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INTRODUCTION

The National Coastal Pollution Research Program (NCPRP) of

the FWPCA has as one of its functions in-house and extramural

development of mathematical models of estuaries. The purpose of

such models is in the management and prediction of water quality

in estuaries.

If a given model is properly verified and used with an eye

to its limitations, it can be an indispensable tool. If it is

not properly verified, it is an ornament; if it is used incautiously,

it can create more problems and waste more time than no model

at all.

Verification data is difficult to obtain in most cases and

more difficult for some (e.g., bacteria distribution) than others

(e.g., temperature). Salinity, as conductivity, is one of the

easier properties to measure continuously and reliably and is of

prime importance in determining the density structure of a water

body.

The data collection program discussed in this report was

intended for two purposes: 1) to provide data for verification

of a solution of the advection-diffusion equation, and 2) to

provide long, continuous records on which to test certain

hypotheses related to time-series analysis.

During the course of the field collection and since then

we have had several requests for the data and for descriptions of
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what was collected, where and when. This report is an informal

summary of data processing techniques and lists the data available

and its present condition.

As time permits, we will use the data ourselves to verify a

model of the Yaquina River Estuary. In the meantime, we hope

this report will indicate to those interested what is available;

if still interested, we'll be happy to help you dig it out.

2
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FIGURE 1. FWPCA Stations, Estuary Diffusion Project, Yaquina Estuary
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FIELD DATA COLLECTION

Salinity Measurements

Conductivity data from which salinity values were computed

were collected at 10 locations in Yaquina Bay and estuary during

the period April 1967 - October 1968.

Locations and Depths of Data Collection

Data collection sites are shown in Figure 1 and are identified

as OSU Surface, OSU Bottom, Sawyer, Fowler, Criteser Surface,

Criteser Bottom, Burpee Surface, Burpee Bottom, Fritz* and Elk

City. Each site is a private or public floating dock located

nearshore and easily serviced by land routes (automobile).

Data were collected at the water surface (about 1.5 feet

beneath the surface) at OSU Surface, Sawyer, Fowler, Criteser

Surface, Burpee Surface, Fritz and Elk City. Bottom data (about

1.5 feet off the bottom) were collected at OSU Bottom, Criteser

Bottom and Burpee Bottom at depths of about 16 feet, 7 feet and

7 feet, respectively, below Mean Lower Low Water (Figure 2).

Conductivity probes were attached to floating docks to obtain

surface data and to pilings to obtain bottom data (Figure 3).

*We have, unfortunately, also called this Charlie, thus Fritz and
Charlie refer to the same station.
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Ins trumentati on

Conductivity data were collected with battery-powered

Beckman** model RQ1-7CH2C-R9K recording conductivity meters

(Figure 4). The system consists of a recording unit, power source,

and associated electronics enclosed in a weather-resistant metal

housing and a 100 foot long'electrical cable with attached

conductivity probe. An analog record of the conductivity is

recorded by an ink pen on a polar chart (Figure 5), which is

driven by a mechanically wound clockworks. The clockworks are

geared such that the chart makes one revolution per week.

The instrument works on the principle that saltwater conducts

electricity at a rate propOrtional to the salt content and tempera-

ture of the water. Alternating current, converted from battery-

direct current by an oscillator, and transmitted to an exposed

terminal in the water, passes through the water and is received

by a second exposed terminal. This current is transmitted back

to the recording unit. The ambient water temperature (which is

not recorded) is measured by a thermistor and transmitted to the

recording unit. A temperature compensator in the recording unit

electronically cancels effects of temperature and causes the

conductivity to be recorded at a constant reference temperature

(25°C).

**Use of product and company names is for identification only and
does not constitute endorsement by the U. S. Department of the
Interior or the Federal Water Pollution Control Administration.
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direct current by an oscil lator, and transmitted to an exposed

terminal in the water, passes through the water and is received
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Front view of salinonieter: shows chart,
inking pen and cable with probe;foot long
rule on top gives scale.

Rear view: door removed; shows power source,
rear electronic panel and cable with probe.

FIGURE 4. Conductivity Recorder (Salin6meter)
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Rear view: door removed;
rear electronic panel and
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source,
probe.

FIGURE 4. Conduct iv i ty Recorder(Sal  i  nometer)



FIGURE 5. Chart Showing Typical Conductivity TraceFIGURE 5. Chart  Showing Typical  Conduct iv i ty Trace
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Flow Chart of Data Acquisition and Reduction

Steps involved in collecting salinity and wind data and

reducing it are shown in the flow diagram (Figure 6).

Calibration

Instruments in service were calibrated weekly beginning in

December 1967. Prior to that time, they were calibrated once a

month. Tertiary saltwater standards (seawater dilutions) of

approximately 6, 12, 18, 24, and 30 parts per thousand (PPT),

respectively, were used for calibration. The conductivity probe

of each instrument was immersed in each solution and the corres-

ponding chart reading was recorded. The data were used to derive

coefficients by which salinity data were calculated from the

conductivity chart records. The tertiary standards were tested

weekly against secondary standards to insure their reliability.

Maintenance and Service

Servicing of meters was done at least once a week and

consisted of changing charts, cleaning the conductivity probes

of mud and marine growth, checking pen operation and ink supply,

checking, adjusting, if necessary, and winding clockworks, and

checking batteries for proper voltage. Batteries were replaced

as required.

Batteries maintained a serviceable voltage (9.5 volts minimum)

for a period of 10 to 14 days. They maintained this voltage

l 0
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for the minimum period during cold weather. Battery life was

more dependent on air temperature than the current draw due to

large salinity fluctuations.

Problems Associated with Instrument Operation

Occasionally, an instrument would stop functioning for a

period of hours or days. This seemed to occur most frequently

during periods of cold weather.

Conductivity probes failed on occasion for no known reason.

In such cases, generally, another cable was installed and the

instrument operated satisfactorily.

Length of Record

The length of record at each station is shown in Figure 7.

Stream Flow Measurements

Streamfiow data of the Yaquina River and Elk Creek, the two

major tributaries to the Yaquina Estuary, were collected from

April 1967 to November 1968 by the Pacific Northwest Water

Laboratory. Together, these two streams drain about 68 percent

of the Yaquina Bay watershed. Flow data for Mill Creek, a smaller

tributary to the estuary, were obtained from the Geological Survey.

Mr. Alden Christianson supervised the installation of the gauges

and obtained the stage versus flow data.

12
for  the minimum per iod dur ing cold weather.  Battery r i fe was

more dependent on air temperature than the cument draw due to
'l 
arge sal i ni ty f l uctuati ons .

Problems Associated with Instrument Operat ion

0ccasional ly,  an instrument would stop funct ioning for a

period of hours or days. This seemed to occur most frequenily

dur ing per iods of  cold weather.

conduct iv i ty probes fai led on occasion for no known reason.

In  such cases ,  genera l l y ,  another  cab le  was ins ta l led  and the

instrument operated sat i  sfactor i  ly .

Length of Record

The length of  record at  each stat ion is shown in Figure 7.

Stream Flow lvleasurements

Streamflow data of  the Yaquina River and Elk Creek, the two

major t r ibutar ies to the Yaquina Estuary,  were col lected from

April 1967 to November 1968 by the Pacific Northwest Water

Laboratory. Together, these two streams drain about 68 percent

of  the Yaquina Bay watershed. Flow data for  Mi l l  Creek, a smal ler

tributary to the estuary, were obtained from the Geological Survey.

Mr.  Alden Christ ianson supervised the instal : lat ion of  the gauges

and obtained the stage versus flow data.
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Station Location, Instrumentation, and Techniques

Temporary gauging stations were installed immediately above

the tidally-influenced reaches of each of the two major tributaries

(Figure 1).

Water levels were continuously recorded in analog form (See

Figure 8) with Leupold and Stevens Type F, Model 61, water level

recorders. The water level, indicated on a visually-read staff

gauge, installed at each site, was recorded on the analog record

each time the instrument was serviced (weekly).

Using these data and data from periodic discharge measurements,

the continuous flows in each stream were calculated. Stream flows

versus stage for the Yaquina River and Elk Creek are shown in

Figure 9. These streamfiow data have been digitized and are on

file as are the Geological Survey flow data from Mill Creek.

Wind Measurements

Wind speed and direction data were collected near the mouth

of Yaquina Bay during the period June 1967 to January 1969.

From June 1967 to December 1967, data were collected from

the north jetty (Figure 1) with a Climet Model 26 wind recording

system. From April 1968 to October l96, data were collected

from the south jetty (Figure 1) with a Geodyne Wind Recorder

(Figure 10). From July 1968 to January 1969, data were collected

at the same site with the Climet recorder.

I

l 4

Stat ion Locat ion,  Instrunentat ion,  and Techniques

Temporary gauging stat ions wene instal led i rnmediatery above

the t idal ly- inf luenced reaches of  each of  the two major t r ibutar ies

(F igure  1  ) .

water levels were cont inuously recorded in analog form (see

Figure 8) wi th Leupold and stevens Type F, Model 6r n water revel

recorders.  The water level ,  indicated on a v isual ly-read staf f

gauge'  instal led at  each si te,  was recorded on the analog record

each t ime the instrument was serviced (weekly) .

Using these data and data f rom per iodic discharge measurements,

the cont inuous f lows in each stream were calculated. stream f lows

versus stage for the Yaquina River and Elk Creek are shown in

Figure 9.  These streamflow data have been digi t ized and are on

f i le as are the Geological  Survey f low data f rom Mi l l  Creek.

t,{ind Measurements

Wind speed and direct ion data were col lected near the mouth

of Yaquina Bay dur ing the per iod June 1967 to January 1969.

Frum June 1967 to December 1967, data were collected from

the north jet ty (Figure l )  wi th a Cl imet Model 26 wind recording

system. From Apri l  1968 to October 1968, data were col lected

from the south jetty (Figure 1) with a Geodyne Wind Recorder

(Figure l0) .  From July 1968 to January 1969, data were col lected

at the same site with the Climet recorder.
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The Geodyne system digitally recorded wind speed and

direction in binary code on photographic film at half-hour

intervals. The data records were reduced by the Geodyne Corpora-

tion and converted to digital printouts, histograms and analog

records. Figure 11 shows a polar histogram of wind directions

recorded during the period August 21 to September 30, 1968.

The Climet system continuously recorded wind speed and

direction in analog form. An example, given in Figure 12, is

from the October 2, 1967 record. Note the intense gusty period

with a maximum gust of 'more than 100 knots. Data from these records

have been digitized and integrated over half-hour intervals and

daily averages computed. Figure 13 shows the printout for

October 2, 1967.

l 8

The Geodyne system digitally recorded wind speed and

direct ion in binary code on photographic f i lm at  hal f -hour

intervals. The data records were reduced by the Geodyne Corpora-

t ion and converted to digi ta l  pr intouts,  h istograms and analog

records.  Figure l l  shows a polar histogram of wind direct ions

recorded during the period August 2l to September 30, 
'1968.

The Cl imet system continuously recorded wind speed and

d i rec t ion  in  ana log  fo rm.  An example ,  g iven  in  F igure  12 ,  i s

from the 0ctober 2, 1967 record. Note the intense gusty period

with a maximum gust of 'more than l00knots.  Data f rom these records

have been digi t ized and integrated over hal f -hour intervals and

dai ly averages computed. Figure 13 shows the pr intout for

October 2,  1967.
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COMPUTER PRINTOUT - WIND DATA 10/02/67

(Retyped from actual computer printout)

SPEED DIRECTION SPEED DIRECTION
HOUR (KIOTs) (°TRUE) HOUR (KNOTS) (°TRUE)

0 12 151 12.0 30 93

.5 12 137 12.5 28 100

1.0 10 122 13.0 29 102

1.5 9 123 13.5 26 95

2.0 9 122 14.0 24 96

2.5 11 136 14.5 24 110

3.0 12 145 15.0 20 143

3.5 13 146 15.5 20 129

4.0 13 141 16.0 21 124

4.5 13 130 16.5 28 131

5.0 13 118 17.0 35 140

5.5 12 105 17.5 46 156

6.0 13 101 18.0 65 181

6.5 15 98 18.5 72 204

7.0 18 92 19.0 60 222

7.5 18 95 19.5 47 237

8.0 17 93 20.0 37 254

8.5 16 96 20.5 31 262

9.0 14 100 21.0 29 259

9.5 16 99 21.5 29 248

10.0 19 92 22.0 29 241

10.5 21 97 22.5 26 240

11.0 25 93 23.0 36 243

11.5 28 93 23.5 34 245

AVERAGE 25 145

FIGURE 13. Printout of Half-hourly Wind Speed and Direction Values
from Climet Record for October 2, 1967.

COMPUTER PRINTOUT - hJIND DATA rc/A2/67
(Retyped from actual computer printout) -

SPEED DIRECTION
H0uR (KNOTS ) ( .TRUE ) HOUR

SPEED DIRECTION
(KN0TS ) ("TRUE )

0

.5

1 .0
. | .5

2 .0

2 .5

3 .0

3 .5

4 .0

4 .5

5 .0

5 .5

6 .0

6 .5

7 .0

7 .5

8 .0

8 .5

9 .0

9 .5

t0 .0

10 .5

i l .0

l l . 5

12
12
l0
9

9

il

12

l3

t3

t3
13

12

l3

t5

t8

t8

17

l6

l4

16

t9

?1

25

28

ls l
. |37

122

123

12?
.l36

. |45

146

l4 t
. |30

l t8

105

l0 t

98

92

95

93

96

100

99

92

97

93

93

30
28
29
26
24
24
20
20
21
28
35
46
65
72
60
47
37
3l
29
29
29
26
36
34

25

93
.|00

102

95

96

i l0

143

129

124

t3 l

140

156
.|81

204

222

237

254

262

259

248

241

240

243

245

145

12.0

12.5

I  3 .0

13 .5

14 .0

14 .5

15 .0

I  5 .5

t6 .0

16 .5

17 .0

I  7 .5

18 .0

18 .5

19 .0

19 .5

20 .0

20 .  5

21.0

21 .5

22 .0

22 .5

23 .0

23 .5

AVERAGE

FIGURE 13.  Pr in tou t  o f  Ha l f -hour ly  w ind  speed and D i rec t ion  va lues
from Cl imet Record for  0ctober 2,  1967.



DATA QUALITY AND THE NOVEMBER 1969
STATE OF THE DATA RECORDS

To recapitulate, the salinity, streamflow, and some wind

data were recorded in analog form on paper charts. These charts,

up to about August 1, 1968, were digitized at half-hour intervals

and stored on tape at the Oregon State University Computer Center.

R. Jay Murray of the Computer Center handled the digitizing and

storing operations and did many other magical and wondrous computer

things in the way of data processing. Without his services and

those of the Computer Center, we would not have been able to

undertake this project.

Condition of the Data - November 1969

Figure 7 outlines the approximate extent of the data in "best"

condition (triple line); data in "moderately good" condition

(double line); and data in a "primitive" condition (single line).

These classifications are meant to indicate the relative amount

of data reduction that would be necessary to bring the records to

an easily usable state. For example, there were many instrument

failures and subsequent data gaps. The "best" data were inter-

polated by eye where short gaps appeared. Where interpolation

was not practical due to the length of the gap or the complexity

of the record, dummy data flags (See Table 1) were inserted to

indicate a record gap. In automatic processing, these stretches

of dummy data should cause only minor complications. The

DATA QUALITY AND THE NOVEMBER I969
STATE OF THE DATA RECORDS

To recap i tu la te ,  the  sa l in i ty ,  s t reamf low,  and some wind

data were recorded in analog form on paper charts.  These charts,

up  to  abou t  Augus t  l , . | 968 ,  were  d ig i t i zed  a t  ha l f -hour  in te rva ls

and stored on tape at  the 0regon state universi ty computer center.

R. Jay Mumay of  the Computer Center handled the digi t iz ing and

stor ing operat ions and did many other magical  and wondrous computer

things in the way of  data processing. t^ l i thout his services and

those of  the Computer Center,  we would not have been able to

undertake this project .

Condi t ion of  the Data -  November ]969

Figure 7 out l ines the approximate extent of  the data in "best"

cond i t ion  ( t r ip ' le  l ine) ;  da ta  in  "modera te ly  good ' ,  cond i t ion

(doub le  l i ne ) ;  and  da ta  in  a  "p r im i t i ve "  cond i t i on  (s ing le  f  , i ne ) .

These c lass i f i ca t ions  are  meant  to  ind ica te  the  re la t i ve  amount

of  data reduct ion that would be necessary to br ing the records to

an easi ly usable state.  For example,  there were many instrument

fai lures and subsequent data gaps. The "best"  data were inter-

polated by eye where short  gaps appeared. Where interpolat ion

was not pract ical  due to the length of  the gap or the complexi ty

of  the record,  dummy data f ' lags (See Table l )  were inserted to

indicate a record gap. In automat ic processing, these stretches

of dummy data should cause only minor compl icat ions.  The



23

"moderately good" data have not been interpolated or patched

with dummy data and have not been checked thoroughly. These data

suffer only from a lack of attention. The "primitive" data

suffer, in addition, from calibration difficulties.

Figure 14 shows daily averages at some selected stations

over the time span indicated. Straight daily averages filter out

much of the tides and higher frequency oscillations. Several of

the plots show vertical bars which indicate the salinity extremes

at that station over the day indicated. The extremes over a day

are, of course, a function of tidal range, runoff conditions, wind,

seiches, and local rainfall. The difference between extremes or

the length of the bar may, therefore, change considerably over

a few days. The high and low extremes in general do not extend

equal amounts from the mean value. The length of the bars just

give a rough indication of how much the curves were smoothed by

the taking of daily averages.

Since the tides and higher frequencies have been filtered

out, the curves in Figure 14 might reasonably be said to retain

intermediate period (several days to weeks) variance plus long

period (months to year) variance. The Yaquina River streamflow

seems to be a fairly smooth function of time. The salinity records

show, however, a considerable amount of roughness in the intermediate

range. This may be due to some residual tidal energy sneaking

through the daily average filter, to wind stirring of stratified

water, or to some other mechanism.

23

"moderately good" data have not been interpolated or patched

with dunrny data and have not been checked thorouohly. These data

suffer only f rom a lack of  at tent ion.  The , 'pr imit ive, ,  data

su f fe r ,  in  add i t ion ,  f rom ca l ib ra t ion  d i f f i cu l t ies .

Figure 14 shows dai ly averages at  some selected stat ions

over  the  t ime span ind ica ted .  s t ra igh t  da i l y  averages  f i l te r  ou t

much o f  the  t ides  and h igher  f requency  osc i l la t ions .  Severa l  o f

the plots show vert ica ' l  bars which indicate the sal in i ty extremes

at that  stat ion over the day indicated. The extremes over a day

are ,  o f  course ,  a  func t ion  o f  t ida l  range,  runof f  cond i t ions ,  w ind ,

seiches, and local  ra infal l .  The di f ference between extremes or

the length of  the bar may, therefore,  change considerably over

a few days. The high and low extremes in general  do not extend

equal  amounts f rom the mean value. The length of  the bars just

give a rough indicat ion of  how much the curves were smoothed by

the  tak ing  o f  da i l y  averages

Since the t ides and higher f requencies have been f i l tered

out,  the curves in Figure 14 might reasonably be said to retain

intermediate per iod (several  days to weeks) var iance plus long

per iod (months to year)  var iance. The yaquina River streamflow

seems to be a fa i r ly  smooth funct ion of  t ime. The sal in i ty records

show, however,  a considerable amount of  roughness in the intermediate

range. This may be due to some residual  t idal  energy sneaking

through the  da i l y  average f i l te r ,  to  w ind  s t i r r ing  o f  s t ra t i f ied

water, or to some other mechanism.
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October of 1967 was the end of an extremely dry summer. The

salinity reached 14 PPT at Charlie's Dock (River Mile 16.0). Soon

after the beginning of the fall rains, the salinity at Charlie's

Dock and Elk City dropped to zero. During the winter, the salinity

fluctuated greatly with each major storm. After the beginning of

the dry season in early April of 1968, the salinity began to

increase slowly at all locations. The general trend of the

salinity during this period is a striking feature in spite of the

fact that the summer of 1968 was anomalously wet. When the data

are completely reduced, it will be interesting to compare this

with the dry summer of 1967.

Note that during the summer of 1968, salinity variations at

intermediate frequencies seem to be relatively coherent between

the stations, i.e., peaks and troughs in the salinity records seem

to show up at the same times. This suggests that these variations

may be caused by the tides.

The traces in Figure 14 begin and end at various times and

some show gaps. Some of the gaps are interpolated with a straight

dotted line. This dotted line is included as an aid to keeping

track of the traces. The extent of the excursions makes it a bit

difficult to follow the salinity traces.

Description of Data Block Available
For Use Through OS-3 System

A block of data from 000 on April 13, 1968, until 2330 hours

on July 5, 1968, has been cleaned up and put out on disk file at the
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OSU Computer Center. The block consists of half hourly values

of observed tide, streamfiows, and surface salinities. The data

arearranged according to the following format (r4,9F6.l):

14 - Arbitrary index number, recycling at 12. Starts at

1 on 0000 hours on April 13, 1968. Is 12 on 0530

hours and 1 again at 0600 hours on the same date.

Helps in scanning printouts by isolating 6 hour

blocks.

F6.1 - Observed tide at OSU dock in feet above a reference point

29 feet below MLLW. Tides are actually measured to

hundredths of a foot, but this number has been rounded.

F6.l - Salinity in PPT measured about 6 inches beneath the surface

at the OSU dock (Station "OSU Surface II").

F6.1 - Salinity at "Sawyer's Dock" surface.

F5.1 - Salinity at "Criteser's Dock" surface.

F6.l - Salinity at "Burpee" surface.

F6.1 - Streamflow of Yaquina River in cubic feet/second.

F6.l - Streamflow of Elk Creek.

F6.l - Streamflow of Mill Creek.

F.l - Sum of Elk Creek and Yaquina River. These two water

sources enter the estuary system and mix at a point

above any of the salinity sensors. For simplicity, they

may he considered as one input. For convenience, the sum

was included in the data file.
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may he considered as one input. For convenience, the sum

was inc luded in  the  da ta  f i le .
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The file contai:ns 94 days of data. At 48 half-hourly points

per day, that is a total of 4,512 points for each individual series,

or about 41 ,000 total.

Over certain short time periods, missing data were supplied by

eyeball interpolation. Over some larger stretches of highly variable

data where eyeball interpolation was not practical, dummy flats, e.g.

40 PPT for salinity, were inserted as has been mentioned before.

Dummy
Data

40.0 PPT

40.0 PPI

40.0 PPT

40.0 PPT

00.0 CFS

TABLE I

INSERTED DUMMY VALUES

Station From, To, Times Inclusive

Sawyer Salinity

Criteser Sal.

Sawyer Sal.

Criteser Sal.

Mill Cr. Streamfiow

0000 hrs on April 13 to & including
0930 on April 19

0630 on June 11 1000 June 12

0000 on June 12 0930 June 14

1800 on June 16 1700 June 17

0000 on July 1 2330 on July 15

Figure 15* is a plot of the salinity, streamfiow, and tide data

over a short section of the data. This section was selected because

at the left it shows several days characteristics of a long dry spell;

in the center it shows the system response to a large freshwater

influx; and on the nIght lIt shows the recovery of the system. Due to

* Figure 15. Half-Hourly Values of Tide, Salinity, and Streamfiow,
May 17 Until June 19, 1968. (Due to reproduction expense and
difficulties this figure will be available upon request only.)
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over a short  sect ion of  the data.  This sect ion was selected because

at the lef t  i t  shows several  days character ist ics of  a long dry spel l ;

in the center i t  shows the system response to a ' large freshwater

inf lux;  and on the r i .ght  i t  shows the recovery of  the system. Due to
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May  17  Unt i l  June  19 ,  1968 .  (Due
d i f f i cu l t i es  th i s  f i gu re  w i l l  be

T ide ,  Sa l in i ty ,  and St reamf low,
to reproduct ion expense and.

ava i lab le  upon request  on ly .  )



drafting and reproduction difficulties, the plot is not extremely

exact and should only be used for rough quantitative estimates.

It is precise enough, however, to see the progress of the tidal

wave up the estuary; i.e., the salinity maximums are shifted to

later times as they are recorded at stations progressively further

up the estuary. There are some breaks in the plot where data

were not available. The OStJ dock salinity and the Sawyer's dock

salinity occasionally cross and reverse. The light trace is the

OSU dock value. At the points where the OSU trace crossed the

Sawyer trace, the Sawyer trace was omitted. Around June 10-12,

some bumps are to be seen on the Yaquina plus Elk Creek streamflow

trace. These were caused by the interference of extremely high

tides with the stream gauge on the Yaquina River. Amplitude of

these tides was at most six inches at the gauging stations.

Dr. H. Frolander of the OSU Department of Oceanography has

maintained a midstream top and bottom salinity sampling program

in Yaquina Bay for several years. water samples are obtained and

taken to shore foranalysis by a laboratory salinometer. Some pre-

liminary unpublished results of this program are listed in Table II.

Times listed indicate the beginning of the cast. A cast takes

about 12 minutes. These data were supplied us by Mr. D. J. Bergeron.

Table II gives some indication of the degree of stratification

at various times. Note that the estuary is relatively unstratified

at least during the major part of May. In tate May, the storms
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caused a considerable amount of stratification. This stratif I-

cation was dissipated by 'late June.

To the degree that the data in Table II can be compared with

the time series data recorded on the shore, agreement is good. A

characteristic figure for this agreement is about ±2 PPT. In the

range 20-35 PPT salinity, it is difficult to read the pen traces

on the analog chart records to much better than ±1 PPT. The

remaining differences might be explained by cross-stream and long-

stream gradients in tne salinity.

Table 111* is a partial list of unpublished salinity data

collected by W. D. Clothier, G. R. Ditsworth, and W. A. DeBen of

the PNWL in connection with a 1967-1968 nekton sampling program.

The format of the table is similar to that of Table II. Salini-

ties, however, were sampled at intervals of 1 meter from 1 meter

beneath the surface to the bottom. The samples were taken generally

during the period of the flood following the lowest low water asso-

ciated with the spring tide. The stations were located to the side

of the main channel at the river miles indicated. The Clothier

study also included temperature, 0.0., and Secchi disk measure-

ments. The nekton samples were classified, counted, measured, and

weighed; the data are on punch cards at the Pacific Northwest

Water Laboratory. The salinity and temperatures were taken with

a Beckman Instruments RS-5 portable inductive salinometer.

* Table III. Clothier, Ditsworth, DeBen: Salinity Data (Partial).
(Due to reproduction expense this table will be available upon
request only.)
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the Pl i t , 'J l  in connect ion wi th a 1967- lg68 nekton sampl ing program.

The fo rmat  o f  the  tab le  i s  s im i la r  to  tha t  o f  rab le  I I .  sa l in i -

t ies,  however,  were sampled at  fntervals of  I  meter f rom l  meter

beneath the surface to the bottom. The samples were taken generally

dur ing the per iod of  the f lood fol lowing the lowest low water asso-

ciated with the spr ing t ide.  The stat ions were located to the s ide

of  the  main  channe l  a t  the  r i ver  mi les  ind ica ted .  The C lo th ie r

s tudy  a lso  inc luded tempera ture ,  D.0 . ,  and Secch i  d isk  measure-

ments.  The nekton samples were c lassi f ied,  counted, measured, and

weighedi  the data are on punch cards at  the Paci f ic  Northwest

Water Laboratory. The salinity and temperatures were taken with

a Beckman Instruments RS-5 portable induct ive sal inometer.

*  Tab le  l I I .  C lo th ie r ,  D i t swor th ,
(Due to reproduct ion expense this
request  on ly .  )

DeBen:  Sa l  in i t y  Data  (Par t ta l  ) .
tab le  w i l l  be  ava i lab le  upon
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Absolute accuracy greater than ±2 PPT salinity should not be

of much importance to most researchers. The time stability of the

calibration should be significantly more important. Weekly cali-

brations show a week-to-week variation of about 1 PPT salinity

and a gradual drift of 1 or 2 PPT salinity over the three-month

period. These weekly calibrations were used in the production of

the final data file. The apparent change in the calibrations may

be partly due to air-temperature variation on the different calibra-

tion days.

The time constant of the salinity recorder was less than a

minute. The analog trace, in visual examination, did not show

evidence of any significant v-ariations with periods of less than

one half hour. The salinity records are, therefore, uncontaminated

by aliasing. The tides and streamflows were even more slowly vary-

i ng.

In Figure 14, notice how in April of 1968 the rains stop, the

streamflows taper off, and, most dramatically, the salinity begins

to increase along a fairly steady trend. As mentioned before, the

summer of 1968 was an anomalously wet summer. Most summers in this

region are characterized by an almost total absence of rain. In

view of this and other meteorological factors observed over several

years, it seems reasonable to assume that the year is divided into

two sharply-defined seasons: the wet season lasting from about

October through April or May, and the dry season lasting the

remainder of the year.
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Abso lu te  accuracy  grea ter  than tz  ppr  sa l in i ty  shou ld  no t  be

of much importance to most researchers.  The t ime stabi l i ty  of  the

ca l ib ra t ion  shou ld  be  s ign i f i can i l y  more  impor tan t .  week ly  ca l i -

b ra t ions  show a  week- to -week var ia t ion  o f  about  I  ppr  sa ] in i ty

and a gradual  dr i f t  of  I  or  2 ppr sal in i ty over the three-month

per iod .  These week ly  ca l ib ra t ions  were  used in  the  produc t ion  o f

the  f ina l  da ta  f i le .  The apparent  change in  the  ca l ib ra t ions  may

be part ly due to air- temperature var iat ion on the di f ferent cal ibra-

t ion  days .

The t ime cons tan t  o f  the  sa l in i ty  recorder  was less  than a

minute .  The ana ' log  t race ,  in  v isua l  examinat ion ,  d id  no t  show

ev idence o f  any  s ign i f i can t  yar ia t ions  w i th  per iods  o f  less  than

one ha l f  hour .  The sa l in i ty  records  are ,  there fore ,  uncontaminated

by al iasing. The t ides and streamflows were even more slowly vary-

i  ng .

In  F igure  14 ,  no t i ce  how ' in  Apr i l  o f  1968  the  ra ins  s top ,  the

s t reamf lows taper  o f f ,  and,  most  d ramat ica l ]y ,  the  sa l in i ty  beg ins

to increase along a fa i r ly  steady trend. As ment ioned before,  the

summer of  l968 was an anomalous' ly wet summer.  Most surnmers in th is

region are character ized by an almost total  absence of  ra in.  In

view of  th is and other meteorological  factors observed over several

years,  i t  seems reasonable to assume that the year is div ided into

two sharply-def ined seasons: the wet season last ing f rom about

0ctober through Apr i l  or  May, and the dry season last ing the

remainder of  the year
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Since the data block on file starts in mid-April and continues

through mid-July, it would almost entirely lie in the dry season.

This says that the stochastic processes which generated this data

block have a fighting chance of being stationary. If the time

period of the record had spanned one of the common transition

times, then the generating process could not have been assumed

stationary. A process is stationary" over a time period if the

moments of the distribution of the data formed over the ensemble

of all possible estuary performances at time t during that time

period are constants as t varies from the beginning of the time

period to the end.

The data are largely non-random due to the presence of the

tides. The phase of the tidal constituents is very stable over

long periods. One of the most discouraging aspects of the problem

is that the system seems to be highly non-linear. Notice how the

excursion of salinity due to the tides is smashed down as the

salinity nears the fresh water and ocean water limits; i.e., the

estuary water cannot get any fresher than fresh water, nor any

saltier than ocean water. The salinity values at a point are

primarily due to large-scale convection and diffusion. The effects

of convection and diffusion are modified by the change of the

length-to-width ratio of a water parcel as it is shuffled up and

down an estuary of irregular shape. It is interesting to note

that the diffusion coefficients are probably time variable with
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Since the  da ta  b lock  on  f i le  s ta r ts  in  mid-Apr i l  and  cont inues

th rough  mid -Ju ly ,  i t  wourd  a rmos t  en t i re l y  l i e  in  the  d ry  season .

Th is  says  tha t  the  s tochas t ic  p rocesses  wh ich  genera ted  th is  da ta

b lock  have a  f igh t ing  chance o f  be ing  s ta t ionary .  I f  the  t ime

per iod of  the record had spanned one of  the common transi t ion

t imes,  then the  genera t ing  process  cou ld  no t  have been assumed

sta t ionary .  A  process  is  "s ta t ionary"  over  a  t ime per . iod  i f  the

moments of  the distr ibut ion of  the data formed over the ensemble

of  a l l  poss ib le  es tuary  per fo rmances a t  t ime t  dur ing  tha t  t ime

per iod are constant as t  var ies f rom the beginning of  the t ime

per iod  to  the  end.

The data are largely non-random due to the presence of  the

t ides .  The phase o f  the  t idar  cons t i tuents  i s  very  s tab le  over

long per iods .  One o f  the  most  d iscourag ing  aspec ts  o f  the  prob lem

is  tha t  the  sys tem seems to  be  h igh ly  non- l inear .  Not ice  how the

excurs ion  o f  sa l in i t y  due to  the  t ides  is  smashed down as  the

sa l in i t y  nears  the  f resh  wate r  and  ocean  wate r  l im i t s ;  i . e . ,  the

estuary water cannot get any f resher than fresh water '  nor any

sa l t ie r  than ocean water .  The sa l in i ty  va lues  a t  a  po in t  a re

pr imar i l y  due to  la rge-sca le  convec t ion  and d i f fus ion .  The e f fec ts

of  convect ion and di f fusion are modif ied by the change of  the

length- to -w id th  ra t io  o f  a  water  parce l  as  i t  . i s  shu f f led  up  and

down an es tuary  o f  imegu lar  shape.  I t  i s  fn te res t ing  to  no te

tha t  the  d i f fus ion  coef f i c ien ts  a re  p robab ly  t ime var iab le  w i th
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fluctuations at twice the tidal frequencies, because of the

increase in turbulence during the flood and ebb tide. Salinity

values are also probably affected by the minor changes in open

ocean salinity.
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f luctuat ions at  twice the t idal  f requencies,  because of  the

increase fn  tu rbu lence dur ing  the  f lood  and ebb t ide .  sa l fn i ty

values are also probably af fected by the minor changes in open

ocean sa l  in i t y .
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EXAMPLE OF USE OF
"BAY'1 FILE

h'*DETREjDh' is a computer subroutine designed to detrend a

time series either by (1) removing the mean, or (2) removing the

linear trend. This subroutine is part of the ARAND system of time

series analysis programs written by Lyle Ochs and Jeff Ballance of

the Oregon State University Computer Center. Documentation is

available from the center.

'I*CDETRENII is the calling program for *DETREND. It is quite

a versatile routine and should serve most parties without modifi-

cation. (1) The input and output logical units (LUNS) are

specified by the user. (2) The user may skip a number of records,

call down the subroutine on a specified number of records, and skip

the remaining records on the input data file. (3) The user may

specify input and output formats. The output format must be speci-

fied for two numbers, the integer sequence number, and the floating

point detrended data number.

The "dummy data" feature is included as an aid in passing

over the placeholder dummy data inserted in various places in BAY.

The user informs the program of the dummy data value. When dummy

data is read the program stops reading data and acts on the real

data already read.

The sample run included here demonstrates several of the

aspects mentioned above. Characters typed in by the operator are

underlined. The spacing between lines was artificially expanded

to allow for explanatory notes.

EXAMPLE OF USE OF "BAY" FILE

"*DETREI',1D" is a computer subroutine designed to detrend a
t ime ser ies  e i ther  by  (1 )  remov ing  the  mean,  o r  (2 )  remov ing  the

l inear  t rend-  Th is  subrout ine  is  par t  o f  the  ARAND sys tem o f  t ime

ser ies  ana lys is  p rograms wr i t ten  by  Ly le  Ochs and Je f f  Ba l lance o f
the Oregon State Universi ty computer center.  Documentat ion is

ava i lab le  f rom the  center .

" *CDETREN" is  the  ca l l ing  program fo r  *DETREND.  I t  i s  qu i te

a  versa t i le  rou t ine  and shou ld  serve  most  par t ies  w i thout  mod i f i -

ca t ion .  ( t )  f t re  input  and ou tpu t  l0g ica l  un i ts  (LUNS)  are

speci f ied by the user.  (2)  The user may skip a number of  records,

ca l l  down the  subrout ine  on  a  spec i f ied  number  o f  records ,  and sk ip
the  remain ing  records  on  the  input  da ta  f i le .  (3 )  The user  may
speci fy input and output formats.  The output format must be speci-
f ied for  two numbers,  the integer sequence number,  and the f loat ing
point  detrended data number.

The "dummy data"  fea ture  is  inc luded as  an  a id  in  pass ing

over  the  p laceho lder  dummy data  inser ted  in  var ious  p laces  in  BAy.

The user informs the program of the dummy data value. when dummy
data is read the progr"am stops reading data and acts on the real
data already read.

The sample run included here denionstrates several  of  the

aspects mentioned above. characters typed in by the operator are
under l ined .  The spac ing  be tween l ines  was ar t i f i c ia i l y  expanded

to  a l low fo r  exp lanatory  no tes .
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The data on "BAY" is arranged in columns. The first column

contains sequence numbers which repeat in cycles of 12. The

second column, the first data column, contains tidal information.

In the example run the operator has given instructions to skip

completely the first 5 records on BAY and then to read the next 25

records according to the format (4x,F6.1). This will input tidal

data points 6 through 30. The operator then has instructed the

subroutine to find the mean of these 25 points and to compute a

data series with the mean subtracted. The mean is listed by the

computer on the operator's teletype and the mean detrended data

series is outed to a file.

Note at this point that the computer came back with a "LUN 40

UNDEFINED". The subroutine *DETREND writes out, as do all the ARAND

subroutines, certain messages and parameters on LUN 40. The par-

ticular messages and parameters output by *DETREND are to be found

on the last page of the sample run. Many operators choose to set

40=NULL and therefore dump all the "helpful messages and parameters."

After the subroutine acts on the data and the main program

writes the output, the operator can specify a switching code.

SWITCHING CODE:

O: No more data for processing; program goes to end.

l: More data for processing; program essentially begins again.

=10: Next data on LUNIN is dummy data; program "thumbs" through

it until it finds some real data. It backspaces LUNIN and asks for

another switching code.
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The data  on  "BAY"  is  a r ranged in  co lumns.  The f i rs t  co lumn

contains sequence numbers which repeat in cyc' les of  lZ.  The

second co lumn,  the  f i rs t  da ta  co lumn,  conta ins  t ida l  in fo rmat ion .

In  the  example  run  the  opera tor  has  g iven ins t ruc t ions  to  sk ip

completely the f i rst  5 records on BAy and then to read the next 25

records  accord ing  to  the  fo rmat  (4x ,F6 . . | ) .  Th is  w i l l  i npu t  t i da l

data po' ints 6 through 30. The operator then has instructed the

subrout ine to f ind the mean of  these 25 points and to compute a

data ser ies wi th the mean subtracted. The mean is r isted by the

computer on the operator 's te letype and the nean detrended data

ser ies  i s  ou ted  to  a  f i l e .

Note at  th is point  that  the computer came back with a "LUN 40

UNDEFINED" .  The subrout ine  *DETREND wr i tes  ou t ,  as  do  a l l  the  ARAND

subrout ines,  certain messages and parameters on LUN 40. The par-

t ' icular messages and parameters output by *DETREND are to be found

on the last  page of  the sample run. Many operators choose to set

4O=NULL and therefore dump a1l  the "helpful  messages and parameters."

A f te r . the  subrout ine  ac ts  on  the  da ta  and the 'ma in  p rogram

wri tes the output,  the operator can speci fy a switching code.

SWITCHING CODE:

=0: No more data for  processing; program goes to end.

= l :  More  da ta  fo r  p rocess ing ;  p rogram essent ia l l y  beg ins  aga in .

=. |0:  l lext  data on LUNII{  is  dummy data;  program "thumbs" through

i t  un t f l  i t  f inds  some rea l  da ta .  I t  backspaces  LUNIN and asks  fo r

another  sw i tch ing  code.
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Note that the switching code allows the user to skip records,

process records, go back to the beginning of the program, and use

the skip feature again, and process more records, etc.

In the sample run the operator has set the switching code = 1.

The program then asks for input and output formats and logical

units. The subsequent instructions given by the operator have

caused the computer to read and act upon the first 27 values of

salinity at "OSU surface. Uote that in this second cycle the

operator has asked for linear detrending.

The next page shows a short listing of the first part of BAY.

The operations carried out in the sample run considered data only

from the first part. The detrended output data are listed on the

next page. The helpful messages stored on LUN 40 are shown on the

next page.
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l lote that  the switching code al lows the user to skip records,

process records,  go back to the beginning of  the program, and use

the skip feature again,  d ld process more records,  etc.

In the sample run the operator has set the switching code = l .

The program then asks for input and output formats and logical

uni ts.  The subsequent instruct ions given by the operator have

caused the computer to read and act upon the first 27 values of

sa l in i ty  a t  "0SU sur face . "  l {o te  tha t  in  th is  second cyc le  the

operator has asked for l inear detrending.

The next page shows a short  l is t ing of  the f i rst  part  of  BAY.

The operat ions carr ied out in the sample run considered data only

from the f i rst  part .  The detrended output data are l is ted on the

next page. The helpful  messages stored on LUN 40 are shown on the

next page.



TIME
TIME 0.046 SECONDS NFBLKS 0 CF'BLRS 0
#EQ(J IP' 1 =BA'r,

#EQ(j IP2=F ILE
#EQU IP, 3=FILE
#FORTRAN, I=*CDETREN,X=50

NO ERRORS FOR CDETREN

#FORTRAN, 1*DETREND,X=51

NO ERRORS .FOR DETREND

#LOAD,50, 51
RUN
RUN

INPUT FORMAT
(4X,F6.1)
tSpace over one, then type in format,

(4X, F6. 1)
OX?

Hill
means

OUTPUT FORMAT
C 14,F6.1 )

"Yes, format is OK"

37

including right and left parentheses.

Note output format specified for two numbers, sequence number plus
floating point detrended data number.

(14,F6.1 )
OK? 1

.-Reads data off of LUN 1.
INPUT LUN = 1

OUTPUT LUN =2
Puts sequence numbers plus detrended data numbers on LUN 2.

NUMBER OF RECORDS TOSKIPOVER = - Skips over 5 data points before
MEAN OR LINEAR DETRENDING? j considering any set of data

points.

Indicates to subroutine *DETREND that you wish
"mean" detrending.

37T I T,JE
TIME 0 .046 SECCNDS MFBLKS
# U O U I P T l = B A Y
#EOU IPr  2=F ILE
# E O U  I P r  3 = F  I L E
#F 0RTRANT I  =*C DETRENT X=50

NC ERRCRS FCR CDETREN

#FCRTRANT I  =*DETRENDT X=5 1

NO ERRCIRS .FCR DETRENI)

# L C A D r 5 0 r  5 1
R U N
RUN

INPUT FCRMAT

CFBLKS O

type in format,  including r ight  and left parentheses.
- (4XrF6. l  )  @ @GSpace over one, then

( 4 X r  F 6 .  I  )
cK? I

"Yes, format is 0K"

CUTPUT FCRMAT
(  I 4 r F 6 . 1  )

Note output format specified for two numbers, sequence number plus
f loat ing point detrcnded data number.

( I 4 r F 6 . 1  )
C K ? , 1

INPur LUN = , 'rReads 
data off of LUN l '

CUTPUT LUN A \Puts sequence numbers plus detrended data numbers on LUN 2.

@
" l t t  means

NUMBER oF REccRDs TOSKIPCUER = 5 +- Skips over 5 data points before
MEAN CR LINEAR DETRENDING? . I considering any set of data

tr' 
- 

Points !

Indicates to subroutine *DETREND that you wish
"mean" detrending.



If you are using dummy data as a 1placeholder" enter
DUMMY DATA VALUE value here; if not, enter value above any possible data
NUMBER OF POINTS TO ACT ON =25 value.

After skipping over the number of points specified above (5 pts.) the program
applies *DETREND to this number of points (25 pts.) following.

DETREND ENTERED WITH.. LENGTH OF SERIES = a5
REMOVED 1 (1)MEAN, (2)LINEAR TREND

LUN 40 UNDEFINED ARAND subroutines are now set up to write "helpful"
#EQUIP,40=3 messages on LUN 40.
#G 0
MEAN = 3.17560000E 01 Subroutine gives mean.
SWITCHING CODE =1

By typing "1" operator indicates that more data is to be
processed.

INPUT FORMAT
(IOXsF6.1) Input format for new data, i.e. reading second column

(1OX.,F6.1) fromBAY.
OK? 1

OUTPUT FORMAT
(14,F6.1 )

CI4,F6.1 )
OK? 1

INPUT LUN = (EAK)
Broke here to rewind data file and to equip

REWIND,1 a new output file.

#EQUIP,4=FILE
#G 0

I. 0perator indicates that program should again read off LUN 1

OUTPUT LUN =4

NUMBER OF RECORDS TOSKIPOVER =

, I f  you are
DUMMY DATA VALUE 50 r va'l-ue here;
NUMBSR CF PCINTS TC ACT cN =25

-?-
After skipping over the number of points specified above (S pts.) ttre program
applies *DETREND to this number of points (25 pts.) fol lowing.

3B

using dummy data as a "placeholder" enter
i f  not,  enter value above any possible data

val  ue.

D E T R E N D  E N T E R E D  W I T H ' .  L E N G T H  C F  S E R I E S  =  P 5
RBiCVED I  ( l )MEANT €TLINEAR TFEND

LUN 40 UNDSFINED ARAND subrout ines are now set up to wr i te, ,helpful , ,
#EQUIPT4O=3 npssages on LUN 40.
# G O
MEAN = 3 .1?56O00OE Ol  Subrout ine  g ives  naan.
S1' I ITCHING CCDE =t

By typing "l" operator indicates that more data is to be
processed.

INPUT FCRMAT
( 1 0 ) b F 6 , 1 )

( 1 O X r F 5 . l  )
cK? I

CUTPUT FCRMAT
(  l 4 r F 6 .  I  )

( I 4 r F 5 . 1  )
cK? I

INPUT LUN = (ANrrX;
4

REW INDr t
#EQU IPr  4=F ILE
# G C
t -r r-- operator

Broke here to rewind data file and to equip
a new output f i le.

Input format for new data, i .e. reading second column
from BAY.

indicates that program should again read of f  LUN l .

OUTPUT LUN =Q

NUMBER CF RECCRDS ?CSKIPCVER = 0
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O 'tPJEIrkt DEi1)Dt,J(, .

DUMMY DATA VALUE .Q..

NUMBER OF POINTS TO ACT ON =ai

DETREND ENTERED ITH.. LENGTH OF SERIES = 27
REMOVED 2 (1 )MEAN, (2)LINEAR TREND
MEAN = 2.91666667E 01
A COEFFICIENT = -8.06471306E-02 B COEFFICIENT= 3.02957265E 01
SWITCHING CODE =0

t Subroutine *DETREND gives
mean plus linear coefficients.

Code set = 0H ends routine.

END OF FORTRAN EXECUTION
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flEf rr,r on \ r pEArt. Dg;Ttz2ltg1SS6 L

DUMMY DATA VALUE 50

NUMBER OF POINTS TO ACT CN =27

DETREND ENTERED t i ITH. .  LENGTH CF SERIES =
RB{CVED 2  ( l  )MEANT (Z>LINEAR TREND
M E A N  =  2 . 9 1 6 6 6 6 6 7 8  0 1
A  C O E F F I C I E N T  =  - B . O 6 4 7 t 3 O 6 E - 0 2 r

S! ' I  TCHING CCDE- =-]8-

Code set - rr0rr ends routine.

B CCEFFIC IENT= 3 .A29572658  O l

t Subroutine *DETREND gives
mean plus l inear coeff ic ients.

27

END CF FCRTRAN EXECUTICN

4


