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HYDROLOGIC-HYDRAULIC STUDY 
RIO LA PLATA AND RIO GUAVATE  

PARQUE TECNOLOGICO DE CAYEY 
CAYEY, PUERTO RICO 

 

1. INTRODUCTION 

1.1 Project Description and Location 

The “Parque Tecnológico de Cayey” industrial park is planned on a 121 acre property in 
the municipality of Cayey.  The property is bordered to the south by Río La Plata and to 
the north by Río Guavate, and on the west both rivers join. The site is bounded to the east 
by PR-52 highway. Figure 1 shows the study reach and location of the proposed 
development on the USGS topographic quadrangle.   

1.2 Scope and Purpose of Study 

This report contains the results of the hydrologic-hydraulic (H/H) analysis of the Río La 
Plata and Río Guavate. This report provides the hydraulic modeling and documentation 
required to support an update of the floodway limits in accordance with the technical 
procedures of the Federal Emergency Management Agency (FEMA) and Puerto Rico 
Planning Board Regulation #13.  

1.3 Report Limitations and Warnings 

This report establishes floodway boundaries according to current hydrologic and 
regulatory conditions.   It does not analyze channel or other hydraulic modifications. The 
site designer has the obligation to contact us if any questions arise concerning 
interpretation of recommendations given in this report. 

The Department of Natural and Environmental Resources requires a maintenance 
easement on either side of a stream channel. It shall be the responsibility of the Owner and 
the site Engineer to undertake any required consultations with the Department.  

1.4 Authorization 

Luis E. Sotomayor of La Vega de Cayey Inc. has authorized preparation of this report 
through a written agreement with Gregory L. Morris Engineering. 
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1.5 Personnel Involved in Project 

Owner: La Vega de Cayey Inc. 

Report Preparers:  Gregory L. Morris, P.E., Ph D. 

  José D. Miranda, P.E. 

  Laisha Pomales, B.S.C.E.  
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2. STUDY AREA DESCRIPTION 

2.1 Topography and Water Bodies 

Flooding in the study area originates from both Río La Plata and Río Guavate.  The Río 
Guavate joins Río La Plata at the western property limit and 340 m downstream of this 
confluence Río La Plata passes under the PR-1 bridge.  Several small local storm drains 
discharge to both rivers along the study reach.  The reach of Río La Plata and Río Guavate 
to be studied consists of approximately 2.5 and 2.0 km, respectively.  The study reach 
extends 27 meters downstream of the PR-1 bridge. 

2.2 Prior Studies 

Río La Plata and Río Guavate have been studied by FEMA and flood levels are presented 
in the Flood Insurance Study (FIS).  Figure 2 shows a portion of the FEMA FIRM map, 
panels 72000C1195H, 72000C1215H, 72000C1735H and 72000C1755H with an effective 
date of April 19, 2005.  Figure 3 shows the flood zones within the study area in a digitized 
version of the FEMA Flood Insurance Rate Map (FIRM).   

It can be seen from Figure 2 that both rivers have migrated laterally, and in some areas the 
stream channel now runs outside of the mapped river floodway. This makes it necessary 
restudy the regulatory flood limits using updated topographic data. 

2.3 Field Data 

Topographic mapping was by aerial photogrammetric methods by Ramón Figueroa.  
These data were used to select the locations of river cross sections, and to extend the river 
cross section geometry as required to include hydraulically effective flow areas of the 
floodplain.  

River cross-sections along Río Guavate and Río La Plata were field surveyed by Surveyor 
Antonio Meléndez between March and June of 2005. Surveyor Fernando Santiago 
provided additional river cross-sections to define more precisely the area of the bridge 
over Río Guavate and its immediate vicinity. This topographic survey was performed 
during July 2006, immediately prior to a cleaning operation beneath the bridge which 
occurred in the first week of August, 2006 

All topographic data was referenced to mean sea level.  Copies of the certified topographic 
surveys are included in the back pocket of this report. 
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2.4 Field Visit 
The study area was visited several times between August 2005 and August 2006.  The 

following conditions were observed: 

• The predominant use on the site is pasture. 

• Río La Plata is generally free of debris and has a gravel and cobble bed.  Active 
bank erosion was observed in several places. There is bamboo along the river 
banks.   

• Río Guavate has some debris in its channel, the bed is sand and gravel, and active 
bank erosion was observed. There is bamboo along the river banks.  

• By comparison of recent aerial photographs and survey data against the FEMA 
map, places were observed where the river channel has migrated laterally such 
that portions of the channel now fall outside of the mapped floodway.  

• Poor hydraulic geometry was observed at the Río Guavate bridge at PR-52, which 
significantly reduces its hydraulic capacity. 
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3. HYDROLOGIC ANALYSIS 

3.1 Methodology 

The hydrologic analysis was performed to determine the discharges to be used in the 
hydraulic analysis of the study reach.   

The peak discharge for the 100-year return period rainfall event was determined by the 
Soil Conservation Service (SCS) Unit Hydrograph method, as implemented by the HEC-
HMS model. These results were checked by three methods: (1) regional regression 
equation developed by the USGS for ungaged watersheds in Puerto Rico (López 
Equation), (2) comparison to historical floods in Puerto Rico, and (3) comparison to the 
FEMA discharge. 

3.2 Watershed Limits 

Watershed limits were delimited on the USGS topographic quadrangle. The watersheds 
tributary to the Río La Plata and Río Guavate study reaches areas were divided into three 
and four basins, respectively, as shown in Figure 4. The total drainage area to the Río La 
Plata and Río Guavate study reaches at the PR-52 bridge are 14,087 acres (57.01 km2), and 
4,607 acres (18.64 km2), respectively. The configuration of the hydrologic model is shown 
in Figure 5.  

Carite reservoir in the upper portion of the La Plata Watershed diverts water to the 
island’s south coast by gravity tunnel, and will only contribute flow to Río La Plata during 
extreme events by discharge over its ungated spillway.  In the hydrologic modeling it was 
assumed the reservoir was full at the start of the event, thereby producing spillway flow 
from the onset of the storm, and reservoir detention effects were not computed. This will 
produce a conservatively high discharge along Río La Plata.  The most important 
characteristics of Carite reservoir are listed in Table 1. 

Table 1: Characteristic of Lago Carite  

Parameter Lago Carite Reservoir 

Watershed area 2,147 ha 

Lake area at spillway elevation  135 ha 

Elevation of top of dam 550.47 m 

Spillway crest elevation 543.64 m 

Spillway length  16 m 
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3.3 Rainfall 

A hyetograph was constructed using 100-year rainfall depths as reported by the US 
Department of Commerce (1961) in Technical Paper-42. The rainfall depths used to 
construct the hyetograph are shown in Table 2.  

Table 2: Rainfall Depth from 24 hours 

Rainfall Depths 
Duration, hrs 

inches mm 
0.5 4.0 102 
1 5.0 127 
2 6.5 165 
3 7.1 180 
6 9.0 229 

12 11.0 279 
24 13.0 330 

 

3.4 Soils and Curve Number 

The Curve Number represents the runoff potential within the watershed and is estimated 
based on soil type (hydrologic soil group), land use and antecedent moisture condition 
(AMC).  In this study an AMC-II was used.  The soil types within the watersheds were 
obtained from Soil Survey Geographic data base (SSURGO), which contains the most 
detailed level of soil mapping performed by the Natural Resources Conservation Service 
(NRCS).   A runoff curve number was assigned to each soil type and land use combination 
within the basin and a weighted average curve number was then calculated for each basin.  
Figure 6 illustrates the hydrologic soil groups within the basins.  

Aerial photography has been interpreted to determine the land uses within the study area 
(Figure 7).   

Table 3 presents the existing condition hydrologic parameters. The curve number 
computations for all basins are presented in Appendix A.  
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Table 3: Hydrologic Parameters 

Watershed Area (ha) Curve Number Time of 
Concentration (min) 

Río La Plata    

Basin A 2,147 75 76 

Basin B 3,464 76 160 

Basin C 91 77 22 

Río Guavate    

Basin D 540 75 53 

Basin E 365 75 41 

Basin F 832 81 30 

Basin G 129 76 21 

Above Confluence     

Basin H 25 84 35 
 

3.5 Time of Concentration  

The time of concentration is the time required for a drop of water falling on the most 
distant point of the watershed to influence discharge at the watershed exit.  The time of 
concentration was calculated using Soil Conservation method (TR-55).  For sheet flow 
calculation the following equation was used: 

 

( )
4.05.0

2

8.0007.0
SP

Lntc
∗
∗∗

=  

 

where: 

  tc = time of concentration (minutes) 

  n = Manning’s roughness coefficient 

  L = flow length (ft) 

  P2 = 2-year, 24-hour rainfall (in) 

  S = slope of hydraulic grade line (land slope, ft/ft) 

 

For shallow concentrated flow calculation the following equation was used: 
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V
Ltc ∗

=
3600

 

where: 

  tc = time of concentration (minutes) 

  L = flow length (ft) 

  V = average velocity of flow (ft/s) 

 

For channel flow, Manning’s equation was used to calculate velocity: 

 

n
SRV

2
1

3
2

**49.1
=  

 

where: 

  V = channel velocity (ft/s) 

  R = channel hydraulic radius (ft) 

  S = channel slope 

  n = Manning’s roughness coefficient 

 
The travel time along the channel was calculated with the following equation: 

 

V
Ltc ∗

=
3600

 

 

where: 

  tc = time of concentration (minutes) 

  L = channel length (ft) 

  V = average velocity of flow (ft/s) 
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For time of concentration for Carite Reservoir, Wave celerity equation was used to 
calculated velocity:  

 

DgV *=  
 

 

where: 

  V = channel velocity (ft/s) 

  g = acceleration of gravity (32.2 ft/s2) 

  D = Depth (ft) 

 

Time of Concentration calculations for all basins is included in Appendix B. 

3.6 Results of Unit Hydrograph Method   

Table 4 presents the peak discharge for all basins. Table 5 presents the peak discharges 
along the study reach and incorporates the time effects of hydraulic routing within the 
HEC-HMS model.  Appendix C show input data and results of the hydrologic model.  

Table 4: Peak Discharges obtained with Unit Hydrograph Method 

Peak Discharges (cms) 
Watershed 

10-yr 50-yr 100-yr 500-yr 
Río La Plata     

Basin A 326 461 542 744 

Basin B 318 465 555 775 

Basin C 23 33 39 53 

Río Guavate     

Basin D 94 137 161 223 

Basin E 74 109 127 176 

Basin F 214 301 345 467 

Basin G 33 49 56 78 

Above Confluence     

Basin H 6 9 10 14 
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Table 5: Peak Discharges obtained with Hydrograph Routing  

Peak Discharges (cms) 
Location 

10-yr 50-yr 100-yr 500-yr 

Río La Plata above PR-52 477 708 847 1,205 

Río La Plata above PR-1 477 708 849 1,206 

Río Guavate above PR-52 294 423 493 679 
 

3.7 Peak Discharges Based on Regression Method 

López et al. (1979) from the USGS used data on peak flood discharges in watersheds 
around Puerto Rico to develop a regional regression equation to estimate peak runoff at 
ungaged sites.  The following equations were used: 

 
29.1822.0

10 **72.3 PAQ =  

734.0830.0
50 **9.89 PAQ =  

531.0832.0
100 **286 PAQ =  

 
 
where: 

  Q = peak discharge (cfs) 

  A = drainage area (mi2) 

  P = annual rainfall (in/yr) 

 
The annual rainfalls for the watersheds tributary to the study reach are based on the 
isohyetal map of long term mean annual rainfall prepared by Black & Veatch Consulting 
Engineers (1970).  Table 6 shows the peak discharges obtained with the USGS regression 
method. 
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Table 6: Peak Discharges based on the USGS Regression Method  

Peak Discharges a/ ( cms) 
Watershed 

Annual Rainfall 

(in/yr) 10-yr 50-yr 100-yr 
Río La Plata at PR-52 86 419 871 1,129 

Río Guavate at PR-52 85 165 342 443 

La Plata at PR-1  62 391 930 1,264 
a/ Value calculated as cfs and converted to cms.  

3.8 Comparison to Historical Floods in Puerto Rico  

Historical peak flood discharges registered at USGS gages in Puerto Rico have been 
plotted as a function of watershed area in Figure 8.  Most floods plotted in the graph do 
not represent flood peaks having a 100-year return interval, but comparison of predicted 
flood peaks against historical peak floods on the island helps evaluate whether the 
obtained values are reasonable.  With the exception of the FEMA value for Río Guavate, 
the predicted values all fall within the range of observed peaks, which is reasonable. The 
FEMA value for Río Guavate is too low.  

3.9 Peak Discharges Based on FEMA FIS  

The FEMA FIS prepared for Río La Plata reports peak discharges for three points along 
the study reach. Table 7 compares 100-year peak discharges for the three different 
computational methodologies.  The FEMA value fro Río Guavate is substantially lower 
than given by the unit hydrograph method or the López equation, and it is also much 
lower than the peak values registered at other gage stations in Puerto Rico as previously 
shown in Figure 8. 

Table 8 compare peak discharges based on the Unit Hydrograph Method and those 
reported by FEMA for all analyzed return intervals.  The reported FEMA discharges are 
substantially lower than the unit hydrograph method for all return intervals.  

Table 7: Compares the Different Peak Discharges Values 

100-yr Peak Discharge (cms) 
Watershed   Unit 

Hydrograph 
López 

Equation  FEMA  

Río Guavate at PR-52 493 443 250 

Río La Plata above PR-52 847 1,129 880 

Río La Plata above PR-1 849 1,264 1,130 
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Table 8: Comparison of Unit Hydrograph and FEMA Peak Discharges. 

  Peak Discharges (cms) 
Area (km2) 10-yr 50-yr 100-yr 500-yr 

Location 
GME FEMA GME FEMA GME FEMA GME FEMA GME FEMA 

Río La Plata          
@ PR-52 57.01 55.66 477 340 708 680 847 880 1,205 1,445 
@ PR-1 75.90 75.89 477 430 708 890 849 1,130 1,206 1,925 

Río Guavate 18.64 18.00 294 105 423 200 493 250 679 395 
 

3.10 Peak Discharges Used in Hydraulic Modeling   

Based on the verification procedures we have concluded that the FEMA discharge for Río 
Guavate is substantially under-estimated and should not be used.  Therefore, for flow 
along Río Guavate we have used the peak discharge determined by the unit hydrograph 
method in this report.  For Río La Plata we have continued to use the FEMA discharge, 
which is somewhat higher than the unit hydrograph value obtained in this report. Thus, 
the modeling incorporates the higher of the two discharge estimates for each river. The 
peak discharges used in hydraulic modeling are shown in Table 9.  

Table 9: Peak Discharges Used in HEC-RAS Model  

Peak Discharges (cms) 
Location 

10-yr 50-yr 100-yr 500-yr 

Río La Plata above PR-52 340 680 880 1,445 

Río La Plata above PR-1 430 890 1,130 1,925 

Río Guavate above PR-52 294 423 493 697 
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4. HYDRAULIC ANALYSIS 

4.1 Study Approach and Methodology 

Hydraulic modeling was performed using Corp of Engineers’ HEC-RAS (v3.0) software 
for uniform, steady, one-dimensional flow to estimate the effects produced by changes in 
geometry, roughness and flow. The program can also evaluate hydraulic structures 
including culverts, intakes, and bridges and also contains hydraulic routines specifically 
designed to analyze encroachments. Given the type of analysis, HEC-RAS is considered 
the appropriate model for this analysis.  The HEC-RAS models were run in subcritical, 
steady-flow model.   

Prior FEMA modeling for this river was performed by the one-dimensional USGS step 
backwater program. The geometry from the USGS model datafile printout was 
reproduced in the HEC-RAS model to create the duplicate effective model.  

4.2 Models Prepared 
The following hydraulic models were prepared: 

1. Duplicate Effective Model. The USGS step backwater geometric file was 
reproduced in the HEC-RAS model and n-values were adjusted to calibrate against 
the reported 100-year water surface profile using the FEMA discharge data. A copy 
of the original USGS step backwater model printout is reproduced in Appendix D.   

2. Existing Condition Model.  The HEC-RAS model was modified to incorporate the 
present hydraulic conditions based on field observations and updated field survey 
data.  This analysis was performed for the 10-, 50-, 100-, and 500-year events.  

3. Floodway Encroachment Model.  The floodway encroachment analysis was 
performed to define the limits of the 100-year floodway and is based on the 
existing condition model and Type-1 and 4 encroachment methods. Encroachment 
limits were determined along both Río La Plata and Río Guavate based on a 
maximum increase in water surface elevation of 0.3 m, the same value used in the 
effective FEMA study. 

4.3 Hydraulic Geometry  

The effective model cross sections were taken directly from the USGS step-backwater 
model. For the existing condition model cross section locations were selected based on 
reference to FEMA cross sections, with additional cross-sections added baed on 
topographic mapping and field reconnaissance to best represent the hydraulic 
characteristics of the river along the study reach.  Cross section locations are shown in 
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Figure 9, and Table 10 presents the cross section names used in the model and those used 
by surveyor.
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Table 10: Cross Section Names used in the HEC-RAS Models and those by Surveyor 

River 
Model 
Cross 

Section 

Surveyor 
Cross 

Section 
Surveyor Description 

La Plata 3   Constructed from 
topographic survey 

La Plata 4 XS-12 Antonio Meléndez D/S face of PR-1 
bridge 

La Plata 5 XS-12 Antonio Meléndez U/S face of PR-1 
bridge 

La Plata 6 XS-11 Antonio Meléndez  

La Plata 7 XS-10 Antonio Meléndez  

La Plata 8 XS-4+81.97 Antonio Meléndez  

La Plata 9 XS-3+69.41 Antonio Meléndez  

La Plata 11 XS-2+89.99 Antonio Meléndez  

La Plata 12 XS-8 
(1+30.81) Antonio Meléndez  

La Plata 14 XS-7 Antonio Meléndez  

La Plata 15 XS-6 Antonio Meléndez  

La Plata 16 XS-5 Antonio Meléndez  

La Plata 17 XS-4 Antonio Meléndez  

La Plata 18 XS-3 Antonio Meléndez D/S face of PR-52 
bridge 

La Plata 19 XS-3 Antonio Meléndez U/S face of PR-52 
bridge 

Guavate 21 XS-21 Antonio Meléndez  

Guavate 22 XS-20 Antonio Meléndez  

Guavate 23 XS-19 Antonio Meléndez  

Guavate 24 XS-18 Antonio Meléndez  

Guavate 24.1 Profile 1 Fernando Santiago  
Guavate 24.2 Profile 2 Fernando Santiago  
Guavate 24.3 Profile 3 Fernando Santiago  
Guavate 24.4 Profile 4 Fernando Santiago  
Guavate 24.5 Profile 5 Fernando Santiago  
Guavate 24.6 Profile 6 Fernando Santiago  
Guavate 24.7 Profile 7 Fernando Santiago  
Guavate 24.8 Profile 8 Fernando Santiago  
Guavate 26 Profile 9 Fernando Santiago D/S face bridge 
Guavate 26.02   Copy of Profile 10 
Guavate 26.04 Profile 10 Fernando Santiago  
Guavate 26.2   Copy of Profile 11 
Guavate 26.25 Profile 11 Fernando Santiago  
Guavate 26.4 Profile 12 Fernando Santiago  
Guavate 26.5   Copy of Profile 12 
Guavate 27 Profile 13 Fernando Santiago U/S face bridge 
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4.4 Hydraulic Coefficients 

Manning’s n-value indicates the relative roughness in the channel and the energy loss due 
to friction and turbulence (boundary and form losses). The n-values used in the Duplicate 
Effective Model were adjusted to match FEMA profile for the FEMA discharges.  
Manning’s n-values for the existing condition model were estimated based on field 
observations and checked with reference to Barnes (1967) and Chow (1959).  The n-values 
were selected based on channel form, bed material and vegetation. The values employed 
for the coefficient of expansion and contractions along the reach are those recommended 
in the HEC-RAS user's manual. These coefficients of expansion and contraction increase 
for bridge sections characterized by abrupt transitions. Table 11 shows the coefficients 
used in the hydraulic modeling. 

Table 11: Hydraulic Coefficients used in Hydraulic Model  

Parameter Effective Duplicate Effective 

Manning’s N-value    

Main Channel (La Plata) 0.03-0.035 0.03-0.045 

Main Channel (Guavate) 0.02-0.04 0.03-0.05 

Overbanks (La Plata) 0.045-0.05 0.05 

Overbanks (Guavate) 0.045-0.05 0.10-0.15 

Coefficient of Expansion   

Gradual Transition 0.1 0.1 

Abrupt Transition  0.3 0.3 

Coefficient of Contraction    

Gradual Transition 0.3 0.3 

Abrupt Transition 0.5 0.5 
 

4.5 Results of Duplicate Effective Model 

In comparing FEMA printout results to the mapped cross sections for Río La Plata, it was 
first necessary to adjust cross section names per Table 12. Our report uses the cross-
section names as they appear in the map.  
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Table 12: FEMA Cross-Section Labels  

XSEC in FEMA Report XSEC in Effective Map 

I BH 

K BI 

L BJ 

M BK 

N BL 

O BM 

 

A duplicate effective model was prepared with HEC-RAS and compared to the results 
obtained with USGS Step Backwater program in Table 13 and Figure 10. Input data and 
results of the duplicate effective model can be seen in Appendix E.  

FEMA did not report water surface elevations at all sections due to lack of data. The 
results of calibration to the effective model presented a problem at two cross-sections.  

• At cross-section BK on Río La Plata the FEMA water level is about 1.6 m below our 
water level for the same location, even though perfect matches are achieved at the 
upstream and downstream sections. We believe there is an error in the FEMA 
report because the cross-section area and flow velocity are similar to our results, 
despite the large difference in water level. At the reported FEMA water level, the 
cross-section at area is only 83 m2, and at a discharge of 880 cms this would 
produce a highly super-critical flow velocity of 10.6 m/s, which is clearly 
impossible in this case.  

• The same problem occurs at cross-section B on Río Guavate. The FEMA water level 
is about 0.63 m above our water levels for the same location, even though perfect 
matches are achieved at the upstream sections.  

Therefore, the calibration results at these two locations have been ignored.   
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Table 13: 100-yr Water Surface Elevations for Effective and Duplicate Effective 
Models for Río La Plata  

River  FEMA Cross 
Section  

Model 
Cross 

Section   
Effective Duplicate 

Effective  Difference  

La Plata  BH 1 -- 370.74  

La Plata  BI 2 -- 371.19  

La Plata  BJ 3 371.8 371.81 0.01 

La Plata  BK 4 372.6 374.24 1.64 

La Plata  BL 5 375.8 375.84 0.04 

La Plata  BM 6 -- 376.66  
-- No data available 

 

Table 14: 100-yr Water Surface Elevations for Effective and Duplicate Effective 
Models for Río Guavate  

River  FEMA Cross 
Section  

Model 
Cross 

Section 
Effective Duplicate 

Effective  Difference  

Guavate BJ 0 371.8 371.8 0.00 

Guavate  B 1 373.9 373.27 0.63 
Guavate  C 2 -- 374.39  
Guavate  D 3 -- 377.17  
Guavate  E 4 377.8 377.76 0.04 
Guavate  F 5 378.6 378.62 0.02 

-- No data available 

 

 

 

 

 

 

 

 



November 29, 2006  - 19 - 

4.6 Results of Existing Condition Model 

Table 15 presents the existing condition water surface elevations for Río La Plata and Río 
Guavate for the 10-, 50-, 100-, and 500-year events. Input data and results of the existing 
condition model can be seen in Appendix F.  

Table 15: Existing Condition Water Surface Elevations  

Water Surface Elevations (m-msl) 
River Cross Section 

10-yr 50-yr 100-yr 500-yr 

La Plata 3 368.16 369.63 370.09 371.13 

La Plata 4 368.45 369.75 370.10 371.21 

La Plata 5 368.63 369.98 370.46 373.13 

La Plata 6 368.93 370.73 371.46 374.32 

La Plata 7 369.23 370.94 371.73 374.32 

La Plata 8 370.53 372.14 372.65 374.57 

La Plata 9 370.67 372.19 372.70 374.59 

La Plata 11 370.72 372.06 372.53 374.58 

La Plata 12 371.46 372.45 372.88 374.62 

La Plata 14 372.98 373.80 373.99 374.87 

La Plata 15 373.97 374.63 374.93 375.50 

La Plata 16 374.48 375.36 375.72 376.22 

La Plata 17 376.14 377.10 377.41 378.09 

La Plata 18 376.92 377.40 377.64 378.55 

La Plata 19 377.14 378.11 378.73 380.38 

Guavate 21 371.33 372.07 372.63 374.61 

Guavate 22 373.13 373.40 373.49 374.70 

Guavate 23 374.21 374.51 374.66 375.02 

Guavate 24 374.84 375.20 375.32 375.60 

Guavate 24.1 375.29 375.68 375.84 376.29 

Guavate 24.2 375.83 375.93 375.99 376.28 

Guavate 24.3 375.96 376.42 376.57 376.98 

Guavate 24.4 376.57 377.10 377.26 377.71 

Guavate 24.5 376.60 376.95 377.29 378.42 

Guavate 24.6 376.66 376.99 377.65 378.46 

Guavate 24.7 376.80 377.87 378.31 379.28 

Guavate 24.8 377.64 378.47 378.87 380.15 

Guavate 26 379.08 380.16 380.64 381.92 

Guavate 26.02 378.94 380.00 380.50 381.72 

Guavate 26.04 378.97 380.03 380.53 381.75 

Guavate 26.2 379.21 380.34 380.86 382.14 

Guavate 26.25 379.23 380.36 380.88 382.16 

Guavate 26.4 379.04 380.12 380.62 381.86 

Guavate 26.5 379.08 380.15 380.65 381.89 

Guavate 27 379.37 380.54 381.05 382.36 
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4.7 Results of Floodway Encroachment Model 

Figure 11 shows the 100-yr floodplain and floodway for the study reach of Río La Plata 
and Río Guavate. Table 16 compares 100-year existing and encroached condition model 
flood elevations (m-msl) for Río La Plata and Río Guavate respectively.  Table 17 shows 
the stations where the encroachment limits were established. Input data and results of the 
encroachment model can be seen in Appendix G. 

Table 16: Comparison of 100-year Existing Condition and Floodway Encroachment 
Model Water Surface Elevations  

River Cross Section Existing Encroached Difference 

La Plata 3 370.09 370.11 0.02 

La Plata 4 370.10 370.11 0.01 

La Plata 5 370.46 370.46 0.00 

La Plata 6 371.46 371.46 0.00 

La Plata 7 371.73 371.73 0.00 

La Plata 8 372.65 372.68 0.03 

La Plata 9 372.70 372.75 0.05 

La Plata 11 372.53 372.53 0.00 

La Plata 12 372.88 372.88 0.00 

La Plata 14 373.99 374.13 0.14 

La Plata 15 374.93 375.23 0.30 

La Plata 16 375.72 376.02 0.30 

La Plata 17 377.41 377.49 0.08 

La Plata 18 377.64 377.91 0.27 

La Plata 19 378.73 378.75 0.02 

Guavate 21 372.63 372.62 -0.01 

Guavate 22 373.49 373.62 0.13 

Guavate 23 374.66 374.77 0.11 

Guavate 24 375.32 375.36 0.04 

Guavate 24.1 375.84 376.08 0.24 

Guavate 24.2 375.99 376.18 0.19 

Guavate 24.3 376.57 376.60 0.03 

Guavate 24.4 377.26 377.45 0.19 

Guavate 24.5 377.29 377.28 -0.01 

Guavate 24.6 377.65 377.67 0.02 

Guavate 24.7 378.31 378.36 0.05 

Guavate 24.8 378.87 378.83 -0.03 

Guavate 26 380.64 380.92 0.28 

Guavate 26.02 380.50 380.79 0.29 

Guavate 26.04 380.53 380.81 0.28 

Guavate 26.2 380.86 381.10 0.24 

Guavate 26.25 380.88 381.11 0.23 

Guavate 26.4 380.62 380.89 0.27 

Guavate 26.5 380.65 380.91 0.26 

Guavate 27 381.05 381.26 0.21 
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Table 17: Cross Sections Stations for Floodway Encroachment 

River Cross Section Left Station  Right Station  Top Width 

La Plata 3 16.62 205.17 188.55 

La Plata 4*    

La Plata 5*    

La Plata 6 691.92 802.95 111.00 

La Plata 7 216.53 396.16 179.63 

La Plata 8 589.22 936.81 347.59 

La Plata 9 88.00 596.00 508.00 

La Plata 11 272.03 455.33 183.30 

La Plata 12 223.86 392.77 168.91 

La Plata 14 95.00 290.00 195.00 

La Plata 15 52.00 388.00 336.00 

La Plata 16 47.43 398.00 350.57 

La Plata 17 7.15 182.42 175.27 

La Plata 18*    

La Plata 19*    

Guavate 21 262.01 497.27 235.26 

Guavate 22 188.43 327.86 139.43 

Guavate 23 211.82 371.82 160.00 

Guavate 24 127.71 266.51 138.80 

Guavate 24.1 15.90 158.00 141.65 

Guavate 24.2 8.40 122.30 112.11 

Guavate 24.3 6.90 108.50 101.42 

Guavate 24.4 4.50 93.80 89.04 

Guavate 24.5 6.70 74.00 48.82 

Guavate 24.6 6.70 65.20 58.50 

Guavate 24.7 2.50 43.20 40.70 

Guavate 24.8 10.20 47.52 37.32 

Guavate 26*    

Guavate 26.02*    

Guavate 26.04*    

Guavate 26.2*    

Guavate 26.25*    

Guavate 26.4*    

Guavate 26.5*    

Guavate 27*    
* Note: Cross Section not encroached. 
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5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

1. The FEMA discharges along Río Guavate are significantly under-estimated.  New 
hydrology has been prepared for Río Guavate. The existing condition 100-year water 
level of 381.05 m computed at section 27, upstream face of the bridge is 3.25 m 
higher then the FEMA 100-year water level of 377.8 at the same site due to both the 
change in hydrology plus more detailed hydraulic geometry of this area.   

2. The FEMA 100-year discharge for Río La Plata is slightly higher than the value 
obtained in the current study. The FEMA discharge values have therefore been used 
in the hydrologic analysis of Río La Plata.  

3. Proposed revisions to floodway limits are shown in Figure 11.  There limits have 
been set based on the new encroachment analysis, and have also been adjusted to 
provide floodway designation in buffer areas where river meanders are actively 
eroding the stream bank.  
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Figure 1: Location map  (scale 1:12,000) 
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Figure 3: Flood zones within the study area, obtained from FEMA Flood 
Insurance Rate map dated, April 19, 2005   (scale 1:12,000)
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Figure 4: Watersheds limits   (scale 1:70,000) 
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Figure 6: Hydrologic soil group  (scale 1:70,000) 
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Figure 7: Aerial photo  (scale 1:70,000) 
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Comparison water surface profile for Río La Plata 
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Comparison water surface profile for Río Guavate 
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Figure 10: Comparison profiles between Effective and Duplicate Effective models 
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Appendix A 

Curve Number Calculations 
 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix B 

Time of Concentration Calculations 
 

 

 

 

 

 

 

 

 

 

 

 

 









 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix C 

Input Data and Results of HEC-HMS Model for  

Existing Conditions 
 

 

 

 

 

 

 

 

 

 

 

 

 

































































































































 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix D 

Copy of Original FEMA Model 
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Appendix E 

Input Data and Results of HEC-RAS Model for  

Duplicate Effective Model  
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Appendix F 

Input Data and Results of HEC-RAS Model for  

Existing Conditions 
 

 

 

 

 

 

 

 

 

 

 

 

 









































 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix G 

Input Data and Results of HEC-RAS Model for  

Floodway Encroachment Model 
 

 

 

 

 

 

 

 

 

 

 

 

 






















































