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APPENDIX A

SALINITY, TEMPERATURE, VELOCITY,

and

DYE CONCENTRATION MEASUREMENTS

LOXAHATCHEE NORTH CANAL

June 10-16, 1977
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SALINITY, VELOCITY AND DISPERSION STUDY

Loxahatchee North Canal
June 10-16, 1977

Objective:

This study was conducted to obtain simultaneous data on water
velocity, salinity and dye concentration which could be used to
determine the movement of salinity currents and their effect, with
wind and tide, on the dispersion of dye.

Tide Records:

HIGH TIDELOkl TIDE
Date Time

Current Meters:

Electromagnetic current meters were installed at stations
1+50, 10+50 and 21+00.

Time: 770613 1123Dye Injection:

75 ml of Rhodamine WT 20;l so1ution mixed with 3/4 gallon of
canal water was released and mixed across the canal at the surface
at station 2+00. Wind was measured at 3.9 mph from East.

Sampling depth:

3 ft

770613 0230
1430

770614 0315
1530

770615 0400

770613 0 30
2100

7706]4 0815
2130

770615 1530
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Figure A.l - Cross-Sections and Plan View of Loxanatchee North Canal,
June 1977.
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A.2

Vertical Profiles

of

and

Dye Concentration

LOXAHATCHEE NORTH CANAL

June 13-15 1977

This section contains plotted results as follows:

TIDETIME SPAN

flood

ebb

flood

flood

ebb

flood

77061 3

770613

770614

770614

770614

770614

770615

770615

Sa1inity, Lonaitudinal Velocity,

1249 - 1334

1452 - 1750

1043 - 1259

142< - 1603

1536 - 17S8

1758 - 1858

1201 - 1447

1550 - 1700
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LOXA WATCHES N. CANAL
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A.3

Vertical and Transverse

Velocity Profiles

PROFILE NUMBERTIMEDATE
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This section contains plotted results as follows:
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VELOCITY PROFILE ND. 10 + 50
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VELOCI TY PROFILE NO. ~1 + OO  ~!
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Figure B.i - Location Map and Topography of 57 Acres project Site.



Figure B.2 - 57 Acres Site Plan Showing Bathymetry and Locations
Used to Designate Reaches for Dye Dispersion Measure-
ments.



Tab1e 8.1 � Lengths, Widths, and Hid-tide Depths
of Cana1s in 57 Acres Network.
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B.2

First Oispersion Study

July l8-22, l977



FIRST DISPERSION STUDY

57 Acres Project
July 18-22, 1977

Objective:

The first dispersion study was intended primarily as a test of the
feasibility and utility of a centerline dye concentration measur ement
throughout the canal network over several tidal cycles.

Tide Records:

HIGH TIDELOW TIDE

Current Meters:

None

Time: 770720 0040Dye Injection:

1500 ml Rhodamine WT ZO'. solution released as point source about
400 ft. from dead-end of south loop, station A.,otal ~eight of dye
was calculated to be 0.78 lb. Dye was re1eased at surface from a
bottle and mixed with paddle. Ther e was no wind.

Dye sampling runs:

LOW TIDEHIGH TIDE

Start Time Start Time

Sampl ing Depth:

770720 1347

770721 0005

1335
770722 0222

1402

Peak

~b
140
105

 Missed!
52
45

Date Time
7707]9 1830
770720 0630

1935

770721 0715
1935

770722 0755

770720 1940
770721 0809

', 933
770722 0807

Date Time
770720 0030

123O
770721 0105

1335

770722 0145
1405

Peak

~b
135

105
42

50
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FIRST DISPERSION STUDY

57 ACRES

Ju1y 19 through 23 1977

This section contains pIotted resutts as follows:

TIMEDATE TIDE

High 1230770720

770720 1935Low

0105770721 High

770721 0715Low

High770721 1325

1935770721 Low

770722

770722

770722

0755Low

1405

THREE-DIMENSIONAL MEASURED DYE CONCENTRATION PLOTS



s
IJ s

s
L1

 

! s s

s

s

r s
aV

s

s

LLJ

L!

LI:
LLJ

as

iz
LLJ

J

CL J

CI
as

P
L!

L1 i

P Z

r

!Z

us
LLJ
L!�

sZ
s~

I
!�

sJ
L

LLJ

LJIjll9 ' lJ ULl Tl 0 IJ IJ ~



4J

t- 4

LI
Lij
CJ

LLI

LJ

L.

! 'UU'

I
I

:I I I L,I I I J, ! I,

La
IIT IJ
LJ

r

It

I
IT
Ef

iT
Li

J t ~ ~

J I



iiij QQiiQll LI' tQQ 'S22

I

IJ

I 
I

 
I
I
I

4
I I
I-I LU
I

I�

LI  I

I IJ

LIB

IJ I
I~

l I I i iLI 7I ll ll I 3QQQjlilllJ8

J
i-i

/

i!
   

I

!

Q
0

CL
IJ I

LLJ
W
Q

t
W

IZ Lf
LLJ
LI

U
.J

lJ I ti

T

e ~

U

I "I
I

W I:



B-9



8-'t 0

E

iJ

t~ E

E.

E

J

LE E

L



B-11

Llll lie T.LIQ '~27

I

I
II
LI I

I.
I

I~

Ir
I�

I

I

It I
I I�

U
LIB

I

Lil

 '

Lc

I
I

TT'
I

IT
I

I
L~

I�I�
L

I

 
p'

 I
I

I

J
IT

4
I

I

IJ

I

H

l-II I l I 'ILl I l'-I'-. Ilillll =IJ I I IJ 9

ri! i t SHu~rja irJCi.l
LI'.' '" ':ll '0

' ld 7'3I'll' = I G

LI IJ

IIJ UJ
U

4I

IT

.J

~ ll
4I

irI

I�

bl
I I IJ

rI

IJ

I

II
01

Lu I�

F-J



B-12

 >II 'Ll

I

 

'I

I I

li >
I C:

u

Z:

~ 1

Lu
IL-

I I I

LI

~H

LLJ
Lt

I I

I-
I

0lg I I I] 9

00 "2, lj�'I >t
I'ill ' JH!34 N3 It'll,I l

p,'
1'

pi

g
p

t- 
j

I I U LI tl I 1 II Ij i

' 23I'it~I '= I ll

ci

I

4 i

I�
Cj

W D

4

L

iz

Q

I � 4J

I � I�

j I

CCl

IJ
< J W
4> 4J

4
I

LLJ

I
i .J

hl

I�

J
i J

I

Z



««I
I I

J
IL

j ��

CO
LI

«J I

D
L I

~ ~

IQ
4

P G LJ1
ILJ

iI
LJ1

I--
IZ
LIJ me

L ' LIJ

I
 p
 
LI I t~

IJ

Lj

J
I�

lJ
.l

IJ

LJ
'J IJ

I;J
u I
LLJ
LL j - IIJ

I
t J

Il I-- jt
LJ
Ll

I«L
LJ

IP



MI I
I

hJ

CQ
G

CL <Z LL.

I�

IJ

~: LJ
l~ IZ ! J

a
I

I�
PJ

IJ1 Ii

s

I�
a ~

I � 4J LJ
LLJ

OJ -. I � W

I�
IZ

I.�
~ ~

C:
~J ! J IJ

I � Ia
J

P;J
< J

v> f-

f--
i'-

~Z
L'l

LJ

iZ LJ
LJ

I I I I LJ Lj



8.2.2

FIRST DISPERSION STUDY

T'WO-DIMENSIONAL MEASURED DYE CONCENTRATION PLOTS

REACH TIDE

HighAD

Low

High

Low

High and Low

High and Low

High and I ow

High and Low

High and Low

High and Low

LJ

TH

OG

This section contains plotted r"esults as follows:
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Second Di s pers ion Study

October 16-ZZ, 1977
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SECOND DISPERSION STUDY

57 Acres Project
October 16-22, 1977

Objective:

The second dispersion study was intended primarily to obtain
simultaneous measurements of tidal height, wind, water velocities,
salinity, water temperature, and centerline dye concentration in
order to relate dye dispersion to water circulation.

Tide Records:

LOW TIDEHIGH TIDE

Current Meters:

Current meters were installed at stations 1, 2, and 3.

Time: 77!019 1500Dye Injection:

1500 ml Rhodamine WT ZOX solution released under pressure from
a tank mixed with canal water at approximately 10-20 psi, through
a 5/8 inch pvc pipe with three 1/4 inch holes spaced at one ft.
intervals from end and capped. Dye released in 3 ft. surface layer
on transect at tide gauge for approximately two minutes as boat was
driven through dye cloud. Dye cloud was then mixed with compressed
air and propeller for additional two minutes.

Dye sampling runs:

LOW TIDE HIGH TIDE
Peak

i~bStart Time
5.4

2.9

2.2

771020 0401
1641

771021 0428

Sampling depth:

Peak
Start Tine  ~b

all»
771020 1102 5. 7

2308 5.3
771021 1139 3.0

Date Time
771019 1500
771020 0330

1610
771021 0420

Date Time
771019 2140
771020 0950

2240
771021 1045



SECOND DISPERSION STUDY

57 ACRES

This section contains plotted results as fo11ows:

DATE TIME

771019 2140Low

High 0330

Low 0950

High 1610

2240Low

High 0420

771021 Law 1045

771020

771020

771020

771020

771021

October 16 through 22 1977

THREE-DIMENSIONAL MEASURED DYE CONCENTRATION PLOTS
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Figure B.4 - 57 Acres Site Plan Showing Location of' Electromagnetic
Current Meters f' or October 1977 Velocity, Salinity, and
lr ater Temperature Measurements
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Figure 8.5 - 57 Acres Site Plan Showing Location of Electromagnetic
Current Meters for October l977 Dye Dispersion Measure-
ments
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APPENDIX C

COMPUTER PROGRAMS FOR DATA REDUCTION

C. 3 NEHDYE

C.2 PS7

C.3 SAL
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and
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P57 FLOWCHART

READ TITLE1, TITLEZ

N, ALPHA1, BETAI, NPLOTS
NREACH, SCALE, SCALEC, NA

COORD!NATE'S QF DATA POINTS

CQr1PUTE NEl  COORDINATES TO POTATE
PLOT HORIZONTALLY 8 VERTICALLY

DETERMINE PLOT SIZE 5 POSITION

READ NP J!, J = 1, NREACH

FOR Nl = 1, NPLOTS

INITIALIZE PLOTS

READ TI TLE3

IONS
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APPENDIX C-3

SAL

Conversion of Conductivity

and

Temperature to Salinity

Conductivity Range: 2390 to 32,709

Temperature Range: 30 to 40 'C

Salinity Range: 1 to 15 ppt
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APPEND!Ã D

USER'S MANUAL

CANNET30, a program designed to simulate mass transport in

low energy tidal canal networks, has been programmed in FORTRAN IV

 Level G! for solution on an AMDAHL 470, a machine which is entirely

compatible with lBM 360 and 370 series machines, at the Northeast

Regional Data Center, Gainesvi'Ile, Florida. An explanation of FORTRAN

b «i 1~IS

S stem/370, FORTRAN !V Lan ua e [1974].

Once a canal system has been schematized as described in

Chapter 6, and time and spatial increments have been chosen to meet

stability and convergence criteria, as outlined in Chapter 7, an input

card deck is prepared for the program as described below. The cards as

they appear in order in the program, are listed giving the variables to

be read in, in terms of program names, and their format, This is fol-

lowed by a listing in alphabetical order of these variables, giving a

description and an order magnitude if applicable. This comprises Sec-

tion D.1.

Section D.2 discusses the limits of the model in terms of

array storage area specified, and how this can be extended. Section i.3

discusses the output from the model.
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A!AP

HL

SR

C *

CCI

CIV  *!

CV{*!

COAX

COS I "< E

CQI

CRM

DEC

DQM

DX *!

DXBN *!

D X III I!LI

DXSC

D v J "0  *!

EO

tidal amplitude in feet.

length of bend in feet.

radius of bend in feet.

initial concentrations in reach cel'ls in ppm.

constant concentration of lateral inf'low in ppm  OPT = 1!.

concentration of lateral inflow in ppm  OPT = 1!.

initial concentration in junction and lake cells in ppm.

maximum concentration anticipated in network. This is a parameter
for graph plotting. If COAX is exceeded, an error wi"ll be generated
and no plot appears. Also for neatness for the display, COAX/5 shou'Id
give a reasonable number for a display heading.

elevation of tide from mean sea level in feet.

constant lateral inflow rate in cu ft/hr/ft.  OPT = 0!.

background concentration in ppm.

decay coefficient in cel I in 1/hr.

depth to saltwater interface from sea level at mid tide in feet,

time interva'1 in hours.

longitudinal cell length in segment of a reach in feet.

longitudinal length of junction in feet.

minimum value of DX +! in canal network in feet.

suitable length scale for graph plots in feet.

lateral width of junction in feet.

background dispersion coefficient in ft /sec. �.0006!.

INTER P

KX

KY

KZ

If OPT6 and/or OPT7 = 0, this parameters interpolates between data
points of the original data set. This is to eliminate having to
redefine a data set if the time interval was originally too 1arge.
If INTERP is changed, I'DDT must be also.

dimensionless longitudinal dispersion coefficient in ft /sec, i,=0. l!.2

2
dimensionless lateral dispersion coefficient in ft /sec,  =0.0l!,

dimensionless vertical dispersion coefficient in ft /sec,  =0.0001!



stored in NDIV *!, the number of longitudinal segments in a
reach.

NDV

NDX � number of segment in reach from dead-end of that reach.

NJD *! - assigned number of junction at downstream end of reach.

assigned number of junction at upstream end of reach,  =l for
dead-end, = reach number of adjacent reach meeting a null
point!.

NJu{*!-

number of internal junctions in network {excludes dead-ends,
null points, lakes and tidal entrances!.

NJUNC

number of takes in system  at upward limits!.

number of lateral layers in system.

number of vertical layers in system.

NLAKE

NLAYY

NLAYZ

number of time steps between plots,  if NPLOT>NDT no plots
are generated!.

NPLOT

number of time steps between written data outputs.

assigned number of reach.

number of reaches in system.

assigned number of downstream reach at junction.

assigned number of left branch at junction.

assigned number of right branch at junction.

assigned number of upstream reach at junction.

number of tidal entrances in system.

NPRINT

NREACH

NDR ~!

NRL *!

NRR *!

NRV +!

NTES

number of simulations to be run consecutively. All the data
must be read in again for each run.

vertical momentum transfer coefficient in ft /sec,  =0.002!.2

NTESTS

NZ

spatial increment option. If OPTl = 0 the reach is subdivided
into NDV equal segments, DX *!. If OPT1 = 0 the DX ~! are read in.

OPT1

lateral intlow option. If OPT2 = 0, the lateral inflow rate,
COI, and its concentration, CCI, are constant for the simu-
lation. If OPT2 = 1, the lateral inflow and/or its concentra-
tion are variable and are red in throughout the simulation.

OPT2

NC � number of cell in cross-section  bottom left - top right!.

NDT - number of time steps in simulation.



D-6

initial tidal condition option. If OPT3 = 1, the simulation
begins at high tide. If OPT3 = -1, the simulation begins at
low tide. OPT3 only has an effect when OPT6 = O. If OPT6 = 1,
OPT3 can take any value.

OPT3

OPT4

initial conditions in junction option. If QPTS = 0, the initial
concentrations in each cell of the junction are set to the back-
ground concentration, CRW. If QPTS = 1. they are read in.

OPT'

tidal elevations option. If QPT6 = 0, the tidal elevations from
mean sea level are generated as a cosine distribution with ampli-
tude AMPand frequently, 2TT/T, where T iS the tidal periad. If
QPT6 = 1, tney are read in every INTERP time intervals.

QPT6

wind option. If OPT7 = 0, the wind speed, WS, and direction,
WANG, are constant. If OPT7 = 1, they are read in every
INTERP time intervals.

QPT7

salt wedge option. If QPT8 = 0, no salt wedge is present. If
OPTO = 1, a sal t wedge is present and the simulation must becuin
at low tide, no matter whether the tidal elevations are generated
or read in.

qIV *! variable lateral inflow rate in cu ft/hr/ft.

reach alignment angle in degrees.

reach bottom width in feet.

reach constant decay decay coefficient in 1/hr.

mean tidal depth in reach in feet.

density of freshwater in slugs/cu ft,  =1.94!.

density of saltwater in slugs/ cu ft,  =1.99!.

reach length in feet.

value of Nikuradse's equivalent sand roughness in reach in feet.

inverse side s'lope of left bank of reach.

inverse side slope of right bank of reach.

tidal period in hours,  =12.42 hrs!.

tidal entrance concentration decay coefficient in l/hr.

RA."G *!

Rs *!

RDECAY *!

RDQ *!

RHOF

RHOS

RL *!

RNK *!

RSL *!

RSR *!

TAU *!

initial conditions in reach option. If OPT4 = 0, the initial
concentrations in each cell of the reach are set to the background
concentration, CRW, If QPT4 = 1, they are read in.



VMAX - maximum velocity anticipated in network at time of plot. VMAX/2
shou'td give a reasonable number f' or a display heading.

WANG - wind direction in degrees.

WS � wind speed in mph.

WTIME - time over which wind speeds are averaged in hours.

D.2

The arrays used in CANNET3D are such that the program, listed in

Appendix E, can handle 50 reaches, 50 junctions, 2000 reach cells, 1000

junction cells, 6 lateral layers, 6 vertical layers, 5 tidal entrances,

50 constant and 50 variable lateral inflows, 100 cell constant decay

coefficients. The user may wish to change array size by simply modify-

ing the DIMENSION and COMMON statement cards at the beginnings of the

main program and subroutines.

D.3

The output from the program is well documented. Input data is

printed first, followed by descriptions of the junctions, tidal entrances,

lateral inflows, cell constant decay coefficients and bends.

Then, written output is generated every NPRINT time steps

and comprises the time, tidal elevation, wind speed and direction, fol-

lowed by concentrations and velocities for each reach, and the concentra-

tions in the junctions. The subroutine WRITIT also produces this intor-

mation at the completion of the simulation.

Graph plots are produced every NPLOT time intervals by the

subroutine SHQWIT, unless NPLOT > NDT, in which case no plots drawn.

For each reach, the longitudinal concentration profiles and veloci.y pro-

files in each layer, and layer averaged values, are produced.



APPENDIX E

FLOIA CHART FOR THE COMPUTER PROGRAM

This appendix contains a flow chart produced using a utility

program of the Northeast Regional Data Center, Gainesville, Florida, for

the program, CANNET3D, a program designed to simulate mass transport in

low energy tidal canal networks using a method of second moments.
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APPENI3IX F

PROGRAM LISTING

This appendix contains a listing of the computer program,

CANNET3D, a program designed to simulate mass transport in low energy

tidal canal networks using a method of second moments.
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APPENDIX G

COMPUTER RESULTS FOR 57 ACRES OCTOBER STUDY CASE

This appendix contains the output produced by CANNET3D, a

program designed to simulate mass transport in low energy tidal canal

networks, for the October, l977 study of the 57 Acres system.
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APPENDIX H

Letters From

JACKSONVILLE DISTRICT, CORPS OF ENGINEERS

FISH AND WILDLIFE SERVICE

in response to

SNYDER OCEANOGRAPHY SERVICES

Inquiry



Gnyder Oceanography Services and the Department of Civil
and Coastal Engineering of the University of Florida are
jointly seeking funding from the Department of the Inter-
ior to conduct a research program to develop design methods
for assuring maintenance of water quality and circulation
in canals and canal systems.

This specific research will culminate in an engineering
design manual to be used both fcr design of new canals
and the evaluation of these designs for permitting pur-
poses. The manual wil' also be valuable in rectifying en-
vironmental problems in certain existing canals.

It would be helpful if -your office, as a potential user cf
the engineering design manual, would, comment on. the need
for the research required to advance our knowledge of canal
performances to the poin ~ where such a manual could be pro-
duced. Your suggestions would also oe welcome as to content
and to any particular problems of concern to your office.
A copy of the tentative table of contents is enclosed.

r<e would appreciate your expeditious reply.

Sincerely yours,

Robert X. Snyder, P,E.

bss

Of .' -.- B,i. - Jr p~~e~-, F~~!ader 3!VSi - Ti!epsom!g: I.', i



CANAL DESIGN 'MANUAL

VALUE OF CANAI S

Aesthetic
Recreational
Utilitarian
Economic
Ecological

HISTORIAL OVERVZE.<

Typical Fl,orida Canal Systems
Quality of Canal taters
Specia' Problems

CONDITIONS NOT CONDUClVE TO GOOD CANAL DESIGN

Ecological
Hydrological
Geographical
Hydrodynamic

A METHODICAL APPROACH TO GOOD CANAL DESIGN
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DEPARTMENT OF THE ARMY
JACKSONVIt LE DISTRICT. CORPS OF ENGINEERS

P. O. SOX 49'70
3 ACKSOHVI LLE, FLORIDA 32201

SAJKS
17 December 1974

Mr. Robert M. Snyder, P. E.
Snyder Oceanography Services
P. 0. Box 98
Jupiter, Florida 33458

Dear Mr . Snyder:

Normally canals and/or artificial waterbodies are prone to environmental
problems unless special  usually expensive! precautions are taken to
insure circulation and means for removal of suspended and dissolved
materials are provided. Nature provides removal of materials by various
methods such as vegetation and cyclic flows thus allowing oxidation and
aerobic decomposition to accelerate the cleanup process. It would seem
to us that techniques could be developed to design and maintain artificial
canals by similar means that nature provides for natural waterways.

Based on the above this office would have a definite need and use for an
engineering design manual of the type you have outlined in your letter.
The tentative table of contents attached thereto is very general and
could represent a so1id approach to the problem.

Sincerely yours,

B. N. GOQDE
Chief, Regulatory Branch

With reference to your letter of 4 December 1974, we feel there is very
definitely a need for developing a design manual for maintenance of
water quality and circulation in canals and canal systems. In spite
of the great deal of evidence of water quality problems associated with
residential canals, there still seems to be a high demand by the public
for waterfront residences. Canal systems afford waterfront living and
water access to many more people than could be accommodated on natural
shorelines. Our job is not only to consider the environmental problems
associated with proposed works in or connecti ng to navigable waters, but
to evaluate the "other side" which includes the applicant's desire for
waterfront living and boating access. For this reason it sometimes
becomes difficult to dec~de what is in the best overall public interest.
If techniques could be developed to assure water quality in residential
canal systems, we see no reason why such canals should be totally outlawed
as seems to be the current tendency on the part of some agencies and
environmental groups.
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Recrea tiona1

Proper canal design can result in provision of some fishery habitat
and thus augment recreational fishing opportunity to some degree.
The degree to which these sport fishery benefits are available will
depend, in part, upon the type of shoreline development present.
A dense concentration of docks and boats a1ong the shoreline inhibits
fisherman access from the water. However, our general observation
has been that serious fishermen having access to watercraft do not
purposefully enter residentia! canal systems for sport fishing
purposes, preferring instead the adjacent natural waters. Fishing
in most such canals appears to be done chiefly from the banks and
most often by means of casually monitored set lines. Most canal-
front lotowners in Florida seem to have 1earned that the sport
fishery benefits of artificial canals are very limited.

The ecological value of canals must first be considered in terms of
what resources were displaced by canal construction. Conventional
canals, excavated through productive wetland fish and wildlife
habitat, wi11, in our view, never replace the values destroyed by
their construction. This is particularly true in the case of
wetland real estate development, where spoil generated by canal
excavation is deposited on adjacent wetlands to provide building
sites. Thus, even when some measure of biologica] productivity
can be demonstrated from canals, the net impact upon the resource
base may be a loss. The badly degraded water qua'lity  chronically
low dissolved oxygen values, production of hydrogen sulfide, high
biological oxygen demand! in many cana1s makes them unsuitable as
habitat for desirable wildlife, as well as being an arrant liability
to the natural waters with which they connect.

Canals cut into upland areas formerly supporting insignificant or
only moderate1y productive terrestrial fish and wildlife habitat
may, with proper design, become more productive than the pre-existing
upland. Proper design will include considerations of depth, flushing,
cross-sectional conf~guration, shoreline stabilization methodology,
land runoff control, and other characteristics as discussed in some
detail below.
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HISTORICAL OVERVIEW

T ical Florida Canal S stems

Me suggest that this category should include at least the following
general types:

1. short  less than 1,000 feet long! relatively shallow
 -8 feet mean low water  mlw! or less! dead-end canals
connecting directly with open estuarine waters and
receiving the full benefit of maximum available tidal
differential at the canal mouth;

2. canals of the same general type as in 1 above but
substantially shallower  -6 feet m'Iw or less!;

3. canals of the same general type as in 1 above but
substantially deeper  -12 feet or greater!;

4. long �,000 feet or greater! canals of types other-
wise having the general characteristics of canals
described in 1-3 above;

5. extremely large and labyrinthine deep-dredged dead-
end canal systems such as are prominent in the
Charlotte Harbor, Pine Island Sound, and Fort ayers
vicin~ties;

6. canal systems of the general types outlined in
1-5 above but located in dominantly marine
 as opposed to brackish water or estuarine!
localities, such as the Florida Keys or Ten
Thousand Islands; and,

7. flaw-through canal systems, i.e., nondead-end
types, wherever this scarce commodity can be
found.

Some of the special problems affecting environmental quality related
to canal design in existing systems are:



1. the unevenness of canal bottoms often occurring as
a result of hydraulic dredging. Deep, poorly-flushed
bottom depressions act as nutrient traps and serve
as foci for anaerobic decomposition;

2. excessi ve overall depth, precluding light penetra-
tion to deeper waters. launder such conditions,
rooted vegetation cannot grow on the bottom. The
entire bottom of such canals may function as
nutrient traps;

3. disparity between deep canal waters and shallower
receiving waters. In such cases a sill is present
at the cana'I mouth, impeding tidal exchange beyond
the depth of the receiving waters. In addition,
the deeper saline waters brought into the upper
reaches of the canals by seasonally high tidal
action becomes trapped beneath an overlying
stratum of lower salinity water. The trapped
saline layer becomes stagnant and depleted in
dissolved oxygen; and,

4. degradation of water quality through influx of
upland street and lawn drainage, i.e., urban
runoff. Ideally, these contaminants should be
collected and routed away from any canals having
poor flushing characteristics. Such engineering
is, unfortunately the exception rather than the
rule in Florida residential canals.

CONDITIONS NOT CONDUCIVE TO GOOD CANAL DESIGN

We do not have any evidence to demonstrate that any artificial canal
yet devised by existing technology will equal the biological produc-
tivity of coastal tidal marshes or mangrove swamps. Consequently,
the presence of such wetlands on a given site many be generally
regarded as contraindicating, on biological grounds, the construct~on
of ~an canal system. Stated more plainly, a canal design requiring
dredging of productive wetlands is a biologically undesirable canal
design. This does not mean that no canal should ever be constructed
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in wetlands. Public interest could require otherwise. In such an
instance, design should be such as to minimize adverse ecological
impact. The following is a partial list of factors we believe to
be inimical to good design:

excavation to depths in excess of the photic zone
 zone of light penetration!, in excess of the
depth of receiving waters  see Special Problems
above!, or in excess of the depth required for
adequate flushing and exchange;

2. vertical, or "box-cut" canal banks. This
configuration reduces availability of shallow-
water fish and wildlife habitat along the
shoreline;

3. irregularly contoured canal bottoms, as discussed
under Special Problems above;

4. grading of adjacent land to permit direct
discharge of polluted runoff into canals. This
is a fatal defect of many canal systems.
Retention ponds or swales should be provided to
handle urban or agricultural runoff. Direct
input to canals should be held to the absolute
minimum;

"dead-end" design. The ecological liabilities
of this type of canal design are so well known
that we will not recite them here. Some shallow,
relatively short dead-end canals may maintain
satisfactory water quality. However, virtually
any flow-through canal is ecologicaIly superior
to a dead-end canal of comparable length, depth,
etc.;

6. siting of canals adjacent to septic tanks and
drainfields. Recent studies by the U.S.
Environmental Protection Agency  EPA! have
documented that septic tank-drainfield effluent
can leach into adjacent canals with astonishing
rapidity. The implications of this upon water
quality are obvious. hfe suggest you contact
the EPA regional office in Atlanta for specific
details of their studies;
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7. placement of canal openings where boat traffic
to and from the canals will cause erosion of
adjacent or opposite natural shorelines;

8. incision into a shallow freshwater aquifer.
This acce1erates loss of freshwater to sea
and/or intrusion of saline water into the
freshwater supplies of coastal areas; and,

9. failure to set aside adequate disposal sites
to accommodate maintenance dredging spoil.
Ideally, disposa1 sites should be located
in upland areas of low biological productivity.

It would appear more appropriate to include this as a subcategory
under "Ecological." In any case, we suggest that you solicit the
views of the U,S. Geological Survey, Subdistrict Office, Miami, Florida,
for their views on this aspect of canal design, and for information
as to hydrodynamic and geologic parameters as well.

A METHODICAL APPROACH TO GOOD CANAL DESIGN

H drolo of Site and Surroundin Area

In order to locate a cana1 so as to minimize environmental degradation,
the canal route should be selected so as to avoid the most biologically
productive areas, either wetland or upland. Segmentation of habitat
should be discouraged by locating the canal route near the margins
of the least productive vegetati ve zones but generally not at the
ecotonal boundaries between zones.

One hydrological feature that should be incorporated into canal
designs where possible is the linkage of opposite ends of the
canal with waters having sufficient differential in tidal
periodicities to force a substantial flow through the canal at
high and low tides. Unfortunately, few sites offer such an advantage
to planners. Islands lying adjacent to the ocean on one side and
forming semienclosed bays on the opposite side are particularly
conducive to this strategy, due to the tidal differential created
by the tidal dampening effect of the islands upon the waters of
the bays,
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Biolo of Adjacent Waters

The entrances of canals and their associated offshore channels or
entrance routes should be situated and marked so as to encourage
navigation interests to utilize the least destructive offshore
approach to canal entrances. Hoat traffic across shallow grass
flats should especially be discouraged. Canal openings to adjacent
waters should also be so located as to minimize the extent of
channel dredging across shallow productive bottoms.

Mater ualit and Pollution Sources

This design factor is addressed above under "VALUE OF CANALS" and
"Special Problems."

Flow Characteristics

We are not certain what this subject relates to. If tidal flow is
meant, we refer you to our observations in the above subcategory,
"Hydrology of Site and Surrounding Areas."

De osition and Erosion

With proper contouring and stabilization of canal banks, erosion can
be adequately controlled. Again, we emphasize our preference for
riprap as opposed to conventional bulkheading.

Oeposition of sediments  and the accompanying necessity of maintenance
dredgingl is common to poorly-flushed systems that accumulate organic
materials and other particulate matter carried by runoff waters.
Some sediments derive from canal bank erosion. This particular
problem is also avoided by adequate bank stabilization or contouring.
The optimum slope of canal banks for erosion control varies with
soil type, water velocity, and drainage characteristics, and is a
determination that we feel should be made by engineers, not
biologists.

This factor has been discussed above under "Hydro'Iogy of Site and
Surrounding Areas" and "Special Problems."



Winds and Other Ph sical Parameters

Where significant prevailing winds are present, canal orientation
should be such as to favor the wind-driven circulation of water from
canals to receiving waters. Orientation of' dead-end canals to permit
wind-driven waters to be driven into the canals may result in an
influx of floating seagrasses or other floating plant materials that
enter canals, decay, and increase the biological oxygen demand of
canal waters and sediments. This observation also applies to
boat basins.

Consequently, we recommend an orientation that permits the prevailing
wind to sweep across the inter~or of the boat basin and toward the
receiving waters beyond.

The locations of canal entrances should be selected to minimize
destruction of fish and wi]d]ife habitat. This is general]y
accomplished by siting the canal entrance where it wi]1 traverse
the smallest amount of productive wetland vegetation or shallow
producti ve bottom substrate. However, if the canal opens to an
offshore channel, the combined impact of canal and channel routes
must be considered in minimizing damages.

If entrances are to be structurally stabilized, sloping riprap is
general]y preferred, on biological grounds, in favor of vertica]
surfaces, for bulkheads or groins, Either means of shore]ine
stabilization should be installed so as not to cause erosion in
adjacent areas by wave reflection or interruption of longshore
sand transport,

The above remarks do not address al] of the categories in your outline,
and thus are by no means comprehensive. We hope, however, that we
have been of assistance in pointing out some of the areas of most
significance to fish and wild]ife resources that should be carefully
considered in the design of artificial canals. Me would appreciate
your ]etting us know when your manual becomes available

Sincerely yours,

Regional Director
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drainage basin area, mi
.2

A

rainfall ~ntensity, ins/hr.

length of longest route to the outflow, ft.

design rainfall depth, ins.

hydrograph discharge, cfs.

hydrograph discharge for g = I in., cfs/in

hydrograph peak discharge for g = I in., cfs/in

synthesized hydrograph runoff, ins.
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velocity of overland flow, fps.
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T
p
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DI - curve number.

0 � duration of storm, hrs.

H - difference in elevation between the highest point and the outflow, ft.



Introduction

Two hydrographs have been synthesized for the 57 Acres

project site at the location of the freshwater inputs to the system.

These hydrographs represent the outfrow for a 25-yr, 24-hr storm and

a 100-yr, 6-hr storm over the area specified on a portion of the soils

map of Palm Reach County  see Figure I-1!. Each hydrograph is given

as three curves, for curve number 63, 80 and 94, which span the expected

variability of runoff for Antecedent moisture Conditions  AMC! I, II

and III respectively.

"Soil Survey Interpretations" from a special report by the

Soil Conservation Service [1975] f' or the various soil types delineated

on the 5-7Z edition of the Soil Survey Field Sheet for Palm Reach

County, USDA-SCS Fort North, Texas, show that all soil types within

the drainage basin are Type 0  see Table I-1!. Using Table 9.1 in

SCS I1972] entitled "Runoff curve numbers for hydrologic soil-cover

comp1exes , under the category "pasture or range", the curve numbers

vary from 80 to 89 for good to poor hydro1ogic conditions. It is

apparent that the range of possibly-applicable curve numbers is

more dependent upon A/1C than upon the soil type for the 57 Acres

project site drainage basin. Accordingly, using ;able 5.3 from Hjelmfelt

and Cassidy [1975] entitled "Estimation of curve number for various

antecedent moisture conditions", curve numbers 63 �/1C I! and 9~:

 AI'IC III! were selected for the limiting hydrographs,

<1ethod

The Soil Conservation Service  SCS! method  for explanation,

see Viesman et al L1972j!, has been used to generate the hydrographs.



For each of the three selected curve numbers, a hydrograph was generated

for the drainage basin shown in Figure I-l. As can be seen from the

figure, the drainage basin has two fresh water outflows, and because

the drainage area for each is not well defined, the assumption is made

that each has an equal outflow discharge. Thus the two outflows are

rep1aced by a single outflow located mid-way between the two existing

ones.

From Figure I-l, it can be seen from the contours, that

drainage is towards the Intracoastal Waterway and in fact, drainage

ditches in this area f1ow approximately Northeast. Thus, it was decided

that the longest distance that the water takes to reach the single out-

flow is the longest straight, line to the outflow point in the drainage

basin. This distance  symbol, L! was measured to be 13,600 ft. Further-

more, the drainage basin was considered as one zone contributing to

the outflow, instead of severa1 zones each lagged by the~r respective

times to concentration.

H dro ra h Calculations

Refer to example 8-1 on page 277 of Viesman, et al [1972] for

the procedure used in deriving these hydrographs. l3elow is a samp1e

derivation of the 100-yr, 6-hr storm for curve number, CN = 63.

Area :ac~ox:

Total drainage basin area, A = 2826 acres

= 4.42 mi
.2

No adjustment is necessary since the area is less than

10 mi
.2



The time of concentration, T, is given from Figure 15.2
c

of the Soils Conservation Service Handbook [1972].

Defining the land type as between "short grass pasture"

and "trash fallow", velocities 'Iie between 0.06 and 0,10 fps

 extrapolating the lines!. Thus taking a velocity of

0.1 fps, the time of concentration is given by LSCS, 1972j

T
1

c 3600u

13600
3600xO,T

37.8 hrs

No adjustment is necessary as the duration of the rainfall,

D, is D = 6 hrs! < 6 hrs

3. D- res+ nno,~=, Q:

P = iD

where

P = design rainfall depth, in

rainfall intensity, in/hr

1.60 in/hr

D = duration of storm, hr

6 hr.

Therefore, P = 1. 60 x 6

= 9.60 in.

Enter Figure 8-4 [Viesman, et al, 1972] with P = 9.60 in

and CN = 63, g = 5.0 in.



Pydrognaph Zami2y:

Enter Figure 8-6 [Viesman, et al, 1972] with CN = 63 and

P = 9.60 in and read hydrograph family number 3.

5. Duration of Rainfa22 Z cess:

Enter Figure 8-7 [Viesman, et al, 1972] with P = 9.6 in

and CN = 63 and read

T = 4.6 hr.
0

6. <ice to Peak, 2':
V

T = 07T
p C

26.5 hr.

Rani o:
o p

0.17

3. Pevisea 2' /~ and Revisea < :
o p

From Table 8-4 [Vie sman, et al, 1972] it can be seen that

is the only available choice. however, from the way in

which the table is formed, this choice is clearly inaccu-

rate as the revised T will be 4.6 instead of 26.5,
P

Thus, Table 8-5 LViesman, et al 1972] may be extrapolated

based on the ratio of hydrograph peak values. This was

done in all six calculations,

T T p

T

  � !o

T
p rev

4.6

26.0



1-5

9. Unit Discharge  per' inch! q
p

484A

p T

484 x 4.42 cfs

80.7 cfs/in

10. 2'oda2 Peak F2oe

Qq = 5.0 x 82.28 cfs
p

404 cfs.

11. From selected hydrograph family in Table 8-5 I Viesman, et

al, 1972j multiply t/T by revised T to obtain t in hours
p p

 see Table 1-3 and 1-4!.

12. From the selected hydrograph famiIy in Table 8-5

LViesman, et al, 1972] multiply each value of the q !q
c p

column by gq to obtain values of q in cts  see
p c

Tables I- 3 a nd I -4! .

The abov.� method has been repeated for each of the six hydro-

graphs, for two different durations and three different curve numbers.

The vaIues calculated are listed in Table 1-2 and the hydrographs

developed in Tables I-3 and 1-4. The resulting hydrographs are then

drawn in Figures 1-2 and 1-3 and summarized in Table 1-5.

~Summa r

The hydrographs for a Z5-yr, 24-hr storm and a 100-yr, 6 hr

storm are attached  see Figures I-2 and 1-3!. The differences in peaks

for Cil = 63 and C'< = 94 are 184 cfs and lZl c,s respectively. As stated



in the introduction, the discharge for each outflow is half the calcu-

lated value, as the two outflows were replaced by one for the purposes

of calculation. The results are surmarized in Table !-5.
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Table I-1 - Major Soils of the 57 Acres Drainage Basin

A/D52Sanibel muck

A/D60

Notes:

l. Based on "Soil Survey Interpretations  see Reference f>umber I!.

2. Presently group D. Can be converted to group A using drainage di tches.
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Table I-3 - Hydrographs for 25-yr, 24 hr Storm.
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Table I-4 � Hydrographs for 100-yr, 6-hr Storm.
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Table I-5 � Summary of Hydrograph Data.

1 Number Discharge,' each of the outf loss
 ins/hr!Store

63

80

94

19539063

283566

348941.6
I

!25-year, 24-hour

!25-year, 24-hour

25-year, 24-hours

I 100-year 6-hour

!
I100-year, 6-hour

100-year, 6-hour

0. 51

0.51

0.51

1.6

 Cil!, cfs! ', cfs
574 ', 287 I

1

759 ! 380

908 ' 454
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I. INTRODUCTION

The work reported here is from a sub-project within the larger

Sea-Gxant project entitled "Hydrodynamic Factors Iavolved in Finger

Canal and Borrow Lake Flushing in Florida's Coastal Zone." The object

of the overall project,  Morris and Christensen, 1976, p.l! " . . . is

to develop a rational, objective procedure for the design and evaluatioa

of finger canal systems and borrow lakes. The basic criteria for such

a design should take into account the existing environmeatal conditions

in the vicinity of the site and should insure that the development of

environment as a whole  or at very least maintains the status quo!."

It is the intent of this subproj act to develop information concern-

ing the latter part of these objectives, specifically the environmental

and geologic conditions at the canal sites, particularly with regard

to water quality in the canals and their potential effect on the shallow

aquifer system, if any. The source and character of the fine grained

sediments that tend to accumulate in canals during and after dredging

is also being investigated.

Using geographic priorites established by the overall project, data

and samples were collected during 1976 and 1977 in the following canal

systems of South Florida:

1! 57 Acres canal system near Jupiter, Palm Beach Co.

2! Loxahatchee River canals west of Tequesta, Martin Co.

3! Punta Gorda Isles, Charlotte Co.

4! Port Charlotte Isles, Charlotte Co.

In each canal system, vertical profiles of dissolved oxygen, salinity,

and temperature versus depth were made, with additional measurements of
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pH, water color, and turbidity at selected stations. The nature of the

canal walls was examined in pits dug at numerous points, and samples of

the natural sediment, the spoil, and bottom sediments were collected at

many sites. Comparative samples were taken in the nearby natural

waterways and in upland areas tributary to the canals. Large water

samples �0 gallon! were collected at a number of stations and filtered

to concentrate the suspensate for identification of particle types and

sources.

II, RESULTS FOR SPECIFIC CANALS

A. Salinity, Temperature, Turbidity and Dissolved Oxygen in Canals and

Adjacent Open Water Bodies  Data are listed in Table 1!.

1. 57 Acres Canal System

 a! Salinity and temperature were measured in situ with a

Beckman RS5 Induction Salinometer calibrated against a

coil of known resistance and a mercury thermometer.

Turbidity was measured in situ w.'th a Hydra-Produces model

612-S Transmissometer calibrated against an air standard.

Summer and winter series of measurements were made to

provide insight into the movement of water masses in the

canals and to observe seasonal differences. Water column

stations are located on Figures 1 and 2. As it turned out,

the salinity and temperature values and patterns of distri-

bution were markedly different in the two seasons. Salinity

and temperature profiles of individual stations are plotted

in Fig. 3 to 35 and cross sections in. Fig. 36 to 4l.

�! Durin the June 1976 sa lin eriod, the Intracoastal

Waterway  ICW! contained water with a salinity of 28.4

to 28.8 X. and temperature of 29.0 to 29.2'C  Station



57 ACRES CA~AL SYSTEM

JUPITER, PALM SEACH COUNTY, FLA.

Figure 1. Location map and stations occupied on June 16, 1976. All stat.'on
numbers should be preceeded by 061676- . Digits in figure indicate
time of sampling.



57 ACRES CANAL SYSTEM
JUSTER, PALM BEACH COUNTY, FLA,

Figure 2. Location zap and statio~s occupied on February 14, 1977. All station
numbers should be preceeded by 021477- . Digits in figure indicate
time of sampling.
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061676-1011! . The water column was well mixed, without

significant stratification  Fig. 3-4! .

Proceeding into the North Straight part of the

canal system, the surface water became fresher by about

1/ while maintaining the same temperature nearly all

the way to the Lake . However, profiles indicate only

a very weak stratification pattern.

In the Lake, which is dredged to 24 feet, about

twice the depth of the ICW or the North Straight, the

water was significantly more saline �2%%u.max! than the

ICW �8-29/! or the North Straight �6-28@ . With

depth, the Lake water evidenced both salinity and

temperature stratification, though the gradient was

weak  Sta, 061676-1149, Fig. 9, 36, and 37!. The

source of the relatively saline �2rg bottom water

posed a problem, as it was more saline than any

tributary known definitely at that time. However, the

February 1977  Sta. 021477-1620; Fig. 35! sampling

showed that during the winter, the ICW increases in sal-

inity to 32%%u. and is in direct communication with the

lake bottom water  Fig. 39!. This point is discussed

at greater length below.

Proceeding further into the canal system the summer

waters became somewhat fresher and warmer than the Lake.

The observed minimum salinity, 16.5/~ and miximum temp-

erature, 31'C, were at station 061676-1515, a dead end

canal at the southwestern extremity of the system

 Fig. 17!. Numerous small perched springs were observed
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along the canal banks in this canal segment, evidently

drainage from the surrounding sandy pine barrens.

A small amount of freshwater surface runoff also

was entering the canal through the two culverts at

the western end of the property. At station 061676-1242

this influx depressed the salinity to 2l%%d..

�! Durin the Februa 1977 sa lin eriod, water temp-

eratures at every station were about 9'C colder than

in the summer, and salinities were 1 to 6X. greater at

the same depths. In addition, at canal stations

vertical stratification was much better developed in

the winter  Fig. 39, 40, and 41!.

The ICW  Station 021477-1620; Fig. 35! contained

32.2 K, 20.5'C water, exhibiting no vertical stratifi-

cation. However, proceeding into the canal system at

the same stations as in the summer, the canal water

was observed to form a relatively cold, saline wedge

that was continuous along the bottom to the Lake and

beyond  Fig. 39 and 40!. In fact, bottom water with

close salinity and temperature similarity to the ICW

was found at all stations except those in the most iso-

lated dead end segment's at the western and southern

extremities  i.e., except at Stations 021477-1422,

1428, 1535, 1542 and 1602!. Thus, a direct route for

entry of relatively saline water into the deep Lake

bottom seems proven, and it is apparent that the saline

I.ake bottom water is a relict from previous winters

 and perhaps droughts! when the ICW reaches a salinity
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maximum and penetrates into the Lake as a saline wedge.

This explanation is reinforced by the observations of

Land, et al. �973, p. 28! concerning the Kl Rio canal

at Baca Raton in the southern part of the same county,

"Mhen rainfall is about normal, suffi-
cient flow over the control causes the chloride
content to be approximately the same on the
upstream as on the downstream side. Several
times between October 1970 and April 1971,
high tides topped the weir, which caused
salt water to become trapped in the bottom
of the controlled reach of the canal.

"During the prolonged droughts of 1970-
71, pumping in the Boca Raton well field
diverted the trapped salty water from the canal
into the aquifer and toward the pumping well;
this resulted in temporarily curtailed use of
several wells. Subsequent =reshening of the
aquifer occurred after the rainy season of
1971 began."

Also, Land, et al. �973, p. 27-28! noted that,

Reduced flows in Loxahatchee River, due mainly

to Canal 18 diversion from the Loxahatchee Slough into

the Southwest Fork and irrigation operations, have

permitted sea water to advan e up the river. In the

past, high flows effectively kept sea water in the

vicinity of the river's mouth. Sea water now extends

several miles upstream."

It is also possible that solar evaporation, with

consequent sinking of the higher density saline water

into the canal deeps, occurs in the summer. However,

the evidence for this is less conclusive than for ~inter

introduction from the ICt<.

The principal detrimental effect of the saline

bottom water is to i~crease the potential rate of
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salt water intrusion into the shallow aquifer. This

is enhanced both beacuse of the increased density of

the saline bottom water and because the deeply-dredged

holes increase the exposure of the aquifer to intrusion.

Improved canal design criteria should include co~sider-

ation of the degradational effect of holes dredged

well below the threshold depth, as they have commonly

been constructed in Florida.

During the February l977 measurements, surface waters

were observed to be slightly fresher inland, reaching

minima at the same locations as in the summer. Thus,

at the southwestern dead-end projection �21477-1602!,

surface water salinity was only 20.5X, versus 32.2L

in the ICW. This fresher water was also slightly warmer

and more turbid than IC'A water, and a distinct fresher-

warmer-more turbid surface water layer could be recog-

nized through most of the canal system. This wedge

pinched out before reaching the ICW  Fig. 39, 40 and

41! .

 b! Dissolved oxygen  D.O ~ ! is perhaps the single most impor-

tant factor controlling the distribution of aquatic

animal life. Therefore, it is considered here to be

the best overall indication of water quality in the

canal systems and is also a good indicator of the

efficiency of canal flushing. D.O. was measured in

situ with a YSI Model 51A meter, using moist ambient

air for calibration at each station, and correcting
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far salinity, temperature, and elevation as necessary.

Results have in all cases be converted to percent oxygen

saturation using standard tables for the solubility of

oxygen in sea water; this procedure minimizes the effect

af seasonal variations in temperature aad allows direct

comparison from area to area.

Typically the shallow open water bodies  natural

or otherwise! adjacent to the canals are near oxygen

saturation at all depths. Wide, open bodies such as

the Peace River estuary at Punta Gorda, subject to

frequent wind and tidal agitation, are particularly

well oxygenated and frequently supersaturated from

top ta bottom. Such areas can support large animal

populations throughout the water column as well as

numerous bottom dwellers.

The narrow Intracoastal Waterway adjacent to the

57 Acres canal project is slightly less oxygenated than

the Peace River. Oxygen saturation decreased from 87/

at the surface to 84X at the bottom  Fig. 3 and 35!.

However, tidal flushing is still quite good, and

negligible oxygen stratification was noted. The canal

receives considerable oxygen depleted drainage from man-

grove swamps, and is protected from wind stirring; thus

its D.O. is less than more open. natural water bodies,

Proceeding into the 57 Acres canal system, axygen

saturation in the surface water remains high, similar

to that in the open waters  Fig. 10!. However, ai depth

oxygen declines dramatically, reaching OX in bottom waters



toward the inner end of the canals  Fig. 38 and 42!.

The oxygen depletion results, of course, from poor

flushing of the bottom waters of dead end canals,

particularly when the inner parts are dredged well

below the threshold depth into open water  e.g.,

Fig. 9! .

In the complex 57 Acres canal system, the oxygen

saturation of bottom waters decreases progressively with

distance from the nearest entrance to the Intracoastal

Waterway  Fig. 42! . The relationship between di stance

from an entrance and oxygen saturati,on is nearly linear

 Fig. 43!. It suggests that decline of oxygen satura-

tion in the bottom waters is a function of residence

time near the canal bottom, and it is probably due to

respiratory depletion plus the oxygen demand of organic

matter in the suspended and bottom sediments. Organic

matter is abundant in soma of the canal bottom muds,

reaching 26.4R in the extreme inner end  Fig. 44!; such

sediments normally exhibit high oxygen demand.

Part of the 57 Acres canal system is open to the

Intracoastal Waterway at both ends, forming a circula-

tion loop that is flushed by tidal action. Bottom

waters in this loop exhibit much higher oxygen saturations

than do dead end parts of the systems; however, the

bottom waters in the part of loop farthest from the Intra-

coastal Waterway do show some decline. For example,

station 061676-1304 declines from 92%%d at the surface ta

61'. at the bottom, coincident with a small increase in



5 I ACRE S CANAL SYSTEM

JUPITER, PALM BEACH COUNTY, FLA.

Figure 42. Oxygen saturation of water within 1 ft.. of bottoxn on June 16, l976.
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Figure 43. Relation of oxygen saturation in bottom water to distance
from nearest entrance to Intracoastal Waterway, 57 Acres
canal system, June 16-17, 1976.



57 ACRE S CANAL SYSTEM
JUPITER, PALM BEACW COUNTY, FLA.

Figure 44. Organic matter  /! in bottom sediments.
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water density  Fig. 13! .

Oxygen depletion of canal bottom water should not

be taken a priori as an indication of pollution fram

septic tanks or similar sources. In fact, the 57

Acres canal system is completely undeveloped and with-

out sources of pollution; not one structure has been

built or one septic tank installed, and there is no

sewage discharge or significant wastedispasal opera-

tion entering the canals. However, oxygen depletion

does indicate poor circulation and introduces at least

one potential environmental problem, specifically fish

kills in the canals.

In canals with oxygen-depleted bottom waters fish

can inhabit only the oxygenated upper layer. If the

oxygen depleted bottom water is driven as a body to the

surface, mass mortality of organisms can result. A

similar phenomenon has lang been known in natural water

bodies that have packets of oxygen depleted bottom

waters  e.g., Chesapeake Bay!. The kills are associated

with wind conditions that lead to upwelling; in canals

this wauld most likely occur with strong winds parallel

to the canal axis, blowing surface waters out of the

canal and causing upwelling of bottom water near the

canal head. A persistent fish kill in a Key Largo

canal is, I believe, of this origin. The potential for

this type of fish kill seems quite goad in same of the

canals being investigated, as the oxygenated surface

layer is frequently only 2 to 4 feet thick. A common



method of dredge-fill canal construction, with a long

straight stretch and a deep basin directly at the inner

dead end., would seem to be conducive to upwelling of

oxygen-poor waters. Thus, an element of improved canal

construction should be to minimize dredging of deep

pockets near canal heads or in other locations conducive

to upwelling.

The observed coincidence between relatively high

salinity and low dissolved oxygen. in deep holes has been

reported in large natural water bodies hydrologically

analogous to the canals. For example, Lake Mi racaibo,

Venezuela  Redfield, 1958, p. 970-71!, where seawater

enters the lake over a threshold and collects in

depressions during an annual season of deficient

rainfall, and in the Norwegian fjords  Strum, 1939,

356-61!, where it is also attributed to sea water

occasionally "spilling" inward over the threshold.

in the latter case influx of relatively dense water

 either through salinity increase and/or temperature

decrease! displaces the oxygen depleted bottom water

and causes mass mortality of organisms in the upper

part of the water column. Another natural body analogous

to the canals is the Black Sea  Smi.mow, 1958!, where

the saline bottom water enters over the sill from the

Mediterranean Sea; Black Sea waters contain no oxygen

from 500-700 feet to the bottom near 6000 feet.

2. Loxahatchee River Canals

Two short residential canals extend eastward from the



Loxahatchee River in SW >fartin County  Pig. 4>!

The North Canal has vertical concrete seawalls in

place, but no houses or other structures had been

built at the time of sampling. Some erosion of the

sandy spoi1 through gaps in the seawalls was noted.

The South Canal is even less developed, and

was without concrete seawalls; the dirt banks slope

directly into the canal. The area between the North

and South was being used as a trash dump; and some

trash was falling into the South Canal, especially

at its inner end.

Salinity, temperature, and dissolved oxygen

values in the Loxahatchee River indicated slight

stratification, noticeable mostly in the temperature

profile  Fig. 49, Sta. 061776-1547!. Proceeding

into the North Canal, slight changes occur in alI

three parameters:

 a! salinity increases by approximately 2 X.

 b! Temperature decreases by less than 1' C

 c! bottom water is only 30-50K oxygen-saturated
in the canal vs. 82K in the river.

However, stratification remains weak except in th

D.O. profiles  Fig. 46-48 and 50-52!.

The differences in salinity and temperature

indicate that interchange between the river and canal

is sluggish; this allows time for the bottom canal

water to become partially depleted of oxygen. However,



Figure 43. i.ocation map and stations occupied on June 17, 1976. Loxahatchee
River canals.
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the D. 0. remains higher than most of the other

canal systems and would not seem to pose an important

environmental problem.

The undeveloped South Canal, parallel and within

approximately 400 feet of the North Canal, is sur-

prisingly different in salinity and D. 0.. Salinity

is 11-14K. in the South Canal vs 6-7/ in the North

Canal; D. 0. saturation in the bottom water is only

5-10%%d vs 30-50X in the North  Fig. 53-58!. Both

canals were measured within a 2 hour time span and

the instruments were double checked to assure validity;

both canals had 7-9 foot depthsand similar longi-

tudinal profiles. The observed salinity differences

do not seem firmly explicable by the observations

in hand. However, the lower D. 0. may possibly be

related to the greater surface influx of swamp water

in the unbulkheaded South Canal or perhaps by leach-

ing of the trash dump. Neither of these hypotheses

can be proved, and the be t conclusion is that flush-

ing is poorer in the South Canal, allow'ng more

time for oxygen depletion. The higher salinity

water may be a relict from previous lower river stages

when. a salt wedge may have penetrated upriver. A

similiar relict situation for the higher salinity

water in the deep 57 Acres canal system "Lake" has

been described in an earlier section.
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Again, i t is int eres ting that f Lushing seems

better in the canal with concrete bulkheads

than one with sloping sandy sides.

3. Port Charlotte Isles � Bangsberg Waterway

Bangsberg Waterway is one of a large number of residential

canals in the port Charlotte development project. It is

2100 feet long, straight, deadended and oriented slightly

west of N � S. The sides have been bulkheaded with concrete

sheet piling, and the bottom is dredged to almost 14 feet

HSL, or approximately 9 feet deeper than the adjacent Peace

River Estuary. All of the residential lots are fully de-

veloped with thick St, Augustine grass carpets, palms, and

lush ornamentaL vegetation. Street drainage enters through

concrete culverts,' otherwise little drainage enters. Trash

from yard maintenance was ponded near the canal head.

Sample locations are indicated on Figure 59 . Vertical

S-T-DO profiles are shown on Figures 60 through 63, and

cross sections on Figures 64 to 66.

The Peace River is a shallow, well-mixed, brackish,

highly oxygenated water body, with negligible stratificat'on

Proceeding into the canal, the depth increases abruptly at

the entrance, and landward from this point strong stratificat-

ion exists in salinity, temperature, and oxygen saturation.

Salinity increased from near 17K at the surface, to ap-

proximately 27/ in the deep canal bottom. Simultaneously,

temperature declined from 31-32'C at the surface to 28-29'
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2. Lozahatchee River Canals

The natural bottom of the Lozahatchee River adjacent

to the canals is composed of fine to coarse sand, moderately

well sorted, with subrounded and polished or frosted grains.

Carbonaceous plant remains are common. Organic matter

made up 6.45Z of the sample, whereas CaCO is essentially

absent �. 09/! .

Proceeding in to the canals, the bottom sediment

becomes much finer grained and can be described as a silt

mud, sandy, and with much plant debris. Organic matter in

the inner half of the North Canal averages 3SX, and in

the South Canal it averages 22K. CaCO> averages 0.11Z in

the North and 0. 16X in. the South Canal.

The finer sediments coincide with the deeper  9-10 ft.!

canal bottoms, which act as sediment traps for the suspended

material arriving from the river. The small amount of CaCO>

represents the skeletal remains of foraminifera and mollusks

living in the upper oxygenated parts of the canal and river

~ater column. As is discussed more fully later, the clay

mineral composition of the canal silts is similar to the sus-

pended and bottom sediment of the river, from which the

fines were evidently derived by lateral transport. Because

of dredging, bulkheading, and trash deposition, the charact-

er of the natural bank materials could not be determined.

Port Charlot te Isles � Bangsberg Vaterway

Sediment on the natural Peace River bottom is dominantly
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RT CHARLOTTE ISLES

N

PEA CE 8/ 4'ER
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Location map and stations occupied on July 10, 1976 in Port
Charlotte Isles. Station numbers should be preceeded by
071076 � . Digits on figure are times of sampling.
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at depth. The relatively saline water is interpreted as

relict from periods when the river is temporarily more saline,

as was mentioned in the 57 Acres canal system and elsewhere.

Because the few analyses available indicate the shallow

aquifer generally to contain only 1 � 7X, with a known maximum

near the coast o f 12X  Sutclif fe, 1975, p. 27, 30, 35!,

it is very unlikely that the saline canal water is produced

by upconing from the aquifer; it is, in fact, much more

likely that the canal botto~ wate~ is contaminating the shallow

aquifer. Salt water intrusion of this type has made the shallow

aquifer unusable over much of this general area.

The Peace River was supersaturated with oxygen, reaching

216/ at station 071076-1209. Upper canal waters are similarly

saturated �67-203/!; however, below the 5 foot canal entrance

depth  " sill depth"!, oxygen declined rapidly, to 0X at the

bottom at station 071076-1249.

Obviously, flushing is ineffective in the deep canal bottom,

allowing ponding of reli.ct saline water, and time for complete

oxygen depletion of the botto~ waters.

Similar strat'ification and oxygen depletion was noted at

station 071076-1406  Fig. 67!, which is in a separate, completely

undeveloped canal 900 feet west of Bangsberg waterway. That

canal was 12 feet deep, with the lower 4 feet having only

3X oxygen saturation and a salinity of 25-27X . Thus, the

stratification is unrelated to construction of houses or sewage

disposal, but to the trapping effect of the deeply dredged canals.
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4. P inta Garda Isles � Sunfish Cove Canal

effect of reducing mixing between the anoxicthe

deep canal water and the oxygenated surface water.

Sunfish Cove Canal extends 3600 feet southward fram

the Peace River  Fig. 68!. It is straight except for. a 45

degree turn to the SK at about the midpoint; the deepest

segment, 18 feet, is SE fram the turn, at its dead end.

During sampling, it was free of trash or other debris and

seemed quite clean.

Punta Gorda Isles has been under development since

1958, and activity has centered on dredge-fill operations

on a mangrove covered point approximately 3 miles west of

the town of Punta Gorda. The canals, bulkheaded in concrete,

are developed, with lush, manicured St. Augustine grass

lawns fronting the canals. Streets drain into the canals

through 18 inch culverts, but there is no obvious other

source of local contamination, and the canals contained no

visible trash. All the houses are on central sewage and

water supply.

Canals are typically dredged to l2 feet MSL, although

deeper parts exist; the inner end of Sunfish Cove Canal

is 18 feet d ep. The adjacent Peace Rive Estuary is about

7 feet deep.

Boat traffic is encouraged to move slowly in the

canals. This is primarily to reduce wakes, but also ha
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Punta Gorda Isles. Station
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The Peace River Estuary, one � fourth mile off the canal

entrance  Station 071076-ll26; Fig. 69!, is 7 feet deep.

It is nearly saturated with oxygen thaughout this depth,

ranging from 1957 at the surface to 92X at the bottom.

Temperature is also nearly constant �9.7-29-3'C!, but

salinity increases significantly with depth from 21.2 to

to 24.5/ Thus, this side of the Estuary was more saline

than the Port Charlotte side, where salinity ranged from

17.1 to 17.5/ The salinity difference was not due to the

tidal state as only 45 minutes elapsed between the two

river stations and the tide was flooding thoughout, reaching

a spr ng high two hours later. Thus, it is apparent that the

main river flow was directed toward the Port Charlotte side

Proceeding into the Sunfish Cove Canal, temperature,

and D. 0. showed only insignificant changes at the surface.

However, pronounced stratification must be relict from periods

when the river is more saline, for the same reasons previously

mentioned for the Port Charlotte and 57 Acres canal systems.

B. Characteristics of Bottom and Bank Materials in Canals and Adjacent

Open Water Bodies

l. 57 Acres Canal System

 a! Grain Size and Composition  Tables 2 and 3!.

The canals are dredged into a sequence of unconsoli-

dated >Iolocene sandy and peaty sediments that dip

gently eastward. The sandier layers in the canal

banks contain 99%%u sand, less than 1/ silt and clay,

1/ organic matter, and 0/ CaC03, whereas, the peats
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TABLE 2. Size and Other Parameters of Bottom and Bank Materials from the
57 Acres Canal System and Vicinity.

"Folk Parameters" Silt & Organic
Clay  X! Matter CaC03
<62 %!  %!

Sand

;%!
>62p

Sample No.
 Location! Md Md Mz o'I Skr. Kg

A. Intra-

coastal W.W.

Bottom Sed.

0616 76-1011

-1040

5743

59

B. Canal

Bottom Sed.

7327

88

1412 88

8218

9521 5.6 6.0 1.8 0.5 0.9

74

4654

6733

17 5.9 6.2 2. 2 0. 3 1.0

6040

6832

60 10

29

189420 5.7 6.2 2.2 0.4 0.9

458812

C. Dredge
Spoil

061776-1129a

-1212a

-1247a

-1515 a

D. Natural

Sdy Banks

061676-1129c

-1212c

-124 7b

-1515b

061676-1051

� 1107

-1115

-1133

-1149

-1207

-1227

-1242

-1304

-1439

-1449

-1457

-1515

-1613

-1634

26 5.3 5.8 1.8 0.4 0.9 12

177 2.5 2.4 0.4 -0 ' 5 1.3 100

190 2.4 2.2 0.6 -0.4 1.1 100

287 1 8 1 9 0 9 0 0 0 7 99

287 1. 8 1. 8 0. 7 0.0 0.8 100

250 2 0 1 9 0 7 -0 2 0 8 99

233 2.1 2-0 0.8 -0.2 0.9 100

218 2.2 2.2 0.8 -0.1 0.7 99

190 2.4 2.3 0.7 -0.4 1.0 99
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TABLE 3. Average Size and Other Parameters of Bottom and Bank Materials fram
the 57 Acres Canal System and Vicinity

l. 5 +1! 2 +1!58 +1!42  +1!

12  +12! 2 +1!78 +15!22 +15!

Dredge Spoil

Int racoas tal

Waterway Bottom 2
Sediments

Canal Botto~

S e dimen ts

Natural Sandy
B anks 99  +0. 5!

100 +0.5!

<1 +0. 5! 1  +0!

<1 +0. 5! <1  +0!

0  W3!

1 +0.5!
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contain up to 68/ organic matter and no CaCOg.

Relative propor ions of sand and peat beds vary

greatly and in all proportions though the canal

system.

The dredge spoil is very similar to the sandy

bank materials in size and in lacking organic.

matter and CaCO", Both materials can be described

as find to medium sands, moderately to well sorted,

producing size frequency curves that are coarse

to strongly coarse skewed, and platykurtic to

mesokurtic. Both materials are clean sands, de-

fici.ent in fine particles; the median diameter

averages 0.2 mm.

In contrast, the canal bottoms are much finer

grained, organic rich, and contain a few percent of

CaCO3 |,'Fig. 76-82!. The average canal bottom sedi-

ment can be described as an organic silt mud, with

a median diameter of 0.021 mm. poorly to very

poorly sorted, with a size frequency curve that is

strongly fine skewed, and mesokurtic.

The canal bottom muds also differ somewhat

from bottom sediment in the Intracoastal <Jaterway.

The waterway sediments are sandy muds with average

organic contents of less than 2Z, in contrast to the

12X average in the canal bottoms.



57 ACRES CANAL SYSTEM

JUPITER, PALM BEACH COUNTY, FLA,

Figure 76. Percent sand in bottom sediment, 57 Acres canal system.
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57 ACRES CANAL SYSTEM
JUPITER, PALM BEACH COUNTY, FLA.

Figure 77. Percent silt and clay in bottom sediment, 57 Acres canal system.
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57 ACRE S CANAL SYSTEM

JUPITER, PAI M BEACH COUNTY, FI A.

~ = Q.do I gg

Figure 78. Median diameter of bottom sediment  in microns!, 57 Acres canal system.
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57 ACRES CANAL SYSTEM
JUFtTER, PALM BEACH COUNTY, FLA,

Figure 79. Percent moisture content of bottom sediments  weight loss at 105'C!,
5 7 Acres canal sys tern.



K-107

57 ACRES CANAL SYSTEM

JUPITER, PALM BEACH COUNTY, FLA.

Figure 80. Percent organic matter in bottom sediments  weight loss between 105 C
and 550'C!, 57 Acres canal system,
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57 ACRES CANAL SYSTEM

JUPITER, PALM BEACH COUNTY, FLA,

Figure 81. Percent CaCO in bottom sediments  by volume of C02 generated with 50/
3

HCi!, 57 Acres canal system,



K- 109

57 ACRES CANAL SYSTEM
JUPITER, PALiV SEACH COUNTY, FLA.

Figure 82. Number of diatoms per l00 grains counted, 57 Acres canal system.
Bottom sediments.



sand, fine-coarse grained, poorly sorted, and pale grayish

orange in color. In contrast, the canal bottoms are floored

with organic-rich sandy silt, medium dark gray in color.

Organic matter increases fram 2.5X in the river sediments to

9-21X in the canal muds. The canal muds contain up to

1X CaCO ; this represents skeletal remains of planktonic

organisms from the upper water column, plus parts of the

oysters and barnacles that foul seawells and pilings along

the canal.

The lithologic changes parallel the changes in bottom

topography and water quality previously noted. It is

once again evident that the deeply-dredged canal bottom is

acting as a trap for fine, organic-rich debris, both

transported from the Peace River and generated in the

oxygenated upper layers of the canal water column.

4. Punta Gorda Isles � Sunfish Cove Canal

Bottom sediment in the Peace River I/O mile off the

canal was very fine-medium grained sand, pale grayish orange

in color. However, inside the canals the sediment is an

organic-rich sandy silt, medium dark gray in color. Parallel-

ing the lithologic changes, organic matter increased fram

3. 3X in the estuary, to 5,4X at the canal entrance, to

17.8X at the inner dead end of the canal  Figure 84!. Once

again, it is evident that the canal is acting as a sediment

trap for fine grained, organic-rich materials with a high

deman.d for dissolved oxygen.

CaCO> in the river was near zero, as it was an the Port
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Figure 83. Percent organic matter in bottom
sediments  weight loss between 105' and
550'C!. Sunfish Cove canal. Jo Qr g ~i c. PRa~r
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Charlotte si,de. However, in the canal CaCO values ranged

from up to 8. S% at the inner dead end. Evidently the CaCO

was derived from barnacles and oysters fouling the canal

sides and from planktonic organisms Living in the upper

water column.



K-114

C. Sources of Fine Grain Sediments in Canal Bottoms

l. 57 Acres System

The compositions of the less than two micro~ clay mineral

fractions of 39 bottom and bank samples are listed in Table 4,

and areal distributions of the two most abundant components

 montmorillonite and kaolinite! are shown in Figures 85-88.

Clays from the canal bottom sediments are relatively

rich in montmorillonite  usually 60-75X!, with smaller

amounts of kaolinite  usually 16-26X!. The remainder of the

clay mineral suite is illite  <1 to 8X! plus an unresolved

vermiculite-chlorite complex �-23X!.

Bank samples differ significantly from the canal bottom

materials. The banks contain much less montmorillonite, typic-

ally less than 10X, and more kaolinite, usually 43-73/.

Thus, it is highly improbable that much of the canal

bottom clay minerals was derived by winnowing of fines from the

exposed natural banks materials. However, with this possibility

eliminated, the source of the clays is still unclear, The

clay minerals in the Intracoastal Waterway sediments contain

too little montmorillonite to match the canal bottom muds, and

this is also true of the sandy spoil from the canal dredging.

The most likely alternative seems to be that some older strata

that are relatively rich in. montmorillonite were penetrated by

hydraulic dredging in the deep �4 ft.! lake area. During the

construction phase, turbid water from that source could have

been distributed through most of the canal system;

because the present sedimentation rate is very low, the

relict clays from the construction phase
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57ACRES CANAL SYSTEM
JUPITER, PALM BEACH COUNTY, Ft A.
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Figure B5. Nontmorillonite in bank samples  / af the clay mineral fraction!,
57 Acres canal system.



57 ACRE S CANAL SYSTEM
JUPITER, PALM BEACH COUNTY, FLA,

Figure 86. Kaolinite in bank samples  X of the clay mineral fraction!, 57 Acres
canal system.
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57 ACRE S CANAL SYSTEM
JUPITER, PALM BEACH COUNTY, FLA.

Mf 8 K Pi+ T T I.Il +

Figure 87. iMontmorillonite in bottom sediments  Z of the clay mineral fraction!,
57 Acres canal system.
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57 ACRES CANAL SYSTEM
VUHTER, PALM BEACH COUNTY, FLA.

P = Whig ~prrln~

Figure 88. Kaolinite in bottom sediments  I of the clay mineral fraction!, 57
Acres canal sys tern.



Analogous distributions

have also been noted during c.redging in Tampa

Bay and the upper Florida Keys  Griffin, 1976!.

Two samples of pre-Recent clay 150 to 280 cm

deep in a core fromthe swampy area east of the

study area yielded 82 to 96X montmorillonite.

Because the general dip of the beds is easterly,

it is reasonable that beds o" similar tvpe may

be present beneath the 57 Acres canal system.

 b!

would be still essentially at the surface of the canal

bottoms, where they were penetrated by the grab sampler.

The south loop, a long, curved dead end projection, was

apparently more isolated from the suspended "lake" sedi-

ment of the construction phase, and the clay mineralogy

of the bottom sediment in the south loop closely resembles

that of the bank materials.

The hypothesis above is reasonable in terms of past

experience of two types:

 a! Pensacola Bay contains a "halo" relatively

montmorillonitic bottom sediment surrounding the

highly dredged areas near the Naval Air Station.

There, depths of 33 to 35 feet were hydraulically

dredged to produce maneuvering areas for aircraft

carriers and other large ships  Griffin, 1972, p.

8-12; Alexander et al, 1973, p. 109-112!. No

other source for the montmorillonitic clay was

likely.
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This possibility could not be checked further

because no deeper cores could be obtained

in the canal area.

Zn the 57 Acres canal bottom sediments,

the % montmorillonite increases as the sedi-

ment becomes finer grained  Pig. 89!. In

contrast % kao3.inite and % vermiculite-

chlorite both increase as the sediment coarsens

 Figures 90 and 91!.

2. Loxahatchee River Canals

The clay mineral suites of five canal bottom samples

 averaged!, one river bottom, and one river suspended

sediment are indicated below:

% of the cia mineral sui,te

q K

5 29  +7! 1  + 1! 9  i 1! 62 + S!
1 29 1 10 60
1 22 3 19 56

Average canal bottom
Lox. Rior  bottom!
Lox. River  suspended!

It is apparent that no significant difference exists

between the c3.ay mineral fractions of the river and the

canal samples. On the other hand, the sandy bank materi-

als contain an average of 60% kaolinite, 4% i].lite, 25%

vermiculite-chlorite, and less than 10% montmorillonite,

Thus, the banks could not have yielded the type of clay

in the canal bottoms, and it must have come from

settlement of the suspended load of the Loxahatchee

River. The situation here differs from that of the 57
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Figure 89. Montmorrilonite versus percent silt and clay, Bottom sediments.
57 Acres canal system.
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Figure 90. Kaolinite versus percent sand, Bottom sediments. 57 Acres canal system.
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'/o Vermiculite and Chlorite in
Clay Mineral Froction

Fiw;ure 91. Vermiculite/chlorite versus percent sand, Bottom sediments. 57,~eras
cauaI system.
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sands.

3. Port Charlotte Isles Canals

Sediments from the Bangsberg Waterway and adjacent area

yielded average clay mineral compositious as follows:

%%d of the clay mineral suite
K I V+C M

15  +6!
19

ll
17

25
20

77  +6!
74

77
42
66

76

7  +0!
6

12

37
8

3

1  +0!
2

<1

<1

1

Bangsberg  bottom sed. !
Bsngsbezg  susp. sed. !
undevel. canal  bottom!
undevel.  spoil bank!
Peace River  bottom!
Peace River  susp. sed.!

The values for montmorillonite and kaolinite are plotted

on Figures 92 and 93. From these analyses, it is concluded

Acres canals in two important ways: �! There was no really

deep dredging. The canal bottoms only reach 9 feet, which

is only 3.5 feet deeper than the natural rior depth. �!

The river source is very close, flowing by the canal entrance,

and the canals are only 2,000 feet long. Thus, its suspended

load is constantly being deposited in the canals.

The more northerly of the two canals is walled with con-

crete, making slumping unlikely. The southerly canal is

however undeveloped and has no concrete seawalls; slash pine

grows on the vegetated banks. The innermost end is used as

a trash dump, part of which has slumped into the water. A

canal bottom sample near this dump shows more affinity for

the bank sediment than does the remainder of the canal, but

it is still more similar to the river than to the bank
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RT CHARLOTTE iSLES

PEA CE 8/ VER

FEETMontmorillonite in bottom, bank and.
suspended sediment samples  % of the
clay mineral fraction!. Bangsberg
Waterway.



Figure 93.

PEACE Rt VER

Kaolinite in bottom, bank, and
suspended sediment samples  !
of the clay mineral fraction!.
Bangsberg Waterway.

RT CHARLOTTE ISLES
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that the spoil bank sample contains toa much kaolinite �7%!

and tao little montmorillonite �2%! to have supplied the clay

in the concrete-bulkheaded Bangsberg Waterway bottom sediments

�% kaolinite and 77/ montmorillonite!. However, the spoil

apparently has supplied some kaolinitic clay to the undeveloped

canal bottom adjacent ta it.

In contrast to the above, the Peace River and the Bangsberg

Waterway sediments are internally similar. This similarity holds

true for both the suspended and bottom materials. Thus

settlement of material from the river is the mast logical source

of the clays in the Bangsberg Waterway bottom sediments.

4. Punta Garda Isles Ca~ala

The clay mineral fraction extracted from Sunfish Cove

Canal and vicinity produced the following compositions:

% af the clay mineral suite

V + Cq K

3 5  + 2 5! 1 5  +  ! 5! 9  + 2! S5  + 4!
1 6 2 15 77
1 2 7 90
1 3 1 lg 7S

Sunfish C.  bottom sed.!
Sunfish C.  susp. sed.!
Peace R.  bottom sed.!
Peace R.  susp. sed,!

From the above montmorillonite and kaolinite values  platted

on Figures 94 and 95!, it is concluded that all the samples farm

a homogeneous group. The suspended matter in the river is es-

sentially identical ta the suspended matter in the canal, and

the bottom samples fram the river and canal are too similar ta

distinguish. Thus, the bottom sediment in the canal could hav

been derived fram the suspended sediment in the river. Because
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PUNTA GORDA ISLES

Montmorillonite in bottom

and suspended sediments  %%d
of the clay mineral fraction!.
Sunfish Cove canal.
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Kaolinite in bottom and suspended
sediments  X of the clay mineral
fraction!. Sunfish Cove canal.
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this area is fully developed, with concrete bulkheads and lawns,

it was not possible to sample the bank materials or the dredge

spoil for comparison.
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5. Summary

In all but the 57 Acres project, the clay mineral suite

in the canal bottom muds is similar ta that in suspended sedi-

ments from immediately adjacent rivers. In contrast, where

it was possible to sample the natural bank or dredge spoil

materials, they differed significantly from the canal bottom

sediments. Thus, it is concuded that particles suspended in

the river waters routinely enter the canals and settle to the

bottom, where they make up the bulk of the inorganic fraction

of the bottom sediments. The still waters of the canals below

the threshold depth at their entrances promote this settling,

That is, the canals act as sediment traps.

All of the canals in the above group are relatively short

and simple, nearly straight canals that connect directly with

a major river source of suspended particulate matter. The

deepest point is 18 feet in the Punta Gorda canal; the others

are shallower. In contrast, the 57 Acres project is a much

longer, sinuous canal system with numerous dead end projections,

and a dredged "lake" with a depth of 24 feeL. This canal system

connects to the Intracoastal Waterway, which is a less constant

source of inorganic particulate matter than the rivers adjacent

to the other canals systems.
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