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ABSTRACT 

During the past few decades, industrial demands for buried 
shell have been rapidly increasing. Highway construction, the petro­
chemical industries, and cement manufacturers are among the major 
users of shell. Semi-fossil oyster shell is found in tidal embayments 
in deposits of varying thickness and is dredged from depths varying 
from two or three feet up to forty feet by suction type hydraulic dredges 
which often discharge wash waters immediately into the surrounding 
embayment. 

Because shell deposits are often covered with several feet of 
overburden, large quantities of silt and clay are pumped on board the 
dredge with the shell. On the dredge the shell is washed, screened, 
and loaded onto barges . Unwanted shell fragments and sediments are 
then pumped overboard with the wash water. 

Considerable quantities of estuarine sediments are placed into 
motion by continuous dredging operations and uncontrolled dredging 
can lead to serious depositional problems. Expos ed shellfish produc­
ing reefs can be damaged, small craft channels can be filled, and 
vital shore protection can be removed in instances where shell dredg­
ing is uncontrolled. 

INTRODUCTION 

During the past several decades industrial demands for buried 
oyster shell have been increasing at a very rapid rate. Commercially 
shell has a multitude of uses with perhaps one of the most important 
being its use in the construction of road bases in coastal areas. Shell 
is also used as a surfacing material, as an aggregate in concrete, as a 
pad for drilling operations, and it is used in the manufacture of chemi­
cals, lime, cement, glass, plastics, and even in poultry feeds. Along 
with oil, natural gas, and commercial fisheries, semi-fossil oyster 
shell necessarily must be considered as one of the important and vi tal 
natural resources found in tidal embayments. Unlike commercial fish­
eries, buried shell is a non-replenishable resource. Shell deposits have 

semi-fossil characteristics and several hundred years are require d to 
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b u i l d deposits of s u f f i c i e n t th ickness to be e c on o mica l l y dredged. 

L I T E R A T U R E R E V I E W 

Dredging f o r b u r i e d she l l has been c a r r i e d on f o r m o r e than 
f i f t y years i n many of the t i d a l wa te r s of the Gul f Coast states. M o s t 
m a j o r she l l dredging operat ions invo lve m o r e than one dredge and a re 
capable of p roduc ing m i l l i o n s of cubic yards of she l l annual ly . P e r ­
m i t s g ran ted to she l l dredgers g e n e r a l l y conta in clauses au tho r i z ing 
state conse rva t ion agencies to c o n t r o l dredging operat ions and to i n ­
sure that no damage is done to other n a t u r a l r e sources . Whi le s h e l l 
d redg ing has had a long and succes s fu l h i s t o r y , r e l a t i v e l y f ew sys ­
t ema t i c inves t iga t ions have been c a r r i e d out to de te rmine the e f fec t s 
of s h e l l d redging on other n a t u r a l r e sources . 

M a c k i n (1961) has t r a c e d the h i s t o r y of dredging and i t s r e l a t i o n 
to oys te r reefs back to the w o r k of G a r y i n L o u i s i a n a i n 1906. F o r the 
r e s u l t s and conclusions of these e a r l y studies the reader is r e f e r r e d to 
the w o r k of M a c k i n and the extensive b i b l i o g r a p h y inc luded w i t h his 
paper . 

M o r e r ecen t ly , i n a M a s t e r ' s thes is , W i l s o n (1950) r e p o r t e d on 
a s tudy of the effects of she l l d redging on oysters i n Copano Bay, Texas . 
Based on h is data, W i l s o n r e p o r t e d that t u r b i d i t i e s of 4,000 pa r t s per 
m i l l i o n cou ld be f o i m d close to the ou t le t of a dredge, and that these 
t u r b i d i t i e s w e r e h a r m f u l to oys te r s . W i l s o n f u r t h e r s u m m a r i z e d f o u r 
f a c t o r s w h i c h de t e rmined the movemen t and depos i t ion of suspended 
m a t e r i a l i n Copano Bay to be: (1) The c o m p o s i t i o n of the m a t e r i a l ; 
(2) The f l o c c u l a t i o n of s i l t and c lay i n sea wa te r ; (3) Wind ac t ion ; and, 
(4) B o t t o m topography. W i l s o n f u r t h e r s u m m a r i z e d that the m o v e m e n t 
of suspended m a t e r i a l and r e s u l t i n g sed imenta t ion was s i g n i f i c a n t up 
to dis tances a p p r o x i m a t e l y 300 ya rds f r o m the dredge and that b o t t o m 
basket t raps w i t h i n 300 ya rds of the dredge w e r e always cove red w i t h 
sed iment i f they were set at a l o c a t i o n that was at the same depth as the 
s u r r o u n d i n g bo t tom. When the t raps were set above the b o t t o m they 
w e r e not s i l t e d unless s p o i l was deposi ted d i r e c t l y on them. W i l s o n 
f u r t h e r s u m m a r i z e d that c o n t r o l l e d dredging m a y be b e n e f i c i a l to oys ­
ter p r o d u c t i o n and that the excavations made by the dredge f u r n i s h e d a 
be t te r supply of water f o r the oys te r s . 

R. Ingle (1952) s tudied dredging i n some F l o r i d a bays. A m o n g 
the p r i n c i p a l conclusions of R. Ing le ' s study were that the f l o w of w a t e r 
de te rmines the d i r e c t i o n of t r a n s p o r t of suspended m a t e r i a l and, i n 
genera l , the distance suspended m a t e r i a l is c a r r i e d depends on the size 
of the p a r t i c l e s w i t h i n the suspens o ld and the speed of the c u r r e n t w i t h 
w h i c h the pa r t i c l e s are t r anspo r t ed . Ingle also r e p o r t e d that w a t e r 
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m o v i n g at a g iven l e v e l m a y be def lec ted u p w a r d as i t passes over a 
r i dge causing the suspension of f i n e r pa r t i c l e s and enhancing t r a n s ­
p o r t a b i l i t y . Ingle r e p o r t e d i t was l o g i c a l to assume that f o r any 
dredging s i t ua t i on there exis ts a poin t beyond w h i c h heav ie r p a r t i c l e s 
w i l l not be deposi ted i n any apprec iable amount. Beyond this po in t 
Ingle r epo r t s tha t only f i n e m a t e r i a l s w o u l d be i n suspension and could 
be expected to continue to be t r a n s p o r t e d i n d e f i n i t e l y . F u r t h e r m o r e , 
s ince these f i n e sediments w o u l d p robab ly not r e m a i n on oys te r reefs 
f o r any l eng th of t i m e they w o u l d not have any e f f e c t on oyster m o r ­
t a l i t y . Ingle f u r t h e r r ecommends that " c o n t r o l l e d " dredging be used 
based on l o c a l v a r i a t i o n s i n sediment , t ides , depths, etc, 

M a c k i n ' s study ( I 9 6 I ) was of channel dredging and s i l t i n g i n 
L o u i s i a n a and of the e f fec t s of dredging on oysters i n some sha l low 
bays of L o u i s i a n a . The study cons is ted of three case h i s t o r i e s of 
d redg ing ; f i r s t , that of a h y d r a u l i c dredge, secondly, that of a c l a m 
dredge opera t ing i n a channel, and t h i r d l y , that of a h y d r a u l i c dredge 
r e l eas ing sed iment i n a ha l f c i r c l e . M a c k i n concluded that s i l t was 
c a r r i e d a m a x i m u m distance of 1,300 fee t f r o m a w o r k i n g dredge w i t h 
r a p i d d i s p e r s a l by d i l u t i o n and sedimenta t ion . A m a x i m u m of one p e r ­
cent of the sed imen t d r i f t e d away f r o m the s i te of dredging ope ra t ion , 
and t u r b i d i t i e s beyond a f ew hundred f ee t d id not exceed the n a t u r a l 
l e v e l of 20 to 200 par ts per m i l l i o n . Expe r imen t s showed no h a r m f u l 
e f fec t s on oys ters f o r t u r b i d i t i e s up to 700 par ts per m i l l i o n . 

A l t h o u g h some r a t h e r de ta i led studies have been c a r r i e d out on 
the e f fec t s of s h e l l d redg ing , there is l i t t l e u n a n i m i t y i n the conc lus ions 
that have been reached. I t i s i n t e r e s t i n g to note i n the l i t e r a t u r e that 
m a n y of the studies have been c a r r i e d on w i t h l i t t l e conce rn f o r the 
bas ic concepts of es tuar ine sed imenta t ion . Many authors have used some 
measure of t u r b i d i t y as an i n d i c a t i o n of sed iment movemen t and depos i ­
t ion . T u r b i d i t y , however , is not always dependable because suspensions 
hav ing the same concent ra t ions of sediment m a y give e n t i r e l y d i f f e r e n t 
readings of t u r b i d i t y , as de t e rmined f o r example by the Jackson Candle, 
s i m p l y because of co lo r , m i n e r a l compos i t i on , or the presence of sus­
pended organic m a t e r i a l . 

Only l i t t l e m e n t i o n has been made of the p o s s i b i l i t i e s of m u d f l o w s 
or dens i ty c u r r e n t s of v e r y h igh concentrat ions of sediment . M a n y of 
the studies on s h e l l d redging have used sur face wa te r samples as an i n ­
d i ca to r of sed imen t deposi t ion , and l i t t l e has been sa id of the f l o c c u l a t i o n 
process so i m p o r t a n t to a l l es tuar ine sed imenta t ion p rocesses . F o r 
example , R. Ing le ' s conc lus ion that the d i r e c t i o n of f l o w of w a t e r c u r ­
r e n t de te rmines the d i r e c t i o n of t r a n s p o r t of suspended m a t e r i a l can be 
quite m i s l e a d i n g . This au thor ' s exper ience has been that m a n y t i m e s 
w a t e r cu r r en t s near the b o t t o m of the bay do not f o l l o w the same d i r e c ­
t i o n as su r face c u r r e n t s , and only r a r e l y do ebb cu r r en t s f o l l o w the same 
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paths as f l o o d cu r r en t s i n wide sha l low embayments . I n the event that 
sediments d i scharged by dredges f l o c c u l a t e in to a densi ty c u r r e n t , g r a v ­
i t y can become equal ly i m p o r t a n t or perhaps m o r e i m p o r t a n t than c u r ­
r e n t s , and the d i r e c t i o n that the sediments move m a y be t o t a l l y d i f f e r e n t 
than i nd i ca t ed by the su r face c u r r e n t s . 

The re has been a g rea t deal w r i t t e n and sa id about the e f f ec t s of 
s h e l l d redging on she l l and f i n f i s h r e sources and there are n u m e r o u s 
unpubl i shed r e p o r t s , papers , and newspaper a r t i c l e s ava i lab le to the 
i n t e r e s t e d reader . However , many of the conclusions set f o r t h a r e i n ­
cons is ten t w i t h one another and are based only on v e r y meager f i e l d 
data. 

S H E L L DEPOSITS 

Shell deposits v a r y both i n s ize and i n depth. Surface a reas 
range f r o m a f ew acres up to s e v e r a l square m i l e s and depths v a r y 
f r o m a f ew f ee t up to at l eas t f o r t y fee t . The depths to w h i c h s o m e de­
pos i t s extend i s not accu ra t e ly known, however , f o r t y f ee t is abou t the 
m a x i m u m depth f r o m w h i c h dredges can e f f e c t i v e l y take she l l . S h e l l 
deposi ts m a y be comple t e ly b u r i e d beneath the f l o o r of an embayno-ent or 
they m a y be exposed and i n some cases ac tua l ly r i s e above the b o t t o m . 
When the deposits are exposed they p rov ide po ten t i a l oyster g r o w i n g 
areas and i n numerous instances may be covered by l i v e o y s t e r s . S h e l l 
deposi ts also occur i n l aye r s separa ted by a f ew f ee t of f i n e s a n d s , s i l t s , 
and c lays . I t i s not u n c o m m o n to f i n d l a y e r e d deposits i n w h i c h t h e r e 
m a y be a t h i n l aye r of exposed she l l f o l l o w e d by two or three f e e t o f 
sediments and then twenty to t h i r t y f e e t of b u r i e d she l l deposit . B e c a u s e 
of the oys te r g r o w t h on these t h i n l a y e r s of she l l , va luable d e p o s i t s a r e 
o f t e n l ocked up and not ava i lab le f o r c o m m e r c i a l use. 

The gene ra l pa t t e rn of s t r a t i g r a p h y i n the area of exposed r e e f s 
is o f t e n that of a f a i r l y homogeneous sequence of f i n e - g r a i n e d d e t r i t a l 
m a t e r i a l s i nc lud ing sands, s i l t s , and c lays . This sequence, e s p e c i a l l y 
a long the f l anks of oyster r e e f s , is occas iona l ly i n t e r - m i x e d w i t h f i n e to 
coa rse she l l f r a g m e n t s . L a c k of d i s t i n c t bedding can be a t t r i b u t e d to the 
a c t i v i t i e s of numerous m a r i n e b u r r o w i n g o rgan i sms . W i t h c o n s t a n t b u r ­
r o w i n g , tunne l ing , and m i x i n g of the sediments by these o r g a n i s m s , l i t t l e 
of any o r i g i n a l s t r a t i f i c a t i o n of the sediments is p r e se rved . 

I n add i t ion to the homogeneous sequence of m a t e r i a l s n o r m a l l y 
found , there are g e n e r a l l y numerous occur rences of f i n e to c o a r s e s h e l l 
f r a g m e n t s found w i t h i n cores taken near or on the f l anks of p r e s e i ^ t day 
r e e f s . These f r a g m e n t s a re she l l debr i s f r o m the reefs and a r e d e r i v e d 
f r o m the r ee f by wave ac t ion or by oys te r ha rves t ing b reak ing u p s h e l l 
and s ca t t e r i ng the debr is along the f l a n k s of the r ee f s . 
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F i g u r e 1 is a t r i a n g l e d i a g r a m showing sand, s i l t , and c l ay content 
of the ac t ive sediments i n core samples taken f r o m the v i c i n i t y of reefs 
i n C e n t r a l and Eas t C e n t r a l Texas Gulf Coast bays. T y p i c a l l y these se ^ 
ments are found i n the s i l t y - c l a y class w i t h l e s se r amounts i n the s and ' ^ 
s i l t - c l a y , the c l ay - sand , and sand classes . A close r e l a t i o n s h i p is note 
between the resu l t s i n F i g u r e 1 and those r e p o r t e d by Shepard and M o d ' 
( I 9 6 0 ) . 

The sediments found i n ove rburden v a r y f r o m sands and f i n e san'^® 
down to c lays . The change i n sediment c o m p o s i t i o n can g e n e r a l l y be e5i 
p l a ined by the energy e n v i r o n m e n t of the sample and the p a r t i a l s o u r c e 
of the sediments . T y p i c a l l y , i n shal low wa te r near bay shores , wave 
ac t i on e f f e c t i v e l y sor t s out the f i n e r clays and s i l t s ize f r a c t i o n leaving 
behind sand p a r t i c l e s . As w a t e r depths inc rease away f r o m the shore> ^ 
the waves become less e f f e c t i v e i n s o r t i n g out the f i n e r p a r t i c l e s and t 
qu ie te r deep wa te r is conducive to the accumula t ion of s i l t and c lay p a r 
t i d e s . 

The size d i s t r i b u t i o n of the p a r t i c l e s i n the o v e r b u r d e n s e d i m e n t s 
is i m p o r t a n t i n evaluat ing the po ten t i a l depos i t ion f r o m dredging a c t i - v ^ " 
t i e s . I n tak ing she l l , dredges r e t u r n a l l sediments to the e m b a y m e n t 
w a t e r s . I f the ove rbu rden m a t e r i a l is composed p r i m a r i l y of sands, 
r a p i d depos i t ion w i l l take place and the sediments w i l l not m o v e a p p r ® ' 
c iab le distances away f r o m the dredges. On the other hand when s e d - i " 
ments are composed m o s t l y of clays and s i l t s , f l o c c u l a t i o n of the s e d ^ " 
ments occurs i n sa l t wa t e r . Dens i ty cu r r en t s of " f l u i d m u d " m a y f o r ^ ^ 
and m o v e m e n t f o r apprec iab le distances may occur . 

S H E L L DREDGES 

Shel l dredges a l l operate i n e s sen t i a l ly the same manner . B a S 
a l -

J IS c* 

l y the she l l is dredged f r o m b u r i e d deposits by a cu t te r head a t t a c h e d 
a l adder at the bow of the dredge. The b u r i e d she l l , along w i t h w a t e * " ^ 
sed iments , is taken up by a suc t ion pipe loca t ed i m m e d i a t e l y b e h i n d t-T^^ 
cu t te r blade. Shel l and sediments are then pumped on b o a r d the d r e d ^ 
w h e r e they are washed and passed th rough a ser ies of sc reens . I n s 
instances the s ize of the s m a l l e s t sc reen is p r e s c r i b e d by the state c ^ 
s e r v a t i o n agency charged w i t h managing she l l d redging opera t ions . 
c o n t r o l l i n g the s ize of the screens , she l l of va r ious sizes is s e p a r a t e : ^-^-ly 
and then e i ther t e m p o r a r i l y s t o r e d on b o a r d the dredge or loaded d i r " 
onto barges by conveyers loca ted on e i ther side of the dredge. 

Whi le i n the process of digging f o r s h e l l , a dredge moves ahea < ^ 
swinging about one of two spuds loca ted at the s t e r n of the dredge a n 
p u l l i n g i t s e l f w i t h anchors moved and set w i t h booms loca ted on e i t h . ^ ^ 
side of the bow of the dredge. 

-by 

_ i^y 



632 COASTAL ENGINEERING 

1 0 0 % C L A Y 

C L A Y 

75/ 

75/ 

.11 

S A N D 

5 ^ 

C L A Y E Y 

SAND 

SANDY 

C L A Y 

S A N D -

\75 

S I L T Y " ^ 
9* 

C L A Y 5' 
fl4 

K50 

S I L T - C L A Y 

•8 

•7 

20 

C L A Y E Y 

S I L T 

S I L T Y 

SAND 

100 % SAND 

S A N D Y 

S I L T 

^75 

S I L T 

75 50 75 1 0 0 % S I L T 

Score's J iT^ '" "̂ "̂ ""̂  Sand-Silt-Clay Content of Active Sediment 



S H E L L DREDGING 633 

The m a i n d i f f e r ences i n she l l dredges l i e i n t h e i r s ize and i n the 
manner i n w h i c h they re lease wash w a t e r s . Some of the l a r g e s t she l l 
dredges are over 300 fee t long and displace over 3,000 tons. These 
l a r g e dredges a re capable of digging f r o m depths up to 45 fee t w i t h a 
l eng th of cut over 300 feet . Depending on the capac i ty and number of 
pumps, l a r g e s h e l l dredges d ischarge wash wa te r at the r a t e of over 
40,000 gal lons per minu te , and under continuous ope ra t ion produce up­
wards of 300,000 cubic ya rds of she l l per month . 

As a gene ra l r u l e , she l l dredges d ischarge along w i t h the wash 
wa te r s a l l sediments and she l l pa r t i c l e s f i n e r than the s m a l l e s t sc reen 
i m m e d i a t e l y back to the wa te r s of the embayment . Some dredges r e ­
lease a l l or a p o r t i o n of the wash wate r d i r e c t l y t h rough an open d i s ­
charge pipe. Other dredges r e t u r n wash wa te r s to the embayment 
th rough v e l o c i t y r e d u c t i o n boxes. V e l o c i t y r e d u c t i o n boxes a re p robab ly 
quite e f f ec t ive i n p r o m o t i n g the r a p i d depos i t ion of sands and she l l p a r ­
t i c l e s . However , the r educ t ion i n v e l o c i t y p robab ly has l i t t l e e f f e c t on 
the sed imen t p a r t i c l e s i n the s i l t and c lay range. Regard less of the type 
of d i scharge used, there is gene ra l l y a g rea t deal of t u rbu lence i n the 
wa t e r s i m m e d i a t e l y su r round ing the dredge, so that the f i n e r sediments 
are kep t suspended w h e r e they are f r e e to be moved away f r o m the dredge 
by ex i s t i ng c u r r e n t s . 

The amount of sed iment any g iven dredge discharges w h i l e digging 
she l l depends p r i m a r i l y on the ove rburden and the amount of sed imen t 
m i x e d i n w i t h the she l l deposit . Table 1 shows the range of suspended 
f i x e d sediment concen t ra t ion that could be expected f r o m two d i f f e r e n t 
dredges w o r k i n g under d i f f e r e n t condi t ions . 

Table 1. Suspended Sediment Concen t ra t ion i n 
Dredge Wash Water . 

Suspended 
Dredge Date F i x e d Solids R e m a r k s 

m g / 1 

A 12-23-64 7,000 Deep c lean s h e l l 

A 12-29-64 29,000 Heavy o v e r b u r d e n 

B 12-23-64 14,000 L a y e r e d s h e l l 

B 6-25-65 3,000 Deep c lean s h e l l 

The r e p o r t e d sed iment concent ra t ions i n Table 1 are f o r f i x e d sediments 
and do not inc lude the v o l a t i l e sol ids w h i c h m a y add another t h r e e to s i x 
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pe rcen t to the to ta l suspended sol ids since the sediments are taken 
f r o m the b o t t o m . 

Dredge size has l i t t l e to do w i t h the concen t ra t ion of the suspe^*^^ 
sol ids d ischarge . The m a i n d i f f e r e n c e i n dredge s ize r e su l t s f r o m ^^'^ 
t i m e of ope ra t ion and ra te of wash w a t e r d i scharge . G e n e r a l l y the ^ ^ ^ ^ 
dredges operate w i t h f e w e r i n t e r r u p t i o n s and d ischarge wash w a t e r s ^ 
h ighe r ra tes . Hence, the dredge w h i c h operates the m a x i m u m annoU^ '̂'*' 
t i m e w i t h the highest d ischarge w i l l i n t roduce or r e - suspend i n the ^ 
baymen t wa t e r s the g rea te s t amount of sediments w h i c h e v e n t u a l l y l ^ ^ ^ 
be deposi ted. 

I N S T R U M E N T A T I O N A N D OBSERVATIONS ON S E D I M E N T 

M O V E M E N T F R O M S H E L L DREDGES 

A number of d i f f e r e n t types of devices have been used to ohs^^^'^ 
sed iment movemen t and depos i t ion i n the area of she l l d redg ing a c t i " 
v i t i e s . A m o n g the m o s t c o m m o n samp l ing devices are f u n n e l t r a p s ' 
m u d boards , co re tubes, s i l t baskets , and wa te r s a m p l e r s . F u n n e l '^^ 
have been desc r ibed by W i l s o n (1950) and Ga l t so f f (1964). A n e f f e c ^ ^ ^ ^ ^ 
f i m n e l t r a p used by this author cons is ted of a 225 m l po lye thy lene ^ 
f i t t e d w i t h a c o r k and a 2 - 1 / 4 i n c h p las t i c f unne l as shown i n F i g u r 
The f u n n e l t r a p was at tached to a heavy m e t a l s c r een suspended f r ' ^ - ' ^ ^ 

•jn-ers . 

a 2 i n c h x 2 i n c h stake d r i v e n in to the sha l low bay bo t tom. Othe r t ^ ' 
cou ld also be loca ted at v a r i o u s depths by s i m p l y a t taching other C^' 
t a ine r s to the suppor t ing rope and i n s e r t i n g the t raps in to the c o n t ^ ' ' ^ 
I n gene ra l the p rocedure f o r l oca t ing f u n n e l t r a p stat ions i n v o l v e s ^ ^ 
a v i s u a l obse rva t ion of the movemen t of sed iment f r o m the d r e d g e - o v e -
A f t e r some data is co l l ec t ed and analyzed, the p a t t e r n of s ed imen t ; 
m e n t can be d e t e r m i n e d and add i t iona l s tat ions can be e s t a b l i s h e d 
be t t e r define the sed iment movement . I t should be emphas ized t h ^ * 
readings f r o m funne l t raps are not measures of the amount of s e d i ^ " ^ * ^ ^ 
that w o u l d deposi t i n a g iven area. A c t u a l l y , the t raps catch and J n " ^ 
sed imen t w h i c h w o u l d n o r m a l l y pass th rough the area and p e r h a p s ^ 
washed away by t i d a l c u r r e n t s . The t raps are u s e f u l m a i n l y to d e : f 
the extent of sediment movemen t and to get an i n d i c a t i o n of the r e l ^ edge 
i n t e n s i t y of the movement throughout the a rea a f f ec t ed by a g i v e n * " ;i^ours 
F o r this reason , i t is des i rab le to leave t raps out a p p r o x i m a t e l y 3 ^ minec 
so tha t the sed iment movemen t throughout a t i d a l cyc le can be d e t ^ 

A t y p i c a l m u d b o a r d f o r m e a s u r i n g the accumula t ion of s e d i 
is shown i n F i g u r e 3. Such a b o a r d is u s e f u l f o r m e a s u r i n g the a 
a ccumula t i on of sed iment i n a g iven area. However , the b o a r d d o 
to be set n e a r l y f l u s h w i t h the b o t t o m of the embayment ; and s i n c e 
cannot be l i f t e d w i thou t d i s t u r b i n g the accumula ted sediments , o b s 
t ions can be obtained only by a d ive r . 



Figure 3, Mud Board (after Galtsoff, 1964) 
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M Q A . ^ ""T^ """"^ e f f ec t ive c o r i n g tube has been developed by M a c k i n 
(1961) to de t e rmine recen t deposi t ion i n sha l low embayments w i t h s o f t 
bo t toms . This c o r i n g tube shown i n F i g u r e 4 consis ts of a p l a s t i c tube 
about I inches m d iame te r and a p p r o x i m a t e l y 4 f ee t i n l eng th . The tube 
I S a t tached to a handle w h i c h can be made e i ther of wood or 1/2 i nch 
ga lvan ized pipe. A l s o mounted on the handle is a guide f o r d i r e c t i n g a 
s topper in to the upper end of the tube. The b o t t o m end of the tube m a y 
be f i t t e d w i t h a sharpened s teel edge to f a c i l i t a t e f o r c i n g the tube into 
the bottona muds . As the tube is i n se r t ed in to the bo t tom, wa te r passes 
up t h r o u g h the va lve at the top of the tube. When the core tube is w i t h ­
d r a w n f r o m the b o t t o m the stopper seats i n the top of the tube a l l owing 
some of the bo t t om muds and the co lumn of w a t e r above these muds to 
be w i t h d r a w n . The p r i n c i p a l disadvantage i n the use of this c o r i n g tube 
s tha some of the b o t t o m sediments o f t en f a l l out f r o m the b o t t o m of 

the tube, and d i s t u r b the water c o l u m n co l l ec t ed above the sed imen t s a m -

A f o u r t h v e r y s imp le method that can be used to de t e rmine the 
r e l a t i v e i n t e n s i t y of deposi t ion a re s i l t baskets. The baskets are made 
up o± a 1 i nch mesh ch icken w i r e fo lded to f o r m a basket about 2 fee t 
square . The basket is f i l l e d w i t h clean oys ter she l l and is a t tached by 
a n y l o n rope to a 2 i n c h x 2 inch stake d r i v e n i n the bay b o t t o m . I n o r d e r 
to ob ta in an i n d i c a t i o n of the r e l a t i v e i n t ens i t y of sed iment a c t i v i t y ob­
s e r v e d on the baskets , i t is r ecommended that numbers be ass igned f o r 
d i f f e r e n t s i l t basket readings , such as def ined by M u r r a y (1965), Table 2 

Table 2. Scale f o r Sediment Basket Readings 

Scale D e s c r i p t i o n 

0 Clean 

1 Trace 

Z Coating 

3 L a y e r 

4 Heavy L a y e r 

5 ' B u r i e d 

F i g u r e 5 is a photograph of a s i l t basket w i t h a scale r ead ing of 2 The 
scale I S obv ious ly sub jec t to persona l i n t e r p r e t a t i o n . H o w e v e r , i t does 
p r o v i d e some s t anda rd iza t ion and gives a 
s ed imen t a c t i v i t y . 

v e r y qu ick i n d i c a t i o n of r e l a t i v e 

One of the m o s t eff ective methods f o r c o l l e c t i n g wa te r samples was 
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•cutting edge 

Figure 4. Coring Tube (after Macldn, 1961) 
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Figure 5. Silt Basket - Scale 2. (photograph) 
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w i t h the s a m p l e r shown i n F i g u r e 6. This s ample r cons is ted of an 8 
i nch long x 2 i n c h d iamete r L u c i t e tube w i t h a s m a l l rubber va lve at­
tached to the b o t t o m of the tube. The upper end of the cy l i nde r was 
c losed w i t h a r ubbe r stopper w h i c h was f i t t e d w i t h Saran tubing and an 
a q u a r i u m va lve . Water samples w e r e co l l ec t ed by f i r s t c los ing the 
empty p las t i c tube w i t h the stopper, the reby b u i l d i n g up p r e s su re w i t h ­
i n the tube. The c losed tube was ad jus ted on a m e t a l pipe so that the 
b o t t o m of the s ample r was at the depth f r o m w h i c h a w a t e r sample was 
des i r ed . The a q u a r i u m valve was then opened, the ins ide p r e s su re was 
r e l i e v e d , and w a t e r f l o w e d in to the tube th rough the b a l l va lve . These 
s a m p l e r s w e r e tes ted i n aquar iums conta in ing s o f t c l ay bot toms to 
de t e rmine whether sediments w e r e sucked f r o m the bo t tom. These 
tests showed that i n genera l no sediments w e r e sucked f r o m the b o t t o m 
by the s ample r even though the sample r was w i t h i n less than an i nch f r o m 
the b o t t o m . These sample r s had the added advantage that s e v e r a l of t hem 
cou ld be a t tached to a s ingle 1/2 i n c h pipe so that i t was poss ib le to take 
po in t wa te r samples over the en t i r e depth s imul t aneous ly . 

DISCUSSION A N D CONCLUSIONS 

Two f a c t o r s s eem to be p a r t i c u l a r l y p e r t i n e n t to the movemen t of 
sediments f r o m she l l dredging opera t ions . F i r s t , f o r apprec iab le s e d i ­
m e n t a t i o n to occur on exposed r ee f areas , the r ee f m u s t be cove red by 
a l a y e r of sed iment s eve ra l inches i n th ickness . This l a y e r m u s t be 
composed of f i n e sediment concent ra t ions g r ea t e r than about 10 g r a m s 
per l i t e r so that the se t t l i ng w i t h i n the l a y e r is h indered . F i g u r e 7 
shows a suspended sed iment concen t ra t ion p r o f i l e f o r a dredge w o r k i n g 
i n Galves ton Bay, Texas. This p r o f i l e was taken i n 10 fee t of w a t e r and 
at a distance of 600 fee t f r o m the dredge. The p r o f i l e was obtained us ing 
the w a t e r s ample r of F i g u r e 6. The thickness of the m u d l a y e r was 
about 10 inches and concentra t ions w i t h i n the l a y e r w e r e i n excess of 
100,000 m g / 1 at 6 inches above the bo t tom, and m o r e than 160,000 m g / 1 
at 3 inches above the bo t tom. The concent ra t ions of sediment f o u n d w i t h ­
i n the dens i ty c u r r e n t are over the 10 g r a m s per l i t e r r e q u i r e d f o r h i n ­
de red se t t l i ng . I t is p r i m a r i l y due to this h i n d e r e d se t t l i ng and the i n t e r ­
f e r ence of p a r t i c l e s or f loes w i t h one another that prevents the comple te 
s e t t l emen t and a l lows the sediments to f l o w as densi ty c u r r e n t s f o r r e l a ­
t i v e l y long pe r iods of t i m e . 

Such m u d l aye r s gene ra l l y f o r m only when dredges operate i n 
s h e l l cove red b y r e l a t i v e l y l a rge ove rbu rden or i n l a y e r e d s h e l l deposi ts 
separa ted by two or th ree fee t of mud . F u r t h e r m o r e , i t appears tha t f o r 
the l a y e r to f o r m , the overburden , or m u d l a y e r s , m u s t cons i s t of m o r e 
than about 80 pe rcen t by weigh t of p a r t i c l e s s m a l l e r than . 0625 m m , of 
w h i c h about 50 percen t by weigh t or m o r e should be i n the c l ay range or 
less than . 0039 m m . When dredges operate i n areas i n w h i c h sediments 
con ta in l a r g e quant i t ies of sand, depos i t ion of the sands occurs v e r y 
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Figure 6. Point Water Sampler 
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r a p i d l y and set t le out i n the i m m e d i a t e a rea of the dredge unless wa te r 
c u r r e n t s and tu rbulence i n the area are of s u f f i c i e n t magni tude to keep 
the sand p a r t i c l e s suspended where they can be moved by c u r r e n t s . 

A second f a c t o r w h i c h appears to be of s ign i f i cance to r ee f depos i ­
t i on is reef topography. Shel l reefs w h i c h conta in a r i s e of a foo t or m o r e 
above the bay b o t t o m seem to be less suscept ible to depos i t ion than those 
that do not r i s e above the b o t t o m of the embayment . The reason f o r this 
can be r e l a t e d to the f l o w of the sed iment as a dens i ty c u r r e n t . When den­
s i t y c u r r e n t s encounter a b a r r i e r such as w o u l d be p r o v i d e d by the r i s e 
i n a reef , they are de f lec ted i n an u p w a r d d i r e c t i o n , the he ight to w h i c h 
they r i s e being de t e rmined by the d i f f e r e n c e i n dens i ty between the s ed i ­
m e n t l a y e r and the su r round ing wa t e r s . I n the presence of a r i s e i n the 
r e e f e i the r one of two things appears to happen. I f the r i s e of the densi ty 
c u r r e n t is h ighe r than the top e leva t ion of the ree f the sed iment l a y e r is 
swept over the top of the reef by the acce le ra t ed f l o w . U s u a l l y such an 
o c c u r r e n c e is accompanied by separa t ion and tu rbulence so that the f loes 
are b r o k e n up and the sediment is rc - suspended . Th i s c o m b i n a t i o n of 
tu rbu lence and acce le ra t ed f l o w keeps the sed iment f r o m depos i t ing on 
the reef . I f the densi ty c u r r e n t does not r i s e above the ree f i t p i les up 
and then f l o w s by g r a v i t y along the sides of the reef and even back i n the 
d i r e c t i o n f r o m w h i c h i t came. F i g u r e 8 shows the concen t r a t i on d i s t r i ­
bu t ion of sed iment f r o m funne l t raps along the edge of a r ee f conta ining 
a one foo t r i s e . When ree f s have no r i s e above the b o t t o m of the bay, 
they are vu lne rab l e to depos i t ion f r o m sed iment dens i ty c u r r e n t s . Since 
the ree f s p r o v i d e no b a r r i e r the densi ty c u r r e n t can f l o w over the ree f 
c o v e r i n g areas of over 50 acres at a t i m e w i t h a m u d l a y e r 6 to 8 inches 
t h i ck . 

Sediments w h i c h move onto reefs i n this manner can be washed of f 
i n some cases. However , such washing of sediments on and o f f of r ee f s 
i s dangerous, and i f a l lowed to go unchecked w i l l g e n e r a l l y r e s u l t i n ac­
tua l depos i t ion w i t h i n a couple of days. E v e n though s e t t l i n g is h i n d e r e d 
i n the dens i ty c u r r e n t , conso l ida t ion of the f l o c c u l a t e d p a r t i c l e s takes place 
and the l a y e r gains s t r eng th . W i t h i n a couple of days the l a y e r u sua l ly 
has s u f f i c i e n t s t r eng th to r e s i s t the shear p roduced by low magni tude 
t i d a l c u r r e n t s and is no longer capable of being m o v e d a round by c u r r e n t s . 
Cont inued dredging i n an area where such wash ing occurs can only aggra ­
vate the p r o b l e m as m o r e sediments are f e d in to the dens i ty l a y e r . 

Dredg ing on e i ther an i ncoming or outgoing t ide has been p roposed 
as a method to reduce ree f deposi t ion . However , f o r such methods to be 
e f f e c t i v e sediments m u s t be got ten r i d of on the t ide d u r i n g w h i c h the dredg 
i s i n opera t ion . I n the event a dens i ty c u r r e n t f o r m s and is no t c a r r i e d 
away f r o m the a rea to be p ro t ec t ed i t m a y wash back onto f l a t r ee f areas 
d u r i n g the r e v e r s e t ide even though the dredge is not i n ope ra t ion . 

I t has a lso been r e p o r t e d that such f a c t o r s as the d i r e c t i o n of dredge 
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Figure 8. Distribution of Deposition Rate Across a Reef with, a Rise 
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cut, the heading of the dredge, the type of waste d i scharge , among other 
th ings , are i m p o r t a n t to the unders tanding of sed iment m o v e m e n t f r o m 
dredges. I t seems that m o s t a l l examples of ac tual r ee f depos i t ion can 
be expla ined i n t e r m s of the densi ty c u r r e n t and the ree f and su r round ing 
topography. The m a i n e f f ec t of dredge heading and d i r e c t i o n and length 
of cut w o u l d be only i n the l oca t ion of the d i scharge point . Because of 
the s ize of many she l l dredges, the po in t of wash w a t e r d i scharge can 
v a r y up to a couple hundred feet . V e l o c i t y r e d u c t i o n boxes w o u l d be use­
f u l only f o r speeding up the depos i t ion of sand and she l l p a r t i c l e s , and 
unless deposi ted r i g h t on a r ee f so as to b u r y exposed she l l , sand and 
s h e l l p a r t i c l e s a re r e l a t i v e l y u n i m p o r t a n t to the movemen t of dredge s e d i ­
men t s . Ins tead i t is the f i n e s i l t and c lay p a r t i c l e s that are a f f ec t ed m o r e 
by e l e c t r o - c h e m i c a l f o r c e s than by weigh t f o r c e s , that de t e rmine the ex­
tent of the movemen t of dredge sediments . 

F i n a l l y , i t should be noted that the depos i t ion of some loose c lay 
sediments is not n e c e s s a r i l y damaging to an exposed ree f f r o m a p h y s i c a l 
p o i n t of v i ew. However , f r o m a b i o l o g i c a l basis other p rob l ems m a y a r i s e 
d u r i n g the depos i t ion p e r i o d w h i c h a f f e c t the e n t i r e ecology of the f o o d 
cha in and other n a t u r a l b i o l o g i c a l processes and produce damage to l i v e 
oys t e r s . P h y s i c a l l y , however , those sediments w h i c h m a y be s e v e r a l i n ­
ches i n th ickness at the t i m e of depos i t ion consol idate and compac t under 
n a t u r a l h y d r o - s t a t i c p r e s su re to a f r a c t i o n of t he i r o r i g i n a l th ickness . 
Hence, i n a s h o r t t ime even though the sediments do not wash o f f , they m a y 
compac t to neg l ig ib le thickness and produce no p h y s i c a l damage p r o v i d e d 
the dredging opera t ion w h i c h produced the sediment was stopped and no 
m o r e sediment re-suspended i n the i m m e d i a t e area. 
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