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FINDINGS

As part of a region-wide program to examine the impact of Tow river flows
upon sensitive bodies of water, the U.S. Environmental Protection Agency
(EPA), Region 10 conducted an intensive water quality survey of Grays
Harbor, during the period July 25-29, 1977." Measurements of temperature,
dissolved oxygen, conductivity and important nutrients were made in the
receiving waters and the point sources discharging to the estuary. Mea-
surements of primary productivity were made in the receiving waters only.
The intensive water quality survey was supplemented with a long-term
monitoring program to measure temperature, dissolved oxygen, salinity and
pH at the ocean and upstream boundaries of the estuary. This long-term
program consisted of samples taken once a week at the two boundaries

during high slack and was conducted by the Grays Harbor Community College.

The freshwater discharge from the Chehalis River varied from an estimated
1,160 cfs on July 25, 1977 to 1,120 cfs on July 29, 1977. This was not
the period of lowest flow in Grays Harbor during 1977, but it was suffi-
ciently low to cause deterioration of water quality, particularly in the
Inner Harbor. The minimum dissolved oxygen levels in Grays Harbor were
found in the vicinity of Cow Point. Several violations of the State of
Washington's water quality standard for dissolved oxygen were recorded.
The minimum dissolved oxygen concentration was 4.9 mg/1. A1l of the
standard violations for dissolved oxygen occurred at, or near, the bottom

of the receiving waters.



Maximum water temperatures of 20.0°C were recorded in the Chehalis

River near Montesano. At the ocean entrance water temperatures did not
exceed 16.0°C. Temperature measurements in the North Bay of Grays
Harbor indicated that the warm mud flats increased the water temperature

1.6°C.

Nutrient measurements showed that ocean is a major source for nitrate and
orthophosphate in Grays Harbor. The major source of ammonia-nitrogen was
in the inner portions of Grays Harbor, in the vicinity of the major waste
discharges. The major sources for biological oxygen demand are the two
industrial discharges. However, order of magnitude discrepancies between
loadings reported by the EPA Region 10 laboratory and the industrial
laboratories were noted. Of the rivers discharging to Grays Harbor, the
Chehalis River contributed the largest organic loading. The deoxygenation
rates were found to be lower in the inner Harbor compared to the rates

measured near the ocean boundary of Grays Harbor.

Serious foaming problems were observed near the ITT/Rayonier discharge on

several occasions.

Primary productivity per unit of surface area by phytoplankton was
highest at the sampling station nearest the ocean, and decreased
monotonically, upstream as far as Aberdeen, the location of the most
landward sampling station. Changes in water clarity appeared to be the

major reason for this decrease.



The long-term monitoring program by Grays Harbor Community College
recorded what appeared to be an upwelling event during mid-August. In
addition, the data showed that water quality conditions at the ocean and

up-stream boundaries were more closely coupled when the freshwater dis-

charge was high.






INTRODUCTION

During the period October 1976 through August 1977, the Pacific Northwest
received abnormally low amounts of precipitation. As a result, stream
flows in many parts of the region were at, or near, historic low values.
In order to determine the impact of these low flow conditions upon water
quality, the Environmental Protection Agency (EPA) Region 10 initiated,
with support from EPA Headquarters, a number of water quality studies.
One of the river basins chosen was the Grays Harbor - Chehalis River in

southwestern Washington (Figure 1).

The Chehalis River's base flow is maintained by a large aquifer in the
foothills of the Cascade Mountains, fifty miles to the east of Grays
Harbor. As a result, the summer low flows do not vary substantially from
year to year, unless there are extended periods of drought. Despite this
relative constancy, summer low flows in the Chehalis River do reach
levels at which water quality becomes affected by waste discharges. The
National Pollution Discharge Elimination System (NPDES) permits for the
two largest waste dischargers, the ITT/Rayonier pulp mill at Hoquiam and
the Weyerhaeuser Company pulp mill at Cosmopolis, both contain Timitations
which are functions of the flow in the Chehalis River. Since Tow flow
has an important influence on water quality in the Chehalis River and

Grays Harbor, we felt that a low flow survey in this system would be very



useful. Such a survey would provide data for evaluating available mathe-
matical models for dissolved oxygen {Yearsley and Houck (1973)) and
Lorenzen, et al (1973), as well as providing additional data for waste

load allocations in Grays Harbor.

History of Water Quality Problems

Water quality in the Chehalis River and Grays Harbor began to deteriorate
soon after the installation of the first domestic sewer systems in the
latter part of the 19th century. Principal problems with the discharge
of these domestic wastes were associated with bacterial populations
hazardous to public health and localized impacts of untreated organic
wastes. The principal impact of the domestic waste was upon the
shellfishing industry. According to Orlob et al. (1951), approximately
8000 acres of tidelands, potentially available for the culture of the
Pacific oyster in Grays Harbor, were unsatisfactory for the cultivation

of commercial shellfish because of bacterial contamination.

In 1928, Rayonier, Inc., commenced the operatiaon of calcium based sulfite
pulp mill at Hoquiam. The untreated wastes, with pH ranging from 1.6 to
2.5, had sulfite waste liquor (SWL) concentrations as high as 44 ,000 mg/1
(Orlob, et al. (1951) and an estimated 245,000 pounds per day of ultimate
biological oxygen demand (BODU). These wastes, besides having a
substantial impact on the dissolved oxygen resources of Grays Harbor,

created conditions which inhibited the passage of migrating anadromous



fish and resulted in numerous incidents of distressed and dead fish,

shrimp and crabs (Eriksen and Townsend (1940)).

Studies conducted by the Washington Pollution Control Commission (Orlob,
Jones, and Peterson (1951); Peterson (1953); Peterson, Wagner, and
Livingston (1957); and Pollution Control Commission (1958)) during the
1950's showed that there were still severe water quality problems in the
Grays Harbor/Chehalis River system. The construction of primary treat-
ment facilities at Aberdeen, Hoquiam, and Cosmopolis in the 1960's, as
well as a program of waste impoundment and waste treatment did have some
beneficial effects on water quality. These improvements were to a degree
counterbalanced by increases in population and paper production as well
by the operation of a new pulp mill at Cosmopolis in 1958 by the

Weyerhaeuser Company.

For example, studies by the Washington State Department of Fisheries in
1969 and 1970 (Deschamps and Phinney (1971)) showed that receiving water
in the vicinity of the ITT/Rayonier pulp mill at Hoquiam resulted in 100%
mortality to juvenile chinook salmon kept in live boxes after only 10
hours. These toxic conditions occurred despite the fact that ITT/Rayonier
had improved their treatment efficiency by changing from a calcium based
sulfite process to a sodium based sulfite process in 1966. Water quality
studies conducted by both ITT/Rayonier and the Weyerhaeuser Company from
1971 to 1976, showed that water quality standards for dissolved oxygen

were violated during this period.



At the present time, the treatment facilities for the municipal discharges
to Grays Harbor are very similar to the facilities as they existed in the
late 1950's. According to the Water Quality Management Plan drafted by
the State of Washington's Department of Ecology (1975), all three munici-
pal dischargers and Grays Harbor, Hoquiam, Aberdeen and Cosmopolis,
operate primary treatment plants. The City of Aberdeen operates a

primary anaerobic digester plant with a chlorine contact chamber.

Hoquiam is served by a sewage lagoon, and Cosmopolis operates a combined
primary clarifier and sludge digester. The permitted loadings of 5-day
BOD (BODS) for these facilities are shown in Table 1.

Table 1. Permitted loadings of BODg for the major municipal discharges
to Grays Harbor.

BOOs Loading

Source Weekly Average Monthly Average
(1bs/day) (1bs/day)

Aberdeen STP 9,458 6,305

Cosmopolis STP 2,252 2,027

Hoquiam STP 2,802 1,851

The ITT/Rayonier pulp mill has an aerated lagoon which reduces the

organic loading of their waste discharge substantially.



The Weyerhaeuser Company pulp mill at Cosmopolis presently operates a

similar treatment facility. The permitted loadings of BODS for these

two discharges are shown in Table 2.

Table 2. Permitted loadings of BODg for the major industrial discharges
to Grays Harbor,

ITT/Rayonier

Weyerhaeuser

BODg Loading

Chehalis River
flow 2,000 cfs
(1bs/day)

28,000 (daily average)
36,000 (daily maximum)
26,000 (daily average)
32,400 (daily maximum)

Chehalis River
flow 2,000 cfs
(1bs/day)

28,000 (daily average)
53,000 (daily maximum)
32,400 (daily average)
49,000 (daily maximum)
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DESCRIPTION OF THE STUDY AREA

Hydrology

Grays Harbor is a large coastal plain estuary on the coast of Washington
(Figure 1). The six rivers which discharge to Grays Harbor have a
combined drainage area of approximately 2500 sgquare miles. The Chehalis
River, upstream from Aberdeen, drains nearly 80% of the area. The
estimated average annual discharge of the Chehalis River near Hoquiam,
Washington, is approximately 7600 cfs. Rainfall in the Grays
Harbor/Chehalis River system is high, and the hydrographs of the river's

tributary to Grays Harbor are strongly influenced by rainfall.

Tidal exchange also plays an important part in the flushing of Grays
Harbor. Tides in Grays Harbor are of the mixed type with two unequal
high tides and two unequal low tides each lunar day (24 hours, 50
minutes). Mean and diurnal tidal ranges and mean tide level! for Point
Chehalis and Aberdeen, as determined by the United States Department of

Commerce (1977), are given in Table 3.

Table 3. Mean and diurnal tide ranges and mean tide level for selected
locations in Grays Harbor (U.S. Department of Commerce (1977)).

Mean Tide Oiuyrnal Tide Mean Tide*
Location Range (ft) Range (ft) Level (ft)
Point Chehalis 6.9 9.0 4.8
North Channel 7.6 9.7 5.2
Aberdeen 7.9 10.1 5.4
Montesano, Chehalis River 6.7 8.1 4.1

* Relative to Mean Lower Low Water

-11-
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Yearsley and Cleland (1979) have used a numerical hydrodynamic model to
determine the volume of water which enters Grays Harbor between mean low
water (MLW) and mean high water (MHW). The intertidal volume or tidal

prism, computed using this model are shown in Table 4.

The modified tidal prism method, developed by Ketchum (1951), provides a
means for comparing the relative importance of river discharge and tidal
exchange. Figure 2 shows the exchange times predicted by the modified
tidal prism method at various river flows for an average and a high tidal
range. The average tidal range corresponds to a change in height at
Aberdeen, relative to MLLW, from 1.4 feet (MLW) to 9.20 feet (MHW). The
maximum tidal range corresponds to a change in height from 0.0 feet
(MLLW) to 9.90 feet (MHHW). When the freshwater discharge of the
Chehalis River, as estimated at Hoquiam, is greater than 8,000 c.f.s. the
exchange time is not strongly influenced by increasing flow. However,
below 8,000 c.f.s., the exchange time increases rapidly as the river
discharge decreases. The effect of a change in the tidal amplitude is
relatively constant on the other hand. In the case examined, a 20%
decrease in tidal prism causes a 20% increase in the exchange time

throughout the range of freshwater flows.

-13-



-vl-

m3 e~ MOZMO—=ULMD

N<DO

FIGURE 2 . RESIDENCE TIMES IN GRAYS HARBOR AS A FUNCTION OF
RIVER FLOW AND TIDAL RANGE - MODIFIED TIDAL PRISM METHOD.

2o Y T T T
4
1s | X .
X X TIDAL RANGE « 9.2 FEET
+ TIDAL RANGE » 14.9 FEET
X X TIDAL RANGE » 6.3 FEET
X x
X x
X
10 B X N
+ X
X
+
X
+ X )
+
+ X X X
s | X X
+ +
+ + +
+
L 1 . | i |
5000 10000 15000 20000

CHEHALIS RIVER & HOQUIAM - CFS

25000



Table 4. Intertidal volumes in Grays Harbor for the maximum tidal range,
July 25-29, 1977.

Distance Intertidal
from Montesano Volume
(nautical miles) (millions of cubic feet)

1 12.6
2 18.2
3 19.6
4 26.0
5 32.6
6 40.7
7 48.8
8 48.8
9 58.2
10 67.0
11 74.0
12 79.0
13 153.0
14 276.0
15 427.0
16 642.0
17 731.0
18 842.0
19 1000.0
20 1430.0
21 2050.0
22 2370.0
23 2840.0
24 3120.0
25 1970.0
26 670.0
27 550.0

The quality of the ocean water at the entrance to Grays Harbor can also
have an influence on the water quality within Grays Harbor. Pearson and
Holt (1961) have documented numerous instances of low dissolved oxygen at
the entrance to Grays Harbor. There is strong evidence to indicate that
this low dissolved oxygen is associated with upwelling conditions in the
ocean off the coast of Washington. The data reported by Pearson and Holt
(1961) was not adequate to quantify the impact of upwelled ocean water
upon the inner portions of Grays Harbor. However, subsequent mathematical

modeling studies (Yearsley and Hess (1979)) indicate that a decrease of
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4.0 mg/1 in dissolved oxygen at the entrance results in less than al.o
mg/1 decrease in the dissolved oxygen at its minimum point in the Inner

Harbor.

A potentially significant impact upon the dissolved oxygen of the Inner
Harbor is that of land use practices in the watershed drained by the
Chehalis, Satsop, Wynoochee, Wishkah, and Hoquiam Rivers. Of particular
importance are those practices which result in increases in the organic
sediment load of these rivers. Logging and farming are the principal
industries in this watershed and both can have significant impact upon
the sediment load of the river. Studies by Beverage and Swecker (1969)
and the results of several mathematical modeling exercises indicate that
the organic sediments accumulate in the Inner Harbor and do have a

significant impact upon dissolved oxygen.

Water Chemistry

The ocean water at the entrance of Grays Harbor is influenced by processes
both in the deep ocean and near shore. Hydrographic measurements off the
coast of Washington, as described by Stefansson and Richards (1964), show
that the winter density structure in the near shore area results from
dilution of oceanic water by the Columbia and other coastal rivers. The
surface 30 meters is essentially isothermal during the winter, with
temperatures varying from 8°C to 10°C. Salinities vary from 290/00*

to 320/00. During the summer, surface salinities increase as freshwater

discharge decreases and as upwelling supplies high salinity water from

* 0/00 - parts per thousand
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depth. Salinities vary from 32 o/00 to 33.5 0/00 in the summer, while

temperatures vary from 8%C at 30 meters to 14%C at the surface.

Dissolved oxygen in the surface 10 meters varies between 9.0 and 10.0 mg/1
throughout the year. According to Stefansson and Richards (1964),

maximum values occur in the summer when primary productivity is

highest. At 30 meters, the variation in dissolved oxygen is from 4.0

mg/1 to 8.5 mg/1, with the minimum values being associated with summer

upwelling incidents.

Inorganic phosphorus and nitrogen are influenced primarily by upwelling.
Dissolved orthophosphorus varies between 0.015 mg/1 and 0.030 mg/1 in the
surface 10 meters and between 0.022 mg/) and 0.075 mg/1 at 30 meters.
Peak values occur during the summer, N03-N has seasonal charac-
teristics similar to the dissolved orthophosphorus. In the surface 10
meters, N03-N varies between 0.0 mg/1 and 0.070 mg/1, and between 0.070
mg/1 and 0.210 mg/1 at 80 meters.

Within Grays Harbor, longitudinal and vertical variations of temperatures,
salinity and dissolved oxygen are related to the freshwater discharge.
During the winter, when the freshwater discharge is large, vertical varia-
tions are small in all parameters. As an example, for data collected by
ITT/Rayonier, Inc., between sample stations MCOS (7.8 nautical miles
downstream from Montesano) and MC10 (15.3 nautical miles from Montesano)
on March 24, 1976, the maximum longitudinal variation in temperature was

from 6.9°C to 7.8°C, the maximum longitudinal salinity variation was

-17-



from 0.0% to 4.0% and dissolved oxygen from 11.3 mg/1 to 9.5 mg/1.
Maximum vertical difference in temperature was 0.2%, 3% salinity and
1.7 mg/1 of dissolved oxygen. The freshwater discharge on this date was

estimated as 24,800 cfs at Hoquiam.

During the summer low, longitudinal variations increase but vertical
variations remain about the same. Data collected by ITT/Rayonier on
August 19, 1977, provides an example of low flow condition. On this
date, the temperature varied longitudinally from 20.0°C to 17.5°,

the salinity varied longitudinally from 15% to 27%, and the dissolved
oxygen varied longitudinally from 3.4 mg/1 to 5.8 mg/1. Maximum vertical
differences observed were 0.6%C in temperature, 3.6% in salinity, and

1.2 mg/1 in dissolved oxygen. The freshwater discharge at Hoquiam, as

estimated by the U.S. Geological Survey, was 804 cfs.
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FIELD STUDIES

Sampling Program

The field studies conducted by the Surveillance and Analysis Division,
EPA Region 10, consisted of a reconnaissance during the period July
11-13, 1977, and comprehensive survey of receiving water quality and
point sources during the period July 25-29, 1977. Locations of receiving
water stations and point sources sampled are shown in Figure 3.
Temperature, salinity, pH, and dissolved oxygen were measured at all
stations, both in receiving waters and in the point source effluent
streams. These measurements were made with mercury thermometers or
calibrated thermistor, conductivity bridge, pH probe and dissolved oxygen

probe or titration by the Winkler method, respectively.

Chemical analyses for 2-, 5-, 10-, 15-, and 20-day biological oxygen
demand (B0D), ammonia and nitrite + nitrate-nitrogen, dissolved
orthophosphate and total phosphorus, and total organic carbon (TOC) were

performed at selected receiving water stations.

With the exception of the 2-, 10-, 15-, and 20-day BOD, similar analyses
were performed upon samples collected from the point sources. Samples
were collected daily, or twice daily depending upon location, and placed
in polyethylene containers. The samples were preserved in ice and shipped
to the EPA Regional Laboratory within six hours of the time they were

collected. Table 5 gives the method used to analyze each parameter.
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Figure 3. Location of receiving water and point'source sampling stations’
in Grays Harbor during the EPA Region 10 field study, July 26-27, 1977.



Table 5. References for methods used to analyze various water quality
parameters during the July 25-29, 1977, Grays Harbor field

study.
STORET
Parameter Code Parameter Method of Analysis
00304 2-day 800 Standard Methods
00310 5-day 80D Standard Methods
00322 10-day 80D Standard Methods
00323 15-day BOD Standard Methods
00324 20-day B0OD Standard Methods
00610 N-NH3 EPA Manual
00625 TKN Standard Methods
00630 N-NO3+NO2 EPA Manual
00665 P-Total EPA Manual
00671 P-Diss. Ortho EPA Manual
00680 TOC EPA Manual
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The University of Washington's Department of Oceanography, under contract
to EPA, Region 10, measured primary productivity, chlorophyll 2 and phaeo

pigments at four stations in Grays Harbor.

An additional part of the field study program was the measurement of
temperature, salinity, pH and dissolved oxygen once a week in Grays
Harbor at Point Chehalis and in the Chehalis River near Montesano,
Washington. EPA, Region 10, provided contract funds to the 6rays Harbor
Community College to perform this study. DOr. John M. Smith was the
project leader. The period of sampling was from August 4, 1977 through
September 29, 1977. The purpose of this study was to provide complemen-
tary data for that collected by the two mills, Weyerhaeuser and ITT/
Rayonier. The data collected by the mills is from the inner portions of
the estuary only. It does not, therefore, provide data for the river and
ocean boundaries. The data collected by Grays Harbor Community College
provided boundary conditions, at least for temperature, salinity, pH and

dissolved oxygen, during the months of August and September 1977.

Quality Control

Temperature, conductivity, pH and dissolved oxygen probes were calibrated
at the beginning of each day using, respectively, standard mercury thermo-
meter, two conductivity reference samples, standard pH buffers, and the
Winkler method for dissolved oxygen, In addition, periodic checks of
these parameters were made throughout each day as a means of monitoring
drift and to determine whether or not the instruments were functioning

properly.
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The effect of field handling and storage time upon the chemical analyses
was determined by analyzing autoclaved blanks which had been subjected to
the same treatment as the receiving water and point source samples. The
measured levels of various nutrients in these blanks are given in Table
6. In addition, a known quantity of P04, NH3 and N03 was added to

a small number of water samples in the field. These "spiked" samples,
along with unspiked replicates were handled and analyzed in the same
manner as the other samples. Recovery efficiencies and sample

differences are shown in Table 7.

Table 6. Measured levels of various nutrients in autoclaved blanks.
The blanks were subjected to the same handling procedures as
water samples, during the field study of Grays Harbor
July 25-29, 1977.

Lab NH-3-N NO3-N TKN P.DisOrtho P-Total TOC
Number (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)  (mg/1)
30467 .006 .002 0.40 .002 .004 1.0
30468 .006 .002 0.03 .002 .002 2.0
30566 .002 .002 kk .002 .004 2.0
30567 .002 .002 kel .002 .002 1.0

Tidal and Hydrologic Condition

Estimated time and heights of slack tide the water surface levels are
given in Table 8 for various locations throughout Grays Harbor and the
Chehalis River. These estimates were obtained from the tidal tables

published by the U.S. Department of Commerce (1977). Estimates of the
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freshwater flow for the Chehalis River at Hoquiam during the survey are

shown in Table 9. The flow of the Chehalis River at Hoquiam was

estimated by the U.S. Geological Survey from:

Q1= 1.4 *(Q2 + Q3+ Q4)

Where,

(1)

Q1= the estimated freshwater flow of the Chehalis River at Hoquiam,

Q2

Q3= the gaged flow of the Satsop River at Satsop,

Q4

Table 7.

the gaged flow of the Chehalis River at Grand Mound,

the gaged flow of the Wynoochee River at Black Creek.

Recovery efficiencies of field spiked samples collected during

the field study of Grays Harbor, July 25-29, 1977.

NH3-N

Lab (mg/1)
Number Spike eplicate

NO3-N

P.DisOrtho

gmg/lg (mg/1)
Spike eplicate Spike eplicate

30626 0.056

30627 0.004
30628 0.006
Recovery

Efficiency 102%

0.049
0.002
0.002

0.050
0.002
0.004

94%

94%

30481 0.098

30482 0.054
30483 0.042
Recovery
Efficiency 100%

0.090
0.046
0.044

0.046
0.004
0.002

90%

86%

30464 0.028

30465 0.002
30466 0.002
Recovery

Efficiency 52%

0.052
0.002
0.002

0.030
0.002
0.002

100%

56%
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Table 8. Estimated time and height of slack tide at selected locations in
Grays Harbor during July 25-29, 1977. Tidal heights are relative
to mean lower low water. Times are Pacific daylight time.

Pt. Chehalis Aberdeen Montesano

Time Height Time Height Time Height
Tide (ft) (ft) (ft)
First Tow 7/25 0240 0.3 0323 0.4 0511 0.2
First high 7/25 0849 5.9 0921 7.0 1042 5.6
Second low 7/25 1435 2.6 1518 2.7 1706 1.4
Second high 7/25 2052 9.0 2124 10.1 2245 8.1
First Tow 7/26 0344 -0.4 0427 -0.3 0615 -0.2
First High 7/26 1000 6.1 1032 7.2 1153 5.8
Second low 7/26 1544 2.7 1627 2.8 1815 1.5
Second high 7/26 2154 9.3 2226 10.4 2347 8.3
First low 7/27 0445 -1.0 0528 -0.9 0716 -0.5
First high 7/27 1110 6.5 1142 7.6 1303 6.1
Second low 7/27 1550 2.5 1733 2.6 1921 1.4
Second high 7/27 2253 9.5 2325 10.6 0046(7/28) 8.5
First Tow 7/28 0543 -1.7 0626 -1.6 0814 -0.8
First high 7/28 1210 7.0 1242 8.1 1403 6.5
Second low 7/28 1751 2.1 1834 2.2 2022 1.2
First low 7/29 2351(7/28) 9.7 0023 10.8 0144 8.6
First high 7/29 0634 2.1 0717 -2.0 0905 1.1
Second high 7/29 1306 7.6 1338 8.7 1459 7.0
Second low 7/29 1845 1.7 1928 1.8 2116 1.0

Table 9. Estimates of the discharge of the Chehalis River at Hoquiam for
the period July 25-29, 1977,

Freshwater Discharge of the
Chehalis River at Hoquiam

Date (cfs)
July 25, 1977 1,160
July 26, 1977 1,140
July 27, 1978 1,140
July 28, 1977 1,140
July 29, 1977 1,120
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RESULTS

The results of all field measurements are presented in Appendices I (EPA
receiving water studies), II (EPA point source studies), III (University
of Washington primary productivity studies), and IV (Grays Harbor
Community College studiés).

In addition, the averages of all temperature, dissolved oxygen, and
salinity measurements made at each sampling station in the Main Channel
are shown in Figures 4 through 6. Average values of these parameters at
high and low slack tides, for the same stations, are shown in Figures 7
through 33. Time of slack tide varies more than two hours between the
entrance to Grays Harbor and Montesano. Data from the time periods shown
in Table 10 were used to characterize conditions at the various tide

stages.

Table 10. Time interval used to characterize various periods of slack
tide in Grays Harbor, July 25-29, 1977. Data from these time
intervals was used to develop figures 8 ‘through 34.

Tide Time Interval
(Port Dock-Aberdeen) Date (Pacific Daylight Time)
Second low July 25, 1977 1330-1800
First high July 26, 1977 0900-1300
Second low July 26, 1977 1400-1900
First high July 27, 1977 1000-1400
Second low July 27, 1977 1600-2000
First low July 28, 1977 0500-1000
First high July 28, 1977 1100-1500
Second low July 28, 1977 1700-2100
First Tow July 29, 1977 0530-1000
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FIGURE' 4!. AVERAGE, MAXIMUM AND MINIMUM TEMPERATURE IN
GRAYS HARBOR. EPA REGION 10 FIELD STUDY, JULy 25-29, 1977.
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FIGURE 5i:, AVERAGE, MAXIMUM AND MINIMUM DISSOLVED OXYGEN IN
GRAYS HARBOR. EPA REGION 10 FIELD STUDY, JULY 25-29, 1977.
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FIGUREI 6 |.

HARBOR.

AVERAGE, MAXINUM AND MINIMUM SALINITY IN GRAYS
EPA REGION 10 FIELD STUDY, JULY 25-29, 1977,
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FIGURE 7| . DEPTH-AVERAGED TEMPERATURE IN THE wnorTH CHANNEL
OF GRAYS HARBOR AT SECOND LOW SLACK, JULY 25, 1977.
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FIGUREI8 | . DEPTH-AVERAGED TEMPERATURE IN THE NorTH CHANNEL
OF GRAYS HARBOR AT FIRST HIGH SLACK, JULY 26, 1977.
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FIGURE:9 i, DEPTH-AVERAGED TEMPERATURE IN THE 'NORTH CHANNEL

OF GRAYS HARBOR AT SECOND LOW SLACK, JULY 26, 1977.
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FIGURE 10 DEPTH-AVERAGED TEMPERATURE IN THE'nortn CHANNEL

OF GRAYS HARBOR AT FIRST HIGH SLACK, JULY 27, 1977,
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FIGURE 17. DEPTH-AVERAGED TEMPERATURE IN THE
OF GRAYS HARBOR AT SECOND LOU SLACK, JuLY 27, 1977.
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FIGURE 12 . DEPTH-AVERAGED TEMPERATURE IN THE wnorTy CHANNEL
OF GRAYS HARBOR AT FIRST LOW SLACK, JULY 28, 1977.
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FIGURE 13 . DEPTH-AVERAGED TEMPERATURE IN THE NortH CHANNEL
OF GRAYS HARBOR AT FIRST HIGH SLACK, JULY 28, 1977,
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FIGURE 14 DEPTH-AVERAGED TEMPERATURE IN THE NoRTH CHANNEL
OF GRAYS HARBOR AT SECOND LOU SLACK, JULY 28, 1977.
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FIGURE 15/, DEPTH-AVERAGED TEMPERATURE IN THE NORTH CHANNEL
OF GRAYS HARBOR AT FIRST LOW SLACK, JULY 29, 1977,
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FIGURE 16} ,

DEPTH-AVERAGED DISSOLVED OXYGEN IN THE NORTH
CHANNEL OF GRAYS HARBOR AT SECOND LOW SLACK, JULY 25, 1977.
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FIGURE: 17\, DEPTH-AVERAGED DISSOLUED OXYGEN IN THE NORTH
CHANNEL OF GRAYS HARBOR AT FIRST HIGH SLACK, JuLY 26, 1977.
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FIGURE'18| ,

DEPTH-AVERAGED DISSOLVED OXYGEN IN THE NORTH
CHANNEL OF GRAYS HARBOR AT SECOND LOUW SLACK, JULY 26, 1977.
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FIGURE 19,

DEPTH-AVERAGED DISSOLVED OXYGEN IN THE NORTH
CHANNEL OF GRAYS HARBOR AT FIRST HIGH SLACK, JuLY 27, 1977.
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FIGURE 20:, DEPTH-AVERAGED DISSOLVED OXYGEN IN THE NORTH
CHANNEL OF GRAYS HARBOR AT SECOND LOW SLACK, JULY 27, 1977.
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FIGURE 211, DEPTH-AVERAGED DISSOLUVED OXYGEN IN THE NORTH '
CHANNEL OF GRAYS HARBOR AT FIRST LOW SLACK, JULY 28, 1977.
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FIGURE 221, DEPTH-AVERAGED DISSOLUED OXYGEN IN THE (NORTH
CHANNEL OF GRAYS HARBOR AT FIRST HIGH SLACK, JULY 28, 1977.
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FIGURE 23 , DEPTH-AVERAGED DISSOLVED OXYGEN IN THE YORTH
CHANNEL OF GRAYS HARBOR AT SECOND LOW SLACK, JULY 28, 1977.
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FIGURE 24i. DEPTH-AUERAGED DISSOLVED OXYGEN IN THE NORTH
CHANNEL OF GRAYS HARBOR AT FIRST LOW SLACK, JULY 29, 1977.
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FIGUREi25| . DEPTH-AVERAGED SALINITY IN THE NORTH CHANNEL OF

GRAYS HARBOR AT SECOND LOW SLACK, JULY 25, 1977.
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FIGURE 26!, DEPTH-AVERAGED SALINITY IN THE norra CHANNEL OF

GRAYS HARBOR AT FIRST HIGH SLACK, JULY 26, 1977.
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FIGURE: 27.. DEPTH-AVERAGED SALINITY IN THE IORTH CHANNEL OF

GRAYS HARBOR AT SECOND LOW SLACK, JULY 26, 1977.
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FIGURE' 28/, DEPTH-AVERAGED SALINITY IN THE NORTH CHANNEL OF

GRAYS HARBOR AT FIRST HIGH SLACK, JULY 27, 1977.
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FIGURE 29 , DEPTH-AVERAGED SALINITY IN THE norTH CHANNEL OF

GRAYS HARBOR AT SECOND LOW SLACK, JULY 27, 1977.
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FIGURE30l . DEPTH-AVERAGED SALINITY IN THE YORTH CHANNEL OF

GRAYS HARBOR AT FIRST LOW SLACK, JULY 28, 1977.
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FIGURE 31/. DEPTH-AVERAGED SALINITY IN THENORTH CHANNEL OF

GRAYS HARBOR AT FIRST HIGH SLACK, JULY 28, 1977.
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FIGURE 32 . DEPTH-AVERAGED SALINITY IN THE NorTH CHANNEL OF

GRAYS HARBOR AT SECOND LOW SLACK, JULY 28, 1977.
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FIGURE'33|, DEPTH-AVERAGED SALINITY IN THE.NorTH CHANNEL OF

GRAYS HARBOR AT FIRST LOW SLACK, JULY 29, 1977.
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Nutrient measurements were made in the receiving water at the first high
slack only. The averages of all values measured at each station for
ammonia-nitrogen, nitrate-nitrogen, total phosphorus, dissolved
orthophosphorus, and total organic carbon are shown in Figures 34 through

38.

For those receiving water stations at which long-term biological oxygen
demand (BOD) measurements were made, it was possible to determine ultimate
BOD, as well as the deoxygenation rate. The method described by Moore,
et al. (1950) was used to determine the ultimate BOD and the deoxygenation
rate from the data. Estimated ultimate BOD and deoxygenation rates for
each station are shown in Table 11. In Figures 39 through 47, observed

values for each station are compared to the values computed from:

L=tloe X? (2)
where
L = the BOD, mg/1
Lo = the ultimate BOD, mg/1
Ky =  the deoxygenation rate, seconds-!
t = the time, seconds

Table 11. Deoxygenation rate, Ky, and ultimate biological oxygen
demand at various locations in Grays Harbor,
July 25-29, 1977. Computed from observed data using the
method of moments (Moore et al (1950)).

Deoxygenation Rate, Kj Ultimate BOD
Station No. (days -1) (mg/1)
MC02 0.14 2.66
MCO05 0.14 1.64
MCO7 0.11 2.45
MCOo8 0.17 2.26
MC09 0.13 2.25
MC10 0.21 2.15
MC102 0.25 3.88
MC11 0.22 1.94
MC13 0.24 1.42
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FIGURE 34/. AUVERAGE, MAXIMUM AND MINIMUM AMMONIA-NITROGEN IN
GRAYS HARBOR. EPA REGION 10 FIELD STUDY, JULY 25-29, 1977,
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FIGUREi 35/ . AVERAGE, MAXIMUM AND MINIMUM NITRATE-NITROGEN IN
GRAYS HARBOR. EPA REGION 10 FIELD STUDY, JULY 25-29, 1977.
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FIGURE: 36/, AVERAGE, MAXIMUM AND MINIMUM ORTHOPHOSPHORUS IN
GRAYS HARBOR. EPA REGION 10 FIELD STuUDY, JULY 25-29, 1977.
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FIGURE 371,

AVERAGE, MAXIMUM AND MINIMUM TOTAL PHOSPHORUS IN

GRAYS HARBOR. EPA REGION 10 FIELD STUDY, JULY 25-29, 1977.

0.15

0010 —

0005 »

X

1 | |

|
S 10 15 co 25
DISTANCE FROM MONTESANO - NAUTICAL MILES

30



ZLO0O0WVDO O ZDODO ~D>~40-—-

N33

30

25

2o

15

10

FIGURE:38/ . AVERAGE, MAXIMUM AND MINIMUM ORGANIC CARBON IN
GRAYS HARBOR. EPA REGION 10 FIELD STUDY, JULY 25-29, 1977.
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FIGURE 39/, PREDICTED AND OBSERVED BOD AT STATION MCoO2 IN
GRAYS HARBOR. K1=0.14 DAYSA-1 BODsULTe-2.66 MG/L
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FIGURE{40}, PREDICTED AND OBSERUVED BOD AT STATION MCOS IN
GRAYS HARBOR. K1-0.14 DAYS~-1 BOD-ULTe1.64 MG-/L

+ OBSERVED - JULY 1977
PREDICTED

) 10 15 20
TIME - DAYS

es



-99-

ODZDIIMU ZMO<<XO DO-OOMrO~w

N

FIGURE !4y,
GRAYS HARBOR.
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FIGURE'42/. PREDICTED AND OBSERUED BOD AT STATION MCO8 IN
BOD-ULT~2.26 MG-/L
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FIGURE 43'.

PREDICTED AND OBSERVED BOD AT STATION MCe9 IN

GRAYS HARBOR. K1+0.13 DAYSA-1 BOD-ULT=2.25 MG/L
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FIGURE: 44:, PREDICTED AND OBSERUED BOD AT STATION MCiQ IN
GRAYS HARBOR. Ki1-0.21
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FIGURE 45/. PREDICTED AND OBSERVED BOD AT STATION MCioL IN
BOD-ULT=3.88

GRAYS HARBOR. K1+90.25 DAYS~-1(BASE E)
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FIGURE 46/, PREDICTED AND OBSERVED BOD AT STATION MC1i IN
GRAYS HARBOR. K1=0.22 DAYS~-1(BASE E)

BOD-ULT=1.94 MG/L
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FIGURE 47/, . PREDICTED AND OBSERVED BOD AT STATION MC13 IN
GRAYS HARBOR. K1-0.24 DAYSA-1(BASE E) BOD-ULT=1.42 MG/L
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The average values of all temperature, dissolved oxygen and salinity for
observations made in the South Channel of Grays Harbor are shown in
Figures 48 through 50. Similar observations for North Bay stations are

shown in Figures 51 through 53.

Temperature

The average of all temperatures measured during the survey varied from
12.9°C. at the entrance to 19.0°C, near Montesano (Figure 4). The
ocean's influence upon river temperature extends to river mile 9.0 in the

Chehalis River.

As one might expect, the variations in temperature are greatest at the
entrance, where the differences between maximum and minimum observed
temperatures is 6.7°C. At the farthest upstream station, near

Montesano, this difference is only 1.4%. A large part of this

variation is associated with the tidal excursion. For example, at the
first high slack of July 26, 1977 (Figure 8), the average temperature is
10.0°C at the entrance to Grays Harbor and 19.0°C at Montesano. At

the first low slack of July 29, 1977 (Figure 15), the average temperature

at the entrance is 15.0°C and at Montesano 18.1°C.

The South Channel data (Figure 48) indicates that the average temperature
there is very similar to the average temperature distribution in the Main

Channel,
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FIGURE'48!/. AUVERAGE, MAXIMUM AND MINIMUM TEMPERAURE IN SOUTH
CHANNEL OF GRAYS HARBOR. EPA FIELD STUDY, JULY 25-29, 1977.
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FIGURE 49|. AVERAGE, MAXIMUM AND MINIMUM DISSOLUED OXYGEN IN
EPA FIELD STUDY, JuULY 25-29, 1977.
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FIGURE 50/, AUERAGE, MAXIMUM AND MINIMUM SALINITY IN SOUTH
CHANNEL - GRAYS HARBOR. EPA FIELD STUDY, JULY 25-29, 1977,
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FIGURE 51} . AVERAGE, MAXIMUM AND MININMNUM TEMPERATURE IN THE
NORTH BAY - GRAYS HARBOR. EPA FIELD STuDY, JULY 25-29, 1977
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FIGURE 52|. AVERAGE, MAXIMUM AND MINIMUM DISSOLVED OXYGEN IN
NORTH BAY - GRAYS HARBOR. EPA FIELD STUDY, JULY 25-29, 1977
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FIGURE 53}. AUVERAGE, MAXIMUM AND MINIMUM SALINITY IN NORTH
BAY - GRAYS HARBOR. EPA FIELD STUDY, JULY 25-29, 1977.
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Average values of temperature in the North Bay of Grays Harbor (Figure
51) indicate that temperatures are strongly influenced by the ocean.
There is an increase in temperature, as distance from the head of the bay

decreases. This temperature difference is, for the means, 1.6°C.

Dissolved Oxygen

The dissolved oxygen in Grays Harbor is affected by organic waste loads
from municipal and industrial waste sources, photosynthesis and
respiration of phytoplankton, and by the influx of ocean -water with low
dissolved oxygen. The major impact upon dissolved oxygen (Figure §)
occurs in the Inner Harbor between Moon [sland and Cosmopolis. For this
part of Grays Harbor, water quality standards of the State of Washington
require that the dissolved oxygen exceed 5.0 mg/1, or 60% saturation,
whichever is greater. The individual measurements (Appendix [} show
numerous violations of this standard. The minimum dissolved oxygen
measured during the survey was 4.9 mg/1. All standards violations
occurred at, or near, the bottom of the estuary. Mathematical model
(Yearsley and Hess (1979)) results show that the dissolved oxygen minimum
which occurs approximately 12 nautical miles downstream from Montesano is
a result of the organic waste discharge from the two major industrial
sources, the ITT/Rayonier and Weyerhaeuser Company pulp mills, and oxygen

demand attributed to organic material deposited on the river bottom,
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There is some indication in the data that low dissolved oxygen associated
with upwelling was present at the entrance to Grays Harbor at the begin-
ning of the survey, July 25-26, 1977. The minimum values of dissolved
oxygen at the entrance occurred on the second low slack of July 25, 1977
(Figure 16) and the first high slack of July 26, 1977 (Figure 17). Mini-
mum values of temperatures (Figures 7 and 8) for the survey were associ-
ated with these two slack tides and maximum salinity was associated with
these slack tides (Figures 25 and 26). The combination of low dissolved
oxygen, low temperature and high salinity is a typical signature for
upwelled ocean water (Stefansson and Richards (1964), Pearson and Holt

(1960)).

Salinity

The distribution of average salinity (Figure 6) in Grays Harbor is
typical for a coastal plain estuary. Oceanic values occur at the
entrance and decrease, monotonically, to freshwater values at the
upstream station near Montesano. The slack tide salinity data (Figures
25 through 33) suggest that the salinity at the entrance to Grays Harbor
was decreasing during the survey in response to an upwelling event which

ended as the survey began.
The slack tide salinity data (Fiqures 30 and 31, for example) indicate

that the maximum tidal excursion at the tidal ranges occurring during the

survey was approximately four nautical miles at the upstream locations,
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and six nautical miles near the entrance. These estimates are consistent
with tidal excursion distances implied by the slack tide temperatures

(Figures 10 and 12) and dissolved oxygen (Figures 19 and 21).

Ammonia Nitrogen

Average ammonia nitrogen (Figure 34) varied from 20 ug/l at the entrance
to a maximum of 100 ug/1 at nautical mile 13.2 to 8 ug/1 at the upstream
stations. Maximum values of ammonia occurred in the vicinity of the

major point discharges to Grays Harbor.

These concentrations are of the same order as those observed in Puget
Sound during the summer (Collias and Lincoln (1975)), but are substan-

tially less than previous observations in Grays Harbor by Westley and

Tarr (1965).

Nitrate-Nitrogen

Average nitrate-nitrogen, as shown in Figure 35, in Grays Harbor varied
from a maximum of 180 ug/l1 at the entrance to a minimum of 6 ug/1 at the
upstream station near Montesano. The average nitrogen observed at the
entrance is of the same order as found below 10 meters in the Pacific
Ocean (Stefansson and Richards (1964)). The ocean, then, is a major

source for nitrate nitrogen in Grays Harbor.
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Dissolved Orthophosphorus

As in the case of nitrate-nitrogen, the ocean is a major source of
inorganic phosphorus. The maximum average dissolved orthophosphorus
(Figure 37) of 40 ug/1 occurs at the entrance to Grays Harbor. This
level is similar to that found in the Pacific Ocean, near the entrance

(Stefansson and Richards (1964)).

Total Organic Carbon

Average total organic carbon (Figure 38) was at a minimum of 3.8 mg/1 at
the entrance to Grays Harbor, reached a maximum of 13.5 mg/1 at nautical
mile 11.6. Average total organic carbon was also high at the upstream
stations near Montesano, indicating that the Chehalis River is a

significant source of organic loading.

Carbonaceous Biological Oxygen Demand

Long-term BOD's were measured at several locations in Grays Harbor. The
resulting average ultimate BOD and deoxygenation rate given in Table 11
for each sample station. Also, at each station, the observed results are
compared to values predicted from Equation (2), using the appropriate

values from Table 11.
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The highest values for ultimate BOD occurred at Station MCIQ during low
slack tide on July 25, 1977. The Inner Harbor ultimate BOD's are higher
than the oceanic values, as might be expected. The upstream values from
the Chehalis River are also high compared to the ocean values. In

general, the deoxygenation rates from the Chehalis River and Inner Grays

Harbor are less than those from the outer portions of Grays Harbor.

Aesthetics

On several occasions during the survey, severe foaming problems were
observed and photographed near the ITT/Rayonier discharge., The estimated
extent of the area covered by foam was two to five acres. The
ITT/Rayonier pulp mill at Hoquiam was in the process of bringing their
new treatment system on line. The foaming problems may have been

associated with this process.

Primary Productivity

Primary productivity by phytoplankton in Grays Harbor was measured by the
University of Washington, using the method described by Steeman - Nielsen
(1952). In addition to primary productivity, they measured chlorophvll a
phaeopigments and water clarity. These results are presented in Appendix
111. The primary production per unit area, down to the level at which
the light is 1% of the surface value, is shown in Figure 54. The
decrease in productivity per unit area within the inner harbor is

principally a result of the decrease in water clarity in the inner
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HARBOR. UNIV. OF WASH. FIELD STUDY, JULY 25-29, 1977.
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harbor. Primary production per unit volume in the surface waters is only
slightly less in the inner harbor than at the ocean entrance. The 1%
light depth in the inner harbor was from one-half to one-third that at

the ocean entrance, however.

Point Sources

Temperature, dissolved oxygen, pH, conductivity, and various nutrients
were measured in the various point sources discharging to Grays Harbor or
the Chehalis River. The point sources included the tributary rivers and
municipal and industrial discharger. The data are given in Appendix III.
Table 12 shows the estimated BOD-5 loadings associated with each of the
point sources and Table 13 shows the corresponding discharge. Discharge
measurements were not available for the Hoquiam, Wishkah and Chehalis at
Montesano Rivers. Estimates of the Hogquiam and Wishkah Rivers were made
using linear regression between the Wynoochee River above Black Creek and
spot measurements from the East Fork of the Hoquiam and the Wishkah
Rivers, respectively. In the case of the industrial and municipal
sources in Grays Harbor report BOD-5 loadings to the Washington State
Department of Ecology. Where available, they are shown with the EPA
field data. In some cases, particularly the industrial discharges, there
is a considerable difference between the loadings reported by the

discharger and that reported by the EPA.
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Table 12.

Observed and estimated BODg loading rates for the major

point sources discharging to Grays Harbor, July 25-29, 1977.
Name in parentheses refers to the entity which made the
observation.

Source

Chehalis River
near Montesano

Wynoochee River

Weyco #2

Wishkah River
Aberdeen STP

Weyco #1

ITT/Rayonier

Hoquiam River

Hoquiam STP

* Fstimate

(EPA)
(EPA)

éEPA)
Permittee)

(EPA)
(Permittee)

(EPA)
(Permittee)

(EPA)
(Permittee)

(EPA)

(EPA)
(Permittee)

7/25

1,267

30

19,000

13,600
1,225*

BODs Loadin
?Ibs/day

7/26

1,685

5.2
140

1,035+

454,200
23,200

641,074
14,900

758*
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7/27

5,320*
231

17
180

404>

1,596
2,520

37,127
19,200

31,329
15,000

594*
711

7/28

60
423
1,880

27,200

18,700
289*
944

7/29

70

62,867
23,100

500



Table 13. Observed and estimated discharge rates for industrial and municipal

point sources and tributary rivers discharging to Grays Harbor,

July 25-29, 1977.

Source

Chehalis River
near Montesano

Wynoochee River
Weyco #2
Wishkah River
Aberdeen STP
Weyco #1
ITT/Rayonier
Hoquiam River
Hoquiam STP

* Estimated

Distance
from Montesano
(nautical miles)

0.0

0.2

8.5
11.5
12.3
13.4
14.2
14.3
16.2

7/25
643*

211.0
0.8
115+
3.4
33.0
43.7
108*
1.9
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Discharge
(cfs)

7/26 7/27
623*  6l6*
208.0 214.0
0.8 0.8
115% 118*
3.5 3.6
34.3 31.3
45.5 46.5
108* 110*
1.9 1.9

7/28
621*

208.0
0.8
112*
3.6
35.8
46.4
107*
4.6

7/29
614*

204.0
0.8
109*
3.6
33.3
45.6
105*
4.6



Grays Harbor Community College Water Quality Monitoring Program

The Grays Harbor Community College measured temperature, dissolved
oxygen, salinity and pH once a week at Point Chehalis, near the ocean
entrance to Grays Harbor, and at the State Highway 107 bridge near
Montesano, the approximate upstream boundary for the estuary. These
results are given in Appendix IV. In addition, the depth-averaged

temperature, dissolved oxygen and salinity are plotted in Figures 55, 56

and 57,

The temperature and dissolved oxygen concentrations at the ocean boundary
(Figures 55 and 56) are uncoupled from those at the upstream boundary
during the first three weeks of August, when the river flow was low. As
the flow in the Chehalis River increased, due to heavy rainfall, the
temperature and dissolved oxygen at the two boundaries became more
closely coupled. In addition, the water at the ocean boundary showed a
general decrease in sa]in%ty. This was a result of the three to
four-fold increase in the freshwater inflow to Grays Harbor which

occurred at the end of August and in September,
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FIGURE 55/, TEMPERATURE IN GRAYS HARBOR NEAR PT. CHEHALIS
AND IN THE CHEHALIS R. NEAR MONTESANO, 8/3/77-9/29/77.
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FIGURE 56|,

CHEHALIS AND THE CHEHALIS R. NEAR MONTESANO, 8/4/77-9/29/77.
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FIGURE /571,

SALINITY IN GRAYS HARBOR NEAR PT. CHEHALIS AND
IN THE CHEHALIS R. NEAR MONTESANO, 8/3/77-9/29/77.
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1969.

1975.

1971.
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1951.

1973.

1950.

1951.

1960.

1953.

1957.
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APPENDIX L

Water Quality Measurements

Made by EPA Region 10 in

Grays Harhor, Washingtom, July 25-29, 1977
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. TEWPERATURE, SALINITY, DISSOLVED OXVQEN, AND PH IN THE MAIN CHANMEL OF GRAYS NARBOR.
€PA KEGICN 16 FIELD $TUDV, JULY £8-89, 1977.

S$TATION OCEAN DaTE TINE DEPTH UATER CNDUCTUY  SALINITY  DISS OXYGEM ™
NelE 01s7 TTEnp AT 26 C

(NR) (METERS)  (CENT) (MICROMHO)  (PPT) (MG/L) (NSAT) (SU)
RCO6C  17.8  1/89/77 1000 18.0 18.8 1000.0 0.7 6.4 6.6 6.9
HCe6G 16.6 7/27/77 1240 6.0 19.¢ 25600.0 18.60 .0 69.§ 1.2
nco6a  16.6 1387 1240 2.0 18.6 26500.0 16.60 6.9 68.4 1.3
ncosc 16.6 /877 1240 6.0 17.8 28000.0 12.7¢ .7 88.4 1.3
Mo66 16.6 172177 1840 10.0 17.6 30000.0 19.16 §.7 6.0 1.4
mcest 16.6 272177 1240 16.0 17.6 30560.0 19.40 §.8 67.4 7.4
nCesd 16.6 2/2/77 1240 0.0 17.6 31000.6 19.7¢ 5.8 6.8 1.4
LN 15.4 /25,717 1520 0.0 12.8 15000.0 8.9¢ 6.7 M4 1.6
no? 15.4 /26,77 1520 12.3 16.5 33600. 21.10 5.8 ¢66.8 1.4
nee? 15.4 /267 94 0.0 10.0 60 15.60 .8 68.% 1.2
nco? 15.4 /2677 945 10.8 12.8 32000.0 20.40 6.6 65.8 1.4
nCo7 15.4  7/26-77 1600 0.6 18.0 26000.0 16.3¢ .8 61.8 1.3
nco? 15.4 272677 1000 10.0 12.5 32040.0 20.40 .7 66.8 1.4
no? 1S.4 e/ 1020 0.0 18.0 26004.0 16.20 $.? 8.8 1.
nCo? 18.4 1/26/T? 1020 0.6 12.8 33000.6 21.10 $.7 68.8 1.4
nco? 16.4 /26777 1040 0.0 18.0 27000.0 12.00 $.6 65.4 7.3
nce? 15.4 726/ 1040 9.8 17.8 J2000.0 20.49 6.6 85.8 7.4
neo? 16.4 7/86/77 1130 4.0 12.4 kAhktkk kAR Xk hkkk ' kkkk 7.2
nCO?  1S.4  2/26/77 1130 6.0 17.4 kRAkkX  kkARX  RARk D Akkk 9 3
nCoe?  15.4  2/28/77 1130 10.0 16.9 Akkkkk  kkkkk  kkkk , kkkk 9§
nco? 15.4  /26-77  $130 12.0 16.8 ARKARK XXEKX ARXXK RNRE 9§
nco? 16.4  /26/77 1830 0.0 19.0 16000.0 9.60 6.6 67.8 i
nco? 15.4 7/28/717 1530 14.¢ 18.0 30000.6 19.16 5.3 62.2 1.3
nCo? 16.4 /267717 1545 0.8 19.6 18000.6 9.60 §.9 68.8 1.1
nco? 15.4 /267717 1545 14.4 17.8 22.50 6.4 64.7 7.6
ne? 15.4  2/26/77 1660 0.8 19.6 9.60 6.9 66.8 1.1
nco? 15.4  2/26/17 1600 14.2 17.6 22.60 $.4 64.7 2.6
nCo7 16.4 272877 161§ 6.0 10.¢ 9.60 .0 678 1.2
ne? 16.4  7/26/77 1618 14.2 17.0 22.50 6.4 4.1 2.6
nCo? 15.4 RV 915 0.0 18.0 13.60 §.7 644 1.2
nCo? 15.4  127/M 915 15.0 18.¢ 17.00 $§.3 61.2 1.2
nCo? 15.4 2/ 9% 0.0 18.9 13.6¢ 5888 s 7.9
nco? 15.4 2w/ 048 0.0 18.¢ 14.20 8.4 g2.2 7.2
nco? 15.4 R/ 948 15.2 18.0 17.00 $.3 61.2 1.2
nce? 15.4 721771 1000 0.0 18.¢ 14.90 5.4 68.2 1.2
"o 16.4 1727777 1000 15.2 18.0 12.7% s.3 61.2 17.)
nco? 16.4 /82777 1016 0.6 8.0 14.9¢ 6.4 éa.2 1.2
nCo? 16,4  172/77 1015 15.% 17.8 19.40 - .2 60.8 1)
neer 16.4  220/77 1636 6.0 18.6 16.60 8.4 6.8 1.2
nco? 16.4 22/ 1036 1$.8 17.8 10.10 .2 S4.4 1)
nCco? 16.4  2721/717 1045 4.0 18.0 16.3¢ 6.4 62.2 1.2
neer 16.4  12/77 1048 5.2 11.8 18.70 6.3 61.6 7.4




0168 OxVGEN ™
(NG/L) (NSAT)

(rrY)

CNDUCTUY  SALINITY

AT 28 C

(NICROMO)

UATER
{4

(CENT)

DISSOLUED OXVQEN, AND PH IN THE PMAIN CHANNEL OF GRAYS HARBOR.

29, 1.

SALINITY

. JuLy ."

TINE DEPTH
(NETERS)

b

TERPERATURE
€FA REGION 10 FIILD §TU
DATE

D1sY

th)

STATION OCEAN
NAME

TAELE 2-1.

MWTOGDODOUNMOMBABURN BN A OO Pt N BARAN OO OB TEM?

@ ® 6 6 5 @ 06 0 6 © 6 ¢ © o & ¢ 9 ® 0 % ¢ o o & UMM ¢ * ¢ s * 5 ¢ s 0 8 0 0 e @

N L L L el L S L L L L

T Y 0 T DT Dol Do Do Dol Aol 2o b d adgl Lo 1 T R T .- 0 7.0 Y T T.7 7 0N

v-aco-oo'-‘w.o-"o’o‘o’o‘a‘a‘a’uo..‘o‘ca.o.’o‘c’ocua,.ooo.oo.
O ARG s -4 by - g d-d 1 4

PO OO =g a"“...a.a.3.7a..‘l1‘7 COBEUN @G

@ o ¢ o o o 0 o @ ¢ s o o e o ® o © » & B 8 ° 0 4 4 2 8 ° ¢ O 0 0 0 % e e @

233273332237233333228 2253882 22 2m 22020
I.ﬂ.?.?.“ Ar N AD A = ? T O PG NBUBR DO G G =i DA & =
-t @0 (4 015 (\f vnt o o=t <=t G0 S S b S 0 S0 @4 WS S -0 w0 ot ot o ou -t ot et ot o o 6 R 0 AF

TR

@ oo oll..-'“
OB VWO ®
-t R o= Q) v O ¢ o vo o4 (13 A - o am oo ot o= AR A (Y NV QS

."-S‘.sss.s.s.‘.s.‘."1-3".‘..’s‘.‘a.‘...

WO PO~ ......-..----.....-'.-....-.,7'..
B Tt St D P T T TV T D T TE G P U=t T=f T G ) Wb W

......‘...'.....‘-a.e.......-.......‘....7

PO - . (] @@V TNINM
s o) ea-‘ssssssss GO VO OD (- - 1 T g 13- 1 2- 1 1 1 1 T-7-9
0 T P T Sl T TN GO T wm) ) T T TS T PG e i Y -0 o -t oy -t

-9Y-



-001L-

TATLE I-1. TEWPERATURE, SALINITY, DISSOLUED OXYGEN, AND PH IN THE MAIN CHANNEL OF GRAVS MARBOR.
EPn REGION 10 FIELD sTubv, Julv aé-20, 1977.

STATION OCEMN DATE TINE DEPTH UATER CNDUCTUY  SALINITY  DISS OXVQEN PH
NelME D1ST TEnp AT 86 C

(Y, b (RETERS)  (CENT) (MICROMNO)  (PPT) (RA/L) (NSAT) (SU)
"cos 13.8 /2872717 13 .0 18.9 37000.06 81.9¢ .8 70.7 7.4
neos 1.8 a2/ 1238 8.7 17.§ 44000.9 28.70 s.0 4.1 2.7
ncos 13.8 86/ 1560 0.0 18.1 25000.6 15.60 s.8 68.3 1.t
n.cs 12.8 726/ 1560 10.0 17.3 34000.06 21.86 5.8 8.6 7.3
Mces 13.8 w2177 1188 0.6 17.§ 05¢60.0 19.40 6.1 n.0 7.4
neog 13.8 w2/ 1150 2.0 17.4 24400.0 22.10 6.3 73.8 7.8
noes 13.8 2w 1150 5.0 16.5 36900.0 . 8.4 4.7 1.8
ncas 13.8 B/ 11560 10.0 16.§ 37000.6 23.9¢ 8.4 %.2 2.7
neos 13.8 2/ 1208 6.0 18.0 34000.¢ a1.10 5.1 9.6 1.8
nces 13.8 w2 1265 4.0 17.0 33000.0 84. 6.0 7M.l 1.¢
nces 13.8 172177 1268 6.7 l?.z 38000.0 24.50 5.9 7.2 .6
nces 13.8 277 1218 6.0 18. 31000.0 19.70 5.8 6.6 7.4
nees 13.8 172277 1218 8.7 17.0 .0 24. 6.9 4.3 7.8
nCes 13.8  2.27/77 1230 6.0 8.0 32000.0 £0.40 6.8 60.6 7.4
nces 13.8 /27 1230 8.7 12.0 38000.0 84. s.8 7.3 1.6
noee 1.8  71/21/77 1248 6.0 18.0 32000.0 20.40 §.7 07.s 1.8
nCos 13.8 /2717 1248 6.? 17.0 38064.0 24 $.0 6.8 1.6
nCo8 13.8 R/ 1430 6.0 17.6 34000.0 21.80 8.0 .0 1.4
ncos 13.8  27221/77 1430 6.7 12.0 16000.6 8. $.9 9.2 1.8
nces 13.8 721,77 1448 0.0 17.8 300.6 17. 5.9 6.8 1.2
ncea 13.8  772/77 1448 5.0 17.8 32000.6 2. 6.8 8.4 1.
nces 13.8 121777 1445 100 16.8 34000.6 21.8¢ s.0 69.3 7.4
NCeS 13.8 w31 1888 6.0 18.5 25500.0 15.90 5.8 7.7 1.3
NCes 13.8 21/ 1886 8.7 17.§ 36000.0 2).20 5.3 .1 1.5
Nces 13.8 /8877 610 0.0 18.8 000.0 17.00 6.5 76.7 1818
nCas 13.8 w28/Mm 616 8.7 18.6 21000.¢ 1? 6.4 4.6 s
nces 13.8 28/M 856 6.0 18.0 22500.6 11.94 s.6 6.3 .1
nCes 13.8 e/ 854 5.0 18.0 265040.0 15.66 5.4 s2.2 8.t
nces 13.8  28/77 016 e.0 18.6 23500.0 14.60 6.9 8.2 s8¢
nces 13.8 w2007 916 7.8 18.1 26100.9 16.40 5.6 66.0 8488
nCes 13.8 128/ 916 1.2 1801 P332 e] 18818 3888 i3 1888
nces 13.8 w2/ 916 9.8 888 588888 18188 1888 83388 3118
NCo8 13.8 e/ 1220 8.0 17.3 29500.0 18.70 6 . 2.7
nces 1.8 w28/ 1820 8.0 16.§ 3 N | 21.16 .3 2.6 1.7
nces 13.8 128/77 1856 0.0 19.4 £9860.0 18.9¢ s.0 12.1 .
nces 12.0  w28°17 165 s.0 1.2 36400.6 23.4 4.3 78.4 .
nCes 13.8 172877 1265 10.0 18.1 37100.0 23.96 6.4 8.4 7.9
nCes 13.8 /28777 1268 26.0 1.8 27200.0 84. 6.4 4 nns
neces 13.3  2/28-77 1968 6.0 18.8 80500.0 18.66 s.6 64.0 2.
nces 13.8  20/77 1946  12.0 17.8 208¢0.0 18.7¢ 4.9 88.4 1.7
nces 13.8  1/88/77 1916 6.0 20.4 82000.6 13.60 $.? 0.5 .
nced 13.9 /8877 1816 s.¢ g2e.0 26000.0 14. s.0 80.4 .
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TAPLE 1-1. TEMPERATURE, SALINITY, DISSOLUED OXVGEM, AND PN IN THE MAIN CHAMMEL OF GRAVS HARDOR.
€Pa PEGION 10 FIELD sTUBv, JuLv 86-20, 1971.

NARE DISY AT 28 C

§TATION OCEAM OATE TINE DEPTH #;'!'l CNDUCTUY  SALINITY  DISS OXVGEN ™
() (NETERE?  (CENT) (MICAORHO)  (PPT) (M/71) (NSAT) (8

ne8  13.8  /RE/TT 1816 10.0 19.7 29100.0 18.40 9.6 1.7
nod 1.9 e 1916 13.6 19.8 31600.4 20.3 6.3 1.8
nies 13.8 7-29/77 W 6.4 18.3 12090.¢ 10.20 s.6 8.2 1.3
nes 13.8 /77 16 4.8 18.3 186300 11.80 $4.7 1.
meg 13.8 22977 925 6.4 18.6 00¢4.0 12.40 5.8 834 1.0
A8  13.8 1.8/ 928 2.8 TR 22400.0 13.86 2 5980 1.9
nees 13.8 BRI/ 926 4.0 8.6 83900.6 14.98 5 58.2 1.0
nes  13.8 1/39/717 925 6.0 18.6 24600.0 15. 9 6.0 $8.8 7.1
mCeB  13.8 /2977 928 8.8 10.9 25800.0 16.20 s. 8.6 2.1
no8 138 a2 925 10.0 18.1 25980.9 16.20 $.0 628 1.1
nces  13.8 2077 pas  12.6 19.0 26100.0 16.49 . 58.7 2.1
nee9 12.0 1/85/17 1826 0.0 £1.6 32400.0 2¢.70 sis% st 2.6
no9 12.8 7/26-77 1835 6.0 11.6 24100.0 21.94 . 2.8 7.6
mes  12.8  /88/17 1828  10.0 16.7 40000.9 26.56 6.1 .8 2.7
nee9  12.8  as/1 1830 o.: 17.7 32400.0 u.rg . 7.4 7.6
neo  12.8 /26T 1180 & 16.1 VARAAA  kkkk hxkk ARk 7.8
ueos 12.8 /2677 13880 5.0 16.1 VARARR kAR kdkk  kkAk )8
neap  12.8  7-28/71 1160 10.0 18.0 VAAARA  kkkkk  kdkk kkik ¢
oo  13.0 272617 1180 15.0 16.1 Akkrhkk  AkEkk kxXAk Rhkk 96
no9  12.8 7172677 1286 0.0 18.¢ 400009 £6.9¢ s.2 .0 1§
neoo  12.8  2/26.77 1220 6.7 17.4 46000.9 30.10 .2 1.8 1.8
neo9  12.8 22877 1530 6.0 18.4 26200.6 16.46 2 18 14
neod 12,8 /26717 18538 16.4 12.3 34000.0 21. 68.4 1.4
nee9 12.8 42177 1136 6.8 16.6 20400.4 24.56 .7 10.0 1.8
neey  12.8 21 136 2.0 16.6 35860.0 24.50 4 174 1.6
ned 12,8 121 1138 8.8 16.2 39608.9 5 ne 1.1
neeo 128 2N t13e 1.8 18.1 30400.0 25.50 ¢S N4 1.7
nced  12.8 /B 1136 15.4 16.1 20909.0 25.20 5 6.2 1.7
nce9 12,8 1AM 1450 0.0 17.8 28000.6 17.70 0  69.3 1.3
no9  12.8 12N 1456 5.0 17.1 30900.0 19.79 . 27.3 7.4
ne9  12.0 12171 1456 10.6 16.7 33000.0 21.19 . 8.8 1.4
need  12.8 1217 1845 0.0 TR 20500.0 18.79 .6 861 1.2
neod  12.8 2 1845 6.7 17.§ 36008.0 23.00 4 64.7 1.5
neee  12.8 1/28-77 856 0.6 5.0 26700.0 16.30 .8 &2.0 sim
ncep  12.8 w2817 BSé 1.8 s 18It 398 5398 31888 484
nod  12.8 w2877 856 1.8 .1 5046.0 18.40 6.8 $.0 3188
ncod  12.8 128477 BSe 11.9 sszs 1188098 ssass B888 3K Si34
need  12.0 128477 1305 6.0 18.0 38000.9 24.50 B 2.4 1.9
nce9  12.8 7284717 13§ 5.0 8.0 900.4 24.60 4.9 n.g 1.9
ney 158 ra8yy 13 e D8 Bees.s e &1 o8 oi
nced  12.8  1/88/17 1960 0.0 20.1 26100.9 16.49 .2 4.3 1.7
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TBLE I-1. TEMPERATURE, SALINITY, DISSOLUED OXYGEN, AND PH IN THE MAIN CHANNEL OF GRAYS HARBOR.
EP REGIOH 10 FIELD STUbv, Julv eb-28, 1977.

STATION ggg:ﬁ DATE TIRE  DEPTH UATER c;u:cstgv SALINITY  DISS OXVGQEN M™

NaME Tnp A

{(NN) (METERS)  (CENT) (NICROMKO)  (PPT) (M/L) (NSAT) (SU)
ncoy 12.8  1/28/71 1900 §.0 20.1 27800.0 17.80 ..0 2.9 7.7
<09 12.8  7/88-71 1940 10.8 19.8 338040.0 21.60 s.0 70.4 2.0
nCad 12.8  7/28/77 1900 5.0 19.8 34200.0 21.8¢ s.8 1.2 1.9
need 12.8 /891 916 0.0 18.3 283400.0 14.60 5.3 .5 1.0
neod 12.8 13 m 916 2.6 12.8 24800.0 15. s.2 9.1 1.4
Ao 12.8 wavn 816 4.0 17.9 26400.0 . $.0 §71.9 7.1
ncoo 12.8 180/ 916 6.0 18.9 27500.8 17.38 6.0 8.6 1.2
nceo 12.8 129/ 910 8.0 12.9 20400.6 18.60 $.0 8.9 1.1
nced 12.8 129/ 010  14.0 17.6 20400.0 18.66 4.9 7.6 1.2
HC10 16.8 7/25/77 1866 0.0 16.8 40900.6 18 ] 4.8 1.7
nC1d 10.8 125/ 205 6.0 16.0 44100.0 28.7¢ 6.3 5.7 1.7
nc1o 10.8 ?/88/77 8 10.9 16.6 44600.6 28.1 6. %.3 1.7
neio 10.8 /2677 1210 0.0 17.¢ 000.0 30.1¢ 6.6 si.6 1.8
ne1o 10.8 /287717 1218 6.7 16.¢ 9000.9 e.2 6.4 .9 1.8
nc1o 10.9  2/.27/77 1118 .0 18.7 41000.6 26.6 ?.4 8.t 1.7
nci1o 1.8 72,8277 1116 2.6 16.6 41040.0 . e.9 1.3 1.7
NC1o 16.8 2177 1416 5.0 15.8 41000.0 26.60 6.2 7.3 1.7
nCL 10.8 /3277 1115 11.6 15.8 0.0 28.5¢ 6.7 8.3 7.7
nC1o 16.9 2/ 1530 .0 17.4 22600.0 19.20 6.1 M.4 7.4
"C10 16.8 /2177 1538 5.0 16.3 N | .50 6.1 7.9 7.6
nC10 1.8  2/8/77 1536 10.0 15.8 900.6 .10 6.3 72.3 1.6
neio 1.8 2.2/ 1838 0.0 18.6 5000.0 a2.5¢ s.8 6.8 1.6
nC10 1.8 2.27/77 1825 6.7 16.6 19000.0 25.20 s.4 8.5 1.7
nCLo 1.8 wag/'m 836 0.0 17.§ 20400.6 19.30 6.2 2.6 8188
nC19 16.0 7/88/M? 18 7.6 17.2 3 .0 . 8.9 70.0 113
nC10 16.8 772877 1326 0.0 17.4 40000.0 25.90 6.2 7%.0 8.0
nc1e fe.8 88/ 1326 $.¢ 17.¢ 40569.0 26.30 6.0 .9 0.0
HC10 10.8  7/38/77 1326 10.4 16.7 40700.4 26.4¢ $.9 7.9 8.1
ne1o 1.8 77207 1325 13.0 16.7 40864.0 24.50 §.6 67.4 0.1
nC19 1.8 7/28/77 184§ 0.0 9.6 21000.6 18.70 8.8 .0 1.8
neio 10.8  7/28/77 184§ 5.0 9.6 34100.6 21.90 $.9 7.5 8.0
ne1o 10.0  7/88/7T7 1846 10.0 8.6 36108.0 2).20 5.3 4.1 0.0
ncie 10.8 29/Mm 850 6.0 17.8 28600.0 10.10 $.§ 6.8 1.4
nCLe 10.8 /2077 8sé 2.6 ?.? 30100.0 19.16 $.) 61.9 1.2
nC1e 10.8  2/29/7M 250 4.0 2.8 31000.0 26.30 8.3 62.2 1.2
ncte 1.8 20477 266 6.2 7.4 33000.0 21.16 5.4 63.% 1.3
HC10 10.8 72/89/77 850 9.0 17.6 33100.0 21.2¢ $.4 6.4 2.3
ncieL 8.2 2786777 1730 6.0 16.7 41800.0 22.10 7.3 87.8 2.7
neioL 8.2 185/ 1713 5.0 5.8 45006.0 29.40 8.7 0.6 7.8
nCcl1oL 8.2 88/ 110 10.0 4.6 46800.0 .00 6.1 1.7 1.8
NCioL 8.8 7/828/77 1165 9.0 5.8 50000.6 38.90 8.6 9.1 2.8
ncieL 8.8 26/ 1186 8.7 4.5 000.0 . 5.9 M. 7.0
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TAPLE 1-1. TEWPERATURE, SALINITY, DISSOLVED OXVGEN, AND PH IN THE MAIN CHANNEL OF GRAYS NARBOR.
EPA REQION 10 FIELD stuby, JULv 86-39, 1977.

STATION CCEAN DATL TIRE DEPTH UATER CHDUCTVY  SALINITY  DISS OXVGEN L))
NANE DIsT 314 AT 28 C

(N®) (RETERS)  (CENT)  (MICROMMO)  (PPT)  (MG/L) (NSAT) (6U)
ncteL 8.2 3w 1828 0.0 18.0 30000.0 25.20 $.7 82.3 1.7
nciet 8.2 2171 1828 6.7 17.0 40000.0 25.6¢ .8 .6 1.2
nt 7.0 wes/T7 1646 0.0 183 sisassg 188 3888 38ss 3333
ne1t 7.0 a8/ 10 0.6 15.0 46000.6 20.10 . 2 1.8
Nt 7.6 86/ 171180 6.8 14.6 47160.0 30.60 6.3 .2 1.7
ncit 7.0 %25/717 116 10.0 14.2 7100.0 30.80 f N4 1.7
nci 7.0 277 1015 0.0 13.0 kkxkkk  kkAkAk  kkkk  kkkk .§
nc1 7.6 w28M 1018 6.6 13.¢ VARAAR  AkAKX RRAX  kkkk 9.9
N1t 7.6 126/77 1018 16.0 13.0 YARkAR  kAAkk  Khkk  kkkEA 9.9
nc1 7.0 267 1148 6.0 16.46 51000.0 31.60 6.4 1.3 1.8
nciy 2.0 126/ 1148 4.7 14.9 £2000.6 4.9 .8 7.8 1.1
NI 7.6 18677 1615 0.0 16.9 38200.0 24.70 6.7 1.8 7.6
R 7.0 2/26/77 1615  10.0. 14.8 44000.0 28.70 §.0 69.7 1.6
MCH1 7.0 226/ 1616  13.5 14.2 42300.6 28.2¢0 6.8 7.2 1.8
AC11 7.0 MR 1045 0.0 14.9 43600.9 28.40 $.0 01.1 1.8
neL 2.0 2177 1048 2.0 13.8 43300.6 28.5¢ 69 7.5 1.8
neit 2.0 WRLM 1045 §.0 13.7 43600.0 28.40 6.9 .8 1.3
ne1 7.6  MB1/17 1645  10.0 13.8 42500.0 a.n 6.8 1.9 1.0
31 7.6 223171 1045 14.0 13.4 43700.0 28.5¢ 6.7 1.4 1.8
N1 7.6 12177 1550 0.0 . 16.2 36500. 23.6¢ 6.9 80.8 2.8
K 7.0 w2177 1560 6.0 16.1 38100.0 T $.4 M7 1.2
neit 7.0 277 1560 10.¢ 14.4 09.6 25.4¢ 6.4 W4 2.7
nei 7.0 2/ 1818 6.0 16.8 41000.0 26.60 6.4 1.7 11
ne1y 7.6 211 1818 6.2 16.6 42600.6 . 65 1.9 7.8
ncly 7.6 1M 0.0 16.3 36100.¢ 23.70 2.0 81.8 1.6
Nt 2.0 28777 M6 1.8 1138 stsdsng 28838 558 38088 3313
N1 7.0 B8/ 150 12.8 .0 37000.0 24.5¢ 8.2 N9 1.4
nett 7.0 w2877 1356 0.8 16.9 42000.0 . 2.1 20.4 8.4
ne1 7.0 28077 1388 8.0 14.7 44600.0 20.10 4 M3 83
ncl 7.0 7/28/77 1166  16.6 13.7 45900.9 2. 2.7 80.1 8.4
nci 7.0 28/17 1826 0.6 18.9 38360.0 24.7¢0 7.4  O1.8 8.1
nci 7.6 /28777 1820 6.0 18.3 30400.0 25.5¢ 7.2 80.2 0.8
AC1t 7.0 /28/77 1820 12.¢ 16. 42500.0 21.60 6.9 8.4 8.2
ne1l 7.6 28/77 816 3.0 16.5 28560.46 24.96 6.7 M. 16
ncii 7.0 1B/ 816 §.0 16.4 393000 25.4¢ 6.7 1.8 1.6
nett 7.6 2/29/77 810 6.0 16.3 30600.0 26.60 6.7 0.4 2.6
neit 7.6 1/20/717 816 2.0 18.3 20600.0 28.60 6.7 1.4 2.6
nety 7.6 1/29-717 816 18.0 18.3 960.0 24.50 6.8 00.8 7.6
Nyt 7.6 1/89/77 816 2.8 16.3 39600.0 £5.6¢ 6.6 7.8 1.6
ncia 5.1 /86777 1640 6.6 15.8 45600.0 .00 .3 87,7 1.8
ncie 6.1 /88,77 1840 §.¢ 14.5 47600.0 31.10 $.4 7.3 1.8



20.L=.

TAPLE T-1. TEMPERATURE, SALINITY, DISSOLVED OXVGEN, AND PH IN THE MAIN CHAMMEL OF GRAYVS HARDOR.
€9 REGION 10 FIELD $Tubv, Julv ab-29, 1977, _

STATION OCEAN DATE TINE  DEPTH UATER CNDUCTUY  SALINITY D168 OXVOEM L]

MAME  DISY 1Ene AT 86 ¢

(NR) (METERS) (CENT)  (MICROMHD)  (PPT)  (MA/L) (NSAT) (BU)
nci2 5.1  1/85/77 1840 0.0 1.8 48800.0 32.00 $.§ 64.4 7.7
rcl2 §.1  7/81/77 1026 8.6 1.4 47000.0 .80 8.2 913 0.
nCi2 $.1 8177 1630 6.0 11.4 46800.0 39.66 8.3 01.4 0.3
niia 6.1  272/77 1030 18.0 11.4 46300.0 34.30 8.3 61.4 8.
rc1a §.1 17217717 1625 0.8 16.8 38104.0 24.60 7.3 M6 1.7
rc12 5.1 217 1626  B.0 16.4 38800.0 25.16 7.4 15 1.1
ncie 5.4 77214717 16286 6.0 14.8 40000.0 26.90 6.7 1.4 7.7
nci12 5.1 721/7 1635 10.8 12.6 41400.0 26.90 6.7 8.4 7.7
ne12 §.1 1720/77 1415 0.0 13.9 43400.0 28.30 9.4 104.) 8.2
nc12 .4 128/77 1416 6.0 13.9 45500.0 20.70 9.8 113.) 8.3
ne12 $.1  7/28/77 1415 10.0 12.8 46000.0 .16 9.8 111.0 8.4
nci2 §.1 28/T7 1415  12.6 12.6 46100.9 30.10 9.9 111.64 8.4
' H S.4  1/28/77 1756  0.¢ 1.8 41500.0 26.90 7.0 4 8.
nci1a §.1 38717 1765 5.0 12.9 42200.0 27.4¢ 6.6 80.4 8.2
nc12 S.1  1.20/77 1766 10.6 16.1 432009 28.10 6.4 7.3 8.2
nci12 S.1  7/80/77 140 8.0 $388 ses1tg 1848 538 33888 I
nei2 6.1 120717 140 0.0 16.4 37660.9 24.3¢ 7.0 2.2 1.4
ne12 .1 29777 140 1.8 16.8 39600. 25.60 69 806 1.7
nc12 $.1 272077 146 2.6 15.§ 11000.0 26.60 7.2 83.9 1.7
(TE] 2.8 72/86:77 16160 0.0 14.4 48064 31.50 6.7 W1 1.9
MC13 2.8 85/77 16160 S.8 13.6 40500.0 32.5¢ .0 68.3 7.1
nci3 2.6 36/77 1610  10.0 1a.¢ 50100.0 3.0 $.¢ 83.6§ 1.7
nc1d 2.8 1/86/77 1610 16.¢ 1.6 56700.0 33.40 $.1 58.8 1.6
nt13 2.6 7/85/77 1930 .0 siag s1sayt s114 LU LU
ne13 2.5 eem 930 0.0 9.8 kX AhkXkk *% xk 9.8
ne13 2.5 1726717 9% 0 9.6 KARAXA  NAKAK  RKAR  KAAA 7.8
nc13 2.5 1wt 91 xg.o 9.5 Akkikk  kkkik  RkAk  kkAk 9g
nt1) 2.6 26/717 930 16.0 9.3 Akkkkk  kkkkk  kAKK kkkk 9§
nc1l 2.6 272677 1780 6.4 14.6 43500.0 28.30 7.3 $4.8 1.7
nc13 2.6 7726717 1760 S.8 13.4 45200. 20.60 s. M2 1.7
nc1) 2.6 1726771 1700 10.8 12.6 45200.0 20.60 4 1.4 2.7
KC13 2.5 72726/77 1706 1S5.4 10.7 47000.0 30.80 6.0 5.5 1.7
neid 2.6 278671 1130 0.0 1.0 43100.0 20.00 7.3 85.0 1.7
nc13 2.6 22217 1016 .0 10.4 46700.0 30.60 6.4 69.6 1.8
ncil 2.8 18117 1610 2.0 1.2 46000.0 30.60 ¢5 69.8 1.8
ne13 2.6 2721777 1ete 5.0 10.0 46800.0 30.60 6.6 2.1 7.8
nC13 2.5 7377 1010  16.6 10.6 46800.0 34.60 66 69.9 7.7
nc13 8.8 131777 1010 (6.0 1.0 46804.0 36.60 6.8 1.3 1.7
ne1ld 2.5 /2177 1650 0.8 14.§ 41088.0 26.60 7.3 0.9 1.8
NC13 2.5 RV 1650 6.6 13.1 42200.0 27.49 7.3 -83.8 1.=
nC13 2.8 8177 1650 10.4 13.1 42000.6 27.20 7.4 M9 7.
nc13 B.S 72/81/77 1850 4.9 12.8 43500.0 28.3 69 7.3 1.2
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TAPLE I-1. TEWPERATURE, SALINITY, DISSOLUED OXYGEN, AND PH IN THE MAIN CHANNEL OF GRAVS HARBOR.
€Pa REaIOn 10 FIELD sTubv, JuLy ab-ae, 1977.

STATION OCEAN DaTL TIRE  DEPTH UATER CNDUCTUY  SALINITY  DISS OXVGEM ™
NONE D18t L 4 AT 28 €

(M) (RETERS)  (CENT) (NICRONHO)  (PPT) (RG/L) (NSAT) (SU)
13 8.6 231/ 1788 0.0 14.2 41500.0 26.90 7.8 5.3 8.1
w1) 8.8 2/ 178 8.6 13.4 42804.0 7.0 2.8 ".s 8.4
n13 2.8 B/ 178 10.0 18.4 43500.0 20.30 7.0 %1 00
neid 2.8 1M 1188 14.0 11.4 43800.0 28.50 7.4 .1 8.0
nC1d 2.5 2w 1748 0.0 1.8 41660.0 . 7.8 5.8 8.1
nid 2.5 BRI/ 1748 2.6 13.4 42108.0 87.46 7.6 4.3 O.t
MC1) 2.8 13w 1140 6.0 13.¢ 42960.8 27.90 7.8 X N
"1l 2.6 278177 1740 10.0 12.8 42900.0 27.9¢ 7.8 7.9 8.0
nciy 2.6 1717 1740 14.0 11.8 44600.0 28.7¢ .1 .1 8.1
nC1) &5 wavm 1800 0.0 13.6 42000.0 a1. 2.8 8.2 8.0
neil 2.5 131 1866 a.s 13.6 42500.0 a7.60 7.4 4.4 0.1
ncid 2.5 R/ 1860 6.6 13.0 42940.0 . 2.8 st.1 8.0
netl 2.6 12117 1800 10.0 12.6 43000.0 88.00 2.1 1.9 8.6
MCi) a8 72721/ 1800 18.0 11.8 43900.9 (1B 7.3 9.7 0.1
nct3 e.8 was/m 6.0 14.8 0.0 24.90 2.8 .y 1.8
neid a.6 wesn 100 s.0 14.8 28500.0 24. 7.6 6.3 1.8
nc1d 2.6 as/n 70 100 16.¢ 0000.0 és. 1.8 6.7 1.8
ne1d 2.8 12 %0 13.0 15.¢ 28800.0 26.10 7.6 6.2 1.8
MC13 8.6 an 113 0.0 16.0 43600.6 £8.48 8.8 105.4 0.2
(k] 2.8 7728/ 1730 6.0 16.? 43988.6 28.69 8.6 1028 1.2
13 2.6 w28/77 1730 10.0 18.3 44208.6 20.88 s.0 10).0 8.2
nc1l 2.6 287277 1130 1.0 14.9 45000.4 20.40 8.2 10).0 3.3
MC13 2.8 RN 1S 4.0 15.6 .0 7.9 7.4 9.1 7.7
ne1d 2.8 129N 18 1.0 16.0 425040.0 27.60 7.9 9.6 1.8
(o ¥ g5 rawm 718 a.e 15.0 43640.0 -4 7.8 8.1 7.8
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TAELE [-2. TEWPERATURE, SALINITY, DISSOLUED OXVGEN AND PH IN THE SOUTH CHANNEL OF GRAVS HARDOR.
€ PEGION 10 FIELD stubv, Jutv 2b-29, 197,

STYION OCEAN DATE TINE DEPTH htlhftl Cﬂbtalgﬂc.lv SALINITY  DISS ONYOEN ™

MettE oISt aY

(MR) (METERS)  (CENT) (RICRONHO)  (PPT) (MG/L) (XBAT) (BU)
§0. 6.0 7/26/77 1630 0.0 14.8 45000.0 29.46 6.5 %8 1.6
S0t 6.0 7/256/77 1838 6.7 1.0 47000. 0 .00 5.4 4.8 7.4
§31 §.0 7/38/77 1066 0.0 13.6 45000.0 29.40 6.9 .8 1.8
S0l 6.0 /R6/77 1655 6.7 13.0 46000.6 e 6.8 n. 7.6
£13] 6.0 /26,77 1135 0.0 14.0 52000.0 34.2¢ 6.0 M.7 7.8
501 6.6 126/717 1135 6.7 1.6 §3000.¢ 3%.10 6.0 7.9 1.0
so1 6.0 7/26/77 1400 6.0 16.0 44000.6 28.70 T.1 5.0 2.3
§01 6.0 /86777 1400 3.0 16.6 45000.0 20.40 6.8 ft.y 2.8
§01 6.6 2/26/77 1420 4.6 16.5 45000.0 20.40 8.7 0.1 2.9
501 6.0 126/ 1400 6.7 18.§ 45000.6 20.4¢ 8.7 .1 8.0
501 6.0 7/86/77 141§ 0.0 16.5 42000.6 £0.6¢ 7.0 84.9 2.8
sei 6.0 /26,717 141§ 6.7 16.¢ 45000.6 20.40 6.8 7"y 7.8
$01 6.0 7/26/77 143 .0 16.6 43000.6 28. 7.0 203.9 1.8
501 6.0 12677 1436 8.7 15.¢ 45004.0 29.40 6.6 mn.3 1.8
sot 6.0 7/26/72 1445 0.0 1.6 0.0 20.00 2.0 84.9 2.8
soi 6.0 7/26/77 1448 6.7 16.5 45000.8 29.40 6.5 71 1.9
5014 6.0 /B6/17 1500 0.0 16.5 13000.0 28.00 7.0 4.9 7.8
§01 6.0 /2677 1600 3.0 16.0 43000.0 4 6.9 2.6 1.4
501 6.0 /2677 1500 4.6 1.6 44000.0 28.7¢ 6.7 81.0 7.8
so1 6.0 /267 1600 6.7 18.0 44000.0 28.70 8.6 .8 1.9
sot 6.0 /26,77 1618 9.0 17.0 42000.0 . 6.9 3.7 1.8
501 6.0 26/77 1518 6.? 16.6 44000.4 83.7 6.2 3.4 2.8
sot 6.0 126/ 1630 0.0 17.6 42000.0 . 8.9 823.7 1.8
so1 6.0 126/ 1600 4.6 16.9 43004.0 28.00 6.9 ge.¢0 7.8
501 6.0 126/7? 158X 8.7 14.§ 46000.0 30.10 6.1 71.6 2.8
s01 6.0 186/77 1645 0.0 17.¢ 42000.9 27.3¢9 6.8 g2.7 1.8
sei 6.0 726477 1548 8.? 18.0 45000.0 29.40 6.1 7.3 1.8
so1 6.0 126/ 1600 6.0 17.¢0 41000.0 26.64 6.9 3.7 2.8
se1 6.0 7/,26/717 1680 .0 16.5 48000.4 27.2 6.7 g0.8 7.8
so1 6.0 1/268/77 1600 4.6 15.8 45000.0 20.40 6.l %.4 1.8
501 6.0 2/26/77 (600 6.7 16.6 46000.0 36.10 6.8 73.3 1.8
sel 6.0 12277 1540 6.0 16.0 41000.0 28.69 6.7 .9 1.7
$0) 6.0 /22777 1540 3.0 14.¢ 41000.0 26.66 8.7 7m.e .7
S04 6.0 72/2/71 1848 4.8 1.8 42000.0 37.36 6.6 74 .2
S04 6.0 2/87/77 1840 6.7 16.0 4 -8 25.00 6.8 2.3 1.7
sel 6.6 72/21/77 1600 0.0 1.0 41000.0 26.60 8.7 8.8 2.7
s01 6.0 /22,77 1680 6.7 18.3 42600.0 a1.68 6.5 4.8 1.7
801 6.0 72/37/77 1418 0.0 16.6 41000.0 26.60 4.7 m.e 2.7
sot 6.0 2N 1618 €.? 1.0 43000.0 28.00 s.8 .3 7.8
§01 6.0 1/27/717 1630 0.0 18.8 41000.9 26.60 8.7 w.s 1.7
so1 6.0 21/77 1830 6.7 16.9 43000.46 81.60 4.2 8.3 1.7
S01 €.0 B8/ 1648 6.0 16.0 41000.0 26.60 s.6 ne 1.7
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TATLE 1-2. TEMPERATURE, SALINITY, DISSOLUED OXYGEN AND PH IN THE SOUTH CHANNEL OF GRAYS WARBOR.
EPw REGTON 10 FIELD stubv, Julv a8-20, 1977,

STaTION OCEAM DATE I DIPTM (’IAVII ggmglgﬂcﬂ SALINITY  DISS OXVGIN PH

Nl dlsY e

(Hm) (METERS)  (CENT) (HICROMNHO)  (PPT) (HQ/L) (NSAT) (SU)
S0t 6.0 /81771 1648 8.7 15.0 43000.0 20.00 6.1 1.3 1.7
501t 6.0 BV/TY 1700 6.0 16.8 41000.6 28.60 8.7 0.9 .17
§01 6.0 2227711 1700 6.7 16.0 43000.6 28.00 8.1 1.3 2.7
$d1 6.0 /M 146 0.0 16.0 36000.0 23.20 7.2 8.6 8.1
sol 6.0 wa/Mm 748 10.0 16.0 37000.4 2).5¢ 6.? 7.2 8.1
s 6.0 e/ 1IN 0.0 12.§ 44500.6 29.08 10.4 16.3 .7
Sot 6.6 128777 1338 5.0 18.3 44500.0 29.00 10.4 }S.l 7.7
$01 6.6 7/88/77 1330 10.0 12.0 44500.0 20.00 10.4 s.¢ 1.7
sel 6.0 128/77 1330 15.0 13.¢ 43500.0 28.30 10.4 1.6 1.7
§01 6.0 /28/717 1348 0.0 1.3 44560.4 a9. 9.0 3.0 1.7
S 6.6 7/20/17 1345 §.0 2.9 45000.0 29.40 3.9 1.6 2.7
$01 6.0 2/88/77 1345 10.0 2.6 45000, 29.40 10.3 14.0 1.7
sé1 6.0 72/28/77 1345 18.0 2.0 44080. es.70 10.6 16.8 1.7
se1 6.0 7/28/77 1405 0.0 3.8 42500.4 21. 9.1 0§ 1.7
501 6.0 7/88/77 1405 13.08 a.0 42500.0 87.60 10.3 1.1 2.7
S04 6.0 1/20/77 1416 0.0 4.6 40500.0 e6. 7.7 2.7 .7
501 6.0 288/ 1415 s.0 4.0 411000.0 28.60 8.6 .1 2.7
$o} 6.6 128/ 1418 18] 3.0 42000.0 18 8.8 e 17
se1 6.0 72/28/77 1425 6.0 3.8 41500.0 26.9¢ 8.5 8.9 1.2
501 6.0 788/ {426 5.0 2.8 42000.6 7. 8.8 105.6 7.7
$601 6.6 128,77 1485 10.0 2.5 42500.0 a? 10.1  f18.6 7.7
501 6.0 720/ 1485 131.0 2.3 43500.6 22.60 10.3 112.7 1.7
§é1 6.0 2877 1500 .0 14.0 41000.0 26.66 2.3 3.4 1.7
so1 6.0 123/ 1600 4.0 14.0 41000.8 2e. 2.7 8.2 1.7
sot 8.6 /28,77 151§ .0 14.8 000.0 8s.80 7.9 9.8 1.2
501 6.0 788/77 1516 a.s 14.8 39008.0 8s. 7.3 3.3 1.7
sot 6.0 72/28/77 1538 .0 16.6 37500.0 24.20 8.1 ’.y 1.7
501 6.6 28/ 1539 2.§ 16.9 37500.0 24.20 0.6 8.4 2.7
$61 6.6 720/77 1648 0.0 14.0 38000.6 £4.69 0.6 He 2.7
so1 6.0 /28/77 1548 2.6 14.8 368000.0 24.50 g.0 9.8 2.7
sé1 6.0 72/28/71 1606 6.0 15.0 0.9 24. 7.8 9.8 .7
§01 6.0 /20717 1604 g.$ 1.4 k| .8 84.60 7.9 8.1 2.7
set 6.6 128/717 161§ s 16.3 8000.6 24.50 7.8 9.6 1.7
s 6.0 17/20477 1618 2.6 18.3 38000.0 24.50 7.8 7.1 7.7
$01 6.6 28/717 1630 6.0 16.8 37560.0 24.20 7.9 8.6 2.7
$o1 8.0 220/77 1630 2.§ 16.2 37500.0 24.20 7.8 9.1 1.7
504 6.0 72/20/711 1845 0.0 15.6 J6600.0 23.60 7.9 0.6 1.7
501 8.0 7/28/77 1648 8.0 18.3 36500.6 2). 7.8 "0w.s 1.7
§01 6.0 7128/77 1708 6.0 16.¢ £508.0 23. 7.7 ID.& .7
501 6.0 7/28/77 1700 4.0 16.8 37006.0 3. 7.8 n. 2.7
§014 8.0 228/77 1718 6.0 16.) 35500.0 23.80 2.7 pe.8 1.7
501 6.0 7/88/77 1715 4.0 16.8 36000.0 83. 7.6 86.6 1.7
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TATLE 1-2. TEMPERATURE, SALINITY, DISSOLUED OXYGEM AND PH IN THE SOUTH CHANNEL OF GRAVS HARDOR.
€Pa PEQION 16 FIELD STubv, Julv 26-29, 1977.

STATION OCEAN DATE TIRE DEPTH UATER CNDU%T\CN SALINITY  D1S$ OXYQEN PH

nadE  DIST AT 8

(NN) (RETERS) (CENT) (NICROMMO ) (PPT) (MG/L) (KSAT) (S
§31 6.0 1B/ 110 9.0 16.) 36000.0 23.80 7.7 90.0 7.7
(TN 8.0 128/ 11 $.0 16.0 36040.0 83.2¢ 7.6 0"ne 1.7
S 6.0 28/ 1748 0.0 16.3 26500.6 Fx 7.6 9.6 2.7
501 6.0 128/ 1148 s.0 18.8 36500.¢0 2. 7.8 7.4 1.7
€31 6.0 12/88/77 1880 9.6 16.3 372008.0 2l. 7.7 0. 7.7
501 6.0 128/77 1800 5.0 16.3 31008.6 23. 7.6 8s.8 7.7
So1 6.0 /2877 1800 10.0 14.8 38500.0 24.90 6.9 n.se .7
se4 6.0 28/ 1808 8.0 18.2 N | . 6.7 g2.1 0.1
§3t 6.6 17/28/77 1866 $.¢ 17.6 40000.0 26.9¢ 6.3 %.9 8.1
sel 6.0 720477 1805 10.0 16.4 40800.0 .50 6.8 es. 8.1
S22 7.9 1B6/77 1040 0.0 14.8 43000.6 86.60 8.2 ®m.s 1.?
-1- 1 7.9 w26/ 1040 2.1 14.5 43000.0 a8. 6.3 7.6 1.8
502 .9 2677 1120 0.0 14.8 43000.0 28.00 6.3 3. 7.8
592 7.9 26,77 118 4.3 14.6 44000.0 £8.70 6.4 4.6 1.9
502 7.9 287 1185 .0 15.0 51000.6 . 6.0 72.3 7.8
502 .9 72w n 1685 0.6 16.§ 40000.0 as. 8.8 .7 .7
592 1.9 rewMm 1528 4.6 16.0 41000.0 .60 6.3 4.9 1.7
562 7.8 1788/M 700 0.0 17.6 355600. 22.90 8.0 173.1 s
s¢2 7.9 res/mn 00 8.2 17.8 36000.0 23.20 6.2 74.1 382
502 7.9 728/ 866 0.0 16.8 33500.0 21. 6.8 %.6 8.1
$02 7.9 wemm ({1} 2.0 16.9 32660.0 20.80 6.8 n.s 8.1
se2 .9 188/ 1310 0.0 14.8 40000.0 £5.90 'I.‘ 81.3 ?.?
se2 7.9 /M 1316 7.0 14.0 4050¢.4 28.2 8. .6 1.7
se2 7.9 w28/ 1818 0.0 17.3 34000.0 21.8¢ 8.9 1.0 2.2
se2 7.9 120077 18185 3.8 17.3 34000.0 21.80 6.9 8.6 2.7
$03 9.6 /26777 1020 .0 16.9 40000.0 &5.90 8.4 4.9 ?.?
503 8.6 /26777 1620 4.7 16.0 40000.0 26.9¢ 6.4 4.9 1.7
$03 9.6 28/ 1045 6.0 16.5 48600.6 31.65¢0 6.5 .86 2.8
$03 9.6 2/26777 1045 $.2 16.85 48000.0 31.5¢0 8.3 n.? 1.8
$03 9.8 w3 113 .0 16.0 41000.0 26.60 6.4 7%.9 .7
503 9.8 2/ 1130 8.4 18.¢ 41000.6 26.60 6.4 %4 2.7
503 9.5 2w 1518 0.0 18.0 37000, 2.9 6.3 7.6 2.6
$03 9.8 wawvn 151§ 8.4 18.0 37008.0 23.8¢ 6.3 6.0 7.6
$63 8.6 esn 65¢ 0.0 17.8 33000.06 21.10 5.7 4.8 3818
503 9.8 120/1 650 3.0 127.§ 34000.0 21.80 6.8 66.8 1812
503 8.6 wvasn 81é 6.0 17.0 33600.0 21.80 8.4 4.4 8.1
503 9.6 was/m e 2.8 17.0 32500.6 20.80 8.3 73.4 0.4
503 9.6 72728777 1300 0.0 15.3 38500.0 £84.80 2.0 80.2 1.7
$0) 9.5 28/ 1300 7.0 16.0 600.6 25.680 s.9 .7 .7
§6) 8.6 112%/m 1800 0.0 18.0 30560.6 19. 40 6.1 7.} 7.7
$03 9.6 was/mn 1830 3.0 18.3 31504.0 £0.10 a.0 ne 1.7
S04 1t.1  88/7 958 .0 17.8 080. £3.20 8.4 .8 .8
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TERLE 1-B. TENPERATURE, SALINITY, DISSOLUED OXVGEN AND PH IN THE SOUTH CHANNIL OF GRAVS HARBOR.
€Pa PEGION 10 FINLD sTubv, Julv ab-29, 1977,

STATION OCEAN DATL TIRE  DEPTH UATER CNDUCTUY  SALINITY  DISS OXVQEN ™
NANE D1SsY T 1 X

(414 AT

(8n) (REVERS)  (CENMT) (NICROMHO)  (PPT) (ML) (NSAT) (SU)
£04 1.2 286/77 955 4.8 17.8 36000.6 83.20 6. 7%.2
594 11.1 /Bé/r 1088 e.0 12.6 45000.0 80.4 6.8 8.t 2.7
£04 11.3  7/26/77 1026 8.1 17.8 46000.0 20.40 8.6 Il.g 1.2
504 1.1 227 1146 6.0 16.8 30000.0 86.20 6.8 n. 13
£34 1.1 721777 1148 8.$ 18.5 40000.0 8. 6.4 7%.7 1.?
504 11.1  72/71 1600 0.0 18.0 33000.6 e1.10 8.8 6.4 1.4
504 11.4 2/ 1500 4.3 18.0 34004.6 . $.3 3.3 1.4
S04 1.1 172/ 635 .0 11.8 42000.0 82.36 4.0 73.6 18
504 11.1 8N 825 6.0 17.9 32000.6 .4 §.9 6.2 6.1
504 f1.1 g8 N 826 8.8 17.6 31500.6 20.18 $.8 6.2 8.1
504 11.1  was/n 1288 6.0 16.6 34600.0 22.1 6.7 %8 2.7
S04 1.1 ea/77 1256 $.5 15.8 0.0 23.2¢0 6.6 .6 1.7
504 11.1 /2077 1038 ¢.0 18.6 36000.6 19.1¢ 8.7 6.5 1.2
504 11.4 772877 103§ 3.0 1.9 30500.% 18.40 $.? ﬂ.z 2.7
§05 12.2 1486/ 93S 0.0 18.¢ 33000.0 21.10 $.? 8. 2.4
$05 12.7 86/ 935 3.7 17.6 900.6 21.80 6.6 5.8 1.4
so5 12.7  wae'm 946 6.0 18.6 39000.0 a6.20 8.7 6.6 1.4
S5 12.7  e6/Mn 940 2.4 18.0 40000.6 .50 .8 70.7 st
$05 12.7 27T 1150 .0 1.6 35000.0 22.560 6.1 7’.8 1.6
505 12.7 81777 11866 4.3 11.§ 25004, 50 4.0 mn.0 1.6
$0S 12.7 /81717 1450 0.0 17.6 33000.9 £1.10 5.8 67.9 1.3
$05 12.7 217 1450 3.7 17.8 35000.4 2.50 t.8 66.8 1.4
ses 12.7 ey 625 6.0 18.0 26000.0 £3.50 .8 7.2 1388
$05 12.2  waem 626 2.7 10.0 26000.0 23.2¢0 €.0 72.8 sizs
595 1.7 23N 840 0.0 17.3 21000.0 19.7¢ $.4 62.3 8.1
$0S 18.7 g8 840 0.5 12.) 31000,0 19.70 6.4 62.3 0.4
505 12.7  7/28/77 184S 0.0 17.3 33500.0 21.50 6.2 2.2 1.7
§05 12.7  1/28/71 1248 8.0 12.3 32000.0 20.4% 6.8 2.7 1.7
605 12.17  /28/7 1856 .0 1.3 20000.8 18.4 §.0 8.0 .7
§0S 12.7 120477 1856 a.e 18.0 29000.0 18.40 4.0 2.5 1.7
$05a 13.6 12N 1200 0.6 12.6 33000.0 21.16 8.2 62.7 1.4
§05A 13.6 /2277 1206 3.0 12.6 33000.0 e1.1¢ 5.3 62.7 1.4
S5 13.6 2721/7 1445 6.0 18.6 31000.0 19.70 $.7 6.5 1.4
SOSA 13.5 /81717 1446 2.1 18.0 1000.0 19.70 6.7 2.6 7.4
5054 1.6 w28/ 133 0.0 1.6 31000.0 10.70 $.8 5.3 1.7
§054 13.6 28/ 1235 6.6 17.3 3e800.6 10.40 5.4 8.3 .1
se5a 13.6  1/28/77 1886 6.0 10.7 84500.4 15.30 $.4 8.2 .2
5054 13.6 7/28/77 1856 2.0 10.2 a564.0 1.3 4.9 £6.7 1.7



=0LL-

TALLE [-). TENPERATURE, SALINITY, DISSOLUED OXYGEN AND PH IN THE MORTH DAY OF QRAYS HARBOR.
€Pa REGION 10 FIELD $STUbv, Julv 2é-29, 1977,

STATION OCEMM DATE TIRE  DEPTH UATER CNDUCTW SALINITY  DISS OXVGEM PH
pIsT TEnP T 88 C

NANE

(WM) (METERS)  (CENT) (HICIOM) (PPT) (RG/L) (NSAT) (8U)
NBO1 3.7 /Ty 1730 0.0 11.¢ 49004.0 32.20 s.9 5.2 17.¢
Hpot 3.2 was/mr 1730 6.7 10.8 50000.6 32.96 8.7 62.7 g
NBO1 3.7 @k 1620 6.0 14.0 43000.0 31.60 6.6 e 1.9
NBoL 3.7 ree/r 1626 6.7 13.6 490000.6 32.20 6.8 7.7 1.9
NBot 3.7 wavm 1128 6.0 14.§ 44500.¢ a9. 6.8 6.4 7.0
NBOtL 3.7 wavn 1126 8.7 14.0 46500.0 30.40 7.1 1’2.9 1.9
nBo2 3.0 135/277 140 6.0 10.0 49000.4 .2 5.9 1.7 1.7
NBo2 3.8 RS/ 1740 €. 9.5 4000.6 32.90 5.6 63.4 1.7
NBd2 3.8 26777 1630 6.0 16.6 45000.6 £20.40 6.8 1.4 7.8
NBo2 3. w26/77 1630 6.7 1.6 42000.0 31.50 6.3 7.4 1.8
NBo2 3.8 2w 1730 0.0 15.5 44000.0 8.7 8.9 2.1 7.8
NBO2 3.8 wewmn? 1730 6.7 13.¢ 46000.0 20. 8.4 73.0 1.8
NBOJ 3.0 26/77 1885 0.0 11.6 40606.0 2. s.2 69.7 1.7
NBO) 3.9 e/ 1866 6.7 11.8 49000.0 32.20 6.0 .04 1.9
NB®) 3.9 786/77 1640 0.0 15.¢ 47000.0 26.80 7.4 84.2 2.9
NBOJ 3.9 w28/ 1648 6.7 14.0 48000.0 . s.0 7.8 7.8
NBOJ .9 12v'Mm 16 0.0 15.6 44500.0 9.00 7.4 %4 7.8
N3@3 3.9 e 1710 s.? 14.8 45500.0 £9.7¢ 6. 7.8 1.8
NBO4 4.4  w25/17 1826 0.0 12.8 49000.6 ae.20 8.4 7.1 1.0
NBO4 4.4  w25/77 1826 8.4 12.6 49000.6 32.20 6.4 7.4 6.8
NBo4 4.4  7/26/77 1648 9.0 16.0 47000.6 20.88 7.8 8.0 1.9
NDO4 4.4 /26777 1645 4.6 18.¢ 48000.0 .60 8.7 0.2 1.9
NbO4 4.4 21/ 1780 0.0 16.6 45000.0 20.40 7.9 9%.6 7.9
NBO4 4.4 21/ 1760 4. 15.¢ 45000.0 29.40 6.7 .2 1.8
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Trell i-4. BIOLOGICAL OXYQEN DEMAND AND NUTRIENT LEVELS IM THE MALIN CHANMEL CF GRAYS HARBOR.
P~ CEGION 10 FIELD STUDY, JULY 25-29, 1977.

ST."IIN  OCEAN DATE TINE DEPTH  BOD 0D [ 1} ] [ 1] 300 NH3-N NOReMOD TOT KJEL PHOS-DIS PHOS-TOT TOT ORG C
hANE DisY 2 DAY 5 DAY 10 DAY 1§ Day 30 DAy TOTAL N-TOYAL [ ORTHO (4
(W) (PETERS) (MG/L) (MG/L) (MG-/L) (MG/L) (MG/L) (MO/L) (MG/L) (MA/L) (MasL P) (ML P)  (MG/L)

nCco2 24.6 7726771 1230 0.0 1.0 1.9 1.8 2.3 3.1 0.042 0.002 sstsma 0.002 0.03¢ 3.0
[ DS 24.6 786777 1236  11.6 0.8 1.4 1.8 1.9 2.3 0.606 0.002 21 0.002 0.044 3.0
"2 24.6 1726717 1816 0.0 1. 1.2 2.1 2 3.2 0.002 0.002 e.200 0.002 0.038 4.0
L Y] 24.6 726/7 184S 6.6 1. 1.7 2.3 2.7 3.8 0.008 0.005 0.200 6.002 0.048 zis818
newe 24.6 278717 1238 §.0 131383 0.7 sasss sstas wssss 0.006 0.004 0.3 9.002 0.038 ussansg
noe 24.6 72/ 12336 13.0 6.3 8.5 9.3 1.2 1.4  0.012 0.010 0.400 0.002 0.048 4.6
ncee 24.6 /21717 1810 6.0 e. 1.} 2.3 2.8 3.2 0.003 0.002 0.300 0.002 6.028 21.¢
ne2 24.6 721771 1810 $.2 s 1.5 85388 39888 esgss  0.008 ¢.002 0.300 0.002 $.036 27.6
rcoa 24.6 /28771 750 0.0 0. 1.1 1.7 e.2 2.8 0.012 o¢.002 0.400 0.002 0.058 st
mo2 24.6 /28777 156 4.4 1801 1.8 3880 wmessy usgst  6.082 0.062 0.500 9.602 0.056 sssiss
KCOS 19.2 /26777 11160 0.0 8.7 1.4 1.0 1.2 2.1 0.07% 0.068 sttt 0.014 0.048 .
nos 19.8 726777 11160 14.8 0.7 1.8 1.6 1.0 2.4 0.008 0.070 nnann 0.014 0.076 5.0
nees 19.2 726777 1700 9.0 8.7 1.2 1.2 1.5 2.6 0.0 0.020 0.200 9.004 0.036 N
RCOS 19.2 7726777 1700 9.4 0.0 1.0 1.1 1.7 2.0 0.078 0.064 0.200 0.014 0.060 5.0
necos 19.2 7377 1139 0.0 et 6.4 uIsss 33388 35883 0.080 0.068 6.3¢e¢ 0.0614 0.066 ssssog
nCcos 19.2 /2177 1130 10.8 18812 6.4 susex 5388 33tt 0.1600 0.680 0.200 0.618 0.100 .
nces 19.2 72/ 1S 0.0 6.) 9.5 0. 5. 1. 6.038 6.042 0.500 0.062 0.050 .
neos 19.2 w2 INns 8.6 8 0.6 33388 35388 5883 P.064 0.044 9.300 0.604 0.048 5.0
[, 13 19.2 728777 160 0.0 0. 0.9 .8 1. 1.1 0.020 ¢.024 0.400 0.002 $.060 sussng
nces 19.2 20/ 700 7.4 ¢.2 0.4 0.7 6.9 1.1 0.042 6.028 0.400 0.002 0.076 s38838
nce? 15.4 /26777 1520 0.0 1.1 1. 1.4 2.2 2.4 0.088 0.070 uInNg 6.016 0.052 5.0
nce? 15.4 /257,77 1820 2.2 0.7 1.2 1.8 1.9 2.6 0.100 0.076 st 0.926 0.068 6.0
neor 15.4 7267717 14920 6.0 0.7 1.8 1.6 2.8 8.5 0.160 0.070 133383 9.030 068 7.0
RCO7 18.4 7726777 1620 10.0 0.8 1.3 1.6 1.9 2.6 0.086 @. 31818 0.030 9.088 8.0
ncov 15.4 7726/ 1616 0.6 .9 1.4 1.§ 1.8 2.6 0.082 0.078 0.300 6.020 0.050 6.0
no? 16.4 7726727 1615 14.2 0.6 1.6 1.9 2.5 3.3 0.088 0.066 0.400 9.030 0.100 8.0
nce7 15.4 2721717 1604 0.0 382 0.9 syt 3usss seass  0.110 0.078 0.300 .04 e.082 10.0
NCo? 15.4 /22777 1000 16.2 st 1.2 g3tz asees asess 0.080 0.074 0.400 6.032 6.150 11.0
nco? 15.4 /721777 1208 0.0 33833 uasN% aR06s 33888 3888 0.088 0.074 .40 .01 0.002 8.0
nce? 15.4 2727777 1205  14.6 13833 S888%  ugeRy s yaese 0.052 4.87¢ 0.300 0.031 6.089 9.0
nco? 15.4 72777 1615 9.0 sssst 1.5 ss3ms dats8 st 6.000 0.0 0.400 $.014 072 7.0
neov 15.4 2727/77 1615  14.2 18838 .8 ssssg ssssy sssxs 0.098 0.082 0.400 0.026 ¢.098 7.8
neo? 15.4 287717 620 0.0 [ B 0.2 0.8 1.3 1.7 6.098 0.07 0.800 9.012 $.190 ssasses
ne? 15.4 7/28/77 620 12.6 0.3 0.5 0.7 1.2 1.7 0.084 0.080 0.400 6.010 0.150 8831838
neo? 16.4 2728777 91§ 0.0 s383g nEssk  sasss  asss  3snte .002 0.0 0.200 0.024 0.068 ?.0
[ T ] 13.9 7/86777 1840 0.0 . 1. 1.0 . . 0.133 0.080 328388 .03 0.074 8.0
nces 13.8 /26777 1600 0.0 maist 33888 33388 9s388  sERER 004 0.074 38883 $.024 0.058 8.0
“Co8 13.8 1726717 1660 10.0 1. 1.8 1. . . 0.664 8338338 9.033 0.062 8.0
nces 1).8 /200717 916 1.2 3388 ssest gusss suses sxuss  O.1080 0.078 0.300 0.024 0.068 8.6
nces 13.8 1/28/77 916 9.8 13383 28883 S388% RI888  Bises . 0.000 0.300 6.026 .10 9.0
NCO8 13.8 278917 928 0.0 30388 s8838 3assE S5a38 Aeess O.140 0.002 sssyan 4.036 0.008 08
nceg 12.8 1/28717 1826 0.0 .8 1.8 1.6 .3 . 8.0 0.068 13133888 4.00) o.082 9.0
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Tub £ 1-4. DI0LOGICAL OXVGEM DEMAND AND NUUI!(N? LEVELS IN THE MAIN CHANNEL OF GRAYS HARBOR.
€7~ SEGICM 10 FIELD STuDY, JuLv 25-29, 1877

S$Y1Ti0N  QCEAN DATE TIRE DEPTH  BOD 800 30D 30D 80D HI-M mmoM:. ToT KJtl. Hg%“ PHOS-TOT TOT ORG €

NertE L5t 2 DAY S DAY 10 DAV 15 DAY 20 DAy TOTAL N-T ¢
\NA) (RETERS) (MA/L) (MG/L) (MG/L) (MG/L) (RA/L) (MA/L) (M3/L) nozt) (M/L P (MQ/L P (MG/L)

ney 2.8 7/26/11 1100 0.0 0.7 1.3 1.4 1.7 8.3 0.086 0.060 s31838 9.02) 0.066 s3t838
nczg }a.a 7/26777 1166 15.0 szsas sssst easds  undns ssgsg  0.068 6.074 agsnt 6.03) 6.060 .
rCY9 12.8 7/26s,77 1530 0.0 ssnts sussE  3sM43 ea%% essdt  0.604 0.074 st 9.02¢ 0.054 8.0
nic9 12.8 /86/71 1530  10.8 0.7 1.4 1.3 1.8 2.4 0.068 0.060 333N 0.03¢ 0 078 2.6
nees 12.8 warr 1130 0.0 2338 untss x8is ensas avsse 0.4024 6.074 3atesy 0.024 0.074 7.0
neeo 12.8 /81777 1130  15.4 333 sugss 85808 3848 €sess  0.034 €.084 ssvAse 6.033 0.082 7.0
need 12.8 8717 1450 0.6 8.1 9.7 1.4 1.3 1.6 0.082 0.07% 9.400 0.0 0.088 31888
nco9 12.8 /22777 1456  10.0 33888 0.9 a8 s3Eet gusss  §.052 0.080 9.200 0.032  0.098 sssiss
nCv9 12.8 /28777 856 0.0 33588 29886 SN883 SUS I8Nk 0.098 0.086 0.200 .03 e.07 10.0
nso8 12.8 7/28/77 856 1.8 3xgss ssesg susss  gusns 488 6.084 4.082 0.300 o.o0 0.068 16.9
rce9 12.8 /28777 850 11.0 sasss xeins syess sty tanss 0.0 0.089 0.300 0.036 0.082 10.0
nCe9 12.8 7-29.77 010 6.0 333585 9238s SS88s 333838 sses 0.120 0.090  snisg 0.026 0.668 =z3s81s
nc1o 10.8 25/17 1805 8.0 0.8 1.9 1.6 8.1 2.2 0.040 0.058 133383 9.029 0.060 6.0
nc:o 10.8 7/29/17 850 6.0 ss83l unses ssdat gkt sssxt  0.110 0.084 A3sen 8.024 0.068 sss183
ncioL 8.2 725777 1730 ¢.0 1.? 2.0, 3.2 1.6 4.1 0.050 0.072 g 9.035 0.080 6.9
138! 7.9 7/25/11 1648 6.0 1.3 2.3 2.8 3.3 3.3 0.056 0.110 151088 0.066  0.064 S.0
neit 7.4 7/25/17 1710 6.0 33888 33838 g8N8R 8.} 1.7 285888 583888 38B8S% 388888 SBsMs s.0
nCit 7.8 /86777 101§ 0.0 e.? 1.8 1.2 1.3 1.3 0.064 0.170 sissss 0.046 0.064 4.0
nci 7.0 1/26777 1016  16.0  3¥sts st E38s8 398n8 Bussd 0.060 .17 Ak 0.047  0.066 4.0
ne 7.9 7726777 161§ 0.0 0.5 1.7 1.6 2.1 2.4 0.052 6.070 1tansms 6.030 0.062 7.0
nci 7.0 /2611 1616  10.0 0.5 0.9 1.1 1.2 1.3  0.035 stz a1 0.036 0.066 4.
neit 7.0 /87777 1045 0.0 3aass uxEss sEssd $8888 388 0.040 0.146 0.360 0.028 6.066 4.0
ncit 7.9 /21777 1045  14.0  $3338 338538 BEsss 3388% 3848 0.038 0.140 0.300 0.039  0.066 4.0
ncit 7.0 7237271 1550 .0 6.5 0.9 1.1 1.3 1.7  0.024 0.004 0.200 0.0 0.062 338388
ncia 7.0 781/77 1550  10.6  nsins 0.6 8838 38888 x3sss 0.0S6 O.130 0.300 0.0 0.066 1138188
ne1 7.0 7/28/77 756 0.0 sss3x 33835 SaEss ussEn guass 0.028 0.7 0.300 6.020 0.060 6.9
(371 7.0 1/20/77 750 11.9  33Es8  u3sst mevty 66% sa58  0.040 6.092 9.200 0.051 0.0860 10.0
nCil 7.0 /28/77 150 13.8  susn mEses suRes g5y snesx 0.032 6.072 0.200 0.037  0.068 7.8
ne1t 7.8 7/20/77 810 12.0  S3833 23338 23g8x 23588 sngsg 0.640 O0.068 st 0.026 0.076 zExISe
nc12 S.1 7/285/77 1640 0.0 6.8 1.6 1.5 wssss gassy  0.052 O.130 mssese 0.047 . 1
nc12 5.1 /2977 M0 0.0 sxinxs susas it seses sesxy 0.068 0.076 sssuss 0.0 0.676 ss38188
Ac1d 2.§ 2/25/17 1939 0.0 . 1. 1. 1.6 1.8 6.050 . sas088 . 9.088

nc13 2.5 17267717 938 0.0 5 8 1. 1.6 1.6 0.020 0.860 s 0.049 0.074 313383
nci13 2.5 2/26777 930  165.0 zssss a8t SasES  IEELL  EEseS 040 0.250 0.600 0.054 0.100 .
nc1d 2.5 /26717 1708 0.6 0. 1.1 . 1.8 . 0.016 0.150 sas13 0.032 9. 4.6
NC13 2.6 /26777 1700 15.0 . 4. 1.2 1.8 1. 9.022 0.21 11801 0.044 . 3.0
nC13 2.6 /2711 1616 0.0 53888 SsssT R38E BE8RS Est8s 0.002 6.240 0.100 0.045 0.066 4.0
nC13 a.8 2/22/77 1010 15.0 33838 S83S% 43088 S35 5888 0.802 6. e. 0.045 . 3.0
nc13 2.5 7231/ 1656 0.0 35tk K388 wesin SR08 sesss 0.016 6.120 0.200 0.030  0.060 sassts
nC1d 8.5 2/B1/77 1660 5.0  S383% $888% S58% Essss Senss  6.028 6. 6.300 0.034 e. g
"1l 2.6 /27777 1650  10.6 35853 3808k 2088 xAses e 0.028 O.140 0.300 A0 0.066 113
ne1d 2.% 7/27/77 1660 14.0  S33%% B4R S84 88883 ss338  0.028 0.160 0.400 0.038 0.062 .
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I I-4. DIOLOGICAL OXYGEN DEMAND AND NUTRIENT LEUELS IN THE MAIN CHANNEL OF GRAYS HARBOR.
EPA REQION 10 FIELD STUDV, Julv 28-89, 19077,

STATION QCEAN DATE TINE DEPTH  DOD 80D 30D 30D 20D NH3-N  NOBeNOD ?OY“KJIL PHOS-D18 PHOS-TOT TOT m ¢

NANE D18y 2 DAY & DAV 10 DAV 18 DAY 26 DAY TOTAL N-TOYAL

(NR) (RETERS) (NA/L) (MG/L) (MO/L) (MG/L) (MO/L) (MO/L) (MR/L) (MG/L) <M/l P) (MQ/L P) (Wl)
RC13 8.8 780/77 708 0.0 B33 31838 38388 JIsEE BN 6.020 0.100 0.400 0.032 0.062 5.0
"1l a.s 728717 700 §.0 assss 83488 S8808 SM838 A5 6.020 O.100 6.400 .08 0.062 818
a1l 2.5 /88717 700 13.6 13588 3388 24088 S8k48 g8t 0.021 0.084 0.300 0.004 6.068 $.0
MNC1I 2.8 729/ NS 0.0 35588 33238 28820 S%E38 A5t 0.048 0.07¢ snisss 0.038 0.088 333888
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T41LE I—S. DISSOLVED OXVQEN, TEMPERATURE AND NUTRIENTS FOR INDUSTRIAL AND WUNICIPAL POINT souacu AND
T;ll‘ THRTES DISCHARGING TO GRAVS HARBOR (CoCOMPOSITE). EPA REQION 10 FIELD $TUDY, JULY 28-29, 1977.

STaI0N CCEAM DATE TIME DEPTH BOD  BOD  BOD  BOD  BOD NO2+MO3 TOT KJEL PHOS-DIS PHOS-TOT TOT o8a ¢
MaE  DIST 2'DAy § DAY 18 DAv 18 Dav 26 Dav TOTAL otorat ' ORTHO

(M) (RETERS) (RG/L) (AG/L) (RQ/L) (RG/L) (GZL) (RG/L) (RGZL) (RG/L) (RGIL #) (MGl P) (/L)
Gl B6. 7/26/77 1600 0.0 0.9 1.2 1.4 2.2 8.4 0.018 0.086 S5s8  0.002  0.046 4.0
Ghd!  26.8 /2677 1760 6.0 0.7 1.8 1.1 1.2 1.5 0.012 0.088 stssss  0.682  .034 2.0
GHIY 26.9 2117 1200 0.0 33288  UEI8E 3ES8S  ssgRd 33838 0.020 0.096 s58138 6.002 lll‘ll [ 38113
GHe:  26.8 /@177 1230 0.0 82381 3asEs S3IRE BRENT S3XEE 0.012 .02  0.100 0.000  6.084 13.0
Givl  26.8 7721777 1230 0.0 Eatss 0.2 BASSE 88588 S3%AS  0.012 0.084  0.200 . 0.040 3.0
GHel  26.8 /27777 1230 0.0  BESSE JuESE $505% Bssss 33sss  0.004 0. 0.100  0.002 0.002 6.0
GHIL 26.8 7217717 1248 0.0 SE883 33888 E3LE B804 BANNR 6.018 0.084 0.300 0.002 0.018 3.0
GHal  26.8 /777 1245 0.0 SESS 3338 INEKX SUANE BRAKS  0.048 0.130  0.100  0.030  0.666 3.0
GHOL  26.8  7/27/77 1245 6.0 asass SSERS USRSR A3SsE S$3a%S  0.012 0.084  0.100 0.662  0.028 2.0
GHO1 26.8  7/81/77 1800 6.0 ssass 0.4 SEIIT 33388 SEEsE  0.012 0.082  0.506 0.002  0.026 3.0
GHO2  18.5  7/26/77 1630 6.0 6.4 1.2 0.9 1.0 1.7 0.030 0.085 ussssx  6.050  ©.086 4.0
GHdE 3.8 22777 1039 0.0 X838 4.0 83858 33888 33s83% 0.58 0.018 2881188 0.045 0.220 288888
GHIC 18.5 7217717 1100 e.0 SE8SE B5888 338K 8883 BESEE  NRRES XSRS 80388 88828 383088 388882
GHe2  18.5  7/28/77 1650 0.0 BSSES 4.0 33388 $a338 S8 0.173 0.004 33ssss  0.002  0.250 3sesss
GHOY  16.56  2/26-77 1130 0.0 88588 BS3NS 83388 8888 Ssss  0.110 0.078 ssnsss  0.026  O.668 8.9
GHOJ 16.5 726777 1130 3.4 ment 1.3 83238 198838 38118 0.160 0.082 s388148 0.026 0.0 8.
GH)  15.56  7/26/77 1730 0.0 0.8 1.5 1.9 2.0 2.6 0.090 0.496 zasas  0.020  0.056 6.
GHd3  15.5  7/26/77 1730 3.1 1.3 2.2 2.0 2.7 2.3 0.002 0.698 xxa33z  0.020  6.674¢ ?.
GHe)  16.5  7/27/77 1300 0.0 setid 6.6 ussst ssass sEE3  0.100 0.080  0.460  0.026  6.080 9.0
GHOY  15.5  7/22/77 1300 3.1  satss 0.7 S350 $59%s seses  0.100 0.078  0.460  0.026 0.086  10.8
GHd3  15.5  7/22/77 1730 0.0 asass 0.6 32558 IAaEE Ssss3  0.054 0.090 0.340 0. 0.656 S.
GHO)  15.S  2/20/77 746 6.0 0.5 6.7 1.1 1.5 1.7 6.048 0.8 0.300  0.004  0.088 .
GHOl  15.5  7-.28/77 1315 0.0 asuss EESSS BAs4S 3A8AS EEsEs  0.110 0.064 33sass  0.034  0.006 ssenss
GHO3  1S.S  7/28/77 1835 0.0 SaESE SEEES ASSEE §308S a5 0.076 0.000 4sasss  0.014  0.058 s$s8sss
GHO3  15.5  2/20-77 736 0.0 33858 SRS UNIET Aasss A4ses 0.040 0.000 ssssss  0.010  6.078 12.0
GHO4 14.7 /2677 830 6.0 S8E88  S3888 8383 %8S SX338 282338 Z0RENR 3385838 388583 383548 2385348
CHO4 14,7 2/27/77 91§ 0.0 sEiss 33888 38558 SAIRS SRS  SEEEEE SASABS  BEAAEE  USENAR  SEsEsE  ¥ANRAR
GHO4 147 7/27/77 C 915 0.6 ssass  £2.0 as3E8 3ANSE 3338 19.000 0.006 8sssss  2.800 5.700  40.0
GHé4 14.7 1728717 918 6.0° 38X 38858 £3338 S3s5%  BEsee 5NNt BREsRe 150888 pj 333 2588288 385888
GHO4  14.7 wanmcm 0.0 33388 97.0 3538 38288 SASES 14.000 0.004 EXIAF 1,800  6.200  SsasN
GHO4 14.7 789/ 0.0 BR34% 238885 S5I8E  389% $5838 233888 583883 238888 385888 354848 piteft]
GHO4 14.7 1789/71 C 915 0.0 SE88E  S888% 28188 $33%8 33838 13.000 0.010 3888838 2.569 5.400 1538188
GHeS  13.6  7/26/77C 680 6.0 S3388 USRS SEELT SEANT SRNSE  SANSSE SEsAsS  sssass  1.390  1.800  228.0

13.6 e 1130 0.0 S8388 34388 NSL3X 38888 N28S8  E3582% S8s88 533138 188888 383888 88888
CHOS  13.6  7/22/77C 600 6.0 3txak 220.0 Sxss3 SEsst Sasss SZSAL SEB48E  SSaRss 1.100 .600  285.0
GHOS 12.6 1728717 Ci648 0.8 S3388 93382 sxse8  ESEN%  R8%%8  $PELEB SUSINS 58888 1.600 .300 3383882
GHOS 13.6 1720/77 C 699 6.0 88488 )50.0 32383 888 28835 333588 298a%8 555388 1.500 2.200 2883888
GHOS 12.8 7726777 C 800 0.0 B5388  B483% 34288 S898% BAENE  SERNES BELRRE 5828188 0.030 3.500 360.0
GHO6 12.8 8777 C 600 0.0 25888 125.0 348883 3188 $85ST  SR8988 UL 555888 0.910 3.400 449.6
GHO6 12.8 /38717 € 606 0.0 53888 1380.0 ss:88 38868 S338E 138838 $88RRS 358182 1.600 1.100 415.0
GHOb 12.8 1789777 C 660 0.0 33338 610.0 3EzsIes 35888 $583  BA8EES IRRELE 385888 1.660 6.200 588318
GHO7 12,7  7/86/77 1660 0.0 1.3 2.1 1.7 2.6 3.1 6.160 0.116 usssss  6.022  0.662 9.0
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TATLE [-6. DISSOLUED OXVGEN, TERPERATURE AND NUTARIENTS FOR INDUSTRIAL AMD RUNICIPAL POINT SOURCES AND
TPITARIES DISCHARGING TO GRAVS MARBOR (C-COMPOSITE). EPA REGION 10 FIELD STUDY, JuLy 28-29, 1977.

§T-TION OCEAN DATE TINE DEPTH  BOD 80D 0D NH]-N  MOReNO3 TOT KJEL PHOD-DIS PHOS-TOT TOT ORG C
2 DAY § DA N ThO c

00 30D
Dav 15 DAY 20 DAY TYOTAL N-TOTAL

N ME CI8T v DAY 1 oR
) (RETERS) (MQ-/L) (MG/L) (RG/L)Y (MG/L) (MB/L) (RMG/L) (RG/L) (MG/L) (Ma/L P)Y (MG/L P) (Rg/L)

GHe? 12.7 77267717 1039 6.1 1.4 RESSS RIKEE useX  0.068 €.070 sxsEnx 9.032 9.002 8.0
GHO? 12.? 7/86717 1045 0.0 9.7 1.2 1.) 1.9 . 0.096 0.074 s 0.0 8.048 8.0
Gha7 12.7 /262717 1046 0.6 ssss 31389 S3888 suses seses  0.088 0.070 sitsss 6.032 :.060 1.0
GHA? 12.7 2786/77 1045 6.0 BITER 25888 %8s S3uss gsasn $.002 0.070 il 0.022 . 068 7.0
GHa? 12.7 /26777 1800 .0 0.7 1.3 1.2 1.8 8.6 0.110 0.08¢ 12218 0.0M4 0.068 10.0
GHYT 12.7 7726771 1800 €.2 35838 BESRE BESAS O848 338  0.110 0.080 sinins 0.040 0.110 8.0
CHo? 12.7 72111 1325 e.0 s 0.9 83358 setex 8888 0.062 0.078 9.200 9.034 6.088 8.0
GHe? 12.7 7231/71 1328 6.2 s 0.9 stses sesss ssess  0.060 0.062 0.300 $.034 0.010 2.9
GHO? 12.7? 721/ 1700 0.6 ann 1.1 ssees 3¥s3s susss G.086 0.000 0.300 0.016 0.068 9.0
GHOT 1a.7 /217 1708 6.2 stz 1.1 ssges asuss ¢asss  0.078 0.100 0.300 0.018 6.216 10.8
GHO? 12.7 2728777 818 6.0 9.5 .5 0.9 1.6 2.2 6.110 0.110 §.600 6.018 0.088 10.9
Gho? 12.7 788/ 133) 0.0 nuss8 u3885 axess susst sanss 0.060 0.078 st 0.040 0.082 12
GHO? 12.7 1/28/71 1855 0.0 38388 35888 sEsst 3886 2980 0.110 0.106 szsane §.022 z.ovl sesesse
GHO? 12.? W 818 0.0 83838 Bsexs 8888 Ssass asasx  Q.140 .12 $.500 6.084 078 ss1188
GHO7S 12.7 7268277 100 0.6 ssuasy S3u8s ns3sy B3NS 8888 0.140 O.120 3nean 9.080 0.110 8.0
GHOB 10.8 786/77 93 0.0 3588 3535 BOSES 25808 S838S5 IRNGES BNGNEE  BAESE  BINAES  BEEEEE  BRxsE
GCHOB 10.8 1/26777 184S 0.0 3388 S33SC BRSE8 88283 SERET  SEREES ANESEE  SANRNT IS IAssEE sSEast
GHes 10.8 78/ 1638 0.0 83383 33338 BIB8S 8888 A2383  3BM04E RGNS $888%  SUBRAL  $IgesE BNt
CHe8 10.9 27217717 C 940 0.0 31338 GD.0 BEess 3USE FEsT 0.0S0 0.044 Sasesd 2.800 4.800 56.0
GHoS 10.8 /287717 840 0.6 " assgy 0.0 nssss suads suess 2.000 0.042 s 3.500 6.300 2.9
GHOB 10.9 1728717 840 0.0 23838 33388 BRESE  BENGE B89 SRSA4T SLR8ES  BUSERE 233883 BESE8S  gssg
GHoB 10.8 789/7 840 0.0 33833 33838 23888 S838% UENSS  $8488 $IX048  SEBXRL S8  UEREEE  SENNS
GHOB 16.8 7/29/71 C 040 0.0 33sus ussss $E88t K440 FUNEE  2.204 0.038 s 4.200 §.300 ss1318
GHO9 10.8 27777 040 0.0 3283 ss838 $3058 $3485% $388C 332888 £03483  38888%  $RE8ES 3RS SBBENS
ncot ar.¢ a1 630 0.0 1.3 1.6 2.6 3.6 3.0 0.004 0.002 0.400 0.002 0.058 5.4
ncet 27.0 1/28/71 645 0.6 zutsn 3383% 3398S MI988 gud 0.026 0.048 $.300 0.028 0.092 suIses
ncet 2.0 7728777 645 0.6 s a83sE 3288 88883 s 0.802 0.002 0.400 6.002 0.044 281123
neet 27.0 7728771 645 0.0 33333 SISES  Ra08% SE885 ss8sE 6.002 0.002 0.400 e.002 0.046 330338
ncet 27.¢ 728/ 1235 6.0 13888 B3N8 23888 £388% 33888 0.004 0.042 azEmd 0.0 0.044 318118
ncoy 27.0 1728777 1800 0.0 S8583 39838 3883 S0508 S308 0.602 O.002 st o.082 0.050 stux18
ncot 27.¢ 17207711 860 0.0 333385 3EEI% 23088 susa% 388 0.010 O0.010 3588 0.018 0.040 11.0
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APPENDIX II

Water Quality Measurements
Made By Grays Harbor Community College in
Grays Harhor, Washington,

August 3 - September 29, 1977
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TEMPERATURE, D.0., SALINITY AND PH AT THE UPSTREAN(NCO1) AND
DOUNSTREAM(ACED) BOUNDARIES OF GRAYS HARBOR, AUGUST-SEPTERBER, 1877.

STATION OCEAMN DATE TIRE DEPTH VATER  SALINITY D1SS OXYQEN m

Nang DIsT TEnP PRODE UINKLER

(M) (METERS) (CENT) (PPY) (Ma/L) (Ma/L)  (8W)
rc1) g.§ 82777 810 15.0 16.4 26.1 0.3 7.4 7.6
RCt) 2.6 8/27/71 %40 0.0 14.6 23.¢ 8.1 8.0 7.4
nC13 3.8 48/ 048 2.0 14.6 22.9 0.1 8.0 7.4
nc1l 2.6 821/ 958 5.6 14.6 23.9 9.1 8.1 7.6
L 2.8 8.2/ 100 10.0 14.5 ae.9 8.9 8.6 7.8
nCid 2.5 8/21/77 1008 15.0 14.5 e2.9 8.9 8.6 7.8
nC13 2.6 8.2 118 6.0 14.8 283.4 1t1.0 9.0 7.7
nC13 2.5 Bs21/77 1140 2.0 14.7 23.8 1.4 9.1 7.7
ncil 2.6 8/2/77 1156 $.0 14.8 23.2 10.9 9.0 7.7
nC1l 2.6 89/21/77 1260 10.0 14.8 83.2 10.9 8.9 7.8
nC1) 2.5 8/21/77 1206 15.8 14.8 23.) 1.8 1.9 7.8
ncil 3.5 8/22/77 133 0.6 16.6 23.8 11.4 9.8 7.6
ne1d 2.6 8/21/71 1340 2.0 15.¢ 23.0 11.4 9.7 7.8
nci3 2.8 8-,21/71 1350 6.0 16.¢ 23.¢ 11.4 8.8 2.8
nc1l 2.8 82177 1368 10.0 14.9 23.2 11.3 9.7 2.7
ncil g.5 8-27/77 1406 15.0 14.8 23.4 11.1 8.7 2.7
ncol 27.6 8/26/77 1510 0.6 16.4 0.0 9.1 8.0 7.2
ncet 27.6 8/26/77 1520 8.4 16.¢ 1.0 8.9 8.8 7.1
neeot 27.0 8/26/77 1540 4.0 16.0 1.0 ..g 8.6 7.2
ncot 21.6 8/26-77 1706 0.6 16.¢ .8 9. 8.2 7.8
nce 27.0 8/26/77 1708 8.0 16.¢ 6.6 9.0 9.4 2.8
ncet 7.0  8-26/77 17160 4.6 1§.¢6 6.6 e.9 0.0 7.8
ncei 27.0 8/26/77 1900 6.0 16.6 1848 9.0 8.4 7.0
MCol 27.0 08/36/77 1008 t.e 16.85 1112 9.4 6.7 7.1
ncol 7.6  8/26/77 1816 4.4 16.8 1588 9.0 7.9 7.1
ncet 27.0 8/26/77 2100 0.0 16.6 1323 8.9 9.8 7.2
neol 21.0  8/26/771 2166 2.0 18.0 3838 8.7 9.1 7.2
ncet 27.¢ 8/26/77 2aile 4.0 16.0 1513 8.7 8.9 7.2
ncet 27.0 8/26777 2300 6.0 16.¢ 1333 8.7 8.9 7.2
ncet 27.0 8/26/77 2368 2.0 15.¢ 1311 8.7 8.9 7.
ncot 27.6 8726/ 2305 4.4 16.0 13324 9.1 8.2 7.
nces 27.0  82/77 100 0.0 16.0 s 9.0 9.0 ?.
ncos er.8  e/21/77 105 2.é 16.0 1311 5.8 8.9 ?.
ncet 27.6 #2777 110 4.0 16.0 118 9.0 .9 ?.
ncet 27.0 8/27/71 300 6.0 18.0 118 8.8 9.1 ?.
ncet 21.¢  0/21/77 306 2.0 16.6 3888 s.9 9.6 7.
ncet 21.0  821/77 M0 4.0 18.¢ 1111 9.0 8.8 7.
ncet er.e  8.21/77 600 0.6 1.0 1838 8.9 9.0 7.
HCot 27.60  8/27/77 66§ 2.0 15.1 1133 8.1 9.0 7.
ncoy 27.6 8/27/77 616 4.6 18.4 s188 8.8 8.0 7.
ncet gr.0 8/27/77 16 0.0 15.0 0.0 8.7 0.7 ?.
nCot 27.0 8/82/77 708 2.6 15.¢ . 0.8 8.6 ?.
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TABLE I1-1. TEMPERATURE, D.0., SALINITY AND PH AT THE UPSTREAN(ACOL) AND
DOUNSTREANAC1D) BounDAREES OF GRAVS HARDOR, AUGUST-SEPTEMDER, 1977,

STATION OCEAN DATE TINE DEPTM WUATER  SALINITY D188 OXYQEN
NARE D18TY TENP PRODE  UINKLER
(NR) (RETERS) (CENT) PrY) (ndsL) (ma/L)

o1 27.0 8/26/77 10 4.0 13.8 0.0 8.) 8.6
neot 27.0¢ 9/26/77 860 0.0 1.6 6.0 9.1 9.6
niey 27.6  9/25/71 &S 2.6 11.0 6.0 9.2 9.6
neol 21.6 9/36/77 216 4.0 13.6 6.0 8.2 9.6
neot 21.6  9/26/ 400 0.0 12.¢ 6.0 9.4 9.9
MCot 27.6 9/235/71 de8 2.6 12.0 .0 9.5 9.8
nCes 21.6 9.25/77 40 4.9 18.0 6.0 0.8 8.9
neet ar.¢ 9/26/77 600 0.0 12.0 0.0 9.3 9.3
nCot 27.0 9/26/77 665 2.0 12.6 0.6 9.2 9.4
ncel 2r.6 §/35/7 616 4.0 12.0 6.6 9.4 9.6
neet 27.6 9/26/77 800 0.0 12.6 e.9 8.9 9.3
ncet 27.0 9/25-77 865 2.0 12.0 ..o 9.) 9.4
ncet 27.0  9/235/77 9810 4.8 12.0 0.0 9.3 9.4
nCid 2.5 020/ 1440 0.6 14.4 24.9 8.4 8.7
"1l 2.5 9200717 1443 8.0 14.1 g4.9 8.4 8.8
"l 2.6 8/89/77 1448 5.0 14.1 24.9 8.4 8.7
KC1) 2.5 920/ 1458 10.0 14.4 284.9 8.4 8.7
1) 2.5 9/2077 1660 13.0 14.9 5.0 8.4 8.0
ncet 27.0  9/39/77 1650 .0 13.0 0.3 9.5 9.5
ncot a87.6  9/20/77 1658 1.0 18.9 0.2 9.6 1314
ncot ar.60  9/29/77 126 4. 12.9 6.2 9.8 1334



APPENDIX III

Primary Productivity Measurements
Made by the University of Washington
Department of Oceanography in

Grays Harbor, Washington, July 26-28, 1977
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Table III-1. Observed values of chlorophyl) a, phaeopigments, and primary productivity in Grays Harbor,
July 26-28, 1977. Measurements by the University of Washington Department of Oceanography.

Depth Chl a Phaeopigments Productivity
Date Station m_ ft, Hour mg/m3 mq/m3 Fo/Fa mgC/m3/LAN-SS Other
072677 MC13 0 - 0 0930 3.43 1.55 1.55 491.8 Secchi = 10 feet
072677 MC13 1.5 5 " 2.10 0.85 1.57 456.9
072677 MC13 5.0 16 " 1.88 0.54 1.62 95.0
072677 MC13 12.0 40 " 2.53 0.79 1.61 -
072677 MC11 0 0 1020 2.98 1.57 1.62 KW Secchi = 8 feet
072677 MC11 1 3 " 2.89 1.66 1.51 256.2
072677 MC11 3.5 12 " 1.57 0.70 1.55 64.6
072677 MC11 10 i3 " 1.62 0.59 1.59 -
072677 MC09 0 0 1100 7.23 1.62 1.66 370.4 Secchi = 4 feet
072677 MC09 0.6 2 " 1.96 1.01 1.53 165.2
072677 MCO9 1.8 6 " 2.16 1.79 1.44 17.0
072677 MCO9 10.7 35 " 1.35 1.30 1.41 -
072677 MCo7 0 0 1135 6.48 1.18 1.68 344.8 Secchi = 3.5 feet
072677 MCO7 0.6 2 " 2.98 1.43 1.54 113.6
072677 MCo7 1.5 5 " 0.79 1.06 1.34 33.1
072677 MCO7 10.4 A " 1.59 1.69 1.39 -
072777 MC13 0 0 1005 5.55 2.35 1.56 564.8 Secchi = 12 feet
072777 MC13 1.5 5 " 5.95 1.70 1.62 442.8
072777 MC13 6.5 21 " 6.30 1.56 1.64 88.6
072777 MC13 13.7 45 " 5.5 1.41 1.64 -
072777 MC11 0 0 1050 4.33 1.73 1.57 418.5 Secchi = 7 feet
072777 MC11 1 3 " 4.60 1.89 1.57 302.4
072777 MC11 3.5 11 " 3.61 2.02 1.51 47.2
072777 MC11 8.5 28 " 4.42 1.93 1.56 -
072777 MC09 0 0 1130 2.43 1.61 1.48 200.0 Secchi = 4 feet
072777 MCO9 0.5 2 " 2.15 1.44 1.48 180.2
072777 MCO9 1.5 5 " 2.00 1.74 1.43 10.6
072777 MC09 13.7 45 " 1.53 1.30 1.43 -
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Date

072777
072777
072777
072777

072877
072877
072877
072877

072877
072877
072877
072877

Note:

072877
072877
072877
072877

Depth Chl a  Phaeopigments Productivity

Station _m  ft. Hour  mq/m3 ma/m} Fo/Fa  mgC/m3/LAN-SS  Other

MCo7 0 0 1210 5.05 1.30 1.66 137.0 Secchi = 3 feet
MCO7 0.6 2 " 6.36 1.76 1.63 139.7

mMCo7 1.2 4 " 2.05 1.57 1.45 8.6

MCo7 11.6 38 " 2.53 1.63 1.49 -

MC13 0 0 0705 3.25 1.52 1.65 292.3 Secchi = 8 feet
MC13 1 3 " 2.38 1.35 1.51 176.4

MC13 4 13 " 3.52 1.68 1.54 25.5

MC13 11.9 39 " 3.07 2.85 1.41 -

MC11 0 0 0750  2.34 1.21 1.53 188.0 Secchi = 5 feet
MC11 0.6 2 " 1.38 0.4 1.55 95.3

MC11 2.4 8 " 2.62 1.73 1.48 16.1

MC11 11.9 39 " 2.98 2.98 1.40 -

Station L32, chlorophyl) sample from 2 feet, dilution volume may be incorrect, value thus doubtful.

MC09
MCO9
MCO9
MCO9

0 0 0845
0.6 2 "
1.5 5 "
11.6 38 "

1.76
1.29
1.67
1.72

1.7
1.57
1.67
2.71

1.41 75.8 Secchi = 3 feet
1.36 39.2

1.39 5.2

1.31 -



