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The first municipal water supply for Miami. Fla.. was obtained in 1908 To manage ellectively the water resources of the Miami-Tamiami 20 WELLS 27 WELLS 29 WELLS 2 WELLS A EXPLANATION
from four naturally flowing wells located near the mouth of the Miami River Canal basin and to control saltwater intrusion in the aquiler, the U.S. Army 8 T T T T T T T T T T T I T T T T T 111
(Matson and Sanford. 1913, p. 291). The wells were 73 to 95 feet deep and Corps of Engineers constructed and began operation of a permanent con- e
penetrated limestone and sandstone. later described by Parker (1951, p. 820- trol structure in the Tamiami Canal just cast of Le Jeune Road in April 1976. —
823) as the Biscayne aquifer. After 12 years ol operation, the wells stopped This site is about 3,000 fect downstream from the temporary site.  Subsc- WELL S'68 WELL-FIELD AREA
flowing and pumps were required. The wells finally had to be plugged back quent timely operations of the new structure, together with operations of the 3 6 [~ C -
to shallower depths because saltwater had migrated into the deeper lime- permanent structure on the Miami Canal at NW 36th Street by the South L y - o 1 WATER-TABLE CONTOUR--shows n e
stone.  The decline of water levels and the intrusion of saltwater that Florida Water Management District, resulted in maintaining high freshwater > B S u altitud P t table. d < g m
accompanied the withdrawals later worsened because of the decpening of heads upstream of the structures.  This reduced chloride concentrations = w E z IR U e . €, daium l.s IS z
the Miami River and the dredging of the Miami Canal to improve inland within the intruding saltwater lobe. w = 41~ ,E m sea level. Contour interval variable :E rn
drainage (Parker and others, 1955, p. 585). [T - 3 :UU

Progressive changes in the shape of the intruding saltwater lobe and = % 826, g j ——100—— LINE OF EQUAL CHLORIDE 825 g 1

New and more permanent supply lacilities were completed in 1924 in the configuration of the lines of equal chloride concentration within the lobe ] = 2 = ~ C_ONCENTRAT'ON—__at_b_ase of . N
the Hialeah-Miami Springs arca (fig. 1), adjacent to the Miami Canal and 5 at the base of the aquifer for the dry scasons of 1980-83 are shown in figures 0 ; 8 Biscayne aquifer, in milligrams per liter 8
miles upstrcam from the original water-supply site. The new facilitics con- 6 through 9. The lines of equal chloride concentration changed gradually in w O - PN i PN
sisted of 12 wells on the southwest side of the canal and 3 wells on the north- response to the installation of the temporary structure in 1971 and later by T i d tq N / CONTROL STRUCTURE--in canal :]]
cast side (fig. 2) at the site of the municipal water-treatment plant. Wells the installation and operation of the permanent structure.  The factors in- 4 m 0 b l PERMANENT DN
were of large diameter steel casing and were 60 to 90 feet deep in limestone fTuencing the local area and the saltwater lobe included: (1) the relatively oo Q { TEMPORARY Q
and sandstone of the Biscayne aquiler. Initial withdrawal from the well field large increase in a northward hydraulic gradient along the southern w o § i
was about 10 Mgal/d. but after 15 years the withdrawal rate doubled. The perimeter of the Miami International Airport as a result of maintaining a [ - ®s-68 OBSERVATION WELL AND NUMBER =
well ficld served Miami and vicinity at withdrawal rates that continued to in- head of 2.5 feet in the Tamiami Canal during most of the year: (2) the con- < w -2
crease until the late 1960°s when the rate reached 80 Mgal/d from 23 wells. tinued heavy pumping in the well field, which induced a constant steep g > (Modified from Miller, 1978, figs. 5 and 8)
The addition of six wells in 1968-69 at the site of the water-treatment plant northward gradient toward the center of the well field; (3) the constant high — 8 B
and the replacement of the old low-capacity pumps with high-capacity pumps head maintained in the controlled reach of the Miami Canal: and (4) chan- < -4
at all existing wells increased the final capacity of the well field to 150 Mgal/d. ges in the water levels and periodic discharges produced by operations of § 0 1 MILE
Miller (1978, p. 8-9) presented a summary of the development of the well both control structures for flood control and water management.  Also, in- b = N
field and the growth in- withdrawal capacity. fluencing the saltwater lobe is the effect of heavy pumping. o
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Since its establishment, the well ficld at the Hialcah-Miami Springs arca A comparison of the contours in figures 6 through 9 shows the gradual ) O ) o) o Q) \(836)/ 836 -
has been affected by saltwater intrusion. Intrusion was attributed to the fol- decay of the saltwater lobe during 1980-83. In genceral, the most marked 1 — I gb‘ Cb@ Qb Q@ @Q) Cb/\ : )
lowing lactors: (1) uncontrolled drainage of the arca by canals before 1946 changes in chloride concentration occurred in the forward (inland) section C‘y/;%{y v C N A N N N N ‘ i/
that permitted excessive lowering of water fevels and that disturbed the his- of the lobe of saltwater where concentrations were less than 500 mg/L. The '7(% - X . . . . 1, . ) ;
toric hydrologic balance between freshwater and salty tidewater (Parker and decrease in the concentration is probably attributable to: (1) maintenance NORTHWEST i3 Figure 3.--Changes in water levels in well S-68 relative to increases in well-field withdrawals, 1945-84.

others, 1955, p. 584-591); (2) lack of or inadequate placement of control
structures in the Miami and Tamiami Canals to prevent saltwater from
migrating upstream to the well field. thus, failing to maintain adequate fresh-
water heads to retard intrusion; and (3) the persistent increase in the

of a relatively high freshwater head in the arcas upstream of the control struc-
tures in the Miami and Tamiami Canals, which retarded turther intrusion or
caused it to retreat seaward; (2) pumping at the well field (as much as 150
Mgal/d in 1983). which drew off some walter from the forward part of the
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Figure 5.--Hialeah-Miami Springs arca showing altitude of the water table and lines of equal chloride concentration, May 3, 1973, and May 7, 1974, well fields, and control structures.
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withdrawals in the well ficld, which increased the inland hydraulic gradient saltwater lobe: and (3) dilution by lateral and vertical dispersion. By May Al I
and. therefore, accentuated intrusion in the immediate y\zvell—ficld area. 1983, the lobe had decayed to lhc)c,\lcnl that virtually all of the arca north of wen % HIALEAH HIALEAH S FRHELEEE
: - : A X ; . ! EVERGLADES Q
Measures to alleviate the problem of intrusion were initiated by the Dade NW 36th Street contained ground water of chloride concentrations less than Ry
County water-control agencies in 1946 and the Central and Southern Florida 500 mg/L. ‘s
Flood Control District (named South Florida Water Management District 6’
in 1971) by the installation and operation of flow regulation structures in the SALTWATER INTRUSION IN 1985 é?
canals. " il N.W. 54 STREET e
The purpose of this report is to trace the occurrence and movement of A serics of analyses for toxic substances in untreated water [rom supp- DADE % % % MIAMI SPRINGS
saltwater in the Biscayne aquifer in the Hialeah-Miami Springs arca. In this ly wells in the Hialeah-Miami Springs arca well ficld and trom the surround- L COUNTY 8 3 o
arca. the water resources are affected by the status of the Miami and Tamiami ing arca were made by the Dade County Department ol Environmental 0 10 20 MILES = RS X
Canals and by the increase in withdrawals at the well field operated by the RC'““”."FCS Mu.nugemenl. They concluded. in carly 1984, that local dischar- | | | ! | Q 0 — Q
Miami-Dade Water and Sewer Authority. The report reviews and analyzes ges ol industrial waste products, containing volatile organic compounds and = T T 171 @ > = g > 20
the changes in the pattern of saltwater intrusion in the Hialcah-Miami other toxic substances, had pereolated into the aquifer in quantities that 0 10 20 KILOMETERS N & o Y
Springs arca through 1983, » potentially could affect public health. In response, the Miami-Dade Water e . ®
and Sewer Authority reduced withdrawals from the Hialeah-Miami Springs 60000
. . s E well ficld and transferred the bulk of its municipal pumping to the newly es- 10 —
SALTWATER INTRUSION BEFORE 1946 tablished Northwest well ficld. 7 miles west in The Everglades (fig. 1). In ‘ \'( 2000
order that all wells in the Hialeah-Miami ~Springs area well field could be Figure 1.--Dade County showing location of the Hialeah-Miami } | ~_| ~_| I
As carly as 1939, 15 years after water withdrawals originally occurred maintained in operable condition in case of emergencics. the Authority was - v -,,\L Ty T \
in the Hialcah-Miami Springs well ficld, some municipal supply wells ad- given the option to alternately pump one different well each day at a rate of Springs study area. S g S \%7
jacent to the tidal reach of the Miami Canal began showing evidence of con- 10 Mgal/d. = I X N
tamination from salty canal water that had extended up the canal and beyond E E E 974,
the well-field arca. During deficient treshwater outflow, the salty canal water As a result of the reduction in withdrawals, the water table rose (sec E E:] E \—{<
advanced up the canal and beyond the well-field arca, percolated into the fig. 3) as much as 10 feet in the area near the cluster of wells in Hialeah where > & t e
aquifer, and was drawn laterally toward the clusters of supply wells affected the water-level drawdown had been greatest. and the water table sustained ~ ~3 : 200
by the average withdrawal rate of the supply wells of 20 Mgal/d (see fig. 2, A an altitude of 2.0 to 2.5 feet in the overall area of the well ficld. The saltwater 8 8 S 750 Y
and B). As a result, some wells had to be shut down because they yiclded lobe was further freshened and reduced in size in April 1985, about | year a & a 0
water with chloride concentrations  greater than permitted by health regula- after the moderation of well-field withdrawals (fig. 10). Additional freshen- ~ ~ = ]
tions. A comparison of the arcas affected by the increased chloride con- ing can be expected. lollowing successive high water levels during subsequent Q Q s | Q MIAM]I INTERNATIONAL AIRPORT :
centrations in December 1939 and in August 1945 is shown in figure 2 (Parker wet seasons, with the resumption of a seaward hydraulic gradient in the 250 47° 30" § - E = 25° 47'30" [ - § H
and others, 1955, figs. 193 and 196). Hialeah-Miami Springs arca, and with the probable increase in outflows = ~ t~ ° /
through the Miami and Tamiami Canals, which would include water from & E K / m
An intruding lobe of saltwater along the Miami Canal fluctuated the saltwater lobe. c % L = ———— g
scasonally, advancing landward and increasing in chloride concentration A 12/27/39 rzn m =S \ m
during dry seasons, and regressing seaward and becoming diluted during wet Through the years, the Hialeah-Miami Springs well tield has become & = o 5 — " ROCK & / -
seasons.  To retard saltwater intrusion, which became a major threat to the a dependable and low-cost source of municipal water supply that has only S m o PITS o / (\ A PITS 5 o
well field during the 1944-46 dry scasons, a temporary control structure of recently been affected by low-grade contamination from toxic substances. E o ’U’ L )3 / )6 - 5 / S
sheet-steel piling was driven into the bottom ol the Miami Canal at NW 36th The repeated partial purging of saltwater from the well-field arca during the i~ HIALERH c s ,/ . - 2SNE| _ o - nAS U
Street in 1946 (fig. 2C). The structure prevented the direct upchannel move- wet scasons ol the 1930°s, 1940°s, and 1980°s through water-control and > = /4 _/,(/ o I L /// ===/
ment ol saltwater, reduced the drainage of fresh ground water from the arca, management techniques also suggests the possibility of the purging of exist- g MIAMI by} Aﬂﬂ// = / c‘Aﬂ/AL// 7 OAN/A/
and raised the water table in the overall Hialcah-Miami Springs area. ing toxic substances. Locating and controlling the sources of the toxic dis- AN SPRINGS < g 7 i \AM‘ Z<4 | "t t:ﬂ,//
charges to prevent continued contamination, continuation of effective and = < ‘OO o I 1AM/ = ‘ TA b
The patterns of intrusion for December 27, 1939, and August 30, 1945 intensive waler-management practices, and application of innovative water- “ BY > "i S =
(fig. 2). indicate that saltwater in the uncontrolled Miami Canal was the main treatment methods may enable full utilization of the well field in the future. Lz
source of contamination in the well field, and that the pumping of supply 1 MIL 0 1 MILE
wells was drawing the saltwater from the canal. The patterns also show a SUMMARY (l) | | | 1} SEEE EXPLANATION (|) | | | | . EXPLANATION | | | | | EXPLANATION
widening of the saltwater lobe along the lower reach of the Miami Canal and N T 1 T 1 ——50—— LINE OF EQUAL CHLORIDE CONCENTRATION--near base of T Tl ——200—— LINE OF EQUAL CHLORIDE CONCENTRATION--near base of T T ——200—— LINE OF EQUAL CHLORIDE CONCENTRATION--near base of
westward into the Miami Springs arca along NW 36th Street. X ) ) o 9 1 KILOMETER Biscayne aquifer, in milligrams per liter. Contour interval 0 1 RIGOMEIER Biscayne aquifer, in milligrams per liter. Contour interval & Lo Biscayne aquifer, in milligrams per liter. Contour interval
A lobe of salty ground water that had intruded the Hialcah-Miami N.W. 36 STREET variable ’ variable variable
SALTWATER INTRUSION DURING 1946-76 s B e uld Rt Bt CONTROL STRUCTURE--in canal CONTROL STRUCTURE--in canal CONTROL STRUCTURE--in canal
ade y. Fla., was stabilized after Ilf)w regulation structures were in -3 PERMANENT - = PERMANENT =§= PERMANENT
o _ ‘ o - o stalled in the canals in ]‘)4(1._ l’lowcvcj; in 1971, thj saltwater hcg;u? to B 8/30/45 b TEMPORARY OR RELOCATED —— TEMPORARY OR RELOCATED e TEMPORARY OR RELOCATED
The installation of the sheet-steel piling into the bottom of the Miami readvance toward the center of the well field because of water-level declines . SALINITY MONITOR WELL ° SALINITY MONITOR WELL o SALINITY MONITOR WELL
Canal at NW 36th Street, although rudimentary, had an immediate cffect of caused by large increases in withdrawals during a near-record dry scason. g P ° - N
"Cduc'nvg. lheﬁfh‘]f"'dc e iy iy Yv‘c‘ll.’llc_l(' ooy W‘"C' .‘.0"",01_ ... DR i e B R . ° c_ Figure 4.--Hialeah-Miami Springs arca showing lincs of equal chloride concentration, May 1971, well fields, and Figure 6.--Hialeah-Miami Springs area showing lines of equal chloride concentration, April 1980. Figure 7.--Hialeah-Miami Springs area showing lines of equal chloride concentration, May 1981.
could still be accomplished by withdrawing sections of sheet-steel piling as To better protect the well ficld, a temporary flow-regulation structure, 8 HIALEAH m ) )
needed to discharge surplus freshwater for flood protection. By replacing the constructed in 1971, in the Tamiami Canal was moved in 1976 to a permanent = = control  structures.
sections gradually to full closure at the beginning of the dry scason, the over- site, about 3,000 fcet farther scaward. This water-management procedure Q MATAMD m
drainage of ground water was prevented and seaward hydraulic gradients in brought about a gradual freshening of the ground water and canal water and > g 80° 17'30" 80° 17' 30" 80° 17' 30"
the aquifer were maintained in the vicinity. Lines of cqual chloride con- enabled maintenance of a high freshwater head above the structure and along [:E SPRINGS g l@.\}
centration for December 30, 1946 (Parker and others. 1955. fig. 195) (fig. 2), the south side of the well lield. The combined effect resulted in a dilution i Y R &
indicate the marked decrcase in the area affected by saltwater inlrusioﬁ. At of the intruding saltwater lobe and a marked contraction of its size cven B HIALEAH N\ HIALEAH il HIALEAH
that time, none of the arcas of municipal well clusters contained water that though large municipal withdrawals continued at the adjacent well field. A
exceeded the standard for chloride concentration in drinking water (250 major cutback in municipal withdrawals in carly 1984 resulted in a recovery ]
mg/L [milligrams per liter]). The December 1946 map also shows that a lobe ol water levels in the well-field arca. causing further freshening of the r1000
of high chloride water persisted in the vicinity of NW 36th Street. saltwater lobe. 4000
N.W. 36 STREET - - ; N.W. 54 STREET - N.W. 54 STREET ]
The successtul method of controlling intrusion through regulation of . ) 1 1 \ &)
canal discharge provided the water-supply and water-control agencies with REFERENCES % % MIAMI SPRINGS \)/ g MIAMI SPRINGS
a basis for increasing the withdrawals in the Hialeah-Miami Springs well field . ) ‘ IS S e\» 7 o
needed to satisfy greater water-supply demands during the 1950’s and 1960s. Matson. G.C.. and Sanford, Samuel, 1913, Geology and ground waters of C 12/30/46 X X (,?/ ° X
The number of wells in Miami Springs was increased to 23, and in the mid- Florida: U.S. Geological Survey Water-Supply Paper 319, 445 p. o 0 Q < 100 \ @ Q
dle to late 1960°s. 6 more wells were added to the system on the Hialeah o . - o S m N 828 > §26 2 300 2
(northeast) side of the Miami Canal; this boosted the capacity of the well Meyer. F.W., 1972, "Prclm‘unury chlltl?\ll()ll‘()[ mi'lllr;mon from the Miami gg < l:E* g S-68 ° ‘ %
field to about 120 Mgal/d. Further improvements were made to pumping Canal to well fields in the Miami Springs-Hialeah area, Dade County, % HIALEAR c D
facilities. increasing the final combined capacity of the 29 wells to 150 Mgal/d. Florida: U.S. Geological Survey Open-File Report FL-72027, 84 p. Q & ° . \‘
T < P
The hydrograph (fig. 3) of well S-68, which is located in the south cluster Miller, W.L., 1978, Effects of bottom sediments on infiltration from the § g L] Z 300 N ,
of wells in Miami Springs (sce fig. 4 for location). shows the gradual decline Miami and tributary canals to the Biscaync aquifer, Dade County, =~ o &
of the water table u.I: withdrawals were increased.  Figure 4 shows the con- Florida:  U.S. Geological Survey Water-Resources Investigations 78- \'n\‘ "1\ N.W. 36 STREET ‘2)00 L/ 0(\ .'[2\
figuration of the lobe of saltwater intrusion ncar the end of the dry season 36.63 p. ig S ! 600 \/9{7 o
(May) in 1971, alter 25 years of increased well-field withdrawals and the & = - ~ d{/ &
regular seasonal operations of the control structure in the Miami Canal. The Parker. G.G., 1951, Geologic and hydrologic factors in the perennial yield of ] E E t QY/I/ E
withdrawal rate in 1971 was about 120 Mgal/d. As a result. saltwater in- the Biscayne aquifer: American Water Works Association Journal. v. 11000 E E N ——— \'YC E
trusion was effectively retarded, except along NW 36th Street and the Miami 43.no. 10. p. 817-835. WL, 88 BIEEET + 3000 15 [ N\ th
International  Airport. where westward and slight northward migration of — } —F 2 : - 2 <
saltwater occurred [rom the uncontrolled tidal reach of the Tamiami Canal. Parker, G.G.. Ferguson, G.E.. Love. S.K., and others, 1955, Water resources Q @) o
As described by Parker and others (1955, p. 590), the Tamiami Canal was ol southcastern Florida:  U.S. Geological Survey Water-Supply Paper a a é
controlled southwest of the airport (sce fig. 4), enabling tidal conditions 1o 1255. 965 p. ~ = e ] 3 i \ 11— ==
extend inland and saltwater to migrate into the deep rock pits south of the 0 5000 FEET % Q MIAMI INTERNATIONAL AIRPORT L . g MIAMI INTERNATIONAL AIRPORT -
airport during dry seasons (Meyer, 1972, fig. 17). ABBREVIATIONS AND CONVERSION FACTORS N i {‘ | | | | | I\ 25° 47'30" | S 25° 47'30" | - § . = X5 25° 47' 30 # . m
The near-record dry scason in 1970-71 again caused concern for 0 4000 METERS h m \\ i
saltwater contamination in the well field. but the threat this time was by Factors for converting inch-pound units to metric (International Sys- 5 s — —— s s
northward migration of saltwater from the uncontrolled reach of the tem) units and abbreviation of units m el et P W -
Tamiami Canal and the connected deep rock pits. A temporary sheet-steel ) _ EXPLANATION y ROiéKi ) - "—’*‘*’/R;C‘K ' > o
pile control was installed in the Tamiami Canal at a site southeast of the air- Multiply By To obtain 20— LINE OF EQUAL CHLORIDE CONCENTRATION—— C Y pts © = g / ( / PITS ° 9
port (fig. 5) in September 1971 that reduced. by about 3.000 feet,the poten- b f Biscayne aquifer. in milligrams S =D - }/ o — o
tial area subject to seasonal contamination by saltwater from the Tamiami foot (ft) 0.3048 meter (m) S il i a g g @ //’ B Y \@ \ n
Canal. Water levels in the well-field area during the dry scasons of 1973 and mile (mi) 1.609 kilometer (km) per liter. Contour interval variable L 4 i | 1,2
1974, after the temporary control was operational, and the effect that the mi||i0ndga“'3|"S 0.04381 cubic meti" ® SUPPLY WELL ( " CAWA/ ( ol C,/AE‘A
control of the canal flow had on the configuration of the lobe of saltwater, per aay per secon ¥ o W2~
are shown in figure 5 (Miller, 1978, figs. % and 8). The 100-mg/L and the (Mgal/d) (ma/s) CONTROL STRUGTURE==it oanal TAMM ‘ «(AM‘A
1.000-mg/L lines of equal chloride concentration were shifted cast because ‘ s ‘ //iv‘i/ i
of the buildup of hydraulic gradient in the vicinity of the Tamiami Canal (From Parker and others, 1955, figs. 193, 195, and 196) . LeZ
upstream of the control. However, the [00-mg/L line was also deflected north 0 1 MILE EXPLANATION 0 1 MILE EXPLANATION (0] 1 MILE EXPLANATION
as a result of the severe water-level declines caused by large withdrawals at Figlll‘e 2.--Hialeah-Miami Springs area showing lines of | | | | | | | | | | | | | | |
the Hialcah arca supply wells, which were about 120 Mgal/d during May 1973 cqual chloride concentration, (A) December 27, 1939, T T T ——200—— LINE OF EQUAL CHLORIDE CONCENTRATION--near base of T ——100—— LINE OF EQUAL CHLORIDE CONCENTRATION--near base of I i 1‘ KILOMETER ——100—— LINE OF EQUAL CHLORIDE CONCENTRATION--near base of
and about 135 Mgal/d during May 1974, (B) August 30, 1945, and (C) December 30, 1946, e 1 KILOMETER Biscayne aquifer, in milligrams per liter. Contour interval g 1 KILOMETER Biscayne aquifer, in milligrams per liter. Contour interval Blspabyine aquifer, in milligrams per liter. Contour interval
supply wells, and control structures. variable variable variable
i CONTROL STRUCTURE--in canal - CONTROL STRUCTURE--in canal I COE'El'gﬁlA Sgr\l'RTUCTURE-—in canal
~ % PERMANENT 5 PERMANENT B N
—= TEMPORARY OR RELOCATED o TEMPORARY OR RELOCATED —I= TEMPORARY OR RELOCATED
L4 SALINITY MONITOR WELL . SALINITY MONITOR WELL ° SALINITY MONITOR WELL

Figure 8.--Hialeah-Miami Springs area showing lines of equal chloride concentration, June 1982, Figure 9.--Hialeah-Miami Springs arca showing lines ol equal chloride concentration, May 1983, Figure 10.--Hialeah-Miami Springs area showing lines of equal chloride concentration, April 1985.
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