
Christensen, S.A., and D. Tackney. 1984. Anchoring stability of new seagrass plantings. In: 
F.J. Webb, Jr. (Ed.), Proceedings of the 10" Annual Conference on Wetlands Restoration 
and Creation. Hillsborough Community College, Tampa, Florida, pp. 60-75. 

ANCHORING STABILITY OF 
NEW SEAGRASS PLANTINGS 

3.A. Christensen 
Professor 

Hydr2u7 i c Laboratory  
Departnent of C i v i  1 Engineer ing  

Gainesville, FL 32611 

and 

David Tackney 
President 

Tackney and A s s ~ c i a t e s  , I x .  
Yaplzs, FL 32392-1 0464 



ABSTRACT 

Seagrass beds are  among the most d e s i r a b l e  systems i n  o u r  shallow 

coastal waters. Others a r e  mangroves, mud f7 a t s  , co ra l  reefs, e t c .  

Revegetation o f  areas damaged by development and i n  some cases natural  

events such  as hur r i canes  shou ld  therefore be q u i t e  common. 

Runners from h e a l t h y  and  we17 established beds a r e  transplanted t o  

t h e  damaged areas a f t e r  the bottom e l e v a t i o n  has been restored,  A 

spac ing  of  0.5 t o  7 m betweec t h e  transplanted runners i s  usually used.  

Runners may be a t t a c h e d  t o  the bed b y  use o f  steel s t a p 7  es o r  o t h e r  

a n c h o r i n g  devices, and t h e  roo t s  pushed  i n t o  t he  sand, Areas revegetated 

in t h i s  way e x h i b i t  a lower resistance t o  f l o w  t h a n  heavily vege ta ted  

areas unde r  s i m i l a r  f low condi t j o n s .  Therefore, new beds are exposed 

t o  h i g h e r  ve loc i t i e s  and bed shear stresses than  the e s t a  b l  i s  hed areas ,  

o f t en  resu l t ing  in f a i l  ures caused by disruption o f  t h e  bond between 

p l a n t  runners and sand bed o r  simply by a massive  erosion of the  sand  

bed i t s e l f .  

The paper discusses these processes and develops methods f o r  

q u a n t i f i c a t i o n  o f  the f l o w  impact  on t h e  bed. T e s t i n g  of 1 ive t r a n s -  

p l a n t e d  seagrasses ( ~ a l  cdul e ) in the Hydraul i c  Laboratory's research 

flume i s  discussed and a special node? l a w  f o r  t ransfer  o f  flume results 

t o  prototype c o n d i t i o n s  is developed.  

Model t e s t s  referr ing t o  a case near Cudjoe Key i n  the F l o r i d a  Keys 

(Riles channel restoration project)  a r e  d e s c r i b e d .  



Newly t r a n s p l a n t e d  seagrasses such as  Halodule are exposed t o  

h i g h e r  erosive forces t h a n  we71 e s t a b l  ished beds d u e  t o  their  lower 

hydrau?  i c  roughness a n d  thereby  reduced resistance t o  flow. F a i  1 u r e  may 

be caused by one  o f  t w o  phenomena, a genera l  e r o s i o n  o f  the sand a r o u n d  

the t ransplants  o r  flow induced m o t i o n  o f  the t r a n s p l a n t e d  runners 

resul t ing i n  disruption o f  t h e  r o o t / s a n d  c o n t a c t .  A combination o f  t h e  

two i s  o f  course a l s o  p c s s i b l e .  The general e ro s ion  o f  s a n d  beds i s  

considered f i r s t ,  

E ros ion  o f  s and  beds 

Due t o  ' i t s  importance i n  1 i t t o o r a l  processes, t h e  q u e s t i o n  o f  when  

i n c i p i e n t  m o t i o n  o f  sand  t akes  p l a c e  has been treated i n  t he  l i t e r a t u r e  

quite f r e q u e n t l y  during t h e  last couple  o f  centuries.  Two schools  o f  

t h o u g h t  have e v o l v e d ,  the c r i t i c a l  v e l o c i t y  a p p r o a c h  and t h e  t r a c t i v e  

force approach .  Both are  used t o d a y .  ulowever, t h e  t r a c t i v e  fo rce  

approach does seem t o  be t h e  n o s t  a t t r a c t i v e .  

The c r i t i c a l  v e l o c i t y  apgroach  i s  based on a crtticci s e l o c i t y  a t  

w h i c h  a g r a n u l a r  cohesionless bed m a t e r i a l  w i 7  1 Seg i  n t o  move. A 

fo rmula  f o r  t h i s  v e l o c i t y  was - according t o  Forchheimer ( 1 9 1 4 )  - 

proposed  by Brahms i n  1753. It i s  ~ o s t u l a t e d  t o  be ~ r o p o r t i o n a l  t o  t h e  

dry weight o f  a s i n g u l a r  g r a i n  t o  the  one s i x t h  power c o r r e s p o n d i n g  t o  

Sternbergs (1875) l a t e r  f o r m u l a  s t a t i n s  t h a t  t h e  c r i t i c a l  bed  v e l o c i t y  

is proportional t o  the square r o o t  o f  t h e  g r a i n - s i z e .  Many s imilar  

formulas  have been presented s i n c e  t h e n .  They are d i s c u s s e d  and refer- 

enced by Forchheimer i n  h i s  1914 book a n d  by Graf (7971) .  The l o c a t i o n  

o f  the c r i t i c a l  reference velocity i s  n o t  always we17 defined i n  t h e  



contributions. Sometimes i t  i s  a surface  v e l o c i t y ,  o t h e r  t i m e s  t h e  ver-  

t i c a l  7y averaged vel o c i  t y  , the cross-sectional mean v e ]  o c i  t y  or t h e  bed 

v e l o c i t y  as  used by Brahns a n d  S te rnberg .  

In t h e  e a r l y  par t  o f  t h i s  century Fortier  a n d  Scobey (7926)  pub- 

l i s h e d  an e x t e n s i v e  study o n  "Permissive Canal Veloci t ies"  t h a t  i s  g i v i n g  

such v e l o c i t i e s  i n  tabular  form. Fortier a n d  Scobey refer  to the  cross- 

s e c t i o n a l  velocity. 

A7 though For t i e r  and Scobey's t a b l e s  s t i l l  are used today by some 

engineers and c o a s t a l  morphologists i t  i s  ~julstrom's ( 1935 )  diagran, 

F i g .  7 ,  t h a t  i s  used by most o f  t h e  c r i t i c a l  velocity proponen t s .  T h i s  

diagram w h i c h  i s  based on numerous o b s e r v a t i o n s  o f  i n c i p i e n t .  erosion i n  

Swedish r ivers  g i v e s  t h e  c r i t i c a 7  cross-sectional mean v e l  oci ty, vm, as  

a f u n c t i o n  o f  the grain-size, . de 

GRAIN - S I Z E  d, IN m m  

F i g u r e  1. Hjulstrom's diagram f o r  c r i t i c a l  mean v e l o c i t y  a s  f u n c t i o n  of 
g r a i  n - s i z e  of  bed material . Horizontal bed. H j u l  strGm ( 1  935) 



The c 4 t i c a Z  +ract<ve f m c e  appro2ch was i n i t i a t e d  by d u  Buat  

( 1786 )  (Forchheimer (1914)) a t  about t h e  same time a s  Brahms did his 

pioneering work  w i t h  c r i t i c a l  v e l o c i t i e s .  Du Buat s t a t e s  t h a t  a bed 

material can w i t h s t a n d  a cer ta in  bed shear  s t r e s s ,  called t h e  critical 

bed sheat* stress, beyond w h i c h  erosion w i l l  t a k e  place.  T h i s  c r i t i c a l  

shea r  s t ress  i s  considered a p r o p e r t y  o f  the bed form and  material 

while the bed shear  stress it mus t  be compared t o  o f  course i s  a f l o w  

p r o p e r t y  p r o p o r t i o n a l  t o  t h e  local  d e p t h  a n d  slope o f  t h e  energy g r a d e  

1 ine. 

The b e s t  known reso l t s  o f  c r i t i c a l  t r ac t ive  f o rce  research are 

t h o s e  provided by S h i e l d s  (1936)  and g i v e n  i n  h i s  now famous diagram 

shown i n  F i g .  2 .  I n  S h i e l d ' s  d i a g r a m  the entrainment f u n c t i o n  f o r  a 

horizontal bed Eh is d e f i n e d  as i n d i c a t e d  on the ordinate a x i s  where 

Y~ 
= u n i t  w e i g h t  o f  the  g r a i n  m a t e r i a l ,  y = unit  w e i g h t  o f  water, d = 

e 

grain-size and  T = t h e  c r i t i c a l  shear s t r e s s  - o f  a horizontal .  bed. c r ,  h 

The a b s c i s s a ,  the wal l  Reynolds n u m b e r ,  is d e f i n e d  a s  t h e  p r o d u c t  o f  the 

f r i c t i o n  velocity v and grain-size d d i v i d e d  by t h e  k i n e m a t i c  v i s c o s i t y  v f e 

o f  water. v f  i s  a measure o f  the bed s h e a r  stress  and defined as t h e  

square-root of t h e  ratio o f  bed shear  stress  to dens i ty  o f  water. 

The c r i t i c a l  bed shear s t r e s s  seems t o  be t h e  most rational measure 

for a bed's a b i l i t y  to resist scour. However, a m a j o r i t y  o f  the  f o r -  

mu1 a s  f o r  t h i s  quantity are de te rmin i s t i c .  Since both  the t u r b u l e n t  

flow t h a t  causes scour and the composition o f  t h e  bed m a t e r i a l  are o f  a 

s t o c h a s t i c  n a t u r e  i t  s h o u l d  be expected t h a t  the formulas for t h e  

critical bed shear stress m u s t  be stochastic rather t h a n  deterministic 

and r e l a t e  t h e  critical s h e a r  stress to a probabi7 i s t i c  risk o f  erosion.  



Figure 2 .  Shield's d i a ~ r a n  f o r  c r i t i c a l  v a l u e  of  entrainment f u n c t i o n  
as f u n c t i o n  of  Wall Reynolds number. Hor izon ta l  bed. 
S h i e l d s  ( I  936)  

In t h e  case  o f  n o n u n i f o r m  deposits an e f f e c t i v e  g r a i  n - s i z e ,  d e ,  

o f  the bed material may be used. T h i s  grain-size i s  d e f i n e d  as  the pa r -  

t i c l e  s i z e  o f  a bed o f  a u n i f o r m  material w h i c h  w i l l  experience i n c i p -  

i en t  mot ion  a t  t h e  same bed shear s tress a s  t h e  n o n u n i f o r m  material i t  

represents. When the grain-size distribution o f  t h e  n o n u n i f o r m  mater ia l  

i s  known t h e  e f f e c t i v e  grain-size de may be evaluated. Accord ing  t o  

Christensen (1969 )  t h i s  may be done by the integration 

where f = f r a c t i o n  o f  w e i g h t  o f  the  bed mater ia l  w h i c h  i s  smaller t h a n  

the s i ze  d . 
S 



CRITlCAL SHEAR STRESS OF A SAND 3ED 

Erosion o f  a sandy horizontal ocean bed w i l l  t a k e  p lace  when  the  

loca l  bed shear s t ress  exceeds the  c r i t i c a l  bed shear s t ress  T i . e .  
c r - h '  

when 
- = vdS > -c 
L ~ r .  h c r .  h = Eh jyS - y) de . . - . . . . - . ( 2  1 

where d = t h e  l oca l  w2ter  d e p t h  and  S = t h e  l o ca l  slope o f  the energy 

g rade  1 ine. As i n d i c a t e d  f o r  i n s t a n c e  by St ree te r  a n d  L,lyl ie (1975)  S 

may be re la ted  t o  the mean f l o w  velocity vR and depth by t h e  c l a s s i c  

M a n n i n g  formula 
v2 n 2  m s = -  ( 3 .  I .  u n i t s )  . . . . . . . . . . . . . . .  
,4/ 3 . ( 3 )  

whe re  Mannings n may be found  from t h e  roughness k o f  the bed by . 

I - 2 5 - 8  (s . I .  u n i t s )  . . . . . . . . . . . . . . . .  . ( 4 )  
n k 1 / 6  

according t o  Chris tensen (1 983a). 

A t  v a l u e s  o f  t h e - w a l l  Reynolds number i n  excess o f  abou t  500 ,  

Figure 2 i n d i c a t e s  t h a t  Eh i s  cons tant  and equal t o  0.056. Sinceerosion 

i s  caused by t u r b u l e n t  f l o w  o f  a h i g h l y  s t o c h a s t i c  n a t u r e  i t  does n c t  

seem l i k e ly  t h a t  E h  shou ld  be t h e  same cons tan t  f o r  a l l  cases .  Depen- 

dency on the probabi l i ty  o f  erosion appears t o  be more real i s t i c .  T h i s  

was shown by Christensen ( I  983b) .  

The s t o c h a s t i c  f o r m u l a  f o r  t h e  entrainment f u n c t i o n  f o u n d  i n  t h a t  

study i s  p l o t t e d  i n  Figure  3 where the  indicates v a l u e s  o f  shape fac to rs  

$1 ' 32 and the  a n g l e  o f  repose $ a r e  cha r ac t e r i s t i c  f o r  sandy beds i n  

F l o r i d a  ' s c o a s t a l  waters. 

A lon2iSildinaZ bed s l o p e  i n  t h e  d i r e c t i o n  o f  f l o w  does have an 

i n f l u e n c e  on E h ,  b u t  t h i s  influence i s  usually n e g l i g i b l e  i n  Florida's 

c o a s t a l  waters. 



P R O B A B I L I T Y  O F  E R O S I O N  p 

Figure  3 C r i t i c a l  v a l u e  o f  entrainment f u n c t i o n  as function o f  p roba -  
b i l i t y  o f  e r o s i o n  p and roughnessjgrain-size r a t i o  r for 
typical Florida coastal sed imen ts .  Horizontal. bed. 
Chri stensen (3 983b).  

For a trcr,r,sverse s l o p e  i . e .  a bank slope normal t o  the direction 

of flow a correction fac tor ,  E / E  may be developed. T h i s  f a c t o r  
b h' 

is p l o t t e d  f o r  + = 30" i n  F igure  4 a s  a f u n c t i o n  o f  t h e  roughness /  

grain-size r a t i o  r and the bank s lope  s h e r e  d e f i n e d  as  t h e  cotangent  

of the i n c l  i n a t i o n  o f  the embankment w i t h  horizontal (Christensen, 

EROSION OF TRANSPLANTED RUNNERS 

I n d i v i d u a l  runners and t h e i r  a n c h o r i n g  dev ices  such a s  steel  

staples are  a c t e d  upon by hydrodynamic forces, i . e .  d r a g  and l i f t ,  

caused b y  the f l o w i n g  water, buoyant forces and g r a v i t y  as  indicated 

in t h e  left part of Figure 5. While the hydrodynamic and buoyant forces 

a r e  t r y i n g  t o  break t h e  hond between t h e  r u n n e r  and t h e  bed t h e  g r a v i t y  

force  i s  s t a b i  7 i z i  n g  t h i s  bond. 



Figure  4 Correc t ion  f a c t o r  f o r  bank s l o p e  2s f u n c t i o n  o f  roughness/ 
grain-size r a t i o  a n d  b a n k  slope for t yp i ca l  F l o r i d a  c o a s t a l  
sediments. Chris tensen (1 972 ) .  

The  l oca l  mean v e l o c i t y  a t  wh ich  t h e  bond between t r a n s p l a n t e d  

runners o r  rather their  growing r o o t  systems a n d  t h e  sand bed  i s  b r o k e n  

may be determined by model experiments i n  a hydraul ic research flume i n  

wh ich  1 i v e  runners a r e  p l a n t e d  i n  a sand w i t h  t h e  same e f f e c t i v e  g r a i n -  

s i z e  as t h e  sand  on t h e  s i t e  where t h e  v e g e t a t i o n  i s  t o  be established. 

Since pl a n t  material ( a n d  t h e r e b y  s a n d )  must have the same s i ze  i n  

model and p r o t o t y p e  and a n a t u r a l  depth o f  1 - 5  rn t o  2.5 m u s u a l  7y 

cannot be established in research flumes, i t  i s  necessary t o  use a 

hydraul  i c  mode7 1 aw t h a t  a1 1 ows f o r  r e d u c t i o n  o f  t h e  model depth. Such  

a model l a w  m u s t  be based on the requirement t h a t  t h e  v e l o c i t y  f i e ld s  in 

model and prototype a r e  i d e n t i c a l  near  the runners s o  t h a t  a71 hydro- 

dynamic forces t h a t  are induced by t h e  f l o w  f i e 1  ds are t h e  same i n  the 

two sys tems.  T h i s  i s  illustrated in the r i g h t - h a n d  s i d e  o f  F i g u r e  5 



4 
V E L O C l T Y  P R O F I L E S  

W.S. I N  P R O T O T Y P E  -\ 7 

W.S. 1N MODEL-, I i 1 

' i g u r e  5 Velocity profi7es and  hydrodynamic f o r c e s  a c t i n g  on a new ly  
transplanted seagrass  runner i n  model (hydraul i c  fl ume ) and 
i n  pro to type  ( n a t u r e ) .  

where t h e  v e l o c i t y  p r o f i  1 e be1 ow t h e  model water su r face  corresponding 

t o  dep th  dm i s  the same a s  the pro to types  v e l o c j t y  p rof i l e .  

The  c l a s s i c  P r a n d t l - g r o f i l  e t h a t  usua l  1y i s  used t o  regresent tur- 

b u l e n t  f l o w  o v e r  coas t a l  and riverine sand bed reads  

in w h i c h  y = v e r t i c a l  d i s t a n c e  from the bed t o  t h e  p o i n t  where the  

v e l o c i t y  i s  v .  See fo r  i n s t a n c e  St ree te r  a n d  $1~1 i e  ( 7  975 ) .  

Whi 1 e equation ( 5 )  ce r ta i  n7y r e p r e s e n t s  t h e  true ve loc i ty  prof i 1 e 

i n  most o f  t h e  water col umn i t  f a i  7 s near t h e  bed where v + - m  for y -& 0. 

Since the hydrodynamic forces a c t i n g  on the runners  d e p e n d  o n  t h e  velo- 

c i t i e s  i n  t h e  p r o x i m i t y  of t h e  bed i t  i s  necessary to use a modified 



version o f  equation ( 5 ) .  Such a p r o f i l e  was proposed  by Christensen 

( 1 9 7 2 ) -  It may be w r i t t e n  

It represents the t r u e  v e l o c i t y  prof i le  n e a r  the bed.  

Recall ing t h a t  t h e  mean v e l o c i t y  i n  a v e r t i c a l  may be measured a t  a 

distance f rom the  bed equal t o  0.368 t i m e s  t h e  d e p t h ,  a p p l y i n g  e q u a t i o n  

( 6 )  i n  model and  pro to type ,  and real i z i n g  t h a i  v f  must have the same 

v a l u e  i n  mode7 and pro to type  l e a d  t o  t h e  r a t i o  

i n  w h i c h  v and v m a m  a r e  t h e  mean v e l o c i t i e s  i n  p ro to type  a n d  model m* p 

v e r t i c a l s ,  r e s p e c t i v e l y ,  d = pro to type  d e p t h ,  dm = model d e p t h  a n d  o f  
P 

course k = roughness which m u s t  be t h e  same in p r o t o t y p e  and model in 

t h i s  case. 

I f  model t e s t s  show t h a t  t h e  bond between t r a n s p l a n t e d  runner and 

sandbed f a i l s  a t  mean v e l o c i t y  v,., t h e  mean v e l o c i t y  v at w h i c h  t h i s  
m* P 

will  happen i n  t h e  prototype (na tu re )  may be found f r o m  Equa t ion  ( 7 )  

when d dm a n d  k a r e  known. 
P '  

The r o u g h n e s s  k may be found  by measur ing t h e  velocities v 2  a n d  v 1 

a t  distances y 2  a n d  y, from the bed i n  t h e  prototype a s  seen i n  F i g u r e  5. 

Applying E q u a t i o n  ( 6 )  t o  these t w o  p o i n t s  o f  the veloci ty  p ro f i l e  a n d  

el i m i n a t i n g  v f  y i e ? d s  t h e  i t e r a t ive  formula for k 



The  above ment ioned  technique was app? i e d  t o  eva7 u a t e  the impact 

o f  f l o w  on an  area t o  be r e s t o r e d  in the F l o r i d a  Keys a s  outlined i n  

Tecnical  Report No. 8301 from U n i v e r s i t y  o f  F l o r i d a ' s  Hydrau't i c  Labor-  

a to ry .  The model was es t ab l  i s h e d  i n  t h e  U n i v e r s i t y  o f  F l o r i d a ' s  hydrau- 

l i c  research flume where a model bed c o n s i s t i n g  o f  1 0  t o n s  o f  sand w i t h  

t h e  same effect ive g r a i n  s i z e  ( d e  0.6 mm) a s  the  n a t u r a l  bed idas con- 

s t r u c t e d  . Halodule  runners 7 5  cm t o  30 cm l o n g  were p l a c e d  a t  90 cm 

between c e n t e r s  and anchored by 15 cm steel  s t a p l e s  made o f  6 mn steel  

w i r e .  Model v e l o c i t i e s  were measured w i t h  p r e c i s i o n  7 a b o r a t o r y  propel  - 
l e r  meters and checked by d i s c h a r s e  o b s e r v a t i o n s  p r o v i d e d  by t h e  flume's 

main V-notch  w e i r ,  A t o t a l  o f  f i v e  t e s t s  were perforxed a n d  the 

following observations made: 

TEST NO. 1 : Model D e p t h  : dm = 0.49 rn 

Prototype D e p t h  : d 1 . 3 7 r n  
P 

Roughness ( a p p a r e n t )  : k = 0.55 rn* 

Model Mean Velocity: 

Prototype Mean V e l o c i t y  : v = 0.07 ms-I 
m-? 

O b ~ e ~ v a t i o n s :  No changes t o  p l a n t s  o r  sand. 

* Roughnesses i n  excess o f  t h e  dep th  have Seen observed by t h e  a u t h o r s  
on many occas ions i n  F l o r i d a .  These values are roughnesses 
caused by the  flexibility of  t h e  bed v e g e t a t i o n .  



TEST ?40. 2: Rodel Depth: d = 0.48 rn rn 
?rototype Depth:  d 2 1 . 3 7 m  

P 
Roughness (apparent )  : k = 0.55 m 

Model Mean Velocity: v 
m. m = 0.10 n s - '  

Prototype Mean Veloci t y :  v = 0 . 7 5  m s - I  
m. P 

Observations: No changes t o  p l a n t s  o r  sand, 

TEST NO. 3 :  Model D e p t h :  d m  = 0.45 m 

P r o t o t y p e  D e p t h  : d " 1 . 3 7 ~ 1  
P 

Roughness (apparent)  : k = 0.55 m 

Mode7 Mean V e l o c i  t y :  

Pro to type  Mean Velocity: 

Obselh~ations: No a p p a r e n t  change t o  sand b u t  two p l a n t s  have h a d  one o f  
t h e i r  ends p u l l e d  o u t  o f  t h e  sand. The  o t h e r  end for each o f  these t w o  
p l a n t s  has remained i n  i t s  o r i g i n a l  p o s i t i o n .  

TEST NO. 4: Mode7 D e p t h :  d m  = 0.47 m 

Prototype D e p t h :  d 1 1 . 3 7 r n  
P 

Roughness ( a p p a r e n t )  : k = 0.55 m 

- 1 Model Nean Velocity : v = 0.26 ms 
rn. m 

Prototype Mean V e l o c i t y :  v m. p = 0.37 ms-I 

Observations: Some t ranspor t  o f  t h e  sand  i s  a p p a r e n t ;  however, the 
r i  p p l  es a r e  very small  . 

Three p l a n t s  have had one o f  t h e i r  ends p u l l e d  free o f  t h e  s a n d .  

Some of  the s tem p o r t i o n s  of  the grass which were i n i t i a l  7y covered w i t h  
sand have been uncovered. 

Two s t a p l e s  are now v i s i b l e  ( t h e  t o p ) .  

Most o f  t h e  p lan t s  a r e  surrounded by very small  r ipples .  



TEST NO. 5:  Mode? Depth: dm = 0.46 m 

P r o t o t y p e  D e p t h :  

Roughness (apparent )  : 

Mean Model Veloci ty : v n. m = 0 .32  m s - '  

Mean P ro to t ype  Vel o c i  t y  v = 0.46 rns-' 
m *  P 

Obse,wat<ons: There was a tendency f o r  t h e  p l a n t s  t o  become uncovered 
i n i t i a l  l y ;  however ,  r ipp les  t h e n  formed a round  each p l a n t  and tended t o  
b u i l d  up sand  a round  t h e  p l a n t .  Two o f  t h e  p l a n t s  were a l m o s t  t o t a l l y  
cove red  a t  the end o f  the t e s t  a n d  each o f  t h e  o t h e r s  had a d u n e  b u i l t  up 
a round  i t. 

These t e s t s  seem t o  i n d i c a t e  t h a t  t h e  newly t r a n s p l  a n t e d  runners 

w i l l  be a f f e c t e d  by t h e  flow a t  lower mean v e l o c i t i e s  t h a n  the sand  bed.  

Damage t o  t h e  runners may be expected a l r e a d y  a t  a mean velocity o f  

v = 0 .27  m5-l i n  t h e  ver t i ca l  bed. 
m -  P 

PROTECTION OF NEWLY R E S T O R E D  AREAS 

- 1  - 
I f  p r o t o t y p e m e a n  ve loc i t i es  exceed ? b o u t  0.25 rns I n  water w i t h  a 

dep th  of  a round  1.35 m p r o t e c t i o n  a g a i n s t  e r o s i o n  o f  a newly transplanted 

s e a g r a s s  bed may be necessary. T h i s  nay be accomplished by i n s t a l l i n g  

a smal l d i k e  upstream o f  t h e  restored bed a n d  a n o t h e r  downstream o f  the 

-bed. These d i k e s  s h o u l i  be $1 i g h t l y  h i g h e r  t h a n  t h e  d e p t h  c o r r e s p o n d i n g  

t o  h i g h  t i d e .  

Us ing  t h e  exper i rnec ta?  results of  Jensen's ( 7 9 5 4 )  research o n  

shel ter  e f f e c t  t h e  l e n g t h  L of a d i k e  needed t o  protec t  a bed area o f  

l e n g t h  R and w i d t h  5 may be found from t h e  formula 

Equat ion ( 9 )  t a k e s  i n t o  consideration t h e  ex tend  o f  t h e  she l te r  

zones in the main direction o f  f l o w .  



CONCLUSIONS 

Methods for  q u a n t i f i c a t i o n  o f  t h e  erosion risk o f  newly r e s to red  

grassbeds are  presented cons ide r i ng  e ros ion  of  t h e  sandy bed i t s e l f  a s  

we17 as f l o w  induced  damage t o  t h e  bond between r o o t s  and  bed.  

A s t o c h a s t i c  diagram for  the bed  s h e a r  stress a t  w h i c h  erosion of 

the bed S e g i  n s  i s  g i v e n  t o g e t h e r  w i t h  a co r rec t ion  f a c t o r  t o  be app7 i ed 

i n  t h e  case of  transverse bed slope. 

A special model t o  p r o t o t y p e  t ransfer  7 aw i s  deve loped  f o r  transfer 

o f  o b s e r v a t i o n s  made o f  the res is tance o f  newly t r ansp l an t ed  runners i n  

the l abo ra to ry .  A p p l i c a t i o n  o f  t h i s  law t o  observa t ions  made i n  the 

U n i v e r s i t y  of  F l o r i d a ' s  hydraul  i c  research  flume shows t h a t  t h e  g r o w t h  

of H a l o d u l e  runners may be d i s r u p t e d  when t h e  mean velocity exceeds 

a b o u t  0.25 ms-I corresponding t o  a d e p t h  o f  a r o u n d  1 - 4 0  rn. Damage to 

t h e  bond  between r o o t  a n d  s a n d  occurs before the sand bed i t s e l f  is 

b e g i n n i n g  t o  erode.  

Based on e a r l  i e r  experiments w i t h  she7 t e r  e f f e c t  a simple formula 

for t h e  l e n g t h  o f  d ike s  used t o  protect newly restored a reas  has been 

devel o p e d  . 
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