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Background

Management actions in the Delta related to nutrients could cost billions of dollars to implement in the coming

T % : oy decades depending on decisions that will come before the Central Valley Regional Water Quality Control Scenarios
 ——— e F%,‘;,e(f’ﬂ',gg,s Board (Water Boarc_l). The complexity of the Delta ecosystem and the range of questions to be addressed B: Future D: Euture
demand that numerical, processed-based water quality modeling (Figure 1) be part of Delta management Condit_ioncsl: Corllditiolps: A-C
| ‘ efforts. In light of this fact, the Water Board convened the Modeling Science Workgroup in 2015, and tasked it Fermitec el
gl Conceptual with advising on the development and use of water quality models as one component of the Water Board’s h
Model § Nutrient Research Plan. The Charge to the Modeling Science Workgroup was to provide advice to the Water Questions Objectives (Model)
© .
& Board on: Wh : : :
S . . : . at are sources/sinks? o
- e (2 - The types of models would be needed to answer the nutrient management questions raised by stakeholders, . _ N Identﬂ_‘y sourc_es/ sinks _
Matltl/lergarlcal E o Ol’ganizational al‘rangements to Support and maximize the beneﬁts Of models and ¢ Contl’lbutlon to amblent COﬂdItIOﬂS? ¢ Quan“fy amblent concentrations
c ode c ! e .
= 2 « Cost estimates for the modeling task and how such work might be phased over time. * Important processes/rates? * Quantify important processes/rates
é 5 The key findings of the Workgroup for each of these topics are summarized below. * Primary production response? * Characterize primary production
(4°]
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Figure 2.Scenarios, Key Questions, and Objectives of Modeling

Types of Models Needed

To address the nutrient management questions in the Delta, (Figure 2) modeling will need to include

Table 3. Potential water quality models or modules (in parentheses) available for selected models

g ) ] ] ] . L . . . . Representation Parameter SCHISM: SUNTANS CASCaDE DSM2 RMA2 EFDC | CE-QUAL- UnTRIM SI-3D
Output and hydrodynamics, nutrient water quality, primary productivity, benthic and pelagic grazing, sediment transport, COSINE - HEM3D? (DELWAQ) (RMAL1) w2 | (DELWAQ) | (SI2DWQ)
! Synthesis - } : ot il _
Source: http://users.humboldt.edu/ogayle/hist383/SacramentoDeltaMap.png and macrophyte r_e IatEd processes' MOdeIS ShOUId aISO havethe de_SI re_d Chara_Cte“StICS Of dccessl bl I Ity’ . . DTSy Salinity Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fiqure 1. Modeling Approach credibility, scalability, and a large enough user community (including institutional support) to ensure continuity Density Water Temp. ee ves e e e | ves | vee | ves s s
| through time. Meeting all of these general and technical characteristics (Tables 1 and 2, respectively) may not be Nutrients —
] ) o ] _ ) ’ Nitrogen Yes Yes No Yes Yes Yes Yes Yes Yes Yes
possible with any one model; therefore, these characteristics are considered guidelines, not necessarily NTHIENTS
_ o _ _ ] . . Lo ] . Phosphorus? Yes Yes No Yes Yes Yes Yes Yes Yes Yes
Table 1. Desired general characteristics for Delta hydrodynamic and water quality models requirements. Answering the management questions sufficiently is the real performance standard. In certain Primary e —
No Characteristi —E cases, a simple model may provide sufficient answers when applied and evaluated by skilled analysts iedi o) phyl a* il - ~ Ml I Il = -
1 Reasonably accessible in terms of costs and Source code, software and training can be obtained at reasonable cost. A ! p y p pp y y ) Primary
learning curve for end user (required) knowledgeable technical user should be capable of running the model. Production Macrophytes No No No No No No No Yes No No
Compliant with copyright licensing requirements if developed with public . . . . . . Dissolved Dissolved
funds. The existing hydrodynamic and water quality models that have been applied to the Delta were reviewed and Oxygen Oxygen Yes  ves No Yes ves Yes Yes Yes ves ves
2 Track record and peer review Models should have a history of successful applications addressing nutrient ! 10t 1 1 Sediment . 5
onacement Gestions. Madel extiaions and woftaaro shoud be verified eval uat_ed for this report. qugver, none of the existing r_node_ls_ Incl ude_ all the important processes, me_et_al | of Sediments (bed) No  Yes No Yes No Yes Yes Yes Yes Yes
221?';?551353%?oifsfifﬁifm?@; f‘”p‘iiE:‘XJZTQZZ‘:LQTE?E&:SMm the desired model characteristics, or address each of the identified nutrient management questions explicitly. Sediment E?Zi?ﬁﬂt No  Yes Ves Ves \o Vos Ves \o Vos \o
in model development. 1 These parameters may be included in the main model or as an add-on or module to the main model. They be represented as a single aggregate term or more specific species may be included.
3 S - — — = e e — _ = e I d h 2 Representation of sediment in the model or modules is not described in detail.
upport for technical continuity over multi-year ctive and sufficiently large user community, substantial institutional O . - 3 CoSINE and HEM3D are two different water quality modules that could be used with SCHISM. They each support different parameters.
o | rganization and Approac
pe”? - — support - - —— g . . L p p . . . .. . . NOTE: This table summarizes the general capabilities (in a general sense), which water quality parameters are included within each model and/or its add-on/modules. Some models have parameters than can be
4 zif:;ga:rtr% rrl(tasszlgr?::irsschamstlc to model To be determined based on technical characteristics in Table 5. Devel Opl n g an d maintaini ng the water qual |ty models for the Delta WiI ” be a Slgn |flcant undertakl ng th at wi ” ir:nocth:]c;ic;,s zztri;r?nzlout dizc::ld;adr ;rr\n t:ti :suirr:g:di:yi :?:eDnt::Zea;pplications. Other models list some parameters as under development, but not yet available for the current Bay and Delta applications. This table does
5 Scalable P|atf0rm(3) can accommodate iterative deve|0pment’ both in terms of COSt m i I I ionS Of dOI IarS. TherEfO re, the mOdeI i ng approaCh Shou I d be Carefu I Iy plan ned to m i n i m i Ze COStS and
compiexiy of the domain and e range of processesioonsiiuents o be maximize benefits. With this in mind, the Modeling Science Workgroup identified the following
: - Table 4. Recommended plan for phased implementation of hydrodynamic and water quality mechanistic models
recommendations. —
Module Phase 0 — Existing Models (no cost) Phase | Phase
. o . . Hydrodynamics and Hydrological connectivity between river main stems, | Continued refinement of spatial domain as | Continued refinement of spatial domain as
Table 2. Desired general characteristics for Delta hydrOdynamlc and water qua“ty models . . Transport Model bypasses, sloughs, barriers (water level, flow needed for the specific application needed for the specific application
No. Characteristic Explanation A Successful Modeling Approach Cannot Focus Only On Modeling — Support for Data Management, Data velocity, water temperature, salinity)
1 The model(s) must have a hydrodynamic platform | Water exchange between the channels and flooded islands and marshes - - -
and transport component. For most applications, | affects both the hydrodynamics and biogeochemical conditions. To answer SyntheS|S and Mon |t0r| ng IS Eq Ua| Iy I mportant. Water withdrawal operations, barriers, and gates
the spatial domain of the hydrodynamics model some specific management questions fine scale models that only cover a (i.e. variable pumping rates)
_ShOU|0_| cover the majority of the legal Delta, part of the Delta may be more appropriate. ] ] ] ] . Nutrient Water Quality Nutrient water quality models are in the Water column nutrients and carbon species | Nutrients, carbon and oxygen exchange
including flooded islands and marshes. Establish a Good Governance Process — A Steering Committee, such as the committees for the Regional development stage for some Delta models. (NO3, NH4, DON, PON, PO4, PP, DOC, | with sediments
2 The model(s) must have water quality modules Meyer et al. (2009) concluded that a Bay-Delta model was needed to . . . . . - . . POC)
for nutrient water quality, sediment transport, and | integrate hydrology, nutrients, herbivory, phytoplankton production and |\/|On I'[OI‘I ng Progl‘amS, Wi I I be nGEded tO gu |de the prOCGSS and make d@ClSlonS regard | ng beSt al |Oca'[I0n Of Zooplankton grazing
macrophytes. community composition. Some components will have to be modeled Phytoplankton growth and decay (total Benthic grazing
qualitatively or with less accuragy because processes are not well resources. biomass) Impacts of toxic contaminants (e.g.,
understood and/or data are lacking. pesticides) on algae
3 The nutrient water quality module must simulate | Nutrient dynamics (water column and benthos) and how they relate to ] . . L . . . Dissolved oxygen Phytoplankton speciation
nutrient and carbon transformations, primary primary production are required to assess management actions. Underlying oPhased |mp|ementat|0n _ Add Nutrients Into EX|St|ng |\/|Od€|S as a First Step A phased |mp|ementat|on Algal toxins
productivity from phytoplankton, and grazing by | physical models of hydrodynamics, salinity, and water temperature are . . ' L Light transmission (empirical relationshi
Plc _ . ght transmission (empirical relationship)
zooplankton and benthic invertebrates. necessary to support the water quality module. approach should be followed with two general stages: the first stage should be to employ existing models as a Light transmission calculated from
4 The nutrient water quality module should be Model output should be at an appropriate temporal and spatial scale to " " " " " sediment, phytoplankton, carbon models
compatible with higher trophic level ecological support higher trophic level ecological models. For example, the output of platform to deVEIOp and test the deSIred |OgIC and Ilnkages for appropl‘late water qual Ity processes’ and the Sediment Transport None Integrated water column and bedded Accretion and burial of water quality
models (e.g., food for fish models) but not the water quality module should provide useful (but not necessarily all) Second Stage ShOUId be to refine and add Complexity to the models or transferring previously developed |Ogic to sediment model constituents
necessarily model higher trophic levels directly. inputs to the models of fish growth and behavior developed by NOAA and . . ! Erosion and remobilization of water quality
other resource agencies. more complex models, to improve system representation as needed. constituents
5 The sediment transport module should be Suspended sediments can influence nutrient biogeochemical reactions Macrophytes None Macrophyte effects on flow using field data | Macrophyte growth and decay through
capable of two-way linkages with the nutrient through exchange between the water column and sediments, transport of _ _ _ _ _ on the locations of dense macrophytes nutrient water quality module
CECETOEY ek LSS B T i S T L7 Select the Right Model for the Job — The Need for Multiple Models. A variety of different types of models will
6 The macrophyte module should be capable of Because macrophytes can affect hydrodynamics (e.g., through increased .
two-way linkages to both the nutrient water channel roughness) and aquatic system biogeochemistry, linkages between be neEded to aNSWer a” Of the management qUESthnS-
quality module, sediment transport module, and | the macrophyte representations and these other modules are necessary. Watershed Models Delta Hydrodynamicand Water Quality Model(s) SF Bay Models
the hydrodynamics and transport model. |
7 The dimensionality (e.g., 1-D, 2-D, or 3-D) and Some modeling objectives may require 3-D representation in deeper, wider ‘HOId an Annual Delta NUt“ent MOdel |ng WOI‘kShOpZ There ShOUId be an annual WOI’kShOp Whel‘e mOdEIGrS, : Nutrient
temporal resolution of the model(s) must be areas to characterize longitudinal, lateral, and vertical variability. 2-D . . . . . . I Water Quality |—»] Ecological Models for
appropriate for answering the management representations (depth averaged) may be useful to characterize wide, SC'enUStS, f|6|d mon ItOI‘I ng Staﬂ:, and managel’S come together '[O Shal‘e Fesu ItS, CO nfl 'm Conceptual mOdels, and : Module Fish Communities
guestions. shallow areas (e.g., flooded islands) that experience little or no vertical - -r- - - -
stratification. 1-D representations may be effective in relatively narrow, d ISCUSS mOdEI mOd IflcatIOnS and appl ICatlonS- : / I ? : T
shallow channels where vertical and lateral gradients are minimal. I - | I Hydrodynamic
The majority of modeling objectives will require hourly output (though Watershed Loading ! Hydrodynamicand Sediment : I and Water
simulation time step may be considerably shorter) to represent diurnal Models _:_' Transport Models <~ Transport : :1—> Quality Models:
patterns in temperature, salinity and flow, which are critical inputs to I Module | | San Francisco
chemical and biological models. However, not all model applications will COStS I ‘\ I : I Bay
require hourly resolution. In particular, modeled scenarios for climate . . . . _ : “a N\ v :
change may require computations on a daily or longer interval to simulate The cost of the modeling effort is estimated to be $1,675,000 per year in 2015 dollars. The annual cost estimate | Macrophyte .
extended periods of time in a computationally efficient way. . .. . . . I Module I Authors:
8 Model(s) should be compatible with other To the extent possible, consideration should be given to existing models for IS SImi Iar t01 bUt hlgher than’ paSt bUdgetS and bUdget eStImateS for mOdeIIng ($6OO1OOO to $1’5OO’OOO) The besssssss s === = ' E. \?Var; Francisch;Es_tuary_ Instlitute(g:orres_,tp;ondci:rrl]g g)uthor:philt@sfei.org)
hydrodynamic and water quality models selected | the Bay to leverage and provide synergy with ongoing efforts. For I " I I I I - vatercourse £ngineering, Inc. (Lommittee Lhair
by the San Francisco Regional Board for use in hydrodynamics and certain water quality models, integrated models of the reason for the IncreaSEd COSt IS tha‘t the propos_ed approaCh InCIUdes more than JUSt mOde“ng_' It aISO In_CIUdeS Legend » One-wav linkage 3 ﬁzltli?rzgiao?:iz‘x(t:rgigtXfrr\:\ézter:eﬁs:sAogrr:ii?stration
Suisun and_San Pablo Bays, and with watershed | Bay-Delta are strongly preferr_e(_zl to capture interactions and quxc_as bgtween data management’ data SyntheS|S’ and mor"tor'ng_ |dea||y’ total COStS W||| be Shared by mul“ple agenC|eS and Text | Existing model(s) | | Two-wa;linkage e: United States Geological SuR/ey
models of river loads to the Delta the Bay and the Delta. At a minimum, models should be compatible in 7 . . . . . - - = » Linkage that is only important in . Delta Stewardship Council
ST 22 SR e eeases ek e ent vt funders so that each participant will leverage significant outside resources. The program is expected to last for Text | New or Better Model(s) Needed certain areas 6. University of California Davis
independent hydrodynamics and water quality outputs that can be .. . . . ) : :
exported/imported to other, appropriate software platforms. 10 years, Sp|lt into two 5_year phases. Figure 3. Diagram of the model components for nutrients in the Delta ir_‘-Ffezr(‘)tl:":‘(':;’?/'I':zaF;i%%r;?;V;’:;iga?e“:':2’0?0””0' Board

j. Sacramento Regional County Sanitation District
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