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Dr. Nader-Tehrahi’s rebuttal <>

EBMUD

Dr. Nader-Tehrani testified on rebuttal that:

He is not aware of any systematic model bias at Freeport.
[5/5/2017 Transcript Vol. 40, p.206:19-22]

He did not know the model version | used for bias correction.
[5/11/2017 Transcript Vol. 43, pp.138:15-140:8]

He believes my bias correction methodology improperly

introduced new systematic under- and over-prediction.
[5/5/2017 Transcript Vol. 40, pp.207:7-208:5]
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Summary of 'responses <S>

EBMUD

- The DSM2 model version used by Petitioners for this
hearing (V8.0.6) systematically over-predicted
minimum velocity at Freeport.

- This problem caused Petitioners’ modeling to
significantly underestimate Significant Reverse Flow
Events (SRFEs) at Freeport.

- Therefore, it was necessary and appropriate to
develop bias correction of Petitioners’ modeling to
remove the underestimation of SRFEs.
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EBMUD

. The DSM?2 version | used to calculate the bias
correction offset (V8.1.2) was the best available
choice. It included the benefit of a longer and more
recent historical simulation.

- My use of V8.1.2 to develop the offset did not
introduce any additional new bias - to the contrary, it
removed bias.

- Liberty Island flooding appears to have no significant
effect on tidal hydrodynamics at Freeport during low-
flow periods when SRFEs typically occur.
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DSM2 systematically over-predicts minimum
velocity at Freeport.

« DSM2’s upstream boundary condition is
located in close proximity to Freeport.

« The model assumes positive downstream
flows at all times at the boundary.

 This constant flow boundary causes DSM?2 to
systematically under-predict reverse flows
during low flows when tidal influence
extends upstream of Freeport.
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Systematic model bias at Freeport <5
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This is a representative example of DSM2 V8.0.6 consistent and
systematic overestimation of minimum velocity at Freeport as

compared to the historical gage. Note the model’s failure to
simulate reverse flows that actually occurred during this period.
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SM2 Recalibrati i
D ecalibration ° DWR IS WE” aware Of

this model deficiency.

California Department of Wa te:mzm;:? ;; o DW R!S 2009 DSMZ
recalibration attempted
to address it with

e— limited success.

Sacramento, California 95833
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2.2.2 Extension of Model Boundaries on Sacramento River

Peak ebb tidal flows simulated in DSM2 near to the upstream boundary on the Sacramento
River were attenuated as compared to the observed data. It was hypothesized, that one of
the reasons for the ebb attenuation may be the proximity of the rigid upstream boundary on
the Sacramento River, which is located at the City of Sacramento in the DSM2. The daily
averaged flow measured at the Freeport gage south of the city is used as the inflow
boundary for Sacramento River. At times of low inflow, tidal variation in stage and flow
extend upstream beyond Sacramento. Therefore, the inflow boundary condition that is
constant over a 24-hour period does not account for the effects of the miles of channels
above the upstream boundary that are under tidal influence. In addition, since DSM?2 does
not allow propagation of tidal waves at the boundary, an incoming tidal wave would be
reflected at the boundary rather than to continue propagating upstream and be dissipated.
The reflected wave could lead to errors in simulated stage and flow near the upstream end
of the Sacramento River (Shum, 2006).

In an effort to reduce the reflective wave issue, the rieid boundary on Sacramento River was

Exhibit Brentwood-105 (2009 DSM2 Recalibration Report)
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Systematic model blas at Freeport &8
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DWR’s 2009 recalibration did not successfully correct
the model’s systematic under-prediction of reverse
flows at Freeport.

1. The recalibration extended DSM2’s upstream
boundary northward to partially address the
boundary condition issue at Freeport.

[See Exhibit Brentwood-105, § 2.2.2]

2. However, recalibration only slightly improved the
model’s tidal representation at Freeport, despite
significantly improving tidal representation at Rio
Vista. [See Exhibit Brentwood-105, Figs. 4-4 and 4-6]
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Systematic model blas at Freeport &8

EBMUD

DWR’s 2009 recalibration did not successfully correct
the model’s systematic under-prediction of reverse
flows at Freeport.

3. The recalibrated model did an even worse job
simulating flows at Freeport in October 2001, which is
the lowest-flow month during the calibration period.
[See Exhibit Brentwood-105, Fig. 4-6]

4. The under-prediction problem is most severe during
low flows - yet, DWR’s recalibration did not consider
extreme low-flow periods when tidal influence at
Freeport is most extreme. [See Exhibit Brentwood-105, §§ 4.1, 5.1]
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= Dr. Nader-Tehrani testified on rebuttal that he did not
know the model version | used to develop my bias
correction offset.

= | used V8.1.2, which was appropriate for this purpose:

« More up-to-date. V8.1.2 includes more recent data
than V8.0.6, especially for extreme low-flow
conditions in which SRFEs typically occur.

« More conservative. V8.1.2 is relatively less-biased
than V8.0.6, and therefore it yielded a more
conservative offset than V8.0.6 would have.
12



DSM2 homepage shows
available model versions:

V8.0.6 (11/17/2010)

e 1990-2006 historical simulation.
 No extreme low flows after 1994.

V8.1.2 (11/1/2013)

e 1990-2012 historical simulation.
o Extreme low flows in early 1990s
and in 2008-2009.

Petitioners used V8.0.4 for all BDCP
modeling, and V8.0.6 for all CWF
modeling efforts but also used V8.1.2
for BA temperature modeling.
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Model versions: data available
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Cglifomis Home Govemor Home Amber Alert

DEPARTMENT OF
WATER RESOURCES

BAY-DELTA

Administration & Program Deita Simulation Model Il - DSM2
Control
General Info on DSM2 * Central Valley Modeling

Delta Conveyance .

* General Description ® Deita Modeling
Modeling Support * Annusl Reports, Background Material and References s Computer Assistance

= DSM2 Grid(pdf format 1.55MB)
South Deita + DSM2 User Group

* DSM2 Calibration
DWR Computers Only o 1008-2003 Calibration and Validation

o Calibration/\alidation Map
BDO Currents © 2000 BDCP Cslibration (aka Mini-Calibration)
DWR F o DSM2V8.1.2 Calibration
Organization Charts DSM2 Version 8.1.2 Release (11/01/2013)
DSM2 v8.1.2 contains a number of major changes. Some of the highlights are:
SAPESS jorenans o
BDO Computer Qual formulation corrections for dispersion
Support Request JUAVDSS Datum
Improved hydro geometry calculation
ro runs 2x faster than x versions

Training Hyd ALY .0

Qual tidefile outputs average concentration for every channel
PTM filtering feature

Qual mass balance synced with Hydro on every time step
Data improvements for boundary, gate operations and rules

These changes required a recalibration of the model and those results are
» .G available in this package as well as documented in the annusl reports. Please

click here to download DSM2 V8.1.2.

OO W -

Department of Water DSM2 Version 8.0.6 Release(11/17/2010)
B et DSM2 v3.0.8 contains some changes to reaction kinetics that we have been
1416 Bth Street, testing for some time.
St D 1. Corrects a solar radiation rate that was mischaracterized in the
bt (SIALZE Goaearition, which weas £ bss o som-combsrmtive

reactions in DSM2

The integration technique for source terms has been repiaced by an
adaptive Runge-Kutta scheme that is more robust near zero
concentration. Previously, constituent concentrations could cross below
zero and then react ematically. This was particularly likely to happen
when the initial or boundary concentration was not carefully chosen to

Sacramento, Ca 94236-0001

o

be physical.
The model was not mixing parceis adequately in dead end sloughs and

@

the Delta Cross Channel when the gate i
ame more spparent with non-conservat
arcels are left to react in isolation

Source: http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/models/dsm2/dsm2.cfm 13
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Therefore, my use of V8.1.2 did not systematically
“overcorrect” the model output, nor introduce any new bias.

14



My original testimony
documented the set
of months | used to

estimate the bias
correction offset.

Reverse flows
occurred at Freeport
in each of these
months.

EBMUD-103

<3

EBMUD

To correct that under-prediction bias, I calculated an appropriate velocity offset to apply
to Petitioners” DSM2 velocity output to match minimum reverse flow velocities. I calculated the
optimal offset by minimizing the sum-of-square error between model simulation and historical
Freeport gage data over 15 months of historical low-flow periods in which reverse flow events
/I
/I

9
TESTIMONY OF DR. BENJAMIN S. BRAY, PhD. PE.

EBMUD-152

occurred.” 1 applied the optimal offset to the simulated output to align as closely as possible with

" These were the months of October and November 1990, February 1991, May 1991, May
throg?h August 1992, October and November 1992, April through June 1994, December 2008,
and November 2009.

10

Exhibit EBMUD-152, pp.9:24-10:1, p.10 fn.7
15
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Dr. Nader-Tehrani speculated that Liberty Island
flooding could have affected Delta hydrodynamics so
as to reduce tidal influence at Freeport and thereby
affect the frequency of SRFEs.

He did not present evidence for this.

| found no effect during low-flow months.

16
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EBMUD

. Petitioners’ modeling included a significant
systematic bias: DSM2 consistently over-
predicted minimum velocities at Freeport -
and therefore under-predicted SRFEs - due to
a boundary condition deficiency known to
Petitioners.

- Using DSM2 V8.1.2 to calculate a conservative
bias-correction offset using the least-squares
minimization method is appropriate. This
offset improved (without entirely eliminating)
the bias inherent in Petitioners’ modeling,
improving DSM2’s representation of SRFEs.
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