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OFF-SITE DRAINAGE ANALYSIS AND DESIGN
FOR MONTE CLARO DEVELOPMENT
CABO ROJO, PUERTO RICO
Menar Hydrosystems Engineering, PSC
September 2002

INTRODUCTION
The report presented herein includes the results of the off-site drainage analysis and
design for Monte Claro development. It consists in the development of 11.3 acres (11.6
cuerdas) to construct a low-income residential project. The property is located at
Monte Grande ward, kilometer 22.7 of the State Road PR-102, within the Municipality of
Cabo Rojo. Figure 1 shows the project location in the USGS topographic maps of
Puerto Real and San German. The area is not classified as flooding zone as per the

Flood Insurance Rate Map Number 197E, published by the Federal Emergency

Management Agency (FEMA). A partial copy of this map is shown in Figure 2.

The purpose of this analysis is to determine the amount of off-site runoff draining to the
property proposed for development and determine the minimum required hydraulic

structures to conduct effectively the 100-year frequency flow discharge.

SCOPE OF WORK

The scope of work includes the following items:

1. Site visits for the inspection of the area and identifies potential drainage
problems.
2 Determination of the area draining to the property.



3. Determination of the water paths in the watershed and theirs times of

concentration.
4. Compilation of data available for the determination of the design storm.
B, Compilation of the available data concerning the existing drainage facilities.
6. Computation of peak flow discharge produced by the design storm.
7. Determination of the minimum dimensions of the hydraulic structure

necessary to convey the peak flow produced by the design storm.

This analysis was limited to the off-site drainage since the proposed project hydrologic-
hydraulic analysis and design was performed by others. The project was approved by
the Permit and Regulations Administration (“ARPE”) as indicated in the letter included in

Appendix A.

MODEL DEVELOPMENT AND DESIGN STORM

Model Development

One of the most important tasks in the analysis performed was the development of the
hydrologic model. It is the base of our analysis since the reliability of the obtained
results depends on the correct modeling of the existing conditions. Drainage watershed
was divided in two basins as shown in Figure 1. Basin Left drains the left side of the

watershed and Basin Right drains the right side.

The watershed limits were delimited in the field with the help of the topographic map

and an aerial photo taken on April 28, 2002 (see front cover of this report). [f these



limits were delimited using only the topographic map, the drainage area would be

greater than what really is.

Time of Concentration and Runoff Coefficient

The time of concentration T is defined as the time it takes for the most hydraulically
remote drop of water to travel to the basin outlet. T, for Basin Left was estimated using

the Kirpich Equation:
T. = 0.00013(L%77/(S*3)

where:
T. = time of concentration, hour
L = maximum length of travel, feet
S = slope from the most remote point to the outlet

For Basin Right it was computed using the Upland Method where T, is the path length
(L) divided by the flow velocity (V). The velocity is estimated using a graph developed
for overland flow. Appendix B shows the computations for the T, and Lag time T, for

the existing condition.

The unit hydrograph methodology, developed by the Natural Resources Soll
Conservation Service (NRSCS), formerly Soil Conservation Service, and implemented
in the June 1998 edition (version 4.1) of the HEC-1 computer program was applied to
estimate the 100-year peak discharge for each basin and the total watershed. The
runoff curve number (CN) associated with each basin was determined using the

hydrologic classification of the soils and soils maps of the Mayagliez Area of Western



Puerto Rico, prepared by the NRSCS. An Antecedent Moisture Condition Il, 24-hour
rainfall duration, and a balanced storm distribution were used in the analysis. Table 2
shows a summary of the physiographic data. At this point, it should be mentioned that
since the areas under analysis are external to the property proposed for development
(where no development is proposed), the physiographic parameters are the same for
existing and proposed conditions. That means, at the time of development of such
areas (by other), the necessary flow mitigation structures should be provided to keep
the proposed flow discharge (for the 100-year event) equal than the existing. Table 1

shows a summary of the physiographic data.

Table 1. Physiographic data.

Parameter Basin Left Basin Right
Area, mi? (acres) 0.03 (19) 0.07 (45)
CN 75 80
Tc, min 12 31

Design Storm

The drainage watershed under study is a small one characterized by short times of

concentration. It is assumed that the rainfall occurs at a constant rate | (intensity in

in/hr) and uniformly over the entire basin.

A triangular rainfall distribution was constructed such that specified depth for the 24-hr

duration occurs during the central part of the storm. This is known as a “balanced



storm”, and was constructed using data for 30-min to 24-hr rainfalls taken from TP-42.
Additional data required by HEC-1 such as the rainfall depths for 5- and 15- minute
events were extrapolated from the plot of the available data on a log-log graph. The

balance storm rainfall depths used for this study are indicated in Table 2.

Table 2. Rainfall depths used in HEC-1 model.

Depth, in
Duration, hr

100-yr

0.083 0.63

0.25 1.90

1 4.90

2 6.20

3 7.10

6 9.00
12 10.70
24 13.00

HYDROLOGIC RESULTS

The HEC-1 modeling was performed using: 1) the rainfall depths; 2) the total area; 3)
the curve numbers (CN) and; 4) the basins times of concentration. Peak discharges for
the 100-year frequency event were computed at each basin outlet for the existing

condition.

Table 3 shows the results from the analysis. It was assumed that the rainfall event
produce flood event having the same return interval as the rainstorm. Detailed results

of the hydrologic modeling are included in Appendix C.



Table 3. Peak discharges for the 100-year rainfall event (ft¥/s).

Basin Left Basin Right Combination
122 248 349
STORM WATER DESIGN

The existing scenario consists of several culvert crossings through the road passing
through the south limit of the property proposed for development. Figure 3 shows a
conceptual scheme of the proposed storm water system. In that scheme it is indicated
the existing culvert crossings. Basin Left discharge into the (2)30” pipe culvert at the left
end while, Basin Right discharges into the remaining culvert crossings. All of them are
24" pipe culverts. As per the existing topography of the site (Figure 4), the contour lines
indicate that the flow pattern is mostly from the road up to the northeast limit of the
property. For that reason, the proposed storm water system alignment is through the

south and west limit of the property (see Figure 4).

The hydraulic profiles were computed using the friction method (Manning Formula).
Roughness coefficient of 0.011 was used for polyvinyl chloride pipes (pvc). However,
other material with the same or lower roughness coefficient can be used in the final

plans.

The proposed off-site storm sewer system was designed using the inflows computed in

the hydrologic analysis. Headloss through the manholes and inlets were computed

using a range of headloss coefficient from 0.5 to 1.0, where 0.5 corresponds to normal

10



losses and 1.0 to high losses. Resulting pipe diameters and length are indicated in

Figure 5. Appendix D includes the output data from StormCAD.

It should be mentioned that the proposed storm water system to manage the off-site

runoff was designed assuming the worst-case scenario. That is, a storage area is

available upstream from the existing (2)30” pipe culvert and, it was not considered in the

analysis.

Therefore, the proposed system will be operating under more relaxed

conditions than the simulated in this analysis.

CONCLUSIONS AND RECOMMENDATIONS

1.

The proposed storm water system consists of (1)48” pvc pipe for each of the
first 4 reaches and (2)48” pvc pipes for the last two reaches. Invert elevations
are indicated in Figure 5.

The proposed storm water system will have capacity to manage the 100-year
flow discharge produced in the external watershed draining to the property
proposed for development.

The proposed storm water system will be operating under pressure flow
conditions but will not be flooded in any point of the system.

Reinforced concrete pipe or similar pipe material with the same or lower
roughness coefficient must be used for the new pipe installation.

Inlets should be provided as shown in Figure 3 to receive runoff from the
existing road and local areas.

Minimum pipe diameters are indicated in the water profiles shown in Figure 5.

11



¥, Local storm water system should not be connected to the system proposed to
conduct the off-site runoff.
8. Final finish floor of the lots at the vicinity of the proposed storm water system

should be set at 32.5 meters (minimum).

GENERAL COMMENTS

All the recommendations specified herein must be considered to ensure the optimum
performance of the storm water system facility proposed to conduct the off-site runoff
entering to the project. The results presented herein are intended as a guide in the
design of the construction plans. Therefore, the designer must determine the

specifications of the recommended structures.

Merced, Guerra & Associates submitted data for the completion of the analysis. Any
variations of this data such as pipe slope, roughness coefficient, pipe length, etc., might

invalidate the results and/or recommendations presented herein.

Cordially, A ENAR &
NGENIE
M. H. ENGINEERING; PSE 570

Miguel Menar,

12
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Figure 1. Project location and external watershed limits in the USGS topographic
maps of Puerto Real and San German (scale 1:10,000).



Figure 2. Partial copy of FEMA FIRM No. 197E (scale 1:10,000).
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* d) Desague de dicho solar,

| Modelo de 1a carta o forma aqul requerida debera ser previamente sometida a la Administracion de
teglamentos y Permisos para su endoso,

3, Guelquier omislon voluntaria o inveluntaria de detalle U obra en los planos de consiruccion aprobados, se
""a!aré tomo aprobado, de ecuerdo con el Reglamento de Planificacion Ngmero 3 {Lotificacién), yio tas
cngithas, tequisitos o especificaclones de Ia Agencla_correspondiente, exceple aquellas variaciones que

ifdue omitidas do los planos hayan sido especificamente permitidas. Asimismo, cualquier alteracion alo
~@prabado o Implicado como aprobado de acuerdo con lo anterior, debers someterse a la consideraclon de Iz
ampentia pertinente y a la Adminlstracitn de Reglamentos y Permisos.

“,iE)_gposlciones de cualquier acuerdo o permiso anleriormente aprobado, no alterades por esle informe,

A anecen en fodo su vigor y efecto,

\

o

2 Ty

ROJO, PR . Duefio(s) o

"
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ESTADO LIBRE ASOCIADO DE PUERTO RI

ADMINISTRACION DE REGLAMENTOS v psmﬁgos
o CENTRO DE SERVICIOS DE MAYAGUEZ
‘ --ANEJO - PERMISO DE URBANIZACION

Blscclon del Proyacto

| SEARR 102, KM 21 5 Céso Numero : 01P03-00000-00913
\ A ISO\LETE;AG%:#&E SECT. VEGA ALEGRE Permiso : Certificado / Residenclal / Privado
méo ROJO, PR . Duefio(s)

1 6r. Roberlo Perez Colon (Primario)

:. 8 s —— e —
ARPE 15,109-A
} Nov. 1884

:Condiclonas Adiclonates

1 Les obras de Movimiento de lierras a efectuarse en aste proyeclo se hardn siguiendo estrictamente las
. ‘fetomendaciones del estudio de suelos realizado por fa firma , g/ cual se hace formar parte de esta aprobacién,

E El contratisia o urban

lzador debera obiener de la Junta de Calidad Ambiental, previo &l inicio de estas obras, los
. sigulentes permisos:

t; lan CEST - Control de la Erositn y Sedimentacion

" b) Fiuente de Emision - Fuente de Emision para la Prevencion de Polva Fugitivo
: -¢] Desperdiclos Solidos - Actividad Generante de Desperdicios Solidos

_ .Y durante la obra,

cumpliré con las medidas de mitigacion recomendadas en los permisos obtenidos de dicha
sjencia. -

artmonia con los requerimientos incluidos €n los endosos y/o permisos expedidos

3.'Edlas obras se realizaran en
i pgr las sigulentes agencias :

i) Junta de Calidad Ambiental

=) Municipio o
) Recursos Naturales y Amblentates A
*#) Ingtituto de Cultura

) Autoridad de Energla Eléclrica

ompafile de Aguas

Ny

¢ 8) Departamento de Transportacién y Obras Pblicas

Yo,

B Eonﬁntisla seré responsable de la obtencién de la Poliza de Obreros del Fondo del Seguro del Estado,

;.58 Indica a la parte
+@slructuras existenles en terrenos ad
nisos de los duefios que resulten af

Iq &f cornienzo de las mismas.

movimienlo de lierras e realizarse en este proyecio se hara dentro de los |

Imites de propledad y bajo ningln
fo debera obstrulrse en forma el libre

paso de las aguas pluviales provenientes de terrenos adyacenles.

donde sea necesarlo, antes de comenzar el rnovimiento de tierras,
organica que,se considere perjudicial para obtener el grado de
arse como relleno se deberd depositar en camadas de sels pulgadasy -
R0 proplamente mediante el uso de rolos, o segin recomendaciones del especialista en suelos,

f.,. subsuelo estara tompactado al noventa par cienlo (90%) de la densidad maxima
w; o Proctor (Modified) de prueba de la "AASHO" para Ia relacion de densidad-hu
MBdun Tecomendaciones del estudio de suslos.

deterininada. segln el
medad de los suelos ¢

T tejudes de las lerrazas debersn estabilizarse mediante la slembra de grama u otra medida acentable v las
% ‘E“dl’h e nandlanta A saete 5 o~ . . & -










Menar Hydrosystems Engineering, P.S.C.

Monte Claro Development
Date: September 2002

Cabo Rojo, PR

Kirpich Equation: Tc =0.00013 (L") /(8°*%)

EXISTING CONDITION
Time of Concentration for Basin Left

Existing Condition

Length Length dH dH Slope Tc Lag
Basin (m) (ft) (m) (ft) (fi/ft) (hrs) (hrs)
Left Kirpich 340.00 1115.48 110.00 360.89 0.3235 0.09 0.05
180.00 590.55 8.70 28.54 0.0483 0.11 0.07
1,706 0.20 0.12

Upland Method: Te=LN

EXISTING CONDITION
Time of Concentration for Basin Right

Existing Condition

Length Length dH dH Slope Vel Te Lag
Basin (m) (ft) (m) (ft) (ft/ft) (ft/s) (hrs) (hrs)
Right Upland 700.00 2296.58 210.00 688.97 0.3000 3.80 0.17 0.10

300.00 984.25 20.00 65.62 0.0667 0.80 0.34 0.21

3,281 0.51 0.31



Types of Soils and Curve Numbers
Document: Soil Survey of Mayaglez Area of Western Puerto Rico

Monte Claro Development

Existing Condition, AMC Il

Basin HSG Use CN Area, acre CN * Area CN, total
Left C Wood (Good) 72 10.00 720.00
D Wood (Good) 79 9.00 711.00
19.00 1,431.00 75
Existing Condition, AMC Il
Basin HSG Use CN Area, acre CN * Area CN, total
Right D Grass (Good) 79 43.00 3,397.00
D Residential 1/8 acre 92 2.00 184.00
45.00 3,581.00 80
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* * * s *
. FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 % * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 bod
* RUN DATE 04JUNO2 TIME 11:04:09 * * (916) 756-1104 *
* * * *
LR T e e e T T R e s ]

X X XEXXXXX XXXXX X
X X X X X XX
X X X X X
XXXAXXX XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX P804 4 XXX

THIS PROGRAM REPLACES ALL PREVIQUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAX OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

LINE

Nou bk WP

13
14
15
16

Jrhkdhhddhdkdhhrhhhhhddhhhdddddhbdhkddhbddddds

HEC-1 INPUT PAGE 1
b L I L e R Fii% SR Basus s s 9esie 10
D HYDROLOGIC ANALYSIS FOR MONTE CLARO DEVELOPMENT, CABO ROJO
ID RAINFALL DURATION: 24.0 HOURS: SYNTHETIC DISTRIBUTION
ID RETURN PERIOD: 100 YEARS
Ip DATE: JUNE-2002: PREPARED BY: MENAR HYDROSYSTEMS ENGINEERING
ID EXISTING CONDITION
IT 5 300
I0 4
*
* BASIN LEFT
*
KK LEFT
BA 0.03
LS 0 75
UD 0.12
PH 0.63 1.90 4.90 6.20 7.10 9.00 10.70 13.00
*
* BASIN RIGHT
*
KK  RIGHT
BA 0.07
LS 0 80
UD 0.31
*
* COMBINATION
*
KK COMB
HC 2
zZ

dkhkhkhkhkhhhhhhkbhddddddddddtdddddttdhhrrd

* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 04JUNO2 TIME 11:04:09 * = (916) 756-1104 *
* * * *
B R T L]

HYDROLOGIC ANALYSIS FOR MONTE CLARO DEVELOPMENT, CABO ROJO
RAINFALL DURATION: 24.0 HOURS: SYNTHETIC DISTRIBUTION
RETURN PERIOD: 100 YEARS

DATE: JUNE-2002: PREPARED BY: MENAR HYDROSYSTEMS ENGINEERING
EXISTING CONDITION

OUTPUT CONTROL VARIABLES



IPRNT
IPLOT
QSCAL

IT
NMIN
IDATE
ITIME
NQ
NDDATE
NDTIME
ICENT

COMPUTATION INTERVAL
TOTAL TIME BASE

ENGLISH UNITS
DRAINAGE AREA

4 PRINT CONTROL
0 PLOT CONTROL
0. HYDROGRAPH PLOT SCALE

HYDROGRAPH TIME DATA

5 MINUTES IN COMPUTATION INTERVAL

1 0 STARTING DATE
0000 STARTING TIME
300 NUMBER OF HYDROGRAPH ORDINATES
2 0 ENDING DATE
0055 ENDING TIME
13 CENTURY MARK
.08 HOURS
24.92 HOURS

SQUARE MILES

PRECIPITATION DEPTH INCHES

LENGTH, ELEVATION FEET

FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET

SURFACE AREA ACRES

TEMPERATURE

khhk hhkhk dhkdk hhkk khkk dhkk kkk Kkk Khkhk kdkk khkhk kkk kkEk khkk Ahkk khkk khkk kkdk Ak Akk Khkk Khkk khkd khkk hhkk hhkdt hhkEk kkk khkk kkk kkk hkk

dkhkkdkkkhkhhkkhddd
* *
8 KK * LEFT *
* *
kkkkkdkhkkkdddkik

DEGREES FAHRENHEIT

dede

SUBBASIN RUNOFF DATA

S BA SUBBASIN CHARACTERISTICS
TAREA .03 SUBBASIN AREA
PRECIPITATION DATA
12 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM
..... HYDRO-35 ...... vedassesmesseai TRP=80 divaieseaanaiea canenasanss TP=49 ciiuivavesns
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY 10-DAY
.63 1.590 4.90 6.20 7.10 9.00 10.70 13.00 .00 .00 .00 .00
STORM AREA = .03
10 Ls SCS LOSS RATE
STRTL .67 INITIAL ABSTRACTION
CRVNER 75.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
11 uD SCS DIMENSIONLESS UNITGRAPH
TLAG .12 LAG
kkk
UNIT HYDROGRAPH
9 END-OF-PERIOD ORDINATES
45. 90. 56. 23. 10. 4. 2. 1. 0.

kkk kkk khkk khkk Kkt hhkk khkk whkk

hhkk hkk khkk Khkk khhkhk hhkdk Khkhk hhkk hhkk Ahk hhkh kkk hhkk hhkk khkh khkhk Ahkk kAkk khkdk hhd Ahkd KAk hhkh kkk khk

(222222222 22223
* *
13 KK * RIGHT *
- *
hhkhkhhhdkhhhhd
SUBBASIN RUNOFF DATA
14 BA SUBBASIN CHARACTERISTICS
TAREA .07 SUBBASIN AREA
PRECIPITATION DATA
12 PH DEPTHS FOR  0-PERCENT HYPOTHETICAL STORM
cuae BYDRO=35 pawmms @paise soeisives TP-A0 ieuisvassidimes  aaamesseny TP-09 v aeisiags
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY 10-DAY
.63 1.90 4.90 6.20 7.10 9.00 10.70 13.00 .00 .00 .00 .00
STORM AREA = .07

15 LS SCS LOSS RATE



STRTL -50 - INITIAL ABSTRACTION

CRVNER 80.00 CURVE NUMBER
RTIMP -00 PERCENT IMPERVIOUS AREA
16 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .31 LAG

UNIT HYDROGRAPH
21 END-OF-PERIOD ORDINATES

13. 41. 80. 96. 90. 73. 48. 32. 22. 15.
10. 7. 5. 3. 2. 1. 1. 1. 0. 0.
0.

hkhk khkk Rhkk Ahkk dhkk khkk KAk dkk hhkh hhkh dkhk kkk ek dhkw ek ke ok dkkdk kb dokk ko Rk kkk dkhkd kdkhk kA k hhkk khkk Ak k kkh hkh ok kkw

dekdhddd kR Rk kR
* *
17 KK * COMB *
* *

hkkhkkhhkhhhhhhd

18 HC HYDROGRAPH COMBINATION
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE
*hk
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE
6-HOUR 24-HOUR 72-HOUR
HYDROGRAPH AT
+ LEFT 122. 12.17 24. 8. 8. .03
HYDROGRAPH AT
+ RIGHT 248. 12.33 60. 20. 19. .07
2 COMBINED AT
+ COMB 349. 12.25 84. 27. 26. .10
1 HEC-1 INPUT PAGE 1
LINE b o o P [P R RN T - O - R Tewaaans B..ooiei9ia0en.10

#*#%% NORMAL END OF HEC-1 *%*
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