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FOHEWORD 

Hequest for continuation of testing on the Crescent City Harbor model 

was initiated by the District Engineer, U. S. Army Engineer District, San 
• 

Francisco, in a letter to the Division Engineer, U. S. Army Engineer Divi-

sion, South Pacific, dated 17 March 1969. Authorization for the U. S. Army 

Engineer Waterways Experiment Station to perform the study was granted on 

27 March 1969 by the Office, Chief of Engineers. The tests were conducted 

from July through August 1969. 

Corps of Engineers personnel who visited the Waterways Experiment 

Station to attend a conference and witness model demonstrations were: 

BG W. M. Glasgow, Jr., Division Engineer, and Mr. 0. T. Magoon of the 

South Pacific Division; and COL C. H. Hoberts, District Engineer, Messrs. 

G. P. Heilly, P. 1. Vredenburg, and R. 1. Sloan of the San Francisco Dis

trict. Others who visited the Waterways Experiment Station in connection 

with the study were: Honorable Donald Clausen, U. S. House of Representa

tives, from the First Congressional District of California; Mr. W. Hight, 

Supervisor, Del Norte County, Calif.; Messrs. J. S. Nicholson and R. E. 

Mouritsen, Councilmen, Crescent City, Calif.; Messrs. F. E. Finley, Presi

dent, C. A. Brower, Director, R. C. Magnuson, Director, B. Wilson, Director, 

D. G. Richcreek, Harbor Master, and T. J. Murray, Consultant, Board of Har

bor Commissioners, Crescent City Harbor District; and Mr. M. Noble, repre

sentative of Dames and Moore Consulting Engineering Firm, Consultants to 

Tri-Agency (City, County, and Harbor District). 

The investigation was conducted in the Hydraulics Division of the 

Waterways Experiment Station under the direction of Mr. E. P. Fortson, Jr., 

Chief of the Hydraulics Division, and Mr. R. Y. Hudson, Chief of the Wave 

Dynamics Branch. The model tests were conducted by Mr. P. K. Senter, 
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Project Engineer , assisted by Mr . J . B. Stratton , Electronics Technician . 

The report was prepared by Mr. Senter . 

COL Levi A. Brown, CE, and COL Ernest D. Peixotto, CE , were Directors 

of the Waterways Experiment Station during the conduct of the model study 

and the preparation and publication of this report . Mr . F . R. Brown was 

Technical Director. 
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SUMMARY 

Additional tests were conducted in an existing hydraulic model of 
Crescent City Harbor to determine the optimum length and location of a 
breakwater system for providing sufficient protection for an expansion to 
the small-craft harbor capacity. 

It was concluded that of the several plans tested a breakwater be
ginning at the +7.5 contour about 900 ft east of Elk Creek and extending 
southerly into the harbor for approximately 1050 ft, then angling south
easterly and continuing for an additional 900 ft, in conjunction with a 
northwesterly extension to the existing inner breakwater of 400 ft, would 
provide the best protection for the problem area. 
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DESIGN FOR OPTIMUM WAVE CONDITIONS, CRESCENT CITY HARBOR 

CRESCENT CITY, CALIFORNIA 

APPENDIX A: RESULTS OF SUPPLEMENTAL TESTS 

Hydraulic Model Investigation 

PART I: INTRODUCTION 

1 . A hydraulic model investigation of Crescent City Harbor, Calif., 

was conducted to determine the optimum length and location of an extension, 

or extensions, to the existing breakwater system that would reduce to a 

tolerable level the adverse effects of storm waves on navigation and moor

ing conditions in the harbor. Near the end of that study, the San Fran

cisco District requested that a few tests be conducted to determine if ade

quate protection could be provided for an expansion of small- craft harbor 

capacity . The breakwater plan tested in this regard did substantially de

crease wave heights in the area in the lee of the structure but not enough 

to warrant the use of the area for small- craft mooring. Because these 

tests had not been included in the planned testing program, funds were not 

available to pursue the tests any further at that time. 

2 . After the report on the results of the tests referred to above 

was published,* additional tests were requested to ascertain the optimum 

length and location of a breakwater system for providing protection for an 

expanded small-craft harbor capacity. 

3. The tests conducted in connection with the study referred to in 

paragraph 1 and the report presenting the results of these tests are re

ferred to herein as the basic tests and the basic report, respectively. 

This report, which constitutes an appendix to the basic report, presents 

the results of the supplemental tests. 

4. The Crescent City Harbor model and its appurtenances as used in 

* P. K. Senter and C. W. Brasfeild, "Design for Optimum Wave Conditions, 
Crescent City Harbor, Crescent City, California; Hydraulic Model Investi
gation," Technical Report H-68-6, Sept 1968, U. S. Army Engineer Water
ways Experiment Station, CE, Vicksburg, Miss. 
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the basic tests was reactivated, with minor revisions, for use in conduct 

of the supplemental tests. 
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PART II: THE TEST PROGRAM 

Test Conditions 

5. The test conditions used in the basic study were applicable to 

the supplemental tests and were used in these tests unless otherwise stated. 

6. Wave height and period characteristics for the waves in the sup

plemental tests were selected from the tabulation in paragraph 16 of the 

basic report. Two to four test wave heights were selected for representa

tive wave periods for three deepwater wave directions. These test waves 

were considered to be the most critical on the basis of the test results 

from the basic study. The characteristics of the test waves selected are 

as follows: 

Selected Shallow-
Wave DeeEwater Waves Water Test Waves 

Period, sec Direction Height, ft* Direction Height, ft 

9.0 South 8, 14, 16, 20 Sl0°22'W 6, 12, 14, 18 

12.0 South-southwest 6, 14, 20 S35°45'W 6 , 12, 18 
14.0 14, 20 S35°40'W 12, 18 

9.0 Southwest 8, 14 S49°15 'W 8, 14 
12.0 10' 16 S49°15'W 10, 16 
14.0 8, 14, 18 S49°15'W 10, 16, 22 
16.0 4, 8, 16 S49°15'W 6, 12, 22 

* To convert feet to meters, multiply by 0.3048. 

Test Data 

7. The data obtained during the testing program included (a) wave 

height measurements at several locations inside and outside the harbor, (b) 

photographs showing wave-front patterns, and (c) visual observations . The 

locations of the wave height gages used during the course of the supplemen

tal tests are shown in fig. Al. These wave gage locations were selected to 

determine the wave heights that would obtain in the proposed areas of ex

pansion and revisions and in the outer harbor when the test structures were 

installed. Since data had already been obtained ~or base test (existing) 
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Fig. Al . Location of wave gages 

conditions, the supplemental tests were devoted to obtaining data with the 

proposed improvement plans. As in the basic tests, comparison of the wave 

height data obtained from the various tests with the selected wave height 

criteria (paragraph 8) permitted evaluation of the effectiveness of each 

proposed improvement plan and provided a basis for selecting the optimwm 

plan. Also, wave heights measured in the model were corrected to compen

sate for the increased rate of wave height attenuation in the model, due to 

bottom friction, compared with the amount of attenuation in the prototype . 

8. The wave height criterion suggested by local interests was that 

waves in the proposed marina site (see fig . A2) not exceed 1 ft in height . 
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PART III: PLANS TESTED AND TEST RESULTS 

Description of Plans 

9. Tests were conducted for several breakwater plans to determine 

protection for planned new construction in the existing inner harbor basin 

and the area immediately east of the proposed new north-south aligned break

water (structure K, plans 10 and 11, fig. A2). The latter area would be 

used to provide additional small-craft mooring capacity. Details of the 

various plans are described in the following paragraphs and all of the ~lan 

elements described are shown in fig. A2. 

PLAN 
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II 

I lA 

u:> 
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~ 
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CJ ~ 
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. . 
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Elements of breakwater plans 
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Plans 10 and lOA 

10. Plans 10 and lOA entailed the construction of a breakwater be

ginning at the +7.5* contour about 900 ft east of Elk Creek and extending 

southerly into the harbor for approximately 1050 ft, then angling south

easterly and continuing for an additional 1000 and 1100 ft, respectively. 

Navigation openings of 300 and 200 ft, respectively, were thus formed with 

the existing inner breakwater. 

Plans 11 and llA 

11. Plans 11 and llA consisted of the plans 10 and lOA breakwaters 

with the southeasterly portions being 900 ft long in conjunction with a 

northwesterly extension to the existing inner breakwater of 400 and 500 ft, 

respectively. A 300-ft-wide navigation entrance to the inner harbor was 

thus formed. 

Test Results 

12. The test results are presented in table Al, which shows the es

timated duration of waves of various heights and periods that can be ex

pected to occur at selected locations inside and outside the harbor for the 

plans tested. Photographs Al-A9 show wave patterns within the harbor for 

the various plans and test waves. As explained in the basic report, wave 

height duration data were prepared by using model wave heights to compute 

wave reduction coefficients. The reduction coefficients were then applied 

to the shallow-water wave duration values contained in table 2 of the basic 

report. However, in the supplemental tests, wave heights were obtained 

only for selected wave conditions; therefore, reduction coefficients could 

not be obtained from measured data for all the shallow-water wave values. 

The remainder of the reduction coefficients were obtained by interpolation 

or extrapolation of measured values guided by past model performance. 

Plan 10 

* 

13. Results of the wave height t ests of plan 10 (table Al) indicate 

All elevations used in this report are in feet referred to mean lower 
low water (at Crescent City, mllw is 3.8 ft below mean sea level). 
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that the wave action in the existing harbor and in the proposed area for 

expansion of small-craft mooring would be reduced considerably over base 

test conditions but not sufficiently to warrant installation of the plan. 

Photographs Al and A2 depict the wave action that obtained in the problem 

area with plan 10 installed in the model. 

Plan lOA 

14. Results of the wave height tests of plan lOA (table Al) indicate 

that installation of the plan would decrease wave action some in the prob

lem areas as compared with plan 10. However, neither the criterion sug

gested by local interests nor the criteria used in the basic study are met 

by installation of this plan. Photographs A3 and A4 show the wave condi

tions that occurred for two of the test conditions with plan lOA installed 

in the model. 

Plan 11 

15. Results of the wave height tests (table Al) reveal that plan 11 

would provide more protection for the problem area than would plan 10 or 

lOA. However, it is estimated that with plan 11 installed in the prototype, 

waves equal to or greater 

about 20 hr/yr, and waves 

approximately 240 hr/yr. 

comparison of the plan 11 

than 2 ft high would obtain in the problem area 

equal to or greater than 1 ft high would occur 

Thus, the design criterion is still not met. A 

and plan 6A test results was made for the south-

ern part of the existing inner harbor (the area between the sand barrier 

and Citizens' Dock). The elements of plan 6A and results of tests are de

scribed in paragraph 21 and table 4, respectively, of the basic report. The 

comparison was made on the basis of wave heights measured at gage 6 for 

plan 6A and at gage 37 for plan 11. The results of this comparison show 

that waves equal to or greater than l ft high would occur approximately 

450 hr/yr with plan 6A installed and approximately 295 hr/yr with plan ll 

installed. Also, a comparison of the results of the plan ll tests with the 

results of the base test data presented in table 3 of the basic report indi

cates that installation of plan 11 would not have any detrimental effects 

on the outer harbor. Photographs A5-A7 depict the effectiveness of plan ll 

in providing additional protection for the existing inner harbor and the 

proposed expansion area. 
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Plan llA 

16. Results of the wave height tests of plan llA (table Al and photo

graphs A8 and A9) reveal that this plan would not be more effective than 

plan ll in reducing wave heights. Also, this plan consists of an addi

tional 100 ft of breakwater and thus would cost more to construct than 

plan 11. 
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PART IV: CONCLUSIONS 

17. Based on results of the hydraulic model study presented in this 

report it is concluded that of the several plans tested plan 11 would pro

vide the most protection at least cost for the existing inner harbor and 

the area proposed for a possible marina site. However, with this plan in

stalled in the prototype, wave heights 1 ft or higher would still obtain in 

the problem area approximately 240 hr/yr. 
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Photograph Al . Wave patterns, plan 10; 9- sec , 12- ft shallow-water waves from Sl0°22 'W 



Photograph A2 . Wave patterns, plan 10; 16- sec, 22- ft shallow-water waves from 849°15 'W 



Photograph A3 . Wave patterns, plan lOA; 9 - sec, 12- ft shallow-water waves from Sl0°22 'W 



Photograph A4. Wave patterns, plan lOA; 16- sec, 22- ft shallow-water waves from S49°15'W 
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Photograph A5 . Wave patterns, plan ll; 9- sec, 12- ft shallow-water waves from Sl0°22 'W 



Photograph A6. Wave patterns, plan ll; 12-sec, 18-ft shallow-water waves from 835°40'W 



Photograph A7 . Wave patterns, plan 11; 16- sec, 22- ft shallow-water waves from S49°15 'W 



Photograph A8. Wave patterns, plan llA; 9-sec, 12-ft shallow-water waves from Sl0°22'W 



Photograph A9 . Wave patterns, plan llA; 16- sec, 22- ft shallow-water waves from S49°15 'W 
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