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Delta	
  outflow	
  is	
  a	
  critical	
  component	
  in	
  the	
  survival	
  and	
  health	
  of	
  seriously	
  depressed	
  
pelagic	
  and	
  anadromous	
  fisheries	
  in	
  the	
  Sacramento-­‐San	
  Joaquin	
  Delta	
  and	
  San	
  Francisco	
  
Bay,	
  especially	
  during	
  the	
  present	
  drought.	
  	
  The	
  California	
  Sportfishing	
  Protection	
  Alliance	
  
(CSPA)	
  has	
  discovered	
  that	
  actual	
  outflow	
  from	
  the	
  Delta	
  to	
  the	
  Bay	
  are	
  far	
  less	
  than	
  the	
  
outflow	
  estimates	
  provided	
  by	
  the	
  State	
  Water	
  Resources	
  Control	
  Board	
  (SWRCB),	
  U.S.	
  
Bureau	
  of	
  Reclamation	
  (USBR)	
  and	
  California	
  Department	
  of	
  Water	
  Resources	
  (DWR).	
  	
  	
  
	
  
CSPA	
  found	
  that	
  where	
  the	
  agencies	
  claimed	
  that	
  Delta	
  Outflow	
  during	
  May	
  2014	
  was	
  3805	
  
cubic	
  foot	
  seconds	
  (cfs),	
  the	
  actual	
  Delta	
  Outflow	
  was	
  a	
  minus	
  45	
  cfs.	
  	
  Similar	
  discrepancies	
  
were	
  found	
  in	
  other	
  months.	
  	
  Moreover,	
  DWR	
  and	
  the	
  USBR	
  have	
  long	
  known	
  their	
  claims	
  
of	
  Delta	
  Outflow	
  seriously	
  overestimated	
  actual	
  outflow	
  in	
  lower	
  flow	
  periods.	
  	
  
	
  
Delta	
  outflow	
  is	
  a	
  key	
  regulatory	
  value	
  under	
  both	
  the	
  2008	
  Delta	
  Smelt	
  Biological	
  Opinion	
  
and	
  SWRCB	
  Order	
  D-­‐1641.	
  	
  D-­‐1641	
  regulates	
  minimum	
  Delta	
  outflows	
  by	
  way	
  of	
  a	
  
calculated	
  index	
  known	
  as	
  the	
  Net	
  Delta	
  Outflow	
  Index	
  (NDOI).	
  	
  	
  The	
  SWRCB,	
  USBR	
  and	
  
DWR	
  employ	
  NDOI	
  as	
  a	
  representation	
  of	
  Delta	
  outflow	
  to	
  San	
  Pablo	
  and	
  San	
  Francisco	
  
Bays.	
  	
  	
  
	
  
The	
  NDOI	
  is	
  a	
  complex	
  formula	
  roughly	
  computed	
  as	
  Delta	
  Inflow	
  minus	
  Net	
  Delta	
  
Consumptive	
  Use	
  minus	
  Delta	
  Exports.	
  	
  Each	
  of	
  these	
  flow	
  values	
  is	
  calculated	
  from	
  a	
  
number	
  of	
  more	
  specific	
  values,	
  some	
  of	
  which	
  are	
  direct	
  measurements	
  of	
  flow,	
  and	
  others	
  
of	
  which	
  are	
  estimates.	
  	
  For	
  example,	
  inflows	
  to	
  the	
  Delta	
  from	
  the	
  major	
  rivers	
  are	
  gaged	
  
and	
  directly	
  monitored	
  but	
  diversions	
  of	
  water	
  for	
  in	
  Delta	
  use	
  or	
  agricultural	
  return	
  flows	
  
are	
  unknown,	
  so	
  they	
  are	
  estimated.	
  	
  Not	
  all	
  Delta	
  inflows	
  are	
  monitored	
  and	
  they	
  too	
  are	
  
estimated.	
  	
  	
  
	
  
While	
  the	
  NDOI	
  is,	
  at	
  best,	
  an	
  estimate	
  of	
  Delta	
  outflow,	
  there	
  are	
  stations	
  that	
  accurately	
  
measure	
  actual	
  Delta	
  outflow.	
  	
  The	
  United	
  States	
  Geological	
  Survey	
  (USGS)	
  has	
  established	
  
a	
  series	
  of	
  stations	
  in	
  the	
  Delta	
  to	
  measure	
  flow	
  and	
  water	
  quality	
  parameters.	
  	
  Most	
  of	
  
these	
  stations	
  employ	
  state-­‐of-­‐the-­‐art	
  acoustic	
  Doppler	
  measuring	
  devices	
  that	
  bounce	
  
sound	
  waves	
  off	
  particles	
  in	
  the	
  water	
  across	
  entire	
  river	
  channels.	
  	
  These	
  highly	
  accurate	
  
gages	
  can	
  measure	
  flow	
  and	
  tides	
  to	
  within	
  one	
  percent.	
  	
  While	
  daily	
  peak	
  tidal	
  flows	
  can	
  
be	
  on	
  the	
  order	
  of	
  150,000	
  cubic	
  feet	
  per	
  second	
  (cfs),	
  the	
  net	
  flow	
  may	
  be	
  negative.	
  
 
Four	
  of	
  the	
  USGS	
  gaging	
  stations	
  on	
  the	
  Sacramento	
  River	
  at	
  Rio	
  Vista,	
  San	
  Joaquin	
  River	
  at	
  
Jersey	
  Point,	
  Three-­‐mile	
  Slough	
  and	
  Dutch	
  Slough	
  collectively	
  and	
  accurately	
  measure	
  Net	
  
Delta	
  Outflow	
  (NDO).	
  	
  	
  These	
  stations	
  report	
  flow,	
  tidally	
  filtered	
  flow,	
  gage	
  height,	
  velocity	
  
as	
  well	
  as	
  various	
  water	
  quality	
  parameters.	
  
	
  
CSPA	
  collected	
  and	
  analyzed	
  the	
  USGS	
  tidally	
  filtered	
  NDO	
  data	
  for	
  May	
  and	
  July	
  2013	
  and	
  
May	
  2014	
  and	
  compared	
  it	
  with	
  the	
  NDOI	
  reported	
  by	
  DWR	
  and	
  USBR.	
  	
  Below	
  are	
  the	
  
results	
  of	
  that	
  analysis,	
  the	
  formula	
  included	
  in	
  D-­‐1641	
  to	
  compute	
  the	
  NDOI	
  and	
  links	
  to	
  
more	
  complete	
  documentation	
  on	
  how	
  the	
  NDOI	
  is	
  calculated	
  and	
  comparisons	
  of	
  NDOI	
  
with	
  NDO	
  found	
  on	
  various	
  DWR	
  websites.	
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Net	
  Delta	
  Outflow	
  (NDO),	
  based	
  on	
  direct	
  measurements	
  at	
  four	
  USGS	
  state-­‐of-­‐the-­‐art	
  
gaging	
  stations	
  was	
  less	
  than	
  estimated	
  NDOI	
  during	
  the	
  months	
  of	
  May	
  2013,	
  July	
  2013	
  
and	
  May	
  2014	
  by	
  approximately	
  3913	
  cfs,	
  4191	
  cfs	
  and	
  3850	
  cfs,	
  respectively.	
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State	
  Water	
  Resources	
  Control	
  Board	
  Order	
  D-­‐1641,	
  p.	
  190,	
  Figure	
  3,	
  describes	
  the	
  formula	
  
for	
  estimating	
  the	
  Net	
  Delta	
  Outflow	
  Index.	
  	
  	
  Each	
  of	
  the	
  flow	
  values	
  is	
  calculated	
  from	
  a	
  
number	
  of	
  more	
  specific	
  values,	
  some	
  of	
  which	
  are	
  direct	
  measurements,	
  and	
  others	
  of	
  
which	
  are	
  estimates.	
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The Department of Water Resources has compared NDOI with NDO on its web page entitled 
“An estimate of Daily Average Delta Outflow” at:  
http://www.water.ca.gov/dayflow/docs/2013_Comments.pdf 
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The	
  many	
  values	
  on	
  which	
  NDOI	
  is	
  calculated	
  are	
  further	
  described	
  by	
  the	
  Department	
  of	
  
Water	
  Resources	
  at:	
  
	
  
http://www.water.ca.gov/dayflow/documentation/ 
	
  
http://www.water.ca.gov/dayflow/documentation/dayflowDoc.cfm#Computational%20Scheme%
20Part%201 
	
  
http://www.water.ca.gov/dayflow/ndoVsNdoi/ 
	
  
	
  
	
  	
  
	
  


