
Phase	
  6	
  Watershed	
  Model	
  
Modeling	
  Quarterly	
  Mee0ng	
  

Gopal	
  Bha5	
  (gopal.bha5@psu.edu)	
  
Research	
  Associate,	
  Penn	
  State	
  University	
  

04/22/2014	
  



1. 	
  Expansion	
  of	
  simula0on	
  period	
  to	
  2014	
  

2. 	
  Incorpora0on	
  of	
  rSAS	
  into	
  Phase	
  6	
  WSM	
  	
  
	
  framework	
  

3. 	
  WSM	
  calibra0on	
  with	
  revised	
  (version	
  II)	
  
	
  SPARROW	
  based	
  L2W,	
  S2R	
  variances	
  to	
  
	
  account	
  for	
  small	
  scale	
  processes	
  

Outline	
  of	
  presenta9on	
  

2	
  



1. 	
  Expansion	
  of	
  simula9on	
  period	
  to	
  2014	
  

3	
  



Data	
  gathering	
  /	
  Data	
  development	
  
–  Precipita0on	
  &	
  meteorological	
  forcing:	
  

•  Cloud	
  cover,	
  Dew-­‐point	
  temperature,	
  Poten0al	
  
evapotranspira0on,	
  Precipita0on,	
  Solar	
  radia0on,	
  
Temperature,	
  and	
  Wind	
  speed	
  

–  Atmospheric	
  deposi0on	
  (based	
  on	
  detrended	
  datasets)	
  

–  Streamflow	
  observa0ons	
  for	
  years	
  1985-­‐2014	
  by	
  Yactayo	
  
&	
  Hinson	
  

–  Point	
  sources	
  (using	
  progress	
  year	
  datasets)	
  
– Water	
  diversions	
  (using	
  years	
  2002-­‐2003	
  up	
  to	
  2014)	
  

– Water	
  quality	
  monitoring	
  (1985-­‐2011)	
  

Expansion	
  of	
  simula9on	
  period	
  to	
  2014	
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1. 	
  Expansion	
  of	
  simula9on	
  period	
  to	
  2014	
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  Hydrology	
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  Sediment	
  Calibra9on	
  
1.3	
  Nutrient	
  Calibra9on	
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Phase	
  5.3.2	
  
[Phase	
  5]	
  

Phase	
  6	
  (1985-­‐2005)	
  
[Phase	
  6	
  Oct’14]	
  

Phase	
  6	
  (1985-­‐2014)	
  
[Phase	
  6	
  Apr’15]	
  

XYZ	
  based	
  forcing	
   NLDAS	
  based	
  forcing	
   NLDAS	
  based	
  forcing	
  *	
  

1985	
  -­‐	
  2005	
   1985	
  -­‐	
  2005	
   1985	
  –	
  2014	
  

TSNOW	
  =	
  32	
  °F	
   TSNOW	
  =	
  35.6	
  °F	
   TSNOW	
  =	
  35.6	
  °F	
  

SNOWCF	
  =	
  1.3	
   SNOWCF	
  =	
  1.0	
   SNOWCF	
  =	
  1.0	
  

*	
  data	
  updates,	
  and	
  complete	
  restructuring	
  of	
  data	
  processing	
  tools.	
  

30-­‐years	
  of	
  watershed	
  hydrology	
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Phase	
  5,	
  1985-­‐2005,	
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  the	
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of	
  prior	
  applica0on	
  events.	
  



Nutrient	
  Transport	
   Phase	
  5	
   Phase	
  6,	
  Oct’2014	
   Phase	
  6,	
  Apr’2015	
  

Surface	
  flow	
   AGCHEM/PQUAL	
   UNEC	
  -­‐	
  3	
  months	
   UNEC	
  -­‐	
  3	
  months	
  

Sediment	
  flux	
   AGCHEM/PQUAL	
   UNEC	
  -­‐	
  4	
  months	
   UNEC	
  -­‐	
  4	
  months	
  

Inter-­‐flow	
   AGCHEM/PQUAL	
   UNEC	
  -­‐	
  8	
  months	
   UNEC	
  -­‐	
  15	
  months	
  

Groundwater	
  flow	
   AGCHEM/PQUAL	
   UNEC	
  -­‐	
  12	
  months	
   UNEC	
  -­‐	
  51	
  months	
  

Mean	
  residence	
  9me	
  or	
  Turn-­‐over	
  9me	
  
(9me	
  taken	
  for	
  50%	
  of	
  mass	
  to	
  exit	
  the	
  system)	
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Phase	
  6	
  w/	
  some	
  lag	
   Phase	
  6	
  w/	
  more	
  lag	
  



1985-­‐2014,	
  Nitrogen,	
  Susquehanna	
  at	
  Conowingo	
  

1985-­‐1994	
   1995-­‐2005	
   2006-­‐2014	
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Susquehanna	
  River	
  at	
  MarieUa,	
  PA	
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Phase	
  5,	
  Nitrate,	
  Susquehanna	
  at	
  MarieUa	
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Phase	
  6	
  Oct’14,	
  Nitrate,	
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  at	
  MarieUa	
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Phase	
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  Apr’15,	
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Phase	
  5,	
  Ammonia,	
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Phase	
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  Ammonia,	
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Phase	
  5,	
  Nitrogen,	
  Susquehanna	
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Phase	
  6	
  Oct’14,	
  Nitrogen,	
  Susquehanna	
  at	
  MarieUa	
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Phase	
  6	
  Apr’15,	
  Nitrogen,	
  Susquehanna	
  at	
  MarieUa	
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Phase	
  5,	
  Phosphorous,	
  Susquehanna	
  at	
  MarieUa	
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Phase	
  6	
  Oct’14,	
  Phosphorous,	
  Susquehanna	
  at	
  MarieUa	
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Phase	
  6	
  Apr’15,	
  Phosphorous,	
  Susquehanna	
  at	
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2. 	
  rSAS	
  –	
  ranked	
  StorAge	
  Selec9on	
  [steady-­‐state	
  TTD]	
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rSAS	
  
	
  

python	
  
module	
  

Daily	
  Recharge	
  

Recharge	
  
Concentra@on	
  

Daily	
  OuRlow	
  

OuRlow	
  
Concentra@on	
  

Steady	
  State	
  TTD	
  

rSAS	
  Fn.	
  Parameter	
  

rSAS	
  for	
  groundwater	
  nitrate	
  transport	
  

Addi0on	
  
Inputs	
  

P	
  

Ci	
  

Q	
  

Co	
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/d
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)	
   	
  	
  rSAS	
  

Simulated	
  daily	
  loads*	
  1991-­‐2000	
  
A42105	
  –	
  forest	
  	
  

Yr’91	
   Yr’00	
  

*	
  constrained	
  to	
  EOF	
  groundwater	
  
	
  nitrate	
  export	
  target	
  

•  rSAS	
  simula0on	
  from	
  1984	
  to	
  2005	
  was	
  performed	
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  UNEC	
  

	
  	
  rSAS	
  

Simulated	
  daily	
  loads	
  1991-­‐2000:	
  rSAS	
  vs.	
  UNEC	
  
A42105	
  –	
  forest	
  	
  

Yr’91	
   Yr’00	
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Seasonality	
  in	
  Mean	
  
Groundwater	
  Nitrate	
  
simulated	
  using	
  UNEC	
  
&	
  rSAS	
  (both	
  uncalibrated)	
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Algorithm:	
  
short	
  version	
  

Compute	
  Monthly	
  Applica0ons	
  
for	
  Land-­‐use,	
  Land-­‐segment	
  pairs	
  

Read	
  Flow	
  &	
  Sediment	
  Fluxes	
  

Ini@alize	
  UNEC	
  

Superimpose	
  UNEC’s	
  

Compute	
  Rela0ve	
  Conc.	
  TS	
  

Adjust	
  to	
  Export	
  Target	
  

rSAS	
  

sensi9vity	
  Calibra0on	
  
==	
  

Scenario	
  ?	
  

Read	
  Export	
  Target	
  

Adjust	
  Export	
  Target	
  

Yes	
   No	
  
Recharge	
  P	
  
Recharge	
  Ci	
  
Discharge	
  Q	
  

rSAS	
  

Discharge	
  Co	
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3. 	
  SPARROW	
  based	
  L2W,	
  S2R	
  variances	
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R.	
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  others	
  



Calibra@on	
   Descrip@on	
  

Phase	
  5	
   Phase	
  5.3.2	
  (AGCHEM/PQUAL)	
  

Phase	
  5	
  PQUAL	
   Phase	
  5,	
  but	
  PQUAL	
  replaces	
  AGCHEM	
  

Phase	
  5	
  SPARROW	
   Phase	
  5	
  PQUAL	
  with	
  SPARROW	
  transport	
  factors	
  in	
  place	
  of	
  
regional	
  factors	
  

Phase	
  5	
  Edge	
  of	
  SS	
   Phase	
  5	
  SPARROW	
  with	
  land	
  simula0on	
  adjusted	
  to	
  
SPARROW	
  EOS	
  loads	
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P5	
  transport	
  factors	
  vs.	
  SPARROW	
  derived	
  variability	
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P5	
  transport	
  factors	
  vs.	
  SPARROW	
  derived	
  variability	
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•  Watershed	
  model	
  simula0on	
  was	
  expanded	
  to	
  2014.	
  

•  Watershed	
  model	
  performed	
  as	
  good	
  as	
  Phase	
  5,	
  and	
  in	
  
many	
  cases	
  be5er	
  than	
  the	
  previous	
  Phase	
  6	
  model	
  
prototype.	
  

•  Representa0on	
  of	
  lag-­‐0mes	
  were	
  revised,	
  which	
  has	
  
resulted	
  in	
  some	
  improvements	
  in	
  model	
  performance	
  and	
  
further	
  performance	
  improvements	
  are	
  expected.	
  

Conclusions	
  

41	
  

Con0nued	
  …	
  



•  A	
  framework	
  in	
  Phase-­‐6	
  model	
  was	
  developed	
  to	
  accept	
  
rSAS	
  simulated	
  outputs.	
  

•  Ini0al	
  calibra0on	
  runs	
  were	
  made	
  based	
  on	
  SPARROW	
  
derived	
  spa0al	
  variability.	
  

•  We	
  have	
  all	
  the	
  elements	
  necessary,	
  including	
  the	
  land-­‐
use,	
  sensi0vi0es,	
  and	
  targets,	
  to	
  produce	
  the	
  next	
  refined	
  
prototype	
  Phase	
  6	
  model	
  for	
  the	
  July	
  quarterly	
  review.	
  

Conclusions	
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•  Include	
  recent	
  water	
  quality	
  monitoring	
  data	
  in	
  river	
  
calibra0on	
  

•  Integrate	
  new	
  streamflow,	
  and	
  water	
  quality	
  monitoring	
  
sta0ons	
  for	
  calibra0on	
  

•  Calibrate	
  watershed	
  model	
  where	
  groundwater	
  nitrate	
  is	
  
simulated	
  using	
  rSAS	
  (would	
  require	
  informa9on	
  on	
  TTD)	
  

•  Adjust	
  lag-­‐9mes	
  specific	
  to	
  other	
  nutrient	
  species	
  

•  Inves9gate	
  physiographic	
  specific	
  lag-­‐9mes	
  and	
  special	
  lag	
  
9mes	
  such	
  as	
  in	
  karst	
  regions	
  

•  Update	
  model	
  to	
  accept	
  Phase-­‐6	
  land-­‐uses,	
  and	
  export	
  rates	
  

Future	
  work	
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Phase	
  5,	
  1995-­‐2005,	
  TSS,	
  Susquehanna	
  at	
  MarieUa	
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Phase	
  6	
  Oct’14,	
  1995-­‐2005,	
  TSS,	
  Susquehanna	
  at	
  MarieUa	
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Phase	
  6	
  Apr’15,	
  1995-­‐2005,	
  TSS,	
  Susquehanna	
  at	
  MarieUa	
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Phase	
  532	
  –	
  NO3X	
  –	
  Susquehanna	
  at	
  Conowingo	
  

nutrient	
  simula9on	
  based	
  on	
  AGCHEM/PQUAL	
   48	
  



Yrs02-­‐11	
  (v1)	
  –	
  NO3X	
  –	
  Susquehanna	
  at	
  Conowingo	
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  Monthly	
  Sta0s0cs	
  for	
  NO23	
  Load	
  
	
  =====================================	
  
	
  NO23	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Simulated	
  	
  	
  	
  Observed	
  
	
  n	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  36	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  36	
  
	
  mean	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  0.6908E+07	
  ,	
  0.9899E+07	
  
	
  median	
  	
  	
  	
  	
  	
  	
  	
  ,	
  0.6192E+07	
  ,	
  0.8973E+07	
  
	
  correl	
  	
  	
  	
  	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  0.857	
  
	
  efficiency	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  0.434	
  
	
  variance	
  	
  	
  	
  	
  	
  ,	
  	
  1.75422791E+13,	
  	
  3.21274291E+13	
  
	
  errorvar	
  	
  	
  	
  	
  	
  ,	
  	
  1.81876933E+13	
  
	
  n	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  log,	
  	
  	
  	
  	
  	
  36	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  36	
  
	
  mean	
  	
  	
  	
  	
  	
  	
  log,	
  0.1550E+02	
  ,	
  0.1588E+02	
  
	
  median	
  	
  	
  	
  	
  log,	
  0.1564E+02	
  ,	
  0.1601E+02	
  
	
  correl	
  	
  	
  	
  	
  log,	
  	
  	
  	
  	
  	
  0.922	
  
	
  efficiency	
  log,	
  	
  	
  	
  	
  	
  0.622	
  
	
  variance	
  	
  	
  log,	
  0.7210E+00	
  ,	
  0.6827E+00	
  
	
  errorvar	
  	
  	
  log,	
  	
  	
  	
  	
  	
  0.258	
  nutrient	
  simula9on	
  based	
  on	
  PQUAL	
   49	
  



	
  Monthly	
  Sta0s0cs	
  for	
  NO23	
  Load	
  
	
  =====================================	
  
	
  NO23	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Simulated	
  	
  	
  	
  Observed	
  
	
  n	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  36	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  36	
  
	
  mean	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  0.1749E+08	
  ,	
  0.9899E+07	
  
	
  median	
  	
  	
  	
  	
  	
  	
  	
  ,	
  0.1332E+08	
  ,	
  0.8973E+07	
  
	
  correl	
  	
  	
  	
  	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  0.812	
  
	
  efficiency	
  	
  	
  	
  ,	
  	
  	
  	
  	
  -­‐3.900	
  
	
  variance	
  	
  	
  	
  	
  	
  ,	
  	
  1.94322373E+14,	
  	
  3.21274291E+13	
  
	
  errorvar	
  	
  	
  	
  	
  	
  ,	
  	
  1.57424929E+14	
  
	
  n	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  log,	
  	
  	
  	
  	
  	
  36	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  36	
  
	
  mean	
  	
  	
  	
  	
  	
  	
  log,	
  0.1616E+02	
  ,	
  0.1588E+02	
  
	
  median	
  	
  	
  	
  	
  log,	
  0.1640E+02	
  ,	
  0.1601E+02	
  
	
  correl	
  	
  	
  	
  	
  log,	
  	
  	
  	
  	
  	
  0.917	
  
	
  efficiency	
  log,	
  	
  	
  	
  	
  	
  0.185	
  
	
  variance	
  	
  	
  log,	
  0.1854E+01	
  ,	
  0.6827E+00	
  
	
  errorvar	
  	
  	
  log,	
  	
  	
  	
  	
  	
  0.557	
  

Yrs02-­‐11	
  (v2)	
  –	
  NO3X	
  –	
  Susquehanna	
  at	
  Conowingo	
  

with	
  revised	
  land	
  &	
  river	
  calibra@on	
  nutrient	
  simula9on	
  based	
  on	
  PQUAL	
   50	
  



	
  Monthly	
  Sta0s0cs	
  for	
  NO23	
  Load	
  
	
  =====================================	
  
	
  NO23	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Simulated	
  	
  	
  	
  Observed	
  
	
  n	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  36	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  36	
  
	
  mean	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  0.7897E+07	
  ,	
  0.9899E+07	
  
	
  median	
  	
  	
  	
  	
  	
  	
  	
  ,	
  0.6173E+07	
  ,	
  0.8973E+07	
  
	
  correl	
  	
  	
  	
  	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  0.703	
  
	
  efficiency	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  0.333	
  
	
  variance	
  	
  	
  	
  	
  	
  ,	
  	
  2.51547112E+13,	
  	
  3.21274291E+13	
  
	
  errorvar	
  	
  	
  	
  	
  	
  ,	
  	
  2.1433661E+13	
  
	
  n	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  log,	
  	
  	
  	
  	
  	
  36	
  	
  	
  	
  ,	
  	
  	
  	
  	
  	
  36	
  
	
  mean	
  	
  	
  	
  	
  	
  	
  log,	
  0.1565E+02	
  ,	
  0.1588E+02	
  
	
  median	
  	
  	
  	
  	
  log,	
  0.1564E+02	
  ,	
  0.1601E+02	
  
	
  correl	
  	
  	
  	
  	
  log,	
  	
  	
  	
  	
  	
  0.832	
  
	
  efficiency	
  log,	
  	
  	
  	
  	
  	
  0.610	
  
	
  variance	
  	
  	
  log,	
  0.5798E+00	
  ,	
  0.6827E+00	
  
	
  errorvar	
  	
  	
  log,	
  	
  	
  	
  	
  	
  0.266	
  

Yrs85-­‐05	
  –	
  NO3X	
  –	
  Susquehanna	
  at	
  Conowingo	
  

nutrient	
  simula9on	
  based	
  on	
  UNECs	
  (uncalibrated)	
  Phase-­‐6	
  Oct’2014	
   51	
  



Transport	
   Phase	
  6,	
  Oct’2014	
   Phase	
  6,	
  Apr’2015	
  

Surface	
  flow	
   3	
  months	
   3	
  months	
  

Sediment	
  flux	
   4	
  months	
   4	
  months	
  

Inter-­‐flow	
   8	
  months	
   15	
  months	
  

Groundwater	
  flow	
   12	
  months	
   51	
  months	
  

Mean	
  Residence	
  Time	
  –	
  Turn-­‐over	
  Time	
  
(9me	
  taken	
  for	
  the	
  50%	
  of	
  the	
  mass	
  to	
  exit/flush	
  out	
  of	
  the	
  system)	
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nutrient	
  simula9on	
  based	
  on	
  UNECs	
  (uncalibrated)	
  Phase-­‐6	
  Apr’2015	
  

Yrs85-­‐14	
  –	
  NO3X	
  –	
  Susquehanna	
  at	
  Conowingo	
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Phase	
  5	
  Model	
  with	
  AGCHEM/PQUAL	
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Phase	
  6	
  Model	
  with	
  UNEC,	
  Apr’2015	
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Phase	
  5	
  Model	
  with	
  AGCHEM/PQUAL	
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Phase	
  6	
  Model	
  with	
  UNEC,	
  Apr’2015	
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Rivers Area (sq.mi) Model Segment USGS
Susquehanna River 
near Conowingo,	
  MD 27100 SL9_2720_0001 01578310
Susquehann River
at Marietta, PA 25990 SL9_2490_2520 01576000
Potomac River
at Chain Bridge, Washington DC 11570 PM7_4820_0001 01646580
James River & Kanawha Canal 
near Richmond, VA 6753 JL7_6800_7070 02037500
Rappahannock River 
near Fredericksburg, VA 1595 RU5_6030_0001 01668000
Appomattox River 
at Matoaca, VA 1342 JA5_7480_0001 02041650
Pamunkey River 
near Hanover, VA 1078 YP4_6720_6750 01673000
Mattaponi River 
near Beulahville, VA 603 YM4_6620_0003 01674500
Patuxent River 
at Bowie, MD 348 XU3_4650_0001 01594440
Choptank River 
near Greensboro, MD 113 EM2_3980_0001 01491000

Major	
  River	
  Monitoring	
  Sta9ons	
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Susquehanna	
  River	
  near	
  Conowingo,	
  MD	
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Phase	
  5,	
  Nitrate,	
  Susquehanna	
  at	
  Conowingo	
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Phase	
  6	
  Oct’14,	
  Nitrate,	
  Susquehanna	
  at	
  Conowingo	
  

61	
  



Phase	
  6	
  Apr’15,	
  Nitrate,	
  Susquehanna	
  at	
  Conowingo	
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Phase	
  5,	
  Ammonia,	
  Susquehanna	
  at	
  Conowingo	
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Phase	
  6	
  Oct’14,	
  Ammonia,	
  Susquehanna	
  at	
  Conowingo	
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Phase	
  6	
  Apr’15,	
  Ammonia,	
  Susquehanna	
  at	
  Conowingo	
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Phase	
  5,	
  Nitrogen,	
  Susquehanna	
  at	
  Conowingo	
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Phase	
  6	
  Oct’14,	
  Nitrogen,	
  Susquehanna	
  at	
  Conowingo	
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Phase	
  6	
  Apr’15,	
  Nitrogen,	
  Susquehanna	
  at	
  Conowingo	
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Phase	
  5,	
  Phosphorous,	
  Susquehanna	
  at	
  Conowingo	
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Phase	
  6	
  Oct’14,	
  Phosphorous,	
  Susquehanna	
  at	
  Conowingo	
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Phase	
  6	
  Apr’15,	
  Phosphorous,	
  Susquehanna	
  at	
  Conowingo	
  



Potomac	
  River	
  at	
  Chain	
  Bridge,	
  Washington	
  DC	
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Phase	
  5,	
  Nitrogen,	
  Potomac	
  at	
  Chain	
  Bridge	
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Phase	
  6	
  Oct’14,	
  Nitrogen,	
  Potomac	
  at	
  Chain	
  Bridge	
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Phase	
  6	
  Apr’15,	
  Nitrogen,	
  Potomac	
  at	
  Chain	
  Bridge	
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Phase	
  5,	
  Phosphorous,	
  Potomac	
  at	
  Chain	
  Bridge	
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Phase	
  6	
  Oct’14,	
  Phosphorous,	
  Potomac	
  at	
  Chain	
  Bridge	
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Phase	
  6	
  Apr’15,	
  Phosphorous,	
  Potomac	
  at	
  Chain	
  Bridge	
  



James	
  River	
  and	
  Kanawha	
  Canal	
  near	
  Richmond,	
  VA	
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Phase	
  5,	
  Nitrogen,	
  James	
  at	
  Richmond	
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Phase	
  6	
  Oct’14,	
  Nitrogen,	
  James	
  at	
  Richmond	
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Phase	
  6	
  Apr’15,	
  Nitrogen,	
  James	
  at	
  Richmond	
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Phase	
  5,	
  Phosphorous,	
  James	
  at	
  Richmond	
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Phase	
  6	
  Apr’15,	
  Phosphorous,	
  James	
  at	
  Richmond	
  



Rappahannock	
  River	
  at	
  Matoaca,	
  VA	
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Phase	
  5,	
  Nitrogen,	
  Rappahannock	
  at	
  Matoaca	
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Phase	
  6	
  Apr’15,	
  Nitrogen,	
  Rappahannock	
  at	
  Matoaca	
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Phase	
  5,	
  Phosphorous,	
  Rappahannock	
  at	
  Matoaca	
  



89	
  

Phase	
  6	
  Apr’15,	
  Phosphorous,	
  Rappahannock	
  at	
  Matoaca	
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0.0	
  

2.0	
  

4.0	
  

6.0	
  

8.0	
  

10.0	
  

12.0	
  0.00	
  

0.07	
  

0.14	
  

0.21	
  

0.28	
  

0.35	
  

0.42	
  

0.49	
  

0.56	
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pu
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  m

g/
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O
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  Streamflow	
   	
  	
  Precipita0on	
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To	
  understand	
  the	
  mechanics,	
  input	
  
setup	
   has	
   been	
   simplified	
   to	
   one	
  
injec0on	
  event.	
  



0	
  

1	
  

2	
  

3	
  

4	
  

5	
  

6	
  

7	
  

8	
  

9	
  

10	
  

Lo
ad

	
  [	
  
(m

m
/d
ay
)	
  x
	
  (m

g/
l)	
  
]	
  

	
  	
  Cummula0ve	
  Input	
   	
  	
  Cummula0ve	
  Output	
  

	
  	
  	
  	
   Mass	
  Input	
   8.7908	
  	
  	
  	
  	
  

	
  	
   Mass	
  Output	
   6.8177	
  	
  	
  

	
  	
   Mass	
  Loss	
   1.9732	
  	
  	
  

	
  	
   Mass	
  Loss	
  %	
   22%	
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Observed	
  some	
  missing	
  tracer	
  in	
  output.	
  
Does	
  this	
  go	
  away	
  with	
  higher	
  magnitude	
  injec0on?	
  



0	
  

15	
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Lo
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m
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  (m

g/
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]	
  

	
  	
  Cummula0ve	
  Input	
   	
  	
  Cummula0ve	
  Output	
  

	
  	
  	
  	
   Mass	
  Input	
   100.0000	
  	
  	
  	
  	
  

	
  	
   Mass	
  Output	
   55.2886	
  	
  	
  

	
  	
   Mass	
  Loss	
   44.7114	
  	
  	
  

	
  	
   Mass	
  Loss	
  %	
   45%	
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Higher	
  injec0on	
  magnitude	
  did	
  not	
  fix	
  it.	
  
What	
  about	
  TTD	
  ending	
  at	
  less	
  than	
  1?	
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  Cummula0ve	
  Input	
   	
  	
  Cummula0ve	
  Output	
  

Rescaled	
  Steady	
  State	
  TTD	
  to	
  9000	
  days	
  

Scaling	
  to	
  1	
  apparently	
  exacerbated	
  the	
  issue.	
  
Could	
  simula0on	
  being	
  shorter	
  than	
  TTD	
  be	
  the	
  problem?	
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  Cummula0ve	
  Input	
   	
  	
  Cummula0ve	
  Output	
  

Rescaled	
  Steady	
  State	
  TTD	
  to	
  5000	
  days	
  

TTD	
  reaching	
  within	
  simula0on	
  period	
  did	
  not	
  help.	
  
Examine	
  other	
  probable	
  causes	
  …	
  



Rescaled	
  Steady	
  State	
  TTD	
  to	
  5000	
  days,	
  and	
  P_Eff	
  =	
  Q	
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  Cummula0ve	
  Input	
   	
  	
  Cummula0ve	
  Output	
  

Sesng	
   mean	
   recharge	
   rate	
   equal	
   to	
   mean	
  
discharge	
  rate	
  resulted	
  in	
  mass	
  balance.	
  



A42105	
  –	
  forest	
  : 	
  {	
  P,	
  Ci,	
  Q	
  }	
   	
  à	
   	
  {	
  Co	
  }	
  

– 	
  P	
  =	
  daily	
  precipita0on	
  
– 	
  Ci	
  =	
  total	
  monthly	
  applica0on	
  /	
  total	
  monthly	
  P	
  
– 	
  Q	
  =	
  simulated	
  base-­‐flow	
  (AGWO)	
  
	
  
– 	
  P_Eff	
   	
   	
   	
  =	
  scale	
  P	
  to	
  match	
  Q	
  
– 	
  rSAS	
  param. 	
  =	
  mean	
  of	
  Q	
  
	
  
**	
  rSAS	
  simula9on	
  **	
  
	
  
– 	
  Co 	
   	
   	
   	
  =	
  scale	
  Co	
  to	
  match	
  export	
  target	
  

rSAS	
  for	
  groundwater	
  nitrate	
  transport	
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  SS	
  TTD	
  05	
  Years	
  

	
  	
  SS	
  TTD	
  25	
  Years	
  

What	
  if:	
  one	
  input,	
  and	
  avg.	
  annual	
  export	
  target	
  

Yr’84	
  

An	
  experiment	
   for	
   land-­‐use,	
   land-­‐segment	
  pair	
  
setup	
   with	
   the	
   given	
   export	
   target.	
   Two	
  
scenarios	
  with	
  different	
  TTD.	
  



Ini@alize	
  Export	
  Target	
  

Algorithm:	
  Short	
  Version	
  

Calibra0on	
  Mode	
   Scenario	
  Mode	
  

Compute	
  Monthly	
  Applica0on	
  for	
  a	
  Land-­‐use	
  
at	
  a	
  Land	
  Segment	
  (calibra9on	
  &	
  scenario)	
  

Read	
  Flow	
  &	
  Sediment	
  Fluxes	
  

Ini@alize	
  UNEC	
  

Superimpose	
  UNEC’s	
  

Compute	
  Rela0ve	
  Conc.	
  TS	
  

Adjust	
  for	
  Export	
  Target	
  

rSAS	
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Algorithm:	
  
Short	
  Version	
  

Compute	
  Monthly	
  Applica0ons	
  
for	
  Land-­‐use	
  Land-­‐segment	
  pairs	
  

Read	
  Flow	
  &	
  Sediment	
  Fluxes	
  

Ini@alize	
  UNEC	
  

Superimpose	
  UNEC’s	
  

Compute	
  Rela0ve	
  Conc.	
  TS	
  

Adjust	
  for	
  Export	
  Target	
  

rSAS	
  

sensi9vity	
  Calibra0on	
  
==	
  

Scenario	
  ?	
  

Read	
  Export	
  Targets	
  

Adjust	
  Export	
  Target	
  

Yes	
   No	
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Phase	
  5	
   Phase	
  5	
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Nitrogen	
  Loads:	
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Phosphorous	
  Loads:	
  Simulated	
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