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PR E FAC E 

IMAGEW- 1 ,  d o c u m e nted  h e re i n,  p rese n ts a m e th o d o l o gy fo r 

e v a l u a t i n g  th e d r awd own  p ro d u c e d  from p u m p i n g  o n e  o r  m o r e  we l l s  

i n  a we l l f i e l d l o c a te d  i n  e i th e r  a c o n f i n e d  o r  u n c o n f i n e d  

h omo g e n eo us a q u i fe r . Th i s  d rawd own c a n b e  e v a l u a te d a t  v a r i o u s  

l o c at i o ns i n  th e a q u i fe r  fo r v a r i o u s e l a pse d t i mes  si n c e  p u m p i n g 

h a s  sta rte d . 

Th e we l l d ra wdown  mo d e l , IMAGEW- 1, u ti l i zes  a s  i n p u t  th e 

e n g i n e e r i n g p ro p e rti es of  the  a q u i f e r, p u m p i n g/re c h a r g e  r a tes 

fo r se l e cte d  t i m e  i nte r v a l s, a n d  th e c o o rd i n a te l o c ati o ns fo r 

a l l we l l s  (b oth o p e ra t i n g  we l l s  a n d  o bse r v a ti o n  we l l s) i n  th e 

we l l f i e l d .  

Th e o utp u t  f r om th e we l l d rawdown  m o d e l  i s  a ta b l e o f  

d r awdown l e v e l s a t  e v e ry o bse r v a ti o n  w e l l fo r v a r i o u s  e l a pse d 

ti mes si n c e  p um p i n g b e g a n . 

Th e IMAGEW- 1  m o d e l  wa s p ro g r amm e d  a n d  teste d by  Bi l l  K l emt 

of th e S a n  Anto n i o  D i str i ct O ffi c e  a n d  W i l l i am A .  Wh i te o f  th e 

Systems E n g i n ee r i n g  D i v i si o n o f  th e Texa s Wa te r D e v e l o pm e n t  Boa r d . 

Th i s  m o d e l  i s  e sse nti a l l y  a c om b i n ati o n  o f  m o d e l s d e v e l o p e d  by 

J . R .  Mo u nt, P r ojec t  Ge o l o g i st i n  th e Los An g e l es  Off i c e  o f  

Dames a n d  Moo re  a n d  Bi l l  K l emt . 
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PU R PO S E  

WE L L  FIE L D  D RAWDOWN M O D E L  

IMAGE W- 1  

Wh e n  g ro u n d  wa t e r i s  p u m p e d  from o n e  o r  mo re  wa t e r  we l l s  

o f  a w e l l f i e l d , i t  i s  o fte n n e c essa ry to p r e d i c t  t h e  g ro u n d  

wa t e r  l e v e l  c h a n g es exp e c te d  to ta ke p l a c e  i n  t h e  f i e l d a s  a 

resul t o f  t h i s  p um p i n g . S u c h  p re d i c t i o ns  a re n e e d e d  b e c a u se 

t h e  e c o n om i c s o f  w e l l f i e l d d esi g n  i s  g r e a tl y a f f e c t e d  by  t h e  

d e p t h  o f  t h e  wa t e r  l e v e l  b e l ow  t h e  g ro u n d  su r fa c e  i n  t h e  p um p i n g  

w e l l s . If t h e w a t e r  l e v e l  i n  t h e  we l l s  i s  l ow e r e d  exc essi v e l y, 

p u m p i n g  c osts i n c re a se a n d ,  i n  some c a ses, t h e  v o l u m e  o f  wa t e r  

w h i c h  c a n  b e  p u m p e d  d e c r e ases.  In  a d d i t i o n ,  t h e  a n t i c i p a t e d  

f u t u r e  wa t e r l e v e l s i n  t h e we l l s  m u st a l so b e  kn own  i n  o r d e r  t o  

se t t h e  p u m p s  d e e p  e n o ug h  i n  t h e  i n i t i a l  i n st a l l a t i o n . 

Th e c omp u te r  p ro g r a m  d esc r i b e d  i n  th i s  d o c um e n t a t i o n a l l o ws 

t h e  ra p i d so l u t i o n o f  c omp l ex w e l l f i e l d p r o b l ems w h e n  m a n u a l 

so l u t i o n w o u l d b e  t o o  ti me- c o n sum i n g  fo r p r a c ti c a l  a p p l i c a t i o n s .  

Th e p ro g ram i s  d esi g n ed t o  ev a l u a t e  t h e  d r aw d o w n  p ro d u c e d  f ro m  

p u mp i n g  o n e  o r  m o re w e l l s  i n  a we l l f i e l d l o c a t e d  i n  a c o n f i n e d  

o r  un c o n f i n e d  a q u i fe r . T h i s  d r awdown  c a n  b e  e v a l u a te d  a t  v a r i o us 

l o c a t i o ns i n  t h e  a q u i fe r  a t  v a r i o us t i me i n te r v a l s si n c e  p u m p i n g  

b e g a n . 

T h e  c o m p u te r p ro g r am c a n  b e  a p p l i e d t o  t h e  so l u t i o n o f  som e  

o f  th e fo l l ow i n g p ro b l ems: 

1. An a l ysi s o f  exi sti n g  w e l l f i e l ds to  p r e d i c t c h a n g es 

i n  d r awd own p ro d u c e d  by i n c r e a si n g  o r  d e c r e a si n g  

t h e p u m p i n g  rates o f  exi sti n g  w e l l s  o r  by a d d i n g  

o r  r emo v i n g  we l l s  i n  t h e  system . 
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2. D e s i g n o f  f u tu re we l l f i e l d s  to p ro v i d e  m a xi m u m  

p r o d u cti o n  wh i l e  ma i nta i n i n g a d e q u a te w a te r  

l e v e l s .  

3. An a l ys i s o f  w e l l f i e l d p u m p i n g  d a ta to e v a l u a te 

a q u i f e r  c h a r a c te r i s ti cs by c o m p a r i n g  th e o r eti c a l  

d rawd own  p re d i cti o ns w i th rec o r d e d  w a te r  l e v e l s .  

Oth e r  a p p l i c a ti o n s , su c h  a s  th ose c o n n e cte d w i th g ro u n d wate r  

b a s i n  m a n a g em e n t, c o u l d a l s o  make g o o d  u s e  o f  th i s  c om p u te r  p ro

g ra m  w h e n  c o m b i n ed w i th a n a l yti c a l to o l s  d e s i g n e d  to e v a l u ate th e 

fa cto r s i n vo l v e d  i n  th e d e s i g n a n d o p e ra ti o n  o f  g ro u n d  w a te r  

b a s i n s . 

R E S TRICTIO N S  

1 .  M a xi m um n u mb e r  o f  o b s e rv ati o n  w e l l s  i s  50. 

2. Maxi m u m  n u m b e r  o f  o p e ra ti n g  we l l s  ( r e a l a n d i ma g e ) i s  200. 

3. M a xi m u m  n um b e r  o f  p u m p i n g p e r i o d s  i s  6 .  

S O L UTION O PTIO N S  

Th e IMAGE W- 1 m o d e l  a l l ows th e h y d ro l o g i s t  th r e e  o pti o n s  w h e n  

s o l v i n g  fo r i n d i v i d u a l  w e l l d rawdown  w i th i n  a p ro p o s e d o r  r e a l 

w e l l f i e l d .  O p ti o n  1 i s  th e n o n l e a ky a rte s . i a n  s o l u t i o n , o pt i o n  

2 u ti l i ze s  th e n o n l eaky a rte s i a n s o l u ti o n  w i th a w a te r  ta b l e 

c o r r e c ti o n  i n  o rd e r  to si m u l a te p u m p i n g  a n d  w e l l  d rawdown  u n d e r  

wa te r- ta b l e c o n d i ti o n s  w i th n o  rec h a r g e, a n d  o pti o n  3 u ti l i ze s  

th e ste a dy sta te soluti on i n  ord er to s i mu la te p u mp i ng a nd well 

d ra w d ow n  i n  w a te r- ta b l e c o n d i ti o n s  with u n i f o rm a n n u a l  r e c h a r g e . 

Be l ow th e hyd r o l o g i st w i ll f i n d  a b r i e f  d e s c r i pti o n  o f  e a c h  o f  

th e o pti o n s  fo u n d w i th i n IMAGEW-I. 
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O p tio n 1 

Th e n o n le a ky a r t e s ia n  s o lutio n is u s e d  w h e n  s im u la tin g a 

well field in a n  a rte s ia n  a q u ife r a n d  w h e n  a q u if e r le a ka g e  is 

n o t  m e a s u ra ble. Th e n o n leaky a rte sia n  fo rm u la wa s in tr o du c e d  

b y  Th eis (1935 ) a n d  c a n  b e  w ritte n  a s  

wh e r e  

W { U )  

u 

s 

Q 

T 

r 

s 
t 

s = (114.6 Q/T) W(u ) ( 1 )  

= J oo
u 

e-u /u du = -0. 5772 - ln u + u -

= 

= 

= 

= 

= 

= 

= 

2693 r2 S /Tt , (3 )  

dra wdo w n  in o b s e rva tio n well in f e e t , 

dis c h a r g e  in g pm ,  

c o e f ficie nt o f  tr a n s mis s ibility in gp d/ft. , 

dis ta n c e  from  o b s e rvatio n well to p u m p e d  w e ll in f e e t ,  

c o e f fic ie n t  o f  s to ra ge , a n d  

tim e a fte r p u m pin g s t a rte d in min u t e s .  

Th e Th eis n o n -e q u ilib riu m  e q u atio n c a n  b e  m o difie d to in c lu de 

th e inte r f e r e n c e  e f f e cts from  m u ltiple p u m pin g wells a n d  c h a n g e s  

in t h e  p um pin g r a t e s  o f  o n e  o r  m o r e  o f  t h e  w e lls . Th e r ela tio n

s hip b etw e e n o n e  p u m pin g well a n d  o n e o b s e rva tio n  w e ll fo r a 

g ive n p u m pin g p e rio d  c a n  b e  exp r e s s e d wit h E q u a tio n 1 a s  

= 114. 6 flQn , i 
T 

-3-
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wh e re 

u 
2 = 2693 r . . 1 , J (5 ) 

j = th e n u mb e r  o f  t h e  o b s e rv a ti o n  w e l l , 

n = th e n u mb e r  o f  th e p u m p i n g  p e r i o d ,  

i = th e n um b e r  o f  th e p u m p i n g  w e  11 , 
�Q n , i 

= th e i n c r em e n ta l  c h a n g e i n  p u m p i n g f r om p u m p i n g  
p e r i o d n -1 to n fo r p u m p i n g  well i i n  g pm , a n d  

�tn 
= l e n gth o f  p um p i n g pe r i o d n in min u te s .  

Th e dra wdown  fo r o n e  o b s e rva ti on  we l l du e to m o r e  th a n  o n e  p um pin g  

we l l i s  exp r e s s e d a s  

w h e r e  

= 
N 
E 

n =1 

I 
E 

i=1 

114. 6 �Q n , i  
T 

e -u 
du 

u 

N = th e tota l n u m b e r  o f  p u m p i n g  p e r i o ds , a n d  

I = th e tota l n um b e r  o f  p u m p i n g  wells . 

O pti o n  2 

( 6 ) 

O pti o n  1 wo rks v e ry we l l w h e n  s i mu l a t i n g a w e l l fie l d in a 

wate r-ta b l e a q u i fe r  w h e n  th e r e i s  n o  p r e c i pit a t i o n  r ech a r g e  a n d  

th e s o l uti o n  i s  c o r r e cted fo r dewate r i n g . O pt i o n  2 u s e s  th e 

n o n l e a ky fo rm u l a  a n d c o r r e cts th e r e s u lts fo r dew a te r i n g .  

Rec h a r g e  to a w a te r-ta b l e a quifer  is s e a s o n a l  i n  Texa s with 

r e c h a rg e  c om i n g  i n  th e s p r i n g  a n d  fa l l .  D u r i n g  p e r i o ds w h e n  n o  

rec h a r g e  t a ke s  p la c e , th e wate r  with dra w n  m u s t  com e  f ro m  s to ra g e.  

O pti o n  2 w i l l  i n di c a te i f  th e w a te r-ta b le a q u i fe r  h a s  e n o u g h  

wate r  i n  s to r a g e  to c a r ry th e p ro p o s e d  we l l o r  w e l l f i e l d o v e r  

th e dro u g ht p e r i o d. 
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U n de r  wa t e r- ta ble c o n ditio n s , wa t e r  is remove d  f ro m  s to ra g e 

by g r avity dra in a g e  t owa rd t h e  p oin t  o f  dis c h a r g e . G ra vity 

dra in a g e  wit h in t h e  a q uife r de c re a s e s  t h e  s a t u ra t e d  t h ic kn e s s  

a n d) t h e re fo r e
1 

r e du c e s  t h e  t r a n smi s s ib i 1 i ty o f  t h e  a q u ife r. 

O p tio n 2 ,  u s in g  t h e  n o n le a kly a r t e s ia n  s o lu tio n , c o mp e n s a t e s  fo r 

t h e  de c r e a s e  in a q u ife r t h ickn e s s  by u s e  o f  t h e  fo llowin g e q u a tio n  

w hic h wa s de rive d b y  Ja c o b  ( 1944) 

wh e r e 

( 7) 

s '  = dra w down  t h a t  wo u ld o c c u r  in a n  e q u iva le n t  n o n le a ky 
a r t e s ia n  a q uife r n o t  a f fe c t e d  by  g ra vity dra in a g e  
in f e e t , from Equ a tio n 1 ,  

s = o b s e rve d drawdown w hic h is a f f e c t e d  by g r a vity 
dra in a g e  in fe e t , a n d  

m = initia l s a t u ra t e d  t h ic kn e s s  o f  t h e  wa t e r-t a b le 
a q uif e r  in f e e t. 

O p tio n  3 

O p tio n 3 u s e s t h e  s te a dy s t a t e  s olu tio n  w h e re s im u la tin g a 

well field in a wa t e r - t a ble a q uife r wit h t h e  m ajo r s o u rc e  o f  

r ec h a r g e  b ein g  p re c ipit a t io n .  O p tio n  3 will in dic a t e  t h e  p ra c t ic al 

s u s t a in ed yield fo r a well o r  well field in a wa t e r-ta b le a q u if e r. 

Th e fo rm u la fo r t h e  s t e a dy s ta te s o lu tio n  wa s u s ed by  Wa lt o n  

( 1962) a n d c a n  b e  w rit t e n  a s  

s = (114.6 A/T ) R(Z) (8) 

w h e re 

R(Z ) = ( Z - lo gZ - 1) , ( 9 )  

- 5-



z 

s 

T 

Q 

w 
r 

= 

= 

= 

= 

= 

= 

2.68 X 105 Q 

d ra w d own  in o bse r v a tio n w e l l in f e et ,  

c o eff icie nt o f  tra nsmissib il ity in g p d /ft . , 

disc h a r g e  in g pm ,  

g ro u n d  wate r  r ec h a r g e  in in c h es  p e r  y e a r , a n d 

dista n c e  from  p um p e d  w e l l in fe et. 

{ 10 )  

O ptio n s  2 a n d  3 sh o u l d b oth b e  util ize d w h e n  e v a l u a tin g a wate r

ta b l e a q uife r .  

E q u a tio n 8 c a n b e  w ritte n fo r o n e  o bse rv a tio n w e l l to 

c o nsid e r  m o re th a n  o n e  p u m pin g w e l l a s  

w h e r e  

I 
s. = 

J E 
114 . 6 Q. 1 

T R { Z .  • ) 1 ' J i=1 

R(Z . . ) = (Z . .  - l o g z . .  - 1 ) , l, J l, J  l, J 

z. . 1 ' J 
= 

2 r. . W , ' J 
2 . 68 X 105 Q. 1 

j = th e n u m b e r  o f  th e o bse r v a tio n w e l l , 

i = th e n u m b e r  o f  th e p u m pin g w e l l , a n d  

I = th e tota l n u m b e r  o f  p um pin g w e l l s . 

( 11 ) 

( 12 )  

{ 13 )  

< < h T h e  l imit o f  a p p l ic a b il ity o f  E q u a tio n 12 is 1 . 0 - r r
e 

w e r e  

r e 
= 516 . 0 Q/W . 
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SIMU LATIO N OF A QU I FE R  BO U N DA RIES 

IMAG E W- I  sim u l a tes  g e o hy d ro l o g ic b o u n d a ries by m e a n s  o f  

th e ima g e - w e l l th e o ry d esc rib e d  b y  Fe rris ( 1959}. Ima g e - we l l 

th e o ry a s  it r e l a tes to the sim u l a tio n o f  g ro u n d  wate r a q u if e rs 

is a s  fo l l ows: th e e ff e c t  o f  a b a r rie r o r  r e c h a r g e  b o u n d a ry o n  

th e d ra w d ow n  o f  a p um p in g  w e l l is a s  tho u g h  th e a q u ife r w e r e  

in fin ite a n d  a disc h a r gin g o r  r e c h a rgin g  w e l l ( ima g in a ry ) w a s  

l o c a te d  a c ross t h e  b o u n d a ry ,  p e r p e n dic u l a r  th e r eto a n d  th e sa m e  

d ista n c e  f r om th e b o u n d a ry as  th e r e a l p u m pin g we l l .  T h e 

r e c h a r g e  o r  p um p  r a te fo r th e ima g e  w e l l is th e sam e  as  th e 

r e a l w e l l .  A n e g ativ e p u m p  rate in th e I MA G E W- I m o d e l  sig nifies 

r e c h a r g e. Th u s ,  I MAG E W- I mo d e l s b o u n d a ry p r o b l ems a s  a n  in finite 

a q u if e r  in w hic h  re a l  a n d  ima g e  w e l l s  o p e r a te sim u l ta n e o u sl y. 

Mo st g e o hy d ro l o g ic b o u n d a rie s do  n o t  o c c u r  as  a b r u pt 

b o u n d a ries ,  h owe v e r  it is o fte n p ossib l e  to tr e at th em a s  su c h. 

Fig u re 1 ,  a n  id e a l ize d se ctio n th ro u g h  a disc h a r g in g  w e l l 

il l u str a tes th e u se o f  a disc h a r gin g ima g e w e l l to sim u l a te a n  

imp e rm e a b l e b a r rie r .  In o rd e r  to sim u l a te a r e c h a r g e  b o u n d a ry 

th e disc h a r gin g ima g e  w e l l wo u l d b e  c h a n g e d  to a r e c h a rgin g  ima g e 

w e l l .  

Th e im a g e -w e l l  system f o r  a disc h ar gin g w e l l in a n  aq u if e r  

b o u n d e d  b y  rig h t  a n g l e  b o u n d a ries is sh own  in Fig u re 2. Th e 

ima g e - we l l system fo r a disc h a r gin g w e l l in a n  a q uif e r  b o u n d e d  

b y  p a ra l l e l b o u n d a ries is sh own  in Fig u r e 3. A r e c h a r g in g  we l l ,  

1 1 , a n d  th e disc h a r g in g ima g e  we l l , r2, a re p l a c ed a s  sh own;  

th ese w e l l s  p ro d u c e  th e d esir ed e ff ec ts fo r e ach b o u n d a ry .  

H ow e v e r ,  e a c h  ima g e  w e l l p ro d u c es a r e sid u a l  e f f e c t  a t  th e 

o p p osite b o u n d a ry w h ic h  m u st b e  e l imin a te d .  I t  th e r e fo r e  b e c omes 

n e c essa ry to a d d  a se c o n d a ry set of  ima g e  we l l s , 13 a n d  r4, a n d  

so o n. The hydrologist should add only as many image wells as 

are needed for the praatiaal solution of the problem. 
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NON PUMPING 
WATER LEVEL 

CONE OF DEPRESSIO� 
OF REAL WELL 

AQUIFER A 

-........IMAGE I I WELL ......... 
'II / "� / -r 

Fig ure  1 

.1 CONE OF DEPRESSION 
OF IMAGE WELL 

Id e a l ize d se c tio n th ro u g h  a disc h a r gin g w e l l 
il l u stra tin g th e use o f  a disc h a r g in g  ima g e  w e l l 

to sim u l a te a n  im p e rme a b l e b a r rie r ( F rom  Wa l to n , 1962) 

• 0 
13 12 

>-
a::O:: 0 lLJ<{ AQUIFER RECHARGING _o qO 

IMAGE WELL �. 
o::z 
0:::::> @..._DISCHARGING <{0 

It IDID REAL WELL 

DISCHARGING 
IMAGE WELL-- 0 0 

13 12 

--
>-

0::0:: AQUIFER lLJ<{ 0 _o @...._ DISCHARGING o::z 

It 0:::::> <{0 REAL WELL IDill 

Figure  2 

Ma ps  il l u str atin g th e use o f  im a g e w e l l s  
to sim u l a te rig h t  a n g l e b o un d a ries ( a fte r Know l es , 1955} 
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Fi g u r e 3 

Id eal ize d map il l u stratin g th e use o f  i ma g e w e l l s  
to sim u l ate a d i sc h ar g in g  w e l l 

i n  an aq u i fe r  b o u n d e d  by pa ral l e l b o u n d a ries 
(a fte r Know l es , 1955) 

E XAMP L ES OF IMAG E WE L L  SYST EMS 
USE D WITH IMAG E W- I  O P TIONS 

T h e  a uth o rs p ro p ose th e fo l l owin g i ma g e  w e l l systems an d 

o ptio ns  fo r use in si mu l ati n g  c e rta i n  a q u i fe r  systems. Fig u re 

4 i l l u stra tes a d i sc h ar g i n g we l l i n  a n  artesi a n  a q u i f e r  b e i n g  

su p p l i ed w i th r e c h a r g e  from th e o u tc ro p. T h e  system r e q u i res  

IMA G E W- 1  o pti o n  1 b e c a use of  th e a rtesi a n  c o n d i tio ns; th e p osi tio n 

o f  th e b o u n d a r i es are th e b a se an d to p o f  t h e  a q u if e r w h e re i t  

inte rse c ts th e su r fa c e  o f  the  g ro u n d . Ima g e  w e l l , 11 { i ma g i n a ry 

re c h a r g e  w e l l ) , si mul ates th e rec h a rge b o un d a ry a n d  i ma g e  w e l l , 

12 ( i ma g i n a ry d i sc h a r g e  w e l l ) ,  si mul a tes th e i m p e rm e a b l e b a r r i e r. 

Th e p l a c em e nt  o f  th e i ma g e  we l l si m u l a ti n g  r e c h a r g e , 11 , 

th e a u th o rs fe e l , i s  o p e n  fo r d i sc u ssi o n .  H owe v e r , th e r e c h ar g e  

- 9-



i ma g e  we l l sh o u l d n o t b e  p l a c e d  a ny c l ose r  to th e p um p e d  w e l l 

tha n twic e t h e  d i sta n c e  b e tween  th e p um p e d  w e l l a n d  th e to p of  

the aq u ife r w h e r e  it in te rse cts th e su rfa c e  of th e g rou n d . Th e 

ima g e  w e l l sh o u l d b e  r ec h a r g e d  at  th e sam e  p um p  r a te a s  th e r e a l  

w e  1 1  . 

Th e i ma g e  wel l si m u l a ti n g  th e i m p e rm e a b l e b a r r i e r , 12, i s  

p l a c e d a t  th e p in c h - o u t d u e  to th e we d g i n g o u t  (l oss )  of th e 

a q u ife r sec ti o n . Th e d i sc h a r g e  rate f o r  i ma g e  w e l l , 12, sh o u l d 

b e  th e sa me  a s  th e re a l  we l l .  

�� . . �·. · . . 
. . :· .- .. ... .

.

... �0 
Dischargin �:: �::.:.·.�··v� ·. � ·> Image Well� 

· 
·: · 0� · · . . • I ·. . . ( . .

. . 
o+ . ? · . . · . ·�c.. �·- . · . 

��c.. . ·X··. a o�: .. � . . · ... •... c:; ... ,:io 0� . . . . .

. 
·� . : . ': . �0 

�do . . /: . . I . . . :. . �� 0.;:, Recharge. · · .1. · 
. · . ·

. 0� 
Image Well.· .. ·• �c) �0 Discharging 

. . . c" IW ""' , 

� 
IDEALIZED MODEL 

Real Well 

Natural Discharging Real Well 
--�������---

CROSS 

Fi g u r e 4 

R e a l  a n d  i ma g e  wel l system 
si mu l a ti n g  d i sc h a rg i n g  we l l 

i n  a n  a rtesi a n  a q u i f e r  d ow n d i p 
from  r e c h a r g e  zo n e  (o u tc ro p ) 
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Si m u l a ti o n  o f  a d i sc h a r g i n g  we l l  l o c a te d  o n  th e o u tc ro p  of  

an  a q u i fe r  ( w a te r - ta b l e c o n d i ti o ns ) i s  i l l u str a te d  i n  F i g u re 5 .  

T h e  a b o v e  c o n d i ti o ns d i cta te th a t  th e hy d r o l o g i st u se IMAG EW- I 

opti o n  2 o r  o pti o n  3 d e p e n d i n g o n  r e c h a r g e  c o n d i ti o n s .  Th e 

posi ti o n  o f  th e i m p e rmea b l e bo u n d a ry i s  w h e re th e b a se o f  th e 

a q u i fe r  i n te rse cts th e su r fa c e o f  th e g ro u n d .  D i sc h a rg i n g i ma g e 

we l l , 1 1 , si m u l a tes  th e a b o v e  bo u n d a ry .  

In th e a b o v e  si tu a ti o n , th e d i sc h a r g i n g i m a g e  w e l l sh o u l d b e  

p l a c e d  a s  i f  th e a q u i fe r  w e re o f  u n i fo rm th i c kn ess. T h e r e a l  

we l l i s  l o c a te d  i n  th e c e n te r o f  th e r e c h a r g e  a r e a ;  h en c e a t  th i s  

l o c a ti o n  th e a q u i fe r  i s  th i n i n g towa r d  t h e  p i n c h - o u t a n d  thicke n i n g  

i n  th e o p p osi te d i rect i o n . Th e re m a y  b e  a c o m p e n sa ti n g  e ff e c t  o n  

wate r  l e v e l s d u e  to th e th i cke n i n g  a n d  th i n i n g o f  th e a q u i f e r. 

Th e d i sc h a r g e  r a te of  th e i ma g e we l l sh o u l d b e  th e sam e  a s  th e 

r e a l we l l .  

IDEAL I ZED MODEL 

CROSS 

Fi g u re 5 

R e a l a n d i ma g e  we l l system si m u l ati n g  
d i sc h a r g i n g we l l i n  a wate r - ta b l e a q u i fe r  

- 11-



S i m u l ati o n  o f  a d i sc h a r g i n g  we l l  i n  a wate r - ta b l e a q u i f e r  

i n flu e n c e d  b y  a f a u l t wh i c h d i sp l a c es th r e e  q u a rte rs ( 3/4 ) o f  

th e a q u i f e r  i s  i ll u strate d i n  F i g u r e  6. O pti o n  2 o r  o pti o n  3 

sh o u l d b e  u se d  de p e n d i n g o n  th e rec h a r g e  c o n d i ti o n s. D i sc h a r g i n g 

i m a g .e we 1 1  , I 1 , s h o u 1 d b e  p 1 a c e d  a s  s h ow n a n d  th e r a te o f  

d i sc h a r g e  sh o u l d  b e  3/4 o f  th e p u m p i n g  r a te o f  th e r e a l we l l .  

T h i s  si tu a ti o n  c a n  a l so b e  a p p l i e d to a str e a m  ( r e c h a r g e  b o u n d a ry ) 
wh i c h p e n etrates o n l y  o n e  q u a rte r ( 1/4) o f  th e a q u i f e r. T h e  

re c h a r g e  r a te a ssi g n e d to th e i ma g e  we l l  sh o u l d a p p ro x i m ate 1/4 

o f  th e p u m p i n g r a te o f  the  r e a l we l l .  

. . . 
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. . · · · • ' · • . . -Reklaw 4 �osc�.�·�·�� :
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Fi gu re 6 

R e a l a n d i ma g e w e l l sy stem si m u l a ti n g  
d i sc h a r g i n g we l l  i n  a wate r - ta b l e a q u i fe r  

i n f l u e n c e d b y  a fa u lt 
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Th e exam p l es  o u tl i n ed  i n  Fi g u res 4 th ro u g h  6 i l l u stra te 

h ow th e g e o metry a n d  f u l l o r  p a rti a l  p e n e trat i o n  o f  th e a q u i fe r  

by b o u n d a r i es (r e c h a rg e  o r  d i sc h a r g e ) a ff e c t  i ma g e  we l l p l a c e

me nt a n d  d i sc h a r g e . Th ese exam p l es sh o u l d b e  c o n sid e r e d  a s  

ro u g h  ap p r o xi m a t i o n s a n d  w h e n  p o ssi b l e th e hy d ro l o g i st sh o u l d 

v e r i fy h i s  mo d e l  by c om p a r i n g  th e si m u l a te d  h e a ds to kn o w n  

h i sto r i c a l h ea d s. Adju stme n ts c a n  b e  m a d e  to th e mo d e l  by 

c h a n g i n g 

1 .  Tra nsm i ssi b i l i ty ,  

2 .  Sto r a g e , 

3. R e a l a n d  i ma g e we l l d i sc h a r g e , 

4. Ima g e  w e l l p l a c em e n t .  

Th e IMAG EW- 1  mo d e l  w a s  d e v e l o p ed to si m u l a te sma l l  we l l 

f i e l d o p e ra ti o n s ,  h o we v e r  IMA G E W- I c a n  a l so b e  u se d  to si m u l a te 

l a r g e  a r e a s .  Wi l l i a m C .  Wa l to n  ( 1962 ) u ses th i s  typ e  o f  mo d e l  

to si m u l a te l a r g e  a r e a s  i n  Il l in o i s  to d ete rm i n e  p ra ctic a l  

su sta i n e d  y i e l d s .  
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I MAG E W- I P RO G RAM  D E S C R I PTIO N 

Ma i n  P ro gram  - - E X E C  

Th e ma i n  p ro gr a m  rea ds  a l l i n p u t d a t a  a n d  c a l l s  t h e  

n e c essa ry su b ro u t i n e s  t o  e v a l u a te t h e  d ra w d own  p ro d u c e d  f ro m  

p u m p i n g o n e  o r  m o r e  we l l s  i n  a we l l  f i e l d l o c a t e d  i n  e i t h e r  a 

c o n f i n ed o r  a n  u n c o n f i n e d  a q u i fe r. F i gu r e 7 sh ows t h e  ge n e r a l 

pro gr a m  f l o w  d i a gr a m. E XE C  c a l l s  t h r e e  Fo r t r a n  su b ro u t i n es. 

S u b r o u t i n e  WF U N C1 

Th i s  su b r o u t i n e c a l c u la t e s  t h e  we l l f u n c tio n , W ( u ) ,  f o r  

v a l u es o f  u gre a t e r  t h a n  0 a n d  l ess t h a n  1.0. 

S u b r o u t i n e WFU N C2 

Th i s  su b ro u t i n e  c a l c u l a t es t h e we l l fu n c t i o n , W ( u ) ,  fo r 

v a l u es of u gre a ter t h a n  o r  e q u a l  to  1.0 a n d  l ess t h a n  o r  e q u a l  

t o  10.0. 

S u b r o u t i n e  QUA D RO 

Th i s  su b r o u t i n e so l v es t h e  q u a d ra t i c e q u a t i o n  ( E q u a tio n 7) . 
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MAIN PROGRAM - - EXEC 

1. Read Probl em Ti tl e 

2. Read Program Control Data 

3. Read E l apsed Times of 
Pumpi ng Peri ods 

4. Read Operati ng Wel l 
Locati ons { X ,Y )  and 
Pump/Recharge Rates for 
Each Pumpi ng Period 

5. Read Observati on Wel l 
Locati ons { X ,Y} 

6. Compute Radi us Tabl e 

7. Compute Pump/Recharge 
Rate Differences 

8. Ini tia l i ze Drawdowns 

9. Compute Drawdown at Each 
Observati on Wel l for 
Each Pumpi ng Peri od 
Speci fi ed 

10. Wri te Output of Drawdown 
at Each Observati on Wel l 
for Each Pumpi ng Per iod 

r ---

I 

r -
-

1 
I 

I I � -' _j r---

-- - J 

F i gure 7 

SUBROUTINE - - WFUNC1 

Compute Wel l Functi on , W{u} ,  
for Val ues o f  u greater than 
0 and l ess than 1 

SUBROUTINE  -- WFUNC2 

Compute Wel l Function , W(u},  
for Val ues of u greater than 
or Equa l to 1 and l ess than 
or Equal to 10 

SUBROUTINE -- QUADRO 

Compute Correcti on for 
Dewateri ng When Usi ng Option 2 

IMAG E W- I  Genera l P ro gr a m  F l o w  C h a r t 
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I N P UT F I L E D E S C R I PT I O N  

A l l o f  t h e  i n put d a t a req ui red b y  I MA G EW- 1  a re i n  c a rd 

fo rm. These d a ta a re i temized o n  t h e i n put fo rms sh own  in 

F i gure 8 ,  a n d  a re d esc r i b ed i n  d eta i l  by c a rd t y p e  i n  F i gure 9. 

F i gu re 10 d i sp l ays t h e  seq u en ce i n  w h i c h  t he c a r d s  must en t er 

t h e  c om puter. Th e ty pes o f  c a rds p erm i t t ed a re a s  fo l l o ws: 

Title 

P RO BL E M  NAME  

E N D F I LE 

Program Control 

C O NTRO L 

E N D F I L E  

Elapsed Pumping Times 

E LA P S E D  T I M E S  

E N D F I L E  

Operating Wells 

O P  WE L L S  

EN D F I L E  

Observation Wells 

08 WE L L S 

E N D F I L E  
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WELL 
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CARD OR rnw ro DESCRIPtiO:f 

•••PROBLEM DESCRIPTION FILE • • •  

Listed below are the detllhd descriptions o f  the 
data required for the problea description (two 
cords only). 

TITLE I See descriptions below. 

Narrathe description of the problea. Any 72 
alphlnu,.ertc or other peralsslbh characters can 
be supplied to this .tttlo data array. 
Coluus (9·80) 
Note: If ENDJOB Is used for the cord tdenttflca· 
tton, Instead of TITLE, the coaputer Interprets 
this as a co=,.and to teralnate the job. 

ENDFILE I This card aust follow the above TITLE card except 
when ENDJOB Is used. The coaputer recognizes 
this as the last card In this file and expects 
data froa the next fth to follow. 

000PRDGRA" CONTROL Fl LE• • •  

Listed below are the detllled descriptions of the 
data required for prograa control (two cards 
only). 

COMTROL I Sect descriptions below. 

EHDFILE 

Totol nu,.ber or operotlng wells In the well field. 
Colu11ns (14-16). 

Totol nu11ber of obserVItlon wells In the wall 
field. 
Colu .. ns (23-24) 

Nu11ber of pu11plng periods. Colu"n (32) 

Progroa option to deteralne the typct of solution 
desired. 1. solution for study-stlto water table probloas. 
2. solution for non·leoky orteshn problea. 
3. non-leaky erteston solution used with a 

correction for woter table conditions. 
Coluan (43) 

Transatsslbillty of tho aquifer In gallons per 
day per foot. 
Colu,.ns (53·50) 

Storage coefficient of the aquifer. 
Coluans (U-70) 

Thickness of the aquifer In feet for options 2 
and 3 or nerage recharge In Inches per yeor for 
option 1. 
Coluans (13·80) 

This cord aust follow tho above data cards. The 
co,.puter recognizes this as the last card In File 8 and expects File C data to follow. 

PROC/WI VARIABlE 

TITLE(!) 

NOPIIEL 

NOBIIEL 

NUKPMP 
OPTION 

TRANCF 

STORCF 

ATHICK 

I 11 A G E II - I INPUT FILE DESCRIPTION 

CARD OR fi'ELD ID DESCRIPr1011 

• ••ELAPSED PUMPING TIME • • •  

Listed below ore detailed descriptions of the 
data requt red for specifying the elapsed puaplng 
t laos (two cards only). 

ELAPSED I See descrlpttpns below. 
TIMES 
FROM 

Tho day, aonth, and calendar year when pu,.pt ng 
began. 
Colu=ns (23·30) 

Tho puaplng schedule designating the ttaes whon 
changes In the puaptng rate occur In years since 
puaptng started (Halted to autaua of six 
put ads) 
Colu10ns (34·80) 

ENDFILE I This card aust be the last card In File C. The 
coDputer recognizes this as the lost rt le C cord 
and expects File D data to follow. 

• ••OPERATING IIHL DATA••• 

Listed below are detailed descriptions of the data 
required for describing the operating wells. 

OP IIELLS I See descriptions below. 

ENDFILE 

ldentl ftcatton ar well. Any four alphanuaerlc 
characters aay be used. 
Colu=ns (10·14) 

X-coordtnote af operotlng well (feet). 
Colu=ns 115·22) 

Y·coordtnate of operating well (feet). 
ColU"ns (24·31) 

The puaptng schedule designating the averoge 

��=�m e�a��s rl�:ML In 
.::���e�"�!::.::r:::ptng 

rates Indicate recharge wells. 
Col uans 

This card aust be the last card In Filet D. Tho 
coaputer recognizes this as the last Ftle D card 
and expects File E data to follow. 

FIGURE 

PROCIWI VARCABU 

DATE 

EL TIME 

OPIIELL 

OPXCOR 

OPT COR 

RATE 

CARD OR 
PI'EUJ...E?, 

08 IIELLS 

II 
ENOFILE 

DI!SCRI1'TIOII 

0000BSERYATIOII IIELL DATA• • •  

Listed below & r et  detailed ducrlptlons o f  t h e  dotl 
required to d..scrtbe the obserVItlon wells. 

Scte descriptions below. 

llelL tdentlflcotlon. Any four alphanu,.erlc 
characters aay be used. 
Colu11ns (11·14, 35-38, 59·62) 

X·coordlnate of obserutlon well (feet). 
Coluans ( 16-h, 40-47, 64·71) 

Y·coordlnate of obserVItlon well (feet). 
Colu11ns (25·32, 41·56, 73·80) 

This card aust be thct lut card In File E. The 
coaputer recognizes this as the last File E card 
ond expects no further card Input to this problea. 
Once uocutlon hu been co,.pleted for this 
problea, progra• control Is returned to Step 0 1  
In the U E C  routine to deteralne If another pro· 
blea Is to be processed. 

I'ROCIWI VAJIIABU 

OBIIELL 

OBXCOR 

ODYCOR 



E N DJO B  

� E N D F I LE 

I 
vas WELL S  F I L E E - - O b se r v a tio n We l l D a t a  

VE N D F I L E  

. 

7 I 
vop WE LLS F I L E D - - O p e ra t in g  We l l  D a t a  

�E N D F I L E  

V E LA P S E D  F I LE C - - E l a psed P um pin g Tim e s  

II' E N D F I L E  

� C ON T RO L  F I LE B - - P rogr a m  C o n t ro l  D a t a  

�E N D F I LE 

IV T I T L E  F I L E A - - P ro b l em Desc rip tio n 

Figur e 10 

I n put Da ta  O rga n iza tio n  
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O U TP UT F I L E  D E SC R I PT I O N  

T h e  o u t p u t ge n e ra t e d  b y  t h e  I MAGEW- 1 P ro gr a m  i s  p rin t e r

o u t p u t a n d  c o nsists o f  t h e  fo l l ow i ng  two  p a rts: 

1 .  a n  e c h o  o f  a l l in p u t  d a t a , a n d  

2. t h e  r e su lts giv e n  by t h e  p r ogram. 

Listin gs o f  t h e p rin te r - o u t p u t p ro d u c e d  by  t h e  IMA G EW- 1 p ro gr a m  

fo r t h r e e  d i f f e r e n t p ro b l ems t o  i l l u st r a te t h e  u se o f  t h e  t h r e e  

d iffe r e n t  o p t i o ns in t h e  p rogram a r e sh own  o n  t h e  fo l l o win g p a ges. 

Figu r e  11 sh o w n  t h e we l l f i e l d l ayo u t  fo r a p ro b l em  simil a r  t o  t h e  

o n e  sh own  in F i gu re 4 w h ic h  is a n a l yze d b y  exe r c isin g O p tio n 1 

o f  t h e  p ro gr a m. Figu r e  12 sh ows  t h e  w e l l f i e l d l ay o u t  f o r  a p ro b l em 

simil a r  to t h e  o n e  sh own  i n  F i gu re 5 w h ic h  is a n a l y ze d  by exe r c ising 

O p tio n  2 or  O p tio n  3,  d e p e n d i n g on  w h e t h er o r  n o t  t h e  o u t c ro p  is 

r e c eivin g r e c h a rge .  As d i sc usse d p re v io u sl y ,  O p tio n  3 is u se d  w h e n  

t h e  a q u if e r  is r e c e i v i n g r e c h a rge. Th e sto ra ge c o e f ficie n t  a n d 

a q u ife r t h i c kn ess a re n o t  used in t h i s  inst a n c e  a n d  a v a l u e  fo r 

t h e  r e c h a rge in u n its o f  in c h es p er y e a r  i s  r e a d i n  w h e r e  t h e  

a q u ife r t h ickn ess is n o rma l l y  r e a d  in. I n  t h is e xa m p l e  a r e c h a rge 

v a l u e  o f  3. 0 i n c h es p e r  y e a r was  u se d .  

- 21-



25,000 

Fi gure 11 

@ DISCHARGING REAL WELL 
Q OBSERVATION WELL 

• RECHARGING IMAGE WELL 
® DISCHARGING IMAGE WELL 

E xa mple P r o blem - Well Fi eld Layout 
A rtesi a n  C o n d i ti o ns: N o n lea ky Aresti a n  S o l uti o n  
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25,000 

OIPOI 

20,000 

15,000 ¢WOI 
® 

10,000 

5,000 

@ DISCHARGING REAL WELL 
0 OBSERVATION WELL 
® DISCHARGING IMAGE WELL 

�IMPERMEABLE 
BOUNDARIES l 

®0W04 
OUTCROP 

@PWOI 

® ¢JW02 

0 �--------�--------�--------�----------�--------� 
0 5,000 10,000 15,000 20,000 

X(FEE T) 

Fi gur e 12 

E xample P r o blem - Wel l Fi eld L a y o ut 
Wa ter Ta ble C o n d i ti o ns  
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EXAMPLE OUTPUT 
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I N U'l I 

UATA 

IYPl 

-- - -

T I I LE 

t.NUFILE 

UATA 

TYPE 

- ---

CONTJotOL 

£NUFllE 

OATA 
JYPt. 

- ---

£LAPSED 

ENUFILE 

LJATA 

IYPE 

-- --

OP �ELLS 

OP WELlS 

OP t�ELLS 

I 
••• INPUT DATA PROBLEM NOe 1 ••• 

DESCRIPTIO� OF PRO�LEM 

�-----�-�-�----- ---�--

lXAMPLE PROBLEM OPTION NO• I ARTESIAN CONDITIONS (NONLlAKY SOLUTION) 

No. OF NOe Of NO. OF T YPE TRANS• AQlJIFER 

OPE�. O B S I'<t e PUMPING OF t-1 I S S I b I L I T Y ST OR A G E THICKNESS 

_..ELLS NE.LLS t-JERIODS .SOLUTJOf\. lGPO/FT) COEf• (FEET) 

------ - -- - --- ------- -------1!11- ----------- -------- __ .,_ ... ___ 

9 8 5 1 lSOUOU.O .ooosuo sou.o 

STARTING ELAPSED TIME (YEA�S) BY PE.RIOD 
lJATE 1 2 3 .. s 6 

-- -- - --- -- --- -- --- ----- ----- ----� -- ---

TIMES fROM 01-01-73 1.oo 2.00 J.oo ... oo �.au 

WELL WELL COORDINATES PUMP AGE AND RlCHARGE RATt..S lGPM) BY PEKIOO 

TYPE X ( F T ) y ( F T) 1 2 3 ,. s b 
--- - ------ ---- -- --- -- ----- ----- - ---- -- -- - --- ---

PWOl 10000•0 Jooo.o touo.o tooo.o tsoo.o zouo.o zooo.o 

I POl tooo.o 12ooo.o 1000.0 tooo.u 1500.0 zouo.u 2000eU 

I RO.l 8000•0 sooo.o -touo.o -1ooo.o -1500e0 -zouo.o -zoou.u 

OP �ELLS PW02 15000•0 sooo.o soo.o soo.o 7So.o lOUOeU toou.u 

OP VvELLS IP02 'fSOOeO ts�oo.o soo.o soo.o 1so.o tooo.o lOOO.U 

OP WELLS 1�02 10000•0' 1ouoo.o -soo.o -soo.o -7so.o -1oou.o -tooo.o 

OP �\ELLS PtvO 3 17000•0 90ou.o 1ooa.o lOOC.U lSOOeO 2U00e0 zooo.u 

OP WELLS IPUJ 7 5 00•0 tasou.o toco.o tooo.o 1. sao. u 2UUO.O 20oo.u 

OP WE.LLS IR03 l'fOOO•O 12UQUeO -1ooo.o -tooo.o -1�oo.o -2ooo.o -zoou.u 
ENOFILE 



I N 0'1 I 

.• ., 

UATA ,\•EL L WELL COORDINATES ��ELL WELL COORDINATES Wf.L� WELL COORDINATES 

TYPE:. TYPE. X ( F T ) y C F T ) TYPE X ( F T I y ( F T) T YPE X ( f T ) y C F T ) 

---- ---- ------ .... ---- ---- ----·- ------ ---- __ .. ___ __ .. ___ 

OB WELL S PWOl 1000U,Q JOOQ,tJ PtAJU2 lSDOOtO �ooo.o P�Ol 17000,0 9000.0 

OB W�LLS 0�01 12000.0 tooo.o OW02 t7ooo.o tuoo.o O�U3 20000,0 ;ooo.o 

OB VvELLS Oi40'i l'+OOOeO 7ooo.o o�u:. 190oo.o 12000.0 
ENOFILE 

••• PROBLEM NO, 1 ••• 

EXAMPLE PROBLEM OPTION N O• 1 A�Tl S lAN CONDITIONS (NONL£AKY SOLUTION) 

VVELL WELL 

TYPE 10 
---- --- --

OB td:.LLS P �-vo 1 
OB �ELLS PW02 

OB WELLS Ptt0 3 

OB WELLS Q'j\'Ul 

OB WE:.LLS OW02 

OB WELLS Ovv03 

08 vV E L L 5 0 .N 0 � 
0 B WELLS 0 .� 0 5 

WELL COORDINATES 

X C F T ) y ( f T) 1 
------ -

.. ---- ---- .... 

10000•0 Jooo.o 22e2 

15000•0 soou.o 1 7. 3 

17000•0 9oou.o 22.a 

12000•0 looo.o 1u.q 

17000·0 luoo.o 10e2 

20000•0 suoo.o 10el.f 

1'+000•0 7ooo.o 1 1 • 2 

19000·0 12oou.o 1 0 • 1 

ORAt/;OQtrN (FlET) BY PERIOD 

2 3 'f s 6 

--- -- ----- -- ---- .. ____ -----

23,5 3Se£f £f7.7 '+9.2 

18.6 28eU J7.9 39.J 
2Lf. l 36el '+8.9 so.'t 

l 2. 2 l8e'i 2Sel 2beb 

1 1 • s 1 7. 't 2 3 .7 2�.2 

1 1 • 7 17.7 2'+.1 25.� 

12.6 ta.v 25.8 27.2 

1 1 • � 17.2 2 3 e S 2 'te9 



I 
N '-J I 

" 

••• INPUT DATA PROBLEM N O ,  2 ••• 

DATA 

TYPt: 
----

DESCRIPTION O f  PROBLEM 
------------ ----------

TilLt: EXAMPLE PROBLEM OPTION NO• 2 �ATER TA B LE cor�DITIONS (NO RECHARGE) 
ENUF'lLE 

OATA 
TYPE. 

----

CONTROL 

ENOFJLE 

UATA 

TYPE 
-- --

NOe OF 

OPER. 
v, ELLS 

_ .. ____ 

2 

NOe OF NO, O F  
OBSR• PUt-1PINu 

�ELLS P E RIODS 

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

s 4i 

STARTING 

DATE 

- ------ -
ELAPSED TIMES FROM 
t.NOFILE 

0 6 •01-72 

OATA WELL ''lfELL COORD I NATES 

TYPE TYPE X ( FT) y C f T) 
-- -- --- - - ----- ------

OP �ELLS Pi\01 12000•0 lSUOOeO 

OP WELLS I POl '4000•0 2 Jooo,o 

ENUFILE 

TYPE TRANS• AQUI F ER 

Of MISSIBILITY STO RAGE THICKN E SS 

SOLUTION (GPO/FT) COEFe (fEET) 
__ ..., ______ ------�---- ------�- --------

2 7 S OOOeO .200000 2E»o.o 

ELAPSED TIME (YEARS) BY PERIOD 

.oa 

2 3 � s 

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

• 1 7 . zq .so 

0 
- ----

PUHPAGE AND RECHARGE RA T E S CGPM) BY PERIOD 
1 2 3 .. s b 

-- ---
soo.o 

soo.o 

-----

soo.o 

soo.u 

-----

soo.o 

�oo.o 

-----

suo.o 
f,Uo.o 

- - --- --- --



I N 00 
I 

>I 

UATA ',\'£LL (I E L L c 0 0 R 0 l N A T E s wE L L  ',1\iELL COORD I N A TES .V£LL WELL COORDINATES 

lYPt T YPE X C F T ) y ( F T) TYPE X ( F' T ) y ( F T) TYPE X ( F T ) y C F T) 
---- --0- __ ,.. ___ •••u•• --- - ------ - .. ---- ---- - - - �--- ------

OB WELLS Ptl(1 1 1 2000.0 1 5ouo.u 0�0 1 7000·0 l'+OOOeU o�-vu2 1 1000.0 tloo u.o 

OB WELLS OW03 1 7000.0 1'+000.0 OWU'f 1 6000·0 lYOOOeO 

ENUF I LE 

••• PROBLEM NO, 2 ••• 

EXAMPLE PROB L EM OPT I ON NOt 2 � A T£R TABLE CONDITIONS CNO RECHARGE) 

�-wE.LL WELL ��ELL C 0 0 R D I �� A T E S ORA¥\DO��N (FEET) BY PER I OD 

lYPE I D  X ( F T) y ( f T) 1 2 .l 'f s 6 
- - - - ---- ------ --- - - - ----- ----- ----- ----- ----- -----

08 WELLS PWOl 12000•0 lSOOOeO 1 1 • 7 12.3 12.6 13.2 
OB Y4ELLS 0•\0 1 7000·0 l'tUQO.Q .a .o • 1 .3 

08 �ELLS Ovv02 11000•0 13UQO,Q ·2 .s . 7  1 • 2 

OB WELLS 0WQ3 1 7000•0 l'fOOOeO .o .o • 1 .3 

08 Wt::LLS OWO'f 1 6000•0 19 uoo.o .a .o .o .2 



I N \.0 I 

( .. 

••• INPUT DATA PROBLEM NO, 3 ••• 

UATA 

JYPE 

----
OESCRIPTION OF PROBLE� 

------------�---�--�--

TilLE. 

£NOFILE 

EXAMPLE PROBLEM OPTION NO• 3 �ATER TABLE CONDITIONS (WITH RlCHARGE) 

lJATA 
TYPE 

----
CONTROL 

E NUFllE 

UATA 

lYP£ 

----

No. or 
OPE:R. 

v.:ELLS 

- -.----

2 

NO, O F NO, Of 

oesR. PUMPIN G  

·:�E.LLS PERIODS 

------ --- - - --
s l 

STARTING 

DATE 

--------

�LAPSED TI�ES FROM 

lNOFILE 

01•01-13 

OA T A  �ELL ¥vELL COORD I fi.IA TlS 

TYPE. TY PE X ( F' T ) y ( F T ) 
---- ---- ------ ------

OP WELLS PJ�Ol 12000•0 tsouu.o 
OP WELLS I POl '+000·0 2 Joou.o 

ENOFtLE 

TYPE TRANS• AQUIFER 

OF MJSSIBILITY STORAGE RECHARGE 

SOLUTION CGPO/FT) COEF'• liN/YEAR) 

----- --- __________ .. -------� -�-------

3 7 SOOO.O .oooooo 3.0 

ELA PSED TIME (YEARS) BY PERIOD 

----- -

.oo 

2 3 '+ s 
- ---- ------ -- ---

6 
-- - --

PUMPAGE AND RECHARGE RATES lGPM) AY PERIOD 

1 2 3 � 5 6 

sGo.o 
suo.o 

---- - .. ---- ----- --.. --



I 
w 
0 
I 

lJATA �-..E. L L WELL COORDINA TES wELL WELL COORDINATES �ELL WELL COORDINATES 

lYPE TYPt X ( f T ) y C f T) TYPE X ( F T )  y ( F T J TYPE X C F T) y (fl) 
---- ---- ------ _ ....... ._ _ __ .. ----- ------ _ .. _ .. ------ ----CD-

08 WELLS PWOl tzoou.o tsouo.a OJ/01 70oo.o t'tooo.o QwU3 1 1000.0 13000.0 

08 WELLS 0�03 170QO,Q l'tOUOeO OWO'i 160oo.o 19000·0 

ENOFILE. 

••• PROBLEM NO, 3 ••• 

EXAMPLE PROBLEM OP T ION NO• 3 �AT[R TABLE CONDITIONS (WITH RECHARGE) 

•"fELL WeLL 
TYPE. 10 

-- -- -----

0 B .V E L L 5 P �J 0 l 
0 B n E L L S 0 .� 0 l 
0 8 � £ L l S 0 �-v 0 3 

OB WELLS 0W03 

08 �.ELLS O�O'f 

•1 E L l C 0 0 R 0 I N A T E S 

X ( F T ) y ( F T) 
------ ------

12000·0 tsooo.o 

7000•0 l"tOOUeO 

1 1000•0 tloou.o 

17000•0 l'fOOOeO 

16000•0 190QUeO 

OR A "'�DO�•N (FEET) 6Y PERI DO 
1 2 3 'i 5 6 

- ---- ----- - ---- ----- ----- .. ----

12. 7 

• J 
1 • 0 

• 1 

.a 
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PROGRAM LISTING 
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4utt 

1�>-• "Utt i Yl-'r. 

�tlJt·h.�IPI to�, OF �kVIJLEM 
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"�rl-------------------
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fo-Urt�"l t l !:» A • 2 li A · .J  
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VAR I ABLE NAME 

AT H I C K 

DAT E  

E L T I M E ( N ) 

E RATE ( I , N ) 

N O BWE L 

NO P WE L  

N UM P M P  

O BWE L L { J ) 
! 

O BX C O R ( J ) 

O BY CO R ( J ) 

O P T I O N 

O P W E L L ( I ) 

VAR I ABLE DESCR I PT I ONS  FOR PROGRAM 
I MAGEW� I 

DEF I N I T I ON 

A v er age t h i ckn ess o f  a q u i fer , i n  f eet. 

The day , mo n t h , a n d  c a l en d a r y ea r w h en 
p um p i n g b ega n .  

T h e  ela psed t i me a t  t h e  en d o f  p e r i o d  N 
si n c e p u m p i n g b ega n , i n  yea rs. 

T h e  i n c remen ta l c h a n ge i n  p um p i n g f o r  
o per a t i n g well I d u r i ng p e r i o d  N ,  i n  G P M.  

The  t o t al n u mber of  o bserv a t i o n wel l s. 

The  to t a l  n u mber o f  o pe ra t i n g wel ls ,  t h a t  i s , 
wells t h a t  a re ei t h er p um p i ng  o r  rec h a rgi ng. 

T h e  t o t a l n u mb er o f  p u m p i n g p er i o d s. 

I d en t i f i c a t i o n o f  o bser v a t i o n  well J .  A ny 
fo u r  a lp h a n u mer i c  c h a r a c t ers m a y  b e  u sed . 

X - c o o r d i n a t e lo c a t i o n  fo r o bserv a t i o n well 
J ,  i n  feet . 

Y - c o o r d i n a te lo c a t i o n  f o r  o bserv a t i o n well 
J ,  i n  feet. 

O p t i on  to selec t t h e  ty p e  o f  so lu t i o n t h a t 
i s  d esi red . 
O p t i o n  = 3 : i n d i c a tes t h a t t h e  so l u t i o n  i s  

t o  b e  f o r  a st ea dy -st a t e  wa ter 
t a ble c o n d i t i o n .  

O p t i o n  = 1: i n d i c a tes t h a t t h e  so l u t i o n  i s . 
to  b e  f o r  a n o n - leaky a r tesi a n  
co n d i t i o n . 

O p t i o n = 2 :  i n d i c a t es t h a t t h e solu t i o n  to  
b e  used i s  a n o n - lea ky a r t esi a n  
ty pe w i t h  a c o r r ec t i o n  f o r  w a ter 
ta ble c o n d i t i o n s. 

I d en t i f i c a t i o n  o f  o p era t i n g  well I .  A ny fo u r  
a lp h a n u mer i c c h a ra c t ers m a y  b e  u sed . 
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O P X CO R { I ) 

O P Y C O R ( I )  

R ( I , J )  

RAT E ( I , N )  

R E C HA R G  

S TO ( J , N ) 

S T O R C F 

T I M E ( N )  

T I T L E  

T RAN C F  

X - c o o r d i n a te l o c a t i o n o f  o p e ra t i n g  w e l l I ,  
i n  f e e t . 

Y - c o o rd i n a t e l o c a t i o n o f  o p e r a t i n g  w e l l I ,  
· i n f e e t . 

D i s ta n c e  b e tw e e n  o p e r a t i n g  w e l l I a n d  
o b s e r v a t i o n we l l J i n  f e e t . 

P u m p i n g  ra t e  a t  o p e r a t i n g  w e l l  I d u r i n g  
p um p i n g  p e r i o d  N .  N e g a t i v e  p u m p i n g r a t e s  
i n d i c a t e  r e c h a r g e . U n i t s  a re G P M . 

U n i fo rm r e c h a r g e  ra t e  o v e r  t h e  a q u i f er , i n  
i n c h e s pe r ye a r . U s e d o n l y f o r O p t i o n  1. 

T h e  d r awd own  a t  o b s e r v a t i o n  w e l l J a t  t h e  
e n d  o f  p u m p i n g  p e r i o d N ,  i n  fe e t . 

T h e  a v e r a g e  s t o ra g e c o e f f i c i en t  o f  t h e  a q u i fe r . 

T h e  l e n g t h  o f  p u m p i n g  p e r i o d N i n  y e a r s . 

N a r ra t i v e  d e s c r i p t i o n  o f  t h e  p ro b l em  b e i n g 
r u n . Any  72 a l p h a n u m e r i c  c h a ra c t e r s  m a y  b e  
u s e d . 

T h e  a v e r a g e t ra n s m i s s i b i l i ty o f  t h e  a q u i fe r  
i n  g a l l o n s  p e r d ay p e r f o o t  . 
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