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ABSTRACT

SedIimentation rates suddenly increased in the Lower Columbia River
immediately following the May 18, 1980 eruption of Mt. St. Helens. Research
conducted at the Port of Astoria during 1981-1982 permitted determination of
the shoal ing mechanisms and confirmed that some of the sediment was of recent
Mt. St. Helens origin.

Three types of models were used to study the circulation and shoaling
characteristics of the Port of Astoria: a physical model, numerical
circulation model, and a numerical sedimentation model. The physical model
provided insight to the overall circulation patterns and tidal exchanges of
water. The numerical circulation model gave additional Information on
residence times and flushing rates of water in the port slips. It also
provided input Information for use with the numerical sedimentation model.
This model gave reasonable estimates of sedimentation rates at the Port. A
paucity of accurate field data presently |imits the applicabllity of
theoretical models to qual itative rather than quantitative Interpretfation.

Field research allowed a more quantitative investigation of the shoaling
conditions in the lower Columbia River at Asforia. Rates of sediment
deposition In the harbor slips were measured using sedimentation buckets.
Core samples of bed material were obtained for various physical analyses.
Water currents and clirculation were measured using drogues and current
meters. Water samples were collected to characterize suspended sediment
concentrations. Typical suspended sediment sizes and bed material sizes were
0.01-0.03 mm, Indicating well-graded silft.

Three distinct tests (clay mineralogy, heavy minerals and microprobe)
Indicated that the Columbia River Is the primary source of the suspended
sediment causing shoallng in Astoria Harbor. However, under certain
conditions Youngs Bay sediment may also enter the Astoria Harbor. The
microprobe analysis provided the most definitive answer regarding effects
produced at the Port of Astoria by the Mt. St. Helens eruption, Indicating
that part of the sediment sampled from the port slips contained non-juvenile
glass from Mt. St. Helens.

The sedimentation mechanism in the Astoria area Is described. The
Columbla River (rather than Youngs Bay) is identified as the main source of
the sediment causing chronic shoaling problems at the Port of Astoria. Thls
accounted for the abrupt increase In sedimentation that occurred in the
harbor slips due to the Mt. St. Helens eruption.

The elevated sedimentation rate caused by the eruption was observed to
decrease slightly with time after the eruption. This decreased rate should
be proportional to the decrease In the amount of upriver channel storage of
sediment from Mf. St. Helens. The present (eariy 1983) sedimentation rate is
still higher than before the eruption. Further reductions in sedimentation
rate will occur over several years before reaching the pre-eruption level,
assuming that no further eruptions and major sediment disturbances occur.




FOREWORD

The Water Resources Research Institute, located on the Oregon State
Universlty campus, serves the State of Oregon. The Institute fosters,
encourages and facl|ltates water resources research and education involving
all aspects of the quality and quantity of water avallable for beneflclal
use. The Institute administers and coordinates statewide and reglonal
programs of multidisciplinary research in water and related |and resources.
The Institute provides a necessary communications and coordlnation |ink
between the agencles of local, state and federal government, as well as the
private sector, and the broad research community at universlitles In the state
on matters of water-related research. The Institute also coordinates the
Inter-disciplInary program of graduate education In water resources at Oregon
State Unlverslty.

It Is Institute pollcy to make avallable the results of signiflcant
water-related research conducted In Oregon's unlversities and colleges. The
Institute nelther endorses nor rejects the flndings of the authors of such
research. |t does recommend careful consideration of the accumulated facts
by those concerned with the solution of water-related problems.
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1. INTRODUCTION

Ihe Problem

Astoria Is located on the Columbia River estuary. Situated at the tip of
a peninsula between the Columbia River and Youngs Bay, Astorla Is 78 miles
(125 kilometers) from Mt. St. Helens by direct distance, as shown In Figure
1. The Port of Astoria has had continuous shoal ing problems over the years.
However, in 1980 a sudden Increase in the sedimentation rate was experlenced
in the Port of Astoria harbor slips and in numerous other lower Columbia
River ports. The resulting dredging required to maintain the harbor slips in
a usable condltion exceded the capacity of the Port's existing dredging
equipment. This Increased sedimentation was immediately attributed to the
Mt. St. Helens eruption of May 18, 1980. Verifying whether or not that
eruption was In fact the direct and immediate cause of Increased
sedimentation at the Columbia River ports was the main challenge of this
study. Another significant concern was whether the severe sedimentation
would prove to be a relatively short-term problem or could lead to chronic
additional dredging.

The question of whether or not the increased sedimentation was produced
by the Mt. St. Helens eruption also resurfaced an older question on whether
or not the sediment that accumulates In the Astoria Harbor slips was from
Youngs Bay or Columbia River sources. The Youngs Bay vs. Columbia River
sedimentation question had not yet been satisfactorily resolved and hence did
not shed immedlate |ight on the shoaling problem following the Mt. St. Helens
eruption, other then the obvious Inference that the eruption was responsible
for the shoal ing.

Youngs Bay was previously identifled as a possible contributor to the
sedimentation problem in the Port of Astoria slips (Higley et al., 1976;
Krone, 1971). Circulation studies had indicated current patterns in the
vicinity that could influence the transport of sediments. One current
pattern was reported to extend out from Youngs Bay past the site entrance
under certain tidal conditions (Slotta et al.,1975).

Research 0D Jectives

The goal of this research was to determine the origin of the sediment
found in the Port of Astoria slips. The research goal was pursued under two
objectives: (1) to determine whether or not the May 1980 Mt. St. Helens
eruption produced the sudden increase In |lower Columbia River sedimentation
rates; (2) to determine If the aggravated problems due to the sedimentation
rate Increase were of short duration or were instead |lkely fo be prolonged
for several years, mainly due to upriver and estuary storage of the recent
eruption—-derived sediments.

Setting and Site Description

The Toutle River drains the northwest slopes of Mt. St. Helens, Including
the debris~flow area. The Toutle River discharges Into the Cowl itz River at
river mile (RM) 25 (km 40). The Cowllitz, in turn, Jolns the Columbia River
at RM 68 (km 109).
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The Port of Astoria Is located at RM 13 (km 21) on the south bank of the
Columbia River estuary (see Figures 1 and 2). The |Iimits of the estuary are
not exactly defined. Hubbeil et al. (1971) considered the upriver limit o
be at Longview, Washington, near RM 68; others (Roy et al., 1982) farther
upriver, and still others (Gel fenbaum, 1981), no farther upriver than
Harrington Point, near RM 24. However, all agreed that the estuary limit is
farther upriver than the Port of Astorlia.

Several estimates of the mean water discharge and the mean suspended |oad
for the Columbla River near Astoria are available In the |iterature. A mean
discharge of 256,000 cfs (7,260 m°/s) and a suspended sediment |oad of
1.03x106 tons per year are reported by Holeman (1968). The accepted average
suspended sediment load reported by others has been taken as 107 metric
tons/year (Gelfenbaum, 1981; Hubbell et al., 1971), River discharge varies
seasonal ly due to winter precipitation and spring-summer snowmelf. The
natural runoff pattern Is greatly altered due to reservolr operation. Lowest
discharge generally occurs In late summer and early autumn.

The Columbia River estuary Is considered a partial ly-mixed estuary for
low river flows and a well-mixed estuary for high discharges (Dyer, 1979).
The mean tidal range of the lower Columbia River Is 6.4 ft. (2 m). A maximum
variation of 11.4 ft. (3.5 m) reportedly occurs, with respect to Local MLLW,
at the 100-year flood stage at Astoria, (Seaman et al., 1972). The limit of
sea water Intrusion is about 23 miles (37 km). Tidal flow reversals occur as
far as 53 miles (85 km) upstream of the mouth and tidal fluctuations are
observed as far upstream as Bonneville Dam, 140 miles (225 km) from the mouth
(Hamilton, 1973).

The Port of Astoria slip layout Is shown In Figure 2. Both slips are
open to the Columbia River at their north end. The designed depth In the
siips 1s 35 ft. (11 m). The navigation channel on the river is 55 ft. (17 m)
deep and passes at a distance of 600 feet (180 m) from the entrance to the
sl ips.

The plers have concrete decks supported by wood pilings. Beneath each
deck is a rubble breakwater which extends along the length of the pier,
al though the breakwater of pier 3 Is Incomplete. Facilities such as
warehouses, shops, offlice, cranes and railroad tracks are located above the
deck.

Timber is the principal cargo handled at the Port of Astoria. Slip 1
has greater commercial use than slip 2 and, therefore, Is more frequently
dredged. Silt curtains have been recently added on the landward section of
slip 2 to retain dredged material that must be stored there in periods of low
flows rather than be released into the Columbia River.
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Scope and Approach

The circulation and shoal ing characteristics of the harbor sliips at the
Port of Astoria were investigated by means of three types of models: a
physical model, a numerical circulation model, and a numerical sedimentation
model. Each model simulates various aspects of the hydraullc and/or
sedimentary processes at the Port. The small-scale physical model was used
to give insight to the overall flow and circulation patterns and tidal
exchanges for water. The one-dimensional numerical circulation model was
then used to obtain information on velocities, residence times and flushing
rates for water in the port slips. This model also provided input
information for use with the sedimentation model. The single-cell numerical
sedimentation model was used to make estimates of sedimentation rates In the
harbor slips. Collectively, the models give needed qualitative understanding
of the shoal ing mechanisms that can be used fo plan and conduct field
research. Fleld research, in turn, can be used to validate the model
results.

Physical Model and Results

A physical hydraullc model was used for preliminary Investigation of the
hydrodynamics and flushing In the Port area. The model was of small size and
not designed or Intended to provide precise quantitative information
regarding velocities, flow rates, diffusivities, etc. Rather, the model was
intended to provide a clear overview of the possible hydraul ic exchanges
occurring within the harbor slips. The Information thus gained could then
serve as a "polnt of departure"™ for further studies, either field or
theoretical.

Numerous variables affect the circulation in an estuary. Fortunately,
the system to be modeled at the Port of Astoria is a comparatively simple one
in which several of these variables can be assumed negligible. Figure 3
shows the area included In the model. Slips 1 and 2 were each treated as a
smal | embayment closed on the landward side, and open on the seaward side to
the Columbia River. Consequently, no fresh water inflow is present, with the
result that essentially no stratification due to temperature and salinity
variation occurs. The comparatively small lengths of the estuaries under
consideration do not provide sufficient fetch for significant wind~Induced
motion to develop; wind-induced phenomena can therefore be assumed negligible
except at the water surface.

The horizontal and vertical scales of the model were 1:1200 and 1:120,
respectively, as determined by the size of the available modeling tank, which
was 4 ft (1.2 m) square and constructed of clear plexiglass. The tidal
period for the model was about 6.8 minutes for a prototype tidal period of
approximately 12.4 hours.,
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The model was constructed of plastic. Lights were then installed under
the model with a reflector so that the areas representing water was clearly
illuminated. Land areas were covered above the high tide level to prevent
| ight from showing through. A movie camera was fixed above the model to
record the movement of dye tracers of current patterns.

The tidal flow pattern was simulated by use of fwo pumping systems. One,
representing the flow of the Columbia River, consisted of a pump which
provided a constant uni-directional (downstream) flow In the model. The
second, representing the periodic tidal flow, consisted of a pump and valves
which could be used to generate upstream flow (Incoming tide) and reversed to
generate downstream flow (outgoing tide). The model tide amplitude was
establ ished corresponding to the maximum tide range experienced at Astoria.
Approximately forty different tests were made. Slug and frickle injections
of dye were made at frequent intervals along the length of each slip, in the
river channel upstream to represent Columbia River suspended sediment, and
Just outside the mouth of each slip to represent the effect of disposing of
dredge spoils at such locations.

To investigate the prevention of sedimentation, the model was also
modified by the addition of Impervious wall sections to represent possible
structures (e.g. silt curtalns, sheet piling) which might feasibly be
constructed at the Port to improve hydrodynamic patterns as they affect
sedimentation. |t was surprisingly difficult to so modify the hydrodynamics
without resorting to Impractical configurations.

The results from the model were highly Illuminating and satisfactory.
Detalls are given in Mustain (1982) and only summarized here. Figure 4 shows
the results of model run which clearly Illustrated the interaction between
the slips. Dye was released continuously In slip 2. Figure 4(a) gives the
motion of the dye on the ebb tide. The dye dispersed In slip 2 and flowed
into the Columblia River, whence It proceeded downstream. Figure 4(b)
Illustrates the changes in flow patterns which occurred during flood tide.

As the flow in the Columbia River reversed, the dye was carried upstream to
and past the mouth of slip 1. A portion of this dye drifted Info slip 1 and
remained there, even on the next ebb tide. The implication of this behavior
for the Port of Astorla Is that the generation of large volumes of suspended
sediment in one slip (e.g. disposal of dredge spoils in slip 2) can result In
Increased sedimentation in the other slip. This Is of concern at the Port of
Astoria, since disposal of dredge spolls into the Columbia River Is only
permitted during perlods of high flow. Consequently, It may be necessary at
times to adopt the seemingly contradictory policy of disposing of dredge
spoils in one slip to keep the other slip navigable.

The film records were transferred to videotape for presentation to
officlials at the Port of Astoria. The simplicity and flexibility of the
model| were particularly attactive features. Test runs could easily be made
to simulate virtually any desired conditions in the field, both existing and
proposed; the film results were easily comprehensible to anyone, whether
familiar or not with hydraul ic modeling.
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The model results compared favorably with aerfal photographs of
subsequent dye releases In the fleld. Correspondence between the model and
prototype was excellent for a dye release on the Incoming tide.
Correspondence was less satisfactory for the fleld dye release made on the
outgolng tlide, probably due to a stiff breeze which was blowing against the
outgolng tlde.

In summary, the model was a useful tool In galning an understanding of
the hydraul Ic exchange of the prototype system. Such a model might be
particularly useful as a management tool In performing preliminary
Investigations Into the possible Impacts of proposed actions which may affect
the prototype.

Numerical Circulation Model and Results

A simple one~dimensional numerical model was developed by McDougal (1980)
for the analysls of flushing In relatively narrow estuaries open fo the tide
at one end. |If certaln simplifying assumptions can be satisfied, the only
variables which vary over space are flow rates and concentrations of
dissolved or suspended constituents. The simplifying assumptions are
approximately met for the Port of Astorla at sllp 1. The siip was divided
Into several grlid cells for analysis. Detalls of the applled model are given
In Mustaln (1982).

Figure 5 lllustrates the model results for three runs In which Inltial
(normal 1zed) concentrations (C) of 100 unlts were established In the |andward
(highest numbered) grids of the models. Flgures 5(a) and 5(b) show the
relatlive concentration versus time In grid 6 of a six-grid model with tidal
ampl [tudes (a) of 2.0 f+ (.61 m) and 5.0 ft+ (1.72 m), respectively. Flgure
5(c) shows the relative concentration versus time in grid 9 of a nlne-grid
model for a tidal amplltude of 5.0 ft+ (1.72 m).

The rate of flushing predicted by the three models of Figure 5 varles,
ranging from 78 to 92 percent. Given the same number of grids in the model
(f.e. for Figures 5(a) and 5(b)) the higher tidal amplitude results In a
greater predicted flushing rate. Thls Is reasonable, slnce greater tidal
ampl 1tudes result In larger exchanges of water between ad]acent cells In the
model. A more subtle result Is that, given the same tidal amplitude (i.e.
Figures 5(b) and 5(c)), the mode! with the greater number of cells predicts
lower flushing rates. This "numerical retardation" effect Is Important when
numerical models are employed: as the number of grids In the model Increases,
the volume exchanged between the grlds decreases, which results In an
apparently lower rate of hydraullc exchange. Determining the optimum number
of grids to be used In the model Is an Important aspect of model callbration.

Figure 6(a) !llustrates concentration versus time for grids located near
the midpoint of the slip (grid 4 or 5) and at the mouth of the siip (grid 2)
with tidal amplitude equal to 5.0 ft (1.72 m), Inltlal concentration of 100
units in cell 6, and a six-cell model. The resultant concentrations on grlds
2 and 4 begin at zero, rise to a peak, then decrease at a declining rate,
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which would eventual ly become asymptotic to C = 0. The concentration In grid
4 reaches its maximum In about half the tIme that grid 2 requires. Also, the
maximum concentration In grid 4 Is about three times the maximum attalned In

grid 2.

Figure 6(b) shows concentration versus time for no Inltial concentration
anywhere In the slip but with a constant Input of one unit per hour Info grid
6 of a six-grid model. The resultant concentrations In this case begin at
zero and Increase at a decreasing rate. Eventually, the concentrations would
level out as the system attalned [ts steady-state.

Figure 6(c) shows concentration versus time for an Initial condition of
zero concentration throughout the slip and a constant Input of one unit per
hour In cell 9 of a nine-cell model. The resultant concentration plots are
slmilar to those In Figure 6(b), but agaln the effect of numerical
retardation Is evident. Both models will eventually reach the same
steady-state concentrations. Due to numerlcal retardation, however, the
nine-grid model wlll approach the steady-state more siowly.

The model results give an Indication of the hydraullc exchange which
occurs between slip 1 and the Columbia River. The predicted flushing rates
(80-90 percent over four days) Indicate that the sl|ip exchanges suffliclent
water to avold stagnation. Another [nference which may be drawn Is that
sufflclent suspended-sediment-laden water from the river enters the slip to
provide the source of the shoaling which occurs there. Further, the
numerical circulation model's estimated residual concentrations may be used
as an Initial estimate In planning fleld work. Finaily, the numerical
circulation model estimates the flow rates Into and out of each cell over
time. From these flow rates, the average velocity of the water flowing In
the slip may be approximated, which will be Important when considering the
sedimentation within the siip.

Based on the model results, a fleld study was planned to cal lbrate the
model. It was Intended to release Rhodamine WT Into the landward end of slip
1 and monitor the concentration over time In the slip using a fluorometer.
Unfortunately, due to a combination of factors Including equipment problems
and a heavy workload at the Port, useable quantitative data was not obtalned
from the field dye tracer experiment. Thus, the model remalins uncal Ibrated.
While It may provide useful Insights Into the qualltative aspects of the
clrculation patterns at the Port, further fleld data are needed to callbrate
the model before [+ can be considered quantitatively rellable at Astorla.

Numerical Sedimentation Model and Resulis

The source of the sediment that accumulates In the Port of Astoria [s the
suspended load In the Columbia River which enters the sl|ips during each
incoming tide (regardless of whether the sediment originates upstream In the




Columbia or in Youngs Bay). As a result of lower current velocities in the
sllips, compared to current velocities In the channel, a certain proportion of
the suspended sediment settles out of the water onto the floor of the slip
and is left behind when the water flows out of the slip on ebb tide. Also as
a result of low current velocities at the slips, bedload transport of
sediment may be assumed to be negligible.

A numerical sedimentation model was used In an attempt to estimate the
rate of accumulation of sediment in the slips. Everts (1981), by making
several simlifying assumptions, developed a mathematical model for the
prediction of sedimentation rates in semienclosed harbors. Based on the
avalilable data and field observations, these assumptions appear to be
reasonable for the Port of Astoria. Therefore, a single-cell, finite element
model has been developed for estimating sedimentation rates at the Port of
Astoria. The model Is quite general In nature. The river sediment
concentration, which serves as a boundary condition, may vary freely with
time, the sediment distribution over depth In the harbor may take on any
desired form, and the plan area of the harbor may vary with depth.
Furthermore, the equations for the model may be applied to separate size
fractions of sediment, each having its own settling velocity and
concentration distribution. The total sediment disposition in this case
would simply be the sum of the deposits for each size fraction. (Use of size
fractions Is particularly appropriate If there exists a wide range of sizes
among the sediment grains, since this may result in widely varying settling
velocities and concentration profiles.) Detalls of the model are given In
Mustain (1982).

The numerical sedimentation model was applied to slip 1 at the Port of
Astoria. The sediment characteristics (concentration, grain size, specific
gravity, and porosity) were estimated based on field data obtalned during the
periocd March 24 through June 24, 1982. The sediment settling velocitlies were
estimated as a function of the grain diameter using the methods presented in
Bogardi (1974). As the data regarding sediment grain-size were rather
limited, a single size fraction, based on the median grain diameter, was used
in the model. Considering the relatively small grain size present
(Dgg = 0.015 mm) the verticle distribution of sediment concentration was
assumed constant.

Figure 7 illustrates the results obtained from three model runs with
different Input parameters. Case (a) used the best available data from the
fleld studies. The model gave an estimated sedimentation rate of about 0.05
ft/month (0.0015 m/month), equivalent to about 0.6 ft/year (0.18 m/year).
This appears to be approximately an order of magnitude too iow when compared
with actual sedimentation rates experienced at the Port of Astoria.

Two Input variables are particularly important In determining the model's
behavior: sediment concentrations in the Columbia River and settling
velocities of the sediment. Unfortunately, both of these variables can only
be very roughly estimated from the available data. Although accurate values
for these variables cannot presently be arrived at, their effect on the model




(FT)

DEPTH OF SHOALING

(FT)

DEPTH OF SHOALING

(FT)

DERPTH OF SHOALING

SHOALING VS TIME

40 r
30
201
A0 1

0.00

5.00

1&3 18.00 20.00 Zh00 =

TIME (DAYS)

SHOALING VS TIME

S.00

10.00 oo z0.00 500 5d
TIME (DRYS)

SHOALING VE TIME

«40

A0t

0.00

FIGURE 7.

10.00 19,00 T T IR T T

TIME (DAYS)

DEPTH OF SHOALING VS TIME

14

(a)

(b)

(c)




can be analyzed by arbitrarily varying the Inputs and observing the model
response. Runs (b) and (c) were made for this purpose. For run (b) the
settling velocity was doubled but all other input variables were left as In
run (a). As shown in Figure 7(b), the doubling of the settiing velocity had
only a very slight effect on the predicted rate of shoaling. For run (c),
the concentration In the Columbia River was increased by a factor of ten but
all other parameters were left as In run (b). As shown in Figure 7(c), this
resulted in almost an order of magnitude of Increase in the predicted

shoal ing rate. This predicted shoaling rate was equivalent to about 6.0 ft
(1.8 m) annually, which appears to be consistent with the actual historical
rate of sedimentation estimated by Port officlals.

Clearly then, the model is more sensitive to changes in the input
concentrations than to changes In the settling velocities of the sediment
particles. This result does not appear Incompatible with the prototype,
where the rate of sedimentation has been observed to vary with the rate of
flow of the Columbia River (and hence, with the suspended sediment
concentrations in the river). During winter and spring freshets, for
example, the flow rate, river suspended sediment concentration, and
sedimentation rate at the Port of Astoria have all been observed to Increase.
Further data are needed concerning the suspended sediment concentrations in
water entering the slip for further validation and/or refinement of this
model. One aspect that should be addressed Is the variation over tTime of
these concentrations. Further data on settling velocites would also be
useful. However, due to the relative insensitivity of the model to
differences In settling veloclities, this information is less critical than
are the suspended sediment concentrations.
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3. FIELD RESEARCH AT PORT OF ASTORIA

Objectives and Approach

The maln objectives of the fleld research program were to determine the
magn!tude of and mechanisms behind the siltation problem at the Port of
Astorla and, from the results, to try to explaln the change In the 1980-81
sedimentation rate. The harbor sllips at the Port and at the adjacent small
boat marina were studied. Funding |Imitations prevented in-depth study of
other ports along the Columbia River estuary, beyond an abbreviated study
during 1982.

The fleld program consisted of six major physlcal Interpretive efforts:
(1) examlination of sedimentation buckets placed on the estuary bottom; (2)
examination of core samples of the estuary bottom; (3) clrculation studles
using current meters and drogues; (4) examinatlon of water samples collected
at varlous depths and locatlons; (5) a side-scan sonar study; and (6) a dye
study which Incorporated aerlal photographs. The fleld work schedule is
summarized In Table 1. The detalled procedures and results of the dye study
and aerlal photography are glven In Mustaln (1982). Detalled procedures and
results of the other fleld studles are given In Cobos (1983).

In an attempt to measure sedimentation resulting from the suspended |oad
only, five~gallon buckets were weighted and sunk to the estuary bottom. It
was bel leved that these buckets would exclude the effects of any bed |load
transport, slnce the |ip of the bucket would rest an Inch (> 2 cm) above the
estuary bottom, assuming no embedment In the bottom sediments, and bed load
transport was considered to be conflned to a height above the bed of about
two times the dlameter of the bed sediment particles (assumed to be 1 cm).
Thus, the collectlon of suspended sediment In the buckets would give a rough
Indlcation of both the rate of sedimentation and the composition of the
sedIment settling out from the suspended |oad.

Sedimentation buckets were placed at the stations indicated on Figure 8.
It was declded to place the buckets next to the plers since the probabl| 1ty
of recovering buckets located elsewhere was low, due both to the dlifflculty
of relocation and the |lkellhood of disturbance elther by the dredging
activities or by log loadlng and sinker-log recovery operations. Buckets
were placed on February 20 and March 6, 1982 and were selectively retrieved
on March 6 and March 24, 1982. Several buckets could not be successfully
recovered.

The retrieved buckets were returned to Oregon State University for
laboratory analyses. These Included graln slze dlstributions, specific
gravlty and volatile sollds content. The results of these analyses are
summarized In Table 2. Analysls procedures and graln size distributions are
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TABLE 1. FIELD WORK SCHEDULE

Date in 1982 Activity

February 19, 20 Placed sedimentation buckets
March 6 Pulled and replaced buckets
March 24 Pul led buckets

March 24 Col lected water samples
March 25 Suspended sediment samples

Circulation Study (drogues)
Pul led buckets

March 26 Collected water samples
March 27 Col lected water samples
April 2 Col lected water samples
April 10 Col lected water samples
May 2 Collected water samples
June 22 - Anderra current meter work

Marsh=-McBirney current meter work
June 23 Core samples

June 24 Anderra current meter with transmissometer
Water samples
Velocity profiles

August 11 Veloclity profiles
Suspended sediment profiles
Bulk samples

August 18 Rhodamine dye circulation study
August 19 Long cores
18




"QY0T G3AN3dSNS 40 NOILVINIWIAIS FUNSYIW 0L SLINONG HNITdWYS 40 SNOILYIOT °8 J4N9I4

5&%

VNINYI

m? _Eﬂ

) #1314

o

I

00SMI
S
W

0N

IMN®

se

N

‘T uld

05233

0z®

,ﬁv

3wz

NOILYDOT 13NINE @

AN
- » ”
. . .n .a. v,
. L ] - - 3
v L L, S i % A
. . [ - *e
v PR S AvE o
f . - & .- ._.
o o s ] et SINNOA ~
ewad\ - . - -
Q05T L
0063E I
n by 1, % i
- szit SR
M2 . .

BANE

VINKVHD NIVR
WIA VIGWA10) -




s8131A1300 Buibpadp Buianp pagunisip 3349ngy

0°sL 810°0 £10°0 210070 v5°2 0y 50 9°1 2¢ JeW $2 Q94 02 Wi
0°LL 11070 $600°0 0100°0 812 0t 6°0 &1 vl Jdel 92 994 02 2
9°51 10°0 010°0 6000°0 95°2 p°g 0 £l 2e JeW ¥2 994 02 THW
£°€2 v10°0 010°0 9000°0 192 9y £ 09 8L JeW yZ BN 9 Z-0G/MI
0°01 1100 5600°0 1100°0 192 52 60 £l vl JeH 9 934 02 05 /NI
v by 0%0°0 0L0°0 6000°0 85°2 6°€ €L 2oL vl JeH 9 G94 02 00SMI
0°ge ££0°0 820°0 0100°0 152 2 6% 6°8 8L JeW b2 JEW 9 Z-ORNI
5 4E 8€0°0 0£0°0 L100°0 19°2 LLoe el 52 8L JBY $7 dEN 9 2-03NI
0°sE 050°0 0100 000°0 152 98" v ¢ Lt 2€ JoH $Z 994 02 00532
0°12 120°0 9100 0100°0 85°2 0L€ 02 9 z€ Jel pZ 924 02 05232 o
L'92 2070 810°0 6000°0 95°2 £0° ¥ £°g 56 8l ARl $7 JE 9 2-032 &
§°22 £20°0 120°0 2100°0 1972 o' ) 9°1 vl de 9 G343 07 032
"2y ¥£0°0 920°0 8000°0 09°2 6E°S L's zol 8l Jel 57 JBW 9 2-03NZ
L°92 020°0 1070 §£000°0 £9°2 £6°5 L's z°ol 8l JeW 42 JeW 9 2-0M2
0°0b 0v0°0 0€0°0 0100°0 29°2 L't 2y 9L 8l JdRl $7 JEy 9 Z-0MNZ
€12 910°0 210°0 §£000°0 65°2 92°¢ 1"z 8¢ 8L BN bz J®M 9 2-00S3t
g€l 910°0 210°0 210070 1972 8°2 i 9°1 al Jey 9 g3y 02 0053€
8°ee £20°0 020°0 8000°0 09°2 599 g g w/"g 81 JOW vZ  JeH 9 2-0623E
() i ( L) £31ARdg SpLLOS Aeq 434  uoLjisodsg  NILS-U]  paAOWSY  pedeld  UOLIBILILY
0lg/09g 09q Oq 0Ig at4loeds  BL3BION % yadsg 40 y3dag skeg 83e( 3jeg -uap] a|dueg

SOLJS1JA@]08dRy] 9Z15 ULBJy

"SITdWYS L3NONG NOILYINIWIO3S ¥0d4 SLINSIY SISATYNY ‘z 378Vl




glven In Cobos (1983). Any layering of deposits that may have occurred
within each bucket sample was not considered, since the samples were severely
disturbed by resuspension during transport between Astor!a and Corvallls.

It Is difficult to make any conclusions on the rate of sedimentatlon from
the |imited data shown In Table 2. The apparent sedimentation rates vary
between 0.4 and 7.3 mm per day. Rates of sedimentation appear to be higher
in the harbor slips than at the adjacent marina; within the slips the
sedimentation rates are higher towards the channel end. However,
conslderably more data would be required to verlfy these observations.

The speciflc gravity of the bucket sediment samples was found to range
from 2.5 o 2.6. Volatile sollds contents range from 2 to 6 percent. Both
of these are In the range expected for estuary sediments and compare well
with samples obtained previously In the area (Crane et al.,1981).

The graln slze distributions for these samples Indicated wel l-graded
silty solls for almost all locations. The medlan grain size, Dgp, ranged
from 0.0095 to 0.03 mm. Results are shown In Figure 9. The coefflclent of
uniformity, Cu=Dgg/Djg, ranged from 10 to 44. The same trends as Indlcated
by the deposition rates show up coarser materlal at the channel end of the
sllps than at the landward end. This Is to be expected, since the flow
energy level Is hlgher adJacent to the shipping channel than In the qulescent
water at the landward end of the slip; a decrease In flow velocity results In
a corresponding decrease In the sediment slze remaining In suspension.

Medlan graln size Is smaller In the marlna than in the port sllips, agaln due
to lower flow velocities. The coefficlent of uniformity also exhibits the
same trends, Indicating a larger range of graln size present in areas of
higher energy.

It Is of Interest to compare these bucket sediment results with core data
obtalned by Crane In March 1981. Conslidering Just the top three Inches of
each core and neglecting those samples taken In areas recently dredged, the
median gralin slzes for Crane's samples follow the same patterns as for those
obtalined In this study. The Dgg values obtained by Crane are all slightly
larger than those obtalned in thls study. Thls may be due to some degree of
bedload transport that moved the coarse material Into the study area --
transport which theoretically would not add materlal to the sedimentation
buckets. However, no evldence !s avallable to elther substantlate or
dlsprove this hypothesis. Crane's graln size distributions are also more
uniform for the surface layer, with the uniformity coefflicient varying
between 10 and 25.

Core Samples and Bottom Sediment Characteristics

To gain Information on depositlonal layering, core samples of the estuary
bottom were taken on June 23, 1982. The sampling stations are Indicated on
Figure 10. The cores were taken using a 25-pound gravity coring device
attached to a wire IlIne. The corer was dropped over the stern of the
research vessel and recovered using an electric winch. The core tubes were
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about 2-1/2 Inches In diameter. The core samples were retalned within the
tubes by means of a "core-catcher" at the lower end; this closed as soon as
the coring device stopped its downward motlion. Unfortunately, thls system
did not function well In the soft sediments encountered at Astorla. In some
cases [t was very difflcult to retaln the sample within the core tube as It
was ralsed from the water. Other samples were lost when the core catcher was
ralsed for reuse on the next core sample. As a result, the cores obtained on
June 23 were generally quite disturbed and were too short to indicate any
depositional layering effects. However, they did provide a rough Indicatlion
of the nature of the surface sediments.

More cores were taken with much better success on August 19, 1982. The
sampl Ing method was altered to allow scuba divers to use a submerged,
manual ly driven plston-type coring device. These cores, were of hlgh
qual Ity. Thelr sampling positions are described later In thls chapter.

The cores were returned to Corvallis for analysis for speciflc gravity,
volatlle sollds and graln size distributions according to analytical methods
already described. Results are summarized In Table 3. Graln size
distribution curves are glven In Cobos (1983). The samples were also
analyzed for heavy minerals and clay mineralogy and were used in microprobe
tests.

Speciflc gravities of the core samples ranged from 2.54 to 2.62 mg/|l.
Volatlle sol ids content ranges from 3 to 5 percent. These are well within
expected ranges and are simllar to those values obtalned for sedimentation
bucket samples. Graln slze distributions Indicate well-graded silty
sediments. Median graln size, D5p, ranged from 0.010 mm to 0,031 mm.

Results are shown In Figure 9. The coefflcient of uniformity, Cu, ranged
from 4 to 43. The grain size distributions for the core samples are very
simllar to those obtained from the sedimentatlion buckets, although spatlal
variations are less pronounced. A single anomaly Is exhiblted by core 2S1,
which had a coarser median graln size and a more uniform graln slze
distribution curve than expected. However, this Is probably assoclated with
the concurrent dredging activity taking place In the sediment source area for
thls core sample. Although this sample was not taken from a recently dredged
location, the dredge was at that time operating nearby on the west side of
pier 2 and dredge spolls were being discharged near the shore end of pler 3.
Contamination of this sample by dredge spolls Is |ikely.

Water Circulation and Water Current Studies

Water clrculatlon patterns wilthin the slips at the Port of Astorla were
studied by three methods. These Included following the paths of drogues
which move with adjacent water masses, examining the records from stationary
current meters placed on the estuary floor, and using hand-held current
meters to obtaln velocity profliles at different locations and tldal stages
within the slips. Also, the circulation patterns were analyzed based on a
physical model and dye study, as already discussed.




TABLE 3.

ESTUARY BOTTOM SEDIMENT CHARACTERISTICS FROM CORE SAMPLES.

Sample
Identification

Description

Length of
Core (cm)

Grain Size Characteristics

% Volatile Specific Dyg Dsg

Solids

Gravity

(mm)  (mm)

D
(o)

D60/D10

151

151

152

153

251

252

253

CH3

CH3

Very dark clay, little visible
organics taken in about 15 ft.
of water.

Yery dark clay, little visible
organic matter taken in about
25 ft. of water,

0.6 cm brown layer on surface;
rest of core is grey-black clay
with no visible organic matter.
Taken in 17 ft. of water.

152 a 0-8 cm

152 b 8-16 cm

152 ¢ 16-24 cm

152 d 24-32 cm

Grey-black clay with no visible
matter. Taken in about 17 ft.
of water.

13 a 0.0- 6.3 cm

1S3 b 6.3-12.7 cm

Dark sandy clay, no visible
organic matter taken in about
10 ft. of water.

Top layer is black clay; bottom
is grey-black clay. No visible
organic matter. Taken in about
27 ft. of water.

252 a 0-8 cm

252 b 8-16 cm

Grey-black clay with little
visible organic matter.
Taken in about 27 ft. of
water.

253 a 0-6.5 cm

253 b 6.5-13 cm

Dark grey-black sandy clay
containing some organic
material. Taken in about
12 ft. of water.

Grey~black clay with black
clay surface layer. No
visible organic matter.
Taken in about 15 ft. of
water,

a 0-7 cm

b 7-15 —cm

c 15-23 cm

Grey-black sandy clay con-
taining no visible organic
matter. Taken in about 20
ft. of water.

a 0-7 cm

b 8-15 ¢cm

8.9

9.5

31.8

12.7

10.2

15.9

13.0

23

15

25

3.63

4.32

3.15

3.78

3.72

4.58

4.60

4.03
3.51

4.39

3.1

2.6

2.54

2.61

2.54

2.56

2.58

2.55

2.58
2.61

2.62

2.6

0.0011 0.014

0.0011 0.013

0.0010 0.015

0.0008 0.010

0.0010 0.016

0.008 0.031

0.0011 0.012

0.0014 0.013
0.0009 0.024

0.0012 0.025

0.0020 0.029

0.018

0.017

0.020

0.014

0.020

0.036

0.015

0.018
0.039

0.033

0.040

16.4

15,5

20.0

20.0

4.5

12.9
43.3

275

20.0




Table 3 Cont. ESTUARY BOTTOM SEDIMENT CHARACTERISTICS FROM CORE SAMPLES.

Grain Size Characteristics

Specific Djg  Dso Dsn} Do/ D10

(mm)  (mm)  (Fw

Sample Length of
Identification Description Core (cm)
2E400 *Black clay with very little 30

visible organic material.
Taken by diver in an
estimated 35 ft. of water.

0.0010 0.016 0.022 22.0

0.0012 0.013 0.017 14.2

*This core was well mixed due to sampling method.
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The paths of drogues over a time Interval glve a plcture of the
clrculatlon patterns from a Langrangian point of view. Drogue movement
studies were conducted on March 25, 1982 between the east side of Pler 3 and
the west side of Pler 2. The drogues consisted of meterological balloons
which were fllled with water to a dlameter of roughly one foot (0.30 m) and
welghted with lead fishing welghts to sink to the desired depth. Each
drogue's position was Indicated by a small surface flag connected to the
drogue by flshing |Ine. Drogue positions were calculated by the Intersecting
ray method, with angles determined by two surveyors transits set up on
opposite sides of the sl|lp. The study was conducted on an ebb tide; l|ater
attempts to repeat thls study on a flood tide were hampered by adverse
weather conditions.

Flve drogues were positioned at various locations In slip 2 on March 25.
Thelr depths ranged from 5 to 30 feet. Most of these drogues had a slow
movement towards the channel end of the slip. However, effects of the plers
on currents appeared to have been signiflcant, since the drogues tended to
migrate towards and become caught in the pilings on elther side of the silip.
Three of the drogues were |ater repositlioned In the center of the sllp, the
remalning two having been lost into the Columbia River channel. No evlidence
was obtalned for elther shearing stratiflied flow or a particular gyre system
within the harbor slips. The movement of the drogues Is shown In Figure 11.
Local winds may have had a substantial effect on the movement of the surface
flags.

Two Anderra meters and one Marsh-McBirney current meter were used In a
clrculatlon study during June 22-24, 1982. Thelr locatlions are shown In
Figure 12. The Anderra meters were placed In slip 1 near the bed and left In
place for approximately 20 hours. The flrst Anderra meter was placed In
shal low water at the shore end of the slip at approximately 11:25 a.m. on
June 22, and removed at approximately 10:30 a.m. on June 23. The second
Anderra meter was placed approximately two-thlirds the length of the siip from
the land end, roughly In the center of the slip. |t was placed at 3:50 p.m.
on June 22 and removed at 10:43 a.m. on June 23. The first meter took
readings of water temperature, current speed and direction at approximately
75-second Intervals. Current speed was measured by a rotor-type device and
current direction by the alignment of a freely rotating vane. Readings were
recorded digitally on a magnetic tape withln the meter.

The Marsh-McBirney current meter has a threshold velocity of about 0.03
feet/second. Water moving In a magnetic fleld produces a voltage that Is
| Inearly proportional to the water velocity. The Marsh-McBlrney current
meter was placed on the middle of slip 1 on June 25. The output data showed
a definite perlodiclty of the signal, which was disconcerting and difficult
to explain (perhaps electrical discharges from the cathodic protection
devices In the ships were driving the meter). These data were therefore
questlionable because of this perlodicity.

Ship activity In slip 1 was very |imited during this part of the study.
A log shlp was berthed at the east side of Pler 2 when the first Anderra
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meter was placed In position on June 22. This ship departed at approximately
2:00 p.m. on June 22 and a log raft was moved Into Its place. Aslde from
this activity, the slip was empty of ship movement until| approximately 8:00
p.m. on June 23. Thus, the currents measured on the meters during this time
period should be those due to waves, wind, tidal and river flows only, with
the possible exceptlon of currents caused by large ships in the Columbia
River navigation channel passing by the sl|lip entrance.

The currents recorded by the flrst Anderra meter were very |ow,
generally less than 10 cm/sec and often below the threshold meter value of
1.50 cm/s. The currents recorded by the second Anderra meter were generally
even lower than those recorded by the first meter. Hence, the resulting data
were dominated by the threshold veloclty of the meters and the merit of
Interpreting the data became questionable.

Vertical proflles of the velocity fleld within slip | were taken on June
24 and August 11, 1982. The profliles on June 24 were taken using a Price
current meter, for which the revolutions of a cup-type wheel are counted in a
glven time Interval. This meter gives only current speed, not direction.
Three proflles were taken Iin shallow water near the third Anderra meter
piacement and one profile was taken just outside the mouth of slip 1 In the
Columbla River channel. Results are given In Table 4. The current speeds
are somewhat quesionable due to the Inaccuracy of the meter at low
velocitles. Generally, speeds were very low at the shallow water position,
as expected. A tendency towards hlgher speeds at the surface was evldent,
although this trend may have been caused by nearby boat movement. The
profile taken at the mouth of the slip Indicated higher velocities due to the
Columbia River flow. Stratified flow, If present, was not detectable since
the Price meter did not have the capablllty of measuring current direction.

Vertical veloclty profiles were again taken within slip 1 on August 11,
1982 at the positions Indicated on Figure 12, Results are shown [n Table 5.
A Savonlus rotor-type current meter equipped with a directional vane device
was used. Instantaneous readings of current speed and direction were taken
using on-deck meters. However, variations were often of the order of 200
percent In speed and 180 degrees In direction. Although the boat was
anchored at both I+s bow and stern, movement of the boat probably Influenced
the results. Attempts were made to synchronlze readings with the boat swing;
however, this proved to be Impractical. Thus, these values can only be used
as a rough Indication of the order of magn!tude for current velocitles.
There was also an abrupt "jump" In the record of the Savonius meter due to
boat activity.

Water Samples and Water Qualltfy Characteristics

Water sampling was carrled out between March and August, 1982, to examlne
spatial and temporal variations In suspended sediment concentrations and
assocliated parametfers In the water column. A Nansen bott|e was used tfo
col lect water samples at the deslred depths. These water samples were also
returned to Corvallls for suspended sediment analysls, using procedures
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TABLE 4. VELOCITY PROFILES ON JUNE 24, 1982.

High Tide 3:53 a.m. 9.2 ft.
Low Tide 10:56 a.m. -1.6 ft.
High Tide 5:23 p.m. 7.6 ft.

Profile #1 - 9:45 a.m. - Ebb Profile #2 - 11:00 a.m. - Slack
Depth Below Current Depth Below Current
Surface (ft) Speed(fps) Surface (ft) Speed(fps)

2 0.45 2 0.30
4 0.25 4 0.20
6 0.15 6 0.10
8 0.10 8 0.15
10(bottom) 0.10 10(bottom) 0.15

Profile #3 - 1:00 p.m. - Flood Profile #4 - 3:30 p.m. - Flood
Depth Below Current Depth Below Current
Surface (ft) Speed(fps) Surface (ft) Speed(fps)

1 0.45 4 1.2
4 0 9 Bw)
6 0 13 2.6
8 0.35 17 2.6
10 0 22 2.6
12(bottom 0.05 26 2.75

35 2.6
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TABLE 5. VELOCITY PROFILES ON AUGUST 11, 1982.

High Tide 6:31 a.m. 6.3 ft.
Low Tide 12.27 p.m. 1.1 ft.
High Tide 6:55 p.m. 7.9 ft.

Profile Depth Below Current
Number Time Surface(ft.) Speed(fps) *Direction

#1 10:30 a.m 5 0.17 2700
10 0.25 **(massive flucuations)
15 0.33 1800
20 0.25 1150
25 0.33 *k

#2 11:45 a.m. 5 0.17 1350
10 0.25 1350
15 Q.22 **
18 0.17 2500

#3 12:15 p.m. 5 0.17 1900
ig g (flucuations
50 g up to 0.8fps)
25 0

#4 1:25 p.m. 5 .17 1100
10 0
15 Q.17 900
20 0
25 0.25 0o

#5 2:00 p.m. 5 0.5 450
10 0.5 0o
15 0.25 3000
20 0.25 1800

*Direction is with respect to magnetic north.
**High Fluctuations
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outlined in Cobos (1983). An in-situ temperature and salinity meter was also
used during the water sampling program.

Samples were collected at various locations during the months of March
through May. Samples were also collected on June 24 to study variations In
suspended sediments over a tidal cycle. Additional data for suspended
sediment proflles were collected on August 11. Sampling locations are shown
in Figure 13 and results of analysis are given in Table 6. Some of the
results are shown In Figure 14.

Data from March 24 indicate an average water temperature of 8.3%C, with
values ranging from 7.5 to 109C. The surface water appeared to be slightly
warmer than deeper water in many locations. Temperatures were slightly
higher on April 10; average temperature was 9.0°C and values ranged from 8.5
to 100C. Seasonal warming of the water was more pronounced by May 2nd, when
the average temperature was 11.6°C. Neither the April nor May data Indicate
any stratification of temperature with depth.

Salinities ranged from 0 to 15 percent. Distinct variations of salinity
with depth were observed on March 24, 26, 27 and May 2, but were not evident
in the April data. Stratified flow Is to be expected In the Columbia River
channel, with lighter, fresher water on the surface and denser, more-sal ine
water at depth. This stratification is evident from the data collected at
stations "CH1" and "CH2", which were Just outside the Port itseif. Deeper
samples consistently had higher salinities than those at the surface.
Stratification appears to extend Into the slips at the Port; however, more
data are required to substantiate this.

The change of salinity with time cannot be analysed on the basis of data
taken at different times In different places, although such data show that
the salinity is usually higher In the channel than in the slips (Gelfenbaum,
1981). Gelfenbaum measured the varliation of salinity with respect to time
near Tongue Point, upstream of Astoria, and found values to vary from 6 to 25
percent.

The volatile solids present In samples ranged from 3 to 42 percent, with
the bottom samples containing more volatile matter. The March 24 samples
appeared to have less volatile solids=-from 3 to 14 percent. Results at
other times ranged between 8 and 42 percent. Higher percentages of volatiles
are present during ebb period. The values obtained in this study appear to
be higher, relative to other data (unpublished data from Corps of Englneers;
Moore, 1982).

Suspended sediment concentrations ranged between 20 and 170 mg/l. One
sample having approximately 300 mg/| of sediment was probably taken too close
to the bottom, and included some bedload. The data obtained on March 24 show
a general trend towards higher concentrations of suspended sediments with
Increasing depth, but data are again Insufficient to make firm conclusions.
IheMda+a do Indicate decreasing suspended sediment concentrations from March

o May.
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TABLE 6. SUMMARY OF WATER SAMPLE DATA.

Date: 24 March 1982

High Tide: 12:47 p.m. 8.2 ft.

Low Tide: 7:16 p.m. 0.1 ft.;
6.57 a.m. 1.4 ft.

Sample Depth(ft%_ Temp. Salinity Vol. Suspended Non-Volatile
Location Total Depth(ft) Time (°c.) {9/00) Solids (mg/1) Solids(ma/1)
MML 5/ 8:30 a.m. 8 0.3 2* = 3% 64* = 97%
MM2 5/ 8:55 a.m, 8 1.0 6% = 149 37% = 86%
MHM4 10/ 9:07 a.m. 7 0 12% = 129 85; = 88%
251 9/18 10:02 a.m. 15 0 4% = 8% 45* = 929
252 12/24 10:10 a.m. 10 0 8 =11% 66, = 89%
253A 10/30 10:15 a.m. 8 0 6* = 10% 53, = 90%
2538 20/30 10:20 a.m. 8 1.0% 8* = 8% 92, = 92%
153A 10/34 10:40 a.m. 8 1.0 7* = 12% 53 = 88%
1538 25/34 10:40 a.m. 8 2.0% 8% = 9y 86, = 91%
1528 10/26 11:10 a.m. 8 1.0 9% = 14% 57" = 86%
1528 20/26 11:15 a.m. 8 2.5* 8 = 8% 97, = 92%
1S1A 5/23 11:20 a.m. 8 0.5 8* = 11% 62, = 971
1518 20/23 11:25 a.m. 8 2.5% 2% = 3% 58, = 89%
CHIA 10/53 11:50 a.m. 9 2.0 2% = 39 67" = 97%
CH1B 40/53 11:45 a.m. 8 3.0*% 2 = 2% 83 = 93%
CH2A 10/53 12:05 p.m. 10 3.0 4 = 8% 47 = 92%
CH2B 40/53 12:10 p.m. 8.5 11.0 8 = 5% 163 = 95%
CH2A 10/40 3:55 p.m. 8 1.5 3 = 3% 87 = 97%
CHZB 10/46 4:05 p.m. 8 8.0 6 = 6% 100 = 94%
252 10/21 4:10 p.m. 8.5 2.5 3 = 8 3B = 92%
152A 10/22 4:20 p.m. 8.5 2.5 3 = 6% 45 = 94%
1528 20/22 4:25 p.m. 8 4.5 2 = 4% 53 = 96%

* probabTy in error{too lTow) Average Temp. = 8.3
Date: 10 April 1982

High Tide: 3:01 p.m. 7.4 ft.

Low Tide: 9:01 a.m. 0.0 ft.

Sample Depth (ft) Temp Salinity Vol. Suspended Non-Volatile
Location  Total Depth(ft) Time (oc.) (®/00) Solids(mg/1) Solids(ma/1)
MM4 5/18 10:23 a.m. 10 0.5 8 = 25% 24 = 75%
MM4 10/18 10:24 a.m. 9 0.5 9 = 31% 20 = 69%
MM4 15/18 10:25 a.m. 9 1.0 16 = 26% 46 = 74%
CH2 15/45 11:05 a.m. 9 0 T i Ses
CH2 35/45 11:04 a.m. 9 0 20 7% 101 = 83%
252 7/21 11:13 a.m. 9 0 13 24% 41 = 76%
252 15/21 11:12 a.m. 9 0.5 o s

RAverage Temp. = 9.0
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TABLE 6 Cont.

Date: 2 May 1982
High Tide: 9:57 a.m. 7.2 ft.
Low Tide: 4:32 p.m. 0.4 ft.

Sample Depth (ft) Temp. Salinity Vol. Suspended Non-Volatile
Location Total Depth (ft)  Time £9¢.) (°/00) Solids(mg/1) Solids(ma/1)
MM4 5/23 11:26 a.m. 11.5 0 8 = 31% 18 = 69%
MM4 15/23 11:27 a.m. 11.5 1.5 12 = 18% 56 = B2%
MM2 5/12 11:37 a.m. 11.5 0.5 18 = 33% 36 = 67%
MM2 10/12 11:38 a.m. 12.0 1.0 7=17% 34 = 83%
CH1 20/50 11:52 a.m. 11.0 9.0 9 = 39% 14 = 61%
CH1 40/50 11:52 a.m. 11.0 15.0 4 = 20% 16 = 80%

152 10/28 12:14 p.m. 11.8 2.0 16 = 42% 22 = 58%
152 20/28 12:13 p.m. 1.2 9.5 10 = 42% 14 = 58%
CH2 10/48 12:24 p.m. 11.5 3.0 12 = 29% 30 = 71%
CH2 20/48 12:21 p.m. 11.9 8.0 11 = 35% 20 = 65%
252 5/20 12:34 p.m. 11.7 1.0 7 = 35% 13 = 65%
252 15/20 12:33 p.m. 11.5 4.5 16 = 39% 25 = 61%
Date: 26 March 1982

High Tide: 2:15 p.m. 8.1 ft.

Low Tide: 8:27 p.m. 0.6 ft.

Sample Depth(ft) Temp. Salinity Vol.Suspended Non-Volatile
Location Total Depth(ft) Time {°c.) (®/00) Solids(mg/1) Solids(mg/1)
2W500 10/35 1:45 p.m. 23 = 26% 67 = 74%
2W500 30/35 1:45 p.m. 23 = 8% 281 = 92%
Date: 27 March 1982
High Tide: 3:02 p.m. 7.9 ft.

Low Tide: 9:02 p.m. 1.1 ft.

Sample Depth(ft) Temp. Salinity Vol.Suspended Non-Volatile
Location  Total Depth(ft)  Time (°c.) (°/00) Solids(mg/1) Solids(mg/1)
2W500 10/ 4:30 p.m. 16 = 17% 78 = 83%
2ZW500 30/ 4:30 p.m. 6 = 8% 68 = 92%
2N0 10/ 4:45 p.m. 21 = 21% 79 = 79%
2NO 30/ 4:45 p.m. 18 = 19% 76 = 81%
Date: 2 April 1982
High Tide: 9:36 p.m. 6.7 ft.

Low Tide: 2:59 p.m. 0.0 ft.

Sample Depth(ft) Temp. Salinity Vol.Suspended Non-Volatile
Location  Total Depth(ft)  Time £oc: ) (°/00) Solids(mg/1) Solids(mg/1)
2W500 10/ 1:45 p.m. 7 = 21% 27 = 79%
2W500 30/ 1:45 p.m. 4 = 10% 37 = 90%
2NO 10/ 2:00 p.m. o == . Eme
2N0 25/ 2:00 p.m. 16 = 26% 46 = 74%
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Variations in suspended sediment concentration with time at a fixed
location were examined on June 24, Data are plotted with the tidal cycle in
Figure 15. No correlation can be discerned between tidal stage and suspended
sediment concentration. The sediment concentration is baslcally constant
with the exception of two samples which have concentrations roughly three
times those of the other samples. This can be directly attributed to tugboat
activity In the Immediate vicinity of the sampling area at that time; the
resulting Increased suspension of sediments was visible to the naked eye as a
change In water color. Thus, resuspension of bottom sediments by boat
movement is an Important factor, at least in shallow water.

Profiles of suspended sediment concentration were taken on August 11.
The data are summarized in Table 7. Profiles were taken over the center
"hump" in the slip and in a recently dredged berth area. Two of the
profiles, both taken on ebbing tides, are given In Figure 16 and clearly show
an Increase in concentratlion of suspended sediment with depth. The other
three profiles, taken on slack or flooding tides, did not show the same
Increase. Two of these three profiles were taken in deeper water. |t was
not found whether tidal stage or local topography influenced the suspended
sediment concentration profiles, since avalilable data were |imited. The
variations In suspended concentrations were found to be within the
experimental error range, especially considering the unsteady nature of
suspended sediment transport processes.

Slde=Scan Sonar Observations

Side-scan sonar can provide insight into the behavlor of an estuarine
system. Two basic acoustic approaches are used to distinguish topographic
features of the sea floor and objects on or above the sea floor. The
conventlonal method Is echo sounding, which uses a vertical-axis acoustic
beam. The alternate method, called side-looking or side-scanning sonar,
requires an acoustic beam whose main axis Is slightly below horizontal. The
beam Is very narrow in the horizontal plane, yet sufficiently broad In the
vertical plane to obtain echoes from points on the bottom ranging from
directly below the transducer to polnts 500 meters or more abeam of the
transducer (EGG, 1974). The combination of the beam shape and the very short
length of the acoustic pulse gives side-scan sonar the capability to resolve
smal | fopographic irregularities and Identify small objects on or above the
sea floor. As the fransducer is towed behind a boat at an appropriate depth,
the reflected echoes are graphically recorded in a form which approaches a
topographic or plan view map. Those projections above the bottom which are
good reflectors are represented by a darkening of the record. Depressions,
on the other hand, are represented by a |ightening of the record. Further
detalls are given in Cobos (1983).

Side-scan sonar records obtained at the Port of Astoria are shown In
Figures 17 and 18. The records show the location of some submerged l|ogs,
some recent dredge cuts and other interpretative Information. The dredge
hull Is a clear example of the mirror effect, whereby the water surface acts
as a mirror to glve erroneous Information.
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TABLE 7. SUSPENDED SEDIMENT CONCENTRATION PROFILES.
High Tide 6:31 a.m. 6.3 ft.
Low Tide 12:37 p.m. 1.1 ft.
High Tide 6:55 p.m. 7.9 ft.
Volatile Non-Volatile
Susp.Seds.  Susp.Seds.
Profile# Time Depth(ft.) Bottle# mg/1 mg/1
1 10:20 a.m. 5 159 4.0 10.0
(Ebb Tide) 10 198 5.0 17.0
15% 231 9.0 17.0
20 146 0 35.0
10:40 a.m. 25 165 12.0 51.0
2 11:40 a.m. 5 41 5 16.0
(Late Ebb 10 519 6 14.0
Tide) 15 7 3 29.0
11:49 a.m. 18 220 4 35.0
3 12:08 p.m 5 50 a 21.0
(Near Slack 10 47 3 22.0
Tide) 15 222 5 15.0
20 153 4 13.0
12:20 p.m. 28 273 7 32.0
o 1:20 p.m. 5 189 4 19.0
10* 71 6 1.0
15 109 5 9.0
20 133 3 13.0
1:30 p.m. 25% 244 7 16.0
5 1:58 p.m. 5 11 5 15.0
}g* 230 0 33.0
164 4 10.0
2:10 p.m. 20% 54 9 37.0

*bulk water samples
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Dye Study

Dye releases, using Rhodamine WT, were made on August 18, 1982 In and
near the Port sllips. Aerlal photography of the resulting dye patches and
quantitative measurements of dye motlon and dilution were attempted. The
objective was to collect data to verify/calibrate the theoretical models
descrlbed ear|ler.

Unfortunately, Port shipping was particularly active during this period
and severely hampered data collection. Some equipment problems were also
experienced. Consequently, observation results were sketchy and no
dlscernible pattern of relative dye flourescence could be found from water
sampl ing.

A series of color aerlal photographs taken at 15-minute Intervals for two
hours after a dye release showed the patterns of dye motion quite
satisfactorily. These results tended to confirm the physical model, as
discussed earller. Further detalls are given In Mustaln (1982).

Brief Summary of Fleld Research Findings

The grain size analysis information does not differ with that obtalned by
previous authors. Krone (1971) and Crane et al. (1981), dealing with pre-
and post- eruption data, respectively, show almost no differences In grain
size, uniformity coefflclents, or mean dlameters. This was expected since
the currents, the flow regimes, and, In general, the estuary processes have
not changed as a result of the eruption. Therefore, the particles of any
determined size which settle In an area do so based on hydrodynamlic
conditions which vary simillarly over the seasons -- Independent of volcanic
releases.

The velocities within the slip were found to be extremely low -- usually
under the threshold veloclity of avallable current measuring Instruments.
However, It was observed that boat activitles and ship propeller wakes [nduce
relatively high velocitles; high enough to resuspend the sediments on the
bottom. The suspended sediment profiles were surprisingly varlable; more
samp| Ing would be required in order to describe the behavior for different
tidal conditions.

The sediment deposits wilthin the slips seems to be most affected by
dredging or lack of dredging and by ship propeller wash.
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4, INVESTIGATION OF SEDIMENT ORIGIN

One of the questions to be answered regarding the Port of Astorla
shoal ing problem was whether or not the harbor had been affected from the
runoff assoclated with the eruptions of Mt. St. Helens. In studying this
problem, core sampling was done August 18-19, 1982 within the Port's slips.
From these cores, samples were taken for clay mineralogy analysis, microprobe
tests, and heavy mineral analysls.

Clay Mineralogy Tests

The samples used for clay mineralogy tests were taken from cores 2, 4,
and 5. Thelr locations are shown In Figure 19. Samples were chosen by
visually noting each core's appearance and selecting sections |lkely fo
contaln clays. From core 2 (sllp 1), a sample was chosen from a section four
Inches long w!th upper IImit located flve inches below the surface. In siip
2, from core 4, a sectlion was selected from the middle 16-20 Inches, Core 5
was sampled from the layer 24-28 [nches below the surface. A final sample,
number 105, was taken from a core sample obtalned from Youngs Bay In 1975
(Slotta et al., 1975). Its locatlon Is shown In Figure 20. This |latter
sample was chosen to compare the type of sediment that was present earlier In
the Youngs Rlver area wlth that of the Columbia River and the slips at the
Port of Astoria.

The clay mineralogy tests (Berggren and Hickey, 1982) Included dispersing
all core section samples in a 2 percent solution of sodium carbonate to
separate the sand from siit and clays. The sand fractlon was then separated
by wet sleving. SiIt and clay were then separated by centrifugating. The
x-ray diffraction procedures used Involved preparation of oriented specimens
of K+ and Mg++ saturated clays on glass slldes by the paste method of Thelsen
and Harward (1962). These were analyzed using a Norelco x-ray DIffractometer
with a focusing monochromer. The dominant clay mineral phases were estimated
based upon a comparison of relative peak Intensitlies. For Identification
purposes, nontronite, beldellite, montmor!liinite or any other smectite
mineral were all considered as smectlte; poorly crystallline micas were
referred to as "[||Ite"; and kaolInlte and chlorite were separately
differentiated.

The results of the analyses Indicate that all samples possess similar
clay mlneral sultes (Berggren and Hlckey, 1982). Smectite appears fo
dominate the crystalllne clay mineral fraction of all samples. The sample
from Youngs Bay, however, appears to be domlinated to a greater extent by
smectite than any of the other samples. Also, minor amounts of I1lite and
chlorlte were found In each sample of sediment examlned. All of the samples,
with the exception of the Youngs Bay sample, contalined mlnor amounts of
kaol Inlte.

The sample from Youngs Bay was taken far upstream, which reduces the
possibll ity of dlagenesis, a process which can occur In marine environments
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with high salt concentrations. The lack of kaolinite on the Youngs Bay
sediment suggests that kaolinlte had to be transported by the Columbla River,
with the sediment's source probably belng the Willamette River because

kaol Inlte Is a common clay In Oregon's mid-valley solls (Russell, 1967). If
this Is true, It Indlcates that the Columbia River Is one of the sources of
sediment Into the Port of Astorla, although It does not disregard Youngs Bay
as another source.

Since the sample from Youngs Bay contained no kaolinite and the Port of
Astoria slips contalned kaolinite, there remalns only a remote and un|lkely
possibility that a tributary near Youngs Bay, such as the Skipanon, Lew!s and
Clark or Youngs Rlver, might contaln kaollinlte that could have been
transported through Youngs Bay and upstream via the Columbla River to the
Port of Astoria. More clay samples would be necessary to confirm that
alternate hypothesis.

Microprobe Tests

Glass was found In some of the core samples taken In the Astorla sllips.
The glass was bellevd fo be Juvenile and It was thought that a mlcroprobe
test on the sample would confirm the origin of the sediment. Flve samples
(one from each core shown In Flgure 19) were selected for this test. Samples
were taken from the first core from the layer at 8-12 Inches, from the second
core in the top Inch, and from the third core from the layer between 10-15
inches. The fourth and fifth samples were taken from 22-25 Inches and
28-29,5 Inches In depth In the respectlve cores.

The mlcroprobe test results were somewhat different than expected. The
glasses found were of extremely heterogenous composition; not one of the
analyses plotted in the graphical field where most of the May 18, 1980
Juvenlle glass components plotted. However, the heterogenity observed is
consistent with the nonjuvenile glass components from the May 18th eruption.
Dr. Scheldegger, Oregon State University School of Oceanography, analyzed the
samples and concluded that the ash In the samples came from the most
voluminous phases of the May 18, 1980 Mt. St. Helens eruption (see also
Scheldegger and Frederman, 1982).

The results of the microprobe test are shown In Table 8. Fligure 21 shows
a ternary plot with locations for the juvenlle glass and non-Juvenile glass
from the 1980 eruptions of M. St. Helens. Fligure 22 shows data for the
Astorla samples plotted on a simllar diagram. It can be seen that the
samples are In the same general area of non-juvenile glass. |f more samples
were analyzed It might have been posslible to find some Juvenlle glass.
Unfortunately, project fund |Imitations prevented this.

The microprobe results, together with the Interpretation from the clay

minerology tests, confirm that much of the sediment had the Columbia River as
[ts source.
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A termary plot of FeQ*-Ca0-Kp0 for
bulk pumices from the 1980 eruptioms of Mount
St. Helens (data from Lipman et al. [1981]),
nonjuvenile glass from samples Wye 1330, 1430,
and 1530 (see Table 1), juvenile glass from Wye
time series samples, and glass found in selected
post-May 18 pumices. Data on bulk pumices indi-
cate that post-May 18 pumices have lower K0 and
relatively higher CaC+FeO* values, suggesting a
trend toward mors andesitic compositions (see
Table 3). In contrast, note opposite trend as-

sociated with glasses found in post-May 18
pumices.

FIGURE 21. TERNARY PLOT SHOWING JUVENILE AND NON-JUVENILE
GLASS FROM THE 1980 MT. ST. HELENS ERUPTIONS
(Source: Scheidegger and Frederman, 1982).
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FIGURE 22. COMPOSITIONAL HETEROGENEITY OF THE ASTORIA SAMPLES
AND RELATIVE RELATION TO MT. ST. HELENS MATERIAL.
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Heavy Mineral Analysis

A heavy mineral analysis was made to ald In the determination of whether
or not the material found In the Astorla Harbor sl|lps was from Youngs Bay or
the Columbla River. |f the analysis Indicated sediment from the tributaries
of Youngs Bay, then the assumption would be that the Mt. S+. Helens eruptlions
had |1ttle or no effect upon sedimentation In the slips; If the analyslis
Indicated sediment of Columbia River origin, then the assumption would be
that there is a cause-and-effect relationship between the Mt. St. Helens
eruptions and sedimentation in the sllps (however, the heavy mineral analysis
would not Identify the specific minerals as belng from Mt. St. Helens).
Tracing the path of heavy mineral sediments from thelr source to thelr flnal
deposition site Is not a new procedure and has been successfully accomplished
for the heavy minerals found on the continental shelf off the mouth of the
Columbia River (Schiedegger et al., 1971).

Cores were taken at several sites In the Port of Astorla silips number 1
and 2 (See Figure 19). The field procedures were described In a prior
section of this report.

In the laboratory, cores were extruded Intact and observed. Several of
the cores were prepared for x-radlographs. Thls consisted of cutting out a
1=Inch thick longltudinal section extending the entire length of each core.
X-radlographs were than made of these samples.

The x-radiographs alded In the Identification of distinct layers within
each core. Both cores 4 and 5 from the August 18, 1982 Port of Astoria fleld
trip had a number of distinctive layers. Cores were highly deformed due to
coring and extruding procedures, but core 5 ylelded four distinctive layers
ranging In thickness from 1 cm to 3 cm. One of the 1 cm thick layers
appeared at the 70 cm depth In the core. This layer was |ight gray In color
(5Y-6/1) and was mottled In appearance. Depositional features consist of
moderate bioturbation and laminations throughout the cores. Laminations are
Indicative of suspension depositlion.

Curt Peterson (doctoral candidate In Oceanography at Oregon State
University) performed the mineral analysls of Port of Astorla slit sediments
on our behalf, determined the percentages of heavy minerals, and dlscussed
the Impllications of the results. His results on two samples collected In
1982 from the slips are glven in Table 9. Tables 10-14 provide results of
heavy mineral analyses from previous studies In Youngs Bay and vicinity. In
comparing results, It must be noted that certain opague minerals may or may
not appear In the analyses. These opague minerals may consist of magnetite,
[Imenite, and, often, hematite. To facilitate comparisons, the percentages
enclosed by parenthesis In the tables are based upon fractions of the total
with the opaque minerals omitted. The origin of these mlnerals may be
Implled by a comparison of the heavy mineral Ident!iflications made in the
Columbia River and In Youngs Bay. Slotta et al. (1975) Included magnetite
(an opaque mineral) as one of the ldentifled minerals.

From a comparison of the various studies given In Tables 9 through 14,
two general dispersal patterns are distingulshable. First, the pyroxene
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TABLE 9. HEAVY MINERAL ANALYSIS OF PORT OF ASTORIA SEDIMENT
SAMPLED ON AUGUST 18-19, 1982.

Sample #1 Sample #3
Mineral (% of fraction) (% of fraction)

Opaques and rock fragments 42 29
Pyroxene Group: 39 (70) 52 (75)

Orthopyroxene (hypersthene) 25 (45) 26 (38)

Cl Inopyroxene auglte 14 (25) 26 (38)
Amphibole Group 12 (21) 14 (20)

Hornblende

Basaltlc hornblende

( lamprobol ite)
Garnet 5y £ 1 1 (1)
Epldote 1 1 0
Cl Inozolsite 1 1 2 (1)
Tourmal ine 1 (1N 1 1)
Staurol ite 1T 1 1 (1)
Apatlte I ¢ 1 0
Zircon 1 1) 1 1)
100% 100%

Sample #1 was |ocated beneath the 1000 foot mark on the west
slde of Pler 1. Sample #3 was taken opposite the 800 foot mark on
the east side of Pier 3, midway across the slip. The flrst number
| Isted represents total heavy mlinerals Including opaques (probably
magnetite). The number in parenthesis represents percent of
fraction with opaques omltted.
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TABLE 10. HEAVY MINERAL ANALYSIS OF YOUNGS RIVER SEDIMENTS, 1975.

Sample
Mineral 13 14 15 16 17
Magnet!te 45 80 80 50 50
Pyroxene Group 40(74) 10(48) 18(38)
Orthopyroxene 5( 9) 0(48) 10(21)
Cl Inophyroxene augite 35(65) 8(17)
Amphibole Group 12(22) 10(48) 20(95) 48(100) 30(63)
Balsaltic Hornblende 10(48) 20(95) 18(37) 30(63)
Green Hornblende 12(22) 2(95) 30(63)
Apatite 2( 4)
Zircon
Spessartlte 1N 1 4) 15 1(2) 1 1)

Samples 13-17 were taken from the upper reaches of the Youngs Rlver
(Source: Slotta et al., 1975).

TABLE 11. HEAVY MINERAL ANALYSIS OF LEWIS AND CLARK RIVER
SEDIMENT NEAR YOUNGS BAY, 1975

Sample
Mineral 21 22 23 24 32

Magnet!te 85 70 65 80 60
Pyroxene Group 2(26) 6(21) 15(60) 15(38)

Orthopyroxene 1(13) 10(33) 5(13)

Cl Inophyroxene auglte 1(13) 6(21) 5(17) 20(100)  20(50)
Amphibole Group 1(13) 7(25) 5(17) 20(100)  20(50)

Balsaltlc Hornblende

Green Hornblende 1(3) 7(25) 5017 20¢100)  20(50)

Apatite

Zircon
Spessartlte 6(61) 15(54) 10(33) 5(13)

Samples 21 through 24 are from the upper waters of the Lewis and Clark
River. Sample 32 is from an upper area of the Skipanon River (Source: Slotta
et al., 1975).
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TABLE 13. HEAVY MINERAL ANALYSIS OF YOUNGS BAY SEDIMENTS, 1974.

Sample
Mineral 15 28 37 46 56

Magnetite 15 18 12 20 24
Pyroxene Group 22(39) 28(44) 30(48) 28(47) 24(43)

Orthopyroxene 18(32) 20(32) 22(35) 18(31) 18(32)

Cl Inophyroxene auglte 4 7) 8(13) 8(13) 10017) 6(11)
Amphibole Group 21(38) 22(35) 18(39) 20(34) 16(29)

Balsaltic Hornblende

Green Hornblende

Apatlte

Zircon 8(14) 4( 6) 4( 6) 2L 3) 4 7)
Spessartite

Samples are from varlous locations In Youngs Bay (Source: Johnson
and Cutshall, 1975).

TABLE 14. HEAVY MINERAL ANALYSIS OF COLUMBIA RIVER SEDIMENTS, 1968.

1 Columbla River?

Mineral Columbla River
Pyroxene Group 69 64
Orthopyroxene 37 36
Cl inophyroxene auglte 32 28
Amphibole Group 22 28

Balsaltic Hornblende
Green Hornblende
Apatite
Zircon
Spessartite
Other Minerals 9 8

1Source: Schledegger et al., 1971.

2Source: Kulm et al., 1968.
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group Is the majJor constltuent of the Columbia River non-opaque, heavy
mineral assemblage in the 250-62 micron (fine sand) size range. Pyroxene
represents over 60 percent of the heavy minerals ldentifled in the Columbia
River samples. Schledegger et al. (1971) and Kulm et al. (1968) have both
come to this finding In their respective reports. The amphlbole group
represents approximately 25 percent of the non-opaque heavy mineral specles
in the Columbia River. The second pattern becomes obvious as one travels
away from the Columbla River southward Into the tributarles of Youngs Bay.
The percentages of the amphibole group Increase as one travels up the
fributaries. The range of the amphlbole percentages Is wide (13-100
percent), but an overall higher percentage of amphibole as compared to the
Columbia River samples Is clear.

In the Port of Astorla slips pyroxene represents nearly 75 percent of the
minerals identified. Amphlbole constltutes approximately 20 percent of the
sample. These percentages agree favorably with the two Columbia River
studles and the study by Johnson and Cutshall (1975) for the northern
sections of Youngs Bay. The 1975 Alumax study by Slotta et al. (Table 12)
shows too much scatter In the heavy mineral constltuent percentages at the
mouth of Youngs Bay to rellably relate the Youngs River as mlneral source to
the Port of Astoria slips. However, based upon a comparlson of the
percentages of the dlifferent mineral speclies ldentifled, the slips appear to
have the Columbia River as the maln contibutor of the heavy minerals that
were ldentifled. |f a greater percentage of amphibole were found In the
sllps, then the Youngs Bay tributarles might be considered to glve more of a
contribution to Infllling of the sllips.

This hypothesis agrees wilth the earl|ier Youngs Bay study (Slotta et al.,
1975) which Included observing sediment stakes that were positloned about
Youngs Bay. The observations of these stakes Indicated that the area at the
northeast end of the causeway was subject to accretion or erosion depending
upon the flow level of the Columbla River. Examining a map and Interpreting
flow condition would Indicate that If this area Is controlled by the Columbla
River then certainly the slip sediments should be also dominated by Columbia
River source materials. The 1975 study also concluded that sediment In the
area between Pler 2 and the causeway were all of Columbla River origin.

Based upon a comparison of the 1982 findings wlth past studles, the heavy
minerals found In the silps can be Implied to be from a Columbia River
origin. Whether or not the materlal 1s from Mf. St. Helens could not be
determined solely by heavy mineral analysls.

The material found In the slips has a range of sizes from clay to the
fine sand range (Cobos, 1983). Usually less than 20 percent of a sample
could be classifled as belng In the fine sand size range. The majorlty of
the materlal was In the silt range. Therefore, the origin of less than 20
percent of the material In the slips has been determined by this analysls.

Earller studles suggest that resuspended deposits may responsible for
siitation In the slips. Hubbell et al. (1971) state that the "near-shore
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shoal Ing of port slips"™ may be due to the resuspension of silts and clays on
a flood tide during periods of low flow. Then on slack tide this fine
material settles out. On the ebb tide only 20 percent of the material is
resuspended, producing a net gain in the slips. The high percentages of
silts and clays found in the slips can be hypothesized as being a result of
suspension deposition. In fact, x-radiographs of several of the cores
Iindicates this type of sedimentation.

Brief Summary of Sediment Origin Investigation

The three tests (clay mineralogy, heavy minerals, and microprobe)
Indicated that the Columbia River Is the primary source that produces
shoal ing In the Astoria Harbor. In this study, the microprobe analysis
provided the most definitive answer regarding the questions about the effects
produced on the Port of Astoria by the Mt. St. Helens eruption, indicating
that part of the sediment sampled from the port slips contalned non-juvenile
glass from M. St. Helens. However, although the Columbia River is the main
source of suspended sediment deposits In the port slips, It Is possible
under certain condltions for Youngs Bay sediments also to enter the Astoria
Harbor.
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5. DESCRIPTION OF THE SEDIMENTATION PROCESS

The sedimentation process In estuarles Is complex due to the many
varlables involved. These Include river flow, wind, temperature, tides,
physical characteristics of the sediment, and the shape and form of the
estuary. Some of these varlables have seasonal patterns; others vary with
each tidal cycle. In this study, a descriptive model of sedimentation was
developed by use of relatively few variables. An attempt to callbrate the
model was then made with available fleld Information.

Genera| Features
Sediment Source and Characteristics

As already dliscussed, the main source of sediment reaching the Port of
Astoria Is the Columbla River, with Youngs Bay as a secondary source of
sediment. Physical characteristics of the sediment such as size and specific
gravity agree with such Information reported by other authors (Crane et al.,
1981; Krone, 1971; unpublished reports of the U.S. Army Corps of Englneers;
Moore, 1982). The sediment in the Astoria slips Is primarily formed of sllits
and clays wilth an average speclflc gravity of 2.6.

Bottom Depths and Shoallng Rates

Depth sounding records made by the Port of Astoria were analyzed to
determine bottom features. Figures 23 and 24 1|lustrate some of the
post-eruption depth profiles at plers 1 and 2, respectively. Based upon such
records, an arbitrary reference depth was chosen for making a sediment mass
balance. The 35-foot depth was chosen as the reference depth and sediment
volumes above thls depth were consldered positive, volumes below this depth
were assumed negative. The volumes thus determined from records between 1979
and 1981 were plotted with respect to time. The resultant graph Is shown In
Figure 25. The rates of sedlmentation were also computed; these results are
shown In Table 15. Time restrictions for this study did not allow searching
out sounding records made prior to 1979.

Unfortunately, the Port of Astorla soundlng records presented some
difficulties In making a complete sediment mass balance. The records with a
few exceptions, were only kept for two sectors of each slip, as shown In
Figure 26. Also, the records were taken Irregularly and the dates and places
of dredging were not consistently recorded, nor was the location where the
spoll materlal was dumped. Furthermore, more sounding Information was
col lected In siip 1 than In slip 2. Accordingly, slip 1 data was chosen for
the analysis shown In Figure 25.

A relatively small difference was detected between deposition at one side
versus the other side of the slips: one side of each silip may have been
partlally dredged during the time Interval between sounding records or
currents Inside the slips may have produced more sedimentation on one side
than on the other. Nelther of these two speculatlons can be supported from
avallable data. Analysis was |Imited because of a lack of recorded dredging
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FIGURE 25.

CHANGES IN VOLUME OF SEDIMENT IN SLIP 1 OF THE PORT OF ASTORIA,
JANUARY 1979 TO AUGUST 1981.
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TABLE 15.

SEDIMENT VOLUME, SEDIMENT RATE, AND DREDGING

RATE AT SLIP 1, JANUARY 1979 TO DECEMBER 1981.

SLIP 1 PIER 1 WEST

Volume Sediment Dredging
Present Rate Rate
DATE cu.yards (mm/day) cu.yards
Jan/22/79 2644 .04
Mar/22/79 5745.89 6.80
May/11/79 7644.04 4.46
May/29/79 12839.52 33.93 350.48
Jun/13/79 7582.30
Jun/22/79 10226.33 34.54
Oct/26/79 -380.67 86.49
Nov/20/79 -1018.52 255
Jan/15/80 874.48 3.97
Feb/25/80 4331.28 9.91
Mar/12/80 6049.38 12.62
Apr/03/80 4104.94 88.38
Jul/11/80 8374.43 5.07
Jul/16/80 915.64 1491.76
Jul/23/80 -730.45 235.16
Aug/11/80 3384.77 25.46
Aug/22/80 4269.55 9.46
Sep/03/80 -502.06 397.63
Sep/22/80 9465.02 61.67
0ct/03/80 3981.43 498.50
Nov/17/80 9006.17 16.88
Nov/26/80 4341.56 518.29
Dec/10/80 -936.21 376.98
Dec/30/80 4197.53 30.18
Feb/12/81 7469.14 8.95
Feb/20/81 5154.33 289.35
Mar/19/81 -7613.19 472.87
Mar/23/81 -3117.28 132.14
Apr/15/81 -13240.74 440.15
Apr/27/81 -6635.81 64.72
May/14/81 -6013.37 4.30
Jun/04/81 5792.16 66.09
Jun/30/81 -1676.96 287.28
Jul/17/81 905.35 17.86
Aug/13/81 -1625.51 93.74
Sep/02/81 -246.91 8.10
Nov/23/81 4773.66 7.20
Dec/14/81 -6862.15 554.09
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TABLE 15 CONT.

SLIP 1 PIER 2 EAST

Volume Sediment Dredging
Present Rate Rate

Date cu.yards (mm/day) cu.yards
Jan/22/79 442 .37
Mar/22/79 514.41 0.14
May/04/79 7736.63 19.75
May/21/79 8307.63 3.95
May/29/79 8055.56 e 31.51
Sep/24/79 4115.22 , 103.14
Oct/26/79 -2376.56 ' 51.00
Nov/20/79 -9465.04 262.00
Jan/14/80 1013.37 22.40
Feb/29/80 3235.60 5.68
Mar/12/80 997.94 186.47
Apr/03/80 2726.34 9.24
Apr/28/80 1635.80 44 .02
May/23/80 545.27 43.62
Jul/01/80 6069.96 16.65
Jul/08/80 6208.85 2:33
Jul/16/80 -2561.73 1096.32
Aug/07/80 6640.33 48.11
Sep/03/80 -1962.96 311.23
Sep/26/80 -853.91 5.67
Oct/03/80 5144.03 34.89
Nov/18/80 3539.03 1985.60
Nov/23/80 -6388.89 67.66
Dec/10/80 -3395.06 9.68
Dec/31/80 -1666.67 34.15
Jan/21/81 4434.16 3.68
Feb/12/81 5123.46 98.69
Ap/15/81 -8.23 26.13
May/13/81 6213.99 36.97
Jun/04/81 13131.61 107.43
Jun/23/81 11090.53 39.39
Jul/31/81 9593.63 431.00
Aug/14/81 3559.67 62.64
Sep/2/81 13683.13
Oct/22.81 17407 .41 8.70
Nov/01/81 21368.31 46.57
Dec/23/81 22839.51 3.33
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dates and unrellable current meter records during the 1981 fleld work
assoclated wilth this project.

Some of the bathymefry changes may have been produced by propeller wash
and assocliated ship activity. During the 1982 fleld studles, an Increase of
suspended material was noticed due to tug activity. Also, an Increase of
velocltles was observed during continuous recording of flows with the
Savonius current meter (see Field Research discussion).

In spite of data |imitations of the sounding records, a relationship was
determined between perlods of low flow and perlods of high rate of
sedimentation. For example, between March 19 and 23, 1981 a sedimentatlon
rate of 132 mm per day was computed; the Columbia Rlver discharge during thlis
period was relatively low, as shown In Figure 27, for Vancouver, upstream of
the Cowl itz River mouth). Also, It can be seen from Figure 25 and Table 15
that there was a deposition rate Increase after the Mt. St. Helens eruption.

Tidal Influence==The Turbidity Maximum

Hubbell et al. (1971) described the behavior of a "turbid!ty maxImum"
phenomenon In the Columblia Rlver estuary. Thls develops as a result of the
flow clrculation pattern, whereby high concentrations of sediment are
assoclated with a salline wedge--upriver flow of denser salt water near the
bottom and downriver flow of the overlying less-dense fresh water. The
location varies with river discharge and tldal conditlon. Hubbell et al.
found that although the general shape of the turbidity maxImum remalned the
same, the entire wedge feature shifted longitudinally from one season to the
next. In May, 1970 the turbidity maximum (750 mg/|) during high dlscharge
was centered around RM 9 (km 15) near Hammond, downstream of Astoria, while
In September during low discharge the turbidity maximum (60 mg/l) was
centered upstream of Astorla near RM 16 (km 26). Astorlia Is thus within the
seasonal excursion zone of the turbidity maximum.

Gel fenbaum (1981) studied the turbidity maximum in the lower Columbla
River during the perliod of low river flow (early autumn) and placed the
turblidlty maximum around Astorla at such conditlons. He also Indlicated that
the turblidity maximum shifts with flood and ebb tides. Suspended sediment
concentratlions near the turbldity maxIimum may be as high as 10 times the
average suspended sediment concentration for the estuary as a whole.

If the Increase of sedimentation shown In Figure 25 Is assumed correct,
thls Increase should be somewhat related to the position of the turbidity
maximum. Sed!ment concentrations will be large In the vicinlty of the
turbidlty maximum. Currents near the turbidity maximum but within the Port
slips have low veloclty. Thls should give the Incoming sediment assoclated
with flood tide ample opportunity to settle out during each tidal exchange.
During ebb tlde, the settled sediment will not be resuspended agaln unless
bottom veloclties exceed the threshold veloclity needed to reinitlate
transport.
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Velocity data obtained inside the slips indicate that the velocities
there are small enough to let the sediment settle out and remain at the
bottom during ebb tide. The computed settling velocities based on Individual
particles underestimate the higher setting rate produced when the particles
collide and flocculate. With kaolinite and 11lite, at adequate
concentration, flocculation is complete when the salinity Is above 4 percent
(Dyer, 1979). The average salinity during the August 1980, low-flow period
In the Columbia River was 15 percent (Gelfenbaum, 1981). This implies that
there Is a good chance for complete flocculation and settling. The
salinities measured by us in 1982 In the slips had a large range of values
but seemed to increase consistently at the end of flood tide.

Flow eddies are a second mechanlsm whereby deposited sediment might be
resuspended. However, no evidence of eddies within the slips could be
deduced from our veloclity records, although intuitively they should exist.
The velocity records obtained showed sudden changes from still water
conditions to relatively high velocities. These changes were often
assocliated with ship and tug activity, as was previously mentioned. Such
velocities were |arge enough to produce resuspension of the sediment. It is
reported by the Port of Astoria staff that 100,000 cubic yards were moved In
a one 12~hour perlod in the slips by means of intentional propeller-wash
activities. |f sediments are resuspended during the ebb tide, they will be
subsequently flushed out. Such methods have been used In |leu of maintenance
dredging for small harbors in Florida (Mehta et al., 1981).

Wind also affects an estuary's sedimentation processes, especially at
Times of changing surface current direction and combined with tidal effects.
It is belleved that sediment from the Youngs Bay area has been put Into
suspension by wind-wave agitation and transported to the slips by wind and
tidal currents.

Research Needs

As mentioned earlier, the information gathered to date was insufficlent
to either calibrate or reinforce the hypothesis for a sedimentation model of
the port slips at Astoria (Mustain, 1982). The studies and data necessary
for future successful sedimentation studies are discussed by Cobos (1983).




Method Used

To compute the sediment budget at Astorla, Information from the U.S.
Geologlical Survey (USGS) was used to estimate the sediment load in the
Columbla River In the pre- and post-eruption periods. Also, profiles from
the depth soundings of the Port of Astorla, mentioned earller, were used.

A sediment budget consists of making a mass balance of the sediment
entering, leaving, and stored a defined area. For this case, Flgure 28 shows
the selected area. The amount of sediment trapped can be described as the
rate of change In the volume with respect to time. The "mass In" Is all the
mass that comes from the source, In this case the Columblia River. The "mass
out" [s the dredged material and the resuspended sediment that Is flushed
out. It has been assumed here that the amount of materlal resuspended and
flushed out is so small that it can be Ignored.

Columbla River Suspended Sediment Discharge

To estimate the suspended sediment |oad, USGS records were revlewed.
The selected upstream station on the Columbia Rlver Is Warrendale (USGS
Station 14128910), at RM 141 (km 227), 5 miles downstream from Bonnevlille
Dam. This station has records of suspended sediment for 1979 and 1980, which
coincide with the study and are useful to make comparisons with soundings.
Since there Is no other downstream station on the Columbfa River with
suspended sediment data during the period of Iinterest, the sediment fransport
from the Willamette and Cowlitz rivers must be added. To do this, station
14211720 on the Willamette River at Portland and station 14244200 on the
Cowl Itz River at Kelso, Washlngton were used. Both stations have records for
1979 and 1980. The calculated suspended sediment load of the Columbia River
below Longview Is shown In Table 16.

The average suspended sediment load computed for 1979 agrees fairly well
wlth data of other authors. For example, Hubbell et al, (1971) estimated the
suspended sediment discharge at the mouth to be about 10 metric tons. To
compare, some estimate Is needed of the Increases of suspended sediment due
to minor rivers and local runoff that were not taken into account In Table
16.

Using values of sediment volume glven In Table 15, the annual volumes of
sediment accumulated and the materlal dredged were computed. The values are
shown In Table 17. Also shown Is the net sediment accumulated per year.

Although results are rough estimates of sedimentatlion, comparison of the
relatlve numbers shown In Table 16 and 17 Is of Interest. The suspended
sediment concentration in the Columbla River Increased dramatically after May
1980. Unfortunately, the 1981 data were not available before this report was

completed and thus do not allow comparison here of the behavior of the
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TABLE 16. APPROXIMATE CONCENTRATION AND SUSPENDED LOAD IN
THE COLUMBIA RIVER AFTER LONGVIEW, WASHINGTON.

Discharge, Sed. Conc. Sed. Load

Year Month ~1000 cfs Mg/L Ton/Day

1979 Feb. 333 102 92294
Mar. 303 55 44680
Apr. 238 16 9941
May 338 27 24450
June 230 19 12092
July 176 13 i 6146
Aug. 145 8 3269
Sept. 126 7 2473
Oct. 384 12 12718
Nov. 159 8 3497
Dec. 273 43 31415

1980 Jan. 351 72 68171
Feb. 205 67 37030
Mar. -—— = cecus
Apr. 281 24 18206
May 239 124 80067
June 311 127 106320
July 158 26 16965

Average Ton/Day for 1979 = 22088 Ton/Day
Average Ton/Day for *1980 = 54460 Ton/Day
*no data available
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TABLE 17. SEDIMENT BUDGET FOR SLIP 1.
TOTAL IN TOTAL OUT NET SEDIMENT
TONS TONS TONS
YEAR (cu.yards) (cu.yards) (cu.yards)
1979 40 66 -26
(20695) (34274) (-13579)
1980 146 124 +22
(76581) (64716) (11865)
1981 132 117 +15
(68888) (61185) (7703)

Net sediment at the end of the period - £ 11 tons (5989 cu. yards).
Negative quantities represent overdredging at the end of the period.
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sediment In the river and the sediment of Astorla after July 1980. However,
It can be observed that the sediment load during June 1980 is almost 10 times
higher than for June 1979. It Is assumed that much of this sediment could
settle temporarily In the upper part of the estuary and |ater be resuspended
and carried downstream to within the reach of the turbldity maximum.

Gel fenbaum (1981) mentioned that between Hammond and Astorla there Is an area
of relatively qulet water where sediment might be temporarily stored, which
fits thls hypothesls on sedimentation of the port slips.

Table 17 shows an obvious change In the magnltude of sediment belng
settled and belng dredged over the years. The numbers Imply that In 1979
dredging Involved only approximately half as much volume as that during 1980.
The bed level was below the minimum safe depth In 1979; In 1980 the relation
I