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PREFACE 

L'application de la methode pseudovariationnelle de Maurice A. Biot a 
l'etude des nappes aquiferes confinees [2] s'est revelee puissante pour re

soudre les problemes classiques de l'hydrologie souterraine. La monographie 

que nous presentons envisage de nombreux cas ou des solutions analytiques sont 

connues et tabulees, cependant, quelques resultats sont nouveaux. C'est ainsi 

que nous donnons la solution du probleme de Boussinesq (1903) pour les nappes 

libres aussi bien en ecoulement parallele qu'en ecoulement axisymetrique. 

Etant donne la signification physique differente du coefficient d'emmagasinement 

ment Set de la porosite effective, f, il n'est pas possible de comparer les 

solutions obtenues pour les nappes libres et pour les nappes confinees. Cependant 

la difference d'allures des courbes est significative. 

Notre but est essentiellement pratique, aussi ne faisons-nous pas appel 

a l'equation de Lagrange, encore que celle-ci se deduise le plus naturellement 

du monde par une integration par partie de la relation de Darcy mise sous une 

forme variationnelle. 

Les seules relations necessaires sont, d'une part, la loi de continuite 

et d'autre part, la loi de Darcy. Tandis que la premiere de ces relations reste 

intacte tout au long des calculs, laseconde- loi experimentale de Darcy - est 

approximee. 

Si le travail n'etait fastidieux, on retrouverait facilement par cette 

methode tous les resultats que Carslaw and Jaeger ont accumules dans leur 



classique "Conduction of heat in solids" (1959), avec cet avantage qu'on peut 

se passer de toutes les fonctions transcendantes et resoudre les equations dif

ferentielles par une calculette de poche munies de memoires supplementaires 

(H.P. 41). 

Ce travail se voudrait un hommage a M~urice A. Biot en montrant l'efficacite 

de sa methode dans la solution de problemes non lineaires ou de problemes dont 

les solutions analytiques sont difficilement utilisables ·en raison de leur com

plexite. 

Les resultats relatifs aux nappes confinees sont repris afin de faciliter 

les comparaisons avec ceux que nous etablissons pour les nappes libres et pour 

uniformiser les notations. 

Cependant on n'oubliera pas la difference physique fondamentale entre 

un ecoulement strictement radial en nappe confinee et celui a trois dimensions 

des nappes libres ou l'hypothese Dupuit-Forshheimer doit certaienement couduire 

a une approximation bien moins bonne qu'en nappe confinee. 
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AVERTISSEMENT 

1. Les calculs algebriques necessites par la methode sont elementaires 

meme s 1 ils sont quelquefois un peu longs. Une lettre pointee designe comme a 
1 1habitude une derivation par rapport au temps. Ainsi si Q designe un debit, 

la quanti te d 1 ea~ Q est definie par j Q clt 

2. 9 en ecoulement parallele et R en ecoulement axisymetrique designent 

la distance ou le rayon d 1 influence (profondeur de penetration). L1 allure 

choisie pour les courbes de rabattement : A)... .-{) ( q ol).. 'R) correspond a ce qu 1 elle 

est en regime permanent et n 1 est done pas tout a fait arbitraire. 

3. D1 aucuns estimeront puerils la production de tableaux de chiffres et de 

courbes tracees par point a la main alors que des imprimantes et tables tra~antes 

associees aux calculatrices donnent ces documents bien plus rapidement. D1 autant 

plus que ces moyens automatiques permettent le trace de familles nombreuses de 

courbes pour autant de valeurs du parametre qu 1 on le souhaite et cela avec une 

grande precision. Ceci est parfaitement exact mais, outre le fait de ne pouvoir 

disposer de ces outils, j 1 ai voulu prouver la facilite avec laquelle cette 

methode peut se mettre en oeuvre avec des moyens limites. 

Lorsque des formules analytiques existent, nous avons compare les resultats 

qu 1 elles fournissent avec ceux auxquels la presente methode aboutit. La concordance 

est si bonne qu 1 on en viendrait a imaginer une methode d 1 approximation des fonctions 

transcendantes en les considerant comme solution d 1 equations differentielles du 

premier ordre. 



-5-

SOMMAIRE 

1. Nappes confinees 

1.1. Ecoulement parallele 

1.1.1. Soutirage ' niveau constant a 

1.1.2. Soutirage ' debit constant a 

1. 2. Ecoulement ax:isymetrique 

1.2.1. Soutirage ' niveau constant a 

1.2.2. Soutirage a debit constant 

2. Nappes libres 

2.1. Ecoulement par allele 

2.1.1. Soutirage ' niveau constant a 

2.1.2. Soutirage ' debit constant a 

2.2. Ecoulement ax:isymetrique 

2.2.1. Soutirage ' niveau constant a 

2.2.2. Soutirage ' debit constant a 

Tableau d'ensemble 

3. Prise en compte de la capacite du puits 

4. Essais par chocs hydrauliques (Slug Tests data) 

5. Milieu a double porosite. Nappe confinee 

5. 1. 

5.2. 

Ecoulement parallele 

5.1.1. Soutirage a niveau constant 

5.1.2. Soutirage a debit constant 

Ecoulement axisymetrique 

5.2.1. Soutirage a niveau constant 

5.2.2. Soutirage a debit constant 

6. Aquifere semi permeable, confine, ecoulement axisymetrique 

6.1. Soutirage a niveau constant 

6.2. Soutirage a debit constant 

1. Principales fonctions rencontrees et notations 

8. Bibliographie 



I. -6-

1.1.1.· Noppe confinee. Ecovlemenc paralle/~.Sovl/rage eF niv-t!au 

con.slapt ~o. 

~olulion .an6/yfi9ue cannve : 

( Lfljersoll, Zobsl el li1!JUSoll, 1948) 

h· h, 
.f>: '.So erjcfi.L} -= .-6 • .D(u) 

G • .:: 4. liT 
VFt 

I .5 x' 
l.L ·-4Tt 

Q. tl.ebit en provetJJnte dun seul cole. 

¥, ~- s;. [5 1+ 39~t %~} .. -.Sj· ~'(J·l~) el ('} derient: 

q<j g /~4 (J·z!,J'J$ • ._r ~~l (H!.)d.f> •u. '19 a- ~a -~-f)· ¥(f -J) ou. . ~ 

o'l· =. 147 L oi'oU. q"::r I~Z ll. el -o. <S.{1- -=-.)' .. -6 {1- 2X )' 
I 16 $ /3 S Cf 0 tl,!$1. -tp 

[ /,1. -6, ( H IF, u) t. <!, D{t.L} I ~ Sx'-U:r.-
411: 

Q =- S'->., 9. s -~J.> .. /'"'7 r- ..L au. 
" 3 3 IJ S i.Vt 
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Comparaison entre .D(u) "erfctti) et .IJ'(a) = (1- .2 ~a)" 

u. IJ(uj .IJ' (a.) I./.. .D{u) 

0.0 ~162. 0 . .96*3 0.961..J O,J/62 o. 65"' 
0.04 0.95¥-9 o.95Z9 o.lt 0.5716 

0.05 0.9436 0.9414 o.5 0.473' 
0.063Z5 0.9287 0.9262.. 0.6325 0.3711 
o.oJJ!r6 D.91:Z8 0.9099 O}JI,tf o.2J3~ 

o.oa944 0.899q. 0.896il 0.8!}1,4 0,2.0~9 

0.1 o.BBJS 0.88'5 I 0.!5J3 

0.11.65 0.8580 D. B'SSI 1.14 0.1069 

0.!581 0.82.31 o.ezor I. 'Z65 o.op6 
o.2 O}J30 0. 7J61. /.3J8 0.0513 

0.2449 op.st op.99 t./.83 0.0359 

0.2828 o.6S!J2 0.6918 J.581 o.oZ5~ 

Pour I.L : fli1. /.6813.. .JJ'(u) ::~a 
t/ 52' 

LB probleme 

On demande 

Sol.uho/1 analyfique . 

a vee 4 { 0. t) = -&o 
-1.(x,o) =- o 
~(oo,t} .. o 

el Qo::. T,(3~) ? 
b~ %•• 

.6·~.D(IL) • d.f- :nf~"di 

Q. esc le dil)/'2 1!1'1 prov~nanc.e:. 

d iti'J 5eul cole'. 

.D' (LL) 

o. 6S92. 
o. ssaz 
o.ll9.36 
0.3891 
0.2908 

0.2190 

o.t61t2 
0.1036 

0,0613 

0.032/f 

0.0139 

o.ooJS 

!J.P... "" 3.18J6 
49 
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1.1.2. Nappe conjinee.Ecoulemenf pare;l/e?e.Soul/r-age a debil 

cons fdPC , - Qo ( .IJe'hif en provc:nc;nce d (.m seu/ cole) 



I. 

Le probleme 

So!vfion analy!/qve (!ems, 19:fcV 

t tu. -IJ. IJ.I. 
=--e- -I+L e· du. 
u{it m-

" 
-6., .: -2.. Q., It 

vrs 11 

()_, 

a. oo3 

0,00~ 

0.006 

o.ooiJ 

0,01 

o.oz 
. 0;04' 

0.06 

o.oa 
.O.l 

0.2 

0.4-
0.6 

0.8 

I 

/.1 

1.2 
1.3389 

o:J)(u) 

D(u..} 
18,.061,9 
//,0.0496 

93.0J!t98 

69.51.82 

~.5'.1,246 

2J-220J 
J3,1?.J3 
8.43699 

6.D9f/r 
4.6982 
/.9330 
0.6'J03 

fJ.2599 
D.l/39 

0,0502, 

O,OJ375 

o.oRJ1o 
0,011/0 

-9-

-6{oo,t),-.o; 4(x,o)=o; T(l>c) .. Q" 
ox x•o 

.5oluliot? mefhode 8/ol:. 

cj • _ & 3... +- '"' L 
II t II S Cf 

~ = f.L~ 1 . 182) t _ JJ'(u) 
r- g_J x 71. -v i4f v'===..,,::::;;.t=-

r 123 

:1. Sxt. 
U.= --

4 rt 

n '{u.) 
/!JS: 88JI 

139.203/ 

92.5zlt6 

69.1853 

55'.1820 

27-'7/3 
tVJ~J 
8.5119 
6.1902. 

4}96/ 
2.0165 ·, 

0.6886 

0.281,3 
().1/JI, 

0.0.359 

0.0/62. 

O.OOS' 

·O '.- ' 
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1.2.1. Nappe conflnee.. £coulemeJ?f axisymefr/que.. Sovlira!Je .z-

h, 

. . . . . . . . . . . ~ . . . .. . . . 
• • '-" ·, : • • '. 1 • • • ' ' ' ' r ; • ', ' • ,._' '·. • ,:''' • • ~ ' • ' ,' • • •,' • ::..:.. :. : :. : ..... ·, .. ~. . ... . . . 

. · .. ·.·. ·. ... ·.·.·.:: · . . ·::'·.·. ·.·, · .. 
. :·.·.· ... ·:.·.· -.... _· ·.· .. :·:·:. : . . . e··:. '. 

. . :_:·:·:··'.':: 
•
:.: :, ·, • :- : • .. '• o • • :• ' o: 'o' o '•' :I o ' o ' o 

· .. : . .': .. . . . . . . . 

R. 

5olvlion ana{yhque (Jacob ef Lohman, 195Z} 

Q, 2 -2ff To. 6 (o<} .avec o( == J:a et 

C:r(cl..) ... gj;e-ol..:x.fn + f.j"' Yo (x)jdx 
T1 L 2 J;, {x) 

ou, .Oous une auCt't! forme 

" p&> 

= :r,je··<x~ {J.'M~~'f'"!J 
Methode pseudo-vatiaC/o;~nelle. 

; dQ ::-2TTt'Sh 
dr 

: Q .. 2TTr T .d&._ 
ar 

II 11 II 
,, ,, ,, " .zi'""'e 
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I, ~ 
Cakul de 11 . Une infe;yalion fast/d/euse rn.ru's facile de. : 

j (+"u.•e-~IL.r 4-11,.1. e-~"-t e-4u + 4 u! -1-1 -d u., u. e·ltll..,_ 4 u e-.fu._,. 4UolL e·l.':f:t,ue"1'!4tt.e"4":.4u} e·lu..,.+u. e·lu 

o - 4u,.e-~u.-2e"1"- 4u.)du. donne: 

~ = 4-u} -7u~ -l,u,.t:·u .. .,. 7 u. -§... e-~u•-r..ze-2"•- LL 
u., s 8 

Calcul de. J4 )2u,.-1) (1-e·'~.t.u e-z~ r 4u. ue"'"} du ... 2u}- zu .. - e·'u.~ 1 ef (J) deyienc: 

0 

• "()Q . Q. = __ .. u.. 
~t.L. 

d l ~ 

OLL 

Pour u. pelil j~t __., 

L.e problime 

On dema.nde: 

. 
--=Q==-"- ~ '1: Lr 
(- 2 ifT) E),. u. J; 

4.j u~.u. 5 
- =-
~ u.~" .eu, 
15 • 

Soluhon cUJa/yf, que 

Q o = - 2 n T -6 .. 6 ( o{) a 11 u : 

iJVeC '/!: -J.flu.+e·l.llo 
0 

mefhode Bt"ot 

cJ.. =- IL el- Cttut.)= 4oL fx:-&<2:/rr ~l:i' Y..rx!Jdx 
..5d% T1 j L 2 .7., t:x)} 

ct .. -2 rr n. <.? 14 
u..I; 

,JtJ(!C d lLD 4lJ. r. e ·li.Jo -· do< I, 
D ef o( .. a ; ~ .: ~ (u.. - loq [) 

.Sa' u,. cr Jj 
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Oo Go 
·----- .. 

_Q. 0( Uo o( Uo o< uti 
T-2"T) -6..1.. - r-:!7TT}~~- ·----- -- - .. - __ (-21fT):6o 

ti~ o.o 2236 5'9.oSOJ9 /0 2.0.9964 o. 52806 /06 J6H!J5 0.1:31f99 
I. 'i 0.02)2.1.. 41. .H 588 15 2.2J783 0.48396 l5 7· 856!6 o.l~/42 
2 0.03/29 .39}65"9¥- 20 2. 406J6 o.I.56J5 2 J. 99897 0.12900 
J 0.0.3813 ..32.88238 .30 2..59009 0.42182. 3 1!3.20032. o.J2.5J4 
4 0.04388 28.31623 40 2.}2201; o. 4ooo2 4 8.34322. o./2:352 
5 o.o4B!J2 25.4o8H' 60 2.82.519 0.38445 5 (3,451<08 0./2185 
6 o.oH46 .z~. 26962 60 2.9099;, 0.~]252 6 B 5+¥68 0./2052. 

! 0.05J62 21. 6ooM 7" 2.98/89 0.36295 7 8.6212~ 0.1/9/,2 
8 o.o6tft.J 20.23855 I!JO 3.04443 0.3550/ 8 8.68766 0.1/848 
s 0.06509 19.09368 90 3.09975 o.:H82.J 9 8.7462.1 0.1176J -3 

toT /0 o.o681t9 18.11,685 100 J./4 9!15 0.3/tZitJ,. 8]9859 0.11695 
/.'i o.otuz 14-.90848 !50 ..3.~lt11J 0.3Z158 /.5 9.ooot9 0.11425 
2. 0.095. 7 12.9761,1, 2110 :HJ8o8 0.30816 2 9./t,.326 o.112112 
3 ().11589 /0.68343 ~00 ..3.6,202 0.29093 J 9.344,5 0./0992 
4 ()./32f3 9.3t59T 4oo 3.81024 o.'l79J8 4 9.,8809 0.!082t 
5 o.147J¥ 8.36.24ft. 500 3.91776 0.27167 5 9.59912 O.tC69l, 
6 0.1603/ J-6,313 600 t,.oosso 0.26$36 6 9,68986 0.!0591 

' O.IJ221 J.t5J29 700 4-08035 0.26025' 

' !3.76658 0.!0506 
8 QISJ/2 6.JZ5!.6 800 1,./45'01 o.1.559J 8 9.83304 0.10433 
9 0.19326 6.567JI 900 4.2021/ o. 252.~0 s 9.8916f O.IOJ69 ,oJ· 0.201./6 6.06H5 /03 4.25324 0.24911 /08 9.9,1,12 0./0J/3 

/.~ 024~37 5.0j645 I.S 4.450.36 O.'l.3J51 1.5 10./I,S!JB 0./0IOJ 
2 O.'l.J64Z 4-.4.£308 2 1,.'59056 0.22989 z /0.28923 0.09959 
3 0.32.95'8 J.6'!Jq65 3 4.J8856 O.'Z/992. 3 I 0.49115' 0.09763 
~ 0.3p36 3.259J2 I; 4.92931 0.2/JJII 

" /0. 6341,1, 0.0961.8 
5 0.40863 2.9621tf 5 S.03862 0.2081.9 5 /0.71,559 0.09526 
6 0.44035' 2.J42flt 6 5.12.80t 0.201,.69 6 /0.8361tl o.o9l,lt'f 

l 0.1.6861 2..5JIJ3 1 5.20366 0.20158 7 10.91321 0.09376 
8 O.lt9435 2.43~70 8 5.26921 0./9896 8 10.97971, 0.093/8 
9 o.51J89 2.3/92!> 9 5.327o7 o./96JO 9 11.03842 0.092.679 

/0-1 0.53966 2..LZ..t26 to* 5.;1,88lf 0./91tp. 109 11.09092. 0.092231 
1.5 0.62fJtJ! /.89226 1.5 ~. f826 0.18J'6 I.S II. 29296 0.0905'" 
t 0}00/2. 1.69~45 z 5. 7fJ!JI O.IBZ62. 2 11.4363~ 0.089J8lf 
;7 O.BOf9J /./;5818 ;, 5.919J5 0.176ZI 3 II. b3841 O.Oifl99 
4 0.8906J /. 3/608 4 6.0616'/ 0.17191 " 11.JB181 0.086707 
5 0. 95825 /.Z/836 S' 6.1T'tSl 0.168J3 5 11.8930J,. o.o85t1T9 
6 1.01565 I.H5 Jo 6 6.26186 0.!6620 6 

7 /.06565 /.08586 7 6.33802. 0.16413 
7 

8 /.1/001. t.oHJ6 ~ 6.40401 0.16237 8 
e 1./!IOOO t.ool,35 !J 6.462!3 0./6086 9 

I /.186J6 0.9f!69 J05 6.51432. 0.15952. 10 10 12.23861 0.083404 
1.5 /.33/H 0.85936 I.'S' 6)1+88 0.154 5'8 
2 I. I,J926 opo9~ 2 6.857'1.7 0.1511.6 
a I. 59JIO 0}07/l 3 ].o5806 0./4680 

" I.J12 91, 0.,5665 L, p.oo6o o,J 45SO 
5' /.80t,.J8 0.62096 !i ,. '!J/12 .. 0 0.1~155 
6 1.88100 <'.59~05 6 J'ot59 O./J9J6 

7 /.94 6.22 o.5J2 J6 

~ J-4 JBO'!J O.IJB/.9 

8 Z.oo.326 o.550M J-51.~1..6 o.t3fo3 
9 2.o5?>98 0.5~064 9 7-602.68 0.13591, 
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Comparaison de.s re.sv/faf.s o/;fenus par /c; jormule an.g(yf/9ue de 

Jacoh efLohman{l9.:fZ} et de ce.ux que donne Ia pre.senfe mefhode. 

10-4 /0-3 10-z /0-1 
------- ----

I 56.9 59.0 /8.3¥- /8.15 6.1~ 6.06 U.f9 2.2.22 

2. 40.¥ 39-J /3.// 12.98 HJ 4.~2 1.716 1.69~ 

3 J3/ 32.9 IOJ9 10.68 3.J4 3.69 ll.ff USB 

4- 28] 28./t 9.41 931 .3.30 .3.26 1.333 /. .316 

5 25] 25_1, 847 8 . .38 3.00 2.96 I. 2J4. 1.218 

6 23.5 2.3.3 Tll J69 2-78 2.-lt,. 1.160 l./lt6 

7 21.8 21.6 f23 J16 2.60 2.5, /.!OJ 1089 
I 

8 20.4 20.2 6]9 6.JZ 2.46 2.43 105/ /.043 

9 19.3 191 6.43 6.3, 2.35 2.32 10/B /.00~ 

1 2. 1 2 1 1 1 2 

/0.3 ;o" /05 /06 

I o.?.SI 0.1A9 0./964 0./91t7 0.1608 0.1595 0.1360 0.1350 

2 OZJZ 0.230 0.181,./ 0.1826 .ISZt. ·'"2 .1299 .12.90 

J a222 0.?20 01717 O.IJ62 .1479 .1'-68 ./266 .1251 

4- 0.2/5 0.213 0./,33 0.1(1.9 .tH9 .1438 .Jf4ft .1235 

5 0.2/0 0.208 O'JOI 0/68J .1426 .flt/5 .1227 .1218 

6 0.206 0.205 o./6 7s- 0./662. .1408 .1398 .1213 .1205 

7 0.203 0.20/ 0!651, 0.164/ .1593 .13tH .1202 .11.94 I 

8 0.200 0./99 0./636 0.162.1, ./~80 .IJTO .1192 ,1185' 

9 0/98 o/97 o./621 0.1606 .1369 • /3'59 • II 84 · 11 77 . 
1 2 1 2 1 2 1 2 

'--- ·- -· ---------- ··------. ------------ ·-- -· ---

I Jacoh el L oh man ( 1952) 

Z Ia presenfe mefhode. 

/00 /0 
I 

JOZ 

0.985 0. 9J2. () 534 0.528 0.346 0.342 

0.803 0}91 o.lt6t o456 0.311 0.308 

O.JI9 0]08 o.42! oA22. 0.294 0.291 

0.66/ a65f o.4o5 o.4oo 0.283 0.280 

0.630 0.621 0.389 "· 384- 0.'2}4 o.qz 

0.602 0.591,. 0.371 o.3Jl. 0.268 0.265 

0,580 0.5J3 0.367 0,$6~ 0.263 0.260 

O.S62 0.5"55' 0.359 0.355" 0.258 0.255 

0.5!,J a s-1,; 0.~52 0.3'-8 0.254- 0.252 

1 2 1 2 1 :2. 

101 10 8 /09 

0.117! 0./169 O.IOJ! 0.1031 0.0927 0.0922 

.1/J/ .1/e~ ,/002 .0996 .0899 .089't 

.1/06 .1099 . osaz .09/6 .0883 .0878 

.10139 .1082 .0968 .o963 ,08(2 .086J 

.!OJ6 .1069 .095'8 .0953 .0864 .0859 

.1066 ,/059 .0950 .0944 .085f 

.1057 ./050 .o.943 .093J ,085/ 

.1049 ,/Oit3 .093J .0932 .0846 

.1043 .103/ .0932 .0927 .081;2 

1 2 1 2 1 2 ______ L_ _________ -. ---
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1.2.2. Nappe con/inee. E&oulement <7x/5ymst~/que. Sour/rage 

ci dehif cons 1:-CJnc : - Q, . 

(Theis, 19J') 

avec s t"t. 
u .. -

4Tt 
OlL /cS"'- - Qo £1 {U..). 

411T 
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(-:.A) 
4TTT 

= 



I. 

I.'S 

., 

o.o3'.J5 
o o.39H 
0.04808 

0. 055 Z't 
j' 0.06/58 

6 o.o6f28 
7 o.ojzst 
8 OO(fJS 
9 0.08/BfJ 

10-Z. 0.086 IS 

15 

2 

J 

4 
:; 

6 

7 
d 

9 
/0-1 

/,) 

z 
J 

4 
!i 

6 

1 
8 

9 

1.5 

2. 

J 

~ 

;; 

1 

0./ 01.66 

0.12oo.t, 

olfH/ 
0./663/ 
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l2.2. Compara/cJon entre le.s risulldh o&lenu.s p6r lemploi de Ia 

farmu/4 Everd/ngeP dnd Hvr.st (I!J.f!J) 41- c~ux que olon11e Ia 

pre.serdit m/tllod4. 

0.10 

0.20 

0.30 

0.1.0 

0.50 

0.80 

1.00 

1.20 
; 
I ! /.50 

lz 

2.5 

3. 

4. 

5 

I 

().616 

/.,1)05 

/./3/ 

/.34~ 

1.420 

1.48J 

1.608 

qu. 
1.860 

Z./99 

2.551 

2-JZ7 

o.6l.5 

0.845 

I.OtJ3 

/.128 

I.Z~t 

1.1tf8 

/.606 

I.J!6 

/.85{ 

2.050 

2.34/ 

2.560 

-------------

6 

8 

10 

/2 

15 

20 

25 

Jo 

so 

100 

SDO 

1000 

Sooo 

10000 

25000 

J./0-f. 

J.305 

J.4S6 

3.65J 

J.921 

4./22 

4.298 

5.HI 

/0.0/5 

10.933 

2.886 

3.127 

3.3/9 

J.I,80 

..5.680 

4.150 

•Uti 

4.808 

5.48l 

f-076 
1]68 

9.31!J 

/0.074 

/0.99/ 

-----------------· 

I Formule £verol/n91111 et Hvr.s/(19~9) te~/Julle d4ns H;n!usJ (1964), 

2. /,g presence mefllode. ? 319· 
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/0.99lJ 
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2.,528 
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t.:1166 7" 
/.36 ~'+ 

2.5971· 
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0 1680 

0)468 
1. 3 5 J, 8 
2.83J4 
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5-JI89 
6.6/43 

-------------

a c.ompa!"er JU fahleatJ incomplef pu.bl/e/ par Hancush ( 1964) f:J.J/9. falJ!e VI :fonc!t'{)n; 

S (r,f) 

Le. problime. 

.5ai(.J 1/on 
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- ·- ---·----
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2.1.1. Nappe lihre. Ecovlemenc p.gral/ele.J'ovlirage ci niv'e.:Ju consfc1nt -d,. 

{Hypo}hise 1Jupuii-Farchheimer) 

Con!inudi ; d.Q =: -fh' ou dQ ::: f-0 
dx.. dx 

Darcy : Q + ~h dh :: o OIL Q "'~ {h1 - d) d;i 
dx. ax 

j 7QgQ dx = ~<jJ/,-1) ~ bQ dx avec Q = ~~ cj 
() 

0/J.. 

?j!~~)'dz · yc~.-J} 1:, ~ d" 
D 

..foil --6 "-<S.S~ .avec J "'1- 9 . On ,a 
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de -6., . 

En po.5.;nt et u;. 

Q .. I 
.t. -

v~ Tfo( -(f;. rth:.jt- J!2 a;; 
49 

u .D (U..) 
r------ - ---------- -- -----·---
o;: ·0.01 <S: =0./ ~=f 6:"•t <5;aL 

" 
C5;.::. I 

0,0/ 0. 9~80 o.9BJ3 o.SBSI 0 . .9~29 

o. 02. 0.9762 0. !J}'t8 0.9,03 0.9660 

0.05 O.!UIO o.9JJ6 0.9166 0.9161 

0./ 0.88J9 0.8JJ3 0.8561 o.B3S9 

o.2. 0.7J4-9 0.7626 0.723ft. 0.6865 

0.5 0.4910 o.4668 0.3923 0,&265 

I 0.1612 o.IHJ 0.06~9 0.0204 

I. 2. O.OJ91, o.o5JS 0.0/06 

/.5 0.0105 o.oo24 

Le probleme 

on e:Jsmande. 

So/uit'oJ?: ~ .. ~ .. D(u.} = 45., (1 - f5i: vq (;-

(),9800 

0,960t 

0.9010 

0,809/ 

0.638~ 

0.2475 

4(o,t)"' ~. 
6(-x,o) , o 

·~(O"',t) • a 

2. 

tL ) ~vee 
Jo "1 ' --·--49 h, 

0..9695 

0,9396 

0.8525 

0.116J 

a4Bo5 

0.0543 
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2.1.2. Nappe lihre. Ecovleme.,t parallile. Soulira9e .,- dihif ~ans

'tanl : - Q,., (.Debil en proven.:mc.e dun seul cOfl) 

j! ,._, ; dx::-?dJ 

ef {') de'lil!l')t ; 



2,. 

f'uiJCjue o; ~ 1 1 tm thi! .:n•o/y-:. >5A 

-24--

.£:. ~ ~ (1- l.Jc. ou, en {ondt'on de {..{, 
:;>.. J .f / 

--.------- ---------·----

Le prableme 

on demande /.J = -6 (X, t) 

o< f 
--· 

ro.ooT A."' o.oot 'A.:O.OJ - ft. •0.1 A:l 'A•IO 
--o:o8+6tr-· 0.08468 

--o-.oa4&s _____ -o.-081-'8-- 0. 0 -81168 

IS 0./0!J 7' 0 10310 O.IOJ6/ 0.10 2JO 0.092289 
2. o./19 7S o.IIJ /j. O.II960t o.l/819 o.1oo7t 
J 0./4667 0.1~661, O.IUH O.II.UI O.J/313 

4- 0.16935 o.I69J3 o.J6!JOI,. 0.1660lf f)' .30o(. 

5 o./893~ 0.18931 0./IU.f. 0.18518 

6 O.'ZOJI,/ o. zo?JT 0.20693 0.20%40 

7 0.22.~03 ().UJ98 0.22.3~, 0. 218/6 

8 o.2.39So o.tUH 0.2$186 O.fJt17 
9 o.254o!J o.uur 0.2533/ o. 2464~ 

0.0/ o.'I.6J7J o.26J7ol o.2&6Sl tU5931 
15 0.32795 o. 327B't O.J26 Jlr o. 3/5/3 

2. 0.31868 0.3,8Sf o. ~7707 o.J61·U 
J o.46JJ9 O,lt635J o.461J6 o.4J74B 
4 o.5J553 o.5J5"Zit o.5JtZ9 0.,9996 

5" o.5S8JI, 0.598Jf 0.59#69 0.5!1370 
6 0.65588 0. 6$5'44 o. 65102. 0.60119 

1 0]081,3 C.JOJ91. O.JD!JS o,6USo 

8 o.75f31t O.J56J5 o.J50Bir o.UI.fiJ 
9 o.Bo32f 0.802.61 o.J9S96 O.f/451. 

o./ o.&+6J2. 0.845.99 o.SJISJ 0.75159 
IS 1.0369.9 1.03590 I. DU76 o.BB7t7 
~ u3 739 1.19593 1.18105 o.9B8lJ 

J /.466,6 t./,6 lii.J J.lt~J82 /.122.1J 
4 /.6'33'2.& J.690l5 /.6603/ f>30\ 
5 1.8,310 /.889,~ /.B~IJf 

6 2..073J4 2.o69J5 2.01.~96 

7 2. 2~.986 2,2?,~7' 2..18161 

8 2.39-447 2.3816/ 2.Je772 
s 2.53961 1.. 53.309 2. 46 'J9 
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I Z.6]f01 2..66969 2.59~16 

1.5 ~.2J8H .3. 26 7 44 J./512~ 

2. 318539 :b)JOJZ 3.61428 , 
4.63569 4.6/J65 4.!>71, 81 

~ 5. 35240 5.J2Z9T 4.99964 
5 5.B8?>74- s. 946 !JJ 5.'JJ706 
6 6.554/1~ 6.5{020 <f.OJJ92 

l {OJ91J J-02f52. tS-'13899 
8 J.S6JS3 J-fOfH5 682JB6 
!J 8.02616 J-959'" 7-18521 

/0 8.1;5~90 B.l8593 7 515'89 
15 10.35899 10. 21.765 8SJ2JO 
2.0 1/.95935 1/.8/0itJ 9.883/ 
30 1+.6U68 /4. 41/J26 1/.21.16 
l,o 16.90355" /6.60308 ~ ,.. 0 . .3 o< so IB.89Hf 18.)tJI,6 
60 J.0.69356 20.23964 
JO 2uljp7 2/. Bt614 
80 lJ.B8613 23.2-7 7 2t 
90 2.5.3308J 2Hft.395 
10 2 26.69689 ' 25.93163 

1.5 J2.6JiflJ JI.SIZ92 
z 3f70719 J6.J¥280 

3 ¥6./3649 HT+lUO 
4 63.22976 49.!]96/,J 

)" 59.1t6S/6 i5.J!062. 

6 65.10/!JB 6o.t1.9ZJ 

~ 
To-2]521 6 08991 
J5.08+53 6B.2J863 

.9 79.5964, JI.B'J212 
103 83.85935 75.15889 

/.5 I01..4JM3 8S.J2Jo5 
~ J/8. llHJ6 ~8.4~676 
j J4/t.l8t62 1/1..2/6 Jl· 
~ i66.030J8 g > o.o~o<., 
5 185.Jf461 
6 202.3')61t5 

7 2/8./6/.JS 

6 232}JI.Z5 
9 2'.6..439¥7 
to4 Z59.316JO 

/.5 J/5,12.925 

2 361.42805 
.3 43Jit84os 
4 499.96~13 

5 S S?J.J0619 
6 601.19269 

7 643,89915 

i 6 82.}86Jt, 
j 718,52124 
10 5 J5!.5B8a9 
1.5 B8J.2J052. 
z .988. J6J6¥ 
3 1/22.16719 

f~O.OO.:J cf.. 
- --·-1------

o( ).:o,OOI J\. o.o1 }\.: 0.1 )\. •I '}\"' /0 
----·---------·-····--···-·----- _!._ ___ .. _______ --

. -----~------ -·------------ ·- -- -
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o< 6?; ==.sA~ y 
,-- ·-~-

)\ "0.00/ A•O.OI )\:0.1 )\:/ >- .. 10 ·-- ---------
0.00/ o.oooo 35~27 o.ooo3SI.2J1, 0.00351, ZJI.2 0. OJ51,. 'l}lti!J 0. J542J1,1!JI, 

If 43390 433937 .tiH 3132 ~38/52.91 o.t,BJS9!6Jit 
2 50103 So IO!Jlt S"ot6628 ~0 763016 0. 5"9S6J.92B 
J 6/J6~ 61J722. 61/r 6JIJ 6H038DO o}9SS438J2 
4 Jo8S6 JO 868ft J09906~ 7f2Jl251,. 
5 792!0 J923SJ J938620 8/0023]6 
6 86J81 8673') 8638l~6 8833308~ 
7 9~JJ5 93J559 93970J2. 9625"621, 
8 o.ooq1oozo7 o. 0 0/002)/0 0. o!OO!t7UJ O./OJ/D4SH 
9 l 06165 1063128 I 065892., 109S5!J999 

0.01 l 120J5 1/2065?> !l2JJ:H9 l/5689,6'tl 
IS 137215 JJ72'o/ 13J?ZH9 IU.J98468 
2. 158 4t,3 15850fl 159/2085 !66oo81/J 
~ 1911054- 194/ld)I!J !9SOJ33't 205J21JJ6 
4 2Z4Df6 22'1/Jit,. 2251t3JBO I./tOo IJZit, 
5 2.'5052J 2506J~+ 2.SZZJ/56 2)0901788 
6 2. 74440 2746 23/t 2J6~8926 U!Jlt04836 
7 2!16 43/ 2~66448 2.9882516 .3 261380.j0 
{j 3/6 900 Jl7tH2. 3196391" 3515oo8J9 
9 J36/U ~~(,j99J 3~921113 .3J57117JD 

0./ 35~306 35UI.J8 J57J-'11Bft .J9315/f38J 
t5 43"!191tf .o4.c.on H91Z.lt9S 5D]IJJ3'3'J 
t 50/08{ 5016993 508DZ3H 6oJ0£.!55B 
i 61~JZ3 6/1,61,/6 624-.tOBH Bo2oi95Z't 
4 7o86BI, J099099 f22J5J'~ 
5 792351 7938839 8/00I,62.l 
6 B6J99S 86j635J a89H:> 5 
l 937559 9!>9J071J 961S90IJ 
8 o.oo IOOlJIO 0. 0/004 76 7' O.I(H/050f5 
9 1<'6312.8 ' 1065"-'9~0 I09560J69 

I 1120653 11 n7262 115 61U32. 
1.5 tJJ26oJ 13772260 llt2 J985M 
2 158 50~1 15 :J/2.085 166oo8JI,5 
3 19*1458 IH07J31t 2D5J21786 

+ 2241'l34 2t.H3?so },1, OOIJ218 
s t5o6]9~ HZ.231S6 2 7090IJ91 
6 2.7~62 3¥ 2J61t8J26 H91toMJ7 
! 2..966~1,8 29882516 3Z.6t3SOll 
e 3171HZ JIJ639Jir .JSt5oo880 
.9 ~>:,6)997 J"!. 921/13 l757J!JJO 
/0 J5"46158 J5JJ4t~ft J99tSitJ81 
15 lt3~~05~ 09tH95 5071J339Z. 
20 5016993 soeo2H3 6oJo6t558 
30 6146~ 16 62UOB36 80201957,1, 
1,0 7D!J!J099 J22JSJ54 
so 7938839 8/oo462.J 
60 8698'!151 ss9H365 
fO 9?>97078 96'/.S~OtJ 
80 0.0 JOC4J671 O.I031o507S 
so o. o I o65B 930 o.I09560369 
/02 0 . o nz.J726!. 0.115688832. 
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1.5.t:J2 O.OIJ?J2260 o.llt27985't!J 
e 15912085 . J66oo811,5 
:?J 1950J33't l05J21J86 
4 2ZH3JBO zl,opJ!218 
5 2.52 23156 2.J0.90IJ91 
6 2J61ti!J926 2.99.l,oi,B3J 

7 2.9882516 J26t38o:.J 

8 JI!J63!JJ!t 35/500880 

9 J3921/13 3J57li/JO 
103 JSJJ'r!Bit J!J9JSt.,3!JI 
t.f ~39JH9S 501 '1~392 
2 50802353 6oJo61:iS'.B 

3 62~20836 802.01!}52't 

't J2ZJSf53 
s 81001,6 2J 
6 889.3-'~bS 

7 S6ZS!JOIJ 
8 0./0J/OSOJS 

9 109560369 
/04 IIS'68tJtH2 

1.5 142}98 5-'IJ 

2 166008/ltS 

J 210531.171 

4 2~00Jf218 

5 ZJo9otJ91 

6 29!JI,o1.83l 

7 32613803/ 

a JS/Soosao 

9 JJ5JJ17!0 
!OS J!J!JJ5ft.HI 

J.i So7Jl~J392 

2 60J061HIJ 
.3 8020195/.'t 

o(. }1.::0.00/ 'A= o.o1 

0'; 
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2.2.1. Nappe hh1'e. £couleme nf cxisymetr/91.1e. Sou lil"a g e 19-

niveav c.on.Sfi1nt :-do. 

d {') devienf: 
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3 o.JS476 U99~ to·;,· J 4-918J9 :t..SI.o6t.l 

" o.lu>o+J .U9~M 1o"5 4 5.06661., J . .toH8~ 
s o.H!Jo4 .t,.!J99J Jo·s s 5.t8J02. 3.6Z J59S' 
6 o.4J27T 5.9996 lO-s 6 5.2J 913 '· 'H 7lJ3 

~ 0.50286 6.~995 ,o·s! 5.!161/8 1,,9/9H 6 
o.U009 7- 9994 to·s B S.H2S9 5.)99136 

9 o.5no~t 8 . .9H~ to- 5 9 5.4966, 5.8,t> JU 
I 0.5J809 9.999/ J()-5 JO '!i 5.55411 6.2'- 7'H9 

/.S o.6JHs I. 4S'B~ 10-t, I. it 5-!1.038 'J.59 1,89-t 
l. t1.fi,!JO 1.999JI, to·+ 2.. 5.941., 9.ool93J 
J tJ.860I,/ 2.999 )() to-ft 3 6.1J6' !o.+JH1,9 
4- o.H6U 3.99921 /0-~ ~ 6.'!JI,J9J J/.16091, 
5 /.DIJZJ 1, .tHBB 7 to-t, 'S 6.'l.3H 11-J83968 
6 1.0{6J6 s.!JJlH8 to·+ 6 6. '578~1, lt..I5'9Sii 
7 1.1.14.% 6.9980) 10-1, 

~ 6.666S'f ft.. I, ~"'75 
8 I.IJ4 8 /9!1JSJIO·lr 6.JI,to J IZ. 6't 9 7.96 
9 l.l16U 8.39Jd6 /0-~ 9 6.80806 tl.BHit/6 

10 1.25'J8S' 9.996SO It)' /06 6.81>,64 II..SJ5fe 
I.S' /.It OJ 5'8 O,OO/'t'!J9:>t 4 J-602.26 II, .6o9t,O tJ 
2 /.S/132 O.fitJ"jtJf)OI. to? IJ.0690{ I 5'. 'S J H:;., 
3 t.67ooJ o.ool99J4 " 8.J6S99 16.98l l 7 
ft. t]!J+H ().()0 399 'I, /OlJ fJ. 22 l,t,t 'l~olt5J3 , /.88811 lJ.oo 419't!J 4- 9.91702. 19. 291,836 
6 1.96575 ()0059929 109 10.371.63 2o.2.J2fHI, 

T J.OJt/0 o.oo 69f)o8 
8 2.o9aog o.oo J9881, 
9 1..1¥t6o O.OD 8985, 

ta2. 2./8,95' 0.00 998308 
}, 'S 2.36859 o_Oift~65 

.t Vt9869 0.0/!}9/f!) 

3 .2.68 I,I,'!J o.oZ~BB't 

~ 2.81{68 0,039806 

s 2.!1217/J 0.01,97/f 
6 ~.ooF·l O.OS960 13 
7 :!J.ol 385' 0.0691, 1"2 
a J.l t1Z O.OJ.JJ3JS' 
J J.l98f! O.O~!JJ?J5 

/03 .UHJJ o.o99ooo5 



~-- ·---- ------

o< 1.10 
r------ t--------- ---

10-l 0 CJ7669 

l5 0.0911(.3 

2 0.10¥2'!> 

3 O.JJ.SJ6 
4 o.N3Jt:. 
5 0./5942 
6 O.IJJ-'!Z 
l 0.1!36/ft 

B 0.1.9J85" 

9 0.20IJJ4 
/0-1 0.2189¥ 

1.5 0.262. 51 
2 o.29J91 

.3 0. J51t/6 

4 o.,ool,t 

5 0.43904 

6 0.4!271 

T 0.50285 

8 0.5.300!;} 

9 fo 55503 

I 0.5J80fJ 

1.5 06jJJ5 

2 O]ltJZ9 
3 0.86041 

~ o . .9~68Z 
3 IOIJ26 
6 1076fH 

l 112885 

8 ur~ta6 

9 1.2/6 22 

10 l25J82. 

!.5 Ut035t,. 

z 151.1,27 

.3 /.676oo 

4 '}91t36 
5 /.8880/ 

6 I 96S63 

7 203!9J 
8 2 0899't 

3 2/ftJ/,3 
10 t VB[JJ 

1.5' l36833 

2 z 498 3J 
~ 2 68.398 

.;. Z 8!JIO 

s 2.92108 

6 3 oo6+; 

1 30789.3 

~ J/~ 190 
!) .319(5/ 

/0 3 J H)48 
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----·------

Sa /0- 5 

fJ'; 0( t.lo 
-- ----------·--- ------ --- --------- -- --~-----··-

ta-7 10 3 .32~Jlr'8 
I.;,' . " /.4 l.t.o 7" 9 
l 

' 2. 3.5,80t., 
3 3 .3) 291 
' 4 3!3!1J6 ., 'I 

5 .. 5 4.0J9Jb 

6 ,, 6 l..t0818 

1 ,, r 41830( 

<5 ., 8 4- uaoz 
.9 

" 
9 4.30~'.37 

/()-6 10'+ 4. 35673 
I. 5 . /.4 1, Sl!Ob 

z z 4 695f6 

.3 " 
~ 4.8.9:iol 

4 -'1 5.D3b8~ 

5 ,, i 5 lft-113 

6 ,, 6 !i. 2.3 7"5 
l /J T s . .3/3.9 6 

$ q 8 5'.38036 

9 " 
9 ~~4390¥ 

JO-s 10 5' 5.4916 I 

1'5 14 ).66o 1~ 

2 z 5.8~00/ 

J _, 611¥653 

J 9999 10-s 4 61941" 

4 9-'99 " 
~- 6.31091 

6 6 406/Z 

1 6488H 
8 6.SS9BZ 

~ 6.6Z 3.u-

9 999J /t)·S 10° 6.68 0 41 

/.4 6.865'68 
1.99!18.9 ;o-'- 2.. 706694 

3 J-3o/38 

J.99!165 /(')-· 4- J.4Jot.3 
4.9_9j49 /0-f 5 760IS9 

6 J/oBS3 

l 1!3830 
8 1~7540 
9 J-94 281 

9.998.3/ ./O-ft /0, 8.00 258 
1.4 8.!9 ooo 

I !)9902.11)-J 2. a. 38 o39 
.3 8.S980.3 

j_!J'!JB06t./63 t 8-['tJBB 
4~~J112..tiJ·?> 5 fJ863oJ 

6 8 .956 54 

7 90~5.36 

8 !)10343 

.9 .9!63.3 '!> 
9 989936./0-j ;oB 9 2/6$1 

---

---

->-----

9 . .9899 36 Jil 

&J3 0.039 
0. 0 ~.98 oa 

of6J 

a.39ot.l 

0.4860 

05' 

'~! 

0.9¥91 30 

3.3503 

4 03 IB 

6fT 56 

13. o6S 

/8 
~:)' 

.9o 

" 
15:1958 4 

/6.90/4 7 

8 

--

0( Uo cr-: 
---

10 II 9.2168/ IJ 8JI28 
4 991498 19l8S8!i 

to 3 to.3}JJJtU2 20 208J.358 



!bur 0( £; 100 1 
4 4 

(1; = /0 I( o( 

102- 1..187756~01, 
'1- 1..41{04 !689 

JO~ .:J.'J.I#,J62810 
4 

10' 
J.911J5t,.3JO 
4.3~58 

4 5.0336 
/05 5.48.-H 

'* 6,17ot 
/04 6.6270 

4 
/0, 

J3~05 
!8139 

~ 8.61J()' 
108 9./3'5 

* S.8SJ$ 
IP 9 10.361,$9 

Le rt~bJtfe ment ..d ,j 

donne par : 

une 

-41-

9.9998. /0- 5 

3.9998. 10-4 
9.9989. 1o·• 

J.9987 • ur3 

o.~~9!J9.SO 

o. 0.)~9 06"6 

4.09!HTJ/ 
D.39'l.JZO 
o.9'iBf~o 
J . .ltS/63~ 
! /81,~ 6Z 
I~.J1.3l,9 
'7· J96159 
19.2141.3'1 

20.I90JS8 

~ .. 
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5 .. 10 .. 1 S·Jo·' S·I0-3 

I 2 I 2. I 

9.J55.JoJ 9.151. /0"3 9.9J6.Jo"4 9. ·+ (H'JS.uj'S .9Jft.IO 
S./92 ,/(J-1. 9.180.Jo"2 B. 91't.lo ·J 9. 912.to" 3 9.991./o·+ 
I./6J.IO·I I. '64. 10 } ., 'l -l 

1.9 ". '" 
-.t 

1.9J~.IO I. 99 J. 10-l 

~061 ,, +.osl " 4.8SO .. 4.s.u. ,, ~.9se '' 
J.U6 , ].31/J " 9.665 " 9.660 " 9.966 , 

/.160 /.HJ 1. 596.Jo'1 1.495.Jo'1 1. sa 9./tl-a 

2.~0~ a. ?I o2 4.11.9. " 1,.5tf " ~.949 " 

J.276 J.28Z 8.520 N 8.5/Z " S.831t , 

4.2'55 4.1.J5 /.S4o I. 5l9 1.9 H. io"' 
5.1,20 5.456 3.04~ 3.0.42 ,.,lf , 
6.2.12 6.2S3 -4.5J,S J..S5J 9.0 '!J " 
&.!160 7.ool, 6.031 6.05$ J.l&a 

f.866 ,. 961 f.Hl 'f.605 a.St$ 

8.5J2 4.669 8.-'' 3 8.5JS S.5Z6 
9.SJ8 9.l71.. 9.229 9.183 1131 
/0.2~ 10. u 10.20 10, t.6 9.6J6 
10.93 10.99 /0,87 10. 97 10.68 
J/.63 11.69 11.62 11.68 ll.~o-

~%.55 IZ.61 11..5'4 12.6/ 12.49 
13 . .z~ 13.3/ I~.U Ji.3/ 13.21 

(-4~7) 
versu sot= _.4~~-1:_ 

Sd' 

2 
9.fJ99.1os 
9. !J91. ui-4 
1.99! ,,;~ 
"t.!l89 ., 

S.96$ " 
I. 98,,/fjl 
-4.94 9 ,, 

9.8~~ , 
1. 9-'1t.Jo'1 

4.f.U. ,, 
9.o6& ,, 

J.68J 

J.522 
f.S'~O 

J.6St. 
9.J3o 
/().,.!, 
1/.5'6 
12.S5 
nu 

S,•IO-'r s r: lo-s 
I 

I 2 I 2 
I . JIJ-s /. 10" 5 1. ltr' I. 10~6 
J. ,o·+ I. 10 ·4 I 10·5 I. ,(J-5 
l. ,,,-.1 2.1o·J .2. 10-5' 2.1o·S 

.Uu " ·UB9 " s. " 't.fllgS , 

S.UJ ,, 9.9!16 ,, I • ftl-~ !I!JS9' , 
I.!J9f. IIi J I. 919 ./()'" .t. ,, I.SB,91J.JID. 

4.!19$ , J,.U~ .. 5. " ~.999-'', 
S.)Sf II '·'"~ ,, 

J, J()_, U1.5lll ,, 

1. 9!H.,tl-z J.991t./o·2 1.. II J.,ISUIIDS 

J,.9Jt ,, .1,,971 ,, .f.UlJ ,, '·"1' II 

9.90/ ,, 9.!10(1 , 9.992 , ,,,8!19 , 
1. 96 s-.1o·1 I. 96 S'.ltl·l /.997-to-1. I.SU ~.1/ja 
4.8!4 , 4.81' ,, 4.981 " ,,9808 ... 

9.3'0" 9.ue ,, 9.!fU ,, 9.UoJ ,, 
I. 761 ' !.J60 I.STS.Io-1 }.974~.10"1 
3.8Z& 11.8'1 ... 861 , .U60~1" 
6.21tS' 6.24 9. -+9.3 , 9.,9i' " 
8.991 9.008 1.sq I.B/6l1 

"· 7" "·7' ,,o:u 4.0318 
11.,91 11..17 6.7!9 6.7!96 

Comparaison enlre lt.s valeu,-s ohlenve.s p.ir ;., formule de ?'!P.adopoulos 
t!ind Coope,.( !96J) 1. et ce/!es que fow·n/f Ia presence rnefhoclt!. Z. 

0( s= 10_, .S .urt. S:::.Jo-) 5c lo-+ S=to·s 
··-··----

I I.J!IO l783 1.7BZ I. J81. 1.7BZ 
J() J. S!IJ J.)/ft. ).So~ l. S'03 $.5'Dl 

IOZ 9.99/ 9.085 .8.93~ 8.916 ~.9/S 

/OJ 32.4/ 28.1,5 Z6.0T 1.5)5 z5p. 
101, IOJ.O 99.46 B4.Jf 7&-7' ?8.oo 

105 3%4./ 3U1 J08.6 2S~.2. lltl.6 
10 6 1020. 1019. J 0/l,. 9S9., J96.6 
lo! 3tl7. 32/7- 3215. 3191,, .usa. 
/08 10150. /0150 IIJ I 4-9. 10141. }0061,. 

~ 
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4. E..5sai par choc hydt-aulique ( Jlug fesf}. 
N01ppe confinee. Ecou!emenf axi.symefr/que. 

Joil une inJed/on inslani-Jnee di.m vo/t../me o't>au V dans un puifJ de 
dicJmefre a. Le niveau de I 'eau dans /e pwiJ ~ 'e/e ve de -&.,; = _!C._ pu/.s f't!
tourne 8, $on m'veau ini!t"al ()vivanf une. cerfaine foncflan 7Tal. du temps 
9ui fail I olyet du p.ro bleme. 

------~'r------------
-~ 

-----···-·· ·--------------------------------

Les deux coordorm~~s 9en~r.al'.Jees .Jonf .lc/ -6,. ef u., , dans ~e. CdS , on c!J 

( p t'o I:J/ e~m e 1. !. 2) : 

l u .. .,. lz. J~ "' 4-T e-tu: }_..a c.ont-r .. /nfe du pro!Jleme exprime que J,g 
~ u. 1/o o. Sat . 

d/minutt"on dv Yofume d'eau danS /e pulfs est e,gcJ/e cJ- lau._jmt!nfat/on 
du vo!umt ol 'eau ds:Jns /e. /:err.ain / -'IJoit: 

17' .o>z -do 

or ,:,i ,6,.-&,.M:.. , "d6 ',6., ·ei:-
U..:. ar .. - r u,. d 'ott : 

.4.¥ ,,4_,_ 
- .... 5 9 + .3 _.§__ +-

32us -.tsu..,. 8 
iS 0 

donf Ia solution: ~ u .. _ 160 !o.9(t+ 9~ u. 1 .... jJ peul ,Je m.tl!re so us !.a formt!!: 
9 8/S 2a /' 

.5u2. 3 ct 3 j3 3 10 ~ 50 ;3 
--· -- ,J u_ - .::1 0 ou. uti - - u. + -- .=a s so ~s JS 2 

fbtJr S,. o.-25 el f.>: 10- ~ v_ ; o.JHI~14J2 
.5: 0.1 el- f.>~ ;o-.l l.l., =o.22-'t?J6J/60 

:S. o.OI el: j3 z ;o-4 U., = o. 22.J64/900 
s"" /0-J ec .fo .. /0-5 u .. ,. 0.2236/l,. 
.5 .. to·.f et )3 $ to-6 u, "'o.22.36J 
.S .. ;o-s ef ;3 # 101 llo = 0.2236 
s .. ;o·6 et f-> =- to-8 u .... o.z24 
S .. ;o·'<> el: fi ,. to_,z u.," o. 2 2 il 
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TJ.jdl. 
5==0.25 s = O.J ..0./.6., I =ft Uo .-Oo/"1; u. 

------ r-----·····----- -- -----~- ·-- .... -- . - -· -··--··-·· -----··--· ----
;o-J o./H/8 0 . .962307 o.2HJ6 0,974464 

1.5 0.16845 0.954863 0.261/:J 0.9696~1 

2. a.J9ot,9 0.91,850/ 0.29132 0.965'427 
3 0.22696 0.9JJJJ6 o..:l-4260 0.958191 
It 0.26J09 0.928620 0.~8411 0.951.957 
~ 0.28313 0.$1205J9 0. 41966 0.946 386 
6 O.J0625 0.9/JJ/.2 0.450.9!} 0. 941298 

7 ().!12!16 0.906636 0.47912 0.936580 
8 O.J¥63:3 0.9004.32 o.so4J2. 0 . .932160 
9 0 . .36¥08 0.89~615 0. 5282.9 Q9~!JB5 

10-2. 0.380~ 0.8~9124- o. 55015 ag 1,o17 
1.5 O.I,50JI 0.8652.20 0. 6l,/J6 0.9tJ645J 
2. 0.50689 O.Bf5285 0}1303 0.891465 
~ 0.59586 0. 8J2365' tJ.azt,o~ o.a66o~z 
~ 0.66631, 0. J851J.2 0.9/008 o.BL.Hfll. 
5 O.J2543 0}61669 0. !JM$/f o.8H36S 
6 O.Jl668. O)ltOIJo4 I. 0 4161 0.808099 

l o.BZ216 0}21!Jit6 1.09481 0)922.38 
8 O.lU319 O.J0"-68¥ /./4233 0.7!1509 
.9 0.9006/ 0.688fJ9 ua·u 0.,6'!lJ!9 

/0-1 t:J.9.J52't 0.67J8JI 1.224 '/ o.poJ$5 
1.5 }. 0 71~1 0. 61148tJ I. 38 :iJ. o.69~6oJ 
2 /.18830 o.562Jo9 /.50605 0.6-'tBG/5 
J J.360J3 0. 4866~f. 1.6899¥ 0. 5749ft3 
lr 1.1.9491 0 429.393 I.IHOit6 O.St6J44 
s /.60699 0.383.529 /.9t,6os o.H8686 
6 I}OHJ 0.3H5JlJ 2.0453~ 0. 1,f.J9t3 

1 1}9/JI,. O.J/3458 2./J'!>oz 0 . .392680 
8 1.8J035 0. 285tJ.t3 2..212 I '!J o.J6tdl9 
9 /.94.31/ 0.261Jft~ 2.28463 0. 331,. 509 

I 2.0/09~ 0.240558 2.35110 0. JIO 14-2 
/,5 2..29948 o.t63'tJl 2.633 53 0. 219ZJZ 
2 2..536'i_ 0.11671'2 2.86/fB O.IGOi"/,6 
J .2.930 5 0.063[&0 3.23J4! O.O'JI1Zf 
4 3.26461 0.0 ?J7tl6 J.551.o4 0.05532.5 
5 3.562.39 0.02.2$69 J.8~6o7 O.OJ/;625 
6 ..3.834S3 0.014171 4.09458 O.OZZ2.86 

7 4.08841 0.009!..3311 4.33558 o.o/46J3 
8 .4.3266/ o.oo 6ot52 4.562J5 0.0098¥65 
9 1,, '5523/ o. o o.t.,o3'57 4.JJ8n 0.006lf64 

10 4-76J39 0.002J5!6 4 . .9846J 0.001t6*f6 
15 5.J2J61 o.oo o-4 88<31 .S.90J1, 9 0.0008J2J9 
20 6.5~295 o.ooo;oaS6 6)01,85 o.ooo2ofiT 
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;B c5= to-z S=Jo-;, 0 :.Jo-"' u. ~/6tll' (jo ~ /-6. ll. 4/~, • 01 

-- ---- -
Jo"" 0.2ZJ68 (), 99f.J9S" 

1 1 1 1 1 l ! 
10-J 0.54523 (),!J!!J/!J~' I.IBJ5f 0.9~6303 2.09.!)99 0.9.965JB 

1.5 4.6~440 o.S8!J9j2 1.~3265 2.21921, 
2 () }0~/5 0.388206 /./,1,0.38 0.9~5181 2.1,0685 0.99J56J 
3 o.BI/59 0.985!54 '- 598.3J Z.59o7+ 
4 0.8.9421 IJ,9821,6J 1.f!'tJ4 Z.7lt81t-
s 0.96i86 0. S800/6 /.806J6 0 . .9.,/096 2_526/t,. 0..995100 
6 /. IJ/939 0,97JJJ6 /.8827J 2.9no+ 
7 I,D69SJ o.9J5586 /.!J4819 1.9831+ 

8 
1./1 "" 

0.9JJS41 2.0051t'!:J 3.0oi58l 
9 J.15J,JI, 0.9J1582 z.o56J3 3.10130 

Jo·t. I.J!JO!J4 o.9&969J 2.102/!J 0.9855/!J 3./5/0'r- 0.991529 
1.5 /.33JJ3 0.9610/" 2.28131 D.980S!J8 3..).JH6 O.!Jd8261 
.z J.'IHJO O.$j337/ /.41015 D.9J60Hi 3.4&/13 0..9S!JJ69 
3 /.6065J 0.939630 2.59 2/ O.!J6J628 J.6J636 o.!Jf!JJI.T 
I, IJHJo o.SZJJl.l 2. 7" 98/ 0.959820 3.81581. 0.9JJJ9.) 
5 /.8/885" 0.9/5981 Z.B3455 0.952136 J.9l45f. o.!J61J41JO 
6 /.89f28 O.!J05J62 f,92otJ6 0.945377 /,.OIJ/5 O.!J&J3lJ 

7 1.96465 0.89531( f.9943~ 0.9'!185J9 4.08"6 o.J51JJ.>5 
8 2.02lf9 0.88574J J.058~J 0.932ool 4-.IS5lf 0.9531t32 
9 Z.OJ6!iJ 0.8J6S69 J.IISIJ o.S256JJ 4.213 .. 9 o.3486JJ 

Jo"' 2.12i!J 0.86J!I.2 J./662% 0.919391 U65!3 0,343.986 
1.5 2..31221 0.827620 J.J65"08 0.8!30266 .H682.f 0.92/649 
z 2.1,5oolt 01!J23JO J.508J5 O.IJ6~639 M!Jf2 O.j60 flit 
J 2.65/l,d 0]315/"j 3]'5JJ 0.815629 4.82192 o.B621J9 
4 2.8ooJIJ 0.6796!11 J.B6654- 0.7TlJ6J J,.9f2S8 _0.82.6]!11 
s 2.91!398 o.6J·U4.Z 3.9!J6J6 O.JJJlJ30 ~.09162 o.733BU 
6 J.OZOfJI 0.593656 4.08649 0. 6 !JIJ OB 5 5.1901/ 0.,630-fJ 

' J./OBSJ 0.55(20/ 4.1JZ.9J o.66SOJ~ 5.27SJI, o.z:HDJB 
6 J./8670 0.524.122 4.2~9-U 0.634'309 !i.J5ol' 0.,06J28 
9 J.25J42 0.-'9?1901 1,.31813 0.605"633 5.41 ,.,, 0.68083/ 

I J.J221. J 0.1,66156 .4.3809J D.5JBJ/8 ~.'tJ899 0.656252 
1.5 J.588J3 O.J5"68 4.6H28 0_~66299 ~.J21t36 0. 549J3'J 
2 3.J98SJ 0.2J6St>l 4.83182 c'-380636 ~.91150 o. 4t.H29 
3 1,.13565' O.IJ4.9~6 5.141¥8 0.260 315 6.20/.93 o.JJ7j/ 
4 J,.ltl4a 3 O.J/U63 5.39JH 0.182 341 6.43459 o. ua !JS 
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5.1.1 Miheu ~ double poros/li. N.appe confinee. Ecovlement 

paralli!~t .Sov!/;ra.9e .& I'J/ve~v e:onsfant ..00 • 

Svivanf Bartfn h/.gtf am:l Jl (1960)1 un md/eu a· o'ovbl~ ;poroJ t'fe' consl.Jb 
en un 8sse'!'bla..9,e de bloc~ poreux "epa. res par ales fissur~s t:Jv fr.:~ccvres. 
Les caracle ri.slt9ves ?hys~t.;ve.s d~s 6/oc~ .seronl' nofee.s 1 /dndts 'lue 
ce.lleJ des jr.:u.lures I~ Jeronl pal" ;,·nd/ce z. 

Canfinf.lil/ l dQ c: dd (A } (rl ; "({X~ = v, c/. c' -f o0 -'o.J1 -...0, I 

d. a~,. "'0 dd,. + o( (-6 -.-6) (.21 
dx. .2 dt I .2 -I / 

.Darcy 

dQ, .. c5. -6 
dx :t :a 
dati, 
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5.1.2.11;/ieu t# dovble porosife. Nappe ~onf/ne~ .E~oul~m~nt . 
parallele. Soul/rage ei' deo/t- consfant :- Q.,. 

Conft'nvi!~' 
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9 e.o5Z9 /.11Jf45" 

tO 8.4819 /.IJ$02.+ 
1.5 /O.J/It!l IA45J90 
2 /1.9f70 /.669~SS 
3 14.6~/, l.OUatlf 
4 /6.9 6% 2. 361806 
so 18.9351 t.64o59~ 
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2'24. 
186 
15"9. 
,~, 

79.1. JO 
5,~ 53. 

Jo. 
to. 

/J01 
81~ 

15. J 6/ 
88 J/.9 

.9-J tf 
8.11 I 
6.9 H 

l4 
8~ 

09 
8.t 
18 
06 
~8 

79 
ao 

6.o 
3.5 
2.6 
1.9 
1.9 
!.o 
Z..l 
l.t 
1.1, 
l. s;l 
~-~~ 
J. 2 8~ 

88 
38 
5S 

3.I 
4. 
5.3 
5. 
6,5 

98[ 
59 
8ft !:,0 

'JS 
8.0 

7" .. 
~3 

l$..4 .s8' 

H.Ul '' 
lt!.841 ,, 

5'6. f81 " 

I'· SJS ,. 
189. t'LJ ,, 

O.Ooo 3fH~5 
a.ooo Sp 7BI 
o, o o 19Z I 6 4 0 

a.oo ~!54994 
o.oo5oo47!9 

o.oo 1'''"55 
(),()IJ j8 501.84 
o.o1UOIH~ 
o.o/65986t,J 
().() ,,844 
6.0,6657 
0.15/3lt~ 
0.2DI5ll, 
O.%HI 
o.Uo6 
0.3071 
0,3305' 
0.35/8 
0·~717 
0,1,569 
0.527' 
0.61,67 
o;iq'IJ 
0.8350 
0.914 7 
0.98 &o 
I. 0562 
/.1Zo3 
/.1809 
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5.l2. Mih'eu J dovhle porosi fe. 
Nappe eonfin~e. 0.1 
£,oul~m~nt p4ra!le7e. 

:::fOOO SoufireJee a- dibi t 
C01J.SC817C. 

-
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52.1. /1;//ev ~ dovhle poy-os/}i'. Ne~ppe canjlnee. Ecovlemenc 

ox.i.symefri9oe. Sovfirage a niYeav cons!JnC. 

ou, &vu. In .ap;uo)lim41iDPI eliJa f·lius pluJ hav!

::. 2. Ttr s.~. -6.!. • D4 211(' s, M2. ... 2 T1 Ft.:X, {1,-d2.) on. 
dl: 

ol'ou 
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- ;,· --'l· /0 ?:.:100 1"'1000 1=0o /}7/.I~U _ 
homagene. 

0( U,o Q,, /-2n J;'d,. u.,(J Q,,fonT, d, .. U,o Q)rrT.a .• u,. a.forrT, d,. 
1o"l J.~65 112.-f.l s. 488 /0~6.JI J.691 5f20.g 0.0 ~8.(9 18./1,68 z 3. /3D ,0.222 3. 1J3 619. o/6 J. 5?JJ !69!> ,J 

l .2 . .93/ 53.620 3.000 4U •. 812 J./,9/ 583 . .9-'t 
(1-}obl 1.2.1} 5 2.698 .38.324 2)99 2 ,,. '"' .3. 469 JB. 9J2 

1 2.51,-1- Jo. 7H ,2.682 t9U-'to J.466H ,o. t.JT 
/01 8 . .38+ H.3Z3 Z.5f4- 124.9H J.466 () 1.3/ o. 8Z.J 2 O.f.02f6 6.064-' 

2. 2.0.9/ If'. 232 VtlJ 38.2.1 ~ 3.1,66ot5J 0.309J 
3 /.9JJ II. 389 .1.~3 IJ.ST! ~.46603!1 o. ~0929 
5 t.J55 ! 631J 2.363 Z./9/j/ l. 466088 o. 30.92902 

1 1.655 $.6822. l.~61 0.6989 .3.46613 o.Jou.ss _, 
1.566 4.oo6J 2.J6/ o.4TJ1· J .1.662/ o.J092.f8 10 0.53Sfo 2.UU 

t /.460 /.81.15 2 . .361, o.u.so JA66+5 0.309255' 
J /.41,2 /.16.32. 2 . .366 o.I,6-U 3.1,6669 o.Jo9 232. 
5 1.461. 0.8.255 2.3JI ().~655 J.46Ji o. 309 1&6 

1 l.lt95 0.766J 2.3f6 0.,625 ?J.46J6 o.JO 9 litO 
I 1.5~2 o.JH9 2.383 0.~6/0 3..468 0.30':JOJI /./86J O.!Jf!J 

2 /.6 Jl 0.6!41 l.4o6 0.4563 3 .I, JOIJ 0.30881,1 
J 1.71' 0.6335 2.428 a. 4519 J . .t, 731. () 3086/t, 
s /. !j22. o.5'80S 2.469 0.4-MS J.4J80 0.308162 

7 2.035 o.S+6o 2.50J o.tt36f J.48Zf o.3077J1 
10 2.161, 0.5110 2.558 a.t.1.f'J J.~B.98 o. 30JCJS9 2.0996 0.5280 

2 2.1," 0.41t9~ l. 6!18 o . .t,o!Jf J.S/25 o.J049S2. 
.3 2. 611, OAI7! ,2.806 o. 3BJ2. J.S~~2 O.Jo296:f 
5 .e.s.fo 0.38Z3 2.968 0.36~7 J.'5J49 o.t.9930S 

7 2.992 3.089 o.3 495 J.6/H 0.2.!16012. 
10, J.J56 O.H15J J.22J o. 3336 3.66J!J 0.2.916!6 3.1.9~ o.~42li 

2 .5.482 3.519 o.3oH .!J.B041 o.2.1J025! 
J J.6J't o.290J J.700 0.2886 J.9J2!) 0.2JI.025 
5 J.9/9 .3.934 o.'l.JOI, t..ofM O.Z60itSS 
7 !,.08/ 4.092 4.1.9911 o.25Z4J6 

103 t-25'4 o.'J49o 4.262 0.2485 4.3397 a.t~J8s.t ~.UJ2 D.U9/ 
2 1,,595' 0.2296 1,.6359 0.22.J526 
3 4}91 O.'l19f 4.819.3 0.2/8.1,/,J 
5 5'.040 S.OSJ~ 0.20f686 

T 5.205' 5.21{1 (),20/0!.6 
Jo" 5.3J9 0.191,69 $.3D/J3 0.19#J66 5.~,/JIJ 0.191tp. 

2 s.p~t6 0.182.466 
3 5.9229 a.IJ6I08 
5 tS.lfJJ O.J686Jl 

J 6.J~9· 0./6~095 

105 6.5152 0.15'94!NJ 6.51'1.3 0.1595 
2. !S.BS!f 0.1511!48 
3 J058~ 0. flt6J98 
5 J-3114 0.1-415'46 

r J~.i]IJI 0.1382.85 
JO' J.6550 0.13¥!J86 J6S49 0./!ilt-99. 



'l:: 1000 

10-3 10-2 10-1 

5.2.1. 
Fonctions de Puits G (oC.) 

en milieu poreux homogene 

en milieux a double porosite' pour trois valeurs 

du parametre ~ 

Nappe confinee 

Ecoulement axisymetrique 

Soutirage a niveau constant 

'I:: 100 

10 102 103 

P'\ 

I 

0\ 
~ 

I 
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5.2.2./1;/i~u ti dauh)e porosile .IVtBppe confini'e. . Ecoulemenf 

8Xisymelri9ve. Soufi?"eJge 8 dlhil cons len!:- Q0 • 

A" •b • e~f 
/,)ID I ftiJ u,,. _.= _ ___, -=t.----- f -0,.. 1: tf,o f.J.,o 1- e -<t 

el: (2} dev/enf : 
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ec ~~- 7 o( t·J d~vli!nf: 

Pollr 'lu( p~fd e.f a,, fJr.:1nd, on frouve 

U 10 = 464, 15118. 

Q~ t" Q. devit!nC Q,o t = (-211Sa)/J,0 (1-e-ct}_ .g'L llu~ 'f,o ou..; 
4LA,! e - 2 u,, 

...d,, 2 u,, e- 2u.,. ---.--- ... ...;;.__....;..::.. ___ .,.....,..,,_ o( 
d,, i.f'to ( 1 - e ?j -4r1T; 

olu. proble~me. I. 2.2. 

Pour? -c-, on re /rouve /c~ formule 
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'l=l '1=10 
·t----· 

'1=100 ?::1000 '2= 10 5 

0( UuJ O'to u,. o;;; u..,. ~ U.ua f.>'; (/I U,o 6';;, 
------~ ---------- ------~ ------

!til 1,6¥.1 0 
z f/34.9 a 
.! !08.2. 0 
j 5!>.1.2 NO 

' .35.85 NO 
/06 

A5,0 22-JJ NO 
.t 9. 80!J NO 
.J ~ = 6.2 !1.3 I 10-g 

5 -Q0 j4rtT, .l-JH s.J, 10- 8 

7 2]61. 3./ 10-7 
/(/5 -6 

46+.1 () Z.o24 J-f. 10 
z 181,.9 () 1.08S 8.9 /0- 6 
J !OB.Z 0 o.pt! 2~ /0- 5 

~ S5.H rvO 0. 42tJ B.J lo-~ 

' .35.85 'VO o.UUJ" 1.98 I0-4 
to-" 4-64-.1 0 "'-71 tvO 0./898 l,.ol ,o-4 

i. 184.9 0 9.803 tvO o.otuo~ l.3D 10-J 
J 108.2. 0 6. 2. 33 1'\JO o.OS/02 o.ooS68 
s 55. 42. rvo ~-]Ha ,._a 0.03186 o.olfJ5' 

7 JS.BS rvO 2-763 r--JO O.OI.Jl~8 o.o252J 
10-J 46~./ 0 u. 71 .vo ;z.o.Ud rvO o. oltJ6J o.oJitl 

z 184.9 0 !},803 .vo /.0852. NO ele.. etc. 
J 108.1. 0 6.233 1".10 op.u 0.00250 
5 .5S.42 ,...a :!I.J1,4 5.~ to"5 O.l,fl..56 aooBJI. 
1 JS.BS NO l.J6J J. J 10-J, <'-295J 0.01929 

/0-2. .161,./ 0 Z1..7f _,....,0 2.025 O.OOI.l.23 0.2052. 0.01,22!1 
2. 18,.9 0 9. 803 7- to-9 t.osr 0.0089/,9 o.llt251J 0.12.72 

" /08,1, r.JO 6.233 :us Jo" 6 o.f351 0.02.469 0.15218 ().tJJ6 
5 55.1,2 rvo l.744 5 . .l5 /0-.1, 0.41,87 0.08126 0.1858 0.2.368 

7 J!J.IJS r\JO 1..J63 .J./4 10- 3 O.JitU 0.1StH6 o.21Sf 0.2,..95 
/0-1 .u.-71 r~ Jo'!l 2.026 0.0122. o.JoSo 0.2646 0.2530 0.3~14 

2 s.ao~ 6.6 10"8 1.103 0.0867 C>.3"3 o .. H 73 o. 3/rJ/ o.1.5JS 
J 6 . .2J3 S.5 10"5 0}881, 0.2/99 0.405~ 0.5412 altOJ6 0.550/ 
5 3.JH o.ooH o.ISIH o.520q 0.50.l2 0.6898 0.~029 0.6901, 

7 !l.J6S 0.031!. 0.61+9 0]235' 0.5J48 0}988 o.5J+J O.J990 
I 2.ot,o 0.1/93 0.6J1Z 0.90~3 0.6S90 0.9294 0.658$9 0.9195 

2 1.2H 0.6Jit-' aS,S3 /.2! 99 0.8412 J.2J26 o.SirJI. /. 23£6 
..3 J.l/0 J. IJOJ 0.9f2' /.1,4}5 ().9J21 Ut422 0.9J21 J.IIU2. 
s /.171 /.66 7!3 /./4+3 l)t,Ot!J 1./lfi,J 1.7MH9 /.//,/,3 t.Jito99 

1 /.21~ l.fJ32.J 1.266/ /.95/!Jl 1.2661 UJ58J 
JO /.1,03 'J./!J!J6 /./. 0/ ~ 2..201' /.I,0/9 2.20 7' .zo /.683 Z.JJ65" /.683 2.7~0 
JO 1.856 .3.0 23 
50 2.081. 3.5166 
10 

100 
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6./. Nappe confinee. Ecoulemenf axisymetrit::tue.aoult'r-trfi.!Je 

a nivedu constant. Pr/.se en c.omple dune dr.aiY'Janc.e Ve,..

t/cale ( Leal?y confined a9utfer.s) 



6. 

Pour c ... c.o ( e'oe~ cu k' nul)(dl'4in<ilnce nulle) /,:i-_!_)l u. t-~ .. ·4re-2u.a 
(' cS I., U.., cS 4 .5a'-
~.-_______________ ___.o11 relrouve l.u formu/e du prohleme 1.2.1 

t -r , 
B =~ .. Tc. 

k' 

CJLL 'on peul icr/re 

ou, enfi Q _; lf. I. _.. F CJ t 0 --"2. (z:t I 0 - • rour .£.- .. 0 1../ = "Co)' on re.rou-
~2.nT)-6. u.,I, 4e-2u.,J, .a~ .zY· 

.__ ___________________ --'ve Ia formule obfenue en 1.2./. 

af8=o.J a /lJ .o.!J aj8·1 a/BrA/.5 
------· 

o< Uo -iJ,jurT-J_ u# -qj2rrTa. U.o -O,j2rrTo. Uo -0 .. /27776. 
uj4 0.02236 5!J. 050 o. 0 22. J.S 59.050 0.02.06 59.048' 0.02.2~6 Sit. 1.35" 

z 0.03126 .33.62~ o.oJt3! J9.869 o.oJtZf 39.668 O.OJ/23 .38. 8 79 

~ 0.03811 .32.6/Z 0.0381/r .J2.13Z o.o:JtJt'!J 3.2. ff/4 0.0~808 JZ.5.38 

~ O.O.f-890 Z5A62 o.o489J 25.4~3 ().0489/ z 5. 4~5' o.o4B~6 25.4 S'J 

7 0.05f60 2.1. 59~ 0.05J6!. 2./.581 0.05f60 2../. s !J't 0.0 5'!54 21.642 
10-3 0.0684-J /8.155 0.06849 /~. 145 0.0681,6 18.1613 0.06.338 /8.209 

2 o.o9~56 12.918 0.09555 12.9$1, o.o.!JS48 I:!J.0/0 o.o!JsJ~ 13.058 

J 0./1588 /0. ($8 I, 0.11585 /0.693 0. 115J2. 10-Jl6 0./15 49 !0. JBI 

5 O.lltJJ2 8.38 .. D 0.14 725' 8.396 0 !469J 8. 43{!3 o.U651 8.)0 7! 
7 

/0-2. 
0. '7220 J.t581 O.IJ20f 7-'13 O.IJI63 7-H29 o.tf090 J.3050 

0. 202.74- 6.065 3 0.2.0252 6.08~ o.2.01J9 6.1429 0.1.0060 6.2404 
2 0.2.,6.39 /.,, 42 42 o.2J5J8 .:. 450 o.2fJ89 4.5~38 0.2f08~ ".669.9 

J 0.32.9 53 3.6960 0.3284l .3]28 o.:H52t 3.8H9 0. 3!999 J.991,6 

5 0.40854- 1.96/,2. 0.406 3 -soo5 o.4aoo6 J./36/ o.:HJoo9 J . .34 38 

7 0. 46(35~ 2.SJ..38 0.1,6526 262~ o.HHJ 2.Jf60 o.l,t.oSO J.0/62 
!O"' 0.5J91.t, 2.2.?.4J 0.5.3425 2.2M 0.5/903 2.-'1641 0.49648 2]1,2/ 

2 0. 69959 I. 69tJO o. 6arJz I.JM. 0. 6 5?>12 2.0263 0.606/.!J 2.3BJO 

J 0.80110 1.4626 0)8 J18 /.565 opt.t6 /.8ffJI 0.66 JS8 2.25/,8 

5 0.95665 /.22 I;/ o.92o8J 1.355' 0.8.3342 1)0/9 op lr99 2.1535 

1 /. 06328 !095/ {.01154 /.2.'19 0.89380 1.6346 0-1!2 13 2.112/ 
I /./tJ278 0.9J99 1.10/5~ 1.160 o.9S/29 /.5CJ45 o. tJO 1,6J 2.01)1,6 
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I I./82J8 0.9J99 1.10 JS /.1600 0.9513 /,SB/di O.Bo46 2.0846 
2 /.4.315 0. 802.9 /.2tH2 /.042 9 /.OJ95' (.'.5303 o. 8~!12 2.0S'6~ 
J 1.5850 0.7Z26 1.3154 1.0010 /.0 76ft 1.511,6 0.6659 2.0466 
:r I J131,0 o. 61t06 1.1tf19 0.9680 /.1036 (.5'0J9 o. 88oo 2.o4JZ 
1 J.!J/68 0.~964 I. 5232 o.9HJ /.12. 50 t.'t9'9 0. 886/ 2.04 II 

10 /..05J4 o. 5S68 I. 'i6/2 0.94SS /.1369 1.49Jl 0.8908 2.o39J 
:2 2.32.JO 0.'1982 1.6259 0.9363 1./SJJ. o.B96t 
~ 2.1,686 0.47J 5 1.64J6 0.93?>7 1./5'61 0. 8960 
5 2. 6350 0.4~08 /.6658 0.9~1~ 1.1599 0.8991,. 
7 2.J314- 0.4402 1·6TJ7 0. !1313 /./61~- o.9ooo 

JOt 2.8202 0.4320 1.6197 0.9Jo8 J./6 28 /. 4 9 26 o.9oo:r 2. .. o-:,7'' 2. l.9521 0.4228 1.6868 0.9303 /.1641 
3 .3.0060 0.1,201 1.6891 0.9301 J./6 46 
5 J.ost,o 0. 4180 /.6909 0.9:!1012 /.161,9 0. 9011. 2.0~692 
; .).Of61 o.41J3 1.691J 0.92996 1.1651 
10~ .l09J3 0 .• 168 /.6923 0.9299~ 1.165Z I. 4923 

2 3.1/41 0.4162 /.6930 1.1653 
b .3./l/2 a4161 1.6932 /.16 51.0 
5 J.l26'd 0.415'9 7 /.6933 1.1651.3 

7 J./293 0. 41592. /.693ft J./654/f 
104 J./3// 0. I,ISB!J I. 6!3351 0,9Z95J 1.16545 u,n27z. 

2 .5./JJZ O.'tl5d4 /.69Hf /.16 546 
J J./Jj 9 0Aif8~ 1.6,~59 1.165 4 J2 
5 J./344 o. ''58Z 1.693609 /.16~474 

7,05 J./31,6 O.t.IS!JISJ 1.693616 1.1651tJ6o 
J.IJ~S 0. 1,158124 1.69 3621 0.92!J66J 1.1$5 4J69 u, 92.t.fo 

2. J./J50 "· 415808 1.693626 
J 3.!3511 0.41580' 1.69J628 
5 J./35/6 0. 4158064 1.6.9J6 2.9 

1 J.JJ518 O.lt/58060 1.6.9J6JOJ 
10 6 J.I'HRO OAISSoSf 1.6936308 0.!129866 1./6 s "786 1.1.922.69 

2 J.I.H22.0 0. lt/58053 
J J./3~226 " 
5' J./3 SlJI II 

7 J. JJ.f:H ,, 
107 3.135235 0.415805' 

1--

- O.,j2nT<1" llo -Qoj2 17 Tot> u" -Q0j 2 nT-dt> 0( u, -O.pnTd. Uo 

8/B =0.1 8/B=O.S a;a-1 c9/8 s/.5 
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6.2. Nappe confinee .Ecoulement axisymeir/9ve.Souf/r-a9e a ... 

dehif COI}s/anf. .Drainance ver}/c,a/e .(L t!cl ky cu;vtfer). 

For mule 

(- o. ) 
4-TTT 

LL = St'Z 

4Tt 
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· ef (1 devient : 

( rrSa 2d. tu .. ( 1 + _Ll~(~+.l...) U. .. _ !Jj~ .. },lf r(2u.-1)cp1'Ju.. 
2u! e·au. c S l c:S U.oj L ~u. J 

0 

, (~</;) ~l:; f•·~<-(zu.-,j<p)dtL 
• 

_,_ c1S ;;[ "'• f,£ + t•u. -1) <f)du.j 
= 2117-d. (I+..L)fTTSa"-<> .. -)1/r::L'l + (2tA.,-tJY}ou.,louf4S riduelions f~il4$~ 

u.. c.S {-2tA!e·tu.I)L au. 
• 

( ,+L5 ) 1, ~ -t ('+ L) Jl .o~ 
. c. u.. c. s -d., 

Q., t = Oo de·fient : 

(') 

t+ t J 11Sa'd. II/ u. +!,.,..t_) "Sa2u,'f.-&: +-' nSJ1u.4.1f. 
l" cS7 2u.:e·1u. T, {" cS/ 2u.!e·•u. c:::S 2u.:~-au.. 
OIL .6;, = c S - 'f;. u. ef (/ d4YJ~nf : 

..o. '"td # tJ n u. 

--='£_1...:.., _-_'f::_;_:.~l;..s:.t__ u. #- ft. = 
~I u. t 1.4 
1. + 

Po.5onS B 1• Tc 

Pour ;.z =O ( .B =oo), on relrouve /., formule 

clu prohleme 12.2. 

Pour u.pelit du., ~ 2U~. o/.,u!! 4 _ 615 u: J doni ;, soluhon ~.5C IJ,• ~ 
. alo< M f 4-ts:f!o( 4/..u]olJ lftcx 

IS u. f!jl. f.# 

{ 6.) 
- 4nT 

2u. e- 2u• o< __ , __ _ 
(j) I + L .E!__ 
)• .8 a 4-

= 
-------

II une di.slance r du pui!J, on a : 

4- ..6.. £1., • d. (u - loaL) ef on -u., · u. ' .Ja 
connc~/t- u., en fonc}/on de o<. 
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a~t=ao; a%.e=0.25 a~:z =I aYBt=22S 
-·- -- -------

0( Uo ~ u. a:: U, 6': u .. 6; 
to"J 

--
0.02828 0.0.3469 0.0282.8 O.O~H9 a. o2s2a o.o;.,-~o-&s 0. 0 UJ28 0. 031,67 

2. 0.03944 0.0493J OQJ9..36 0.04941 0.03961 tJ.olr!J/3 003956 o. 0 't916 
J 0. 0.1,800 0.06051 o.o4Je8 0.06065 0.04810 o.o6o~f. 004J36 0.060~6 
s 0.0615J O.OJJ90 0.06152 0.01!94 0.06155 0.0 7JB~ 0.06152 0.0 7775 
1 O.OJ252 0.09/!JO O.OJ249 0.0.9/.91 o.op.46 0.09/82. 00 J241 O.O!J/69 

/0-2. 0.08616 0.109 'r:J 0.086!3 0. J(} 9J.6 . 0.0860J 01093?; 0.0859] 0.109/3 
2 0.12.003 O.JSJ5.t, 0.1/98 0.15 .. 34 . o.J/!J81 0./ S?J O!J o.I!:JS~t- 0.15252. 
J 0./1,5 3J 0.1868¥ 0.1~52. 0./8 66 0.1~~91 0.18602 0./4~48 o./8Soo s 0.18./;lt2 0.23879 0.1842 0.238..3 o. 18360 0.23706 O.I8Z59 0.23493 
7 0.21521 o.28oZJ 0.2.148 o. 2.J9S 0.21~89 o.27J45 0.21226 0.2.J401 

lo·l 0.25285 0.33/63 0.2.523 0.3304 0.25069 0.326~2 0. 21. 80/t 0.32125 z 0 . .34302 o.4.5J4t. O.J/,.16 0.4543 a. 33J4t, oAH92 a.3!>0BI 0.43045 
J 0.40 JS6 0.54992 O.lt05! 0.54¥3 0 . .J 38 01 0.52tJ05 O . .J869f o.503Jit 
5 0.502f4 0.68995 o.4-9tJO 0.6J<56 0.48432 0.61.666 0.1,61,10 0.60/ .. 94 

J 0.5f44Z o.J98Z3 0.56/f 0-JBO/r 0.54-649 oz314J 0. ~IJ!8 0.66692 
J 0.65851 0.92826 o.6¥JI 0.899~ o.61SJ6 0.824>4-9 o.spsa o. J.32. 65 .z 0. 81,.60{ 1.22 9.1,6 0.8/~8 /.1596 0]5~8/ lOOO!J 0.6J6J!J o.a~.oz J 0.9J02~ 1.-+36! 0.9281, 1.3226 0.8JNO I.OS/62 0]2821 0.8867 

5 I. lit 0 8/ 1.pos J,06J9 1.52JO o.!J/963 J.JB3J9 0}81JIJ 0.92691 
7 /.2609.3 t.9H8 1.1581 /.tSSJa 0.969J2. I. 22.94+ 0. 80,966 o.9H6o8 

10 /.39 412 Z./8 2'13 /.2493 /.71J8 /. 0/1,.86 /.26556 a 833Z5 095JSO z /.66624 2.66109 /.4042 /.95.40 /.0/958 130746 0.8645"3 o.9JIJZ 
j I.IJJ04f 2.98/.JO !.'tJ69 2.02/J.2 1.10518 I.J20.30 0.8,608 0.9J5.3J 
5 2.0.38Zf 3.3636 1.5485 Z.08!S /.12J6Z 1..32955 0. 88 58?1 0. 9J!J28 
1 2-IJJIO 3.60.1,/ 1.5842. 2..1050 UJ786 1.33309 0.89016 0.9J91.2. /Oz. 2.31180 J.8HS 1.6/Jo 2.1215 l!'t!id'Z. / . .3.555.33 0.8934J 0.980229 
2 2.5591,5 .1,.2 J IJ~ 1.65'13 .2.1~83 1.1554-5 J.J3808f. a89J~I O.!JBIIOI 
J 2.68505 .l,.ld 4 9 /.661,8 Z.IMI I.JSS/'r J.J3B852 0.891Jf4 0 . .9B1.3JS 
5 2.81!85 4.5710 ;.6760 2.11,65' /.16141 / ... H.94.32 0.89982 0.9815BJ 
1 

/OJ 
2.88883 .1,.650/ 1.6809 2.Jit79 t./6.25[ /.H96J' 0.90028 o.!JB16J6 
2.95016 ft..JoS6 /.6 S4 J 1..1~88 1.163 ~.3 /.J3!J846 0.90062 o.!JBIJ42 

2 J.0.3360 .4.J6 ~2 /.689/ 2./lt98 116.1,5 /.J4oo46 0.90/03 o.SB/818 
J 3.06508 .4.J8Z.6 /.6906 Z./502 1.16+]9 I. HOI/I 0.901/l 0. ~5181,3 
5 J.09/88 4.J9SO 1.6918 2.1504! !16SOJ /.Jit0/63 

7/0~ J.J0386 .4.79.98 
J./1.305 4.80.31 /.692J 2.15066 1.165 2fJ!J.'J /.J40202/9 0.90tJ6 0.98!8J83 

2 3.121tOI 
J J./2 712 
5 J.l'lloJI 

7 3./~200 
/05 J.J'b29J 4.809'3 /.6935 2.1508Z 

2 J./31,10 
..} 3./3 /,Itt; 
5 J./34J8 
1 3./3 1,.9/ 

/06 3./J501 ~.80~8 
2 .J.IJS/2 
3 J.J3 Sl6 

5 J./3519 

7 J./3520 
10, J./3521591 4. 80~9 
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7 Priruipii/es fonclion.s renconl-ree.s 

a. dans les ·farmule.s 

erf x ,. L ~-xa'.x ! =-:; ~ 

Vii 

[ 1(x)if!- dt 

" 
;;; Fancft·on de Be .sse! d/;rdre 

/ ef de prem/e-re 
... 

:tero esp~ce. 

Y. , ,, II ,, ,, ,, .sec.onde 
J, '· un '· premt'it"e 
>'; '• , .uconde 
l<o modtft'ie. of 'a n:L r e :ret"o et- de .secondt' eJpice. 
}<(, I ' ,, f' " ,, un ,, 

b. dan.s Ia milhode pseudovt~Jrial/onne//e. 
/!;rolfv~tloppement en Je rte 1 ())1 trow~ lc~ 
w!e1.1r o1e ctsjancfim7,s paur u pt!hl:. 

zu: 

r ~ -la -'+• 2l.l. -UJ..-e -tl 
Is= u e-:zu..,. 1.1. + ~-tu._, 
z1 " u3 -jU2 ~tu"2"--ju.-; ~-2"-+.J 

F,.: (I,Cf-~f//) 
F~ ti ( ~ lf'- l.J ~) 

Nofa!ionJ. 

Q debit ( negall di Mrfat?t) ; Q " I Q de 
9. profondeur d'influence en eeo(./JeJn~~t 1-'at"d//e'/~. 
'R rayon d l'nfluence en e'co(./lemet?l- <Yxisymlfr/9ue. 
a rayon du pu/c.s. 
U., •lo!l.B.. 1 coordonnh gfm,frall..see ,fond/on du temps. 
T a trans miss/vifi. 
$ co~fflcienl' d'emtnt!J!)a.Stflemeal 

zu 1 

~ u.~ 
15 ~us 
~us 5 
5 

,.-6 :r-.abeflemen/' de /& nappe .a Ia dt:S!.ancel.,u; 
4., ,, ,, o au a 
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8. Bib/t"o_g!aphie /in11lee a f,g J'v.sftf;'c-31/o!? des formules 

analyf/9 ve.s cifees dans le fe x &-e. 

Qo ~ 
-~ .. m "'vrrT et -6 :: -6, erjc ( u.) 

/././. Ingerso/~ L.R./ Zobel_ O.J. a11d. In9ersol/, fl. C. (191,8). Ileal condvc.l/on . New ':fork. 

Me Graw II;! I. 

.t s :x;l, 
U:-

4Tt 

/.1.2.Ferrls,J. G {1950) Ouanhtab"ve method for defermim'ng 9rotmd- wafel" 

chari!dalsh'cs for drainage desi.:Jn ( llgr-. En9ineer/n,9 .31.6. 28':f-2fJJ} 

Oo ~ 4cJ;:-dx2[TT + 1-.J-' 'f:[x)jdx 
-2rtT.o., 71 !2 ~ (::c.J 

0 

/.2./. Jacob,~ C.E. .and Lohman,S.w'. (1952) /1/on-.sleady flow fo a well of c.onsfanc 

drawdown /n a nfensive a9uijer (lim. 6~oph. Un/on Tians. J3.*-. 559-569}. 

U::. 5-rZ 

4Tt 

/. 2.2. Theis, C.V. (19.35) R~laf/on befw'een. !he l.awering of fhe _piezomefn'c 

sorface and fhe rafe and dllrdhon t::~/ dt'schc1r!Je of a we// us/n3 .9rood

v&te.r .slora.9e ( /Jm. Geoplys. Unt'on Trc1ns. p t.z. :l/9 -524) 

-6 . = 4 ./r:e-'1 Jtu.) 'tt!JHi.)- Y,ru.).L(~u) du. 
(-:;r) lij' li~.[J/cu) + Y,'fu)j 

/. 2. 2. WTl Everdin;)':n~ III c1nd. !lursf,~ W { 191t.9) (Trans. ll.l.M.E. 186, .3o2) 

ou CarsldW, H.S .• md Jae.9er; J.c. {1.959) Conduc.f/on of hat ;'n sol/ds. Oxford.. 

(formule lj p J3B) 
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3. -Papadopulos ,IS. .and t"ooper; H.H. (t96J} JJ,.-awdown in a well ojlar.9e dt~:une

ler (Wafer Resoul'" . .Res. J. 241-.?14) 

.l__ , 85 ;- e -fo!f' du. 

,()()i rr(-;;1 [u.J.{u..)-Z5~{u.)/-r[ u. Y.tu.) -2S Y,t()._J)j 

4-. Cooper, H. H._, Bredehae(t, J..D. and .&padopt~!os, J.S. {1.96J) R~$ponse of a j/nile-

diameter well fo an insfanfaneous chJr.9e of wafer (Wale,.- Resour. Res.J.1.263-
169} 

v !~) -c<rs -olu /%<>"' t. 
"' a 4- e u e 

/1" ( ~-) + rr2 . o r .,-.( u_)_+_t._.z {_u_!JL_0_u._t_+_. B-a-:; 

c(-IL 
- 54l. 
2. li ' 

13-- e'T 
du 

6./. H.;nfush, 11. S,(19'S9) /Von sfead_y flow !o flowin.J wells m f ea-!.Y a9wfers. 

{ Journ. of 6eop!Jys. Res. 6 4. 8. tcN3 -tostj 

6.2. Hanfush, .M.S. and. Jcuob, C.e. ( 1955) Non -sleady radt'al flow /n a in(Jmie 

leaky at;vjer. (Trans. !Jm. 6~oph. Un/oJ7 . ..36. 95-too) 
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llnnexe /. 

Si Ia mefhocle ~st aussi perjormante,cest 9uelle f,-ouve sa Jusl:,j/ca!lon 

dans '7f./e/9ve ;;r/ncipe ;;!u.s general. Effuh'vem~nt ec le /~c leur CJUI. Jou

haiter-aif approfond/r Ia quesHon b'ra <'iVt!C prof;/ : 

8iot, M.ll. {19JO) J/drial-iona/ /1-incip/es in Ileal Transfet". Ox( ord. 
8iot M.ll. ef .Delmer, 11.(1985) v'ar-ialionai-Lagl"J/J!)Ian llru~!ysis ofl19'"fe1'"s wr"fh 

llpplicalt"on to llr!esian Wells (Water Ruouras Researd. 21-2- 21t9-255) 

fJnnexe 2. 

Biof, 11.11. et Delmer; R.{/985) ef dans ce crallail. 

!6U.i 

= 

= 

X 


