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Re: Review of: Modeling the Fate and Transport nfmAonia Using DSM2-

QUAL - Draft Final report (October 2009)

Scope

The scope of work identified that the general psgoof the DSM2-QUAL review

process was to address immediate questions that stakeholders have — can the
module be credibly applied to evaluate nutrienresewesponse relationships in the Delta
under current conditions and under a variety okfémd load modification scenarios?
Further guidance in the scope included specifictioes:

1) In what ways can the module be credibly applieeMaluate nutrient source-
response relationships in the Delta under currentlicions?

2) In what ways can the module be credibly applieeMaluate nutrient source-
response relationships in the Delta under modtfidtology, modified climate,
modified Project operations and proposed conveytaukties?

3) In what ways can the module be credibly applieeMaluate nutrient source-
response relationships in the Delta under modifigient loading?

4)  What would be other appropriate applications ofdkisting module?

5) What are the strengths and weaknesses of the nexehile calibration and
validation?

6) Is the module’s conceptual formulation expecteldkéa to any systematic bias
in nutrient concentration results?

Findings
The need for numerical modeling of water qualitygasses in the Delta is clear, and well
stated in the draft report:
“The recent decline in the health of the San Fso@wiSan Joaquin Delta
(Delta) ecosystems has increased the importanged&rstanding ecosystem
function, and the linkages between ecosystem haalihsystem drivers such
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as water temperature and nutrient levéle complexity of these linkages
presents a challenge that data analysis alone has not clarified, so conceptual
and numerical models have been devel oped and used to increase our

under standing of ecosystem functions.” (emphasis added)

This statement identifies the critical need fouanerical model in the Delta to assess
complex linkages between flow and physical, chemaad biological conditions. Such
linkages are necessary to assess conditions iDeli@ and identify potential food web
implications to address ecosystem attributes.

Review of modeling processes and representatioBSM2-QUAL documentation
identified several pertinent points that would segjca stronger basis for water quality
modeling in the Delta than for other options susldata/statistical relationships. The use
of DSM2 is a good platform to build from becauséh® generally accepted
hydrodynamics and salinity (EC) applications in plast. However, implementing water
guality modeling projects in large, complex systesueh as the Delta can take a
considerable amount of time. Not only are theestagf implementation and calibration
resource intensive, the process of educating stédtets and other involved entities and
individuals regarding model representations andragsions, data, and other supporting
model information often occurs over a consideraiohe period.

The implementation of DSM2-QUAL as a Delta-wide grajjuality model (beyond
salinity) is a sorely needed contribution to theexguality assessment “toolbox” for the
Delta. The current DSM2-QUAL representation in@sidbasic physical (temperature),
chemical (nutrients) and biological (primary protloic) processes. The complexities of
the Delta — hydrodynamics, meteorology, water dyadind operations — suggest the
need for numerical models, but also present coreditke challenges to modeling.
Careful review of the model documentation and supmginformation indicates that this
effort is not intended to address all such wateligumodeling challenges that could
possibly exist in the Delta, but rather to layicat groundwork through data review,
model implementation, initial calibration, and pr@hary application. As such, this
project forms a valuable contribution.

Through several discussions with Marianne Guerth@rPaul Hutton during the review
process, considerable clarification on the propegpose became evident. One desired
outcome of the development of a numerical watetityuaodel of the Delta was to
inform activities such as the current Bay Delta €omation Planning processes.
Apparently there are few available tools to addvester quality concerns at the Delta
scale, and a model would assist in such envirorahegwiew process.

Extending the existing DSM2-QUAL model applicatidngnclude basic water quality
parameters is a logical and useful step. Throungl,tincremental improvements can be
made in response to open and honest critical dssmusimproved baseline data

collection, completion of special or focused stsdia specific processes, and acceptance
of the model by the scientific and policy commuesti An important aspect when
participating in this evolutionary and developméptacess is to avoid overly
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constraining attempts to improve the availablegaoiended to advance the
understanding of aquatic systems. Specifically, dtience and policy communities’
responsibility is to be both critical and suppagtof such forward-thinking endeavors if
progress is to be made in resolving complex issueb as those encountered in the
Delta.

Response to Scope

In response to the questions outlined in the scagditional information is required.
Specifically, the spatial and temporal elementthefquestions being posed and the range
of conditions hypothesized must be known.

Overall, the DSM2-QUAL application is the best dahle tool for assessing water
quality in the Delta. This is not to say thatsitperfect, a point which is clearly elucidated
in the draft documentation and echoed in the varreuiews. For example, the model is
calibrated to monthly data. While application loé tool to short time scale problems is
not recommended, the model can probably be appiexstoping or planning tool to
assess monthly, seasonal trends, or annual tré8etsause this is an initial application of
a water quality model representing physical, chamend biological conditions, there
are still elements of the model that require madiion, improvement, and refinement.

In sum:

Q: In what ways can the module be credibly appiceevaluate nutrient source-
response relationships in the Delta under currenditions?

A: Monthly, seasonal, or annual applications ofri@del will lend insight into
system response and potential nutrient relatiosshifhe complexities of the
Delta extend beyond current model capabilitiedinstations exist. Still the
model may be a useful tool for selected applicatibemployed responsibly
and reasonably.

Q: In what ways can the module be credibly appiceelvaluate nutrient source-
response relationships in the Delta under modtiadtology, modified
climate, modified Project operations and proposed/eyance facilities?

A: the model has been tested under a wide rangerafitions, but these
conditions do not extend a highly modified hydrolpglimate, project
operations or proposed conveyance facility. leéstdd conditions vary
considerably from historic data used in implememtime DSM2-QUAL
model, uncertainty may increase markedly. Theevaluphysically based
models is the ability to extend them beyond histdrconditions, but if the
deviations are notably different, there is no gntea that basing the model on
conservation laws will ensure robust simulatiorutss Further, because the
Delta is complex and data used to construct theeatimodel are limited, care
should be used (even when employing monthly ordorgerages) in
interpreting results. The model could be used ganaing tool, to increase
insight into potential system response, but thaixess should be considered
as hypothetical exercise — an extension of a cdnaémodel.

1092 Watercourse Engineering, Inc.



Q: In what ways can the module be credibly appiceevaluate nutrient source-
response relationships in the Delta under modifigient loading?

A: This answer is similar to the previous questideing a model to extend one’s
knowledge of a system is an underappreciated udeesé powerful tools
(versus, for example, running limited “scenariosBEven with considerable
uncertainty in models, information can be glearredhfmodel application.

Q: What would be other appropriate applicationthefexisting module?

A: Planning level and scoping level analysis owergltime periods, where order
of magnitude estimates are appropriate. Insightdce detailed temporal or
spatial questions, or to processes that are notpocated into the model are
more challenging. In certain cases the model eamsled to gain insight into
these more challenging issues, but care must lekinseich assessments to
ensure the results are meaningful.

Q: What are the strengths and weaknesses of teatremdule calibration and
validation?

A: Strengths include the long time series of infatimn used in the simulations
and the fact that temperature, nutrient transfoprimary production, and
dissolved oxygen are all modeled in a physicallgelsamethod (versus
statistical relationships). Extensive data weseawled for the effort and the
model was tested through various sensitivity am\{doth documented and
undocumented). Several outstanding questions Ibese addressed (mass at
the Martinez boundary). Weaknesses largely stem the current
formulation of DSM2-QUAL, data availability, and mglexities in the Delta
that are not well characterized in space or titHewever, many of these
weaknesses are recognized. Some are includedlgirethe documentation,
while others are included in the comments to tlaét dlocumentation.
Knowing model weaknesses is valuable knowledgeddioare imperfect
tools, and knowledge of where inadequacies exisatlaw even coarse
models to be used to improve understanding andawnepdecision making.

Q: Is the module’s conceptual formulation expedtelkad to any systematic bias
in nutrient concentration results?

A: Water quality models are useful because thepmpass multiple, inter-
related processes. In short, the critical fundaaigocesses should all be
modeled as well as possible. The largest risk isei@focus on an element of
the water quality model — like nutrients. Nutrecstnnot be modeled
properly if flow or temperature are not modeledIwa if primary production
is not effectively represented, or if dissolved gewy is not characterized
properly. To assess the conceptual model formoraif DSM2-QUAL, a
conceptual model of key processes in the Deltaldimeiformulated — as a
benchmark to “test” DSM2-QUAL and determine if ihgortant processes
are included in the current numerical model.
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Model studies and analyses should be completinggwbinsidering limitations and
uncertainty associated with the model. Furthecerain circumstances the model may
simply not be able to represent the appropriategeges or to answer desired questions
with sufficient confidence or resolution to be ugefComments from this review and
others should be, to the extent feasible, incotpdranto the modeling work and
documentation prior to further application. Certaomments and observations will
require longer time periods, additional data, gograpriate funding to implement. As
noted above, this is an initial foray into compneige water quality modeling in the
Delta, but the effort hopefully will not end here.

Documents Reviewed

The principal documentation was reviewed as wenangents on the draft document.
Two phone discussions occurred, one with Marianaerf@ and one with both Paul
Hutton and Marianne Guerin.

Documents reviewed:
- Modeling the Fate and Transport of Ammonia UsindV2SQUAL — Draft Final
report (October 2009) and appendices

As part of this review, the comments that otheitiesthad produced in response to the
documentation were examined. Overall, consideratbtet was expended by several
reviewers of the report from a range of perspestasad disciplines. This information in
itself is a worthwhile contribution to Delta watguality modeling. Comments were
provided by:
- Larry Walker and Associates (via Sacramento Redjdfestewater Treatment
Plant)
- Flow Science (via Sacramento Regional Wastewatsatinent Plant)
- Frances Brewster, Santa Clara Valley Water District
- Carol Kendell, U.S. Geological Survey
- Hari Rajbhandari, California Department of Wates®&ces
- Pat Gilbert, California Department of Water Reseasrc
- Others (some comments did not have an author nispegogies to those
unnamed individuals)

Comments on Comments

Attempts have been made not to unnecessarily gipleomments provided by other
entities. In most cases other commentors have dereful to not only address an issue,
but also to provide a solution or at least a dioector further exploration. Clarification

of the objectives and approach, specifically thenthly time step approach to application
would address a good fraction of these commentserall, considerable effort was
expended by several reviewers of the report fraange of perspectives and disciplines.
This information in itself is a worthwhile contribon to Delta water quality modeling.
These comments illustrate that there is a greatest in the topic of Delta water quality,
that there is considerable expertise availablejiratic system processes and modeling,
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and that the DSM2-QUAL is a platform that can bteagled to fill an important need in
the Delta.

Specific Report Comments

Executive Summary
Several concepts key to the project could be mie@ly presented in the executive
summary. Two elements that are most prominentidec!

- model resolution

- model calibration
Data limitations were clearly noted, but the dexisio aggregate output to a monthly
time step for calibration and application was ndeac Although the documentation
states that calibration and validation statistieseacalculated at a monthly time scale, the
basis for that decision is not clearly stated.then; the interesting aspect of calibrating
for year types should also be noted. Detailedudisions later in the document provided
more information, but adding several sentenceberekecutive summary would provide
clarification about how this application proceeded provide valuable information to
the reader. For example, stating that considedddiz limitations precluded calibration
at a sub-monthly time step and that average mosthiylated values were used as
comparisons to field data for calibration wouldrifiathat the model is not, at the current
time, intended to analyze sub-monthly (e.g., weedtdyly, or hourly) conditions. This
addition would address several of the statemeats fome of the other reviewers of the
draft documentation.

Other topics in the executive summary that menmmeent include:

- Qualitative descriptions of calibration performantegms like “very good,”
“good,” “acceptable,” are relative terms. Tying Buerms to definable criteria
can produce a more repeatable and quantitativét.resu

- Including the time step and spatial scale of thel@ehavould be useful for the
reader. This would assist in identifying the inoplions of averaging simulation
output to a monthly average for nutrients.

- Identification of additional monitoring needs isauable outcome of the project.
Attempts to determine potential data needs witlhimakertaking the process of
model implementation would not have provided thcal insight necessary to
fully identify data needs. Several commentors itiet the need for additional
data, mostly for time steps smaller than the mgrtihie period adopted in the
project, and the executive summary clearly statasdata need to be collected “at
a time scale commensurate with the quality of @esiesults.” There is
additional work to be done to form a comprehensmger quality model of the
Delta, but this is a valuable first step.

- The focus on nitrogen (and ammohithroughout the report detracts from the
value of implementing a comprehensive water quatitgel in the Delta.
Although an explicit objective was the assessménitmgen dynamics (or more
specifically ammonia), to obtain this objective uggs development of multiple
elements of a water quality model because nuttiptake interactions are

! Ammonia will be using within this review, to bermistent the definition in the draft documentation.
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temperature dependent and associated with phytkiplaproduction and
mortality. Representing nitrogen and phosphorsisyell as phytoplankton
processes is important.

- The identification of the need to define meteoraabdata on a regional basis is
an important finding

- In general, doubling the length of the a execusimsmary would not be a burden
on the reader, and would provide the author an ppiby to more
comprehensively summarize key elements of the grajed provide clear
direction for those readers who wish to delve theoremainder of the report.

2. Project Objective
Principal objectives identified in the documentatinclude:

1. Calibrate and validate DSM2-QUAL to simulate tengbere interactions, with a
focus on ammonia and nitrogen dynamics, in the moaoi@ain from 1990-2008.

2. Develop a prioritized water quality monitoring prags with the intent of
improving understanding of ammonia and temperalyramics within the Delta
and improving the quality of model calibration.

3. A separate objective is to critique and provideeptil modifications to the
current conceptual model used in QUAL to simulat&iant dynamics in the
Delta.

Comments:

- Recommend that the objective of potential modeliegiions be introduced in
this section. Specifically, state what the expgcteintended use or uses of the
model are. Examples may include planning and scpleivel studies where
comparative analysis would be applied.

- ldentifying that conceptual models have been deezldo define potential
linkages is useful. Please clarify what is meantdnceptual models. For
example do these conceptual models identify paksgpiatial and temporal
scales? If so, was the DSM2-QUAL application cstesit with the temporal
scales identified as important? If not, how mititeg DSM2-QUAL model further
inform a broad conceptual model formulation of wapeality throughout the
Delta in space and time? See additional commergngtl

§ 3.Background

- Some background on water quality in the Delta wdnddiseful to set the stage
for the potential realm of applications for thisltoThat is, what kinds of
guestions are being asked at the current time, areathe working hypotheses?
This would provide a foundation for the current ralaly to stand upon — a
reason to complete this work because there isaa nked. This can also tie into
the monthly time step for calibration and applioati

- An expanded section on previous Delta water qualibgeling would be a useful
addition and illustrate that this current work isaatribution. Including a review
of previous modeling efforts, including statisticalempirical models, analytical
models, and numerical models would elucidate tleslier such water quality
models.

1092 Watercourse Engineering, Inc.



83.2 would be more valuable to the reader withcadber description of the
problem, processes involved, and role in the Delta.

84.Model Configuration

The model grid is presented graphically in the appe Additional information
about the construction of the grid from a spaggresentation perspective would
inform the reader why there are areas of high vt and areas of low
resolution. This spatial resolution could alsacbapled with selection of model
time step information. This latter point would igs& explaining the use of
monthly data and averaging simulation results ugpéomonthly time step (which
is not the same as the simulation time step of DEMAL) for model

calibration and application.

Under model boundaries (84.2), uncertainty in estisd parameters is identified
as a potential limitation: “The uncertainty in thgtimates of DICU inflow,
outflow and concentrations is high. During periofi$ow inflow, errors in
volumes ascribed to DICU boundaries may dominatdeh@sults.” This type of
information is invaluable, and the fact that thupit is picked up in 816 (Next
Steps) as a data need is good. Recommend addsrigpic to monitoring needs
in §14.

Under 84.2.2 there is note that salinity is notamg@nt in nutrient dynamics of the
model. From a primary production standpoint, clesng salinity can affect algal
species composition and standing crop. Changemge algal community
conditions could have an affect on nutrient uptakkis may be a minor point.
Identifying that a single meteorological regionrisufficient for temperature
modeling in the Delta is a valuable finding. Sugigedding recommendations for
necessary spatial and temporal coverage in thetororg section and next steps
(814 and §16)

85. Conceptual Model for Nutrient Dynamics

85.1 please clarify for the reader the assumptfaemresenting the constituents
as non-conservative versus conservative.

Although a conceptual model is presented in th& deport as a process diagram
for DSM2-QUAL, this figure does not represent ticeual conceptualization of
key processes in the Delta. Without a clear pectifrkey physical, chemical, and
biological processes in the Delta, there is no bevark to compare the current
DSM2-QUAL formulation. Therefore, there is no reachanism to determine if
DSM2-QUAL is representing critical processes anldges. Discussions with
the report author identify that much of this infation was included in a previous
draft. Recommend that some of this material berpm@ted into the final draft,
summarizing what processes are represented in DQWIRL and what processes
are not...and if those not present are potentialjyartant. Those processes that
have modest or minimal implications in the Delta ba placed at a lower
priority. This framework provides a “bookkeepingystem that ensures, to both
the analysts and the stakeholders that the broadge of issues has been
considered, and those with the higher priority lsanncorporated into the
modeling process. Further, such a system proddaschanism to revisit
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existing processes or incorporate new processaddisonal information and
data become available. As such, conceptual mameirdents are often referred
to as “living” documents.

- The equations representing the dynamics of thewarconstituents are useful,
particularly to one familiar with representing sumrlecesses in a model.
Recommend identifying all variables in these equmetias you proceed through
the discussion so the reader can readily idertigydiscrete processes within each
equation.

- Presenting all model parameters in tabular fornsgmes an easily readable
summary. Recommendations and comments on Tabladu@le:

o Through conversations with the author, the rangeanmameter values for
certain parameters (e.g., organic nitrogen settiatg, organic phosphorus
decay rate, organic phosphorus settling rate, istdjie to retaining
parameter values from past DSM2-QUAL applicationthe south Delta
and calibrating new areas of coverage separaiégommend identifying
why and where the ranges of for certain calibraades apply in the
spatial domain. If values vary temporally, whishnot expected, detailed
discussions describing such variations are needed.

o Organic matter in DSM2-QUAL is partitioned into argc N and organic
P. Should settling rates for these two constiishbuld be similar?

o Nitrite decay rate at 2 ddyis about twice literature values.

o Is benthic release rate for orthophosphate a fondf low dissolved
oxygen concentrations in DSM2-QUAL? At what dissaol oxygen level
does orthophosphate release rates become appexi#lihis is simply
loss from the bed by another process, please fgenti

o For many rates, Table 5-2 identifies that the caiefficients are “at
ambient temperature.” However, these rates aiiealyp represented in
literature at 28C, and are corrected to ambient temperatures thrthey
temperature coefficients listed in at the bottonTalble 5-2 (e.g., via an
Arrhenius or van't Hoff relationship).

0 Benthic oxygen demand rates seem extreme. Recodhahetking units
because 30 to 200 g™ is one to two orders of magnitude higher than
typically observed values in eutrophic systems. Thapra (1997) rates
are typical values. Perhaps units are nfgdh

0 There is discussion in 83.2 about ammonia intargewith phytoplankton

growth. In DSM2-QUAL there is an ammonia prefemfector. These

two items appear to be contradictory. There islaliterature on
ammonia preference that continues to be updatedor®mend exploring

a range of literature on both ammonia interferindnywhytoplankton

growth and ammonia preference.

Some units in the table are in English, otherslin S

0 Half saturation constants for nitrogen look adittbw, while one could
argue that phosphorus half saturation constantshaaylittle high. The
magnitudes are less important than the testingmdisvity around these
two parameters, which can have profound impactis@mganic nutrient
and phytoplankton dynamics in aquatic systems.
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o0 The ratio of chlor_a to algal biomass is typicalhjtless (i.e., in
equivalent units in the numerator and denominaay.(ug Chlor_a/ug of
Algae). DSM2-QUAL water quality logic is derivetbfin QUAL2E
(Brown and Barnwell, 198}. Review of the QUAL2E manual identifies
units of ug Chlor_a/mg of Algae, i.e., mixed uni&s.review of the
QUALZE code would be required to determine if tbeversion of
micrograms to milligrams is done internally, othfs is a typographical
error. If this logic were directly transferred@&M2-QUAL, this ratio
and units should be investigated.

o Should settling rates for organic N, organic P, @BDD be in units of
[Length/Time]? They are not shown this way in go¥erning equations
(like algae settling).

o Units on phytoplankton mortality rate are in ft dayTypical units would
be day'. Further, 0.7 day mortality rate would be higher than typical
literature values, depending on how mortality iroel. Occasionally,
models will combine respiration, mortality, and zjreg, which can lead to
values close to this number. DSM2-QUAL appearseigarate out
respiration and grazing is explicitly not includékecommend clarifying
assumptions regarding selected values.

§ 6.Data Sources and Data Refinement
- 86.2:

o0 Please clarify what is meant by “measurement metlogy.” Were
laboratory methods and collection methods revie(eagl, were quality
assurance project plans or field sampling standpedating procedures
reviewed)?

o Recommend reminding the reader that the intendeddeal resolution of
the model is monthly, although model simulationsuws@at 15 minute time
steps.

o Are there limitations of using linear interpolation irregular time series
with regards to model calibration assessment?

o Qualitative terms such as “good,” “poor,” or “nadry good” are common
in this section. Recommend developing, at a mimiyna consistent set of
adjectives. If a quantitative measure could besttged , such as data
collected under

» a USGS protocaols,

» adetailed quality assurance project plan,

= data came with quantifiable accuracy (e.g., rerfagging

thermistors)

= etc.
it would be easier to rate the data. This mayhaoe been feasible under
resource (time, money) constraints. This coulthblided in 814 and 816
if such an approach is deemed useful for futureeatiog.

2Brown, L.C., and T.O. Barnwell. 1987. The EnhanSéeam Water Quality Models QUAL2E and
QUAL2E-UNCAS: Documentation and User Manual. EPA87/007. May.
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86.4:

Perhaps insight into organic phosphorus conceatraittan be gleaned
from existing data. Organic phosphate calculateth&al phosphorous
(TP) minus orthophosphate may be appropriate ucerégin
circumstances (if sufficient information is knowinoaut the sample
processing). If orthophosphate is reported asod®ieactive phosphorus
(SRP), then the difference of TP minus SRP carapdi¢solved and
particulate organic P, or (b) dissolved and paldiiorganic Pplus
orthophosphate adsorbed to clay particles. If nolatile suspended solids
concentration is low, TP minus SRP may be acceptdfthe converse is
true, then a notable portion of orthophosphatedcbel adsorbed to non-
volatile suspended solids. Perhaps informatiomftiee monitoring plans
(or as recommendations for future monitoring plares) be reviewed to
lend insight into non-volatile suspended solidscamtrations. In either
case, review of TP — orthophosphate data would ilesight into the
potential range of organic P values present irDibkéa and constrain the
range of values used on formulating organic P catnagons employed in
the DSM2-QUAL Delta application. Recommend inchgla discussion
in the documentation more formally identify the iidr@ges around
estimating organic P in DSM2-QUAL, which could lead
recommendations in §14 or §16.

Documentation on missing data is generally omittech model reports or
dismissed with a sentence or two. Although notestive, outlining
approaches and assumptions is a valuable sectrdéed in the model
documentation. Coupled with the information in Agpendices, this
information indicates that considerable thought effidrt were undertaken
to utilize the available data to the highest degree

In the last paragraph censored data are discussigthi of model
uncertainty, which raises the question: what isat®uracy of this DSM2-
QUAL application? In 810 there is extensive distois concerning the
goodness of fit, but quantitative measures ar@regented therein. In the
appendices there are quantitative goodness offdsures (e.g., bias,
mean squared error, root mean squared error fetecemperature
simulations. Recommend pulling some of this valeaantitative
information up to the main document to illustratewracy and uncertainty
of the model at various calibration and validatiocations within the
Delta. Selected graphical information could beduseillustrate that the
model tracks seasonal variations and short termtians. Consider
similar quantitative discussion of nutrient perfamae versus “very
good,” “good,” “satisfactory,” and “unsatisfactairynd sending the
reader to the appendix for a table of rating daéns for multiple
statistics that may not be readily interpreteceimis of model uncertainty.
If the presented statistics are deemed the be#tégob, perhaps add
additional discussion so, for example, a decisiafen could more easily
interpret the amount of uncertainty in model restdt each constituent.
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o Graphical comparison of different data sets wasftettive way to
illustrate variability between multiple data setata resolution, and
challenges of interpolation. Very informative.

§ 7.Data Availability: Time Span and Locations

The authors do an admirable job of laying out @alability. This is a tough
job, but the work here is clearly a needed contrdou Models can always
benefit from more data, and this is a good effodisemble available
information. One of the most valuable attributéaplying a numerical model
such as DSM2-QUAL is that the exercise requiresitjiyang many attributes of
the system — that in itself is a constructive pssce

§7.7.3 Minor point: DO is not generally considegedutrient.

§ 8.Setting Boundary Conditions

The exploration of loss of mass at Martinez is vesgful.

General comment: in several sections boundary tondiare modified, adjusted,
etc. In some sense this is part of the “art” otlelong. The documentation on
these points is uneven. This is mostly an orgaiozal element to aid the reader
— if the boundary condition locations were presémiesame order for each
constituent and given the same level of discusidrere appropriate) was
provided on adjustments and assumed concentraherdocument would be
more robust. For example, ammonia at the Sacraniiner boundary condition
was modified by a factor and model performance agsessed while developing
this boundary conditions. This is a useful disauss For other locations, where
no data were available, such as the Yolo or Lisbo®& Drain boundaries, values
were set at 0.03 and 0.04 mgl/l, respectively. Tieen® discussion of what these
values are based upon. These are reasonable ¥@iwBmMonia concentration,
and a simple sentence or two that states thesalvbeutypical values for
ammonia in aquatic systems where organic nitrogéow or modest and oxygen
concentrations are near saturation...or maybe thistishe case for Yolo or
Lisbon Toe Drains. Reading these sections whemgoeus are simply stated as
assumed concentrations with no background or leeies the reader wondering
where they came from.

88.2 Meteorology: several “factors” are used taiatyvind speed spatially and
temporally. This suggests a need not only for negliaed meteorological
representation, but also associated meteorologioaitoring.

88.3 How were the constant values for boundary itiomd temperatures set at
9°C determined?

88.4 Organic N and organic P values should bee®|approximately, by
stoichiometry if they share a principal sourcegeiithonous or autochthonous).
However, organic P boundary conditions at the Yalhisbon Toe Drain are
1/20" that of organic N.

88.5 Recommend setting DO boundary conditions basesaturation (function
of temperature and elevation) versus constant sdtweMokelumne, Cosumnes,
and Calaveras Rivers, although these small soprodsbly do not affect
simulations appreciably.
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§ 9.Chemical Speciation Modeling and Isotope Analysis

This topic should be included as a sub-sectioeatien 14 or 16 as future studies
or research. For a model used at a monthly tirakeghis is not an issue. The
Delta may have a few areas where conditions exiskperience persistent,
elevated pH (e.g., 9.0 for more than a day or tWwo),assessment of such
conditions would require a model with considerdbtal detail (and associated
data to drive it) and a much finer time scale (dally) to analyze with certainty
these conditions. Adding pH to DSM2-QUAL is a lablgagoal and the reviewer
does not want to discourage such modificationssbah modifications should be
consistent with the realm of modeling applicatimbich is currently monthly).

8 10.Calibration and Validation

For this application the calibration of temperatumgependent of water quality is
acceptable.

The ability to apply the model over extended tireeiqds is helpful. This allows
the model to be assessed over various hydrologictypes, variable
meteorological conditions, and for different wagerlity circumstances. The
extended simulation time period also allows thdyamto take advantage of the
variably available data, which was not consistaraugh the 1990-2008 period.
For temperature calibration, the documentationtiflea that the previous
calibration (Rajbhandari 2003) was applied to thtls Delta and the remainder
was calibrated under the current effort. If tisishe case for the water quality
component, please note as such.

The process of calibrating and validating to ygpes and spatial areas should be
described in greater detail. The calibration mdthogy sections are quite short —
less than a page. The pros and cons associatedpatially available data could
be discussed in light of the objective or intendpglication. There is appreciable
information in the document. The Delta is a laagea and the simulation extends
for nearly two decades. Summarizing all of thebeation results is not an easy
task. However, over simplifying by averaging ogpace or time can often mask
underlying model performance issues. The regimaatin may help in this case,
and the hydrologic year-type information may hedpeell. However, water
quality processes may not, particularly at critigatiods of the year (e.qg.,
summer), respond strongly the hydrologic year type.the regions identified
herein recommended for future modeling studiese?wCould refinement be
made, and if so, what, how, where, and when? Angmmendations could be
incorporated into 8§14 and §16.

Twenty regions for setting unique water qualitygraeters seems excessive —
depending on the parameters chosen. Please chréye the listed parameters
were changed and supporting assumptions or infeemaflable 5.3 does not
provide sufficient detail on this point. Recommenihimizing changes among
regions for parameters that would tend to be mimead)y uniform. For

example, the process of hydrolysis of organic NI8 probably does not change
between locations in the Delta. Decay rates fomamia, nitrite and organic P
also are probably stable. If they are not, andetieegood reason to vary them,
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then documenting assumptions will suffice. Withsuth documentation the
modeling calibration may be interpreted as “cuiitten)” exercise and can
diminish the robustness of the calibration.

- Did the two year types for water quality calibrati@vet and dry) provide any
additional information than simply calibrating wigll the years? This holds for
temperature too (where four year types were employ@/hat was the impetus
for year type calibration?

- 810.3.1 For algae related parameters, a fair atrmfudiscussion was presented,
with several literature sources cited. Recommeedtitying clearly the ultimate
selected values (or referring the reader back ela. 3). Also, is the Delta P-
limited, N-limited (might this change with time géar or spatially), or is this
known?

- The reviewer appreciated the data challenges fabhm@uthor regarding
calibration and validation. A few notes.

o The PBIAS criterion is insensitive, yielding “vegpod” calibration
almost 90 percent of the time.

0 The scale for rating calibration performance isatisactory, satisfactory,
good, and very good. Of these four categorieggtlof them are
satisfactory or better. Does this affect the catibn assessment?

o Recommend bring Figures 17-15 through 17-17 ingontlain body of the
report. These figures show the full range of p@nance metrics over the
calibration/validation period and would provide tleader with a
guantitative presentation and support the qual#atriterion in Figures
10-1 through 10-3.

- 810.4 Identification that the calibration paramesetris non-unique is important.
However, even with parameter values within the easndentified in literature and
“reasonable” estimates at system boundaries, wngrtis not well quantified in
complex systems such as the Delta which exhibitlim@ar responses to physical,
chemical, and biological processes. Certainly tiraspurces, and data constraints
limited the exploration of even a partial ranggofential outcomes. Thus, as an
initial foray into the Delta, the implementationdacalibration exercises are clear
contributions, in what will hopefully be a long teprocess of improving
numerical modeling in the Delta. Recommend reinfaevith the reader that the
model is currently calibrated to monthly data asdach is most applicable to
monthly to seasonally or longer time horizon agilans.

8 11.Volumetric Fingerprinting and Liberty Island Grid
- These are very interesting applications of the fsod€éhe fingerprinting analysis
lends insight into contributions and the Liberthaigl modification is a useful
sensitivity analysis. What is the conclusion frtiva fingerprinting analysis? If
nothing else it is a useful tool when interpretragults. Might add the need for
monitoring in the vicinity of Liberty Island to 814

§ 12.Scenarios — Sensitivity to Changes in N-Concentratns
- Recommend providing a lead in paragraph explaithegourpose of the
scenarios, as well as the choice of particular ates
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A sensitivity assessment of a wider range of patara€beyond nitrogen forms)
would also provide a broader examination of mo@efggmance, e.g., a good
way to test assumptions about organic P represemsafor lack thereof).
Focusing on nitrogen without phosphorus, or algaéd the efficacy of the
simulations.

Clarify the calculation of the “average monthly gamt change” for the tabulated
results. Are there years or periods within a yeat might be of more or less
interest?

812.9 Attempting to model clams in the current DS®IZAL framework was
probably overreaching — a point acknowledged imetlieport. An interesting
experiment and probably a good learning experience.

§ 13.Model Enhancements
Key points identified herein regarding model entements include:

a need for spatial meteorological representationeimperature simulation
the value of multiple algal groups

potential role of bacteria

macrophytes or submerged aquatic vegetation

benthic interactions

mass balance

organic matter (variable CBOD demands)

pH

Some general comments on these topics are:

spatial meteorological representatidims is a valuable addition

multiple algae groupsVultiple algal groups, as noted in the documemtild be

valuable, particularly with the current interestiyanobacteria blooms in regions

of the Delta

bacteria this is a challenge to model, and modeling mldtgpecies can add to

the burden

macrophytes et athese can be challenging to model due to the vadge in

form of different species, as well as the variauens a species may undertake in

response to different environmental conditions.wkeleer, for regions where

widespread macrophyte growth occurs or is impoy&uth conditions could

potentially be quantified and modeled.

benthic interactions

o clams clams or similar benthic fauna would require edlion of species
specific information regarding the potential implions on water quality
and the sediments. Spatial and temporal distobativould be required,
as would life stage specific information.
0 bacteriamodeling biofilms and bacteria on a large scaliénited at

current time to research activities.

mass balancenoving from CBOD to organic matter (see below) anmore

comprehensive sediment compartment representatnohtracking of mass loss

to/from the bed (for example) can reduce some eddhssues. Full sediment

digenesis is desirable, but may be cumbersomee Iffdss balance issue at the

downstream boundary is also a point of interest.)
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organic mattera more representative treatment of organic mattdrexplicit
representation of organic matter fractions (i.arpon). For example, the
refractory, labile, particulate, and dissolved esgntations in CE-QUAL-W2
would improve representation of carbon, nitroged plnosphorus, settling of
organic matter (and DO and SOD). This would rezjgimove away from
modeling CBOD as a state variable.

pH: pH can readily be added to the model, but woethmmend a more
comprehensive assessment for need and purpose.

Associated with these additions would be increakd needs (e.g., increase the need for
monitoring), which can be a resource and fundirajlehge. However, model updates
are relatively straightforward and much of the mddgic structure is probably in place

to handle input/output changes and additional statiables, i.e., this would not require a
re-write of the entire model...but the model wouldi@aly be more comprehensive.

Other comments:

Several production models exist that are much roongprehensive than the
current DSM2-QUAL (QUALZ2K, CE-QUAL-W2, WASP). Thiscreased
complexity can increase uncertainty, but the flatybof having the option to
explore processes and interactions in more dezaéiglly outweighs the
additional complexity. In this first applicatioh DSM2-QUAL to the Delta, the
approach has been appropriate and useful. Thribmgh and in response to
increased understanding, a logical path may bed@mentally add detail to the
existing model.

§ 14. Monltorlng Program

The monitoring program section is a useful andipent section of the report.
Three elements of monitoring were identified: temagb@.e., frequency), spatial,
and cost. Cost was not explicitly considered,rhiging this vital point is
valuable.

The report identifies that the quality of data Wwaster in more recent years (2000
to present) but spatial coverage was better hestityi (1990-95). The term
“better” is vague. In several instances therer@i@rences that state “sufficient”
data was available to complete the desired modelirygng modeling objectives
to required data needs will help explain what Iefalata are required and
provide a ready metric for defining what is “suiéint” and what is meant by
“better.” Recommend a more rigorous monitoringeasment, clearly defining
specific locations, frequencies, and parametenssc‘regions”). If this was
beyond the scope of work, it may be useful to idetiis as a resource limitation
and perhaps include a formal recommendation toldp\@monitoring program
designed to support water quality modeling.

815. Summary and Conclusions

Recommend identifying that the model was calibraiieal monthly time step and
is useful for monthly or seasonal predictions. tker, identifying that a long
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simulation period (variable hydrology, meteorologgd water quality) is a
strength — a point that has not been presentedyclaedhe document.

816. Next Steps

Recommend updating the “Next Steps” and addingamenended priority for
each item (e.g., high, medium, or low) to the vasidems to guide policy
makers.

If the model cannot effectively take into accoumwriilila, then extending the
model back to “pre-Corbula” periods may not beghhpriority.

817. Appendix |

Appendices 17.1 through 17.10 are a notable cauiioib to water quality
modeling in the Delta. Clearly a considerable amai work went into

gathering and documenting a significant amountadé énd information. Also,
presentation of boundary conditions data (includmtabular and graphical
presentations) is a useful and good practice inaihdocumentation. Following
this up is valuable documentation of boundary coowliformulation, assumptions
on how time series were constructed, and limitatiointhese methods. Including
methods for calculating model parameters (e.g.,bult, ammonium ion-
ammonia) is helpful to readers as well. Laying alibration performance
metrics — in fact multiple metrics — in 817.9 fuethreflects good documentation
practices. Such information also provides a adleadmap for current and future
modeling efforts to build upon.

Appendix 17.9.2 — Recommend not sending the readecitation for discussion
of why only selected statistics were employed fatrient results assessment.
Simply explain the logic in the citation and howwdny it applies to the DSM2-
QUAL Delta application. Several other statisties mcluded in the tables, and
probably provide insight into model performancs.there a reason these were not
included in interpretation? Finally, recommendscdssion describing the
methodology of aggregating model output to mon#vgrage to compare against
monthly field data. An important assumption in tinsthod is that the nutrient
grab sample is assumed to represent a monthlygeerto be compared with a
monthly average based on simulated concentratitowever, there may be
considerable limitations in assuming the grab sangpiepresentative of monthly
conditions. For certain constituents, at certagatmns, at certain times, this
approach may be satisfactory.

The topic of monthly averaging results and modeigeral resolution brings
up a general, but simple modeling rule of thumlardmg time step and model
output interpretation. Model performance typicafhproves when averaged to a
longer time period. For example, model performametrics of an hourly
calibrated model is typically better when averatgedaily values. Similarly for
daily models averaged to weekly values, weekly rhaderaged to monthly
values, and monthly models averaged to seasonasafFor the DSM2-QUAL
model, which is calibrated at a monthly time stbp, logical interpretation would
be seasonal periods, particularly because averageathly data were compared
to monthly grab samples. The fact that monthlyadae used is clearly
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documented, and thus the model was not intendbd tsed to assess hourly,
tidal cycle, diel system response, or even weeddponses. Rather, an
appropriate application would be for monthly ore@ month interpretations.
The 19 year simulation period provides a long tpedod, including multiple
hydrologic year types, which allow monthly or sezdnterpretations to
potentially provide considerable value. Simulatiesults (presented monthly)
clearly indicate intra-and inter-annual variati@msl can lend potential insight
into variable boundary influences on conditiongwritthe domain.

Appendix 17.12 — estimating mass loss at the Meztlooundary in DSM2 —is a
good exercise. This particular issue has hauntdthbnodelers for decades, and
rather than neglect the topic it is clear that mstderable amount of effort was put
forth to quantify loss of mass under various cdodg (flow ranges and tidal
excursions). This appears to be the first efloguantify in a systematic fashion
this process. If the author has recommendationgeais on how to further
accommodate boundary conditions in Delta DSM2-Qlasblications, these
would be welcome additions to the report.
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