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Project Summary

* SFEI-led project to: identify long-term and seasonal trends in nutrient
form (e.g., NH, vs. NO;), concentrations and ratios, and explore the
factors contributing to spatial, seasonal and temporal variability

* Objectives:
* Synthesize: EMP data through 03/2012, “recent” USGS isotope data, nutrient
model output
* Quantify nutrient loads to the Delta and loads from the Delta to Suisun Bay

* Update DSM2 nutrient model using:
e HYDRO V-8.1.2

* QUAL V-8.1.3 — used additional data in calibration not used in project analyses
e Lehman data from Liberty island sampling
* “Receiving water” data from effluent source monitoring locations



Project: Seven regions defined to understand mass balances within the DSM2 model domain —
2/3/2016 Using net monthly-average flows to/from each region, monthly nutrient loads calculated for several constituents



Volumetric calculations were used to interpret isotope data
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Current Status of QUAL Nutrient Model:

* Hydrodynamics:
* Inflow/outflow/ops boundary conditions (BCs) updated through 03/2012
 Effluent flows through 03/2012; many sites have a data gap 2009 - 2010

* DICU:
e Updated through 03/2012
* Major update in DICU nutrient and water temperature BCs

* Water Quality/Water Temperature

* Major reworking of meteorological BCs; recalibrated water temperature sub-
model

* Model time span extended to 03/2012 - recalibrated nutrient model 01/2000 to
03/2012



Current Status (cont.)

* There are 11 equations in the nutrient model — so for every inflow
location 11 concentrations were specified:
e 7 major inflow locations
e 11 effluent locations
e 257 DICU locations, split into 3 regions
* So, 231 (=11*21) boundary condition time series developed, 2000 — 03/2012
e Plus: time series for wind, dry bulb, wet bulb, cloud cover, atm. pressure

* SFEI project is complete:
* DSM2 nutrient model file structure delivered to DWR and SFEI
 Documentation delivered to DWR and IEP project sponsors by SFE|
e See Hari or Min YU for DSM2 model set-up and/or documentation



New Effluent Data

Location Start End

Benecia 10/1/2011 3/31/2012
Brentwood - not compiled| 08/01/10  03/31/12
Central San 3/1/2011 3/31/2012
Davis - not compiled 11/01/10 03/31/12
DeltaDiablo 06/01/11  03/31/12
Discovery Bay 10/1/2010 3/31/2012
FF-Suisun 11/1/2011 3/31/2012
Lodi - not compiled 07/01/10 03/31/12
Manteca 7/1/2010 3/31/2012
Montain House 1/1/2011 3/31/2012
Rio Vista Beach 10/1/2010 3/31/2012
Rio Vista NW 11/1/2011 3/31/2012
Sac Regional - compiling 2009 2012

Shell-MTzZ 6/1/2011 3/31/2012
Stockton - compiling 03/01/09 03/31/12
Tesoro 3/1/2011 3/31/2012
Tracy 8/1/2010 3/31/2012
Vacaville - not compiled 07/01/10 03/31/12
Valero 6/1/2011 3/31/2012
Woodland - not compiled | 04/01/10  03/31/12
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EMP Data Locatlons & DICU Reglons
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QUAL Water Temperature Re-calibration

* Previous nutrient calibration focus was on Sacramento River:
* Lodi-area meteorological station data set used for “historical reasons”
* Wind speed data increased in summer by factor of two to calibrate Sac. River temperature

e Current nutrient calibration was Delta-wide, so implemented “sensitivity” runs:
* Base case - noincrease in summer wind speed
* Increase summer wind speed by a factor of 1.3
* Increase summer wind speed by a factor of 1.5
* Increase summer wind speed by a factor of 1.6
* Increase summer wind speed by a factor of 2.0

 Calibration statistics from residuals showed (wind speed)*1.5 in the summer as best:
* Minimized 4 residual statistics, focused on absolute value of % bias statistic
* Half of the temperature data locations had a positive bias, half had a negative bias



M ODELMAME CDEC Region 0l meanresid  stdevresid rmse pbias meanresid | st dew resid mzEe pbias meanresid | stdevresd mse phias mean resid | stdevresid | rmEs phias meanresid | st devresid mse phiaz
simulation factor Base 13 1.50 L6 2
EMM sac 4403 11 13 1.7 71 074 1 1.2 4.7 055 0.95 1.10 3.50 0.48 085 0.15 0.75
CESE Sac 4413 13 15 2 B2 085 12 14 54 QLES 110 130 4.10 0.55 1
RSACOTS-MALLARD| AL Sac 4382 11 13 2.2 [:F:] 0.68 17 138 4.3 045 170 1.70 3.10 0.41 16 15
BARKER-5L BKS Cache/Yak 370 18 2 27 11 11 16 2 (%1 053 1.50 1.70 5.00 057 14 13
SLCCHO16| CCS Cache/Yak 4376 14 2 25 BE 082 16 138 5 0.55 1.50 1.60 3.40 0.43 14 13
LIBERTY-D LIB Cache/Yalo 457 0.66 14 i5 47 0.38 11 1.2 27 0.25 1.00 1.00 1.80 019 095 08 =
DWSC-DWS Dws Cache/Yak 440 O.76 13 15 53 0.42 1 11 29 0.27 050 0.2 150 [0 L] 0,54 0.7 -0.42
OO0 YEAR-SL| GYS =l 4285 0.54 1.7 19 5.8 043 14 15 3 029 140 140 1.80 02 13
RORR_512 MONTEZUMA MEL =M 1034 11 1.7 2 71 0LEs 14 15 4.3 0.47 1.20 1.30 3.00 0.37
MONTEZU MA-NURSE NEL =M 1045 15 15 2.2 95 095 12 1.6 [ 074 110 1.40 062
RSANO1E =1 SR 4452 11 13 18 685 057 095 11 3.5 0.35 0.2 0.98 0.25
REMKLOZ A SFMOKE EMR ED 487 .35 0.53 092 29 037 052 0.9 27 035 0.52 0,90
N MR-RMELD1S N MR ED 472 016 1.2 12 12 015 12 1.2 11 0.14 1.20 1.20
CACHE_RYER-RYI RY | Cache/Yaolo B45 0.48 0.57 11 33 0.24 0.75 0.7e 015 0.58 069
RSAC101 SR Sac 1576 057 [eR:] 11 37 027 0.6E 0.73 014 0.51 063
S0 Sac TE4 0.52 11 12 35 027 015 0.75 077
PTS sac 1547 063 14 15 4 023 005 1.00 1.00
CORDELIA CYG =l Joz 0.B5 1.7 19 54 035 014 130 1.30
SLNEUDDS-HUNTER HUN =M T3 O.EE 15 1.7 5.5 045 0.25 110 1.10 11
UNRISE-CLUB SNC =M 158D 1 15 19 6.5 048 0.25 120 130 12
TEAL-CLUB TEA = &51 0.B5 2 2.2 54 0.28 150 150 15
SL5U 2-VOLANTI WOL S 4101 0.57 15 18 59 0.45 110 110 1
ELIND-POINT-ELP ELF SIR 756 0.74 13 14 a7 03 1.00 1.00
RSAN ANH SIR 4424 0.8 14 1.6 45 0.31 1.00 1.00
HLL So 4453 0.5 055 11 35 -0.11 0.51 082
BET =D 1583 0.51 12 13 31 -0L18 C.EE 050
HOL ] 132 031 11 11 2 -0.32 0.53 0LE9
HLT =D 2059 031 0.75 0LE1 18 -0.34 0.59 0LEE
05l =D 1563 -0.38 0.9 11 24 -0.14 0.74 075 -0.86 -0.22 073 092 -3.3
oRrRQ =D 1557 Q.32 0.5 1 2 077 -0.31 0.78 0.8 -1.90 -0.41 0.78 12 -4.7
EAC =D 3815 0.35 0.E8 0.95 21 072 -0.32 0.73 0.80 -1.90 -0.43 075 12 -4.8
¥iC =D 4458 g.24 0.55 0.71 14 14 -0.47 066 OLEL -2.70 -0.565 085 . 13 -5.5
FRI SIR 1568 0.79 -0.28 0.58 [+ ) -1.70 -0.35 0.57 068 -2.3 0.52 -4.1
GES Sac 849 -1.6 -0.25 0.28 037 -1.70 -0.26 0.2E 0.38 -18 0.42 =21
G55 Sac BAT -12 -0.19 0.28 0.33 -1.30 -0.2 027 0.34 -14 0.35 =17
ZRD sac 4441 -0.17 -14 -0.24 0.42 043 -1.50 -0.25 0.4z 0.43 -1.6 053 -19
MOK SR 1371 -0.04 047 -1.2 -0.26 0.39 0.47 -1.80 -0.3 0.4 0.43 -1.9 o2 -8
S0G SR 851 -0.71 -5.3 -0.B8 0.55 1.10 -5.70 -0.82 o7 1.2 -5.9 13 -5.5
LPFs ED B50 -0.17 =21 -0.38 0.45 0.59 -2.50 -0.42 0.45 0.51 -8 -0.56 0.43 0.74 -3.7
DGL =D 1581 -3.7 -0.72 0. 70 1.00 -1.40 -0.79 075 11 -4.8 -1 0.95 14 -6.2
R D A v E50 0.7 0.55 0.74 -3.1 -0.65 0.56 0,85 =110 -0.74 0.55 0.54 -4.6 -1 0.75 13 -5.4
MUP =D Tii 1.7 17 2.1 -7.5 -1.30 1.a0 2.10 -7.80 -13 16 2.1 -7.9 -14 16 22 -B.6
MHO =D 511 0.42 0.43 0.63 -3.2 -0.48 0.44 OLES -3.30 -0.4% 0.45 [+ -3.4 -0.53 0.4 072 -3.7
onl =D 393 0.38 1 -6 -1.00 0.42 1.10 -5.50 -11 0.45 1.2 -6.8 1.2 [+X-] 14 -7T.6
CED =D B21 -0.39 0.51 084 -5 -0.50 0.45 -0.67 -3.20 -0.57 0.43 0.71 -3.6 -0.79 0.4 095 -5
OH4 ] E4E -0.53 059 ore -3.3 -QLE8 0.50 0,90 -4.30 -0.76 LA 0.98 -4.8 -1 0.78 13 -8.5
OLR ] 2551 -0.26 095 0.g7 -15 -0.40 0.98 110 -2.40 -0.48 1 11 -2.9 -0.77 1.2 14 -4.8
TWA =D 441 -0.53 0.33 062 -3.6 -0.55 0.33 065 -3.80 -0.58 0.33 0.56 -3.9 -0.54 0.35 0.73 -4.3
& vCu so 1523 0.2 0.7 0. iz -0.29 0.54 051 =17 -0.43 0.57 0.75 -2.90 =06 062 0.7 -3.6 -0.99 O.E7 i3 -6.6
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Spatial distribution of locations where model residuals of Percent Bias (Model — CDEC water temperature data)
was minimized for four dominant simulations — this graphic and explanation is in a DSM2UG 2015 Newsletter
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QUAL Nutrient Model Re-calibration

* Very difficult compared to previous recalibration efforts — why?

* Possibly temperature recalibration
* Possibly new version of QUAL with changes to QUAL and to HYDRO codes

e Calibration — varied parameters by region to minimize residual statistics, strategy focus
was minimizing model bias for EMP and Stockton WTP data locations

* Reservoirs varied separately, Liberty “special” reservoir w/data

 Calibration of residuals based on previous work and (Moriasi et al., 2007)
* Calculated for All Years, Wet WYs (Wet+Above Avg.) and Dry WY’s (all others)

e Results —

DO along SIR much improved, w/calibration parameters in more acceptable range

Calibration of NH;, NO;+NO,, Organic-N much harder everywhere

Two stations in East Delta — EMP stations MD10 and P8 — calibration very poor (same as previously)
No EMP station data in South Delta during modeled time span, 01/2000 — 03/2012

Moriasi, D.N., J.G. Arnold, M.W. Van Liew, R.L. Bingner, R.D. Harmel, and T.L. Vieth. 2007 Model evaluation guidelines for systematic quantification of accuracy in watershed simulations.
Transactions of the ASABE. Vol. 50(3)



Central Delta vi/o Reservoirs ]
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Parameter Regions — Parameters initially uniform

in each of these regions, then varied during calibration




Problem - timing mismatch of data

Nutrient measured as BC

* Most BC nutrient data is on 5% of the month at 3 PM
monthly or sometimes 2x |
monthly

e Most in-Delta calibration data is
also monthly

e But, the measurement dates
don’t relate to travel time

* Also — grab samples are single
sample, single site measures - |
really need several samples to
get d measure Of IOcal Vvd ria blllty Nutrient measured downstream Nutrient peak arrives downstream

on 6" of the month at 10 AM on 8 of the month at 11 AM




inside envelope is zero residual, outside yields a residual statistic, the difference (model — data)
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Overestimates
Data

Methodology — modeled monthly max/min creates an envelope, measurement
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Calibration parameters and categorical statistics used in residual analysis and model skill assessment

Performance Categorical
. RSR NSE PBIAS (%) o
Rating Rating
Very Good 0.00< RSR<0.50 | 0.75<NSE<1.00 | PBIAS< +/-25 1
Good 0.50 <RSR<0.60 | 0.65<NSE<0.75 | +/-25<PBIAS <+/-40 2
Satisfactory | 0.60 <RSR<0.70 | 0.00 <NSE<0.65 | +/-40<PBIAS <+/-70 3
Unsatisfactory | RSR > 0.7 NSE <0.0 PBIAS > +/- 70 4
D10 - ALGAE NSE PBIAS Bias RSR D10 - DO NSE PBIAS Bias RSR
ALL S VG Underestimate S ALL S VG Underestimate U
Dry WY Calibration G VG Underestimate G Dry WY Calibration U VG Underestimate U
‘Wet WY Calibration S VG Underestimate S Wet WY Calibration U VG Underestimate U
Dry WY Validation S VG Underestimate U Dry WY Validation U VG Underestimate U
Wet WY Validation S VG Underestimate S Wet WY Validation G VG Overestimate S
D12 - ALGAE NSE PBIAS Bias RSR D12 - DO NSE PBIAS Bias RSR
ALL G VG Underestimate G ALL VG VG Underestimate VG
Dry WY Calibration]| VG VG Underestimate VG Dry WY Calibration VG VG  Underestimate VG
‘Wet WY Calibration S VG Underestimate U Wet WY Calibration VG VG Underestimate VG
Dry WY Validation S VG Underestimate S Dry WY Validation VG VG Underestimate VG
Wet WY Validation VG VG Underestimate VG Wet WY Validation VG VG Underestimate VG
D16 - ALGAE NSE PBIAS Bias RSR D16 - DO NSE PBIAS Bias RSR
ALL S VG Underestimate U ALL VG VG Underestimate VG
Dry WY Calibration S VG Underestimate S Dry WY Calibration VG VG  Underestimate VG
'Wet WY Calibration S G Underestimate U Wet WY Calibration VG VG Underestimate G
Dry WY Validation S VG Underestimate U Dry WY Validation VG VG  Underestimate VG
Wet WY Validation VG VG Underestimate VG Wet WY Validation VG VG Underestimate VG
D22 - ALGAE NSE PBIAS Bias RSR D22 - DO NSE PBIAS Bias RSR
ALL S VG Underestimate U ALL VG VG Underestimate VG
Dry WY Calibration S VG Underestimate S Dry WY Calibration VG VG  Underestimate VG
‘Wet WY Calibration S VG Underestimate U Wet WY Calibration G VG Underestimate G
Dry WY Validation S VG Underestimate U Dry WY Validation VG VG  Underestimate VG
Wet WY Validation S VG Underestimate U Wet WY Validation VG VG Underestimate VG




Stockton WWTP Receiving Water Measurement Locations
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Stockton Effluent Receiving Water Measurement Calibration
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Stockton Effluent Receiving Water Measurement Calibration
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Stockton WTP-RW4 NO3+NO2-N Calibration, Reporting limit = 0.01
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Stockton Effluent Receiving Water Measurement Calibration
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Stockton Effluent Receiving Water Measurement Calibration
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“Model Skill”

Calculated for All Water Years:

NH3 NSE PBIAS RSR
All WYs - NH3 NSE  PBIAS Bias RSR C10 1 1 1
C10 VG VG  Underestimate VG C3A 1 1 1
C3A VG VG Overestimate VG D19 1 1 1
D19 VG VG  Underestimate VG D26 1 1 1
D26 VG VG  Underestimate VG D28A 3 2 4
D28A S G Overestimate U D4 1 1 2
D4 VG VG  Underestimate G D6 1 1 1
Dé VG VG  Underestimate VG D7 1 1 1
D7 VG VG Overestimate VG MD10 3 4 4
MD10 S U Overestimate U P8 3 3 4

P8 S S Underestimate U MODEL| Good Good Good
SKILL 2 2 2

DO NSE PBIAS RSR
Al WYs DO NSE PBIAS Bias RSR C10 1 1 1
C10 VG VG Overestimate VG C3A 1 1 1
C3A VG VG Overestimate VG D10 3 1 4
D10 S VG  Underestimate U D12 1 1 1
D12 VG VG Underestimate VG D16 1 1 1
D16 VG VG Underestimate VG D19 1 1 1
D19 VG VG Underestimate VG D22 1 1 1
D22 VG VG Underestimate VG De 1 1 1
D6 VG VG Underestimate VG D7 1 1 1
D7 VG VG Underestimate VG MD10 2 1 2
MD10 G VG Overestimate G NZ032 2 1 2
NZ032 G VG Overestimate G NZS42 3 1 4
NZS42 S VG Overestimate U P8 3 1 3

P8 S VG  Overestimate S MODEL| Good VeryGood Good
SKILL 2 1 2

NO3+NO2| NSE PBIAS RSR
All WYs - NO3+NO2 NSE PBIAS Bias RSR C10 1 1 1
C10 VG VG Overestimate VG C3A 1 1 1
C3A VG VG  Underestimate VG D19 1 1 2
D19 VG VG Overestimate G D26 1 1 3
D26 VG VG Overestimate S D28A 2 2 4
D28A G G Overestimate U D4 1 1 2
D4 VG VG Overestimate G D6 1 1 1
D6 VG VG  Overestimate VG D7 1 1 1
D7 VG VG Overestimate VG MD10 3 3 4
MD10 ) S Overestimate U P8 1 1 1
P8 VG VG Overestimate VG MODEL |Very Good Very Good Good
SKILL 1 1 2
ALGAE| NSE PBIAS RSR
All WYs - ALGAE NSE  PBIAS Bias RSR C10 1 1 1
C10 VG VG  Underestimate VG C3A 1 1 1
C3A VG VG  Underestimate VG Cc7 2 1 2
Cc7 G VG  Underestimate G D10 3 1 3
D10 S VG  Underestimate S D12 2 1 2
D12 G VG  Underestimate G D16 3 1 4
D16 S VG  Underestimate U D19 3 1 3
D19 S VG  Underestimate S D22 3 1 4
D22 S VG  Underestimate U D24A 1 1 1
D24A VG VG  Underestimate VG D26 3 1 4
D26 S VG  Underestimate U D2BA 3 1 4
D28A S VG  Underestimate U D4 2 1 3
D4 G VG  Underestimate S D6 1 1 1
D6 VG VG  Underestimate VG D7 3 1 3
D7 S VG Overestimate S MD10 3 4 4
MD10 S U Overestimate U NZ032 3 1 4
NZ032 S VG  Underestimate U NZS42 3 1 4
NZS42 S VG  Underestimate U P38 3 2 4
P8 S G Underestimate U MODEL| Good  VeryGood Satisfactory
SKILL 2 1 3




WWTP Receiving Water Data Examples
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Liberty Island

* Used data from Peggy
Lehman experiments to set

upstream BCs

e And to set calibration

parameters
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Thank-you for your attention!

See Hari or Min Yu for Documentation and Model Setup



