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SEDIMENTATION STUDY
FOR A MATERIAL EXTRACTION ACTIVITY
IN THE RiO MARIN
PATILLAS, PUERTO RICO

Menar Hydrosystems Engineering, PSC
June 2010

I. INFTRODUCTION

General

Mr. Carlos Gonzalez Morales, project promoter, is currently undergoing the process to get a
permit for a material extraction activity in a reach located on Rio Marin upstream from Lago

Patillas.

The studied reach on Rio Marin is located at Km. 30.8 of the State Road PR-181, within the
Municipality of Patillas, Puerto Rico. The reach length is approximately 1,014 meters, and the
extraction length is 599 meters. Figure 1 shows the location plan of the concerned river reach on

the USGS topographic map of Patillas, iaublished by the US Geological Survey [1982].

The reach is located within the flooding zone of the Rio Marin, as indicated in the FEMA’s
Flood Insurance Rate Map (FIRM) No. 1770H. Figure 2 show the studied reach location on the
partial copy of this map published by the Federal Emergency Management Agency [FEMA,

2005].
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The zone is classified as Zone A, because detailed analyses are not performed for such areas; no
depths or base flood elevations are shown within these zones. For this reason a Hydrologic and
Hydraulic analysis (HH) will be performed to determine the existing flooding levels and limits
for the 100-year rainfall event along the studied reach in Rio Marin. The existing water surface

elevations must be not increase by the proposed extraction activity.

The proposed extraction activity should comply with the requirements of section number 3.2,
paragraphs 19b and 22b, of the “Reglamento para Regir la Extraccién, Excavacién, Remocion y

Dragado de Los Componentes de la Corteza Terrestre” [DRNA, 2004].

This report summarizes the results of the Hydrologic, Hydraulic and Sedimentation analysis
performed to determine the impact of the proposed extraction activity on the existing water
surface elevations and, on the equilibrium sediment transport rate along the analyzed reach.
Recommendations of the maximum depths of material extraction for the analyzed reach are

given based on the hydraulic analysis.

Authorization

Mr. Carlos Gonzélez Morales, promoter of the extraction activity, authorized this study through
an agreement with Mr. Miguel Menar Figueroa, P.E., representative of Menar Hydrosystems

Engineering, P.S.C.
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Scope of Work

The scope of work for the Hydrologic, Hydraulic and Sediment Transport studies includes the
following tasks at the concerned reach of the Rio Marin.

e Site visit to determine the river bed channel conditions.

e Hydrologic modeling of the existing condition.

e Hydraulic modeling of the existing and proposed conditions.

e Determine the hydraulic profile for the 100-year flood for the existing and proposed

conditions.

e Sediment transport modeling for the existing and proposed conditions for frequent and non

frequent events.

e Analysis of the resulting channel bed elevation change and sediment transport rates
according to the proposed extraction at the river channel for the frequent and non frequent

events.

e Recommendation of the maximum depth of material extraction within the river channel

according to the impact on the equilibrium sediment transport rate.

SEDIMENTATION STUDY FOR A MATERIAL EXTRACTION ACTIVITY IN THE RI0 MARIN, PATILLAS, PUERTO RICO
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1L HYDROLOGIC ANALYSIS

Peak Flow Discharge for the 100-yr Event
Methodology

A hydrologic analysis was performed to determine the peak flow discharge corresponding to the
100-year (100-yr) rainfall event for the watershed discharging into the analyzed reach. This
analysis employed the Unit Hydrograph methodology developed by the U.S. Soil Conservation
Service (SCS) and implemented in the June 1998 edition of the HEC-1 computer program

(version 4.1) [USACE, 1998]. Discharge was computed for the existing condition.

Watershed Description

The watershed for Rio Marin was delimited using the USGS topographic maps of Patillas and
Yabucoa. One sub-basin was delimited; which was named Rio Marin (RM). Figure 3 shows the

drainage watershed limits established for Rio Marin upstream from the studied reach limit.

Rainfall Data

Average point rainfall depths for the 100-year event were taken from the Frequency Data Server
available online and developed by NOAA’s National Weather Services in NOAA Atlas 14
Volume 3, Version 4.0 [U.S. Department of Commerce, et. al 2006]. This data is included in
Appendix B. Frequency based hypothetical storm used by the runoff model for the basin

hydrologic response analysis were generated using the data shown in Table 1.
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The total storm is automatically distributed according to the specified depth/duration data for
each analyzed exceedance probability (100-year). A triangular precipitation distribution
(balanced storm) for 24 hours duration was constructed such that the depth specified for any

duration occurs during the central part of the storm.

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

Time of Concentration

The time of concentration (7c) is defined as the time it takes to the most hydraulically remote
drop of water to travel to the basin outlet. Time of Concentration within each sub-basin was

estimated using the Kirpich equation,

T. = 0.00013*(%77 /5035 m

where, T is the time of concentration in hours, L is the length of the overland flow in feet, and S
is the average overland slope in ft/ft. Appendix A includes the computations for the time of

concentration for the studied basin for both conditions.

Soils

The soils classification was taken from the Web Soil Survey for Humacao Area, Puerto Rico

Eastern Part, and San Juan Area, Puerto Rico, published by the Natural Resources Conservation

SEDIMENTATION STUDY FOR A MATERIAL EXTRACTION ACTIVITY IN THE RiO MARIN, PATILLAS, PUERTO RICO
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Service [NRCS, 2008]. The soils within the studied area are composed of hydrologic soil group

B, and D. The weighted curve numbers for each sub-basin are included in the Appendix A.

Peak Discharges

The HEC-1 modeling was performed using: 1) the rainfall depths; 2) the basin’s area; 3) the
curve number (CN) and; 4) the basin’s lag time (0.67,). Peak flow discharge for the 100-year
event was computed at the sub-basin outlet. The hydrologic analysis results are shown in Table

2 for the 100-year rainfall event. The estimated CN value and peak flow discharge for the

studied sub-basin are shown in this table (for AMC II).

EXISTING RM 3,394.08 (5.3033) 82 44 13,272 (375.82)

Flow Discharges for Frequent and Non-Frequent Events

The USGS station no. 50093000 was used to simulate frequent and non frequent events for Rio
Marin. The mean monthly and peak flows reported at this station were used to simulate these
scenarios. In addition water surface elevation on Lago Patillas reported in the USGS station no.

50093045 was used to establish the boundary condition downstream.

Appendix A includes the USGS data. Tables 3 and 4 show the mean monthly flows, and peak
flows, respectively, for the USGS station no. 50093000. A total of 8 extreme events were

included in the peak flows analysis.
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Table 3. Mean monthly flows for the USGS station no. 50093000 Rio Marin Near Patillas,
PR, and water surface elevation for Lago Patillas (USGS station no. 50093045).

Table 4. Peak flows for the USGS station no. 50093000 Rio Marin Near Patillas, PR, and
water surface elevation for Lago Patillas (USGS station no. 50093045).

Oct23,2005
| Oet.13,2006
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1I1. HYDRAULIC DATA

Field survey data submitted by Mr. José A. Lebréon Quifiones, PLS was used to construct the
hydraulic geometry model. Seventeen (17) cross sections were surveyed, for Rio Marin. Some
cross sections were extended using the USGS topographic maps of Patillas and Humacao. A
copy of the field surveyed data is included in Appendix G. The cross sections location plan is

shown in Figure 4.

IV.SEDIMENT DATA

A mechanical particle size analysis performed for Rio Marin on May 2000 by Mr. Victor Mario
Rivera, P.E. was used to simulate the bed gradation distribution in the sediment transport model.

Table 5 shows the gradation distribution for the analyzed sample. The particle size data is

included in Appendix E.
Table 5. Particle size distribution for the bed gradation.
1 25.4
4 4.76
10 2.00
40 0.42 7
200 0.074 1

SEDIMENTATION STUDY FOR A MATERIAL EXTRACTION ACTIVITY IN THE RIO MARIN, PATILLAS, PUERTO RICO
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V.SEDIMENTATION ANALYSIS

Methodology
Hydraulic Analysis

A hydraulic analysis was performed to determine the existing 100-yr water surface elevation for
the existing and proposed conditions. The River Analysis System (HEC-RAS 4.1.0) model,

developed by the U.S. Army Corps of Engineers [USACE, 2010], was applied for this purpose.

The model was conceptualized for a reach named MARIN. As mentioned earlier, field survey
data submitted by Mr. José A. Lebrén Quifiones, PLS, was used to construct the hydraulic

geometry model.

The 100-yr peak flow discharge calculated in the hydrologic analysis was used in this analysis
for steady state condition (375.82 m’/s). Known water surface elevation was used as boundary
condition downstream. It was determined using the 100-yr flood mark presented in the FEMA’s

flood insurance rate map No. 1770H. The mark corresponds to an elevation of 70.00 m (msl).

The Manning's roughness coefficients were determined by visual inspection of the site. The
values used for the existing condition model were 0.04 in the main channel and 0.06 in the
floodplain; contraction and expansion coefficients of 0.1 and 0.3, respectively, were used for

gradual transitions and, 0.3 and 0.5 for abrupt transitions.

SEDIMENTATION STUDY FOR A MATERIAL EXTRACTION ACTIVITY IN THE RIi0O MARIN, PATILLAS, PUERTO RICO
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Sediment Transport Analysis

A sediment transport analysis was performed to determine the bed elevation change and the
material transport capacity for the concerned reach. This analysis was performed using the
sediment transport option included in the River Analysis System (HEC-RAS 4.1.0) model,

developed by the U.S. Army Corps of Engineers [USACE, 2010].

For the sediment transport analysis a quasi-unsteady flow data and the stage data for Lago
Patillas were used as boundary conditions upstream and downstream respectively. Two
scenarios were evaluated for the sediment transport analysis: 1) mean monthly flows and; 2)
peak flows. The data used for these scenarios was the reported in the USGS stations nos.

50093000 and 50093045 (see Tables 3 and 4).

In addition, the model requires a water temperature series. Based on water quality samples taken
at the USGS station no. 50093000; an average water temperature of 26°C was used for the

sediment transport simulation.

For the simulation of the sediments transport process the Toffaleti’s transport function was
applied. This method is a Modified-Einstein total load function that breaks the suspended load
distribution into vertical zones, for simulating two-dimensional sediment movement. Four zones
are used to define the sediment distribution. They are the upper zone, the middle zone, the lower
zone and, the bed zone. The sediment transport is calculated independently for each zone and

then added to determine the total sediment transport.

SEDIMENTATION STUDY FOR A MATERIAL EXTRACTION ACTIVITY IN THE RIO MARIN, PATILLAS, PUERTO RICO
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The transport function was chosen based in the particle distribution and the channel morphology.
The range of input values for sediment transport functions are specified in the reference manual

for BEC-RAS 4.1.0 [USACE, 2010].

The sorting method used in this analysis was Active Layer based in a two layer algorithm. The
fall velocity method used corresponds to the Toffaleti’s sediment transport function. The right
and the left bank for the sediment transport analysis were determined using the field data

included in Appendix G.

A maximum erodible depth of 3.0 meters was assumed for the sediment analysis. The
equilibrium load upstream from cross section 17 was used as boundary condition. This section is
located out of the proposed extraction reach. The model assumes no aggradation or erosion at

this section for the equilibrium load.

Existing Condition

Hydraulic Results

Computed water levels at each cross section, along the analyzed reach, for the 100-year flood
event are presented in Table 6. Figure 5 shows the water surface profile for the 100-year flood.

Detailed results for this frequency flood event are included in Appendix F (Plan: EXISTING).

SEDIMENTATION STUDY FOR A MATERIAL EXTRACTION ACTIVITY IN THE RIO MARIN, PATILLAS, PUERTO RICO
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Table 6. Hydraulic modeling results for the existing condition model: 100-year flood
event.
g Proﬁle - sz fO.t?_lfﬂ oS [T
e e sy

1
2 66.18 70.02 0.57
3 66.79 70.00 1.17
4 66.90 70.06 0.88
5 67.06 70.07 1.12
6 67.59 70.09 1.48
7 67.34 70.19 1.44
8 67.88 70.18 2.65
9 67.91 70.49 248
10 MARIN 100-yr 375.82 67.99 70.64 3.24
11 68.29 71.31 4.72
12 69.44 72.33 4.51

12.3 Existing (5) 1.53 x 1.50 (span x rise} Box Culvert

12.5 69.44 73.53 2.76
13 70.01 73.92 4,62
14 72.11 75.80 4.69
15 73.94 77.46 5.28
16 74.83 78.80 4.90
17 77.78 81.33 4.85

The hydraulic analysis for the existing condition shows that the existing culvert over Rio Marin

is flooded during the 100-yr rainfall event. The flood depth calculated was 2.39 meter from the

top elevation.
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Sediment Transport Results

Computed change in the channel invert elevations for the mean monthly flow analysis at each
cross section, are presented in Table 7. Detailed results for this scenario are included in

Appendix F (Plan: MEAN EXIS).

Table 7. Sediment transport results for the existing condition model: mean monthly flow.

1 0.00 § 000 | 000 § 000 | 000 | 001 § 001 § 0.01 | 001 | 001 § 0.01 §| 0.01
2 0.00 § 0.00 | 000 | 000 | 0.00 | 001 | 001 § 0.01 | 001 | 0.01 | 0.01 | 0.01
3 0.00 § 0.00 | 0.00 § 0.00 | -0.07 §{ -0.10 | -0.13 | -0.14 | -0.14 | -0.14 | -0.14 | -0.14
4 0.00 ¢ 0.00 | 0.00 } 0.00 f 0.00 { 0.00 § 000 | 0.00 | 000 | 0.00 §} 0.00 § 0.00
5 0.00 f 000 | 000 § -0.01 | 0.00 | -0.01 | 0.00 | -0.01 § -0.02 ]| -0.02 | 0.00 | -0.01
6 0.00 § 0.00 | 0.00 | 0.00 | -0.01 | 000 § -0.0L | -0.01 § 0.00 | 0.00 | -0.01 § 0.00
7 0.00 § 0.00 | 0.00 | 0.00 | 0.02 | -0.01 | -0.01 | 0.01 § 001 | 0.01 | 0.01 § 0.00
8 0.00 § 0.00 | 000 § 0.00 | 0.00 | 000 | 000 f 000 § 0.00 | 0.00 | 0.00 | 0.00
9 0.00 § 0.00 | 000 | 0.00 | 0.00 | 000 § 000 | 000 } 000 | 0.00 | 0.00 | 0.00
10 [ 000 f 001 | 000 | 0.00 | 001 0.00 § 0.01 § 0.00 § 001 | 0.00 § 0.01 | 0.01
11 J000] 000 | 0.00 § 000 | -0.01 | -0.01 | -0.01 § -0.01 | -0.01 | -0.01 | -0.01 ] -0.01
12 4000 ] 001 | 002§ 003 | 003 | 003 | 004 } 004 | 005 | 0.05 | 005 § 0.05
12.5 | 000§ 0.01 | 001 | 001 | -001 | 001 | 0.01 § 0.01 | 0.01 | 0.01 | 0.01 } 0.01
13 J000f 000 {| 000 | -0.02] 000 | 0.00 f-0.01}-001]-001f-0.01[-0.01§-0.01
14 {000 [ -0.01 | -0.01 | 0.00 | -0.0t § -0.01 § -0.02 } -0.02 | -0.02 | -0.02 | -0.02 | -0.02
15 §000F 000 § 000 | 000 | 0.00 | -0.01 | -0.01 } -0.01 | -0.01 } -0.01 § -0.01 § 0.00
16 | 0.00 | -0.01 § -0.01 | -0.01 | -0.02 | -0.02 | -0.02 | -0.02 § -0.02 § -0.02 | 0.01 } 0.02
17 | 000 000 | 000 j 000 | 000 | 000 | 000 ] 000 § 000 | 000 | 0.00 | 0.00
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L—

The results for mean monthly flow indicate that aggradation predominates at cross section 1, 2,
7,10, 12 and 12.5 For cross sections 3, 5, 6, 11, 13, 14, 15 and 16, erosion is the predominant
process. Sections 4, 8, 9 and 17 present not change. The aggradation ranged from 0.01 to 0.05
meter and the erosion ranged from 0.01 to 0.14 meter. Figure 6 shows the channel invert

comparison for the final and initial condition for this scenario.

The mass transport capacity for the analyzed reach under mean monthly flow varied from 1 to
205 tons per day. The maximum values were calculated for cross section 17 for the month of

December.

Computed change in the channel invert elevations for the peak flow analysis at each cross
section, are presented in Table 8. Detailed results for these flood events are included in

Appendix F (Plan: PEAK EXIS).

The results for peak flow analysis shows that erosion processes predominates at cross sections 2,
3,4,12, 14 and 15. For cross sections 1, 5, 6,7, 8,9, 10, 11, 12.5, 13, 16 and 17, aggradation is
the predominant process. The erosion depth varied from 0.01 to 0.08 meter, with the maximum
value occurring at cross section 11. In addition, the aggradation depth varied from 0.01 to 1.20
meters with the maximum value occurring at cross section 12.5, located upstream from the
existing culvert. Figure 7 shows the channel invert comparison for the final and initial condition

for this scenario.
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Table 8. Sediment transport results for the existing condition model: peak flows.
1 0.00 0.00 0.02 0.08 0.07 0.10 0.17
2 0.00 -0.02 -0.02 -0.01 -0.01 -0.01 0.00
3 0.00 -0.05 -0.06 -0.04 -0.04 -0.03 0.00
4 0.00 -0.03 -0.03 -0.02 -0.02 -0.02 -0.02
5 0.00 0.00 0.00 0.02 0.02 0.03 0.03
6 0.00 0.00 0.00 0.01 0.02 0.03 0.04
7 0.00 0.01 0.01 0.04 0.04 0.04 0.06
g 0.00 0.00 0.01 0.04 0.04 0.05 0.07
9 0.00 0.00 0.03 0.04 0.04 0.07 0.10
10 0.00 0.05 0.06 0.01 0.03 0.09 0.08
It 0.00 0.03 -0.08 -0.01 0.03 0.02 0.06
12 0.00 -0.08 -0.02 -0.01 0.03 0.02 0.01
12.5 0.00 0.73 [.06 1.20 1.20 1.20 1.20
13 0.00 0.06 0.01 0.12 0.10 0.11 0.17
4 0.00 -0.02 -0.02 -0.01 0.00 0.02 0.07
15 0.00 -0.03 -0.04 -0.02 0.00 0.00 0.06
16 0.00 -0.03 0.00 0.04 0.08 0.10 0.25
17 0.00 0.01 0.01 0.02 0.03 0.03 0.04

The mass transport capacity for the analyzed reach under peak flow analysis varied from 180 to

12,305 tons per day. The maximum values were calculated at cross section 12.5 for event no. 4

(76.46 ft'/s).
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Proposed Condition
Hydraulic Results

For the proposed condition, the existing geometry model was modified, lowering the channel
invert elevations from cross sections 1 to 11 and from 13 to 14. This last segment was proposed
to clean the sediment accumulation from the existing culvert until approximately 150 meters
upstream. For this reason a cross section located between cross section 14 and 15 was

interpolated to determine that limit. The cross section was named 14.3533.

The invert elevations between cross sections 1 and 11 and between 13 and 14 were modified to
provide a uniform slope. Figure 11 shows the channel invert comparison for the existing and

proposed invert elevations.

Levels at each cross section, along the analyzed reach, for the 100-year flood were computed for
the proposed channel invert elevations. Results are presented in Table 9. Figure 8 shows the
water surface profile for the 100-year flood. In addition, Figures 13, 14 and 15 shows the
proposed cross sections. Detailed results for this frequency flood event are included in Appendix

F (Plan: PROPOSED).

Not raise was calculated for the water surface elevation in any cross section for the proposed
condition compared with the existing condition model. Therefore, it complies with the
requirements of the Planning Regulation No. 13 of the PR Planning Board for rural areas (0.30

meter of maximum increase).
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Table 9. Hydraulic modeling results for the proposed condition model: 100-year flood
event,
l 65.30 70.00 045
2 65.45 70.00 0.45
3 65.65 70.00 0.51
4 65.85 70.01 0.56
5 66.02 70.01 0.64
6 66.20 70.01 0.76
7 66.38 70.01 1.03
8 66.60 69.97 1.87
9 66.80 70.02 2.15
10 MARIN 100-yr 375.82 67.00 69.96 3.25
11 67.70 71,18 4.66
12 69.44 72.33 451
12.3 Existing (5) 1.53 x 1.50 (span x rise) Box Culvert

12.5 69.44 73.53 2.76
13 69.80 73.79 4.67
i4 72.11 75.80 4.69
14.3533 72.76 76.42 4.91
i5 73.94 77.46 5.28
i6 74.83 78.80 4.90
17 7178 81.33 4.85

Sediment Transport Results

A sediment transport analysis was performed for the proposed channel bed profile described in
the proposed hydraulic modeling. Computed change in the channel invert elevations for the
mean monthly flow analysis at each cross section, are presented Table 10. Detailed results for

this scenario are included in Appendix F (Plan: MEAN PROP).
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Table 10. Sediment transport results for the proposed condition model: mean monthly flow.

0.00 § 006 § 0.00 | 0.00 § 0.00 § 0.00 0.00 | 0.00 § 0.00 | 0.00 § 0.00

1

2 0.00 | 0.00 0.00 § 0.00 § 0.00 0.00 0.00 § 000 § 0.00 | 6.00 § 0.00
3 0.00 § 0.00 0.00 § 0.00 § 0.00 0.00 0.00 § 0.00 § 0.00 | 0.00 § 0.00
4 0.00 § 0.00 0.00 § 0.00 § 0.00 0.00 0.00 § 0.00 § 0.00 | 0.00 § 0.00
5 0.00 | 0.00 0.00 § 0.00 § 0.00 0.00 0.00 | 0.00 § 0.00 § 0.00 § 0.00
6 000 | 000 3§ 0.00 | 0.00 § 0.00 0.00 000 § 0.00 | 0.00 | 0.00 § 000
7 0.00 | 0.00 0.00 § 0.00 § 0.00 0.00 0.00 § 0.00 § 0.00 y 0.00 § 0.00
8 0.00 § 000 § 0.00 | 0.00 | 0.00 0.00 0.00 § 0.00 § 0.00 | 0.00 § 0.00
9 000§ 000 § 000 { 0.00 § 0.00 0.00 0.00 § 0.01 § 0.01 § 0.01 } 0.01
10 0.00 § 0.00 0.00 § 0.00 § 0.00 0.00 0.00 § 0.00 § 0.00 § 0.01 § 0.01
11 0.00 | 0.01 0.01 } 0.01 § 0.00 0.00 0.00 | 0.00 f 0.00 § -0.01 § -0.01
12 0.00 | 0.01 0.01 § 0.01 0.01 002 § 001 § 0.01 § 0.01 § 001 § 0.01 | 0.01

12.5 0.00 § 0.01 0.01 | 0.00 § 0.03 0.01 0.00 § 002 § 0.00 § 0.01 | 0.01 § 06.01
13 000 000 § 000 § 000 F 000 | -0.02 §-0.01 § -0.01 §} 0.00 § -0.01 § -0.01 } -0.01
14 0.00 § -0.01 § -0.02 § -0.01 § -0.02 § -0.01 § -0.02 § -0.02 | -0.02 § -0.02 | -0.02 | -0.02

14.3533 § 0.00 { 0.00 § 0.00 § 0.00 f 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 § 0.00 | 0.00 | 0.00
15 0.00 | 000 § 0.00 | 0.00 j 0.00 | 0.00 § -0.01 | -0.01 § -0.01 ¢ -0.01 | -0.01 | 0.00
16 0.00 | -0.01 § -0.01 | -0.01 § -0.02 § -0.02 § -0.02 | -0.02 } -0.02 § -0.02 § 0.00 | 0.02
17 0.00 } 006 § 0.00 | 0.00 § 0.00 § 0.00 | 0.00 | 0.00 § 0.00 § 0.00 } 0.00 § 0.00

The results for mean monthly flow shows that erosion processes predominate at cross sections
13, 14, 15 and 16. At cross sections 9, 10, 12, and 12.5, the results indicate aggradation.
Sections 1, 2, 3,4, 5,6, 7, 8, 14.3533 and 17 present no change. The aggradation varied from
0.01 to 0.03 meter and the erosion varied from 0.01 to 0.02 meter. The mass transport capacity

for the analyzed reach under monthly flow conditions varied from 1 to 598 tons per day. The
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maximum value was calculated at cross section 14.3533. Figure 9 shows the channel invert

comparison for the final and initial condition for this scenario.

Computed change in the channel invert elevations for the peak flow analysis at each cross
section, are presented in Table 11. Detailed results for these flood events are included in

Appendix F (Plan: PEAK_PROP).

Table 11. Sediment transport results for the proposed condition model: peak flows.

I 0.00 0.00 0.01 0.04 0.05 0.07 0.08

2 0.00 0.01 0.02 0.05 0.06 0.09 0.10

3 0.00 0.02 0.03 0.07 0.07 0.10 0.12

4 0.00 0.02 0.04 0.08 0.07 0.10 0.13

5 0.00 0.01 0.02 0.03 0.04 0.05 0.09

6 0.00 0.03 0.04 0.07 0.08 0.10 0.15

7 0.00 -0.02 -0.01 0.02 0.03 0.05 0.08

8 0.00 -0.02 -0.01 0.04 0.03 0.05 0.10

9 0.00 -0.01 0.01 0.01 0.02 0.05 0.09

10 0.00 0.01 0.01 0.02 0.02 0.06 0.07

11 0.00 0.02 -0.03 0.01 0.03 0.06 0.05
12 0.00 -0.09 -0.08 -0.03 0.02 -0.02 -0.01
12.5 0.00 0.65 0.82 1.20 1.20 1.20 1.20
13 0.00 0.04 0.09 0.16 0.13 0.18 0.17
14 0.00 -0.03 -0.03 0.01 0.04 0.04 0.09
14.3533 0.00 0.05 0.07 0.07 0.01 0.05 0.06
15 0.00 -0.03 -0.03 -0.01 0.00 0.05 0.07
16 0.00 -0.03 0.01 0.04 0.09 0.09 0.16
17 0.00 0.01 0.01 0.02 0.02 0.03 0.04
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The results for peak flow analysis shows that erosion processes predominate at cross sections 12,
and 15. Aggradation process predominates at cross sections 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12.5
13, 14, 14.3533 15, 16 and 17. The erosion depth varied from 0.01 to 0.09 meter with the
maximum value occurring at section 12. In addition, the aggradations depth varied from 0.01 to
1.20 meters with the maximum value occurring at section 12.5. Figure 10 shows the channel

invert comparison for the final and initial condition for this scenario.

The mass transport capacity for the analyzed reach under peak flow analysis varied from 1 to
26,606 tons per day. The maximum value was calculated at cross section 14.3533 for event no. 6

(71.64 m’/s).

VI. CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1. Not raise was calculated for the water surface elevation in any cross section for the proposed
condition compared with the existing condition model. Therefore, it complies with the
requirements of the Planning Regulation No. 13 of the PR Planning Board for rural areas

(0.30 meter of maximum increase).

2. The hydraulic analysis for the existing condition shows that the existing culvert over Rio
Marin is flooded during the 100-yr rainfall event. The flood depth calculated was 2.39 meter

from the top elevation.
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3. For the existing condition, The results for mean monthly flow indicate that aggradation
predominates at cross section 1, 2, 7, 10, 12 and 12.5 For cross sections 3, 5, 6, 11, 13, 14,
15 and 16, erosion is the predominant process. Sections 4, 8, 9 and 17 present not change.
The aggradation ranged from 0.01 to 0.05 meter and the erosion ranged from 0.01 to 0.14

meter.

4. For the existing condition, the results for mean monthly flow indicate that the mass transport
capacity for the analyzed reach under mean monthly flow varied from 1 to 205 tons per day.

The maximum values were calculated for cross section 17 for the month of December.

5. For the existing condition, the results for peak flow analysis shows that erosion processes
predominates at cross sections 2, 3, 4, 12, 14 and 15. For cross sections 1, 5, 6, 7, 8, 9, 10,
11, 12,5, 13, 16 and 17, aggradation is the predominant process. The erosion depth varied
from 0.01 to 0.08 meter with the maximum value occurring at cross section 11. In addition,
the aggradation depth varied from 0.01 to 1.20 meters with the maximum value occurring at

cross section 12.5, located upstream from the existing culvert.

6. For the existing condition, the results for peak flow analysis shows that the mass transport
capacity for the analyzed reach under peak flow analysis varied from 180 to 12,305 tons per

day. The maximum values were calculated at cross section 12.5 for event no. 4 (76.46 ft3/s).
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7.

10.

For the proposed condition, the results for mean monthly flow shows that erosion processes
predominate at cross sections 13, 14, 15 and 16. At cross sections 9, 10, 12, and 12.5
indicate aggradation. Sections 1, 2, 3, 4, 5, 6, 7, 8, 14.3533 and 17 present no change. The
aggradation varied from 0.01 to 0.03 meter and the erosion varied from 0.01 to 0.02 meter.

The maximum values were calculated at cross section 14.3533.

The results for mean monthly flow for the proposed condition shows that the mass transport
capacity for the analyzed reach under monthly flow conditions varied from 1 to 598 tons per
day. It is higher than calculated for the existing condition, which will be allowing the

material replenishment.

For the proposed condition, the results for peak flow analysis shows that erosion processes
predominate at cross sections 12, and 15. Aggradation process predominates at cross
sections 1,2,3,4,5,6,7,8,9,10, 11, 12.5 13, 14, 14.3533 15, 16 and 17. The erosion depth
varied from 0.01 to 0.09 meter with the maximum value occurring at section 12. In addition,
the aggradations depth varied from 0.01 to 1.20 meters with the maximum value occurring at

section 12.5.

The mass transport capacity for the analyzed reach under peak flow analysis for the proposed
condition varied from 1 to 26,606 tons per day. The maximum value was calculated at cross
section 14.3533 for event no. 6 (71.64 m3/s). It is higher than calculated for the existing

condition, which will be allowing the material replenishment.
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Recommendations

1. The proposed extraction activity should be developed between cross sections 1 to 11. That
is, 501 meters (as indicated in the Field Study). And between cross sections 13 to 14 with 98

meters. Figure 12 show the location plan for the proposed extraction activity.

3. That volume

2. The amount of material that can be extracted is approximately 94,655 m
results from the multiplication of the average area between sections and the approximated

length of the extraction reach (599 meters).

3. The section for extraction should be trapezoidal in shape with lateral sides with minimum

slops 3:1 (H:V).

4. Figures 13, 14 and 15 shows the proposed cross section.
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Study Limitations

All recommendations specified herein must be implemented to assure performance in accordance
with the results of this study. Excavation activities deeper than the recommended in this study or
beyond the limits of the river reach evaluated might result in a greater impact on the equilibrium

sediment transport than the computed in this study.

This analysis is based on the field data as submitted by Mr. José A. Lebron Quifiones, PLS.
Inaccuracies in this data may total or partially invalidate the results and recommendations

contained in this study.
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VII. CERTIFICATION
I certify that the hydrologic-hydraulic study presented herein was performed by me and the
information is true, correct, and complete as per my knowledge. 1 know and accept the
consequences of include and submit incomplete, unfinished or false information in this

document. To state this, I sign the present certification in Carolina, Puerto Rico, on June 8,

2010.

Respectfully submitted,

Miguel Menar Figueroa, MSCE, PE
PE License #13051

SEDIMENTATION STUDY FOR A MATERIAL EXTRACTION ACTIVITY IN THE RIO MARIN, PATILLAS, PUERTO RICO

31




v

w MENAR HYDROSYSTEMS ENGINEERING, P.S.C.
HYDROLOGY » HYDRAULICS » SEDIMENT TRANSPORT

VIII. REFERENCES

P.R. Planning Board, 2005. Reglamento sobre Areas Especiales de Riesgo a Inundacion.
Reglamento de Planificacién Numero 13. Estado Libre Asociado de Puerto Rico, Oficina

del Gobernador. Sexta Revisidén. 31 de diciembre de 2005.

Departamento de Recursos Naturales y Ambientales, 2004. “Reglamento para Regir la
Extraccion, Excavacion, Remocion y Dragado De Los Componentes de La Corteza

Terrestre.” Estado Libre Asociado de Puerto Rico.

Natural Resources Conservation Service, 2008. Soil Data Mart Web site or the NRCS Web Soil

Survey. [Online] Available: http:/fwebsoilsurvev.nres, usda. gov/app/WebSoil Survey.aspx

U.S. Army Corps of Engineers, 2010. River Analysis System (HEC-RAS). Hydrologic

Engineering Center. Davis, California. Version 4.1.0. January 2010.

United States Geological Survey, 1982. Topographic Quadrangle Maps. 1:20,000, 7.5 minutes.

SEDIMENTATION STUDY FOR A MATERIAL EXTRACTION ACTIVITY IN THE RIO MARIN, PATILLAS, PUERTO RICO

32







[\

HOSIR ] JUARIESS « sAmpiH « Sppiyy
OSd ONTHAANIONT
SWHILSASOHOAH ¥¥VNAW

"(000'0L:L 9l€0S)
se|lied jo dew oydeibodo) S5HSM eyl Uuo Uoeso| yoeal paipns

‘| 2inbi4

o
e

i




UESUEL] ARG » SIEIPAH « Sapaapiy
D ‘0°5'd ‘ONRIFANIONH (000'0L:L ©/E2S) HOLLL "ON dep siey
aoueInNsu| poojd SYIW34 10 Adoo |elued uo uoneso] yoeal paipnis 'z aunbi4

SWALSASOHIAH HVNIN

fauay wemaFrery Saualswg puepsg

i

LUAIERAN] 1w e HID W30 Bl 3380

0912 40 0ul TN

SHLITTVAIDINGW NV

0o OLdaENd
40 HLTVAANOWWOD

d¥I LYY JINVENSNI 00014
Wald

HOLLL TEHVd




eckiuer ) jusanipag « Sxmpd g «LRopdH
8 d "DONTMAINIONT
SWHISASOHOAH dvVNAW

“(000°08: | B29S) LB ORY BY) J0j) S| peysielem abeurelq ¢ ainbid




.._.u.n_.l._.u..ht_n._._._.uuums_ -u....__.l._.m_m_.._ = AEO|OIPAE]

e TONTIHANIONT ADGQ.D_._‘ m_mum“_ HOZZL "ON
n_mm__.__ aley adueinsu| poojd sYN3I4 ayl uo _._m“__u uonedo] sUOiDas SS01D v N.:.—m_..n_

SWHILSASOUJAH YVNIW




LadEuE ] JUMEES » S NEIRAN « AR [P AH

[\ Isiosmmmon {uMoys se 6|ess)
poojs Jeak-00 | uoipuod Bunsixe ay) 1oy ejyoid adeuns Jajep, "G ainbi4
) pdeSic) ey iy
LA ._H_.n__ .En ooe o0 Ew .u.nm
| — = - - - — - = o o t = wn L
_ =i r.ﬁ_ wh s i [ m = . a L S .. | B .I..l.\.\_.rﬂ
| T
| 1 \\.I\ I T _ B
| _ i (| -
| _ _ _
| _ L L
| | _ | P
———— 71 1 \\l
| \-\\ \\. 1 )
| [ |
m |
_ _ T
| ] | 1 . W
| ; EdnnnE 3
. yll \\ al
[ 1] m\ .\\ \\ | "
| |
i S 1 _
[ | l Zi
. R P .._
0LOZTIFEIS  DNILSHE (welg u_nmum ofie] 'HH




wodsuni) prumpag « sneepdy sARo omiy
D Y ONTHHANIONT
SWHILSASOUIAH dVNIN

‘(umoys se a|eos) ule smol Ajyjuow

{1l §3 iy HOOO0 10 SO0 ETD

pushi]

= R

POPES SYTILY ASYAODY W OHA D

Uealy -uonipuod m:_ﬁm_xm_ oLy} 10} cn.m_._mnEOU m__v_En HeAul guUuUeyD g m_._:EH_
= . . o - [} B3uEpE)] (BULEYS) Wy =
el oot o8 o8 oav o Deg
2
- —
o
ux_.l..i..ll. - a
..u..
j 7
e
H o
i
b
K =
g
n\ @ 3
i m
7 3
7
¢ ¥
p
\\..\
I
/
/ a
.___._
(i} 3 )] Y2000 40 L2010 a,




Hodsues [ 10supag = so1neipdp] «ASo[oipAl
S d ONRIHANION
SIWHISASOUJAH dVNIW

‘(UMOUS SE 8[20S) ULIB :SMOY}

GOPET SV TV ASYHODY OHAND

yBS4 :uonipuos Bunsixe sy Joj uosuedwoo apjoid Wsaul puueyd 2 ainbiy
(W} sauisI] jaUEEYD UIRR
oozt 1.t 1] oog 11 0gy
‘ _ ; -
- AL
\h\%ﬂ
/]
T
5
. \u\ 172
A
N
Vi o
/ =
m
Z| 3
i
£
\ vl
w.\\
/7
\ 9z
{us) |2 wasu] YJ-0000: 10 SOOEEIOEL \\\
() 13 veau) 42-00:00: 10 LD0ZS3S LT 7
puabe o 8l
NIV MNIEYIN




L —— Y

DLOZPES 0350d0Yd WEld  SHiRed obe7 ‘HH

LCHRIEL | (Enpag » e e AT apdy
25d u%amm%mmww ‘(umoys se ajeos)
pooy} 1eaA-00 | :uonipuoo pesodoid ay) 1o} ajyoid eoeuns Jejepy g |unbid
{unk SIUETSIC] FEUYD Ui
ol aml (i) o ooy o0z ]
g " . - - ¥4
| - m j —
{ _ |t ..__....q...-..._.....-. ]
| £ \l\ ]
_ _
L A -
| | L o
. | A _
P _ L~ _
! ! \\ | x _ zL w
— \.\. m — . MN.
. _ t \\ \ | 2
. | _
| _ FA
| | _ . aL
| \\ A1 |
| | |
| r\ i : \ ] I _ el
L L L , » | |
_ |
=] ARy
| HA-oDlL SM _ — o _ "
pualiay ! | e
o s e




wodsurl], Waunpag « saNnRpAH «A80j0sp Al
D ‘0'8'd "ONIIHANIONA
SIWHILSASOAJAH dVNIIW

‘(UMOYS Se 91298) ulle|y 1smo|) Ajyiuowl
uea|y :uonipucd pasodoud auy Jo) uosuedwod apjold PsAul puUBYD

‘6 2Inbi4

00Z1

rea]

{tu) soURISIO PUUBLD ey
008 009

car

-

o

(W) |3 WSAU| Y2-00:00°10 S00ZI3TN0

(W} [3 Haad] Y2-00°00:10 SHOZNYT LD

4]

89

-0L

-TL

L

9L

puabay

MNIEY- WYY

20PRS' SYTHLYA\SYIOOV I\ OHAND

) 17 weau) 4




sz | jusnnpag » e p edio|pd g
D DS ONTHHANIONT
SWHLSASOHOAH HYNAW

‘(umoys se 8|edS) ULB :SMOj)

E0PES SETILYASYRODY MO D

yead :uonpuoo pesodoid 8y Joy uosuedwod ajyoid psaul [puuByD "0l 8.nbi4
= fuae) a0 paule g Uiew
OOz 000k 008 o Doy o D
Eﬁmﬂtﬁ a9
pct— T
e
\1\_
¥ g9
¥
£
&
Al 8
F. il 3
i 3
b m
> pa =
1
P
\-\ re
=
£
m_\ 8z
) |3 18au) YO-O0U00 10 SODZLOOES i
(1) 121 b 4300 00 VD LOOESS 1D H&
puabey ¢ o
" I I




wlse | (Iapag « SNEERAH «ATa[pAH
S d ONTHHANIDNT .
Lo B ot v (umoys se 8|eoS) sUOIIPUOD
pasodoid pue Bunsixa ayj Joy uosuedwod sjyoid susaul jpuuey ‘1L 2inbi4

{aul) STkImSI] ey D U
0zl 200l oo L] oK ooz .m_v.w
- = i = | = a0 =zl = @ -t _u__ m - Lk )

EREE T

i) opeasa

_ |1 .
| | _._._ H [ ]
] | | | # | =l |

i .
_ _ {oa” : _ aL
| - | _
/ Edal B
_.\\\ — | _ BL
_ - |.m. _ - =
h._.-“u._u.._mv _ | _ i
QESCHONd - HA-00F SM _ I [ "
SNILSINE - HA00) BM || - : _ _ Ll | | -
T pusbe | _ _ | ZE

__-| — Em«ﬁﬁu«r
0L0ZFES O3S0d0Nd (Z DI0TFZS DMLSII (L usid  sejoed ofe] 'HH




HudsiLL WP  SOEIpAH = Aapapiy
S d ONIHAENIONG
SWHISASOHOAH HVNEHW

(000'0L:L @1e9s) suwi| AlAnoe uonoenxe pesodold ay) Joj maiA ueld  "Z| a4nbi4




ERrtin |

Figure 13,  Exisfing and proposed cross seclion 1104 (scaie 1,750}




Esswizz imj

S R P b et

SECTION B

— Exlaling Grount

Bl Propased Cal

Flgure 14, Exisling and proposed gross sechon B o 8 [scale 17500

BAPPLLE IETIRRLE Y S T1ASS
ENGINEERI, RAL,
L e e o]




SECTHM 10 SECTION 14

Cwagizemi
Py sershoelen ot st

|

P— . . [k T
HECTION 19 SECTION 15
L - - - :.._iiia . : . - - o = =
SECTION 12 HECTHON 16
E - E =
Pde— . . i Tﬂ\ 7
II - - - B _.ﬁ_ - - - - i - nlll.u—.-.-._ L L] i
SECTICN 13 SECTIONAT
§ : g
- SR—— . . . - - ?ii. o . -
— Exisling Groling
B Propased Cut

Flgure 15.  Exlating-and proposed croas aechiors 10 i 17 (scebs 1:450) _“ SRR R
EMGENTERING, RAT,

L e




APPENDIX A

HYDROLOGIC DATA



MENAR HYDROSYSTEMS ENGINEERING, P.S.C.
HYDROLOGY @ HYDRAULICS e SEDIMENT TRANSPORT

WORKSHEET: CURVE NUMBER

Project: LAGO PATILLAS By: GAS Date: SEP. 30 2009
Location: PATILLAS Checked: MMF Date: OCT. 01 2009
BASIN NAME: RIO MARIN {RM) CONDITION: EXIS. & PROP.
BASIN AREA (Ac) = 3304.08

BASIN AREA (miz) = 5.3033

Loam (PaF2), D Grass | 84 |29245 ] 245658

S,Zty‘”,izr‘;'i‘;lﬁ;ﬁ)fpg“ E2) Patilas § Grass | 60 | 46958 | 32401.02
0
0
0

Totals § 3394.08 278059.02

CN 82

- Antecedent moisture condition 1l



MENAR HYDROSYSTEMS ENGINEERING, P.S.C.
HYDROLOGY ¢ HYDRAULICS ® SEDIMENT TRANSPORT

WORKSHEET: TIME OF CONCENTRATION (Tc)

CONDITION: EXIS & PROP BASIN NAME: RM
L = 6,160 meters x 3.28 = 20,209.97 feet
S = 525 (top) - 70 (bottom) = 455.00 + 6,160 = 0.0739
Equation
Tc = 0.00013L%77
80.385
Te = 0.00013 x ( 20,209.097 )7

( 0.0739 )%

Total 0.732 X 860 = 43.92 minutes*

Te = 44 minutes

*If the total is less than 5 minutes use 5 min.

RAINFALL INCHES

Latitude: 18.033043N Longitude: 66.011644W

Rainfall Event

Rainfall ,in 2 YR 0.46 0.81 1.93 2.51 2.80 3.51 4.31 5.07

Rainfall ,in 100 YR | 0.96 1.68 3.99 5.84 6.98 9.68 12.67 | 16.05




HYDROLOGIC ANALYSIS




USGS STATION NO. 50093000 DATA



Sedimentation Study, Rio Marin, Patillas, Puerto Rico

USGS Home
Contact USGS
Saprch USGS

MNational Water Information System: Web Interface

Eata Categuryi Geographic Aowar

Surface Water Puerta Fico [Go]

USEE Wilar Resedaroes

MEWs New Mapper phd Experirmental Real-Time Web e - updatad August 2009

USGS Surface-Water Daily Statistics for Puerto Rico

The statistics generated from this site are based on approved daily-mean data and may not match those published by the
USGS in official publications, The user is responsible for assessment and use of statistics from this site. For more details on
why the statistics may not match; click here.

USGS 50093000 RIO MARIN NR PATILLAS, PR

Avallable data for this site  Timeseres: Daily stalistics [eo]

Patillas Municipio, Puerto Rico Output formats
Hydrologic Unit Code 21010004 I
Latitude 18°02'16", Longitude B66°00'31" NADZY
Drainage area 4,45 square miles

age datum 295.3 feet above sea level NGVD25

00060, I:I-lschlr!e, cubic feet per second,
Day ofiMean of daily mean values for each day for 7 - B years of record in, cfs (Calculation Period 1299-10-01 -> 2007-09-3(
month|  Jan Feb Mar Apr May Jun Jul Aug | Sep Oct Nov Dec
1 13 8.5 6.5 6.7 6.9 8.1 12 14 42 i1 16 1
2 12 7.8 6.3 6.0 6.4 13 13 32 16 260 25 1
3 5.9 5.2 6.5 5.7 7.3 9.0 21 23 12 49] 24 1
4 9.4 8.1 6.2 7.0 10 23 16 131{ 20 1 15 1
5 11 7.7 6.2 5,7 10| 24| 12 1 13 23 15 1
[ 15 7.5 6.2 5.1 8.0 26 25 17] 10 26 18 c
7 10 9.2 5.9 14 21 19 23 25 20| 20| 28| i
8 g1 9.7 6.0 6.3 8.7 11 19| 30 20] 26 49 1
] 9.3 12 5.9 5.7 7.0 15 14] 24 13 30] 249 1
10 12 8.3 6.6 5.1 6.4 28 29] 15 12 93 17 1
11 10l 7.8 6.1 13 10 17 1 17 27 73 63 2
12 9.2 B.4 5,91 72 7.a80 14 1 12 11 33 100 1
13 9.3 7.0 5.8] 6.2 10} 11 27 15 9.6l 32 62 1
14 g, 6.9 8.2 11 11 9.4 1B 14 1 21 77 1
15 25 72 6.6 6.5 17| 14 32 13 72 32 47 1
16 10) 7.5 6.1 14 12 11 15 16 49 27 37 i
17 8.7 13 6.1 13 37 10 14 17 44 14l 26 Fi
18 8.8 7.9 11 29 16 230 12 45 39 27 36 i
19 B8 11 6.6 15 16 18] 17 19 15 25 25 :
20 8.5 8.3 7.1 13 i5 18] 25 13 15 18§ 18 :
21 7.7 11 7.8 22 34 2 1§ 11 15 23 17 :
22 8.9 7.8 B.8 8.6 25 28] 15 44 13 44 20 1
23 B.6 7.2l 6.5 7.4 21 i1 14 5 11 50 20| 1
24 B.1 8.8 6.3 8.4] 19 11 11 17] 12 29 23| 1
25 9.8 7.7 6.2 7.0 12 10 14 15 132 24 20 1
26 7.8 7.0 6.9 7.2 5.0 11 16 33 12 21| 17 1
27 7.3 6.7] 5.8 6,91 B.5 i1 14 i3 a1 20 18| 1
28 14 6. 6.5 6.4 9.7 11 15 22 24 27 14 1
29 B.6 15 7.3 6.5 14 19 21 17 12 0 14 1
20 7.7 6.9 6.2 35 13 23 15 12 19 15 1
31 7.9 5.5 11 11 22 16| 1
Questions about sites/data? Top
Feedback on this web site Explanation of terms
Automated retrievals Subscribe for system changes
Mews

Menar Hydrosystems Engineering



Sedimentation Study, Rio Marin, Patillas, Puerto Rico

UsSGS Home
Contact USGS
Search USGS

science for a changing world

National Water Information System: Web Interface

Data Category: Geoagraphic Area:
Surface Water Puerto Rico GO

USGS Water Resources

Mews MNew Mapper and Experimental Real-Time Web Service - updated August 2009

USGS Surface-Water Monthly Statistics for
Puerto Rico

The statistics generated from this site are based on approved daily-mean data
and may not match those published by the USGS in official publications. The user
is responsible for assessment and use of statistics from this site. For more details
on why the statistics may not match, click here.

USGS 50093000 RIO MARIN NR PATILLAS, PR

Available data for this site  Time-saries: Monthly statistics |GD|

Patillas Municipio, Puerto Rico Output formats
Hydrologic Unit Code 21010004

Latitude 18°02'16", Longitude 66°00'31" NAD27{|LML able of all data
Gage datum 295.3 feet above sea level NGVD29 [l|Reselect output format

|

Menar Hydrosystems Engineering



Sedimentation Study, Rio Marin, Patillas, Puerto Rico

00060, Discharge, cuhi: feet per second,
— Mﬂl‘lthl‘f mean in cfs (Calculation Period: 2000 atmn Period: 2000-03-01 -> 2007-09-30)
\ an || Feb || Mar | Apr | May || Jun | Jul || Aug || Sep nct [ Nov | Dec
[ 2000 | 4.80|| 5.87| 16.6] 9.11] 7.16| 15.3] 27.4] 17.6] 13.4] 14
2001 | 6.19] 7.10| 6.48] 7.06] 10.6] 4.77] 7.67] 25.5] 17.4] 20.5] 14.4] 26. 4|
2002 | 11.4] 8.83] 5.92| 16.4] 14.4] 30.4] 11.9] 17.2] 14.7] 10.1] 11.4] 10.4
2003 | 9.21] 11.5] 6.61] 29.7][ 12.8][ 16.9] 23.0] 33.5| 15.9] 23.9] 83.9] 35.6
2004 |[ 13.6] 12.8] 15.2][ 8.04| 38.4] 20.g] 20.9|[ 17.5] 61.9] 20.1] 31.1] 9.83]
2005 | 6.68] 4.25] 2.80] 2.61][ 9.11] 16.2] 28.1] 18.7] 8.38| 95.0] 38.8 12.5]
2006 | 13.5] 7.06] 4.73| 4.17] 5.68] 21.7| 34.6] 19.8] 8.91] 22.9] 16.9] 16.6]
2007 | 10.8| 7.24] 6.65] 6.94] 7.16] 6.54] 8.10] 22.8] 12.3]
Mean
g:nnthl_f 10| 84| 6.6 10 14 16 j‘ 30| 30| 18
Discharge | " I

| ** No Incomplete data have been used for statistical calculation

Questions about sites/data?
Feedback on this web site
Automated retrievals

Accessibility FOILA Privacy

U,S, Department of the Interior | U.S.

Folicies and Meatic

Geological Survey

Top

Explanation of terms
Subscribe for system changes

5

Title: Surface Water data for Puerto Rico: USGS Surface-Water Monthly

Menar Hydrosystems Engineering
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Sedimentation Study, Rio Marin, Patillas, Puerto Rico

5 USGS Home
g Contact USGS

Search USGS

science for a changing world

National Water Information System: Web Interface

Data Category: Geographic Area: 3
G5 W Res 1
JRe e e Surface Water Puerto Rico [E|

News New Mapper and Experimental Real-Time Web Service - updated August 2009

Peak Streamflow for Puerto Rico
USGS 50093000 RIO MARIN NR PATILLAS, PR

Available data for this site Surface-water: Peak streamflow GD]

Output formats
e 1
Graph_

Drainage area 4.45 square miles

Gage datum 295.3 feet above sea level

NGVD29 Reselect output format
e e

Gage Stream- Gage Stream-
Nower  Date  Height flow |'V2''  pate  Height flow
(feet) (cfs) (feet) (cfs)

2000 Sep. 11, 2000 10.02 2,140\ 2004 Sep. 15, 2004 12.33 4,010
2001 Sep. 01, 2001 13.28 4,970 2005 Nov. 14, 2004 10.57 2,530
2002 Aug. 18, 2002 10.05 2,160 2006 Oct. 23,2005 8.78 1,330
2003 Apr. 17,2003 10.80 2,700( 2007 Oct. 13, 2006 7,98 926

Patillas Municipio, Puerto Rico
Hydrologic Unit Code 21010004
Latitude 18°02'16", Longitude 66°
00'31" NAD27

Questions about sites/data? Top
Feedback on this web site Explanation of terms
Automated retrievals Subscribe for system changes
News
Accessibility FOIA Privacy Policies and Notices
U.S. Department of the Interior | U.S. Geglogical Survey A +
Title: Surface Water for Puerto Rico: Peak Streamflow ‘ﬁé{*’gﬁ"‘ %
URL: http://waterdata.usgs.gov/pr/nwis/peak? Taxe Pruiok

Page Contact Information: Puerto Rico NWISWeb Maintainer

Page Last Modified: 2009-09-29 14:48:52 EDT
1.3%9 1.39 nadwwDO1

Menar Hydrosystems Engineering
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APPENDIX B

RAINFALL DATA (NOAA ATLAS 14, VOL 3, VERSION 4.0)




Sedimentation Study, Rio Marin, Patillas, Puerto Rico

POINT PRECIPITATION
FREQUENCY ESTIMATES
FROM NOAA ATLAS 14

Puerto Rico 15033043 N 66.011644 W 328 feet
from "Precipiation-Frepesncy Atlss of the Unied Srares™ NOAA Al 14, Volume 3, Versson 4
G M. Bonnin, D, Manin, B Lim, T. Parzybok, MY ekin, and D Riley
MOAA, Namal Weather Service, Silver Spring, Maryland, 2004

Extracted: Wed Sep 20 2009

ARI* (| 5 || 10 120 10 )| 20 1 30 || 45 || 60
rseasall ot !l i iy Ahefi 6 hr (12 heji24 he)(48 he|l4 day||T day day || day || day || day || day
1 34 (|0de 1.74 112,15 [[2.67 [3.26 |[3.83 ||5.011 ||5.90 ||7.00 |[7.B8 [[10.61 ({1324 {1668 |[20.18
2 4G (0063 0GR (1130 1[!.93 [2.51 [|2.80 3:5I WA 1507 |6TR )T.R3 W23 10301365169 121,14 [25.47

5 |[o.s8 [o.79 |10z 163 Jf2.a1 [[3.28 |[3.73 [j.83 |le.00 [[7.20 [[o.66 J[11.10][12.88]14.01][17.70][21 35]f26.18][31.00
10 |0.67 |0.01 117 [1.87 278 |85 [le4a |[5.85 738 |[3.08 |[12.08][13.84][i5.93][17.05]21.00][24 9430 22|35 37
25 |o7s]o7lia7]fz1e |32s 463 541|729 |jo.as J[11s7]1560]17.85]203alf21.40][25 a3 ][u.sn][3s 73 ]fa1 21
50 Jlo.87 J[1.19 ][1.52 244 |{3.62 |[5.23 [|n.18 ||8.46 |[10.96][13.73][18.55|21 22 |[24.08 [24.97]|29.37][33.85 ||40.06 ||45.75
100 |[o.98 [[1.31 |[1.68 |[2.69 |[3.99 |[5.84 |[s.95 |[o.68 |[12.67][16.05][21 70]f24 83]28 06 [28.79][33 25][37 90][44 2a][50 28
200 105 [[143 [[us4 |[2os Jla37][p.ae [[p82 1o9e][14.51 |18 56]25.02 |l28. 76 |32 37 |32 8o 27 40][42. 15 ][40 04 [54.95
500 (117 |[1.60 l2.05 |[3.29 |[4.88 |[7.37 [[o.00 [12.83][17.11][22.15]f30.02][34 40][38.55][39.01 ][43.23][48.06][55.30][61 25
w0 |[1.27 |[1.73 .22 |[3.56 |[5.23 |[8.06 [[o.93 |14 32][19.22]25 0934 .03 |[39.03 |[43 62 [faa.02 [47.89][52.79][60.24|[66.12

* These preciilaton equency estimales are bassd on a parial durabon sanes, ARl & The Average Recumence Imerval.
Please refer o HOAA Al 18 Documen for morne information. NOTE: Famating foeces eslimates near mim 0 appesar a5 2era

* Upper bound of the %0% confidence interval
Precipitation Frequency Estimates {inches)

ARI*® 5 )| 10 (| 15 |f 36 || 60 J[120(| 3 L] 12 || 24 | 48 4 7 10 { 20 || 30 | 45 || &0
{years)|| min || min || min || mio ||min{|min|| hre || hr || br || hr || hr || day || day || day || day day || day || day

1[040 ][54 Jlose i1 (165 |24 240 |50z |373 428 |[586 Jja79 I[s.01 |91 Ji181][14.63][1s29]21 08
2 o5t ]foss ose ez a7 JBes e |[5es |78t ooz |[ios7]ives]is.islfiseslzais])zr s
5 |loue3 J[o.s6 (oo [[1.77 ez )[3.60 |41 [lsed [les4 (801 [iloafiz72]is70]15.77]19.62][23.49 25.64|[33.68
10 o7z ]joes |27 fzos|poz 424 [lass |less [lRas lwes iagelisezllisaallioaslzazr]zr4aljaaos]zs43
25 Jlo.ss [1.16 |[1.49 |[2.38 |3.54 ||s.00 |la.03 |[3.22 [[10.64 [[12.82|[17.80]fz0.40][23.20][24.06|[28.41 |[32.90][39.07] |44 84
50 |05 [1.29 |[1.66 |[2.66 [[3.94 ||5.79 ||a.02 o.s8 |[12.52][15.20]21.18]f24.27][27 45|28, 14][32.60][37. 28|43 85 4088
100 |[1.05][1.43 ][1.84 |[2.94 |[4.36 J[6.50 |[7.85 |[11.04][14.50](17.77][24 86 ][28 46 |[32.08[32.58][37.08 {4 1.85][45.78[54.93
200 (115 ][1.58 |[2.02 |[3.24 [|4.80 |[7.25 ||8.87 [[12.61 [[16.75 2061 |28 91 [[33.00 37,1437 35 ][40 84 Jlee. 71 |[54.01 [0, 20
so0 |[1.30 |[1.77 |[2:28 |[3.64 ||5.41 {530 |[10.27)(14.85])[19.84 |[24.67|[34.72][39.78 |l44.43 [}44.55][48 56|53 55][61.21][67.53

|_li.I[H} 141 ] 1.93 [248 ||3.96 [|5.88 [[9.05 10144167022 4028 02 |{39_58 | [45.30 [|50.52 [|50.52 ||54. 10||59.05 |66, 99 173,22

*The upper bound of ha canbdance imerval o A% confidencs kval 15 he vake whih 5% of the amulai=d gunlie vadues for 8 given fresuency B grester than,
** These peediptation equency estimates are based on a parfial deradon series, ARS is the dwmrage Rewurance Intenal
Plizasse reder 10 MOAA Atlas 14 Docament for mare mformaben. NOTE: Fermatting prevants eximaies near 2ona to apprar as zam,

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

|| 60 || 120( 3 L 12 || 24 || 48 4 7 0 || 20 (| 30 (| 45 || 60
miin || min |{min || be || be || he || he || hr || day || day || day || day || day || day || day

1|33 |[o.45 o8 J[0.93 39 |72 |[193 |2.36 |85 |54 J[ae7 |[s0s J[613 |[eos |[o.s5 |[1z.03][15.25]18.53]
2 |paz]pss o4 e |frr |zas 25 oo |77 Jfse (594 o3 Ifene Yoa3 |[iz.29|[i5.36]f19.34]k3 30
5 |03 fjo.72 loga Jlide |2.21 [fzes |3.35 fla.27 |[5.25 Jle.47 |[84s Mloer N[1127][iz.39][15.50]19 37]fz3.01]f28 42
10_|o.61 [j0.83 |[1.06 170 |[2.53 |[3.46 |[3.96 |[s.15 Jle.a1 Js.04 |[10.49][11.99]13.86][14.99][18.79]22.56]j27.51 |[32.34
25 [lo.71 Jfoo7 I[124 oo |2os a1z |[s.77 Jls.34 [s.01 ][10.29][13.400[15.30][17.55][15.68][22.80][26 90][32 35][37.50
50 |lo.78 |{1.07 ||1.37 [2.20 [[3.26 [la.62 ||5.41 |[7.29 |jo.29 |[12.14][i5.82][18.08]20.58][21 67][25 98][30.29][3e 1 1][41 45
w0_J{o.g6 {117 J[1.50 2.0 |[3.57 Jls.18 Jle.05 Jla 25 |[10.61][14.10][18.34 /20,91 [23.75 |[24.77][22.21|[33.69|[39.85][45.33
[ zo0 Jpo3 12763 Joez 5es 565 |le.73 )o.2s J12.02][16.22][21.08]23 987 1328 04]32.61][37 22 [43 en]fsa 27
500 |[1.03 [[1.41 |[1.81 [2.89 |j4.29 [|6.34 ||[7.63 |[10.67][13.95][19.16||24.87 |28.20][31 88 |32 .88 [a7 27][42.03 |45 84][54 40

100 |[11o[ust |[ied |20 |leso Jlo.as 533 [[Lys]is.4e]20selzrea]aLa1 3572 36,76 (400545 78] [52 80 [58.51

*The lower bound of the confidesce inlerl &l B0% confidence level is e value which 5% of e dmuatnd quanile vakes ko given requency &0e baag
** Thirse precipiaion fequescy estmales are hased on o el duraion mexdima weries, ARl is the Aversge Reconence Intenval,

Ploase refer o NOAR Mias 14 Documet for more infematon, MOTE: Farmating prevests estimates fesr 2em [0 Bppeas a5 e

ARI*=(| 5§ I 15
[years)|| min || min || min
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Sedimentation Study, Rio Marin, Patillas, Puerto Rico
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Sedimentation Study, Rio Marin, Patillas, Puerto Rico

19™N

10N

* — Thees maps wers produced using & direct map maquest fom fhe
-

1., Census Bufeal
Flioase reidd disehnimer for mooe fyfbrsrton,
LEGEND

—— State — Connector

— County I 3tream

[ Indian Resv L Military Area

W Lake/Pond/Ocean 0 Mational Park
! —— Jtreet BN Other Park

— EXpressway 1Clty

— Highway o F—Ctounty, oy

Scale 1:22B583 W—'
Faverage—true scale = on monitor rﬂn’l?.lt-"i.m

Ff O™

Other Maps/Photographs -

View USGS digital orthophote guadrangle (MO0 covering this location from TerraServer; USGS Aerial Photograph may also be available
froan this site. A DOO is a computer-genemted image of an aerial photograph in which image displacement caused by termin relief eand camera
tilts bms been removed. [t combines the image charseleristics of a photograph with the geometric qualities of a map, Visit the USGS for more information,

Climate Data Sources -

Precipitation frequency resulis are based on davg from g variety of sources, bul lorgely NCDC. The following links provide general inforsation
aboui obyerving sites in the avea, regardiess of if thelr data was wsed in this study, For deteiled information atout the stations used in this sfudy,
peaze vefer to NOAA Atlay {4 Documey,

Using the National Climatic Data Center's (NCTH) station search engine, locate other climate stations within:

[ +-30minutes | oR.. +-1degree | of this location (18.033043/-66.01 1644}, Digital ASCII data can be obtained directly from NCDC.

Hydrometearobepical Deskgn Stadies Conter
DN OAANalionn] Wenther Service
1325 East-West Highway

Silver Spring, MD 20919

L3I} TI3-1669

Cruestions™; HRSCOuesiomsg noaa.ey

s fimer
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APPENDIX C

CUSTOM SOIL RESOURCE REPORT (WEB SOIL SURVEY)
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United States
Department of
Agriculture

NRCS

Matural
Resources
Conservation
Service

A product of the National
Cooperative Soil Survey,
a joint effort of the United
States Department of
Agriculture and other
Federal agencies, State
agencies including the
Agricultural Experiment
Stations, and local
participants

Custom Soil Resource
Report for

Humacao Area,
Puerto Rico

Eastern Part
Patillas Lake

September 30, 2009



Preface

Soll surveys contain information that affects land use planning in survey areas. They
highlight seil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposal,
and pollution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impaose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of scil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although seil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (hitp://soils.usda.gov/sqif) and certain
conservation and engineering applications. For more detailed information, contact
your local USDA Service Center (hitp:/loffices.sc.egov.usda.gov/locator/app?
agency=nrcs) or your NRCS State Soil Scientist (http://scils.usda.gov/icontact/
state_offices/).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil
Survey,

Information about soils is updated periodically. Updated information is available
through the NRCS Soil Data Mart Web site or the NRCS Web Soil Survey. The Soil
Data Mart is the data storage site for the official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national erigin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. {Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means



for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2800 (voice and TDD). Tofile a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272

(voice) or (202) 720-8382 (TDD), USDA is an equal opportunity provider and
employer. '
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The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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APPENDIX D

HEC-1 INPUT AND OUTPUT DATA




EXISTING CONDITION (100-YR FREQUENCY): RMI100.DAT




Hydrologic Analysis for Rio Marin, Patilias, Puerto Rice Menar Hydrosystems Engineering
Existing Condition 100-yr

IThkkkkddkk kT T Ew R Rk kR dk kb ke ko ko k Ahhhkkkkk kb bk ok kkkk kA ko ke h Ak
* * *
+  FLOCD HYDROGRAFH PACKAGE (HBEC-1}  « * U.5. ARMY CORPS OF ENGINEERS *
* JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREET *
¥ * * DAVIS, CALIFORNIA 95616 *
¥ RUN DATE  24MAY10 TIME 08:27:24 * * {916) 756~1104 *
* * * *
dekkkkkkkhk bk kb kdkd kb bk Rk kkk 2SR LRt sR R st Rl st d

b4 N Xo000R XUUKK X
X X X X X XX
X X X X X
KARXXKR  KXAX X KERAR X
X X X X x
.4 X X X X X
X X MEXXXXX AR X

THIE PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HECIDE, AND HEC1KW.

THE DEFIRITICNS OF VARIABLES -RTIMP- AND -RTICR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITICON OF -AMSKK~ CH RM~-CARD HAS CHANGED WITH REVISIONS DATED 28 SEP B1. THIS IS THE FORTRANY7 VERSION
NEW OPTICHS: DAMBREAK CQUTFLOW 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

1 HEC-1 INPUT PAGE 1
LINE W, .. | P 2.0, 3. F DA [T [T Tewannnen Bo...... [ PP 1c

1 D MENAR HYDROSYSTEMS ENGINEERING

2 1D

3 1 RYDROLOGIC ANALISIS FOR RIO MARIN, PATILLAS, PUERTO RICG

4 i

5 i EXTSTING CONDITION

6 ip ANTECEDENT MOISTURE CONDITION II

7 ID LAG TIME ESTIMATED FROM KIRPICH EQUATION

8 I POINT PRECIPLTATION FREQUECY ESTIMATES FROM NOAA ATLAS 14

9 In LATITUDE: 18.033043 N LONGITUDE: 66.011644 W

10 1D 24-HOURS BALANCED $TORM DISTRIBUTION

11 jis] 100-YEAR FREQUENCY STORM

12 1D FILENAME: RMI00.DAT

13 1D CCTOBER 2009

14 i

15 1T 13 0locTo9 0 300 G1OCTO9 2400

16 10 3
*
*
*DIAGRAM

*
*  RIO MARIN
*
*

17 HEC RM
18 BA 5.3033
19 LS ] B2
20 up 0.44
21 PH o o 0.96 1.68 3.99 5.84 6.58 .68 12.87 16.05
*
*
*
22 ZZ
1
SCHEMATIC DIAGRAM OF STREAM NETWCORK
INFUT
LINE (¥} ROUTING {-—=>} DIVERSION OR PUMP FLOW
NO, {.} CONNECTOR {<=--} RETURN OF DIVERTED OR PUMPED FLOW
17 RM

{**¥) RUNOFF ALSQ COMPUTED AT THIS LOCATION

Thkkdk kb hhkbkbkhkd ok kkkkkk kAR AN ERRAR FRERAN AR AR KR E T AN AN R R AARA AR XA
* * * *
* FLOOD HYDROGRAPH PACKAGE (EEC-1) & * U.5. ARMY CORFS OF ENGINEERS *
* JUN 1658 * * HYDROLOGIC ERGINEERING CENTER *
* VERSION 4.1 * * 609 SECOND STREERT *
* * * DAVIS, CALIFORNIA 95518 *
* RUN DATE 24MAY1C TIME 09:27:24 * * {916} 756-1104 *
* - - *
kR kR kR Rk ANk Rk N R AR AR R AR ANk K LR E e T e S P S I T R L

MENAR HYDROSYSTEMS ENGINEERING
HYDROIOGIC ANALISIS FOR RIO MARIN, PATILLAS, FUERTQ RICO

EXISTING CONDITION

ANTECEDENT MOISTURE CONDITION IIX

LAG TIME ESTIMATED FROM KIRPICH EQUATION

POINT PRECIPITATION FREQUECY ESTIMATES FROM NOAA ATLAS 14
LATITUDE: 18.033043 N LONGITUDE: 66.011644 W

24-HOURS BALANCED STORM DISTRIBUTICHN

100-YEAR FREQUENCY STORM

FILENAME: RM100.DAT

CCTCBER 2009




Hydrologic Analysis for Rio Marin, Patillas,
Existing Condition 1)0-yr

Puerto Rico

Menar Hydrosystems Engineering

16 IO QUTPUT CONTROL VARIABLES

IPRNT 3 PRINT CONTROL

IPLOT 0 PLOT CONTROL

QSCAL 0. HYDROGRAPH PLOT SCALE

IT HYDROGRAPH TIME DATA

HMIN 13 MINUTES IN COMPUTATION INTERVAL
IDATE I0CT 9 STARTING DATE

ITIME 0000 STARTING TIME

3(e3 1i2 HNUMBER OF HYDRCGRAPH ORDINATES

HDDATE 2CCT 9 ERDIRG DATE

KDTIME 0003 ENDING TIME

ICENT 19 CENTURY MARK

COMPUTATICON INTERVAL .22 HOURS

TOTAL TIME BASE 24.05 HOURS

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

hhk dkkk kkk kkk kkdk kA WAk hhd Ahh AAh kAh khk kkh kkdk kAN bhkk kkh wkk Fkd wkk kkr kkd

kkh kb kA Ak h

DEGREES FAHRENHEIT

Sk k KAk hhkk kkk kkk kkE FhE Rkk kkk Akd RE*

%* &
17 KK * R *
* *
khk kA kA Ak hhh
SUBBASIN RUNOFF DATA
18 BA SUBBASIN CHARACTERISTICS
TAREA 5.30 SUBBASIN AREA
PRECIPITATICN DATA
21 PH DEPTHS FOR 0-PERCENT HYPOTHETICAL STORHM
--... HYDRG-35 ...... seamanerrreaans TP=40 Lo oLlll. Ll
S-MIN I5-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR 2-DAY
.96 1.68 3.99 5.84 5.98 9.68 12.867 16.05 00
STCRM AREA = 5.30
i9 LS 5CS LOSS RATE
STRTL -44 INITIAL ABSTRACTION
CRVHER 82.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
20 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 44 LhG
dhd
VALUE EXCEEDS TABLE IN LOGLOG 24.05000 01667 24.00000
UNIT HYDROGRAPH
12 END-OF-PERIOD ORDINATES
1429, 4318. 4410. 2749. 1372. 132, 38s6. 202.
3z2. iz,
*kx *kk k% ok h *kk
HYDROGRAPH AT STATION RM
TOTAL RAINFALL = 1%.94, TOTAL LOSS = 2.36, TOTAL EXCESS = 13.58
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6~HR 24-HR 72-HR 24.05-HR
+ {CFS) {HR)
(CFS}
* 13272, 12.57 5131. 1931, 1514. 1914,
(INCHES} 8,771 13,450 13.450 13.450
(AC-FT} 2481, 3804, 3804. 3804.
CUMULATIVE AREA = 5.30 sQ MI
1
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAK TIME OF AVERAGE FLOHW FOR MAXIMUM PERIOD
CPERATICN STATION FLOW PERK
+ &-HOUR 24-HOUR 72-HOUR
HYDROGRAFH AT
+ R4 13272, 12.57 5i31. 1931. 1%14.

%

-

NORMAL END OF HEC-1 #++

..... TP-49 ...........
4-DAY 7-DAY  10~DAY
.00 .00 .00
107, 56,
BASIN MAXTMUM TIME QF
AREA STAGE MAX STAGE
5.30
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SEDIMENT DATA




100

20

a0

70

80

50

40

PERCENT FINER

30

20

10

c

2 in,
1t=1/2 in,

z

)

3/4 in,

“11 In.

/2 In.

=l3/8 1n,

M
M

DISTRIBUTION TEST REPORT

-+
==

#10

20

el

-l #1140
#0200

200 100

10

.0

1.0

GRAIN SI1ZE — mm

0.1

O

L1

0.001

Test

% +3!

% CRAVEL

% SAND

% SILT

“ % CLAY

@ 1

ig.7

45.2

36.8

1

.3

LL

Pl

Bas

Dgo

Dso Pao

D15

D10

78 .1

29.3

16.5 1.82

0,746

0.534

23

55.0

MATER! AL DESCRIPTION

Usces

AASHTO

GP

A-1—a

Project No.:

FProject:

@ Location:

Date: 5/3/00

5300
TERRA TECH

GRAIN SIZE DISTRIBUTION TEST REPORT

Metropelitan Seils and Engineering
Materials Laboratory,

Inc.

Remarks:

Figure Ne.

ING. VICTOR MARIO RIVERA

=




APPENDIX F

HEC-RAS INPUT AND OUTPUT DATA




HYDRAULIC ANALYSIS




STEADY FLOW PLAN: EXISTING



Hydraulic Analysis for Rio Marin, Patillas, Puerto Rico Menar Hydresystems Engineering
Existing Condition

HEC-RAS Version 4.1.0 Jan 2010
U.8., Army Corps of Engineers
Hydrolegic Engineering Center
60% Second Street
Davis, California
X X 000CX pieo v HXXK XX p e d
X ¥ X X X X X X X X
X X X X X X X X X
000000 XX X KK XXXX e KHXX
X X X X X X X X X
X X X b4 X b X X x x
X X X0OXX XXX X X X X K000
PROJECT DATA
Project Title: HH, Lage Patillasn
Project file ; PATILLAS.prj
Run Date and Time: 5/24/2010 9:36:53 AM
Project in SI units
PLAN DATA
Plan Title: EXISTING
Plan File : C:\PROJ\LAGO\RAS\PATILLAS.pO1
Geometry Title: EXISTING
Geomatry File : C:\PROJ\LAGC\RAS\PATILLAS. g0l
- Flow Title : EXISTING
Flow File 3 C:APROJ\LAGO\RAS\PATILLAS . £01
Plan Summary Informaticn:
Humber of: Cross Secticns = 18 Multiple Cpenings = 0
Culverts = 1 Inline Structures = Q
Bridges = a Lateral Structures = Q
Computaticnal Informaticn
Water surface calculation tolerance = 0.0903
Critical depth calculation tolerance = {0.0403
Maximum number of jiterations = 20
Maximum difference tolerance = ¢.1
Flow telerance factor = (.001
Computation Options
Critical depth computed at all cross sections
Convayance Calculation Method: At breaks in n values only
Friction Slope Method: Average Conveyance
Computational Flow Regima: Suberitical Flow
: FLOW DATA
Flow Title: EXISTING
Flow File : C:\PROJ\LAGO\RAS\PATILLAS,fO0l
Flow Data {(m3/s)
River Reach RS 100-YR
MARIN MARIN 17 375.82
Boundary Conditions
River Reach Profile Upstraam Downsktream
MARIN MARIN 100-YR Normai § = 0.03 Known WS = 70

GEOMETRY DATA

Geomatry Title: EXISTING
Geometry File : C:\PROJ\LAGO\RAS\PATILLAS.gO01

CROSS SECTION

RIVER: MARIN

REACH: MARIN RB: 17
INPUT
Description:
Station Elevation Data num= 12
Sta Elev Sta Elev Sta Elav Sta Elev Sta Elev
-14.2 ) -4.24 Bl.52 o 17.92 1.59 77.79 3.2 T7.87

9.23 77.78 10.78 77.83 314.53 78.28 18.17 79.33 23.18 80,06




Hydraulic Analysis for Rio Marin, Patilias, Puerto Rico
Existing Condition

Menar Hydrosystems Engineering

27.56 81.06 34.56 B83.27

Manping's n Values nums= 3
Sta n Val Sta n val Sta n ¥al
-14.2 .06 -4.24 .04 34.58 .06

Bank Sta: Left Right Lengths: Left Channel Right
~4,.24 34.58 87.52 101.87 84.4

CROSS SECTION

RIVER: MARIR

REACH: MARIN RS: 16
INFUT
Descripticen:
Station Elevation Data num= ]
Sta Elev Sta Elev 5ta Elev Sta
-42.66 99 o 76.94 7.01 75.96 11.9
18.11 75.04 21.02 75.45 25.0B 78.0G 3g.62
Manning's n Values nume 3
Sta n Val Sta n Val Sta n Val
-42.66 .G6 [} .04 25.08 .06

Bank Sta: Left Right Lengths: Left Channel Right
o 25.08 i22.87 100.85 127.39

CROSS SECTION

RIVER: MARIN

REACH: MARIN Rs: 15
INPUT
Description:
Station Elevation Data HiUes 10
Sta Elev Sta Elev Sta Elev Sta
~5.43 80 Q 77.22 3.49 T4.38 7.23

15.44 74,06 19.3 74.57 23.04 74,85 26.26

Manning's n Values nums= 3
Sta n val Sta n val Sta n val
~5.43 .06 Q .04 26.26 .08

Bank Sta: Left Right Lengths: Left Channel Right
0 26.26 §%.2% 103.25 104.82

CROSS SECTION

RIVER: MARINW

REACH: MARIN R8: 14
NpUT
Descripticn:
Station Elevation Data num= 10
Sta Elev Sta Elev Sta Elev Sta
-87.11 -1+ 0 74.62 5.84 73.12 1¢.080
16,24 72.41 22.63 73.09 26.35 74.44 20.47
Manning's n Values num= 3
Sta n val Sta n Val Sta n Val
~87,11 .06 0 .04 28.47 .06

Bank Sta: Left Right Lengths: Left Channel Right
[+ 28.47 73.6 97.46 98.38

CROSS SECTION

RIVER: MARIR

REACH: MARIN RS: 13
INPUT
Description:
Station Elevation Data num= 16
Sta Elav Sta Elev Sta Elev Sta
-167.15 a0 o] 72.%6 2.42 71.65 5.48

12.08 7G.13 14.04 70.33 19.35 70.60 20.66
26,71 73.M4 28.67 73.1 32.78 72.97 35.22

63.01 80
Manning's n Values num= 3
Sta n val Sta n Val Sta n val
-107.15 .08 0 .04 23.7 .06

Bank Sta: Left  Right Lengths: Left Channel Right
[ 23.7 40.29 16.05 14.77

CROSS SECTION

RIVER: MARIN
REACH: MARIN Rg: 12.5

Coeff Contr,
.1

Elev Sta
75.07 15.98
S0

Coeff Contr.
-1

Elev Sta
74.16 10.3
76.99 28.56

Coeff Contr.
1

Elav Sta
72.44 13.53
74.17 432.41

Coeff Contr.
.3

Elav Sta
70.15 8.85
71.26 23.7
72.85 38.83

Coeff Contr.
.1

Expan,
.3

Elev
74.83

Expan.

Elev
73,94
79.88

Expan.
.3

Elav
72.11
80

Exparn.
.3

Elev
70.01
72.72
72.82

Lxpan,



Hydraulic Analysis for Rio Marin, Patillas, Puerto Rico

Existing Condition

Menar Hydrosystems Engincering

INPUT
Description:
Station Elevation Data num= &
Sta Elev Sta Elev Sta Elav Sta Elev Sta Elev
-127.46 80 Q 71.07 5.27 69.44 15.67 69.44 3z.02 70,64
63.63 80
Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
-127.46 .08 4 .04 32.02 .05
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
) 32.02 6.5 6.5 6.5 .3 -5
CULVERT
RIVER: MARIN
REACH: MARIN Rg: 12.3
INPUT
Dascription:
Distance from Upstream X5 = .01
Dack/Roadway Width = 6.35
Weir Coefficient = 1.4
Upstream Deck/Roadway Coordinates
num= z
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
-100 71.14 100 71.14
Upstream Bridge Cross Section Data
Station Elevation Data fm=
Sta Elev Sta Elev sta Elev Sta Elev Sta Elev
-127.486 BO Q 71.07 5.27 69.44 15.67 69,44 32.02 79.64
63.63 80
Manning's n Values nyums= . 3
Sta n Val Sta n Val Sta n Val
-127.46 .08 0 .04 32.02 .06
Bank Sta: Left Right Coeff Contr. Expan.
g 32,02 .3 .
Downstream Deck/Roadway Coordinates
nume 3
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
-100 71.14 1400 71,14
Downstream Bridge Cross Section Data
Station Elevaticn Data num= 6
Sta Elev Sta Elev Sta Elav Sta Elev Sta Elev
~127,46 80 ] 71.07 5.27 69.44 15.87 65 .44 3z2.02 70.64
63.63 80
Manning's n Values num= 3
Sta n val Sta n Val Sta n Val
~127 .46 .06 [+] .04 32.02 .06
Bank Sta: Left Right Coeff Conktr. Expan.
o 32.02 .3 .58
Upstream Embankmernt side slope = 0 horiz. to 1.0 vertical
Downstream Embankment side slope = 9 heriz. to 1.0 vertical
Maximum allowable submergence for weir flow = .58
Elevation at which weir flow hegins =
Energy head used in spillway design -
Spillway height used in design =
Weir crest shape = Broad Crested

Numbar of Culverts = 1

Culvert Nama Shape Rise Span
Culvert #1 Box 1.8 1.53
FH¥A Chart # 58- Rectangular concrete

FHWR Scale # 1 - side tapered; Less favorable edges

Solution Criteria = Highest U.5, EG

Culvert Upstrm Dist Length Top n BHottom n Depth Blocked Entrance Loss Coef
)

.1 6.37 .015
Number of Barrels = 5
Upstream Elevation = 69,44
Centerline Stations
Sta. Sta, Sta. Sta. Sta.

8.46 10,17 11.88 13.59 15.3
Downstraeam Elavation = 69.44
Centerline Stations
Sta. Sta. Sta. Sta. Sta.
8.48 16.17 11.88 13.59 15.3

CROS5 SECTION

RIVER: MARINW

REACH: MARIN RS: 12
INPUT

Description:

Station Elevation Data nime= 6

.015

.5

Exit Loss Coef
1



[E—

Hydraalic Analysis for Rio Marin, Patillas, Puerto Rico

Menar Hydrosystems Engineering

Existing Condition
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
-127.46 80 a 71,07 5.27 69.44 15,67 65.44 32,02 70.64
63.63 80
Manning's n Values num= 3
Sta n Val Sta n Val Sta n val
-127.4¢6 .06 o .04 32.02 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr, Expan.
[ 32,02 29,03 66,62 a7.37 -3 .5
CRGOSS SECTION
RIVER: MARIN
REACH: MARIN RE: 11
INPUT
Dascription:
Station Elevation Data num= a
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
~197,07 80 -32.58 70 0 69.47 1.32 68.38 7.3 6EB.34
16.13 6H8.2% 19.13 70 25.%9 B8Q
Manning's n Values nums 3
Sta n Val Sta h Val Sta n Val
-197.07 .06 0 .04 19.13 .06
Bank Sta: Left Right Lengths: Left Channel Right Ceoeff Contr. Expan.
Q 19.13 107.31 35.28 35.7 .1 .3
CROS5 SECTION
RIVER: MARIN
REACH: MARIN RS: 10
INPUT
Description:
Station Elevation Data nums 8
Sta Elav Sta Elav Sta Elev Sta Elev Sta Elev
-222.02 80 -82.41 10 [ 685,45 15.889 68.59 3z2.04 &8
43.94 67.99 45.09 70,76 48.952 80
Manning's n Values num= 3
Gta n Val Sta n Val Sta n val
-222.02 .08 4] .04 45.09 .0E
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan,
Q 45.09 76.35 51.55% 59.5 .1 .3
CROSS SECTION
RIVER: MARIN
REACH: MARIN RS: 9
INPUT
Description:
Station Eleveation Data num= 7
Sta Elev Sta Elav Sta Elev Sta Elev Sta Elav
-164.69 B0 -B82,.36 70 a 69,14 23.96 68.16 49.64 €7.91
59.24 70 94.26 80
Manning's n Values num= 3
Sta n val Sta n val Sta n val
-164,69 .08 ] .04 59.24 .06
Bank Sta: Left Right Lengths: Left Channel Right Conff Contr. Expan.
] 59.24 59.84 85.19 49.62 -1 3
CROSS SECTICN
RIVER: MARIN
REACH: MARIN RS: 8
INDUT
Description:
Station Elevation Data nume 9
Sta Elev ' Sta Elev Sta Elav Sta Elev Sta Elev
-137.97 B0 -84.81 10 0 9.3 5.684 £8.7 25%.47 67.88
45.31 67.98 61,31 68,01 68,39 70.49 95.48 80
Manning's n Values nums= 3
Sta n vVal Sta n Vai sta n Val
-137.97 .06 o .04 £8.39 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
0 68.39 31.95 57.86 33.08 .1 .3

CROSS SECTION

RIVER: MARIN
REACH: MARIN

RS: 7



Hydraulic Analysis for Rio Marin, Patillas, Puerto Ricp

Menar Hydrosystems Engineering

Existing Condition
INPUT
Description:
Station Elevation Data nume 15
Sta Elov Sta Elev Sta Elgv Sta Elev Sta Elev
-115.07 80 -5%.7¢ 70 Q 67.71 17.45 65.15 19.96 70.01
23.78 68,36 28.2 68,32 36,36 €8.24 37.53 €7,82 43.04 67.34
43.49 67.79 63.96 67.8  77.69 67.87 $5.29 70 146.29 8o
Manning's n Values num= 3
Sta n val Sta n Val Sta n vVal
-115.907 .06 -59.76 .04 95.2% 06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
~59.76 95,29 86.88 S50.09% 49.69 .1 ]
CROSS SECTICON
RIVER: MARIN
REACH: MARIN RS: &
INPUT
Description:
Station Elevation Data nam= 8
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elav
~71.56 80 -25.41 70 o &68.B5 38.85 69.1 43.08 &7.59
93.08 67.86 131.75 68.87 185,12 8D
Manning's n Values num= 3
Sta 0 Val Sta n val Sta o val
-71.56 .06 -25.41 .04 131.75 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
-25,41 131,75 60.74 50.42 69,56 .1 .3
CROSS SECTION
RIVER: MARIN
REACH: HARIN RS: &
INPUT
Description:
Station FElevation Data nums 16
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
o 70.79 15.33 67.94 32.05 67.84 45.43 68,32 48.05 69.33
51.75 68.35 61.34 68.45 63.44 68,94 68.29 68,34 79.48 68.4
B0 .53 67.23 8g3.28 67.06 91.16 67.48 117.38 67.87 163.34 67.49
190,63 73.24
Manning's n Values ngms= 3
Sta n val Sta n val Sta n val
o .06 15.33 .04 163.34 .06
Bank Sta: Left Right Lengtha: Left Channel Right Ceoaff Contre, Expan,
15,33 163,34 71,08 50.59 59,91 .1 .3
CROSS SECTICM
RIVER: MARIN
REACH: MARIN RE: 4
INFUT
Description:
Station Elevation Data num= 11
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
-78.14 80 0 68.02 32,02 €8.19  35.57% 66,9 62.4 68.08
89 67.07 86.74 67,29 135.1% 67.3 162,75 67.1 164.19%9 67.88
219.63 80
Manning's n Values num= 3
Sta n vVal Sta n val Sta n Val
-78.14 .06 [+ .04 164.19 .06
Bank Sta: Left  Right Lengths: Left Channel Right Coaff Contr. Expan.
Q0 164.18% 87.38 50.03 16.47 .1 .3
CROSS SECTION
RIVER: MARIN
REACH: MARIN RE8: 3
INFUT
Daescription:
Station Elevation Data num= 11
Sta Blev Sta Elav Sta Elev Sta Elev Sta Elev
-59.58 80 C 68.44 23,97 68.08 $1.5 69.53 97.49 69,71
135.86 67.53 160,11 67,41 171.5% 66.79 1B2.36 67.41 193.77 70
268.04 80
Manning's n Values numes 3
Sta n Val Sta n Val Sta n Val
-59.586 .08 o .04 193,77 .08
Bank Sta: Left  Right Lengths: Left Channel  Right Coeff Contr. Expan.



Hydraulic Aralysis for Rio Marin, Patilias, Puerto Rico

Menar Hydrosystems Engincering

Existing Condition
0 193.77 &7.86 50.32 123.88 -1 .3
CROSS SECTION
RIVER: MARIN
REACH: MARIN RS: 2
INPUT
Description:
Station Elevation Data num= 11
Sta Elev Sta Elev Sta Elev Sta Elav Sta Elev
-4z.77 80 0 £8.15 35.32 £8.05 55.4 67.82 €1.75 66.83
125.41 66.45 163.272 66.18 200.718 66,81 229.9 67.76¢ 302.97 70
383,13 a0
Manning's n Values num= 3
Sta n val Sta n val Sta n val
-42.77 .06 55.4 .04 226.9 .08
Bank Sta: Left Right Lengths: Left Channel Right Coaff Contr. Expan.
55.4 229.9 66,78 50 51.38 -1 .3
CROSS SECTION
RIVER: MARIN
REACH: MARIN RS: 1
INPUT
Descriptieon:
Station Elevation Data num= 9
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
28,16 a0 0 57.91 25,9 67.29 45,915 67.07 7z.388 66.7
icl.ce 66.31 123.37 66.54 187.11 70 251.95 ao
Marning's n Values num= a
Sta n val Sta n Val Sta n Val
-28.16 .08 a .04 387,311 .06
Bank Sta: Left Right Lengths: Left Channal Right Coeff Contr. Expan.
0 187.11 i) Q 0 .1 .3
SUMMARY OF MANNING'S N VALUES
River :MARIN
Reach River Sta. al n2 n3
HARIN 17 .Qs6 .04 .06
MARIN 18 .08 .04 .06
MARIN 15 .08 .04 .06
MARIN 14 .06 .04 .08
HARIN 13 .08 .04 .08
MARIR 12.5 .08 .04 LO06
MARIN 12.3 Culvert
MARIN 12 .08 .04 .06
MARIN 11 .06 .04 il
HARIN 10 Q6 04 .06
MARIN 9 .06 .04 .06
MARIN a .06 .04 .06
MARIN 7 .06 .04 .06
MARIN 6 .06 .04 .08
MARIN 5 .06 .04 13
MARIN 4 .06 .04 .06
MARIN 3 06 .04 .06
MARIN 2 .08 .04 N+
MARIN 1 .08 04 .06
SMARY CF REACH LENGTHS
River: MARIN
Reach River Sta. Left Channel Right,
MARIN 17 87.52 101.87 B4.4
HARIN 16 122.87 100.85 127.39
MARIN 15 8%.29 103.25 144,82
HARIN 14 73.6 87,46 Ge.38
MARIN 13 40.29 16.05 14,77
MARIN 12.5 6.5 6.5 6.5
MARIN 12.3 Culvert
MARTN 12 26.03 66,62 B87.37
MARIN 11 107.31 35.28 36,7
MARIN 0 76.35 51.85 59.5
HMARIN 9 59.84 55.19% 48,62
MARIN 8 31.88 &7.86 39,08
MARIN 7 BE6.88 50.09 49,69
MARIN [ 60,74 50.42 69.56
MARIN 5 71.08 80,59 59,91
MARIN 4 57,38 £0.03 16.47
MARIN 3 &7.86 50,32 123,88
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MARIN
MARIN

66.79

SUMMARY OF CORTRACTION AND EXPANSION COEFFICIENTS

River: MARIR

Reach

MARIN
MARIN
HARIN
HARIN
MARTN
MARIN
MARTN
MARIN
MARIN
MARIN
MARIN
MARIN
MARIN
MARIN
MARIN
MARIN
MARIN
MARIN
MARIN

River

17
16
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0o
=N ]
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Sta.
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Culvert

R e el N e TR T ]

Expan.
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.3
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Hydraulic Analysis for Rio Marin, Patiltas, Puerto Rico
Proposed Condition

Menar Hydrosystems Engineering

HEG-RAS Yersion 4.1.0 Jan 2010
U.5. Army Corps of Engineers
Hydreologic Engineering Center

609 Second Straaet
Davig, California

X K RKKKK XXXX XX
X X X X X X x X X
X X X X X X X X
FOOUDHERK, XA X O 0o 200000
X X X X X X X X
X X X X X X x X X
X X X000 HRAX % X X X
PROQJECT DATA
Project Title: HH, Lago Patillas
Project File : PATILLAS.pr)
Run Date and Time: 5/24/2010 5:49:05 AM
Project in ST units
PLAN DATA
Plan Title: PROPOSED
Plan File : C:\PROJ\LAGO\RAS\PATILLAS.pOE
Geomabry Title: PROPOSED
Geometry File : £:\PROJ\LAGO\RAS\PATILLAS.g0Z2
Flow Title 1 PROPOSED
Flow File : C:\PROJ\LAGO\RAS\PATILLAS.f02
Plan Summary Information:
Number of: Cross Sections = 19 Hultiple Openings = g
Culverts = 3 Inline Structures = 0
Bridges = o Lateral Structures = Q9
Computational Information
Water surface calculation teolerance = 0.003
Critical depth calculation tolerance = 0,003
Maximum number of iteraticns = 20
Maximum difference tolerance = 0,1
Flow tolerance factor = 0,001
Computation Options
Critical depth computed at all cross sectiens
Conveyance Calculaticn Methed: At breaks in n values only
Friction Slope Metheod: Average Conveyance
Computational Flow Regimea: Subcritical Flow
FLOW DATA
Flow Title: PROPOSED
Flow File : C:\PROJ\LAGO\RAS\PATILLAS.f02
Flow Data {m3/s)
River Reach RS 100-YR
MARIN MARIN 17 375.82
Boundatry Conditionsg
River Reach Profile Upstream
MARIN MARIN 100-YR Nermal S = §.03
GEOMETRY DATA
Gecmetry Title: PROPOSED
Geometry File : C:\PROJ\LAGO\RAS\PATILLAS.g02
CROSS SECTION
RIVER: MARIN
REACH: MARIN RS: 17
INFUT
Description:
Staticn Elevation Data nums 12
Sta Elev Sta Elev Sta Elev Sta Elav Sta Elev
~14.2 90 -4.24 81.52 ] .9z 1.59 77.79 3.2 77.87

9.23 e 10.78 77,93 14.53 78.28 18.17 79.33 23.18 80.086

o

L

Downstraam

Known WS = 70
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Hydraulic Analysis for Rie Marin, Patillas, Puerto Rico

Proposed Condition

Menar Hydrosystems Engineering

27.56 81.06& 34.56
Manning's n Values
Sta n Val Gta
-14.2 .CE& ~4,24
Bank Sta: Left Right
-4.24 34.586
CROSS SECTION
RIVER: MARIN
REACH: MARIN
INPUT
Description:
Station Elevation Data
Sta Elev Sta
~42,66 90 0
i8.131 75.04 21.02
Manning's n Values
Sta n Val Sta
-42.66 .06 0
Bank Sta: Left Right
0 25.08
CROSS SECTION
RIVER: MARIN
REACH: MARIN
INPUT
Description:
Station Elevation Data
Sta Elev Sta
-5.43 ae 4]
15.44 74.06 19.3
Manning's n Values
Sta n Val Sta
-5.43 .08 1]
Bank Sta: Left Right
Q 26.26
CROSS SECTION
RIVER: MARIN
REACH: MARIN
INPUT
Description:
Station Elevation Data
Sta Elev Sta
-58.251 B0 4]
9.152 73.042 12.647
21.648 73.627 24.654
Manning's n Values
Sta  n Val Sta
-58.251 .06 0
Bank Sta: Left Right
0 27.689
CROSS SECTICOM
RIVER: MARIN
REACH: MARIN
INPUT
Description:
Station Elevation Data
Sta Elev sta
-87.11 BO a
19.24 72.41 22.63
Manning's n Values
Sta n Val Sta
-87.11 .06 [+]
Bank Sta: Left Right
4] 28.47

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INFUT

83.27
num= 3
n Val Sta R Val
.04 34.56 .08
Lengths: Left Channel  Right
87.52 101.87 84.4
RS: 16
num= 9
Elev Sta Elev Sta
76.94 7.01 75.96 I1.9
75.45 25.08 78.09 39.862
num= 3
n Val Sta B Val
.04 25.08 .06
Lengths: Left Channel Right
122.8% 100.85 127.39
RS: 15
nums 10
Elev Sta Elev Sta
T7.22 3.49 14.36 7.23
74.57 23.04 74,85 26.26
num= 3
n val Sta n val
.04 26.26 .08
Lengths: Left Channel Right
64 .209 66.77 67.785
RS: 14.3533>
nun= 15
Elav Sta Elev Sta
75,539 4,285 73,744 5.302
72.757 17.492 72.97 18.141
T4.394 25.498 74.991 27,889
nume 3
n Val Sta n val
.04 27.689 .08
Lengths: Left Channel Right
35.081 36.48 37.035
RS: 14
num= 19
Elev Sta Elev Sta
74.62 5.84 73.12 10.08
73.09 26,35 T4 44 28.47
nume= 3
n Val Sta n Val
.04 28,47 .08
Lengths: Left Channel Right
73.6 97.46 98.38

Coeff Contr,

.1
Elev Sta
15.07 15.58
90

Coaff Contr.
.1

Elav Sta
74.16 10.3
78,99 28.96

Coeff Contr.

.1
Elav Sta
73.542 8.879
73.02% 21.13
76.261 38.305

Ceaff Contr,
-1

Elev Bta
72.44 13,83
74.77 43.41

Coeff Contr.
1

Expan.

Elev
74.83

Expan.

Elev
73.94
79.88

Expan.
3

Elav
73.079
73.548
75.958

Expan,

Elev
72.11
g0

Expan.




Hydraulic Analysis for Rio Marin, Patilias, Puerte Rico

Menar Hydrosystems Engineering

Proposed Condition
Descripticn:
Staticn Flevation Data num= is
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
-107.15 a0 o 72.6 2.42 71.65 5.48 70.15 8.05 59.8
15.27 65.8 19.35 70.69 20.66 71.26 23,7 2.2 26.71 73.74
28,67 73.1 32.78 72,97 35,22 72.85 38.63 72.82 63.01 80
Manning's n Values num= 3
Sta n val Sta n val 5ta n val
-107.15 .06 Q .04 23.7 .06
Bank Sta: Left Right Lengths: Left Channel Right Coaff Contre. Expan,
o 23,7 40.29 16,05 14.77 .1 .3
CROSS SECTION
RIVER: MARIN
REACH: MARIN RS: 12.5
INPUT
Description:
Station Elevation Data num= 6
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
«127.46 80 a 71.97 5.27 69.44 15.467 £9.44 3z2.02 70.64
63.63 80
Manning's n Values num= 3
Sta n Val Sta n val Sta fn Val
-127 .46 .06 [ .04 32.92 .08
Bank Sta: Left Right Lengths: Left Channel Right Coaff Contr. Expan.
a 32.02 6.5 8.5 6.5 .3 .5
CULVERT
RIVER: MARIN
REACH: MARIN RS: 12.3
INPUT
Description:
Distance from Upstream XS = .01
Dack/Roadway Width = 6.35
Weir Coefficient = 1.4
Upstream Deck/Roadway Coordinates
nume= 2
Sta Hi Cord Lo Coxd Sta Hi Cord Lo Cord
«~100 71.34 100 71.14
Upstream Bridge Cross Section Data
Station Elevation Data nums 5
Sta Elev Sta Elav Sta Elav Sta Elev Sta Elev
-127.46 a0 0 71.07 5.27 $9.44 15.67 £9.44 32.02 70.64
53.63 g0
Manning's n Valuos num= 3
Sta n Val Sta n vVal Sta n Val
-127.46 .06 Q .04 32.02 .08
Rank $ta: Left Right Coeff Contr. ExXpan.
Q 32.02 .3 .5
Downstream Deck/Reoadway Coordinates
nlm=
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
=100 71.14 ice 71,14
Downstream Bridge Cross Section Data
Staticon Elevation Data num= [
Sta Elev Sta Elev Sta Elev Sta Elev Sto Elev
-127.45 80 5 71.07 £.27 69,44 15.67 65%.44 32.02 70.64
63.63 80
Manning's n Values nume 3
Sta n Val Sta n Val Sta n Val
-127.4% .06 G .04 32.02 1Y
Bank Sta: Left Right Coeff Contr. Expan.
Q 3z2.¢2 .3 .5
Upstream Embankment side slope = 9 herizx, to 1.0 vertical
Dovnstream Embankment side slope = 9 horiz. to 1.0 vertical
Maximum allowable submergence for welr flow = .58
Elevation at which weir Fflow begins =
Energy head used in spillway design =
Spiiliway height used in design =
Heir crest shape = Broad Crested

Number of Culverts = 1

Culvert Name Shape Rise Span
Culvert #1 Box 1.8 1.53
¥HWA Chart ¥ 58- Rectangular concrate

FHHA Scale ¥ 1 - Side tapered; Less favorable

Solution Criteria = Highest U.S. EG

Culvert Upstrm Dist Length Top tt Bottom n

edges

3

Depth Blocked Entrance Loss Coef

Exit Loss Coef




Hydraulic Analysis for Rio Marin, Patillas, Puerto Rico

Praposed Condition

Menar Hydrosystems Engineering

1 6,37 L0185 .015

Number of Barrels = 5
Upstream Elevation =
Centerline Stations
Sta. Sta. Sta.
8.46 10.17 11.88

69.44

Sta. Sta.
13.59 15.3

Downstream Elevation = 69,44

Centerline Stations
Sta. Sta. Sta.
8.46 10.17 11.88

CROSS SECTION

RIVER: MARIN

REACH: MARIN
INPUT
Dascription:
Station Elevation Data
Sta Elev Sta
-127.46 80 Q
63.63 80
Manning's n Values
Sta n val Sta
=127 .46 .06 2

Bank Sta: Left Right
4 32.62

CROSS SECTION

RIVER: MARIN

REACH: MARIN
INPUT
Description:
Station Elevation Data
Sta Elev Eta
-197.07 80 -32.58

15.08 67.7 16,13

Manning's n Values
Sta n Val sta
-197.07 .06 0

Bank Sta: Left Right
0 19.13

CROSS SECTION

RIVER: MARIN

REACH: MARIN
INPUT
Description:
Station Elevaticn Data
Sta Elev Sta
-222.92 80 -62.41
36.8 €8 43.54
Manning's n Values
Sta n val Sta
~222.062 A6 4]

Bank Sta: Left  Right
Q 45.09

CROSS SECTION

RIVER: MARIN

REACH: MARIN
INPUT
Description:
Station Elevatien Data
Sta Elev S5ta
-164.65% 80 -82.36
59.24 iy 94.26
Manning's n Values
Sta n Val Sta
-164.69 .06 0

Bank Sta: Left Right
o) 55.24

CROSS SECTION

RIVER: MARIN
REACH: MARIN

Sta. Sta,
13.59 15.3

num= 1
Elev Sta Elev
71.07 5.27 69.44

num== 3
n val Sta n vVal
.04 32.02 .08

Lengths: Left Channel
28.03 86.62

RS: 11
num= 9
Elev Sta Elaev
7a 0 69,47
68.28 19.13 70
num= 3
n Val Sta n val
.04 19.13 .06

Lengths: Left Channel
107.31 35.28

RS: 10
numz 9
Elav Sta Elev
1 0 69.45
67.59 45,09 70,76
num= 3
n val Sta n val
.04 45.06 .08

Langths: Left Channel
76.35 51.55

RS: 9
nums 7
Elev Sta Elev
70 o 69.14
eo
num= 3
™ Val Sta n vVal
.0d 59.24 .06

Lengths: Left Chanrnel
59.84 55.19

RS: B

Sta
15.87

Right
87.37

Sta
1.32
25.9

Right

36.7

Sta
7.35
48,92

Right
5%.5

Sta

Right
48.62

W5
Eilav Sta
69._44 32.02
Coeff Contr.
.3
Elav Sta
68,38 2.17
=)
Coeff Contr.
.1
Elev Sta
&7 33.81
a0
Cosff Contr,
.1
Elev Sta
66.8 49.64
Coeff Contr.

.1

Elav
70.64

Expan,
.5

Elav
67.7

Expan.

Elev
&7

Expan,
.3

Elev
66,8

Expan.
.3




Hydraulic Analysis for Rie Marin, Patillas, Puerto Rico

Proposed Condition

Menar Hydrosystems Engincering

INPUT
Description:
Station Elevation Data
Sta Elev Sta
-137.97 80 -84.81
68.39 70.49  95.46
Manning's n Values
Sta n Val Sta
-137.87 .06 bl

Bank Sta: Left Right
) 68.3%

CROSS SECTION

RIVER: MARIN

REACH: MARIN
INPUT
Description:
Station Elevation Data
Sta Elev Sta
-115.07 B0 -5%.76

77.69 67.87 95.29

Manning's n Values
Sta n Val Sta
-115.07 .06 -59.,78

Bank Sta: Left Right
«59.76 95.29

CROSS SECTION

RIVER: MARIN

REACH: HARIN
INPUT
Description:
Station Elevation Data
Sta Elev Sta
~-71.586 ag -25.,41

131.75 66.87 185,12

Manning‘s n Values
Sta n Val Sta
-71.56 .06 ~25,41

Bank Sta: Laft Right
-25.41 131.75

CROSS SECTION

RIVER: MARIN

REACH: MARIN

INPOT

Description:

Station Elevation Data
Sta Elav Sta

o 70.79 15.33
190,63 73,24

Manning's n Values
Sta n val Sta
1] .06 15.33

Bank Sta: Left Right
15,33 163.34

CROSS SECTION

RIVER: MARIN

REACH: MARIN
INPUT
Description:
Station Elevation Data
Sta Elav sta
~78.14 80 0

164.19 67.88 219.63

Manning's n Values
Sta n Val Sta
-78.14 .08 Ls)

Bank Sta: Left Right
0 164.15

CROSS SECTION

num= 7
Elev Sta Elev
70 0 £€9.3
80
num= 3
n Val Sta n Val
.34 68.39 .08

Lengths: Left Channel
31.85 57.46

RE: 7
hum= 8
Elev Sta Elev
70 o 67.71
70 146.29 a0
nym= 3
n Val Sta n Val
.04 95,29 .08

Lengths: Left Channel
86.88 50.09

RS: 6
num= 7
Elev Sta Elav
70 4] €8.85
80
num= 3
n Val Sta n Val
.04 131.7% 08

Lengths: Left Channel
60.74 50.42

nums= &
Elev Sta Elev
67.94 2:.09 66.02

= 3
n val Sta n val
.04 163.34 .08

Lengths: Left Channel
71.08 50.59

RS: 4
num= 7
Elev Sta Elev
63.02 6.51 65.85
=1v)
num= 3
n ¥al Sta n Val
.04 164.19 .06

Lengths: Left Channel
57.38 50.03

Sta
8.1

Right
39,08

Sta
3,99

Right
49.69

Sta
7.85

Right
69.56

Sta
158.93

Right
59.91

Sta
159

Right
16,47

Elav Sta
66.6 56.72

Coeff Contr.
.1

Elev Sta
66,38 73.21

Ceoeff Contr.
.1

Elev sta
86,2 123.74

Coeff Contr.
.1

Elav Sta
66,02 163,34

Coeff Contr.
.1

Elev Sta
65.85 162.75

Coaff Contr,
-1

Elev
66.6

Expan.
.3

Elav
66.38

BExpan.

Elev
66.2

Expan.
.3

Elev
67.4%

Expan.

Elev
67.1

Expan.
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Hydraulie Analysis for Rie Marin, Patiilas, Puerto Rico

Proposed Condition

Menar Hydrosystems Engineering

RIVER: MARIN
REACH: MARIN

INPOT
Dascription:
Station Elgvation Data
Sta Elev Sta
-59.56 80 Q

182,36 67.41 193.77
Manning's n Values

Sta n vVal Sta

-59.56 .08 o

Bank Sta: Left  Right
o 193,77

CROSS SECTION

RIVER: MARIH
REACH: MARIN

INPUT
Description:
Statien Elevation Data
Ska Elev Sta
-42.77 80 o

223.57 65.45 225.9
Manning's n Values

Sta n Val Sta

-42.77 .08 58.4

Bank Sta: Left Right
§5.4 229.9

CROSS SECTION

RIVER: MARIN

REACH: MARIN
INPUT
Description:
Station Elevation Data
Sta Elev Sta
~28.16 BO 0
251,95 a0
Manning's n Values
Sta n val Sta
~28.16 .08 aQ

Bank Sta: Left Right

RS: 3
num= 8
Elev Sta Elev
68.44 23.97 68.08
70 268.04 ag
num= 3
n Val Sta n Val
.04 193.77 .06

Lengths: Left Channel
§7.88 50.32

RS: 2
nums G
Elev Sta Elev
68,15 35.32 €8.08
67,76 302,97 0
num= 3
n Val Sta n val
.04 229.9 .0e

Lengths: Left Channel

66.79 50
RS: 1
rms: ]
Elev Sta Elev

§7.91 7.83 65.3

nyme 3
n Val Sta n Val
.04 187.11 .08

Lengths: Left Channel

0 187,11 Q ]
SUMMARY OF MANNING'S W VALUES
Rivar:MARIN
Reach River Sta. nl
MARIN 17 .06
MARIN 16 .06
MARIN 15 .68
MARIN 14,3533% .06
MARIN 14 )
MARIN i3 .Cce
MARIN 12.5 N+
MARIN 12.3 Culvert
MARIN 12 .06
MARTN 11 .06
MARIN 19 .08
MARIN g .06
MARIN 8 .06
MARIN 7 .06
MARIN ] .06
MARIN 5 .06
MARIN 4 .06
HARIN 3 .08
HARIN 2 .06
MHARIN 1 .08
SUFMARY OF REACH LENGTHS
River: MARIN
Reach River Sta. Left ch
MARIN 17 87.52
MARIN 18 122.87

Sta Elav Sta
3i.26 65.65 177.08

Right Ceeff Contr.
123.88 .1
Sta Elev Sta
55.4 67.92 6z.21
3e3.13 8o
Right Coeff Contr.
91.38 .1
Sta Elev Sta

173.01 §5.3 187.11

Right Coeff Contr.
0 .1
n2 n3
.04 .Ge
.04 .06
.04 .06
.04 .06
.04 .06
.64 .06
d .06
.04 .08
.04 .06
.04 .08
.04 .06
.04 .08
.04 .08
04 .08
.04 .08
.04 .08
.04 .06
.04 .08
.04 .08

annal Right

101.87 B84.4
100.85 127.39

Elev
65.65

Expan.
.3

Elav
65.45

Expan.
.3

Elav
70

Expan.




Hydraulic Analysis for Rio Marin, Patillas, Puerto Rico Menar Hydrosystems Engineering
Proposed Condition

HARIN 15 64.209 €6.77 67.785
MARIN 14,3533 35,081 36.48 37.0635
HARIN 14 73.6 57.46 SB.38
MARIN 13 40.29 16.95 4.7
MARIN 12.5 6.5 6.5 6.5
MARTN 12.3 Culvert
MARIN 12 29.03 g6.862 87.37
MARIN 11 107.31 35.28 36.7
MARIN 10 76.35 51.55 59.5
MARIN B 59.84 £5.16 48,62
MARIN 8 31.95 57.86 39.08
MARIN 7 B6. B8 50.09 49.69
MARIN 6 60.74 50,42 69.56
MARIN 5 71.08 50.59 58,91
MARIN 4 57.38 50.03 16,47
o MARIN 3 67.86 50.32 123.68
MARIN 2 66.79 50 91.38
MARTN i <} ¢} 0

SUMMARY OF CONTRACTICN AND EXPANSION CCEFFICIENTS
River: MARIN

. Reach River Sta. Contr. Expan,
HMARIN 17 1 .3
MARIH 16 L .3
MARIN 18 1 3
MARIN 14,3533 1 .3
MARIN 14 1 .3
MARIN 13 .1 .3
MARIN 12.5 - .5
MARIN 12.3 Culvert
MARIN 12 W3 8
MARIN 11 .1 3

) MARIN 10 .1 .3

: MARIN 9 .1 .3
MARIHN 8 .1 .3
MARIN T -1 .3
MARIN 6 .1 .3
MARIN 5 -1 .3
MARIN 4 .1 .3
MARIN 3 .1 .3
MARIN 2 -1 .3 -
MARIN 1 .1 .3

i
£

)
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HEC-RAS Plan: PROPOSED River; MARIN Reach: MARIN Profile: 100-YR
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0.4%
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SEDIMENT TRANSPORT PLAN: MEAN EXIS



Hydraulic — Sediment Transport Analysis for Rio Marin, Patifias, Puerto Rico Menar Hydrosystems Engineering
Mean Monthly Flows, Existing Condition
HEC-RAS Version 4.1.0 Jan 2010
U.8. Army Corps of Engineers
Hydrologic Engineering Center
809 Second Street
Davis, California
X X XXKKXX XA KX AKX KHHEX
X X X X X X X X X
X X X b4 X X % XX
HXKXRXK  XXXX X X 200X HAKRXK K
X X X X X X X X X
X X X X X X X X x X
X X XKOOCKHK XK X X X X pbbe
PROJECT DATA
Project Title: HH, Lago Patillas
Project File : PATILLAS.prj
Run Date and Time: 5/24/2010 10:35:14 AM
Project in SI units
PLAN DATA
Plan Title: HEAN EXIS
Plan File : C:\PRCJ\LAGC\RAS\PATILLAS. p04
Geometry Title: EXISTING
Geometry File : Ci\PRONLAGO\RAS\PATILLAS.gOL
Flow Title : EXISTIHG
Flew File i Ci\PROJ\LAGO\RAS\PATILLAS. f01
Plan Summary Information:
Humber of: Cross Sections = 18 Multiple Cpenings = 0
Culverts = 1 Inling Structures = q
Bridges = a Lateral Structures = Q
. Computational Information
T Water surface calculation tolerance = 0,003
Critical depth calculation tolerancae = 0.003
Maximum number of iterations = 20
Maximum differenca tolerance = 0.1
Flow tolerance factor = 0.001
: } Compukation Options
E Critical depth computed conly where necessary
s Conveyance Calculation Method: At breaks in n values only
o Friction Slope Method: Avaorage Conveyance
Computational Flow Regime: Subcritical Flow
FLOW DATA
. Flow Title: EXISTING
ki Flow File : C:\PROJ\LAGC\RAS\PATILLAS.f0l
Pt Flow Data (m3/s)
River Reach RS PF 1
Boundary Conditions
River Reach Profila Upstream Downstream
GEOMETRY DATA
Geometry Title: EXISTING
Geometry File : C:\PROJ\LAGO\RAS\PATILLAS.gO1
CROSS SECTICHN
RIVER: MARIN
REACH: MARIN RS: 17
INPUT
Description:
Station Elevation Data fiymes 1z
s Sta Elav Sta Elav Sta Elew Sta Elev Sta Elev
¢ -14.2 90 -4.24 81.52 0 77.92 1.59 77,79 3.z 77.87
! $.23  77.78 10.78  17.93 14,53  78.28  18.17 19.33 23.19 80.06
L 27.56 B1.06 34.56 83.27

[ —



Hydraulic — Sediment Transport Analysis for Rio Marin, Patilias, Pucrto Rico Menar Hydrosystems Engineering
Mean Monthly Flows, Existing Condition

Manning's n Values num= 3
Sta n val Sta n Val Sta n Val
-i4.2 .06 -4.24 .04 34.56 .08
Bank Sta: Left Right Lengths: Left Channel Right Coaff Contr, Expan.
-4.24 34.58 87.52 101.87 84.4 .1 .3

CROSS SECTION

RIVER: HARIN

REACH: MARIN RS: 16
INFUT
Descripticn:
Station Elevation Data num= g
Sta Elev Sta Elev Sta Elav Sta Elaev Sta Elev
-42 .66 90 a 76,94 7.01 75.96 i1.9 75,07 15.98 74.83
18.11 15.04 21.02 75.45% 25.08 78.0% 36.62 [0
Manning's n Values num= a
Sta n Val Sta n val Sta n Val
~42,66 .06 ¢ .04 25.¢c8 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
G 25.08 122.87 100.B% 127.39 .1 .3

CROSS SECTION

RIVER: MARIN

REACH: MARIN RS: 15
INPOT
Pescription:
Station Elevation Data num= 10
sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
-5.43 80 o T7.22 3.49 74.36 7.23 74.18 140.3 73.%4
. 15.44 74.086 1.3 74.57 23.04 74.85 26.26 78.99 28.96 79.68
; Manning's n Values nur= 3
d Sta n Val Sta n Val sta n val
e -5.43 .06 o .04 25.26 .06
. Bank Sta: Left Right Lengths: Left Channel Right Coeff Centre. Expan,
[+ 26.26 99.29 103,25 104.82 -1 1

CROSS SECTICH

RIVER: MARIN

REACH: MARIN RS: 14
INFUT
Description:
Staticon Elevatien Data num= 10
Sta Elev Sta Elev Sta Blev Sta Elav Sta Blev
-87.11 80 0 74.62 5.84 73.12 10.08 72.44 13.93 7z.11
19,24 72.41 22,63 73.09 26.35 14.44 28.47 74.77 43.41 BD
Manning's n Values num= 3
Sta o Val Sta n Val Sta n Val
-87.11 .08 aQ .04 28.47 .06
Hank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
0 28.47 13.6 97.46 58.38 .1 -3

CROSS SECTION

RIVER: MARIN

REACH: MARIN Rg; 13
INFUT
Descripticn:
Station Elevation Data num= 16
Sta Elev Sta Elev Sta Elev Sta Flev Sta Elev
~107.15 80 a 72,6 2.42 71.65 5.48  70.15 8.85 70.01

12.08 70.13 14.04 70.33 18.35 70.65% 20.66 71.286 23.7 72.72
26.71 13.74 28.67 73.1 32.78 72.87 35.22 72.85 30.63 72.82

63.01 g0
Manning's n Values num= 3
Sta n Val Sta a Val Ska n val
-107.15 .06 1) .04 23.7 g+
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr, Expan.
0 23.7 49.29  16.9§8 14.77 .1 .3

CROSS SECTION
RIVER: MARIN
REACH: MARIN RS: 12.5

INPUT
Description:



Hydraulic — Sediment Transport Analysis for Rio Marin, Patilias, Puerto Rico

Mean Montily Flows, Existing Condition

Menar Hydrosystems Engincering

Station Elevation Data num= 5
Sta Elev 5ta Elav Sta Elev Sta Elev Sta Elav
-127.4% a0 0 71.07 5.27 £9.44 15.67 6%.44 32,02 T70.64
63.63 8o
Manning’s n Values nums 3
Sta n Val Sta n Val Sta n val
-127.486 .08 0 .04 32.02 .08
Bank Sta: Left Right Lengths: Left Channel Right Coaff Contr. Expan.
o] 32.02 6.5 6.5 6.5 .3 .5
CULVERT
RIVER: MARIN
REACH: MARIN RS: 12.32
INPUT
Descripticn:
bistance from Upstream XS = .0
Deck/Roadway Width = 6.35
Weir Coefficient = 1.4
Upstream Dack/Roadway Coordinates
num=
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
-1c0 71.14 100 71,14
Upstream Bridge Cross Section Data
Station Elevation Data num= 6
Sta Elev Sta Elev Sta Elev Sta Elav Sta Blev
-127.46 80 o 71,07 5.27 69.44 15.67 69.44 32,02 70.64
63.63 80
Manning's n Values num= 3
Sta n val Sta n Val Sta n val
-127.46 .08 ] .04 32.02 .06
Bank Sta: Left Right Coeff Contr. Expan.
0 32.02 .3 .5
Downstream Deck/Roadway Coordinates
num= 2
Sta HLi Cord Lo Cord Sta Hi Cord Lo Cord
~100  71.14 100 71.14
Dewnstream Bridge Cross Section Data
Station Elevation Data num= 6
Sta Elav Sta Elev Sta Elev Sta Elev Sta Elev
~127,46 80 9 71.07 5.27 69.44 15.67 65.44 32.02 70.64
63.63 80
Manning's o Values nums= 3
Sta o Val Sta n Val Sta n val
-127.486 .06 ) .04 32.02 06
Bank Sta: Left  Right Coeff Contr. Expan.
Q 32.02 . .5

Upstream Embankment side slope

Downstream Embankment side slope

Maximum allowable submergence for weir flow
Elevation at which weir flow begins

Energy head used in spillway design
Spillway height used in design

Heir crest shape

[}

o

Humber of Culverts = 1
Culvert Name Shape Rise Span
Culvert #1 Box 1.5 1.53

FHWA Chart # 58- Rectangular concrete

FHWA Scale # 1 - Side tapered; Less favorable adges
Sclution Criteria = Highest U.S. EG
Culvert Upstrm Dist Length Top n Bottom n Depth Blocked Entrance Loss Coef
it €.37 D18 .D15 "] .5
Number of Barrels = §
Upstream Elavation = £%,44
Canterline Stations
Sta. Sta. Sta, Sta. Sta.
8.46 10.17 11.88 13.59 15.3
Downstream Elevation = £§,44
Centerline Stations
Sta. Sta. Sta, Sta. Sta.
B.46 10.17 11.88 13.59 15.3
CROSS SECTICR
RIVER: MARIN
REACH: MARIN RS: 12
INPUT
Description:
Station Elevation Data num= 6
Sta Elev Sta Elev Sta Elav Sta Elav Sta Elav
-127.46 [=1¢] Q 71.67 5.27 65.44 15.67 €%.44 3z.02 70.64

€ horiz. to 1.0 vertical
8 horiz. to 1.0 vertical
.gB

Broad Crasted

Exit Loss Coef
1



Hydraulic — Sediment Transport Analysis for Rio Marin, Patillas, Puerto Rico

Mean Montily Flows, Existing Condition

Menar Hydrosystems Engineering

63.63 BO
Manning's n Values
Sta n val Sta
-127.46 .06 Q

Bank Sta: Left Right
0 32.02

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT
Description:
Station Elevation Data
Sta Elev Sta
-197.07 ee¢ -32.58

16.13 68.29 19.13
Manning's n Values

Sta n Val Sta

-157.07 .08 0

Bank Sta: Left Right
Q 19.13

CROSS BECTION

RIVER: MARIN
REACH: MARIN

INPUT

Description:

Statioen Elavaticn Data
Sta Elev Sta

-222.02 80 -62.41

43.94 67.99 45.09
Manning's n Values

Sta n Val Sta

-222.902 .06 ¢

Bank Sta: Left Right
a 45,09

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT
Description:
Station Elevation Data
Sta Elev Sta
~164,.69 80 -82.36
59.24 70 84.26
Manning®s n Values
Sta n Val Sta
-164.69 .06 o

Bank Sta: Left Right
Q 59.24

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT

Description:

Station Elevation Data
Sta Elev Sta

-137.97 B0 -B4.8B1

45.31 67,98 61.31
Manning's n Values

Sta n Val Sta

-137.97 .06 0

Bank Sta: Laft Right
[} 68.39

CROES SECTION
RIVER: MARIN
REACH: MARIN

INPUT
Desgription:

nams 3
n val Sta o Val
.04 32.02 .08

Lengths: Left Channel Right
29,03 86,62 87.37

RS: 11
nume g
Elev Sta Elev 5ta
70 [+] 69.47 1.32
70 25.9 80
numa 3
n val Sta n val
.04 19.13 .06

Lengths: Left Channel Right
107.31 35.28 36.7

RS: 10
niim= 8
Elev Sta Elev Sta
7c 9 €69.45 19.88
7¢.76 49,92 80
num= 3
n Val Sta n Val
.04 45.09% .06

Lengths: Left Channel Right
76,35 81.55 5%.5

RE: &
num= 7
Elev Sta Elev Sta

70 0 69.14 23.96
8o

nums 3

n Val Sta n Val
.04 59.24 .08

Lengths: Left Channel Right
59.84 55.19 48,62

RS: 8
nums= 9
Elev Sta Eiev Sta
] Q £9.3 5.84

§8.01 68.39 70,49 95.48
nume 3
n val Sta n Val

.04 68,39 .06

Leagths: Left Channel  Right
31.95 57.86 39.08

RS: 7

Coaff Contr.

.3
Elev Sta
68.38 7.3

Coeff Contr.
.1

Zlav Sta
68,59 32.04

Coaff Contr.
-1

Elav Sta
68,16 48.64

Coeff Contr.
.1

Elev Sta
68.7 29.47
80

Coeff Contr,
.1

Expan.
.5

Elev
58.34

Expan.
.3

Elev
68

Expan,
.3

Elev
£7.91

Expan.
.3

Elav
67.88

Expan.
.3



Hydraulic - Sediment Transport Analysis for Rio Marin, Patillas, Pucrto Rico Menar Hydrosystems Engineering
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Station Elevation Data nume 15
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elav
«115,07 80 -59.76 70 o 67.71 17.45  69%.15 18.95 70.01
23.78 66,36 28,2 68.32 36.36 68.24 37.83 67.52 43.04 67.34
43.4% 67,79 63,96 67.8 77.89 67,87 §5.29 70 146.29 8¢
Manning's r Values num= 3
Sta n Val Sta n Val Sta n Val
-115.07 .06 -59.76 .04 95.29 .08
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan,
-59.76 95,29 B&.88 50,08 49.69 .1 .3

CROSS SECTION

RIVER: MARIN

REACH: MARIN RE: &
INPUT
Dasgription:
Station Elevation Data num= B
Sta Elev Sta Elev Sta Elav Sta Zlev Sta Elev
-71.56 80 -25.41 70 0 68.85 38.85 69.1 43.08 67.59
93.08 67.86 131.75 £8.87 185.12 80
Manning's n Valuses num= 3
Sta n val Sta n val Sta n Val
-71.56 .06 -25.41 .04 131.75 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
-25.41 131.7% &0.74 50.42 69.56 .1 .3

CROSS SECTION

RIVER: MARIN

REACH: MARIN RS: 5
INPUT
Description:
Station Elevation Data num= i6
Sta Elev Sta Elev sta Elev Sta Elev Sta Elav

o 70.79 15.33 £7.94 32.05 67.84 45.43 68.32 48,05 69.33
51.75 66.35 61,34 68.45 63,44 6B .94 68,29 68,34 79.48 68.4
80.53 67.23 B9 .28 87.06 91.16 67.48 117.38 67.87 163.34 67.4%

150.863 73.24

Manning's n Values num= 3
Sta n Val Sta o Val Sta n Val
Q .08 15.33 .04 163.34 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
15.33 153.34 71.08 50.59 59.91 1 W3

CROSS SECTICH

RIVER: MARIN

REACH: MARIN RS: 4
INFUT
Descripticn:
Station Elevation Data nim= 11
Sta Elev Sta Elev Sta Elev Sta Elev 5ta Elev
-78.14 80 a €8,02 32.02 €3.15 35.57 66.9 62.4 68.08
89 £7.07 86.74 67.2% 135.1% 67.3 162.75 67.1 164.19 67.88
219.63 80
Manning's 0 Values nun= a
Sta n Val Sta n val Sta n val
-78.14 .06 ) .04 164.1G .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr, Expan.
0 164.19 57,38 50.03 16.47 .1 .3

CROSS SECTICN

RIVER: MARIN

REACH: MARIN RS: 3
INPUT
Dascription:
Station Elevation Data nem= 11
Sta Eiev Sta Elev Sta Elev Sta Elev Sta Elev
~59,.56 a0 ] €8.44 23.97 €8, 08 81.5 69.53 97,49 69.71
135.86 67.53 160.11 67.41 171.5% 86.79 18B2.36 67.41 193.77 70
268.04 80
Manning’s n Values num= 3
Sta n Val Sta n Val Sta n val
~59.56 .06 Q .04 193,77 .06
! Bank Sta: left Right Lengths: Left Channel Right Coeff Contr, Expan.
i 0 193.77 €7.86 50.32 123.g8 .1 .3
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CROSS SECTION

RIVER: MARTIN

REACH: MARIN RS: 2
INFUT
Dascription:
Station Elevation Data nume= 1
Sta Elev Sta Elav Sta Elav Sta
-42.77 80 0 68,15 35.32 58,05 55.4
125.41 66.45 163,272 66.18 200.718 66.61 225.5
383.13 80
Manning's n Values nure= 3
Sta n val Sta n val Sta n val
-42.77 .06 55.4 .04 225.9 .06
Bank Sta: Left Right Lengths: Left Channel Right
55,4 229.9 66,79 50 91.38
CROSS SECTION
RIVER: MARIN
REACH: MARIN R8: 1
INPUT
Description:
Station Elevation Data num= g
Sta Elev Sta Elev Sta Elev Sta
~28.16 ag o £7.91 25.9 67.29 45.915
101.08 66.31 123,37 65.54 1B7.:1 70 251.95
Manning's n Values nums 3
Sta n val sta n Val Sta n val
-28.16 .08 0 .04 187.11 .06
Bank Sta: Left  Right Lengths: Leff Channel Right
0 187,11 0 0 0
SUMMARY QF MANNING'S ¥ VALUES
River:MARIN
Reach River Sta. nl n2
MARIN 17 06 .04
MARIN 16 B+ .04
MARIN 15 .06 .04
MARIN 14 .06 .04
MARIN 12 .06 .G
MARIN 12.5 .06 .04
MARIN 12.3 Culvert
MARIN 12 .0e .04
MARIN 11 .06 .04
MARIN 10 .08 .04
MARIN 9 .08 .04
HMARIN 8 .06 .04
MARIN 7 .08 .04
MARTN 6 .06 .04
MARIN 5 .06 .04
MARIN 4 .06 .04
MARIN 2 .06 .04
MARIN z .06 .04
MARIN 1 .06 .04
SUMMARY OF REACHE LEMNGTHS
River: MARIN
Reach River Sta. Left Channel
MARIN 17 87.52 101.87
MARIN 16 i2z.87 100.85
MARIN 15 99.29 103.25
MARIN 14 73.6 97.46
MARIN 13 40.29 i6.05
MARIN 12.5 6.5 6.5
MARIN 1z2.3 Culvert
MARIN 12 29,03 B6.62
MARIN 11 107.31 35.28
MARIN 10 76.35 51.55
MARIN 9 58.84 55.19
MARTN 8 31.95 57.86
HARIN 7 86.88 50.09
MARTN 6 60,74 50.42
MARIN 5 71.08 50.569
MARIN 4 57.38 50.03
MARIN 3 67.86 50.32
MARIN z 66,79 50
MARIN 1 Q Q

Elev
67.52
67.76

Sta
81.75
30z.97

Coeff Contr.

Elav
67.07
80

-1

Sta
12,368

Coeff Contr.

n3

.06
.06
.08
.06
.06
.06

.06
.08
.08
.08
.08
.06
.06
.06
.06
.06
.08
.08

Right

84 .4
127.39
104.82

98.38
14.77
5.5

B87.37
36.7
59.5

48.62

3%.08

45.69

69.56

59.91

16.47

123.68

9% .38

.1

Biev
66.83
70

Expan.

Elev
66.7

Expan.
.3
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SUMMARY OF CONTRACTION AND EXPANSICN COEFFICIENTS
River: MARIN

Reach River Sta. Contr. Expan.
MARIN 17 .1 .3
MARIN 16 .1 .3
MARIN 18 .1 .3
MARIN 14 .1 .3
MARIN 13 .1 .3
H MARIR 12.5 .3 .5
MARIN 12.3 Culvert
MARIN 12 .3 LB
MARIN 11 it .3
MARIN 10 .1 .3
MARIN 9 -1 .3
MARIN :] .1 .3
MARIN 7 .1 .3
MARIN 6 .1 .3
MARIN 53 -1 -3
MARIN 4 .1 .3
MARIN 3 .1 .3
¥ MARIN 2 .1 .3
MARIN 1 .1 .3
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Hydraulic - Sediment Transport Analysis for Rio Marin, Patillas, Puerto Rico Menar Hydrosystems Enginecering
Peak Flows, Existing Condition

[—

HEC-RAS Version 4.1.0 Jan 2010

0,8, Army Corps of Engineers

3 Hydrologic Engineering Center
609 Second Street
; Davis, California

x XOMHENRX p e d po0 04 KX p ey
X X X X X x X X X X

X X X X X X X X X

KOOOOI MY x KRR RAXXK KAKKRK KERX
X X X X X X X X X
X X X X X X X X X X
x X X000 HEHK X X X X p 4

PROJECT DATA

Project Title: HH, Lage Patillas

Project Fila : PATILLAS.prj

Run Date and Time: 5/24/2010 10:52:50 AM

Project in SI units

PLANM DATA

Plan Title: PEAK EXIS
Plan File @ C:\PRCJ\LAGO\RAS\PFATILLAS.p05

Geometry Title: EXISTING
Geometry File ! C:\PROJ\LAGO\RAS\PATILLAS, 401

FloW Title : EXISTING
Flew File : C:\PROJ\LAGO\RAS\PATILLAS. 01

Pian Summary Information:

NHumber of: Cross Sections = 18 Meltiple Openings = o
Culvarts = 1 Inline Structures = s}
Bridges = [} Lateral Structures = 0

Computaticonal Information
Water surface calculation tolerance = 0.003
Critigal depth calculation tolerance 0.003
Maximum number of iterations = 24
Maximum difference tolerance Q.1
Flow tolerance factor 0.001

1

L'}

Computation Options
Critical depth computed at all cross sections
Conveyance Calculation Method: At breaks in n values only

Friction Slope Mathod: Average Conveyance
Computationazl Flow Regime: Subecritical Flow
’ FLOW DATA

Flow Title: EXISTING
Flow File : C:\PROJ\LAGO\RAS\PATILLAS.f(01

Flow Data {(m3/s5}

River Reach RS PF 1

Boundary Conditions

Rivar Reach Profile Upstream Dovwnstream

GECOMETRY DATA

Geometry Title: EXISTIRG
Gaomatry File : C:i\PROMNLAGO\RAS\PATILLAS.gO}

; CROSS SECTION

RIVER: MARIN

REACH: MARIN R5: 17

INPUT

Description:

Staticn Elevation Data num= 12
; Sta Elav Sta Elav Sta Elev Sta Elav Sta Elev
| -14.2 L] -4.24 a1.52 o 77.92 1.59 1.8 3.2 77.87

: 9.23 77.78 i0.78 77.93 14.53 78.28 18.17 7%.33 23.18 80.06
o 27.58 81.06 34.56 83,27
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Hydraulic - Sediment Transport Analysis for Rio Marin, Patillas, Puerto Rico

Peak Flows, Existing Condition

Menar Hydrosystems Engineering

Manning's n Values
Sta  n Val Sta
-14.2 .06 -4.24

Bank Sta: Left Right
-4.24 34.586

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT
Description:
Station Elevation Data
Sta Elav Sta
-42.66 S0 0

18.11 75.04 21.02
Manning's n Values

Sta n Val Sta

-42.66 .06 1]

Bank Sta: Left Right
Q 25.08

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INpUT
Description:
Staticn Elgvation Data
S5ta Elev Sta
-5.43 80 o

15.44 74.06 19.3
Manning's n Values

Sta n val Sta

-5.43 .06 o]

Bank Sta: Left Right
0 26.26

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT
Description:
Station Elevation Data
Sta Elav Sta
~-87.11 80 Q

18.24 72.41 22.63
Manning's n Valuas

Sta o val Sta

-87.11 .06 o]

Bank Sta: Left Right
1) 28,47

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INFUT
Dascription:
Station Elevation Data
Skta Elev Sta
-107.15 80 o]

12,408 7C.13 14.04
26.71 73.74 28.87
63,01 &0

Manning's n Values
8ta n val Sta
~107.15 .08 o

Bank Sta: Left Right
o 23.7

CROSS SECTION
RIVER: MARIN
REACH: MARIN

INPUT
Description:

nums
0 Val
.04

RS: 16

num=

Elav
76.94
75.45

num=
I Val
.04

numn=
Elev
77.22
74.57

num=
n val
.04

RS: 14

num=
Elav
74.62
73.09

num=
6 Val

3
Sta n Val
34.58 .08
Lengths: Left Channel
87.52 101.B7
9
Sta Elev
7.0% 75.96
25.0B 78.09
3
Sta n val
25.08 .06
Lengths: Left Channel
122.87 100.85
10
Sta Elav
3.49 74.36
23.04 74.85
3
Sta n val
25.26 .08
Lengths: Left Channel
99,29 103.25
10
Sta Elev
5.84 73.12
26.35 74.44
3
Sta n Val
28.47 .08

.04

Lengths: Laft Channel

num=
Eiev
2.8
70,33
73.1

num=:
n Val
.04

73.6

16
Sta
2.42
18,35
32.78

97.46

BElev
71.65
70,69
72.57

n val
.06

Lengths: Left Channel

RS: 12.5

40.2%

16.05

Right
84.4

Sta
11.%
39.62

Right
127.39

Sta
7.23
26.26

Right
104,82

Sta
10.08
28.47

Right
98,38

Sta
5.48
20.66
35.22

Right
14.77

Coeff Contr.
-1

Elav Sta
75.07 15.98
90

Coeff Contr.
.1

Elev Sta
74.16 10.3
78.99 28.96

Coeff Contr.
.1

Elev Sta
72.44 13,93
74.77 43.41

Coeff Contr.
.1

Elev Sta
70.156 8.85
T1.26 23.7
72.85 38.63

Coeff Contr.
-1

Expan.
.3

Elav
74.83

Expan.
.3

Eiav
73,94
79.88

Expan.

Elev
F2.11
80

Expan.
.3

Elev
7¢.01
72.72
72.82

Expan.
.3
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Hydraulic — Sediment Transport Analysis for Rio Marin, Patillas, Puerto Rico
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Menar Hydrosystems Engincering

Station Flevation Data nm= &
Sta Blev Sta Elev Sta Elev Sta Elev Sta Elov
-127.46 80 o 71,07 5.27 69.44 15.67 65,44 32.02 70.64
63.63 80
Manning's n Values num= 3
Sta n Val Sta n Vai Sta n Val
~127.4¢6 .06 0 .04 32.02 .08
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
o 3z.02 6.5 6.5 6.5 .3 .5
CULVERT

RIVER: MARIN

REACH: MARIN RS: 12.3
INPUT
Description:
Pistance from Upstream X3 = .01
Deck/Roadway Width = 6.35
Weir Coefficient = 1.4
Upstream Deck/Reoadway Coordinates
nums=
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
=100 71.14 100 7i.14
Upstream Bridge Cross Section Data
Staticon Elevation Data num=
Sta Elav Sta Elev Sta Elev Sta Elev Sta Elev
-127 .46 BC 0 71.07 5.27 6944 15.87 65,44 3z.02 70.64
63.63 :1+
Manning's n Values num= 3
S5ta n val Sta n vVal Sta n val
-127,48 .08 0 .04 32.02 .06

Bank Sta: Left Right Coeff Contr. Expan.

0 3z.02 .3 .5
Downstream Deck/Roadway Coordinates
nuame= 2
Sta Hi Cord Lo Cord Sta Ei Cord Lo Cord
-100 7i.314 100 71.14
Downstream Bridge Cross Section Data
Station Elevation Data nume 6
Sta Eilav Sta Elev Sta Elev Sta Elev Sta Elev
-127.46 80 [ 71.07 5.27 69.44 15.67 €9.44 32.02 70.64
53.63 80
Manning's 0 Values nums 3
Sta n Val Sta n Val Sta n Val
~127.46 .08 o .04 3z.02 .06

Bank Sta: Left Right Coeff Contr. Expan.
Q 32.0z2 .3 .5

0 horiz, teo 1.0 vertical
0 horiz. to 1.0 vertical
.98

Upstraam Embankment side slope

Downstream Embankment side slope

Maximum allowable submergence for weir flow
Elevaticon at which weir flow kegins

Enargy head used in spillway design
Spillway height used in design

Welr crest shape

H o HH kDB

Breoad Crested
Number of Culverts = 1

Culvert Name Shape Rise Span
Culvert #1 Box 1.5 1.53
FHWA Chart # 58- Rectangular concrete
FHWA Scale # 1 - Side tapered; Less favorable edges
Solution Criteria = Highest U.8. EG
Culvert Upstrm Dist Length Top n Bottom n  Depth Blecked Entrance Loss Coef
W 6.37 LGis .015 ] .5
Number of Barrels = 35
Upstream Elevation = 69.44
Centerline Stations
Sta. Sta. Sta. Sta. Sta.
8.46 10.17 11.88 13.59 15.3
Downstream Elevation = 69.44
Centerline Stations
Sta. Sta. Sta. Sta. Sta.
g.46 10.17 11.88 13.59% 15.3

CROSS SECTION

RIVER: MARIN

REACH: MARIN RS: 12
INPUT
Description:
Station Elevation Data nume= 6
Sta Elev Sta Elav Sta Elev Sta Elev Sta Elev
=127 .46 80 a 71.07 5.27 69,44 15.67 69.44 32.02 70.64

Exit Loss Coef
1




Hydraulic - Sediment Transport Analysis for Rio Marin, Patillas, Puerto Rico Menar Hydrosystems Engineering
Peak Flows, Existing Condition

63.63 86
Manning's n Values num= 3
Sta n Val Sta n val Sta n val
-127.46 .06 o .04 3z2.02 .08
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr, Expan.
o] 32.02 29,03 B86.62 87.37 .3 .5

CROSS SECTION

RIVER: MARIN

REACH: MARIN RS: 11
INPUT
Description:
Station Elevation Pata num= :]
Sta Elev Sta Elav Sta Elev Sta Elev Sta Elev
-197.07 ag -32.58 70 a 69.47 1.32 66.38 7.3 €8.34
16.13 €8.2% 19.13 10 25.9 80
Manning's n Valuas num= 3
Sta n Val Sta n val Sta n Val
-157.47 .06 Q .04 19,13 .06
Bank Sta: Left Right Lengths: Left Channel Right Coaff Contx, Expan,
0 19.13 107.31 35.289 36.7 .1 .3

CROSS SECTION

RIVER: MARIN

REACH: MARIN RS: 10
INPUT
Descriptions:
Station Elevation Data num= B
Sta Elev Sta Elev Sta Elav S5ta Elav Sta Elev
-222.02 8¢ -52.41 10 ] 69.45 19.88 68.59 32,04 1]
43.54 67.99 45.09 70,76 48.92 80
Manning's n Values num= 3
Sta n val Sta n val Sta n Val
-222.02 .06 0 .04 45,09 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
] 45,09 76.35 51.55 £9.5 .1 .3

CROSS SECTION

RIVER: MARIN

REACH: MARIN RS: 9
INPUT
Descripticn:
Station Elevation Data nums= 7
Sta Elev Sta Elev Sta Elev Sta Elev Bta Elav
-164.69 8¢ -82.36 70 0 69.14 23.96 €9,16 49.64 67.581
59.24 ¢ 84.26 g0
Manning's n Values num= 3
Sta n Val Sta n Val Sta 0 val
-164.6% .06 ] .04 59.24 .06
Bank Sta: Left Right Langths: Left Channel Right Coeff Contr. Expan.
o 59.24 59.84 55.19 48.62 .1 .3

CROSS SECTION

RIVER: MARIN

REACH: MARIN RS: B
INPUT
Desaription:
Station Elevation Data nums 9
Sta Elev Sta £lev Sta Elev Sta Eiev Sta Eiav
-137.97 80 -84.81 70 Q 69.3 5.84 8.7 29.47 57.88
5 45.31 67.98 61,31 68,01 68,39 70,49 95,46 80
3
H
g Manning®s n Yalues nums= 3
H Sta n Val Sta n Val Sta n Val
-137.97 .06 4] .04 68,39 .08
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
g €8.39 31.9% 57.86 35.08 .3 .3

CROSS SECTICN

RIVER: MARIN

REACH: MARIN RS: 7
InpuT
Description:




Hydraulic — Sediment Transport Analysis for Rio Marin, Patillas, Puerte Rico

Peak Flows, Existing Condition

Station Elevation Data

Sta Elav Sta
-115.07 80 -59.76
23,78 68.36 28.2
43.49 67.79 63.96
Manning's n Values
Sta n Val Sta
-115.07 .06 ~59.78
Bank Sta: left Right
-58.76 95,29
CROSS SECTICN
RIVER: MARIN
REACH: MARIN
INPUT
Description:
Station Elevation Data
Sta Elev 5ta
-71.56 80 -25.41
g3.08 67.86 131.75
Manning's n Values
Sta n Val Sta
-71.56 .06 -25.41

Bank Sta: Left Right
-25.4% 131.75

CROSS SECTION

RIVER: MARIN
REACH: MARIN

IRPUT
Dascription:
Staticn Elevation Data
Stz Elev Sta
Q 70.7% 15,33
51.75 68,35 61.34
80,52 67,23 89,28
1590.63 73.24
Manning's n Values
Sta n Val Sta
0 .06 15.33
Bank Sta: Left Right
15.33 163.34
CROSS SECTION
RIVER: MARIN
REACH: MARIN
INPUT
Description:
Statien Elevation Data
Sta Elev Sta
-78.14 80 <
89 67.07 86.74
219.63 80
Manning's n Values
Sta n Val Sta
-78.14 06 "]
Bank Sta: Left Right
0 164.19
CROSS SECTION
RIVER: MARIN
REACH: MARIN
INPUT
Description:
Staticn Elevation Data
Sta Elev Sta
-59,56 -1+ 0
135.86 67.53 160.11
268,04 :1+3

Manning's n Values

Sta n val Sta

-59.56 .06 ]
Bank Sta: Left Right
a 193.77

num= i5
Elav Sta Elaev
79 Q 67.71
68.32 36.36 68.24
67.8 77.69 67.87
num= 3
n val Sta n vVal
.04 95.29 .08
Lengths: Left Channel
26.98 50.09
RS: 6
num= B
Elev Sta Elev
70 Q 68.85
&B.B7 IB5,12 B0
num= 3
n val Sta n vVal
.04 131.75 .08
Lengths: Left Channel
60,74 50,42
RE: &
num= 186
Elev Sta Elev
67.94 3z.05 67,84
6B.45 63.44 68.94
€7.06 91.16 67 .48
num= 3
n Val Sta n Val
.04 163,34 .06
Lengtha: Left Channel
71.08 50.59
Rs: 4
nume 11
Elev Sta Elev
68.02 32.02 £68.19
67.29 135.189 67.3
nums 3
n Val Sta n Val
.04 164.19 .06

Lengths: Left Channel

57.38 50.03
RS: 3
naum= 11
Elav Sta Elev
&8, 44 23.97 £8.08
§7.431 171.55 £6.79
nums= 3
n Val sta n val
.04 193.77 .06

Lengths: Left Channel
$7.86 50.32

Sta
17.45
37.53
95.29

Right
45.65

Sta
38.85

Right
69,56

Sta
45.43
68.28

i17.38

Right
59.91

Sta
35.57
162.75

Right
16.47

Sta
91.5
182.36

Right

123.88

Elev Sta
€69.15 19.96
67.52 43,04

70 146.29

Coeff Contr,
.1

Elev Sta
69.1 43.08

Coeff Contr.

.1
Eiev Sta
6B8.32 48.05
68,34 79.48
67.87 163.34

Coeff Contr,
.1

Elev Sta
66.9 62,4
67.1 164.19

Coeff Contr.
.1

Elev Sta
69,53 97.49
67.41 193.77%

Coeff Contr.
.1

Elev
70.401
€7.34

ac

Expan,
.3

Elev
£7.59

Expan.
.3

Elav
69.33
68.4
67.49

Expan,

Elev
68,08
67.688

Expan.
.3

Elev
69.71
70

Expan.

Menar Hydrosystems Engineering



Hydraulic - Sediment Transport Analysis for Rio Marin, Patillas, Puerto Rico

Peak Flows, Existing Condition

Menar Hydrosystems Engincering

CROSS SECTION

RIVER: MARIN

REACH: MARIN
INPUT
Description:
Station Elevation Data
Sta Elev Sta
-42.77 80 V]
125.41 66.45 163,272
383.13 80
Manaing's n Values
Sta n val Sta
-42.77 .06 55.4

Bank Sta: Left Right

nym= 11
Elev Sta Elev
68.15 35.32 68.05
66.18 200.718 66,61

num= 3
n val Sta n Val
.04 229.9 .06

Lengths: Left Channel

55,4 229.9 66.79 50
CROSS SECTION
RIVER: MARIN
REACH: MARIN RS: 1
INPUT
Dascription:
Station Elevation Data num= 9
Sta Elev Sta Elev Sta Elev
-28.16 80 0 67.91 25,9 67.29
101.08 €6.31 123,37 66.54 187.11 70
Manning's n Values num= 3
Sta n Val Sta n val Sta n Val
-28.16 .06 0 .04 187.33 .06
Bank Sta: Left Right Lengths: Left Channel
0 1B7.11 0 0
SUMMARY OF MANNING'S N VALUES
River:MARIN
Reach River Sta. nl
MARIN 17 .08
MARIN 16 .08
MARIN 15 .06
MARIN 14 .06
MARIN 13 .06
MARIH 12.5 .06
MARIN 12.3 Culvert
MARIN 12 .06
MARIR 11 .08
MARIN 10 .08
MARIN 9 .05
HMARIN :] .08
HARIN 7 .06
MARIN ] .06
MARIN 5 .06
MARIN 4 .08
MARIN 3 .08
MARIN 2 06
MARINM 1 .08
SUMMARY COF REACH LENGTHS
River: MARIN
Reach River Sta. Laft ch
MARIN 17 87.562
HARIN 16 122.87
MARIN is 99.29
MARIN 14 73.6
MARIN 13 40.29
MARIN 12.5 6.5
MARIN 12.3 Culvert
MARIN 12 29.03
MARIN 11 107.3z2
MARIN 10 76.35
MARTN 9 59.84
MARIN g 31.95
MARIN 7 B86.88
MARIN & &0.74
HARIN 5 71.08
MARIN [ 57.38
MARIN 3 67.86
MARIN 2 56.79
MARIN 1 o]

Sta
65.4
229.9

Right
91.38

Sta
45,915
251.95

Right
]

n2

.0g
.04

.04
.04
.04

.04
.04
.04
.04
.04
.04
.04
.04
L
]
.04
04

annel

igi.e7
100.85
103.25
97.46
16.05
6.5

86.862
35.28
51.55
55.19
57.88
50.09
50.42
50.59
50.03
50,32
50

a

Elev Sta
£7.82 81.75
67.76 302.87

Coeff Contr.
-1

Elev Sta
67.07 72.368
;13

Coaff Conte,
-1

n3

.06
.08
.06
.06
.06
.06

.06
.06
.06
.06
.06
.08
.06
.06
.06
.06
.08
.06

Right

84.4
127.3%
104 .82

98.38
14,77
6.5

87.37
36.7
55.5

48.62

35.08

45.69

6%.56

55.91

16.47

123.88

&1.38

Elev
66.83
70

Expan.

Elev
66.7

Expan,
.3




Hydraulic — Sediment Transport Analysis for Rio Marin, Patillas, Puerto Rico Menar Hydrosystems Engineering
Peak Flows, Existing Condition

SUMMARY CF CONTRACTION AND EXPANSION COEFFICIENTS
River: MARIN

Reach River Sta. Contr. Expan,

MARIN 17 i .3
MARIN 18 i .3
MARIN 15 i .3
MARIN 14 3 .3
MARIN 12 b3 .3

MARLN 12.5 .3 .5
MARIN 2.3 Culvert

: MARIN 12 .3 .5

N MARIN 1i .1 .3
MARIN i0 .1 .3
MARIN 9 .1 .3
MARIN 8 .1 .3
MARIN 7 .1 .3
MARIN s .1 .3
MARIN 5 .1 .3
MARIN 4 -1 .3
MARIN 3 .1 .3
MARIN 2 .1 .3
MARIN 1 .1 .3
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Hydraulic - Sediment Transport Analysis for Rio Marin, Patillas, Puerto Rico

Mean Monthly Flows, Proposed Condition

Menar Hydrosystems Engineering

HEC-RAS Version 4.1.0 Jan 2010
U.8, Army Corps of Engineserss
Hydrologic Engineering Center

609 Second Street
Davis, California

X X XoooX KRR p e s g KKK
X X X X X X x X X X
X X X X X X X X X
RIOCCARK AKX x KKK RXRX HONAK XK
X X X X X X X X X
x X X b4 X X X X X X
X X XRXXXX HXXEX X X X X KEXXX
PROJECT DATA
Project Title: HH, Lago Patillas
Project File : PATILLAS.pPr3
Run Date and Time: 5/24/2010 11:53:09 AM
Project in 5I units
PLAN DATA
Plan Title: MEAN PBROF
Plan File : C:\PRCJ\LAGO\RAS\PATILLAS.p07
Geomatry Title: PROPOSED
Geometry File : C:\PROJ\LAGO\RAS\PATILLAS.g02
Flow Title : PROPOSED
Flow File : C:\PROJ\LAGO\RAS\PATILLAS. {02
Plan Summary Information:
Number of: Cross Sections = 19 Multiple Openings = ]
Culverts = 1 Inline Structures = 0
Bridges = ] Lateral Structures = 0
Computational Information
Water surface calculation teleranca = 0.003
Critiecal depth calculation telerance = 0,003
Haximur number of iterations = 20
Maximum difference tolerance = 9.1
¥Flow tolerance factor = 0.001
Computaticon Options
Critical depth computed only where necessary
Conveyance Caleulation Method: At breaks in n values only
Friction Slope Method: Avarage Conveyance
Computational Flow Regime: Subcritical Flow
FLOW DATA
Flow Title: PRCOPCSED
Flow File : C:\PROJ\LAGO\RAS\PATILLAS.f02
flow Data (m3/s}
River Raach RS PF 1
Boundary Conditions
River Reach Profile Upstream Downstream
GEOMETRY DATA
Geometry Title: PROPCSED
Geometry File : C:\PROJ\LAGO\RAS\PATILLAS.g02
CROSS SECTION
RIVER: MARIN
REACH: MARIN R8: 17
INPUT
Description:
Station Elevation Data nume 12
Sta Elev Sta Flev Sta Elev Sta Elev Sta Elev
~14.2 90 ~4,24 B1.52 o] 77.92 1.59 77.79 3.2 77.87
9.23 77.78 19.78 17.93 14.53 78.28 18.17 79.33 23.18 g0.08

27.56 81,06 24,56 83.27




Hydraulic — Sediment Transport Analysis for Rio Marin, Patitlas, Puerto Rico

Mean Monthly Flows, Proposed Condition

Menar Hydrosystems Engineering

Manning's n Values
Sta n Val Sta
-14.2 .06 -4.24

Bapk Sta: Left Right
-4.24 34.56

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT
Dascription:
Station Elevation Data
Sta Elev Sta
-42.6% 90 9

18.11 75.04 21.02
Manning's n Valuas

Sta n Val Sta

-42.66 .06 [

Bank Sta: Left Right
o 25,08

CROSS SECTION

RIVER: MARIN
REACH: MARIMN

INpUT
Description:
Statien Elevaticn Data
Sta Elev Sta
-5.43 80 Q

15.44 74,06 18,3
Manning's n Values

Sta n val Sta

-5.43 .06 0

Bank Sta: Left Right
[s] 26.26

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INFUT
Dascription:
Station Elevaticn Data
Sta Elev Bta
-58.251 80 [

9.182 73.042 12.647
21.648 73,627 24,654

HManning's n Values
Sta n Val Sta
-58.251 .08 Q

Bank Sta: Left Right
0 27,689

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT
Description:
Station Eievation Data
Sta Eilev Sta
-87.11 80 Q2

19.24 T2.41 22,63

Manning's n Values
Sta 0 Val Sta
-87.11 .08 0

Bank Sta: Left Right
) 28.47

CROSS SECTION
RIVER: MARIN

REACH: MARIN

INPUT

Descriptien:
Station Elevation Data

num= 3
n val Sta n Val
.04 34.56 .06

Lengths: Left Channel
87.52 101.87

num= 9

Elev Sta Elev
76,94 7.01 75.96
75.45 25.08  78.0%

num= 3
n Val Sta n Val
.04 25.08 .06

Lengths: Left Channel
12Z.87 100.85

RS: 15

nums 10
Elev Sta Elev
71.22 3.4  74.36
74.57 23.04 74.85

num= 3
n Val Sta n Val
.04 26.26 .08

Lengths: Left Channel
64.209 66.77

RS: 14.3533+

num= 15

Elav Sta Elav
75.539 4,285 73.744
72.757 17.492 72.97
74,394 25.496 74.991

num= 3
n Val Sta n Val
.04 27,689 .06

Lengths: Left Channel
35.081 36.48

RS: 14
num= 10
Elev Sta Elav

74.62 5.84 73,12
73.08 26.35 74,44

num= 3
n val Sta n Val
.04 28,47 .08

Lengths: Left Channael
73.6 97.46

RE: 13

num= i5

Right
84.4

Sta
1.5
35.62

Right
127.38

Sta
7.23
26.2¢

Right
67.785

Sta
£.362
1g.141
27.689

Right
37.035

Sta
10.08
28.47

Right
98.38

Coeff Contr.
-1

Elev Sta
75.07 15.98
90

Coeff Contr.
.1

Elav Sta
74.16 10.3
78.99 28.96

Coeff Contr.
.1

Elev Sta
73.542 B.878
73.025 21.13
76.261 3B.305

Coeff Contr.
.1

Elev Sta
72.44 13.93
4.77 43.41

Coeff Contr.
.1

Expan,
.3

Elev
74.83

ExXpan.
.3

Elav
73.5%4
75.88

Expan.
.3

Elav
73.07%
73.548
7%.956

Expan.

.3

Elev
T2.11
80

Expan.
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Hydraulic — Sediment Transport Analysis for Rio Marin, Patillas, Puerto Rico
Mean Monthly Flows, Proposed Condition

Menar Hydrosystems Engincering

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elav
~107.15 a0 Q 72.8 2.42 71,65 5.48 70.15 8.05 65.8
15.27 69.8 19.35 70.6% 20.66 71.26 23.7 T2.72 26.71  13.M4
28.487 73.1 3z.79 72,97 35.22 72.85 38.63 72,82 63,01 g0
Manning's n Values num= 3
Sta n Val Sta n Val Sta n val
-107.15 .06 5] .04 23.7 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
] 23.7 40,29 16,05 14,77 it .3

CROSS SECTION

RIVER: MARIN

REACH: MARIN RS: 12.5
INPUT
Description:
Station Elevation Data nums= &
Sta Elev Sta Elav 5ta Elav Sta Elav S5ta Elav
-127.46 30 o 7107 5.27 69.44 15.67 63.44 32.02 70.64
63,63 80
Manning's n Values num= 3
S5ta n val Sta n val Sta n Val
-127.48& .06 Q .04 3z.02 .06
Bank Sta: Left Right Lengths: Laft Channel Right Coeff Contr. Expan.
o 32,02 6.5 6.5 5.5 .3 .5
CULVERT
RIVER: MARIN
REACH: MARIN RS: 12.3
INPUT
Dascription:
Distance from Upstream XS = .01
Deck/Roadway Width = 6,35
Weir Coefficient = 1.4
Upstream Deck/Roadway Coordinates
num=
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
-100 71.14 100 71.:4

Upstream Bridge Cross Section Data

Station Elevation Data num=
Sta Elev Sta Blev sSta glev Sta Blev Sta Elev
-127.48 =]+] 0 71.07 5.27 69.44 15.67 €658.44 32.02 70.64
63.63 80
Hanping's n Values num= 3
Sta n Val Sta n val Sta n val
=127 .46 .06 a .04 32.02 .06
Bank Sta: Left Right Coeff Contr. Expan.
Q 32.02 .3 .5

Downstream Deck/Roadway Coordinates

num 2
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
~10C 71.14 100 71.14
Downstream Bridge Cross Section Data
Station Elevation Data num= s
Sta Elev Sta Elev sta Elev Sta Elev Sta Elev
-127.46 80 o 7:1.07 5.27 69.44 15.87 59.44 3z2.02 70.64
53.63 B8O
Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
-127.46 .06 0 .04 32,02 .08

Bank Sta: Left Right Ceoeff Contr. Expan.
4] 3z2.02 .3 .5

¢ horiz. to 1.0 vertical
0 horiz. to 1.0 vertical
.98

Upstream Embankment side slope

Dounstream Embankment side slope

Maximum allowable submergence for weir Elow
Elevation at which weir flcow begins

Energy head used in spillway design
Spillway height used in design

Heir crest shape

[ ]

[ 2 I

Broad Crested

Number of Culverts = 1
Culvert Name Shape Rise Span
Culvert #1 Box 1,5 1.53

FHWA Chart ¥ 58- Rectangular concrete

FHWA Scale # 1 - Side tapered; Less favorable edges

Solutien Criteria = Highest U.S. EG

Culvert Upstrm Dist Length Top n Bottom n Depth Bleocked Entrance Loss Coefl
.1 6.37 .015 .015 0 .5

Number of Barrels = 5§

ES

Exit Loss Coaf
1
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Hydraulie — Sediment Transport Analysis for Rio Marin, Patillas, Puerto Rico

Mean Monthly Flows, Proposed Condition

Menar Hydrosystems Engineering

Upstream Elevation =
Contarling Stations
Sta. Sta. Sta.
g8.46 10.17 1i.88

69.44

Sta.
13.59

Downstream Elevation = 69.44

Centerline Stations
Sta. Sta. Sta.
8.46 10.17 i1.88

CROSE BECTICR

RIVER: MARIN
REACH: MARIN

INFUT
Descripticn:
Station Elevation Data
Sta Elev Sta
-127.4¢6 BC o
63,62 a0

Manning's n Values
Sta n Val Bta
-127.46 .06 o

Bank Sta: Left Right
Q 3z.02

CROSS SECTICH

RIVER: MARIN
REACH: MARIN

INPUT
Description:
Station Elevation Data
Sta Elav Sta
-167.G7 8¢ -32.58

15.CB 67.7 16.13
Manning's n Values

Sta n Val Sta

-1587.07 .06 Q

Bank Sta: Left Right
Q 18.13

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT
Description:
Station Elevation Data
Sta Elev Sta
-222.02 80 -62.41
36.8 68 §3.94
Manning's n Values
Sta n Val Sta
~222,02 .08 [

Bank Sta: Left Right
] 45.09

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT
Desgription:
Station Elevation Data
Sta Elev Sta
-164.69 80 -82.36
56.24 70 84.26
Manping's n Values
Sta n Val Sta
-164.69 .08 0

Bank Sta: Left Right
o] 59.24

CROSS SECTION
RIVER: MARIN
REACH: MARIN

INPUT
Description:

Sta.
13.59

ntme
Elev
71.07

num=
n Val
.04

nume
Elev

68.29
numz=

n Val
.04

Tengths:

RS; 10

Nt
Elev
70
67.99

nums
o Val

Sta.
15.3
Sta.
15.3
6
Sta Elev
5.27 69.44
3
Sta n Val
32.02 .06
Lengths: Left Channel
29.03 86.62
9
Sta Elev
0 69.47
19.13 70
k
Sta n Val
i9.13 .06
Left Channel
107.31 35.28
g
Sta Elav
[+ 69.45
45,09 70.76
3
Sta n Val
45,09 .06

.04

Lengths: Left Channel

RS: 9

nums
Elev
70

80

num=
n Val
.04

76.35

Sta
0

3
Sta
59.24

51.55

Elev
$9.14

n Val
.06

Lengths: Left Channel

RS: 8

59.84

55,19

Sta
15.67

Right
87.37

Sta
1.32
25.9

Right
36.7

Sta
7.35
48,52

Right

59.5

Sta
7.02

Right
48.862

Elav Sta
69.44 32,02

Cosff Contr,
.3

Elev Sta
68.38 2.17
B8O

Coeff Centr.
.1

Elev Sta
&7 33.81
&80

Coeff Contr.
.1

Elav Sta
66.8 49.¢64

Coeff Contr.
.1

Elev
70,64

Expan.
.5

Elav
87.7%

Expan.
.3

Elav
57

Expan.
.3

Elev
66.8

Expan.
.3




Hydraulic — Sediment Transport Analysis for Rie Marin, Patilias, Puerto Rico

Mean Monthly Flows, Proposed Condition

Menar Hydrosystems Engineering

[ERteR——

Station Elevation Data
Sta Elev Sta
-137.97 B0 ~84.81
68.39 70.48%9 95.46

Manning's n Valuas
Sta n Val Sta
-137.97 .06 9

Bank Sta: Left Right
s] £68.30%

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT
Description:
Station Elevation Data
Sta Elav Sta
-115,07 80 =59.78

17.89 &7.87 95.29
Manning's n Values

Sta n Val Sta

~115.07 06 -59.76

Bank S$ta: Left Right
-59.76 95.2%

CROSS SECTICH

RIVER: MARIN
REACH: MARIN

INBUT
Descripticn:
Station Elevation Data
Sta Elav Sta
-71.56 80 -25.41

131.75 6B.87 185.12
Manning's n Values

Sta r Val Sta

-71.56 .06 -25.41

Bank Sta: Left Right
-25.41 13:.7%

CROSS SECTIOW

RIVER: MARIN
REACH: MARIN

NPuT

Description:

Station Elevation Data
Sta Eiav Sta

o 70,79 15,23
190.63 73.24

Manning's n Values
Sta n Val Sta
Q .08 15.33

Bank Sta: Left  Right
15.33 163.34

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INEBUT
Descripticn:
Station Elevation Data
Sta Elav Sta
-78.14 80 0

164.19 67.88 219,63
Manning's n Values

Sta n Val Sta

-78.14 .06 0

Bank Sta: Lefb Right
Q 164.19

CROSS SECTION

RIVER: MARIN
REACH: MARIN

num= 7
Elav Sta Elav Sta
70 a €9.3 8.1
80
num= k)
n val Sta n val
.04 68,39 .06

Lengths: Left Channel Right
31.95 57.86 359.08

Rs: 7
nume 8
Elev Sta Elav Sta
70 g 67.71 3.99
0 146.29 80
num= 3
n Val Sta n vVal
.04 95,28 .06

Lengths: Left Channal Right
86.80 5¢.906 45.6%

RS: 6
nums 7
Elav Sta Elav Sta
70 0 68.85 7.95%
8o
num= 3
n Val Sta n Val
.04 131.75 .08

Lengths: Left Channel Right
60.74 50.42 69.56

num= 6
Elev Sta Elev Sta
67,94 21.09 66,02 158.%3

numm 3
n val Sta n val
.04 163.34 .06

tengths: Left Channel Right
71.08 50.59 59.91

RE: 4
num= T
Elev Sta Elav Sta
6B.02 6.51 65.85 158
BO
num= 3
n Val Sta n ¥al
.04 164,19 .06

Lengths: Left Channel Right
57.38 50.03  16.47

RS: 3

Elev Sta
£66.6 56.72

Coeff Contr.
-1

Elav Sta
€6.38 73.21

Coeff Contr.
.1

Elev Sta
66.2 123.74

Coeff Contr.
.1

Elev Sta
66,02 163.34

Coeff Contr.
.1

Elev Sta
65.85 162.78

Goeff Contr,
.1

Elev
6.6

Expan.
.3

Elawv
66._38

Expan.

Elev
66.2

Expan.
.3

Elev
67.485

Expan.
3

Elev
67.1

Expan.
.3
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INPUT
Description:
Station Elevation Data num= 8
Sta Elev Sta Elav Sta Elav Sta
-58.56 a0 a €8.44 23,97 €8,08 Al.26
i82.36 §7.41 193.77 70 26B.04 80
Manning's n Values num= 3
Sta n Val Sta n Val Sta  n Val
~59.58 .06 ¢ .04 193.77 .06
Bank Sta: Left Right Lengths: Left Channel Right
Q9 183.77 67.86 50.32 123.8BB
CROSES SECTION
RIVER: MARIM
REACH: MARIN R5: 2
INPUT
Description:
Station Elevation Data nume 9
Sta Elev Sta Elaev sta Elev Sta
-4z.77 a0 ] 68,15 35.32 68,05 55.4
223.57 65.45 229.9 67.76 302.97 70 383,13
Manning's n Values num= 3
Sta n val Sta n Val Sta n Val
-42.77 .06 55.4 .04 228,85 .06
Bank Sta: Left Right Lengths: Left Channel Right
55.4 229.9 66.79 50 91.328
CROSS SECTION
RIVER: MARIN
REACH: MARIN RS: 1
INPUT
Description:
Station Elevation Data num= 6
Sta Elev Sta Elav Sta Elev Sta
-28.16 80 4] 67.91 7.83 65.3 173.01
251,98 80
Manning's n Values nums= 3
Sta n Val Sta n Val Sta n Val
-28.16 .06 Q .04 1d87.11 .06
Hank Sta: Left Right Lengths: Left Channel Right
Q 1B7.11 o o 4]
SUMMARY OF MANNING'S N VALUES
River:MARIN
Reach River Sta. nl n2
HMARIN 17 .06 .04
HARIN 16 Q6 .04
HARIN 15 06 04
HMARIN 14.3533% .06 .04
HARIN 14 .06 .04
MARIN 13 .6e .04
MARIN 12.5 .ce .04
MARIN 12.3 Culvert
HARIN 12 .06 .04
HARIN 11 .06 .04
HARIN 190 .06 .04
MARIN ] .06 .04
MARIN a .08 .Q4
MARIN 7 .06 .4
MARIN 3 .06 .04
MARIN 5 .08 W04
MARIN 4q .08 .4
HARIN a .06 .04
HARIN 2 .08 04
MARIN 1 .08 .04
SUMMARY OF REACH LENGTHS
River: MARIR
Reach River Sta. Left Channel
MARIN 17 87.52 101,87
MARIN 16 122.87 10G.85
MARIN 15 64.209 68,77
MARIN 14,3533% 35.081 36.48

Elav Sta
65.65 177.08

Coeff Contr.
.1

Elav Sta
67.92 62.21
ag

Coeff Contr.
.1

Elev Sta
65.3 187.11

Coeff Contr.
.1

n3

e
.06
.G6
.G6
06
.G6
i+

.06
.08
.06
.08
.06
.06
.08
.06
.06
.06
.06
.06

Right

84.4
127.39
67.785
37.035

Elev
65,65

Expan.
.3

Elav
65.45

Expan.
.3

Elev
70

Expan.
.3




Hydraulic - Sediment Transport Analysis for Rio Marin, Patilias, Puerto Rico Menar Hydrosystems Engineering
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R MARIN 14 13.6 97.46 98,39
MARIN 13 40.29 16.05 14.77
MARIR 12.5 5.5 5.5 6.5

¥ MARIR 12.3 Culvert
MARTH 12 29.03 86,62 87.37
MARIN 11 107.31 35.28 36.7
MARIN 10 76.35 51.55 59.5
MARIN ] 59.84 55.19 48.62
MARIN 8 31.95 57.86 39.08
MARIN 7 86.88 50.09 49.69
MARIN 6 §0.74 50.42 69.56
MARIN 5 71.08 50,59 59.91
MARIN 1 57.38 50.03 16.47
MARIN 3 £7.86 50,32 123.88
MARIN 2 66.79 50 91.38

7 MARIN 1 [+ o i}

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS
River: MARIN

Reach River Sta. Contr. Expan.
§ MARIN 17 a .3
t MARTH 16 .1 .3
MARIN 15 .1 .3
MARIN 14.3533% .1 .3
MARIN 14 -1 .3
HARIN 13 .1 .3
. MARIN 12.5 .3 .5
: MARIN 12,3 Culvert
MARIN 12 .3 .5
MARTN 11 .1 .5
MARIN 10 1 .3
MARIN ] .1 .3
MARIN 8 -1 .3
MARIN ? W1 .3
MARIN 6 - .3
MARIR 5 -3 .3
MARIN 4 -1 .3
MARIN 3 L1 .3
. MARIN 2 A .3
MARIN 1 -1 3
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Hydraulic - Sediment Transport Analysis for Rie Marin, Patillas, Puerto Rico

Peak Flows, Proposed Condition

Menar Hydrosystems Engineering

HEC~RAS Version 4.1.0 Jan 2010
U.5. Army Corps of Engineers
Hydrologic Engineering Center
£09 Second Street
Davis, California

X X XEHXXX HXXX KRXX XX
b3 X X x X X X X X
X X X X X X X X
XXXXKXK  oxx X KX KEXK XEXKXK
X X X X X X X X
b 4 X X X X X X X X
X X RO KO .4 X X X
PROJECT DATA
Project Title: HH, Lago Patillas
Project File : PATILLAS.prj
Run Pate and Time: 5/24/2010 1:34:18 PH
Project in SI units
PLAN DATA
Plan Title: PEAK PROP
Plan File : C:\PROJ\LAGO\RAB\PATILLAS.p08
Geometry Title: PROPOSED
Gaomatry File : C:\PROJ\LAGO\RAS\PATILLAS.g02
Flow Title : PRCPCSED
Flow File 1 Ci\PROJ\LAGC\RAS\PATILLAS. f02
Blan Summary Information:
Humber of: Croass Sections = 19 Multiple Cpenings = Q
Culverts = 1 Inline Structuras = a
Aridges = Q Lateral Structures = Qa
Computational Information
Water surface calculation telerance = 0.003
Critical depth calculation teolerance = 0.003
Maximom number of iterations = 20
Maximum difference tolerance = 0.1
Flow telerance factor = 0,401
Computation Options
Critical depth computed at all cross sections
Conveyanca Calculation Methed: ALt breaks in n values only
Friction Slope Method: Average Conveyance
Computational Flow Regime: Subcritical Flow
FLOW DATA
Flow Title: PROPOSED
Flow File : C:\PROJ\LAGO\RAS\PATILLAS.f02
Flow Data (m3/s)
Rivar Reach RS PF 1
Boundary Conditions
River Reach Profile Upstream
GEOMETRY DATA
Geomalry Title: PROPOSED
Geometry File : C:\PROJ\LAGO\RAS\PATILLAS.g02
CROSS SECTION
RIVER: MARIN
REACH: MARIN RS: 17
INpoT
Description:
Statien Elevation Dakta nuta= 12
Sta Elev Sta Elev Sta Elev Sta Elav Sta Elev
-14.2 143 4,24 Bi.52 Q 77.92 1.59 77.79 3.2 17,87
9.23 77.78 10.78 77.93 i4.53 78.28 18.17 79.33 23.18 80.05
27.56 81,06 34,56 83.27

bl

x

Downstream
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Hydraulic — Sediment Transpert Analysis for Rio Marin, Patilias, Puerte Rico

Peak Flows, Proposed Condition

Manning's n Values

Sta o val Sta
-14.2 .Q6 -4.24
Bank Sta:! Left Right
-4.24 34,56
CROSS SECTION
RIVER: MARIR
REACH: HMARIN
INPUT
Dascription:
Station Elevation Data
Sta Elev Sta
-4Z.66 90 o
18.11 75.04 21.02

Manning's n Values

Sta n val Sta
~42.66 .06 Q
Bank S5ta: Left Right
] 25,08
CROSS SECTION
RIVER: MARIN
REACH: MARIN
NeuT
Descripticn:
Station Elevation Data
Sta Elev Sta
~5,43 80 [x]
15.44 74.06 19.3
Manning's n Values
Sta n Val Sta
-5.43 .06 a
Bank Sta: Left Right
] 26.26
CROSS SECTION
RIVER: MARIN
REACH: MARIN
INRUT
Description:
Station Elevation Data
Sta Elav Sta
-58.251 a0 0
9.152 73.042 12.547
21.648 73.627 24.654
Hanning's n Valiues
Sta n Val Sta
-58.251 .08 a
Bank Sta: Left Right
0 27.689
CROSS5 SECTICN
RIVER: MARIN
REACH: MARIN
INPUT
Description:
Statiecn Elevation Data
Sta Elev Sta
-87.11 80 0
19.24 72.41 22.63
Manning's n Values
Sta n val Sta
-87.11 .06 2
Bank Sta: Left  Right
Q 28.47

CRCSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT
Description:
Station Elevation Data

nuny= 3
n val Sta n val
.04 34.56 .06
Lengthe: Left Channel Right
87.52 101.87 84 .4
RS: 16
nums= 9
Elev Sta Elev Sta
16.94 T.0% 75.98 11.9
15,45 25,08 78.09 39.62
Hildies 3
n val Sta n vVal
.04 25.08 .06
Lengths: Left Channel Right
122,87 100,85 127.3¢9
RS: 15
wum= 10
Elev Sta Elev Sta
77.22 3.49 74.36 7.23
74.57 23.04 74.85 26.26
num= 3
n val Sta n val
.04 26,26 .06
Lengths: Laft Channel Right
64.209 68.77 67.785
RS: 14,3533*
num= 15
Elev Sta £lev Sta
75.539 4£.285 73.744 5,302
72.757 17,492 72,87 18.141
74.394 25.496 74.591 27.68%
num= 3
n Val Sta n val
.04 27,688 .06
Lengths: Left Channel Right
35,061 36.46 37.035
Rs: U4
num= 10
Elev Sta Elev Sta
74.62 5.84 73.12 10.08
73.09 26.35 74.44 28,47
num= 3
n val Sta n val
.04 28.47 .06
Lengths: Left Channel Right
73.6 97,486 98,38
RS: 13
num= 15

Coeff Contr.

Elav
75.87
90

.1

Sta
15.98

Coeff Contr,

Elgwv
74.16
78.99

-1

Sta
10.3
28.96

Coeff Contr.

Elav
73.542
73.025
76.261

.1

Sta
8.878
21.13

38.305

Coaff Contr.

Elev
72.44
74.77

Sta
13.93
43.41

Coaff Contr,

.1

Expan.

Elev
74.83

Expan,
.3

Eley
73.84
75.88

Expan.

Elav
73.079
73.548
79.958

Expan.

.3

Elev
72.11
30

Expan.

Menar Hydrosystems Engineering
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Hydraulic — Sediment Transport Analysis for Rio Marin, Patilias, Puerto Rico

Peak Flows, Proposed Condition

Menar Hydrosystems Engineering

Sta Elav Sta Elev Sta
-107.15 ao 0 2.8 2.42
15,27 69.8 19.35 70.69 20.66
28.67 73.1 32.78 72.97 35,22

Manning's n Values num= 3
Sta n val Sta n Vali Sta
-107.15 .06 [ .04 23.7

Bank Sta: Left Right
Q 23.7 40.29

CROES SECTION

RIVER: MARIR

REACH: MARIN Rs: 12.5
INPUT
Description:
Station Elevation Data nyms= &
Sta Elev Sta Elev Sta
-127.486 ao Q 71.07 5.27
63.63 a0
Hanning's n Values num= 3
Sta n Val Sta n Val Sta
-127.46 .08 0 .04 32.02

Bank Sta: Left Right

Q 32.02 6.5

CULVERT
RIVER: MARIN
REACH: MARIN RE: 12.3
INPUT
Description:
Distance from Upstream XS = .01
Deck/Roadway Width = 6.35
Weir Coefficient = 1.4
Upstream Deck/Raadway Coordinates

num= z

Sta Hi Cord Lo Cord Sta Hi Cord

-100 71.14 100 71.14

Upstream Bridge Cross Section Data

Station Elevation Data nme
Sta Elev Sta Elev Sta
-127.46 B0 0 71.07 5.27
63.63 B0
Manning's n Values num= a
Sta n Val Sta n Val Sta
~127 .48 .08 Q .04 32.02
Bank Sta: Left Right Coeff Conbtr,
0 32.02 .3
Downgztream Deck/Roadway Coordinates
nume 2
Sta HI Cord Lo Cord Sta Hi Cord
-100 71.14 100 71.14
Downstream Bridge Cross Section Data
Staticn Elevatien Data num=
Sta Elav Sta Elev Sta
-127.46 80 [ 71,07 5,27
63,63 80
Manning's n Values num= 3
Sta n Val Sta n val Sta
-127.46 .08 [ .04 32.02

Bank Sta: Left Right Coeff Contr.
Q 32.902 .3

Upstream Embankment side slope
Downstream Embankment side slope

Maximum allowable submergence for weir flow

Elevation at which weir flow begins
Energy head used in spillway design
$pillway height used in design
Heir crest shape

Number of Culverts = 1
Culvert Name Shape Rise Span
Culvert #1 Box 1.5 1,53

FHWA Chart # 58- Rectangular concreote

Lengths: Left Channel Right

Lengths: Left Channel Right

Elev Sta Elev Sta Elev
71.65 5.48 7¢.15 B.05 59.8
71,26 23.7 72.72 26.71 73.74

72.85 3B8.63 72.82 63.01 80
n val
.06
Coeff Contr. Expan.
16.05 14.77 .1 .3
Elev Sta Elev Sta Elev

69.44 15,867 69,44 3z.02 70.64

n vVal
Qe

Coeff Contr. Expan.

6.5 6.5 .3 .5
Lo Cord
Elev Sta Elev Sta Elev

69,44 15.67 69,44 32.02 70.64

n Val
.06

Expan,

Lo Coxd

Elev Sta Elev Sta Elev
69.44 15.67 69.44 3z.02 70.64

n val
.06
Expan.
-]
= 0 horiz. to 1.0 vertical
= 0 heriz. to 1.0 vertical
= .98

Broad Crested

FHWA Scale # 1 - Side tapered; Less favorable edges

Soluticn Criteria = Highesat U.S. EG

Culvert Upstrm Dist Length Top n Bottem n Depth Blocked Entrance Loss Coef
.5

.1 &6.37 .015
Number of Barrels = §

-015 3]

Exit Loss Coef
1




Hydraulic — Sediment Transport Analysis for Rio Marin, Patillas, Puerto Rico Menar Hydroesystems Engineering
Peak Flows, Proposed Condition

Upstream Elevation = 69.44
Centerline Stations
Sta. Sta. Sta. Sta. Sta.
8.486 10,17 11.88 13.5% 15.3
Downstream Elevation = 65.44
Centerline Stationsg
Sta. Sta. Sta. Sta. Sta.
B8.46 10.17 1i.88 13.59 158.3

CRCSS SECTION

RIVER: MARIN

REACH: MARIN R8: 12
INPUT
Description:
Station Elevation Data nur= €
Sta Elev Sta Elav Sta Elev Sta Eilev Sta Elov
-127.4¢ 80 0 71.07 5.27 69.44 15,87 63.44 3z.02 70.64
E3.63 80
Manning's n Values nums 3
Sta n Val Sta n Val Sta n Val
-127.46 .06 0 .04 32.02 .08
Bank Sta: Left Right Lengths: Left Channel Right Coaff Contr. Expan.
Q 3z.o02 29.03 86.862 87.37 .3 .5

CROSS SECTION

RIVER: MARIN

REACH: MARIN Rs: 11
INPUT
Description:
Staticn Elevatien Data e 9
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
~197.07 80 -32.s58 70 o 69.47 1.32 68.38 2.17 67.7
15,08 67.7 16.13 68.29 19,13 0 25.9 B0
Manning's n Valuas fitizns= 3
S§ta n Vval Sta n Val Sta n Val
-187.907 .06 Q .04 19.13 .06
Bank Sta: Left Right Lengths: Left Channal Right Coaff Contr, Expan,
4 19.13 107.31 35.28 36.7 .1 3

CROSS SECTION

RIVER: HARIN

REACH: MARIN RS: 10
IRPUT
Description:
Station Elevation Data num= 9
Sta Elev Sta Blev Sta Elev Sta £lev Sta Elev
~22%.02 B0 -62.41 70 0 69.45 .35 67 33.81 &7
36.8 68 43.94 67.99 45.09 70.78 48.92 80
Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val
-222.02 .06 0 .04 45.09 .08
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
Q 4%.09 76,35 51,55 59.5 .1 .3

CROSS SECTION

RIVER: MARIN

REACH: MARIN RS: &
INPUT
Description:
Station Elevation Data num= 7
Sta Elav Sta Flev Sta Elev Sta Elev Sta Elev
~-164 .69 B0 ~B2.36 79 Q €5.14 7.02 66,8 49, 64 66.8
59.24 70 84,26 80
Manning's n Values num 3
Sta n Val Sta n Val Sta n Val
-164.569 .08 Q .04 56.24 JOE
Bank Sta: Left Right Lengths: Left Channel Right Coaff Contr. Expan.
4] 59.24 59.84 55.18 48.62 -1 .3

CROSS SECTION

RIVER: MARIN

REACH: MARIN R5: 8
INPUT
Dascription:




Hydraulic — Sediment Transport Analysis for Rio Marin, Patillas, Puerto Rico

Peak Flows, Proposed Condition

Menar Hydrosystems Engineering

Station Elevation Data
Sta Elev Sta
-137.%7 80 -84.81
68.39 70.49 95.46

Manning's n Values

Sta n Val Sta
-137.97 .06 0
Bank Sta: Left Right
o 6B.39
CROSS SECTICH
RIVER: MARIN
REACH: MARIN
INPUT
Descripticon:
Station E£levation Data
Sta Elav Sta
-115.07 80 -50.76

11.69 67.87 95.29
Manning's n Values

Sta n Val Sta

«115,07 .06 -59.76

Bank Sta: Left Right
-55.78 95.29

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT
Dezcription:
Station Elevation Data
Sta Elav Sta
-71.56 g0 -25.41

131.75 68.87 185,12
Manning's n Values

Sta n Val Sta

-71.56 .06 -25.41

Bank Sta: Left Right
-25.41 131.75

CROSS SECTICH

RIVER: MARIN
REACH: MARIN

INPUT

Dascripticn:

Station Elevaticn Data
Sta Elav Sta

0 70,78 15.33
190.63 73.24

Manning's n Values
Sta n Val Sta
Q .08 15.33

Bank Sta: Left  Right
15.33 163.34

CROSS SECTION

RIVER: MARIN
REACH: MARIN

INPUT
Description:
$tation Elevation Data
Sta Elev Sta
-78.14 80 o

164.19 67.88 215,63
Manning's n Values

Sta n val Sta

-78.14 .06 ]

Bank Sta: Left Right
0 164.18

CROSS SECTICH

RIVER: MARIN
REACH: MARIN

num= 7
Elav Sta Elev
70 0 69.3
ag
nums= 3
n Val Sta n val
.04 6£8.39 .06

Lengths: Left Channel
31.95 57.88

R3: 7
num= 3}
Elev Sta Elev
70 o 67.71
0 146.29 80
nume 3
n Val Sta n Val
.04 95.29 .06

Lengths: Left Channel
86.88 50.09

RS: 6§
num= 7
Rlav Sta Elev
70 Q £8.85
80
num= 3
n Val Sta n val
.04 131.75 .08

Lengths: Left Channel
€60.74 50,42

num= 6
Elev Sta Elev
67.94 21.09 66,02

nume= 3
n Val Sta o Val
.04 163.34 .06

Lengths: Left Channel
71.08 50.59

RS: 4
num= 7
Elev Sta Elev
68.02 6.51 55.85
80
num= 3
n Val Sta n Val
.04 164,19 .06

Lengths: Left Channel
57.38 50.03

Rg: 3

Sta

Right
39.08

Sta
3.99

Right
49.869

Sta
7.95

Right
65.56

Sta
158.93

Right
59,91

Sta
159

Right
16.47

glav Sta
66.6 56,72

Coaff Contr.
.1

Elev Sta
66.380 73.21

Coeff Contr.
.1

Elev Sta
66,2 123,74

Coaff Contr.
-1

Elev Sta
66.02 163.34

Coeff Contr.
.1

Elev sSta
65,85 162,75

Coeff Contr.
.1

Elev
66.6

Expan.
.3

Elev
66.3B

Expan.
3

Elev
66,2

Expan,
.3

Elev
67 .46

Expan.

Elav
67.1

Expan.
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Menar Hydrosystems Engineering

INPUT
Description:
Station Elevation Data
Sta Elev Sta
-59.56 :1¢] 0

182.38 67.41 193.77
Manning's n Values

Sta n Val Sta

-59.56 .08 o

Bank Sta: Left Right
o 183.77

CROSS SECTIOM

RIVER: MARIN
REACH: MARIN

INPUT
Dascription:
Station Elevation Data
Sta Elev Sta
-42.77 ag Q

223.57 65.45 229.9

Manning's n Values
Sta o val Sta
-42.77 .08 55.4

Bank Sta: Left  Right
55.4 22%.9

CROSS SECTION
RIVER: MARIN
REACH: MARIN
INPUT

Description:
Station Elevation Data

Sta Elev Sta
-28.16 80 a
251.95 g0

Manning's n Values

Sta n Val Sta

-28.16 .08 Q

Bank Sta: Left Right
0 187.11

nam=
Elev
68,44
70

num=
n val
.04

Lengths:

Bt
Elev
€8.15
67.76

num=
n val
.G

num=
Elev
67.91

num=
n val
.04

Lengths:

SUMMARY OF MANNING'S N VALUES

River :MARIN

Reach River Sta.
MARIN 17
MARIN 16
MARIN 15
MARIN 14.3533%
MARIN 14
MARIN i3
MARIN i2.5
MARIN 12.3
MARIN i2
MARIN i3
MARIN ip
MARIN ]
MARIN 8
MARIN 7
MARIN [}
MARIN 5
MARIN 4
MARIN 3
MARIN 2
MARIHN 1

SIRHARY OF REACH LENGTHS

River: MARIN

Reach River Sta.
MARIN 17
MARIR 16
MARIN 15

8
Sta Elev Sta
23.97 €8.08 31.26
268.04 a¢
3
Sta n Val
193.77 .06
Left Channel Right
67.86 50.32 123.89
9
Sta Elev Sta
35.32 68.05 55.4
302.97 70 383,13
3
Sta n val
225.9 .06
Lengths: Left Channal Right
66,79 50 91,38
£
sSta Elev Sta
7.83 65,3 173,01
a
Sta n vVal
187.11 .06
Left Channel Right
[ [+] o]
nl n2
.06 .04
.06 .04
.08 .04
.06 .04
.06 .04
.08 .04
.08 .04
Culvert
.08 .04
.06 .04
.06 .04
.06 .04
.08 .04
.06 .04
.06 .04
.06 .0
.06 .04
.06 .04
.06 .04
.06 .04
Left Channael
87.52 101.87
122.87 100.85
€64.249% 66.77
35.981 36.48

HARIN 14.3533*

Elev Sta
65.65 177,08

Coeff Contr.
.1

Elev Sta
67.92 62.21
a0

Coeff Contr.
.1

Elav Sta
65.3 187.1}

Coeff Contr,
.1

n3

.06
.6
&6
.06
)
.08
.06

.06
086
.08
.06
.08
.06
.06
.06
.08
.08

.08

Right

84.4
127.39
67.783
37.035

Elev
€5,65

Expan.
.3

Elav
€5.45

Expan.
.3

Elev
70

Expan,




Hydraulic - Sediment Transport Analysis for Rie Marin, Patillas, Puerte Rico Menar Hydrosystems Engincering
Peak Flows, Proposed Condition

MARIN 14 73.6 97.46 98.38
MARIN 13 40.2% 16.05 14.77
MARIN 12.5 6.5 6.5 6.5
MARIN 12.3 Culvert
MARIN 12 25.03 86.862 87.27
MARIN 13 107.31 35.28 36.7
MARIN i0 76.35 51.55 55.5
MARIN ) 59.84 55,19 48,62
HARIN 8 31.95 57.896 35,08
MARIN 7 86,88 50.09% 49.69
MARIN L] 60.74 5¢.42 69.56
MARIN 5 71.08 5G.59 59.91
MARIN 4 57.38 50.03 16.47
MARIN 2 67.66 50.32 122.88
MARTNH 2 66,79 50 91.38
B3 MARIN 1 o Q ]

SUMMARRY OF COMTRACTION AND EXPANSION COEFFICIENTS
River: MARIN

Reach River Sta. Contr. Expan.
MARIN 17 .1 .3
""" MARIN 15 .1 .3
MARIN 15 .1 e
: MARIN 14.3533* .1 .3
i MARIN 14 .1 .3
MARIN 13 .1 .3
MARIN 12.5 .3 .5
MARIN 12.3 Culvert
MARIN 12 .3 .5
MARIN 11 .1 .3
MARIN 10 -1 .3
MARIN 9 .1 .3
MARIN e .1 .3
MARIN 7 .1 .3
MARIN 6 .1 .3
MARIN 5 i3 .3
MARIN 4 .1 .3
MARIN 3 .1 .3
MARIN 2 .1 .3
5 MARIN b .1 .3
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APPENDIX G

FIELD DATA




FINCA REMANENTE

RESIDENCIA

Y ZINC

SEPARACION DEL
MATERIAL

12473.3938 m"2.
34736 cdas.

FINCA REMANENTE

CARRETERA ESTATAL PR MO. 181

|
3f
D

NOVIEMBRE /2009

LOCALIZACION

0

Ci\Documents and wu.3_Juwxxmn«uﬂ/emmx.«ov/mnm.&ggz,ssv
~

ESTACIONES DE CONTROL

DESCRIFCION

[ 1[21754. 0355 197154, 50105 | 69. 72 | STA. 1 TDRNILLO
[___ 2121875 1774 157172, 2524 70,61 STA. 2 TORNILLO
[ _3]21679. 6374 197140, 6653 | ___65.55 | STA. 3 TORNILLD
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NOTA: LAS ELEVACIONES ESTAN EXPRESADAS
EN METROS(MSL).

NOTA:

Project:

Drawing by

H. LARA
Revised by

LOS CAMINOS PROPUESTOS SE CONSTRUIRAN EN
PIEDRA DE GABION DE 1”@6” Y SE REMOVERAN
DESPUES DE FINALIZAR EL TRABAJO

1o 1

P




