu nhu cau hdi & trén, véi x = L = 1500m, ta c6

1,2312 27 00 :
_L26BY 2279 6 00140 2% 1500 | = 1100 m¥ng/m
2x1500 2

g
4. Mot tang ngam nudc khong dp ndi lién hai song A va B ¢6 do dan thuy luc bing
i.2m/ngly. Muc nuéc & song A 1a 17m, myc nude & song B la 12m. Khoang cach gita hai
song 1a 4525m. Lugng nude gia nhap ngdm hang nim fa 0,0002m/ngay. Hiy tinh: a) Luu
hwong qua mot don vi chiéu dai song A; b) Luu Juong qua mot don vi chiéu dai song B;
¢) Vi trf dudng phan chia nuéc ngdm; d) D6 cao muc nudc ngdm 16n nhat.
5. Mot dap dat duge xay dung trén mot nén khong tham. D6 rong cta dap 14 500m. Dap
dai 100m. D6 dan thuy luc trung binh K = 0,23m/ngdy. Muc méc trong hé [a 75m. Muc
nudc ha luu (sau dap) 12 20m. Hay tinh leu lugng tham qua dip.



Chuong 11
DONG CHAY VAO GIENG

Gi¢ng la mot trong nhimg khia canh quan trong nhat ctia thuy van nude dudi dat. Giéng
dugc su dung dé khai thic nudc phuc vu cdc hoat dong kinh t€ xa hoi. Giéng cing duoc
ding dé chéng xam nhap mén, bom tiéu thodt nudc bi 6 nhiém ra khéi tdng chita nuéce, lam
ha thip muc nude ngam trong cdc hé méng, lim giam ap luc dudi dip.

Chuong nay d¢ cap dén hai vin dé co ban (i) xéc dinh do ha thap myc nude tai giéhg va xung
quanh giéng bom, khi biét hé s& dan nude vi hé s6 nha nude cla tang chira nude v (ii) xdc dinh
hé s6 dan nudc va hé 56 nha nude cha tang chia nuée khi ¢6 tai lieu hat nude thi nghiém.

I. PHUONG TRINH CO BAN DONG CHAY VAO GIENG

1.1. Cac gia thiét co ban

a) Tang chita nude nam trén ddy khong thiam;

b) Cic thanh tao dia chat nam ngang va ¢6 chiéu daj vo han;

¢) Trude khi bom, bé mit dp luc nam ngang;

d) Cot nude dp luc khong thay déi theo thoi gian trude khi bom;

e) Moi thay d6i vi tri clia mat dp luc chi do viéc bom thi nghiém gay ra;

f) Tang chita nuée 1 déng nhat va dang hudng;

g) Dong chay vao giéng hudng vao truc tam gieng & moi phia;

h) Dong chay vao giéng theo phuong nim ngang;

i) Dong chay tuan thi theo dinh luat Darcy;

J} Nube ngam c6 mat do va do nhét khong déi;

k) Gieng bom va giéng quan trac déu 1a giéng hoan chinh, tic 1 ching déu duge khoan
qua toan b bé day tang chita nudc;

) Giéng bom ¢6 dudmg kinh dit nho dé cé thé bd qua luong trit trong giéng.

1.2. Phuong trinh co ban dong chay vao giéng c6 ap

Xet trudng hop tang ngam nude 1a tang ¢6 4p, dong chiy khong 6n dinh trong toa do cuc
vai gia thiét clia Dupuit-Forchheler.

Phan 18 tinh toan

/‘\ Nwdc vio giéng
Hinh 3-1: Dong chay 89

qua the tich khéng ché’ <=
frong toa do cue = T
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Lugng nude di vao trong thé tich khéng ché la:

L (3-1)
or

Luong nuéc ra khoi thé tich khéng ché 1a:
—@Tr ¥ ?&[—@Trjﬁr
or

or or
3-2
(130 +80 x 3r 2
Luong nudc con lai trong thé tich khéng ché 1a:

_a—hT,rae —@[-@Tr)ﬁr 80 — 'r_riaE _3[—6—%]&269 + -@Trrse

or o\ or ot dr\ oOr or
_ 03 ) srs0+ T, Doroe (3-3)

or\ or or

Q

//////f//}/ffffff/’//f}f.//[ [ R P AT ERIT I T EEEEEEEETEL I ETE LI ELEEELELEEELST,

Hinh 3-2: Dong chdy vao giéng cé dp

. be 1s ch .
Luong nudc nay theo phuong trinh can bang nudc phai bang SE , do dé:

or or r or ot
Truong hop moéi trudng la dong nhat, ta cé:
_a_z_h + l @. = _S,._ a_h (3_5)
at ror Tot
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Trong dé:
h - Cot nude ap luc (m);
r - Bén kinh ké tir gi€éng bom dén vi trf tinh todn (m);
S - Hé 56 trit nu6ce (khong thi nguyén);
T - Hé s6 dan nudc (mzlngﬁy):
t - Thai gian (ngay).

1.3. Phuong trinh co bin dong chay vao giéng khong ap

Tuong ty nhu céc bude thiét 1ap phuong trinh co ban dong chay vao giéng co 4p & trén,
nhung ¢6 xét dén luong bd sung theo phuong thang diing chiing ta ¢6 thé fim duoc phuong
trinh dong chiy co ban vao giéng khong 4p (Newman vi Withespoon, 1969):

Kr@+&a—h+l(z-@ = S,i—la—h (3-6)
ot ra oz &t
Trong dé:
h - Muc nude ngam (m);
r - Ban kinh k€ tir gi€ng bom t6i di€m tinh todn (m):
z - Cao d¢ so voi ddy khong tham cta tdng chira nude khong dp (m);
S, - H$ s6 trit nude don vi (khéng tha nguyén);
K. K, - H¢ s5 thdm theo phuong ngang va thang ditng (m/ngay);
t - Thoi gian (ngay).

R T TR Er T 7}

Hinh 3-3: Dong chdy vao giéng khéng dp

1.4. Phuong trinh co ban dong chay vao giéng c6 tham xuyén

Tir phuong trinh co bén viét cho ting chita nudc c6 4p & rén, c6 thé suy ra phuong trinh
dong chdy co ban vao giéng trong tang chifa nudc ¢é thim xuyen.

39



(3-7)

o 1 or Tb'

&h 1oh (hg-h)K' _ Sh
T &

Trong dé:
h - Cot nuée ap luc (m);
(h, - h) - D6 ha thap muyc nirde;
r - Ban kinh ké tir giéng bom t6i diém tinh todn (m);
b' - Bé day tang tham nudc yéu (m);
S - Hé s6 trir nudce;
T - Hé s6 dan nude (m*/ngay);
K' - H¢ s6 tham theo phuong thang ditng tidng chifa nudc yéu (m/ngay);
t - Thdt gian {(ngay).

Q

Ry z‘]f'T"e’////////;’.-’a".-’a".-’a".-’.-".-’.-".-’.-"«’a"«"f PP EEEE LTI

i Pl

T

Hinh 3-4: Dong chdy vao giéng ¢6 tham xuyén

II. DONG CHAY ON PINH VAO GIENG

Khi bom, nuéc sé chuyén dong tir tang ngam nudc vao giéng va muc pude ngam (hay
muc thuy dp) sé ha thap dan. Su ha thip & diém cang xa giéng cang nho. Trong khong gian
ba chiéu ¢6 thé thiy mat ha thdp nhu mot hinh phéu. Tai di€ém muc nude (¢ot nude dp lue)
khéng thay déi (ng v6i mot luu lugng bom lén nhat dinh goi la ving dnh hudng cua giéng.
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a) Xet truong hop tdng ngdm nudce c¢é dp va dong chdy & moi noi déu huong ngang nén

dp dung dugc gid thiét ciia Dupuit - Forcheimer

Q
? Mat dat

R

- —
Ving anh hudng

Téng khang tham
Hinh 3-5: Dong chdy on dinh vao giéng cé dp

Theo phuong trinh cén bang nuéc:
Q=A.V=2nrbK 213 (3-8)
dr
Diéu kién ctia bai todn:
Tai gi€ng:r=r, > h=h,
Tair=R — h = h, (diém gi6i han khong chiu dnh hudng thay déi muc nudc).

Tich phan phuong trinh (3-8) ta ¢é:

hy—h,= Q In R (3-9)
2nbK L,
hy —h,,
Hay: Q = 2nbK 0w (3-10)
In| —
r\\-"
Got s = h,—h,, 1a do ha thdp muc nudc, ta cé:
s= Lt (3-1D)
27T g,

Gia st c6 mot giéng bom hut va hai giéng quan tric & vi trf 1 vi 2 ¢6 ban kinh t6i giéng

bom la r; va r, tuong Ung thi:

T=Kbo 2 12 (3-12)
2n(hy —h)) g
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b) Dot vai tang ngdm nudc khong dp
1. Khong c6 lugng gia nhap tir mat dat:

Q=K ‘;—h x 2mrh (3-13)
r
% hdh = 3T (3-14)
r

Diéu kién bién: h=h, tair=r, vah=hytair=R

nK(hf —hZ)

— 0w/ 3-15
Q [R] (3-15)
In| —
Ly
(3ia str ¢6 hai giéng quan trac d vi tri 1 va 2 ta cé:
2 42
Q= TEK(h_Z_.M (3-16)
| 2
I
Tir day rit ra: K= —ZQ-T In2 (3-17)
n(h; -hy) &

Tuy nhién phuong trinh nay khong diing trong trudng hop giéng quan trac gan sit voi
gi€ng bom bdi vi phan ddng chdy thang dimg 16n, trdi véi gia thiét cia Dupuit.

Trong thuc t€, sir ha thdp myc nudc rat nhd so véi chiéu day tang bio hoa, h¢ s6 dan
nuée c6 thé tinh nhur sau:

T-g Mth

Néu tai hai giéng quan tric, biét s, vk s,, ta ¢6 h; = h, — 8, vd hy = hy— s, thi h¢ s6 dan
nuGe sé bang:

T=Kh,= In2 (3-18)

2. Trudng hop ¢6 luong cung cip tham (bé cap)

Hinh 3-6 12 mot gighg bom véi luu lugng 1 Q.. Lugng bé cap ngdm dong déu W (tir
mua hoac tudi qui mitc hoac tir dong chay mat).

Theo phuong trinh cin bang nudc:
dQ = 2nr Wdr (3-19)

Tich phan biéu thiic ta nhan dugc:
Q=-nrrW+C (3-20)
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W (cap bé mat)

LTI TTTF TP T7FT7

Hinh 3-6: Dong 6n dinh chdy véo giéng khéng dp 6 cung cdp thdm

Khi:r—0, C=Q,. vi vay:

Q=-nr'wW+Q, (3-21)
Mat khiéc 1a laj ¢6:
Q=2muKh 3 (3-22)
dr
. 2 dh
Nén: ar'w + Q,, = -2nrKh e (3-23)
T
Tich phan phuong trinh (3-23) véi diéu kién bién cia bai todn: r=r, —» h = h, ta ¢&;
A Q R
2 2 2 2 w
—h'=— (*-R )+ =¥ = 3-24
hy K ( ) X - (3-24)
Truong hop W =0, ta ¢6
h —h? = &.In[g) (3-25)
K r

1. DONG CHAY KHONG ON PINH VAO GIENG CO AP

Khi mét giéng bom hiit nuée tir mot tdng ngadm nudc di 16n +6i luu lugng bom khéng
dGi thi 4nh hudng cta hmu lugng s& tang theo thoi gian. Vi nuéc phéi 1dy ra tr lugng triv
trong tang ngam nén dau nudc ti€p tuc ha thap, do d6 tén tai trang that chay khong 6n dinh.
Tuy nhién tSc d¢ ha thap muc nude ngdm giam khi dién tich vung anh hudng du rong.
Phuong trinh co ban cia tdng ngam nudc déng nhat va déng huéng trong toa do cuc 1a:
&h ,1on _San
a ra Ta

(3-26)

Trong doé:
h - Cot nuéc tai diém tinh todn:

r - Khoing céch tir giéng bom dén diém cén tinh todn:
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S - Hé s6 trit nudc;
T - Hé sd dan nudc;
t - Thoi gian ké tr khi bit ddu bom dén thoi diém tinh todn.

Theis dé giai phuong trinh (3-26) dua trén co sd tuong tu piita phuong trinh dong chay
ngim va phuong trinh truyén nhiét.

Véi diéu kién bién: h=h, tait=0; h = h, vo1 x = .

Nghiém cta Theis c6 dang:

=L e (3-27)

4nT :

u

Trong do:
s - Do ha thip muc nudc;
Q - Luu luong bom;
1% e
u= T Ham gicng.
Phuong trinh (3-27) dugc coi 1a phuong trinh dong khéng én dinh hodc phuong trinh Theis.
Tich phan (3-27) ta ¢6 nghiém gan diag nhu sau:

2 3 4
g:—g—{-o,5772-lnu+u~u v«

+ -
4nT 22! 33! 44!

(3-28)

Phuong trinh Theis cho phép xdc dinh céc hang s& S, T ctia hé dia chat bang cach bom
hiit nude thi nghiém. Phuong trinh duge dp dung mot céach rong rai trong thuc (€ va uu diém
hon phuong trinh 6n dinh vi:

- Gid tri ctia S ¢6 thé xic dinh dugc;

_ Chi cdn mét giéng quan tric;

_ Chi ¢4n thdi gian bom thi nghiém ngan;

- Khoéng cin gia thiét ddng chay la én dinh.

Tuy nhién, khi 4p dung cdn chi ¥ dén cdc gia thi&t ¢cia Theis nhu sau:

1. TAng ngam nudc la dong nhat, ding hudéng, d¢ day khong déi va mo rong vo han;

2. Trude khi bom, muc nude dp lyc nam ngang;

3. Luu lugng bom thi nghiém khéng ddi;

4. Gi¢ng bom hit thi nghiém nam trong toan bo tdng ngam nudc va dong chay & moi noi
14 nam ngang;

5. Prong kinh gighg di nhé dé o6 thé coi hugng trif nudc trong gienyg ¢4 thé bo qua;

6. Su ha thdp muc nudc trong giéng xay ra ngay sau khi nudc duge hit Ién (W gi€ng.

44



Rat it khi nhimg gid thiét trén thuc sy thoa min, nhimg bang viec cong nhan diéu kién
d6 s& giip c6 nhan thitc vé sy gin ding trong khi sir dung phuong trinh khéng 6n dinh
trong diéu kién thirc t&.

Gid tri trung binh S vi T ¢6 thé nhan duoc bing cich quan tric su thay déi s ~t tat mot
hogc nhiéu giéng lan can véi didu kién lvu luong bom thi nghiém khong dbi.

Ngoai vigc tim nghiém tix viéc giai truc tiep phuong trinh (3-28), mot s& téc gid did dé ra
cdc phuong phdp dé gidi.
3.1. Phuong phap dé giai Theis

No6i dung phuong phép dé giai Theis nhu sau:
Viét lai phuong trinh (3-28):

Q
s = —— W(u 3-29
T (u) ( )
Trong dé; u = r?“_S hay:
g do; ATt Y.
2
r_ = ﬂu (3_30)
t S

Logarit hoa (3-29) ta ¢6 lg(s) = lg[h%] + lgW{u)
o

le(s) — 1gWi(w) = Ig ;1% (3-31)

Logarit hoa phuong trinh (3-30) ta ¢6:

2
lg[rTJ ~ lg(u) = lg[%) (3-32)

Nhén xét: V€ phdi clia (3-31) va (3-32) la cac hiing sg.

Gia st dudng quan hé 1gW(u) ~ lg(u) da cho va theo tai liéu quan trac ta v& dudng quan
2

hé lg(s) ~ Ig L thi hai duong quan hé nay phai twong tu nhau va ching chi khic nhau mot
t

hing s6. Nhu vay cdc budc ciia phuong phdp d6 giai Theis nhu sau:
1. Quan h¢ lgW(u) ~ lg(u) di cho san;

2

2. Quan he ig(s) ~ Ig T dugc vé€ cling mot ty 1¢ v6i quan he lgW(u)y ~ lg(u);
t

3. Dich chuyén gifly vé& sao cho hai quan h¢ do triing nhau (gdc toa dé s& khac nhau):

5

o R s s aa N r N P
4. Chon mét diém thuédn lgi dé cé W(u) va tir dé tra ra dugce Ig(s) va lg— trén d6 thi;
. t
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5. Tinh: T= &W(u) (3-33)

4ns
S= 42& (3-34)
e/t
Hoac sau khi trugt dé hai dudng trung nhau thi hi¢u s6 tung do bang lg va hiéu s0

4T < .
hoanh do la lg e Tir day dé dang x4c dinh dugc T va S theo céc bieu thic (3-33) va (3-34).

3.2. Phuong phap dudng quan hé thoi gian va sy ha thap cot nuge ap lyc

Q B
le(s) — lg W{uw) =lg —— 3-35
g(s) —lg W(w) =1g AT ( )

2
lg(ﬂ ~lg(w) = lg(%] (3-36)

Tir phuong trinh (3-36) c6 the viét lai:

1 4T
lg| - —lglu)y=1g | — 3-37
g[l) glu) g[sﬁl (3-37)
1 Sr*
Hay: lg(t)y —lg| — | =lg | — (3-38
y g(t) g[u] g[4T] )
Cic budce lam twong tu nhu phuong phédp Thies, nhung khi tinh thi:
1 t
— = T2— (3-39)
u s
Q ;
5= —= W i 5-40
2l (u) (3-40)

Ch y: Khodng cdch giita giéng bom va giéng quan tréc nén bdng 14 ldn chiéu day tang bdo
hod va cdn kiém tra lai toc dé chdy:
Vrd
V = —-(2—; RP = —_—
2nrb Y

dé két luan trang thai chay c6 phai chiy tang khong.
3.3. Phuong phap Cooper- Jacob

Cooper va Jacob da thdy rang v&i gid tri r nhd va t 16n, tic 12 u nho thi shiing s6 hang
sau s& hang thit hai trong phuong trinh (3-28) ¢6 thé bd qua. Khi dé:

2
= 2 {os5772-m 2> (3-41)
4T ATt
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Vi€t lai phuong trinh trén duéi dang loga thap phan:

2,30Q I 2,25t

4nT & r2S

Do vay, v& quan hé d¢ ha thap muc nudc s véi Igt ta s€ nhan duoc quan he tuyén tinh tai
S=0;t=t,tacé:

(3-42)

-
0= 2300 | 225Ty
47T 25
2.25T >
Téc La: ’22“0 =1 §= 2 SZTIO (3-43)
r“s r

Biet gid tri cha S trén duong quan he xéc dinh duge h¢ s6 géc cla nd va s& xdc dinh
dugce gid tri cha T theo biéu thiic:

_ 2,30Q
4ntgo

T (3-44)

Trong dé : tga - He s6 géc chia dudmg quan hé

Cha y: Phuong phdp nay ¢6 hiéu qud khi u < 0,01.

Vi du: Tinh todn hé s6 din nuée (T) va he s6 luong trit (S) bang phuong phap Theis va
Cooper - Jacob.

Mot gieéng hat nudc thi nghiem tir tang chita nudc cé ap véi luu lugng bom bing

2500 m3/nga‘1y dém. Qud trinh ha thap muc nuée tai giéng quan tric cach giéng hit nude

.thi nghiém 60m cho trong bang dudi day. Gia tri cla ham W(u) va u di cho san. Hay xéc
dinh he so dn nuée (T) va hé s8 luong trit (S) theo phuong phap Theis va Cooper - Jacob.

S6 liéu thu duge tai giéng quan tric nhu sau:

i phuit) s(m) It
0,0 0,0 o
1,0 0,20 3600
1,5 0,27 2400
2,0 0,30 1800
3.0 0,34 1200
4,0 0,37 300
50 0,41 720
6.0 0,45 600
8.0 0,48 450

10,0 0,53 360
12,0 0,57 300
14,0 0,63 257
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18,0 0,67 200

24,0 0,72 150
30.0 0,76 120
40,0 0,81 90
50,0 0,85 72
60,0 0,90 60
30,0 0,93 45
100,0 0,96 36
120,0 1,00 30
156,0 1,04 24
180,0 1,07 20
210,0 1,16 17
2400 1,12 15

Phuong phdp Theis:

Véquanhé¢svar 1t len gidy logarit hai chiéu. Gid tri cha W(u) va u cing duge v trén 1o
gidy logarit hai chiéu khdc ¢6 ciing ti 1& véi quan h¢ s var /1. Di chuyén 2 & gidy sao cho 2
quan hé¢ trung nhau (hlnh 3-7). Chon diém thich hop dng vdi W(u) = 1,0 vau =1 x 10 2
s=0,18m;rt=150m /phut* 216.000m /ngdy

Q 2500 x (1,0)

Tinh cic sidtii: T= -~ Wu)= —— " _ =1110m¥n
gla i s ) = e 018 8
11 2
. LZT“ _ AxINOxI0 7 00206
o/t 216

Qg 10 | — | — T T
2% L =
£ g
o E 2 L ]

02—

01 L 1 1 1 > | 1 1 1 |
10 10* 10 16 1

Hink 3-7: Phuong phip dé gidi Theis d6i voi dong chdy khéng on dinh
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Phuong phdp Cooper - Jacob
VE 56 lieu thuc do len gidy logarit 1 chiéu (hinh 3-8).

Theo dutng quan hé ta ¢6 : As = 0,40 vat, = 0,39 phat = 2,70 x 10 ngay

o ) 2,30x 2500
Thay vao bicu thitc (3-44) tacé: T= x2 = 1145 mzlng
4x%3,14x0,40
25 2,25x 1145%2,7@8x 107
va 5= 28T _ 225x1 xS T0X107 _ 000193
re 60
12 ] T r ] 1 T
10 | -
9 S& ligu bom kiém tra
S o8 ]
é'
2 06 | Budng quan hé g ]
s
8 o041 : _]
As = 0.40m
02 1™\ = 039 min 7]
0 | \ I 1 | | | | i

o1 2 5 1 ] 5 10 2 5 10 2
Thdi gian ké tif khi bét ddu bom

on

10

Hink 3-8: Pluong phdp do giai Cooper - Jacob doi véi dong khéng on dink

3.4. Phuong phap quan tric sy héi phuc nuéce gi€ng

Khi dimg bom, muc nudc trong cdc gi¢ng bom va gid quan tric s& bat ddu dang [én.
Hi¢n tugng d6 duoc coi 1a su phuc héi muc nudc giéng,

Trong thue 1€ viéc quan tric, do dac muc nuée gigng héi phuc rat cén thiet vi qua phan
tich s6 liéu ¢6 the xdc dinh duge suat chuyén nude T. Gid tri nay 6 thé dung dé kiém
tra lai ket qua tinh T theo phuong phap bom hiit & tram. Hon nifa, luu luong Q vao giéng
trong qud trink hoi phuc muc nuée duge coi la khong doéi va bing luu luong trung binh
trong qud trinh bam hit, diéu nay dé chap nhdn hon la bao dam luwu lugng bom hit
khong dai.

NEu nude & mot giéng duge bom len trong mét thoi khoang nan dé va dot nhién dumng lai
thi su héi phue mue nude sau dé s@ dugc coi nhu do mét luu lugng bom b sung vao giéng.
Ta ¢6 thé viét;
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Q

§'= ——[W(u)— W(") 3-45
2T (u) - W(u)) (3-45)
Trong do:
2 2
b= S g £ (3-46)
4Tt 4Tt

t - Thoi gian bom;
t' - Thoi gian ké tir khi dimg mdy bom.
Truong hop r nho, t' khd 16n thi:

2,30Q .t .
1g— 3-47
47T 5 t' ¢ )

§' =

. D T . t e . ~ x
Diung phuong phdp d6 gidi v& quan hé s ~ — (giong nhu phuong phip Jacob) s€ xac
t
dinh dugc gid tri hé s6 dan nude T.

Chit y: Phuong phdp nay khong cho phép xac dinh gig tri S.

IV. DONG CHAY KHONG ON PINH VAO GIENG KHONG AP

Nhimg 151 giai truée day d6i véi phuong trinh khong 6n dinh dp dung d6i véi bom thi
nghiém & ting ngam nudc c6 ap. Loi gidi d6 cling cd thé dp dung cho tang ngam nudc
khong 4p trén co s& nhitng gid thi€t co ban phai dugc thod min. Néi chung, néu dd ha thap
muc nude nhd khong ddng ké so v6i do ddy tang bdo hoa, thi su 4p dung cho tang khong dp
1a c6 thé dugc.

Tuy nhién, déi v6i ting khong 4p, khi hit nuéc thi nghiém, nude chay ra tir lugng nudce
trit trong dat s& ngay 1ap tic kéo theo su ha thdp muc nuée ngam. D6 1a hién tuong tré
(delaycd yield).

Bouiton di nghién cifu hang loat cdc thuc nghiém va phan tich quan h¢ s ~ t, 6ng nhan
thdy dudng quan he 1g{s) ~ lg(t) c6 thé chia lam 3 phan:

Phin thit nhat: Tai liéu do dac trong mot vai phut ddu khi nudc thodt ra ngay lap wre tur
luong trit. Phan nay hdu nhu tring véi dudng quan he cha tAng ngm nudc o ap.

Phan thd hai: Do déc chia dudng quan hé nay gin nhu nidm ngang hoac rdt nhd do nude
trong luc thay thé dan dan khong khi trong cac 16 réng clia dat, _

Phan thir ba: Su can bing di dat dugc sy thodt nudc trong fuc va 8¢ do ha thip muc
nude ngam, Diéu kién nay xuat hi¢n sau mot vai phiit d€n mot vai ngy, tuy thugc vao h¢
dia chat (loai tdng ngam nudc) va ¢b thé dung dudng nay dé xdc dinh hé s6 tuong trlt cua
tang ngam nudc khong ap.

Thai gian t6i thiéu hdt nude thi nghi¢m dé xdc dinh S clla tang ngam nudc khoéng ip

nhu sau:
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Loai vat liéu Thai gian bom (gio) —'

- Bt thit, dat sét 170
- Cit min 30
- Cat tho hoic cdt trung binh 4

V. DONG CHAY KHONG ON PINH VAO GIENG C6 CUNG CAP THAM

Q

%g”//////%

v ¢///¢///

_______;_____'. 4‘___________
[~ -+ Téng chifa nude ban ap
E—— <+

T T 1.1 LI I I i |
IIIIIIIIJI! rlr'lllllli

T
]

Hinh 3-9: Giéng hiit nuoc trong tdng c6 cung cdp tham

5.1. Dong chay khong én dinh trong tang ¢6 cung cap tham khong c6 trir trong
tang chia nuéc yéu - Phuong phap dé giai Walton

Céc thi nghi¢m bom hdt ¢6 thé duge diung dé xdc dinh cac thong s6 thanh tao dia chat
cla ca tdng chita nuéc va tang chia nude yéu hoic & phia trén hoac phia du6i. Ta goi cic
tang chifa ndc nay 1a cac tang ban ap.

W.C. Walton (1960, 1962) da dé nghi phuong phdp d6 giai dua trén ho duong cong
W(u,r/B). Cdc dudng cong nay dugc vé trén giay logarit, truc tung la W(u,t/B) va truc hoanh L
1/u (hinh 3-10). Dudng cong vai gid tri i/B = 0 twong itng véi duong cong dang Theis.

Cac s6 léu do ha thap muc nudc theo thoi gian trong thi nghiém bom hut duge vé trén
gidy logarit {ciing mot iy 1& nhu quan hé W(u,r/B) ~ (1/u)]. Tuong tu nhu phuong phdp dé
giai Theis, dich chuyén dudng quan hé nay dé tring véi mot trong s6 cdc dudng quan hé
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W(u, 1/B) sao cho céc truc toa do phai song song v6i nhau. Chon mét diém thich hop trén
dudng quan hé tring nhau s€ xdc dinh dugc cdc gia tri W(u, 1/B), 1/u, t va s (do ha thap
muc nudc (hy-h)). Biét gid tri cua 1/B s& xdc dinh durge T theo cong thac:

T=——-9——~W(u,r/B) (3-48)
4m(hgy —h)
Trong dé:
Q - Luu luong bom (m’/ngay);
T - Hé s6 din nudc cha ting chiia nude 6 dp (m’/ngay);
1 - Thoi gian (ngay):
r - Khoang cach ké tir giéng hit nude dén giéng quan trac (m);
Goi K' 14 do dén thuy luc theo phuong thang dimg cla tdng chira nudc yéu (m/s):

. Tb'(r/BY
K'=—73—
r
2
10 T T T T T T T T T T T T T T T T T T T T
1ok Buing khéng n dinh e 05 0001
INERERN
B 0018 301 -
1.0k .
011 A
0.01h !
7
10" 10° 10

Hinh 3-10: Ho dicng cong chudn Walton xdc dinh cde thong s6 tdng chita nide yéu

5.2. Dong chay khéng 6n dinh trong tang bin ap khong c6 trir trong tang chia
nifGe yéu - Phuong phap diém uon cia Hantush

M.S. Hantush (1956) di xay dung mot phuong phdp khong can phai diing tdi ho cic
dudng chuin nhu cic phuong phap khac. Trén pidy logarit mot chidu, v& quan hé do ha
thip muc nudc giéng vo6i thoi gian. Trén dé thi ndy ta thiy c6 mot diém uon. Phuong phap
Hantush s& dya trén co s0 phat hién diém udn nay. Cac bude tién hanh nhu sau:

I. V& quan h¢ do6 ha thdp muc nude theo thoi gian ké tir khi bat ddu bom trén aiay logarit
mot chiéu (do ha thdp muc nude duoc ldy theo truc toa do thuong, con thin gian lay theo
truc logarit).
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2. D6 ha thdp myc nude tai diém uén (hy-h), duge xdc dinh bing mot nia do ha thap
muc nuGe 16n nhat.

3. Theo do thi, xdc dinh thdi gian t, trong ung véi (hg-h),. Ciing theo do6 thi xde dinh
duge d6 dée (m;) clia dudmg quan hé tai diém uén. Néj chung, d6 d6c nay bang do déc clia -
phin quan hé dudng thang (hy-h) véi t. Do déc nay ducgc tinh bang d6 ha thap muc nudc
trong mot khoang chu trinh logarit.

Tai diém udn ta c6 cdc quan he sau:

ngézi% (3-49)

m; =(24’2TQ]exp[%] (3-50)
am—hm=050m—hhu=zgf&{é} (3-51)
B=[g§ng (3-52)
()

Trong dé gid tri Ky(x) v ham exp(x) [Ky(1/B)] da cho trong phu luc cusi chuong.
Tir d6 ha thdp myc nudc va do doc tai diém udn, gid trj chia f(1/B) ¢6 thé duge x4c dinh:
t(t/B) = 2,3 (h,- h), /m,.

Biét gid tri f(r/B), theo bang tra phu luc 3-2 s& xdc dinh dugc gia tri cla /B, do
f(x) = exp(x) Kq(x). Biét gia tri cta r, tim duge B.

He 56 dan nude T khi d6 s€ duge xdc dinh theo cong thitc:
QK (r/B)

2n(hy — h)max
Gid tri S duoc tinh theo cong thiic:
5= 21 (3-55)
2rB
He 56 thim cua tdng bén 4p ¢ thé duoc xdc dinh néu biét do day (b') clia né:
K'= %2— (3-56)
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5.3. Loi giai doi voi trudng hop khong c6 thoat nudce tir tang chifa nude ban ap

Lot giai ddu tién doi v6i bii todn nay duoc M.S. Hantush (1956) dua ra. Trong truong
hop nay Hantush da gi4 thiét ring tat cd nude chay vao giéng bom ddu tir trlf din hoi trong
tdng ¢6 ap hay chuyén nudc qua tang chda nuéc yéu. Nude khong chiy ra ti tang ngam
nudc yéu bén trén. DE gidi phuong trinh dong chay vao giéng bdn dp (3-7), ngoai nhing gla
thiét co ban trong muc 3-1, Hantush da dua thém cdc gia thict sau:

1. Bén trén tang chifa nudce 1a tdng chita nwdc yéu;

. Tang chita nuéc yéu ndm bén dudi ting chida nude Khong ap;
. Muyc nuéc ngdm trong tang khong dp ban ddu la nam ngang;
. Muc nuéc ngam khong tut giam trong khi bom nudc tu tdng ban dp:

|OF TR N L -

. Dong chay ngam trong tang chida nudc yéu theo phuong thang dung;

i

. Tang chita nuéc ¢6 thé nén duge va nude duoc thodt ngay khi dau nudc ha thap;

7. Tang chita nudc y&u khong chiu nén, dé dam bdo khong cd nude tir luong tr trong
tang chita nudc véu khi bom nudc tir tang ban ap.

Gi4 thict thi tu rat khé thue hién duoc, trir khi lién tuc ¢6 luong bo cap vao tang khong 4p.
Tuy nhién, cé thé chap nhan gia thiét nay vdi di¢u kién:

1 ’ 2
< 5 _(b ) (3-57)
10bK"
Hoac theo Neuman va Witherspoon (1969):
b"K" > 100bK (3-58)

Trong dé:
t - Thoi gian ké tir khi bat dau bom;
§' - He s6 trit nudc clia ting chifa nudc yéu;
b' - Bé ddy cia ting chia nudc yéu;
b - Bé ddy cla ting chita nude ban ap;
b" - Bé ddy tang bdo hoa trong tang chita nudc khong ap;
K' - Hé s& thim thing dimg cla tang chita nude yéu;
K" - Heé s& tham cua tang chita nuéc khong ap;
K - Hé s6 tham cha tang chita nudc ban dp.
Gia thiét 7, nuée khong thodt tir ting chia nudce yéu sé chap nhan duge, ncu thoa min
diéu kien:
Theo Hantush: t> 0,036 b'S/K'
Hoic theo Neuman vt Witherspoon (1969):  r< 0,04 b [KSN/K'S'H]LQ,
Trong dé: S, 1 h¢ s6 nha nude cha tang chifa nude ban ap;

S'. Ia hé 86 nha nude cua tang chira nude yéu;
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5.4. Loi giai d6i vdi trudng hop cé thoat nuée tir trir dan héi trong ting chira nuéc yéu

Viéc kiém tra diéu kién t > 0,036 b'S/K' cho ring sy déng gop tir trit dan héi trong tang
chira nudic y&u (i 1¢ véi be day clia tdng. hé s6 trir nude va ti 1€ nghich vdi hé s& tham cla
ting chita. Trudng hop diéu kién trén khong thoa min, phai st dung 151 gidi doi véi tang
chita nude ¢6 cung cip tham va ¢6 déng gop nudc tir trit dan héi trong ting chiia nude yéu
((Hantush 1960; Neuman va Witherspoon, 1969). _

Lot giai dua trén cdc gid thiét trinh bay trong cic phan I va 5.3 ngoai trix gid thiét lugng
nuée t tang chita nude y&u c6 thé bd qua. :

Trudng hop nay ¢6 2 1 gidi, Trong giai doan hat nuée ban ddu, khi cic diéu kién sau
dugce thod man thi nuée s& thodt ra tix trit dan hoi trong tang bdn dp va tdng chia nurde yeu:

{ >£S— (3-59)
10K’
» LOi giai caa phuong trinh (3-5) sé& 12
Q
—h =—— H(u, 3-60
hg a7 K p) (3-60)
Trong dé H(u, B) 12 ham duogc cho san dudi dang bang trong phdn phu luc
I ranl?
= —(S/8 3-61
8 4B( ) (3-61)
B = (TbY/K')/? (3-62)
2
_IS (3-63)
4Tt
Luu lugng nudc chay ra tir phan trir dan héi trong ting ban ap bang:
ax = Qexp(vijerfe(v/vi) (3-64)
K" §'
Trong dé: vVe— . — 3-65
g b S (3-65)

Vi thoi gian bom du dai, tdng chita nude & dat 16i trang thai 6n dinh vk tat ca nudc s&
thodt ra tir thng chita nude khong dp. Thoi gian can dé dat 161 trang théi 6n dinh la:
s 8[S+(S/3)+8"] - (3-66)
[(K'/b'Ty+(K"/b"T)]

« Néu gid tri r, /B < 0,01 thi 18i giai Ia:

Q
hy -h =—— K,(r/B 3-67)
0 ST o(r/B) (
Loi giai nay giéng nhu 101 gidi d6i véi trang thdi én dinh trong trudng hgp khong cé
nudc tir tri dan héi trong tang chita nude yéu do tat ca nude i tdng chita nude khong dp

bén trén.
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V1. HE. THONG GIENG
6.1. Hé thong giéng hoan chinh

Khi céc phéu ha thap chia hai gi€ng bom gin nhau tring vao nhau, giéng nady sé€ dugc col
la gay anh huong lam tang d¢ ha thidp muc nudc ngdm dén giéng kia. Doi voi mot nhom
cdc giéng bom hinh thanh nén mot bai gieng (bal giéng), do ha thdp muc nudc ngam <o thé
duvc xéc dinh tai bat ky mot diém ndo néu nhu biét luu lugng bom ciia cdc giéng. Dua trén
nguyén 1y chéng tung do, do ha thip muc nudc ngdm & bat k¥ diém nao trong khu vyc anh
hudng do viéc bom clia mot s¢ giéng gay ra s¢ bing téng cla cdc mitc ha thip myc nudc
ngam do timg gi€ng gy ra:

Sy=5, + Syt s, + . +5 (3- 68)

Trong d6: s; 14 do ha thap muc nuéc ngdm 18ng & tai diém da biet va s, sy, Se, .- 5, 12 dO
ha thip muc nudc ngdm tai diém dé do cic giéng hit nudc a, b, ¢ ... n gay ra. C6 thé nhan
thdy ring s6 lugng giéng va dac trung hinh hoc cna bidi gigng 12 rat quan trong khi xédc dinh
d6 ha thap muc nude ngdm do bom. C6 thé dua trén phuong trinh dong 6n dinh hay khong
én dinh d€ xdc dinh do ha thdp muc nudc ngam trong mot bii gi€ng. Néi chung, cdc gieng
trong mot bii giéng duge thiét k& cho cdp nude can duge b tri khoang cdch gifia cdc giéng
cang xa cang tot dé gidm thiéu mac do dnh huong gitra ching.

Q, : Q
Vs rrrs ey r'? o e e .-? i T FAP777Preer.
U L Muc, NUSC NGAMT....
/\ ban dau
Budng 1dng hop
Tang khong tham
«—p—P g knong

A At e F A ] (A7 11 s 27 ML AA A SIS L,

Tang cod ap 7]

1
1
T
1
T 1

| = ;_E
DA HHITTITaa-BIBISBIIAA

Hinh 3-11: Buong ha thdp muc nuée do hé thong giéng tao ra

6.2. Heé thong giéng khong hoan chinh

Giéng khoan ¢6 day ndm cao hon dinh trén tdng khong thim dudi dugc goi la giéng
khoan khong hoan chinh (hinh 3-12). Dong chdy vao cic gi€ng nay khidc voi dong chay
huéng dong nim ngang vao truc giéng nhu cic giéng hoan chinh.
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Hinh 3-12: Dudng ha thdp muc nudc giéhg hit miesc khong hoan chinh

Chi¢u dai trung binh ctia mét dudng dong vao giéng khong hoan chinh 16n hon chiéu dai
trung binh dudng dong vio giéng hoan chinh, do vay can phai tinh dén stc can I6n hon d6i
voi dong chay. Trong thuc t€, d6i v6i mot giéng chua hoan thién va mot giéng hoan thién
trong cung mot tang chia nudc, néu Qp =Qthis, > s, néu s, =5 thiQ, <Q, trongdé QI
lus Tuong bom ciia giéng, s 12 do ha thap muc nudc trong giéng, con chi s6 p dé chi giéng
khong hoan chinh. Anh huéng clia viéc khoan khong hoan chinh c6 thé ducc bo qua déi véi
dong chay va d¢ ha thdp muc nudc ¢ ngodi ban kinh 0,5 + 2,0 lan do day ting bio hod b
(tuy thudce vao mite do khoan).

D¢ ha thap myc nude s, tat giéng khong hoan chinh trong ting chita nuéc c6 dp cé thé
bi¢u thi trong hinh 3-12;

§,=s+As (3-69)

Trong d6 As 1a d¢ ha thap phu thém do 4nh hudng cla viéc khoan khéng hoan chinh.
Trong trudng hop dong chiy 6n dinh ¢ thé tinh As theo cong thic:

ase @ 1op, (-ph,
2nT p Iy

(3-70)

Trong d6: T - H¢ s6 dan nudc; p - He s6 khoan (p = h/b); h, - D6 dai giéng cam vao ting
chtia nudc 6 bé day b; 1, - Ban kinh gi€ng. Phuong trinh (3-70) duoc 4p dung khi p >0.20.

Trong trudng hyp ong loc cha giéng duge dat gilfa tdng chita nudc thi gid tri cha As
duoc xdc dinh theo cong thifc:
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As = % 1_pln(l“p)hs
2nT p 21,
Phuong trinh (3-70) ¢6 thé duge bién déi déi v6i 1ang chita nude khong dp:
2h,As = Q1-p In (1 =ph,
K p 2L,
Nhur vay: sp =s°+ 2h,, As

VIL. DONG CHAY VAO GIENG GAN CAC BIEN PAC BIET

song. Luu luong bom 1a Q. Dé thay thé bién
1a mot con soéng k€ gan gi€ng bom ta tudng
tugng ¢é mot gieng bom khac véi luu lugng
(- Q) dor ximg qua song.

chd

(3-71)

O nhimg noi giéng bom Ién gin cdc bién ngdm nudc gia thiét tang ngadm nudc kéo dai vo
han 13 khong dam bdo. Phan tich tinh huéng nay dua trén nguyén 1y chéng tung do
(Superposition), s ha thdp cta hai hay nhiéu gi¢ng s& 1a tong cla su ha thap cua ting giéng
riéng biét.

Bing céch dua ra nhimg giéng o, mot ting ngam nudc hitu han ¢ the chuyén doi sang
ting ngam nudc vo han do d6 13i giai cha cac phuong phép trude diy 6 the duoce dp dung.

7.1. Giéng & gan dong chay mat

Gia sir ¢d mot giéng bom & gan mét

Song

R

Nhu vay, tai vi tri gilta hai giéng, khong ~ Giéngo
su ha thdp muc nudc. Sy ha thap muc

nude tai mot diém A nao do dugce tinh theo

cong thuc:
Q Q
s, = —— W(u) — —W(u
T 4nT at 4nT (1)
2 2
Trong do: u, = RS R RS
4Tt T 4T
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7.2. Giéng bom & gin bién khéng tham nudce

Bién khong tham

¥

;

Hinh 3-14: Giéng hiit nudc gan bién khong thim

Giéng bom

Hinh 3-13: Giéng hut nudc gan bién song

(3-74)

(3-73)



-y
C6 thé thay tai bien khéng thdm nude; E:E =0.
or
D¢ dam béo didu ki¢n nay, gicng do cling s& bom véi luu lugng bing luu Iwgng giéng
hat. Mét cich tong quat, s6 luong gieng 4o dugce tinh bing cong thic sau:
n = (360"/0) - 1 (3-76)

Trong d6: n - S6 lugng giéng do; 0 - Gée hgp bdi cdc bién dic biét.

Hinh 3-15: Géc 8 hop boi cic duong bién

VIIL TON THAT COT NUGC TRONG GIENG

Ta da biet khi bom nuéce tir mot gicng, su ha thap muc nudc trong giéng khong chi do
luu luong bom 1én ma con tén that do dong chdy qua thanh gi¢éng va qua dau voi bom hat.
Vi ton that cia giéng lién quan dén dong chay roi nén né cé thé coi 1a ty lé véi luu tugng Q
¢6 s6 mil n (n > 1) (Jacob dé nghj n = 2. Nhung thco Rosabaugh, thisn bién dang xung
quanh 2). Gid tri n thay déi véi cdc giéng khac nhau. Cin phdi ¢é sir diéu tra bén ngoai va
bén trong giéng. Cé thé coi la tén that cot nudc trong gi€ng 1 téng cla tén that cot nude do
hé dat dd gay ra va do giéng gay ra.

Co thé viet: 8, = —Q— In E +CQ" (3-77)

27T 1,

Trong dé: C 1a hing s6 phu thuoc vio ban kinh giéng, ditu kien thi cong vi cic diéu
ki¢n khic.

Trong truong hop t6ng quat, tén thit cot nudc trong giéng cé thé viet:
s = BQ + CQ" (3-78)

D¢ xdc dinh B vi C ¢6 thé dung phuong phdp thir sai hoac do tim t8i wu hoic phuong
phdp do giai.

Theo phuong phdp dé gidi 1a ¢6 thé viet:

Sy - -1 ‘ ;
— =B+ CQ (3-79
Q

(thong thutng 1 <n<2: 05C <B< 1,5C)

o
Lus]



LAy logarit hai v€ ta c6:

Sw

lg | X ~-B|=1gC+(n—-1lgQ
g\[Q ] g g

Gia thiét gia tri nao d6 ctia B. Néu gia thict ding thi quan he Ig (% - ]~ 1oQ la dudng

thing v hé s6 géc cla duong quan hé d6 1a gid tri (n — ). Véi gia tri Q = O ta cd thé xic
dinh duoc gid tri C.

Quan hé giita hé s6 tdn that giéng C va dién kién cla giéng

Piéu kién gi€ng He 56 ton that C (phat/m?)
Giéng duoc thiét k€ va xay dung hoan hao <05 |
Hu hong nhe va it bi bit kin thanh giéng 05+10
Hu hong nang va bi bit kin nhiéu thanh giéng 0,5+10
Hir héng nang, khé sira chita lai nhur ban dau > 4,0 B
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Phu lue III-1: Gia tri ctia ham s6 W(u) tuong itng véigia tri u

u W(u) u W{u) u Wiu) u W(u)

1o 22 45 1.10°¢ 15,90 4,107 9,55 11072 4.04
2. 21,76 8. 15,76 5. 9,33 2. 335
3 21,35 9. 15,65 6 9,14 3. 2.96
4, 21,06 1107 15,54 7 8,99 4| 268
5. 20,84 2, 14,85 8. 8,86 5. 2,47
6. 20,66 3. 14,44 9. 8,74 6. 2,30
7. 20,50 4, 14,15 1.10°% 8,63 7. 2,15
8. 20,37 5. 13,93 2. 7.94 8. 2,03
9. 20,25 6. 13,75 3, 7,53 9. 1,92

107 20,15 7. 13,60 4. 7,25 1.10” 1,823
2. 19,45 8. 13,46 5 7.02 2. 1,223
3. 19,05 9, 13,34 6. 6,84 3, 0,906
4, 18,76 1.10°¢ 13,24 7. 6,69 4. 0,702
5. 18,54 2. 12,55 8. 6,35 5 0,560
6. 18,35 3, 12,14 9, 6,44 6. 0,454
7 18,20 4. 11.85 .10 6,33 7. 0,374
8. 18,07 5. 11,63 2, 5,64 8. 0,311
9. 17.95 6. 11,45 3. 523 9. 0,260

11078 17,84 7. 11,29 4, 4,95 1.10° 0,219
2, 17,15 8. 11,16 s. 4,73 2, 0,049
3. 16,74 9, 11,04 6. 4,54 3, 0,013
4, 16,46 1.10° 10,94 7. 4,39 4. 0,004
5. 16,23 2. 10,24 8. 4,26 s. 0,001
6. 16,05 3. 9,84 9. 4,14 B

Phu luc T1I-2: Gia trj ham s6 K (x) va exp(x) K, (x)

X K (x) exp(x) K (x) X K, (x) exp(x) K, (x)
0,001 ! 703 0,25 1,54 1,98
0.005 541 5,44 0.30 1,37 1,85
0,01 4.72 4,77 0.35 1,23 1.75
0,015 432 3.38 0.4 11t 1.66
0.02 4,03 4,11 0,45 1,01 1,59
0,025 381 3,0] 0,50 0.92 1,52
0,03 3,62 3,73 0,55 0.85 147
0,035 347 3.59 0,60 0,78 1.42
0.04 3.34 347 0,65 1,72 13 |




Phu lyc I11-2: (t1ép theo)

X K (%) exp(x) K (x) X K, (%) exp (x) K,(x)
0,045 3,22 3,37 0,70 0,66 1,33
0,05 3,11 3,27 0,75 0,61 1,29
0,055 3,02 3,19 0,80 0,57 1,26
0,06 2,93 3,11 0,85 0,52 1,23
0,065 2.85 3,05 0,90 0,49 1,20
0,07 2,78 2,98 0,95 0,43 1,17
0,075 2,71 2,92 1,0 042 1,14
0,08 2,65 2,87 1,5 0,21 0,96
0,085 2,59 2,82 2,0 0,11 0,84
0,09 2,53 2,77 2.3 0,062 0,760
0,095 2,48 2,712 30 0,035 0,698
0,1 2,43 2,68 3,5 0,020 0,649
0,15 2,03 2,36 4.0 0,011 0,609
0.2 1,75 2,14 4,5 0,006 0,576
L 5,0 0,004 0,548
Phu luc III-3: Quan hé r/B va K,(r/B) do Hantush xay dung (1956}
N /B=Nx 10" N x 107 N x 10" N
1.0 7,0237 47212 24271 0,4210
1,5 6,6182 4,3159 2,0300 0,2138
2,0 6,3305 4,0285 1,7527 01139
2,5 6,1074 3,8056 1,5413 0,0623
30 53,9251 3,6235 1,3725 0,0347
3,5 5,7709 3,4697 1,2327 0,0196
4,0 5,6374 3,3365 1,1145 0,0112
45 53,5196 32192 1,0129 00,0064
5.0 5,4143 3,1142 0,9244 0,0037
5,5 3,3190 3,095 0,8466
6,0 5,2320 2,9329 0,7775 0,0012
6,5 5,1520 2,8534 0,7159
7.0 30779 2,7798 0,6605 0,004
7,5 5,0089 27114 06106
8,0 49443 2,6475 00,5653
8,5 4.8837 2,3875 0,5242
9,0 4,8266 2,5310 0.4857
9,5 4,7725 24716 00,4524
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BAI TAP CHUONG III

1. M6t giéng hut nuéc nim trong tang chifa nuée ¢6 dp c6 hé s6 thaim K = 14,9 m/s va
S = 0,0051. Do day ciia tang chita nude b = 20,Im. Luu lugng bom Q = 2725 m*/ng. Tinh
dé ha thap muc nudc tai khoang céch 7m ké tir giéng sau 1 ngay hiit nude?
Lot gidi: _
T=Kb = 14,9 m/ng x 20,1 m = 299 m*/ng
'S 7°x0,0051

u= =
4Tt 4x299x1

=0,00021

Tra bang quan hé W(u) va u, tuong tng véi u = 2 x 107, ta cé W(u) = 7,04

g = _& W(u) = Mzsjm
4rT 4%3,14% 299

2. Mot tang chira nudc ¢6 dp nim trén tang khong tham va & duéi tang chifa nudc yéu
vai cdc dir kién sau day:

Tang ¢6 d4p: b=5,2m; K =0,73 m/ngay; S =0,0035; T= 3,8m2/ng

Tang chua nude yéu: b'= 1,1 m; K'=5,5 x 10 m/ngay; S = 0,00061

Tang khong 4p: b" = 25 m; K" = 35m/ngay

Tinh d% ha thap muc nudc tai giéng quan tric cich giéng hiit nu6c khodng cich r, biét
rang bdn kinh giéng hit r, = 0,15m.

Loyt gidi:
* Trudc heét ki€m tra gi thiét doi véi tang chifa nudc yéu va tdng chifa nudc cd ap véi
viéc bo qua sy trl nude trong tang chita nudc yéu:
Str dung diéu kién: b"K" > 100 bK. Ta cé:
25 x 35 = 875m%/ng > 100 x 5,2 x 0,73 = 380m?/ng
Nhu vay gia thiét ding.
* Kiém tra sy déng gép tir viéc trif nudc clia tang chita nudc y&u theo diéu kién:
t>0,036 bS/KK'
vl t=1 ngay
4,036 x1,1x0,00061
55x107° )

thi:

0,44

Nhu vay diéu ki¢n t > 0,036 b'S/K' 13 dam bio.

* Kiém tra bdn kinh gi¢ng dt nho dé bd qua lugng trit trong giéng:
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: -= 305, ¥
biéu kién kiém tra: t > 0'}“8 .[1 _[mbrw] }

30x0,15% x 0,0035 0x0,15Y ;
(30x0,15"x0,0035 | (10xOIS V| _ 55 04 (ngay)
3.8 3.2

Theo ddu bai t = 1 ngay nén diéu kién trén thoa man.
va theo diéu kién: 1,/ (TB/K)'"? < 0,1
0,15

[S,SX 11/(5,5% 10‘5)}”2

Dé fim W(u, 1/B), truée hét chiing ta phai tim u va r/B tuong 1fing véi cde gia tri r khdc

= 5.4 x 10 < 0,1 thoa man diéu kién trén.

nhau. Két qua tinh todn cho ¢ bang dudi day:

r,(m) u =S/ 4Tt I/B = t/(Tb/K") 2 W, r/B) 5= hy - h
1,5 517 % 107 545x 107 7,0000 41000
5.5 6,96 x 10 200% 1072 4,4000 2.6000
10,0 230 % 1072 364 x 10 3,2000 1,9000
25,0 1,44 % 10! 9,09 x 10 1,5000 0.8900
75,0 1,29 2,73% 10" 0,1700 0,1000
150,0 5,18 545% 107" 0,0017 00001 |

3. Mot tang chifa nudc ¢6 4p nam dudt ting chita nuée yéu va tang chita nude khong dp.

Pac trung cia cac tdng chira nudc nhu sau:

- Tang cd ap :b=43m; K = 1,lm/ngay; S=0,00053; T = 4,7In2/ngiiy
- Tang chira nude y&u b =7.2m: K' = 5.5%x10® m/ngay; §' = 0,00012
- Tang chita nuée yéu - b" = 17,0m; K" = 87.0m/ngay; §" = 0,055

Néu luu lugng bom bang 15 m’/ngly trong sudt 1,76 ngly thi do ha thap muc nude I8}
g 8 g b

khoang cich 22 m ké tr gi€éng bom hiit 1a bao nhieu?

St

Loi giai:

_ Kiém tra lai gid thiét cot nudc 1ang khong dp ¢6 thé coi 12 hing s6 c6 thod man khong?
dung dicu kién: b"K" > 100bK

K" = 17 x 87 = 1479; 100bK = 100 x 4,3 x 1,1 =473 vay b"K" > 100bK.

- Kiém tra su déng gép tir viee trlt nude dan hoi trong tang chira nude yéu:

Néu didu kién t > 0,036b'S/K' thoa min thi ¢6 thé bo qua lugng trit dan hoi trong tang

chita nuéc yéu.
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Theo dau bai: t=1,76 ngay
0,036b'S/K' = 0,036 x 7,2 x 0,00012 / (5,5 x 10‘6) = 5,66 ngay

Nhu vay t < 0,036b'S/K'" tic 1a diéu kién trén khong thoa man. Ta phai xét t6i anh hudng
chia trif nudc dan héi trong tang chira nuéc yéu.

- Kiém tra xem c6 thé st dung phuong trinh dong 6n dinh cua tdng chia nuéc cé ap vdi
lugng trir nude dan hoi trong tdng chifa nudc yéu duogc khong?

Sur dung diéu kién:

L BIS+(S/3)+8"]

K, K ]”2
_ —_—
b'T b"T

8[0,00053 +(0,00012/3) + 0,055]
o i72
5,5x10 N 87
1.2x4,77 17x4.7

Hay : t=176>042

Thay s ta c6:

= 0,42 ngay

Gia thi€t trén duge chap nhan. Nhu vay ¢6 thé sir dung phuong trinh dong 6n dinh cla
tang chita nudc ¢6 ap v6i lugng trir nude dan héi trong tang chita nude yéu dé tinh ton.

Phuong trinh tinh to4n (3-67) nhu sau:
Q
-h=— r/B
hy T Ro(r/B)

Trong do: B = (Tb/K"/?=[(4,7x7.2)/(5,5 x 10°%)]2= 2480
r/B = 22/2480 = 8.8709 x 10
Theo phy luc (3-3) ting vdi 1/B = 8,8709 x 107 ta cé: K r/B)=4,8

5
Thay vio cong thitc s = hy —h = %Ko(rmp 1548 aam
n

2x3,14%x4,7

4. Mot gieng hiit nude trong tang chita nude ¢6 dp vai luu luong hat Q = 13000m3/ng‘
Sau 1270 phat bom, quan sdt thiy muc nuée trong giéng quan tric cich giéng hiit nudc
260m la 29,34m so véi ddy trén cua tdng chita nudc ¢é dp va & giéng quan tric s6 2 cich
gi€ng hit 730m la 32,56m so vdi day trén cla tdng chita nudc ¢é dp. Xdc dinh hé s6 dan
nudc cua ting chia nude nay.

Loi gidi:

Ap dung phuong trinh: = ——In-=
pEMmep & 2nih; -hy) g
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Ta co:

13000 | [730

T = n ) = 665 m>/ngay
2x3,14%(32,56-29,34)  \ 260

5. Nudc duoc hit 1én tir mot giéng c6 4p véi luu lugng Q = 2500m’/ng trong 24 pid. Hay
xdc¢ dinh do ha thdp myc nude 16n nhat tai giéng. Xdc dinb thdi gian ké tir khi ngimg
bom d6 ha thip muc nudc tai giéng chi con Scm so véi trude khi hat nudc. Biét ring T =
1500m*/ngay; S = 0,0001 var,, = 15cm.

6. Mot giéng khoan sau todn bo tdng chia nudc ¢6 dp vdi r,, = 15cm. Néu luu luong bom
bang 28m3/ng trong sudt I ngay thi d6 ha thip muc nudc tai cic gicng quan tric cach giéng
bom hit 1,5m; 5,5m: 10m; 25m; 75m; 150m 1a bao nhiéu?

7. Mot lang dur dinh khoan mét giéng mdi trong tang chita nudc ¢6 dp vo1 T = 267m’/ngay;
S = 0,002, luu lugng bom thiét k& Q = 3m?’/phiit. Xung quanh gi€ng cé mot vai giéng clng
dat trong ting chita nuéc ¢ dp. Hay tinh do ha thap muc nude do giéng chinh gay ra cho
cic giéng xung quanh sau 30 ngdy bom lién tuc vdi khoang cach tur cac giéng 1Gi giéng
trung tam ldn lugt 1a 50, 150, 250, 500, 1000, 3000, 6000, 10000m.

8. Ciing véi bai todn 7, hdy tinh do ha thap muc nudc tai gi€ng cdch giéng trung tam
250m sau 1, 2, 5, 10, 15, 30, 60 phiit; 2,5; 12 giova 1, 5, 10, 20, 30 ngay.
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Chuong IV
CAC YEU TO ANH HUONG PEN MUC NUGC NGAM

I. CAC YEU TO KHI TUONG

1.1, Ap suit khi quyén

Su thay doi ap sudt khi quyén gay ra do su dao dong muc nudce thuy dp trong tang chita
nude c6 &p. Moi quan hé dé 1a quan hé nghich bién co nghia la ting 4p suat khi quyén sé
lam giam myc thuy dp va nguge lai. Khi su thay ddi dp suat khi quyen duge biéu thi bing
¢Ot nudc, ty [€ thay doi muc thuy dp vdi su thay doi clia dp sut duoe goi [a hiéu tng dp

Suat cua ting chira nuée:

Trong dé:
B - Hiéu tng dp suat (Barometric efficiency);
¥ - Trong lugng riéng cha nudc:
Ah - Su thay déi muc thuy ap;
Ap, - Su thay déi dp suat khi quyén.

Hau hét cde quan trac cho gid trj B ndm trong khodng tir 20 + 70%.

(4-1)

D¢ gidi thich hién tuong trén ¢6 (hé coi tang chita nudc nhu 1a mot vat thé dan héi, Néu

Ap, 1a su thay d6i 4p suat khi quyén vi Ap,, 1a két qua clia su thay déi dp suat thuy finh &

dinh cta ting chita nudc 6 dp thi:
Ap, = Ap, + AS,

Trong dé: AS, 1a tng suat nén dugc tang lén trén ting cha nudc,

Bién trén tang
chifa nudc ¢ ap

Tang cd ap O

AS, Cac phan tf ran
Ma trong dat

Hinh 4-1: Phan b6’ Iy uedng cia cdc luc & bién trén cia tang chita muic cé dp
chiv dnh huong ciia su thay déi khi ap

(4-2)
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Tat giéng hit nudc tir ting chira nudc ¢6 ap:
Pw =P, +7h (4-3)
Cho 4p suat khi quyén tang thém Ap, thi:
Po + APy =P, + Ap, + 7R’ (4-4)

M&t dat

E S Nl o W

Pa

f——

Muc thuy ap

AN

Téng chia nudc ¢6 ap

M —

NN

T 1
RANOnAnI
NN
1
1

Tang khéng tham

Hinh 4-2: Anh hidng ciia khi dp dén muc thuy ap

Thay p,, tit phuong trinh (4-3) ta c6:

Ap, = Ap, + ¥ (0’ —h) (4-5)
Tt phuong trinh (4-2) 16 rang ring Ap,, < Ap, do dé h'< h.
Néi chung, muc nude trong gi€ng ha thdp xudng khi ap suat khi quyén tang lén.

1.2. Mhra

Mua khong phai 12 mot chi thi chinh xdc chia lugng bé sung nudc ngam do tdn that trén
mat v dudi mat dat ciing nhu 1i thoi gian van chuyén cla tham thang dimg. Thdi gian nay
c6 thé bicn déi tir mot vai phit khi myuc nude ngdm & gan mit dat hodc dén mot vai thang
hay hang nam d6i v6i muc nudc ngdm nam siu va tham sau rat chdm (irong truding hop nay
¢S thé coi luong bo cap bang 0).

Muc nudc ngim c¢6 thé chi ra sy bién dong theo miia do mua nhung thong thutng su
thay déi nay con do xudt luu ty nhién va dnh hudng cua bom hit. Han hén kéo dai trong
mot vai nam 1am cho muc nude ngam ha thap xudng.

G viing khong bao hod phia trén muc nuéc ngam ¢ do am nho hon hé s6 giit nudc, nude
ngdm s& khong nhan duoc luong nude bd sung cho dén khi do hiit im duoc thoa min. Do
dé su gia tang b s& dugc tinh:

¥

Ah= -1 (4-6)
S)’
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Trong dé:
P, - Phan lugng nude tham 16 mue nude ngdm:;
S'\, - Hé s6 nha nuace.
Khi mua, nuéc lam bio hoa tam thdi mét 18p nude mit (véi d6 sau la m) sé don ép
khong Khi trong ving dét khong bio hoa va gay anh huéng dén muc nuéc trong giéng lam
cho muc nuic trong gi€ng thay déi mot lugng (dang lén):

Ah = Hm x10, (m) 4-7

Mat dat

LA YAy P RPNy ALY P IS LTI LA ELETI PSP 7 777,
m

.
P /A

Ving bdo hoa do mua

WYing khi bi nén
Ah

g Muc nuéc ngam
¥

I:I:I:I:I
111 ¢ 1

T
I

Hinh 4-3: Muc mitie ngam dang trong giéng quan irdc do tham mdt bit
kin bé mdr ddt va khdng khi nén trén muc nude ngém

1.3. Gio

Gi6 théi trén mat cha giéng gay ra anh huong thit yéu dén muc nude ngim thong qua
anh hudng cua 4p suat khong khi.
IL. ANH HUGNG CUA THUY TRIEU
Trong nhiing tang chita nude tiép gidp véi bién, su dao dong cla thuy triéu dan dén su
bi¢n dong cha nudc ngam.
Xét ruomg hop don gian, doi véi dong chdy mot chiéu trong tdng chita nudc cé ap.
Phuong trinh mé ti chuyén dong nude ngdm c6 dang:
h _Séh (4-8)
ox* T &
Gia thiét diéu kién bién: tai x =0: h=h,sinot vah =0 tai x = o0, (lay mat chuin 1a muc
nudc bién trung binh).
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Trong d6: o - Van téc goc:

t, - Chu k¥ thuy triéu.

W, = 22 (4-9)
ty
Mat dat
s ’ff; Muyc nude bién
Muic thuy &p / ,ﬁ trung binh
WW W ff/}"’ B3 I8n thuy trigu = 2hg
Tang chifa nubc co ap :é Bién
7

T J ey e
Hinh 4-4: Dao déng muc nudc thuy dp do dnh hwdng cia thuy triéu
Nghiém cia bai toan la:

h = hye VS0 gig m (4-10)
73} toT

Nhu thé bién do dao dong tai mit cit x k€ tir bd bién 1a:

hy = hee VYD) (4-11)
Thoi gian truyen séng:
=X, ,J—— (4-12
L 47T )
Téc do truyén séng:
v X2 (AT (4-13)
53 1S
Chiéu dai séng:
t
Ly=v.t, = mol (4-14)
S
Luong dong chiy vao trong tdng chifa nudc trong nira chu ky:
V = hy 25T (4-15)
T

L&i giai giai tich & trén ciing 6 thé dp dung gin ding vdi ting chiaa nude khong ap khi
su dao déng muc nudc nho khoéng dang ké so vGi do day tang bdo hoa.
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O trén da néi su thay doi 4p suat khong khi din dén su bién do1 muc thuy dp. Su dao
dong thuy tricu cling dan dén su thay déi myc thuy dp trong ting chiia nudc cé 4p.

Muc d6 anh hudng ciia thuy tridu dugc biéu thi qua hé 6 thuy triéu C:
C=1-B (4-16)

HI. ANH HUGNG CUA SU DO THI HOA

Qua trinh do thi hod thudng gay ra nhing su thay déi muc nuéc ngim do két qua cua
vice lam gidm luong bé sung nude ngam va ting cudng vite khai thic nuée ngam. O nhitng
vimg nong thon nude ding thudng duoc 14y tix cdc gi¢ng nong, trong khi dé hdu hét cac
nudc thai cua do thi lai tr¢ lai dat théng qua cdc hé chita nuée ban, Do vdy su nhiém bén
nude giéng tang lén. Nhiéu pi¢ng & cdc ho ding rieng phai bo di. Sau ndy, ngudi ta da phai
dat cdc hé¢ thong xir 1y nudc cong, nude théi, nudec mua trong khu vuc.

Ba dicu kién 1am cho muc nuée ngdm giam la:
e Lam giam lugng bé sunp nude ngam do 14t bé mat;
* Bom hit tang;

¢ Giam lugng bo sung nude ngdm do he théng céng ngam thu nhan nudc ngam tir
trén xudng.

Ngoai ra ¢on co nhu’ng anh huong khac nhu dnh huéng cia dong dat, anh hudng clia tai
trong bén ngoai,..

IV. ANH HUGNG CUA PO THI HOA PEN NUGC NGAM KHU VUC HA NOI

t. Phd huy déng thdi tu nhién (dng khai thic, thio kho tang trén: Do bj khai thdc, dong
thai (v nhien ciia nude duéi dat khu vue Ha Noj b phd huy dan dén su hinh thanh phéu ha
thap muc nude véi mitc do lan rong va ha sau khong ngung phdt trién trén toan bo thinh
ph&. Dién tich phéu 190km? vio nim 1991 tang lén 245,5km? vao nam 1994 véi t6¢ d6 mo
rong trung binh 14km%/nam. Hién nay, phéu con lan rong ra nhiéu, vuot qua xa song Nhué
v¢ phia Tay va dén tan Thuomg Tin vé phia Nam. Ron phéu sau nhét & Ha Dinh va Tuong
Mai, dén 32 + 35m. T6c do ha thip muc nuéc 16n nhat 0.8 ~ | Om/nam & khu vuc trung
tam: 0.6 + 0,7m/nam & Luong Yén v Yén Phy; c¢6 xu hudng giam dan ra mép phéu, (i
muc 0,2 + 0 4m/nam & Chém vi C§ Nhué.

2. Suy thodi gi¢ng khoan khai thdc: Suy thodi 13 su suy giam luu luong hoac khong
ngung gia tang muc nudc dong cha giéng khoan khai thic, dan dén hiéu qua thdp, tham chi
phai dinh chi hoat déng clia cong trinh khai thac nide. Suy thodi biéu thi qua chi tiéu hiéu
sult nho han 75% cong suit thiét k&, muc nude dong ha sdu dudi do cao tuyeét doi - 16m va
luu luong gi€ng don vi nhé hon 18m /h/m. D6i véi h¢ thong khai thac @p trung ¢6 dén 5%
sO bai gieng khoan roi vao tinh trang suy thodi luu luong, trong dé nang nhat & khu vuc
Ngo 5§ Lien va Yeén Phu. Nhiéu giéng khoan vira méi xdy dung, sau vai nim lwu lugng bj
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giam lien tuc, hiéu suat khai thac chi con 33 + 44%, tham chi 24% cong suat ban ddu. Ty 1&
giéng suy thodi chiém 22,4% 10ng so giéng hoat dong nam 19972 trén toan vang. Trong khi
d6, & Luong Yén, Ngoc Ha va mot s¢ tram ¢ap nude nhd hiéu suat khai thic dat 90 + 95%
6 noi 98 = 100%. Gan 60% s6 giéng cé muc nudc dong nam dudi do cao -16m, dang ¢
vao tinh trang bdo dong hoac da bi suy thodi: ding quan tam nhat la & Ha Dinh va Tuong
Mai chidm t6i 100%. & khu vuc Ngo S§ Lién va Yén Phu: 60%: & Phap Van: 56% s6 giéng
khoan trén bai giéng c6 muc nudc ha qud sau. Ciac gitng nay cé dac diém chung 13 muc
nude dong khong ngimg tang véi téc do tir 0.2 + 0,4m/nam dén 3.2m/nam, trung binh
1,0 + 2,0m/nam. Do hao hut myc nudc trong cic nam 1990-1996 dat gid tri tuyét doi 1
S = 6 dén 12 + 13m. Hon mot phdn ba s& giéng ¢6 Iuu luong don vi khai thdc trung binh
dudi 40%, da s chi con 10 + 20% luu luong don vi ban diu.

3. Gay nhiém bin tang chifa nudc: Nude o nhiéu gi€ng khoan khai théc dd bi 6 nhi¢m.
Tlong s6 109 giéng thuoe 28 nha may nude va tram cap nudc ¢o 48,6% 56 giéng bi nhiém
bin NH?: 63.3% nhiém ban NO;; 4% nhiém ban NO;; 81,6% nhiém ban PO;?; ham
luong Faecal 16m gap hang tram, hang nghin 14n tieu chuin cho phép.

4. Gay sut 1an dat: Theo céc 0 li¢u quan tric lin mat dat tai 50 mde do trong that gian
1988-1994, su sut lin biéu hién 13 rét & cdc khu Mai Dich, Thanh Cong, Ngd Tu Sg, Nga
Tu Vong va Phip Van. Tai cac khu vuc nay, t6c do lun tir 4,0 + 38,0 mm/nam.

72



Chuong V
MO HINH HOA NUGC DUGI AT

Do nhan thic duge vai trd cta nguén (i nguyén nuée ngdm nén con ngudi di tim moi
bién phdp dé nghién ciu né dudi cic didu kién tu nhién va nhan tao. Mot trong nhimg bién
phip dé la mo phong cdc qud trinh chuyén déng nuéc ngam bang cac mo hinh vat ly, mo
hinh todn. mo hinh ty [é,...

Nhimng toai mé hinh vt 1y lai ¢6 thé phan loai thanh: m6 hinh moi truong xop, mo hinh
tuong ar dign, mé hinh tuong tir chét 1ong nhét va mé hinh mang cang. Trong cdc loai mé6
hinh tuong tu ngudi ta dya vao sy tuong tu giita luat Darcy va céc dinh luat khdc nhu: dinh
luat Ohm, luat sitc cang mat ngoai...

Trong nhilng nam gan day véi su hé trg clia mdy tinh dién tir, phuong phap s0 tri phat
tricn rdt nhanh chéng. Mé hinh vat Iy- todn nuéc dudi dat di va dang duoc tng dung mot
cich ¢6 hiéu qua trong thuc té.

I. MO HINH MOI TRUONG XOP
1.1. Mo hinh ty 1é bé chia cat

Mo hinh bé chifa cat 13 mét loai mé hinh ty 1é clia mot tAng ngam nude nio dé véi ty lé
cla cdc bién gidm nhd va gid tri d6 thidm thau, gid tri tuyét d6i va su phan b am trong
khong gian duge mo phéng. Mo hinh duoc cau tric trong cdc hop kin nude véi cdc hinh
dang khdc nhau: hinh hop chit nhat, hinh tru va phé bién nhat 1a dang hinh quat.

Trong mé hinh bé chua ct, viéc quan sit muc nude ngdm rit kho khan. Théng thudng,
muc nude ngam va muc thuy dp c6 thé thu nhan mot céch 16t nhat tir cac 6ng do ap duogc
gdn vao mo hinh. Ciing ¢6 thé dung cdc thudc mau trong thuc nghiém dé quan s&t mot cdch
dé dang.

Nhimg hat cat thé duoe cho vao trong hop mo hinh v6i mot khéi lugng nhéd va duoc nén
chat d¢ gay thodt khi s& tao ra mot do (hdm thau déng nhat trong mé hinh. Do thim thau
khong dang hudng c6 thé dugc tao ra bang céc ldp cdt khac nhau vé & hat.

Hién wrong déng mao quin trong mo hinh bé chifa cat khong gidng thue t& v6i cdc didu
kign tr nhién. Khi nghién ciu cic mau dong chdy dic biét bao gém cdc tang chita nuée c6
dp thi anh hudng nay khong quan trong. Tuy nhién, trong mét ting chita nudc khong ap,
viéc dieu tra nham hiéu chinh lai k&t qua thuc nghi¢m do anh huéng cla hién tuong dang
mao quan la cin thiét,

Hién tugng dang mao quan c6 thé 1a nho nhét khi diing cdc méi trudng x8p ¢6 ¢ hat the
va néu can thiét ¢6 thé dung chat 1dng ¢é tinh nhét cao.
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Su tuong fr vé hinh hoc duge xdc dinh bai ty 1¢ kich thudc giita mo hinh va nguyén hinh:
Lr = E‘ﬂ (5-1)
Lp
Trong d6: cdc ky higu r, m, p tuong tmg vdi ty 1€ moé hinh va nguyén hinh.
Do dinh lugt Darcy dugc dp dung cho ¢a mo hinh lin nguyén hinh, ty 1¢ van toc d6i voi
trudng hop ding huéng c6 thé nhan duge qua bicu thic:

v, K,

Trong d6: K 1a do dan thuy lyc va 1 1a gradient thuy luc. Khi van téc nhu nhau, he s6 van
toc sé la:

V=K, (5-3)
P6i véi tang ngam nude khong dp, ty 1& thod gian nhén duge tu:

Q= [Eﬂ} / [&] .. (5-4)
t t, 1

Trong dé: W 1a khoi lugng chat long va t1a thai gian.

Néu sit dung hé s6 nhd nude S, ta co:

S, L =W, (5-5)
, S,
Do dé: t= ——— (5-6)
K;

Mo hinh bé chifa cat di duoe sl dung rong rdi dé diéu tra, gidl quyét cdc vin dé nhu
nghién citu dong chdy vio gi€ng, thim bd sung cho nudc ngadm, xam nhap man.

1.2. M6 hinh tuong tu

Dong qua mot moi trudng xp tuan theo cde Juat di thu nhén cha cdc he vat 1y khac bao
gbm dong chiy tdng cla chat 1dng, dong nhiét va dong dién. Nhiing su tuong tu nay cho
kh nang tao ra cac k¥ thuat lam mé hinh dé nghién ciu su chuyén dong clia nude ngam.

1.2.1. M6 hinh chdt Iéng nhot

Su chuyén dong ciia chat 1ong nhét chay gifta hai tim phang dat song song, ke sdt tuong
ty nhu dong chay ngdm hai chiéu. Mé hinh chat 16ng nhét ddu tién dya trén nguyen tac nay
di duoc Hele-Shaw sit dung & Anh nam 1897 dé€ bicu thi nhitng mau dong chay véi cdc
bién ¢6 hinh dang khdc nhau.

Véi dong chay tdng giita hai tim phéng song song ¢6 thé chi ra duge rang dang dudng
dong tao ra mot trudng dong thé nang hai chiéu. Phuong trinh chuyéi dong Navier - Stokes
di mo 12 hién tuong nay. D6t véi tdém phfing dimg, van tdc trung binh cha dong chay véi gia
thiét Dupuit duge cho b
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V_o=— oy dh (5-7)
12, dx
Trong d6:
b - Khoang céch gifta hai tdm:;
P> M - Mat d6 va d6 nhét ciia chat long ding trong mé hinh:
g - Gia toc trong trudng;
dh

e Gradient thuy Iuc hay con goi la do déc.
X
T su trong tu véi luat Darcy, do dan thuy luc K clia mé hinh la:
B2
Km = 2 PmE (5-8)
P2p,

Dicu d6 chi ra ring khoang cdch hai tim phing 12 dong chiy can phai duge Iua chon dé
twong tmg v6i do thim mong mudn. Ty 1é van téc:

_\_IE: pmbzpp _ bzpr

V.= - (5-9)
Vo 12pKp, 12Ky,
Trong d6: K ta d6 tham thau thuc (d6 din thuy luc thuc).
Phuang trinh (5-9) cling v&i ty lé chiéu dai L, ciia mé hinh cho ty lé thai gian:
L
tl‘ = —\Z (S- ]_0)

Nhiing loai mé hinh nay duge xay dung tir hai tdm kinh mong va khoang cdch giita hai
tdm dugc ¢4 dinh. Thiing chita chat long dugc gan chat vao bén canh hoac hai dau ciia mo
hinh. Dau hodc glycerin c6 thé duge ding nhu 14 chat 16ng nhét. Khodang céch nho dé dam
bao chat long chdy trong trang thai chay ting. Thudc mau duge dua vio trong chat long xdc
dinh bé mat ty do d&i vdi dong chiy khong 4p trong khi dé nhimng diém clia ngudn nhudm
mau & bién vao bicu thi nhimg dudng dong.

M@ hinh l6ng nhdt thang diing biéu hién mat cit thing dimg qua mot tdng ngdm nudc da
duge ding dé nghién ctu su trif nude clia bii cat bén canh song, thim thdu qua kénh song,
tiu ngdm va nhiém man, b6 sung nudc ngdm va nhimg bai todn ¢ bién bat thuong.

1.2.2. Mo hinh mang cdng

Mot loai hinh wwrong tr déi v6i dong chay ngam dé l1a mo hinh duoe xay dung biang mot
mang cao su mong. D6 déc nho cla bé mat mang cang ¢6 the duge bidu thi theo toa do cuc
nhu sau: '

= (5-11)
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Trong dé:

dz - D6 nang cao cla bé mat tai khoang cach tu diém géy ra su thay d6i do cao trén
bé mat;
W, - Trong lugng cla mang trén mot don vi dién tich;
T., - Stic cang cla mang cang cao su déng nhit.
PGi vai dong chay toa tron 6n dinh vao giéng trong mot tang ngdm nudc c6 dp dong
nhat va dang hudng:
2
dh 1 dh
—+ = — =0 (5-12)

dr? r dr

Khi trong luong clia mang duge sir dung trong mo hinh rat nho hoac ki né dugc dat O vi
tri thang diing, thi phuong trinh s& tuong ty nhau.

Dé nghién ctru hinh dang cha bé mat 1y do xung quanh mot giéng, mang cao su dugc cap
chat lai duéi mot sic cang dong nhat. Mot que duge dung dé nang mat cao su lén bicu thi
nhu mot giéng bom. Su thay déi do cao clia bé mit mang cang tuong tu nhu su ha thap muc
nuée ngdm khi bom va duge do bing cdc dung cu do chinh Xac.

Loai mo hinh nay cé thé dwge sir dung cho loat taing ngam nudc khong dp va cho hé
théng giéng hoac déi vdi nhimg bai todn c6 dicu kién bién phic tap.

1.2.3. M6 hinh tuong tu dién

Theo dinh luat Ohm:

I=— 66— (5-13)

Trong d6: 114 cudng do dong dién trén mot don vi dien tich qua mot vat ligu c6 sudt dan

dién va cd gradient dién the m : & la dién trg suat.
X

Phuong trinh niy cling thod man phuong trinh Laplace va khi so sanh vai phuong trinh
Darcy:
V=-K— (5-14)

Su tuong ty gifta hai phuong trinh nhir sau:

- Van 16¢ V tuong ty nhu cudng do dong dién |

- Do dan thuy luc K tuong tu nhu suat dan dién;

- Cot nude h twong ty nhu dién the E.

Sy tuong tu nay cho co s¢ dé tao ra cic mod hinh twong tur dien dung d€ nghién ciu
nudc ngam.

C6 hai loai co ban thuoc loai mé hinh tuong tu dién:
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a) Mé hinh vdi moi truong ddn dién long

Mo hinh nay ducc hinh thanh bdi mot bé cich dién chira day chat dién phan (chang han
sunphat déng CuSO,). Nhiing bién cia bé duge lam theo ty 1¢ nhat dinh biéu thi cic bién
clia nguyén hinh (tang ngam nudc thuc t€). Nhimg cuc dong duge nhiing chim vao trong bé
tao ra bé mat dang the. Nhiing dudng ding thé dugc tim bang cdch st dung que do tim néi
lién v8i mot dao dong ké.

Cic dudng diing the va dutmg dong c6 thé duge v& bing cich thay déi bé mat bién din
dién va cdch dién.

Nhimg loai mo hinh trén thudng dugc ding cho viée nghién ciu dong chay én dinh hai
chiéu. Tuy nhién bang nhitng mo hinh bién déi mot cich gan ding tang ngam nudc ¢ céc
I6p dén nudce khéc nhau, d6 din thuy luc khic nhau khong dang hudng. Tham chi dong
chdy theo ba phuong ciing ¢6 thé duge nghién ciu bang loai mé hinh nay.

Mo hinh dan dién long ducc dp dung dé diéu tra sw khdc nhau gifta cdc diéu kién tham
qua déap, kénh muong, sy ha thap muc nude & gan giéng va dong chay ngam.

b) M6 hink voi méi truong dan dién cing

Mo hinh v6i moi truong dan dien ciing hoat dong trén mét nguyén téc véi moé hinh dién
16ng, chi khdc moi truting cing thay theé méi truong 1ong. Tuy thudc vio véu ciu ma hinh
dang cta mo hinh ¢6 thay déi. Loai mé hinh nay (6t nhat [a diing d& nghién citu dong chay
6n dinh véi tAng ngam nudc ¢é ap.

¢) M6 hinh voi hé thong dién trd va tu dién

He théng dién trd va tu dién duge st dung mot céch dién hinh dé dinh gi4 tAng ngam
nudc c6 dp véi diu kién trang thai chay khong én dinh theo hai phuong. K¥ thuit mé hinh
c6 thé cho phép mot tdng ngam nudc véi anh hudng clia giéng bom duge mé hinh hod.

Su tuong ty giita h¢ thong dién trd, t dién va he théng nudc ngam dua trén co s& luéi sal
phén hitu han.

Dang sai phan hiu han cua phuong trinh dong chay khong én dinh hai chiéu:

g d
T(hy + hy + h, + hs — 4h|) = dhl (5-15)
t
Tucmg ing v6i hé thong dién trd va tu dién:
S (VahV Vet Ve = o (5-16)
t

Ty 1é cdc dai lugng trong mé hinh nhu sau:

h, 3
Q(cou]) V(voll) I (amp)
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b gy _ AGm)
t,' (gidy) (cm)

Tir day, ta ¢6 thé xdc dinh dugc cdc gid tri clia céc dién trd va di¢n dung trong hé théng:

R = Ks
K,.T

, (Ohms) ;

C=A’S Ky , (Farads)
K;

Trong dé: T - He s6 din nude cyc bo cia ting ngam nudc (m*/ngly);
S - H¢ s6 trit nudce cuc bd cta tang ngadm nudc.

d) M6 hinh voi hé thong dién tro

Thi¢t k& loai mé hinh tuong ty véi hé thong dién tré gicng nhu mo hinh véi he théng
dién tr& tu dién. Tuy nhién mo hinh nay, chi bao gém mot day cdc dién tro, cac ty dign
duoc bd di. Do d6 s& khong c6 cdc yéu t6 luong trit tham gia vao trong h¢ thong. Nhu viy
md hinh chi 4p dung déi v6i dong chdy én dinh ma thoi. Cic yéu 16 ty 1€ gida dién va thuy
luc duge xem x€t nhu trude.

Dang sai phan cha phuong trinh Laplace d&i véi dong chay hai chiéu on dinh trong moi
trudng ddng nhat va dang hudng duge viet I

II. MO HINH TOAN

Trong hon ba chuc nam gén day, véi sy tro giap dac luc clia mdy tinh dién tir nguoi ta da
st dung cdc mé hinh todn dé nghién ciu ddng chay nude dudi dat. Nguyen 1y chung cla
cdc md hinh todn nudc dudi dat 1a dua vao quy luat chita va chay. Trong qud trinh gii céc
phuong trinh vi phan phi tuyén bac hai, ngudi ta c6 thé sit dung phuong phap sai phéan hiru
han, phuong phdp phin ti hifu han hay phuong phép phan tir bien. Duéi day xin trinh bay
phuong phép sai phan hira han vi phuong phap phdn tit hitu han dung dé gidi cdc bai todn
nude dudi dat.

Phuong phap sai phan hiru han va phuong phip phan tir hitu han thuc chat la mot cdch
{im nghiém gin ding cla bai todn thong qua viéc i rac hod mién tinh todn bang ludi sal
phan hay bang ludi cic phan t.

2.1. Khai niém chung vé mo hinh toian

Mo hinh todn 1a su mé td gin ddng mot he thong hay mét qud trinh thuc bing céc bicu
thitc todn hoc. Cdc mo ta nay budc phai don gidn hod, khai quat hod h¢ théng thue hay qua
trinh thyc.

Dudi day xin gidi thigu mot s6 khdi niém thudng ding trong mo hinh todn thuy van.
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H¢ thong thuy van (Hydrological system): Mét tap hop cdc qué trinh thuy van chuyén
ddi mot bién dau vao (vi du nhu mua) thanh mot bién dau ra (vi du nhu dong chay mat).
Cac qua trinh nay ciing c6 thé c6 ban chat hod hoc hay sinh hoc vi c6 thé bao goém mot vai
bi€n dau vao (vi du nhu mua va béc hoi).

Mo hinh thuy vin (Hydrological models): Mot thé hién don gidn hod qud trinh thuy vin
dan t3i mot mo phong ¢6 thé chap nhan dugc cha qud trinh vat 1y va cac qua trinh khic
trong thuy van.

Mo hinh tdt dinh (Deterministic models):

a) Mo hinh dya trén 16n that vat ly chi phéi dong chdy cita nudc va cdc méi quan hé véi
céc dac trung cita hé théng.

b) Bat ky mot [oai mo hinh ndo tao ra mot phan hoi don tir mot dau vao cho trudc.

Mo hinh mé phong hop den (Black box simulation models). M6 hinh trong dé cdc qud
trinh vét 1y clia hé thong (hop) khong duge xem xét nhung trong dé ngudi ta nhan duoc su
mo phong bang tap hop céc phuong trinh todn hoc (vi du nhu phuong phdp dudng don vi).

M6 hinh thing 56 gop (Lumped parameter models): M6 hinh thuy van khong xét dén su
thay déi theo khong gian clia cdc bién trén toin bo he théng.

M6 hink nhdn thite (Conceptual models): Mo hinh dung dé chuyén déi lugng mua hiéu
qua trén mot luu vyc thinh mot dong chay mat tryc ti€p trén luu vuc d6. Nhiing mé hinh
nay ducgc duwa trén cdc khdi
niém chuyén dong va chia
cua qud trinh dong chay. Do
vay, qud trinh nay cé thé
dugc mo phéng bing cich
cho lugng dau vao qua mot
h¢ théng 4o ctia cdc long din
va ho chita.

Cac dinh lugt tu nhién
{Cac ly thuyét chung)
“Luén ludn £6 gia tri®

(Dinh kigt bdo toan khéi ugng, nang luong)

Ly thuyét
Maé ta mét tap hop cac qua trinh
cu thé, cac nguyén tic & cac méi

Mo hinh thong 6 phdn

phéi (Distributed parameter
models): Mo hinh thuy van
cd xét dén su thay déi theo

quan hé cé gia tri chung.

Mé hinh
Ung dung Iy thuyét vao met
vin dé cuy thé. Lua chon cac
qua trinh. Binh dang cac
thudc tinh vat chiét

khong gian tir diém nay dén
diém kia cta cic thong s6

trén toan bo hé thong.

Mo hinh qud trinh ngdu
nhién (Stochastic model): Mo
hinh todn mé phéng cic qud

trinh ngdu nhica. Hinh 5-1: So dé vi tri mé hink trong hé thong khoa hoc
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2.2. M6 hinh truyén 4m sai phan hiru han

Ung dung mo hinh truyén 4m dé nghién cdu nuéc dudi dét, ching ta khong c6 gang tim
nghiém giai tich cia phuong trinh (2-4) hoac phuong trinh (2-5). Vi muén lam duge diéu
dé khong phai don gian hod céc diéu kién bi¢n va diéu kién ban dau ma con phai col ¢éc
thong s& clia mo hinh [2 hing s6. Két qua nhan duge du c6 gon, dé sir dung nhung so véi
thuc t€ dé mac sai s6 1on.

Sir dung phuong phdp sai phan hitu han (Finite Difference Method) véi su gidp dd cla
may tinh dién ti ching ta tim 101 giai cta phuong trinh (2-4) hoic phuong trinh (2-3) vdi
cic diéu kién khdc nhau dudi dang sai phan hitu han.

Noi dung cha phuong phdp sai phan hifu han c6 thé t6m tat nhu sau:

Gia sit cdn tim hé cdc phan (r mot tham s6 U(*) thuge khong gian B (t la tham so thuc)
thoa man phuong trinh:

9 v = AUQE (5-18)
dt

0<t<T (5-19)
U©) =U,

Trong d6: A 12 toan tit tuyén tinh, con U, 1i cac phén tif cho trude thude B. Cic diéu kién
bién néu tén tai gia thiét 1a wyén tinh va thuin nhat. Dong thoi mién xac dinh cta céc toan
tir A gém cdc ham thoa man diéu ki¢n bién do.

Bai to4n (5-18), (5-19) dugc coi 1a thanh lap ding din néu tap hop céc nghiém ding cua
n6 khé rong vi néu nhiing nghiém nay phu thude don vi va lién tuc vao céc gié tri ban dau.
Gia s D 1a tap hop cdc phan tir U, € B sao cho méi U, ton tai nghiém ding duy nhit cua
bai toan (5-18), (5-19) véi mei t 6n dinh. Sy tuong ing gila U, va U() s& xac dinh mét
phép bién ddi trong B véi mién xdc dinh D [k¥ hi¢u phép bién déi d6 1a E,(1)]. Cong thic:

U = E,0U, (5-20)

Vé6i U, € D sé cho nghiém clia bai todn (5-18), (5-19) d6i vé6i trang thdi ban dau dam
béo su 16n tai cla nghiém ding. '

Bai todn (5-18), (5-19) xédc dinh bdi todn ti tuyén tinh A duoc goi la thanh lap dung dén
néu thoa min hai diéu kién sau:

1. Mién xdc dinh D clia phép bién déi E, tri mat trong B.

2. Ho céc phép bicn ddi Ey(t) bi chan déu tic la ton tai mét s6 Ksaocho || E(0) || <K
véi 0 <1 < T. Thuc chat cha diéu ki¢n thi hat la doi hoi nghiém cla bai todn (5-18), (5-19)
phu thudc vao diéu ki¢n ban dau.

Phép x4p xi bang phuong trinh sai phén hitu han cling ¢ thé coi nhu mot diém trong
khong gian B. Trong d6 ho ham mét tham s¢ U(t) dugc thay bing day diém U, U, U,,... Uy
déng thai U, theo gia thict 1a gid tri gan diing clia U(x, At) (At: ky hiéu mot 3¢ gia thoi gian).
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Phuong trinh sai phan hitu han tuong fing véi (5-18) ¢4 thé viét dusi dang:
B,U,, =B, (3-213

Trong d6: B, = B, (At, AX,, AX,...); B, = B, (At, AX, AX,...) 1a c4c todn 1l tuyén tinh
sai phan hitu han.

Tai m6i diém cia khong gian, cd hai vé chia phuong trinh (5-21) 13 t8 hop tuyeén tinh cta
cac gid tri ham U trén mot tap hop nao d6 gém céc diém gan nhau. Ta gia thiét ring luon
luon c6 cdch tinh U, véi bat ky U déng that U_, | phu thudc lién tuc va don vi theo U,

Téc dung n 1an todn tir C(At) vao U, ta dugc dai luong:
U, =Can"U, (5-22)
Ho cdc todn ur C(A1) dam bdo su x4p xi hoi tu cho bai todn (5-21), (5-22) nén véi 1 ¢6
dinh, tuy ¥ thude khong gian B (U € B) va d6i véi diy hoi tu t6i 0 gin cdc s6 gia tri duong
theo thoi doan t;, t,,...1; ta c6 h¢ thite gidi han:
1CAY" Uy ~EWU,||<0khij—e (5-23)

, . . T | - ..
Trong do: n; la s6 nguyén gan véi A theo nghia n; At; > t khi j — co.
i

Néu A, — 0 & trong diy cdc tinh todn méi tinh toin dugc thuc hién tirt = 0 dén t = T thi
mdi todn tr trong tap hop vo han C(AL), véi
0<nAt=sT
Thuc chit tinh 6n dinh clia (5-23) 13 viéc tn tai cdc giéi han chan trén déi véi cac thanh
phdn cua ham ban dau tao nén trong qua trinh tinh todn. Vi vay, phép xdp xi C(At) duge
goi 12 6n dinh v&i s6 t > 0 nao dé, tap hop v6 han cic todn tir 0, C (AD".
Trong truong hop xét su truyén dm theo phuong thing ding (2-7) duoc viét lai la:

@ = _6__ (D@+KJ (5-24)
a oz oz

Dang luge do sai phan cla (5-24) duge viét dudi dang téng quit:

L I
At (Az)

> {3 Dy (82— 0y - Dy - 0]

i+l

14}

- (1=8)( Dyo1 (0= 0) - Dy(6- 610} — = (KL, -KD3820  (525)

Trong truong hop & = 0, (5-25) tré thinh luge d6 hién 4 diém véi viéc 14y sai phan theo

s 1 L R
hudng ti€n cua thoi gian. Cdc gid tri khac cla 8 cho luge 46 4n.§ = > cho luge do6 6 diegm
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v4i sai phan trung tam theo thdi gian; § = 1 cho luge dé 4 diém. D 1a h¢ s6 ham, D = D(9)
vi vay khi sai phan hod cdn phéi tuyén tinh hod. O day ¢6 thé tuyén tinh hod nhu sau:

— i i
D,y = D(Ew—'zfﬁ] (5-26)

Ung dung phuong phép sai phan hitu han dé gidi (5-25) c6 thé dung luge d6 4n hodc luge
dé hién. Xét vé mat sai s6, hai loai luge dé nay déu ¢6 sai s& xdp xi biang vo cling bé clng
bac véi At va (Ax)’. Riéng luge d6 hién cdn thod min ticu chudn 6n dinh:

At

o Al
(Az) 2

1A

(5-27)

max

Luge d6 dn ¢6 uu diém hon luge d6 hién & nhimg diém sau:

- Khong bi khong ché bdi tidu chuin 8n dinh nén ¢6 thé chon budc thai gian khong qua
nho giam bt duge khéi luong tinh todn.

- Budc chia khong gian ¢6 thé chon nhé di d€ dam bao sai 56 Xap xi.

Tuy vay thuat todn dé giai he phuong trinh dai s6 tuyén tinh trong luge d6 dn phic tap
hon nhiéu so véi luge d6 hién.

Chiing ta chon lugc dé 4n c6 dang sau dé sai phan hod (5-24):

o
o ol

K_}-H . K.jH
At (AzY

[Dj. (8 - o)) - Dyel" - o)) - —+
AZ

(5-28)

(5-28) 1a mot hé dai s6 tuyén tinh cé ma tran hé s6 dang ba duong chéo. D¢ giai (5-28)
diing phuong phap khir dudi, c6 thé tém tat ndi dung phuong phap nay nhu sau:

(5-28) c6 thé viét dudi dang:

Trong do:
At
A't = a i
(Az)y
At
B, = 7 Mitl
(Az)
C=1+A+B
fo (uioK) g
Az

Cé6 thé tim nghiém cna (5-29) dudi dang:

U =0 Ui+ By (5-30)
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Thay (5- 30 vao (5-29) qua mot vai phép bién d6i don gian ta c6:

B;
Oy} = T —
Ci —Aiai
E +ApB
= DA 5-31
ey oD

Dua vao diu ki¢n bién, diéu kién ban d4u, gid tr1 At, Ax lua chon theo (5-31) ta tinh
duge oy, By, r6i ding cong thiic truy héi (5-30) s& tim dugc nghiém ctia (3-29).

MG ta ham khuéch tan va
ham truyén dan trong fuc

v

Doc cac diéu kign ban dau

4
Tinh cac hé s6 A(1), B(1), C(1), F(1) u(2), B{2)

Do |1 =2, M-1
»
Y
Tinh cac hé sd A(l), B(l),
I=l+1 - Gl Bl e (1), B (141)

. !

In k&t qua tinh

=

L 11 | Tinh nghiém clia mé hinh
=+

I
v

’ In két qua tinh ; .

Hinh 5-2: S dé logic gidi mo hink truyén dm bang sai phdn hitu han
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2.3. Mé hinh sai phan hiru han dong chay én dinh hai chiéu

Phuong trinh co ban dong chay khong 6n dinh trong tang chita nudc c6 dp d6ng nhat cé

thé viét nhu sag:
E[T?.‘l},i M _g (5-32)
Ox\ oxj Oy\ Oy

Trong do:
T - Sudt chuyén nuéc;
h - Muyc thuy p;
X, y - Toa do khong gian trong hé Dé - Cic.

hipn+ by — 2hy By ey + iy — 2hy
T[ s "J+T St B S P (5-33)
Ax NG

So d6 sai phan -

Trong d&: 1=1.2,3 ...nAX
j=123 ...nAy

Dé giai (5-33) ¢6 thé dung phuong phép tinh lap. Dudi day Ja chuong trinh mau viét
bang ngon ngi Basic cho trudng hop nay.

100 DEFINT 1I-N:KEY OFF:GOSUB 540

110 PRINT"--- Bear & Verruijt - Groundwater Modeling”

120 PRINT"--- Plane steady groundwater flow"

130 PRINT"--- Finite differences":PRINT"--- Program 9.1"

140 PRINT"--- Rectangular area, with irregular mesh":PRINT:PRINT

150 DIM X(21),Y(21),F(21,21),IP(21,21),A(21},B(21),C(21),1X(21)

160 INPUT"Number of mesh lines in x-direction (max. 20) ;NX

170 INPUT"Number of mesh lines in y-direction (max. 20) ";NY:PRINT

180 FOR I=1 TO NX:PRINT"x-coordinate of line ";[;:INPUT X(H:NEXT1

190 PRINT:FOR I=1 TO NY:PRINT"y-coordinate of line ";I;:INPUT Y(I}

200 NEXT EX(0)=X(1)-(X(2)-X(1 ): X(NX+ D=X(NX}+(X(NX)-X(NX-1)}

210 Y(O)=Y(D-(Y(2)-Y(1)): YINY+D=Y(NY)+(Y(NY)-Y(NY-1)):GOSUB 540

220 A=0:K=0:PRINT"The head must be given in at least one point”

230 PRINT:PRINT" i=";:INPUT :PRINT" j=":INPUT]J

240 PRINT" F = ";:INPUT F(LI}:IP(1,D)=1:A=A+F(L1): K=K+l

250 PRINT:PRINT"Repeat input of given head (Y/N)?";:GOSUB 510

260 IF A$="Y" THEN 230

270 A=A/K:FOR 1=0 TO NX+1:FOR J=0 TO NY+L:IF IP(1,1)=0 THEN F(Ih)=A
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280 NEXT J:NEXT I

290 FOR I=1 TO NX:A(D=2/((X(1+ 1)-X(D)y*(X(I+1)-X(1- 1))

300 B=2/((X(M)-X(I-1))*(X(I+1)-X(I- 1)) NEXT I

310 FOR J=1 TO NY:C(H=2/(Y{J+1)- YU *(Y(I+1)-Y(J-1)))

320 DUY=2/(Y(D-YU-1)*(YJ+1)-Y(J-1))):NEXT J:NI=NX*NY:RX=1 4
330 PRINT:PRINT"Tteration";:FOR IT=1 TO NI:PRINT IT:

340 FOR =1 TO NX:K(1,0)=F(1,2)

350 FOR J=1 TO NY:F(0,1)=F(2,J):1F TP(I f)>0 THEN 380

360 A=A(*F(I+1 1) +B(D*F(I-1 SHCIY*FLI+D)4+DUYLI-1)

370 A=Af(A(I)+B(I)+C{J]+D(J)):F(I,J)=F{I,J)+RX*(A—F(I,J))

380 F(NX+1,5)=F(NX-1,1):NEXT J:F(I,NY+1)=F(I NY-1:NEXT I

390 FOR J=1 TO NY:F(NX+1 JI=F(NX-1,.D)

400 FOR I=1 TO NX:F(LNY+1)=F(I,NY-1):IF IP(1,))>0 THEN 430

410 A=AD*FUI+1D+BIO*FI-1 H+CU* LI+ 1)+DU)Y*F(I,I-1)

420 A=A/AD+BM+CA)+DUIN:FI=F(1,1)+RX*(A-F(1,J))

430 F(1,0)=F([,2):NEXT L:F(0,])=F(2,J):NEXT ]

440 NEXT IT:GOSUB 540:PRINT"Qutput:PRINT: A S="#4#iHHt ##4"

450 FOR I=1 TO NX:FOR J=1 TO NY

460 PRINT" x = ";:PRINT USING A$: X(D):

470 PRINT" - y = ";:PRINT USING A$;Y(J);

480 PRINT" - F = ":PRINT USING A$;F(1,J):NEXT J,I:PRINT

490 PRINT"Repeat iterations (Y/N) ? ";:GOSUB 510:IF A$="Y" THEN 330
500 PRINT:END

310 A$=INPUTS$(1):IF A$="Y" OR A$="y" THEN A$="Y":PRINT"Yes":RETURN
520 IF A$="N" OR AS$="n" THEN A$="N":PRINT"No":RETURN

530 GOTO 510

540 CLS:LOCATE 1,28,1:COLOR 0,7:PRINT" Finite Differences - ] -
550 COLOR 7,0:PRINT:PRINT:RETURN

2.4. Mo hinh sai phan hiru han dong chay khong 6n dinh hai chiéu

Phuong trinh co ban m6 hinh hai chiéu dong chay khong én dinh véi luong tham déng
déu trén toan bé mat tang chita nudc cé thé viét nhu sau:

—a-(Ta—hJ+ﬁ-(T@J+1 - s),gh (5-34)
ox\ ox/) oy\ oy ot
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Trong d¢:
T - Suat chuyén nudc;
h - Muc thuy ap;
[ - Téc do tham:
S, - Hé s6 nha nudéc;

X. y - Toa dd khong gian trong hé D¢ - Cic;

t: Thoi gian.
Diéu kién ban dau: t=0; h(x,v) = he(X.y)
biéu kién bién: h(x=0,y=0)=hyx,ykh (5-35)

hix=L,,y=Ly)=h(xy)

hodc cho dudi dang ham trao ddi nudc : dh/Ox =0 va dh/0y =0taix =L vay =L,

2.4.1 So'd6 sai phin hién : Trong trudng hop niy so dé hién duge viét nhu sau:

e S T S R - n
T e T TN | D Ty e S (5-36)

AX Ay At

Trong dé: =113 ... nAx
j=1.2,3 ... nAy
n=123..nAl
Trong phuong trinh sai phan (3-36) chi ¢6 mot an s dau nudc h'T' & nit i,j tai budc
thdi gian n+1, ddu nudc & cde bude thoi gian n, (hij) da biét theo diéu kién ban dau.
Chuong trinh méu vic¢t cho trudng hop nay nhur sau:
{00 DEFINT I-N:KFY CFF:GOSUB 370
110 PRINT"-—- Bear & Verruijt - Groundwater Modeling”
120 PRINT"--- Non-siezdy Groundwater Flow™
130 PRINT"-—- Explicit Finnte Differences”:PRINT"--- Program 9.2"
140 PRINT"--- Homogeneous infiitration in rectangular aquifer”
150 PRINT:PRINT:DIM F{50,50) FA(50,50}:TT=0
160 INPUT" Dimension in X-direction @ ™ XT

170 INPUT" Subdivisions ... CUNXDX=XT/NXA=1(DX*DX)
180 INPUT"Dimension in y-direction : " Y'T

190 INPUT"  Subdivisions ........ : sNY:DY=YT/NY:P={/(DY*DY)
200 INPUT"Initial head ........... :"H

210 INPUT Infiltration rate ...... : ;P

220 INPUT " Transmissivity ......... . 7T
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230 INPUT" Storativity ............ LS DT=S/2*T*(A+B))

240 PRINT" Suggestion for time step: ;DT

250 INPUT"Time step .............. : ";DT:PP=P*D1/S

260 INPUT" "Number of time steps ... : ":.NS:GOSUB 370

270 FOR =0 TO NX:FOR J=0'TOQ NY:FKILI)=H:FA(LJ)=H:NEXT I |
280 AA=T*DT/S: A=A*AA:B=B*AA:II=INT(NX/2+.1 JI=INTINY 2+, 1)
290 FOR 1S=1 TO NS:TT=TT+DT:FOR I=1 TO NX-{:FOR J=I TONY-1
300 D=F(l-l,J)—2*F([,J)+F(l+l,J):EzF(I,J-l)—2*F(I,J)+F(I,J+l)

310 FA(LD=F(1,))+PP+A*D+B*E:NEXT I 1

320 PRINT"Time : ";:PRINT USING RN R T,

330 PRINT" --- Head in the center :

340 PRINT USING "###.##4" FA(ILIT)

350 FOR I=1 TO NX-1:FOR J=] TO NY-1LFID=FA(J):NEXT J,1IS
360 PRINT:END

370 CLS:LOCATT: 1,28,1:COLOR 0,7:PRINT” Finite Differences - 2 ™;
380 COLOR 7,0:PRINT:PRINT:RETURN

2.4.2. S0 do sai phdn khit ludn hudng

Trong trudng hop ndy, déi véi mot bude thai gian, ddu nude dugc tinh 1ap theo cic budc
nhu sau:

Bitsc thit nhdt: Lay sai phan hién d6i v6i phuong x va 4n theo phuong y. Theo cdch nay
phuong trinh sai phan clia (5-34) sé la:

n+l.f n+1.4

h:]” . _2h:1 +h=1_1‘j hi‘_j"-l —2hJJ _{_l.l:'l‘-':lllF in-.i—[.f _ EJ
T o P ATt Ve N L)

\
Giai hé phuong trinh dai s6 tuyén tinh (5-37) trén co s cic diéu ki¢n bién va diéu kién
ban ddu, s& xdc dinh dugc ddu nudc & cde nit tai budc thoi gian n+1 & budc lap the 1.

Bude vut hai: Liy sai phan hién déi véi phuong y va an theo phuong x:

T i+l b -1 T . 1] +I ':Si o (5—38)
Ax? Ay? MY A

Cot nuée & cdc nit tai bude thdi gian n+1 véi bude lap thit I theo phuong y da biét theo
két qua tinh & budc thi nhat. Giat hée dai s6 tuyén tinh (5-38) s& xac dinh duo: gia tri dau
nude tai cdc nit & budc thdi gian n+1.

Bucoc ilut ba: So sénh két qué tinh dau nuéc tai cdc nidt & bude lap thit I va /+1. Néu sai
56 nho hon hodc bang sai sd cho phép, s& dung tinh [3p cho budc thoi gian n+1 va ti€p tuc
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tinh cho budc thii gian ti€p theo. Néu diéu kién nay khong thod mén ti€p tuc phép tinh lap
cho dén khi sai s6 nam trong pham vi cho phép.

C6 thé dung tiéu chuan sai sO tuyét doi:

Max

hoac tiéu chuan sai s6 quan phuong:

i(h{f‘ h{J)2

n-1

=g
Trong d6 € la sai s6 cho phép.

2.5. Mo hinh toan nuwéc ngam ba chieu MODFLOW

Chuyén dong theo ba phuong ctia nuéc ngdm véi mat do khong doi qua dat xop o the
dwoc mo ta bdi phuong trinh vi phan dao ham riéng:

o (0, 8). 2 (1,2 2 (,2) wos 2 o
ox X oy ox /) Oz 0z t ot

Trong d6:
X, v, z: - Céc truc toa d6 gin véi cic truc chinh cia do dén thuy luc;
K. K,y» Ky - DO dén thuy luc theo cdc phuong x.y.z;
h - Muc nuée ngdm (muc thuy ap);
W - Luong nudc trao déi qua mot don vi thé tich giita bén ngoai va bén trong hé théng;
S, - Hé 56 lugng trli chia dat, da (hé s& nha nude);

t - Thoi gian.
N6i chung S.. K, Kyy, K,, c6 thé 1a cdac ham s6 cha khong gian S, = S(x, ¥, 2, 1}
vaK, =K, Xy, z) va h, W cé thé 1a ham s6 khong gian va thai gian h = h(x, y z, 1);

W = W(x y, z, t) do d6 phuong trinh (5-32) mé ta dong chay nudéc ngam khéng 6n dinh
trong mot moi trudng khong dong nhdt va khong dang hudng.

Phuong trinh (5-39) két hop véi cac diéu kién bién va diéu kién ban ddu cua hé thong
nuéc ngdm hinh thanh nén mo hinh todn cita dong chay nudc ngdm. Mot 16i giai cua
phuong trinh (5-39), theo dinh nghia giai tich la mot biéu thifc dai s6 cho h(x, y, z) sao cho
khi 14y dao ham ctia h theo khong gian va thoi gian va thay thé vao trong phuong trinh
{5-39) thi phuong trinh dé va cdc diéu kién bién, diéu kién ban diu déu thoa man.

Ngoai trif cic truong hgp hé thong nudc ngam rét don gian, hau nhu khong ¢é kha nang
tim dugc nghiém gidi tich ctia phuong trinh (5-39) do vay bugc phai sir dung cdc phuong
phap s6 dé nhan dugc 161 giai gan ding. Mot trong nhing phuong phap dé [a phuong phdp
sai phan hitu han trong d6 hé théng lién tuc mo ta trong phuong trinh (5-39) duoe thay the
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boi hé hitu han cua cic diém rdi rac trong khong gian va the gian, dao ham riéng dugc thay
th€ bang ty sai phan.

Duéi day trinh bay céc thanh phdn trong mé hinh todn nudc ngdm ba chiéu MODFLOW
gidi bang phuong phép sai phan hitu han

Véi gia thiét rang mat do clhia nudc ngam 13 khong ddi, phuong trinh lién tuc bidu thi su
cén bang cic dong chay d6i véi mot thé tich yéu 16 La:

X Q=5 20 av (5-40)
At

Trong dé:
Q; - Luu lugng chuyén qua thé tich phan t4;
S, - Hé s6 lugng tri;
V - Thé tich phan t3;
h - Su thay d6i ddu nudc trong khoang thai gian t.
Theo dinh luat Darcy ta cé:
(hy ji-hy i)

(5-41)
ALy

dij-12k = KR jpkAC,AVK

Trong dé:
Q;,j -i2x - Luu lugng dong chdy ngdm qua cdc mat giia, thé tich yéu 5 i, j, k va i,
Lk LT
KR, 112,k - D6 dan thuy luc doc theo hang giiia cdc nitt i, j, k va i, j-1, k; [LT ]
Ary - Khodng céch gitta cdc ndt i, j, k va i, j-1, k; [L]

Chi s6 j—1/2 duge sir dung dé chi khéng gian gifta cdc nit, né khong chi mot diém chinh
Xac nao gilta cdc nat. Vi du nhu KR 12k biéu thi do din thuy luc trén toin bo vung giita
cdcniti, j, kvai, j-1, k.

St dung (5- 41) va (5- 39) ¢6 thé nhan duge phuong trinh sai phan:

CRy (i = D) + CR oy (W — B ) + CCzju (hy i = Wil ) +

Cci+lf2:j.k (hm-i.j.k - hinj.k )+ CVi,j,k-lrz (hi.J.k—l_ hinj.k )+ Cvi,j,knfz (h-.J}k+l - h;]:i‘k )+
(hi%jx — hir?j,_kl)

L —tm—l

Pijx Wik + Qi k= SSi. (Ar; AC; AY,) (5-42}

Trong do:
CR, CC, CV - D¢ dén thuy luc tuong ing v6i phuong x, v, z.
P - Luu lugng trao déi don vi (L2 T ") cita hé thong phu thudc vao muc thuy ap h.
Q - Luu lugng (LP T cha hé théng trao déi véi bén ngoii. _
Ar; AG; AV - Tuong ting v6i khodng chia sai phan theo phuong x, v, z.
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Muc thuy 4p tai thai diém bit dau tinh todn h", v6i tit cd cic thong s6 clia mo hinh tai
nat i, j, k déu da biét. Bay gizi tri muc thuy ap tai thoi diém t_ chua biét. Phuong trinh
khong thé gidi mot cdch rieng biét duge vi trong phuong trinh ¢6 7 an s6. Tuy nhién mot
phuong trinh kiéu nay cé thé dugc viét cho timg yéu (6 thé tich trong hé théng (n phan to
thé tich). Vi thé ¢é thé giai dugc hé phuong trinh gém n phuong trinh véi n An 0.

Mé hinh nudc ngdm ba chiéu MODFLOW do M.G MeDonald va A.W. Harbaugh xay
dung, mo phong tuong doi day di thuc (€ cia moét luu vye nuée ngam. Cic tdc gia dd mo
phong céc qud trinh béc hoi, bé sung nudc ngdm hoat dong hé thong giéng, hé thong ticu
ngam, hé thong trao déi gifra nude dudi ddt va nude trong song, kénh muong, ho chia trong
luru vuc.

Dudi day 1a sy mo phong cua cic tdc gia.
1. Béc thodt hoi nudc

Cic tdc gia choring:

E=0 khi h<EXEL

po EVIRM-EREL) i SURE 2 h > EXEL (5-43)
EXDP

E=EVIR Khi h > SURF

Trong do6:
E - Lugng boc thodt hoi nudc;
h - Muc thuy 4p trong tang chita nudc;
EXEL - D& cao t61 han cua boc hoi;
SURF - D¢ cao clia bé mat dat;
EVTR - Lugng bdc thodt hoi nude 16n nhit (kha niang boc thoat hoi).

Nhu vay:
Q=0 khi h < SURF ~ EXDP
Q= BYTR(M =(SURE-EXDE) 1 SURF 2 h > SURF - EXDP (5-44)
EXDP
Q=EVTR khi h > SURF.

2. Thodt nudc trong hé théng tiéu bang ong ngam
QLijx = CDyji (hy o — dij0 (5-45)
Trong dé:
QLMk-Lmnum@cmwvmnmmgmmmg&glmuuFT'H;
d; ;i - Pau nude ¢ trong ong ticu [L];
h; jx - Pau nudc & trong tang chifa nude gan ong tiéu {L];
CD;;, - P dan thuy lye clia mat trung gian gilta tang chifa nudc va ong ti¢u [LT N
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3. Quan hé véi séng ngoi trong hru vuc nude ngam
Luong nude tham thau vao (hoic ra) long song duoc tinh gén ding theo luat Darcy:
KLW(HRIV - HAO)

QRIV = M (5-46)

Trong dé:
QRIV - L luong thdm thau [L* T ');
K- Do dan thuy luc clia ddy song [L T 1
W - Chi€u rong clia séng [L];
HAO - Muc thuy ap[LJ;
HRIV - Muc nuéc song [L};
M - D¢ sdu dong chdy trong song [L.].

Ta ¢6 thé viét:

QRIV = CRIV (HRIV - HAQ) (5-47)
Trong de;
CRIV = —%\E (5- 48)

Trudng hgp ddy song cao hon muc nuée ngam:

QRIV = CRIV (HRIV - RBOT) (5-49)

Trong d6: RBOT Ia cao do day song. |

4. Trao déi nuée 6 cdc bién

Su trao doi nude & bén ngoii va cdc yeu t6 ¢6 thé tich duge biéu thi qua bidu thitc:

Qlik = C (HB, — by (5-50)

Trong doé:

Cp - Hing s6 biéu thi su trao déi nudc bén ngoai va bén trong luu vuc nurde ngam:
Qijkm - Luu luong trao déi & bién;

HB,, - Muc thuy dp ctia bi¢n;

hi;x - Muc thuy dp & yéu 16 thé tich i, j, k.

Nguoén nudc & bién ¢é thé 1a song, trong d6 hang s& ty 1é 1a do din nude cla ddy
song. Bién cing ¢d the la dudng ong tiéu ngam, khi dé do dan nuée cia dusng Sng 1a
ham s6 cha vat lieu xung quanh dudng 8ng tiéu nudc va kich thude, khoang cdch § cic
[6 & thinh ong. Bién ciing cé thé 1a mot ting chifa nude khdc & bén ngoai luu vuc nudc

ngam can tinh todn, khi dé hé so ty 1€ 12 do dén thuy luc cha dat d4 gila bién va hru vic
nude ngam.
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5. Luong gia nhdp nudc ngdm

Luong gia nhap nwdc ngam tai mot khu vuc nao dé trén luu vyc nudc ngam dugce tinh
theo mot hé sd ty 1& nao 46 cla luong cap nudc (mua hay tudi). N6 phu thudc vao do sau
clia muc nudc ngam, tinh chat co 1y, thuy 1y clia ddt da va lugng cdp nudc (mua hay tudi).

Trong d6: L, ta luong tham [LT ).

6. Hé thong gidng bom

Hé thong giéng bom trong luu vue nude ngam dugc mo ta thuc, tic la vi tri giéng, hru
luong khai thac dugc mé ta cy thé trong mé hinh.

7. Tinh d¢ dén thuy luc trong méi truong khong dong nhdt va khong ddng huong

Trudmg hop ¢6 n 16p dat dd ¢6 do dan thuy lyc khéc nhau, do dan thuy lyc trung binh
duoc tinh theo cong thic:

1 1 1 1 1
— = —+ — 4+ — +
c ¢ G ¢ ¢
1 1 l
= -+ 5“52
CR , TR, DELC, TRy .DELC| (5-52)
Lj+=k
3 DELR | DELRL,, !
J+5 2
TR; .k TR je1k
CR]J_'_IQk:z DELC, - . - (5'53)
2 TR, . . DELR;., + TR; ;. ¢ DELR;
5 i JHL i
Trong dé:
TR, - Sudt chuyén nudc tai yéu 16 thé tich i, j, k;
CR;;.1p0, - D0 dén thuy lyc theo phuong ndm ngang (y).
TC - TC

! Tci,_i.kDELCi+1 + TCH]‘J"kDELC!'

Sudt chuyén nudc & trong mot yéu 16 thé tich duoc tinh theo cdch sau (theo phuong y):

Neu TOR, j; > HNEW, > BOT, j; thi TR, ~ (HNEW,j;, —BOT ) HIR i (5-56)
Néu HNEW, j, < BOT,; thi TR, =0 (5-57)
Trong dé:

HIR - D6 din thuy luc cha yéu 8 thé tich;
TOP - Cao do phia trén chia yéu 6 thé tich.
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D¢ dan thuy tue theo phirong thang dimg dugc tinh theo cong thic:

KV,

mei‘j.sz = 2 (5-58)
Zi jx+172

KViike12 =KVomiikein DELRj_DELCi (5-59)

Trong do:

KV - Do dén thuy luc theo phuong thing dimg;
Z - Khoang cich gifra cdc nuit.

Sir dung phuong phép sai phan hitu han dé mé hinh hod mé hinh nuéc ngam, theo ba
phuong (x,y,z) dan dén viéc phai giai hé dai s3 tuyén tinh ¢6 7 dudmg chéo. Cic tic gia da
sir dung thudt todn khir 1ui va khif ti€n dé gidi hé dai s6 tuyén tinh nay (Strongly Implicit
Scheme). C6 thé ndi phuong phap nay to ra rat hiéu luc trong trudng hop hé dai s6 tuyén
tinh cé 7 duong chéo.

2.6. Mo hinh phan tit hia han déi véi dong chay én dinh trong ting chira nuéc
khong ap

Xét dong chdy ngam On dinh trong 14ng chita nudc khong dp c6 sudt chuyén nuée T.
Tang chita nudc nay lai nhan nudce tir tang chita nudc ban ap phia dudi (hinh 5-3). Gia thiét
rang dau nudc ca tang chia nude bin 4p da biét.

T A

Tang khéng ap

Téng ban ap
- A s o NI i Téng khéng tham
Hinh 5-3: Tang chita nude khong dp ndm trén ting bdn dp
Phuong trinh co ban déi véi truomg hop nay ¢6 thé viét nhu sau:
a—i[TZ%}L%[T%]H—@;@ =0 {5-60)

Trong dé: I - Lugng nudc thim (d3 biéh);
@ - Pau nude cha tang chita nude khong 4p;
@' - Pau nudc cua tdng chida nuée ban ap phia dudi;

C - Sérc can cua tdng chita nude yéu phin cdch hai ting chitu nudc.
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S& hang cudi ciing ctia v& trai biu thi luong nuée gia nhip tir tang chia nude phia dudi.

Suit chuyén nudc cha ting chifa nude phia trén [ T = K.h, trong d6 h la do day cua ldp
bio hoa nudc. Phuong trinh (5-60) budc phai thod man trén toan boé mién R trong mit
phang (x, y).

Mot dang téng quit cua dicu kién la:

Trén §; : O=f (5-61)
O

Vatrén S, T—aa— =q.h (5-62)
n

Trong d6 S, va S, [a cdc phan bién cau tao nén toan bo mién R. Trén S; ddu nudc da cho
trude, cdn trén S, trao déi nudc theo phuong vudng gée véi bien da duge mo ta.

Dang don gian nhat ctia x4p xi phan tir hitu han 1a dung phép néi suy tuyén tinh trong
cdc phan tir tam gidc. Tur tudng co ban ¢ day la dau nude duge xdc dinh tai cac ndt cua
mang luéi tam gidc va phép ndi suy tuyén tinh trong mot phén tir duge biéu thi boi viéc
dinh nghia ham dang N,(x, y) nhu sau:

N.(x,y)=1néuj=1
Ni(x, y)=0néu j=i (5-63)
Muc thuy ap (dau nudce) bay gidy c6 thé biéu dién nhu sau:

D(x,y) =D Ni(x, )., (5-64)

=1
Trong d6: @, la dau nudc tai nit thit 1, gid tri [a an s6 @, khi i ]a nit & bén trong, hoac
khi ntt i nAm trén bién loai S;.
Ham noi suy (5-64) cling c6 thé duge si dung doi véi ddu nude da bi€t trong tang chira
nuée phia dudi. Ta c6 thé viét
n
@'(x,y) = Y N;(x,y). D, (5-65)
i=n
Trong d6: @', 1a gid tri ddu nude tai nit thir i clia tng chida nudc phia dudn.
Tich phéan phuong trinh vi phan (5-60) ta ¢6:

I—a— T—a(—D+2-(T-a-(B)+I—CD_d) N;; dxdy =0 (5-66)
7 ax ox oy oy C

Hai s hang dau trong tich phan c6 thé tich thanh hai phan :

o N O .
B_[T@‘B]J‘_ o0 Nizﬁ[NiT@:}g N2 )N 2 oN, 00
fx\ 0Ok /) dy\ oy ax ox j 0oy oy ox 0x oy Oy

Thay vao (5-66) ta cé thé viét lai J, theo céch sau:
1,=J+J,+15 (5-67)
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Trong dé:

3, = 9 NiT?g]Jr-a— N-,Ta—q—) dxdy =0 (5-68)
; ox Oox ay dy
) —\N_ AN aN
J2 —_ _-[ TZ(D .@_12_1 + Er_\r_‘_l dxdy (5-69)
: ox Ox oy Oy
I = Hmi - —éZN-,.NJ-.(CD-, — @ )}dxdy (5-70)
R

Téng trong tich phan thit hai va thi ba cin duoc bicu dién trén toan bo gia tri j tir niit j =1
dén j = n, trong d6 n 12 56 niit.

Cidc tich phan J,, J, va J3 &€ duge xdc dinh 14n luot nhu san:
a. Tich phdn thit nhai J,

Theo dinh 1y Gauss, tich phan thit nhat J, ¢6 thé chuyén déi thanh tich phan dutng theo
bién S ctia mién R nhur sau:

], = J‘i (N-,T@}+3 NT P [y = NiT@}ds (5-71)
Jox ox ) oy dy _ &n

Boi vi trong (5-71) cdc gid tri i hoan toan thuoc 16p C, tifc 1a 16p c6 cac gid i ddu nude
1 n s6, cdc gia tri i d6i v6i tat ca cdc didm trén phan bién S, bi loai trir.

Do dé, trong tich phan & v& trdi cla (5-71), cdc gia tri 1 hoan toan nam trén bién S;. Theo
ham dang N; = 0 trén S, va do vay chi ¢é sir dong gop tir tich phan doc theo S;. Trén phin
bién d6 gid tri TAD/On da biét,

Cho gid tri ham cung cdp doc theo mot phdn tir bién dién hinh bang q.h va chidu dai ciia
phan t{r bién bang 1, .

Céc déng gbp dai vdi tich phan trong (5-71) c6 thé hy vong chi tir nhitng phéin tir d6 cla
bi¢n, trén dé N, = 0. Day 1a trudng hop chi céc phan 1l doc hai bién trén ci hat phia cla
nit i. Doc theo hai bién, gid tri clta N, bing 1/2 va do viy tich phan & [ (6ng cla hai gid
tri g, hl,. mot bén trdi v mot bén phai cla nit i. Tong nay s& dugce ky hieu 13 Q.. Diéu nay
¢6 nghia la tong lugng nudc cung cip doc theo mot phén tr ¢6 thuge tinh déng déu doi véi
céc nit cua né. Do dé:

2 | abY & ab ) i
= |— —_— — Nl — ] 1y = (). - 2
1, Raxl{N'Tax]+83=[wlT6yJ}dxw {Q, (5-72)

Trong dd Q; 1a lwong nude cung cip cho he théng tai nit i. Nude cung cip doc theo phan

bicn bat ky S;. mot ben phin 1l xde dinh bdi mot s6 k véi chidu dai I, duoe phan chia déu
cho cic nit tat hal dau cta né, ¢o nghia {a tuong ting véi Q, trong (5-72) ¢6 thé bicu dién li:
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1
Q= '2_(1kh1k (5-73)

b. Tich phan thit hai
Tich phan thi hai J, dugc xdc dinh béi (5-69) duoc tinh nhu sau:

5, = H Zq{aNi ON; N, N }}d dy - Z " 578

: ox Ox Oy oy

Trong d6: -

Pijz—J‘ oy NN 9N NG (5-75)
| e By oy
P

Dé danh gia tich phan nay, trude hét chung ta chd y rang, déng gop ddi vdai tich phan
nay ¢é thé duge thé hién chi khi phan wr R, chia ¢a hai ndt i va j. Néu hoac 1 hoac J khong
thuoc phén tir nay, mot trong $6 cdc ham dang bing 0 va do vy khong ¢6 sy dong 26p nao
d6i véi tich phan nay ca. Do vy, ta chi xét cac phan t{r cd chifa cd hai nit i va ).

B&i vi ham dang 1a tuyén tinh, ta ¢ thé viét
Ni(x, y)=px+qy+r (5-76)
Nj(x, V) =px+qy+y (5-77)

Trong d6, cic hé s6 p;, q; ... 1a cdc hang s6. Gia sir ba nit cha mot phan tir R, duge ky
hiéu l1a j, k va / (trong d6 i co thé 12 j, k hay /). Khi d6 N; phai bang | tai nat j va bang 0¢
cac nut k va . Do vay:

pXj+ay+ I = 1 (5-78)
px, gy +1 =0 (5-80)

Day 12 mot he phuong trinh tuyén tinh voi ba an s& 12 p;, q;, ;- Nghiém cla hé phuong
trinh nay la:

Trong dé:
b=y -¥s be =¥ - Yy by =y - ¥
Cj=x1—}(k; Ck:XJ'Xl; Clzxk—
dj = XYy - X) Yis dg = XY, - X5 ¥, dy = xp¥k - X Y

D = x;b; + x by + x,by
$ day, D 1a dinh thiic cla h¢ phuong trinh trén. Céc thanh phan khéc 1a dinh thiic con
cua h¢ phuong trinh nay.

Ta biét: INYOx = p; 5 ONJOX =p;; ON/Oy = q; ; INJdy = q
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Gid thi€t rang h¢ s6 dan nudc T la hang s6 T, trén toan by phan tir R,. Gia thiét nay

khong 1am mat di tinh téng quat, vi cdc phdn tir du’dc chia di nhd dé dam bao gid thiét nay.
Chiing ta nhan duoc:

P;=T, A, [bpb; +cc]/ID12 (5-81)
. Vi vay cuobi
cling ta co:
0.5T, (bjb; +¢ic;
§ = p ( 1~ J) (5-82)
\Df
Nhu vay tich phan thit haj sé& bfmg'
Z LD, (5-83)

¢. Tich phdn thi ba J,

Tich phan thit ba duoc xdc dinh bai (5-70) ¢b thé duge xem nhir bao gom hai thanh
phan. Thanh phan thi nhat Ia tich phan clia ham tham 1.

J3i = J{LN}dxdy (5-84)
R
D61 v6i mot gid tri riéng bat ky i, ham dang N; chi khic 0 trong cdc phan tir xung quanbh.

Néu trong tat ca cdc phén tir ny, ham tham I duge gia thiét bing hing s6 (vi céc phan 1
duge chia khd nho). Béi vi I, 1 hang s, gid tri trung binh ctia N, = 1/3 di¢n tich phan ti

J,,=|D|/6; (ie Ry (5-85)

G day dicu kién i e R, chira rang d&i véi gid tri riéng cha P titc 1a tham trén phén tir R,
su déng gép chi nhan duac khi nit i thudc phin tir d6. Theo ¥ nghia tdng lugng tham tren
mot phan tir 0,51 JD‘ duge phan chia dong déu trén ba nit ctia phin tlr tam gidc giéng nhu
trudng hop tich phén thit nhat bién cdp nude duge phan bé dong déu trén hai niit cia phan
tir mat. Thuc t&€ ching ta cé thé viét:

J30 =Qii(ie Ry (5-86)

Trong d6 Q, bay gid 1a phan thim thuge vé niit i. P6i v6i 1t ca cdc phdn tir chia ndt i
ching ta cé:

Q=1IDl/6:G Ry (5-87)
Tu (5-70) ta xét tiép phan thit hai cha tich phan thit ba:
I
Jyo = J'{—EZNiNj(d)i—CD'i)}dxdy (5-88)
R

Ta thdy rang J5, ¢6 thé viét thanh:
12 = ) Ry(®; - ') (5-89)
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s

Trong dé:
R. = {bibjzxx +c-,Cijy + (biC"} + bjci)ny}
Y DI
K&t hop cdc két qua tinh tich phan & trén cudi cung ta ¢o:
D P®;+Ry(@ - D) =Q, (5-91)
Trong d6, cdc he s6 P va Ry; dd duoc tinh theo cong thic (5-81) va (5-90). Tét ca cdc he
nay cé thé duge tinh d& dang d6i véi mot phan tir néu nhing gid tri he $6 dan nude T,

(5-90)

luong tham T va sitc can C d3 biét va toa do clia cdc nut dd xdc dinh.

O

CHUGNG TRINH TINH BGL VG DONG CHAY ON BINH CO THAM VA TRAO BOL
NUGC QUA TANG CHUA NUGC YEU THEO PHUGNG PHAP PHAN TU HUU HAN
100 DEFINT I-N:KEY OFF:OPTION BASE 1:GOSUB 730

110 PRINT"--- Bear & Verruijt - Groundwater Modeling”

120 PRINT"--- Plane steady Flow with Infiliration and Leakage™

130 PRINT"--- Finite Element Method":PRINT"--- Program 10.3"

140 PRINT"--- Quadrangular elements, input from dataset”

150 DIM XJ(4),YJ(4),B(3),C(3).D(3),K5(4,3)

160 DIM X(300),Y (300),1P(300),F(300),FA(300),Q(300)

170 DIM NP(250,4),T(250),PP(250),CC(250}

180 DIM U(300),V(300),W{(300),P(300,11),R(300,11),KP(300,11):NZ=11

190 PRINT:PRINT:PRINI"Reading data":PRINT:INPUT"Name of dataset ";A$

200 OPEN "I",1,AS:INPUT #1.N.M

210 FOR I=1 TO N:INPUT #1,.X(I),Y(1).JP(1). F(I), FA(I),Q(I):NEXT

220 FOR J=1 TO M:INPUT #1 NP(J,1},NP(J,2),NP(J,3) NP(J 4),T(J),PP(J),CC(J)
230 NEXT J:CLOSE 1:FOR I=} TO 4:FOR J=! TO 3:K=I+J-1:IF K>4 THEN K=K-4
240 KS(1,1)=K:NEXT I,I:GOSURB 730:PRINT"Generation of pointer matrix”

250 FOR =1 TO N:KP(},1)=LKP(INZ)=1:NEXT [

260 PRINT" Element ...... ":FOR J=1 TO M:PRINT [;

270 FOR K=1 TO 4 KK=NP(J K):FOR L=1 TO 4:1.1=NP(J,I)

280 1A=0:FOR II=] TO KP(KK NZ):I[F KP(KK,II)=LL THEN [A=1

290 NEXT ILIF IA=0 THEN KB=KP(KK N7)+1:KP(KK . NZ)=KB:KP(KK,KB)=1.L.
300 It KB=NZ THEN 720

310 NEXT LK EPRINT:PRINT:EE=.00001

320 PRINT" Generation of systern matrices” :PRINT"  Element ... ™

330 FOR J=t TO M:PRINT J:FOR KW=1 TO 4:2X=0:7Y=0

340 FOR 1=1 TO 3:K=NPUJLKSIKW. D) XTD=X(K)» Y D=Y(K)



350 ZX=ZX+X(K):ZY=ZY+Y(K):NEXT 1:ZX=ZX/3:ZY=Z2Y/3
360 FOR I=1 TO 3:XID)=XJD-ZX:YID=YJ(D-ZY:NEXT I
370 B(1)=Y1(2)}-YJ(3):B(2)=YJ(3)-YI(1:B(3)=YJ(1)-YI(2)
380 C(1)=XJ(3)-XJ(2):C(2)=XJ(1)-XI(3:C(3)=XI(2)-XJ(1)
390 D(D=XJ2)*YJ(3)-XT(3Y*YI(2):D(2)=XI(3)*YJ(1)-XT(1)*YI(3)
400 D(3)=XJ(1)*YI(2)-XJ(2)*¥YI(1)
410 D=ABS(D({1)+IX2)+D(3)):IF D<EE THEN 540
420 DD=T(I}/{4*D}): DE=1/(4*CC{I)*D)
430 XX=(XT(LPFXT(D+XI2)*XT2)+XI(3)* XT3/ 12
440 XY=(XT(L*Y I D)+XT2)*YI(2)+XTI(3*YI(3))/12
450 YY=CYT(*YT(D+Y Iy YI2)+YI(3)*YI(3)/12
460 FOR K=1 TO 3:KK=NP(J KS(KW K)):[I=KP(KK,NZ):FOR LL=1 TO II:L=1
470 KV=KS5(KW L):IF NP(JLKV)=KP(KK L.L.) THEN 490
480 L=L+1:IF L<4 THEN 470 ELSE 520
490 P(KK,LL)=P(KK,LL)}+DD*(B(K)*B(L)+C(K)*C(L))
500 AA=XX*B(K)*BL+XY*(BKY*C(L)+B(L)*C(K)+Y Y*+*C(Ky*C(L)+DK)*D(L)
510 R(KK,LL)=R(KK,LL}+DE*AA
S20NEXTLL.K
530 FOR I=1 TO 3:K=NP(J KS(KW,I)):Q(K)=Q(K)+D*PP(J)/12:NEXT I
540 NEXT KW J:PRINT:PRINT:EE=EE*EE
550 PRINT"Solution of equations":PRINT" Iteration .... “;:TT=1
360 FOR [=1 TO N:1Z=KP(I,NZ):U(D)=0:IF IP(I)>0 THEN 590
570 UD=Q(I):FOR J=1 TO 1Z:CC=R(1,1):L=KP(L,J)
580 UD=U(D-(P,NH+CO*FL)+CC*FA(L):NEXT J
590 V(D=U():NEXT EUU=0:FOR I=1 TO N;UU=UU+U(I)*U(1):NEXT I
600 PRINT IT;:FOR I=1 TO N:-W(1)=0:1Z=KP(I,NZ)
610 FOR J=1 TO [Z:W(D)=W{D+(P(L)H+RIIN*V(KP(LD):NEXT .1
620 VW=0:FFOR 1={ TO N:VW=VW+V(D*W(]):NEXT I
630 AA=UU/VW:FOR I=1 TO N:IF IP(1)>0 THEN 650
640 F(D=FD+AA*V(D):U(D=U(D-AA*W(])
650 NEXT WW=0:FOR I=1 TO N:WW=WW+U()*U(I:NEXT I
660 BB=WW/UUFOR =1 TO N:V(D)=U(D+BB*V(I:NEXT LUU=WW
670 IT=IT+1:IF I'T<=N AND UU>EE THEN 600
680 GOSUB 730:PRINT: A$="#i## ###":-FOR I=] TO N
690 PRINT” x = ":PRINT USING A$;X(1};:PRINT" - y =",
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700 PRINT USING A$;Y(I);:PRINT" - F = ";:PRINT USING A$:F(I):NEXT I

710 PRINT:END

720 GOSUB 730:PRINT "Pointer width (NZ}) too small.":GOTQ 710

730 CLS:LOCATE 1,30,1:COLOR 0,7:PRINT" Finite Elements - 3 ";>COLOR 7.0

740 COLOR 7,0:PRINT:PRINT:RETURN

Data:
22,10
0,0,-1,0,0,0,0,100,-1,0,0,0
100,0,-1,0,0,0,100,100,-1,0,0,0
200,0,-1,0,0,0,200,100,-1,0,0,0
300,0,-1,0,0,0,300,100,-1,0,0,0
400,0,-1,0,0,0,400,100,-1,0,0,0
500,0,-1,0.0,0,500,100,-1,0,0,0
600,0,-1,0,0,0,600,100,-1,0,0,0
700,0,-1,0,0,0,700,100,-1,0,0,0
800,0,-1,0,0,0,800,100,-1,0,0,0
900,0,-1,0,0,0,900,100,-1,0,0,0
1000,0,1,0,0,0,1000,100,1,0,0,0
1,2,3,4,100,0.001,10000
3.4,5,6,100,0.001,10000
5,6,7.8,100,0.001,10000
7,8,9.10,100,0.001,10000
9,10,11,12,100,0.001,10000
11,12.13,14,100,0.001,10000
13,14,15,16,100,0.001,10000
15,16,17,18,100,0.001,10000
17,18,19,20,100,0.001,10000
19,20,21,22,100,0.001,10000

Trong chuong trinh tinh nay:

N - 86 nut;

M - S6 cdc phan ur;

X(i) - Toa 46 theo phuong X clia nit t;

Y (i) - Toa dé theo phuong Y cua ndt i;

IP(i) - Chi s& biéu thi loai nit i;

FA(D) - Dau nudc trong tAng chiia nude phia trén tai nit 1;
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Q(1) - Luong nudc cung cap tai nit i

NP(j.1) - Niit I cta phan 1t j;

NP(},2) - Nut 2 ciia phén ur j;

NP(j,3) - Nut 3 clia phan tir j ;

NP(j,4) - Niit 4 cha phdn tl j ;

T(j) - Suat chuyén nudc ctia phan ti j;

PP(j)- Luong tham trong phén tir j;

CC(j)- Stre can cda tang chita nude yéu trong phén ti |.

2.7. Mé hinh phan tir hiru han déi véi dong chay khong 6n dinh trong ting chia
nwdc ¢6 ap

Phuong trinh vi phan co ban clio ting chita nudc ¢6 ap ¢6 thé viét nhu sau:
D oD O
(TQ—] 9 T— 11=s22 (5-92)
Ox\ X 6y oy o
Trong 46 : S - Hé s& trit nudc;
I - Lugng tham.

Diéu kién bién duoc gia thiét loai 1 hoac loai 2, titc 12 mei noi doc theo bién hoac déu
nuée hoac toc do cho trude. Khic véi trudng hop dong chdy n dinh, bai todn nay muén
giai phdi bi¢l diéu kién ban diu. Tai thoi diém ban ddu t = 0, didu kién ban ddu cé thé viet
nhu sau:

@ =dx,y) (5-93)
Trong d6 : ®Y(x, y) 1a ham di bigt.

Bai todn dugc giai theo timg budc thoi gian. Tién trinh dugc phat trién trong dé cdc gid
tri & cudi budc thit nhét s& duge tinh tir cdc gid tri ban dau. G cdc bude sau £14 tri cudi cua
budc thir nhat s& (2 diéu kién ban ddu cilta budc thit hai v.v..

Pudng 161 don gidn dé dan dat t6i céc phuong trinh dai s& tuyén tinh cta phuong phéap
36 tri 12 tinh gdn ding tich phan phuong trinh vi phan (5-92) ti t = 0 dén t = At. Nhu thé

chiing ta nhan dugc :
—a—[T@ A P f1=s2® (5-94)
ox\ 0Ox /) Oy\ Ody At

Trong dé @' |a gid tri ddu nudc tai cudi budc thoi gian dang xé1, trong khi d6 cdc gid tri
® va [ 1a gid tri rung binh trong budc thdi gian d6, chiing nhan dugc bang céch tich phan
trén At sau dé chia két qua cho At.

Bay it gia thiét ring cdc gid (ri trung binh cla diu nuée trong mét khodng thoi gian
co {hc dugce bidu thi thong qua céc gid tri & ddu va cudi thoi doan tinh todn, dudi dang:
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@ =ed” + (1 - ) {5-95)
Trong d6 £ la hing s ndi suy, véi 0<e< I
Cong thitc (5-95) phdt biéu ring, gid tri trung binh la sy két hop tuyén tinh cic gia tr
dau va cudi véi céc trong 6 khic nhau. D3i véi € = 0, gid tri trung binh bang gid tri cudi
thoi doan. Diéu nay tuong (ng vdi sai phan hitu han 10i. D6i v6i € = 1/2 wong (mg vdi sai
phin hiru han trung tam.
Tir (5-95) ta nhan dugc:

a q) v 0
_[TQ_J+£ 191,15 2-% _g (5-96)
ox\ ox ) Oy\ Oy {1-£)At

So sdnh (5-96) véi (5-60) ta thdy ring chiing twong tu nhau. Chi khic 6 chd he s6 1/C

duoc thay the bing S/{At()- £)] va gid tri bien cho trude @ dugc thay thé bang ©. Nhu vay
thut toan dung dé giai (5-60) ciing c6 thé dung truc tiép dé gidi (5-96).
C6 thé két luan rang chuong trinh tinh theo phuong phdp phan tr hu han doi véi

nghiém ctia dong khong on dinh trong tdng chia nudc ¢6 dp ¢6 thé duogc dua trén mot chiit
bién doi cha (5-91). Tic la:

> B, + Rj(®; - ) ) =Q; (5-97)
Trong d6 P;; va R;; duoc tinh nhu saw:
P = 2 (bb +cic) (5-98)
ij 21D‘ v T

_ ble Zxx +C'|Cj Zy), + (bicj + bjle )ny
! 2|D|At(l - &)

(5-99)

CHUGNG TRINH TINH DONG CHAY KHONG ON DINH
THEO PHUONG PHAP PHAN TUHUU HAN
100 DEFINT I-N:KEY OFF:OPTION BASE 1:GOSUB 770
110 PRINT"-—- Bear & Verruijt - Groundwater Modeling”
120 PRINT"--- Plane non-steady Groundwater Flow"
1 30 PRINT"--- Finite Element Method™:PRINT"--- Program 10.5"
140 PRINT"--- Quadrangular elements, input from datafile”
150 PRINT"--- Solution by conjugate gradient method”
160 DIM XJ(4),YJ(4),B(3).C(3).D(3),KS(4,3)
170 DIM X(300),Y(300),IP(300).F(300),FA(300),Q(300)
180 DIM NP(250,4),T(250),5(250),PP(250)
190 DIM U(300),V(300), W(300),P(300,11),R(300,1 1), KP(300,11):NZ=11
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200 PRINT:PRINT:PRINT "Reading data”:PRINT:INPUT"Name of datafile ";:A$
210 OPEN 'I", AR:INPUT #] NME

220 FOR I=1 TO N:INPUT #] X YD), IR FAD,Q): F(D=FA(1):NEXT I

230 FOR J=1 TO M:INPUT #1 NPQ, 1 ).NP(J,2),NP(J,3)},NP(J,4), T(1},S(]),PP(])
240 NEXT J:CLOSE 1:FOR I=1 TO 4:FOR J=1 TOQ 3:K=I+J-1:IFF K>4 THEN K=K-4
250 KS(LN)=K:NEXT ),I:GOSUB 770:PRINT "Generation of pointer matrix”

260 FOR I= TO N:KFI,1)=I:KP(INZ)=1:NEXT |

270 PRINT" Element ...... ":FOR J=1 TO M:PRINT I;

280 FOR K=1 TO 4:KK=NP(J K):FOR L=1 TO 4:1.L=NP(J,L)

290 TA=0:FOR =1 TO KP(KK,NZ):IF KP(KK,ID)=LL THEN [A=1

300 NEXT TI:IF tA=0 THEN KB=KP(KK ,NZ)+1 :KP(KK,NZ}=KB:KP{KK .KB)=L1.
310 IF KB=NZ THEN 760

320 NEXT L,K.J:PRINT:PRINT:EE=.00001

330 PRINT"Generation of system matrices:PRINT" Element ...... "

340 FOR J=1 TO M:PRINT J;:;FOR KW=1 TO 4:ZX=0:ZY=0

350 FOR 1=} TO 3:K=NP(JLKS(KW.D)}: XJ([)=X(K): YID=Y(K)

360 ZX=ZX+X(K):ZY=ZY+Y(K:NEXT [:ZX=ZX/3:ZY=ZY/3

370 FOR I=1 TO 3:XJ(D=XJ(D)-ZX:YI()=YKD)-ZY:NEXT 1

380 B(1)=YJ(2)-YJ(3):B(2)=YJ(3)-YJ(1):B(3)=YI(1)-YJ(2)

390 C(1)=XI(3)-XJ(2):C(2)=XI(1)-XI(3):C(3)=XI (2)-XI(1)

400 D(D=XI2)*YI(3)-XI(3)*YI(2):D(2)=XI3)*YI(1)-XJ(1)*YI(3)

410 D)=XJ(1)*Y J(2)-XI(2»*YI(])

420 D=ABS(D(1)+D(2)+D(3)):IF D<EE THEN 550

430 DD=T(J)/(4*D):DE=S(J)/(4*(1-E)*D)

440 XX=(XT(D*XI(D+XI2yXI2)+XT(3)*XI(3))/12

450 XY =(XJU YT D+XI2)*Y I 23+ XN 3*Y (312

460 YY=(YJ()*YI(D)+YI2y* Y2+ YI(3)*YI(3))/12

470 FOR K=1 TO 3:KK=NP(J, KS(KW,K)):II=KP(KK,NZ}:FOR LL=] TO Ii:L=1
480 KV=KS(KW ,L):IF NP(JLKV)=KP(KK LL) THEN 500

490 L=L+1:IF L<4 THEN 480 ELSE 530

500 P(KK,LL)=P(KK,LL)+DD*(B(K)*B(L)+C(K)*C(L))

510 AA=XX*B(K)*B(L)+XY*(B{K)*C(L)+B(L)*C(K))+YY*C(K)"‘C(L)+D(K)*D(L)
520 R(KK,LL}=R(KK,LL)+DE*AA

530 NEXTLL.K

540 FOR I=1 TO 3:K=NP(JLKS(KW,1)):Q(K)=Q(K)+D*PP(1)/12:NEXT I
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550 NEXT KW.J:PRINT:PRINT:TN=0: EE=EE*EE:PRINT"Time = "/ TN
560 INPUT"T'ime after next step " TT:IT=1:DT=TT-TN:IF DT<=0 THEN 750
570 B=1/DT:TN=TT:PRINT"Solution of equations ":PRINT" lteration ";
580 FOR I=1 TO N:U(I)=0:1Z=KP(I,NZ}:IF IP(I)>0 THEN 610

590 U(D)=Q(I):FOR J=1 TO 17:CC=B*R(1,J}:L=KP(LJ)

600 U(=U(DH-(P(II)+CCP*F(L)+CC*FA(L):NEXT J

610 V(D=U::NEXT I:UU=0:FOR I=1 TO N:UU=UU+U(I)*U(I):NEXT 1
620 PRINT IT;:FOR I=1 TO N:W(D)=0:1Z=KP(I.NZ)

630 FOR J=1 TO 1Z: W(D)=W({D+P(L,NH+B*R(LIN*VKP(L,N):NEXT ]I
640 VW=0:FOR I=1 TO N:-VW=VW+V(D)*W(I):NEXT 1

650 AA=UU/VW:FOR I=1 TO N:IF IP(I)>0 THEN 670

660 F(D=FD+AA*V{D:UD=UD)-AA*W(])

670 NEXT LWW=0:FOR 1=1 TO N:-WW=WW+U(D*U(I):NEXT I

680 BB=WW/UU:FOR I=1 TO N:V{(D)=U()+BB*V(I):NEXT [:UU=WW
690 IT=1T+1:IF IT<=N AND UU>EE THEN 620

700 FOR 1=1 TO N:FA()=FA(+F(D)-FAD)/(1-E):F(D=FA([):NEXT 1
710 GOSUB 770 A$="###Ht# A" FOR I=1 TON

720 PRINT" x = ";:PRINT USING A$;X(I);:PRINT" - y=",

730 PRINT USING AS;Y(D);:PRINT" - F=";:PRINT USING A$;FA(D)
740 NEXT I:PRINT"Time = ";TN:GOTO 560

750 PRINT:END

760 GOSURB 770:PRINT"Peinter width {NZ) too small.":GOTO 750

770 CLS:LOCA'TE 1,30,1:COLOR 0,7:PRINT" Finite Elements - 5 ";
780 COLOR 7.0:PRINT:PRINT:RETURN

DATA

22,10,00.5,13
0,0,-1,0,0,0,100,-1,0.0
100,0,-1,0,0,100,100,-1,0,0
200,0,-1,0.0,200,100,-1,0,0
300,0,-1,0,0,300,100,-1,0,0
400,0,-1.0,0,400,100,-1,0,0
500,0,-1,0,0,500,100,-1,0,0
600,0,-1,0,0,600.100,-1,0.0
700,0,-1,0,0,700,100,-1,0,0
800,0,-1,0,0,800,100,-1,0,0
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900,0.-1,0,0,900,100,-1,0,0
1000.,0,1,0.0,1000,100,1,0,0
1.2,3,4,1000,0.4,0.001
3,4.5,6,1000,0.4,0.001
5,6,7,8,1000,0.4,0.001
7,8,9,10,1000,0.4.0.001
9,10,11.12,1000,0.4,0.001
11,12,13,14,1000,0.4,0.001
13,14.15.16,1000,0.4,0.001
15,16,17,18,1000,0.4,0.001
17,18,19,20,1000,0.4,0.001
19,20,21,22,1000,0.4,0.001

CHUGONG TRINH TINH DONG TH/SZM QUA DAP BONG NHAT
THEO PHUONG PHAP PHAN TUHUU HHAN

1000 DEFINT I-N:KEY OFF:OPTION BASE 1:GOSUR 1760
1310 PRINT"--- Bear & Verruijt - Groundwater Modeling"

1020 PRINT"--- Plane steady flow in triangular dam"

1030 PRINT"--- Finitc Element Method” :-PRINT" --- Program 10.4"
1040 PRINT"--- Quadrangular elements, interactive input:PRINT
1050 DIM X(240),Y(240),IP(24U),F(240),U(240),V(240).W(240)
1060 DIM KP(240,10),P(240,10).NP(200,4), T(200):NZ= 10

1070 DIM XJ(3),YJ(3),PJ(3,3).8(3),C(3),KS{4,3)

1080 DIM XB(21),XT21),YT(21),CI(21)

1090 INPUT"Width of dam at the bottom (m) ... "W

1100 INPUT"Inclination of slope left {degrees) ... ";AL

ITIO INPUT"Inclination of slope right (degrees) .. ;AR

1120 INPUT"Water level left (m) ................. ":HI.

IT30 INPUT"Water level right () ................. ";HR

1140 INPUT"Number of columns of elements ......... "INL

L150 IF NL>20 THEN NL=20:PRINT" Maximum value : 20"
1160 INPUT"Number of rows of elements ............ “INII

1170 TF NH>10 THEN NH=10:PRINT" Maximum value : 10"
T8O PRINT:A=4*ATN(1)/180:AL=A*AL: AR=A* AR :E=| IL/500
1190 N=(NII+1)*(NL+1):M=NH*N],
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1200 CL=COS(AL)/SIN(AL):CR=COS(AR)/SIN(AR):18=0

1210 FOR I=1 TO NL+1:A=(I-1 NL:XB(I)=A*W:CT(I)=CL+A*(CR-CL)}
1220 YT(D=HL+.8* A*(HR-HL): XT()=XB(1)+CT()*YT():NEXT [

1230 FOR I=1 TO NL:K=(I-)*(NH+1):L=(I-1)*NH:FOR J=1 TO NH:J\=L+J
1240 NPUJA,1)=K+):NPUJA,2)=NPJA, )+NH+1:NP(JA 3)=NP(JA,1)+1
1250 NP(JA,4)=NP(JA.2)+ 1: TJA)=1:NEXT I

1260 PRINT"Calculation of pointer matrix:PRINT" Element ..... "
1270 FOR I=1 TO N:KP(I,1)=1:KP(I,NZ)=1:NEXT .FOR J=1 TO M:PRINT J
1280 FOR K=1 TO 4:KK=NP{J,K):FOR L=1 TO 4:.LL=NP(J.L):.IA=0

1290 FOR I1=1 TO KKK, NZ):IF KP(KK.ID)=LL THEN [A=1

1300 NEXT II:1F 1A=0 THEN KB=KP(KK,NZ)+[:KP(KK ,NZ)=KB:KP(KK KB)=LL
1310 NEXT LK. J:PRINT:LL=1

1320 FOR 1=1 TO 4:FOR J=1 TO 3:K=[+J-1:]F K>4 THEN K=K-4

1330 KS(IL)=K:NEXT J.1

1340 FOR J=1 TO NH+1:F()=HL:IP(})=2:IP(N+1-J)=2:F(N+1-J)=HR:NEXT J
1350 IP(N)=0:FOR I=1 TO NL+1:K=(I-1)*NH+I

1360 FOR J=1 TO NH+1:L=K+J-1:Y(L)=(J-1)*YT(I)/NH

1370 IF 1S=0 THEN F(L)=YT(I}

1380 X(L)=XB(+Y(L)y*CT(I}:NEXT J.,I

1390 GOSUB 1760:PRINT"Free surface after”;IS;"cycle”;

1400 IF IS<>1 THEN PRINT"s";

1410 PRINT:PRINT:FOR I=1 TO NL+1:K=I*(NH+1): AS="4#### ###"

1420 PRINT" x =";:PRINT USING A3$;X(K)

1430 PRINT" y = ";:PRINT USING A$; Y(K):NEXT L.IF LL<0 THEN 1620

1440 FOR I=N-NH TO N:F(I)=HR:IF Y(1)>HR THEN F(I)=Y(I)

1450 NEXT [:PRINT:PRINT"Generation of Matrix":PRINT" Element ..... ";

1460 FOR I=1 TO N:IFOR J=1 TO NZ:P(I,1)=0:NEXT J.1

1470 FOR J=1 TO M:PRINT J;:FOR KW=1 TO 4:FOR I=1 TO 3

1480 K=NP(J KS(KW.1)):XJKD=X(K): YI(D=Y(K)

1490 NEXT I:B(1)=YJ(2)-YJ(3):B(2)=YJ(3)-YI(1):B(3)=YJ(1)-YJ(2)

1500 C(N=XJ(3)-XJ(2):C(2)=XI(1)-XI(3):C(3)=X](2)-XJ(1)

1510 D=ABS(XJ(1)*B(1)+XJ(2)*B(2)+XJ(3)*B(3)):IF D<EE THEN 1580

1520 D=T()/(4*D)

1530 FOR K=1 TO 3:KK=NP(J KS(KW K)):[I=KP(KK,NZ).FOR LL=1 TO II:L=1
1540 KV=KS(KW L):IF NP(J,LKV)=KP(KK,LL} THEN 1560
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1550 L=L+1:IF L<4 THEN 1540 EL.SE 1570

1560 P(KK,LL)=P(KK LL)+D*(B(K)*B(L)+C(K)*C(L))

1570 NEXT LL.,.K

1580 NEXT KW J:PRINT:PRINT:GOSUB 1630

1590 LL=-1:FOR I=! TO NL+1:K=[*(NH+1)

1600 A=F(K)-Y(K):YT()=YT(I)+A:IF ABS(A)>E THEN LI =]

1610 NEXT LIS=IS+1:PRINT:GOTO 1350

1620 PRINT:END

1630 PRINT"Solution of equations”:PRINT" Iteration ... "::IT=1

1640 EE=.00001:EE=EE*EE:FOR I=1 TO N:U(I)=0:IF IP(I)>0 THEN 1660
1650 FOR J=1 TO KP(I,NZy:U()=U(1)-P(I,J)*F(K1,J)):NEXT J

1660 V(D=U(1):NEXT [:UU=0:FOR I=1 TO N:UU=UU+U()*U():NEXT I
[670 PRINT IT;:FOR I=1 TO N:W(I)=0

16.80 FOR J=1 TO KP(LNZ}:W(D)=W(1}+P(1J))*V(KP(1,J)):NEXT I I
1690 VW=0:FOR I=1 TO N:VW=VW+V()*W(I):NEXT I

1700 AA=UU/VW:FOR I=1 TO N:IF IP(I)>0 THEN 1720

1710 F(D=F(D+AA*V([):U()=UD)-AA*W(])

1720 NEXT LWW=0:FOR I=1 TO N:-WW=WW+U(I)*U(I):NEXT I

1730 BB=WW/UU:FOR I=! TO N:V(D=U(I)+BB*V():NEXT 1:UU=WW
1740 IT=IT+1:IF IT<=N AND UU>EE THEN 1670

1750 RETURN

1760 CLS:LOCATE 1,30,1:COLOR 0,7:PRINT" Finite Elements - 4 ":
1770 COLOR 7,0:PRINT:PRINT:RETURN.
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Chuong VI
TINH TOAN NHIEM MAN CAC VUNG PAT VEN BIEN

Cdc bé nuée ngot dudi dat 1a ngudn tai nguyén vé cling quan trong, dac biét doi véi cice
viing kho han vi ban kho han 1a noi nguén nude ngot hau nhu khong ¢6. Trong cice bé chita
ngam viing ven bién, cic hé thong nudc ngot thudng ¢6 lién hé truc ti€p véi nudc man.
Thong thudng hién tuong thdm thau xdy ra trong cic tang dat, khi xuat hién d¢ doe thuy lyc
do sur chénh éch muc nude gifta viing ven by bién va cdc ving dat nam sau trong Juc dia
hodc khi str dung nuéc ngdm ving ven bién cho cac muyc dich kinh t€ va sinh hoat.

Viée tim hicu su chuyén dong va su tron 1an gifta nude ngot v6i nudc mén va cde qud
trinh anh hudng dén né déi véi cac viing ven bien, noi 1ap trung c¢dc thanh pho, thi xa quan
trong, cdc khu vire dan sinh, kinh t¢ trong diém cita dat nuée la diéu hét stc cdp thiét dé
quén 1y, bao vé vi khai thdc 161 uu cac bé chifa nudc ngdm trudc mit cling nhu trong
tuong lai.

L. QUA TRINH NHIEM MAN CAC VUNG PAT VEN BIEN

& ving ven bién, do doc duong mat nude thuong cd hudng dée ra bién nhung thudng rat
nhé vi & ving sat boy bién thi hudng chia dudng mat nude thay déi do su fen xudng cua thuy
triéu. Trong dicu kién tu nhién, nudc bién c6 mat do 16n hon nén thuong nam dudi l6p
nuéc ngot ¢é mat do nho hon. Mat cit dién hish sy tiép xic gifra hai khoi nude ¢6 mat do
khdc nhau duge biéu dién trong hinh (6-1). Khi khai thic nudc ngam cho cac muyc dich
kinh t& v sinh hoat, mat ti¢p xtic doé s& bi bién dang.

Trong thuc t€, nudc ngot v nude bién tron lan vio nhau hinh thanh mot ving LEp giap
chit khéong phai mot mat. Ving nay cé mot do rong dang ké goi 1a ving nude hon hop. X¢ét
trén mat cit thing ding cia ving nudc hén hop thay rang mat d6 tang din tir ving nudc
ngot sang ving nuéc man. Tuy nhién trong cdc diéu kién cu thé va nhat 1a trong céc bai
toan k¥ thuat, do rong cta viing nude hén hgp thudng duge xem la khd nho so vai cic khoi
lwong nudc ngot va nude bién. Vi vay trong tinh todn né duge xem nhu mot mat ngan cich
giita nudc man vh nude ngot. Nhimg két qua nghién ctiu cla Jacob va Schmorak (1960),
Schmorak (1967) doc theo ving ven bd ciia cdc quan dao da khdng dinh mot cach chac
chan rang viéc mo phong ving 1i€p gidp gilta nude bién man v nudc ngot nhu mot mat
ngan céach gitta chiing 12 ¢6 thé chdp nhan duoc.

Mat khéc, véi co s& cha thuyét thuy dong luc hoc, viéc nghién ciu ving chuyén ti€p
trong diéu kién thuc t€ nhu 1a mot vung nude chuyén tiép cing dugc thuc hién nhd viec mo
phong su chuyén déng clia nude ngot ra biéi: va xam nhap cua nude bicn vao cdc ting chifa
nudc ngot vi cong cu hitu hiéu dé gidi cdc bai toan la mdy tinh dién tr. Trong diéu kicn tu
nhién. & céc viing chita nudc ven biép, trang thii ¢ m bang Juge thiét lap voi mét ngan cach
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tinh va nuéc ngot chay ra bién & phia trén mat dé. Mdi diém trén mat ngan cach, do cao va
do doc duoc xac dinh bdi chiéu cao ¢ot nude ngot by va d¢ doc cha dudng mat nuée (hay
toc do chay). Su thay déi lien tuc cha do déc mat nudc ka nguyén nhan sy xam nhap cua

nudc man vao cac tdng chia nude. Luu luong don vi cia nude ngot tiep tuyéen véi mat ngan
cach tang dan.

Lugng cap tu mua (N) Muc thuy ap

Bién
AR AAARAASARAAAAAANAARN AR AR AN
. Nude ngot
,‘k mat dé p;
—-’//t’////w/fﬁ//////x////////
Nudc bién Mat ngan cach
matd@ps. b)

Bién T T S WO o

fﬂ ————— = Nt ngot
N\ T

Mat ngan cach Nudc bién
mat dé p,

h, Nudc ngot
mat &6 py

Nudc bién

e s Mét ngan cach Tang khang tham
matds g,

d)

c)

Hinh 6-1: Mdt cdt dién hink cia cde mdt tiép gifia nude man

va niGc ngot frong diéu kién tir nhién.

Do viéc bom nude tir céc bé chia ngam viing ven bién 16n hon lugng cung cdp trd lai
cho cdc bé nudc ngdm [dm mat nudc ngam bi ha thdp. Su ha thip dé phdt trién dan tir
gi€ng bom ra bién va dén mot lic nao dé xudt hi¢n d¢ doc nguoce va két qua 1a mat ngan
cdch ciing tinh tién din vao sau trong cdc tang dat. Ném man s& chi dimg lai khi mot
can bang mdi dugc thict 1ap. Hién tuong nay goi la qué trinh xam nhap man. Khi mit
ngan cich ti€n vao thi ving chuyén tiép ciing ma rong. Trong nhicu bai todn, ching ta
gia thiét rang mat ti€p xtdc 13 mot mit cting va di chuyén tinh tién vudng pdéc véi ba
vao phia trong hay ra ngoai tuy thuée vio dé cao cOt nudc ngot phia trén muce nudc
bi€n trung binh vi hudng cla do d6c mit nudce (duong thuy dp). Khi mat ngin céch
ti€n vao giéng bom nude thi qud trinh bi man trong giéng s¢ xay ra. Khi mat ngan cdch
ndm dudi day giéng thi ching ta lay duge nude ngot, nhung viée bom nude van tiép tuc
thi do anh huéng caa trudng t6c d6 theo chiéu thing ding vi nim ngang ciing nhu qua
trinh khuyéch tin do cdc viing nudc khac mat do dan t6i hi¢n tugng ning dan 1én cila
mdt ngan cich. Mat ndy c6 dang hinh nén ma dinh nén nim & cdc giéng bom nude.
Hi¢n tugng ndy trong chuyén mon goi I hién tuong "Upconing” hay con goi 14 nén
nuée man.
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Khu it giéng bem nude

C3p nudc rén mat (N)

Bién A

Muc nudc bidn (MSL)

Nudc bién
mat o p,

Téng khong tham

Ny

Hinh 6-2: Mdt cdt dién hinh cia tdng chita nuoc khi bom nuoc

1L BIEU DIEN TOAN HOC BAI TOAN XAM NHAP MAN

Viéc mo phéng sy xam nhap mén vao cdc tang dat cling nhu vao cic bé chita nudc ngam
di duge nghién ctu kha ty mi. Ban chat cua hi¢n tugng la sy chuyén dong cic chit 1ong voi
néng do mudi xac dinh dudi téc dung cla trudng téc do ma trudng nay thiét lap trong dicu
kién tu nhién (thuy triéu bién - bién viing ven bd) va muc nudc song (bién phia séu trong
dat lién) hoac trong diéu kién nhan tao (c6 1ay nude hoac nude héi quy).

V& thyc chat 12 viéc giai dong thdi phuong trinh bao toan khoéi luong:
25,2, 25, %), 2 () [2 e Zyor Loof2 o

Trong do:

Dy, D,, D, - Hé s¢ khuéch tén viét cho ba phuong chii y&u trén toa do De-Cc;

C - Ndng do chat hoa tan (mg/l), (ppm);

Vo VeV, - Téc do tham thuc, bing van t6c Darcy chia cho do réng tong cong cua
mdi truong.

Va giai phuong trinh vi phan bi€u dién dong chay ngam:

5(1 -gg) + a%[T” %] + %[TZ %) = s% + W(X, v, 2, 1) 6-2)

Trong dé:
T,, T, T, - Hé s6 dan nudc cua moi trudng;

h - Muc nuée ngam (Unconfined Aquifer) doi voi tdng chita nude khong 4p va cOt nudc
4p luc hay muyc thuy ap véi tang chia nude ¢ ap;
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Wi(x, y, 2, t) - Luong nudc 14y len hoac bé sung vao ting chifa nudc;

S - Hé s6 trit nuéc.

Viée gial he phuong trinh (6-1), (6-2) trong cdc bai todn cu thé s& cho ching ta vi tri va
hinh dang cta mat ngan céch. Song ciing cdn phdi néi ring: he (6-1), (6-2) I cic hé
phuong trinh vi phan dao ham riéng phi tuyén dang Parabolic (hodc hypecbolic).

Cho nén, c6 ging dé tim dugc mdt 1di giai thich chinh x4c cho van dé xam nhap man la
diéu kién khong thé thuc hién duoc. Chinh vi vay, trong diéu kién thuc t&, cdc tdc gia di
dua ra cdc di€u kién gidi han dé giai bai todn trén. Dudi day chung toi xin néu ra mot sg
diéu kién gidi han dé:

- Xem bai todn la thuy tinh nghia 12 khong tén tai chuyen dong, frong trudong hop nay

nudc ngot nam trén nudc bién vi mat ngin cich la mat nim ngang. Vin dé nay s& duoc
trinh bay & phan sau.

- Khi xem bai todn 1a thuy dong thi ¢6 thé gidi han:

I. Moi trudmg 1a déng nhat, dang hudng:

2. Dong chay mot chiéu;

3. Dong chay chi xay ra trén mat nAm ngang;

4. Dong chay cé dang tron khi chay vao giéng...

Véi cdc diéu kién gidi han & trén bai todn s& duoc dua vé dang don gian hon dé gidi, tim

phan b6 clia mdt 1i€p xdc, cling nhu phan b cla nude bién man trong moi {ruong & cdc
vling ven bién.

. IIL. QUAN HE GIUA NUGC BIEN VA NUGC NGOT TRONG ONG CHU' U - BIEU
THUC CUA GHYBEL-HERZBERG
Hon 60 nam trudc day, hai nha khoa hoc nghién cdu mét cich doc lap doc theo bd bién
thugc Chau Au va déu dura ra két luan: Nudc man trong khu vuc tiép gidp ton tai & dudi dat
khong phai ndm npang muc nudc bién ma & do sau dudi muc nude bién khoang 40 lan do
cao cua ¢Ot nudc ngot ndm phia trén muc nude bién, Phan bé nay dugc thict lap d6i véi can
bang tinh t6n tai gitta hai chat long cé mat d6 khac nhau.
Cin hang thuy tinh gilfa nudc bién va nude ngot ¢6 thé biéu dién bing ong chit U trén
hinh 6-3. Ap suit & méi mat ti€p xic trong dng chir U phai bang nhau, do dé:
pgZ = pyg (Z+hy (6-3)
‘frong d6:  p, - Mat dé khoi nudce bicn (g/cm3);
- Mat d6 khoi nude ngot (g/cm?’);
Z va hy - Bugc biéu dién nhu trén hinh (6-3).
Giai phuong trinh (6-3) ta ¢o:

/=L g (6-4)
e — P



Cong thitc (6-4) do hai nha khoa hoc Ghybel va Herzberg tim ra nén goi la cong thitc

Ghybel- Herzberg.

Vidy:p,=1025 g/cm3 s pp = 1,000 g/cm3 thay vao (6-4) ta co:

Chuyén két qua nghién clu ti
Sng chit U ra ngoai thuc 1€ vang ven
bién biéu dién trong hinh (6-4); hy
s& trg thanh muc nudc ngam trén
mat nudc bién va Z 1a do sau dén
mat ngan cach tr mot diém da xac
dinh cho téi muc nude bién trung
binh (MSL). Trang thai nay mang
tinh chét thuy dong hon 1a thuy tinh
do dudng mat nudc cé xu thé do ra
bién. Néu chi nghién cdu mat do
ctia chat long ma khong quan tam
t6i su chuyén dong cla chat long
trong d6 thi mat ngan cdch s& la
ndm ngang, nudc ngot v4i mat dé
pho hon nim trén ma dud doé la
nude bién véi mat do 1én hon. Diéu
nay muén chi ra rang: ¢ noi nao
dong chay gdn nam ngang thi quan
heé (6-5) s& cho két qua kha phu
hop. D61 véi céc ving ngang ven
b, tham chi viing déng bing ven
bién, noi do déc nude khong lon
hon vai phdn van thi quan heé
Ghybel - Herzberg cho phép "tinh
todn tho" do6 sau ma tai dé nudc
bién tén tai va cd the xem day 1a gid
tri ban ddu cho cic tinh todn chi tiét
hon danh gia sy nhiém man cua cic
vung dat ven bo.

Con d6i vai viing ngay bd bién,
do anh hudng cua thuy triéu xuat
hién do déc nguge chay vao trong
thi quan hé (6-4) va (6-5) s€ cho két
qua vdi do chinh xdc Khong cao.
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7 ~ 40 h; (6-5)

Lt
o
=

Nude bidn = <G—

Nude ngot

RN

T,

Hinh 6-3: Can béng thuy tinh gifta nuce bién

va nude ngot trong ong chit U.

Mat dat

My nudc ngam l

Nudc ngot
mét &6 py

Mat ngan cach

|

Nude bign
mat dé p,

Hinh 6-4: Mdt pgdn cdch Iy nudng
glita e bién va nudc ngot trong 1dng

kliong dp, vitng ven ba.



D61 véi céc tang chua nude ¢6 dp, biéu thiic (6-4) va (6-5) ciing ¢6 thé dp dung duoc
bing cdch thay thé muc nudc ngdm bang muc thuy dp. Mot diéu cdn luu ¥ khi sir dung
quan hé Ghybel- Herzberg 1A can bing gifa nude bién va nuéc ngot doi héi muc nudce
ngam (trong trudng hop ting chia nudc khong dp) hodc myc thuy dp (trong ting chia c6
ap) phdi thod man hai diéu kién:

- Nam phia trén muc nude bién ;

- Puong muc nude ¢é hudng chay ra bién.

Neéu khong ¢6 cic diéu kién trén thi nude bién s tiéh vio cic ting dat mot cach dé dang.

Xuat phdt tir cic cong trinh nghién citu cha Ghybel va Herzberg, tic pid Hubbert,
Lusczynski va cdc tdc gid khdc di phat trién cho trudng hop nude bién nam dudi nude
ngot chuyén dong véi muc nude nidm trén hosc nim duéi muc nude bién trung binh
nhicu nam (MSL). Pay duge xem la trang thdi khéng can bang va duoc bidu dién dudi
dang sau:

z= P Py (6-6)
Ps —Pr Ps — P

Trong dé: h - Cot nude ngot ndm trén muc nude bién (MSL) véi mat do py.

h, - Cot nudc bién nam dudi (hodc trén) muc nude bidn véi mat do p, (hinh 6-5).

Mat a4t
Muc nudc ngdm
© Hinh 6-5: So d6 biéu dién s LI
khdc nhau ctia muc nude véi W3- - ':r_____'L__: —-_MsL
diéu kién khong cdan bdng cho -
N g .. & Ap sudt bé mat
vang midc tép gidp, trong 2 nuéc bign
" . . - . Nude ngot
tang chita nucde khéng dp.
’ M&t ngan cach

Khi h, = 0, nghia 12 nudc bién & trang thdi tinh thi (6-6) tr& lai (6-4) tirc 12 trd lai quan hé
Ghybel- Herzberg.

3.1. Hinh dang cua mat ngan cach

Quan h¢ Ghybel- Herzberg chi 4p dung t6t trong truimg hop thuy tinh. Trong thuc t€, do
¢6 su chuyén dong clia ca khéi nuée ngot huéng ra bién, cling nhu khéi nudc man tir bién
vao, nén nhimng loi gidi chinh x4c hon dé xic dinh hinh dang cla mat ngan cach duoc phat
trién (ir 1y thuyét dong chay.
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Mot trong cac nghién cdu tim duge boi Glover nhur sau:

72 2P9X | P9 |2 6-7)
Ap.K ApK
Trong dé:
7.X - Pugc biéu dién trong hinh (6-6);
Ap =Py~ Pp

K - Hé s din nudc clia tang chia nudc;
q - Luu lugng nudc ngot don vi (m’/s/m) tinh doc theo bd bién.

Hinh dang tuong (g clia dudng mit nuée duge bidu dién boi bidu thifc sau:

hf = M (6_8)
V p-K

Khoang cdch 1én nhat ké tir b bién ma tai d6 mat ngan cach ¢ thé tim duoc bing cach
choZ=10, ta cé:

Pq
Xg= — — A (6-9)
7 2ApK
D6 sau cla mat ngan cich ngay tai boy bién tuong tng vdi x = 0:
z,= PL | (6-10)

ApK

Mat dét fr nhién

[ Muc nuéc ngam

Nude ngot

Mat ngan cach

Nudc bién
Hink 6-6: So dé dong chdy ngdm tdng cluta nude kliéng dp.

3.2. Cau tric thuc cua mat ngan cach

Bi¢n ngan cich gilta nude bién va nude ngdm ngot nhu da duge trinh bay & trén day
khong xay ra trong diéu kién thuc &, Thay vio d6 12 mot vung chuyén tiép vdi do day xic
dinh ngan cach hai khéi chal long néi trén ma chiing ta goi la viing nudc lar.
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Vung nay phdt trién do su khuyéch tin cha dong chiy ngot va su dich chuyén khong én
dinh cita mat ngan cach dudi anh hudng ciia cdc nhéan t8 nhu: Thuy triéu bién, nudc héi quy
va hién tugng bom nude tix cic bé ngam. Nhin chung, d6 day 16n nhét cta viing chuyén tiép
nay thudng xay ra & nhiing ving chita nude véi cac vat chat ¢ kha nang dan nudc lén va
chiu anh huéng clia viéc bom nudc véi luu tuong déng ké. Do day da do dac duge thay ddi
1lr vai mét dén vai tram mét ke tr bdy bién. Ving chuyén ti€p ny c6é nong d6 mudi giam dén
khi di vao dat lién. Su thay d8i d6 dugc biéu dién bing cic duong ding néng do.

Hinh (6-7) mo ta dong chay trén mat cdt thang ding, theo d6 ¢é thé phan chia thanh 3
ving. Phia trén cling 1a ving nude ngot ¢ hudng chay ra bién. Ving chuyén tiép xu thé
clia n6 ciing chdy ra bié€n. Tuy nhién, viing nuéc min nam dudi lai ¢6 hudng di vao dat lién.
Tai liéu do dac thyc t€ va cac nghién ctu thuc nghiém di khang dinh tinh ding dén cla gia
thi€t trén.

Khi anh huéng cla thuy triéu 1a tréi hon trong cic nhan (6 anh hudng thi su pha tron co
hoc, sy thay d6i nuéc ngdm va do day cla cic ving chuyén ti€p la 16n nhat & ngay sat
dudng bd bién,

Mat dat tr nhién
-
Muc nude ngdm
V., e e e MSL
Bién -—
o — — -—
~ — Nudc ngot
,—

-—

Ving chuyén tiép

Hinh 6-7: M6 phdng md cdt thang dimg truong dong chdy khi c6 su tiép xic giita niuéc
ngot va mede bién trong tang chita nioc khong dp ving ven bién

Doc theo ving chuyén ti€p, ndng d6 mudi tang mot cach cham chap tit phia nudc ngot
sang phia nudc man. Vé mat 1y thuyét phan bs nay nhu I phan b6 sai s tiéu chudn duge
biéu dién trong hinh (6-8a). Can ci vao dudng phan bd, cho phép xdc dinh luong mudi
tuong déi Sy, bang biéu thitc sau:

C-C

s _Cf

x = 100 (6-11)

Trong dé:
C - Néng dé muéi & mot do sau ndo d6 trong viing chuyén tiép;
Cy. C, - Nong do mudi clia nude ngot va nude bién.
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Xay dung quan hé gifta S, v6i do sau trén gidy logarit mot chiéu, quan hé thudng 1a mét
duong thang, biéu dién trén hinh (6-8b).

& g
1 1 ]
&
S 3
] Y
L] | | | .
B M - ail / 0 50 P 99 999
) &)

Hinh 6-8: Su tdng lén cuia lugng mudi
theo dp séu trong ving chuyén tiép (ransition zone ).
a) Ve trén gidy thuong, b) Ve trén gidy logarit

Vi nhitng tai liéu chi tiét dé xay dung cdu tric cha ving chuyén ti€p rat khé khan khi thu
thap ngodi thie dia, nén dé thi trén day cho phép xdc dinh néng do muoi nam trong ving
ctia hai diém thuc do. Piém tmg véi S; = 50% 12 diém gilta cha vung chuyén tép va la vi tri
clia mét ngan cich néu xem rang mat nay 14 cing.

O nhitng viing khong déng nhat, do su phan ting clia céc vat chat chia nuéc dan t6i
phan bé cia nudc mudi va phan bé chia ving chuyén tiép ciing khong mang tinh quy luat va
vi vy cdc nghién ciu vé hién trong xam nhip man cho céc tang chifa nudc loal niy can
phai cé nhimg phuong phép thich hop dé tinh todn su chuyén déng vi xam nhéap cla nudc
bién vao siu trong cdc ting dat.

3.3. Xac dinh mat ngan cach cia nuéde bién va nuée ngot vimg ven bién trong ting
chira nude khong dap bang phuong phap giai tich

Xdc dinh su chuyén dong clia mat ti€p xic clia ving ven bién 12 mot van dé cuc k¥ kho
khan. Loi gidi giai tich trong trudng hop mat do gilta hai chét long khdc nhau va su
khuyé&ch tan trong viing chuyén tiép la mot vin dé hét sitc phc tap.

Phén lén céc bé chita nude ngidm viing ven bién 1a cdc bé chia khong dp, dic biét 1a cdic
bé chita tang nong noi ¢6 lién hé true ti€p cha viée 1dy nude cho cdc hoat dong kinh 1€ xa
hoi. Trong phan nay xin gidi thiéu mot phuong phdp gidi tich nghién cu chuyén dong cla
mat nudc ngan cach.

So dé biéu dién trang thai dong chdy cla viing khong dp gin by bién duge trinh bay
trong hinh 6-9.
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Gia thift tdng chita nudc la Mat dat
déng nhat, dang hudng va cé bé

day khong doi; dong chay tuan S
A N . Mucnudcngdm 4
theo quy luat Darcy va phu hop N
o . e . v L T MmsL
vol cac gia thiét cta Dupuit; ¥ - ) —_
- . . e . Bién Nudc ngot
khuéch tdn déng luc gilta nudc mat d6 py
. . - - - o ——
bién va nude ngot thuong kha nhod
. Z
va trong truéng hgp ndy xem nhu Mat ngan cach
. - _ — - *_-_-_-_-
bang khong v mat ngan cach
gilta hai khoi nudc bién va nude B}
- R Nude bign D
ngot khoéng doi. matda p, S
Dong nuée ngot chay ra bién
v6i cot nude khong doi hy, & phia o
thugng lru pdm trén muc nude Hinh 6-9: S do dong chdy tdng chia nieée

bién. Khodnp cach tir bién t6i bi khong dp ving ven biéy.

bi¢n 1a L(m) véi gia thiét t6n tai

ch¢ do dong chiy déu. Gid thiét nay ¢6 nghia 13 luu luong dong chiy khong thay doi theo
mat ¢at ngang khi di ti mat cat thugng luu ra phia bo bién. Nhu vay néu nhu bien trén ¢6 su
thay doi (ham kich thich) thi mat nude ngam s& thay déi va kéo theo 1a su chuyén dong ctia
mat ngan cach.

Dudi day 1a cic dang dac trung cha su thay déi muce nude bién trén.
3.4. Su thay déi muc nuéc ¢ bién trén (ham kich thich)
Bon dang ham kich thich duoc nghién ciu, cé sy thay déi déng ké muc nuéc & bién
thuong luu bao gém:
1. Ham song tdang dot ngot
Muyc nude thuong luu tang dot ngdt dén midc hy + h, trén muc nude bién (MSL) va sau
do gilt khong déi (hinh 6-10a) va diéu Kién bién trong trudng hop nay la:
h{L.t)=hy+h,:1>0 (6-12)
Vai: h(l., t) - Muc nuéc ngam trén MSL;
h, - Bién do dao dong cuc dai.
2. Ham sdng tang tuyén tinh
Ham séng tang tuyén tinh duge biéu dién trén hinh (6-10b) va diéu kién bién duoc biéu
dién nhu sau:
h,t  h,t
B, D =h, + == — 2 Ut — 1)+ hUt-1);t>0 (6-13)
O t‘(')

Trong d6: U(t — 1) 1a ham budc séng don vi.
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Hinh 6-10: Cdc dang ham kich thich

3. Ham song dang tam gidc

Ham séng dang tam gidc duge biéu dién trén hinh (6-10c) va khi do diéu ki¢n bién duge
biéu dién nhu sau:

h(L, t) =h, + f(t); t>0 (6-14)
Trong dé:
t h,t h, o+, -1, -
fty=h, — - Ut -t)+ —(,+,-pUt—-t)- hn_l— Ult—t,—t) (6-15)
L ty Ty b

4. Ham song dang hinh sin

Ham séng dang hinh sin duge biéu dién trén hinh (6-10d) va khi d6 dicu kién bién duge
bié¢u dién nhu sau: '

h(L, t) = h, + h,sinot; 1>0 (6-16)

Trong d&: o = 2 14 chu k¥ cua séng hinh sin.

0
3.5. Loi giai cha bai todn: Bai toan dugc giai theo hai bude
Buoe mot: Giai bai todn dong chay, xdc dinh mat nude ngdm,

Vé thuc chat diy 1a bai todn dong chay mot chiéu bicu dién bang phuong trinh:
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(6-17)

Trong do:

T = Kb véi b 1a chiéu day tdng chita nudc;
S, - H¢ s6 nha nudc cha ting chia nudc.

Bude hai: Xac dinh mat ngan cich

Sir dung két qua tinh toin dudng mat nuéc ngam trong bude mot nhu ham vao vi giai
phuong trinh tim mat ngan cdch theo hai cach:

L. Gidi gan diing: xem ring trang thdi dong chay tiic thoi 12 tinh va dung quan hé (6-4)
hoac (6-5) d€ xdc dinh d¢ sau tir mat bién trung binh (MSL) t6i mat ngan cach & méi diém.
Cach nay cho 16i gidi gan ding. Trong cdc tinh todn v6i do, chinh xdc khong cao ¢6 (hé sk
dung phuong phap nay.

2. D€ ¢6 101 giai chinh xdc st dung phuong phdp s6 gidi phuong trinh bidu dién mat

ngan cach:
S
LT L @+@J (6-18)
ox dx Kaid ot

Trong dé:
H - Cot nude ngdm tir MSL dén mat ngan céch;
h - Cot nude ngam phia trén MSL;

Py —Pr

o= —

Pt
Vai: pg, pr la trong luong riéng clia nude bién va nuéc ngot tuong ing.
Cac phuong phdp sai phan hiru han, phdn tir hitu han duge st dung dé giai phuong trinh
(6-18), trong dé phan bs clhia mat nirde ngdm xem nhu da tim duoc trong budc thit nhat.
Ciing cén ndi thém rang viéc tim phan bé cia mat nudc ngam vé thue chat 13 pidi

phuong trinh (6-17) ¢6 thé lam duge bang phuong phdp giai tich.

3.6. Nhiém man khi bom nurée ngot tir cic giéng viing ven bién

Nhu di trinh bay & trén, do cdu tao cia dia hinh, cdc ving dat ven bién thudng bing
phing, d6 d6c dudng mat nude trong cic song sudi thuong rit nhd, nén trong diéu kién tu
nhién mat ngan céch cua nuéc man va nudc ngot thudng ndm ngang hoac gin nim ngang
vOl1 dang phan b6 nudc ngot ndm & phia trén nudc man.

Do yau cdu phit trién kinh t&, cdc giéng khai thac nudc ngam duge dit & cdc do sau khic
nhau trong cic ving chifa nude ngot ciia cdc bé chida ngam. Tuy theo tinh chét dia chat
thiy van ma ddy giéng dat & cdc do sau khdc nhau, nhung thong thudng ddy giéng dat & do
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sau 3/4H, trong dé H [a chiéu diy ca tang chita nudc (trong cdc bé chira ¢6 dp). hoac chieu
cao ¢t nudc ngam ké tir day khong tham dudi (trong cdc bé chita khong ép).

Khi bat ddu bom nudc, dusi anh hudng cla trudng van téc thang ding va nam npang,
mit ngan cdch nang 1én cuc bo, bat dau tr trung tam cua giéng. Hién tugng nay goi la hién
tuong dang man hinh nén (Upconing), biéu dién trong hinh (6-11). Khi théi gian bom nude
tang 1&n, mat ngan cdch cing xa dan vi trf ban ddu va nén man ti€n vao giéng bom. Dong
thdi viing dnh huéng ciing md rong dan ra ngoai. Néu qud trinh bom ti€p tuc thi dén mot
lie nao dé nude man sé tién vao trong gidng bom. Khi lugng nude man di vao giéng dén
mét gidi han cho phép thi mdy bom phai nging hoat dong.

Q M3t dat tu nhién
777 777 77ITV77 77 77
Téang khong N Mug thuy ap
LLLLLLLS ys 2/l

1

Nudc ngot
mat do py

NIRRT

Mt tigp xUc ti€n vao giéng

/

Nudc bién 1
mat 45 pe Mat tigp xtc ban dau

Hinh 6-11: So dé bicu dién qud trink nucc mdn di vao giéng bom

Upconing 12 mat hién tuong phiic tap. né phu thude vio diéu kién bom nuée bao odm:
ché d6 bom, luu lugng bom vi céc tinh chat thity van dia chat ctia ting chira nudc.

Vin dé nay c6 mét ¥ nghia cuc ky quan trong trong viée thict 1ap va van hinh cic giéng
don hoac hé théng giéng nhim 14y duge mot tuong nude ngot 16n nhat ma khong lam dnh
hudng xdu dén cic bé chita nudc ngdm. Diéu nay con ¢d nghia la xdc dinh vi 1 161 uu, do
sau dat giéng, tuu Juong bom, chu ki bom, khoing cdch pitia cdc giéng bom dé cho mot
lugng nudc ngot 16n nhat ma khong dnh hudng dén cac bé nude ngam.

Vé mat dinh luong, chiing ta phai gidi quyét bii todn chuyén dong cia mat ngan cich
dudi tac dong cha trudng toc do trén hé toa dé tron.

Su chuyén dong cha nudc bién trong trudng hop nay duge bi¢u dién bang phuong trinh
bao toin khoi lugng.
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Viéc xac dinh nghiém ctia bai todn dugc két hop véi viee giai phuong trinh dong chay
vao gi€ng, Phuong trinh chuyén dong ca vat chat duge biéu dién boi phuong trinh sau:
2
D& (), FC o g _ o
r orl ér

‘922 nd n 9z A (6-19)
Trong dé:
D,, D, - H¢ s6 khuyéch tén theo phuong r vi phuong thang ding z (L°T ™),
C - Nong do mudi trong nudc bién (% hoic ppm);
q - Luu lugng don vi (luvu dugng Darcy - LT Y,
n - P6 rong clia tang chia nuée (khong thit nguyén);
r - Ban kinh k¢ tir trung tam giéng (L).
Hai s6 hang ddu cua phuong trinh (6-19) biéu dién hién tuong khuyéch tin. Hién tuong
nay xay ra dudi anh hutng cla trudng tée do, do su chénh léch diu nudc xay ra khi bom,

tinh tir trung tam giéng, dong thdi do sy chénh léch néng do mudi gitta hai ving nude ngot
va nudc bién.

Hai 56 hang cudi bicu dién chuyén dong thing ding (d6i luu). Phuong trinh (6-19)
khong thé tim dugc nghiém giai tich. Ngay frong trLerg hop giai bang phuong phdp s6,
mot sO trLerg hop ciing khong cho két qua vi tinh 6n dinh va sy hoi tu cla so dé giai.
Truong hop t8ng quat, hai thinh phan khuyéch tan va déi luu duoc dinh gid riéng &, sau
dé tap hop lai.

Thong thudmng thanh phan d6i luu chiém 161 95%, cho nén ¢6 mot 56 so dé ngudi ta bd
qua 2 s6 hang khuyéch tdn ma chi tinh thanh phin déi L.
Thanh phan d6i luu dwoc ddnh gid bang phuong phip dic trung - mot phuong phap khi

hitu hi¢u va phé bién hién nay. Phan b8 luu téc cdn thiét cho tinh todn trén dat duge bang

cach giai phuong trinh chuyén dong dong chdy truc doi xitng tron, khong 6n dinh hai chiéu
trong méi trudng 16 réng,

Phuong trinh ¢6 dang sau:

T po pa
9 {Krﬁ LKoo [Kzﬁ] =5, 2 (6-20)
or or r or gz oz ot

Trong dé:

s - D6 ha thidp muc nude & mot thai diém nao do so véi thoi diém ban diu, ¢6 thé
thay s bang dudng mit nude ngam (trong ting chida nudc khong dp) hoac duong
mat nudc thuy ap (trong ting chida nude ¢ 4p) (L).

S, - He $0 trif nude cba tang chita nude (khong thit nguyén).

K. K, - Hé s6 din nude. Nhur da trinh bay ¢ phidn dan K I3 him s6 phu thude vio
tinh chit ctia chat 1ong va tinh chat ctia tang chia nude (LT

r - Ban kinh, x€t trong dong chay tron vio giéng (L).

121



Phuong phap s& giai bai todn chuyén dong cla mat 1iép xidc trong moi trudng 16 rong
chita ddy nudc, khong déng nhit ding huéng xét ca hai thanh phdn chuyén dong ddi luu va
chuyén dong khuéch tan, img dung phuong phdp dac trung duge tém tat bang mot s6
budc sau:

1. Tinh toan phan b& clia d¢ ha thip muc nudc, dudng mit nude hoac dudng thuy dp:

e Ung dung phuong phap sai phan hitu han (xem cdc so dé sai phan) hoac phuong
phép phan tir hitu han bién phuong trinh vi phan dao ham riéng (6-20) vé dang sai phan d¢
giai. Ciing cdn chyd ¢ ring nghiém cta bai todn phu thudc vao di€u kién ban dau va diéu
ki¢n bién cta bai todn. C6 thé din ra mot vi du: giéng dat & trung tam mot hon ddo thi mot
bién chinh la thanh giéng va bién thd hai chinh 1a bo dio v6i muc nudc khong déi bang
muc nude bién trung binh nhiéu nam (MSL) hoac dao déng muc nudc triéu.

e Maéi so dé sai phan cé nhitng wu nhuge diém riéng, phu thudc vao nhing tai lieu can
thiét thu thap duge trén khu vuc. Song ciing cdn luu ¥ rang voi bai todn giéng thi so do sai
phan 4n tuén dugc ding khd rong rdi vi nd c6 nhiéu wu diém (Interative Alternating
Direction Implicit scheme) goi tat la IADI.

2. Tinh todn phan b6 huu téc d céc di€ém cd dinh trong trudng dong chay.

3. So dé (6-12) biéu dién su chuyén dong clia nudc bién vao ving kiém sodt cua
giéng ngam.

Xem ring cdc hat vat chat t6n tai trong nuéc bién (cdc hat mudi) phan bo déu theo
khong gian, ¢6 nghia Ja tai thoi diém ban ddu ¢6 mot s lugng nhét dinh céc hat nam trong
cac & chita nude bién, chua cé hat ndo nim trong cdc 6 nudc ngot. Khi bit ddu bom, trudng
téc do hinh thanh, lap tic cac hat vat chédt nay s& chuyén déng 1én phia trén mat ngan cach
ban ddu va tran sang cdc 6 nudc ngot. Qud trinh nay s& duge tang Ién theo thoi gian va cac
hat ¢6 xu thé chuyén dong dan vé giéng bom. Vi tri ban ddu cha cic hat vat chat la xdc
dinh. Bang phuong phap noi suy ba chiéu ta ¢é thé x4c dinh dugc vi tri ti€p theo cua céc hat
dé vi dong thdi tinh duoc s6 lugng hat mudi nim trong mdi 6 x4c dinh bdi diém A, j).

4. Xem ring méi hat mudi mang theo mot khéi lugng nudc va ndng do ban dau bang
néng do nude bién. Goi thé tich nude mdi hat mudi mang theo 1a V, (hi sau 1 thoi gian At
trong ving kiém sodt nit A(i,j) s& cé mV, thé tich nuéc muéi di vao. Khi dé néng do mudi
trong vung ki€ém sodt cha ndt A(L,j) s€ la:

m
2. Y%
Cy=—i = (6-21)
© nx VLX(3,))
Trong do:
V, - Téng dung tich mudi v&i néng do ban dau;
n - D6 rong cua dat;
VLX - Thé tich dat ¢6 dinh trong nuit A(.j).
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3. Dénh gid thanh phan khuyéch tén bing cich gii theo so d6 sai phan 2 thanh phén
dau cua phuong trinh (6-19):

- -~ 2
o€« _Db o [rgc- +p 2% (6-22)
3] ar

Budng tam giéng

{-1.))
{i.i-1) i, j+1}

(1.4

\

B4y giéng

Mdt ngan cach ban ddu

Hinh 6-12: So di biéu dién chuyén dong ciia niée bién vao mot giéng nuoc ngim.

6. Tinh téng hai thanh phin chuyén dong thing ding va khuyéch tin sau mbi thoi
khoang At ta duge néng do mudi tai cac nit (i, j).

7. Két qua tinh todn & thdi diém (t + 1) sé I dit kién dau d€ tinh cho thdi diém (1t+2).
Bai todn s& dimg lai khi yéu cdu mo phoéng dat dén gi6i han cho phép cua ndng d6 musi
trong giéng.

Viée fing dung so d6 wrén day dé mo phong qud trinh xam nhap cla nuée bién vao cic
bé chita nude ngot 6 thé g dung cho moi truong tong qudt, nghia 12 méi trudng khong
dong nhat va khong dang huong ¢ h¢ s6 truyén dén nudc thay déi & cic diém khic nhau
trong moi trudng, nhung 6n dinh theo thoi gian. Ciing can luu v rang, viéc md phong ducc
thue hién tuy thco muc dic khdc nhau va cdc ti liéu c6 duge khdc nhau. Thi du ching ta co
tai liu nong do mudi & tat cd cdc diém trén mat, ¢6 1ai liéu do dac & cac bién va yéu ciu
bai todn trén ¢6 phan b6 nong do musi theo phirong nam ngang thi cé thé gidi truc ticp
phuang trinh (6-1) bang so d6 sai phan hitu han hogc phin tir hitu han.

3.7. Quan hé¢ giira nyéc man va nuéc ngot & cac dao
Hau hét dat da cdc dio ving ven bién ¢6 tinh thim tuong déi 16n nén nude bién cé guan

h¢ vO1 nude ngdm & tat cd cic phia clia dao. Nude ngdm & cdc ving dio duge cung cap chi
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yéu (ir mua va lugng nudc cung rét nho. Céc 16p nuée ngot mong chuyén dong tr tam dao
ra phia bién. Lép nudc ngot nam trén ting nudc mudi day phia duéi va do day clia nd giam
ddn tir trung tam ddo ra bd bién.

Lugng hdi quy

SERRNENENEI
Hinh 6-13: Phan bo Mat dat B
1o whién cua nudc wdﬁflﬁm;_l?m
e, - l

NROE vd QUOC Man o f )
) ) . s Bién
ede dao ving bién \‘\m

' Nude ngot

Nufc bign

Mt ngan cach

Tir cdc gia thi€t clia Dupuit va quan hé Ghybel - Herzberg, bien nude ngot ¢6 thé xéc
dinh dugc mét cach gan ding.

Gia st ddo tron v6i ban kinh R, nhan luong mua cung cdp cho nude npam dudi dang
nude héi quy 1a P(mm). Luu lugng dong chay tir dao ra by bién Q Ung v&i bin kinh r tlr tam
dao s€ la

Q=2mK (z+h) dh (6-23)
dr
Trong dé:
K - Hé s6 dan nudc cia tang chira nude;
h va z dugc xdc dinh nhur hinh (6-13);
Mt khéc tir quan hé (6-4) ta c6:

h= @z (6-24)
)
Phuong trinh lién tuc cia dong chay s€ la:
Q = 2nr’P (6-253)
Tir cac phuong trinh (6-23) va (6-25) véi diéu Kién (6-24) ta cd:
2dz = br ir (6-26)
2&[1 p) P
PJP
1.4y tich phan phuong trinh (6-26) véi diéu kién h = 0 khi r = R ta duoc:
22
B N € - ‘ )& (6-27)
ZK[l p] P
P /P



T biéu thirc (6-27) ta thdy rang do sau 16i nudc mudi tai bat ky diém nio trén ddo la
ham so cdc lugng dong chdy héi quy P, kich thude clia cic dio va kha nang dan nudc cia
dat da. '

Keét qua tinh tir cac con duding khac nhau di chi ra rang biéu thifc (6-27) cho phép tinh
do sau cOt nude ngot 161 mat ngan cich giita nudc ngot va nudc bién véi do chinh xdc c6
thé chap nhan duoc.

Su bi¢n doi clia nuée hdi quy, 4p suét khi quyén, thuy triéu va hién tuong khuéch tn da
tao nén ving chuyén ti€p gilia cdc tdi nudc ngot va nude bién & cic ving ddo. Do anh
huéng 14y nuée ngot, viing nude chuyén ti€p di nang dan len nhu hién tugng “Upconing"
da dugc trinh bay & trén va nudc bién s& di vao giéng bom.

D€ tranh 14y nudc man dung cho kinh € va sinh hoat, cdc giéng bom cin hoat dong theo
lich trinh d€ han ché phd v can bing clia mat ngan cdch mot cach it nhat. Do sau thiét k¢
\ ne s 2 -1 I o L2 . R N
cua mot giéng nam O do san 3—2 dén 2—2 ke tr muc nude bién trung binh va do sau nay
giam dan tir trung tdm dao ra ngoai. Luu luong bom 1én théng thudng ciing khong 1én.
Trong nhiing viing muc nude ngdm 1én, ngudi ta thudng thiét k€ cic 6ng 1ay nude nim ngang

dat xap xi véi muc nuée ngdm dé khi bom c6 thé 1dy duoc luong nuée ngot nhiéu hon.

3.8. Bum nuéc & cac dao trong trudng hop ting chéa murde khong dip, dong chay
khong 6n dinh va lugng bé cap Ia nwée mua -

Gia st dao ¢6 bdn kinh tir trung tam ra mép nudc 1A R(m) dugc cung cap lugng mua hiéu
qua 1a P(mm/ngay), luu luong bom tai giéng trung tam 1a Q,, (I/ngd).

Goi d9 sau tir mat nudce bién trung binh (6i ddy tang chia [a H(m) va chiéu cao cot nude
ngdm (mg v6i ban kinh r 1a h(m).

Do dong chay vao gi€ng 1a dong chiy dang tron nén tir dinh luat Darcy ta cé:

Q = 2xnrhK dh (6-28)
dr
Mat khdc phuong trinh lién tuc ta lai cé:
dQ = — 2xrPdr (6-29)
Lay tich phan (6-29) ta ¢6:
Q =-n’P+C, (6-30)
Khir=r,=0tacé Q=0Q, nén C; = Q. Thay vao (6 -30) ta cé:
Q=-nr'P + Qy (6-31)
Thay (6-31) vao (6-28) ta cé:
—7r°P + Q,, = 2nrhK dh
dr
hdh = Qv dr_ P rdr (6-32)
2nK r 2K
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A Vung nude mua cung cap

| l A nuéc cho gidng hdi quy

Lic nudc ngam khi chua bom

a- M
;{—c—l\ﬂ{}éc ngam khi bom nuéc + mua
< MSL

- ——
— —

] ~. L =
. ~, -~
-

b- Muc nuée hgadm khi bom nude khang mua

lld

R . Giéng bom

ST T 77 7T /7 iTiiriTrii7ri7riiri7iirrei

Hinh 6-14: Bom nuéc & cdc ddo véi dong chdy ngdm khong dp

Tich phin phuong trinh (6-32) ta duoc:

h2 — Qu
nK
Khi r = R thi h = H thay vao (6-33) ta c0:

P 5
Inr— — r'+ (6-33
K & )

c,=t— L r s P oR?

nK 2K
Thay Két qua vao (6-33) ta ¢6:
opze Qo ROP R (6-34)
K r 2K
Néu nhu khong bom nudce thi:
P
H - hl=- — R?-r° (6-35)
2K )

Biéu dién h > H, bang dudng a trong hinh (6-14).
Trong truong hop bom nude nhung khong ¢ mua ta ¢o:

H’ - h’= Qo R (6-36)
K r

Vi du tinh todn

Do tron ¢6 R = 600m, luong mua hiéu quéa cung cip cho nude ngdm P = Smm/ngay. o]
trung tam ddo ¢6 mot giéng bom nudc dudng kinh d = 30cm bom vél luu luong
Q = 30m*/git. He s6 dan nuée K = 25m/ngdy, do sau clia bién xung quanh dao la 10m.
Tinh do ha thap muc nudc tai gi€éng va & dudng phan nudce.
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Loi gidi:

Muc nuéc tai ban kinh r cho b&i cong thic:

H? - h’= —Q— In E - —I—)— (Rz—rz)
K r 2K

Tai giéng r, = 0,15 ta c6:

3

102 b3 = 20X 24 0 30374 500 0,005 (600 - 0,157
3,14%25 0,15 2x25
hy =7.71{m)
Trong trudng hop khéng bom (Q,, = 0) muc nudc tai giéng s€ la:
0,005

10— hi2= (600> - 0,15%)

2x25
hy, = 11,67 (m)

So véi trudng hop khong bom do ha thap myc nuéc & giéng trong trudng hop bom nude
hoi quy P = Smm/ngay sé la:

Sy =hy —h,=11,67—-7,71 = 3,96 (m)
Goi x la khoang cdch tir tam giéng t6i dudng chia nudc, thi luu luong nuée bom lén:
Q,, = nx’P

- o
nP
Thay s6 vao ta dugc x = 214 (m).

Thay phuong trinh (6-34) ing vé6i r = x = 214 (m), ta cé:
h, = 11,06 (m)

Trong trudng hop khéng bom, dp dung phirong trinh (6-35) ta ¢6:
h; = 11,45 (m)

Tir day ta c6:

Viy dé ha thap muc nude tai dudng phan nudc s& la:

h! — h, = 0,39 (m)

3.9. Phuong phap chiong nhiém man cac vimg dit ven bién

Nude bicn 1a dang thudng gap nhat gay nhiém ban nudc ngot trong cdc bé ngam. Su
thim thau cla nude bién Xy ra & nhimg noi nuée bidn chiém ché hodc tron lin véi nudce
ngot trong cie tang chda nude. Hién tugng nay 6 thé xay ra trong cdc ting ngam nudc kha
sdu voi sy "tham thau” cia nude bién vio cic tang chita nudc, su tham thiu tir cic npudn
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nudc ban bé mat xudng cédc ting chita nudc nong va su thim thau clia nude bién & cie ving.
ven bién.

Quan h¢ tuong hé giita hai loai chat 16ng khi tron 14n véi nhau trong cdc tdng ngam nusdc
ving ven bién di dugc nghién cfu cé trén phuong dién 1y thuyét ciing nhu thuc nghiém.
Trén co s& d6, cac ky thuat quan 1y, khai thic nguén nudc ngdm ven bién dugc phat
trién. Dong thai tim ra cdc phuong phap hitu hiéu khéng ché sy nhiém man vao cdc bé
chita ngam.

Chiing ta déu bi€t rang viing ti€p gidp gifta nudc ngot va nudc bién la két qua clia quan
h¢ dong luc. Trong trudng hop do déc dudong mat nude qud nhod (< 4%o:) hodc nam ngang
thi méi tuong quan gita do sdu cot nude ngot va nude man ¢é the tryc 1iép xdc dinh tir quan
h¢ (6-4) va (6-5).

Cic tang chita nude thuc 1€ g6m 2 loai: tang chifa nude khong dp va tang chita nude b ap.

P61 véi cde tdng chia nude ¢6 ap, quan hé thuy tinh ¢é thé ducgc dp dung boi viéc thay
muc nude bang cot nude thuy dp. Ciing cdn chi ¥ rang quan hé Ghyben- Herzberg doi hoi
muc nrde ngam hodc ¢ot nude thuy dp phai ndm phia trén myc nudc bién va két qua dudng
mat nudc ¢6 dp hudng nghiéng ra bién. Néu khong c6 diéu kien nay, nudc bién sé dé dang
tran vao ¢dc bé chita ngam.

Trong trudng hop céc dong chay ngot (tir dat lién ra bién) va dong chay cta nudc bién
(vao cac dong chifa nudc) trong trang thai khong can bang hay trang thdi chuyén déng, cé
thé biéu dién bang phuong trinh téng quat sau:

/R SO NS & 6-37)
Ps —Pr Py~ Pr

Trong dé:
h; - Cot nude ngot trong giéng véi mat dd p; trong tng v6i do sau t3i mat ngan cdch 14 z;
h, - Cot nudc man tuong Ung véi p,.

3.10. Hién tugng tham nudc bién vao cic ting chita nuéc khong ap

Vi tri cling nhu hinh dang cia mat ngan cach duge nghi¢én citu khd rong rai bang 1v
thuyét ciing nhu cdc coéng trinh thuc nghiém. Mo hinh dong chdy trong tang chda nudc
khong dp duge mo ta bang hinh (6-15).

Gia tri x,, va 7, ¢6 thé xac dinh dugc théng qua hru lrgng don vi chénh léch mat do nude
bi¢n va nudc ngot va kha ning chuyén nudc trong tdng chita nudc. Quan hé dé duoc biéu
dién bang quan hé (6-9) va (6-10).

Trong tang chita nudc cd dp, vi tri clia ném man tinh theo biéu thic sau:

0.749

K 2P

P

yi{x=0) = (6-38)
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Mzt dat

Mude ngot

ﬂMal ngan cach

Nuéc hidn

Hinh 6-15: Phidn b6 dong chdy khéng dp vitng ven bién

_ ApdK
2pq
Trong dé: yi(x = 0), d, L dugc biéu dién nhu hinh (6-16).

Do rong cita ném miin: L

- —
" —

SRR
A _— l

S —

d | Nude ngot

 S—-

M4t ngan céch

AR, 7
7% s o, v
Day khong tham dudi

Hinh 6-16: Hinh dang mdt ngdn céch trong tdng chita nitoe ¢é dap.

3.11. Cac phuong phap khong ché nhiém man ven bién

Bién

(6-39)

Cac phuong phidp khong ché nhiém man ven bién thay déi kha rong phu thudc vio
ngudn nude mén, sy phét trién ném man, cdu tric dia chat, si dung nudc va cac yéu to

kinh t&.

bé phong ngira nhiém man ving ven bién, thong thudng S phuong phdp sau day duoc

su dung.

1. Sir dung ch¢ d6 bom nude ngot thay d8i:
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Thay déi vi tri cha céc giéng bom: thong thudng cac giéng bom duge dich chuyén sau
dan vao trong dat lién ¢ thé gidp cho viec tai lap do déc thuy luc nghiéng ra bién, mit
khic néu gilf nguyén cdc giéng bom & gin bién thi viec giam luu lugng bom va vi¢e thay
déi ch€ do bom ciing gitp cho viéc giam t6i mdc thap nhét hién twgng nhiém mén vao céc
tang dat ven bién.

2. Bom nuéc ngot trd lai cic bé nude ngdm (nude ngot héi quy nhan tao):

Muc nude ngdm c¢6 thé tang 1én va duy tri trong mot thoi gian dai bdi nude hoi quy.
Bang phuong phap héi quy nhan tao, dudng phan nudc hinh thanh tai ngay gin b bién, han
ché vice thim thau cha nude bién vio phia trong cdc giéng bom.

3. Tudng chiin bang hé théng bom nudc ngim lén (Extraction Barrier):

Tudng chin kidu nay dwoc tao ra bdi mot hé thong gi€ng ducc bo tef ngay gan st bo
bién, bom nudc lien tuc, tao ra mot dudng mat nuée 18m khi cit mot mit cit vuong géc voi
bis bién. Nudc bién s& chdy vao dat lién dén mién yén ngua nay, dong thdi nudc ngot tu
trong dat lién cling chdy ra mién triing d6. Hién tuong ndy dugc miéu ta trong hinh (6-17).
Nude bom én 13 nudc man va thong thudng né duge dé tra lai bién. Bang cich nay ching
ta ¢6 thé kéo mién bi anh hudng man ra sat dudmg b bicn.

Giéng bom nudc )
Mat dat

J’FW
Mure thuy ap

Pudng ranh thap

\‘:“\:—- e —  Téng chita nudc
\
\ \

Nutic nigat

Bién

Nudc bién

Mat ngan cach 8n dinh

Hinh 6-17: Khong ché qud trink nhiém mén bang hé thong bom mde ngam tao

rénh thap song song voi bo bién.

4. Tuomg chin bang hé thdng bom nudc tra lai cdc bé ngam:

Nguoc lai v&i phuong phdp tao rinh thap gin bd bién song song voi dudng ba nhu di
trinh bay & phan trén. Dé khéng ché hi¢n tugng nhiém man, mot phwong phap khd pho bicn
duge ding nhiéu & cdc nudc kha phat trién la bom nudc tré lai cdc ting chita nude (ngudn
bé sung nhan tao). Thuc chdtl cich nay sir dung mot hé théng giéng doc theo bo bién trong
viing ¢dn quan tim, bom nudc ngot xudng céc giéng d6 teo nén mot dudng mat nude via
¢6 hudng ra bién vira ¢ huéng vao dat lién (hinh 6-18). Vice tao ra dudng mit nude cé
hudng ra bién s& han ché duoe qué trinh tham thau cia nude bién vio sau trong dat lién.
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Phuong phdp nay nudc bom xudng phai ¢é chat luong dac biét tot tranh lam 6 nhiém tang
nudc ngam.
Dé piam bét luu lugng bom xudng ¢ thé sir dung dong thoi hai qua trinh (3) va (4) da

trinh bay & trén. Song trudng hop ndy s& giéng s& phai tang lén kha nhiéu va viéc ba tri
giéng s& phite tap hon.

Giéng hdi quy

Mat dat
h 4 .
e
Muc thuy ap
Bién Budng séng cao
\ |
& Nuse bign \ Nudc ngot

Hinh 6-18: Khong ché nhiém mgn bing bom nuie ngot
trd lal tdng chita nuoe (In jection Barrier)
5. Xay dung cdc dé ngam chén nuéc man (Subsurface Barrier):

Xay dng con dé ngam chéng thdm, song song vdi bd bién. Do sau cta chan dé ngam
dén day cua tang khong thdm theo chiéu thing ding. Vat chat dung d¢ xay dung dé ngan
méin gom rong cir, tudng be tong, tudng sét, bitum, vifa xi mang, bentonite, keo silicat va
nhua téng hop. Nhitng vin dé chinh quyét dinh gid thanh x4y dung la dic tinh dia chat
khu vie, van d€ chong thim, chéng x6i mdn ciing nhu anh huong cia dong dat dén hé
thoéng dé ngdm.

Tuy thute vao diéu kién cu thé timg khu vuc, trinh do kinh t€, k§ thuat cla timg nudc
ma lua chon bién phdp phit hop cho viéc chéng nhiém man.

Bai todn nhiém man can duge xét trong bai todn quy hoach tdng hop 16i uu ngudn nude,
cling nhu 161 wu kinh t€ d¢ véi mot von ddu tu nhat dinh, ta ¢6 thé nhan duoc mot hiéu qua
kinh t¢ Ién nhat.

Iv. MO HINH NHIEM MAN THEO PHUGNG THANG PUNG
4.1. M6 hinh nhiém man theo phuong thiang ding

Phuong trinh co bin mé ta hi¢n tuong dang man theo phuong thing dimg:
k & 5}
oK), (k) ok, 640
OX\LOx) Oy lpy dy u
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Phuong trinh (6-40) 1a phuong trinh vi phan phi tuyén bac hai dang Parabolic. Trong
trudng hop téng quat (hé s6 1a ham s6, diéu kién bién va diéu kién ban dau phiic tap) khong
thé tim nghiém giai tich ctia bai toan dugc. Trong nhiing nam gan day, véi su trg gidp cua
mady tinh dién tir, nguoi ta da dung phuong phdp s6 dé giai bai toan trén. So v6i phuong
phép sai phan hitu han, phuong phap phén tir hitu han ¢6 uu di€m riéng, nhat la trong trudng
hop mién bién c¢6 hinh dang phic tap. Trong phan nay, xin trinh bay phuong phdp phan tir
hitu han véi trudng hop céc phén ti c6 dang hinh ti gidc. Do 16n clia cdc phan tr duge chia
min din vé huéng giéng bom va dugc thuc hién tu dong thong qua chuong trinh tinh trén
may tinh dién tu.

Nuéc ngot

Mat tiép giap

Nudc man

Thong thudng bé mat tiép gidp dugc gia thi€t chita mot loat cdc phéan tu bién, phia trén cac
phan tir bién nay 1a cdc phén tlr chifa nuéc ngot va phia dudi 1a cac phan tlr chia nudc man.

Nhu vy, trang thdi chuyén tié€p ctia bé mat tiép gidp c6 thé dugc mo phong bang cich
_cho cdc nit trén bé mat tiép giap chuyén dong. V6i cach mo phong nay ta thdy hinh dang
clia mang lu6i 12 ham s6 cla thoi gian. D€ tap trung chl yéu vao bai todn - sy chuyén dong
clia bé mat ti€p gidp - s& khong xét t6i nhitng van dé phiic tap khédc c6 thé xay ra nhu i
dan héi, trit do thay déi muc nudc ngam.

Phuong trinh co ban ctia dinh luat Darcy va phuong trinh lién tuc c6 thé viét nhu sau:

a =[59’i] (6-41)
u Ox
k
qy = L_@J +Y (6-42)
H oy
Trong do:
p- Ap suat;

k - Do dan thuy lyc ctia moi trudng xop;

i - D6 nhét cua chat long;

v - Dung trong ctia nudc;

Qy va qy - Luu luong theo truc x va truc y.

Truc y dugc gia thi€t huéng lén trén, do d6 ¢ chiéu ngugc voi chiéu trong luc;

Phuong trinh bio toan kh6i lugng trong trudng hop khong c6 cap nude b6 sung, khong
6 trir dan hoi va gid thiét rang nudc la chat 16ng khong nén dugc c6 dang:
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[?&a+%]:0 (6-43)
dx Oy

Thay (6-41) vao (6-43) ta s& c6 phuong trinh (6-40).

Dé don gian hai todn, ngudi ta gia thiet rang theo tat ca cdc bien hoac 1a ddu nudc di
biet hoac 1a luong giu nhap bing O (d6i véi bicn khéng tham) vi ciing gia thist rang bi¢n
hodc 12 ndm ngang hoic 1a thing dimg.

D6 dan thuy luc k va do nhét p ciing duge coi 12 hing s6 trong toan mién tinh ton.

Trong trudng hop bé mat tiép gidp gilta nudc ngot va nudc man mong, dung trong la hing
5O i mit UEp gidp. hay néi cdch khdc dao ham cia vy ngang qua b¢ mat 1iép gidp bang 0.

Tuy nhi¢n mét bé mat ti€p gidp mong ¢é thé duoe coi 1 truong hop gidi han cia viing
chuyén tiép c6 do diy d, trong dé dung trong thay doi tlx v, (dung trong nudc man) sang vy
(dung trong nudc ngot). Do vay trong ving chuyén tigp:

ofkm), (k) _ka 6
axlp éx ay Woay u d

Trong dé : Ay=vy, -9

C6 thé gidi (6-44) tuong tr nhu cic bai todn phan tit hitu han déi véi nudc ngam hat
chiéu. Dudi day la chuong trinh tinh nhiém min trong mot giéng bom don.

4.2. Chuong trinh tinh nhiém man trong mét giéng bom don.

1000 DEFINT I-N: KEY OFF: OPTION BASE 1: GOSUB 2090

1010 PRINT "--- Bear & Verruijt - Groundwater Modeling”

1020 PRINT "--- Non-steady groundwater flow in vertical plane”

1030 PRINT "--- Fresh and salt water with sharp interface"

1040 PRINT "--- Program 13.1"

1050 PRINT "--- Upconing due to a single well”: PRINT

1060 DIM X(360), Y(360), NT(360), NM(361), F(360), Q(360), KP(3000), P(3000)

1070 DIM T(320), NP(320, 4), PX(320), PY(320), U(360), V(360), W(360)

1080 DIM B(2), €C(3), X3, YI(3), E(3, 3), KS(4, 3)

1090 DIM TS21). NA(20), NB(20), DX(20), XN 1), YN(21), QX(21), QY(21), NK(21, 7}

TTOO PRINT : INPUT "Use default input data (Y/N) "; 1$: IS = LEFT$(I$, 1);: PRINT

HIOIFT$ ="n" OR T$ = "N" THEN 1S = "N": GOTO 1140

2015 ="Y": WW = J00: HT =37.5: Hl = 15: H2 = 17.5: H3 = 10: NV =20: NW = 21: N] =
4:N2=8:N3=35

130 GF = 10: GS = 10.25: DG = GS - GF: PM = 1: PR =.35: QQ = 100: GOTO 1280

1140 GOSUB 2090: INPUT "Length of aquifer .............. T WW

1150 INPUT "Thickness of aquifer ........... "; HT
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1160 INPUT "Interface level
1170 INPUT "Well level ..ooooveveveene. "y H2: H3 = HT - H2: H2 = T2 - H1
1180 INPUT "llorizontal elements (3...20) ... "; NV: NW =NV + |

1190 INPUT "Vertical elements (4...16) ..... ", N&: N5 = N6 + 1

1200 N1 = INT(N5 *HI1 /HT + 1.1): IFNt <2 THEN NI =2

12ION3 = INT(N5 *H3/HT + .1): IFN3 <1 THEN N3 =1
1220N2=N5-NI-N3:IFN2 <1 THENN2 =1

1230 PRINT "Density of fresh water ......... 10.00": GF = 10
1240 INPUT "Density of salt water .......... "; GS: DG = GS - GF
1250 INPUT "Permeability/viscosity ......... " PM

1260 INPUT "Storativity ......c.ccoeen.. " PR

1270 INPUT "Discharge of well .............. "; QQ

1280 GOSUB 2090: N5 =NI + N2+ N3: N6 =N5-1: N=NS* NW: M= N6 * NV
1290 FOR 1= 1 TO N5: NT(I * NW} =2: NEXT1
1300FORI=1TON6:L=(I- D*NV:K=(I-D*NW:FORJ=1 TONV: LL=L+1 KK=K+]J
1310 NP(LL, 1) = KK: NP(LL, 2) = KK + NW: NP(LL, 3) = KK + NW + I: NP(LL, 4} = KK +
1: NEXTJ, 1
I1320FORTI=1TO4: FORI=1TO3:K=1+J-1:IFK>4THENK =K -4
1330 KS({U, J) = K: NEXT J, I: PRINT "Gencration of pointer vector': W =1
1340 CL = CSRLIN: FOR I = | TO N: LOCATE CL, 3, 0: PRINT "Node", I: KP(W) = I: NM([) = W
1350 K = 0: FOR J = 1 TO M: FOR H = | TO 4: TIF NP(J, H) = 1 GOTO 1370
. 1360 NEXT H: GOTO 1400
1370 FOR H=1TO 4: G =NP(J, H): FOR L. = 0 TO K: IF KP(W + L) = G GOTO 1390
1380 NEXTL: K=K+ I: KP(W +K) =G
1390 NEXTH
1400 NEXT J+- W = W + K + 1: NEXT: PRINT : PRINT "Pointer length =", W: NM{(N + 1) =W
1410 FOR 1= 1 TO NW: NK(I, 5) = 4: NEXT I: NK(1, 5) = 2: NK(NW, 5) =2
1420 L =(N1-2)*NV:FOR1=1TONV: NK(I, 1) =L + : NK([,2) =L + T + NV: NEXT1
1430 L =(N1-2)* NV - : FORI=2TONV: NK(I, 3) =L + L NK(I, 4y =L+ I+ NV: NEXT |
1440 L = (NI - 1) * NV: NK(NW, 1) = L: NK(NW, 2) =L + NV: NN =W - 1: DX(1) = It
DX(2y=1
1450 AA =2: FORI=3TO NV: DX(I) = 1.4 * DX(I - 2): AA = AA + DX(1): NEXT
1460 FOR 1= 1 TONV: DX(I}) = WW * DX(I)/ AA: NEXT I: .= (N1 - D *NW:FOR I=1TONV
1470NAD =L+ LENB(I)=L+ 1+ I: NEXTLI: FOR =1 TONS:L=(I-1)*NW+ LX(1)=0
1480 FORJ= 1 TONV: X(LL + )= X(I.+J - 1) + DX(J): NEXT J, . FOR T =1 TONW
1490 FS(T) = 111: XN(I) = 1: YN(I) = 0: NEXT I: FOR 1 =7 TO M: T(I) = PM: NEEXT |
1500 5P = DX(1) * PR / (PM * GF): [F 1§ = "Y" THEN SP = 1: NS = 4: GOTO 1540
1510 PRINT : PRINT "Suggestion for time step :"; SP: PRINT
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1520 INPUT "Time step .............. "; SP

1530 INPUT "Number of time steps ... "; NS

1540 FOR IK = 0 TO NS: IF IK = 0 THEN GOSUB 2050 ELSE GOTO 1570

1550 AA=(H2 + H3) * GF: L =NI * NW: FOR I = 1 TO L: F(I) = AA + (H1 - Y(I)) * GS: NEXT 1

1560 L =L + 1: FOR I =L TO N: F(I} = ¢Y(N) - Y(I)) * GF: NEXT I: GOTO 1820

I570FORT=1TONN: P(I) = 0: NEXT L FORI=1 TOM: FORKW =1TO4: FOR J= 1 TO 3

1580 K = NP(I, KS(KW, J)): XJ(J) = X(K): YI(J) = Y(K): NEXT J

1590 B(1) = YJ(2) - YI(3): B(2) = YX(3) - YI(1): B(3) = YI(1) - YI(2)

1600 C(1) = XI(3) - XJ(2): C(2) = XI(1) - XI(3): C(3) = XJ(2) - XI(])

1610 D ="T(T} / (4 * ABS(XX(1) * B(1) + XJ(2) * B(2) + XI(3) * B(3)))

1620 FORJ =1 TO 3: FOR K =1 TO 3: E(J, K) = D * (B(J) * B(K) + C(J) * C(K)»: NEXTK, J

1630 FOR T=1TO 3: G=NPI,KSKW, D): W =NM(G): H=NM(G+ 1)-W- [: FORK =0 TO H

1640 FOR L =1 TO 3: IF NP(I, KS(KW, L)} = KP(W + K) THEN P(W + K) = P(W + K} +EJ, L)

1650 NEXTL, K, J,KW, L IT=1: EE= .1: FOR I = | TO N: Q(I) = 0: NEXT I

I660L =(N1+N2-1)*NW+ 1: QL)=-QQ: FORK=1TONV: I = NA(K}: ] = NB(K)

1670 AA =.5* PM * DG * DX(K): Q(1) = Q(I) - AA: Q(J) = Q(J) - AA

1680 AA = .5 * PM * GF * DX(K): Q(N - NW + K) = Q(N - NW + K) - AA: AN -NV +K)=
QIN-NV +K)-AA

1690 AA = .5* PM * GS * DX(K): Q(K) = Q(K) + AA: Q(K + 1} = Q(K + 1) + AA: NEXT K

[700 FORT=1TON: H=NM(I): G=NM(I + 1) - H- 1: U(I) = 0: IF NT(I) > § THEN 1720

1710 U(l) = Q(I): FOR J = 0 TO G: Uty = U(I) - P(H + J) * F(KP(H + I}): NEXT J

1720 V(I) = U(D): NEXT I: UU = 0: FOR I = [ TO N: UU = UU + U(I) * U(I): NEXT |

1730 LOCATE 5, 54, O: PRINT "leration "; IT; LOCATE 6, 54, O: PRINT “Error *: UU

1740 FORI=1TON: W(D) = 0: H=NM({I): G=NM{I + )-H - |

1750 FORJ =0TO G: W(I) = W(I) + P(H + 1) * V(KP(H + ])): NEXT J. 1

1760 VW =0: FORT=1TON: VW = VW + V(I) * W(I): NEXT I

17710 AA=UU/VW:FOR I =1TON: IFNT(I) > 1 THEN 1790

1780 F(I) = F(I) + AA * V(I}: U(D) = U(D) - AA * W(D)

1790 NEXTL WT =0: FORT=1TON: WT=WT + U(l) * U(I): NEXT1

1800 BB=WT/UU: FOR I =1 TON: V(I) = U(I) + BB * V(I): NEXTL: UU = WT

I810IT=IT+ 1: IFIT <= N AND UU > EE THEN 1730

1820 FOR J =1 TO M: PX(J} = 0: PY(J) = GS: IF J > (NI - 1) * NV THEN PY{J) = GF

1830 FOR KW =1TO 4: FOR K = ] TO 3: L = NP(J, KS(KW, K)): XJ(K) = X(L): YJ(K) = Y{(L)

1840 NEXT K: B(1) = YJ(2) - YI(3): B(2) = YJ(3) - YI(1): B(3) = YI(1) - YJ(2)

1850 C(1) = XJ{(3) - XJ(2): C(2) = XI(1) - XJ(3): C(3) = XI(2) - X} 1)

1860 AA =4 * (XJ(1) * B(1) + XJ(2) * B(2) + XJ(3) * B(3)): FOR K = 1 TO 3: L. = NP(J,
KS(KW, K))

1870 PX(J) = PX(J) + B(K) * (L) / AA: PY(J) = PY(J) + C(K) * F(L) / AA: NEXT K, KW
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1880 PX(J) = -PM * PX{J): PY({J) = -PM * PY(J): NEXT J: FOR | = 1 TO NW: QX(I) = 0:
QY(H) =0

1890 FOR K = 1 TOQ NK(1, 5): II = NK(I, K): LL = NK(I, 5): QX{(I} = QX(I) + PX(II} / LL

1900 QY1) = QY(I) + PY({II)/ LL: NEXT K, I: AA =SP/PR: FOR I =1 TONV: QX(I) = AA * QX(J)

1910 QY (1) = AA * QY(D): FS(I) =T°'S(I) + QY(I) - QyI) * YN(I) / XN(I): NEXT I: GOSUB 2050

1920FOR =2 TONV: AA=DX(I- 1)+ DX{(I): AB=FS(1 + 1} -FXI - 1)

1930 Al = SQR(AA * AA + AB* AB): XN(I} = AA/AlL: YN(I) = AB/ ALl: NEXT]

1940 SCREEN 2: CLS : SX =639/ WW: 8Y = 199/ HT

1950 FOR1=1TOM: FORJ=11T04: JJ=NP([,J): K=J+ L IFK >4 THEN K = ]

1960 KK = NP(I, K): 1A = SX * X(JI): IB=SX * X(KK): JA = 199 - SY * Y(JJ): JB=199 - SY * Y(KK)

1970 LINE (1A, JA)-(IB, IB): NEXT I, L FOR 1= I TONV: JA=8X*X(D + [: IB=SX* X(I+ 1)

1980 JA = SY * FS(I): JB = SY * FS(I + 1): IF 1A >= B THEN 2020

1990 FOR K = IA TO IB: AA = (K -TA) /(IB- 1A} BB=JA + AA * (JB-JA)

2000 FOR 1.=1TO 20: IC = 199 * RND(1}: IF IC <= BB THEN PSET (K, 199 - I()

2010 NEXTL, K

2020 NEXT I: LOCATE 4, 54, 0: PRINT "Time ="; : PRINT USING "#### ###™, T,

2030 T="T + SP: B$ = INKEYS: [F BS ="S" OR B$ = "s" THEN SCREEN 0: CLS : END

2040 NEXT [K: BS = INPUT$(1): SCREEN O: CLS : END

2050 FOR I =1 TONW: Al =FS(I)/ (N1 - 1): A2 = (HI + H2 - FS(1)) / N2: A3 =H3 /N3

2060FOR J= 1 TONL: K =1+ (J- D*NW: YK} =(J - ) * ALNEXT:L=Nl+ L LL=N1+N2

2070 FORJ=LTOLL: K=I1+{J-D*NW: YK)=FSD)+ (J-L+ 1} * A2 NEXTJ: L=LL+1

2080 FORJ=LTONS: K=1+{J-D*NW: YK)=Hl +H2+({J-L+1)* A: NEXTJ, L
RETURN

2090 CLS : LOCATE 1, 26, 1: COLOR 0, 7: PRINT " Interface in vertical plane ",

2100 COLOR 7, 0: PRINT : PRINT : RETURN

v. MO HINH NHIEM MAN VUNG TRONG DAT

D6i v6i dong chay trong cdc ting ngam nude c6 chiéu rong 16n hon rat nhicu so véi
chiéu day tdng ngam nudc, ngudi ta cd thé gid thiét rang su bi€n dong clia myc nudc ngdm
theo phirong thing dimg nhd khéng ding ké so véi do 16n cia muc nude ngdm vi diéu do
dan t6i vice trung binh hod muc nude ngam v din téi mo hinh hai chiéu. Cdc mo hinh loai
nay da duge nhidu tdc gia st dung nbu Pinder va Page (1977) Wilson va Sa-da Costa
(1982). Doi khi ¢6 nhitmg khé khan trong trudng hop bé mat ticp pidp cat npang mot tang
khong thim va didu d6 c6 thé cdn phai ¢é nhiing k§ thuat tinh phic tap hon, dac bict d6i
véi bai todn khéong on dinh.

O day bai todn xay dung vét hai bién co ban, dé [a déu nudc cia chat long (nudc ngot)
va do sau clia bé mat tidp gidp. Bang cdch st dung phuong trinh cin bang theo nguyéa Iy
bao toan khoi lugng, cé thé nhan duge hé phuong trinh d6i v6i ving nude ngot va nude man
trong dat.
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Coi dong chay nudc ngot va nude man duge phan chia béi mot mat tip gidp mong trong
mot tang chita nudc ¢6 dp duge gidi han boi hai ting khong tham twong d6i nim ngang.

Hinh 6- 19: Tdng ngdm nudc véi mdt tiép gidp nuce ngot va nudc mdn

B¢ mat ting dudi va tdng trén clia tang chita nudc duge moé ta bing bé mit Z = -H, va
Z = -H,. Do d6 do ddy cla tdng ngam nudc s& [a : H, - H,.

b6 dan thuy luc cha tdng ngam nude ky hicu 1a k. Mat d6 cua nudc ngot 14 p; va mat do
cta nuée man [ pg. Hai chét 1dng ngot vi man dugc gia thiét 1a ¢6 cling mot do nhét thuy
dong p. Vi tri be mat tiép gidp giita hai chét 16ng duge mo ta bing ham s6: 7 = - h(x, y).

D€ ¢ thé nhan duge 1oi giai s6 tri, ching ta s€ st dung gia thiél Dupuit, cho ring su
phin bé dp suat theo phuong thing ding 13 4p suat thuy tinh:

L 6-45
57 Pg (6-45)

Trong d6 g 1 gia tdc trong trudng.

Phuong trinh (6-45) biéu thi ring & moi noi trong chit long, ap suat ciia chat long twong
duong v4i trong luong cuc bo clia chét 16ng. Tich phén (6-45) theo chiéu thang ding dan
16i biéu thic d6i véi dp suat trong hai chit long:

Nudcngot: h<Z <-H, , p=ped-peZ
Nudcmin:  H, <7 <h _, p=ped- psgZ - {p,- prigh {6-46)

C6 thé dé dang nhan thay nhiing bleu thiic nay thoa man (6-45) va do do ap sudt lién tuc

tai bé mat tlcp giap Z = -h. Trong (6-46) ap sudt trong hai chat long thue t&€ duge bicu thi
trong cdc s6 hang cda hai bién h va ®. Ci hai bién déu 1 him s6 cia toa do x, y trong mat

nam ngang va cta thoi gian. Bién 56 @ 1a diu nuéc ngot trong vung nudc ngot tai mic
= 0. Tat ca céc ddu nuée khdc c6 thé duoc biéu thi theo @ va h. Bign s6 @ duge dua vao

khi né c6 cling thit nguyen vat ly nhu do sau bé mat tiép gidp h (cd hai duge tinh bing mét).
Ciing can nhan manh rang, ham &p suit p 12 ham lién tuc.

Déng chiy clia chat long trong mat phing (x, y) theo dinh Iuat Darcy:
= (k/w)Vp (6-47)

Trong doé k la do tham trong moi trudmg x8p va p 14 do nhét dong luc.



Do su khéc biét chia do nhé, thuong ¢ mét su anh hudng nho t6i be mat tiép gidp 50 Vi
anh huéng cha chénh léch mat do (theo Verrwuijt, 1980). Ngudi ta ¢6 thé gid thiét rang ca
hai chat 16ng déu ¢6 cing mot do nhdt.

Tir (6-46) ta co:

Nudc ngot: h<Z<-H, , gq=-KVd

Nudc min: H,«<Z<h _, q=-KV®-oKVh (6-48)

Trong dé K 1a d¢ dan thuy luc clia méi trudng x0p :

k
K=

HPeg
va o 12 chénh léch mat do tuong doi:

Py — Pr

Pe

C6 thé nhan thdy ring tir (6-48) t6c do dong chdy q la khong ty 1¢ theo do déc cia bé
mat tiép gidp. Thuc 1€, ¢6 thé biéu thi Gng suat tiép tuyén cha dong chiy s& ty ¢ vdi sin ca
do déc bé mat tiép gip (theo Josselin de Jong, 1981). Diéu niy cd nghia la viéc 1y xdp xi,
trong d6 (ng sudt ti€p ty 1¢ véi do déc clia chinh bé mat tiép gidp, chi cé thé 4p dung duoc
khi do doc twong d6i nho.

Phuong trinh lién tuc cha hai chat long la:

Nudc ngot: S% = - V[(H, - h)q]
A oh _
Nudc man: =L ~V[(h-H;)q] (6-49)

Trong do:
S - Heé 56 trit nudc,
I va Iy - Cac ham cdp nudc, biéu thi su cung cip nudc trén mat clia nuéc méan va
nudc ngot trong tdng chira nude.
Trong (6-49) thanh phdn lugng trir duge tinh chi do su chuyén déng cla bé mat tiép

giap. Cdc dang khac cla lugng trif (dan héi hay ¢6 4p) khong duge xét 6 day. Thay (6-48)
vao (6-49) dan téi phuong trinh sau:

s‘;—h =1; - V[(h - H)KVD] (6-50)
—s% =1, + V{[K(H, - h)V®] - V[aK(H; ~h)]Vh} (6-51) -

138



Trong dé6 tat ¢4 cdc dao ham riéng phan chi nim trong mit phang (x, y). Hé hai phuong
trinh vi phan nay véi hai bién h va @ s& duge gidi véi cac didy kién bién va diéu kién ban
dau tuong dng.

Dé thuan tién hon nhung vin dam bao ¥ nghia todn hoc va vat 1y clia bai toan, c6 thé
£0p ca hai phuong trinh trén lai. Diéu ndy dan t6i viéc loai bo bién thai gian:

V(T.VD) =1 (6-52)
Trong dé: T la sudt chuyén nudc ciia ting chita nudc:
T=K (H, - Hy) (6-53)

I'=1(x,y.t) dac trung cho ham nguén:
[=I¢+ I -V[aK (H)- h)Vh] (6-54)

Phuong trinh (6-52) c6 the coi 1a phuong trinh lién tuc d6t vai dong chay trong toan bo
tang chita nude c6 dang giong nhu cac phuong trinh vi phan théng thudng dsi véi dong
chdy dn dinh tdng chita nu6e c6 dp va ¢ thé ap dung cdc phuong phdp s6 tri dé giai.

Cdch gidi he¢ phuong trinh trén t6t nhat nhu sau: Diu tién x4dc dinh ddu nuéec @ theo
phuong trinh vi phan (6-52) bang cdch gia thiét vi tf mat ti€p gidp dé tinh gia tri cia vé
phai . Diéu nay s& cho phép tinh phan b6 ddu nudc @ c6 ké dén tat ci thinh phén cung
cap nudc bén ngodi va diéu kién bién déi véi diu nudc. Sang budc thir hai, xdc dinh lai vi
tri bé mdt tiép gidp tir phuong trinh (6-50) hoac (6-51). Tién trinh tinh todn duge ldp lai cho
deén khi nghiém hoi tu.

Dudi day 1a tng dung phuong phdp phan tir hitu han gidi bai todn nhiém min ving.

Nhu da trinh bay & chuong 5, 18t giai ctia bai toan dong chdy 6n dinh trong ting ngam
nude kKhong ap véi phuong trinh co ban sau:

E(T@]+_ﬁ 1|, 2= (6-55)
ox\ &x /) dy C

dugc coi la mét bai todn chudn trong 1y thuyét phan tir hitu han. Theo cdc tién trinh cta
phuong phdp phan tir hitu han s& dén dén hé phuong trinh tuyén tinh ¢é dang sau:

D PALDO)) =Q); i=(1,2,3....n) (6-56)

1=

Trong d6 n a s6 cdc nit. Ma trén P chita téng trén tat ca cic phian tr (k = 1, 2...m) cla
ma tran con ¢6 dang:

Pe(ij) = Ty [ b(i)-bG) + c@.c(DVIAD 5 G, j= 1.2, 3....) (6-57)
Trong d6: b(1) = y(2) - y(3) c(1) = x(3) - x(2); v.v..
va A =x(1)b{1) + x(2)b(2) + x(3)b(3).

Vée-ta Q bao gom déng gop ciia timg phan t, ¢6 dang:
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Q) =LjAl/6; (i=1,2,3..) (6-58)

Vi |A|/2 1a dién tich chia phdn tir tam gidc va né nhan duge 1/3 16ng luong nude cung cap.

Do d6 phuong trinh (6-56) 6 thé coi 1a mot biéu thitc clia su lién tuc dong chay tai nat i.
Biéu thitc £ P(i,j). () 1a trong duong vé tri s6 v6i biéu thitc giai tich -V(TV®).

Nhu di dé cap O trén, t6t nhat 1a sir dung phuong trinh can bang nudc (6-52) két hop véi
mét trong hai phuong trinh hoic (6-50) hoac (6-51). Néu phuong trinh nudc méin duge su
dung la phuong trinh thi hai, hé phuong trinh s€ la:

V(T.VD) =1 + I - V(aT,Vh) (6-59)
S(ch/ét) - V(aT,Vh) + V(aT, V) =- I (6-60)

Trong d6: T, =T (H, - h)/(H, - Hy), bi€u thi sudi chuyén nude bi giam bt

He phuong trinh (6-59) va (6-60) by gi¢ dugc bien déi di chiit it bang cdch dua vio mot
bién mdi f, duc - dinh nghia la f = $/a. '

Bién s6 nay khac véi dau nude & chd, yéu t6 ty lé duge lua chon sao cho su bién déng
trong f v h 13 gan nhu nhau. Dicu nay s€ thuan loi trong khi tng dung cac phirong phdp 56
tri. Hé phuang trinb biy gi6 s€ la:

-V (@T.VD) + V(aT,Vh)= I + [ (6-61)
S(éh/ét) - V(aT,Vh) + V(aT,Vd) = - [ (6-62)

Mot wu diém cla sif thay ddi bi¢n s6 12 1o rang tir nhimg phuong trinh ndy cdc s6 hang
song doi bay gid ¢6 ciing mot hé s6 hoac ndi mot cach khdc 1a he thong doi xing.

Xap xi phuong trinh vi phan (6-61), (6-62) bang phuong phap phan tir hitu han nhu da
trinh bay truéc day, ¢6 thé dan t6i he phuong trinh sau:

3 B, D) — D By 1h(j) = Qr) + Qo) (6-63)

=1 =1

SSURG DI - Y ARG + P DERG) = - QD+ Y P D) (664)

j=! = !

Trong cic phuong trinh nay véc-to Q vd ma tran P la cac tuong duong s6 tri clia cdc sO
hang khdc nhau trong phuong trinh vi phan (6-61), (6-62), cdc he $3 cia chiing cé thé dugce
{inh todn tuong t nhu da trinh bay ¢ muc V.

Du6i day la chuong trinh tinh nhiém man viing trong dat duge vict bing ngon nglt Basic:
1000 DEFINT I-N: KEY OFF: OPTION BASE [: GOSUB 2000

1010 PRINT "--- Bear & Verruijt - Groundwater Modeling”

1020 PRINT "--- Regional groundwater flow in coastal aquifer”

1030 PRINT "--- Fresh and salt water with sharp interface”
1040 PR'™NT "--- Program 13.2"
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1050 PRINT "--- Selution by finite elements": PRINT
1060 DIM X{200), Y(200), IP(200), H(200), F(200), HA(200), QF(200), QS(200)
1070 DIM PF(200), PS(200), PA(200, 10), PB(200, 10}, PD(200, 10), KP(200, 1&)
1080 DIM U(200), V(200), W(200), GF(200), GS(200): NS = 200: MS = 150: NZ = 10
1090 DIM B(3), C(3), XJ(3), YJ(3), QA(3, 3), QB(3, 3), KS(4, 3)
1100 DIM NP(150, 4}, TR(130), FF(150), FS(150), TT(100), RF(100)
HI10IK = I: A$ = "Reading input data”; GOSUB 2040: READ N, M, NS, NC, GF, GS, HT, S8
1120 DG =(GS - GF) / GF: FOR I = 1 TO N: READ X(I), Y/(I), F(I), H(D), QF(1}, QS(I), TP
1130 KD = F(I) / DG: HA(I) = H(I): NEXT I
1140 FOR J = 1 TO M: READ NP{J, 1), NP(J, 2), NP(J, 3), NP(J, 4), TR(I), FF(J), FS(J)
1150 NEXT J: FOR K = | TO NS: READ TT(K}, RF(K): NEXTK
1160 KS(I, 1) = 1: KS(1,2) = 2: KS(1, 3) = 3: KS(2, 1) = 2: KS8(2,2)=3:KS2,3)=4
1170 KS(3, 1) = 3: KS(3, 2) = 4: K8(3, 3) = 1: KS(4, 1y=4:K5(4,2)=1: KS(4, 3} =2
1180 PRINT "Generation of pointer matrix”: CL. = CSRLIN: FOR I = 1 TO N: KP(I, 1y=1
LT90 KP(I, NZ) = 1: NEXT[: FOR J = 1 TO M: LOCATE CL, 4, 0: PRINT "Element ....... "
1200 PRINT USING "####"; J; : FOR K= [ TO4: KK = NP(J,K): FORL = | TO 4: [ L = NP{J, L)
1210 IA = 0: FOR Il = 1 TO KP(KK, NZ): IF KP(KK, 1I) = LL. THEN [A=1
1220 NEXTII: IF 1A = 0 THEN KB = KP(KK, NZ) + 1: KP(KK, NZ) =KB: KP(KK, KB) = LL
1230 NEXT L. K, I: DT = TT(IK): GOSURB 2000
1240 IC = |: AS = "Step" + STR$(IK): GOSUB 2040: EE = .0000001
1250 FOR I =1 TO N: FOR J = | TO NZ: PA(I, J) = 0: PB(, J) = 0: PD(I, 1) = 0: NEXTJ
1260 PF(I) = RE(IK) * (QF(I) + QS(1)): PS(1) = -RF(IK) * QS(I): NEXT I
1270 PRINT "Generation of system matrix": CL = CSRLIN: FOR J = | TO M
1280 LOCATE CL, 4, 0: PRINT "Element ....... "; : PRINT USING "####": L
1290 FORKW =1 TO4: HM =0: FOR I =1 TO 3: K = NP(J, KS(KW, 1))
1300 XJ(I) = X(K): YI(I) = Y(K): HM = HM + H(K) + HA(K): NEXT I: HM = HM /6
1310 B(L)Y = YJ(2) - YX3): B(2) = YI(3) - YJ(1): B(3) = YI(1) - YI(2}
1320 C(1) = XJ(3) - XJ(2): C(2) = XJ(1) - XI(3): C(3)=XJ2)- XKD)
1330 D = ABS(XJ(1) * B(1) + XI(2) * B(2) + XJ(3) * B(3)): IF D < EE THEN 1460
1340 FA =DG * TR(J) /(4 * D) FB=FA * (HT - HM) / HT
1350 FORK =1 TO3: FORL =1 TO 3: QA(K, L) = B(K) * B(L) + C(K) * C(L)
1360 QB(K, L) = FB * QA(K, L): QA(K, L.) = FA * QA(K, L): NEXT .. K
1370 FOR K =1 TO 3: IU = NP(J, KS(KW, K)): i = KP(IU,NZ); FORL. = I TOTH: LV = |
1380 KV = KS(KW, LV): TF NP(J, KV) = KP(IU, L) THEN 1400
1300 LV =1V + 1: TFLV < 4 THEN 1380 ELSE 1420
1400 PA(IU, L) = PA(IU, L) + QA(K, LV): PB(IU, L) = PB(IU, L) + QB(K, LV)
1410 PIXIU, L) = PD(IU, L) + QB(K, LV)
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1420 NEXT 1., K: FOR I =1 TO 3: K = NP(J, KS(KW, I))

1430 PF(K) = PR(K) + RE(IK) * (FF(J) + FS() * D/ 12: PS(K) = PSK) - RF(IK) *FS(J) * D/ 12
1440 PDXK, 1) = PD(K, 1) + SS* D/ (12 * DT): PIXK, NZ) =PD(K, NZ) + 8§ * D * HA(K) / (12 * DT}
1450 NEXT 1

1460 NEXT KW, J: PRINT : PRINT : EE = .00001: EE =EE * EE

1470 FOR 1= | TO N: PA(L, N2) = PA(I, NZ) + PF(I): PD(1, NZ) = PD(I, NZ) + PS(I): NEXT I
1480 PRINT "Solution of equations for F': CLL. = CSRLIN: [T =1

1490 FOR I =1 TO N: U(I}) = 0: IF 1P(I) > 1 THEN 1520

{500 U(I} = PA(], NZ): FOR J = | TO KP(I, NZ): K =KP(I, J)

1510 U = U - PA(L, D) * F(Ky + PR(, J) * H(K): NEXTJ

1520 V(= U NEXTL UU=0: FOR 1= | TON: UU = UU + (D) * UD): NEXTI

1530 LLOCATE CL, 4, 0: PRINT "lteration ..... "; : PRINT USING "####"; IT

1540 FOR 1=1TON: W{I}=0: FOR ] = 1 TO KP(l, NZ)

1550 K =KP(L N: WD =W+ PAL I * VK NEXT ), 1

1560 VW =0: FOR 1= 1 TON: VW = VW + V(I) * W([): NEXT

1570 AA=UU/VW:FOR I=1TO N: IF IP(I) > | THEN 15%0

1380 F(I) = F(I) + AA * V(D) UL = U - AA * W(T)

1590 NEXTI: WW =0: FOR I = 1 TO N: WW = WW + U([} * U(I}: NEXT

1600 BB=WW /UU: FOR 1 =1TO N: V({I}) = U{I) + BB * V(I)

1610 NEXT I: UU = WW: IT=1T+ [: IF UU > 0 THEN E = LOG(UU) / LOG(10) ELSE E = -10
1620 PRINT " Log(error) .... "; : PRINT USING "#### 4", E

1630 IF (UU > EE AND IT <=2 * N) THEN 13530

1640 FOR 1= 1 TO N: GF(I) = -PA(l, NZ): FOR ] = 1 TO KP(I, NZ)

1650 K = KP(I, I): G = GF(I) + PA(I, I) * F(K) - PB(, J) * H(K): NEXT J, 1

1660 PRINT : PRINT "Solution of equations for h": CL = CSRLIN: [T =1

1670 FOR 1 = | TQ N: U(I) = 0: 1F IP(I) > 1 THEN 1700

1680 U(T) = PD(1, NZ): FOR J = 1 TO KP(I, NZ): K = KP(L, I}

1690 (D) = U(D) + PB(L, ) * F(K) - PD(1, J) * H(K): NEX'1'J

1700 V(D) = U(): NEXTL UU=0: FOR I =1 TON: UU = UU + U(I) * U(l): NEXT

1710 LOCATE CI., 4, 0: PRINT "Iteration ..... "; : PRINT USING "####"; I'T

1720TFOR 1 =1 TON: W{I) =0: FOR J = 1 TO KP(], NZ)

1730 K = KP(L, I): W(I) = W) + PIXI, ) * V(K): NEXT ], 1

1740 VW =0 FOR I =1 TO N: VW = VW + V(1) * W(I): NEXT']

1750 AA=UU/VW:FOR I =1 TO N: IF II) > 1 THEN 1770

1760 H(D = 11(D) + AA * V(D Uy = U - AA * W()

1770 NEXT L WW = 0: FOR I =1 TON: WW = WW + U(l) * U(I): NEXT 1

1780 BB=WW /UU: FOR I =1 TO N: V{I) = U(l) + BB * V(1)
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IT9ONEXTL UU=WW:IT=IT+ |: IFUU>0THENE = LOG(UU) / LOG(10) ELSEE = -10

1800 PRINT " Log(error) .... "; : PRINT USING "#####": E

1810 IF (UU > EE AND IT <= 2 * N) THEN 1710

1820 FOR I =1 TO N: GS(I) = PD(I, NZ): FOR J = 1 TO KP(I, NZ)

1830 K = KP(l, J): GS(I) = GS(I) + PB(I, J) * F(K) - PD(L, J) * H(K): NEXT }

1840 GH(I) = GF(I) - GS(I): NEXT' 1

1850 FOR I=1TO N: IF H(I) < 0 THEN H{(I} = 0 ELSE IF H(I} > HT THEN H(I) = HT
1860 NEXT I: IC = IC + 1: A$ = "Step” + STR$(IK): IF IC > NC THEN 1880

1870 GOSUB 2000: AS = A$ + ", cycle” + STR$(IC): GOSUB 2040: GOTO 1250
1880 IK =TK + 1: FOR [ = 1 TO N: HN = H(I) + H(D) - HA(D): HA() = H(I): 1) = 1IN
1890 IF H(I) < ¢ THEN II(I} = 0 ELSE IF H(I) > HT THEN H(D) = HT

1900 NEXT I: GOSUB 2000: A$ = "Output”: GOSUB 2040: B$ = "### 4"

1910 FOR =1 TO N: PRINT "i ="; : PRINT USING "###": I:

1920 PRINT " f=";: PRINT USING B$; DG * F{I);

1930 PRINT " h =";: PRINT USING B$; HA(I);

1940 PRINT " Qf ="; : PRINT USING B$: GF(I);

1950 PRINT " Qs =", : PRINT USING B$; GS(I)

1960 NEXT I: PRINT "Time = "; TT(K - 1); : GOSUB 2020: GOSUB 2000

1970 IF IK > NS THEN 1990

1980 DT = TT(IK) - TTUK - 1): GOTO 1240

1990 GOSUB 2000: A$ = "END": GOSUB 2040: END

2000 CLS: LOCATE I, 26, 1: COLOR 0, 7: PRINT " Regional interface model ";
2010 COLOR 7, 0: PRINT : PRINT : RETURN

2020 LOCATE 25, 27, 0: COLOR 0, 7: PRINT " Touch any key to continue "
2030 COLOR 7, 0: LOCATE 25, 79, 1: A$ = INPUT$(1): RETURN

2040 COLOR 0, 7: PRINT " “; A$; " "; : COLOR 7, 0: PRINT : PRINT : RETURN
2050 DATA 22,10,17,3,1000,1025,20,0.4

2060 DATA 0,0,0,5,0,0,2,0,100,0,5,0,0,2

2070 DATA 100,0,0,5,0,0,0,100,100,0,5,0,0,0

2080 DATA 200,0,0,5,0,0,0,200,100,0,5,0,0,02
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BAI TAP CHUONG 6

I. Lua chon cau tra 101 diing

1. Hién tugng tham thau clia nudc bién vao céc bé ngdm ven bi€n xay ra khi:

a. Dat dd khong tham nude 16 ra ngay tai b bién.

b. Dat dd thdm nuée 16 ramgay tai bd bién.

¢. Trudng hop (a) khi dudng mat nude nghiéng vio trong dat lién.

d. Truomg hap (b) khi dudng mat nudc nghiéng vao trong dat lién.

e. Trudng hop (b) khi dudng mat nuéc hudng ra ngoai bién.

f, T4t ca cac trudong hop trén déu ding.

2. Theo nguyén 1y clia Ghyben - Herzberg thi ¢ot nude ngot 41m s€ can biing véi ¢ot nude
man 40m:

a. Vi nudc man c6 ti trong 1a 1,025g/cm3.

b. Hién tuong thim thdu xay ra & do sau 40m dudi MSL khi 4 sau ctia ¢t nude ngot 1a
Ilm trén MSL.

¢. Hién tuong tham thau xay ra & d6 sau 41m dudi MSL khi dd sau cua cot nudc ngot la
Im trén MSL

d. Hién tugng thim thau xay ra & d6 sau 80m du6i MSL khi d¢ sau cha cot nude ngot la
2m trén MSL

e. Nudc ngdm sé hoan toan bi man khi cao trinh mat nudc ngam ngang bing MSL hoac
thap hon.

3. Luong nude ngot 1dy 1én tang khi:
a. Muc nude ngam tiép tuc giam xudng.

b. Khi ném man chuyén dong siu vio dat lién v6i hinh dang cda mat ngan cach Ja
parabol c6 diém tiép xdc trén mat ding tai MSL.

¢. Khi ném man chuyén dong sau vao dat lién véi hinh dang cha mat ngan cich la duong
thiing cho béi phuong trinh y = 40h,, trong d6 y 12 do sau clia mat ngdn cich dudi MSL;
h, 12 do sau ¢t nude ngot phia trén MSL.

d. Néem man thang dimg chuyén dong tinh tién vao dat lien.

¢. Chan ném min chuyén dong siu vao dat lién va ném bi kéo dai ra tao thanh 1 16p mong.

f. Chan ném man chuyén dong sau vao dat lién tao thanh ném ndm ngang.

g. Luong nudc ngot chay ra bién giam xudng.

4. Chuyén dong cta ném man:

a. La rat cham chap.

b. Chiéu dai cia ném ti 1é thuan véi luong nude ngot hit len.

c. Téc do chuyén dong ctia chan ném man ti [¢ v6i do rong cua dat dd.
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d. Chiéu dai ciia ném man t 1 nghich véi lwu lugng nude ngot chay ra bién.

e. Chiéu dai clia ném man thay déi tuyén tinh véi chiéu day cia tdng chita nudéc,

f. Khi mat ngan cich khong 15 rang (ving chuyén tiép) thi dudng tdng céc chat hoi tan
(TDS) = 1,500 - 2,000 ppm dugc xem nhir mat ngan céch.

5. Hién tugng thim thau nudc man cé thé khéng ché bang:

a. Tang lugng nude it 1én, diéu ndy déng nghia v6i giam nhd nhat luong nude ngot
thodt ra bién.

b. Han che viéc hiit nuée, ¢4 gang gift muc nude ngdm cao hon MSL.

c. Lap h¢ thong giéng héi quy song song véi b bién.

d. Lap h¢ thong giéng bom lién tuc song song véi bd bién.

e. Xay dung dap chan ngam hodc tudng chin song song véi bd bién.

f. Trong lia tai nhitmg viing triing viing ven bién.

g. Phuong phdp nao thudng duge diing va phuong phdp nao t5t nhat néu lugng nude ngot
trong cdc bé ngdm d6 duge ding cho cdc muc dich kinh & hon 13 d€ né chay mot cach phi
hoai ra bién.

h. Sir dung tat ca cdc phuong phip.

6. Nudc ngam cap tir hat dao:

a. Bi gi6i han bdi luong mua hiéu qua.

b. Duoc 18y tir gi€ng tr nhién.

¢. Tir gi€ng sdu bom véi luu Jugng Iém.

d. Tr gi€ng nong bom vdi luu luong dé dudng phan nudc tai ngay b dio.

IL. Do vi¢c khai thdc nuéc ngam trén pham vi réng ving ven bién, nudc bién thdm thau
vao tang chia nuée. Tir viée do do din dién & 2 giéng céch bd bién 180m va 300m thi
duong dang nong do 1,500ppm & do sau 18,75m va 23,60m tuong ing dudi MSL. Chiéu
day cua tdng chifa nuéc 1a 30m, hé s6 tham 1a 50m/ngd, do rong dat dd 13 10%. Xac dinh:
(a) Luong nudc ngot chay ra bién, (b) Chiéu dai clia ném mén va (c¢) Téc do chuyén dong
clha ném.

Néu lugng nuée ngot chay ra bién ting lén gap doi do han ché lugng hat 1én thi chiéu
dai clia ném s€ 1a bao nhiéu. Cho Ui trong chia aude bién 1a 1,025 glem?®,

ITL. Luu lugng nude ngot chay ra bién 14 4Om3/ngéy/m. Do séu tang chita nudc 1a 40m
dudi myc nude bién, h¢ s6 thim 1a 50m/ngd. Xac dinh vi tri chan ném man? Néu lugng
nudc ngot chdy ra bi¢n chi bang 90% luu lugng trén thi chan ném man & dau?

IV. Dao tron bdn kinh 800m cd luong mua hiéu qua 6mm/ngd. Mot giéng bom dudng
kinh 30cm bom véi luu luong 600 I/ph. Hé s6 tham nudc 1a 20m/ngd. Do sau clia bién xung
quanh dio 12 10m. Xéc dinh do ha thdp muc nudc tai giéng va tai dudng phan nudc.

V. (5ng loc dé dai Im dét tai do sau 15m duéi muc nude ngdm trong tang chfa nudc
khong ap ¢6 hé s6 tham 12m/ngd. Mat ngan cich & do sau 32m dudi muc nude ngam. Luu
lugng 16n nhat c6 the hit 1en ma khong 1am nude min di vio giéng 12 bao nhi¢u?
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Chuong VII

CHAT LUONG NUGC NGAM
VA QUAN LY CAC LUU VUC NUGC NGAM

Nhiém bin nudc ngam duge dinh nghia nhu 12 sy gidm chét lugng nudée ngam tu nhién.
Nhiém ban nudc ngdm s€ dan téi viec gidm lugng nudc ngdm cdn thi€t va gay doc hai doi
v sitc khoé con ngudi va dong thuc vat vi cdc hod chét t6n tai trong nude. Phan 16n cdc
ngudén nhiém ban xuat phdt tir cdc ngudn nudc thai qua viéc sir dung v6i cdc muc dich khac
nhau. Céc ngudn ciing nhu nguyén nhan gay nhiém ban nudc ngdm thay doi trén pham vi
rat rong.

Do ¢6 sir lién hé thudng xuyén va truc tiép véi nhiém ban bé mat, mat khdc do ¢6 nhing
tinh chat mang nét dic thi riéng ma nhiém ban nudc ngdm rat khé khdng ché€ va néu nhu
¢éc bé ngam di bi nhiém ban thi phai cdn mot thai gian rit dai véi nhilng bi¢n phap dac
biét méi cé thé cii tao dugc.

Cimng v&i su phdt trién cta nén kinh t€, nudc ngdm ngay cang duge quan tam, viéc su
dung ngiy cing tang nén nhimg ¢6 gang bao v&, lam giam va han ché dén mifc 161 da su
nhiém bdn cdc bé chita ngdm I rat quan trong.

I. QUAN HE GIUA NHIEM BAN VOI VIEC SUDUNG NUGC

Nguyén nhan nhiém bin cla nude ngdm thutng khong dé dang xdc dinh nhu nudc mat.
Tir viec nghién citu cdc mau nude ngdm, cdc nha khoa hoc da chi ra nguyén nhan nhiém
ban bao gém: nhiém do phéng xa, vat 1y, sinh hoc va hod hoc (ca vé co va hitu co). Nguon
va nguyén nhan lam nhiém ban c6 lién quan mat thi€t véi viéc sir dung nude clla con nguoi.
Nhitng m&i quan hé bén trong phic tap dnh hudng dén chat luong nudc dugc tao ra boi cac
hoat dong clia con ngudi anh hudmg dén vong tuan hoan nudc.

Nguyén nhan chinh dan dén nhiém ban nudc ngédm 1a cdc nguén chat thai tir do thi, cong
. nghiép. nong nghiép va nguyén nhan hén hop. Thanh phin nude thai tuy thude vao tinh
chat thai, noi phat sinh va tinh hinh thuc té.

Dudi day xin trinh by t6m tit cdc nguyén nhan, céc ngudn nhiém bdn va anh hudng cia
n6 dén chdt luong nude ngam.

1.1. Nguén nhiém ban tir do thi

a) Sw ro ri ciia hé thong céng thai medc

Thong thuong hé théng thai nude phai kin, nhung do cdc hoat dong cua con ngudi nhu
dao béi, d€ cdc vat ning trén hé théng thai hoac xe cd di lai, cdc diéu Kién tu nhién nhu sat
truct dat, hoat dong dia chan, ré cay dam vao... lam cho h¢ théng nudc thai bi ran nit hodc
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v ra va nudc thai tham vao cdc tang dat. Su ro ri clha hé théng nude thdi mang theo cic hop
chdt v6 co, hitu co, cdc vi khuan doc hai v6i néng do cao vio trong nudc ngam. Tai cac khu
cong nghiép, viéc ro ri s€ mang theo céc kim loai nang rit nguy hiém nhu As, Cd, Cr, CO, Cu,
Mg, Hg, v.v... di vao ngudn nude ngam.

b) Nguon nhiém bdn dudi dang long

Nudc thai & vung d6 thi tir cdc ngudn sinh hoat, cong nghiép, cac hoat dong kinh t€ xa
hoi va tir dong chay do mua. Phin Ién ching duge xir Iy & nhimg mitc do khédc nhau trude
khi thai vao nguén nudc mat. Hién nay xu thé thai nuéc vio trong dat dang tang lén va
vung dat duge sir dung nhu mét bé loc trude khi dua loai nudc nay trés lai vong tudn hoan
chung ctia né.

) Chdt thdi duoi dang rdn

Chaét thai dudi dang ran 14 mot ngudn gay nhiém ban nude ngdm. Thong thudng nirée
thai bao gém cdc chat thai ran dugc thai ra mat dat, cic viing dat nay néu ¢6 cc khe nit thi
phan Ién cdc chét thai, can ba dudi dang ran s& theo phan nudc thai di xudng lam nhiém bin
nguén nude ngam.

d) Ngubn nhiém bdn do céc hoat dpng c6ng nghiép

“Nude duge su dung trong cong nghiép ding dé 1am lanh, 1am vé sinh, san xuél va gia
cong san pham. Trong qué trinh d6 c6 rat nhiéu chat doc hai, cic chét can ba bi thai ra. Cic
nguén nay c6 thé thai tryc tiép bang ddng chiy mit ra cdc he thong soéng sudi va né s€ gay
nguy hiém khi ¢6 néng do chat doc hai cao hoic ciing c¢é thé duoc thai ra va loc qua cdc bd
dat (landfills) va tap trung vao cdc bé dé sir dung lai hoic tra lai cho dong chdy mat, hodc
" cho thdm xudng cung cidp cho nudc ngdm.

Véi su phit trién v6i t6¢ do cao ctia nén cong nghiép thé gidi, finh hinh nhiém bin nudc
tr nganh cong nghi¢p 1a khd nghiém trong.

Viéc sir dung nudc vi céc muc dich kinh t&, x hoi va anh hudng cha né dén chat luong
nudc duge biéu dién bang so d6 hinh (7-1).

1.2. Nguon nhiém bin tir nong nghiép

Nguén ndy duge ké dén do san xudl nong nghiép va chan nuoi. Trong qué trinh sinh
trudng, ré cay va cdc bo phan lién quan lay thic an tir dat, nhung dong thdi ciing thai ra cic
chét va mudi. Ngoai ra dé bao v¢ miia mang, hang nam mot luong 16n thuéce diét trir sau bo
va con trung duge sit dung, né da giét cdc sinh vat ¢6 ich, déng thoi ciing da thai ra mot
luong khdng 16 cac chat doc hai vao dit va nudc.

B¢ tang do phi cha dat, phan hod hoc (phan vo co) ciing duoc sit dung nhiéu. Ngoai
nhiing mat tich cyc thi n6 ciing giy nén nhitng mat han ché&, nhat 13 sau khi phan hoé trd
thanh cdc nguyén (6 hod hoc c6 géc H,S, NH, NO,, CO,... ma cic géc nay khi tic dung
V61 cdc chat hod hoc ¢6 chifa trong dat & nhilng diéu kién thich hop s& tao ra moi trudng
axit hoac kiém cho dat.
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Viéc chan nu6i va ngudn phan hitu co do sdc vat thii ra, khi gap troi mua s chay tran
trén bé mat dat gay nhiém bén nuéc mat, déng thoi tham xudng sau anh hudng 16i céc tang
nudc ngdm. Ngoai nhimg doc t6 thi lugng vi khudn, vi tring trong ngudn chit thai nay cling
rat 16n s& 1a mam médng gay bénh cho cac sinh vit trong ving bi anh hudng.

Y

Cac ngudn sl dung nudc

S dung nude cho d& thi
va dan sinh (50%)

loai mudi

Tdng cac chat 16 Ilmg, nitd, phét pho,

B&c thoat hoi nwdc

f 1

Y

rSL'r dung nutdc cho ndng nghiép va

céc ving dat tu nhién (50%)

vi khudn, vi rat, cac chdt déc hai, cac

Nudc thai

Tir cac bé phan,
cac bé chat thai

) 4

4 Y

Théi nude
dang rin

Nudc tudi, phan bén, thudc trif
sau, nudc bé bai... b nhiém ban

Y

Nude mua: Ham ugng chat
lo [ing thap, nhigu chat hilu
co, chit ban

v

XUy medc
Chét lugng nudc trd lai cho ty
nhién phu thudc vao mirc 3§ xir 1y

Cac bé ast
vé sinh

H&i quy vao cac
bé ngdm, luong
nitd & TDS cao

Phi sa, bun dat

Nudc héi quy vao bé ngdm
cb ham lugng TDS, NG,, CI,
S0, can

F |

XA nudc ban

Sif dung lai nudc @& tudi, cho
cong nghiép hoac tré lai cac
bé ngdm

3

Doéng chay mat ¢ ham
lvong TODS cao

¥

Cua xa nudc

ra bién

1

Céc bé dat
tur nhién

Y
Hé ban cat
va phil sa

Hinh 7-1: Cdc nguén su dung nudc va dnh hudng cia né dén chat liong mioc.

Ngoai nhitng nguén da phan tich & trén, viéc nhiém ban con phai ké dén do khai thac
him md, dau md tir xe ¢O van chuyén trén dudng, khai thac va chuyén chd ddu md, cic

hoat dong gay phéng xa...

D6i véi Viet Nam, chiéu dai tiép xiic véi bién trén 3000km thi nhiém man 4 mot van dé
cdn phai dic biét quan tam. Véan dé nay sé& duge dé cap k§ trong cic phén sau.
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IL. QUA TRINH PHA LOANG VA M( RONG CAC NGUON NUGC BAN

Thong thudng nguon chat thai va nudc ban thudng tap trung O nhitng viing hoic nhimg
di€m nhat dinh. Song do hi¢n tugng khuéch tén va chuyén tai, do chdy tran trén mat dat,
thim xudng tang sau, bi giif lai, can trd trong qua trinh chuyén van, su phan huy cic hop
chat hitu co,... s& 1am cho ndng do cha né giam dan va ving anh hudng md rong ra. Qud
trink ndy duge goi 1a qua trinh pha lodng va md rong cia céc nguén nhiém bén, Dudi day
xin trinh bay cdc dang pha loding, déng thai md rong cla cac ngudn nhiém bin nurée ngim.

2.1. Qua trinh ho4 hoe

Céc qud trinh ket tha trong nude ngdm dé dang xay ra khi trong dat ton 1ai mot lugng ion
du 1on. Cic ion nay thuc hi¢n céc phan ing hod hoc gol la cdc phan ung thay the¢ bé mat.
Céc ion ctia cdc nguyén t6 hoat dong manh hon sé diy cdc nguyeén 16§ ¢6 kha nang hoat
dong yéu hon d€ tao nén mot mang ving chic, nhung dong thdi cling Iam thay déi tinh chat
cua dat,

Chang han, dat chita nhiéu hop chét Ca™, SO, 7, nguyén t6 can xi (Ca) dé tan trong
nude, nén goc SO, két hop v6i nuée tao thanh axit sulphuric (H,S0,) va sau d6 tat két hop
v01 CaCOy (thuc chat 1a voi dugc rai Xudng rudng trong qua trinh ngot hod dét) dé tré thanh
Ca80,. Néu thanh phan dat thuoc loai kiém thi ion Ca™ s@ thay th& Na' tao thanh dat chita
Ca™ bén vimg hon. Phan ting nhv sau:

CaCO; + H,S0, = CaSO, + H,0 + €O, 1

2 (Na + Dat) + CaSO, = (Ca + Dat) + Na,S0, (dé hoa tan) va s& chay di.
CO, + H,0 = H,CO,

2 (Na + bit) + Ca(HCO,), = (Ca + Pat) + 2NaHCO; (hoa tan).

Do ¢6 ngudn g6 hinh thanh khac nhau nén dat mang theo cac nguyén t6 hod hoc khic
nhau, song do ¢6 phan (mg thay thé ma xu th€ tao thanh cic bé mat vitng bén hon di lam
thay doi tinh chat cta dat. C6 nhitng phéan tng mang lai d9 phi cho dat, nhung ciing c6 phén
ting phd huy dat nhu két hop cta st v6i cic hop chat dé tao thanh oxit sit ma ching ta con
got la hién tugng dd ong.

2.2. Qua trinh van chuyén va phan huy cic hop chat hiru co

Do hoat déng kinh 1€ vA sinh hoat ma rat nhiéu chat thaj dudi dang hitu ¢ bj thai vao
nguon nudc, dui cdc didu kién thuan loi céc vi khudn va vi sinh hoat dong d¢ phén huy céc
hop chat hitu co. Cing dong thai véi qud trinh phan huy 12 qud trinh van chuyén, 1am loang
rong vung anh hudng, lam nghiém trong thém tinh trang 6 nhiém nguén nudc.

Tuy theo sy phan bé clia nguén nudc thai, cdc nguén nhiém bin (& dang long hoac rin),
cdc phe thii ¢ dang rdn nhur phoi sit, thép, cao su vun, gidy thira... ma o6 thé cé nhimg dang
phat trién nhu hinh 7-2.
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Biém thai audie

- —

d)

——————m Bién nguyén thuy Bien sau mdt thii khoing Al

—_——————ae- » Huang dong chay
Hinh 7-2: Phan b6 cde nguén nhiém ban

[.ogi «: Hinh 1ong chim phdt tricn rong dan do nguon nhiém ban duogc cung cip thudng
xuyeén, luu lugng nude chity qua cling it thay d6i. Thi du nude thai sinh hoat cua mot vung
nio dé chay qua bii d6 rac, phé thai cha mot nha mdy...

Loai b: Nong do chat ban giam dan cling véi viéc thu hep ving anh hudng do lwu fuong

“chit thai giam dan theo thoi gian. Ciing ¢6 thé do mot loai chat thai khic da duge dua Vo
ma kha nang phan huy cba né cham hon nén qua trinh nhiém ban cling giam thap.

Loai ¢: Néng d6 va ving anh hudng cia né thay déi lien tuc theo thai gian do luu lugng
chat thai thay d6i, ching loal chit ban cling da dang va ché do thuy van, khi tuong, dac
dic¢m dia 1y, dia chat khu vye ciing ¢6 su bién d6i theo thi gian.

Logi d: Nong do va viing anh hudng clia né dot ngét giam xuéng do nguon cung cap chi
mang tinh chat cuc bo, khong thuong xuycn.

1. CHAT LUGNG NUGC NGAM

Trong nude t6n tai cic loai muoi, cdc chat hod 1an do cdc ngudn tr nhién va nhan tao
cung c¢dp. Chat lugng ctia nuée duge dinh gid tuy thuoe viio muc dich sir dung, yéu ciu dol
hoi vé chat lugng nude clia cde nginh khdc nhau nhu: nuée udng. nude dung trong cong
nghiép cho viée lam lanhy, san xual va tinh ch¢ san pham, nuGe diing cho cong nghigp, lam
nghiép, thuy san, ding trong cdc hoat dong vui chot, glal tri...

Viee danh gia chat lugng nude thong qua tcu chudn chatl luong. Ticu chuan chit luong
Ia cdc chi ticu dinh luong ctia cde chat hie co, vo cd cho phép ton tal trong nude ing vol
cdc yeu céu sir dung khdce nhau. Chi ticu nay phu thuoc vaio loai chat gay ¢ nhicu, trinh do
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phat trién kinh €, k§ thuat cha mbi khu vuc, méi nude va cic nganh dung nudc khic nhau.
Dugi day xin trinh bay mot s6 tiéu chudn nuée ngam cho céc nganh khac nhau.

3.1. Chat lugng nuée udng

D01 hoi ve chit luong nude uéng rat cao, chang han nude uséng khong dugc cé mau, mii
vi, khong ¢é khuén va thanh phin hod hoc nhu bang dudi day:

Tién chuan nude uong (do WHO dé ra)

Cédc dac trung (uul han dU’O’L thira nhan-{mg/l) G161 han cho phép (mg/l) 1
Tong cic chat hod tan 300 1500
| Mau (‘H) 50 50
Do duc : 5.0 25
Cl 200 600
Fe' 0,3 1,0
Mn _- 0,1 0,5
' Cu | 1.0 - 1,5
Zn ' 5,0 15,0
Ca : 75,0 200
Mg 50,0 (50
Sunfat Mangan, Natri 500 1000
NO, 45
Phenol | 0,001 0.002
‘ | pH 70+80 min 6,5; max 9,2 |

Trong nudc udng nhat thiét phai loai bd hoac ha thap dén miic thdp nhat cdc hod chat
doc nhu Pb, F, Hg...

3.2. Nuéc dung trong cong nghiép

NuGe dung trong cong nghiép tuy theo yéu ciu sir dung ma yéu cau chit lugng ciing
khic nhau. Nude dong 1am lanh trong cdc nha mdy nhiét di¢n, san xudt sat thép... thi chat
luong khong cin cao lam, nhung nuée diing trong cdc ndi hoi, néu lugng canxi qua cao thi
s€ dan (6i hién tuong lang can, lam cho nhiét can thiét dun soi ngay cang yéu cau cao hon,
nhanh chong pha huy néi hoi hoac nude dung dé san xuat soi, san xudt cdc hod chat... thi
lai doi hoi phai ¢6 do tinh khiét cao .v.v..

C6 nhimg nganh cong nghiép, nuéc duge diing nhu mot tic nhan hoat dong, chang han
thuy di¢n thi yéu cdu vé chat lugng nudc fai khong cén cao lam.

Yéu cau dung nude cha cde nganh cong nghiép rat 1én, cho nén trudc khi si dung, nudc
can duge xir 1y dé dat chal luong cdn thiét. Duéi diy la s6 ligu diing nude cta mot s6 nganh
cong nghiép.
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Tiéu chuin nudc diing cia mot s6 nganh cong nghiép

Nganh cong nghiép Nuée cin (m3/ta'n san pham)
Mo 5
Dét 4
Gidy 90
Thép 45
Duding hod hoc 8141 1100

3.3. Nude dung cho néng nghiép

Trong noéng nghiép nudc ding chi yéu dé tudi, chit luong nude tudi can dam bao céac
yéu cdu sau day:

- Téng céac chat hoa tan trong nude (TDS),

- Ti s6 wong d6i gifta Na® véi cdc ion duong khdc;

- Néng do6 cdc nguyén to dac biét;

- Céc ion du thira.

a) Téng cdc chdt hoa tan trong mic

Néu néng dé muéi tang lén, thi s& gay khé khan cho cay tréng hit thic an tir dat va
nudc. Cac thuc nghiém da chi ra rang dudi dicu kién 4p sudt tham loc tir 1,5 + 2,0 (atm) thi

cay khong con kha nang phat tién nifa. Quan hé giita dp sudt thdm loc va nong d¢ mudi
nhu sau:

P=iRTC
Trong d6: i - Hé s6 Vonthoff; P - Ap suat tham loc (atm);
R - Hang s&; T - Nhiét d6 (tinh theo nhiét d¢ tuyét doi).

C - Nong dé mudi (mol/1),
Dudi day 13 mét s6 vi du tinh dp suat thdm loc P clia mét s6 loai mudi:
NaCl (1%) gia tri i = 2; C = 1 (g/1) hay 1/58,5 (mol/l); tich s6 RT = 22,41 thi:

p=2%22% _ 766 (atm)
58,5
Na,SO, (1%).i=3, P= 3123’4 = 0,47 (atm)

CaCl, (1%),i=3, P=> Xlﬁﬁ = 0,605 (atm)
2%22,4
CaSO, (1%),i=2, P= lei;“ = 0,329 (atm)

Mitc doc hai clia mot mudi sé tang lén ciing véi sy tang ctia nhiét do.
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Yéu ciu chat luong nudce cho cic nganh cong nghiép

Slalasl 85| B |88 8 &2 - 2
Nganhcongnghiep| 2 | € | S | o 3 RS ‘-E) 2 EE| E 23
a o w8 AR e 2E 5
k= = Ot &
. Lanh kha
Lam lanh 10 | 10 [Thap | 05 | 05 1,0 anh khong
4l mori
No&i hoi véi dp suat 3000
. 20 | 80 80 5 | 80
00 + 10 kG/em” + 500
Né&i hoi véi dp suat 0 | 40 2500 R ; 24 Chat hoa
10 = 17 kG/em?® + 500 Pl ’ tan {1
Néi hoi véi dp suan s p 1500 0 0 50 & Xy vA
17 = 27 kG/em? ) + 100 ' silicat.
500 = 75+
Rugu chung cat 10 Tha 0,1 0.1 0,2 7.0
U ching °F 1000 150
Ddng hop 10 Thap | 0.2 0.2 25475 1,0 Nudc such
Banh nmuit kco Thap | 0,2 0.2 100 0,2 7.0
Bong Thép Thap | 02 | 02
Nhua 2 2 0,02 | 0,02 | 200
Giay 25 15 0.2 0,1 300 100
Len da 50 | 20 1.0 0,5 180
To nhan tao, sgi 5 |20 025 | 0,25 ] 200

Mot s6 lién hé quan trong:

1) TDS (ppm) = 0,64 x EC (umhos/cm);

2) Ap suét thim loc P(atm) = 0,00036 x EC (pmhos/cm);

3) I{mhos/em) = 1000(milimhos/cm) = 10° (umhos/cm);

4) Néng d6 ion dugc biéu dién nhu sau:

Néng d6 mudi (mg/l)
Buong lucng

Milli duong luong (me/l) =

Néng do mudi (ppm)
Duong lugng

Duong luong phan triéu (epm) =

Vi mg/l = ppm nén me/l = epm.

Trong luong nguyén tir

Duong luong = s -
Ho4 tri cita nguyén 16
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5) Logarit ciia s6 am cua néng do ion hydro dugc goi la d¢ pH:
pH = - log(H") -

Dung dich vai pH < 7 1a axit, pH >7 1a kiém va pH = 7 la dung dich trung tinh. Nudc ti
nhién cé dé pH thay déi tr 6 + 8.

6} Phin lém nude cing 1a do t6n tai ion Ca™ va Mg". Téng do cting (TH) duge biéu dien
bang ppm cua CaCO;:
CaCO, CaCO

Kl Mg x 3

+
Ca Mg

=2.497 Ca+4,115 Mg

Tit ca cac thanh phan duoc biéu dién bang don vi (ppm).

TH =Ca x

= ppm cua trong lugng tuong duong

Téng do cing (ppm) bing 1éng cla cpm cia ion Ca*™ va Mg* x 50 (1ong cé v nghia cia
Ca™ va Mg, néu tn tai, cling duge ké dén) (TH = (Ca™ + Mg) x 50).

7) Nude citng khong ¢6 cdcbon (Non Carbonate) (NCH) tinh bang ppm.

NCH (ppm) = {Ca + Mg) — (CO, + HCO;) x 50

Khi NCH < 0 thi trong tinh toan NCH = 0.

8) TDS (ppm) = tdng cta cdc ion.(ppm) + ndng do ion (HCO4) x 0.49.

9) EC (umhos/cm) = (Zion duong hoac Xion am ) x 100

[EC (umhos/em) = 100 x 2. ion duong = 100 x 2. dién tu]

10) Phan tram gia tri hoat dong (PAV) cia bit ky nguyén t8 nao 1 néng do clha nguyén
16 dé (epm) duoc bicu dién bang phan tram cla téng ion duong hodc ion Am tinh bang (epm).

11) Chi 6 mudi (SI).

12) Gid tri cha mot s8 ion chu yéu:

Nguyeén (o Trong }uqr}g. Hod tri Trong luang
nguyén ur 1wong duang
[on duong +
Ca 40,08 2 20,04
Mg : 24,32 2 12,16
Na 23.00 1 23,00
K 36,00 l 39,00
Ien am ' -
o, { 60,01 ' 2 30,00
HCO, 61,02 l % 61.02
s0, 96,06 2 48,03
Cl 3546 I 35,46
NO, 62,01 1 62,01
F 19,00 l ) 19,00




13) Khi TH < d6 ki¢m thi do ciling clla nuée cé thé xem 1a cimg do CO; tao ra.
TH = do kiém thj do citng cdc bon (Carbonate hardness) = do kiém
NCH = TH — d0 kiém
Chi 6 do cing quy dinh bdi Cuc Dia chat Hoa Ky nhur sau:

L L_oa,ii b6 cuing (mg/1) (hi chu
Nudc mém i 0=+ 55 : ) . X
- — . - Khoéng can phat lam mém
Nudsc hoi cling 56 +100
Nuée cling trung binh 101 + 200 . .
— : - . Doi hoi phai lam meém
Nudc nira cing 201 + 500

b) Ty I¢ gitta ion Na™ vil cac ion divong khde ¢6 trong niede

Néu néng do mudi & trong nude cao dan dén sy hinh thanh dal man, nguoc lai néu ndng
do Na® cao dan dén dat kiem. Cuc phdt trién dat ciia My (USDA) dinh nghia dat kiém la dat
¢6 pH 2 8.5 v6i mic do bdo hoa Na® > 15%. Dat kiém ¢4 két cdu yéu, dé hod biin va khong
thodang. Mitc d6 bdo hoa Na cao 13 nguyén nhan cha hién tugng thicu can xi. Nudc tudi véi
ty 1& hdp thu Na thdp (SAR) pht hgp véi nong nghiép.

Na™

SAR = (me/l)
\jca++ +Mg++
2
Na% = Na+ K 100
Ca+Mg+Na+K

Néng do cua tit ca cic nguyén t6 dugc tinh bing (me/l). USDA xay dung biéu dé doc
truc tiép ESP.

¢) Nong do ciia cde nguyén 16" ddc biét

Céac nguyén 16 dac bi¢t nhu: Se (selenium). Molipden (Molybdenum) vit Flouride thi thue
vat cé th¢ chiv dung duge. nhung rat doc hai déi véi dong vat. Céc nguyén 16 nhu Baron
(Br); Lithium (Li) thi ngwoc lai d6i véi thue vat. Trong nuée ngdm lugng Br gidu hon nudc
mat vo1 ham lugng > 0,5 ppm. Baron ¢6 hai véi cam, quyt, cdy ¢ ddu va cdc cay an qua
quy. Nhung ngii céc, bong thi ¢6 thé chiu dung duge mét cdch binh thudng véi Baron,
trong khi ¢o linh lang, ¢t cai dudng. mang tay va cha la thi phét trién binh thuong véi
Br =1+ 2 (ppm). Baron ¢é trong nhiéu loai xa phong va né tr& thinh nhan t6 doc hai khi
st dung nude thai dé wéi.

d) Licong cde bon thiva (RC )

Khi t6ng lugng cdcbonndt va bicarbonnat 1én hon téng luong can xi va ma gi¢ thi s¢ o
li¢n tugng két toa ¢ giai doan sau trong dat.

RC= (CO; +HCO3) - (Ca’ + Mg*) (me/l)



3.4. Cac phuong phap biéu thi két qua phan tich chat lugng nude

Céc biéu dién hinh hoc néng do cdc
ion khac nhau trong mau nudc duge hinh
thanh phat trién va hoan thién dan. Thong
qua cac biéu dién ndy chiing ta nhin nhan
dé dang v nhanh chong cédc két qua phan
tich. Trén co s¢ dd, xem xét va dua ra
nhiing két luan so bo, dé xudt cdc gidi
phép cén thiét dé xir 1y nudc.

Duéi day ching toi xin trinh bay mot
s6 phuong phdp bicu thi tai liéu phan tich
chat lugng nudc.

a) Bidu do nong d6 ion {con goi Lo bién
dé Collin do USGS dé xudt)

« Biéu dién cdc ion duong phia bén
phai gdm: Na + K, Mg, Ca.

 Jon 4m phia bén trdi bao goém:
C1 + NOs, SO,, CO; + HCO,,

T4t cd cac ion dugc'phan tich ¢ thi
nguyén (me/l) va bang céch phan tich nhu
vay thi ion duong phai bang ion am.

b) Phuong phap da gidc Stiff

St dung bén tryc nam ngang song
song v4i nhau va mot truc thing dimg.
Ban ion duong duge vé vé mot phia con
bon ion am vé vé mot phia d6i dién.
Pudng ndi cic dinh clia nd sé cho mét da
gidac mang tinh chdt dic trung cho loai
nudc d6. Tat ca cic ion duge tinh bang
epm. Bon loai ion duong la: Na + K, Ca,
Mg, Fe va bon loai ion am la: Ci, HCO;,
SO, va CO;. Cach biéu dién nhu hinh (7-4).

¢) Biéu dé hinh quar

Néng d6 téng cong cua céc ion (epm)
duge biéu dién bing dién tich hinh tron,
trong d6 néng d6 mébi loai ion duge bicu
dién béng cdc phan khic nhau trén hinh
tron d6. Cach biéu dién nhu hinh 7-5.
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o
T Na K
Ca S0y
Cl

03
Hinh 7-5: 504

.
Biéu dé hinh quat a

50,

B

01 510 8100
1

Ty 12 tinh theo duong |ugng phin tiéu
d) Dang biéu dé vecto
Bi¢u dién bing véc to ban kinh hay con goi 13 hé thong bi€u dién cia Maucha. Chiéu dai
cia moi véc to biéu dién nong do ion (epm) clia mot nguyeén 5. Hé thong nay don gian va

thuan loi. Mét s6 he théng chi biéu dién phin tram cla néng do (epm). Cich biéu dién nhu
hinh 7-6.

Na +K
5
Na+K
10-3
Na +K 86 Ca
Ca Mg \gMg
80, #1
5043[\ % HCO,
cl HCO,
Cl
Ca 8 [l
\ng
30 Ca
ol ™ Heg, Mg
C\
HCOy
5 o} 5
L__L..l_.l_l__l._..._..___]
50, - Burang luang phan rigu

Hinh 7-6: Biéu dé dang Vecto
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e) Bidu dién bdng véc to ba chiéu cua Piper

Biéu dé cla Piper gém hai hinh tam gidc va mot hinh qua trdm (hinh thoi) ¢ moéi ving
duoc chia thanh 100 phin. S6 phan tram cla nong d6 (epm dugc tinh biang %) cua cac ion
duong (hoac am) duge v trén mdi ving tuong Ung trén hai hinh tam gidc va ndi song song
ra hinh thoi. Loai chat lugng nudce duoc xac dinh 1a hop diém cha né thudc ving nao trén

hinh thoi. Céch bi€u dién mé ta trong hinh 7-7.

Hinh thoi duge chia thinh cdc mién vdi céc loai chat nude khéc nhau:

1. Viing nudc kiém troi;

2. Vung nudc it kiém;

3. Ving nudc axil yéu;
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4. Vung nudc axit manh;

5. Khi Mg + Ca va HCO; chiém uu thé goi 12 nudc kiém méi:
6. Nu6e giau SO, + Cl va Mg + Ca duoc goi 13 nudc man hay nudc Clo, mudi canxi:

7. Nudc giau Na + K va SO, + Cl goi 13 nuée musi géc:

9. Khi cdc ion duong va am déu khong vuot qua 50% goi Ja nude trung tinh;
9. Nudc gidu Na + K va HCO; + €O, goi 1a nude kiém géc..

3.5. Cac loai ban do6 chat lwong nuGe

Chét Tugng nude ngam cé thé duge biéu dién bing ban dé. CAc loai ban dé thudng dung la:
+ Dudng dang néng do chat hoa tan (TDS),

* Dudng cling néng dé Clo;
» Dudng cling néng do pH...

Tuy theo miic d6 chi tiét cha tai lieu ma vi¢c xay dung cdc ban do s& cho do chinh x4c
cao hay thap va ty theo yéu cdu nghién cu mi c6 thé vé cdc ban dé clia cic nguyén to

khac nhau.

Vidu tinh todn:

Phan tich mau nudc tr giéng ngam tai vi trf A ¢6 céc s6 lieu sau:

e - . . TH . —]
Nguyén té Ca Mg Na HCO; | CO4 SQy Cl (CaCO,) ros ‘
N. do {mg/1) 56 16 85 256 24 43 82 205 j 440 ‘
pH =75 EC (t = 25°C) = 700 (ohom/cm)
Tinh thanh phdn cdc nguyén & dudi dang céc ion (epm):
Ion duong Ien am
Nguyeén 6 meg/l me/1 Nguyén t6 mg/l me/]
Ca 56 2,75 HCO, 256 4,20
Mg 16 1,32 CO, 24 0,80
Na 85 3,70 Cl 82 2,31
K - - SO, 43 0,89
. Tong s6 7.77 820 |

Theo nguyeén tic can bang ion khi tinh bing nong dg (me/l) ¢é thé lay gid ti1 trung binh
can bing 8 {me/1).

Day cing la diéu kién dé kiém tra mau nudc duoc phan tich diing hay sai néu:

| 2 ion duong — ¥ ion am |

Tong nho hon trong 2 téng

< 10% thi mau da phan tich coi nhu dat yéu cdu.
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1) Tinh d6 citng tong céng (TH)

TH = (Ca + Mg) x 50 = (2,75 + 1,32) x 50 = 203,5 (mg/1 ). Gid tri tinh todn xap Xi vé
gid tri phan tich tir mau nudc.

2) Do cing khong ké cacbon (NCH)

NCH = [(Ca + Mg) - (CO; + HCO3)] x 50 = [(2,75 + 1,32) - (0,80 + 4,2)] x 50 <0, nén
chon NCH=0

3) Tink 16ng cdc chdt hod ian trong mdu néc

TDS = 56 + 16 + 85 + (256 x 0,49) + 24 + 43 + 82 = 431,5 (mg/D). (3id tri nay cling xdp
X1 gia tri phéan tich.

4) Tinh phan trdm cua Na®

Na+K 3,7

Na% = 100 = — =46,2%
Na+ K + Ca + Mg 8

5) EC = 8 x 100 = 800 (miliohm/cm): Gi4 tri ny xap xi bang gid tri phan tich

6)SAR = ——2___ = 37 =2,58
\/Ca+Mg Jz,?5+1,32
7 2

7) RC = (CO; + HCO5) - (Ca + Mg) = (0,8 +4,20) - (2,75 + 1,32) = 0,93
Phdn loai nude tuoi

Phong thi nghiém min cla My di xay dung bi¢u d6 d¢ phan loai nude tudi. Theo cich
phan loai nay cé 16 loai nudc khdc nhau véi viée st dung k€t hop SAR nhu mot chi s8.

Dé biéu thi néng d6 Na bat loi va EC nhu mot chi s mic do mudi. Biéu dé cdc loai
nude & hinh 7-8 va viéc phan loai chat lugng nudc i cho & bang dudi day:

Phan loai chat lugng nudc tréi

Miic dé mudi . s
Loai nudc EC (pmﬁos/cm) Nong do bo kiem RC
a1 25°C {me/l) SAR (me/l)

Tinh khiét < 250 < 0,25 10+ 18 < 1,25
Tt 250 + 750 0,25+ 7,50 18 +25 1,25+ 2,50
Trung binh 250 + 2250 7,50 + 22,50 18 =26 > 2,50
Xau 2250 + 4000 22,5+40,0 > 26
Rat xdu > 4000 > 40
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Bi€u dé trong hinh (7-8) do Doneen x4y dung dua trén chi s6 dan nudc (PI):

pr= Na+vHCO; o

Ca+ Mg+ Na

Tat ca cdc ion duge tinh bang (me/l).
Mot cach téng quat, nuée thuoc loai 16t néu:

- Khi biéu dién, né thuoce vung nudc t6t hoac binh thudng.

- Nudc thuoc loai 1 hodc 2 trong biéu d6 cia Doneen.

- TDS > 1000 ppm, gidi han nay ¢ thé dén 1700ppm, néu

- Chi s& nude dat gid tri am.

Ca

Na+Ca

— 100 £25%.

Ngoai nhitng chi ti¢u di trinh bay & (rén thi nude roi vao cic viing khac sé& ¢6 chit luong

khéng ddm bao dé wdi cho cay tréng.

D& dn dién {ms/cm) & nhist 46 25°C
100 2 3 4 586781000

2

ol T[T T 11

/éé't canf
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Loai 11 \

120 100 80 60 40 20 0

Chi 86 tham Na tVHCOs 11:4(:03 100
Tir vi du tinh todn ndi teén ta ¢6:

Pl = Na + HCO; 100 = 3,70 +4/4,20 749
Ca+Mg+Na 2,75+1,32+3,70

Tir hinh 7-8 thi mau nude duge phan loai thude C; - Sy tic 1a 6 chat lugng nudc tlr trung
‘binh dén cao, do kiém thap, c6 thé ding tudi dugc.

IV. QUAN LY TAI NGUYEN NUGC DUGI AT

-

4.1. Quan 1y tai nguyén nudc la gi ?

Nhing ngudi thuéc chuyén mon khdc nhau c6 cach nhin vé quan 1§ tai nguyén nudc
khéc nhau. D61 v6i nha sinh thii hoc, qudn {5 1ai nguyén mitde thuong gan lién vdi nhimg
anh hudng 1am suy gidm heé sinh thai, }am suy thodi dit, gay 6 nhiém va phd hoai ving dal
u6t. Doi vai cdc ki su thuy 1oi néi dén qudn Iy 1ai nguyén mitde ¢b nghia 1a noi i cic hod
chia, dap chuyén nudce, phong chong 1d, chinh tri s6ng, x{r 1Y nude va khai hoang. V& cac
luat su, cic vin dé chu yéu trong qudn Iy tai nguyén nude Ly quyén sd hiu nudc, he thong
quyén ding nude, uu tién st dyng nude, thy truong nude, cdc van dé phdp 1y vé nudc va ludt
quéc & vé nude. DGl véi cde nha kinh (&, qudn Iy 1ai nguyén nuoe lien quan 161 hidu qua
kinh t&, hoan vén va viée dat duge cdc muc tiéu quoc gia. Co thé néi rang qudn Iy tai

nguyén mede voi tit ¢i cac thanh phan clia nd 1a mot linh vuce lién nganh.

Trong nhiing nam gan day, nhiéu khdi ni¢m lién quan 161 tai nguyén nude duoc su
dung rong rai, nhu phadt trién tai nguyén nudc, quy hoach tar nguyén miede, quan 1y 1di
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nguyén niGe, va gan day nhat 12 qudn 1y thong nhat va tong hop tai nguyén nuée. Cin
thi€t phai dinh nghia cdc thuat ngit ndy hodc it nhat ciing phai thong nhit cic khdi niém
dinh nghia mot cdch rong rai dé tat ca nhitng ai lam viée trong Iinh vuc nay ¢é mot khai
niém chung.

s Phdt trién 1ai nguyén mesce: céc hoat dong dua 161 viéc st dung hitu hiéu tai nguyén
nudc cho mot mue dich hoac nhiéu muc dich.

o Quy hoach 1ai nguyén nuéc: quy hoach, bao vé, phan phéi ngudn nudc giita cac
nganh ding nudc vi cdc hoat dong kinh € - x3 hoi: can d6i gilta nguén nude khai thdc va
nhu cau ding nudc; xem xét cdc muc tiéu, cac khé khan, tro ngai vi quyén loi ctia cdc bén
¢6 hén quan.

» Quan [y ta@i nguyén mée: toan bo cac hoat dong van hanh, phdp 1y, guan 1y, thé ch&
va ky thuat can thiét d€ quy hoach, van hianh vi quan Iy tai nguyén nudc. Noi maot cach
khic, quan ly tai nguyén nudc li mot qud trinh bao gém cé cac hoat déng quy hoach, thiét
k€. xay dung va van hanh he théng tai nguyén nudc.

Trong nhitg nam gan day, khai niém qudn 1y thong nhdt va téng hop 1di nguyén nuoc
da duge dung. Quan 1Y thong nhdt va téng hop tdi nguyén nude xét dén: (i) tit ci cdc khia
canh ty nhi¢n cla tai nguyén nudc; ii) nhitng d6i twong quan tam va cdc nganh lién quan;
iii) su thay d6i theo khong gian cilia tai nguyén nudc va nhu ciu dung nudc; iv) cic khung
chinh sach lién quan (tré ngai va muc tiéu quéc gia) ;v) céc cap thé ché.

Dé€ hoat dong quén 1 tai nguyén nudc cé hi¢u qua, can phai thye hién cic nguyén tic sau:

» Quan ly tai nguyén nudc phdi dugc tién hinh theo mot céch thie tong thé, nhat quin
va bén viing d¢ ddp ting dugc cac muc tiu phat trién va béo vé méi trudng.

* Quan ly tai nguyén nudc cy thé can phai duge phan cép quan 1y thich hop theo gianh
gidi huu vure,

» Céc dich vu cap nudc cy thé phat duge giao cho céc co quan tr chil va ¢6 trich nhié¢m
cua nha nude, tu nhan hay t3 chic tap thé thuc hién cdc dich vu cung cap nudc cé dinh
luong trong mot khu vuce dia 1y xdc dinh cho khdch hang hoiic cdc thanh vién trong to chiic
d6 voi mot mic phi phi hop.

« Su dung nude trong céng dong phai bén vimg - ¢6 ché do khuyén khich, kiém tra,
giam sét thuong xuyén, gido duc cong ddng nang cao hi¢u qua kinh t€, bao vé tai nguyén
nude va bao vé moéi trudng véi khung chinh sach cong khai.

» Tai nguyén nudc dung chung trong quéc gia va gilta cic quéc gia phai dugc phan
chia mot cach hi¢u qua dam bio ¢6 loi ich clia tat ca cdc ho sit dung nude ven song.

Qudn 1y thong nhdt va 16ng hop 1di nguyén miede s 1a mot cong cu hiéu qud dé thue thi
cdc nguyén tac trén.
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4.,2. Phat trién bén viing tai nguyén nwdc

Hién nay khéi nim vé phat trién bén vimg thudng duge hidu la: thé hé ngay nay slt dung
ngudn tai nguyén nudc hién cé s& khong gay ra nhiing rii ro cho the hé mai sau.

Quy hoach kém dén dén phat trién tai nguyén nuée khong bén vimg. Trén th€ gidi, nhicu
viing dat rong I6n nhung lai ¢6 rat it @i nguyén nude ngot. Mac dau nuéc mat duge coi 1a
ngudn tii nguyén c6 thé tdi tao dugc nhung chi chi€m 1,5% tai nguyén nude ngot trén
dat lién. Trong khi d6 lugng nudc ngot 16n lai 1a ngudn nude dudi dat (chi€m 98,5%).
Viéc khai thic qua mic hodc phd hoai cdc ngudn tai nguyén nude (vi du nhr gay o
nhiém) s& gay nén nhiéu téc dong xau dén viéc sir dung nudce trong tuong lai. Phat trién
bén viing tai nguyén nudc, ngoai khia canh bén viing vé co & vat chat, ben viing con thé
hién & cdc khia canh sau:

« Bén vimg vé k¥ thuat (cAn bang cung va ciu, can béng giita luong bo sung va lugng
khai thac nude dudi dat déi vai ting ngdm nudéc);

« Bén vitng v€ mat tai chinh (hoan lai von) ;

« Bén vilng vé xi hoi (6n dinh dan s6, én dinh nhu cdu, sdn sang tra cic khoan phi);

o Bén vitng kinh t€ (phét trién kinh t€, phuc loi, san xudt mot cich bén vimg);

» Bén vimg vé thé ch& (kha ning 1ap k& hoach, quan 1y va van hanh hé thong);

« Bén vitng vé méi trudng (khong cé cdc tac dong tieu cuc 1au dai hodc cac anh hudng
khong thé khac phuc duge).

Vin dé cot yéu cha quan 1y tai nguyén nude bén viig 1a su can bang gifta cung va cau
ctia moi mat hang va dich vy lién quan t6i nude. Hé thong tai nguyén nudc 26m cé cic
cong trinh thuy Igi (gdm c4 cong trinh tu nhién va nhan tao) va co cdu ha tang hanh chinh
(khung thé ché), cdc dich vu va hang hod d6i véi cdc ho sir dung nude, bao gom tat ca cic
hoat dong trong x4 hoi ¢6 st dung nuéc, khong xét dén viéc ¢ tiéu hao nudc hay khong.
Hé thong tai nguyén nuée chi cung cap nudc cho nhing ho sk dung nudc trén co sg ¢ nbu
ciu rd rang, thudng biéu thi qua viéc san sang chi tra cdc khoan phi, chir khong phai dira
trén co s& du bao hoac nhiing dy dinh mo hé. Loi ich 16 rang va tryc ti€p doi vo1 nhitng ho
str dung nude 13 mot diéu kién dé ddm bao su bén ving cla viée cung cip nudc ca vé mat
s& lugng va chat lugng.

C4c hoat dong phat trién tai nguyén nudc dién re trong moi quan h¢ qua lai gilra he
thong tai nguyén nude va ho ding nude. Cc hoat dong nay tac dong dén trang thdi cla co
s& 13i nguyén moi trudng va ci co s6 ngudn Juc xa hoi trong don vi khong gian lip quy
hoach (lwu vuc séng, viing hay quéc gia). Déng thai, cic hoat dong niy chi ¢o thé thue hién
durge néu duge tro gitip. Co s& tai nguyén moi trudng, bao gom tai nguyén nudc, tai nguycn
dat va he sinh thai. Co s& nguén luc xa hoi, bao gdbm nguén tai chinh, ngudn nhan luc va co
sG kién thic.
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Ngudi quan 1y ngudn tai nguyén nudc can thiép vio hé théng théng qua cic hanh dong:
Cung cdp cdc bién phdp da dugc dinh hudng, nhu xay dung co sé ha tang, khoan céc giéng
khoan, hoac xay dung cdc hé chita va thong qua cdc bién phdp dinh huéng dé dép Ung cdc
yéu cau. Ngudi quan 1y tai nguyén nude nhan phan héi tir trang théi cha co s& ngudn cia xi
hoi hay ¢o 0 tai nguyén moi trudng va thuc hién lai cdc hanh dong.

Trude day, ngudi quan 1y tai nguyén nude tép trung hau hét chii § vio viéc cung cip
nuSe, nhieém vu chinh 13 ddp ting nhu cdu ngdy cang tang cla cdc k& hoach sit dung
nuée theo cdc phuong dn cung cdp nude. K&t qua 13, & nhiéu noi trén th€ gidi, cic
phuong an hap dan nhét déi v6i phdt trién co s¢ ha tdng tai nguyén nude di duoe thuc
hi¢n va & nhieu noi kho ¢6 thé c6 cdc phuong dn kha thi nao khic d# tang them lugng
nudc cung cap. Khi nhu ciu ding nuée tang cao nhu hién nay v du dodn s& ting nhiéu
hon n{ta trong nhing thap ni¢n (i, van d¢ thi€u nudc sé hét sikc trim trong. Noi tém lai,
vige gia tang nhu cdu ding nude 12 khong 6n dinh va cdc vén dé nay phai duoc gial
quy€t ti€p trong tuong lai.

4.3. Cac nguyén tac co ban trong phat trién va quan 1y tai nguyén nuée duéi dat

» Quan ly théng nhét nguén nude dudi dat va nude mat;

* Sir dung két hop nude dudi dat va nude mat. Triét dé st dung cdc uu diém chia ting
ngudn dam bao dat hiéu qud cao nhét va bao vé moi trudng tu nhién;

» Khai thdc tong hop tai nguyén nudc, bao gdm ci tai nguyén nudc dudi dat - noi ¢6
chét lugng nude t6t. Can phéi wu tién nude cho muc dich sinh hoat trudce, khi du thita méi
st dung cho cac muc dich khdc. Mic do wu tién cho cic muc dich khdc phu thudc vao hiéu
qua kinh t€ cita viéc sir dung nudc va thit ty thdi gian khai thic st dung;

» Céc chinh sdch, van ban phdp quy va cdc tiéu chudn k¥ thuat phuc vu cho phit trién
va quan ly tai nguyén nuéc dudi dat phai phit hgp véi diéu kién dia chat thuy van, mic do
sir dung nudce, di€u ki¢n kinh t€ xa hoi, trinh do phdt trién va tap quan cha timg viing.

4.4. Cac ndi dung chinh cua cong tac quan 1y nha nudc vé nude dusi dit
» Xay dung chién luge qudc gia vé phdt trién, quan 1y, bio vé nude dudi dat;
» Xay dung quy hoach, k& hoach phat trién, quan 1y, bao vé nuée dudi dat;

e Quan 1y dicu tra co ban vé nudc dudi dat:

» Quan 1y khai thic nudc dudi dat;

¢ Quan ly cong tic bao vé nude dudi dat;

» Quan 1y viéc b sung nhan tao cho nude dudi dat;

 Quan ly quan tric dong thai nude dudi dat;

» T8 chitc va chi dao thyc hién cic cong viec sau:
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- Kiém ké ngudn nudc dudi dat, xay dung ngén hang dif liéu vé nuéc duéi dit, cdp so
dang k¥ c¢ong trinh khai thac nuée dudi dat;

- Diéu hoa phan phdi nudc dudi dat;

- Cip, diéu chinh va thu hdi gidy phép khal thac nude dudi dat, tiéu thodt nude dudi dat
va xa nudc thai vao long dat,

- Giam sat va thanh tra, Kiém tra viéc thi hanh Luat Tai nguyén Nudc, viéc khai thdc
nudc dudi dat va cac hoat dong lam 6 nhiém nudc dudi dat;

- Gial quyét cac tranh chap, khidu nai va (6 tung vé ngudn nudc dudi dat ma Viét Nam la
mot bén k¥ két hoac tham gia;

- Scan thao cdc van ban dudi luat phuc vu cong tac quan ly nude dudi dat;

Theo Luat Tai nguyén Nude duge Qudc hoi thong qua ngay 20 thdng 5 nam 1998, tham
quyén ciia cic co quan quan Iy nude dudi ddt nhu sau:

+ Bo trudng Bo Nong nghiép va Phdt trién Nong thon chiu trach nhiém truée Chinh phl
vé viéc thyc hién chic nang, nhiém vu quan 1y nha nudc vé tai nguyén nude dudi dat.

« Cac co quan khic & Trung wong phéi hop vai Bo Nong nghiép va Phat trién Nong
thon trong cong tac quan 1y nude dudi dat.

« Céc co quan quan 1y nhi nudc va cic co quan ¢6 thaim quyén khdc thuoc Bo Nong
nghiép va Phdt trién Nong thon chiu trdch nhiém trudc Bo trudng thyc hién chic nang

nhiém vy quan ly nudc dudi dat.

+ Cic co quan guan ly nude ¢ dia phuong, Uy ban Nhan dan cic cap quan 1§ thi nguyén
nudc theo tham quyén duge phén.

+ Bo Cong nghiép thyc hién céng tic diéu tra cg ban vi quan tric nude dudi ddt theo
yéu cau ctia Bo Nong nghiép va Phat trién Néng thon duge Nha nude phé duyét. Cung cap
cdc tai lieu thu thap dugce cho Bé Nong nghiép va Phat trién Nong thon.

« Bo Xay dung, Bo Cong nghiép phdi hop vdi Bo Néng nghiép va Phat trien Nong thon
trong viéc lap quy hoach khai thic nudc duéi dat dé cung cip cho cdc do thi, thanh phd.

o Cdc Bo, nganh theo chirc nang va nhiém vu clla minh, phoi hop véi Bo Néng nghi¢p
va Phat trién Nong thon thuc hién 16t cong tac quan 1y va bao vé nuée dudi dat.

o Cic ho tham do va khai thac nudc dudi dat c6 trdch nhiém cung cip day du cdc dir
li¢u v& tham do va khai thic nuéc dudi dat cho Bo Nong nghiép va Phit trien Nong thon.

o Cic tai liéu vé diéu tra co bin vé nuéc dudi dat duge bd sung va luu trir thudng xuyén
vao ngan hang dix lieu Qudc gia vé nudce dudi dat dat tai Cuc Qudn 1y Nudc & Cong trinh
Thuy loi va ducge cong bo hang nam dé cdc nganh st dung.
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Viéc phit trién 161 da nguén nudc ngdm cho cdc muc dich kinh t& va xa hoi cin duge
hi€u nhir van dé quy hoach hoan chinh mot lvu vuc. Can nhan thifc rang luu vuc & day 1
mot hé chita nude ngdm va viée st dung nudc cia mot hé nay s& ¢6 anh hudng dén
vi¢c cdp nude cha cic hé khdc. Cac muc tiéu quan Iy phai duoc lua chon dé phdt trién
va van hanh cdc bé chita ngdm. D¢ lam duge diéu nay, doi hoi con ngudi khong chi
nghién ciu vé dia chat thuy van ma cdn phai nghién ctu cdc linh vuc vé kinh t&, tai
chinh, phdp luat va chinh tri... Viéc phét trién kinh € t6i uu nguén nude cla mot luu
vic doi hoi phai ¢6 su nghién cdu tdng hop, su phdi hop st dung nudc mat va nude
ngdm. Sau khi ddnh gid dugc téng lugng nudc va chufin bi cho nhitng ké hoach quin
ly thi can phai c6 cic quyét dinh thuc thi bdi cdc co quan chifc nang cua nha nudc va
t6 chiic chuyén nganh.

V. NHONG NOI DUNG VE QUAN LY LUU VUC NUGC NGAM
5.1. Khai niéem

Quan 1y luu vuc nuéc ngdm bao gém cac chuong trinh phat trién va sir dung nguon
nuée dudi dat cho nhitng muc dich da dé ra, ma phé bién nhit 1 cdc van dé vé kinh 1€,
xa hoi. Nhin chung, diéu mong muén cla ching ta la 15y dugc lrong nudc ngam 1én nhét
v6i chat lugng cho phép va gid thanh ré nhat. Vi luu vuc nuée ngdm dugc xem nhu mot
bé chifa ngam, song do céc dic tinh thuy van dia chat, nén viéc 1y nudc thong qua cdc
giéng & vi tri nay s& dnh hudng dén chat luong nudc phai 14y & tat cd cdc vi tri khic trén
luu vuc.

Nubc ngdm dige khai thic nhu cdc tii nguyén khdc nhu dau, hoi dét, song day lai 1a
mot nguon khd dac biét vi né 1a mét ti nguyén ty nhién c6 thé tu hoi phuc. Vi vay, khi dao
gi€ng, chung ta luon nghi ring nguon nudc 1 vo tan va khong can véi thoi gian. Nhung
trong thuc ¢, diéu nay chi xay ra néu 16n tai can bing giifa nguén nuée tra lai cho luu VU
tir bé mat va lugng nude bom lén tir céc gieng.

Vige phdt trién va sir dung nudc ngdm ban dau chi 13 mot vai giéng nim rii réc trén luu
vue, song s6 giéng dao ngay cang nhiéu lén va dén mét lic nao dé luu lugng 1ay kén vuot
qud Juu lugng bo sung lai cho cdc bé ngdm. Sau thdi diém nay, néu tiép tuc khai thac nudc
ngdm ma khéng ¢6 su quan 1y s& dan dén lam can kiét va phd huy cic bé chia ngam.

Céc du bio vé yéu cau ding nudc trong twong lai da chi ra rang: khong hoic thi€u su
quan 1y cdc bé chita ngam thi khong thé hy vong tiép tuc ¢6 du ngudn nude cho cic muc
dich kinh t€ va xa hoi. Muyc tiéu quan 1y s& bao gém: sl dung kinh t&€ nguén nudc ngam va
cung cap mot cach lién tuc dé ddp dng nhu cdu ngay cng tang kén ctia ngudn nudc ngam.

Mot s6 uu diem va han ché ciia cdc bé chita ngdm va chiia mat duoc tém tit & bang
duéi day.
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Nhimg wu diém va han ché clia cac bé chira ngadm va mat

Ut diém cta bé chita ngdm

Han ché& hé chita nudc mat

. O nhiéu nei dusi long dat;
. Khong hoac it bdc hot;

. Khéng chiém mat dién tich;

EONL VL

. Khong s¢ nguy co bi pha huy;
. Nhiét do nudc khong thay déi;
. Kha sach;

-1 h Ln

. Khong bi nhiém phdng xa va cdc chat thai
phéng xa;

8. Khong cdn hé thong dan nutde dé sir dung
hodc néu cdn thi khong qua 16n.

. Chi c6 thé dat tai vi tri thuan lgi;

. T8n thdt do béc hoi la ddng ké;

. Mt dién tich dat khd rong;

. D€ bi cdc hu hong va phé huy,

. Nhiét do nudc dao dong theo thd gian:
. Tir bdn cho dén r4t ban;

. Dé bi phéng xa;

~1 O Lh s W e

8. Cdn kénh muong dan nudc di xa.

Han ché cia bé chita ngim

Uu diém hé chffa nude mat

1. Mudn ¢6 nudc can phéai bom;

2. Chi ¢ trit va dan dén sir dung (1 muc dich);
3. Trong nudc ¢é nhiéu khodng chat;

4. Lwu lugng khong qua 1dn;

5. Khong cé-ddu nude cho thuy dién;

7. Viéc cap nudc trd lai (kha nang khoi phuc)
phu thuéc nhiéu vao diéu kién bé mat;

8. Nudc hdi quy cin phai xr 1y kha dat trude
khi tra fai cdc bé ngdm.

9. Bao dudng dat va khé.

6. Khé va dit cho tham do d4nh gid va quan 1.

1. Ty chay;

2. C6 thé sit dung da muc ticu,

3. Thong thudng it khodng chit;

4, Luu lugng 16n;

5. Kha nang thuy dién 1on;

6. Tuong doi dé trong viéc ddnh gid, tham do
va quan 1y,

7. Kha niing khoi phuc truc tiép tir mira;
8. Khong yéu cdu cao vé mat xu Iy,

9. Théng thudmg bao duding dé.

5.2. Phuong trinh can bang nuée

Dé quan 1y cac luu vuc ngdm thi can phai cé nhiing ki€n thdc va hiéu biét vé tong lugng
nuéc ngam cé thé khai thac duge. Viée xdc dinh nguén nude hitu hiéu trén luu vue doi ho
d4nh ia cdc thanh phén trong phuong trinh can bing nudc.

So d6 chia hé thdng ngudn nudc cdc luu vuc trong diéu kién tu nhién duge mo ta trong
hinh 7-10a. He thong sir dung nuéc ngdm dé thi va cdc viing phu can duge mo ta trong

hinh 7-10b.

Vong tudn hoin nudc cho mot fuu vue ngdm bat ky phai ton tai can bing gilfa lugng
cung cap cho luu vye va lugng ra khéi luu vyc. Phuong trinh can bang bi¢u dién nhu sau:
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Hinlt 7-10: S0 doé vong tuan hoan niée
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Dong chay mat dén + dong chay Dong chdy mat di + dong chay ngdm

ngam dén + mua + luong nhap vao  di + lwong nudc di sir dung + nudc
lvn vue + giam lugng trd mat + thodt hwu + tang lugng trir mat + tang
giam lugng trit ngam. lugng trir ngam.

Trong phuong trinh nay, tat ca cdc thanh phan nudc di va dén, trén mat va dudi dat
di dugc biéu dién. Trong nhitng trudng hop cu (hé ¢6 thé bd qua mot s6 thinh phan néu
thanh phan dé rat nho hoac khoéng anh hudng dén két qua tinh todn. Vi du tang ngam
nude ¢é ap ¢6 can bang nudc doc 1ap voi dong chay trén mat, do vay dong chay trén
mit, mua, nuée ding, nudc nhap luu va thodt luu, thay déi lugng tri c6 thé bo qua trong
phuong trinh.

Phuong trinh ¢é thé dp dung cho luu vuc ¢6 dién tich bat ky. Tuy nhién, vdi ¥ nghia day
da nhat thi moY luu vye nudc ngadm, mot ting ngadm nude hoac méot luu vyc song la nhimg
don vi tot nhat.

5.3. Cac van dé can thiét khao sat, thim dd luu vue ngam

M@t céch 1y tudng, trude khi phét trién nudc ngdm thi can tién hanh viéc tham do, khao
sat ¢cac ngudn nudc ngam. Trong thuc t€, diéu nay kho thue hién, thay vao dé, vin dé duge
xem xét hoac sau khi da phat trién kha toin dién, song cén tiép tuc hoan thién hon, hoic do
phét trién qud mifc ¢6 thé ¢ nguy co pha huy cdc bé ngdm. Cic vin dé khao sat, diéu tra
ciing chi lam & khu vuc cin cap nuéc ma thoi.

Thong thudng noi dung cla van d€ nay lién quan dén viéc ddnh gid vé lugng cling nhu
v€ chit cua nhiing nguén nudc ngam dang khai thic hoac xdc dinh anh hudng nhan tao
hoic cdc hoat dong kinh t€ xa hoi dén cdc ngudn nudc ngam.

Viéc tham dd, khao sdt quén 1y nguén nudc thuc hién theo cdc budc thé hién trong hinh 7-11.

Cic van dé nghién citu quan 1y nude ngdm duge thue hién bdi cdc co quan chuyén mon
va thong thuong duge tién hanh qua 4 giai doan sau:

1. Pdnh gid so bo: dira trén nhitng bdo cdo clia cdc chuyén gia dua ra nhitng kha nang cé
thé quan 1y cho mot khu vire x4c dinh.

2. Tham do: budc nay nghién citu cdc kha nang ¢6 thé mo hinh hod cdc ké hoach quan 1y
ngudn nudc cho mot luu vie xdc dinh bao gém ca tinh todn kinh t& (chi phi va lgi ich).
Viéc tham do dua ra nhiing s0 li¢u can thiét va gidm dén muc thap nhat viéc thu thap nhitng
s0 liéu madt. Vi viéc nay rat khé khan va ton kém.

3. Kha nang thuc hién: budc ndy doi hdi cén ¢6 nhing phan tich ti mi, chi tiét vé k¥
thuat, kinh t& va loi nhuan dé dam bao ring cong trinh da duge chon 1 t6i wu.

4. Xdc dinh cdc cong trinh: budc nay bao gém nghién cu quy hoach xac dinh cédc dac
diém cu thé cla cong trinh dd duge lua chon. Bo cdo 16ng quan s& 12 tai liéu co ban nhat
cho cdc thiét k& cudi ciing va chuan bi cho viéc tién hanh.
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Phan loai M3 phdng cac muc tidu Xac dinh cac '
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kh&o sat

Hink 7-11: Chién lugc qudn 1Y ngudn mede

3.4. Thu thap tai liéu va cong tic thuc dia
Cac 1ai liéu va cong tic can thigt & nhimg vi tri du dinh tham do Koic cé kha nang
.nghién citu cho quan 1y cde luu vuc ngam s€ duge giGi thicu mot cach tém tit dudi day:

a) Tai liéu dja hinh gém do vé ban d8, anh may bay cdc khu vuc ddu msi. Cac tai lieu
nay gilp cho viéc dinh vi cdc gi€ng khoan, do dac muc nude ngdm...

b) Tai liéu dia chat: cdc ban d6 dia chat trén mat va dudi dat cung cap nhiing dif licu co
ban v€ hinh thanh va chuyén dong clia nuéc ngam. Vi vay né la tai liéu co ban cho cic
nghién ciu kha thi. Cac tai liéu dia chat dé phan tich dia tdng. Tai licu bom kiém tra dé xdc
dinh cdc thong 56 cla tdng ngam nudc. Cic miu nudc dugc phan tich cho phép xic dinh
cdc bé ngdm va sy phét trién clia né, cde viing nudc ¢é dp va cdc viing nude khéng ap, viing
sut 1Un, viing chdn nudc va cdc cau tric dia chat dic biét,

¢) Tai licu thuy van: muc dich clia viéc thu thap tai lieu thuy van la dé thiét lap phuong
trinh can bang nudc. Céc tai lieu gém cé:

L. Dong chdy mat dén va di khéi luu vire, nhap luu va xuat Luu € luu VUC;

2. Tai liéu mua;

3. Tai liéu st dung nude, chit yéu cho vung nong nghiép;

4. Tai li¢u thay d6i trit lugng nude va thay déi 4m:

5. Thay d6i trit lugng nudc ngam;

6. Dong chdy ngam dén va di khoi luu vire.
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VL. MOT SO KHAI NIEM VE LUU LUGNG
6.1. Luu luveng khai thac

Néu luu lugng 18y Ién vuot qud luu lugng hoan trd lai tdng chua, thi xudt hién khdi
niém lru luong khai thic, Luu lugng nay 14 han ché, né t6n tai dén khi toan bo luong
trit ngdm bi riit hét. Rat nhiéu luu vuc ngdm hi¢n fay da bi khai thac can kiét. Néu tinh
hinh nay xay ra thi kinh t& cdc dia phuong (noi chi yéu sif dung nudc ngdmy) s€ bi thay
d8i hodc 1a chiing ta phéi han ch€ viéc diing nude hoac can phdi ¢é bién phip nhap nudc
tra fai cho luu vuc. Rat nhiéu luan chiing khdc nhau da ching to khai thdc thanh cong
nudc trong ting chifa nudc. Ngudi ta cho rang nudce nay s€ khong ¢6 gid tri néu nhu no
khong duoc st dung. O nhitng viing khé han, chang han sa mac Sahara, noi nude ngam
khong dugc bé sung thudng xuyén tir trén mat thi bat ¢ mot sy can thi¢p nao vao nudc
ngdm ciing ¢6 y nghia 1a ldy tir lugng trix trong dat, song do yéu ciu phat trién kinh t€,
viéc nay van dugc tiép tyc thuc hién. V§i viéc quan ly phu hgp cong théem vdl viée bao
vé ngudn nudc, cdc bé ngdm d6 van ¢6 thé khai thic duge tir hang vai chuc nam dén vai
{ram nam.

6.2. Luu luong thuéng xuyén on dinh

Luu luong thudng xuyén 6n dinh cha luu luong ngdm duge dinh nghia nhu 1a Tuu luong
nudce 14y 1én mot cach én dinh trong céc diéu kién van hanh cu thé ma khong gay nén
nhitng hau qua x&u. Bat cit mot su vugt qud luu luong &n dinh thudng xuyén nao s&€ dan
dén hién tugng "ding qud tAi". Néu hi¢n tugng diing qud (ai 1i€p tyc xay ra s& dan dén
anh hudng x4u nghiém trong dén cdc diéu kién kinh t&, xd hdi va moi truong. Bicu d6
dung nudc ngdm nhd hon Iuu lugng thudng xuyén én dinh bi¢u dién trén hinh (7-12a),
& hinh nay nhap luu do nudc héi quy i6n hon lugng ding va nuéc ngam s& chay ra
khoi bé chita. Néu luong nudc hdi quy bang luong nudc ngdm lay lén thi myc nude
ngdm vira ngang bing véi ngudng tran va s€ khong ¢6 hién tuong mét nude do tran
ngam (hinh 7-12b).

6.3. Luu luong 6n dinh gia cudng

Khai niém nay gan vdi hai giai doan bom véi luu lugng khdc nhau. Liic dau bom véi fuu
luong vuot qud lwu lugng thudng xuyén 6n dinh va ket qua 1a muc nudc ngdm s€ bi ha thap
duéi ngudng tran. Viéc 1dy nudc ngam vuot qua luong khong ch& nay khong hé tao ra bat
ctt 4nh hudng xdu ndo, ma nudc 18y 1én gid thanh lai thap khong ¢4 nude thira chay di va
trdnh duoc tén that boc hoi lén trén bé mat do myc nude ngdm cao. Sau khi bom dén mot
muc &n dinh trude, huu lugng bom duge gidm xudng sao che luu fuong 6n dinh thudng
xuyén hay cin bang véi nudc hoi quy tir mat xudng.

Néu dung tich trit k&t hop cang 16n thi luong nuée hoi quy cang 16n va tat nhién hru
luong 1dy lén duge cang én. iéu nay duge bicu dién trén hinh (7-12¢).
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Mat dat A 0N

Nguéng tran h

Mt dat

b) Bang Iuu Iugng 8n dinh

Bom Ién Héi quy

Mat dat

Ky hiéu :

= Dung tich trit

— Dung tich cén thiét
e
22 giéu tiét nubc hdi quy

=223 Nudc trif trong bé ngdm

¢) Vuot luu ludng 8n dinh

Hinh 7-12: Quan hé luong trit nudc ngam

6.4. Luu luong 6n dinh 16n nhat

Khai niém nay gan véi téng lugng nuéc ngdm 16n nhat c6 thé 14y lén mot cach thuong
xuyén néu nhu dp dung cdc phuong phap t6i da dé tra lai nuéc cho cic luu vuc ngdm. Trén
thuc t€, lugng nay phu thuoc vao téng lugng nuéc c6 ¥ nghia vé mat kinh t&, xa hoi, chinh
tri d6i v6i mot cong dong hay mot t6 chic ndo dé. Song rd rang rang néu luong nudc héi
quy ca .ty nhién va nhan tao cang 16n thi luu lugng 6n dinh cang 16n.



Dé dat duge luu lugng 8n dinh 16n, can quan 1y huu vuc nhu mot the thong nhat, hi¢u qua
va tinh kinh t€ clia né doi hoi ring tat ca viéc bom nudc, nhap luu v phan phai nude phai
ducce lam dé loi nhuan ciia hé thong quan 1y 1a 16n nhat. 3 nhitg noi nude mat c6 thé bo
sung cho nude ngam thi hai nguon ndy cdn duoc sir dung két hop. Viéc sit dung ket hop s&
cho hiéu qua kinh t€ I6n hon viéc su dung doc lap.

6.5. Panh gia hru luong on dinh

Tir viée nghién citu mot s6 khai niem luu lugng cho chiing ta thay ring rat c6 thé ¢é mot
hoic mot vii hau qua xau do bom nuée ngam. Luu lugng thudng xuyén 6 thé thay doi khi
thay déi lugng nudc hdi quy va st dung nudc.

Néu nudc ngam duge xem 12 ngudn <6 kha nang tu hoi phuc thi chi ¢6 mot luong xéac
dinh cia nudc ngam lay lén thudng xuyén ma thoi. Luong nuéc ngim L6n nhit ¢6 thé khai
thic duge md khong pay nén nhitng danh hudng xdu, phu thude vao luu lugng thuong
xuvén 6n dinh. Do vay viéc ddnh gid luu lugng thudng xuyén la moét cong viée vo cung
quan trong.

V¢ co ban luong nude ngdm duge bd sung hodc tir phén trir trong cac 16 rong cua dat,
hodc tif cdc ngudn nudc hoi quy tir bé mat. Nguén bé sung nay 1a rong khap va truc tiép néu
bé chita ngdm 13 bé khong dp va né duge cip xudng tir cdc cira tiép nude néu tang chia
nude 1a cd ap.

Nhu vay ré rang rang huu lugng 6n dinh c¢é xu the thay déi theo thoi gian vA viée xdc
dinh luong nudc 8n dinh clia mot luu vue bat ky can dya trén nhimg didu kién cu the ¢ xét
téi sur bién dong cua diéu kién dé.

Thong thudng ngudi ta sir dung nude ngam khi thay can thi€t va chi dén khi luong nude
lay len khong ddp ing duoc yéu cdu cén sir dung nita thi ngudi ta moi nght dén viee danh
gia lai ching. O nhitng luu vuc ma s khai thic chua nhiéu, noi ma can bang 1y nhién gitia
nudc dén va di con ton tai thi ching ta chua quan tam dén viéc danh gid céc thanh phin
trong phuong trinh can bing nudc. Song & mot trinh do phit trién nao dé thi can phai ¢6
su danh gia mot cdch chinh xdc va than trong timg thanh phén trong phueng trinh can
bidng nudc.

Luu luong 6n dinh thay déi véi muc nude ngdm, vi vay néu muc nuéc ngam ha thap,
dong chiy ngdm dén sé tang lén va dong chay di s& giam. Nudc héi quy tir cdc cira nhan
nude s& tang lén va luu lugng nude (U cdc cla song sudi ngdm lai giam xuong. Neéu muc
nudc ngdm tang 1én s& gay nén nhitng k&t qua nguogc lai. Trong trudng hop nude héi quy la
thod man, luu luong thudng xuyén én dinh va ti 1& vdi lugng nude 1ay 1én, song luu luong
thudmg xuyén 1én nhat thi phu thude vio cde dicu kién vé luat dung nude va kinh te.

Cac lwu vuc ngdm khong ap nhan nudc tir cde ngudn héi quy ddy di ¢6 the tang luu
lugng thudng xuyén 6n dinh khong nhimg lam tang luu lugng bom lén ma con ¢ thé thay
déi ché do bom nude. Néu mat do giéng day, dat gdn cic ngudn hoi quy thi s€ tang lugng
dong chiy dén. Viec bg tri hop 1y h¢ théng giéng bom c6 the lam tang luu luong ma khong
can phai tang cong sudt mdy bom.
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Hinh (7-13) biéu dién nhitg noi dung da trinh bay & trén. Trong hinh (7-13) dong sudi
duge xem la nguén nude héi quy chil yéu. Bang viéc di chuyén hé théng giéng bom dén
gidn ngudn nuée hoi quy hon, thi lugng nude 1y lén s tang lén, song cling lam cho dé déc
nude ngam khu vyc susi tang lén. Véi cdc bé chita ngdm c6 ap thi luu luong 8n dinh phu
thudc vao luu twong chay qua tdng ngam nude.

Baigiengel  Mat gt

Muc nude
., hgam
Bé chifa khdng ap —e=

L PR S s S

Tang khong tham
bj

Hinh 7-13: Tdng luu lugng thudng xuyén on dink bang cdch dich chuyén
hé thong giéng bom dén gdn ngudn meée héi quy.

Vi céc bé kha 16n va luu lugng bom lén rét nhd thi hwu luong thudng xuyén 6n dinh
khong hé bi anh hudng. Sau nhiéu nam van hanh, dudng mat nuéc cé dp s& bi giam thap
dan. Bén canh nhiing thay déi bang cong tdc dién hanh cdc bé ngim da néu lén & trén, luu
lugng thudng xuyén on dinh cling con bi thay déi do nhimg thay doi tir tir hoac dot bién
trén luu vue. Su thay déi cay tréng, tham chi thay déi mia trong trot, do sau tang ré... lam
thay doi luong thim bé mit, dan ti viec thay déi muc nudc ngdm. O nhilmg viing doé thi,
not luong dong chay mat cling nhu lugng nudc thai rat 16n thi luong nudc héi quy bi giam
xudng, dan 16i sv giam thap luu lugng én dinh clia nude ngam.

VII. CAN BANG MUOI

De sir dung nguén nude ngdm mot cach lau dai yéu cau luong mudi trong luu vuc khong
duge phép tang 1en theo thdi gian. Can bang trong thdi gian phai dam bao:

=i
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Trong d6: Cy, la néng d6 mudi tng véi lyu lugng lan thit i dén hoac di khoi luu vue.

Trong thuc t&, diéu kién trén khong thé ton tai vi hdu hét moi ngudn diing nude deu dua
thém cdc chat hod tan va cdc mudi viio nudc ngam théng qua nudc hoi quy.

Mudi dua thém vao ngudn nudc ngdm do vat chit hoa tan duge mang theo tir nuée mua
vi cdc ngudn tir bé mat va sdt mat, dac biét tit cdc md muéi va nude bién thdm thau vao céc
bé ngam. Hién twong boc thoat hoi 1am mot phin nudc thoit ra, dan t6i nong do mudi trong
nude ngdm tang lén. St dung nudc trong cong nghiép, do thi, trong noéng nghi¢p (s dung
cdc hod chat, phan bén, thudc tri sau)... s€ 1am tang lugng chét hoa tan trong nudc. Mudi di
khoéi ngudn nuéc ngam do bom, tiéu nude va nude chay ra tu nhién trong long déat cung cap
cho song sudi. Van dé mudi trd nén v6 cling quan trong khi ding nudc ngdm cho nong
nghiép, cdc ving kho han va ban kho han. Néu mye nude ngim cao ma thi€u h¢ thong ticu,
dan 16 su tich tu cla mudi, phd huy dan dat nong nghiép. Néng doé mudi trong dat phu
thuoc vao diéu kién cu thé & timg dia phuong, nhimg noi cé myc nudc ngdm thap cé he
thong tiéu 6t thi s& han ché duge mdc do nhiém man cia dat.

Cin nhan thiic mot cach ding dan ring: Nudc ngdm & mot luu vuc duge xem la t6t néu
nhu can bing mudi duge giif vimg. Mac dii ¢d thé tang lugng nude can sit dung nhung trong
truong hop d6 ciing cdn thiét phii tang lugng nude hoi quy. Bang s6 liéu dudi day cua mdt
iuu vue hé Tulare, California - USA (lugng mudi tinh bang tan).

bac trung 1970 1980
Luong dén:
- Tl nude mura 23 25
- Dong chay song sudi 357 357
- Nhap luu 326 846
- Cai tao dat 476 543
- Phan hod hoc ‘ 176 190
- Chat thai do dong vat 51 35
- MG rong cac ving dit méi 0 771
- Nuéc ban do thi 38 44
- Dong chay mat tir 46 thi 7 8
- Nudce thai cong nghiép 28 30
- Nuéc thai cong nghiép dau 182 5
Téng cong 1664 2874
Luong di
- Ddng chay ngdm 35 102
- Trén mat va ngdm 0 545
Téng cong 35 647
Luong muds tich dong tang 1én 1664 - 35 = 1629 2874 - 647 = 2227

Qua bang ching ta thy rang ¢4 2227 tin mudi tich dong trong luu vyc va ham lugng
muéi trong nudc tang 1én tir I = 4 mg/l. O ving kho han con s¢ nay cé thé 1én t6i tir
10 + 30 mg/l trong mét ndm.
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VIIL QUAN LY LUU VUC BANG VIEC SUDUNG KET HGP NGUON NUGC

Viéc sir dung ket hop ngudn nuée mat va nude ngdm 1a mot hinh thiic phdt trién nguén
nudc dat t&1 muc dich 161 vu nhat.

Nudc mat duge gild trong cdc hé chia sé cung cdp mot phin cho nuée ngdm. NG lam
nhi¢m vu cdp nuée thudng xuyén. Cic bé ngdm dugc xem nhu mot nguon du trir dé sl
dung trong nhitng nhém nam nguén nude trén mat it, né s& dugc bé sung trd lai khi lugng
mua va nudc mat vuot qua yéu cdu sit dung. Chinh sir dao dong ndy din dén su dao dong
trong tng cua muc nude ngam.

Trong thdi ky luong mua vuot qud trung binh thi ngudn nude mat khéng nhitng di cung
cap cho yéu cau sir dung ma con bé sung mot phan lam tang lugng trlf ngdm v muc nudc
ngdm tir tir dwge nang 1én gdn mat dat. Nguge lai trong thai ky kho han, nude mat khong
con du ddp Gng yéu cdu dung nude nita thi lugng trit ngdm duge rit din ra dé bil them vao
phan thi€u hut clia nude mat va mue nuée ngdm lai tir tir ha thap. Su diéu hanh ké&t hop cho
phép & mot gidi han nhat dinh. 6 chinh 1 phan dung tich trf luong nudc héi quy va cho
phep rit moét phan nude trong cac 16 hdng cua dat. Quan ly Iuu vue bang st dung két hop
nguon nude [a mot ky thuat kha tdng hop va phitc tap doi hot phai ¢6 kien thire diy di vé
phan bd ngudn nuée, nude héi quy, bom va quy trinh van hanh hé théng.

Nghién ctu quan ly st dung két hop doi hai phai ¢6 cdc tai lien vé nude mat, nudc
ngdm, céc diéu kién dia chat; vé hé théng phan bo nguon nude, ngudn va vi trf nudc thai...

Sau day ching t6i xin néu ra mot so dé tdng quat cho viée nghién ciu st dung két hop
nguén nudc (hinh 7-14).

Bang dudi day cho ching ta nhiing nhan thidc téng qudt vé& tinh wu viét va nhiing khé
khan khi str dung k€t hop ngudn nuée mat va nguén nuéc ngam.

8 dung két hgp nude mat va nuée ngam

Uu di€m Nhuge diém
[. Giam nhd quy mo6 1. Tiém nang thuy dién giam
2. Giam nho hé thong tieu 2. Nang luong tiéu hao cao hon 18y nude ngam
3. Giam tén that do thdm va béc hai 3. Nhiém min tang
4. Gidam lit 4. Van hanh h¢ théng phiic tap
5. Giam kha nang d6 v clia cong trinh 5. Dé sut lin
6. Thuén lgi trong viee b trf co ciu cay réng
va nguén nudc

Nhimg nguyén tac co ban vé diéu hanh va quan 1y nhiing lvu vire ngdm - dva trén nhitng
nguyen tac dé tao ra so do quan 1y ngudn nude t6i wu - bao gom nhimg di€ém chinh sau;

1. Tét ca cdc ngudn nude mit va nude ngdm trén luu vuc hoac don v; lanh thé phai duoc
khdo sat, ddnh gid ti mi d¢ ¢6 k€& hoach sir dung mot cich kinh 1€ nhét, déng thoi né ciing
can duge bao vé dé dat chat luong tieu chudn. :
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Hé théng phan bo nude mat phai duge ket hop vé6i he thong cac bé ngdm tao nén mot thé
théng nhit c¢6 lgi nhat vé kinh 1€ va tién lgi trong viéc sir dung.

Céc co quan chuyén mon can phai c6 kién thiic ddy du va co s& vat chdt hién dai dé quan
1y va van hanh hé thong ngudn nude.

Phan loai ban chat cla bai toén J

e
Lo

3
Nhan thifc trinh dé phét trién
L cla haitoan

3

Nhan thifc ban chat vat ly
va luét nudc

X&c dinh cac thanh phan co
y nghia clia hé théng

X

Thiét lap ham mue tiéu

Thiét 1ap md hinh r .
e 1ap Mo n «—|  sglieu
hé théng

3
Kiém chiing Tiéu chuén k¥ thuat,
Kinh t&, xa hoi

md hinh

Y
Ung dung |

Y —

huc tié r
\ Thy tien Nghién ity |———"| K&t thic
san xuat

Chinh sach t6i u. -

y
Thuye thi chinh sach téi vu l

Keét thlc i

Hinh 7-14: So dé hod viéc nghién citu hé thong it dung 16ng hop nguon midc
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BAI TAP CHUONG VII

1.
a) Lam the nao dé xic dinh duge EC clia miu nudc ngam?
b) Mau nudc ¢é TDS = 6.400 mg/l, tinh toén dién & riéng (ohms/cm) cia mau dé?
2.
a) Lam the néo d€ xdc dinh d6 pH cia miu nudc trong phong thi nghiem?
b) Gia su mau nude c6 pH = 8,5, do pH s thay déi nhu the nao khi:
- Néu thém vio méu nudc dé 10 giot axit manh.
- Néu thém 5 giot nude cat vao mau nude.
- Néu thém 5 giot dung dich NaOH viao mau nude.
3.
a} Quy trinh d€ xdc dinh TDS trong mau nudc?
b} Xdc dinh TDS (mg/1) cha méu nude ngém tir 56 liéu thi nghiém sau:

- Trong lugng cua dia thi nghiém : 54,5505 gr;
- Luong nude cha mau : 250 cc;
- Trong luong ciia dia + chat sy kho : 54,7565 gr.
4. Phan tich hod hoc méu nuéc ngam 4y tir hé khoan A cho céc s6 liéu dudi day:
Nguyén t6 $i0; | Ca | Mg | Na |HCO;| so, | < | Tps |
© Noéng do (mg/l) 60 200 43 4935 300 366 g12 1700

Phan loai nuée theo tiéu chuan mic d¢ doc hai ciia mu6i va kiém va tinh phi hop clia né
khi ding cho tudi.

Téng do ciing do CaCO4 tao ra 1a 670 mg/l, pH = 7.8,

V& bi€u d6 hinh quat va Stiff clla mau nudc.

5. Phan tich hod hoc mau nude ngdm qua cdc s8 lieu sau day:

» Ca=Mg=Na=>50ppm

» HCO; = 138ppm; SO, = C1 = NO, = 100ppm

Hay lam bao cdo vé chat lugng clia mau nude.
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Chuong VI
THIET KE GIENG BOM

I. CAC NGUYEN TAC, TRINH TU VA SG PO TINH TOAN THIET KE GIENG
1.1. Cac nguyén tac va trinh tu khi thiét ké giéng

1.1.1. Cdc nguyén tic khi thiét ké giéng

» Mot thiét k& gi€ng tot phat dam bao duge cdc nguyén tac sau:

- Giéng phai hoat doéng dé dang va cd kha nang khai thdc nudc t6t nhat tir tang chifa nudc;
- Chat lugng nudc t6t véi cac bién phdp thich hop dé bao vé nude khoi bi nhiém ban;

- Khong con cdt trong nudc;

- Thot han st dung dai (>>25 nam), gid thanh thap.

» Tir cdc nguyén tic trén cho thay khi thiét k€ giéng phai dat duge cdc yéu cdu co ban sau:

- T cdc tai liéu dia chat va dia chat thuy van, chon tang cha hop 1¢ [a ting cha ¢o
chiéu day 16n, hé s§ thim cao, chit lugng nudce t6t va nam khong sau;

- Giéng phai 1am viéc 6n dinh ¢4 vé myc nude 1an thanh phan hod hoc va sinh hoc.
Giéng c6 kha nang chong nhiém ban cho ca tdng chia;

- 6ng véch phdi di bén vé luc, kha nang chdng an mon cao va phit hop vé két cau;
- 6ng loc phai thu nudc t61, 16n that {t va ¢é kich thude hop Iy,
1.1.2. Trinh tu thiét ké giéng

1. Cdc budc thiét ké

o Cong tac thiét k& giéng doi hoi ngudi k¥ su phai ¢b nhitng bude phan tich tai licu va
timh toan can nhic dé dam bao duce cic nguyén tic va yéu cau trén. Viée thu thip va phan
tich thong tin dia chit thuy vin 12 bude quan trong ddu tién clla cong tac thict k€. Céc thong
tin dé bao gom:

- Nhimg thong tin vé dia tang hoc lién quan dén tang nudc ngdm v cidn lo 1img trong nurde.
- Hé 56 tham (K) va hé s6 trit nude (S) clta (Ang nudc ngam.
- Nhimg diéu kién cén biang nudc hién tai va lau dai cho ting chia nude.

- Kich thude vét mit cua tdng da chira nudce, do rong cta dat dd hay thanh phan thach
hoc clia tdng chita nudc ngam.

- Chat luvgng nudc ngam.

» Trinh ty thiét k€ giéng khoan bao gom cdc budc:
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- Dya vao céc tai liéu tham do dia vat 1y, khoan tham do, xay dung mit cat dia chat véi
day du céc s6 hé vé dia chat va thuy van nhw: ciu tao dia chat va dac trung cia cic 16p dat
d4, chiéu day vi hé s6 thim cha méi 16p dat d4 va ngudn cung cap cho tdng ngim.

- Lua chon tang chita nudce va xédc dinh d6 sau 16 khoan.

- T yéu cau vé luu lugng nude st dung, chon so bo s6 luong giéng, so d6 bo i gieng,
khodng cdch giita cic giéng va luu lugng cho mot giéng.

- Tinh todn 6ng loc, chon kiéu, loai, xdc dinh dudng kinh va chiéu dai 6ng.

- Xdc dinh dudng kinh 8ng vich cho phit hop véi mdy bom va bao ve giéng,

- Xdc dinh kha nang cung c4p nudc cla giéng bing cich chon luu tuong réi kiém tra la
do ha thap muc nuéc trong giéng khi bom nuée hoic ngugc lai sao cho luu lugng nay phi
hop v&i yéu cdu dé ra.

- Thiét k& phan cdch ly va bao vé.
2. Xac dinh mor 56 thong s6 co bdn khi thiét ké giéng

Trong thi€t k€ bai giéng khoan, cdc thong s§ ban kinh anh huéng (R), do ha thap muc
nudGce (s) tng véi méi luu luong khai théc 13 cac thong 6 co ban cén duge tinh todn. Cac
thong s6 nay gidp ngudi thiét k€& ude lugng duge viee lua chon cic thong s ti€p theo.

a) Xdc dinh bdn kinh dnh hidng (R}

Ban kinh anh hudng 1a mot dai lugng khé xac dinh mét cach chinh xéc. N phu thuge
vao nhicu yéu t6 nhu cau tao dia chat cia tdng chia nude, ngudn cdp va ché& do khai thic.
Khi luu lugng khai thic 16n, nguén cap khong ddy do thi ban kinh anh huodng s& tang theo
thoi gian khai thic va anh hudng dén gidi han khai thic cta lang chifa nude. Trudng hop
nay gi€ng khoan s€ lam viéc khong 6n dinh. Nguoc lai, néu nguén cdp nudc day du thi ban
kinh anh hudng s& hdu nhu khong thay déi trong thdi gian khai thac va trong trudng hop
nay gi¢ng khoan lam viéc 6n dinh. C6 thé so bo lua chon ban kinh anh huéng r theo bang
dudi day

Bang 1: Hé so thim K va ban kinh anh huong R trong cic tang chia nuéc

ST Ciiu 130 ting chifa msdc Heé 56 thim K Ban kinh anh huéng R |
(m/ngd) (m)
1 Cat trung binh 10 +25 100 = 200
2 Cit tho 25+ 85 200 + 300
3 | Cdt thé pha sdi 50 + 100 300 + 500
4 Soi pha cit tho 85 + 150 400 = 600
5 561 pha cat hat lon {00 = 200 500 = 1000
6 Cudi soi . ) 200 + 300 1000 + 2000 |
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- Trong trudong hop 6 diéu kién, nén ¢6 cdc 16 khoan tham do va bom hut nudc thi
nghiém. Khi dé ban kinh anh huong cé thé xdc dinh tuong déi chinh xdc theo giéng thi
nghiém hoac cé thé dua vao cic giéng dang khai thdc co diéu kién dia chat thuy van trong
tu theo cong thire:

R = g Slos®R -r) (8-1)
s* log(R-r1)
Trong do:
R, r, s - Ban kinh anh hudng, ban kinh 6ng loc v d6 ha thap myc nudc ngdm thict ke;
R". 1", s" - Bin kinh anh hudng, ban kinh éng loc va do ha thap myc nudc ngdm
cha gi€ng tuong tr hoac giéng dang khai thac;
- C6 thé xic dinh bdn kinh anh hudng bang cong thirc thyc nghiem:
+ Trudng hop chuyén dong la n dinh:
R = 10s VK (8-2)
Véi : s - Do ha thap muc nude (m);
K - Hé s6 thidm cua ting chita (m/ngd).
+ Trudng hop chuyén dong khong 6n dinh:
R=15VTt (8-3)
Véi: T - He s6 dén nude (m*/ngd);
t - Thoi gian bom nudce (ng).
b) Xdc dinh dé ha thdp myc nudc gici han
Trong tinh todn ciing nhu trong khai thdc nudc, ing véi maéi gid tri Q bom s€ ¢6 mot dé
ha thap trong Ging cda myc nudc ngdm. Van dé dat ra la phai chon dugce phuang dn hop 1y
nhat dam bao vé luu lrong khai thic (Q), do ha thap muc nudc giéng (s) hoac nhém giéng
(s,) tam viéc 6n dinh, ddm bao yéu cdu cdp nudc t6t nhat véi dicu kién:
$ < Sy (8-4)
G day: s - Do ha thap muc nuée thi€t ké
Sgr - D9 ha thip muc nude cho phep 1ém nhét cua giéng.
+ Véi gieng khat thic 0 tdng nude ngam cé dp.
S, = H - (0,3 +0,5)b - As - AH, (8-5)
+ V6i giéng khai thic ¢ tang nude ngdm khong 4p:
54 = (0.5  0,8)h - As - AH, (8-6)
Trong do.
H - Chiéu sau muc nudc tinh dén diy cich nude khi chua bom.
b - Chiéu day ting chita nudc.
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As - Tén ihat muc nudc qua 8ng loc.

AHy, - D6 sau dat bom dudi muc nude dong, cé thé [ay tir 2 + Sm.
3. Quan hé giita Lunt luong, d¢ ha thdp muc niiée va luu lugng don vi ctia giéng

Gitra [uu lugng bom hit nuée va do ha thdp muc nude trong giéng khi bom cé méi lién
h¢ 1an nhau. Trong tinh todn hodc bom thi nghiém ta c6 thé thiét lap dugc cdc biéu dé thé
hién moi quan hé¢ Q = f(s) hoac s = f(Q).

Cdc biéu d6 quan hé nay gitp cho ngudi thiét k& cd thé giam bét duoc thoi gian va khdi
lugng tinh khi sir dung d6 thi clia giéng tir cdc s6 li¢u thuc nghiém.

» Trudng hop ting nude ngdm co ap:

M&i quan hé Q = f(s) c6 the coi nhur gan tuyén tinh. Ti l¢ giita luu lugng va do ha thap
gan nhu khong thay déi, nghia la:

Q_

5 S2

=. . .= = const (8-7)

Trong d6 q 1a huu luong binh quan trén mot don vi chiéu sau ha thap muc nuée goi 1a luu
lugng don vi cia giéng. Luu lugng ndy phu thude vao cdu tao dia tang. C6 thé chon so bo
lru lrong don vi cua giéng nhu sau:

Vi tang chita nude cé dp thi:

- Vat liéu tang chia nuée 13 cat min = q = 2 = 4 (m’/m/h)

- Vat liéu tang chita nuée 1a cdt tho = q = 4 = 8 (m*/m/h)

- Vat liéu tang chifa nuéc 1a ¢4t thé 1an s6i = q = 10 + 12 (m*/m/h)

» Vi tang nude ngam khoéng dp:

Trong ting nay, khi d6 ha thap muc nudc tang thi chiéu day 16p nuéc chdy vao giéng
giam (vGi tang ¢6 dp thi chiéu day khong thay déi), vi vay luu lugng bom s& giam di ciing
dong nghia véi do ha thip muc nudc ting nhanh hon d6 tang cla Q va do dé luu luong don
vi khong con la hang s nita. Hay n6i cach khac khi do ha thip muc nudc cang tang thi luu
lugng don vi coa giéng cang giam. Méi quan hé Q = f(s) s& 1a mot dudng cong. Trong thuc
t€ quan h¢ d6 duge bicu dién bang cong thitc:

s = aQ + pQ? (8-8)
Trong dé o va P 1a cdc hé s6 xdc dinh tir thyc nghiém.
Tl cong thac (8-8) ta bién doéi nhu sau:

S
—= (8-9)
9 a+BQ

Day 1a phuong trinh tuyén tinh va biéu dién nhu sau:
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Q s/Q
A A
4_ Q=f(3) ‘_ S]Q=Q+BQ
0 t 0 Q>

Hinh 8-1: Quan hé gitta lwu luong bom va dé ha thdp muc nidc.

Lan bom thi nhat ta co s, Q ;
Léan bom thit hai ta ¢6 s,, Q5 ;

Lan bom thitntacés,, Qg;

Dua vao cic diém thuc nghiém ta ¢é thé xay dung duge dudng quan hé trén va xdc dinh
cac hé s6 o, .

a) Tinh todn ong loc (dng thu nudc)

Mot giéng khoan khi hoat dong thi dng loc 1a bo phan cdu tao quan trong, nd quyét dinh
ché do 1am viéc 6n dinh va chat lugng nude gigng. Vi vay, tinh todn thiét k& ong loc ¢cd ¥
nghia raf 16n trong thiét k& gieng khoan. Cic yéu cau cin bao dam khi thiét ké dng loc [a:

- Dién tich 16 héng thu nudc 1a 16n nhat;

- Ngan khéng cho vat liéu tir tang chifa va vat liéu chén di vao giéng;

- Tén that dau nudce vao giéng 12 nhd nhat;

- Pi bén vé co hoc va chéng an mon 16t;

- P khoang tréng dé lam cong tac bao dudng dinh ky;

- Chéng lai su an mon va bam cin.

Dé dam bao cac yéu cdu trén thi cdc van dé can chi ¢ khi tinh toan 6ng loc la:

- Chiéu dai lam viéc cua 6ng loc;

- Pudng kinh ong loc;

- Kich ¢& va hinh dang cua khe loc nuéce;

- Luu lrgng nuée can thu vao giéng;

- Ton that qua dng loc.

b) Chon kiéu ong loc

Ong loc nude ¢6 rat nhiéu kidu, loal. Tuy timg diéu kien cu thé cha cdu tric dia ting,
thiinh phan hat cla tdng chita, véu cdu thu nude vi didu kién thi cong dé lua chon kidu ong
loc cho nop 1¥. VE vat lidu, thong thudng 1a ding thép den hoac thép khong ri. Tuy nhicn,
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V61 cac loai giéng nho ¢6 thé dung céc loai 6ng loc bang nhya. Théng thudng, cic giéng
khoan hi¢n nay sir dung céc loai 6ng loc dudi day:

+ 6ng loc khoan 16: Cdc éng thép den hoac thép khong ri duge khoan cac 15 tron dudng
kinh tir 10 + 25mm, ty 1& dién tich 16 loc khoang 35% dién tich 6ng loc va ¢6 (hé Ia mot
hodc nhi¢u doan néi véi nhau. Céc 16 khoan bé tri déu va dsi xiing xung quanh dng.

+ Ong loc cét khe: Loai dng loc ndy dugc ché tao tir cdc éng thép bing cac mdy khia
hoac mdy dot dap. C6 thé phan thinh céc loai:

- Loai khe doc: Céc khe doc ¢6 kich thudc chiéu dai tir 20 + 200mm, chiéu rong tir 2,5 +
15mm. Céc khe doc ¢6 thé bé tri so le, doi xung hodc xen k&. Tuy nhién loai nay di¢n tich
khe trong khéng 16n nhung ton that thity luc tuong déi 16n.

- Loai 6ng loc ¢6 gty néi: duge gia cong bang cach dap tren tAm thép sau dé cudn lai va
han. Loai nay 6 tong dién tich khe 16n nhung do bén khong cao va doi hdi phdi c6 may
gla cong.

* Loat 6ng loc ¢6 khe cita s6: Cc khe nay thuémg dugc b6 (ri theo hang ngang va cé
kich thude nho. Tong dién tich c4c khe trng kha 16n va d6 beén cao. Tuy nhién ché tao phai
bang may chuyén dung.

» Loai ong loc ¢6 day cudn boc ludi hodic boc sdi: Loat 6ng loc nay dugc st dung khi
toan bo éng thu nuée dit & tang chita nudc ¢6 ciu tric hat nho min.

» Loai ong loc 6 day cudn: Cic 6ng khoan 16 hoac cit khe duge quan mot 16p lién tuc
bing day déng hoac thép khong i c6 dudng kinh tir | + 2,5mm, khoang cich cdc vong day
tu 1 + 2,5mm. Gitta 16p day quan va éng loc c6 céc day thép ¢& tir 2 + Smm dat doc theo
ong v6i khodng cach tir 40 + 50mm. Céch quan day c6 thé Ia vudng géc hodc chéo 45° véi
duong sinh clia 8ng loc.

» Loai 6ng loc boc lu6i hoic boc sdi : Phia ngoal ong loc 1a moét 16p ludi bang
déng, thép khéng ri hoac phi kim loai ¢6 dudng kinh tir 0,25 + lmm va kich thuéc dan
fa wr (I x 1) + (3 x 3)mm. Trudng hop tang chita nudc 1a cdt nhod hoac cdt min thi phia
ngoai cua I6p ludi boc hoac day quan c6 thé boc tir | + 2 I6p sdi 0 ngoai cung. Chiéu day
16p boc nay 16i thi€u 1a tr 30 + 85mm tuy thude vio phuong phép thi cong.

Céc ki€u loai 6ng loc dugc sir dung hi¢n nay dugc trinh bay & phu tuc.
C6 thé dp dung céic kiéu, loai 6ng loc v6i céc pham vi éng dung sau:

- Neu tang chia nude ¢d cidu tao nham thach cting, on dinh, cdc khe nitt bé khong don
cdt ¢6 the khong can dat ong loc.

- Néu tang chita nude 13 nham thach nita cing, khong 6n dinh, d4 dam cuoi ¢6 ¢ hat tir
10 = 50mm chigém wrén 50% khdéi lugng ¢6 thé dp dung céc loai dng loc sau:

+ (Aiilg loc ¢6 16 khoan @ = 10 =+ 25mm:;

+ (jrlg loc ¢6 khe doc kich thude (150 = 200mm) x (10 = 15mm).



- Néu tang chia c6 soi, da dam, cdt to g hat tir 1 + 10mm, céc hat c6 kich thude tu
1 + Smm chi€m trén 50% khdi lugng c6 thé dung. Ong loc khoan 16 hoic khe doc quan day
kich thuéce khe 1a: (50 + 200mm ) x (2,5 = 5m).

o Ong loc c6 go néi
Néu ting chita ¢6 cit the cd hat 1 + 2mm chi€m trén 50% khoi lugng ¢6 the dp dung
cac loail :
- 6ng khoan 18, khe doc quan day hoac boc lu6i véi kich thudc mét ludi la (1 x Imm) +
(2 x 2mm).
~ Néu dudmg kinh hat cia tang chita ¢6 do 16n 0,25 + 0,5mm chi€m trén 50% khéi luong
hoic cat min ¢6 ¢ hat 0,1 + 0,25mm chi€m trén 50% khoi luong thi dung loai ong loc mot
hoac hai 16p boc soi.
c) Xdc dinh kich thude ong loc
Luu lugng giéng duge xdc dinh theo cong thuc:
Q= nDLV (8-10)
Trong d6:
D - Dudng kinh éng loc (m);
L - Chiéu dai cha 6ng loc (m);
V - Van (6¢ nuéc chay qua 6ng loc vao giéng (m/ng).

Chiéu dai clia 6ng loc phai ndm hoan toan trong tdng chia nudc dinh khai théc, phai
.nam cach dinh v ddy tdng chifa nude it nhar 1a wr 0,5 + 1m. 3 tang chita nude ¢6 dp voi

loai gi¢ng hoan chinh - gi€ng dit t6i ting cach nudc day - thi chiéu dai éng loc khoang
0,8 = 0,9 chidu day ting chiia nudc. Giéng O tdng khong dp, dinh 6ng loc phai thap hon

muc nude dong thap nhat i6i thiéu 12 3m.

T6c do nudc chiy qua dng loc vio giéng phai dam bao cho nwdc chay trong tang chia
dén giéng luon luon & trang thdi chiy ting. C6 thé sir dung cong thic thyc nghiem xdc lap
m&i quan hé giita h¢ s6 thdm va gradient dp luc T qua cong thic.

[=a/K’ (8-11)

Véi cdc ong loc loai khoan 18, khe doc, quin day hodc boc soi ¢6 the 1ay a = 60 va
b = 2/3, vi vay ta ci:

I=60/K™ (8-12)

Tix cong, thitc clia Darcy trong diéu kién chay ting thi luu lugng nude thu vao giéng duge
xdc dinh theo cong thic:

Q = Kol (8-13)
3 day: o - Dién tich xung quanh ctia 8ng loc phan 1am vi¢c va do vay:
o = rDL (8-14)
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Tir (8-10), (8-13 ) va (8-18) ta ¢6 thé viét:

V =KI (8-15)
Do dé: V=60YK (8-16)

Vi K 1a hé s tham cha tang chita (m/ng) va duge xdc dinh bing thuc nghiém. Trong
budc tinh so bod ¢6 thé chon theo bing (8-1).

Khi tinh todn, dya vao tai li¢u dia chat va dia chat thuy vin ngudi ta thudng chon trude
chiéu dai lam viéc (L) clia 6ng loc va x4c dinh dudng kinh ong loc theo cong thifc:

D=2 (m) (8-17)
T

Trong d6:
Q - Luu lugng thiét ké cha giéng (m>/ng);
L - Chiéu dai &ng loc (m);
V - Van téc nuée chdy qua 6ng loc vio giéng (m/ng).
Tir két qua tinh todn ta chon dudng kinh 6ng loc phit hop véi dusng kinh 6ng loc theo
ticu chuan ché tao san.
d) Chén sdi ong loc

Viéc tinh todn I6p soi chén phia ngoai 6ng loc nhdm muc dich dé cho giéng 1am viéc én
dinh va nude tir tang chia dé dang chdy vio gigng qua 6ng loc khéng bi tic va ngan chan
cat tir ting chifa lot vao giéng khi bom phat trién hay con goi la bom théi rita. Chon lua
kich ¢& hat soi phu thuéc vao ciu tao tdng chita nudc. Khi tinh 16p soi chén can dam bdo
cdc yéu cau :

- C5 h¢ s6 tham 16n.
- Van tdc nude chay vao giéng nho.
- Bén vitng véi cdc loai hod chat 6 trong ting chia.

Thong thudng s6i chén duge chon 1a s6i thach anh ¢6 do tron cao, cdc budc chon soi dé
chen nhu sau:

» Xdc dinh ¢ hat cta ting chifa nudc chon 80% cd hat gilt trén sang. Lay ¢d hat con
sOt trén sang nhan véi cdc hé $6 khdc nhau tuy thudc ciu tao tang chita.

- Nhén voi 8 néu tang chita 1a cdc hat min vit dong nhat.
- Nhin vai 6 néu tang chiia 1a cdc hat tho va déng nhat.
- Nhén v6i 5 néu tang chua 12 cdc hat tho va khong déng nhat.

» V¢ duong quan hé phan bé c& hat cia 16p s6i chén v6i hé s6 khong déng nhit nhod
hon 2,5 cho 80% ca hat.

* Kich thuéc soi chén phai ddm bao 90% khong [ot qua khe réng cla dng loc.

« L&p s0i chen t6i thi€u phai day 85mn.
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e) Tinh todn ton thdt qua 6ng loc

Khi nude chay tir ting chita nuéc vao giéng qua vich ong loc s& c6 t0n thit. Viéc tinh
todn tén that qua 6ng loc vao gieng 1a rat cdn thiét khi tinh d6 ha thap myc nudc trong
giéng khoan. Theo Barker va Herbert (1992) khi nudc chiy vao giéng tir ting chifa c6 cdc
tén that nhu 18n that thuy luc trong tdng chifa, tén that qua sbi chen, ton thdt qua véch loc,
tén that khi chdy tir 8ng loc vao bom. Téng tdn that dé s& la:

As =h, +h, + h +h, (m) (8-18)

Cac tén that duge tinh nhu sau.

o Tén that thuy luc h_ do nudc chy tir ting chita dén giéng va tinh theo biéu thiic

2
hy =( 9 J 1.1 V, ;m (8-19)
2rKL / \, R

Trong d6:  Q, L, K, R d trinh bay & trén;

r, - Ban kinh ong loc {m);

V, - Linu t6¢ dong chay réi trong moi truong hat:

V,=0,5K'" (8-20)
o Tén thit thuy luc qua Iép soi chén hg:
= R iAnm (8-21)
2nLK, 1,

Trong dé: K, - Heé s6 thdm cta 18p soi chen. C6 the 18y K, = 35 + 50 (m/ngd);
1, - Ban kinh 18p s0i chen tinh tir tam gi€ng dén mat ngoai 16p soi chen (my;
Ah, - Tén thét thiy luc trong 16p s6i chén do chdy 161 (m):

2
Q ] 11
Ah =V 21 8-22
h "[ithKs, [I;) l?;] (622

V6i: V, = 0,5 K, 1a van t&c chay rdi 16p 0i.

« Tén thét thuy luc qua khe thu nuée chia 6ng loc (hy) duge tinh theo biéu thic:

2
hy Q2 , (m) (8-23)
2g{ 2nLg,C,CeA,

Trong dé :
g - Gia tSc trong truong;
C, = 0,98 la hé s6 van tdc cho khe doc;
C. = 0,63 la h¢ s6 co hep dong chay;

A, - Ty l¢ dién tich Ong loc ¢6 thé tinh bing tich ca ty 1é dién tich loc nhan vai do
rong 1&p soi chén;
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» Ton that thuy hee doc theo chiéu dai Sng loc (h,):

Q2
"ol B

4 3
o - He s6 kinh nghi¢m cha t6n thét theo chiéu dai &ng loc;

, M (8-24)

B - He s0 ké dén su mat 4p xung luong trong dng loc;

» Ton thit thuy lyc doc theo ng vich tinh tir phia trén ong loc (hy).

8Q?
hl 2 zh [
ng
iL, 11 11
Véi : h= 322 4%K,| ——— || ——— (8-25)
)2 ZDE Z{ [D%’ D%J (D? Déﬂ

Trong do:
1, - hé 56 ma sat ctia 6ng véch thép;
L, - chiéu dai dng vach giéng (m):
D, - Budng kinh 6ng vach (m);
D, va D, - Pudng kinh 2 d4u chia con néi (m);
K. =0.2 - H¢ 56 16n that 4p luc trong con véi gée thu 15°.

Vi¢ce tinh todn 6ng loc ¢6 thé tham khao mét s6 bang tra & phdn phu luc tinh ong loc.
1.2. Cac so do tinh toan thiét ké giéng

Khi thiét k€ gieng khai thic nude ngdm c6 thé ¢6 giéng lam viéc don 1€ doc lap. Nhumg
vGi quy mo khai thic I6n thi thong thuémg cdc gigng khoan cling lam viéc dong thoi trong
mot hay nhiéu bii gi¢ng tao ra viing anh hudng rong vi do ha thidp muc nudc trong ting
chifa di€n bi€n phiic tap hon. Muc dich ciia viéc tinh todn ndy 1 nhim xéc dinh do ha thip
muyc aude khi giéng kftoan ¢ hoat dong bom hit dé dénh gia tang chia va kha nang khai
thiic cta tang chita. Mat khdc né s& quy dinh ducc vi tri dat bom trong giéng dé khai thic
nudc an toan va hiéu qua.

1.2.1. Giéng khoan lam viéc don I¢

Thong thudng nude ngdm duge khai thdc trong hai ting chia nude co ban 1 ¢é ap va
khong dp. Tang bén dp chi 1a mot dang riéng cla tang chua cd ap khi xét dén sir xam nhap
ctra nude ngdm bd sung.

1. Tang nudc ngdm cé dp

Trén thuc t€, tuy thude vao yéu cau sir dung nudc va tinh hinh dia chét thuy vin & khu
vuc khai thic ma c6 cic quyét dinh khdc nhau vé vi tri va do dai cta 6ng thu nude (ong
loc). C6 thé dat Sng thu nude hét ting chita, nlmg nhiéu khi chi can dat dng thu nudc &
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‘mét phén trong ting chita nude. Vi vy c6 cdc tén goi khac nhau cua giéng khoan la: giéng
khoan hoan chinh va giéng khoan khong hoan chinh.

a) Giéng khoan hoan chinh Idy nudc trong tang cé dp

Hinh 8-2 mo ta so do tinh clia mot giéng khoan hoan chinh trong tang chia nudc ngam
c6 ap.

Xét bai toan moi truong dong chat, ddng hudng, tdng nudc ngdm c¢é 4p va cd ddy cich
nudc ndm ngang nhit hinh 8-2.

Trude khi bom nuéc, gia sit muc nudc nam trong giéng khoan ngang biang voi muc thuy

ap {a-a) va goi H 1 chiéu sau cot nude tinh tir ddy cdch nude ndm ngang dén muc nude tinh
{muc thuy ap).

Khi bom ra khoi:giéng voi luu lugng khong d6i 1a Q lic dé6 muc nudc trong giéng sé
giam din va nudc tir ting chita bit ddu chuyén dong vao giéng. Lic d6 ¢6 su phan bé lai dp
luc nudc ngam trong tang chita va phin xung quanh giéng s& c6 su gidm dp luc tao thanh
mat ding dp ¢6 dang hinh phéu. Pay chinh 14 mat cong anh huéng toa tron xung quanh
gi¢ng dang hinh nén nguge.

F7ARAS 77777l A7 77777 777777777

- *%7
w2 ‘%/

Tl 7777 7SS

T TS 777777777

! ———

- |h - m
Ii -
|

Hinh 8-2: Tinh todn cho giéng don hoan chinh

Xét bai toan phang thi dudng cong anh hudng ab biéu dién sur ha thdp myc nudc ngam
va xdc dinh ranh gidi dnh hudng cla giéng trong ting dat dd. Khoang cach tir tam giéng
dén diém bat diu c6 su thay déi dp luc (bién ving anh hudng) dugc goi 1a bdn kinh dnh
hudng cha gigng khi bom nusc véi luu lugng Q khong d6i va ky hiéu 1a R. Muc nudc trong

giéng khi chua bom goi 1a muc nude tinh (MNT) va myc nudc trong giéng khi bom hoat
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dong goi 12 muc nude dong (MND), hiéu s& coa hai myc nude ndy goi la do ha thap muc
nuéc va ky hiéu la s. Day la mot dai luong rat quan trong khi tinh tedn thiét k& giéng
khoan. Khi tinh d6 ha thap muc nuée cho mot gigng & mot ving cu thé néu:

- § qud nho s€ khong tan dung hét kha nang chia nudc ciia ting chua.

- 5 qud 16n s€ lam tang ¢t nude toan phan clia mdy bom gay lang phiva gy ra viéc khai
thdc qua kha nang cap nu6e clia ting chita. Trudng hop nay giéng lam viac khong 6n dinh
nén ¢6 thé ting s6 giéng khai thdc vi cé thé phai ddnh gid lai tdng chia nudc dang khai thic.

Khi mdy bom hit nuée tir ting chita qua giéng, néu luu lugng hiit bing luu luong nude
tir tang chita chdy vao gieng thi MND & giéng khéng thay déi. C6 nghia [ chuyén dong cia
nudc ngdm vao giéng 1a chuyén déng 6n dinh. Khi dé véi luu lugng khat thdc khong déi sé
c6 s khong doi theo thoi gian khai thac. Nguoc lai khi dong chay ngam vao giéng 1a chuyén
déng khong 6n dinh thi luu luong hoac d¢ ha thap sé thay déi theo thasi gian khai thdc. Viéc
tinh toan giéng khoan ¢ day chinh 1a viéc x4c lap méi quan h¢ gida lvu luong, do ha thap
muyc nude, ban kinh éng loc véi cde dic trung clia ting chia nudc.

al. Khi chuyén dong nidc ngdm la én dinh
Tir Iy thuyet chuyén dong clia nude ngdm vao giéng don khi dongl chdy 6n dinh & tang
nudc ¢6 4p ¢6 thé dp dung cong thic tinh ctia Dupuit:
Q=AV =Kol ' (8-26)
O day: K I hé s6 thdm ca tang chia; o 12 dién tich gi6i han phan thu nudc vio giéng.
V6i gi¢ng khoan hodn chinh, thu nuéc ¢6 4p thi dién tich nay bang dién tich xung quanh
mot hinh try ¢6 chicu cao bing chiéu day tang chita nudc (b) va ban kinh x nao dé. Vi vay:

= 2nxb (8-27)
I'la Gradien dp lyc va theo Darcy thi : [ = dy/dx. Do vay:
Q = 2nKbxdy/dx (8-28)
s Q dx
vaco: dy = — 8-29
Y 2nKb x ( )

Theo so d6 tinh & hinh 8-2 thi: x bi¢n thién trong khoang r, — R va y bién thién tronp
khoang h — H. Tich phan (8-29) véi cdc bién trén ta sé tinh duoc do ha thap muc nudce:
r

H-h= Q In— (8-30)
2nKb g

Vay d¢ ha thap muc nudc gieng la:

s=H-h= — 2 In" hays = 0.366 Q (8-31)
27Kb g Kb °

Tur (8-31), né€u ta gia dinh truée do ha thip muc nude cho giéng thi ¢6 thé tinh luu lugng
khali thac cua giéng theo:
_2,73Kbs

_ (8-32)
lg(r/)
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O cdc cong thic nay cdc ky hiéu déu theo quy u6c nhy (rén va r phai xdc dinh bang
thuc nghiém.

a2. Khi chuyén déng nuée ngdm khong on dinh

Tix phitong trinh khong dn dinh ctia Theis, ¢6 thé giai tryc tiép bang giai tich hodc ¢6 the
bing c4c phuong phap d6 giai hay phuong phép s6. Khi khong ¢6 sy can bing giita luu
luong bom di va luu lugng chay vao giéng, giéng khoan s& lam viéc khong On dinh. S€ ¢
hai truong hop s€ xay ra:

Truomg hop 1: Khi bom v6i luu lugng khong déi thi dé ha thap muc nude trong giéng s¢
thay d6i theo thoi gian khai thic va duge xéc dinh theo céng thik:

2
s = —0,08-2g| T (8-33)
Kb 4Tt
w r2
O day E, —»ﬁ 12 hAm s6 md tich phan, gid tri clia né phuy thudc vao gid tri cha dol s6
1
2
=L
4Tt
Trong do :

t - Thoi gian khai thac nuge (tinh bang ngay);
1, - Bdn kinh éng loc (m);
T - Heé s6 dan nude (m*/ng). He s6 nay dic trung cho t8c do phan bé lai dp luc nudc
~ ngdm khi chuyén dong cta nudc ngam vao gi¢ng khong 6n dinh:
Kb
TS,

T
y

Véi S, 1a he¢ s& phong thich nuée hay goi 1a hé s6 nhd nudc dan héi. Day la he s6
dac irung cho kha nang gidi phéng lugng nude ty do ra khoi 18p dét cua nudc khi bom
nude tir tang chita ¢4 dp. Gid tri clia S, duge xde dinh bang ti s6 giifa luong nudc thodt
ra va thé tich dat chita nudce. C6 thé xdc dinh S, theo giéng thi nghi¢m hoac giéng khai
thdc 1am viéc & didu kién tuong tu véi giéng thiét k&. Khi tinh todn so bo co thé chon T
bang cich tra bang theo cdu tao cua ting chia nudc. O tdng chda ¢ ap, T thuong nim
trong khoang 1000 + 3000m2/ng, trong khi & tang chita khong ap hé s6 T thutng U
100 + 500m%/ng.

2 2
2 = s 3 =+ - I ' * at e - ] L
Bang 8-2 cho san mot s gia tri cua ham E; {w 4'} ] khi biét gia tri clia A = ——
t

4Tt
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Bang 8-2: Gia tri cua ham s¢ E,(-})

2 1 )

I ) I N
— E(-2) ho= o E(-%)
4Tt 4Tt

0,0001 -8,633 0,8 -0,384
0,001 -6,331 1,0 -0,220
0,01 -4,038 2,0 -0,049
0,1 -1,823 3,0 -0,013
(.2 -1.223 4,0 -0,0036
0.3 ' -(,906 5,0 -(,0012
: 0.5 _ -0,560

Chd y rang, néu ngudn nude bé sung cho tang chita khong di thi do ha thdp muc nude
(s) s€ tang dan theo thai gian khat thdc. Khi d6 muc nude dong (MND) trong giéhg s& cang
ngay cang thap. Néu dén mitc nio dé ma MND ha thap hon tang cdch nudce phia trén thi ldc
nay giéng s& lam viéc nhu mot giéng hoan chinh khong dp s¢ trinh bay & phin sau. Hinh 8-3
s€ mo ta trudng hop nay.

~

T~
Kol \///////////

|
TSI 777777777 7777777777777 777777
Hinh 8-3: S dé tinh todn giéng MND dudi ting cach nuce trén
Tricong hop 2: Neu gitr do ha thap muc nude trong gicéng khong ddi thi phai thay déi luu
lugng bom thdo Q theo thai gian. Va khi dé Q duge xéc dinh:

—12,56Kbs

Q= E;(-)

(8-34)
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Trong trudng hop khi thai gian khai thdc nuée rit 16n (A < 0,1) tht c6 thé dp dung cdc
cong thirc (8-31) va (8-32) cua trudng hop dong chay én dinh. Nhung lic nay bdn kinh anh
huong s€ cang tang dan theo thoi gian Khai thdc va tinh theo:

r = 1,504Tt (8-35)

b) Giéng khéng hoan chinh d tang mide ngdm cd dp

Nhu wrén da trinh bay, khi mot giéng khoan dat 6ng luu nude & mot phan tang chlra nudc
duoc goi 1a gi¢ng khong hoan chinh. Nude ngam cé dp chay vio piéng gap stc can l6n hon
so vdi giéng hoan chinh. Trong diéu kién lam viéc & cling di¢u kién dia chat thuy vin nhu
nhau va hit cing mot luu luong thi d6 ha thap muc nudc & giéng khong hoan chinh 16n hon
s0 vdi giéng hoan chinh. Vi vay do ha thdp muc nude 6 trudng hgp nay s€ la:

=8+ AS

Vdi: s - Do ha thap myc nude & gi€ng hoan chinh tuong tu;

As - Do ha thap muc nudc do giéng khong hoan chinh gay ra va duge tinh:

Q

ss = 0,16 836
Kbé (8-36)
Vi E = 2,3(3—1)@@—39\
L I 2r

4] 4]
Trong d6: L - Chiéu dai lam viéc cua ong loc (m);
b - Chi¢u day tang chita nudc (m);
r, - Bdn kinh dng loc (m);
A - Hé s6 duoe xdc dinh theo ti s6 (L/b) duge biéu dién trén hinh (8-4).

A
8%
\-
\.
6 S
T
S
4 S
2 B
I T
0 02 0.4 05 0.8 1.0 Ls

Hinh 8-4: Biéu d6 xdc dinh hé s6' A

Khi chiu day ting chita nudc rit 16n thi fuu lugng cha giéng duge xdc dinh boi:

2nKLs KLs
= = 33— 3-3
Q 1.32L 27 1,32 (8-37)
In——- lg
r

ul r{.l
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Chil ¥ rang khi %S % +i va El;_ <5+ 8 thisu dung (8-37) cho két qua c6 sai s& < 10%.
Mat khdc trong cong thitc (8-37) khong chita dai luong R - mot tri $6 khé xdc dinh chinh
xac nén né dugc ap dung khd phd bién trong tinh todn.

Ngoati cach tinh d§ ha thdp myc nudc (As) do gi€ng khong hoan chinh nhur & phin trén,
c6 thé ap dung cong thic Barker dé xdc dinh As:

— -p)b
As = QP In pgl pib K (8.38)
2KLp  (n —nd)r, YK,
Cac dai luong Q, K, L, b nhu quy udc trén.
*E va n, = 2Ze
P ° b(l-p)

Trong dé:
K, - H¢ 56 tham cta 1dp soi chén ong loc 1ay bang 35 + 50 (m/ngd);
n - Hé s6 nham caa &ng loc;
Z, - Khoang cich theo chiéu ditng tir giita 6ng loc dén tam tang chita nudc;
I, - Ban kinh 16p soi chén tinh tir tam 6ng dén mat ngodi 16p s6i chén.

Hinh 8-5 mé 1a so do tinh cla truong hop giéng khong hoan chinh & tang nudc ngim
¢o ap.

— .
G it TN
T
ui

Hinh 8-5: So dé tinh d¢ ha thdp muc nudc giéng khéng hoan chinh
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2. Tang chita nudc khong dp

a) Giéng khoan hoan chinh

Xuat phét tir céc gia thiét ctia Dupuit, 1y thuyét thiiy luc gi€ng da giai quyét bai todn nay
trong hai trudmg hop (i) khi ¢6 su gia nhip thém v (i1) khong ¢6 sy gia nhap thém cua
nguén nudce bé cap.

Hinh vé (8-6) la so d tinh todn giéng khoan hoan chinh dat trong tang nudc khong ap.

Muc nudc ngim trong tang chita khi khai thic vd muc nude tinh trong gi€ng xem nhu
tring v6i dudmg (a-a). Khi bom hit nude tir giéng véi luu legng khong doi Q, muc nude
trong giéng ha xudng va nude tr tng chita chdy vao giéng lam muc nudc xung quanh giéng
& tdng chita ciing ha xuéng (ao ra phéu ha muc nude. Puong (b-b) la muc nudc dong va
dudng cong (a-b) goi [a dudng cong anh hudng. Do sau tr myc nude dong (MND) dén ddy
cach nude goi la h,.

a MNT

| [
7

7 IS

Hinh 8-6: S dé tinh cho giéng hoan chinh khong dap

T'a xét hai trudng hop chuy¢n dong clia nudc ngam vao gicng:
al. Dong chdy on dinh vao giéng
Tir cong thixe cita Dupuit, xdc dinh luu lugng chay vao gicng:
Q=oV (8-39)
Ciing nhu trén, o 1a dién tich gidi han phan thu nuée va né duge tinh hing dien tich
xung quanh moét hinh tru ¢4 ban Kinh x va chiéu cao y trong tang thu (hinh 8-6).
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Khi dé:
W = 2nxy (8-40)
& day x bi¢n thién tir I, — rvay bi¢n thién tir h, —» H,, trong viing anh hudng ca giéng.

Van 16¢ trung binh cia dong chay vae giéng theo Darcy dugc tinh:

V =KI (8-41)
Trong d6 : K 1a d6 tham clia ting chiia; I 13 do déc thay luc va dugce tinh
[= dy (8-42)
dx
N . dy
thay vao (8-41) ta cd: V=K d— {8-43)
X
Tir (8-39), (8-41) va (8-43) thay thé va rit gon ta sé& duoc:
Q=2mxyk & (8-44)
dx
Hay : ydy = (Qdx {8-45)
2nKxX
Tich phan (8-45) ta cé:
Q L)
Inx = —y“+c¢ 8-46
2nK 2 Y ( :

& day ¢ 1a hing so tich phan dugc xdc dinh tir diéu kién bién tai diém ngoai cling cla
g161 han ving anh hudng, khi doé;

.. . . Q 1 o
Véiy =H, vax =R thi: c = —InR—-— 8-47
¥ { 7K 7 Hg ( )
Thay (8-47) vao (8-46) ta ¢d:
Q R 1 .,
In— = —(Hj - 8-48)
2nK x 2( YY) _ (

Ta1 bién thanh giéng ta cé: X =1, viy =h,

Luu luong nuée chay vao giéng sé 1a:

K19

o3

Thue hi¢n phép bién doi véi s, = H; - h, ta s& duoc:
Hi —h§ = (Hy—hy)(Hg +hp) = so(2Hg —s0)

vi vay (8-49) s€ trd thanh:

Q= (8-49)
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Q — 1,36 KS[] (2HU B S(?)
[R]
lg| —
I
D6 ha thap murc nudce sé la:

s, = Hy—+/Hj -0,73%@5 (8-51)
I

Pé v& duoc dutmg cong anh hudng phdi xdc dinh do sau myc nudc y trong ving anh
hudng tai khoang cdch x bat k¥ i tm giéng. Phuong trinh dudng cong énh hutng ¢6 dang:

(8-500)

X
lg —
y = |lo+—g(H ~h3) (8-52)
lg—
3]
a2. Déng chdy khong on dinh vao giéng
Tuong tu nhr trudmg hop dong chay khong on dinh & tng ¢6 dp, dua vao phuong trinh
khong én dinh ciia Theis tinh todn cdc thong s6 cha giéng. Ta ciing phén thanh 2 truong hop.
+ Truong hop 1: Khi bom vdi lau lugng khong déi thi do ha thip muyc nudc trong giéng
s& thay ddi theo thai gian khai thac va duge xédc dinh bdi cong thuc:

sy = Ho— \/Hrz} + ()116%E1(—?‘~) (8-53)

V6i Ef(-A) [a ham s6 mil tich phan va duge xdc dinh bang bang.
+ Truong hop 2: Néu giit cho do ha thip muyc nudc s, 12 khong d6i thi luu lugng khai

thic cua giéng s& dugc tinh theo:

_ ~6.28Ks(2Hy — s0)
E (%)

(8-54)

Cht v rang néu thi gian khai thac la qua 1on ¢o thé coi nhu gi¢ng lam viée nhu trudng
hop dong chiy én dinh va nhu vay c6 thé st dung cdc cong thic (8-50) va (8-51) dé tinh
cho céc trudng hop nay nhimg phii luu ¥ [a khi dd bdn kinh dnh huong tang dan theo thoj
pian khai thac va xdc dinh theo cong thac:

r= 15T (8-55)
< Kb

Sy

Vi T

Trong d6: K - Hé s6 tham cua tang chira nuoc;
T - Hé <68 dan nude cua tang chia nuidc:
hy, - Do day trung binh cha tang chia trong (hoi gian khai thiic;

S, - H& 6 nha nude.
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b. Khi giéng khoan khong hodn chinh khai thic nitée & ting khong ap

Hinh v& (8-7) mo ta so do tinh cho mot giéng khai thdc khong hoan chinh & tang chia
nude khong ap.

Ciing tuong ty nhu trudng hop giéng c6 ap, khi giéng khoan khong hoan chinh lim viée
trong tang chia khong dp thi do ha thap muc nude trong giéng ciing tang thém mot dai
lugng As,, do ton that bi gay ra boi tinh khong hoan chinh cua giéng:

Asy =h—,|h* - 0,3?%@ (8-56)
Gdayh=H, - s,

H, - B6 sau muyc nude tinh dén ddy tdng chita khi bom chua hoat déng.

s, - D0 ha thap muc nudc trong giéng xéc dinh theo (8-51) va (8-53) tng véi chuyén
dong 6n dinh va khong 6n dinh.

£ - Ham khong thir nguyén duge xdc dinh theo cong thitc:
£= 2,3[£~ljlg@*iA (8-57)
b L 21

J

a MNT | e a
| %/
£ | i
| 4]
H | | Ag
—— H ———
| RN h
hy - 4 ———
| il
|
77TV ////){/7 TITTTTT 7T T T TV

|
Hinh 8-7: Khai thdc nuoc ¢ tang khong ap giéng khéng hoan chinh
Gid tri cua A duge tra theo d6 thi, trong dé:

X
5y Sp

b=H,->valL=L- 2
2 2

G day:

L, - Chiéu dai phén thu nuéc thuc & cla giéng;

so - Do ha muc nude thuc 1€ trong gigng khong hoan chinh khong ap;
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Tacé : sy = 8,+ As, (8-58)

1.2.2. Truong hop giéng lam viéc dong thoi trén bdi giéng

Trong thuc t€ ¢dp nudc, yéu cau vé luu luong khai thdc thudng 1dn hon nhiéu so v&i kha
nang cip nudc ciia mot gigng. Mat khdc ciing khong thé tang mii cong sudt khai thac nude
tir mot giéng vi né sé lam do ha thap muc nudc tang I6n ¢6 thé anh hudng hodc pha can
bang tang chita. Chinh Vi vay thudng phai bd tri nhiéu gi€ng thanh bai trong pham vi khai
thac ctia mdt nha may.

Khi cé nhiéu giéng cling 1am viéc déng thai trong clng mot ting chita nude thi hoat
dong clia ting giéng s& gay anh hudng Ian nhau trong nhém giéng lam cho phéu ha thap
mitc nude ciia nhém giéng cé dang phic tap hon nhiéu so véi trudng hop mét gi€ng. Miic
d6 dnh hudng 14n nhau cla cic gieng phu thudce vao nhiéu yéu t8 nhu: luu lugng khai théc,
dac trung clia tdng chuda, ngudn bé cap va khoang céch gitia cdc piéng...

Viéc tinh todn anh huong cia giéng trong bdi gi€éng xudt phat tir cac phuong trinh ¢én
bing va khong cin bang cha dong chay ngam. Cic tdc gia nhu Dupuit, Forgaymer, Barker,
Autopxki... dua ra cac phuong phap tinh khic nhau nhung déu cho rang: Do ha thap muc
nudc trong mot bii gieng tai mot diém bat ky béng tdng do ha thdp muc nude do timg gicng
ghyra.

Signg = $1 T S2+ 83 L.+ S, (8-39)

Dudi day 1a phuong phép tinh cic thong s6 trong mot s6 trudng hgp cu the:

« Trudng hop bii giéng khai thic nuéc ting khong ap voi fuu lugng bing nhau:

Q=Q=..=Q,=Qy/n (8-60)

V6t n 1a s6 luong giéng va Q, 1a téng lwu lugng khai thac cta bai giéng.

Goi khoang céch tir diém tinh todn tdi cac gi€ng 1an luot 1a X, X,,..., x,. Néu bi¢n Khong

¢dn bi anh hudng bom v6i muc nude H cia ca nhém giéng 1a R thi phuong trinh mat nude
tai di€mi tinh todn s& la:

22 . n N
=H? - =" (1 R” - Y lnx, (8-61)
y e ; )
Tuong tu véi bii giéng hoan chinh khai thac nude trong tang ¢ dp sé la:

2nKbs
Qp = (8-62)

InR - ! InX;X5.. X0y
n

Trong dé: K - Hé s6 tham (m/ngd); b - Chi¢u day tang chia nudc; s - D6 ha thap muc nude.
e Trudong hop nhém giéng bo tri trén chu vi dudng tron:

Hinh 8-8 dusi day mo ti bai giéng hoat déng khal thic nirde ngam bo tri trén chu vi ron.
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Goi khoang cdch tir cdc gi€ng t6i tam dudng tron -

la r (m); ban kinh anh hudng 1dn nhét cla bii giéng ,-Q : ~Q

J& R (m) thi dudng mat nude tai tam dudng tron bidu !./' i N
dién bdi phuong trinh sau: _f_._._._._lf_ ......... -

| » r

R : ! '

H? -y* = & R (8-63) \ i o’l

nKn r ‘o i J
.\"-- | __A/'/
i

Neu goi s 1a do ha thap muc nuéc tai tam giéng thi : T

L36Ks(2H —
Qo = ! S(R ) (8'64)

lg—
r

Hinh 8-8: Sor do bdi gieng
bé'tri trén duong tron

Chii y rang cong thiic trén chi diing trong trudng hop:

- Day tdng khong thim duge xem 12 nim ngang;

- Tai bi¢n vung anh hudng do ha thdp muc nude ngdm bing khong;

- Mt gidi han cla viing tham 1a mat tru thing diing.

» Nhom giéng bé trf tai dinh clia tam gidc déu:
{(hinh 8-9).

+ Véi giéng hoan chinh khong dp:

1,36Ks(2H —s)

Qy = R (8-65)
Ig
4a’r
+ Vi giéng hoan chinh ¢6 dp
Qy = Eﬁg (8-66) Hinh 8-9:
Ig R
4a’r

» Nhom giéng bé tri tai dinh clia hinh vuéng nhu

hinh 8-10.
+ Véi gieng hoan chinh khong 4p: s "“*\.\_
/s \
1,36Ks(ZH _ / \
Qo = 6Ks( ! 5) (8-67) !, \,
- | —
11,34°r !\ ,:"
/
+ Vi giéng hoan chinh ¢6 dp: \'\. V.
. /'/
2.73Kbs A TTE
Qo = —1{41 (8-68)
't 11,3a'r Hinh 8-10:
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Trong dé: r - Béan kinh clia duGng tron chira hé giéng;
R - Ban kinh viing anh hudng hay gidi han tai d6 s = 0;
a - Nira kxhoang cdch giita hai dinh tam gidc hodc hinh vuong.
1.2.3. Khodng cdch giita cdc giéng khoan trong bdi giéng
Trong mot bai giéng khai thic nude tir mot tang chifa, viéc b tri khodng cich gitta cac
giéng ciing 12 mét van dé can chi . Nguyén tic chung 1a gi€ng bo tef cang xa nhau thi
cang it anh hudng 1an nhau vé luu lugng khai thdc ciing nhur do ha thap muc nude. Tuy
nhién, néu khoang cach giita cdc giéng qua xa € gay lang phi 16n vé mat kinh (€ cling nhu
cong tdc quan 1y va van hanh giéng. Khoang cédch giita cic giéng trong mt bai khat thac
hop 1y nhat 13 phai dat ca tiéu chuan kinh t€ 14n k¥ thudt sao cho gid thanh thdp nhat va
nude khai thac dat luu lugng 16n nhét phi hgp voi khi nang cung cdp nudc cula tang chifa.
Nam 1975, Theis di dé xuat mét cong thiie tinh kinh t& nham chon khoang cach giita hai
giéng khoan ciing 1ay nuéc & mot ting chita nudc ngam vdi luu lugng khai thic bang nhau:
2,4.10°C,Q°

= DY Ve 869
T (8-99)

lopt
Trong do:
I, - Khoang cach tot nhat;
C, - Gi4 thanh dé dua 1m® nudc 1én cao mot mét (bao gém c chi phi nang lugng va
thiét bi);
T - Hé s6 dan nudc.
Nam 1941, Theis dua ra mét cong thic xdc dinh khoang cach cho phép gilta hai giéng
trong cling mot ting chifa déng nhat dang hudng:
_

8-70
T (8-70)

lep

Trong dé:
1., - Khoang céch cho phép giita hai gi€ng khong gy anh hudng lan nhau;
Q - Luu lugng khai thac cla mot giéng (m*/ngd);
T - Heé 56 din nudc cla ting chita (m?*/ngd);

I - Gradient mat nudc ngdm hodc myc thuy ap (khong thit nguyén).
IL. KHOAN KHAI THAC NUGC NGAM

Khoan giéng 12 qué trinh nham tao ra mot giéng thu nude ngdm tir tang chita nudc phuc
vu cdc muc dich tham dd, khai thdc hoac quan tric. Mot gigng khoan ¢6 chat lugng 1a tong
hop thanh qua clia mét qua trinh tir viéc nghién citu cdc diéu kién dia chat, dia chat thuy
van, chon vi tri giéng, khoan giéng, Vap dat két cdu va bom rira phét trién giéng dén qud
trinh quan 1¥ khai thdc, st dung sau nay.
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Trong pham vi tai liéu ndy chi gidi thiéu mot s6 nét chung nhat cia cong tic khoan
giéng va chu yéu la khoan giéng tham do, tham do két hop khai thdc hodc gi€ng khai thdc.
NoO1 dung bao gbém cic phén sau:

- Cdc phuong phdp khoan piéng;

- Thiét bi khoan giéhg:

- Két cau giéng;

- Thiét k¢ giéng;

- K¥ thuat khoan va 1ap dat két cau giéng;

- Bom rua phadt trién giéng;

- V€ sinh cOng trudng va hoan thién giéng.
2.1. Cac phuong phap khoan giéng

Theo ca ché pha huy dit d4 trong qud trinh khoan, ¢6 céc phuong phdp khoan chii yéu sau:
- Khoan xoay;

- Khoan dap;

- Khoan xouy dap;

- Khoan thuy luc.

2.1.1. Khoun xoay

Khoan xoay bao gém: khoan xoay ldy mau va khoan xoay phd toan ddy. Khoan xoay 14y
mdu chi yéu dp dung cho céc giéng khoan hodc cdc cong doan khoan can phai 1dy mau dé
xdc dinh dia tang. Khoan xoay phd toin ddy chii y&u dp dung cho cdc piéng khoan khat
thac tai nhimg vi tri ma cot dia tang da duge xdc dinh hodc khoan roa md rong duong kinh
dc lap dat ket cau giéng.

Tuy thudc vao phuong phdp van chuyén va lam sach min khoan trong qua trinh khoan
¢6 phuong phdp khoan bom rita va phuong phép khoan théi rira bang khi nén.

{.BG ding cu khoan

Bo dung cu khoan bao gom Can khoan, can nang, cdc ddu néi cin, diu noi chuyén ti€p,
ong ling man khoan, 6ng mau (hoic éng din huéng) va miii khoan.

Chie ning cua bo dung cu khoan 1a thuc hién vice truyén mo men quay va tai trong doc
truc t imdy khoan trén mat dat cho mai khoan ¢ dudi ddy dé thuc hién viéc phd huy dat dd
tao chifu sau gicng. Trong mot s¢ tfruong hop nd con lam nhi¢m vu tao tai trong cho mii
khoan bang trong luong ban than.

Yeu cdu co ban déi véi bo dung cu khoan 1 phii dam bao do cung viing rong qua trinh
Khoan, khong bi dat. gay hodc lam cong, xi¢n giéng khoan. Mot bo dung cu khoan khong
dam bao yéu cau k¥ thuat ¢6 thé gay ra nhiing su 6 phién todi trong qua trinh Khoan, doi
khi dan dén viée huy bo giche.



2. Miii khoan (dung cu phd huy ddt da)

Cic loai mii khoan st dung cho khoan xoay tuy thudc vao muc dich khoan.

+ D61 v6i khoan tham do 1y mau dia tang:

Sir dung cdc loai mili khoan gin rang hogp kim ciing hoac miii khoan kim cuong tuy theo
cap dat da.

Céc loai miii khoan hop kim cing diing dé khoan céc dét dd tit mém dén cing (cap I dén
cdp VII (VIII) bao gém céc loai:

+ Miii khoan dat dd mém bd 1o, sét ky hiéu M;

+ Miii khoan cdc ting dat d4 ciing trung binh ky hiéu CT, CM;

+ Mii khoan da cing ky hi¢u CA.

Cic loai mili khoan kim cuong dung dé khoan céc ddt dd cing dén rdl cing cép VII
(VIID) dén cap XII. Miii khoan kim cuong gém ba loai:

+ Loai miii khoan mét 16p;

+ Loai nhi¢u 1&p:

+ Loai tham nhiém.

Theo trat tu nay cdc hat kim cuong dugc gan két trén bé mat mai khoan ¢é kich thudc
hat giam dan.

» Déi véi kbhoan pha toan ddy:

Sir dung cédc chong khoan (miii khoan) dang chép xoay, chong cdnh, chong dudi cd tuy
thudc vao cdp dat da khoan qua. Cic chong khoan dang chdp xoay bao gém cic loai chong
dé khoan trong dat dd mém (M, C, CT), khoan cic da cimg trung binh (1, TZ), khoan da
cuing (K) va da rat cing (OK) .

Céc chong cénh, chong dudi ¢4 chi s dung dé khoan trong céc ting dat da mém, bd rdi,
cac 16p sét....

3. Cdc théng s& ché' do khoan xoay

Céc thong s6 ché do khoan xoay gom:

+ Thi trong doc truc P (kg);

+ Téc do quay cia bo dung cu khoan n (vong/phit);

+ Dung dich khoan (nuéc rira) va luu lugng cha chiing Q (lit/pht).

Trong nhimg diéu kién chung nhdt, t6c do khoan (ning sudt khoan) phu thuéc chu yeu
vio P va n. Nhin chung khi P, n tang ién thi tdc do khoan ciing tang lén va nguoc lai, con
loai dung dich khoan va luu lugng nudc ria Q s& quyét dinh tinh trang cla giéng khoan
{16 khoan).

Vai tro cha dung dich khoan trong qud trinh khoan 1 van chuayén mun khoan én khoi
giéng, 1am mat dung cu phd huy dat dd & duéi ddy, lam sach ddy giéng va 6n dinh thanh
~ gi€ng khoan (khi khoan qua cdc tang dat dd mem y&u bo rai).
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Dung dich dung trong khoan giéng bac gobm mot s6 loai phé bién sau:

+ Nude 13;

+ Dung dich sét tu nhién hoac nhan tao;

+ Dung dich polyme 1u nhién.

Tuy thuée viao chiéu sau khoan giéng, dac tinh vAd mic do 6n dinh clia cdc tang dat da
khoan qua ... ngudi (a ¢4 the lua chon moét trong cdc loai dung dich wén.

Tuy nhién cdn luu y réng viéc st dung dung dich sét vdi cdc thong s6 khéng duge kiém
sodt chat che s€ tao nguy co xam nhap clia cdc vat lidu min vao tang chia nudc, lam cho
qua trinh tha vat liéu foc kho khan hon va qud trinh bom ria phat trién giéng ciing khé dat
hiéu qua. Dieu nay can dic biét luu § khi tang chifa nude 1a cac 16p cdt hat min. Dé giai
quy€t mot phan cdc nhuge di€m nay, gin day ngudi ta da chd ¥ 16i viéc sit dung dung dich
khoan bang polyme tu nhién, tuy gid thanh tuong déi cao hon so véi viée sir dung dung
dich sét, song xét vé mat tong thé, hiéu qud kinh t& ¢6 thé cao hon do giam duoc thdi gian
thoi rira phat trién giéng va hiéu qua giéng cling nhu tudi tho cha né duoe cai thien dang ké.

2.1.2. Khoan ddp

La qua trinh khoan ma su pha huy dat d4 o dudi day gieng xdy ra theo co ché dap v
Cdc phuong phip khoan dap bao gém:

+ Khoan dap cip;

+ Khoan dap can (khoan dong).

Phuong phdp khoan dap cip thich hop v6i vige khoan céc giéng khai thic dudmg kinh
- 16n, chiéu sau nhd va trong cdc ting tram tich mém yé&u, bd roi. Phuong phdp khoan dong
to ra ¢6 nhicu wu diém trong viéc khoan cdc giéng duong kinh nhd cap nude theo kidu
UNICEF trong cdc ting tram tich mém y&u, bd roi.

I. Bo dung cu khoan ddp

Bo dung cy khoan dap bao gom: Cdp khoan dap, dau néi cap, dao cdp, can dap (cin
nang), mii khoan (chong dap).

Chie nang cua bo dung cu khoan dap la truyén nang lugng tir trén mat d€ nang bo dung
cu khoan (chong khoan) lén cdch dady mot do cao nhét dinh (08 + 1,5m) va tha né rui tu do
dé dap vo dat da o dudi ddy giéng, déng thoi xoay chong khoan mét géc tuong doi sau mai
cu dap.

2. Chong khoan (dung cu phd huiy ddt dea)

Tuy thuoe vao cap dat da, ngudi ta sir dung cdc loai chong khoan hodc Gng miic.

Chong khoan pédm ¢é chong chir I, chong chir thap hoac chong tron. Chong khoan dugc
st dung d€ phd v& da cing. Ong miic gom ¢d ng mic van cdu va 6hg mic van canh. Onﬂ
mide Jduge ding dé khoan trong cic tang dat da mém, bo roi, sét... hoidc dé mic mun khoan
saut ki dd phd v& bing chong.



3. Cdc thong s ché do khoan ddp

Céc théng s8 ché€ d6 khoan dap bao gom:

+ Chiéu cao dap (m);

+ Tén s6 dap (lan/ phit);

+ Trong luong bo dung cu dap (kg).

Nhin chung khi dat d4 cang cting thi chiéu cao dap va trong luong bo dung cu dap can
tang lén.

Khi khoan dap qua cdc ting mém yéu, bd rdi, viéc dn dinh thanh gi€ng trong quad trinh
khoan cé thé bang ong chéng tam duge chdng theo doan hoic vira khoan vira chéng 6ng,
hoic 6n dinh bang dit sét. Viéc dung dat sét dé dn dinh thanh gi€ng khi khoan qua céc tang
chita nudc nén han ché & mic t6i thidu.

2.1.3. Khoan xoay ddp

Céc phuong phédp khoan xoay dap gom:

+ Khoan xoay dap thuy luc: ¢é hai phuong phdp khoan dap thuy luc, do la:
- Khoan xoay dap thuy luc bia dap ¢ dudi diy;
- Khoan xoay dap thuy luc bia dap & trén mat;

+ Khoan xoay dap khi nén.

Hién nay phuong phap khoan xoay dap thuy luc ¢6 bia dap trén mat dang duge su dung
phd bién dé khoan 16 phuc vu cac muc dich gia ¢6, xif I nén méng cong trinh xay dung va
khoan 16 nap min trong khai thic mé. Chat 1dng truyén din nang lugng la dau thuy lue.
Pham vi 4p dung clia né la cic giéng c6 chiéu sau va dudng kinh khong 16n. Phuong phap
ndy dic biét cé hiéu qua trong cdc ting dd cimg, don.

Phuong phép khoan xoay dap thuy luc bia dap dudi ddy chi y€u dp dung cho cic giéng
khoan sau trong tham dd va Khai thac ddu khi.

D6i véi phuong phap khoan xoay dap bing khi nén, biia dap dugc lap & dudi ddy, ngay
trén miii khoan (chdng khoan) va dugc truyén dan nang lugng tir trén mat nhd khi nén.
Phuong phdp nay ¢6 hiéu qua dac biét khi khoan trong cac tang dat da cing chic va rat
cimng. Pham vi 4p dung 1a khi khoan cdc giéng khai thic nudc trong cic tang dal dd cling
chac, chiéu sau 16n va ¢6 duong kinh trung binh.

Cic théng s6 ch y&u cha phuong phap khoan dap khi nén gom:

+ Tai trong doc truc Ién chong khoan P (kg);

+ Tan s& dap N (1an/phut);

+ Téc do quay cha bo dung cu khoan n (vong/phat).

Viéc diéu chinh cdc thong s6 P, n duge thuc hién bing may khoan. Tan s6 d4p dugc dicu
chinh bing cich diéu chinh luu lugng va 4p sudt cua may nén khi.

Nang suat khoan (i6c do khoan) chii y&u phu thude vio tan s dap va tai trong doc truc
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2.1.4. Khoan thuy luc

Phirong phap khoan thuy luc 12 phuong phép khoan ma qué trinh phéd huy dat d4 & dudi
ddy dugc thuc hi¢n nhd nang lugng cha dong nude ¢6 16c dé cao qua moét voi phun thuy luc
dugc dat & dudi ddy cha bo dung cu khoan. Nang lugng clia dong nude duce cung cdp bai
mot may bom pit tong c¢é ap sudt v luu lugng cao.

Phuong phdp nay thich hop véi vi¢e khoan cdc giéng c6 dudng kinh nhé, trong cdc tang
trdm tich b& rdi, mém yéu phuc vu viée c¢ap nude don 1¢ kiéu UNICEF.

2.2. Thiét bi khoan giéng

2.2.1. Mdy khoan xoay

Cén cir vao phuong phap truyén tai trong lén mili khoan trong qua trinh khoan loai ddu
Khoan, thi€t bi khoan xoay bao gém cdc loai:

- Mdy khoan ¢6 ddu quay vit vi sai - don bdy;

- Mdy khoan ¢é dau quay thuy luc;

- Mdy khoan c6 dau quay roto truyén déng co khij;

- May khoan ¢6 dau quay roto bang turbin thuy luc, ddu khoan di déng.

Cdc mdy khoan c6 ddu quay vit vi sai - tay don bdy va thuy lyc thich hap cho viéc khoan
thim do xdc dinh dia tang, khoan cic gi¢ng tham do, quan trac va cdc giéng khai thic c6

dudng kinh nho. Uu diém cua cdc loai médy nay 1a cho phép diéu chinh mot cich dé dang
tai trong doc truc lén miii khoan, tuy nhién khong ¢6 kha nang truyén mé men 16n.

Céc may khoan ¢6 dau quay roto ¢6 kha nang truyén mé men I6n thich hop véi viee
khoan cdc giéng khoan ¢6 dudng kinh 16n trung binh, chiéu sau 1én.

Mot s6 loai mdy khoan xoay dang str dung phé bién & trong nude:
- May khoan vit - vi sai: ZUB -150, XJ-100, XJ-1.

- May khoan xocay thuy luc: ZUB 300, ZUB 650, ZUB 1200, ZUB 2000, YK&-500C,
CK&-4, C3A-500, XY-1, XY-2, KO KEN-100, OP-1, LONGYEAR-38 vi LONGYEAR-48.

- May khoan roto: URB-3AM, URB-2.5A, URB-4P.

2.2.2. Mdy khoan ddp

(an c vao phwong phédp dap, ¢é cdc toai mdy khoan dap sau:

- May khoan dap cdp;

- Mdy khoan dip can (khoan dong).

Cdc mdy khoan dap cdp thich hop cho viéc khoan cdc giéng khoan khai thdc dutmg kinh

{6n, cdc mdy khoan dap can thich hop vdi viéc khoan cédc giéng cé dudng kinh nhd hoic
khoan tham do xdc dinh dia tdng.
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Mot s6 loai mdy khoan dap dang duge sir dung phd bién & trong nude hi¢n nay la
YKC-22M, YKC-30M, YI'd-3YK.

2.2.3. Mdy khoan xoay ddp

Cin ctf vao loai bia dap duoc sl dung va vi tri clia nd, ¢6 céc Joai mdy Khoan xoay dap sau:

- May khoan xoay dap bla dap thuy luc ¢ trén mat;

- M4y khoan xoay dap bia dap & dudi ddy;

- Mdy khoan xoay dip bda dap khi nén.

Cic mdy khoan xoay dap thuy luc bia dap & trén mat ¢6 chiéu sau khoan va dudng kinh
nho, thich hop véi vide khoan gua cic tng dat dd cing va rat cing.

Céc mdy khoan xoay dap thuy luyc biia dap ¢ dudi ddy thich hop vail viec khoan cac
giéng khoan sau, chi y&u la trong tham do va khai thdc dau khi.

Cic may kKhoan xoay dap khi nén thich hop véi viec khoan da cimg va rat ciing, chicu
sau khoan ¢é thé t6i mot vai tram mét. Tuy thudc loai bua dap sir dung, dudng kinh gicng
khoan cé thé tr 76mm dén 300mm.

Doi v6i cac mdy khoan xoay dap, ngoai mdy khoan chinh, trong thanh phéan cua t6 hop
thiét bi khoan con phai ¢6 thém bom déu thuy luc, bom bun hoac mdy nén khi (tuy thudc
vao loai may khoan) dé cung cép nang luong cho bda dap.

Cac mdy khoan xoay dip vé co ban gidng thi€t bi khoan xoay. Céc thi€t bi khoan
xoay c6 thé duge ndi them biia dap khi nén phd hop dé dp dung phuong phap khoan xoay
dap khi nén.

Mot s may khoan dap v bua dap khi nén dang dugc sir dung phd bién & nudc ta hién
nay la

+ M4y khoan dap: C3Y-100T, C§Y-100N, C8Y-100P, YBM, KOKEN.

+ Bta dap: [1-105; [T -125; DH125; DHI50; DH 200; DH 250; DH 300.

2.2.4. Mdy bom

Poi v6i cdc phuong phdp khoan xoay bom rira v khoan dp thuy luc bda dap ¢ dudi
ddy. trong thinh phén cla thiét bi khoan con ¢6 thém may bom biin dé bom dung dich lam
mat lusi khoan, boi tron dung cu khoan va van chuyén miin khoan lén mat hoac cung cap
ning luong cho bia dap thuy luc.

C4c mdy bom bin sir dung cho khoan ¢o thé duge lap dong bo trén mdy khoan hoac

dugc ldp dat va van chuyén riéng 1€. Dac dlem chil yéu cla cac mdy bom bun sl dung trong
khoan giéng la ¢6 dp luc cao {dén 60 kg/(.m ), luu lugng 161 400 + 500 lit/phiit va ¢d kha
nang bom dugc dung dich ¢6 ty trong cao, ham lugng cat [on. Tuy thude vao dudng kinh va
chiéu sau khoan giéng ma c6 thé lya chon mdy bom ¢6 luu luong va ap luc hop ly.

Mot s6 mdy bom thong dung: HI'P250/50, HI'P300/50, HEP350/50, H&-32, 1183-120/40),
H&4-160/63, Ho2- 63/40.
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2.2.5. Mdy nén khi

Dé6i véi phuong phdp khoan xoay dap khi nén, trong thanh phén ctia thiét bi khoan con
c6 thém may nén khi dé cung cap nang lugng cho bua déap, lam mat mii khoan & du6i day
va van chuyén man khoan 1én mit.

Tuy thuoc vao loai bua dap, sir dung mady nén khi ¢é luu luong va dp sudt phi hop.
Du6i day 1a mot $6 mdy nén khi théng dung: DK-9M, PR-10, PV-10, DK-661, DK-660,
PS150, PS200. :

2.3. Két ciu giéng khoan

2.3.1. Cac thanh phdn co bdn cia mét giéng tham do, khai théc nuée ngam

Mot gieng tham do, khai thic nuéc ngam duoge thiét k& hoan chinh bao gdm cdc thanh
phan sau:

- 6ng chéng bao veé;

- Ong chéng khai théc;

- 6ng loc;

- Ong lang;

- Ldp vat licu loc (cdt loc hoic soi loc);

- Lop céch ly (sét hodc hén hop xi ming sét);

- 6ng ti€p $0i;

- 6ng quan trac muc nude trong giéng.

Tuy nphién, trén thuc 1€, twy thuoe vio muc dich sk dung gi¢ng (gi€ng tham do, khai

thdc, quan trac), diéu kién dia tdng... ma céc thinh phin cta mot k&t cau giéng co thé
thay déi.

2.3.2. Cdc thanh phdn co bdn ciia két cdu giéng
1. O’ng chéng tam va 6ng chong khai théc

Vai trd ciia 6ng chéng tam la bao ve thanh giéng khoan, én dinh dia ting trong qud trinh
khoan giéng, dong thai bao vé giéng khoi sur xam nhép cua nude mat va nudc ngdm tir cic
tang khong khai thdc phia trén xudng tdng khai thic vi giéng. Doi v6i 6ng chéng khai thic
ngodi cdc nhi¢ém vu trén né con ¢é chitc nang 13 tao ra mot Sng dan nudc trong gi€ng va bao
vé mdy bom trong qud trinh khai théc.

Vit ligu ch¢ tao 6ng chéng tam va Sng chéng khai thic cé thé bang cdc loai 6ng thép
cacbon thong dung, 6ng thép cacbon cudng do cao, ong thép ma kém, 6éng nhya PVC,
hoiic dng inox. Viée sir dung loai 6ng nio duge can cit vao muc dich sir dung giéng, mic
do an mon nude dudi dat, chiéu sau giéng va hiéu quéa kinh t€ d€ can nhéc lwa chon.
Viéc sir dung 6ng PVC dé két cau gieng cdn diac biet chi ¥y 16t d6 ddy thanh 6ng va 4p
luc phd hoai.
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2. (jlng loc

Nhiém vy clia 6ng loc 13 thu nhan nudc tir cac tdng chita nudc, ngan can cac hat cdt,
méanh vun va vat liéu loc khong cho xam nhéap vao giéng, dong thai on dinh dia tang va bao
vé thanh giéng trong qud trinh khai thac. Céc loai 6ng loc thong dung bao gom:

- Ong loc tran khoan 16;

- 6ng loc khoan 10, quan day:;

- Cjng loc khoan 16, boc 1udi;

- 6ng loc "Johnson™,;

- 6ng loc xé rdnh;

- 6ng loc boc 80i.

Vit liéu ché tao 6ng loc ¢6 thé 1a thép cacbon, thép cacbon ma k&m, inox hoac vat ligu
PVC. Riéng déi véi loai 8ng loc boc s6i con bao gém ca 16p vat liéu loc nam giita hai 16p
ong loc.

6ng loc Johnson duoc ché tao chil yéu bang inox hodc thép cacbon ma kém, cdc day
quin ¢6 ti¢t dién hinh tam gidc duoc quan xung quanh 16p trong 6ng va duge han theo
phuong phap han ti¢p xtc tao thanh mot rdnh loc lién tuc, mat ¢t ranh hinh tam gidc. dinh
& phia ngoai. Mot trong nhimg uu diém ndi bat cia loai dng loc nay 1a ngan ngira sy lap
nhét lam tac ranh loc trong qué trinh khai thic ddm bao hiéu qua hoat dong lau dai cta
gi¢ng. Hién nay viéc st dung 6ng loc ndy dé lap dat cho cdc gi¢ng khai thic nudce, dac bidt
la trong ting cat hat min, hat trung dang tr& nén phé bi€n va 10 ra rét ¢6 hiéu qua.

3. Lop vat liéu loc

Vai trd ca 16p vat lieu loc 1a 6n dinh dia tdng va tao ra mot tang loc nguoc ¢ viing can
phia ngoai cta éng loc, ¢6 tic dung ngan khong cho cdc hat min ti tang chda nude xam
nhap vao giéng trong qud irinh khai théc.

D6i v6i nhitng giéng ma tang chita nude 12 cdc tang da 6n dinh c6 thé khong can 16p vat
liéu loc dé don gian cho qua trinh bom ria phat trién giéng. Vat liéu loc ¢ cdp phoi thanh
phén hat tuy thuoc vao cap phdi thanh phan hat clia ting chita nude.

4. Ldp cdch ly

Nhi¢m vu cha 16p cdch ly 12 6n dinh v bao vé dia tang céc 1ang khong khai thdc, bao
vé cot 6ng chong, bao vé hodc col 6ng chong khal thic, cdch ly nude mat va nude ngam
khong dam bao chat lugng tir cdc ting khong khai thac véi gi€ng va cdc tang chifa nudc
khai théc.

Ldp cach ly ¢é thé duge 1dp dat bang vat liéu sét vién, dung dich vira xi mang - st hoac
dung dich xi mang. LGp cdch ly dugc lip dat tai chd trong qud trinh thi cong gic¢ng bang
cdch nhoi khi dung sét vién hoac trdm khi dung dung dich.

210



3.3.3. Mot sé'loai két cdau giéng dién hinh
1. Két cdu gidng 6 ldp vit liéu loc ditoe boc hoan chinh

bic diém coa loai két ciu nay 1a giéng cé 16p vat li¢u loc duoc 1ip dat hoan chinh dén
miéng giéng. Uu diém cha kiéu két cidu ndy 1a don gian trong qua trinh thi cong, cho phép
bd sung vat liéu loc trong qud trinh khai thic, chi phi xay dung thap. Kiéu két cau nay dang
duge ap dung tuong d6i pho bién.

2. Két cdu giéng co 1op vat lidu loc boc mot phdn

bic diém cta kicu két cav ndy 12 16p vat liéu loc chi dugce Iip dat mét phan trén toan bo
chiéu siu giéng, phdn con lai cha 6ng chong khai thdc dugc tram 16p cich ly va duoc lip
dat 6ng nap vat liéu loc. Viéc bd sung vat liéu loc trong qua trinh khai thdc duge thuc hién
qua 6ng nap. Phia ngodi dng chdng bio vé dugc trdm céch ly. Kiéu két ciu ndy thich hop
véi cdc gieng khai thac cé tang chia nudc sau, viée chong ¢t 6ng chdng bao vé va lap dat
16p cich ly t6i chiéu sau 16n s& 16n kém.

3. Két cau giéng 6 ong loc long

Ki€u két ciu ndy ¢6 dic diém la phia ngoai 6ng chdng khai thic duoc tram 16p vét licu
cach Iy va dng loc duoc lap dat 16ng vao trong ong khai théc bang mot dung cu chuyén
ding. Kiéu két cdu nay ddi hoi dudng kinh 6ng chéng khai thdc phai dii 16n dé lap dat &ng
loc va I18p vat licu loc. Viéc bo sung vat liéu loc trong qud trinh khai thac phiic tap hon so
vi hai ki€u két cau giéng duge mo td & rén. Kiéu dng loc nay thich hop véi cdc giéng

. khoan sau, dugc khoan bang phuong phép khoan xoay hoic khoan dap cap.

4. Két can giéng 6 dng loc 10ng trong giéng duge khoan doa md réng duong kinh ¢
phan duedi (khoan bung)

Kiéu két cdu nay twong tw nhu kiéu k&t cdu da dugc mé t3 & muc 2.3, chi khic 14 phin
gi¢éng khoan phia dudi dng chdng khai thic duge khoan doa md rong dudng kinh 16n hon
dudng kinh trong ciia dng chéng khai thac. Kiéu két cdu nay cho phép lip dat ong loc ¢
dudng kinh lén va 16p vat liéu loc c6 chiéu day 16n hon. Viéc khoan doa m& rong dudng
kinh & phia dudi dugc thuc hién bang chong khoan chuyén diing kiéu "khoan bung". Ki¢u
k€t cau nay thich hop véi phuong phdp khoan xoay, tang chifa nudec nidm sau va yéu cdu
dudng kinh éng loc, chi¢u day 16p vat Liéu loc 1én.

3. Két cdu giéng c6 ong loc bd'tri phan tdng

Kiéu két ciu nay c¢6 éng loc duge bé tri phian doan phit hop véi sir phan bé clia céc ting
chita nude, cde doan ong loc duge ndi v6i nhau bdi cdc doan 6ng chong khai thac. Kiéu két
cdu ndy cho phép ti€t kiém dng loc trong diéu kién cdc giéng khai théc trong cdc ting chita
nudc phan b kiéu xen kep giifa cdc tdng cach nudc day. Tuy nhién trong mot s6 trudng
hop, ki€u két ciu nay khéng cho phép bé sung vat liéu loc trong qud trinh khai thic, vi vay
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doi hoi viéc lap dat 1dp vat liéu loc trong qué trinh thi cong giéng phai dam bao lap day
khoang vanh khin gitta thinh giéng va ong loc, 6ng loc phdi nam & trung tam cla giéng.

6. Két cdu giéng kidu ddnh sap tu nhién, ong loc ditoe duc 16 1ai ché

Dac diém cia kiéu két ciu ndy 13 6ng chong khai thic duce Iap dat dong thoi véi qud
trinh khoan bing phuong phdp déng, nén hoac tu roi. Sau khi két thic qua trinh khoan, mot
phan cta cot éng chdng khai thac ndm déi dién v6i ting chiia nude dy dinh khai thac s¢
dugc duc 16 tai chd dé tao thanh 6ng loc bing cdc thiét bi duc 16 chuyen ding. Uu diém cla
kiéu két cdu nay 1a cho phép thi cong gi€ng trong céc tdng trdm tich bd roi ma viéc bio vé
thanh giéng trong qud trinh khoan bing dung dich khoan t6 ra kém hi¢u qua. Kiéu két cau
nay thich hop véi phuong phap khoan dap cdp vira khoan vira chong 6ng va tang chua nude
¢6 cdp phoi thanh phan hat cho phép tao tdng loc nguoc ty nhién trong qua trinh bom rura
phat trién giéng. Tuy nhién kiéu két cau ndy ddi hdi phai cé thi€t bi duc 16 chuyen ding va
viéc Iua chon kiéu 6ng loc bi gi6i han bdi phuong phap duc 16 6ng loc.

7. Két cau giéng kiéu ddnh sdp te nhién c6 ong loc dige ldp dat sau kii khoan hodc
trong qua trinh khoan

Khéc véi kiéu két cdu duge néu trén, éng loc di duge ché tao san trude khi lap dat. Viee
lap dat Sng loc duge thyc hién trong cdc tdng khoan béng céch lap din 6ng loc trong khi
khoan hodc 1ap dat sau khi két thiic qué trinh khoan béng céch nit cot 6ng chong tam. Kiéu
két cdu nay thich hop véi cdc giéng nong, chiéu dai doan 6ng loc ngan va ap dung phuong
phdp khoan dap cap.

8. Két cdu giéng trong tdng dd goc khong c6 dng loc

Pac diém cua kiéu két ciu nay ka 6ng chong khai thdc dwgc lap dat t6i mdi cla tang da
g6c chia nudc va phia ngoai dugc trim mot 16p cdch ly. Phan phia dudi clia giéng duoe dé
tran khong lap dat éng loc. Kiéu két cdu nay thich hgp vdi cdc giéng khai thic trong tang
d4 géc n dinh, tiét kiém chi phi Iap dat dng loc va vat liéu loc. Tuy nhi¢n thoi gian bom
rita phat trién giéng phai di 1on dé dam bao lam sach giéng.

9. Ké1 cdu giéng trong tdng dd goc c6 éng loc

Khac véi kicu két cau vira duge néu trén, phin phia dudi giéng nam trong da gdc chifa
nude dige lap dat ong loc va Iép vat lidu loc dé bao vé va &n dinh tang chita nudc. Kieu két
cdu nay thich hop véi cdc giéng khai thdc trong dd géc nit n¢, thanh giéng khong on dinh
hoic chia nhiéu vat lieu min.

2.3.4. Phdn loai két cdu giéng

Maét s6 phuong phap phan loai két cau giéng don gian:

i) Theo mdi quan hé giita chicu dai 6ng loc va chiéu day cua tang chia nude ¢6 cic

~ loal sau;
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- Giéng c6 két cdu hoan chinh: 6ng loc duge dat doi véi toan bo chiéu day cia tang
chira nudc.

- Gi€ng c6 ket cdu khong hoan chinh: 6ng loc chi duge dat trong mot phan cia ting
chua nude.

ii} Theo ki€u ldp dat 6ng loc ¢6 céc loai sau:

- Két cdu giéng c6 ong loc 16ng: ong loc tha 18ng vao trong Idng cha ong khai thdc.
- Két cdu gieng c6 ong loc duoc noi lién ciing v6i dng chéng khai thic.

111) Theo su phan bé ciia cdc doan 6ng loc ¢6 céc loai sau:

- Gi¢ng ¢ ket cdu dng loc lién tuc: 8ng loc duge b tri lien wyc.

- Gigng ¢ ket cau 6ng loc phan doan: 6ng loc b tri thanh cdc doan khéng lLién tuc.
2.4. Thiét ké giéng khoan

2.4.1. Mot s6' vdan dé chung

Mot gicng khai thic t6t i thanh qua cudi cung ctia mot qud trinh 1ap di lap lai tir viéc
xem x¢t muc dich va cac dic diém dia chat thuy van, dia ting; qua trinh thi céng, hoan
thién giéng dén cdc quy trinh van hanh va bao dudng giéng sau khi dua giéng vao van hanh.

Vige thiét k& gigng duge can et vao yéu cau muc dich sir dung giéng, céc dic diém vé
dicu kién dia chat, dia chat thuy van, yéu ciu vé bio vé giéng va ting chua nudc, thiét bi vi
phuong phdp khoan gi€ng, cdc tiéu chudn ky thuat hién hinh... déng thdi con chiu anh
huong tr kinh nghiém c6 dugc tir cdc gigng lan can da dugc thi céng va van hanh trudc day.

' Chic nang cla mot giéng khai thic 13 tao ra mét 8ng din nude tir ting chifa nudc 1én
mat dat va &ng din d6 phai dugce thiét ké dé dat duge céc muc tiéu sau:

0) Luu luong clia gi¢ng phai phit hop véi luu lugng yéu cdu clia may bom va dic tinh clia
tang chifa nude.

11) Pat duoc luu luong thiét k€ véi hieu qua giéng cao nhat.

i) Nude duge khai thic tir giéng cho chat lugng & miic do chap nhan dugc va bao vé
giéng ciing nhu tang chia nude khong bi 6 nhidm, suy thodi.

iv) Nang cao 161 da tudi tho ciia giéng, kéo dai chu ky bao dudng mot cach hgp 1y va dat
dugc hi¢u qua kinh 1€,

2.4.2. Mt 56 nhdn t6' dnh hudng t6i qud trinh thiét ké giéng

1. Cdc diéu kién dia chdt thuy vin

Trén co so cdc tai liu da co, kinh nghiém tir cdc giéng di duoc thi cong, viéc danh gid
cdc diéu kién dia chdt thuy van la mdi quan tam hang déu cla qud trinh thiét ké giéng.
Cong viec ndy nham muc dich thu thap cdc thong tin so bo cdn thiét cho viéc thiét ke gi¢éng.
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Cic diéu kien dia chat thuy van clta khu vire, cac thong s6 cla tng chia nude, cot dia tang
cha gi€ng khoan [a nhiing nhan (6 co ban cho viéc thiét k€ khoan giéng va cau tric giéng,
cdc théng tin nay cin duge cap nhat trong qué trinh thi cong hién trudng va mot s6 thong s
cla giéng s&€ dugc diéu chinh cho phii hop véi thuc t& trong qua trinh thi cong.

2. Muc dich sw dung giéng

Maic dir céc tieu chudn cao cho viéc thi céng va van hanh giéng ludn 14 diéu cdn thict,
song muc dich sir dung s& anh hudng i mot s6 thong s6 trong qud trinh thiét k& giéng bao
odm tudi tho, ham luong cit va chat luong nudc ¢6 thé chép nhan duge. Ngoai ra khi chite
ning cdc gi€ng la khac nhau thi cdc yéu cdu vé k¥ thuat cho ching ciing khic nhau.

3. Ché'do van hanh giéng

P6i véi cdc giéng khai thdc, ch¢ do van hanh gi€ng anh hudng t6i vice thiét ke giéng.
Ché dé van hanh lién tuc trong ngly s&€ kéo theo toc do suy thoai gi€éng 18n va chu ky bio
dudng giéng ngan lai. Vi viy trong nhimg di¢u kién cho phép nén lua chon ché do van hanh
hop 1y.

4. Phuong phdp va thiét by khoan

Cic phuong phap khoan va thiét bi khoan gi¢ng anh hudng dén qua trinh lua chon cau
tric giéng d¢ dam bao kha nang thuc thi dur an.

4.4.3. Mot sé diém cdan cha y khi thiét ké cdu tric giéng khai thdc
1. Lita chon loai két cdu giéng

Tuy thudc vao cot dia tang du kién, dic diém cla tdng chifa nudc ... lya chon kiéu ket
¢du gi€ng. Nhin chung trong nhitng diéu kién cho phép nén chon ki€u két cdu giéng don
gian, dé thi cong. -

2. Ong chéng khat thdc va dng chong bdo vé

Dudmng kinh ctia 6ng chéng bdo vé phai di 16n dé cho phép lap dat ong chéng khai thic;
chidu sau chéng 6ng ciin cif vio cot dia tAng va phai dil I6n dé bao vé duoc thanh giéng
trong qud trinh thi cong, bdo vé giéng khoi bi 6 nhiém boi nude mat hoac tir cic tang chita
nudc khong khai thdc phia trén trong qud trinh khai thac.

Déi véi 6ng khai thic, dubng kinh trong ctia 6ng phai duge chon di [6n de dam bio lap
dat thiét bi bom giéng khai thdc theo tiéu chuan ciia nha cung cip dong thai phai dam bao
van 16¢ ddong nudc trong ng trong qud trinh khai thic khéng duge 16n hon 1.5m/s. Chicu
sau chong 6ng khai thac ciin o vao ¢ot dia tang thue t&, muc nude tinl, muc nude dong.
chidu sau lap dat mdy bom va cic du kién vé gidm muc nude dong trong qui trinh khat thdc
déng thoi con phai quan tam té1 chidu sau lap dat Sng loc va bdo vé duge giéng trong qud
trinh khai thdc. Ngoai ra, khi chon dutng kinh 6ng khai thac can phai xem xét dén dieu
kién thi cong, thiét bi va phuong phdp khoan giéng.
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Loai 6ng chéng bao vé va 6ng chdng khai thac duoge chon can cif vio chiéu siu chong,
cdc tinh chat 1y hod, mitc d6 an mon clia nudc dudi dat vi moi truong chung tai khu viuc
gicng. Céc loai Ong nay c6 thé duge ché tao bang thép cacbon thudng, thép cacbon mac
cao, thép khong ri, thép ma k&m hoic PVC.

3. (jﬂg loc

Loal 6ng loc duge lua chon can cif vao dic diém cla tang chia nude, chiéu sau chéng
ong loc va cdc tinh chét 1§ hod cla nuéc dudi dat. Tuy thuoe vao dic diém cla tang chita
nude, ¢ thé chon éng loc trén, dng loc trdn quan day, 6ng loc trin quan ludi, éng loc ¢
ranh lién tyuc hodc rdnh khong lién tuc thing ding. Vat liéu ché tao ong loc cé thé 1i thép
cacbon, thép ma kém, inox hoic PVC.

Chicu dai ong loc duge lya chon can ¢t vao luu lugng thiét k& gichg, chiéu day va su
phan bd cua cic tang chita nude. Nhin chung khi tang chia nuée khéng qud day, chi¢u dai
va su phan b6 cdc doan Gng loc thudng phi hop véi chidu ddy va su phan bd clia cic tang
chia nuGe khai thdc. Dudng kinh 6ng loc duge lua chon dé dam bao téng dien tich do mé
cla ong loc di 16n dé t6c do dong nudc chiy vao giéng khong vugt qua gidi han cho phép.
Khe h¢ ctia rinh loc hoac dudng kinh 16 éng loc trin duge lua chon can cd vio cip phoi
thanh phén hat va h¢ s6 ddng nhét clia dia tdng. Nhin chung khi d¢ hat cang nhé thi khe hé
ranh loc hodc dutng kinh 16 loc cang nhé va ngugc lai. D6 md clia dng loc ¢6 quan hé véi
khe ho ranh loc hoac dudng kinh 16 loc va duge chon dé vira dam bao van toc giGi han ctia
dong chiy dong thdi ddm bao cdc gidi han vé do bén clia 6ng loc ma chii yéu 13 4p luc bang
hoai va luc kéo dirt.

Nhin chung trén thi trudng cé nhiéu loai 6ng loc dang duoc sir dung dé Iap dat cho céc
giéng khai thac, cdc loai dng loc san xudt trong nude thudng do cdc don vi ty gia cong, cac
thong s6 va chat lugng khong dam bao cho viéc sit dung lau dai, t3c do suy thoai giéng
nhanh, céc loai 6ng nhap khiu thudng c6 chat lugng cao hon, trong s6 d6 c6 thé ké dén loai
ong loc ¢6 rdnh lién tuc duge ché tao bing phuong phdp han, tist dién rinh hinh tam gidc
dinh & phia ngoii theo ki€u éng loc Johnson. Do ki€u thiét k& ranh loc nay han ché qud
trinh 1ap nhét va lam giam t6c do suy thodi gieng. Day 1a mét trong nhimg loai 6ng loc ma
trong qud trinh thi€t ke can xem xét lua chon dé dam bao hi¢u qua 1am viéc Iau dii cba gigng.

4. Lop vt liéu loc

Cac thong s6 can dugc tinh todn lua chon doi véi 16p vat licu toc bao gém: Chiéu dai lap
dat, cap phoi va bé day cha 16p vat li¢u loc. Chiéu dai 1dp vat ligu loc tuy thude vao kiéu ket
cdu gieng duoc lya chon. Trong nhing diéu kién cho phép nén lya chon giai phdp lip dat
I6p vat ligu loc t6i bé mat d¢ dam bao ving chic viéc bé sung vat liéu loc trong qud trinh
bom rira phit trién giéng va khai thic sau nay.

Cap phoi thanh phan hat ctia vat liéu loc duge chon can it vho cdp phdi va hé s& déng
nhit cua dia ting. Khi d6 hat cia dia tAng chng nho thi do hat cha vat liéu loc cling cing
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nhé va ngugce lai. Chiéu ddy cla 16p vat liéu loc phai dam bao tri $6 t6i thiéu tuy thude vio
chiéu sau lap dat, do hat va phuong phdp lap dat 16p vat liéu loc.

5. Lop cach ly

Tuy thuoc vao diéu kién thi cong thuc t€ ¢6 thé lua chon 16p cdch ly bang sét chen hoac
tram truc tiép. Khi dp dung giai phdp tao 1dp cdch ly bang chén sét vién thi khe hd giita dng
chong (khai thac hoic bao vé) va thanh giéng phai di 1on dé dim bao diéu kién t6i thicu
cho cang viéc chén sét, gidi phdp nay thudng chi nén 4p dung cho trudng hop chiéu sau 1op
cdch Iy nhé. Cdc trudng hop con lai nén chon gidi phdp tram truc ti€p tao I6p cach ly. Vat
lieu trdm c6 the 14 dung dich sét, dung dich sét - xi mang hodc dung dich xi mang. Tuy
nhién khi 4p dung giai phap trdm tryc ti€p cdn chd ¥ dé vat liéu trdm khong xam nhép vio
tang chia nudc hoac 16p vat lidu loc.

6. Diong kink va chiéu sdu khoan giéng

Viéc thi¢t k&€ dudng kinh khoan giéng thudng can cif vao dudng kinh ngoai cua ong loc
va chiéu day I6p vat fiéu loc dé chon cap dudng kinh khoan gi€ng cudi cung(trir phuong
phdp khoan bung). Khi giéng thiét k& dé soi, tuy thudc chiéu sdu khoan, cdp phéi vat Jicu
loc, dudng kinh giéng khoan phéi 16n hon dudmg kinh ngoai ctia 6ng loc 161 thiéu 100 mm
dé dam béao khe h& 1ap dat 16p vt liéu loc.

Tuy thudc chicu siu giéng, cot dia tang, duong kinh ngoai cua cic 6ng chong khai thac,
dng chong bao vé va sg d6 cau tnic gi€ng, xuat phdt tir dudng kinh cudi cling cia giéng ma
Ira chon cic cép dudng kinh ti€p theo cho hop 1y. Tuy nhién mdt ciu tric 161 uu 1A mot cau
- tric don gidn véi su thay déi cap duong kinh 14 it nhit.

Chiéu sau khoan gi¢ng tuy thudc vdo chiéu sau lip dat két cdu gi€ng va phai ddm bao
cho phép lap dat két cdu chinh x4c 16i chiéu sau da duge thiét k&

2.5. Mot s6 van dé kv thuat khoan va liap dat két cdu giéng
5.1. K¥ thudt khoan giéng
{. Khoan xoay bom rita

a} Khoan tham do xde dinh diu tang

Trit khi cot dia tang dd duge tim hiéu mot cach rd rang, cong viéc khoan giéng thuong
durge bat ddu tir viéc khoan tham dé 1y miu xdc oinh dia tdng. Cong viée nay nhim
khing dinh hoac chinh xdc hod cic diéu kién dia tang di duge du kién nham diéu chinh
thiét k& giéng.

Pé dat muc dich nity, mot mat phai dp dung ¢ong nghé ldy mau phit hop déi vdi timg
tang dat dd dé¢ dam bao ty 1& 1ay mau Khong nhd hon 70% so vdi chicu dai moi hicp khoan,
déng thoi phai thudng xuyén theo déi tinh trang 1am viéc clia mdy khoan, min khoan dé
két hop v6i mau 1am cho viée xdc dinh ot dia tang thém tin cay.
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Tuy theo loai dat d4 ma st dung cdc bo dung cu 1ay miu khic nhau:

Doi véi cdc tang sét, bot sét hoac cat pha dinh két, st dung céc bo 6ng mau hai, ba nong
v6i phuong phap khoan bom rira hoac bo 6hg mau don véi phuong phap khoan kho, hiép
khoan ngén.

D61 véi cdc tdng b rod, cdt cudi soi st dung bo dng miu don véi phuong phip khoan
kho higp khoan ngan hodc st dung bo dung cu 14y mau kidu "hom". Tuy nhién viéc dam
bao ty 1¢ 1dy mau trong ting nay van 1 vin dé khé khin.

D6i véi céc tang cdt bd roi, cét chay, sl dung bo dung cu 18y méu kiéu 8ng muc ¢6 van.
Daéi véi cdc tang dd nit né, khong 6n dinh sit dung bo 8ng mau don, dng mau hai nong
hoac ba nodng.

Khi khoan trong cdc tdng dé cing chéc viéc sir dung bo 6ng méau don &€ 18y mau la hop
1y nhat.

Bang viéc dp dung céc cong nghé 14y miu mdi st dung cdc bo 6ng mau ba nong cho
phép lay mau hi¢u qua trong cdc tang dinh két hodc dd nidt né. Tuy nhién viec lay méu
trong cdc tang b roi (cdt, cdt san soi...) vin con la van dé khé khan. Trong nhimg trudng
hop nay yéu cau t6i thicu la phai xdc dinh duge ranh gisi bién déi ciia dia tang va lay duoc
mau nguyén trang vé thanh phan hat dé thi nghiém.

Vé mat ché do khoan:

Muc dich chinh ctia qua trinh nay 1a 18y miu xdc dinh dia ting, vi vay ngoai viéc lua
chon cong ngh¢ 13y mau hop 1y, céc thong s6 clia ché do khoan phai duge diéu chinh hop Iy
d¢ dat ty 1¢ 14y miu. Khi khoan 18y méu trong c4c tang trém tich, théng s6 huu lugng nude
ria déi khi quyét dinh t6i ty 1é méu. Nhin chung luu lugng nude ria nén khong ché 15
thi¢u d€ khong phé huy mau, dong thai di dé van chuyén min lén mat dat.

Khi khoan [dy méu trong cdc tang da nit né khong dn dinh, thong s& tdc do quay cia bo
dung cu khoan s& quyét dinh tdi ty 1¢ mau. Trong trudng hop nay phai gidm téc do quay tdi
tri 56 t6i thiéu hop 1y dé khong pha huv méu.

Khi khoan trong céc tang di cimg chic can phai tang t6¢ do quay va tai trong ddy dé dat
toc do khoan cao.

b} Khoan doa mo rong duong kink

Tuy thudc dudng kinh giéng khoan dd duge thi¢t k€, viéc khoan doa s& duoc 1ién hanh
mot cdch tan 1 theo cde cdp dudng kinh khéc nhau theo thit tu tang ddn.
Theo tiéu chuén thong dung, dudng kinh chdng khoan ¢6 cic Cip sau:

D112, D118, D132, D146, D151, D190, D214, D243, D295, D346. D394, D445,
D494, D630. ’

Can c& vao loai mdy khoan sir dung va tinh trang clia bo dung cu khoan, tuy thuoc
dudng kinh thiét k€ cé thé lya chon cdc cap khoan doa hop 1.
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Thong thuong nén chon cdc cip khoan doa theo trinh tu sau: D146 (D151), D190
(D243), D295 (D346), D394 (D445), D494 (D630).

Khi khoan doa mé& rong dudng kinh qua céc tdng trim tich bd rdi, mot trong cic yéu to
quan trong nhat 1a dim bdo sy 6n dinh thanh giéng cho qud trinh khoan. Tuy trudng hop cu
thé ¢6 thé én dinh bang dung dich sét hodc béng bién phdp chong 6ng tam. Khi dudng kinh
khoan cang 16n, doi hoi tai trong day va do bén viing cla cot ¢én khoan cang cao va nhiu
khi phai lap thém bo cin nang dé 1ang tai trong ddy.

Ngoai ra khi khoan dudng kinh 16n phai ¢6 thém bo éng dan hudng trong thanh phan
ctia bo dung cu khoan dé ddm bao do thang 1am cla giéng déng thai tang trong lugng ban
than cho bd dung cu khoan. Nhin chung khi khoan duong kinh 16n, dé van chuyén mun
khoan va lam sach giéng dodi hoi phai két hop gitta viéc di¢u chinh céc thong s cua dung
dich va luu lugng nudc rira phai da 1dn. Mdy bom buin phai su dung loat ¢6 luu lugng va
ap luc cao.

Khi khoan dudng kinh 16n qua cic tdng dd cing chac, mic do bén viing cla cot can
khoan va tai trong lén ddy quyét dinh hiéu qua clia cong tdc khoan. Do tai trong ddy 16n,
dudng kinh Ién nén doi hoi do ciing cia ¢ot cén khoan va trong lugng ban than ciia né phai
1én (khi sir dung céc may khoan roto). Thudng trong trudng hop nay su dung bé can khoan
dudng kinh 16n va lap thém cdn nang, ong dan hudng. Khi dat dd cang cing tai trong day
cang phai cao va nguoc lai.

2. Khoan xoay ddap khi nén

Phuong phip khoan nay chi dp dung cho céc ting da khong cho phép ldy mau xac dinh
dia tang va chi khoan mot cép dé dat dudng kinh thiét k€. Doi véi phuong phdp nay, loal
biia dap phai dugc chon phit hop véi dudng kinh chong va céc thong s (P, Q) cliia may nén
khi phai phii hop vdi véu cdu cua buia dap.

Nang suat khoan chll yéu phy thudc vao tai trong ddy va tan s6 dap. Tuy nhién trong qué
trinh khoan theo chu k¥ cdn thi€t phai dimp qud trinh khoan tao 16 ding khi nén dé day
mimn khioan lén khéi gi¢ng chéng tao nit min. Khi khoan sau, myc nude ngam trong giéng
cao, viéc dua b dung cu khoan xudng ddy phai than trong dé tranh mun khoan trong giéng
1ap nhét vao chong khoan va bua dap. Tuy thudce lugng min khoan con lai trong ddy, théng
thudng khi bo dung cuy khoan cdch ddy 2C + 30m phai dung lai va thuc hién thoi ria lai
gi¢ng. Khi bo dung cu khoan gin sdt ddy phai thuc hién tha b dung cu cing v&i viéc bom
khi nén qua bia dap.

Phuong phédp khoan nay chi thich hop vdi dé cimg, vi vay thong thudng phéi két hop vo
phuong phép khoan xoay bom rita. O nhitng phin trén clia giéng nam trong céc ting phong
hod hoac cdc ting tram tich bd 1oi trude khi khoan vao tang d4 géc.
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3. Khoan ddp cdp

Phuong phdp nay thich hop vdi viéc khoan cic gidng duong kinh 16n, trong cdc tdng
trdm tich b& rdi, cdt chay ma viéc bao vé thanh gi¢ng bang dung dich sét hoac sy tudn hoan
nude rua bi gidi han (mat nuée).

D¢ bdo vé thanh giéng c¢6 thé dp dung giai phdp vira khoan vita chéng 6ng (khoan irong
ong) hoiic diing dat sét.

Bién phép vita khoan vira chong dng doi khi 1a bién phap duy nhat dé khoan qua tang cat
chay. Trong trudng hop nay, diing 6ng miic dé muic dat da trong ¢4t 6ng chdng tam vi ong
chdng c¢d thé ty roi hodc duge déng xudng dé bao v¢ thanh giéng.

Khi khoan qua céc tang dat dd ciing chic, phai dung chong dé dap va dat dd dudi day
trude khi diing 6ng miic ¢d van dé miic man khoan. D&i véi phuong phip nay, nang suat
khoan qua cdc ting dd ciing phu thudc chii yéu vao viée diéu chinh thong s6 trong luong vi
chi€u cao ctia bo dung cu dap.

2.5.2. Ldp ddt két cdu giéng

Dé viec lap dat két cdu gieng duge dam bao ding thiét k€, trong truomg hop thanh gicng
duge on dinh bang dung dich sét, cong tdc chuan bi cho qud trinh lip dat phai hon thanh
truée khi ket thic qud trinh khoan giéng. Trong nhimng truomg hop cho phép, trude khi tap
dat ket cau giéng thuc hién bom tuan hoan dé lam loing mot phan dung dich khoan dong
thoi nhanh chéng lap dat két cau.

. Tuy thuge céc loai ong duge lua chon, viéc néi ong c6 thé bing méi néi ren hoac moi
ndi han. Khi lap dat, ngoai viéc phdi dam bao méi ndi kin chéc, mot yéu t8 quan trong khdc
la yéu cdu cdc ong duge néi v6i nhau phai thing tam va tam clia ¢ot 6ng thing véi tam clia
giéng khoan.

Sau khi ket thic qud trinh lap dat két cau thuc hién viée bom rira giéng khoan, so hé 1am
loang dung dich t6i muc c6 thé va dd vat licu loc. Viee dé vat licu loc thudng duoc dé
thong gua mot éng PVC, Ong d6 duoc dua t6i gan sdt chiéu sau cdn lap dat, sau dé dd win
tu theo timg 16p, moi 16p ¢6 chicu dai (6i da khong qui Sm tuy thudc chic¢u sau. Trong qud
trinh lap dat vat licu foc déng thdi bom hit nude tir gigng dé mot mat G€p tuc lam lodng
dung dich, mat khdc d¢ 16p vat li¢u loc duge sap x&p én dinh trén toan bo chiéu dai vi bé
miit ngoai ong loc.

Két thic gud trinh do vt li¢u loc phai bom hit véi luu luong 1on dé ticp tuc lam én
dinh 16p loc dong thést kiem tra chiéu cao chia 16p loc, néu thidu tiép tuc bo sung vat licu
loc. D61 vai ki€u két cdu khong cho phép bd sung vat liéu loc trong qud trinh khai thac
thi qud trinh on dinh vi bd sung vat liéu loc cang dbi hoi nghiém neat. D6i voi kidu két
cdu nay viéc lap dat 16p vit licu loc déi khi 1a yéu 6 quyét dinh tGi hiéu yud va tusi tho
cly giéng.



Doi véi céc giéng khoan 4p dung bién phdp én dinh thanh giéng bang dng chong tam,
trude khi 1ap dat két cau va 16p vat lieu loc nén bom rira giéng sach dé dam bao cho qud
trinh bom rira phdt trién giéng duge don gian.

2.6. Bom rua phat trién giéng

Bom rira phat 1rién gi¢ng 12 mot cong doan khong thé thi€u d6i véi bat ky mot giéng nao
cho di1 1a giéng quan tric, tham do hay khai théc.

Qué trinh nay bao gém céc giai doan: Giai doan trudc thdi rira, théi rira s bo, thdi rira
hoan tat. Nhin chung qud trinh thi cong gi€ng ddi hoi phai thi cong lién tue khong gidn
doan va cong viéc thdi rita giéng can phai bat ddu ngay sau khi 1ap dat 16p vat ligu loc. Viée
kéo dai thii gian bt ddu bom rira phat trién giéng sau khi dé lap dat vat liéu loc s¢ 1a nguy
co cho cong viéc bom ria phét trién gi€ng.

Muc dich cla qué trinh bom rira phét trién gi€ng la lam sach dung dich khoan va mun
khoan trong khe hé ctia dng loc, trong l&p vat liu loc, thanh gi€ng khoan va trong ting
chifa nudc; tao ra mot mit ti€p xic thuy luc ¢ hiéu qua gitra 16p loc va tang chita, sap xép
lai va 1am &n dinh 16p vat li¢u loc.

2.6.1. Giai doan trudc khi thoi rita

Cong viéc nay dugc bat ddu ngay sau khi két thic qué trinh khoan, cén nhanh chéng
kiém tra tinh trang dung dich trong gi€ng, so bo lam loang dung dich, két cdu giéng, sau dé
liép tuc 1am lodng dung dich va ldp dat vat lieu loc. Khi thanh giéng dé ¢6 thé duge bao
dam dn dinh, ti€én hanh ngay céc cong viéc bom tudn hoan trong giéng dung éng miic mic
nudc trong giéng vh tiép tuc bom tudn hoan so b 1am sach dung dich. Qud trinh nay ket
thiic khi 16p vat liéu loc di tuong d6i én dinh, dung dich trong gi€ng da so bo dugc lam
sach va nudc di chay vao trong giéng.

2.6.2. Théi rita so bo

Hi¢u qua cha viec thdi rlia so bo tuy thudc vao dic di€ém cia tang chia nudc, kinh
nghiém cua thg khoan va déi khi con phu thugce vao trinh tuf cia quy trinh thoi rira. Tuy
nhién viéc thdi rira so bd c6 thé bao gdm cdc cong doan sau:

1. Thong giéng va tudn hoan

Cong viéc nay dugc thuc hién bang qud trinh bom nudc tudn hoan trong gi€ng qua cot
c4n khoan va phia dudi ciing ¢6 lip mot tam chén kiéu pit tong. Nudc sach duge cung cap
tr mdy bom qua cot cAn xudng phia dudi tdm chan, di qua éng loc vao 1p loc va tr¢ vé
giéng & phan trén tam chin c6 tdc dung phd v& cdc cau ndi, lam &n dinh 16p loc, 1dp day 16
héng, 16i kéo cédc hat sét va min khoan ra khéi giéng. Cong viéc niy dugc bat dau tir doan
ong loc dudi ciing sau d6 rit ddn 1én doan trén k& ti€p. Qud trinh nay duoc lap di lap lai tu
hai dén ba lan doc theo toan bo chidu dai ng loc vi tuy thudc vao ép vit ligu loc ¢6 con
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lin nifa hay khong. Trong qua trinh nay cdn thudng xuyén theo déi cao trinh ctia 16p loc, b
sung vt liéu loc va ddnh gid lugng ménh vun, cdc hat min duoc 14y ra khoi gigng,

2. Bom suc

Qud trinh nay dugc thyc hién bang viéc bom nudc qua ot cin khoan xudng mot cong cy
chuyén dung dang pit tong kép duoc lap & dudi cot can. Nude bom xuéng qua cic 16 nim
gitta hai tdm chan, vao 6ng loc, qua 16p vat ligu loc va vao giéng ¢ phia trén. Cong viec nay
cling duge thye hién cho timg doan Sng loc ¢ chiéu dai twong tng véi khoang cich giffa
hai tam chan, tir doan 6ng loc dudi cling va tinh tién dan lén phia trén. Qua trinh nay duoc
lap di lap lai cho t6i khi nuéc bom Ién mang theo mat lugng dang ké cac hat sét va manh
vun hodc 16p vat liéu loc da én dinh.

3. Nhai giéng bdng pit tong

Mot bo dung cu ki€u pit tong 6 van duéi ddy duge dua xudng gicng bing cot can khoan
hoac bang cdp. Gioang cla pit tong cé dudng kinh nhd hon duong kinh trong cta ong loc
khong qua 15mm. Ding 161 mdy khoan kéo 1én tha xuéng timg doan ngén bit dau tir dinh
cua ong loc va tinh tién xudng dan cho téi khi hét chiéu dai 8ng loc. Téc do nhéi phai di
tén d¢ tang hiéu qud cha qua trinh nhéi, tuy nhién trong qué trinh thao téc ¢dn than trong
tranh 1am hong 6ng loc.

4. Théi riia bing khi nén
Quy trinh théi rira bang khi nén bao gém ba thao tic v ¢6 thé duge phéi hop lam nhiéu
cach: Tao xung, bom thdi khi va bom dang vét cin.

Tao xung: Khi nén dui dp suat dugc bom vao gi€ng dé tao ra c¢ot nuée 1an bot khi dang
lén khot miéng gieng hodc gan 16i miéng gieng roi déng van khi lai dé cot nudce trong gicng
dap tro lai qua éng loc.

Thoi khi: Quy trinh twong ty nhu trén nhung thi gian thdi khi lau hon dé nude tran qua
miéng giéng.

Bom ddng vét cdn: Thao tdc nay chi nham muc dich vét sach cat vi cdc manh vun duéi
ddy giéng.

Thiét bi va dung cu d€ thoi rlra bang khi nén bao gom:
- May nén khi;

- Bo dung cu elip;

- 6ng thodt nudc.

Mady nén khi phai ¢6 dp suat va luu luong da 16n dé théi ria giéng véi liru luong nude
dugc bom [¢n 16n hon t6i thicu 1,5 1dn luu fwong khai théc thiét k&. Bo dung cu elip bao
26m Ong cao su dan khi. ong dan khi, 6ng nang hoac bao gém ca dung cu kiéu pit tong, voi
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phun khi chuyén diing Jap dudi éng nang hoic 6ng dan khi tuy thudc cic thao tic thoi ria
4p dung. Ong thodt nudc dugc dung dé dan nudc ra cdc vi tri thodt nudc da thiét ke.

Khi bat dau qud trinh théi rita, thuc hién thao tdc tao xung va ban khi, vi tri clla 6ng khi
dat trong hoac ngay trén dinh cla éng loc. Chuyén dong réi loan cua cdc bot khi trong
giéng s& khuay tron 16p vat liéu loc xung quanh Sng loc. Qud trinh nay s& tiép tuc sap x&p,
lam 6n dinh 16p loc déng thoi mun khoan va dung dich khoan con lai ti€p tuc dugc ria
sach. Trong trudng hop cdn ban khi, mot voi phun khi duge lap dat tai vi tri cudi ciing clia
6ng dan khi va khi nén véi van tdc cao qua voi phun nay s€ suc qua ong loc vao 16p vat lidu
loc va suc nra ching hiéu qua hon.

Khi két hop tao xung véi bom, 6ng khi duge dat ngang v6i ving sé théi rira, 6ng néng
dat cao hon 6ng khi khoang 1,0 = 1,5m va khi nén dugc bom vao giéng thanh timg dot dé
tao xung. Qua trinh nay dugc tién hanh cho téi khi ngudi van hanh ddnh gia 1a 6ng loc da
duge théng, khang bi tac, sau dé thuc hién qué trinh bom dang vét cin bang cdch dua dng
nang xuodng dudi 6ng khi khoang vai mét.

Qud trinh tao xung nén Iam cho timg doan 6ng loc dé tang cudng higu qua. Dé thue hién
diéu nay, phan dudi cling clia 6ng nang nén duc 16 va Iap dat hai vong dém kiéu pit tong &
hai dau dé ngan cach doan nay.

Trong trudng hop cic bién phap thdi rira néu trén khong cai thién dang ké luu lugng cla
gi€ng, cin thiét phai xir ly giéng bing cac chat lam tan keo tu trong giéng. Cac hod chat dé
xu 1y thong dung 1a dung dich polyphotphat. Dung dich nay dugc dua vao gi€ng va ngam
15i thiéu 24 gidy sau d6 bit diu cic cong doan théi rira da néu trén.

Trong mot 58 trudmg hop dé€ cai thién luu luong gi€ng khai thac trong céc tang dd poc
khe niit, ¢6 thé ap dung bién phdp ép nudc dé tang do thong thodng cta hé thong khe mit
trong viing cin ong loc.

2.6.3. Thoi rita hoan tdt

Ké&t qua cha qua trinh bom théi rira so bo 14 yéu 16 co ban trong viée chon phuong phép
sir dung va thoi gian can thiét cho théi rlita hoan tat giéng. Luu lugng bom rira thuong bét
ddu 1ir 1y 1é nho va tang dan dén khi dat it nhat 150% luu lugng bom khai thdc 6n dinh
dur kién.

Qud trinh niy bao gém cdc dot bom luu lwong én dinh & cdc cap khac nhau két hop véi
suc ngwgc. Pot bom dau tién duge bat ddu véi uu lugng khoang 20% luu luong thiét k¢ du
kién. Tién hanh bom lmu luong n dinh khi thdy nude trong va ham lugng cdt gidm déng ké
s& tién hanh ngimg bom dot ngot dé cot nude trong gidng suc ngucc trd lai qua éng loc, chd
khoang tir 5 phit dén 10 phiit (tuy thude timg giéng) lai bat ddu lai quy trinh nay. Sau mot
vai dot thao tic nhu viia mo ta, tiép tuc mét dgt méi bang cich tang luw lugng bom. Dot
bom cuéi cing luu lugng dat khoang 150% luv heong thict k€, néu két qua ma nude trong,
ty 1€ luu luong én dinh v han lugng cat trong gidng dat yéu ciu thiét ké thi qud trinh bom
phit trién giéng dugc coi nhir hoan tianh.
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Can luu ¥ rang viéc bom rira véi luu lugng cao trong nhimg giai doan ddu clia qué trinh
bom rita ¢6 the 1a nguy co gay tén that Juu lugng cha gi€ng va nhiéu khi khong thé khic
phuc duge. Trudng hop nay duge gidi thich 1a do van téc dong nuée chay qua 19p loc quda
cao ngay tur giai doan dau da giif fai cdc hat min ctia ting chita nude va mitn khoan.

Trinh ty bom va suc nuéc nhr di duge mo ta phai duge tuan thi véi luu lugng tang dan.
Tuy nhién quy trinh nay dp dung cho cic ting chita nuée 16 réng, d6i véi cac tang chita
nudc khe niit cé thé bom véi lvu lugng 16n ngay tir ddu.

Trong trudng hop khi bom véi lun lugng 16n ma ham lugng cat trong nudc van con 1én,
diéu d6 chimg t6 qu4 trinh bom rita giéng chua dat yéu cu.

2.7. Cong tac vé sinh cong truomg va hoan thién giéng

Cong viée hoan thién gi€ng bao gbm khir tring, dd be téng xung quanh miéng giéng, lp
dat may bom khai théc hoac lam nap bao v¢ giéng, dé bé tong san phii dé béo vé gicng va
tang chifa nudc.

Cdc cong viéc nay phai duoc thiét k& va thi cong dam bao loai bé t6i da nguy co gay
nhiém béan cho gi€ng trong qué trinh khai thdc lau dai. Cong tac vé sinh cong trudng bao
goém viéc hoan trd mat bing thi cong, thu don mun khoan, dung dich thira va thai nude
trong qud trich bom rira ding vi tri dd dugce thiét ké.



PHU LUC CHUONG 8

Bang 1: Kich thuéc cioa dng vach va khép néi

I

Dudng 6ng Khép néi
Putmg kinh | Chiéu day | Dudng kinh | Khéi luong | Pudng kinh | Chiéu dai | Khéi lugng
ngoai (mm) {mm) tnong (mm) Im (kg ngodi (mm) (mm) Im (kg)
! 2 3 4 5 6 7
6,0 102 16,0
114 7.0 100 18,3 133 191 6,3
8,0 98 209
o 9,0 96 23,3 N
6,0 115 17,9
127 7,0 113 20,7 147 191 7.3
8,0 111 23,5
] 9.0 109 26,2
6.0 129 20,0
7,0 127 23,1
8,0 125 26,2
141 9,0 123 293 166 191 8.7
10,0 121 323
11,0 119 353
12,0 119 353
117 384
6,0 134 20,7
7.0 132 240
8,0 130 272
146 9,0 128 30,4 166 191 8.7
10,0 126 33,5
11,0 124 36,6
12,0 122 39,7
6,0 147 22,6
7,0 145 26,2
8,0 143 29.8
159 9,0 141 333 179 191 9,0
10,0 139 36,7
11,0 137 40,1
12,0 135 435 ]
6,0 156 240
7,0 154 27,8
8.0 152 31,6
90 150 353
168 10,0 148 39.0 188 191 9.3
11,0 146 42,6
12,0 144 46,2
13,0 142 49,7
14,0 140 532
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Bang 1: (tiép theo)

! 2 3 4 5 6 7

8,0 178 36,7
9,0 176 41,1
10,0 174 454

194 (1,0 172 49,4 216 203 12,5
12,0 170 53,9
13,0 168 58,0
14,0 166 62,2
7,0 205 36,6
8,0 203 41,6

219 9,5 200 49,1 243 203 15,0
11,0 197 56,4
12,5 194 63,7 B
7,0 231 41,1
8,0 229 46,8

245 9,5 226 55,2 269 203 173
i1,0 223 63,5
12,5 220 71,7 .
9.0 255 58,5

273 10,5 252 68,0 298 216 21,5
12,0 249 77,2
9,0 281 64,4 |

299 10,0 279 71,3 325 216 24,3
110 277 78.1
12,0 275 84,9 |
9,0 307 70,1

325 10,0 305 77,7 351 229 28,0
11,0 303 85,2
12,0 301 92,6
10,0 331 84,1

351 11,0 329 92.2 376 229 29,0
12,0 327 100,3
10,0 357 90.5

377 11,0 355 99,8 402 229 31,0
12,0 353 108,0 B
10,0 406 102,7

426 11,0 404 12,6 451 229 35,0
12,0 402 122.5




Bang 2: Ong vich néi bang cach han

Du’cmg Chiéun Du’ong Trong DL{(mg Chién DLI:O‘Ilg Trong
kinh L kinh kinh L kinh
ngoai day ong trong luomg ngoai day Ong trong luong
(mm) (mm) (mm) lm (kg) (mm) (mm) (mm) Im (kg)
2 412
8 410 ;iz 8 614 1227
' 9 612 137,8
9 408 92,6
426 10 406 1026 630 10 610 1529
Ny 404 112,6 11 608 1679
’ 12
12 402 122,5 606 182.9
7 464 81,3
3 462 92,6 9 702 157,8
4
487 9 460 104,1 720 10 700 1750
10 458 1154 11 698 192,3
11 456 126,7 12 696 209,0
12 454 137.9
8 513 1028
9 802 180,0
9 311 1154
10 800 199,8
529 10 509 1280 320
: 11 798 219,35
11 507 140.5 1 796 -
12 505 153,0 '
Bing 3: Ong loc khoan 16
, K/c tam 18
5 i Tile ¢ . A
buong kinh |- © = Ditdng S5luong15 | theochigy | X/c1amlo
ngoai dién tich loc kinh 18 o, theo chiéu
trén 1m ong ngang .
(mm}) (%) (mm) ding (mm)
(mm)
1 2 3 4 5 6
25 10 1680 25,0 12,5
35 10 2350 21,0 19,6
25 12 £170 29,1 15,1
35 12 1638 250 i2,6
. 25 16 650 40,2 20,0
35 16 015 34.8 16,4
25 20 420 51,8 23.8
35 20 588 43,5 204
25 24 288 57,4 311
35 24 400 51.8 | 250
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Bang 3 (ti€p theo)

1 2 3 4 5 6
25 10 2184 244 12,8
35 10 3069 20,7 10,8
25 12 1518 29,9 15,2
35 12 2660 24,5 13,2
219 25 16 850 40,1 20,0
35 16 1260 342 16,6
25 20 546 48,6 25,6
35 20 768 42,7 20,8
25 24 374 61,6 294
35 24 546 48,6 25,6
25 10 2720 25,1 12,5
35 10 3840 21,3 10,4
25 12 1820 28,4 15,9
35 12 2660 25,5 132
273 25 16 1071 39,0 20,4
35 16 1500 342 16,7
25 20 680 50,1 25,0
35 20 960 42,8 20,8
25 24 476 60,7 294
35 24 663 50,1 25,6 °
Bang 4: 6ng loc quian day
Khoang budmg Khéi lugng day quén (tinh bang kg) cho 1m 6ng
‘{H:zich’ kinh f:lay vdi cac dudmg kinh (tinh bang mm) Ti le dien
g\lua cac quin tich loc (%)
vongday | (mm) 168 219 273 325 377
(mm)
! 2 3 4 5 6 7 8
0,5 2 4,9 6,4 7,7 9,1 10,5 20,0
2 4,2 52 6,5 7.4 8.8 33,3
1,0 3 7.1 9,3 11,1 130 14.8 25,0
4 10,3 13,0 12,5 18,5 21,2 20,0
2 3,5 4,7 4,0 6,5 7,5 42,9
3 6.4 8,3 10,0 11,6 13,2 333
i 4 8.8 11,9 14,5 16,8 19.4 273
5 12,0 15,6 19,2 222 25,6 23,1
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Bang 4: (tidp theo)

i 2 3 4 5 6 7 8
2 3,1 4,0 48 5.2 6,6 50,0
50 3 5,8 7.5 8.8 10,4 11,9 40,0
' 4 8,5 10,9 13,3 15,4 17,6 33.3
5 10,6 12,7 18,6 21,2 24.6 28.6
2 2.2 3,3 3,7 4,6 5,3‘ 60,0
3,0 3 4.8 6,4 7.0 8,7 10,0 50,0
4 6.8 9,5 10,8 12,7 14,5 49,2

: b) c)
& 000l Il
b ]][B "]:.. ]}"

Ong loc khoan 15 tron

wr

6ng loc kiéu khe cta s6

a)Bétrisole
b) B tri doi nhau
c} Bo tri xen k&
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6ng foc kidu khe trong cé khe cua s6
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KET CAU GIENG KHOAN KHAT THAC VA KET CAU BIA TANG

. KET CAU GIENG KHOAN
Thii ty . R Do sau| Chidu CTHIETKE‘ D0 su
lép | MO TA DIA TANG (m) | diy mye
téng (m 600 pude (m)
A4 i
At phi 1 50 3 u] 1
Dt 15, |
1 phu i, 3
: ' Tinh = 8,0
L_’-d Y AV
5 Biong = 13
_ 2 v
|- E Wy
7 3 . 3 X R = li
5ét, sét pha, cat min 31 B Qe
L _
11k
. "1 32,5
Chén s.ét_.: A%
36,0 £ ]
’ g4 |2
3 Cét pha 14n san a20| 6 ” o |5
e ET |e
Cét san SNy A0 1 Lo 4153
sinho V20 450 3m '
Cit, san, sdi nho //////, - 2 L 7
6 Cudisdildnficat |..7.0.7." 5 El=
..... ™
.......... . Chen soj [ Zl8 | sos
""" 2l i s
? St
=
[*)
7 N dang sét ké J_l"_,—,—l ‘gﬁ
eogen dang sét k&t >60 o
AIH :

Ghi chi:

I- Chiéu sdu cia giéng ghi don vi la mét

2- Dudng kinh giéng ghi don vi ld mm
3 -Til¢ diing 1/500

4 -Ti ¢ ngang 1750
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