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I.  INTRODUCTION 

 

A housing development project named New Castle Development is to be constructed in the 

Municipality of Canóvanas. The site access is at state road PR-957 that is connected to state road 

PR-185. Río Canóvanas bounds the western portion of the project site.  The project consists on 

housing units, recreational facilities and green areas. 

 

According to the regulatory flood maps, a small part of the site is located in the floodway of Río 

Canóvanas, and in the floodplain, without elevations, of an unnamed tributary watercourse that 

crosses a portion of the project site. The development of the project will not affect either Río 

Canóvanas floodway nor the floodway to be determined for its tributary.  

 

Purpose of Study  

 

The purpose of the study is to determine the floodplain and the floodway for the unnamed 

tributary watercourse crossing the site and to size a crossing structure, in order to request from 

FEMA a Conditional Letter of Map Revision (CLOMR). 

 

Approach 

 

The following steps have been undertaken throughout the study: 

 

Hydrologic Analysis: The following parameters were determined for the hydrologic analysis: 
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drainage areas, average soil curve number (CN) and runoff lag time (Tlag). Based on these 

parameters, discharge for 100-years frequency storm was determined. HEC-1 model was used.  

Discharges for more recurrent storm events such as: 10-, 50-years were determined, as well as 

the discharge for a 500-year rainfall event. 

 

Hydraulic Analysis:  Two hydraulic models were developed to estimate the water surface 

elevations for the watercourse: The first for existing condition and the second for proposed 

condition. The proposed condition model incorporates a bridge and encroaches the floodplain to 

determine the floodway. Comparison of water elevations for both conditions would fall within 

the limits established by Regulation No. 13. The US Army Corps of Engineer’s HECRAS 

computer model was used. 

 

Authorization 

 

Eng. Francisco Charles on behalf of Desarrollos Altamira II, Inc. authorized this study under a 

contract with CA Engineering, PSC, represented by its president Mr. Casiano Ancalle. II.  
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II. BACKGROUND INFORMATION 

 

Location 

 

The project is located in the Municipality of Canóvanas.  The site bounds north with state road 

PR-957, west with Río Canóvanas, south with private properties, and east with succession Garcia 

and José Pagan properties.  The property access is through road PR-957 branching out from state 

road PR-185.  The approximate total area of the project is about 137.00 acres. Figure 1 illustrates 

the project site location on the USGS Quadrangle. Figure 2 shows the development layout. 

 

Topography 

 

The topography of the site slopes down to the tributary watercourse. Ground elevations range 

from 145.00 to 45.00 meters (m.s.l.). See Figure 3 for details. 

 

Water Bodies 

 

The project site is crossed by a storm watercourse that running from southeast to northwest to 

discharge into Río Canóvanas. The majority of the project’s site runoff discharges to this 

watercourse. A very small part discharges directly into Río Canóvanas.   

 

Flooding 

 

A small part of the project site is located in the Río Canóvanas floodway, but the project will not 

affect this area. Also, the storm watercourse crossing the project site is zoned floodable Zone A 

(without elevations). A partial copy of sheet 760 of FEMA’s flood map dated April 19, 2005 is 

included in Figure 6. 
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Former Studies 

 

Though no specific studies have been made for the project site in the past, FEMA’s detailed 

study for Río Canóvanas is very much related to it.   

 

Field Information  

 

Field data used in this study was taken from the topographic information provided by Eng. 

Francisco Charles. Results obtained in this study are strictly based on this information. The 

topography is tied to mean sea level reference.  This fieldwork is included in the pocket attached 

to the back cover of this study as Appendix E. 

 

Study Level 

 

This study is intended as an aid to the design engineer for laying out the development outside of 

the floodway.  Figures, schematics and drawings must not be used as construction drawings. The 

design engineer must elaborate the construction drawings in agreement with the findings of this 

study. 



H-H Study New Castle Development   5

III.  HYDROLOGIC ANALYSIS 

 

The computer program entitled Flood Hydrograph Package (HEC-1), developed by the U.S. 

Army Corps of Engineers [1990], was used for the performance of the hydrologic analysis. 

Using this program, the Unit Hydrograph method and the Runoff Curve Number (CN) method, 

both developed by the Soil Conservation Service (SCS), were applied to determine the design 

hydrograph. This was computed by a process of translating the rainfall excess into a runoff 

hydrograph known as convolution. 

 

Peak discharges for 10-, 50- 100- and 500-year storm frequency were estimated for the unnamed 

tributary storm watercourse. 

 

Drainage Areas 

 

One drainage area has been identified at the project site: P1. Area P1 was subdivided in P1A, 

P1B, P1C, P1D, P1E and P1F.  Offsite areas considered in the hydrologic analysis were: E0, E1, 

E2, E3 and E4 and E5 (See Figure 4). The total area of the project site is approximately 137.00 

acres. 

 

Table 1 shows the drainage areas taken into account for the hydrologic analysis. 

Table 1 
Drainage Areas 

 

             

Drainage 
Area 

Area  
(acres) 

P1A 30.15 
P1B 8.95 
P1C 11.60 
P1D 21.06 
P1E 45.23 
P1F 19.46 
E0 284.35 
E1 115.96 
E2 41.43 
E3 17.92 
E4 13.53 
E5 73.38 
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TLag =  L0.8(S+1)0.7 

       1900 Y0.5 

Curve Numbers (CN) 

 

According to the SCS’s Soil Maps, ten types of soils are present in the whole drainage area 

including the project site: Mabi clay, Caguabo clay loam, Mucara silty clay loam, Toa silty, 

Aceituna Silty, Rio Arriba, Reilly land, Rock land, Humatas stony and los Guineos silty.  

Weighted curve numbers were estimated for each drainage area.  

 

Appendix A includes the Curve Number computations. Figure 5 shows the soils map 

corresponding to the project site and offsite areas. 

 

Lag Time 

 

The Lag Time (TLag) was estimated using the SCS method defined as: 

 

 

 

where :   L = channel length (ft) 

S = 1000/CN - 10 

Y = average watershed slope 

 

Detailed Lag Time calculations are shown in Appendix A. 

 

Rainfall Data 

 

The variation of rainfall volume with time was required as part of the storm input for the SCS 

Curve Number method. Therefore, the development of a design storm with a rainfall frequency 

and duration was necessary to compute the design hydrograph for the watershed. Rainfall data 

used in this study was obtained from NOAA’s National Weather Service Atlas 14. The rainfall 

depths for 500, 100, 50 and 10-years frequency for several durations was used and are shown in 

Table 2. Details of the rainfall depth information are shown in Appendix A. 
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Table 2 
Rainfall for 2, 10, 25, 50 y 100 years 

Precipitation 
Inches Duration 

Hrs. 
10-yr 50-yr 100-yr 500-yr 

0.083 0.72 0.93 1.02 1.23 
0.25 1.27 1.63 1.78 2.17 

1 3.02 3.87 4.24 5.14 
2 4.31 5.73 6.36 7.93 
3 5.02 6.88 7.74 9.89 
6 6.71 9.61 10.97 14.45 
12 8.51 12.46 14.33 19.19 
24 10.33 15.59 18.16 24.97 

 

Depth-Area Adjustment 

 

Point rainfall estimates obtained from NOAA’s National Weather Service, ATLAS 14 represent 

values for areas up to 10 mi2; therefore, a depth-area adjustment should be applied to the rainfall 

data when the watershed area is greater. In this case, the watershed consists of 0.2132 mi2. 

Hence, this adjustment was not applied. 

 

Time Distribution of Rainfall  

 

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

considered acceptable for small areas. 

 

Rainfall Extraction 

 

Rainfall extraction such as vegetative interception, depressional storage, and infiltration were 

estimated using the SCS's Runoff Curve Number method. Though this method is used to predict 

runoff volume directly, the rainfall extraction is incorporated in the model as function of the 

curve number of the watershed. 
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Hydrologic Analysis Results 

 

Hydrologic analysis was made for all the drainage areas. Individual and composite runoff 

hydrographs were obtained using HEC-1 methodology. Table 3 shows the summary of the 

results for this analysis.  Input and output data for the HEC-1 model is included in Appendix B.  

Table 3 
Peak Discharges 

Peak Discharge, cfs 
DRAINAGE AREAS 

10-yr 50-yr 100-yr 500-yr 
P1B 43 59 65 81 
P1C 75 101 112 137 

COMB1 (P1B+P1C) 116 158 176 217 
E5C 92 123 135 166 

CHANN 89 120 134 164 
E5B 198 261 287 352 

CHANN 189 249 271 331 
E5A 95 126 138 169 

CHANN 82 111 122 149 
COMB2 (E5) 325 431 472 581 

E0 988 1315 1451 1785 
CHANN 987 1313 1449 1783 

E1 507 669 736 903 
COMB3 (E0+E1) 1454 1928 2125 2612 

COMB4 (COMB3+COMB2) 1765 2350 2592 3189 
CHANN 1753 2337 2577 3172 

E3 114 150 165 201 
CHANN 102 136 150 185 

P1F 114 150 165 202 
COMB5 (E3+P1F) 216 286 315 387 

COMB6 (COMB5+COMB4) 1891 2517 2775 3413 
CHANN 1882 2507 2765 3402 

E2 243 319 351 429 
CHANN 221 292 323 397 

P1E 180 239 264 326 
COMB7 (E2+P1E) 370 488 538 659 

COMB8 (COMB7+COMB6) 2225 2958 3260 4009 
CHANN 2200 2931 3232 3982 

P1D 108 146 162 201 
COMB9 (P1D+COMB8) 2274 3030 3342 4117 

CHANN 2247 3000 3311 4083 
E4 92 121 133 162 

CHANN 80 103 114 135 
P1A 158 209 230 281 

COMB10 (P1A+E4) 238 312 343 416 

E
xi

st
in

g 

COMB11 
(COMB10+COMB9) 2419 3229 3561 4391 
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IV. HYDRAULIC ANALYSIS 

 

A hydraulic analysis was made in order to delineate the floodplain and the floodway for the 

watercourse.  

 

The hydraulic analysis was made using the mathematical model HEC-RAS developed by the US 

Corps of Engineers. For this model, the hydraulic regime is steady, uniform and one-

dimensional. The model accepts changes in the geometry of the watercourse, bank-bed-overbank 

friction coefficient and shapes of hydraulic structures.  

 

The friction coefficient used in the modeling was obtained from visual inspection of the 

watercourses bed and banks; and crosschecked with the typical values provided by Barnes 

(1967) and Chow (1959). 

 

Cross sections for the creek were taken from the fieldwork provided. This fieldwork is shown in 

Appendix E. Figure 7 depicts the location of the cross sections. 

 

Roughness 

 

Manning coefficients estimated for the model are 0.013 for concrete, 0.045 for the channel and 

the over banks. These values reflect the changes in direction and the irregular shape of the 

channel bed and the vegetation present in the courses.  

 

Contraction and Expansion Coefficients 

 

Coefficients of contraction and expansion used are those recommended by the HEC-RAS user’s 

manual. Thus, coefficients of 0.1 and 0.3 respectively were used for gradual transitions. 
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Hydraulics for Existing Condition 

 

Existing condition consists in the storm watercourse as it is at the present. The analysis was 

based on the cross sections of the watercourse and the discharges obtained from the hydrologic 

analysis. Rainfall events of 500, 100, 50 and 10-years were considered in the analysis. 

 

The hydraulic analysis was made starting at the point where the storm watercourse joins Río 

Canóvanas. The starting water elevation for the subcritical run was taken from the FEMA study, 

47.76m, msl. The discharge used for analysis was 3,561 cfs, which was obtained from 

hydrologic analysis. Flow regime was mainly sub-critical, and super-critical for the upstream 

sections.   

 

The computer output is included in Appendix C The following Table 10 includes the summary of 

the results for a 100-year event. 

Table 10 

Existing Condition Hydraulics 100-yr 

River Reach 
River 

Sta 
Profile 

Q 

Total 

(m3/s) 

Min 

Ch El 

(m) 

W.S. 

Elev 

(m) 

Crit 

W.S. 

(m) 

E.G. 

Elev 

(m) 

E.G. 

Slope 

(m/m) 

Vel 

Chnl 

(m/s) 

Flow 

Area 

(m2) 

Top 

Width 

(m) 

Froude 

# Chl 

15 100-Yr 72.96 77.00 78.65 78.66 79.29 0.015366 3.53 20.69 16.38 1.00 

14 100-Yr 78.28 74.00 74.56 74.99 76.10 0.110681 5.48 14.28 26.38 2.38 

13 100-Yr 78.28 72.00 73.39 73.73 74.44 0.045083 4.54 17.24 21.40 1.62 

11 100-Yr 78.28 65.00 65.68 65.85 66.25 0.047166 3.35 23.39 48.19 1.53 

10.9 100-Yr 91.51 62.00 62.87 63.03 63.56 0.030256 3.69 24.78 31.31 1.33 

10 100-Yr 91.51 60.00 61.37 61.70 62.42 0.044563 4.53 20.19 25.16 1.62 

9 100-Yr 91.51 57.00 58.82 58.97 59.47 0.024952 3.58 25.54 29.21 1.22 

8 100-Yr 93.74 55.00 56.09 56.31 56.77 0.040497 3.66 25.60 41.13 1.48 

7 100-Yr 93.74 52.99 54.41 54.41 54.83 0.017129 2.90 32.34 38.48 1.01 

6 100-Yr 93.74 51.00 52.44 52.58 52.88 0.038932 3.24 33.29 76.13 1.41 

5 100-Yr 93.74 48.00 49.51 49.08 49.64 0.003347 1.55 61.93 62.31 0.47 

4 100-Yr 93.74 48.00 49.19  49.35 0.006225 1.91 55.59 69.93 0.62 

3 100-Yr 93.74 47.00 48.46 48.46 48.69 0.008867 2.38 54.11 111.70 0.75 

2 100-Yr 100.82 45.00 47.74 46.30 47.79 0.000576 1.01 119.51 85.80 0.22 

CREEK1 ONE 

1 100-Yr 100.82 44.61 47.76 42.35 47.76 0.000006 0.13 702.72 193.71 0.02 

12 100-Yr 9.15 71.00 71.89 71.89 72.13 0.021321 2.19 4.19 8.82 1.01 

11 100-Yr 9.15 65.00 65.13 65.25 65.62 0.284576 3.12 2.93 25.90 2.96 A_TRIBUTARY ONE 

10.91 100-Yr 91.51 62.00 63.20 63.03 63.54 0.010003 2.58 35.40 33.20 0.80 
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Encroachment Analysis 

 

Proposed condition consists on encroaching the floodplain to allow fill at the project site. The 

encroachment analysis was made for a 100-year discharge using the criteria of equal loss of 

conveyance (encroachment Method 4). Having defined the encroachment limits through this 

method, a fine adjustment was made using Method 1 considering that opposite side is not 

affected. The encroachment analysis includes a 15-meter span bridge. The proposed bridge 

geometry and plan view is shown on Figure 10. 

  

The hydraulic computations are included in Appendix D, and the following Table 11 shows the 

results for the 100-year storm. 
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Table 11 
Proposed Condition Hydraulics 100-yr 

River Reach 
River 

Sta 
Profile 

W.S. 

Elev 

(m) 

Prof 

Delta 

WS 

(m) 

E.G. 

Elev 

(m) 

Top 

Wdth 

Act 

(m) 

Q 

Left 

(m3/s) 

Q 

Channel 

(m3/s) 

Q 

Right 

(m3/s) 

Enc 

Sta L 

(m) 

Ch Sta 

L 

(m) 

Ch Sta 

R 

(m) 

Enc 

Sta R 

(m) 

100Y 78.65  79.29 16.38  72.96   22.01 43.37  
15 

ENC 78.65 0 79.29 16.38  72.96  22.01 22.01 43.37 43.37 

100Y 74.56  76.1 26.38  78.28   50.22 85.87  
14 

ENC 74.56 0 76.1 26.38  78.28  50.22 50.22 85.87 85.87 

100Y 73.39  74.44 21.4  78.28   71.32 100.94  
13 

ENC 73.39 0 74.44 21.4  78.28  71.32 71.32 100.94 100.94 

100Y 65.68  66.25 48.19  78.28   109.93 203.61  
11 

ENC 65.68 0 66.25 48.19  78.28   109.93 203.61  

100Y 62.87  63.56 31.31  91.51   102.74 150.08  
10.9 

ENC 62.87 0 63.56 31.31  91.51  102.74 102.74 150.08 150.08 

100Y 61.37  62.42 25.16  91.51   140.71 207.65  
10 

ENC 61.37 0 62.42 25.16  91.51  140.71 140.71 207.65 207.65 

100Y 58.82  59.47 29.21  91.51   118.88 164.95  
9 

ENC 58.82 0 59.47 29.21  91.51  118.88 118.88 164.95 164.95 

100Y 56.09  56.77 41.13  93.74   160.47 230.3  
8 

ENC 56.09 0 56.77 41.13  93.74  160.47 160.47 230.3 230.3 

100Y 54.41  54.83 38.48  93.74   196.44 252.74  
7 

ENC 54.41 0 54.83 38.53  93.74  196.44 196.44 252.74 252.74 

100Y 52.44  52.88 76.13 0 67.66 26.08  158 216.38  
6 

ENC 52.65 0.22 53.15 46.92  93.74  158 158 216.38 216.38 

100Y 49.59  49.69 66.56 2.63 89.8 1.31  119.9 173.63  
5 

ENC 49.71 0.12 49.8 53.73  93.74  119.9 119.9 173.63 173.63 

100Y 49.42  49.52 74.26 34.41 57.99 1.34  187.98 220.87  
4 

ENC 49.49 0.07 49.63 51.86 20.7 73.04  169.01 187.98 220.87 220.87 

100Y 48.45  48.96 29.47  93.74   157.63 187.1  
3 

ENC 48.46 0 48.96 29.47  93.74  157.63 157.63 187.1 187.1 

100Y 47.85  48.23 13  100.82   191.32 230.14  
2 

ENC 47.85 0 48.23 13  100.82  191.32 191.32 230.14 254.44 

100Y 47.76  48.16 13  100.82   191.32 230.14  1.5     

BR U ENC 47.76 0 48.16 13  100.82  191.32 191.32 230.14 254.44 

100Y 47.8  48.1 13  100.82   39.18 193  1.5     

BR D ENC 47.8 0 48.1 13  100.82  0 39.18 193 258.33 

100Y 47.76  48.07 13  100.82   39.18 193  

CREEK1 ONE 

1 
ENC 47.76 0 48.07 13  100.82  0 39.18 193 258.33 

100Y 71.89  72.13 8.82  9.15   79.95 107.35  
12 

ENC 71.89 0 72.13 8.82  9.15  79.95 79.95 107.35 107.35 

100Y 65.13  65.62 25.92  9.15   109.93 203.61  
11 

ENC 65.13 0 65.62 25.92  9.15  109.93 109.93 203.61 203.61 

100Y 63.2  63.54 33.2  91.51   102.74 150.08  

A_TRIBUTARY ONE 

10.91 
ENC 63.2 0 63.54 33.2  91.51  102.74 102.74 150.08 150.08 
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Results 

 

The results of the encroachment analysis indicate that no increment in water surface elevation 

above 0.30 meters is produced. The maximum increment is 0.30m at Cross Section 4. The 

watercourse floodplain/floodway is shown in Figure 8 and in Figure 9 superimposed on FEMA 

Map. No construction will take place in the floodway.  

 

FEMA’s MT-2 Form 

 

A filled FEMA’s Forms MT-2 for requesting the Conditional Letter of Map Revision (CLOMR) 

is included in Appendix F. 
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V. CONCLUSIONS AND RECOMMENDATIONS 

 

The following are the conclusions of this study: 

 

1. According to the FEMA’s Flood Insurance Rate Map, a very small part of the project site is 

located in the floodway of Río Canóvanas. This part will not be developed. 

 

2. The 100-year floodway footprint determined for the watercourse crossing the project site will 

not be affected by the development.  

 

The following are the recommendations of this study: 

 

1. The project site’s roadway elevation must be at least 0.90 meters above the adjacent 100-year 

flood water elevation observed from the FEMA flood maps and from the HECRAS results on 

this study and the minimum floor elevation will be 0.45 meters above the adjacent roadway 

elevation. 

 

2. The engineer will make sure that the proposed drainage areas be graded in a way that the 

drainage area for this basin conform the areas indicated in this study.   

 

3. Maintenance of the road crossing structure will be necessary during operation. Maintenance 

shall consist on keeping the entrance free from clogging debris or vegetation. 
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