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S . U R IE L  R O M E R O  D r. In g . C .C.P. L a b o ra to r io  d e  C a rre te ra s  y G e o te c n ia , M a d r id , Espaha  

L .U . A O IZ  D r. In g . C .C.P. In ite c , M a d r id ,  E spaha

SYNOPSI S I n t hi s  paper ,  an at t empt  i s made t o dev e l op  a met hod f or  as c e r t a i n i ng  t he t r ans mi s s i v i t y  

of  t he t e r r a i n  a f f ec t ed  by  l a r ge- s c a l e  ex c av a t i ons  near  t he s hor e l i ne,  on t he bas i s  of  t he dampi ng -  

e f f ec t s  wi t h  wh i c h  t he os c i l l a t i on  of  t he t i de i s t r ans mi t t ed  t hr ough t he por ous  medi a.

1.  I NTRODUCTI ON

I n r e l a t i on  wi t h  har bour  wor k s ,  s h i p  bu i l d i ng  

and r epa i r  f ac i l i t i es ,  i t  i s f r equent  t o be c o n ­

f r ont ed wi t h  t he pr ob l ems  a r i s i ng  f r om t he need 
t o dewat er  ex c av a t i ons  at  dept hs  of  up t o 15 m.  

be l ow s ea- l ev el .

We wer e  f ac ed wi t h  a pa r t i c u l a r y  d i f f i c u l t  c as e 

of  t hi s  t y pe when mak i ng  an ana l y s i s  of  t he pr o 
b l ems  wh i c h  mi ght  ar i s e  dur i ng  t he c ons t r uc t i on  
and ma i n t enanc e  of  t he d r y  doc k  f or  s h i p  r epai r s  

wh i c h  Di a t l ans a  i n t ends  es t ab l i s h i ng  on t he i s ­

l and of  Tener i f e .

I t  was  f el t  t hat  a qui c k ,  ec onomi c a l  way  of  est _i  

ma t i ng  t he hy d r ogeo l og i c a l  c ha r ac t e r i s t i c s  mi ght  

be t o ana l y s e  t he os c i l l a t i ons  of  t he wat e r  t abl e 

l ev el  i n a gr i d  of  bo r i ngs  wh i c h  had been c ar r i ed 
out  i n t he ar ea f or  t he geo l og i c a l  i nv es t i gat i ons .

2.  UNI DI RECTI ONAL  

2. 1.  Gener a l  equat i on

The equa t i on  r epr es en t i ng  mov ement  may  be wr i t t en  

as  f ol l ows :

^ h  _ ri h

a x 2 = c at
( i )

wher e:  c i s t he t r ans mi s s i v i t y  of  t he aqui f er ,

h i s t he hei ght  of  t he f r ee s ur f ac e  or  t he 

p i ez omet r i c  head,  and n i s t he e f f ec t i v e  
por os i t y .

Thi s  equa t i on  i s r ea l l y  ex ac t  i n t he c as e of  an 
a r t es i an  aqui f er ,  and i s s u f f i c i en t l y  c l os e i n 

t he c as e of  a wat er  t abl e whos e  on l y  v ar i a t i ons  

ar e t he r es ul t  of  t i dal  os c i l l a t i ons .

For  x = O,  t he gener a l  boundar y  c ond i t i on  wi l l  be:

2 r r t
H = H s i n ( 2 )

wher e  H i s t he s emi - amp l i t ude  of  t he t i dal  osc_i  
l l a t i on and T i s i t s  dur at i on.

2. 2.  Homogeneous ,  i ndef i n i t e  aqu i f e r

Th i s  c as e was  i nv es t i ga t ed  by  FERRI S ( 1951) ,  and 

t her e f o r e  we do not  dev e l ope  i t  her e.

2. 3.  An aqu i f e r  f or med by  t wo c ons ec u t i v e  h o mo ­

geneous  medi a

Thi s  i s t he c as e when  t he t er r a i n  r ev eal s  c e r ­

t a i n  ni  and ci  c ha r ac t e r i s t i c s  up t o a d i s t anc e 
L f r om t he coas t ,  and o t her  d i f f e r ent  r\2 and -  

C2 t hear eaf t er .

The d i f f e r en t i a l  equa t i ons  f or  bot h med i a  ar e 
i n t egr at ed,  wi t h  t he i r  r es pec t i v e  boundar y  c o n ­

d i t i ons  and f l ow c on t i nu i t y  c ond i t i on  at  t he -  
boundar y .  Ca l l i ng  n

U1 - V*!  =
rr n

TC

1

1

-  p  =  andi,=̂' 1 1
and adopt i ng

t he boundar y  l i ne as  t he or i g i n  of  t he c oo r d i na ­

t es  f or  bot h  medi a,  t he dampi ng c oef f i c i en t  has 

t he f o l l owi ng v al ues :

I n t he f i r s t  medi um:

■i,(t>Kjiwu, f r In c o ja , f +  U, + t>1it»sU,~)

( i  h s i n  | ? fr I i c o5 -I- C- oi1 | » ( h «n  | 5
( 3)

I n t he s ec ond medi um:

20 i) e
U-i

1|.sih3p(uVisin p+hcosp)fr (.o ^-p (V iiif7 p frV hco ip )1'

Fi gu r e  1 i s a gr aph i c a l  r ep r es en t a t i on  of  t hes e 
c oe f f i c i ent s ,  f o r u .  = 0 . 0035 m-  ̂ and,
= 0. 0100 m- 1 ' dA

2. 4.  The c as e of  pr e f e r en t i a l  way s

Thi s  i s t he c as e when,  i n a homogeneous  medi um,  
t her e i s a pat h whos e c ond i t i ons  ar e muc h mor e 

f av our ab l e  f or  t he pas s age of  wat er .  I t  may  be 

ana l y s ed  i n an appr ox i ma t e  manner ,  by  a s s i mi l a ­
t i ng i t  t o t he c as e men t i oned  abov e.

Cons equent l y ,  i f  t he c ha r ac t e r i s t i c s  of  t he me ­

di a ar e known,  i t  i s pos s i b l e  t o deduc e t he di ^s 
t anc e d f r om t hi s  poi nt  t o any  p r e f e r en t i a l  p a t h , 

as  i s s hown i n Fi gur e  2.
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Fi g.  1.  AQUI FER CONSI STI NG OF TWO HOMOGENEOUS 

ZONES:  WAVE DAMPI NG.

Fi g.  2.  DI STANCE TO THE PREFERENTI AL  PATH

As  wi l l  be obs er v ed,  t he c ha r ac t e r i s t i c s  of  a -  

p r e f e r en t i a l  way  -  p r ov i ded  t hat  t he d i f f us i v i t y  
i s v er y  hi gh -  ar e of  l i t t l e  i mpor t anc e.

2. 5.  An  aqu i f e r  l i mi t ed by  an i mper v i ous  bar r i e r

Thi s  i s t he c as e of  an aau i f e r  wh i c h  i s l i mi t ed 

by  an i mper v i ous  ba r r i e r  at  a d i s t anc e  L f r om -  
t he c oas t .  Tak i ng  t hi s  ba r r i e r  as  t he o r i g i n , i t  

appear s  t hat  t he dampi ng  c oe f f i c i en t  wi l l  be:

cos  2 u + hc os ^  u 

cos  2 P + hc os 2 p ( 5)

I t  may  be not t ed t hat ,  i f  t he d i f f us i v i t y  i s  not  
ex c es s i v e l y  hi gh and t he bar r i e r  l i es  at  a cons_i  

der ab l e  d i s t anc e,  t hen t he ana l y s i s  may  be c ar r i  

ed out  wi t hou t  hav i ng t o t ak e t hes e e f f ec t s  i nt o 
c o n s i d e r a t i o n .

3.  BI AXI AL  CURRENT

3. 1.  Gene r a l  equat i on

The equa t i on  wh i c h  gov er ns  t he mov ement  of  a -  

t wo- d i mens i ona l  wav e t hr ough a homogeneous ,  i so 
t r op i c  medi um,  i s:  -  _ —

d  h , d  h n Sh

wher e  t he boundar y  c ondi t i on ,  i s t he s i no i da l  -  
os c i l l a t i on  of  t he t i de al l  a l ong  t he coas t .

3. 2.  So l u t i on  by  numer i c a l  c a l c u l a t i on  and apl i  

c a t i on  t o t he c as e of  an i ndef i n i t e ,  homoge 
neous  aqui f er ,  l i mi t ed by  t wo or t hogona l  -  

c oas t  s

PRI CKETT and LONNQUI ST ( 1971)  hav e dev e l oped  a 

numer i c a l  s o l u t i on  t o t he equa t i on  t oget her  wi t h  
t he c o r r es pond i ng  pr ogr amme.  The p r ogr amme boun ­

dar y  c ond i t i ons  and t i me i nc r ement s  we r e  a d j u s —  

t ed by  means  of  t he f o l l owi ng mod i f i c a t i ons :

-  The t i me de l ay s  wer e t ak en as  be i ng c ons t ant  
and equal  t o 0 . 1 . T.

-  For  eac h t i me del ay ,  we as s umed a c ons t ant - head 

r ec har ge a l ong  t he edges  of  t he c oas t s  and - -  

a l ong  ano t her  t wo edges  wh i c h  a r e  par a l l e l  t o 

t he c oas t s  and l i e s u f f i c i en t l y  f ar  i n t o  nu ­
l l i f y  t he e f f ec t s  of  o t her  edges .

On t he bas i s  of  t he numer i c a l  dat a obt a i ned,  i t  

was  pos s i b l e  t o t r y  and f i nd s ome c o r r e l a t i on  -  
be t ween t he damp i ng  c oe f f i c i en t  and t he v a l ue -  

of ^i .

The r es ul t s  appear  i n Fi gur e  3.

Jnn 
*=V TCm

~h ^  2 h 

t ) x2 <} y2
' 5t

( 6 )

Fi g.  3.  TWO- WAY FLOW:  LOGARI THM OF THE DAMPI NG 

AS A FUNCTI ON OF JUL FOR EACH POI NT

I t  i s demons t r a t ed  t hat ,  at  a s pec i f i ed  d i s t a n ­

ce f r om one of  t he c oas t s  i t  i s unnec es s ar y  t o 

mak e a t wo- way  ana l y s i s .  Thes e v a l ues  v ar i e  f r om 

l OO t o 500  m.  , f or  v a l ues  of  i i  f r om 0, 05  t o - -
0 , 0045 m- l .  7

3. 3.  The s i mu l t aneous  equat i ons  met hod

Thi s  i s a s i mpl e,  appr ox i ma t e  me t hod f or  d e t e r ­

mi n i ng  t he c ha r ac t e r i s t i c s o f  t he t er r ai n,  mak i ng  
a l l owanc e f or  a l ac k  of  homogene i t y  and i s o t r opy  

and wi t h  no pa r t i c u l a r y  def i ned  c on t our  l i nes .

Her e,  we r el y  on t he c ha r ac t e r i s t i c s  of  t he osc^i  

l l a t i ons  obs er v ed  i n a net wor k  of  poi nt s .

We as s ume a d i s c r e t i z a t ed  med i um s uc h t hat  t he -  

wa t e r  wh i c h  en t e r s  or  l eav es  a poi nt  O mus t  do -
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so t h r ough a s y s t em of  o r t hogona l  t ubes .  ( Fi g . 4)

4 ( M4, NJ

1 ( M , , N , )

0 ( M. N)

2 ( M2<N2)

3 ( M3, N3)

Fi g.  4.  ELEMENT OF NETWORK

We t ak e poi nt  O i n t he net wor k ,  t oge t her  wi t h  -  

ano t her  f our  ad j ac en t  poi nt s .  The os c i l l a t i on  at
O wi 11 b e :

2  r t t  , 2  r t  t
h = M s i n —=—  + N cos  —=— ( 7)

and s i mi l ar ,  wi t h  c oe f f i c i en t s  M. ,  N.  i n t he f our  

ad j ac en t  poi nt s .

I f  we as s ume t hat ,  a l ong  eac h pat h,  c,  and  n,  ar e 

c ons t ant ,  t hen we obt ai n:

M = U ( p)  Z  M.  + V ( p)  Z ” NL 

N = -  V ( p)  Z  M.  + U ( p)  21 N. ( 8 )

Wher e  U ( p)  and V ( p)  ar e h i gh l y  c ompl ex  f unc —  

t i ons  of  p = Lyu . L i s t he s i de of  t he ne t wor k  
of  obs e r v a t i on  poi nt s .  Fi gu r e  5 s ummar i s es  t he 

v ar i a t i ons  i n t hes e ex p r es s i ons  as  a f unc t i on  of  

P-
U (p)
V( p>

Fi g.  5.  SI MULTANEOUS EQUATI ONS METHOD.  VALUES OF 

THE FUNCTI ONS U ( p) ,  V ( p) .

( 9)

Mor eov er ,  s i nc e

m £ m . +  n I n .

U ^  ( EM . ) 2 +( t N.  ) 2

i f  i t  i s t r ue t hat  c and n ar e c ons t ant  t h r ough ­

out  t he s pac e under  c ons i der a t i on ,  t hen we c an 

obt a i n  t he t r a n s mi s s i v i t y  of  t he t er r ai n.

The oper a t i v e  pr oc es s  f or  f i nd i ng t he t r ans mi ­

s s i v i t y  of  any  t er r ai n,  wou l d  be as  f ol l ows :

a)  The  t er r a i n  i s d i v i ded up i nt o a s quar e -  
gr i d  whos e s i des  ar e made s hor t e r  as  t he 

h e t e r ogene i t y  i nc r eas es .  Us i ng p i ez omet er s  
at  eac h of  t he v er t i c es ,  we c an f i nd t he -  
v a l ues  of  M and N at  t hes e poi nt s .

b)  The  po i n t s  ar e t ak en i n g r oups  of  f i ve:  one 

i n t he c ent r e  and f our  i nmed i a t e l y  ad j ac ent .  

Us i ng  t he M and N v al ues  obs er v ed  at  t hes e 
poi nt s ,  we f i nd U ( p)  and V ( p)  whi c h,  when 

i ns er t ed i n Fi gu r e  5,  g i v e us  t he  v a l ues  of  

p.  Thes e v al ues  s hou l d  not  d i f f e r  f r om one 

ano t he r  by  mor e t han t he pe r mi t t ed  degr ee -  
of  er r or .  I f ,  howev er ,  t he d i f f e r enc e  be t ­

ween  t he p v a l ues  i s ex c es s i v e,  t he gr i d  —  
mus t  t hen be s ub- d i v i ded  i nt o s mal l e r  s t r et  

c hes .  I f  U ( p ) <> 0 . 2 5 ,  t h i s  means  t hat  t he -  
c ent r e  poi nt  i s not  f ed f r om t he s i des .  I n 

c ons equenc e,  t he gr i d  mus t  be r ot at ed.

c)  I n t hi s  way ,  we f i na l l y  ob t a i n  f or  eac h - -  
s t r e t c h  of  gr i d  t wo t r ans mi s s i v i t y  v al ues .  

The mean of  t he t wo may  be t ak en as  bei ng -  

t he de f i n i t i v e  v al ue of  t he zone.

4.  CONCLUSI ON

We f eel  t hat ,  we hav e been abl e t o gener a l i z e  -  

FERRI S met hod i n s uc h a way  t hat  i t  may  be 

app l i ed  t o a l ar ge v a r i e t y  of  s i t uat i ons .  The -  

s i mu l t aneous  equat i on  met hod may  be app l i ed  f or  
ob t a i n i ng  wi t h  s ome degr ee of  ac c ur ac y ,  t he cha 
r ac t e r i s t i c s  of  z ones  wher e  t her e i s s ome h e t e ­
r ogenei t y .  Onc e t he v a r i a t i on  of  t he t r ansmi ss^ i  
v i t y  i s k nown,  t hat  wi l l  be t he moment  t o app l y  

s ome of  t he ot her ,  mor e ex ac t  s y s t ems .

5.  ANALYSI S APPL I ED I N THE GRANADI LLA DRY DOCK, 

I N TENERI FE

To obt a i n  dat a c onc er n i ng  t he pe r meab i l i t y  of  -  

t he g r ound at  a l ar ge number  of  po i n t s  i n t he -  
ar ea,  i n t ent i on was  made t o use t he geo l og i c a l  

bor i ngs  gr i d  i n or der  t o meas ur e  t he t i dal  osc^i  
l l a t i ons  at  t hes e poi nt s  and c ompar e  t hem wi t h  

os c i l l a t i ons  at  t he sea.  To  t h i s  pur pos e  al l  -  
t he bor i ngs  wer e us ed as  pi ez omet er s .

I t  was  f ound t hat ,  i n al l  bor i ngs ,  wat er  l ev el  

o s c i l l a t i on  was  i mpor t ant ,  ev en at  t he f ur t hes t  

po i n t s  t o t he s hor e l i ne.

The i n t er pr e t a t  i on of  t he dat a p r ov i ded  by  t hes e 

obs er v a t i ons  t end t o be v er y  d i f f e r ent ,  d e p e n ­
d i ng on t he hy d r ogeo l og i c a l  mor pho l ogy  as s i gned  

t o t he s ub- s o i l  and t he es t i mat es  made f or  t he 

f r ee par amet er s .
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As s u mi n g  a t o t a l l y  homogeneous  aqu i f e r  and mono-  

d i r ec t i ona l  p r opaga t i on  of  t he per t u r banc e,  t h e ­
r e ex i s t s  no s c t i s f ac t o r y  ad j us t men t  f or  any  

pai r  of  n,  C v al ues .  I n c ons equenc e  i t  was  n ec e ­
s s ar y  t o ana l y z e  add i t i ona l  hy pot hes i s :

a)  The  t r ans mi s s i b i l i t y  a l ong  c oas t  i s l ess  
t han i n t he r es t  of  t he ar ea.

I n t hi s  way  i t  t ur ns  out  t hat  t he h y p o t h e ­
s i s  wh i c h  bes t  ad j us t s  t o t he obs er v ed  v a r i £  

t i ons  i n t he wat er  l e v e l s t i s t hat  t he wi d t h  
of  t he l ess  per v i ous  z one l i es  be t ween onl y  
a f ew met er s  and 25 m.  wi t h  an av e r age  t r ans  

mi s s i b i l i t y  f r om 25 t o 25 0  m2/ hour ;  f or  t he 

r emai nder  of  t he aqu i f e r  t he t r a n s mi s s i b i l i ­
t y  wou l d  be i n t he r eg i on of  400  t o 6 000  m2/  
/ hour  ( n = O, 1) .

b)  An ana l y s i s  was  a l s o  made of  t he i n f l uenc e 
wh i c h  mi ght  r es ul t  f r om t he f o r m of  t he c oas t  

( an ang l e  of  p r ac t i c a l l y  90^ )  s i nc e t hi s  i m 

p l i es  t hat  wat e r  may  be en t e r r i ng  on t wo si des 

and t hat  t he p r ob l em i s t her e f or e ,  t wo - d i r e£  
t  i o n a 1.

The r es ul t  was  t oo p r ec ar i ous  and di d not  g_i  
ve a s a t i s f ac t o r y  ex p l ana t i on  f or  t he o b s e r ­

v ed os c i l l a t i ons .

c)  The l as t  hy po t hes i s  t ak en i nt o c ons i de r a t i on  

was  t he ex i s t enc e  of  p r e f e r en t i a l  way s  i n -  

t he g r o u n d t wher e  r es i s t anc e  t o t he wa t e r  ci _r  
c u l a t i on  was  e i t her  ni l  or  v er y  s l i ght .  I n 

t h i s  c ase,  i f  t hes e p r e f e r en t i a l  way s  ar e sû  
f f i c i en t l y  near  t o eac h ot her ,  ev en i f  t he 

t r ans mi s s i b i l i t y  of  t he gr ound i s l ow,  t he -  
dampi ng  ef f ec t  c an be ad j us t ed  t o t he o b s e r ­
v ed v al ues .  On mak i ng  t hes e c a l c u l a t i ons  t he 

r es u l t s  s how t hat ,  i f  s uc h a p r e f e r en t i a l  * -  
wa y  does  ex i s t  at  25 m.  f r om t he poi nt  of  ob 
s e r v a t i on  ( n = 0. 1,  as  a l way s )  t he t r a n s mi ­

s s i b i l i t y  wi c h  c o r r es ponds  t o t he obs er v ed  

damp i ng  ef f ec t  wou l d  be be t ween 19 and 30 m2/  

/ hour ,  wher eas  i f  s uc h a p r e f e r en t i a l  way  
l ay s  50  m.  away ,  t he t r ans mi s s i b i l i t y  mus t
be s uppos ed hi gher ,  f r om 28 t o 45 m̂ / hour .

The ana l y s i s  j us t  des c r i bed,  g i v e a p i c t u r e  of  

t he hy d r ogeo l og i c a l  p r ob l em r a i s ed by  t he f u t u ­
r e c ons t r uc t i on  of  t he d r y  doc k  whi c h,  i n p r i n ­

c i pl e,  may  be c ons i de r ed  as  unc er t a i n.  The i nt er  
p r e t a t i on  of  t hes e t es t s  and t hei r  r es ul t s  may  

v er y  g r ea t l y  depend on t he v a l ues  as s i gned  -  

t o t he par amet er s  i nv ol v ed,  c onc er n i ng  wh i c h  

t her e  ex i s t s  no r eal  c e r t a i n t l y  ( f or  ex empl e,  
c onc e r n i ng  t he v a l ue of  n) .

Need l es s  t o say,  when ev a l ua t i ng  t he r es ul t s  S£ 
v er a l  d i f f e r en t  i n t e r p r e t a t i ons  may  be made.  

Amongs t  t hes e her e i s t h i s  one whi c h,  i n our  
opi ni on,  may  l ead t o t he ma x i mum degr ee  of  c o m­

pa t i b i l i t y  bet ween t he obs er v a t i ons  made:

i i )  The i nner  z one has  a med i um- t o - h i gh  t r ans ­

mi s s i b i l i t y .

i i i )  The ent i r e  z one des c r i bed  abov e may  be 
c r os s ed by  hi gh t r ans mi s s i b i l i t y  p r e f e r en ­
t i a l  way s  y r epr es ent ed  by  muc h mor e t r ansr ni  

s s i b l e  z ones  wi t h i n  t he s l ag,  or  by  f i s s u-  
r at i on i n t he bas al t ,  or  by  bot h.

As  a r es ul t ,  we t h i nk  now,  t hat  any  r i s k s  c aus ed 
by  hy d r ogeo l og i c a l  p r ob l ems  dur i ng c ons t r uc t i on  

may  be t ec hn i c a l l y  ov er c ome.  The s ame app l i es  -  

a l s o  t o t he r i s k s  wh i c h  a r i s e  c onc er n i ng  t he ex  
p l o i t a t i on ,  wh i c h  may  need t he adap t a t i on  of  -  

t he des i gn t o t he r eal  c ond i t i ons  of  t he gr ound.

Wi t h  r egar d t o t he r eal  dev e l opment  of  ev ent s  

and  dewat e r i ng  pr ob l ems  i n t he c our s e of  c ons ­

t r uc t i on  and ex p l o i t a t i on  ( t he ac c ep t ed  s o l u t i on  

i nc l udes  a d r a i ned  s l ab) ,  we mus t  wai t  t o t he -  

r es u l t s  of  t he wor k s .
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i )  Ther e ex i s t s ,  be t ween t he sea and t he l and,  

a moder a t e  t r ans mi s s i b i l i t y  c oas t a l  bar r i er  
due t o a s mal l e r  t h i c k nes s  of  s u r f ac e  s l ag 
i n t h i s  zone,  or  t o a l es s er  degr ee of  f i -  

s s u r a t i on  i n t he v o l c an i c  s t r a t a  or  ev en -  
t o mi nor  open i ngs  of  t he f i s s ur es  as  r esul  
of  s e d i me n t s .
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