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SYNOPSI S

A compl ex dewat er i ng pr oj ect  f or  t he const r uct i on of  a r ai l way t unnel  i n al l uvi al  soi l s i s descr i bed.  Sever al  dewat er i ng 
syst ems ar e pr esent ed and t he choi ce of  t he opt i mal  sol ut i on i s di scussed wi t h due account  t aken of  t he r i sks associ at ed 
wi t h t he var i ous schemes and possi bl e ef f ect s on t hi r d par t i es.

I NTRODUCTI ON

On June 1,  1980,  t he new Zur i ch Ai r por t  r ai l way l i nk was 
i naugur at ed near l y 11 year s af t er  pl anni ng and desi gn 
wor k st ar t ed.  The 6, 4 km l ong,  doubl e- t r ack l i nk con­
nect s Zur i ch' s ai r por t  Kl ot en ( Fi g.  1)  wi t h t he mai n r ai l ­
way syst em of  t he Swi ss Feder al  Rai l way ( SBB)  and br i ngs 

t he ai r por t  wi t hi n r each of  many maj or  t owns and met r o­
pol i t an r egi ons i n Swi t zer l and by di r ect ,  f ast  i nt er ci t y 
t r ai ns.  The const r uct i on cost s f or  t hi s l i nk amount ed t o 
r oughl y 330 mi l l i on SFr .

I n 1970,  Basl er  & Hof mann,  Consul t i ng Engi neer s and Pl an­
ner s,  Zur i ch wer e commi ssi oned by SBB f or  t he pl anni ng,  
desi gn and const r uct i on super vi si on of  t he 2 , 8  km l ong 
Hagenhol z- t unnel  whi ch const i t ut es t he cent r al  par t  of  
t hi s r ai l way l i nk.  The t unnel  i s si t uat ed beneat h t hr ee 
mi nor  hi l l s known as But zenbl i el , Hol ber g and Hagenhol z,  
wi t h t he over l yi ng gr ound bei ng 30 m t o 45 m t hi ck.  Ex­
cept i ons exi st  wher e t he t unnel  passes under  a hi ghway 
and t he r ai l r oad Zur i ch- Kl ot en wi t h gr ound cover s of  onl y

8, 5 m and 12 m,  r espect i vel y.  The t unnel  r i ses wi t h a 
l ongi t udi nal  sl ope of  1, 04 per cent  f r om t he under gr ound 
ai r por t  st at i on t o t he east er n t unnel  ent r ance.

Fi g.  1 New Zur i ch Ai r por t  Rai l way Li nk

GEOLOGY,  GR0UNDWATER- HYDR0L0GY AND CONSTRUCTI ON PROCEDURE

The t unnel  t r aver ses t hr ee t ypi cal  gl aci al  soi l  f or ma­
t i ons:  gr avel  deposi t s,  mor ai nes,  and l acust r i ne depo­
si t s ( Longo,  1978) ,  wher e t he gr avel  deposi t s have been 
pr el oaded by gl aci er s and t her ef or e ar e dense t o ver y 
dense.  The gr avel  deposi t s ar e gener al l y l oose but  occa­
si onal l y f or m cement ed congl omer at es i n pl aces wher e t he 
upper  mor ai nes ar e absent .  Sandy and cl ayey- si l t y soi l  

l enses ar e of t en pr esent .

The gr oundwat er  t abl e var i es bet ween 6 m ( mi n. )  and 14 m 
( max. )  above t he t unnel  i nver t .  Pumpi ng t est s i n t he bo­
r i ngs i ndi cat ed per meabi l i t i es of  k=10" 4 t o 10" 3 m/ sec i n 
t he gr avel  deposi t s,  and k=1 0 "6  m/ sec i n t he mor ai nes.
The l acust r i ne deposi t s ar e pr act i cal l y i mper vi ous.  Hence,  
t he mai n pr obl em of  t hi s pr oj ect  was t he dewat er i ng of  t he 
gr avel  deposi t s dur i ng const r uct i on of  t he t unnel .  Pr el i ­
mi nar y est i mat es showed t hat  a di schar ge of  30 t o 80 1/ sec 
had t o be expect ed at  t he t unnel  f r ont ,  whi ch woul d have 
made t he t unnel  const r uct i on wi t hout  speci al  dewat er i ng 

i nst al l at i ons i mpossi bl e.

On t he basi s of  t he t opogr aphi cal ,  geol ogi cal ,  and hydr o-  
l ogi cal  i nf or mat i on at  t he si t e,  i t  was deci ded t o advan­

ce t he t unnel  by usi ng a ci r cul ar  shi el d wi t h a di amet er  
of  11, 46 m.  However ,  because of  t he hi gh sensi t i vi t y 

agai nst  set t l ement  of  some of  t he over l yi ng st r uct ur es 
( e. g.  t r af f i c r out es,  houses,  ut i l i t y l i nes and oi l  t anks)  
t he shi el d was equi pped wi t h movabl e br east i ng door s 
( Fi g.  3)  t o cont r ol  t he excavat i on of  t he soi l s at  t he 
t unnel  f r ont  ( Andr askay et  al ,  1977) .  For t unat el y,  t he 
excavat ed soi l  deposi t s wer e i n gener al  mor e st abl e t han 
was expect ed f r om t he r esul t s of  geot echni cal  subsur f ace 
i nvest i gat i ons.  The met hod pr oved par t i cul ar l y advant ag­

eous i n cont r ol l i ng sudden br eaches of  gr avel y soi l s or  
i n r et ai ni ng por t i ons of  t he f r ont  dur i ng t he l ooseni ng 

of  har d por t i ons by bl ast i ng.

The t unnel  was devi ded i nt o t wo const r uct i on sect i ons t o 
r educe const r uct i on t i me.  I n Sect i on 7 t he t unnel  was ad­
vanced f r om t he east  downwar d ( Fr ey,  1977) .  I n Sect i on 6 

t unnel  const r uct i on st ar t ed f r om an i nt er medi at e poi nt  t o 

r educe i nt er f er ence wi t h t he const r uct i on oper at i ons f or  
t he ai r por t  r ai l way st at i on at  t he west er n end of  t he 
t unnel  ( Mul l er ,  1977) .  Const r uct i on st ar t ed i n Apr i l  1974
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-SECTION 6

Fi g.  2 Geol ogi cal  pr of i l e as known at  t i me of  bi ddi ng ( ©  Gr avel  Deposi t s ©  Mor ai nes (3) Lacust r i ne Deposi t s)

On t he basi s of  t hi s i nf or mat i on t he f ol l owi ng dewat er i ng 
schemes ( Fi g.  4)  wer e st udi ed ( Hof mann,  1974) :

- Dr i vi ng of  t unnel  under  compr essed ai r  condi t i ons,

- Lower i ng of  t he gr oundwat er  t abl e wi t h smal l - di amet er  
ver t i cal  dewat er i ng wel I s,

- Lower i ng of  t he gr oundwat er  t abl e usi ng a hor i zont al  
dewat er i ng gal l er y,  under neat h t he t unnel .

Fi g.  3 Ci r cul ar  shi el d wi t h br east i ng door s 
East  por t al

and t he t unnel  br eak- t hr ough t hr ee year s l at er  i n Apr i l  
1977.  The t unnel ,  excl udi ng t he r ai l way t r ack was com­
pl et ed on May 1978 at  a cost  of  about  90 mi o SFr .

DEWATERI NG SCHEMES

The t unnel  t r aver ses t he gr oundwat er  basi n Har d whi ch 
bor der s on t he gr oundwat er  basi n Kl ot en i n an ar ea about  
300 m nor t h of  t he t unnel .  Ot her wi se,  t he t wo basi ns ar e 
l ar gel y separ at ed by a bar r i er  ( see Fi g.  5)  whi ch r uns i n 
a SE- NW di r ect i on and consi st s most l y of  mor ai nes and l a­

cust r i ne deposi t s.  Because t he ci t y of  Kl ot en r ecei ves 
i t s wat er  f r om t he gr oundwat er  basi n Kl ot en,  i t  was ver y 
i mpor t ant  t o det er mi ne t he i mper vi ousness of  t hi s bar r i er  
i n connect i on wi t h a dewat er i ng scheme f or  t he Hagenhol z-  
t unnel  dur i ng const r uct i on.  Af t er  det ai l ed geol ogi cal  i n­
vest i gat i ons,  i t  was concl uded t hat  a t empor ar y dewat e­
r i ng oper at i on al ong t he Hagenhol z- t unnel  shoul d have 
l i t t l e i nf l uence on t he yi el d of  t he gr oundwat er  wel l s 
of  t he ci t y of  Kl ot en.

Fi g.  4 Dewat er i ng schemes i nvest i gat ed

Dr i vi ng t he t unnel  under  compr essed ai r  appear ed r at her  
di f f i cul t  because of  t he l ar ge over pr essur e of  1 at  
exi st i ng at  t he t unnel  cr own.  The ant i ci pat ed l eakage of  
ai r  and t he r i sk of  a sudden bl ow- out  i n t he gr avel  de­
posi t s wi t h l i t t l e over bur den was consi der ed t oo gr eat  
f or  t hi s dewat er i ng met hod.

The second met hod has t he advant age t hat  i t  i s f l exi bl e 
as f ar  as t he number  and si ze of  t he dewat er i ng wel l s i s 
concer ned.  The dewat er i ng oper at i on can be adj ust ed accor ­
di ng t o t he dewat er i ng r equi r ement s dur i ng t he advance 
of  t he t unnel  f r ont  and can make use of  t he dewat er i ng 
i nf or mat i on al r eady gai ned f or  a cer t ai n t unnel  por t i on.  

Exper i ence has shown t hat  such " cont r ol l abl e"  met hods ar e 
of t en mor e economi cal  t han f ool - pr oof  met hods whi ch have 
been pl anned f or  t he " wor st - case"  si t uat i on.  However ,  
t he bor i ng and pumpi ng oper at i on at  t he gr ound sur f ace,  

as wel l  as t he ext ensi ve pi pe i nst al l at i ons t o di ver t  
t he pumped wat er  woul d cause undesi r abl e emi ssi ons f or  
cer t ai n r esi dent s and pr oper t y owner s i n Kl ot en.  I n addi ­
t i on,  a cost  compar i son showed t hat  t he cost  f or  t hi s
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syst em woul d most  l i kel y be subst ani al l y gr eat er  t han 
t hose f or  a hor i zont al  dewat er i ng gal l er y.  The basi s f or  
t hi s cost  compar i son wer e pai r s of  smal 1- di amet er  dewat e­
r i ng wel l s at  a di st ance of  20 t o 30 m al ong t he ent i r e 
t unnel  sect i on t hr ough gr avel  deposi t s.

The hor i zont al  dewat er i ng gal l er y has t he advant age t hat  
t he dr i vi ng oper at i on of  t he t unnel  i s not  i mpai r ed.  I t  
al so ser ves as i nvest i gat i on gal l er y and as r eci pi ent  f or  
t he dr ai nage wat er ,  especi al l y f or  dr i vi ng i n f al l i ng 
l i ne,  because i t  i s dr i ven ahead of  t he mai n t unnel .

The bi d document s f or  t he t unnel i ng wor k t her ef or e speci ­
f i ed a t unnel  const r uct i on wi t h shi el d,  wher eby t he de­
wat er i ng shoul d be accompl i shed t hr ough a dewat er i ng gal ­
l er y wi t h a cr oss- sect i onal  ar ea of  6 m2 const r uct ed 

ahead of  t he mai n t unnel .  Thi s gal l er y shoul d be dr i ven 
by usi ng compr essed ai r .  Besi des al l  t he geol ogi cal  and 

hydr ol ogi cal  i nf or mat i on,  t he i nt er est ed t ender er s al so 
r ecei ved t he desi gn i nf or mat i on,  devel oped by t he pr o­
j ect  engi neer ,  whi ch l ed t o t he speci f i ed const r uct i on 
met hod.  The t ender er s wer e encour aged t o r evi ew t hi s i n­
f or mat i on f r om t hei r  poi nt  of  vi ew and t o pr opose al t er ­
nat i ve sol ut i ons on t he basi s of  t hei r  exper i ence and 
t he avai l abl e const r uct i on equi pment .

CONTRACTOR ALTERNATI VE AND I TS EVALUATI ON

To t he sur pr i se of  pr oj ect  engi neer  and owner ,  a pr i ce-  
wi se ver y at t r act i ve cont r act or - al t er nat i ve was of f er ed 

whi ch accompl i shed t he dewat er i ng wi t h l ar ge- di amet er  de­
wat er i ng wel l s.  Based on hi s dewat er i ng exper i ence i n t he 
ai r por t  r egi on,  t he cont r act or  concl uded t hat  t he gr ound­
wat er  body i n t he ar ea of  t he t unnel  consi st s of  a ser i es 
of  smal l er  gr oundwat er  basi ns ( Fi g.  5) .  By posi t i oni ng 
l ar ge- di amet er  wel l  gr oups at  t he deepest  poi nt s of  t hese 
basi ns,  t hey coul d be depl et ed bel ow t he t unnel  base.
Thi s dewat er i ng has t o be seen as an i nst at i onar y pr ocess 
wher eby t he pumped wat er  f l ow decr eases wi t h t i me due t o 
t he depl et i on of  t he basi n.  Event ual l y,  t he pumpi ng ope­
r at i on wi l l  become st at i onar y wi t h a const ant  wat er  f l ow 
t o mai nt ai n t he gr oundwat er  t abl e at  i t s l ower ed posi t i on.  
The cont r act or  f i gur ed t hat  about  40 of  t hese wel l s of  
di amet er  0, 60 m and 0, 90 m woul d be necessar y t o r each 
t hi s condi t i on.

Fi g.  5 Locat i on of  gr oundwat er  basi ns and subbasi ns

The geol ogi cal  and hydr ol ogi cal  subsur f ace i nvest i gat i ons 
wer e cont i nued dur i ng t he bi ddi ng phase,  and r eveal ed a 
r at her  i r r egul ar  sur f ace of  t he mor ai ne and l acust r i ne 
deposi t s.  Thi s sur f ace f or ms a ser i es of  " hi l l s"  and " val ­
l eys"  whi ch ar e cover ed by t he gr avel  deposi t s.  The mai n 
gr oundwat er  basi n Har d t her ef or e appear s di vi ded al ong 
t he t unnel  axi s i nt o smal l er  subbasi ns,  a f i ndi ng whi ch 
conf i r med t he cont r act or ' s concept  f or  t he dewat er i ng 
oper at i on.

COSTS

WW
3 PROBABLE COSTS

POSSIBLE /  MAXIMUM ADDITIONAL COSTS 

POSSIBLE /  MINIMUM REDUCED COSTS

CONSTRUCTION DATES 

(MEASURE FOR EXCEEDING 

CONSTRUCTION DATES)

3 PLANNED EXPENDITURE 

ADDED /  MAXIMUM EXPENDITURE 

REDUCED /  MINIMUM EXPENDITURE

EMISSIONS 2 DEVELOPED /  NON -  DEVELOPED AREA

RISKS 2 ACCIDENTS, CONSTRUCTION FLEXIBILITY 

SYSTEM KNOW -HO W , DEPENDANCE ON 

HYDROLOGIC M ODEL, IMPAIRMENT OF 

GROUNDWATER YIELD

EFFECTS ON TUNNEL 

ADVANCE

2 SUCCESS AND CONTROL OF DEWATERING 

DRAINAGE OF TUNNEL BY ADVANCE IN 

FALLING LINE, LOOSENING AND SE TT LE M E NT S 

IN REGION OF T U N N E L ,

ADDITIONAL SUBSURFACE INFORMATION

PO SSIBLE CONFLICTS 1 WITH LANDOWNERS 

AT FAILURE OF PROCEDURE

Fi g.  6 Mai n cr i t er i a f or  compar i ng dr ai nage gal l er y 
and dr ai nage wel l s ( WW i ndi cat es wei ght i ng)

I n vi ew of  t he f act  t hat  pr oj ect  engi neer  and owner  had 

pr oposed t he use of  a hor i zont al  dr ai nage gal l er y af t er  
l ong and i nt ensi ve i nvest i gat i ons,  t hi s scheme coul d not  
be abondoned bef or e car ef ul  eval uat i on of  al l  aspect s of  
t he t wo sol ut i ons.  I n t he pr ocess of  t hi s eval uat i on t he 
cr i t er i a gi ven i n Fi gur e 6 wer e est abl i shed t o ai d i n t he 
f i nal  deci si on maki ng pr ocess.  I n t he f ol l owi ng par a­
gr aphs t he cr i t er i a cost  and r i sk ar e di scussed br i ef l y:

The cost s wer e eval uat ed on t he basi s of  t he pr i ces gi ven 
i n t he bi d document s wher eby possi bl e devi at i ons i n r e­
gar d t o addi t i onal  or  r educed cost s wer e consi der ed ( see 

Fi gur e 7) .  As f ar  as t he dewat er i ng gal l er y i s concer ned,  
possi bl e cost  devi at i ons wer e associ at ed wi t h t he l engt h 
over  whi ch t he gal l er y had t o be dr i ven under  compr essed 
ai r .  I n addi t i on ver t i cal  r el i eve bor i ngs f r om t he gal l e­
r y mi ght  have been necessar y t o dr ai n gr oundwat er  f r om 
l ayer s whi ch ar e separ at ed by i mper vi ous l enses f r om t he 
dewat er i ng gal l er y.  The cost  est i mat es f or  t hese bor i ngs 
wer e associ at ed wi t h subst ant i al  uncer t ai nt i es.  The un­
cer t ai nt i es i n est i mat i ng t he cost  f or  t he l ar ge- di ame­
t er  dewat er i ng wel l s on t he ot her  hand ar ouse f r om (a)  
t he number  of  wel l s and ( b)  t he pumpi ng t i me r equi r ed t o 
cont r ol  t he gr oundwat er .  Addi t i onal  cost s wer e est i mat ed 
i n case t he subbasi ns pr oved t o be ei t her  not  as cl ear l y 
separ at ed as was assumed or i gi nal l y,  or  subst ant i al l y 
l ar ger .

The r i sks of  i mpai r i ng t he use of  t he gr oundwat er  basi n 
Kl ot en wer e al so eval uat ed.  The addi t i onal  cost s f or  bot h 
sol ut i ons i ncl uded t he suppl y of  wat er  t o t he ci t y of  
Kl ot en f r om ot her  sour ces i n case t he gr oundwat er  t abl e
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Fi g.  7 Expect ed cost s ( shaded ar eas)  and possi bl e 
devi at i  ons

near  t he wat er  wel l s woul d si nk t o unt ol er abl e l evel s.  I t  
shoul d be consi der ed t hat  wi t h t he l ar ge- di amet er  wel l  
sol ut i on cl ean pumped wat er  coul d be di schar ged agai n 
near  t he wat er  suppl y wel l s.

A f i nal  anal ysi s of  t he t wo sol ut i ons i ndi cat ed t hat  t he 
l ar ge- di amet er  dewat er i ng wel l  sol ut i on pr oposed by t he 
cont r act or  was mor e economi cal  and t he owner  deci ded t o 
pr oceed wi t h t hi s sol ut i on.

The ext ensi ve geo- hydr ol ogi cal  i nvest i gat i ons whi ch had 
been conduct ed i n f our  st ages up t o t hi s poi nt  i ncl uded:  

41 cor e bor i ngs wi t h a t ot al  l enght  of  1200 m,
2 subsur f ace i nvest i gat i on t r enches,

30 smal l er  pumpi ng t est s i n t he bor i ngs,
3 l ar ge dewat er i ng wel l s wi t h pumpi ng t est s,

130 pi ezomet er  i nst al l at i ons.

Al t hough t he cost s f or  t hese i nvest i gat i ons wer e subst an­
t i al ,  t hey wer e onl y about  1, 3% of  t he const r uct i on cost  
of  t he Hagenhol z- t unnel .

EXECUTI ON OF THE DEWATERI NG WORK

Gr oundwat er  cont r ol  and dat a pr ocessi ng

By decr ee of  t he Di r ect or at e of  Publ i c Wor ks of  t he Kan-  
t on Zur i ch dat ed Oct ober  16,  1972,  t he SBB was al l owed 

t o l ower  t he gr oundwat er  t abl e dur i ng const r uct i on of  t he 
Hagenhol z- t unnel  bel ow t he t unnel  i nver t .  Cer t ai n r e­
st r i ct i ons had t o be obser ved, however :  The dewat er i ng 
oper at i on had t o be l i mi t ed t o what  was absol ut el y neces­
sar y,  and had t o be cont r ol l ed at  al l  t i mes.  Af t er  t un­
nel  compl et i on appr opr i at e measur es had t o be t aken t o 
br i ng t he gr oundwat er  l evel  back t o i t s or i gi nal  posi t i on.

Ther ef or e a gr oundwat er  cont r ol  pr ogr am was devel oped i n 
cooper at i on wi t h t he Consul t i ng Fi r m f or  Hydr ol ogy and 
Geot echni cs,  A.  Wer ner ,  Bur gdor f .  Thi s pr ogr am ser ved t he 

f ol l owi ng t wo pur poses:  Fi r st l y,  t he ef f ect  of  l ower i ng,

i . e.  t he success of  dewat er i ng al ong t he t unnel  axi s had 
t o be det er mi ned f or  t unnel  const r uct i on.  Secondl y,  t he 
gr oundwat er  sur f ace was moni t or ed over  an ext ended ar ea 
t o check t he over al l  per f or mance and possi bl e ef f ect s on 
gr oundwat er  usage dur i ng t unnel  const r uct i on.  The pr o­
gr am consi st ed of :

-  A gr i d of  130 pi ezomet er  i nst al l at i ons,

-  Per i odi c,  gener al l y mont hl y,  gr oundwat er  t abl e measu­
r ement s i n al l  pi ezomet er s and wat er  wel l s si nce Ja­
nuar y 1973.  Dur i ng maj or  dewat er i ng t est s and dur i ng 
t he per i ods of  r e- est abl i shi ng t he or i gi nal  gr ound­

wat er  t abl e t he measur ement s wer e made i n shor t er  i n­
t er val s,

- Cont i nuous measur ement s of  di schar ge i n t he dr ai nage 
wel l s as wel l  as i n t he gr oundwat er  wel l s Mi i hl egasse 
and Thai ,

- Chemi cal  and bact er i ol ogi cal  t est s at  sel ect ed mea­
sur i ng poi nt s,

- Pl anni ng of  cont i ngency measur es i n case of  i nt er f e­
r ence wi t h t he gr oundwat er  suppl y f r om t he basi ns.

A comput er  pr ogr am GE0HYD ( Geohyd,  1976)  was devel oped 
t oget her  wi t h t he consul t i ng f i r m A.  Wer ner  t o pr ocess 
t he ext ensi ve dat a whi ch was col l ect ed dur i ng t hi s exer ­
ci se.

One por t i on of  t he comput er  pr ogr am was used t o st or e,  
pr ocess and pr i nt  t he dat a f r om t he 148 measur i ng poi nt s 
( pi ezomet er s and wel l s) .  Dur i ng t he per i od Januar y 1973 
t o Mai  1978 about  101000 wat er  l evel  and di schar ge dat a 
wer e pr ocessed and ar r anged i n t abl es and gr aphs.

Opt i mi sat i on of  t he dewat er i ng oper at i on

The above- ment i oned i nf or mat i on was al so used t o opt i mi ­
se t he dewat er i ng oper at i on.  The ai m of  t hi s opt i mi sa­
t i on was t o l ower  t he gr oundwat er  t abl e bel ow t he t unnel  
i nver t  wi t h a mi ni mum of  dewat er i ng wel l s and a mi ni mum 

of  pumpi ng t i me.  Wi t h t he cooper at i on of  t he dewat er i ng 
cont r act or  i t  was possi bl e t o const r uct  t he dewat er i ng 
wel l s gr adual l y accor di ng t o t he dewat er i ng r equi r ement s 
of  t he di f f er ent  subbasi ns r at her  t han by dr i l l i ng t hem 
al l  at  once.  For  ever y subbasi n,  pumpi ng t est s wer e ma­
de f or  sever al  weeks.  The r esul t i ng gr oundwat er  t abl e 

i nf or mat i on made i t  possi bl e t o pr edi ct  t he si ze of  t he 
subbasi ns r at her  wel l .

The geo- hydr ol ogi cal  i nf or mat i on r esul t i ng f r om t he pum­

pi ng t est s and t he geomet r i c dat a ( i . e.  l ocat i on and 
dept h of  t he wel l s and est i mat ed si ze of  subbasi n)  t hen 
ser ved as i nput  i nt o anot her  por t i on of  t he comput er  
pr ogr am GEOHYD.  Thi s l at t er  pr ogr am par t  al l owed si mu­
l at i on of  t he gr oundwat er  l ower i ng pr ocess,  on t he r e­
sul t s of  whi ch t he deci si on coul d be made i f  addi t i onal  
wel l s wer e needed t o l ower  t he gr oundwat er  t abl e t o t he 
f i nal ,  pr escr i bed l evel  wi t hi n a gi ven t i me dur i ng con­

Fi g.  8 Cr oss- sect i on of  t unnel  wi t h dewat er i ng wel l
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st r uct i on.  I f  t hi s pr oved t o be t he case,  t he pr ogr am al ­
so al l owed det er mi nat i on of  t he number  and posi t i on of  

such wel  I s.

The dewat er i ng wel l s wer e gener al l y i nst al l ed near  t he 
t unnel  axi s,  at  a di st ance of  about  9 m ( Fi g.  8) .  Wher ­
ever  addi t i onal  dewat er i ng wel l s wer e necessar y af t er  t he 
pumpi ng t est s,  t hey coul d be l ocat ed on t he basi s of  t he 
opt i mi sat i on pr ocedur e descr i bed above.  One dewat er i ng 
wel l  f or  exampl e pr oved most  ef f i ci ent  at  a di st ance of  
230 m f r om t he t unnel ,  at  t he deepest  poi nt  of  a sub­
basi n.  Al l  wel l s had di amet er s ( bor e- hol e/ f i l t er  pi pe)  
of  880 mm/ 520 mm ( Fi g.  9)  wi t h t he except i on of  6 wel l s 
wi t h di amet er s of  670 mm/ 350 mm.  The f i l t er  pi pe con­
si st ed of  a 4 t o 6 mm t hi ck st eel  pi pe and was sur r oun­
ded i n t he scr een zone wi t h a net  havi ng a mesh si ze of
1, 4 mm.  The gr avel  f i l t er  wi t h gr ai n si zes 6/ 12 rrni was 
i n some cases adj ust ed accor di ng t o t he sur r oundi ng soi l  
condi t i ons.  The dewat er i ng wel l s wer e al so shocked by 
a devi ce whi ch was equi pped wi t h a hi gh- pr essur e pump 
and a hi gh- pr essur e wat er - ai r  bl ower  t o cl ean t he f i l t er  

zone f r om sand and consequent l y i ncr ease t he wel l  yi el d.  
Thi s cl eani ng equi pment  was act i vat ed at  0, 50m i nt er ­
val s al ong t he scr een zone unt i l  t he pumped wat er  con­
t ai ned l ess t han l ° / oo sand.

Fi g.  9 Lower i ng of  f i l t er  pi pe

Dur i ng t he dewat er i ng phase,  t he wel l  di schar ge was on 
aver age about  1000 1/ mi n,  t he maxi mum bei ng mor e t han 
4000 1/ mi n.  Af t er  l ower i ng of  t he gr oundwat er  t abl e t o 
t he r equi r ed l evel ,  onl y a l i mi t ed amount  of  wel l s nee­
ded t o be i n oper at i on.  I n t hi s phase,  t he di schar ge per  
wel l  was i n t he or der  of  60 t o 200 1/ mi n.  A si zabl e pi pe 
net wor k about  5 km i n l engt h was needed t o dr ai n t he 
pumped wat er  i nt o si x sedi ment at i on ponds and f r om t her e 
i nt o t he r eci pi ent  sur f ace wat er .

Exper i ence wi t h t he oper at i on

The success of  t hi s dewat er i ng oper at i on became appar ent  
dur i ng t unnel  const r uct i on.  I n cont r act  Sect i on 6,  l i t t ­
l e or  no gr oundwat er  at  al l  was encount er ed dur i ng t un­
nel  const r uct i on,  and t he excavat i on wor k was t her eby i n 
no way i mpai r ed.  I n cont r act  Sect i on 7,  t he t unnel  por ­
t i on i n t he mor ai ne deposi t s was const r uct ed wi t hout  
pr i or  dewat er i ng measur es.  The gr oundwat er  encount er ed i n 

t hi s t unnel  sect i on,  wi t h const r uct i on i n a f al l i ng l i ne,

caused onl y mi nor  i nconveni ences.  The t ot al  di schar ge 
at  t he shi el d was l ess t han 5 1/ sec on 86%,  bet ween 6 and 
15 1/ sec on 13% of  al l  const r uct i on days.  I n t he mai n 
gr avel  deposi t  sect i on t wo pumpi ng sumps 2 m bel ow t unnel  
i nver t  had t o be i nst al l ed i n addi t i on t o t he dewat er i ng 
wel l s.  The onl y maj or  f l ow of  wat er  was encount er ed i n 
a gr avel  l ense whi ch was di scover ed t oo l at e t o be de­
wat er ed adequat el y.  Her e t he di schar ge was bet ween 25 
and 30 1/ sec f or  sever al  days.

The gr adual  const r uct i on of  dewat er i ng wel l s pr oved t o 
be ver y cost  ef f ect i ve.  Cont r act  Sect i on 6 ( 1300 m l ong)  
was dewat er ed wi t h onl y 16 wel l s.  The gr oundwat er  t abl e 
i n t he gr avel  deposi t s of  cont r act  Sect i on 7 was l ower ed 
wi t h 6 wel l s.  Onl y 20 of  t he 40 wel l s ant i ci pat ed or i gi ­
nal l y had t o be i nst al l ed,  and 2 wel l s whi ch wer e used 
f or  ear l i er  pumpi ng t est s coul d be r eused f or  dewat er i ng 
pur poses.  On aver age t he wel l s wer e 45 m deep,  t he dee­
pest  one bei ng 65 m.  The dewat er i ng oper at i on descr i bed 
above r esul t ed i n a t ot al  savi ng of  appr oxi mat el y 1. 0 
mi l l i on SFr . ,  or  about  30% of  t he i ni t i al  cont r agt  sum 
f or  dewat er i ng.

POST- CONSTRUCTI ON EQUALI ZATI ON OF GROUNDWATER BASI NS

As ment i oned ear l i er ,  t he or i gi nal  gr oundwat er  l evel s i n 
t he di f f er ent  subbasi ns had t o be r e- est abl i shed af t er  

t unnel  compl et i on.  The amount  of  gr oundwat er  dr ai ni ng 
t hr ough t he t unnel  t her ef or e had t o be l ess t han t he 
r ai nf al l  wat er  added t o t he gr oundwat er ,  whi ch i s f or  t he 
ar ea i n quest i on about  2000 1/ mi n.

Rai l way oper at i ng condi t i ons r equi r ed an i nsul at i on wi t h 
el ast i c f oi l  ( such as chl or opr ene or hypal on f oi l )  above 
t he r ai l way t r ack l evel  over  t he ent i r e t unnel  l engt h.  
Al t ough i t  was cl ear  t hat  some i nsul at i on had t o be pr o­
vi ded al so f or  t he t unnel  f l oor  ( i nver t ) ,  pr oj ect  engi ­
neer  and owner  never t hel ess deci ded not  t o speci f y t he 
most  expensi ve i nsul at i on syst em wi t h el ast i c f oi l  i n 
t hi s case,  but  t o have t he cont r act or  bi d on sever al  l ess 
expensi ve i nsul at i on met hods.

Wi t h t he ai d of  equal i zat i on t est s ( st oppi ng of  dewat er i ng 
oper at i on)  i t  was possi bl e t o est i mat e f or  var i ous com­
pl et ed t unnel  r eaches t he dr ai nage quant i t i es,  and hence 
t o sel ect  t he most  cost - ef f ect i ve,  appr opr i at e i nsul at i on 
syst em accor di ng t o t he geo- hydr ol ogi cal  condi t i ons ( An-  
dr askay et  al  1980) .  Af t er  some i ni t i al  pr obl ems had 
been over come, t he ent i r e t unnel  i nver t  coul d be i nsul at ed 

wi t hout  det r i ment al l y af f ect i ng t he const r uct i on pr ogr am.  
Det ai l s ar e i l l ust r at ed on Fi gur e 10.  Of  t he t ot al  of  
2760 m t unnel  i n quest i on,  763 m needed chl or opr ene f oi l  
i nsul at i on of  t he t unnel  i nver t ;  on 606 m t he j oi nt s wer e 
seal ed wi t h a speci al  packi ng mor t ar ,  wher eas on 374 m 
gr out i ng of  t he sur r oundi ng soi l  mat er i al  pr oved ef f ec­
t i ve.  For  t he r emai ni ng 1017 m seal i ng of  t he i nver t  

j oi nt s wi t h neopr ene r i bbons suf f i ced.  These measur es 
cost  a t ot al  of  4, 2 mi o SFr . ,  as compar ed t o 9, 0 mi l l i on 
whi ch woul d have been spent  f or  el ast i c f oi l  i nsul at i on 
al ong t he ent i r e t unnel  f l oor ;  a di f f er ent i at ed seal i ng 
pr ocess and phased const r uct i on t hus pr oved t o be advan­
t ageous.

A f ur t her  measur e had t o be pr ovi ded i n or der  t o guar an­
t ee ef f ect i veness of  t he nat ur al  bar r i er s bet ween t he 
subbasi n and t her eby t o pr event  seapage al ong t he out si de 
of  t he t unnel .  For  t hi s pur pose,  a t ot al  of  seven gr out  
cur t ai ns ext endi ng r adi al l y f r om t he t unnel  wal l  wer e 
pr ovi ded.  One year  af t er  t he l ast  dewat er i ng wel l  st opped 
pumpi ng,  t he or i gi nal  gr oundwat er  t abl e was est abl i shed
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Fi g.  10 Seal i ng and packi ng measur es at  t unnel  i nver t

agai n;  t he dr ai nage wat er  col l ect ed i n t he ent i r e t unnel  
aver ages about  1400 1/ mi n si nce t hat  dat e.  At  al l  sur f ace 
poi nt s of  hi gh sensi t i vi t y agai nst  set t l ement  pr eci se l e­
vel l i ng was per f or med.  No set t l ement s gr eat er  t han 2 mm 
have been measur ed.

SUMMARY CONCLUSI ONS

A compl ex dewat er i ng pr oj ect  f or  t he const r uct i on of  a 
r ai l way t unnel  i n al l uvi al  soi l s i s descr i bed.  Sever al  
dewat er i ng syst ems ar e pr esent ed and t he choi ce of  t he 
opt i mal  sol ut i on i s di scussed wi t h due account  t aken of  
t he r i sks associ at ed wi t h t he var i ous schemes and possi b­
l e ef f ect s on t hi r d par t i es.

St aged geo- hydr ol ogi cal  and geot echni cal  i nvest i gat i ons,  
under t aken bot h bef or e and dur i ng t unnel  const r uct i on 
( e. g.  car ef ul  moni t or i ng of  gr oundwat er  basi ns,  ext ensi ve 
col l ect i on of  gr oundwat er  and soi l  dat a,  pumpi ng t est s)  
pr ovi ded a host  of  dat a whi ch wer e pr ocessed by comput er .

Cor r ect  i nt er pr et at i on and ut i l i sat i on of  t he r esul t s,  
cooper at i on bet ween owner ,  pr oj ect  engi neer  and cont r ac­
t or s as wel l  as t he use of  l at est  const r uct i on t echnol o­
gy made a successf ul  and cost - ef f ect i ve dewat er i ng ope­
r at i on possi bl e,  wi t h opt i mal  use of  t he dewat er i ng 
wel l s,  shor t est  possi bl e pumpi ng t i mes and no negat i ve 
si de ef f ect s f or  t hi r d par t i es.  The cost  f or  f i nal  t un­
nel  i nsul at i on coul d i n t he end al so be r educed.  Or i gi ­
nal  gr oundwat er  condi t i ons wer e r e- est abl i shed shor t l y 
af t er  t er mi nat i on of  const r uct i on.
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