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HYDROLOGIC-HYDRAULIC STUDY
FOR PALACIOS DE GURABOG
GURABO, PUERTO RICO

Casiano Ancalle, P.E.
~ July, 2005

I. INTRODUCTION

A housing development project named Palacios de Gurabo is to be constructed in the
Municipality of Gurabo. The site can be accessed through PR-9945 derived from road PR-943.
The project consists on about 1,000 housing units, recreational facilities, and green areas.
According to the regulatory flood maps the area of the project is actually non-floodable for a
100-year flood from Rio Gurabo. Two storm watercourses run across the site. The development
will affect none of these areas, both will be kept natural, except for an access road across one of

the watercourses.

Runoff from the project site drains towards the south through the existing storm watercourse.
The development of the site is going to increase runoff This increase has to be mutigated

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

Purpose of Study

The purpose of the study is to determine the flood levels and footprint for the creeks crossing the
site at the segment of the project area, and to size the creek crossing structure needed for the
access road. In addition, as the development of the site will increase the runoff discharge, the
study will quantify the increase and provide means for mitigating it according to the Puerto

Rico’s Planning Board Regulation No. 3.



Approach

The following steps have been undertaken throughout the study:

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

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

50-years, were also determined.

Hydraulic Analysis: A hydraulic analysis was performed in order to estimate the water surface

elevations for the two creeks. Existing condition’s water levels were determined first. Water
levels for proposed condition, which included the access road, followed. 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.

Mitigation Analysis: A mitigation analysis was made in order to counteract the impact of the

proposed development. A mitigation pond was employed as a detention structure. HEC-1 model

was used for the mutigation analysis. 2-, 10-, 25-, 50- and 100 frequency discharges were

analyzed for mitigation.
Conclusions and recommendations were elaborated.

Authorization

Sr. José Valdés on behalf of Palacios de Gurabo, Inc. authorized this study, under a contract

signed with Eng. Casiano Ancalle, principal of CA Engineering.



II. BACKGROUND INFORMATION

Location -

The project site is located at PR-9945, Celada Ward, -in the Municipahty of Gurabo. The site
access is through road PR-9945 which branchs out state road PR-943. The approximate total area
of the project is 246 acres. Figure 1 illustrates the project site location on the USGS Quadrangle.

Figure 2 shows the development layout.

_ Topography

In general, the topography of the site slopes down from north to south. At least two hills are
evident in the center of the site, but no major effect on the surface runoff direction is derived
form them except for its local effect that is negligible compared with the dominant direction of
the runoff from north to south. Ground elevations range from 200.00 to 45.00 meters (m.s.1.). See

Figure 3.

Water Bodies

Two water bodies run across the site. No flow records are available from either one. The
majority of the project’s runoff discharges to these two creeks. The remaiming runoff discharges

directly to the downstream, to Rio Gurabo, which runs about 300 meters south.

Flooding

According to the Puerto Rico Planning Board Flood map shown in Figure 12, the project site is
actually outside of the regulatory flood plain, except a very small tip where no construction is

contemplated. A partial copy of sheets 170B of FEMA’s flood map is also included as Figure 7.



Former Studies

Though no specific studies have been made for the project site in the past, FEMA’s study for Rio
Gurabo is very much related to it as its levels and flood footprint is used in this study. The water
surface elevations of FEMA’s study were used as reference for the hydraulic analysis of the

present study.
Field Information

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

Study Level

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

agreements with the recommendations of this study.



[11l. 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 2-, 10-, 25~ 50- and 100-year storm frequency were estimated for the
existing condition and proposed condition.

Drainage Areas

Seven drainage areas have been identified for the existing condition at the project site; they were
labeled Pla, Plb, Plc, Pld, P3 contnbuting to watercourse #1, and areas P4a and P4bc
contributing to watercourse #2 (Figure 4). At proposed condition, the area of Pla and P1b was
merged in Plab and area P4bc was split in two subareas called P4b and P4c, as shown in Figure

5. The total area of the project site is approximately 246 acres.

Four upstream offsite drainage areas were identified as affecting the project site; they were
labeled E1 to E4 as shown in Figures 4 and 5, for existing and proposed condition, respectively.
Basins E1, EZ, E3 contnbute to watercourse #1 and E4 to watercourse #2. The total offsite

drainage area is approximately 590 acres. The offsite basins are primarily undeveloped.

Table | shows the drainage areas taken into account for the hydrologic analysis, for both existing

and proposed condition.



Table 1

Drainage Areas
- T Area, acres 7
Name
' Existing Proposed
Pla 11.65 - -
Plb 35.17 -
R Plab - 46.82
B Pic 15.35 6.49
B | Project Pid 6.57 6.57
- Areas P3 68.83 7936
P4a 28.58 18.05
| P4be 7991 -
| P4b - 58.72
) | Pac - 30.05
|
El 311.60 311.60
Offsite E2 166.94 166.94
Areas E3 78 .68 78.68
E4 32.72 32.72

RunofT Pattern

The project site participates of two drainage systems that merge right at the south limit of the
project site: Watercourse #1 and Watercourse #2. At proposed condition, these drainage systems

were kept with minor modifications, such as reshaping the drainage area and introducing runoff

discharge mitigation structures at some areas (areas P3, Plab and P4b).

Curve Numbers

Curve numbers were established according to the SCS’s Soil Maps, the project area and the
offsite basins are mainly classified in 8 types: Aceitunas clay, Caguabo clay loam, Mucara clay,
Naranjito silty, Coloso silty, Rio Arriba clay, Mabi clay and Sabana silty. The Hydrologic Soil

Group classification was D for most of the soils, except for Aceitunas silty clay. CN value of 93

6




was assumed for the developed project site.
Appendix A includes the Curve Number computations for existin_g and proposed condition.
Figure 6 shows the soil map corresponding to the project site and offsite areas.

Lag Time

The Lag Time (Tr.,) was estimated using the SCS method defined as:

- _ ) T]_,a.g — LO.S[S+1]0.7

1900 Y*?
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 the Techmical Paper No. 42 (TP-42) [National
Weather Service, 1961]. The 24-hour duration rainfall depths for 100, 50, 25, 10 and 2 years

frequency are shown in Table 1.



Table 2

Rainfall Depths

Frequency Depth
Years inches

100 11.9

50 10.9

25 9.7

10 8.0

2 49

Depth-Area Adjustment

Point rainfall estimates obtained from the TP-42 represent values for areas up to 10 mi’;
therefore, a depth-area adjustment should be applied to the rainfall data when the watershed area
is greater. In this case, the largest watershed consists of 0.4869 mi>. Hence, this adjustment was

not applied.
Time Distribution of Rainfall

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

time. This method is constdered 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 m the model as function of the

curve number of the watershed.
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 for existing and proposed

condition are included in Appendix B and C, respectively. -

Table 3
Peak Discharges
!7 i T
| i Peak Discharge, cfs ]
AREA i
~ 2-vr 10-vr 25-yr 50-vr 100-vr
F Pla 50 92 116 132 145
- Plb 98 184 234 267 294
_ Pla+P1b 125 239 304 348 383
) P3 245 445 550 635 695
E3 276 498 625 709 776
P3+E3 521 943 1184 | 1344 | 1471
=4
£ Ple 1 38 74 95 109 120
2
@ Pid
29 53 61 | 76 83
-
El 721 1336 | 1689 | 1922 | 2109
E2 514 934 1175 | 1334 | 1461 |
1
Pda 124 227 286 325 357
P4be 156 318 413 476 527
E4 127 235 297 338 370
Pda+P4be+E4 337 648 829 950 1046
Plab 162 275 339 382 416
P3 261 459 573 648 708
E3 276 498 625 709 776
| P3+E3 536 957 1198 | 1357 | 1484
Ple 16 30 38 43 47
-
2 Pld 29 53 67 76 83
2
e El 721 1336 | 1689 | 1922 | 2100 |
= 1
| E2 514 934 - 1175 | 1334 ‘ 1461 '
{— —
P4a 74 130 Ll62 183 200
P4b 147 250 | 309 L349 L380 {
P4c 88 150 186 209 228
| L P4btPdc | 230 | 3% | a8 L 546 Fws |




E4

127

235

297 T 338

370

P4a+Pab+P4c+E4

L356

625

778

880

961

10




IV.  RUNOFF MITIGATION ANALYSIS
The development of the site will increase the runeff discharge. The Puerto Rico Planning Board
Regulation No. 3 requires a flow mitigation structure wherever an increase in discharge is
produced. Therefore, detention structures that will mitigate the overall increase in runoff

discharge was used.

Methodology

The computer program HEC-1 provides means for routing a hydrograph through detention
“structures. The purpose of detention is that the proposed condition peak discharge does not
exceed the existing condition peak discharge. Mitigation ponds were considered at areas Plab,
P3 and P4b. These ponds will reduce the combined peak discharge of the overall prOJect

drainage areas to magnitudes below the discharge at existing condition.

Mitigation Pond

Three detention ponds were evaluated in the study. These ponds are addressed to mitigate the
increment in discharge from the site and from Palacios de Gurabo development. The pond will

be located at the lower part of Area Plab, P3 and P4b; see Figure 8.

Depth-Volume Relations

Volume-depth relations developed for the mitigation systems: Pond 1 which serves area Plab is
based on a pond with a 2,090-square-meter base area and a bank slope of 2ZH:1V; Pond2 at Area
P3 is based on a pond with a 1,820-square-meter base area and a bank slope of 2H:1V, and
Pond3 at Area P4b is based on a pond with a 3,353-square-meter base area and a bank slope of

2H:1V. Volume-Depth curve computations are included in Appendix D.

Flow Rating Curve

Flow-Depth relation for the detention Pondl was estimated considering the discharge through

one (1) 4.5° -diameter orifice located at the bottom of the pond and a 7.31-meter long weir at

11



2.60 meter over the pond bottom. For the detention Pond2, flow was estimated consideriﬁg the
discharge through three 4.0° -diameter orifice located at the bottom of the pond and a 7.3 1-meter
long weir at 2.50 meter over the pond bottom. For the detention Pond3, flow was estimated
considering the discharge through one 3.0’ -diameter orifice located at the bottom of the pond
and a 7.31-meter long weir at 2.30 meter over the pond bottom . Flow through the orifices was
computed using Torrecelli’s formula. Appendix D shows the computations for the flow-depth

relationship and the curves.

Results

The results of the detention analysts show that the proposed detention ponds provide appropnate
runoff mitigation for the 100-year frequency discharges. Routing the discharge through the
detention Pondl at area Plab, the 100-year discharge was reduced from 416 cfs to 349 cfs, which
is less than the discharge computed for existing condition, 383 cfs. At Pond2, the 100-year
discharge was reduced from 708 cfs to 647 cfs para el pond2, which is less than the discharge
computed for existing condition, 695 cfs. And at Pond3, the 100-year discharge was reduced
from 595 cfs to SO5 cfs, which is less than the discharge computed for existing condition, 527
cfs; thus complying with Regulation No.3. Mitigation for more recurrent discharges was also

verified.

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

shows the comparison of the discharges for existing, proposed and mitigation condition.

12



Table 4
Peak Discharges results for Existing, Proposed and Mitigation

T Peak Discharge, cfs
AREA
2-yT 10-yr 25-yr 50-yr | 100-
Pla 50 92 116 132 145
Plb 98 184 | 234 267 294
Pla+P1b 125 239 304 348 383
P3 245 445 559 635 695
E3 276 498 625 709 776
P3+E3 521 943 1184 | 1344 1471
[=51]
£ Pl 18 J 74 95 109 120
= Pid 29 53 67 76 83
El 721 1336 1689 1922 2109
£2 514 934 1175 | 1334 | 1461
P4a 124 227 286 325 357
P4be 156 318 413 476 527
4 127 235 297 338 370
Pda+Pdbe+E4 337 648 829 950 1046
Plab 162 275 339 382 416
P3 261 459 573 6438 708
E3 276 498 625 709 776
P3+E3 536 957 1198 | 1357 | 1484
Plc 16 30 38 43 47
Pid 29 53 67 76 83
= El 721 1336 | 1689 | 1922 | 210%
g E2 514 934 1175 | 1334 1461
A C
Pda 74 130 162 183 200
P4b 147 250 309 349 380
Pac 88 150 186 209 228
Pab+Pdc 230 392 485 546 595
E4 127 235 297 338 370
Pda+Pab+PAc+E4 356 625 778 880 961

13



(— Plab (PONDI) 125 184 259- | 309 ] 349 ]
P3 (POND2) 2447 401 503- | s81 [ 647

_ E3 76 | aog | 6s @oﬂ 776 |
P3(POND2}+E3 299 | 846 | 1036 ] 1181 | 1308
Ple 16 30 38 l 43 | 47

L Pid _ 29 SH 677 767 83

F El | 721 1336 1689 1&%2109

E2 j 514 934 1175 | 1334 1461 |
Pda Lm 130 162 L

P4b {POND3) —‘ 74 188 261 3087 343

— — L_ P4c L 38 150 186 —‘ 20j 228

P4b (POND3)+P4c T 140 L 262 377 L453 LSﬂS

E4 127 235 | 297 3387 370 |

- P4a+POND3+E4 | 289 513 ‘ 637 1 720 786

Proposed w/ Mitigation

Mitigation Structure Dimensions and Accessories

Final dimensions for the detention pond will include a minimum free board of 0.30 meters. The

detention pond will have the characteristics shown in Table 5.

Table 5
Retention Pond Characteristics
I —l R
Bottom Arca 2.090 m~
Dimensions
Height 3.37m
QOrifice
Pond! 1.5 Diameter
@ bottom
Qutlet Control —
Weir Len
6 gth 7.31m
1 2.60m
7] @ |
Pond2 Bottom Area —L 1,820 m~
Dimensions
t Height W 327 m 1

14



Orifice :
3-4.0°’Diameter
@ bottom -
Outlet Control - j
B Weir Len
g 731m
@ 2.50m
N Botiom Area” 3,352 m’ 1
Dimensions -
- Height 33l m
Orifice
Pond3 - 1-3.0’Diameter
- {@ bottom
QOutlet Control }& —
_ - Weir Len
gth 73l m
L @ 2.30m J

Schematic layout of the detention system is presented in Figures 9, 10 and 11, for Pond 1, 2 and

3, respectively.

Pond Discharge

The pond outlet must be a (2)-66"-diameter pipe for Pond! discharging to Watercourse #1. For
Pond2, the outlet pipe must be a (3)-72”-diameter pipe discharging to Watercourse #1. And for
Pond 3, the outlet pipe will be one (2)-66” diameter pipe discharging to Watercourse #2.

15



V. HYDRAULIC ANALYSIS

A hydraulic analysis was made for the two watercourses in order to find the 100-year water

surface elevation, and in order to size the crossing structure needed at Watercourse #2 for the

project access road.

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 Bares

(1967) and Chow (1959).

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

Appendix H. Figure 12 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
0.055 for 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

Coeflicients 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.

Starting Water Surface Elevation

16



At the point of discharge of the two watercourses, the regulatory 100-year flood elevation is
about 49.90 meters. This elevation would have been the starting-water elevation for the present
hydraulic analysis. However,-this elevation cannot be reproduced pro:fided that the survey work
was referred to mean sea level as certified. The, the starting water elevation was obtained by the

slope-area method, and by this method the elevation is much over the regulatory level.

Hydraulics for Existing Condition —
The existing condition corresponds to the segment of the watercourses inside the project site
-including all existing structures such as crossing structures. Figure 12, where the cross sections
are located, pictures the watercourses analyzed in this study.
The hydraulic analysis was based on discharges obtained by the hydrologic analysis. Discharges
for Watercourse #1 belong to the hydrologic addition of the individual discharges coming from
areas E1, E2, E3, Pla, P1b, Plc, P1d and P3. And the discharges for Watercourse #2 are the ones
coming from areas, E4, P4a and P4bc and. Flow regime at the existing condition as well as for
the proposed condition was assumed to be subcritical in some segments and supercritical in

others.

The computer output for the existing condition is included in Appendix F. The following Tables

6 and 7 includes the summary of the results for watercourses #1 and #2, respectively.

Table 6
Existing Condition Hydraulics 100-yr flow
Watercourse #1

Reach RiverSta  Profiie QTotal MnChEl WSHwyw O¥WS  LEGEHev LEGSope VAC  FowAra TopWidh Fouwe=CH

(m35) () (m) () (m) (rovrm) () (m2) (™)
1 20 Hing 2197 8900 9072 %72 9121 0023721 309 712 747 101
1 19 100Y 2197 8617 8708 8742 820 Q121247 467 470 976 215
1 18 100Y 2197 8492 8557 8557 878 0027325 208 1080 26141 101
I 17 100% 4165 7444 7525 7588 7806 0774874 744 360 1081 330
1 16 100Y 802 nBx™ 7534 7534 52 0017675 338 2515 1333 097
1 15 100y 8537 67.00 6749 6815 7105 0433187 836 1021 Pk 405
[ 14 100Y 8337 6598 67173 6773 6830 0019875 336 2540 228 100

17



1 3 100Y 8537 6240 6393 6429 6506 0076692 498 1R87 2833 185

1 2 WY 837 50 6430 6238 644l 0001168 153 6 3812 0z
1 11 100Y 4509 5700 643% 6437 0000066 063 34098 729 008
1 10 100Y 14509 5692 433 612 6436 000020 091 U6 912 012
1 o5 Cuhent

t 9 100Y 4509 5600 5821 5221 538l 0018655 343 Q0O 934 09
1 8 100Y 14509 5500 647 5659 574 QmmI2 347 %% 6438 L15
1 7 100Y 4509 BB 5564 853 558 000642 237 7P 6893 063
L 6 100Y 14919 300 5420 5415 s448 0019258 2} 39 97124 092
| 5 100Y 14919 5100 Eys) [ 0RIP LB 137 10654 037
l 4 100Y 15751 5100 363 71 0001205 136 1411 8L07 0
1 3 100Y 16090 5100 365 567 000020 08l 7503 076 o2
1 2 100Y 16090 5000 5356 5365 0000876 140 19071 62 025
1 1 100Y 16090 5000 5334 5252 535 0002898 2 8706 5117 044

Table 7

Existing Condition Hydraulics 160-yr flow
Watercourse #2

Reach RiveeSta  Profke Qo] MnChH WSEBy OGaWS EGHe EGSope VG Fowdrea TopWidh Foude#CH
%) () m) (m) W Y @ @

1 30 100Y 1049 000 253 35 253 0000026 0.8 5827 3044 004
1 2 100Y 1616 6900 7252 009 7253 0000032 015 9551 76.10 Q.05
1 %] Cuhent

H 28 100Y 1616 6776 6215 69.15 6953 Q025315 293 638 38 095
1 7 100Y 1616 6600 6653 Gh62 6685 0057188 268 669 1926 142
I 26 100Y 1&16 &3.00 6381 6381 64.11 002468 243 665 111 101
1 25 100Y 16.16 61.00 6165 6154 617R 0013628 168 964 1845 074
i 24 100Y 1616 60,00 6050 090 61.17 0025320 230 702 13.19 101
1 pa 100Y 16.16 5703 5745 5728 5750 0006543 099 1640 4027 049
1 ps) 100Y 3234 5400 5525 5519 5557 0018195 250 1296 1672 050
1 21 100Y 23 5233 5344 h1lel 5355 0008011 148 2183 3386 0.59

Hydraulics for Proposed Condition
The proposed condition is similar to that of the existing condition except that it includes the road

crossing structure to be installed across the creek. Several alternatives were analyzed but the

most cost-effective one was a one 10-meter span bridge. Figure 13 shows this crossing structure.

18



The computer output for the hydraulics analysis is included in Appendix G. The following

Tables 8 and 9 includes the summary of the results for watercourses #1 and #2, respectively

: Table 8
Proposed Condition Hydraulics 100-yr
‘Watercourse #1

Reachi RiverSta  Proffe QToal MnChEl- WSEev CitWS EGHe EGSkpe VeCnl FowAra TopWidh Foude#Chl

(@35 (m) () () (m)_ (mm) (rrs) (i) )

! 2 00y 217 8900 7 07 921 aoB7 3 712 747 101
10w 100Y 2197 8617 8708 8742 W 0121247 467 47 976 215
1 18 oY 297 s® 8557 85T ®W® 0B 218 080 %1 101
t T oY 63 T4 552 Tel9 RO Q1767 79 893 BY 27
! 16 0y 8166 B ISB 7SZ 7590 Q0TS 337 nuw  B2A 097
1 15 100Y 816 6700 6747 6’12 TI0S 0458399 838 974 B35 414
1 14 100Y %01 6598 61T 6772 6&28 00133 33 %07 »14 100
1 13 00Y B0l 6240 692 6428 6505 00TMZ 497 1857 2809 185
1 12 100Y 8401 %00 6428 6235 6439 00016 152 664 300 077
1 1 00Y BT ST00 6434 6435 0000065 053 [ T2 008
1 10 I00Y M3 692 643 6101 6434 000020 091 2604 9175 012
1 65 Culbvert

3 9 00Y 487 600 5820 S8 880 GOISTR 342 2y W7 1m
1 8 100Y M7 S50 S647 658 ST03 0O06TIS 345 PV BTSSR Y
! 7 100Y M7 3 5564 SS3 5585 000910 236 %0 8B 06
] 6 00Y 837 S0 5416 S413 5445 002365 237 6065  BK 0%
1 5 WY 18- S0 5T B3P 0 17! 30S4 10598 037
1 4 00Y 1361 5100 5361 360 00088 134 13935 W07 028
i 3 00Y 1494 5100 86 365 0000210 0£0 mae 1760 o
1 2 100Y 1494 000 5355 5363 000030 135 13954 W27 025
I ] 100Y 1494 000 5334 5247 55 0002687 216 g6 SLIT o042

Table 9

Proposed Condition Hydraulics 100-yr
Watercourse #2
Reach River Sta Profile QTotal MmChEl WS Elev Crit W.S. E.G. Llev E.G. Slope Vel Chni  Flow Area Top Width Froude #
Chi

(m35)  (m) () (m) (m) (m/m) (mys) (m2) (m)

1 30 100Y 1049 7000 7253 7035 7253 0.000026 0.1% 5827  30.44  0.04
1 29 100Y 1616 6900 7252  70.09 7253 0.000034 0.25 9551 7610  0.05
1 28.5 Culvert

I 28 100Y 1616  67.76 6915 6915 6953  0.025315 293 6.38 838 095
1 7 100Y 1616 6600 6653 6662 6685 0057188 2.68 6.69 1926 142
1 26 100Y 1616 6300 6381 6381 6411 0024684 2.43 6.65 121 101
1 25 100Y 1616 6100 6194  61.54 6200 0003374 1.03 1564 2178 039
1 24.5 Bridge
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24 100Y 16.16 60.00 60.74 60.90 61.25 0.058847 3.17 5.09 11.15 1.50

1

1 23 100Y 1616 5700 5745 5728  S7.50  0.006543 0.99 1640 4027  0.49
1 22 100Y 3234 5400 5525 5519 5557 0018195 250 1296 1672 090
1 21 100Y 3234 5233 5344 5322 5355 0.008011 1.48 2183 3386  0.59
Results

The maximum increase in floodwater levels due to a hydraulic structure allowed by the Puerto
Rico Planning Board Regulation No. 13 for rural areas is 0.30 meters. There is no increase in
water level at the cross section located in the immediate upstream of the project site. Though
within the project site, just upstream of the proposed bridge, at Cross Section 25, the increase in
water levels was 0.29 meter. Since this increase is constrained within the project site, and no

increase is reflected outside, the level increase requirement called by Regulation No. 3 is fully

fulfilled.

Using the results of the hydraulics analysis, the 100-year floodplain was delineated, as shown in

Figure 14 No construction will take place in the floodplain.

Local Storm Sewer System

The design engineer must convey the discharge form all areas though pipes and surface runoff
over the roadways to the watercourses. Note that Areas P3 , P4a and Plc must be conveyed fort

to their respective detention ponds before discharge into the watercourses.
Main 100-year collection discharge pipes may be necessary for some areas. Discharges from

areas where surface runoff over the roadways are cloistered must be piped with a 100-year

capacity pipes. The design engineer must identify these areas for appropriate drainage.
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VI. CONCLUSIONS AND RECOMMENDATIONS

The following are the conclusions of this study:

According to the FEMA’s Flood Insurance Rate Map, only a very small part of the project
site is located in the floodplain of Rio Gurabo. This part will not be developed.

Proposed condition discharge is higher than that of the existing condition. Runoff mitigation

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

The proposed mitigation structures reduce the increment in discharge due to the development

to levels lower that those of the existing condition.

The 100-year floodplain footprint determined for the two storm watercourses will not be

affected by the development. The development will be erected outside of this floodplain.

The regulatory water surface elevation at the point of discharge is lower than the 100-year

water surface elevation n for the two watercourses at this same point.

The following are the recommendations of thuis study:

1.

The project site’s roadway elevation must be at least 2 ft above the local flood water levels as
determined in this study. But the minimum roadway elevation at the road crossing structure

will be 63.29 meters

The size, location and point of discharge of the runoff mitigation structures will be as
indicated in this study. The ponds will have an outlet control as described in the Table 5 of

this study.

The engineer will make sure that the site be graded in a way that the magnitude of the

drainage areas be as assumed in this study.
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4. Collection discharge pipes for cloistered drainage areas must be designed for a 100-year

discharge.

5. The road crossing structure will consist on a bridge 10-mts. Span, provided with a minimum

free board of 0.60 meters.

6. The segment of watercourse #2 at the entrance an the exit of the bridge will be provided by

revetment, 6 meters long upstream and downstream of the bridge.

7. The engineer will include protection from erosion at the discharge of the detention ponds.

Protection may be by rip-rap or gavions.

8. Maintenance of the road crossing culverts and mitigation pond outlet is necessary during

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

vegetation.
Study Limits

All the recommendations specified in this study must be considered to assure the optimum
performance of the proposed structures operation. The design engineer will be responsible for

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

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

exclusively for the intended purposes as indicated in this study.
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Project: Palacios de Gurabo

Gurabo, PR
EXISTDNG CONDITION
AREA Pla ARER E1
Soil HSG Curve Area Soil HSG Qurve Area
thmer {acze) Humber {agre)
NaE2, NaD2 C B3 11.65 AaC B s 22.24
Tocal i 11.65% NaD2, NaE2 c a3 3775
a7 CaF. MxE. MaC. Cs, RoC2 D 87 251.61
0.0KE2 Total lacres) 311 .60
. Total (km2) 1.261
Total (miZ2) 0.4869
AREAR Plb Weighted CNM 85.7
Soil HIG Curve Area
Humber {acre) AREA E2
NaE2, NaD2 c a3 3257 Soil HSG Curve Area
ReC2 D 87 280 Fumber {acre)
Total |ecyea 35.17 NaD2 c 83 0.98
Total kSl 0.1452 CaF, MxE. MaC. RoC2 D 87 185.59
1l Total ‘acres) 166.94
Weizheesd N Total “lam2) 0.676
Total (mi2) 0.2608
AREA Plc Weighted CN a87.¢e
Soil HSG Curve Areca
Number {acre) AREA E3
AaC 8 7% 813 Soil HS5G Curve Area
Nag2 C 83 0,08 thumber {aoTe)
Cs, RoC2 D 87 7.4 NaD?2, NaE2 c a3 1.40
Toral ‘acims) 15.3% CaF, MuE, SaF D 87 LLE]
Total (om 0. 363 Total (acres) 78.68
0.G24 Total (km2) 0.218
H 80.%6 Total {(mi2) 0.1229
Weighted CH 86.9
HSG Curve Area AREA E4
Number {acre} Soil HSG Curve Area
AaC 8 75 0.07 Humber {acre)
NaE2 C 83 351 AaC B 15 an
Cs. RoC2. MxE D 87 299 NaD2, NaE2 c a3 8.19
Total wcre 5. 57 CaF, Cak, MxD. RoC2 D 87 721
Toral Ik g.az? Total {acresi 2T
Totml fmE: O.ai0l Total {¥mi) 0.13%
Walijhtmi O 4.7 Total {miz} 0.0511
Weighted CH 84.0
AREA P3
Soaxl H5G Qurva Area
Humber {acze)
NaD2, NaE2, NaF2 C 83 1134
CaF, CaE. $aF. MxE, MxD D 87 55.49
Tatal dacras) ba. A3
Totml (km. TR
Trtal imi- 3.1073
Weigliesd N 1.
AREA Pda
So1l RSG Curve Area
Number {acTe)
AaC B 75 372
NaD2. NaE2. NaF2 C 83 14.08
CaF. CaE, MxD. RoC2 o 87 10.80
Totml A i 28.%5
Tar km iLF
Vi LEgT
d N 3
AREA Pdba
Soal HEG Curve
Humber
AaC B 5
NaD2, NaE2 < 83
RoC2 D 87
Tt hl o
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Project: Palacios de Gurabo

Gurabo, PR
PROPOZED COMDITION =
ARFEA Plab AREA E1
Soil HSG Curve Area Soil HSG Curve Area
Huxber {acre) thumber (agre)
Urban - 93 46.82 AaC B8 75 2224
T L] iG.82 MaD2, NaE2 c 83 37,75
¥ = [ CaF. "MxE. MaC. Cs. RoC2 0 87 251.61
Totml im ). G132 Tmral ‘acres) G
L tal Xy Sl
gl 12l u ¥
AREA Plc Weighted TN 1
So1l HS5G Curve Area -
Humber lacre) AREA E2Z
AaC B 75 0.53 Se1l HSG Curve Area
— NaEz2 cC a3 0.08 Humber (acre}
Cs. RoC2 D 87 5.88 Nal2 C 83 0.86
— Total =& § CaF. MxE. MaC. ReC2 =] 87 165.98
Tt L E Teta: rawi R34
Weightad CH G, 1 ¢ 2
AREA Pld
So1l H5G Carve Area AREA E3
Number {acre) Soal HSG Curve Area
AaC ] 75 0.07 Humber {acre)
MNaE2 c 83 3.5 NaD2, NagE2? c 83 1.40
Cs, ReC2, MxE D a7 299 CaF. MxE, SaF D 27 71.28
I 1 R.57 Total jasca=s; g
¥ B bl TRl . L] 1 e
W a. = ]
AREA P3 AREA Ed
So1l HSG Curve Area So1l HSG Curve Area
Numbear {acre) Humber {acre)
Urban 93 T4 AaC e 75 r2
NaD2, NaE2 c 83 345 NaD2 ivaE2 c 83 6.19
CaF. CaE. SaF MxE o] 87 18.50 CaF. ZaE. MxD, ReC2 D 87 22.81
ol | T9.34 ToLmL ) RETIE} =
Torta 1 E s T i
i - il I
AREA, Pda AREA P3.1
So1l HSG Curve Area Soil HSG Curve Area
Rumbex {acre) Numb-er {acre)
Urban - 93 10.78 CaF. SaF o 87 15.82
AaC 8 75 085 Fobk: 1] Y
NaD?2, NaE2? c 83 284 Tt
Cs, MxD. RoC2 0 87 .80 Trax 1
Tt Laeraw 18.105 2 "
Wi ; A
ARFEA P4b
So1l HSG Curve Area
Number {aore)
Urban - 93 58.72
E b ojanEss 58.72
i 3
AREA Pdc
Seal H5G Curve Area
Humber {acre)
- 93 30.05
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APPENDIX B

HEC-] RESULTS FOR EXISTING CONDITION
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APPENDIX D

FLOW RATING CURVE FOR MITIGATION STRUCTURE



Project: Palacios de Gurabo
Gurabo, Puerio Rico.
Description: Pond #1

FLOW RATING CURVE
Structure  Head m 0 05 1 1.5 2 2.5 3.07 357 4.07 4.57
ft 0 1864 328 492 656 8.2 10.0696 11.71 1335 14.9896
Diameter (feet) 45 45 4.5 4.5 4.5 45 45 45 45 45
Number 1 1 1 1 1 4 1 1 1 1
Head over CL (feet) -2.25 0861 103 267 431 595 7.8196 9.4596 111 12,7396
ORIF #1 Discharge Coef 061 051 081 0.61 0.61 0.61 0.61 0.61 0.51 0.61
Flow (cfs) 0 0 79.015 127.217 161.63 18991 217.711 23946 259.38 277.8859
Head over invert (feet) 0 184 328 492 656 82 100896 11.71 1335 14,9896
Velocity (fps) 0 0 29681 7.99887 10.163 11,541 136888 15056 16.300 17.47232
Invert EI {m) 26 26 28 2.6 26 2.6 2.6 2.6 286 2.6
Rect {feet) 8528 8528 8528 BS528 8528 8528 B528 8528 8528 8.528
WEIR wWiath {feel} 24 24 24 24 24 24 24 24 24 24
Cc 066 066 066 066 086 0865 066 066 0.66 0.66
Head over weir {feet) 8528 689 5248 3608 -1.968 0328 15416 3.1816 48216 6.4616
Flow (cfs) 0 Q 0 0 0 O 126466 38089 71059 1102407
FLOW SUMMATION {(cfs) 0 0 79.045 127.217 161.63 189.91 346.178 62035 969.97 13807293
RECTANGULAR LAGOON
Lado A de la Base, fi 150 150 150 130 150 150 150 150 150 150
Lade B de la Base. ft 150 150 150 150 150 150 150 150 150 150
h (ft} 0 164 3.28 4.92 6.56 8.2 10.0696 11.71 13.35 14,9896
Slope 1 2 2 2 2 2 2 2 2 2 2
Area (sqft) 22500 24511 26608 28791 31061 33416 36206 38745 41371 44083
{acre) 0.52 056 0.61 0.66 0.71 0.77 0.83 0.89 0.95 1.01
Volume, acre-ft 000 089 185 2.90 4.04 5.27 6.79 8.24 5.80 11.47
Lado A del Tope 150 156.6 183.12 1609.68 176.24 182.8 190.278 196.84 2034 2009584
Lado B del Tope 150 1566 163.12 16968 176.24 1828 190.278 19684 2034 200.9584
DEPTH - VOLUME CURVE
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Project: Palacios de Gurabo -
Gurabo, Puerto Rico.

Description: Pond #2 R
ELOW RATING CURVE ’

Structure  Head m 0 0.5 1 1.5 2 25 297 347 1.97 4.47
1§ 0 1.64 328 492 856 8.2 7416 11.28 13.0216 146616
Diameter (feet) 4 4 4 4 4 4 4 4 4 4
Number 3 3 3 3 3 3 3 3 3 3
Head over CL (feet) 2 036 1.28 292 4.56 6.2 7.7416 9.382 11.0216 12,6616
ORIF #1 Discharge Coef 0.61 0.61 0.61 0.61 cB1 0.61 064 061 0.61 0.81
Flow {cfs) 0 - 0 20879 31535 39408 45952 513.48 5653 61267086 €56.673
Head over mvert (feel) 0 1.64 328 492 656 82 97416 11.38 13.0216 14 6616
Velocity (fps) 0 0 166815 25095 31.35 36567 40861 4498 48754684 52.2563
invert £) (m) 25 25 2.5 25 2.5 25 25 25 2.5 25
Rect {feet) 82 82 8.2 8.2 82 8.2 8.2 8.2 8.2 8.2
WEIR width (feet) 24 24 24 24 24 24 24 24 24 24
Cc 066 085 066 066 065 065 066 066 0.56 0.66
Head over weir (feet) 82 65 482 328 -1.64 0 15416 3.182 48216 6.4816
Flow (cfs) 0 0 Q 4} 0 0 12847 3809 71058953 1102.41
FLOW SUMMATION (¢fs) 0 0 20879 31535 33408 450.52 641.94 9461 1323.2604 1759 08
RECTANGULAR LAGOON
Lado & de la Base, fi 140 140 140 140 140 140 440 140 140 140
Lado B de la Base, ft 140 140 140 140 140 140 140 140 140 140
h (/) 0 1.64 .28 4,92 6.56- 8.2 9.7416 1138 13.0216 14.6616
Slope 1 2 2 2 2 2 2 2 2 2 2
Area (saft) 19600 21480 23446 25498 276356 29860 32029 34420 36897 39460
{acre) 0.45 0.49 0.54 0.5¢ 0.63 0.69 Q.74 0.79 0.85 0.91
Volume, acre-ft 0.00 0.77 1.62 255 3.56 4.66 578 7.08 8.45 9.95
Lado A del Tope 140 146.56 153.12 15968 16624 1728 17897 1855 1920864 198 646
Lado B del Tope 140 14558 153412 15968 16624 1728 17857 1855 1920864 160 Gan
DEPTH - VOLUME CURVE
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Project: Palacios de Gurabo
Gurabo, Puerto Rico.
Description: Pond #3

FLCWY RATING CLURVE
Structure Head m 0 0.5 1 1.5 2 25 3 3.5 4 4.5
ft [¢] 1.64 3,28 492 6.5 8.2 984 1148 1312 1478
Diameter {feet) a 3 3 3 3 3 3 3 3 3
Number 1 1 3 1 1 1 1 1 1 1
Head over CL {feet) -1.5 014 1.786 342 506 6.7 834 998 1162 1326
ORIF #1 Discharge Coef 0.61 061 0.61 0.61 0.61 o061 0.61 0.61 0.61 0.61
Flow (cfs) 0 12,947 461654 63.991 77.836 BOS6E 999285 109.31 117.953 126002
Head over invert (feet) 0 1.64 328 492 6.56 B2 984 1148 1312 14.76
Velooity (fps) 0 183163 6.53105 9.0529 11.012 12671 14137 15.465 16,6860 17.8256
Invert £ {m) 23 23 23 23 23 23 2.3 23 2.3 23
Rect (feet) 7.544 7544 7544 7544 7544 7544 7544 7544 7544 7544
WE!R Width (feet) 24 24 24 24 24 24 24 24 24 24
Cc 0.66 0.66 0.66 086 066 0.66 0.66 0.66 0.66 0.66
Head over weir (feet) 7544 5904 4264 2624 0984 0656 2206 3936 5576 7.216
Flow (cfs) 0 0 0 ] 0 35661 233.502 524.1 883723 1301
FLOW SUMMATION (cfs) D 12,947 46.1654 63.991 77836 12523 33343 63341 1001.68 1427
RECTANGULAR LAGOON
Lado A de la Base, ft 180 180 190 190 190 180 190 190 190 190
Lado B ce Ia Base. ft 180 180 180 190 190 190 190 190 190 190
h (f) 4] 1.64 d.z8 4.52 8.56 8.2 984 1148 13.12 14,76
Slope 1 2 2 2 2 2 2 2 2 2 2
Area (sqft) 36100 38636 41258 43966 46760 40640 52606 55658 58797 62021
(acre) 0.83 0.89 0.95 1.01 1.07 1.14 1.21 1.28 135 142
Volume, acre-ft 0.00 1.41 292 453 625 808 1003 1210 1431 16854
Lado A del Tape 190 19656 203.12 209.68 21624 2228 22936 23592 24248 249.04
Lado B del Tope 180 19656 20312 20968 21624 2228 22936 23592 24248 24904
DEPTH - VOLUME CURVE
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APPENDIX E

HEC-] RESULTS FOR PROPOSED CONDITION W/MITIGATION
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HEC-RAS RESULTS FOR EXISTING CONDITION
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o Barrel 'mifs Tl Tuly Yel DS (m/s) 6.69
E5. 4J5. lm) Te .58 July Inv El Up {m) 70.24
W.E. 05, m Y Iy Inv E1 Da (m) 68.61
E.G. culy Freen Ls (m) 0.52
s Culv Exit Loss {m} 2.09
Ce Tulv Ertr Loss Iim) 0.40

2 Weir [mifs)

Weir Sta Lft (m)
We:r Sta Rgt m)

We:i Submerg
. Weir Max Cepth (m)
&8, 4! Weir Avg Depth (m)

[y 22 Wei: Flow Area ‘ml)

1. Min El Weir Flow |m) 74.50

Vverl Jroup has supercritical flow at the outlet. However, since more

least one _culvsrt
T group has flow, the pregram cannot determine if the downstream

>ns culvert n

=0 <d ER cr supercritical flow. The program used the deownstream
shswer, 2vanl Tnouyn 11 may not be valld.
ile #I03Y Jelv Bfoup: Culvert §1
1/4) §2 F3 Tulv Full Len (m) 29.95
i 1 Us tm/s) 5.79
i 08 (m/s) 5.79
w E1 Up (m) 68.83
gty 5 culy Iav E1'Dn (Tﬂ) £7.66
$3, 83 Juiv Fretn Ls Imd 1.17
= P Exit Loss (m) 1.36
3. ap Zntr Loss (m) 1.02
R L welr Submery
" L E Welr Max oepth m}
m . L Wealr Avg Deptn (@)
< Area (m2)

HMir El Weir Flow [mil 74.50

up has supercritical flow at the outlet. However, since more
has flow, rthe program cannot determine if the downstream
supercritical flow. The program used the downstream

may not be valid.

erght of the culvert.

i ] B
LR LS

St by JE Elev Sta Elev Sta Eley
] i 1.07 719.09 1.24 79.08
L.d &3 T4 0.4 3.92 16.82 £.21 78.62
vTLm 0] e : . Tl 6.7 16.28 28.73 76
L 19,04 36. 11 : 4.7 43.5% 74 44.48 73.72
472 3 48.1a EC 52.3% 71.08 52.57 71
52, 7R 2 3 n 56.21 68.45 58.33 60,45
wl . 4% a, 4 &a2.03 e 534 62.52 70.41 62.27 70.55
H . da 1. € [ W h “ 57.3 T1.74 68.42 2
0d, 3 k5 1.1 =15 713.22 73 14.32 73
79,68 T3.4 85,489 73.52
88.:5 73 88.42 73
89.75 73 89.84 13
92.64 73 99.67 13
L12.84 72.36 113.13 72.29
119.44 71 121.23 70.5%
124.18 69.87 124.23 69.84
1Z5.64 69.2 126.13 66.93
1902 69.34 130.5% £€9.63
131.45 70.11 132.15 10.26
1355 10.89 135.7 70.91
141.15 72 144,52 12.41
148.869 73 153.93 73.52
162.62 13.87 162.8 73.88
164.48 713.97 165.2 4
172.37 75 172,46 75.01

H | | 75.4 175.88 75,48
z 3.2 1R et 15 182.42 76.36
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Wb, n-val. 0.045 0.035%
Eeacn Len. {m) 141.05 121.60 102.26
0o, Flow Ar=a [m2} 3.82 2.97
m S Ar=a [m2j 3.82 2.87
> To th. Flow [(m3/3=) 10.25 5.91
Tap Wideh  |mf L3 Top Width (m) 10.58 8.68
vel Total m/sd Ta42 Avg. Vel, (m/z) 2.68 2.086
Max Thl Detn imj Hyar. Depch m) 0.38 0,33
<ofv. Teks misa) Jonv. ‘m3/3) 42.8 24.7
i ek Wod. (s B30 Wettad Per. (m) 10.58 8.717
£l mi 86. 70 Shear H/m2}) 200.85 183.25
1ad Stream Fower (N/m s) 538.27 377.98
DB (m 169 Cum Volume (1500 m3) 8.75 .15
Lboas .03 Zum SA {10006 m2) 16.10 .44
Warning: Div:ideq Zross-section,
Warning: The « 1 conveyance divided by downstream conveyance) is less than
0.7 ¢ may indicate the need for additional cross sections.
waraing: The =n 2 than 1.0 £t {0.3 m). between the current and previocus croas section.
Thiz m ioed [or additional cross sections.

E SECTIGN

RS: 28
=1 Sta Elev Sta Elev Sta Elev
3 4.8% 78.11 5add 758.06 5.18 79.04
7. 9,595 78 13.97 Tl 14.4 77
1 0. 58 75.61 20.93 75.52 21.56 75.38
1 24.08 74.58 25.5 74,49 25.99 74.39
M 34,03 73 41.11 72.02 41,25 72
i 45.79 71.36 47.83 71.21 49.39 11
mn e 70,5 51 5% 70.22 52.1 0
] A8:d3 6B.:6 56.¢5 68 57.62 67,56
i e #l.24 ] 3. 32 65.08 $3.51 65
LEN EL 53,35 68,09 63 73,11 63
L 4 4.41 3pil 77.681 3. 72 18.02 53.91
TAL 4 £ 1R 0, 21 54,23 82.27 £4.73 93.67 63
S 35. 46 & el Ak ¥ .14 65 91.58 66 91.81 66
- Ko NG, 21 4G, Lk 2744 66. 286 9§.73 £6.39 99.54 £6.42
=8 DB S2 67.09 105.65% 67.12 109.24 68
224 60.35 123.:58 69.46 126.34 69.72
Q. LIA3 70.92 138.22 71 145.11 71.8
nE 517 73 154,18 73 154.22 73.01
161 .8t EE A 74.41 163.86 75 173.24 75.42
MET ? i
ks rFa b 1l dta v Wa
05s J 538 = 25.%9 a55
Sta Aigh Lag.gt Lt innel Coeff Contr. Expan.
& 0a 16,955 109.475 -1 -3
R ¥ SECTTON TPUT Propile #b
B Element Lefr B Channel Right CB
=3 Wt. n-Val. 0.045
si.31 Feach Len. (mi 126.93 109,48 99.22
1 Flow Area ‘'mZ) 6.65
Arex (m2) 6.65
: Flow (m3/s) 16.16
.00 Top Width (m) 11.21
L4l Avg. Vel. {m/=z} 2.43
Jdi Hydr. Depch 'm! 0.59
D Zonv., m3/3) 102.9
] Weteed Per. i(mt 11.46
Chear [N/m2) 140.54
! Stream Power (N/m s) 341.49
< Zum Volume (1000 md) g.11
= Cumm SA (1000 mZ) 14,78
irod nor e balanced within rhe specified number of iteraticns. The

C5. Jepth ror the water surface and continued on with the calculations.
changed by more thaa 0.5 £t (0.15 m). This may indicate the need for

¢ than 1.0 fr (0.3 m). petween the current and previous cross section.
~r agdiricnal cross secticns.

icns, when the assumed water surface was set equal Lo critical
urface came back below critical depth. This indicates that there is

The program defsulted to critical depth.




CRGSS SECTION

.E2

b=l
—
W
.
5

e
[N T IS

"
SURRTURE Sy

ey

N
r
r

I

Sta Elav Sta a Elev
TO. 68 5.av G. 5. 22 76.5
5.3 70.78 S T 70.:8 6.¢2 .58 T.7% 70.:3
§.41 10.29 e 17.44 69.95 11.73 £9.468 12.2% o P
12- %3 69.4€ 12 g8 69 185 &8.57 12.43 B
£2.08 67.42 2l -2 67 23:%7 - P 24.26 86. 59
25.635 66 . 27.3¢6 1 a5 23.3 B4zl
39.94 £4.687 2. 32.47 -4 32499 B
3502 a3: 36 r {1 17,79 62 42.43% 61, &
45.82 61 49. 5073 51 53,93
81 54 . 54.63 6L S55.78
£1 56, 25,41 i% 5g.54
61.31 A0, 0.5% £3.15
§3. 3 ]
o7
5
3

5

L] =] 4.4 0 31 ]
l &L 12 g3. 56 4.4 E5aTe
gg. 22 19,19 Y 23.304 g
- 38. 8. 65 iyl 35 101.63 B.22
. é9. 0% 2 12 104.49 B8I1T
L th §5. 18 I3 106,353  eE.JE
20h. T2 £9.27 113..6 §%.g8 153,78

Marning's n Values
Sta n vVal
2 .055

i —Elev lait 2R el
Head =) 4
Elev m N e L
W.5. im} 4
Slope m/m 4
(mirs) sE. L
-]

.m)
ims =)
Doth |m)

Conv. Total 'm3/3,; g
Length Wed., [ml r
Min Jh El (@)

Alpha
Erzzhn

w4 o

tm)
(m}

Loss
Loss

iz mav
Hydraulic

CEE TR

Norte:

PSS SECTTON

RIVER: I
REACH: 1

'y
i

Description: sectiond

FLA&T1On Elevation Daia = 24
Elev g L= e | Lley Sta £
73.¢9 5. 11 ] = 95 Ny g WL
12 % 1 4 e= 1084 4 =
o : N 1 70 it - | “d T J .04
15 69,52 J: it=7Fi @
$4.29 57,41 7. B2 dg. 73 $
46,05 55.94 & .68 43,040 L3
1.5 5.2 &4 .55 531.E3 o' IR
4.3 54,28 od. .1 -, ’ T -
35.a7 G4 02 g .
$3.77 52.0€ 2 =1 %1, 73
T 5T 51 a0, 36 0% §8.23
A 50 = e T &9
9 3% 31} 14 B )3, ST
4.47 20,893 e 23 . £
L6.8% 1.8 = Jye . == AA
-~ I 23,08 L NLES 4q .2




96 . §d 84.61 97.451 %5 A7.:24 65.06 100.82 65.38 101.17 65.41

14107y 65,44 102.233 =i pL. 13 65.48 103.92 65.56 104.37 65.586
104.27 65.81 105.78 65.04 105,74 65.67 105.99 65.69 (9.9 65.91
Manning's n Yalues qume 3
Sta n val Sta n Yal Sta n VYal
G .Q%% 63.6 . 045 86.113 .055
Bank Sta: Left Right Left Channel Right Coeff Contr. Expan.

61.6 88.13 T 497.007 146.128 141.32 -1 .3

CROSS SECTION OUTPUT Profile #100Y

E:G 1 Elament Left OB Channel Right CB
Vel f i H Wr. a-Val. 0.049
W.5. Elev |=) 60. Reach Len. {m) 157.01 146.13 141.32
Crit W.5. [m} 20,80 Flew Area (m2) 7.02
£.53. flope m/m) 0925320 Aresa (m2) 7.02
Q Total ‘m3/s) 16,18 Flow (m3/3} 16,16
Top Widif (m) 13.19 Top Width (m)} 13.19
Vel Total '‘m/2) 2. 30 Avg. vel. (m/s) 2.30
Max Thl Dpth (m) 0.99 Hydz. Depth {(m) 0.53
Conv. Total imd /il 101.:2 Zoav. (m3/5) i0l.6
Length Wed., [m) Wetted Per. ‘m} 13.35
Min Ch El !m) o Shear (N/m2) 120.51
1.20 Stream fower (N/m s) 300.56
L.78 Zum Yolume (1000 m3? 6.93
.07 Jum SA (1200 m2) 12.62

14 not pe balanced within the specified number of iteraticns. The
rh Zor the water surface and continued on with the calculaticns.
ged bty more than 9.5 £t (0.15 m). This may indicate the need for

Wacning: The energy sguation cou
program used critical

Warning: The velocity head has
additional cross zecti
Warning: The conveyance ratlo m conveyance divided by downstream conveyance) is less than

0.7 or greater than 1.4 This may indicate the need for additional cross sections.
The energy LOsSs was greater than 1.0 ft (0.3 m). between the current and previous cross section.

Warning:
Thiz may incicate che for additional cross sections.

Warni suring the -tupoard srep fteratisns, when the assumed water surface was set eaqual to critical
fepth, the caicul. wilRr 3urface came back below critical depth, This indicates that there is

net a valid subcr . shiswer. The program defaulted to critical depth.

wacription: secti

Station tlevation 118
Elev 3ta Elav Sta Elev Sta Elev
57,71 5. pd &l 5.081 87 B.8BS 66.5
&6 14.88 65.67 15.74 65.57 17.61 65.38
0.2 20,74 : 23.%% 64.21 24.31 64.1 24.95 64
63.9% 26,93 6 5L % =2.36 32.41 62.14 32.58 62.1
e 34.97 K. R ] ol.l6 37.64 £1.08 38 6L
=16 19.41 gl . ui 41 80 43.% 59.5 45.51 59
585 1 §8:71 ] 19, &2 57.391 45,05 57.87 49,95 57.63
57.52 51.369 33 52.0% L) 2431 &7 55.3 57
57 43,44 gl. 18 57 65,04 57 67.21 57
57 ng. 24 L .3 57 72.13 57 73.85 37
57 FL 9 76,44 57 16.58 57
57 77.24 57 80. 0% 37 a0.1¢ 57
iz 57 2. 48 57 B4, :8 57 84.44 57
85. 54 57.8 A5 41 57.43 92.8 57.72 93.01 57.7
493,79 57.1 93.84 57.87 95.46 57.89 95.71 57.94
A8 . 52 57.47 98 .76 S8 101,17 58.13 101.2 58.15
101,43 58.19 102.09 59 104.39 59.18 104.58 5%.25
1056, U9 29.43 106.41 60.14 108.23 60.71 108,71 60.9
1f ] 4l 130, i 61.94 111.4 62 111.82 52.08
81 118 | 44  119.11 §4.64 120.56 65
5 120 65 121.58 55 121.98 65
65 127.5% 65.65 134.534 £5.7 135.17 65.73
65.75 139.13 66.47 154.06 67 162.53 67.86
57,91 163,32 58  169.77 68.46
= n VYaluses
n Val Sta n val
. 055 45.51 . 055
Sank Sta: Left Right Lenqths: L=ft Thannel Right Coeff Contr. Expan.
§5.51 103.8¢ L2l.uR2 156.027 152.866 21 -3

CROSS SECTICN QUTPUT Prefils wlilt

Left OB Channel Right OB
0.045
fmj 162.06 155.03 152.87




Lir W.s. im)

SG. Rlope m/m)
Total miss)

Top Width (m)
Yel Tatzl (m/s)
Max Chl Opth im}
Conv. Total {mld/s)
Lernath Wtd, [m)
Min Th £1 (my
Alpha
Frctn Loss

T C s E Loss

) mory

i

{m}
{m)

Warning:
additional
The 2gnergy 1
This may indi
Hycraulic j

Warning:
Nofe:

CROSS SECTION

RIVER: 2 .
RERCK: .  —
INEUT =

Description: seccion.
Staticzn Elevation Cata

The velocity head has
cress 38

was

=
jrs
e rhe need

cirred Cetween this cross section and the previous upstream section.

Stz Elev Sta Elev
- 0 62.21 2.43 63
g 69.32 18. 33 A L
14.99 69,32 15.79 BB, 12
19.48 59.37 §9.38
26.4% 59.5 §9.52
30.54 59.61 09,03
34.37 59.73 a®. 74
3B 59 $9.84 9. 0%
$3.34 59.96 0. 6P
47.4 £3.93 &4
5&.34 65.68 -
bl 59.12 4
T 23 39.47 d
17.48= 67
88.: 64
9% &2 82
101.=9 59.26
166,35 57
1323 54
125,99 55
138.m2 37
147. 3¢ 58
L& i £9.76 158.41 53
TEq 3 50.51 16%..4 e
17%.3% c2.06 170 ¢ G-
152. 38 83 193.2 &3.04
oL ) 63.48 202, X
2il. 75 83.4 211, :4 N S
Mznring': n Values
Sra n ‘Val Sta
J .55 106, 2
Bank fta: Left Leagkt
i0s.8
CROSS SECTLIM OUTPUT Prorile
E.5. Elev {m}) 5
Vel Head ‘mi Pl ke
W.3. Zlev im ; P
Crit W.5. m) e
E.5. Slope m/m) . w1k
Q Tokal m3fs
Top Wiath (m) =
gl Toral (mfs) =
Maz Chl Dpth im) =
Tota. (m3/s) L

tm)
ch Z1 (m)

1 Loss im)
E Loss {m)

The veleocity
aacditio

JLEL

8.3

<g

4

4 SE

= 57.33%

1 2 549

155,44 60

164.62 £1
i I

Flow Area [mZ)

ALQE |

Fleaw {mifs)

Tep Wiath im)

Avi. Vel. (m/s)
Hyadr. Depth. im)

Zonv. (m37F3)

Wetzaed Per. (m)
Shear (N/m2)

Stream Power (N/m z)
Zum VYolume (1000 m3
Tum SA {1000 m2)

snged by mors than 0.5 £t

than 1:0

for addi

£ (0.3 m).

5.
16..13
2 i

-
38
¥§,13
40.:2
15. 58
$0.0%8

idoh
Vel.
Jepth [m)
(m3/s)
a far. (m)
N w2y
Fower (MN/m
Jolume (1000
um SA {1000 m2)

.m}
im/s/a}

(0.15 m.

between the
ional cross sections.

Coeff

This may :.7:

~:%e the need

zurrent and previous <ress

Elev
59,29
69,1
69,3
69,44
S%. 50

G. %4
5944

¥y

P &ight D
BB nd 174.25
1745
135,
T:D.'!
E B3
1.29

ies

the need

for

sectiosn.

for

nan



Warning: The =sne
Thiz may {ndidate the

"HCSS SECTION

BIVER:

REACH:

— T

INPUT

Descriprion:
Station Zlevatiocn

57+%

[
o

I3 wWaS Jreac

T A el
S SV N R

Vi

Ban« fta: Left

CROSS FECTICR

.5, Slav

Vel Hesd
W.5. blev 'm}
Crit W.3

E.G,

2 Io

Top Wldeh
vel Total
Max= THL I
Cunv. Toi

profile

SUMMART TF MANNING'S N VALUES

River:Z

Reach

o

N W

sLa.

’ =
E) —
v o
G e

’
u
I
FI I RN R
oL Gar e BX e 1 E) D = B W

175.8

~ = Lmoontn

w g -

r han

A ERER S N

(2]
Ko -
w1 L o

w0 @
w0
=
-1

Elew ymt.

Flow Area

Sta

20.42

nz

.045
L045

. 045

Coeff Contr.

Left OB

n3

.05%
L0533

.055
.035
L055
055
.055
055
.055
055

1.0 ft {0.3 m}. petween the current and previous cross section.
:r s2dlticnal cross sections.

56.29
55.88

EXpan.
.3

Channel

0.045

21.83
21.83
32.34
33.86

1.48

0.64
361.3
33.97
50.49
14.79



SUMMARY OF REACH LENGTHS

River: 2
Reach River It
1- 30
1 29
—1 6.5
-1 28
1 a7
1 il
1 5
1 24
1 13
1 22
X 21

SUMMARY COF CO
River: 2 =

Reach River s5ta.

30

23

el S S N
]

Profile Tutput Tabis - $taruaard 7

Reach River Sta Frofile
1 20 100
b 2% ony
1 28.5

1 28

1 27 Xy
1 Z 108
i 25 Hy
t 24 100y
1 23 1y
1 22 3
L 21 A

Culwv

Left Channel
92.125 55,547
22.504 30.943
Culvert
99.£B9 74.442
141047 121.601
126. 813 109.475
32.042 33.888
157.007 146.179
162. 062 156,727
- 187.7% 168.:59
0 0
CTEFTICIENTS
Concs. Expan.
L1 .3
.1 )
ert_
.1 .3
L1 .3
At .3
W1 .3
.1 .3
.1 .3
.1 -3
L1 .3
le 1
Min oh £l
i3]
.00
67. L)
&r.ThA
66.1110
©3.00
61,10
’ 57,00
B 54.00
.M 52.1%

Ri

26.
40,

49.
102.
99.
35.

I4
152
174

W.S.

ght

ERE
221

693
264
215
315
I z2
.66
.248
Q

Elav

Irit W.o.
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Elevation {m)

Elevation (m})

Elevation (m)
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Elevation (m)

Elevation (m)

Elevatien (m)

PALACIOS DE GURABO  Plan' CREEKZ-EXISTING-CONDITION  7/48&2005
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APPENDIX G

HEC-RAS RESULTS FOR PROPOSED CONDITION
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FEo

, wWhep rhe

&3.6n 17.98 63
£ 5.71 60.63
0. 08 29.29 60
20,34 34.44 59.22
5g 414.06 58.4
3T 54.62 57
56.49% 60.28 56,22
56.22 £8.58 56,52
57.86 87.6 58
5B .SE 856.18 59
99: 14 88.12 59.29
59.35 103.4 59.75
£0 108.32 £0
60.74 113.¢ 60,71
61.72 124.02 62
62.48 136.52 §2.61
€3.15 138.19 63.23
B3,25 T.53
E3.08
€3.13
a83.4¢
63,91
64,14
£4.7239
64.5%
64.73
a5
E5.14
ES. 51

Gaaff Conktr. Expan.
w3
Left £8 Channel Right OB
0. G653 0.045 0.05%
#1.73 79.88 79.04
ii% 4].93 Q.25
18 4)1.93 0.25
LT 143.49 0.14
1.859 2.494
0.84 0.54
p 0.10
1.0
1.%0 2.45
18,63 18.67
1@.08 10.12
8421 12.865
730 14.13
H w#cified number of iterations. The

inued on with the calculations.
This may indicate the need for

© mj. hetwesn the current and previous cross section.

: watar surface was set squal to critical

Warming gLa H : WAME
i Lahed r sk > came back below critical depth.  This indicates that there is
v g superriti new2r. The pragram defaulted to critical depth.
SECT I
l 3
ACH:D L R5: <
iy ita St3 Sta Elev
&5, 21 = ! Z.28 2.51 66.77
[ . UL g 7.71 11.35 66
a5. T4 L: ks 20.66 22.715 64_66
L. 4 - 64.2 ] 25.79 64
x> 3 wl. 4 W.AsS 3 31.87 61.42
3 20 74,58 L g 25. %@ 59
! 5 3l 57.88 3.4 57.22
T 5 ] [ 3 03] 5% 43.38 56
p &1 BILlB 28 37.4%6 56
! = at 598,05 65.02 36
X ‘ ax.8 55.23




6.4 55.05 87.5 =5 g8.38 5% 90.25 55 93.956 e
94.87 55.79 95.2 3 96.49 LR 9&.03 ta 98.11 Bl
103.28 56.32 103.91 2,036 115,58 56.45 1:3.%2 57 115,71 L7.33
116.26 57.58 116.52 57.6 116.8% 57.63 124.67 58.75 133,02 SE.L 3T
133,15 59 133.%4 59 134.04 59 134.31 59 137.46 59
139.29 59.04 140.3 .4.07  140.32 59.07 141.15 59.12 l41.9 569.16
142.17 59.19 142.:<% 73.24  143.14 59.3 146.7 39.6 147.64 58.7%
147.89 59.76 148.79% 59.92 149.2¢6 &0 150.51 60,17 153.43 60.46
153.97 60.49 154.:9 6051 154.86 60.54 155.36 60.56 153.3¢ 60.58

Manning's n Values num= 3 - —

- Sta n Val Sta n Val sta n val
0 .055% 57.48 .45 98.03 .055
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
57.46 9g.C2 $3.379 $3.611 75.38%5 -
CROSS SECTION QUTPUT Profile #100Y -
E.G. Elev (m} 57.02 Elemsnt Left Chanhil
Vel Head {m) G.5¢ Wt. n-Val. 0.u5% 0.045
W.S. Elev (m) 56.47 Reach Len. {m) 53.78 3.61
Crig W.S. (m} 56. 38 Flow Rrea (m2) 7.06 37.56
E.5. 5lop2 (m/m) 022677 Area (m) 7.06 iT.56
Q Total (m3s) 142.73 Flow (mi/s) 12.15 129. 5%
Top Width {m} 64.33 Top Width (m) 15.58 40,57
vel Tatal {(m/s) _ 3.i0 Avg. Vel. (m/s) 1.72 3.4%

— Max Chl Dpth {m 1.47 Hydr. Depth (m) 44 Q.93
Conv, Total imifz) 878.4 Coav. [m3/3) b2 791.7
Length Wtd. |m] al.5%3 Wettad Per. (m) 16,04 40.67
Min Ch El (m) 55.40 Shear (N/m2) i1%.51 242.22
Alpha 1.1% Stream Power IN/m 3) 198.78 336.37
Frctn Less (m) 1.76 Cum VYolume {1000 m3) 7.59
C & E Loss (m) .01 Cum SA (1000 m) 6.51

Warning: The energy lo3s was gzeater than 1.0 ft (0.3 m) . betwes

This may indicate the nead for additional cress sectiuns. =

CROSS SECTION

RIVER=— ]

REACH: 1 RS: 7

INPUT

Pescription: section?

Station Elevation Data num=

sSta Elev Sta Elev Elev S5ta Elev Sta Elev
0 63.02 .42 5 62.8 11.65 £2.12 13-4 62.91
L3.19 62 13.23 gl §1.99 15.18 61.69 k5.8 Bl.%
17.69 61.32 19.E4 &1 . 0 61.04 20.34 &1 282 60.85
21.64 60.79 22.44 60,6 &0 26.39 28 59.4
28.83 59.5 31.9 : 58.53 35.08
4}. 38 L 42.1 56.07T 56 59.72
6Z.47 55 £1.172 35 63,492
65.62 54.49 6. 0% 54 54.38 66.44
74,38 54 79.35 54 81.33 4
91.54 54.12 82.N07 54 54.42 82.47 34, %¢
83.53 54.51 83.37 24, 54.66 91.23 54.4
93.43 54.36 100,32 54. 54 101.14 53.9¢
108.43 54 110, & 54 54.6 111.08 534.53
112.04 54.82 112.23 54 55 115.67 55
117.17 55.16 122.05 55 55,71 122.861 55.73
124.863 56 125.1% 56 128.24 55.94
128.26 53,99 12R.27 55. $5.99 129.16 96: 95
129.22 55.96 129.:°F 58 55.96 134.63 55.48
134.94 55.89 135.93 g 55.9 136.43 55.98
Manning's n Values = 3
Sta n Val Sta n Val Sta n Val
Q 055 86.74 345 110.36 055
Bank Sta:; Left Right Lengths: Left Chaunel Right Coeff Contr. Expan-
96.%4 117. 36 T7.74 155,126 210.385 L S

CROSS SECTION OUTPUT Profile #i.0Y
E.G. Elev (m) Element Lef: OB “hanns
Vel Head im) Wt. n-val. B:95% d.045
W.5. Elev I!m) Reach Len. (m) 17,74 f5.13
Crit W.5. {m) Fiow Area (m2) 35.08 i1
E.G. Slope (m/m} 0. Area (m2) 35.6R q
Q Total (m3/s} 3. Flow {m3/s) 55.86 ¥l
Top Width (m) §6.71 Top Width /m) 33.60 52
Vel Total (m/s) 1.81 Avg. Vel. (m/3) 1.57 36
Max Chl Dpth (m) 1.485 Hydr. Depth {m) 1.08 .45
Conv. Total 'm3/s) T29.1 Tonv. {m3/s) 672.0 0.9
Length Wtd. (m} 125.83 etted Per. (m) 33.84 2335

2 the current and previous crazs

gectlan.



Min Th E1 (m) 53.79 Shear N/m2) T1.44 97 .69 39.55
Alpha 1.1E Strzam Power (N/m 3) 111.84 230.28 41.74
Frectn Loss m) 1.49 Cum Valume (leO m3) &£.75% 35,97 12.25
C & E Loss m) 0.41 Cum SA (1000 m2) 5.19 23.71 12.99

Warning: The convevance ratic |[ugpsTtream conveyance divided by downstream conveyance) is less than

3.7 or greater than 1.4. Thl: may indicate the need for additional cross sectiens.

The energy losz was Jreater than 1.0 rt (0.3 m). between the current and previcus crgss section.
This may indicata the neez for additional cross sections.

Neokte: Hydraulic jump has cozucred between this cross section and the previows upstream section.

Warning:

CRO5S SECTION

RIVER: 1 I
REACH: 1 R5: © -
INPUT .
Description: sectioné _
Staticon Elevation Data num= 227
Sta Elav Sta Elev Sta Elav Sta Elev Sta Elev
d 59.56 .2 59.53 1.41 £9.3 1.71 59.24 2.93 59
3.58 58.86 4.36 58.71 7.02 58.29 8.75 58 9.06 57.92
9.16 5789 10.42 Bl 10.73 57.44 13.72 57 15.57 567
20.868 36 22.55 55.76 el 22.83 55.71 22.98 55.68
ZB 2 S5.65 23,47 55151 23.85 24.32 55.54 24.72 55.53
i 2% 55.5 2E.3 563 25.8 26.62 55.39 27.29 55.32

28.13 _55..2 29.38 55.09
31.63 54.57 32.54

37.11 54.6% 37.91 3B. 5 54.59 39.07 54.58 38.59 54,56
N 40 54.54 40._39 10.84 54.48 41.29 54 .44 42.4%6 53.36
4281 54,33 43.14 43.44 54.29% 43.77 54.29 43.98 54.28
44.19 54.28 44.58 14.0% 54.27 56.19 54.01 56.2 54.01
B 2l 54.01 56.22 55,23 34.01 56.24 54.01 56.25 54.01
Z8.26 54.01 56.4 .8 53.83 62.78 53.82 62.93 53.82
61.09 53.8 65.85 53.69 =6.13 o3n ¥ 87,17 -53.8 72.69 53.62
1.28 53.¢ 75.93 53,046 TR 53.63 77,12 53.61 T7.43 53.59 -
ml.12 53.@9 88.72 53 15.12 33 i1l1.58 53 111.82 53
L13.38 53 113.95 BF 21534 53 116.78 53 120.85 53
12512 53.36 126.73%4 53.45 53,74 133.58 53.98 133.82 54
131.24 54 133.7%% 54 24,39 149.02 54.42 153.27 54.135
PR 3 S54.37 154.02 24. 10 4.2 155.%5 54.29 156.1 54.26
tsm. 58 4 i138.% 4 158.82 54 158.9 54 162.42 54.46
167,23 25 187.64 5% 167.09 55 167.73 55 168.56 55
168,24 55 189.43 35 189.%4 55 169.68 55 170.4%6 55
TTD 55 170.72 53 T1.43 55 i71.6 55 171.78 55
172,019 55 172.35 -1 I T 35 173.38 55 173.54 5%
113 556 173.@5 4% igllel 35.53 204.2% 55.8 207.94 35.%
20 a 55.9 208.45 £5-3] 208.57 b« 81 21%.3 56 211.68 S6.2
212.56 57 213.:5 =7.63 113.34 58 214.2 58,34 215.09 59
216..9 59,92 216.:9 60 116.47 80,27 216.86%9 60.24 217.66 [}
=18. @ 61.42 218.95 62 195 62.52 220.26 €3 220.97 63.54
g &4 222.81 4,95 227,83 65 222.96 £5.06 223.1 65.17
224..8 66 224.89 .44 b 3} &1 226.46 67.62 226.9 68
229.13 68.42 233.9 68 I3, LI 23,26 236.46 9.3 236.89 69.33
2374y ; w9.4% 135.18 “3.54  Z240.2°% 69.64 241.26 £9.73
kol I 05, 10 Z4%. D 244091 Q247,74 70.17
248 .56 Ty =0l 0.3 251,34 10,36 251.78 70.39
2HE. 49 n.458 A Tl 262.3 71 262.66 71
263.01 11 JET)%s 11 Z288.9%1 71 269.54 71
b - 1 iy =¢3zdl 1 275.53 71 279.24 71
Ko, &S g ZRW 3T 70.52 28D.38 70.78 281,31 70.71
181.66 7 S & g ThLLT 284,47 70.18 285.45 70.11
285 .x .09 2B6.:1 ¢ F THE L4 0,09 28B&.48 .1 287.18 70.14
287.45 70.2 288.¢ iy, 24 135017 70.4% 289.48 10.95 292.3% 71
294. 4 71.18 294,73 71.18 IB5.41 71.26 296.9 71.3  297.513 71.36
198.06 T1.37 298,717 T1.44
Manning'2 n Values num= 3
sta n Yai Ska a Val Sta 2 Val
0 .055 .53 45 1BI.H3 .055
Bank Sta: Left Right Lengthsz: Le “hanneg Right Coeff Contr. Expan.
i0.53 181.33 4. 123,83 209.385 .1 .3
CROSS SECTION ODUTPUT Protile #1700
E.G. Elev 'm} 54.49 Elément Left OB Channel Right OB
Vel Head [m) 0.9 Wt. p-val. 0.045
W.S5. Elav 'm) S4.1x Rezzn Lern. {m) 40,35 115.83 209.39
crit W.5. (m) B4.13 Flow Area {m2) 60.65
E.G. Slope (m/m) 3.22035% Aresa iml) 60.6G5
2 Toral (mi/s) 143,73 Flow ‘m3/s] 143.73
Top Width im) 23,80 Top Widzh (m) $3.80
Vel Total m/s) gy | Vel. (m/s) 2.37
0.65
£} 1007.2




Min Ch El (m) 53.10
Ainha 1.00
Frctn Loss (m) 0.60
C § E Losz (m) 0.086
Warning: Divided flow computed for
Warning:
additional cross sections.
Warning:
0.7 or greater than 1.4.
Warning:

Shear (N/m2}

Stream Power ({N/m 3)
Cum Volume (1000 m3)
Cum S& (1000 m2)

rhis cross-section.

The velocity head has changed by mere than 0.5 ft (0.15 m).

129.01

305-72
29.55 12.53
15.78 11.78

This may indicate the need for

The conveyance ratlio (upstream conveyance divided by downstream conveyance} is less than

This may indicate the need for additional cross secticns.

This may indicate the need for additional cross sections.

CROSS SECTIM

RIVER: 1
REACH: 1 RS: 9
INPUT
Description: sections
Station Elevation Darta num=
Sta Elev Sta Elev
0 58.08 .18 58
5.03 586 6.07 55.56
7.26 55.07 7.42 55
9.66 54 9.83 53.93
13.91 52 15.45 52
25.07 52 25.82 52
33.57 51 33.8% 51
40.39 51.69 40.84 51.73
42.88 51.9 42,97 51.31
44.33 51.96 45.09 51.96
49,16 52 49.33 52
54.02 52 55.2 52
59.4 52 74.85 5..84
78.04 52.94 78.52 52.95
0,32 53 §0.:9 53
#q.71 53 B6.91 53
94,2 53 95.13 23
99. 531 53.19 100.22 53.18 I
110,97 $3.43 120.68 53.5
Manning's n Values num=
Sta n val Sta n val
0 . 055 29.82 .04%
Bank Sta: Left Rignr
29.82 44,18
CROSS SECTION OUTPUT Prorile ki
E.G. Elav |[m 53.79
Vel Head 'mj S
W.5. Elev [mi 53.7%
Crit W,.5. [m)
E.G. Sicpe ‘m/m) 0.00Z088
Q Total mirsfz) 143,73
Top Width (m} 105,28
Vel Tatal (m/'s) L ik
Max Chl Dpth {m e b
Conv. Total fma/=2 3ta%. I
Langth WeE, [m} 65,84
Min Ch El fm) S1.00
Alpha L.
Frctn Loss m} g.1
C & E Lozs (m) 0.¢
CROSS SECTION
RIVER: 1
REACH: 1| RS: 4
INPUT
Description: sectiond
Station Elevation Data num=
Sta Elev sSta Elev
1] 57.04 .51 57
6,38 57 11.65 56.22
14.48 55.7% 14.8 35
17.82 55.19 18.¢8 55.01
20.74 54,51 21.¢3 54, 34
2211 S4.11 23.21 a4
0:23 52.4 11.9% g
45.c7 51 30,44
1,36 21.33 64.49 L B

92
Sta Elev Sta
1.586 57.42 2.57
6.25 55.49 6.49
8.8 54.63 9.03
10.04 53.84 11.76
16.13 52 24.4
29.82 52 30.51
34.2 51 35.85
41.72 51.8 42,48
43,14 51.92 44,16
45.72 51.96 46.95
50,51 52 51.11
55.482 52 56.219
75.39 52.88 T6.34
78,27 52.96 78.41
§1.82 53 84.33
8778 53 88.49
96 .06 53.07 96.E3
10268 53.26 103.15
3
Sta n Val
44.106 055
Thannel Right
11.531 24.002
WE. p=Val.
Reach Len. /m)
Flow Area [m2}
Area (ml]
Flow (m3/z)
Top Width |m)
Avg, Vel. im/s)
Hydr. Depth Im
Conv. (m3/s)
Wefted Per. (m)
Shear (N/m2j

Stream Power (N/m s}
Tum Volume {1000 mld)

Cum SA (1000 m2)
24
Sta Elev Sta
1.23 57 2.32
13.07 56 14.07
15.21 55.64 16.11
18.7 $5.01 16.73
ool 54.25 22.41
15.84 53,139 27.%
2,08 52 32.11
7l.34d 51 51.88
5.7 S1.47 74,58

The energy loss was greater than 1.0 £t (0.3 m). bhetween the current and previous creosds section.

Elev Sta Elev
57 4.31 56.29
55.39 6.82 55.26
54.28 9.27 54.17
53 13.65 52.13
52 24.73 52
51.65 32.1 51
51.21 39.43 51.6
51.87 42.39 51.88
51.95 44.29 51.95
52 48.27 52
52 51.9 52
52 56.88 52
52.89 76.55 52.9
53 79.51 53
53 84.45 53
53 92.44 53
53.08 99.21 53.16
53.26 109.86 53.42
Coeff Contr. Expan.
.1 -3
Left OB Channel Right CB
0.055 0.045 0.055
120.28 71.55 24.00
30.22 32.30 66.42
30.22 32.30 68.42
33.19 55.68 54.86
19.50 14.34 72.13
1.10 1.72 0.80
1.55 2.25 0.95
126.4 1218.4 1200.4
19.89 14.60 72.17
31.12 45.30 1%.41
34.18 18.10 15.57
4.73 24.17 §.37
3.49 3.51 4.22
Elev Sta Elev
57 4 57
55.83 14.24 55.8
55.49 16.72 55. 38
55 19.81 54.78
54,18 22.61 54.14
53 29.03 52.71
92 37.87 51.59
51 52.37 51
51.68 82.7¢6 51.8%
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Elavation {m)

Elevation {m)
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