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SUSPENDED SEDIMENTS IN SAN FRANCISCO BAY ESTUARY, CALIFORNIA --
RECENT HISTORY AND AVAILABLE DATA SETS

By David H. Peterson, Marlene Noble, and Richard E. Smith

ABSTRACT

On interannual, seasonal, and tidal time scales, little is known of how sediment
dynamics in the bay are influenced by fluctuations in riverine emissions. This report
describes and refers to the available data (on personal computer disks) on the
suspended sediment (turbidity) and related oceanographic measurements of the bay
for 1979 (low riverine emissions) and 1980 (high riverine emissions). These
observations provide a basis for subsequent analyses.



INTRODUCTION

On a time scale of decades and centuries, riverine sediment emissions clearly
have been a major control on sedimentary processes in San Francisco Bay. Up to the
time of early European settlement of California, natural sources of riverine sediment
could not keep pace with rising sea level. After the mid - 1800s gold rush, however,
effects of hydraulic mining and reclamation activities such as diking, draining, and land
filling offset the effects of rising sea level, and in less than 140 years the bay's surface
area has shrunk back to where it was about 5,000 years ago.

Although hydraulic mining ceased a century ago, the need to better understand
the balance or imbalance between rising sea level and natural and artificial emissions
of riverine sediment remains. This interest is motivated largely by the chronic shoaling
of ship channels and the subsequent maintenance-dredging problems. Not all human
activities cause an increase riverine emissions of sediment. Concentrations of
suspended sediment in the Sacramento River downstream of the American River
appear to have decreased after completion of Oroville Dam on the Feather River
(1967).

This is the first in a planned series of reports on the nature of suspended
sediment and its variability in San Francisco Bay estuary. This report provides a broad
geologic perspective of the regional setting of the bay and its recent history regarding
sediments and references the "raw" data available for the study (Appendix 1).
Subsequent planned reports will provide a hydroclimatic perspective, methods of
analysis, and documentation of supportive data not provided in this report; describe
results of field observations of suspended sediment concentrations in the bay (turbidity)
and associated atmospheric, hydrologic and oceanographic observations; and provide
a broad overview and summary of our findings of suspended sediment dynamics in the
bay.

Background

A quantitative knowledge of the dynamics of suspended sediments in San
Francisco Bay is critical to advancing our knowledge of several major processes that
relate to both the dynamics of and the management policies affecting San Francisco
Bay. Some of these processes/policies include:

1). the need to develop a long-term strategy for resolving chronic shoaling in ship
channels (San Francisco Bay Conservation and Development Commission, 1966),

2). the ultimate fate of disposed dredged material,

3). the characterization of the nature and origin of water column turbidity over a range
of time and spatial scales. The turbidity of the water column is a control through light
limitation on the productivity of phytoplankton. Turbidity data are also needed for
defining the transport and disposition of hydrophobic and other toxic substances in the
bay,



4). the effects of a long-term rise in sea level (San Francisco Bay Conservation and
Development Commission, 1987 and 1988).

ives and Approach hi

Most studies of the physics of sediment transport in San Francisco Bay have
been done over short periods of time at a specific location, where the increase and
decrease of suspended sediment concentrations are monitored over several tidal
cycles. These studies largely trace a resuspension/deposition process. Deposition is
enhanced during slack water and resuspension occurs during peak tidal flows. The
resuspended sediments move seaward on the ebb tide and landward on the flood. Net
movement of sediment occurs when the ebb and flood movements are not symmetric,
because of either asymmetric tidal currents or net non-tidal currents moving either up or
down the river. The amount of asymmetry at any one location is site specific and can
vary over seasonal time scales. This is one reason why the details of sediment
transport over an entire estuary are very difficult to model.

The primary objective of this study is to analyze a set of tidal current data and
resuspended sediment data that were collected over a broad region of the northern
Bay for periods of as much as a year (fig. 1). An objective is to look for the
hypothesized seaward transport of suspended material between Suisun Bay and San
Pablo Bay during the winter, when the flow down the river reaches a peak, and the
hypothesized landward transport in summer, when river flow is low (fig. 2). The primary
riverine suspended sediment source is considered to be the Sacramento River; local
stream sources were not considered but can be very important on a local scale
(Porterfield, 1980). A secondary, but related objective is to quantify the space/time
variability of the suspended sediment concentrations as a function both of tidal current
amplitude and storms. Of main interest is how these concentrations vary among the
measurement sites.

The primary data set used in this study was collected by the Kinnetics
Laboratory Incorporated (1981) Santa Cruz, Calif., under contract to the U.S. Army
Corps of Engineers. Records of water clarity, currents, salinity, temperature, and sea
level were collected at six locations during 1979 and 1980 (fig. 1). We also used wind,
sea level, and river flow data collected in the region for the same time period.
























f Aari r

The effects of agriculture on annual sediment concentrations and emissions is
more obscure for the Sacramento River than for the San Joaquin River because of the
large dilution effects in the Sacramento River and complications caused by the Yolo
Bypass (the Yolo Bypass is used as an additional river channel during peak river flows
to control floods). In fact, the San Joaquin River shows nearly an inverse in expected
response of sediment concentrations with flow. Highest concentrations occur in dry
years during the summer period of maximum agricultural return flow (with the exception
of the first winter storm). Note, for instance, panel (C) in fig 6. The summers of 1976
and 1977 (dry) show higher sediment concentrations than 1978 (wet), with the
exception of the early winter storm for 1978.

SUMMARY

The brief sketch of sediment history in this report provides a perspective for
analyzing and interpreting the observations of Kinnetics Laboratory for 1979 (low
Sacramento River flow) and 1980 (high Sacramento River flow). Sediment emissions
from the Sacramento - San Joaquin River, influenced by hydraulic mining, dams and
agriculture are a major control on long-term variations in San Francisco Bay's sediment
history. It is also recognized that the small highly -urbanized streams that surround the
bay are important sources of sediment, but on a more local scale. Therefore, the
importance of local sources were not included in this brief overview.

16
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APPENDIX |
DATA COLLECTED BY KINNETICS LABORATORY

Documentation of personal computer floppy disc copies of the Data collected by
Kinnetics Laboratory 1979/1980 at stations 1-6 (Fig. 1) in San Francisco Bay.

Records identified in this appendix are on file discs as IBM-compatible 5 1/4"

floppy : c¢/o Michael Carlin, San Francisco Regional Water Quality Control Board, 1111
Jackson Street, Room 6040, Oakland, California 94607.
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TAPE NAME KL10 2
APPROX. SAMPLING DATES 39-79, 1979 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLI0 2 1.LOG SIZE: 464233
STATION 2 CARQUINEZ

PC FILE NAME: KLIO 2 2.LOG SIZE: 367473
STATION 3 BENICIA

PC FILE NAME: KLI023.LOG SIZE: 388793
STATION 4 PORT CHICAGO

PC FILE NAME: KLIO 2 4.LOG SIZE: 403461

STATION 5 CHIPPS ISLAND

PC FILE NAME: KLI0 2 5.LOG SIZE: 405101
STATION 6 GRIZZLEY BAY

PC FILE NAME: KLIO 2 6.LOG SIZE: 152604

NO. OF 1.2 MB FLOPPIES 2; NO. OF FILES: 6

Thirteen Columns of Data on the Floppy Disks:

Column Content

Station

Water Depth

Water Depth From Bottom
Time of Day

Julian Day

Year

Current Speed

NOO S WN =

Column Content

8 Current direction
9 Salinity

10 Temperature

11 Turbidity

12 Sea level height
13 Sample
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TAPE NAME KL10 3
APPROX. SAMPLING DATES 78-109, 1979
TAPE DENSITY 800 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLLO 3 1.LOG SIZE: 183701
STATION 2 CARQUINEZ

PC FILE NAME: KLLIO 3 2.LOG SIZE: 184449
STATION 3 BENICIA

PC FILE NAME: KLIO _3.LOG SIZE:
STATION 4 PORT CHICAGO

PC FILE NAME: KLIO _4.LOG SIZE:
STATION 5 CHIPPS ISLAND

PC FILE NAME: KLIO _5.LOG SIZE:
STATION 6 GRIZZLEY BAY

PC FILE NAME: KLLIO _6.LOG SIZE:

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 1_NO. OF FILES: 2

Thirteen Columns of Data on the Floppy Disks:

Column Content Column Content
1 Station 8 Current direction
2 Water Depth 9 Salinity
3 Water Depth From Bottom 10 Temperature
4 Time of Day 11 Turbidity
5 Julian Day 12 Sea level height
6 Year 13 Sample
7 Current Speed

21



TAPE NAME KL10 4
APPROX. SAMPLING DATES 110-137, 1979 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLIO 4 1.LOG SIZE: 346310
STATION 2 CARQUINEZ

PC FILE NAME: KLLIO 4 2.LOG SIZE: 240944
STATION 3 BENICIA

PC FILE NAME: KLIO 4 3.LOG SIZE: 324741
STATION 4 PORT CHICAGO

PC FILE NAME: KLIO 4 4.LOG SIZE: 321461

STATION 5 CHIPPS ISLAND

PC FILE NAME: KLIO 4 5.LOG SIZE: 328275

STATION 6 GRIZZLEY BAY

PC FILE NAME: KLLIO 4 6.LOG SIZE: 110166

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 2_NO. OF FILES: 6

Thirteen Columns of Data on the Floppy Disks:

Column Content Column Content

1 Station 8 Current direction
2 Water Depth 9 Salinity

3 Water Depth From Bottom 10 Temperature

4 Time of Day 11 Turbidity

5 Julian Day 12 Sea level height
6 Year 13 Sample

7 Current Speed

22



TAPE NAME KL10 5
APPROX. SAMPLING DATES 137-164, 1979 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLIO S 1.LOG SIZE: 333868
STATION 2 CARQUINEZ

PC FILE NAME: KLLIO 5 2.LOG SIZE: 322335
STATION 3 BENICIA

PC FILE NAME: KLIO § 3.LOG SIZE: 324712
STATION 4 PORT CHICAGO

PC FILE NAME: KLIO § 4.LOG SIZE: 171479
STATION 5 CHIPPS ISLAND

PC FILE NAME: KLIO 5 5.LOG SIZE: 323975
STATION 6 GRIZZLEY BAY

PC FILE NAME: KLLIO _6.LOG SIZE: 114166

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 2 NO. OF FILES: 6

Thirteen Columns of Data on the Floppy Disks:

Column  Content Column Content

1 Station 8 Current direction
2 Water Depth 9 Salinity

3 Water Depth From Bottom 10 Temperature

4 Time of Day 11 Turbidity

5 Julian Day 12 Sea level height
6 Year 13 Sample

7 Current Speed



TAPE NAME KL10 6
APPROX. SAMPLING DATES 164-198, 1979 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLIO 6 1.LOG SIZE: 383781
STATION 2 CARQUINEZ

PC FILE NAME: KLLIO 6 2.LOG SIZE: 400181
STATION 3 BENICIA

PC FILE NAME:

STATION 4 PORT CHICAGO

PC FILE NAME: KLIO 6 4.LOG SIZE: 39381
STATION 5 CHIPPS ISLAND

PC FILE NAME: KLIO 6 5.LOG SIZE: 413301
STATION 6 GRIZZLEY BAY

PC FILE NAME: KLLIO 6 6.LOG SIZE 137781

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 2_NO. OF FILES: 6

Thirteen Columns of Data on the Floppy Disks:

Column  Content Column Content

1 Station 8 Current direction
2 Water Depth 9 Salinity

3 Water Depth From Bottom 10 Temperature

4 Time of Day 11 Turbidity

5 Julian Day 12 Sea level height
6 Year 13 Sample

7 Current Speed
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TAPE NAME KL10Z7
APPROX. SAMPLING DATES 198-234, 1979 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLIO 7 1.LOG SIZE: 431341
STATION 2 CARQUINEZ

PC FILE NAME: KLLIO 7 2.LOG SIZE: 429701
STATION 3 BENICIA

PC FILE NAME: KLIO 7 3.LOG SIZE: 485461
STATION 4 PORT CHICAGO

PC FILE NAME: KLIO 7 4.LOG SIZE: 433031
STATION 5 CHIPPS ISLAND

PC FILE NAME: KLIO 7 5.LOG SIZE: 197172
STATION 6 GRIZZLEY BAY

PC FILE NAME: KLLIO 76.LOG SIZE: 145981

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 3_ NO. OF FILES: 6

Thirteen Columns of Data on the Floppy Disks:

Column  Content Column Content

1 Station 8 Current direction
2 Water Depth 9 Salinity

3 Water Depth From Bottom 10 Temperature

4 Time of Day 11 Turbidity

5 Julian Day 12 Sea level height
6 Year 13 Sample

7 Current Speed



TAPE NAME KL10 8
APPROX. SAMPLING DATES 235-275, 1979 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLIO 8 1.LOG SIZE: 485461
STATION 2 CARQUINEZ

PC FILE NAME: KLLIO 8 2.LOG SIZE: 85542
STATION 3 BENICIA

PC FILE NAME: KLIO 8 3.LOG SIZE: 437901
STATION 4 PORT CHICAGO

PC FILE NAME: KLIO 8 4.LOG SIZE: 474034
STATION 5 CHIPPS ISLAND

PC FILE NAME: KLIO 8 5.LOG SIZE: 475621
STATION 6 GRIZZLEY BAY

PC FILE NAME: KLLIO 8 6.LOG SIZE 165661

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 3_NO. OF FILES: §

Thirteen Columns of Data on the Floppy Disks:

Column  Content Column Content

1 Station 8 Current direction
2 Water Depth 9 Salinity

3 Water Depth From Bottom 10 Temperature

4 Time of Day 11 Turbidity

5 Julian Day 12 Sea level height
6 Year 13 Sample

7 Current Speed



TAPE NAME KL10 11

APPROX. SAMPLING DATES » 1979 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLI111.LOG SIZE: 148441
STATION 2 CARQUINEZ

PC FILE NAME: KLI1 12LOG SIZE: 19701
STATION 3 BENICIA

PC FILE NAME: KLI1 1 3.LOG SIZE: 14961
STATION 4 PORT CHICAGO

PC FILE NAME: KL 1 4.LOG SIZE: 147730
STATION 5 CHIPPS ISLAND

PC FILE NAME: KLI1 15.LOG SIZE: 144342
STATION 6 GRIZZLEY BAY

PC FILE NAME: KLLI1 16.LOG SIZE: 45989

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 1_NO. OF FILES: 6

Thirteen Columns of Data on the Floppy Disks:

Column Content

NOO s WN -

Station

Water Depth

Water Depth From Bottom
Time of Day

Julian Day

Year

Current Speed

27

Column

8
9
10
11
12
13

Content

Current direction
Salinity
Temperature
Turbidity

Sea level height
Sample



TAPE NAME KL10 12
APPROX. SAMPLING DATES 332-365, 1979 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLI1 2 1.LOG SIZE: 202559
STATION 2 CARQUINEZ

PC FILE NAME: KLI1 22.LOG SIZE: 162379
STATION 3 BENICIA

PC FILE NAME: KLI1 23.LOG SIZE: 203379
STATION 4 PORT CHICAGO

PC FILE NAME: KLI1 24.LOG SIZE: 196821

STATION 5 CHIPPS ISLAND

PC FILE NAME: KLI1 25.LOG SIZE: 203429
STATION 6 GRIZZLEY BAY

PC FILE NAME: KLLI1 26.LOG SIZE: 67259

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 1_NO. OF FILES: 6

Thirteen Columns of Data on the Floppy Disks:

Column  Content Column Content

1 Station 8 Current direction
2 Water Depth 9 Salinity

3 Water Depth From Bottom 10 Temperature

4 Time of Day 11 Turbidity

5 Julian Day 12 Sea level height
6 Year 13 Sample

7 Current Speed



TAPE NAME KL10 13
APPROX. SAMPLING DATES 1-15, 1980 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLI1 31.LOG SIZE: 90219
STATION 2 CARQUINEZ

PC FILE NAME: KLI1 32.LOG SIZE: 73871
STATION 3 BENICIA

PC FILE NAME: KLI1 33.LOG SIZE: 173039
STATION 4 PORT CHICAGO

PC FILE NAME: KLI1 34.LOG SIZE: 178826
STATION 5 CHIPPS ISLAND

PC FILE NAME: KLI1 35.LOG SIZE: 177959
STATION 6 GRIZZLEY BAY

PC FILE NAME: KLLI1 36.LOG SIZE: 60699

DATE AND NUMBER OF 1.2 MB FLOPPIES

NO. OF FLOPPIES 1_NO. OF FILES:

()

Thirteen Columns of Data on the Floppy Disks:

Column Content

NOOH WON =

Station

Water Depth

Water Depth From Bottom
Time of Day

Julian Day

Year

Current Speed

29

Column Content

8 Current direction
9 Salinity

10 Temperature

11 Turbidity

12 Sea level height
13 Sample



TAPE NAME KL10 14
APPROX. SAMPLING DATES 29-58, 1980 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLI1 41.LOG SIZE: 4941
STATION 2 CARQUINEZ

PC FILE NAME: KLI1 4 2.LOG SIZE: 334581
STATION 3 BENICIA

PC FILE NAME: KLI1 4 3.LOG SIZE: 346061
STATION 4 PORT CHICAGO

PC FILE NAME: KLI1 4 4.LOG SIZE: 273951
STATION 5 CHIPPS ISLAND

PC FILE NAME: KLI1 45.LOG SIZE: 334581
STATION 6 GRIZZLEY BAY

PC FILE NAME: KLLI1 46.LOG SIZE 114821

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 2_NO. OF FILES: 6

Thirteen Columns of Data on the Floppy Disks:

Column  Content Column Content

1 Station 8 Current direction
2 Water Depth 9 Salinity

3 Water Depth From Bottom 10 Temperature

4 Time of Day 11 Turbidity

5 Julian Day 12 Sea level height
6 Year 13 Sample

7 Current Speed

30



TAPE NAME KL10 15A
APPROX. SAMPLING DATES 58-85, 1980 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KL1 5A 1.LOG SIZE: 2479
STATION 2 CARQUINEZ

PC FILE NAME: KL1 5A4 2.LOG SIZE: 167340
STATION 3 BENICIA

PC FILE NAME: KL1 5A 3.LOG SIZE: 160739
STATION 4 PORT CHICAGO

PC FILE NAME: KL1 5A 4.LOG SIZE: 78739
STATION 5 CHIPPS ISLAND
PC FILE NAME: KL1 5A 5.LOG SIZE: 162379
STATION 6 GRIZZLEY BAY
PC FILE NAME: KLL1 5A 6.LOG SIZE: 54959

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 1_NO. OF FILES: §

Thirteen Columns of Data on the Floppy Disks:

Column Content Column Content

1 Station 8 Current direction
2 Water Depth 9 Salinity

3 Water Depth From Bottom 10 Temperature

4 Time of Day 11 Turbidity

5 Julian Day 12 Sea level height
6 Year 13 Sample

7 Current Speed

31



TAPE NAME KL10 16
APPROX. SAMPLING DATES ___, 1980 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLI1 6 1.LOG SIZE: 483821
STATION 2 CARQUINEZ

PC FILE NAME: KLI1 6 2.LOG SIZE: 359181
STATION 3 BENICIA

PC FILE NAME: KLI1 6 3.LOG SIZE: 403507
STATION 4 PORT CHICAGO

PC FILE NAME: KL1 6 4.LOG SIZE: 134554
STATION 5 CHIPPS ISLAND
PC FILE NAME: KL165.LOG SIZE: 429701
STATION 6 GRIZZLEY BAY
PC FILE NAME: KLI1 6 6.LOG SIZE 147621

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 2_NO. OF FILES: 6

Thirteen Columns of Data on the Floppy Disks:

Column Content

NO AL WN =

Station

Water Depth

Water Depth From Bottom
Time of Day

Julian Day

Year

Current Speed

32

Column Content

8 Current direction
9 Salinity

10 Temperature

11 Turbidity

12 Sea level height
13 Sample



TAPE NAME KL10 17
APPROX. SAMPLING DATES 119-158, 1980 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLI1 7 1.LOG SIZE: 16421
STATION 2 CARQUINEZ

PC FILE NAME: KLI1 7 2.LOG SIZE: 415113
STATION 3 BENICIA

PC FILE NAME: KLI1 7 3.LOG SIZE: 392030
STATION 4 PORT CHICAGO

PC FILE NAME: KL1 7 4.LOG SIZE: 200156
STATION 5 CHIPPS ISLAND

PC FILE NAME: KL175.LOG SIZE: 298560
STATION 6 GRIZZLEY BAY

PC FILE NAME: KLI1 7 6.LOG SIZE: 132861

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 2 NO. OF FILES: 6

Thirteen Columns of Data on the Floppy Disks:

Column Content Column Content

1 Station 8 Current direction
2 Water Depth 9 Salinity

3 Water Depth From Bottom 10 Temperature

4 Time of Day 11 Turbidity

5 Julian Day 12 Sea level height
6 Year 13 Sample

7 Current Speed
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TAPE NAME KL10 18
APPROX. SAMPLING DATES __, 1980 (JULIAN DAYS)

STATION 1 SAN PABLO

PC FILE NAME: KLI1 8 1.LOG SIZE: 5028
STATION 2 CARQUINEZ

PC FILE NAME: KLI1 8 2.LOG SIZE: 360821
STATION 3 BENICIA

PC FILE NAME: KLI1 8 3.LOG SIZE: 362461
STATION 4 PORT CHICAGO

PC FILE NAME: KL184.LOG SIZE: 371554
STATION 5 CHIPPS ISLAND

PC FILE NAME: KL185.LOG SIZE: 360192
STATION 6 GRIZZLEY BAY

PC FILE NAME: KL1 8 6.LOG SIZE: 122622

DATE AND NUMBER OF 1.2 MB FLOPPIES
NO. OF FLOPPIES 2_NO. OF FILES: 6§

Thirteen Columns of Data on the Floppy Disks:

Column Content

NOOh WN -

Station

Water Depth

Water Depth From Bottom
Time of Day

Julian Day

Year

Current Speed
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8
9
10
11
12
13

Content

Current direction
Salinity
Temperature
Turbidity

Sea level height
Sample



APPENDIX Il

STATISTICAL MODEL OF SACRAMENTO RIVER SUSPENDED SEDIMENT
CONCENTRATION

Suspended sediment concentrations appear to be lower in the Sacramento River
after construction of the Oroville Dam (fig. 6, panels a and b). To examine this
hypothesis a time series model was used to estimate deviations in daily Sacramento
River suspended sediment concentrations (ss) from the long-term mean:

ss(1)=b(1) Flow(1) + a(2) ss(2) - a(3) ss(3) + Noise (1), (1)

where river flow is the deviation from long-term mean and the ss parameters are for the
present day (1) flow and past day (2) and past two days (3) ss. Parameters were
estimated using an instrumental variables method (Ljung, 1987; Ljung, 1988). These
parameters and statistical properties of river flow and suspended sediment
concentrations are in Table 1 (note: the coefficients are for log(e) transformed
suspended sediment concentrations and flow).

The model used herein is not intended as an in-depth analysis but simply a
compact way to describe more than 50% of the observed variance before and after the
construction of Oroville Dam (Table 1). Time series of daily suspended sediment
concentrations are exceedingly complex and numerous observations are needed for
reliable estimates of suspended sediment concentrations and mass emissions
(Goodwin and Denton, 1991). Equation (1) above, for example, does not capture the
high suspended sediment concentrations associated with the first major storms of the
winter season.

TABLE 1- - Model parameters and statistics

PROPERTIES/PARAMETERS(@) PRE-OROVILLE = POST-OROVILLE

(1957 - 1967) (1968 - 1979)

Mean flow 592 686
(cubic meters per second)
Mean suspended
sediment concentration
(milligrams per liter) 81 64

a(2) -1.26 -1.39

a(3) 0.67 0.71

b (1) 0.37 0.26
Modeled variance (percent of 60 55

observed)

(a) Based on log(e) transform of sediment concentration and flow.

35



