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ABSTRACT

Aerial photography taken of waste plumes from Kraft pulp mill ocean
outfalls was shown to be an effective tool in the study of waste dis-
posal sites. This technique is not limited by sea conditions and
permits monitoring and evaluation of outfall sites throughout the year.
Photography taken at one instant provides comprehensive information
throughout the waste field. Manpower requirements and costs for this
method are considerably less than for conventional boat sampling surveys.

Field studies were conducted on the waste plumes from Kraft pulp mill
ocean outfalls at Newport and Gardiner, Oregon and Samoa, California.
Waste concentrations were measured by conventional boat sampling tech-
niques while aerial photography was taken of the outfall area from
altitudes ranging from 3,000 to 11,000 ft. Computerized procedures were
used to compute water currents, waste concentrations, toxicity zones

and diffusion coefficients from the photography.

The highest concentration measured directly over the outfalls was.2.3
percent waste by volume and the maximum area of influence with concen-
trations greater than 0.2 percent waste was 155 acres. The maximum
concentration determined over the outfall for each field study was
generally less than that shown to have a detrimental effect on young
salmon for a 14-day exposure.

Surface water-current was found to be the dominant factor in the result-
ing plume pattern. During periods of low current velocities in the
receiving water, the hydraulic head created by the effluent source was
a significant factor in the resulting plume shape. The steady state
form of the Fickian diffusion equation and unidirectional transport
velocity was not applicable to the majority of the observations.

Temperature was found not to be an effective tracer for tracking the
plume or for estimating waste concentrations since the resulting plume
temperature may be greater than, less than or equal to the surrounding
ocean temperature.

This report was submitted in fulfillment of Grant WP-00524 under the
sponsorship of the Federal Water Quality Control Administration.

Key Words: Kraft &aste, marine disposal, oczgn outfall, aerial P

photography, remote sensing, diffusion, water currerts,
bioassay, water temperature.
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SECTION I

CONCLUSIONS

1. Ae?ial photography provides comprehensive information on the marine
waste disposal process and is an effective tool in monitoring and eval-
uating ocean outfall sites throughout the year.

2. The maximum concentration measured over the outfall for each field
study was generally less than the range of 1.8 to 3.3 percent Kraft pulping
waste that has been shown to be detrimental to young salmon for a 14-day
exposure. The highest concentration measured during the study was 2.3
percent waste by volume and the maximum area of influence with concentrations
greater than 0.2 percent waste was 155 acres.

3. Diffusion coefficients measured ranged from 2.0 to 14 ftz/sec. The
steady state Fickian diffusion equation with a unidirectional transport
velocity was not applicable to the majority of the observations.

4. Temperature is not an effective tracer in tracking the plume or for
estimating concentrations in the waste field since the resulting plume
temperatures may be greater than, less than or equal to the surrounding
ocean temperature.

5. Surface water current is the dominant factor in the resulting plume
pattern at the three locations observed.

6. Surface spreading of the waste field over the outfall must be con-
sidered to adequately explain the resulting plume shape.



SECTION II

RECOMMENDATIONS

It is recommended that observations of the Newport outfall be
conducted for a wide range of sea and weather conditions. Field studies
made throughout the year using aerial photography with limited boat
sampling would provide valuable information for the design and operation
of ocean outfalls. Such a study combined with dye drops from the air-
craft would indicate seasonal changes in waste disposal conditions,
current velocities, diffusion coefficients, plume patterns and foaming
tendency. Sufficient data would be available to relate the waste field
characteristics to natural parameters such as tide, wind, state of the
sea, and river flow. The study would also provide information for sizing
the holding ponds for operation of existing outfalls.

While all the photography would not be suitable for automatic
computer processing, it would still give information on the current
velocities, plume size and pattern and foaming tendency.

It is also recommended that a critical analysis of actual held
conditions versus the original design predicitions be made for the
several ocean outfalls in Oregon and at Eureka, California. Such a
study will indicate areas of design deficiencies and will improve the
technology of ocean outfall disposal.

It is recommended that further analysis be made of the area of
influence within various concentration zones. This study would compare
these data with information now available from the many biological
studies which have related Kraft pulp mill effluent concentrations to
biological effects.



SECTION III

INTRODUCTION

Pollution of near shore coastal waters and estuaries is a serious
problem in the Pacific Northwest since these waters form an integral
part of the economy of the region in addition to their high recreational
and esthetic value to the people. Sports and commercial fishing combined
form a major aspect of the economic and recreational values of the water
resources. These uses combined with the other important values of water,
make it essential that industrial growth to provide jobs be accomplished
without despoiling the environment.

This project on analysis of ocean outfalls from Kraft pulp mills
is a part of an overall investigation that has been in progress since
1964. Investigations during the first years of this project included
laboratory studies on the development of bioassay methods for assessing
water quality impairment from the discharge of Kraft pulp mill wastes
into marine waters. Engineering studies on treatment of components of
the waste were also undertaken during the first years of this study.
Research during the last two years of the project were directed towards
investigations of the area and degree of water quality effects from
Kraft pulp mill ocean outfalls. This report includes only the work
accomplished during the last two years of the project since the previous
research has been adequately described in the annual progress reports,
published papers, and theses.

Disposal of wastes from the pulp and paper industry presents a
serious water quality problem. In the area of Oregon and Washington,
lying between the Pacific Ocean and the Cascades, there are now 49 pulp
mills producing approximately 17,000 tons of pulp daily (Stanford, 1969).
A variety of pulping processes are used including sulfite, Kraft, semi-
chemical, and mechanical.

Primarily because it produces a stronger, more versatile pulp
at lower cost, the Kraft pulping process has become the dominant method
for production of pulp and paper. In 1920 the total production of pulp
in the United States was approximately 3.8 million tons annually of
which approximately 4.5% was produced utilizing the Kraft process. By
1966 approximately 63% of the nationwide production of paper pulp was
produced by the Kraft process.

Growth of Kraft process for pulp manufacturing in Oregon has
been similar to that experienced nationwide. In 1939, pulp production
capacity in Oregon was approximately 575 tons per day of which 20% was
by the Kraft process. By 1969, pulp production in Oregon had risen to
more than 7,000 tons per day of which 65% (4,950 T/day) was produced
by the Kraft process.



Kraft mills operating in Oregon at the present time include the
following:

Boise Cascade Company Mill, St. Helens 625 T/day
Georgia Pacific Corp., Toledo 1,000 T/day
Western Kraft Corp., Albany 575 T/day
Weyerhaeuser Paper Company, Springfield 1,150 T/day
International Paper Company, Gardiner 550 T/day
Crown Zellerback Corp., Wauna 750 T/day
American Can Company, Halsey 300 T/day

The Kraft process of pulp production discharges about 20,000
gallons of liquid waste per ton of pulp, with a population equivalent of
about 400 per ton of pulp. Treatment and disposal of waste in a satis-
factory manner is a major problem of the pulp and paper industry.

Many of the newer mills have been constructed on or near tidal
estuaries or the open coast. Some of the new mills have added to the
problems created by many of the older mills which were already located
on marine waters. With the addition of new mills and increased production
in the older mills, significant volumes of waste are being discharged
into marine waters.

One of the primary problems created when Kraft pulp mill effluent
is discharged into marine waters is the toxic effect on the biological
population. Although numerous investigators have conducted tests on
acute toxicity there is little agreement on permissible concentrations.
Bioassay results are generally reported in terms of a median tolerance
limit for a specified period of exposure to a specific organism. Table
1 shows the results of some of these studies.

Table 1. Bioassays on Kraft Mill Effluent.

Investigator Exposure TLm
Year Species Hours %KME

O'Neal Bay mussel 48 2.5
1966 (Mytilus edulis)

Courtright § Bond Fluff sculpin 64 9
1969 (Oligocottus snyderi)

Howard § Walden Guppies 48 11
1965 (L. reticulatus)

Parrish Striped sea perch 72 12
1966 (Phanerodon furcatus)

Parrish English sole 72 15
1966 (Parophrys Vefulus)
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It can be seen from Table 1 that tolerance level varies between test
organisms.

O'Neal (1966) found that the toxicity of Kraft waste as measured
by bioassays on the bay mussel is biologically degradable but there was
no apparent correlation between B.0.D., P.B.I. and toxicity degradation.
Sprague and McLeese (1968), in tests with salmon parr and lobster larvae
have shown that toxicity degradation rates varied considerably between
the two test animals.

While the TL is probably the most reproducible statistic from
the test and provide% valuable information on toxicity; it cannot be
applied to actual field problems for determining the permissible con-
centration in receiving waters since the premise of allowing a stated
mortality is unacceptable as a water quality control policy.

The Washington State Department of Fisheries (1960) has conducted
extensive tests on the toxicity of Kraft pulp wastes to salmon and trout.
The tests were conducted in flowing sea water with a salinity of 35 parts
per thousand (ppt) and at temperatures about 50°F. The tests showed that
the concentration which produced no obvious harmful effects over a 14-
day exposure period was usually between 1.8 percent and 3.3 percent by
volume. Longer exposure periods led to somewhat lower levels. Signif-
icant mortalities occurred at concentrations greater than 3.3 percent
over the 14-day period. This study also indicated that there was little
significant difference in the toxicity in wastes between mills producing
bleached and unbleached Kraft pulp.

Alderdice and Brett (1957) conducted bioassays to determine the
toxic effect of full bleach Kraft effluent on young sockeye salmon. The
tests were conducted in 20 ppt salinity sea water and at 18°C. Results
indicated that at concentrations below 4.8 percent there was no mortality.

Kraft pulp mill effluent when discharged into marine waters will
some times create foam on the water surface. Courtright and Bond (1969)
found the foam to be about five times more toxic than the whole mill
effluent as measured by bioassays with the mussel larvae (Mytilus edulis).
While on the water surface, the foam is unsightly but probably does not
create a great threat to marine life. If the foam accumulates on the
beach, it can result in lethal concentrations to some marine life in the
littoral region.

The maximum concentration of Kraft pulp waste which will not
adversely affect marine life is difficult to define when one considers
the variable composition of the effluent, possible separation of the
waste into fractions upon contact with the sea water, variation in tol-
erance levels between animals, avoidance reaction of some species and the
lack of knowledge on chronic toxicity.



Since 1955 six Kraft pulp mills have been constructed on the
Pacific Coast of Oregon, Washington and Northern California. In each
case effluent disposal involves the use of ocean outfalls that have been
designed and constructed for the purpose of protecting water quality
in the near shore environment. The design of these facilities has given
consideration to: a) dilution requirements for protection of aquatic
resources, b) prevention of objectionable aesthetic conditions on
adjacent beaches and the near shore area, and c¢) the physical circum-
stances for initial construction and continued protection of the outfall
against the ravages of the sea.

The typical outfall extends into the ocean and usually terminates
with a diffuser section where the flow is divided into a number of small
jets which discharge the waste into the receiving water. The jet of
waste is subjected to a momentum force and to a buoyant force which is
proportional to the density difference between the effluent and the
receiving water. As the jet of waste rises towards the surface, it mixes
with the ambient fluid and both its momentum and buoyancy per unit volume
decrease. The mixing causes a waste field to be formed either at the
surface or submerged below the sea surface depending on the hydrography
of the site and the initial jet dilution.

Ocean outfalls along the Pacific coast are in general located on
the relatively shallow coastal shelf. The turbulence in this area is
usually sufficient to prevent density stratification in the receiving
water. Under these conditions the effluent, being less dense than sea
water, will generally rise to the surface to form a surface waste field.
After the initial dilution due to jet diffusion, the waste is transported
from the site by current action and continues to mix and spread by natural
turbulence in the ocean.

If density stratification exists in the receiving water and a
submerged plume is formed, the waste field is esthetically more pleasing
than a surface field but may be potentially more dangerous to the marine
life. The submerged plume will create an oxygen sink where the reaeration
rates are generally lower than at the surface. Under these conditions
less energy from the wind will be available for diffusion. Also con-

centrations may be higher than for a surface plume as less vertical rise
is available for jet diffusion.

Probably the most extreme condition for ocean outfall waste dis-
posal occurs during calm periods when current velocities in the receiving
water approach zero. Only the jet diffusion is available for dilution
and the waste field forms a pond above the diffusers since only the
hydraulic head created by the discharging effluent is available for move-
ment of the waste field. Under these unfavorable conditions, a large

waste field can form with nearly uniform concentrations throughout and
odor can be a serious problem on the nearby beach.



Once the water quality standards have been set for the receiving
water, these can be met through a combination of effluent treatment,
outfall location and design, and/or operation of holding ponds to store
the waste during adverse disposal conditions.

The purpose of the research included in this report was to study
the water quality impairment near existing ocean outfalls. In addition
to the area and extent of Kraft pulp mill outfall influence on water
quality, this study also includes diffusion analysis of the waste field.
Natural conditions which influence mixing, water currents, foaming of the
effluent, and the establishment of subsurface plumes are discussed.



SECTION IV

METHODS AND PROCEDURES

In order to study the waste field created by Kraft pulp mill
ocean outfall, both aerial photography and boat sampling were utilized.
The concentrations determined by boat sampling provided standardization
data for the aerial photography. Concentrations throughout the waste
plume, water currents and diffusion coefficients were computed from the
aerial photography.

Field work was conducted at three outfall locations as shown in
Figure 1. These are the Georgia Pacific outfall off Newport, Oregon,
the International Paper Company outfall near Gardiner, Oregon, and the
Georgia Pacific outfall near Samoa, California. The general procedure
employed in the collection of data was to take aerial photography of the
waste field and at the same time sample the plume by conventional methods
from a boat.

Accurate horizontal control for positioning the boat and orient-
ation of the photography was essential. Shore control was provided by
a beach traverse extending between existing control stations at each of
the three locations. Horizontal and vertical angles were measured with
a Wild T-3 theodolite and the distances along the traverse were measured
with either a tellurometer or a geodimeter. Since the geodimeter and
tellurometer measure slope distance, the station elevations were deter-
mined by reciprocal vertical angles. All positions for this study were
computed on the state plane coordinate system so that existing C§GS, GS,
and USE control could be used when available. Since most published maps
and charts include a state plane coordinate grid, this system provides a
common base for positioning.

Traverse stations were permanently marked with steel markers.
In order to identify the control stations on the photography, the beach
stations were also marked with white or black cloth. Details of the
beach traverses are given in appendix A.

In addition to shore control, horizontal control was required
in the water for photo orientation. This was accomplished by the use
of marker buoys which were set from the survey boat and their position
determined by triangulation from the shore stations.

During the 1968 field season ten buoys were permanently anchored
with 500-1b. concrete anchors. However, only three buoys were required
during the 1969 season. These temporary buoys were set along the plume
each day that field work was conducted. The buoy floats were four feet
square, two inches thick polyurthene board which were fiberglassed and
painted orange. The 60-1b. anchors were adequate to hold the floats
in position for the sea conditions encountered during the field work.

11



NEWPORT
GARDINER

SAMOA

Figure 1. Location of ocean outfalls.

Prior to aerial photography the survey boat would set two four-
foot square floats with drogues attached to measure the water currents.
The drogues extended from one half foot below the water surface to five
feet and were constructed of herculite material fitted over a conduit
frame to form a cross banner 4-1/2 ft in length and in width. A ten
pound weight was attached to the lower end of the drogue. The positions
of the current floats were determined from the aerial photography.

The waste concentrations were determined in the plume by boat
sampling. Rhodamine WI' dye was metered into the waste discharge pipe-
line on shore with a positive displacement pump. Arrangements were made
with the paper companies to maintain a nearly constant waste discharge
rate while field work was in progress. In addition, they provided the
project with the flow rate records and a dye injection station on the
outfall line near the beach.

12



Dye concentrations in the waste plume were measured with a Turner

III fluorometer aboard the survey boat. The fluorometer was equipped
with a flow through door and continuous readings were recorded with a
chart recorder. The sample was drawn through the instrument with a pump
on the discharge side of the fluorometer. Sample intake ports were
located along the length of a vertical sampling probe mounted on the

side of the boat. By a sliding valve arrangement in the body of the
probe, the sampling depth could be selected from one to ten feet below

the water surface. Details of the sampling probe are given in appendix
B.

An extra fluorometer was always carried aboard the vessel. The
fluorometers were standardized in the laboratory before and after each
run and standardized in the boat offshore from the outfall. Power for
the fluorometer was provided by a 12 volt generator and a 12 volt d.c.
to 115 volt a.c. powercon sine-wave inverter.

While continuous sampling was underway, the fluorometer operator
would mark each position, record position number, indicate any fluoro-
meter scale change and any sampling depth change on the chart record,
The boat's position was determined at one-minute intervals by triangu-
lation. Simultaneous horizontal angles were measured from two shore
stations with Wild T-2 Theodolites. The radio operator aboard the boat
would signal the theodolite operators when the position was to be taken.

A Whitney underwater temperature probe was also carried in the
survey boat. When operating properly, continuous surface water temp-
atures were recorded on a chart recorder.

At the time of boat sampling, aerial photography of the waste dis-
posal area was taken with a six-inch aerial mapping camera and two 70 mm
Hasselblad cameras mounted as a unit in the baggage compartment of a small
high wing aircraft. Normally black and white panchromatic film was used
in the mapping camera, either normal or infrared color film in one Has-
selblad and infrared black and white film in the second Hasselblad.
The nine inch by nine inch pictures from the mapping camera included the
area from below the aircraft to the horizon and were used for photographic
orientation of the smaller cameras. The coverage of the 70 mm pictures
included only the area in the immediate vicinity of the waste field.

The photographic film was developed by project personnel in accord-
ance with the film manufacturer's directions. The aerial film from the
mapping camera was 9-1/2 inches wide and 100 ft long, and was processed
with a Morse B-5 rewind processor while the 70 mm film was processed with
a Nikor reel and tank processor.

A flow diagram for the data processing is shown in Figure 2. The
initial step in processing the fluorometer and temperature records from
the boat survey was to digitize the strip chart records with an X - Y
coordinatograph. The coordinates of the trace were recorded on computer
cards. These cards, along with the cards containing the shore angles,

13
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Figure 2. Data processing flow diagram.
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were fed into the computer for processing. The digitized strip chart
data was reduced to fluorometer readings and the fix number index was
shifted to account for the time delay for the sample to pass from the
iptake port of the sampling probe to the fluorometer. A least square
fit was made to the fluorometer standardization data and the fluorometer
readings were converted to concentration of the tracer. By knowing the

effluent flow rate and the dye injection rate, the tracer concentrations
were converted to effluent concentrations.

Angles from the shore stations to the photo control buoys and
the boat were reduced to state plane coordinates. Since theodolite
sightings were made on the boat's mast, a correction was applied to
determine the position of the fluorometer intake ports. The ground
coordinates for each digitized point on the chart record was interpolated
from the processed shore control data. A detailed description of the
procedure used in digitizing the strip chart records and the computer
program for processing the data are listed in appendix C.

The results of the boat survey were displayed using a three-
dimensional computer plot program. The program draws and labels a state
plane coordinate grid, labels a title on the plot and plots the concentra-
tions or temperature. The axes of the plot are rotated so that the Z-
axis is not perpendicular to the plane of the paper. The waste concen-
tration or water temperature is represented by the length of a line drawn
parallel to the Z-axis. The position of this point can be scaled from
the grid to the base of this line.

Laboratory tests were conducted to determine the effect of the
Kraft waste on the dye traces. Since the presence of the Kraft effluent
in the water does increase the absorption of the exciting and emitted
light in the sample cell, the measurable fluoresence of the tracer will
be reduced by the waste. Using a tracer to effluent ratio of one to a
million, the test showed a reduction of fluoresences of about ten percent
for the range of tracer concentration encountered in the field survey.
Corrections were not made to the field data for the absorption of the
fluoresence by the Kraft waste.

The photographic information was converted to digital data with
a McBeth TD-102 photo densitometer modified for automatic scanning. The
densitometer is equipped with filters and can measure the film densities
of the three layers of a color transparent photograph or the film density
of a black and white negative. The aerial film is placed on the scanning
table. The scanning table is continuously moving and each time the table
changes direction the film is advanced one scan width. The film densities
which are recorded as voltage output from the densitometer and the Y
photographic coordinate are recorded on computer cards at about one-second
intervals while the scanning table is moving. The X photographic coordinate
is computed from the number of scans required to digitize the photograph.
Details of the scanning equipment are shown in appendix D.
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By using this method of analysis, the photographic image can be
analyzed and reduced to a symbolic computer image which yields values
of concentration and diffusion coefficients. Details of the reduction of
the photographic information were given in the progress report on Airphoto
Analysis of Ocean Outfall Dispersion (Burgess and James, 1969).
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SECTION V

NEWPORT STUDY

The Georgia Pacific pulp and paper plant at Toledo produces about
1000 tons of pulp per day. Following a period of aeration, strong waste
from the process is pumped through an eight-mile pipeline to the outfall
at Newport. Location of the outfall is shown in Figure 3. The waste
disposal area is bounded by Yaquina Head on the north, the north jetty
of the harbor entrance on the south, the shore on the east and a reef
on the west. The reef extends from the west end of the north jetty to
the tip of Yaquina Head. Water depth over the reef varies from about
six feet at the south end to 40 feet at the north end. The topographic
configuration of the waste disposal area influences the circulation
patterns in the receiving water.

The aerial photograph of the Newport-Toledo area shown in Figure
4 was taken looking east with the ocean in the foreground. The location
of the outfall in this figure was sketched on the photo and is shown in
white. The plant at Toledo is located near the upper center of the photo
with the cloud covered Willamette Valley in the background.

Flow rates throught the pipeline vary from about 4000 to 9000 gpm.
Figure 5 is a photograph of the plant looking northeast. The strong
waste from the plant pass through the aeration lagoons shown in this
figure. Holding pond capacity is available for storage of about seven
days effluent from the plant. During periods of unfavorable ocean con-
ditions the ponds hold the effluent. Weak wastes from the plant pass
through the primary treatment plant shown in Figure 5 near the center
of the photograph. Effluent from the primary treatment plant is dis-
charged into the Yaquina River to the left of the bridge.

The 21-inch diameter outfall at Newport was rebuilt and extended
to 3500 ft offshore in 1965. As shown in Figure 6 the outfall terminates
with a wye diffuser in about 40 feet of water at low tide. Thirteen outlet
ports are located at 20-foot intervals on each branch of the wye diffuser.
The ports are three inches in diameter and discharge horizontally into
the sea. They are oriented so that consecutive ports discharge on op-
posite sides of the header. As explained by Baumgartner, James, O'Neal
(1969) the theoretical jet dilution for this outfall design under normal
conditions is about 100. This would represent a waste concentration
by volume of one percent or ten ml/L.

Field work was conducted at Newport during the summers of 1968
and 1969. Table 2 includes a list of dates when sampling was success-
fully conducted. Sampling was attempted on nine days other than those
listed, but work was not accomplished due to rough seas, fog or rain.
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Figure 3. Newport outfall location.
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Figure 4. Photograph of the Newport area.

Figure 5. Photograph of the Georgia Pacific plant at Toledo.
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) Aerial photography during the 1968 field season was taken with a
single mapping camera mounted vertically. As sunlight reflection on
the water surface was a major problem in processing the data, oblique
photography was used during the 1969 field season. See appendix D for

description of the cameras. A discussion of the results from the various
days of sampling follows.

August 8, 1968

Figure 7 shows the results of the boat sampling on August 8, 1968.
The outfall is located in the upper right and the plume extends southwest
pr to the left. From the appearance of the boat's track which is shown
as a solid line on the plot, it is obvious that the location of the waste
field was not evident from the boat. Maximum concentration over the out-
fall was 15 ml/L. Boat sampling was conducted from 16:06 until 18:09.
The wind was from the NE 10-20 mph with a four-ft swell. The sea surface

was choppy with white caps from the wind; however, no foam from the waste
was observed.

Aerial photography was taken on August 8, 1968 with a mapping
camera mounted vertically using ektachrome 8442 film. The photography
was digitized and processed with the computer. A symbolic plot of the
waste field from the line printer is shown in Figure 8. Each character
on the plot represents a 30 by 30 ft area in the sea. Symbols on this
plot represent different ranges in concentration with the darkest repre-
senting a concentration range of 10-15 ml/L and the lightest representing
a range from 1. to 2.0 ml/L. The plot was made from photos 18 and 19 of
the third flight over the area at 17:30 from 4125 feet. It can be seen
in Figure 8 that some waste is northeast of the outfall which is located
at the upper tip of the darkest portion of the plot. This is due to a
shift in ocean currents in which the plume extended northward from the
outfall in the morning while in the afternoon the plume extended south-
westward (213° Az). The data shown in Figure 8 was also plotted with a
computerized calcomp plotter using an adapted contour plotting program
which plots iso-concentration lines as contours. This plot is shown in
Figure 7. By comparing the plots in Figures 8 and 9, it can be seen
that the line printer plot is distorted as the longitudinal scale is
greater than the lateral scale. The overall length of the plume was
4600 ft and the width a maximum of 3100 ft. The area within each con-
centration range as determined from photography is listed in Table 3.

The average current velocity in the waste plume was 0.26 ft/sec

and the average steady state diffusion coefficient was 31 ft2/sec. A
discussion of the diffusion computation is given in appendix E.
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Table 2. Newport sampling summary.

Date Effluent Rodamin WT Remarks

Flow Rate Flow Rate

gpm ml/min

8-8-68 5550 100
8-14-68 7600 28 cloudy no photography
8-16-68 7550 16
8-21-68 7400 32
9-10-68 7450 -a submerged plume
9-11-68 8950 -a submerged plume
9-12-68 6750 37
6-30-69 8100 36 submerged plume
7-1-69 8100 32 submerged plume
7-7-69 9000 38 submerged plume
7-8-69 9000 40
8-12-69 8300 37
9-8-69 8400 33

a - Dye slugs injected into pipeline,.
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Table 3. Area within each concentration

range on August 8, 1968.

Concentration

range Area

ml/L Sq ft
1-2 2.48 x 10°
2 -4 1.62 x lO6
4 -6 9.04 x 10°
6 - 10 1.61 x 10°
10 - 15 2.38 x 10°
6

Total 6.85 x 10

= 157 acres

August 14, 1968

On August 14, 1968 boat sampling was conducted; however, clouds
prevented aerial photography. Results of the boat sampling, plotted
on the Oregon State plane coordinate grid system (north zone), are
shown in Figure 10. The outfall is located near the high concentration
values at the upper left in the plot and the plume extends northeast
towards the beach. Sampling was conducted from 10:24 to 11:40 when
the wind was 5 to 10 mph from the southwest and the swell height was
4 to 6 feet. It can be seen from figure 10 that the diffusion coefficients
are low as the concentrations 2000 ft northeast of the outfall are about
the same as those directly over the outfall. A light foam streak several
hundred feet long was observed over the outfall while conducting the
boat sampling.

25



PLET BF WASTE CBNCENTRATIBNS ML/L FRBM BBAT
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5, 380200

Figure 10. Waste Concentration measured August 14, 1968.

August 16, 1968

On August 16, 1968, the plume was long and narrow and extended
northward from the outfall. The waste field was 600 to 1200 ft wide
and about 7000 feet long. Photography was taken with a vertical mapping
camera using ektachrome type 8442 film. Symbolic plots of the waste
field made from photos 3 and 4 of flight one from 8400 ft and from photos
17, 18 and 19 of flight three from 4200 ft are shown in Figure 11. The
plot in Figure 12 was made by subtracting the concentrations of the left
plume in Figure 11 from those shown in the right plume. Areas where
the concentration difference exceeds six units have been cross hatched.
The mean concentration difference in comparing 2485 points inside the
plume of either flight was 1.8 units. From the outline of the plume it
can be seen that plume changed considerably during the 22-minutes
between flights. The data shown on the left of Figure 11 was plotted
with the contour plot program and is shown in Figure 13.

Areas of different waste concentration ranges within the plume
are listed in Table 4. These values were computed from flight three.
The average current velocity was 0.42 ft/sec with a mean diffusion
coefficient of two ft/sec. The photo of the plume over the outfall
shown in Figure 14 was made from photo three of flight one with a red filten
It can be seen that the addition of 17 cfs of effluent to the receiving
water moving at 0.42 ft/sec did not cause appreciable spreading of the
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plume; whereas, on August 8 the addition of 12.4 cfs of effluent to the

receiving water moving at 0.26 ft/sec did cause spreading of the plume
and the plume was half-moon shaped.

The wind of 10 to 15 mph from the southwest was not sufficient
to create a choppy water surface. A large swell of six to eight ft did
not contribute much to the diffusion of the waste.

Table 4. Area within each concentration

range on August 16, 1968.

Concentration
range Area
ml/L Sq ft
1 -2 1.12 x 10°
2 -4 1.01 x lO6
5
4 - 6 7.27 x 10
6 - 10 1.30 x 10°
10 - 15 1.63 x 106
15 - 20 1.46 x 106
20 - 25 4.32 x 104
Total 7.29 x 106
= 167 acres
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Figure 14. Photo of plume over the outfall on August 16, 1968.

The results of the boat sampling conducted from 14:25 until
16:53 are shown in Figure 15. The plume extends from the lower left
of the plot to the upper right. Maximum concentrations measured over
the outfall were about 23 ml/L with one irregularly high value near
the head of the plume.
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Figure 15. Boat sampling conducted on August 16, 1968.

August 21, 1968

On the morning of August 21, 1968 the swell was ten feet and
breaking on the reef offshore from the outfall. Boat sampling was
delayed until the afternoon. The wind was zero to five mph from the
southwest, but by mid afternoon had changed to 10 to 15 mph from the
northwest. The boat sampling was conducted from 12:10 until 13:41 and
is shown in Figure 16. The outfall is located in the lower left of the
plot and the plume extends northward. The plume was approximately
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7500 £t long, 800 ft wide near the outfall and 2000 ft wide at the end
of the plume. Maximum concentration over the outfall was 20 ml/L.

Vertical aerial photography was taken using Ansco D-200 film.
As this was the photographic firm's first experience with the film,
the film was under exposed about one stop. This combined with scattered
clouds rendered the photographic results of questionable value.

t
BT OF UASTE C%TRQTI&!S ML/L  FRBM BBAT

Figure 16. Waste concentrations from boat sampling on August 21, 1968.
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September 10, 1968

On September 10, dye slugs were introduced into the pipeline.
Because of density stratification, the waste field and dye slugs were
submerged. There was no wind on this day and the swell height was one
to two ft. The dye slugs did not move away from the outfall in discrete
patches as planned but accumulated about the outfall area below the water
surface. The boat sampling showed measurable dye concentrations only
directly over the outfall.

Aerial photography was taken using Ansco D-200 film. A copy of
one of the vertical photos over the outfall is shown in Figure 17. It
can be seen that there was considerable foaming of the effluent. The
photograph is oriented so that north is to the right and the outfall is
located near the upper center of the photo. Foam extends both west then
north and northeast from the outfall. The submerged plume can be seen
in the photo where not obstructed by the foam as the light area to the
south and east of the outfall. This photo covers an area 3400 by 4600 ft.

Figure 17. Photograph of the outfall area, September 10, 1968.
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September 11, 1968

The weather conditions were about the same as on the 10th except
that clouds covered the area and there was a 0-5 mph east wind. The
plume was still submerged but the individual boils over the outfall
could be seen from the boat. Two foam streaks extended westward from
the outfall for about a half mile. Dye slugs were injected into the

pipeline; however, dye concentrations were only detectable directly
over the outfall.

September 12, 1968

Weather conditions remained calm until about 2 p.m. when a
15-20 mph wind from the northwest began. The plume was submerged in
the morning but came to the surface after the wind began blowing.
Waste concentrations measured by boat sampling from 15:49 until 17:11

are shown on the Oregon State plane coordinate (north zone) grid in
Figure 18.

The outfall is located near the center of the plot and the plume
extends southward. Maximum concentration over the outfall was about
10 ml/L. Detectable concentration were measured 3000 ft from the outfall.

Vertical aerial photography was taken of the plume using a 6-inch

focal length camera. The interference caused by sunlight reflection on
the choppy water surface made the photography impossible to process.
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Figure 18. Waste concentrations measured by boat
sampling, September 12, 1968.
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June 30 and July 1, 1969

On June 30 and July 1 the plume was submerged below the sea sur-
face. There was a light breeze of about five mph from the east in the
morning shifting to 5-10 mph from the north in the afternoon with a one
to two ft swell on June 30th. Aerial photography was taken of the outfall
area but there was no evidence of the waste field from either the photo-
graphy or the boat sampling.

The weather remained calm with a two to four ft swell on July 1lst.
The photo of the outfall area shown in Figure 19 was taken from 600 ft
with the camera oriented 45 degrees from vertical towards the west. Four
buoys can be seen about the outfall but all that is visible of the waste
field is a small amount of surface foam which covers an area approximately
200 by 300 ft. The sky was overcast and surface light reflection can be
seen in the upper part of the photograph.

Figure 19. Aerial photo of the outfall area on July 1, 1969.
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July 7 and 8, 1969

On both days the wind was from the north and a foam streak
extended southward from the outfall for approximately 1.3 miles. On
July 7th the surface plume was narrow and extended only a few hundred
feet from the outfall. The wind on the 7th increased from 5 mph at 8:00
to 12 mph at 20:00.

The infrared black and white photos in Figure 20 show the foam
on July 7th. Infrared photography does not indicate temperature differ-
ences. The photo in Figure 20A was taken in a northwest direction with
the shore in the foreground and the foam extending southward from the
outfall. The photo in Figure 20B was taken over the outfall in a west-
ward direction with the foam streak extending upwards and to the left.
The survey vessel was crossing over the outfall in Figure 20B.

Figure 20. Photographs of the foam on July 7, 1969.

On July 8th the wind was stronger and increased from 6 mph at
8:00 a.m. to 15 mph at 15:00. Photos in Figures 21 and 22 show the
plume on July 8 at 15:21 and 15:56. The photos were taken from 4000 ft
with the camera tilted 45 degrees from vertical towards the east. A
foam streak can be observed extending from the outfall on the left.
The foam and the plume do not coincide as the plume is to the right of
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the foam. In Figure 22 dark upwelled water can be seen below (west)
the plume. Measurements from the temperature probe indicated that this
water was approximately two degrees C warmer than the inshore water.
The upwelled water appears to move over the plume with limited mixing

between the two masses. The upper or nearshore edge of the plume did
not change position between photos.

. Results of the boat sampling are shown in Figure 23. The outfall
is located near the center of the grid and the plume extends southward
or towards the left. The sampling was conducted from 15:00 until 16:16
and the maximum concentration measured over the outfall was 10 ml/L.

Three photographic flights over the outfall were processed.
Ektachrome type 8442 film was used in the mapping camera while the two
70 mm cameras were used with infrared color type 8443 and infrared black
and white type 5424. Symbolic plots for the three flights are shown in
Figure 24. 1In order to have the longitudinal and lateral scales approx-
imately equal, each symbol on the remaining symbolic plots in this report
represent an area of 20 ft across the plume and 30 ft along the plume.
The plots shown in Figure 24 were from flights taken at times 15:15,
15:21 and 15:56 and from 3000, 4000 and 4000 ft, respectively. They
include only the first 2300 ft of the plume so that the change in plume

shape between flights can be seen. Measurable concentrations extended
5500 ft from the outfall.

The avera%e steady state diffusion coefficient for flights one
and two was 14 fté/sec while the average diffusion coefficient from
flight three was 9 ft2/sec. The average current velocity was 0.5 ft/sec.
Area within the different concentration ranges as computed from flight
three are listed in Table 5.

Table 5. Waste field area on July 8, 1969.

Concentration
range Area
ml/L Sq ft
1-2 1.05 x 106
6
2 -4 1.62 x 10
4-6 2.06 x 10°
6 - 10 4.10 x 10°
Total 5.14 x 106
= 117 acres
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Figure 21. Photo of the plume on July 8, 1969 at 15:21.

Figure 22. Photo of the plume on July 8, 1969 at 15:56.
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Figure 23,

PLBT BF WASTE CSNCENTRATIBNS ML/L FREM BBAT

Waste concentrations measured by boat sampling on July 8, 1969
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August 12, 1969

Both aerial photography and boat sampling were successfully
condu;ted on August 12, 1969. Waste concentrations determined from boat
sampling from 12:44 until 13:46 are shown in Figure 25. The outfall is

located near the center of the grid and the plume extends northwest or
upward and to the right.

. Surface water temperatures measured from the boat are shown in
Figure 26. The height of a vertical line on the plot represents the
water temperature in degrees C. minus nine degrees. This method of
plotting was used so that a small difference in water temperature would
be apparent as it is easier to see a difference in lengths of lines that
are one and two units long than lines that are ten and eleven units long.
It can be seen in the plot that the water temperature over the outfall
was about two degrees colder than in the upper right of the plot where
the waste concentration is zero. Although the effluent in the pipeline
is about 40°C. it mixes with the subsurface water and the resulting mix-

ture on the surface in this example was colder than the surrounding sur-
face water.

The oblique photo of the plume shown in Figure 27 was taken with
the camera pointed northward from 4,000 ft. In the immediate vicinity
of the outfall the foam extends both east and west of the outfall then
northward. This foam pattern is similar to that on September 10, 1968.
The waste field extends in all directions from the outfall but primarily
northwest. The wind was three mph from the east in the morning but changed
to five mph from the west in the afternoon.

One current float set to the west of the outfall moved northwest
while the other current float set to the east of the outfall moved north-
east. The average current velocity was 0.1 ft/sec. It appears that
under these relatively calm conditions, that the hydraulic head created
by the effluent has a measurable influence on the shape of the waste field.

A symbolic plot of the waste field is shown in Figure 28. While
three flights were processed, the photographic results were essentially
the same in each case. The hole or blank area in the plume was in the
foam over the outfall where concentrations could not be computed. The
plot shows a large waste field with nearly uniform concentration of 6
to 10 ml/L throughout. The azimuth from north of the centerline of the
plot in Figure 27 is 340°. Area within the different concentration

ranges are listed in Table 6.
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Figure 25, Waste concentrations from boat sampling on August 12, 1969.
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Figure 27. Photograph of the waste field on August 12, 1969.
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Figure 28. Symbolic plot of waste field from flight 3 on August 12,
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Table 6. Waste field area - August 12, 1969.

Concentration
range Area
ml/L 3q ft
1 -2 4.86 x 10°
2 -4 1.03 x 106
6
4 - 6 1.50 x 10
6 - 10 3.00 x 106
6
Total 6.02 x 10
= 137 acres

September 8, 1969

The photograph of the plume shown in Figure 29 was taken from
8,000 ft looking north. The surface plume was small and extended
northward from the outfall. A small amount of surface foam can be seen
about the outfall. The location of the plume was not obvious from the
boat while sampling; however, a large subsurface plume could be seen
from the aircraft extending northeast from the outfall. The wind was
from the southwest at 5 mph with a four-foot swell.

Data for the symbolic plot of the waste field, shown in Figure
30 was from the 70 mm infrared color photography taken from 3,000 ft.
The current velocity was 0.2 ft/sec. Area within the different concen-
tration ranges are listed in Table 7. Results of the boat sampling are
shown in Figure 31.
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Table 7. Waste field area - September 8, 1969.

Concentration
range Area
ml/L Sq ft
5
1 -2 L87T x I
5
2 -4 Sx30 % 10
5
4 - 6 2=43 ‘& 11
6
6 - 10 1.07 % 10
10 = 15 6.84 X 104

Figure 29. Aerial photo of waste field on September 8, 1969.

47



JOLVET~IC W STF CANFENMTRATION IN ML/LTTER

SAa”TrH SN AN = FT GRID
QIORCTIS : oF PLUvE +01 RADIANS

[ 30 XL 10 RS oy 1 MATE 8/ R/A9
CAMLENTS LTS COOF IN ML/L
) 1 -2 11 2 -6
3 1
Tt . - & LLe A e 1IN
111 (AR
PPe I /RR 15 « 2n
[=+1=] RRR
Ty 21 = 2% asy GY 2R
Avans ate

¢ Rz 10A9R12Fe Y= 3T404TM

) oy )
LI B
Yy )Y oy v Loy 11yt
y oy oy by vy
y vV 1T 1T arnIkb L YITITETL 1Y
Yy 1 IEESRINANENIRASS A SN )
YU ATIpTlTLLLLE L L LRl e LTIy 1T 1Yy
[N SO S AR (N SARUNN NN AW ANANT &5 . | )y o )
111 1TTILLLELLLLLPOOrRORPRPROL) LLLLILLTIT] 1Y 11 D)
1 1 TTILLLILLLLLPPO RPORPRPPOL L LLLLLLLYIT ¥+ 1 1 )
1 10T T LLLLLY LELL LPPE PoeppPPpReePL LLLLLLLLITITITTITIN 1
1 TTTILLLLLLLE LLLPPorporeepeoPee L LLLLLLLLITITITIIL
) TTIN LN LLLLLLLY PPRPROPORREDRPeePop L L L LLLLLLLLLLLLLITIN )
TRV LLLLLLLLL L RPPPPLNPOFPRPRPPEePLLLLLLLLLLLLLLLLLLIIT )
VorrrTE oLt Lttt et LR P L L bbbl 11y
1
I
i

VORI LLLLLLLE LY LELELL LEFP L L LbLLLLLLLLeLteet 1 1
torTrYr Lo bbb Lot Ll UL L O bbb LLL Ll Ll vy
LTS X N W RV WU T VL T OV W W TR I S ST | )3

[ RS R IR RSN RN NN N RN AR LLLLLLLLL LU LLLLELLELLLLLLLLLELLITT)
1oTTILtLLeLb b bbbl tibb bbbl L b b LLELL L LLLLLLLELLLLITY )

YoOTThrLt R e LLLtbe e bbbl bbbl et b LLbLeLLLLLLb eIty 1
(DS INARARAENUARARANERNENENNARARASARSRERT SNNN AN ARANREECERREURREREETE S 3 39 W
VoL e L R L LD L LU LLL UL e L L ELLLLLLLLLEPPPLLLLLL T TY Y

VL LLLLALLLLLLL L Lt Lt b Ll LU L LRl LEL L LLLLLLLLLLLPPPLYLLLLTIT )
VOlp i P Rt Lr b Len e bel sl Lk Le v te b LU bbb LU LR LI T Y
Torre e g LLLLbb b s bRl LB L LLL L L L eeber bbbt rte oy
Ve FRrpepniniiontoteeliientlib iy bt bt e rrieLeieieieeel oy
oLt PrpctLebebs bbbt eeen b bbb LLeb et bl e b L LR LLL )
Vot tri e ntrep el tprrrbr et b LpLr e bbbl LTI
Voorpdbrper e b bebbeterebitetebieeeeer e bbb b bbLLb bbb LELRELLTITT ]
PooOTTU p LUk Lt b L Ll bbb e bbb e LR L LL LLLLLLLLLLL LA T YT )
YTrIvh Lt ettt et ket teeee et LL bbb LLLLLLITI )
PYrImpebber et b bbLLbt b bt bebei oL bbLeieeeetLyry 11 v
RS RN AR AN R AN AR AN AR A AR S AN AN NS RN R AN RRE RS 5§ S W | )
[N RS R R I AR RN AN AR RN AR NSRS AR TR RN AR AN N AN NN NS £ 10 S B §]
ooy T T e oL Lektebr b be bl LL bR LLeLL bt LLeeLerr 1 )
Yool TR rITTINIIORIITT IR I I evhLLLbb el LeL bbb LLL Ll L LI Ty L
(R R SRR A SAARARERAS A RN NNRE RN AR ARNIANEAR RN ARNARAREAREADASES S AN
[ RS A R AS R (U EER R ARAE AR ARRAR AR R AANNRSNENDE A NN L IS

! L T R A A AR A SN UNE SRR M RNN AN AR N AN RN RANEE S 5 O S { }
2 TR IR | VOrTTTLLL bbbl L L L LLALL LR LLTTITETTY 10 ]
) 3 ) Yo VorTTLLL Lt bbb LLLLL L L LU LR LLERTEIIIT Y )
1 VAITTOLLTLLLL R LLLLLLLE LLLELLTTRTTITEIIY 1y
) VoRIILLL el bbb LU LA LI LLLLLLTTITIIINT ) }

TOYTITILLLL L LLTTIIIT IR I vy T IITINILIY
VOIETLLLLALLLLLLLITITIIELTRITIIIINIRY
YooV ITITTTRIYET R ITRTIITIIITILIIILIY 11 )
YL TITTENETTIRAYTRITIIILILLITII 1
(N AR RN RN AR RS RN S I O]
| T T D D T T B | )
v Yy 1
1

¥ 4

Figure 30. Symbolic plot of waste field from flight 1 on September 8, 1969
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SECTION VI

GARDINER STUDY

The International Paper Plant at Gardiner produces a i
§50 tons per day of pulp and discharges about 10,080 gpm of g?:ﬁ?ﬁmzziiz
into the ocean. The ocean outfall is located 5-1/2 miles north of the
mouth of the Umpqua River. A straight shoreline extends both north and
south of the outfall and the shore near the outfall is a gently sloping
sandy ?each. The location of the outfall is shown in Figure 32. The
plant is located about a mile north of Gardiner and discharges its wastes
through a three-mile pipeline to the ocean.

. The photograph in Figure 33 was taken looking northeast. The
location of the outfall was sketched on the photo and is shown in white.
It can be seen that there is no residential development on the shore near
the outfall. During low tides, three to six vehicles were parked near
tbe peach on the access road to the outfall while the occupants were
digging clams. The plant is located near the bend in the Umpqua River
to the right of the picture. Dark upwelled water can be seen in the
lower left of the photograph.

) A photo of the International Paper Plant is shown in Figure 34.
Liquid waste from the process are discharged into the pond shown on the
left of the figure. A pumping station located to the left of the pond
pumps the waste over the hills to the ocean. The 36-inch outfall extends
about 3,000 feet offshore and terminates in about 25 ft of water. As
shown in Figure 35, the diffuser section consists of 24 five-inch diameter
ports spaced 7.5 ft apart. The ports are oriented horizontally and
alternately discharge on opposite sides of the pipeline. Shifting sands
partially cover the diffuser section and it was not known how many of the
ports were open at the time of sampling.

Boat sampling was conducted with the charter boat "Sea Hawk' from
Winchester Bay on July 15 and 16, and August 19 and 20, 1969. In addition
the Northwest Regional Office and the Pacific Northwest Water Laboratory
of the Federal Water Quality Administration conducted a survey of the
outfall during the week of January 20, 1969. Measurements of a dye tracer
released during the survey produced a minimum dilution of 1:27 over the
outfall. An extension of the centerline of the plume during this study
would have intersected the beach approximately one mile south of the outfall.
In addition, a biological survey conducted during the study showed that
more organisms and more species were observed over the outfall than at
other surrounding locations. Description of the sampling by dates follow.

July 15 and 16, 1969

On July 15 and 16 the wind was 10 to 18 mph from the NNW during
the sampling period. The swell on the 15th was four ft, and two to three

ft on the 16th.
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Figure 32. Gardiner outfall location map.
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Figure 353,

Photograph of the Gardiner outfall area,



Figure 34, Photograph of the International paper plant.
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Air bubbles in the fluorometer intake lines rendered the'resulFs
of the boat sampling of little value on July 15. The plume configurations
were similar on both days and the results of the boat sampling on July 16
are shown in Figures 36 and 37. The first sampling run shown in Figure 36
was conducted from 12:39 until 13:35 while the second run shown in Figure
37 was conducted from 14:45 until 15:36. The plume extended southward
(left) from the outfall with a maximum concentration of 23 ml/L over the
outfall.

While the survey boat was headed westward, direct sunlight was on
the instrument. Since the sunlight caused interference with the fluoro-
meter readings, these sections of the sampling record were not processed
and discontinuous boat track is shown in Figures 36 and 37.

Aerial views of the plume are shown in Figures 38A and 38B. The
photos which were taken at 15:05 are 45 degree oblique views from 4000
ft. The outfall in Figure 38A is located at the center of the photograph
and the plume extends to the right. One area of relatively high waste
concentration extends south from the outfall while a second area of high
concentration extends southwestward. The dye patch located near the
lower left of center on 38A was dropped at 14:20. The dye patch shown
in lower right of Figure 38B was dropped at 12:14. The plume in Figure
38B is shown in the upper left of the photo.

Three photographic flights over the outfall area were processed.
The iso-concentration plot shown in Figure 39 was from the first flight
over the outfall at 14:50. The concentration interval on this plot is
2 m1/L with the outside contour representing 2 ml/L. The symbolic plot
of the waste field shown in Figure 40 was made from the second flight
over the area from 5000 ft at 15:03. Infrared color film and infrared
black and white film were processed from the 70 mm cameras. The large
mapping camera was used for orientation and current float position
computations.

The plume on July 16, 1969, is similar to that for August 8, 1968,
at Newport. It appears that the addition of 22.4 cfs of waste to the
receiving water moving at 0.26 ft/sec caused surface spreading of the
plume near the outfall. Two current floats were set above the outfall.
One float moved downstream in the waste field but the second float set
on the centerline of the plume remained stationary just upstream from
the outfall. Since there was no kelp in the area, to hold the float,
it may have been set at the stagnation point created by a source in a
uniformly flowing stream.

The average steady state diffusion coefficient was 9 ftz/sec.

Areas within the different ranges in waste concentration as determined
from flight 2, are listed in Table 8.
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Figure 36, Waste concentrations measured by boat sampling
July 16, 1969, run 1,



Figure 37.
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Figure 38. Plume and dye patch on August 16, 1969.
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GARDINER JULY 16,1969

Figure 39. Iso-concentration plot from flight 1.
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Figure 40, Symbolic plot of waste concentrations from
flight 2 on August 16, 1969,
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Table 8. Area within each concentration

range on July 16, 1969.

Concentration
range Area
ml/L Sq ft
1 -2 1.21 x 106
6
2 -4 1.53 x 10
5
4 - 6 9.00 x 10
6 - 10 1.18 x 106
10 - 15 6.01 x 10°
15 - 20 2.23 X 105
20 - 25 5.76 x 104
Total 5.70 x 106
= 130 acres

August 19 and 20, 1969

The swell height was four to five feet on both sampling days with
a light wind of zero to five mph from the west. The fog did not 1lift
until noon on the 19th but was clear at 11 o'clock the next day.

Waste concentrations determined from the boat samplings are shown
in Figures 41 through 43. Maximum concentration over the outfall was
22 ml1/L. The boat sampling shown in Figure 41 was conducted from 15:16
until 15:39 on August 19, 1969. The sampling period was short because
of generator trouble and the plume in Figure 41 is not well defined. On
August 20 the first sampling period was from 11:33 until 12:04 and the
second sampling period was from 15:05 until 15:34.

Surface water temperature measured during the two sampling periods
on August 20 are shown in Figures 44 and 45. In general the water temp-
erature over the outfall was one to two degrees colder than the surrounding
water temperature.

The plume changed shape and location while sampling on both

August 19th and 20th. Low tide on the 19th was at 10:20 and high tide
was at 16:50. The oblique view of the plume in Figure 46 was taken from
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Figure 41. Waste concentrations measured by boat sampling on
August 19, 1969,
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4000 ft at 12:39, August 19, using panchromatic black and white film with
a 26A filter. The outfall is located in the lower right and the plume
extends upward to the left along the surf zone. A tide rip can be seen
extending through the surf zone in the upper left and a dye patch can be
seen offshore from the plume on the left.

The two 70 mm photos in Figure 47 were taken in the same flight
with infrared black and white film with an 89B filter. The boat in
Figure 47A appears as a white spot in the center of the picture. Infrared
photography of the plume requires about three stops more exposure than
land detail. The dye patch in Figure 47A is just visible on the IR film.
As the photos were scanned automatically, the infrared band was used to
distinguish the dye from the waste field in the computer processing.
Figure 47B was taken over the outfall.

The variation in film density in the infrared photograph is greater
than that in Figure 46. Ninety percent of the light return in the infrared
band is from the upper two feet of the water; whereas, in the red band
ninety percent of the light return is from the upper seven feet.

The photos of the plume in Figures 48 and 49 were taken at 13:53
from 6000 ft and at 16:28 from 4000 ft, respectively. The plume in
Figure 48 extends upward and to the left from the outfall located near
the lower right of the photo. The dye patch can be seen as a narrow
streak oriented approximately perpendicular to the beach at the left of
Figure 48. At 16:28 the plume extended directly towards shore from the
outfall.

The 70 mm color photo of the waste field in Figure 50 was taken
at the same time as that shown in Figure 49. The variation in grey on
the print represents the change in blue film density of the original
transparency. The surf is visible in the upper right as the dark area.
Near the upper center of the photo is gray area which is suspended sand
from the turbulent surf zone and relatively free of waste. The differen-
tiation between the plume and the suspended sand is not possible in
Figure 49 which was taken with panchromatic film and a red filter. The
blue band was useful distinguishing the suspended sand from the plume
in the processing of the photographic data.

On the morning of August 20th the waste plume extended from the
outfall northeast into the surf. The photos of the plume shown in
Figures 51 and 52 were taken at 11:27 from 4000 ft and 11:41 from 5000 ft,
respectively. The survey boat can be seen sampling the waste field. The
outfall is located about a half inch below the boat in Figure 52. The
shape of the plume about the outfall is mainly a result of surface
spreading of the waste caused by a 17 cfs source in a relatively calm
receiving body. Apparently the water currents carry the waste north-
eastward from the outfall and the swell is moving the waste into the
surf. Swell normally does not have a large forward transport; however,
in the nearshore area when the wave peaks, the swell begins to change
from an Airy or Stokes wave to a solitary wave with a forward transport
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Figure 46. View of waste field at 12:39 on August 19, 1969.
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Figure 47. Infrared photos of the waste field at 12:39 on
August 19, 1969.



Figure 48. Photo of waste field at 13:53 on August 19, 1969.
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Figure 49. Photo of waste field at 16:28 on August 19, 1969.
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Figure 50. Seventy mm photo of waste field at 16:28 on
August 19, 1969.

Figure 51. Photo of the waste field at 11:27 on
August 20, 1969.
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of water near the surface. The dye patch shown in the lower left of
Figures 51 and 52 was dropped at 11:03. It can be observed that the
dye patch moved northeast towards the outfall several hundred feet bet-
ween flights. The current velocity was 0.13 ft/sec. Infrared black
and white photos of the waste field are shown in Figure 53. The photo
in Figure 53A was taken at 11:27 from 4000 ft while the photo in Figure
53B was taken from 8000 ft at 12:15. The boat is the white spot in
Figure 53A and the surf is on the right. The three white dots to the
left of the plume in Figure 53B are salmon fishing boats.

At 14:30 it appeared that the waste discharge into the ocean had
stopped. However, a few minutes later a very dark brownish-red effluent
began appearing on the surface. This may have been caused by a sluge
deposit slumping into the pump sump in the holding pond. The photograph
in Figure 54 was taken at 15:45 from 4000 ft. The new plume can be
seen extending from the outfall northward. The old plume has dispersed
but some of the waste can be seen north and south of the outfall. A tide
rip near the center of the photo extends from the surf. This area appears
as light gray and is bounded by a small foam streak. The water in the
rip is nearly free of waste but in the red band is not distinguishable
from the surrounding water containing waste.

A symbolic plot of the waste field for flight three taken at 16:30
on August 19, 1969 is shown in Figure 55. The plot is oriented so that
the axis of the plume is at an azimuth of 110 degrees from north. The
plot shows nearly uniform concentrations throughout the waste field. Table
9 shows various concentrations and the areas encompassed.

Table 9. Area within each concentration

range on August 19, 1969.

Concentration

range Area

ml/L Sq ft
1 -2 2.05 x 10°
2 -4 4.32 x 10°
4 -6 2.66 x 10°
6 - 10 3.24 x 10°
10 - 15 1.78 x 10°
15 - 20 2.47 x 10°
Total 5.48 x 10°
= 126 acres
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Figure 52. Photo of the waste field at 11:41 on
August 20, 1969.

Figure 53. Infrared photos of the waste field on
August 20, 1969.
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Figure 54.

Photo of the waste field at 15:45 on August 20, 1969.
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Figure 55. Symbolic plot of the waste field on August 19, 1969.
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A symbolic plot of the waste field from flight one on August 20,
1969 at 11:58 is shown in Figure 56. The vertical axis of the plot has
an azimuth of 62 degrees from north. The position of outer limit of the
surf zone is indicated by the straight line at the bottom of the plot.
Area within the different concentration ranges as determined from flight
one are listed in Table 10.

Table 10. Area within each concentration

range on August 20, 1969.

Concentration

range. Area

ml/L Sq ft
1-2 1.08 x 10°
2 - 4 7.60 x 10°
4 -6 3.35 x 10°
6 - 10 4.57 x 10°
10 - 15 6.80 x 10°
15 - 20 1.03 x 10°
20 - 25 5.08 x 10°
GT 25 7.20 x 10°
Total 4.85 x 106
= 111 acres
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SECTION VII

SAMOA STUDY

The Georgia Pacific Corporation plant of Samoa, California is
located on a narrow sand spit one mile west of Eureka as shown in Figure
57. The sand spit is about eight miles long, one mile wide and is bounded
on the east by Arcata Bay and on the west by the Pacific Ocean. The

Georgia Pacific plant is located approximately four miles north of the
entrance to the bay.

C?own—Simpson Company has a plant at Fairhaven which is located
on the spit approximately 2-1/2 miles north of the bay entrance. Both
plapts discharge their liquid wastes into the ocean. During the study
pe?lod of August 6 and 7, 1969, the Crown-Simpson plant was not in oper-
gtlon. However, they were pumping water from the bay through their outfall
in order to prevent sand from covering and plugging the diffuser ports.

The Georgia Pacific plant produces about 500 tons per day of bleached
pulp. Liquid waste from the process is discharged through a 48-inch
outfall into the ocean. A photograph of the plant is shown in Figure 58.
The location of the outfall was sketched on the photograph and is shown
as a white line. The outfall extends about 2900 ft into the ocean and
terminates in about 40 ft of water. As shown in Figure 59, the diffuser
section contains 50 ports spaced ten ft apart. The eight-inch diameter
nozzles discharge horizontally and are pointed to alternately discharge
on opposite sides of the header. Due to drifting sand, it is not known
how many of the nozzles were operating at the time of sampling.

Field work was conducted at Samoa on August 6 and 7, 1969. The
Humbolt State College research vessel '"Sea Gull" was chartered for the
boat work. The swell was three to four feet on these two days and the
wind 5-10 mph from the northwest. Fog on both days prevented sampling
in the morning.

Waste concentrations determined by boat sampling are shown in
Figures 60 through 63. Sampling on August 6 was conducted from 14:21
until 15:01 for run 1 and from 15:59 until 16:49 for run 2. On August 7
the boat sampling was conducted from 12:53 until 14:39 and from 16:00
until 16:26 for runs 1 and 2, respectively.

The outfall is located on the right of the plots and the waste
plume extends towards the left or southwest. The state plane coordinate
grid was drawn at 800 foot intervals. The plume is bounded on the south-
east by the surf zone. Maximum concentrations measured over the outfall
were 18 ml/L or a 1.8 percent waste concentration by volume. The effluent
flow rates were 18,600 and 16,500 gpm on the two sampling days.
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Figure 57. Samoa outfall location map.
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Figure 58. Aerial view of the Georgia Pacific plant
near Samoa, Califormia.
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Surface water temperatures minus 10°C. as measured on August 6
agd 7 are shown in Figures 64 and 65. It can be seen that there was
little temperature variation in the surface water and that the offshore
water tended to be slightly warmer than those in the plume or nearshore.
The lowest temperature value was located at the south end (left) of the

boats track shown in Figure 65. This point was in Crown-Simpson's fresh
water plume.

. On the aerial photograph of the plume shown in Figure 66, the
outline of the Georgia Pacific plume is shown with the broken line while
the outline of the Crown-Simpson plume is shown with a solid line. The
photo was :taken from 5000 ft at 17:09 on August 6, 1969. During the two
days of field observations the plume maintained nearly the same size,
shape and position. Although, at times the entire plume moved between

the shore and the Crown-Simpson plume. The plume was 700 to 1500 ft
wide and about 8000 ft long.

A symbolic plot of the waste field is shown in Figure 67. The
plot was made from flight one on August 6th. The flight was taken from
3000 ft at 17:27 o'clock. As the first two 70 mm photos did not overlap
a blank area is seen near the head of the plume. The total area covered
by the plume was 155 acres.

Problems were encountered in the photographic data from Samoa on
August 7th. The processing of the photographic data requires that the
background light from the open sea be subtracted from the light return
in the plume. Because the plume extended to the surf zone, background
light measurements were available from only the offshore side of the
plume. The large variation in the color of the water perpendicular to
the shore rendered the photographic results of questionable value.

The mosaic strip in Figure 68 shows the plume at 16:20 on August 7th.
The negative prints were made from 70 mm infrared color photographs
from 6000 ft. The dark area in the upper part of the strip is caused by
suspended sands near the surf zone. The Georgia Pacific plume extending
from left to right in the mosaic is almost entirely inshore of the Crown-
Simpson plume shown near the right of the figure. Numerous fishing boats
can be seen about the outfall area. The light area in the lower portion
of the negative prints is caused by dark upwelled water. A dark narrow
band can be seen along the lower (west) edge of the plume.
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Figure 64. Surface water temperatures on August 6, 1969, run 1
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Figure 66.

Aerial view of the plume on August 6, 1969.
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Figure 68.

Mosaic of the plume on August 7, 1969.



SECTION VIII

SUMMARY

During the period of August 1968 throu i

c gh September 1969 field
wogk was conducted on thirteen days at Newport, four days at Gardiner,
and two days at Samoa. A summary of the sampling is shown in Table 11.

Observations were conducted at Gardiner on July 15-16, 1969 and
August 19—20, 1969. As the sea and weather conditions were similar on
consecutive sampling days, the results represent essentially only two
independent observations. In the first sampling period, the waste moved
away from.the beach while during the second sampling period the plume
extended into the surf zone. It is believed that there is a greatexr
tendency for the waste field to extend into the surf at Gardiner than at
Newport, because of its shorter and shallower outfall and greater flow
rates, however, it is not known what percent of the time this occurs.
Maximum concentration measured over the outfall was 23 ml/L or 2.3%.

_ Observations were conducted at Samoa on August 6-7, 1969 when
the wind was from the northwest. A large plume extended south along
ige 53rf zone. Maximum concentration measured over the outfall was

ml/L.

Surface water temperature measurements were made at the three
outfall locations. Since the warm effluent from the diffuser ports mixes
with the cold subsurface water, the resulting mixture at the surface was
generally colder than the surrounding sea water. Because of natural
temperature variations in the sea water, temperature is not a sensitive
tracer for tracking the waste field.

It can be seen from the table that during relatively calm periods
the plume at Newport was submerged. On September 10, 11, and the morning
of the 12, 1968, the plume formed below the sea surface. On the after-
noon of the 12th the wind increased to 20 mph, white caps formed and
the plume came to the surface. On June 30 and July 1, 1969, the plume
was also submerged. Hourly wind records at the south jetty show that on
June 30th, the wind was five mph in the morning, increased to about ten
mph at noon, and remained at this level throughout the night. A surface
plume may have formed during the night but during the day of July lst
the wind was 4-5 mph and the plume was submerged. On July 7, 1969, the
hourly wind pattern was similar to that of July 8, 1969, except on the
second day the wind was about three mph higher. On July 7th a surface
plume could be seen only for a short distance from the outfall, while on

the 8th the plume was on the surface.

The weather was calm on August 12, 1969, with a wind of 3-5 mph.
Wind records show that the 11th was also calm yet a large surface waste
field was observed on the 12th. The effluent discharge rate was nearly
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Table 11, Sampling summary.

Tide* Wave Wind Effluent PLUME
Date Location  Range Height Dir. Vel- Flow Length Max, Current Dif. c Remarks
Ft. Ft. ocity Rate Area™ Ft. Concen, Vel, Coef, ™
_— mph opm Acres ml/L ft/sec ftz/sec

8- 8-68 Newport 10.2 4 NE 10-20 5,550 100 4600 15 0.26 -—--

8-14-68 Newport 6.0 4-6 SwW 5-10 7,600 --- 3400 21 -- -—-- No photography
8-16-68 Newport 6.3 6-8 sw 10-15 7,550 142 7000 23 0. 42 2.0

8-21-68 Newport 8.1 8-10 sw 0-5 7,400 - 7500 20 -- ----

9-10-68 Newport 6.8 1-2 - 0 7,450 0 -- - 0.0 ————— Plume submerged
9-11-68 Newport 6.8 1-2 E 0-5 8,950 0 -- - -- ---- Plume submerged
9-12-68 Newport£ 6.5 1-2 E 0-5 6,750 0 - -- 0.0 ——— Plume submerged
9-12-68 Newportl 6.5 4-6 NW  15-20 6,750 -—- 3000 10 -- ——-- d

6-30-69 Newport 11.5 1-2 N 5-10 8,100 0 -- -- -- -—-- Plume submerged
7- 1-69 Newport 11,3 2-4 NwW 4-5 8,100 0 - -- 0,06 ---- Plume submerged
7- 7-69 Newport 6.4 4-6 N 5-12 9,000 5 -- -- 0.4 ---- Plume submerged
7- 8-69 Newport 7.7 4-6 N 6-15 9,000 93 5500 10 0.5 14,0

7-15-69 Gardiner 8.0 4 NwW 10-18 10,300 ——— - - - ——— Equipment trouble
7-16-69 Gardiner 7.8 2-3 NwW 10-18 10,000 103 4000 23 0,26 -—--

8- 6-69 Samoa 5.5 3-4 NwW 5-10 18,600 155 8000 18 0.45 2.1

8- 7-69 Samoa 5.8 3-4 NwW 5-10 16,500 --- 8000 18 0.50 -—--

8-12-69 Newport 8.4 2-3 w 3-5 8,300 127 4000 10 0.1 ———

8-19-69 Gardiner 6.1 4-5 w 0-5 10,100 123 2500 22 0.1 -——

8-20-69 Gardiner 6.5 4-5 w 0-5 7, 500 87 2400 22 0.13 -———

9- 8-63 Newport 7.2 4 W 5 8, 400 39 2000 10 0.2 ———

a Maximum difference between adjacent high and low tides during the day.

b Area within the plume with concentrations greater than 2 ml/L.

c Steady state diffusion coefficient.

d  Vertical photography not processed because of sunlight reflection.
e a.m,
£ p.m



the same on this day as it was on the days when the plume was submerged
under nearly similar conditionms. Possibly the offshore thermocline was
deep and the dense subsurface water was not available to form density
stratification in the outfall area.

_ Observations were made at Newport when the river flow was low.
During the winter and spring when the wind is predominately from the
southwest and the fresh water flow from the Yaquina River is high, there
may be an increased tendency for density stratification to form over the
outfall. There is also indication that the tidal range affects the density

stratif@cation and area of the surface plume, but sufficient observations
for verification are not available.l

Subsurface plumes are believed less likely to occur at Gardiner
and Samoa since they are located on the open coast. Newport outfall has
the offshore reef which would tend to reduce the turbulence and mixing
below the level of the reef.

The most foam was observed on September 10, 1968 and August 12,
1969. Both days were calm with a submerged plume on September 10 and a
surface plume on August 12. On September 11, 1968, July 7 and July 8, 1969,
and September 8, 1969, foam was observed. Except for July 8th, when the
sea surface was choppy, these days were relatively calm. The foaming
tendency may also be caused by a change in the composition of the waste.
The primary source of foam did not appear to be caused by wind turbulence
in the waste field, but rather the foam appeared to be mainly generated
in the boil over the outfall.

When the current velocity is low in the receiving water, the
initial width of the plume is greater than the width of the diffuser section
of the outfall. On August 16, 1968 and July 8, 1969 at Newport and August
6 and 7, 1969 at Samoa, the current velocity was greater than 0.4 ft/sec
and the initial plume width was about the same as the diffuser section of
the outfall. On August 8, 1968 at Newport and July 16, 1969 at Gardiner,
the current velocity was 0.26 ft/sec and the initial width of the plume
was wider than the diffuser section with a ridge of high waste concentration
near the outer edge of the plume. At current velocities less than about
0.2 ft/sec surface spreading caused by the hydraulic head from the effluent
discharge appeared to be primarily responsible for the width of the plume.
Diffusion coefficients are listed in Table 11 for only three days, since
the model used in the diffusion computations and explained in Appendix E,
would only be applicable to these situations.

The tide influences the flow patterns in the receiving water.
The high flood and ebb currents at the river mouth tend to draw water from
the adjacent ocean. Since the outfalls observed in this study were located
several miles north of a river mouth, the effect of the tide was reduced
and the wind generally provided the major driving force for water movement.

1 personal communication with Mr. P. O'Hara of the Georgia Pacific Corp.
Toledo, Oregon.
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The area of the waste field listed in Table 11 is the area where
the concentrations were computed from the aerial photography as being
greater than 2 ml/L or 0.2% waste. Normally from the photography, the
plume can be distinguished from the open sea at concentrations greater
than 0.4 ml/L. However, surface foam on July 8, August 12, and September
9 caused interference with the aerial photography. In the processing of
the data, voltage ranges on the photo densitometer output were set and
concentrations were not determined for points where the densitometer
voltage was outside this range. Values for these points were obtained
by interpolating from adjacent points. The infrared band was the most
sensitive for this purpose. The area covered by the densitometer aperture
could contain a small amount of surface foam and the value would not be
rejected. Some scatter can be seen along the right side of the plumes
shown on the symbolic plots in Figure 24 where there was a foam streak as
can be seen from the photos of the plume in Figures 21 and 22. A summary
of the aerial photography is listed in appendix F.
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APPENDIX A

SHORE CONTROL

Control surveys were conducted at Newport, Oregon i
Oregon gnd Samoa, California. These surveys pgoviéed 2gnt;o§a§ginggéh
the aerial photograph and the boat sampling. Figure A-1 shows the location
of the beagh traverse at Newport. The traverse extended between two coast
and geodetic survey stations, Life on the south and Yaquina Head Lighthouse
on the north. Angles along the seven-mile traverse were measured with a
Wild T-3 theodolite while the distances were measured with the telurometer.
The unadjusted state plane coordinates are listed in Table A-1. A closure
of 1:21,000 shows the excellent quality of the survey work.

Table A-1. Beach survey at Newport, Oregon.

) Grid Grid Oregon North Zone
Station Distance Azimuth State Plane Coordinates
Feet From North X Y
° ] "

LIFE (1,071,316.29) (356,348.11)
C&GS 49,99 7 02 57

ECC 1 a 1,071,322.42 356,397.72
10,344.61 357 46 58

JET a 1,070,922.19 366,734.59
7,510.12 15 39 39

FALL a 1,072,949.50 373,965.91
3,246.27 11 40 05

JOE a 1,073,606.03 377,145.10
4,253.66 16 36 02

DOC a 1,074,821.29 381,221.47
9,249.07 325 31 07

ECC 2 a 1,069,585.04 388,845.57
89.86 321 35 29

CAP 1,069,529.21 388,915.88

YAQUINA HEAD LIGHTHOUSE (1,069,529.52) (388,914.28)

C&GS
Closure 1:21,000

a - stations marked with 3/4-inch by 30 inch steel rods.
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Figure A-1. Beach survey at Newport, Oregon.
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The established stations were marked with cloth for photo ident-
ification. A typical shore control station while boat sampling was in
progress is shown in Figure A-2. The tripod signal in the foreground was
used to sight the station from the boat. For some of the preliminary
survey work at Newport, the boats position was determined by three-point
sextant fixes from the vessel. However, because of difficulty in training
the crew, this method of boat positioning was replaced by shore triangulation.

Figure A-2. Shore station.

The survey near Gardiner was conducted between two Oregon State
Highway stations. The location of this survey is shown in Figure A-3.
Coast and geodetic survey stations are in the vicinity of the outfall but
since this is a sand dune area the station markers were not found. Results
of the survey are tabulated in Table A-2.
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Figure A-3.

[ WINCHESTER BAY

Beach survey at Gardiner, Oregon.
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Table A-2. Beach survey at Gardiner, Oregon.

. ) Grid Grid Oregon South Zone
Station Distance Azimuth State Plane Coordinates
Feet from North X Y
o [} 1
LAW
14 51 47
SHY (1,026,670.82 774,841.37
OSH 3,054.62 13 23 10 ) ’ 57
INTER.S. a 1,027,378.00 777,813.00
2,835.73 13 39 11
0.D. 21 1,028,047.35 780,568.60
0.D. 21 (1,028,047.06) (780,568.31)
OSH

Closure 1:14,000

a - station marked with 1/2-inch by 60 inch steel rod.

The survey conducted at Samoa between two coast and geodetic
survey stations is shown in Figure A-4. Station SAMOA 2 was reported
destroyed previously but was found covered with three feet of sand. The
traverse extended 2.1 miles between SAMOA 2 on the north and JOHN RMI1
on the south. Station JOHN apparently has been destroyed but its refer-
ence mark no. 1 was recovered in good condition. Distances along the
traverse were measured with the geodimeter. The closure for the survey
listed in Table A-3 is better than that required for first order work.
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SAMOA 2

Figure A-4. Beach survey at Samoa, California.
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Table A-3. Beach survey at Samoa, California.

Grid Grid California Zone 1
Station Distance Azimuth State Plane Coordinates
Feet From North X Y
o H i1
SAM 2
C&GS 282 42 40
SAMOA 2 (550, 067. 76) (1,395, 048. 96)
C&GS 4,308. 80 216 31 47
SEA a 546, 605. 43 1,392,484.19
2,396. 39 208 48 30
SAND a 544, 505. 63 1,391, 329. 42
2,804, 25 209 53 39
CROWN a 542, 074. 49 1,389,931.78
3,141.99 201 08 23
JOHN RM1 539, 143. 94 1,388, 798. 64
JOHN RM1 (539, 144, 13) (1,388, 798. 43)
C&GS

Closure 1:44, 000

a - stations marked with 3/4-inch steel pipe 60 inches long.
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APPENDIX B

FLUOROMETER SAMPLING PROBE

. During the 1968 field season tracer concentrations were measured
in the waste field using two continuous flow fluorometers as shown in
Figure B-1. In take ports for the instruments were along the leading edge
of the five-foot keel of a six-foot long towed vessel. The vessel was
constructed of fiber-glassed floatation foam and was towed eight feet off
the beam of the survey boat. By a valve arrangement aboard the survey
launch, the sampling depth for one fluorometer could be selected at either
one-half foot or one foot below the water surface and the sampling depth
for the other fluorometer was either at two feet or five feet below the
surface. The fluorometer readings were continuously recorded by chart re-
corders. Generally the sampling depths were at one foot and five feet.

A comparison of concentrations at these two sampling depths did not show
any appreciable difference and indicated that the sampling device was
inadequate to reach the lower limits of the waste plume.

A ten-foot sampling probe was constructed for the 1969 field
season. This probe is shown mounted aboard the Humbolt State College
research vessel Sea Gull in Figure B-2. The probe is attached on the
starboard rail and the end of the probe is setting on the aft deck in a
travelling position. The probe was designed to hang vertically at five
knots. As it has a mechanical feed-back steering device, it is stable
at higher speeds and through normal maneuvers. Drawings of the probe
are shown in Figure B-3 through B-7.
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Figure B-1. Fluorometers aboard the Paiute at Newport, Oregon.

Figure B-2. Side view of the probe at Eureka, California.
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APPENDIX C

REDUCTION OF BOAT SAMPLING DATA

Included in this appendix is the
gigiram Tsed to reduce‘the temPerature and fluorometer data from the boat
ey along with the instructions necessary for digitizing the strip chart

records. Th . :
language. © program was written forthe CDC 3300 system in fortran IV

program listing of the computer

Input data for the program is either from a logical unit number
(LUN) or from the teletype keyboard. The input statemeits include stand-
a?d READ statement, FFIN(NO), TTYIN (4H X = ). The free form input (FFIN)
will accept data in any format from columns 1 through 72 as long as the
words are separated by at least one space. The number in parentheses with
the call command is the input LUN number. The teletype free form input
command (TTYIN) allows the user to enter data from the teletype. The.
parameter in the TTYIN function is hollerith constant containing four char-
acters, When the fortran statement is executed, the hollerith message

is prigted on the users teletype. Only a single variable can be entered
each time the function is executed. ‘

The main program called Boatdata (lines 1-82 of the listing) calls
subroutines Readcord, Bcontrol and Concen. Subroutine Readcord (lines
83-196) converts the digitized strip chart data on LUN 1 to chart readings
and writes the readings on LUN 2 according to the format listed on line
188. Subroutine Bcontrol (lines 188-313) reads from LUN 3 the angle and
distance from the boat's mast to the sample intake ports (lines 203-204)
coordinates of the shore station (lines 206-209), and the shore angles to
the boat, buoys, or initial angles according to the code listed on lines
224-225. The subroutine writes the coordinates of the sample probe on
LUN 4 along with the fix number and other positions (fixed sampling stationm,
buoys, floats) on LUN 20.

Before the main program calls subroutine Concen, it reads from
the teletype values of the effluent flow rate, dye injection ratio, time
delay for sample to reach the instrument and data code as shown on lines
43-50. Subroutine Concen (lines 314-359) calls subroutine Fluoro if a
fluorometer record is being processed, reads the chart readings from LUN 2
and computes either waste concentration in milliliters per liter, dye
concentration in parts per billion or the water temperature depending on
the value of the branching code as explained on line 47 of the main program.
Output from the subroutine is written on LUN 6 according to the format

list on line 351.

Subroutine Fluoro reads the fluorometer stgndgrdization data as
explained by the comments in lines 371-381 of the listing and calls sub-
routine Leastfit which determines the least square estimate for the para-

meters in the model.
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Y=B +B X+B X+e 1)

or in matrix notation

Y=XB (2)

where Y is the dye concentration in PPB, X is the scale reading and
the B's are the coefficients. Solution to equation 2 is

B=anly ©)

Subroutine Leastfit (lines 400-442) computes the X'X matrix, calls
Matinv (lines 443-510) which computes (X'X)-1 and then computes the B
vector as shown in equation 3. Once the values of the parameters are
estimated in equation 1, the concentrations can be computed in line 345
of subroutine Concen.

The main program then reads the fix numbers and concentratioms
or temperature from LUN 6, determines the coordinates of the sampling
point from the data on LUN 4 and writes the coordinates and concentration
or temperature on LUN 8 (lines 55-80).

Considerable savings in time resulted from digitizing the strip
chart records with the coordinatograph rather than by hand scaling and
coding. The following procedure was used to reduce the fluorometer and
surface water temperature chart records to digital data.

The Rustrak strip chart was taped to the Kelsh plotter table with
the longitudinal axis of the chart being approximately straight and
approximately parallel to the X-axis. The X coordinate increasing with
time and the Y coordinate increasing with the chart reading. The X and Y
coordinates were measured with the Autotrol coordinatograph and punched
on computer cards. First, the chart's longitudinal and transverse scales

were digitized for calibration of the curve readings, next, the coordinates
of the trace were recorded.

Each card contained constant data and three sets of event numbers,

X,Y, § Z coordinates. The constant data in the first five columns was
as follows:

Column 1 Month (one digit)

Columns 2 § 3 Day (two digits)

Column 4 Run number (either 1 or 2 )
Column 5 Codes 1-4 Fluorometer

5-8 Temperature
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CODE

lors5 The X and Y coordinates are measured on the chart's

zero reading at egch consecutive fix (marked or unmarked).
The event number is equal to the fix number. This infor-

mation is used to interpolate the fix number and the zero
scale when computing the readings.

2o0r 6 The X and Y coordinates are measured at the chart's

0, 10, 20, 30, ........ , 100 for the first fix number.
The event number times ten is equal to the scale reading
for the fluorometer trace and the event number times a

half for the temperature trace as full scale is five
degrees.

4 or 8 X and Y coordinates were measured along the trace at
intervals as required to define the curve but not greater
than one inch. For the fluorometer record, the first
two digits of the Z coordinate represent the scale (1,
3, 10, or 30) while the last two digits of the Z coor-
dinate represent the sampling depth. When reducing the
temperature record, the first two digits of the Z
represent the zero scale temperature (0,5, 10, 15, or
20°C). As the temperature probe was always one foot
below the water surface, the depth was not indicated on
the Z coordinate.

The event number is significant only when tracing about the chart
for calibration (when the code in column five is one, two, or three for
a fluorometer trace or five, six or seven for the temperature trace). The
scale and sample depth need to be listed only when tracing the curve (code
is either four or eight). Each card includes the constant data, event
numbers, X § Y coordinates, scale and depth for up to three points according
to the format listed on line 102 of the program listing.
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50
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PROGRAM BOATDATA

THIS PROGRAM PROCESSES BOAT DATAs INPUT IS THE

STRIP CHART RECORD FROM THE OIGITIZER ON LUN 1 AND THE
SHORE ANGLES ON LUN 3e IF THE STRIP CHART HAS NOT BEEN
DIGITIZED, HAVZ THE CHART READINGS ON LUN 2+ THE FOLLOWING
LUNS ARE USED IN THE PROGRAM9

1 INPUT DIGITIZER STRIP CHART RECORDe LUN MUST BE
EQUIPPED BEFORE RUNNING IF USING DIGITIZED CHART

2 OUTPUT CHART READINGS. IF CHART EADINGS ARE
TO BE COMPUTED THE LUN 1S EQUIPPED IN SUB READCORD

3 INPUT SHORE ANGLES. LUN MUST BE EQUIPPED BEFORE
RUNNING IF 30AT COORD ARE TO BE COMPUTED

4 QUTPUT BOAT COORDINATES. IF BOAT COORD ARE
COMPUTED THE LUN IS EQUIPPED IN suB BCONTROL

5 INPUT OF FLUOROMETER STANDARDIZATION DATA. LUN
MUST BE EQUIPPED PRIOR TO RUNNING

6 OUTPUT WASTE CONCENTRATION ML/LsDYE CONCENTRATION

IN PPBsOR TEMPERATURE IN DEGREES Ce
THE LUN 1S EQUIPPED IN SUB CONCEN
8 OUTPUT IS XsY STATE PLANE COORDINATES AND MATCHING
CONCENTRATION OR TEMP. LUN EQUIPPED IN PROGRAM
20 COORDINATES OF BUOYS» FLOATSs OR SAMPLING STATIONS
LUN EQUIPPED IN SUB BCONTROL
22 FLUOROMETER CALIBRATION CURVESe LUN EWUIPPED IN
SUB FLUORO.
DIMENSION XS5(2+400)
INTEGER HARDWARE
IF (HARDWARE(1) «EQe 1) 546
CALL READCORD
IF (HARDWARE(3) +EQe 1) 748
CALL BCONTROL
DO 10 I=1s2
DO 10 J=1,400
XS5(1sJ)=0e0
CONTINUE
REWIND 4
READ(4s1) IFIX»sXsY
FORMAT (5Xs14352F940)
IF (EOD(4)) GO TC 50
XS{1eIFIX)=X
XS(29IFIX)=Y
GO T0O 20
WRITE(61+2)
FORMAT (' TTYIN EFFLUENT FLOW RATE IN GPMt/,
1 * DYE INJECTION RATZ IN ML PER MINt/,
2 ' TIME DELAY FOR SAMPLE TO REACH INSTRUMENT IN MIN'/»
3 * LUG 1 FOR CONTINUOUSs 2 FQR SLUG OR 3 FOR TEMP')
FLOW=TTYIN(4HGPM=)
DYE=TTYIN(4HDYE=)
DELAY=TTYIN(4HMIN=)
LUG=TTYIN(4HLUG=)
CALL CONCEN(LUGsFLOWsDYEsDELAY)
CALL EQUIP(8s5HFILE )
REWIND 6
READ(653) MOsIDATESFIXsDEPsCON
FORMAT (21343F843)
IF (EOD(&)) GO TO 500

Figure C-1., Program listing.
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00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
ooo18
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00051
00052
00053
00054
00055
00056
00057



[aRaNa!

100

120
130
140
150

160
170

500

100

105

1

108

110
112
113

KFIX=FIX

IF (XS(1lsKFIX)=1e) 10051005110

JFIX=KFIX=-1

IF (XS(1sJFIX)~1s) 60605120

KL=KFIX

GO TO 130

KL=JFIX

IF (XS(1+KFIX+1)~1e) 15051509140

KH=KFIX+1

GO 7O 170

IF (XS(1sKFIX+2)=1e) 605605160

KH=KFIX+2

TOP=KL

TOP=FIX-TOP

BOT=KH-KL

RAT=TOP/BOT

DIFX=XS(1sKH)=XS(1sKL)

DIFY=XS({2sKH)-XS(2sKL)

X=XS{1sKL}+DIFX%RAT

Y=XS(2KL)+DIFY*#RAT

WRITE(894) FIXsXsYsCONIMOSIDATE
FORMAT(F74152F1440sF1041+215)

GO TO &0

STOP

END

SUBROUTINE READCORD

THIS SUBROUTINE WILL READ THE CARDS FROM THE DIGITIZED
STRIP CHART ON LUN 1 ' WRITE THE CHART READINGS
ON LUN 2+ USE A BLANK LINE TO STOP READING ON LUN 1.
DIMENSION X (2»300)9IVEN{3)sCX(3)sCY{3)3J5(3)sJD(3)s
1Y(2s12)

REWIND 1

CALL EQUIP(2s¢5HFILE )

CLEAR ARRAY

DO 100 I=1s2

DO 100 .J=1s300

X(I1sJ)=0.0

CONTINUE

1FLUO=1

160=1

100=1

READ (Qlsl) MOsIDAsIRUNsICODEsIVEN(1)»CX{1)sCY(1)5JS(1)
19JD(L) s IVEN(2) sCX(21sCY(2)9J5(2)9sJD(2)2sIVENI3)CX(3)»
1CY(3)9J5(3)9JD(3)
FORMAT(I1112921193(1492F6432521351X))

1F (EOD(1)) GO TO 1000

GO TO (10851101, IGO

IST=IVEN(1)

GO TO 113

IF (IDA-LIDA) 1000s 112s 1000

IF (IRUN-LIRUN) 1000511351000

LIRUN=IRUN

1G0=2

LIDA=IDA

DETERMINE NUM3ER OF POINTS ON CARD

ITEST=1

DO 116 1=243

1F (IVEN(I)) 100051185115

Figure C-1. Program listing (continued)
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00058
00059
00060
00061
00062
00063
00064
00065
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
00081
00082
00083
00084
00085
00086
00087
00088
00089
00090
00091
00092
00093
00094
00095
00096
00097
00098
00099
00100
00101
00102
00103
00104
00105
00106
00107
00108
00109
00110
00111l
00112
00113
00114
00115



115
116
118

130

150

160

200

210
250

252

254

260

262

264
265

263

266
367

368

267

ITEST=1

CONTINUE

GO TO (120+15052004+2505500)s ICODE
STORE COORDINATES OF 2ERO SCALE READINGS AND FIX NUMBERS
DO 130 I=1s ITEST

JEIVEN(T)

IND=J

X{1lsJ)=CXtI)

X{2,J)=CYL])

CONT INUE

GO TO 105

DETERMINE THE Y SCALE

DO 160 I=1,ITEST

J=IVEN(IY+1

YileJ)=CYL])

CONTINUE

GO TO 105

DO 210 I=1,ITEST

JEIVEN(I)+1

Y(2,J)=CY(])

CONT INUE

GO TO0 105

GO TO (252,260)s 1DO

AVERAGE THE Y SCALE AT EACH END OF THE RECORD
DIF=Y(1s1)4Y(251)

DO 254 J=1,11
Y(1sJ)=(Y(1,J)+Y(2s)-DIF)/2
CONT INUE

I1D0=2

DO 280 I=1,ITEST

DETERMINE FIX NUMBER

IF (CX(1) oL.Te X({1sIST) «ORs CX(1I) «GTe X(1sIND)) 2809262
DO 265 J=ISTsIND
IF(CX{I)=X{(1sJ)) 26692635264
IFIX=J

CONTINUE

J=IND

FIX=1IND

GO TO 267

IFIX=J

FIX=J

FRA=040

GO TO 267

IF (J-IST) 3673675368
IFIX=IST

FIX=IST

FRA=040

GO TO 267
FRA=(CX{I}=XCL1sIFIX)I)/(X(1sd)=X{1slFIX))
FIX=1IFIX

FIX=FIX+FRA

DETERMINE CHART READING
DIF=X(2sJ)=X(2sIFIX)
YLOW=X(2sIFIX)+DIF*FRA
YOIF=CY(1)}=YLOW

IREAD=1

DO 270 J=1,11
IF(YDIF-Y(1sJ)) 27252724268

Figure C-1., Program listing (continued)
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00116
00117
00118
00119
00120
00121
00122
00123
00124
00125
00126
00127
00128
00129
00130
00131
00132
00133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00149
00150
00151
00152
00153
00154
00155
00156
00157
00158
00159
00160
00161
00162
00163
00164
00165
00166
o016
00168
00169
00170
00171
00172
00173



268
270

272

273
274
278
280

500

1000

20
30

50

C

IREAD=U

CONT INUE

READ=99+99

GO TO 273

DIFT=YDIF-Y(1sIREAD)

J=IREAD+1

DIFB=Y{1lsJ)=Y(1sIREAD)

FRA=DIFT/DIFB

READ=1READ

READ=(READ~1+0+FRA)*10s

IF (IRUN=-3) 27442785278

IRUN IS ZERO FOR FLUOROMETER RECORD

IRUN=0

WRITE (0252) MOsIDASFIXsIFLUOSJID(T) 9J =

FORMAT (13,134F6425315sF742,13) =TT SREAD IRUN
CONTINUE

GO TO 105

ICODE GREATER THAN 4 INDICA

1CODE=1CODE-4 TES TEMP RECORD
IRUN=TRUN+2

GO T0 118

RETURN

END

SUBROUTINE BCONTROL

REWIND 3

CALL EQUIP(4s5HFILE )

CALL EQUIP(20+5HFILE )

ﬁgé?sDIRECTION AND DISTANCE FROM BOAT MAST TO SAMPLER
AZSA=FFIN(3)/180e%341416

DISS=FFIN(3)

READ COORDINATES OF SHORE STATIONS NORTHERN STATION FIRST
XA=FFIN(3)

YA=FFIN(3)

XB=FFIN(3)

YB=FFIN(3)

DETERMINE AZIMUTH AND DISTANCE BETWEEN SHORE STATIONS
BY=(XA~-XB)/(YA~YB]}

BY=ATAN(BY)

AZA=BY+3.1416

IF (BY) 20530530

BY=6+2832+BY

AZB=BY

DAB=SQRT ( ( XB=XA)*¥*¥2+{YA-YB) *%2)

I=1

READ(3s1)MOsDAYsFIXsAlsAZ sA398B19829sB3 [CODE

FORMAT (119F2e032F34092F2.03sF34092F2e0,11)

IF (EOD(3)) GO TO 1000
A1=(A1+A2/60++A3/3600+1%341416/180s
B1=(B1+B2/60e+B3/3600e)%3,1416/180s

ICODE 0 FLUOROMETER SAMPLINGs 1 BUOY LCCATIONs 2 CURRENT
FLOATs 3 BOAT SAMPLE LOCATICNs AND 4 INITIAL ANGLES.
IF (ICODE-4) 100550510

AlZ=A1

BIZ=B1

I1=1

GO TO 10
TEST IF ANGLES ARE ZERO

Figure C-1. Program listing (continued)
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00174
00175
00176
00177
00178
00179
00180
00181
00182
00183
00184
00185
00186
00187
00188
00189
00190
00191

00192
00193
00194

00195

00196

00197

00198

00199

00200

00201

00202

00203

00204
00205

00206

00207

00208

00209

00210

00211

00212

00213

00214

00215

00216

00217

00218

00219
00220
00221

00222

00223

00224

00225

00226

00227

00228

00229

00230

00231



100

120

130
140
150
160
170
180
190

200

210
220

230

240
250

300
3

400
4

500
5

600
610

A=Al~-AlZ

B=Bl~BIZ

IF (ABS(A)-0.02) 1052105110

IF (ABS(B)~0402) 109105120
DETERMINE AZIMUTH TO OBJECT
AZAC=A+AZA

AZBC=B+AZB

IF (AZAC) 13041404140
AZAC=6e2832+AZAC

IF (AZAC-6,2832) 16041605150
AZAC=AZAC~6+2832

IF(AZBC) 1701804180
AZB(C=6.,2832+AZBC

IF (AZBC-6.2832) 20052005190
AZBC=AZBC-642832

DETERMINE THE INTERSECTION ANGLE
A=ABS(AZAC-AZA)

B=ABS{AZBC-AZB)

IF (B-341416) 2205220210
B=6.2832-B

C=3.1416-A-B

DETERMINE THE DISTANCE TO THE OBJECT
DAC=DAB*SIN(B)/SINI(C)
CBC=DAB®#SIN(A)/SINI(C)

DETERMINE COORDINATES OF OBJECT
XCA=XA+DAC*SIN(AZAQ)
YCA=YA+DAC*COS(AZAC)
XCB=XB+DBC*SIN(AZBC)
YCB=YB+DBC#COS(AZBC)

IF (ABS{XCA-XCB)=-5e) 24052405230
WRITE (61+2) FIX

FORMAT({*ERROR IN FIXtsF5,.1)

GO TO 250

IF (ABS(YCB-YCA)~54) 253425094230
XC=(XCB+XCA) /2.0
YC=(YCB+YCA}) /240

ICODE=ICODE+1

GO TO (600+300+400+500) 9 ICODE
WRITE (20s3) MOsDAYSsFIXeXCsrYC
FORMAT(I29'/ ' sF3.00s! FIX"3F&4e0s!

12F9.0s' CONTROL?')

I=1

GO T0 10

WRITE (20+4) MOSDAYSFIXsXCaYC
FORMAT (12s%/13F340s? FIX'sF4e091

12F940s* CURRENT®*)

I=1

GO TO 10

WRITE (20s5) MO3sDAYsFIXsXCsYC
FORMAT(I25%/1'3F34091 FIX*sF4e0s?

12F9.0s'  SAMPLE")

I=1

GO TO 10

IF (I-1) 10005610620
XS5=XC

Ys=YC

GO TO 900

COMPUTE THE POSITION OF THE SAMPLER INTAKE PORTS

Figure C-1, Program listing (continued)
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POSITION®,

FLOAT POSITION?,

POSITIONY,

00232
00233
00234
00235
00236
00237
00238
00239
00240
00241
00242
00243
00244
00245
00246
00247
00248
00249
00250
00251
00252
00253
00254
00255
00256
00257
00258
00259
00260
00261
00262
00263
00264
00265
00266
00267
00268
00269
00270
00271
00272
00273
00274
00275
00276
00277
00278
00279
00280
00281
00282
00283
00284
00285
00286
00287
00288
00289
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620

625

630
640

660
700

710
720

900

1000

10
12

14
100

200
210

220

230
240

250
300

310

DF IX=FIX=AFIX

IF (DFIX-240) 62556105610

DY=YC-YL

DX=XC=XL

RAZ=ATANIDX/DY)

IFIDY) 660+6305630

IF (DX) 64057C0,700

RAZ=642832+RAZ

GO TO 700

RAZ=RAZ+3+1416

SAZ=RAZ+AZSA

IF (SAZ-642832) 72057205710

SAZ=SAZ~6.2832

XS=XC+DISS*SIN(SAZ)

YS5=YC+DISS#COS(SAZ)

XL=XC

YL=YC

WRITE(Q4s6) MOsDAYsFIXsXSsYS
FORMAT(125F3.05F44052F9,0)

I=1+1

AFIX=FIX

GO TO 10

RETURN

END

SUBROUTINE CONCEN(LUGsFLOWsDYE»DELAY)

THIS SUBROTTINE DETERMINES THE WASTZ CONCENTRATION IF
LUG=1 FOR CONTINUOUS DYE INJECTION IN ML/Ls THE DYE
CONCENTRATION IN PPB FOR DYE PLUGS IF LUG = 25 OR THE
TEMPERATURE IN DEGREES C IF LUG=3.

DIMENSION B(3s454)

REWIND 2

CALL EQUIP{635HFILE )

FLOW 15 THE EFFLUENT FLOW RATE IN GPM, DYE 1S THE 20= DYE
INJECTION RATE IN ML/MIN, DELAY IS THE TIME DELAY IN MIN.
FOR THE SAMPLE TO REACH THE INSTRUMENT PLUS CHART MARKING
SHIFT

GO TO (12510100)sLUG

DILP=140

GO TO 14

DYE=DYE/(5.0%37854)

DILP=DYE/FLOW*10.%%6

CALL FLUORO(B)

READ(02s1) MOsIDATEsFIXsIFLUOsDEPs ISCASREDsITEST
FORMAT (13s13sF6423s15sF5405155F742513)

IF (EOD(2)) GO TO 1000

IF (ITEST) 10052005500

IF (ISCA-3) 21052201230

1=1

GO TO 300

1=2

GO TO 300

IF (ISCA-10) 22052405250

1=3

GO TO 300

1=4

CON=B (IFLUOsI+1)+B(IFLUQs 1+2)¥RED+B(IFLUUsI53)¥RED*RED
IF (CON) 31053205320

CON=040

Figure C-1. Program listing (continued)
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00290
00291

00292
00293
00294
00295
00296
00297
00298
00299
00300
00301
00302
00303
00304
00305
00306
00307
00308
00309
00310
00311
00312
00313
00314
00315
00316
00317
00318
00319
00320
00321
00322
00323
00324
00325
00326
00327
00328
00329
00330
00331
00332
00333
00334
00335
00336
00337
00338
00339
00340
00341
00342
00343
00344
00345
00346
00347



320

330

500

1000

[alal

10

100

200
5

400
500

CON=CON/DILP

FIX=FIX-DELAY

WRITE(6+2) MO IDATESFIXsDEP,CON
FORMAT(21343F843)

GO TO 100

TEMPERATURE FULL SCALE READING IS 5 DESREES CENT.
SCA=15CA

CON=SCA+RED/20.

FIX=FIX-DELAY

GO 70O 330

RETURN

END

SUBROUTINE FLUORO(B)

DIMENSION X(5+20)98(3s494)sCl4)

LEAST SQUARE ESTIMATE OF FLUOROMETER STANDARDIZATION
CURVESe READ INPUT ON LUN 5 AND WRITE ON LUN 22
CALL EQUIP(229+5HFILE )}

REWIND 5

DO 10 I=143

DO 10 J=1s4

DO 10 K=ly4

BllsJeK)=040

CONT INUE

READ NO. OF FLUOROMETERS TO STANDARDIZE
IFLNO=FFIN(5)

DO 500 I=1,IFLNO

READ NQe OF CURVES TO 3E DETERMINED FOR THIS FLUOROMETER
KCUR=FFIN(5)

DO 400 J=1oKCUR

READ SCALE 1=1Xs2=3Xs3=10Xs4=30X

ISCAL=FFIN(5)

READ NOe. OF POINTS ON THIS CURVE

NO=FFIN(5)

READ POINTS ON CURVE. SCALE RFADING AND CONCEN IN PPB
DO 100 K=1sNO

X(1sK)=1e0

X(2sK)=FFIN(5)

X{39K)=X(2+K1#X(2sK)

X{4sK)=FFIN(5)

CONTINUE

N=4

CALL LEASTFIT(XsNsNOsC)

DO 200 L=1,3

B(IsISCALsL)=C{(L)

CONT INUE

WRITE(6195) I9sISCAL(B(IsISCALIL)sL=143)
FORMAT (' FLUOR NOe'sI2st SCALE'sI13s/

1t COEFFICIENTS s /3E12e4)

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE LEASTFIT({XsNsNO»B)

DIMENSION X(5+20) sXX(434) sXY(4)98(4)sZITX(4y])
N=NO OF VARIABLESsNO=NO. OF DATA»B8=COFF

KK=N-1
DO 15 J=1sKK
XY(J)=0,

Figure C-1. Program listing (continued)
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00348
00349
00350
00351
00352
00353
00354
00355
00356
00357
00358
00359
00360
00361
00362
00363
00364
00365
00366
00367
00368
00369
00370
00371
00372
00373
00374
00375
00376
00377
00378
00379
00380
00381
00382
00383
00384
00385
00386
00387
00388
00389
00390
00391
00392
00393
00394
00395
00396
00397
00398
00399
00400
00401
00402
00403
00404
00405



10
15

20

30

40

50

[P NS

20

60
80
85

100
105

DO 10 I=14N0»1
XY {J)=XY (Jy+X{
CONTINUE
CONT INUE

DO 20 K=1sKK
DO 20 J=1sKK
XX{JsK)=04
DO 20 I=14NO
XXCIsKV=XX(JsKIY+X(Jo 1) %¥X(KsT)

CONTINUE

CALL MATINV (XXsKKeZITXs0 +sDETERM)

DO 30 J=1sKK

B(JY=0.

DO 30 I=1l,KK

BlJ)=B(J)+XX{JsT)*XY(I)

CONTINUE

WRITE(22s1)

WRITE(22355) (B(J)sJ=1sKK)

YY=0,

DO. 40 J=14NO

YY=YY+X(NsJ)#X(NsJ)

CONTINUE

BXX=0e

DO 50 J=14KK

BXX=BXX+B(J)*¥XY (J)

CONTINUE

IDF=NO-KK

RES={YY-BXX)/1DF

WRITE(22+3) RES,IDF

FORMAT (32H LEAST SQ ESTIMATE OF PARAMETERS )

FORMAT (23H MEAN SQ OF RESIDUALS= sE16473s5Xs4HDF= 4,13}
FORMAT (28H VARIANCE-COVARIANCE MATRIX )

FORMAT (/4E1545)

WRITE(2244)

WRITE(22s5) ((XX(IsJ)sI=14sKK})sJ=1yKK)

RETURN

END

SUBRQUTINE MATINV(AsN.BsM,DETERM)

MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQ
DIMENSION IPIVOT(4)s Al&s4)s Blssl)s INDEX(452)s PIVOT(4)
DETERM=1.0

DO 20 J=1sN

IPIVOT(J)=0

DO 550 I=1,N

SEARCH FOR PIVOT ELEMENT

AMAX=0.0

DO 105 J=1sN

IF (IPIVOT(J)-1) 60s 105 60

DO 100 K=1sN

IF (IPIVOT(K)-1) 80s 100, 740

IF (ABSF(AMAX)—ABSF(A{JsK))) 85s 100 100

IROW=J

ICoLuM=K

AMAX=A (J 4K

CONTINUE

CONTINUE

IPIVOT(1COLUM)=IPIVOT(ICOLUM)+]

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

JsT)I#X(NsI)

Figure C-1. Program listing (continued)
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00406
00407
00408
00409
00410
00411
00412
00413
00414
00415
00416
00417
00418

00419
00420
00421
00422
00423
00424
00425
00426
00427
00428
00429
00430
00431

00432
00433
00434
00435

00436
00437
00438
00439
00440
004641

00442

00443

00444
00445

00446
00447
00448
00449
00450
00451

00452

00453

00454
00455
00456
00457
00458
00459
00460
00461
00462
00463



140

200

210

250
260

350

360
370

380

400

450

460
500
550

630

705
710
740

IF (IROW-ICOLUM) 140y 2605 140
DETERM=-DETERM

DO 200 L=1sN

SWAP=A(IROWsL)}
A(IROWL)=A(ICOLUM,L)
A(ICOLUM,L ) =SWAP

IF(M) 260s 260s 210

DO 250 L=1s M

SWAP=B(IROWsL)
B(IROW,L)=B(ICOLUM,L)
B(ICOLUM,L)=SWAP
INDEX{Is1)=IROW
INDEX(I+2)=1COLUM
PIVOT(I)=A(1COLUM,ICOLUM)
DETERM=DETERM*PIVOTI(I)

DIVIDE PIVOT ROW BY PIVOT ELEMENT
A(ICOLUM,ICOLUM) =140

DO 350 L=1,sN
A(ICOLUMsL)=A(ICOLUMIL)/PIVOT(T)
IF{M) 380, 380y 360

DO 370 L=1,M
B(ICOLUM,L)=B(ICOLUM,L)/PIVOT(I)
REDUCE NON-PIVOT ROWS

DO 550 L1=1sN

IF(L1-ICOLUM) 400s 550s 400
T=A(L1,ICOLUM)
A(L1sICOLUMI=0e0

DO 450 L=1sN
A(LLsL)=A(L1sL)-A(ICOLUMsL)*T
IF(M) 5509 550s 460

DO 500 L=1sM
B(L1sL)=B(LLsL)-B{ICOLUM,L)*T
CONTINUE

INTERCHANGE COLUMNS

DO 710 I=14N

L=N+1~1

IF (INDEX(Lsl)}-INDEX{Ls2)) 630s 710,

JROW=TINDEX(L»1)
JCOLUM=INDEX (L s2)

DO 705 K=1sN
SWAP=A (K s JROW)
A(KsJROW) =A(KsJCOLUM)
A(KsJCOLUM) =SWAP
CONTINUE

CONTINUE

RETURN

END

Figure C-1. Program listing (continued)
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00464
00465
00466
00467
00468
00469
00470
00471
00472
00473
00474
00475
00476
00477
00478
00479
00480
00481
00482
00483
00484
00485
00486
00487

00488

00489
00490

00491

00492

00493

00494

00495

00496
00497

00498

00499

00500
00501

00502

00503

00504
00505
00506
00507
00508
00509
00510



APPENDIX D

PHOTOGRAPHIC EQUIPMENT

Included in this re

port are photographic d 3
1968 and 1969 field season. otoorepiie data taken during the

: Aerial photography was taken the first

by a commerical aerial photography firm usinz Z precise mapping cheizar
mounted vertically. As the firm was located approximately 100 miles from
the study area scheduling the photography was difficult. Several times
clouds moved over the work area during the time it took the aircraft to
reach the outfall site. In addition sunlight reflection from the water
surface created serious problems with the processing of the vertical

photography even though it was taken when the sun altitude was between
30 and 35 degrees.

During the 1969 field season the photography was taken with two
?0 mm Hasselblads and a K-17 mapping camera. These cameras are shown
in Figure D-1 and were mounted obliquely to avoid the sunlight reflection
from the water surface. The cameras were mounted in the baggage compart-
ment of a rented aircraft and pictures were taken through the baggage
compartment opening. The door of the compartment was removed while the
cameras were mounted.

The camera shutters were synchronized with the timing delay device
shown in Figure D-2. The cameras were lined up end to end without their
magazines. The variable resistor shown in Figure D-2 was adjusted until
a light could be seen through the cameras when the shutters were actuated
at 1/100 of a second.

The aerial photography is digitized in the photogrammetry labora-
tory. The equipment used in this setup of the processing is shown in
Figure D-3. The densitometer is located on the Kelsh plotter table.
Output from the densitometer is punched on computer cards. The operator
is able to accomplish three steps of the processing at one time. While .
the densitometer is digitizing one photo, the operator is visually scanning
the line printer listing of a previous photograph searching for illegal
characters caused by double punches. At the same time he can operate the
teletype which preliminarily processes the data from another photograph
on the computer. This program reduces the voltage output fr9m thg dens-
itometer to film densities, rejects extreme values of dens;tles, inter-
polates photo coordinates and displays the difference in fl}m densities
between adjacant bands on the line printer. Qutput from Fhls program is
stored on magnetic tape waiting final processing as explained by Burgess

and James (1969).

The densitometer and scanning table is shown én Figure D-4
i i he densitometer goes
rocessing a 70 mm picture. Voltage output.from t .
go the digital voltmeter shown directly behind the densitometer. The
BCD digital voltmeter logic (-24V = 0, - 1V =1) is convertgd to thﬁ
Autotrol digital recorder logic (-15V = 0, OV = 1) by the circuit shown

in Figure D-5.
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The limits on the photograph are marked with black tape. When
the densitometer senses the tape (voltage output greater than 750 volts),
the recording of data is stopped, the direction of scan is reversed, the
film is advanced one scan and the recording of data started again. The
circuitry required for this operation is shown in Figures D-6 through
D-9. Figure 3 referred to in Figures D-6, and D-7 is Figure D-8 of the
report.
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(ro xr7)

“24 v

+ OV

3\' +“|=| +1I'||LI

POUSH BUTTONG @

(oP&EN 70 AcTuATE) @ ®

Z14

3901 sellan
/Oa,d'—r 27040 o0
/0000 25000
INDICATOR
LAMP

A 4

1

390-/00.4F" 7 2700

—1

(TO X1Z)

Figure D-1. Aerial camera.

SENSITIVE RELAY
RA29-4-8B- /1245 (/)

Figure D-2.

SENSITIVE
RELAY
R429-4- 8-
2 K(1)

(70 HASSELBLADS)

Shutter timing diagram.



951

Figure D-3.

Digitizing aerial film.

Figure D-4.

Scanning densitometer.
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APPENDIX E

DIFFUSION COMPUTATIONS

_ Numerous inve§tig§tors have employed solutions to the diffusion
equations for the estimation of waste concentrations in the waste plume

Fhat occurs at an outfall location. If the scale of the current eddies
is much spalle? than the dimensions of the waste field, then the Fickian
form of diffusion equation can be applied. The basic equation is:

W _d . W, .3 W, 9 W . B
T W Oy oy ) *x O o) * 37 @, 57 )-[ 57 (V1)

S—X VW + g—z v 1+s (E-1)

-+

where V is velocity, W is waste concentration, D is eddy diffusivity.
The first three terms on the right are the diffusion terms, the next three
are convection terms and S vrepresents the sources and sinks.

Solutions to the equations have required various assumptions such
as steady state condition, no vertical or longitudinal mixing and unidi-
rectional transport velocity in the X direction. With these assumptions,
the equations becomes:

;W _ B Ll

X 3% e (Dy Y ) + aW (E-2)

where "a" is a first order decay constant and "aW" represents a sink or
loss in the system.

Early solutions to this equation assumed D_  constant; however,

2 8 2
investigators have found it to range from 3 x 10~ to 4 x 10" cm /§ec.
Brooks (1960) has reported a solution to the diffusion equation with a
variable coefficient of diffusivity. The coefficient was assumed to vary

with the four thirds power of the scale.

In a study of diffusion of wastes for a near shore area by.the
Allen Hancock Foundation (1964), it was found that '4/3 law'" relating
the lateral coefficient of eddy diffusion as a function of ayerage_eddy
scale did not hold for the particular oceanic areas sFudied in their o
experiments. Mathematical models used in their experiments were stat}stlcal
models based on the Gaussian distribution. Another important conclusion
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reached in this study was that vertical diffusion can contribute signif-
icantly to the overall diffusion process when wind speeds exceed approxi-
mately eight knots and/or when column stability is low.

The stability of the waste field established at the outfall site
is dependent on the initial mixing from the diffusers. The initial dilutic
for a properly designed outfall should be sufficient so that the density
stratification induced by the waste field may be destroyed by vertical
turbulent diffusion. The depth of the established field at the outfall is
also a function of the initial dilution. The ratio of waste field depth
to the length of the jet path from the point of release to the water surfac
has been found by Rawn, Boweman and Brooks (1960) to vary from 1/12 to 1/6.

Vertical mixing does occur in the waste field as well as horizontal
mixing. As indicated by Wiegel (1964), vertical mixing is difficult to
study in the laboratory because of limitations of tank size. In these
studies the wind drags the surface water to the down wind end of the tank
producing a hydraulic head which causes a flow in the opposite direction.

Laboratory studies have indicated that wind drag on the water
surface produces very little mixing. However, when wind generated waves
appear, extremely rapid mixing occurs as wind waves are rotational in
the generating area. On the other hand, there is some indication that
swell is not important to the mixing process as it is apparently nearly
irrotational (Wiegel, 1964).

Masch (1961) conducted a wave study in a wave tank and developed
the following relationship for the coefficient of eddy diffusivity:

D, = 0.0038 (Vs + Q)32 (E-3)

where Vs 1is the surface current and Qw is the water particle orbit
speed (Qw = H/T, H = significant wave height and T = average wave period)

Steady state diffusion coefficients were determined for a steady
state model with unidirectional transport velocity in the X direction.
By neglecting the loss to the lower layers and assuming the diffusion
in the Y direction was not a function of Y, the basic diffusion equa-
tion becomes

VvV a_w - D _3_2_11
x 9X y aY2

(E-4)

where X 1is the distance along the center line of the plume, Y is the
distance right or left of the plume center line, Vx is velocity along
the plume center line, W 1is the waste concentration, and the D_ is the
diffusion coefficient. A solution to equation E-4 is y
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_ K 2
W= ex -Y*/4tD
2(1 Dyt)l/z pL-vi/a ] (E-5)

For computational purposes this equation can be reduced to
W=W exp | —Y2/20 2]
0 y (E-6)

Where W, 1s the concentration at the center line of the plume and o 2
1s variance of normal curve. The diffusion coefficient is equal to
one half the change in variance divided by the time interval or

2
1l Ao
T 2 & (E-7)

>

In the computer program, the variance was computed every 300 feet along

the center line of the plume. The change in time for this steady state
model was equal to the distance between sections in feet divided by the
velocity in feet per second. The velocity was determined photogrammetrically
from the current floats.

The variance (02) can be estimated for a normal distribution from
the sample variance (S2 ). The concentration (W) is equivalent to the
frequency of occurrence’in the computations. The sample variance is

2 _1WE-D? (E-8)

Sy N,

where Y is the mean distance from the origin and

N = Z Wy (E-9)

i=1

In computational form equation E-8 is
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2 1 z : 2 =l
= 1 , E-
s = 7l WY, T ] (E-10)

From equation E-10 an estimate of the variance can be made for any section
across the plume. Equation E-7 was used to determine the diffusion
coefficient.

Nonsteady-state diffusion coefficients were determined from two
flights over the area using equation E-7. In this equation for the non-
steady state

Aoi =0, ." -0 . (E-11)

where the subscripts 1 and 2 refer to the flight numbers, i refers to
the section number across the plume in flight one and i+c 1is the section
number in flight two adjusted for the movement of the waste field between
flights. In solving equation E-7 for the nonsteady-state case, At is the
time difference between the flights.

Diffusion coefficients presented in this report were determined
at existing outfall sites. At proposed outfall locations the currents
and diffusion coefficients can be determined by photographing dye patches.
By knowing the currents and diffusion coefficients in the area, the
waste field can be simulated on the computer prior to construction and
operation of the outfall.

Equation E-1 was reduced to

2 2
MW W W 3 d i
T = 0y g +D_ Z VW) - 5x (V0 + KW (E-12)

where K represents the decay coefficient. This equation was program-
med to simulate the waste field from either a line source or point source
and for either a continuous effluent discharge or a dye patch.

Figure E-1 is a symbolic print out of the waste field at times
0.5, 1.1, 1.9, and 3.0 hours from the start of effluent discharge. Sym-
bols in the plots represent different concentrations but at this reduced
scale only the difference in shading can be seen. While the program was
written to handle a variable velocity as a function of X, Y and T, the

146



example shown here is for a unidirectional velocity of 0.3 fps. In
this example the grid size was AX = AY = 60 ft, the diffusion coef-

ficients were Dy = Dx = 10 ft sq per sec and the decay coefficient
representing a “loss to the lower layers was 0.1 per hour.

Figure E-2 shows the effect of the diffusion coefficients on the
waste field. The symbolic plots were made 2.7 hours after the start of
the effluent discharge for D_=D_ =5, 10, and 20 ft2/second. Except

for the diffusion coefficientg, thd other variables were the same as
those in Figure E-1.

This finite difference model was used to reproduce the waste
fields measured by aerial photography from the computed diffusion coef-

ficients and current velocities. The model can be expanded to include
variable diffusion coefficients and vertical mixing.
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E-2. Waste field by computer simulation Dy = Dx = 5, 10, and 20 ft /sec.

Ay = 60 ft and k= 0.1 per hr,



APPENDIX F

SUMMARY OF AERIAL PHOTOGRAPHY

Interference caused by direct sunlight reflection on the water
surface can be reduced or eliminated by oblique photography. Surface
foam from the waste at times may prevent the computation of waste con-
centration in the waste field from the photography. However, the photo-
graphy shows the area and extent of the foam which is valuable information
in the study of ocean outfall waste disposal.

Since the computations require that the light from the open sea
be measured, concentration determined from aerial photography are less
reliable when the waste field extends into the surf zone and background
light from the sea is not available from both sides of the plume. A
uniformly cloudy sky increases the amount of surface light reflection
in all the photographic bands. With oblique photography, most of this
reflected light can be prevented from reaching the film with a polarizing
filter. Photography containing areas of scattered shadows from partial
cloudy skies is less adapted to automatic computerized processing. Gen-
erally when broken clouds are present, the photography can be taken when
the outfall area is free of shadows.

Color film was used in the mapping camera during the 1968 season
and on July 7 and 8, 1969. Color film is difficult to process with the
rewind processor and uneven development occurs for 5 to 15 frames on each
end of the roll. The prints in Figure 21 and 22 show the uneven develop-
ment. While the effect of the film streaks can be reduced in the data
processing, it was decided in the future to use only black and white
film in the mapping camera.

Correlation coefficients between the photographic values and
the concentrations determined from boat sampling varied from 0.85 to 0.95
with a standard error of about 25% of the maximum concentration measured
over the outfall. This standard error is the same magnitude as the
standard error determined from the boat sampling data at cross lines or
points where the concentration is determined twice at one point. A
summary of the aerial photography is listed in Tables F-1 and F-2.
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TS1

Table F-1, Summary of aerial photography, 1968.
Date Location Flight Time Altitude Photos Boat - Photo a Within Boat b Camera Film
PDT (fe.) per Std, Deg. Std, Deg.
Flight Error Free, Error Free,
8- 8-68 Newport i 17:09 8250 1 -—- -—- 3,46 3 8-1/4" Ektachrome
2 17:20 4125 2 2.3 172 --- ——— Zeiss 8442
3 17:30 4125 2 2.7 195 - -—- RMKA
4 17:41 4125 1 2.7 142 - ——-
5 17:50 8250 1 --- --- -—- ---
8-16-68 Newport 1 15:51 8250 2 6.2 178 9.59 4 8-1/4" Ektachrome
2 16:00 4125 3 5.6 156 - - Zeiss 8442
3 16:13 4125 2 6.3 187 - -—-- RMKA
4 16:21 8250 1 - —-—- - ——
8-21-68 Newport 1 10:13 3500 1 --- --- 4,74 5 3-1/2" Ansco
2 10:21 1750 2 - - —-— - Wwild D200
3 10:36 1750 2 - ——— - - RC-9
4 10:44 3500 1 - ——— --- -—-
9-10-68 Newport 1 10:10 5625 1 -—- --- -—- --- 11-1/4" Ansco
2 10:25 11250 1 - - === --- K-17 D200
3 10:35 5625 1 - - -—- -
9-10-68. Newport 1 15:56 5625 1 --- - --- --- 11-1/4" Ansco
- 2 16:11 11250 2 --- --- --- --- “K-17 " D200
3 16:21 5625 1 - - --- -
9-12-68 Newport 1 10:12 5625 1 -—— -—— ——— - 11-1/4" Ansco
2 10:30 11250 1 -—- --- - -—- X-17 D200
3 10:43 5625 1 —— --- - -
9-12-68 Newport 1 16:31 3000 1 --- --= 5.32 6 6" Ektachrome
2 16:46 6000 2 - - - --- Zeiss MS
3 16:54 3000 1 -=- -—- --- ---= RMKA Aerographic

a  Statistic from a comparison between boat data and photo results,

b Statistic from a comparison within boat data.
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Table F-2. Summary of aerial photography, 1969,

Date Location Flight Time Altitude Photos Boat - Photo =~  Within boat = FILM
PDT (ft.) per Std Deg. Std Deg. a b b
Flight Error Free. Error Free. K-17— HB-1— HB-2—
7- 8-69 Newport 1 15:15 3000 1 2.0 147 3.33 5 8442 8401 5424
2 15:21 4000 2 1.7 130 -—-- - 8442 8443 5424
3 15:56 4000 3 1.5 148 -—-- ——- 8442 8443 5424
7-16-69 Gardiner 1 14:50 6000 1 6.0 134 3.92 7 5425 5424 8443
2 15:03 5000 2 4,4 121 2.9 3 5425 5424 8443
3 15:10 4000 2 5.8 99 ——— -— 5425 5424 8443
8- 6-69 Samoa 1 17:27 3000 5 4.6 183 4.84 5 2402 5424 8442
8- 7-69 Samoa 1 15:35 4000 4 - - 7.83 4 2402 5425 8442
2 16:20 6000 4 5.1 169 -——-- --- 2402 8401 8443
8-12-69 Newport 1 12:52 4000 2 4,1 176 3.86 4 5425 5424 8442
2 13:01 6000 1 4,1 195 -—-- --- 5425 5424 8442
8-19-69 Gardiner 1 12:39 4000 3 5.6 91 2.59 2 2402 5424 8442
2 13:53 6000 2 5.6 93 m——— -—- 2402 5424 8442
3 16228 4000 2 4.0 39 -—— -—- 2402 5424 8442
8-20-69 Gardiner 1 11:58 6000 1 4.8 12 4,40 4 2402 5424 8442
2 15:14 6000 1 4.6 111 m—— - 2402 5424 8442
3 15:41 5000 3 4.8 110 5.36 4 2402 8401 8443
9- 8-69 Newport 1 11:21 3000 1 2.7 110 —m—— -—- 2402 5424 8443
2 11:38 6000 1 2.2 181 - -—- 2402 5424 8443
3 14:44 8000 1 2,2 70 -—— - 2402 5424 8443
a Mapping camera with 6-inch focal length lens.
b 70 mm Hasselblad camera with 150 mm focal length lens,
¢ Statistic from a comparison between boat data and photo results.
d Statistic from a comparison within boat data.
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