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1 INTRODUCTION
1.1 Description of Study
The U.S. Army Corps of Engineers (Corps), Portland District (NWP) is conducting a
study to assess, and possibly reduce, a reported surge problem in the harbor of Brookings,
in southern Oregon. The U.S. Army Corps of Engineers, San Francisco District (SPD)
initially assisted the Portland District by starting the evaluation of the “without project”
conditions at Brookings (Phase 1, Preliminary). WEST Consultants, Inc. and the Corps
of Engineers Engineering Research and Development Center (ERDC) conducted the
completion of Phase I, Without Project Conditions. WEST Consultants and ERDC also
conducted the development and evaluation of alternatives (Phase 2) as well as the final
design of the selected alternative (Phase 3).

1.2 Statement of Surge Problem
Observations about the wave conditions inside Brookings harbor by port officials,
dockworkers, fishermen, recreational boat users, and the US Coast Guard (USCG)
Station Chief, whose office is located at the harbor entrance, indicate that there may be an
episodic surge event that causes damage to the boats, docks, and supporting structures.
These observations, however, are usually qualitative in nature, vary in detail on the
description of the surge event, and are sometimes contradictory. The surge problem is
often described as “a gradual rise and fall of water followed by horizontal movement
similar to a big wave” (USAED Portland, 1998 – from initial appraisal). The surge
reportedly occurs most frequently in the winter, but has been reported throughout the
year. The surge is usually described as decreasing in height as it propagates through the
harbor entrance and up the basins.

1.3 Study Authority, Purpose, and Scope
This work was performed as part of a Section 107 (Rivers and Harbors Act of 1960, P.L.
86-645) continuing authorities program study. Under this program, the Corps may study,
adopt, construct, and maintain navigation projects using the same procedures and policies
that apply to Congressionally authorized projects. Under the Section 107 authority, and
with the assistance of the local sponsor (the Port of Brookings) and the Portland District,
the possible causes of the reported surge problem were studied. WEST Consultants, Inc.
(WEST) and the Corps of Engineers’ Engineer Research and Development Center
(ERDC) assisted the Portland District with this study.
The scope of work included:
•

Review applicable reports and previous studies,

•

Identify and describe the surge problem, summarize the history of the problem,
and analyze damaging events,

•

Conduct wave height and water level analyses, including seasonal storm activity,
and describe damage events,
1

•

Analyze potential components of the problem – the boat basin entrance, locations,
location/orientation of the docks, resonance in basins, orientation/layout of jetty
entrance, seasonal storm activity, and others,

•

Assess the role of surge activity in damages, bank problems, and vessel delays,

•

Coordinate with ERDC Corps personnel on the applications of the model,
CGWAVE, to establish and define “without project” conditions,

•

Complete the Phase I documentation of “without project” conditions

•

Attend meetings and coordination Phase I activities.

•
•
•
•

Development of alternatives
Coordination and assessment of alternatives with NWP Team
Coordination with ERDC in modeling of alternatives
Design of selected alternatives to a level of detail that allows adequate
comparison in terms of performance and cost compared to economic benefits
Development of damage reduction factors per alternative
Calculation of quantities for construction for alternatives
Evaluation of alternatives for final selection
Selection of preferred alternative
Meetings/coordination for Phase 2 completion
Final design of selected alternative
Determination of long-term maintenance requirements
Calculation of quantities in final design
Final report write-up
Response to technical review comments
Meetings/coordination for Phase 3 completion

•
•
•
•
•
•
•
•
•
•
•
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2 DESCRIPTION OF THE STUDY AREA
2.1 General Site Location
Brookings Harbor is located in the town of Brookings, in Curry County, Oregon. The
town is on the Pacific Ocean and is less than 10 miles from the Northern California
border. The harbor consists of two boat basins off the Chetco River, and jetties
projecting into Chetco Cove and the Pacific Ocean (Figure 2-1, Figure 2-2 and Figure
2-3).

Figure 2-1 Map of Brookings, Oregon
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Figure 2-2 View to the North of Brookings Harbor

Figure 2-3 Aerial View of Brookings Harbor
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2.2 Harbor Characteristics
Jetties were first constructed at the mouth of the Chetco River in 1957. In the same year,
a dike was constructed along the left bank of the river and Basin I was dredged. This is
the northern basin in Figure 2-1, and is now also called the “Sports Basin”. In 1968 the
north jetty was extended, and an entrance channel and turning basin were dredged at the
entrance to Basin I. Basin II was constructed in 1974, and in 1994 the Corps assumed the
responsibility for maintaining the access channel into both boat basins. This is the
southern basin in Figure 2-1, also called the “Commercial Basin”. Just southeast of Basin
I is a sea-going barge slip. It was originally constructed to load lumber, but this practice
has been discontinued. The Corps is responsible for dredging the navigation channel, and
for maintaining the dike alongside Basin I and the jetties at the mouth of the river.
Basin I is primarily used for recreational boats, and it is fully used during the summer
season. During the winter season, some recreational boat owners remove their boats due
to the reported winter surge problems. Basin II, the Commercial Boat Basin, is fully used
throughout the year. A Coast Guard Station is located on the west side of the entrance to
Basin II. On the east side of the entrance is the Transient Dock, which is generally used
to moor longer, deeper draft or overnight vessels. This dock was first constructed in
about 1981.
2.2.1

Jetties and Entrance Channel

Brookings harbor is protected from most wave energy by the natural sheltering of the
coastline orientation and two long jetties. Both jetties are 411 meters in length, but the
north jetty extends further offshore due to the coastline shape. The distance between the
south jetty tip and the side of the north jetty is approximately 85 meters. The entrance
channel to Brookings harbor is over 500 meters long, 37 meters wide, and has a
maintained depth of 4.3 meters (MLLW). The existing configuration of the two jetties
and entrance channel restricts wave propagation into the harbor to the southwest
quadrant.
The sheltering effects of the jetties is shown in Table 2-1, where the diffraction
coefficients for various wave directions are computed at distances of two and eight
wavelengths from the tips of the jetties. The diffraction coefficients were calculated
using the diffraction diagrams given in the Shore Protection Manual (CERC, 1984). The
jetties are aligned approximately ten degrees south of southwest and therefore should
give the highest diffraction coefficients for the southwest and south-southwest directions.
Table 2-1 shows more variability at the close distance of two wavelengths from the jetty
tips, but shows the expected trend at eight wavelengths from the jetty tips.
Table 2-1 Diffraction coefficients for entrance channel
North Jetty

South Jetty

Direction

2 Wavelengths

8 Wavelengths

Direction

2 Wavelengths

8 Wavelengths

WNW

0.19

0.10

SSE

0.24

0.12

W

0.24

0.12

S

0.39

0.23

WSW

0.39

0.23

SSW

0.23

0.27

SW

0.23

0.27

SW

-

-
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Melo & Guza (1991) collected wave data for the entrance channel to Mission Bay, San
Diego, California. Their data suggest that you can treat the jetties as a breakwater where
the gap of the breakwater is equal to the entrance channel width. Applying this approach
to the Brookings harbor entrance channel produces wave attenuation of 0.6 to 0.3 from
the channel entrance to the harbor entrance for waves in the gravity frequency band
approaching directly into the channel. Therefore, waves approaching at an angle to the
entrance channel should be attenuated by 0.6 to 0.3 multiplied by the appropriate
diffraction coefficient.
2.2.2

Harbor and Basin Entrances

The entrances to Brookings Harbor and the basins may affect wave propagation inside
the harbor in two ways: the entrance may diffract the waves reducing their size, or the
entrance may resonate creating large standing waves. The harbor entrance is
approximately 71 meters wide. The entrance widths of Basin I and Basin II are
approximately 85 meters and 61 meters respectively. The diffraction coefficient from the
harbor entrance, through the Basin I entrance, to the end of Basin I is approximately 0.3
for waves with periods between 10 and 40 seconds. The diffraction coefficient from the
harbor entrance, through the Basin II entrance, to the end of Basin II ranges from 0.1 to
0.2 for waves with periods between 10 and 40 seconds.
2.2.3

Dock Layout

The layout of the docks in both basins may have an effect on the amount of damage
experienced during a harbor surge event. An evaluation of the dock layouts in both
basins should help determine if redesigning the docks would significantly reduce surge
damage.
In the spring of 2000, the Sports Basin (Basin I) was reconfigured (Figure 2-4). The
reconfiguration resulted in a reduction of 241 slips, from 611 to 376, including the
elimination of 131 16-ft (5-m) slips. The orientation of the slips has also been changed
from being perpendicular to the entrance to being parallel to the entrance. The old dock
layout was susceptible to beam surges while the new dock layout is susceptible to head
surges. A quantitative evaluation would require detailed data on hull shape and numerical
modeling. A reasonable estimate of the amount of damage reduction can be obtained by
representing the median ship in the basin as a freely floating rectangular block which is
subjected to pressure forces based on linear wave theory. Based on these assumptions
and the reported median ship length of 6 meters and beam width of 2.4 meters, the new
dock layout should reduce surge forces by approximately a factor of three. Also, the
reduction in the number of slips will have a smaller, but favorable, effect on surge
damage reduction. The Harbormaster, Dan Thompson, notes that since the
reconfiguration, fewer vessels are pulled out over the winter months (personal
communication, November 2001). However, it is unclear whether this is due to
reductions in vessel motions following realignment of the moorings or because the dock
are newer and stronger.
Basin II has not been changed from its original layout (280 slips) in which the slips were
orientated such that the boats experience surges to their bows instead of their beams.
Wave surge to the bow is the preferred direction to minimize damage. Therefore,
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changing the orientation of the slips in this basin would not significantly reduce surge
damage.

Figure 2-4 Layout of Docks in Basins

2.2.4

Harbor Resonance

Harbor resonance is possible when the incident wave frequency is approximately the
same as the natural frequency of the harbor. Resonance can result in oscillations in a
harbor that can cause navigational difficulties and physical damage to structures. Harbor
resonance typically appears as water level oscillations at specific points and not as waves
that progress through the harbor, a classical standing wave pattern. The natural
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frequencies of the boat basins were investigated and compared to typical wave
frequencies.
The natural frequencies of a harbor occur at the eigenmodes of the Helmholtz or mild
slope equations, and may be estimated for various harbor geometries using the analytical
solutions presented by Coastal Engineering Manual (USACE, 2002; Section II-7-5) all of
which are variations of Merian’s one-dimensional formula for a closed, uniform basin:
T = 2*L / (n * (gh)1/2)
where L = linear dimension in basin, n = mode (1, 2, 3…) and h = depth.
Three harbor geometries were considered for analysis: (1) a closed rectangular basin with
a uniform depth (Figure 2-5), (2) an open rectangular basin with a uniform depth (Figure
2-6), and (3) an open rectangular basin with a semi-parabolically varying depth (Wilson,
1972;Figure 2-7). The calculations are based on high tide water depths and the spatial
dimensions shown in Figure 2-4.
L

L

H

H

Figure 2-5 Closed Rectangular Basin,
Uniform Depth

Figure 2-6 Open Rectangular Harbor,
Uniform Depth

T = 2*L / (n * (gh)1/2) – Merian’s formula

T = 2*L / ([n-½] * (gh)1/2)

L

H

Figure 2-7 Open Rectangular Harbor,
Semi-parabolically Varying Depth
T = 2.22*C*2*L / (gh)1/2
where C= 1.0, 0.409, 0.259… for modes n=1,2,3,..

The primary modes are the strongest and most-likely cause of harbor resonance, with
each higher mode decreasing in role and strength. The direction of reported harbor
surges is parallel to the lengths of the basins, so resonance across the basins (frequencies
calculated from basin widths) is less likely. The most likely dimensions for resonance
would be lengthwise through the basins. The results in Table 2-2, computed for high-tide
basin-average water depths of 17.4 feet (5.3 m) in Basin I and 17.1 feet (5.2 m) in Basin
II, indicate the basins are not susceptible to harbor resonance from waves in the gravity
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frequency band (less than 30 seconds). The descriptions of surge events in Brookings
Harbor, having periods on the order of 1-to-2 minutes, suggests that the reported surges
may be a resonance related problem at the infragravity period timescale. From Table 2-2,
we see that Mode 1 resonance periods based on basin lengths vary from 83-131 seconds.
The minimum period for the principle tide-producing force constituents (the M2, S2, N2,
K2, K1, O1, P1, Q1, Mf, Mm, and Ssa constituents) is 4309 seconds; much longer than for
any of the natural modes in the boat basins. Considering this along with the reports that
the surge coincides with storm events and not with the tidal cycle leads to the conclusion
that the surge is also not related to resonating tidal forces, reaffirming again that it could
be associated with harbor resonance phenomenon.
Table 2-2 Brookings Harbor Resonance Modes

Brookings Harbor Modes of Resonance
Basin Dimension
(closed basin, uniform depth)

Distance
(m)

Mode 1
(sec)

Mode 2
(sec)

Mode 3
(sec)

Entire Length of Both Basins
Basin I Entire Length
Basin I Open Length
Basin I Open Width
Basin I Entrance Width
Basin II Entire Length
Basin II Open Length
Basin II Open Width
Basin II Entrance Width

990
472
300
127
92
460
350
152
42

276
131
83
35
26
129
98
42
12

138
65
42
18
13
64
49
21
6

92
44
28
12
9
43
33
14
4

Basin Dimension
(open at one end, uniform depth)

Distance
(m)

Mode 1
(sec)

Mode 2
(sec)

Mode 3
(sec)

Entire Length of Both Basins
Basin I Entire Length
Basin I Open Length
Basin II Entire Length
Basin II Open Length

990
472
300
460
350

841
262
166
257
196

280
87
55
86
65

168
52
33
51
39

Basin Dimension
(semi-parabolically varying depth)

Distance
(m)

Mode 1
(sec)

Mode 2
(sec)

Mode 3
(sec)

Entire Length of Both Basins
Basin I Entire Length
Basin I Open Length
Basin II Entire Length
Basin II Open Length

990
472
300
460
350

612
291
185
285
217

250
119
76
117
89

159
75
48
74
56
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2.3 Vessel Characteristics
In 1997, the Port of Brookings surveyed the vessels using their harbor and recorded the
lengths, beams, and drafts for 607 vessels. The Port also recorded whether vessels used
the Sports Basin (Basin I), or the Commercial Basin (Basin II).
The reconfiguration of the Sports Basin resulted in the reduction of 235 slips, from 611 to
376, including the elimination of 131 16-ft (5 m) slips that were not being used. The
original configuration could provide only 12 40-ft (12 m) slips for vessels over 27 feet (8
m) long, and another 5 mooring were developed for these larger vessels by removing
some of the unused 16-ft (5 m) fingers and tying the vessels in the opposite direction.
Following the reconfiguration of the Sports Basin, the vessel occupancy actually
increased. The reason for this is that the new configuration provided slips for all vessels
that had previously used the basin, plus it included 58 30-ft (9 m) fingers and 37 40-ft (12
m) fingers for vessels over 27 feet (8 m) long. Previously only 17 vessels over 27 feet (8
m) could be accommodated. The Port Manager, Russ Crabtree, documented that
currently 52 of the 58 30-ft (9 m) fingers and 32 of the 37 40-ft (12 m) fingers are
currently occupied. This information was added to the original 1997 survey data to
develop approximate histograms (Figure 2-8 and Figure 2-9) to characterize the
distribution of vessel dimensions for each basin.
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0

0
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0.6

0.9
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0.3
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Draft (m)

0.6

0.9

1.2

1.5

1.8

2.1

2.4

Draft (m)

Figure 2-9 Dimensions of Basin II vessels

Figure 2-8 Dimensions of Basin I Vessels
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3 DESCRIPTION OF DATA SOURCES
3.1 Tides
The astronomical tides (tides) at Brookings are mixed semi-diurnal and diurnal.
Predictions at Brookings are based on a National Ocean Service (NOS) tide gauge
located at Crescent City, California, about 25 miles to the south of Brookings. This
station has recorded data from May 1, 1933 to April 30, 1934 (NOS station number
9430104), and continuously since 1933 (NOS station number 9419750). Brookings is a
secondary station that is referenced to the primary station at Crescent City.
All current tidal predictions for Brookings are based on data from the 1941-1959 tidal
epoch, as calculated by NOS in 1969. Predictions for astronomical tidal elevations at
Brookings are identical to those at Crescent City. Predictions for times of (astronomical)
high water and low water at Brookings are made by adding one minute to the time of
high water and four minutes to the time of low water at Crescent City.
Table 3-1 lists the tidal datums and ranges for Crescent City. These datums are based
upon the 18.6-year tidal epoch of 1960 through 1978 and, according to current NOS
predictions, are identical to the datums and ranges at Brookings.
Table 3-1 Tidal Datums and Ranges for Crescent City, California

NOS Station 9419750, 1960-1978 Tidal Epoch
Datums (referenced to MLLW)

Value (meters)

Highest Observed Water Level (29 JAN 1983)

3.26

Mean Higher High Water (MHHW)

2.12

Mean High Water (MHW)

1.93

National Geodetic Vertical Datum-1929 (NGVD 29)

1.16

Mean Tide Level (MTL)

1.15

Mean Low Water (MLW)

0.37

Mean Lower Low Water (MLLW)

0.00

Lowest Observed Water Level (30 JUN 1969)

-0.84

Ranges

Value (meters)

Diurnal Tidal Range (MHHW-MLLW)

2.12

Mean Tidal Range (MHW – MLW)

1.56

This is another tide gauge (NOS station number 9431647) located at Port Orford, Oregon,
about 55 miles to the north. This gauge recorded 10 years of data between 1979 and
1990. Table 3-2 lists the tidal datums and ranges for Crescent City. These datums are
based upon the 18.6-year tidal epoch of 1960 through 1978.
Based on observed changes at Crescent City since the 1941-1959 tidal epoch, NOS tide
observations suggest that the tidal predictions at Brookings could change if they were to
be updated. Additionally, there are currently insufficient data to determine whether or
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not there is a monthly mean sea level (MMSL) trend at Brookings or if a Brookings
MMSL trend would be more similar to a trend at Crescent City or at Charleston, Oregon
(NOS station number 9432780). Given the data available, the extreme water levels of
+3.50 meters (MLLW) and –0.85 meters (MLLW) that were recorded at Port Orford are
considered adequate for preliminary planning purposes at Brookings.
Table 3-2 Tidal Datums and Ranges for Port Orford, Oregon

NOS Station 9431647, 1960-1978 Tidal Epoch
Datums (referenced to MLLW)

Value (meters)

Highest Observed Water Level (29 JAN 1983)

3.50

Mean Higher High Water (MHHW)

2.24

Mean High Water (MHW)

2.03

National Geodetic Vertical Datum-1929 (NGVD 29)

1.26

Mean Tide Level (MTL)

1.22

Mean Low Water (MLW)

0.41

Mean Lower Low Water (MLLW)

0.00

Lowest Observed Water Level (30 JUN 1969)

-0.85

Ranges

Value (meters)

Diurnal Tidal Range (MHHW-MLLW)

2.24

Mean Tidal Range (MHW – MLW)

1.62

3.2 Chetco River
The Chetco River flows approximately 90 kilometers from the southwestern Oregon
mountains, and drains an area of approximately 912 square kilometers (sq km) before it
reaches the Pacific Ocean at Brookings, Oregon. Average annual rainfall in the drainage
area is about 1900 millimeters (mm) per year, with most occurring during the winter
months. As a result, the river flow is highly seasonal with approximately ninety percent
of the annual runoff occurring from November through April. Steep terrain and a large
percentage of fine-grained soils result in rapid rises in river stage for fairly short
durations (frequently less than three days).
The Chetco River is gauged at a location approximately 17.2 kilometers (km) from the
mouth of the river, a location with a drainage area of approximately 702 sq km. The
gauge has been operational since October 1969, giving nearly 30 years of data for flow
characterization. Table 3-3 shows flow statistics for the mouth of the river, based on
information in a FEMA (1985) report and adjusted flow statistics at the river gauge.
Table 3-3 Chetco River Flow Statistics(October 1969 – Oct 2000 data set)

Average daily flow1
Monthly minimum average daily flow1
Monthly maximum average daily flow1
12

65 m3/s
3.3 m3/s
148 m3/s

Measured extreme flow (Nov 19, 1996)1
Estimated extreme flow (Dec 22, 1964)1

2801 m3/s
3144 m3/s

Measured extreme minimum flow (Oct 14, 1987)1

1.5 m3/s

10-year flood2

1739 m3/s

50-year flood2
100-year flood2

2381 m3/s
2676 m3/s

River stage at 101 bridge (downstream side) during 100year flood2

3.66 m (NGVD)

1 - flow statistics from USGS gauge, (data from 10/69 – 10/00), adjusted flows at river mouth
calculated by USAED San Francisco
2 - flow statistics from FEMA (1985) (data from 10/69 – 12/82)

3.3 Waves
There are two sources of wave data that may be used to characterize the recent wave
climate off of the Brookings coast. The first source is the National Data Buoy Center
(NDBC) wave buoys located along the west coast of the United States. These buoys
collect long-term wave data and are shown in Figure 3-1. Some are directional buoys and
others are non-directional. The second source is the Corps’ Wave Information Study
(WIS) of the United States. WIS uses historical wind data and numerical models to
produce wave hindcasts, which can be used for long-term wave climatology.
We could identify no wave measurements in or near the Chetco Bay study area, where
Brookings Harbor connects to Pacific Ocean. Therefore, either the hindcast wave
information or the offshore wave data measured by NDBC buoys were the only choices
for offshore wave climate information for this study. WIS hindcast results are available
for the west coast of United States, covering most of the last 40-year period. WIS
hindcasts have been performed for consecutive 20-year intervals, starting 1956. WIS is
currently updating its hindcasts for all water bodies around the U.S. and Great Lakes
region. It is considered too early to try to use the WIS upgrade for this study. No WIS
hindcasts, either results from previous analyses or from the upgrade, were used in the
numerical modeling effort.
It is important to note that neither the WIS hindcasts nor NDBC buoy data include any
information about long waves, which are considered to be a primary source of surge
problem in harbors. Long-wave information is necessary for evaluating harbor resonance
or surge phenomena occurring in many harbors along the west coast of U.S. and in
Hawaii. The lack of long-wave data is due, in part, to some known limitations of existing
wave measurement technology, and also the analysis methods used to synthesize
measured wave data and to develop numerical wave hindcast models. Consequently,
much of the investigation of surge problem in Brookings had to be based on assumed
long-wave energy along the ocean boundary of the numerical model, CGWAVE.
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Figure 3-1 Location of NDBC Wave Buoys

Both the WIS hindcasts and NDBC offshore buoy data provide ample wave information
required to assess the effects of short-period waves at coastal projects. The offshore
waves can be transformed to the study site or may be used directly in a nearshore study,
depending on a number of considerations, including the distance between the offshore
data site and the study location. For this study, a detailed comparison between the WIS
hindcasts and buoy measurements was performed. Results from a preliminary and
unofficial in-house hindcast effort (called hereafter “upgrade”) were also used in the
comparison. This was done to see if the upgraded hindcast results were different from
previous WIS hindcasts. Since it was decided not to use WIS hindcasts in this study, it
was necessary to base numerical modeling effort on measured offshore wave data from
NDBC buoys to the extent applicable.
The closest NDBC Buoy to Brookings is Buoy 46027, which is the Point Saint Georges
buoy, located near the Oregon–California border (Figure 3-1). The buoy is located at 41°
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51’ 06” N, 124° 22’ 54” W, approximately 22 kilometers km or 12 nautical miles bearing
south-southwest from Brookings, in 48 meters of water. The buoy has been collecting
wave data intermittently since September 1983. Figure 3-2 and Figure 3-3 show
significant wave heights and periods for this buoy. These data are also summarized in
Table 3-4 and Table 3-5.

Figure 3-2 Significant Wave Height off Point Saint Georges

Figure 3-3 Dominant Wave Period off Point Saint Georges
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Table 3-4 Annual Maximum Significant Wave Heights off Point Saint Georges
Year

Hs (m)

Tp (s) at Hs

(Tp)max (s)

1985

8.1

16.7

25.0

1986

7.2

16.7

20.0

1987

9.4

16.7

25.0

1988

6.7

14.3

25.0

1989

5.1

14.3

20.0

1990

8.9

12.5

25.0

1991

5.7

9.1

25.0

1992

6.7

16.7

25.0

1993

7.9

16.7

25.0

1994

7.2

14.3

25.0

1995

10.0

14.3

25.0

1996

6.8

11.1

20.0

1997

7.2

14.3

25.0

1998

4.2

14.3

20.0

Table 3-5 Significant Wave Height Return Periods
Return Period (yr)

Hs (m)

80% Confidence Limits (m)

5

8.57

7.6 – 9.5

10

9.45

8.3 – 10.6

25

10.42

9.0 – 11.8

50*

11.07*

9.5 – 12.6*

100*

11.66*

10.0 – 13.4*

* Return period exceeds the recommended limit of three times the length of recorded wave data and
should not be used for design purposes.

Buoy 46027 is a non-directional buoy. However NDBC has several directional buoys
along the West coast. NDBC Buoys 46050 and 46030 are two directional buoys located
to the north and south of Brookings (Figure 3-1). Buoy 46050 is located offshore from
Yaquina Bay, OR, at 44° 37’ 16” N, 124° 31’ 42” W, and 280 km north of Brookings, in
131 meters of water. Buoy 46030 is located near Blunts Reef, CA, at 40° 25’ 22” N,
124° 31’ 31” W, and 180 km south of Brookings, in 82 meters of water. In general,
NDBC buoys, directional or non-directional, do not collect data at all times during a year,
and wave data may not be available for specific periods corresponding to identified surge
events. In such cases, wave data (height, period, and direction) may have to be
referenced to historical wave data. Both NDBC wave buoy data and WIS hindcasts
include monthly and yearly summary statistics for significant wave height and dominant
wave period, and wave direction if applicable, as well as wind speed and direction.
Figure 3-4 (developed from pooled data for 1994, 1997 and 2000) and Figure 3-5
compare data from the non-directional Buoy 46027, and the two nearest directional
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Buoys 46030 and 46050. The figures show that all gauges have similar wave heights and
periods, and the two direction buoys have similar wave directions, even though they are
located about 460 km (250 nautical miles) apart. This suggests that it is reasonable to use
wave heights and periods from Buoy 46027, and wave directions from either of the two
closest directional buoys.

Figure 3-4 Comparison of Data from Nearby Wave Gauges
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Figure 3-5 NDBC Buoys 46027, 46030 and 46050 Time Series Data (Jan-Mar, 1994)

The offshore seasonal storm activity at Brookings should be similar to that experienced at
Port Orford, OR, which is located 105 kilometers (65 miles) north of Brookings. Ogden
Beeman and Associates conducted a storm-wave analysis of Port Orford for the Portland
District in 1999. They defined their storm wave based upon a 2.1-meter (7-foot) wave
occurring at the hoist dock. They calculated the offshore wave required to produce a 2.1meter wave from the south-to-southwest direction, and used this value for their definition
of a storm wave. Their resulting storm wave had an offshore wave height of 6.7 meters.
Based upon this definition, they identified 191 storm events from 1980 through 1998
from hourly wave data from NDBC Buoy 46002 (Figure 3-1). The storms occurred from
October through April, with most storms occurring during the winter months. A similar
analysis was conducted for hourly data from Buoy 46027 for the years 1985 through
1998. Defining a storm wave as having a height of 6.7 meters or greater produced 71
hours of storm waves. The storms occurred during the months of November (6 hours),
December (49 hours), January (15hours), and March (1 hour). This is in agreement with
the data from Buoy 46002, which also shows the largest waves occurring from October
through April. The estimated offshore seasonal storm activity at Brookings is thus
defined as occurring from October through April with most storms occurring during the
winter months.
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3.4 Field Measurements (Pressure or Wave Gauges)
Pressure (wave) gauges were deployed at four locations within Brookings Harbor from
12 April 2000 to 12 May 2000, in the hope of observing a harbor surge event (PWA,
2001). The following sections summarize the field methods, processing procedures, and
results for this data collection effort.
3.4.1

Gauge Locations

Figure 3-6 shows the four wave gauge locations (PWA, 2001). Gauge P1 was installed
on a dolphin in front of the Coast Guard Station in about 9 feet of water. Its location was
intended to measure the wave response near the entrance to the two boat basins, and in
the vicinity of the Transient Dock and Turning Basin. Gauge P2 was located just inside
the main part of the Sports Basin in about 8 feet of water, and measures the response in
the vicinity of the Eureka Fisheries Building, where significant erosion and undermining
of the building has occurred. Gauge P3 was located just inside the main part of the
Commercial Basin in about 13.5 feet of water on the northwest end of Dock “Q”, where
vessel damage has been reported due to surges. Gauge P4 was located on a pile of the lift
dock entrance at the upstream end of the Commercial Basin. It was deployed in about 7
feet of water in an area where erosion of the basin ends has been reported.

Figure 3-6 Location of Pressure Gauges in Brookings Harbor
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3.4.2

Methods

Absolute pressure measurements were obtained using four Coastal Leasing Macrowave
pressure gauges. The Macrowave has a stated accuracy of 0.1 percent and is capable of
detecting a six second period wave with a height of 4 centimeters, or a 10 second wave
with a height of 2 centimeters when deployed at a depth of 15 meters or less. The gauges
were attached to various structures within the harbor (Figure 3-6) and their elevations
surveyed relative to the North American Vertical Datum of 1988 (NAVD). The gauges
were programmed to sample once every second for the first 1024 samples (17.1 minutes)
of each cycle and to then record two one-minute averaged values. The twenty-minute
cycles were repeated continuously for the duration of the measurements. The
measurements were recorded as two separate raw data files, one for the 1024 sample
burst that occurred every twenty minutes, and one for the averaged values that occurred
for two minutes out of every twenty minutes (PWA, 2001).
3.4.3

Gauge Data Processing

Each data file was plotted and visually checked to confirm when the gauge was deployed
and removed from the water. Tidal and wave time series were produced for each gauge
using the raw burst and one-minute average data files (PWA 2001). Averaging the burst
data files and combining them with the one-minute average files produced the tidal time
series. These data files were then low-pass filtered to cut off any frequencies greater than
-5
8.95 x 10 Hertz (corresponds to the M8 tidal constituent of 3.105 hours). The resulting
tidal time series had irregularly spaced data at either 204 or 121 seconds sampling
periods. The wave time series were produced from the raw burst files by high-pass
-5
filtering the data at 8.95 x 10 Hertz. The resulting time series had an irregular sampling
period of 1 second for the first 1024 points followed by a 176-second gap. Calculating
60-second averages from the burst data files and combining them with the one-minute
average data files produced additional time series with a regular sampling period of 60
seconds. This left gaps of one minute for every twenty minutes, which were filled in by
extrapolation from the previous two points in the one-minute average data files. All the
plots are referenced to a time datum corresponding to midnight on April 1, 2000. Figure
3-7 through Figure 3-10 show the raw data, the tide and the resulting waves at each of the
stations deployed in Brookings Harbor.
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Figure 3-7 Raw Data, Tide and Waves at Gauge P1

Figure 3-8 Raw Data, Tide and Waves at Gauge P2
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Figure 3-9 Raw Data, Tide and Waves at Gauge P3

Figure 3-10 Raw Data, Tide and Waves at Gauge P4

3.4.4

Conditions During Deployment

The wave gauges were deployed between April 12 and May 12, 2000. Generally, this is
a transition period from the months of winter storms to the relative calm of the summer.
However, significant offshore wave events can occur during this period.
Figure 3-11 summarizes tidal and offshore wave conditions during the deployment
period. The figure shows a typical spring-neap variation in tides, with higher high tide
ranges of about 1.5-2 m. Offshore significant wave heights, measured at Buoy 46027, are
relatively steady at about 2 m, except during the period April 23-29, 2001 when an
“event” occurred that increased significant wave heights to over 5 m. Wave periods
generally fluctuated between 6-10 seconds, with no noticeable change during the “event”.
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Height (m) and Period (sec)

The only offshore gauge reporting direction was Buoy 46042, which has a dominant
direction from the northwest (when closer gauges report directions from the west).
During the deployment period, this gauge reported waves mainly from the northwest
(probably from the west offshore of Brookings), with some excursions to the south.
However, these excursions do not seem related to significant increases in offshore wave
heights.
Tide
Period at 46027

12

Sig. Height at 46027
Direction at 46042
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Figure 3-11 Conditions During Wave Gauge Deployment

3.4.5

Gauge Data Analyses

Wave analyses were performed by ERDC as part of this investigation. The analyses
separated “gravity” (or short) waves from “infragravity” (or long) waves. Gravity waves
were defined as having periods between 3 and 30 seconds, and infragravity waves as
having periods greater than 30 seconds and less than a cutoff period of about 1500
seconds. The short waves were developed by first filtering out longer waves, and then
analyzing the residual data. Figure 3-12 displays the gravity and infragravity wave
components for each of the harbor gauge locations. The figure includes the tide at
Crescent City, CA, and the significant short wave heights at offshore Buoy 46027, for
reference. The figure shows while the periods of the offshore waves are relatively steady
at about 10 seconds, these waves are essentially absent in the harbor, which generally has
waves with periods exceeding 15 seconds.
The information in Figure 3-12 was first viewed to identify shorter time periods, or
“windows”, which could be analyzed in more detail to identify major physical processes
and responses. These processes of interest included periods with significantly large short
waves or long waves in the harbor (particularly at Gauges P1 and P2 which reflect
conditions near some of the reported major damage locations), the variation of waves
between gauges, significant correlations between various processes (tides, offshore waves
and harbor waves), and whether a “threshold” could be seen in the data above which the
harbor responds in a predictable way to offshore forcing.
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Figure 3-12 Gravity and Infragravity Waves at Harbor Gauges
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Using these criteria, four periods were identified for more-detailed examination:
•

Days 20-22.5; short-wave response seen at Wave Gauge P1

•

Days 25.5-29.5; both short-wave and long-wave responses seen at harbor gauges

•

Days 33-35; both short-wave and long-wave responses seen at harbor gauges

•

Days 35-42; short-wave response at Wave Gauge P1.

Figure 3-13 shows information for days 20 through 22.5. This is a period with relatively
significant short-wave activity at Gauge P1. Gravity waves exceeded 25 cm in height,
and clearly are largest around high tide. Their periods generally ranged from 17-21
seconds. The cause of the relatively large waves at P1 is unclear, because the offshore
waves are relatively small (about 2 m). Vessel movement in the harbor around high tides
was eliminated as vessels generally produce very-short period waves (less than 4
seconds), and these waves are absent in the analysis.
Figure 3-14 shows the wave information for days 25.5 through 29.5. This is a period
during which the offshore wave heights are coherent with infragravity waves at all the
harbor gauges P1-P4. In addition, it is clearly seen that the short waves are relatively
more significant during periods of high tide at P1, but are attenuated at the other harbor
gauges. In the middle of this period, the offshore waves, and the infragravity waves,
diminish. This can also be seen in the infragravity wave periods, which are almost
absent.
Figure 3-15 shows information for days 33-35. Like the previous period, there is an
increase (although smaller) in the offshore wave heights that results in slightly larger
infragravity waves in the harbor. Again, short waves tend to increase at P1 around high
tides, and attenuate in the two boat basins. The short wave periods in this figure also
show an inverse relationship to the tide, with larger periods (over 20 seconds) around low
tide, and smaller periods (less than 20 seconds) around high tide, where the size of the
gravity waves is the largest.
Figure 3-16 shows the wave information for days 35 through 42. This is a period of
relatively small offshore waves, and the resulting infragravity waves at all harbor gauges
are small, including the infragravity wave periods. Even the short waves decrease to
about 20 seconds for much of this period. However, it is clearly seen that something is
causing significant short waves at P1, but they attenuate before they reach the gauges in
the boat basins. Again, these short waves are largest around high tide.
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Figure 3-13 Gravity and Infragravity Waves for Days 20 through 22.5
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Figure 3-14 Gravity and Infragravity Waves for Days 25.5 through 29
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Figure 3-15 Gravity and Infragravity Waves for Days 33 through 35
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Figure 3-16 Gravity and Infragravity Waves for Days 35 through 42
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To examine the structure of short (gravity) waves in more detail, wave heights were
plotted against wave periods for each of the gauges (Figure 3-17). From this figure it is
very clear that while gravity waves in the boat basins are generally small (less than 10
cm), waves of nearly 30 cm occurred at P1 during the measurement period. Also, there is
a discrete range of periods from 17-21 seconds that the larger waves occur. The figure
also shows that the shorter waves are not seen further into the boat basins. While 10-11
seconds waves are found at P1 and P2, the shortest wave at P3 was 13 seconds and at P4
(at the upstream end of the Commercial Basin) was 14.5 seconds. This demonstrates that
the short waves are continually attenuated as they proceed from offshore to the turning
basin, and then into the boat basins.

Figure 3-17 Short Wave Heights Versus Periods

Figure 3-18 shows short wave heights at P1 versus tidal elevations. Wave heights during
the measurement period were generally less than 10 cm when occurring before mid tide.
However, around high tide, the largest short waves can occur in the vicinity of the turning
basin, with heights up to 30 cm (nearly one foot).
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Figure 3-18 Relationship Between Tides and Waves at P1

Finally, the wave data were assessed by examining their frequency distributions. Figure
3-19 and Figure 3-20 show the distributions of heights and periods for short (gravity)
waves. Again, they show that the larger waves (greater than 10 cm) occur most
commonly at P1, more than 10 percent of the time, while waves of 5 cm occur only about
one percent of the time inside the boat basins (P3 and P4) for the measurement period.
Also, they show the clustering of wave periods between 17-21 seconds (more than 60
percent of the time) at P1, whereas waves in the boat basins are more varied. Figure 3-21
and Figure 3-22 show exceedance of heights and periods for infragravity waves at each
gauge. The uniformity of the infragravity wave height distributions confirms that longerperiod waves are generally similar through the harbor, with differences only in periods
less than about 200 seconds where attenuation is seen with distance from the entrance.
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3.4.6

80

Relationship to Offshore and Tidal Conditions

The wave analyses indicate the possibility of relationships between offshore waves and
long harbor waves. However, to estimate, or extrapolate, the response to larger offshore
waves, we need to quantify this relationship. Offshore wave heights were plotted against
both short-wave and long-wave heights at each of the harbor gauges. Figure 3-23 shows
correlations between significant wave heights at the offshore wave Buoy 46027 and
waves at P1 and P2 (waves at P3 and P4 are generally similar to those at P2). In each
case, linear trend lines were used that pass through the origin (no harbor waves if there
are no offshore waves). While the statistical measure of agreement (R2) is generally
poor, visually at least, the agreements appear reasonable. The scatter suggests that a
linear relationship is probably best approach, as higher-order equations would produce
large variations in the estimates of harbor waves produced by large offshore waves (say,
10 m). The linear equations for each harbor gauge produce estimates of the response to
10 m offshore waves within a narrow range of 34-40 cm. This is consistent with the
analysis of the harbor wave measurements, that long waves have roughly equal heights
throughout the harbor. The use of higher-order relationships produces much larger
variations in the estimates of the long-wave response to large (10 m) offshore waves.
Strictly speaking, short waves and long waves cannot be added to produce the observed
total wave. This is because of differences in their timing. However, on occasion, this
does happen, and adding the estimates of short and long waves produces a reasonable
estimate of the maximum total wave estimated. Adding the linear relationships
developed for the short and long waves gives an estimate of the maximum total wave
height at each harbor gauge location produced by offshore waves. These results, shown
in Figure 3-24, estimate that an offshore significant wave height of 10 m might produce a
total wave heights of nearly 60 cm (about 2 feet) at P1, and 43-53 cm in the boat basins,
the heights being smaller due to the attenuation of the short-wave part of the total wave.
Also shown in this figure is an estimate of the total wave at P1 using the correlation
between offshore wave height and long waves at P1, plus the largest short wave height of
30 cm observed near high tide. This might represent the combined effect of offshore
waves and tides. This relationship is not shown at the other gauge locations because of
the significant attenuation observed in the short waves.
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3.4.7

Discussion and Conclusions of Wave Gauge Analyses

The analysis of the short-wave data showed:
1. During the measurement period (April 12-May 12, 2000), short waves occurred at
P1 up to 30 cm in height. These higher-magnitude waves only occurred during
periods of high tide, and generally had periods of 17-21 seconds. This range of
periods is similar to the mode 1 resonance period of the entrances to the two boat
basins (see Table 2-2).
2. Short waves at P2, P3 and P4 rarely exceeded 10 cm, and their periods were more
varied.
3. While offshore waves (measured at Buoy 46027) have periods from 6 seconds
upward, no harbor waves were analyzed with periods less than 10 seconds, and in
fact most exceeded 15 seconds (the minimum cutoff was 3 seconds). It is
possible that short waves with periods of 6-10 seconds do not reach the jetties,
being attenuated offshore or in Chetco Bay. However, if they do reach the jetties,
they are quickly attenuated, and the smallest periods measured increase with
distance into the harbor and boat basins.
4. While the short waves at P2, P3 and P4 generally had similar heights and periods
at the same time, the measurements showed continued short-wave attenuation
with distance from the entrance to the boat basins, and the magnitude of the
shortest periods tended to increase as the shortest-period waves were dissipated.
5. Short waves tended to be slightly larger in the Sports Basin (P2) compared to
waves in the Commercial Basin (P3 and P4) occurring at the same time.
6. By far the largest short-wave response was seen at P1, reflecting more energetic
conditions in the entrance to the basins in the vicinity of the Transient Dock and
turning basin.
The analysis of the long-wave data showed:
1. During the measurement period (April 12-May 12, 200), long waves heights of
15-23 cm occurred fairly uniformly throughout the harbor (including the two boat
basins). Periods were generally in the range 60-200 seconds, but variable.
2. The response at P4 (at the end of the southern Commercial Basin) was
consistently the largest, and is probably due to long-period resonance with the
length of this basin.
3. Comparisons with offshore waves (Buoy 46027) show that larger offshore wave
heights consistently produced larger harbor long waves.
4. The largest long waves measured were 21 cm at P1, 23 cm at P2, 27 cm at P3 and
31 cm at P4. This suggests that both boat basins may be amplifying long waves
(resonance along their lengths), but that the effect is larger in the Commercial
Basin, and largest at its far end. The waves at P4 were consistently larger than at
the other three gauge locations.
Overall, the analysis of the wave gauge data suggests:
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•

Both long wave and short wave responses are seen at P1, at the entrance to the
boat basins and in the vicinity of the Transient Dock and turning basin.

•

The largest response was a long wave of 31 cm at P4 and then a short wave of 29
cm at P1. The largest total wave was about 45 cm at P1. However, the total
waves are greater at P1 because the long waves have generally consistent heights
throughout the harbor whereas short waves dissipate quickly as they enter and
transit the boat basins.

•

When offshore waves are relatively large (perhaps greater than 3 m), the harbor
experiences infragravity waves with periods generally in excess of one minute
and of fairly uniform height. This suggests that offshore (gravity) waves are
correlated with long waves in the harbor, and that these offshore waves are
transformed both in height and period before they reach the turning basin and
Transient Dock at the entrance to the two boat basins.

•

When offshore waves are small (perhaps less than 2 m), the harbor entrance (near
P1) may experience significant short waves, on the order of 30 cm. These short
waves are largest around high tide when their periods are generally 17-21
seconds. Near low tide, short waves are significantly attenuated, and their periods
are variable. During these periods, infragravity waves dominate.

From this analysis, we can only conclude that the offshore waves are transformed in
height (attenuation) and period. However, the mechanism that changes the wave period
is not immediately clear. It is possible that the transformation and exchange of wave
energy between different frequencies of a sea state that occur as waves approach shore
can alter the periods of wind waves, giving rise to the generation of the long-period
(infragravity) wave components, known as “free” and “bound” waves. It is also possible
that additional modification of sea states occurs as the wave enters Brookings Harbor
through the jettied inlet, moving and penetrating into the boat basins. In an attempt to
quantify at least the change in wave height, the offshore wave heights were correlated
with the infragravity and gravity wave heights at the harbor wave gauges. From this
analysis, we found that the strongest relationship (highest R2 value) occurs when the
offshore wave heights are compared to the infragravity wave heights at Gauge P1 (Figure
3-23). While the relationship is not particularly strong, it might serve as a basis to
estimate the harbor response during events with higher offshore waves. The analysis also
found that the linear relationships resulted in more consistent estimates of harbor long
waves than higher-order relationships.
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4 DESCRIPTION OF THE SURGE PROBLEM
A scientific or engineering understanding of the reported surges in Brookings Harbor is
difficult because no direct measurements were made during a major surge event. We
must therefore to an extent rely on the observations of local witnesses, and their
memories of events that date back almost 10 years. Specific dates and times were
difficult to remember, however, general impressions remain. During the study, we
interviewed Russ Crabtree and Dan Thompson with the Port of Brookings, various Coast
Guard personnel, fishery managers and workers, boat owners and various fishermen. In
addition, the Port surveyed a number of vessel owners. Their accounts of the events
frequently differed – usually in the magnitude of the surge event, the level of nuisance,
and the damage sustained. However, many reports have common elements that might
lead to a unified conceptual understanding of the surge process.

4.1 General Observations
Descriptions of the surge problem vary. Initial reports from the Port of Brookings
described the surge as “a gradual rise and fall of water, followed by horizontal movement
similar to a big wave” (USAED Portland, 1999). The surge was reported as propagating
through the turning basin, Basin I, and Basin II with the problem being worse in the
turning basin and near the entrances to the boat basins (Thompson, 2000, personal
communication). More recently, Thompson, later confirmed by Crabtree (2001, personal
communications), expanded this to describe an event that filled and then drained the
harbor with a period of between 30 and 90 seconds.
Discussions with a longtime Port of Brookings employee indicate that the problem
appears to be direct wave propagation through the jetty entrance and into the harbor, with
some contribution due to wave reflection in Basin I (Jones, 2000, personal
communication). Jones also stated that the problem appears to be worse in the turning
basin and in Basin I and does not turn the corner and propagate all the way through Basin
II very well, although the Transient Dock near the Basin II entrance can experience large
surges. A former USGC Station Chief at Brookings observed that the surge appears to be
very similar to wave conditions outside the jetty entrance to the harbor, with the only
difference being a decrease in wave height due to propagation through the jetties
(Bowman, 2000, personal communication).
Some of the common (but not necessarily universally held) elements we can deduce from
the above various observation and opinion of people are:
•

The most common mechanism is where short-period offshore waves are
transformed to longer-period waves in the vicinity of a shoal area near the light
opposite the “ barrier free fishing pier”.

•

Occasionally, surges can be the result of large ocean swells with relatively calm
seas.

•

Generally, offshore waves are approaching from the south to southwest.
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•

Each basin rises and falls in response to a single wave. Neither basin sees
multiple short waves during a surge event. There may be a little side-to-side
motion in the Sports Basin, which Harbormaster Dan Thompson believes is a
reflection near the basin’s entrance. However, this motion is small compared to
the longitudinal motion along the basin.

•

During the surge event, the docks and vessels would move parallel to the axis of
the basins. Docks normal to the basin axis would tend to move side-to-side and
were difficult to walk on. Vessels tied to these docks tended to run out to the ends
of their lines and then slam back into the dock as the surge reversed direction.

•

The period is probably between 30 and 60 seconds. Petty Officer Delienge, with
the U.S. Coast Guard, said the [Commercial] basin rises, seems to hold steady for
about 10 seconds, and then drops.

•

An “episode” can last on the order of one hour, and generally occurs around high
slack tide.

•

The surges seem to be stronger during times of deeper water. This can be during
high tides, or combined with periods of large flows in the Chetco River, as the
river tends to “fill up the harbor”.

•

Locally strong winds do not create the surge or make it worse.

There is more disagreement in the magnitude of the surges. Port Manager, Russ Crabtree
described major events of 1.6-2 m in range, and occur when the ocean sees large short
waves with periods of 5-20 seconds. He and Harbormaster Dan Thompson considered
that average events have periods of about 30 seconds and 3-4 feet (0.9-1.2 m) of vertical
movement or height. By contrast, US Coast Guard Personnel stated that surges rarely
exceed 2 feet (0.6 m) in range. Many others also reported this smaller range.
The surveys completed by vessel owners, and telephone conversations with vessel
owners, Port officials and fisheries plant managers, reveal a wide variety of opinions.
Some indicate there is a problem and others indicate there is no problem at all. Sample
comments from the surveys include the following:
•

“Swell out of south, hard to understand, boat leaps sideways.” 51’ fishing vessel,
only reported damage was to lines

•

Have experienced surge but only problem is “debris between dock [sic] . . . but
can happen anytime.” 62’ fishing vessel, no reported damage

•

“Hard to tie up, dock breaking down – going back and forth – surging in and out.”
48’ fishing vessel, no reported damage

•

“Waves during S-SW through channel, reflects into basin . . . worse for big boats,
harder to tie . . . river running fast may counteract it.” 53’ fishing vessel, only
reported damage was to lines

•

Have experienced surge but “not a problem if lines not tight . . . don’t try to fix it
– not a problem . . .problem is larger boats working docks . . . Brookings harbor
is safest in northwest.” 40’ fishing vessel, no reported damage
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•

“Horizontal motion caused by ~0.6 m rise and fall in the basins. The surge runs
in and hits the back of the Commercial Basin with a period of 8-10 seconds, or
longer. It goes on for hours. The bigger boats (>15 m) cannot be stopped,”
(Steve Black, Hallmark Fisheries, 2001, personal communication).

•

“Rough seas from south, not noticeable on a day-by-day basis, cannot unload
boats during surge, not a lot of vertical motion, period of about 30 seconds,”
(Chuck Moulton, Eureka Fisheries, 2001, personal communication).

•

“In the wintertime, surge runs up river into the basins, 0.3-0.6 m surges with same
period as the ocean, south-to-west is bad”, (Dale Crump, Skipper of the “Frank
F”, 2001, personal communication)

Table 4-1 summarizes the results of the Port’s survey. The results tend to confirm that
where a problem is perceived, it is thought to occur around high slack tide. However, 50
percent of the respondents believe that there is no surge problem, and this includes more
than half of the respondents from the Sports Basin where the problem is considered to be
worse.
Table 4-1 Relationships Between Vessel Location and Surge Problems
Number
of
surveys

Extent
of
problem

Sports
Basin

Commercial Basin by Quadrant

No
basin
noted

Total

I,J,K,L

C,D,E,F,G,H

N,O

P,Q,transient

Sent

17

27

11

13

32

Received

9

14

5

3

16

3

50

3 (33%)

9 (64%)

4 (80%)

2 (67%)

5 (31%)

2

25

High, incoming tide

2

6

3

1

1

1

14

High, outgoing tide

1

Those who believe
there is a problem

Low, incoming tide

1

2

1

Low, outgoing tide

1

All times

1

No problem

100

6 (67%)

1
1
1

5 (36%)

1 (20%)

1 (33%)

11 (69%)

2
1

25

Please note: The number of surge tide options do not always match the number of respondents who think
that there is a problem because some respondents checked more than one option while others checked none.

4.2 Reported Damage
The amount of damage during surge events varies. Most of the damages could be
classified as “annoying”. However, the reported damage is persistent. Examples of
known and reported damages are (Figure 4-1):
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•

Broken mooring lines, “broke tie-up line every day” (Dale Crump, Skipper of the
“Frank F”, 2001, personal communication)

•

Cleats ripped from vessels or docks

•

“Erosion under one dock” (USCG Chief Mike Lewis, 2001, personal
communication)

•

Beach erosion under the Eureka Fisheries plant causing a retaining wall to
collapse (Chuck Moulton, plant manager, 2001, personal communication)

•

Damage to dock and vessels, including moored barges.

Figure 4-1 Location of Reported Damages

During a meeting with Russ Crabtree and Dan Thompson with the Port, they identified
two classes of damages that occur – erosion of the shorelines of the basins, and damage
to vessels and docks. Shoreline erosion was said to occur throughout both basins, and is
often focused in the corners. The mechanism is believed to be that water in the basin
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rises, and as it falls, it “sucks” the loose bank materials with it. Also, they believe that
small rocks are “sucked out” of the existing riprap protection causing the remaining rock
to occasionally slip. The District’s investigation also noted several large outfall culverts
in these areas and poorly placed bank protection. Areas where this has been observed
include (Figure 4-1):
•

Under the Eureka Fisheries building (now vacated) where the piles were exposed
and the building’s outside wall collapsed,

•

In the corner between the Eureka Fisheries building and Dock “A”,

•

Along much of the eastern side of the Sports Basin, until the bank was reinforced
and protected with the current boardwalk structure,

•

Along the end of the Sports Basin where the old launch ramp was eroded. A new
launch ramp has been built to withstand the erosive forces,

•

Just to the north of the “public fishing pier” inside the Sports Basin, a slippage
area above the riprap (that was stated to extend to high tide) is visible,

•

Around the Transient Dock, opposite the Coast Guard station near the mouth of
the Commercial Basin (this has recently been stabilized),

•

Around the area of the Coast Guard station near the entrance to the Commercial
Basin, and

•

In the far corners of the Commercial Basin.

The second type of damage, to vessels and docks, is believed to be caused by surgegenerated motion along the longitudinal axis of each basin. It is stronger nearer the
entrances and decreases with distance into the basins. The damage was described as
being caused by the docks being relatively fixed (generally aligned normal to the basins’
axes) while the vessels run out on their lines as the surge moves one way, and then slam
back into the fixed dock as the surge reverses direction. Damages to the vessels included
snapped lines and broken cleats, but that the docks often suffered greater damages as
large, steel-clad vessels slammed back into them, usually damaging the dock walers. A
number of dock walers in the Commercial Basin have been heavily damaged. Some
specific examples include:
•

A boat owner on Dock “B” in the Sports Basin said that the surges had been more
than an annoyance, and he’d love to move,

•

Dock “I” and “K”, in the Commercial Basin, have been damaged during large
surge events (noticeably during the December 12-14, 1997 event),

•

Vessels at the “P” dock occasionally break free, and have to be retrieved,

•

A vessel almost sank in the vicinity of Dock “P” or “Q”, in the Commercial
Basin, when woody debris became wedged in the dock structure. As the vessels
ran its line and was slammed back into the dock, the woody debris punched a hole
in the hull, and

•

The Transient Dock, near the entrance to the Commercial Basin, broke free during
one surge event.
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The Port staff reported that a lot of boat owners have requested to move from the
relatively surge-prone area near the mouth of the Sports Basin to either further back in
that basin, or over to the back of the Commercial Basin.

4.3 Identified Surge Events
Surge problems in Brookings Harbor were noted as early as the 1970s. A 1975
investigation of the problem by the Portland District concluded that “since no damage to
craft or mooring facilities has been reported, there is no apparent need for realignment (of
the jetties)” (USAED, Portland, 1975). The harbor surge problem was not formally
documented until the 1990s. Since then, we could identify only 5 events where specific
dates could be identified and some specific impact noted. These were identified through
interviews, invoices for damages and newspaper articles.
1. On January 8, 1994, the Transient Dock in Basin II broke loose from its piles with
vessels still moored to it and floated over to the USCG dock area. The harbor
district stated that the dock had deteriorated over time and broke loose during a
surge event (USAED Portland, 1999). No observations of surge heights were
noted in the harbor.
2. A surge event dated 27 September 1997. Surge damage was also alluded to in a
newspaper article dated 27 September 1997. No observations of surge heights
were noted in the harbor.
3. During 14-16 November 1997, a surge event was reported. A local newspaper,
the Curry Coastal Pilot, ran a story about a surge pulled a boat from its trailer at
the launch ramp (at the end of Basin I) on Friday, November 14. An assessment
showed damages totaling $18,200, including 9 pilings, 3 40-ft finger docks, 10
cleats and 600 feet of dock walers. A USCG employee thought the surge did not
exceed 2 ft (0.6 m) in height.
4. During 12-14 December 1997, a surge event was reported that weakened the
commercial “I” dock walers, causing the dock to break in half. Total damages of
$21,116.30 were estimated, including 2 pilings broken at the water line, broken
walers, broken utility lines, bent power pedestals, Lions Whelp sustained a bent
steel safety line stanchion and wood chafe. No observations of surge heights were
noted in the harbor.
5. During 28-29 October 2000, a surge event was reported that was strong enough to
break the spud on a moored barge located in the NW corner of Basin I. Damages
were assessed to be $2,782. Repairs included a repaint, repaired spud, new cable,
dock repair, and replacement lines. A Port employee described the event as large
waves coming from offshore that propagated up the channel and diminished in
size (to a 0.5-meters height) as they propagated through the basins (Jones, 2000,
personal communication).

41

4.4 Tide, River and Offshore Wave Conditions During Events
4.4.1 Event of January 8, 1994
During this period, offshore wave heights at Buoys 46027 and 46030 increased from
about 1.5 to 3 m, peaking at 5.5 m on January 9. Buoy 46050 did not record data.
Initially, the offshore waves were from the west with a period of about 6 seconds. During
the day and into January 9, the waves quickly veered to the south and then back to the
west as the period increased to about 11 seconds.
The mean daily flow in the Chetco River was 3,760 cfs, which is exceeded about 18% of
the time (or about one day in five). Tidal conditions on this date, using data from the
NOAA gauge at Crescent City, CA (Figure 4-3) were average (about halfway between
neap and spring tide conditions).
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Figure 4-2 Tides at Crescent City, CA, for January 1994
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Figure 4-3 Tides at Crescent City, CA, for January 1994

4.4.2

Event of September 27, 1997

During this period, offshore wave heights at Buoys 46030 and 46050 increased from 3 to
7 m. Buoy 46027 did not record data. The offshore waves were fairly steady from the
west, and periods were about 10 seconds, although the trend was decreasing from 10
seconds to about 6 seconds by September 30 (Figure 4-4).
The mean daily flow in the Chetco River was 160 cfs, which is exceeded about 76% of
the time. This represents low flows typical of late summer in this region.
Tidal conditions on this date, using data from the NOAA gauges at Crescent City, CA
(Figure 4-5) and Port Orford, OR (Figure 4-6) were close to neap tide.
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Figure 4-4 Wave Conditions During Sept. 27, 1997
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Figure 4-5 Tides at Crescent City, CA, for Sept.-Dec. 1997

Figure 4-6 Tides at Port Orford, OR, for Sept.-Dec. 1997

4.4.3

Event of November 14-16, 1997

Buoys 46027 and 46030 were not operating during this event. Also, the nearest
directional Buoy 46050 reported only wave height and period during this event and not
direction. The data from Buoy 46050 showed wave heights decreasing from 6 to 2 m
during this period, and periods decreased from 12 seconds on November 14 to 6.5
seconds on November 16 (Figure 4-7). Coast Guard Petty Office Delienge believes that
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the surge that caused a boat to be floated off its trailer at the boat ramp did not exceed 2
feet (0.6 m), and was probably on the order of 1 foot (0.3 m).
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Figure 4-7 Wave Conditions During Nov. 14-16, 1997

The mean daily flow in the Chetco River varied between 1,230 and 1,810 cfs. These
flows are exceeded about 40% of the time, or about two days out of five.
Tidal conditions during this period, using data from the NOAA gauges at Crescent City,
CA (Figure 4-5) and Port Orford, OR (Figure 4-6) were approaching spring tide.
4.4.4

Event of December 12-14, 1997

Again, Buoys 46027 and 46030 were not operating during this event, and the nearest
directional Buoy 46050 reported only wave height and period during this event and not
direction. There were also no directional wave buoys operating during the event. The
data from Buoy 46050 shows wave heights rising from 4 to 8 m, and periods of between
8 and 10 seconds (Figure 4-8).
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Figure 4-8 Wave Conditions During Dec. 12-14, 1997

The mean daily flow in the Chetco River varied between 1,760 and 2,010 cfs. These
flows are exceeded about 30% of the time, or about one day in three.
Tidal conditions during this period, using data from the NOAA gauges at Crescent City,
CA (Figure 4-5) and Port Orford, OR (Figure 4-6) were close to spring tide.
4.4.5

Event of October 28-29, 2000

During this period, offshore wave heights at buoys 46027, 46029, 46030, and 46050 all
increased from about 2 to 8.5 m. Buoy 46029 was included in the analysis as directional
Buoys 46030 and 46050 reported only wave height and period. Buoy 46027 recorded a
significant wave height of 8.5 meters with a dominant period of 16.7 seconds. Initially,
the offshore waves were from the west with a period of about 5 seconds. During the day
and into October 29, the waves veered to the south and then to the west again, and the
period increased to almost 12 seconds. The surge in the harbor was reported to be on the
order of 0.75 m.
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Figure 4-9 Wave Conditions During Oct. 28-29, 2000

The mean daily flow in the Chetco River varied between 599 and 1,790 cfs. These flows
are exceeded about 50% of the time. Tidal conditions during this period, using data from
the NOAA gauge at Charleston, OR (Figure 4-10) were close to spring tide.
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Figure 4-10 Tides at Charleston, OR, for October 2000

4.5 Relationship Between Offshore Waves, Damages, and Surge
Activity
A relationship between offshore wave conditions, damages inside the harbor, and surge
activity cannot easily be developed based on the limited data from the five “documented”
events (Table 4-2, Table 4-3 and Table 4-4). It appears that the harbor surge occurs for
offshore waves with larger than average wave heights and are transformed into longer
than average wave periods, but there are many instances of wave conditions similar to
these events where a harbor surge was not reported. The monetary damages for these
events were greatest for the December 1997 event, which did see large offshore waves.
Additional information is needed to develop a relationship between offshore wave
conditions, damages in the harbor, and surge activity.
The only common element that might be inferred from this analysis is that there is a
tendency for the surges to occur during higher tides (approaching spring tide). However,
there are no direct observations to support the belief that the surges occur most frequently
around high slack tide.
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Table 4-2 Summary of Wave Conditions During Damage Event

Offshore
Wave
Period
wave heights
direction (sec)
(m)

Date

Comments

Jan 8, 1994

1.5 to 5.5

W-S-W

6

Transient Dock in Basin 2 broke lose. Wave
direction moved from W to S to W, period
increased from 6 seconds to 11 seconds on Jan. 9.

Sept 27, 1997

3-7

W

10

Surge alluded to in newspaper article. Wave
period decreasing to 6 sec. by Sept. 30.

Nov 14-16, 1997

6 to 2.5

No data

12 to
6.5

Less than 0.6-meter waves reported in basins.
23-meter fishing boat damaged. Car and trailer
pulled into water from launch ramp. $18,200 in
damages. Wave heights and periods decreasing
through weekend.

Dec 12-14, 1997

3 to 8

No data

8 to 10

“I” dock broke in half. $21,116.30 in damages.
Wave heights increasing, period steady.

5 to 12

0.75-meter waves reported in basins. Pile-driving
barge broke spud. $2,782 in damages. Wave
direction moved from W to S and back to W.
Period increased from 5 to 12 seconds.

Oct 28-29, 2000

2 to 8.5

W-S-W

Table 4-3 Summary of Chetco River Flows Condistions During Damage Events

Date

Mean Daily River Flows
(cfs)

Percent Exceeded

Jan 8, 1994

3760

18%

Sept 27, 1997

160

76%

Nov 14-16, 1997

1290, 1230, 1810

~40%

Dec 12-14, 1997

2010, 1760, 1910

~30%

Oct 28-29, 2000

599, 1790

~50%

Table 4-4 Summary of Tidal Conditions During Damage Event

Date

Tidal Condition

Jan 8, 1994

Mean tide

Sept 27, 1997

Neap tide

Nov 14-16, 1997

Approaching spring tide

Dec 12-14, 1997

Spring tide

Oct 28-29, 2000

Close to spring tide
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5 WITHOUT PROJECT CONDITIONS
5.1 Approach
It is a customary practice in the analysis of harbor surge problems to consider long-waves
as the potential cause of such problems. In this application, however, the numerical
modeling of surge phenomenon in Brookings considered both the short and long waves.
This was necessary since there were no wave measurements available inside the North
and South basins of Brookings harbor during reported surge “events”, no direct wave
measurements in the area offshore of Chetco Bay, and no scientifically conclusive
evidence relating the surge problem to a specific wave type. Consequently, the
numerical investigation was conducted for a range of wave heights, wave periods, and
wave directions.

5.2 Description of CGWAVE
The Corps of Engineers’ numerical harbor wave model CGWAVE was used for the
analysis of surge problem in Brookings Harbor (Demirbilek and Panchang, 1998).
CGWAVE is a finite-element program based on the two-dimensional elliptic mild/steep
slope wave equation for describing wave propagation into ports and harbors of variable
bathymetry and complex geometry, with no limitations on wave angles. Boundary
reflectivity values are the only user-specified parameters. The model can describe
various wave processes important in the nearshore that may affect waves moving
between structured inlets/entrances and penetrating inside enclosed boundaries of
harbors. These include refraction, diffraction, reflection and dissipation (breaking and
friction). The program, however, cannot describe the transformation of periods as waves
travel through the system. CGWAVE model is documented in the literature, and a
technical report provides the details of model theory, implementation, validation, and
example applications. Capabilities, limitations, and various technical features of the
model have been addressed in several journal and conference papers. The model has
been used in projects and research by A/E firms, academic institutes, and governments.
Further information about CGWAVE model may be found at
http://chl.wes.army.mil/research/wave/wavesprg/numeric/wentrances/cgwave.htp.

5.3 Model Setup
To model the progression of offshore waves into the harbor, a finite-element grid of the
harbor and vicinity was developed. The model boundary was set as an arc, with a radius
of approximately 1,000 m, centered on the jetty entrance (Figure 5-1). The model was
also extended approximately 1,000 m upriver from the harbor entrance, to minimize the
potential for inappropriate wave reflection or boundary interference in the model. Depths
were assigned at the vertices of each element (Figure 5-2), using data from hydrographic
surveys and depth soundings throughout the harbor. These were incorporated with
digitized bathymetry from nautical charts to develop the physical boundaries of the
model.
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Figure 5-1 Extent of CGWAVE Model Domain

Figure 5-2 Depths Contours in CGWAVE Model
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5.4 Short Wave Simulations
The analysis of wave gauge measurements in Brookings Harbor showed a significant
short-wave response at periods of 17-21 seconds (Figure 3-17). Very few waves were
observed at periods of 15 seconds (and these generally had small heights, less than 10
cm), and no waves were observed of less than 10.5 seconds. Therefore, for the shortwave mode analysis, the following combinations of wave conditions were modeled:
•

Wave heights of 2, 4, 6, and 8 m,

•

Wave periods of 10 to 21 seconds, and

•

Wave directions of SW, SSW and WSW

The wave heights and periods were selected as being representative of the range of
conditions observed at Buoy 46027 (Figure 3-4), and also wave conditions similar to
those corresponding to the know damage events (Table 4-2), that might give rise to
potential and not infrequent surge problems in the harbor. The wave directions were
selected as being critical to enter the jetties. CGWAVE test runs showed incident waves
from SW and SSW directions had the biggest impact on waves seen in the boat basins,
while waves from W and NW had a minimal impact. Waves from the west, more
frequently observed at all offshore directional buoys would have difficulty entering the
harbor through the existing jetty alignment, unless their directions were modified by local
bathymetry. In either case, it was felt that waves from WSW to SSW, however
generated, would represent the worst case for waves approaching the Port of Brookings
harbor. The range of wave parameters selected for the short-wave analysis is
representative of the wave offshore climate at the study site, and consistent with historical
data from the wave buoys, in addition to being commensurate with the engineering
experience and intuition.
Simulations were made with the wave breaking and dissipation mechanisms turned on in
CGWAVE, as this would be the case in the harbor. They were repeated for different
values of boundary reflection coefficients (0.2-0.5 based on the type of structure and
slope) in order to assess model’s sensitivity to the reflectivity of inlet and harbor
boundaries, and to bracket the model estimates. The results were plotted along the
lengthwise axis of (1) the inlet channel, (2) the north (Sports) Basin and (3) the south
(Commercial) Basin, to show the spatial variation of wave heights in the inlet and boat
basins.
The results show that for all the short-wave simulations, there is significant attenuation of
the wave as it moves through the inlet and into the two basins. Figure 5-3 and Figure 5-4
show typical examples of the extent of wave attenuation at high tide and low tide for 8 m
offshore waves. Figure 5-5 summarizes the results of 20 seconds waves directed from
the southwest. summaries the range of short-wave simulations near the Transient Dock.
The CGWAVE results show that these waves attenuate significantly (1) before they reach
the inlet channel, (2) as they move up the inlet channel, and (3) as they enter the North
and South Basins. The results confirm the analysis of the harbor wave gauges that more
wave energy is seen at high tide, but the resulting waves in all cases and all locations are
small (less than 35 cm). In addition, smaller waves (<8 m) and waves from the SSW and
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WSW result in even smaller waves in the interior boat basins. The largest short-wave
response is seen near the Transient Dock (Figure 5-6).

Figure 5-3 Results of 8 m, 20 sec short
waves from SW at High Tide (Replace)
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Figure 5-4 Results of 8 m, 20 sec short
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Figure 5-5 Results of 20 sec. Short Waves Approaching from SW
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500

Figure 5-6 Summary of Short-Wave Results at P1

The results of the short-wave simulations reveal that with offshore waves of 8 m
significant wave height, similar to those for the October 2000 storm, 4 m wave heights
might occur in the entrance of the inlet to Brookings Harbor at high tide. The wave
energy arriving at the inlet varies with the incident wave direction approaching the
harbor, suggesting that the incident wave direction would certainly effect the navigation
through the inlet area in Brookings. Interestingly, it is noted that the largest wave
heights are associated with incident waves from the SSW direction. It is clearly seen
from the CGWAVE simulations that the heights of the short waves in the inlet are large
enough to influence navigation in the jettied inlet, although these waves decay quite
rapidly over a distance 500m along the channel as they move upstream through the inlet.
Likewise, comparatively bigger waves occur in the entrances of North and South basins,
but for all conditions analyzed, it was found that the wave heights in the basins were only
a small fraction of the heights at the inlet entrance. Indeed, the maximum wave heights
in the entrances to the boat basins resulting from short-period incident waves are about 4
cm at MLLW. Higher waves do occur elsewhere in the boat basins, i.e. near the east and
west sides of basins and also at the opposite end to basins entrances, but no waves, along
the centerline of the basins, exceed 4 cm in the boat basins at MLLW for any of the
incident short-period waves coming from any direction and for any incident wave height.
At MHHW, however, waves up to 33 cm in height occur along the centerline of basins,
and up to 50 cm waves maximum heights occur in some areas in both basins. In general
though, the average height of short waves in the basins is less than 10 cm.
A clear conclusion from these simulations is that it does not appear that short waves,
without transformation to longer waves, can be the source of the surge problems reported,
if the surge were to have a wave height of greater than 1 ft (30 cm) in the boat basins in
Brookings. The region with the largest short-wave response would be in the vicinity of
the Transient Dock. Although a quantitative description of the surge problem has been
difficult, as observations seem to greatly vary between the people interviewed,
nevertheless it is still unlikely that short waves alone can be the source of the surge
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problem. CGWAVE results and inshore gauge records agree quite well, and support this
conclusion.

5.5 Long Wave Simulations
Modeling long waves is more difficult than modeling short waves because there are no
direct measurements of these waves at the offshore buoys. The cut-off frequencies used
in the buoy data analysis delineate waves with periods greater than 30 seconds.
Therefore, long wave heights and periods had to be evaluated differently.
For the long wave analysis, the following conditions were modeled:
•

Significant wave heights of 0.5, 1 and 2 m,

•

Wave periods of 40, 50, 64, 82, 100, 130, 283, 320, 335, 350, 410, 450, 615 and
715 seconds, and

•

Wave directions of SW, SSW and WSW

The specific values of wave periods used were based on the natural periods of the North
and South boat basins (Table 2-2), and also on the wave periods observed in the analysis
of harbor wave gauge data. These natural periods were estimated using a refined
numerical model, while those provided in Table 2-2 are based on a crude approximate
formula. Since long waves are generally associated with lower wave heights in the
nearshore region in finite water depth, wave heights of 0.5, 1 and 2 m were selected for
long-wave analysis. The same wave directions used in the short-wave analysis were also
used for long-wave simulations in the absence of directional wave data. Wave periods
larger than 715 seconds were not modeled as they were not clearly defined by the upper
cutoff frequency of the wave analysis, and because they are more closely related to tidal
harmonics and would produce very small “surge” velocities.
Before discussing the results of the long wave simulations, we should point out again that
there is no available information for such waves from any known offshore database. It is
well known that long-period offshore waves are usually the primary source of harbor
resonance and surge problems. However, for some harbors, the long-period response can
also be excited by the short-period spectra of storms arriving at the harbor.
Long-wave simulations were performed for periods ranging from 40 to 715 sec, and for
the three wave heights of 0.5, 1 and 2 m. A full reflection coefficient was used in these
simulations as long waves cannot be readily absorbed by the bounding shorelines or
structures, and these waves generally dissipate at a much slower rate compared to shortperiod waves in shallow water depths and inside narrow basins. Results of these
simulations were again plotted along the lengthwise-axis of (1) the inlet channel, (2) the
north (Sports) Basin and (3) the south (Commercial) Basin, to show the spatial variation
of wave heights in the inlet and boat basins.
The results of simulations at low tide show a similar trend to the short wave analysis.
Significant wave attenuation occurs along the inlet channel, and the boat basins have only
small wave heights. However, when the simulations are run using high tide water depths,
there are incoming wave periods that can cause relatively large wave heights in the boat
basins. Figure 5-7 and Figure 5-8 show the results for 1 m long waves with periods of 40
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seconds simulated at high and low tide. The resulting waves at high tide are significantly
higher than at low tide.

Figure 5-7 Results of 1 m, 40 sec long
waves from SW at High Tide

Figure 5-8 Results of 1 m, 40 sec long
waves from SW at Low Tide

The results of the long wave simulations are summarized in Figure 5-9 and show several
interesting things. All the low-tide simulations resulted in significant wave attenuation
along the inlet channel and into the boat basins. However, the high-tide simulations show
significant variation. For wave periods larger than about 300 seconds, the harbor
response is very uniform, with about the same wave heights at the entrance to the inlet
channel, indicating that very long waves are least changing during transformation
between the inlet and basins. The results also show that the South Basin responds to
waves with periods greater than 82 seconds, and that the North Basin responds to wave
periods larger than 100 seconds. These findings correspond with both the Mode 1 and
Mode 2 resonance for a basin with semi-parabolically varying depth (Table 2-2).
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Figure 5-9 Results of 1 m Long Waves of Various Periods and Directions

5.6 Comparison of Model Results and Harbor Wave Gauge Data
It clear both from an analysis of the wave gauges deployed in Brookings Harbor and from
the anecdotal descriptions of the surge “events” from Port officials that waves inside the
harbor tend to have longer (greater than 20 second) rather than shorter periods. As the
offshore gauges record only waves with periods less than about 30 seconds, and as
CGWAVE does not model the variation of wave periods (only wave heights), it is not
possible to directly simulate the process of short-period offshore waves that might
produce longer-period harbor waves as free or bound waves, in order to calibrate the
numerical model of the system. Rather, we must use a different approach. A “weight-ofevidence” approach considers whether the available information and analyses point to an
agreement and conclusions. Another approach is to consider a range of hypotheses, and
evaluate which ones are supported by the available data and modeling predictions, and
which ones are not. Both approaches are discussed next.
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5.6.1

Weight-of-Evidence Approach

CGWAVE was run for both short-period and long-period waves. The results of the
short-period (15-20 second) waves demonstrate that the natural system would
significantly attenuate these waves, and that the resultant waves in the two boat basins
would be very small (generally less than 30 cm), and not likely to cause the extent of
damages or the magnitude of surges reported. In the vicinity of the Transient Dock, the
short wave response would be the largest in the harbor, and perhaps of the same
magnitude as the long-wave response. Rather, we believe that some type of longer wave,
whether a direct long-period wave from offshore or the result of short-wave
transformation inside the harbor inlet channel, must produce the reported surges. To
examine this possibility, we evaluated the results of the long-period wave simulations at
the locations of the deployed wave gauges in the harbor, to see if a consistent picture
arises
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These results for the incident long waves with significant heights of 0.5-2 m occurring at
low tide are shown in Figure 5-10, and for the 0.5 m and 1 m incident long waves at high
tide in Figure 5-11, for each of the four harbor gauge locations. To make this comparison
more reasonable, the model results were multiplied by 0.707 (1 divided by the square root
of 2). This was done to convert the CGWAVE infragravity-wave model results, which
simulate monochromatic waves, to an estimate of the root-mean-square wave heights,
which is a better estimate of the actual variation in directions and heights of the incoming
long waves, assuming that heights of long-period waves were Gaussian distributed. This
adjustment is necessary to compare model wave heights to gauge wave heights.
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Figure 5-10 Comparison of Modeled and Observed Wave Heights at Low Tide

Figure 5-10 shows that incident long waves of 0.5-1 m, occurring near low tide, generally
reproduce the observed response for periods up to about two minutes. 2-m incident
waves tend to overestimate the harbor response. Comparisons with longer period waves
are more difficult due to the frequencies used to analyze the long-wave data. For
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simulations of incident waves near high tide, Figure 5-11 shows that the comparison is
reasonable for periods less than 100 seconds, but that the results overestimate the
observed waves at longer periods. This is not inconsistent with the observation that wave
periods tended to decrease approaching high tide, and become longer around low tide.
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Figure 5-11 Comparison of Modeled and Observed Wave Heights at High Tide

Generally, we believe that there are two potential mechanisms that could possibly
produce loner-period waves in Brookings:
1. An incident long-period wave that enters the model boundary at about 1 km
offshore, and
2. An incident shorter-period wave that is transformed into a longer period wave
between the model boundary and the turning basin as it moves through the inlet
channel. Such long-period wave can be generated by wave-wave interaction
between different frequencies of sea state, requiring wave period to change during
the propagation of waves into a harbor. However, wave-wave interactions may be
insignificant over short time scales and propagation distances less than several
hundred times the wavelength, corresponding to peak frequency of the sea state.
Therefore, wave-wave interaction effects are often ignored in the wave modeling
of harbor design and evaluation studies.
We have no observations of long period waves coming from offshore, although their
existence is well known. Generally, the longer their periods, the smaller their wave
heights.
5.6.2

Alternative Hypothesis Approach

In this section, we consider three possible scenarios that might cause the observed harbor
surge events:
1. Short-period waves from offshore propagate directly into the Brookings Harbor
and produce the surges.
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2. Long-period waves from offshore propagate directly into the Brookings Harbor
and produce the surges.
3. Short-period waves from offshore are modified to longer-period waves either as
they approach the harbor or as they propagate through the inlet channel.
Table 5-1 summarizes the hypotheses and their supporting information.
The first hypothesis is not supported by the weight of available evidence and the various
analyses for the following reasons:
•

Most observers reported a response in the boat basins with periods about equal to
or greater than the basin wave propagation period of about 40 seconds at high tide
(estimated by dividing the basin length by the shallow water wave speed). They
generally reported that each basin gradually rose and fell with little visual
evidence of waves moving through the basins.

•

Data from the deployed wave gauges show that during periods of large offshore
wave events, the short-period waves (less than 30 seconds) inside the basins were
very small.

•

The CGWAVE model results confirm that even 8.5 m waves with periods of 20
seconds directly approaching the inlet channel are significantly attenuated before
they reach the turning basin, and more so by the time they reach the boat basins.

However, observations, analysis of the April/May 2000 wave data, and numerical
modeling all indicate that the region of the Transient Dock experiences the largest shortwave response in Brookings Harbor. The analysis suggest that very large nearshore
waves, directed at the breakwater (roughly from the southwest), can result in short wave
heights of up to three feet (one meter) in this vicinity. These short waves would diminish
as they enter the two boat basins.
The second hypothesis, while more plausible than the first, is also generally not
supported for the following reasons:
•

Most observers indicate that the harbor surge events occur during periods of large,
short-period waves coming from offshore and directed towards the harbor
entrance. However, there are some claims that surge event have occurred during
relatively “quiet” ocean conditions.

•

The offshore wave Buoy 46027 does not measure wave periods greater than about
30 seconds. However, the harbor wave gauge P1 did record its largest waves
during a period of relatively small offshore waves. These larger waves at P1
generally occurred around high tide with periods of about 20 seconds, and quickly
dissipated as they entered the boat basins.

•

The CGWAVE results indicate that the boat basins respond to wave periods
exceeding 60 seconds.

The third hypothesis seems to be best supported by the available information:
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•

Most observers report (1) that short-period waves with large heights approach the
harbor during surge events, and (2) that the basins seems to rise and fall with
periods between 30 and 90 seconds.

•

While the largest waves at harbor wave gauge P1 occur only during periods of
small offshore waves (at Buoy 46027), the largest waves at P2, P3 and P4 occur
during periods of large offshore waves and large infragravity waves inside the
harbor. Although not strongly, the latter two appear to be somewhat correlated
(see Figure 3-23).

•

The CGWAVE results also indicate that the boat basins respond to wave periods
exceeding 60 seconds, which generally agrees with observer comments.

•

Many boat owners described a horizontal motion rather than a vertical motion.
Also, some boat owners requested relocation to the end of the basins (particularly
the Commercial Basin) where they felt better protected from the wave climate.
Both of these are more consistent with a long-wave phenomenon rather than short
waves. If short waves were producing the reported surges, the motion would be
rolling and vertical. By contrast, while long waves that gradually fill and empty
the basins would cause a slow vertical motion (with little rolling), they would also
cause a horizontal displacement in proportion to their distance from the end of the
basin (using tidal prism theory). This would be felt as running out the lines and
then being pulled back to the dock. This mechanism was most often described.
Table 5-1 Summary of Various Surge Generation Hypotheses

Hypothesis

Supported by
Observers?

Supported by
Harbor Wave Data?

Supported by
CGWAVE?

Offshore short
waves propagate
into harbor?

No. Most observers
describe a long-wave
response

No. Short waves heights
are very small

No. Short waves rapidly
attenuate

Offshore long
waves propagate
into harbor?

Not really. Most
observers indicate surges
occur with large offshore
waves

Partially. Harbor does
respond to infragravity
waves, but offshore
source not known

Yes. Infragravity waves
cause responses
throughout the harbor

Offshore short
waves transform
into harbor long
waves?

Yes. Most observers
report surges with periods
30-90 seconds

Yes. Large offshore short
waves produce large
harbor infragravity waves

Yes. Infragravity waves
cause responses
throughout the harbor
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6 CONCLUSIONS OF PHASE 1 ANALYSIS
It is felt that the surge “problem” is most probably produced by the transformation of
large, short-period offshore waves during their propagation into Brookings Harbor into
long-period infragravity waves. This is based on a number of factors:
•

Most observers report (1) that short-period waves with large heights approach the
harbor during surge events, and (2) that the basins seems to rise and fall with
periods between 30 and 90 seconds.

•

While the largest waves at harbor wave gauge P1 (located near the Transient
Dock) occur during periods of small offshore waves (at Buoy 46027), the largest
waves at P2, P3 and P4 (located in the two interior basins) occur during periods of
large offshore waves and large infragravity waves inside the harbor.

•

The Phase 1 CGWAVE model results clearly indicate that the boat basins respond
to wave periods exceeding 60 seconds, which generally agrees with observer
comments.

Wave gauge observations support both the hypothesis of wave period transformation, and
also the statements by observers that the surges generally occur with periods between 30
and 90 seconds. The observations show infragravity wave responses in the upper end of
this range, but little occurrence of longer-period waves. This is also generally consistent
with observations of long-waves at locations along the west coast, which suggest that as
the periods of infragravity waves increase, and their heights approach a finite limit, their
amplitudes change little as they penetrate the harbor. Both evidence of data from other
sites and experience indicate that infragravity waves with periods in excess of 60 seconds
usually may have wave heights of 0.2 to 1 m offshore (e.g. on CGWAVE model
boundary), with further reduced heights in shallower depths.
Having concluded that the source of the surge events is probably infragravity waves, the
next question concerns their size. The information that we have available to us to assess
their size include (1) historical surge event reports, (2) wave gauging of harbors
(April/May 2000) and (3) offshore wave climate information. If we conclude that
offshore wave events produce the harbor infragravity wave response, then it might be
possible to estimate their size. Regression analyses between the size of the offshore
waves (at Buoy 46027) and the size of the infragravity waves in the vicinity of the
Transient Dock suggested that the harbor waves could be roughly estimated as about 0.04
multiplied by the offshore significant wave height. This relationship was based on
offshore waves up to about 5.5 m in height, although there is scatter in the data. The
maximum estimated offshore wave height during the known surge events was 8.5 m
(during October 28-29, 2000). This would result in an estimated significant infragravity
wave height of about 34 cm, or a little over one foot. If we added the largest short wave
reported at P1 (30 cm), this produces an estimate of a response to offshore forcing at high
tide of about 64 cm (or about 2 feet). Figure 6-1 shows the estimation of wave heights in
the harbor from offshore short-wave heights.
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Figure 6-1 Estimates of Total Wave Heights at Harbor Gauge Locations

Various observers reported surge heights from 0.3-0.6 m to as high as 1.5-2 m. Based on
our analyses, we believe that the surges are generally on the order of 0.3-0.6 m (1-2 feet)
in height, and are largest at high tide when both the infragravity and shorter wave
components can accumulate to cause noticeable resonance in the boat basins.
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7 DEVELOPMENT OF ALTERNATIVES
7.1 Selection Criteria
An initial list of surge mitigation alternatives was developed, and then screened based on
cost, constructability and desirability. The Phase 1 analysis concluded that long-period,
infragravity waves resulting from the transformation of offshore short-period gravity
waves were the most probable cause of the surge “problem” reported in Brookings
Harbor. However, it is unclear from the data and observations whether this
transformation occurs as offshore short wave move onshore, or as they pass along the
entrance channel. The Phase 1 analysis concluded that offshore short waves of 8-8.5 m
with periods of 15-20 seconds might produce a short wave response on the order of 0.6 m
at the entrance to the two interior boat basins. The Phase 1 analysis also indicated that
0.5 m long waves with periods of 30-120 seconds would produce a response at the
entrance to the interior basins on the order of 0.2-0.35 m, and might amplify a little (to
0.5 m) in the interior basins. Both types of forcing were considered when evaluating
various mitigation alternatives.

7.2 Alternatives Considered
A list of alternatives was developed as a combination of the alternatives previously
considered by the San Francisco District (SPD) and others considered by the project team
(Table 7-1).
Table 7-1 Potential Surge Mitigation Alternatives

Comments

Alternative

Developed by

Submerged sill

SPD

Not feasible due to required height and vessel draft

Dock orientation

SPD

Dock orientation is already optimal

Dock
Abandonment

SPD

Not feasible due to Port requirements

Harbor boundary
modification

SPD

Dismissed due to lack of evidence of harbor
resonance and extreme costs

Wave barrier

SPD

Dismissed due to infeasibility and water quality
concerns

Detached
breakwater

SPD

Dismissed due to navigation safety concerns,
construction costs and effectiveness

Jetty extension South

SPD

Dismissed due to navigation safety concerns,
construction costs and effectiveness

Jetty extension North

SPD

Dismissed due to being more costly than extending
both jetties

Jetty extension both

SPD

Spur groins

SPD

SPD Cost
(Millions)

Big

> $4
Various configurations modeled
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> $2.5

Entrance
modifications (3)

SPD

Various configurations modeled

> $1.7

Modify both
entrances

WEST/ERDC

Move entrance to North Basin, and add spur to South
Basin

Mod

New ocean
entrance

WEST/ERDC

Close existing entrance and build new channel from
ocean to the east

Very big

Dredge basins

WEST/ERDC

Adjust entrance
geometry

WEST/ERDC

Narrow entrance to both basins

Mod

Closure Gate

WEST/ERDC

Add stop logs, Coast Guard access issues

Big

7.2.1

Low

Submerged Sill

SPD considered a submerged sill located in the vicinity of the entrance to the boat basins,
connecting the Coast Guard station to the River Dike (Figure 7-1). A submerged sill
could reduce wave energy entering the harbor by causing the wave to break and expend
its energy. Table 7-2 gives some minimum dimensions of the sill. From Table 7-2, we
believe that the maximum sill height could be no more than 2 meters (lower, if we
include the Corps’ dredge, Yaquina), and that, at high tide, there might be about 7 meters
of water above the sill. Given this, we believe that such a sill would not be effective
against short waves (less than 30 seconds) and less so against the longer waves (30-120
seconds) we believe are present in the harbor. A higher sill would be a hazard to
navigation, or at best, restrict navigation during low tide. As this is a port of refuge, we
did not continue with this option.
Table 7-2 Minimum Sill Dimensions

Water depth across entrance

~7 m

Deeper vessel drafts (Miss Sarah)
Corps’ Dredge Yaquina

3.05 m
4.3 m

Lowest tide below MLLW

~1m

Minimum clearance

~ 0.7 m

Depth above sill at extreme low tide

4.75 m

Depth above sill at high tide

~7m

Maximum sill height
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7 – 3.05 – 1 – 0.7 = 2.25 m

Figure 7-1 Approximate Location of Sill

7.2.2

Dock Orientation or Abandonment

The concept is to see if it is possible to realign docks in one or both of the basins to
reduce the impacts of the reported surges, or to “abandon” facilities such as the Transient
Dock. SPD considered this option and discussed it with Port officials and the Coast
Guard. “Dock Orientation” was dismissed because the docks (after the modifications to
the Sports Basin) are constructed so that the vessels are aligned with the longitudinal axis
of each basin, which theoretically provides the most stable response to the reported surge
mechanism. Abandoning facilities, such as the Transient Dock, was also rejected, as the
Port needs this facility. Therefore, this option was eliminated from further consideration.
7.2.3

Harbor Boundary Modification

Modifying the boundaries of a harbor can be an effective method for reducing damage
caused by wave amplification (harbor resonance). The dimensions of the boundaries are
changed such that you de-tune it from the harbor resonance period. An analysis of harbor
resonance was conducted as part of the without project conditions. The CGWAVE
model results for the without project conditions indicate that the harbor does not resonate
in the gravity frequency band, but it may at infragravity wave frequencies. Modifying the
harbor boundaries is unwarranted at this time, and this option was eliminated from further
consideration.
7.2.4

Wave Barrier

Wave barriers (gates and curtains) have primarily been used for sedimentation control of
coastal projects. A barrier across the harbor entrance could effectively block the wave
energy from entering the harbor. However, the Port of Brookings’ harbor entrance is too
long (70 meters or 230 feet) for a wave barrier to be effective. The wave barrier would
have to be able to withstand approximately 10 million pounds of force. The wave barrier
would also reduce the circulation inside the harbor, further degrading the water quality of
the harbor. Therefore, this option was eliminated from further consideration.
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7.2.5

Detached Breakwater

Looking at Figure 7-2, a configuration is shown in which the harbor traffic would
navigate between the North Jetty and the breakwater structure. SPD conducted a
diffraction analysis, using the Corps’ 1984 Shore Protection Manual (SPM) and
concluded that, in order to realize sufficient reduction in wave height in the harbor, the
breakwater would have to be extended substantially to the northwest. This would force
boats to navigate through the Salmon Rocks, which is obviously not acceptable.

Figure 7-2 Offshore Breakwater

Instead of extending the breakwater, the option of narrowing the gap between the North
Jetty and the breakwater was investigated. It was found that to achieve the necessary
reduction in wave height (without forcing boat traffic into the rocks) that the channel
width of 120’ would be compromised and the structure essentially looked like a dogleg
extension of the North Jetty. Therefore, this option was eliminated from further
consideration.
7.2.6 Jetty Extensions
SPD looked at three variations of extending the jetties. The first option was to extend the
South Jetty and dogleg it to the north (Figure 7-3). This option was eliminated, as it
would also force boats to navigate through the Salmon Rocks. The second option
investigated was to extend the North Jetty to the south. A diffraction analysis was
performed using the 1984 SPM, and it was found this option was viable. Using the
diffraction analysis it was found that the extension would have to be in excess of 800 feet
long. To reduce the length of the North Jetty extension, an extension of the South Jetty
was investigated.
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Figure 7-3 Extension of South Jetty

This third option has a 500-foot extension of the North Jetty and a 250-foot extension of
the South Jetty (Figure 7-4). Using a diffraction analysis from the 1984 SPM, it was
found that the diffraction coefficient at the existing entrance was 0.12. This reduction
would reduce the incoming design wave to a height of 0.6 m, which would further be
reduced to less than 0.3 m at the basins’ entrance.

Figure 7-4 Extend North and South Jetties

Since Option three was shown to reduce the wave height to the desired level with the
least structure length, it was considered to be the most desirable of the three offshore
breakwaters investigated. SPD conducted a preliminary design and cost analysis, and
found that the North Extension would require armor stones weighing 27 tons and the
South Jetty would require 12.5-ton stone. Using stone prices provided by the Portland
District a rough cost for each structure was calculated. The North Jetty and South Jetty
would cost $3.0 million and $1.5 million respectively. This did not include the price of
scour protection along the inside edge of the North Jetty. This protection would most
likely be needed since the current speeds are known to be high through the jetties.
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With the proposed North Jetty Extension cutting across the existing channel, a new
channel would have to be dredged (Figure 7-4). The channel was designed with the
current 120-foot width. It was estimated that the cost of the dredging ($8/cy) would cost
under $40,000 since most of the area is below –14’ MLLW.
This option was eliminated from further consideration, because the preliminary cost
estimates would be in excess of $3.5 million. In addition, the area to the southeast of the
inlet is a surf zone with beach nourishment, and vessels would potentially exit into a
beam sea during rough offshore conditions.
7.2.7

Spur Groins

Four options were initially considered by SPD for spur groin placement. Option 1 placed
one groin on the north jetty near the entrance and staggered another groin on the south
jetty 150 meters towards the harbor. The lengths of the two groins were such that they
blocked the incoming waves as well as diffracting them. This required that the channel
be realigned and dredged near the groins. Option 2 is the same as Option 1 with the
addition of another groin on the north jetty closer to the harbor entrance. Option 3 places
two groins directly across from each other near the channel entrance. This option does
not require the channel to be realigned and reduces the wave energy by diffraction
through the gap between the groins. Option 4 is the same as Option 3 with the addition
of another pair of groins closer to the harbor entrance. Dimensions of the options are
given in Table 7-3.
Initial comparison of the four options consisted of calculating diffraction coefficients for
various wave periods (12, 19, and 26 seconds). SPD used Figure 2-33, and 2-43 through
2-45 from the 1984 SPM to calculate the diffraction coefficients. These results were then
multiplied by three assumed wave heights at the channel entrance (1.2, 3.0, and 6.5
meters) for comparison purposes. Options 3 and 4 gave the lowest wave heights and
were considered for further analysis. However, none of the options reach the design goal
of a 0.3-meter wave near the entrance to Basin I.
The required size of armor unit was calculated using the Breakwater Design application
in ACES for Options 3 and 4. The cross-sections for these options were then determined
using these armor values and guidance from the 1984 SPM. These values were then
input into the Wave Transmission Through Permeable Structures application in ACES.
The designs of the structures were then changed iteratively until an acceptable level of
wave transmission was reached. Costs of materials were then calculated for the final
designs. The results are summarized in Table 7-4.
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Table 7-3 Details of Spur groins
Option

1

Description

Distance (m)

Length of North Spur

22

Length of South Spur

33

Distance from tip of North Spur to the South Spur

150

Distance from tip of South Spur to Harbor (L1)

294

st

Length of 1 North Spur

22

Length of South Spur

33

Length of 2nd North Spur

57

st

2

Distance from tip of 1 North Spur to the South Spur

150

nd

Distance from tip of South Spur to 2 North Spur

108

Distance from tip of South Spur to Harbor (L1)

294

nd

3

4

Distance from tip of 2 North Spur to Harbor (L1)

190

Length of North Spur

15

Length of South Spur

26

Gap width between the spurs

43

Distance from tip of North Spur to Harbor (L1)

442

st

Length of 1 North Spur

15

st

Length of 1 South Spur

26

Gap width between the 1st pair of spurs

43

nd

Length of 2 North Spur

57

nd

8

Length of 2 South Spur
nd

Gap width between the 2 pair of spurs
st

49

nd

Distance from tip of 1 North Spur to 2 North Spur

253

nd

Distance from tip of 2 North Spur to Harbor (L1)

190

Table 7-4 Costs from Spur Groin Options

Option

H (m) in harbor for depth limited wave

Material costs ($M)

1

2.8

-

2

1.5

-

3

1.2

2.12

4

0.6

3.12

Option 4 appears to be the only spur groin option that may reduce harbor surge damages
and is still affordable under a Section 107 authority. While spur groins may be effective
in reducing surge heights, they also reduce the effective channel width between the
jetties. This would decrease the navigation clearance in the entrance channel, which
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might be particularly problematic during storm events when vessels might seek refuge.
They would increase the local current speed, as the conveying area is reduced, and they
might cause sedimentation problems. Port staff and the Coast Guard did not prefer this
option. Therefore, this option was eliminated from further consideration.
7.2.8

Entrance Modifications

Three options were initially considered for the entrance relocation (Figure 7-5). Option 1
is the furthest downriver location that does not experience direct wave propagation up the
river. Option 2 is located approximately mid-way in Basin I. Option 3 is the furthest
entrance location up the river and should have the least wave activity. A diffraction
analysis was conducted for the three entrances for three wave periods.

Figure 7-5 Entrance Modifications

The final diffraction coefficients were multiplied by a wave at the river entrance of 3.0
meters (the depth limited wave reduced by diffraction from the channel entrance). The
results are summarized in Table 7-5. Since Locations 2 and 3 produced similar results,
only locations 1 and 2 were considered for further analysis.
Table 7-5 Wave Heights for Various Entrance Locations

Location

Wave height in basin (m)
T=12 s

T=19 s

T=26 s

1

0.51

0.63

0.42

2

0.21

0.19

0.14

3

0.20

0.19

0.12

Routes were plotted for locations 1 and 2 to accommodate the largest vessel to use the
harbor, the dredger Yaquina. Specifications for the Yaquina are given in (Table 7-6).
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Table 7-6 Specifications of Corps' Dredge Yaquina

Yaquina Specifications

Value

Length

200 feet (61 m)

Width

58 feet (17.7 m)

Draft empty

8 feet (2.4 m)

Draft loaded

14 feet (4.3 m)

Preferred turning radius

150 feet (46 m)

Minimum inside radius for 90° bend

25 feet (7.6 m)

Minimum “maintained” channel width

120 feet (37 m)

Table 7-7 summarizes the important parameters for navigation and the cost for dredge
work to create a new channel to the new harbor entrance. The dredge volumes are based
on maintaining a 14 feet MLLW (4.27 meters) channel depth, a 120 feet (36.6 meters)
channel width, and a channel side slope of 1V:3H.

Entrance

Table 7-7 Navigation Parameters and Costs
Approach
Effective
Minimum Turning
Volume of
Angle
Width (ft)
radius (ft)
New work
(yd3)

Costs*

1

57°

192

170

14,305

$124,440

2

62°

203

107

36,114

$298,910

*Based on $8/cubic yd and $10K to remove portion of dike
In addition to opening up a new entrance the costs of closing the existing entrance has to
be considered. A new dike was designed based upon direct wave impact from the harbor
surge wave (which would be 3.0 meters high by the time it reaches the old entrance).
The new dike’s specifications are given in Table 7-8.
Table 7-8 Dike Specifications
Specification

Value

Structure height above toe (ft)

36.0

Cotangent of structure slope

2

Structure crest width (ft)

9.4

Structure length (ft)

230

Armor weight* (tons)

2.5

Transmitted wave height (ft)

0.2

Cost
$1.56 M
*Armor unit only needed on seaward side, cost adjusted accordingly

Relocating the harbor entrance is a viable option to reduce the harbor surge problem
under the Section 107 authority. Option 1 is preferred for navigation and costs, but may
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not meet the wave reduction goal. Option 2 meets the wave reduction goal, but costs
more and is less safe for navigation. Since the diffraction analysis is subject to errors
from estimating diffraction coefficient values from the figures, and is limited to
diffraction effects only, we recommended that this option be studied using CGWAVE.
These options require that the commercial vessels proceed up the river, and then turn
twice to navigate to the Commercial Basin. This also requires that the vessels enter the
river with the flow on the beam. This is more of a problem for commercial vessels that
may not be able to wait for more favorable conditions, for the large dredge, Yaquina, and
also for the Coast Guard towing disabled vessels.
7.2.9

Modify Both Basin Entrances

One concern raised by ERDC is that the two interior basins could be working together to
make the resulting surge larger. An alternative might be to block the entrance to the
North (Sports) Basin, construct a new opening to the Chetco River, and add a spur to the
entrance to the South (Commercial) basin, as shown in Figure 7-6. A spur groin might
also have to be placed in the Chetco River upstream of the opening to provide protection
for the vessels as they turn downstream.

Figure 7-6 Modify Both Basin Entrances

This alternative would remove any potential for the two basins to work together to
increase harbor surges, and permits the commercials vessels to enter the Commercial
Basin as before. However, the fuel dock would be located in the Sports Basin, making
access awkward for commercial and Coast Guard vessels. On balance, the Port
concluded that this alternative did not meeting their needs, and therefore this option was
eliminated from further consideration.
7.2.10 New Ocean Entrance
This concept includes closing the entrance from the boat basins to the Chetco River, and
opening a new entrance channel to Chetco Bay to the south of the existing entrance (this
is shown schematically in Figure 7-7). The new entrance would be partially protected by
the existing jetties, and new jetties could be designed to add to this protection.
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Figure 7-7 New Entrance Channel

This would permit a design that would solve the problem and disconnect the river
influences from the basins. However, this alternative would be very expensive, and
therefore this option was eliminated from further consideration.
7.2.11 Dredge Basins
Currently, sediments from the Chetco River accumulate at the harbor end of the entrance
channel – often referred to as the shoal by Channel Light Number 9. One theory, based
on some unscientific observations, is that incoming short waves are transformed into
longer waves (with periods of 30-90 seconds) in the vicinity of this shoal area. A remedy
therefore, might be to dredge this area.
This alternative has the advantage of being very economical, probably less than
$100,000. However, it is hard to evaluate for several reasons. First, there are very few
observers who have reported this mechanism. Second, the current generation of shortwave models is not able to model this non-linear transformation process. Therefore this
option was eliminated from further consideration.
7.2.12 Narrow Main Basin Entrance
In this option, the main harbor opening between the river dike and the Coast Guard
Station is narrowed (shown in red in Figure 7-8).
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Figure 7-8 Options for Narrowing Entrances

Currently, the opening from the turning basin to the boat basins is on the order of 70 m
(230 feet). In this alternative, the opening could be narrowed to reflect more of the
incoming wave energy. The Coastal Engineering Manual (USACE, 2002; page V-5-41)
and other references describe minimum openings. Using “two-way navigation”, “poor
controllability”, “yawing forces”, then for a maximum beam width (B) of 5 m (excluding
the Yaquina):
Bottom Width > 5-8.B = 25-40 m = 80-130 feet
The Yaquina would need a minimum opening of about 3B, or 53 m.
Theoretically, the current opening could be narrowed (the amount would depend on the
side slopes of the entrance), and still allow adequate vessel passage. Also, larger vessels
could transit the entrance one at a time. However, the Coast Guard is very concerned that
the entrance is already narrow when towing vessels. They stated that the Chetco River
tends to push the towed vessel towards the Coast Guard Station, and that they have to
negotiate the entrance at relatively high speed to prevent this. They feel that any
narrowing of this entrance width would make the situation much worse. Therefore this
option was eliminated from further consideration.
7.2.13 Narrow Sports/Commercial Basin Entrances
In this option, either the entrance to the Sports Basin and/or the entrance to the
Commercial Basin would be narrowed to 40 m (shown in blue and green in Figure 7-8,
and see equation above). Theoretically, the current opening could be narrowed (the
amount would depend on the side slopes of the entrance), and still allow adequate vessel
passage. Also, larger vessels could transit the entrance one at a time. However, both the
Port and Coast Guard are opposed to this option because (1) they feel that the entrance to
the Commercial Basin (60 m) is already small, and (2) that narrowing the entrance to the
Sports Basin (currently 85 m) would significantly interfere with Port operations.
Currently, fishing vessels offload on the east side of the entrance to the Sports Basins, at
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Hallmark and Eureka Fisheries. This would mean that the entrance should accommodate
three vessels – one tied up at the dock and two in transit. In addition, the Corps’ dredge,
Yaquina, occasionally ties up at this dock. This option was eliminated from further
consideration.
7.2.14 Closure Gate
Many European ports have closure structures (such as stop log) that can be activated
using adverse conditions. The current opening is about 70 m (230 feet). A temporary
closure structure could be designed to work with a narrowed basin entrance configuration
(perhaps 25 m bottom width). As the surge events are reported to occur mainly during
periods of large offshore short waves, the entrance could be closed as these conditions
develop. However, there are significant problems with this alternative. The potential
cost would be relatively large, as it would require a crane and operation and maintenance
costs. Also, it would require a method for the Coast Guard to exit during an emergency.
Therefore, this option was eliminated from further consideration.
7.2.15 Preferred Alternative
A series of meetings between the Portland District, Port Officials, the Coast Guard (by
telephone) and the Consultant team considered the various alternatives, and initially
narrowed the selection to three possibilities:
1. Spur groins
2. Narrowing the Sports/Commercial Basin entrances
3. Entrance modification
However, additional discussion and analyses eliminated the first two alternatives. The
Coast Guard felt that the spur groins would be a hazard to navigations. In addition, the
Project Team was concerned about the possibility of sediment accumulation upstream of
the groins. The Coast Guard also felt that the current entrance to the harbor was
relatively narrow. As part of their mission, the Coast Guard occasionally tows distressed
vessels into the harbor. Because of the sharp turn into the harbor, they are concerned that
a towed vessel might be caught by the river current and forced onto the south side of the
entrance. They requested that the current entrance not be reduced further.
Therefore, one option remained – entrance modification. This option was adopted as the
“Preferred Alternative”. Further discussions were held with the Port to consider where a
new harbor entrance might be located in such a way as to minimize disruption to harbor
operations. A second objective was to locate this “new” entrance as far upstream on the
Chetco River as possible to maximize the benefit of surge reduction. As it turned out, the
Port was limited as to where they felt a new entrance could be located, and therefore, the
single option, shown in Figure 7-9, was analyzed for surge reduction characteristics.
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Figure 7-9 Preferred Alternative: Moved Entrance
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8 ANALYSIS OF PREFERRED ALTERNATIVE
8.1 Location of Results
The Corps of Engineers’ numerical harbor wave model CGWAVE (Demirbilek and
Panchang, 1998; see Section 5) was used to analyze the Preferred Alternative to mitigate
the surge problem in Brookings Harbor. The CGWAVE models of the existing harbor
configuration and of the “preferred alternative” configuration were run for ranges of short
and long waves. The results are displayed in two ways. First, they are reported at the
same locations as the four “pressure” wave gauges deployed in the spring of 2001 (see
Figure 8-1). Second, they are displayed along transects throughout the study area (see
Figure 8-2). As the results generally show an improved response throughout the harbor
to the offshore short and long waves, and as the “new” entrance would breach the river
dike between the Chetco River and the North or Sports Basin, this report emphasizes the
response in the Sports Basin (transect “T4” in Figure 8-2).

Figure 8-1 Location of Pressure Gauges in Brookings Harbor
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Figure 8-2 Transects to Display CGWAVE Results

8.2 Short Wave Simulations
The analysis of the Preferred Alternative considered a “worst case” wave, with the
following characteristics:
•
•
•

Wave height of 8 m,
Wave periods of 10-21 seconds, and
Wave direction from the SW.

The wave heights and periods were selected as being representative of the range of
conditions found in the harbor from the analyses of wave data collected at four locations
inside the harbor in the spring of 2001 (Figure 8-1). Figure 8-3 shows the results at the
four “gauge” locations through out the harbor. Figure 8-4 shows the results along the
main axis of the Sports Basin. The results show that, compared to the existing harbor
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entrance, moving the entrance further upstream along the Chetco River would further
attenuate the short-wave response throughout the harbor.
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Figure 8-3 Short Waves at Gauge Locations for Existing and “New” Harbor Entrance
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Figure 8-4 Short Waves along Sports Basin for Existing and “New” Harbor Entrance

8.3 Long Wave Simulations
Modeling long waves is more difficult than modeling short waves because there are no
direct measurements of these waves at the offshore buoys. The cut-off frequencies used
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in the buoy data analysis delineate waves with periods greater than 30 seconds.
Therefore, long wave heights and periods were evaluated differently.
For the long wave analysis, the following conditions were modeled:
•
•
•

Significant wave height of 0.1 meter
Wave periods of 40, 50, 64, 70, 82, 100, 130, 160, 190, 250, 283, 320, 335, 350,
410, 450, 615 and 715 seconds, and
Wave direction from the SW.

The specific values of wave periods used were based on the natural periods of the North
and South boat basins, and also on the wave periods observed in the analysis of harbor
wave gauge data. Also, long waves can generally be scaled linearly. This becomes truer
as the wave period increases. Therefore, for example, the effect of a 0.2-meter long wave
can be estimated by doubling the results of the 0.1-meter long-wave results.
Figure 8-5 shows the results at the four “gauge” locations within the harbor (see Figure
8-1). Figure 8-6 shows the results along the main axis of the Sports Basin, for long-wave
periods between 40 and 250 seconds. The response of longer-period waves (283-715
seconds) was very similar between the two entrance locations. The results show that,
compared to the existing harbor entrance, moving the entrance further upstream along the
Chetco River generally further attenuates the long-wave response throughout the harbor.
Before discussing the results of the long wave simulations, we should point out again that
there is no available information for such waves from any known offshore database. It is
well known that long-period offshore waves are usually the primary source of harbor
resonance and surge problems. However, for some harbors, the long-period response can
also be excited by the short-period spectra of storms arriving at the harbor.
As the “new” harbor entrance would directly connect the Chetco River with the North or
Sports Basin, it is important to consider the response to wave forcing in this basin. We
wish to ensure, as much as possible, that the response is not “worse” in this basin while
improving elsewhere in the harbor. The results of Figure 8-5 are summarized in Figure
8-7 and Figure 8-8, but scaled to a long wave height of 0.3 meters (1 foot).
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Figure 8-5 Long Waves at Gauge Locations for Existing and “New” Harbor Entrance

From these figures, we see that generally the response to long-wave forcing improves for
all frequencies, except at 64 seconds (and perhaps at 50 seconds) in the Sports Basin.
This “change” in the response of the Sports Basin likely reflects a change in resonance
frequency due to the moved harbor entrance. Figure 8-7 and Figure 8-8 also show that
the peaks in the long-wave response correspond fairly well with the theoretical resonance
frequencies estimated using the “closed basin” or Merian’s formula (see Table 2-2),
especially for modes 1 and 2 (and the fractional mode 1.5) using the entire length of
either basin. This seems reasonable as the basins are essentially “closed” due to the
narrow opening to the Chetco River. The figures also suggest that the harbor might have
a mode 1 resonance of about 250 seconds based on the combined length of both basins.
Overall, the position of the “new” harbor entrance improves the response to long-wave
forcing throughout the harbor. While the “improvement” is not as great in the Sports
Basin, as this would be directly connected to the Chetco River, and while this basin might
now resonate to different frequencies, there appears to be an overall improvement in the
response to long-wave forcing.
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Figure 8-6 Long Waves along Sports Basin for Existing and “New” Harbor Entrance
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Figure 8-7 Summary of Long-Wave Response with Existing Entrance
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Figure 8-8 Summary of Long-Wave Response with “New” Entrance

8.4 Estimate of Damage Reductions
Damage reduction estimates are a combination of short wave and long wave reduction
estimates. In this analysis, we consider several possible criteria to assess the extent of the
“improvement” in surge conditions that might be seen if the new entrance were built.
1. Significant wave height should not exceed 1 foot more than 10% of the time
(referred to as “standard USACE operating criterion”). This condition is currently
met, and should be under the new harbor entrance conditions.
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2. U.S. Navy (1981) Standard Berthing Criterion. This criterion suggests the
significant wave height should not exceed 0.6 m (2 feet) for comfortable conditions
and 1.2 m (4 feet) for all conditions. This condition may not be currently met, but
should be met with the new harbor entrance.
3. Wilson (1967) suggests that ports/piers will be operationally acceptable if H/T <
0.0012 m/s, where H an T are long wave height and period in an adjacent corner. He
refers to this as a "slope criterion" since it was derived from H/L for shallow water
waves, where L=wavelength. During the November 2002 surge event, the reported
surge may have been 4-5 feet. If the wave period were on the order of 1-2 minutes
(60-120) seconds, the H/T would exceed 0.0012 m/s (0.01-0.03 m/s). The new harbor
entrance would probably not meet this criterion, as it could require an order of
magnitude reduction in the wave height (assuming that the long-wave period remains
the same).
4. PIANC (1995) gives criteria for moored ships in harbors, and it says the
maximum surface velocity should be less than 0.3 to 0.6 m/s (1-2 feet/sec). During
the November 8, 2002 surge event, the Harbormaster, Dan Thompson, reported
surge-induced velocities on the order of 5 knots (2.6 m/sec). This would exceed the
PIANC criterion. If the long wave height were reduced by 50 percent, this would
theoretically only reduce the velocity by 50 percent also, and would still exceed the
PIANC criterion, but by a smaller amount. [It is also interesting to note that a tidal
prism calculation in the Commercial Basin using an estimated current speed of 5
knots gives a travel time (period) of about 90 seconds, which is consistent with
observations.]
5. “Personal experience” (Zeki Demirbilek, Corps of Engineers, personal
communication, March 2003) stated that if wave height amplification factor near a
pier at any relevant long wave period is greater than about 5, operational difficulties
may be encountered and damage to ships is likely to occur. If the amplification factor
is greater than 10, major operational difficulties and excessive damage can be
expected. We anticipate the long-wave amplification to be 2 or less.
6. Power Reduction Using the hypothesis that damages are related to the “power” (in
the mathematical sense) exerted, then it is straightforward to show that power is
proportional to the wave height squared. Stated another way, the percentage
reduction in power is equal to:
Power reduction = (1 – (H2/H1)2) x 100%
where H1 is the existing wave height and H2 is the new wave height. Further, if
damages are related to power (we will assume in a linear sense), then the reduction in
power might be used to estimate the reduction in damages. There is very little
information that ties together damages (in dollars), the surge conditions in the harbor,
and offshore conditions that produced the surge. In fact, sometimes the information
is contradictory. However, we will consider two events with some information.
During November 14-16, 1997, a surge was reported in the harbor of about 0.6 m (2
feet) and caused $18,200 in reported damage. During November 8, 2002, a surge was
reported in the harbor of 4-5 feet (1.2-1.5 m) and caused about $45,000 in reported
damage (Dan Thompson via email of March 25, 2003). Using the hypothesis that
86

power reduction (and therefore damage reduction) is related to the square of the wave
height reduction, then a 1.2 m wave causing $45,000 in damage, reducing to a 0.6
wave, would be expected to reduce the damages to $45,000 x (0.5)2 or about $10,125.
The actual damage during the November 14-16, 1997 event was $18,200, which is
not unreasonably far from the estimate.
From the above figures, we can estimate that the reduction in short-wave heights would
be considerable (perhaps more than 80 percent) in the vicinity of the Transient Dock and
in the Commercial Basin. Smaller reductions (10-50 percent) would be seen in the Sports
Basin. The reduction in long-wave heights for the larger amplification conditions varies
between 50-75 percent in the Commercial Basin.
Using the above relationship between power (damage) and wave heights, we would
anticipate cost damage (cost) reductions near the Transient Dock and in the Commercial
Basin on the order of 60-75 percent. While this analysis does not include long-term,
continuous problems, we might postulate similar cost reductions under these conditions
as well. It is more difficult to estimate damage reductions in the Sports Basin because the
model shows that while there are substantial decreases at many frequencies, there could
be increases at others (for example, 64-second long waves). Analyses of the wave gauges
and anecdotal evidence during surge events indicate that surges may have periods
between 30 and 120 seconds. The resonance calculations indicate resonant frequencies
of approximately 40, 64, 82 and 128 seconds. The model results indicate that long-wave
heights for all these frequencies, except 64 seconds, would be significantly attenuated in
the Sports Basin by the building of a new entrance.
Figure 8-9 shows the location of major damages reported in the harbor. The most
significant damages were reported near the Transient Dock and inside the Commercial
Basin. A new harbor entrance located further upstream should result in the significant
reduction of both short-wave and long-wave damages at these locations, while not
increasing impacts in the Sports Basin.
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Figure 8-9 Locations of Observed Damages
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9

DESIGN OF PREFERRED ALTERNATIVE

9.1 Design
The conceptual design of the preferred alternative, a relocated harbor entrance is shown
in Figure 9-1. The "new entrance" is 108 m upstream from the top of the old opening
(upstream edge) to the top of the new opening (downstream edge). The concept includes:
•
•
•
•
•

Blocking the existing entrance.
Armoring this “blocked entrance” against direct wave action.
Cutting a new entrance through the river dike.
Armoring the entrance to this new entrance against wave and current action.
Dredging an extension to the river channel to the new entrance, and to the fishoffloading pier, where large vessels, such as the Yaquina, occasionally tie up to.

Figure 9-2 shows a section through the existing river dike. One purpose of the design is
to maintain continuity of that structure. Therefore, the design of the entrance closure
assumes that the river dike would be extended in a straight line, rather than across the
shortest distance. We believe experience shows that “smoothness” in closing the existing
entrance will minimize scour problems that could be associated with sharp corners. As
the existing entrance can see direct wave action, we propose to add riprap to protect the
filled area. Riprap is sized to protect the river dike against waves of 1.5 m
(approximately 8 m offshore). A possible modification of this design might be to include
one or more low-elevation culverts to decrease residence times in the harbor and
therefore improve circulation and water quality conditions.
The Chetco River channel is nominally maintained at an elevation of -4.3 m (–14 feet)
MLLW. Actual elevations through the existing entrance are closer to -7 m (-23 feet)
MLLW. In developing dredging estimates, and to size the cut through the river dike to
create a new entrance, we assumed a channel elevation of –4.3 m (-14 feet) MLLW. The
nominal channel width is 36.7 m (120 feet), and we assumed a stable side slope of 3:1.
Side slopes of 2:1 were assumed for the cut through the river dike.

89

Figure 9-1 Conceptual Layout of New Entrance Design

Figure 9-2 Section Through Existing River Dike

9.2 Quantities
The volume of material to be removed for the new harbor entrance was estimated at
20,800 cubic meters (27,200 cubic yards), excavated to an elevation of –4.3 m (-14.0 ft)
MLLW. This was calculated using an opening of 100 m (327 ft), top width of 6.1 m (20
ft) and a side slope of 2:1 in the entrance. This excavation amount allows a 1.5-meter (5
foot) layer for placement of the filter and riprap layers. The final top-width opening
width after riprap is placed is 93 meters (305 feet).
It will require approximately 29,000 cubic meters (38,000 cubic yards) of material to
extend the river dike and close the existing entrance. This includes core material, filter
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layers, riprap blanket to protect the channel side of the river dike extension against wave
action, and quarry spalls to armor the harbor side of the river dike extension. The length
of channel to be filled was estimated at 137 m (450 ft). The material excavated during
construction of the new entrance could provide some, but not all, of the core material for
the river dike extension.
Riprap was sized to protect the new entrance and the closure dike of the existing entrance
using the Hudson equation (USCOE 1995):

γ H3
r

W=

γ
K

D γ

3
r − 1 cot θ
w

where: W = required individual unit weight, kg (lb), (or W50 for graded riprap)
3
3
r = specific weight of the armor unit, 2,643 kg/m (165 lb/ft )
3
3
w = specific weight of water at the site, 1,025 kg/m (64 lb/ft )
H = monochromatic wave height, 1.5 m (4.9 ft)
KD = stability coefficient (2.2)
Riprap weight (W) was sized at 515 kg (1,136 lbs), and the sorted riprap for the cover
layer should be in the 0.75W to 1.25W range, which corresponds to 386 to 644 kg (851 to
1,420 lbs). This represents a median stone size of about 0.72 m (2.4 ft). Riprap should
be placed from a top-of-river-dike elevation of 5.5 m (18.0 ft) to elevation -6.8 m (-22.3
ft) MLLW (Figure 9-3), approximately 1.8 m (6.0 ft) below the observed riverbed
elevation of 5 m (16 ft) near the new entrance location. Approximately 1.8 m (6 ft) at the
base of the riprap should be covered with native material (to an approximate elevation of
-5 m [-16 ft] MLLW). Using USCOE (1995) procedures, the riprap layer should be a
minimum of 1.2 m (4 ft) thick, and have a 2:1 slope. This is consistent with Equation 7123 in the Shore Protection Manual (USCOE 1984, page 7-236). To protect the channel
side of the new section of river dike would require approximately 6,120 cubic meters
(8,000 cubic yards) of riprap. To protect the new entrance would require about 4,020
cubic meters (5,260 cubic yards) of riprap.
The filter layer was designed using EM 1110-2-1614 (COE 1995). The criteria to be met
are:

d15 filter
d 85soil
where:

d15 filter
D85 filter
D15 soil
D85 soil
D15 armor

=
=
=
=
=

< 4to5 <

d15 filter
d15soil

40 mm
122 mm
1.9 mm
13 mm
366 mm
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and

d15armor
<4
d 85 filter

A filter layer of at least 0.3 meters (1 foot) should be placed between the base material
and the armor layer. Using the calculated D15 and D85 of the filter layer, the D50 was
estimated to be approximately 75 mm (0.25 feet) (using curves in COE 1986). This is
based on assuming that material excavated from the new opening would be used as the
base material (core) for the entrance closure dike, and that this material has a D50 of at
least 5 mm (0.016 feet). If a sample analysis determines that the D50 is substantially
smaller than this, further analysis would be needed. The filter material volume was
estimated at 1,500 cubic meters (2,000 cubic yards) for the channel side of the closure
dike, and 550 cubic meters (700 cubic yards) for the harbor side, for a total of 2,050 cubic
meters (2,700 cubic yards) for the closure dike. 950 cubic meters (1,250 cubic yards)
would be needed for the new opening. This makes a total of 3,000 cubic meters (3,950
cubic yards) of filter material.
To match the existing cross section of the dike on the harbor side, a cover layer of quarry
spalls will be needed over the filter material. The volume of quarry spalls down to an
elevation of -0.9 m (-3 ft) for a 0.6 m (2 ft) layer is 1,100 cubic meters (1,400 cubic
yards). Figure 9-3 shows a section through the river dike extension to close the existing
entrance.
The volume of core fill for to close the existing entrance was estimated at 19,730 cubic
meters (26,000 cubic yards) by subtracting the riprap, filter layer and quarry spall
volumes from the total fill volume.

Figure 9-3 Section Through Armored River Dike

The amount of material to be dredged in order to create a vessel lane to the new entrance
was calculated to be 820 cubic meters (1,100 cubic yards), using the most recent survey
data. The area to be dredged is in the river adjacent to the new entrance. On the boat
basin side, the depths ranged from 5.3 to 7.7 m (17.4 to 25.3 ft), and no dredging would
be needed.
Table 9-1 summarizes volumes calculated for the various scenarios. The quantities
calculated are “best estimates” of the volumes of materials included in the design. They
have not been increased by a “factor of safety” for cost estimation purposes
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Table 9-1 Summary of Calculated Volumes

Activity

Volume
of
Material

Channel Excavation

New Opening

Fill Existing Opening

Channel Side
820 m3

Excavation
29,000 m3

Core Fill
19,730 m3

Boat Basin Side
0 m3

Filter material
needed
950 m3

Riprap 6,120 m3
Quarry Spalls 1,100 m3
Filter layers 2,050 m3

Total
820 m3

Riprap needed
4,020 m3

Total (including riprap,
quarry spalls and filter)
29,000 m3

9.3 Long-Term Maintenance Requirements
Dredging is the only significant long-term maintenance requirement foreseen. Currently,
the existing channel is dredged to maintain the nominal depth of 14 feet (4.3 m) below
MLLW. We would expect that additional dredging up to the new entrance would be
needed at essentially the same frequency as required to maintain the current channel.
Because of the location of the “new entrance”, we cannot easily estimate the amount of
sediment, and therefore sediment deposition, that would occur inside the harbor.
Other maintenance might be expected periodically to repair any damage to the river dike.

9.4 Other Consideration
The creation of a new harbor entrance will change, in a small way, the hydraulic and
water quality conditions in the harbor and in the Chetco River. Dredging an extension of
the navigation channel to the new entrance would do two things: (1) increase the wave
speed in the channel and (2) change the velocity characteristics. Both of these are
expected to be minor and probably negligible. The navigation channel would only be
extended by about 125 m, and deepen from about –5 m to about –7 m MLLW. Using the
shallow water wave speed, this would decrease the travel time of long waves (such as the
tide) by less than three seconds). The deeper channel, and therefore, larger cross section
area of the Chetco River, would decrease the average channel velocity downstream of the
new entrance slightly. However, the length of the change is so short that it will have a
very small effect on the hydraulics of the Chetco River, and these effects would very
quickly diminish further upstream.
A concern to the Coast Guard is that vessels would transit the new entrance perpendicular
to the velocity in the Chetco River, rather than at the 30-45 degrees they do currently. To
estimate the current speeds in the Chetco River that might be found during large river
flows, data from the U.S. Geological Survey streamflow gauge on the Chetco River were
analyzed for annual flood events, and these flows divided by the cross sectional area of
the river at Mean Lower Low Water (MLLW) to estimate channel velocities. These
velocities were increased by 30 percent to estimate maximum channel velocities (Table
9-2).
93

Table 9-2 Chetco River Flows
Flows

Velocity (m/s)

Return Period

(cfs)

(cms)

Average

Maximum

100

100000

2832

6.3

8.2

50

89000

2520

5.6

7.3

20

74400

2107

4.7

6.1

10

63300

1792

4.0

5.2

5

51800

1467

3.3

4.2

2

34700

983

2.2

2.8

1.25

22400

634

1.4

1.8

1.11

17500

496

1.1

1.4

1.05

14000

396

0.9

1.1

1.01

8900

252

0.6

0.7

The calculations did not consider the increase in water depth that would undoubtedly
been seen during major flood flows – 8.2 m/sec (27 feet/sec) is an unrealistic river
velocity. However, the results (Table 9-2) indicate that while velocities of about 2.8
m/sec (9 feet/sec) might be experienced about every two years, river flows would
generally be less than 0.7-1.0 m/sec (2-3 feet/sec).
The Preferred Alternative creates two challenges for the large dredge, Yaquina.. The first
is that this large vessel would have to turn beam-on to the flow in the Chetco River to
enter or exit through the new entrance. The second is that there would be limited space
inside the reconfigured harbor for the Yaquina to turn around without a turning structure.
These may have to be considered in the final design and cost estimation.
Brookings Harbor is reported to have water quality concerns due to the existing harbor
geometry. Constituents in the harbor have to be flushed through a single main entrance,
and the rate of flushing depends on the distance from the entrance to any part of the
system. The design of the new entrance increases the distance from the end of the
Commercial Basin to the entrance, and this might decrease water quality conditions. The
minimum rate of flushing (at the interior of a basin) is related to the volume of water in
the basin divided by the volume exchanged each tidal cycle. It is also proportional to the
rate of dispersion (characterized by a dispersion coefficient). However, we might use the
ratio of the interior volumes to estimate a percent decease in flushing in the Commercial
Basin and a percent increase of flushing in the Sports Basin (Table 9-3).
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Table 9-3 Summary of Basin Surface Areas

Portion of Harbor

Existing Entrance

Proposed Entrance

Percent Change

South of Entrance
(Commercial Area)

715,000 sq.ft

1,029,000 sq.ft

+ 44%

North of Entrance
(Sport Area)

553,000 sq.ft

203,000 sq.ft

- 63%

From Table 9-3, flushing in the Sports Basin would probably improve as the distances to
the new entrance are decreased. However, flushing in the Commercial Basin would
decrease, as the flow distances would be longer. From this type of analysis, it is not
possible to quantify the change in harbor flushing, and therefore in water quality
conditions. However, consideration should be given to installing one or more culverts
through the river dike extension that closes the existing entrance. A few culverts should
not significantly increase the threat of long-wave transition into the harbor, and may
permit some residual circulation through the harbor that could improve flushing and
water quality conditions. As it is very difficult to estimate the water surface gradient
across a culvert, it is difficult to quantify any change or improvement. However, multiple
entrances generally improve the circulation and flushing compared to a single tidal
entrance. We would recommend that culverts be limited in size (less than 2 meters in
diameter) to minimize long-wave transmission, that they be placed below the low-tide
level but above the bed (to minimize sediment accumulation), and they do not extend
significantly beyond the dike slope (to minimize being impacted by vessels).
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