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flooding phase conditions did not.

Water-quality samples were taken and analyzed for seasonal
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SEASONAL VARIATIONS IN TIDAL DYNAMICS,
WATER QUALITY, AND SEDIMENTS IN THE

SILETZ ESTUARY

I. INTRODUCTION

This study presents a general view of the seasonal variations of

certain chemical and physical parameters of the Siletz Estuary. This

information compliments earlier studies to give increased insight and

material with which coastal planners might make improved decisions

for proper utilization of Oregon's coastal resources.

Support for this study was obtained through Oregon State

University's Sea Grant research program concerned with estuarine

management. The objectives of this study parallel those of the Sea

Grant research project entitled "Estuarine Hydraulics." This study

attempts to provide an improved understanding and description of

some of the physical and chemical processes of the Siletz Estuary.

Measurements were taken giving quantitative information on the sea

sonal variations of tidal ranges and lags, tidal flows and velocities,

sediments, and chemical parameters such as: salinity, temperature,

dissolved oxygen, pH, and turbidity. Data has been collected from

various published sources to supplement the field work and provide

the necessary information to develop descriptions of the estuarine

behavior. Such descriptors as: flushing rates, primary dispersion

coefficients, and salinity intrusion length have been developed or
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referenced to provide quantitative estuarine characterization. A pri-

mary objective of this study was to compile, interpret and present

information in a form useful to people responsible for making the

decisions that affect or change the estuarine environment.

The future of Oregon's estuaries is dependent upon man's

judicious plans and methods for their utilization. To designate uses

and methods which an estuary can be subjected without detrimental

effects would require more detailed studies than presented here.

Biological baseline studies, project impact studies and joint efforts

between engineers, biologists, and coastal planners in providing

systems classifications of estuaries are important areas that need

continued support. The general scope of this study provides infor-

mation for first level decisions or feasibility studies in the realm of

the physical and chemical parameters examined. If estuaries are to

remain as unique and dynamic environments, man must make care-

ful, yet timely, decisions concerning these once neglected bodies of

life.



II. HISTORY: SILETZ BAY

As the last glacial epoch neared its end some 50,000 years ago,

the water from the melting ice carved a valley and washed immense

amounts of sediments to the ocean. The sediments were deposited at

the river's mouth to form lowlands and marshes. Through these tidal

flats the river maintained a channel and to the present continues the

process of sedimentation that slowly fills the surrounding eco-system

known as a coastal plains estuary. The Siletz estuary, as many of

Oregon's coastal plains estuaries, followed this general evolutionary

pattern.

The first inhabitants of the Siletz Bay were tribal relatives of

the Salish Indians for whom the nearby Salishan Resort was named.

They were primarily fishermen with their staple food being salmon.

Since they were a resident coastal tribe, the only hunting they did

was for game they could round up or attract by burning off the forest

cover and substituting browse for timber.

Around the year 1895 the firstwhite settlers appeared. In 1896,

the Kern Brothers Packing Company was established and due to this

employment opportunity a settlement developed taking the name of

Kernville. The salmon that were at one time so abundant, soon

became endangered because of over-harvesting and the cannery was

forced to close.
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The fishing industry was replaced by the Noon Lumber Mill at

Kernville created by the demand during World War I for Sitka spruce

for aircraft. The lumber, which was the primary basis for the settle-

ment at that time, was barged out of Siletz Bay to Astoria.

Water traffic soon diminished as roads connecting the various

settlements along the coast were completed. In 1926, Highway 101

was completed and with the opening of the Siletz drawbridge a new

settlement was established closer to the main flow of trade. A bridge

over Millport Slough was built to provide access from 'old' Kernville

to new' Kernville. The bridge was condemned in 1951 and in an

effort to economize a landfill was utilized to replace the bridge.

In 1961, investors began buying land around the southern shore

of Siletz Bay and the Siletz Sand Spit. In 1962, development of the

present beach community of Salishan was started. The Siletz Keys

were also developed in the 1960's at a location built on landfills on

the south end of the bay near the old 101 bridge.

Other communities surrounding the bay include: Cutler City,

just north of Kernville, and Taft, at the south end of Lincoln City

near the mouth of Schooner Creek (see Figure 1).

Human Interference

Man's influence on Siletz Bay dates back to the first Indian

inhabitants. Their hunting practice of burning-off the forest cover
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undoubtedly caused increased erosion during periods of heavy rains

and runoff. However, far greater damage has been accredited to the

first white settlers with their efforts at land-reclamation, road-

building, and logging. Compared to the Indian burn-offs, the great

fire of 1846, which burned from Tillamook to Coos Bay, must have

caused far greater sedimentation problems and associated loss of

wildlife and wildlife environment.

Industry provided the means to diminish great salmon popula-

tions to the extent of having to rely on artificial hatcheries. Trapping

and fur trading similarly cut into the mink and beaver population

around the bay to such a degree that only remnant populations pre-

sently exist.

Man is also responsible for physical alterations. The landfill

built across the Miliport Slough has completely blocked the freshwater

flushing action of what was once known as the South Channel. The

result has been an acceleration of the sedimentation to the South Bay.

This has caused a near extinction of clam beds that once supported a

commercial harvest. In the process of developing Salishan, landfills

were used in the southern portion of the bay to make lowlands

available for residential construction. Landfills were also used to

develop the Siletz Keys and in the process they blocked two smaller

channels that flowed into the southwest portion of the South Bay.

Community development around the bay and along the river
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makes its presence felt each day by discharging its effluents, both

industrial and private, into the estuarine and riverine systems.

Due to its low population density, when compared to other

Pacific coast communities, Siletz Bay can be considered to be one of

the least affected estuaries on Oregon's coast by way of man's in-

fluence. No jetties or permanent harbor improvements have yet

(1974) been built, and dredging has been kept at a minimum. Due to

the sedimentation problems now encountered and threatening the

estuarine environment, these two processes have received added

attention as attempts to revive the Siletz Estuary. The Army Corps

of Engineers have reviewed Siletz Bay for navigational improvements

including building of jetties and maintenance dredging, a total of

eight times. The last review was completed in April of 1973 and it

was recommended that no improvements be made as of that date.
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III. PHYSICAL DESCRIPTION

The Siletz River originates in the coast range of northwestern

Oregon and flows for about 60 miles, finally emptying into Siletz

(23). The bay, the ninth largest on the Oregon Coast, is located 92

miles south of the Columbia River. It is a relatively shallow bay,

about 2.5 miles long and from 0.25 to 1.0 mile wide (Figure 1). A

low sandy peninsula varying in width from 400 to 800 feet separates

the bay from the Pacific Ocean. The entrance, located at the northern

end of the sand spit, is about 250 feet wide at low water. A rock

ledge extends southerly into the entrance from the north side of the

channel (23). The bay has a drainage basin totaling 373 square miles

(14).

The major tributary of Siletz Bay is the Siletz River and it is

considered to flow into the bay two miles from the mouth (14). It

drains an area of 308 square miles (25) and yields an average of

1,400,000 acre-feet (14) of fresh water annually. Drift Creek flows

into the bay from the east at about 1.5 miles from the mouth and

drains an area of 41 square miles (25) yielding 190,000 acre-feet

(29) annually, Schooner Creek flows into the north end of the bay

about one mile from the mouth and drains an area of 15 square miles

(25) yielding 80,000 acre-feet (18) per annum.

The mean tide range of the bay is 5.0 feet (10). Tidal prism on
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a mean tide range is reported to be 3.5 x 108 cubic feet (5). The

head of high tide is about 24 miles from the entrance.

The surface area of the bay measured at high water is 1,086

acres (10). Tidelands account for 65% of this area, while submerged

lands include the remaining 35% (18). Figure 2 shows cross-sectional

area of the bay for various stages of the tide as a function of distance

from the mouth, and is reprinted from the work of Goodwin et al. (5).

The normal riverflow has been estimated at the mouth of the

Siletz River at about 2,000 cfs and the average discharge for the

gauging station near Siletz, Oregon is 1,573 cfs (29). An estimated

74,000 tons (2) of sediments are transported to the estuary annually

by riverflow.

The climate of Siletz Bay is generally moist, marine, and

temperate. Precipitation ranges from 60 to 90 inches along the

coast to as much as 180 inches at the headwaters of the Siletz River.

Approximately 80% of the rainfall occurs between October and

March. Temperatures around the bay do not cover a wide range.

The average minimum temperature for January is 30 °-40 °F and

the average July minimum is 50°-55°F. Daily average temperatures

have been observed to be less than 5°F higher than the minimums.

Summer winds are gentle out of the northwest and winter winds

are gusty out of the southwest. Average wind velocities range from

15 to 25 miles per hour, but winter gusts of up to 100 miles per
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IV. TIDAL DYNAMICS

Introduction

The dynamics associated with tidal heights and flows in an

estuary are quite complex. Through the aid of computer simulation

and finite difference techniques one may attempt to predict tidal and

flow dynamics of a real estuary. Analytic solutions are possible only

after making many simplifying assumptions which make the results,

for the most part, inapplicable for realistic predictions. Tidal flow

computer simulation can be a very expensive process, even after the

model is developed. Considerable field data generally must be

gathered to calibrate and verify such models and makes computer

predictive techniques practicable only when it is economically

justifiable.

The scope and nature of this study allowed physical data and

measurements to be taken which would describe the associated tidal

and flow responses during the chosen seasonal periods. The results

that are presented in no way represent the total range of conditions

that may occur throughout the year. What is revealed are the inter-

relationships between such physical parameters as tidal ranges and

riverflows as measured by such parameters as lag times and tidal

amplification. Thus, the data presented in this study provides not

only the descriptive physical measurements, but some of the
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relationships necessary as input to a computer simulation model that

would be capable of predicting tidal and flow dynamics throughout a

wide range of conditions.

Tidal Discussion

The tides associated with Oregon's estuaries are characteristi-

cally mixed semi-diurnal in nature. The normal sequence associated

with these tides is shown in Figure 3. Differences between spring and

neap tides are quite apparent. It is essential in field analysis to be

aware of the tidal diversity that may be encountered in a specific

area.

A number of basic assumptions must be made, before a

simplified theoretical analysis of tidal motion is attempted. The first

assumption necessary is that the driving force of the system is the

cyclical rise and fall of the water surface at the mouth of the estuary.

The direct tide generation on the water within the estuary by the moon

and the sun is assumed negligible. A second assumption is that the

tidal wave moves with a celerity approximated by a solitary wave,

C = ft)

where C is the wave celerity (ft/sec), g is the gravitational accelera-

tion (ft/sec2), h is the stillwater depth through which the wave moves

(ft) and is the vertical displacement of the water surface from the
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Figure 3. Normal sequence of semi-diurnal tides.
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stillwater depth (ft).

As the incident wave travels up the estuary its amplitude is

affected by several factors, particularly those related to the boundary

geometry. If the estuary diverges the amplitude is decreased; and if

the estuary converges the amplitude increases. The wave is subjected

to boundary friction as it moves up the estuary, dissipating energy

and thus reducing the amplitude. If the estuary has a rapidly con-

verging channel, the incident wave may experience reflection from

the side walls and this continuous reflection of energy tends to reduce

the amplitude.

A progressive wave traveling up an estuary unimpeded would

exhibit tidal heights and velocities in phase. The time of maximum

height would correspond with maximum currents. In real estuaries,

due to frictional losses, energy dissipation, riverflow and boundary

reflection, this does not occur. For general analysis, a negative

wave may be superimposed on the incoming wave and at one extreme

the resulting wave dynamics may exhibit characteristics of a standing

wave. In such a case the heights and velocities are 90° out of phase

with respect to each other. The times of maximum and minimum

heights would correspond to zero velocities, while maximum

velocities would occur halfway in between. In real estuaries this

phenomena is unlikely to occur, due to the imperfect reflecting nature

of the estuary. What one would expect to observe is some



16

intermediate phase relation between time of maximum or minimum

tidal height and maximum or minimum tidal velocities.

Since the tidal wave moves in theory with the characteristics of

a solitary wave it can be expected that a flooding tide will propagate

up the estuary faster because of the greater mean depth than an

ebbing tide. Due to these effects, it can be concluded that the time

difference or lag time between high or low tide at the mouth and that

at some distance from the mouth will be different. In general, the

lag time between high tide at the mouth and at some position upstream

will be shorter than the lag time between low tide at the mouth and at

the same position upstream.

Other factors are directly related to the lag times of high and

low water. Stream flow is a factor which tends to negate the phase

difference expected due to mean depth only. A high river flow

impedes the flooding tide and tends to increase its lag time. The

increased mean depth, when compared to lesser flows, tends to

decrease the lag time. Although an increased mean depth decreases

the lag time, it can be assumed that the power required to overcome

the river's momentum causes a net increase in lag. Since riverflow

would move in the same direction as an ebbing flow, its momentum

would be imparted to the ebbing tide and also provide an increase in

mean depth when compared to a lesser flow rate. Both these effects

tend to decrease the low tide lag time.
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Local winds can also affect the tidal wave by imparting surface

stresses that create local surface currents. These currents may flow

against the advancing wave and cause energy dissipation which would

retard the wave, or they may flow with the wave thus adding energy

to the wave and "stacking" up water along the coast. If winds are

strong enough and of sufficient duration they can significantly affect

the tidal heights and times. An onshore wind can make a tidal wave

appear sooner and larger than expected.

Barometric pressure can affect the tidal wave if there are

gradients in the direction of propagation. If the local pressure is low

with respect to the offshore pressure, the wave will tend to move to-

ward the shore with greater velocity and amplitude. If there is a

local high pressure the wave will be impeded.

Lag times may be calculated in two ways. The difference

between predicted and measured times at one station would take into

account the lag caused by abnormal stream flow, wind, and pressure.

The second method measures the lag between the mouth and any

position within the estuary. This lag time is an indicator of the

combined effects of wave celerity, estuary geometry, bottom friction

and stream flow. In the case of a large and long estuary, local winds

and pressure gradients could become significant. In this study the

estuary is considered small and short and local effects of winds and

pressure gradients are probably negligible.
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Tidal predictions take into account many of the seasonal vari-

ations of predictive factors. At stations situated on tidal rivers the

average seasonal variation in river level due to freshets and droughts

may be considerably more than a foot. The National Oceanic and

Atmospheric Administration (NOAA) (26), tidal predictions used in

this study include an allowance for this seasonal variation represent-

ing the average freshet and drought conditions. Unusual freshets or

droughts will cause the tides to be higher or lower and the lags to

be greater or lesser than predicted.

Tidal Measurements

Tidal measurements were taken during the following periods:

January 16 - February 21, May 9 - 23, August 21 - September 4,

and November 27 - December 11, 1973. The longer measurement

period of January and February was due to the inability to obtain

simultaneous readings from all three stations over a projected two

week period. The measurement periods were chosen as an attempt

to match what might be considered seasonal variations in the

estuarine processes. The January -,February period was chosen as

Winter. The riverflow was moderate, the fresh water temperature

was cold. The May period was selected as the Spring season, During

this period the river temperature was still cold, but the fresh water

flow not as high as expected. The Summer season measurements
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were taken during August and September. The riverflow was low and

fresh water temperature high. The Fall season was established

during November-December, as this was the period during which the

first heavy rains since summer occurred. The fresh water flow was

high and the river was discolored from the sediments it carried.

Tidal ranges and times were measured at three different

locations as shown on Figure 4. The tide station nearest the mouth

was located on the west end of the shore side of the public dock. The

station near the Highway 101 bridge was located next to a pile on the

west side of the main gangway of Siletz Moorage. The third tide

recorder was placed alongside a pile on the west side of the main

gangway of Sportsman's Landing. The stations were located 0.1,

2.3, and 6. 5 miles from the mouth of the Siletz Bay.

The tidal measurements were taken with Leupold and Stevens,

Type F Water Level Recorders, with the exception of the measure-

ments taken during the May, August, and November-December

periods at the public dock, in which a Bristol Bubbler Tide Gauge

was used. The Stevens Type F Recorder is a chain and float instru-

ment that requires a stilling well to damp out oscillations caused by

waves and surging. Eight-inch diameter aluminum pipe with holes

drilled along the sides provided the stilling basin. A recorder plat-

form was secured to the top of the pipe and the entire assembly was

lashed to pilings. This type of recorder has a 24-hour clock and
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needed servicing daily. Tidal ranges can be measured to within 0. 3

foot and times to within five minutes.

The Stevens gauge was found inadequate for the Public Dock

station due to the amount of driftwood that accumulated behind the

dock. This driftwood battered the stilling well until the float could

not move with the water surface. The final decision to replace this

gauge came when it was reported stolen.

The bubbler gauge is a pressure sensing instrument. Water

pressure at the sensor can be detected while keeping the orifice

full of nitrogen gas and subsequently detecting the pressure in the gas.

The gas pressure in the supply line, which is the same as the pressure

at the bottom of the orifice, is detected by a set of temperature com-

pensating bellows which are linked to a recording pen. It is equipped

with a six-inch strip chart recorder that needs servicing weekly.

The pressure orifice was attached to the inside of a piling in a position

sheltered from the driftwood. The nitrogen hose was run under the

dock, up a utility pole, and over to an adjacent building. The re-

corder was placed beside the building where it could be serviced

easily.

Tidal Results

Daily measured and predicted tidal data for the four seasonal

periods are tabulated in Appendix C. The tidal ranges, times of high
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and low waters, measured lag times and average daily stream flows

are listed. All times have been adjusted to Pacific Standard Time.

Predicted heights, ranges, and times of high or low water have been

taken or computed from the U. S. Department of Commerce, NOAA

tide tables for the West Coast of North and South America.

Tidal ranges were measured for both a falling and rising tide

at each station during the four seasonal periods. NOAA predicted

ranges were available for two of the stations, the Public Dock and

Siletz Moorage. To verify the predicted ranges, plots of predicted

vs. measured ranges on a falling range were made (Figures 5 and 6).

These plots showed that in general the predicted ranges were within

15% of the measured ranges with a few exceptions. The 45 degree

line in each plot shows an exact correlation and the broken lines show

a 15% error. The data points outside the 15% error lines may be

attributed to abnormal riverflows, either high or low. Data taken

during the Fall season at the Public Dock and Siletz Moorage in which

several freshets occurred revealed a dependence of measured range

on riverflow. Above a measured range of four feet, the predicted

range is generally greater than the measured and was never found to

be less. This may be the result of the riverflow damping the tidal

wave. In one instance the error was greater than 70%.

Predicted times of high and low waters were compared to

measured times at the Public Dock and Siletz Moorage. The
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frequency historgrams plotted in Figures 7 and 8 show the time

difference between predicted and measured occurrence of high or low

water as a percentage of the total measurements. Time increments

of ten minutes were used to group the measurements. Thus, a high

or low tide which occurred five minutes before or after the predicted

time of occurrence would have a zero lag time. A high or low tide

which occurred between 6 and 15 minutes after the predicted time of

occurrence would be given a ten minute lag time.

The frequency distribution for the Public Dock is plotted in

Figure 7. The lag times for high tide have a relatively narrow dis-

tribution with 92% of the measured lag times occurring within 20

minutes of the predicted time. The frequency distribution for low tide

lag times is more disperse, with 72% of the lag times falling within

20 minutes of the predicted time. The high and low tide curves indi-

cate a general trend of high tide occurring more frequently after the

predicted time, and low tide occurring more frequently before the

predicted time.

The frequency distribution for the Siletz Moorage is shown in

Figure 8. The shape of the high and low tide plots are similar to

those of the Public Dock. The high tide distribution within a 20

minute range of predicted times accounts for 86% of the measured

times, while the low tide distribution accounts for 65% of the mea-

sured times within the same range. High and low tides tend to occur
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more frequently before predicted times.

If the predicted times correctly described the tidal motions, a

bell shaped plot centered around the zero time lag would be expected.

The differences found in Figures 7 and 8 may be attributed to several

factors. The predicted times are based on measurements made over

40 years ago and since that time many natural and man-made changes

have occurred in the bay which may have altered the tidal response.

The silting in of the South Bay and the diking of the Millport Slough

have probably caused the tidal wave to move more quickly in that

portion of the estuary. In effect these changes have reduced the

amount of tidal inflow necessary to fill that portion of the bay and it

consequently fills more quickly. The Siletz Moorage is located

approximately 3,000 feet from the main channel of the South Bay, and

the lag time frequency histogram generally shows that the tidal wave

occurs approximately ten minutes sooner now than it did when the

original measurements were taken. Changes in the geometry of the

mouth and current patterns within the bay may be the cause of the

lag trends experienced at the Public Dock station. A reduction in

the flow area of the mouth would create a more choked condition re-

sulting in high tides occurring later. The siltation which has occurred

in the South Bay and west of Cutler City has made the tidal flats

shallower and created more well defined channels. With a shift of

water volume from the tidal flats to the channels there is a tendency
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for the bay to drain more quickly on an ebbing tide. This effect may

be offset by a choked condition at the mouth on the ebb tide. These

conditions are hypothetical, yet are the most reasonable explanations

with regard to the effects of natural or man-made phenomena altering

the tidal responses of the bay. Seasonal variations were not appar-

ent at either station, though it could be expected that abnormal river-

flow or weather conditions would produce anticipated local deviations

from predicted times.

Time lags between predicted and measured high or low waters

give an indication of the accuracy of the predicted tidal response. If

the measured range was plotted against this lag, assuming that the

difference between the measured and predicted range was not con-

sistently large, some general results could be expected if the pre-

dicted tidal response was relatively accurate. The lag times should

show no dependence on the range, and should be centered around

zero. The only exception would be during periods of abnormal river-

flow and local weather conditions. These conditions would radically

alter the expected range.

In Figure 9, the measured range has been plotted against the

time error or lag time between predicted and measured times of high

or low water for each seasonal period at the station nearest the

mouth. The ranges for the ebbing or low tide conditions are given a

negative value to indicate that the range was measured from high to



10

8

6

4

O 2z

0

F, -2

-4

6

8

-10

10

8

6

P 4

w 2
z
CC 0

a -2

2 -4

-6

-8

-10

JAN. 21- FEB. 21

AVERAGE LAG =12.4 MIN

-40 -20 0

HIGH TIDE

20 40 60 80

AVERAGE LAG =13.2 MIN

LAG TIME (MIN)

AVERAGE LAG =15.6 MIN

-20 0 20

HIGH TIDE

40 60 80 100

LOW TIDE

AVERAGE LAG = 24.8 MIN

LAG TIME (MIN)

10

8

6

1= 4

w 2

0
0

7, -2

2 -4

-6

-8

10

10

8

6

2
z4

0

CO -2

-4

6

8

10

30

AVERAGE LAG = 4.3 MIN

MAY 9 -MAY 23

I I

-40 -20 20 40

HIGH TIDE

60 80

LOW TIDE

AVERAGE LAG = -5.1 MIN

LAG TIME (MIN)

HIGH TIDE
AVERAGE LAG

-3.4 MIN

NOV, 27- DEC. II

-80 -60 -40 -20

LOW TIDE

I I I

0 20 40
AVERAGE LAG

=-II MIN

LAG TIME (MIN)

Figure 9. Measured range vs. time error of predicted high and
low water, Public Dock, Siletz Bay, 1973.



31

low water. The high tide plots show no apparent trends with respect

to the measured range. The lag times are widely scattered about

zero and the average lag ranges from 15. 6 minutes after predicted

high water in August to 3.4 minutes before predicted in December.

The Fall data shows more scatter in lag times and ranges, and may

be due in part by the numerous freshets which occurred during this

period.

The low tide plots reveal a general trend in which small ranges

have a negative lag and larger ranges have increasingly more positive

lags. The lags are more widely dispersed about zero and have

average values which range from 40.9 minutes during the Winter

period to -11 minutes during the Fall period. The Fall data is more

widely scattered which again may be attributed to the abnormal river-

flows encountered.

The apparent trend of lag times found on an ebbing tide may

reflect physical changes which have occurred within the bay since

tidal measurements were first taken for tidal analysis and predictions.

From the data presented it appears that the predicted times of high

and low water do not adequately represent the tidal response at the

mouth of Siletz Bay.

The lag time between high or low water at the mouth and any

point within the bay indicates the speed with which the tidal wave

propagates through that section. Measured lags between the Public
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Dock and the two upstream stations at Siletz Moorage and Sportsman's

Landing are presented for each season in Figures 10 and 11. The

Spring season plot for Sportsman's Landing was omitted due to in-

sufficient data.

Several observations can be made from these plots. One con-

sistent feature is that high tide average lag times are less than low

tide average lag times. This is predictable from theory if the

assumption that the tidal wave propagates with a celerity that is pro-

portional to the square root of the combined depth. The peak or

crest of the flooding tide moves in water with a greater depth than

does the corresponding ebb tide trough.

The average lag of high tide at Siletz Moorage appears to be

approximately 20 minutes during the Fall and Winter pekiods and 40

minutes during Spring and Summer. The average lag of high tide at

Sportsman's Landing is approximately 50 minutes for the Winter,

Summer and Fall periods. There seems to be no apparent dependence

on tidal range and the data is rather widely scattered.

The average lag of low tide at Siletz Moorage ranges from

about 40 minutes during the Winter to approximately 60 minutes during

the Spring period. Intermediate values are found during Summer and

Fall. Average lag times for low tide at Sportsman's Landing are

approximately 67, 71, and 93 minutes for the Summer, Winter, and

Fall periods, respectively. Although very general in nature, there
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appears to be a dependence of lag time of low tide with respect to

tidal range. Smaller lag times to some degree correspond to smaller

ranges and vice versa.

The seasonal variations in lag times are difficult to explain. It

would be expected that during periods of high riverflow the high tide

lag times would increase and the low tide lag times would decrease

if inertial effects are dominant over mean depth. At Siletz Moorage

both the high and low tide lag times decreased during the Fall and

Winter periods when compared to Spring and Summer. This may be

an indication that high tides are more dependent on the combined

depth of the riverflow and tidal range, while low tides are dependent

on the inertial effects of the riverflow at this station. At Sportsman's

Landing the lag times for high tide decreased slightly during Fall and

Winter, while the low tide lag times increased during the same

periods. It appears that the interaction of the riverflow with the tide

is more complex than assumed and further analysis would be needed

to provide a more complete explanation.

At both the Siletz Moorage and Sportsman's Landing the data for

the Fall season has more scatter than during the other periods.

Again, this may be attributed to the freshets which occurred during

the Fall. The low tide plots show a greater distribution of lag times

than the high tide data. This may be the result of the dependence of

the low tide lags on the measured tidal range.
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The effect of riverflow on the tidal range as a function of

distance up the estuary is shown in Figures 12, 13, and 14. The tidal

amplification factor is defined as the ratio of the local tidal range to

the range at the mouth (5). In these figures the local tidal ranges were

the measured ranges at the Public Dock, Siletz Moorage, and

Sportsman's Landing, and the NOAA (26) predicted range at Taft was

used for the range at the mouth. The available streamflow data was

for the U. S. Geological Survey (U. S. G. S.) (29) gauging station

located near the town of Siletz, Oregon and provided daily mean flows.

To obtain a more consistent basis of comparison, the amplification

factor or range ratio, as it shall be referred to herein, was averaged

over two tidal cycles. This average daily range ratio would be more

consistent when plotted against a daily average streamflow. Stream-

flows were lumped into 100 cfs intervals and an average of the

corresponding range ratios was made. Even with these combined

averaging techniques, data scatter is still apparent. Figure 12 shows

that the tidal range at the Public Dock was unaffected for riverflows sup

to 10,000 cfs. More data at higher flow rates would be necessary to

make this observation conclusive. In Figure 13 the range ratios began

to decrease exponentially above a flow rate of 2,500 cfs. At a flow

rate of about 10,000 cfs, the range of the tidal wave was damped to

approximately 65% of its value at the mouth. At Sportsman's Landing,

Figure 14, the riverflow began to damp the tidal wave in an
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exponential fashion at about 2,000 cfs. The dampening was more

severe at this station and a reduction of the tidal range to about 45%

of its value at the mouth was experienced with a riverflow of 10,000

cfs.

Although no apparent dampening occurred at the mouth for the

ranges of riverflows observed, it should be pointed out that this

station was located in the bay section of the estuary, whereas Siletz

Moorage and Sportsman's Landing were located in the riverine channel

of the estuary. Thus, it should be expected that riverflows would

have more influence over the tidal wave in the channelized sections.

During normal streamflow conditions, a slight dampening of

the tidal range was observed as the flood tide progressed up the river

channel. Goodwin et al. (5) reported that tidal amplification occurred

at stations further up the estuary. His data was collected during a

two week period in September of 1969. He found that greater ampli-

fication was related to smaller tidal ranges. Figure 15 shows some

of Goodwin's results relating to tidal amplification on the Siletz

Estuary. It appeared that there may be periods where amplification

occurs in the river channel, yet on a more seasonal basis a slight

dampening of the tidal range predominated.

Table I lists the average range ratios for both a falling and

rising range. The falling range is from high to low water or an

ebbing range, and the rising range is the flooding range. The data
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Table I. Average Seasonal Range Ratios

Measurement
Period
(1973) Range

Average Range Ratio at Tidal Stations

Public Dock Siletz Moorage Sportsman' s Landing

Jan. 16 - Feb. 21 Falling 1.02 0.99 0.99

Rising 1.00 0.97 0.96

May 9 - May 23 Falling 1.04 1.00 0.98

Rising 1.03 0.95 0.92

Aug. 21 - Sept. 4 Falling 0.99 0.92 0.92

Rising 0.96 0.87 0.90

Nov. 27 - Dec. 11 Falling 1.04 0.90 0.70

Rising 1.00 0.83 0.68



43

again show that on an averaged basis the tidal wave was damped

slightly as it progressed up the estuary. The flooding range ratio

was consistently smaller than the ebbing range ratio, and may reflect

the physical changes and alterations that have taken place in the bay

since the initial tidal measurements were taken for tidal predictions.

Large deviations from the undamped tidal wave condition (range ratio

equal to 1.0) coincided with the periods of high riverflows during the

Fall season.

Tidal Model: Goodwin

C. Goodwin (1974) developed (6) a one-dimensional computer

model, which uses a finite differences technique to provide predictive

estuarine tidal hydraulic information. To calibrate and verify his

model, Goodwin used data from three Oregon estuaries: the Yaquina,

the Alsea, and the Siletz. Data was collected in the Siletz estuary

on September 15, 1969 during a vertically well-mixed condition.

Goodwin found a pronounced attenuation of the tidal wave at the mouth

and to a lesser degree in the bay. He observed amplification as the

wave progressed up the channel-like river section. Amplification was

inversely proportional to the tidal range.

Goodwin's computer model, once calibrated and then verified,

predicted the following parameters:

1. Tidal Height (probable error .2 feet)
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2. Tidal Lag (probable error - 10 minutes)

3. Maximum. Velocities (probable error - 20 percent)

A predictive run indicated that doubling the entrance area would nearly

eliminate the choking condition at the mouth and result in greater

tidal ranges throughout the bay. Removal of the choked entrance

would allow velocities at the mouth to decrease and due to the in-

creased tidal range velocities within the bay would also increase.

Lag times of high and low water would be reduced.

No effort was made to compare results, due to the fact that

Goodwin based his analysis on the tidal displacements and times of

the ocean tide wave. The results of this study are based on tidal

measurements taken just inside the mouth. However, it can be

concluded that the tidal amplification Goodwin described for the river

section is not entirely consistent throughout the year. During high

riverflows the tidal wave is measurably damped as it traverses up

the estuary.

Flow Discussion

The currents and flows observed in estuaries are the result of

the rise and fall of the tide, the freshwater inflow and deni3ity differ-

ences. The tidal range and characteristics at the mouth to a great

extent determine the magnitude and duration of tidal currents in

estuaries. The physical geometry is significant in determining the
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current patterns and magnitudes encountered in each individual

estuary.

Some general observations can be made with regard to the above

considerations. The greater range of spring tides will generally pro-

duce stronger tidal currents than the smaller range of neap tides. A

large freshwater inflow will in general reduce flooding currents and

increase ebbing currents. The semi-diurnal tides, encountered in

Oregon's estuaries, produce tidal currents with some unique

characteristics. The normal sequence of the mixed tides provides

tidal ranges on the two flooding tides to be nearly equal in magnitude.

This results in tidal currents whose magnitude and duration are quite

similar. The ebb tide following LHW has associated currents that are

comparatively smaller in magnitude and duration, while the ebb tide

following HHW, due to the greater range, generally has a greater

current magnitude and duration than either of the flooding tides.

Phase relationships between the time of maximum and minimum

currents and time of high or low water in estuaries is quite complex

and varies individually. If tides and currents are in phase, the maxi-

mum ebb and flood currents coincide with low and high tide,

respectively. If the tides and currents are 90 ° out of phase, the

maximum ebb and flood currents occur halfway between low and high

tide, respectively. Long estuaries are characterized by being in

phase at the mouth and 90 ° out of phase at the head. Shorter
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estuaries tend to have tides and currents that are essentially 90° out

of phase.

As the tide moves into and out of an estuary an exchange of

water occurs. The estuary acts as a storage basin on the flooding

tide. As the tide ebbs the stored sea water moves out through the

mouth. The total amount of sea water that is removed on a falling

tide is defined as the tidal prism, and is only dependent on the

amplitude of the tide for a given estuary.

Flow Measurements

Currents were measured at two stations in the Siletz Estuary

during each of the four seasons. Currents were measured on the

following days: January 25, May 15, August 28, and December 3,

during a flood and respective ebb tide. An attempt was made to

match the measurement period during each season with a six foot

tidal range. This was an attempt to provide similar flow conditions

so that seasonal changes could be related to each measurement

period. Similar tidal ranges do not insure equal flow conditions,

since the maximum and minimum depths of two different six foot tides

are not necessarily the same. This is more of a problem in a shallow

estuary such as the Siletz, because of the greater influence of changes

in the stillwater depth with respect to the tidal wave celerity, than in

deeper estuaries. Difficulties also arose in trying to schedule field
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measurements during each season that provided consecutive six foot

ranges on a flooding and ebbing tide during daylight hours with rea-

sonable weather conditions. It should be noted that several com-

promises to these guidelines were made during the course of this

study.

The current stations were located as shown on Figure 4.

Station 1-1 was positioned approximately 0.4 miles from the mouth

and was laid out perpendicular to the channel on the west side of the

bay. The station 2-2 was: located about 2. 6 miles from the mouth and

was also perpendicular to the channel. The position of each station

was re-established during each field trip by using permanent land-

marks.

Each station had four measuring positions marked by floats. An

attempt was made to lay the marker floats across the channel at equal

distances. This was found to be difficult to achieve due to the cur-

rents, wind, and drifting floats. The position of the floats and the

channel bathymetry was measured by laying a perpendicular baseline

and determining baseline angles to the floats. At each float the depth

would be recorded at the same time the angle was measured.

Currents were measured using either a Price-type Gurley Salt

Water current meter or a Hydro-Products current speed sensor.

The Price meter is a cup-type velocity meter and the revolutions of

its cups are recorded with a digital counter. The number of counts
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during a 30-minute interval are recorded and converted later to

velocity. It provides a measurement of the cup rotation and not cur-

rent direction. The Hydro-Products meter measures direction and

speed and is equipped with a direct - read -out unit. The current direc-

tion sensor consists of a balanced free-swinging vane which is

magnetically coupled to a potentiometer and compass assembly. The

current speed sensor is a Savonious rotor mounted on carbide bearings

and transmits electric pulses to the read-out unit. The Savonious was

limited in accuracy to velocities on the order of 0.05-7 knots, and a

tilt of the meter would result in an error approximately equal to the

cosine function of the tilt angle for small angles (10-15 degrees).. The

angle of the meter could only be roughly approximated from the angle

of the attached cable. Such a correction was not attempted. The

Price meter was used exclusively at the downstream station and the

Hydro-Products or Savonious meter was used upstream.

It was intended that measurements be taken for a period from

two to three hours before to one hour after maximum flow. This was

not always accomplished due to occasional equipment failure and un-

predictable tides. At each float the time of measurement and total

depth was noted. Velocities were measured in two to five foot inter-

vals starting from the bottom and working toward the surface.

The velocity and bathymetry data was input into a computer

program using a simple averaging and summation technique. The
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computer program and its description are given in Appendix A. The

velocity profiles taken respectively from one side of the channel to the

other constitute a pass. A pass took between 20 and 40 minutes to

complete. For each pass the computer program outputs the average

flow rate, velocity, cross sectional area and time of pass. The time

was the average from the first float to the last.

Flow Results

Average tidal flow rates and velocities were plotted along with

the corresponding measured tidal curve to obtain phase lags for times

of maximum flows and velocities relative to the time of high or low

water. Figure 16 is included in the text to provide comparison of the

flow and velocity curves at the downstream and upstream stations,

respectively, during the Summer period. The curves for the remain-

ing seasonal flow and velocity measurements are provided in Appendix

B. Positive values of flow and velocity indicate a flooding tide and

negative values indicate an ebbing condition.

A summary of the seasonal phase results are presented in

Table II. The measured tide at the Public Dock was used for the

downstream station, and the tidal measurements at Siletz Moorage

were related to the upstream station. The average daily riverflow

has been included in each plot to provide a comparison with tidal

generated flow rates.
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Table II. Flow and Velocity Phase Results

Phase Lag Before High or Low Water

Date
1973

Tide Downstream Station (RM-0.4)
Flow Velocity

Upstream Station (RM -2. 3)
Flow Velocity

Range at
Mouth

(ft)

Jan. 25 Flood 82°* 82°* 21° 21° 3.1**
Ebb 970* 86°* 82° 77° -5.3**

May 15 Flood 400 550 45° 54° 5.6
Ebb 78° 70° 68° 68° -2.8

Aug. 28 Flood 39 ° 45° 36° 43° 6.4
Ebb 108° 96° 90° 71° -5.8

Dec. 3 Flood 45° 45° 2.6
Ebb 60 ° 60 ° -4.0

* Based on predicted time of high and low water

:4-** Predicted range (NOAA)



52

Phase relationships for the Winter season at the downstream

station were based on predicted times of high and low water due to an

inoperative tide recorder during that period. These results were

questionable due to the scatter found in the lag of high and low water

when compared to the predicted times. Phase lags for the Fall season

at the upstream station were omitted because of unreliable and in-

complete data.

It was observed that maximum flood flows occurred between 40

and 50 degrees (80 and 100 minutes) before maximum tidal heights at

the downstream station and between 20 and 45 degrees (40 and 90 min-

utes) earlier at the upstream station. The time of maximum ebb flows

occurred between 60 and 108 degrees (120 and 216 minutes) earlier at

the downstream station and from 68 to 90 degrees (136 to 180 minutes)

at the upstream station. At both stations the maximum flood flows had

smaller phase lags than maximum ebb flows as expected from the

relationship between tidal wave celerity and mean depth expressed in

the solitary wave equation.

Maximum average tidal currents possessed the same general

characteristics as the tidal flows with regard to phasing. In all but

one instance the maximum tidal velocities occurred before or during

the time of maximum flood or ebb flows. The smallest ebbing phase

conditions coincided with the highest riverflow conditions, and the

largest ebbing phase lags occurred during a period of low riverflow.
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The flooding phase relationship was more consistent and did not

appear to be related to riverflow. Little correlation was found

between phase and tidal range, although more data would provide a

better basis of comparison. Flooding flows and velocities peaked

more sharply than ebbing flows and velocities, and as a consequence

the maximum flooding flows and velocities were generally greater

than those on an ebbing tide of similar range. These characteristics

are shown in Figure 16 in which the tidal ranges were similar. The

actual magnitude of the flows and velocities were dependent on the

tidal range and riverflow. Velocities were generally higher at the

upstream station and flow rates lower.

Circulation and Diffusion

Aerial photography was used in a circulation and diffusion study

of Siletz Bay during February 17, 1973, on an ebbing tide. Articu-

lated dye streaks were used as the targets and provided permanent

visual records of the direction and magnitude of the flow conditions

within the bay. Weise provided the methodology used to obtain

magnitude and direction of velocities and two dimensional diffusion

coefficients from the photographs (30). Basically, the information on

the photographs is manually digitized and input into a computer pro

gram, which outputs desired parameters in a vector format super-

imposed on an outline of the estuary where the measurements were
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taken. Areproduced sample output is presented in Figure 17 and

shows a portion of the Siletz Bay near the mouth.

This area has a complex circulation pattern on an ebbing tide.

Ebbing flows follow the river channel into the bay and congregate along

the east side of the spit. They follow the spit toward the mouth until

they reach a position about 2,000 feet south of it. The flow splits into

two main portions, one following the spit towards the mouth and the

other flowing in a northeast direction toward the mouth of Schooner

Creek. Between the flow channels exists a shoal area with an oval

shape. The flow is diverted by the water emptying from Schooner

Creek, and arcs toward the mouth.

Velocities within the mouth were measured at more than 11 feet

per second. Surface velocities were reported to be 15% greater than

measurements taken at 0. 6 total depth throughout the bay (30).

Diffusion coefficients were measured for each individual dye patch

and therefore are rather specific in nature. Further information

concerning the diffusion coefficients may be found in reference (30).

Due to the limited daylight hours during which aerial photo-

graphs could be taken, flood tide circulation patterns could not be

established. However, earlier aerial photo analysis conducted by

Wesley James (9) on the Siletz Estuary revealed maximum flood cur-

rents to exist along the east side of the bay. This appeared to be the

correct circulation pattern found in the portion of the bay northeast of
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Figure 17. Sample output of aerial photo study of circulation and
diffusion, Siletz Bay, February 17, 1973.
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Cutler City from field observations. It was observed that the maxi-

mum flow then follows a southwest direction and parallels the sand-

spit until it encounters the wide reach of the South Bay. The flow

pattern at this position during a flooding tide becomes quite compli-

cated and dependent on riverflow and tidal range, but in a general

sense the flow tends to fill the South Bay before reaching a maximum

value in the riverine channel. The general circulation patterns during

a flooding and ebbing tide are shown in Figure 18.

Minimum Flow Area Relations: O'Brien and Johnson

A unique relationship was found to exist between the tidal prism

and the minimum flow cross section at the mouth of an estuary with a

sandy coast. O'Brien (15) felt that some relation existed between

tidal prism and flow area that would explain why large bays had large

inlets and small bays had small inlets. The following empirical

equation expresses the relationship he found.

A = 4.69 x10-4 P0.85

A = the minimum flow cross section of the entrance channel

(throat) measured below mean sea level (square feet).

P = the tidal prism corresponding to the diurnal or spring

range of tide (in cubic feet).

Compilation of additional data for a larger number of inlets resulted
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in a more recent paper by O'Brien (16) in which the same relationship

was observed to hold for jettied inlets on the Pacific, Atlantic, and

Gulf coasts of the United States. He also found that for a limited

number of unjettied inlets the following relationship described the

minimum flow area.

A = 2.0 x 10-5P

J. W. Johnson (10) analyzed O'Brien's relationship for 26 inlets

along the Washington, Oregon, and California coasts. He attempted

to find conditions that may have been responsible for deviations from

O'Brien's equation. He found that a fairly good relationship existed

between the tidal prism, P, on the mean tide range and the minimum

flow area, A, below mean sea level for most of the inlets along the

Pacific Coast. Departures were noted from inlets that had the

following characteristics:

1. Inlets stabilized with relatively long jetties.

2. Inlets where the wave climate is less severe.

3. Inlets located where the littoral drift is less significant

and does not affect the entrance channel.

4. Inlets that were over-dredged and have not reached

equilibrium.

Johnson's data provided a different empirical relation between tidal

prism and minimum flow area, reported as:
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P /A = 5.0 x103 P0.10

This may be manipulated into a form similar to O'Brien's, yielding:

A = 2.0 x 10 -4 P° . 90

The exponent of the tidal prism, compares quite closely with

O'Brien's. However, a difference of more than a factor of two exists

in the constant coefficient of the tidal prism. This difference

apparently is the result of the methods used in measuring the tidal

prism. O'Brien used the mean spring tide range in determining the

tidal prism, while Johnson used the mean tide range in the bay.

The Siletz Bay was one of the inlets used by Johnson in his study.

He has reported a tidal prism of 3.5 x 108 cu. ft. and a throat area

below mean sea level of 6. 5 x 103 sq. ft. The tidal prism was deter-

mined by taking an average of the surface area of the bay at low and

high waters and multiplying this average by the mean tide range. The

cross sectional area of the throat was determined by planimeter from

National Ocean Survey charts.

The verification of O'Brien's and Johnson's empirical relation-

ships for minimum flow area was not conducted with direct measure-

ments. Data was available to estimate the mean tidal prism on a

spring or mean range. For the Siletz Estuary the mean tide range

is 5. 0 feet and the mean spring tide range is 6, 6 feet (26). If the tidal

prism is calculated using a mean surface area between MHT and MLT,



60

as reported by the Oregon Division of State Lands (14), and the mean

tidal range, a mean tidal prism of 1.75 x 108 cu. ft. is found. This

is the same procedure that Johnson used to evaluate the mean tidal

prism. His reported value for Siletz, 3.5 x 108 cu. ft. is based on

the tidal range from MLLW to MHHW and is greater by a factor of

two. Goodwin et al. reported a cross sectional area near the mouth

of 3.4 x 103 sq. ft. at mean tide level (5). This compares unfavor-

ably with the value of throat area below mean sea level, 6.5 x 103

sq. ft., reported by Johnson. Mean tide level is reported as 3.4

feet (26) and mean sea level is given as 2.46 feet (5). It can be seen

that the difference in the throat areas reported by Goodwin and

Johnson is only exaggerated by correction to similar reference

datums. The width of the mouth, as measured from a tideland map

compiled from aerial photography in 1971 by the State of Oregon

Division of State Lands, was found to be approximately 420 feet at

mean sea level. Using the throat areas reported by Goodwin and

Johnson, and the mean tide level width, the mean depths were found

to be 8.1 and 15.5 feet, respectively.

The mean depth calculated from Johnson's data is not consistent

with personal experience. On August 19, 1973 using scuba equipment,

a dive was made to examine the inlet bottom. The time of the dive

was shortly after low slack tide, and a traverse across the mouth

near the minimum flow area revealed maximum depths on the order



61

of eight feet with an estimated average of five to six feet. Taking into

account the difference between mean tide level and the predicted low

tide height in which the dive was made, approximately two feet should

be added to the above estimated average depth. This would make the

average minimum flow area depth at mean tide level on the order of

seven to eight feet. It would appear that Goodwin's data more closely

represents the physical dimensions of the throat area of Siletz Bay.

The tidal prism used by Johnson and Goodwin seems to be rea-

sonable when compared to the tidal prism calculated from the mean

tide range and the corresponding average areas. A two-fold increase

could be expected from increased average area and tidal range when

using MLLW to MHHW as a reference. It seems inconsistent for

Johnson to use a tidal prism with a different range than what he based

his results. Therefore, his relation will be verified using the tidal

prism calculated from the mean range. To verify O'Brien's two

relations, a tidal prism based on the spring range will be used. Since

there are no surface areas reported that are representative of the

spring range of tides, a linear extrapolation of the high tide area will

be used. The results of three relations are shown in Table III and are

compared to the minimum flow area reported by Goodwin.

From the percentage differences shown it can be concluded that

both of the O'Brien relations as well as Johnson's tend to over-

estimate the flow area. Goodwin et al. reported that O'Brien's



Table III. Compari on of O'Brien's and Johnson's Relations

Tidal Prism (P) Surface Area
Relation (cu. ft) (sq. ft. )

Tidal Range
(ft. )

Flow Area
(sq. ft. )

Percentage
Difference *

O'Brien (1) Z. 64 x 108

A = 4. 69 x 10 -4P .85

O'Brien (2)

A = 2 x 10-5P

Johnson

A = 2 x 10 -4P.9

4 x 10

2. 64 x 108 4 x 107

1.75 x 108 3. 5 x 107

6. 6
Spring Range

6. 6
Spring Range

5.0
Mean Range

* Percentage Difference = (A - A
Goodwin Calculated Goodwin

6.76 x 103

5. 28 x 10 3

5.14 x 103

x 100

-99%

- 56%

- 51%
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first relationship did not hold for the Siletz Estuary and that it also

overestimated the minimum flow area. Goodwin hypothesized that

the wave induced longshore currents supplied additional material which

reduces the entrace cross-sectional area.

Due to the semi-diurnal nature of the tides it would be likely

that monthly variations could be expected in cross-sectional throat

areas. The larger range of the spring tides would increase the tidal

prism and the throat area, and the smaller range of the neap tides

would tend to decrease the throat area. Seasonal variations could be

expected to follow the changes in riverflow. The larger flows pre-

valent in the water would increase the tidal prism and the minimum

flow area, while lower flows characteristic of summer conditions

would tend to decrease the flow area.
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V. WATER QUALITY

Introduction

Water quality in an estuarine environment fluctuates both daily

and seasonally, and geographically within the estuary. The ability to

live within these water quality variations makes the life in an

estuarine community unique.

The Oregon Department of Environmental Quality (1974) main-

tains six water sampling stations in the estuary and also several

stations within the river system itself from tidewater to the head-

waters of the South Fork at Valsetz, Oregon, The U. S. Geological

Survey operates two water quality stations on the Siletz River at river

miles 54.0 and 42.6.

Daily variations in water quality are generally related to the

tidal exchange of salt water and the biological and chemical processes

involved in solar energy exchange. Seasonal changes can be attri-

buted to fluctuations in riverflow, temperature, variations in the

fresh and marine waters, changes in sediment inflow, and the annual

cycle of certain biological species. Longitudinal variations occur due

to the physical geometry of the estuary and the dominant mixing

processes.

This study is concerned with the seasonal variations in water

quality and specifically the directly measurable quantities such as:
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temperature, salinity, dissolved oxygen, pH, and turbidity. Seasonal

variations can be discussed in more general terms than can daily or

longitudinal changes. This does not imply that seasonal effects are

of greater importance than daily or longitudinal. Changes that occur

on a daily basis involve a shorter time span to which organisms must

adapt. Longitudinal changes affect the distribution of life within an

estuary and are dependent on subsequent daily variations of water

quality. A detailed investigation of these effects is beyond the scope

of this study.

Water Quality Measurements

Water quality samples and measurements were taken from a

boat on the following days: January 26, May 15, August 28, and

December 3. An attempt was made to take all measurements at or

near slack tides. This was accomplished to some extent by starting

at the mouth on slack low or high tide and moving progressively up-

stream from station to station. Measurements were taken and

samples collected while the boat was anchored. The time on stations

was noted and the depth recorded for each measurement. The water

quality stations are shown in Figure 19 along with their distance from

the mouth. Station position was not determined accurately, but

permanent landmarks and visual sitings kept the station positions

within an estimated 100 feet from season to season. A lone exception
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occurred with the station in the South Bay where certain low tides did

not permit reproduction of the station position. During such condi-

tions the station was taken as far into the bay as possible. The total

run from station one to eight took between 90 and 120 minutes.

The parameters measured as a function of depth were: salinity,

temperature, dissolved oxygen, pH, and turbidity.

In situ measurement of salinity, temperature, dissolve oxygen

and pH were performed using a Hydro lab Model IIA portable water

quality analyzer. The salinity was measured indirectly since the

hydrolab measures conductivity which was converted to salinity. The

use of the dissolved oxygen probe was questioned. The manufacturers

advised against using either their fresh or salt water probes for

estuarine measurements. Due to the salinity and temperature

gradients found in estuaries, the linear relationship between ion con-

centration and conductivity is questionable since the ratio of ionic

constituents no longer remains constant as in sea water. It was

decided that the measurements with the Hydro lab would be taken and

used as back-up data for the laboratory dissolved oxygen measure-

ments.

Laboratory samples were collected at each water quality station

using an APHA type bottle sampler. Samples were taken near the

bottom, mid-depth, and near the surface at each station. Sample

preparation concerned only the dissolved oxygen samples and the
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procedures found in Standard Methods (24) were followed. The

analysis of the dissolved oxygen samples was performed using the

azide modification of the Winkler Method (24).

The salinity was determined using a Plessey Environmental

Systems Model 6230 Portable Laboratory Salinometer and standard-

ization was made using either a Copenhagen Standard Sea Water

sample or a sub-standard referenced to the Copenhagen sample. The

Plessey salinometer measured the conductivity ratio between standard

sea water and a sample of unknown salinity. Salinity was determined

from conductivity ratios by the use of the International Oceanographic

Tables which were reproduced in the manufacturers instruction

manual. The pH was measured using a Beckman pH meter. The

turbidity was measured using a Hach Laboratory turbidimeter,

Model 1860-A.

Water Quality Results

The water quality data taken during this study is tabulated in

Appendix D. Table IV lists measurement dates and related para-

meters which occurred during the field studies.
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Table IV. Water Quality Measurement Dates and Conditions

Date
1973

Season Tidal Range (ft) River Flow
(cfs)Rising Falling

Jan.. 26 Winter 3.0 5.4 1870

May 15 Spring 2.8 5.6 349

Aug. 28 Summer 6.0 5.6 109

Dec. 3 Fall 2.6 4.0 2980

Temperature

Temperature within an estuary has generally two components,

the temperatures of the marine and fresh waters, respectively. The

distribution of temperature depends on seasonal mixing processes.

The temperature range for surface waters off the Oregon coast

varies from 6 °C to 10 °C during the winter and from 10° to 16°C

during the summer (23). The annual mean temperature is about 11°C.

During the summer months the south flowing currents are associated

with a movement of surface water offshore, and, as a result, colder

upwelled water replaced the warmer surface water intermittently

along the coast. The Siletz River has temperatures that range from

2°C during the winter to about 20 °C during the summer (27). The

annual mean temperature for the Siletz River at Siletz, Oregon has

been reported as 13.1 °C (27).
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In general, the river water is colder than the ocean water during

the winter and warmer during the summer. The estuarine water

would be expected to assume an intermediate temperature. Tempera-

ture variation within the estuary would generally show pronounced sea-

sonal differences depending on the dominant mixing processes. During

the winter when riverflow is a maximum and a two-layered or partially

mixed condition exists, vertical gradients would be expected. Yet,

this is the period when the temperature difference between salt and

freshwater is a minimum. It is not unusual to observe almost iso-

thermal conditions during the winter. The largest temperature

difference between fresh and salt water exists during the summer.

This is also the season during which a well-mixed condition dominates.

Due to these physical characteristics it would be expected that strong

longitudinal and nearly isothermal vertical temperature gradients

would exist during the summer. Seasonal variations would be

expected to be minimum at the mouth and maximum upstream.

Temperature vs. river mile profiles are presented in Figures

2.0 and 21. Each plot includes the bottom, mid-depth, and surface

temperature for each station during high and low tides. The Winter

profile indicates a freshwater temperature near 6°C and an ocean

temperature of about 9.5°C. Vertical gradients existed at high and

low tide in the bay portion of the estuary. Temperatures in the

riverine channel showed little vertical variation beginning near river
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mile 2.5. The river and ocean temperatures observed during the

Spring run were 15.5°C and 12°C, respectively. Vertical variations

were apparent in the riverine section of the estuary at high tide and at

the mouth during low tide. Temperatures throughout the bay were

vertically homogeneous at both high and low tide indicating a well-

mixed condition. The fact that gradients existed in the riverine

section at high tide suggests that mixing was predominant in the bay.

Longitudinal gradients at low tide were apparent from the mouth to

river mile 1.5. Longitudinal gradients occurred during high tide

after reaching the riverine channel.

The temperature profile for Summer displayed the well-mixed

characteristics in the bay section similar to the Spring profile.

Longitudinal gradients existed throughout the estuary and may be

explained by the large difference in river to ocean water temperature.

Temperatures near the mouth reflected the influence of Schooner

Creek, as the temperature was higher at high tide at the mouth than

farther up the bay.

The Fall profile exhibits a well-mixed condition which may be

attributed to the small difference in fresh and salt water temperature.

The low tide profile indicates the rivers dominance to within 1.5

miles of the mouth.

The seasonal variations surveyed were predictable from hypo-

thesized behavior. Nearly isothermal conditions existed during
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periods of minimum salt and freshwater temperatures differences and

strong vertical and longitudinal temperature gradients were evident

during the Summer.

Salinity

Of all the characteristics which typify estuaries, perhaps the

most distinctive is salinity variation. Depending on the geography of

the estuary and the amount of freshwater flowing into it, salinity

patterns may vary from relatively uniform conditions throughout a

tidal cycle to situations in which the water is clearly stratified with a

layer of relatively freshwater overlying the bottom salt water. Sur-

face salinities off the Oregon coast varies from about 28 to 33 parts

per thousand (ppt) (23). Upwelling during the summer months off

the Oregon coast brings more saline water to the surface near the

shore. During the winter months the surface salinity may be mea-

surably diluted by freshwater runoff, which is a maximum during this

period.

Salinity distribution within an estuary is dependent on the

dominant mixing process and relative freshwater inflows. During

periods of high runoff, the vertical salinity distribution will show a

sharp gradient at some depth characteristic of a two-layered system.

The surface and bottom layers will be more saline toward the mouth.

Periods of low runoff will be characterized by a well-mixed system
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with longitudinal gradients existing far upstream and small vertical

gradients a minimum at the mouth and maximum upstream.

The salinity profiles presented in Figures 22 and 23 indicate

the bottom, mid-depth, and surface salinities at high and low tide for

each seasonal period. The Winter profile shows large vertical

salinity gradients existed throughout the bay, and essentially fresh-

water existed throughout the depth from river mile 3.0 on up the

estuary for either a high or low tide. The maximum surface salinity

was about 12 ppt at the mouth on a high tide. The bay appeared to be

partially mixed during this period and the riverflow was above

average.

The vertical salinity gradients in the bay portion of the estuary

during the Spring measurement period exhibited the characteristics

of a well-mixed system. The riverine section appeared to be partially

mixed during high tide and well-mixed during low tide. Longitudinal

gradients were apparent on both high and low tide throughout the

estuary.

The Summer profile was representative of a well-mixed system

throughout and coincided with a period of low flow. Small vertical

gradients began to appear farther up in the riverine section near

river mile 4.0. This also suggests that the strongest mixing

influences are found in the bay.

The salinity profile during high riverflow conditions occurred
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during the Fall measurements; 2980 cfs as compared to 109 cfs for

the low Summer riverflow. The high tide plot showed strong vertical

gradients up to river mile 3.0 where freshwater was found throughout

the depth on up the estuary. It appeared that a stratified condition

existed from river mile 3.0 to about 0.5 miles from the mouth. The

tip of the wedge seemed to be located between river mile 3.0 and 4.0.

Maximum low tide salinity was approximately 7 ppt at the mouth, and

freshwater was found from river mile 1.5 on up the estuary. Higher

riverflows could conceivably result in a freshwater estuary at low

tide.

Salinity profiles on Siletz Bay exhibited a large range of condi-

tions that changed seasonally. Mixing characteristics were found to

change from tidal cycle to tidal cycle as well as from season to

season. The salinity distribution as well as mixing characteristics

were observed to be dependent on the riverflow conditions.

On September 2, 1973 a high tide salinity run was made up the

estuary. The limit of saline intrustion was defined as a bottom

salinity of two parts per thousand. The tidal range at the mouth was

a predicted 6.3 feet and the riverflow was gauged at 96 cfs. During

this period saline intrusion was measured up to river mile 21.0.

Burt and McAlister reported an intrustion length of 12.7 miles during

July of 1958 (1). These ranges show the extent of salt water influence

during minimal riverflows. The high riverflow encountered during the
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Fall period limited the saline intrusion to river mile 3,0.

Dissolved Oxygen

The requirement of certain minimum levels of dissolved oxygen

necessary for life in an estuary makes this an important water quality

parameter. Dissolved oxygen enters the water mass through photo-

synthetic action, entrainment by turbulence and absorbtion from the

atmosphere. Dissolved oxygen leaves the water mass through re-

spiration, diffusion to the atmosphere and chemical reactions with

other constituents in the water. Salinity and temperature inversely

affect the saturation level of dissolved oxygen,

Surface values of dissolved oxygen on the Oregon coast have been

reported as generally ranging from 8.5 to 10 mg/1 (17). Lower values

of surface dissolved oxygen off the Oregon coast have been reported

during the Summer and Fall than in the Winter and Spring (21). The

dissolved oxygen levels in the Siletz River at Siletz, Oregon ranges

from 8.1 to 13.2 mg/1, with an annual mean value of 10.4 mg/1 (28).

Because dissolved oxygen is a non-conservative parameter of

water, its distribution within an estuary is quite complex. Some

general observations can be made. If a measurable gradient should

exist between the fresh and saline waters, this gradient should follow

;the characteristic mixing patterns encounterd, if no appreciable

sources or sinks exist. Areas of high productivity may create an
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oxygen surplus, or saturation during periods of sunlight. In relative-

ly calm shallow tidal flats an oxygen depression may be created by

organisms and organic materials that use the dissolved oxygen in the

water faster than it can be replaced.

Dissolved oxygen profiles during high and low tide are presented

for each seasonal period in Figures 24 and 25. Also included is the

surface saturation value as a function of river mile. No serious

oxygen sag was observed during any of the seasonal periods. Surface

values were generally close to saturation levels, and in one instance,

super-saturated conditions existed at high tide above river mile 3. 0

during the Summer period. Measurements taken in the South Bay

during the same period indicated a slight oxygen depression below

mid-depth with values recorded at 6. 3 mg/liter. This may be attri-

buted to oxygen consumption from the benthic zone and respiration

from aquatic organisms.

Dissolved oxygen levels during the Fall and Winter seasons

were measurably greater than during the Spring and Summer periods.

This applied equally well to the salt and freshwater components and

was expected due to the inverse relationship of dissolved oxygen and

temperature. The lower temperatures that occurred during the Fall

and Winter periods were responsible for the higher dissolved oxygen

levels. Dissolved oxygen levels also corresponded to the inverse

relationship with salinity, with low tides generally having higher
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dissolved oxygen levels than high tides. Vertical dissolved oxygen

gradients generally reflected the dominant mixing characteristics

that were present. Variations were greatest during the Fall and

Winter periods when partially mixed and stratified conditions existed.

The Fall and Winter dissolved oxygen profiles revealed vertical

gradients on both high and low tide. The bottom dissolved oxygen

levels during the Winter period were generally higher than the surface

and mid-depth levels and did not correspond to the inverse tempera-

ture and salinity relationships as predicted. A more detailed study

would be necessary to provide a satisfactory explanation of this incon-

sistency. The well-mixed conditions which occurred in Spring and

Summer provided small vertical gradients in dissolved oxygen..

Longitudinal gradients depended on the difference in fresh and salt

water dissolved oxygen levels and the dominance of riverflow during

each stage of the tide.

The range of dissolved oxygen levels recorded are within the

limits reported for the Siletz River and off the Oregon coast. The

estuary appears to have no serious dissolved oxygen problems and

may be considered relatively pristine with respect to oxygen levels

measured during this study.

Turbidity

Turbidity is a measure of the concentration of suspended
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particles in waters. These particles may be small aquatic plants or

animals (plankton), or fine clay and silt. Suspended clay and silt

increase during maximum riverflows as heavy rainfall washes topsoil

into the river and the river in turn erodes its banks. Plant and

animal life suspended in marine waters also have a seasonal peak

concentration. This generally occurs during the summer when the

river water is usually clear. Mixed effluents from various industrial

plants and domestic sewage increase the turbidity of receiving waters.

In any environment, the rate of photosynthesis decreases with

the attenuation of light but the respiration rate remains approximately

the same (22). An increase in turbidity can cause an increase in

light attenuation which diminishes primary productivity. In certain

areas this combination can cause dissolved oxygen minimums or sags.

Turbidity levels were measured during high and low tide at each

station and the mid-depth value was plotted against river mile in

Figures 26 and 27. The profiles indicate that turbidity is propor-

tional to riverflow, with consistently high levels reported for the Fall

and Winter periods and lower values during the Spring and Summer

measurements. Due to water shed sources and the resulting suspend-

ed particles that tend to flocculate in salt water, the freshwater inflow

was generally more turbid than the ocean water which resulted in

depressed turbidity levels on high tide and vice versa. During the

Summer period turbidity values of approximately one JTU were
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observed and the water could be considered clear. During the Fall

period turbidity values between 7.0 and 12.0 JTU's were not uncom-

mon and the water was observed to be brownish green in color.

pH is a measure of the acidic or basic condition of the water.

Seawater is slightly alkaline with pH between 7. 5 and 8.4 (7). The pH

for Siletz River, just north of Siletz, Oregon has been reported as

ranging from 6.7 to 7.3 with a mean just below 7.0 (28). pH depends

on many factors, in particular on the amount of dissolved CO2, which

in turn depends on photosynthetic activity and respiration. Thus, pH

tends to be low at night and high during the day. Other factors cause

variations in pH, such as seasonal variations in sunlight intensity,

dilution by rain, and the amount and chemical character of runoff

water. Alkaline conditions tend to occur near the surface where the

water is in equilibrium with the CO2 of the atmosphere. In areas

where H
2S

is produced, such as is found in tidal flats, the pH may

become acidic.

Levels of pH measured within the Siletz Estuary were consistent

with the reported ranges found in the salt and freshwater components.

Ocean waters were found to be characteristically basic and riverine

waters ranged from neutral to slightly acidic. Mixing patterns

dominated the distribution of pH levels within the estuary, but
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generally high tide was more basic than low tide. Vertical and longi-

tudinal gradients followed predictable trends caused by pH differences

in salt and freshwaters, riverflows and mixing conditions.

The pH data .is presented in Appendix D. During the Winter and

Fall periods the freshwater pH values were approximately 7.0 and the

salt water values were measured at 8.0. The Spring period provided

the largest range in pH as the river water pH was measured at 6. 8

and the salt water pH was measured at 8.0. The range of pH values

from fresh to salt water during the Summer period was 7.3 to 7.9,

respectively. The measured values of salt water pH were relatively

constant throughout the seasons, ranging from 7.9 to 8.0. The fresh-

water pH values provided the only, large seasonal trends ranging from

6. 8 to 7. 3.

Bathymetry

Figures 28 and 29 are profiles of river depth at each measuring

site as a function of river mile. The important features indicated in

clude the shallower bay portion between the mouth and river mile 2.5

and the difficulty in duplicating the exact measuring site from success-

sive tidal periods as well as seasons. If the sites were well located

then the distance between the lines for high and low tide would repre-

sent the tidal range at each location.
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Flushing Rates

The residence time of pollutants entering an estuary is of prime

importance to water quality considerations. Numerous methods have

been developed to estimate this time. Generally the rate of fresh-

water exchange is assumed to be representative of the rate of pollu-

tant removal. These models do not attempt to account for the nature

of the pollutant or local circulation and diffusion processes. In gen-

eral, the flushing time decreases as the riverflow increases.

One method of determining the flushing rate is the fraction of

freshwater method. The rate of freshwater inflow is denoted as R and

the total volume of freshwater accumulated in the estuary is denoted

as Q. If So is the salinity of the undiluted seawater and S is the mean

salinity at any point within the estuary, the freshwater content, f, at

that point is given by:

S - S
f -

So

The accumulated freshwater volume is given by:

Q = V f d V

where the integration is carried out over the volume V of interest.

This method assumes that the riverflow, R, is equal to the rate at

which freshwater is being removed from the estuary. The flushing
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time, tf, is given by:

tf = Q / R

In estuaries where tidal movements are responsible for the

major mixing processes, a flushing rate based on the tidal exchange

process has been developed. The tidal prism method assumes that

water entering on a flood tide becomes well-mixed and leaves on the

following ebb tide. If V1 represents the total volume of the estuary

at low water and P is the volume of water entering on the flood tide,

then the flushing time is given in tidal cycles by:

V1
+ P

tf

This method generally gives a lower limit to the flushing time, since

complete mixing in each tidal cycle may not be justified.

The modified tidal prism method as proposed by Ketchum

(1951) divides the estuary into segments whose length is determined

by the excursion of a water particle during the tide (3). Complete

mixing is assumed within each segment and an exchange ratio is

defined for each section. If Vn is the low tide volume of the nth seg-

ment and Pn is the corresponding intertidal volume, the exchange

ratio rn is defined as:

rn P + Vn



The flushing time for any segment can be shown to equal:

tf = Qn / R =
n

tf = 1 / rn
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The total flushing time for the estuary is the sum of the flushing

times of the separate segments. Since only the mean tide range,

riverflow and topography of the estuary are required, this method

has been used frequently to calculate flushing rates. Best results

occur when the estuary is well-mixed, the number of segments is

large and the cross-sectional area increases rapidly toward the mouth.

Flushing times were calculated using the fraction of freshwater

method for the entire estuary using a high tide mean salinity deter-

mined during the water quality measuring dates. These flushing rates

represent the travel time of a pollutant from river mile 5.0 until it

is washed out to sea. The results are listed in Table V along with

flushing rates calculated by the modified tidal prism method using

hypothetical streamflows. The modified tidal prism method allows

flushing rates to be calculated at different sections within the estuary.

Calculations at three different stations within the estuary are provided

to allow comparison of the flushing times of pollutants that are intro-

duced at these positions. During high flow conditions it is estimated

that a pollutant introduced near tide water would be flushed out in one



Table V. Calculated Flushing Rates

A. Fraction of Freshwater Method

Date
Salinity ( )

Ocean Mean f
Q x 10-8
(cu. ft,) (cfs)

Flushing Time
(Days)

Jan. 25 32 10 0.69 1.61 1,870 1.0

May 15 32 24 0.25 0.58 349 1.9

Aug. 28 33 29 0.12 0.28 109 3.0

Dec. 3 27 13 0.52 1.21 2,980 0.5

B. Modified Tidal Prism Method

R
(cfs)

Tidal Range
(ft. )

Flushing, Time in Tidal Cycles
R. M. - 2.8 R. M. - 9.5 R. M. - 24.0

10,000 5.0 0.1 0.3 1.0

1,000 5.0 1.0 4.0 7.0

100 5.0 2.0 6.0 13.0



95

tidal cycle. Although this is somewhat unrealistic, the high riverflow

would undoubtedly dilute the pollutant to a lower concentration. Low

riverflow conditions indicate a flushing rate of 13 tidal cycles or

nearly seven days.

Flushing rates should be accepted only as crude estimates of

pollutant transport rates since they depend on conditions such as

mixing patterns, tidal ranges, riverflows, etc., which vary both

spatially and temporally.

Estuary Classification

There are a number of techniques that can be used for the classi-

fication of estuaries. The three most generally used are: the

characteristic circulation patterns, the dominant driving mechanism

such as tides, winds or riverflow, and the mode of basin formation.

Prichard (19) has suggested that estuaries can be placed in the

following four categories with respect to their modes of formation.

1. Drowned River Valley (Coastal plain est.)

2. Fjords

3. Bar-built Estuaries

4. Estuaries produced by tectonic processes

As their name implies, the Drowned River Valley Estuaries are

exactly that. The river valley was formed by fluvial erosion and the

rising sea waters covered the valley forming the estuary. They are
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characterized by being relatively shallow with gently sloping bottoms,

and the depth increases more or less uniformly toward the mouth.

Many examples are found on the east coast of the United States where

the low coastal plain provides optimum development for this classifi-

cation.

Fjords are the result of glacial action. As the ice receded it

left a deep narrow trough that filled with water as the seas rose.

They frequently have shallow sills at their mouths, which is the

accumulation of material that was pushed seaward by the glacier.

Fjords are relatively straight and long with a U-shaped cross-section.

Due to the shallowness of the sill with respect to the depth of the

trough, circulation is generally confined to the upper waters.

Bar-built estuaries may frequently be considered as an extension

of the drowned river valley estuaries, The differentiation is made due

to a barrier formation offshore. The barrier may be formed by sand

islands sand spits, or reefs created by marine organisms. The

barrier usually encloses an area that is elongated and parallel to the

coast, frequently draining more than one river. Tidal exchange is

provided by one or more relatively small inlets. Tidal action in the

inlets is strong, but due to the comparatively large.area of the bay

tidal action is quickly dampened. They are relatively shallow and

wind provides the important mixing mechanism.

The last classification, estuaries produced by tectonic
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processes, is a catch-all for estuaries not included in the other divi-

sions. Estuaries produced by tectonic processes are estuaries which

fill basins formed by faulting, folding, or other diastrophic move-

ments. Part of San Francisco Bay is an example of an estuary caused

by slippage of fault blocks.

With respect to this geological classification, the Siletz Estuary

is of the Drowned River Valley classification. While classification on

the basis of geological processes is usually an uncomplicated problem,

it provides little understanding of the actions of estuarine processes,

and in predicting the effects of those processes.

Drowned River Valleys or coastal plain estuaries can further be

classified into salt wedge, partially mixed and well-mixed estuaries

(20). This classification relates the general character of estuarine

circulation to the physical processes such as riverflow, tidal

velocities and the physical geography.

A salt wedge or highly stratified estuary can be modeled by

assuming a tideless ocean, a constant riverflow and the marine and

freshwaters behaving inviscidly. The freshwater will form a surface

layer that becomes thinner and thinner as it moves seaward. Ideally,

salt water will form the bottom layer and will have a distinct tip

some distance up the estuary. If viscosity is taken into account there

will be mixing at the interface. The surface layer becomes more

saline in the seaward direction, but the salt wedge will continue to be
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apparent. The salt water that is mixed with the upper layer is re-

placed by a net movement of sea water up the estuary in the lower

layer. This two-layered system will exist in the presence of tides

if the riverflow is large enough to dominate the tidal action. The

general effect of the tides is to move the wedge farther up the

estuary during a flood tide and conversely farther toward the mouth

on an ebb tide. The amount of mixing is increased by tidal action,

but the saline wedge can still be distinct, separated from the fresh-

water by a layer of rapidly changing salinity.

A partially mixed estuary is the result of a relative increase in

tidal dominance. The tidal effect is to cause greater turbulence

between the two layers causing more vertical mixing. Not only is

more salt water mixed upward, but freshwater is mixed downward.

This type of estuary is characterized by vertical gradients in

salinity that are relatively constant along the estuary. There is,

however, a longitudinal variation in the absolute salinity with higher

salinities found near the mouth and decreasing up the estuary. Due

to the higher surface salinities as compared to a stratified condition,

the net seaward surface flow must be increased to discharge the

volume of freshwater equal to the riverflow. This in turn increases

the net volume of the saline landward bottom flow.

As the tidal influence becomes much greater than the riverflow,

the estuary may be classified as well-mixed. Strong tidal velocities
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increase the mixing to an extent that vertical salinity differences are

very small. Salinity gradients exist longitudinally, with higher

salinity found near the mouth and lower salinities found far up the

estuary. A net seaward flow of water, at all depths, is generally

characteristic of a well-mixed estuary.

The above classifications are never distinct in real estuaries.

They are merely stages in a continuous sequence that is determined

to a certain extent by the relative influence of riverflow to tidal

influence. It has been suggested by Simmons (3) that a ratio of the

riverflow to tidal flow might be a means to distinguish the above

classifications. A flow ratio may be defined as, the ratio of riverflow

per tidal cycle to the tidal prism. When the flow ratio is greater than

one, the estuary is highly stratified or of the salt wedge type. A flow

ratio of about 0.25 may indicate a partially mixed system. Flow

ratios less than 0.1 tend to describe a well-mixed condition.

This criteria must be considered very general, since it does

not include estuary shape, width, or depth, which influence the type

and degree of mixing considerably. Mixing and circulation may

change within an estuary from section to section according to the

dominant features encountered. Estuaries may also change their

classification seasonally.

With respect to classification based on mixing conditions, the

Siletz Estuary was found to change seasonally. Due to the general
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nature of the classification scheme, a mean tidal prism was assumed

for the entire year. Using the mean tidal prism of 7.5 x 108 cu. ft.

and the average monthly river discharge for the Siletz River, the

flow ratios were determined on a seasonal basis. According to this

classification the Siletz Estuary is partially mixed between November

and March and well-mixed between July and October. April and May

appear to be transitional months between the classifications. It

should be noted that due to high riverflows caused by freshets, gen-

erally occurring from December through February, the estuary would

have flow ratios indicating a highly stratified condition. Using the

flow ratio criteria, a riverflow on the order of 4,000 cfs is needed to

stratify the Siletz Estuary. The above classifications of the Siletz

Estuary do not take into account daily variations in tidal range or

riverflow, which would probably show daily changes in classification

and mixing conditions.

Another classification scheme developed by Ippen and Harleman

(8) relates the rate increase of potential energy per unit mass of

water over the entire length of the estuary (3), to the amount of energy

dissipated from the tide, G. The ratio of G/J is defined as the

stratification number and provides a measure of the energy liberated

by the tide to the energy used in mixing. Large values of the strati-

fication number indicate well-mixed conditions while small values

relate to highly stratified conditions.
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No attempt was made to classify the Siletz Estuary using a

stratification parameter. Precise tidal elevation measurements are

needed at several locations from the head of the estuary to the mouth.

Riverflow between sections must also be known. The lack of tidal

measurements near tide water prevented even a rough estimate of the

stratification number.

Another method of classification according to mixing patterns

was developed by Burt and McAlister (1) and used in a seasonal

classification of ten Oregon estuaries. The Siletz Estuary was in-

cluded and classified during January, April, and October, 1958. The

classification scheme is based on salinity gradients from the surface

to the bottom during a high tide at a position within the estuary where

the mean salinity with depth is 17%o. If the salinity gradient from top

to bottom is 20%o or greater, the estuary is classified as a Type A or

a two-layered system. Gradients between 4 %o and 19%o were design;-

ated as Type B or partially mixed, and gradient less than 3%o indi-

cated Type D or well-mixed conditions. Using this method, Burt and

McAlister classified the Siletz as a two-layered system during

January and April and as partially mixed during October.

Siletz Estuary Classification

The Siletz Estuary was classified during the related water

quality field studies by the method of Burt and McAlister and the flow
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ratio scheme of Simmons. Table VI lists the results of these methods.

The method of Burt and McAlister consistently estimates a greater

degree of mixing than the classification scheme of Simmons. Salinity

profiles obtained during the dates listed tend to substantiate the flow

ratio classification results to a greater extent than classification

according to top to bottom salinity differences. Neither method indi-

cates the observed variation in longitudinal mixing patterns. It

appears that classification according to mixing processes must be

viewed in very general terms with respect to variations found season-

ally as well as locally within the estuary.



Table VI. Estuary Classification by Flow Ratio and Salinity Gradient Methods

Simmons Burt and McAlister

Date Flow Ratio Classification Salinity Gradient River Mile Classification

Jan. 25 0.22 Partially Mixed 24 0.5 Two Layered

May 15 0.04 Well Mixed 4.0 Two Layered

Aug. 28 0.01 Well Mixed 7 5.0 Partially
Mixed

Dec. 3 0.48 Partially Mixed 20 0.5 Two Layered

0
(.1.)
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VI. SEDIMENTS

Introduction

Sediments are introduced into estuaries by rivers, shore ero

sion, biological activity, and the sea. These sediments are trans-

ported as bed load and suspended material. Due to the circulation

patterns found in estuaries these forms of sediment transport are

dependent on the transient modes of freshwater flow, tides, salt

water intrusion, winds and turbulence. Bed loads rely on bottom

currents to provide sediment movement. The currents must provide

a minimum entrainment velocity before any sediment movement can

occur. Suspended load transport is subject to the turbulence of the

water. If there is no turbulence the suspended particles will settle

out. Kept in suspension the particles will move with the oscillating

currents or flocculate and become bed load material.

Sediment Discussion

With few exceptions the largest volume of sediments entering the

estuaries in the United States are from suspended material carried in

freshwater flows (8). These materials are generally less than 100

microns in size and are further classified into silt or clay. Clay

particles being the smaller have a size range or less than two

microns. Sand is also transported by the river inflow in the form of
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bed loads within an estuary. Suspended materials from the ocean

may be transported into the estuary on a flood tide and deposited in

areas of low turbulence and velocity as found in tidal flats. In general

due to the limited length of the net upstream bottom flow, marine sedi-

ments are concentrated near the mouth of the estuary.

With respect to the above general descriptions, a layering

effect may occur from the mouth toward the head of the estuary.

Kulm and Byrne (13) have described Yaquina Bay, Oregon, as

possessing sediments near the mouth of distinct marine origin,

followed by a transition zone in which admixtures of sediments from

marine and fluviatile origin exist and eventually a zone of fluviatile

sediments that persist to the freshwater head of the estuary.

Another source of sedimentation occurs within the physical

boundaries of an estuary. Shoreline erosion by wind, waves and

runoff contributed to the sediments of the estuary by being distributed

through circulation patterns. Biological cycles of the estuarine plant

and animal environments deposit organic materials as well as

agglomeration of fine suspended particles. Industrial and human

wastes discharged into the estuary not only provide solid materials,

but chemicals that may cause precipitation and salts that may cause

flocculation. While the above sources of sediments are generally

not of major importance with respect to volume, they are of direct

importance with respect to life in and about the estuary. Erosion of
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the Siletz Spit and the resulting loss of a natural wave barrier is an

example of the role local sedimentation plays in the environment

surrounding the estuary.

Marine sediments can either be suspended or bed load. Strong

tidal currents are necessary to move the bed load materials which are

predominantly sand. A net upstream movement is necessary to

deposit bed load sediments.

Circulation and mixing patterns within an estuary are important

in the types and location of sediments. In general, an estuary may be

classified as highly stratified, partially mixed and well-mixed,

In a highly stratified estuary, the net seaward movement of

surface water and the net upstream movement of bottom water create

a mixing pattern which provides an area of well defined sediment

deposition. Suspended material brought into the estuary by the river

may settle into the lower layer and be carried back upstream. The

upstream movement of material will continue up to the tip of the

intruding wedge of sea water. The lower velocities encountered in

this region provide the suspended material time to settle out. The

downstream bed load will accumulate upstream from the tip of the

wedge. The region surrounding the tip of the wedge is an area of

rapid shoaling.

When the tide is strong enough to prevent the river from

dominating the circulation, the added turbulence provides a means of
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dissipating the salt wedge. There is still a general upstream move-

ment of bottom water, but the velocity of this water column is greatly

reduced. The process of sedimentation is the same as in a highly

stratified condition, but due to the greater diffusion and lower velo-

cities shoaling is spread between the flood and ebb positions of the

limit of saline intrusion.

When the tide is so strong that it almost completely overwhelms

the effect of the river, a well-mixed condition may occur. This is

characterized by a slow net seaward movement of water at all depths.

The most rapid sedimentation would occur where the slow net seaward

flow is interrupted by tributaries, or obstacles.

The interaction of sediments suspended in freshwater as they

gradually mix with the saline water in the estuary provide the means

by which intense shoalings at this region can occur. A complex

electrochemical process flocculates suspended clay and some silt-

sized particles as they come into contact with the higher electrolytic

saline waters. The fate of these larger particles depends on the

circulation they encounter, however, due to their larger size they

tend to settle out faster than clay-sized particles. In regions of

relatively low currents and turbulence, such as tidal flats, these

particles may be a major source of sedimentation.

Siletz Bay has had relatively minor research conducted con-

cerning the sediments and sedimentation within the estuary.
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However, a few general observations and estimates have been made.

Klingeman et al. (11) noted that the littoral drift on the Oregon coast

varies seasonally, but that the net movement is believed to be to the

north. It has been estimated that annual fluvial sediments in Siletz

Bay are on the order of 74,000 tons (2). Delta deposits are found at

the mouth of Drift Creek (23) and a spit with dunes has formed at the

mouth of the Siletz River (11). Sand bars have formed in the north-

east portion of the bay due to circulation patterns encountered during

ebb and flood currents (23). On the west side of the bay severe

erosion of the Salishan Spit has occurred during high tides and local

storms and has caused concern of a possible breaching of the spit

and loss of residential developments.

Sediment Measurements

Core samples were taken at various locations in the estuary as

shown in Figure 30. Two field trips were made, one on March 5,

1973 and the other on August 3, 1973. The samples were obtained

using a gravity core sampler operated from an outboard powered

floating platform. A metal frame surrounded a central wall, through

which the core sampler was dropped. A gasoline powered winch was

used to raise the sampler. The sampler, which weighed about 250

pounds, was dropped from about two feet above the water and its

attitude was maintained from the drag supplied by the winch in the free
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Figure 30. Sediment sample locations, Siletz Bay, 1973.
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wheel position. The samples were collected and contained in trans-

parent acrylic core tubes that fit into the metal arms of the sampler.

The ends of the core tubes were capped with rubber stoppers after

the sample wa.s extruded.

Core sampling at the mouth of the bay during March was diffi-

cult. Many attempts were made until one sample was retained. The

sample was mainly composed of chunks of bedrock which explained

the apparent difficulty. This problem did not exist during August

and the sample did not contain any appreciable amount of bedrock.

A grab sample of sand wa.s obtained from the ocean side of the spit to

give a reference ocean sample.

The core samples were extruded from the tubes and sectioned

into four-inch segments. The segments were air dried and weighed.

Each segment was separated for analysis of grain size, volatile

solids and in selected cases specific gravity. Only the top four inches

of each core was analyzed for near surface characteristics.

Volatile solids content was determined using the ASTM standard

method (24). Each weighed sample was oven dried at 110 °C to

eliminate hygroscropic moisture then burned at 600°C to oxidize the

volatile components. Samples were weighed after each procedure

and the volatile solid content was expressed as a percent of the oven

dried weight.

The specific gravity of selected samples wa.s determined using
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a pre-calibrated pyncnometer according to ASTM standards.

The porosity of each sample was computed using the known

volume, the air dried weight, and the specific gravity.

Credit is extended to Michael Utt and Steven Crane who per-

formed the laboratory work on the grain size distribution and specific

gravity determination for the samples collected at Siletz Bay.

Sediment Results

Grain Size

Partial results of the grain size analysis of each sample are

tabulated in Appendix E and include values for D
9 D60, D50, D10,

and uniformity coefficient.

Mean grain size of the upper four inches of each sample as a

function of river mile is shown in Figure 31. The average mean

particle size in the bay portion, from the mouth to river mile 2.5, is

approximately 0.35 mm. The mean grain size appears to increase

rather sharply in the riverine section of the estuary. Seasonal

variations are not apparent within the limited data taken. Samples

from the Drift Creek Mud Flats and the South Bay sampling sites

indicate a mean grain size on the order of 0.1 mm. These are areas

of minimal tidal currents and apparently allow deposition of finer

sediments. The relatively high values of mean grain size near river
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Figure 31. Mean grain size vs. river mile, Siletz Bay, March 5 and August 3, 1973.
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mile 4.5 are predictable from the high currents produced by a

channel restriction at this sampling site.

Uniformity Coefficient

Uniformity coefficient is defined as the ratio of D60 to D
10

and

provides a qualitative measure of the distribution of the finer fractions

of a sample. Figure 32 is a plot of uniformity coefficient versus river

mile. The March sampling run indicated a nearly linear increase in

uniformity coefficient from the mouth to river mile 2.5. This was

in contrast to the relatively constant value of uniformity coefficient

throughout the bay during the August sampling period. This difference

in uniformity coefficient for the two periods was probably due to in-

creased fines that were available in Winter, which reduced the value

for D
10 without significantly affecting D60. The amount of fines

increased from the mouth to the head and resulted in an increase in

uniformity coefficient in the same direction. The uniformity co-

efficient of the sample taken from the ocean side of the sand spit is

in close agreement with the value obtained for the sample taken near

the mouth. The large increase of uniformity coefficients found from

river mile 3.0 upstream tend to reflect the increase in grain size in

the riverine channel depicted in Figure 31.
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Figure 32. Uniformity coefficient vs. river mile, Siletz Bay, March 5 and August 3, 1973.
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Volatile Solids

The relation of volatile solids to river mile is shown in Figure

33. The general trend was an increase in volatile solids with respect

to distance from the mouth. This was probably the result of the dis-

tribution of organic deposits within the estuary. Ocean sediments are

generally low in organic deposits, while the riverine and estuarine

deposits have increased organic content. This provides a distribution

of organic content from relatively clean deposits near the mouth as a

result of ocean deposits to an increase in organic content towards the

head as a result of greater amounts of organic materials provided by

the riverine and estuarine sources. A wide range of variability

exists in the August samples, but they indicate a general increased

value over samples collected during March. This may reflect the

increased organic deposits found during the lower August flow condi-

tions. More likely the variability and increased volatile solids con-

tent found in the riverine section may be related to the proximity of

the shoreline from the sampling position. This section of the river

once provided a storage area for the logs that were processed at the

nearby mills. The logs were stored in rafts tied close to the shore

and large amounts of bark have settled to the bottom. The high values

of volatile solids in this region may be related to these past logging

practices. The reference ocean sample again compares favorably with
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Figure 33. Volatile solids vs. river mile, Siletz Bay, March 5 and August 3, 1973.
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the volatile solids content of the sample near the mouth which was

taken during the same period.

Porosity

Figure 34 shows the distribution of porosity with river mile.

Porosities were quite similar, and both increased with distance from

the mouth. This may indicate either increased grain size as a func-

tion of river mile, or it may be related to increased organic content.

Organic content may enter into the reasoning because the specific

gravity was determined for the inorganic material, and large

amounts of organic solids that were burned off in determining

volatile solids would tend to increase the calculated value of porosity

due to the decreased density. The fact that the volatile solids also

increased with river mile tends to substantiate this point of view.

Summary

Sediments at or near the mouth appear to be of marine origin.

The bay portion of the estuary acts as the transition zone for the

marine and fluvatile sediments with tidal flats that possess distinct

characteristics. The riverine section is characterized by larger

mean grain sizes and an apparent increase in organic materials

reflected by measurements of volatile solids and porosity.

The work of Ku lm and Byrne (13) on the Yaquina Estuary
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Figure 34. Porosity vs. river mile, Siletz Bay, March 5 and August 3, 1973.
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provided a comparison of related studies. It should be noted that,

although the sediment studies conducted by the author on the Siletz

Estuary provided valuable generalizations and background data, the

results should not be considered to reflect an intensive or compre-

hensive study of sediments within the estuary. The data presented is

regarded as accurate yet insufficient to thoroughly describe the

sediment characteristics and distributions in full detail.
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VII. SUMMARY AND CONCLUSIONS

Predicted tidal ranges were compared to measured ranges and

were found to be generally within 15% of the measured values. Ex-

ceptions occurred during periods of abnormal streamflows when

errors of up to 70% were determined.

Predicted times of high and low waters were compared to

measured times at two locations within the bay. Frequency histo-

grams were used to determine the accuracy of predicted times.

General trends indicated that the tidal response within the bay has

been altered since the initial predictive measurements were taken

and that predicted times do not correctly describe the present tidal

motions. Hypothetical causes that may be responsible for these

changes were listed as: silting in of the South Bay, diking of Mil 1port

Slough, changes in entrance geometry and altered circulation patterns

within the bay due to shoaling at several locations.

The measured lag times of high and low water between the

mouth and two stations upstream were studied. Conclusions were

rather weak, but high tide lag times appeared to be dependent on

seasonal fluctuations in riverflow, while low tide lag times were

directly related to tidal ranges.

Tidal amplification was studied to determine the effects of

riverflow on the tidal range at three locations within the bay. Up to
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a riverflow of 10,000 cfs, no dependence of tidal range to riverflow,

was observed near the mouth. At two stations in the riverine portion

of the estuary, the tidal range experienced exponential dampening

above a flow equal to the normal riverflow at that station. A slight

dampening of the tidal range was observed as the flood tide pro-

gressed up the estuary.

Average tidal flow rates and velocities were studied to deter-

mine the phasing conditions between the time of maximum flows and

velocities and the time of high and low waters. Maximum flood flows

occurred sooner than maximum ebb flows with regard to times of

high and low water at both stations. Ebbing phase conditions appeared

to be related to riverflow, while the flooding phase conditions did not.

O'Brien's and Johnson's relationships for minimum flow areas

at the mouth of a tidal inlet were applied to the Siletz Estuary and

both were found to overestimate the minimum flow areas.

Water quality parameters were measured during the four sea-

sonal periods under similar tidal conditions. Temperatures tended

to indicate the dominant mixing processes within the estuary and

exhibited predictive seasonal changes in river and ocean waters.

Salinity profiles also provided an indication of the mixing processes

during each seasonal period and revealed changes in these processes

between tidal cycles as well as locally within the estuary. Dissolved

oxygen levels within the Siletz Estuary were near saturation levels
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during each seasonal period and reflected the seasonal and daily

variations in the inversely related parameters of temperature and

salinity. Turbidity levels ranged from very clear water in the

summer to a brownish green color in the fall. pH levels reflected the

seasonal variations in riverine and ocean waters. The pH levels in

the riverine waters had a greater variation, as expected, than the

ocean waters.

Flushing rates were calculated using the fraction of freshwater

method and the modified tidal prism method for a pollutant introduced

at several locations within the estuary.

The Siletz Estuary was classified using the flow ratio scheme of

Simmons and the salinity gradient method of Burt and McAlister.

The method of Simmons appeared to describe the mixing conditions

more accurately and classified the Siletz as well-mixed during the

spring and summer and partially mixed during the fall and winter. It

was noted that mixing conditions changed not only seasonally, but

also locally and daily.

Sediments were analyzed for grain- size distribution, uniformity

coefficient, volatile solids and porosity during two seasonal periods.

Seasonal variations appeared to be related to the increased sediments

carried into the estuary by high riverflows during the winter and fall.

Sediments near the mouth appeared to be of marine origin, and those

in the bay portion of the estuary possessed characteristics of marine
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and fluvatile sediments. The riverine section was characterized by

sediments of increasing grain size, volatile solids and porosity.

This reflected a greater amount of organic material probably the

result of logging practices that were once conducted in this portion of

the estuary.

Further studies on the Siletz Estuary should be concerned with

the sedimentation and resulting shoaling processes that are occurring

within the bay. The bay is reported to be filling in and has resulted

in loss of wildlife habitat and recreational uses. Erosion of the

Siletz Sand Spit due to changes in the circulation patterns within the

bay has been a concern to landowners in this area, Biological studies

could provide a baseline from which changes in wildlife populations

and patterns could be measured and evaluated.

It is the author's desire that the Siletz Estuary be protected

from misuse by mankind as this is one of the relatively few estuaries

along the Oregon coast that has not yet been fully exploited.
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APPENDIX A

Flow and Velocity Computer Program Description

A fortran computer program was developed for flow rate and

average velocity calculation using a simple averaging and summation

technique. The program was developed to run on Oregon State Univer-

sity's CDC 3300 computer under the 0S3 system. The program is

listed at the end of this Appendix and no attempt will be made to

describe the mathematical and language manipulation.

Presented here is a physical description of what the program

does. The program Esflodat (Estuary flow data) was verified on two

sample problems for which answers were known.

The schematic configuration for current station and area seg-

mentation is shown in Figure 35. In the field surface floats were

used to mark the measuring stations. In the example the distance

between station one and two is given as 110 feet, and between station

two and three as 120 feet. As indicated in Figure 35, measurements

at station two were taken at 5, 15, and 25 feet and the bottom was

measured at 30 feet.

The program would divide the cross-section into the following

areas. The lateral segment would be the sum of the distance to the

mid-points between the floats as shown in Figure 35. Starting from

the surface the first vertical segment is the distance from the surface
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Figure 36. Typical shore section and assumed shore slope.
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to the mid-point between the first and second measurement depths.

For this example the vertical segment is ten feet, and the segmental

area is 10 x 120 square feet. The second vertical segment is the

distance between the mid-point of the first and second measurement

depths to the mid-point between the second and third measurement

depths as shown. The last vertical segment is the distance between

the preceeding mid-point and the bottom. If there is only one

measurement depth, the vertical segment is the distance between the

surface and the bottom.

Each segmental area is assigned the velocity that is measured

at the measurement depth it encloses. Each segment is calculated

separately and summed vertically from float to float until an entire

pass is completed.

The calculations nearest the shores require a slight modifica-

tion. As the water level fluctuates with the tide, the distance from

the shore to the first and last floats changes. These changes are

taken into account by assuming a slope equal to the slope from the

bottom of the first and last floats to the shore. The water depth at

the near shore floats determines the distance from the shore to the

floats by the constant ratio of (A/C), as shown in Figure 36. The

distance A and the depth C are determined from bathymetric data.

This assumption is good where channels are shallow and wide, and

the shoreline slopes gradually. A typical shore section is shown in
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Figure 36. The lateral segment for float number one is the distance

from the mid-point between the shore and float number one and the

mid-point between float number one and number two. This leaves an

area close to shore that is not given a velocity component. This is

somewhat compensated by the shaded area in Figure 36, part of which

does not physically exist yet is given a velocity component.

Shown in Figure 37 are striped areas that are assigned velocity

components, although part of the areas do not exist. Also shown are

solid areas that physically exist, but do not receive velocity com-

ponents. These striped and solid areas between floats are of equal

magnitude, but due to velocity gradients throughout the channel and

bottom contours which are not straight lines, an inherent error is

introduced. This error is generally in the direction of an over-

estimated flow rate, because the velocity tends to decrease toward

solid boundaries.

The program is set up to handle ten current measuring positions,

ten depths at each position and ten passes per tidal cycle. This can

be increased by changing a dimension statement in the program.

The maximum depth is 99 feet and the maximum width is 9999 feet.

These parameters can be modified if necessary by changing a

format statement.

The velocities and velocity depths for one tidal cycle at one

station are input into separate files, which the program reads, The
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Figure 37. Full channel cross section showing neglected and
added areas.

Figure 38. Typical channel cross section drawn to scale showing
representative dimensions.



132

program asks for the number of floats used and the number of passes

made during the tidal cycle measured. It also asks for the number of

bathymetry widths and bathymetry data, including the width and depth

at each float. The average time of each pass is input and subsequently

output with the related flow and velocity calculations. The program

asks whether the velocity data is from the Price current meter,

counts per 30 seconds, or from the Savoniou.s current meter, in

knots. This allows a conversion that outputs flow rate in cubic feet

per second, average velocity in feet per second and cross-sectional

area in square feet.

It is worthwhile at this time to discuss the assumptions that are

necessary to reduce the inherent errors provided by the program.

The most important assumption is that the channel width be large with

respect to the depth. Another assumption that parallels the need for

a shallow channel is that bottom contours are smooth. The channel

geometry across the bottom is measured from float to float by a

straight line bottom contour. Any sharp irregularities along the

bottom will cause an error in the assigned areas created by point to

point bottom contour. A smooth bottom contour for a shallow

channel conforms more closely to the assumed bottom contour than

would an irregular profile. Comparison between the channels shown

in Figures 37 and 38 provides visual comparison related to the above

statement. Figure 38 is drawn to scale and represents channel
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geometry that was observed in the field work.

The need for evenly spaced floats is quite apparent. If floats

are concentrated at one portion of the channel the measurements will

reflect that portion and yet be distributed over the entire cross-

section. The bottom contour will, in most cases., be out of propor-

tion, reflecting more closely the contour where the floats are

concentrated.

Errors may be further reduced by one or any combination of

the following: increase the number of measuring sites, increase the

number of measuring depths, or decrease the time between measure-

ments. No attempt was made to determine the optimum number of

measurement depths and floats, or their placement. A study of this

nature would greatly reduce the error, yet such a study would have to

taken into account the variable seasonal geometry of the cross-section

as well as the variable current patterns observed throughout and

between tidal cycles. In the limit, as the number of measurement

sites and depths become quite large and the measuring times become

quite small, this technique would provide an instantaneous flow

measurement if the flow was not hindered by the instrumentation.

Within the limits of available instrumentation and personnel, it

is estimated that flow and velocity measurements are within a range

of 25 percent. The times of maximum ebb and flood flow rates and

average velocities, where consistent data is available, are estimated
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to be within a range of 15 minutes.
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00001: PROGRAM ESFLODAT
00002:C PROGRAM ESTUARY FLOW DATA
00003: DIMENSION XB(10), YB(10), YA(10), X(10), W(10)
00004: DIMENSION V(10, 10,10), D(10, 10, 10), TAVQ(10)
00005: INTEGER Q, S, P
00006:C N = NO. OF BATHY WIDTHS
00007:138 WRITE(61, 38)
00008:38 FORMAT(1X, 'ENTER NO OF BATHY WIDTHS - FORMAT

1X, 12')
00009: READ(60, 9)N
00010: WRITE(61 , 9)N
00011: CALL TEST (I)
00012: IF(I) 144,144,138
00013:9 FORMAT(1X, 12)
00014:144 WRITE(61, 145)
00015:145 FORMAT (1X, 'ENTER JMAX, KMAX - FORMAT 1X, 212')
00016: READ(60, 130) JMAX, KMAX
00017:130 FORMAT(1X, 312)
00018: WRITE(61, 130) JMAX, KMAX
00019: CALL TEST(I)
00020: IF(I) 139,139,144
00021:139 WRITE(61, 39)
00022:39 FORMAT(1X, 'ENTER WID & DEP FOR EACH STA -

FORMAT 1X, 20F 4. 0' )
00023: READ(60, 10)(XB(I), YB(I), I=1, N)
00024: WRITE(61, 10) (XB(I), YB(I),I=1, N)
00025: CALL TEST (I)
00026: IF(I) 141,141,139
00027:10 FORMAT(1X, 20 F4. 0)
00028:141 WRITE(61, 41)
00029:41 FORMAT(1X, 'ENTER THE AVE TIME OF EACH PASS -

FORMAT 1X, 10F5. 2' )
00030: READ960,12) (TAVG(I),I=1, KMAX)
00031: WRITE(61, 12)( TAVG(I), I=1, KMAX)
00032: CALL TEST(I)
00033: IF(I) 142,142,141
00034:12 FORMAT (1 X, 10F5. 2)
00035: CONVRT=0.
00036: WRITE(61,109)
00037:109 FORMAT (1X, ' TYPE: 01 IF VEL DAT IS CLICKS/SEC-00

IF KNOTS')
00038: READ(60, 110)Q
00039: IF(Q) 111,111,112
00040:111 CONVRT=1. 68
00041: GO TO 108
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00042:112 CONVRT=0. 0742
00043: GO TO 108
00044:110 FORMAT (1 X, I1)
00045:108 READ (20, 13)(((V(I, J, K), I = 1, 10), J = 1, JMAX, K = 1,

KMAX)
00046: READ (30, 13)(((D(I, J, K), I = 1, 10), J = 1, JMAX, K = 1,

KMAX)
00047:13 FORMAT (1X, 10F6.2)
00048: WRITE (61, 36)
00049:36 FORMAT (1X, 'PASS', 3X, 'FLOW RATE', 2X, 'IJAVE', 3X,
00050: C 'CROSS-SECTIONAL AREA', 3X, 'AVE TIME')
00051: WRITE (61, 37)
00052:37 FORMAT (10X, 1( CFS)' , 4X,' (FPS)' , 7X, '(SQ FT)', 11X,

'OF PASS')
00053: IMA. X= JMA X
00054: S = 1
00055: DXN = 0.
00056: DX1 = 0.
00057: DX2 = 0.
00058: K = 1
00059:34 I = 0
00060: J=1
00061: ASUM = O. 0
00062: QSUM = 0.0
00063: UA VE=0. 0
00064: P = 0
00065:14 I=I+ 1
00066: I F(D(I, J, K) - 99. )14,15,15
00067:15 DX1 = XB( 1) *( (D(I -1, 3, K)/YB(1) )-1. )
00068: I = 0
00069:16 I = I + 1
00070: IF(D(I, IMAX, K) - 99. )16,17, 17
00071:17 DXN = (XB(N) - XB(N-1)) *((D(I-1,IMAX, K)/ Y13(N-1)) - 1. )
00072: DX2 = DX1 + DXN
00073: M = 0
00074:18 M = M + 1
00075: X(M) = XB(M) + DXI
00076: IF(M-N)18, 19, 19
00077:19 X(M) = XB(M) + DX2
00078: M = 0
00079:22 M = M + 1

00080: IF(M - 1)20,20, 21
00081:20 W(M) = (X(M + 1))/2.
00082: GO TO 22
00083:21 IF(M - N)42, 31, 31
00084:42 W(M) = (X(M+1) - X(M - 1))/2.
00085: GO TO 22
00086:31 I = 0
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00087:26 I = I + 1
00088: IF(I - 1)24, 24, 25
00089:24 IF(D(I+1, J, K)-99. )71,70,70
00090:70 YA(I)=D(I, J, K)
00091: GO TO 72
00092:71 YA(I) = (D(I, J, K) D(I+ 1, J, K))/2.
00093: GO TO 26
00094:25 I F(D(I+ 1, J, K) - 99. )27, 28, 28
00095:27 YA(I) = (D(I + 1, J, K) - D (I - 1, J, K) )/2.
00096: GO TO 26
00097:28 YA(I) = (D(I, J, K) - D(I-1, J, K) )/2.
00098:72 P = P+ 1
00099: I = 0
00100:29 I = I+1
00101: AREA = W(P)*YA(I)
00102: ASUM = ASUM + AREA
00103: DQ = AREA * V(I , J, K)*CONVRT
00104: QSUM = QSUM + DQ
00105: IF (D(I+1, J, K) - 99. )29, 30, 30
00106:30 J=J+1
00107: IF (J-IMAX)31,31,32
00108:32 UAVE=QSUM/ASUM
00109: WRITE(61, 33)S, QSUM, UAVE,ASUM, TAVG(S)
00110:33 FORMAT(2X,I2,2X, F10.1,4X, F3.1,6X, F10.1,7X, F8.2)
00111: K=K+ 1
00112: S=S +1
00113: IF(K-KMAX)34,34,35
00114:35 CALL EXIT
00115: END
00116: SUBROUNTINE TEST (I)
00117: READ(60,100)I
00118:100 FORMAT(1 X, I1)
00119: RETURN
00120: END
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APPENDIX C. Daily Measured and Predicted Tidal Data

Date
1973

River
Flow
(CFS)

Tide
H- hi gh
L- low

NOAA- Taft
Time Range
(PST) (ft)

Public Dock
Time Lag Range
(PST) (min) (ft)

NOAA- Kern.
Time Range
(PST) (ft)

Siletz Moorage
Time Lag Range
(PST) (min) (ft)

Sportsman's Land.
Time Lag Range
(PST) (min) (ft)

1/21 2690 H 0217 0253 0225 +08 0251 34
-4.5 -4.5 -5.3 -4.6

L 0815 0855 0832 +17 0911 56
5.0 5.0 5.1 4.8

H 1335 1411 1340 +05 1356 21
-7.4 -6.6 -7.0 - 6. 7

L 2044 2057 +13 2124 2135 -51 2146 62
7.0 6.60 6.2 6.4 6.1

1/22 2300 H 0253 0300 +07 0329 0307 14 0317 24
-4.8 -4.7 -5.5 -5. 2

L 0910 0950 0945 35 0956 46
4.5 4.4 4.6 4.4

1425 1501 1452 27 1506 41
- 6.1 -5.4 -5.5 -5.3

L 2122 2202 2200 38 2236 74
6.5 5.8 6.6 6.3

1/23 1980 H 0328 0404 0353 25 0415 47
-5.0 -4.9 -5.6 -6.2

L 1006 1046 1025 19 1105 59
3.9 3.9 4.6 4.4

H 1519 1555 1540 21 1605 46
-4.7 -4.4 -4. 8 -4. 7

L 2158 2238 2227 29 2245 47
5.8 5.4 6.8 6.6

1/24 2180 H 0407 0443 0415 8 0435 28
-5.1 -4.9 -5.9 -5.6

L 1102 1142 1132 30 1217 75
3.4 3.3 3.4 3.3

H 1615 1651 1647 32 1710 55
-3.4 -3.3 -3.5 -3. 3



APPENDIX C. Continued

River Tide NOAA- Taft Public Dock NOAA- Kern. Siletz Moorage Sportsman' s Land.
Date Flow H- hi gh Time Range Time Lag Range Time Range Time Lag Range Time Lag Range
1973 (CFS) L-low (PST) (ft) (PST) (min) (ft) (PST) (ft) (PST) (min) (ft) (PST) (min) (ft)

1/24 2180 L 2236 2316 2255 19 2330 54
5.1 4.8 4.9 4.7

1/25 2210 H 0445 0521 0450 5 0510 25
-5.3 -4.9 -5.5 -5.4

L 1207 1247 1238 31 1320 73
3.1 2.9 2.5 2.1

H 1732 1808 1741 9 1805 33
-2.3 -2.4 -2.4 -2.2

L 2318 2358 2315 -3 2350. 32
4. 4 4. 4 4.6 4. 3

1/26 1870 H 0529 0605 0540 11 0605 36

-5.4 -5.1 -5.2 -4.9
L 1316 1356 1340 24 1441 85

3.0 2. 8 2. 3 2.1
H 1906 1942 1856 -10 1859 -7

-1.5 -1.8 -1.5 -1.4
1/27 1650 L 0007 0047 2350 -17 0004 -3

3. 9 4. 1 4.1 4.0
H 0619 0655 0647 28 0732 73

-5.7 -5.3 -4.7 -4.6
L 1426 1506 1445 19 1517 51

3. 4 3.1 3. 5 3. 4
H 2046 2122 2115 29 2132 46

-1.2 -1.6 -0.8 -0.7
1/28 1460 L 0106 0146 0030 -36 0037 -29

3.5 3.8 3.1 3.1
H 0714 0750 0726 12 0743 29

-6.0 -5.5 -5.6
L 1525 1605 1549 24

3.9 3.5 3.5



APPENDIX C. Continued

River Tide NOAA- Taft Public Dock NOAA-Kern. Siletz Moorage Sportsman' s Land.
Date Flow H-high Time Range Time Lag Range Time Range Time Lag Range Time Lag Range
1973 (CFS) L-low (PST) (ft) (PST) (min) (ft) (PST) (ft) (PST) (min) (ft) (PST) (min) (ft)

1/28 1460 H 2202 2238 2212 10
-1.2 -1.7 -1.1

1/29 1310 L 0216 0149 0256 0218 2
3.4 3.8 3.2

H 0812 0848 0835 23 0852 40
-6.5 -5.9 - 6. 0 -6.0

L 1613 1653 1705 52 1747 94
4.6 4.0 4.0 3.9

H 2254 2330 2255 1 2317 23
-1.5 -1.9 -1.5 -1.5

1/30 1330 L 0322 0402 0335 13 0402, 40
3.6 3.9 3.5 3.5

H 0904 0903 -1 0940 0928 24 0954 50
-7.0 -6.2 -6.3 -6.1

L 1659 1657 -2 1739 1751 52 1834 95
5.1 4.9 4.5 4.5 4.4

H 2329 2334 5 0005 2342 13 0006 37
-1.8 -1.8 -2.3 -1.9 -1.9

1/31 1360 L 0415 0401 -14 0455 0429 14 0504 49
3.8 3.7 4.2 3.7 3. 7

H 0949 1001 12 1025 1013 24 1036 47
-7.4 -6.8 -6.5 -6.3 -6.3

L 1736 1751 15 1816 1838 62 1913 97
5.6 5.1 4.8 4.7 4.6

2/1 1220 H 0001 0001 0 0037 0018 17 0036 35
-2.2 -2.6 -2.6 -2.5 -2.7

L 0504 0502 -2 0544 0520 16 0551 47
4.1 3.0 4.4 4.2 4.3

H 1031 1035 4 1107 1049 18 1108 37
-7.6 -7.4 -6.7 -6.9 -6.7



APPENDIX C. Continued

River Tide NOAA- Taft Public Dock NOAA-Kern. Siletz Moorage Sportsman's Land.

Date Flow H- high Time Range Time Lag Range Time Range Time Lag Range Time Lag Range

1973 (CFS) L-low (PST) (ft) (PST) (min) (ft) (PST) (ft) (PST) (min) (ft) (PST) (min) (ft)

2/1 1220 L 1812 1825 13 1852 1912 60 1940 88

6.0 7.0 5.1 6.4 6.3

2/2 1090 H 0030 0040 10 0106 0103 33 0128 58

-2.7 -3.4 -2.9 -3.5 -3.6

L 0546 0602 16 0626 0617 31 0641 55

4.4 4.3 4.5 4.4 4.5

H 1110 1125 15 1146 1137 27 1149 39

-7.7 -7.4 -6.8 -7.0 -6.9

L 1843 1855 12 1923 1941 58 2020 97

6.2 6.0 5.4 5.5 5.3

2/3 1030 H 0055 0050 -5 0131 0110 15 0134 39

-3.2 -3.8 -3.3 -3.7

L 0629 0620 -9 0709 0730 61

4.6 4.9 4.7 4.8

H 1152 1205 13 1228 1245 53

-7.6 -7.6 -6.7 -7.0

L 1915 1955 40 1955 2110 115

6.4 6.3 5.5 5.6

2/4 975 H 0120 0135 15 0156 0215 55

-3.7 -4.2 -3.7 -3.8

L 0709 0655 -14 0749 0730 21 0804 55

4.7 5.4 4.7 5.4 5.5

H 1231 1249 18 1307 1302 31 1327 56

-7.2 -7.4 -6.4 -6.9 -6.8

L 1943 2012 29 2023 2055 72 2127 104

6.5 6.4 5.7 5.9 5.7

2/5 912 H 0144 0157 13 0220 0215 31 0243 59

-4.3 -4.8 -4.2 -4.8 -4.7

L 0753 0753 0 0833 0826 33 0857 64

4.8 5.3 4.6 5.1 5.2



APPENDIX C. Continued

River Tide NOAA- Taft Public Dock NOAA- Kern. Siletz Moorage Sportsman' s Land.
Date Flow H- high Time Range Time Lag Range Time Range Time Lag Range Time Lag Range
1973 (CFS) L-low (PST) (ft) (PST) (min) (ft) (PST) (ft) (PST) (min) (ft) (PST) (min) (ft)

2/5 912 H 1310 1330 20 1346 1344 34 1408 58
-6. 6 -6.9 -5.8 -6.3 -6.3

L 2015 2034 19 2055 2119 64 2152 97
6.3 6.7 5.6 6.2 6.1

2/6 862 H 0210 0225 15 0246 0244 34 0307 57
-4.8 -5.7 -4.6 -5.4 -5.3

L 0837 0835 -2 0917 0920 43 1005 88
4.7 5.5 4.4 5.1 5.2

H 1356 1412 16 1432 1435 39 1515 79
-5.8 -6.1 -5.1 -5.8 -5.8

L 2047 2100 13 2127 2147 60 2230 108
6.2 6.5 5.6 6.2 6.1

2/7 807 H 0242 0313 31 0318 0325 43 0400 78
-5.4 -6.0 -5.1 -5.7 -5.7

L 0929 0932 3 1009 1002 33 1055 86
4.5 4.9 4.2 4.5 4.6

H 1447 1454 7 1523 1525 38 1600 73

-4.7 -5.5 -4.4 -4.9 -5.0
L 2122 2125 3 2202 2200 38 2240 78

5.8 6.6 5.5 6.1 6,0
2/8 760 H 0316 0327 11 0352 0347 31 0410 54

-5.9 - -5.4 -5.6 -5.8
L 1025 1031 6 1105 1123 58 1153 88

4. 2 - 3.9 4. 2 4. 2
H 1547 1612 25 1623 1628 41 1653 66

-3.6 - -3. 5 -4.0 -4. 1
L 2158 2221 23 2238 2227 29 2303 65

5.4 5. 2 6.1 6.1



APPENDIX C. Continued

River Tide NOAA- Taft Public Dock NOAA- Kern. Siletz Moorage Sportsman' s Land.
Date Flow H- hi gh Time Range Time Lag Range Time Range Time Lag Range Time Lag Range
1973 (CFS) L-low (PST) (ft) (PST) (min) (ft) (PST) (ft) (PST) (min) (ft) (PST) (min) (ft)

2/9 725 H 0357 0433 0435 38 0503 67
-6.3 -5.8 -5.0 -5.0

L 1128 1130 2 1208 1226 58 1249 81
4.0 - 3.6 3.9 3.9

H 1700 1736 1729 29 1749 49
-2.5 -2.6 -2.8 -3.0

L 2243 2323 2240 -3 2306 23
4.9 4.9 4.6 4.6

2/10 744 H 0449 0525 0514 25 0539 50
-6.7 -6.1 -6.5 -6.4

L 1241 1226 -15 1321 1323 42 1328 47
4.0 3.5 3.8

H 1837 1913 1858 21
-1.7 -2.0 -1.9

L 2342 0022 2331 -11
4.5 4.6 4.9

2/11 743 H 0549 0625 0608 19
-7.1 -6.4 -6.9 -6.8

L 1356 1436 1450 54 1513 77
4.4 3.9 3.8 3.8

H 2019 2055 2035 16 2058 39
-1.5 -1.9 -1.6 -1.7

2/12 698 L 0058 0138 0055 -3 0123 25
4.2 4.5 4.3 4.3

H 0655 0731 0724 29 0745 50
-7.5 -6.7 -6.9 -6.9

L 1502 1542 1614 72 1638 96
5.1 4.4 4.3 4.2

H 2136 2137 1 2212 2223 47 2233 57
-1.7 -1.7 -2.1 -1.8



APPENDIX C. Continued

Date
1973

River
Flow
(CFS)

2/13 664

2/14 645

2/15 647

2/16 611

Tide
H-high
L- low

L

H

H

L

H

L

H

L

H

L

H

L

NOAA- Taft
Time Range
(PST) (ft)

Public Dock
Time Lag Range
(PST) (min) (ft)

NOAA- Kern.
Time Range
(PST) (ft)

Siletz Moorage
Time Lag Range
(PST) (min) (ft)

Sportsman' s Land.
Time Lag Range
(PST) (min) (ft)

0221 0214 -7 0301 0230 9
4. 3 4. 3 4. 5 4. 6

0806 0827 21 0842 0835 29 0900 54
-8.1 -7.2 -7.1 -6.8 -6.9

1605 1646 41 1645 1700 55 1740 95
5.9 6.4 5.1 5.1 5.2

2232 2308 2300 28 2335 63
2.3 -2.7 -2.5 -2. 5

0335 0415 0345 10 0420 45
4.6 4.8 4.5 4.7

0912 0930 18 0948 0949 37 1013 61
-8.4 -7.8 -7.3 -7.5 -7. 4

1655 1731 36 1735 1836 101 1903 128
6.5 5.5 5.5 5.3 5.2

2314 2315 1 2350 0006 52 0026 72
-3.1 -2.7 -3.2 -2.9 -2.9

0438 0415 -23 0518 0458 20 0533 55
5. 0 5. 3 5. 1 5.4 5. 3

1014 1035 21 1050 1042 28 1116 62
-8.5 -7.8 -7.5 -7.4 -7.4

1741 1840 59 1821 1917 96 1948 127
6.9 5.9 6.0 5.4 5.4

2352 0020 28 0028 0032 40 0058 66
-3.9 -4. 3 -3.9 -4.2 -4. 2

0535 0545 10 0615 0607 32 0642 67
5. 5 6. 0 5. 3 5. 8 5. 9

1103 1125 22 1139 1148 45 1219 76
-8.4 -7.7 -7.3 -7.1 -6.9

1823 1910 47 1903 1948 85 2027 122
7. 2 6. 5 6. 2 6. 1 5.9



APPENDIX C. Continued

River Tide NOAA- Taft Public Dock NOAA- Kern. Siletz Moorage Sportsman' s Land.
Date Flow H- high Time Range Time Lag Range Time Range Time Lag Range Time Lag Range
1973 (CFS) L-low (PST) (ft) (PST) (min) (ft) (PST) (ft) (PST) (min) (ft) (PST) (min) (ft)

2/17 637 H 0028 0045 17 0104 0110 42 0142 74
-4.7 -4.4 -4.5 -4. 3

L 0624 0635 11 0704 0658 34 0724 60
5.6 5.8 5.4 5.6 5.7

H 1156 1158 2 1232 1219 23 1254 58
-7.9 -7.5 -6.9 -7.1 -7.1

L 1901 1935 34 1941 2034 93 2107 126
7.1 6.3 6.2 6.0 5.9

2/18 636 H 0102 0110 8 0138 0140 30 0209 59
-5.2 -5.4 -4.9 -5.3 -5.4

L 0714 0717 3 0754 0801 44 0825 68
5.6 5.9 5.3 5.7 5.7

H 1244 1257 13 1320 1320 23 1340 43
-7.0 -6.9 -6.3 -6.5 -6.5

L 1936 2012 36 2016 2055 79 2130 114
6.7 6.2 6.0 6.0 5.9

2/19 596 II 0133 0209 0210 37 0240 67
-5.6 -5.2 -5.5 -5.5

L 0759 0814 15 0839 0900 61 0917 78
5, 4 5. 0 5. 8 5. 7

H 1328 1404 1415 47 1440 72
-6.0 -5.4 -5.6 -5.6

L 2011 2051 2100 49 2147 96
6.3 5.7 5.9 5. 8

2/20 566 H 0205 0241 0245 40 0310 65
-5.8 -5.4 -5. 7 -5. 7

L 0845 0909 24 0925 0949 64 1025 100
5.0 5.1 4.6 4.8 4.7



APPENDIX C. Continued

River Tide NOAA- Taft Public Dock NOAA- Kern. Siletz Moorage Sportsman's Land.
Date Flow H-high Time Range Time Lag Range Time Range Time Lag Range Time Lag Range
1973 (CFS) L-low (PST) (ft) (PST) (min) (ft) (PST) (ft) (PST) (min) (ft) (PST) (min) (ft)

2/20 566 H 1415 1451 1452 37 1525 70
-4.9 -4.6 -5.0 -5.0

L 2044 2124 2124 40 2210 86
5.7 5. 4 5. 6 5. 6

2/21 542 H 0234 0310 0254 20 0345 71
-5.8 -5.4 -5.5 -5.5

L 0932 1012 1023 51 1048 76
4.5 4.1 4.4 4.5

H 1504 1540 1552 48 1625 81
-3.9 -3.7 -3.8 -3.9

L 2119 2159 2140 21 2210, 51

5/8 482 H 1801 1801 0 1837 1833 32
-3.0 -3.4 -3.2 -3.3

L 2351 2335 -16 0031 0018 27
3.3 3.8 3.4 3.6

5/9 480 H 0458 0514 16 0534 0548 50
-6.1 -6.0 -5.2 -5.5

1225 1220 -5 1305 1315 50 1350 85
6.1 5.9 5. 2 5.4 5, 5

H 1857 1900 3 1933 1930 33 2005 68
-3.7 -3.8 -3.6 -3.7 -3.8

5/10 471 L 0111 0105 -6 0151 0145 34 0205 54
3. 2 3.1 3.1 3. 2

H 0618 0625 7 0654 0710 52
-5.1 -5. 2 -4.4 -4. 8

L 1323 1310 -13 1403 1440 77
5.9 5.5 5.2 4.7

H 1949 1955 6 2025 2045 56
-4. 6 -4. 4 -4. 3 - 4. 5



APPENDIX C. Continued

River Tide NOAA- Taft Public Dock NOAA- Kern. Siletz Moorage Sportsman' s Land.
Date Flow H- high Time Range Time Lag Range Time Range Time Lag Range Time Lag Range
1973 (CFS) L-low (PST) (ft) (PST) (min) (ft) (PST) (ft) (PST) (min) (ft) (PST) (min) (ft)

5/11 427 L 0224 0210 -14 0304 0330 66
3.5 3.6 3.2 3.4

H 0744 0750 6 0820 0845 61
-4. 3 -4.4 -3. 8 -4. 2

L 1416 1405 -11 1456 1540 84
5. 6 5. 5 5.1 5. 3

H 2031 2040 9 2107 2140 69
-5.5 -5.3 -5.0 -5.3

5/12 399 L 0329 0320 -9 0409 0505 96
4.0 4.0 3. 6

H 0903 0855 -8 0939 0945 42
-3.6 -3.7 -3.4 -3.4

L 1507 1440 -27 1547 1537 30
5. 4 5. 5 5.1 5.2

H 2112 2120 8 2148 2137 25
-6. 4 -5. 8 -5.7 -6,2

5/13 383 L 0422 0415 -7 0502 0530 68
4. 7 4. 5 4.0 4.4

H 1010 1017 1046 1050 40
-3.3 -3.4 -3.1 -3.3

L 1554 1536 -18 1634 1650 56
5. 1 5. 2 4.9 5.0

H 2148 2150 2 2224 1305 77
-7. 0 -6. 8 -6.1 -6. 4

5/14 363 L 0507 0505 -2 0547 0630 83
5.2 5.1 4.4 4.4

H 1108 1100 -8 1144 1155 47
-3.0 -3.5 -2.9 -3. 3

L 1638 1630 -8 1718 1730 52
4.9 5.2 4.7 5.5

ui0



APPENDIX C. Continued

Date
1973

River
Flow
(CFS)

Tide
H- hi gh
L-low

NOAA- Taft
Time Range
(PST) (ft)

Public Dock
Time Lag Range
(PST) (min) (ft)

NOAA- Kern.
Time Range
(PST) (ft)

Siletz Moorage Sportsman' s Land.
Time Lag Range Time Lag Range
(PST) (min) (ft) (PST) (min) (ft)

5/14 363 H 2221 2240 19 2257 2325 64
-7.4 -7.2 -6.5 -6.6

5/15 349 L 0549 0600 11 0629 0645 56
5.6 5.5 4.7 4.7

H 1159 1150 -9 1235 1300 61

-2. 8 -3.3 -2.7 -3.0
L 1717 1720 -3 1757 1815 58

4.6 4.9 4.5 4. 5
H 2253 2315 22 2329 0000 67

-7. 7 -7. 3 -6. 6 -6. 5
5/16 330 L 0628 0650 22 0708 0755 87

5.9 5.6 4.9 4. 5
H 1244 1240 -4 1320 1300 16

-2. 5 -3.0 -2.7 -3. 2
L 1756 1755 -1 1836 1830 34

4. 3 4. 8 4. 4 4. 6
H 2325 2345 20 0001 0015 50

-7.8 -7.4 -6.7
5/17 318 L 0703 0730 27 0743

6. 0 5. 6 5.0
H 1326 1315 -11 1402

-2.3 -2.8 -2.5
L 1834 1825 1914

4.1 4.4 4.1
H 2353 0020 27 0029

-7.8 -7.2 -6.6
5/18 306 L 0741 0800 19 0821

6.0 5.6 4.9
H 1405 1400 -.5 1441

-2. 2 -2.6 -2.3



APPENDIX C. Continued

Date
1973

River
Flow
(CFS)

Tide
H-high
L- low

NOAA- Taft
Time Range
(PST) (ft)

Public Dock
Time Lag Range
(PST) (min) (ft)

NOAA- Kern. Siletz Moorage Sportsman' s Land.
Time Range Time Lag Range Time Lag Range
(PST) (ft) (PST) (min) (ft) (PST) (min) (ft)

5/18 306 L 1907 1907 0 1947
3.9 4. 2 4. 0

5/19 299 H 0026 0045 19 0102
-7.6 -7.2 -6.6

L 0817 0840 23 0857
5.8 5.6 4.9

H 1444 1435 -9 1520
-2. 0 -2. 5 -2. 3

L 1946 1925 -21 2026
3.6 3.8 3.8

5/20 295 H 0101 0120 19 0137
-7.3 -6.8 -6.3

L 0855 0902 7 0935
5.7 5.4 4.8

H 1526 1515 -11 1602
-1.9 -2.1 -2.2

L 2028 2015 -13 2108
3.3 3.5 3.5

5/21 288 H 0137 0155 18 0213
-6.9 -6.5 -5.9

L 0932 0935 3 1012
5.5 5.1 4.6

H 1608 1555 -13 1644
-1.8 -2.2 -2.2

L 2119 2055 -24 2159
2.9 3.1 3.2

5/22 278 H 0218 0240 22 0254
-6.4 -6.1 -5.5

L 1014 1005 -9 1054
5.4 5.2 4.6

LT1

N.)



APPENDIX C. Continued

Date
1973

River
Flow
(CFS)

Tide
H- high
L-low

NOAA- Taft
Time Range
(PST) (ft)

Public Dock
Time Lag Range
(PST) (min) (ft)

NOAA- Kern.
Time Range
(PST) (ft)

Siletz Moorage
Time Lag Range
(PST) (min) (ft)

Sportsman' s Land.
Time Lag Range
(PST) (min) (ft)

5/22 278 H 1650 1645 -5 1726
-2. 0 -2.1 -2.3

L 2212 2150 -22 2252
1.7 3. 0 2.9

5/23 326 H 0307 0330 -23 0343
-5.8 -5.0 -5.0

L 1057 1035 -22 1137

8/21 103 H 1712 1731 19 1748 1800 48 1810 58
-6.9 -6.2 -6.1 -6.0 -6.1

8/22 101 L 0117 0152 35 0157 0255 98 0305 108
4.3 3.8 3.7 3.3 3.5

H 0733 0732 -1 0809 0810 37 0820 47
-1.5 -1.6 -1.8 -1.5

L 1221 1207 -14 1301 1255 34
4.1 4.2 4.3 4.3

H 1817 1837 20 1853 1855 38 1905 48
-7.3 -6.5 -6.4 -6.2 -6.2

8/23 100 L 0228 0308 40 0308 0355 87 0410 102
4.9 4. 3 4.1 3.8 3.9

H 0856 0848 -8 0932 0940 44 0940 44
-1.7 -1.7 -2.0 -1. 7 -1. 8

L 1344 1328 -16 1424 1355 11 1400 16
4. 2 4.2 4.4 4. 2 4. 3

H 1930 1948 18 2006 2025 55 2027 57
-7.7 -6.7 -6.7 -6. 3 -6. 4

8/24 170 L 0328 0424 56 0408 0530 122 0532 124
5.6 5.1 4. 7 4. 5 4. 7

H 0955 0959 4 1031 1100 65 1052 57
-2.3 -2.5 -2.5 -2.4 -2.4



APPENDIX C. Continued

Date
1973

River
Flow
(CFS)

Tide
H- high
L-low

NOAA- Taft
Time Range
(PST) (ft)

Public Dock
Time Lag Range
(PST) (min) (ft)

NOAA- Kern.
Time Range
(PST) (ft)

Siletz Moorage
Time Lag Range
(PST) (min) (ft)

Sportsman' s Land.
Time Lag Range
(PST) (min) (ft)

8/24 170 L 1501 1459 -2 1541 1525 24 1550 49
4. 6 4. 7 4. 6 4.9 4.9

H 2036 2059 23 2112 2135 59 2150 74
-8.2 -7.1 -7.0 -7.0 - 6. 7

8/25 199 L 0424 0520 56 0504 0620 116 0635 131
6.3 5.0 5. 3 4.6 4.7

H 1040 1050 10 1116 1140 60 1150 70
-3. 1 -3.3 -3.2 -3.1 -3.1

L 1607 1610 3 1647 1645 38 1715 68
5.1 5. 2 5.0 5.1 5.1

2141 2205 24 2217 2235 54 2255, 74
-8.3 -7.3 -7.2 -6.6 -6.7

8/26 131 L 0510 0626 76 0550 0710 120 0730 140
7.0 5.2 5.8 5.1 5.1

H 1119 1131 12 1155 1220 61 1230 71
-4.0 -4.4 -3.9 -3.9 -4.0

L 1706 1716 10 1746 1805 59 1830 84
5.6 5.8 5.3 5.4 5.5

H 2240 2302 22 2316 2340 60 2355 75
-8.2 -7.0 -7.1 -6.6 -6.5

8/27 115 L 0556 0707 71 0636 0805 129 0820 144
7.0 6.9 6.0 5.4 5.3

1157 1222 25 1233 1305 68 1310 73
-4.9 -6.2 -4.5 -4.5 -4. 6

L 1759 1827 28 1839 1915 76 1925 86
5.9 6.0 5.5 5.5 5.6

2332 2358 26 0008 0035 63 0048 76
-7.7 -6.7 -6.8 -6.2 -6.3



APPENDIX C. Continued

Date
1973

River
Flow
(CFS)

Tide
H- hi gh
L-low

NOAA- Taft
Time Range
(PST) (ft)

Public Dock
Time Lag Range
(PST) (min) (ft)

NOAA- Kern.
Time Range
(PST) (ft)

Siletz Moorage
Time Lag Range
(PST) (min) (ft)

Sportsman' s Land.
Time Lag Range
(PST) (min) (ft)

8/28 109 L 0635 0738 63 0715 0835 120 0843 128
7.0 6.4 6.1 5.6 5.6

H 1230 1248 18 1306 1325 55 1338 68
-5.6 -5.8 -5.1 -5.0 -5.0

L 1850 1913 23 1930 2010 80 2027 97
6,0 6.0 5.5 5.5 5.5

8/29 106 H 0024 0044 20 0100 0125 61 0142 78
-7.0 -6.4 -6.2 -5.8 -5.8

L 0714 0759 45 0754 0900 106 0902 108
6.8 6.4 6.0 5.8 5.8

H 1305 1324 19 1341 1350 45 1412, 67
-6.1 -6. 0 -5.5 -5.5 -5.5

L 1936 2014 38 2016 2105 89 2130 114
5.9 5.6 5.3 5.1 5.1

8/30 104 H 0113 0130 17 0149 0215 62 0235 82
-6.1 -5.8 -5.4 -5.3 -5.3

L 0749 0810 22 0829 0920 91 0935 106
6.4 6.3 5.7 5.7 5.3

H 1340 1355 15 1416 1424 44 1453 73
-6.3 -6.2 -5.7 -5.7 -5.7

L 2025 2100 35 2105 2154 89 2213 108
5.5 5.2 4.9 4.7 4.7

8/31 104 H 0202 0216 14 0238 0255 53 0313 71

-5.0 -5. 1 -4.6 -4.6 -4.7

L 0825 0841 16 0905 0939 74 0958 93
5. 8 6.1 5.4 - 5. 7

H 1410 1431 21 1446 1526 76
-6.4 -6.4 -5.7 -5.4

L 2113 2156 43 2153 2245 92 2311 118
5.0 4.8 4.4 4.3

U'



APPENDIX C. Continued

Date
1973

River
Flow
(CFS)

Tide
H- high
L-low

NOAA- Taft
Time Range
(PST) (ft)

Public Dock
Time Lag Range
(PST) (min) (ft)

NOAA- Kern.
Time Range
(PST) (ft)

Siletz Moorage
Time Lag Range
(PST) (min) (ft)

Sportsman' s Land.
Time Lag Range
(PST) (min) (ft)

9/1 101 H 0254 0257 3 0330 0401 67
-3.8 -4.3 -3.7 -3.9

L 0902 0907 5 0942 1026 84
5. 1 5.3 4.9 5.2

H 1445 1512 27 1521 1535 50 1600 75
- 6. 2 -5.9 -5.6 -5.6 -5.6

2206 2242 36 2246 2335 89 2345 99
4.5 4.3 3.9 3.7 4.1

9/2 96 H 0350 0403 13 0426 0445 55 0455 65
-2.9 -3.4 -2.8 -3.1 -3.2

L 0937 0938 1 1017 1025 48 1040 63
4.4 4.8 4.3 4.7 4.8

H 1524 1548 24 1600 1607 43 1635 71
-5.9 -4.7 -5.3 -5.4 -5.4

L 2302 2329 27 2342 0025 83 0035 93
4.0 3.8 3.5 3.3 3.4

9/3 93 H 0458 0504 6 0534 0545 47 0605 67
-2.0 -2.2 -2.2 -2.1 -2.1

L 1021 1019 -2 1101 1035 14 1105 44
3. 7 3. 8 3.9 4.0 4. 1

H 1 609 1 644 35 1645 1700 51 1720 71
-5. 6 -5. 1 -5. 2 -5. 1 -5. 2

9/4 91 L 0004 0005 1 0044 0115 71 0125 81
3.7 3.4 3.3 3.2 3.3

H 0623 0615 -8 0659 0650 27 0705 42
-1.4 -1.3 -1.7 -1.3 -1.4

1118 1055 -23 1158 1135 17 1135 17



APPENDIX C. Continued

Date
1973

River
Flow
(CFS)

Tide
H- hi gh

L- low

NOAA- Taft
Time Range
(PST) (ft)

Public Dock
Time Lag Range
(PST) (min) (ft)

NOAA- Kern.
Time Range
(PST) (ft)

Siletz Moorage
Time Lag Range
(PST) (min) (ft)

Sportsman' s Land.

Time Lag Range
(PST) (min) (ft)

11/27 6760 L 2039 2041 2 2119 2136 57 2220 101

+5.9 5.8 +5.1 3.9 3.0

11/28 10500 H 0313 0309 -4 0349 0336 23 0405 52

-2.0 -2.5 -2.4 -1.7 -0.8

L 0815 0831 16 0855 0855 40 0918 63

3.4 3.2 3.7 2.7 2.0

H 1323 1348 25 1359 1410 47 1445 82

-7.1 -5.6 -6.2 -3.6 -1.8

L 2118 2110 -8 2158 2240 82 0020 182

5.7 4.4 4.9 2.6 1.1

11/29 7440 H 0351 0349 -2 0427 0355 4 0456 64

-1.9 -2.4 -2.4 -1.7 -1.3

L 0900 0917 17 0940 0931 31 1036 96

3.0 3.2 3.4 2.5 1.5

H 1402 1336 -26 1438 1423 21 1446 44

-6.5 -5.6 -5.7 -4.3 -3.5

L 2156 2213 17 2236 2308 72 0011 135

5.5 4.7 4.8 3.4 2.3

11/30 4880 H 0430 0432 2 0506 0443 13 0511 41

-2.0 -2.6 -2.5 -2.2 -1.9
L 0958 0932 -26 1038 1007 9 1055 57

2.6 2.7 3.0 2.4 1.9

H 1447 1450 3 1523 1522 35 1540 53

-5.7 -5.1 -5.1 -4.3 -3.7

L 2236 2239 3 2316 2314 38 0010 94
5.3 5.0 4.7 4.1 3.4

12/1 3680 H 0512 0448 -24 0548 0457 -15 0525 13

-2.4 -3.0 -2.7 -2.8 -3.5

L 1102 1055 -7 1142 1130 28 1210 68

2.3 1.9 2.7 1.8 1.6



APPENDIX C. Continued

Date
1973

River
Flow
(CFS)

Tide
H- hi gh
L -low

NOAA- Taft
Time Range
(PST) (ft)

Public Dock
Time Lag Range
(PST) (min) (ft)

NOAA- Kern.
Time Range
(PST) (ft)

Siletz Moorage
Time Lag Range
(PST) (min) (ft)

Sportsman' s Land.
Time Lag Range
(PST) (min) (ft)

12/1 3680 H 1543 1552 9 1619 1605 22 1625 42
-4.8 -4.5 -4.4 -3.9 -3.4

L 2319 2252 -27 2359 0002 43 0035 76
5.1 4.8 4.6 4. 1

12/2 3100 H 0551 0523 -28 0627 0530 -21
-2.9 -3.0 -3.1 -2.8

L 1218 1146 -32 1258 1225 7
2.2 1.9 2.4 1.7

H 1648 1715 27 1724 1725 37
-4.0 -3.4 -3.6 -3.0

12/3 2980 L 0001 1220 -31 0041 0014 13
5.0 5.2 4.6 4.8

H 0630 0615 -15 0706 0644 14
-3.7 -4.0 -3.8 -3.8

L 1325 1259 -26 1405 1340 15
2.3 2.6 2.5 2.4

H , 1811 1816 5 1847 1825 14 1841 30
-3.2 -2.9 -3.1 -2.7 -2.4

12/4 2710 L 0049 0021 -28 -129 0110 21 0142 53
4.9 4.9 4.7 4.7 4.4

H 0710 0710 0 0746 0740 30 0756 46
-4.7 -4.8 -4. 6 -4.6 -4.4

L 1427 1420 -7 1507 1500 33 1531 64
2.9 2.6 2. 9 2. 5 2. 1

H 1938 1925 -13 2014 1957 19 2116 95
-2.7 -2.6 -2.7 -2.6 -2.3

12/5 2390 L 0140 0114 -26 0220 0205 25 0246 66
4.9 4.8 4.8 4.4 4.1

H 0749 0736 -13 0825 0800 11 0815 26
-6.0 -6.0 -5.5 -5.5 -5.2

(.11
CO



APPENDIX C. Continued

Date
1973

River
Flow
(CFS)

Tide
H- high
L-low

NOAA- Taft
Time Range
(PST) (ft)

Public Dock
Time Lag Range
(PST) (min) (ft)

NOAA- Kern.
Time Range
(PST) (ft)

Siletz Moorage
Time Lag Range
(PST) (min) (ft)

Sportsman' s Land.
Time Lag Range
(PST) (min) (ft)

12/5 2390 L 1522 1451 -31 1602 1555 33 1645 83
3.9 3.9 3. 5 3.4 3. 1

H 2059 2053 -6 2135 2105 6 2145 46
-2.4 -2.3 -2.5 -2.3 -2.2

12/6 2250 L 0230 0153 -37 0310 0225 -5 0315 45
4.9 5.6 4.9 5.1 5.0

H 0828 0837 9 0904 0840 12 0851 23
-7.2 -7.0 -6.4 -6.5 -6.2

L 1610 1558 -12 1650 1650 40 1731 81

4.9 5.1 4.2 4.7 4.5
H 2208 2157 -11 2244 2215 7 2246 . 38

-2.4 -3.4 -2.6 -2.5 -2.4
12/7 5110 L 0322 0302 -20 0402 0325 3 0356 34

5. 1 5. 2 5. 2 4.6
H 0909 0851 -18 0945 0910 1

-8.3 -8.2 -7.3 -6.5
L 1657 1656 -1 1737 1733 36

5. 9 5.1 5.0 3.3
H 2307 2255 -12 2343 2318 11

-2.5 -2.8 -2. 7 -2. 3
12/8 4410 L 0415 0357 -18 0455 0455 40

5.3 5.3 5. 3 4. 9
H 0955 0952 -3 1031 1013 18

-9. 3 -8. 8 -8.1 -6. 6
L 1742 1735 -7 1822 1827 45

6.7 6. 3 5.7 4.1
H 2359 2344 -15 0035 2357 -2

-2.6 -3.1 -2.9 -2. 8
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Date
1973

River
Flow
(CFS)

Tide
H-high
L-low

NOAA- Taft
Time Range
(PST) (ft)

Public Dock
Time Lag Range
(PST) (min) (ft)

NOAA- Kern.
Time Range
(PST) (ft)

Siletz Moorage Sportsman' s Land.
Time Lag Range Time Lag Range
(PST) (min) (ft) (PST) (min) (ft)

12/9 3230 L 0504 0459 -5 0544 0542 38
5. 5 5. 8 5.6 5. 5

H 1039 1059 20 1115 1057 18
-10.0 -9.2 -8.6 -7.4

1830 1838 8 1910 1918 48
7.3 7.0 6.1 5.2

12/10 2530 L 0048 0046 -2 0124 0108 20
-2.7 -3.2 -3.0 -3.2

L 0556 0548 -8 0636 0628 32
5. 5 5. 8 5. 6 5. 4

H 1128 1142 14 1204 1158 30
-10.3 -9.6 -8.9 -8.2

L 1916 1916 0 1956 2032 76
7.7 7.8 6.4 6.4

12/11 2210 H 0137 0126 -11 0213 0150 13
-2.9 -3.2 -3.2 -3.0

L 0646 0642 -4 0726 0712 26

C7,O



APPENDIX D. Water Quality Data

Station
Time
(PST)

Depth
(ft)

Temp,
( °C)

DOHL
(mg/1)

DO
WIN

(mg/1)

SALHL
( %o)

SAL

( %o)

pH
HL pHB TUR

(JTU)

January 25, 1973
LOW TIDE

9 0855 1 6.2 10.2 5. 0 7.9
2 7.5 10.2 5. 3 7.9
3 8.0 10.2 8. 0 8. 1
3 8.0 10.4 24. 0 8.1
1 11.3 5.1 6.9 1.3
3 9.2 21.5 7.6 3.5

4 0926 1 6.5 10.8 11.5 1. 4 <2, 8 7. 2 7.1 1.8
5 6.5 10.8 1.4 7.2

10 6.7 10.6 11.8 1.7 <2.8 7.3 6.8 5.3
15 6.5 10.6 2.3 7.3
17 6.8 10.7 3.4 7.3
18 7.0 10.7 11.1 9.1 5.5 7.6 7.4 6.9

5 09 50 1 6.8 10.9 11.4 0.0 <2. 8 6.9 6.7 1.3
5 6.8 10.9 11.5 0.7 <2.8 7.1 6.9 1.2

10 6.8 10.9 1.1 7.1
13 7.0 11.0 11.9 2.3 <2.8 7. 2 6.7 8.8

Note: Subscripts on the water quality parameters have the following meanings:

HL Hydrolab
WIN Winkler Method
S Salinometer
B Beckman pH Meter

rn



APPENDIX D. Continued

Station
Time
(PST)

Depth
(ft)

Temp.
( °C)

DOHL

(mg/1)

DOWIN

(mg/1)

SALHL

( %o)

SALS

( %o)

IOHL pHB TUR

(JTU)

8 1012 1 6.5 11.0 11.6 0.0 <2.8 6.7 6.9 1.6
5 7.0 10.9 0.0 6.7

10 7.0 11.0 11.3 0.0 <2.8 6.7 6.8 4.4
15 6.5 10.9 0.0 6.5
20 6.5 11.0 11.4 0.0 <2.8 6.7 7.0 3.8

1 1225 1 7.0 10.9 11.2 2.8 3.1 7.3 7.3 0.5
5 7.0 10.8 2.8 7.3

10 7.0 10.8 11.1 3.2 3.2 7.2 7.2 8.3
15 7.0 10.8 3.3 7.2
20 6.8 10.8 3.2 7.3
25 7.0 10.8 11.1 4.6 6.4 7.5 7.1 6.2

2 1245 1 7.0 10.8 11.7 0.7 <2.8 7.2 7.0 5.7
3 7.0 10.8 2.3 7.1
5 7.0 10.8 2.4 7.2
7 7.0 10.7 11.5 3.0 <2.8 7.2 7.4 8.6

3 1305 1 7.0 10.8 11.8 0.0 <2.8 7.0 6.5 3.8
5 7.0 10.8 11.4 0.0 <2.8 7.0 6.9 1.6
7 7.0 10.9 0.0 7.0
9 6.8 11.2 11.2 0.6 <2.8 7.0 6.7 6.4

4 1340 1 7.0 10.8 11.5 0.0 <2.8 6.8 6.9 2.1
5 7.0 10.8 11.4 0.0 <2.8 6.8 7.0 6.4

10 7.0 10.8 0.0 6.8
13 6.8 10.7 11.6 0.0 <2.8 6.8 7.0 5.1



APPENDIX D. Continued

HL DO
WIN

SALHL pHB TURTime Depth Temp. DO SAL pHHL
Station (PST) (ft) ( °C) (mg/1) (mg/1) (%o) ( %o) (JTU)

5 1400 1 7.0 10.8 11.6 0.0 <2.8 6.8 6.2 5.9
5 7.0 10.8 11.6 0.0 <2.8 6.8 6.7 4.2

10 7.0 10.8 0.0 6.8
12 7.0 10.9 11.6 0.0 <2.8 6.8 6.5 5.1

8 1420 1 7.0 10.9 11.6 0.0 <2.8 6.7 7.1 1.8
5 7.0 10.8 11.5 0.0 <2.8 6.7 6.7 7.0

10 7.0 10.6 0.0 6.8
16 7.0 10.7 11.6 0.0 <2.8 6.7 6.9 4.7

January 25, 1973
HIGH TIDE

1 1725 1 8.0 9.8 9.2 14.5
2 28.5
5 9.5 9.9 28.5

10 9.5 9.9 10.2 29.5
15 9.0 9.8 29.5
20 9.0 9.8 29.0
26 9.0 9.8 10.3 28.8

2 1740 1 7.0 9.6 11.5 3.4
3 7.0 9.8 3.5
4 20.5
5 25.5
5 9.5 10.2 26.5
9 9.5 10.4 10.5 28.0

12.8

31.4

31.7

3.6

30.6

8.2

8.2
8.2
8.2
8.2
8.2

8.1
7.5

8.2
8.2

7.9 4.1

7.9 1.8

7.8

7.8

1.4

5.4

7.9 3.3

rn



APPENDIX D. Continued

SALDOHL WIN HLTime Depth Temp. DO SA LS PHHL pHB TUR

Station (PST) (ft) ( °C) (mg/1) (mg/1) (JTU)

3 1755 1 7.0 10.0 11.6 4.5 <2.8 7.8 7.9 8.9
5 7.5 10.0 9.8 11.0 24.6 7.9 8.0 2.1

10 9.0 11.0 9.6 27.5 25.8 8.2 7.9 4.2

4 1840 1 7.0 10.3 11.5 0.0 <2.8 7.4 7.7 3.8
5 .7. 2 10.1 O. 5 7. 5

10 7.4 10.2 11.2 2. 3 5.9 7. 6 7.6 3. 5
10 6.0

11 7. 5 10.2 14.5 8.1
11 15.0
12 19. 6
15 8. 5 10.5 19.6 8. 2
18 8.8 11.2 10.9 21.2 17.6 8.1 7.7 6.6

5 1910 1 6.8 9.3 11.5 0.0 <2.8 7.0 7.3 3.8
5 6.8 9.2 0.0 7.0

10 6.8 9.2 0.0 7.0
13 6.8 9.4 11.5 0.0 <2.8 7.0 7.9 2.0

January 26. 1973
LOW TIDE

1 0835 1 6.8 10.8 14.1 6.8 <2.8 7.9 7.4 1.0
10 7.0 10.8 6.8 7.9
25 6.4 10.9 15.7 7.5 9.0 7.9 7.1 0.6

2 0900 1 6. 5 10.0 17.5 4.6 4.6 7.9 7.7 2, 2
3 7, 5 9. 6 7. 5 8.1
5 8.3 10.8 12.7 13.7 11.6 8.1 7.7 3.5
8 9.0 10.8 13.6 25.0 8.1 7.3 3.0



APPENDIX D. Continued

Station
Time
(PST)

Depth
(ft)

Temp.
( °C)

DO

(mg/1)

DO DO

WIN
(mg/1)

SAL

(%o)

SALSAL

(%0)

pH pH pH

B
TUR

(JTU)

3 0925 1 6. 8 10.7 14.9 4.6 5. 1 7.6 7.7 6.3
3 7.0 10.7 18.1 7.5 8.3 7.9 7.8 3.0
5 7.5 10.8 12.5 8.2
7 8.5 11.6 14.1 22.6 8.2 7.9 1.9

9 0950 1 3.2 11.8 2.1 7. 5
2 4.6 11.4 3.0 7. 7

4 1010 1 6. 5 10.9 1. 8 7. 3
5 6.5 10.8 2. 0 7. 5

10 6.8 11.0 3.8 7. 7
12 6.8 11.0 6.7 7.9
15 7..5 11.8 13.7 8. 1

1020 1 6.5 10.8 0. 0 7. 1
4 6.5 10.9 0.8 7. 2
9 6.5 10.8 2. 0 7. 3

11 6.8 11.0 5. 3 7.6
14 7.0 11.3 7. 5 7. 8

8 1030 1 6.1 11.1 O. 0 6.8
5 6.1 11.2 0.0 6.7

10 6.0 11.2 0.0 6. 7
15 6.0 11.4 0. 0 6.8
20 6.0 11.6 0. 0 6.8
25 6.0 12.0 O. 0 6.9



APPENDIX D. Continued

Time
Station (PST)

Depth
(ft)

Temp,
( °C)

DOHL

(mg/1)

DO
WIN

(mg/1)

SA LHL SA LS

( %o)

pHHL pHB TUR

(JTU)

May 15, 1973
LOW TIDE

1 0700 1 14.0 9.1 8.0 12.7 15. 7 7. 7 8. 0 2.1
5 14.0 9.0 12.7 7. 7

10 13.5 8.7 8.4 13.8 16. 2 7. 6 8. 0 2. 5
15 13.5 8.8 15.0 7. 6
20 12.5 8. 6 8.1 18. 5 20.1 7. 8 8.0 5.0

2 0719 1 14.3 9.0 8.2 10.4 12.1 7.6 7.8 2.8
4 14.3 9.0 8.5 10.4 12.3 7.6 7.9 4.1
8 14.0 9. 0 8. 2 10.4 12.6 7. 6 7. 8 2. 6

3 0735 1 15.0 8. 8 8. 7 6. 8 8.1 7. 4 7. 8 2. 6
6 14.5 8.9 8.7 6. 8 8.2 7.4 7. 6 2.7

9 2 14.5 8. 8 8. 3 8. 0 9.4 7. 5 7.9 2.9

4 0800 1 15.0 8.9 8.7 4.5 4.8 7.2 7.2 1.5
3 15.0 8.9 4.8 7.2
7 15.0 8.9 8. 3 5.0 5.1 7. 3 7.9 2. 3

5 1 15.0 8.7 8.8 2.6 2.9 7.1 7.6 3.3
4 15.0 8.7 2.7 7.1
8 15.0 8.7 8.6 2.8 3. 4 7. 1 9.4 2.3

6 0829 1 15.1 8.9 8.9 1.3 <2.8 7.0 7.6 4.8
3 15.1 8.9 1.4 7.0
6 15.1 8.9 8.9 1.5 <2.8 7.0 7.6 4.6



APPENDIX D. Continued

DODOHL WIN
SALHLTime Depth Temp. SAL

S PHHL pHB TUR

Station (PST) (ft) ( °C) (mg/1) (mg/1) ( %o) (%o) (JTU)

1 15.2 8.6 8.9 <2.8 6.8 7.5 2.4
5 15.2 8.6 6.9

10 15.1 8.6 9.2 <2.8 6.9 7.8 3.9
15 15.1 8.6 7.0
20 15.0 8.1 8.0 9.4 7.2 7.8 15.0

May 15, 1973
HIGH TIDE

9 1327 3 13.5 8.4 7.9 28.4 30. 6 7.9 8. 1 1.3

1 1335 1 12.0 9.6 8.5 29.0 31.9 8.0 8.2 0.9
3 12.0 9.4 29.0 8.0
6 12.0 9.2 29.0 8.0

12 12.0 8.6 8.7 29.0 31.9 8.0 8.2 1.4

2 1406 1 12.0 9.8 8.8 29.0 32.0 8.1 8.2 1.4
3 12.0 9.8 29.0 8.0
5 12.0 9.7 29.0 8.0

10 12.0 9.5 29.0 8.0
15 12.0 9.0 8.7 28.4 32.1 8.0 8. 2 1.5

3 1414 1 12.0 9.3 8.1 29.0 31.8 8.0 8.2 1.1
3 12.0 9.2 29.0 8.0
6 12. 0 9.1 29.0 8.0
9 12.0 8.9 8.1 29.0 31.9 8.0 7.9 1.4

-
rn



APPENDIX D. Continued

Station
Time
(PST)

Depth
(ft)

Temp.
( °C)

DOHL

(mg/1)

DO
WIN

(mg/1)

SALHL

(%0)

SALS

( %o)

PHHL PHB TUR

(JTU)

4 1435 1 12.5 9.9 9.1 27.6 22.3 8.0 8.2 I.6
4 12.0 9.6 30.0 8.0
7 12.0 9.4 30.0 8.0

11 12.5 8.9 8.6 30.0 30.7 8.0 8.1 4.8

5 1501 1 15.0 9.8 8.9 12.5 13.2 7.9 7.9 2.1
2 13.5 9.9 15.8 8.0
4 12.5 9.6 24.8 8.0
7 12.5 9.5 26.2 8.0

10 12.0 9.2 27.6 8.0
13 12.5 9.0 8.1 27.6 30.7 8.0 8.2 2. 8

1516 1 15.5 9.3 8. 5 5. 2 7. 7 7. 6 7.9 1. 5
2 15.0 9.3 8.0 7.7
4 15.0 9.5 8.6 7.8
6 14.5 9.4 8.4 11.7 12.9 7.9 7.9 2.0
8 14.0 9.5 13.8 7.9

10 13.5 9.4 17.0 8.0
12 12.5 8.5 8.4 24.8 27.5 8.0 8.1 2.7

7 1529 1 15.5 9.2 5.0 7.5
2 15.5 9.2 6. 2 7. 6

4 15.5 9.2 6.5 7.6

8 15.0 9.1 8.3 7.8
12 14.0 8.5 14.5 7.9

8 1537 1 16.0 9.1 8.8 4.6 5.8 7.5 7.7 4.9
2 16.0 9.1 4.6 7.5
4 16.0 9.1 4. 6 7. 4



APPENDIX D. Continued

Time Depth Temp, DOHL DO
WIN

SALHL SAL PHHL
Station (PST) (ft) ( °C) (mg/1) (mg/1) ( %o) ( %o)

pH
B

8 1537 8 16.0 9. 2 5. 0 7. 5
12 15.5 9.2 6.2 5.8 7.6
16 15.0 9.3 7.4 7.7
23 13.5 8.7 8.2 17.8 14.7 7.9

August 8, 1973
LOW TIDE

7.6

8. 0

TUR

(JTU)

2. 7

3.0

1 0704 1 11.5 9.4 9.0 24. 8 27.5 7.8 7.4 0.8
7 11.5 9.6 8.9 24.8 28.3 7.8 7.3 1.0

12 11.5 9.6 24.8 7.8
17 11.0 9.6 10.5 25.5 - 28.6 7.8 7.3 0.8

2 0722 1 12.5 9.4 8.8 22.0 25.0 7.8 7.6 0.8
3 12.5 9. 2 9. 0 22.0 25.1 7. 8 7. 5 0.9
6 12.5 9.2 9.4 22.0 25.3 7.8 7.3 0.5

3 0743 2 11.0 6.4 6. 2 24.8 25. 2 7. 5 7.1 O. 7

4 0748 1 14.0 9.8 9.5 17.8 20.9 7.8 7.6 0.8
2 13.5 9.6 17.8 7.8
4 13.5 9.6 9.4 18.6 21.2 7.8 7.5 1.1
8 13.0 9.6 9.1 19.2 21.7 7.8 7.5 0.9

0808 1 15.0 9.2 9.1 13.8 15.6 7.7 7.2 0.7
4 15.0 9.4 13.8 7.7
8 14.5 9.4 8.9 14.4 16.4 7.7 7.2 1.0

12 14.5 9.6 9.1 15.0 17.3 7.7 6.6 1.3 s



APPENDIX D. Continued

DDWIN HLTime Depth Temp. DO WIN
SAL PHHL PHB TUR

Station (PST) (ft) ( °C) (mg/1) (mg/1) (JTU)

6 0817 1 15.3 9.2 9.6 8.6 9.3 7.5 7.1 0.9
4 15.2 9.2 9.6 9.9 10.4 7.5 6.5 1.6
8 15.0 9.2 9.5 10.5 11.8 7.6 6.6 1.0

7 0830 1 17.0 8.6 9.0 5.0 5. 1 7. 3 7.1 0.9
4 17.0 8.4 5.0 7.3
8 17.0 8. 6 9.4 5.0 5. 3 7. 3 7.0 1. 1

12 16.5 9.0 6.2 7.3
16 15.5 8.8 9.2 11.0 11.4 7.5 7.1 1.2

August 28, 1973
HIGH TIDE

1 1519 1 11. 5 10.8 8.7 28.7 33.2 8.0
5 11.3 10.4 29.0 8.0

10 11.5 10.8 8.7 29.0 33.0 8.0
14 10.7 10.0 28.8 8. 0
17 10.7 9.8 29.0 7.9
20 11.0 9.8 29.0 8.0
22 11.0 9.5 9.1 27.0 33.1 7.9

2 1541 1 10.0 7.7 6.8 30.6 33.5 7.9
2 10.0 7.7 30.6 7.9
4 10.0 7.5 7.1 30.1 34.8 7.9
6 10.0 7.3 29.5 7.9
8 10.0 7.1 6.7 30.1 33.4 7.9

3 1605 1 12.8 10.4 10.0 28.4 28.0 8.0
2 10.0 32.3

7.5 0.5

7.4 O. 7

7.4 O. 7

7.5 0.5

7.4 0. 6

7.4 0.7

7.7 0.5
7.8 O. 8



APPENDIX D. Continued

Time Depth Temp, DOHL DOWIN SALHL SALS pHHL pH TUR

Station (PST) (ft) ( °C) (mg/1) (mg/1) ( %o) ( %o) (JTU)

4 1618 1 11.5 9.9 9.2 29.8 32.1 7.9 7.2 0.6
3 11.2 9.6 30.6 7.9
6 11.0 9.2 8.5 31.0 32.9 7.9 7.6 0.5

10 11.0 8.5 8.6 31.0 33.1 7.9 7.8 0.6

5 1630 1 11.5 10.6 9.8 28.8 30.6 8.0 7.7 0.5
3 11.5 10.6 27.7 8.0
6 11.5 10.6 9.5 28.6 32.3 7.9 7.5 0.6
9 11.5 10.2 28.8 7.9

12 11.5 19.6 9.6 29.0 32.2 7.9 7.2 0.5

6 1640 1 14.5 11.0 9.6 19.0 21.8 7.9 7.3 0.8
3 13.2 11.4 20.5 7.9
6 12.2 10.9 10.0 25.5 28.8 7.9 7.5 0.9
9 11.8 10.1 9.6 27.0 30.4 7.9 7.5 1.0

1653 1 15.7 10.3
3 15.5 10.4
6 15.5 10.5
9 15.0 10.7

12 14.5 10.5
15 13.0 10.1

December 3, 1973
HIGH TIDE

9.7

9.6

10.0

14.4
14.4
15.0
15.5
17.8
22.7

16.7 7.9 7.1 0.7
7.8

19.6 7.9 7.1 0.8
7.8
7.9

24.2 7.9 7.1 0.9

1 0648 1 9.0 11.2 10.7 10.3 13.0 8.3 7.9 6.6

14 10.1 11.4 10.3 24.0 22.1 8.2 7.8 7.0
28 10.2 11.4 10.1 24.8 26.4 8.2 7.8 4.8 :11,



APPENDIX D. Continued

Time
Station (PST)

Depth
(ft)

Temp.
( °C)

DO HL
(mg/1)

DOWIN
(mg/1)

SALHL
(%o)

SA LS

( %o)

pHHL pHB TUR

(JTU)

0719 1 9.5 10.7 11.5 4.9 4.0 7.9 7.6 16.0
6 10.0 11.4 9.6 25.1 25.5 8.2 7.8 4.1

12 9.8 10.4 10. 3 26. 2 26, 2 8. 2 7. 8 5. 2

9 0737 1 9.5 10.0 11.0 2.0 3.2 8.1 7.2 4.5
5 9.7 10.7 9.4 24.8 26.8 8.2 7.1 10.5

3 0749 1 8.6 10.3 11.2 1.0 <2.8 8.2 7.1 10.3
6 9.2 10.8 9.9 19.3 21.3 8. 2 7. 7 10. 0

4 0803 1 9.4 10.8 11.3 0.5 <2.8 7.6 7.7 11.5
6 9.5 10.4 10.4 2.0 16.1 7.9 7. 8 6.9

12 9.9 11.1 10.0 25.1 18.5 8.3 7.7 6.0

5 0820 1 9.3 10.8 11.1 0.0 <2.8 7.9 7.1 12.0
8 9.4 10.6 11.1 1.0 <2.8 7.9 7.1 13.0

16 9.6 11.4 10.7 15.8 19.2 8.2 7.8 0.9

6 0839 1 9.3 11.0 11.0 0.0 <2. 8 7. 4 7.1 11. 0
7 9.3 10.9 0.0 7.4

14 9.3 10.8 10.9 0.0 <2.8 7.5 7.0 6.0

December 3, 1973
LOW TIDE

1 1335 1 9.6 11.1 12.0 3. 8 4. 8 6. 8 8. 3 4. 0
9 9.6 11.1 11.8 5.2 5.6 6.6 8.3 12.0

18 9.6 11. 2 11.5 5.5 6.5 6. 5 6.9 2.3 1'
CV



APPENDIX D. Continued

Time
Station (PST)

Depth
(ft)

Temp.
( °C)

DOHL

(mg /1)

DOWIN

(mg/1)

SALHL

( %o)

SALs

( %o)

pHHL pHB TUR

(JTU)

1354 1 9.4 10.6 10.9 0.5 <2.8 6.3 9.0 16.0
4 9.5 10.2 2.1 6.4
8 9.6 10.4 10.7 4.5 5.2 6.4 7.0 12.0

1405 1 9.9 10.0 8. 8 9. 0 17.8 6. 6 8.1 9. 5

1415 1 8.5 10.9 10.4 0.0 <2.8 5.8 3.0 9.8
5 8.5 10.8 11.0 0.0 <2.8 6.0 3.6 7.4

11 8.5 10.7 11.1 0. 0 <2. 8 6. 0 7.0 4.9

1430 1 8.5 11.0 11.1 0.0 <2.8 5.8 3.2 II. 0
6 8.5 10.9 10.2 0.0 <2.8 5.9 6.3 5.0

13 8.5 10.8 11.3 0.0 <2.8 6.1 4.5 5.0

1500 1 8.5 11.0 11.2 0.0 <2.8 5.7 3.0 5.1
7 8.5 10.8 11.1 O.0 <2.8 5.9 6.4 7.3

14 8.5 10.6 10.5 0.0 <2.8 6.1 6.6 8.7

1530 1 8.5 10.8 11.2 0.0 <2.8 5.8 4.5 4.9
6 8.5 10.8 11.3 0.0 <2.8 5.7 7.4 10.0

12 8.5 10.4 11.5 0.0 <2.8 6.2 4.0 8.1



APPENDIX E. Sediment Grain Size Data

Sample* River Mile D90 D60 D50 D10 U

1A04 0.02 2.00 0.20 0.07 0.002 100.0
2tA04 0.20 0.58 0.30 0.27 0.170 1.8
3A04 1.50 1.30 0.52 0.43 0.040 13.0
3'A04 1.75 0.39 0.18 0.12 0.012 15.0
9A04 1.82 0.31 0.12 0.10 0.020 6.0
4A00** 2.42 1.10 0.40 0.32 0.020 20.0
7A04 4.61 42.00 20.00 9.00 0.400 50.0
1B04 0.02 0.78 0.43 0.37 0.170 2.5
2B04 0.57 0.70 0.36 0.32 0.180 2.0
3B04 1.50 1.60 0.57 0.45 0.170 3.3
4B04 2.42 2.30 0.45 0.31 0.002 225.0

5B04 3.06 0.61 0.30 0.25 0.100 3.0
6B04 4.04 7.80 1.10 0.64 0.030 37.0
7B04 4.61 12.00 2.30 1.50 0.100 23.0
OBOO 1.80 0.66 0.55 0.200 3.3

* Sample Identification Code: (1) Fir st number refers to site location
** Sample Spilled in Analysis (Figure ).

*** Ocean Reference Grab Sample (2) Letters A and B refer to March or
August sampling dates, respectively.

(3) Last two letters designate depth of
sample in inches.


