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! NSAS	
  shared	
  by	
  Egypt,	
  Libya,	
  Chad	
  
and	
  Sudan	
  (~	
  2.2	
  x	
  106km2).	
  

! Aquifer	
  thickness	
  (up	
  to	
  3	
  km)	
  	
  
! Three	
  main	
  sub-­‐basins:	
  Dakhla,	
  

Kufra,	
  and	
  N.	
  Sudan	
  PlaVorm	
  
! Recharged	
  during	
  previous	
  wet	
  

climaCc	
  periods.	
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»  IdenCfy	
   source	
   locaCons	
  of	
   recharge	
   from	
  CSR	
  
Mascon	
  	
  

»  Understand	
  the	
  aquifers’	
  response	
  to	
  wet	
  &	
  dry	
  
periods	
  (rapid	
  aquifer	
  response)	
  

»  IdenCfy	
   preferred	
   pathways	
   for	
   groundwater	
  
flow	
  

»  Structural	
  control	
  on	
  mass	
  movement	
  	
  
»  Develop	
  and	
  provide	
  evidence	
  for	
  a	
  conceptual	
  
model	
  for	
  mass	
  movement	
  in	
  the	
  NSAS	
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»  GRACE	
  difference	
  images	
  	
  
»  Surface	
  and	
  subsurface	
  structures	
  	
  
»  GRACE	
  Cme	
  series	
  along	
  and	
  across	
  faults	
  	
  
»  Soil	
   moisture	
   Cme	
   series	
   along	
   faults	
   in	
   low	
  
lands	
  

»  Isotopic	
   composiCon	
   of	
   groundwater	
   along	
  
faults	
  (ongoing)	
  







E-­‐W	
  faults:	
  preferred	
  pathway	
  for	
  groundwater	
  flow	
  from	
  
Lake	
  Nasser	
  to	
  DAS	
  .	
  





Tilt	
  derivaCve	
  map	
  (TDR)	
  
(Verduzco	
   et	
   al.	
   2004)	
  
filter	
  of	
  	
  gravity	
  anomaly	
  
were	
   used	
   to	
   enhance	
  
the	
  geophysical	
  signal	
  of	
  
the	
  basement	
  structures	
  
and	
  to	
  provide	
   	
  detailed	
  
distribuCon	
  of	
  the	
  deep-­‐
s e a t ed	
   s t r u c t u r e s .	
  	
  





N-­‐S	
  structures:	
  preferred	
  pathway	
  for	
  groundwater	
  flow	
  
from	
  source	
  areas	
  in	
  the	
  south	
  to	
  	
  the	
  north.	
  





Water	
  mass	
  accumulaCon	
  over	
  Cme	
  (	
  2012-­‐2015).	
  The	
  	
  major	
  
paeern	
  of	
  mass	
  distribuCon	
  is	
  dominated	
  	
  by	
  Structure	
  trends	
  	
  



TWS	
  Cme	
  series	
  along	
  cross	
  secCon	
  
on	
  Libya’s	
  Syrian	
  Arc	
  



PropagaCon	
  of	
  water	
  mass	
  from	
  Lake	
  
Nasser	
  to	
  DAK	
  along	
  E-­‐W	
  fracture	
  
zones	
  



PropagaCon	
  of	
  water	
  mass	
  from	
  Lake	
  
Nasser	
  to	
  DAK	
  along	
  E-­‐W	
  fracture	
  
zones	
  



PropagaCon	
  of	
  water	
  mass	
  from	
  Lake	
  
Nasser	
  to	
  DAK	
  along	
  E-­‐W	
  fracture	
  
zones	
  



PropagaCon	
  of	
  water	
  mass	
  from	
  Lake	
  
Nasser	
  to	
  DAK	
  along	
  E-­‐W	
  fracture	
  
zones	
  



TWS	
  Cme	
  series	
  along	
  cross	
  secCon	
  
on	
  Egypt’s	
  Syrian	
  Arc	
  



TWS	
  Cme	
  series	
  along	
  cross	
  secCon	
  
on	
  Egypt’s	
  Syrian	
  Arc	
  



-­‐0.0200	
  
0.0000	
  
0.0200	
  
0.0400	
  
0.0600	
  
0.0800	
  
0.1000	
  
0.1200	
  
0.1400	
  
0.1600	
  
0.1800	
  

Jul-­‐09	
   Nov-­‐10	
   Apr-­‐12	
   Aug-­‐13	
   Dec-­‐14	
   May-­‐16	
   Sep-­‐17	
  

kg
/m

2	
  

Time	
  

Soil	
  Moisture	
  Qa4ara	
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GRACE	
  TWS	
  Qa4ara	
  Depression	
  	
  	
  



q The	
   TWS	
   in	
   DAS	
   sub-­‐basin	
   is	
   controlled	
   	
   by	
  
groundwater	
  flow	
   	
  from	
  the	
  south	
  (N	
  Sudan	
  plaVorm),	
  
from	
   east	
   	
   (Lake	
   Nasser),	
   and	
   from	
   the	
   west	
   	
   (Kufra	
  
basin)	
  

	
  
q ExtracCon	
   should	
   be	
   concentrated	
   on	
   The	
   fracture	
  

zones	
   close	
   Tushka	
   and	
   lake	
   Naseser	
   along	
   the	
  
preferred	
   pathways	
   of	
   groundwater	
   flow&	
  away	
   from	
  
the	
  central	
  and	
  eastern	
  DAS.	
  

q Wet	
   periods	
   are	
   characterized	
   by	
   high	
   lake	
   Nasser	
  
levels,	
  and	
  rapid	
  groundwater	
  flow	
  from	
  Lake	
  Nasser	
  &	
  
from	
  the	
  North	
  Sudan	
  PlaVorm	
  along	
  fault	
  networks.	
  

	
  

	
  


