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ObjectivesObjectives

• Long‐term forecast of water quality in theLong term forecast of water quality in the 
Delta using DSM2

• Long‐term forecast of water quality in O’Neill 
F b S L i R i d h C lif iForebay, San Luis Reservoir, and the California 
Aqueduct using the DSM2 California Aqueduct 
E i M d lExtension Model

* long‐term ‐‐‐ up to 1 year



Background
• O&M has a well‐established procedure for short‐term (1‐2 

weeks) forecasts of Delta hydrology, operations and water 
qualityquality

• Developing long‐term forecasting tools is one of the goals of 
MWQI’s Real Time Data and Forecasting (RTDF) ProjectMWQI s Real Time Data and Forecasting (RTDF) Project

• In 2003 the proof of concept of long‐term forecasting of Delta 
and California Aqueduct water quality was advancedand California Aqueduct water quality was advanced

Jim Wilde presented Delta modeling results
Tony Liudzius at MWD presented California Aqueduct water 

• In 2005, CH2MHILL developed DSM2 extension for California 

quality modeling results

Aqueduct, South Bay Aqueduct and Delta‐Mentota Canal



MethodMethod

• Establish initial conditions
Update historical simulation

• Simulate projected conditions through end of year
Allocation studies

Projected astronomical tide

Flow/salinity relation established for planning studies

Gate operations



L t F ti f D lt W t Q litLong‐term Forecasting of Delta Water Quality



Initial ConditionsInitial Conditions

• DSM2 historical monthly updateDSM2 historical monthly update
Download ET, precipitation from CIMIS
Download stages, inflows, outflows, EC, DOC from g , , , ,

NOAA, CDEC, and IEP
Download gate operations data from IEP
DICUDICU
Fill missing data
Run DSM2
Generating report



Initial Condition, Cont
• Interface of VBA Tool for DSM2 historical monthly update



Projected ConditionsProjected Conditions

• Boundary inflows ‐‐‐ forecasted by O&M’sBoundary inflows  forecasted by O&M s 
Delta Coordinated Operations (DCO) Model

Sacramento RiverSacramento River
San Joaquin River
East‐side flow (Consumnes, Mokelumne, Calaveras)

• Outflows ‐‐‐ forecasted by DCO model 

Delta Consumptive Use
Net Delta Outflow
Pumping (Banks Jones North Bay Contra‐Costa)Pumping (Banks, Jones, North Bay, Contra Costa)



Projected Conditions, ContProjected Conditions, Cont

• Downstream Tide at Martinez 

• Operation of Delta Structures

Projected astronomical tide

• Operation of Delta Structures

Temporary barriers (HOR, MR, OR, GL) 
fdependent upon time of year and San Joaquin River 

flow
Delta Cross Channel operation is given as theDelta Cross Channel operation is given as the 

percentage of time open each month
CLFCT gate is kept open for the whole forecasting g p p g

period



Projected Conditions, ContProjected Conditions, Cont
• Delta Island Consumptive Use (DICU)

DICU is used to distribute agricultural diversions 
and drainage via the Adjusted Delta Island 
C ti U M d l (ADICU)Consumptive Use Model (ADICU).

• Forecasted EC at Martinez is calculated by 
using astronomical tide and a program for
filling missing EC

• EC in the Sacramento River and Eastside 
rivers is assumed to be a constant value of 150e s s assu ed to be a co sta t a ue o 50



EXCEL Spreadsheet  for Proof‐of‐Concept  
Using 1999 Allocation Study from DCO Model 
EXCEL Spreadsheet  for Proof‐of‐Concept  

Using 1999 Allocation Study from DCO Model 



DCOModelDCO ModelDCO Model DCO Model 
Results Results 
Released toReleased toReleased to Released to 
Contractors Contractors 



Projected Conditions, Contj ,

• Forecasted EC in the San Joaquin River at 
Vernalis is based upon flow EC relationshipsVernalis is based upon flow‐EC relationships

July – October:    
EC = 34700 Q‐0.5485

November ‐ June:    
EC = 34425 Q‐0.5244

• DOC and Bromide have not been incorporated p
in the Delta forecast model yet 



L t F ti f CA A d tLong‐term Forecasting of CA Aqueduct 
(Capability currently being developed)



Initial ConditionsInitial Conditions

• SWP monthly operations data
http://swpoco.water.ca.gov/monthly/monthly.menu.htmlhttp://swpoco.water.ca.gov/monthly/monthly.menu.html

• CVO monthly report• CVO monthly report,  
http://www.usbr.gov/mp/cvo/

• Tool for update of CA Aqueduct model



Projected ConditionsProjected Conditions

• Boundary inflowsBoundary inflows

Exports at Banks PP
Exports at Jones PPExports at Jones PP

• O’Neill P/G flows

• Reservoir Storage changes (Del Valle, San Luis, 
Pyramid, Castaic, Silverwood, Perris)



Projected Conditions, ContProjected Conditions, Cont

• CVP Delta Mendota Canal Demands

• CVP Dos Amigos Demands

• Outflows
CVP deliveries including CVP San Felipe DemandsCVP deliveries including CVP San Felipe Demands
SWP deliveries including South Bay, North Bay, 

and Coastal  Aqueduct q
Evaporation & seepage loss



Projected Conditions, ContProjected Conditions, Cont

• EC at Banks PP and Jones PP is from the Delta 
Forecast Model

B id t B k PP d J PP i• Bromide at Banks PP and Jones PP is 
calculated from an expression consists of

Volumetric fingerprint of Martinez at Banks PP and 
Jones PP
EC at Banks PP and Jones PPEC at Banks PP and Jones PP



Projected Conditions, ContProjected Conditions, Cont

• Forecasted TDS at Banks PP and Jones PP is 
based upon EC‐TDS relationships

SWP Intake:    
TDS = 0.545(EC) + 11.0

DMC Intake:    
TDS = 0.558(EC) + 5.0



Example of Long‐Term Forecasting 
of Delta Water Quality



Allocation Studies

• O&M conducts monthly hydrological forecast 
using DCO model for different exceedance levels 

• We are more interested in the 50% and 90% 
exceedance levelsexceedance levels

• February and March allocation studies based on 
50% and 90% exceedance level were conducted



Allocation Studies, Cont,

• Comparison of February and March NDO for 
50% exceedance level 

NDO
50% Exceedence Allocation Studies February and March 2009
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Allocation Studies, Cont,

• Comparison of February and March NDO for 
90% exceedance level 

NDO
90% Exceedence Allocation Studies February and March 2009
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Allocation Studies, Cont,

• Comparison of March NDO for 50% and 90% 
exceedance level 

NDONDO
50% and 90% Exceedence Allocation Studies March 2009
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Example of ResultsExample of Results
• March 50% and 90% exceedance allocation study 

EC at Clifton Court Forebay
50%  and 90% Exceedence Allocation Studies March 2009
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Example of Results, ContExample of Results, Cont
• 50%  exceedence allocation studies (Feb. & Mar)

1000

EC at Clifton Court Forebay
50%  Exceedence Allocation Studies February and  March 2009
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Example of Results, ContExample of Results, Cont
• 90%  exceedence allocation studies (Feb. & Mar)

1800

EC at Clifton Court Forebay
90% Exceedence Allocation Studies February and  March 2009
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DiscussionDiscussion
• The procedure for short‐term (1‐2 weeks) 
f t f D lt h d l ti dforecasts of Delta hydrology, operations and 
water quality can be adapted to a longer‐term 
seasonal forecastseasonal forecast

W t lit f t d d t th• Water quality forecasts are dependent on the 
integrity of hydrology and operations forecasts, 
including tidal conditions river inflows DCUincluding tidal conditions, river inflows, DCU, 
gate and barrier operations, and pumping and 
delivery schedules.delivery schedules.



Discussion, Cont

• Delta DOC forecast has not been incorporated yet 
b f th diffi lt i idi b dbecause of  the difficulty in providing boundary 
DOC. Implementation depends on the progress of 
Watershed Analysis Risk Management FrameworkWatershed Analysis Risk Management Framework 
(WARMF) by Systech . 

• CA Aqueduct Water quality forecasts are 
dependent on Delta hydrology and water qualitydependent on Delta hydrology and water quality 
forecasts, groundwater, storm water forecasts, as 
well as forecasts of delivery schedules.well as forecasts of delivery schedules.



Work in the FutureWork in the Future

• Delta boundary DOCDelta boundary DOC 

C l h C d f d l b• Complete the CA Aqueduct forecast model by 
using information from OCO’s allocation model

• Update historic CA Aqueduct model to currentp q



Questions?


