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Executive Summary

ASSESSING EFFECTS OF FISH SCREENING ON
MIGRATION OF JUVENILE CHINOOK SALMON

Principal Investigator: Dr. Gerald T. Orlob
Co-Principal Investigator: Dr. Joseph J. Cech, Jt.

Project Description and Primary Ecological Objectives

Past water resources development and management practices have contributed to the decline of
Pacific salmon stocks in California’s San Francisco Bay-Delta System. Screened and unscreened
water diversions, dams, and reservoirs have resulted in changes in flow and temperature that negatively
impacl migration of juvenile salmonids. While various means have been employed to halt the decline
of salmonid populations, improving survival during downstream migration may significantly increase
salmon recruitment and prevent extinction.

The abjective of the proposed study is to quantify the effects of various water and salmon
management strategies as they relate to the out-migration of fall-run chinook salmon in conjunction
with the timing and magnitude of Sacramento-San Joaquin Delta diversions proposed in alternative
water transfer schemes now under consideration by the CALFED Bay-Delta Program. This objective
will be achieved through (1) investigations of migratory readiness as a function of swimming
performance of juvenile salmonids, and by (2) simulation of the hydrodynamics of the flow regime in
channels approaching screening facilities. Through integration of these two components, the ability of
fish to escape impingement and the hydraulic performance of screening facilities will be related.
Expected results will enhance out-migration of juvenile salmonids and improve screen designs.

Approach/Tasks/Schedule

During parr-smeolt transformation, salmon migrate downstream through the San Francisco Bay
Estuary eventually reaching the ocean. Many studies have demonstrated that physiological changes,
particularly hormonal fluctuations, accomparny this transfermation from a freshwater o a salt-water
type fish. Siudies on both Atlantic and Pacific salmon have indicated that swimming performance
increases as parr grow larger, but that a decrease in swimming performance occurs as the
transformation from parr to smolt occurs. Decreased swimming performance may be explained by
changes in the muscle fibers during smoeltification. An understanding of the swimming ability of
Juvenile salmon can direct water and fish management decisions such as the timing of major water
diversions and hatchery smolt releases, and also guide design of fish screening facilities. In the
proposed study, the swimming ability of smolting chinook is considered as a criterion for design and
operation of a fish screen at the head of a large water diversion facility. If the swimming capability
and circadian velocity preferences of juvenile salmon and the local hydrodynamic conditions in the
vicinity of screen openings can be determined, diversions may be adjusted accordingly to assure
maximum escapement of smolts during downstream migration.

Mathematical models will be designed to simulate potential hydrodynamic conditions
experienced by migrating salmon and evaluate hydraulic characteristics of alternative fish screen
designs now under consideration by the CALFED Bay-Delta Program. Model simulation capabilities
rclevant to design considerations include identification of flow stagnation regions where predators
converge and sediment is deposited; non-uniformities in flow along the screen face: and the effective
exposure time during which fish must swim to avoid entrapment. Results of hydrodynamic model
testing will aid screen designers in development of screens that minimize impacts on migrating
Jjuvenile chinook salmon. It is expected that the study will be completed within two years from the
project inception.
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Justification for Project and Funding by CALFED

Temperature-associated changes in muscle function, swimming performance, and velocity
preference through smoltification will significantly affect downstream salmonid migrations and
susceptibility to entrainment in screened diversions. These effects will also delineate optimal timing of
reservoir water and hatchery smolt releases to maximize smolt survival. The proposed study will
generate guidelines for setting stream flow and temperature criteria during smolt migration using
results of laboratory studies of parr/smolt swimming performance. Results from this study are
expected to enhance survival of smolts, increase salmonid recruitment, reduce entrapment mortality,
and restore important living compoenents of California’s Delta ecosystern.

Variation in swimmming performance and muscle development during smoltification may affect
the ability of juvenile salmon to avoid impacts of screened diversions. Current fish screen
technologies do not provide adequate fish passage at large-scale screened diversion facilites.
Characteristics of fish screens such as their orientation or arrangement in the channel, shape and angle
of screen face, and location of fish bypass have not been sufficiently investigated and tested to
maximize fish passage (sec Fish screen characteristics, Appendix C), Although these characteristics
can be investigated using physical models, implementation and comparative testing are often cost and
time prohibitive. Mathematical models developed in this investigation will be used to evaluate
hydrauiic characteristics of fish screen designs in a manner that is relatively cost and time efficient.

Budget Costs and Third Party Impacts

The total cost of the proposed study is $217,206. Matching contsibutions valued at $57,458
include in-kind services of the principal and co-principal investigators and the consultant, plus
estimated equipment costs. No negative third party impacts are anticipated.

Applicant Qualifications

Dr. Gerald T. Orlob, Professor Emeritus of Civil and Environmental Engineering at the
University of California, Davis, has specialized in the development and application of mathematical
models of surface water sysiems throughowt a carcer spanning 45 years in professional practice,
engineering education, and research. He will serve as principal investigator to the proposed study. Dr.
Jaseph 1. Cech, Jr., is a professor of Fish Biology at the University of California, Davis and is a well-
recognized authority on the ecological physiology of fishes. Dr. Cech will serve as co-principal
investigator to the proposed study. lan P. King is Professor Emeritus of Civil and Environmental
Engineering at the University of California, Davis and will be available as a consultant on the use of
the mathematical models. Dr. Orlob, Cech and King will serve at no cost to the project.

Menitoring and Data Evaluation

Results of this stody can be evalnated subsequent to implementation of project
recommendations by ongoing juvenile fish population menitoring programs (USFWS, CDFG, NMFS).

Local Support/Coordination with other Programs/Compatibility with CALFED Objectives

Extensive local support is available throughout the two-year term of the project. Collection of
juvenile salmon will be coordinated with CDFG. Modeling efforts wilt be partially supported by the
EPA Center for Ecological Health Research and an EPA/NSF research grant at UC Davis. Technical
advice will be provided by scientists at the CDWR and CDFG who are currently conducting research
concerning screened water diversions at the UC Davis hydraulics laboratery. The results of this study
will be combined with those of two other salmonid investigations currently underway at UC Davis to
enhance understanding of the effects of screened diversions on native Delta fishes. Objectives of this
study are consistent with CALFED objectives concerning improvement of San Francisce Bay-Delta
anadromous fisheries.
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ASSESSING EFFECTS OF FISH SCREENING ON
MIGRATION OF JUVENILE CHINOOK SALMON

Principal Investigator: Dr. Gerald T. Orlob, Professor Emeritus
Department of Civil & Environmental Engineering
University of California, Davis
One Shiclds Avenue
Davis, California 95616
Tel. (530) 752-1424
Fax (530) 752-7872
E-mail: gtorlob@ucdavis.edu

Co-Principal Investigator:  Dr. Joseph I. Cech, Protessor
Department of Wildlife, Fisheries & Conservation Biology
University of California, Davis
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1V.  PROJECT DESCRIPTION AND APPROACH

a. Project Description and Approach

Past management practices have contributed to the decline of Pacific salmon stocks in
California’s San Francisco Bay-Delta System. Screened and unscreenad water diversions, dams, and
reservoirs have resulted in changes in flow and temperature that negatively impact migration of
juvenile salmonids (NRC, 1996), While various means have been employed to halt the decline of
salmonid populations, improving survival during downstrecam migration may significantly increase
salmon recruitment. During parr-smolt transformation, juvenile salmon migrate downstream through
the San Francisco Bay Estuaty eventually reaching the ocean. Many studics have demonstrated that
physiological changes, particularly hormonal fluctuations, accompany this transformation from a
freshwaler (o a salt-water type fish (Zaogg, 1989; Boeuf, 1993). Studies on Pacific salmon have
demonstrated that swimming performance increases as parr grow larger, but that a decrease in
swimming performance occurs during the transformation from parr to smoll (Boeuf, 1993).

Decreased swimming performance, when out-migrating smolts are exposed to changing
hydrodynamic and water quality conditions increases susceptibility to predation and decreases their
ability to avoid physical obstructions caused by channel dredging, re-routing of flows and export
pumping in the Delta. Decreased swimming performance during downstream migration may be a
result of structural/functional changes in swimming musculature that signal the eptimal time for out-
migration to the ocean. Changes in muscle proteins and development have been described in hatchery-
raised Atlantic salmon (Salmo saler) (Higgins, 1990; Higgins and Thorpe, 1990}, but these changes
were not studied in conjunction with physiclogical indices of swimming performance or velocity
preferences, nor have they yet been related to field conditions,

Hydrodynamic conditions experienced by migrating juvenile salmon in the vicinity of a
screened diversion may determine the success of outmigrating salmon. It is proposed that these
conditions be simulated using mathematical models to provide a basis for comparative analysis of the
hydraulic characteristics of alternative fish screen designs under consideration by government agencies
including COWR (Shawn Mayr, personal communication). Model simulation objectives relevant to
screen design include identification of flow stagnation regions where predators converge and where
sediment is deposited; non-uniformities in velocities along the screen face; and the effective exposure
time during which fish must swim to escape entrainment. Results of hydrodynamic model testing will
aid fish screen designers in development of screens that minimize impacts on migrating juvenile
chinook salmon.

A specific case of interest treated in this proposal is that of a screened diversion, the design of
which should be governed by the physiological responses of juvenile salmon exposed to wnusual
hydrodynamic conditions that may threaten their survival. In this proposal, the swimming ability of the
migrating smolt is considered as 4 criterion for design of a large scale screening facility at the head of a
water diversion facility. For example, if the swimming capacity and daily velocity preferences of
juvenile salmon can be determined, then properties of a screening facility, such as limiting velocities
normal to and along the face of the screen, and the physical orientation, shape, and bypass arrangement
of the screen may be fixed accordingly to assure maximum escapement of smolts during downstream
migration.

The objective of the proposed study is to quantitatively cvaluate various water and salmon
management strategies. The model will be used to assess alternalive water transfer schemes within the
Sacramento-San Joaquin Delta now under consideration by the CALFED Bay-Delta Program. This
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objective would be achieved through integration of swimnming performance studies of parr/smolts as a
function of migratory readiness, simulation of the hydrodynamics of the flow regime in the vicinity of a
screening facility, and comparison of hydraulic characteristics of alternative sereen designs.

b. Proposed Scope of Work

The proposed study encompasses two closely related themes: 1} an assessment of the
swimming capacity of smoliing salmonids and 2) a determination of the hydrodynamic stresses to
which juvenile salmon may be subjected in the vicinity of an actual screening facility. Swimming
performance of juvenile salmonids during the parr-smolt transformation will be evaluated in terms of
critical swimming speeds (Ug) (Brewt, 1964), circadian velocity preference, and muscle
force/velocity/structure parameters. Laberatory experiments will be performed at two temperatures (14
and 19°C) and a range of velocities experienced by juvenile salmonids.

In conjunction with laboratery studies of parr-smolt swimming performance, investigations will
be carried out to estimate properties of actual flow fields (associated with alternative screen designs) to
which the outmigrating chinook juveniles may be subjected. These investigations will be
accomplished in stages beginring with expansion of an existing set of multidimensional mathematical
models to simulate flow fields in the river channel adjacent to the screening device and hydraulic
properties of flow through proposed fish screens. The models will be adaptable to the channel
bathymetry of proposed screening siles to simulate velocities in the approach channel, “sweeping”
velocities along the face of the screen, veloeities normal to the screen, and variations in velocity along
screen faces. The models, which have alrcady been adapted to simulate the flow and water quality
regimes of the Sacramento-San Joaquin Delta, will be extended to represent two and three-dimensional
properties of the screen environment.

Activities outlined above will span the proposed two-year project period. Studies during the
first year will concentrate on analysis of parr-smolt swimming behavior and performance at times of
potential exposure to the influence of a screened diversion and modeling of the general properties of
the two-dimensional flow field in the approach channel. Data collection and analysis will be further
retined in the succeeding year to include three-dimensional characterization of the flow field in the
vicinity of the screens, as additional information on swimming capabilities from laboratory
experiments dictates, Candidaic models include RMALO (a finite element model that simulates
hydrodynamics) and RMALL (a general water quality model) (King, 1998). These have already been
adapted for study of transport of striped bass larvae in the Central Delta. An advantage of these models
is flexibility to represent complex water bodies and fish screen designs over a wide range of spatial
scales, particularly at the level of detail required for description of local velocity fields experienced by
migrating salmonids. The major product of the project will be a capability to guide design of screening
facilities to minimize damage to fish species at risk. Specific tasks for the proposed project are
outlined below. A schedule of tasks is included as Appendix B.

Task 1: Define Models To Be Used for Flow Field Simulation. As noted previously, the
most appropriate models must be capable of simulating the three-dimensional flow field adjacent to a
screening facility under the hydrologic and project operaiing conditions likely to be experienced if a
major olf-channel diversion is implemented. Models must also be capable of representing the
magnitude and direction of velocities in the vicinity of and through proposed fish screens so that
comparative analyses can be made. The primary candidates for this application are available in the
RMA suite of models already adapted to the Bay-Delta system. In the vicinity of proposed trans-Delta
diversions, the models are presently one-dimensional. They will have to be extended initially to two-
dimensions, and later, as studies dictate, to three-dimensions.
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Task 2: Assemble Existing Data on Possible Screening Sifes. Existing electronic databases
supported by a variety of government agencies and compiled by the California Data Exchange
Commission (CDEC) will be utilized to develop seasonal estimates of flow in the Sacramento River.
Velocity data will be collected during field surveys (e.2., near Hood, California if facilities are
sufficiently implemented) and laler used in calibration and verification exercises. Velocities will he
measured using an acoustic doppler current profiler over a range of flow conditions. Tt is expected
these data will be supplemented by results of fish screen studies currently underway by the WFCB
Department at UC Davis and the COWR at the UC Davis Hydraulics Laboratory. Details of fish
screen configurations and channel modifications required in comparative analysis of alternative fish
screen designs will be acquired through cooperation with government agencies.

Task 3: Collection and Maintenance of Juvenile Chinook. Fall-run chinook salmon will be
collected using minnow seine and Archimedes screw traps from the American and Mokelumne Rivers
three times during the March ~ mid-June stream rearing/smoltification period. Fish will be maintained
at 14 and 19°C [temperature fluctuations normally occurring in the stream system during the time of
smoltification (D.T. Castleberry et al., 1991)] in circular tarks at swimming speeds no greater than one
body-length per second.

Task 4: Critical Swimming Speed Experiments. Critical swimming velocities will be
determined, using a recirculating Brett-type swimming flume {Brett, 1964} and standard rechniques,
All experiments will be videctaped and analyzed with Peak Performance Software for kinematic data
such as gait changes and tail-beat frequencies and amplitudes. After each experiment, presumed
saltwater readiness (smoltification) will be determined using gill Na'/K* ATPase activity (Zaugg,
1989).

Task 5: Muscle Contraction and Force Generation Experiments. A sub-sample of juvenile
chinook from the same size/developmental groups as used by the Ug; and Flow Table Experiments
will be used to determine development of axial and pectoral muscle force. Strips of abdominal and
pectoral swimming muscles will be extracted. Muscle strips will be attached at one end to a force
transducer and fixed in position at the other end in a temperature controlled Ringer's saline bath, The
optimal length for force generation will be found by varying the length with a micromanipulator and
stimulating the muscle at various frequencies according to the kinermatic data obtained from the critical
swimming speed experiments. Force/fvelocity relationships will be determined in various measures of
muscle kinetics (shortening speed, time to peak tension, time to relaxation) at acclimation temperatures
of 14 and 19°C . These experiments are important because the maximum isometric tension (P,) and
maximum contraction velocity (Va,,) produced by a muscle fiber bundle is a function of both the
absolute temperature at which it is tested as well as the acclimation temperature for the fish
{Altringham and Johnston, 1984;1988). ) produced by a muscle fiber bundle is a function of both the
absolute temperature at which it is tested as well as the acclimation temperature for the fish. Muscle
power generation (P) will be determined using force/velocity relationships. After the muscle kinetics
experiments, sarcomere length (at the peak tension fiber length) will be measured using a low power
helium neon laser using Bragg's diffraction equation (Altringham and Johnston, 1994),

Task 6;: Histechemistry Experiments. Histochemical stains will be used to identify various
morphological and biochemical features of the muscle fibers from a subsample of fish. Trypan blue
will be used to identify dead tissue from the muscle preparation (Sosnicki et al., 1989). Cryosections
will be prepared to assess enzymatic zctivity. Nitroblue tetrazolivm with cyanide will be used to
determine oxidative enzymes (Batty, 1983). Glycogen content will be assessed by the PAS reaction
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using Schiff’s reagent {Dunn et @i, 1989). The volume of cach fiber type and structural changes
associated with development will be assessed with hematoxylin, zosin, Verhoeff, and van Gieson’s
stains. Sudan black will be used to examine tissue lipid content and distribution {Squire, 1986). These
histological analyses will produce a quantitative assessment of fish condition, potential muscle power
generation, including muscle fuel stores for migratory (sustained) and predator escape/prey capture
burst activities.

Task 7: Fiow Table Experiments. A flow table with a calibrated, horizontal velocity gradients
will be used with a video camera and infrared lights to determine juvenile chinook velocity preferences
during lighted (and darkened) conditions. Velocity gradients in the flow table will approximate
observed field (nose and holding) velocities. The age of individual salmon will be determined
according to Na'/K* ATPase activity (Casticberry e al, 1991). Standard length and weight will be
measured after all experiments are run.

Task 8: Extend Models to Two Dimensions. The finite element network currently used for
Bay-Delta simulations will be modified te include two-dimensional (depth-averaged) characierization
of the geometry of screened diversion including off-channe! diversion bathymetry and screen geometry.
Sufficient detail in the grid will be provided to assure accurate representation of velacities likely ta be
experienced by migrating salmonids. Field data will be pre-processed for use as initial and boundary
conditions, and later in calibration and verification efforts.

Finite element grid modifications will be made to represent fish screen designs being
considered by government agencies. Simulations using a variety of screen designs will be evaluated
under critical flow and withdrawal scenarios to determine sirengths and weaknesses of each design.
Designs characteristics such as their orientation or arrangement in the diversion channel (e.g. folded or
partially-folded v-shapes, or multiple plate screens along main river channel), the shape and angle of
the screen face (e.g, straight or parabolic shapes, and those perpendicular, angled, or parallel to the
direction of flow), and the location of the fish bypasses (e.g., "funneling” bypasses downstream of
folded v-screens, or use of main river channel as bypass) will be considered to determine their efficacy
in fish passage (see Appendix C). From this, preliminary assessment of the environment likely to be
encountered by out-migrating juvenile salmon can be made for a variety of screen designs.

Task 9: Extend Simulation Capability to Three Dimensions. Based on laboratory results of
juvenile swimming performance, critical velocities, and possible screen configurations, detail in the
model grid will be extended and the models run in three-dimensional mode to determine vertical
velocities along the face of the fish screen, and consequenily resultant velocities likely to be
experienced by juveniles, A three-dimensional characterization of flow field will provide a more
detailed description of hydraulics characteristics through and adjacent to fish screens.

Task 10: Perform Simulations for Critcial Operating Conditions. A demonstration of the
risk aversion approach to combined management of water transfers and fisheries would be performed
for a selected set of hydrologic and water diversion scenarios and screen Ffacility designs. Model
simulations will be performed under high, normal, and low flew conditions in the Sacramento River in
combination with high and low diversion quantities ¢e.g. 5,000 and 15,000 cfs} and alternative screen
designs currently under consideration by government agencies. We will determine "critical operating
scenarios'” under which migrating juvenile salmon will likely experience stress.

Task 11: Map the Screen Velocity Field and Smolt Risk Zones. Having identified critical
(swimming) velocities and the velocity field adjacent to the screen, a “map” of critical zones will be
developed to show where local velocities may exceed salmonid capability to aveid entrainment or
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impingement. Flow stagnation regions induced by suggested screen designs will also be identified so
thar predation and sedimentation associated with these regions can be reduced. Such a product would
assist screening facility designers in minimizing overall screen-related mortality.

Task 12: Statistical Aralysis. Appropriate statistical models will be used to analyze fish
experiment data sets. Multiple analyses of variance (MANOVAs) will be used to compare muscle
force generation at each frequency and between age classes. A principal component analysis will be
used to compare histological differences among age/development groups. MANOVA will be used to
compare gait changes, critical swimming velocities, and velocity preferences among age/developmental
groups. The resulis from these studies will be combined in manuscripts for submission to the
appropriate scientific journals for review and publication, Management recommendations will be
formulated and sent to CDFG, CDWR, USFWS, NMFS, and USBR decision makers for their
consideration.

¢. Location and Geographic Boundaries of the Project
The project will focus on the efficacy of fish screening facilities contemplated as components of
alternative Delta water transfer schemes. Such facilities may include the headworks of the proposed
isolated diversion facility on the Sacramento River near Hood, California. Laboratory experiments will
focus on juvenile salmon collected in the American and Mokelumne Rivers.

d. Expected Benefits

The proposed study will generate guidelines for stream flow and temperature criteria, especially
at screen diversions, during smolt migration. Quantification of swimming performance changes in
terms of muscle microstructure and swimming power can be used as diagnostic tools for determining
exactly when the smolt are prepared to migrated downstream and furthermore, smolt tolerance for fish
screen velocities and magnitudes. Hatcheries that now use Na’/K* ATPase activity to assess smolt
status, may be able to use a simple muscle biopsy and staining technique to determine migratory (not
just seawater) readiness. Fiber type determinations may also be used to determine screen velocities
which smolts can withstand. Potential muscle power generation, and therefore smolt migratory
readiness, can be assessed by examining fiber type and distribution. This information can be used to
determine the timing and temperarure of water release from dams and intake velocity profiles at fish
screens, during critical salmonid life history stages. A more accurate method for determining the
readiness of smolts to migrate as well as the stream velocity and lemperature that optimizes migration
should enhance the survival of smolts and increase salmonid recruitment.

Results of fish screens comparisons will benefit developers of large-scale diversion facilities.
Flow fields associated with various fish screen designs will identify velocities favorable to fish
passage. Facilitating juvenile salmon passage will likely increase chinook salmon populations and
benefit commercial and recreational fisheries.

e. Background and Ecological/Blological/ Technical Justification

Uncertainty concerning water management practices used to facilitate migration of wild stocks
and to determine the timing of the release of smolts from hatcheries prioritizes the need for in-depth
studies on the process of smoltification (ERPP Executive Summary, p. 9). This project combines
powerful techniques for determining muscle perfermance and power in migrating fish and for
estimating the potential for entrainment at water diversion sites (ERPP Executive summary, p. 18).
The proposed study will increase the numbers of viable wild and hatchery adult fall-run chinook
returns to the Sacramento-5an Joaquin Walershed resulting in improved sport and commercial fisheries
(ERPP Executive Summary, p. 12). Our mode] will integrate knowledge of swimming performance
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limitations during smeoltification with predicted environmental conditions along fish screen faces to
protect juvenile salmonids from entrainment at screened diversions (ERPP Executive Summary, pp.
10, 15). Swimming performance of developing juveniles at different temperatures and velocities can
be directly related to the magnitude and timing of water release from dums to improve smolt survival
and migration (ERPP Executive Summary, pp. 27, 31, 32, 33, 35, 39). The development of a
histological technique to assess swimming capability and migratory readiness will comribute to
hatchery fish survival (ERPP Executive Summary, p. 17). The development of guidelines for optimal
flow near a fish screen will not only prevent death duc o impingement, but wiil additionally mitigate
for predation on stunned/darnaged post-screen fish (ERPP Exccutive Summary, pp. 30, 39, 41).

At present, fish screen technologies do not provide adequate fish passage at large-scale
screened diversion facilities. Characteristics of fish screens such as their orientalion or arangement in
the diversion channel, the shape and angle of the screen, and the location of the fish bypass, have not
been sufficiently investigated and tesied to improve fish passage (see Appendix C). Although these
characteristics can be tesied using physical models, implementation and comparative testing are often
cost and time prohibitive. In contrast, mathernatical models developed in this investigation will
provide comparative analyses of fish screen designs in a manner that is relatively cost and time
efficient. A strength of finite element models is the ability tw represent complex geometric
arrangements relatively easily, adding detail where it is most appropriate.

f. Monitoring and Data Evaluation

Data required for modeling purposes will be obtatned through field collection and acquisition
using existing electronic databases such as CDEC. Three-dimensional velocity data will be collected
with an acoustic doppler current profiler. It is expected information describing velocity patterns near
fish screens can be investigated in coordination with existing screen smdies at UC Davis,

Quarterly reports will be sent to the CALFED Bay-Della Program as well as to CDFG,
USFWS, NMFS, and USBR for review. All project accomplishments will be documented in a final
report to CALFED.

g. Implementability

Extensive local support is available for the two year term of this project. Funding for fish
biology preliminary studies has been provided by the Granite Bay Flyfishers Society ($1000) and the
Justro-Shields Fellowship ($1500). Fish collection will be assisted by the Department of Fish and
Game and the East Bay Municipal Utility District. Models proposed for investigation of screen
hydrodynamics are product of the Center for Ecological Health Research at UCD. Collaboration with
government agencies including the U.S. Army Corps of Engineers involving channel modifications in
the vicinity of fish screen facilities, the California Department of Water Resources involving fish
screen designs, and the T.S. Bureau of Reclamation regarding operation of upstream hydroelectric
facilities are expected with the proposed research.

UC Davis is well known for its strong and diverse programs in the biological and hydrologic
sciences. Seventeen professors at UCD are specialists in the field of fish biology. David Hinton, a
professor in the veterinary school, will provide technical support for the histological studies. Steve
Bennett in the Wildlife, Fish and Conservation Biology Department wilt provide the hardware and
software support. Further advice will be provided by scientists at the Department of Water Resources
and the Department of Fish and Game who are currently working with Dr. Cech’s laboratory on
research concerning water diversions and fish screens. Presentation of results will be made at
appropriate workshops and professional meetings.
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Y. COSTS AND SCHEDULE TO IMPLEMENT PROPOSED PROJECT

a4, Budget Costs

Table 5.1 catalogues costs associated with tasks of the proposed study. The 2 year total project
cost is $217,206. The matching contribution for available in-house equipment costs is $12,000. This
estimate includes minnow beach seines, Archimedes screw traps, a recirculating Brett-type swimming
flume, a flow table, and all computer software and hardware required for modeling tasks. Equipment
use is effectively being provided at no cost to the project. Supply and travel costs reflect those related
1o field reconnaissance: fish collection using beach seines, boat and equipment rentals required to
collect velocity measurements. Overhead calculations are based on salary, benefit, supply, and travel
costs. The fees grouped with the cost category Qverhead in Table 5.1 are tuition and fee remission
costs for the two research assistants.

Table 5.1 Cost Breakdown By Task

Caost Category
Project Task Personnel, $ * Equipment, Overhead  Total Per
Supplies, & & Fees, $ Task, $
Travel, $

1. Define Model Requirements 5,000 1,000 5,618 12,618
2. Assemble Model Data 6,000 3,000 6,618 20,618
3. Fish Collection/Maintcnance 1,000 3,217 6,863 11,080
4. Critical Swimming Speed 12,170 3.217 6,863 22,250
$. Muscle Contraction 12,170 3,217 6,863 22,250
6. Muscle Histochemistry 12,170 3217 6,863 22,250
7. Flow Table Experiments 12,170 3,217 6,863 22,250
&, Extead Medel to 2-D 12,000 2,000 B,618 20,618
9. Extend Model to 3-D 14,000 3,000 6,618 23,618
10. Simulations for Critical Operation 5,835 1.000 6,618 13,453
11, Map Screen Yelocity Field 8,000 1,000 6,618 15,618
12. Statistical Analysis 500 3217 6,863 10,580
Subtatal per caregory RIS 35,302 80,821

2 YEAR TOTAL 217,206

* Note: Personnel costs are detailed in Tabie 5.2

Table 5.2 details personnel costs associated with the proposed study. The matching
contributions associated with salaries and fringe benefits of the principal and co-principal iovestigators
are based on 5% equivalent time of their academic salaries. Total value of personnel and equipment
matching contributions is $57,458 (see Appendix A).
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Table 5.2 Personnel (Salary and Benefit) Cost Details

Year | Year2 Matching

Cast I[tems Total,$ Total,$ Contribntion, $
Salaries and Wages
Principal Investigator: 12 mo. @ 5% academic salary 14,722
Co-Principal Investigator: 12 mo. @ 5% academic salary 12,184
Consultant: 12 mo. @ 5% academic salary 14,722
Student Research Assistants
I RA; 50% for 9 mo. @ $2253/mo., 100% for 3 mo. @ $2253/mo, 16,398 17,235
I RA: 50% for 9 mo. @ $2253/mo., 100% far 3 mo. @ $2253/mo. 16,898 17,235
3 UG Assistants IV: 9 mo. @ $400/mo. Each 10,800 11816
Technical Assistant 3,184 3,235
Fringe Benefits
2 Principa! Investigators and Consultant @ 9.2% 3,830
2 RA’s and 3 UG Assistants @ 4.4% 1,487 1,517
Technical Assistant @ 23 5% 748 760
Subtotal 50,014 50,909
2 YEAR PERSONNEL COST TOTAL 101,014 45,458

b. Schedule Milestones

Table 5.3 Schedule of Project Milestones

Date

Milestone

December 1998

Project is funded

Experiments using flow table and rectangular swimming chamber for Brett-type flume begin

Apparatus for measuring muscle force/velocity is built
Field data collection and modeling investigations begin

February 1999

Lab equipment is calibrated and preliminary experiments carried out 1o perfect techniques

¢ Quarterly progress report is submitted
March 1999 »  Chinook parr are abtained from the tield and all laboratory experiments are conducted
*  Samplcs are collected for histological dara
May 1999 *  Transitional (parr to smolt) chinook are obtained from the ficld
*  Alllaboratory experiments are conducted
*  Samples are collected for histological data
¢ Quarterly progress report is submitied
April 1999 »  Two-dimensional model development commences
June 1999 ®  Chinook smolts are obtained from the field and all laboratory ¢xperiments are conducted
®  Samples are collected for histological analysis
July 199¢ =  Histological samples are analyzed
August 1999 Three-dimensional model development begins
Quarterly progress report is submitted
Novenher 1999 | & Appual report for 1999 is submitted
February 2000 ®  Quarterly progress report is submitted
April 2000 e Chinook parr are obtained from the Mokelumne and American Rivers
LJ

All laboratory experiments are conducted
Samples are collected for histological data
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April 2000 *  “Critical operation” madel simulations are performed

(continued)

May 2000 *  Chincok smolts are abtained from the Mokelumnne and American Rivers
+  All laboratory experiments are conducted
+  Samples are collected for histological data
¢ Quarterly progress report is subnitted

June 2000 *  Chinvok smolts are obtained from the Mokelumne and American Rivers
= All laboratory experiments are conducted
¢ Samples arc collected for histological data

July 2006 ¢ Histalogical samples are analyzed and results are compared between years for wild fish
s Velocity field and smolt risk zones are "mapped”

August 1999 ¢ Quarterly progress report is submitted

November 2000 | »  Final report is submitted, funding ends

¢. Third Party Impacts
We anticipate no negative third party impacts. The proposed studies will generate guidelines
for stream temperature and dam/water diversion flow criteria during smolt migration as well as a
histelogical diagnostic tool for determining downstream migratory readiness. The implementation of
these guidelines will result in enhanced smolt survival und increased salmonid recruitment, I[ncreased
chinook salmon populations would also benefit commercial and recreational fisheries, their related
economies and would maintain an integral part of the California Native American cultural heritage.

VI.  APPLICANT QUALIFICATIONS

The principal investigators for the proposed project have formed a team with special
qualifications in the disciplines required to address issues concerning the effects of screening facilities
on the migration of juvenile salmonids. It includes expertisc in the physiological responses of subject
fish to environmental stress and in the characterization of the stress domain itself, the hydrodynamic
field encountered by migrants. The qualifications and roles of key participants are summarized briefly
below.

PRINCIPAL INVESTIGATOR: GERALD T. ORLOB

Education
B. §. in Civil Engineering (cum laude), University of Washingron, 1948
M. 8. in Environmental Engineering, University of Washington, 1949
Ph.D. in Hydraulic Engineering, Stanford University, 1959

Professional Career
6/49 to 6/52, Survey Supervisor, Washington Pollution Control Commission
Field investigation of water pollution as basis for control actions
7/32 to 6/63, Professor, University of California, Berkeley
Teaching and research in envirenmental and water resources engineering
7165 to 4/74, President and CEQ, Water Resources Engineers, Inc.
Research, development and application of mathematical models
9/74 1o 6/78, Principal. Resource Munagement Associatcs, Inc.
7168 to 6/92, Professor, University of California, Davis
Teaching, research and administration in civil engineering
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(Gerald T. Orlob, continued)
Consulting in water resource systems analysis and management
7492 to present, Professor Emeritus, University of California, Davis
Research in mathematical analysis of surface water systems

Professional Achievements
Founder and CEQ of consulting firms picneening development of mathematical models for simulation of

hydrodynamics and water quality in rivers, estuaries, lakes, reservoirs, and coastal waters. Consultant to
U.S. agencies and international organizations. Panel of Experts in Environmental Management, 1. N.;
[nternational Science Advisory Committee, WRI, Technion, Israel; Commissioner, Mamala Bay Study
Commission, Honolulu, HL

Engineering Activities
Registered Civil Engineer, California, ASCE Water Resource Advisor to Technical Council for Water
Resource Planning and Management; member and chair of Water Resource Systems Committee; Research
and Education Committee; journal paper reviewer; conference session organizer; member various task
commitiees; principal advisor for thesis and dissertation research for more than 40 students; CE Department

Chair.

Publications

More than 150 contributions to technical journals and books, including:

Eddy Diffusion in Homogeneous Turbulence, J. Hydraulics Div., ASCE, Vol. 85, No. HY9, 1959 (ASCE
Hilgard Prize, Hydraulics)

"Temperature Variattons in Deep Reservoirs," J. Hydraulics Div., ASCE, Vol. 96, No. HYZ, pp. 391410,
{with L. G. Selna)

"An Alternative to the Peripheral Canal,” J. Water Resources Planning and Management Div., ASCE, Vol.
108, No. WR1, 1982, pp. 123-141.

Water Quality Modeling--Streams, Lakes and Reservoirs, IIASA, State of the Art Services, G. T. Orlob, ed.,
Wiley Interscience Publ. Co.,, N. Y., 1983, 518 p.

"Decision Support for Esluarine Water Quality Management,” J. WRPM Div., ASCE, Vol. 115, No. 6, pp.
775792, (with U. Ameld), (Outstanding Research Paper Award, 1991)

"Impacts of Climate Change on Water Quality," In Water Resources Management in the FAce of Climatic
and Hydrologic Uncertainties, Z. Kaczmarek, ed., LUASA State of the Art Series, Kluwer Publ. Co.,
Amsterdam, 1995, pp. 70-105,

Honors and Awards
National Academy of Engineering, 1992
American Society of Civil Engineers, Honorary Member, 1997
The karl Emil Hilgard Hydraulic Prize, 1963; The Rudolph Herring Medal, 1963,
Julian Hines Award, 1987; Qutstanding Research Paper, WRPM Division, 1991
American Academy of Environmental Engineers, Diplomat, 1966; Honor Award for Excellence in

University Research, 199 1; Gordon Maskew Fair Award, 1998

Water Pollution Control Federation: Harrison Prescott Eddy Award, 1970
American Geophysical Union; Hydrology Award, 1957
American Water Works Association; Resources Division Award, 1956
Fullbright-Hayes Lectureship, Yugoslavia, 1973
International Water Resources Association, Fellow and Charter Member, 1970

CO-PRINCIPAL INVESTIGATOR: JOSEPH J. CECH, JR,

Education
B. 3. in Zoalegy, University of Wisconsin, Madisan, 1966
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(Joseph I. Cech, Jr., continued)
M. A, in Zoology, Umiversity of Texas, Austin, 19703
Ph.D). in Zoology, University of Texas, Austin, 1973

Professional Career
1965-66, Resident Zoologist, Sea Search I, R/V Dante Deo, Caribbean Sea
1966-72, Research and Teaching Assistant, Univ, of Texas, Austin
1973-75, Research Associate, Research Inst. Guif of Maine, Portland-Gozham
1981-87, Associate Professor of Fisheries Biology, Univ. of California, Davis
1991-1994, Associate Editor, Transactions of the American Fisheries Society
1992-97, Chair, CUD Dept. of Wildlife, Fish and Conservarion Biclogy
1987.present, Professor of Fisheries Biology, University of California, Davis
Awards and Honors
1970-73, NIH Pre-doctoral Fellow
Member: Phi Sigma, Phi Kappa Phi, Sigma XI
1979 Invited participant; NATO Advanced Study Institute on "Environmental Physiology of Fish”
1985 NATCO Advanced Workshop on "Evolutionary Biology of Primitive Fisheries”
1986 TUPS Discussion Panel on "Controversies: Circulation and Respiration”
1990 Organizer, 2% Biennial International Symposium on “Fish Physiology, Toxicology, and Water Quality
Management" MNanjing, PRC
1992 Elected fellow of the American Institute of Fishery Research Biologists
1992 Honorable Mention, "Most Significant Paper™” in Transactions of American Fisheries Society
1993 Qutstanding Faculty Advisor Award, College of Agriculture and Environmental Sciences
1994 Plenary Speaker, First International Fish Phystology Symposium
1993 Excellence in Fisheries Education Award {with P. B, Moyle), American Fisheries Society
1997 Elected Fellow, American Association for the Advancement of Science

Selected Publications

Publications selected from more than 90 peer-reviewed articles and books:

Cech, I. 1. Jr. 1990, Respirometry, pp. 335-362, In: C. B. Schreck and P. B. Mayle, Eds, Methods for Fish
Biology, AFS.

Cameron, J. N., and J. J, Cech, Jr., Lactate kinetics in exercised channel catfish, Physiol. Zoology, 63: 909-
920,

Sanderson, S. L., Cech, 1. J. Ir., and Patterscn, M., 1991, Fluid dynamics in suspension feeding hlackfisk,
Science 251: 1346-1348.

Cech, 1. 1. Jr., R, G, Schwab, W. C. Coles, and B. B. Bridges, 1992 Mosquitofish reproduction: effects of
photoperiod and nutrition, Aguacutture, [01: 361-369,

Cech, ). ). Jr., and M, J. Massingilt, 1995 Tradeoffs between respiration and feeding in Sacramento
blackfish, Env, Biol. Fish, 44: 137-163.

Cech, J.J. Ir., §. D. Barthalow, P. §. Young and T. E. Hopkins, 1996, Striped exercise and handling and
handling stress in freshwater: physiological responses to recovery environment, Trans. Amer. Fish.
Soc., 125: 308-320.

Crocker, C. E. and J. J. Cech, Jr,, 1997, Effects of environmental hypoxia on oxygen consumption rate and
swimming activity in juvenile white sturgeon, Acipenser transmontanus, in relation to temperature and
life intervals, Env. Biol. Fish. 50: 383-389.

Cech, 1. ). Ir. B. W. Wilson and D. G. Crosby, 1998 Multiple stresses in ecosystems, Lewis/CRC Publ.
Boca Raton,

CONSULTANT: IAN P.KING

11
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Ian P. King is Emeritus Professor of Civil and Environmental Engineering at the University of
California ar Davis, He holds advanced degrees in civil engineering and engineering mechanics. He is
internationally recognized for his pioneering developments of numerical methods fer solution of
hydrodynamics and water quality problems. He is the creator of a mamber of mathematical models that are now
heing applied world-wide, including the two-and three~dimensional RMA models that would be used in the
proposed project to simutate the flow field in the vicinity of a screzning facility. He will be available as a
consultant on the use of the models at no cost to the project.

GRADUATE RESEARCH ASSISTANT: SHANA KATZMAN

Ms. Katzman belds a Master of Arts degree in Biology from UCLA, where she studied fish swimming
under Professor Malcolm Gordon's supervision. She has had extensive research experience with field and
labaratory work including histological sectioning, fish kinematic and swimming performance studies, fish
behavior near a fish screen, estuarine biodiversity swrveys and marine fish diversity surveys. She is a member
of the American Fisheries Society and Physiological Zoology as well as a recipient of the Jastro-Shields
Fellowship and the Granite Bay Flyfisher’s Award.

GRADUATE RESEARCH ASSISTANT: CURTIS LOEB

Mr. Loeb is a graduate student/researcher in the Water Resources and Environmental Modeling Group
of the Department of Civil and Environmental Engineering at UC Davis. He has been responsible for
comstructing, calibrating, and applying multi-dimensional finite element models of the Sacramento-San Joaquin
Delta and the Sacramento River in a praject spensored by the Center for Environmental Health. The models are
currently being used in studies of the influence of hydrodyramics und water quality (lemperature and salinity)
on the fate of striped bass larvae in the Delta channel system. These models will be extended in the proposed
project to characterize the two- and three dimensional flow fields in the vicinity of a screened diversion facility.
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APPENDIX A:

Summary of Costs of Proposed Study

Budget Summary Table
Total
Year 1 Year 2 Matching
COST CATEGORY ITEMS Total, § Total, § Contribution, $
Personnal Salaries and Benefits
Principal Investigator: 12 mo. @ 5% of academic salary §14,722
Co-Principal investigator. 12 mo. @ 5% ot academic salary $12,184
Consuitant: 12 mo. @ 5% of academic salary $14,722
Studert Research Assistants
1 RA: 50% for 8 mo. @ $2253/mo., 100% for 3 mo. @ $2253/mo. $16,808 $17,235
1 RA: 50% tor @ mo. & $2253/mo., 100% for 3 mo, @ $2253/mo, $16,808 $17,235
3 Undergraduats Assistants IV: 9 mo. 8@ $400/mo. sach $1G,800 $11,016
Technical Assistanca $3,184 $3,235
Fringe Benefits
2 Principal Investigators and Consultant &t 9.2% $3,830
2 Research Assistants at 4 4% $1,487 $1,517
1 Tachnical Assistant at 23.5% 748 $760
Persaonna! Sublatal $50,014 $50.999 $45,458
Cther Direct Costs
Equipmant $12,000
Supplies
Chinook Swimming Performancs £a.6m 8,701
Data Collection in Support of Modeling $7,000 37,000
Travel $2,000 $2,000
Direct Costs Subtotal $17.601 817701 $12,000
Miscellaneous Costs
Fee Remission: 2 Aesemarch Assistanis @ 4,800/yr/student $9,600 $9,600
Overhead, 44.5% year 1, 46% year 2 (based on personnel, supplies, travel) $30.089 $31,602
Miscellanecus Costs Subtotal $39,659 $41,202
Yearly Subtotal $107,304 $i08,.902
2 YEAR TOTAL $217,206 §57,458
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APPENDIX B:

Schedule of Proposed Tasks

Task and Schednle List

Task Description

o R - Y N

Define Model Requirements for Flaw Field Simulation
Assemble Existing Data on Possible Screening Sites
Collaction and Maintenance of Juvenilc Chunook
Critical Swimming Speed Experiments

Muscle Contraclion and Force Generalion Experiments
Histochemical Anafysis

Flow Table Experiments

Extend Models o Two Dimensions

Extend Simulation Capability to Three Dimensions
Perform Simulations for Critical Operating Conditions
Map the Screen Velocity Field and Impingement Risk Zones
Statistical Analysis of Fish Swimming Experiments

Schedule

Deeernber 1998 through March 1999
April through July 1999

March through June 1999 and 2004}
March through June 1999 and 2000
March through June 1999 and 2000
July through February 1999 and 2000
March through June 1999 and 2000
August through November 1999
December 1999 through March 2000
August through November 2000
April throngh July 2000

July through February 1999 and 2000
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Appendix C
Screen Configurations Being Considered by Government Agencies

Detail of Partial Falded V-Screen Detail of Partial Parabolic Sereen

Flow ] Flew m
Y oA |~
\ ’/::" d
Straight 1\I ‘ Parabolic ,f"’
Screen Face Srrasn ane.\\ '."
{shown at ! \. i
2 angles) : i Diverted
: \ ," Waler
N B } | i
Fish Fish
Bypass Bypass
{returns to river) {returns ta river)
Multiple Off-Channel Folded Y-Screens Multiple In-Channel Plate-Screens
Flow Flow
Plate Screens '
Folded (In-Channel) 5
V-Screens /
(Off- ) ™
Diverted
Channel) Water \
] ; (In-Channel _ o
L (O Fish Bypass) P
/ Off Channel
Fish Bypass

(returns to river)

ref: (Shawn Mayr, personal communication)
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Attachment E

.5, Department of tha [nterior

Certifications Regarding Debarment, Suspensian and
Other Responsibility Matters, Drug-Free Workplaca
Requirements and Lobbying

Persons signing this form shauld refer to the reguiations
referenced below for complete instructions:

Certificatiocn Regarding Debarment, Suspension, and Other
RAesponsitility Matters - Primary Cavered Transactians - The
prospectiva primary participant further sgrees by submitting
this peopossl that it will inciude the clause titded,
“Cartification Ragarding Debarmant, Suspension, Inellgiblivy
and Voluntary Exclusion - Lowar Tler Coverad Transaction,”
provided by the departmant or agancy anterding into this
covered transaction, without maodification. in all lowar tar
coversd transactions and in all solicitations for lower tier
covered transactions. Sea below for languags 1o be used o
use this form for certification and sign. (Sea Appandix A of
Subpart D of 43 CFA Fart 12.}

Certification Regarding Debamment, Suspension, Ineligibility
and Voluntary Exclusion - Lower Tier Covered Transactions -
{See Appendl!_B of Subpart D of 43 CFA Pant 12,)

Certification Regarding Drug-Fras Workplace Raquirements -

Alternate | (Grantees Other Than individuals) and Altemate
. (Grantees Who ara Individuals) - {See Appendix C of
Subpart D of 43 CFR Part 12}

Signatura on this form provides for compiiance with
cartification requiraments under 43 CFA Parts 12 and 18.
Tha certifications shall bs trested as 3 matenal
reprasentation of fact upon which relisnce will by placed
when the Department of the Interior determines to award
the covered transaction, grant, cooperative agreement or
loan,

wrding Dabarmient, Suspansion, end Othar ResponsDillty Matiers -
Primary Conud Transactions

[+ W= THIS CERTIGCATION 1S FOR A PRIMARY COVERED T CTION APPLICA

{1) The prospective primary participant cartifies to the best of its knowledge and belisf, that i and s principals:

{a}  Are not presenty debamed, suspended, proposad for debarment, declared insligibia, or voluntarly axciuded by
any Federal department or agency;

(b}  Have not within a three-year period preceding this praposal been canvicted of or had a civil judgment rendered
aganst them for commission of fraud or & criminal offense in connection with obiaining, attampting ta abtain,
of performing & public (Federal, State or locall transaction or contract under & public transaction; violation of
Federal or State antitrust statutes or commission al smbezziement, thaft, forgery, bribeey, falgification or
destruction of records, making falsa statemants, or receiving stolen property;

[c)  Ace nat presently indicted for or otherwise criminally or civilly chargad by a governmental entity (Federal, State
or local) with commissian af any of tha offenses enumarated in paragraph (1}(b) of this centification; and

{dd  Have not within a thves-year period preceding this application/praposal had one or mors public transactions
(Federat, State or locall terminated for cause or default.

(2} Where the prospective primary participant is unabie to certify to any of me statements in this certilication, such
progpective participant shail attach an explanation to this groposal.

PART B: Certification Rtgardlng Dabarmaent, Suspansion, Insligibility and Voluntary Exclusion -
Lower Tler Coverad Teansactions

CHECK _IF THIS CERTIRCATION IS FOR A LOWER TIER COVERED TRANSACTICN ANG IS APPLICABLE.

{11 The prospective lower lier participant certifies, by submission of this propasal, that neither it nof its principats s preslintty
debarred, suspended, proposed far debarment, declared ineligible, or voluntarily excluded from participation in this
transaction by any Federal departmant or agency.

{2) Whera the praspective lowar tier participant is unable to certify 1o any of the statements in this cartification, such
prospective participant shalt attach an axplanation to this proposal.

"
184

Tomm reglates DN-1063, CB-10,
4, D-1004 Wi 01080

i
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PARTCT—Curdiertor RNy Orog-Fres Worgisce Reqotrarmans

V4
CHECRAN IF THIS CERTIFICA TIOM 15 FOR AN APPLICANT WHO IS NOT AN (NOIvICUAL

Adternate |, (Grantees Other Than Individuals)

A. The grantee certifies that it will or continue ta provide 3 drug-lree warkplace by:

(a}

ib)

)

{d)

i}

(g}

Publishing a statement notifying employees that the unlawdul manufacture, distribution, dispensing, possession,
or usa of 3 controlfed substance is prohibited i the grantea’s workplace and specifying the actions that wiil be
taken against employeas for violation ¢f such prohubition;

Establishing an angoing drug-free awarenass program to inform employees about—

{1) The danqer: of drug sbusze In the workplace;

(2} The grantee’s policy of maimtaining a drug-free workplace;

{2} Any svailable drug counsaling, rehabilitation, snd employct a3sistance programs; and

(4} The penalties that may be imposed upon employees for drug abuse violatians ocourning in tha workplace;

Making it a requirement that each empioyes to be engaged in the performance of the grant be given a copy of the
statement required by paragraph {a);

MNotifying tha amployes In tha statement required by paragraph (al that, as a candition of employment undere tha

rnnt.mcemplovuwm—
1} Abide by the terma of the statemant; and
[r4) Notity tha ampiover in writing of his or her conviGtion for a violation of a criminal dnxy statute

occurring in the workplace na later than five calendar days after such conviction;

Notitying tha agancy in writing, within tan calendar days after receiving notica under subparagraph (d}(2) from
an  ernpioyes or otherwiss recsiving sctual notice of such conviction. Employers of convicted amployees must
provide notice, including position title, to every grant officer on whose grant activity tha convicted amployes was
working, unless tha Fedaral agency has designated a central paint for tha receipt of such notices. Notica shall
incfude the identificatian mumbarsis) of asch affected grant;

Taking ona of the following actions, within 30 calendar daye of raceiving notice under subparagraph 1d](2), with

respectmarwnmnlwuwh:l:ucommd
{1 Taking sppropriate personnel action against such an empioyee, up to and including termination,

consistent with the requirements of the Rehabilitation Act of 1973, as amended; or
(2) Raquiring such smployes to participate satisfactorily in s drug abuse sssistance or rahabmnnn
program approved for such purposes by a Federal, State, of local health, law snforcement, or other

appropriste sgency;
Making a good fafth affort to continue to maintain a drug-fres workplana through implemantation of paragraphs
(8) (&), (cl, id], {e} and If).

8. The grantee may insart in the space provided below the site{s for the perfocmance of wark done in connection with the
spacific grant:

Place of Performance (Street address, city, county, State, zip code)

Check___if thare are workpiaces on file that are not identifisd here,

Alternate il. (Grantees Who Are Individuals)

{a)

bl

n R Drug-Fros Wi

CHECK,__/F THIS CERTIRCATION IS FOR AN APPLICANT WHO IS AN INDIVIDUAL

rd

The grantes certifies that, as a candition of the grant, he or she will not engage in tha unlawlul manufacture,
distribution, dispensing, possession, or use of a controlled substance in conducting any activity with the grant;

If convicted of a criminal drug offensa resulting from a violation occurring during the conduct of any grant activity,
he ar she will report the conviction, in writing, within 10 calendar days of the canviction, to tha grant officer or
othar designee, unless the Federal agency designates a cantral paint for the receipt of such notiCes. When natice
is mada 10 such a central point, it shall include the identification numberis) of each affected grant.

| s d
Jﬂ e

{This lurrs roplowes DI-Y943. O3-1064,
10K, (N 1008 ane B-15. 2]
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PART £: Cartification Regarding L

Cartfication for Contracts, g rants, Loany, and Cooperative Agraemonts R

CHECKX_!‘F CERTIFRCATION 18 FOR THE AWARD OF ANY OF THE FOLLOWING AND
THE AMOUNT EXCEEDS $100.000: A FEDERAL GRANT OR COQPERATIVE AGREEMENT,
SUBCONTRACT, OR SUBGRANT UNDER THE GRANT OR COOPERA TIVE AGREEMENT.

CHECK__IF CERTIFICATION /5 FOR THE AWARD OF A FEQERAL
LOAN EXCEEDING THE AMOUNT OF 3150,000, OR A SUBGRANT OR
SUBCONTRACT EXCEEDING #100,000, UNDER THE LOAN.

The undersigred certifies, to the best of his or her knowledge and belief, that:

1)

12}

(3

Nag Federal appropriated funds have been paid or will ba paid, by or on behall of the undersigned, to any person for
influencing or attempting te influenca an officer or employes of an agency, a3 Membar of Congress, and officer or
employea of Congress, or an employaa of a Memnber of Congress in connacticn with the swarding of any Faderal
contract, the making of any Federal grant, the making of any Federsl loan, the entening into of any coopsrative
agreement. and the extension, continuation, renswal, amendmant, or madification of any Federal contract, grant, loan,
or coaperative sgreement,

If any funds other than Federsl sppropriated funds have baen paid or will be paid to any person for mlluencing or
attempting to influence an officer or employea of any sgency, a Mamber of Congress, an officer of employes of
Congrazs, or an amplayee of 3 Member of Congress in connection with this Federal contract, grant, loan, orcoowww
agreemant, the undersigned shall complete and submit Standard Form-LLL. *Disclosure Form to Report Lobbying,*
accordance with its instructions.

The undersigned shall requira that the languags of thig centification be included in the award documents for all subawards
at aif tiers {including subcomracts, subgrants, and cONIaCts under grants, loans, and cooperative agresments) and that
all subracipiants shall certify accordingly.

This certification iz a matefial represahtation of fact upon which relignce was placed when this transaction was made or
entered into, Submission of this certification is a prerequisita for making or entering into this Tansaction imposad by Section
1352, title 31, U.5, Code. Any parson whe fails to file the raquired certification shadl be subject to a civif penaity of nat fess
than 310,000 and not more than $100,000 for each such failure.

As the authorized certifying official, | heraby certify that tha above specitied certifications are true.

THE REGENTS OF THE UNIVERSTY . =

OF CALIFORNIA

J; e “m _%Moﬂ/\ 1N 28 1

SIGNATURE OF AUTHORIZED CERTIFYING OFFICIAY

Sandfa M. Dowdy
Contracts and Grapts Analyst

TYPED NAME AND TITLE

DATE
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Figure 1
Standard Form 424

APPLICATION FOR

M3 Appraval o 3Jed 2%

7. DATE SUEMITIED

FEDERAL ASSISTANCE

appicant |geatifie

7/1/98 HiA
I_"VPE OF SUBMISSION. R 1. DATE HE;EWEQ BY STATE Sl Apphcalion idernlier
Acmiaaon Preapoicason NiA N7A

S Camuudon
£ Non-Conaruceon

O Contrucaen
O mon-Conzwrucson

4. DATE AECEIVED @Y FEDEAAL AGEMCY [Faderdl danntar

5. AFPUCANT INFORMATION

\m¥Mme: The Regents of the Univ. 6f Calif.

Tu wMlbet on]1age of Engry | CEE

A RES fgrew oy, Souny simw. sl T ooe)”
Qffice of the Vice Chancellor for Research

410 Mrak Hall, University of California
Cne Shields Avenue, Davis, CA 95616
§. EMPLOYER IDENTINCATION NUMBER (EV):

|9|41-|6|0|‘3|6| 4' 9|4|

0 TYPE OF ARPLICATION:
T New 3 Conoruwon

H Flgmian, ¢4 ADDMONAE WO} h DOX(ES) D G

A Inoeuss Award 8. Decrease Award <. ncrensa Dwaoen

C Aevson

i
|
i
Hame aned Wa4phone number' & P&SON 10 ba CONRACTI ON MHTlers Ivalvng vl |
APOECAION (v sma cxxte)

Sandra Dowdy, Contract & Grant Analykt’ l
(530) 752-2075 1

Y YTPE OF APPLCANT. (RN(W AWD0NAIE W1 i) bara) rI—1

et

A Siaw H, ingeoprer School Dt

8. Councy I Siaid Covroldd INSIUson o tgher L amang

C WumcDa J. Preaie Usrvirty

D. Twranp K. incvan Troe !
E. nidvilate L. ntwous

F vinmmunicpal M Prokt Orgaslason

G Spec Cisinct H. Cxhav ESoechy

| D. Owcresss Cursvon  Ohar (specifer

9. HAME OF FEQERAL AGENCY:
U.S5. Bureau of Reclamation

(CALFED Bay-Delta Program)

10. CATALOG OF FEDERAL DOWESTIC AZSTETANCE NUMBES:

we  wp | et -LLL

2. AREAS AFFECTED BY Pt 0T (Ciias, Couried, Sams, ve):
United States

1. GESCRAWPTIVE TITLE OF APPLICANT S PROWS- T

13. PROPOSED FROJECT 14, CONGREBSHOMAL DESTRICTS OF:

S1an Ope Endarnyg Oate A Appicant " u  Proea
12/1/98 | 11/30/00 ¢ I11 : 111
15. ESTIMATED FUNTNNG: T3, 1§ APPUCATION SURJECT TO ACVIEW B¥ STATE EXECUTIVE ORDER,
T Fedea T Tl 1ZITIPROCEINT
107,304 ;
4. YES. THIS PREAPPLICATIONAPPLIGATION WAS MADE AVALABLE
0 Apscent s C) TQ THE STATE EXECUTIVE ORDER 12372 PROCESS FOR
20,591 AEVIEW ON: .
c Suma s [+
DATE
d LoaM 1 . o
e e} v nO. M PROGRAMISNOTCOVEREQBY €O, HWZ
¥ Cngs H ) O OR PROGRAM HAS HOT BEEP ~7-S2TID &Y STATE £OR
REVIEW
| Pragram wcoma 3 )
17, €5 THE APPUCANT CEUNGUENT OH ANY FECERAL DERT?
¢ ToTAL - 5 [ a ves i ~Ya1.* a0acn g piplanancn =31
127,995

LSRISTAWCE 19 AWARDLD.

18, 70 Til BEST OF WY KHOWLEDGE AND BEUKF. ALL GATA I THIS APPLICATION/FREAPPUICATION ARE TRUE AND CORRECT, THE COCUMENT HAY
BEEM DULY AUTHORIZED 8Y THE GOVERANING $O0Y OF TRE APPUCANT AND THE ARPLICANT WILL COMPLY WITH THE ATTACMED ASTURANCES F THE

o Frec Kome of Authanzed Recretemanmt n T oandra M. Plowdy c T Mumier
1_ Contzacts and Oronis Atalyst (5 752-9075
« Cguocrw prp— . O Sqnod
L Ao ook, "Rz
| —00850 2
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Figure 2
Standard Form 424A (cont'd.)

. Oiwact Changes:

{67 TOVAL
5
41,381 g ]
41,381 |
. ]
[1] ~ J
12, TOTAL {sum of linas 8 - 11) 3 3 B TEREE B
— —_—_— S— “381 _ . 41,381
Taaad bns 10l Your Tl Thaastar i Quiier e EumMar Py YT
—
13, Federal 13 [
1954305 26,827 26,826 26,826 26,826
14, NonFedasal ) S T
L ET2 5,173 5,173 5,173
15. TOTAL {sum ol ines 13 and 14} I i T L4
— . — 127,996 3999 31,999 31,999 11,999 1
L2} Grani Program . u U Yours J
: (b} Firal T [c} Sarang [8) Third {a) Faunh
TYE ti 5
W, —
8. SR
™y - - - e —
20, TOTAL (sum of bnas 16:19) i g 5 g T
T
-}3 ]

¥r 1 = 44.5% and yr 2 = 467 of MIDC

|aa. Ramasks:

Authorized tor Local Recroductlon

Standerd Faim 4248 [Ras 4-92] Fage 2



Figure 3
Standard Form 4248

OMB apeeg-al No 148004

ASSURANCES — NON-CONSTRUCTION PROGRAMS

i Public reporung bueden for this caliecuon of miormanon 1 estmated 1o average |3 minutes per response, including
time (Or revigwing MSUCHONL. searching exisling ¢ata soucces. gathering and maintaining the dawa needed, and
campleung and revicwiag the collecuan of information. Send comments regarding the burden csumaié of any odher
aspect of this collzction of information, including suggesuons for reducing this burden, w Lhe Office of Management

and Budger, Paperwork Reduction Project (0348-0040), Washington, OC 20503,

PLEASE DO NOT RETURN YQUR COMPLETED FORM TO THE OFFICE OF MANAGEMENT AND|
BUDGET, SEND IT TO THE ADDRESS PROVIDED 8Y THE SPONSORING AGENCY.

NOTE: Ceran of these assurances may noc be applicable w your project or program, If you have questions, please contact
the awatding agency. Further, cenain Federal awarding agencies may require applicanis w certily 10
addivongl assurancey. [F such is the case, you will be nodufied.

As the duly suthorired cepresentalive of the applicsar [ cenily that the applicant

~

Has the legal authority to apply for Federal assisunce
and the institutional. managerial and financial capability
[including funds sulficient b pay the non-Federal shase
of praject cosi} © ensure proper planning, management
und completion of the project described in thag
applcavon.

Will give ihe awanding agency. the Compiroller Genersl
of United Siawes. and if appropriate, the Saie, drough
any authonied representative. access w and the nght
examing 3 records. books, papers, or documents related
10 the award: and wil esiablish u proper accounling
sysiem an accardance with generally accepied
accounung suandands or agency direcuves.

Will esablish saleguards 10 prohibit emaloyees from
using their positions [or a purpase thal consutales or
presents the appearance of personal or orgamizational
canflict of wnterest. or personat gain.

Will iniuate and complete the work wilhia Lhe
upplicable ume (me after receipe of appeoval of the
awanding agency.

Will comply weh the iniergovernmental Personne) Act
of 1970 (42 U_ 5. C_ §4728-4783) rcoung 0 prescridbed
uandards for mert sysiems for programs funded under
une ol the mnecn sunues o regulauons specified a
Appendix A ui QPM's Siandards for a Mern Sysiem of
Personncl Adminniwration (3 C F R 900, Subpant F)

Will comply wah al) Federal statules relating (o
nondiscvminguon These include but are not limied 10:
{a) Tae VI op ihe Covsl Rughes Act ol 1964 (FL. 88.152)
wRKR prohibats discnimination on the hasis of re. color
of natgagl aagw: {(by Tule 1X oI 1the Education
Amcodmenis ol 1972, 25 amendeg (20 0. 5. C. §168).
1683, und 18H5-1686), which profubiy discriminaton
on the bunis of ~¢v. {¢1 Scchion 504 of e Rehabalitavon

Freveious § ditinn Uiy e

Act of 1973, as amended {29 U. 5. C. §794), which
prohibits discrimination on the basis of handicaps: (d) the
Age Discrimination Actof 1975, as amended (42 U.5.C.
§5101-6107), which prohibits discrimination on the
nasis of age; {c) the Drug Abuse Office and
Treammenn Act of 1972 (P. L 92-259), as amended, relating 0
nondiscrimination on the basis of drug abuse: (f) the
Comprehensive Alcokol Abuse and Alcohalism
Prevention, Treatmem and Rehabiliation Act of 1970
(P.L. 91-616), as amended, relaing 10 nondiscriminaton
an ihe basis of alcobol abuse or alcobolism; {g) §§523 and
527 of the Public Health Service Act of 1912 (42 USC,
290 dd-3 and 150 ee-1). as amended, relating 10
conluenuality of alcohol and drug abuse padent records:
(hy Title V1L of the Civil Rights Act of 1968 (41 US.C.
§3601 el 5¢q.), ax amended, relating W nondiscrimination
in the sale, rental o¢ financing of housing; (i) any other
nondiscrimination provisions in 1he specific sutute(s)
under which application for Federal assistance is being
made. and (3) the requirements of iny aiher
nondiscrimination statuce{s) which may apply 10 the
spplication.

Will comply. or has already camplied, with the
requirements of Titkes Il and I of the Unilorm
Relocation Assistance and Reai Propecty Acquisition
Policses Act ui 1970 (PL. 91-646) which provide for | far
and cquitable ireaement of persans displaced or whose
propenty 15 acquired as a result of Federal or federally
assisied programs. These requirements apply 1o all
inlerests 0 raal property acquired for project purposes
regargless of Federa] parucipauon in purchases.

Will comply, as applicabile, with provisions of the Hah
Act{3 U.SC §§1501-1508 ang 7324.7328) which limi
the potitca! acriviies of employees whose principal

cplyment Juviies are {unded in whaie of in pan with

Federal (unds

Handarg Farm 4248 [Rev. 42T
P rase e by DS Cieviar A-192
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Figure }
Standard Farm 4248 (cont'd.}

Auil znmply 15 applicadie, ~iun the pravisions of the
Davis-Bacaon Act (40 D30 §8274a 1o 27841 - 7). e
Copetand AcL (40 U5 C §9276¢ and 18 Y 5. C.
$%374), and 1he Conract Work Hours and Salecy
Swadwgs Act (80 U.5.C §8327.313), regarding fabor
swandards for federally assiswed construction
ubgrosaents.

Wil comply, 1f applicable, wun {igod insurance
purchase requirements of Secton 102(a) of the Flood
Disasier Protection Act of 1973 (P.L., 91-234) which
requires recopients i a special flood hazasd area 1o
participaie in ihe& peogram and 10 purchase {locd
insurance tf the towal cost of insurable construction and
seyuisiuon is $10,000 or more,

Will comply with environmendal standards which
may be prescribed purzuant 1o the {ollowing: {a)
iastanueian of enveconmental guality canceal
measures under the Natianal Environmenal Policy
Act of 1969 (P.L. 9t-190) and Exccutive Qeder (EQ)
11514; (b} nouflicgiion of viclaung facilities pursuant
9 EQ 11738; {c) protection of wetlands pursuant o EQ
11990; (d} ¢evaluation of food hazards in floodplaing ta
sccordance with EG 11988; (¢} assurance of project
consisiency wilth the approved Siate managemeni
program developed under the Coastal Zone
Management Act of 1972 (16 U.5.C. $§145]1 o seq.):
{N conlaemity of Federal actions 1o Swie {Clewr Au)
!mplemenwtion Plans under Sceiion 176(c) of the
Clear Air Act of 1955, as amended (82 0.5 C, 4§ 7401
ct seq.): (4) proteciion of undergraund squrces ol
drinking waiwer ynder the Safe Drinking Wawer aci of
1974, as amended. (PL. ¥3-523); und (h) prowection af
cndangered species under the Endangered Species Act
ol 1973, ux amended. (PL. 93-205).

2 Whil comply wuh the Wild and Scenic Rivers Act of

1968 (16 U S.C 841271 et seq ) relaied (@ growecung
components or potential components of the nauenal
wild and seenic nvess system

13, Wil assig she awarding igency 0 assunng comphance
with Secuan 106 of the Nauonal Hislanc Preservauion
Act of 1966, 15 amended (16 U S.C. 4701 EQ (1591
(idenuficauon and prowcuon of hustanc properties), and
Lhe Archacological and Hisosic Prescrvadion Actof 1974
(16 U.S.C. 4693-1 &1 5eq.).

4. Will comply with FL. $3-148 regarding the proection of
fwman subjecis invalved in rescarch, development. and
retated acuviues supported by this award of assisaace.

15 Will comply with the Laboratory Amimal Welfare Act of
1966 (PL. 89-544, a5 amended. 7 U5.C. 2131 et 5eq.)
penaining to the care, handling. and Lrzatmend of warm
bloaded animals held for eescarch, eaching. oc other
aclivitics supporied by Jui award of assisiance,

16, Will comply with 1he Lead-Based Paini Poisoning
Prevenuion Act (62 U 5.C. §§ 4801 cL seq.) which
prohibits the use of lead based paini in consmucucn or
sehabilitation of residence spuciares.

17. Will cause 1o be performed the required financial and
compliance audits in #ccordance with the Single Audu
Act of 1984 or OMB Circular No. A-(13. Audits of
tnsutunans of Higher Leamming and other Mon-profit
lasututions.

18, Wil comply wath ol applicable requiremems of all ather
Fegeral Lyws, executive orders. regulmions and poikies
raverming this program.

Ly

SHOMALURE OF AUTHURLAELD CERTIFYING OFFICIAL

TITLE
Sandra M. Dowdy
Contracts andt Grants Analyst

A ;ﬁxvxf/i’ U\v“}ﬂ Eﬂ"‘(/{tq

ANT ORGCANIZATION . Fm's SUBMITTED
THE REGENTS OF THE UNIVERSITY : .
OF CALIFORNIA 1O 28 9%
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