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GEOLOGICAL ENGINEERING
AND ENVIRONMENTAL SERVICES
INFORME PRELIMINAR
CONDICIONES DE INGENIERIA GEQLOGICA SOBRE LA PARCELA “E”
CONSIDERADA PARA EL PROPUESTO DESARROLLO
“INDUSTRIAL BAIROA”, CAGUAS, PUERTO RICO
l. INTRODUCCION Y AMBITO DEL PROYECTO:

Se trata aqui de una parcela de terreno denominada Parcela “E” con una cabida
aproximada de unas cuarenta y cuatro cuerdas (44.00 cds) a ser lotificadas vy
destinados los lotes a usos industriales. Ubica el referido predio en el Barrio Bairoa en
las inmediaciones noreste de |a ciudad de Caguas, Puerto Rico.

El presente informe preliminar recoge y analiza las condiciones y factores que
fueron encontrados en estos terrenos de alto relieve y de suelos fosiles y profundos.
Esta investigacion fue solicitada por la firma de geotécnicos, Jaca & Sierra Testing
Laboratories con el fin de complementar las investigaciones por sondeos de campo y
los analisis de laboratorio realizados sobre Ias muestras, o testigos, de los suelos que
fueron asegurados en diferentes localidades del predio y a diferentes profundidades.

Esta en orden sefalar que unos siete (7) barrenos o calas numeradas desde la
ndmero 14 a la 20 fueron hincadas en los lugares mas criticos que abarca el area
topografica mas superior y accidentada de la referida Parcela “E".

Para este estudio complementario fue preciso visitar y evaluar la finca en
cuestion. Se analizaron megascopicamente todas las muestras substraidas del
subsuelo, se evaluaron los aspectos mecanicos de penetracion de cada cala o “boring”
hincado en el lugar y se procedi6 también con las investigaciones de oficina pertinentes
a los aspectos geologicos del lugar. Este estudio fue completado durante el mes de
marzo de 2008.
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A continuacion los resultados de nuestras investigaciones y las determinaciones
procedentes:

I CONSIDERACIONES GEOLOGICAS DEL LUGAR:

LLas condiciones geolbdgicas prevalecientes en el lugar son pordemas complejas.
Esto debido a la presencia e intervencién de fallas pretéritas, diques magmaticos y de
procesos hidrotermales intensos que practicamente han “cocinado” las rocas originales
convirtiendolas en suelos profundos y suelos fdsiles desprovistos de los minerales y es
estructuras originales. lLos suelos profundos prevalecientes en el lugar, aun en los
puntos topograficamente mas superiores, son limos arcillosos, sumamente livianos y
polvorientos (powdery), escasos en minerales y fragmentos de roca, de un color
grisaseo a marron claro. Estas caracteristicas son indicativas de que e horizonte
geoldgico fue alterado y transformado intensamente por fluidos candentes que
emanaron de magnas a profundidad. E!l resultado de estas emanaciones fue la
transformacion de las unidades rocosas locales en suelos que fueron lixiviados
(leached) a profundidad. Tal condicion lo demuestran uniformemente los perfiles de
los suelos penetrados hasta una profundidad de 70 pies.

Se trata de rocas volcanicas e igneas que originalmente eran de alta dureza y
competencia. La propiedad fue, en el pasado geoldgico, interceptada por fallas geo-
estructurales a traves de las cuales emanaron estos fluidos hidrotermales que
alteraron intensamente las rocas ya fracturada por los movimientos de [a corteza.

Las muestras cbtenidas en las calas hincadas en los medios o lotes numerados
15, 16, 17, 18, 19 y 20, todas demuestras la misma condicién; suelos profundos y
livianos con caracteristicas de suelo limoso y polvoroso, que exhiben las diaclasas o

juntas originales de las rocas transformadas en un horizonte de suelo. En otras



palabras; estamos ante la presencia de suelos fésiles o saprolitas de la roca original.

Tanto la topografia accidentada del lugar, donde existen laderas con relieves de
unos cincuenta y cinco metros (55 m), asi como tambien la condicion geoldgica ya
descrita presentan un cuadro de potencial inestabilidad a la menor alteracién de los
pendientes existentes. De hecho, durante el recorrido por estos terrencs, se
evidencian cicatrices de deslizamientos antiguos que atestiguan a denudaciones
activas que incluyen susceptibilidad a la erosion superficial derrumbes o colapsos y a
deslizamientos progresivos de las laderas. Varias cicatrices, producto de
deslizamientos antiguos, marcan la superficie de terrenos mas accidentado de la

propiedad con pendientes 1:1 (H:V).

I DETERMINACIONES y RECOMENDACIONES ORIGINALES:
Se nos ha solicitado hacer una determinacion sobre la estabilidad de estos
terrenos una vez modificados y alterados los mismos en su topografia y en su
pendiente. A base de las investigaciones anteriormente sefaladas, procedemos a
exponer nuestras observaciones y determinaciones sobre este desarrollo segun
propuesto.
a) No se recomienda intervencion alguna en los terrenos destinados a ser
lotificados y modificados, tanto en su topografia como en su pendiente,
para convertirlos en solares industriales con rasantes planas y
accesibles; esto incluye el terreno que abarca los futuros solares 14, 15,
16, 17,18, y 19y 20.

b} Se recomienda que este terreno quede inalterado como una zona de

amortiguamiento o de transicion (buffer zone) que garantice la estabilidad
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\Y)

d)

de la ladera sur, asi como las zonas topograficamente inferiores dentro
de la finca a ser desarroliada.

La recomendacion de preservacion o no intervencién del terreno ya
sefialado, incluye el evitar socavar o realizar cortes, mediante la
eliminacion de apoyo lateral al pie de la ladera, que propendan a la
inestabilizacion y futuros deslizamientos. Quierese decir, gue el terrenc
es propenso a la erosion y deslizamientos si se altera el angulo de reposo
natural de ladera existente, o sea, el grado de inclinacidon existente. Ya
existen indicios de deslizamientos masivos en la ladera sur de esta
misma colina.

Se recomienda, preferiblemente, rellenar y modificar hasta buscar la
rasante final deseada en lotes inferiores, aptos par el desarrollo deseado,
que el proceder a cortar y remover material de ladera en estos terrenos
de suelos profundos e inherentemente inestables.

Los terrenos superiores donde enclavan varian los solares industriales 14
al 20, no deben despoblarse de su vegetacion. En esta region de alta
precipitacion pluvial (sobre 75 pulgadas de lluvia anual) la erosion
superficial, en estos terrenos, una vez desprovistos de vegetacion,

resultaria ser muy intensa y degradante.

OTRAS RECOMENDACIONES:

d.

En vista de lo anteriormente analizado, es nuestra recomendacién que
el area que comprende los predios enumerados 14, 15, 16, 17, 18 y 19,
no sean intervenidos y, por el contrario, se mantengan en su estado

natural.



El predio nimero 22 puede ser fuente de material de relleno bajo ciertos
controles pero se debe reconsiderar también el tener que intervenir con
el predio nimero 24 el cual también consideramos es una situacidn
topografica algo precaria.

b. Es recomendable se proceda con una nueva re-alineacion y ubicacion
de los caminos de acceso de manera que se pueda dar el maximo uso
y accesibilidad a los restantes predios a ser desarrollados.

C. Es también recomendable traer material de relleno foraneo (de afuera de
la finca objeto) para rellenar o emplazar en los lugares requeridos. No
obstante, existen monticulos aislados dentro de la propiedad, que pueden
ser fuente de préstamo a ser complementado con el material traido de
afuera,

d. Esta en orden también notar que el material de relleno que se podria
obtener en el lugar, no es el mas iddneo para asegurar una compactacién

Optima bajo los controles normalmente aceptado.

En la figura que se acompafa, se han trazado las dos (2) areas que hemos
descifrado como zona sensitiva o inestable. Debe procurarse, en todo lo posible, que
las mencionadas areas se mantengan en su estado natural.

Respetuosamente sometido, hoy 1ro. de abril de 2008.
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GEOLOGICAL ENGINEERING
AND ENVIRONMENTAL SERVICES
INFORME FINAL
CONDICIONES DE INGENIERIA GEOLOGICA SOBRE LA PARCELA “E”
CONSIDERADA PARA EL PROPUESTO DESARROLLO
INDUSTRIAL BAIROA”, CAGUAS, PUERTO RICO
| INTRODUCCION

Eldia 1ro de abril de 2008 le fue presentado a los consultores geotécnicos, Jaca
& Sierra Testing Laboratories, un Informe Preliminar donde se destacaban las
consideraciones de ingenieria geoldgica con respecto al propuesto desarrollo de una
fincade 44 cuerdas en el barrio Bairoa de Caguas. Eldesarrollo proponfalalotificacion
de la referida finca denominada Parcela “E” en unos 29 |otes para usos industriales con
cabidas que fluctuaban entre los 4,500 y 12,800 metros cuadrados.

Debido a la geologia y topografia del lugar, segun descifrada mediante las
exploraciones del subsuelo alli realizadas, asi como también basado en [as
informaciones obtenidas mediante los estudios de campo y oficina, extendimos
entonces nuestras determinaciones y recomendaciones.

En el referido Informe Preliminar recogimos y expusimos aquellas condiciones
y aspectos inherentemente relacionados a la geologia y fisiografia del lugar que
desalentaban la lotificacion y desarrollo de la finca segun alli propuesto. Se une o
queda incorporado en el presente Informe Final aquellos estudios, consideraciones y
determinaciones originalmente consideradas. No obstante, estd en orden partir de
aqui, volviendo a resefar, una vez mas, aquellas primeras Determinaciones y
Recomendaciones que expusimos, antes de evaluar las nuevas propuestas y

conceptos que nos han sido presentados por Ios proponentes.

Urb Mufioz Rivera 44 Venus Ave Guaynabo PR 00969



A continuacion las Determinaciones y Recomendaciones originales:

DETERMINACIONES Y RECOMENDACIONES ORIGINALES:

“....5e nos ha solicitado hacer una determinacion sobre la estabilidad de
estos terrenos una vez modificados y alterados 1os mismos en su topografiay en
su pendiente. A base de las investigaciones anteriormente sefialadas,
procedemos a exponer nuestras observaciones y determinaciones sobre este
desarrollo seguin propuesto.

a)

b)

d)

No se recomienda intervencién alguna en los terrenos destinados
a ser lotificados y modificados, tanto en su topografia como en su
pendiente, para convertirlos en solares industriales con rasantes
planas y accesibles; esto incluye el terreno que abarca los futuros
solares 14, 15, 16, 17, 18, 19y 20.

Se recomienda que este terreno quede inalterado como una zona de
amortiguamiento o de transicién (buffer zone) que garantice la
estabilidad de la ladera sur, asi como las zonas topograficamente
inferiores dentro de la a ser desarrollada.

Larecomendacion de preservacion o no intervencion del terreno ya
sefalado, incluye el evitar socavar o realizar cortes, mediante la
eliminacion de apoyo lateral al pie de la ladera, que propendan ala
inestabilizacién y futuros deslizamientos. Quierese decir, que el
terreno es propenso a la erosion y deslizamientos si se altera el
angulo de reposo natural de la ladera existente, o sea, el grado de
inclinacion existente. Ya existen indicios de deslizamientos
masivos en la ladera sur de esta misma colina.

Se recomienda, preferiblemente, rellenar y modificar hasta buscar
la rasante final deseada en lotes inferiores, aptos para el desarrollo
deseado, que el proceder a cortar y remover material de ladera en
estos un terreno de suelos profundos e inherentemente inestables.

Los terrenos superiores donde enclavarian los solares industriales
del 14 al 20 no deben despoblarse de su vegetacion. En esta region
de alta precipitacion pluvial (sobre 75 pulgadas de lluvia anual} la
erosion superficial, en estos terrenos, una vez desprovistos de
vegetacion, resultaria ser muy intensa y degradante.

OTRAS RECOMENDACIONES:

c¢) Esrecomendabie se proceda con una nueva realineacion y ubicacion
de los caminos de acceso de manera que se pueda dar el maximo uso y
accesibilidad a los restantes predios a ser desarrollados.

-



d) Estambiénrecomendable traer material de relleno foranec (de afuera
de la finca objeto) para rellenar o emplazar en los lugares requeridos. No
obstante, existen monticulos aislados dentro de la propiedad, que pueden ser
fuente de préstamo a ser complementado con el material traido de afuera.

e) Esta en orden también notar que el material de relleno que se podria
obtener en el lugar, no es el mas idéneo para asegurar una compactacion éptima
bajo los controles normalmente aceptado.

En la figura que se acompafa, se han trazado las dos (2) dreas gue hemos
descifrado como zona sensitiva 0 inestable. Debe procurarse, en todo io posible, gue

las mencionadas areas se mantengan en su estado natural.

f ANALISIS Y COMENTARIOS DE LA SEGUNDA PROPUESTA
PRESENTADA POR LOS PROPONENTES A TENOR CON LAS
RECOMENDACIONES ANTERIORES
Bairoa Development Corp., proponentes del propuesto proyecto, hatenido abien

acoger nuestras determinaciones y recomendaciones anteriormente resefadas.

Luego de una visita adicional al area del proyecto y de discutir nuestras
averiguaciones y recomendaciones presentadas en el referido Informe Preliminar, los
proponentes han procedido a presentar un plan de desarrollo alterno. El nuevo plan
es destacado en €l plano elaborado durante el mes de abril el cual nos ha sido
presentado para nuestros comentarios y recomendaciones: Se incluye dicho plano
como anegjo “B”).

Antes de entrar a evaluar los méritos del nuevo concepto para el propuesto
desarrollo, cabe destacar que también nos han sido entregados por la firma de
geotécnicos, Jaca & Sierra Soil Laberatories, los analisis de laboratorios que les fuera
encomendado.

Los resultados de dichos analisis incluidos en el Anejo “A”, refuerza nuestra

contencidn sobre el hecho de que el material geoldgico existente en los predios
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topograficamente superiores son de pobre 0 dudosa calidad. Esto incluye y se refiere
aque sonsuelos fosiles, desprovistos de sus minerales originales con alto limite liquido,
moderada plasticidad y sujetos a cambios considerable en volumen; o sea son suelos
expansives.

Segun los resultados obtenidos, estos suelos, asegurados en diferentes calas
o perforaciones, caen mayoritariamente dentro de 1a clasificacion como suelos MH Y
ML, segun la clasificacién del U.S.C.S. Impera lo anterior que estos suelos inorganicos
limo-arcillosos, resultan inestables bajo cualquier condicion extrema a los que puedan
ser somefidos por ejemplo, cambio drastico en su angulo de reposo natural, vibraciones
extremas bajo condiciones de saturacion y extrema deforestacion o eliminacion de su
cubierta vegetal al mismo tiempo que se expondrian a lluvias extraordinarias y
prolongadas. En resumen, los resultados de los analisis apoyan nuestras
observaciones y recomendaciones cautelares contenidas en nuestro informe original.

De entrada reiteramos gue nos satisface grandemente la accion tomada por los
proponentes al revisar extensamente el plan original concebido para el desarrolio de la
referida finca. La nueva propuesta para la parcelacion y futuro desarrollc de la finca
en un parque industrial toma en consideracién todos los seflalamientos y
recomendaciones contenidas en nuestro informe original y los expuestos en las
reuniones celebradas tanto con el personal de la firma de geotécnicos como con los
proponentes. Cabe destacar que la consideracion mas prominente discutida,
fundamentada en el potencial de inestabilidad de los terrenos topograficamente
superiores, una vez estos fueran intervenidos, ha sido seriamente considerada vy
adoptada por los proponentes. Esto ha redundado en un cambio total del concepto
original para el desarrollo lo cual volvemos a considerar, por lo que tenemos a bien
enumerar dichos cambios y discutir los mismos a continuacion.
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El concepto original pretendia la parcelacion o lotificacion de ia
finca en treinta (30) predios para usos comerciates-industriales.
Dicho concepto original abarcaba terrenos sumamente
accidentados y de alto relieve dentro de la finca que representaba
considerable riesgo de instabilidad dado el material geoldgico de
pobre calidad que alli aflora. Estas condiciones y sefialamientos,
verificados mediante las pruebas o sondeos del subsuelo y por los

analisis geotecnicos de laboratorio solicitados, (Vease Anejo A),

han sido tomados en serio y considerados por l0s proponentes en

la elaboracion del nuevo concepto para el desarrollo que nos
ocupa. A continuacion se evaltta el nuevo concepto adoptado.

a. De los 30 predios industriales originalmente propuestos,
estos quedaron reducidos a solo trece (13). Esta reduccion
y la nueva distribucion de los predios conlleva un aumento
en cabida para los que ahora han sido deiineados vy
adoptados para el futuro desarrollo.

D. Los predios originales, enumerados del 14 al 20, los cuales
ocupaban ios terrenos mas bruscos en la topografia mas
superior de la finca han sido eliminados tal y como fuera
recomendado. Dicho sector ha sido ahora reservado y
designado como la Parcela “L" con una finca de 11.85
cuerdas, (a mantenerse en su estado natural a
perpetuidad), no se ha presentado plan alguno para el
futuro deéérrollo de estos terrenos por lo que han quedado
como zona de transicién o de amortiguamiento donde no
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se implementard movimientos de ferreno que puedan
impactar adversamente los predios a desarroliarse ladera
abajo.

Una nueva via de acceso ha sido implementada en el
nuevo plan presentado para el desarrollo fo gue contribuye
a dar la mejor accesibilidad vial con el minimo de
movimiento o alteracion del terreno. Este nuevo concepto
vial esta en acorde con nuestras recomendaciones
contenidas en el informe original sometido.

Es de importancia también destacar que aunque no fue
evaluado en nuestro informe original, 10s proponentes han
presentado en su nuevo plan para este desarrollo la
inclusion de una franja de uncs 10 metros de ancho, que
delimita la zona inundable del Rio Bairoa y los predios
numerado 6 al 9 con los cuales colinda por el norte
noroeste. Laimplementacion de esta faja de terreno como
zona de proteccion o zona verde, facilita para la no
intervencion en ia condicidn hidro-dinamica del Rio Bairoa
y su zona de expansion de sus aguas. La importancia en
fijar esta faja de proteccidn radica en el hecho de que los
mencionados predios podran ser acondicionados
mejorados mediante el emptazamiento de relleno selecto,
sin invadir las proximidades de la zona inundable con

sedimentacion foranea.



Il CONCLUSION:

Hemos evaluado el nuevo plan de desarrollo presentado por |0s proponentes
paraeste proyecto el cual toma en consideracion la totalidad de nuestras observaciones
y recomendaciones expuestas en el informe presentado el dia 1ro. de abril de 2008.

Envistade lo anteriormente analizado, recomendamos favorablemente el nuevo
plan trazado segun expuesto en el plano sometido que aqui incluimos como Anejo “B”,
descartandose asi el plano original para este desarrollo, que también incluimos bajo la
Figura Num. 2 y el Anejo "C”.

Respetuosamente sometido, hoy dia 22 de abril de 2008.

MARIO SORIANO RESSY
INGENIERO CONSULTOR
LIC. 3141
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JACA & SIERRATESTING LABORATORIES, INC

BORING NUMBER: 12
PROJECT JOB SHEET 1
DRILLING LOG BAIROA INDUSTRIAL DEV., S688 oF !
LOCATION CAGUAS. PR DRILLER/DRILL RIG: C 1. DIAZ / B-53 7
DESCRIPTION BY R. TORRES DATE HOLE STARTED 2-14-08 COMPLETED 1-14-08
GROUNDWATER (ft.) Initial: Not Found  Finak ELEVATION TOP OF HOLE (mts):
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"N" - Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 Ibs hammer falling 30 in.
"W - Natural Moisture Cantent in percentage of dry weight. ¥ |nitial G.W. Depth

"Qu" - Unconfined Compressive Strength in tons per square foot. ¥ Final G.W. Depth

"Re" - Care recovery in percent for each successive run.  "Rod” - Rock quality designation.

"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

"P" - A "P" in the Unconfined Compressive Strength test indicates the use of the pocket Penstrometer.
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JACA & SIERRA TESTING LABORATORIES, INC

BORING NUMBER: 13
PROJECT JOB SHEET i
[DR'LL'NG LOG[ BAIROA INDUSTRIAL DEV. 6088 lOF |
[LOCATION CAGUAS. PR DRILLER/DRILL RIG: ("] DIAZ / B-53
LDESCRIFTION BY R TORRES DATE HOLE STARTED 2-12-08 COMPLETED 2-12-08
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Light brown sandy silt with some rock Sae | 28 35| 21
1 fragments with relic joints ety %g
1 16
[+]
| 25 .
43 |
- by
] |50 50 14 | | r #
30

L ] 1

L
[

60 —

w i

“N" - Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 [bs hammer falling 30 in.

"W - Natural Moisture Content in percentage of dry weight. 3 [nitisl G.W. Depth
"Qu" - Unconfined Compressive Strength in tons per square fool. ¥ Final G.W. Depth
"Re” - Core recovery in percent for each successive run.  "Rqd” - Rock quality designation.

"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

"P" - A "P"in the Unconfined Compressive Strength test indicates the use of the pocket Penetrometer.
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JACA & SIERRA TESTING LABORATORIES, INC
BORING NUMBER: 14

PROJECT JOB SHEET 1
DRILLING LOG BAIROA INDUSTRIAL DEV. 0688 oF !
LOCATION CAGUAS, PR DRILLER/DRILL RIG: (], DIAZ / B-53
DESCRIPTION BY R. TORRES DATE HOLE STARTED 2-13-08 COMPLETED 2-13-08
GROUNDWATER (ft.) Initial: Not Found  Final: ELEVATION TOP OF HOLE {mts):
TOTAL DEPTH OF HOLE 25 ENGINEER R TORRES
[m] m (,gf) ON Ow & Qu PLfLL
Elev|DEPTH Z 1y SPT u_ 12 3 4
(mts| (feet) DESCRIPTION o - % N | W | Qu [RC |RQD%
0.00 -] NwW20 40 €0 80
w0 . 0 o [ 19 | 12 IS T
{1 Highly weathered hydrothermal weathered 9 40 10 t
1 granitic rock - sandy rock fragments - ——— }g [j
friable granular 1g 71 > L
] | 22 150/ | 6 .
-2.44 l=ag g o ~ 8] £ 26 g & 5
10 1 Grayish hidrothermal weathered granitic %g 50/ 5 \ /
| rock - ilty - 33 "
] powdery silty - dry | B |
26 é;
] 45 o
|so/s"] 36 | 11
. 15 |
15 ej
] 21
_ 25 75 13 . S
20 0 j
| _so | s0 | 10 5 g
]
30
40
50
60

“N" - Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 Ibs hammer falling 30 in.

W - Natural Moisture Content in percentage of dry weight.
"Qu” - Uncenfined Campressive Strength in tons per square foct.

"Re" - Core recovery in percent for each successive run.

% |Initial G.W. Depth
X Final G.wW. Depth

"Rqd" - Rock quality designation.

:\'\I"H" -"Sanpple was recovered by advancing the sampler with the weight of the hammer.
P" - A "P" in the Unconfined Compressive Strength test indicates the use of the pocket Penetrometer.




JACA & SIERRA TESTING LABORATORIES, INC

TR BORING NUMBER: 13
PROJECT JoB SHEET I
. 66
DRILLING LOG BAIROA INDUSTRIAL DEV. 8 oF I
COCATION CAGUAS, PR DRILLER/DRILL RIG: C.[. DIAZ / B-53
DESCRIPTION BY R. TORRES DATEHOLE STARTED 2-13-08 COMPLETED 2-13.08 |
GROUNDWATER (ft.) initial: Not Found = Final: ELEVATION TOP OF HOLE (mts):
TOTAL DEPTH OF HOLE 25! ENGINEER R. TORRES
) 1t (}g’) ON OW aQu PL+LL
Elev|DEPTH g & SPT cu 12 3 a
(mts| {feet) DESCRIPTION 6 7 2N | w | au |re |RQDU
0.00 _J 8|0
5] 0 _ 0 P 2 9 37 | 1.5
{ Brown clay with some sand and small rock 3 16 o5 12,6
-1 22 1. fragments - moist some organic material < g )
L __ 4} 7 17 28
1 Brown - motled gray clayey material with , $ ig 27
,.-. o s
57 4 rock fragments and sand 6 3
EmETE _ S SEEETR o0 | 22 | 27
Grayish mottled brown light silt - relic g
joints and becoming more clayey with 3
4 depth 180 19 29 | 1.7
) 12
5
_ 2 ‘
20 - 1 51 21 1.8

_ 29 rL \)

25 | 65 | 22 |

] [

30

40

50

60

“N” - Number of blows required to drive the sampling spoon a distance of 12 in. wilh a 140 g hammer faliing 30 in.
"W - Natural Moisture Content in percentage of dry weight. ¥ Initial G.W. Depth

"Qu" - Unconfined Compressive Strength in tons per square foot. ¥ Final G.W. Depth

"Re” - Core recovery in percent for each successive run,  "Rgd” - Rock quality designation.

"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

LP" - AP in the Unconfined Compressive Strength test indicates the use of the pocket Penelrometer.




JACA & SIERRA TESTING LABORATORIES, INC
BORING NUMBER: 16

PROJECT JOB SHEET [
DRILLING LOG BAIROA [NDUSTRIAL DEV, oF |
LOCATION CAGUAS, PR DRILLER/DRILL RIG: (1. DIAZ / B-53
DESCRIPTION BY R. TORRES DATEHOLE STARTED 2-13-08 COMPLETED 2-13-08
GROUNDWATER {ft.) Initial: Not Found  Final: ELEVATION TOP OF HOLE {mts):
TOTAL DEPTH OF HOLE 45" ENGINEER R TORRES
o | @ ON OW sdu PLeLL
Elev|DEPTH Z ol 2 | gpT o ! 2 3 s
(mts] (feet) DESCRIPTION o A 2| 'n | w | a |re|rap%
200 Y @ , NWZO 40 60 80
L _ - INE 5 | o | 19 | 4.3 . R
1 Brownish clayey siit with some sand and e 8 50 55 |4 8 &
ironnodules - some organic matter hard - 116 ' 4 |
dry becoming more clayey with depth N 22 53 23 A
SN E 28 |5 2 9.8 Q ~
i 1e 58 9 . P
K PR 24 -
i : 25 | 28 | 35 | 3.0 al
10 B E 24
| 2k 32 /
4.27 ML 296
Yellowish brown silt with some clay - light[ ¥} ¥ 12 24 | 23
relic joints hydrothermally altered - roots k4] i 1
1 oar | e [
20 — Y ] 1| 26 | 19 e
] ol 12 { \
oA v
1 B AR IR IR LI
] [ 1) 18 \ \
g , 1 23 \ \
141 B
30 - o 12 | s | 1 | o 2 - |
4 ¥k /,: 24
| g )
1067 35 WL 13 47 20 ]
1 Yellowish brown highly waethered 29 | .
4 hydrothermally altered rock (granodiorite) B==2=H gg :
40 - turned into material relic joints dry ég 73 15 T 2
| 50 f
| 28 | 78 | 10 | 5 £
i 50
50
60 —
| I

"Re¢™ - Core recovery in percent for each successive run.
"WH" - Sample was recovered by advancing the sampier with the weight of the hammer.
L'P" - A "P" in Ihe Unconfined Compressive Strength test indicates the use of the pocket Penetrometer.

"N" - Number of blows required to drive the sampling spoon a distance of 12 in, with a 140 los hammer falling 30 in.
"W - Natural Moisture Content in percentage of dry weight.

Initial G.W. Depth
"Qu"” - Unconfined Compressive Strength in tons per square foot.

X Final G.W. Depth
"Ragd” - Rock quality designation.




JACA & SIERRATESTING LABORATORIES, INC

BORING NUMBER: 17

PROJECT JOB SHEET |
DRILLING LOG BAIROA INDUSTRIAL DEV. bote OF >
LOCATION CAGUAS, PR DRILLER/DRILL RIG: C.1. DIAZ / B-53
DESCRIPTION BY R. TORRES DATE HOLE STARTED 2-20-08 COMPLETED 2-20-08
GROUNDWATER (ft.) Initial: Not Found  Finalk ELEVATION TOP OF HOLE {mts):
TOTAL DEPTH OF HOLE 70" ENGINEER R. TORRES
a cé) ON OW aQu PLeLL
Elev|DEPTH g 9 SPT au {2 3 4
(mts| (feet) DESCRIPTION o H 2 v | w | a |Rc |RaD%
000 - @ NW20 40 60 80
® 0 . N 3 [13 | 18 | |
i Dark brown topsoeil - clay intermixid with 3 14 18
1.22 1 sand rock fragments - roats pieces of mica [252525 ; A
SRRy, | 13 | 14 | 2.7 ;
d!’y b D i
1 9 S ; 13 | 15 |
4 Brownish sandy silt with spics if mica LD 6 4
10 o some rock fragments dry - becoming MR Z 20 12 T
powdery silt with depth :. oK € .
4 27 14 .: X I' 3’ & &
Yellowish - light gray powdery silt - from || f M 10 | 21| 12 |
hydrothermally altered rock dry - relic FLk|f] 170 \
joints 111 } %g) L
g4 | T
50 — 1111 1|25 | 13 = e |
] kL 11
(LT 2a
¥ Jr ¥
_ 1 ?”(!"! 1l 3e | 13
(141 | =2 l
| (]
T
13 1 =
30 7 iu i i9 i t
i 22 | .
-10.67 7 25 L 10 51 14
4 Light - brown to yellwosih silt 2y %i’ | |
1 hydrothermally altered rock light - dry 4 il f 1
40 - with relic joints turning more whitish and : I} 16 45 15 7 Q
powdery with depth b 22 | \
7l
4 A4 d]
| K| 15 12
| 117 25 | 3? | h!
Jay! 30 \?
111 )
| i 23 7 12
50 11| & 3 j
_ } |
| 7l 4
|11 21 | 71 | 13 &
, HIHE s /
A 1 | [ b
60 11114 33 |50/ | 13 T ‘<
AEAREE n ELTE RN !
| g i f I
phits! 30 [ 80 | 11
4 111 50 ?
A
1l1l1| S 1S

“N" - Nurnber of blows required to drive the sampling spoon a distance of 12 in. with a 140 Ibs hammer falling 30 in.
"W" - Natural Moisture Content in percentage of dry weight. 2 Initial G.W. Depth

"Qu" - Unconfined Compressive Strength in tons per square foot. £ Final GW. Depth

"Re” - Core recovery in percent for each successive run.  "Rad” - Rock quality designaiion.

"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

"8 - AP in the Unconfined Compressive Strength test indicates the use of the pocket Penetrometer.
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JACA & SIERRATESTING LABORATORIES, INC

BORING NuMBER: 17

PROJECT JOB SHEET 2
DRILLING LOG (CONT. SHEET) BAIROA INDUSTRIAL 6688 OF 5
% ul w On Ow S 0u PLHLL
Elev|DEPTH 0 o = 4
(mis] (Feet) DESCRIPTION o kg Qu RC |Rapu——F—+
0.00 = © w20 40 60 89
70 e 5 = =1

80

90

110

120

130 1

140

"N" - Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 Ibs hammer falling 20 in.
“W" - Natural Moisture Content in perceniage of dry weight.
"Qu" - Unconfined Compressive Strength in tons per square foot.

"Re" - Core recovery in percent for each successive cun.
"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

"P" - AP in the Unconfined Compressive Strength test indicates the use of the pocket Penefrometer.

< initial G.W. Depth
X Final GW. Depth
"Rgd" - Rock quality designation.
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' 4 JACA & SIERRATESTING LABORATORIES, INC
i BORING NUMBER: 18
PRQJECT JoB SHEET i
DRILLING LOG BAIROA INDUSTRIAL DEV. bo88 oF 2
LOCATION CAGUAS, PR DRILLER/DRILL RIG: ], DIAZ / B-53
DESCRIPTION BY R. TORRES DATE HOLE STARTED 2-21-08 COMPLETED 22108
GROUNDWATER (ft.) Initial: Not Found  Final: ELEVATION TOP OF HOLE (mts):
TOTAL DEPTH OF HOLE 70 ENGINEER R TORRES
O n g ON OW a0 PL+LL
Elev|DEPTH g By SPT (o TH B S S
(mts| {feet DESCRIPTION o B 29 N | w | au Rc |ReD%
0.00 4 @ N-gﬁ 2]-') alo 6|0 alo
e 0 . . . © 41 13 | 15 | 2.7 T
4 Brownish sandy silt with sandy mineral 5 18 g nRe
content (mica) loose - some organic 181 1 o |27 _E&‘
-1.58 material turning grayish with depth 10 : M |
T\ ee 5.5 8 | 23 14 .
4 Brownish - gray sandy silt cohesive - dry 180 é’ & |
10 - with relic joints - saprolitic material some i1 23 12 —— — -
1 weathered rock fragments hydrothermally ;b-! | i
altered  rock 182 4 é? I
] 11 29 10 2 \
+ 12 | !
8 \ !
. 12 1 \
17 1z R O, S . —
20 o | 7 \ |
] 15 \ |
15 - l
' 10 | 29 | 22 7 %
| 14 .
15 I |
- - - 1
12 | 2 13 . i =
30 i | 2° 1—?—1—
4 Lo H i
i l
1067 e RS e e 11 29 12 E#‘ !
1 Gray to briwnish silt hydrothermally i% | :
1 weathered rock with relic joints a fractures L |
404 - dry miac specs abundant with depth as 12 44 17 - _',—_, i
dry weathered rock fragments 3 f \ :
T ]
1 o g |
17 | 49 | 14 T ,
i 22
27 | |
| , it
_ 1z 7 17 v il
50 27 | : i
_ 30
Brownish - gray powdery silt 22175 14 1 -
hydrothermally weathered rock becoming 40 i e |
sandies with depth relic joints dry L
60 - o 134 ] 19 3.4 e SOSL S
| 20 { \
1 B 12 | 50 | 16 E? >
] 23
27 Yooy
bl ||

2 (nitial G.W. Depth
X Final G.W, Depth
"Rgd" - Rock quality designation.

“N" - Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 lbs hammer falling 30 in,
"W - Naturat Maisture Content in percentage of dry weight,

"Qu" - Unconfined Compressive Strength in tons per square foat.
"Re” - Core recovery in percent for each successive run.
"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.
"P" - A "P" in the Unconfined Comgressive Strength test indicates the use of the pocket Penetrometer.




JACA & SIERRA TESTING LABORATORIES, INC
BORING NUMBER: 18

PROJECT JoB SHEET 2
6688
DRILLING LOG (CONT. SHEET) BAIROA INDUSTRIAL DEY. OF 2
% n o;’) On Ow 8 Qu PLALL
Elev|[OEPTH o o SPT ; 2 4
(mts| (feer) DESCRIPTION & SERS N W au |re |rRaDwR— 3
6.60 - m Nw20_ 4060 80
70 i 2 I IR R
1 [ 16
]
80
90 -
100

120

130

“N" - Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 Ibs hammer falling 30 in.
"W - Natural Moisture Content in percentage of dry weight.
"Qu" - Unconfined Compressive Strength in tons per square foot.

"Re¢" - Core recovery in percent for each successive run.

2 Inltial G.W. Depth
X Final GW. Depth
"Rgd" - Rock quality designation.

"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

"P" - A"P" in the Unconfined Compressive Strength test indicates the use of the pocket Penetrometer.




: % ﬁ _%_ JACA & SIERRA TESTING LABORATORIES, INC

R i BORING NUMBER: 19
' PROJECT JoB SHEET i
DRILLING LOG BAIROA INDUSTRIAL DEV. , OF 2
LOCATION CAGUAS, PR DRILLER/DRILL RIG: (] DIAZ / B-53 .
DESCRIPTION BY R. TORRES DATE HOLE STARTED 2-19-08 COMPLETED 2-19-08
GROUNDWATER (ft.) Initial: Not Found  Final: ELEVATION TOP OF HOLE (mts):
TOTAL DEPTH OF HOLE 70! ENGINEER R. TORRES
=) n (_é) oON OW AQu PL+LL
Elev|DEPTH g Y SPT T I
(mis] (feet) DESCRIPTION o F S| N | w | a |rRe |RoD%
0.00 = @ NwW20 40 80 80
T Y . O[[LER z [ 10 | 21 1]
{1 Dark - brown sandy silt with roots and g 18 50
22 organic matter IHHHE -
1 g 4 ' 180 55 | 14 Ei,;
1 Brownish clayey silt with sand and some ig 18 22 oL
1 rock fragments with frecks of mica slide 12 [
-3.05 _ terial 13 -. =
10 materia 10 . 12 27 _:?_
1 Whitish - gray silt becoming powdery with S i
1 depth moist {saprolite material relic joints g 13 | 28 i
{ present) 7 | i
5
_ : L
20 ; 17 24 1 r
| 7
10 .
I 6 | 18 | 24 T
| 8
10 L
] G
30 - 7 22 260 g
-10.67 i e 35 8 26 27 J
{1 Yellowish brown powdery silt with relic ¥ |
] joints dry - saprolitic material J
-}
10 - e | 22 | 21 —A—
] 13 | \
1 ¢ 29 20 ;. C\}
] 11
18
] Al
b
50 100033 ] 30 | 1.9 ,__ﬁv ==
J 20 /
Do... moist hydrothermally altered 13 32 | 23 ;é 9
saprolitic material 18 |
4 é; y
_ 20 '
60 0 40 22 j
. 20
|
T 13 | 45 | 22 :
] 18
27 /
o | |

"N" - Number of blows required to drive the sampling spocn a distance of 12 in. with a 140 ibs hammer falling 30 in.
"W*" - Natural Moisture Content in percentage of dry weight. £ nitial GW . Deptn

"Qu" - Unconfined Compressive Strength in tons per square foot. X Final GW. Depth

"Re” - Core secovery in percent for each successive run.  "Rqgd” - Rock quatity designation.

"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

"P" - A "P" in the Unconfined Compressive Strenath test indicates the use of the pocket Penetrometer.




% 4 JACA & SIERRA TESTING LABORATORIES, INC
i BORING NUMBER: 19
PROJECT JOB SHEET 2 ‘
66838
DRILLING LOG (CONT. SHEET) BAROA INOUSTRIAL DEY oF 2
g W e 1 ©N Ow  oay PLeLL
Elev|DEPTH o o = | SPT v “
(mis| (feel) DESCRIPTION © A9 N | w | au |RC |RADHE—F——
000 - o 20 40 60 8O
T A IR I I
1 =) |
]
80
d
S0 1
100
]
-
1
.
120
1
130 ﬂ
]
N
140 ]
1 . I R
"N - Number of blows required 1o drive the samgpling spoon a distance of 12 in. with a 140 Ibs harmmer falling 30 in.
"W - Natural Moisture Content in percentage of dry weight. ¥ Initial GW. Depth
"Qu” - Unconfined Compressive Strength in tans per square foot. X Final G.W. Depth
"Rc" - Core recovery in percent for each successive run.  “"Rqd” - Rock quality designation.
"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.
|L"P" - A "P" in the Unconfined Compressive Strength test indicates the use of the pocket Penetrometer.




@ 4 JACA & SIERRATESTING LABORATORIES, INC
R BORING NUMBER: 20
PROJECT JoB SHEET [
DRILLING LOG BAIROA INDUSTRIAL DEV, oo8s L)F R
LOCATION CAGUAS, PR DRILLER/DRILL RIG: C.I. DIAZ / B-53
DESCRIPTION BY R. TORRES DATE HOLE STARTED 1-25-08 COMPLETED 1-25-08
GROUNDWATER (ft.) initial: Not Found  Finak - [ELEVATION TOP OF HOLE (mts):
TOTAL DEPTH OF HOLE 50° ENGINEER R TORRES
o) LJ ug) CH O DW aQu PL>LL
Elev|DEPTRH & 1y SPT o 12 4
(mis| (feet] DESCRIPTION © A 3|~ | w | au rRc |RaD%
0.00 ] NW20 40 60 806
£100 . e oA 3 9 | 25 ] T
Hard reddish laterific silty clay - semi - | ; 4 24 28 | 3.8 : o
plasticity with rock fragments and sandy | 3 ’ £ /
spocks l 11 24 24 :-‘“1 a’/
, 130 26 | 30 | 3.3 it
-2.44 B ] | 9 &
Yellowish - gray silt with relic joints, § AN L B i
10 o .
| dense, turning into silty clay - powdery and I | 31L} ] /
| 9
4 dry L] Le 12 l
& |
l 8 18 24
T | LM 160 .
T 8 1
20 ig 20 23 S |
J 1o |
iQ |
] 7otz |25 T
i1 |
| Q
30 170 24 28 ——
J 14 \
J !
-10.67 33 14 40 26 T
" Whitish - silty clay - powdery highly - t -
{ altered geologic material by hydrothermal '
| fluids dry 8 29 | 28
0 1i N
T 18 ., :
| w | 47 | 22 PR
] 20 \
J 27 ! \
14 | 52 | 21 ﬁj B |
50 25 5 ﬂ% L4 T
] 26 I
1
60
]
|1 | ] a L
"N~ Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 lbs hammer falling 30 in.
"W - Natural Moisture Content in percentage of dry weight. 2 Initial G.W. Depth
"Qu" - Unconfined Compressive Strength in tons per square foct. 2 Final G.W. Depth
"Re” - Core recovery in percent for each successive run.  "Rad” - Rock quality designaiion.
"WH" - Sampie was recovered by advancing the sampler with the weight of the hammer. J
“P" - A"P"in the Unconfined Compressive Strength test indicates the use of the pocket Penetrometer.




o JACA & SIERRATESTING LABORATORIES, INC
S
s BORING NUMBER: 12
PROJECT JOB SHEET [
DRILLING LOG BAIROA INDUSTRIAL DEV. 6688 of )
LOCATION CAGUAS. PR ERILLER!DRILL RIG: (.1 DIAZ/B-53 —l
DESCRIPTION BY R. TORRES DATE HOLE STARTED 2-14-08 COMPLETED 2-14-08
GROUNDWATER (f1.) Initial: Not Found  Final: ELEVATION TOP OF HOLE {mts}):
—_
TOTAL DEPTH OF HOLE 50" ENGINEER R. TORRES
[‘ 0 LLJ (_é} ON OW 5 Qu PL+LL
Elev|DEPTH & N SPT o 1z 3 a4
(mts| (feet) DESCRIPTION © W] 2|~ | w | a |Rc RAD%
009 ] NW20 40 B0 80
oM ) _ === 10 | 42 | 12 |
J Grayish-green hydrothermally altered - 18 50 p of
1 weathered volcanic rock crumbie under = 23 4
] finger pressure ‘ 50 50 5
I 50
T z 50/3" 530,,/ 3 ;
10 50 50 3 1
] |
J i |
j 507371 50/ 2 [ T
—r v 3 "
J | |
20 _‘ Do... more conpetent and hard with depth 50721 50/ 2 I T
{ 2 "
— | |
782 25 E &
4 Greenish volcanic rock highly mineralizedw/ . 2071 5O”/ 1
| s i
IV |
30_/ Y 50/1" 50/ — —‘
J Py 1" 1
S
| v
s o o J50717) 50/
. s S 10
v
j Vv
vy 50/2") 50/ L
o 0
v é
1 I 5071 50/
- / / / 1 Ll
Y
B TV |
| /77 Js0/1t] 50/ ©
50
’__—“ J“— 1 n ’—J’_—_‘
J
1
T
60
LN Numiber of blows reguired ta drive the sampling spoon a distance of 12 in. with a 140 Ibs hammer falling 30 in.
"W - Natural Moisture Content in percentage of dry weight. ¥ Initia) G.W. Depth
"Qu" - Unconfined Compressive Strength in tons per square foot, X Final G.W. Depth
"Re¢” - Core recovery in percent for each successive run.  "Rqd" - Rock quality designation.
"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.
"P* - A "P"in the Unconfined Compressive Strenath test indicates ihe use of the pocket Penetrometer.
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BORING NUMBER: 13 |
PROJECT JOB SHEET 1
‘DR“-L'NG LOG‘ BAIROA INDUSTRIAL DEV. | 0088 oF ;
E_OCATION CAGUAS, PR DRILLERDRILL RIG: (1. DIAZ / B-53
BESCRIPTIDN BY R. TORRES DATE HOLE STARTED 2-12-08 COMPLETED 2-12-08
GROUNDWATER (ft.) Initial: Not Found  Finak: | ELEVATION TOP OF HOLE (mts):
TOTAL DEPTH OF HOLE 25 ENGINEER R TORRES ﬂ
o W ¢
Elev|DEPTH Z SPT
(mts| {iest) DESCRIPTION & A SN | w | au |re |raD%
0.00 |
©4 0 SUATL 2 |10 )18 2.5
061 1. Dark brown organic silty clay / 5
s A > (17 : 12 | 31 |2.2
J Light brown silty clay € 20 29 2.4
4]
. = % 5 | 30 | 13
1 Light brown clayey silt with rock g
fragments with relic joinis 5
104 "o J 12 ] 62 | 20
] 15
15
4,27 — : : 14 _ 19 5
4 Light brown sandy silt with seme rock [g S 4 28 35 1
fragments with relic joints L5 fg
1 % a0l | 16
] SN 2s
; 43

|

A

"N" - Number of biows required to drive the sampling spoon a distance of 12 in. with a 140 ibs hammer falling 30 in.
"W" . Natural Moisture Content in percentage of dry weight.
"Qu" - Unconfined Compressive Strength in tons per square foot.
"Rc” - Core recavery in percent far each successive run.
"WH" - Sample was recovered by advancing the sampler with the waight of the hammer.

P - AP"inthe Unconfined Compressive Strength test indicates the use of the pockel Penetrometer,

¥ initial G.W. Depth
X Final G.W. Depth

"Rag” - Reck quality designation.
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_ JACA & SIERRATESTING LABORATORIES, INC

"Rc” - Cora recovery in percent for each successive run,  "Rqd” - Rock quality designation.
"WH" - Sample was recovered by advancing the sampler with the weight of the hamrer.

“P" - A"P"in the Unconfined Compressive Strength test indicates the use of the pockel Penetrometer.

g BORING NUMBER: 14
PROJECT JOB SHEET 1
DRILLING LOG BAIROA INDUSTRIAL DEV. 6688 oF 1
LOCATION CAGUAS, PR DRILLER/DRILL RIG: O] DIAZ / B-53
DESCRIPTION BY R TORRES DATE HOLE STARTED 2-13-03 COMPLETED 2-13-08
GROUNDWATER (ft.) Initial: Not Found  Final: ELEVATION TOP OF HOLE (mts):
TOTAL DEPTH OF HOLE 75 ENGINEER R TORRES
! % n g ON CW &Qu PLALL
Elev|[DEPTH i SPT (ST B S M
(mts! (feet) DESCRIPTION 3 &3 N ol w | au R RQD%F
0.00 Y @ NW2D 40 60 80
L . 0 s [ 19 | 12 ; T
{ Highly weathered hydrothermal weathered 3 40 10 n)
1 granitic rock - sandy rock fragments - f ;g d
friable granular g 18 7 5 L
| 22 150/ 6 -
-2.44 8 +- %2 qn 4
Grayish hidrothermal weathered granitic 35 | 50/ > 1 /
10 - . f
J rock - powdery silty - dry — 503/34 X | /
26 t;
. —— 45 ..
sosse| 36 | L ‘
i 15 |
— 15
J 21 i
_ 25 | 75 | 13 r .2
20 50 | /
r£ s
| |_50 50J_ 10 Ml a4
30
40 q
50 —
G0
|
"N" - Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 Ibs hammer falling 30 in.
"W - Natural Moisture Content in percentage of dry waight. Z Initial GW. Depth
"Qu” - Unconfined Compressive Strength in tons per square foot. £ Final GW. Depth




JACA & SIERRA TESTING LABORATORIES, INC
_ BORING NUMBER: 15
PROJECT JOB SHEET 1
DRILLING LOG BAIROA INDUSTRIAL DEV. 6688 oF |
LOCATION CAGUAS. PR DRILLER/DRILL RIG: C.[. DIAZ / B-53
DESCRIPTION BY R. TORRES DATE HOLE STARTED 2-13-08 COMPLETED 2-13-08
GROUNDWATER (ft.) Initial: Not Found  Final: ELEVATION TOP OF HOLE (mts):
TOTAL DEPTH OF HOLE 25 ENGINEER R. TORRES
a Lj (,go ON DW AQu  PLell
Elev|DEPTH & o SPT cw 12 3 a4
(mits| (feet) DESCRIPTION o H S '~ | w | au |rc (RODW
000 v o NW20 40 6|0 soF
w0 VI 2 37 1.5 71
| Brown clay with some sand and small rock 3 196 o5 | 2.8 of !
122 fragments - moist some organic material 6 )
R 8 ; § ] 17 | 28 o & !
Brown - motled gray clayey material with g 18 | 27 S ’Jﬂ /
274 { rock fragments and sand 3 [
10 - : . : — = ? | 22 | 27 S T
Grayish mottled brown light silt - relic g I
joints and becoming more clayey with 3 [ Af
i 8 tnl
depth 10 19 29 | 1.7 Q\
] 12 N,
| b 5 f \D
— 11 51 21 1.8 _i (k_ Vo
20 1 5 ._
] ; 22 | \
29 |
1 25 | 65 | 22 . O S

101

50

60 —f
N Number of blows required 1o drive the sampling spoon a distance of 12 in. with a 140 Ibs hammer faliing 30 in.
"W‘ - Natural ‘Moisture Content in percentage of dry weight. 2 Initial G.W, Depth
Qu" - Unconfined Compressive Strength in tons per square foot, X Final G.W. Depth

:'Rc" - Core recovery in percent for each successive run.  "Rqd” - Rock quality designation.
WH - Sarpple was recovered by advancing the sampler with the weight of the hammer,
P - A "P" in the Unconfined Compressive Strength test indicates the use of the pocket Penetrameter.
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JACA & SIERRATESTING LABORATORIES, INC

Rl BORING NUMBER: 16
PROJECT JOoB SHEET [
DRILLING LOG BAIROA INDUSTRIAL DEV. ooss OF 1
LOCATION CAGUAS, PR DRI.LER/DRILLRIG: (1. DIAZ / B-53
DESCRIPTION BY R. TORRES DATE HOLE STARTED 2-13-08 COMPLETED 2-13-08
GROUNDWATER ({ft.) initial: Not Found _ Final: ELEVATION TOP OF HOLE {mts):
TOTAL DEPTH OF HOLE 45 ENGINEER R. TORRES
‘} ] LA %} N ow 4 Qu PL+LL
Elev|DEPTH & 9 SPT o )2 3 4
(mts| (feet) DESCRIPTION o F 3w | w | a |[rc ROD%
0.00 o MNW2G 40 60 B0
%10 ‘ L EHE € | 9 | 19 [4.3 [
| Brownish clayey silt with some sand and 8 e | 22 |43 =) %
ironnodules - some organic matter hard - 16 ' & |
dry becoming more clayey with depth 22 53 43 A
0] 58 | 29 | 4.8 t? -
A 24 - -
| 29 | 28 | 35 | 3.0 e
10 24 /
i : 32 /
4327 4] : 286 %
Yellowish brown silt with some clay - light{}} 12 | 24| 23
relic joints hydrothermally altered - roots 176 |
1 g 10
Y 14 26 19 #l Q
20 7 y \
] 12 [y
14 A\
- 4 N
12 41 13
i 18
23 \
30 12 | 50 | 19 P 7
i 24
30,67 7 . 35 13 457 20 s
1 Yellowish brown highly waethered = ég |
| hydrothermally altered rock (granodiorite) L
turned into material relic joints dry 13 | 73 | 15 % ? |
40 23
. 50 !
7 26 | 78 | 10 : -
] 50 _y ’
50
60
L |

"N" - Number of blows required to drive the sampling spoon a distance of 12 in. with & 140 Ibs hammer falling 30 in.
"W - Natural Moisture Contentt in percentage of dry weight. i Ipitial G.W. Depth

"Qu" - Unconfined Compressive Strength in tons per square foot. X Final G.W. Depth

“Re” - Core recovery in percent for each successive run.  "Rgd” - Rock quality designation,

"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

P - A"P" in the Unconfined Compressive Strenqgth test indicates the use of the pocket Penetrometer.
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JACA & SIERRA TESTING LABORATORIES, INC
BORING NUMBER: 17

PROJECT JOB SHEET 1
DRILLING LOG BAIROA INDUSTRIAL DEV. 6688 oF 2
LOCATION CAGUAS. PR DRILLER/DRILL RIG: C | DIAZ/ B-53
DESGRIPTION BY R. TORRES DATE HOLE STARTED 2-20-08 COMPLETED 2-20-08
GROUNDWATER (ft.) Initlal: Not Found _ Final: ELEVATION TOP OF HOLE (mts}:
TOTAL DEPTH OF HOLE 70 ENGINEER R. TORRES
% I og’) ON DW & Qu PLeLL
Elev/DEPTH G ™ SPT cu § 2 3 9
(s (feet) DESCRIPTION o H S N | w | a [rRe |raD%
0.00 ] NW2Q 40 60 80
€0 C 0% 3 13
{ Dark brown topsoil - clay intermixid with 6 14 ig l I |
-1.22 sand rock fragments - roots pieces of mica PA752S ; o
ORI 13 | 124 | 2.7 ;
dry "] 7
a :>§<§j ¥ 1| 13| s
4 Brownish sandy siit with spics if mica Pt 6
10 - seme rock fragments dry - becoming ><>;<>>§°:<' - 7 20 | 12 Clr—=
| powdery silt with depth DBl :
Kx><,< 7 |
4,27 14 [PORDE -
T ol R IFIFTH] 21 | 12 Y
| Yellowish - light gray powdery silt - from L 10
hydrothermally altered rock dry - relic J! )fu [ ]70 !
1 joints 11111 10 5 &
Kol ¥ ¢
50 - ”'i iy | zs | s AL SO
] | ‘ k 11 ‘
HEd \
| 11311 11 34 | 13
_ FAEAL 14
Fardpe 20 [
- AL A
i ’ 13 | 41 | 11 é; ' ]
30 %i,[ 15 ‘%
| 1| 22
to067] T ——=_ 3s |11 10 | 51 | 14 T @
1 Light - brown to yellwosih sift j '1 gcl) |
] hydrothermally altered rock light - dry £ 'r‘i _ '
40 -| Wwith relic joints turning more whitish and ? 16 | 45 | 15 . . 2
powdery with depth v g% |
yavy: ! \
] i Ao ] ss | 12 7 <4
] LA 23
Fl 30 | \
. ¥l i i/. EI_ A'-\
1 £ 23 7 12 P o]
50 PP % 50 3 f
7 T 2 | 91 | s P £
] { ke 50 /‘
. i T | /
50 (117|933 |50/ | 13 | T <
| .I..": i 3073 3"
] 1111
U 30 | 8o | 12 T
] (1117 50
| ¥ i
WY al 11|

"N" - Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 lbs hammer falling 30 in.
"W . Natural Moisture Content in percentage of dry weight. £ Initial G.W. Depth

"Qu” - Unconfined Cornpressive Strength in tons per square foot, ¥ Final G.W. Depth

"Re” - Core recovery in percent for each successive run.  "Raqd" - Rock quality designation.

"WH" - Sampie was recovered by advancing the samgpler with the weight of the hammer.

"P" - A "P" in the Unconfined Compressive Strength test indicates the use of the pocket Penetrometer.
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JACA & SIERRA TESTING LABORATORIES, INC
BORING NUMBER: 17

PROJECT JOoB 5688 SHEET 2
DRILLING LOG (CONT. SHEET) AROA NOUSTRIAL DEY o .
% TR O B 8 Qu PLLL
Elev.DEPTH & = SPT . 4
(mts| {fest) DESCRIFTION ¢ M S| 'N | w | au|rc |RoDpE—t——
0.00 - @ ww20 40 6080
70 P 50 | 50 | 11 T 1
80 -
90

"N" - Number of blows requited to drive the sampling spoon a distance of 12 in. with a 140 los hammer falling 30 in.
"W" - Natural Moisture Content in percentage of dry weight. < Initial G.W . Depth

"Qu” - Uncontined Compressive Strength in tons per square foot. < Final GW. Depth

"Rc” - Core recovery in percent for each successive run.  "Rqd” - Rock quality designation.

"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

“P" - A "P" in the Unconfined Compressive Strenqth test indicates the use of the pocket Penetrometer.




JACA & SIERRA TESTING LABORATORIES, INC

R BORING NUMBER: 18
PROJECT JOB SHEET 1

DRILLING LOG BAIROA [NDUSTRIAL DEV. 6688 oF 2

LOCATION CAGUAS, PR DRILLER/DRILL RIG: C.1. DIAZ / B-53

DESCRIPTION BY R. TORRES DATE HOLE STARTED 2-21-0% COMPLETED 22103

GROUNDWATER (ft.) Tnitial: Not Found  Final: ELEVATION TOP OF HOLE (mts):

TOTAL DEPTH OF HOLE 00 ENGINEER R TORRES

N g ON OW aQu PL-LL

Eiev|DEPTH & N SPT ow 12 3 4

(mis| (feey DESCRIPTION @A 2| N | w/|a|re|raow

0.00 =) N-W 20 4|0 Lfso Blo
20 0 _ SR 4 1 15 | 2.7
1 Brownish sandy silt with sandy mineral } i 5 l; 5 n | | |
content (mica) loose - some organic §|;5 B _’51 Y 4
-1.68 malerial turning grayish with depth :‘H-_ : i) 21 U h‘ 4
T 5.5 8 23 | 14 T !
1 Brownish - gray sandy silt cohesive - dry = |4 180 ﬁg ‘I
10 - with relic joints - saprolitic material some [ 11 23 12 L. <? ___"—
weathered rock fragments hydrothermaily [ 5 181 1
altered rock b, 12 | |
] B0 d 0
X A | 29 | 10 % !
h 12 i |
8 L |
12 l
17
20 i RS EECI K | a —
| X |15 \ \
] 7 15 .l l
w0 | 29 | 22 75 ‘
4 14 ;
15 \
. I
12 i l
30 ‘{ 14 29 13 . | )
- 15 !
-10.67 b 35 11 29 12 # “
1 Gray to briwnish silt hydrothermally = | ‘
] weathered rock with relic joints a fractures \
4o | - drymiac specs abundant with depth as 12 | 44 | 17 Bl =R,
| dry weathered rock fragments ; |
I 17 | 49 | 14 o '
i 22 L
27 | _
. 12 7| 17 Aeﬁ_ Q
50 35 5 e
| 30 I \

16.46 1 54 ) [%] TR
Brownish - gray powdery silt 3; 75| 14 A
hydrothermally weathered rock becoming 40 \ |
sandies with depth relic joints dry L |

60 — £ 34 19 | 3.4 ]
2 I
| 13 1 50 | 16 ﬁ
23
21 Vo
bl 1|

“N" - Number of blows required to drive the sampling spoon a distance of 12 in.

"W - Natural Moisture Content in percentage of dry weight.
"Qu” - Unconfined Compressive Strength in tons per square foot.

"Rc” - Core recovery in percent for each successive run.

"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

“P" - A"P" in the Unconfined Compressive Strength test indicates the use of the pocket Penetrometer.

with a 140 Ibs hammar falling 30 in,
¥ Initial GW. Depth
% Final GW. Depth
"Rgd" - Rock quality designation.




JACA & SIERRA TESTING LABORATORIES, INC
BORING NUMBER: 18

PROJECT JOB SHEET 7
5688
DRILLING LOG {(CONT. SHEET) BAIRGA INDUSTRIAL DEV. OF 5
g " 2 On Ow 4 0ou PLeLL
Elev|DEPTH | a8 SPT 1 2 4
(mts| (feet DESCRIPTION 6o 9| N | w | a rc|RODWEAH—F—
0.00 - = Nw20 40 60 80
T 3 37 X - T T T
70 ) RN LN A
- e |
80
S0
100

120 -

130

140

“N" - Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 Ibs hammer falling 30 in.
"W" - Natural Moisture Content in percentage of dry weight. # nitial G.W. Depth

"Qu" - Uncanfined Compressive Strength in tons per square foot. X Final G.W. Depth

“Re” - Core recavery in percent for each successive run.  "Rgd" - Rock quality designation.

"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

"P" - A"P" in the Unconfined Compressive Strength test indicates the use of the pockel Penetrometer.
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JACA & SIERRATESTING LABORATORIES, INC

BORING NUMBER: 19
PROJECT JOB SHEET 1
6688
DRILLING LOG BAIROA INDUSTRIAL DEV. oF 2
LOCATION CAGUAS, PR DRILLER/DRILL RIG: ([ DIAZ / B-53
DESCRIPTION BY R TORRES DATE HOLE STARTED 2-19-08 COMPLETED 2-19-08
GROUNDWATER (ft.) iniial: Not Found  Final: ELEVATION TOP OF HOLE (mts):
TOTAL DEPTH OF HOLE 70" ENGINEER R. TORRES
a | ug) ON OW AQu  PLeLL
Elev|DEPTH g 9 SPT o 12 3 4
(mts] (feet) DESCRIPTION ©H 2 N | w | o |rc ROD%
0.00 4 NW20 40 60 80
W00 o o 2 [ 1o | 21 |
4 Dark - brown sandy silt with roots and g 18 20
1.22 organic matter
5 ] 4 Y | 25 | 14 q
1 Brownish clayey silt with sand and some io 18 27 ﬁ
4 rock fragments with frecks of mica slide }2
3 ; 13 | JE— ]
3050 1 - material Lo 5 12 | 27 ]
Whitish - gray silt becoming powdery with 3 |
1 depth moist {saprolite material relic joints g 13 28 o %
1 present) 7 |
5
| 2 Ld
7 7 | 24 Py
20 A A =
4 ? ‘
10 |
| 6 | 18 | 24 T
] : i
10 |
] ¥
s
- 7 22 26 L I ===
30 10
] 12
-10.67 1 == 35 g 26 27 &)
1 Yellowish brown powdery silt with relic %g [
joints dry - saprolitic material ‘
- g | 22 | 21 B
40 ; -
i 13 y
!
8 29 20 2
| 11 :
18
50 10| 33 | 30 1.9 | e
13 |
- 20 [ ]
Do... moist hydrothermally altered 132 23 2S
saprolitic material 1B
| \
é ~,
- 20 4 22 - L e
60 20 o
] 13 | 45 | 22 4“ -
4 18
27 /
o | |

"N” - Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 lbs hammer falling 30 in.
Initial G.W. Depth
¥ Final G.W. Depth

"W" - Natural Moisture Content in percentage of dry weight.
"Qu" - Unconfined Compressive Strength in tons per square foct.

"Re” - Core recovery in percent for each successive run,  "Rgd” - Rock quality designation.
"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

"P" - A"P"in the Uncenfined Compressive Strength test indicates the use of the pocket Penetrometer.




T 4 i JACA & SIERRA TESTING LABORATORIES, INC
B BORING NUMBER: 19

PROJECT JOB SHEET 2
6688
DRILLING LOG (CONT. SHEET) BAIROA INDUSTRIAL DEY. OF 5
% uj 7, N Pw Aoy PLeLL
Elev |DEPTH g | = SPT i ’ 4
(mis| (feet) DESCRIPTION © 8 N | w | au |[rRe RaDHE——F—F—
0.00 - o W20 40 50 s
o — 32 — 19 . T T T p—
70 et [ B
: 50 |
80
90 -
i
100

110

120

130 -

I I

“N” - Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 lbs hammer falling 30 in.
"W - Natural Moisture Content in percentage of dry weight. < initial G.W . Depth

"Qu" - Unconfined Compressive Strength in tons per square foot. ¥ Final G.W. Depth

"Re” - Core recovery in percent for each successive run.  "Rad” - Rock quality designation.

"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

"P" - A"P" in the Unconfined Compressive Strength test indicates the use of the pocket Penetrometer.
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JACA & SIERRA TESTING LABORATORIES, INC
BORING NUMBER: 20

PROJECT JOB 6688 SHEET I
DRILLING LOG BAIROA INDUSTRIAL DEV. oF |
LOCATION CAGUAS, PR DRILLER/DRILL RIG: C 1. DIAZ / B-33
DESCRIPTION BY R. TORRES DATEHOLE STARTED 1-25-08 COMPLETED 1-25-08
GROUNDWATER (ft.) Initial: Not Found  Final: ELEVATION TOP OF HOLE (mts):
TOTAL DEPTH OF HOLE 30° ENGINEER R TORRES
T
o og’) | ON OW alu  PLeLL
Elev|DEPTH & | SPT R S S
(mis| {feet) DESCRIFTION aH 3 N | w | au |rc |RaDw
0.00 — @ NW20 40 60 8O
e 0 . o 0} 31 9 [ 25 \I;‘j; 1
1 Hard reddish laterific silty clay - semi - 4 y 28 | 3.8 A
plasticity with rock fragments and sandy ¥/ / ? ) E; j/
spocks ‘ 11 24 24 r ;
- 13 1 26 | 30 | 3.3 /dF’
-2.44 8 \ 9 g
Yellowish - gray silt with relic joints, [ %g 18 29 | |
10 4 dense, turning into silty clay - powdery and %i
| dry ; 12 1
1 |18 | 24 ?
N | 10 i
Al 6 |
A | . |
| 8|
20 4 il o | 0] 23 [
i | 10 [
10
l | 7021 | 28 T
] 10
11
30 — A 7| 24| 28 I
, I 14 I
|
1087 i 3504 A 14 40 26 LJE
1 Whitish - silty clay - powdery highly - r” AV 20 |
] altered geologic material by hydrothermal | A 1/
fluids dr 1 g ) _
40 Y yoe | 29 | 28 ‘
1 | 18 | x
i | 0 | 47 | 22 [,5
4 20
, W 27 |
] b o
14 2 21 —|
>0 L 26
] i6
60
[

"N" - Number of blows required to drive the sampling spoon a distance of 12 in. with a 140 los hammer falling 30 in.
"W" - Natural Moisture Content in percentage of dry weight. ¥ Initial G.W. Depth

"Qu” - Unconfined Compressive Strength in tons per square foot. Z Final G.W. Depth

"Re” - Core recovery in percent for each successive run.  "Rgd” - Rock quality designation.

"WH" - Sample was recovered by advancing the sampler with the weight of the hammer.

"P" - A"P” in the Unconfined Compressive Strenath test indicates the use of the pocket Penetrameter.
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JACA & SIERRA

Testing Laboratories,

nc.

Geotechnical

April 2, 2008

EMPRESAS VRM INC.
P.O. BOX 20868
SAN JUAN, PR 00928

SUBJECT:

Project

Samples Secured and Transported by
Location of Sample

Standard Test Methods Used

Tests Results

A. Sample ID

P.V.C. Test Resuits {FHA No. 595)

Swell Index
PV.C.
Category

Sampie 1D
P.V.C. Test Results (FHA No. 595)

Swell Index
PV.C.
Category

Sample ID
P.V.C. Test Results (FHA No. 595)

Swell Index
P.V.C.

Category

Engineers

P.V.C. TEST RESULTS

Caguas Millennium Industrial Dev.
Jaca & Sierra Testing Laboratories
Project Site

FHA No. 595

Sample 1. Boring 20 (0 @ 7.5 ft)

7467.9 psf
+7.70
Very Critical

Sample 2: Boring 20 (39.0 ft @ 50.5 ft)

2987.2 psf
3.70
Marginal

Sample 3: Boring 18 (0 @ 7.5 ft)

26553 psf
3.25
Marginal

PO Box 3637116, San Juan, PR 009836-31156

Road 850 Km 0.2 Las Cuevas Ward, Trujillo Alto, PR 00978

® 787-761-2570

B 787-748-6970 ‘& www.jacasierra.com



Page 2 of 3
Empresas VRM Inc.
P.V.C. Test Results
April 2, 2008

D. Sampie ID : Sample 4: Boring 18 (44.0 ft @ 60.5 ft)

P.V.C. Test Results (FHA No. 595)

Swell Index ; 1825.5 psf
PV.C. : 2.15
Category : Marginal
E. Sample ID : Sample 5: Boring 18 (9.0 ft @ 25.5 ft)

P.V.C. Test Results (FHA No. 595)

Swell index X 1161.7 psf
PV.C. ; 1.30
Category ; Non - Critical
F. Sample ID : Sample 6: Boring 19 (39.0 ft @ 55.5 ft)

P.V.C. Test Results (FHA No. 595)

Swell Index : 2157 .4 psf
PV.C X 2.60
Category : Marginal
G. Sample ID : Sample 7: Boring 20 (3.0 ft @ 25.5 ft)

P.V.C. Test Results (FHA No. 595}

Swell Index : 4314 .8 psf
PV.C ; 5.50
Category ; Critical
H. Sampie ID : Sample 8: Boring 19 (14.0 ft @ 30.5 ft)

P.V.C. Test Results {FHA No. 595)

Swell Index : 2821.2 psf
P.V.C. ; 3.70
Category : Marginal

Jaca & Sierra Testing Laboratories, Inc.
® 787-761-2570 & 787-748-5970 ‘b www.jacasierra.com



Page 3 of 3
Empresas VRM Inc.
P.V.C. Test Resuits
April 2, 2008

L Sample ID : Sample 9: Boring 19 (2.0 ft @ 10.5 ft)

P.V.C. Test Results (FHA No. 595)

Swell Index : 4314 .8 psf
PV.C. ; 5.50
Category : Critical

Respectfuily submitted,

ﬂi?& Sif; TESTING LABORATORIES

EDWIN GUTIERR ORRES, E.L.T.
LABORATORY ENGINEER

Jaca & Sierra Testing Laboratories. Inc.
® 787-761-2570 B 787-748-6970 B www,jacasierra.cam
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111 JACA & SIERRA
ooy Testing Laboratories, fnc.
Gectechnical Engineers

April 9, 2008

EMPRESAS V.R.M.
PO BOX 20868
SAN JUAN, PR 00928

SUBJECT

Project

Samples Secured and Transported by
Source of Samples

Date of Receipt of Test Samples
Dates Tests were Performed
Standard Test Methods Used

Tests Results
Sample Description

CLASSIFICATION TEST RESULTS

Caguas Millennium Industrial Dev -
Caguas, PR

Jaca & Sierra Testing Labs.
Project Site-Caguas, PR

Bo. 19 (2' @ 10-6")

April 1, 2008

April 2 to 9, 2008

AASHTO M 145, ASTM D 3282
ASTM D 2487

Pale brown, clayey silt some sand trace gravel.

A. Classification Test Results (ASTM D 2487, ASTM D 3282 and AASHTO M 145)

USCS Classification
AASHTOQO Classification

Respectfully submitted,

JACA & SIERRA TESTING LABORATORIES
—apino L Guntou

LISELLE VEGA CORTES, MSCE, EIT

ML
A-4

PO Box 363116, San Juan, PR 00936-3116
Road B50 Km 0.2 Las Cuevas Ward, Trujlilo Alto, PR 00978
® 787-761-2570 & 787-748.6970 “ www.jacasierra.com

sm



Particle Size Distribution Report

11142 in

100

90

30

W

60

50

PERCENT FINER

40

30

20011

1,

34 in,
<-4 Aezin

348in

#40
- |n60
---|#100

2 g
3 = g

GRAIN SIZE - mm

% COBBLES % GRAVEL % SAND % SILT | w%cLay
0.0 7.1 16.7 76.2
SIEVE PERCENT | SPEC. PASS? Materiai Description
SIZE FINER | PERCENT | (X=NO) Pale brown, clayey silt some sand Lrace gravel
5in. 100.0
37500, 97.1
#4 92.9
mg gg; Atterberg Limits
4100 793 PL= 30 LL= 40 Pi= 10
#200 76.2 Coefficients
Dgs= 0.770 Deo= Dsp=
D3p= D45= 040=
Cu= Ce=
Classification
USCS= ML AASHTO= A-4(8)
Remarks
Tested by: S.Perez
Checked by: Liselle Vega Cortes, MSCE, EIT
— (DA M Tk
) specification provided}
Sample No.: Bo. 19 Source of Sample: Project Site Date: 4/03/08
Location: Caguas, PR Elev./Depth: (2'@ 10-6")

JACA & SIERRA
TESTING LABORATORIES

Client: Empresas V.R.M.

Project No:

Project: Caguas Miltenium Industrial Dev.-Caguas, PR

Figure




.1y JACA & SIERRA
ol A S Testing Laboratories, Inc.
_1" HUW mwl Geotechnical Engineers

11

April 9, 2008

EMPRESAS V.R.M.
PO BOX 20868
SAN JUAN, PR 00928

SUBJECT : CLASSIFICATION TEST RESULTS

Project : Caguas Millennium Industrial Dev.-
Caguas, PR

Samples Secured and Transported by : Jaca & Sierra Testing Labs.

Source of Samples ; Project Site-Caguas, PR
Bo. 18 (9' @ 25'-6")

Date of Receipt of Test Samples : April 1, 2008

Dates Tests were Performed : April 2t0 9, 2008

Standard Test Methods Used : AASHTO M 145, ASTM D 3282
ASTM D 2487

Tests Results
Sample Description : Pinkish white, lean clay with sand trace
gravel and silt.

A, Classification Test Results (ASTM D 2487, ASTM D 3282 and AASHTO M 145)
USCS Classification : CL
AASHTO Classification ) A-4

Respectfully submitted,

JACA & SIERRA TESTING LABORATORIES
B GIIENS7I/NG SIS oW

LISELLE VEGA CORTES, MSCE, EIT

PO Box 363116, S§an Juan, PR 008%36-3116
Roacd B850 Km 0.2 Las Cuevas Ward, Trujille Alto, PR 00976
® 787-761-2570 & 7B7-748-6970 N www. jacasierra.com

smM



Particle Size Distribution Report

£ .
3 £ c = cf E 5 =] 2 g @ o S_ g :g:‘
@ S D | 3 % Y 4 % = = U
100 ] : T T I TN | : ] it
| i ’ ; 1 A
; I} Lo
o — Hie SRR

| I : __I."l |
T EHTTET H
| 5 ‘ L E g
80— —H } - ’|r
|

70

Y SR B
T

PERCENT FINER
—
1

anf

30 k| - :,_.:..A

20 | - ' ‘ ;l'.._ :_....

10

I|I|[\' -

:
500

3
GRAIN SIZE - mm

% COBBLES % GRAVEL

Il

% SAND % CLAY

0.0 2.7

38.3

SPEC."
PERCENT

SIEVE
SIZE

PERCENT

FINER

Sin, 100.0
375 in. 96.6
H#4 97.3

#10 91.9
#40 80.9
#100 69.4
#200 59.0

PASS?
(X=NO)

Material Description
Pinkish white, lean clay with sand trace grave! and silt

Atterberg Limits
LL= 32

PL= 23 Pl= 9

Coefficients
Dgg= 0.0799

D1s=
Ce=

Dgs= 0.713

Dap=
Cu=

D5p=
D4g=

Classification

UsSCS= CL AASHTO=  A-4(3)

Remarks
Tested by: 5.Perez-S.Martinez
Checked by: Liselle Vega Cortes, MSCE, EIT

* (no specification provided)

Bo. 18
Caguas, PR

Sampile No.:
Location:

Source of Sample:

Date:
Elev./Depth:

Project Site 4/02/08

JACA & SIERRA
TESTING LABORATORIES |

Client:
Project:

Project No:

Empresas V.R.M.
Caguas Millenium Industrial Dev.-Caguas, PR

Figure

0.001

(9@ 25-6")




JACA & SIERRA

Testing L.aboratories, Inc.
Geotechnical Engineers

April 9, 2008

EMPRESAS V.R.M.
PO BOX 20868
SAN JUAN, PR 00928

SUBJECT : CLASSIFICATION TEST RESULTS

Project ; Caguas Millennium Industrial Dev.-
Caguas, PR

Samples Secured and Transported by ; Jaca & Sierra Testing Labs.

Source of Samples : Project Site-Caguas, PR
Bo. 18 (44' @ 60'-6")

Date of Receipt of Test Samples ; April 1, 2008

Dates Tests were Performed : April 2 to 9, 2008

Standard Test Methods Used ; AASHTC M 145, ASTM D 3282
ASTM D 2487

Tests Results
Sample Description : Pink, lean clay with sand trace gravel.

A, Classification Test Results (ASTM D 2487, ASTM D 3282 and AASHTO M 145)
WUSCS Classification : CL
AASHTO Classification : A-6

Respectfully submitted,
JACA & SIERRA TESTING LABORATORIES
fo)vU&Luw\&Q,Lu:u

LISELLE VEGA CORTES, MSCE, EIT

PC Box 363145, San Juan. PR 00936-3116
Road B50 Km 0.2 Las Cuevas Ward, Trujille Alio, PR 008756
® 787-7651-2570 & 787-748-6970 ‘N www. jacasierra.com

sm



Particle Size Distribution
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500 100 10 1 0.1 0.0 0.004
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % ST \ % CLAY
0.0 6.5 35.6 57.9
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT | (X=NO) Pink, lean ctay with sand trace gravel.
[in. 100.0
75 0n. 98.0
Sin. 97.1
375 . ggg Atterberg Limits
zlo 873 PL= 22 LL= 33 PI= 11
40 78.3 P
N e
4200 57.9 85= I 60= 0- 50
D30= D15= D10=
Cu= CC=
UsCs= CL AASHTO=  A-6(4)
Remarks
Tested by: S.Perez-S. Martinez
Checked by: Liselle Vega Cortes, MSCE, EIT
_ (U Al T
{no specification provided)
Sample No.: Bo. 18 Source of Sample: Project Site Date: 4/03/08
Location: Caguas, PR Elev./Depth: (44' @ 60-6"
Client: Empresas V.R.M.
JACA & SIERRA Project: Caguas Miltlenium Industrial Dev.-Caguas, PR
TESTING LABORATORIES , , ,
Project No: Figure




|
i z . JACA & SIERRA
VN Testing lLaboratories, Inc.
B el g Geotechnical Engineers

i -I:I: [ l:" “ 1111

April 9, 2008

EMPRESAS V.R.M.
PO BOX 20868
SAN JUAN, PR 00928

SUBJECT : CLASSIFICATION TEST RESULTS

Project

Samples Secured and Transported by
Source of Samples

Date of Receipt of Test Samples
Dates Tests were Performed
Standard Test Methods Used

Tests Results
Sample Description

Caguas Miilennium Industrial Dev .-
Caguas, PR

Jaca & Sierra Testing Labs.
Project Site-Caguas, PR

Bo. 18 (0 @ 7'-6")

April 1, 2008

April 2 to 9, 2008

AASHTO M 145, ASTM D 3282
ASTM D 2487

Pale brown, fean clay with sand trace gravel.

A, Ciassification Test Results (ASTM D 2487, ASTM D 3282 and AASHTO M 145)

USCS Classification
AASHTO Classification

Respectfully submitted,
JACA & SIERRA TESTING LABORATORIES

__(asaepOuatu

LISELLE VEGA CORTES, MSCE, EIT

sm

cL
A-4

PO Box 363116, San Juan, PR 00936-3116
Road B850 ¥m 0.2 Las Cuvevas Ward. Trujillo Allo, PR 00976
® 7B7.781-2570 2 787-748-8970 D www.jacasierra.com
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Particle Size Distribution
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500 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT 1 % CLAY
0.0 B 8.7 38.4 52.9
SIEVE PERCENT | SPEG." PASS? Material Description
SIZE FINER PERCENT (X=NO) Pale brown, lean clay with sand trace gravel
75 in. 100.0
S5in. 99.4
375 ;n. 97.4
4 913 Atterberg_Limits
410 84.7 _ — -
440 758 PL= 20 LL= 28 Pl= 8
g;gg ggg Coefficients
' Dgs= 2.10 Dgp= 0.111 Dgpo=
D3zp= D1s= D1g=
Uscs= CL AASHTO= A-4(2)
Remarks
Tested by: S.Perez-S.Martinez
Checked by: Liselle Vega Cortes, MSCE, EIT
| —pouleep auatu
' {no specification provided)
Sample No.: Bo. 18 Source of Sample: Project Site Date: 4/02/08
Location: Caguas, PR Elev./Depth: ('@ 7-6M

JACA & SIERRA
TESTING LABORATORIE&L

Client:
Project:

Project No:

Empresas V.R.M.
Caguas Millenium Industrial Dev.-Caguas, PR

Figure

=




JACA & SIERRA

©v  Testing Laboratories, Inc.
Ceotechnical Engineers

April 9, 2008

EMPRESAS V.R.M.
PO BOX 20868
SAN JUAN, PR 00928

SUBJECT : CLASSIFICATION TEST RESULTS

Project

Samples Secured and Transported by
Source of Samples

Date of Receipt of Test Samples
Dates Tests were Performed
Standard Test Methods Used

Tests Results
Sample Description

Caguas Millennium Industrial Dev.-
Caguas, PR

Jaca & Sierra Testing Labs.
Project Site-Caguas, PR

Bo. 19 (39' @ 55'-6")

Aprit 1, 2008

April 2 to 9, 2008

AASHTO M 145, ASTM D 3282
ASTM D 2487

Brown, clayey silt some sand.

A, Classification Test Results (ASTM D 2487, ASTM D 3282 and AASHTO M 145)

USCS Classification
AASHTO Classification

Respectfully submitted,

JACA & SIERRA TESTING LABORATORIES
— QA IR Ousiu

LISELLE VEGA CORTES, MSCE, EIT

sm

ML
A-6

PO Box 363116, S&n Juan, PR 00936-3116
Road 850 Km 0.2 Las Cuevas Ward, Trujillo Alto, PR 00976
® 787.761-25790 & 787-748-6970 -H www.jacasierra.com



PERCENT FINER

Particle Size Distribution Report

=124 in,

=
]
Y

---|#100

140
~o|#200

==+ 2in.
“={ BB in.

1

nie
—"|a20
#40
---[es0

0.001

100 1
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % cLAY
0.0 0.8 12.8 86.4
SIEVE | PERCENT sPEC.” | PAsS? Material Description
SIZE FINER PERCENT (X=NO) Brown, clayey silt some sand
375 0n. 104.0
#4 §9.2
ne | oa
4 5 Atterberg Limits
#100 865 = = =
200 364 PL= 28 LL= 39 Pl= 11
| Coefficients
Dgs= Dgo= D50=
D3p= D15= D1o=
CU: CC=
Classification
USCS= ML AASHTO= A-6(il)
Remarks
Tested by: S.Perez-S.Martinez
Checked by: Liselle Vega Cortes, MSCE | EIT
L
(ne specification provided)
Sample No.: Bo. 19 Source of Sample: Project Site Date: 4/02/08
Location: Caguas. PR Elev./Depth: (39" @ 55-6")

JACA & SIERRA

TESTING LABORATORIES

Client: Empresas V.R.M.

Project: Caguas Millenium [ndustrial Dev,.-Caguas, PR

Project No:

Figure




— - &
L1l JACA & SIERRA
PR \ Testing Laboratories, Inc.
Geotechnical Engineers

w—'_'lT _l_ll_lii...

April 9, 2008

EMPRESAS V.R.M.
PO BOX 20868
SAN JUAN, PR 00928

SUBJECT : CLASSIFICATION TEST RESULTS

Project

Samples Secured and Transported by
Source of Samples

Date of Receipt of Test Samples
Dates Tests were Performed
Standard Test Methods Used

Tests Results
Sample Description

Caguas Millennium Industrial Dev.-
Caguas, PR

Jaca & Sierra Testing Labs.
Project Site-Caguas, PR

Bo. 19 (14’ @ 30'-6")

April 1, 2008

April 2 to 8, 2008

AASHTO M 145 ASTM D 3282
ASTM D 2487

Pale brown, silt.

A Classification Test Results (ASTM D 2487, ASTM D 3282 and AASHTO M 145)

USCS Classification
AASHTQO Classification

Respectfully submitted,
JACA & SIERRA TESTING LABORATORIES

e Ougou

LISELLE VEGA CORTES, MSCE, EIT

sm

ML
A-5

PO Box 363116, San Juan, PR 00936-3116
Road 850 Km 0.2 Las Cuevas Ward, Trujille Allo, PR 00976
® 787-761-2570 & 78B7-74B-6970 4 www.jacasierra.com



R Particle Size Distribution Report
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PERCENT FINER

3017

|
20 w‘—
! -
|
I

10‘ i

i

1
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % CLAY
0.0 0.0 1.5 98.3

W] ‘ | I

|
01 0.01 0.001

SIEVE PERCENT SPEC." PASS? Material Description
SIZE FINER PERCENT {(X=NOQ} Pale brown, silt

#4 100.0
410 99.9
#40 99.7
#100 99.2 Atterberg Limits
#200 98.5 PL= 34 LL= 44 Pl= 10

Coefficients
Dgs= Dso= Dgp=
D3g= D15= D1g=
C,= Cc=

Classification
USCS= ML AASHTO= A-5014)

Remarks
Tested by: S.Perez-S Martinez
Checked by: Liselle Vega Cortes, MSCE, EiT

" (no specificalion provided)

Sample No.: Bo. 19 Source of Sample: Project Site Date: 4/03/08
Location: Caguas, PR Elev./Depth: (14'@ 30'-6"

Client: Empresas V.R.M.
JACA & SIERRA Project: Caguas Millenium Industrial Dev.-Caguas, PR
TESTING LABORATORIES

Project No: Figure




i
. JACA & SIERRA

%
i VO Testing Laboratories, Inc.

PR i Geotechnical Engineers
T

—
N
R

April 9, 2008

EMPRESAS V.R.M.
PO BOX 20868
SAN JUAN, PR 00928

SUBJECT : CLASSIFICATION TEST RESULTS

Project ; Caguas Millennium Industrial Dev .-
Caguas, PR

Samples Secured and Transported by : Jaca & Sierra Testing Labs.

Source of Samples : Project Site-Caguas, PR
Bo. 20 (9" @ 25'-6")

Date of Receipt of Test Samples : April 1, 2008

Dates Tests were Performed : April 2 to 9, 2008

Standard Test Methods Used : AASHTO M 145, ASTM D 3282
ASTM D 2487

Tests Results
Sample Description : Pale brown, elastic silt some clay trace sand.

A. Classification Test Resuilts (ASTM D 2487, ASTM D 3282 and AASHTO M 145)
USCS Classification : MH
AASHTO Classification : A-7-5

Respectfully submitted,
JACA & SIERRA TESTING LABORATORIES

— D eepCutu

LISELLE VEGA CORTES, MSCE, EIT

PO Box 363116, San Juan, PR 00936-3116
Road 850 Km 0.2 Las Cueves Ward, Trujiiio Alte, PR 00876
® 787-761-2570 A& 787-748-6870 N www. jacasierra.com

sm



Particle Size Distribution Report
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500G 1 0.01 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | %cLAy
0.0 0.0 2.1 97.9
SIEVE PERCENT SPEC.* PASS? Material Description
SIZE FiNER PERCENT (X=NO) Pale brown, elastic silt some clay trace sand
#10 100.0
#40 99.7
#100 G591
#200 97.9 Atterberg Limits
PL= 35 LL= 50 Pl= 15
Coefficients
Dgs= 60~ Dgp=
D30™ D15= D10=
Cu= Ce=
Classification
USCS= MH AASHTO= A-7-5(20)
Remarks
Tested by: S.Perez-S.Martinez
Checked by: Liselle Vega Cortes, MSCE, EIT
(Ut epCunon
* (no specification provided)
Sample No.: Bo.20 Source of Sample: Project Site Date: 4/02/08
Location: Caguas, PR Elev./Depth: (9" @ 25-6")
Client:

r.

[ TESTING LABORATORIES

JACA & SIERRA

Empresas V.R.M.

Project: Caguas Millenium Industrial Dev.-Caguas, PR

Pro

ject No: Figure




b
*ﬂ % a JACA & SIERRA

’_\; Testing Labcoratories, Inc.
# Geotechnical Engineers

April 9, 2008

EMPRESAS V.R.M.
PO BOX 20868
SAN JUAN, PR 00928

SUBJECT : CLASSIFICATION TEST RESULTS

Project : Caguas Millennium tndustrial Dev.-
Caguas, PR

Samples Secured and Transported by : Jaca & Sierra Testing Labs.

Source of Samples : Project Site-Caguas, PR
Bo 20 (0" @ 7'-6")

Date of Receipt of Test Samples ; April 1, 2008

Dates Tests were Performed : April 2 to 9, 2008

Standard Test Methods Used : AASHTO M 145, ASTM D 3282
ASTM D 2487

Tests Results
Sample Description : Reddish yellow, elastic silt, some clay
trace gravel and sand.

A Classification Test Results (ASTM D 2487, ASTM D 3282 and AASHTO M 145)
USCS Classification : MH
AASHTO Classification ; A-7-5

Respectfully submitted,
JACA & SIERRA TESTING LABORATORIES

BR(NVREVIT 7o Thiv i

LISELLE VEGA CORTES, MSCE, EIT

PO Box 363116, San Juan, PR 00836-3116
Read 830 Km 0.2 Las Cuevas Ward, Trujillo Alto, PR 00976
R 787-761-2570 & 787-748-6870 0 www. jacasierra.com

5m



Particle Size Distribution Report
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500 100 10 1 0.4 0.01 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % CLAY
0.0 24 3.5 94.1
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT (X=NQ) Reddish vellow, elastic silt, some clay trace gravel and sand
5n. 100.0
375 i#n. 882
4 7.
gig ggé Atterberg Limits
4100 357 PL= 32 LL= 53 Pl= 21
#200 94.1 Coefficients
Dg5= Dgo= D50=
D3p= D15= D40=
CU: CC=
Classification
UsCs= MH AASHTO= A.7-5(24)
Remarks
Tested by; S.Perez-S Martinez
Checked by: Liselle Vega Cornes, MSCE, EIT
LU et
¥ (no specification provided})
Sample No.: Be. 20 Source of Sample: Project Site Date: 4/02/08
Location: Caguas, PR Etev./Depth: (0@ 7-6")
Client: Empresas V.R.M.
JACA & SIERRA Project: Caguas Millenium [ndustriat Dev.-Caguas, PR
TESTING LABORATORIES ..\ e




T .'4 JACA & SIERRA

\ Testing Laboratories, Inc.

_ﬂ[':d-“ .-"u|.'_I;_= Geortechnical Enginears

~ I

April 8, 2008

EMPRESAS V.R.M.
PO BOX 20868
SAN JUAN, PR 00828

SUBJECT : CLASSIFICATION TEST RESULTS

Project : Caguas Millennium Industrial Dev.-
Caguas, PR

Samples Secured and Transported by : Jaca & Sierra Testing Labs.

Source of Samples : Project Site-Caguas, PR
Bo. 20 (39' @ 50'-6™)

Date of Receipt of Test Samples : April 1, 2008

Dates Tests were Performed : April 2 to 9, 2008

Standard Test Methods Used : AASHTO M 145, ASTM D 3282
ASTM D 2487

Tests Results
Sample Description : White, silt trace sand.

A. Classification Test Results (ASTM D 2487, ASTM D 3282 and AASHTO M 145)
USCS Classification . ML
AASHTO Classification : A-7-5

Respectfully submitted,

JACA & SIERRA TESTING LABORATORIES
YA VEGACM U

LISELLE VEGA CORTES, MSCE, EIT

PO Box 363116, San Juan, PR 00936-3116
Road BH50 Km 0.2 Las Cuevas Ward, Trujilla Allo, PR Q0976
® 787-761-2570 & 787-748-6970 N www.jacasiefra.caom

sm
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GRAIN SIZE - mm
% SAND

% COBBLES % GRAVEL
0.0 0.5

73

% SILT [ %ciay
92.2

SIEVE |

SIZE

PERCENT |

FINER | PERCENT

375 in.
Ha

#10
#40
#100
#200

160.0
995
97.8
94.9
93.5
92.2

SPEC.”

PASS?

(X=NO)

Material Description
White, silt trace sand

Atterberg Limits

PL= 31 LL= 45

| | l

|
|
N

Dgs=
D30=
Cu=

USCS= ML

Tested by: §.Perez-S.Martinez
Checked by: Liselle Vega Cortes, MSCE, EIT

— AU LGN

Coefficients
Dgo=
D1s5=
Ce=

Classification

AASHTO=  A-7-5(16)

Remarks

R

- (no specification provided)

Bo. 20
Caguas, PR

Sample No.:
Location:

Source of Sample:

Project Site

JACA & SIERRA
TESTING LABORATORIES

Client: Empresas V.R.M.
Project: Caguas Millenium Industrial Dev.-Caguas, PR

Project No:

Date: 4/03/08
Elev./Depth: (39'@ 50'-6")

Figure
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HYDROLOGIC-HYDRAULIC STUDY
CAGUAS MILENIO DEVELOPMENT
CAGUAS, PUERTO RICO

Casiano Ancalle, P.E.
Revised April, 2008

I. INTRODUCTION

This amendment was made in order to resize the proposed drainage structures due to the
modifications on the project stages of construction and the relocation of the proposed detention
pond. The original HH study submitted to the Department of Environment and Natural
Resources (DRNA) has been revised in Amendment No. 1 conforming the DRNA comments.
This amendment has been granted endorsement of the DRNA on December 28, 2007. Copy of

this letter of endorsement is included in Appendix H.

A housing development project named Caguas Milenio is to be constructed in the Municipality
of Caguas. The site is located at state road PR-796, aside east Caguas Regional Wastewater
Treatment Plant, in the Municipality of Caguas. The project consists on housing units and a

recreational facilities.

The project site is not considered floodable for the 100-year rainfall event by the regulatory flood

maps. Offsite storm watercourses run through the project site.

The development of the site is going to increase runoff. This increase has to be mitigated

according to the stipulations of the Puerto Rico Planning Board Regulation No. 3.

Purpose of Study

The purpose of the study is to size a runoff discharge detention structure to mitigate the

increment in runoff discharge due to the development. The study will also perform the hydraulic

analysis for sizing the offsite drainage pipes.



Authorization

Eng. José A. Melendez, on behalf of the owner, authorized this study under a contract signed

with Eng. Casiano Ancalle, principal of CA Engineering.

Approach

The following steps have been undertaken throughout the study:

Hydrologic Analysis: The following parameters were determined for the hydrologic analysis:

drainage areas, average soil curve number and runoff lag time. Based on these parameters,
discharge for 100-years frequency storm was determined for existing and proposed conditions.

HEC-1 model was used. More recurrent rainfall discharges were also estimated.

Detention Analysis: A detention analysis was made in order to size a structure that would

counteract the increment in runoff discharge due to the development. HEC-1 model was used
for the detention analysis. Discharges for 2-, 10-, 25-, 50-, and 100-year frequencies were

analyzed for mitigation.

Hydraulic Analysis: Hydraulic computations were made for sizing the hydraulic structures that

will be used at the project. COE’s HECRAS model as used.

Conclusions and recommendations were elaborated.



II. PROJECT BACKGROUND

Location

The project site is located at state road PR-796, right east of the Caguas Regional Wastewater
Treatment Plant, in the Municipality of Caguas. The site bounds north with a steep land lo be left
undeveloped, south with state road PR-796, east with the property of the American Legion and
west with the Caguas Regional Wastewater Treatment Plant. Figure 1 shows the approximate

location of the site in the USGS quadrangle and Figure 2 shows a layout of the proposed project.

Topography

The site slopes from north to south. Ground elevations at the site vary between 130 m. to 59 m.

Figure 3 shows the existing topography of the project site.

Water Bodies

There are no water bodies crossing the project site. Offsite storm watercourses run across the

site. These storm watercourses will be routed through the site.

Flooding

From the regulatory point of view, the project site is not zoned as floodable. Figure 7 shows

FEMA'’s Flood Map, Sheet 0745H issued on April 19, 2005.

Field Work

Field data used in this study has been provided by Eng. José A. Melendez. Results obtained in

this study are strictly based on this information. Fieldwork is enclosed as Appendix G in a

pocket at the back cover of this study



Former Studies

No hydrologic-hydraulic studies for the area of the project have been found during the
information research. This study is original in its conception, and the results found are

correspondent to the parameters adopted during the hydrologic and hydraulic simulation.

Study Level

This study is intended as an aid to the design engineer in the preparation of the construction
drawings for the recommended structures. Figures, schematics and drawings must not be used as
construction drawings. The design engineer must elaborate the construction drawings in

agreements with the recommendations of this study.



III. HYDROLOGIC ANALYSIS

Methodology

The computer program entitled Flood Hydrograph Package (HEC-1) developed by the U.S.
Army Corps of Engineers [1990] was used for the hydrologic analysis. Using this program, the
Unit Hydrograph method and the Runoff Curve Number (CN) method, both developed by the
Soil Conservation Service (SCS), were applied to determine the design hydrograph. This was
computed by a process of translating the rainfall excess into a runoff hydrograph known as

convolution.

Peak discharges ranging in frequencies from 2-, 10-, 25-, 50- and 100-year were estimated for

the existing and proposed condition.

Drainage Areas

At existing condition, the project site has two drainage areas: P1 with 12.41 acres and P2 with
15.68. For the purpose of the analysis, Area P1 has been subdivided in Pla, P1b, and Plc. Apart
from the project site drainage areas, four (4) offsite drainage areas has been identified: Ela with
7.64 acres, E1b with 6.25 acres, E2 with 17.93 acres and E3 with 1.07 acres. At proposed
condition, Area P1 has been subdivided in P1A and P1B; the first to be discharged into the storm
watercourse exiting the site towards PRASA’s WWTP, and the second to be conveyed to the
proposed detention pond. Area P2 have also been subdivided in P2A, P2B and P2C according to
the project layout. Area P2A discharges to PRASA system and areas P2B and P2C to the
detention pond. The drainage areas configuration is shown in Figures 4 and 5, for existing and

proposed condition, respectively.

Curve Numbers

The Hydrologic Soil Group (HSG) for the site was obtained from the US Soil Conservation
Service (SCS) maps. Curve Number for existing condition was estimated virtue of the soil use
as per the site inspection and the soils classification of the SCS’s Soil Survey of San Juan Area

of Puerto Rico. Weighted Curve Number (CN) values were obtained for the project site
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assuming the Antecedent Moisture condition (AMC) II. A CN of 93 was adopted for proposed
condition. Appendix A shows the physiographic characteristics of the watershed and the
weighted Curve Number (CN) estimations. Figure 6 shows the portion of the soil map

corresponding to the watershed and project area.

Lag Time

The lag time was estimated as sixty percent of the time of concentration as estimated by the

formula of Kirpitch.
Te = 0.0078110'77/30'385
where:
L = channel length (ft)
S = channel slope
Tec = Time of concentration in min
Rainfall Data

The variation of rainfall volume with time was required as part of the storm input for the SCS
Curve Number method. Therefore, the development of a design storm with a rainfall frequency
and duration was necessary to compute the design hydrograph for the watershed. Rainfall data
used in this study was obtained from NOAA’s National Weather Service Atlas 14. The rainfall
depths for 100, 50, 25, 10 and 2-years frequency for several durations was used and are shown in

Table 1. Details of the rainfall depth information are shown in Appendix A.



Table 1
Rainfall for 2, 10, 25, 50 & 100 years

Duration Precipitation
Inches
Hrs.
2-yr 10-yr | 25-yr | 50-yr | 100-yr
0.083 0.45 0.65 0.74 0.82 0.89
0.25 0.78 1.13 1.31 1.43 1.56
1 1.86 2.70 3.10 3.40 3.70
2 2.61 4.01 4.76 5.35 5.94
3 2.81 4.51 545 6.18 6.93
6 3.37 5.85 7.25 8.37 9.53
12 391 7.25 9.26 10.89 | 12.63
24 4.59 8.86 11.51 | 13.68 | 16.03

Depth-Area Adjustment

Point rainfall estimates obtained from NOAA’s National Weather Service, ATLAS 14 represent
values for areas up to 10 mi’; therefore, a depth-area adjustment should be applied to the rainfall
data when the watershed area is greater. In this case, the watershed consists of 0.0953 mi’.

Hence, this adjustment was not applied.

Time Distribution of Rainfall

The triangular type methodology was used to distribute the rainfall depth in time. This method is

considered acceptable for small areas.

Rainfall Extraction

Rainfall extraction such as the vegetative interception, the depressional storage, and the
infiltration were estimated using the SCS's Runoff Curve Number method. Though this method
is used to predict runoff volume directly, the rainfall extraction is incorporated in the model as

function of the curve number of the watershed.



Hydrologic Results

Following HEC-1 methodology, peak discharges were determined from the hydrographs

developed for existing and proposed condition for the project site.

Input and output data for the HEC-1 model are included in Appendix B and C, respectively, for

existing and proposed condition. Table 2 shows the results of the hydrologic runs.

Table 2
Peak Discharges
Peak Discharge, cfs
AREA
2-yr 10-yr | 25-yr 50-yr | 100-yr
E1A 30 49 57 63 69
P1A 33 52 60 67 73
COMBI1 (P1A+EIA) 63 100 117 130 142
EIB 25 40 47 52 57
P1B 15 24 29 32 35
o0
£ E3 4 7 8 9 10
z
]
= COMB2 (E3+P1B+EIB) 45 71 83 93 101
COMB3 (COMB1+COMB2) 108 172 200 223 244
E2 72 114 133 148 162
P2 63 100 116 130 142
P1C 2 3 3 4 4
COMB4 (P1C+P2+E2) 136 217 253 281 308
EIA 30 49 57 63 69
E1B 25 40 47 52 57
P1A 18 27 32 35 38
%
2 E3 4 7 8 9 10
2
-
P2A 4 6 7 8 8
COMBI1
(P2A+E3+P1A+E1B+EIA) 82 129 150 166 182
E2 72 114 133 148 162




P2C 38 57 66 73 80

COMB2 (E2+P2C) 109 171 199 221 242

PIB 33 50 58 64 69

P2B 26 40 46 50 55

COMB3 (P1B+P2B) 59 89 103 114 124
COMB4 (COMB2+COMB3) | 168 261 302 335 366

From the inspection of Table 2, the peak discharge for proposed condition, at the project site, is
higher than that of the existing condition. The increment in discharge has to be mitigated as

required by Puerto Rico Planning Board Regulation No. 3.



IV. RUNOFF MITIGATION ANALYSIS

The development of the site will increase the runoff discharge. The Puerto Rico Planning Board
Regulation No. 3 requires a flow mitigation structure wherever an increase in discharge is

produced. Therefore, a flow detention structure will be included in the project.

Approach

The project site will be provided with a detention pond. This pond will reduce the combined
peak discharge of the project drainage area to a magnitude below the discharge at existing
condition. The pond will be located at the southeastern limit of the developed area. See Figure

8.

Methodology

The computer program HEC-1 provides means for routing a hydrograph through detention
structures. The purpose of detention is that the proposed condition peak discharge does not

exceed the existing condition peak discharge.

Depth-Volume Relations

The detention pond will have a base area of 671 square meters. Appendix D includes a

spreadsheet with the volume to depth relation computations.

Flow — Depth Relations

The control structure for the pond consists on three-36” diameter orifices located at the bottom of
the pond and a 16.4-feet long weir located 2.00 meters above the pond bottom. See Appendix D

for computations.
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Results

The results of the detention analysis show that the proposed detention pond provides appropriate
runoff mitigation for the 100-year frequency discharges. Routing the discharge through the
detention pond, the 100-year discharge at the project was reduced from 366 cfs to 269 cfs, which
is less than the discharge computed for existing condition (308 cfs); thus complying with the

Puerto Rico Planning Board Regulation No.3. Mitigation for more recurrent discharges was also

verified.

Input and output data for the HEC-1 mitigation model are included in Appendix E. Table 3

shows the comparison of the resulting discharges for three conditions: existing, proposed and

proposed with mitigation.

Table 3

Peak Discharges results for Existing, Proposed and Mitigation

Peak Discharge, cfs

AREA
2-yr 10-yr | 25-yr 50-yr 100-yr
E1A 30 49 57 63 69
PIA 33 52 60 67 73
COMBI (P1A+E1A) 63 100 117 130 142
EIB 25 40 47 52 57
PIB 15 24 29 32 35
)
=S E3 4 7 8 9 10
z
>
= COMB?2 (E3+P1B+EI1B) 45 71 83 93 101
COMB3 (COMB1+COMB2)| 108 172 200 223 244
E2 72 114 133 148 162
P2 63 100 116 130 142
P1C 2 3 3 4 4
COMB4 (P1C+P2+E2) 136 217 253 281 308
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EIA 30 49 57 63 69
EIB 25 40 47 52 57
PIA 18 27 32 35 38
E3 4 7 8 9 10
P2A 4 6 7 8 8
3 (P2A+E3S1?11\A/IE1;113+E1A) 82 | 129 150 | 166 | 182
% E2 72 114 133 148 162
=¥
P2C 38 57 66 73 80
COMB?2 (E2+P2C) 109 | 171 199 221 242
PIB 33 50 58 64 69
P2B 26 40 46 50 55
COMBS3 (P1B+P2B) 59 89 103 114 124
COMB4 (COMB2+COMB3) | 168 261 302 335 366
EIA 30 49 57 63 69
EIB 25 40 47 52 57
PIA 18 27 32 35 38
E3 4 7 8 9 10
P2A 4 6 7 8 8
k5 COMBI
5 | (P2A+E3+PIAYEIB4EIA) 82 ] 129 | 150 166 182
E E2 72 114 133 148 162
2
'% P2C 38 57 66 73 80
E COMB2 (E2+P2C) 109 | 171 199 221 242
PIB 33 50 58 64 69
P2B 26 40 46 50 55
COMBS3 (P1B+P2B) 59 89 103 114 124
COMB4 (COMB2+COMB3) | 168 261 302 335 366
POND 130 | 191 217 238 269
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Mitigation Structure Dimensions and Accessories

The maximum water stage at the pond for the 100-yr peak will be 2.17m (7.13 ft). Final
dimensions for the pond will include a minimum free board of 0.60 meters. Then, the detention

pond will have the characteristics shown in Table 4.

Table 4
Detention Structure Characteristics
Description Pond
Base Area 671 m>
Pond Dimensions
Height 277 m

Outlet Accessories Orifices@ bottom Three (3)-36"¢

) ) 5.00m @ 2.00m
Outlet Chamber Weir Width above bottom
Discharge
Open Rectangular 5 00m wide

Channel

Schematic layout of the detention pond is presented in Figure 9.
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V. HYDRAULIC ANALYSIS

A hydraulic analysis was made for sizing the main storm watercourse that will convey the offsite

discharge through the site. This main will also serve for colleting the local discharge.

The hydraulic analysis was made by using the mathematical model HEC-RAS developed by the
US Corps of Engineers. The friction coefficient used in the modeling was obtained from visual
inspection of the existing structures; and cross-checked with the typical values provided by
Barnes (1967) and Chow (1959). Manning coefficient adopted for the piping system was 0.013.
Cross sections for analysis were located as shown in Figure 10. Coefficients of contraction and
expansion used are those recommended by the HEC-RAS user’s manual. Thus, coefficients of

0.1 and 0.3 respectively were used for gradual transitions.

Hydraulic Analysis

The storm drainage system consists on two sub-systems, both discharging into the detention
pond. The sub-system that serves Project Area P2 consists on a 42-inch diameter pipe
telescoping to a 60-inch pipe (Note that the entrance into the 42-inch pipe is a special structure
having a 60-inch diameter mouth to reduce inlet control. (See Figure 11). And the sub-system for
Area P1 is of 30-inch diameter pipe telescoping to 36-inch diameter. The two sub-systems merge

at the road crossing to be conveyed to the detention pond by a 72-inch diameter pipe

The hydraulic analysis was made for a 100-year discharge. Appendix F includes the computer

output of the hydraulic analysis. Table 5 shows the summary of the results.
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Table 5
Hydraulic Analysis Results for 100-years Discharge

River River Sta  Profile Plan QTotal Min Ch El W.S. Elev Crit W.S. E.G. Elev Vel Chnl Flow Area Top Width Froude # Chl
(m3/s) (m) (m) (m) (m) (m/s) (m2) (m)

two 19.1 100-yrs Proposed 1.96 81.05 83.91 83.91 0.34 5.71 2.00 0.06

two 19 100-yrs Proposed 1.96 81.05 83.91 81.51 83.91 0.34 5.71 2.00 0.06

two 18.6 Culvert

two 18.1 100-yrs Proposed 1.96 74.90 75.42 75.36 75.60 1.89 1.04 2.00 0.84

two 18 100-yrs Proposed 1.96 74.90 75.36 75.36 75.59 2.13 0.92 2.00 1.01

two 17.6 Culvert

two 17.1 100-yrs Proposed 1.96 70.12 72.21 72.22 0.46 4.70 8.00 0.10

two 17 100-yrs Proposed 1.96 70.12 72.21 70.58 72.22 0.46 4.70 8.00 0.10

two 16.6 Culvert

two 16.1 100-yrs Proposed 1.96 64.48 65.00 64.94 65.18 1.89 1.04 2.00 0.84

two 16 100-yrs Proposed 1.96 64.48 64.94 64.94 65.17 2.13 0.92 2.00 1.00

two 15.6 Culvert

two 15.1 100-yrs Proposed 1.96 58.53 61.03 61.03 0.34 6.53 8.00 0.07

two 15 100-yrs Proposed 3.51 58.33 61.02 59.01 61.03 0.58 6.84 8.00 0.11

two 14.6 Culvert

two 14.1 100-yrs Proposed 3.51 56.98 59.33 59.34 0.60 6.77 8.00 0.13

two 14 100-yrs Proposed 3.51 56.98 59.33 57.66 59.34 0.60 6.77 8.00 0.13

two 13.6 Culvert

two 13.1 100-yrs Proposed 3.51 56.37 59.15 59.17 0.56 7.09 8.00 0.11

two 13 100-yrs Proposed 3.51 56.37 59.15 57.05 59.17 0.56 7.09 8.00 0.11

two 12.9 Culvert

two 12.8 100-yrs Proposed 3.51 54.66 58.26 58.27 0.49 7.20 2.00 0.08

three 5 100-yrs Proposed 10.37 54.66 58.22 55.72 58.27 0.96 10.83 3.04 0.16

three 4.6 Culvert

three 4.1 100-yrs Proposed 10.37 54.40 57.22 57.30 1.21 8.58 3.04 0.23

three 4 100-yrs Proposed 10.37 54.40 57.22 55.45 57.30 1.21 8.58 3.04 0.23

three 3 Culvert

three 2.1 100-yrs Proposed 10.37 52.33 55.13 55.21 1.20 8.93 6.00 0.23

three 2 100-yrs Proposed 10.37 52.33 55.13 53.38 55.21 1.20 8.93 6.00 0.23

three 1.5 Culvert

three 1 100-yrs Proposed 10.37 51.70 52.76 52.76 53.29 3.23 3.21 3.04 1.00

one 12.1 100-yrs Proposed 4.59 78.50 80.35 80.35 0.16 28.80 24.37 0.05

one 12 100-yrs Proposed 4.59 78.50 80.35 78.97 80.35 0.16 28.80 24.37 0.05

one 11.6 Culvert

one 11.1 100-yrs Proposed  4.59 74.73 76.97 77.02 1.03 4.47 2.00 0.22

one 11 100-yrs Proposed  4.59 74.73 76.97 75.54 77.02 1.03 4.47 2.00 0.22

one 10.6 Culvert

one 10.1 100-yrs Proposed  4.59 73.61 75.85 75.90 1.03 4.47 2.00 0.22

one 10 100-yrs Proposed  4.59 73.61 75.85 74.42 75.90 1.03 4.47 2.00 0.22

one 9.6 Culvert

one 9.1 100-yrs Proposed  4.59 70.00 72.17 72.23 1.06 4.36 8.00 0.23

one 9 100-yrs Proposed  4.59 70.00 72.17 70.81 72.23 1.06 4.36 8.00 0.23

one 8.6 Culvert

one 8.1 100-yrs Proposed 4.59 65.00 67.17 67.22 1.02 4.93 8.00 0.22

one 8 100-yrs Proposed 4.59 65.00 67.17 65.81 67.22 1.02 4.93 8.00 0.22

one 7.6 Culvert

one 7.1 100-yrs Proposed 4.59 60.15 61.92 62.00 1.30 3.53 2.00 0.31

one 7 100-yrs Proposed 4.59 60.15 61.92 60.96 62.00 1.30 3.53 2.00 0.31

one 6.6 Culvert

one 6.1 100-yrs Proposed  4.59 55.45 59.65 59.65 0.26 18.58 8.00 0.04

one 6 100-yrs Proposed 6.86 55.45 59.64 56.51 59.65 0.38 18.55 8.00 0.06

one 5.6 Culvert

one 5.1 100-yrs Existing  8.62 57.44 58.91 58.94 0.83 12.02 16.00 0.22

one 5.1 100-yrs Proposed 6.86 54.66 58.22 58.27 0.96 7.13 2.00 0.16

one 5 100-yrs Existing  8.62 57.44 58.91 58.51 58.94 0.83 12.02 16.00 0.22

three 5 100-yrs Proposed 10.37 54.66 58.22 55.72 58.27 0.96 10.83 3.04 0.16

three 4.6 Culvert

one 4.1 100-yrs Existing  8.62 57.00 58.23 58.23 58.86 3.49 247 2.00 1.00

three 4.1 100-yrs Proposed 10.37 54.40 57.22 57.30 1.21 8.58 3.04 0.23

one 4 100-yrs Existing  8.62 57.00 57.89 57.89 58.18 2.82 391 6.80 0.95

three 4 100-yrs Proposed 10.37 54.40 57.22 55.45 57.30 1.21 8.58 3.04 0.23

three 3 Culvert

three 2.1 100-yrs Proposed 10.37 52.33 55.13 55.21 1.20 8.93 6.00 0.23

three 2 100-yrs Proposed 10.37 52.33 55.13 53.38 55.21 1.20 8.93 6.00 0.23

three 1.5 Culvert

three 1 100-yrs Proposed 10.37 51.70 52.76 52.76 53.29 3.23 3.21 3.04 1.00
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Note that Table 5 additionally includes water surface elevations for existing condition at sections
4,4.1,5 and 5.1 of River 1. This was made for purposes of comparison; because of the weir flow
resulting at Section 5 of the proposed condition. The comparison indicates that even in this case

the water surface elevations at proposed condition are lower than those of the existing condition.

Outlet Control Computations

The HECRAS model subroutine for culverts used in the hydraulic analysis includes inlet control
at all culverts. However, this is not the case in all. Once the inlet control is surpassed by the
necessary head and the water is already inside the pipe, outlet control will prevail. Therefore and
for overcoming this limitation, outlet control computations were made using the Manning
formula. The following table shows the results.
Table 6
Outlet Control Computation Results

River Sta Profile Q Total Min Ch El W.S.EE. CritW.S. E.G.Elev Vel Chnl Flow Area Top Width Froude Inv. Slope Diam. Q Full
(m3/s) (cfs) (m) (m) (m) (m) (m/s) (m2) (m) # Chl (inch) (cfs)
two 19  100-yrs 1.96 69.15 81.05 83.91 81.51 83.91 0.34 5.71 2 0.06 0.0925 30 126
two 18 100-yrs 1.96 69.15 74.9 75.36 75.36 75.59 2.13 0.92 2 1.01 0.0773 30 115
two 17 100-yrs 1.96 69.15 70.12 72.21 70.58 72.22 0.46 4.7 8 0.1 0.0918 30 125
two 16 100-yrs 1.96 69.15 64.48 64.94 64.94 65.17 2.13 0.92 2 1 0.0873 30 122
two 15 100-yrs  3.51 123.83 58.33 61.02 59.01 61.04 0.58 6.9 8 0.11 0.0614 36 166
two 14 100-yrs  3.51 123.83 56.98 59.33 57.66 59.34 0.6 6.79 8 0.13 0.034 36 124
two 13 100-yrs  3.51 123.83 56.6 59.15 57.28 59.16 0.61 6.58 8 0.12 0.0465 36 145
one 12 100-yrs 459  161.94 78.5 80.35 78.97 80.35 0.16 28.8 24.37 0.05 0.0996 42 319
one 11 100-yrs 459 161.94 74.73 76.97 75.54 77.02 1.03 447 2 0.22 0.2443 42 1294
one 10 100-yrs 459 161.94 73.61 75.85 74.42 75.9 1.03 447 2 0.22 0.0801 42 286
one 9 100-yrs 459 161.94 70 72.17 70.81 72.23 1.06 4.36 8 0.23 0.0781 42 283
one 8 100-yrs 459 161.94 65 67.17 65.81 67.22 1.02 493 8 0.22 0.0878 42 300
one 7 100-yrs 459  161.94 60.15 61.92 60.96 62 1.3 3.53 2 0.31 0.1337 42 365
one 6 100-yrs 6.86 242.02 55.45 59.64 56.51 59.65 0.38 18.55 8 0.06 0.0125 60 292
three 5 100-yrs 1037  365.85 54.66 58.22 55.72 58.27 0.96 10.83 3.04 0.16 0.0218 72 628
three 4  100-yrs  10.37  365.85 544 57.22 55.45 57.3 1.21 8.58 3.04 0.23 0.0684 72 1118
three 2 100-yrs  10.37  365.85 52.33 55.13 53.38 55.21 1.2 8.93 6 0.23 0.0688 72 1118
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Emergency Overflow

The offsite discharge from area E2 will be provided with an emergency overflow way. The
overflow will consist on a 4.00-meters wide overflow way that will allow water release to the
street (Calle 2) in case of severe obstruction of the entrance structure. The schematic design of

this structure is shown in Figure 11.
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VI. CONCLUSIONS AND RECOMMENDATIONS

1. According to the regulatory flood maps, the project site is not considered floodable for

the 100-year rainfall event.

2. The development of the site increases the peak discharge at the project site. A runoff

mitigation structure is needed as per the PR Planning Board Regulation No. 3.

3. The proposed detention pond reduces the 100-year discharge at project site to a level less

than that of the existing condition.

The following are the recommendations of this study:

1. A mitigation system consisting on a pond with 671 square meters base area addressed to
mitigate the discharge runoff increment from the project site. The detention pond will

have the characteristics indicated in Table 4 of this report.

2. During the construction, a permit from the owner must be obtained for the replacement of

the existing 30-inch diameter pipe across PR-796, by the proposed 72-inches diameter
pipes.

3. The discharge from offsite area E2 will be provided with an emergency overflow course
to avoid flooding to the upstream housing units in case of a severe obstruction of the

entrance structure into the 42-inch pipe that crosses project area P2.

4. The manhole at Section 6 in Sub-system 1 must be watertight; so that it can handle

internal pressure and avoid overflow to the road during extraordinary rainfall events.

5. It is very important to prepare a long-term maintenance plan, which should include the
proposed pond, inlets, the outlet structures and the receiving storm system inspection

after each significant discharge events. Damages, if any, must be repaired promptly and

properly.
18



Study Limits

All the recommendations specified in this study must be considered to assure the optimum
performance of the proposed discharge mitigation pond. The design engineer will be responsible

for elaborating the drawings in conformance with the recommendations of this study.

The results of this study are based on free flow conditions through the hydraulic structures.
Proper maintenance must be developed to assure this condition. On the event of the occurrence
of any severe obstruction to the flow, the results and recommendations may be impaired. Finally,
results and recommendations included in this report must be used only and exclusively by the

design engineer for the intended purposes as indicated in this study.
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APPENDIX A

HYDROLOGIC PARAMETERS ESTIMATION



POINT PRECIPITATION
FREQUENCY ESTIMATES
FROM NOAA ATLAS 14

Puerto Rico 18.2667 N 66.025 W 590 feet
from "Precipitation-Frequency Atlas of the United States' NOAA Atlas 14, Volume 3, Version 3
G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Y ekta, and D. Riley
NOAA, National Weather Service, Silver Spring, Maryland, 2006
Extracted: Wed Sep 26 2007

Precipitation Frequency Estimates (inches)

AEP*
(2-in-
Y)

2 10.45|0.61/0.78 |1.25|1.86 |2.61 |2.81 |3.37
5 0.57/0.781.00|1.60 |2.37 |3.44 |3.80 4.81
10 10.65/0.88|1.13|1.82|2.70 |4.01 |4.51 |5.85
25 10.74|1.02|1.31 2.09 |3.10 4.76 |5.45 |7.25
50 |0.82|1.12|1.43 2.29 3.40|5.35/6.18 |8.37
100 |0.89|1.21|1.56 |2.49 |3.70 |5.94 |6.93 9.53

5 10 |15 |30 60 [120| 3 6
min |min [min |min |min |min | hr | hr

12

hr
391
5.81
7.25
9.26

24 | 48 4 7 10 | 20 | 30 | 45 | 60

hr hr | day | day | day |day | day | day |day
459 |5.65 |6.24 |7.27 |8.15 |10.96 13.32|16.55 19.70
7.00 8.61 |9.49 |10.87|11.85 15.22|18.04 |22.02 |25.72
8.86 10.88/12.00 13.61|14.59 |18.26 |21.30 |25.71|29.67
11.51 |14.07 |15.53|17.46 |18.34 |22.30 |25.54 |30.47 |34.65

10.89 |13.68 |16.68 |18.44 |20.59 |21.34 |25.44 28.78 |34.06 |38.35
12.63 |16.03 |19.47 |21.57 |23.95 |24.55 |28.70 |32.09 |37.70 |42.03
200 |0.961.31 1.68 |2.69 4.00 6.557.70 |10.75 |14.48 |18.55 |22.46 24.94 |27.55 |28.04 |32.12 |35.49 |41.41 |45.72
500 |1.05/1.441.85/2.96 4.39|7.37 8.76|12.45 |17.11 |22.19 |26.76 29.78 |32.71 |33.06 |36.84 |40.17 |46.45 50.67
1000 |1.13|1.54|1.98 |3.16 |4.69 |8.01 |9.60 13.81 |19.26 25.19 |30.28 33.76 |36.94 |37.16 |40.60 |43.85 50.41 |54.48

* These precipitation frequency estimates are based on an annual maxima series. AEP is the Annual Exceedance Probability.
Please refer to the documentation for more information. NOTE: Formatting prevents estimates near zero to appear as zero.
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AEP**
(-in-
Y)

2
5
10
25
50
100
200
500
1000

AEP**

(2-in-
Y)

2
5
10
25
50
100
200
500
1000

Confidence L imits -

* Upper bound of the 90% confidence interval
Precipitation Frequency Estimates (inches)

5 |10 |15 30 | 60 | 120
min min jmin min imin | min
0.50/0.68 0.87 |1.40 2.07 |3.21
0.71/0.97 |1.25 |2.00 |2.96 4.26
0.73/1.00 1.29 |2.06 |3.06 |5.01
0.841.14 1.47 |2.353.49 |6.02
0.92|1.26 |1.62 |2.59 |3.84 6.83
1.00(1.37 1.76 |2.82 |4.18 | 7.68
1.09|1.49 1.91 |3.06 |4.54 8.57
1.20/1.65/2.113.38 |5.02 |9.81

than.

3

hr
3.3
4.58
5.47
6.66
7.61
8.63
9.69

6

hr
3.88
5.58
6.80
8.46
9.83

12

hr
4.57
6.78
8.48
9.28

24 | 48 4 7 10 | 20 | 30 | 45 | 60

hr hr | day | day | day |day | day | day |day
5.36 6.57 |7.23 8.37 |9.27 |12.27|14.73|18.2321.55
8.14 19.99 |10.99 12.47 |13.44|17.01 19.94 |24.25 |28.13
10.30|12.61 13.85|15.59 |16.53 |20.41 |23.52 |28.32 |32.47
13.34|16.31 17.93|19.98 |20.79 |24.95 |28.24 |33.62 |37.95

11.00 |15.87 |19.39 |21.33 |23.59 |24.24 |28.50 |31.92 |37.68 |42.08
11.25|12.75|18.60 |22.76 |25.05 |27.58 |28.01 32.32 |35.68 |41.79 |46.26
12.78 |14.62 |21.56 |26.37 |29.06 |31.85 |32.12 |36.24 |39.54 |46.03 |50.46
11.15|14.93 |17.28 |25.88 |31.65 |34.89 |38.07 |38.13 |41.87 |45.02 |51.87 |56.23
1.29|1.772.27 |3.63 |5.39 |10.80 |12.35 |16.68 |19.46 |29.45 |36.00 |39.73 |43.21 |43.64 |46.38 |49.33 |56.51 |60.76

* The upper bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are greater

** These precipitation frequency estimates are based on an annual maxima series. AEP is the Annual Exceedance Probability.
Please refer to the documentation for more information. NOTE: Formatting prevents estimates near zero to appear as zero.

* Lower bound of the 90% confidence interval
Precipitation Frequency Estimates (inches)

5 |10 |15 | 30 |60 120 3

min |min |min |min |min |min | hr

6
hr

0.40/0.55/0.71|1.13|1.68 |2.35 2.51 |2.98
0.56 |0.76 |0.98 |1.57 |2.33 3.07 |3.38 |4.22
0.59|0.80|1.03 |1.65 |2.45 3.56 |3.98 |5.11
0.67/0.911.17|1.87 |2.78 |4.20 |14.76 |6.27
0.73/1.00 |1.28 |2.04 |3.03 4.68 |5.357.16
0.79|1.07 |1.38 |2.21 |3.28 5.16 |5.94 |8.05
0.841.15|1.48|2.37 |3.52 |5.64 6.55 |8.98

12

hr
3.39
5.02
6.22
7.82
9.08

24 | 48 | 4 7 10 | 20 | 30 | 45 | 60
hr hr |day day | day |day |day | day | day
400 491 545 6.38 |7.22 |9.84 |12.14|15.1218.03
6.07 |7.46 |8.25 9.51 |10.46 13.62|16.39 20.06|23.49
7.65 9.36 |10.37 11.84|12.82 16.28 |19.29 23.34 |27.05
9.83 |11.97|13.29 15.04 |15.99 19.75 |22.99 27.53 |31.45
11.60 |14.05 |15.62 |17.57 |18.46 |22.40 |25.75 |30.62 |34.64

10.38 13.48 |16.24 |18.11 |20.25 |21.06 |25.10 |28.53 |33.66 |37.82
11.7415.48 |18.56 |20.72 |23.06 |23.83 |27.84 |31.34 |36.72 |40.91
0.921.26 |1.61 2.58 |3.83 6.29 |7.36 |10.26 | 13.63 | 18.30 |21.78 |24.36 |26.99 |27.73 |31.58 |35.15 |40.85 44.94
0.981.33|1.71|2.74 14.07 |6.78 |7.99 |11.25 |15.12 |20.55 |24.33 |27.32 |30.14 |30.85 |34.54 |38.09 |44.02 |48.02

* The lower bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are less

than.

** These precipitation frequency estimates are based on an annual maxima series. AEP is the Annual Exceedance Probability.
Please refer to the documentation for more information. NOTE: Formatting prevents estimates near zero to appear as zero.

Appendix A: Hydrologic Parameters Estimation
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Appendix A: Hydrologic Parameters Estimation
Physiographic Information

Project: Caguas Millenium

Caguas, Puerto Rico , Puerto Rico

PHYSIOGRAFIC INFORMATION

Soil Description HSG Curve Number
CaF Caguabo clay loam, 40 to 60 percent slopes D 89
MxD Mucara clay, 12 to 20 percent slopes D 89

PROJECT AREA (P1A)

Existing Condition
Soil HSG Curve Area
Number (acre)
CaF D 89 6.00
MxD D 89 2.10
Total (acres) 8.10
Total (km2) 0.0328
Total (mi2) 0.0127
Weighted CN 89.00
PROJECT AREA (P1B)
Existing Condition
Soil HSG Curve Area
Number (acre)
CaF D 89 2.06
MxD D 89 1.80
Total (acres) 3.87
Total (km2) 0.0157
Total (mi2) 0.0060
Weighted CN 89.00
PROJECT AREA (P1C)
Existing Condition
Soil HSG Curve Area
Number (acre)
MxD D 89 0.44
Total (acres) 0.44
Total (km2) 0.0018
Total (mi2) 0.0007
Weighted CN 89.00
PROJECT AREA (P2)
Existing Condition
Soil HSG Curve Area
Number (acre)
CaF D 89 0.99
MxD D 89 14.69
Total (acres) 15.68
Total (km2) 0.0634
Total (mi2) 0.0245
Weighted CN 89.00
EXTERIOR AREA (E1A)
Existing Condition
Soil HSG Curve Area
Number (acre)
CaF D 89 7.64
Total (acres) 7.64
Total (km2) 0.0309
Total (mi2) 0.0119
Weighted CN 89.00

EXTERIOR AREA (E1B)

Existing Condition

Soil HSG Curve Area

Number (acre)

CaF D 89 6.25
Total (acres) 6.25
Total (km2) 0.0253
Total (mi2) 0.0098
Weighted CN 89.00

PROJECT AREA (P1A)

Proposed Condition
Soil HSG Curve Area
Number (acre)
Developed D 93 4.18
Total (acres) 4.18
Total (km2) 0.0169
Total (mi2) 0.0065
Weighted CN 93.00

PROJECT AREA (P1B)

Proposed Condition

Soil HSG Curve Area
Number (acre)
Developed D 93 8.23
Total (acres) 8.23
Total (km2) 0.0333
Total (mi2) 0.0129
Weighted CN 93.00

PROJECT AREA (P2A)

Proposed Condition

Soil

HSG Curve Area
Number (acre)
Developed D 93 0.92
Total (acres) 0.92
Total (km2) 0.0037
Total (mi2) 0.0014
Weighted CN 93.00
PROJECT AREA (P2B)
Proposed Condition
Soil HSG Curve Area
Number (acre)

Developed D 93 6.04

Total (acres) 6.04

Total (km2) 0.0245

Total (mi2) 0.0094

Weighted CN 93.00

PROJECT AREA (P2C)

Proposed Condition
Soil HSG Curve Area
Number (acre)

Developed D 93 8.71

Total (acres) 8.71

Total (km2) 0.0352

Total (mi2) 0.0136

Weighted CN 93.00
EXTERIOR AREA (E2)

Existing Condition

Soil HSG Curve Area

Number (acre)

CaF D 89 16.66

MxD D 89 1.27
Total (acres) 17.93
Total (km2) 0.0726
Total (mi2) 0.0280
Weighted CN 89.00
EXTERIOR AREA (E3)

Existing Condition

Soil HSG Curve Area

Number (acre)

MxD D 89 1.07
Total (acres) 1.07
Total (km2) 0.0043
Total (mi2) 0.0017
Weighted CN 89.00

Caguas Milenio
Caguas, Puerto Rico



COMPUTATIONS FOR TIME OF CONCENTRATION - Kirpitch

Equation

Tc = 0.00781° "7 /s°%
Where: L in ft, S in ft/ft, Tc in min
EXISTING CONDITION
Higher Elevation Lower Elevation Distance Time of Concentration |Lag Time
Area m ft m ft m ft min hours hours
P1lA 115.00 377.20 75.00 246.00 201.73 661.67 2.16 0.04 0.022
P1B 110.00 360.80 65.00 213.20 262.60 861.33 2.80 0.05 0.028
P1C 65.00 213.20 60.00 196.80 80.77 264.93 1.67 0.03 0.017
P2 87.00 285.36 59.00 193.52 262.42 860.74 3.36 0.06 0.034
E1A 270.00 885.60 115.00 377.20 327.41 1073.90 2.24 0.04 0.022
E1B 270.00 885.60 110.00 360.80 351.30 1152.26 2.40 0.04 0.024
E2 250.00 820.00 78.00 255.84 448.57 1471.31 3.10 0.05 0.031
E3 90.00 295.20 60.00 196.80 196.38 644.13 2.34 0.04 0.023
PROPOSED CONDITION
Higher Elevation Lower Elevation Distance Time of Concentration |Lag Time
Area m ft m ft m ft min hours hours
P1lA 120.00 393.60 82.75 271.42 275.00 902.00 3.18 0.05 0.032
P1B 85.00 278.80 63.49 208.25 370.00 1213.60 5.53 0.09 0.055
P2A 78.06 256.04 77.43 253.97 73.50 241.08 3.33 0.06 0.033
P2B 62.95 206.48 58.09 190.54 170.30 558.58 4.00 0.07 0.040
P2C 78.06 256.04 58.22 190.96 242.21 794.45 3.50 0.06 0.035

Appendix A: Hydrologic Parameters Estimation
Lag Time Computations

Caguas Milenio
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HYDROLOGIC ANALYSIS RESULTS FOR EXISTING CONDITION



* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREET *
* RGMHEC2000 HEC-1.COM * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 190CT07 TIME 08:38:43 * * (916) 756-1104 *
* * * *
dek kK Kk K Kk kK Kk ok kK ok ok ok Kk ok Kk ok kK ok ok ok kK ok ok ok Rk K dk Kk Kk Kk ok kK kK ok kR ko ko Rk kR Kk ok kK Rk ok ok kR ok kR

X X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX  XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1l (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: DAMBREAK 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

Appendix B: Hydrologic Analysis 1 Caguas Milenio
Results for Existing Condition Caguas, Puerto Rico



=
—
=1
=

OO U WN

LINE

50
51
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ID
ID
ID
1D
1D
1D
IT
I0
Jp

KK
KP
BA
LS
UD
IN
KM
PH
KP
KM
PH
KP
KM
PH
KP
KM
PH
KP
KM
PH

KK
KP
BA
LS
UD
IN
KM
PH
KP
KM
PH
KP
KM
PH
KP
KM
PH
KP
KM
PH

1D

KK
HC

KK
KP
BA
LS
UD
IN
KM
PH
KP
KM
PH
KP
KM
PH
KP
KM
PH
KP

E1A

0.0119

0.022
15

P1A

0.0127

0.022

E1B

0.0098

0.024
15

HE

HYDROLOGIC ANALYSIS

PROJECT:

CAGUAS MILENIO,

TRIANGULAR DISTRIBUTION

FREQUENCY OF OCCURRENCE:
CA ENGINEERING,

OCTOB

EXISTING CONDITION

89

RUNOFF

RUNOFF

RUNOFF

RUNOFF

RUNOFF

89

RUNOFF

RUNOFF

RUNOFF

RUNOFF

RUNOFF

89

RUNOFF

RUNOFF

RUNOFF

RUNOFF

COMPUTATION

0.45 0.

COMPUTATION

0.65 1.

COMPUTATION

0.74 1.

COMPUTATION

0.82 1.

COMPUTATION

0.89 1.

COMPUTATION

0.45 0.

COMPUTATION

0.65 1.

COMPUTATION

0.74 1.

COMPUTATION

0.82 1.

COMPUTATION

0.89 1.

H

COMPUTATION

0.45 0.

COMPUTATION

0.65 1.

COMPUTATION

0.74 1.

COMPUTATION

0.82 1.

C-1 INPUT PAGE 1
Aol S, 6.0 Tovenon. 8.t 9. 10
CAGUAS, P.R.
2, 10, 25, 50 AND 100 YEARS
ER 2007
289
2-YRS STORM IN BASIN
78 1.86 2.61 2.81 3.37 3.91 4.59
10-YRS STORM IN BASIN
13 2.70 4.01 4.51 5.85 7.25 8.86
25-YRS STORM IN BASIN
31 3.10 4.76 5.45 7.25 9.26 11.51
50-YRS STORM IN BASIN
43 3.40 5.35 6.18 8.37 10.89 13.68
100-YRS STORM IN BASIN
56 3.70 5.94 6.93 9.53 12.63 16.03
2-YRS STORM IN BASIN
78 1.86 2.61 2.81 3.37 3.91 4.59
10-YRS STORM IN BASIN
13 2.70 4.01 4.51 5.85 7.25 8.86
25-YRS STORM IN BASIN
31 3.10 4.76 5.45 7.25 9.26 11.51
50-YRS STORM IN BASIN
43 3.40 5.35 6.18 8.37 10.89 13.68
100-YRS STORM IN BASIN
56 3.70 5.94 6.93 9.53 12.63 16.03
EC-1 INPUT PAGE 2
LA S, 6. Toeennn. 8. .. 9. 10
2-YRS STORM IN BASIN
78 1.86 2.61 2.81 3.37 3.91 4.59
10-YRS STORM IN BASIN
13 2.70 4.01 4.51 5.85 7.25 8.86
25-YRS STORM IN BASIN
31 3.10 4.76 5.45 7.25 9.26 11.51
50-YRS STORM IN BASIN
43 3.40 5.35 6.18 8.37 10.89 13.68
2 Caguas Milenio

Caguas, Puerto Rico



70 KM RUNOFF COMPUTATION 100-YRS STORM IN BASIN

71 PH 0.89 1.56 3.70 5.94 6.93 9.53 12.63 16.03
72 KK P1B
73 KP 1
74 BA 0.0060
75 LS 0 89
76 UD 0.028
77 IN 15
78 KM RUNOFF COMPUTATION 2-YRS STORM IN BASIN
79 PH 0.45 0.78 1.86 2.61 2.81 3.37 3.91 4.59
80 KP 2
81 KM RUNOFF COMPUTATION 10-YRS STORM IN BASIN
82 PH 0.65 1.13 2.70 4.01 4.51 5.85 7.25 8.86
83 KP 3
84 KM RUNOFF COMPUTATION 25-YRS STORM IN BASIN
85 PH 0.74 1.31 3.10 4.76 5.45 7.25 9.26 11.51
86 KP 4
87 KM RUNOFF COMPUTATION 50-YRS STORM IN BASIN
88 PH 0.82 1.43 3.40 5.35 6.18 8.37 10.89 13.68
89 KP 5
90 KM RUNOFF COMPUTATION 100-YRS STORM IN BASIN
91 PH 0.89 1.56 3.70 5.94 6.93 9.53 12.63 16.03
92 KK E3
93 KP 1
94 BA 0.0017
95 LS 0 89
96 UD 0.023
97 IN 15
98 KM RUNOFF COMPUTATION 2-YRS STORM IN BASIN
99 PH 0.45 0.78 1.86 2.61 2.81 3.37 3.91 4.59
100 KP 2
1 HEC-1 INPUT PAGE 3
LINE ID....... oo, 20 I 4o, 5. 6. Toviinnn 8. S 10
101 KM RUNOFF COMPUTATION 10-YRS STORM IN BASIN
102 PH 0.65 1.13 2.70 4.01 4.51 5.85 7.25 8.86
103 KP 3
104 KM RUNOFF COMPUTATION 25-YRS STORM IN BASIN
105 PH 0.74 1.31 3.10 4.76 5.45 7.25 9.26 11.51
106 KP 4
107 KM RUNOFF COMPUTATION 50-YRS STORM IN BASIN
108 PH 0.82 1.43 3.40 5.35 6.18 8.37 10.89 13.68
109 KP 5
110 KM RUNOFF COMPUTATION 100-YRS STORM IN BASIN
111 PH 0.89 1.56 3.70 5.94 6.93 9.53 12.63 16.03
112 KK COMB2
113 HC 3
114 KK COMB3
115 HC 2
116 KK E2
117 KP 1
118 BA 0.0280
119 LS 0 89
120 UD 0.031
121 IN 15
122 KM RUNOFF COMPUTATION 2-YRS STORM IN BASIN
123 PH 0.45 0.78 1.86 2.61 2.81 3.37 3.91 4.59
124 KP 2
125 KM RUNOFF COMPUTATION 10-YRS STORM IN BASIN
126 PH 0.65 1.13 2.70 4.01 4.51 5.85 7.25 8.86
127 KP 3
128 KM RUNOFF COMPUTATION 25-YRS STORM IN BASIN
129 PH 0.74 1.31 3.10 4.76 5.45 7.25 9.26 11.51
130 KP 4
131 KM RUNOFF COMPUTATION 50-YRS STORM IN BASIN
132 PH 0.82 1.43 3.40 5.35 6.18 8.37 10.89 13.68
133 KP 5
134 KM RUNOFF COMPUTATION 100-YRS STORM IN BASIN
135 PH 0.89 1.56 3.70 5.94 6.93 9.53 12.63 16.03
136 KK P2
137 KP 1
138 BA 0.0245
139 LS 0 89
140 uD 0.034
Appendix B: Hydrologic Analysis 3 Caguas Milenio
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141 IN 15
142 KM RUNOFF COMPUTATION 2-YRS STORM IN BASIN
143 PH 0.45 0.78 1.86 2.61 2.81
144 KP 2
145 KM RUNOFF COMPUTATION 10-YRS STORM IN BASIN
146 PH 0.65 1.13 2.70 4.01 4.51
147 KP 3
148 KM RUNOFF COMPUTATION 25-YRS STORM IN BASIN
149 PH 0.74 1.31 3.10 4.76 5.45
150 KP 4
151 KM RUNOFF COMPUTATION 50-YRS STORM IN BASIN
1 HEC-1 INPUT
LINE ID....... Toeenon.. 2. T 4o, 5
152 PH 0.82 1.43 3.40 5.35 6.18
153 KP 5
154 KM RUNOFF COMPUTATION 100-YRS STORM IN BASIN
155 PH 0.89 1.56 3.70 5.94 6.93
156 KK P1C
157 KP 1
158 BA 0.0007
159 LS 0 89
160 UD  0.017
161 IN 15
162 KM RUNOFF COMPUTATION 2-YRS STORM IN BASIN
163 PH 0.45 0.78 1.86 2.61 2.81
164 KP 2
165 KM RUNOFF COMPUTATION 10-YRS STORM IN BASIN
166 PH 0.65 1.13 2.70 4.01 4.51
167 KP 3
168 KM RUNOFF COMPUTATION 25-YRS STORM IN BASIN
169 PH 0.74 1.31 3.10 4.76 5.45
170 KP 4
171 KM RUNOFF COMPUTATION 50-YRS STORM IN BASIN
172 PH 0.82 1.43 3.40 5.35 6.18
173 KP 5
174 KM RUNOFF COMPUTATION 100-YRS STORM IN BASIN
175 PH 0.89 1.56 3.70 5.94 6.93
176 KK  COMB4
177 HC 3
178 22
1*****************************************
*
*  FLOOD HYDROGRAPH PACKAGE (HEC-1)  *
* JUN 1998 *
* VERSION 4.1 *
*  RGMHEC2000 HEC-1.COM  *
* RUN DATE  190CT07 TIME 08:38:43  *
* *
LRSS E SRS S SRS E R R R SRR R RS R SRS
HYDROLOGIC ANALYSIS
PROJECT: CAGUAS MILENIO, CAGUAS, P.R.
TRIANGULAR DISTRIBUTION
FREQUENCY OF OCCURRENCE: 2, 10, 25, 50 AND 100 YEARS
CA ENGINEERING, OCTOBER 2007
EXISTING CONDITION
8 10 OUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IT HYDROGRAPH TIME DATA
NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 289 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 2 0 ENDING DATE
NDTIME 0000 ENDING TIME
ICENT 19 CENTURY MARK

COMPUTATION INTERVAL

Appendix B: Hydrologic Analysis
Results for Existing Condition

TOTA

L TIME BASE 24.

08 HOURS
00 HOURS

.37

.85

.25

.53

.37

.85

.25

.37

.53

PAGE 4
....... 9......10

10.89 13.68

12.63 16.03

10.89 13.68

12.63 16.03

R R R R

* U.S. ARMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756-1104 *
* *
* *

R R R R R R R R

Caguas Milenio
Caguas, Puerto Rico



ENGLISH UNITS

DRAINAGE AREA SQUARE MILES

PRECIPITATION DEPTH INCHES

LENGTH, ELEVATION FEET

FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET

SURFACE AREA ACRES

TEMPERATURE DEGREES FAHRENHEIT
Jp MULTI-PLAN OPTION
NPLAN 5 NUMBER OF PLANS
JR MULTI-RATIO OPTION

RATIOS OF RUNOFF
1.00

KKK KKK KKK

KKK KKK KKK KKK KK

* *
10 KK * ElA *
* *
KAk kK kkhkkhkkhkKx
* Kk k * Kk k * ok k * Kk k * Kk k * ok k * ok k * Kk k * Kk k * ok k * Kk k * Kk k * Kk k
11 KP PLAN 1 FOR STATION E1A
RUNOFF COMPUTATION 2-YRS STORM IN BASIN
SUBBASIN RUNOFF DATA
12 BA SUBBASIN CHARACTERISTICS
TAREA .01 SUBBASIN AREA
PRECIPITATION DATA
17 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM
e HYDRO-35 ......  c.i.iiiiiniinnan.. TP=40 ittt e TP-49 ....
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY
.45 .18 1.86 2.61 2.81 3.37 3.91 4.59 .00 .00 .00
STORM AREA = .01
13 Ls SCS LOSS RATE
STRTL .25 INITIAL ABSTRACTION
CRVNBR 89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
14 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .02 LAG
* Kk
UNIT HYDROGRAPH
5 END-OF-PERIOD ORDINATES
68. 19. 4. 1. 0.

* % * * % * * % * * % * * % *

HYDROGRAPH AT STATION E1A
FOR PLAN 1, RATIO = 1.00
TOTAL RAINFALL = 4.59, TOTAL LOSS = 1.21, TOTAL EXCESS = 3.38
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6—-HR 24-HR 72-HR 24.00-HR
+ (CFS) (HR)
(CFS)
+ 30. 12.08 4. 1. 1. 1.
(INCHES) 2.745 3.378 3.378 3.378
(AC-FT) 2. 2. 2. 2.
CUMULATIVE AREA = .01 sQ MI
* ok k * Kk k * ok k * Kk k * Kk k
Appendix B: Hydrologic Analysis 5
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KkK KKK KKK KAk KKK

* kK * kK * KKk

10-DAY
.00
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HYDROGRAPH AT STATION E1A
FOR PLAN 1, RATIO = 1.00

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.00-HR
+ (CFS) (HR)
(CFS)
+ 30. 12.08 4. 1. 1. 1.
(INCHES) 2.745 3.378 3.378 3.378
(AC-FT) 2. 2. 2. 2.
CUMULATIVE AREA = .01 sSQ MI
ok k ok ok ok ok * ok ok * ok ok ok ok ok k * ok ok * ok ok ok ok * ok ok ok k ok k ok k ok k ok k
18 KP PLAN 2 FOR STATION E1A

RUNOFF COMPUTATION 10-YRS STORM IN BASIN

SUBBASIN RUNOFFEF DATA

12 BA SUBBASIN CHARACTERISTICS
TAREA .01 SUBBASIN AREA

PRECIPITATION DATA

20 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM
..... HYDRO-35 ...... e TP40 L e TP-49 Lo
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY 10-DAY
.65 1.13 2.70 4.01 4.51 5.85 7.25 8.86 .00 .00 .00 .00
STORM AREA = .01
13 Ls SCS LOSS RATE
STRTL .25 INITIAL ABSTRACTION
CRVNBR 89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
14 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .02 LAG

* % *

UNIT HYDROGRAPH
5 END-OF-PERIOD ORDINATES
68. 19. 4. 1. 0.

* KKk * KKk * kK * KKk * kK

HYDROGRAPH AT STATION E1A
FOR PLAN 2, RATIO = 1.00

TOTAL RAINFALL = 8.86, TOTAL LOSS = 1.33, TOTAL EXCESS = 7.53
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.00-HR
+ (CFS) (HR)
(CF'S)
+ 49. 12.08 7. 2. 2. 2.
(INCHES) 5.421 7.525 7.525 7.525
(AC-FT) 3. 5. 5. 5.
CUMULATIVE AREA = .01 sQ MI
* Kk * Kk * Kk * Kk * Kk
HYDROGRAPH AT STATION E1A

FOR PLAN 2, RATIO = 1.00

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6—-HR 24-HR 72-HR 24.00-HR
+ (CFS) (HR)
(CFS)

+ 49. 12.08 7. 2. 2. 2.

(INCHES) 5.421 7.525 7.525 7.525

(AC-FT) 3. 5. 5. 5.

CUMULATIVE AREA = .01 sQ MI
Appendix B: Hydrologic Analysis 6 Caguas Milenio
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* KKk * KKk * KKk * KKk * KKk * KKk * KKk * KKk * KKk * KKk * KKk * KKk * kK * KKk * KKk * KKk

21 KP PLAN 3 FOR STATION E1A
RUNOFF COMPUTATION 25-YRS STORM IN BASIN

SUBBASIN RUNOFF DATA

12 BA SUBBASIN CHARACTERISTICS
TAREA .01 SUBBASIN AREA

PRECIPITATION DATA

23 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM
..... HYDRO-35 ...... e TPA0 e s TP-49 Ll
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY 10-DAY
.74 1.31 3.10 4.76 5.45 7.25 9.26 11.51 .00 .00 .00 .00
STORM AREA = .01
13 Ls SCS LOSS RATE
STRTL .25 INITIAL ABSTRACTION
CRVNBR 89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
14 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .02 LAG

* kK

UNIT HYDROGRAPH
5 END-OF-PERIOD ORDINATES
68. 19. 4. 1. 0.

* % * % * * % * * % * * % *

HYDROGRAPH AT STATION E1A
FOR PLAN 3, RATIO = 1.00

TOTAL RAINFALL = 11.51, TOTAL LOSS = 1.36, TOTAL EXCESS = 10.15
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.00-HR
+  (CFS) (HR)
(CFS)
+ 57. 12.08 9. 3. 3. 3.
(INCHES) 6.905 10.139 10.139 10.139
(AC-FT) 4. 6. 6. 6.
CUMULATIVE AREA = .01 sQ MI
* K K * K K * Kk * K K * K K
HYDROGRAPH AT STATION E1A

FOR PLAN 3, RATIO = 1.00

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.00-HR
+ (CFS) (HR)
(CFS)
+ 57. 12.08 9. 3. 3. 3.
(INCHES) 6.905 10.139 10.139 10.139
(AC-FT) 4. 6. 6. 6.
CUMULATIVE AREA = .01 sQ MI
* ok ok * k% * ok x * ok x * k% *k ok *k % *k ok * ok x * k% * ok ok *k ok * ok ok *k ok *k ok *k ok
24 KP PLAN 4 FOR STATION E1A

RUNOFF COMPUTATION 50-YRS STORM IN BASIN
SUBBASIN RUNOFF DATA

12 BA SUBBASIN CHARACTERISTICS
TAREA .01 SUBBASIN AREA

Appendix B: Hydrologic Analysis 7 Caguas Milenio
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26 PH

13 Ls

14 UD

* KKk

TOTAL RAINFALL =

PEAK FLOW

+ (CFS)

+ 63.

* % *

PEAK FLOW

+ (CES)

+ 63.

* % * * % *

27 KP

12

BA

29 PH

13 Ls

PRECIPITATION DATA

DEPTHS FOR

e HYDRO=35 . ovvvn teieenannnnn = TP-49 ....
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR  12-HR  24-HR  2-DAY  4-DAY  7-DAY
.82 1.43 3.40 5.35 6.18 8.37 10.89  13.68 .00 .00 .00
STORM AREA = .01
SCS LOSS RATE
STRTL .25 INITIAL ABSTRACTION
CRVNBR 89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
SCS DIMENSIONLESS UNITGRAPH
TLAG .02 LAG
* Kk x
UNIT HYDROGRAPH
5 END-OF-PERIOD ORDINATES
68. 19. 4, 1. 0.
* K K * K K * K K * Kk
HYDROGRAPH AT STATION E1A
FOR PLAN 4, RATIO = 1.00
13.68, TOTAL LOSS = 1.38, TOTAL EXCESS =  12.30
TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.00-HR
(HR)
(CFS)
12.08 10. 4. 4. 4.
(INCHES) 8.074 12.288 12.288 12.288
(AC-FT) 5. 8. 8. 8.
CUMULATIVE AREA = .01 SQ MI
* Kk x * Kk x * Kk x * Kk x
HYDROGRAPH AT STATION E1A
FOR PLAN 4, RATIO = 1.00
TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.00-HR
(HR)
(CFS)
12.08 10. 4, 4, 4.
(INCHES) 8.074 12.288 12.288 12.288
(AC-FT) 5. 8. 8. 8.
CUMULATIVE AREA = .01 SQ MI
* Kk x * Kk ok * Kk x * Kk ok * Kk x * Kk x * Kk x * Kk ok * Kk x * Kk x * Kk x
PLAN 5 FOR STATION E1A
RUNOFF COMPUTATION 100-YRS STORM IN BASIN
SUBBASIN RUNOFF DATA
SUBBASIN CHARACTERISTICS
TAREA .01 SUBBASIN AREA
PRECIPITATION DATA
DEPTHS FOR  0-PERCENT HYPOTHETICAL STORM
e HYDRO=35 . otvvn teieenannnns = o TP-49 ....
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR  12-HR  24-HR  2-DAY  4-DAY  7-DAY
.89 1.56 3.70 5.94 6.93 9.53 12.63  16.03 .00 .00 .00
STORM AREA = .01
SCS LOSS RATE
STRTL .25 INITIAL ABSTRACTION
CRVNBR 89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
8
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0-PERCENT HYPOTHETICAL STORM

10-DAY

.00

* % * * % * * % *

10-DAY
.00
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14 UD SCS DIMENSIONLESS UNITGRAPH

TLAG .02 LAG

* KKk

UNIT HYDROGRAPH
5 END-OF-PERIOD ORDINATES

68. 19. 4. 1. 0.

* % * * % * * % * * % *

HYDROGRAPH AT STATION E1A
FOR PLAN 5, RATIO = 1.00
TOTAL RAINFALL = 16.03, TOTAL LOSS = 1.39, TOTAL EXCESS =
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR
+  (CFS) (HR)
(CFS)
+ 69. 12.08 12. 5. 5.
(INCHES) 9.276 14.621 14.621
(AC-FT) 6. 9. 9.
CUMULATIVE AREA = .01 sQ MI
* Kk * K K * K K * K K
HYDROGRAPH AT STATION E1A
FOR PLAN 5, RATIO = 1.00
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR
+  (CFS) (HR)
(CFS)
+ 69. 12.08 12. 5. 5.
(INCHES) 9.276 14.621 14.621
(AC-FT) 6. 9. 9.
CUMULATIVE AREA = .01 SQ MI

KKK KKK KKK

KKK KKK KKK KKK KK

* *
30 KK * PlA *
* *

KKK KKK KKK KKK KK

* % * * % * * % * * % * * % * * % * * % * * % * * % *

31 KP PLAN 1 FOR STATION P1A
RUNOFF COMPUTATION 2-YRS STORM IN BASIN
SUBBASIN RUNOFF DATA
32 BA SUBBASIN CHARACTERISTICS
TAREA .01 SUBBASIN AREA
PRECIPITATION DATA
37 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM
..... HYDRO-35 ...... e s TPE40 L e
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY
.45 .78 1.86 2.61 2.81 3.37 3.91 4.59 .00
STORM AREA = .01
33 LS SCS LOSS RATE
STRTL .25 INITIAL ABSTRACTION
CRVNBR 89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
34 UD SCS DIMENSIONLESS UNITGRAPH
Appendix B: Hydrologic Analysis 9

Results for Existing Condition

* % *

14.64
24.00-HR
5.
14.621
9.

* Kk k
24.00-HR
5.
14.621
9.

KhK KKK KKK KKK KKKk KKKk KKKk KAk KAk KKKk KAk KAk KAk KAk KAk KAk KAk KAk KkK

* % * * % *

KkK KKK KKK KKK

* % * * % *

..... TP-49 .....
4-DAY 7-DAY
00 00

KkK KKK KKKk KKKk KAk KAk KKK

* % * * % * * % * * % *

10-DAY
.00

Caguas Milenio
Caguas, Puerto Rico



TLAG .02 LAG
* ok k
UNIT HYDROGRAPH
5 END-OF-PERIOD ORDINATES
73. 20. 4. 1. 0.
* Kk * Kk * Kk * Kk k. * Kk
HYDROGRAPH AT STATION P1A
FOR PLAN 1, RATIO = 1.00
TOTAL RAINFALL = 4.59, TOTAL LOSS = 1.21, TOTAL EXCESS = 3.38
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.00-HR
+ (CFS) (HR)
(CF'S)
+ 33. 12.08 4. 1. 1. 1.
(INCHES) 2.745 3.378 3.378 3.378
(AC-FT) 2. 2. 2. 2.
CUMULATIVE AREA = .01 sQ MI
* Kk * Kk k * Kk k * Kk k * ok k
HYDROGRAPH AT STATION P1A
FOR PLAN 1, RATIO = 1.00
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.00-HR
+ (CFS) (HR)
(CF'S)
+ 33. 12.08 4. 1. 1. 1.
(INCHES) 2.745 3.378 3.378 3.378
(AC-FT) 2. 2. 2. 2.
CUMULATIVE AREA = .01 sQ MI
* Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk
38 KP PLAN 2 FOR STATION P1A
RUNOFF COMPUTATION 10-YRS STORM IN BASIN
SUBBASIN RUNOFF DATA
32 BA SUBBASIN CHARACTERISTICS
TAREA .01 SUBBASIN AREA
PRECIPITATION DATA
40 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM
e HYDRO-35 ......  c.i.iiiiiniinnan.. TP=40 ittt it e TP-49 ....
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY
.65 1.13 2.70 4.01 4.51 5.85 7.25 8.86 .00 .00 .00
STORM AREA = .01
33 LS SCS LOSS RATE
STRTL .25 INITIAL ABSTRACTION
CRVNBR 89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
34 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .02 LAG
* Kk Kk
UNIT HYDROGRAPH
5 END-OF-PERIOD ORDINATES
73. 20. 4. 1. 0.

* KKk * KKk * KKk * KKk

HYDROGRAPH AT STATION
FOR PLAN 2, RATIO =

P1A
1.00

Appendix B: Hydrologic Analysis
Results for Existing Condition
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10-DAY
.00
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TOTAL RAINFALL = 8.86, TOTAL LOSS = 1.33, TOTAL EXCESS = 7.53
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.00-HR
+  (CFS) (HR)
(CFS)
+ 52. 12.08 7. 3. 3. 3.
(INCHES) 5.421 7.525 7.525 7.525
(AC-FT) 4. 5. 5. 5.
CUMULATIVE AREA = .01 SQ MI
* Kk ok * Kk ok * Kk x * Kk x * Kk ok
HYDROGRAPH AT STATION P1A
FOR PLAN 2, RATIO = 1.00
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.00-HR
+  (CFS) (HR)
(CFS)
+ 52. 12.08 7. 3. 3. 3.
(INCHES) 5.421 7.525 7.525 7.525
(AC-FT) 4. 5. 5. 5.
CUMULATIVE AREA = .01 sQ MI
* K K * K K * Kk * K K * K K * Kk * K K * Kk * K K * K K * K K * Kk * K K * Kk * K K * Kk
41 KP PLAN 3 FOR STATION P1A
RUNOFF COMPUTATION 25-YRS STORM IN BASIN
SUBBASIN RUNOFF DATA
32 BA SUBBASIN CHARACTERISTICS
TAREA .01 SUBBASIN AREA
PRECIPITATION DATA
43 PH DEPTHS FOR  0-PERCENT HYPOTHETICAL STORM
..... HYDRO-35 ...... e s TP=40 e e TP=49 ..
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR  12-HR  24-HR 2-DAY 4-DAY  7-DAY 10-DAY
.74 1.31 3.10 4.76 5.45 7.25 9.26  11.51 .00 .00 .00 .00
STORM AREA = .01
33 LS SCS LOSS RATE
STRTL .25 INITIAL ABSTRACTION
CRVNBR 89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
34 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .02 LAG
* Kk x
UNIT HYDROGRAPH
5 END-OF-PERIOD ORDINATES
73. 20. 4. 1. 0.

* % * * % * * %

HYDROGRAPH AT STATION

FOR PLAN 3, RA
TOTAL RAINFALL = 11.51, TOTAL LOSS
PEAK FLOW TIME
6-HR
+ (CES) (HR)
(CES)
+ 60. 12.08 9.
(INCHES) 6.905
(AC-FT) 5.

CUMULATIVE AREA

Appendix B: Hydrologic Analysis
Results for Existing Condition

* % * * %

P1A
TIO = 1.00
= 1.36, TOTAL EXCESS = 10.15
MAXIMUM AVERAGE FLOW
24-HR 72-HR 24.00-HR
3. 3. 3.
10.139 10.139 10.139
7. 7. 7.
.01 sQ MI
11 Caguas Milenio

Caguas, Puerto Rico

* KKk



* kK * KKk * kK * KKk * KKk

HYDROGRAPH AT STATION
FOR PLAN 3, RATIO =

P1A
1.00

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6—-HR 24-HR 72-HR 24.00-HR
+ (CFS) (HR)
(CF'S)
+ 60. 12.08 9. 3. 3. 3.
(INCHES) 6.905 10.139 10.139 10.139
(AC-FT) 5. 7. 7. 7.
CUMULATIVE AREA = .01 sQ MI
* Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk * Kk
44 KP PLAN 4 FOR STATION P1A
RUNOFF COMPUTATION 50-YRS STORM IN BASIN
SUBBASIN RUNOFF DATA
32 BA SUBBASIN CHARACTERISTICS
TAREA .01 SUBBASIN AREA
PRECIPITATION DATA
46 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM
..... HYDRO-35 ...... e TP40 L e TP-49 Lol
5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY 4-DAY 7-DAY 10-DAY
.82 1.43 3.40 5.35 6.18 8.37 10.89 13.68 .00 .00 .00 .00
STORM AREA = .01
33 LS SCS LOSS RATE
STRTL .25 INITIAL ABSTRACTION
CRVNBR 89.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
34 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .02 LAG
* Kk k
UNIT HYDROGRAPH
5 END-OF-PERIOD ORDINATES
73. 20. 4. 1. 0.

* KKk * KKk * KKk * KKk * KKk

HYDROGRAPH AT STATION P1A
FOR PLAN 4, RATIO = 1.00
TOTAL RAINFALL = 13.68, TOTAL LOSS = 1.38, TOTAL EXCESS = 12.30
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.00-HR
+ (CFS) (HR)
(CF'S)
+ 67. 12.08 11. 4. 4. 4.
(INCHES) 8.074 12.288 12.288 12.288
(AC-FT) 5. 8. 8. 8.
CUMULATIVE AREA = .01 sQ MI
* Kk * Kk * Kk * Kk * Kk
HYDROGRAPH AT STATION P1A
FOR PLAN 4, RATIO = 1.00
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6—-HR 24-HR 72-HR 24.00-HR
+ (CFS) (HR)
(CFS)
+ 67. 12.08 11. 4. 4. 4.
(INCHES) 8.074 12.288 12.288 12.288
(AC-FT) 5. 8. 8. 8.
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CUMULATIVE AREA = .01 sQ MI

* Kk k * Kk k * Kk k * Kk k * Kk k * ok k * ok k * ok k * Kk k * Kk k * Kk Kk * Kk k * Kk k * Kk k
47 KP PLAN 5 FOR STATION P1A
RUNOFF COMPUTATION 100-YRS STORM IN BASIN
SUBBASIN RUNOFF DATA
32 BA SUBBASIN CHARACTERISTICS
TAREA .01 SUBBASIN AREA
PRECIPITATION DATA
49 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORM
..... HYDRO-35 ...... e TPA0 e s