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Peer Review Suggestions— June 20-21, 2000

A peer review of the fall 2000 CALFED monitoring and analysis was conducted on June
20-21, 2000. Listed briefly below are some of the recommendations made by the peer
review panel at the meeting that | thought were particularly important.

Please note that this list is not complete because the process is till incomplete.

| need to receive revisions to the official transcript from the peer reviewers and to
respond to questions from the stakeholder community onthe fina transcript. The final
transcript should be available soon for review by the stakeholder community. Revisions
to the transcript are due July 24.

Current Recommendations

Sediment

- Make adirect measurement of sediment oxygen demand sometime during the
study — this year or next. Chambers were considered to be the best approach, but
core incubations could be substituted. This was a high priority item by al panel
members.

Obtain information on the sediment composition in the channel, particularly the
proportion of organic versus inorganic composition and floc versus consolidated
material. All members thought this was very important.

Modeling

Conduct an error evaluation of the model results by Monte Carlo ssmulation
and sengitivity analysis.

Be sure to include the vertical sedimentation rates in the model. We agreed
information was being gathered this year to address this need, but future work
should consider application of at least atwo dimensional model.

This model is a link-node or Eulerianmodel and therefore has error associated
with numerical mixing and diffusion calculations. This error should be fully
evaluated. This error could be partially eliminated by a Lagrangian model,
such as the one being developed by DWR.

Algal studies

It will be difficult to separate oxygen demand from algal respiration and
bacterial oxidation of living and dead organic materia in the dark bottles. Size
fractionation at 3 um may be useful. However, it would probably be best to
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assess the direct contribution of oxygen demand from each source (e.g.,
samples directly from afarm field or a point source).

The best way to separate algal and bacterial respiration from nitrification is by
carbon 14 dark bottle incubations. Nitrification inhibitors have too many side
effects. Note: | will include this in the study.

Separation of oxygen demand from nitrification of imported ammonia and
breakdown of organic materia in channel could be done using a geochemical
box model. The required information appears to be available.

The error in the flux calculation needs to be evaluated. Monte Carlo
simulations may be a useful approach.

Examination of afew zooplankton samples and benthic samples will help to
assess the importance of herbivory for future work.

Nutrient load
Develop background levels of nutrients and “bleed out” rates of the nutrients
that control algal growth —what would the nutrient concentrations be if no
fertilizers were applied. If the background nutrient concentrations are too high
to regulate algal growth over areasonably long time, then management needs
to focus on other controls (e.g., light and temperature).

Need to determine groundwater nutrient concentrations in order to determine
background nutrient concentrations.

Nutrient contributions should be made directly from each source (e.g., afield)
because it is difficult to sort out sources in the river channel, particularly if
there is a large groundwater contribution.

Need to develop effectiveness of potential BMPs on alandscape scale. The
available field and plot scale models are not sufficient to evaluate the
effectiveness of alternatives.

Study design and implementation

Be sure to conduct inter-1aboratory comparisons of standard and field
samples.

Have periodic discussion of resullts.
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|. The main source of oxygen demand inthe DWSC during August, September, and at least during higher
flow conditions-later months, appearsto be materids present at Verndis. If thisistrue, afundamentd issue
is the nature of these materids, their tempord varigbility, and ther ultimate sources. In principle, these
materias can be divided into phytoplankton-derived organic matter, other organic matter, and NH,. We
can get some sense of their rdative magnitude at Verndis by usng the USBR (1968-1974) and DWR
D1485 (1975-present) water quality datasets. The caculations presented here are based on dl yearsfor
which data are available during 1968-1998. Comparisons of two numbers may therefore be distorted if
the data do not come from the same set of years. In generd, though, | do not believe thet the quditative
conclusions are affected.

Firgt, note that the oxygendemand due to NH, issmdl (at Verndis) compared to that of total NBOD, plus
the CBOD,, from just particulate organic matter (POM). We can estimate NBOD, = 4.6 x TKN and
particulate CBODy, = 25 x VSS. Then the summary statistics for the BOD, fractioncomprised by NH,
a Verndisare asfollows:

Min. 1t Qu. Median Mean 3rd Qui. Max.
summer 0.00 0.04 0.05 0.05 0.06 0.08
fal 0.02 0.07 0.08 0.08 0.09 0.12

Theratio ishigher inthe fdl but ill hasamedianof only 8 % and amaximumof 12 % for the entirerecord.
It would be even lessif the CBOD,, of dissolved organic matter (DOM) were included (see below). So
the BOD exerted by NH, is probably aminor part of the DWSC BOD exerted by the load at Verndis.
The data at Mossdale present a smilar picture, although there are occasond high vaues:

Min. 1t Qu. Median Mean 3rd Qu. Max.
summer 0.02 0.05 0.08 0.09 0.11 0.33
fdl 0.03 0.06 0.09 0.10 0.11 0.30

Of course, this picture changes downstream in certain seasons because of the Stockton RWCF, but we
are concerned at this point only with the importance of the NH, that appears by Verndis. Interms of
undergtanding the sources for these oxygen-demanding materids, NH, is probably even lessimportant:

*Not being present at the June 20-21, 2000, peer review panel, | did not have theopportunity to discussindividua work planswith
their authors. Also, given the time constraint of two days for familiarizing myself withalarge number of documents and preparing
these comments, | had to limit the number of issues| could address.



at least some of it arises from the breakdown of the organic matter component, as opposed to runoff of
ammonium fertilizer.

Second, note that phytoplankton and phytoplankton-derived detritus are important components of POM
measured asVSS a Verndis. The dry weight equivdent of the phytoplankton can be roughly estimated
as 70 times the concentration of chlorophyll a (Chl). The dry waght equivaent of phytoplankton-derived
detritus can dmilarly be estimated as 70 times the concentration of pheophytin a (Phe), dthough the
conversion factor should probably be higher than that of Chl because of the loss of magnesium ion during
degradation of chlorophyll. Theratio of this materia to POM can then be summarized as follows:

Min. 1stQui. Median Mean 3rd Qui. Max.
summer 0.15 0.23 0.30 0.40 0.49 0.95
fdl 0.09 0.15 0.18 0.24 0.26 1.28

In other words, phytoplankton-derived organic matter isamedianof 30 % of POM in summer and 18 %
infdl. Insomeyears, it can conditute essentidly al POM. Implicit inthese caculaionsis an assumption
that the measured plant pigments are produced by phytoplankton and not agquetic or terrestrid vascular
plants or, for that matter, macrodgae such as Chara spp. In fact, thisis not strictly true, but it is an
adequate assumption for our purposes here.

Third, notethat despite the importance of phytoplankton-derived materids, usudly most of the POM isnot
obvioudy derived from phytoplankton. It is possible that some of this materid ultimately derived from
phytoplankton and logt its plant pigment signature during degradation, but this is only speculation. The
nature and origin of this materid islargdy uncertan.

Fourth, and findly, notethat DOM isanother source of BOD load not incdludedinVSS. Therearenolong-
term-data that enable us to make direct estimates of the DOM:POM ratio, but we can gain someindgght
by examining VSS, TKN - NH, data. Tota organic nitrogen(TON) canbe estimated as TKN-NH,. If
we assume that VSS is 40 % carbon, then the particulate organic carbon (POC) to TON ratio can be
summarized as.

Min. 1st Qu. Median Mean 3rd Qu. Max.
summer 2.15 3.10 3.53 3.49 4.00 4.40
fal 1.22 1.77 2.13 2.12 2.48 311

Now, characteristic ratios of river total organic carbon (TOC) to TON in our current CALFED project
areapproximately 12, as opposed to median vaues of 2.13 to 3.53 in the above table.? Thisimpliesthat
a large percentage of the TOC is associated with DOM. For example, if we combined the median
POC:TON vaue of 3.53 for summers with the TOC:TON ratio of 12, theimplicationisthat 71 % of the
TOC isdisolved. Thisvaueissmilar to the vaues we are measuring in our current project.

The refractoriness of this DOM s, of course, a large factor in determining its BOD contribution to the

DWSC. For residence times of one to several weeks, the avallability of river DOM istypicdly about 25
%.

2A D. Jasshby and J.E. Cloern, in press, Organic matter sources and rehabilitation of the Sacramento-San Joaquin Delta (California,
USA), Aquatic Conservation: Marine and Freshwater.



Therefore, despite the fact that most of the DOM may pass through the DWSC without contributing to
the BOD, an amount smilar to the POM could be metabolized.

What are the implications of these points for the research program? First, let us consider inorganic
nutrients, especidly N, P and S, which commonly limit phytoplankton biomass. It would appear that,
because phytoplankton-derived materid is such an important component at Verndis, potentidly limiting
nutrients are adso important. 1 do not believe thisis the case. In fact, it is difficult to understand the
emphasis on nutrient loading in the overdl program. In the 30 years of water qudity deata available for
Verndis, nutrient limitation of phytoplanktonisrardly, if ever, present. For example, we can make arough
esimate of avallable P from the concentrations of SRP and TP. It is usudly assumed that dl of the SRP
isreadily avallable, as wdll as a certain fraction of the particulate P, estimated as TP-SRP. Although this
fraction obvioudy depends on the nature of the particles, a vaue of 20 % is often used for estimation
purposes. Some of this TP islocked up in phytoplankton, but the phytoplankton portion can be estimated
from Chl by assuming atypicd C.Chl ratio of 35and atypica C.P ratio of 40. The frequency digtribution
of the resulting avalable P is shown in Figure 1.
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The vertical dashed line representsa P leve that typicaly limits phytoplankton growth rates (0.010 mg/L;
actually, 0.001-0.010 istypica). The quditative concluson is obvious: avallable P is dmogt dways far
above levdsthat could be considered limiting. Infact, the very few timesit occurred was at extraordinarily
high phytoplankton concentrations such as during extreme dry ENSO events. Only at thosetimescan one
see TP and DIN (=NO; + NO, + NHy) vauesthat could be limiting biomass (incidentdly, S & Verndis
aso could be limiting at those times). Thisis not a result of recent enrichment of the watershed but is
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characterigtic of the entire data set snce the beginning: note, for example, the large Chl levels present a
Verndisin the 1970s shown in the time series of Figure 2.

Moreover, nutrients are usudly in such excess, by one or even two orders of magnitude, that it is not
practicd to think of bringing them down to limiting levels without a revolutionary change in the economy
of the watershed. It may indeed be useful in the context of certain issues to characterize sources of
phytoplankton nutrient loading from the San Joaguin watershed, but the DWSC DO deficit is not one of
them. NH, isaspecia case because of the NBOD exerted independent of utilization as a phytoplankton
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nutrient. Nonethel ess, as pointed out above, thisNBOD probably originatesin part as organic matter and,
inany case, is probably aminor component of the DWSC BOD load. As such, it does not deserve much
emphasis compared to more pressing issues.

Much more important than the nutrient loads are the loads of organic matter, induding phytoplankton,
phytoplankton-derived detritus, other POM, and DOM. If themateridsat Verndisarethe primary cause
of DO depletion in the DWSC, it seems critical to know the amount of these materials, their temporal
vaiaility, and their BOD equivaences. Thefdl programwill determine phytoplankton, DOM, and POM
contributions & Verndis. Itisunlikdy to dissect how BOD is apportioned among the various materids,

4



however, as only eight BOD measurements are planned at thislocation. Theinvestigators might consider
a greater effort at determining the relative BOD of the condtituents they measure, especialy DOM.  Bill
Sobezak at the USGS in Menlo Park probably has much useful advice to offer in this regard.

A separate issue is the source of these materids. It iseasy to identify the phytoplankton contribution-or
at least its lower limit-through measurements of plant pigments. The planned UV ,5, measurements will
probably aso be of vadue, at least quditatively, in indexing a soil source. Identification of the remaining
sources, however, which form the mgor share, is more difficult, particularly if they have been resdent in
the river for sometime. Biomarkers may be of use and were mentioned in the origind CALFED proposd
but do not appear to be a part of the fdl 2000 plans. They are no panacea, however, and it may be
impossble to relate biomarker concentration quantitatively to the BOD load that they represent. It is
unlikdy that stable isotope ratios for carbon aone can suffice because of variahility and ratio overlap in
source materials, aswell as additiona processing that takes place by theriverine food web. Liz Canue
at VIMSand Jm Cloernat the USGS inMenlo Park have experience withbiomarkers and stable i sotopes
inthe Ddlta, and it would be useful to contact theminthisregard. Organic carbon and V SS measurements
at the dites bracketing important reaches and tributaries of the SIR will provide useful information on the
location of organic matter sources, dthoughit is uncertain how they will identify the nature of the sources.
In summary, a drategy for identifying sources has not been described convincingly.

A recongderation of the source identification part of the TMDL process is warranted. The issue of
phytoplankton sources especidly involves certain subtleties that do not seem to be appreciated. The
tendency in this program is to congder nutrient source as asurrogate for phytoplanktonsource. Avalable
nutrientsare certainly a preconditionof phytoplanktonbiomass, but they are only one condition. Theeffect
of flow, for example, on Chl at Verndis hasbeenknown since the 1970s. Figure 3 depictstherelaionship
between Chl and SJR flow for the summer season.  The flow (resdence time) effect is strong, athough
other sources of variability-perhaps light availability, grazing rate, and/or temperature-are aso present.
Avallable nutrients may set an upper limit on phytoplankton biomassbut, infact, phytoplankton levels are
usudly far below this limit and therefore determined in practice by other factors. One could argue, of
course, that thisdoesnot absolve nutrient-emittersof their respongbility because phytoplanktonwould have
been limited by nutrients had anthropogenic sources never appeared. Maximum phytoplankton levels
would have been lower, no doubt. Itisnot clear, however, how often nutrient limitation would actualy
have taken place and if the phytoplankton BOD |oad would have been innocuous when phytoplankton
were below nutrient-limited levels

Grazingby zooplankton and especidly by benthic macro-invertebratesisknown to be important el sewhere
in the Bay-Ddta. In fact, the whole trophic structure of Suisun Bay and the extreme western Delta has
been dtered by Potamocorbula grazing since 1987. One of the grestest deficiency in Delta monitoring
programs is the rel ative absence of long-term benthic macroinvertebrate data, aside from afew stes such
asthe Old River station D28A. Corbicula isoftenpresent at high concentrations inthe Deltaand it could
wdl be amgjor drain on phytoplankton populations at places and times. Some of the zooplankton and
possibly benthic filter-feeders are sengtive to certain pesticides and, just to make a point, one could
entertain that pesticide inhibition of grazing is more important than nutrient stimulation of biomass in
determining phytoplankton levels. In principle, then, one could argue that the emphasis should be on
pesticide rather than nutrient sources.
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A smilar point can be made about light avalability. The Ddtaisturbid and phytoplankton productivity is
highly light-limited compared to other estuaries. If mineral suspensoids were not present in such high
quantity, phytoplankton productivity and perhapshbiomasscould be muchhigher thanat present. Thisleads
to the unstling concluson that erosion from the SIR watershed could actudly be suppressing
phytoplankton biomass and the BOD load a the DWSC. Does this mean that we should encourage
eroson in the SIR watershed? Of course not. The point, though, is that the responghility for
phytoplankton BOD cannot be laid a anyone’s doorstep with confidence. Perhaps, then, the resources
currently being expended to identify nutrient sources-at least within the context of the DWSC TMDL
process-could be better used trying to understand what redlly affects phytoplankton biomass a Verndis.
Of course, phytoplankton-associated materid at Verndis is probably an important component of the food
supply to the base of the food web in the southern Delta®  So even if we understood the mechanisms
behind phytoplankton varigbility in detall, we would not be judtified in managing it on the bads of the
DWSC issue done.

In principle, the sources for the remaining organic materid can be ascribed to certain land uses and land
users. But canthisredly be accomplished inpractice? These sources are probably diffuseand itisunlikely
that any “smoking guns’ can beidentified. For example, plotting the non-phytoplankton POM at Verndis,
edimated by V'SS minus the phytoplankton dry weight equivaent of plant pigments, againgt SIR flow for
the summer quarter, we see little effect of flow (Figure 4).
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Point sources, in contrast, tend to decrease withflow. Ultimately it may be necessary to examine land use
and associated organic matter yield coefficients on a watershed-wide bases, combined with a mode that
describes the degradation of this organic matter on its way to the DWSC. This, however, is a mgor
undertaking that isimpractica within the current time scale for TMDL determination. This should not be
taken as an argument againgt controlling nonpoint sources of minerd suspensoids, organic matter, and
nutrients (especidly nitrate), but rather the practicality and utility of doing so in the context of the DWSC
DO deficit done.

I1. Thematerid at Vernalisundergoes further changes asit flows downstream. On average over the past
30 years, VSS has decreased 11 % in summer and 14 % in fdl during the passage from Vernadlis to
Mossdae:

Min. 1t Qu. Median Mean 3rd Qui. Max.
summer 0.00 0.61 0.75 0.89 1 4
fdl 0.11 0.65 0.83 0.86 1 2

The year-to-year variability is huge, however. In someyears, at least according to thisdataset, VSShas
gone up by afactor of 4, whereasin others VSS has virtud|ly disappeared by Mossdale. Theseextremes
may represent errorsinmeasurement or recording but it is clear fromthe distributionof datathat interannua
differencesarelarge. This should make us cautious about any generdizations that come fromthe haf-year
programunder review. Chl, in contrast to VSS, usualy increases onthe way to Mossdale, onaverage by

20-25 %:



Min. 1t Qu. Median Mean 3rd Qui. Max.
summer 0.4 0.87 1.06 1.25 1.30 4,12

fdl 0.1 0.95 1.10 121 1.42 4.00

Agan, interannud variability islarge. The same can be sad of Phe:

Min. 1t Qu. Median Mean 3rd Qui. Max.
summer 0.28 0.84 1.07 1.25 1.43 4.37
fdl 0.21 0.88 1.13 1.21 1.36 3.54

I the phytoplanktonbiomassor POM at Verndis isthe mgor oxygen-demandingload to the DWSC, then
the changesiillugtrated here just onthe way to Mossdale are highly Sgnificant and, insome years, represent
huge increases or decreases of the load due to in-channe processes. Presumably, more such changestake
place on the way to Channd Point, apart from inflows from French Camp Slough and the Stockton
RWCF. Lehman and Raston show in their 2000 draft technica report that Chl dropped by afactor of 2-3
between Mossdae and Channel Point August 26 and September 23, 1999. They correctly question “the
use of agd biomass from Verndis to estimate upstream load to the DWC”.

These longitudina changesimply that a careful budget must be drawn up for each of (1) phytoplankton-
derived materids; (2) other POM; and (3) DOM in the reach between Verndis and Channe Point. The
two endpointsare being monitored in Peggy Lehman sprogram, indudingplant pigments, TOC, and DOC.
These measurements will provide the net materid changes in the reach. Accompanying BOD
measurementswill provide the net BOD changes in the reach. Apparently, the same set of measurements
will also be made at Mossdale. Moreover, Lehman's continuous monitoring program will provide
additiona relevant measurements of DO and fluorescence at Mossdale and Channe Point. This program
should provide the needed materids and BOD budget for this reach. It isnot clear, however, that it can
address the mechaniams behind the observe changes. Thisis unfortunate because, as we have seen, the
differences from year to year are enormous. So one hasto question the vaue of measuring in detail for a
dngle year, unless the program is designed to uncover why the changes occur. In order to do this,
additiond information is necessary. What are the changes in oxygen-demanding substances immediately
before and after Old River, French Camp Sough, and Stockton RWCF?

What grazing pressure is being exerted by the filter-feeding zooplankton and benthic macroinvertebrates
dl dong this stretch of the river? Can water clarity and Chl be accurately interpolated between the
intensely monitored stations so that phytoplankton productivity canbe interpolated between Vernalis and
Channd Point? Grazing, for example, could turn out to have amagor impact on phytoplankton levelsinthe
channd. If thisis 50, it would be an extremdy important finding and have important ramifications for
modding, giventhe large year-to-year changes that typicaly occur ingrazer populations. | understand that
it isearly in the project, that the investigatorshave their handsfull, and that these issues may be addressed
at alater time; | do not intend this as a criticism, but rather as areminder of what will ultimately be ussful.

[11. Assuming that we are ableto characterizefully theload of oxygen-demanding substances past Channel
Point to the DWSC, there till remains the issue of externd BOD load to the channd directly from local
sources, as well as the net effect of autochthonous primary productivity within the DWSC itsdf. The
important positive effect of autochthonous production may have been demonstrated by an incident in
August 1999. At that time, the DO Modd significantly overestimated DO levelsinthe DWSC. According
to Lee and Lee-Jones “issues document,” the DWSC was highly turbid at this time due to an influx of
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inorganic turbidity. If the particulate materias were indeed inorganic, then this incident condtituted a
“naturd” experiment inwhichlocal primary productivity wasinhibited through further light limitationand DO
levels“crashed” asaresult. (Chen and Tsa state that the overpredictionat thistime was probably due to
lack of inclusion of detrital organic matter inthe mode. If the overprediction truly coincided with theinflux
of inorganic materids, adepression of phytoplankton productivity is more likely. In any case, therevised
modd should still definitely include a detrital component, given that most of the organic matter cannot be
identified with living phytoplankton.).

An accurate assessment of autochthonous productivity therefore appears to be essentid. Unfortunatdy,
the light /dark bottle oxygentechnique is not well suited to isolating net phytoplankton productivity (NPP).
The light bottle measures net commmunity productivity, as it includes dl BOD sources, not just
phytoplankton. Moreover, adding the dark and light bottle measurement does not give a good estimate
of gross primary productivity (GPP) because the true phytoplankton respirationis underestimated indark
bottles.

| would recommend at least comparing another gpproach, one that will not entail much additiond work.
Jody Edmunds and Brian Cole of the USGS in Menlo Park conducted over 50 experiments at various
Deltalocations in 1997, measuring GPP with short-term C uptake. These experiments were then used
tocdibrateasmple theoreticaly based model of light-limited photosynthesis inawell-mixedwater column.
The moded has been used in many water bodies since the early 1980s. It describes estuarine data
extremdy well and requires only incident light, light attenuation coefficient, and Chl:

GPP= 4.6%1,B
k

where |, is the surface flux of photosyntheticdly active radiation (PAR) (E m? d); B is phytoplankton
biomass (mg Chl a ni®); k is the attenuation coefficient (m?); and ¥ (mg C [mg Chl & [E M3 ?) is
congtant. Thelatter isthe only calibration parameter; it represents the photosynthetic efficiency of awater
column containing phytoplankton and other light-attenuating substances. The estimated value of ¥ was
0.60+0.02 mg C [mg Chl g [E 7] (p=0.000, R=0.942)2. The mode can aso be modified for water
columns that are not well mixed. Estimate of NPP from GPP is more uncertain, athough a correction
derived from Chl concentrationand GPP is probably adequate.? Thesamemodel can be used to estimate
GPP and NPP in the reach between Verndis and Channd Point, if Chl and some measurement of light
attenuation were to be made dong the reach.

Thisample approach could aso be incorporated into the Stockton SIR DO Modd. The DO modd isnot
described indetail in the documents given to me. | did notice, however, that four parameters are needed
just to describe the phytoplanktongrowth portion. Giventhelack of nutrient limitation and the light-limited
conditions, most of these parameters are unnecessary and the smpler approach is judified. The more
parameters required in a modd, the more the uncertainty that surrounds each parameter vdue. Unless
these parameters are truly required for a more accurate specification of the underlying mechaniams, the
smplest approach usudly gives more accurate predictions,

It was not obvious from the documents | was given that the DO Model took into account variable light
atenuation. Light attenuation varies dramaticaly inthe vicinity of the DWSC. For example, consider the
record of photic zone depth in Figure 5 (the depth which receives 1 % of surface PAR). These dataare
from gation P8, Buckley Cove.
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During 1974-1986, they ranged from 0.66 to 2.5, afactor of 4. In alight-limited environment, GPP is directly
proportional to photic depth, whichimplies that photosynthesis could be undergoing dramatic variation without
the consequences being recorded in the DO Model. 1f DWSC photosynthesis is an important source of DO,
then this must be taken into account. Otherwise, the calibration procedure is simply incorporating this source
of variahility in some other process parameter, which means that the predictive ability would be impaired.
Light attenuation is explicitly included in the smpler approach described above.

An additiona problem with the phytoplankton portion of the model is the absence of a grazing loss term. The
DWSC is deep enough that benthic macroinvertebrate grazing is probably not important, but at times
zooplankton grazing might be. The use of a grazing term needs to be investigated more closely. Its
importance (or lack thereof) could be deduced from zooplankton data and bioenergetic considerations. At
the moment, any such effects are simply incorporated into other processes such as sinking, and their
parameter values are accordingly distorted. Because of the ability of grazers to exert large losses that are
not necessarily correlated with any of the included processes, the investigators should convince themselves
that grazing can be excluded from consideration.

A related problem is the formulation for SOD. The SOD is considered to arise from the accumulation of
organic matter over the years and is set to a constant. In fact, SOD appears to be much more dynamic and
responsive to the flux of organic matter settling from the overlying water as well as to DO in the sediment
vicinity. Generally, SOD increases nonlinearly (less than linear) with downward flux of organic matter and
with DO. Have the investigators explored incorporating SOD as a state variable rather than simply a model
input?
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On Univergty of Cdifornia, Davis Letterhead

June 26, 2000

Dr. P. W. Lehman
Environmenta Services Office
Department of Water Resources
2251 S Street

Sacramento, CA 95816-7017

Dear Pegoy:

It was a pleasure to meet with you and the other study participants and peer reviewersto discuss
the CALFED San Joaquin Dissolved Oxygen Study. Asrequested | have reviewed the reports and
work plans you have provided, and have prepared the enclosed summaries of my reflections on the
Sudy. | hopethey will be ussful in your planning for the next phases of the study.

Asyou will note, I have enclosed some generd comments on the project, and dso the evauation |
previoudy provided on Dr. Litton's studies of sediment oxygen demands. |’ve corrected afew typosin
the latter and added a brief conclusion.

| would il like to review Carl’'s model in greater depth, but will need a copy of its documentation.
| am concerned that the modd may need some significant improvements in order to serve as a useful
tool in evauation of future drategies for DO management.

Please let me know If | can be of further assstance.

Sincerdy,

Gerdd T. Orlob
Professor Emeritus
Civil and Environmenta Engineering



SAN JOAQUIN RIVER TMDL STUDY PEER REVIEW
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Scope and Intent of Review

The following commentsare based on presentations made by project participantsinthe San Joaquin
River TMDL Study, supported by draft reports on study activities to date. They are intended to be
congructive, suggestive of topicsinneed of darificationindraft reports or that might need to be addressed
in future fidd and laboratory investigations. The reviewer accepts full responghbility for his comments,
including errors or misinterpretations.

This portion of the review generdly followsthe sequence of discussionsin the peer review meetings
of June 20-21, 2000 supplemented by draft progressreports. A draft summary report “ Sediment Oxygen
Demand, Sediment Deposition Rates and Biochemical Oxygen Demand Kinetics’ that was reviewed in
preparation for the meetingsis attached. Comments are asfollows:

Scope and Intent of the Project

It appears that the “project” has two mgor gods and severd minor gods. Thefirs mgor god is
to characterize quantitativdy the fundamentd physicd, chemicd and biologica properties of the
hydrologic/hydrodynamic system in order to ascertain the system's response to specific compliance
measures, e.g., reductionsin TMDLs. The second mgjor god is to determine how to usethis knowledge
of system behavior in order to determine the net reduction in TMDL s that would have to be achieved by
future adaptive management dternativesto assure compliance withdissolved oxygenstandardsfor the San
Joaquin River in the reach encompassng the Stockton Deep Water Ship Cand and tumning basin.
Additiondly, a number of specific research gods would have to be reached in support of quantitative
description of the system, e.g., kinetic coefficients required for modeling.

Quantifying System Behavior

The San Joaquin River in the vicinity of Stockton, specificdly the reach extending from Mosdae
to Prisoner’ s Point, induding the Port of Stockton deep water turning basin, isinfluenced hydrodynamicaly
by both tides and runoff from the basin upstream of Verndis. Itisan unsteady system, experiencing large
fluctuations in velocity and water level over thetiddl cycle and significant variationsinnet flow, bothin the
upstream and downstream directions. At times of low net inflow from the basin upstream the net flow
passing Stockton may actudly be landward. These fluctuations in hydrodynamic properties of the river
strongly influence mixing processes that inturn determine the distribution of oxygen demanding substances.

Also, while the system experiences large variationsin hydraulic properties dong the principd axis



of flow, there are sgnificant variaions in water qudity both longitudinaly and verticdly that influence its
hydrodynamic behavior. Although lateral variations in water properties are probably not of great
ggnificancein estimation of DO, both longitudind and vertical disributions of hydrodynamic and water
qudity properties are prime considerations. Inthisreviewer’sopinion the system should be characterized
asverticdly dratified, i.e., astwo-dimensond. Preiminary evidencefrom thefied supportsthisargument.
Sgnificant vertica variationsareevident in dissol ved oxygen, suspended sediment, dissolved and particulate
organics, SOD, light intengty, dinity, and fluid dengty. Moredetailed spatia and tempora quantification
IS needed.

Boundary Conditions

Asde from the hydrodynamics of the system, transport and digtribution of oxygen demanding
substances are srongly influenced by the magnitudes and locations of sources and sinks of water entering
and leaving the main channd of theriver. Unfortunately, many of these cannot be directly monitored, such
as those associated with irrigated agriculture along the river. The significance of these should be assessed
in future sengtivity andlysis using appropriate modeing of hydrologic fluxesand mass baances. A specific
concernexpressed by another peer reviewer isthe role of seepage through leveesadong the river channels,
bothinwater balance and nutrient loading of the sysem. DWR can provide useful informetion on locations
of diversons and drainage returns and some estimates of amounts.

It should be appreciated that fidd observations to date have been under abnorma hydrologic
conditions, i.e., high runoff from the San Joaguin basin upstiream, severa times greater than recorded in
recent drought years a the Veandis gage. Thus, water qudity observations at these times are likely not
representative of the most stressful conditions likely to be experienced.

Modeling the System

Itisimportant to acknowledge apriori that no model isan exact replicaof the systemand that any
model’s principd role, once it has been cdibrated agang fidd observations, is one of discriminating
between dternatives. The process of gpplying the mode in the assessment of TMDL. management
dternatives for the San Joaquin River requires the establishment of a credible data base from field
observations. In this case careful description of verticad aswell aslongitudind variaions in the flow fidd
and affected water qudity parametersis required.

The modding process should indude calibration againg the most credible data set, sengtivity testing
of important model coefficientsand assumptions, e.g., numerica andyssassumptions, and vaidationagainst
an independent set of field data. Caution should be exercised to assure that the data sets correspond to
conditions most likely to represent reasonable tests of feasble TMDL management options.

The mode should be updated to provide the best possible characterization of vertica distributions
of parameters and variablesthat may affect dissolved oxygenbaances. Specific attention should be given
to verticd variabilityinDO, SS, turbidity, light intengty, and phytoplankton, and other condtituentsthat are
not uniformly distributed in the water coumn. The trade-off between empirica representations of



reaeration fluxes and sediment oxygen demand should be addressed by senstivity testing or by direct
measurement of benthic oxygen demand. In the absence of direct measurements of oxygen fluxes a the
water surface and the bottom, calibration of the model may be largely a matter of adjusting uncertain
coefficients. Field studies should include some direct measurements of SOD.

Themodd presently being used is a successor of the Link-Node modds developed origindly inthe
1960s by WRE (Water Resources Engineers) in connectionwith San Francisco Bay-DeltaWater Qudity
Management studies. It has since been adapted by Systech for study of the Stockton Ship Candl,
incorporating some new routines intended primarily to overcome abasic deficiency in numerica solution
of the advection-dispersion equation in the water quality module. Numerica mixing thet was inherent in
the origind model is now surpressed by adding a negative correction term to the equation. This numerica
adjustment, athough convenient, is not consistent withthe hydrodynamicsof the syssemwhichrequiresthat
dispersve mechaniams be related to loca turbulence and advective transport be cast in a Lagrangian
framework, i.e., in a moving coordinate system. A more hydrodynamicaly correct mode that has these
atributes is DWRDSM-Qual, developed by H. Rgjbhandari for DWR. It has been adapted to the Delta
system, but is not yet fully cdibrated.

Concluson

The San Joaguin River System in the vicinity of the Stockton Ship Cand and turning basin is
fundamentdly unsteady, driven hydrodynamicaly by tida actionimposed at the downstream boundary and
hydrologic fluxes introduced at the upstream boundary and aong the main channd. Water quality
characterigticsare dsoungteady, variableonadiurnd and tiddl cyde basis, but dso inaccord withseasona
hydrology. Thereisaneed, aready being patidly addressed in this project, to define more closdy the
physicd, chemicd and biologicd properties of the syssemasthey vary both spatidly and tempordly. This
effort should be intengfied in the interest of providing a sound basis for modeing.

From the modeling viewpoint, the system is best characterized as two-dimensiona and unsteady.
Important gradients in hydrodynamics and water quality occur dong the principd axis of flow and in the
vertical. The mode needsto be further calibrated, vaidated and tested for sengtivities of coefficients and
other assumed properties of the system, particularly as concerns the vertical distributions of water column
characteridtics that are treated in the model. The dispersive properties of the system, as they are
gpproximated numericaly in the modd, should be criticaly assessed.




REVIEW OF DRAFT SUMMARY REPORT

SEDIMENT OXYGEN DEMAND, SEDIMENT DEPOSITION RATES
BIOCHEMICAL OXYGEN DEMAND KINETICS

Prepared by

G. T. Orlob, Ph.D, PE
Peer Review Pandist

Scope and Intent of Review

Thefollowing comments are based onadraft report whichis subject to future revison. They are intended
to be condructive, suggestive of topicsin need of clarification, ether in the context of the report or inthe
course of future research and investigation. The reviewer takes full responsibility for his comments.

Thereview addresses issues as they are presented in the draft report, beginning with Executive Summary
as page 1 and concluding with References as page 38.

Page 1

1.

” Corr(mjbi ned these measurements provide...” or “In combination these measurements
provide....”

2. A reference should be cited for the so-caled DWSC, if thereis one o

3. What isintended by “latera variability of DO? Does this comment suggest that the DWSC isin
redity athree-dimensiond water body and that estimates of SOD require more detailed
characterization of the hydrodynamics of this sysem?

4. Also, dueto tidd action and water project operation the system is unsteady, i.e.,steady state
assumptions may be ingppropriate. “ Assuming steedy-state conditions where the SOD is
equal to the rate at which oxygen utilizing matter is settled multiplied by its associated oxygen
demand.’

Page 2

1. Sedimentr ion is adynamic process which may impose an immediate oxygen demand.

2. What ismeant by “over-trapping”?

3. Theabiotic demand will be exerted immediatdly following resuspension whereas the demand
Iassociated_\é\gth microbia decomposition of organic matter may require a much

onger period.

4, Act%dlgl,eihese demands are exerted continuoudy from the initiation of resuspension.

Page 5

1. Modd cdibrationisacritica process that requires quantitative evauaion (formulation) of mixing
and sediment suspens on Processes. _ _

2. What are the hydrodynamic conditions that must be favorable to estimate the SOD from profiles?
Does thisimply that only steedy state conditions are appropriate for this estimation? If so, we may
be missing the most important dynamic parts of the suspension and resuspenson processes.

Page 6

1. Thelegend identifying monitoring locations is incomplete.



2. Staions upstream of Stockton in the San .Joaguin river are conspicuous by their absence. Data at
such locations will be essentid for establishing boundary conditions for modeling.

Page 7

Isthe reason that no water samples were taken in November a consequence of the time required
to do this while recording DO profiles? Why not employ a continuoudy recording DO probe?
Whet_ist_he“t#pperlimit_ of possble SOD vaues'? _ _

Domination of near-sediment DO levels by tidal flows reinforces the notion that the

system is highly dynamic and three-dimensiond.

Page 8

1. Figure 2 could be made more general by contrasting DO profiles (perhaps actual observations)
over amore explicit period of time than the beginning and end of the dack tide event. The dack
Be“iod istoo poorly defined to serve as basis for estimation of SOD.

Yy

wn e

accident Figure 4 which isreferenced in the text is not a depiction of DO profiles but rather a
display of pH observations. The figure does, however, provide some interesting information, e.g.,
lower pH values near the bottom (possibly related to anoxia degper in the sediments) and higher
pH vaues near the surface in afew profiles (possibly related to photosynthes's).

Page 9

1. Figure3. It would be useful dso to have profiles of temperature, DO saturation and sdinity for this
period of observation.

Page 10
1. Fgure4. Agan, thisfigure shows pH profiles rather than DO profiles asintended.

Page 11

1. Thisisanintereging figure that suggests a period of sgnificant verticd mixing evidenced in the
nearly uniform DO vaues top to bottom and tiddly related oscillations (especidly in the lower 15
feet or s0) during the HL tida period.

Page 12

1. Referenceis made to high DO concentrationsin the San Joaquin River, but no data are given.
Conditionsin the San uin may well dominate those of the DWSC, especialy during the later
months of the year when flows from upstream sources are much increased, over conditions earlier
in the year when DO conditions might be most critica. The recorded flow at Verndison
November 6, 1999 was about 2473 cfs, sgnificantly above the minimum of about 500 cfs that
may be experienced during some critical drought periods. It isimportant to recognize aso that
diversons for agriculture ong the reach between Verndis and the DWSC may actudly cause
reversa of flow directionsin the vicinity of the DWSC. _ _

2. Where are the “rdaively high DO concentrations measured in the San Joaguin
River...”

3. “hydrodynamics and spatid variability of DO concentrations gppeared to strongly
mask SOD effects on water column profiles.” It is acknowledged that “ reliable estimates of SOD
were not poss ble with the profile presented..”

4. The configuration of sediment traps should be described with sketches. How were
these traps oriented in the water column and with respect to the flow?

Page 13
1. Theprocedure for estimation of SOD conforms to standard practice.




Page 14
1. Unitsfor trgpping rates should be stated explicitly in Table 2 and sewhere grams/square

2. Qgp?ﬂ/ r(])?l</r\/f'<fa|ter column should be gtated.

Page 15

1. 84,4907 What isthis number?

Page 16

1. Datalndicate that between Channel Pt and Light 45 2?2?22??isSgnificant....
Page 17

1. "Thedaasugges that the microbid population was not acclimated to degrade the volatile organic
fraction of the sediment.

Page 18

1. Agreed that the gpproach to estimate SOD islimited. The gpproach failsto account for both
spatid and tempord variaions in the hydrodynamic regime thet in turn determine the fate of
suspended, deposited and resuspended sediments.

Page 19

1. Although not stated, it is assumed that al reaction rate coefficients were referenced at a standard
temperature, e.g., 20 degrees C. This should be indicated where these rate coefficients are cited.

Page 20

1. Weresamples anadlyzed for DO actudly filtered to remove SS before andysis? Were samples
containing sediment agitated during incubation?

Page 21
1. Wha ismeant by “shdlow”? What are the dimensions of atypica core?

Page 24

1. Tidd flowsin the San Joaguin do tend to increase on the average toward the ocean but this does
not mean that velocities aso increase proportionately, since the channel geometries also change.
In genera, maximum velocities of the order of 2-3 fps are reached in most channels. Occasiondly
loca velocities up to 4 fps can be observed. These are sufficient to result in periodic scouring with
intermediate low velocity periods when deposition can occur. In recent years sediment deposition
in the Southern Delta has greatly modified channel geometries, velocities and deposition rates. It
can be expected that water quality and ecological factors will aso be modified.

Pages 25-29

1. Overdl, laboratory procedures and interpretations conform to standard practice. Agreed that
NBOD resaults are ill questionable. This may be troublesome in modeling, particularly where
oxidation of ammoniaisalikely processimpacting DO badance. Ammoniamay not be afactor in
well-oxidized effluents from waste water treatment facilities. However, it could result from
decomposition of benthic organics. | [it] could account for depression of DO in the water column



near the sediment-water interface.
Pages 30-37
1. Laboratory results plotted and tabulated. Satisfactory
References

1. Add specific references to modd documentation and gpplication.



