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PREFACE

by

L'application de la méthode pseudovariationnelle de Maurice A. Biot &
1'étude des nappes aquiféres confinées [21 s'est révélée puissante pour ré-
soudre les problémes classiques de l'hydrologie souterraine. La monographie
que nous présentons envisage de nombreux cas olu des solutions analytiques sont
connues et tabulées, cependant, quelques résultats sont nouveaux. C'est ainsi
que nous donnons la solution du probléme de Boussinesq (1903) pour les nappes
libres aussi bien en écoulement paralléle qu'en écoulement axisymétrique.

Etant donné la signification physique différente du coefficient 4'emmagasinement
ment S et de la porosité effective, f, il n'est pas possible de comparer les
solutions obtenues pour les nappes libres et pour les nappes confinées. Cependant

la différence d'allures des courbes est significative.

Notre but est essentiellement pratique, aussi ne faisons—-nous pas appel
& 1'équation de Lagrange, encore que celle-ci se déduise le plus naturellement
du monde par une intégration par partie de la relation de Darcy mise sous une

forme variationnelle.

Les seules relations nécessaires sont, d'une part, la lol de continuité
et d'autre part, la loi de Darcy. Tandis que la premiére de ces relations reste
intacte tout au long des calculs, laseconde - loi expérimentale de Darcy - est

approximée.

S5i le travail n'était fastidieux, on retrouverait facilement par cette

méthode tous les résultats que Carslaw and Jaeger ont accumulés dans leur
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classique "Conduction of heat in solids" (1959), avec cet avantage qu'on peut
se passer de toutes les fonctions transcendantes et résoudre les équations dif-

férentielles par une calculette de poche munies de mémoires supplémentaires
(H.P. 41).

Ce travail se voudrait un hommage & Maurice A. Biot en montrant 1'efficacité
de sa méthode dans la solution de problémes non linéaires ou de problémes dont

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

plexité.

Les résultats relatifs aux nappes confinées sont repris afin de faciliter

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

uniformiser les notations.

Cependant on n'oubliera pas la différence physique fondamentale entre
un écoulement strictement radial en nappe confinée et celui & trois dimensions
des nappes libres oll 1'hypothése Dupuit-Forshheimer doit certaienement couduire

& une approximation bien moins bonne qu'en nappe confinée.




AVERTISSEMENT

1. Les calculs algébriques nécessités par la méthode sont élémentaires
méme s'ils sont quelquefois un peu longs. Une lettre pointée désigne comme &
1'habitude une dérivation par rapport au temps. Ainsi si Q désigne un débit,

la quantité d'eau Q est définie par /th

2. q en écoulement paralléle et R en écoulement axisymétrique désignent
la distance ou le rayon d'influence (profondeur de pénétration). L'allure
choisie pour les courbes de rabattement : A= 45(‘30“'R) correspond & ce qu'elle

~

est en régime permanent et n'est donc pas tout & fait arbitraire.

3. D'aucuns estimeront puérils la production de tableaux de chiffres et de
courbes tracées par point & la main alors que des imprimantes et tables tracantes
associées aux calculatrices donnent ces documents bien plus rapidement. D'autant
plus que ces moyens automatiques permettent le tracé de familles nombreuses de
courbes pour autant de valeurs du paramétre qu'on le souhaite et cela avec une
grande précision. Ceci est parfaitement exact mais, outre le fait de ne pouvoir
disposer de ces outils, j'ai voulu prouver la facilité avec laquelle cette

méthode peut se mettre en oeuvre avec des moyens limités.

Lorsque des formules analytiques existent, nous avons cdmparé les résultats
qu'elles fournissent avec ceux auxquels la présente méthode aboutit. La concordance
est si bonne qu'on en viendrait & imaginer une méthode d'approximation des fonctions
transcendantes en les considérant comme solution d'équations différentielles du

premier ordre.
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14.1. Nappe confinée. Ecoulernent
consbant 4.

_]4, — E-——" Solution analybique cannve .

; : (Ingersall, Zobel el Inngsa//, 1948)

parilléle Sovlirage & niveau

3 x*
i Midept A:4, g;}fc(a,) A, D(w) avec u"'—ﬁ;—

Q = A, /5T
mE

Q. debit en provenance dun sevl c3lé.

e —

Méthode pseudo variationnelle.
Conbinuité ; 49 __SK oo 42 .56

—

x

* /9 8Q . }.Q_&y
Darcy : +7'd'5 ou /Qé’@dxa d*’ §Q dx  avec { 29

@ = 22
d oo 7/(60)J1:~/TBQ A [7

3¢ 9
X
Soit une allvre  plovsible poer § /s=a,,,$ avec ,S:/——é;—-

—

dS P Y S ¥ S_é —2.6,,_&, . dx:—? dS el é_'g_.._-ﬁi .,’:_:i eé[‘/a’:w'eﬂf:
dx q9 T d= dx £ g

“q
94 (30/45--u 7/,@& d8 ()
or a.-.s/ux-_sa,a/sus.,-,57¢,S el Qo -tgdS
gg 54[5+593’J zsj 58 8(328) ot (%) devient:
35../5 (s28) al,S-zT/S (3-£8)d8 ou gq (2- 22 2:4).87(3-2) o

'..14 T '0‘ L r s -_?i_- - Z
qc]_RL:; olou q—%z_g— e//Jé,{/ C]) 45,,[/ /_377!:!‘) ou, en posan

2 5x* . - 73 v !
u - = As b, // 2 //T;' u/ -4, D(u)
3 .._Sba 3 = Ao [14] T o ) - —/5,
Q= - 324 -—:s—r/_,azr P

|\

156 |
49

l
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Comparaison entre _D(ujze;/,_-(aj et Dfu) = //_2 //4/}3—' a}z

..7_

u

003)62
0.04
005
0.06325
0.07]46
0.08944
o.!
0./1365
0.158/
0.2
0.2449
0.2828

le pmble'me :

Dluw) D'(u) w D(uw) ')
0.9643% 0.962] 0.3162 0.6548 0.6592
0.9549 0.9529 0.4 0.87/6 o, 580
0.9436 0. 9414 0.5 0.4]95 0.4936
0928 0.9262 0.6325 0.37// 0.389/
09/38 0.9099 07746 0‘2735 0.2908
0.8994 0.8964 0.8944 0.2059 0.2190
0.88)5 0.8845 I 0.1573 0./642
0.8580 0,855/ 114 0.1069 0.1036
0.823] o0.820] 1.265 0,0736 0.0613
0.7730 0.7762 1.378 0.05/3 0.0325
0.729/ 0.72.99 (.483 0.0359 0.0/39
0.6832 06918 .58/ 00254 0.0035

Pour u = 1_4_1___‘ 1.68/3.. .DYU.):O
y s2
T3 S 25 avec Alot)-4,
dx d¢ ‘ 4610)= o
Afoo, ¢) = 0

= ¢ ), = 7725
On demande A 6(%,) et @ (bx

Solubion ana{yﬁqué.

u
A*LD((A) = 4, I—_‘/ar_’__/‘,’-a;[u/

avece

xse

Solvbion por I méthodle

4

M. Bioé,

44, D)« 4, //— /3—72492

ure St
4TE
- T
Q, - 4, 5T
49

@, est le débil en provenance

dun Seul cole.

59 _ 3.1836
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112. Noppe confinée.Ecovlement paralléle. Sovlirage & olébi/t

constlaont :~Q.° (Debit en provensnce dun sev/ cole )

Salulion an&{yé/que cannue (Therss, 1938, Ferris, /950/
2

~ . . u 3 2
8. SQox [eou PRV SR/ =__§7:£/§;f_ - erfelu)) svec t, 5t
7 luvT Vi 7 layfm ks

/\Sa = _ZQ'G/F_
V7s 77

conZ‘/l)U/fé ! _O_ZQ ~ "5}) o ae = ;5

dx x
Darcy e :—Tﬁ% ou é:Ta_/;‘.Z /?SQ dx = /d" 8Q dx

IVEL SSng.%éq f%%Séo g
: o da )5- b 2@ 5, dQ 2Q d430 ,
Q ‘7q t 'bbo‘so d /(599*>604))7 dx Td—;; 5—7.0/x (}

2 Adx q
dl 4 , s s
=T I

(1) devient . %ba ‘7*34 A)__Qolﬁ =-24,T _féQ o /2)

(-4

Q——.S//de :-Sqd/,szd,f 57/5..-$.~ s Q, = - éﬂjé:

”5/3 S(Sfa 35) ~5/55(5-2$) el §Q _ 5«:7.53

gg_ ‘4‘ 34(3-28)° et( ){ ) So/d 7/s- 2,_(,) el (Y) devient -

24‘1/3 (3- ZS)dﬁ +94 J,/K@z.f}d,( 24, 7".94 f/j Zﬁjo/_( ou

. s 248
Jart /~S=da$zdvcc .S:/-,%, { dxa—?oé.s ds

f\\Q

5”51 2 . 2
Skggfo. 4/“ 44,[5;-;1/:32, 4, rs(i;§}
/3/35 3//4 7/%2

% -g- +//7 %_ - /0 5 <= /) Lo conlbrainle G = constante sécrit . @, ¢ =@, ef
devient 4. + %f_ =

el (Ydevient . 1.9, 1 ] T dont Js solvlion est

/ /
£ /05 9 " J¢ 5 Sgt

q: 294 Ta‘ dou :

. 2
s - —Jot _ -2G, £ et b=, [1- X
59 o294 |/ 5T ( 7/
V355

31869~ T

-



owu, en posant u’s= S x* b=2Q X L ‘/é_é. 2
47 T 39z « /¢;j
7i3
. . 1 '
Le probléme / biz = 5%% avec ; 4(oe,t)20 ; 8(x,0)=0 ; T_é_%)x': Q,
Solution analylrigue (ferrs, 1950) Solulbion méthode B,ol.
y o “ qA=—§;£,_+,” o
L€ s+t _Je%du - Dlu 52) /
(‘%)" uym 1/7/ () (- Q;.)x v 147 392 D[u,)
° T z3
4, :_:_2_9'2.[__? o> Sxt A = =2Q.
V7rs 7 4TE ¢ 392
I/ /—2-3-”3/669
w Dluw) D)
0.003 18].0649 185.883]
0.004 140.0436 138.203]
0.006 93.03498 92.5246
a.008 69,5282 69.1853
0.0/ 55,4246 $§5.1820
.02 27.e20] YEVIE
L 0:04 434273 X/ L
aos 8.43693 85179 v
0.08 6.0974 6.1902 :
.0  4.6982 4.796/ '
0.2 1.9330 20865
0.4 0.6303 0.6886
0.6 0.2599 0.2843
08 o3y 04134
/ 0.0502 00359 i
Ll 003375 0.0/62 . e
12 0.02/1]0 0005
413389 0.0//170 . "0




121 Nappe confinée . Fcovlement sxisymétrique. Sovlirage &

nvesy constont : {S

__T.__ﬁll_ —
|
lr
|
I
|
|
|

R

Solution analyt/que (Jocob et Lohman, 1952)
Q, - -2 T3, G[o() avec o(- t et

G(o() = i__./xe / é} J[{xﬁ/a/x ou, dous une aulre forme

Xx

- 4 e'“’ ox J, (x) :[orwffan de Bessel dordre o at de 1€r¢ espéce .

77“ xﬂz[z} -+ Zz(xy 7:{:) H " i o i ¢ 4on 2’_"" ’

Méthoole /O.feua/a ~variationnpelle.

Conbinuilé i{—f.?‘ c_2mrSh  ou 0/0 - 2rmrSA

2 dQ -
Q= R
D.ich/ :d;zlffrﬂ_ ou /Q,gQ dr g7 ﬁgcpdfdwcﬁ A-S—Bﬁa
4 SQ=-§-§—SR
/" 2 R
s 7129 ) ...2177/9_@ 3 a0 ()
).} r ar R
Z 2
-log L- ro_e% dra.Retdu = -5 %
Soit 46, L am{“‘ 9" 4oy F =€ sdreRetdu s-a L0 du
4 "[‘79‘“ %sea d’s-—du. srolr=a? ezzu. du
€20
() devient - —R/(ba/a/u:—'gﬂTé'“r/dlz/bQ) e“du  ou, /pu/.sgue:
R =ae% E_Q. gl Q. s __ et 4,

5 Du. ? dr T e+ Us




/. ~/l-

ua/ au‘)du +2ﬂT<§ /(%%o) du =0 [2/

o

R : o w
Q=-21S fradr=21158, & [ye*du = 2253, [ rue 1 fe ol
Uy p34e U, e-zu. 2 2 A
A :

r

Q- ;27_7.‘5_‘9._2_4642_. // e 2ue 2‘7 ‘2”5‘922’ en posant G - r-et% pue e
u, e <= U, e’

2R  ~mdatd, /{Zao-//?v"ao ;5‘)0 el (Y devient:
u

S, 2uf et

”{iga.)//(za -/)Yfa b_fﬁ/da«f-lﬁTdD ”fa‘:{u‘ /(ZU l}y’f u, é;:/d“‘ /,/

2, I,
4
Calevl de Iy . une m[cyra/mn /a.n‘/a’/euse mars /aa/c e :

~44

R '~ BU e que e qu, et e suP €Y by, e e

/ﬂue +4u, “te '4“+4uf'+/—5u,ue réue

4u et geel du,)du  donne:
I = 4u,3~]U." —bu et sy, -5 g ep g L
U 2 8 38
Calcul de J;%{zu,-/){/-e“‘ﬁzue‘z"j rhu, ve ol =2uf-2u,-¢ eyt et (3) odevient .

Q

I, 4 T e e 5o 7L iy X
. o e M Soit o« Tt [lvient | du.  FUE L ot dsé,[/—i—-loj;';—)

i, 4 St S5t adx I
Q = 2Q. u, odow Q. L% VA avec 4 =-1+2u,+e2%
DU, (‘ZTfT)éo a’ J,‘ °

Pour u, petit g_u_o__ — ‘Z:‘LZ‘ o 22"' dod la voleur initiole U, -/5;?—

Le robleme : ,3,_4_ ,Léi =S 29 k) =
P 2 tv 3 TF ___Eavec igi,)l‘)-’%
. 8(r,0)=0
on demande: b=5(rt) et Q, =zTrT(r 2%,
dr/rza
Solubion ansalytique méthode Biot
Q = ~2174, é/o(] avec: Q, --271 T3, _%]4..
u, I,
A = Tt 51'6(0() 4'7( xe 5(2’.'/ +/—/ Y(x/ dx dvec C{Lla . 4U.T:C-2U°
J, () ao I
et - __.é- ;s A= __a_(a /o;)




/. -/2-
o4 u Q, Q. G,
° C2nT) e o( i o -27177) 9, o< N u’ _ | . (27T)4a
16*| 0.02236 §9.05079 || 10 | 209964 0.52806 10%| 765495 0.13499
15 |o.02724 iL.44588 || /15 | 22]783 0.48396  |is | 7.856/6 0.13142
2 0.03/29 39.76594 20 | 240636 0.45635 2 7.998397 0.12900
3  |oo3813 32.88238 30| 2.59009 0.42i82 3 8.20032 0.12574
4 0.04388 28.38623 4o 2,72204 0.40002 4 8.34322 0.12352
5 0.04892 25.40835 50 | 2.825/9 0.38445 5 8.45408 0.12185
6 005346 23 26962 60 | 2903993 0.37252 6 8.54468 0.12052
J a,05]62 21.60085 70 2.98189 0.36295 7 8.62129 0.11942
8 0.0614] 2023855 80| 3.04443 0.3550/ 8 8.68]66 0.11848
9 _ |ooé509 19.09368 || g0 | 3.09975 03482] |9 8.74621 o.né]
10” [0.06849 18.14685 || 100 | 3.14935 0.34244 0! 8.79859 0.1/695
L5 100832 14.90848 150 | 3.3411 0.32158 15 9.00019 0.11425
2 0.035. 1297644 200 | 3.47808 0.30816 2 914326 0.11242
3 011589 1068343 300| 367202 0.29093 3 9.34495 0.10992
4 0.132]3 9.3159] boo| 3.81024 0.27978 |4 9.48809 0.10822
5 0.14]34 8.38244 500| 3.91776 0.27167 5 959912 0.10694
6 0./603/ 7.535/3 600 | 4.00580 0.26536 6 968986 0.1059/
7 oujzal ].15729 Joo | 408035 0.26025 b 96658 0.10506
8 Q18312 62526 800 | 4.l4501 0.25597 8 9.83304 0.10433
9 _, |or9326 6.36]31 900 | 420211 0.25230 |9 9.8916] 0.10369
10° |o.20276 6osiys || 103 425324 0.24911 08| 90442 0.10313
15 |0.2433] 5.05645 L5 445036 0.2375/ 15 10.14598 0.10103
2 0.2]6 42 442308 2 4.59056 0.22989 2 10.28923 0.09959
3 0.32958 3.69465 3 4.7&356 0.21992 3 10.491)5 0.09763
4 0.37236 3.259]2 4 4.9293/ 0.21334 4 10.6344k 0.09628
5 0.40863 2,3624/ s 503862 0.20849 5 10.74559 009526
é6 0.44035 2.742]4 § 5.12802 0.20469 6 10.8364l 0.0944%
7 0.46867 25]/]3 7 5.20366 0.20158 7 10.9132/ 0.05576
8 0.49435 2.433]0 8 5.2692/ 0./19896 8 10.97974 0.093/8
9 0.5/789 2.3/1925 9 5.32707 0./9670 9 11.03842 0.092679
107 |0.53966 222226 || 10% | 537864 0.19472 0% 1109092 | 0.092231
15 |0.6298] 1.89226 || 1.5 | 551826 0.18746 15 1.29296 | 0.09054k
2 0.700/2¢ 1.69445 2 5.7/.’.9/ 0.18262 2 1143633 0.089384%
3 0.8079) 1.45818 3 5.91975 0.1762/ 3 11,6384/ 0.08r799
4 |0.8906] 1.31608 || 4 6.06/6] 0.1719/ 4 178181 0.08670]
§ 0.95825 1.2/1836 5 6.17162 0.16873 5 11.83304 0.0858]9
6 |lois65 114570 6 6.26186 016620 |l g
7 1.06565 108886 7 6.33802 0.16413 7
8 111004 104276 8 6.4040! 0.162 37 8
8 l/5000 1.00435 9 646223 0.16086 9
1 1118636 0.9]169 0% | 6.51432 0.15952 10° | 12.23881 0.083 404
15 |1.33154% 0.85936 L5 6.71488 0.15458
2 143926 0.]9034% 2 6.85727 0.15126
3 1.59710 0.70772 3 J.05806 0.14680
4 (171294 065665 4 J.20060 0.14380
5 1.80478 0,62096 § 31120 0,14155
6 |188100 0.59405 6 40159 0.13976
V4 194622 0.57276 7 747803 0.13829
8 200326 0.5553] 8 54426 0.13]03
9 205338 0.54064 9 7.60268 0.13594
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Comparaison des résullols oblenus par /s formule snslytigue de

Jscob et lohmon(/352) et de ceux gque donne /5 présente méthode,

1074 1072 107% 07! /0° 10’ 107
[ |969 590 |/834 /8IS |65 606 2249 2222 |0.985 0972|053h 0528|0346 0342
2 l404 397 1341 1298 |44] 442 |17/6 1694 |0.803 0J9/ |0.46! 0456 |03/ 0308
3 |33/ 329 |/0)9 1068|374 3.69 |14]] 1458 0719 0.708 lo42] 0422 o294 029/
¢ \28] 284 | 941 93/ 1330 326 (1333 1316 |ossy Q657 10405  0.400(0.283  0.280
5 |25] 254 |84] 838 |300 296 |23k 128 (0630 o0.62/ |0.389 0384 0.274 o0.2]2
6 |235 233|777 69 (298 274|160 1146 |0602 0594 (0377 0372 0.268 0265
J (218 216 {725 7i6 |260 257 |1003 1089|0580 0573 0.36] 036302635 o260
8 |eo4 202 679 672 |e46 243 (1057 1043 (0562 5555 o359 0355 0258 0255
9 193 191 |643 637 235 232 |i0/8 1004 |054) 054/ |ons2 0348 0254 0252
1 2 |1 2 1 2 1 2 1 2 1 2 |1 2
/03 10t 10° 10° 107 10° /0%
! lo.251 0249 |0.1964 ©.194] |o.1608 0.595|0.1360 0.1350 onyy o169 a./OJ] 0.1031\0.092] 00922
Z |o232 0230 |0.84) 04826 | usgh  ysi2 | 299 .1290| .43l .24 | 1002 .0996| .0899 0894
J |a222 o220 loi7yy ouzsz | u4y9 1468|1266 1257 | 106 .1099 | 0382 .09)6| .0683 .0878
% o215 0213 lo4733 04719 | 445 1438|124k L1235 | .i089 .I062 |.0968 0963 0872 .086]
5 lo2io oeos 0JJ0! 0.J6B] | . 1426  .j4I5|.122] L1218 | 1076 .I069 |.0958  .0353| .0864 .0859
6 10206 0205 |0./675 0./662| .1408  .1398|.12/3 .I205 | .1066 .1059 |,0950 (94k .085]
J o203 oz01 |01654 ou6kl |.1393 1383|5202 .94 | .105] .1050|.0943 .093]| 085/
g |0200 0199 (01636 o.s24|.1380 .13J0|.1/192 8BS | .1049 /043 .093] .0932| 0846
9 |0./98 0.197 |ors21 01608 .1369 /359 lI84 11T | .1043 .103] |.0932 .092]| .0842
A 17 2 7 2 |1 2 11 2 7 2 | 1 2
| Jscob et lohman (1952)
Z /s présente méthode,
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/22. Nappe confinée.Ecoulement axisyméérique. Souvtirage
5 Jébit constont : -Q,.

Solulion anolytigue. (Theis, /1935)

A € 2z -Q
D= -Q, e IVer WU = o7 ow = — ____"._ E w
4.177.. ._._,GILL 4Tt 4717 1( )

w

Méthoole pseudo variabionnelle.

Continuité . 4Q _2nrSH ou A _2nrS54
dar a7 )G ﬁ,,s_..
Dorey : Q_zrrﬁ% ou./éSQ dr _anT dA $SQ dn svec
/ / () £Q- Msm 388
u,:fo i ‘ . -
Soit A= é_-.a, avec ? 7 o doi| raRe%na €% sdr: -0 du
2
U, U =bog B eve et
}z rdre-a*2%% Jdu ,de . a8 &% . dr._du.
e‘l”o 4 dm : uo e-u. 3 7
R
Q = -21S [rodr = -S54, Us P (calcvle antérieurement)
2ule-tie

L4

2Q _ -1Satds [ L2¢ 2u,-/ 2Q _ =153 uU.
w3E v (2u-)y] et 22 g.

QU z2ule e 2uketuo

bQ' _ ""58149 (fl

dUs  2ute-Ue o 5 . =NSat

2Q. ~1153 Us Q 2“} g 2Ua to ‘ 5& +? 4,)
b 2afeths f

Q. It //SDL'!,, [u,.,a +(2u,-/)<f]+u 4 <)0] et (") devient .

2ul e-tie

R R Ug
5 20 dr /ouba Q Ju - s, /| 2@
/Q—]{?’-’_znT_a_;_g__alr ou/ Tdu 2ﬂTuo/3 du [ }

Py [2) devient:




5, Yo L 5 4 Te R avec : ")
* 5, W (
“o Byt -2u -4u -2u
I, =/ Tu + (20" /)z{]alu sl gdt fu,e s nu, ~fe ez p
! / S 7 2z & &ca/cu/cﬁs antérieure-
‘f
Uo =

+(2L( —l)‘fJOLLL 3u -2U, -e 2“" mené
‘f[“v—z + (2to-t) Lf]d"" /H—Ze Gouetiau-4u et queitrou e fule i

2de |y

~4u,,ae'“‘+ 4buue 4“/&1& = 2u, 2 gilo O +zu°+ 3 u, e’4“°+u,e'z“v_%§ u, +§_ ehthe _ge

La contrainte -@, < lonstanle s'écrit O'z_‘.—.Q ow ;

_7756 U4, (% u. -+ fzg')t -—r‘feigz’- /{25.., ‘ ou

ute e
PP N (3) devient
9, £ P U
-:u. . . .
Lo _j—i_:_ z 9”/ [ Zi_ 3277- , ja/f :ﬁ.O(,J vient:
s I’ [%/ d“‘ +._[!._L_. gé-zu’ .50/'[' F. I‘(y‘fz%
Ho ij de [, o u,

F.-8ue e s 6ule ™, 9y e 6u,e ™y 3 u, 4 1 ¥ 3 &, 2 et L
= 0 —2—- % a f? e ?

dba | dus (I;e’z“vb( L) Y “)Q'a[’ . omoat s o danne

a =
a’o( 2u'8'3u.

—2a,
- QQZPf O< - 14/[9()
(4TTT °
Rour u, pelit Z;‘!_;‘_(ﬂ. - &‘_‘J_"(_:f:_"yza,‘ - 1o _

S U
‘I"; ul X J% 7 X
d:da (/_-.L [09 .):-)
La formule anslytigue & laguelle celle solulron devrart élre comparée pest PIs
celle de Thers mars lo /'armu/e (/7) de lo page 338 de Cors/ow and Jseger .

D - 'O »5[2’ }avec 5[2") //,._- "“ J) Y (PW)-Y, )T, (PU) A
f f Z[J‘[a) )/Z(u)]

dont la solubion esé: U, =/é3= o«

(-4

2'-—';-;1 el‘f,_____ o
s, 5 e -Tu? 2
J Y (rf),_w du  cor JY-J Y = =
/J/uj-f- 2//.(.// e

formule dle Evert‘/ﬂgeﬂ and Hurst (19439)
Dans /4/ posons S$= ezu, i vient :7{0,5 2/:[4 £ z'ff‘/’_-i_ . Pur .fgrana( o/ /auz‘
/
oS b S Y 'asl ]aracﬁe e J3 conslanle A 'Euler
ezu, ZO\?D(
dod _Be logeat -y . Pour ot=10 Y ontrouve pu os573586.

(777)

broayer 2. _




i

= » l R e
X | Us | Zigm -~ <.
: | QT S Lo I -Q./snT X U - /;nr
107° | 0.02828 0.03469 101, 40189 2.20713 I 0fls | 2 ]
L5 0.05475 o0421] .5 156378 2 50593 5 -76"89 1099149
" 4 : 1. 5.98358
; 003964 0.04913 2 /68299 oo
. . 273701 2 6.12673 6
i 0.04808 0.06040 3 18563] 3.0723% 3 4 o oass
it 0.05524 0.06976 + 1.982)2 3'3/79 6 e e
: s . ] 8 4 8.47/88 12.38024
. 0 o]]85 5 2.08240 3.5
; ° o . 51668 5 6.58303 12.60352
068] 0.08522 6 216481 3.6803
, 0.0/15/ . . ! 6 6,67.372 12.788
‘ 0.09193 7 2.2351] 3.8204! 7 6.7505 iz
8 0.07735 009815 8 2.296L4 3.94298 8 » 5'2/7237 ol
. > . 12.07503
e 8/86 010399 9 235084 4.05196 9 6.87583 3 ] 5
0.086/5 0.10950 /oz 2.39974 415 é /31918
s S s . ] 15008 10 16.92834 13.29786
0.13249 L5 2.5897! 4.53269
2 0.12004 015354 2 z. 2602 . i 7.13036 Sesel
3 0./453 0.18685 3 2{3!33 4*.305,5 : 'Z/JBO 1299193
¢ o663 0.21460 5 s'osau] ;f:?:al A [0t e
f 018443 0.2388( 5 316641 5A 0106 /; [o10a0 hossa
6 0.20058 0.2605) 6 3.25489 y P13 ocs P
, . 5.88085 6 7-82/38 15.09
; o.2522 0.28030 / 3.32988 6.03309 A
5 e 0330 7 ]-89835 15.2489/
8 0.29858 8 3.39496 6.16 520
9 0.24118 0.31564 39 3’452 I3 - y P o 19:38108
e 25250 o o 5‘505:4 6.28189 K} y 802378 15.49822
5 530272 o . 6.38640 10 8.07655 1560328
. 40074 L5 '
) - 7 7 3.70256 67896/ 5 887935 17.21379
.34 308 0.43757 2 3.84389 07620 8 J2n]
3 0.40766 0.55016 3 4.0435 4 R e 1790613
. O ey , . 3 7.48/05 5 10.02868 19.5/81(39
. . i |418546 7.76843 109 | 10 '
5 0.5029% A9.6904) 5 4,29567 799/55 5 1097473 20.2/297
s loswo9y  oyursy s 438577 8.1743] P A P
J 0.57473 0.79900 ] 446202 ' A 2281769
; et : 8.32850 5 12.32852 2412632
. 8 0 84594 8 4.52811 “ '
. 2 . 8.46203 107 V12.67471 24.82266
63322 0.88924 9 |458643 8.57985 '

’ 5 65900 o.9295) /0‘ L esn6 . 738 5 12 /5.4755/ 26,43027
P o751 . 8.68529 107 113.82503 2712838
7 109860 15 |4.8395 ' '

) ot . 7 9.09//8 10°114.97544 29. 43765

1 123266 2 4.98225 * 4
5 Pl "y : 937946 107 16.12548 31.7776
7 144219 3 |518349 5 o el
‘ L oins 9.78 94 10" 11].2730) 3
_ 7 1.60570 4 |s22639  so0p38 " 7 oatse
5 114431 1]4099 5 54372 o7 IO'7 18 41716 3709440
. 20052 43727 10.29723 107 119.7/236
, 1.85698 8 552783 10.48112 10" 20 94J0
! 1.26611 1.95879 7 5.60448 10.63505 o4
131617 204972 8 5.6J030 10.76848
9 1.36110
o |1 2.13/95 9 1572948 10.8862]
40189 220713 10° |5.78189 10.99169
O( R/ N — S | S ]
b | X R/ o R/
. - . 8
: -
107! 1.2877 /0* 0so |
. Q 103.40/3 9
/ 1.9328 0% 324.372/ //Z“’ 7203997
0, 40629 10° /020. 803/ /0" Y A
10 /1.0203 107 32/7. 4732 10t PR
/0 332464 10 10 150. 2756 e ey
o - | . 2] /10 99648814 .7/
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122. Comparaison enlre les résultsts oblenus por /emploi de /o
formule  Everdingen and Hurst (1943) et ceux que donne /s

/oré.sen/b méthodle.

ox: 4 4/(GLin) | x A. /(-6.14nT)
/ 2 / 2
0./10 0.6/6 0.625 6 2.865 2886
0.20 0.842 0845 8 3.104 | 3.127
030 1005 1003 0 Jd.305 3.319
0.40 1134 1128 /2 3.456 3.480
250 1244 1232 15 3.65] - d.680
0.60 1.344 1324 20 3.92/ 3.943
270 /420 /405 25 4.122 4.150
080 1483 1478 Jo 4.298 4.321
100 1.608 1606 50 4775 4.808
1.20 rjzz 1.]/6 100 5441 5.482
;50 /.860 1.857 || S0 i Jo76
2 2048 2050 . ||1000 7.7/6 7.768
25 2199 2.207 5000 9.324 9.379
3. 2.337 2.541 10000 )0.0/5 10.074
4 2.551 2560 25000 10.933 10.99/
5 2727 2737
! Formule Everdingen et Hursl(1949) labuvl/ée olons Honlush (1964)

7 -, 3/9.
2 s préesente méthode. P




/. -]9-
A 2u. €34 [ Lo ) s oy § A
A o ()= e (1-59 §
4nT ° 4nT . AT
Sat
o et B T)
§=1 £=2 Q=5 =10 i
L5 1.0386 0.103%
2 1.2326 0.2242
5 1,74 10 0.6864
10 2207/ 1.1158
20 2.7&70 1.6097 0.11962
4o 33138 2.)592 0.62502
60 3.6803 2.5019 0.94416
8o 3.9430 2.]525 117958
100 4.150/ 2.95)3 1.366 4 0. 1680
200 4.8081 3.5855 1. 96394 0.7468
400 5.4819 4.2395 25972 13548
2000 7.0762 5.800! 4.1/134 2.8374
4000 7,7531, 64819 47812 2.494]
20000 9.3794 8.0745 6.3496 5.0446
40000 10.0]38 6.7628 J0299 57189
0% 10.981] 9.67398 7.932/ 6.6/43

g comparer au tableav incomplet publie’ par Hanlush (1964) p319 . Lable vi:fonction,

S(t,9)

Le prableme

%

-+

L 28
>t T or

t

_:;57_3’_4_’ avec AB(vot)eo0 ;4(7)0)=0;2ﬂT{f§%

r=d

o

-2Uo

duo (I, %% ¢ - L)Y . ba 2U. 8 »
ao FX ’ (,_a_'»_ = g

41T
C[.‘ /jz/ja{/—i/Ojg.)

Solulion

oo
Solution analylique Thess (1935) Ba =Qe %00 avecu=SrY ou, micux.
4TT ), u - 4are
[ar.;_/iuranal Jaeger(1959) 4, = Q. _’_r_,/ ,-,,‘mﬁ./?{u)x(fu)-ﬂu)f. (ru) du
zelb etp. 2 4mT T W IHu) ¢ Y(A]
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2.1.1. Nappe libre . Ecoulement parslléle Sovtirage & niveav constant 4,
(Hypolthése Dupuit-Farchheimer)

Conlinurté dé //)l ou dQ —fé

_Darcy Q-f&/?.__.:o ow Q &[}) dj‘u ow
/QSde~£//5:yd4 5Q d= ayecQ,,éQg et §Q=§§ bg  ood

7‘//%%)2'1 . A/M,—d/g% ¥ ()

d$ =_ 4L . dx:-qd$
Jort A:ASzayec,§=/——z—-.0na : Z& zdz $=-25;§_ ’15-;_25
° 9 dx" “Tdx ‘9 ’dg 9t g

{7 olevient : qq ;//P.?_/zdjs—zgdo//;,-d..syj %_g. dS /‘7
or Q-~///.Sa/x /7 MS /’? /3 S -1 /g4, 53 -394
) L8 , _
______._j_fd,/,Sthij %.;)=-3/d°/5322£)
/( )d$= f/d//ss‘zﬁ)azﬁ IREYER By R B e
/{/7 5 $/j 2Q dﬁs--/a/[ﬁ 48Y( /58" zS’)dS—-—/A/(JA $72h$%34,8%24,8%) & 8

/ _3 d) el /’)a’eweﬂ/ ’3 /Id kd}/;%—/}.éb,—%AJ ou

5/;, —30@ et 7—/3 ff (494, ~304,)

]

2
) owu, en posant uz=_£_x__z__
z
$24, /1_ w ) _ 4, D(w)

2 RAEE

(4
5. 484 (




etQ.-——-cj

-22_

/ 1/7:(49 3oé:)

] -39 As.
49 h,

Dans le cas dune nappe libre, @, nest plus /on(//‘on lnéaire dle 4

kR f

159
23—[53,1857)1'

o

En posant o . _é_t;‘_.é. el 7 2 3
f )
Qs _ /
—os RE /- 30 ~ T X
o kA Ji i %
Uu Drw)
O:I0.0I 6330/ &=L 6:'32-1— 6:3.‘.2’_ G; =
9.0/ 0. 9880 0.9873 0985/ 0.9829 09800 09695
c.o2 09762 0.9]48 09703 0.9660 0,9602 0.9396
0.05 0.94/0 09376 0.9266 0.9/6/ 0.9020 08525
0./ 0.8833 0.8773 0.856/ 0.8359 0809/ 0]/6)
0.2 07749 0.7626 07234 06865 0.6384 04805
0.5 0439/0 0.4668 0,3923 03265 0.24]5 0.0543
/ 01612 0.1343 0.0633 0.0204
L2 0.0794 0.05]5 0.0106
[.5 0.0/05 0.0024
~ e s o £ 24
le /oroé/eme 2 (h~d) 2% -(3—; = L5t avec A(o,t) = A,
x
d(x.0) » ©
6(00,5) = a
on demande -8 (x.t)?
G - Jd(ﬁ,-d.)(ﬁ)
ox X 30
2 2
Solubion: A= 4, D(u) = /é,,( _ !/ 52 « avee W= —£x—
/47 /— S0 B 4&& t
49 h,




2. 23"
212. Nappe libre. Fcovlement parailéle . Sovbirage & olébit cons-

tant : - Q, (pébit en provenance dun seul cote)

Conbinuite . = }lﬁ ou &¢ | /f/.S
Darcy ; 0+kﬂ. dﬁ o 0w Q-R/R, 5)01/5 ow OSOJx A [f d)dé 8Qdlx svec :
q - EQ7+_)O,5 gl‘ SQ 30 57+)056 ° dao : ¢
/ >a ozx,&/ma)dd z; a/z: 7. dp bl AL
Soit /.S 8, 8% *avec S- /~? On a: { z— }_j"f‘_ d;(/)a/zy,;né 7

dgq ~ 71-’ ? ¢

q = /74435-/[47/525——!~/473’ s Q=g fag

.__-_-/IA/S +5c]$ 3$/=_ f4. [3$‘z$/ et ?’i ,.__./?53 & oi
g =—»f.§[4 (s.zs)q+sc,4]= 5 7.5/(331),“ 5]
x)ca/w/da/q_galf /--,[4/7 34 (323)1 +$/5//3 -25)odS
("/“]“ [i/j"/ufjo/ff ‘A/J’ /uﬁ/oz_y
()] TR
) coleul de /(/: 4}34’ dé A8 24 /JJZJS//A 4. 8483
z/4t[3h 14 g+24j___)[,y.[ ;4] el (%) devient -
P/ AV[G §rh 2] 44 (LRe39) (Y
Lo conbrainte -Q, = Constante sécrit: Qb <Q, ou:

~ 7[67(3 t‘—-—/dq ou 3_1«.5.9_-2_1 et [3) devient :

: f? [31; ?:2_ _5_/./ - ,@/7 3 ,_/ __(_L_) ou, loutes reduclions failes .

S __ 15 9 , /4 MZ 270 & y
7==ir i T/Z £9 * /5, fig? Q ¢ ()
f%;onJ:S':é,G;_qéﬂ_~/\=:_Q;. e[‘d:jﬁé ,(‘l/aler/anzl:

h,
dg __/5 9 ., n7 k' _ 270 /70( .9
2% =->x A 5 - .Z/T._- 52 ou encore ,en posant p 2

df __ 152 1 1 _ 200 L

oL T e _PT donl Js solvbon, pour Jes pelites volears e o

—
est p2/2 294 « _p=0084skoi7s paur = 000/

43,,5‘(/*}.) —30,4‘(-1) gJﬁﬁt/ x)

kﬂ




2. -24-

2 L 12
ou % _ 3hd [/- %7‘—) et, en posant 3: 7)951. o | 3L (l— _g.) ou,en fonclion de u

9 x Ty

) 2 : . 2
cu; (-4 GL) 0ns 6 - 28b 30 4NA R

x3 fq Fq &%,
Fa/37ue 07 £/, on doit cswa/‘rb_f__>35,)s~
38 2% /38) . £ 4 Afeet) o
le prabléme :(/1),-/.5).3__9_:z _(5:) -~ % avec | Alx.0) =0

k[(ﬁl’d)%éx']x“’ =Q‘-
on demande 4 =6(xt)

Salubion q‘s-—/l/iif_/iz££’ » 270 £ Q,Z'

¢ 7 Fq T f2gR
3 )2 ;
o _3d /- 2) avec fa/oﬂﬂe par de 158 4] 1 _200 AL
P old " o 7 ] Jpl.

A8
0; =3 %_
0‘:&;0}:.42;).::&;0(3;&_4_"?:_2 el' J;-E_
h, B R, fh, 7 A, h,
4 §
_A=o0001 | XA=o0.0/ |1 A=ol A=/ A=/0
000/ 0.08468 008468 0.08468 0.08468 0.28,68
15 0.1037! 010370 0.1036/ 0./0270 0.092289
2 0.119]5 011974 0.119602 0.11819 0.10072
3 0.1466] 0.14664 0.14643 0.144 21 0./11313
4 0.16935 0.16933 0.16904 0.16604 §> 30X
5 0.18934 0./893/ 0./8894 0.18518
6 0.20741 0.20]3] 0.20693 020240
7 0.22403 0.22398 0.2234] 0.2/1816
8 0.23950 0.23944 0.23886 0.232]]
9 0.25403 0.2539] 0.2533/ 0.24644
0.0/ 0.2877] 0.26] 0! o. 26697 0.2593/
15 0.32795 0.32]84 0.326]4 0.3/5/3
2 0.3]868 0.3]854 0.37]0] 0.36/43
3 0.46379 0.4835] 0.46/36 0.43748
4 0.53553 0.53524 0.53229 0.49996
5 0.59874 o.ssas] 059469 0.55370
6 0.65588 0.65544 0.65/02 0.60119
7 o.]oa 43 0.70792 0.702]5 0.64390
8 075734 0.756]35 0.)5084 0.682]8
9 0,3032/ 0.8026/ 0.7.95‘96 0.7/852
o. 0.84672 0.84599 0.83859 0.75159
15 1.03699 1.03590 1.02476 o.8872]
Z 119739 119593 118105 0.98837
J 146646 1.46 k2] 144182 1.122//
4 169328 1.6903§ 166031 9> 3
5 1.89310 1.88944 1.851]%
6 207374 206935 202396
7 2.23986 223474 2.1816/
8 239447 2.3886/ 2.32772
] _ 2.53967 2.53309 2.46439




2. 29"
/ 2.6]]o1 2.66969 2539316
L3 5.27843 3.26 T44 3.5/29
2 3.78539 3.7]072 3.61428
J 4.63569 4.61365 437484
4 5.35240 5.3229] 4.99964
5 5.98374 5.9469/ 5.53706
6 6.55443 §.5/020 501192
7 Joj9:f Joz[s2 6.43899
g 756753 7.50845 682786
9 8,02616 7.95964 718521
10 8.45990 8.38593 751589
15 10.35899 10.24765 8.872]o
20 11.95935 I1.8104] 9.8836
30 1464268 14.41826 u.zz/é/
4o 16.90355 16.60308 9 > 03K
S0 18.89445 18.5/746
60 2069356 20.23964
Jo 22.34]37 21, 81614
80 23.88613 23.2772¢
902 25.3308] 24.64395
10 26.69689 1 25.93163
13| 3267437 31.51292
2 31.70]19 36.74280
3 46.13649 43.7+840
4 5322976 49.99641
5 59.46916 55.37062
6 65./0198 60.4192]
J Jo-2]52 64.38991
8 75.08453 68.27863
K 79.596 44 7185212
10° | ©3.85935 75.15889
15 | 102.4]653 88.72]05
3 18.104]6 98.8%676
d 146k.18262 112.216]2
4 166.03078 ¢ > 003
5 185.1746/
3 202.39645
7 218.16/38
8 232.]7225
9 24643947
10* | 25031630
C15 | dis2g25
2 36142805
) 43] 48405
4 499.96413
5 553.706/9
& 60).19269
1 643.899/5
8 68218634
3 718.52i2%
0% | 75156889
15 88].2]052
2 988, 36764
S 1122,16719
©>0.003 «
ot Az0.00] A=0.01 AN=01 A=l A=10




2 -26-
6 =3N =X
O<' o P
A z0.00/ AN=0.01 A=0.l A=/ Nz/0
0.00/ | 00,0000 35427 0.0003542]4 0.003542742 0.0354274/9 0.354274/94
15 43390 43393] 4343132 4387529/ 0.48]59]634
2 50103 501084 5016628 50]630/6 0.5956]9223
3 61363 613722 6146317 62409800 47955 45572
4 Jo856 Jo 8684 Jo99060 7221254
) 19220 792351 7938820 81002376
6 8678/ 867995 8698346 88333083
7 93735 937553 9397072 - 96258219
6| 0.00q) 0020] 0,001002%/0 0. 010047567 0.103/0 4545
9 106285 1063128 10658928 109559999
0.0/ 112035 1/ 20653 n237259 115688563
5 137215 1372607 13772259 142798468
2 158443 15850%] 15912085 16600811/
3 194054 1941458 /9507334 205]2//]6
4 224076 2241984 22543780 240017214
5 250827 2506794 25223/56 270301788
6 274440 2746234 27648926 299404836
7 296431 2966k48 298825/6 326 /38050
8 316 900 3/ 7/442 31963974 35/5008]39
9 336125 3363997 339213 315771770
a./ 354308 3546138 35774184 399/5438)
5 /.3394[ 4344053 43912 495 507173392
2 50108] 5016993 5080235% 60]06/558
3 615723 8146416 62420836 802019524
4 708684 7099099 72275754
5 79235/ 7938839 8/00462
6 86]995 8696357 88934585
V4 937559 9397078 962590/
8 0.001002310 0. 01004767/ 0.103/05075
9 1063128 " 10658930 109560369
! 1120653 nzdj 262 115688832
L5 1372607 13772260 14298548
2 158 504/ 159/2085 166008145
3 1941458 19507334 2057217186
4 2241984 225‘43]80 2400l72/8
5 250679% 25223156 270901791
1 274623# 27646926 299 404837
] 2966448 258825/6 32613803/
8 MTth4R 31963974 35/500880
9 336399] 33921113 3757717)0
10 3546138 3577418% 39915438/
5 4344053 43912495 507173392
20 5016993 50802353 60061558
30 6146416 62420836 802019524
4o 7099099 72275754
s0 7938839 8100462
60 869835 88934365
Jo 93970718 96259017
80 0.0 1004T6]1 0./031050]5
30 0.0 10658930 0.109560369
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221 Nappe libre. Ecovlement axisymélrigue. Sovtirage &
niveav constlant :4,.

Conlinuilté, j‘i_Q_ =2rrfr6 ouv 2@ _ zﬂ/ré

dr
Darey d ramhrh 2hio 0w L Q=(hs)ds ou:
T aSQ dr ;-/M d)d/s §Qdr ovec cszu zcén oodd
Q SR SR
3’0 ‘rSR dr d/s 24 SR A ,

£

too B 2Q 1 2@, dr._ Ju
Soit D=4 U avec[ “=teg "'? 2R "R Do »

. Uy=log 55 gl_';sT 3__F’__A_g__ et (1) devient :
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J = 1-e e gy et
Jz:d.e‘“‘wu rete Cnote I

Js 2 2ute it gy, et _pite,, )
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. : Lo, -2u, <
u, = RARCI > [,I)e  Soit o o RAE ot o . B il vient
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du, Sl di-al)e ) By, peiit dus (HeF U0 C) 1 5 (8 50y
Adx 1, d« 32 5 U, 76
15 °
U2: g_(a 5‘07 X - /bour ol O @ools e}/aaur ;=0 U= 0.027356/25
0‘;:0/ u‘:0,026515504
O al/3 U,: O.024366986
: 2@\ {5 ., %G=23 Um0 0820916 501
@, =(28\ 4, - 719 So kK4 4(#;&"0:]:1)3 * oay U,=0.0/6]y05/0
ous) 2ute fa* I,
ow Q, = (ts I, -o; f,?) bt FPour GGao(feos/, on ratrovve /approxima-
211k h.) %o ut g,
tion retenve pour les nappes con/[/'r;e’es,
;5 3% 24 )% £ 2
Le probléme : s L 26 _ 1 (._:.) - ! 5
o7t Y 4 h-5 | o7 2 Ah-8 ot
avec

4[0,[’)—1(50 5é(w,é)=o 3 A(’f Q):

On demande 4:4[7‘,1’) et 0 2"&[7‘(/' 4) /ra

Solution

; oa 2 :,,_,/iﬂ___.//”i/a‘g__{l/] Y ) L lwlioI) &
bR & TS (k) ©T
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6;‘30 6::0/ G::.I/a 65:22/3 Oy =1/
"3 N " e s ”e ”w 2 °
X U Q| u Q| U Q| uw, Q| u G
15.10%002]38 46872/ |0.02651 443927 loozs36 380384 |0.02091 313241 |0.0/67] 259024
2 003146  39.3509 |0.03046 38.4996 0.02]98 348049 |0.024/0 28.38]3 [0.0/942 23.261]
3 003829 324357 |o03[10 31505 laodwo4 28.4063 |0.02930 252376 |00z358 10.8395
4 0.04402 28.2305 |0.04265 2].3499  boaoiy 250422 0.03373 21.55268 0.02]/3 1].5362
5 0.04304 253968 |004]52 245klé 004287 225935 003762 192829 |0o03026 /5.6119
8 0.0535] 23.2268 |0.05192 22453 004773 106764 0.04113 1].6518 003309 14.1208
7 005772 21.5388 005594 20.8523 10.05/45 19./668 0.04435 164124  |go3569 13.13]2
g 0.0615]  20.1932  |0.05968 19.5416 505490 179881  |0.04734 53411 003811 12.2]9]
9 0.085/8 190846 (006317  18.4800 ;555,39 /69474 loosdiss 145213 g o40y19 11,6303
1073006858  18.11564 0.0664] /[.5406 0.061188 16./116 0.05271% 13.7905 |, 042519 11.0406
15 008334 ;489606 [008080 144109 0.0444] 152234 0.064261 113131 0.051847 9.060/
2 009563 1296813 003214 125454 |0 085500 [I.50]5 0.073857 9.8455 |, 059654 7.863]
3 0.1594  10.6]903 |0-NR4]  10.3284 Q103]90 94686  |o.089y70 8.9928 |, 572634 64612
4 0132]] 33304 (042882  9.0059 |, 18969 p.2524 0.103007 7.0496 10083463 5.623%
5 (oM sisow |Br4302  BIOI 5532065 14220 o y4syr 63370 0.0929) 3.0520
6 0.16040 69/59 |0.155]0 7.4359 0143956 48089 |, 124856 58108 0.10139] 4.6302
7 osje24 15604 |os8722  6I]5 1g)54603 63303 |g,34259 54019 |oi0g40 k3022
8 |odeys  sqagzy |o77R4 849 N gy 59480 5140939 50721 o 6298 4.03]8
9 019329 s36s4s (08]))  KIS30 o parpy 56096 o si007 47989 |ose2g8i  3.8168
10¢jo.20278  soesge |0.19696 58593 |5 32406 53603 |5 c8s02 45618 | 29264 36335
L5 |024339 503605 |0.23654 48630 15219395 44460 | 9.085 57834 0.1563]5  3:004]
2 |ozje43 44228y |0268]8  AAB 409595 39006 |0.218031 33155 |oujsjis 26296
3 0.32959 369451 |032070 35663 ;590309 32529 0261476 2]599  |g.2i5247 21845
4 loageay  azsses (036254 IMSE o, ga6eh  lo20erys 24284 (0245183 19190
5 lososes 29s2u (039804 RET o4, 96022 |, 326920 22020 0.270189 1737]
6  lossoss  zyppee9 (042911 26450 g Lonriy 040T0 (0353455 20346 0294488 1603
7 0.46868 257169 |04968]  14]95 042J0f0 12550 0377280 19045 031395k 14995
g [o49435 g4d3e) (040206 R3U38 1, 55084 21325 |5 33898/ 17994  |0.332665 1455
9 |osiyas 23930 (050516 IS, 0050 20308 0418962 112k |o.349951 13458
107 |0.53967 22228 0.52653  2IIk ) o330y 19447  |o43 517 16386 |0.366052 1.2868
15 |o.62987  ).89225 |0-61520  1B32! 0577966 16518 |0.5i5103 L8] (043388 10864
2 0.7001> L6944k |068436 16308 lp644266 14TE4  0.576295 12379  |o48792 0.666
3 |080)s] 145818 079069 14023 oyi6609 128])  loerrisy 10590 |o.572872 0.8239
4 0.89067 131608 |0.8]23% 1.2649 0.8255/6 Ll4/é 0.74536/ 0.951] |0.6395]2 07384
§ 0.95826 121835 [0.93915 11]05 089026/ 10549 |0.806330 0.8]80 |0.635042 0.679]
6 1.01565 114570 [0.99593 |.1003 0.9454i/ 0.3908 |p 858482 0.8233 0p42]94 0.6363
7 1.06565 08886 |.04343 10453 10993583 0.9406 10.904192 0.]806 |0784g6] 0.6023
8 111004 104276 [L0BI4O  1000B 11036431 ©.8999 10944965 0.7460 |0 822564 0.5749
9  |ms0oo looi3s 112899 0.963] | 075068 0.8660 10.98/823 o./]t |pss6y70 ©0.552/
10° |118636  0.97169 |/16505 09322  |,10286 o.83]1 |10/5490 0.6928 |pssgi20 0.532]
L5 133154  0.85936 |L30911 08238  |,25/363 07384 1150992 0.6089 |L.015242 04664
2 143927 0.79093 141612 07518  |/356486 06]83  |1.252563 0.55810 |i1114ho 0.4263
3 159710 oqoys |15 308 06775 1511094 o.6053 L402]56 04965 |;£54939 0.3778
4 171294 o0.45685 |-68836) 06283 |, 604946 05606 |15/3893 04589 1361966 0.3483
§ 1180418  o.62096 |LTI9B4 05933 ;55009 05294  |1.602462 o0432] 1447729 0.32]9
6 188100  0.594os |.855]90 05680 ;790613 o0.5060 |/.676298 ©.4130 |1.5/9465 0.3125
T |1ousze  osyaps 1920198 0.S4]6 i gssois 0.48)h 1739633 0.3974 |/6812/6 03004
9 2.00527 0.55531 1.97]666 0.5%08 1911447 04722 1J95194 0.3848 /,5354[3 0.2905
9 205398  o.5406h |2.028235 0.5166 |, 94,633 04595  |1.846669 03741 116839/ 02822




2. ~32-

10120996 o0.5280 (20737 0.5045 20068 04486 18893 o0.3650 |1]276 0.27]52
15 22778 0.4839 2.25/5 0.4622 21835 0.4103 20640 0.333) |1.£995 0.2505
2 24063 04563 . 23798 0.4356 {23112  o.3864 |2.1905 03132 20245 0.2352
3 2.5901 ©.4218 25633 0.4015 |2.4940 0.3%86 23721 0.2885 |22044 0.2)62
4 27220  Okooo 2.695) 03816 |28254 03378 |2.5028 0.2]30 |2.3243 0.2043
5 28252  0.384k 2.7981 0.3666 2.7252 0.3244 2.6052 0.2619 (24362 0.1959
6 29099 025 2.8828 0.355¢  f28/2] 03142 2.6894% 0.2535 |2.5202 0.1894
7 29819 023628 29547 o0-3460 128844 03059 |27609  pa4s7 (25915 0.1843
8 30444  0.3550 30172 0.3384 |2.9468 g 299/ 28232 0.2411 |26537 0.1800
9 % 3.099] 0.5433 30725 0.33i9 {30020 0.2933 28783 0.2364 2.705 o_,},gl,

107 13.1493 0.3424 3.022) 0.3264 (30515 0.2884 |2.92]] 0.2523 |&7580 a_1735
15 3.34)2 0.3216 33138 03064 (3,242 0.2]05 3189 o277 2.9433 01622
2 2478/  0.308! 3.450] 0293 13.3798  g.259) 32556 02083 |d.o8é0 0.155)
3 36720 0.2909 36446 o,277/ 3.5737 0.2444 344594 0.1963 |3.280/ 0.146/
4 38/02  0.2]9] 37828  0.2664 3718  o0.2349 |358}6 g ysss |3.4185 0./403
5 dei77 02716 3.8903 0.2586 [3.8/93 02180 |36952 0.1830 13.5263 0.136)
6 40058 0.2653 39783 02526 39074 o.2226 [37832 0786  |3.6146 0.1328
7 4.0803 0.2602 4.0529 0.24]7 139819 o ,2:83 3.8578 2.17s1 3.6894 0.1302
8 41450 0.2559 41175 0.2436 |4.0466 p 246 3.8226 0.1721 3.7543 0./1280
9 4.208 0.2523 41746 0.240% 4103 0.2115 3.979] 0.1696 |3.8116 a.1261

10 42532 02491 |42058  o0.23] |4ishB 02088 |40300 0.16]5 |3.8629 244
L5 4.4503 0.23]5 44229 0.2260 14.3520  0.990 [4.2283 4 1595 |4.0608 o u85
2 45905 0.1299 4563/ 0.2(8] 44923  0.1325 43696 . 0.1542 42076 ar4b
3 47885 0.2199 4761 0.2092 |4.690% 0.8y 4.5663  0.14]4 |4 4006 0,095
4 4.9293 ©0.233 143019 0.2009 (48312 0,785 47080 o129 (45419  o.06s
5 50386 0.2085 |5.012 0.1983 |4.9405 0.1744 4.9175 05396 46518 0.1037
é 5./280 0.204) 5.1006 0.19¢] |5.0300 0.1712 4.9070 o.1370 4.7416 0.1018
7 5.2036 0.20/5 |5,763 0.191] 151057 01686 |4.9828 5.0343 |4.8176 0,002
8 52692 0.1983 5.2418 0.1892 5./]/ 0.1664 50485 5332 |4.8835 o989
s 5.3270 0.196]  |5.2997 0.18]1 152291 o0.1845 |[5.106¢  o.1316 |4.9416 0.0977

10 55788 04947 |S3515 04852 (52809 o818 |5.1583 5130 |4.9936 00967
5 61718 0. /63/ 81446 01608 60744 o0.4409 |5952] oy2 5790] o083

10°|65143 01595 |s48)  ousip |6ll 04332 62958 o.0b5 |6.1340 0.079)
5 1312  ©0.1415 72641 0.0345  |7243 . o0.18/ J0939 o.0944 69339 Xy

10%|76549 o0.1350 76279 o0.u28% |]5584 o0.126 |]4382 00900 |].2788  o.0669
5 84541 0Q.1218 84271 Q.58 8.3575 0.1016 8.2384 00812 80803 o5o0603

wl|8.7986 ones 8117 oun  |sy026 o095 |8.5933 00]79  |84257  oosy9
5 9,5991  0.01069  |9.5723 0.1016 195034 o0.0892 |9384] oc.o07(2 |9.2283 o529

10819.9440  0.1081 9.9173 0.0980 98485 0.0860 |9.730) 0.0686 9,5740 2.05/
5 10.]456 0.0952 1107188 00905 |10.6503 ©.0794 |10.5323  0.0834 1037710 00472

107110908 00922 |1.0642 0.08]6 110.995] 0.0769 |10.8]79 0.06/4 [10]230 oo45]
5 " {18930 o0.0838 11,8664  ©.0816 II.7.981 0.0716 /1.6806 o.o5/7 11,5265 o0.0425

10 142.2386 0.0834 122/20 00792 1121438 0.0695 |/2.026hk o.0555 //.6726 0.0413
3 1304/2 0.0]81 /3046  o.0742 |I29466 0065/ |/2.B296 o.0520 |/2.6]63 0.0387

10" 73,3869 0.0761 /33604 o.0723 |13.2923 00634 |[/3/]55 oo0506 |/3.0285 0.03]7
5 14.1899 o.oi 141634 0.068/ 14,0955 0.089] 1159789 0.0477 13.8264 00356

10" |14.5358 0.0700  |/4,503%  0.0665 |l4.4414 00583 143850 0.0466 14./7.27 0,0347
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222 Nsppe libre. Fcovlement oxisymélrigue _ Soutirage 5 oébit

constant -Q,.

Continuiteé : _49 = err/é' ou .G’_IQ_ - .2/7‘/'/6

Darcy : '=2m€r/:d/’ ou .‘L—____/ﬁ /‘“.—.—o ow

27k 7 ar

2/ Qde’ - [5 -8) £ d<s 5Q dr=o avec Q-?—-—R+%@-/b Jba
i 5Q- BQS'R_,er S,

2Q Jd _4)d4 Q ‘
zm/Qaz r’=(’5' i R
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Soil -8, L avec {u /03’? { raRe* 5rdr:_52:_2u‘olu_
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Sy oy, € 3, - oule e gu e Mg e,
Oiz u, ezufu,+c zug_/ =I_.>— &_+z U:L"zua+2i U:+% Uﬂc-zua 3 -ZUo_f_
Toutes reduclions ][a/fes on I
_ L__' e tUs _ 3, -3u, 3 -2, 3
J=hu, (2ul-2u,~e ) < 8 (uP-pul v T Lu— 2 e 2) 0w
J=hou, I, -4, I/ el’/"-) devient .
S (o do 1, .z&): A [-mfet Vau,J, ou
21k 2u 2 o2 o ut (oule-zu-
fa
TE 2w ('—L]"L”I/ A “ f‘*‘é"[/
Ot =Q, devient L Fa d. el B, -2UeQL gy
2 éa Tt % Uy g a? ;
fat _d. Ly-"Ty da's Lo ] pu 7, , 2usett L4 ou
4k e 2y Lf U, é’ 77/.:92% 7
ou LP-L Gy , L | 4kh et I, + et ] LQ,
e Z Y N T
Rsons o= 42kt oo £ du. +_.]2~_.;£'w"/ ________45_5_7__‘{ .B:Jaﬂ.fﬁf’._._zl
e ‘ﬁ dx X § 4 Tkh: 4mkh?

[ S

du. P prtte ]4_0( N ,_2__‘91;_':/;1_&_”. o(‘/ Q,t =0, devient .

ax Fe p
- U, .
Ao = ~2U, € u Q,‘)( ow Aa - 2U. & W 0< el" /‘S_—.d ([-— __’_- /Og_c)
4)2’”’”’% (_.__g.__‘_ ‘f) @ ua &
4nhh.) °
1
Four Uolbé’/'/'f a’Uaz 2u, iu"o(_é-uf,ﬁfi_f_‘;i__d‘ou.'.‘i‘ié=__9. l+£?_u(
oo gp_ue,o( 3 ° S5 2u} 2 dx J 7
dont ks solubion est® u}=3-go< LS w=10"3% U, 0.0282842]1.
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A<0.0 A=005 A=0./ A=/ A=/0
4 n n _n ”n n n

2(_,_ e 0" Y A L_f:lf'ée u:’ _%/'53"'.,__ to 4,

103 00262 003469 | 00282 003469 |0.0282 003469 |0.0282 003469 00282 003463
& 00347  d0422/ 0.0353 004/52 |00346 004256 00342 0.04285 |po3i0 004739
2 00335 004919 0.0337 004896 (00394 004932 | 00392 004968 |00338 005780
3 00480  0.06040 |0.0481 0.0603] 10.0490  00604] 100473  0.0614! Q0374 007804
4 00552 006374 100552 006380 |00552 006982 lpo0542 00713 100392 0089925
5 0.06/6  0.0])89 |0.06/5 00]796 |0.0614  0.07804 |0,0603 0.0/964
6 0.06)2 008522 |0.08]2 008530 |008]! 008539 |0.0657 008733
7 0.0]25 0.09/%  |0.0]24 003203 10.0]25  0.032/4 |0.0]06  0.0844
3 00773 0038/ a.0]J2 0.09828 o077/ 00984l 100752 o.49i01
3 2 00818 01040/ 0.08177 0/0414  10.0816 0./0428 00795 0.j0722

/0710086 0./0952 |0.0860 010366 [0.0859 010983 (00835 0.113/0
L5 2I046  0.1335% 04045 043374 |0.1043  0./3399 |0.i1008  0.1389]
2 0./200  9/536/ 0.1198 015388 |0.1195 015421 |0.1149 0.16095
3 0.1453  0.18635 |0.4450 0.18]35 |o.1446 018785 |0.13]8 0.1981]
4 0./662 0.21473 0.1658 021536 |0./654 021593 9.1563 0.22996
5 0.1843 a.zbaa/ 0.1838 a.23963 10,1833 0.26046 o.:7.aa 0.2383
6 0.2004  g.26070 [0.2000 0.26/48 10.1992 0.26248 |0.18 57 0.28425
7 0.2151  p.280352 |0.2144 0.28143 10.2/13] 028259 |0.1980  0.30840
? 0.2085  0.29884 |0.22]8 0.29988 |0.2263  0.30/20 |o0.209/ 433113
) 0.2410 0.3/593 |0.2ko02 0.31709 10.239) 0.31858 |0.2192 9.352]4

10710.2526  0.33/99 |o.2518 0.33328 10.2508  0.33493 |o0.2286 0.3]342
15 0.3024  0.4012/ |0.3012 0403/2 0.299] 0,405‘5/ 0.2665 046725
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2 0.10423 2y 2 3.57804
3 0.125758 3 .. 3 377291
4 0./4376 4 4 3381176
5 0./5942 s . 5 40/976
6 0.17342 5 . 6 410818
4 0.186/4 7 p / h.18307
8 0.1978% 8 ., 8 424802
9 0.208)4 9 ., 9 430537
107 0.21894 wé | 0% |435673
L5 0.262 5/ 5. . 14 4.52106
2 0.29791 2 " 2 4.69576
3 0.35476 3 . |3 4.89502
4 0.40041 4 " 4 503684
5 0.43904 5 " v 514713
6 047277 6 " 6 5.23745
7 0.50285 7 ” / 531396
8 0.53009 8 v 8 5.38036
9 0.55503 9 v |9 _|543904
! |o.57808 1078 10° |549161
15 067335 15 ' /4 566012
2 074729 2 " 2 5.8400/
3 0.86041 3 ‘ 3 8564653
4 0.94682 39999 1070 |4 619475
5 Loi1]26 49999 o v 6.3109/
6 107694 6 5,405/1
7 112885 / 848844
8 L7486 8 8.55982
] 1.2/622 S 6623285
10 |125582  |9.9997 107 108 |6.68041

L5 140354 /.4 886568
2 15142 199989 10| 706694
3 167600 3 7.30/38
4 179 436 399965 1% |4 J-47023
5 1.8880/ 4.99949 1074 |5 J60159
s 196563 S ]]0853
7 20397 / ] ]9830
8 208994 8 /5/540
39 204143 9 7-94281
0% 20877 |999831.00%| 107 |B.00258
15 2.36833 L4 8.19 000
2 249837 199943210732 838339
3 268398 3 859803
4 28/710 3.998067.163(4 874188
5 2.92108 4.957112‘10'5 5 8486307
6 30064 6 895654
/ 307893 / 9.03536
8 3./4130 8 310343
s 3/.9/5/' C} 9./1633>
10° 13 24748 9.989936.003| 108 (921681

Uo

o7

9.989936.15°

Q.0 39&73
0.6 49808

0.09493 o/'é/

9390805
.4 86011/

0.949/30

3.3503/8

4.03183%

6)79693

/3.055//

/519584

1690147

/787128

92168/
991498

10.3737)822

1787128
1928585
20.208]358




3 ~4/-

| S5=10"%
X U, 6,
Pour £ 100, 05 = /0%
ro0t 2.18]756304 99998.10°%
4 281704 7689 3.9998, 07*
- 10? 3.24]362610 9.9989 . s0°*
4 3.911354370 3.998] . 1073
10 4.3558 0.00999 30
4 50336 0.0399066
10° 54844 0.099473)
4 61702 0.392720
10¢ 6.62]a 0.958740
¢ 13305 " 3.451633
w! 18139 7184462
4 8.6004 14.723249
108 9.1395 17.396 259
4 9.8935 19.214134
109 1036459 20.190]58

Le rabatte menté 8 & une distance r de Joxe dv puts est

donné PSR L)L
anne /oar o ._Q', ) 0;’( 7 /03 d/
47T




3. ~48-
X S=10" S=10°* S-10" G104 S=107%
/ 2 / 2 / 2 / 2 / 2
o1 | 9]55.16%|9151.10°% 9976104 9974.10%|9.998.16%|9999.16% | 1. 1075 | 1. 1075 | 1. 106 | 11078
t |2192.1072|9.180107%|9.914.102|9.912.103|9.991.10%4(9.991.16% | s i0% | 11074 | 1 1075 | 11075
2 (17870071064 1071974, 10°%|1.9]4.00% (19971072 |1.99).16°| 2. 1074 | 2.007¢ | 2.00°% | 2.40°F
5 &os2 4 4.05% » |4.890 ~ |4.889. » |4.988 " |4.989  |4999 . 4399 ~ . 49999
10 |].336 « |].318 « |9665 4 |9660 .- 19966 « |9.965 » 19997 « 19396+ | 1.107% |99997 .
20 |i.260 1257 (1896107 |1895107 |1.989.10°%1.989.10°(1.999.153 (1999 1073 v (19938915
50 2303 2.302 |45289. » 4525 « 4949 ~ |4.949 + | 4995 » 14995 u |4.99949 «
100 |3.276  |3.282 8520 « (8512 « |983%4 «~ |9.833 . (9984 « |9.985 « | 4. 107} 19938311 u
200 (4255 4275 1540|1539 |1945.10711.944.0071.994.16%|1.994.102| 2.4 |199942116Y
500 |5.420 5456 3.043 3.042 45 o (4733« |4.972 4 |49)) 1 |4.998 « 49971 o
0% |6.212 6.253 4.545 4.55) 9.069  |9.066 ~ 19901 1 |9.%300+~ |9.992 ~ |9.9893 »
2.10%6.960 |Jook |6.03 6055 |/488 1687 |1965.1071.965.107|1.997 107219964403
5.0 17866 1796/ |7.557 |]605 |3.523 |3.522 |4.8/4 u |4.8/5 u |4.982 v 49808 «
10% 18,572 |8669 |8.443 (8515 |5526 |6530 (9340|9338 4 (9.932 4 19.930] «
2.1019.318 9372 |9.229 |9.283 |763/ 765¢ 1768 + |1760  |1.975.107 |1.9]748.107
5« {1024 10.29 | /0.20 |J0.26 19676 |9.730 |3.828 |3.82] (4861 4 |48604]4
10°)10.93 |i099 |/0.8] |10.9] 11068 |04 |6245 6248 [9493 . |949/3 »
20 |11.63 11.69 11.62 | 11.68 |71.50 1156 |8.99/ |9.008 | 1.81] |1.81623
§ 0 14255 12.61 12.54 | 12.6] |12.49 12.55 | 1.74% .79 403> |40u8
1071 13.24 13,3/ 13.24 13.3/ 13.2/ 13,26 | 129/ 12.9] 6.779 |6.]196
__4.3_. VerSUSolz.__f_?;__ pour cin7 valeurs de S
- G, ) S
47T
Comparajson enlre Jes vileurs oblenves par /o formule de szaaf:/aau/os
and [oaper{/Qé]/ 1 et celles que fournit /3 présente méthode 2.
R versus ¢ 4T¢ pour ¢ing valeurs de S
a So2
X S= /0! S=10°% S=10"3 Ser0°% S=r0"%
! 1.790 1783 1.782 1.762 1.782
10 3.597 3514 3.504 3,503 3.503
10? 9.99) 9.085 8933 8.9/6 8.915
103 32.41 28.45 26.0 2575 25.72
/0% 103.0 99.46 84.77 j8.71 78.00
108 324.1 322.7 RPEYS 2582 2426
0% 1020. 1019, 1014, 9597 796.6
Y 3217. 3247. 3215, 3194, 2988.
L 108 10150. /0150 10149, 101 4). 10064,
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4. Essai por choc ﬁydfau//'qué (Slug lest)

Nsppe confinée . Lcoulemenlt axisymétrigue.

Soit une inJea‘/an instontanse dun volume Jéw V dans un puits ole
diamétre a.le niveou de Jesu dans le puilts s%éléve oe 42 Y urs re-

tovrne 67, son veauv ;'n/f/‘a/ ouivant une cerlaine fonctian 73t gy temps
qui fait /oé/'cf duv probléme.

Solvtion analytigue. .Cooper. Bredehoeft and Bpadopulos(/96])
Y. W'sd

Lo _ 85 e s Ju

b T u//u Jtu)-25 (u)j’,[u Y(u)-25 ),’(u{/’/

¢
Ib"‘gz

Les deux caordonnées génc’ra/z'&ees sont iel b, et U, ,dans ce cas, on 2

(probléme 1. 2.2/ :

z 4 Lo 8, 4T 7% | 5 contrainlte du probléme :
= Y L L2 I, | £/ . exprime e J
I‘ i *]4 d. X p x,o 1077 ¢ qu &

diminvlion ouv volume oA ean olans le puils est e':?a/c g /éwjm.en/a//‘on
du volume oleau olons /e lerrain , Boil.

mratd, = 2rra7“(§_)
=

T

or &b A.b, YL ) 28 1L Be et A . =27 dou :
Uo r r ® 4‘, -.d.zu, .
Lot 2T I, _ 4T -2 oy ep posant ﬁ: 7¢
-2uts 8,5 4445 L
duo - 2]:? +4-Uae [4/‘5 ‘BU’ u.pdlvlll JU‘ =2 Eu' + 3 S .:_i.. +__9_
o3 I ap 32,3 3245  25u, 8
/57 /

dont Iz solubion : g_u,_glf_s.okﬁ//.,«- _‘%5_ UJ,ﬂ /oeu/ se meltre sous /o forme:

Sul 3 5%} _B.0 ou uP .10 ul, 59 4.,
5 50 35 352
Pour Ss025 et P 107> w, 0142181472
S:o0./ el p. 1070 W, 0224363160
S:00/ et B. 0% U, 2022368900
S=103 el B ai107  y,a02036/4
5204 et B 108 U,x02036/
§=10° et pB. 107 ,-02236
5108 et B-107% U,-0224
52/0" et B:10"* Us=0224




- |

4. -5/-
Tt/s*
S=025 S=0l
= /3 ° ' ’éo/’ooi Yo 4, //'Sni
10| 0./42/8 0.96230] 0.22436 0.974464
L5 0./6845 . 0.954863 0.26113 096963/
2 0.19049 0.94850/ 0.29192 096542]
3 0.22696 0.937)36 0.34260 0.958/91
4 0.25]09 0.928620 0.38411 0.951957
5 0.28313 0.920579 0.41966 0946 386
6 0.30625 0.9/3312 0.45099 0941298
7 032716 0.906636 0.47912 0.936580
8 0.34633 0.900432 0.504]2 0.932/60
9 0.36408 0.8946/5 0.52829 Q927985
1072 |  0.38064 0889124 0.55015 a9tsor]
5 0.4507/ 0.865220 0.64/36 0.90645]
2 0.50689 0.845285 0.7/303 0.89/465
3 0.59586 0812365 0.82408 0.86604 ]
4 0.66634 0.7851]2 0.91008 0.844452
s 0.]2543 0.76/669 0.38097 0.8215365
6 o.]7668 0. 740804 1.04161 0.808099
Vi 0.822/6 0.721946 1.0948! 0.792238
8 086319 0. Jo458% 114233 0.777509
9 ) 0.90067 0.688739 1.1853 0.763]/9
107" | 093524 0.6738)/ 1.224]7 0.750725
L5 1.0778] 0.611488 1,38452 0.694607
2 1.18890 0.562309 1.50605 0648615
3 1,L36073 0.48669¢ 168994 0.57494%
4 149491 0429393 183046 0516144
5 160639 0.383529 /.94605 0468686
6 1.Jo44! 0.345578 2.04533 0.42]913
7 1.7913% 0.313458 2.13%7 0.392680
8 1.8J035 0.285823 22219 0J6/819
9 1.9431] 0.261]45 228463 0334509
/ 201098 0.240558 2351 70 0.310142
15 229948 0./63987 2.63353 02/9232
2 25364 0.116 12 2.86/78 0.160546
3 293055 0.063160 3.23]41 0091127
4 3.26461 0037126 3.55404 0.055325
5 356239 0022569 3.8360] 0034625
6 3.83493 0.01417/ 4.09458 0.022286
] 4.08841 0.009/334 4.33558 0.0146]3
8 432667 0.0060152 4.562)5 0.0098465
9 4.5523] 0.004035] 477853 0.006]/64
10 476739 0.00275/6 4.9846] 0.00464]6
/5 5.72361 0.0004888/ 590749 0.0008]2]9
20 6.54295 0.000/0856 6,70485 o.0002011]




_52..

b
| J=/07%
/3 U" A;’/Am'
10%|0.22368 0.997398
103 0.54523 0.99/94]
15 a.63440 0,989952
2 0.70415 0.988206
3 0.81159 0.385/54
4 0.89421 0.98246)
5 0.96/86 0.9800/6
6 101939 0977736
7 1,0695) 0.975586
8 1.1141] 0.97354/
9 1.15434 0.97/582
10| 1.19094 0.96969]
1.5 /.33].33 0.96/ 0)4
2 L44630 0.95337/
3 160657 0.939630
4 1]2 4 75 0.92 732/
5 1.8188% 0.9/598/
6 1.89]28 0.905362
7 196465 0.5953/]
8 202379 0.885743
9 2.07657 0.876 569
07 |2.4242] 0.86]J42
L5 2,31221 0.827620
2 2.4500% 0.]923]0
3 265148 0.73/1519
4 2.80038 0.6]96/4
5 2.91998 0.634142
é 3.0208! 0.593656
/ 3.1085] 0.55]207
8 3./18670 0.524122
Cl 3.25742 0.493901
/133227 0.466156
15 3.58873 0.355468
2 379857 0.276 90/
3 413565 0.174 946
4 441483 0.114563
5 466177 0.076922
3 48881 0.052652
7] 5.09895 0.0366/0
8 529870 9.025797
9 548933 0.0/1839/
10 |5.67235 0.0/3246
/5 6.50379 00029095
20 723722 0.00074835

S=/07° S=1074
e ’Q //“Soi U, 4./40/

118757 0.996903 209999 ©0.998538
1.33265 227824
144038 0.99518/ 240685 0.99756]
1.5983) 2.59074
L]1434 278284
1.80636 0.89/096 2826/4 0995100
188277 291104
184819 298314
20054) 3.0458>
205633 310130
210219 0.9855/9 l5104 ©.991529
2.28137 0.980593 0.34356 0.988 26/
2410795 0.9]6045 348113 0985169
2596121 0967628 3.67636 0.9]332]
272981 0.959820 3.81582 0.973793
2.83455 0.952436 13.92454 0.968480
252086 0.945377 401315 0.96333
299434 0.9385]9 4.08946 0.958335
5.05&3/ 0.93200/ 41552) 0.953452
3.0151] 0.9256/3 4.21349 0.948673
36622 0.91939] 426513 0,.943986
J.36508 0.890266 4‘46527 0.92/649
3.508]5 0.863639 4_6/3/2 ©0.900 [34
3,]/5]3 0.8/5629 4.82/92 o.562179
3.866 54 o.]12]s7 4.97258 0.82675/)
3.98636 0.753830 509/62 0. 735843
4.08649 a.698085 5.1908) 0. 63047
4./72.97 0665033 5,27574 o_/34o/a
4.24943 0.634309 53507/ 0. o6/28
4.31823 0.605633 5,4!7.9/ 0.68083]
4.38097 0578]18 5,1,7.999 0.656252
4.63528 . 0466299 5.72436 0.549739
4.83182 0.380636 591150 0.464429
514148 0.260315 §.20/93 0.337276
539344 0.18234/ 6.43459 0.2483935
561394 0./129930 6.63596 0,186045
5,8/45/’ 009382 6.61777 0.140335
6.00/44 0.068503 6.9862/ 0.106 691
6.1781/ 0.050485 7’,14493 0.081662
6.34685 0od75/4 .29 825 0.062876
6.509/6 0.028080 /,'44/69 0.0486 70
J 25279 000722259 |810960 9.0 14ht]
7.9/532 0.002090116 8,71386 0.00468204%




4. ~53-
/S S-107° - $:/07° J:107"°
ua 40/ Qi ua Aﬁ / éof U’ Ao / Aa I
107 0.2236 0.9999974 j
107%13.14953 0.999/48 | 4.25336 0.999419 | 879865 0.999750
L3 334141 L 45054 8.00028
2 3.4]839 0.998504 4.5909 a.99894L | 9.14 338 0.999522
3 3.67246 4.]8889[ 93452
4 3.81080 4.92974 948830
5 3.91844 0.996790 5.03915 0.997643 1959939 0.99886)
] 400659 5.12864 969018
7 4.08126 520436 3.766 95
8 h.lb6ok 517001 9.83346
9 4.202325 532795 9.892/4
107" |4.25448 0.9942/6 537982 0.995644 | 9.94464 0.997821
1.3 LAS214 0.95/809 557967 0.993748 |10.146]4 0.956804
2 4.59286 0.989500 5.721]4 0.99181% 1,0.29023 0.995805
3 4]9188 0.985079 §.922415 0.9883]2 11049262 0993845
4 4.93360 0.980838 6.065/3 0.98494] |10.63638 0.99/922
5 50438 0.976728 6.1760 0981607 10,7479 0.990025
6 513420 0.97272/ 6.26689 0..9/8536 10.8392) 0.988151
7 §.210]6 0.968799 634381 0.97512/ 10.91652 0.986255
8 5,27723 0.964950 |6.4/056 0.9)/955 |,0.98350 0.984 455
9 §.33599 0.961165 546954 0.968832 |/104263 0.982630
107" 1538866 0.957438 652237 0.965746 | 11.0955] 0980817
15 559246 0.939502 672660 0.950805 |11.2998y 0.97/918
2 5.7383] 0.922486 |6.8]258 0.936496 | 1144535 0.963239
3 $5.94654 0.89050! J.o8o40 0.909306  |11.65/]3 0.946393
4 6.09660 0.860645  |]22982 0.883616 |11.79936 0.930105
s 6.21476 0.832509 134722 0.859/85 /1.91480 0.914288
é 6.31273 0.805843 JLhb 34 0.83581f  1,2.00984 0.89889/
Y4 6.396]4 0.7804)2 .82 ]46 0.8/13 405 12.09089 08838]]
3 6.47052 0.756264 J.60033 0.79/862 12,1616/ 0.869217
9 6.53650 073317 J66537 o171ty 12.2244] 0.854892
I 16.5963/ o,710945 /,/"2422 051115 12.28112 0.840882
L5 6.835/3 0.61251% 795813 0.660739 |/2.50385 075099
2 Jo1549 0.530765 8./13345 0.58364/ 12.66780 ay15541
3 /2921 0.403392 |8.39982 045939] 1,2.91109 0.611804
4 51082 0 3/0180 B.60814 0.364)25 13.09594 0584834
5 7.69820 0.240609 878502 0.29145/ 13.24900 0.451383
§ /86605 0./8/93/ 8§.94232 0.234/20 /3.3821(5 0.389032
7 8.02062 0.14]648 9.0863/ 0./88895 |/3.501)/ 0.335699
8 8.16562 0.116577 9.22074 0.152986  |)3.61/48 0.29048/
9 8.30340 0.09245] 3.34787 Q.124320 13.71386 0.251559
10 (8.43552 0.073509 9. 46962 0.10/332 /3.81057 0.2/18/29
5 9.04106 0.024700  |10.02454 0.057855% |/4.23985 0.108643
20 9.530)5 0.0088834] (0.52]]5 0.0148)8] 1/4,,5/938 0.055284




- - -6 -0
S-azs|  Swos | Si000 | 5-000/ S5</0 HoSs=07 5100 Se10

-l |/ 13| /13171371317 131213]2]3

10305623 |o57]1 |09Tké |0.992010.9919 0996909969 0.9985 0.9985 |0.9992 |0.9991 [0.9994 [0.9994 |0.9957 |0.995]
2 0.9485 0.9654% 0.9882 0.9952 09975 0.9985 |0.9389 |0.9989 {0.9995 lo.3995
215 0.9658 10,9642. 0.9876 Io.sa;[ 0.9949 Io.9945 0.9974 lo.ssﬂ 0.9385 Io.ssab

1 0.9286 0.9519 0.9824 0.9980 0.9991

j&# 0.9430 (09483 0.580] 0.9809 |099/4 l0.9515 0.9954 [0.99538|0.99]0 |0.9969 l

104108891 (0.9238 |0.9240 [0.9693 [0.969] |2.9853 lo.9555 0.99/5 10.9915 |0.9942 |0.9942 |0.9956 |0.9956 |0.99]8 Io.sg/a
2 0.8453 0.89/4 09534 ta.g/,sa 0.985! 0.9895 (0.9919 10.9919 |0.9958 |0.9958
2.5 08860 |0.88]3 |0.9505 (0.9512 |0.9744 10.9747 |0.98% lo.suz 0.9s88 |0.9628 .
4 0.7852 0.8 b4k a.92]3 0.9598 0.9738 0.9810 |0.9848 [0.9849|0.99)9 |0.99/9
4.64 0.8293 |0.83199|0.9(8] |a9199] |0.9545 10.9550 |0.970/ |0.97% |0.9]81 |0.9]82

13710.6738 |o.T460 (0.150] |0.8655 10.86]] |0.9/83 Io.9/.94 0.9434 (0.94398|0.9572 0.954 |0.9655 |0.9657 o.aaollo.aeoa
& 0.5623 0.648 0.7923 0.8636 09008 0.9225 |0.936! [0.93650|0.963] |0.9632
2/5° 0.6289 |0.6362 |0.7]82 07825 [0.8538 lo.aSéa 0.8935 lo.asq 0.9/16] 10.9/1]5
4 0.4294 0.518] 0.6 a6/ !a.”z[ 08267 0.8606(0.8828 |0.8836 |0.92980.930/
4.64 04182 |0.4850 |0.6436 !0.6438 0.J436 (0.74]4 |0.8031 |0.8054 |0.84l0 |a.a4u

! lo.2405 (0.311] 10.310! |p.4598 lo466/ 0.5129 0,5786 0.6520|0.6562 |0.7080 | 0.7109 0.7439 0.]5! |0.840! 0.8408

2 0.116] [a.1605 lo.zyss 23806 0.4644 0.530] |0.5800 |05836 (07139 0155
2.5 0.1665 |0./469 |0.359] (a25]] |0.3543 10.3588 |0.4364 |0.442/ |0.5038 |0.5089
4 0.057/ 0.05532 a.1145 0.1823 0.2490 0.3102 |0.3613 |0.364] |0.5222 10.5248
464 0.07415 lao4aa4 0.1086 10.08856|0.1554 ,0./465 |0.2082 |0.20638|0.21620 |0.2634
7 0.009/3310.046250.0146] |0.06204 |0.0366/ |0.08519|0.06850|0./(6] |0./106] |0.152] ,o.//:/é 0.1903 | 0.1889 |0.333] 10.3358

10 |0.062]517|0.03065|Q00 4647 10.03]80 |0.0/32% |0.048 21 |0.028/ |0.063550.0406] 0.083]810.0736 |0.10]8 |0.1013 |0.21]8 |0.2/8/
/4 0.02092,0.001196 10.0 2414 10.00388310.02844,0.0093) o.o.sta!laamz;’ 0.04426 lo.oJosg l
20 |0.060/0858] 0.00020i12 [o.aaa/w 0.00209 laaa 4682 |anom3 0.02720 Ia.a/ua 0.0614910.0553

| | H 1 1

Compafa/'son entre les résultals ablenus & parbir de la solulbion analytigue et publiés

par Cooper, Bredehoeft and FRpadopulos, 1967

Papadopulos, Bredehoeft 2nd Cooper, 1973

et ceux gue Fowrnrt

/la présenle méthodle.
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311 Miliev 3 douvble porosité. Nappe co»/)‘ne’e_fzau/ement

parallele Jovtirage & niveav constant 4,.

Suivant Borenblatt snd 57 (1960}, un m//;eu g dovble porosi’te consiste
én un assemdlige de blocs poreux séparés par oles //s:uresa/facéures,
Les coraclte ristigues physigues des &lacs  seromt rolées 1 bandis que
celles des /racéures /e ‘seront  per /indice 2.

Canfmt///e : 5}@: ,5 o{g: +Q/1(/5,' 2) (.}
jZL S5, aldz +°(:(’62‘4) (¥

Darcy ;{ Q'1 - ZQ%_
d, = 72. _3_} ou,en négligeant dans (') et (%) Je plus petit

terme [veir T.D. Séreltsova - Adoms /9/6/ :29‘2’92.;’-_.= S, Ziz ov Zg . 5, O
De 9% ddz =04 (4-4,) on bire + B, =4, (/—6’_[} Jvec eszi_ dod

- 2
1% -5/&,(1 ee:é) On pose : /.5,=/$°,S avec $=I~27‘_ :

dx 2
Q -84, (1-e) Wde o dx:-gdS odod

54, (1~ (.Q)ZS‘Z/S -~ 5, B (- ) $8°

2o o258, (re Y3 S 328) A dpgSlee et @ 3. g £ 20
3 ‘? dz:—7d$
Q= T 8 dog @Sa,c/z,z‘ au, 56, dx  or :
d.x (-4 3—‘13"‘24,,7

_7/0 2Q dS-—zTA,,/,S }’0‘ d,gou ?7/(_3.)4517/30’ 29 4l .-y 7:/!%9‘0{3
or ‘7?/30) a5 77‘54"’(/ d /”‘ S@‘z'gdfsss 775 //ﬁe-'lj
7/%52-. 20, 45 7(5 Aw 7&,:&/ ")/.5‘352(52945““‘75"u‘?“‘t/’ -e’ /

28,7 _5 éo'ds w28y T (-5 )(1-¢ {/.L .S’SKS z.(}a(fs-ﬁ 7’[5)4,?, (7- c"“‘j

“'To‘""ou/?(/e /'d_%: €€ g-

3 Jé
doi o (a5 o o g'ee 5 %

. g ~pol o
Soit 37’1“" et a‘-zp( A vient: (1-e 7/3{ + 5 76? 2, g]

£
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Foor d—woe ,on relrovve [z /ormu/e valeble en milieox éamogine ;?‘- 11[ of
(/’rab/ame 111.) On commencers /inlegration oe Iegustion o////eren//e//e par
/a valevr o =10% et g = 9562.69/230 , Jvec un pas neyab/

Q, = }Q:o g+ BGM devient :

. -et)f 147 T, /5 gee” e ¢
Qo:.-cS'd dio ()-€ // (e - 78 L5 ..-52_._7e ,
aSide 087 T “t, geet], ~Side / <’/
g )5 S‘q 7.5: +q / 3"26 Myt si1g e ow
_ G - 49 EEC -ed ov enfin: -G Lo l/ C‘?o‘
3.7 %69 ekl 7 3.7 " - 42 g7 7]
7=/ 710 n=100
xI 9 Guleut |9 GufsT| 9 | -Gu/4.T,
08| 336263912 0.0005604%
910% 3190,1290 | 0.000590
8 30076824 626
7 28/3.42393 6638
6 £604. 7294 235
5 2377.7817 ]926 ”
4 £126.7526 gs6/ 0\
J 1841.821) 0.001013¢2 ¢
2 1503.84/1 14532 o’
15 | 1302.3646 14k o R
/04 1063.3762 17723
910"\ 1008.80]2 18681 5
8 951.1125 198/4 b(‘
7 889.6843 2/183 o
6 823.68)5 22840 0
5 751.9204 25064 I
4 672.5380 18022 WA
3 582.4349 3235 v v
2 4]5.5559 49629
L5 411.8434 45760 (N
10%| 3362685 56045 _ 0?
910%| 319.0123 59076 2 W©
8 300.7676 62660 N N
7 281.3413 66986 W
3 260.4722 72353 b"{\
5 237. 7774 79259 v
4 212.6744 866/5 )
3 184.1812 0.0/02323 X
2 /150.3829 12532/ AU
1.5 130.2350 144]08
03] 106.3359 177232
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103 1063359 0.017723

9 10t 100.8]789 0.0167182 = /O f 2 - /00

8 95.1093 0.0198/5

7 88 9564 0.021183 N\

6 823665 0.028880 e

5 J5./8396 0.025064 ?

4 6J.25/ 0.028023 Y o

3 58.2404 0.032 359 ¥y o \

2 4].5518 0.039632 \}o\ R )

15 411799 0.045765 & v
10 33.62/4 0.056053 ¥y [}

9.10 | 318955 0.0590a7 v 0

8 300727 0.062672 o R o N

A vy Rl s S I & A

: L0)23)3 PO o .

5 25001 0.079285 \-)"' & N

4 21.2589 0.088650 ) X Q

3 18.4083 0./02378

2 15.0263 0.125 424 15.0263 042542/ Q &

15 13.0087 0.1464862 13.0096 0.144 862 W 3
10 10.6845 o.17] 451 10,6166 0471515 & .\Q?

9.1 10.0906 0./86 343 /10.0700 ©.187151 “éy

8 9.5456 0.19788) 9.4919 0.198548

/ 8.0/56 0.2/0 138 8.8]636 0.212318

6 857868 0.212 J35 8.214749  o0.229418

5 84492 0.23/08a ] 494959 o.25745/

4 93473 0.225763 6.698263 0.1%/358

3 14.5192 0.231 744 5.7%%016 0.335325 5193016 0325325

2 59.0511 1.15895 4.717133 ©.399525 4.717/ 33 0.399525

15 294.113] 9.16130 4074022  0.462595 4074002 0.462595
! 6462.75 335.2909 3310598 0.5634)]9 3.308118 0.563634

09 1666292 955.39)) 3./139003  0.600932 3.13255/ 0.601623

0.8 52127.60 3303./649 2.963280  0.63739/ 2946542 0.633602

o.] 196 138 .94 /3 735.55‘ 2.]9/310 0.6]8762 z.]lr[s]o 0.685820

06 |j0/08/5.36 8433.58 2.64630) 0721418 2.533804 oJkijes

0.5 78/ 243.187 | 668 145. 42 2.595694 Q.750)19 2.299957) 0.8/3413

o4 2.85]]72  0.733285 203937 0.924116

0.3 442318 0.736639 1740131 081933

0.2 ‘7, 972433 5.53503 1317496 1.368 145

o.15 89.5/2258  28.18]9 115416 1.6328)0

ol | 12] 10 163 10" | 1966.91088  1020.4428 0.876310 1151185

0.09 5091.285/ 1907, i 0.8/0 234 2.32 422
8 15560.4569  9860.18 0739495 2.55/324
7 59 694.009/ 41804 .4 0.665139 2.84/966
6 3076371 238/00.4 0.589346 31184607
£y 23773/6.8 2033 4)0.6 0.521948 3.660/189
4 33716 179.7 31873 253.1 | 043690 3.926332
3 0.663489 3306312
) e - 2.570117 5638540
T ‘_IZ'_ =1 - 5 | 1178279 40,3114

0,01 — 3.89 1 4.96 107 1280.80408 1487, 1936

0.009 Jak. 1774 4152, 2004

0008 2222.026 14080,3

o.ao/ 8324, 180 59636.6
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5.1.2 Milieu 5 dovble /Doro.sifé .Noppe confinde.Lecovlement
paraliéle. Sovlirage & Sébit constant :-@,,.

_..__.

Conlinuile . dx 5 ds, + o, (d,-9,)

da =9 ddz
d; 2 4ot (8,-4,)
Darcy @, o7 %
&, 7, .‘%“_ ou, Suivant Jes hypa théses de Barenblatt and sl
dQ.4 5 dbz

S =25 ou a 5/.5 0"052’\5‘ o([é 4)o/aa,/.5:4(1 :“/avec z.f_/i
da. . 8 4, (i1-¢ "j On pose 4 = 4,,$ avec $21-%2  ood

dx

Q, == 5 4,a(l e"*j/?s dx or dx--?als dod :

Q,<-5;4,, (- e"‘)/s 8 ..5, B (- e"/7$’

%9.‘- -5, ’5 (1-e "/[Samc;.sz“‘;/._b' Ao (1:"‘/5[3 9 wdl. xS
_2_. - 3'.(/ 8'5/53
/._5____ 'tt g} 0 BO, ) _'_)Qa A bQI

3 -
Darcy : Q, = g__z. ou/ Q,8Q,dx é‘.’_é‘odx ou d_Q_dxa/a’d 30 dx
ou, puisque dx: 7d,$ ° ol &4, ‘14
30, a Q, éQI bQ' = - Am é OI ou *
/(}7?+34./5,0+ ),b_c_]_ds 2T / dl ou A+B+C- D.

[3/cafa'eﬂ=%ao)d£a9{5) e (1-¢ :‘7 _fﬁ-?.f/ 0(;

= /3/55

Coleul de Bs 4, )(30' )ol - &, (-5)Be (- c"77 (5’3‘/3 -28)d8

3//4

(alcv] de C= /50' 29 J - /\5)__2.9'£e lt/ = { ,.Sz/J 28)d 8
3//4
Calcul de D =27, Ba (. 5;) 3o (i- ‘/{,S’( 3-28)d¢ o
7 : /"/20
13 M . _E 49 7 ’
75"“3“*5%"’“? /——:“" n—/a‘_s:q -ecEt ()

Lo contrainte Qut =Q, devient :




pour oA=i0’ ¥ et 7-/00/000, 7=

Q)p = "5;:%3—("&_77? ‘ dbd

A

/698 ))6.269

<

1.9 A ge-ct ba () devient :
7 ..7._. " o =z dod (/ 1en
B G ,afr_8) 49T 1 ea # T, 49T I
5 g TZ[E 9 70 3, 72(,_,-&/ 30 g 2t 1o g, 7‘(/-6“*}
Soit oo Tk el 70(:;& doa -

2 ' . .
Ao d9 . a 48 1 _! Equation linésire en 923 dont linlegration est
/5 duo -4 5 9 (-e
df//,'cile Sussi peut-on raisonner autrement. Pour o —+ o,ilvient :

30

dgt _ 2 // 59 nt /o on est:qgta /4l ! IRV
_d_%—-ﬁ;.((_;_z../q/da Solution g 7?’74-1—3-0( u

= _’_7._ pour oL petit

-9
(- %&) 7(1—6 7} = .g(—-_ " n 57‘&)707
e/ 7=/000
-G Qe
g -

O( 7 AFU 7'- 7 40/ 7;_
o' | 1698)76.269 0.000000 589 1698 776 .269 i
15 7 264.230] 0.00000 102 9]1 264.
2 660 /4] 569/ 1515 660 14] .
3 379 66.68/86 2633 37’9 766.
4 256 §34.5]03 RYEL: 256534,
5 189 232.572/ 5285 189 232, 5.1079
6 147 578.0052 6]76 /4] 578.
1 119 599.8489 836/ 118 599.
8 99 689 .8030 0.000010032 99 689.
9 84897.972! nyre 84897,

15t 3 536.1264 13599 73 536, 1.4 1078
15 42303.5260 23640 42303.
2 28576.2]44 34998 285 6.
3 16 439, 2184 60839 16 439.
4 IW104.7933 90069 " 104 s
5 8191. 4443 o000 /22109 8191, 16,5 10
6 6388. 3139 156 58) 6388.

7 5!-77.2039 193 222 6/7/.

8 4315.3439 231824 435,

9 3675.039 272228 3675.

16 31%5. 2117 5174 305 3:573. 99.2 1078
15 1831.2252 546492 1831. L.054 107
2 123].0053 809213 123]. 1.8J0
3 7! 6233 0.00 140734 71, 4.43]' "
4 480 . 7112 20844) 48o0. 8.416 11
5 354 . 6026 28211 354, 14,196 &
é 276.5531 362680 276. 21.751 »
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ST

© DG &N

O o™ Mg & & 8]

o~ > S

-
Qe

S
Ql
-

—
W

»

M

3

224.131)
/66.82/6
159.1148
137.8295
7.9.33/5
§3.6390
30.9646
24,0460
15.6710
12.38/9
10. 2061
8.607/'
7.566/
6.7632
47035
J.9885
35631
3.48 1k
J.4859
3.5/97
3.5659
3.6/180
3.6733
d.7306
40290
43339
4.941/
5.5%0/
6.0920
6.6240
J1266
] 6020
80529
8.48)9
10.5/49
Hn.9ryo
14.6674
16.9362
18.935/

44]) %0
537396
631309
729/6
o.o/Z]oal
1883018
6278173
4847152
6542042
8311007
a,10145%
o.119 7/
0.13784
0./553
0.,22895
0.27662
0.32485
0.3485%50
0.36453
0.3778/
0.3899%4
0.40153
0.412863
0.424048
0.41922%
0.533%01
0.6386953
0.736800
0.826309
o..‘;oaol.]v
0.983130
1.052]04
l.////45'
1178024
1443790
1.6694855
2.04534y
2.36/806
2.64059)3

-62-

224.

/186

159,

137
79.2]0
53,548
30.607
20.815
15. 36/
11.986
9.7¢
als
6.933
6.0%4
3.584
2.609
1.982
1.918
2.006
2./138
2.279
2.420
1.55
2.69
3.28)
3.788
by
§.355
§.98
555
084
/..174

8033 '

8468

3M.263 4
42.841
56.581
]2.5]5’ o
189, 207 »
0.000 373445
e.0o00 37375/
0.00/192]/660
0.003254994
0.005004779
0-007136455
0.003850284
0.0/2981/243
0.0/659864/)
0.041844
0.076657
0.15(34)3
0.208534
0.2491
0.2%06
o.307/
0.3305
o.?ssla
0.3
0,47559
0.5279
0.6467
0.7468
0.8350
0.914
0.98 80
{10562
/.1203
11809
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5.12.Miliev & dovble porosité.
Nappe confinée. o/
Ecoulement parallele.

=/000 Jdoulirage & Jébit
constant.

Lt t 11y

I

00/ |

1L 1 111

e

X o0

L1t | | N T 1 | L 111
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521 Milievé dovdle porosité. Neppe confinée. bcovlement
axisymélrigue . Souliroge & nivesv constont.

Continvité %’Z;_ .enry, é% -, (8,28, ) amr

dQy _oprS, dés & )arntr
v ° 2—27~+°(2(’5n 4)
.Darcy : Q = 21TY'T dAl

Q,, « 2777, dut ou, avec les approximaltions JeJa failés plus havt

c;ll@ =.znr5z % ou dQ« = 27-rr5 4, . De 2rrr.5 ﬁg‘ 271,-0(1(4,_51)
r ar
tire /Jz =4, (1- e’[é} avee £ = 2454_
z .
On pose : A 54, Z—’: dvec U, =/o\9ij_l et u, s /oj =

dad E’.G_’.'_,znréd U [/t"/

on

46——"

Q,.-ZTI(S; o (1- ‘é/ﬁl: ra,dr . or rdrs —-f—;z‘ e, olod
r
-&é ~a? -2u,
Q, :[~2rr5,)/.sm (/-e ‘/a/: /eju.,) u e t4du,
d
2Q - > ‘
S = (an)/.:,,,[/ e /4(1% _M./a,, a(‘f +(2U0-1) (//
BQ 492 SLL -—bQ: é [
g% . (znb})/é ezuug}ée el @, = o b+ S5
R ' r
Darey: G, =z71r7,‘_j_% .- 2ﬂf22: dou QSQ,dr=~2n7,-’%._2_/SQ4olf ou
é

&2
u,

O 2@, du,=~2”r451= 'EO, du, ou (30'} ,, olu, + 20’ )0' du,= 271740 ba" du,
/ u,,, Use aum bu,o W éu., ()
oy
o380 . 54 5// )// '--—~+f“~')‘f/ 2
20, 30, ¢ f{ o .
a/bm EY e, = /“75”} o (1= Au ,«_-—zw/a“{e ""i"(zu” ’jtf_/oza'

el-gn7, {2775) (/C 4U c‘fum)Z/u" .sipi— +(2u,°—ljy-/du, e['/) devient :
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_ 2 -&t . -E¢
I, (_Zf’_ez_uw__ (1-¢ T u, +uE€ ]f/_._- T4y ou,enfin:
I ety T o

10 4 ‘5232

Jo/z‘o(,___, el a!-7a( svec p. o 2l doa [i1-e 77# o +p€ I w4 I,
. 7 10

) Uye del -9 lru,e” «
ou i’C:(lo - 4 eI’[/-]j-?‘; 2 u,e’l ('2/ Four ol — 0w, 0n relrouve /z Fformule

valable en milieu /wmaﬁe‘ne [/.2.//

I of +0 en meme /em,o.f que umwe.-,//n'an[ : duae -“Z[/-7'()(zu ’ }u" own
dot {4u o }Zo(

Y
/_‘xg_do/-—zda,, ou u,,=2i[7p(-/39q//,é

-5
Pur d=107, et 7ol 5l 5.75646]]30
10 ',u-/a - 5 565/2730
00 U, »5.]56962]30
" 1000; Uq = 5, 6/462730
Q/o = bQ'a u- >Q'° a;ew'eﬂt /
=) EYE

@ =(-3775,)8,0 (1~ 2 W ds /sz//s,o 2y, et

4ul e-tte A 4ul e~

/2”‘;}4‘0444 -:u,.[y _;5‘-'.5 qu_.ge':trrL .q 66'7 Jha

41‘
: £t
Gro % I, ce’ E ,
- + Le et s¢ el - X
LanT)s, e 1, 7 -2Uso VA
() (Z)7e , /
dla . % j4 Z 6-74 {

+

[‘2’77;)A/o B U 1, 48-2u’°[
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= //rev
l);/O 17,/00 /7-/000 Qsoa m/;ama_ggﬂe
0( Ulo Qw/,zn]l'du UIa Q"A’ﬂ;dﬂ LIIO Q,/évﬂfé.. aao O;.Alﬁfd,.
10° | 3.466 112.41 3. 488 1056, ]! 3.69/ 5720.9 |o006849 |18.1468
2 3.130 Jo-122 3.473 619.016 | 3.53] 1693.1
3 2.937 53.620 3.000 442,812 | 3.491 583.94
5 | 2698 | 3832 |2y99 | 277.14] | 3.469 78.932 |(Frobl |1.2.7)
T, | 2544 30,749 2.682 194¢.240 | 3.46643 10,637
107 | 2384 24.323 2574 124.949 | 3466013/ 0.8232|0.20276 | 6.0644
2 209/ 15,232 2427 38.213 | 3.4660153 0.3093
3 1.933 /. 389 2.383 13.577 | 3.466039 0.30929
5 155 J 6317 | 2363 2.194] | 3466088 | 0.3092902
7 1655 56822 | 2361 0.6989 | 3.46613 |0.309285
w0' | 1566 40087 | 2361 04172 | 3.4662) |0.3092J8 |o0.5396 2.2222
2 1.460 /1.8215 2.364 0.4650 | 3.46645 |0.303255
3 1442 1.1632 2.366 0.4643 | 3 46669 0.309132
5 1462 0.8295 2.37/ 0.4635 3.46]1 0.309 186
1 1495 0.766 2376 0.4625 | 3466 0.309/40
! 1542 0.7349 2383 0.46/0 | 3.468 0.3090]1 |1.186% o977
2 161 a.6]4l 3.406 0.4563 | 3.4]08 0.30884)
3 L7 0.6335 £.428 0.4519 3.4732 0.308614
) 1.922 0.5805 | 2.469 0.4438 | 3.4780 0.308162
7 2035 0.5460 = | 2.507 0.4367 | 3.482]  |o.30771]
10 | 2164 0.5110 2.558 9.42]J | 3.4898 0.307259 | 2.0996 0.5280
H 2,441 0.449) 2.698 0.403] | 35125 ©.304952
3 2614 0.41]7 2.806 ©.3872 | 35342 |0.302965
5 2.840 03823 2.968 0.3647 | 3.5749 0.299309
7 2.992 3.089 0.3 495 |3.6125 0.296012
0t | 356 0.3415] |322] 0.3336 |3.6639  |0.2916/16 |3 1493 0.3424
2 3.482 3,519 0.3043 |3.804!/ 0.28025/
3 3.674 o0.299] 3.700 0.2886 |3.9/129 0.2]2025
5 3.919 3.934 0.2]04 |40]68 0.260485
7 4.08/ 4.092 4.1994 lo.252476
0 | 4254 0.2490 | 4.262 0.2485 | 43397  |a243862 | 41532 |o.249
2 4.595 0.2296 4.6359 0.22]526
3 4.791 0.219] 4.8193 0.2/1844]
5 5.040 50573 0.207686
7 5.20% 52171 0.20/036
10* 5373 0.19489 | 53883  10./94366 | 53788 | 01942
2 57246 0./182466
3. 5.9229 0.176108
) 6. I/J] a.l 686/"2
7 6.3394 0.164095
10° 6.5/52 0159498 | 55143 0.1595
2 8857y 0.15/248
3 jo585 0.146798
5 J3il4 0. /141546
7 . J 4781 0.138285
10 ] 6550 0./34386 | 16549 0.13499




o0 T 1 T T TTTT T TTTTT T T T TTTT T T T TTTT T T TTTT7 T T TTTT] T T 1771777 O
- -
— Fonctions de Puits G(«) u
Q1o _
(214, » : en milieu poreux homogene ,
L 100 0 : en milieux G double porosité pour trois valeurs _
— N du parametre ]
L 2 -
@ .
—— o —
AN - ]
Sy A Nappe confinee
L (o) A L. —
07060 Ecoulement axisymétrique
L e . . u
Soutirage @ niveau constant
b
—10 = O
- =N
— 1
— 7 =1000 -
p— ) -
1 Lol L1 11111l L1 11ty 1 i 31l L1 1 11111 L1 11l I
107 1073 1072 107" 10 102 10
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8.22.Miliev & dlouble porosilé . Nappe confinde . Ecoulement
6X/'.5_ymé/rzlyue. Sovlirsge & débit constant :—Qo,

g_%_ = 2175, %g; u, (/-e“z
@, =-2115, 4, (/-e“"}z?”: ru,dr «(-21m5,)4, (1-€ €Y _*f e

/ duje-ithe

S8 L2n5,) 4, (e %Y _22 /u,.gw s (20.) ]

B Py 4Ll 6'2“:0
Q' s [-2mS, ) (i-€ j4u T e i

30' onS,) 4 w pee 2Q, 30, 5 . 24
SE / ) o ‘m c-zu,a »f Q D o i + 4. T To¢

R R
Dorcy: @, = ZWTr% = —2717:3":dé&/é5@,dr=-2ﬂ[%%/5@, dr ouw:
: 2

ala a-’ﬂ ¢ tho U
U 30, )du +d bQ. éQl dll /301 BQ, du -»--ZTTTA"’ 301 O[Ll,
ulo aé,. B Uje Qe bé‘

) v 2t 1
or u,o/ u,.) a{ul = U,,/ZITJ) (/ 06/ 4ul. e“wm) /,,,____ +[za, —/jﬁ?/da,

D o

Zy
/:5' 2?’ du, /—2!7"5;_//.5,, (4 u;?:-zum) U, 63-57_ ZW

Ui Zy
-~ AI aO. - — A, ‘Jf' & B% _
Zﬂra,:/aum Czu, B 2717:—22-:"(—2"52)410([ j4uz = Y7 /uloa"zz; *(guf‘ /)% dU4
- e
A et / 7a/ew'em.” tovles réductions /a/z‘(s / &\,,_-Z;——*

("&/I"‘”’ +(1-¢ e )1, 4 Lo +¢'¢’_df ;T e/, /2/

Lo conltreinte O,,n cauz‘an[: séerit Qb =0, ow

%"—"—- o Lo o U _£E éi el /2} devient .

) & Y, U /-e"

‘[’(ﬁﬂ —j;qr/a du - [; - 47 6'2““’ /3}
Fo o & S, a2 = 6"”—"



Sort #TL__ ; L9-Lte _ F et eé-yo( (?) olevient :

636‘ WU e

dala - _[4 6-2(1,.0( | I Lﬁo

= -1, Rur of — o=, 0n retrouve laformule vslsble
ol /-€e77% fro X

en mileu ﬁampgéne //. 2.2/

-4
Four 7 /Oeb’! el u,, 3rand , on lrouve U, = [o(q) 75 soit , pour 0/7-'-0.01

= 464,/588.
Q,o £ Q‘ dz\/ldﬂé Qot {2715‘ /5,0 (I Zdtéj__é_______ U o (ﬂo ow :
2e -2W,0
4. 2use -2a,, Pour 7 —o=,0n relrovve J/a /ormu/e
__4_%3_ /a(/ é f'y olu probleme 122
/ .




5, -/0-
7=/ =10 n=100 J=/000| n=10%
X | U | oF U, (w4 Use o Uy | 6% Uo | Gl
07 464.1 o
2 184.9 o
3 108.2 o
3 55.42 ~ O
7/ ‘ 3585 ~ o
10 22 ~ O
2 AIO 9.ZC7>5 ~N O
3 G, = — 6.233 |4 /o‘-"o
5 _ 3944 |54 10
7 Qlo/4"77 256: a1 107
10 464./ o 2024 |7.210
2 184.9 ) 1085 |89 1078
3 108.2 o 0.j28 |25 107
5 55.42 | ~oO 0.4229 |87 1077
7 3585 | ~o 0.2688 |198 107
10 464.1 ) 2.y | ~o 0.1898 |4.62 1074
2 184.9 ) 9.803 | ~o 0.08203 | 230 107
2 108.2 P) 6,233 ~O 0.05/02 |aoo568
5 5542 ~o 3.7453 ~O 0.03186 |0.0/535
7 35.85 ~O 2763 ~o 0.02]258|0.02523
3 464.1 0 22.77 ~ o 2.0248| ~O  |00286] |0.0342
2 184.9 0 5803 |no L0852 | o0 ete. ele.
3 1082 Q 6.233 |0 07293 | 000250
5 5542 | ~a | 374 |53 07| 04256 |0008)2
7 3585 | ~o 2763 |3 10%| 0.2953 |0.01929
107 | 4641 o 22.77 ~0 2025 |0.00/223| 0.2052 |0.04229
2 184.9 o 9.803 | 7.107% | L08] |0.008%3| 0./142580.1272
s |82 |m~o 6.233 |55510°%| 07351 |0.02469 | 0.15218 |0.17]6
5 5542 | o 5744 |535/0% | 04487 |0.08126 | 0.1858 |0.2368
7 3585 | ~vo 2.763 |34 107 | 0.3464 |0./5836 | 0.2/5] |0.2)95
0’| 227 | 790" | 2026 |oorzz |0.3050 |0.2646 | 02530 |0.3314
2 9803 |66 1078 | 1103 |o0867 |03493 |0.4473 |0.3431 |045)5
3 6.233 |55 /07| 017884 |0.2199 | 0.4093 0.5472 | 04076 |0.550/
5 3.744 |0.005% | 06144 |0.5204 0.5032 |0.6898 |0.5029 |0.6904
7 2765 00312 | 0.6/49 (07235 |o5748 |07988 |0.5747 | 07990
/ 2040 101193 Q.67/12 |0.9033 | 06590 |0.9294 |065899|0.9195
2 7245 10.6743 | 08483 |1.2299 | 08472 (12326 |0.84)2 |1.2326
3 1410111707 | 09724 |144)5 | 0.972/ |L4422 | 0.972) |1 4422
5 LITE 116678 | 11443 |L7408 | 11443 | 174099 |1./443 |1.74099
7 1274 |1932) | 12661 |958 1266/ | 19587
10 1403 12/936 | /4019 |2.20]71 | 4019 2g07/
20 | L6883 |2/365 |/683 127370
30 1.856 |30723
50 2082 |35/66
7o
100
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6./. /Vappe confinée. Ecoulement oxisymétrique. Sovtirage
3 nivesu canstant. Frise en comple dune crainsnce ver-

Creale [ Leak 4 can/in ea agw‘/ers /

Forma/e ana&t/pae. Hanbush. 1959.

_TE
8. .Gxg) i

e’'T

2 D0 Gfg). g ki) f_e“eﬁ)' et du
8/"B k&) Tm* ) ey e &

semi-permeéable.

1 S

ouils o d ; S e B o
Continuile 279‘ 2mrdS4 temrd . 27rr5(/éfcs) - 277;».5‘3? (/5 ,.2/,53{_

dod 9_/_ —2mrS8 i+ L e cx €
o e /I+C5/ .Iwc C.k'
doua Q :-2775//+.L) rddr = = drainance.
> St d, U,
Q«-2115 L‘ B, a3t r [/, o34, // .
[H U, 2. Iae /H 2ul o-24, <f

S - ’*cs)/ zf:.,u,)A./u. S—Zif(zu.-z)soj

2Q ! TTS5s% b u dou 2Q. -/ mSat A,
3t 5 uletus  ° °70 o« du., (+c$ 2u1 ~qu, 7#
el dQs _ _ 1 S92 AU, y)
3¢ T £S5 (euke-ius e

Q=BS d,+%95_=_ nSat a//” éjé[ __i’,(zu-z)f/u +__/ju70}

\Y)

2uc’

Darcy /OUOE’Q 4{“'—-27777’/;«62 dw devient :
1) o

. 2777":55: 5)/2/753‘“) )& /Za —z)gf/a/u

ou, loutes réduclions /[d/fc'.i :




6. /3"

e L A4 d. ~ A =.4 Te e |\ Bour croo f€'o0 ouk nul (drainance nulle
(+=5 & ( ) )

on relrovye /a/arma/‘e &lu proA/e?we £2./

Joit TE . o , 1! wené en posant Bh Zel, re.
Sa? "

du, L.u. /M"“‘ 2 c?/ quon peul écrire
a

ol f[/f )

L

dug .5 d« ui devient, pour ot et Us pelits :
4_ ‘2 a_luz 4 a ?

w0 p1 "° /+31 £

(12 2 i) dut = 5(1- & o) dot dont 13 solulion, pour ety /7“("“"‘[ “= 5
q, = Tb%; U, + Qs a’ewen! Q=02 4 "/(’+Zt3') %

D¢ 2uje2ue S ]
47‘8““' _ Iz s
et puisque b, _ Sat <SLa il vient Q. - # Lo + a*F
e L (-2nT)6, W I,  4elso Tc
()% '
cS Lp
: Q e F a2 P 2z
ou, 714177 L = e -+ our g2 = O 5= Do ), ON retrou-
/ (-2717-}6‘ U, I/ 46-2U,]‘I B2 Bt ( )

ve /a /:armu/e obltenve en 1.2.].

a/B=o01 3/B=05 - a/Bs/ G/B=/5
d uo -QO/ZITT{S. U. 'Q/Qan. Uo "Q,/?”Td. a¢ —O,/2777<}.
164 002236 | 59.050 | 0.02236 |59050 | 002236 | 59.048° | 0.02236 | 54.135
2 003126 | 39624 00313/ |39.869 0.0312] 39.668 0.03/23 | 38.8)9
3 0.0381] 32612 0.038/4 |32.732 0.03813 32.514 0.03808 | 32.538
5 0.04890 | 25462 0.04893 | 25.443 0.0489/ 25.455 | 0.04886 | 25.453
7 005760 | 21.594 0.05762 2/.58/ 0.05760 21.594 0.05/54 | 2/.642
03| 0.0684] | 18.155 | 0.06849 | /8.145 006846 | 18./68 | 008838 | 18209
2 0.09556 | 12.978 0.09555 /2.984 0.09548 13.010 0.09534 /3.058
3 0.1/1588 |10.684 0.11585 10.693 0.115)2 10.726 011549 /0.78/
5 0./14]32 8.3833 |0./4]25 8.396 0.1469] 8.4378 0./146 5/ 8507y
7 . 0.17220 | 74581 | o0./720f J173 0.17/163 J-2229 | o./7090 J3os50
107 0.20274 | 60653 | 0.20232 6.084 020179 6./629 | o.20060 6.24 04
2 0.27639 | 4.4242 | 0.2]578 4.450 0.27389 4.5338 | 0.27083 46699
J 0.32953 | 3.6960 0.3284 3.728 0.32521 3.8299 | 0.3/999 3.9946
5 0.40854 | 29642 0.40643 3.006 0.40006 3./36/ | 0.39009 33438
7 0.46853 | 25738 0.46526 2624 0.45547 21760 | o4bos0 30162
107 0.53944 | 2.224] | 053425 | 2284 | 05/903 24641 | 049648 | 2742/
2 069959 | 16980 068732 1782 0.653/2 2.0263 | 060679 2.3830
3 0.80]i0 14626 07878 1.565 03426 18331 | 0.66758 2.2548
5 0.95665 | 12241 0.9208] 1355 0.83342 1.70/9 | 073495 2./535
7 106328 | 1095] 101154 1249 089380 1.6346 | 077213 2127
/| 118278 | 0.9]99 1.10]54 1160 0.95/29 1.5845 | 0.8048] | 20846




6, /4

1| 118278 | 0.9799 11075 /1600 0.95/3 15845 |o.8046 2.0846
2 14315 0.8029 | /2842 1.0429 1.0395 1.5303  |0.8492 2.0563%
3 1.5850 0.7226 /.3/54 10010 1.0764 1.5146 0.8659 20486
¥ 1.7640 0.6406 /,4//9 0.9680 110936 1.5039 0.8800 20432
7 19168 0.5964 |15232 0.954 L1250 1.4999  |o.8861/ 2041
o | 20574 0.5568 |1.56]2 0.9455 11369 L4972 |o.8906 2.039]
2 23230 | 0.4982 1.6259 0.9363 11512 0.8962
3 24686 | 04735 (16476 |0.933] |,;56/ 0.8980
5 26350 0.4508 /.66 58 0.9319 1.1599 0.899%
7 2.73/4 0.4402 16737 0.93/3 11615 0.9000

107] 2.8202 0.4320 16797 0.9308 |1/628 14926 |0.9005 2.037
2 2.9521 0.4228 1.6868 0.9303 1.16 41
3 30050 o.420/ 1683/ ©0.930/ 11646
5 3.0540 0.4180 16909 0.93%0a 1.1649 0.9012 2.03692
7 3.076/ 0.4173 1.691) 0.92998 |1/65/

10°| 30933 |o04168 (16943 |0.92994 |/s852 14923
2 3.014) 0.4162 16930 1.1653
3 3.2/2 0416/ 1.6932 1.16 540
5 3./268 0.4/159] | 16933 116543
7 o 37293 0.41592 116934 116544

1071 3.431 0.41585 /6935 0.9298] 116545 1492272
2 37332 0.41584 |1.6935 116546
3 3.1339 0.41583% |169359 11654)2
5 3.1344 041582 |/693609 1165474
7 5| 31346 0.4158157 | 1.6936/6 11654]60

107 31348 0.4158124 | 169 362/ 0.929867|1/654763 | 14922 Jo
2 3.1350 0.415808 [1693626
3 33511 |0.41580) (1693628
5 313516 | 0.4158064|1.693629
1 3.43518  10.4158060|1.6936303

0% 3.13520 |0.4458057|16936308|0.929866 |16 54786 (1492269
2 3.135220 |(0.4158053
3 3./35226 "
5 3.13523) "
7 3135233 p

107| 3.135235 | 0415805

K| U, [-QATe| U, |-QfTd| U, |-QL27T8 U, |-G /21T,

8/B=ol a/8=0.5 a/8 =/ 3/8:15
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6.2. Nappe can//née.fcou/eméﬂf Ix/symétrigue Sovtirage &
debit constnt Drainance vertieale. (leaky sguifer).

Formule anslytigue. ( Hanlush and Jscob, 1955 ).
[ a2

2 =2 K (2v) - ’%8’ I o avec vaL [R w-5rt
2 J Ve T
2

er 4Tt

K
(73

Cantinuite Q/__Q = 277/‘59! [/5+ é_t_) avec
dbu' dQ - zn’rﬁ/u 8.

- -277’5 r4[1+._.~)dr‘ --2’”’5(/+-._.~)/r’da//’ —--[/-r é) 7756’2/-“:1—/:1 ‘f

2ul e-2u

55y [ 3%, (2u,-
Sar = ’*65/ et 3% e (24

pYe, Sat U,
ey =.—//+65 __7_7‘__._5___ (F

aéa 26( e “2Uo

2 1 _mSatu,d, (p dod

a Cs Zu‘ze-zud

3 ¢ TSa 4, D¥ - ¢t ) nSafle nSatu, 4,
Qe zu:e-*’“'/ (gl (i et g c's';;i;mﬁ’

au. 0t 35, Pt ST

O . ds 50 dr . ols
Darcy Q 277’7‘7—27__ ou /Q8Q _;_L' -2ml = EQ dr avec SQ,%._Q-SLL,+§Q~S<S
Ue Db, °

&

d;d/Q 24 du:-znTA/g?j’ du (7

a

R e
- () 22 o 38 20
w03 (T R sl e B3 )

-Ys ()dewent
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et (") devient :

(%’u.(l+ c_tj,){(uc_%)%/ﬁ,g% o (2u1) 9] du
| +(Ht)/5/tf,[ a<f+(zu.-f)c.o_]du
/<,o[u. 29 +(2u=-/)¢jdw}
= 2nT3. ,_,cj)/no“a% )/[u 3% . f2u,-1) ‘pjou loutes réductions foites:

e 2ul et
L, - 2Ll ()

_é_)lwd' L
(/+CS w, TS Sat
Q,t = Q, devient :

Mot i, ofir k) SPUES, | 1 nId S, v nSatd.u.s,
{cS)zutezu. V "5/ 2uTe 240 YL quterda ™ ;”s‘ C T zule 2

‘ﬁ de gt {’ja’ew}!ﬂt‘

ou __.._ = _._____——- -2 e
éa [-{cju‘:) ‘)0 U,
LI -%I, U ,__!_z_ _ 4T e cS . Joid ote 2T i) vient:
Q1 u. ¢, 54t cSrt Sat ’
due = 4 _ 12 Posons 82'72 il vient:
7¢

du, - 500[4 4 -2 _ ]; P"”’ =0 (B- oo) on relrouve s /armulc
A £ 4+§;o{ Ie o du prob/eme /22.

, 2
Pour. u, pelit g’zo ay 24 %u'/4 4 _ % /a/anl Ja solubjon est U‘!/F o

f; § -rﬁfo( %u of
Qt+q, donne : Qb =-(1+_L r5atd, Us ¢ ou
cS 2ule-tuo e
A 2y, &~ p Aune distonce r dv puits , on o :
fe) = 2
-2 at bo y . o -
4nT) % /+ETZ A:a:u.. ZZ-;(M, /0\9%) et on

connard U, en/one//on e .
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8%5"0.0/ az/BnG.ZS Y2 =/ @Ype=225
O( uo d: Uo o:' U' O:' u. 6:‘
103 0.02828 |0.03469 |0.02828 0.03469 (002828 |0.03468 0oka28 0,0346]
2 0.03944 |0.0493] 1003936 |0.0494] 00396/ (004913 003956 |0.049/6
d 0.04800 10.0605/ |0.04[86 |0.06065 |0.048/0 [0.06034 004796 |0.06046
S 0.06/5] |0.07790 |p.06/52 9.0]134 |006/55 Q.0778% 006152 007775
] | 007252 |0.09190 |oop249 |003/9/ |oojzés |o.09i82 007241 | 0.09169
/07 0.086/6 010949 |0.086/3 |0./0946 |oossoy |0.10933 [0.0859] |0./0913
2 0.12003 10.15354 |0.1/94 01534 |0.//98/ |0.15309 |0.1195% 0.15252
3 0./453] |0./8684 0./452 0./1866 0.1449] |0.18602 |0./4448 0./8500
S 018442 023879 |0./842 0.2383 10./8360 |0.23]J06 |0/8259 |0.23493
/ 0.2152/ |0.2802] 0.2/48 0.2795 0.2/1389 |0.27745 |0.2/226 0.2740/
07 025285 033163 |0.2523  |0.3304 |0.25069 |032692 |o0.24804 |o032125
2 034302 045744 03416 0.4543 O.33744 |044492 |03308! 0.43045
3 0.40756 |0.54992 0405/ . |0.5443 0.3380/ |0.52805 |0.3869 050374
5 050274 1068995 |0.4980 |0.6786 048432 |0.64666 |0464/0 0.60/94
i 0.57442 079823 |0.56)/ 0.7804 054649 |073/47  10.517/8 066692
! 106586/ (092826 |o&4]/ 0.8995 |06/576 1082449 1057358 |0.73265
2 0.84607 |.22946 (04138 1.1596 0.7538/ (10009 0.6]639 | 08401
3 0.97024 |/436] 0.9284 13226 0.83/40  |1.09/62 0.7282/ 0.886
5 114081 |1.7305 1.06]9 1.52]0 0.9/963 |1.183)9 0.08178 | 0.9269/
] |r26093 19428  |1/581 16533 |0.96972 |1.2294  |0.80966 | 0944608
10 1139412 (218243 1.2493% 17738 lol1486 |126556 083325 | 095750
2 166624 1268109 |14042 1.9540 107958 |/30746 | 0.86453 | 0.97/32
3 183047 |2.9840 14769 20242 L/10518 |132030 087608 | 09753
5 203827 133636 15485 2.08/5 1.12762  |132955 0.88583 | 097828
] .|217340 (36041 15842 24050 413786  |133309 |0.890/6 097942
1071231180 |3.8435 16136 21215 114582  |1335533 |0.8934 0980229
2 255945 |4.238> 16573 27383 115545 1338084 | 08374/ | 098110/
3 2.68505 |4.4149 /6648 2.1431 11584 1338852 089874 | 0981375
5 2.81785 |4.5770 1.6]60 2/465 L16741 1339432 |0.89982 | 0.98/58)
] ;| 288883 |4.650] 1.6809 2.0479 106257 1133967/ |0.90028 |0.98/676
107| 295016 | 4 J056 16847 2./488 116343 1339846 | 0.90062 | 0.98/]42
2 303360 |4.7652 168391 2.1498 (16445 1340046 |0.90/03 0.9818]8
3 3.06508 |4.7826 16906 2.1502 116479 1340111 0.90/// 0.38/843
S 3.09/88 4.7950 1639/8 2.1504) /./650/ 1340763
] ,|310386 |4.7998
/0°13.11305  |4.803) /6927 215066 |11652]399|1340202910.90136 |0.98/8783
2 3./12 40/ '
3 32772
S |3.0307/
7 s 3./3200 ‘
/0713.1329] | 48093 /6935 215082
2 3.13410
3 3.13448
5 13/3478
] |3s349/
10413.13501 |4.8098
2 |3/35/2
3 (3356
5 [3.135/9
7 |8.43520
L 107343521591 | 4 8099
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/

| 7 Frincipales fonctions renconlrées

3.dans [es formules snslytigues -
x
2
erf x = 2_ [e*dx erfc x s/-erfx
foefo e 4

oo x

e-é . eb
E,(x)= ] £2 ¢ Fi(x): | £-d¢

Vs ¢

x - oo

I Fonckion de Besse! dordre zéro et de premiére
Y, " " " " " “ o S€conde
J, “ . " un remirére
Yl « i ”" " o Jecona/e
Ko " " o mad/'}[/'e't dordre zéro el de
KI ’ « (&) izl t” Un " e

b. dans s méthode psevdoverialionnelle.

Secondle espece.

er tr

Par dléveloppement en sérre,on brouve /o
valeur ole ces fonctians pour u pelil.
@ - 1-e e pye 2u?
s-1+E€73% 4 2y 2ut
[,.4a3-/u‘-4uc"”+f/.u-ie“‘f«ze"‘_‘_lz 32 u
Iy = 2ute 4 e20 s 3 e S uet_nu f.g. et g ettt u ! gu’
Iy = - 3 ueu  pyetu ,y B5 gitpzeton f 4u°
F3 8 8 Ej
Ipx2ut-2u-e¥s) s
Igzue?yyqse7ty £ u®
Iy« U3-fut-ve g1y 3 02,3 ‘
4 3 7 3 *3 _g: u
6
F et - / 28
*a [V’ Ly T
Fal - ) 4yt
4 (Ly -y Lu
Notastions.
Q Jebit (regatif & sorlant)  ; Q= @ dt

profondeur o'influence en écovlement ﬁara//e‘/e.
R royon olinfluence en ecovlement oxisyméérigue.
& rayon dv purts.

U, = lag 2@ , coordonnée générslisée , fonction du temps.

T transmiss/vile.
S coéfficrent d'emmdgasinement.
A  rabattement e /s nippe & /o o’/.';[ance{‘w"’,‘,
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Annexe /

S/ 13 melhode est sussi per//ormanfe,cé’s[‘ guelle trouve sa ‘/‘ust///'ca//'on'
dans quelgue /br/'nc/pe plus général, Effectivement et le Jecleur qur sou-
haitersil gpprofondsr /o guestion lira avec profil

Bral, MA.(1970) Voriationa! Fvncjples in Heal Tronsfer. Oxford.

Biot, M.A. et Delmer, A.(1988) Variabional-Liagrengian Analysis of Aquifers with
/?,ap/icah'on to Artesion Wells (Water Resources Research. 2/-2- 249-258 )

Annexe 2.
(orfc’.spor)a’aﬂce entre Jes /anci/c'ﬂ.s gur //gurtn/ dans Ja nole ode

Biol, M.A._ et Delmer, R.(1985) et dans ce lravarl.
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