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CONVERSION FACTORS, NON-SI UNITS OF MEASUREMENT
TO SI (METRIC) UNITS

Non-SI units of measurement used in this report can be converted to SI
(metric) units as follows:

Multiply By To Obtain

feet 0.3048 metres

inches 2.64 centimetres

miles (US statute) 1.609344 kilometres
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EVALUATION OF SEISMOMETER WAVE GAGE AND COMPARATIVE ANALYSIS OF
WAVE DATA AT YAQUINA AND COQUILLE BAYS, OREGON

PART I: INTRODUCTION

Background

1. The Oregon coast is among the most rugged and high-energy wave coast-
lines in the contiguous United States. As with other coastlines, it presents
formidable obstacles for collection of instrumental wave data. Conventional

in

in situ wave gages historically have been only marginally successful; there-

o
fore, alternative wave data gathering techniques have been explored to provide
at least an approximate nearshore wave climate. The US Army Engineer Dis-
trict, Portland (NPP), has established and operated a Littoral Environment Ob-
servation (LEO) program, with assistance from the Coastal Engineering Research
Center (CERC) of the US Army Engineer Waterways Experiment Station (WES), to
obtain visual estimates of nearshore breaking waves. Additionally, NPP has
requested CERC to evaluate an innovative system developed by Oregon State Uni-
versity 0SU) to derive ocean wave estimates from microseisms sensed by a con-
ventional land-based seismometer. The OSU system has two distinct advantages:
(a) it provides instrumentally determined wave estimates, and (b) it allows
all equipment to be located in a safe area rather than in the ocean or on the
beach. The location of existing seismometer wave gages along the Oregon-
Washington coast is shown in Figure 1.

2. The OSU system at Newport, Oregon, near Yaquina Bay, includes a pen-
and-ink strip chart recorder. OSU has developed a strip chart data reduction
method and used it to analyze and summarize the Yaquina Bay seismometer data
collected between 1971 and 1981 (Creech 1981).

Scope

3. Discussed in this report is an evaluation of the OSU seismometer sys-
tem to aid NPP in interpreting the available wave climatology, in assessing
possibilities for analysis of seismometer data collected since 1981, and in
evaluating the potential of a seismometer system for future data collection.

...........................
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Figure 1. Location of seismometer wave gages
along the Oregon-Washington coast
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The evaluation is not exhaustive, but it provides the best judgments obtain-
able within the constraints of the study. The report includes comparative
analyses of seismometer and pressure gage data collected by NPP at the en-
trance to Yaquina Bay (Newport) during 22 February-5 March 1984. The analyti-
cal method used for reducing the seismometer data is based on the standard
CERC procedure for pen-and-ink strip chart records. For comparison, the 0QSU
and CERC methods were applied for 1 month of relatively low wave conditions
(September 1983) and approximately 1 month of relatively high wave conditions
(9 February-12 March 1984) at Yaquina Bay. A comparative analysis of Yaquina
Bay seismometer data and Coquille Bay pressure gage data is also included.

The Coquille bay gage is a long-term operational shallow-water gage along the
Oregon coast. The comparisons cover selected months of low and high wave con-
ditions. The Coquille Bay pressure gage is funded by the Corps of Engineers'
Field Data Collection Program (FDCP).
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PART II: THEORETICAL BACKGROUND

4. A mechanism by which deepwater ocean waves can generate microseisms is
described by Longuet-Higgins (1950). The pressure variations under a wave
decrease exponentially with depth. However, when two progressive waves of the
same wavelength occur together traveling in opposite directions, there is a

theoretical prediction for a second order pressure variation which does not

attenuate with depth. The variation is proportional to the product of the am-
plitudes of the two waves and occurs at a frequency twice that of the waves. 4
A comparable situation in nature could occur when waves approach a coastline :T?lfﬁf
and are partially reflected such that the reflected waves interact with addi- . .
tional incoming waves with similar frequencies. &’j ﬁzﬁ

5. Hasselmann (1963) significantly extended the theoretical basis by o -

considering spectral transfer functions and the local energy balance equation

of the seismic field. He found that microseisms are effectively excited only
by components of the pressure spectrum that have the same phase velocities as
free seismic waves. These velocities are very high relative to typical ocean
wave phase velocities. However, the phase velocity associated with second-
order pressure variations is comparable to seismic wave phase velocities,
Thus, the second order pressure variation is expected to be effective at ex-
citing seismic wave energy both because it extends to the ocean bottom, even
in deep water, and because it matches the seismic waves in phase velocity.
Hasselmann also indicated .hat a broad spectrum of ocean wave energy generated

by a storm in deep water near the coast may be expected to give a stronger

sel mic signal than if the storm were located over the continental shelf. A

narrowWw spectrum is expected to generate seismic waves more effectively on the

sheif than in deep water. L
6. Hasselmann's (1963) analysis for ocean waves over a sloping shallow j!~_~5i

bottom indicates that appreciable seismic energy can be generated also at in- :

cident wave frequencies. Microseismic energy is found to decrease rapidly

with increasing frequency. Thus, low-frequency incident waves may be expected o

to be most effective in generating microseismic waves of comparable frequency. i’i., f
7. Haubrich, Munk, and Snodgrass (1963) analyzed low-frequency ocean s

swell wave and seismic recordings near San Diego, California. Peaks in the

seismic spectra were visible at both the peak ocean wave frequency f_. and at

p

2fp . The peak at 2fp contained approximately 100 times as much energy as Ziﬁf.:l
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the peak at f They suggested that the microseisms were generated in a

coastal strip,papproximately 100 miles™ long, centered on the coastal point
opposite the seismometer. They suggested the generative strip was confined to
shallow water for seismic waves at primary frequencies and extended 200 miles
seaward for waves at double frequencies. Generative strips at these scales
can be visualized in Figure 1 by noting that the distance between Newport and
Coos Bay is approximately 100 miles. The width of the coastal strip is ex-
pected to be smaller for distant, compact, and short-lived storms and greater

for nearby storms of large size and duration. Only seismic waves approaching

approximately normal to shore will arrive at a land-based seismometer since ﬂﬁﬂfj:
refraction induced by phase velocity differences between continental and

oceanic regions will turn obliquely incident seismic waves back toward the

sea. Thus, ocean waves approaching normal to shore should be stronger micro-

seism generators than waves approaching at large oblique angles.

* A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 3.
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. PART III: OSU APPLICATION OF SEISMIC WAVE THEORY

8. O0SU (Zopf, Creech, and Quinn 1976) has adapted the theory of the

< origin of microseisms to obtain estimates of ocean wave significant height and
i: period from land-based seismometer measurements. Longuet-Higgins' (1950)

,E analysis for two progressive waves moving in opposite directions indicates

R that

,& p = C1a2w2 cos (2uwt) (1)
S

- where

p = mean pressure fluctuation on the sea floor

Cy = proportionality constant
a = wave amplitude
w = wave frequency = 2n/T where T 1is the wave period
- t = time

- The amplitude of the seismic waves ag.;q

the mean pressure fluctuation. Thus,

is assumed to be proportional to

22
2 a50is = CoP = CiCa"w cos (2ut) (2)
.7 The velocity record Vseis of the seismic waves is then assumed to be the
. time derivative of ag0is 1 OF
., v = C.C.C 32m3sin (2uwt) (3)
-~ seis 17273
}; 9. The velocity record, retained on pen-and-ink strip charts for the
Yaquina Bay site, is analyzed as if it were a record of surface wave eleva-
» tions. The result is corrected for seismometer response by using the follow-
ij ing relationship from Equation 3:
2
ocean
o Hseis = K T3 (4)
3 seis
o where
- Hseis = height parameter obtained by analyzing seismometer record
= K = constant
.'_. 9
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Hycean = ©cean wave height h

T

-" pd

seis ® period parameter obtained by analyzing seismometer record

The constant K embodies all proportionality constants from previous b?d‘j
equations. E{jﬁ;

10. A Teledyne-Geotech Model SL-210 seismometer is used. The signal is gssf
modified by a low pass filter with a break point at 0.7 Hz to eliminate am- ﬁzﬁ}:a

bient seismic noise. Another filter with a response propartional to 1/w3

between 0.1 and 0.4 Hz is used to remove the dependence of Hgejs ©N
1/T2eis (Equation 4). Thus, in the filtered signal
2
seis ~ KHocean (5)

11. The constant K in Equation 5 is determined empirically at each
seismometer site by estimating seismometer wave height and ocean wave height
simultaneously. At Yaquina Bay, the seismometer height was taken as the
height of the larger waves in the 10-min record and was assumed to represent
the average height of the 0.10 highest waves. The ocean wave period is esti-
mated for the seismometer record as twice the average zero-crossing period of
the record. The ocean wave height and period were estimated by using binoc-
ulars to observe for 10 min a 12-ft-high buoy moored 40 ft deep 2 miles from
shore. The observer estimated the average h ight of the highest 10 percent of
the waves. A few pressure sensor and fathometer wave estimates taken from the
OSU research vessel Paiute were also used. A scatter plot of the height re-
sults is given in Figure 2. The correlation coefficient was 0.87.

12. The generil concept of the seismic wave monitoring system is to pro-
vide wave estimates as a solution to a type of inverse scattering problem.

The performance and accuracy of the gage are directly related to how well the

relevant statistics (wave height and period) of a directional ocean wave field
can be determined by a nondirectional measurement of the seismic wave field, R
which is related to the ocean wave field through a series of 'physical pro-
cesses. The chain of processes can be summarized as follows:

a. The surface wind wave spectrum in shallow coastal water (40-ft
depth).

The surface wind wave spectrum in deep water.

o

[

The reflected or otherwise generated opposite velocity com-
ponents of the surface spectrum,

10
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Figure 2. Significant wave height data used to calibrate seismometer
gage at Yaquina Bay, Oregon (from Creech 1981)

d. The resulting standing wave field.

e. The resulting unattenuated standing wave pressure field on the
bottom.

f. The generation and propagation of microseisms due to the pres-
sure field.

g. The measurement of a scalar value of ground motion due to the
superposition of wave generated microseisms and other sources
of seismic activity.

13. The inverse problem is to create an inverse physical model of the

generation process, drive the model with the measur :d scalar value g , and

obtain an estimate of the desired statistics of the wave spectrum a .
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WA
Analysis and Comparison of Pressure Gage and f?&-'{
Seismometer Gage Data A

4. Directional wave analyses from a co-located pressure gage and pair
of orthogonal current meters in the horizontal plane were prepared by OSU
(Sollitt and Standley 1984) and furnished to CERC by NPP. The gage installa-
tion and data analyses were funded by NPP, The gages were bottom-mounted in
100-ft water depth off the entrance to Yaquina Bay. Significant height was
estimated as four times the square root of the total energy in the directional
spectrum. The duration of gage operation was 22 February-5 March 1984, Anal-
yses were provided for 59 percent (41 observations) of the possible observa-
tions taken every 4 hr. An observation is missed whenever the time series has
missing data points. Some of the seguences of missing data points are short
and can be reconstructed by interpolation. Thus, additional pressure gage
analyses can abe extracted if desired, but the reconstruction and reanalysis
effort was beyond the scope of this study. All gaps are shorter than 1 day.
The OSU digital analysis procedure was designed to compensate for the natural
filtering of high-frequency energy at 100-ft depth so that results represent
surface wave conditions. Energy at periods shorter than approximately 6.3 sec
is attenuated beyond recovery.

15. Strip chart records from the seismometer gage at Yaquina Bay were
provided CERC by OSU. A method for the present analysis was developed at CERC
based on the most successful CERC method for manual analysis of strip chart
records of sea surface elevation. Described in Appendix A, the method applied
to the seismometer records was used to estimate significant wave height and
period for data collected during the period of operation of the NPP gages.
Analyses were performed for 95 percent (98 observations) of the possible ob-
servations taken every 3 hr. Several records could not be analyzed because
the trace went continually offscale. Some of these were due to earthquakes.
Because of the dependence of the seismic signal on ocean wave height squared

(Equation 5), small increases in height during a high-energy ocean environment

cause dramatic increases in the excursions of the seismometer trace.
16. A time-history of significant wave height from the seismometer and

pressure gage is given in Plate 1. A similar comparison of significant wave

period is given in Plate 2. Periods for the pressure gage represent the re-

ciprocal of the peak frequency of the directional spectrum. Scatter plots of

12
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seismometer versus pressure gage parameters are given in Plates 3 and 4.

Seismometer and pressure gage observations were paired to be, at most, 1 hr

- w v
U

A

apart. Results of one- and two-parameter linear regression analyses are
listed, and the two-parameter regression line is plotted. The two-parameter

T .

regression line calculated by Creech (1981) is also plotted in Plate 3. The

x

o

D Yok

U5-deg line along which seismometer and pressure gage estimates would be equal
is shown in both plates. Statistics of the data are given in Tables 1 and 2.
The correlation coefficient between heights is 0.98; between peri~ds it is
0.72.

7T
e

Evaluation of OSU Seismic Wave Monitoring System

17. A preliminary evaluation of the OSU seismic wave menitoring system
has been prepared as a joint effort by CERC and the Geotechnical Laboratory at
WES, with input from Professor R. J. Greenfield, Geophysicist, Pennsylvania
State University. The evaluation is based primarily on published information
about the system, as funds did not allow for a detailed investigation or in-
spection of the construction, installation, and operation of the system.

Limitations

18. The seismometer and recorder used in the evaluation are standard in-
struments in the seismological profession and have proven to be reliable and
accurate for microseismic studies. However, the analog electronic filter used
may be very sensitive to temperature fluctuations. The electronic filter em-
ployed is a three-pole, low-pass active filter realized by one simple pole and
a complex conjugate pair. Because the design of the filter does not suffi-
ciently isolate the two stages, it is difficult to analyze exactly the re-

sponse of the filter without use of a simple computer program. Such analysis

has not been done at this preliminary stage. However, some general conclu-
sions about the response can be made. The design appears to use low-pass fre-

quency break points which are very low compared to the anticipated range of

double frequencies to guarantee that the frequencies of interest are in the
log linear 1/w3 range of the response curve,

19. One potential problem with the filter is that the strategy men- R
tioned above makes the actual gain of the filter at each frequency a function Dy
of the breakpoint frequency. In fact, the gain change will be proportional ot :.
to the third power of break point shift. The sensitivity of this filter
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implementation to shift of breakpoint with change of capacitor value is fairly
high (s = 1 for the simple pole and s = 0.5 for each of the capacitors in
the pole pair circuit). Since the size of capacitors used to achieve the low
break frequencies is quite large, it is likely they will have very poor
temperature coefficients. The result of all of these factors is that the
filter gain characteristics as a function of wave period could be very
sensitive to temperature fluctuations. The seismometer system is housed in a
temperature-controlled room, but small temperature fluctuations may still
occur and have an effect on readings. The importance of this effect can be
assessed only by further investigation.

20. Another potential problem with the filter is that the phase charac-
teristics may cause severe distortion of wave forms resulting from a range of
closely spaced frequencies such as waves. This distortion would manifest
itself in groups which, while having the correct total energy, will have peaks
and zero-crossing periods which may be significantly displaced from their un-
filtered values. This effect has implications for the type of analysis pres-
ently performed on the strip chart records to obtain height and period infor-
mation. Quantification of the effects and errors would require additional
analysis.

21. Problems relative to the general inverse scattering model are a
major concern. The inverse model used to estimate ocean waves from micro-

seisms is very simple in comparison with the complexity of the physical

generation process. Specific areas of concern are the following:

a. Lack of consideration of microseismic activity with period

equal to the ocean wave periods. The filtering used in the OSU
system would cause overemphasis of existing energy at primary
frequencies, although it may still be small relative to energy
at the double frequencies.

b. Lack of consideration of the large area in which microseisms
are generated.

¢. Lack of consideration of natural factors which may be expected L
to cause the constant K in Equation 5 to vary. -]

22. Relative to item ¢, the value of K depends on the geologic strue-
ture in the deepwater areas where the seismic waves are generated, the propa-
gation path of the Rayleigh seismic waves, and the geologic structure at the
seismometer. Further, ocean wave reflection in shallow water is influenced by

shallow-water wave transformation processes, nearshore bathymetry, and near-

shore currents. Thus K at a particular site may be expected to have some
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dependence on the following attributes of the deepwater ocean waves: energy,
peak frequency, approach direction, directional spread of energy, and spectral
wid 1. Additirral factors affecting K may be nearshore winds (noted by
Zopf, Creech, nd “ui . 1976); nearshore currents; presence of more than one
cor. drrent ocean ..ave tr in; and characteristics of nearshore storms, includ-
in: storm size d: tance from coast, and storm movement.

Usefulness

23. Despite the limitations of the OSU system, the comparisons with
nearshore data at ‘aquina Bay presented by Zopf, Creech and Quinn (1976) and
in this report indicate that it provides useful estimates of nearshore
significant wave height. The estimates are particularly satisfactory for
rea! -time operaticnal purposes. Significant heights from the OSU system
cor nare well with pressure gage analyses for the 12-day data set, with a
correlation of 0.98 between them. Wave period estimates from the OSU system
show a weak overall correlation of 0.72 with pressure gage data and appear to
have limited application for practical engineering work.

24, The comparison of wave periods is strongly affected by the presence
of i rominent secondary wave trains as evidenced by secondary peaks in the
spectrim,  Occasional large, erratic shifts in peak spectral period from the
pressure gage in t:ate 1 are a direct result of the presence of two wave
trains with comparable peak energy but widely differing peak frequencies. The
seismometer strip chart analysis method can provide only a single estimate of
perind. As expected, the data indicate that the seismometer period is inter-
mec:ite to the two prominent periods actually present in the ocean. This
poir= is illustrated in Plate 2 between day markers 1 and 3. The spectra show
prominent peaks at approximately 11 and 17 sec, while the seismometer gives
approximately 1ld-sec periods. Overall, more than two-thirds of the pressure
gage spectra show more than one prominent peak.

25. If only the single-peaked spectral cases are considered, the compar-
ison between se.smometer and pressure gage periods is significantly improved
in this small cata set. Linear regression analysis results are given in

lates 5 (dashed line with dots representing the regression line from Ilg-
ure 2) and 6 (including only cases with single peaked spectra). The correla-
tion is 0.98 for heights. For periods, the scatter of data points in Plate 6
is considerably less than that in Plate 4 despite comparable correlation

coefficients. The relatively low correlation of 0.71 for periods in Plate 6

15
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appears to be a consequence of the very small range of periods represented in
the data rather than poor agreement between seismometer and pressure gage
periods. A total of 13 single-peaked cases was available. Statistics for the
seismometer and pressure data are very similar in this case (Tables 3 and

4). Mean period is the same from both gages to the nearest 0.1 sec which
further substantiates improved agreement between seismometer and pressure gage
when only single-peaked cases are considered.

26. A tendency for the seismometer to overestimate significant height
for relatively low-wave conditions is evident in Plates 1 and 3. No strong
dependence of the seismometer-pressure gage comparison on peak frequency, ap-
proach direction, directional spread of energy, or current speed and direction
has been identified in the limited data set. A significantly longer data set
(on the order of 6 months long) would be needed to carefully assess these
effects,

27. The effect of water depth on the comparison was considered. The
seismometer was calibrated for wave conditions in 4O-ft depth, while the
pressure gage represents conditions in approximately 100-ft depth. Three
pressure gage observations during the highest wave conditions were modeled as
JONSWAP spectra with appropriate energy and peak frequency and transformed
from 100- to 40-ft depth. The transformation model is based on the assumption
of a cosine squared directional spread of energy, a Kitaigorodskii limiting
form for the shallow-water spectrum, and straight parallel bottom contours. A
decrease in significant wave height from 1 to 2 ft was predicted by the model.
Most, if not all, of the observations in this data set represent predominant
swell conditions, and the Kitaigorodskii spectral form applies only for
locally generated spectra (spectra with fully saturated high-frequency
tails). Therefore, extensive use of the simple transformation model with the

present data set is not warranted.
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PART IV: SUGGESTIONS FOR IMPROVING THE SYSTEM

A AW Ax e

i 28. During the course of the evaluation of the OSU seismometer system,
. the following suggestions for improving the system were developed:
. a. Eliminate the analog electronic filter and record and analyze
: data in digital form with an on-site microcomputer. Costs to
- convert to a microcomputer system are expected to be on the
: order of $25,000 for development and $5,000-$8,000 per site for
. implementation.
b. As an alternative to suggestion a, analyze in detail the analog

electronic filter and redesign if warranted. Suggestion a is

preferable for a fully-supported program to collect future

data, but b would be helpful for interpreting existing data.
i Costs to implement b have not been estimated.

Ie]

Investigate the possibility of using the primary frequency and
its energy, rather than the double frequency, to estimate
coastal ocean wave parameters. This approach, in theory, would
be based on seismic energy generated only in shallow water in a
J localized coastal area rather than an area extending several

‘ hundred miles seaward from shore. Since energy at the double

: frequency is expected to be 100 times more than at the primary
frequency, digital analysis methods would be required.

a

Develop a better inverse model. For example, the possibility
) of grouping the observations used for calibration into several
. ranges of wave period and determining a value of the constant

K in Equation 5 for each period range could be investigated.
This approach may be preferable to assuming the period depen-
dence as given in Equation 4.

e. Investigate the possibility of identifying multiple prominent
wave trains in a record when they occur. Digital analysis
l methods would be required.

17
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PART V: COMPARISON OF OSU AND CERC ANALYSIS METHODS

29. OSU has collected seismometer data from Yaquina Bay for November
1971 to the present. The data from 1971-1981 were analyzed by a method
devised by OSU to give estimates of significant wave height and period. It
was assumed that the larger waves in a record approximate the average height

i of the 10 percent highest waves. This representative height is measured from

the record using a transparent template (Figure A2). The measured height is

then multiplied by 0.8 to give an estimate of the significant height in
accordance with the assumption of a Rayleigh distribution of wave heights

{Longuet-Higgins 1952).

30. Since 1977, significant wave period by the OSU method has been esti-
mated from the ratio of record length to the number of zero-crossing waves in
the 10-min record. This average zero-crossing period is multipled by two to
y approximate ocean wave periods. Prior to 1977 a different method was used to
estimate significant period because of the limitations of the recorded data.
Significant period was estimated as the average period of the few highest
waves in the record (Zopf, Creech, and Quinn 1976).

I 31. An intercomparison between the CERC and OSU analysis methods and
comparison of data from both methods with the NPP measurements was con-
ducted. Results are helpful in assessing the choices for reducing the
presently unanalyzed Yaquina Bay data from 1981-1984 as well as in

' interpreting pre-1981 results already available. Two months of recent data
were selected for analysis. One month (September 1983) was selected as
representative of the relatively low-energy wave season and the other month
(9 February-12 March 1984) represented the high-energy wave season. Data were

- collected at 6-hr intervals except for the special 3-hr interval implemented

during the time of NPP gage operation.

32. Regression analysis for seismometer data (OSU analysis) and NPP mea-
surements paired to be within 1 hr of each other are summarized in Plates 7-10
and Table 5. The 0OSU significant wave heights are generally higher than the
NPP heights with the important exception of the highest storm episode. The
mean OSU wave height is 7 percent higher than the mean NPP wave height. There
is a high correlation of 0.98 between heights. The 0SU significant wave
period tends to be longer than the NPP period. The mean OSU period is 9 per-
cent longer than the mean NPP period. The correlation between periods, 0.77,
is moderate.
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33. Regression analyses for seismometer data analyzed by the CERC and
0SU methods are given in Plates 11-14 for September 1983, in Plates 15-18 for
February-March 1984, and in Table 6 for September 1983 and February-March
1984, The results indicate relatively close agreement between the two anal-
ysis methods for wave heights. The OSU data show a small tendency to be
higher than the CERC data, except during the highest winter wave conditions.
The OSU mean exceeds the CERC mean by approximately 5 percent in September.
The means are within 1 percent of each other for the winter month. Correla-
tions are high for the winter month and moderate for September. The tendency
for OSU data to be lower than those of CERC for high wave conditions is par-
ticularly evident for the most severe storm during the episode, in that the
CERC estimate during the storm peak was 2.9 ft higher than the OSU estimate.

34. The OSU wave period estimates show a consistent tendency to be
longer than the CERC estimates. The mean OSU wave period is longer than the
mean CERC period by approximately 20 percent for September and 10 percent for
the winter month, Correlations are moderately high. The difference between
mean period in September and February-March is 0.8 sec for OSU and 1.8 sec for
CERC.

35. The overall differences between the 0SU and CERC methods for wave
height analysis are small. The CERC method is more objective than the 0OSU
method, and it should be more definitive. The CERC method is preferable for
analysis of high-energy wave conditions, whereas the OSU method shows an un-

N desirable tendency to underestimate significant wave height. It is also ex-
' pected that the quality of results from the OSU method is more dependent upon
the judgment and experience of the person performing the analysis than it is
for the CERC method. However, the OSU method has the obvious and important
advantage of being quicker and less tedious than the CERC method. The OSU
method requires measurement of one wave height per record, while the CERC
method requires measurement of typically three or four wave heights.

36. The OSU method for significant wave periods appears to have a con-
sistent bias toward long periods, while the CERC method indicates a small bias
toward short periods. The CERC method shows more seasonal variability in wave
periods. The CERC method for periods is significantly quicker and easier to
apply than the OSU method. The resolution of the CERC method in this applica-
tion is significantly limited by the slow chart speed. Although the CERC
method for period appears to be more subjective than the OSU method, that is
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not always the case. The selection of zero-crossing waves required by the OSU
method is not always straightforward and is sometimes impossible for very low
wave conditions.

37. Differences in wave period definitions should be considered also.
The CERC method has been previously shown to give periods which are approxi-
mately 5 percent shorter than peak spectral periods for exposed ocean sites
(Thompson 1977). This is consistent with the differences observed at Yaquina
Bay. The relationship between mean zero-crossing period in the OSU method and
peak spectral period is not easily specified because it depends on spectral
shape. Qualitatively, the mean zero-crossing period is expected to be some-
what shorter than the CERC period because of a weak tendency for lower waves
to have shorter periods. Since the data show the reverse tendency, it is evi-
dent that manually determined mean zero-crossing periods from seismometer
strip charts in which low waves are highly attenuated in comparison to high
waves (because of the height squared dependence in Equation 5) are not equiva-
lent to mean zero-crossing periods from ccean wave records.

38. The long-term wave statistics already published by OSU certainly
appear to be a useful record of wave climate. It is recommended, however,
that the statistics be used with the following caveats:

a. Significant wave heights higher than 12 ft may be underesti-
mated. NPP should consider reanalyzing the post-1977 cases by
the CERC method if the statistics are to be used for design.

Significant wave periods during the winter months may be too
long by about 10 percent for the post-1977 data.

o

Significant wave periods during the summer months are not
recommended for use. Periods from the spring and fall months
should be used with care if at all.

[e}

39. For analysis of existing seismometer data collected between 1981
and 1984, it is recommended that the CERC method be used. Climatological
results from this effort would be helpful also in assessing the statistical
reliability of the 1971-1981 results. If seismometer strip chart data are to
be collected and analyzed in the future, it is recommended that a faster chart
speed be used so that the CERC method can better distinguish wave period.
However, if future operation of seismometer gages is to be funded, a modern-
ized data recording and analysis system is strongly recommerjed for

consideration.
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PART VI: COMPARISON OF YAQUINA BAY SEISMOMETER
DATA WITH COQUILLE BAY GAGE DATA

Lo, Data from the Yaquina Bay seismometer analyzed by the CERC method
were compared with data from an FDCP pressure gage at Coquille Bay for the
same 2-month period. The pressure gage is located in 40-ft water depth;
therefore, no shoaling correction was necessary. No wave direction informa-
tion is available. Any differences in exposure and offshore bottom contours
between the sites have been ignored, although these differences are not known
to be major. Pressure gage data were obtained from monthly data summaries
published jointly by the Corps of Engineers and the State of California
Department of Boating and Waterways. Significant period was taken from the
summaries as the midpefiod of the spectral band containing the most energy.
It is important to note that this period in some cases may not represent the
customary band of maximum energy density because the printed spectral bands
have nonuniform frequency widths.

41, Regression analyses (Plates 19-22 and Table 7) for data paired within
2 hr from September 1983 show a clear tendency for the seismometer significant
wave heights to be less than the Coquille Bay heights. The mean seismometer
height is 40 percent less than the mean Coquille Bay height. Despite the sig-
nificant difference in magnitudes, the heights from both sites follow a simi-
lar pattern; that is, significant increases and decreases in height occur at
both sites at about the same times. The correlation coefficient is 0.81. The
wave periods at the seismometer are longer than those at Coquille Bay in al-
most all cases. Mean periods differ by 3.3 sec or 39 percent.

42. Analyses for the winter month (Plates 23-26 and Table 7) show a re-
markable agreement between heights, especially for the higher wave conditions.
There is a tendency for the seismometer heights to fall above Coquille Bay
heights for the lower wave conditions. The overall mean height for the
seismometer is 0.5 ft, or 6 percent higher than the mean at Coquille Bay. The
agreement between periods is also remarkable. The overall mean periods from
both sites are virtually identical.

43. Synoptic weather maps were obtained and reviewed for the winter

month. Storm systems were all large compared to the scale of the distance be-

tween Yaquina Bay and Coquille Bay. Also, they indicated relative uniformity

in wave-generating wind conditions affecting the Oregon coast. Hence, it is
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reasonable that storm waves would be related at the two sites.
44, Even considering the large-scale storm systems and the spatially
integrated nature of the seismic signal, the agreement between heights and

periods for the winter month is remarkable. There is a very close resemblance

between the scatter and regression parameters in Plate 25 and the seismometer k :
versus gage comparison at Yaquina Bay (Plate 9). \-."'
45. In conclusion, the Yaquina Bay seismometer appears to be a good pre- ;i‘!'l'z.';
dictor of wave conditions in similar depth at Coquille Bay for the winter sea- ,
son. The agreement between heights and periods at the two sites during the :'_.':ilv
summer is substantially less satisfactory, as might be expected due to the
lower wave conditions and more localized wind events. i o

-

- o
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PART VII: SUMMARY

46. Based on a limited study, the OSU seismometer system appears to be
well suited for its original purpose as a sea state indicator for real-time
operational purposes. The system requires minimal maintenance and is reliable
except for occasional bad records due to earthquakes or strong offshore winds.

47. The system has inherent limitations relative to the accuracy of wave
parameters because it is based on solving an inverse scattering problem using
a highly simplified model. In comparison with data from the NPP pressure gage
at Yaquina Bay, accuracy limitations on significant wave height from the seis-
mometer system are minor, appearing only as a small scatter with no strong
bias. Significant period estimates from the seismometer system show a weak
correlation with periods from the pressure gage. If only single-peaked spec-
tral cases are considered, the comparison between periods is significantly im-
proved. Since multi-peaked spectra appear to be more common than single-
peaked spectra along the Oregon coast, the present seismometer system is
limited in its capability for estimating wave periods. Suggestions for im-
proving the system are provided.

48, Comparison of the OSU method for strip chart analysis with data
from the NPP pressure gage and with the CERC method indicates comparabl< wave
height results for most wave conditions but a tendency for the OSU method to
underestimate significant wave heights during high wave conditions. Wave
periods by the OSU method appear to be useful for winter wave conditions, al-
though biased toward long periods. OSU wave periods for summer wave condi-
tions are not recommended for use. Guidelines for interpreting past OSU anal-
yses are provided.

49. The Yaquina Bay seismometer and Coquille Bay pressure gage give re-
markably similar significant heights and periods for the winter month con-
sidered. The comparison during the summer month is less satisfactory, as
might be expected due to lower wave conditions and more localized wind events.

50. The preliminary evaluation given in this report is based on the best
Judgments obtainable within the financial constraints of the study. It is not
exhaustive. Further study would be required for a definitive evaluation of

the OSU seismometer system.

.-';‘
v 4
."&‘n.

T,
o
‘y
]

-~
10 f s

.
.

-

- - '
- -'.. ‘
S T ey
S .
. .
e .o"<
“atas I-.




REFERENCES

Creech, H. C. 1981. "Nearshore Wave Climatology, Yaquina Bay, Oregon (1971-
1981," ORESU-T-81-002, Oregon State University Sea Grant College Program, Ore-
gon State University, Corvallis, Oreg.

Hasselmann, K. 1963. "A Statistical Analysis of the Generation of Micro-
seisms," Review of Geophysies, Vol 1, No. 2, pp 177-210.

Hautrich, R. A., Munk, W. H., and Snodgrass, F, E. 1963. "Comparative Spec-
tra of Microseisms and Swell," Bulletin of the Seismological Society of
America, Vol 53, No. 1, pp 27-37.

Longuet-Higgins, M. S. 1950. "A Theory of the Origin of Microseisms," Trans-
actions of the Royal Society (London), Series A, Vol 243, pp 1-35.

. Longuet-Higgins, M. S. 1952. "On the Statistical Distribution of the Heights
of Sea Waves," Journal of Marine Research, Vol 11, No. 3, pp 2U45-266. .
Sollitt, C. K., and Standley, D. R. 1984. '"Vector Averaged Currents and Di- fo;izﬂ

rectional Spectra, Offshore Newport, Oregon, February 22-March 5, 1984," Ore-
gon State University Wave Research Laboratory, Oregon State University, Cor-
vallis, Oreg.

Thompson, E. F. 1977. "Wave Climate at Selected Locations Along U. S.
Coasts," CERC TR 77-1, US Army Engineer Waterways Experiment Station,
Vicksburg, Miss.

Zopf, D. 0., Creech, H. C., and Quinn, W. H. 1976. "The Wavemeter: A Land-
Based System for Measuring Nearshore Ocean Waves,"” Marine Technology Society
Journal, Vol 10, No. 4, pp 19-25.

24




Table 1
Significant Wave Height Statistics from 41 Paired Observations

é at NPP Pressure Gage and Seismometer
; 22 February-5 March 1984

. Mean Standard Deviation Coefficient of
Instrument ft ft Variation*

f, Seismometer** 8.87 3.67 0.41

3 Pressure gage 8.16 3.87 0.47

v
R . ENLAERER

® Ratio of standard deviation to mean.
#*%  Analyzed by CEFRC method.

Iﬁ"’, " v'-?vf'f
v D . N N N

Table 2
Significant Wave Period Statistics from 41 Paired Observations

at NPP Pressure Gage and Seismometer
22 February-5 March 1984

Mean Standard Deviation Coefficient of
Instrument sec sec Variation
Seismometer* 12.88 1.33 0.10
Pressure gage 13.32 2.44 0.18

* Analyzed by CERC method.
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Table 3 RN,

Y

Significant Wave Height Statistics from 13 Paired Observations i;ll&k
for Cases with Single-Peaked Spectra at NPP Pressure RSN
ISR

Gage, 22 February-5 March 1984 {e}:}}

.:g;f-

Mean Standard Deviation Coefficient of A

Instrument ft ft Variation ..

Seismometer* 8.50 2.66 0.31 NS

Pressure gage 8.36 2.97 0.36

* Analyzed by CERC method.

Table Y4

Significant Wave Period Statisties from 13 Paired Observations

for Cases with Single-Peaked Spectra at NPP Pressure
Gage, 22 February-5 March 1984

Mean Standard Deviation Coefficient of b o
Instrument sec sec Variation NSRS
Seismometer® 12.31 1.1 0.09 -
Pressure gage 12.33 0.97 0.08

* Analyzed by CERC method.
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APPENDIX A: CERC PROCEDURE FOR ANALYSIS OF WAVE DATA

1. The following procedure was used for analysis of the wave data from
10-min pen-and-ink seismometer records (based on a Rayleigh distribution for
wave heights):

a. Run the period template (Figure A1) along the 10-min record
until a group of fairly uniform waves, which should contain some
of the highest waves, is found.

WAVE PERIOD TEMPLATES

6 HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

2

18—

28— }—————————————

o—+——+——+—+—+——+—4—+

Figure A1. Wave period template for

seismometer records with recorder

speed of 1 in. per min (not to scale)
(period readings are in seconds)

o

Determine the appropriate period of the waves selected in a by
using the template according to instructions. When the wave
period on the chart falls between two of the periods shown on
the template, the analyzer may approximate what is considered to
be nearest to the exact perijod; e.g., if the period is longer

“~
A 1 '...:\“’_ %
e
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than the 12-sec period and shorter than the 18-sec period by
about the same amount, the period must be about 15 sec.

Py
(s
v
.
—a
..
P
N

Use Table A1 to determine which wave should be measured in the
full 10-min record to get the approximate significant height of
the waves. The wave number is determined by calling the highest
wave in the full 10-min record wave number 1; the second highest
wave 'is number 2, etec.

10

Table A1
Analysis Procedure for 10-Min

Seismometer Record

Wave Period Number of

se¢ Wave To Measure
6 13

T 1

8 10

9 9

10 8

1 7

12 7

13 6

14 )

15 5

16 5

17 5

18 y

19 Y
20 Y

d. Determine the height of the wave given by ¢ in terms of feet and
tenths. Wave height is determined as follows. Wave height is
equal to the average of the height of two successive waves in
the seismometer record. Use the height template (Figure A2)

to estimate each height measured from crest to left-hand
(following) trough. Note each wave height in pencil above the
crest. Note the average height of two successive seismometer
waves in pencil above the crests. The procedure is illustrated
in Figure A3.

e. Tabulate month, day, year, beginning time of record, significant
wave height, and significant period.

A2
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Figure A2. Wave height template for seismometer records with scale
equal to 1.0 (not to scale) (height readings are in feet)
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Procedure for estimating ocean wave height

Figure A3.

from seismometer wave records
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