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SU M M A RY

Evidence on the behaviour of grouted cut-offs has been 

required frequently. This paper presents the results o f  accurate 

piezometer observations from a tunnel below an earth dam. 

From these data the inefficiency of indiscriminate grouting, still 

widely used, is clearly demonstrated.

SO M M A IRE

Fréquemment on demande des preuves permettant de juger de 

l’efficacité des écrans d’injection. Cet article donne les résultats 

des observations piézométriques précises exécutées dans un tunnel 

au-dessous d’un barrage, desquels on peut déduire clairement 

l’inefficacité de l’usage irrationnel des voiles d’injections.

l a s  p i r q u i t a s  is the first m ajor earth dam  built in A rgentina. 

Its characteristics have been described e lsew here (G randi, 

et a l., 1 9 6 1 ) . It has a grout curtain built by a w ell-k now n  

firm , w ith the unusual feature, for an earth dam , o f a co n ­

crete grouting gallery partially buried in the foun dation  rock  

b elow  the im pervious core. P iezom eter  h o les p laced  in this 

gallery afforded the opp ortu nity  o f  check in g  the behaviour  

o f  the grout curtain. T heoretical analysis sh ow s very clearly  

that rock grouting can generally  be lim ited  to  the existing  

definite pervious zones o f  a dam  site. Y et, ind iscrim inate  

grouting is still w idely  used and Las P irquitas w as no ex cep ­

tion  to this rule. F ig . lg  show s the cut-off grouting design  

adopted for this dam .

P iezom eter  and seepage observations have been m ade for  

a period o f nearly a year w ith  the reservoir practically  full. 

T he results obtained for the river-bed section  o f the dam , 

sh ow n in F ig. lg ,  m ade it possib le to com pare the theoretical 

w ith  the actual behaviour o f  the grout curtain. T his co m ­

parison  poin ts out that sm all seepages do not necessarily  

ind icate e ffective  grouting. A t Las P irquitas, p iezom eter  

observations clearly  show  that the grout curtain had prac­

tica lly  no effect in changin g  the natural cond itions existing  

at the site.

FO UN D A T IO N  RO CK

B oth  abutm ents and the river bed are co m p osed  o f  gneiss 

w ith  the strata d ipping app roxim ately  4 5 °  dow nstream . On 

the thrust plane o f  an overthrust fo ld  on  the right abutm ent, 

about 2  m o f  m ylon ite  had to be rem oved.

FO UN D A T IO N  T REA T M EN T

A s ind icated  above, this paper deals o n ly  w ith  the part o f 

the foun dation  located  in the river bed, b ecause it is there 

w here the effectiveness o f  the grout cut-off can be best 

determ ined. F or that reason on ly  the part o f  the foundation  

w here p iezom eter  ho les D., to D lfi are located  (F ig . l g )  is 

described. A s ind icated  e lsew here (G ran d i, et a l., 1 9 6 1 ) , the  

foun dation  rock below  the im pervious core o f  the dam , was 

thorough ly  c leaned  after the w eathered m aterial had been  

rem oved. C racks and holes w ere filled w ith  concrete  and

conso lid ation  grouting applied  to a depth o f  6  m  w ith  a 

m axim um  pressure o f  7 k g /sq .c m . A  concrete  grouting  

gallery w as partially  buried in the foun dation  rock b e low  the  

im pervious core to avo id  in terference betw een  foundation  

grouting and construction  o f  the fill. F rom  this gallery, a 

3 5-m -deep  single  line grout curtain w as installed , m ak ing  an 

upstream  angle o f  4 2 °  w ith  the vertical. F or the section  

under study, 183 tons o f  P ortland  cem en t w ere grouted  

through 46  holes. T h e  average grout take, under a m axim um  

pressure o f  25  k g /sq .c m ., w as 110 kg o f  cem en t per m eter  

o f  grout hole.

PIEZ O M ET ER  O BSERV A T IO N S

Inside the gallery and behind the grout curtain , boreholes  

1 0 0  m m  in d iam eter and 2 2  m  deep w ere drilled every  2 0  m. 

T he upper part o f  each  borehole  w as fitted w ith  a n ipple and  

a va lve that a llow s either drainage o f  the h o le  into  the  

gallery, or reading o f  the pressures by m eans o f  pressure  

gauges loca ted  at e levation  682 . T h ese  pressure read ings, for  

reservoir e levation s ranging from  7 4 6 .5 5  to 7 5 5 .5 8 , are given  

in T able I. T he sp illw ay crest e levation  is 7 5 5 .5 0 .

TABLH I. PIEZO M ET ER REA D IN GS

Foundat ion uplif t  pressures 

Reservoir  (kg. cm .-2) 

e levat io n s- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

(ill) 02 1)4 D6 Ds Dio D ] 2 Du D 16

740.55 4.10 4.00 4.00 3.80 3.80 4.00 3.80 4.00
749.08 4.20 4.20 4.40 3.80 4.10 4.20 4.00 4.20
751.80 4.40 4.00 4.40 4.00 4.20 4.10 4.40 4.20
752.28 4.00 4.30 4.30 4.20 4.20 4.00 4.10 4.20
752.74 4.80 4.50 4.00 4.30 4.30 4.40 4.30 4.50
752.99 4.00 4.00 4.00 4.20 4.40 4.30 4.30 4.40
753.52 4.80 4.70 4.00 4.70 4.00 4.50 4.00 4.00
754.32 4.80 4.05 4. 00 4.05 4.55 4.50 4.55 4.55
754.47 4.80 4.05 4.00 4.05 4.55 4.50 4.00 4.55

755.04 4.00 4.80 1.00 4.20 4.00 4.20 4.50 4.50

755.54 4.80 4.70 4.80 4.10 4.40 4,40 4.00 4.00

755.58 4.80 4.70 4.00 4.20

Averages

4.40 4,40 4.50 4.40

752.87 4.008 4.533 4.508 4 .233 4.341 4.291 4.354 4.391

Foundat ion uplif t  pressure averaged for al l  readings = -1.-1073.
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f i g . 1. Las Pirquitas Dam  grout curtain; estimated and actual performance.
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F ig . I f  show s graphically  a sum m ary o f  results. W ith an 

average reservoir e levation  o f  7 5 2 .8 7  and a tailw ater e lev a ­

tion o f  6 8 5 .8 0 , an average up lift pressure o f  4 .4 0 7  k g /sq .c m . 

(4 4 .0 7  m ) is obtained , g iv in g  a w ater e levation  o f  7 2 6 .0 7  at 

piezom eter  level. T his ind icates that at the p iezom eter  lo ca ­

tion , 4 0  per cent o f  the hydraulic head had been dissipated . 

T h e p iezom eter holes m ust then be cut by the equipotentia l 

lin e  representing 60  per cent o f  the hydraulic head.

SEEPAGE

T otal seepage through the foun dations, abutm ents, and  

em bankm ent w as on ly  35 litres per second  for the average  

reservoir e levation  ind icated  above.

INTERPRETATION OF RESULTS

In addition to the in form ation  given in T able I, perm ea­

b ility  tests, according  to the U .S .B .R . m eth od , w ere per­

form ed  on  sam ples from  zones ( 1 ) and ( 2 a ) during the  

construction  o f  the em bankm ents, and w ater tests o f  the  

L ugeon  type w ere m ade on  the foun dation  rock during the 

construction  o f  the grout cut-off. B ecau se o f  the very nature  

o f  these tests, their accuracy is m uch  less than that g iven  by 

the p iezom eter readings. C on sequ en tly , their values have  not 

been  introduced in the analysis, and have o n ly  been  used  

as a guide to select tentative interpretations.

T o  determ ine how  the grout curtain perform ed, 5 different 

hyp otheses are show n in F ig . 1. In all o f  them  the rock is 

assum ed sem i-in fin ite in exten t and isotrop ic  in perm eability , 

w ith D a rcy ’s law  valid . T he equipotentia l lines in F igs. la  

and Id w ere determ ined from  the equations o f  seepage  

through a perm eab le foun dation  b elow  an im pervious dam . 

T h ey  are hyperboles w ith  fo cu ses at the edges o f  the base o f  

the dam . F o r  the cases show n in F igs. lb , l c ,  and le ,  flow  

nets w ere used  to find the corresponding equipotentia ls. In  

F igs. la ,  Id , and le ,  the equipotentia ls are a fraction  o f  

w h atever head is introduced betw een  the upstream  and  

dow nstream  side o f  the dam . W ithin  draw ing precision , the  

statem ent is also  valid  for F igs. lb  and lc .

T he five different h yp otheses correspond to the fo llo w in g  

possib le  alternatives:

1. Z one 1 can be taken as im pervious; the foun dation  is 

perviou s in relation to zo n e  1 , and zone  2 a is perv iou s in 

relation to the foun dation . T w o cases are considered: ineffec­

tive cut-off (F ig . Id )  and p erfect cut-off (F ig . l e ) .

2. Z ones 1 and 2a are considered  im pervious in relation  

to the foun dation , and the cut-off ineffective  (F ig . l a ) .

3. Z one 2a and the foun dation  have the sam e perm eability , 

w h ich  is 25  tim es greater than the perm eab ility  o f  zo n e  1. 

T w o cases are considered: ineffective  cut-off (F ig . lb )  and  

perfect cut-off (F ig . l c ) .

B y  com parin g  the h ighest equipotentia l lin e  cu tting  the  

piezom eter  ho les w ith  the actual drop in hydraulic head  

(F ig . I f ) ,  it is clear that the grout cut-off has been  ineffec­

tive, and that the dam  has perform ed as if  it had an im per­

v ious core (z o n e  1 ) w ith  a zon e  2 b considerably  m ore  

p erviou s than the foun dation , as assum ed in the hypothesis  

o f  F ig . Id. It is to be rem em bered that the rock  is neither  

sem i-in fin ite in exten t nor isotropic in perm eab ility  but, for  

the cond itions show n in F ig . Id , both  the in troduction  o f  

anisotropy and the lim itation  o f  the depth o f  the perm eable  

foun dation  changes the d istribution o f  the equip otentia ls  

b elow  the foun dation  very little.

T he pressure m easurem ents presented here prove that the  

grout cut-off has been  ineffective , and th ey  add to the grow ­

ing ev id en ce  poin tin g  ou t the dubious efficiency o f  single-line  

grout cut-offs. F rom  this study, on e  reaches the inev itab le  

con clu sion  that even  a perfect grout cut-off o f  the sam e  

design w ou ld  have added practically  noth ing to  the sa fety  o f  

the dam .

G rout cut-offs sh ould  on ly  be used w here a thorough ly  

com petent and detailed  analysis show s that they w ill be effi­

c ien t for the purpose for w h ich  they  are envisaged.
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