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HYDROLOGIC-HYDRAULIC STUDY
FOR CAMPO RICO NEW CASTLE DEVELOPMENT
CANOVANAS, PUERTO RICO

Casiano Ancalle, P.E.
June, 2007

I. INTRODUCTION

A housing development project named Campo Rico NBastle is to be constructed in the
Municipality of Candvanas. The site access istatiesroad PR-957 that is connected to state
road PR-185. Rio Candvanas bounds the northerh sigss of the project site. The project

consists on housing units, recreational faciliteesj green areas.

According to the regulatory flood maps, a small pduthe site is located in the floodway of Rio
Candvanas, and an unnamed watercourse crossestianpof the property. However, the
development of the project will not affect theseas. The development of the site is going to
increase runoff. This increase has to be mitigaisxbrding to the prescriptions of the Puerto

Rico Planning Board Regulation No. 3.

Purpose of Study

The purpose of the study is to determine the fltexals and footprint for the watercourse
crossing the site, and to size the watercoursesicr@structures. In addition, as the development
of the site will increase the peak runoff dischartiee study will quantify the increase and
provide means for mitigating it according to theeRa Rico’s Planning Board Regulation No. 3.

Approach

The following steps have been undertaken througth@ustudy:
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Hydrologic Analysis The following parameters were determined for liyerologic analysis:

drainage areas, average soil curve number and friepftime. Based on these parameters,
discharge for 100-years frequency storm was deteunior existing and proposed condition.
HEC-1 model was used. Discharges for more recustemm events such as: 2-, 10-, 25-, 50-

and 100-years, were also determined.

Hydraulic Analysis A hydraulic analysis was performed in order $tireate the water surface

elevations for the three storm watercourses. mExjstondition’s water levels were determined
first. Water levels considering the crossing suites were determined. Comparison of water
elevations for both conditions would fall withinethimits established by Regulation No. 13. The
US Army Corps of Engineer's HECRAS computer modatwsed.

Runoff Discharge Mitigation Analysis A mitigation analysis was made in order to ceuadt

the impact of the proposed development. A mitggatpond was employed as a detention
structure. HEC-1 model was used for the mitigaiaalysis. 2-, 10-, 25-, 50- and 100 frequency
discharges were analyzed for mitigation.

Conclusions and recommendations were elaborated.

Authorization

Eng. Francisco Charles on behalf of Desarollos milta, Inc. authorized this study, under a

contract signed with Eng. Casiano Ancalle, princgieCA Engineering.
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II. BACKGROUND INFORMATION
Location

The project is located in the Municipality of Caadas. The site bounds north with state road
PR-957, west with Rio Candvanas, south with priyaigperties, and east with the housing
project Altamira I. The property access is througad PR-957 branching out from state road
PR-185. The approximate total area of the proj@c209.83 acres. Figure 1 illustrates the

project site location on the USGS Quadrangle. fei@ushows the development layout.
Topography

The topography of the site slopes down to the maest, towards Rio Candvanas. Ground

elevations range from 220.00 to 45.00 meters (.S¢e Figure 3.
Water Bodies

A storm watercourse crosses the site from southt éasnorthwest to discharge into Rio
Candvanas. The majority of the project’s site rfidifcharges to this watercourse. A very small

part discharges directly into Rio Canovanas.
Flooding

A very small part of the project site is locatedtiie Rio Canovanas floodway. But the project
will not affect this area. Also, the channel of tierm watercourse crossing the project site,
located at the northern portion of the project steoned floodable without elevations, which is
to say that FEMA did not perform a detailed stutlyhes segment. The present study includes a
hydraulic analysis of this watercourse. A partiapg of sheets 860 and 780 of FEMA'’s flood
map dated April 19, 2005 is included in Figure 7.
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Former Studies

Though no specific studies have been made for thjegi site in the past, two studies are very
much related to it, FEMA'’s study for Rio Canévamaasl CA Engineering’s study for Altamira.
The segment of the river bounding the project faitls within the FEMA'’s study, its levels and
flood footprint is used in this study. On Februafp6, CA Engineering elaborated a HH study
for Altamira development. This study has been esetbiby the Department of Environment and
Natural Resources on October 16, 2006. Copy of létier of endorsement is included in

Appendix I.
Field Information

Field data used in this study was taken from thmogoaphic information provided by Eng.
Francisco Charles. Results obtained in this stmystrictly based on this information. The
topography is tied to mean sea level referencas fléldwork is included in the pocket attached

to the back cover of this study as Appendix H.

Study Level

This study is intended as an aid to the designnemgiin the preparation of the construction
drawings for the recommended structures. Figwagmatics and drawings must not be used as

construction drawings. The design engineer musboetde the construction drawings in

agreements with the recommendations of this study.
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[ll. HYDROLOGIC ANALYSIS

The computer program entitled Flood Hydrograph Bgek(HEC-1), developed by the U.S.
Army Corps of Engineers [1990], was used for thefqumance of the hydrologic analysis.
Using this program, the Unit Hydrograph method #mel Runoff Curve Number (CN) method,
both developed by the Soil Conservation ServiceS)S@ere applied to determine the design
hydrograph. This was computed by a process of laing the rainfall excess into a runoff

hydrograph known as convolution.

Peak discharges for 2-, 10-, 25-, 50- and 100-garm frequency were estimated for the
existing condition and proposed condition.

Drainage Areas

Two drainage areas have been identified for thstiexj condition at the project site: P1 and P2.
Area P1 was subdivided in P1A, P1B, P1C, P1D, Pi& R1F; and drainage area P2 was
subdivided in P2A, P2B and P2C. Offsite areasidensd in the hydrologic analysis were: EO,
El, E2, E3 and E4. (Figure 4) At proposed condjtithe project site drainage areas were
slightly modified to fit the development need: Aeh was subdivided in nine areas; while Area
P2 kept its three subareas as shown in Figure He fbtal area of the project site is

approximately 209.83 acres.

Table 1 shows the drainage areas taken into acéoutite hydrologic analysis, for both existing

and proposed condition.
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Curve Numbers

Table1

Drainage Areas
Area, acres
Name
Existing Proposed
P1A 30.15 35.21
P1B 8.95 --
P1B1 -- 9.70
P1B2 -- 6.01
P1C 11.60
P1C1 -- 10.61
P1C2 -- 12.73
Project P1D 21.06 22.80
Areas
P1E 45.23 18.69
P1F 19.46 --
P1F1 -- 11.20
P1F2 -- 9.50
P2A 13.39 22.20
P2B 40.00 39.68
pP2C 19.99 11.50

Curve numbers were established. According to th®'S$Soil Maps, the project area is classified

in ten types of soil: Mabi clay, Caguabo clay lodvycara silty clay loam, Toa silty, Aceituna

6 é
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Silty, Rio Arriba, Reilly land, Rock land, Humatasny and los Guineos silty. Weighted curve
numbers were estimated for each drainage area Adalil of 93 was adopted for the developed

site.
Appendix A includes the Curve Number computatioas dxisting and proposed condition.

Figure 6 shows the soil map corresponding to tbgept site and offsite areas.

Lag Time

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

TLag — O.E(S_'_lf.?

1900 ¥-°
where : L = channel length (ft)
S = 1000/CN - 10
Y = average watershed slope

Detailed Lag Time calculations are shown in App&rli

Rainfall Data
The variation of rainfall volume with time was reqad as part of the storm input for the SCS
Curve Number method. Therefore, the developmerat désign storm with a rainfall frequency
and duration was necessary to compute the destyodmaph for the watershed.

Rainfall data used in this study was obtained ftbenTechnical Paper No. 42 (TP-42) [National
Weather Service, 1961]. The 24-hour duration rédlirdapths for 100, 50, 25, 10 and 2 years

frequency are shown in Table 1.
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Table 2
Rainfall for 2, 10, 25, 50 y 100 years

_ Precipitation
Duration Inches
Hrs.
2-yr 10-yr 25-yr 50-yr 100-yr

0.083 0.61 0.70 0.89 1.00 1.19

0.25 1.32 1.62 2.00 2.23 2.59
1 2.70 3.65 4.20 4.60 5.15
2 3.20 4.60 5.25 5.75 6.50
3 3.70 5.15 5.80 6.50 7.10
6 4.60 6.25 7.15 8.10 9.00
12 5.40 7.50 8.80 10.00 11.00
24 6.40 9.00 10.25 11.75 13.00

Depth-Area Adjustment

Point rainfall estimates obtained from the TP-4present values for areas up to 10%mi
therefore, a depth-area adjustment should be apgi¢he rainfall data when the watershed area
is greater. In this case, the largest watershedistsnof 0.3880 mi Hence, this adjustment was

not applied.

Time Distribution of Rainfall

The SCS Type Il Storm Distribution methodology wesed to distribute the rainfall depth in

time. This method is considered acceptable for lsanaehs.

Rainfall Extraction

Rainfall extraction such as vegetative interceptidepressional storage, and infiltration were
estimated using the SCS's Runoff Curve Number ndethbough this method is used to predict

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

curve number of the watershed.

Hydrologic Analysis Results

Hydrologic analysis was made for all the drainageas. Individual and composite runoff
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hydrographs were obtained using HEC-1 methodold@pble 3 shows the summary of the
results for this analysis. Input and output datathe HEC-1 model for existing and proposed

condition are included in Appendix B and C, respety.

Table 3
Peak Discharges
Peak Discharge, cfs
AREA
2-yr 10-yr | 25-yr | 50-yr | 100-yr
P1B 36 49 62 71 84
P1C 61 79 100 115| 136
COMB1 96 127 162 185 | 9219
P2C 81 109 134 151 | 175
CHANN 80 107 133 149 | 174
P2B 178 233 288 324 | 377
CHANN 173 224 275 307 | 356
P2A 80 99 126 142 | 169
(@]
£
» CHANN 72 92 117 131 155
n
CcCOMB2 297 390 478 538 | 626
EO 871 1184 1436 1610 1856
CHANN 869 1181 1437 1612 1853
El 458 608 744 835| g7
COMB3 1287 1743 | 2116| 2370 2725
CcOMB4 1552 2113 2570 2883 3333
CHANN 1538 | 2099 | 2554| 2866 3314
E3 100 125 157 177 209
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CHANN

92

118

148

166

196
P1F 102 | 130 | 162 | 183| o4
COMB5 104 | 248 | 310 | 349| 410
COMB6 1664 | 2272 | 2758| 3092 3570
CHANN 1653 | 2262 | 2745| 3079 3eg
E2 218 | 277 | 346 | 389| 456
CHANN 201 | 262 | 325| 365| 408
P1E 158 215 261 293 338
COMB7 320 | 439 | 537 | 602| gog
COMBS 1060 | 2677 | 3244| 3637 4194
CHANN 1028 | 2647 | 3207| 3597 4151
P1D o1 | 124 | 156 | 178 o09
COMB9 1994 | 2739| 3319 3729 420
CHANN 1950 | 2702 | 3278 36771 4245
E4 79 98 | 124 | 140| 165
CHANN 72 88 | 111 | 125| 143
P1A 144 | 184 | 220| 2s8| 302
COMBI10 216 | 272 | 340 | 383| 445
COMB11 2323 | 2920| 3543| 3973 4584
P1B1 44 57 69 77 89
P1C1 51 65 79 80 | 103
° COMB1 95 | 121 | 148| 165| 191
(]
8 P2C 58 | 72 | 80 | 100| 116
a
CHANN 56 69 83 94 | 109
P2B 101 | 241 | 206| 331| 383
CHANN 183 | 232 | =281| 314| 361
10
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P2A

109 138 169 189 220
CHANN 104 133 163 182 211
coMB2 338 428 518 580 668
EO 871 1184 1436 1610 1856
CHANN 869 1181 1437 1612 1853
El 458 608 744 835 967
COMB3 1287 1743 2116 2370 272%
CcoMB4 1593 2150 2611 2930 3384
CHANN 1579 2136 2595 2913 3363
E3 100 125 157 177 209
PIPE 95 121 151 170 199
P1F1 56 70 87 97 113
COMB5 143 184 226 253 295
COMB6 1686 2279 2766 3102 3578
CHANN 1664 2259 2741 3073 3547
P1F2 48 61 74 83 97
CoMBY 1700 2306 2797 3135 3618
CHANN 1687 2294 2782 3119 3601
E2 218 277 346 389 456
CHANN 201 262 325 365 428
P1E 92 116 142 159 185
CcoMB8 291 369 457 512 596
COMB9 1919 2599 3148 3525 4065%
CHANN 1887 2570 3113 3489 4025
P1D 121 152 187 209 243
COMB10 1970 2680 3243 3633 4184
CHANN 1955 2667 3227 3617 417
P1C2 63 79 97 108 126
COMB11 2010 2737 3313 3713 428
CHANN 1987 2715 3286 3685 424
11
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E4 79 98 124 140 165
PIPE 69 86 109 120 140
P1A 139 182 219 243 279

COMB12 189 247 300 331 380
COMB13 2175 2962 3583| 4014 4626
P1B2 32 40 49 55 64
COMB14 2197 2991 3617 4052 4664

The overall summation of the discharges at propesedition is higher than that of the existing
condition. This means that the development ofpiitogect area produces an increase in runoff

that has to be mitigated as required by Puerto RFRtanning Board Regulation No. 3.

12
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IV. RUNOFF DISCHARGE MITIGATION ANALYSIS

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

produced. Therefore, several flow detention stmas will be included in the project.
Methodology

The computer program HEC-1 provides means for mguen hydrograph through detention
structures. The purpose of detention is that trepgsed condition peak discharge does not

exceed the existing condition peak discharge.
Runoff Mitigation Structures

Runoff discharge mitigation for the whole projecti Wwe made by detention ponds located at the
following areas: Area P2B, P2A, P1F1, P1D and P4Arown in Figure 8.

Depth-Volume Relations

Volume-depth relations developed for the mitigateystem is based on ponds with a 595-
square-meter base area for Pond P2B, 1570-squdes-base area for Pond P2A, 392-square-
meter base area for Pond P1F, 594-square-meteraoeaefor Pond P1D, and 1,338-square-
meter base area for Pond P1A. Bank slope for altpavill be of 2H:1V. Volume-Depth curve
computations are included in Appendix D.

Flow Rating Curve

Flow—Depth relation for all ponds was estimatedoating to the control structures assigned.
The control structure for detention Pond P2B is posed by three 2.5’-diameter orifices located
at the bottom of the pond, three 2.3’-diameteriags located at the 1.5 m above el bottom of the
pond and a 7.31-meter long weir at 2.70 meter twempond bottom. The control for Pond P2A
is composed by a 2.4’-diameter orifice locatedhat hottom of the pond and a 9.14-meter long
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weir at 2.8 meter above the pond bottom. For thedF®lF, the control consists of two 3.3'-
diameter orifices located at the bottom of the pana 1.5-diameter orifices located at the 1.8
m above the bottom of the pond and a 3.04-metey Vozir at 2.7 meter above the pond bottom,
For Pond P1D, the control consists of two 2.4’-ceéen orifices located at the bottom of the
pond, two 2.0’-diameter orifices located 1.7 m abdive bottom and a 5.48-meter long weir at
2.8 meter above the pond bottom, And for Pond Rhkee 2.50’-diameter orifices located at the
bottom of the pond, three 2.5’-diameter orificesai@d 1.5 m above the bottom of the pond, and
a 7.31-meter long weir at 2.8 meter above the pooitom. Flow through the orifices was
computed using Torrecelli’'s formula. Appendix D slsothe computations for the flow-depth

relationship and the curves.

Results

The results of the detention analysis show thaptbposed detention pond provides appropriate
runoff mitigation for the 100-year frequency disaes. By routing the combined discharge
through the detention pond, the 100-year discharge reduced from 4,669 cfs to 4,478 cfs,
which is less than the discharge computed for iegjstondition, 4,584 cfs; thus complying with

Regulation No.3. Mitigation for more recurrentahiarges was also verified.

Input and output data for the HEC-1 mitigation modes included in Appendix E. Table 4

shows the comparison of the discharges for existing proposed condition.

Table4
Peak Dischargesresultsfor Existing, Proposed and Mitigation
Peak Discharge, cfs
AREA
2-yr 10-yr | 25-yr | 50-yr | 100-yr
P1B 36 49 62 71| ga
(@]
£
k7 P1C 61 79 100 115 | 136
i
COMB1 96 127 | 162 | 185| 219
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P2C

81

109

134

151

175
CHANN 80 107 | 133 | 149| q74
P2B 178 | 233 | 288 | 324| 377
CHANN 173 | 224 | 275| 307| 356
P2A 80 99 126 | 142 | 159
CHANN 72 92 117 | 131 155
COMB2 297 | 390 | 478 | 538| gog
EO 871 | 1184 | 1436| 1610 1gs56
CHANN 869 | 1181 | 1437| 1612 1gs53
E1l 458 | 608 | 744 | 835| gg7
COMB3 1287 | 1743| 2116| 2370 5795
COMB4 1552 | 2113| 2570| 2883 3333
CHANN 1538 | 2099 | 2554| 2866 3314
E3 100 | 125 | 157 | 177| 209
CHANN 92 118 | 148 | 166| 196
P1F 102 | 130 | 162 | 183| 514
COMB5 194 | 248 | 310 | 349| 410
COMB6 1664 | 2272| 2758| 3092 3570
CHANN 1653 | 2262 | 2745 3079 3555
E2 218 | 277 | 346 | 389| 456
CHANN 201 | 262 | 325| 365| 4og
P1E 158 | 215 | 261 | 293| 33g
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COMB7 320 | 439 | 537 | 602| gog
COMBS 1060 | 2677 | 3244| 3637 4194
CHANN 1028 | 2647 | 3207| 3597 4151
P1D o1 | 124 | 156 | 178 o09
COMB9 1094 | 2730| 3319| 3722 4294
CHANN 1059 | 2702| 3278| 3677 4245
E4 79 | o8 | 124 | 140| 165
CHANN 72 | 88 | 111| 125| 143
P1A 144 | 184 | 229| o258 302
COMB10 216 | 272 | 340 | 383| 445
CoMB11 2323 | 2020| 3543| 3973 4584
P1B1 44 | 57 | e9 | 77| 89
P1C1 51 | 65 | 79 | 89 | 103
coMB1 95 | 121 | 148 | 165| 191
P2C 58 | 72 | 8 | 100| 116
CHANN 56 | 69 | 8 | 94| 109
P2B 191 | 241 | 206| 331| 383
CHANN 183 | 232 | 281| 314| 361
3 P2A 109 | 138 | 169 | 189| 220
gl CHANN 104 | 133 | 163 | 182| 211
~ COMB2 338 | 428 | 518 | 580| 668
EO 871 | 1184 | 1436| 1610 1856
CHANN 860 | 1181 | 1437| 1612 185
El 458 | 608 | 744 | 835| 967
COMB3 1287 | 1743| 2116| 237 2725
CcoMB4 1503 | 2150| 2611| 293 338
CHANN 1579 | 2136| 2595/ 2013 3361
E3 100 | 125 | 157 | 177| 209
16
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PIPE

95 | 121 | 151 | 170| 199
P1F1 56 70 87 97 | 113
COMB5 143 | 184 | 226 | 253| 295
COMB6 1686 | 2279| 2766| 3104 3578
CHANN 1664 | 2250 | 2741 3079  354]
P1F2 48 61 74 83 97
COMBY 1700 | 2306 | 2797| 3139 361
CHANN 1687 | 2204 | 2782| 3119 360
E2 218 | 277 | 346 | 389| 456
CHANN 201 | 262 | 325| 365| 428
P1E 92 | 116 | 142| 159| 185
coMBs 201 | 369 | 457 | 512| 59
COMB9 1919 | 2599 | 3148| 35259 4065
CHANN 1887 | 2570| 3113| 3489 4025
P1D 121 | 152 | 187 | 209| 243
COMB10 1970 | 2680 | 3243| 3633 418
CHANN 1955 | 2667 | 3227| 3617 417
P1C2 63 79 97 | 108 | 126
COMB11 2010 | 2737| 3313| 3713 428
CHANN 1987 | 2715| 3286 3685 424
E4 79 98 | 124 | 140| 165
PIPE 69 86 | 109 | 120| 140
P1A 139 | 182 | 219 | 243| 279
CoMB12 180 | 247 | 300 | 331| 380
COMB13 2175 | 2962 | 3583 4014 4626
P1B2 32 40 49 55 64
CoMB14 2197 | 2991 | 3617| 4057 4669
Jﬁ; % P1B1 44 57 69 77 89
c = P1C1 51 | 65 | 79 | 89 | 103
17
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COMB1

95 | 121 | 148 | 165| 191
pP2C 58 72 89 100 116
CHANN 56 69 83 94 109
P2B 101 | 241 | 206| 331| 383
POND 157 | 230 | 273| 305 359
CHANN 157 | 217 | 267 | 293| 340
P2A 109 | 138 | 169 | 189| 220
POND 48 57 69 90 136
CHANN 48 57 68 86 129
COMB2 250 | 337 | 406 | 446| 541
EO 871 | 1184| 1436 1610 1856
CHANN 869 | 1181| 1437| 1612 1853
El 458 | 608 | 744 | 835 967
COMB3 1287 | 1743| 2116| 2379 2725
COMB4 1537 | 2074| 2509| 2806 3266
CHANN 1535 | 2072| 2508| 2805 3264
E3 100 | 125 | 157 | 177| 209
PIPE 95 121 151 170 199
P1F1 56 | 70 | 87 | 97| 113
COMBS 143 | 184 | 226 | 253| 295
POND 135 | 167 | 204 | 225 257
COMB6 1631 | 2211| 2676| 2996 3476
CHANN 1628 | 2210 2671| 2989 3474
P1F2 48 61 74 83 97
coMB? 1654 | 2246| 2712| 3034 3524
CHANN 1652 | 2245| 2711 3033 3524
E2 218 | 277 | 346 | 389| 456
CHANN 201 | 262 | 325| 365| 428
18




P1E 92 | 116 | 142 | 159| 185
COMBS8 201 | 369 | 457 | 512| 596
COMB3 1838 | 2513 | 3045/ 3409 3927
CHANN 1823 | 2482| 2097| 3356 3867

P1D 121 | 152 | 187 | 209| 243

POND 01 | 122 | 148 | 164| 190
COMB10 1908 | 2595| 3145| 3520 4057
CHANN 1006 | 2580| 3120| 3493 4029
P1C2 63 79 97 | 108| 126
COMB11 1048 | 2646| 3205| 3584 4138
CHANN 1044 | 2644| 3185 3559 4113
E4 79 | 98 | 124 | 140 165

PIPE 60 | 8 | 100 | 120| 140

P1A 139 | 247 | 300| 331 380
COMB12 189 | 247 | 300| 331| 380

POND 151 | 230 | 270 | 297| 335
COMB13 2004 | 2874| 3456| 385§ 4448

P1B2 32 40 49 55 64

COMB14 2100 | 2806| 3480| 3883 4478

Mitigation Structure Dimensions and Accessories

Final dimensions for the detention pond will inaduad minimum free board of 0.6 meters. The

detention pond will have the characteristics showhables 5 through 9
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Table5
Detention Pond P2B Characteristics

Bottom Area 595 i
Dimensions
Height 3.47m
Orifice
Three-2.5'Diameter
Pond @ bottom
P2B Orifice
Outlet Control @ 1.50 m Three-2.3'Diameter
bottom
Weir Length
7.31m
@ 2.70m
Table6
Retention Pond P2A Characteristics
Bottom Area 1570 fn
Dimensions
Height 3.63m
Pond —
Orifice
P2A One-2.4'Diameter
@ bottom
Outlet Control
Weir Length
9.14 m
@ 2.80m
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Table7
Retention Pond P1F Characteristics

Bottom Area 392
Dimensions
Height 3.30m
Orifice
Two-3.3'Diameter
Pond @ bottom
P1F Orifice
Outlet Control @ 1.80m Two-1.5’'Diameter
bottom
Weir Length
3.04 m
@ 2.70m
Table8

Retention Pond P1D Characteristics

Bottom Area 594
Dimensions
Height 3.49m
Orifice )
Two-2.4'Diameter
Pond @ bottom
P1D Orifice
Outlet Control @ 1.70 m Two-2.0’Diameter
bottom
Weir Length
5.48 m
@ 2.80m
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Table9

Retention Pond P1A Characteristics

Pond
P1A

Bottom Area 1338 n
Dimensions
Height 3.40m
Orifice
Three-2.5'Diameter
@ bottom
Orifice
Outlet Control @ 1.50 m Three-2.5'Diameter
bottom
Weir Length
7.31m
@ 2.80m

Schematic layout of the detention system is preskimt Figure 9, 10, 11, 12 and 13.

Pond Discharge

The Pond P2B will discharge through a 7’x 7’ boxveut into a storm watercourse that ends up

in the storm watercourse crossing the project Bitmd P2A through a 60” diameter pipe, Pond
P1F1 through a 72" diameter pipe, Pond P1D throagh2” diameter pipe and Pond P1A

through a 7'x7’ box culvert. All pond discharges shbe provided with a headwall and energy

dissipater.

22
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V. HYDRAULIC ANALYSIS

A hydraulic analysis of the storm watercourse waslenin order to determine the water surface
elevations and the extent of the floodplain. Alg® analysis will allow sizing of the crossing

structures needed for the project roads.

The hydraulic analysis was made using the mathealatiodel HEC-RAS developed by the US
Corps of Engineers. For this model, the hydraukgime is steady, uniform, and one-
dimensional. The model accepts changes in the gepwiehe watercourse, bank-bed-overbank

friction coefficient and shapes of hydraulic stuues.
The friction coefficient used in the modeling wabtaoned from visual inspection of the
watercourses bed and banks; and crosschecked mathypical values provided by Barnes

(1967) and Chow (1959).

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

Appendix H. Figure 14 depicts the location of thess sections.

Roughness

Manning coefficients estimated for the model a@L8.for concrete, 0.045 for the channel and
0.045 for the over banks. These values reflecthi@mges in direction and the irregular shape of
the channel bed, and the vegetation present indheses.

Contraction and Expansion Coefficients

Coefficients of contraction and expansion usedtfaosse recommended by the HEC-RAS user’s

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

Existing condition consists in the storm waterceuss it is at the present. The analysis was
based on the cross sections of the watercours¢handischarges obtained from the hydrologic

analysis. Rainfall events of 100, 50, 25, 10 ary@&rs were considered in the analysis.

The hydraulic analysis was made starting at thetpehere the storm watercourse joins Rio
Candvanas. The starting water elevation for themstidal run was taken from the FEMA study,
47.5 m, msl. The discharge used for analysis wa844c¢fs, which was obtained from hydrologic
analysis. Flow regime for the existing conditionswaainly sub-critical, and super-critical for

the upstream sections.

The computer output for the existing conditionrisluded in Appendix F. The following Table
10 includes the summary of the results.

Table 10

Existing Condition Hydraulics 100-yr
RiverSta  Profile QTotal MinChEl WS.Eev @iS. EG.Eev EG.Slope VelChnl HowArea Toptv Froude# Chl

(m3's) (m) (m) ) Mm  (mm (m’s) (m2) )
125 100Y 1291 71.00 7222 72.09 7231 001127388 1. 934 2051 0.65
12 100Y 1291 71.00 72.09 72.09 7227 0020024 190 6.80 18.90 101
11 100Y 11755 6441 65.74 65.92 66.38 00432346 35 3305 4855 138
10 100Y 11755 60.00 61.70 6191 62.53 00334735 40 2904 2896 129
9 100Y 11755 57.00 59.01 5917 59.72 0030697 375 3135 32.79 122
8 100Y 12021 55.00 56.32 56.45 56.85 0034992 324 3707 5371 125
7 100Y 12021 52.99 5458 5458 55.06 0020531 307 3914 4097 100
6 100Y 12021 51.00 5258 52.65 52.94 0035841 268 44.89 87.88 120
5 100Y 12021 48.00 49.79 4945 50.08 0007826 243 5143 4171 064
4 100Y 12021 48.00 4942 49.60 0006613 202 2656 64.79 059
3 100Y 12021 47.00 4853 4853 48.77 0014138 244 61.16 11303 0.83
2 100Y 12981 45.00 4753 4650 4753 0000142 040 36342 23194 0.09
16 100Y 12981 4500 4750 4752 0000618 063 0621 19268 0.18
13 100Y 12981 45.00 4749 4751 0000632 063 90@0 19208 0.18
1 100Y 12981 44.00 4750 4258 4750 0000019 0.18 600.15 19092 004
15 100Y 93.85 77.00 7890 7890 79.63 0018952 3.77 2488 17.38 101
14 100Y 10067 74.00 74.74 7517 76.17 00919718 52 19.05 27.05 201
13 100Y 100.67 72.00 7363 7394 74.63 00454224 44 2268 2458 147
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Hydraulics for Proposed Condition

Proposed condition includes the project site degeddo The discharges used were the ones
resulting from the offsite discharges plus the ftdgscharge from the site as mitigated by the

ponds. Also, four (4) bridges are included. Geoynetithese bridges is shown in Figures 16, 17,

18 and 19.

The computer output for the hydraulics analysismctuded in Appendix G. The following Table

11 includes the summary of the results for the gsep condition.

Table 11

Proposed Condition Hydraulics 100-yr
RiverSta  Profile QTotal MinChEl WS.Eev @iS. EG.Eev EG.Slope VelChnl HowArea Toptv Froude# Chl

(m3fs) (m) (m) (m) (m) (m/im) (m's) (m2) (m)

15 1007 9243 77.00 7889 7889 7961 0018976 376 2461 17.32 101
14 100y 9838 74,00 7473 7515 7614 0093150 526 1870 27.00 202
135 Bridge

13 100y 9838 72,00 7344 7392 7490 0076270 536 1835 2209 188
125 100Y 1212 71.00 7220 7207 7229 00112685 1. 895 2027 065
12 00y 1212 71.00 7207 7207 7225 0028305 185 654 1873 1.00
1 100Y 10951 6441 65.78 65.87 6627 00311510 31 3530 4976 118
105 100Y 10951 6000 6312 61.85 6321 00016587 1 8002 42.36 032
103 Bridge

10 100y 10951 6000 61.32 61.85 6303 00972809 57 1891 2456 211

100Y 10951  57.00 5911 5911 5961 0020173 315 3476 3446 100
100Y 11410 5500 56.17 5642 5692 0052659 383 2983 4580 151
75 100Y 11410 5299 56,09 5454 56.14 00008384 0. 12169 6814 022
73 Bridge
7 100Y 11410 5299 54,02 5454 5593 0163983 612 1863 3300 260
6 100Y 11648 5100 52,64 52,64 5201 0024543 231 5052 9320 1.00
5 100Y 11648 4800 2977 2943 5006 0007711 239 5060 4150 064
4 100Y 11648 4800 4940 4958 0006501 199 7646 6474 058
3 100Y 11648 4700 4851 4851 4875 0014232 244 5959 11273 083
2 100Y 12681 4500 4760 2648 4760 0000117 037 38012 23218 008

16 100Y 12681 4500 4757 4647 4759 000045%8 0. 22580 19823 016
15 Bridge

3 100Y 12681 4500 4749 4751 0000571 062 1209 19210 018
1 100Y 12681 4400 4750 256 4750 0000017 018 60015 19092 003
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Results

The maximum increase in floodwater levels due toydraulic structure allowed by the Puerto
Rico Planning Board Regulation No. 13 for ruralasrés 0.30 meters. There is no increase in
water level at the cross section located in the ediate upstream of the project site. Though
within the project site, just upstream of the besgigminor increases are seen; but none of them
over the allowed by the PR Planning Board. Howemedl since this increase is constrained
within the project site, and no increase is refldabutside, the level increase requirement called
by Regulation No. 3 is fully fulfilled.

Flood Plain Encroachment

In some areas, the floodplain of the storm watasmicrossing the site is too wide. Then,
encroachment of the floodplain in some spot areaseeded in order to rescue some land for
development. The results of the encroachment asaigsdlicate that no increment in water
surface elevation above 0.30 meters is produced. cimputer output for the encroachment
analysis in included in Appendix G. And the watense floodplain/floodway is shown in

Figure 15. No construction will take place in fltmdway.
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VI. CONCLUSIONS AND RECOMMENDATIONS
The following are the conclusions of this study:

1. According to the FEMA’s Flood Insurance Rate Mawery small part of the project site is

located in the floodway of Rio Candvanas. This palftnot be developed at this stage.

2. Proposed condition discharge is higher thahdhthe existing condition. Runoff mitigation

is needed.

3. The proposed detention ponds reduce the incemedischarge due to the development

from 4,669 cfs to 4,478 cfs which is lower than84,%&fs that belongs to existing condition.

4. The 100-year floodway footprint determined toe tvatercourse 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 bleast 0.90 meters above the adjacent 100-year
flood water elevation observed from the FEMA flandps and from the HECRAS results on
this study. And the minimum floor elevation will Be45 meters above the adjacent roacway

elevation.
2. The detention ponds will have the dimensionscated in Table 5 through 9 of this study.
The discharge headwall from the ponds will be fo#d by rip-rap or gabions to prevent

erosion of the downstream areas

3. The engineer will make sure that the proposeihdge areas be graded in a way that the

drainage area for this basin conform the areasabek in this study.
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4. Maintenance of the road crossing structures #ed runoff mitigation pond outlets is
necessary during operation. Maintenance shallisbos keeping the entrance free from
clogging debris or vegetation.

Study Limits

All the recommendations specified in this study tnlbs considered to assure the optimum
performance of the proposed structures operatibime design engineer will be responsible for

elaborating the drawings in conformance with trnemendations of this study.

The results of this study are based on free flowd@mns through the hydraulic structures.
Proper maintenance must be developed to assureahdtion. On the event of the occurrence
of any severe obstruction to the flow, the resaiitd recommendations may be impaired. Finally,
the design engineer must use results and recomitn@msiancluded in this report only and
exclusively for the intended purposes as indicatddis study.
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