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The following monitoring study was conducted to exa~ine the change • 1n 

shear resistance of sand (consistency) due to the disposal of material 

dredged from St. Lucie Inlet, Florida. An increase in shear resistance 

(harder consistency) of beach sand is of concern because it can inhibit 

digging by sea turtles which us~ the beaches for nesting (Ehrhart and 

Raymond, 1983). 
BACKGROUND 

Nesting Loggerhead Sea Turtles 

Loggerhead sea turtles begin nesting in the spring when local water 

temperatures begin to reach 23 to 24 degrees C (Williams-Walls et al., 

1983). Nesting increases with increasing temperatures and photoperi~d to 

peak in June and July, then nesting activity declines until completion of 

the nesting season in late summer (August-September) (Fletemeyer, 1981, 

1982, 1983; Stoneburner, 1981; Richardson and Richardson, 1982). 

Loggerhead females generally nest every other year or every third year, 

although a small percentage nest at intervals less than 2 or more than 3 

years (Richardson and Richardson, 1982; Bjorndal et al., 1983; Ehrhart and 

Raymond, 1983; Fletemeyer, 1983). When a loggerhead nests, it usually will 

~lay two to three clutches (range, one to five) of eggs per season (Ehrhart, 

1979; Talbert et al., 1980; Fletemeyer, 1981; Richardson and Richardson, 

1982). These interseasonal nestings are generally 12 to "14 days apart 

(range, 11 to 20 days) (Fletemeyer, 1983; 
. 

Williams-Walls et al., 1983). 
/ 

Loggerheads are considered to be less site specific when returning to nest 



both between and within seasons, than green sea turtles (Caldwell et al., 

1959; Talbert et al., 1980; Bjorndal et al ., 1983). Distance between nest 

sites of a particular turtle during a season (renesting distance) . 
1S 

generally less than 5 km (Hughes, 1974; LeBuff, 1974; Ehrhart, 1979; 

Williams-Walls et al., 1983; Talbert et al., 1980; Fletemeyer, 1983). 

The selection of a beach for nesting may be based on nest site fixity 

(Carr, 1967; Richardson and Richardson, 1982; Fletemeyer, 1983; Hopkins and 

Richardson, 1984), learned behavior (Hendrickson, 1958), position of beach 

rocks (Hughes, 1974; Mann, 1978), and proximity of offshore reefs 

(Stoneburner, 1982). Loggerheads may return to a beach to nest because of 

imprinting at birth to that particular beach (Carr, 1967), or through social 

facilitation by ~following other nesting females to the nesting beach 

(Hendrickson, 1958). Rock outcrops on the shoreline may serve to guide 

turtles to a certain beach (Hughes, 1974) or when the rocks are narrowly 

spaced may reduce the use of a beach for nesting (Mann, 1978). Beaches . 1n 

close proximity to offshore reefs are utilized more frequently for nesting. 

Offshore reefs are used for resting and feeding areas between egg-laying 

sessions (Stoneburner, 1982; Williams-Walls et al., 1983) . 

Loggerheads emerge form the surf at night and crawl ashore, usually 

during high tide (Frazer, 1983). Approximately 30 to 40 percent of the time 

loggerheads crawl onto the beach, they return to the water without 

depositing eggs (false crawls) ( Stoneburner, 1981; Ehrhart and Raymond, 

1983; Williams-Walls et al., 1983). When a false crawl results in a cavity 

b~ing excavated without eggs being laid, it is referred to as a false dig. 

The reason for these false crawls are not well understood but are influenced 

by a turtles "readiness" to lay, physical properties of the beach, 

temperature of the beach sand, and disturbance of the emerging turtles 
/ 

(Mann, 1978; Fletemeyer, 1981 Stoneburner and Richardson, 1981; Ehrhart and 
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Raymond, 1983). Sand which has too firm a consistency may inhibit or prevent 

turtles from digging nests (Fletemeyer, 1981; Ehrhart and Raymond, 1983; 

Williams-Walls et al., 1983). Emerging turtles that encounter human or 

animal activity or lights shining directly onto the beach may return to the 

water without nesting (Mann, 1978; Fletemeyer, 1979; Ehrhart and Raymond, 

1983). Moving lights such as from automobiles may also deter nesting in some 

locations (Mann, 1978). 

Loggerheads usually locate their nests between mean high tide and the 

top of the primary dune, most often at the seaward base of the dune. Each 

female turtle may dig one to seven cavities (false digs) before~finally 

laying eggs in one cavity (Ehrhart and Raymond, 1983) . The digging of a nest 

~ 

and egg-laying usually take about one hour. Between 35 and 180 eggs (mean, 

120 eggs) are deposited into the nest hole (Fletemeyer, 1983; Hopkins and 

Richardson, 1984). The nest site has a very shallow or non-existent 

depression (body pit). The depth of the flask-shaped nest from the beach 

surface to the bottom of the eggs ranges from 43 to 86 em (mean, 58.7 em + 

7.92 em). The vertical thickness of the egg mass ranges from 10 to 40 em 

(mean , 23 em+ 6.7 em) (Limpus et al., 1979). The nest cavity is 20.3 to 

25.4 em wide (Caldwell, 1959). The depth from the beach surface to the top 

of the eggs ranges from 12.7 to 55.9 em, but most often is 27.9 to 40.6 em. 

Nesting Turtle Response to Change in Sand Consistency 

The response of a turtle to a change in consistency in the sand can be 

measured directly by observation of the digging activity of the turtle or 

indirectly by measuring the consistency of the sand at sites where turtles 

have successfully (nest) and unsuccessfully (false dig) dug nest cavities . 
. 

Because the turtles nest at night, abandon a nest site when disturbed, and 
/' 

nest at varying times and locations along a beach; direct observation of 



digging turtles can be difficult and time consuming. Thus turtle response to 

a change in sand consistency was determined indirectly by measuring shearing 

resistance at a digging site. Shearing resistance, a measure of the ability 

to penetrate the sand, is representative of the resistance a turtle 

encounters when digging a nest cavity. Measurements of shearing resistance 

must be made adjacent to a nest cavity because the turtle digging has 

disturbed the sand within the vicinity of the cavity. 

While shearing resistance (consistency) is a measure of the ability to 

penetrate the sand, compaction is the reduction in volume of the sand to a 

greater density. Shearing resistance is generally higher in more compact 

(denser sand), however sands with the same density may have different 

shearing resist~nces. Shearing resistance is a result of the pressure 

between sand grains which is affected by grain size distribution, grain 

shape and orientation, and weight of overburden (Means and Parcher, 1963; 

Griffiths, 1967). Sand grains of more uniform size (poorly graded) tend to 

be less dense thus less resistant to shearing (penetration) than well-graded 

(different-sized) Sand grains which have angular shape sand • gra1ns. an 

resist penetration (higher shear resistance) more than smooth-edged grains. 

Flat-shaped (non-spherical) sand grains when oriented parallel to the beach 

surface will resist penetration more than when oriented at angles to the 

beach surface. Shear resistance is increased from the pressure of overburden 

material (amount/weight) thus shearing resistance will increase with depth 

in the sand. Grain size gradation, ~ra;n sha~e. and grain orientation 

lnteract with each other to affect the density and thus the weight of the 

overburden. 

Another method for • • exam1n1ng the effects of a cha~ge in sand 

consistency on nesting turtles is to compare the number nests and fa!Pe 

digs in the disposal area and a reference area before and after the sand i s 

s. 



deposited on the beach. An • the number of false digs • 1ncrease 1n 1n the 

disposal and not • the reference would indicate the • area 1n area 1ncrease was 

a result of the disposal. However, the number nests and false digs • 1S 

relative to the number of times a turtle emerges from the water onto the 

beach (emergences). Emergences can be affected by a number of physical and 

biological factors other than sand consistency (see nesting discussion 

above). 

STUDY AREA 

The beach disposal area was approximately 7,500 feet long, 500 feet 

wide and was located 3,500 feet southeast of St. Lucie Inlet Flori~a (Figure 

1). Approximately, 400,000 cubic yards of material was pumped onto the 

beach. The beach prior to disposal was 0 to 50 feet wide from the vegetation 

line to mean-high-tide. The dredging and disposal operation was conducted 

from December 1984 to January 1985. A reference area for the study was 

located southeast of the disposal area in Hobe Sound National Wildlife 

Refuge (Figure 1). 

METHODS 

A cone penetrometer was used to measure the shearing resistance of the 

sand (penetrability). The penetrometer had a 1.25 sq. em., 30 degree, 

circular cone on one end of a 18 inch shaft. When the cone was pushed into 

the sand, the proving ring was deflected in proportion to the force applied. 

The amount· of force applied is read as a cone index value on a 0-750 dial. 

The penetrometer tip was pushed into the sand with a steady slow force 

until the sand surface reached the 6 inch (15.2 em) mark on the penetrometer 

rod, then a reading was taken. After 5 readings, 6 inches of sand was 

removed · and 5 more measurements were taken. Another 6 inches of sand was 

/ 
removed and 5 more measurements were taken. The measurements correspond to 



depths of 0-6 inches, 6-12 inches, and 12-18 inches. Three readings were 

taken adjacent to the turtle nests at the three depths in the disposal area 

and reference area to determine differences in shear resistances for nests 

in the two locations. • 

Penetration measurements were also taken on 4 transects; two within the 

disposal area 4,500 feet and 6,500 feet southeast of the inlet and two 

reference transects, 500 feet and 2,500 feet northwest of Robe Sound NWR 

beach access. 

Each of the four transects had 3 stations; one at the base of the beach 

vegetation, one at the mean-high-tide, and one equidistant between the base .. 
of the vegetation and mean high tide. 

A corer with a 2-inch outside diameter was used to take a 6 inch deep 

sand sample at each depth and station. 

Sand penetration measurements and samples were taken prior to disposal 

on 9 August 1984 and following disposal on 16 January 1985. Penetration 

measurements adjacent to the turtle nests were taken on 9 July 1985, 

approximately 6 months after disposal. 

Sand samples were tested according to standards established by US Army 

Engineer Manual 1110-2-1906 for soil testing (US Army Corps of Engineers 

1970). Sieve sizes, particle diameters, and phi values are shown in Figure 2. 

The following sieve size were combined into groups for shape analysis: 

3.5, 5+7, 10+14, 18+25, 35+45, and 60+80+120. To determine the percentage of 

flat grains, 100 grains of sand were randomly selected from each group and the 

number of flat versus round grains were counted (US Army Corps of Engineers, 

1983). 

DATA ANALYSIS 

Data were recorded on standard data sheets, entered into a compute5, 

and analyzed using the Statistical Analysis System (SAS Institute, 1982). 
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Data were analyzed to determine differences in sampled parameters before and 

after disposal and between the disposal area and the reference area using 

Student's t-test, analysis of variance techniques and Duncan's multiple 

range tests. 

RESULTS 

Beach Sand Shear Resistance 

Post-disposal shear resistance was significantly higher in the project 

area than shear resistance in the project area before disposal, the 

reference area before disposal, and the reference area after disposal (Table 

1). Shear resistance was not significantly different before ~nd after 

disposal in the reference area. In addition, pre-disposal shear resistance 

in the project area was significantly lower than both pre- and post-disposal 

shear resistance in the reference area. 

Sand Grain Size 

The 0.71 to 5.60 mm and 0.09 to 0.063 mm (0.5 to -2.5 phi and 4.0 to 3.5 

phi) grain sizes were significantly higher and 0.25 mm (-1.00 phi) grain 

s ize was significantly lower in percent by weight for sand in the project 

area after disposal than the pereent by weight of each of same grain sizes 

1n project area sand before disposal, reference area sand before disposal, 

and reference area sand after disposal (Table 1). The 0.355 mm (1.5 phi) and 

0.180 mm (2.5 phi) grain sizes of the post-disposal project area sand were 

significantly lower in percent by weight than the percent by weight of the 

same two grain sizes for pre-disposal project area sand. The 0.355 mm (1.5 
~ 

phi) grain size of post-disposal project area sand was significantly lower 

in percent by weight than the percent by weight of the 0.355 mm grain size 

for post-disposal reference area sand. The 0.180 mm (2.5 phi) grain s ize of 

post-disposal project area sand was significantly lower in percent by weight 
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than the percent by weight of the 0.180 mm grain size for pre-disposal 

reference area sand. The 0.500 mrn (1.0 phi), 0.125 mm (3.0 phi), and 

<0.063 mm (>4.00 phi) grain sizes of the post-disposal project sand were not 

significantly different in percent by weight than the percent by weight of . 

the same three grain sizes for pre-disposal project sand. 

The phi median diameter was smaller (larger diameter) for post-disposal 

project area sand (1.23 phi, 0.433 mm) than the median phi diameter of pre-

disposal project area · sand (1.58 phi, 0.366 mm), post-disposal area 

reference sand (1.49 phi, 0.355 mm), and pre-disposal reference area sand 

(1.62 phi, 0.328) (Table 2). 

The phi mean diameter was smaller (coarser sand) for post-disposal 

project area s~d (1.01 phi) than the phi mean diameter for pre-disposal 

project area sand (1.52 phi), post-disposal reference area sand (1.41 phi), 

and pre-disposal reference area sand (1.55 phi) (Table 2). 

The phi sorting was larger (more poorly sorted, well graded) for post-

disposal project area sand (1.12 phi) than the phi sorting for pre-disposal 

project area sand (0.67 phi), post-disposal reference area sand (0.63 phi) 

and pre-disposal reference area sand (0.71 phi) (Table 2). 

The percentage of sand in the four sets of sediment samples ranged from 

98.5 to 100 percent (Table 2). 

Sand Grain Shape Analysis 

Shape 1 (shape 1 is the coarsest sand, shape 6 is the finest) for the 

post-disposal project sand had a significantly higher percentage of flat 

grains (48.9%) than pre-disposal project sand (16.7%), and pre-disposal 

reference sand (13.9%) (Table 3) . Shape 2 for post-disposal project sand 

. 
had a significantly higher percentage of flat grains (88.1%) than pre-

disposal reference sand (52.2%). Shape 3 for the post-disposal project sa9d 

had a significantly lower percentage of flat grains (67.2%) than post-
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disposal reference (85.6%), pre-disposal reference (83.3%), and pre-disposal 

project sand (83.2%). Shape 4 for the post-disposal project sand had a 

significantly lower percentage of flat grains (49.0%) than pre-disposal 

project sand (56.1%). Shape 5 for the post-disposal project sand was not 

significantly different in percentage of flat grains than pre-disposal 

project sand, pre-disposal reference sand, and post-disposal reference sand. 

Shape 6 for the post-disposal project sand had a significantly higher 

percentage of flat grains (11.3%) than post-disposal reference (9.1%) and 

pre-disposal reference (7.9%) sand. All other comparisons of percentage of 

flat grains for post-project sand were not significant. 

Shear Resistance Adjacent to Turtle Nests 
~ 

Shear resistance adjacent to sea turtle nests in the project area was 

significantly higher than shear resistance for nests in the reference area 

for the 6-12 inch and 12-18 inch depths (Table 4). 

False Digs 

False dig data was recorded for four digs in the project area and 3 

digs in the reference area (Table 5). Due to limited time and funds, we were 

able to gather data on false digs or nests only on a single day. 

DISCUSSION 

Beach Sand Shear Resistance 

The project area sand increased in shear resistance after disposal 

while sand in the reference area did not change in shear resistance after 

disposal. This increase in shear resistance following disposal also has 

been documented for other beaches in Florida. Ehrhart and Raymond (1983) 

observed harder consistency following beach restoration at Melbourne Beach, 

Florida, although quantitative measurements were not taken. An ongoing stu~y 

by Waterways Experiment Station at Delray Beach, Florida (Nelson et al., in 
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preparation) also found higher shear resistance for sand after beach 

restoration. 

Sand Grain Size 

Some of the percent by weight shifted from the medium and fine sand 

grain sizes to the pebble, gravel, very coarse sand, coarse sand, and very 

fine sand grain sizes in the project area following disposal. This shift in 

percent by weight did not occur in the reference area. The median and mean 

diameter of sand grains became coarser after disposal in the project area. 

This is not surprising since the sand was pumped from a high energy channel 

where coarser sand is present and fine material is likely to be transported 

out of the chaqnel. The sand in the project area was more poorly sorted 

after disposal. This resulted from the presence of a larger percent by 

weight of coarse material which reduced the percent by weight of the 

material in the medium size range (Table 6). 

Sand Grain Shape 

Although some changes in percentages of flat grains occurred after 

disposal, the changes do not appear to be of a magnitude which would affect 

consistency, particularly if we examine the change in percentage of flat 

grains relative to the percent by weight of a grain size. The percentages of 

flat grains may be more important when comparing differences between two 

project areas rather than within project changes (e.g. St. Lucie data 

compared with Delray Beach data). While a project area may not show an 

tncrease in the percentage of flat grains, the flat grains may be 

reoriented by the hydraulic pumping to create a layered effect. This study 

did not include structural measurements to examine the po~sibility of 

layering (e.g. cross-sectioning of resined cores). However, evidence f r om/ a 

study at Delray Beach, Florida suggests that layering may oc cur. Visual 
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observation of scarps at Delray Beach after nourishment showed flat grains 

(shells) layering parallel to the beach surface. A pilot study on the use of 

tilling to reduce the hard consistency of Delray Beach, Florida indicated 

that the renourished sand can be softened by the tilling action (Nelson 

1985). This softening of the sand could have resulted from the breaking up 

of the sand layered by the hydraulic fill. 

Shear Resistance Adjacent to Sea Turtle Nests 

The higher shear resistance at the 6-12 inch and the 12-18 inch depths 

for sand adjacent to nests in the project area than for sand adjacent to 

nests in the reference area documents the change in shear resista~ce which 

resulted from disposal on the project area and no disposal on the reference 
~ 

area. It also shows that the difference exists approximately 6 months after 

disposal. These results indicate that some turtles will dig nests within a 

broad range of shear resistances (Table 4). The shear resistance increased 

with depth due to the pressure of the sand overburden. The shear resistance 

of sand for the 0-6 inch depth were not significantly different for project 

and reference areas. This was probably due to reworking of this layer of 

sand by wind and to the lack of an overburden. The weight of overlying sand 

affects the pressure on sand grains thus it affects the shear resistance. 

False Digs 

Two important observations which could not be included in the study 

because time and money limitations were (1) the level of sand consistency 
~ 

(hardness) which was rejected by nesting turtles and (2) .the number of sites 

which were rejected by the nesting turtles. Additionally, it is important to 

know if additional time and effort was required for turtles to dig in sand 

with a harder consistency. The number of rejected nest sites can be 
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determined by counting the number of false digs (sites which have been 

partially excavated by the turtle and then abandoned). The level of sand 

consistency which is rejected can be determined by measuring shear 

resistance in the false digs. The additional time required to excavate a 

nest in sands of a harder consistency can be estimated by comparing digging 

times with shearing resistance adjacent to the nest. 

Although the observation of false digs was limited, the results 

indicate some turtles will reject a nest cavity up to a depth of 17 inches 

which • 
1S close to the depth of the bottom of a completed cavity. A 

loggerhead sea turtle will usually dig a nest to a depth of 18 to 20 inches 

(Carr 1952). Since we expect turtles to reject nest sites which are 

difficult to dig ~high shear resistance), the low shear resistance fQr the 

false digs in the reference area is perplexing. This may reflect the 

reaction .of some turtles in response to sand consistency or the abandonment 

of the site for other reasons (e.g., it was disturbed by an animal or 

person). 

CONCLUSIONS 

1. Shear resistance was higher (harder consistency) in the project area 

after disposal while shear resistance remained relatively unchanged in the 

reference area. 

2. The percent by weight of pebble, gravel, very coarse sand, coarse ·sand, 

and very fine sand increased; and the percent by weight of medium and fine 

sand decreased in the project area following disposal. Sand in the project 

atea after disposal had a coarser mean and median diameter of grain size and 

was more poorly sorted than sand in the project area before disposal. 

3. Although some changes in percentages of flat grains occurred in the 

project area after disposal, the amount of change (relative to the change 

in percent by weight of a grain size) does not appear to be of a magnitude 

I~ 



which would have a major influence on shear resistance. 

4. The shear resistance adjacent to turtle nests was higher adjacent to 

nests in the project area than adjacent to nests in the reference area 6 

months after disposal. The turtles dug nests in sand with a wide range of 

shear resistances. 

5. False digs were found both in the reference and project beaches up to a 

depth of 17 inches. 

6. Although the project area sand had a greater shear resistance after 

disposal, sea turtles nested in the project area. The change in total number 

of nests was not investigated. Nesting turtles rejected sites in~both the 

project and reference areas after disposal, however differences in the 
~ 

number of rejected sites for the two areas was not investigated. 
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Table 1. Comparison of mean grain sizes by weight and penetration 
measurements fo r r eference and project sands pre- and post
disposal using Duncan' s Multiple range tests and One -way ANOVA 
~p= . OS,n=1 8) . 

One- way ANOVA (68 DF) 
Mean Cone Index Value F p 

Penetration Post- proj . 
277 . 9 

Pre- ref . Post- ref. Pre- proj . 
78 . 9 

13 . 51 0.001 

Grain Size 

-2.5 4> 

- 2.0 <f> 

-1 . 5 ~ 

-1 . 0 <P 

- 0 . 5 <P 

0.0 <f> 

0 . 5 <P 

1.0 <P 

1 . 5 ~ 

2 . 0 ~ 

" 2 . 5 ~ 

3.0 ~ 

17 7. 4 146.4 

Mean Per cent by Weight ( grams) 

Post-proj . 
1 . 93 

Post-proj . 
0 . 88 

Post-proj . 
1.51 

Pa.st-proj . 
2 . 27 

Post -proj . 
4 . 250 

Post-proj . 
6 . 57 

Post-proj. 
9.38 

Post-proj . 
14.62 

Post-ref . 
28 . 28 

Pre-proj. 
33 . 52 

Pre-ref . 
17.86 

Post - proj . 
6.37 

Pre-ref . Post- ref . Pre- proj . 
0 . 53 0 . 33 0 . 06 

Pre-ref. 
0.10 

Pre-proj . Post-ref. 
0.04 0 . 03 

4 . 41 0.007 

13 . 13 0 . 0001 

Pre- ref. 
0 . 26 

Post- ref . 
0 . 16 

Pre- proj. 
0.08 

12 . 51 .. 0.0001 

Pre- ref . 
0.73 

Pre- ref . 
1. 29 

Pre- ref . 
2 . 18 

Post-ref. 
4 . 74 

Post-ref . 
13 . 33 

Pre-Proj . 
24 . 43 

Post - ref . 
33.29 

Pr e - proj. 
17 . 05 

Pre-ref. 
5 . 58 

I 8 · 

Pre-proj. 
0.33 

Pre-proj . 
0 . 91 

Post-ref . 
2 . 06 

Pre- proj . 
4.25 

Pre-proj . 
11.92 

Pre- ref. 
22 . 08 

Pre- ref. 
33.15 

Post-ref 
11.86 

Pre-proj . 
4.37 

Post-proj . 
0 . 27 

9 . 36 

Post- Proj . 12 . 08 
0.75 

Pre-proj . 
2.U1 

Pre- ref . 
3 . 97 

Pre-ref . 
10 . 25 

Post - proj . 
18 . 47 

Post-proj . 
22 . 12 

Post- proj . 
10.58 

Post - ref. 
2 . 89 

14.60 

11.88 

2.53 

10 . 26 

10 . 54 

6 . 82 

3.10 

0.0001 

0.0001 

0 . 0001 

0.0001 

0.064 

0.0001 

0 . 0001 

0 . 0004 

0 . 032 

---- --------------------------------~-------------



(Table 1. continued) 

3.5 ~ 

4.0 ~ 

>4.0 ~ 

Post-proj. 
2.07 

Post-proj. 
O.L) 

Post-proj. 
1.00 

Pre-ref. 
0.91 

Pre-ref. 
0.06 

Post-ref. 
0.98 

Pre-proj. 
0.82 

Pre-proj. 
0.04 

Pre-proj. 
0.77 

Post-ref. 
0.55 

Post-ref. 
0.02 

Pre-ref. 
0.71 

6.54 0.0006 

21.82 0.0001 

3.14 0:031 

*Numbers connected by underlining are not statistically different (p=0.05) 
*,.<"Pre-" is sand prior to disposal, "Post-" is sand after disposal, 
"proj." is sand from the project area, "ref. 11 is sand from the reference 
area. 



Table 2. Comparison of average grain size distribution parameters for 
project and reference areas at St. Lucie Inlet, Florida. 

Textural Properties Pre-Reference* Post-Reference Pre-Project Post-Project 

phi median dia. 1.62 1.49 1.58 1.23 
(SO 4>) 

16 ~ 0.84 0.78 0.85 -0.11 

84 ~ 2.25 2.03 2. 18 2. 13 

phi mean dia. 1.55 l. 41 1.52 1. 01 
(84 4> + 16 (?) 

• 
2 

phi sorting 0.71 0.63 0.67 1. 12 
(84 ~ - 16 4>) 

2 

percent sand 99.0 98.5 99.8 100.0 

~·~pre-disposal and post-disposal sand sa.mples. 



Table 3. Comparison of mean percentage of flat grains for project and 
reference and project sands using Duncan ' s Multiple Range Tests 
and One-way ANOVA (p=O.OS, n=18). 

Grain Size 
Range,': Mean Percentage ~ Number** 

One-way ANOVA (68 DF) 
F p 

1. 

2. 

3. 

4. 

5. 

6. 

Post-proj. 
48.9 

Post-proj. 
88.1 

Post-ref. 
85.6 

Pr-e-pro i. 
56.1 

Pre-proj. 
25.1 

Post-proj. 
11.3 

Post-ref. 
27.0 

Pre-proj. 
82.1 

Pre-ref. 
83.3 

Pre-proj. 
16.9 

Post-ref. 
63.8 

Pre-proj. 
83.2 

Post-proj. Post-ref. 
49.0 48.0 

Post-proj. Post-ref. 
21.5 18.1 

Pre-proj. 
10.1 

Post-ref. 
9.1 

Pre-ref. 
13.9 

Pre-ref. 
52.2 

Post-proj. 
67.2 

Pre-ref. 
45.1 

Pre-ref. 
17.9 

Pre-ref. 
7.9 

2.54 0.064 

3.21 0.029 

7.81 ... 0.0001 

7.22 0.0003 

5.12 0.003 

4.07 0.01 

*The number of flat grains per 100 grains were counted from each of the 
following groups of grain sizes: 

Size 
Range 

1. 
2. 
3. 
4. 
5. 
6. 

Sieve Sizes 
Passing Retained 

3.5 
7 

14 
25 
45 

3.5 (5.60 mm, -2.5 ~) 
7 (2.80 mm, -1.5 ~) 

14 (1.40 mm, -0.5 ~) 
25 (0.71 mm, 0.5 ~) 
45 (0.355 mm, 1.5 ~) 

120 (0.125 mm, 3.0 ~) 

**Numbers connected by underling are not statistically different (p=0.05). 
"Pre-" is sand prior to disposal, "Post-" is sand after disposal, "proj." 
is sand fcom the project area, "ref." is sand from the reference area. 

~ \. 
--------------~--------------------------~-------------------



• 

Table 

Depth 

Location 

Mean* 
S.D. 
Range 
t 
p 

4. Comparison of shear resistance adjacent 
for project and reference areas at St. 
(n=16). 

0-6 in 6-12 in 

to nests of sea turtles 
Lucie Inlet, Florida 

12-18 in 

Project Reference Project Reference Project Reference 

135.3 
68.7 

80-343 
1.17 
0.25 

110.8 
47.9 
12-207 

422.1 262.8 
238.5 203.8 
93-999 53-896 

2.03 
0.05 

687.0 422.7 
352.8 301.7 
70-999 183-999 

2.28 
0.03 

*Shear resistance (Cone index value) for 16 nests, 
measurements at each depth . 

three .. replicate 

~~ -
------~--~----------~~--------~------------



Table 5 . Data on false digs by sea turtles taken on 9 July 1985, St. Lucie 
Inlet, Florida. 

Location D!.g Number Cone Index Value* Depth £!. False Dig 

Project area 1 . 999 16 • 1n 
2. 999 17 • 10 
3. 999 16 • 1n 
4. 999 14 • 10 

Control area 1 . 363 17 • 10 
2. 716 15 • 1n 
3. 93 13 • 1n 

*Mean of three replicate measurements. 



Table 6. Average grain size distribution by weight and cumulative 
percentages for project and reference sands before and after 
disposal (n=18). 

Grain Size Pre-reference Post-reterence Pre-project Post-project 
Sieve (phi) Wt.(gm) % Wt. % Wt. i! Wt. % 

3.5 (-2.5) 0.53 0.53 0.33 0.33 0.06 0.06 1.93 1.93 
5 (-2.0) . 0.10 0.63 0.03 0.36 0.04 0.10 0.88 2.81 
7 (-1.5) 0.26 lJ.39 0.16 0.52 0.08 0. 18 1.51 4.32 

10 (-1.0) 0.73 1.62 0.27 0. 79 0.33 0.51 2.27 6.59 
14 (-0.5) 1.29 2.91 0.75 1.54 0.91 1.42 4.25 10.84 
18 (0.0) 2.18 5.09 2.05 3.59 2.01 3.43 6.57 17.41 
25 (0.5) 3.97 9.06 4.74 8.33 4.25 7.68 9.38 26.79 
35 (1.0) 10.25 19.31 13.33 21.66 11.92 1Q.60 14.62 41.41 
45 (1.5) 22.08 41.39 28.28 49.94 24.42 44.03 18.47 59.88 
60 (2.0) 33.15 74.57 33.19 83.13 33.52 77.55 21.12 8'1. 00 
80 (2.5) 17.86 92.43 11.86 94.99 17.05 94.60 10.58 91.58 

120 (3.0) 5.58 98.01 2.89 97.88 4.37 98.97 6.37 97.95 
170 (3.5) 0~1 98.92 0.55 98.43 0.82 99.79 2.07 100.00 
230 (4.0) 0.05 98.97 0.02 98.45 0.04 99.83 0.25 100.27 

>230 (>4.0) 0.70 99.67 0.98 99.43 1.00 100.83 0.77 101.04 

~~ 
L----~-~~~------





Unified Soils 
Classification 

COBBLE 

COARSE 
GRAVEL 

FINE GRAVEL 

coarse 
~ 

medium 

SILT 

CLAY 

* 
* 

* 
* 

* 

ASTM mm 
Mesh Size 

4 

* Sizes used for 

Phi 
Value 

4.0 . 

. 8. 0 .. · .. . . 

I 2. 0 . 

Wentworth 
Classification 

BOULDER 

COBBLE 

PEBBLE 

GRAVEL 

coarse 

SILT 

CLAY 

COLLOID 
Study 

Figure 2. Grain-size scales (soil classification). 
(Adapted from Coastal Engineering Research Center, 1984) 







Table ! · 

Project Comparisons \ 

1973 1978 1984 • Periodic 
Authorized Initial Fill Nourisbment Periodic Nourishment 

Length of Fill 3.0 mi. 2.6 mi. 1. 7 mi. 1. 7 mi. 

Volune. of Fill 1,158,000 1, 634,513 700,000 823,000 

Benn Elevation +10'MLW +9' . l'riVD +9' u:JVD +9' u:JVD 

Design Slopes 1:20/1:30 1:20/1:30 1:20/1:30 1: 15/1:30 
(Beach/Nearshore) 

Design Width 100 1 100' 100' 1 00' 
(At MHW) 

Cost $1 ,231, 000 $2,115,164 $1,600,000 $4,230,000 

Benefit/Cost Ratio 1.5 1.8 1.5 3.3 

Federal Participation 3.4% 44.2% 44.2% 43.8% 

(from Strock 1984) 




