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FIGURE 7.—Profile of Quebrada Juan Gonzdlez during the flood
September 6, 1960. (See flood map for location of base line.)
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CONTOUR INTERVAL 5 AND 10 METRES
: DASHED LINES REPRESENT 5-METRE CONTOURS APPROXIMATE MEAN y . . . : : : s
FLOODS IN THE CAROLINA-RIO GRANDE AREA, Boca dk LagumaTo  OCRANO ATLA about 60 sq mi at the U.S. Geological Survey gaging station Table 1.—Summary of flood stages and discharges DOTTED LINES REPRESENT 1-METRE CONTOURS R rain in a 6 to 8-hour period on September 5 and 6 over the 3 e of‘l}gtigrﬁdgfrg?aﬂi,gghm?g,},g;gm ‘,‘.ﬁﬂ 1 e ofﬁt}i;gsm?gnsﬁ’ %Q‘ﬁ&%?;tgg?(’;ﬁg £ Ackngw}lle dg mﬁnts.—The investigation tlsbp:rt o t; plgogrartn
NORTHEASTERN PUERTO RICO Camgrejos|pdlorrecilla e at Gurabo (site 2 in fig. 1) BATUM 15 MEAN SEA LEVEL river basins. The 1970 flood was the result of a 6-day rainfall of Rio Grande. A brass disk stamped Highway 3, and 2.2 kilometers south- HinacEq throuph.a.coupetnlive gETeemient Yetweeh e epart-
” . i s . " e > e | DEPTH CURVES AND SOUNDINGS IN FEET—DATUM IS MEAN LOW WATER y ‘ X i 4 “[] 8. Geolowical Survey.” set inloon- west of Canévanas. A chiseled square amento de Obras Publicas, Commonwealth of Puerto Rico,
This report provides hydrologic information on major Several dams have been constructed for water supply, but Maximum during October SHORELINE SHOWN REPRESENTS THE APPROXIMATE LINE OF MEAN HIGH WATER totaling more than 30 inches in the interior mountains. -0, €0 0g1ca. ey,  sel injcon 2 . a ; . 5 . ;
. . 7 . . Study area . . Maximum previously known THE MEAN RANGE OF TIDE IS APPROXIMATELY 0.3 METRES . . . . . c.rete on S.ldewalk on left downstream palnted red on left downstream end of DI‘. Antonlo Santlago Vazquez, Secretarlo, and the U.S.
floods in the Carolina-Rio Grande area. The information can Samar 7 they are small, run-of-the-river structures. The only signif- Drsinage | Pariod Recurrence 1970 flood ———— Flood levels in 1970 in general were slightly higher than in side of bridge. | culvert over Quebrada Cambute. Geological Survey, V. E. McKelvey, Director
aid the planner, engineer, administrator, or other interested San José icant impounding structure is Loiza Dam (fig. 2), completed No.| Stream and place of determination | area of Dischargs terval G Dischatkze iotarval 1960 in the area north of Highway 3 and east of Rio Grande 4 6.95 At culvert on Highway 3 at kilo- 14 10.19 At bridge on Highway 858, 0.3 kilo- Thif atlas wasy’ re; a;'e & un deryéhe direction of Donald G
persons concerned with decision making related to land use in 1954. Lago Loiza has a storage capacity of about 20,000 (sq. mi.) | record i (years) s (years) Table 2.— Elevations of bridges in flooded areas. Table 8.— Annual maximum flow of Rio Grande de Loiza as the second largest and the 1970 flood is third largest. Fre- de Loiza. The flood inundated the village of Vieques, which meter 27.8, and 3.0 kilometers east of meter east of Trujillo Bajo, and 0.35 > prep i y :
Date | height Day | height
; . , . : . e1g: cfs per ay | heig cfs per . : . p . ; S : ‘ v s Rio Grande. A chiseled square on left kilometer east of intersection with Jordan, Chief, Caribbean District, U.S. Geological Survey,
and development compatible with the degree of flood risk. acre-feet at the full reservoir elevation of 40.1 meters. The ofs |gq mi. (feet) | cfs sq. mi. (See figs. 4 -7 and flood map.) inflow to Lago Loiza and outflow through Loiza Dam, quency computations, therefore, indicate the 1970 inflow and had escaped flooding in 1960. downstream side of culvert over Rue- Highway 853. A brass disk stamped 0k Techta aushians Erows K €. Jobmson
Among the data presented are tabulations of flood discharge . design flood stage is 43.0 meters, which provides additional : > A > 1945, 1958-70.  (See fig.3.) outflow have a 9-year recurrence interval and the 1960 inflow From 1962 to 1969 a dike was constructed approximately brada Juan Gonzélez. “U.S. Geological Survey,” set in con- .. . : S o
d flood stage. flood profil d ¢ th : TrujilloAl 5 N £ about 5.000 fecai 1 |Rio Grande de Loiia at Caguas_---- 89.80 | 1945 | 8-4-45 85,000\ 947 1.08 9 | 293 | 62800 699 | 315 4 aatliee 97 terval  Fi 3 the divide bet Quebrada Blasi d Rio Grande d 5 14.22 At bridge on Highway 966 at kilo crete on left downstream side of bridge Additional information.—Additional information on floods
and flood stage, flood profiles, and a map o e areas Inun- . ) . mporary storage ot about 5, acre-feet. 1960-70| 9-6-60 71,500 769 41 - : and outilow have a z{-year recurrence interval. igure o, on the divide between Quebrada blasina an 10 Grande de * ; A : z . . s
dated by the floods of September 6, 1960, and October 9, 1970. Drainage basin 8 Rio Herrera originates on the northern slopes of the Sierra 2 |Rio Gurabo at Gurabo_ ... 60.2  11960-70| 9-6-60 74,600| 1,240 °1.26 9 | 265 |59900 995 50 Ma Slta tw]ﬁmi Stveum. and locution Top of | Low MAXIMUM INFLOW TO LAGO LOIZA based on historical and recorded data from 1945 to 1970, Loiza. The basin of Quebrada Blasina, which was severely Higer 0, SRT NG el ower Quebraca Lgpe uin, kilome ifa ¥ Coralin gxou éan ke e Ts Geo.lf)glcal
0 . ‘ : boundary - e ; 3 [Bio Grands ds Lotan 5t Lois Dem 207 1945 p | along bas e ! deck o 3 ; - . : e W . of Rio Grande. A brass disk stamped 15 16.62 At bridge on Highway 3, kilometer Survey in San Juan, Puerto Rico, and from the Seccién de
The areas of inundation and the flood profiles are speci- NS de Luquillo. On the coastal plain the river basin is crossed E 1958-70 | 9-6-60 170000| 822 | 27 o | — |146000 708 9 symbol | line of bridge (etoes) | Eresers) Distkie Etimatadiiosirnencs shows the discharge-frequency relationship of the inflow to flooded in 1960, was protected by the dike in 1970. Flooding “U.S. Geological Survey,” set in con- 115, and 2.4 kilometers northwest of Control de Inundaciones of the PR. Departamento de Obras
fically for conditions that existed at the time of the floods. : g by a network of drainage canals, some of which drain to the 4 |Rio Grande de Loiza at Hwy 3, ' 1.2 ' ‘ (kilometers) Date ofs interval, years Lago Loiza and the outflow through the dam. in the basin was minor and resulted from local runoff. gre(tie on left ﬁlgw]gstgeim gbuzome?t of 8arc]>lm9. lébrass’thl;. stamped tU-S- P(’)bl'r - .z S i t ac P . t5 Rico. and pm g £ t listed
A tabulation of flood-frequency data is presented for selected adjacent Rio Espiritu Santo. The drainage area at the mouth 5 T S — 239 1960 | 9-6-60 197,000| 824 A 6.4 Rio Grande de Loiza ; Peak stages downstream from Loiza Dam are modified Water-surface contours.—Water-surface contours based on 6 48.31 mAfil?ifge o Hi'gp;f;vgy 186 i kilo- ﬁg‘g;’%‘(f;ns‘t‘g:,ﬁ' side of ﬁﬁﬂf;ﬁ gk g u“slc‘?s " anfurce, T ((3) iy ;n hi roh g i 0 ) :
e . : lv 8.4 : 5 |Rio Canovanillas near Loiza__ . .__ 144 [1967-70|11-9-69 8600| 596 55 9 | 100 |14,000| 973 14 A% Central Candvanas 6.7 5.8 1945 170,000 13.5 lichtly by st = I, Lo d iralled el t Hisolnurk slavations are inmemurs lines reprssentin al . tor 297 and : £ i de Lok in “Selected references. opies of this hydrologic atlas can
i . L . sapsreximately 5.4 aq ml. 6 |Rio Canévanas near Campo Rico__ | 9.84 |1967-70|11-9-69 10,600 1,080 | 23 9 | 120 |10,600| 1,080 | 23 B 8.2 Highway 874 Destroyed during July 21,1958 85,600 — sightly by storage in Lago Lolza and controlet reeases a DDCHTAPS © FraniGos, ave (NHgEamey | TAe8 TOpnesss  on Sin B e Rio Grande do Loizg. be obtained from U.S. Geological Survey in Reston, Virginia
This study is based principally on floodmarks obtained - - Rio Espiritu Santo also originates on the northern slopes 7 | Rio Herrera near Colonia Dolores_ 2.75 |1967-70(11-9-69 2650 964 3.7 9 | 126 | 2600| ‘947 3.6 ' 1970 flood May 3,1959 59,500 — the dam. However, the discharge-frequency relationships elevations of water surface. Generally they are at right angles Rio Grande. A brass disk stamped 16 8.81 At intersection o}f3 AlqheI?I Stre&c zimd df Division de M T p Fot metri ¢
. . " 5 . i s % . 5 §9 g g . . Sept. 6,1960 2182.000 27.0 s g T . . ; . . . ith 1 U.S. Geo}oglcal Survey,” set in con- Gran?.da Street in Barrio Hoyo Mulas, and from Divisiéon de Mapas, Topografia y Fotogrametria o
immediately after the floods of 1960 and 1970. Information of the Sierra de Luquillo. On the coastal plain the basin is 8 |Rio Grande near El Verde ________ 7.31 |1967-70|11-9-69 12,100| 1,870 38 9 9.7 110,300 | 1,410 23 C 12.3 High 3 15.6 14.9 P ) ) shown in figure 3 indicate that at discharges with greater than to the direction of flow. Obstructions to flow, either natura Sy L
. ; i , 2 o » g 9 g g F . ighway . Aug. 27,1961 98 000 _ " | o o S N . . . crete on right upstream abutment of and in front of Puerto Rico Cement the P.R. Departamento de Obras Publicas in Santurce, Puerto
was also obtained from residents in the study area. All ele- covered by large areas of mangrove swamp forest. Low-lying 19 Rio %SPI}"PO Ssa,nto near FI‘%'V?} e-&- 2-23 %%’é—;g ﬁ—gé&és g,ggg 2,32(5) 425 2 lg% g% 3,32(2) 13.4 D 19.7 Highway 181 20.3 19.6 May 2 1962 51800 . the 20-year frequency there is very little difference in inflow or manmade, and variations in valley width cause irregularities bridge over Rio Espiritu Santo. Factory. A chiseled square painted Rico g
vations are in meters above mean sea level. All discharges land and part of the mangrove forest are drained by a network bl e s i B _ il : : i i & g RiI(-)I Cfflnévag%s 195 5 Sept. 27,1963 7,900 — and outflow. in the contours. The water-surface contours for the flood of 7 34.26 x%trcglgert 3?), {I%(g{lwasi !:‘5Sngt »ic]fliloi' z;d ﬁ’éité’é’s"é :é)tncrete drainage ditch .
; i i i i i "Number for locati in this report only. (See flood map. : ighway 958 : 12.5 Sept. 23,1964 23,6 — - i 1 B o R : : .
are;) in gublc feet.per second (<‘:fs). . ‘ . of canafls discharging to. the river. The drainage area at the o poex:1 kofl?::;:;fgfpogs:h:; ihis !;)I-);ea:?l E ;(i.:flozg _;x:::ecords end i i s s Sl emtin: ko Y Syt F 95 Highway 3 114 139 Aetfg. ¥ 1325 = 0% - Flooded areas. Th}a areas inundated by the _1960 and 1970 September 6, 19§0, are shown on the .flood map . Rio Grande. A brass disk stamped 17 .42 At kilometer 7.8 on Highway 874
rainage basins.—Four rivers with a combined drainage of mouth is about 29.5 sq mi. & atic of e peak dischurgs 1o Ahak of fie S0-yesr 1100 1o.given mx sn indication of ths relative magnitnde:of the flood event. G 11.9 Highway 962 179 175 Oct. 171966 30,600 0 floods have been delineated on the topographic map on the Depth of flooding.—Depth of flooding at any point can be “U.S. Geological Survey,” set in con- midway between Barrio Hoyo Mulas
about 350 sq mi (square miles) contribute to flooding in the Quebrada Juan Gonzéilez heads in the foothills east of ! H 15.3 Dirt road 36.6 35.8 " 1967 12,000 _ basis of flood-stage information furnished by local residents determined by subtracting the ground elevation at the point crete on right upstream side of culvert. and Sa(il!’.‘% ]gaabafa.' ‘ixsbrass ’(’hSI‘i
Carolina-Rio Grande area. The study area (fig. 1) encom- ) S— Rio Espiritu Santo and flows into the mangrove swamp | : J 159 ’H‘gh“':ay 9517 46.6 45.4 .g)une 17, 1328 15,800 — and observations in the field by U.S. Geological Survey per- from the flood elevation indicated by the profile or by water- 8 4244 96&2?3%&?23&%2&?&%% %ig:é‘g ?ﬁaégggrete e s SELECTED REFERENCES
passes about 130 sq mi composed largely of coastal plain . . forests on the coastal plain. Its flow eventually reaches the The peak discharge of Rio Grande de Loiza at Loiza Dam Twelve highway bridges are in the flood area. The water K 48 R"}‘;.Eﬁm”tu Santo 7 68 Oct' g %978 313%% po sonnel immediately after the floods. Flood boundaries were surface contour lines. The approximate ground elevation can A brass disk stamped “U.S. Geological of Antonio Vizearrondo. Barnes, H. H., Jr., and Bogart, D. B, }961, Floods of
bordering the Océano Atlantico. 4 * Streamflow r?leasuring o sea through the canal system discharging to Rio Espiritu (site 3) was 170,000 cfs in 1960; for the 1970 flood it was surface during the 1960 flood was above low beam on seven ’ ignway 8 ; ’ ’ . ’ ? : determined from water-surface profiles based on elevations of be determined from ground contours shown on the map. Survey,” set in concrete on first step 18 17.41 " At bri(()i%§ ig}entrtamce t(;hBafrrqu I;la Septembe'r 6, 1960 in eas‘r,tern Puerto Rico: U.S. Geol.
The coastal plain is covered by large areas of mangrove - ( Number refers to table 1) Santo. 146,000 cfs. Upstream at the Caguas gaging station (site 1) of these bridges, and six of the seven bridges were inundated L 18 Qlﬁ?;ﬁ‘jgag%a" Gonzalez 61 5.8 MAXIMUM OUTFLOW THROUGH LOIZA DAM* floodmarks, which were obtained from field surveys. The Elevation of the ground and of the water surface at any point 9 1847 of gg"ﬁ‘?gﬁv&;;zi% ot Kilometed 56 W‘;’;“gj% nd é‘(’)"l‘{‘:;lgfnz‘fc‘érs (r)lort;lgof-' Survey Cire. 451, 13 p., 12 figs.
swamp forest. Higher ground is mostly used for raising T — { -3 < Flood history.—Major floods occurred in 1899, 1928, 1932, peak discharge was 71,500 cfs in 1960 and 62,800 cfs in 1970. (table 2). M 2.1 Highway 955 838 7.9 Discharge Estinsted recurrence boundaries are well defined in densely populated areas and can be estimated by interpolation between contours. More ' and 4.8 kilometers south of Canévenas, Truajillo Alto. A brass disk stamped Fields, F. K., 1970, Floods at Caguas, Gurabo, Juncos, and
sugarcane and dairy farming.  Highways, urbanizations, - = o Ui fog B e EleEs 1945, 1956, 1960, 1961, and 1970. Residents of the area were Flood profiles.—Profiles of Rio Grande de Loiza and Rio Flood frequency. —Tt is not possible to predict when a flood Date ofs b interval, years are poorly defined in agricultural and forest lands. accurate elevations can be obtained by leveling to nearby A brass disk stamped “U.S. Geological “U.S. Geological Survey,” set in con- San Lorenzo, Puerto Rico: U.S. Geol. Survey Hydrol.
and industries are causing swift and dramatic cultural changes W 0 2 4MiLES unable to supply information on the 1899, 1928, and 1932 Espiritu Santo for the floods of September 6, 1960, and of a specific magnitude will occur. However, the probable o o 55 The flood boundaries shown on the topographic map re- reference marks. The elevations and locations of these reference E}‘%‘;{r’] ess:;:ncc‘;n:zeézgg :3;0{}%%:5 g’:f;fa':lzf:a%(’awgzgizdmas’de of bridge Inv. Atlas HA —438.
in the area. _ ) — floods, and only fragmentary records were obtained on the October 9, 1970, of Rio Canévanas for the flood of October 9, number of floods with a specific magnitude that will occur over July 21,1958 64:000 = flect channel and flood-plain conditions existing when the marks are given in table 4. de Campo Rico school. 19 20.24 At bridge on Highway 181. 1.9 kilo- Haire, W. J., 19?2» Floods of OCtOb?r 5-10, 1970, U.S. Geol.
Quebrada Blasina, the westernmost stream, heads in the 66 1945 and 1956 floods. A considerable amount of information 1970, and of Quebrada Juan Gonzalez for the flood of Septem- a long period of time can be estimated. The frequency of data and method reported by Lépez and Fields (1971). May  3,1959 43,500 = 1960 and 1970 floods occurred; important changes in channel . Sogi 10 34.64 At Highway 185 at kilometer 3.75, meters southeast of Trujillo Alto. A Survey Open-file report, 39 p., 35 figs., 1 pl.
low hills just south of the coastal plain and has a drainage . : . is available for the 1960 and 1970 floods, including peak ber 6, 1960, are shown in figures 4 through 7. occurrence (recurrence interval) is the average interval of time The 1945, 1960, and 1970 floods are the greatest since at Sept.  6,1960 *170,000 27.0 and flood-plain conditions between 1960 and 1970 have also Table 4.—»—Referenqe marks estthshed by the U.S. Geological and 3.5 kilometers south of Canévanas. brass disk stamped “U.S. Geological Lépez, M. A., and Fields, F. K., 1970, A proposed stream-
. : e FIGURE 1.—Location of the study area and the river basins upstream . . . : g g ) g ’ ) g A 271961 79.000 ; ; S the Carolina— Rio Grande area A brass disk stamped “U.S. Geological Survey,” set in concrete on left up- ;
area of 4.9 sq mi. Quebrada Blasina empties into Laguna stage and discharge data obtained by the U.S. Geological The profiles are referenced to arbitrarily chosen base lines within which a given flood will be exceeded once. For example, least 1899, on basis of historical information. The 1945 flood M‘;%- o' 1962 5800 - been noted. The inundation pattern of future floods may be ; éﬁvﬁg OZJL ; olina— Rio areaq. Survey,” set in concrete on d¢wn- stream Side of bridge over Rio Grande flow-d.ata program for Puerto Rico: U.S. Geol. Survey
Torrecilla, which has an outlet to Océano Atlantico through Survey at several places in the study area and eastern Puerto indicated on the flood map. The base line (used to determine two floods of at least the magnitude of a 50-year flood can be is the greatest known on Rio Grande de Loiza from Caguas Sept. 27,1963 1,800 — affected by changes in channel conditions, alterations of = o stream side of headwall of culvert. de Loiza. open-file report, 42 p., 8 figs. ' o
Boca de Cangrejos. The lower 2 miles of the channel inland Rico (Barnes and Bogart, 1961, and Haire, 1972.) distances upstream from the mouth) is not the thalweg of the expected to occur in a 100-year period, on the average. Stated upstream. The 1960 flood is the greatest known on Lago Oct. 11,1964 5,600 — waterway openings at highways, changes in runoff character- Reference- | Elevation above o 1 18.20 anﬁ"z%‘%ﬁ;"’gﬁtﬂg Saguliﬂggéitg; %t150’ National Oceanic {md Atm9spher1c Administration, 1960,
of Laguna Torrecilla has been dredged and straightened station at Caguas (site 1 in fig. 1) the drainage area is 90 sq mi. Flood discharge.—Data were collected at 8 sites in the study stream but follows a smoother path along the valley and con- differently, a 50-year flood has 1 chance in 50 of being exceeded Loiza and Rio Gurabo. The 1970 flood ranks third in magni- Aug. ;0’ i%g 28,800 - istics of the stream caused by increased urbanization, and mark mean Se‘ge"el’ Description Grande. Top of rod painted red on up- Monthly summaries of rainfall, September, 1960: U.S.
with dikes on each side of the channel for flood control. Major tributaries to Rio Grande de Loiza below the dam are area and 2 sites outside. These data are listed in table 1 and forms to the general direction of flow during floods. The pro- in any 1 year. ‘ ' tude in the Rio Grande de Loiza basin. Sept'l%s.f e 1?’388 - other cultural developments. Protective works built after the number in meters stream left corner of bridge over Rio Dept. Commerce. . )
Rio Grande de Loiza, the largest river on the island, origi- Quebrada Grande, 13.6 sq mi, Quebrada Maracuta, 10.3 locations of the sites are shown in figure 1. The data listed are files represent the average of floodmark elevations and thus The frequency of occurrence for the peak discharges of Table 3 shows annual maximum flows of Rio Grande de June 17,1968 10,400 - flood of 1970 may reduce the frequency of flooding in the 9 2.87 At sidewalk on Highway 187 at 19 9.46 Caz?gingalfw}vaysm kilometer 15.0| and , 1970, Monthly summaries of rainfall, October,
nates in the Sierra de Cayey, part of the Cordillera Central, sq mi, Rio Canovanillas, 16.7 sq mi, and Rio Canévanas, 17.8 peak stage and discharge of the flood of October 1970 at 9 out are somewhat smoothed. Abrupt changes in the profiles the floods of October 1970 at 9 sites (locations, fig. 1) are Loiza, as inflow to Lago Loiza and outflow through Loiza Oct. 1969 \ 62,000 protected area but will not necessarily eliminate future floods. ’ kilometer 1.4, and 0.85 lﬁlome{er north ) 1.6 kilometers west of Canévanas. A 1.970: U.S. Dept. Comme;rce. :
and empties into Océano Atlantico at Loiza Aldea. The sq mi. of the 10 sites, and peak stage and discharge of the flood of indicate the difference in water-surface elevations at the shown in table 1. This table also includes the frequency of Dam, and selected recurrence intervals for 1945-70. His- Oct. 9,1970 146,000 3.0 By reducing the area subject to flooding, however, protective of Rio Grande. A brass disk stamped brass disk stamped “U.S. Geological Quinones, .M. A., y Asociados, }962, Re.connalssance report,
drainage area at the mouth is about 310 sq mi. At Loiza Dam, September 1960 at 4 of these sites. For purposes of comparison, torical data are available for the 1945 flood and annual peaks 'Estimated. works may increase the depth of inundation in unprotected U.S. Geological Survey,” set in con- Survey,” set in concrete on northwest Loiza River flood-control studies, published by the Puerto

which marks the southern limit of the flood study, the drain-
age area is 209 sq mi. At the U.S. Geological Survey gaging

Rio Grande de Loiza has three principal tributaries in its
upper basin: Rio Turabo, Rio Caguitas, and Rio Gurabo.

Of these Rio Gurabo is the largest, with a drainage area of

the table also includes the maximum recorded stage and dis-
charge prior to October 1970.

upstream and downstream sides of channel -constrictions.
The drop in water surface through constrictions during future
floods may be different from that shown.

occurrence of the highest recorded peak discharges prior to
October 1970, which are given for comparative purposes.
These recurrence intervals were computed on the basis of

were recorded from 1958-70. For the period 1945-70, it is
known that the 1960 flood is the greatest, the 1945 flood is

2Quifiones, M. A.,y Asociados, 1962.
*Written communication, Quifiones, M. A., and Asociados, 1972.
+From records of Puerto Rico Autoridad de Fuentes Fluviales.

areas.
The flood of 1960 was the result of as much as 10 inches of

crete in front of Sr. Ismael Ramirez’
store.

corner of retaining wall on left down-
stream side of bridge over Rio Cano-
vanillas. |

Rico Planning Board: Consultant’s report, 45 p., 10 figs.,
20exhibits.
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