
Property I the 0 ited States Governmenl VIRII.Q 
MR 76-9 

Wave Attenuation by Artificial Seaweed 

by 

John Ahrens 

MISCELLANEOUS REPORT NO. 76-9 

JUN 1976 

Approved for pu blic release; 
distribution unlimited. 

U.S ARMY, CORPS OF ENGINEERS 

COASTAL ENGINEERING 
RESEARCH CENTER 

Kin gm an Bu it ding 

Fort elvoir, Va . 22060 



Reprint or repuhlication of any of this material shall give appropriate 
credit to the U.S. Army Coastal Engineering Research Center. 

Limited free distribution within the United States of single copies of 
this publication has been made by this Center. Additional copies are 
available from : 

National Technical Information Seroice 
ATTN: Operations Division 
5285 Port Royal Road 
Springfield, Virginia 22151 

The findings in this report are not to be construed as an official 
Department of the Army position unless so designated by other 
authoriz.ed documents. 



UNCLASSIFIE D 
SI:CUR1TY CL A..5S1FI CAT ION O F TH IS PAGE (IrII.., D./. en/ •• _<#) 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS 
BEFORE COMP L ETING FORM 

I . REPO R T N UMBER r' GOVT ACCESSION NO. 3. RE C I P IEN T ' S C A T Al.OG NUMBER 

MR 76-9 
4. TI T L E ( .. d Sub"".) 5. TYPE OF REPORT a PERIOD COVERED 

WAVE ATTENUATION BY ARTIFICIAL SEAWEED Miscellaneous Report 
6. P ERFO RMING ORG. REPORT NUMBER 

7 . AU THOR(o) 8. CONTRACT OR GRAN T NUMBER(.) 

John Ahrens 

Sl. P ERFORMIN G ORGAN IZATI ON NAM E AN D ADDRESS to . PROG R AM E L EMEN T. P ROJ E CT. TASK 
AREA a WORK U N IT NUMBERS 

Department of the Army 
Coastal Engi neering Research Center (CERRE-SP) 
Ki ngman Bui ldinR , For t Be l voir, Vi r~in i a 22060 F3l236 

I I. CO N T ROLL IN G OFFICE N AM E AND AODR ESS 12. RE PO R T DATE 

Department of the Army June 1976 
Coastal Engineering Research Center 13. NUMBER OF PAGES 

Kingman Building Fort Be 1 voi... Vi ... 0 ; n ' R 220 (, 0 13 
' . MON ITORING AG ENCY NAME a ADDRES5(tI dlll.,.,/ from COII/",Wna Olf/ co) IS. SECU Rl TV CL ASS. (ot thl. ,GpOtt) 

UNCLASSIFIED 
I S • . ~t;MJtlICATION/DO"'NGRAOING 

16 . DiST RIBUTI ON ST AT EMENT (of 'hi. R.por ') 

Approved for public release; dist r i bution unl i mited. 

17. DI STRl eUT tON STA T"E ME NT (01 Uti .b,u_ct ,,"a,.d In B locle l a, II dU'orent trom Report) 

18. SUPPL EMENTARY NOTES 

19. KE Y WO R DS ( ConUnu. on f.,.,,.. , Id e II n e c ••• ary Wid Idontlly by block numb"r) 

Artifi ci al seaweed Wave attenuation 
Shore protection Waves 

20. AB,s TRAC T (Contlnu e on NV.,. • • 1. JI "_(:9 •• .". .,d I d.nUtY by blo cle nUllllb.f) 

A seri es of wave t.ank t e s t s was conduct d at the U.S . Army Coastal En gi-
neering Rese arch Center (CERC) to dete rmine the ability of a field of low 
specific gravity arti ficial s ea\~e e t at t enuate wave action. I~ave gages 
w ;~re located on both si es of the seaweed f ield to measure I,ave at t·~nuation. 
The field consisted of seven rows of seaweed with the rows spac ed 3 meters 
(10 f eet ) ap art. Ten di s tinct wave condi tions were tested using periods 
ranging from 2.6 to 8.2 seconds and wave heights from 0.24 to 1.1 meters 

DO FO"" 
I J .... T3 1473 EOITION OF I NOV U 15 OBSO LETE UNCLASSIFIED 

SECURITY C" ASSI FICA TI O N 0"- THIS P AG [ ('Wtt.n D.,. Bn,o, . d) 



UN C LASS I fl ED 
SECURI TY CI. AS!lIFI CATION OF T HI S PAQI!:(WJ>_ D"" .... ,...." 

(0.8 to 3.6 f eet). The stillwate r depth f or all tests was 2.4 me t ers (8 fe et) . 
There was a measureab le l eve l o f wave attenuat ion for only t.he shorte s t period, 
2.6 seconds. For th e 2.6-second per iod, t he r educ tion in wave height on pass
ing t hrough the seaweed field was about 12 percent. 

2 
UNC LASSI FIED 

Sf C Ui'l l TV CL ASSt FIC ATI ON 0 F THIS P "0 E(1f'I> on D.,. En'., .dJ 



PRE F CE 

is r port is published to r ovi de coastal eng i neers wi th the resul ts 
of a seri es of ave tank t ests of art ificial seaweed 's abi lity to at tenuat e 
wave action . The work was carried out under the coas tal processes pro
gram of t he u.s. Army Coasta l Engineering Resear ch Center (CERC) . 

The r p r t was pr epared by John P. Ahr ens, Coastal St ruct u es Branch, 
under the genera l super vision f Dr. Robert M. Sorensen , Chie f. Coasta l 
Structures Branc , Research Division . 

The author acknowledges the ume rous cont r ibutions by Mr. George 
Si mmons in setti ng up and conducting the tes ts . and by Or . Robert 
1-1. Sorensen for t e many s ugge tions which improved the report. 

Comme ts on t his publi at i on ar e in ited. 

Approved f or pub licat i o in accor ance with Publ ic Law 166 , 79th 
Congress , approved 31 J uly 1945, as supplemen t ed by Pub lic Law 172, 88th 
Congres s, approved 7 November 1963 . 

WI LSON P . ANDREWS 
LTC, Corps of Engineers 
Commander and Dir ct or 



CONTENTS 

I INTRODUCT I ON. . . . . . . . . . . . . 

II TEST SETUP, CONDITIONS, AND , PROCEDURES 

III DATA AN ALYS IS AND RESULTS 

IV CONCLUSION 

LI TERATURE CITED 

TAB LES 

Test condi ti ons and wave at tenuat i on factors 

2 Example of wave height atten uat i on f actor comput at ions . 

1 One s eaweed un i t 

2 Closeup view of seaweed f ronds 

3 Tes t s et up in large wa e tank 

FI GURES 

4 Cross section of t ank at seaweed fie l d 

4 

Page 

5 

5 

9 

12 

13 

10 

11 

6 

6 

7 

8 



WAVE ATTENUATI ON BY ARTI FICIAL SEAWEED 

by 

John Ahrens 

I. INTRODUCTION 

Th is report di scus s es t he wave tank testing of a low specific gravi ty 
artifici al seaweed fie ld and its abil i ty to at t enuate wave action . Field 
testing of th e seaweed 's potential to pr event s cour or trap s and has pre 
vi ous ly been evalua t ed . Addi tional information on tests and applications 
of art ificia l s eaweed is f ound in Rank in and Cogan (1965 ) J Wicker (1966), 
Brashears and Bart nell ( 196 7), Ni co lon of Ho ll and (1972 ) , and Bakker , 
et a l. (1 973). 

I I. TEST SETUP , CONDITIONS, AND PROCEDURES 

The arti f icial seaweed was t es t ed at the Coasta l Engineering Res earch 
Center (CERC) in the l arge wave tank , 6.1 meters (20 f ee t ) deep , 4.6 meters 
( 5 f ee t ) wide , and 194 meter s (6 35 fee t ) l ong (see Coas t al Engi neer i ng 
Res earch Cent er, 1971 for a des cr iption of the t ank). A riprappe d wave 
absorber s lope occup ied 46 meters ( 150 fee t ) of t ank length during the 
t es ting. Waves were generated by a piston - t ype wavemaker . 

Each s eaweed unit (Fig. 1) was composed of a l arge number of s lender 
f ronds made of stre tched po lypr opy l ene fo am s trands (Fig. 2). The uni t 
was 2 meters (6. 5 f ee t ) wide , about 2 .1 meter s (7 fe et) long , and bound 
by hori zon t al sti t chi n g at 2S - centimete (10 inches) intervals. The fronds 
had a specific gravity be tween 0.1 and 0.2, and were attached to a b l ack 
ny lon bag whi ch could be fi lled \d th weighting material to an chor the unit . 
The se aweed Wl i t was secured in th e t ank by running a heavy a luminum s trap 
through the ny l on bag and bol t in g the s trap to the fl oor. When t he t ank 
was fi lled each Wl i t f ormed an invert ed curtain extendi ng about 2.3 meters 
(7.5 f eet) above the t ank f l oor . 

The arti fici al seaweed f i e l d was formed by seven rows of seaweed, each 
row cons isting of two se aweed Wlits , s pa ced 3 meter s (10 f eet ) ap art a long 
t he wave t ank . Fi gures 3 and 4 shm'i a cutaway view along the t ank and a 
cross - s ectiona l view of the t ank thr ough the seaweed fie ld. res pectively. 

Ga ges were l ocated on both s ides of t he s eawe ed field to measur e wave 
attenuat ion (Fi g. 3) . A 1.5-met er- 1ong (5 f eet) capacitance- t ype wave gage 
\'ii th con t i nuous reso l uti on was l ocated at the s eaward tank station 522. A 
3-meter-long (10 f e.et ) step- res i stance gage with s ens itive elements 3 centi 
me ters (0 . 1 f oot ) apar t (Wi lliams , 19 9) was located at the l andward t ank 
stati o 442. Output from the two gages was r ecorded on a dua l - channe l pen 
and i nk strip chart. The step- r es i stanc wave gage is essentially a se lf
cal i brat ing gage . The capaci t ance gage was st t i cally cal ibrated be fore each 
dat a run and chec ed aft er e ach run to ens ure t hat it maintained its cal
ibration. 
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Fi gure 1. One s eaweed uni t. 

-

-----

Fi gure 2.. Closeup view of s eaweed f ronds . 
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A 2. 4-meter (8 feet) sti llwater depth, which ~as jus t sufficient to 
s ubmer ge the t ops of the seaweed f ronds. (Fi g . 4) J was used fo r all con
dit i ons . Wave data were collected durin g runs of I O-minute dur ations. 
The 10 wave condi t ions tested ar e listed in Tab Ie 1. Generally. three 
r uns were made at each wave condit i on so t he reproducibility of con
diti ons and resul ts cou ld be checked . The length of the data runs was 
chosen before t he effe ctiveness of the wave absorber slope was not ed. 
Standi ng-wave pat terns on the tank wal l indi cat ed that t here was con
siderable wa e reflecti on f rom the absorber s lope fo r wave periods of 
6 . 2 and 8.2 s econds. The wave absorber had been designed f or another 
study which used a s ti llwater depth of 4 .6 meters and t i me r es trictions 
on the us e of t he t ank made it i mpos s ib l e to modify the ab s orbe r for 
the 2. 4-meter water depth used i n this study . Becaus e of th e wave re
f l e cti on problem only the part of t e wave re cord unaffected by reflec
tion was used to cal culate at t enuat ion . Data runs we r e al so made with 
the seaweed f ield out of t he wave t ank f or all wave conditions to pro
vide a control for t he analys is. 

III. DATA ANALYSI S AND RESULTS 

Wave records were ana lyzed to see if wave energy had been l os t in 
t r ave l i ng through the se aweed fi eld f rom the se award to t he landward 
gage . Since t wo diffe ren t t ypes of wave gages were used. t he data rtms 
wi th the seaweed out of the t ank provi ded a met hod of eliminatin g sys tem
ati c wave he ight me asurement differences between the gages. The data 
runs with t he seaweed out of t he t ank also allowed the analys is to 
eliminate inclus i on of any l os ses of wave energy between t he two gages 
due to the tank walls and fl oor . Table 2 shows how the wave hei ght 
at tenuation factor for wave conditi on 1 (Tab le 1) was computed. 

In Tab le 2. the wave heights f rom s tat i ons 522 an d 442 (cols . 2 and 
3) are t he a erage hei gh ts of fi e cons ecutive waves. These f ive waves 
were meas ured short ly aft er the gener ator was s tarted for each da t a run 
when the wave condi t ions had stabU-' zed at the station but bef ore r e
fle cted waves from t he abs orber s l ope had reached t he gage. For s im
p l icity. waves i n thi s category are r fe rred to as ~eZZ-formed ~aveB. 
The rat io of the l andw ard wave hei ght to the seaward hei ght fo r t he 
seaweed-in and s eaweed-out condit i ol s is gi ven in column 4. The paired 
values of the seaweed-in and seaweed- out conditi ons (col. 4) fo rm the 
rati o whi ch i s the wave hei gh t at t enuation fa ctor (col . 5). The re are 
nine equally valid ways the se awee - i n condition can pai r up wi th t he 
seaweed-out condi t ion (co l . 4) ; however, t he average value of t he wave 
height attenuation f actor f or the nine pai rings will be the same as the 
average va l ue in column 5" The average value of t he wave hei gh t atten
uation f actor was tabulated for all wave condi t i ons (Tab le 1. col. 4). 
and is consider ed the best es t imate of the r educt i on in wave hei ght 
caused by the seaweed f ie l d 

A wave height at t enuat i on factor of 1 indi ca t es no reduct i on in wave 
height for waves pas i ng trough t e field due to the pr esence of t he fie ld . 
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Table 1. Test conditions and wave attenuation f actors calcul at ed 
from first five we l l-formed waves of each dat a run . 

W: ... ve Aver age seaward Wave Calculated Wave hei ght Wave energy Square root 
cr.Jndi tion (sta. 522 ) peri od wavelength attenuat i on attenuati on of col. 

'-

no. wave height (ft) (s) (ft) 
(1) (2) (3) (4) 

1 I 2.6 2.6 32 

2 1.5 4.3 64 

3 3.1 4.5 66 

4 1.1 6.2 96 
C" .., ~ 6.2 96 .} 1..." 

6 3.7 6.2 96 

7 0.7 8.2 128 

8 1.6 8.2 128 

9 2.6 8.2 128 

10 3.5 8.2 128 

l Ca l cul ated from trough to cres t heights. 

2Cal culated from digi t i zed wave records . 

factor l 

(5) 

0. 875 
0. 878 3 

0. 965 

1. 016 I 

0.967 

0. 986 

0. 996 

1. 019 

1.013 

1. 040 

1. 002 

3Cal culated from fi rs t 2S we l l - f ormed waves of each data run. 

fact or2. 
(6 ) (7) 

------ -----
0.791 4 0. 889 

0. 978 0. 989 

0.952 0.976 

0.989 0. 99 4 

1. 021 1. 010 

1. 071 1. 035 

0.998 0.999 

0.885 0.941 

1 .128 1.062 

0. 967 0.983 

4Calculated from digitized records corresponding to fi rst 2S we l l- formed waves 
of each dat a run . 

(6) 



Tabl e 2. Examp le of wave hei gh t at tenuation fac t or computations for 
a 2. 6-s econd wave peri od . ! 

Average wave 

Data r un Seaward gage J 

des i gna t i on sta . 522 

(1) (2) 

1a2 2.70 

Ib 3 2. 60 

2a 2. 63 

2b 2 . 52 

3a 2. 59 

3b 2.51 

l Condition 1. Table 1. 

2Seaweed in t ank . 

3Seaweed out of t ank. 

height Cft ) 

Landward gage. 
sta . 442 

( 3) 

2.34 

2. 68 

2. 32 

2.68 

2.62 

2. 66 

Rati o of 
1 andward-s e award Wave hei ght 

gages attenuation fact or 
= al b 

(4) (5) 

0. 867 
0. 841 

1. 03 

0. 882 
0. 829 

1.063 

1. 012 
0'. 955 

1.060 

verage 0 .875 



The example (Tab le 2) indi cates t hat wave he ight is reduced 12.5 percent 
by the fi e ld f or a 2.6 -second wave period. Tab le 1 (col. 5) shows 
s ome wave height at t enuation fac tors greater t han 1 which i mp lies a 
gain in wave hei ght at the l andward gage due to the presen ce of th 
field. Such a condit ion is i mpos sible and indicates noise in the ex
periment. 

To provi de a che ck on t he wave heigh t at tenuat ion f actor cal cul a
tions , t he s egment of t he wave record from wh i ch the wave height was 
cal cul at d was digiti zed at a rate of two times pe r se cond . Fr om t he 
digi tized data the vari ance of the wave re cord was calculated; t he 
varian ce is proportiona l to the wave ener gy. The vari ance of each 
wave re cord was t reated t he same as the wave height in Tab l e 2 to gi e 
a wave energy at t enuat ion factor for each condi t i on (Table 1, co l . 6). 
The square r oot of the wave energy attenuation fa ctor (Table 1, col. 7) 
can be compared to the wave height attenuation factor as a method of 
j udging t he consistency of the two methods in eval uating wave attenuat i on 
due to the seaweed fi e l d . Both methods i ndicate that wi th the except i on 
of the shortest wave period, t here is little wave energy l oss. 

To further document th e attenuation f or the shortest reriod , T = 2.6 
seconds , an analys is of a l onger record length was conducted . Because 
of the s lower group speed of this wave period a consi derab l y greater 
r ecord l ength and nwnb er of waves were :.maffected by re fl ection from the 
abs orber s lope than f or t he l onger period wave condi tions . An analysis 
based on t he first 25 stable waves maffecte d by reflect i on gave a wave 
hei ght at tenuat ion factor of 0.878 . The s ame s egments of records used in 
the 25 wave analyses were digitized two t imes per second and gave a wave 
energy at t enuation fa ct or of 0. i9 l which corresponds to a wave hei ght 
at tenuation factor of 0. 889 (Table 1, cols. 5,6, and 7). 

IV. CONC LUSION 

TIlis study sh ows that for the idth of the fi e ld tested , the low 
specific gravity artificial se aweed is not effective in attenuating 
wave energy at wave peri ods commonly found in t he ocean or other l arge 
bodies of water . 
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