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SOUTH NEW RIVER CANAL

PHYSICAL DESCRIPTION

.South New River Canal, one of the shorter arterial waterways,
runs east and west and lies entirely within Broward County. The
western end of its 23-mile channel connects with Miami Canal,
and the eastern end connects with Dania Cutoff Canal and South
Fork New River and thus ultimately enters the sea.

The connectionbetween South New River Canal and Miami Canal
is not controlled, and free interchange of flow can occur at all
times. State Highway 25 crosses South New River Canal about 8
miles to the east ¢f the junction of these two canals, The south
spoil bank is continuous in the reach, but the north bank is breached
inat least three locations and overland inflow from the north occurs
in wet periods,

Fill for the construction of State Highway 25 was obtained from
borrow pits along the west side of the highway, and these borrow
pits form sizable canals extending north and south. The north
borrow pit ends at North New River Canal at 20-Mile Bend, almost
6 miles to the north, but it is not connected with that canal, A low
place in the north spoil bank (and later, a culvert pipe) permits
flow from the north borrow pit into South New River Canal. The
south borrow pit ends at the Dade-Broward County line, a little
more than 7 miles to the south; it iz not connected with South New
River Canal. .

A quarter mile east of State Highway 25is an earth dam, which
makes a pool of the upper reach of South New River Canal. A
small pipe culvert is set high in the dam, but in the period 1940—
46, no flow was observed. Moderate flow occurred in 1940—41
through a breach in the dam.

Another earthdam, which was constructed about 1924 and which
was extensively breached in 1941, is located 4} miles east of State
Highway 25, Head on the dam has been.small smce the breaching,
and it is relatively ineffective as a water control.” Alevee, known
as 15-Mile Dike, extends north 4,5 miles from this location to
State Highway 84 and North New River Canal.

Snake Creek Canal connects from the south with South New River
Canal at a point 3 miles east of 15-Mile Dike, Here, Flamingo
Canal extends northward to connect with North New River Canal on
the west side of Flamingo Road. This location marks the western
edge of the intensive citrus development in the Davie area. Fla-
mingo Canal is controlled at a point 4 mile north of South New River
Canal and at its head at North New River Canal,

¥The break in the dam was roughly filled about December 1947, Later, three 48-inch pipe
culverts were installed,
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A typical control andlock is located nearly 4 miles east of Snake
Creek Canal at the western side of the town of Davie, About 3 miles
farther downstream, State Highway 7 (formerly Highway 149)
crosses the canal and marks the eastern limit of the Davie area.
Numerous north-south uncontrolled lateral canals connect in the
reach from Snake Creek Canal to State Highway 7.

South New River Canal ends at the Florida Power and Light
Co. plant about 0, 4 mile east of State Highway 7. Here the canal
connects with Dania Cutoff Canal and the canalized reaches of South
Fork New River, both of which connect with the Intracoastal Water~

~way and ultimately with the sea. Dania Cutoff Canal is the shorter
and more direct outlet, Details of the lower New River basin are
discussed in the next section.

The banks of South New River Canal are continuous from State
Highway 25 tothe lower end, except for severalbreaks in the south
bank, west of Snake Creek Canal, The canalis accessible by roads
along the banks from about 2 miles west of Snake Creek Canal to
State Highway 7.

The following table lists the principal features along South New
River Canal with cumulative mileages from its head at Miami Canal,
Additional locations are listed to show distahces to the tidal water-
ways at the coast,

Location Mileage

Head, connection with Miami Canal.,....cveiiereeerronsererrereosases U
Bridge, State Highway 25 (fOrmerly 26)u..vueeeesseecervesnseerassns 8o 4
Earth dam. ... .oicvieieiiiiiiiiinnincereereerscisrernsnssecssnrsarsssinssnirase: 8 6
Dam (15-Mile DIiKe)e. ssiviersssssvinerarecnersesvaresorsssnsnseonrosssvass b2e 8
Bridge, Snake Creek Canal, Flamingo Canal, Flamingo

ROA 1 miiiiiriiiniesieiirisrnnrsasassisnsiersasiosssrensssrassas snvsvensen 150 0

Control and 10ck NO. 3i.ivuss cevererernenenrerereresessssssnssssseserss 1926
Bridge, Davie.iiiiiicerereecervearersnresserssmessrerssones srsvonssvenennses 204 9
Bridge, State Highway 7 (formerly 149)....vvereeeeeencensesssennees 22 4
Mouth, connection with Dania Cutoff Canal and South Fork

NeW RIVEr..iiiiiesisiieeisietsiesnsnss comenrssssnensnsesnssnsnensasnsnes 220 8

via South Fork New River

Lateral, Florida Power and Light Co. plant intake,..s..ceeess 22.9
Lateral, Florida Power and Light Co. plant retuUrf...eceesecres , 23. 8
Bridge, State Highway 84 (formerly 26=A).,...cvveee: serseoenees » 24,6
North New River Canal, mouth oficiceeivruererrarssscnsenscarsnrenss 24,8
(for continuation of New River see similar list for North
New River Canal on page 377).
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via Dania Cutoff Canal

Location Mileage

Lateral, powerplant iNtaKe...ievesseseeeses seeresessenernrssssnsrarsss 2284 9
CONTOL., iaseanerroensasssarsssesnssenses s sasssssssonassnnsnsasasesossnsee 220 9
Lateral, powerplant retUrM. . icecesse nvsisesnsasesssssssessissnnsnanes 2 3e 4
Bridge, Ravenswood Road.iiceiirereseisnersensecnnsecrsnncrnsasnosasess 24,9

Bridge, Seaboard RailWaY...eiereeisesrerssinsseovscsassnosasrassnssess 29s 1

Bendlllculuvul R L L R L T N Ry Ry R LR L) 25' 3

Bendonco----oonanuo Iy Ry R YR AR L L 26. 0

Hollywood Canal.iieeeecerecns sos ersssssssassss s sesnssnsarsssvansassnsass 2640
Bridge, F. E. C. RailWay. ciiceraeececracrenscsssssssssc-sossascssnsee 2047

Bridge, U. 8. HighWay L.eccivemeecrensecsrrsestsassossssssrarasanrsnsen 26,7
Mouth of Dania Cutoff Canal, Intracoastal Waterway.,....ssss.. 28,6

RECORDS AVAILABLE

[ * Record continued after period of this investigation]
. ,
Highway 25

Stage: Apr. 12, 1943, to Dec. 31, 1946%; continuous recorder

graph; daily mean plotted in figure 107,
Davie, near, (at Snake Creek Canal)

Stage, east of bridge; Nov. 8, 1939, to June 15, 1941; staff gage
read twice daily; daily mean of readings plotted in figure 108,
Maximum observed: 5.68 ft on Sept. 12, 1940,

Minimum observed: 0, 50 ft on Dec. 17, 18, 1940.

Discharge, including inflow from Snake Creek Canal and Flamingo
Canal: Nov. 8, 1939, to June 30, 1941; daily mean plotted in
figure 108; discharge measurements listed in table 40, in-
cluding tributary inflow; monthly and annualrunofflisted in
table 41, ’

Maximum daily mean: 337 cfs, on Sept, 21, 1940,
Minimum daily mean: 5,8 cfs, May 21-28, 1940
Davie, at :

Discharge, monthly, January 1940 to December 1942, listed as

“other flow” out of the area in table 63.

346881 O—55——27
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Figure 107. —Graph of stage of South New River Canal about 8 miles west of Snake Creek Canal, 18541-46.
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Table 40,~-Discharge measurements, in cubic feet per second, .and elevations, in foet

above mean sea level, of

intersection

[Measurements of inflow marked by asterisk (*) are estimated]

South New River, Flamingo, and Snake Creek Canals at

Flow of Inflow from -
Date of South New Elev of water
meagure ~ River Canal Flamingo Snake Creek surface at
ment above Canal, Canal, intersection
intersection from north from south
1939
Nov, 8 54.5 25,6 2 4,51
15 53,6 19.9 2 4,43
Dec, § 45,17 13,7 *2 3.40
13 46,7 14.6 i 3.16
20 39,0 *4 1 3.38
1940
Jan, 6 39,5 16.4 1 3.32
i2 50,6 22.6 2 3,32
23 33,9 33.4 2 3,21
Feb, 1 39.4 36,5 0 3,33
9 39,7 41.0 *1 3.19
20 39,9 29.0 *1 3.02
21 35,2 29,6 %5 2.16
Mar. 7 33,17 21,0 0 2,61
15 33.6 15.5 0 2,18
22 2.6 12,0 0 2,387
27 27.7 9.5 0 2,23
Apr, 4 41,6 9.5 2 2.29
9 33,2 6.4 0 2,13
19 22,5 *1 0 1,80
26 19,0 *1.5 0 1171
26 7.1 *1.5 *5 1.81
27 12,1 ¥4 2.05
May 3 10.5 ®2 0 2,28
10 7.9 0 e 2,21
17 6.4 0 *-,4 2.36
22 5.3 0 5 2.38
31 10.3 19.6 2 2. 88
Jume 4 62,5 61,4 10,9 », 46
15 41,9 29.6 5 2.94
21 32.0 9.6 2 2.08
26 23,6 25,2 4 2,04
July 5 27,3 13,6 0 1,86
12 25,2 21,1 0 1,98
19 23.2 21,2 0 1,94
24 17.6 20,7 1 1,817
31 28.0 28,3 *3 2,56
Aug, 7 32,4 18.5 *3 2,65
14 23,9 13,6 5 3,17
22 28,1 14,1 5 3,32
30 48.2 27,8 12 4,15
Sept, 3 3,0 16,8 *] 3,70
13 163 62.5 ) 5, 65
172 130 84.1 *8 4,91
24 208 io1 16,8 4,47
Oct. 1 196 61.8 14,7 3,73
8 146 82,2 14.8 2.81
8 (2 2) 2.88
17 15‘3) 56?4 bl 2.79
22 108 57,8 12.4 2.00
30 114 68.9 14.3 3,22
Nov, 1 145 58.2 12,5 2,49
13 98.1 37.3 10,0 2.32
20 81,6 38.9 10.9 127
27 63,9 36.5 9.0 1.83
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Table 40,— Discharge measurements, in cubic feet per second, and elovations, in foet
asbove mean sea level, of South New River, Flamingo, and Snake Creek Canals at
intersection— Continued :

Flow of Inflow from
Date of South New Elev of water
measure- River Canal Flamingo Snake Creek surface at
ment above Canal, Canpal, intersection
intersection from north from south
1940
Dec, 4 65,8 22,6 8.5 .86
10 50,5 18.8 6.3 1,66
18 46,4 9,3 3.8 1.21
26 39.3 29.5 6.8 2,36
1941 .
Jan, 9 66,3 38.8 10.1 2.23
15 40.0 16.17 5.8 2.12
23 61,0 31,4 7.3 1,41
30 37.4 23,6 6.1 2.10
Feb, 6 55,4 19.8 4,4 1,48
15 99,17 42,9 15.3 2,04
26 71,6 27,2 11.6 1,65
Mar, 17 7.8 15,0 5.4 1,04
19 71.5 16,4 4,6 1,20
26 30,9 21.8 7.1 1,98
Apr, 3 63.8 28. 6 4,1 1.05
9 85.9 67,3 17.4 2,62
22 92,4 23,4 5.4 2,23
30 69,17 23,5 5.6 2.72
May 6 69,17 17.4 2.9 2,46
i4 45,5 7.1 *1 2,26
21 32.3 *7 *2 1.80
28 12,7 0 0 2,65
June 25 55.9 45.2 2.1 4,00
1943

Mar, 31 25,17 0 0 2,22
May 3§ 28,5 1 0 2.54
June 3 59,5 0 2 1. 86

1 Negative sign indicates flow to sonth, opposite to normal direction,
2 Flow (235 cfs) measured below intersection of Snake Creek Canal,



Table 41,— Runoff of South New River Canal neer Davie
{Unit, 1,000 acre-feet]

96¢

Year Jan, Feb, Mar, Apr., May June July Aug. Sept, Oct. Nov, Dec. Annual
1939 - 13,3 38 { rnranssesses
1940 4,4 4,2 3.0 1.8 0.5 4.5 2.9 3.4 13,2 13.0 9.3 5.2 65,5
1941 5.4 7.1 5.1 1.1 8.2 3.0

1For pericd November 8-30,
Note, —Runoff measured just east of Snake Creek Canal; includes inflow from Snake Creek and Flamingo Canals,

VANO NMALSVAHLAOS NI $I0YNOSTY HILVM
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FLOW CHARACTYERISTICS

The South New River Canaldrainage area was not studied inten-
sively, and information on it is relatively meager, Because of the
close relationship of the drainage areato adjoining areas, however,
it is possible to present certain general characteristics,

The upper reach of South New River Canal, between Miami Canal
and State Highway 25, is part of a longpool that is continuous with
Miami Canal. The storage pool and its adjoining area has consider-
able effect on the water regimen of Miami Canal; this is discussed
in detail in the section on Miami Canal.

The stage as recordedat State Highway 25 about 8 miles east of
Miami Canal, is shown in figure 107, This record is extremely
useful because it reflects essentially natural conditions integrated
overa large area by the pool formed by the two canals, The annual
maximums varied little, and inall except 1 of the 6 years of record
a stage of 8,0 ft or higher was reached. The relationship with
general water conditions is shown by the varying amounts of decline
of water levels in the winter and spring, despite the fairly uniform
high levels in the fall,

The accelerated rate of decline below a stage of 7 ft occurs be-
cause the ordinary ground elevation inthe area isabout 6.5 to 7T ft.
An inch of water lost by runoff, seepage, and evapotranspiration
when the area is inundated obviously causes a 1-in, decline in water
level over the surface area of the canal, An inch of water that is
lost when water-table conditions prevail means a decline in the
water level of the canal of about 4 or 5 in., depending upon the
specific yield of the soil or rock, This acceleratedrate of decline
in the water level occurs because the rate of loss from runofif,
seepage, and evapotranspiration is relatively uniform in the period
of transition from inundation to water-table conditions.

 State Highway 25 acts as a dike to hold overland flow from moving

to the east, Seepa%e through the porous rock under the highway
and under the dam, 14 mile to the east, augments the discharge of
the middle reaches of South New River Canal. Water movement
from the open lands is thus retarded and is spread over a 'longer
period of time, reducing the peak of floods to some degree and also
extending favorable water conditions when dry periods develop.
The defect in the situation from the viewpoint of water control is
that, because of the porosity of the rock andits extent, only limited
control can be accomplished,

The breach in the dam at 15-Mile Dike nullifies the effect of that
dam, because the head developed there is usually small and often
negligible. The reach from State Highway 25to Snake Creek Canal
acts as a collector of ground-water seepage, and surface-water
inflow is limited to a few uncontrolled laterals or breaks in the

evrvnil Il
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The bridge opening, just upstream from Snake Creek and Fla-
mingo Canals, is restricted, and in periods of high flow a loss of
head, as ldarge as 0.5 ft, occurs, Discharge of the main canal and
the two tributary canals is often affected by backwater from the

control and lock at Davie or by tidal backwater when the control is
open. Table 40 lists the separate flows at the intersection, It is
apparent thatSnake Creek Canal furnishes only a small part of the
gross discharge, ‘while the flow of Flamingo Canal generally.is about
half that of the main canal, Taking an average of the weekly dis-
charge measurements 'in the 1939—41 period of record, the gross
discharge is distributed as follows: '

South New River Canal, from west.................... 64 percent

Snake Creek Canal, from SouUth..,..c..ceeeeserereveses 5

Flamingo Canal, from NOTEN. L iiiiiiinnsiinneneanrosnas 31

Inextremely dry periods, the flow reverses in Snake Creek and
Flamingo Canals, because of irrigation demand or because of out-
seepage to the water table when it is lower than the level of the
canals, \

The monthly runoff inacre-feetfor the period of record is shown
in table 41. The 65,500 acre=ft of runoff in 1940 is significant in
that the runoff of the other large canals was from 5 to 13 times as
large in the same year, However, this significance is mitigated by
the fact that a sizable amount of additional runoff probably occurred
in the 5-mile reach between Snake Creek Canal and the control at
Davie, and runoff at the control may -have been considerably greater
than, although not comparable to, that of the other canals,

The stage aad discharge hydrograph, figure 108, shows conditions
at South New River Canal near Davie for the period of record. The
period is short and covers what might be called a random period
of a year and a half." Although the extremes of flood and drought
were not observed during this period, the graphs indicate the pos-
sibility of a relatively wide range of conditions that may occur in
~ the future. The low stages are significant and are likely to occur
in almost every year, The discharge shown includes that from
Snake Creek and Flamingo Canals.

The numerous laterals between Snake Creek Canal and State
Highway 7 are used mostly for gravity drainage. A moderate amount
of gravity irrigation occurs, but only a few irrigation pumps
have been installed, In the period of observationby the Geological
Survey, the control and lock at Davie was kept open the greater part
of the time, and free tide-affected flow occurred, The control is
in fair-to-poor condition, and when it was closed, only moderate
amounts of head were held, When negative head developed onthe
control during the early partof the 1943-45 drought—that is, when
the tidal downstream stage exceeded the upstream stage with the
control closed——the spillway section collapsed, because it was de-
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signed to hold a head of water in only one direction, Rebuilding
consisted principally of reassembling and securing the scattered
timbers and stop-logs, but the incident is typical of the need for
careful planning and designing in this low, flat region.

For the most part, South New River Canal acts as a drainage
canal, and its level is kept lower than that of North New River
Canal to permit gravity drainage and irrigationin the area befween
the two canals. Unfortunately, when heavy rains occur and water
" levelsrise, drainage capacity by gravity of South New River Canal
and its laterals is reduced. In periods of heavy runoff from the
area, some of the discharge from North New River Canal flows
southward in South Fork New River and into Dania Cutoff Canal,
thus causing a backwater condition in South New River Canal and
consequently a- reduction inflow upstream, The problem is further
complicated by underground seepage from North New River Canal,
which is conveyed to, and intercepted by, South New River Canal.

Laterals that enter South New River Canal east of the control
and lock at Davie (see fig, 109) have the same drainage advantages
as. those west of the control, but they are less favorably located
for the purpose of supplying water for irrigation, In dry periods,
the water levels downstream {rom the control are tidal, and irri-
gation demand may draw salty water that occasionally invades the
lower reachof the canal. See sectiononS8alt-water encroachment,

LOWER NEW RIVER BASIN

Consideration must be given to the lower New River basin in
arriving at acomprehensive view. of the waterways of southeastern
Florida. The flowcharacteristics of this generally tidal area were
made more complex by the canalization of the natural channels and
by the digging of new channels. The growing urban development
of Fort Lauderdale, with resultant water problems, has shown the
need for water research in the area.

PHYSICAL DESCRIPTION

The principal features of lower New Ri'ver,basin are shown in
figure 109, As far as the present waterway system is concerned,
it may be considered to head 0, 4 mile east of State Highway 7, at
the meeting of South New River Canal, South Fork New River,, and.
Dania Cutoff Canal. The South Fork is a natural stream that has
been canalized in part. North New River Canal enters it from the
west, 2 miles northeast of the head of South Fork: Three miles
farther to the northeastthe meandering South Fork meets North
Fork and the two branches become New River,
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North Fork New River heads about 2.5 miles northwest of the
junction of the two branches andis the lesser waterway. Just east
of the junction, a secondary channel, known as Tarpon River, ex-
tends to the south and then to the east, where it rejoins New River
near the edge of the mainland.

The lower reach of New River is a relatively deep tidal water-
way that meanders through the heart of Fort Lauderdale and is used
extensively by yachts and light commercial craft. The eastern-
most section of the river passes through a series of low-lying
islands, located in what was originally a mangrove flat, At the
present time, the river ends at the Intracoastal Waterway, but at
one time it continued to the east and out to sea at New River Inlet,
Since the digging of the entrance channel at Port Everglades, 1
mile south of New River Inlet, the inlet has filled in completely,
and connection to the sea is now made by way of Port Everglades
entrance, '

A shorter connection to the sea from the head of South Fork New
River is afforded by Dania Cutoff Canal, This sizable channel ex-
tends nearly 6 miles to the east in four straight reaches to the
Intracoastal Waterway, A dam is located just east of a cooling-
water intake for the Florida Power and Light Co. plant, and the
whole junction area makes a complex water pattern that is discussed
under flow characteristics. Apart from the powerplant laterals,
the only sizable tributary is Hollywood Canal, which enters from
the south just west of Dania, Hollywood Canal drains low sloughs
and part of the coastal ridge and extends 4 miles southward to the
western environs of Hollywood. Dania Cutoff Canal is not actually
a part of New River and its tributaries, but it must be included as
such because it cannot properly be separated in consideration of
the movement of water in the basin,

FLOW CHARACTERISTICS

The principal tributaries to lower New River, North New River
Canal and South New River Canal, have been discussed (p. 375-399)
and illustrated in the two preceding sections, Reference to figure
109 will show that water movement below the controls in these
canals may occur in several possible patterns, The waterways in
the lower basin are tidal throughout under low and moderate run-
off conditions, and changes intidal storage (p, 445)are accompanied
by reverse flows. The site of points of flow reversal and divisions
of flow result from a complex function of tidal ranges, fresh-water
runoff, and the topography of the area. North Fork and South Fork

meander through a swamp that has considerable storage capacity.

Flow from North New River Canal is principally toward the north-
eastin South Fork, but it may turntoward the southwest for several
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hours in each tidal cycle. In periods of large runoff, the flow
divides at the end of North New River Canal, and water moves both
ways in South Fork. The part that flows toward the southwest enters
Dania Cutoff and thus moves to the sea. The volume of flow from
North Fork also is a factor in the situation, but detailed informa-
tion cannot be obtained. It is likely that local runoff east of the
end of North New River Canal causes some of the diversion toward
the southwest in South Fork,

Tarpon River is restricted at several road crossings by small
culverts and does not have much effect on New River, It serves
principally as a local drainage channel,

The net discharge of South New River Canal is toward the sea
in Dania Cutoff Canal, but flow is often toward the northeast in
South Fork New River; this actionis a resultof tidal reverse flow.
Inflood periods, all of the flow is into Dania Cutoff Canal, because
some water from North New River Canal flows southward in South
Fork. The additional flow from the north may be sizable; it occupies
a significant part of the capacity of Dania Cutoff Canal, causes an
appreciable amount of backwater inSouth New River Canal, and is
a serious problem in drainage of the Davie area. Plans for placing
a control in South Fork, near State Highway 84, have met with ob~
jections from the Fort Lauderdale area, wheré residents desire
a minimum flow in New River during wet periods.

At maximum load, the powerplant at the head of South Fork New
River uses 290 cfs (130, 000 gpm) for cooling the condensers. This
large quantity of water is obtained from two intakes connecting
with Dania Cutoff Canal and South Fork; for practical purpeses, they
can be considered to be a single intake because they both draw on
the same pool. After passing through the condensers, the water
leaves the plant in a canal that extends eastward to a north-south
canal, where controls at the intersection permit flow southward to
Dania Cutoff Canal or northward to South Fork,

Because efficiency of the powerplant depends upon a supply of
cooling water at the lowest possible temperature, efforts are made
to prevent recirculation of the warmed water. When the discharge
from South New River Canal and South Fork New River is large,
no particular problem exists and the water is returned to Dania
Cutoff Canal and thus to the sea. When fresh-water discharge is
moderate, the water is returned to Dania Cutoff Canal, but the dam
at the powerplant is closed nearhigh tide to prevent recirculation.

As runoff decreases and dry conditions develop, however, the
demand of the powerplant exceeds the normal discharge of any of
the waterways and exceeds the combined fresh-water discharge
from North New River Canal and South River Canal. This unbalance
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brings highly saline water inland to the powerplant and creates a
series of associated problems (see section onSalt-water encroach-
ment), Although salty water isusable for cooling, it is in the best
interests of the area to prevent such encroachment, Thus, during
dry periods the conirol is keptclosed and the warmed water is di-
verted to South Fork by the northbranch of the returnchannel, The
longer distance of travel effects a small amount of cooling, but -the
water eventually returns to the plant at atemperature that is higher
than normal. The temperature might build up excessively except
for the restraining influence of cooler fresh-water discharge from
the west and an admixture of sea water,

The problem of salt intrusion and recirculation of cooling water
became acute in the period 194345, In 1947, the power company
extended the outlet canal to the east, thus enabling the warmed water
to be routed over a longer distance. The additional travel is partly
through a shallow slough areathat facilitates cooling., Under mod-
erately dry to dry conditions, the use of water atthe powerplant
completely changes the seminatural regimen of flow and indicates
the need for special consideration in any further development of
the area.

The bridges across the principal channels of lower New River
basin individually cause. only émall restriction onflood flows but,
taken as a whole, they cause enough head loss to require careful
consideration. Most of these bridges are of the horizontal-swing
type. - The greatest flow. restriction occurs in Dania Cutoff Canal
where the Florida East Coast Railwayand U. S, Highway .1 cross
at a short narrow section of the canal on fixed bridges,

SPECIAL STUDIES
GENERAL FLOW DISTRIBUTION

Observations of stage and discharge were made in lower New
River basin onFebruary 15, 1941, Water conditions were highfor
that time of the year, and several inches of rain had fallen on the
basin about February 10. Runoff was fairly high, anda typical flow
patternexisted. The discharges at keylocations are showninfigure
109, but the tributary flows were not measured. Dashed arrows
show the probable directions of flow, where obsgervationg were not
made,

North Fork New River undoubtedly contributed a considerable
part of the 1, 230 cfs flow that was measured in New River at Fort
Liauderdale, and thus it may be expected that the flow from North
New River Canal divided. at South Fork, This is corroborated by
the discharge of 225 cfs in South Fork at its connection with South
New River and Dania Cutoff Canals., This flow was measured south
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of one of the powerplant intakes, and it is likely that the total dis-
charge south in South Fork was substantially larger, because the
powerplant takes large volumes of water for cooling purposes, This
is substantiated by the unusual flow increase indicated in Dania
Cutoff Canal between the junctionwith South Fork and U, S. High-
way 1. Part of the increase probably was the cooling water that
was returned to Dania Cutoff Canal through the discharge canals
after being usedin the powerplant. The diversionof water through
the plant, under conditions existingin February 1941, had no effect
on the hydraulics of lower New River basin (except inthe immediate
area of the plant). The control at the plant was open during the
period of observations.

Increase of discharge in South Fork New River between North
New River Canal and Dania Cutoff Canal probably was small, be~
cause the intermediate drainage area is relatively small., The
sizable increase of flow in South New River Canal, however, can
be attributed to the extensive drainage system in the Davie area,
(Note the relationship betweenflow in the main canal and the trib-
utary flow at the intersection 5 miles west of Davie,)

TIDE STAGE AND DISCHARGE RELATIONSHIPS

The field work for the general flow pattern of lower New River
basin involved detailed observations. The basin was affected by
tide (tidal backwater) below the controls in the main tributary
canals, which meant that simple discharge measurements were
not enough to obtain representative data. At the five tide-affected
locations in the study on February 15, 1941, stage and discharge
observations were made over a period of about 13 hoursand covered
a complete tide cycle—the basic data are shown in figure 110,

The tidal range in New River at U, S, Highway 1 was 2.69 ft
and in Dania Cutoff Canal at U, S. Highway 1 it was 1,73 ft, which
reflects the larger and more open channel between New River and
the Port Everglades entrance. The mean discharge of New River
was 1, 230 cfs, but the flowvariedbetween almost 3, 000 cfs toward
the seaand 840 ¢fs inland. The periodof inland, or reverse, flow
lasted 3.5 hours. By comparison, Dania Cutoff Canal averaged
733 cfs and variedbetween 1, 160 and 120 cfs, with no reverse flow,

The tidal range in North New River Canal at State Highway 7
(formerly 149) was 1. 23 ft, and in South New River Canal at State
Highway 7, it was 1, 29 ft; the relationship was the reverse of that
of the downstream stations., The discharge of North New River
Canal, however, varied only a small amount, while that of South
New River Canal varied between 55 and 540 cfs, Reverse flow did
not occur in this part of the basin,
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The minimum discharge of South New River Canal at Highway 7
was less than the minimum discharge of Dania Cutoff Canal at High-
way 1, which is contrary to the usual relationship in tide-affected
waterways. Also, the discharge cycle of South Fork New River at
the junction with South New River Canal was out of phase with
the cycles at other locations in spite of the fact that both the
stage and discharge of South New River Canal at Highway 7 were
in nearly normal phase and that the stage there should be fairly
representative of conditions at the junction, only a short distance
away,

A comparison of the stage graphs for North New River Canal at
Highway 7, and for South New River Canal at Highway 7, shows
that the two stages were uniformly only 0,5 to 0.6 ftapart through-
out the cycle, with North New River Canal being the higher, This
continuous slope tcward the south accounts for the southward flow
in the upper reach of South Fork New River, The relative timing
of the tidal cycle propagated up South Fork New River and Dania
Cutoff Canalto the ends of this connecting reach of South Fork New
River caused the discharge cycle at the junction end of the South
Fork to be unusual. However, by combining the flows of the South
Fork and South New River Canal to obtain net flow to the east at
the junction, it is possible to obtain a graph of normal shape and
phase (as shown in fig. 110).

MiAMI CANAL—UPPER AND MIDDLE REACHES

Miami Canal is shown on most maps as a continuous waterway,
heading at Lake Okeechobee and extending 81 miles southward and
southeastward to Biscayne Bay at Miami, From the standpoint of
effectiveness as a waterway, however, the upper andlower reaches
are essentially independent of each other and are connected by a
middle reach that permits the passage of only small amounts of
water. In discussing the canal, therefore, the upper and middle
reaches are treated separately from the lower reaches. Plate 14
shows the general features of Miami Canal drainage area,

PHYSICAL DESCRIPTION

Miami Canal heads at the hurricane gate (HGS-3) in the protective
levee at Lake Harbor, where Ritta Island lies just to the northin
Lake Okeechobee, (See pl. 1.) A short distance south of the hurri-
cane gatea large pumphouse of South Shore Drainage District con-
nects with the canal, A typical control and lock of the Everglades
is located at Lake Harbor proper.

The canal runs on a south-southwest course for 8.5 miles from
the lake, following the alinement of an old canal (Disston), which
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extends 2.5 miles beyond. Bolles Canal intersects Miami Canal
6.5 miles from the lake, connecting to the east with North New
River Canal at Okeelanta and extending west 3 miles, At the bend
2 miles farther south, Miami Canal swings tothe south-southeast.

Upper Miami Canal was dug in deép muck, some rock was re-
moved, and the channel was largely completed to Bolles Canal,
which marks the end of the upper reach. South' of Bolles Canal,
only the muck was removed (except near the bend, where the rock
surface rises a little and a small amount of rock was removed).
Disston canal was dug in muck only and is quite shallow.

From the bend, Miami Canal runs for 40 miles in two straight
reaches south-southeastward to the head of the deep section just
above the junctionwith South New River Canal, This location near
the junction is considered to be the end of the middle reach.

"The channel in the middle reach was excavated only in the muck
and is shallow. Becausé of lack of maintenance, it has filled with
weeds and brush and has become useless, The spoil banks, which
have subsided as a result of fire and slow oxidation, are marked
principally by woody growth.

Upper Miami Canal is accessible by road from the lake to several
miles south of L.ake Harbor, and the spoil banks are continuous in
the reach. Southof that region, the banks are broken or obliterated.
The canal follows the natural slope of the land, and the depth of
excavation gradually becomes less as the layer of muck and peat
thins to the south,

The principal features along the upper and middle reaches of
Miami Canal with cumulative mileage from Lake Okeechobee are
listed below:

Location Mileage

Centerline of lake levee and HGS- 3., vviiemeracsncenssrorsrevsensanes O
Control and lock, Lake Harbor, (gaging station)....ieeveeceeceees o
Bridge, State Highways 25 and 80.....ciiiciiiiieriiniicninerasninnnes o
Bridge, Atlantic Coast Line Railroad.......v.eueescsnavissnsssccssnne o
Bolles Canal...iiiiiivesisessssersarsssrscsssnsantsnrsrserssssrassnsssarsasse Ou

[ - T

Bend, Disston Canal...,...cceeesessresscssscscnrssersasssssensrsssssersers 8. 6

Bend, iiieiiieertasriaiietssssssesasasesesastatsessisrrrarerressesssare v snssrseode O

Beginning of deep channel, ,iiiiiiviiiiiiiiiiiniiaiiesesnnnnsnssisaereensd8, 7

346881 O—55—~-28
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RECORDS AVAILABLE
[ * Record continued after period of this investigation]

Lake Harbor

‘Stage, north of control; Oct. 28, 1939, to June 30, 1943; staff
gage read Qct, 29, 1939, to May 15, 1942, twice daily; May
16, 1942, to June 30, 1943, thrice daily; daily mean plotted
infigure 111; stage essentially the same as inLake Okeechobee,
except for wind surges and periods when HGS-3 was closed,
Maximum observed: 16.64 ft, on Nov. 2, 1939,

Minimum obsérved: 11,10 ft, on May 23, 27, 1943,

Stage, south of control: April 25, 1946 to Dec. 31, 1946%; con~
tinuods recorder record,

Oct, 29, 1939 to June 30, 1943; control not effective and stage
essentially the same as that north of control,

Discharge: Nov. 7, 1939, to June 30, 1943; daily, mean plotted
in figure 111; monthly and annual runoff listed in table 42,
Maximum daily mean: 572 cfs, to south, on Jan. 6, 1942, 808
cfs, to north (into lake), on July 22, 1941,

No flow, on many days, at times of reversal of flow and when
HGS=-3 was closed.



Table 42,-——Runoff of Miami Canal at Lake Harbor
[Unit, 1,000 acre-feet]

Year Jan, Feb, Mar, Apr, May June July Aug. Sept, Oct. Nov. Dec. Amual
1939 -3 B.T Jeerssusessrerces
1940 7.4 -. 06 4.4 3.0 2.6 -3.1 -2,2 -7.9 -25,9 -16, 0 .4 1 -37.
1941 -6, 4 -8.8 -3.8 -15.6 -12,.2 -5.0 -39,1 -25.5 -12. 4 -10.7 -.5 4.7 -135.3
1942 8.7 8.5 8.1 1B .5 -i17.7 -7.5 -.9 -4, 5 i 2.1 L5 1.3
1943 2.0 1.6 1.1 .9 .2 -1

Note,—~Negative discharge indicates How toward Lake Okeechobee,

HALVM J0VIENs
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Figure 111, —Graphs of stage and discharge of Miami Canal at Lake Harbor, 193943,
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FLOW CHARACTERISTICS

During the period of observation (1939-43) the control and lock
in Miami Canal at Lake Harbor was kept open and essentially un-
controlled flow occurred, The hurricane gate (HGS-3) was closed
occasionally—at times of hurricanes, to prevent passage of hyacinth
into the canal, and to control the releasing of water from Lake
Okeechobee in dry periods. Direction of flow, therefore, was
generally subject to the vagaries of rainfall and water conditions as
well as to the surges and changes in the level of Lake Qkeechobee,
which were caused by wind.

The large pumphouse just south of the head of Miami Canal un-
doubtedly had some effect onthe directionof flow and the discharge
at the control and lock, because the maximum output of the pumps
(268 cfs) was often greater than the discharge of the canal, At
times, the flow from the pump was seen to divide and flow both
north and south in the main canal, Smaller farm pumps in the
several miles south of Lake Harbor pumped into, or from, Miami
Canal, but they had no important effect on the flow,

The water of the upper several miles of Miami Canal stays within
banks under all conditions. In the vicinity of Bolles Canal and far-
ther south, however, the canal overflows in wet periods and is lost
in the general inundation. Overland flow often occurs there because
the spoil banks are in such a poor condition that they cannot hold
or divert much water. Water in large quantities moves overland
from the higher sand and muck lands to the west and passes in a
southeasterly direction across the middle reach of Miami Canal;
some of itdrains into North New River Canal. In the dryer periods,
the water in the middle reach of Miami Canal is within the banks,
but because of the vegetation-choked condition of the channel, little
or no flow occurs., In drought periods, the channel in.the middle
reach becomes completely dry,

As a practical water carrier, upper MiamiCanal consists of the
first 6 miles (less in flood periods)and the branch of Bolles Canal
to the east, It serves a relatively small area, but it is not very
effective evenfor that area because of the lack of control operations®
and the runoff from the open lands. It must be considered as an
unusually large local canal,

Stages and discharges of upper Miami Canal are shown in figure
111. The stage north of the control was essentially the same as
that of Lake Okeechobee. except for wind surges and thus did not
range as widely as the stage of the other major canals, Because
the control and lock were generally open, head loss through it was
usually very small and the stage south of the control was much the
same as that north of it.

"The control and lock at Lake Harbor was put back in service in 1946 and a fair measure of
control was provided,
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The discharge shownin the graphs is that at the control and lock
and does not necessarily represent the flow into and from Lake
Okeechobee. (The discharge of the large pumphouse close to the
lake is not included. ) Flow toward the lake is indicated on the graphs
by anegative sign to differentiate it from flow toward the sea, which
is considered the normal, or positive, direction. Reference to
figure 111 and table 42 shows that the major part of the flow was
toward the lake because of the large amount of runoff from the

“open lands, Negative, or reverse, flow occurred 47 percent of the
time inthe periodof record.and 38, 71, and 39 percent of the time,
respectively, in the 3 years of record, Rates of discharge ranged
between 572 c¢fs away from the lake and 808 cfs toward the lake,

No flow occurred on many days during the period of record, and
during late 1942 and the first half of 1943 the flow was very small
andindecisive indirection, This was a notably dry period, and the
small amount of water movement may be accounted for by the fact
that upper Miami Canal was connected only to Lake Okeechobee,
and no flow existed in the middle reach or in Bolles Canal,

In flood periods, it is likely that the east branch of Bolles Canal
contributes no water to Miami Canal, but instead, it picks up some
of the overland flow from the west and divertsit to North New River
Canal, In the period between flood and drought, when Miami Canal
is flowing south at Lake Harbor, some of this water enters the east
branch of Bolles Canal. In drought conditions, the shallow, ill-
maintained channel of Bolleg Canal becomes dry atsome locations.

LOWER MIAMI CANAL

The lower reach of Miami Canal is treated here as a hydrologic
unit because it is separate from the upper and middle reaches. In
discussing the lower drainage basin, the name “Miami Canal®” will
be used, and references to upper and. lower parts will refer to parts
of the lower basin. See plate 14 for the general features of the
drainage area,

Because of its key relationship to the Miami metropolitan area,
Miami Canal was studied most extensively of all the canals in the
Everglades and coastal ridge, It is closely related to the municipal
water supply inseveral ways: as a source of recharge to the present
well field; as a source in itself for emergency supply or for future
water needs; as a threat to the permanence of the well field because
of contamination by sea water; and, paradoxically, as a protection
against contamination of the public supply by sea water. The canal
is also the principal drainageway of. upper Dade County and is closely
related to flood problems; it is important to the preservation of the
soil and wildlife of a large area of the middle Everglades; its use
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as a source of industrial water supplies has increased; and it (Miami
River) is increasingly used for navigation, :

Because the investigations of Miami Canal were so extensive,
its discussion has been divided into a number of subtopics, even
though a sharp division by subject could not always be effected.
Mostof the tidal phenomena observed and reported for Miami Canal
are commonto all tidal waterways in southeastern Florida and can
be applied to them. '

PHYSICAL DESCRIPTION

Lower Miami Canal is assumed to begin at the head of the deep
excavation just northwest of the junctionwith South New River Canal
(fig. 112). This location, which is also the southern end of the
shallow middle reach of the canal, is 49 miles from Lake Okee-
chobee and 32 miles northwest from the mouth of the canal at Bis-
cayne Bay. It is marked by a line of broken rock across the canal
(fig. 113), which has the appearance of a breached dam, but which
was left from the dredging operations.

Figure 112, — View of Miami Canal upstream from junction with South New River Canal., End
of deep channel and outline of shallow channel shows in background, February 19, 1941,
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Figure 113, — View upstream in bed of Miami Caﬁal; shallow excavs._tién above head of deep
channel, Photograph taken April 13, 1943, in dry period,

South New River Canal, which extends due east to the Fort
Lauderdale area, connects with Miami Canal 0, 4 mile below the
head of the deep channel. No control exists at the junction of the
two canals, Miami Canal continues to the southeast through saw-
grass terrain for 10 miles to an earth dam, In . figure 114, note

il

Figure 114, —Lower Miami Canal above County Line Dam, Dense jungle on bank of Miami

Canal 2 miles above County Line Dam; trees and brush were not indigenous to the area prior
to digging the canal, .
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the rank growth of rubber, guava, and other trees on the aerated
soil of the spoil banks, These trees do not occur in the adjacent
glades soils. Both banks are unevenly graded, breaks in the banks
exist at many locations, and no road serves this reach,

County Line Dam, as the earth and rock dam is known locally,
is actually in Broward County about 0.4 mile north of the Dade-~
Broward County line at the point where Dade-Broward Levee inter-
' sects Miami Canal, The dam has five 36-in. pipe culverts, each
equipped with a gate valve at the upstream end (see fig, 115), The
culverts ‘and gates were installed late in May 1940 to replace a
35-ft breach that had been cut in the dam a week previously. The
gates are opened torelease flow for recharge of downstream areas
in drought periods, but the dam was placed primarily for flood
control,

Dade-Broward Levee extends southward to Tamiami Canal and
Tamiami Trail, and northward to South New River Canal. The muck
section south of Miami Canal has subsidedby oxidationand burning,
has been breached extensively at several locations, and during the
period of observations by the Survey, was not very effective The
section of the levee north of Miami Canal was built almost entirely
of muckand has subsided to the point where its effect is negligible.

”Dade County rebuilt and strengthened the levee in 1947 and 1948,

i
U
i

Figure 115, -~ Upstream' side of County Line Dam showing top of control gates, temporary
irrigation-pump installation, and diversion to the borrow pit a2long the west side of Dade-
Broward Levee, The levee appears in the left background zs an extension of the dam. April
20, 1943,
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The borrow ditch along the west side of the south section of Dade-~
Broward Levee has been connected with Miami Canal. in several
ways; directly through a breach in the canal bank (see fig. 1135);
through an uncontrolled 2-ft pipe culvert; and through the same
culvert, with a gate valve., Connection with the borrow ditch along
the north section of the levee was at a low place in the canal bank,
which permitted flow only during higher stages.

Broken Dam, 2,5 miiles downstream from County Line Dam, is
an earth and rock dam that was dynamited, and the remnant of the
dam is a definite constrictionin the canal (see fig. 116). Close by,
State Highway 25 (formerly 26) comes in from the north and runs
parallel with Miami Canal along the northeast spoil bank toward
Miami,

Between Broken Dam and Pennsuco, about 4 miles farther down-
stream, several small lateral canpals. and ditches enter Miami
Canal from both banks. Half a mile below the dam, Golden Glades
Canal enters from the east®’' Ashort, but wide, stub canal enters
from the west a little more than 1 mile above Pennsuco. The pur-
pose of the stub canal is not known, although its dimensions indi-
cate that anambitious project was planned. Between Golden Glades
Canal and the stub canal, a long lateral is shown entering from the
southwest on most maps, This lateral is so shallow and choked
with weeds that it can hardly be considered a waterway.

B The road parallel with Golden Glades Canal was raised to form a levee by Dade County in
1947 and 194&.

Figure 116, —Miami Canal at Broken Dam.
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At Pennsuco (contraction of Pennsylvania Sugar Co., now de-
funct), a principallateral enters Miami Canal from the southwest.
Pennsuco Lateral extends 6 miles tothe west andintersects Dade-~
Broward Levee about5. 5 miles south of County Line Dam, On the
east side of the levee, the lateral is dammed-off from the levee
borrow pit, but on the west side of the levee it is connected with
the borrow pit, An earth dam is located about 1,5 miles from
Miami Canal, and close to the main canal is a pump and control,

In the 6-mile reach between Pennsuco and the Florida East Coast
Railwaybridge inHialeah, three small laterals enter Miami Canal
from the north (see pls. ‘15 and 16). About midway in this reach,
Russian Colony Canal connects from the west and extends 2, 6 miles
to the west to a junction with the north section of Snapper Creek
Canal. Shallow canals extend northward and westward from the
junction, but they are poor water carriers.

Starting at the Florida East Coast Railway bridge, 1.5 miles
above the city of Miami Water Plant, is a series of laterals that
have animportant relationship to the Miami well field, The inter-
relationship of these laterals and the well-field area are shown
on plates 15 and 16 and in greater detailin figure 140. F. E, C. 4
Canal connects with Miami Canal just upstream from the bridge
and extends southalong the west side of the railroad about 5 miles
to Tamiami Canal. The channel that connects through a culvert
on the downstream side of the bridge is knownas F. E. C. Borrow
Canal and extends south 3 miles toa deadend. This sizable borrow
pit provided fill for the railroad's maintenance yards and shop
{now abandoned).

The Water Plant in Hialeah is on the northeast bank of Miami
Canal 7. 7 miles from Biscayne Bay. This plant supplies water to
Miami, Miami Beach, and other communities in the metropolitan
area, The original capacity of the plant was 40 mgd, which was
increased to 60 mgd in 1948, The wells are located principally in
Miami Springs on the southernside of the canal and w1th1n a radius
of about 1 mile from the plant,.

A short distance above the Water Plant, Red Road Canal enters
Miami Canal from the north, extends northward 9 miles along the
west side of Red Road, and connects with many laterals and canals,
“The small canal that connects with Miami Canal from the southwest,
just below the Water Plant, is important because it passes close
to the lower well-field area in the golf course in Miami Springs.
This is known as Country Club Canal (also, South Side Canal), and
it meanders toward the southwest about 2 miles to a connection
with F. E. C., Borrow Canal, A mile downstream from the Water
Plant, a small lateral connects Miami Canal with Twin Lakes,
which is a small flooded rock pit.

U The initiale “F. F, C.* are used locally as a name,
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Two miles southeast of the Water Plant and immediately below
the NW, 36th Street bridge is the site of 36th Street Dam. At this
location, whichis 5.6 miles from Biscayne Bay, dams were placed
in Miami Canal during parts of 1940 and 1943-46. A boaltlift was
constructed to move boats (as large as about 40 ft long) around the
dam. Except for a period of about 2 years the dams were of a
temporary nature, constructed from sheet-steel piling, The in~
stallation and operation of the dams were necessary to conserve
fresh-water supplies and to prevent salty water from. contaminating
the well fields—see the section on encroachment of salty water in
the tidal canals,

Several hundred feet below the dam gite, Miami Canal becomes
wider and deeper at the head of thd channel improvement made in
1932—-33. The 4-foot break in depth (approximate) is referred to
as the “step”, and it plays a part in the water events of the canal,

A little less than 1 mile below the dam site, Palmer Lake con-
nects with Miami Canal from the west through a short connecting
channel, Palmer Lake (seefig. 184), which is actually a low-level
rock and gravel pit, is tidal and has some importance with respect
to the intrusion of salty water in the area.

Tamiami Canal, the principal tributary of Miami Canal, connects
from the west 14 mile above NW. 2Tth Avenue, Miami, and 4,2
miles from Biscayne Bay., (See pl. 14,) A short distance above
Tamiami Canala concrete abutment marks the site of the old con-
trol and lock that was removed about 1932, when the channel was
enlarged.

For practical purposes, it has been considered that Miami Canal
ends, and MiamiRiver begins, a short distance upstream from the
bridge at NW, 27th Avenue. This is not strictly accurate, but is
appropriate, because Dade County is planning to build a control
and locks for the siream at this location, and therefore it will
provide a logical dividing point.

About 14 mile downstream from NW. 2Tth Avenue, the natural
channel of North Fork Miami River (known locally as Comfort
Canal) connects from the west with the present Miami River (fig,
184). Fergusons Mill was located here on a natural riffle in the
river during the early settlement days. A natural riffle is a rarity
in southern Florida and its existence shows how the rock formations
formerly kept water ponded in the Everglades, even in areas now
thickly settled. Miami River was one of the overflow channels of
the Everglades, and the muck-soil areas of lower Tamiami Canal
basin and around Miami sprihgs are actually part of the Everglades,

‘Miami River is gently meanderingin the last 4 miles from North
Fork Miami River to Biscayne Bay. A littleless than1l mile south-~
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east of NW, 27th Avenue the natural channe] of South Fork Miami
River enters from the west, This stream extends toward the west
for about 1.5 miles to the east end of Comfort Canal, which con-
tinues westward through alow slough toa connection with Tamiami
Canal, Below South Fork, no other significant tributary enters
Miami River, which empties into Biscayne Bay in the heart of
Miami, '

Miami Canal and Miami River are continuously accessible by
road from County Line Dam to Biscayne Bay, a distance of 21 miles.
The spoil banks vary considerably in height, and at many locations
the parallel road grade is actually the bank and may be subject to
overflow during extreme flood conditions, The lower 5.5 miles of
the canal and river is used extensively by both pleasure and com-
mercial boats, Many yacht basins and industrial concerns line
both banks,

The following tabulation, which is a continuation of the tabulation
on page 407, lists the principal features along the lower reaches
of Miami Canal, with cumulative mileage from Lake Okeechobee,

Location Mileage

Beginning of deep channel. iviiieciecaisns sressssisncrsrevsrsmessaranesd8. 7
Junction with South New River Canal..,..c.ieicereesscsnscios snnsesneddal
BN iiiiiiiiiiirenitretrcreemenesisrassrssastans saansrensss assnrsanneernaire 38, 2
County Line Dam, Dade-Broward Levee...ciuviiessirsiesscsonsase D90
Broken Dam, State Highway 25 from north, stage station..... 61,5

" Golden Glades Canaliviisvierveriirssmesssassrisnsascessansrarssasssassas 62,2
Stub lateral.,ciiiiiaciisnrrieriisaiisiniciiiiasicsntssniesseossssssanseans 64, 3
Bridge, Pennsuco lateral, stage station.......ceisesesessencessess 656
Russian Colony Canal, sStage StatioNuuiisveeeeeesscssessserssvsessess 5844
F, E, C, Canal, F, E, C, Ry. bridge, F. E. C, Borrow

Canal, stage statioNiiiieercesisisissisareresnsisissssiseissssnenes 11,6

Red Road Canaliiiviireeesiaranssssncsssassnsserassosserssassesessssnsenns 12,9
Water Plant, Hialeah, gapging statioN..iveesuzviceserreseecmerareasse 131
Country Club Canaluuiecesserseresessses sorsassasessnnarsssnnensssnsensess 1303
Bridge, Hialeah~Miami SpringsS...ccisesccecssscscrsssssscrssesssvarees 13,6
Twin Lakes entrance,.cuiiaimsivecncssosenssessrsosronsesssrssiasansasens 14, 0

Bridge, NW, 36th Street, .iiiicsieesrsrsesreresscssecrenssssasasasansens 15,1
36th Street Dam,boatlift, stage StationS.iceseeesse sesssvisessascnss 75,15
Change in channel depth (StEP)e.veeveesisenninsraiodrassnsivarsassosase 750 2
Bridge, Seaboard Railroad..,,iviveveesisveessesnsirsenssssrnennssassnss 75, 4
Palmer L.ake entrance.iiiiceeseicecsess see sosrvisassonsersavessvsvsssie 16,0

Tamiami Canal’." LA LA LR XY R AN L XN R Y R N Y N Y PNV PR Y YR Y ) 76. 5
Bridge, NW, 27th Avenue, beginning of Miami River.,...ivee.. 76,8
North Fork Miami RiVeT.iiciieisrsesstrseserarrararcorarsascssancosasses (101
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Location Mileage

South Fork Miami RiVera..ciseseeiessiissiinsiiissiassisnsessmossscsnana 1007
Bridge, NW, 17th AVENUC . isssarssssvrnssssssnnsnsnnsssasarssssusratonss 78.0

Bridge, NW. 12th AVENUe.,..cecesrerssssssrss sromorsasssassnsarssssnsn 180 6
Bridge, NW. 5th StIreetiiiiiscesessvessssoseresrssrssarescesasnasssevane 1902
Bridge, West Flagler Street.icicecsrcersesecserscsssasansscsosees 19: 7
Bridge, SW. 18t Street.iiiiieicasesioromesrsersorase sosersmonesanananne 19 8
Bridge, SW. 2nd AVENUe...iecvreeereererssesuressosvesssssssssansnasenss 80 1

Bridge, F. E. C. RailWaY.ii.ccorverssennmersosanssercssesscrsnesnns 8002
Bridge, South Miami AVenUE..,seeesseesenss sorrsrensnrovssrsssassesnes 800 4
Bridge, SE, 2nd Avenue (U. 5. Highway 1).iissvessccasscncieasess 80:6
Mouth, BiScayne BaY.iiiissssessrsrsscosessssasresssssssnnssssrsnsasees 504 8

In the early days of the development of the Everglades, Miami
Canal was a continuous waterway from Lake Okeechobee to Miami
and must have received some water hyacinth from the lake, as did
the other major canals, Curiously enough, however, practically
no hyacinth exists in the lower reaches, now separated from the lake
by the shallow, weedy middle reaches., Pennsuco lateral contains
a small amount and some can be found in the tidal river reaches,
but the main canal has been exceptionally free, including the con-
necting pool of South New River Canal, The reasonfor this has not
beenevident, because conditions for hyacinth growthin Miami Canal
seem to be as favorable as in any other canal, Even the periods of
low velocity and negative flow have not spread this pest, and the
clumps that seem to be possible breeding centers do not expand very
fast,

However, at times a bottom-rooted plant (identified as a naiad)
and other aquatic plants have partly blocked the channel of Miami
Canal upstream from Hialeah, When the bottom-rooted weed is
broken loose by increased flow or temperature changes great
masses move with the current and lodge against bridges and other
obstructions, The resultant jams may reach sizable proportions,
cause appreciable loss of head, and lead to the destruction by
scour of pile-supported structures, A caseisreported where amass
of weed, rollingas a great amorphous wad in the current, caught on
a bridge and caused so much backwater that the water cut a new
channel around the bridge.

Except for the last 4 miles, lower Miami Canal is an artificial
channel, which extends toward the southeast through an area that
originally drained toward the southeast and south. West of Hialeah,
it was dug through a shallow layer of peat into very porous limestone,
In the coastal ridge, excavation was principally in porous rock, ex-
cept where a shallow sand cover of varying thickness existed. The
limestone is so highly permeable that most of the flow enters the
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canal by seepage through the bottom and banks; this is particularly
true in moderately dry to drought periods.

Because of the flatness of the terrain through which Miami Canal
passes, the area contributing water to itis indeterminate. Drain-
age divides, both surface and underground, shift accordingto con-
trol operations and distribution of rainfall. This makes it impos-
sible to determine unit-runoff rates except by treating the Ever-
glades as a hydrologic entity,

‘Inorder to discuss the lower reaches of Miami Canal effectively,
the channel has been divided into several parts. The principal
divisions are the headwaters-reservoir area, the storage-inflow
reach, and the tidal reaches, The pertinent hydraulic character-
istics of each part are discussed following the tabulation of available
records.

RECORDS AVAILABLE

[ * Record continued after period of this investigation]

Junction with South New River Canal
Stage: June 11, 1941, to May 17, 1943; continuous recorder
graph; essentially the same as thatfor South New River Canal
at State Highway 25——see figure 107—but was several tenths
of a foot lower in wet periods, or when weed growth in the
canals was heavy.
Discharge; March 1941 to April 1943; miscellaneous measure-
ments above and below junction made on 23 dates; see table
43,
Reservoir area
Stage and discharge: Feb. 1941 to April 1943; about monthly
reconnaissances of the pool from South New River Canal at
Highway 25 to Miami Canal at Broken Dam; see figure 124 for
the type of data obtained,
County Line Dam
Stage, northwest of dam: Sept, 25, 1942, to Aug., 26, 1943; con-
tinuous recorder graph; daily meanplotted infigures 119-123,
Broken Dam
Stage, northwest of dam: Sept, 26, 1941, to Dec. 31, 1946%;
continuous recorder graph; daily mean plotted in figures 117-
123.
Maximum: 7.16 ft, on Sept., 27-29, 1941,
Minimum: 1,02 ft, on June 20, 1945,
Discharge: May 1940 to April 1946; miscellaneous measurements
made on 50 dates; see table 44,
Maximum measured: 522 cfs, Feb. 17, 1941,
Minimum measured: 12,1 cfs, June 8, 1945,



Table 43.—Discharge, in cubic feet per second, and elevation, in feet shove mear sea level, at selected points principally in headwater storage area of
lower Miami Cartal and the upper South New River Canal
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AL ocation indicated is shown in figure 124,

BEarth dam in South New River Canal about 14 mile ‘east of State Road 25 was
not yet replaced on this date and a discharge of about 40 cfs tc the east was

measured at the site,

“Discharge of about 43 cfs measuredat damsite referred to in footnote “b* above.

efgrred to in footnote B,

Cutflow.

Discharge of Miami Canal Total inflow Qutflow
at two setected to south Elevation
Date Above junction Below juncticn channels into above County Miami Canal
At with South New with South New South New River Line Dam above County
water plant River Canal at River Canal at Canal at location D? Line Dam
location A% location B location C2
1941
Mar, 120 881 45 68 1 7.18
Apr.’ 25¢ 800 21 91 52 6 7,62
June 54 328 0 0 0 6.42
July 29° 819 62 137 80 24 7.98
Aug. 28 48 42 689 42 20 7.84
Oct.- 8 1,010 s 125 -42 20 7.98 .
Nov. 26 853 15 58 18 17 7.69
Dec. 31 610 2 f1 18 7.30
1942
Feb, 4 483 2 13 f3 T 7.12
Mar, 11 384 3 "5 to 10 1 5 7.04
29 323 0 113 5.57
Apr. 15 299 0 103 0 0 4,49
May 25 323 1] 5 to 10 0 0 5.18
June 24 944 126 404 148 90 8.50
July 29 1,200 183 8.15
Aug, 29 1,220 84 7.18
‘Oct, 9 1,200 82 7.7
31 718 22 7.26
Dec., 2 423 15 [H 6.08
1943
Jan.” € 313 10 . 38
Feb, 3 316 14 5,18
Mar, 3 1 34 4,45
Apr. 13 i8 28 2,78

dDischarge of about 33 cfs measured at dam site referred to in footnoce “b'* above,
Gates at County Line Dam opent and passing water at a rate of 188 cfs. Dam

A4
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Table 44,—-Discharge, seepage, and water-level data on Miami Canal in storage inflow
reach, County Line Dam to Pennsuco

Discharge (in cfs)

Elevation {in feet above mean sea level)

Date Broken| Pemn- Difference Above County| At Broken | Difference { At Penn~
Dam | suco? | Inflow [Outflow | Line Dam Dam (in feet) suco
1940
May 23 96 48 |ouneen 48 |eerrrmeriivennees 3,17 |ueeceserrenens | 1,98
27 91 89 [uerennaenn 2 ) . 2,18
Nov, 21 439 928 489 4,80
1941
Feb, 17 522 806 284 5.18 4.14
June 24 203 297 94 4,14 3.04
1942
Feb, 14 175 245 70 2.98 1,98
Mar, 13 170 260 20 2,84 1.85
19 178 202 =21 R 2.75 1.89
22 161 240 L1] 2.71 1.81
May 8 125 172 47}, verenes 3.40 2,73
20 118 180 62 3.57 2.84
30 200 AU — 22 4.21 3.14
June 13 262 320 58 6.52 5.74
27 296 328 32 6,88 8. 07
Dec. 28 133 231 98 5,60 2.58 1.53
1943
Jan, 15 185 213 T2 U 5.10 2,33 2,71 1.21
26 117 206 4,78 2,286 2,52 1.33
Feb. 1 128 196 5.35 2.54 2,81 1,57
8 117 175 4.93 2,34 2,59 1,27
15 104 145 A1 eevarenens 4,60 2.18 2,42 97
22 84 4.35 2.16 2.19 1,11
28 100 4.55 2.15 2,40 .97
Mar, 10 82 17 4.30 2.38 1.92 1,53
16 74 8 avererneverersrare 240 [veerverrnsreee|  1.54
30 51 7 b3 2,31 139 1.52
Apr. 1 88 6 £3.29 2.71 .58 1. 60
2 95 15 3. 23 2.78 .45 1.64
3 110 28 gs. 19 2,82 .87 1,70
5 87 12 13.10 2.78 .32 1M
7 91 I 22.98 2. 80 .18 1.72
8 92 oresrenens 2,92 2.17 .15 1.74
10 96 b2 86 2.6 .10 1.1
13 90 ' 23 ba 79 2,73 .06 1. 67
17 73 72 hovessesees 1 ba_ g9 2, 66 .03 1. 62
27 100 172 T2 Lessseessens 5.60 3,94 1,66 2,52
May 4 136 128 |evvennsie by 71 3.98 .73 2.24
11 57 87 30| 4.41 3,922 1,19 2,01
19 50 81 31 4.35 3.65 .70 2,43
26 7 173 96 |.. 5,84 4,62 1.22 3, 27
June 5 143 114 fvvvareer 5,59 4,11 1,48 2.44
15 50 5 25 Luressarsans 4,90 3,48 1,42 1,96
29 41 47 B lererrenssns 4,55 3,13 1,42 1,74
1944 b
Apr, 2 113 106 |uassensene 7 2, 89 2, 65 .24 2,03
1945
Apr. 18 59 64 3 bz 26 2,03 1.61
May 18 19 . 1.27 .69
June 8 12 1.30 .51
1946
Jan, 14| 353 694 341 frveenerenns 7.26 4.71 2.55 3.88
Mar, 14 137 152 15 2,72 Jivevereneens| 2,17
28 97 83 14 | cervenerennen vl 2.88 2.56
Apr, 25 50 furnevares o 2,38 |evwrrersninen | 1.96

¥Discharge for Miami Canal at Pennsuco was computed on basis of a hydrograph through the
measurements and does not include inflow from lateral,

County Line Dam open,

‘346881 O—55— 28
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Pennsuco

Stage: Sept. 28, 1940, to Dec. 31, 1946*; continuous recorder
graph; daily mean plotted in figures 117-123,

Maximum: 6.13 ft, Sept. 22, 23, 1540, July 4, 1942,
Minimum: 0. 24 ft, June 18, 1945,
Minimum daily (tidal): 0. 27 ft, on June 17, 1945,

Discharge, above Pennsuco lateral: Nov. 9, 1939, to July 5,
1943; daily mean, plottedinfigures 117-12Q;monthly and annual
runoff listed in table 45,

Maximum daily mean: 956 cfs, Nov. 25, 26, 1940.

Minimum daily mean: 44 cfs, Mar, 30, 1943, (Reverse flow
was observed near high tide on one date in drought period of
1943).

Discharge of Pennsuco lateral: Feb, 12, 1940, to Aug. 2, 1943;
about weekly measurements, listed in table 46; daily mean
plotted in figures 117~-120.

Maximum measured: 186 cfs, Oct, 7, 1940.
Minimum measured; 3.1 cfs, Apr. 13, 1943,
Russian Colony Canal

Stage: Aug. 13, 1941, to Dec, 31, 1946*; continuous recorder

graph; daily mean plotted in figures 118-123,
Maximum: 5,21 ft, June 27, 28, 1942,
Minimum: 0. 21 ft, June 17, 18, 1945,
Minimum daily (tidal): 0,22 ft, June 17, 1945,

F. E. C, Canal

Stage: Sept. 28, 1941, to July 5, 1943; continuous recorder graph;

daily mean plotted in figures 118-120,
Maximum: 3. 89 ft, Sept., 4, 1942,
Minimum: -0, 23 ft, July 3, 1943.

Minimum daily (tidal): 0, 43 ft, July 3, 1943,
Water Plant, Hialeah

Stage: Feb. 24, 1940, to Dec. 31, 1946 *; continuous recorder
graph; daily mean plotted in figures 117-123,

Maximum: 4, 55 ft, Sept. 15, 1945,
Minimum; -0. 54 ft, July 2, 1943, Mar, 22, 1945,
Minimum daily (tidal): 0. 20 ft, Mar, 22, 1945,

Discharge: Jan. 24, 1940, to Dec, 31, 1946%; daily mean plotted
in figures 117-123; monthly and annual runoff listed intable
417,

Maximum daily mean: 1,670 cfs, on Nov. 8, 9, 10, 1940.
Minimum:; 390 cfs reverse flow, measured June 23, 1943,
No flow, May 16 to June 24, 1945 (dam at NW. 36thStreet
closed).

NW. 36th Street Dam

Stage, northwest of dam: Aug. 12, 1941, to Dec, 31, 1946%;
continuous recorder graph; daily mean plotted in figures 118~
123,

© Maximum: 5.11 ft, Sept. 15, 1945,
Minimum: 0. 84 ft, Mar. 22, 1945 (at low tide),
Minimum daily (tidal); 0.10 ft, Mar, 22, 1945,



Tabie 45,~—Runocff of Miami Canal st Pennsuco, near Miami
[Unit, 1,000 acre-feet]

Year | Jan. Feb., Mar, Apr, May June July Ang. Sept, Oct. Nov., Dec. Annual
To50 430.8 39.2 Lecresersssnane
1940 31,4 23.4 1.9 11, % 5.8 3.7 7.7 10.9 17.9 44 8 54,6 47.5 283.4
1941 44,1 41.6 42,5 40.4 27.8 15.9 21.6 23.5 23.7 29.9 a7 31,1 373.8
1942 23.4 15.5 16, 6 15.2 10.6 18.1 ES. 5 39.2 43.3 40, 2 20.2 16.5 282, 4
1943 13.4 8.3 4,5 - 8.2 8.1 6.2 1.1

3For period November 9-30,
bror period July 1-5,

YILvVM FOVIENS
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Table 46,—Discharge rieasurements of Pennsuco Lateral at Pennsuco, near Miami

Discharge Discharge Discharge
Date (in ci’s)g Date (in cfs)g Date (in efs)
1940
Feb., 12 78,5 May 27 34,1 July 27 73.3
13 85.5 June 2 35.5 Aug, 3 103
29 56,7 6 33,0 10 84,6
Mar, 25 38,0 9 30.2 18 110
Apr, 29 19,5 i2 40,1 25 99.3
May 6 16.8 i3 35,5 31 152
31 5.6 24 38.5 Sept, 8 144
June 3 30,4 24 49,1 14 131
[ 40,1 30 56,4 21 111
10 42,2 July 7 84.51| . 29 140
18 29.17 15 119 Oct. 5§ 104
Juty 2 121 22 120 19 85,5
9 17.8 28 124 26 79.6
15 44.8 Aug., 4 153 Nov, 2 65,7
22 35.1 14 128 9 68.4
29 28,2 25 121 16 54,8
Aug, 2 34,1 Sept, 2 85.4 23 32.4
5 42,1 8 95,3 30 18,7
8 19,9 15 113 Dee, 1 34.5
12 20,5 22 126 17 35,4
15 31,6 30 125 11 36.0
22 48,2 Oct, 17 153 21 45.8
Sept. 9 53,8 14 135 28 24,8
16 4.1 20 129
23 123 217 118 1943
30 164 Nov., 4 92,5 Jan, 4 20,5
Oct, 17 186 17 99,4 15 81,8
14 162 24 103 19 26,4
21 142 Dec, 1 94,7 26 16,17
28 122 9 88,3 Feb, 2 51,9
Nov, 4 133 16 72.5 12 20,0
18 117 22 63,6 23 11,0
25 103 30 52.2 28 11,6
Dec, 2 96.1 Mar. 10 8.99
9 107 1942 16 109
16 98.4 Jan, & 46.8 30 5.16
23 88,9 12 47.6 Apr, 2 4,50
30 183 20 58.5 .2 3,42
26 43,2 13 3.12
1941 Feb, 2 35.0 23 28,5
Jan. 6 123 10 34,3 27 26,17
13 132 16 29.1 May 4 8,176
21 107 23 32.9 11 6. 65
27 160 Mar, 4 36,6 19 21,9
Feb, 3 136 10 33.6 26 34,8
10 170 16 24,0 June 5 23,2
1 131 23 24.3 15 8.82
24 94,4 28 11,3 22 10.0
Mar, 3 113 Apr, 6 22,9 July . § 25.0
10 122 10 26,4 Aug. 2 23.8
1 88,8 19 62.1 :
24 114 27 57,2 1946
31 103 May & 32,5 Jan, 14 118
Apr, 17 96,0 11 21,0 Mar, 14 29.2
14 123 18 20,0 28 15,1
21 84.6 Jme 8 54,2 Apr, 25 10,2
28 60,8 16 34,3
May § iol 29 50.4
12 86.4 July 10 51,1
19 62,5 20 611




Table 47,—Runoff of Miami Canal at Water Plant, Hialegh
[Unit, 1,000 acre-feet]

Year Jan, Feb, Apr, May June July Aug. Sept, Oct. Hov, Annual
1940 a19.1 39.4 18.8 3.4 25,0 17,4 24,2 52,6 92,46 8;. & 478.6
1941 70,2 62,8 54,6 44,0 25.6 47,7 46,4 41,6 36. 6 49.8 599.3
1942 35.3 26.0 34,0 27.6 52,4 84,2 73.2 86,3 63,4 35,0 545, 0
1943 15,1 12.3 10.0 1.0 12.3 14.1 17.4 16.2 24.3 36.3 229. 4
1944 31,7 14,9 L4 4,7 8.6 11,2 23.2 17.8 21,17 39,2 226. 8
1945 18.3 .9 .1 .1 5.0 4,1 23.7 45,2 85.6 277.1
1946 65,7 25,9 3.8 17.0 20,3 31.6 33.6 58,2 0.6 68,48 456,0

3Based on record for Miami Canal at Pennsuco,

HILYM DV IaNs
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Figure 120, -- Graph of stage and discharge of lower Miami Canal, 1943,
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Stage, southeast of dam: Feb. 14, 1942 to June 1, 1942; Jan. 30,
1943 to Dec. 31, 1946 *; continuous recorder graph.
Maximum: 5, 31 ft, Sept. 15, 1845,

Minimum; -0, 92 ft, Mar. 7, 1945 (at low tide).
NW, 27th Avenue, Miami (Miami River)

Stage: Oct, 25, 1945, to Dec. 31, 1946 *; continuous recorder
graph,

Maximum: 3,17 ft, Oct. 7, 1946. ‘
Minimum: -1, 05 ft, June 27, 1946 (at low tide),
Biscayne Bay at Coconut Grove

Stage: Nov. 8, 1940, to Dec. 31, 1946 *; continuous recorder
graph; daily mean plotted in figures 117-123,

Maximum: 9,9 ft, Sept. 15, 1945 (hurricane peak).
Minimum; -1, 52 ft, Dec. 14, 1944 (at low tide).
Miscellaneous

Stage: southeast of County Line Dam, southeastof Broken Dam,
and southwest of control in Pennsuco Lateral; 1940-46 %,
occasional, usually in connection with special studies, ’

Discharge: at intermediate locations on the main canal and at
many laterals; 1940-46 *; occasional, usually in connection
with special studies (see plates 15 and 16 for type of
observations).

HYDRAULIC CHARACTERISTICS OF HEADWATERS
RESERVOIR AREA

The triangle formed by the 10-mile reach of Miami Canal above
County Line Dam, the connecting 8-mile reach of South New River
Canal, and the road fill of State Highway 25 is nominally ¢onsidered
to be the reservoir area of lower Miami Canal, but a large area
north and west of the canals is also part of the reservoir. See
figure 124 and plate 14. Although there is considerable water im-
pounded in the pool formed by the two canals, the larger part of
the water stored above County Line Damis inthe soil and permeable
rock of the drainage area. The total storage and drainage area of
the canals is indeterminate; it is considerably lafger than the
triangular area described above, but for reference purposes it is
usually called the Triangle.

Overland flow travels slowly southward in the central Everglades,
following natural sloughs, but generally moving as a broad sheet
of water. Some of the flow enters Miami and South New River Canals
at the head of the deep section above the junction, through breaks
in the spoil banks, or by seepage through and under the banks. The
breached barrier at the head of the deep section retards flow, but
it permits the passage of sizable volumes of water in wet periods
from the shallow, vegetation-choked middle reaches. South New
River Canal, in particular, acts as an inferceptor and receives a
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sizable amount of ground-water seepage, In a like manner, these
canals actas distributors and recharge the Triangle area, During
the normally wet summer andfall seasons, water stands above the
ground in the area.

Figure 124 shows one of a series of studies made in 194143 under
a wide range of conditions, State Highway 25 (formerly 26) acts
as a dike, but some water moves toward the east under it.

The usual movement of water within the Triangle is southeastward
to a point below County Line Dam, where a considerable quantity
returns to Miami Canal by seepage. The flow map shows how the
velocity in South New River Canal increases westward as additional
increments of flow are received. A maximum velocity is reached
in Miami Canal just below the junction with South New River Canal,
and then it decreases to the southeast in Miami Canal as water is
lost by direct .outflow and seepage. Table 43 lists discharges in
the storage reach of the canals observed during the studies, The
flow of Miami Canal at Water Plant, Hialeah, is also listed to re-
late the varying water conditions to a useful reference base.

At moderate and low stages, most, or all, direct surface inflow
and outflow ceases, although the canal pool still intercepts and
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in 2 wet period, June 24, 1942,
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distributes by seepage from the banks. The flow through the
breachedbarrier at the head of the deep section stops as the shallow
middle reaches of the canaldry out—see figure 113, Ground-water
flow in the Triangle is fairlylarge, and it continues long after sur-
face inundation and flow have ceased. '

Evaporation and transpirationlosses are large from this shallow
surface and permeable underground reservoir, and together with
the ground-water outflow, cause lowering of water levels at rates
of as much as 2 ft per month. This maximum rate occurs usually
in late winter and early spring. See figure 107, which shows the
level of South New River Canal at State Highway 25, a locationthat
servesas a key to the water levels in the Triangle. It is important
to appreciate these losses, because the ordinary annual maximum
stage in the reservoir is only about 8 ft. The rate of decline ac-
celerates after a stage of about 7 ft is reached, because the land
surface in the Triangle is 6.5 to 7 ft above sea level, The rela-
tionship of the stage in the storage pool to the stages at other lo-
cations along Miami Canal can be studied by comparing figures
107 and 117-123,

A part of the water in storage inthe reservoir becomes available
to South New River and Miami Canals in two ways. The first and
principal manner is by uncontrolled seepage. The second manner
is by release through culverts or breaches in the earth and rock
dams that confine the water in the canal pool.

Abreach existed in the dam in South New River Canal, just east
of State Highway 25, and discharges of as much as 43 cfs were ob-
served prior to the filling in of the breach in July 1941, The high
pipe culvert inthe damhas notbeen seen inan open position during
the entire period of observations. '

The gates that control flow through the five pipe culverts in County
Line Dam were opened to augment flow in Miami Canal, as shown in
figures 107, 117-123, Itwill be noted, exceptfor the periodin 1942
(for a special evaluation of volume of storage in the reservoir), the
gates were opened below a pool stage of 4.0 ft, and except for a
small immediate drop, the level of the pool declined at a rate no
faster than that existing prior to the opening and declined at a de-
creasing rate as the level fell, Itis suggested that the raising of
water levels below County Line Dam (because of the opening of the
gates) caused a decrease in the amount of ground-water seepage
from the reservoir into Miami Canal below the dam, and thus re-
sultedin no particular change in the rate of decline of the reservoir
level. In effect, the direct surface outflow from the reservoir re-
placed part of the seepage outflow. The amount of available storage
is discussed in Storage capacity of reservoir in the section on
special studies, and data on the rating of the gates in County Line
are also given.
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The only other channel that directly carried water from the
Triangle was the borrow ditch south from County Line Dam along
the west side of Dade-Broward Levee, Outflow from the canal pool
as gredat as 90 c¢fs was observed through the breached canal bank
at thatlocation. About 1944, a 2-ft concrete pipe culvert was placed
to close the breach; after this, the maximum flow was about 20 cfs.

STORAGE INFL.OW REACH

The channel of Miami Canal from County Line Dam to Broken
Dam, a distance of 2.5 miles, is usually called the storage-inflow
reach, because it receives a large amount of water by seepage
from the reservoir area, adjoining the northeast bank, and from
the pool upstream from County Line Dam. Direct surface inflow
occurs only during the greatest floods, The inflow reach probably
extends several miles farther southeast toward Pennsuco in periods
of high water, but when levels are low above County Line Dam,
reductions in discharge, rather than increases in discharge, have
been observed in this additional section,

The large volumes of flow measured at Broken Dam are an ex-
cellent indication of the porous character of the rock through which
the canal was excavated., Despite extensive, although discontin-
uous, areasof impermeable rock, the seepage in the 2, 5-mile reach
below Broken Dam has been found to be as great as 200 cfs per
linear mile of canal. As would be expected, the amount of seepage
varies with the elevation of the reservoir area. Selected stages
and discharge in the inflow reach are listed in table 44,

The water slope in Miami Canal, from below County Line Dam
to Broken Dam, is usually quite flat, and even in periods of large
flow at Broken Dam, it does not exceed about 0.3 ft. The stage
graphs, figures 117--123, therefore furnish an indication of head
on County Line Dam by the difference between the stages at the
two dams. The stage above County Line Dam is usually much the
same as that in South New River Canal, at the other end of the
storage pool, The stage at Broken Dam reacts with that of the
reservoir, but it is also subject to the flow regimen of the tidal
reaches of Miami Canal, The more rapid rate of decline at Broken
Dam, following the annual wet season, resulis from the direct
drainage to.the sea; but the leveling effect in some winter periods
results from the operation of 36th Street Dam in Miami; then, the
reservoir declines the more rapidly of the two stages.

When the gates in County Line Dam are opened to augment flow
in Miami Canal, the upper pool drops considerably and the lower
pool rises, thus resulting in a reduction of the head that existed
prior to opening the gates., This was well illustrated during the
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first half of April 1943 (see fig. 120) and should be kept in mind
when efforts are made to move more water toward the Miami
area—the static head is significantly reduced when the gates are
opened,

The constriction at Broken Dam is enough to cause head losses
as great as about 0. 3 ft during periods of highdischarge or at low
stages--——see figure 116. Velocities are relatively fast for Ever-
glades canals, and the sizable volumes of flow through the gap
furnish visual evidence of the nature of water=-control problems in
this area of highly permeable rock.

TIDAL. REACHES

The bottom of Miami Canal is below meansea level from County
Line Dam to Biscayne Bay, a distance of 20 miles; thus, the canal
is subject to tidal backwater, Broken Dam is usually considered
to be the inland limit of tidal fluctuations, although during floods
the limit is much farther east and during droughts the tide effect
extends all the way to County Line Dam,

THE FUNDAMENTAL TIDE

The Atlantic Ocean along the east coast of Florida is subjected
to typical tidal action, as imposed by the moon and the sun. The
tide-producing force of the moon is the predominant factor, being
a little more than twice that of the sun (Pillsbury, 1940). The fun-
damental tide is of the semidiurnal type, with two nearly equal
cycles in each lunar day of 24 hours and 50. 4 minutes and with an
essentially sinusoidal pattern. The high waters (the peaks of the
¢ycles) usually follow a smooth trend, alternately higher and lower
(see fig. 125), although the relationship may be reversed
occaslionally.

A few definitions will help to understand references to tidal
phenomena. The range of the tide is the vertical distance between
the high and low points of a ¢ycle.”™ As shown in figure 125, the
range changes considerably within a short period, as associated
with the phases of the moon, The tides with the greatest range in
each lunar month, which are known as spring tides, occur at the
time of the full or new moon—depending upon the relative decli-
nations of the sun and moon, a complex relationship, The tides
with the least range are called neap tides. The amount of tidal range
is particularly important inlow country like southeastern Florida,
where the canals, and therefore the drainage, are considerably
affected by tidal backwater,

15
The range is alsoreferred to asthe “amplitude”; but amplitude is more commonly identified
with “semirange”, the departure of 2 wave from the average position,
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The monthly (lunar) pattern of variation is superimposed on an
annual cycle of a more subtle nature, which slowly but steadily
raises and lowers the pattern, This cycle, which is caused by the
change in the sun’s declination, is shown by the dashed line that
represents the mean tide on the prediction graph, In turn, the entire
patternis affected by afurther cycle (longitude of the moon’s node)
having a period of about 19 years. A number of other factors are
involvedin the forces producing the tides, which make them highly
complex and a special field of study.

A distinction should be made between tide and current, which
are often loosely interchanged. Tide is the vertical change in the
surface elevation of a body of water, Current is the horizontal -
movement of water caused by tidal action, gravity flow in water-
ways, wind action, or other causes.

When water flows from the seainto a bay, estuary, or river under
tidal action, the condition is referred to as the “flood tide,” or
“flood current. ® When tidal flow is toward the sea, the term “ebb
tide, ® or “ebb current,” is used. The short period of negligible
current, when the flow reverses at the turn of the tide, is called
“glack water, ® For locations close to the ocean, as at inlets, the
time of slack water is very closely the same as the time of high and
low tide, but this does not hold true intide-affected rivers, because
of runoff and friction,

It will be noted on the graph of tide prediction that the annual
pattern is nearly centered about the 0. 0-ft sea level line, which is
to be expected because the prediction is based on observations that
established the mean sea level datum. The section of chart from
the automatic stage-recorder in Biscayne Bay (fig. 125), however,
shows that the water surface was below 0. 0ft only about 30 percent
of the time and that the daily mean level ranged between 0.3 and
1.0 ft. This is not necessarily a contradiction, because local
factors, such as fresh-water runoff and wind effect (particularly
in the fall of the year), change the patternof tidal fluctuation in the
bay.

TIDE LEVELS

Nomal tides, —Since May 1931, a tide gage has been maintained
by the U, S. Coast and Geodetic Survey on the open coast at Carter’s
Pier, Miami Beach. The record from this gage shows that from
the period 1931-32 to the period 1940-43 there has been a definite
increase of about0, 2 ftin the tidal range. (Seefig.126.) The range
declined markedly in 1944, 1945, and 1946, This variation in the
range is areflection of a 19-year cycle inthe longitude of the moon’s
node, and therefore it can be expected that the range will decrease
until about 1950 or 1951,
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Figure 126, — Graph of annual mean elevation and range of Atlantic Ocean at Miamj Beach,
1931-46.

There has also been a progressive increase in annual mean sea
level of about 0,22 ft during the 15-year period of record, which
has also been observed at other places along the Atlantic -Coast
(Marmer, 1941, p. 620—629). '

The combined effect has been to increase high-tide levels at
Miami Beach during 1940—46 by 0, 28 ft in comparison with levels
in 193132, Low-~water levels rose only about 0,15 ft, because the
increase in tidal range tended to counteract the increase in sea
level. Throughout the record, sea level remained about halfway
between high and low water,

The record from the U. S, Geological Survey recording gage in
Biscayne Bay at Coconut Grove furnishes an interesting comparison
with that on the open coast, Tidal range in the bay during late 1940
to 1946 varied betweenl.0 and 2.7 ft, and averaged 1, 82 ft, which
was 70 percent of the range of the ocean at Miami Beach. There-
fore, it might be expected that during 1931—46 the rise in high-tide
level of Biscayne Bay was 0.22 ft, plus 70 percent of the 0,06 ft
increase in the semirange, or a total rise of 0. 26 {t, as compared
with 1931-32, This is based on the assumption that the bagic rise
of 0,22 ft in the mean level of the ocean was also experienced in
the bay.

The tidal levels of the bay and ocean are important to the fresh-
water supply of the Miami area, and particularly to the municipal
well fields, The increase in range, together with the rising sea
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level, probably aided the intrusion of sea water during the 1940-46
period. The mean stage of Biscayne Bay at Coconut Grove during
this period was about 0.6 ft above mean sea level datum.

Wind tides,—A sizable body of water, such as Biscayne Bay, is
subject to wind tides of considerable magnitude, which have no
regular period, but which are associated with wind velocity and
direction, Biscayne Bay is shallow, thus augmenting the effect of
wind on the water, The prevailing winds are easterly and south-
easterly, therefore it is probable that the mean stage of the bay is
higher along the west shore than along the east shore (particularly
in the northwestern corner, where the U. S, Geological Survey tide
gage is located)., This may account, in part, for the fact that mean
stage of the bay at Coconut Grove is higher than the mean stage of
the oceanin the period of study; however, it should be kept in mind
that fresh-water runoff may also be a factor,

Many small fluctuations of the level of Biscayne Bay are caused
by ordinary winds of the area, and, while these fluctuations usually
are small, they are associated with the problem of contamination
of tidal canals by salty water, The greatest wind tides, of course,
are those associated with the hurricanes that occur in southern
Florida, The steady high winds of a hurricane tend to raise the
levelof the bay, and, during the period of maximum wind velocities,
they cancause adestructive high stage. Some data (supplied by the
U. S. Weather Bureau, Miami) on the three significant hurricanes
in the 1940—46 period are listed below:

Oct. 6, Oct. 18, Sept. 15,
1941 1944 1945
Hurricane, track of center: ' :
DIreCtion..iesesescees seasraseiss sssessarensosansas NW N NW
Approximate minimum distance from
Miami, MIleS sseerrrernvoresserraravesenseneess 138W 120W  205W
Wind velocity, U, S, Weather Bureau,

Miamis
Maximum, 5 minutes, sustained, (mlles

PET NOUT), i iverersacsssanassssvnnsasnnesssnssas 163 65 86
Maximum, 1 minute (miles per hour)..i.....” 68 69 109
DirECtiONivsereereersesrssrsssssassnrasesarsessnes B SE SE

Stage of Biscayne Bay at Coconut Grove:

Mean, 2 days prior to storm (feet).iiecsns 0.7
Maximum during storm (feet)..ciircececsnss 4.0

a . . N
Estimated 40 to GO percent greater at Dinner Key (location of bay gage, 4 miles southwest of
U. S. Weather Dureau office), .
burinds hald steady for several days prior to storm.

The storm of October 6, 1941, was small, and the wind velocities
increased rapidly within a few miles south of Miami. The storm of
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Qctober 18, 1944, was a large storm, and gales were felt in Miami
for several days, although the center of the storm was quite a dis-
tance away. (Note the comparable maximum wind velocities of the
two storms and the resulting wind tide.)

The hurricane of September 15, 1945, was moderate insize, but
it was quite intense near the center, The 9,9-ft stage at Coconut
Grove was measured in a still pool, and it does not consider wave
action that probably was several feet higher, The bay rose from a
4-ft stage to a stage of 8 ft in 1 hour and 20 minutes; and from 5 ft
to 8 ft in 50 minutes (the time element necessary to rise above 8
ft is not known, because the stage recorder became submerged and
the record is incomplete). The highlevel of the bay caused alarge
rush of sea water inland in the tidal canals for several hours. A
profile of the peak stages in Miami Canal is shown in figure 134,

The paths of hurricanes have no fixed relationship to the Miami
area, and storms may be expected from any direction, The three
storms noted above happened to have maximum gales from the east-
erly quadrant,. but this will not always be the case. Therefore, a
hurricane ¢could pass near Miami and produce relatively little wind
tide along the westernshores of upper Biscayne Bay, although other
shores might be inundated., The maximum wind tide at Miami will
probably occur during periods of spring tides, with the maximum
wind velocity occurring from the southeast at the time of high tide.

TIDAL CHARACTERISTICS OF SEA-LEVEL CANALS

A waterway directly connected with a tidal body of water usually
is affected by tidal variations for some distance above its mouth.
The length of the reach affected depends upon the elevation of the
bottom of the channel, the amount of fresh-water runoff, and the
friction-producing elements in the channel, '

The term “backwater, ” in ordinary stream-gaging usage, is the
height that water surface in a channel is raised above its normal,
or natural, level by an obstruction retarding its flow. Such an ob-
struction conceivably could be in the nature of a dam, a bridge,
aquatic vegetation, or tides, Regardless of the nature of the ob-
‘'struction, the effect on the flow is the same. A backwater curve is
the profile of the water surface in the reach that is subjected to
backwater, Backwater may also be classified as the volume of water
represented by the difference inarea of the backwater surface and
that of the normal water surface, multiplied by the width of the
channel.

The variations in backwater produced in a waterway by tidal
fluctuations in the body of water into which the waterway discharges
are shown in figure 127. It will be noted that the effect of tidal
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variations is not simultaneous throughout the waterway, and that
the result is a wave that travels upstream. Because the vertical
motion of the water affected by the wave is a result of continuous
and alternate storage and release of water in the channel, it follows
that a tidal impulse can travel upstream against the flow of water
in a channel. Therefore, a tidal wave moving upstream does not
indicate actual upstream movement of the water, except under
certain conditions as described in the following paragraphs.

Infigure 127, the line of mean slope (DE) represents the average
water surface for the whole tide cycle. The slope of highwaters
{DF) and the slope of low waters (DA) show the limiting positions
of high and low tide as the cycle moves inland, The vertical dis-
tance between these two lines at any locationis the tidal range, and
the height of the water surface above the line DA is the backwater.

The volume of water represented by the triangle DFA is the tidal
prism above point A. On the other hand, tidal storage is the volume
alternately stored and drained by tidal action, and it includes bank
storage as well as channel storage. It is alwaysless than the tidal
prism becausé the tidal prism isnever filled with water at any one
time (see fig. 127). Tidal storage is often expressed in units of
cfs=hours, because of the constantly changing ratio of storage, but
it may alsobe expressedin acre-feet or by other volumetric units,
Tidal storage is an important factor in the design of channel im-
provements and canals, in pollution and sewage dilution problems,
and in studies of currents,

Tidal storage also may be shown on a discharge hydrograph, as
in figures 129 and 130, With rate of flow as the ordinate, and with
time as the abscissa, the area under the curve for any period is a
volume, Thus, the areabetweenthe curve and the line representing
the mean discharge is the tidal storage, There are two such areas
in the plotof a tide cycle. The one above the meanline is the period
when the tidal storage is being emptied—water is going out of
storage. The other is the period when the tidal storage is being
filled---water is going into storage.

The tidal range decreases as the wave moves upstream, and it
disappears at some point inland. The rate of decrease would be
uniform in a perfectly uniform canal, but it varies in the typical
waterway because of changes in the channel section and alinement,
For a given canal, the limit of tidal backwater varies with the
amount of fresh-water runoff in the canal, because runoff has a
damping effect—the greater the runoff, the shorter the reach
affected by tide,

The wave of the tide cycle in the lower reaches of the canal is
usually the same shape as thatin the bay, but a change in symmetry
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occurs as the wave progresses upstream. The fresh-water runoff
and other factors oppose the upstream propagation of the wave, and
they tend to shorten the duration of the rise and to lengthen the
duration of the fall, although the period of the wave remains the
same, This is the characteristic river-type tide that is common
in the upper tidal reaches of coastal streams.

Because of the wave-like variations of water surface caused by
tide, the slopes DF and DA in figure 127 actually never occur as
shown in the figure, The storage changes that produce the wave
take considerable time, thus causing a progressive lag inland for
any point on the fundamental cycle, No data are available to prove
the amount of lag in anextreme case, but it conceivably could be a
full cycle—12 hours and 25 minutes., That is, the bay level could
be at high tide and apoint far inland could also be at high tide, but
the inland high tide could be a result of the preceding high tide in
the bay. The lag in progression of high and low tides is shown in
figures 128 and 129,

The progressive changes in slope, directions of flow, and changes
in storage of a tidal canal are shown schematically in figure 127,
At the right side of the figure is a graphof the fundamental tide in

e bay at the mouth of the canal, point A. The decreasing range
of the tide and the lag in the progression of the wave are shown in
the parallel graphs at points Band C. At locationD the tidal back-
water plays out, and the slope of the water surface above D rep-
resents the steady fresh-water flow, To make the diagram rela-
tively simple, the fundamental tide has been centered about mean
sea level. The several phases of the profile are discussed below,
using the circled reference numbers,

1. Slope and direction of flow are positive at all locations; the
bay is rising and some of the fresh-water runoff is being stored as
the backwater from the bay increases,

2, The bay rises faster than the canal can store water for the
increasing backwater, and flow inland occurs from the bay; the
point of reversal of flow progresses slowly upstream, because
storage is being accumulated at that point fromboth directions, but
atafaster rate from the bay; all of the canal runoff goes into storage
(tidal storage).

3. The baylevel reacheshigh tide and starts to decline rapidly;
a positive slope is reestablished near the mouth of the canal, a
second point of reversal in flow occurs; and some of the stored
water flows out. The secondreversal moves inland rapidly because
water is moving away from it in both directions, and the positive
slope to the bay steepens, In this period, flow in the canal occurs
inthree sections—two positive and one negative, The first reversal
is still moving upstream, but at a slower rate than before because
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of the decreasing backwater and the filling-in of the low point of
the profile; all of the runoff is going into storage; tidal backwater
extends upstream beyond the first reversal, but the flow above that
point is all positive, and it diminishes toward the reversal point.
The second reversal overtakes the first reversal, and all slopes
and flow become positive (toward the bay),
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4. The level of the bay is approaching a low condition; the high
point of the wave (high tide) has reached point C; the profile and
direction of flow is positive, and the fresh-water runoff is aug-
mented by the release of the water stored earlier.

5. The level of the bay has passed low tide and is beginning to
rise again; low tide is progressing upstream and has not yet oc-
curred at points B and C; water is going into storage below the
point of low tide and dut of storage above it; the point of changeover,
from storage release to storage, progresses inland until condition
1 (storage at all locations) is again reached.

The undulating character of the profile shows the reason that
tidal slopes are so complex—a steady conditionis never achieved,
It also shows why computations based on theory are so hard to
make and why field studies of tidal phenomena are necessaty. The
diagrams present only the most simple aspects of the problem—
acfual channels usually have many variationsin alinement, in pro-
portions, and in runoff, all of which make the whole problem much
more complex,

This discussion omits the further complication imposed by the
difference in specific gravity between fresh water and sea water,
which involves the problems of divided flow and density head, Ad-
ditional discussion of this subject will be found in the section on
Salt-water encroachment under the heading Contamination of tidal
canals.

TIDAL FLUCTUATIONS IN MIAMI CANAL

The discussion of the fundamenta. cide and tidal phenomena can
be applied to most tidal waterways, but it is specifically applicable
to Miami Canal. Miami Canal plays a very important part in the
water events of the greater Miami area, particularly with respect
to the protection of the municipal water supply and to the conser-
vation of water in the open lands farther to the west.

Miami Canal is subject to an average tidal variation of 2,0 ft at
its mouth in Biscayne Bay (U. 5. Coast and Geodetic Survey, 1947,
p. 303), Compared with the average range of 2, 6 ft in the ocean at
Miami Beach and 1, 8 ft in the bay at Coconut Grove, it is apparent
that the tidal range in the bay diminishes with distance from the
ocean, The tidal range also diminishes to the south and becomes
very small at the south end of Biscayne Bay and at the upper Keys——
less than 1 ft in Barnes Sound.

A period of typical tidal variations in Miami Canal is shownin
figure 128, which entails tracings from graphs of five water-stage
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recorders. Because of conflict’ with the hydrograph of the Water
Plant recorder, only a part of the Biscayne Bay record is.shown.
No dam was in place in the lower reaches of the canal, and free
tide-affected flow occurred throughout the period. The sharp rise
at Pennsuco on April 11 resulted from releasing water at County
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Line Dam, 6,6 miles to the northwest, The large rises on April
16-17 were caused by extremely heavy rainfall, Total precipitation
for April 16--18 at Water Plant, Hialeah, was 18,09 in,;at Broken
Dam, 6,05 in. was recorded,

The damping of the tide as itmoved inland is evident in figure
128, The degree of dampingbetween Water Plant and Russian Colony
Canal, during April 10-15, probably resulted from the aquatic weeds
in the canal, because discharge at Water Plant was low (ranging
between 200 and 300 cfs), . The great stormincreased the discharge
to 1,200 efs, which is reflected in the upward shift of the several
canal stages and in the further damping of the tidal action. Some
of the increase in damping may have been offset when some of the
aquatic weeds were removed by the greatly increased discharge.

The limit of . tidal backwater, prior to the rains, was in the vieinity
of Broken Dam, but, as a result of the rains, it was shifted down-
stream to a point between Broken Dam and Pennsuco.

The progressive upstream lag in the times of high and low tide,
between the bay and Broken Dam, is indicated on the figure; this
lag amounted to about 5 hours for low tide and to a little more than
3 hours for high tide. This variation in lag is directly associated
with the change insymmetry of the waves as they were propagated
farther upstream, The stage graph at Pennsucois a good example
of the river-type tide, wherein the duration of the fall becomes
longer than the duration of the rise, because of the proportions and
friction of the channel, and hecause of the fresh-water runoff.

The average rate of propagation of the wave on April 14 and 15,
1942, (fig. 128) can be computed from the stage graphs. It is
assumed that the time of the tides at the mouth of Miami Canal was
the same as that at Coconut Grove on Biscayne Bay. The reachto
Pennsuco is 15, 2 miles,

Progress of low tide 12. g
5. 4 mph
= 8.0 feet per second

15,2
2.1
= 7.2 mph
- 10. 6 feet per second

Progress of high tide

The theoretical rate of progression of tidal action in an estuary
or large channel under frictionless flow iSczm; where ¢ is the
rate, gisthe accelerationof gravity, and dis the depth of the channel
(Pillsbury, 1940, p. 175, 224),
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In this case:

=J32x8
= 16,0 fps

[~

The difference between the actual and the theoretical rate of pro-
gression indicates that depthis not the sole factor involved; prob-
ably the size of a canal and its roughness (friction) are important
factors.

The simple elements of the rise and fall of the tide are well
understood, but the movements of water resulting from that rise
and fall are not so widely appreciated. These movements and their
variations are discussed below by combining general data with
specific data for Miami Canal,

When the ebb flow starts out an inlet, the impounded water being
released is not only the tidal storage of the bay, but it is also the
storage of all the tidal channels andlakes that are tributary to the
bay. Thus, the fall of the tide in Biscayne Bayreleases water im-
pounded in Miami River and its tributaries, causing channel
velocities and discharges that are comparatively large. The turn
of the tide atthe inlet starts the flood flow infrom the ocean, water
is again stored in the bay, and backwater from the rising bay re-
duces the discharge of Miami River,

Stage and discharge graphs for stations along Miami River and
Canal are shown in figure 129, The most obvious feature is the
fact that the stage and discharge graphs both follow essentially the
same pattern, disregarding the differences in scale and timing.
The wide variation of discharge at NW. 5th Street, ranging between
430 and 2, 840 cfs, caused equally wide variation in the velocity of
flow at that location. The fact that all of the discharge at the station
was in one direction means that the fresh-water runoff from the
drainage area of the canal was great enough to raise the level of
the river as fast as Biscayne Bay was rising—which at times ex-
ceeded 0, 6 ft per hour,

As compared with the discharge at NW, 5th Street, the smaller
range of discharge at Water Plant was caused by the large tidal
storage area between the two stations (which includes the lower
reaches of Tamiami Canal) and by a smaller tidal range than at
the lower station, The larger mean discharge at NW. 5th Street
(1, 810 cfs, as compared with 1, 230 cfs at Water Plant) is explained
by the additional intermediate runoff, a large part of which (more
than 330 cfs) was direct increment from Tamiami Canal.

The shape of the hump inthe graph for NW, 5th Street (reflected
also on the Water Plant graph) is a characteristic of most tidal-
discharge patterns of Miami Canal., The cause is not apparent,
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although it could be the effect of the timing of tidal release from
Tamiami Canal, or it could be the result of some peculiarity of
currents in Biscayne Bay. ’

Concerning the graph for NW, 5th Street, as centered about the
line of mean discharge, note that the minimum flow was more
divergent from the mean thanwas the maximum flow—a difference
of 1,370 cfs, as compared with 1, 000 cfs. And also, the period of
reduced discharge (below the mean)was shorter than the period of
increased discharge—5.6 hours, as compared with 6.8 hours.
These features indicate that tidal storage fills more quickly than
it empties, because of the combined effect of runoff and the rising
bay, coupled with the differences in rates of inland propagation of
the highand low tides. The storage andrelease of the tidal storage
canbe considered as flood and ebb storage, because it is associated
with the flood and ebb of the bay even though flow in the canal may
be in only one direction during the entire tide cycle.

The tidal storage at Water Plant on February 17, 1941, was 574
cfs-hours (47 acre-ft); at NW. 5th Street, it was 5, 420 cfs~hours
(448 acre-ft), or nearly 1C times as great, thus illustrating the
relatively large amount of tidal storage intermediate between the two
locations. Because of the cavernous nature of the limestone, through
which much of the lower reaches of Miami and Tamiami Canal were
excavated, water can easily enter or leave the ground through the
banks, This change in ground storage was believed to be large, A
very rough computation for the NW, 5th Street location, however,
indicates that the surface storage accounts for about 70 percent of
the tidal storage (under conditions that existed on February 17,
1941), thus leaving only 30 percent for the bank storage.

The stage graphs of figure 129 show ordinary conditions., The
diminishing range of tide, inland from the bay, is wellillustrated,
as well as the progressive inland lag of the high and low tides,

Another little-understood aspect of tidal action in a canal is the
phasing of the discharge cycle (or wave) in a manner similar to the
inland progressionof the high and low tides. The fundamental tide
cycle is approximatelya sine wave andcan be considered as being
divided into 360°, as well as having a time period of 12 hours and
25 minutes.

The cycle of discharge in a tidal system has the same general
form as the stage cycleandis a product of the stage cycle, but the
extremes occur at different times—that is, the discharge cycle is
out of phase with the stage cycle., At the perfect (theoretical) inlet
from the sea, the flow through the inlet changes from flood to ebb
(reverses) just after high tide in the ocean, The ebb flow reachés
a peak as the tide falls to midtide, and it stops when low tide is
reached. Thereafter, the flood flow resumes and the discharge
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cycle is completed, but it is later than the stage cycle by a quarter
cycle——it lags by 90°, or a little more than 3 hours,

At Government Cut (the principal entrance to Biscayne Bay), the
discharge cycle lags behind the stage cycle by about 110°, This
lag becomes progressively greater inland from the inlet, The dis-
charge cycle becomes distorted in Miami River, because of fresh-
water runoff and other factors, and the lag is not constant for all
parts of the cycle. At Water Plant, Hialeah, the high discharge
occurs about 154° (5 hours, 20 minutes) afterhigh tide, and the low
discharge occurs about 135° (4 hours, 40 minutes) after low tide.
An example of the phase lag in the canal is shown in figure 129,

Below some critical quantity, the fresh-water runoff in Miami
Canal is not able to fill the channel and raise its level as fast as
Biscayne Bay rises, Flow inland from the bay then occurs during
partof eachtide cycle. The mechanics of this reverse (or negative)
flow are illustrated in figure 127. The length of the period of re-
verse flow and the distance inland that it extends are functions of
the amount of fresh-water runoff and the tidal range.

Under reverse-flow conditions, salt water from the bay moves
up Miami Canal, The existence of an upstream current at any lo-
cation does notnecessarily meanthe presence of salt water, how-
ever, because salt water from the bay pushes some of the fresh
water back inland. Later in the cycle, when all flow is toward the
bay (positive), both fresh and salt water flow downstream. During
this action, a certain amount of intermixing occurs, and water con-
taining varying amounts of chloride canbe found in the canal, The
salty water, being heavier than the fresh water, lies in the bottom
of the channel and moves inland as fresh-water runoff decreases.
In addition to this replacement of the fresh water in the canal, the
salty water moves into, and out of, bank storage and tends to con-
taminate the adjoining ground water. It is during periods of low
runoff and at times of maximum tidal range that salty water moves
inland at the fastest rates. This phenomenon is more completely
discussed in the saction on Salt-water encroachment under the
heading Contamination of tidal canals.

Typical and extreme conditions of reverse flow in Miami Canal
at Water Plant are shown in figure 130, which was developed from
field observations, A series of discharge measurements made over
a tide cyele is known as a tidal discharge integration or simply as
an integration,

The graphs for December 7, 1942, show conditions during a long
steady decline instage and discharge of the canal, The character~
istic shape of the hump near the peak of the integration is not prom-
inent; instead, it is indicated by a flattening of the curve, The 3-
hour period of reverse flow, indicated on the graph as negative
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flow, means that salty water was progressing inland during part
of eachcycle. However, the reverse flow measured at Water Plant
was fresh water that was forced back by salty water, which had
advanced nearly to the entrance to Palmer Lake,

The changing symmetry of the tide cycle as it moves inland is
also reflected in the discharge cycle, The upper part of the inte-
gration (shaded to show the flow representing the tidal storage) has
the typical wider and flatter shape, as compared with the lower
part; this shape is the effect of the inland progression and lag of
the tide. Note the time relationship between high and low tide and
the extremes of discharge. Despite the fairly low mean discharge
of 327 cfs, the time necessary to fill the tidal storage was about
2 hours less than required to empty it,

The graphs for June 23, 1943, show conditions near the low
point of a very bad drought condition. The most notable features
are the unusually long period of reverse flow, the large negative
flow, and the very low mean discharge., With fresh-water runoff
s0 small, and with the tidal range at the maximum for the month,
salty water in the canal was moving inland at a fast rate. The salt
frontactually passed the point of observationin Hialeah, and some
of the water measured during the cycle was salty, Fortunately for
the protection of the public water supply, within a short time rains
caused increased runoff and forced the salty water downstream.
The maximum negative flow of 395 cfs was nearly as great as the
maximum positive flow,

If the canal were not controlled, the next event in such a drought
period would be the cessationof all fresh-water runoff, Salty water
would soonmove in under the fresh water and continue inland, The
rise and fall of the tide would cause the salty water to move inand
out of the banks, and extensive contamination would result, Con-
tinued drought effect would result in a net canal flow inland, and con-
tamination of the entire tidal reach would soon occur. This was
obgerved in some of the shorter canals in the Miamiarea and prob-
ably would have occurred in Miami Canal, had it not been for the
dam at NW, 36th Street,

Several pertinent factorsfrom the graphs in figures 129 and 130
have been compiled in the following tabulation;

Miami Canal at Water Plant, Hialeash

Feb., 17, Dec, 7, June 32,
1941 1942 1943

Discharge:
MeaNesseereisarannsnasenssannness f5 .. 1,230 327 65
MaXimUMeis cecersnsesnseasseass Cfs ,. 1, 390 686 415
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Miami Canal at Water Plant, Hialesh
Feb, 17, Dec. 7, June 23,

1941 1942 1943
Discharge-—-Continued
Minimum (or max negative).. cfs.. 1,050 =273 ~395
Range......c..n. vessrvasareasecs ceescs., 340 959 810
Volume per cycle..oase... cfs-hr., 15, 250 4,055 801
acre-ft.. 1,260 335 66. 2
Time:
Period of reverse flow........hrs,, 0 3.0 5.4
Reverse flow,....percent of cycle.. 0 23 44
Maximum discharge after maxi-
MUm StaZe..cvsssevssncnsareess IS 5.8 5.1 4.7
Minimum discharge after mini~
mMum Stage..veeessesssarsomans NS0, 6.0 4.9 4.9
Stage:
MEAN.,seereseresessssssasrsnrsaseonnss e 2.07 1.06 .83
Range,.iiiiverrvivsiacssssscossasnnns oo .13 1,48 1,72
Range at Pennsuco.... .. cesnsansften .07 .55 .11

Tidal storage:

VOlUINC. vesranrensersarnsasansnslfB-hI.. 574 1,790 1,730
acre-ft. . 7.4 148 143
Time to fillssieissssreseassacsnsss NTS., 5.3 4,9 5.1
Time t0 INPtYeesees sorennsossss NS00 7.1 7.1 6.7
Percent of fresh-water runoff...... 3.8 44 216

The following interesting relationships are indicated in this
listing of data, several of which maybe related to the basic factors
of decreasing mean discharge and stage in the series presented:
1. The range of discharge increased generally. 2. The length of
the period of reverse flow increased markedly—it may be assumed
that the maximum period (no runoff) would be around 50 percent of
the cycle, 3. The volume of tidal storage compared with the fresh-
water runoff increased considerably—mathematically, the percent
would expand indefinitely as runoff approached zero. 4. The lag of
the discharge cycle after the stage cycle apparently decreased with
the amount of discharge,

The volume of tidal storage, as shown alsoby other studies, was
closely related to the range in stage. The apparent contrary re-
lationship of range and volume on December 7, 1942, and June 23,
1943, may possibly be explained by the accumulation of aquatic
weeds in the canal during the period between the two dates, which
would damp the tidal action and thus reduce tidal stérage in some
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degree, This is corroborated by comparison of the tidal range at
Water Plant with that at Pennsuco. Thus, to arrive at any stage~-
volume relationship, it is necessary to use stage datafromtwoor
more stations,

FLOW CHARACTERISTICS OF MIAMI CANAL

The multiple-purpose function of Miami Canal makes its regimen
overa periodof time important as reference data. The canal helps
to collect water for the reservoir area, and at the same time, it
is the instrument that excessively drains the area. The drainage
needs for farming are met in wet periods, and when dry weather
sets in, the canal furnishes the necessary irrigation water, Miami
Canal indirectly supplies a considerable part of the municipal well-
field draft, but indry seasons, whenthat part is most needed, salty
water may move up the canal and contaminate the wells,

One of the best sources for the comparison and evaluation of con-
ditions in the Miami Canal drainage area is the stage record at
Pennsuco, shown infigure 131, Thisrecord for the period 192646
is the longest available in the Everglades area, and it is the only
long record in the lower Everglades, The recordisabase reference
statistic for the water regimen of a large area from County Line
Dam to NW. 36th Street, It has certain weaknesses in the period
in which once-daily staff gage readings were made (to November
1939). The readings were discontinuous, particularly in the drier
seasons, with breaks as long as 5months, Also, the readings were
made about the same time each day, thus disregarding the twice-
daily tidal variation that often existed in the canal and which was
greatestat the lower stages. The early record then is increasingly
weak below a stage of about 3 ft, particularly during the first several
years, whenpumping for drainage and irrigationoccurred, Despite
these weaker periods, which are minimized in some degreeby the
time scale of the graph, the moderate- and high-stage record is
valid, and the whole constitutes a most useful record. After Novem-
ber 1939 the graph is plotted from daily mean stages obtained from
a continuous recorder.

In studying the record, itis desirable to remember that the ground
elevation at Pennsuco of about 4 ft in 1946 was possibly 1.5 to 2 ft
lower thanin 1926, because of subsidence of the soil from oxidation
and fires. This means that duringall except about 2 of the 21 years
of record the ground was inundated in varying depths and for varying
periods,

The seasonal variation is the outstanding characteristic of the
graph in figure 131, showinghow definite a divisionexists between
the annual wetand dry periods. The maximum stage of 8, 77 ft for
the 21-year record occurred in 1929, which is remembered as an
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outstanding flood year, The highest stage reached in a year, how-
ever, is not the only criterion of water conditions at Pennsuco; the
length of the wet, or dry, period must also be considered,

In the winter and springof 1939, drought conditions caused salty
water to move far inland and contaminate some of the municipal
supply wells, All of 1938 was unusually dry, thus setting the con-
dition for early 1939, The year 1927 was also dry, and a serious
drought condition probably occurred in the spring of 1928,

A series of very dry winter seasons, starting in late 1942, cul~
minated in the extreme drought condition of June 1945. Although
fair amounts of recharge occurredinthe wet periods of 1942, 1943,
and 1944, the succeedinglong periods of little rainfall caused water
levels to fall excessively, The stage would have been even lower
except that NW, 36th Street Dam helped conserve water in the
springs of 1943 to 1946, The effect of the dam shows in the graph,
notably in 1944 and 1946,

The over-all range of stage at Pennsuco was nearly 8.5 feet—in
an area where some of the land is less than4 feet above sea level.
Some of the fast rates of recharge shown on the graph are note-
worthy, as well as the long periods of steady decline. However,
a general study of the graph indicates no positive trend in the period
of record. The record is duplicated in greater detail with other
stage records along Miami Canal for 193946 in figures 117-123,

The annual maximum stage at Pennsuco for the period 1926—46 is
shown in the following tabulation, in which each peak was assigned
a number indicating its order of magnitude—the highest peak listed
as No, 1.

Year Mﬂggmgfﬂée Magnitude
1926..0uiesniencnee To TBurnrinnirannans 2
1927.cieeneceninee 40 690ninnnirannnnes 20
1928, . 0iinurencnes 60 39niinierenenes 4
1928 imiirinnnenns 8. T virieinene 1
1930..ccirvnnnen.. 6,09, cesrerees 9

1931 uuiiniiesesnene 3 BTrrnrivnnrneneee 12
1932, 0 iiirnrerene 82 29 rniniarensnens B
1933ueiees veenenrn 8039 iiiiiiennenes 5
1934, 00eencnnces 50 38uninriennrennes 17
1935,uiieverrmense 5.97... cransesssens 10
1936, 0iies covnven s T 100 uiinrieesssses 3

1937bclunlooloo-oan 5! 40----..-..00..-0 15
1938¢c..|on Brasave 40 16--...-.0----.-0 21
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Maximum atage . :
Yoar (in feet) Magnitude

1939...-......-.... 5’ 58-.-..---..0---- 13
1940...-----.‘..... 6! 14...0... ------- . 7
1941.....0..-..1;.- 5- 32.---0.------'-l ]‘8

19420, .cveseseren 60130 iiinneneanes 8
19438, c0iineraraeae 5. 89, veseesens 11
1944, ........ eee 5. 3% i cieinnnee.. 16
1945, aurvireenennnsds 430iiiiniinanenn 14
1946...00 veeeennsa. 5. 08, senss 19

Figure 132 shows the annual peak stages at Pennsuco plotted by
date of the year, The seasonal grouping shownwould be expected,
but certainother features of the graph are outstanding, The early
group of 5 peaksis separated from the remainder by atime inter-
valof 67 days (more than 2 months), during which no annual peaks
occurred, The main groupof 16 peaks all occurred within a period
of 56 days (or a little less than 2 months), and no peaks occurred
during the succeeding 6 months.

The vertical distribution is also interesting, because 16 of the
21 peaks were ina stage range of 5to 7 ft, and 15 of these 16 peaks,
or 71 percent of the total number, were within the narrow range
of 5.3 to 6,4 ft. The small boxed area on the graph encompasses
the concentration of annual peak stages, with 12, or 57 percent,
occurring within the relatively short time of 56 days and withinthe
narrow stage limits of 1,1 ft. The over-all stage range was 4.6 ft,

The auxiliary graphin figure 132 shows the annual peaks plotted
in chronological order. A downward trend seems evident, but it
should be accepted and used with caution, because it is not certain
that the trend will continue, It may, however, reflect the control
of Lake Okeechobee and the increasing practice of water control in
the upper Everglades in the later part of the period 192646, This
would decrease the overland movement of water from the north
and possibly show in some degree in lower Miami Canal drainage
area. The subsidence of the peat soils also may play a part in the
downward trend, because, at a given stage of inundation, more
water now is stored above the surface of the soils.

The same procedure as.that outlined for the flood frequency
computations for Kissimmee River (p, 305) was used for the
Pennsuco annual peak record. Based on the period 1926—48, the
recurrence interval for the annual peak stage was computed as
follows:
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Recurrence interval, Annual stage expected to be
(years) equaled or exceeded?
(in feet)
5

LR Y Y F YT P Y

7.1
104 it reieirerernennsranennens 8. 3
OO - N

9.1

Yfncludes 1947 and 1948 peaks,

The data shown were chosenfrom the recurrence-interval graph,
Any recurrence-interval data must be used with an appreciation of
their limitations.

The discharge and stage of Miami Canal at Pennsuco are affected
by conditions in the reservoir upstream, and by backwater from
aquatic growth, tidal action, and control operations farther down-
stream, particularly in dry periods. The discharge pattern from
Pennsuco to County Line Dam was discussed in connection with
table 44, which shows that,although the discharge increases in the
reach under normal conditions, it may decrease in dry periods and
when water is released at County Line Dam,

The discharge was measured and computed ona. daily basis during
the period 1939—43 at a point just above the mouth of Pennsuco
Lateral. The monthly and annual runoff, listed in table 45, shows
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a mean annual runoff of 313, 000 acre-ft for the 3 complete years
of record. The maximum daily discharge was 956 cfs on Novem-
ber 25 and 26, 1940.

Records show that during the period that the sugar development
was active, and as late as 1931, the control in Pennsuco Lateral
was operated, and the pumps were operated for both drainage and
irrigation, After 1931, it is likely that the control was kept open;
this was true after 1939, during the period of this investigation,
Discharge measurements of Pennsuco Lateral, made about weekly
intervals during 194043, are listed in table 46. The measured
maximum and minimum discharges were 186 and 3.1 cfs, respec-
tively. . Annual runoff for 3 years of record, 1940—42, averaged
56, 000 acre-fit.

Tide effect at Pennsuco has been as much as 0,7 ft during the
period of investigations, Strong inland flow was observed during
a drought year, showing that, if the dams had not been installed
downstream, salty water could have contaminated the entire tidal
reach,

The stage and discharge hydrographs of Miami Canal, 1939—46,
are shown in figures 117-123, They show the regimen of the canal
under a wide range of natural conditions and also under artificial
control, Theirvalue is enhancedbecause they encompass the period
of the most severe drought known to the area.

One of the prime unknowns of this investigation was the ability
of Miami Canal to provide sufficient discharge along its lower
reaches to prevent salt water from moving upstream to a point
where it would endanger the municipal well fields, Unfortunately,
the pronounced seasonal variations in rainfall cause equally pro-
nounced variations in runoff., The larger part of the storage ac-
cumulated during the wet summer and early fall period drains out
and evaporates before the next period of rain occurs, and drought
conditions often existfor periods of several months or more. Thus,
a discharge of 400 cfs, or more, at Hialeah, whichhas been deter-
mined tobe necessary to keep salty water below the NW. 36th Street
Dam site, isnotavailable for lengthy periods, eventhoughan excess
of water is generally wasted to the sea inthe preceding wet periods,
Evenwhendamsat NW, 36th Street were operated to conserve some
of the runoff and to fence off the encroaching salty water, the de-
sired flow could not be maintained, because of conflicting water
needs along the reach to County Line Dam,

Afairly complete log of the general operation of NW. 36th Street
Dam may be found in the section onSalt-water encroachment, During
various periods, as noted previously, County Line Dam was opened
in an effort to augment the flow of Miami Canal inthe Hialeah area
and to raise water levels that had become dangerously low, The
graphs in figures 117-123 show the effect of this operation.
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The graphs also show the obvious response of the canal at the
several stage stations to rainfall, or to the lack of rainfall. The
relationship between changes in stage and changes in the level of
Biscayne Bay can also be observed,

It will be noted that the slope of the water profile, as indicated
by the vertical distance between the graphs for adjoining stations
on any date, may vary widely, even though the discharge at Water
Plant may be the same, Thisis a direct result of bottom=-rooted
aquatic plants, which are present at all times above the Water-
Plant station, and which sometimes effectively block. the channel.
The weeds usually tear loose under the impact of larger flows, and
thus they cause backwater that has a variable and somewhat seasonal
aspect,

In aiscussing the salient featuresof figures 117-123, the yearly
graphs will be taken in chronological order. The graphs were
plotted from daily mean stages and discharges that are averaged
from variations at a station for 1 day—including the wide variation
often imposed by tidal action, Daily mean figures permit the
visualization of the important features of a stage or discharge
record without the unnecessary encumbrance of extraneous detail,

1940, -~The sharp rise at Pennsuco is noteworthy, because it was
not reflected in nearly the same degree at Water Plant, probably
owing to the uneven distribution of rainfall, The effect of the first
dam to be constructed at NW, 36th Street can be noted in the
levelling-off of the stages in the spring and in May, when it was
completely closed,

1911, —The winter and spring rains were abundant; uncontrolled
flow existed at all times, and the discharge dropped below 400 cfs
for only a short time,

1942, —Declining water levels during the spring resulted in the
release of flow at County Line Dam late in March and in the first
half of April, The resulting increase in water levels at the lower
stations must also be attributed, in part, to a coincidental risein
Biscayne Bay. However, flow at Water Plant was augmented to
around 400 cfs (as shown by the discharge graph), although the bay
rise probably reduced the amount of increase by causing additional
tidal backwater. The heavy rainfall of mid~April stopped further
need for control operations during 1942,

June 1942 was outstanding for the large amount of recharge in
the drainage area of Miami Canal. Note that the discharge and
stage at Water Plant reached a maximum earlyin September, even
though the highest level in the headwaters area occurred about the
end of June. The discharge at Pennsuco reached a maximum in
October and, coupled with the flow from the lateral, amounted to
nearly three-quarters of the discharge passing Water Plant,
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1943, —The effect of releasing water at County Line Dam in the
first half of April canbe seen, although it was reduced by the closing
"of NW, 36th Street Dam during most of March and early April. As
usually happened when water was released at County Line Dam in
dry periods, much of the water was absorbed before reaching the
critical area near the well fields,

This was the first year of the serious 3-year drought ending in
1945, and runoff of Miami Canal at Water Plant was the second
lowest of record; discharge was notably low throughout the year,
An outstanding effect shows in the stage graphs starting in July.
The low velocities in the canal encouraged the growth of aquatic
weeds, with resultant obstruction of flow, as evidenced by the in-
creasing slope between Water Plant and Russian Colony Canal and
the lack of discharge response to the increasing slope. Curiously
enough, the problem of salty water did not become critical in late
1943, and the effect of the weed block was beneficial because it
prolonged the period of flow above 400 cfs and probably reduced

"the severity of the drought during the following dry season.

1944. —Despite the favorable effect of weed growth in 1943, lack
of rainfall again caused serious drought conditions, Water was re-
leased at County Line Dam from mid-April to mid-May, andagain
about the end of June, but little effect occurred at Water Plant.
The NW. 36th Street Dam was closed or partly closed, for more
than 4 months, and levels above the dam were kept fairly constant.
The weed block was considered detrimental to movement of water
to the well-field area, and late in the spring, about 2.4 miles of
heavy growth was cut away in the reach above Russian Colony Canal,

The graphs for 1944 (and other years) illustrate one of the principel
characteristics of the surface and ground reservoirs of the head-
waters area. Whereas the stage graphs from Broken Dam down-
stream show the steep decline during fall and winter,which is caused
by canal runoff and general drainage of the coastal zone, the stage
above County Line Dam tends to hold up for along period and shows
a considerable lag in the time of the principal decline. In this
period, water is being doled (in effect) from the reservoir by seep-
age (except when the dam is opened), This characteristic is im~
portant to the water regimen of the lower reaches, because with~-
out this seepage the problem of drought and salt-water contamination
would be more serious,

As a result of the operation of NW, 36th Street Dam and because
of the drought, the total runoff for the year was the least of record
(see table 47), The sharp rise of Biscayne Bay and the lower
reaches of Miami Canal in mid-October was caused by the north-
ward passage of a large hurricane off the west coast of Florida
(see p. 443). Note that the stages at the inland stations rose also,
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but they stayed at the peak levelbecause of rainfall recharge asso-
ciated with the hurricane, Rainfallin the lower reaches was small,
and the Water-Plant graph shows the combined effect of the rise
upstream and the return of the bay to a normal condition. Note
particularly that in July the bay stage was higher than the level
above NW, 36th Street Dam—a condition of the gravest import to
the salt-water intrusion problem. Fortunately, this period of net
negative head was short.

1945, —~This year started with low water levels and marked the
culmination of the drought, County Line Dam was open all of April
and half of May, but the level of the reservoir was so low that the
effect of the additional flow was lost at Water Plant. The dam at
NW. 36th Street was operated throughout the year and was closed
for over 4 months, In May and June, the average level of Biscayne
Bay was higher thanthe level of Miami Canal at Water Plant. The
occurrence of rain, starting in June, relieved the threat to the
municipal water supply. In the worst period, net flow in all the
tidal canals in the Miami area probably was inland, and some of
the gtub canals were highly saline throughout.

The increased rainfall, later in the year, resulted in the first
large runoff in Miami Canal since 1942, Note again the effect of a
hurricane close to the Miami area in mid-September,

" 1946,—This year showed a refurn to more ordinary conditions.
More effective operation of NW, 36th Street Dam resulted from
closing the dam earlier in the period of annual decline, thus holding
higher stages above the dam, Note the near-pool conditions during
April, when the total fall between Broken Damand NW, 36thStreet
was about 0,5 ft,

Miami Canal at the Water Plant in Hialeah is considered to bea
key station in the investigation of  the waters of the Miami area.
The evaluation of this discharge is used asa reference base for all
other water records of the drainage basin, because the discharge
ig the resultant of all the factors involved in the uncontrolled runoff
in the canal, and it is the key to the protection of the municipal well
fields. The Water Plant has an intake from Miami Canal, andthe
water can be used in an emergency if the other source of supply
fails for any reason. The relationship of the gaging station to the
well field, and to NW, 36th Street Dam and the deeper channel be-
low the dam, makes its loc¢aticn strategic,

Table 47 shows the monthly and annual runoff at Water Plant.
The totals for the drought years 1943-45 are significant with respect
to the more normal years. The mean annual runoff for the 6com-
plete years of record was 389, 000 acre-ft, which was a little more
than half of that for West Palm Beach Canal at West Palm Beach,
but it was greater than for any of the other major canals,



Table 48, —Comparison of discharges for Miami Canal at Pennstico and Water Plant gaging stations

Average discharge {in cfs)

Ratio of discharge

Inflow between at Pennsuce {incl.
Miami Canal Miami Canal Miami Canal Pemnnsuco lateral) to discharge
Calendar year above lateral Penns; co lateral at below lateral at Water Plant, Water Plant at Water Plant
enmsuco £l N ! s
at Pennsuco at Pemnsuco’ Hialeah . {in cfs) (in percent}
1940°... . 390 71 461 707 246 65
1941..... 516 102 618 828 210 75
1942 . rrrrisessasennenn 380 58 448 7583 305 80
Average (1940-42) 432 77 509 763 254 67

3 Sum of two preceding columns,

b Computed by subtracting discharge at Pennsuco (below lateral} from that at Water Plant,

€ Partly estimated.
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Table 48 furnishes a useful comparison of annual discharges at
Pennsuco and Water Plant, showing the discharge increment be-
tween the stations and the comparative runoff. The table indicates
that 67 percent of the discharge at Water Plant, -during the period
194042, originated in and westward of the Pennsucoarea, Although
it is true that some of the flow that originated west of the Pennsuco
areawas useful to the lower reaches, too much of it was necessarily
wasted to the sea in wet periods, If part of this runoff could be
stored for a longer time, the area would greatly benefit.

The data for plotting water-surface profiles of Miami Canal for
any time during the period 194046 can be obtained from the stage
graphs of figures117-123. A few selected profiles, however, have
been prepared in figure 133, which also shows a map of the lower
reaches, The series of four profiles for dates in 1942 shows a
progressive decline of both stage and discharge under typical con-
ditions, The steep gradient between Water Plant and NW. 36th
Street indicates a reduction of channel capacity, as compared with
adjoining reaches. The convex profile during periods of large flows
is typical, as is the gradual flattening with decreasing discharge
and the tendency to become concave.

The profile for August 2, 1943, shows a condition of low discharge
during the early phase of the severe weed block that developed that
summer., Note the steep gradientfor this flow in the reach west of
Water Plant and the much steeper slope between Pennsuco and
Russian Colony Canal, where the weed block was extreme. Profiles
for other dates would show the development and dissipation of the
weed block,

The high stage of Biscayne Bay during the hurricane of September:
15, 1945, (see page 443) caused extreme variations in stage up-
stream in Miami Canal., For a time, at the height of the storm,
the inland rush of water must have been impressive. A profile of
the maximum height of the hurricane wave is shown in figure 134
for the tidal reaches of the canal, The profile is a limiting curve
that did not exist as a whole because the progression of the storm
wave inland took an appreciable amount of time, similar to the
development of tidal action. However, instantaneous profiles would
indicate thateven steeper slopes occurredduring the storm. Even
though NW. 36th Street Dam was entirely open, the degree of con~
striction at thé site caused a small loss of head and a lag in the
movement of the wave.

The average rate of inland propagation of the storm wave canbe
computed from the time of occurrence (easternwar time) of the peak
stage at the several stations listed below, which were taken from
recorder charts to the nearest 5 minutes:
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Station Time (p, m.)

NW, 36th St., below dam............... 8:40
NW. 36th St,, above dam.,...,......... 8:50
Water Plant, Hialeah......cvcveiveneean.  9:20
Russian Colony Canal.,...cvciivveereene. 9:55
Pennsuco, . iiiueiicieivieireeirarsssnenvess 10130
Broken Dam...vivieveveveivienessnsnsnssney 11:00

Unfortunately, the time of the maximum stage in Biscayne Bay is
not known, because the recorder was submerged and the record is
incomplete. The average rate of inland travel of the storm wave in
the 14, 65-mile reach from NW. 36th Street to Broken Dam was 9.2
fps, or 6.3 mph. This is at about the same speed as that of tidal
action, as discussed on page 450,

The meanprofiles of the canal on the day prior to the hurricane,
and on the second day after the hurricane, also are shown in figure
134, The rise in the profile between the two dates represents the
recharge of the drainage area by rainfall,

Note the changing characteristics of the storm graph with move~
ment upstream, At NW. 36th Street, the rise andfall were sudden,
and nearly normal tidal action was soon resumed. At Water Plant,
a similar hydrograph developed, but the effect of the rainfall up-
stream is shown in the period following the peak stage. The rain-
fall effect increased at the upstream stations, and at Broken Dam
the stage leveled off with very little recession from the maximum,
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COMPUTATION OF DISCHARGE BY TIDE-CORRECTION METBOD'

By C. C. Yonker

The determination of daily mean discharge of Miami Canal at
Water Plant at Hialeah, or of any tidal stream, would be a fairly
simple problem if the mean tide-cycle elevation at the mouth of the
stream were constant, However, the mean elevation of the ocean
is not constant; instead it varies from cycle to cycle during the
four quarters of the lunar month. Because of these variations in
mean elevation, the discharge at any place in the tidal reach of a
stream is continually changing, not only because of the rise and
fall of the tide, but also because of the rise and fall of the mean
tide-cycle elevationat the mouth of the stream. A three-dimensional
relationship exists between the mean tide-cycle elevation at the
mouth and the mean elevationand discharge at'a given place in the
tidal reach, Use is made of the tide ranges as a factor in deter-
mining the equivalent, or tide-corrected, elevation at a gage in the
tidal reach that corresponds to a constant tide-cycle elevation of
zero for the mouth of the stream. The discharge rating curve is
based on the relationship between the tide-corrected elevation and
the discharge. ‘

The station at Water Plant, Hialeah, and the tide station on the
west shore of Biscayne Bay at Coconut Grove were selected for
this explanation, Water Plant is 7.7 miles upstream from the
mouth of Miami River; the tide station is 3.8 miles southwest of
the mouth of Miami River and 7,5 miles southeast of the station on
Miami Canal (a total separation of 11.5 miles, by water), See
figure 133 for relative locations of stations.

PHYSICAL CHARACTERISTICS OF STREAM

The stream-bed elevation of Miami Canal at Water Plantis 10 feet
below mean sea level. Just below NW, 36th Street, 2 miles below
Water Plant, the canal becomes broader and deeper, but above and
below this point the width and depth are fairly uniform. The canal
is straight below Water Plant to the point whereit joins.the river,
a distance of 4 miles, In the last 4 miles, the river meanders
slightly, See the sectiononPhysical description (p. 418) for details
of the character of the canal. '

Two complete tide cycles occur every lunar day (24 hours and
50. 4 minutes). The discharge increases during a falling stage and
reaches a maximum at about 1% hours prior to the minimum stage.
The minimum discharge occurs about 1% hoursbefore the maximum
stage, Figure 128 shows stage hydrographs coveringang8-day period
for the upper and lower stations and for other upstream stations.

346881 O—55——32
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MEASUREMENTS OF DISCHARGE

Measurements of discharge are made by a complete discharge
integration, consisting of one measurement about every hour during
the tide cycle. After certain relationships have been developed,
the methodinvolves making one measurement during the tide cycle,
or, under certain conditions of flow, a pair of measurements, one
at the maximum discharge and the other at the minimum discharge.

Measurements made almostevery hour duringa tide cycle will,
when plotted, define a hydrograph having tidal characteristics
similar to the stage hydrograph(as shown on fig, 130), except that
the maximum and minimum discharges occur about 1} hours in ad-
vance of the minimum and maximum stages, respectively, Pairs
of measurements, one at the peak discharge and one at the trough,
will, when averaged, give too low a discharge for the tidal cycle,
because they give equal weight to the narrower trough; therefore,
a coefficient is applied to the average of the peak and trough dis-
charge measurements to obtain the mean-cycle discharge. The
coefficient at Water Plant varies widely, but when the minimum
discharge is greater than 200 cfs, the coefficient ranges only from
1.00 to 1,12,

Use is made of the tide ranges at the upper and lower gagesas
a factor in developing the Tide-correction method. In a uniform
channel that is affected by tide, the tide range at any point in the
tidal reach is directly proportional to the tide range at any other
point; and, in a nonuniform channel, even though there may be
variations in the magnitude of the tide with respect to the distance
above the tide source, a verydefinite relationship exists between
the tide ranges for any two points in the tidal reach. Itfollows then,
that if the tide ranges for any two points bear a direct relationship
to each other, a given change in mean-cycle elevation at one place
will produce a change at another place in the tidal reach that is
equivalent to the proportion of the tide ranges for the two places,
Therefore, if the mean-cycle gage height at the lower gage is
corrected to 0 ft,the equivalent correction at the upper gage can be
determined from the following relationship:

Correctionto gage height at upper gage . Tide range at upper gage
Gage height at lower gage Tide range atlower gage

The graphical determination of the tide-corrected gage height for
the upper gage is based on the following steps:

1. Plot the elevations of the crest of the tide at the upper and
lower gages for the tide cycle during which the discharge measure-
ments were made, and connect the two points with a straight line,
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2. Plot the elevations of the trough of the tide at the upper and
lower gages, and connect the two points with a straight line.

3. Extend both lines to the point of intersection and draw a
straightline through the vertexof the triangle and the point of zero
elevation at the lower gage.

4, The point of intersection of the line drawn in step 3 with a
vertical line drawn through the positionof the upper gage givés the
tide-corrected gage height. Figure 135 shows the graphical deter-
mination of the tide-corrected gage height of one tide cycle for the
discharge measurements that were made on October 12, 1942, The
data obtained from the recorder charts at Water Plant (upper gage)
and Biscayne Bay (lower gage) stations, upon which the graph is
based, are as follows:

Feet
Mean gage height at upper gage (point G).....ceevea 2. 64
Mean gage height at lower gage (point D)........... 1. 61
Tide range at upper gage (BF)u..ccccrvinsevssesssasess 1208
Tide range at lower gage (CE)i . ccrsiesasvarssnresaes 24 26

On the basis of the four steps mentioned above, the graphical
determination of the tide-corrected gage height at the upper gage
is the equivalent stage on figure 135 corresponding to 0 at the
lower gage (point '), or 1.87 ft.

An arithmetical determination of the tide-corrected gage height
for the upper gage, based on the data that were used in plotting
the graph on figure 135, is as follows:

GG' _BF

DD CE

o oo Li6Lx 1,08
2.2

G G'=0.77

The tide-corrected gage height at the upper gage (pomt ¢') then

becomes,
2,64 -0.77= 1,87 ft.

Note that the graphical and the arithmetical methodsboth give a
tide~corrected gage height of 1. 87 ft at the upper gage. The graph-
ical method is presented only for purposes of illustration and is
not used in actual practice,
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DEVELOPMENT OF RATING CURVE

The mean-cycle discharge, as determined from 20 sets of dis-
charge measurements, was plotted against the actual mean-cycle
gage height and also against the tide-corrected gage height, as in-
dicated on figure 136, The rating curve shows the relationship
between the tide-corrected gage height and the mean tide-cycle dis~
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Figure 136. —Graph of relationship between tide-corrected gage height and discharge for Miami
Canal at Water Plant, Hialeah,

charge for the upper gage. The discharge plotted against actual
mean-cycle gage height shows'a considerable scattering of the
plotted points because of variations in channel storage, but the dis-
charge plotted against tide-corrected gage height shows a very close
agreement for the numerous measurements, The shape of the rating
curve is characteristic of that for a stream having a large initial
cross-sectional area at the point of zero flow.

The tide-correction method of rating a tide-affected stream may
be used where reverse flows occur duringa partof each tide cycle,
because the mean discharge for the cycle is the value used in the
computation. It is also applicable to a reach of tidal waterway, on
which both observation stations are upstream from the mouth of
the waterway. The method has been used successfully for com-
puting daily mean discharge of Miami Canal at the Water Plant,
Hialeah, since 1940,

A number of comprehensive areal studies were made of Miami
Cahnal from County Line Dam to NW, 36th Street. These studies in-
cluded the lower Tamiami Canal drainage area, and they will be



