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Dewatering in urban environment 

Epuisement en zone urbaine

L. K.Ginzburg -  Scientific & Engineering Centre PROTEKT, Dnepropetrovsk, Ukraine

A B ST R A C T: S ta te -o f-th e  a r t m ethods o f  u n d erg round  w a te r  level low ering  in u rban env iro n m en t have  been  show n. N ew  technolog ies 

o f  w ate r d raw dow n by  m eans o f  ray-type d ra inage , d eep  w ells , d ra inage  system s and  w a te r  im perv ious cu rta in s have  been  described . 

P rac tica l exam p les o f  effec tiv e  site  d ew ate rin g  have  been  given.

R E SU M E : Le p resen t expose  d o nne les m ethodes co n tem p o ra in es de  la  ba isse  du  n iveau  d es eau x  so u te rra ines en  zones urbaines. Les 

nouvelles tech n o lo g ies de  l'ep u isem en t grace  au x  d ra inages-rayons, aux  pu its  pom pes, au x  systèm es de  d ra inage , aux  rideaux  

d 'e tancheite  son t exam ines. Q uelques ex em p les p ra tiq u es m o n lren t l'e fficac ite  de  l'ep u isem en t de  la zo n e  urbaine.

1 IN T R O D U C T IO N

U nderg round  w ate r level low erin g  and  u rban  site  d ew ate rin g  are  

o f  critica l im p o rtan ce  now adays b eing  in strum en ta l in so lv ing  a 

nu m b er o f  v ita l tasks: to  e lim in a te  h u m id ifica tio n  o f  

b asem en ts  an d  underg round  p rem ises; to  reco v er m arsh -ridden  

sites; to  stop  d e fo rm atio n s o f  fo u ndations in subsid in g  and  w eak 

soils; to  stren g th en  u n stab le  natu ra l slopes an d  artific ia l inclines 

o f  open  p its; to  p rec lu d e  w ater in take  in to  fo undation  areas 

du ring  th e  d ev e lo p m en t o f  d eep  excav a tio n s w ith in  bu ilt-in  

sites.

D uring  th e  recen t tim e  P ro tek t has used  m any  new  w ate r 

d raw d o w n  system s.

O n b u ilt-in  te rrito rie s  w here  it is im possib le  to  use 

con tinuous tren ch -ty p e  o r  seam -type  d ra in ag e  system s, th e  so- 

ca lled  ray-type d ra in ag es a re  used. T o  low er th e  g round  w ate r 

level du ring  th e  d ev e lo p m en t o f  open  p its o r  assem bly  o f  

ca issons, d eep  d raw d o w n  w ells  a re  arranged.

W here hydrogeo log ica l cond itio n s o f  th e  sites to  be 

deh u m id ified  a llow , it is o ften  m o re  reaso n ab le  to  p rec lu d e  the 

g round  w ate r in flow  to  th e  site, th u s e lim in a tin g  any  fu rther 

h u m id ifica tio n  o f  th e  territo ry . T h e  use o f  filtra tio n -p ro o f 

cu rta in s is one  o f  e ffec tiv e  m ethods o f  so il h u m id ifica tio n  

preven tion .

W hen  th ere  is a  d iffe ren ce  in th e  e lev a tio n s w ith in  th e  site 

to  be  p ro tec ted  against u n d erg round  w ater, an d  th e re  is a 

necessity  to  a rrange re ta in in g  w alls, d ra inage  b ack fills  b eh ind  

such  re ta in in g  w alls  can  p rov ide  re liab le  p ro tec tio n  against 

w a te r  inflow .

In each  case  th e  se lec tio n  o f  an ad eq u a te  w a te r  d raw dow n 

m eth o d  shou ld  be  supported  by a  d e ta iled  an d  carefu l techn ico - 

eco n o m ic  analysis and  co m parison  o f  the  a lternatives.

2 R A Y -T Y P E  D R A IN A G E S

T h is m eth o d  o f  w a te r  d raw dow n  (G inzburg , Shvets, 1984) 

env isages the  arran g em en t o f  adequ a te ly  deep  vertica l w ells 

w ith in  th e  site  to  b e  dew ate red , and  from  th e  w ells ho rizon tal 

ray-type ho les are  d rilled  in w h ich  filte r tu b es are  in sta lled  

w hich  transfo rm  th e  rays in to  d ra in s d riven  at th e  requ ired  

depth.

T h e  m ain  va lu e  o f  th e  m eth o d  is in the  fact that th e  ray-type 

dra ins can  be  arran g ed  w ith in  a  b u ilt-in  site , und er ex is ting  

bu ild ings and  fac ilitie s , leav ing  in tac t the  em b ed d ed  p rem ises 

and  com m unications. S ince  th e  leng th  o f  th e  horizon ta l rays 

m ay reach  100 m , the  w ater-in take  capac ity  o f  the  horizon ta l 

ho les  is very  high. A ll th is  m ak es the  usage o f  ray -type  d ra inage  

very a ttrac tiv e  fo r th e  p ro tec tio n  o f  industria l and  urban 

te rrito ries  against g round  w aters.

T he h o rizon ta l w a te r  co llec tio n  ho les w ere  p rev iously  used  

on ly  to  d ew a te r  open  p its and  o re  b o d ies (A nato liyevsky , 

R azum ov , 1970).

T o  be  ab le  to  use th e  ray-type d ra inage  to  d raw  dow n the  

underg round  w a te r  level w ith in  a  b u ilt-in  site, n ecessita ted  to  

m odify  th e  p rev iously  em ployed  techn o lo g y  o f  its a rrangem en t, to 

dev e lo p  a  re lev an t des ign  p rocedure  and  co m puta tion  so ftw are  

ap p licab le  to  n ew  conditions. T h e  p rob lem  is th a t a  relatively  

w ell-em p lo y ed  ca lcu la tio n  schem e w as av ailab le  fo r the  case o f  

sym m etrica lly  a rranged  ho rizon tal ho les  in a  c lu s te r  w hich  can  be 

d riven only  fo r d ew ate rin g  o f  op en  deposits. T he problem  

actually  has no  so lu tion  w h en  th e  horizon ta l ho les o f  a c lu s te r are 

arranged  arb itrarily . B u t w h en  low ering  the  g round  w ate r level 

under the  bu ild ings and  structu res located  w ith in  b u ilt-in  sites, by 

m eans o f  ray-type d ra inages, th e  layout o f  th e  ho les in a  c luste i 

can  be  qu ite  arb itrary ; as a  ru le , the  leng ths o f  th e  ho les m ay  vary  

w ith in  a  w ide  range too. T o  es tim ate  th e  e ffec tiveness o f  ray-type 

d ra inages it is n ecessa ry  to  have  a  ca lcu la tio n  m ethod  w hich  

a llow s, a t leas t roughly , to  d e te rm in e  the  d eg ree  o f  g round  w ater 

d raw dow n  w ith in  the  site  to  b e  pro tected . T o  th is en d  an 

app ro x im ate  ca lcu la tio n  p roced u re  is em ployed  w hich  is b ased  

on  a co n secu tive  use  o f  th e  av a ilab le  fo rm ulas fo r th e  y ield  o f  a 

c lu s te r w ith  sym m etric  ho les, and  o f  th e  equation  fo r the  g round  

w ater level low ering  w hen  a  ho le  d ra ins w a te r  a t a  co n stan t flow 

ra te  u n d er con stan t in filtra tio n  cond itions. Such ca lcu la tio n s are  

p erfo rm ed  on a  co m p u ter acco rd in g  to a  p rogram m e app licab le  

fo r th e  d escrib ed  co nd itions. T he ca lcu la tio n s are  carried  ou t in 

th e  fo llo w in g  sequence: firs t th e  y ie ld  o f  one ray is d e term ined , 

th en  the  to tal y ie ld  o f  each  w ell, i.e. o f  th e  c lu s te r o f  horizon ta l 

ho les located  th e re in  (Fig. 1), th en  o f  th e  w hole  system  o f  

in terac tin g  drains. T h e  y ie ld  o f  each  w ell is d e term ined  tak ing  

in to  acco u n t th e ir  in terac tion , as w ell as the  in flow  for each 

d ra inage , p e r 1 m  o f  a  ho rizon tal drain. A fter th a t th e  g round  

w ate r level d raw dow n is ca lcu la ted  in  arb itrary  po in ts o f  th e  seam  

during  th e  opera tio n  o f  a  sp ec ified  nu m b er o f  ray-type drainages.

T h e  ca lcu la tio n s are  perfo rm ed  by th e  m eth o d  o f  

co n secu tive  app ro x im atio n s fo r several re fe ren ce  p o in ts  in  the  

m o st critica l lo cations o f  the  site  be in g  drained . T h e  requ ired  

d ra in in g  e ffe c t is ach iev ed  by increasin g  the  n u m b er o f  the  ray- 

type holes; th e  ca lcu la tio n  o pera tions a re  s topped  w hen  the  

req u ired  w a te r  level low ering  is reach ed  in th e  sp ec ified  site 

locations.

For illu stra tion  w e shall dw ell on th e  w a te r  d raw d o w n  th a t 

w as ca rried  o u t by m ean s o f  th e  ray -type  d ra in ag e  o n  th e  site  o f  

th e  D nepropetrovsk  T yre  Factory.

S ince  1970 crack s from  50 to  200 m m  w ide  sta rted  

develo p in g  in th e  w alls  o f  th e  fac to ry  build ings. O b servations 

and  stud ies o f  the  local cond itio n s show ed  th a t subsid en ce  o f  the  

fo u ndations w h ich  reached  4 0 - 100m m  w as caused  by
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h u m id ifica tio n  o f  loess-like  subsid ing  so ils on  w h ich  th e  

p ro d u c tio n  fac ilitie s  o f  th e  fac to ry  w ere  built.

N o g round  w a te r  w as found  to  the  d ep th  o f  30 -35m  during  

th e  su rvey  period  (1 9 5 6 ) p re lim inary  to the  facto ry  g reen fie ld  

construction . By 1978 th e  g round  w ate r level w as a t th e  dep th  

o f  5-7m , th a t m ean s th a t du ring  th a t fac to ry  o p era tio n  period  

th e  g round  w a te r  level ra ised  by 25 -30m , an d  th a t rize  stead ily  

con tinued . A s a  resu lt o f  h u m id ifica tio n  o f  th e  so ils o f  w h ich  

th e  co m p ress ib le  m ass consists, the  d e fo rm atio n s o f  the 

fo u ndations co u ld  d rastica lly  increase , th e re fo re  it b ecam e 

n ecessary  to  tak e  u rgen t m easu res to  reduce  the  underg round  

w a te r  level an d , w h ich  is th e  m a in  p u rpose , to  p rec lu d e  its 

fu rth e r  rise.

It w as im p o ssib le  to  use  vertica l o r  ho rizo n ta l d ra in ag e  in the  

ac tu a l cond itio n s o f  o p era tin g  p rodu c tio n  shops, becau se  the  

b u ild in g s are  c lo se  to  one an o th e r  an d  co n ta in  a  lo t o f  

eq u ip m en t, an d  there  is a  dense ne tw o rk  o f  underg round  

com m un ica tio n s. T h e re fo re  it w as d ec id ed  to  p erfo rm  w ate r 

d raw d o w n  u n d er th e  facto ry 's bu ild ings by m ean s o f  ray-type 

d ra in ag e  units.

A n  ind iv idual w a te r  d raw dow n system  w as des ig n ed  for 

e ach  bu ild ing . F or exam p le , fo r the  m ain  b u ild in g  th e re  w as 

d esig n ed  a  ray -type  d ra in ag e  co m p rised  o f  e ig h t sha ft type 

re in fo rced  co n cre te  w ells  w ith  40 -90m  long h o rizon ta l ray-type 

d ra ins ( ca lcu la ted  to  cover all the  su rface  a rea  u nder the  

b u ild in g  ). T h e  14 m  d eep  w ells  w ere  arran g ed  a lo n g  th e  ou te r 

p erim e te r  o f  th e  b u ild ing , w ith  4 -5  rays from  each  w ell.

U nder sm a lle r  size  stru c tu res o f  the  fac to ry  w a te r  d raw dow n  

w as e ffec ted  by a  system  o f  rays d riven  from  one w ell. Such  a 

sch em e w as accep ted , fo r instance , fo r w ate r level low ering  

u n d er th e  m azo u t s to rage  o f  th e  po w er-an d -h ea t supp ly  bo iler 

hou se  (Fig.2). T he ray-type d ra ins o f  th is  system  w ere  arranged  

u n d er th e  em b ed d ed  sto rage  p rem ises in o rd er to  lo w er the 

g round  w ate r level b e lo w  the  foundations, an d  to  dry  o u t the 

b asem en ts  (Fig.3).

D uring  the  ray-type d ra inage  opera tio n , th e  g round  w ate r 

f low ing  in to  th e  ray-type d ra ins is d irec ted  in to  th e  w ate r 

co llec tin g  p it o f  th e  shaft-type  w ell from  w h ich  it is  p eriod ica lly  

pu m p ed  o f f  in to  th e  sto rm  sew erage  system .

T h e  ray -type  d ra ins a re  com p rised  o f  135m m  d iam eter 

f ram e-w ire  m esh  filte rs  m ad e  o f  2 m m  d iam e te r  s ta in less steel 

co iled  w ire  w ith  a  3.5 m m  c lea ran ce  b e tw een  th e  coils. T he 

su rface  o f  th e  w ire  co ils  has a  filte rin g  co a t co n sistin g  o f  4-5 

layers o f  unvow en  g lass fiber c lo th , type BB1.

T h e  w alls o f  th e  sh aft-type  w ell w ere  m ad e  by the  "w all-in - 

soil" m ethod: in to  a  trench  d u g  by  a  w id e-w eb  g rab  (u n d er clay  

m orta r), th e re  w ere  low ered  p re fa b rica ted  re in fo rced  co n cre te  

p anels o f  th e  w ell w alls g rou ted  th erebetw een . T hen  th e  so il w as 

tak en  o u t o f  th e  w ell by th e  grab , and  a  m on o lith  re in fo rced  

co n cre te  b o tto m  o f  th e  w ell w as a rranged  ov er th e  d ra inage  fill 

and  hydro insu lation .

T h e  ho rizo n ta l ray -type  ho les w ere  d rilled  from  the  w ell by 

an  U L B -130  d rillin g  rig  in 150 m m  d iam e te r  cas ing  tu b es w h ich  

w ere  p u lled  o u t by th e  sam e rig  a f te r  the  filte rs  have been  

in sta lled  therein .

T he ray -type  d ra in ag es p ro d u ced  a t the  T yre  fac to ry  have 

o p era ted  qu ite  successfu lly . T he g round  w ate r flo w in g  in to  the  

d ra in s flow s d ow n  by g rav ity  in to  th e  sh aft-type  w ell, from  each 

it is p u m p ed  o f f  au tom atica lly .

A fte r th e  ray -type  d ra in ag e  has sta rted  o p era tin g  a t th e  m ain  

bu ild in g , th e  g round  w ate r level w as red u ced  by 0 .2 -0 .8m  w ith in  

fou r m on ths, h en ce  the  env isaged  level red u c tio n  has been  

ach ieved . N o  subseq u en t g round  w ate r level rize  has been  

reco rded , w h ile  b u ild in g  w alls  d e fo rm atio n s have  b een  arrested .

M o n ito rin g  o f  th e  ray-type d ra inage  o p era tio n  on th e  site  o f  

th e  D nepro p e tro v sk  ty re  fac to ry  has show n  th a t th e ir  use 

requ ires m o d era te  expenses. In itia lly  it w as env isag ed  th a t in 

case  o f  co lm atag e  o f  th e  filte rs  in the  ray -type  d ra in s they  w ill 

b e  c lean ed  by  w a te r  fed  from  the  w ell und er p ressure. B ut 

opera tio n  has show n  th a t no  filte r  co lm a tag e  tak es place. In one 

case  th e  w a te r  s topped  flow ing  in to  the  w ell, an d  co lm atag e  w as 

susp ec ted , b u t th e  o b se rvation  ho les show ed  th a t s im ply  the  

g round  w ater level h ad  d ro p p ed  b e lo w  the  ex p ec ted  one. A s 

soon  as th e  level rose , th e  rays again  sta rted  operating .
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F ig .l . R ay-type  d ra in ag e  (sch em atic  v iew )

1-w ell; 2 -ho rizon ta l ray -type  ho les; 3 -d ep ressio n  curve; 4- 

ex is tin g  level; 5 -desig n ed  level o f  u n d erg round  w ater; 1-ray 

length

Fig.2. R ay-type  d ra in ag e  fo r the  m azo u t sto rage,

D n ep ro p e tro v sk  ty re  fac to ry  (sch em atic  v iew )

F ig.3. G round  w a te r  level low ering  u nder th e  m azo u t sto rage 

1 - u n d erg round  sto rage  p rem ises ; 2 - vertica l sh aft-type  w ell: 

3 - ray -type  d ra in ; 4 - soil filling ; 5 - loess-lik e  loam , 6 - loess; 

7 - ex is tin g  g round  w ate r level; 8 -low ered  level

In any case, th e  ray-type d ra in ag e  o p era tin g  co sts  are  

in sig n ifican t b ecau se  they  inc lude  on ly  fo llo w -u p  o f  the  

au to m atica lly  op era ted  p um ps, th e ir  p reven tiv e  m ain ten an ce , and 

e lec tric  p o w er consum ption .

3 IN -D E P T H  W A T E R  D R A W D O W N

T h e m e th o d  o f  g round  w ate r level low ering  by m ean s o f  in -dep th  

w ate r d raw d o w n  ho les is ra th e r  w idely  used. A s it is know n, th is 

w a te r  d raw d o w n  m eth o d  p rinc ip a lly  inc ludes d riv ing  o f  deep  

ho les w h ich  are  p ro v id ed  w ith  filte ring  co lu m n s w ith  a  d ra inage  

fill, in  d ep th  pum ps an d  a  w ate r e lev a tin g  co lu m n  th rough  w hich  

th e  p u m p ed -o u t w ater is fed  to  th e  su rface  (Fig.4).

U sually  th e  m ost co m p lica ted  p roced u re  is th e  dep th  

ca lcu la tio n  o f  th e  w ate r d raw d o w n  ho les, an d  o f  th e ir  quan tity
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requ ired  to ad eq u a te ly  low er th e  g round  w ate r level on  the g iven

site.

In genera l, the  m ethodology  o f  such ca lcu la tio n s is 

conven tional, bu t the  resu lts o f  such  ca lcu la tio n s largely  d epend  

on the  valid ity  o f  th e  ch arac te ris tic s  o f  the  w aterlogged  soils, 

w hich  are  d e te rm in ed  du ring  en g ineering  g eo log ica l survey. T he 

m ain  ca lcu la tio n  ch a rac te ris tic s  o f  the  so ils for the  purpose  o f  

w ater d raw d o w n  include the  filtra tion  co effic ien t and  the  w ater 

y ield  co effic ien t. U sing  these  co effic ien ts , as w ell as som e 

o ther physico  - m echan ica l ch a rac te ris tic s  o f  so il , the  

fo llow ing  p aram eters  are  calcu la ted : flo w  rate  o f  each  hole, 

radius o f  its in fluence , the  requ ired  n u m b er o f  ho les, th e ir  depth, 

design, etc. E ven  m in o r fau lts in th e  d e te rm in a tio n  o f  th e  design  

charac te ris tic s  can  lead  to  a  negative  re su lt du ring  th e  opera tion  

o f  the  d esigned  holes.

A s a  v iv id  ex am p le  can  se rve  an  a ttem p t to  d ew a te r  one  o f  

the sites in D nepropetrovsk  du ring  th e  co nstruction  o f  a 

sew erage  pum p in g  sta tion  in th e  city  (Fig.4).

It w as n ecessary  to  low er th e  u n d erg round  p art o f  the 

p um ping  sta tion  by th e  ca isson  d riv ing  m eth o d  to  th e  dep th  o f  

6 .5m  in to  loam y an d  sandy soils. In itia lly  th e  s ta tion  w as 

low ered  w h ile  so il w as tak en  o u t from  th e  inside 

s im u ltaneously , w ithou t any w ate r draw dow n. B ut th e  w ater in­

flow  w ith  so il in flow  in to  th e  ca isson  w as so  in tensive  th a t it 

forced  to  stop  th e  w ell d riv ing  to  th e  design  level and  to  sta rt 

u rgen tly  th e  w a te r  d raw dow n  operations.

A cco rd in g  to  the  av a ilab le  geo log ica l da ta , seam  4  con ta in ed  

the  m o st w aterlogged  soil. A cco rd in g  to th is  d a ta  it com prised  

o f  dusty  sand  w ith  th e  1-3 m /day filtra tio n  coeffic ien t.

T h e  w a te r  d raw d o w n  ho les d esigned  and  d riven  o n  th e  basis 

o f  th is  d a ta  d id  no t g ive any ad eq u a te  e ffe c t to  reduce  the 

g round  w ater level.

T h e  rep ea ted  geo log ica l surveys show ed  th a t seam  4 

consisted  o f  fine an d  m ed iu m -g ra in  sands w ith  a  9 -12m /day  

filtra tion  coeffic ien t.

A s a  resu lt, it b ecam e  n ecessary  to  u rgen tly  ad d  several 

d eep er w ate r d raw d o w n  holes.

T h is  ex am p le  show s th a t des ig n in g  o f  w a te r  d raw dow n 

fac ilitie s requ ires very  accu ra te  and  carefu l eng ineering  

geo log ica l survey, w h ile  th e  req u ired  so il ch a rac te ris tic s  shou ld  

be d e te rm in ed  by o n -site  tria l pum ping-ou t.

4 IM P E R V IO U S  C U R T A IN S

Im perv ious cu rta in s p rov ide  an  effec tiv e  m eth o d  to  p rec lude  

w ate r en cro ach m en t o f  th e  soils. T h e  cu rta in s com p rise  a 

p rac tica lly  w a te r-p ro o f vertica l w all (e lo n g a ted  in p lan ) in the 

so il, w h ich  is bu ilt by in jec tion  v ia  th e  ho les in to  th e  soil o f  

so lid ify ing  m orta rs o r by filling  up  a  n arro w  slo t-type  trench  

w ith  so m e im perv ious m ateria l, such  as clay , loam , lean  

con cre te , soil con cre te , etc.

T h e  cu rta in  b u ilt to  p ro tec t agains t f lood ing  th e  op en  pit o f  

the  Ingu letsky  M in ing  and  D ressing  C om b in e  m ay  serve as an 

ex am p le  o f  an e lon g a ted  filtra tio n -p ro o f d iaphragm  w all. T he 

open  p it edges lost th e ir  stab ility  due to  w a te r  in filtra tio n  from  

the  river (th is  p rocess w as fu rther en h an ced  due  to  the  add itional 

load  on to  th e  edges by th e  qu artz ite  dum ps). G round  w aters 

penetra ted  th rough  th e  open  p it edges cau sin g  dow nflow s and 

hydrodynam ic  p ressu re  at the  edges, hen ce  red u c in g  th e  streng th  

ch arac te ris tics  o f  the  soils. T h e  d esigned  filtra tio n -p ro o f 

d iaphragm  cu t th rough  all th e  w ater-perv ious layers and 

p en e tra ted  in to  the  w ater-im perv ious stra tum  (Fig.5). 

C a lc u la tio n s p roved  th a t such  a  d iaph ragm  actually  p rec lu d ed  

any  w ate r app ro ach  to  th e  open  p it edge. T h e  leng th  o f  the 

im perv ious cu rta in  w as about 3500 m , th e  dep th  - abo u t 26 m.

T h e  trench  fo r the  600  m m  w id e  cu rta in  w as d u g  by a  w ide- 

w eb  grab; a lso , a  b arrag ing  m ach in e  d esigned  by the  V IO G E M  

Institu te  (B elgo rod) w as used. T h e  p rin c ip le  o f  the  barrag ing  

m ach in e  opera tio n  consists in loo sen in g  o f  th e  soil by special 

k n ives fixedly  arran g ed  on a  beam  rec ip ro ca lly  m ov ing  a long  

th e  b u tt end  o f  th e  trench , w h ile  ro ta tin g  sim ultaneously . T he 

loosened  soil is w eigh ted  in the  clay  m o rta r  w ith  w hich  the  

trench  is filled , and  is d irec ted  to a  se ttlin g  reservo ir, w here  the  

c lay  rnn rtar is reg en era ted  fo r its su b sequen t use. T h e  clay

Fig.4. In -dep th  w a te r  d raw dow n (sch em atic  v iew ) 

l-filled -u p  g round; 2 -fine  sands; 3-loam s; 4 -fin e  an d  m ed ium - 

g rain  sands; 5 -pu m p in g  sta tion  ca isson ; 6 -und erg ro u n d  w ate r 

level; 7 -in -d ep th  w a te r  d raw dow n hole; 8 -dra inage  cush ion ing  

fill; 9 -filte rin g  co lum n; 10-w ater-lifting  co lum n; 1 1-subm ersib le 

d eep -w ell pum p

Fig.5. P ro tec tio n  against g round  w ate r o f  th e  op en  pit 

Inguletsky M in ing  and  D ressing  C om b in e  (sch em atic  v iew ) 

1 -Ingulets river; 2 -im perv ious d iaphragm ; 3 -quartz ite  dum ps; 

4 -prev iousIy  ex is ted  dep ress io n  curve; 5 -d ep ression  cu rv e  after 

the  im perv ious d iaph ragm  arrangem en t; 6 -open  p it edge; 7 -h ighly  

hum id ified  loam y sand; 8-sand  w ith  bo u ld er inc lusions; 9 -w ater- 

logged  sandy loam ; 10-com pact c lay  (w a te r  con fin ing  stratum )

m o rta r tak es aw ay th e  d rilled -o u t ro ck  an d  p ro tec ts the  trench  

w alls  agains t breakdow n.

W h en  a  trench  is to be  run  in w aterlogged  so ils , th e  clay  

m o rta r  quality  is o f  critica l im portance  fo r the  stab ility  o f  the  

trench  w alls. In th is  case  th e  clay  m o rta r w as p repared  o f  

ben to n ite  clays. C o n stan t labo ra to ry  con tro l o f  th e  con fo rm ity  o f  

th e  clay  m o rta r  quality  w ith  the  env isaged  p aram eters  w as carried  

o u t during  th e  w ho le  co n stru c tio n  period. A fte r co m p le tio n  o f  

each  tren ch  po rtion , th e  clay  m o rta r w as rep laced  w ith  loam s and  

clays b rough t from  th e  nearby  open  pits. T h e  arran g ed  loam s and  

clays fo rm ed  th e  filtra tio n -p ro o f m aterial o f  th e  d iaphragm .

R a th e r o ften  the  filtra tio n -p ro o f m ateria l is a rran g ed  by d irec t 

dum p in g  in to  th e  trench. B u t it w as found  th a t in  th is  case  the 

p rocess o f  th e  clay  m orta r d isp lacem en t is very slow . T herefo re  

fo r th e  cu rta in  a t the  Ingu letsky  M in in g  an d  D ressing  C om bine  

induced  feed ing  o f  the  loam s an d  clays w as ca rried  ou t by m eans 

o f  a  special sc rew  feeder. T he sc rew , ro ta tin g  in a  tu b e , layed 

dow n th e  im perv ious m ateria l from  th e  tren ch  b o tto m  upw ards, 

thus re liab ly  d isp lac in g  the  clay  m ortar. T h e  soil w as lo aded  in to  

a  b in  fixed ly  co n n ec ted  to  the  tube. A fte r the  vertical 

de fo rm atio n s caused  by curta in  m ate ria ls  co n so lid a tio n  have  been
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s tab ilized , th e  cu rta in  body  w as b an k ed  up  w ith  loam  to  the 

h eigh t o f  0 .5  m. T h e  d iap h rag m  m ateria l filtra tio n  p roofhess 

w as d e te rm in ed  in the  laboratory . T o  upgrade  the  filtra tion  

p ro o fn ess o f  the  cu rta in  , a  P V C  film  sc reen  w as ad d itionally  

low ered  in to  th e  tren ch  p re lim in ary  to  feed ing  loam s therein . 

A fte r th e  f iltra tio n -p ro o f d iap h rag m  has been  in sta lled  the  

p en e tra tio n  o f  w ate r in to  th e  open  p it w as p rac tica lly  stopped.

5 B E Y O N D -W A L L  D R A IN A G E

I f  th ere  is an  e lev a tio n  d iffe ren ce  on  th e  te rrito ry  being  

p ro tec ted  against g round  w a te r  in flow , and  th e re  is a  necessity  

to  a rran g e  re ta in in g  w alls , d ra in ag e  fills  beyond  tho se  re ta in ing  

w alls  can  be  u sed  as a  re liab le  p ro tec tio n  against w ate r 

en croachm en t. Such a  m ethod  w as used  in th e  c ity  o f  Y erevan  

to  p ro tec t ag a in s t flood ing  the  territo ry  o f  th e  sto rage  yard  o f  a  

ch em ica l reac tan ts  su les shop  and  p ro d u c tio n  plant. P ro tec tion  

ag a in s t g round  w a te r  by m ean s o f  an im perv io u s cu rta in  w as 

also  co n sid ered  as an  a lte rn a tiv e  version .

T h e  site  co m p rised  o f  a  b u ilt te rrito ry  w ith  tw o  w arehouse  

bu ild ings, an  o ffice  an d  a  garage. T h e  territo ry  w as no t covered  

w ith  asphalt, an d  w as sw am py in so m e parts, th e re  w ere  sha llow  

rav ines and  a  steep  slo p e  from  w h ich  w a te r  w as d ra in ing , thus 

co n s tan t d an g er o f  flood ing  the  site  ex isted . T h e  s ite  com prised  

o f  filled -up , loam y-sandy , sand -g ravel so ils an d  an  underly ing  

th ick  layer o f  red  m arly  clays. T h e  p eb b le -g rav e l-b o u ld er and 

loam  sand-gravel so ils served  as aq u ic lu d es , w hile  clay  w as 

used  as the  w ate r con fin in g  stratum . F lood ing  o f  th e  site  reduced  

th e  load  carry ing  capac ity  o f  th e  fo u n d a tio n s, led  to  the  

d ev e lo p m en t o f  c racks in the  sto rage  an d  adm in istra tive  

b u ild in g s, stab ility  red u c tio n  o f  the  natu ra l slo p e  w hich  lim ited  

the  territo ry  on  the  sou thern  side.

T o  en ab le  th e  se lec tion  o f  th e  m o st cos t-  an d  labo r-effic ien t 

a lte rn a tiv e , tw o  v arian ts  o f  w ate r d raw d o w n  have been 

developed : arran g em en t w ith in  the  natu ra l slo p e  o f  a  m onoly th ic  

re in fo rced  co n cre te  re ta in in g  w all w ith  a  w all-ad jacen t drainage 

(d ra in ag e  b ack fill beyond  th e  re ta in in g  w all) , and  a  filtra tion- 

p ro o f  so il cu rta in  w ith  a  PV C  film  sc reen  c rossing  the  flo w  w ay 

o f  the  g round  w ater. In the  firs t v a rian t (F ig .6 ), to  stab ilize  the 

slopes, m o no ly th ic  re in fo rced  co n cre te  re ta in in g  w alls  w ere  

e rec ted , m ad e  o f  co n cre te  on su lp h a te -resis tan t po rtlan d  cem ent. 

P re fab rica ted  w alls  w ere  re jec ted  b ecau se  such  structu res w ere 

no t p rod u ced  by re in fo rced  co n cre te  stru c tu re  p lan ts  in Y erevan. 

T h e  re ta in in g  w alls p assed  th rough  the  layers o f  the  fill-up , 

loam -san d  an d  sand -g ravel so ils an d  w ere  em b ed d ed  in to  the 

w a te r  con fin in g  stra tu m  co m p rised  o f  red  arg illaceo u s m arls. In 

th e  upp er part th ese  m arls a re  fissured , th e re fo re  it w as d ecided  

to  em b ed  the  re ta in in g  w alls  to  a t least lm  therein .

T h e  n ea r  th e  w all d ra in ag e  stru c tu re  in c lu d ed  250 m m  

d ia m e te r  a sb esto -cem en t tub es w ith  a  s lo t-shaped  knurling , on  a  

su lp h a te -resis tan t po rtlan d  cem en t, w ith  a  layered  fill-up  o f  

m ed ium  size c rushed  stone  (8 -4 0 m m ) an d  co arse -g ra in  sand 

(0 .2 5 -0 .5 m m ), w h ich  o p era ted  as a  un id irec tiona l filter. A 

co llec to r  co m p rised  o f  cas t iron  250m m  d iam e te r  tu b es w as 

used  fo r w a te r  ta k e -o ff  in to  the  storm  sew erage  system . P art o f  

the  w ate r w as co llec ted  in to  a  m ono ly th ic  re in fo rced  concre te  

w ell fo r fu rther u tility  use. lm  d iam eter o b se rvation  w ells w ere  

a rran g ed  to  con tro l th e  d ra in ag e  system  operation . T he p it 

back fill from  th e  d ra in ag e  side  w as do n e  using  th e  local gravel 

g round , w h ile  on the  o th er side  o f  th e  re ta in in g  w all any local 

so ils w ere  used. In the  o ffice  and  garage area , near th e  ex is ting  

foundations, th e  trench  fo r th e  re ta in in g  w all foundation  w as 

run , w h ile  its w alls  w ere  streng thened  by  reusab le  panels. O n  all 

d es ig n ed  in c lin es above th e  re ta in in g  w alls a  back fill o f  0 .1m  

th ick  layer o f  vege ta tio n  so il w as en v isag ed  w ith  subsequen t 

p lan tin g  o f  perenn ia l grasses.

T h e  second  varian t env isag ed  an im perv ious so il curtain

0 .6 m  w ide , 300  m  long  an d  from  10 to  14m deep.

A fte r co m p ariso n  o f  tech n ico -eco n o m ic  ch arac te ris tics , the 

firs t d ew ate rin g  varian t w as approved . T h e  w ate r d raw dow n 

system  an d  re ta in in g  w alls e rec ted  acco rd in g  to  th a t varian t 

p roved  to  be  q u ite  effec tiv e  and  re su lted  in co m p le te  recovery  o f  

th e  m arsh -ridden  territo ry , e lim in a tio n  o f  the  d e fo rm atio n s o f  

th e  bu ild in g s, an d  stab iliza tio n  o f  th e  slope.
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Fig.6. B eyond-w all d ra in ag e  (sch em atic  v iew )

1 - re ta in in g  w all; 2 - m ed iu m -g ra in  sand; 3 - co arse -g ra in  sand 

(0 .2 5 ...0 .5m m ); 4 - m ed iu m -size  c ru sh ed  stone; 5 - 250m m  

d iam e te r  a sb esto cem en t p ipe; 6 -in -lay er co m p ac ted  pugged  clay; 

7-local so il fill; 8 -spou ting  chu te

It shou ld  b e  n o ted  th a t fo r th e  norm al fu n c tio n in g  o f  the 

d ra in ag e  system  it is n ecessary  to  m o n ito r its opera tio n  an d  the 

g round  w a te r  dynam ics. O b serv a tio n  o f  w ells , d ra in ag e  pipes 

check -u p s , as w ell as w ate r flo w  ra te  m easu rem en ts  in th e  tak e­

o f f  co llec to rs  sh ou ld  b e  ca rried  o u t a t leas t 4 tim es a  year.

6 C O N C L U SIO N S

D uring  th e  recen t tim e  rise  o f  th e  u n d erg round  w ate r level has 

b een  o ften  obse rv ed  on  u rban  te rrito ries. It is ex p la in ed  by 

severa l factors: d is tu rb an ce  o f  the  b a lan ce  b e tw een  a tm ospheric  

p rec ip ita tio n  an d  ev ap o ra tio n  afte r a sp h a ltin g  o f  te rrito ries  and 

co nstruction  o f  various b u ild ings; leakage from  w a te r  m ains, 

tow er-coo le rs , w ash ing  fac ilitie s an d  m an -m ad e  reservoirs; 

inadequate  w ate r rem oval cap ac ities  o f  th e  ex is tin g  rainfall 

c o llec to rs  and  sew age condu its; riv er w a te r  level rise  as a  result 

o f  h yd ro techn ica l constru c tio n ; filling  o f  rav ines, and  

co n stru c tio n  on th e ir  slopes w ith o u t p rov isio n  o f  ad eq u a te  w ater 

rem oval fac ilitie s; etc. T h e  g rea t varie ty  o f  th e  causes o f  the 

g round  w a te r  level rise , co m p lica tes  p ro tec tio n  against such 

events. U ntil th e  recen t tim e  th e  p ro tec tiv e  m easu res inc luded  

arran g em en t o f  various vertica l and  h o rizon ta l s truc tu res, as well 

as seam  d ra in ag e  system s. B u t th e ir  a rran g em en t on bu ilt-in  

u rban  sites w ith  num ero u s u n d erg round  co m m u n ica tio n s is 

d ifficu lt.

In v iew  o f  th is, th e  search  fo r n ew  w a te r  d raw dow n  system s, 

upgrad in g  o f  th e  conven tional system s and  tech n o lo g ies o f  their 

co n stru c tio n  is o f  critica l im portance.

B ut it sh o u ld  be  tak en  in to  co n sid era tio n  th a t th e  ac tiv itie s  to 

p ro tec t th e  urb-an env iro n m en t ag a in st flood ing  requ ire  very 

tho ro u g h  fu lfilm en t o f  all the  re lev an t stages o f  the  p ro jec ts - 

en g in eerin g  geo log ica l survey, d esign ing , an d  on -site  w ater 

d raw dow n  system  construction .
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