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INTRODUCT [ON

Netarts Bay is a small tidal flat embayment
located at the northern base of Cane lookout,
south of Tillamook Bay on the Oregon coast.
At low tide the bay is a series of tortu-
ous, braided channels, while at high tide
the bay appears as a broad, shallow eabay-
ment. Figure 1 illustrates Netarts Bay and
the surrounding area. The basic physical
characteristics and dimensions of Netarts
Bay are summarized in Table 1. More detailed
information on tidal hydraulics, phvsical
¢haracteristies and water quality of Netarts
Bay 1s contained in the report of Glanzman,
Glenne and Burgess (1971).

The discharge of domestic wastes into
Netarts Bay creates the possibility that the
present nature of the bay might be altered.
The effect of domestic wastes upon the pelag-
i¢ and benthic life within the bay has not
been determined, with the possibility that
eutrophication of the bay system might be
accelerated by the addition of nutrients to
the system. In view of this, an analysis
was performed to determine a schedule for
discharging domestic wastes into Netarts Bay
which would minimize the amount of nutrients
added to the bay, and particularly to the
shellfish production flats near the upper
end of the bay., Such a discharge schedule
would take advantage of the natural tidal
flushing processes within Netarts Bay to
help carry wastes into the open ocean.
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Table 1. Summary of Netarts Bay Physical Characteristics

Landward of
Cross Section 5

Landward of
Cross Section 3

Parameter Entire Bay

Surface Arec

- -3
at MLW 2,2 x 10;ft2 1.3 x 10°£t° 0.5 x 10;&“
at MTL 24.0 x 10, 18.0 x 102 6.0 x 107
at MHW 108.0 x 10 94.5 x 10° 36.5 x 10
Total Vqlume 7.3 = 3 7 %
at MLW 11.3 x 107ft 7.8 x 10.ft 1.9 x 107ft
at MTL 24.0 x 10, 18,0 x 10; 6.0 x 10,
at MHW 44.5 x 10 6.0 x 10 12.9 x 10
Tidal Prism
MHW o ML 33.2 x 10 ft° 28.2 x 10 ft° 11.0 x 10’ ft°
Cross-Secticn
Area at MIL 2
minimum 4980 ft
maximun 8250 ft
Tidal Data
MHHW 7.66 ft 7.81 ft
MHW 6.59 6.50
MTL 5.76 4,09
MLW 0.97 1.67
MLLW -0,25 -
Mean tidal range 5.62 4,83
Ebbing period 405 min. 410 min.
Flooding period 340 335
MLW - Mean lLow Water MHHW - Mean High High Water

MIL - Mean "'ide Level
MW - Mean High Water

MLLW - Mean Low Low Water



CONSTITUENT TRANSPJIRT IN NETARTS BAY

The following analysis was performed
assuming that a sewage treatment facility
would be built for the communities of Netarts
and Oceanside and that the wastes would be
discharged into Netarts Bay in the vicinity
of Rice Creek {see Figure 1).

The transport and dispersion of soluble
constituents in Neturts Bay should be consid-
ered such that an :nvironmentally acceptable
discharge schedule is included in the outfall
design. The design problem is complicated by
the unusual character of Netarts Bay. Numer-
ous sand bars, tortucus diverging and recon-
verging channels complicate the tidal hydrau-
lic situation. Because of the mixed semidi-
urnal tides observed on the Oregon coast and
because the tidal prism for the bay is often
greater than one-half the high water bay vol-
ume, presently available steady state predic-
tive models of cdispersive constituent trans-
port would not be applicable. It is felt
that a semi-empirizal graphical approach il-
lustrating tidal constituent transport in
terms of tidal height versus time would be
the most practical means of expressing an
acceptable treatment plant effluent discharge
schedule for Netarts Bay.

To assure the continuing present charac-
ter of Netarts Bav water and sediments and
1o assure proper witer quality for shell
fisheries, two design guidelines were con-
sidered in the analysis:

1, No effluents shall be allowed to mi-
grate direc:ly to the head of Netarts
Bay from the outfall.

2. Ninety five percent permanent removal
of effluent waters from Netarts Bay
is to be achieved by the effluent dis-
charge scheidule,

Several experiments were conducted in 1970
to give design infurmation on dispersive
transport phenomena in Netarts Bay, They in-
cluded a drifi drojue study, four dye studies
and mathematical modeling of the tidal hy-
draulics. The dye studies are described in
Appendix A of this report. The drift drogue
study and the mathcmatical model are describ-
ed in the report of Glanzman, Glenne and Bur-
gess (1971). In tte summer of 1971, addi-
ticnal dye studies and bottom drifter studies
were conducted and are described later in
this report.

Combining 1970 field data and tidal in-
formation, a safe cischarge time projection
was determined., Tlis projection gives the
time after high tice during which treated
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Figure 2. Definition Sketch for Safe
Discharge Time

effluents may be discharged from the treat-
ment plant site into the bay and which sat-
isfies the above design guidelines for most
tides.

SAFE DISCHARGE TIME PROFECTION

The Netarts-Oceanside Sanitary District
has proposed the construction of their sew-
age treatment plant at Rice Creek, on the
Netarts Bay Front. This plant would dis-
charge secondary treated sewage effluent in-
to the main channel of Netarts Bay. In order
to develope a safe discharge schedule, as is
proposed, a knowledge of both the tidal dy-
namics of Netarts Bay and tidal transport
phenomenon is required. Tidal dynamics can
be determined through observing and record-
ing tides at different points within the
bay. Tidal transport can be better under-
stood through dye studies, such as by plac-
ing of low toxicity Rhodamine WT dye at se-
lected lucations and subsequently measdring
dispersion and travel times as the dye cloud
moves through the bay.

Tidal hydraulics for the bay were analyzed
by Glanzman, et. al. (1971), with percent-
age damping and time lags observed for typi-
cal tides during 1969 and 1970. Tidal data
from this reference are listed in Appendix B.
In Figure 2, three hypathetical, but repre-
sentative tidal height vs. time curves are
shown. Note the curves are for different
points within the bay, illustrating friction-
al effects as the tide progresses into Ne-
tarts Bay.



The dye studics were conducted on the ebb
tides of July 24 and August 30, 1970. On
both days, dye was released in a line trans-
verse the longitudinal axis of Netarts Bay
near the proposed sewage treatment plant a
short time after high tide. Measurements of
travel time and dispersion were made at sev-
eral points along the path of the dye clouds
as they were carried by the outgoing tide.

For the analy:is, the dye cloud is consid-
ered to represent the last effluent dis-
charged from the sewage treatment plant on
each ebbing tide. At several points along
the path of the dye cloud, measurements were
made to determine the percentage of the re-
lease which actuzlly passed that point. A
cumulative recovery curve, showing the amount
of dye released, is shown in Figure 3 for
August 30, 1970. Such curves show the
effects of dispersion by the smoothness and
slope of the curve.

From these dye studies, combined with ti-
dal data, a methed for determining suitable
times for discharge of wastes was developed.

Time Increments Lzplained
Figure 2 show: the time increments that

may be measured based upon tidal data and dye
studies. Each time increment is defined and

discussed in the following:

Tl 15 the high tide time lag from the mouth

of Netarts Bay or open ocean, to the tide
recorder at the Netarts Bay Tillamook
County boat landing. (This tide recorder
was used during all dye studies.) Tp may
be found by subtracting eight minutes
Tron tie tigul oo lag from Newport,
Oregon to the Netarts Bay Tillamock County
Boat Landing. The time lag from Newport
to the Tillamook County Boat Landing is
shown in Figure 4., Eight minutes corre-
spends to the time lag from Newpert, Ore-
gon to the mouth of Netarts Bay,

T, is the high tide lag time to the proposed
sewage treatment plant from the beat land-
ing and may be estimated by a proportion-
ing of the lag time from the boat landing
to Whiskey Creek. Though time lags differ
for different tides, a value of T, = I5
minutes can be used with negligibfe error.

7 is the time elapsed from the time of high
tide at the proposed plant to the time of
the dye release. Tz is known from the
tide record of the day of the dye re-
lease and tidal information in Appendix B.
In the use of a safe discharge schedule,
T3 does not need to be determined direct-
ly, as will be explained later.
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T4 The August 30, 1970 dye release occured
at a point upstream from the proposed
treatment plant site. T, is the time
from the dye release above the proposed
plant to the time at which 50 percent of
the recovered dve passed the treatment
plant site (Tgpl). Tgg is used as the
median travel time since the dye cloud
dispersed naturilly while traveling past
the plant site. The sum of Tz and T, is
the period afte: high tide during which
effluent could e discharged. In the
use of a safe discharge schedule, (Tz+T4)
is not determined directly, but is found
by subtracting all undesireable discharge
periods from the total time for the par-
ticular ebb tide of concern.

T. 1is the travel time of 95% of the effluent
from the proposed plant to Station A at
the mouth of Ne:arts Bay (see Figure 1).

T, is extra time nceded to complete a half
tidal cycle. T, could be added to T3
and T4 to give idded discharge time (as
in the sample culculations)} or kept as
a safety factor

T, is the travel time from Station A to the
40-foot ocean depth or “depthwater”,
which is the hydrodynamic mouth of Ne-
tarts Bay and i:; presumed to be the bay-
ocean interface.

T, is the required time of ocean residence
seaward of the Jd0-foot contour before low
tide at the mouth to provide approxi-
mately 95 percent permanent removal of

12

cffluent from the bay., For cxample, on
September 22, 1970, discharging dve sca-
ward of Station A at the end of an out-
going tide, and monitoring at the Station
A during the incoming tide, indicated
about 17 percent of soluble, conservative
effluent constituents would return to the
bay from the last half-hour of outgoing
tide at the ocean-bay interface, It is
felt if TS is set to one hour, nearly 95
percent permanent removal of conservative
constituents from Netarts Bay could be
expected resulting from dispersion of
these constituents in the open ocean.

Tyg or the time of 95 percent dye passage
was cgosen as a desirable measure of full
effluent transmission. Thus, the Tgg for
each downstream sampling point is a?so a
measure of the effluent travel time. This
represents the second effluent discharge
criteria as previously discussed,

Tidal Cyeles and Their Effeect

In review, half a tidal cycle is divided
intc three major segments: lost time, tra-
vel time, and safe discharge or release time
(see Figure 2). Lost time is that part of
the tidal cycle expended while the tidal
wave moves from the mouth of Netarts Bay to
the effluent discharge site. Due to tidal
transport phenomenon, wastes should not be
discharged during this time. Tfravel time is
that part of the tidal cycle which must be
allowed in order for natural tidal processes
to carry the effluent from the discharge site
to the open ocean. Once reaching the open
ocean, the effluent would be allowed to re-
main in the ocean a period of time (e.g.
one hour} in order to further reduce the re-
turn of effluent to Netarts Bay. Again
wastes should not be discharged during the
times designated as travel time or ocean re-
sidence time, since to do so would not allow
the suspended constituents entrained in their
waters to be carried out of the bay by tidal
flows. The remaining part of the half tidal
cycle [after excluding the lost time (T +
Ty), travel time (Tg + T7)}, and ocean resi-
dence time (Tg)] can then be used for dis-
charge of wastes (T3 + T4 + Tg). It should
be noted that the (T3 + T4 + Tg) interval
would not be determined directly, but would
be found by eliminating the times when it is
not desirable to discharge effluent into
Netarts Bay.

Following are sample computations for the
ebb tide of July 24, 1970 giving the period
of time during which effluent could have heen
discharged at Rice Creek. Discharge for a
period of one hour and ten minutes following
high tide would result in permanent removal
of most of this effluent from Netarts Bay.



Sample Computatiors
July 24, 1970
Tidal Predictions - Newport

Tidal Height 5.4 feet

Time of Higt 4.42 AM
Low Tide Newport

Tidal Height -1.0 feet

Time of Low 10:20 AM

LOST TIME (Ty + T,)

T; = high tide tine lag from the mouth of
the Tillamool County Boat Landing. From
Figure 4, fo:> a tidal height of 5.4
feet, T; = 34 minutes - 8 minutes: {8
winutes is the travel time of the tide
in the open ncean from Newport to Ne-
tarts Bay mouth}; or Ty = 30 minutes.

Ty = high tide time lag from the boat land-
ing to the treatment plant site = 15
minutes.

Lost Time = Ty + T2) = (30 min. + 15
min.) = 45 minutes.

TRAVEL TIME (Tg + Ts)

Tg = travel time ‘rom discharge point to
Station A = . hours 45 minutes (deter-
mined by measurements of the travel
time for a dre cloud).

Ty = travel time Zrom Station A into the
open ocean = 1 hour (as estimated from
observations|.

Travel Time == (T5 + T7) = 3 hours 45
minutes.
OCEAN RESIDENCE T (ME (Tg)

Tg = Ocean Residence Time (time required
for ocean waves and currents to dis-
perse pollutant). Tg is assumed to be
1 hour; Tg = 1 hour.

ACCEPTABLE DISCHARGE TIME (Tg + Tqg + Tg)

This is determ.ned by finding the dura-
tion of the ebb tidal c¢ycle, then subtract-

ing lost time, travel time, and ocean resi-

dence time. The time left over is thus ac-
ceptable discharge time.

DURATION OF EBB TIDAL CYCLE

From Figure 4, high tide at the Netarts
Bay Tillamook County Beat Landing would occur

at 5:20 AM. (High tide at Newport is 4:42 AM
+ 40 minutes (from Figure 4) = 5:20 AM.)

Low tide at the Metarts Bay Tillamook
County Boat Landing will occur at 12:00 noon.
(Low tide at Newport is 10:20 AM + 100 min-

utes {from Figure 4.) = 12:00 noon).

Duration of ebb tidal cycle = 12:00 noon
- 5:20 AM = 6 hours 40 minutes.

Now, since (lost time + travel time +
ocean residence time) = (45 min. + 3 hour
+ 45 min. + 1 hour) = 5 hours 30 minutes,
the length of time acceptable for discharge
= {6 hours 40 min.) - (5 hours 30 min.) =
1 hour 10 minutes. This time will begin 15

minutes (T} after high tide at the Netarts

Bay Tillamook County Boat Landing, e. g.
5:20 AM + 15 min. = 5:35 AM.
Acceptable discharpge time is thus from

5:35 AM to 6:45 AM, for July 24, 1974 morn-
ing ebb tide.

The field data on which this analysis
is based was collected within Netarts
Bay the summer of 1970. The following sum-

mer, 1971, additional studies of the en-
trance region of Netarts Bay were conducted
with pertinent data being reported next.

BOTTOM DRIFTER STUDIES

Bottom currents and the bay-ocean ex-
change of water were studied at Netarts Bay
in the summer of 1971. To study bottom
currents a total of one hundred and fifty

Woodhead-type bottom drifters were released,

fifty within the bay and one hundred outside

the entrance. A photograph illustrating re-

lease of these bottom drifters is shown in

Figure 5.

Figure 5.
Releasing Woodhead Bottom Drifters
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The 50 bottom drifters released within the
bay werc placed just within the entrance at
high tide on midnight of August 17, 1971,
The object of this releazse was to determine
rhere these drifters would go, and whether
or not they would be washed back into the
bay on subsequent tidal cycles. Of the 50
bottom drifters rcleased, 27 were subse-
quently recovered. The distance traveled by
these bottom drifters varied, with the max-
imum excursion being to the north a distance
of several miles. Twenty-two drifters were
found on the beach north of the entrance to
Netarts Bay, three drifters were found south
of the entrance, ind two drifters were found
within the bay near Happy Camp. This would
indicate & return of approximately eight
percent of the bottom drifters to the bay.

At 8:30 a.m. on August 18, 1971, 100 bot-
tom drifters were released outside the en-
trance to Netarts Bay on a flooding tide.
Four bundles of 25 drifters each were re-
leased at the positions shown in Figure 6.
Of these, 5% were subsequently recovered.
Five drifters wer: recovered south of the
entrance, 42 drifters were recovered north
of the entrance, and eight drifters were
recovered within the bay., This indicates
that approximatel- fourteen percent of the
drifters were carcied into the bay from
this release. Th> predominant direction
of travel in both cases was to the north,
with some drifter: being carried beyond
Cape Mears and re:overed on the Tillamook
Spit.

On November 24, 1971, 20 bottom drifters
were again releasad in the vicinity of Ne-
tarts Bay, this time 1/2 mile south of the
entrance and 3/4 mile offshore. Of these
20 bottom drifters, one was recovered.

THREE O

ARCH
ROCK S {:)

b b . I .
' R
U ET ny 848 ot

Cogal -
; : OCEANSIDE

SO S rd

NETARTS 1000 FT

BaY

Figure 6. Release Positions of Bottom
Mrifters, August 18, 1971.

This drifter was recovered by Oceanside, in-
dicating nearshere currents to the north for
the period. This flow direction is comsist-
ent with the results obtained from bottom
drifter studies along other sections of the
coast conducted at the same time.

Although few measurements have been made
of litteral currents near Netarts Bay, the
net littoral transport of sand is probably
to the north as inferred from the geomorphol-
ogy of the area betweeen Cape Lookout and
Cape Mears. One measurement of littoral
current was made on October 17, 1971, 1/2
mile south of the entrance to Netarts Bay.
On this cccasion the direction of current
was to the north with a velocity of greater
than one foot per second. This measurement
should not be considered as typical of the
area, since the direction of littoral cur-
rent and the velocity will change on a day-
to-day basis.

Figure 7.
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BAY-OCEAN EXCHANGE OF WATER

On August 18, 1¢71, studies were made of
currents near the entrance toc Netarts Bay.
The motive behind these studies was to in-
crease our general knowledge of estuarine
processes, and specifically to ascertain the
magnitude and dircection of currents seaward
of the estuary entrance occurring during a
flood tide. To determine these currents,
both Rhodamine WT dye and large surface
floats were releasied and were subsequently
photegraphed aerinlly. These aerial photo-
graphs wete analyred with photogrammetric
plotters and the aid of a computer to give
both magnitude amd direction of surface cur-
rents. A more thorough description of the
methods of analys.s can be found in James
{1971) and Weise '1973). The dye releases
were made by releasing dye packets from an
airplane and from a 16 ft. open aluminum
boat. Surface floats, shown in Figure 7,
to determine direction and velocities of
surface currents iviere released and recov-
ered manually using the 16 ft. aluminum
boat.

Low tide at the Tillamcok County Boat
Landing for Netar:s Bay for August 18, 1971
was predicted to occur at 7:10 a.m. with
high tide measured as occuring at 1:40 p.m.
Within Netarts Bav, slack water will occur
40 to 60 minutes ifter low tide {Glanzman,
Glenne, Burgess, .971}. Flooding currents
were thus starting at approximately 8 a.m.
A graph of flow rate versus time for August
18, 1972, at Station A, was formulated as
based upon the ma:hematical model results
reported in Glanzman, Glenne and Burgess
{1971} and shown in Figure 8.

A comparison of predicted velocities with
measured velocitics for the Netarts Bay en-
trance region would confirm the present un-

derstanding of the physical phenomenon af-
fecting currents in the entrance region.
From the information in Figure 8 and the
hydrography of the entrance region an at-
tempt was made to predict water velocities
in the entrance region. Based upon a 1957
hydrographic chart (the most recent avail-
able for the area), two cross-sections per-
pendicular to the flow were determined:
these cross sections being located 500 yards
and 1000 yards from the entrance, as shown
in Figure 9. These cross-sections are iden-
tified as section a-a and section b-b, and
are shown in Figures 10 and 11. Dividing
the tidal flow rate at any one time by the
cross-sectional area of a section yields the
average velocity through this section for
that time. Necessarily, the actual velocity
at any specific point on the section may
differ considerably from this average velo-
city due to differing water depths, fric-
tional effects, and perhaps surf action, all
of which change on a day-to-day basis. How-
ever, the average velocity for a section
should provide an order of magnitude of the
expected velocity for various distances from
the mouth.

Figure 12 shows the predicted average ve-
locities for sections a-a and b-b at four
times during the floed tide on August 18,
1971. (Tidal range for this day was predicted
to be 7.3 feet.) Three of these times were
chosen to correspond to periods when mea-
surements of velocity in the entrance region
were made, with the fourth time, 12:30 p.m.,
corresponding to the time of maximum flow
rate as given in Figure 8. As indicated, the
average velocity for section b-b is only one-
fourth to one-fifth as great as the velocity
for section a-a. Section a-a is within the
shallow region of the offshore bar for Ne-
tarts Bay, while section b-b is beyond this
bar.
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Seaward of the offshore bar depths in- s | i ] [ r —F
crease rapidly, with a corresponding de- - | '3\ | }/P ' ?
crease in the average velocity, | |

Figures 13 and 14 show velocities de- |

termined on the basis of dye releases a :

used to measure velocities in the en- | ?

trance region. Generally, the measured

velocities compare favorably with the T AT

predicted velocities, especially when one ! B:36—8:4) . AUGUST '8, 1971
considers the many assumptions used in | Bar|

the predictions. ’ }'H'M¢ __T__ I ”747r47u7+W7 T

If a dye release is made in the surf DYE RELEASES | AND 2
zone the dye will 5e rapidly transported
by the surf, yielding abnormally high velo-
city measurements. This occurred in the
releases made at 8:36 a.m. to 8:41 a.m.

On the basis of these field measurements,
and the confidence gained in the comparison
of measured velocities with predicted velo-
cities, it is felt that ocean water 1000 to
1500 yards beyond the entrance will not be
carried into the bay during a tidal cycle.
Waters carried near the entrance by long-
shore currents in the surf zone would be an - | - ‘ : |
exception. The effluent of an ocean outfall - '
located more then 4500 feet from the Netarts OYE RELEASE 3
Bay entrance would not be expected to be
carried directly into Netarts Bay. Thus, an
outfall located at Oceanside (such as pro-
posed in the sewage treatment study by CHoM,

1971) would not pose any danger of contami- 2N
nating Netarts Bay. .[ . e | ]

|
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COMMIER ! OCEAN fﬂWTﬂfrqﬂ(ﬂ

Based upon the dita taken at Netarts Bay l 7 ;
during 1870 and 1971, and the constituent

transport analysis of Mr., Glanzman, the fol-
lowing is recommenied concerning domestic ‘

waste discharge for the communities of Ne- : - ,
tarts and QOceansids: -HETARTS BAY 'é§~mm————~————ﬁ—""“-m" w

[lcoaFT
H I
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9:23 —9:28, AUGUST 18, 197]
' i

1. The most accsptable location for a OYE RELEASE 4
sewage outfall to discharge treated
domestic wastes would be in the open
ocean west of Oceanside, This would
insure thoroigh mixing of the efflu- T
ent with ocean waters, minimize the
amount of effluent carried into Ne-
tarts Bay, aid preclude any danger of
ecolegical damage to the bay. This
offshore location would negate the
need for any sort of discharge sched- i
ule, such as would be required if NETARTS BAY |
wastes were Jischarged within the bay. ] !
An offshore nutfall would also be

|
i I - : I [ R ——
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10:36—10:48, AUGUST 18, 197

aestheticalls preferable to discharg- DYE RELEASES & AND 7

ing wastes within Netarts Bay, since

the effluent plume would not interfere Figure 13. Measured Velocities for Entrance
with recreational activities, such as Region, Netarts Bay, August 18, 1971

18



clam digging, near the entrance to
Netarts Bay.

The discharge of treated domestic
wastes into Netarts Bay in the vicin-
ity of Rice Cree} would be acceptable
only if a rigorous discharge schedule
is strictly follcwed. Briefly, this
schedule should &llow the release of
treated wastes irto the main channel of
the bay through ¢ diffuser for a period
of only one to two hours follewing high
tide. Analyses indicate such' a sched-
ule would result in 95 percent removal
of the effluent {rom Netarts Bay.

A site giving greater removal of
wastes than discharging near Rice
Creek would be to place the outfall
closer to the entrance to Netarts Bay,
such as at Happy Camp. At this loca-
tion more complete removal of the ef-
fluent from Netarts Bay would be in-
sured than if wa:tes were discharged
at Rice Creek. Ailso, the discharge of
effluent would be allowed for a longer
period of time, since the travel time
of effluent from Rice Creek to the en-
trance would not have to be considered;
however, a discharge release schedule
would still have to be followed. By
releasing the treated effluent at
Happy Camp, advantage would be taken
of natural tidal processes in carrying

the effluent out of the bay and thor-
oughly mixing it with ocean waters.
Disadvantages of locating an ocean out-
fall at Happy Camp would be that the
effluent plume from the outfall would
pose a hazard to clam digging in the
area. Also, considerable sand move-
ment in the entrance region has been
witnessed with the chamnel subject to
rapid changes, and engineering of an
ocean outfall in this region would be
difficult. However, the advantages of
siting the outfall close to the en-
trance would seem to make this a possi-
bility worth investigating.

If it is decided to release treated
domestic wastes within the bay accerd-
ing to a discharge schedule, as pro-
posed in this report, several addition-
al dye and drift drogue studies should
be conducted during neap tide situa--
tions to determine the acceptability
of the discharge schedule for small
tidal ranges.

Whatever site is selected for the dis-
charge of wastes from the communities
of Netarts and Oceanside, it should be
remembered that Netarts Bay has irre-
placeable resources that should not be
damaged by thoughtless or unwise
actions.

19



BIB

Bur

Cor

Dep

LIOGRAPHY

gess, F. J. and Wesley P. James.

1970. Aerial photographic tracing of
pulp mill effluent in marine waters.

For the Federal Water Quality Administra-
tion, Department of the Interior, Program
No. 12040 EBY, Grant No. WP-00524. U.S.
Government Printing Office, Washington,
D. C. pp. 153.

nell, Howland, Hayes & Merryfield, CHZM.
1968. A sewerage study: Netarts-
Oceanside sanitary district, Tillamook
County, Oregon. Cornell, Howland, Hayes
& Merryfield, Fngineers and Planners,
Corvallis, Or. pp. 52.

artment of Civil Engineering, Oregon
State University. 1968. Airphoto
analysis of ocean outfall dispersion for
the peried 6/1/68 - 4/30/69. Sponsored
by Federal Water Pollution Control Ad-
ministration, U.S. Department of Inter-
ior. Oregon State University, Depart-
ment of Civil Engineering, Corvallis,
Or. pp. 100.

Glanzman, C., B. Glenne and F. Burgess.

1971. Tidal tydraulics, flushing char-
acteristics and water quality of Netarts
Bay. Engineering Experiment Station
Publication, regon State University,
Corvallis, Or. pp. 103.

James, Wesley P. 1970. Air photo analy-

sis of waste dispersion from acean out-
falls, Ph.D. dissertation. Department
of Civil Engineering, Uregon State Uni-
versity, Corvallis, Or., pp. 142.

Weise, Harry. 1373, Airphoto analysis of

20

estuarine circulation. M.S. Thesis.
Oregon State Jniversity, Corvallis, Or.

pp. 98.



AFPENDIX A

DYE $TUDY RESULTS

{(From Glanzman, Glenne, and Burgess, 1971)

Four dye studie: of water mass movements
have been conductec at Netarts Bay. Since
the methods were refined with successive dye
studies, each study will be considered in
its entirety,.

July 24, 1970

Description:

Dyve dumped 1.085 liters Rhoda-
mine WT (20%) at 5% concentration.
Time of dunp - 6:30 a.m. Dumped at
proposed sowage treatment plant site.

Sampling suations . . . Water quality
station B, sampling points across
channel - 3, rccovery = 84.6%. Water
guality stiation A, sampling points
across chaimel - 2, recovery = 102%,

The dye was sprzad across thc cross sec-
tion perpcndicular to the bay's lengitudinal
axis by discharging dye slowly through a boat
propeller as the boat traversed the <ross
section. This achieves vertical distribution
of the dy=. A drift covd placed at the west
end of the patch moved due west, rather than
down the channel with the main body of dve
and other dJdrift cards.

Three points at station B were sampled at
both top and botton. Top and hottom samples
show fair consistency of concentration and
time of peak corcentration. However, each
sampling point had different dye concentra-
tions and remarkably different times of peak
concentration. This is probably due to lat-
eral differences in velocities of water
rounding the two severe bends at Schocner.

Two points were sampled at station A.
Sampling may have been discontinued acciden-
tally before all dye had passed or perhaps an
eddy current at tre mouth recirculated the
dyve. Times of pezk concentration varied, due
to the vastly different velocities between
the north and south points, as evidenced by
drift card passage.

Samples were collected in well-cleaned
bottles, thermaily stablized and steored out
of the light until] processed. A fluorometer
was used to measure dve conentration in
each sample. No nore than two hours storage
time was allowed tecause of the surface ad-
sorptive properties of Rhodamine WT dye.

Recovery was calculated using

A
AV = EAP, (—=— ) C
t A
cT

where AV is the increment of dye passing on
sampling interval At, APy is the incremental
tidal prism passing during At, A; is the
portion of the total channel allocated to
the sampling point midway in At, ACT is the
total cross section area and C is the aver-
age of the average of top and bottom con-
centrations during At.

T
SN ()

Recovery = (100%)

volume of dye dumped

As the dye cloud passes through the bay,
it disperses longitudinally., The time of
peak concentrations gives an indication of
the modal time of travel of a dye particle.
The times of 50% and 95% dye travel past
the point are given as a statistical mea-
sure of particle residence times. Since re-
covered dye volume will deviate somewhat
from the actual dumped volume, 50% and 95%
passage times are reported hased on recover-
ed dye volume, as the elapsed times from the
time of dump. The results are shown in
Table Al,

ror a 3.79 foot tidal range {at Schooner),
with discharge of dye 45 minutes after high
tide at the scwage treatment plant site, 95%
of the recovered dve passed station A in Z
hours and 45 minutes. Drift cards which
were released with the dye, rcached the hy-
pothetical mouth of Netarts Bay about one
hour after the main dye body passed station
A. If no waters would return to Netarts
Bay, these data would suggest a safe dis-
charge time (95% pollutant removal) of 2
hours 2 minutes. However, the suggested
correction based on the dye study of Sep-
tember 22 vields a safe discharge time of 1
hour and 2 minutes for this day and tide.

August 22, 1970

LGescription:

Dye dumped 3 liters Rhodamine
WT (20%) at 4% concentration., Time
of dump - 12:05 p.m. Dumped at mouth,
cross section 0.

Sampling stations . Water quali-
ty station A, recovery = 24%,
Station 300 ft. South of beat land-
ing, recovery = 158%.

Whiskey Creek west channel, recovery
= 94% of total dump.

Whiskey Creek east channel, recovery
= 127% of total dump.
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This dye dump was performed on an incom-
ing tide to gather data for a mathematical
model of constitient transport in Netarts
Bay. The dump wes only partially successful
due to large eddy current at the mouth, at
the time of dumping. Because of this eddy
current, a long, narrow patch, clearly not
one dimensional, was formed. This eddy phe-
nomenon is important because, while the tide
level had begun to rise at the mouth, the
momentum current outgeing on the north side
of the channel still existed. Bay waters
are often caught in a low-slack water eddy
at the mouth and channeled partially back
into Netarts Bay on the next flooding tide.

The two Whiskey Creek stations were lo-
cated on an east-west line from the creek.
Peak concentrations were 15 minutes apart
and Tgg times were 29 minutes apart, dis-
playing the effects of channelization in Ne-
tarts Bay. The east channel carried most of
the dye.

August 30, 1970

Description:

Uye dumped . . . 3 liters Rhodamine
WT (20%) were dumped about 3,500 ft.
south of the proposed sewage treat-
ment plant site, at 2:15 p.m.

Sampiing stations . Sewage
treatment plant site, in channel,
recovery = 195%.

Station 200 ft. south of boat land-
ing, recovery = 66.5%.

Water quality station A, recovery =
126%,

This was another outgeing tide dye dump
designed to eliminate some of the difficul-
ties of the July 24 dye dump. A cne-dimen-
sional Gaussian distribution of dye goncen-
tration was observed at all three stations.

Considering the Tgp at the sewage treat-
ment plant site as a base time, the time of
residence in Netarts Bay for this tide would
be 2 hours 9 minutes, and the safe discharge
time would be 2 hours and 20 minutes.

22

Comparing this safe discharge time with
that of July 24, 1970, one notes that safe
discharge time is a function of high tide
level and tide range. At higher tides, bay
volumes increase dramatically, as de tidal
velocities.

As the safe discharge times for the July
24 and August 30 dye studies differed sig-
nificantly for nearly similar tides, it is
pertinent to gquestion the reliability of the
safe discharge time analyses. The investi-
gators feel that the July 24 dye study re-
sults are more accurate. The multiple sam-
pling points at each station more adequately
describe the motion of a dispersing waste
water mass than one point at each station,
Remarkable different velocities and times of
passage are observed at most of the cross
sections of Netarts Bay.

For most tides, one may conclude that
discharging for one hour immediately after
high slack water at the proposed sewage
treatment plant site would approach 95% per-
manent removal of sewage effluent from Ne-
tarts Bay.

September 22, 1970

Description:

Dye dumped . . . 2 liters Rhodamine
WT (Z20%) at 8% at water guaiity sia-
tion A, at 11:10,

sampling station A occupied as tide
returned.

This dye dump was at station A almost one
hour before low slack. The dye was observed
to pass out the mouth completely. Through-
out the subsequent flood tide, dye was ob-
served to re-enter Netarts Bay. The total
calculated recovery was 16.8%. One may as-
sume that from 10% to 25% of any constituent
leaving Netarts Bay in the last hour of an
outgoing tide will return, based on experi-
mental accuracies.

To approach 95% psilutant removal from
Netarts Bay, at least one hour should be
subtracted from the safe discharge times in-
ferred from other dye studies.
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APPENDIX B.

TIDAL OBSERVATIONS, NETARTS BAY 1970

Date Time  Schooner Whiskey Creek Time Lag Choking
Ciev. Range Time Elev. Range  {min.) coeff.
16 July 1350 -0.42 B
1525 5,50 >e22
2150 2.66 104
17 July 0345 6.70 :
22 July 1225 1.39 s 20
1315 6,59 5 69 1952 6,74 37
23 July 0245 9.990 333 - - -
0800 4,23 - 0917 4.05 77
1310 2. 46 1.77 1355 2,26 1.79 45 100%
24 July - - : - - -
0138 4,37 1045 4,27 67
1410 240 37 1200 308 v bt
2150 7.26 2 o7 2105 7.54 . 15 ¢
25 July 0512 0.36 5 16 - - -
1108 4.80 ' 1205 4.49 60
1520 3.42 i'gg 1625 3.42 i'gz 65 ;gf
2145 8.07 8‘33 2158 7.63 ' 13 ¢
26 July 0523 -0.26 5 30 - - -
; .
1j05 5.13 1 84 1317 4.99 165 72 90%
358 3.29 497 1748 3.34 s 00 50 0%
2250 8.26 Y 2300 8.31 : 10
27 July - - - - -
1233 5.56 ° 1405 5.15 1]
1302 2.96 §'$g 1845 3.26 ;'gg 13 ;gz
2350 8.69 9 22 0015 8.31 : 25
28 July 0320 -0.53 6.54 - - -
1535 6,01 3 27 1503 5.28 3 31 92 0%
1705 2,74 c 90 2022 2.97 5 o3 77 gst
29 July - 8. 64 " 0155 8.00 : 25
2710 2.42 N 2102 2.99 52
30 July 0150 8.57 g'ég 0210 7.75 4.76 20 7%
0355 ~0.48 7 99 - - -
1515 6.74 : 1558 6.61 43 .
2110 2.04 g‘;g 2205 2.62 g'gi 55 gg;
31 July 0145 8.03 - 0300 7.89 : 15
1515 6.72 B 1630 6.67 41
1 August - - i
1103 -0.18 -
1540 7.04 7.2z
5.62
2320 1.42 1 92 86%
2 August 0128 6.34 6 c6 ave-
1120 _0,22 701
1705 6.79 5 83
3 August 0310 0.94 4.43

0505 5.39
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