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SYNOPSI S Dur i ng t he const r uct i on of  a panel  wal l  cut - of f ,  excessi ve l osses of  t r ench st abi l i zi ng f l ui d wer e
exper i enced.  Thi s paper  descr i bes st r uct ur al  i npr ovement  of  t hese soi l s,  by i nj ect i ons,  l eadi ng t o successf ul  com­
pl et i on of  t he cut - of f  wal l .

I NTRODUCTI ON

Thi s paper  descr i bes t he t r eat ment  of  t he t hi ck al l uvi al  
f oundat i on dur i ng t he const r uct i on of  t he panel  cut - of f  
wal l  f or  t he Di ke D- 20 whi ch has a maxi mum hei ght  of  
50 m and i ncor por at es 8. 2 mi l l i on cu.  m.  of  f i l l .  I hi s 
sand and gr avel  di ke wi t h t i l l  cor e i s an i mpor t ant  
st r uct ur e of  t he LG- 2 si t e,  a 5328 M*J hydr o i nst al l at i on 
on I a Gr ande Ri ver ,  at  t he James Bay Hydr oel ect r i c de­
vel opment  i n Nor t her n Quebec,  Canada.

I n t he deepest  par t ,  t he per vi ous f oundat i on i s pr ovi ded 
wi t h a panel  cut - of f  ( Ar bour  et  al .  -  1979) .  I ndi vi dual  
panel s ar e 0. 6 met er s t hi ck,  and f r om 6. 5 t o 7. 5 met er s 
l ong.  Cont i nuous wal l  i s made by i nt er l ocki ng cast  i n 
pl ace panel s.  The maxi mum dept h r eached as much as 70 
met er s.  Fl ui d st abi l i zed t r enchi ng was car r i ed out  t o 
assur e excavat i on of  t he al l uvi am t o bedr ock.  The wal l  
was ext ended 0. 6 met er s i n t o a bedr ock key ( Seemel  et  
al .  -  1978)  .

Geol ogi cal l y,  such f oundat i on soi l s can be t ent ed a 
f l uvi o- gl aci al  deposi t  of  cl ean sand and gr avel  wi t h 
cobbl es and boul der s.  Sane zones consi st  mai nl y of  
pekbl es,  aobbl es and boul der s.

THE PROBLEM

Cur i ng const r uct i on of  t he panel  wal l  wi t h a Kel l y bar  
or  CI S ( Ci r cul at i on I nver se -  Sol et anche)  machi ne,  zones 
of  openwor k mat er i al s wer e encount er ed at  dept h.  The 
appar ent  l ack of  sand and f i nes made t r enchi ng wi t h 
bet oni t e sl ur r y exceedi ngl y di f f i cul t .  Sudden sl ur r y 
l osses became so l ar ge t hat  t he par t i al l y dug sl ot s f or  
Panel s 22,  25 and 28 (Fi g.  1) had t o be abandoned and 
backf i l l ed.  The const r uct i on pl ant  had a capaci t y t o 
pr oduce about  100 m̂  of  sl ur r y per  hour .  Hi e f l ui d 
l osses,  whi ch exceeded t hi s capaci t y,  t hr eat ened t he 
st abi l i t y of  t he t r ench.  The f l ui d had t he f ol l owi ng 
pr oper t i es:

Mean Densi t y 1. 2 g/ cm̂  (mud densi t y bal ance)

Mean vi scosi t y 
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( T )  G la c ia l  t i l l - c o n s t r u c t lo n  p la t  fo rm

( 2 )  U n i fo rm  s a n d .

( 3 )  S a n d  a n d  s o m e  g r a v e l .

( 4 )  S a n d ,  g r a v e l  a n d  s o m e  p e b b le s .

( 5 )  P e b b le s ,  c o b b le s  a n d  b o u ld e r s  

( g )  S a n d ,  g ra v e l ,  p e b b le s  a n d

b o u ld e r s

FI GURE-  I

40- 42 secs.  Mar sh

Sand cont ent  3. 0 t o 15. 0%

Use of  l ocal  cl ays,  cement  and wood shavi ngs added t o t he 
sl ur r y t o " caul k"  t he hi ghl y per vi ous st r at a was f ound t o 
be i nef f ect i ve.  Even t he use of  cement ,  cl ays and be­
t oni t e,  l ower ed i n sacks wi t h t he Kel l y and cr ushed near  
t he open hor i zons,  was of  l i t t l e benef i t .  Hoover ,
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t wo panel s (Nos.  19 and 29,  Fi g.  1) wer e compl et ed by 
sheer  per si st ence despi t e ver y hi gh f l ui d l osses.  The 
r at e of  t r enchi ng was ver y sl ew because of  t he r esi st ance 
of  t he t hi ck sl ur r y.  Sever al  t i mes t r enchi ng had t o be 
suspended due t o cavi ng.  Thi s pr ocedur e of  sl ew t r en­
chi ng t hr ough open zones was t er med t he " Met hod of  Per ­
si st ence"  .

I t  became evi dent  at  t hi s poi nt  t hat  wi t hout  somehow 
i mpr ovi ng t he f oundat i on soi l s physi cal l y,  i t  woul d be 
ext r emel y di f f i cul t  t o compl et e t he cut - of f .  Mor eover ,  
t i mel y compl et i on of  t hi s i r r por t ant  f oundat i on vrork l ay 
on t he cr i t i cal  pat h of  t he schedul ed const r uct i on of  
t he di ke and i nt endi ng sever e wi nt er  weat her  made t he 
pr obl em accut e.

BACKGROUND

Dur i ng geot echni cal  i nvest i gat i ons,  a l ar ge di amet er  
( 100 cm mi n. )  bor i ng was made f or  a deep dunpi ng vei l  
t est ,  usi ng a cabl e t ool  machi ne.  Sanpl es r ecover ed 
f r on:  t hi s bor i ng i ndi cat ed pr esence of  pebbl es,  cobbl es 
and boul der s wi t h sat e sand.  Hi e over al l  hor i zont al  
per meabi l i t y r anged bet ween 1 X 10~1 t o 8 X 10”  ̂  on/ sec.  
However ,  l ocal l y t he per meabi l i t y coul d be an or der  of  
magni t ude hi gher .  Gr ound wat er  condi t i ons,  as obser ved 
dur i ng const r uct i on of  al r eady ccmpl et ed por t i ons of  
t he wal l ,  coul d be consi der ed f avour abl e.

Fr om t hese obser vat i ons and a cl ose r evi ew of  t he exi s­
t i ng dat e,  i t  coul d be concl uded t hat  t he pr esence of  t he 
open hor i zons was t he mai n cause of  " excessi ve sl ur r y 
l osses" .

ALTERNATE SOLUTIONS

Di e f ol l owi ng al t er nat e sol ut i ons vrere consi der ed:

A) Shor t er  panel s or  even i nt er l ocki ng pi l es i n t he 
ar ea of  hi gh f l ui d l osses.

Condi t i ons:

I t  vroul d r equi r e addi t i onal  and/ or  di f f er ent  ma­
chi nes.

Rar ar ks:

Woul d i ncr ease number  of  j oi nt s.
Schedul ed t i me mi ght  be t oo shor t .

B) " Met hod of  Per si st ence" .

Condi t i ons:

Woul d r equi r e mor e machi ne and mat er i al s.

Remar ks:

Ttoo expensi ve and t i me consumi ng.

C) Det our  i n t he l ocat i on of  t he panel  wal l .

Condi t i ons:

Ext ent  of  hor i zon i n t hi r d di mensi on unknown.

Remar ks:

May have r equi r ed a det our  i n di ke al i gnment ;  
t her ef or e unaccept abl e.

D) I npr ovement  of  f oundat i on soi l  pr oper t i es by gr ou­
t i ng t he open hor i zons.

Condi t i ons:

Woul d r equi r e mobi l i zi ng dr i l l i ng and gr out i ng 
machi nes.

Ranar ks:
Woul d const i t ut e ext r a war k.  Coul d be car r i ed out

wi t hout  af f ect i ng pr oj ect  schedul e.  I npr oved 
soi l  st r uct ur e coul d pr ovi de desi r ed qual i t y of  
wal l .

E)  Gr out ed cut - of f  (i ) compl et e gr out ed cut - of f  bet -  
vreen t wo f ar t hest  compl et e panel s,  ( i i )  par t i al  
gr out ed cut - of f  i n t he ar ea of  hi gh f l ui d l osses 
bel ow t he canpl et ed por t i on of  t he panel  wal l .

Condi t i ons:
Woul d r equi r e mobi l i zi ng dr i l l i ng and gr out i ng e-  
qui pment .

Remar ks:
Any ver si on of  gr out ed cut - of f  woul d pr ovi de a 
cut - of f  of  di f f er ent  qual i t y t hen r equi r ed.  Woul d 
af f ect  pr oj ect  schedul e.  Woul d const i t ut e ext r a 
vrork.

For  any sol ut i on t o be accept abl e,  t he f ol l owi ng condi ­
t i ons had t o be consi der ed:

1) Compl et ed cut - of f  of  qual i t y i nf er i or  t o t hat  
speci f i ed woul d be unaccept abl e.

2) Const r uct i on schedul e had t o be mai nt ai ned f or  
t i mel y compl et i on of  t he pr oj ect .

3) As l i t t l e ext r a wor k shoul d be r equi r ed as possi bl e.

Sol ut i on "D" above was aonsi der ed t o have t he best  chan­
ces of  meet i ng t hese condi t i ons.  Bef or e vrorki ng t he 
det ai l s of  sol ut i on "D" ,  t he f ol l owi ng obj ect i ves wer e 
est abl i shed:

i ) Hi e dr i l l i ng met hod shoul d be r api d and abl e t o 
l ocat e open hor i zons.

i i )  Hi e wor k shoul d be st ar t ed bef or e t he spr i ng 
t haw,  and shoul d r each subst ant i al  and accept abl e 
compl et i on bef or e schedul e r est ar t  of  cut - of f  
wal l  const r uct i on.

i i i )  Maxi mum use of  on si t e pl ant  shoul d be made t o 
save some of  t he mobi l i zat i on cost s.

i v)  The har dened gr out s shoul d not  appr eci abl y r i gi -  
di f y and al t er  t he soi l s at  t he panel s wal l  l o­
cat i on.

v) Hi e gr out s shoul d i ncor por at e i nexpensi ve i ra- 
t er i al s.

vi )  Hi e gr out s shoul d have a shor t  gel  t i me i n or der  
t o r est r i ct  di sper si on.

THE SOLUTION

Sol ut i on "D"  was r et ai ned.  I t  was deci ded t o f or m an 
encl osur e of  gr out ed soi l  ar ound t he panel  al i gnment ,  
r at her  t han t o gr out  al ong t he act ual  al i gnment  wi t h a 
si ngl e l i ne of  hol es.  I t  was consi der ed t hat  a scheme 
of  t wo gr out ed cur t ai ns,  5 met er s apar t ,  upst r eam and 
downst r eam of  t he cent er l i ne of  panel  wal l  shoul d be 
const r uct ed.
Al t hough t he act ual  number  of  hol es t o be dr i l l ed woul d 
be t wi ce as many as at  a si ngl e cent er l i ne l ocat i on,  
t he physi cal  separ at i on of  gr out i ng and t r enchi ng l oca­
t i ons of f er ed t he possi bi l i t y of  si mul t aneous panel -  
wal l  t r enchi ng and gr out i ng,  i f  needed (Fi g.  1) .

As most  of  t he open gr ound was encount er ed sane 30 met er s 
bel ow t he sur f ace,  i t  was deci ded t o gr out  onl y f r om t hat  
dept h t o bedr ock.  Pr i mar y hol es vrere l ocat ed 6 met er s a-  
par t ,  wi t h secondar y hol es spl i t - spaci ng t he pr i mar i es
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Of  t he 48 t ot al  hol es pl anned,  t he sout her n 12 adj acent  
t o panel s Nos.  27 t o 29 uer e desi gned as a " t est  bl ock" .  
I t  was i nt ended t hat  t he t est  bl ock hol es shoul d be 
dr i l l ed and gr out ed f i r st ,  t o assess and opt i mi ze 
t he pr ogr am.

Becker  hammer  dr i l l s wer e consi der ed best  sui t ed t o t he 
r equi r ement s of  speed and abi l i t y t o sampl e t he soi l s 
cont i nuousl y.  I nf or mat i on r egar di ng t he densi t y i ndex 
of  t he soi l s penet r at ed was al so avai l abl e,  and gr out i ng 
coul d be per f or med by l ower i ng t he gr out  pi pes t hr ough 
t he dr i l l  st em cast i ng.

I ni t i al l y t he f ol l owi ng seven t r i al  mi xes as pr oposed by 
t he Cont r act or  wer e used i n t he t est  bl ock.

C E M E NT

( K g )

B ENTO NITE

( K g )

S I L I C A T E

SOD .

( K g )

SAND

( C m * )

W ATER  

( m 3 )

V IS C O S IT Y  

M A R S H  SECS.

1 4 5  . 0 2  2 . 5 0 7  . 2 5 — 0  . 7 5 5 3

1 4 5 . 0 2 7 .  2 5 7  . 2 5 — 0  . 7 5 5 0

I 4 5 . 0 3  2 . 0 0 7 .  2 5 — 0  . 7 5 5 5

1 8 1 . 5 3  2 . 0 0 7  2 5 — 0  . 7 5 6 0

1 6 1  . 5 3 2 . 0 0 7  . 2 5 3 3  . 0 0 . 7 5 4 6

1 6  1 . 5 3 2  . 0 0 7 . 2 5 4 9 . 0 0 .  7 5 4 6

2 1 8 . 0 2 7 .  2 5 14 . 5 0 — 0 . 7 5 4 7

THEORETICAL CONSIDERATIONS

The above mi xes wer e chosen on t he basi s of  t he f ol l o­
wi ng:  I he r eact i on wi t h f r ee l i me der i ved f r om cement  
causes conver si on of  sodi um bent oni t e i nt o cal ci um ben­
t oni t e ( Xant hakos 1974) .  I he cal ci um bent oni t e i s t hen 
f l occul at ed by t he excess of  cat i ons ( mai nl y cal ci um) i n 
t he cont i nuous sol ut i on phase.  The f l oes so f or med ar e 
st i l l  gel at i nous and pr event  t he sedi ment at i on of  r e­
l at i vel y coar se par t i cl es of  cement .  On t he ot her  hand,  
t he addi t i on of  sodi um si l i cat e t o t he bent oni t e sus­
pensi on l eads t o t he devel opr ent  of  a yi el d poi nt  and 
t hi xot r opy at  l ew sol i d concent r at i ons. But  i t  i s al so 
known t hat  sodi um si l i cat e r eact s wi t h sal t s of  some 
el ement s such as cal ci um,  magnesi um,  and al umi ni um 
( Hemson et  al .  -  1976)  .

The l i me f r om cement  exchanges base f r an sodi um si l i cat e 
t o f or m a sol ut i on of  cal ci um si l i cat e,  wi t h var i abl e 
set t i ng t i me ( Tal l ar d et  al .  -  1977) .

The f i nal  r eact i on of  a cement - bent ani t e- sodi um si l i cat e 
mi x i s t o pr oduce i n r el at i vel y shor t  t i ne of  one t o t wo 
hour s a puddi ng l i ke gel  whi ch i s not  af f ect ed by wat er .  
Fur t her  gel ef i cat i on f or ms a st i f f  mor t ar .

I deal l y t he most  ef f i ci ent  gr out  woul d be t he one whi ch 
coul d be pumped i n t he shor t est  possi bl e t i me.  I t  
shoul d have a r adi us of  penet r at i on (r) equal  t o t he 
hor i zont al  di st ance bet ween hol e bei ng i nj ect ed and 
cent er l i ne of  t he panel  wal l .  The gel at i on t i me shoul d 
be equal  t o t he t r avel  t i ne of  t hi s di st ance.

Theor et i cal l y:

F -  0. 620 ^  QT - - -  (1) ( Her ndon et  al .  -  1976)
n

r  = Radi al  di st ance of  gr out  penet r at i on (m)

Q = Aver age r at e of  gr out  t ake -  ( m̂/ hr )  

t  = Punpi ng or  gel at i on t i me (hours)

n = Por osi t y of  soi l ,  espr essed as f r act i on

Havi ng f i xed t he gr out  vol ume Q and t he gr out  penet r a­
t i on r adi us r ,  i t  i s possi bl e,  by var yi ng t he mi x desi gn 
t o det er mi ne t he most  economi cal  gr out i ng t i me t .  The 
f i xed val ue of  saf e gr out i ng pr essur e i s t aken ei t her  
f r om l i t t er at ur e or  agai n by t r i al  or  er r or .  I t  i s 
r easoned,  t hat  a sudden change i n gr out i ng pr essur e may 
be due t o hydr aul i c f r act ur i ng ( Her ndon et  al .  -  1977) .

PROCEDURE

The f ol l owi ng pr ocedur e f or  t he t est  bl ock was est a­
bl i shed:

1) Wi t h bedr ock el evat i on bei ng pr evi ousl y known,  a 
14 cm (OD) pi pe was dr i ven t o bedr ock wi t h t he 
hanmer  dr i l l .

2) A conpl et e l og was made of  soi l s r emoved dur i ng 
dr i vi ng and wat er  l evel  was est abl i shed.

3) A speci al  gr out i ng packer  was l ower ed i nsi de t he 
dr i ve pi pe wi t h a 5 cm I D gr out  pi pe.  The packer  
was seat ed and checked f or  wat er  t i ght ness.

4) The dr i ve st em was l i f t ed 1, 5 met er s ( hal f  t he 
l engt h of  t he dr i ve t ubi ng sect i ons) .

5) Gr out i ng wi t h t he appr opr i at e mi x was ocmpl et ed,  
i nj ect i ng t o " Ref usal " .

" Ref usal "  was cal cul at ed as f i xed quant i t y of  gr out  
mi x whi ch woul d t heor et i cal l y f i l l  t he voi ds of  a 
soi l  spher e of  1, 5 met er s r adi us under  gr avi t y.  I f  
a back pr essur e of  11. 0 kPa/ f a cor r espondi ng t o l ess 
t han hal f  of  over bur den pr essur e was r egi st er ed 
bef or e f i xed quant i t y i nj ect i on,  gr out i ng was t er ­
mi nat ed.

For  secondar y hol es t he back pr essur es bui l d- up 
was t he onl y r ef usal  cr i t er i a.

6) The dr i ve t ubi ng was t hen l i f t ed t o t he next  hi gher  
sect i on and st ep (5) was r epeat ed.

TEST BLOCK IN JECTION

Dur i ng dr i l l i ng sat e sand f l ows wer e exper i enced.  Thi s 
af f ect ed t he dr i l l i ng r at e and caused t empor ar y st op­
pages.  Thi s pr obl em was over come by cl osi ng t he bot t om 
of  t he dr i ve pi pe wi t h a t i ght  f i t t i ng coni cal  pl ug,  
whi ch was t hen pushed out  by gr out  pi pe and sacr i f i ced 
bef or e i nj ect i on.  However ,  no sampl i ng was possi bl e 
wi t h t hi s met hod.  I n or der  t o get  i nf or mat i on on t he'  
nat ur e of  t he soi l ,  a f ew hol es wer e sampl ed.  The gr out  
t akes i n t hese hol es wer e t hen used as an i ndi cat i on of  
open zones.  Dr i l l i ng and gr out i ng of  t he t est  bl ock 
t ook about  2 weeks,  but  enough i nf or mat i on became avai ­
l abl e,  t o per mi t  el i mi nat i on of  3 hol es out  of  t he 12 
i n t he t est  bl ock.

The f ol l owi ng gr oup mi xes wer e est abl i shed on t he basi s 
on t he t est  bl ock i nj ect i on r esul t s:

MIX

DESIGNATION

CEMENT

( K g )

BENTONITE

(K g )

S IL IC A T E

SOD.

( K g )

SAND

(C m 3 )

WATER

( m 3 )

1 1 0 9 . 0 2 9 .5 — — 0 .  7 5

l- A 1 4 5 . 0 2 9 . 5 — — 0 .  7 5

2 1 4 5 . 0 2 9 . 5 7 .  2 5 — 0 .  7 5

3 1 4 5 . 0 2 9 .5 1 4 . 5 0 — 0 . 7 5

3 - A 1 4 5 . 0 2 9 . 5 1 4 . 5 0 4 9 . 0 0 . 7 5
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Mi x 1 St ar t i ng mi x f or  "P" hol es
Mi x 1- A St ar t i ng mi x f or  "S"  hol es
Mi x 2 Bul k gr out i ng mi x f or  "P"  & '' S" hol es
Mi x 3 Cut - of f  or  " r ef usal "  mi x f or "P" hol es
Mi x 3- A Cut - of f  or  " r ef usal "  mi x f or "S" Hol es

I NSPECTI ON AND TRENCHI NG TESTS

The f ol l owi ng i s a summar y of  t he vrork conpl et ed dur i ng 
act ual  i nj ect i ons,  usi ng t he above pr ocedur e:

Tot al  nunber  of  hol es r equi r ed = 28 ( i nst ead of  48)

Tot al  l i near  met er s dr i l l ed = 1, 499

Tot al  l i near  met er s i nj ect ed -  ggg

Days wor ked on dr i l l i ng
( t wo dr i l l s -  24 hour s per  day)  = j g

Hour s of  i nj ect i on (2 punps)  = 750

Sacks of  cement  used -  10 , 958

Sacks of  bent oni t e used = 2 000

I nj ect i on equi pment  consi st ed of  st andar d cement  gr ou­
t i ng equi pment  wi t h t he addi t i on of  a hi gh speed mi xer /  
di gest er  f or  bent oni t e mi xi ng.

Two t est  panel  t r enches (Fi g.  1) wer e dug af t er  gr out i ng 
oper at i cn.  No f l ui d l oss was exper i enced i n t he i n­
j ect ed ar ea.  Tr aces of  gr out  wer e encount er ed dur j ng 
t r enchi ng.  Bent oni t e consumpt i on aver aged 58 Kg^m 
dur i ng t he t r enchi ng and r eached 185 t o 200 Kg/ m i n ^ 
t he open zones.  The aver age t r enchi ng r at e was 2. 7 m 
per  hour  per  machi ne.

PANEL WALL CONSTRUCTI ON

The whol e i nj ect i on pr ogr am was conpl et ed i n l ess t han
8 weeks. Wor k on t he act ual  cut - of f  wal l  cai menced as 
schedul ed and was compl et ed i n t i me ( Seemel  et  al .  -  
1978) .  The compar at i ve Kel l y bar  excavat i on r at es of  
di f f er ent  soi l s and bent oni t e consumpt i on ar e gi ven 
bel cw:

f i ci ency.  The pr oj ect  schedul e was mai nt ai ned and t he 
t he pr oj ect  was commi ssi oned i n t i me.

CONCLUSI ONS

The i nj ect i on of  i nexpensi ve gr out s can be used t o i m­
pr ove soi l  pr oper t i es.

The ef f ect i veness of  such i nj ect i ons per mi t t ed nor mal
and t i mel y compl et i on of  a deep cut - of f  panel  wal l  at
Di ke D- 20 at  James Bay.
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E X C A V A T IO N  W IT H  K E LLY  BAR B E N T O N IT E  C O N S U M P T IO N
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The compl et ed panel  wal l  has si nce been subj ect ed t o 

f ul l  r eser voi r  head and has di spl ayed no appar ent  de-
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