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ABSTRACT 

Sinc e 198 2 th e Bosse a Cav e ha s bee n equipe d fo r  a  continuou s stud y o f  th e flo w 

discharg e o f  a  peculia r  karsti c system ,  wher e a  limeston e comple x i s supporte d an d 

surrounde d b y basemen t  rock s (quarzite s an d porphyroides) .  Dy e trace r  test s an d 

hydrogeochemica l  analysi s mad e possibl e t o understan d th e behaviou r  o f  th e syste m 

i n differen t  period s o f  th e year .  When n o precipitation s occu r  i n th e recharg e are a 

discharg e i s mainl y supplie d b y th e fracture d quarzite s aquiclude .  Some chemica l 

marker s (sulphat e an d silica )  hav e bee n identifie d i n th e system ;  the y ar e relate d 

t o tw o differen t  recharg e zones ,  th e forme r  made u p b y carbonat e rocks ,  th e latte r 

by cristallin e basemen t  rocks .  Conductivit y show s a  goo d correlatio n wit h flow-rat e 

and th e highes t  conductivit y value s mar k th e high-wate r  section s o f  th e hydrograph . 

Onl y heav y rainfal l  cause s a  relativ e lowerin g o f  conductivity ,  expeciall y whe n it s 

effec t  i s  adde d t o Sprin g snowmelt . 

INTRODUCTION 

The researc h progra m draw n u p i n orde r  t o understan d an d exploi t  th e groundwate r 

resource s i n Italy ,  ha s pointe d ou t  differen t  behaviour s o f  som e karsti c system s 

i n souther n Piedmon t  (N W Italy) . 

Four  undergroun d scientifi c  gagin g station s hav e bee n installed ,  thes e station s 

bein g representativ e o f  differen t  kind s o f  kars t  whos e hydrodynami c bahaviour s sho w 

remarkabl e differences .  On e o f  thes e stations ,  locate d i n th e Bosse a Cav e (operativ e 

sinc e 1982 )  i s equipe d wit h a n hydrometrograph-aide d weir ,  a  pH-recorder ,  a 

conductivity-recorde r  an d a  si x channel s thermograph ,  whil e a n automati c sample r 

provide s th e samplin g o f  wate r  a t  fixe d intervals . 

The Bosse a karsti c syste m (intak e are a abou t  5  k m )  i s situate d o n th e Maritim e 

Alp s i n th e Corsagli a Valley ,  betwee n 170 0 an d 80 0 metre s a.s.l .  (fig .  1) . 

The carbonat e aquife r  formin g th e kars t  structur e i s made u p b y a.limeston e 

comple x age d fro m Middl e Triassi c t o Uppe r  Cretaceous ;  i t  i s  oriente d E- W an d bounde d 
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by distinc t  tectoni c line s whic h pu t  i n contac t  limestone s an d fracture d quarzite s 

of  th e Permian-Triassi c continenta l  suite .  Th e hydrostructure ,  situate d cross-wis e 

th e mai n axi s valleys ,  drain s th e surfac e runof f  comin g fro m impermeabl e basemen t 

lithotypes .  Th e termina l  par t  o f  th e well-developpe d hypogeu s conduit s networ k i s 

constitute d b y a  se t  o f  bi g syphon s partiall y  explore d (floode d zone )  an d feed s a 

perennia l  emergence . 

Fig .  1  -  Hydrogeologica l  sketc h o f  Bosse a karsti c system .  1  =  mai n 

aquife r  (limestone) ;  2  =  aquiclud e (crystallin e basement) ;  3  =  hydro -

structur e boundary ;  4  =  groundwate r  flo w directions . 

A numbe r  o f  smal l  latera l  conduit-stream s (effluen t  subsystems) ,  yeldin g a 

constan t  physical-chemica l  discharge ,  feede d b y crevic e network ,  reac h th e mai n cav e 

system . 

ANALYSIS OF BOSSEA SYSTEM RECHARGE PROCESS 

The Bosse a syste m i s a  typica l  mountai n kars t  influence d b y weathe r  condition s 

of  middl e latitudes .  I t  show s a  quit e fas t  respons e toward s inpu t  changements .  Durin g 

fou r  year s o f  observatio n th e lowes t  discharg e value s (5 0 1/s )  hav e bee n recorde d 

i n winte r  tim e (wit h "close "  syste m an d n o input) ,  o r  a t  th e en d o f  th e Summer  i n 

absenc e o f  rainfall .  Durin g th e perio d March/Ma y th e syste m i s mainl y fe d b y snowmel t 

(fig .  2 )  an d i t  show s a  progressiv e increas e i n th e hydrograph ,  wit h a  serie s o f 

dail y fluctuation s (regula r  step s o r  littl e peak s o f  discharg e i n conformit y wit h 

th e thermi c condition s i n th e recharg e area .  When snowmel t  i s  adde d t o rainfal l 

(1986 )  o r  afte r  rainfal l  o f  som e lengh t  (1983) ,  th e hydrograp h reache s th e highes t 

discharg e value s (abou t  120 0 1/s ,  fig .  3) .  Fo r  mos t  o f  th e observ d case s th e en d o f 

th e rainfal l  coincide s wit h th e highes t  discharg e peak s (maximu m delay :  1  hour) . 

Two analysi s o f  th e recessio n curv e hav e bee n performe d b y MANGIN methodolog y 

(1970 )  fo r  th e year s 198 3 an d 198 5 hydrographs .  I n th e firs t  cas e (1983) ,  th e curv e 

has bee n purifie d fro m parasit e flood s o f  grea t  importance ;  i n 198 5 th e exhaustio n 
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Fig .  2  -  Snowmel t  i n th e Bosse a karsti c system :  a )  continuou s mel t  (overcas t 

sky ,  1982) ;  b )  pulsatin g mel t  (cloudles s sky ,  1985) . 

curv e ha s bee n disturbe d onl y b y som e floo d event s scarcel y visibl e o n th e hydrograph . 

On tabl e 1  dat a referrin g t o th e analysi s o f  th e curve s ar e reported .  Th e exhaustio n 

coefficien t  (  a )  show s a  quit e lo w valu e an d th e grea t  importanc e o f  th e fractur e 

networ k feedin g th e system .  Thi s seem s t o b e confirme d fro m th e lo w infiltratio n rat e 

coefficien t  (  T) )  an d fro m th e quit e lon g infiltratio n nough-tim e (q 0)  •  Th e outflo w 

heterogenicit y coefficien t  (  e  )  indicate s a  comple x behaviou r  o f  th e syste m an d 

feedin g fro m area s wit h peculia r  geologica l  an d hydrodynami c features . 

J F  M .  A  M  i J  A  S  O N D  J  F  M A  M J  J  A S O N E S 

Fig .  3  -  Discharge s (1983-1986 )  o f  Bosse a karsti c system . 
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Tabl e 1  -  Recessio n curv e parameter s o f  Bosse a karsti c system . 

Y E M 3 Qo 3  Q a °  3  Q' ° 
m / s m / s m / s m / s 

t  t , 

days day s 
a * ) • 

W0 W" 0 V 
3 3  3 

Mm Mm Mon 

1983 .86 9 .14 1 .12 2 .72 8 18 9 5 2 .00299 0 .01923 1 .33084 2 4. 1 3. 5 .3 5 

1985 1.12 0 .11 0 .08 0 1.01 0 28 7 7 5 .00428 5 .01333 3 .30232 4 2. 2 1. 6 .6 1 

( Q l / s ) 

lOOQr 

800 

600 

400 

200 

0 

1986 bl 

3 1 1 2 3 4 S 6 7 3 9 1 0 1 1 1 2 
MARCH APRIL 

14 13 16 17 18 19 2 0 2 1 2 2 2 3 2 4 
JUNE 

1 

i ^ v 

2 3 4 5 S 7 S 9 1 0 1 1 12 
MAY 

234 

210 

202 

196 

170 

Fig .  4  -  Conductivity/discharg e relationship s o f  Bosse a karsti c syste m (1986) . 

The dy e restitutio n curv e a t  Bosse a sprin g indicate s fo r  th e whol e syste m a 

differen t  behaviou r  durin g th e yea r  (variation s o f  hydrauli c  head) .  •  Th e dy e 

(Na-fluorescein e pu t  int o th e syste m fro m a  karsti c los s absorbin g a  certai n quantit y 

of  a  perennia l  strea m water) ,  ha s bee n brough t  bac k afte r  30 0 hour s i n low-wate r 

conditions .  Th e maximu m velocit y ha s bee n estimate d i n 6  m/ h wit h ver y lo w dy e 

concentration .  Thre e month s afte r  th e test ,  durin g th e Sprin g hig h wate r  discharge , 

trace s o f  dy e hav e bee n foun d agai n i n th e water . 

h tes t  carrie d ou t  i n th e sam e karsti c los s durin g floo d conditions ,  ha s show n 

a shorte r  transi t  tim e an d a  velocit y valuabl e i n 8 3 m/h .  Th e dy e restitutio n laste d 

ove r  24 0 hours .  Fo r  thes e reason s an d accordin g t o othe r  dat a (se e nex t  paragraph ) 

i t  i s  possibl e t o suppos e th e existenc e o f  a  develope d saturate d zon e an d a  strik e 

flo w durin g high-wate r  time . 

ANALYSIS OF BOSSEA SYSTEM RECHARGE PROCESS 

Usin g time-dependen t  physica l  an d chemica l  features ,  i t  i s  possibl e t o buil t 

up a  scenari o o f  th e recharg e proces s i n th e system . 

Groundwater s flowin g ou t  th e Bosse a syste m ar e characterize d b y lo w TDS;  th e 

TDS generall y increase s wit h hig h discharges .  Th e continuou s recordin g o f  th e 

conductivit y point s ou t  a  progressiv e increas e i n TDS a s a  resul t  o f  a n increasin g 

i n discharge ,  whe n snowmel t  occur s (fig .  4a )  o r  durin g rainfal l  event s (fig .  4b) . 

342 



(mg/ I) 
7 r 

1987 

7 

5 h 

3 

1 

140 r 

130 

120 

110 

(mgx I) 
5 

HCO, 

1 

600 

soo 

400 

300 

200 

100 

0 

Ma 

-A-J 
I 

FES 

Fig .  5  -  Recharg e time-dependen t  factor s o f  Bosse a karsti c syste m (1987) .  Onl y 

significan t  hydrogeochemica l  marker s ar e plotte d i n th e isochronou s diagrams . 

The dela y betwee n th e discharg e pea k an d th e conductivit y pea k range s fro m a  fe w 

hour s t o severa l  days ,  accordin g t o th e saturatio n o f  th e fracture s network .  Heav y 

flood s caus e a  lowerin g i n TDS (fig .  4c )  sinc e th e flo w i s mainl y carrie d ou t  b y 

karstic .  conduits . 

The mai n natura l  ioni c marker s o f  th e syste m (S O * ,  HCO ,  Mg )  an d th e 
4 3 

conductivit y denot e simila r  bahaviours .  Afte r  a  lon g perio d o f  lo w discharg e littl e 

change s o f  th e hydrograp h ar e characterize d b y significan t  increase s o f  th e differen t 

ioni c marker s (fig .  5) ,  wit h delay s tha t  ca n las t  severa l  days .  Heav y flood s caus e 

a quic k increas e i n th e marke r  concentration ,  whils t  a  floo d immediatel y folowin g 

anothe r  floo d give s ris e t o a  decreasin g i n the'ioni c marker s values . 

As th e sprin g collect s water s comin g fro m differen t  area s o f  th e syste m 
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(limestone s an d quarzites) ,  th e rati o betwee n th e tw o type s o f  wate r  i s a  functio n 

of  th e hydrauli c hea d o f  th e syste m a s follows : 

-  a  stron g hydrauli c charg e i n th e fracture s networ k bring s ou t  a  quic k respons e o f  ! 

th e system ;  thi s i s typica l  o f  heav y raifal l  followin g rain s o f  som e lengh t  (wate r 

saturatio n o f  soi l  an d fractures) ; 

-  snowmel t  an d moderat e rainfal l  (absenc e o f  saturation )  caus e delaye d response s o f 

th e system . 

The silic a behaviou r  i s peculia r  an d i t  i s  completel y differen t  fro m th e ioni c 

marker s one .  Silic a reache s th e lowes t  concentration s durin g th e highes t  discharg e 

periods ;  hig h silic a concentration s ar e observe d durin g lo w discharg e periods . 

The behaviou r  o f  Bosse a karsti c syste m i s quit e comple x an d reflect s th e grea t 

importanc e o f  th e subsystem s i n supportin g discharge .  Subsystem s retur n peculia r 

water s (enriche d i n S O and .  Mg )  durin g floo d periods ;  th e aquiclud e (fracture d 
4 

quarzites )  supplie s a  continuou s feedin g durin g low-wate r  periods . 

The temperatur e recorde d i n th e mai n subterranea n strea m o f  th e system ,  range s 

fro m 6. 9 t o 7. 9 ° C an d show s a  gradua l  lowerin g durin g Sprin g flood .  Smal l 

fluctuation s (±0. 1 °C)hav e bee n recorde d i n a n effluen t  subsystem . 

CONCLUSIONS 

Water s o f  differen t  origi n fee d Bosse a karsti c syste m i n th e cours e o f  a  year ; 

hydrodynami c an d hydrogeochemica l  feature s o f  th e syste m ar e mainl y relate d t o th e 

prevailin g o f  on e o f  thes e type s o f  water .  When n o direc t  infiltratio n occurs ,  th e 

syste m i s fe d b y . a secondar y aquiclud e (fracture d quarzites) ;  durin g thi s perio d 

(lastin g sometime s u p t o si x months )  value s o f  50-6 0 1/ s ar e recorde d wit h n o 

appreciabl e variations . 

Discharg e peak s ar e marke d b y a  "pisto n effect "  o f  water s flowin g i n fracture d 

limestones ;  th e conductivit y increase s an d silic a valu e sho w a  peculia r  lowering . 
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