
Stationary Level Method for Measuring In-Situ kH and S
Methode du Niveau Stationnaire pour I'Estimation In-Situ de kH et S

3/10

A. HOLEYMAN Ir. MS., Franki International, Liege, Assistant C.E., Free University of Brussels
Formerly Research Engineer, Scientifical and Technical Center for the Construction Industry, Brussels.

SYNOPSIS In  s p ite  o f  it s  time consum ption ana c o s t , the punpinn te st  is  s t i l l  the most r e l ia b le

procedure to determ ine the tra n sm iss iv ity  (kH) and storage c o e f f ic ie n t  (S) o f a q u ife r s . Th is  paper 

o u tlin e s  the p r in c ip le s  o f  pumping te sts  of short d u ratio n . A chart  is  g iven  for  quick  in te rp re ta t io n

of the stationaiy  co n d it io n  and the f i r s t  experim ental ev idence  c o lle c te d  on a large scale  is  s u p p lie d .

INTRODUCTION

The tra n sm iss iv ity  kH (product of the perm eabi­

l i t y  k by the th ickness  H o f  the perm eable s t r a ­
tum) and the storage c o e f f ic ie n t  S o f  a co n fin e d  

a q u ife r  are u su ally  deduced from pumping te st  

d a ta . When the in te rp re ta t io n  is  perform ed accor­

ding  to the steady- state flow  c o n d it io n , one 

must make sure that these co n d it io n s  are f u l ­
f i l l e d  at  the cost o f  a lengthy  t e s t , o th erw ise , 

r e s u lts  may not be r e l ia b le  enough. When the i n ­
terp re tat io n  is  perform ed according  to the tra n ­

s ie n t  flow  c o n d it io n s , the usual procedure is  to 

solve g r a p h ic a lly  or m athem atically  two eq uations 
w ith  two c o e f f ic ie n t s  which y ie ld  the fundamen­

ta l  param eters o f  the a q u ife r . Even so , most of 

the procedures tend to use the la t e r  d a ta , cor­

responding  to a q u asi steady- state . Only  a few 

procedures (Chow, Th eis  194 0) use the true ma­

them atical so lu tio n  desig n ed  by T h e is , and gene­

r a lly  w ith  some degree o f  im precision  due to v i ­

sual adjustm ent o f  a standard  cu rv e , or some 

g rap h ic a l  con stru c tio n .

The s ta t io n a ry  lev e l  method, w hich  is  introduced  

h e r e in , allow s one to deduce q u ic k ly  the values  

o f  kH and S from a com bination o f  true T h e i s ' 

s o lu t io n s , which  means that real f i e l d  con d ition s

are more c lo se ly  taken into  account. The com plexi

ty a s so c ia te d  w ith  the u n s im p lifie d  so lu tio n  is

elim in a ted  through the a n aly sis  o f  a p a r t ic u la r

p o in t  o f th e ir  com bination  (the s ta tio n a ry  po int)

and through the use of a sim ple c h art .

THE STATIONARY LEVEL METHOD 

A ssum ptions .

The assum ptions are those adm itted  by Theis  plus 

the p r in c ip le  of su p e r p o s it io n . I t  is  u sefu l  to 

remember here the hypotheses that led  Th eis  to 

sta te  h is  so lu tio n  for  the case of a constant 

d ischarg e  s t a rt in g  at time t = 0 :
1) over the area in flu e n c e d  by the pumping t e s t ,

the a q u ife r  is  c o n fin e d , homogeneous, is o t r o ­

p i c ,  h o r izo n ta l  and of constant th ickness

2) the i n i t i a l  p iezo m etric  su rface  is  h o r iz o n t a l ,

the v e lo c ity  o f  w ater is  purely  h o r iz o n t a l ,

the w ater removed from storage is  d ischarged
in sta n ta n eo u sly  w ith  d e c lin e  of h ead , and the

storage of the w ell is  n e g l ig ib le
3) D a r c y 's  law of f i l t r a t io n  and the p r in c ip le

of c o n t in u ity  are v a l id .

In  i t s e l f ,  the p r in c ip le  o f su p erp o sition  w ith  

respect Lo time is  a mere a p p lic a t io n  o f  the 

p r in c ip le  o f  c a u sa lit y  and i t  does not b rin g  any 

m athem atical r e s t r ic t io n , due to the fa c t  that 
T h e is ' so lu tio n  for  the drawdown is  an in te g r a l  

of elem entary fundam ental so lu tio n s  o f it s  d i f f e ­

r e n t ia l  e q uatio n .

S o lu t io n .

It  has been shown (Holeyman 1979) that the re s ­

ponse curve of the p ie zo m etric  lev e l o f a con­
f in e d  a q u ife r  at a d istan ce  r from the w e l l , re ­

s u lt in g  from pumping for a lim ite d  p e rio d  o f  tim e, 

e x h ib it s  a minimum. As a m atter of f a c t ,a f t e r  

the pump has been turned o f f ,  the water lev e l 
continues  to decrease u n t il  i t  becomes sta tio n ary , 

and only  then does i t  grad u a lly  recover it s  i n i t i ­

a l  l e v e l .
In  terms of speed o f  the w ater drawdown, the s t a ­

tio n ary  lev e l is  c h ara c te r ize d  by a value o f  zero .

A fundam ental so lu tio n  to Th eis  equation

AC = i i s :
a dt

r
4at

Z (r ,t )  

in  which

4irkH
(1)

r is  the d ista n c e  between the p o in t  of observa­

tion  and the w ell 
t is  the s ta rt in g  time when the pump is  turned 

on
Q is  the constant w e ll  d ischarge  

k is  the pe rm eab ility  o f the medium 
H : f the th ickn e ss  o f the c o n fin ed  a q u ife r  
a is  a c o e f f ic ie n t  which  depends only  on the 

c h a r a c t e r is t ic  o f  the a q u ife r :

a =
(m^ + ng)w

kH
S

(2)

where
m is  the c o m p r e s s ib ility  of the medium 

nV is  the po ro sity  of the medium
B is  the c o e f f ic ie n t  o f c o m p re ss ib ility  of water 

u is  the s p e c if ic  w eight of water

It  happens that Z ( r ,t )  represents  the v elo c ity  

o f the w ater draw down s in ce  it s  in te g ra tio n  of

time g ives  the w ell known T h e is ' curve .
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(a)

-To o

-To

F ig . 1 ( a ) , (b) pumping s ig n a ls

(c) p iezo m etric  v elo c ity
(d) p iezo m etric  response

Using  the p r in c ip le  o f s u p e r p o sit io n , one can 

view  pumping for a lim ite d  p erio d  of time T g , as 

the sum of pumping, s ta rt in g  at time t = -Tg and 

in je c t in g  at the same r a t e , s ta rt in g  at time 
t = 0 (F ig  la and b ) .

H ence, the r e s u lt in g  v elo c ity  of the w ater draw­

down is  (F ig  lc) :

Z*
4irkH

3 + To
t + T„

for t > 0 (3)

when summing op posite  delayed  solu tio n s  (1) 

w ith  the su b st itu t io n

r 2/4 a (4)

When p u ttin g  into  m athem atical terms the s t a t io ­

nary con d ition  (Z* = 0) w ith  eq uation  ( 3 ) ,  one 

can see that the only  unknown is  A which can be 

expressed  in  an adim ensional r e la t io n sh ip  in 
which T is  the value of t fo r  the sta tio n a ry  con­
d it io n  :

A
T

£n (1 +
T '

(5)
1 -

1 +

w hich  means that by m easuring T in  the f i e l d  and

knowing or choosing  T g , a value of A can be ob­

ta in e d . Th is  value is  used to in te gra te  the e x ­

p ressio n  (3) and compare the actual value of the 

water drawdown w ith  it s  m athem atical e x p ressio n . 

The value chosen here is  the statio n ary  water

l i f e  ■ V 6 >

drawdown
;m

(F ig  Id) :

^  A
T

r _  a

T

r _  Q -- dT - -—  dT
M 4TrkH

T

0

T

0

I t  can be shown that WM is  a unique fu nctio n  of 
the adim ensional param eter T /T Q .

Th is  means that by m easuring £ in  the f i e l d  and 

knowing T /T g  and Q , a value ofTcH can be immedi­
ately  obta in e d  , p rovided  the value  o f  W has 

been tabulated  as a fu nctio n  of T /T Q .

C h a r t .

To ease the in te rp re ta t io n  of the data of such 

pumping t e s t s , two curves are presen ted  as fu n c ­

tio ns  of the relev an t  param eter T /T Q :

- the f i r s t  cu rv e , W , is  the rep rese n tation  of 

eq uation  (6) and allows one to deduce tra n s ­

m is s iv it y  w ith  the exp ression  :
W,

kH =
M

M T + T ,

- the second curve ,m  — jr-- , is  the e q u iv a le n t  r e ­
presen tatio n  o f  eq uation  (5) and allow s one to 

deduce the storage w ith  the exp ression

(T + T . )  , 
_________0 measured

T + T .
4kH

(-
chart

In  the f i e l d ,  one sets  the pump to work for an 

a r b it ra r y  p erio d  T- . A ft e r  the pump is  sw itched  
o f f ,  one measures the statio n ary  w ater drawdown 

and the time o f  it s  occurence T . S in ce  one 
knows r and Q , kH and S can be ob tained  in  a 

m inute w ith  the c h art .

EXPERIMENTAL EVIDENCE

The p ro jec t  o f a flood  b a rr ie r  in  the area 

o f  Antwerp on the Scheldt  r iv e r , has provided  us 

w ith  the op portunity  to experim ent w ith  the s t a ­
t io nary  le v e l  method on a c o n fin ed  a q u ife r  12 to 

14 m t h i c k , c o n s is t in g  o f  medium sand . Tests  to 

examine the v a l id it y  of the method were run on a 

s in g le  w ell  o f 30 cm e q u iv a le n t  diam eter equipped 
w ith  a pump o f an average flow  rate o f  52m /h  

(14-10" 3 ni/s) and a set o f open piezom etric  tu b es .

Short pumping tests  were run f i r s t ,  in  order to 

provide values  under true p red ic t io n  conditions  
and compare the statio n ary  lev e l method w ith  the 

return  le v e l  method introduced  two years ago 
(Holeyman 1 9 7 9 ) .

A c la s s ic a l  pumoing te st  was performed a fterw ard s , 

in  order to assure reference  r e s u lt s .
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TOStation ary  level m ethod.

A ft e r  the reg u la tio n  of the d ischarge  to a maxi- 

mun stab le  v a lu e , 7 pumping tests  were performed 
w ith  a duration  vary ing  from 1 to 15 m inutes . Du­

rin g  each pumping t e s t , the water drawdown was 

measured every 1 5 ,3 0  or 60 seco n d s, sim ultane­
ously  in  four piezom eters which  were s itu a te d  at 

a s im ilar  d istan ce  from the w e l l , in  d i f fe r e n t  
p e rp en d icu lar  d ir e c t io n s .

A ty p ic al  example o f a response curve is  drawn 

in  f i g .  3 . I t  appeared that a correction  due to 

the t id a l  v a ria t io n  of the water level was n e ­
cessary  for  the longer periods  o f  pumping. The 

in te rp re ta tio n  o f  these curves can be r e a d ily  

made w ith  the statio n ary  lev e l and the return  . 

lev e l c h a r ts . S ig n i f ic a n t  resu lts  are presented  
in  Table I .

I t  can be observed from these resu lts  that the 

values  o f  kH and S are r e la t iv e ly  spread  out for 

each o f the two m ethods. Th is  fact  can be n o t i ­

ced when an average value of the discharge  is  
adopted , rather  than the value g iven  by the d i ­

rect  measurement for  each te s t .

- The values  given  by the station ary  lev e l method 

show more consiste n cy  than the ones given  by 

the return  le v e l  method.

- The values  o f  the tra n sm iss iv ity  given  by the 
sta tio n a ry  level method are in f e r io r .

- There is  a tendency towards h igher  tra n sm iss i­

v ity  and lower storage c o e f f ic ie n t s  for  p ie zo ­

meters s itu a te d  at the fu rth e st  d is ta n c e s .

From the r e su lts  one can deduce a design  value 
o f  the tra n sm issiv ity  between 1 .8  and 3 .6  

10“ 3m2 / s .  For the s to rag e , the value seems to 

depend on the d ir e c t io n  and the lo c a t io n ; two zo­

nes can be d is t in g u is h e d  w ith  two ranges o f  S : 
0 .3  to 0 . 6 • 10" 3 and 1 .3  to 2 .4 - 1 0 '3 .

TABLE I  : Results  of the return  lev e l method (5 q * an<  ̂ the statio n ary  lev e l method !'£,

F I G .3 - Ty p ical p iezom etric  response curve to a 
short pumping s ig n a l .

C la s s ic a l  t e s t s .

The c l a s s ic a l  tests  have been run in  four stag es . 

F ir s t  o f a l l ,  an eight- hour te st  was p e r fo r ­
med w ith  a d ischarge  o f  5 10~3m2/ s  (te st  A ) .  The 

recovery behaviour was recorded during  the eve­

n in g . During  the fo llo w in g  two days s im ilar  tests  
were performed w ith  d ischarges  of 10 and 

12*10_ 3 m3 / s  (te sts  B and C ) . T h erea fte r  a f in a l  

test  was conducted for  10 days w ith  a nominal 

d ischarge  of 10 • 10" 3 m3 / s  .Due to the v ic in it y  of 
the Scheldt  r iv e r  w hich  is  under the in flu e n c e  

o f the t id e s , the data does not f i t  eas ly  into  

the scheme adopted for  the in te rp re ta t io n . For 
the drawdown p e r io d , J a c o b 's  method was used . As 
can be seen on ty p ic al  p lots  obtained  from the

T q+T)
M '

D ischarge  assumed constant to 14*10  m / s .

INTERPRETATION RETURN LEVEL METHOD STATIONARY LEVEL METHOD

Piezom eter Test
T 0 50 v  R

kH S
5M

T + T kH S

distan ce
No (s) (m) (s) (10" 3 m2 /s) (10‘ 3 ) (m) (s) (10" 3 m2 /s)

'PrH

P ie zo  2 4 60 0 .0 5 6 468 2 .2 1 .9 0 .1 0 7 180 1 .5 2 .2

r = 1 9 .9  m 5 120 0 .1 0 3 570 2 .0 2 .7 0 .2 0 6 252 1 .3 2 .3

west 6 90 0 .0 6 0 540 2 .7 3 .0 0 .1 4 8 222 1 .4 2 .4

7 180 0 .2 0 3 480 1 .8 2 .6 0 .288 288 1 .4 2 .5
9 600 0 .7 1 2 708 1 .7 2 .4 0 .7 3 4 648 1 .9 2 .4

P ie zo  3 8 240 0 .0 1 7 2040 6 .5 0 .6 4 0 .0 9 9 630 1 .9 0 .2 7

r = 1 1 9 .6 5  m 9 600 0 .1 6 1590 2 .3 0 .3 0 0 .2 4 2 915 1 .9 0 .2 8

west 10 900 0 .2 8 5 1575 2 .1 0 .2 8 0 .3 4 5 1170 1 .9 0 .2 7

P iezo  7 9 600 0 .0 2 9 2100 9 .6 1 .4 0 .0 6 2 1140 4 .9 1 .0
r = 1 2 4 .3 5  m 10 900 0 .0 4 9 2520 7 .0 1 .3 0 .0 9 0 1500 4 .3 1 .0

east

P ie zo  9 8 240 0 .0 3 6 2100 3 .0 0 .9 0 .0 9 0 570 2 .4 0 .9

r = 6 9 .6 5  m 9 600 0 . 147 1140 3 .7 1 .1 0 . 183 810 3 .2 1 .0

north 10 900 0 .2 2 6 1320 3 .4 1 .0 0 .2 4 8 1095 3 .2 1 .1

P ie zo  12 8 240 0 .0 3 1 1440 5 .2 0 .4 4 0 .074 525 3 .3 0 .3 6

r = 1 1 9 .3 0  m 9 600 0 .1 3 1 1170 4 .0 0 .4 1 0 .1 6 5 810 3 .6 0 .3 8

south 10 900 0 .2 1 0 1320 3 .7 0 .3 8 0 .2 3 5 1080 3 .6 0 .3 8
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k> W a t e r  d r a w d o w n
2.50

200

1.50

100

050

*3 2 
10 m /sec.

2 . 3 8  x 10'3 m/sec. 
0 . 0 8 4 %

PIEZO 2

D I S C H AR G E  ;0.  

START POMP: 2 :  

STOPPOMP:  03.1

log t ( mi

010 n?/s 

.11.79 ATS^OO 

! J 9  AT 1(^05.

n ) ____ _
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F I G .4 - T y p ical r e su lt  o f  the c la s s ic a l  tests

t e s t s , ( f ig  4) i t  is  rather  d i f f i c u l t  to draw a 
s tr a ig h t  lin e  through the s c at te r in g  o f  the data 

p o in t s . N ev e rth e le ss , general fig u re s  can be 

adopted , which  are suuunerized in  table  I I .

When comparing the values  o f the tra n sm iss iv ity  

obtained  by the d i f fe r e n t  m ethods, one can n o t i ­
ce the e x c e lle n t  agreement : kH from the short 

pumping tests  can vary in  a medium range o f  1 .8  
to 3 . 6 • 10" 3 m2 / s  (w ith  a tendency towards h igher  

v alues  for the return  lev e l method for  the shor­
test  pumping pe rio ds )w h ereas  kH from the c l a s s i ­

cal tests  vary in  the medium range o f 2 .4  to 

3 .0  • 1 O' 3 m2 / s .

The com paraison of the values  of the storage 
c o e f f ic ie n t  is  not as straightforw ard  . Apart 

from piezom eters 2 and 12 where comparable 
values  are obtained  w ith  short and long pumpinr- 

te s t s , one can see that the values  of S o b t a in ­
ed from the short pumping te st  are 2 to 3 times 

as h igh  as the ones ob tained  from the c l a s s ic a l  

te s t . Th is  fa c t  has a lready  been n oticed  on 

other  s it e s  and a reason for  i t  could  be found 

in  the decrease  o f  S w ith  tim e, due to the 

co n so lid at io n  of secondary layers  in  contact 

w ith  the main a q u ife r .

CONCLUSIONS,

By means o f  the a n aly sis  o f  the piezom etric  r e s ­
ponse to a pumping s ig n a l  o f  a lim ited  p e r io d , it  

has been p o ss ib le  to design  a new method for e s ­

tim ating  in- situ  the tra n sm iss iv ity  and storage 

c o e f f ic ie n t  o f  con fin ed  a q u ife r s . A sim ple chart 
a llow s one to in te rp re t  the data  re la te d  to the 
statio n ary  po int  of th is  response curve and ob­

ta in  the fundam ental param eters kH and S in  a 

m atter o f  m inutes.

B earing  in  mind the p r e c is io n  w ith  which  hydrolo­
g ic a l  param eters can be aserted , one can conclude 

from the tests  conducted in  the area  o f  Antwerp 
that the statio n ary  le v e l  method allow s one to 

deduce co n siste n t  d esig n  values  for  the s i t e .

This  la t e s t  method appears to be more r e l ia b le  

on th is  s it e  than the return  le v e l  method, be ­

cause the w ater table  was under t id a l  in flu e n c e . 
N e v e rth e le ss , values  obta in e d  from both methods 

correlate  s a t is fa c t o r ily  w ith  values  obtained  

from c la s s ic a l  tests  run a fterw ard s .

TEST A B C

Q (10" 3 m2 /  s ) 5 10 12

kH (10" 3m2 /s ) 1 . 9 / 3 . 1 2 0 /2 5 2 .4

S (10 " 3 ) 0 . 4 / 1 . 3 1 4 /1 8 2 2 /4 1

kH (10" 3m2 /s ) 2 . 6 2 .2 2 .3

CO
CS

S (1 O' 3 ) 0 . 1 0 .2 0 .1

w
E-t kH (1 O' 3m2 /s ) 3 . 5 2 .5 2 2 /4 1
g
o

S ( 1 0" 3 ) 0 . 3 0 .4 0 .4

ts)
W
M 9

kH (1 O' 3 

S (10 " 3 )

m2 /s ) 3.

0 .

4

3

1 2 /4

0 .5

3 1
0 .

6 /2

4 / 0
5
5

12 kH (1 O' 3m 2 /s ) 3. 4 3.3 2 .3/3 4

S (1 0 ' 3 ) 0 . 2 0 .2 0 2 /0 3

TABLE I I Ranges of values  of kH and S deduced 

from the c l a s s ic a l  pumping t e s t s .

L'p to now, these new techniques  of perform ing 
short pumping tests  have proven to be r e l ia b le  in 

g e n e ra l . In  p a r t ic u la r , one can foresee  the u t i ­

l i t y  of these methods where exploratory  water 

drawdowns must be kept to a minimum or where time 
is  a c r it ic a l  factor  ( i . e .  economy, sec u rity  or 

t id a l  i n f l u e n c e ) . As the resu lts  are encouraging  
i t  is  b e lie v e d  that more experim ental evidence 

needs to be c o lle c te d  for the consu ltin g  and con­

tra c tin g  engineer  to take advantaae of th eir  two 
p r in c ip a l  q u a l it ie s  : s im p lic ity  and r a p id it y .
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