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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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