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
MEETING OF JUNE 20-21, 2000

G. T. Orlob, PhD, PE
Pear Review Pandigt

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.



