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This report provides factual and interpretive information on
major floods in the Fajardo-Luquillo area. The information
provides a technical basis on which the planner, engineer, ad-
ministrator, or other interested persons can make decisions re-
lated to land use and development compatible with the degree
of flood risk. Among the data presented are tabulations
of flood discharge and flood stage, flood profiles, and a map of
the areas inundated by the floods of 1960 in the Rio Fajardo
basin; the floods of 1970 in the Rio Sabana, Rio Pitahaya and
Rio Juan Martin basins; and the flood of 1972 in the Rio
Mameyes basin. The areas of inundation are specifically for
conditions that existed at the time of the floods. A tabula-
tion of flood-frequency data is presented for selected sites.

This study is based principally on floodmarks obtained im-
mediately after the floods of 1960, 1970, and 1972 by person-
nel of the U.S. Geological Survey. Information was also
obtained from interviews with residents who live or work in
the study area.

A dual system of metric, “The International System of units
(SI),” and English units are used in this publication. English
units followed by (SI) units in parentheses are used throughout
the report except in tables. Tables are in English units and a
conversion table is included. The following abbreviations are
used:

inches . . .. .. ... .. .. .. .. ... in Flood boundaries were determined from water-surface pro-
feet . . . . . ft files based on elevations of floodmarks, which were obtained
11101 LT Y I T e, mi from field surveys. The boundaries are well defined in densely
squaremile. . . .. ... ... ... mi2 populated areas and fairly well defined in agricultural and
cubicfeetpersecond . . . ... ..., ... . ... ... fté/s forest lands. _
cubic feet per second per The flood boundaries shown on the topographic map reflect

squaremile . . .. ... .. .. ... ... .. ... .. ft3/s-mi2 channel and flood-plain conditions existing when the 1960,
millimeter . . . .. ... . ... ... mm 1970, and 1972 floods occurred. The inundation pattern of
{10723 7= OO NN ME B m future floods may be affected by changes in channel conditions,
kilometer. . . . .. ... ... ... L km alterations of waterway openings at highways, changes in run-
square kilometers. . . . ... ... ... ... ... ... km? off characteristics of the stream caused by increased urbaniza-
cubicmeter persecond. . . . ... ... ......... m3/s tion, and other cultural developments. Protective works built
cubic meters per second per after the floods may reduce the frequency of flooding in the

square kilometer. . . . . ... ... ... ... ... m3/s-km? protected area but will not necessarily eliminate future floods.

By reducing the area subject to flooding, however, protective
works may increase the depth of inundation in unprotected

Drainage Basins—The Fajardo-Luquillo study area (fig. 1) areas.
lies in the northeastern part of Puerto Rico and encompasses In the Rio Fajardo basin, floodmarks indicate that the flood
about 75 mi? (194 km?) of the coastal plain bordering the of September 6, 1960, was about 0.3 ft (0.1 m) higher than the ¥
Océano Atlantico and the mountainous El Yunque area which flood of May 21, 1969. However, areas inundated by these two /Mon’sé };éié\

is the eastern terminus of the Sierra de Luquillo.

The coastal plain is covered by large areas of mangrove
forest and lowlying land which are partly drained by networks
of canals discharging to the streams. Higher ground is mostly
used for raising sugarcane with some dairy farming. High-
ways, urbanizations, and industries are eausing swift and dra-
matie cultural changes in the area.

The mountainous area is largely in timber and lies in the
Caribbean National Forest which is renowned for its rain
forest where rainfall exceeds 200 in (5,080 mm) annually.

The five rivers that contribute to flooding in the study area
have their origins on the northern or eastern slope of the Sierra
de Luquillo and discharge to the Océano Atlantico. The com-
bined drainage of the streams is about 60 mi2 (155 km?). The
peaks and the main escarpment of Sierra de Luquillo range be-

Flood Frequency—1It is not possible to predict when a flood 18°25" T o K » ‘ ’ : = T

of a specific magnitude will occur. However, the probable
number of floods with a specific magnitude that will occur over
a long period of time can be estimated. The frequency of oc-
currence (recurrence interval) is the average interval of time
within which a given flood will be exceeded once. For example,
a flood with a 25-year recurrence interval would have a 4 per-
cent chance of being exceeded in any given year, or a flood
with a 50-year recurrence interval would have a 2 percent
chance of being exceeded in any given year.

The frequency of occurrence for the peak discharges of the
floods of 1960, 1969, 1970, and 1972 at 4 sites (fig. 1) are
shown in table 1. These recurrence intervals were computed
on the basis of data and method reported by Lépez and Fields
(1970). Because records are of insufficient length to support
computation of recurrence intervals greater than 50 years, the
ratio of the peak discharge to the 50-year flood has been shown
as an indication of magnitude.

Flooded Areas—The areas inundated by the 1960 flood on
Rio Fajardo; the 1970 flood on Rio Juan Martin, Rio Pita-
haya and Rio Sabana; and the 1972 flood on Rio Mameyes
have been delineated on the topographic map on the basis of
flood-stage information furnished by local residents and obser-
vations in the field by U.S. Geological Survey personnel imme-
diately after the floods.

floods are so nearly the same that a difference in flood bound-
aries cannot be shown. On the topographic map the flood
boundary shown on Rio Fajardo actually delineates both of
these floods.

Water-Surface Contours— Water-surface contours based
on floodmark elevations are imaginary lines representing equal
elevations of water surface. Generally they are at right angles
to the direction of flow. Obstructions to flow, either natural or
manmade, and variations in valley width cause irregularities in
the contours. The water-surface contours shown on the flood
map are for the flood of October 21, 1972, on Rio Mameyes;
for the flood of October 9, 1970 on Rio Sabana, Rio Pitahaya
and Rio Juan Martin; and for the flood of September 6, 1960,
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tween 2,500 and 4,000 ft (750 and 1,200 m) above mean sea on Rio Fajardo.
level. The maximum distance from stream origin to the Océano
Atlantico (Rio Fajardo) is 15 mi (24 km). Channel slopes are

very steep and stream velocities are extremely high in the Depth of Flooding—Depth of flooding at any point can be : T 2k ¢ . - . /«/ """ ; (e U = J 5 & i A S T T ot R
mountains. The slopes become less steep from the foothills to determined by subtracting the ground elevation at the point ; , \ : : : ’ ' o -~ ‘ ;
the ocean. from the flood elevation indicated by the profile or by water-
Rio Mameyes, the westernmost stream in the study area surface contour lines. The approximate ground elevation can
flows in a northerly direction and passes to the east of the be determined from ground contours shown on the map. Ele-
town of Mameyes before emptying into the Océano Atlantico. vation of the ground and of the water surface at any point can \ n e A e 1. ._ , 4 )
The drainage area at the mouth is 17.2 mi® (44.5 km?). At be estimated by interpolation between contours. More accu- ] : 3 6L/ [N N e — i | o ) ‘ .3 3 : 4 : 3196 D =
the U.S. Geological Survey gaging station near Sabana (site 1 rate elevations can be obtained by leveling to nearby reference ! - ' ' = :
in fig. 1) the drainage area is 6.9 mi* (17.9 km?). marks. The elevations and locations of these reference marks
Rio Sabana also flows northward discharging to the ocean are given in table 3.
at the town of Luquillo. Rio Pitahaya, its major tributary, . .
joins the Rio Sabana about 0.3 mi (0.5 km) from the ocean. 21'30" —(21'30"
The drainage area of Rio Sabana at the mouth, inCIUding Rio Cooperq/tion and Acknowledgments_This report was initi-
Pitahaya, is 13.6 mi* (35.2 km?). At the U.S. Geological Sur- ated as part of the floods investigation authorized by a coop-
vey gaging station at Luquillo (site 2 in fig. 1) the drainage erative agreement between the Department of Public Works,
area of Rio Sabana is 7.05 mi? (18.1 km?). Rio Pitahaya has Commonwealth of Puerto Rico and the U.S. Geological Survey.
a drainage area of 6.4 mi? (18.1 km?). Administration of the cooperative program was placed under
Rio Juan Martin heads on the foothills of the Sierra de Lu- the Puerto Rico Department of Natural Resources in January : . ; 2 A AN
quillo and flows northward through mangrove forest on the 1973, and this report was completed under their auspices. S & : , . i X 34 : ‘ , RM ¢ , : 7 el B
coastal plain and empties into the sea. The drainage area at Additional Information— Additional information relating to : / * : : -
the mouth is about 2.8 mi? (7.3 km?). floods in the Fajardo-Luquillo area can be obtained from the
Rio Fajardo, the largest stream in the study area, flows in U.S. Geological Survey, San Juan, Puerto Rico.

a northeasterly direction, passing to the south of the town of
Fajardo and reaches the sea about 0.3 mi (0.5 km) south of
Punta Fajardo. The drainage area at the mouth is about 26.4
mi? (68.4 km?); at the U.S. Geological Survey gaging station

v ,
near Fajardo (site 8 in fig. 1), it is 14.9 mi? (38.6 km2), and at ; ' S E 3
the U.S. Geological Survey gaging station at Fajardo (site 4 SELECTED REFERENCES TO CONVERT ENGLISH UNITS TO METRIC UNITS, MULTIPLY: ) / . §
in fig. 1), it is 21.6 mi2 (55.9 km?2). ) o
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> Flood of October 21, 1972 w EXPLANATION Stationing Elevation, in
4 20 Flood of January 26, 1969 = 74 Flood of October 9. 1970 Hury S84 (TI) M N ' meters above
[ ———— ) o 7 ————————— Flood of October 9, ap along base . .
5 mcn i [ = Fegie oo i i |t | et | g
Punta 0 . 0 7 I 2 op O ow
Fajardo z elevation (O // g:) Approxi‘mate ground @ LR deck beam
<@15 L ® Refers to table 2 and g 4 ul R o T elevation >
su flood map o | I: ® Refers to table 2 and & 1 A 2.08 Rio Mameyes, Highway 3 11.6 | 10.2
W ‘; Bridge deck R Z 7~ = 25 |- flood map H $ — B .38 Rio Sabana, old railroad 3.8 3.1
8 z10l - I /,, ‘ z Bridge-deck % C .90 do ngh\fvay 3 4.1 8.7
oz == # 5 e /| D 1.00 do  old Highway 3 48 | 40
z 7 M w R > g E 1.40 do  oldrailroad 5.0 | 45 \ . ‘ : 4 XN
Gak s o =t i o F 3.70 do  Highway 991 18.1 17.6 - . : i -
Ceiba E T - 20 — 2 — ; N\ i AR , BT
ik . ° < 5 =" (S = T G 45 Rio Pitahaya, old railroad 3.9 3.1 ' §
_— Rz s i o /////’ e e H 1.65 do dirtroad 26 | 24
EXPLANATION == M = I 2.45 do  Highway 3 8.3 7.9
e . & J 2.70 do  Highway 940 82 | 13
Study area 0 1 2 3 a = 15— = K 3.42 do  Highway 983 114 | 103
0 1 2 3 4 KILOMETERS . N DISTANCE ALONG BASE LINE, IN KILOMETERS 8 L 4.24 do Highway 983 16.5 15.7
o=t .S.G.S. gaging station , , .
B @ B A diES ("] (Nlior vafior-ta Sble 1) ] ) C‘g s M .20 Rio Juan Martin, .old railroad 2.3 1.6
\ | | | | FIGURE 2.—Profile of Rio Mameyes, floods of January 26, 1969; October 9, 1970, and October = = N .80 do old railroad 6.1 5.4
Drainage basin U5 I00E. o 10 [~ S = B 2.00 do  Highway 3 (culvert) | 204 | 16.8
| bound]aw = = b R 2.15 do  Highway 940 18.4 18.1
> s :
[ < he} S 2.65 do Highway 984 23.3 22.6
m B - i 3.12 do  Highway 984 312 | 30.7
FIGURE 1.—Location of study area and the river basins. i . .
5 ¢ — U 1.96 Rio Fajardo, old railroad 4.3 3.1
he] w 2.52 do Highway 195 6.9 6.1
o .
: . . . X 2.95 do Highway 3 10.9 9.7 \
Flood History—Major flooding in the study area occurred - 19’ {19’
in 1899, 1928, 1932, 1960, 1969, 1970 and 1972. Residents of 5 | | ,
the area were unable to supply information for the 1899 and 9 30 | I 0 1 2 3
1928 floods, and only fragmentary data were obtained for the w DISTANCE ALONG BASE LINE, IN KILOMETERS Table 3.— Reference marks established by the U.S. Geological Survey in the
: : s : o EXPLANATION
1932 flood. A considerable amount of 1nfc.>rmat1.on is available g Fajardo-Luquillo area. (See flood map)
for th.e 1960, 1969, 1970_ and 1972 floods, 1ncludlpg peak stage z 25 Il‘;lood Ofi?nc:::e!‘ 3,0}1923 g ] FIGURE 5.—Profile of Rio Juan Martin, floods of September 6, 1960, and October 9, 1970. Reference-| Elevation above
and discharge fiata obtained by the U.S. Geological Survey at r FRRTRIRIE I;{)er‘?a);ion g = i S ————) Dieseription
;ev.erallg?zc)es in the study area (Barnes and Bogart, 1961 and lu Refers to table 2 and 2 - -
aire, . w | flood | . . ;
= €0 Bridee d koo map > R %0 I I [ I T I T 1 1.68 At Custom House in Playa de Fajardo. A brass disk
] S=RECEeass o 45— EXPLANATION PN PP stamped “U.S. Geological Survey” set in concrete on
Flood Discharge—Flood data from four gaging stations Z 15 - e N o — Flood of September 6, first step of stairs facing the Océano Atlantico. L
(fig. 1) in the study area were obtained for the floods of 1960, 5 x B Flm?lo 3f'ng ltw*:)y 2;’ iggg 2 5.56 At Central Fajardo. A brass disk stamped “U.S. Geo- ; ;5;5’&3@ O
1969, 1970, and 1972. Data were not obtained for all events = i g. ¢ ® 35 —— — Approximate ground | logical Survey” set in concrete on base of warehouse F RS
at all stations. The available data consisting of peak stage and :>; 10 |- ”;“ 3 i« 8 B = TR ™ Hovation next to the Traffic Office of the Central.
discharge are listed in table 1. The peak discharge of Rio o § 083z % g'ﬂj 30 - @ Reffﬁf)g Itr:’a;able % muil 7 3 11.01 At bridge on Highway 3 at kilometer 47.3. A brass
Mameyes at Highway 191 (site 1 in fig. 1) for the flood of e 3 §§ I = w o5 © B disk stamped “U.S. Geological Survey” set in con-
October 21, 1972, was 22,400 ft3/s (634 m3/s) and is the max- o (L 2 50 ° _ Bz I—Bﬁdge deck T -§, crete on right upstream side of abutment of bridge
imum discharge of record for this stream. The ratio of dis- E 2= 20 L Low beam 5 o - over Rio Fajardo.
. . ~ CwEc
charge to drainage area of 1,900 ft/s-mi* (20.8 m?/s-km?) for o z 5L 5 2008 | 4 31.35 At bridge on Highway 984 at kilometer 1.0. A brass
this flood is extremely high. When compared with peak dis- “ oo | | = >z & 2 28 disk stamped “U.S. Geological Survey” set in con-
charge of streams of the same size in other parts of the world, 0 1 2 3 4 3 S 10 § 2 — crete on right downstream side of bridge over Rio
it ranks among the highest known (Haire, 1972). DISTANCE ALONG BASE LINE, IN KILOMETERS E 5 = Juan Martin.
5. .
FIGURE 3.—Profile of Rio Sabana, flood of October 9, 1970. | | [ | | | | 5 11.64 At bridge on Highway 983 at kilometer 0.7. A brass
0 disk stamped “U.S. Geological Survey” set in con-

Flooc_l P?jqfiles—Flood’profiles of the following streams are Y 1 2 3 4 5 6 7 8 9 crete on left upstream side of bridge abutment over
shown in figures 2-6: Rio Mameyes for the floods of January DISTANCE ALONG BASE LINE, IN KILOMETERS Rio Pitahaya.

26, 1969, October 9, 1970, and October 21, 1972; Rio Sabana . ] "
and Rio Pitahaya for the floods of October 9, 1970; Rio Juan U == AR SR T s °°d;’ ‘;f;gfp L B 6 19.21 At culvert on Highway 983 at kilometer 3.5 and at en-

Martin for the floods of September 6, 1960, and October 9, (ti’:al'(‘ce o Se%m}f:?SUni(‘}iadl de S?bgna Sc}}f’(’l' A brass EXPLANATION
1970; and Rio Fajardo for the floods of September 6, 1960, c;zte f)t:rggvinstreérﬁ si:;: gflzzlve;rzsir ;?g é’;b;‘::
Mav 21 1069 and October 9, 1970. On Rio Fajardo, the ) : _ Area flooded - Elevation of flood- 7 ;
rroous ve oeptember 6, 1960 and May 21, 1969, are so nearly 20 i i T | Table 1.—Summary of flood stages and discharges 7 4.39 At bridge on Highway 3. A brass disk stamped “U.S. (11-370)—’ marks, in meters, and Rei%‘ell.len(;:e t’)nar:‘; es%as-
the same that a difference in profile cannot be shown. Flood- 4 Sy BELS ] Water-surface i Geological Survey” set in concrete on right upstream Botndare of fleod year of flood RM 8 (l}io?o ics;,l S?lrve; y
marks indicate that the flood of September 6, 1960, was about ud EXPLANATION < . Drainage elevation Discharge Recurrenlce abutment of bridge over Rio Sabana. Bridge locations, refers Refer fo table 3 Y-
i - - *No|St; d place of determinati area Date of flood interva ' :
0.3 ft (0.1 m).hlgher than'the floogi of May %1, 1969. . s 15 Flood of October 9, 1970 2 N o[Stream and place of determination o {meters above ey . — At entrance to Finca San Miguel about 1.5 kilometers Water-surface contour %o table 2
P -+ (mi2) £t3 (years)

Flood profiles are vertical sections showing the elevation of = e S Approximate ground - 3, mean sea level)| ft%/s mi2 northeast of Luquillo. A brass disk stamped “U.S. — 5 for flood, in meters. U8, Gesloigieal Bimvey

the water surface and the ground surface along the arbitrarily - B :f!Z::t:‘,(())ntab]e g eni 2 = E: Geological Survey” set in concrete base on northeast Contour interval Base line and distance uging shation
. “ . n - < . 5
chosen base lines indicated on the flood map. The base line T — © flood map _ .2 N 1 | Rio Mameyes at Hwy 191 at 118 |January 26, 1969 1280  [22,200{ 1,880 | ©1.19 corner of abandoned gas concrete tank. i )(——@ from mouth of river, .
(used to determine distances upstream from the mouth) is not = Bridge deck z E Mameyes (0657)° May 6, 1969 12.34 17,000| 1,440 39 o § i fooar in kilometers _
the thalweg of the stream but follows a smoother path along < I 3 S October 9, 1970 12.49 18,400 1,560 49 9 3.11 AtAerLtranced.ttl)( co;dem:inl}‘xlr;lSPléyal A_Zul’ lSn bius °£ = = 77 = g T A S et U —
the valley and conforms to the general direction of flow during ® Low beam : October 21, 1972 12.81 22,400( 1,900 €1.22 " coI:cSrsetewl’)as: b;ngie hyd;'a'n t eological Survey” se - ﬁ e o sl o o . R
floods. The selected datum plane is mean sea level. z » 0ld railroad (G) a N ' S ’ - S
g . " < . ; ‘

The land-surface profiles, which are taken along an arbi- g . 2 | Rio Sabana at Lugquillo (0680) 7.08 September 6, 1960 94.5 8,500( 1,200 }5 10 35.48 At culvert on Highway 976 at kilometer 4.3 and at SCALE 1:20 000 1[5
trarily chosen base line conforming to the general direction of " October 9, 1970 95.6 13,800 1,960 1.07 Vapor. A brass disk stamped “U.S. Geological Sur- . 3 KILOMETERS §
flow during floods, may or may not represent the ground ele- 2 0 — g ; ] vey” set in concrete base on downstream side of cul-

A f l A bed y p g 8 3 | Rio Fajardo near Fajardo (0710) 14.9 September 6, 1960 47.21 14,500 970 18 vert over tributary to Rio Fajardo. 3
vation at the actual streambed. b May 6, 1969 47.06 13400 899 1 o) z

> ’ g ’ 3 [—— . ———| I 1————| —— e

The water profiles represent the average of floodmark ele- z October 9, 1970 46.51 9,200 617 9 11 15.86 At bridge on Highway 3 at kilometer 1.4. A brass disk T . 70 METERS i
vations and are somewhat smoothed. Abrupt changes in the = -5 — stamped “U.S. Geological Survey” set in concrete DASHED LINES REPRESENT 5-METER CONTOURS
profiles indicate the difference in water-surface elevations at % 4 | Rio Fajardo at Fajardo (0720) 21.6 May 21, 1969 8.29 418,000 856 17.5 base on downstream left abutment of bridge over Rio g DOTTED LINES REPRESENT 1-METER CONTOURS
the upstream and downstream sides of channel constrictions. - October 9, 1970 7.83 913,500] 625 9 Mameyes. DATUM IS MEAN SEA LEVEL
The drop in water surface through constrictions during future | I I I s Number: refors:to station location in Figure 1 ; 2 ; ; DEPTH CURVES AND SOUNDINGS IN FEET—DATUM IS MEAN LOW WATER

4 ; ; T 12 9.84 At bridge on Highway 3 at kilometer 31.6. A brass disk SHORELINE SHOWN REPRESENTS THE APPROXIMATE LINE OF MEAN HIGH WATER

floods may be different from that shown. 109 1 2 « 3 4 b U.S. Geological Survey downstream order number for site identification. g g ¥ THE MEAN RANGE OF TIDE IS APPROXIMATELY 0.2 METERS

stamped “U.S. Geological Survey” set in concrete on
left downstream corner of bridge over tributary to Rio

¢ Ratio of peak discharge to that of a 50-year flood; long-term records are not available to support fre-

There are 21 bridges in the flood area. During the flOOdS, quencies greater than the 50-year flood. A ratio of the peak discharge to the 50-year flood is given

DISTANCE ALONG BASE LINE, IN KILOMETERS

o

10 of the 21 bridges were inundated and the water surface was as an indication of the magnitude of the flood in relation to the computed recurrence interval of 50 Mameves W\, - \) A S o =y N ta Mari N s __am, P 4
h years. pAl L E__,Sa . = 0\ U ( \\ %& ma{fiﬁ'f IS‘ Vg i T A B o
above low beam on 3 others (table 2 and figs 2 through 6). FIGURE 4.—Profile of Rio Pitahaya, flood of October 9, 1970. d Estimated. 18°16730" . . < AS —~~ Y/l 13 L = ,SJ\},\/ ‘ 5\/\/‘&\ - - i U )ﬂ M ‘ m\ 3 j PINas SN i \Y.’Z?}w”fw 18°16/30"
65°42'30"” (NAGUABO) 40’ 65°37'30"
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