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Tabla 1: Tabla de Especies Caribeias en Peligro de Extincidon (USF&WS)

Estudio de Flora y Fauna para Proyecto de Graver
Bamio Cayaguas, San Lorenzo, Puerto Rico
Coll Rivera Environmental
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Apéndice C: Documentacién Fotogrifica

Estudio de Flora y Fauna para Proyecto de Gravero
Bamio Cayoguss, San Lorenzo, Puerto Rico
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Foto 2. Vista general del lugar en donde se pmpcne el drea df.'- npéracinnes. Al fun dose
observa la flora (Bambiias) asociada al Rio Cayaguas.
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Foto 3. Vista general del segmento del Rio Cayaguas en donde se propone el Proyecto.

Foto 4. Confluencia aguas abajo del islote que separa las aguas del Rio Cayaguas en el
extremo sur del segmento en donde se propone el Proyecto.



Foto 5. Vista del extremo norte del éégmcnm del Rfo Cayaguas en donde se propone el
Proyecto.

- "
Foto 6. Parte del equipo utilizado para el muestreo acudtico.
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Foto 7. Grupo de trabajo colocando las nasas en la secci6n sur del extremo sur del Rio
Cayaguas.
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Foto 8. Una de las especies (Chopa pechicolorada) capturadas con las nasas.
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Foto 9. Parte del grupo de trabajo verificando las nasas en el extremo norte del segmento
del rio.

Foto 10. Otra de las especies (Buruquena) capturadas con las nasas.
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Foto 11. Calucamﬁn de las redes en seccién norte del extremo sur del rio.

Foto 12. Espe.cm (Mmu rusada} de pez capluradu en las redes.
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MEMORANDUM
To: Eng. José Vargas
E-mail: vargas-joseif@yahoo.com
Date: July 22, 2009 2
From: James A. Baiges, P.E. ql,\, /\b{
RE: Results of Grain-size Analysis Tests for Dredging of Rio Cayaguax,
San Lorenzo, PR

GCI Job No. : 4001-09

This memorandum presents the results laboratory tests performed for the proposed
dredging of a segment of Rio Cayaguax in San Lorenzo, PR. as per your request. As indicated
by you, it is proposed to dredge the deposited materials along a 1 km segment of the river basin
commencing approximately 1 km of the intersection with Rio Grande de Lofza as shown in
Figure 1 — Site Location Plan.

A total of 5 grab samples, GS-1 to GS-5, were collected approximately every 250 m as
approximately shown in Figure 2 — Sample Location Plan. The samples were taken at a shallow
depth (~1ft) and transported to our laboratory in Guaynabo, PR to conduct laboratory soil
classification tests to characterize the deposited materials. The tests consisted of performing
prain-size distribution analysis following guidelines include in ASTM D-1140. Figure

Results of the tests and the grain size distribution curves per sample are summarized in
Figure 3. The material mostly coarse to medium grained, poorly graded sands. The samples
contained a fine content (materials passing sieve 200) ranging from 0.1 to 1.4 percent and a
gravel portion (materials greater than sieve 4) of 0.3 to 8.9 percent. These materials are product
of eroded sand and transported by runoff from the Granodiorite Formation (TKgd) which

AVIELIA DISTRIBUTION CENTER, EMMA STREET NO. 26A, GUAYNABO, PR 00968-8007
TEL. (787) 792-2626 FAX (787) 782-5890
Email; jbaiges@geocim.com



&0 c\hﬂ LUIS 0. GARCIA & ASSOCIATES 2
e [ - . Results of Grain-size Analysis Tests for Dredging of Rio Cayaguax, San Lorenzo, PR
- == July 22, 2009

consists of a medium grained rock of plagioclase, quartz and orthoclase which can locally grade
into quartz diorite as describe in the geologic map' published by the US Geological Survey;
portion of the map is presented in Figure 4.

Please feel free to contact us if you have any comments or observations regarding the

information herein provide.

Enclosures:

Figure 1 - Site Location Plan

Figure 2 - Test Location Plan

Figure 3 - Grain-size Distribution Curves for Samples GS- 1 to GS-5
Figure 4 — Geologic Map

NADO00-PROJECT FILEV001-09 Lab Testing Rio Cayaguax\Memo 7-22-08 JVargas.dec

| “Preliminary Geologic Map showing Iron and Copper Products and Copper Prospects in the Juncos Quadrangle,
Puerto Rico™, Misc. Geol. Invest. Series Map 1-326, 1961 prepared Carl H. Broedle published by the US Geological
Survey

ATELIA DISTRIBUTION CENTER, EMMA STREET NO. 26A, GUAYNABO, PR 00968-8007
TEL. (787) 792-2626 FAX (787) 782-5980
Email: jbaiges@geccim.com
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SEDIMENT TRANSPORT STUDY
FOR GRANULAR MATERIAL EXTRACTION AT
RIO CAYAGUAS
SAN LORENZO, PUERTO RICO

Casiano Ancalle, P.E.
August, 2009

L. INTRODUCTION

Mr. Eriberto Diaz Santiago plans to conduct a granular material extraction deposited on the Rio
Cayaguas riverbed. The granular material deposits are located in serial point bars, within
Quemados ward, in the Municipality of San Lorenzo.

This study assesses the impact of this extraction activity in the geomorphology of the river bed
and provides recommendations as to best perform this activity taking into consideration material

reposition and the river bank stability. A river segment of about 1 km is assessed.

Purpose of Study

The purpose of the study is to estimate the impact to the solids balance and to the overall stability
of the river bed from the extraction activity. The analysis will concentrate in establishing a

reference extraction depth and length at the existing point bars.

Anthorization

Mr. Jose J. Vargas, on behalf of the owner, Mr. Friberto Diaz Santiago, authorized this study
under a contract signed with CA Engineering, PSC, represented by its president, Casiano

Ancalle.

Report Sediment Transport Study Rio Cayaguas 1
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Approach
The following steps have been undertaken throughout the study:

Histogram: A histogram Was developed from historic data, to simulate the dynamic action of the
flowing water on the movable bed throughout 2 set up period of time. Data from the USGS
Water Resources Stations were used for developing the histogram. The statistical Package
MINITAB 14 was used for ranging and analyzes the time series dafa.

Solids: Incoming solids concentration patterns as well as granular size distribution of these solids
were estimated by a regression analysis of the historic data. A soil engineer surveyed the grain

size distribution of the river bed.

Sediment Yield: The sediment yield was developed from historic data, as indicator of the eroded
soil amounts that leaves the basin. A statistical analysis and the guidelines of USACE EM 1110-
2-4000 was used for approximate a theoretical sediment yield.

Sediment Transport Model: The sediment transport model was set up- Two analyses Were made,

one with and the other without considering extraction. Comparison of the movable bed behavior

of both was performed. HEC-RAS model was ased for the analysis.

Conclusions and recommendations Were elaborated.

Report Sediment Transport Study Rio Cayaguas 2 @
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1II. PROJECT BACKGROUND

Location

The project site is located about 1.8 km upstream of the confluence of Rio Grande de Loiza and
Rio Cayaguas, at Rio Cayaguas, Quemados Ward, in the Municipality of San Lorenzo. Figure 1
shows the location of the site in the USGS guadrangle.

Site Characteristics

The river segment identified for the extraction activity has mostly an intermediate pattern with
propensity to be braided originated by the overloading of sediment and by the wide shallow
channel with steep slopes upstream. Channel divisions around alluvial islands; small pools,
point, detached and alternate bars characterize the channel configuration.

To confirm the characteristics of the tiver in quantitative mode, Lane’s relation was used:
sQ"=K

Where: § = Mean slope (dimensionless)
Q = Mean flow (cfs)
K = Constant value.

When K > 0.01, the river has a braided pattern, and when K <0.0017 the river has a meandering

pattern; in between these ranges is intermediate pattemn.

For the case of study, a segment of Rio Cayaguas, using mean values for slope and discharge, K
is equal to 0.0062, which means that the river is intermediate with a slight tendency toward point
bar braided channel pattern. The channel classification is confirmed by the multiple divisions
around alluvial island that exist in Cayaguas River.
Report Sediment Transport Study Rio Cayaguas 3
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In geomorphologic terms, the river is classified as mature because the ‘valleys have widened
sides and flat slope. However, there are some characteristics that can indicate a recently

transition from youthful to mature (Ex. the bed material is not well graded and do not have a

meandering pattern.)

The sites identified for extraction are places in which deposit of sediments are evident. Figure 2
shows the location of the extraction sites in a satellite photograph from Google Earth web site.
The course of the river at the segment of extraction has an intermediate configuration.

The bed configuration is characterized by dunes formations at downstream of the project.

Flooding

From the regulatory point of view, the project site is classified as floodable for the 100-year
rainfall event. Figure 3 shows a portion of the FEMA flood insurance rate map Panel 1240H,
revised on April 19, 2005.

Field Information

Field data used in this study was taken from the topographic information provided by surveyor
José J. Villanova Portalatin. Results obtained in this study are based on this information, The
topography of the site is tied to a local level reference. Appendix I includes this information.

Granular Classification Study

GEO CIM, Ine. performed the grain size classification of the soils samples taken from five
representative points of the riverbed, in which the extraction sites will be located. GEO CIM’s
work is included in a report dated July 22, 2009. The present study is based on this report. See

Appendix C. The sample site locations are shown on figure 4.

Report Sediment Transport Study Rio Cayaguas 4 .
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Former Studies

To our knowledge, no previous studies of this specific kind were found during the information
research in the project site. The only related étudy is a hydrologic-hydraulic study entitled
“Hydrologic-Hydraulic Study for Granular Material Extraction at Rio Grande de Lofza”
performs by CA Engineering, in March 2003. This study only was a reference but no data from it

was used.

Study Level

This study is intended as an aid to establishing a material extraction plan that must be performed
by a soil engineer. The assumptions of depth and extension of extraction, as well as grain size,
must be carefully verified by the engineer. Figures, schematics and drawings must not be used as
extraction plan drawings. The design engineer must elaborate an extraction plan in agreement

with the recommendations of this study.

Report Sediment Transport Study Rio Cayaguas 5
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III. HYDRAULIC ANALYSIS

To understand the river hydraulics behaviors under a continuous unsteady flow is necessary

predicts different flow parameters like water surface elevation as reference water level for the

sediment transport model.

The hydraulic analysis was made using the mathematical model HEC-RAS 4.0 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 geomeiry 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 cross-checked with the typical values provided by Bames

(1967) and Chow (1959).

Cross sections of the watercourses were taken from the fieldwork provided by surveyor José J.

Villanova Portalatin. Certified copy of this work is included in Appendix I. Cross sections for

analysis are shown in Figure 4.

Roughness

Manning coefficients for the river segment studied was estimated in 0.045 for the overbanks and
0.040 for the main channel. These values reflect the changes in direction ‘and the irregular shape

of the channel bed, and the vegetation present in the courses.

Elaborating of River Rating Curve

The sediment transport model is not provided by a subroutine for estimating a reference stating
water levels for hydraulic calculations. Therefore, a hydraulic analysis was performed for various

increasing flows that would cover all the spectrum of the recorded discharges.

Report Sediment Transport Study Rio Cayaguas 6
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The computer output and the resulting rating curve are included in Appendix D

Report Sediment Transport Study Rio Cayaguas 7
CAE Engineering PSC

San Lorenzo, PR



V. SEDIMENT YIELD

The sediment yield for the Cayaguas River basin at the extraction site is a measurement of the
eroded soil amounts that leaves the basin. This parameter helps in the estimation of the granular
material quantity that can be extracting from the site.

A statistical analysis of the In-stream sampling interpolating from the USGS stations 50051310
was made in order to approximate the sediment yield by using the USACE guidance EM 1110-2-

4000 for sediment transport.

The water discharge used in the analysis was obtained from the streamflow record of 1977 to
2009 and the sediment discharge by a regression of the suspended sediment sampling record
from October 1983 to September 1984 and from October 1985 to September 1986. A visual site
inspection of the watercourses was made in order to aggregate erosion from the individual

mechanism (tributary inflows).

Calculations

Along the flow duration curve, 17 computations points was establishing by intervals based on the
“percent of time flow equaled or exceeded”. The duration mid ordinate and the incremental time
of each was compute. The value of water discharge for the midpoint of each segment was

obtained from the records (1977 to 2009). The sediment discharge in tons/day for that Q is
compute using the USGS formula:

Qs = 0.0027*Q*C

Where:
Qs = sediment discharge, tons/day
0.0027 = convert cfs to tons/day
Q = mean daily water discharge, cfs
Report Sediment Transport Study Rio Cayaguas 8 @
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C = mean daily sediment concentration, mg/L
(Reading from the sediment versus discharge curve)

From the sum of the daily average water discharge and the daily suspended sediment discharge
was obtained the respective annual yields. By take an unmeasured sediment discharge of 10%
and the contributing drainage area of the watershed a value of 1,210.75tons/mi” for the unit

sediment yield were obtained.

Sediment Yield Results

Based on the calculations the annual yield and the unit sediment yield results based on average
data are shown in Tables 1-a and 1-b.

The proposed extraction is focused in the sediment available with a material grain size greater
than 0.062mm. With the intention to establish a threshold is necessary estimate the maximum

amount of sand available for extraction at the project site.

As a result, the total annual material that can be extracting from the Rio Cayaguas at San
Lorenzo is approximate between 768,051.91 cubic meters to 10,252.04 cubic meters, depend if

high or low season is. See Appendix E for calculations details.

Table 1-a. Sediment Yield Results

. Annual Suspended .
Annual Water Yield Total Sediment Yield Unit Sediment Yield
Sediment Yield
Acr*fizyr Tons/year Tons/square mile
Tons/year
44,813.43 15,350.17 16,885.18 1,210.75

Report Sediment Transport Study Rio Cayaguas
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Table 1-b. Sediment Yield Results

Total Material Material Unit
Total Sediment Total Material
Condition Yield Weight )
Tons/day Cubic meter
Tons/day Tons/cubic meter
High 19574.33 3,104.03 147 768,051.91
Low 328.38 52.07 1.47 10,252.04
Report Sediment Transport Study Rio Cayaguas 10
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V. SEDIMENT TRANSPORT ANALYSIS

Granular material exiraction is sought in two locations where there is visible evidence of
granular material deposits (river bed bars). The plan of extraction includes the determination of
the depth and extends of extraction, so that the riverbed is not adversely and permanently

affected.

The approach for the analysis is to first estimate the behavior of the movable riverbed profile
over fime without any extraction activity (sediment transport rates); followed by the estimation
of the riverbed profile when impacted by the extraction activity. Finally, comparison of the

profiles is made.

Mathematical Model

The sediment transport analysis was made using the mathematical model HEC-RAS 4.0
developed by the US Corps of Engineers. This model allows perform a one dimensional
sediment transport analysis taking into consideration movable boundaries. The model set up to
simulate and predict changes in the river profiles resulting from scour and deposition of granular
material over a determined period of time. For the analysis, it was used the Meyer-Peter Muller

sediment transport function, the Exner sediment continuity equation and the HEC 6 default

method for fall velocity.
Discharge Histogram

To simulate a quasi-unsteady solids transport analysis over a set up period of time, the sediment
transport model requires on the introduction of a histogram. A histogram is a representation ofa
frequency distribution by means of rectangles whose widths represent class intervals and whose
arcas are proportional to the corresponding frequencies. A continuous daily flow record is
partitioned into a series of steady flows of variable discharges and durations. The result is a

quasi-unsteady flow simulation.

Report Sediment Transport Study Rio Cayaguas 11
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Discharge records for Rio Cayaguas were gathered from the Water Resources Data for Puerto
Rico and US Virgin Islands from the US Geological Survey. Records from September 16, 1977
to June 17, 2009 were available. The extension of these records was deemed to be sufficient for
the purposes of this analysis. Records from Station 50051310 at Rio Cayaguas were used. The
USGS Station is located approximately 1 km upstream of the project and the gage drainage area
is about 10.20mi’. The project site drainage area is 13.95 mi’. A strait line relation of drainage

areas were assumed for estimating the flow time series data for the project site. This makes a

relation of 1.37.

The resulting daily mean values from the water discharge records were ranked as to their
frequency of occurrence. The statistical package MINITAB 14 was used. Appendix A includes
the calculations and the results. The data fell in twenty (20) arithmetic bins or ranges, from them
only thirteen (13) had data. The ranked values were then ordered in a symmetric histogram by
splitting the bins to both sides around the central peak flow value. Figure 5 shows the resulting

histogram.
Influent Solid Loads

Similar to that of the daily flow, Rio Cayaguas is not provided with solids gage at the project
site. Sediment load and concentration coming from the upstream was obtained also extrapolating
from the USGS station 50051310 with the arithmetic factors of 1.37. The records sediment load
and concentration data is from October 1, 1983 until September 30, 1984 and from October 1,
1985 to September 30, 1986. The extension of these records was deemed to be sufficient for the
purposes of this analysis. Plots of solid concentration and load against to discharge were
developed in order to determine the relation between solids and it with flow. Solids distribution
was obtained from the USGS records for station 50051800. Values corresponding to clay were
eliminated; therefore, grains were sized from very fine sand (VFS) to fine gravel (FG).
Calculations and plots are included in Appendix B.
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Granular Classification at the River Bed

GEO CIM, Inc. performed the bed material classification. A summary of the particles size
distribution report is included in Appendix C.

Analysis without Considering Extraction Activity

The first step in the analysis was estimating the dynamics of the river bed morphology without
any extraction activity intervention. This analysis was made for a period of 11,569 days (~32

years) resembling the stream flow records used.

The HEC-RAS 4.0 program was loaded with the information regarding the characteristics of the
river at the segment of study: geometry data, the histogram based on historic records, the
incoming sediments load including their classification and the particle size distribution in each

section of the river bed.

On the other hand, the granular materials bellow the bed elevation was adopted to be 2 meters at
most of the cross sections. To take into account the rocks at the river bed or to calibrate and
stabilized the model, eight hard points were considered. The points are located at Sections
15,14,13,12,8,1,0.5 and 0, in which the granular material depth was adopted between 0.10 and

0.05 meters.

The bed extraction material classification was given at five points: Sample No. 1 at Section 0.5,
Sample No.2 at Section 3, Sample No.3 at Section 8, Sample No.4 at Section 13 and Sample No.
5 at Section 20. The classification for the other cross section were interpolated or repeated

according to their location. See Appendix C for grain classification.

Several runs were made until the model was finally stabilized and calibrated. The output of the
computer run is included in Appendix D. Table 1 shows the results of the sediment transport

analysis without considering any extraction activity.

Report Sediment Transport Study Rio Cayaguas 13
CA Engineering PSC

San Lorenzo, PR



Table 1: Results of the Sediment Transport Analysis without Considering Extraction Activity
(Status of the bed profile at time =11569 days (~32 years))

Original Condition 32 Yezrs Condition
ch | on sl B IE el Rl (i
RS Wsel Q v Eff Wael v ™ El ChiE
Dist El El Change Q
ChiIE Ch IE Change
{lboi'sq
m || | e | ew| | @ | @ | m | @ | 8 | onsiday) | m) (m)
20 5658 | 7658 | 7689 | 131 | 045 | 7807 | 77.20 | 73.08 | 062 106 | 352 83.14 £0.14 2.07
19 74,52 7642 | 76.76 131 031 | 7752 | 7699 | TE20 0.57 045 2637 3012 7812 0.60
13 3024 | 7618 | 7663 | L31 | 032 | 7831 | 77.88 | 7817 170 041 4.81 36.68 79.35 0.84
17 3167 | 7614 [ 7648 | 131 | 0.74 | TB44 | 7612 | 7660 | 002 | 045 | 10.53 36.68 7544 0.00
16 1438 | 76.14 | 7641 | 131 | 024 | 76.81 | 7633 | 76.50 | 0.19 047 1.57 3647 77.03 0.2
15 17.26 | 7613 | 7640 | 131 | 028 | 76.75 | 76.20 | 76.41 o7 0.53 | 230 36.51 76.81 0.05
14 155 | 7612 [ 7637 | 131 | 037 | 7638 | 76.09 | 7627 | -0.03 | 053 | 243 3649 76.43 0.05
13 17.03 7612 | 7630 | 131 034 | 7632 | 76.03 | 76.28 -0.09 0.53 279 36,49 76.24 -0.08
12 90.67 | 7611 | 7631 | 131 | 046 | 7680 | T.O4 | 7617 | -0.07 | 051 243 37.80 76.76 -0.03
11 80.54 | 7586 [ 76.06 | 131 | 04D | 7651 | 7567 | 7602 | -0.19 | 052 | 750 37280 76.39 <012
10 4636 | 7559 | 7587 | 131 | 046 | 7666 | 75.67 | 76.00 | 0.08 0.58 | 5.B5 47.95 76,60 0.14
9 17.58 | 7548 | 75.74 | 131 | 046 | 76.12 | 7555 | 75.98 | 0.07 0.55 | 13.27 44 .48 76,15 0.03
8 7561 | 7538 | 7572 | 131 | 025 | 7605 | 75.79 | 7593 0.41 0.54 iz 41.18 76.38 033
7 66,61 7530 | 75.66 | 131 040 [ 7657 | 7538 | 75.80 0.08 0.57 1049 56.19 76.59 0.02
& 3205 | 7525 | 7558 | 131 | 033 | 7605 | 7525 | 7545 | 0.00 0.61 252 i5g2 7622 018
5 3480 | 7522 | 7548 | 131 | 077 | 7690 | 7511 | 7558 | -0.11 | 0.60 | 4.69 3213 T6.86 -0.04
4 4334 | 7504 | 7527 | 131 | 049 | 7562 | 7504 | 7547 | 0.00 0.55 1.74 18.37 75.84 022
3 107.15 | 7488 | 7517 | 131 | 035 | 7538 | 7488 | 7538 | 0.00 0.50 222 17.61 75.52 0.14
2 4826 | 7470|7502 | 131 | 034 | 75100 | 7484 | 754 | 0I3 048 1.75 1695 1522 0.12
I 3931 | 7460 | 74596 | 131 | 034 | 7517 | 7456 | 7452 | -004 | D48 | 3122 16.95 7314 -0.03
05 | 6732 [ 7454 | 7486 | 131 | 053 | 7489 | 7450 | 7481 | -004 | D54 | 2.00 16.95 T4.86 -0.03
0 0.00 | 74.10 | 7436 | 131 | 0.74 | 74.88 | 74.06 | 7436 | -0.04 | 062 | 295 16,95 74.86 -0.02

The results show clearly that the river bed will suffer a mild degradation mostly in the center of
the site at cross sections 17, 14 until 11, 5 and from 1 until 0 over the analysis period of 32 years;
but the main trend of the river is to build up deposits (aggradate) or remain stable at most of the

cross sections. The overall aggradation in Section 18 over a period of 32 years has been

estimated in 1.69 meters.

A wye graph for the river thalweg elevation at each cross section is shown in Figure 6. This
figure compares the present with the expected (at the end of ~32-year time span) thalweg
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profiles. Additionally, the graph includes the results for half of the period in which the histogram
used exhibits its maximum discharge. The tendency to aggradate in some cross sections does not
vary significantly; the stability of the river bed is rather a constant parameter at river cross

sections.
Analysis Considering Extraction Activity

The model for the present riverbed morphology was adapted for reflecting the extraction activity
along the segment of river subject to study. Simultaneous extraction activity was set up for the
sites A and B. The extraction areas comprehend the segments between cross sections 2 until 7

and 9 until 12.

Extraction was assumed to be on de sand bars at most of the cross sections. The depth of
extraction was brought down to the thalweg invert elevation, except of cross sections between

11 until 9 and 2; 7 and 4; 6; 5 and 2 where the depth of extraction went bellow the thalweg invert
0.05, 0.10, 0.15, 0.20 meters, respectively.

The output of the computer run is included in Appendix G. Table 2 shows the results of the

sediment transport analysis considering any extraction activity in the specified sites.

Table 2: Results of Sediment Transport Analysis Considering Extraction Activity at Sites A & B
(Status of the bed profile at time =11569 days (~32 years))

Original Condition 32 Years Condition
gs | | " wa| @ | v 1"F:@:t::‘w s | B | v | o |5 h::tr:n M;E : 3
st ® | © Chane | hie| Cuange
{Ib/sq

i) (m) | (m) | (m3fs) | (&%) | (m) | (m) | (m) (m) | (i)} | @) | (tonsfday) | (m) (m}
2000 | 5658 | 7658 | 7689 | 131 | 045 | TRO7 | TT.20 | 7B.07 0.62 1.10 584 124,45 80.14 .2.03
19.00 | 7452 | 7642 | 7676 | 131 031 | 77.52 | 7699 | 7819 0.57 045 | 27.58 44.07 7815 063
18.00 | 3024 76.18 | 7663 131 032 | 7851 | 7187 | TRI6 1.69 042 481 40,67 7934 0.84
17.00 | 3167 | 7614 | 7649 | 131 | 072 | 7844 | 76.10 | 7657 | -0.04 045 0.Eq 40.67 7843 -0.01
16.00 | 1438 | 76.14 | 764l 131 025 | 7681 | 7628 | 7645 014 0.40 1.47 4276 -T?,ﬂﬂ 019
1500 | 1726 | 76.13 | 7639 131 029 | 7675 | 76.04 | 7646 0.09 0.41 3.78 42,76 T6.69 0.07
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14.00 1.55 76.12 | 7635 | 131 | 041 | 7638 | 7626 | 76.42 0.14 046 | 2787 3461 76.52 014
1300 | 17.03 | 76.12 | 7634 | 131 | 039 | 7632 | 7603 | 7643 | 009 | 055 §.89 34.61 76.24 -0.08
1200 | 90,67 | 7611 | 7629 | 131 | 041 | 7676 | 7611 | 76.35 0,00 0.66 239 34.59 16.96 0.20
11.00 | 80,54 | 7581 | 7595 | 131 | 048 | 7641 | 7563 | 7597 | -D.18 059 | 237 34.59 7633 -0.08
1000 | 4636 | 7554 | 7569 | 131 | 034 | 76.00 | 75.34 ] 7580 | 0.00 046 1.00 21.42 76.21 02]
9.00 1758 | 7543 | 7562 | 131 | 027 | 7578 | 7549 | 7578 | 0.06 043 3o 21.53 75.83 0.05
£.00 7561 | 7538 | 7557 | 131 | 051 | 7605 | 7358 | 7574 0.20 0.46 1.33 zl22 7621 0.16
700 | 6661 | 7520 | 7540 [ 131 | 031 | 7606 | 7520 | 7543 0.00 0.44 278 20.34 76.12 0.05
600 | 3205 | 7510 7528 | 131 | 040 [ 7574 | 7510 [ 7529 0.00 035 0.89 232 7574 0.00
S00 | 3480 | 7502 | 7520 | 131 | 032 | 7630 [ 7301 | 7525 | 001 037 0.81 312 T6.30 -0.01
400 | 4334 | 7494 | 7513 | 131 | 033 | 7537 | 304 | 7516 0.10 039 101 315 75.46 0.09
3.00 | 10705 | 74.88 | 75.06 | 131 | 030 | 7520 | 74.88 | 75.07 0,00 0.34 160 4l 75.20 0.00
200 | 4826 | 7466 | 7499 | 131 | 024 | 7499 | 7466 | 74.97 0.00 031 0.58 140 75,03 0.05
1.00 | 3931 | 7460 | 7456 | 131 | 034 | 7517 | 7456 | 7492 | -0.04 0.40 0.63 1.40 75.14 0,03
050 | 6732 | 7454 | 7486 | 131 | 053 | 74.3% | T449 | 7481 -0.05 0.54 | 2.00 140 T4.86 .03
0.00 000 | 7400 [ 7436 | 131 | 074 | 7488 | 74.06 | 7436 | -0.04 062 | 2595 1.40 74.86 .02

The wye graph shown in Figure 7 indicates that with the extraction activity a serial aggradation-
degradation will occurs along the bed profile within the 32-year in the period of analysis, having
aggradation in 13 cross sections. Considering the peak of the histogram, that is a half of the
period of analysis, the very same pattem is repeated, meaning that the peak discharges will not
produce an additional effect in the regular pattern of the bed morphology.

Comparison

Several runs were tried to estimate the effect to the river profile configuration from the extraction
activity in order to find the minimum ftime span in which the river bed is regenerated for
subsequent activity. From these trials, it is concluded that the river can perfectly assimilate the
proposed extraction activity at the sites A and B in a two and a half-year period. Solids reposition
to the levels indicated by the model, in either case, can be expected in this period of time. In the
cross sections that not aggrading occurs, the removal rate and quantity should not be more than

the average annual yield of the size classes being removed'.

| See Appendix E: Sediment Yield caleulations.
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Figure 8 shows the river segment profile without extraction compared to the profile with
extraction for a two and a half-year period. Both profiles look very similar. This means that the
effect in the river bed profile configuration from the extraction activity will be negligible after

two years and a half.
Parameters for the Extraction Plan

The following Table 3 is the summary of the extraction parameters obtained from this study.
These parameters will serve for the planer to set up an extraction plan.

Table 3: Projected River Bed Bottom Elevation after 2.5 years with Extraction activity

Sectlin Bottom Elevation
Feet Meters
0 74.06 242,98
0.5 74.53 244.53
| 74.59 244.74
2 74.66 244.96
3 74.88 245.68
4 74.95 24592
5 75.02 246.14
6 75.10 246.40
7 75.20 246.73
8 75.37 247.28
9 75.45 247.55
10 75.54 247.85
11 75.80 248.69
12 76.11 249.72
13 76.07 249.59
14 76.05 249,53
15 76.15 249.86
16 76.16 249.88 |
17 76.11 249.7
Report Sediment Transport Study Rio Cayaguas 17 ®
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18 76.17 249.93
19 76.42 250.73
20 76.59 251.28

Though the overall length of analysis is approximately 0.60 Km., the length for dredging at the
bottom elevations indicated in Table 3 is about 800 meters. Figure 9 shows the limits of the

exiraction site.
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V1. CONCLUSIONS AND RECOMMENDATIONS

The following are the conclusions of this study:

1. The hydraulics regime at the river segment studied is subcritical for the daily mean
discharges estimated from the stream flow records from 1977 to 2009. Also, the present

reach is stable.

2. The histogram resulting from the flow data analysis indicates that 97.88 percent of the data
belonging to the lowest flows is contained in the first rank while only 0.0086 percent is in the

rank where the peak flow is.

3. Without any extraction activity, the movable river bed will aggradate or remain stable most

of the segments, except some intermediate sections. Degradation will be rare in the horizon

of about 32 years time frame.

4. The extraction activity, as described, will not jeopardize the stability of the river bed.
Reposition of dredged material is expected would be complete in a period of about two and a

half years.
The following are the recommendations of this study:

1. The actual depth and extent of dredging must be determined by the soil engineer after
additional soil exploration and within constrain provided in this study.

2. The dredging must not weaken the banks stability. The resulting river banks slope after
dredging must be the recommend by the soil engineer in order to avoid the bank caving and

the associate introduction of sediment into the stream.

3. Environmental regulations must be carefully followed during the dredging activity.

Report Sediment Transport Study Rio Cayaguas 19
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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. 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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Lorenzo, Puerto Rico™ has been prepared in accordance with the best hydrologic and
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Figure 4
Location of Cross Sections at Cayaguas River
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APPENDIX A

HISTOGRAM PREPARATORY CALCULATIONS
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MINITAB 14
Statistical Analisys of the Data
Gravero, Rio Cayaguas
San Lorenzo. PR

The MEANS Procedure
Frank| Rango Number Obs  Variable Mean  Std Dev Minimun Maximun _Median
1.00 0 - 350 11324.00 Flow (¢fs) 46.13 4399 9.71 348.65 32.81
200 351 - 700 141.00  Flow (efs) 48527 97.13 35139 691.84  468.97
.00 701 - 1050 53.00 Flow fgfs) 84342 84.13  706.88 1017.25- 340.87
4.00 [ 1051 - 1400 20.00 Flow fefs) 120456  104.00 106236 1380.94 1169.01
500 1401 - 1750 9.00 Flow (gfs)  1567.80  107.88 1421.96 173643 1545.01
600 | 1751 - 2100 8.00 Flow (efs)  1950.06  103.08 1791.12 2091.92 1975.70
7.00 | 2101 - 2450 4.00 Flow fcfs)  2355.11 51,61 231068 240639 2351.70
8.00 | 2451 - 2800 3.00 Flow (gfs)  2606.92 15.79 2597.80 2625.15 2597.80
9.00 | 2801 - 3130 1.00 Flow fefs)  3144.71 - JI4TT 314471 314471
10.00| 3151 - 3500 1.0 Flow fefs)  3295.11 & 329501 329511 3295.11
11.00| 3501 - 3850 » * * * . » -
12.00| 3851 - 4200 3.00 Flow (cfs) 3987.86  39.47 3965.07 403343 3965.07
13.00| 4201 - 4550 I » " ¥ L * #
14.00( 4551 - 4900 * * * * * * 4
15.00] 4901 - 3250 # # * . * * .
16.00| 3251 - 5600 A ’ * . * * *
17.00| 5601 - 5950 1.00 Flow fgfs)  5605.79 . 5605.79 560579 560579
18.00] 5951 - 6300 ¥ . . . L . i
19.00| 6301 - 6650 ’ ’ * # ’ * *
20.00| 6631 - 7000 1.00 Fiow rfgfs)  7000.00 " 700000 T000.00  T000.00

[SUM Obs.] 11569.00 |
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Statistical Analisys of the Data
Gravero, Rio Cayaguas
San Lorenzo, PR

The FREQ Procedure

Frank Frequency Percent ey Cun:amul
e Frecuency| ative
T 11324 97.8823 | 11324.00 | 97.88
E 141 12188 | 11465.00 | 99.10
3 53 0.4581 | 11518.00 | 99.56
4 20 0.1729 | 11538.00 | 9973
G 9 0.0778 | 11547.00 | 99.8
6 8 0.0692 | 11555.00 | 99.88
7 4 0.0346 | 11559.00 | 99.91
8 3 0.0259 | 11562.00 | 99.94
[ 9 I 0.0086 | 11563.00 | 99.95
10 ] 0.0086 | 11564.00 | 99.96
12 3 00259 | 11567.00 | 99.98
17 ] 0.0086 | 11568.00 | 99.99
20 ] 0.0086 | 11569.00 | 100.00

APPENINN A. Hissogram Prepuraspey Cakulalnns
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Statistical Analisys of the Data
Gravero, Rio Cayaguas
San Lorenzo, PR

Histogram Data

APPENDIN A Higtogram Preparaton Uideulations

Frequency | Discharge |
Frank Dienys Obs. m? /s
i 5662.00 46.13 1.31
2 70.50 485.27 13.74
3 26.50 843.42 23.88
4 10.00 1204.56 34.10
5 4.50 1567.80 | 4439
6 4.00 1950.06 55.21
7 2.00 2355.11 66.68
8 1.50 2606.92 73.81
9 0.50 3144.71 $9.04
10 0.50 3295.11 93.29
12 1.50 J987.86 112.91
17 0.50 5605.79 158.71
0 1.00 700040 |  198.20
17 0.50 5605.79 | 158.71
E 1.50 3987.86 | 11291
1D 0.50 3295.11 93.29
9 0.50 3144.71 89.04
8 1.50 2606.92 73.81
7 2.00 2355.11 66.68
6 4.00 1950.06 55.21
5 4.50 1567.80 | 4439
[ 4 10.00 1204.56 | 34.10
3 26.50 $43.42 23.88
2 70.50 485.27 13.74
| 5662.00 46.13 1.31
Aol
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APPENDIX B

INFLOW SOLIDS DATA DEVELOPMENT
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APPENDIX C

PARTICLE S1ZE DISTRIBUTION REPORT
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i | LUIS O. GARCIA & ASSOCIATES
' GEOTECHNICAL ENGINEERING CONSULTANTS

Partners

Luis Oscar Garcla, MSCE. CE
Carlos Garcia Echevarria. MSCE
James A Baigés. MSCE

Associate
Alejandro E. Soto, MS, PG

MEMORANDUM

To: Eng. lose Varpas

Roble Consulting Group

PMB 132

Carolina. PR 00984-6030
E-mail: vargas_josej« yahoo.com
Date: July 22, 2009
From: James A. Baiges. P.E. q‘m /\b{
RE: Results of Grain-size Analysis Tests for Dredging of Rio Cayuguax,

San Lorenzo, PR

GCI Job No. : 4001-09

This memorandum presents the results laboratory tests performed for the proposed
dredging of a segment of Rio Cayaguax in San Lorenzo. PR. as per your request. As indicated
by you, it is proposed to dredge the deposited materials along a | km segment of the river basin
commencing approximately 1 km of the intersection with Rio Grande de Loiza as shown in
Figure 1 — Site Location Plan,

A total of 5 grab samples. G5-1 10 GS-5, were collected approximately every 250 m as
approximately shown in Figure 2 — Sample Location Plan. The samples were taken at a shallow
depth (~1ft) and transported to our laboratory in Guaynabo. PR to conduct laboratory soil
classification tests to characterize the deposited materials. The tests consisted of performing

grain-size distribution analysis following guidelines include in ASTM D-1140. Figure

AMELIA DISTRIBUTION CENTER, EMMA STREET NO. 264, GUAYNABO, PR D0368-8007
TEL. (787) 792-2626 FAX (787) 782-5990
Email: jbaiges@geocim.com



fed

I-':‘;:E.!U ¢ ey LUIS O. GARCIA & ASSOCIATES
C 'f'l ST Results of Grain-size Analysis Tests for Dredging of Rfo Cayaguax, Sant Lorenze, PR
UTT T July 22, 2009

Results of the tests and the grain size distribution curves per sample are summarized in
Figure 3. The material mostly coarse to medium grained. poorly graded sands. The samples
contained a fine content (materials passing sieve 200) ranging from 0.1 to 1.4 percent and a
gravel portion (materials greater than sieve 4) of 0.3 to 8.9 percent. These materials are product
of eroded sand and transported by runoff from the Granodiorite Formation (TKgd) which
consists of a medium grained rock of plagioclase, quartz and orthoclase which can locally grade
into quartz diorite as describe in the geologic map' published by the US Geological Survey:
portion of the map is presented in Figure 4.

Please feel free to contact us if you have any comments or observations regarding the

information herein provide.

Enclosures:

Figure I - Site Location Plan

Figure 2 - Test Location Plan

Figure 3 - Grain-size Distribution Curves for Samples GS- 1 to GS-3
Figure 4 — Geologic Map

N O PROSECTT FUE J000-09 Lud Terting Rre Cavigue Menra 7-22-000 arga s oo

! “Preliminary Geologic Map showing Iron and Copper Products and Copper Prospacts in the Juncos Quadrangle.
Puerto Rico”. Misc. Geol. Invest. Series Map |-326, 1961 prepared Carl H. Broedle published by the US Geological

Survey

AMELIA DISTRIBUTION CENTER, EMMA STREET NO. 26A, GUAYNABO, PR 00968-8007
TEL. {787) 792-2626 FAX (TB7) 782-55930
Email; |baiges@geocim.com
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GRAIN SIZE IN MILLIMETERS
COBBLES ... ORAVEL : - SAND - SILT OR CLAY
coarse fine 'coarse’ medium | fine
Specimen Idenlification Classification Mc% LL PL Pl Ce Cu
e GS-1 1.0 POORLY GRADED SAND SP NP NP NP 116 32
x 6s2 10 POORLY GRADEDSANDSP NP NP NP 126 35
A GS3 1.0 POORLY GRADED SAND SP NP NP NP 099 48
* GS4 1.0 | POORLY GRADED SAND P NP NP NP 091 341
®  GS-5 1.0 POORLY GRADED SAND SP NP NP NP 113 29
Specimen Idenlificaton ! D100 | D60 D30 - D10 %Gravel %Sand  %Sit  %Clay
L] GS-1 1.0 | i 9 5[] N 1.04 | 0.622 03225 1.0 _-QL?.E 1.4
x Gs-2 10 ' 950 | 105 | 0633 03021 06 98.9 0.5 )
A  GS3 1.0 950 | 156 | 0713 03274 89 908 0.4
* GS-4 1.0 3750 | 091 | u494 | 0.2927 7.8 92.1 0.1
»x GS-5 1.0 250 | 094 i 0.588  0.3250 0.3 893 0.4
PROJECT Lab. Testing of Rio Cayaguax - San Lorenzo, PR JOB NO. 4001-09
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GEOLOGIC MAP
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DREDGING ALONG SEGMENT OF RIO CAYAGUAX, SAN LORENZO, P.R.
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APPENDIX D

HEC-RAS MODEL
AND
RIVER RATING CURVE ELABORA TION






CA ENGINEERING, PSC

P
=ACripEioang
staiion Elsvaciss DLE L
Ats Elav Elaw It Ebev L Elew
e L

A T T eee LT LT

4 el .08 1806 Al T

Th.L O TRAT 378 " 8.6 Y.l TE.TY

k.12 TE.TT pLLLAT PLE.AL  THLEX  REELAE CTT.IR
AXl.m3 .r LA .

L] s n T R LS

pank Scen Leg:  Eighs tesgtha: Lels Channal  Elght Cosfl Coatr.  EXpaR.
o k.23 ST LB 505 1

Sapdd TOOTTON QUTPET Trefila WRF I

eessmEEFEEEERRERERARREAESE

N e
* L.G. Elev (N ¥ Ebmmat A fr o8 ¢ Chassal * Right G *
i wel Bead iml - = . novVal. = . o Ll
a 5. Elev Im) = * pmpch Lan. (=i y A b . " "
*rpik W, 8. (W) L] & Flow Ases il 4 G * s
= G, Slops imfmp *0.00NSGET ¥ Ares [mdl e . & .
* i Total tmdfes ' = rlow (mdfei . ” ] a
* Top Widih IW] L, = Top Widts imf L. = ¥ A
= Wal Teral mfal - o mwy. Wel. mfsd - . ¥ -
* Max Chl Dpth twl . * yde. Depch |md . . L] - ; :
+ tgav. Tobsl melisr % o Eomw, (WA . - . L - 2
* panguh Wed. - = Wpreed Fet. Pl i = - '
] @ * Shuar [M/mli - . . s
* klphs - » gmream Possr (Wiw el " 8 o -
. "  Cum Velume (1999 m) ¢ L L =
- Egm EA [ i) o g = =

Bk F load (w) .

e Lt TR DL S LS bttt

e L L LR Lt

Mainlnni Divided flow compatod fop this crong-Eertion.
Warningi The cesveyance calls speam canveyance divided by doexilissm ganvayancel is lsss thaz
3.7 ar greates Then [-4, Thim B4y indigate Lhe nesd ot addieienal Cress secllenes =

pbdssEEEEREERRRSSSRTRTRR SRS
Lal 08 = Channal " Elght OB

= h.pie Y
bE. 50 wEL B

ceodd EESTTON GUTEPT  Peoflle BIT °

et P P TR R L
7,40 = Elsment
wr. w=val.

* .9, Elav Iml
2.5

"
- .
- ®
* -
= G Yaril pedfu) »
* Pop Wodth b »
N
-
®

Wel Teral [eful

Fhesy (HfED

Freess Powor Him sl

o Voliss FLOGY =i
vl md

@4 % 8 ® b 8w
i
v B
I
8B m s # R F A s R EE R

oW s R R E R EEEE

i
¥
1
-
i

-
.

-

.

. -
= -
" *
- .
* s
. .

"G4 E Loap imi L

e R L L L EE L

T ann

Mgninas Dlwided Plow couputed. ler this epaERTEECE e
Wmagnima; Theé cenveyance faLls upsLEAsm comprpance divided Wy mownitives coavepasosl Ly Lead vLhan
¥o? wp ycaatar tham |4, Thid suy indieace s mepd Gap sidicional srevs pecliead.

cPORs ABCTIFN SUTRT  Rrefile OTF 8

[ e T PP T B T ]

-
-
1
.
i
.
4
-
*
H
"
.
i
.
.
.
"
s

* LG Elaw = IT.aT * Elesand + L4le 4B * Channal * Right OB *
= el Bead L e el ’ * L] ¥
® MR Elev mi 5 madh Lans. il LIS LD = 4% v
=apih MR 1Al * Flas Atea Im2i i * . .
o Eath, Niepe (arEl i ggea im2b . * * »
T Taval Tmbla) * Flow |mifsi ot e - *
* Tays Wisith @ = Tpp WidLh =i b 3 z “
bl Takal mfad VR Vale il . L ® s
= Haz 1wl Epih e & Hyaln. Papith §s) s i - .
& vrmw. Satdl mbfae + ranwv, I=M'8} ) e 5 .
¥ o Wl ied Tor. iml * s = .
¥ = smbas IWfmIN ¥ L L} "
o o gipeam Pewer (e A * * - -
x * Cum Volums [LD0D m3F ° ® - "
*F b K Lads (m) » Cum EA§ 1000 a2l ¥ L T L4
et S et Y TR e

Wairmimie Dividel [ios compured o ARis Ataai-anstion,
MptmingE The cohvEpAEDe TJLLO (PR LGAR vanwayansd il wideil by dounspream conveysads] lu less Than
#.7 &r grasbos Lhan | i This miy ieal et The poed [ng ssditiensl Fread meziiona.

WSS HEST16M SUTTUT  Reslile ET 0

e e L b St

sEstlaEERERETEaREERRRRRREE

Ry Elav red s Ti.el + Flemend * Laft OB " * Highc 08 *

* el Bead i o, wetal. - o * Ll

= R, Ebev imi * Rmarh lama Am) LB L | I + A8.%0 0t

a * Fhew Aues ‘AT # o ] .

& = Afes im) “ ” = -

= = pias il * B . -

= Top WiHDN W - = Top Width ®1 - - =] L

= el Tuwal imdfas . o kwgs Vel relad - = . L -
b e PRl Bulh o 1s| . & Hyly. Depah Bml o - L] -

o Comw. Total (mdfsh ¢ 10l * Conv. ielfe) 3 . . - L
* | gt e el i = wyrted Pur. iml L - - .

fAgm N BE "mi - * Ehanih AMfRI) - - v (]

= Alita L o Blpwais Fewer (B 80 " " ¢ i

SoEaukhn buks jml ® * rum vniuan 000 mEE S - ¥ -

b g Lods iml = St v vaw kA [1000 =l x . & *

e hhRaEtarsESRARSE SRR EEaSER AR dTsaTARATRELE

T

ERREERLRRLARARRERRR bR R Rt

wited [liw computed §ov Lhla Frera-iectien.
St patio el eim reaveyanoe dlvided By dounsipess convepaneel Ls fesa TRam
Tmis may PwAicald the medd Fap sdditbomal fpeas sesThoms.

daraimsi b
Hagnimey The Sony
w.l e gen

HEC-RAS MODEL RESULTS Page 2 of 60 Rio Cayaguas, S Loreni. "

CA Enpleerilg. é



T T T T T PEETT

LG Elww jmp 'L mwemt = hafE ﬂ: Channal :Ilwt H:
el Head imi . A-VEl. -
L P AT = il S L LA O
* dulk B iml - - = a .
" Ens Siope e i - - 5 -
* 5 Toral 1wl . ® : - .
= Tap Wisth im| g L . ]
" Vel Tecal imfei - - L - "
= Man Thi Dpth bed # - . * .
* Conv. Total Emdfay r o = e o
¥ . =5 ] Ll * -
- - . . - %
¢ = Stream Pmsce (MW AF * . = .
L] - L] L * o
- - L] i - -
. R A R SR

Rirmieg: Fluided Flow i far this €5 FECLE
CRCEY SECTION OUTPUT  Frobils 0PF &

aee e o e

® E.E Eley Imp
= el Hesd e
W.mo Rl m)
Cple M. Im)
Ll Sleps imfmi
g Tatal (mk/a .
Top Hidch (s} *
Wl Teral Efa) #
Hax Chi Peth fmd &
Cumy. Tetal (mdia) -
LARGER WEd, ) -
.
=
-

2

i2SgEELY

*

WHin Tn L ouml
Mgk

* Foftm loaa, Pl
*E & E Lasw fmi

AR kR s EoE

Harmieg: Pivided flow sesputed [on £his cro
CRSS SECTION GUTPUT  Prefils APF 7

e L LT T T EET T T T P ey

i gl emant *  Laft o8 * Channel * Eight o8 =

* e, m-Wal, = ¥ o.oe0 iy

W i meach Lo, |86 = .M ot SE5F - 34,30
* * Flow Aces i8R} P = A EE * b
I ® Apwa md) 2 - LE R -,
b g Tetal =liai - " Flow imifail . L T =
* Tup Widsh «mi & " Top WidEs (m) r L LA e
YWy, Tetal imimi . o Aww. Vel (mifas ' i [ - ¥
U olaw Thi DR om0 s o mpdl . Depth (mi » * Fu38 - #
v vonv, Teeal ImdiEl ¢ * Capw. imlfai - * LR ¢ .
¥ Lanarh Wl o) 3 ® Whrped Pef. Im| Y * dkdy v o
* Min Sk EN i L * aheat IN/EZ) * #2220 ¢ L
- s Higesm Powsy dHiE = © v FnR * .

* o s Vo) umes @ B0 00 < 4 - E

. . + . . -

-
i

E: * Elemest e
. = MR sVl L o
¥ * maah Lem, 1Ml C A 4 -
= " Flos= Apas (sl - | - =
" A SE1E0s  * Arsd Imd] " * - -
! - Th#l ° Flow imifal 2 x ¢ ¢
Y Tep WiArs cmi L 49, Td  ° Tap widih iml by = . .
ol Teral sefai at 2% % Mg Vel i8fae s o i =
* Hax TRl tyih i = T8I ¢ Hyr. Depth imi » e 5 ¥
* Gawive Total wmdlfs) = lAuR.Y " Conv. DWiSa) . - - -
" Leagth Frd. el e Y ME P MeEEen Pers i . i3 £ -
= Hin OB FL v LR T R TR T e - ] ~
LR . Eofd F feaoam Powee [H/w & " B = "
= Feets lind fm * 0.0 F Com Vojume (0006 mEe * ' OM0LEE T LA
= LR Laan fes & A,AL ¢ Cus BA 1000 =) ! - L L i
A AR AR R R AR AR AR AR AR R R R R R R IR SRR R

Wiiikierr Mvided flos vomputed Ind ks crassssect jon,

Waiminn) The crsst-sectiom sl puikl e el (e Be sxbenied wellloally tor the compulad wsiwi surface.

CFOET ST MOTIVT  Feefile WFF °
reamn

sEspssissana s
. ¥ Yt » * Wight ©R *
’ - o, meWal . . 2
- - = meacw lam. iml & L | M
. . o Flaw Aiwd (w2 ' % &
o oy = Araa i1 2 - -4
o TeL ' . * Flow fmlds) v ] ¥
' & L] = Tap widih fsl E ) =
* el Tala. el L, = Awa. Yel. imia) ] N %
* Max o ni TPt o * = liyds . Papth imi -] = &
oo, Faal emifal 7 TSRt CaRv. emlial ] A ¥
= Nt WL e * 34,9 " Walbad Far, bS] . N 1
- moh FE m L] i o pheay (H0eS H - "
¥ . (.m0 ¢ Ekgoam Power [iim = ¢ ¥ y
a dpwd ow ol et e Vnlims (1000 mF. 0 g &
CRLSE B o f.6F ¢ oum 2k piong sl L - 4
LT T T I T R

ruLien,

L

b Lividwd Eisw computed fon #lias e

Wrinlral The coossspecthen ooml peials ki to be exbended verilsally fop the ceeputed waler sutlacs.

HEC-HAS MMIDEL RESULTS Paye 3 of 60

CA ENGINEERING, PSC

Rio Cnyapuas. Kan | arenm, 117

& Engracen g é



CA ENGINEERING, PSC

SFEVE SECTIEN SUTOT Peelfile BPF 0D
se wa was P

P

= U, Higy les o Elemasn T
Tl Nasd e = WL, meWal T
WL B Elew ims = Wauick Lam. (mb 3
S drie g fmb * Flow Area iRk .
'R Slepe imiEl = Apwa i3 -
"R Toual imdia) = * Flow imlifal *
* fnp Width imi - * Tap Mldth imi -
" Vel Tacal sl . = Awg. Wel, fmAj "
T Max oml gtk w1 L] " Hypdt. Bempul (s) -
* Caaw, Total emdies ¢ * Conw. 1Al by
¥ Lasqth Wid. =i . * Wehued Far. s L]
= Min oh EL owi * * ghear (B2 - v
" Alpha * * gpesm Fowsp (H/m sl *
= Freun oas iml - & cum velwss (1000 m3i *
L P - 0,01 * fum BA §90B0 mPa .
(T sssssen A e e AN NN R SAE NN SSESEE SRR

ligrningy Pivided [low coeputed far thia creas-ascticom,
Usiningl The Scaas-secciom snd points Rad ta Be extesded wertleally fer the cssguted watar surface.

FROSD SESVION QUTHIT Frefils BPF 1D

tteamsEEEmansssssssess T L R RN E SRS SE R
1 LS Elevw im| - * Clmmsne * Lafc OF * Chanrel * Alght 0O *
= Yl Mead dmi L boHE, A=Wal., K 2 L B &
"M E Elew 1w b v AmaEh Lewi 1m SR L= L LT I
* rely W, R * b Flow hees (RSN # - * .
LG, Slops imfei # L TR ] - i L3 i
* g Total imifab i " Flew (mlfE ¥ 4 . -
* Tap Uldih omi = = Top Width i 5 - - .
= Wel Toral imfug O o hwp. Wal, imFRR . - - L]
* san #hi vk imk - = mydr. bepth imb - . - -
* Eehi. Teksl imddai - " v iml el ’ . - =)
* el Hial. imi . * watted Fat. ERE + * » -
* i oR i . = Emaar 'HimSl - & . =
" Rlpha & = Jrvess Fwear (e af * - *® &
i Mm Leaa il - ¥ Cum Volume | 1600 mit = - - =
SN U T - .91 ¢ fum SR § 000wl = = - -

B L L Tt L LT E ey T T T T T T T T r ey

Barsiagi Fivided flew compured far this cruss-ssstisn. g
Mipsjret The smosncpeotien emll pelad s bl bn Br sxbended vestically loc SSe computed waier smpfacs.

CHEAR TEfTLM UTTOT  Prafile BFE 47

e et e e R PPy ey FTe——

"o Rléw e - i Wighy o8 =
¥ Nel Wl - Well v oM meWals " *
P Klew i L] R TE  * Pt Lan. 0m) - E b LIS R
iy H.E. dme o TH. 6 * Flaw hisa imd) . - -
=N B HLUALINY Y Aiwa IEDT ' - L
=R TA R mliae = OIBN.TL % Flaw rmifas L " .
. Wrdlh Ml ¥ ATk = Tag Width 1w . T L
i T o Bodd  * Bun, Vel lmfwl | = .
! R FpEn Ged 3 Tadw v gy, lemprh imd . s L
® wenw, Tegal cRBfad Eoddmsld 0 ogfanw. iEASEl - L) .

Lt i ek, rma = EAAE c Malted Pars dee = [ K

Hin ih KL . Ta B 0 Ehear IEimI) e e -

&lpha % LAt 0 NP peam Powar (e Bl * * 2
* Fro=n Loes | . R T s N T = .
L » Gl ¢ e FA 0 1EOS ml) . . Ly
B B R A A A R R R R R

Haunisan Piwiied [ soopaled fa1
Srul SDer stAds seat lom e gRinta han i

B T P

Figm Ajwra 1als
hpad )

Fla smirgh
Top Wil "el
dwy. Wel, wfm?

C T Wietth (e
T W Tildd T
N

LTS

v e W
Miw &% [ om
e
Thkirin Lwr w
¥

o mw o m e e

Foriiiml Tt Dlie eseputed Led bHis ctinss -Aeuties,

EATL 1 Ty 4 ees asctlon miml peeriibe luid 13 b satuses=d wertleally fer the competed suter durians.

Fuitnan Oe awwipante tabin Upetis o MWeranst @iviied Iy dosmer peas aanveyinol ba leds Ehan
e wh dbeater Bhan lod.  This may 04l ats the teed Do sdfilional coaee asatlond.

BTEA AN i

FIT AR AR
[FLS SRt gz A

Frerict

W iR

R R R S T TP o
e Elew

i Eles Tt Elsw Fta
B T T T T
(LA Thw? (S )
Fpsd wlom o w10
7 (L ]

S A P T

A
' TS
- formept Bt derd b JShstow L EAGRE Taelf Tancl.  Esgab.
Apoe TR ¥ o |
HEC-HAS MODEL RESLLTS Page 4 of 60 Hr Canvngieas. San Lovenen, {0

L4 Engmesreil é



CA ENGINEERING, PSC

CROmI SECTION CAFTPUT  Peefils RPE

BEBE e B Y A AIE IR eSS AAASAA ARSI E R RS

R, Elev (my = fd iR Elesank * Lefe 08 * Dhimsal * might 08
WVl Hasd i - v Mg, neval. = r L -
Wl Eley im ¥ = meach Len, jmi . 2 S L P |

vogiie WSy . * Fipw Apes sl - " . +

* R Blepw e v hews (m3d A b L s

* g Temad (miiei * riow |mkfat - L L T ¥

+ Top Widus [=a " Tom Widrk imb T * 3A%43 * L

* Yol Tacal Imfeb 4 Awg. Yel. imfal & L L T L

* Hak €kl bgpuh el & Wi . Depth iml . * 2.3r = a

v fanv. Tatdd tm)fEs + Cowv. (mb B E - b -

* Langth Wid. (mb f Watted Ter. is] ¥ i "o *

® Hin ©m EL imb = aReaf (eI - - O LI 1

i * spoesm Pawer (Hie m] * L L -

' 5 fem Velbsme (31000 ml1* b B = L4

"8 E Lsws * ras A8 (0000 w3 * - ] b

T PP R i .

Wapmings Civided Flow compuisd oy this @ceas-ssction.

B

L] . * Lefv OF 7 Thasssl * Alghl o8 ©

E 8,02 - L T TR .

.} Tr.2E i LT L .4 W3

i 5 . - & .

LI 0. O0§ETH # L] & L]

f oo Peral wsdfail * 13T = : ™ o= B .

* [ap Mlotn am =TT X : n - "

v Fy) Tatal il * x . LI ]

o Ma il Dpta Emi . = ] . &

"oLww, Taral ‘mdimi s . 2 -

= Lewih W imi - ' H . ¥

* Min el Bl pm) - ' o] i &

= Ligha " " ] i -

i Wacyn Loss ey . 3 . * .

“F K E Laga ims & by -

o dma EEEEE T T

Wariingt Pluided s sssputed fér rhle crosscasstinh.

CROTS BECTIZM DUTTET  Frodfile §RF

arrww tssssmEmsEEREE EEmEmamERs s

T Rl ey ims L T chassal * Righn o8 *
iovg] Mesd ome - w03 ¥
WA, ElEs imp - P53 Pegch Lan, im -
= Wil MR ims . * Flsw Aive amdi Lr
? kB, Bivgs am'ml FoAraa ot =
G Tuldl smbday ' Plew ralddac L
T T WiSA imp + * Top Witlth ms .
° Wal Tetal (mlal *+ boAwg, Wel, o ome 80 X
* mak ORI TPLR omi . b My, Pepih o -
U P, Teral mfEl 0 Ghbon Y PEne. im0 -
" Lewesthe W10 amb L LS L L %
* MR oE Eb imr = ' .
LI ] * H
Firm |dre 8 L ® ¥
i K Tess ime = e Y um Ty 2. v
My SNy g S s e o R PR S
witiloil Dlvited [low cospoted Fas iline  Soies et ids.
miele @FF 3
e R S S TR AP G P O e S

5 o Eiemewt * befe o v
B, ow il b
bW Lea, o
Phoe Aiikn ot
Bimi i
Flow wmi's
Vap A Lirh e
Bam, Wl i e

e amj
srms Teddl smiiag
ekt WY cm)
Mom Sl BT my
Afria

Ferm Lama o

ehuay llmoe
Aldvam | SN el
R Ll T T
; e

R SRR
¥ 0 B T ] Vo LafuoE Y

* Vel jiwwn ma = g . il ' "

W, Elew EOIRLRE O e N Lew, El LN 1 *

R A T [ = Fhde Alww cmI - ' =

YN dlepw  mimgp L L UL TS b L] I

Vo Taval amifa L " f e emlE ¥ L »

* T WA Nk wme v 5 Yop Wialh = » . -

& el masal gmose . ey Vel ombes & i *

ik W00 ek, w " " Hpilie Bl ml ¥ = =

= v TEval oEY & . e L . + v

. s WAL 3 oo ed Fyns s ' L L]

Hitim m T W . v lisad S * . . .

o gl v LT R o - T B - s

il o B P N v Vo el | wl ® . ¥ H
L ww) v * st R gl RS = - '

B B 0 L - T 0

arrvmng Bt ksl 1] g fampatad R DliE on s s bas

H1-C-RAx MODEL RESULTS Poge 3 of 60 R Ui, San Lastwniae 18

8 Fagite et é



EREE EECTION DUTPOT  Fraflie AFF
PP
* E.0, Elmv |m| .aT
Vel Husd |
.8, Elav s
Tyt W.R, Dmyp
E.E. Slops (mfmi *5.002M48
@ Total |mhfal
Tap Wldth (&)

wal Tetal imfal
Hax Chl Tpeh (=3
Cowv's Tornl 1m3fsl
Lesgth Wid. |mi
Hiz = £ bmi

-
-

L]
e T
® Flesmsnt

WE, A=l
Reach Lan, (=i
Flow AEes [=FN
Area (23]
Flow [=dfsl
Tup Widech [al
Avg. Vel. [efwi
Wyde, Deprh imi
Cony. Emifal
Hetted Fag, =)
Shaaz CHIET)

Stymam Powsi (Ffw 8]
Cum Voluss (1008 =11
Cum §A (1000 m3]

R I R

Boaw s a B R R s B oA

Eapniagy Diwlded flow cospuded fan this ctoas-gaction:

CRoas SETTION oUTTUT  Peeflls FFF

1

EEEEEEEEEE R RS

» * Ejwmani * Laft GF * Channel * Eight o@ *
= * Hp. weVals - - bR - ¥
. * Bmach Len. [nd * LA - A
' * Flaw Areas Endi 2 4 =
L4 ® prea fudl ® - &
. L) * Flew fudfu) r ' *
® & * Top Width imi = & N
*® ] * Awg. Val. isdal & * i
i . * Hyde, Bopth el r - =
* Cnnv, Telal cmlfel ¢ :I;:iig :m;::uw : : :
* Longth Wrd. b - . ® i
= Hiu owh II"I--I..I = TE.42 * Shear w3 . * .
= = 1,00 = Stream Fower [W/m a] * . .
- L] @08 * Cum Wolyse (100D =31 * " o
. . .00 * Cum dn (0000 =31 y) I r‘ .
Barning: Divided Slow eospuied [ this cesss-sectlon
CROSS BECTION obffuT Frelils BFF B N o
SasraberiaddEsarpbbbdiddasannanErnnEr T RsREREE
* EuG. Elwv s - ¢ Clamsnt = Lafg 8 * Channel * Night 08 *
= Val Wesd (mi - v oM, meVal. . . : e
oME Elev (E) ¥ 5 Bagach Lewm, @] & Bl ¢ LI | Y- O
* Exis W5 =l L * Flow Area tal) * % = :
s E G, Sibpe (mlnl * miwa imdi - L .
* g Tatal |mi/aj P Fhew imidal . & * :
* Tap Widil i) * Tap Wimth imi » b £ -
= Wml Tuial 1m/al ' Awge Wel. imfal ® = o
® Mas Thi Ppek dmi * Mydc. Dmpth iml a L5 £ -
* fonw. Tobsl imdfag * Ceav. IRNE * - -
® Longrh Wed, imi * Watted Fef. iml B ot x :
® Min En E1 (w) * ahaar  Wfed) 5 o i3, =
Al pha " Bbieas Pessr (Rim af * LA T+ B =
Frckn Loww b * Cym Volems {1309 w1] * - dLiE * =
= E Lass qmi 1Eeae w21 = L L '
sisrbtdreidisesiasnerttagiesissns LR DL DL S b SRS SRR ERIR RN SRR REN
Mainiigy Pyided flos computed for thls @rses-asction.
CheeT SCTE SHTTNE R WS st i
* O E Elew ab Themant ) BT ol 2 =:-:::I = ighk-oe =
¥ - i, * *
L Y O PR A R
"ogrin B Fles Ared imdl & = kil "
" EG, Elepe lmfmi Arwa imd) i = ¥ E
* g Total im Fle= imlfu) * E - :
* Top Width (= Top Widtk isl = Ly . 2
* Vel Tozal imiar Ay Wil imfa) * 2 %
i HmE chl CpEh ool Fydc. Lwplh iw) - . - :
* wuhw Topal imddai Canw, ialfa) ' % %
& Lemqih WEd, dmb Wwbted Par, bEl * = s N
= Mlg 1'h K3 oamb Ehasn (WSmI) ] * L L
& Aljdin S Ecam Pewar IHiw 8 " ¥ o E
* Froin foms imb Cum Toluss (0590 s1) ¢ : : :
"R E (== - =i
r B L LT

Wadiiimgl Bl vided Liow oompubed [oc

Ch3a% EECTIN] GUTFET  Frofils aFFW

Phls ereas e ton.

el e T TR T P T T T R PR TR PSS S AT S

4 G Elev mi * To.s2
Wl Baad v
W3, Rlew fmi
Skl W8, end
E.5. Slope (mfmd
g Telil smlfsi
Top SE@th At
Wel Tetal imisl
Mam Tl Spih jwmd
Caews Teral
Lampis WEd. |
Mim g% L fwa
Alpha

Frata laae imi
& & & Laws rm

R R T R

wWarsisge Pivided Ties computed fux

FRCIS SLITICH DOTPUT  Proflle BPF
e e L T
" F.G. Elav. imi
= el Hasl imi

L5, Ricps amimi
w Fotal imliai
Tap Wuleh (=i
V4l Tocal imfu)
Man Chi Tgis
2nnw. Tobkd iml

HEC-RAS MODEL RESULTS

* Elsment,

s wr. meval.

" Rl Lew. (8}

" Flow Ares w3}

" hsma (m3)

" Fiow imdfal

® Top Width =)

= vy Wel. mfal

* Hydr. Depth imi

= ol (WA

" welted Par. Imb

= fhean |MAwIE

" Dpawas Pesey (Em oa}
5 faem Vnlwee |I9FY =)}
* Cum GA 11500 =3}

S P T T L ]

Blils eyees-sscbiom.

i
amsamasisses
* Elemmib

* Mr. WeVal.

* Agma (30

+ Flew imdiai

+ Top Winh e
* Avm, Vel mfEl
* Hydi, Pepth bwd
* Topw; cediwl

* beft owm ot = Might OB *
® - ] "
LI 1 = ™.} ¢
- s (3 -
' W O B
" " " "
- . w &
- - ® -
a . . B
- - ® -
» . - i
- . & B
" ¥ & O
a . w ®
* = 29 - 3
ErmrassssssmmsammnnraEs =

sassmssaana

Lafr OH

AR R A e e oaoE s

Page 6 of 60

CA ENGINEERING, PSC

Rin Caynguas. Kan Lorenen, 0

CA Emplacering é



A — i ——

R T

CA ENGINEZRING, PSC

* Cum tnlsss (1000 =1}
g.00 * Cum SA j1000 =33

sanssssan

Lengon Wed. sl * Th.EZ * Watted Pri. iml - =
Mio Ch L jmb T4 * Smear |N/ml} . 2
Adpis ¢ 1,00 * BEguam Powss (Rm 8] * .
Fretm Lass. (mi - .a7 - *

. .

Warning: Divided [low cospeted fsc Lhis Efgdd-anctinn.

reafils §PF 1
smm ELY '|.-|-l-l-|l-|ll-r|l'll'!-"-l.il‘i--|lll LT e Rl

=  TR.E2 ¢ Elsmefl * faft O * Chancal * Elght OO
- B.O7  * WL, ReVal, - 4 & Bply * & 4
= 18,%% % Rmach Len. =i L L R G | R
= * Flow Arma (nZl = o - b
g, 006718 * Asea Ind] . & " ®
. » Flos im3fsl - - . -
. * Tup WLATA im . b . .
* * avg. Vel imiel * = A .
% * Hydss Dept: (El . = » M
= s cenv. |mlfal * E ® ®
. * wgeted Pez. (=l - C . .
. - » Eheay [HE3) L] L3 - "
= Alphs .3 + Skream Powsr (WSm af * L o &
# froen Lass (W) . & Cum Voluss [LOO0 m3L *° £ £ -
= ¢4 B Lons dml L] + Cum 3K §1340 =) - L = Ly

sesasaan

B R LR bbbt bs

Earmisgi Slulded Flee compated for this cress-aebtisa.
Chazs FECTION OUTRET Profila WFF L3

s e L e T FRslsEmiRFsssaRe S EES

T T T T TR

= g, Elev IE ECimssnt tafy OF * Channel ® Alght o8 ° -
= Vsl Head imb wr. peal, o LR T 4
* .8, Elav |m| Baazh lan. (] - LU - TE 3L ¢
* grle Wi, bRk Flow kosa imd] - . ~ i
* E.G. Slcpe (m/m) aees im2l - . " .
* 0 Total imifeh Fhow mifad - 'y L .
= Top WLEth el - Top Hiduh jmi " = = =
= e Tebal imfal & Awig, Vuli imfa) e - . iy -
* Hax Chl Dych fm . Hydf. Dapch [mb . - . -
+ Cany. Total imifael - - wl L, it 2 .
¢ tangih Wed. iml ® iwttnd Pei. md - — . *
* Min Eh El fmi . Shaae (H/m2] # - N e
* Alpha - Froedm Ppssr [Him 8) * - - =
* Feotn Less imi . Cum Valems {1000 ml) * . - -
® & & E Leas (s Cum mA | 100 =2 i g . B
an

EEmsEEESEEEEEERRE saamnaE sssammnn

sarning: Divided flow computsd feq khiaz Aross-srclis.

MaiAinni The CIsEs=ssction and paiAlE had Eo be ectesded wnzileally fof tha coapotsd SATar migrfaca.

Harning) The csamey satis ispetceam conveyanice divided by dewnsLiesm conveyasos] ks | rhan
0.7 op greaker Gham [.4. This may ipdicate the seed [or sdditlens) cosam AeUTiems .

CFoas sroTTod

RIVERS CAVAGUAZ

MEhEHY T RE1 L@
THPUT
Pmasripkiens
Fhatien Clewsries Pata e 21
LT Elw [} Elavw BEa Elew
e b Ea A wun

S e e
M 2.37  THR il TEEY Gl 766 3.3 u.:!
[LHL

Hlgd® Ni.d7  d0.EE ED.IR AT.ED
Sl il .70 BEL0F L] .18
[T TS 113,58 .47
(R T
i bt om Ve e nure
o n vl sua om Wal m Vsl
Rt e P T R TR S Rkl
L] S L] <04 M
Bask Bras Left  Right Languhss Lait Ceaneal  Right Cesff Copte.  Eapan:
Qs FE L] 5.0 6.4 & | e ]

CROAT SECTION CUTPUT  Frefile OFF |
- i

asrrana CEETELEErS

* LG Elmy (mp ¥ e * Laft OB ¢
& el el imi b, meVal. - .
H ¢ Reach Lam, b=l = 3503
N * Fles Apea o) " -
¥ Lol * s [msl ¥ o
g Teral ymllel = Flow (ki =, *
- Width im] = Tap Wideh iml ¥ L
= val Toeal imfai * jugs Vel, [mfab * -
* Max Chl Dpth =l * Wyde; Pepth |mb ¥ .
+ vonw, Toral (mdfed + goaw, (mliel o .
= laisith Wed. Im) = weiysd Fug. WY " a
® Wim % EL jml * Sngap iWSmd] - ..
o R * segesm Poser (Wim @l ® - .
* Fretm Less fmd * Com Velsss {0000 =21 ® .
" (L] 0,00 % Cum 3A L1802 - b
wnes M

B e LEE L L R L L

sarming: Davided Tlow cosputed for this srpas-segbioe.
Warning! The conveyshos T4tlo (6PeT | divided BY ¥ i in fmes Ehis
#.7 oi gteatas thas |4, Thls =y idicate LA sesd [og sdditicnal cimes sectimme.

R —— L L T Ll

" gl Elew jml * ElewwhL " Lalt C& *

* gil Newd (=l T L. nEVal, * s .

w E, Elav |mi + maagh Lan. (sl # 1503 *° e -

*opule WOl mi + Fhow Arma Sl » . .

= f; Slops Iwiml = Area Am2i ) X L)

g TeLAL imIe) = Fise imllal ! - 2 F
* Tep WiSth vmi = o Wudtn im| H = -

* Vel Tetal fwfal s Awm. Vale o wial & ¥ ]

= s CHL Twth imd = ligdg. Daphs bl & . =

b ofghv. Tobal fmldfsd = Eanv. (ndfal = 1 i

= Longith Wtd. gmi * WgLeod Pag. |W§ ks - -

* Win Ch El Imf s ag UHimEy 5 = .

* Alpha » gypsaw Pouss (Efm el ¢ ot o

MEC-KAS MODEL RESULTS Page T ol 60 Rin Cayaguns, San Lorcireo. (%

CA Eminagring é



CA ENGINEERING, PSC

* Frotw Lass |mi = @07 * com Veluss (1000 =11 " = 3.4 = E
* LN Lass |mp - @08 ¢ Cum S& (1889 wd) s - li,m2* -
descssssdnnnannin swwe LEL R Al B bl

darnisgs fivided Llow cosputed fof Chis cfaas-sscilos,

RIS JECTION CUTRyT  Feofile MEPF 1
. s I &

.aa

2.04
.40

W.3. Elavw
Citt M5 im|

E.G. Elsps infml
@ Tokal iml/a]
Top Wideh Im|

Wal Teral imfa)
Hax Chi Dpth im)
Canw. Tatsl imlfa)

ow Arms a2l
=2

L]
i
0. 00LTES Arms

I1.80

R R
R R R I R T

Warningr Plelded [lew compated log Lhis cossn-seduiom.
CROES SECTTON OUTEuT

Fratils AFF @

SAE A EEEEEAEEEEE R R RS AR R R .

Sebidsltsstiseasdarninentans
+ BE. Elew (el . L e— * Lafp OF * Channsl * Bight o8 * .
* Vel Hewd [mi N * we. meval. X L 2
g . " mesch Lem. ini " omE ¢ 14.08 *
B * & Flow meea (821 L4 " "
= SR EFEATE C Area imd) b ¢ =
* g fTacal imdfel . ® rlow (mllal ) ' -
* Teop Wik el B * Top Wicth iml * = s
= vel Toral (mfel ® s Awe Vel iwfel . - »
* Maw TR Dpth imi L) * Mydc. DapLh el = ¥ o
* femv. Total (mlfal * * caaw, (m1fei * ol -
* Leagts wrd, im| . * Watted Fec. inl - . ¥
s Mim Cw EL Im) ® ¥ ghesn [Himd) ) ® =
" ALpsa ® * SErmam Powed |[Miw el " * *,
¢ Fratw Laws Al ® + Cum Valusa (1000 &l = - o
=5 kK Laxy lmi L] * pus 5% [LO00 mI) - " :

B

Wirmingr Sl¥lded flow computed for Ehis ceéoes-eercion,

CRIAS SECTION CUTTUT FPredile #PF.3

B T et b b L L L Ll

= T
b 0,05 * WE. nevals

-
" WL KLew Ll T1.81 * Besch Lew, imi o .
*EriE WLE, . * Flow Arca (mI} = .
bR Blepe inimi = hpes (mdl - .
g Total mddai = Flow imlfsl L} ¥
Top Hidch rmi = Top wWideh (m . *
Yol Tatal tmfa) = hwy. Velb. imisi b b
May chl Dprh * Hydr. Dapih im * A
Sy, TRoaL Bmdfad * Sanw, {mlfal - :
. . .

. .

.

o &

e

v LG Elew dmb w v Elmsent .
S val Mead imi L * ME. nevals =
s Wi Fley imi = & wemch Len, (&b .
" Egie WY iml L b Flow Ares |m3) 13
"L Blope imiwmi SH.O00LALD ¢ Reea W30 *
* 3 tatal wmlisl .21 v Flew mifa) -
® Tup Witth imi . 3G ¢ Top Medth imi ¢
B oWl Pedal felal - PRy Vels Imia? *
*lsd ki el omd - * Wy Deplh imi t2
* bwnw, Tucal mliel Ot " gpan. ol Ay
¥ Luhebh find.  eml & d
* Ein oKL el = ¥
tAdfEha L]

' Feevn Lose i
& b B Lass fml

-

Gaasssssanansn R

Warngngl Divided flow computed Tor this <eoss ssclion.
T RITT

Feafila EPF T
w .

waraswanan mamnEEEEEREEEEE e sRs R dAnannE

" EaTs KNy (mi . * Clwmens
i Wl e i ] oo, peVal. L] L4 L3
O Fley (e * & Beach Len, i = ¥ ™
. ¢ Flow Ares (sl * * ]
w v Aisd eull = - -
. v orlow mdiEl - - - il
. + Tap Width (m - - P
. v Awg. Vel imfEn & ¥ ¥ 4
* & jiyde, Pupth omb T & ®
4 Vogenw, omifed ¥ o *
= * Watkad Tei. (W # " -
T Eim ool EL W 4 Eheav (Hindi k| a ®
* Alpha L Is * Beeoam Fower (Wim L | & ]
* Figin Loas imj - u. * tum Volums | 1000 mEE * L 5 .
ok B lmead i L3 L1 4 Cum A L 1DOA m2N i3 ¥ .01 - ¥
T T e e R P R P PR P TP PR RN T

thannl Elvided ilew cosputed Fod Lhis conER-eection,
JER FECTICH BAFTRUT

Ve Riew m e - Eiement heteen -
* ] Wasid . T WE. Arvals 2 ]
s A, Elek w - 5 Waph Lew B R T I
Fowlady MW, G, i = i Flas Rgea imcd - -
HEC-RAS MODEL RESULTS

e T T T T LT T T R TR T T T

Channal * Bight OB °
- R o
4,34 * .
ar.d% ¢ .

Paye B ol 60 Rio Cinapuns, Sim Lonena, 19

4 Enliecring é



& P fimene dmiel A.GHIZAL ¢ Aoes T * h . r
* 5 Taral wmllel ~ " Flas i=1S81 = c b ¥

Top Wideh im = ® Top Width Wl . = "' e,

Vel Teral |wisl 1 - avg, Vel imfa - - | L
* Mas Chl Lpts dm i * wydc. Dapih im) ¥ u - [
* ganv, Tecal mlfe  * * camv, Imdfil o i o Ll
* Langeh Wod. mb 4 = watted Per. im » " = -
" Win Ch B =i " = Shaap (HRLE ' . - *
* Klpha & * Sremam Fowsr ('m 8] ° ¥ ¥ L]
* Feetn Loss (m) . * Cum Woluse (1809 =3) * r s *
*E 4K Lasw s} + 0,08 ¢ Cum BA (UDED &2 - *  B.Ex = -
T T L e L L Lt bt .
Mataingr Divided flow computed fep tRis cress-sestlon,
CROSS FECTION OwTruT Froflls BFF ¥

aammmsEs mansEEFREEEEEREREREREE (L] *
iR Klev (=i Ll W, 18 = Element 4 Lait OA * * Righe O *
* Vel Wosd im) - ey - I E
* N, 3, Elsv mb - * dsm * L LY LI
*oliky Bady [l - x o o .
* E,G. Dlope im/m] L - - - r
* g Tacal [mdfwi - . E * s
* Top Wideh [md - y s - .
= wal Tokal Mmfad . ' = = "
* mak Thl Bprk imp - o a s ¥
* conv. Toval imifs) * - 2 - ¥
B Languh WEd. fmb * - - - -
* WA ch E1L =i » . * i ¥
* Alpha . . . - .
* Frctn Lass (m) L » A L a
*E 4T Les . . ) - e
e - .
e
* Laft om * = Might OB *

. . M - .
L 8 L .03 - - L8R =
' Flew Apes (ndl - - - Ly
. Bras {mIl 1y ® L b
* 0 Teral imifwi - Fles imlinl - ¥ h &
¥ Tep Winth i . Tep WLSLE i) b 2 " s
* Wal Tontal lefai # Ay, Wela (mfEg > ¥ E ¥
P opan Thi bt e . ., Urpth iml = 2 L [
*ganv. Teadl lmifep  * Cotrw, imlfal - i) & by
 larrigd b WL Dml & Waited Par. i) £ » . b
L TN TS e 1) & Bhaar iRSaly - ' . |
* Alpha * tgedm Fauer (0i'm al = - L E
EoFustn Lo e - Com Volome | LS =1l * = - =
bty B LEss Dm0 & £ Tam A4 11000 =2 - ] - ¥
EEEEEEAIEESIFIAASA SRS R EEEEEEENE RN N RRREERERRARIRREE ponnob Lo Dol ot ]

wagpnbims Plvided (law computed f3i LSL8

© WoAS SECTINN OUTPET  Frofile AFF 11

AaEsEEtEEERAE SRR EELSE RS ESARRERET

T e e
* LA Ky ®= 3044 * Elesent * Left OB * CRennel * Right OB *
= el Bl o - B, =¥ Wi Asal. o L. & *
LB, Flew i & W, C Beach led. (W) o .
T ™ . Flow Area il - o -
g, Mlaps (mE) Aima §E2) 5 = -
Voo Taral rmbies Tlew fmliat ¥ 2 o
© v M b Tap Wldth 1 E r
* el Tavail mfel Ay el 5 * L}
* Man GhL il 1mb Wpdi. Papil iml - B *
* oLane. Tetal imblel Cumy, imLidi b - :
b eweinh Wl s Mgtiad Fec. dml o Iy =
FoMin ik KL Abway NIFfAT] a . -
* Alpla Wpeam Paser DFE 31 * » b
L] Vi Yoefuess {E300 ma1 Y ¥ L
a2l . -

:
b, Rles pad Elwmrnt = Lalt Of * Right o8 *
v el e WL el L o -
= W klns el Baagh lem. sl LI LN ] = |4.mE *
LR LT TS A T Flew Aiaa dmdi | * L&
b dleps Edme Aywd Bl .l - *
* G Tar il iy Fhoss imlisi . - *
* Yo Wl ol Tep Wisth im| - R b
* Pl Treal eefEi Wege el dmral L [ 4
EoMaw Wl Tyl omE myedi ; Pwpts im) & ¥ ¥
= Feitw. Feral mifee Erww. DY A kv o
" il WAL b Wetird Fan. (mi 2 p o
LIRS TR AR Sleng i iRl - A b
LB Frraim Fomti iWw 81 o *,
O T e Wl | (950 m1T - *
"E4 R L B L L] *

ELEEEET

Warninme Pivided [l competed fef 1RLR Frees: oot los,

WALRTiEE The ciaas-tection esl peimts bl (@ by atandod yeetisally for the cemputed wabar sutface,

L Kl enarat 4 Chamfal * Eight o8 *
" e vl * by . -
v WS Rlew em) Baach Lan. el LA L1 = 4.E "
o Flew Ared im2l - i ¥ &
: Py . . . :
v Faal emida) Fliw W . - . s
© rop ARl i Tap JE T 1] k. - * *

W Tl emfed Awg. Vel imdsi 5 ' ;! ]

war h) Mpih Ayde. Poplh 8 * ¥ - .
¥ oy Taidl b Siva . m ¥ H * »
f o lwmep b Al el it Ledl Freas (mi 1 - s n
L L R LTS T » ¥ H .
e Lo begces Presy [Nim s v . .
Rt | eam ewe o Vol FIDBD miy " : ® L

e K lear mmi

RAN MODEL RES

Cum AN L0 m3E

.

Lalt OB

e T T ]

T T T LT T T T e P

CA ENGINEERING. PSC

Rip Cavnguns. San Losvnan, 0

<A Ill_ghggrmg é



CA ENGINEERING. PS

D L T e T T e R P e T L T T PP PP e T

Uannnineph ol vosted o waewwtadl uf Uhits Svswrs dedi el
Bl Tie wisidsgiction apd pwinis hid Pe b extended wartically fot Ethe cosputed water suiface.

PR ETION

FUVTF VA

AT WK LLLI
BT
Fefcrtftbent
Hoasier Ul vabian Duts T I
(P T Clav jea Elav sua  Elev

MasetasdsasssRassannan

ad ] T8 L
Ty 1178 Vel 1i.m4
3.5 e PRl ) B | | 7,.4%
.80 L PEL [{ T ST
Hmuinita w values trir :
dea mFal L] WO
T e A iy
3 ML I - ) o
Fasl iMat LAt Fight Lasguhal et Bamnel  Plahe Ceefl Cunkr. [Eepan.
¥ 1a.n1 LA LIPS iliwh o Il

e T L L L LT T T e R T T T

& Eermary 5 lAE o8 * Channal = Klght &8 *
- .

+

oy i Al -
® 2 .58 r o - F UL
. . . . B
s - . = .
i & . & a
. = - N .
. '’ . . . .
* g=np. bepih m L4 s, 4 -
wEnd Tabal waflai b oJemen, amhom * . % =
ey A, md  Hetled Peiy # * L] i *
TE g * Fhear  WimE L - o =
L] = Bpgran Fousr 0fma " - <! -
LLFSET ST &y alune  fatn oade ® H . .
i less ms o SO R - . - -

EEEE G mEEE e R AR RIS A SRR R s RS e

Sy vkl Phes smmgestad Drr 1580 SSeserst i
e PACIA Taps 1 peap et diended by dsssdlonse converance iz less chas
St reEteR Vhum Lody  PRie may G care the mesi] fer adddiiensl cTess searisss.

RS T Frellls BFE
wid e

Mk R P T T P L L I T L L eI Iy

s *  Latr OO * (hasssl * Spger o8 =

. s M ¥

R L T = I 0 T

. L .

e . i e -
s + % i

. % w )

- + + s H
Ty ' i i H
Ty W 5 . g F
i : . . g
y . - .

H . M g

. . = .

i ' i 3

R L L L L T O S S e e L T T L ey

PR T

o WL b L ompieed 8de Hd -
R RIRT R T e PR B T T R P E R R PP P
Wonrm A Dl DA 0.0 5 oS pne vHe meed e SO aRAl SroEe meqtions.

ST L L

e LR LR LT TR TS

wafl el ome
(SN LTI ¥
" oAbl me
LAY K as
TR
ety es W

VR g rwmppted | fRE ) s e H,
PEARTE GALTS JHprtceas PR ancs . BivDdel By ASestiess seerepancsl in Deds thas
00 anokter Bhai Lol Phie By tubh Rbe LR dess 180 afditiesal srosd sectises. .

R e T o S T T :

B e R R R R R T T T T s

4 priind 9
-
" i
- -
-
-
v "

Page 100l 60 By Cipagais, Sm Liteians [H

L TR R é

FH L <RAS RIOHETL. RESLILTS



CA ENGINEERING, PSC

Cimimsl Puwides Floee dompnted (oF thin cOSEECsESLIER.

CEIsE SRSTITI SUERIT  Frefils BFF %
isamanun et PP R R L L b L b bt L
= 0 Ee5 = B BR,BD ¢ Elameal i Lele 08 * Channal = Right OB °
= =pl lhed. = * oo oW meWal & = & -
Wl Klay = + M dm T each e Al LA C T L LB L
= ot W.H, e [ * Fhow Rrad =5t b E: =
T FTs Fitte . RiE EEREAET 7 Arsa (= - = ® y
* 2 firal =i . " Fiow ‘mife- L ' ¥ -
i Tap Seath tme & = Tap Widih a0 * H c L
* il Ty AW . + Avge ek, wfEn - 2 K -
* b ' * Myphi. Depth oy & ¥ ) i
- L] b ogana, imaiul . .. N i
¥ - * Watbed Fal. iR ' L, Iy *
- - " ihagal 1..?*"‘ * = * -
+ Rl n + Jepeam Fouse (6im ar © £ o =
vMdis team w ¥ = Cum Vpluss 1000 & * - & o
v L LR * mpl * Cum AR PL0DE miy i ¢ * L
[ T T T T LT L L et bl ki P T T L L L LR LR Sl
1f_.u.n|.n‘;|r Pavrdme Tlew conputmil far TRIS T E e B L
o ST Trafl
b eesssmssbeRRRer TR T sasnmner
L = npLpa f Mlemenk * Latr 9B = Wighz 0@ *
& = Mol *OML v Vel 5 . L .
h o MEaws * Eeagh Len. ‘B LI L -
¥ B b Flaw Apks mE1 . H " -
* AT L A T W tal by ‘. ¥ =
- & 48, TE v flem amlfEe £ » N ]
- = AEuE Y Eap Widre e = » h o
5 . [ T ¥ - i ]
- " FaE) ¢ Relv. Papth ime = - Ls N
¥ & # Cand. mdes L} s = b
X ¥ * Weibed Fed. =i . H . L
- - = Ehgdl ..m L - - *
n . + dgieam Bpwer Mm@ T " . -
¢ = * cum Wolums LORQ =80 ¢ . . .
: ' o+ e R 8RS 4 » ' *
sEnmEnEESEREERRASECE R RREES Ll

s

Whnebmit Firsdvd [lme compwted Do this civea eesties.
e PIBAEARCE CAFRET IRIREL DA ST e Asvised by dosmatiess conveancs | i® lwis Ehan
s gemdles Pham 1@, TRIG may indiEate The swwd for sddiileasl croad ssatlons.

T Puwlil= NFE

e R L ek

L R e b i

Hight O ©

4 [CPETIC (P ’
h T e ]
]

s W Lew. W

= flew Aiwa mie
LR TP

= Flaed, mb &

A T WAl w

* Awnps Yol -Tdes
® gy PepEn =
-

+

i

Cowy, =1
Waliaed Pejs =
N L

& e Dawel WS
» e lmn o DR Bl
v A .

i dddasiians SsdannnnrEbsRmrTTEE

I R IR

s
.
"

P R RN

-

T T 1]

g g iew cespmita b Ded Bl crval e
s trafw gl B e ol el o Vit Py st onse pamveyamier Gn Tead LRm
& 4 ipaatai Phan Eodo Phee sy Pieh e e e 18 b E i sndl crmes s el

S Fewipl= B0 =

savmriREEeE

LR

S s P PR R L T B
o Rl s gadk BR * URannel 0 Eoghi uh
* Mie w Hale i o
TR ] L.RT
bl Baen ® Ll
®

e [

A
Fliw "

Hydis epl o
W, it
B pbagl Lo, @
T

w
s
Ao (L] T
W
.
It 2ieim B -

4
.
'

'

"
"

= R R B B I T )

T Sl LR vmgmilead BER CRie CEEERE awn s W
= e emsaing W B0 A0 Tegll 03 R 00 AT Ui Actrded by downat ises deEeante) il lwam whin
3 apeaten Phan T, 0 Fhis ®iy e TRTE wddpt bemil wrees ant L

e T TR R L L LR L b

o v e i el oWt Thaunel " Righe TR C
Wt ow et - LA Y 1 ‘ -
[T T E | ¥ (L
Flm Biea m ¥ ] *
Rar ! - : ¥ .
o ’ . “ .
P il W = 1 -
L R T L ol o i 4
Belp et b wm A L] -
SHive  mlm = L, )
. . +
. . .
. . N
[ e . . .

P e T T T T L L DL LR Rttt

MO T B e
P e L LE

R L swwi Wlpe e bt 0
e ok R LT N L B
bt dEwnied ks Bgb. Sl ey 2nER

vidwil Iy MEEITTesE SEntwiancic LE Less Elidii
Lt e D2p bdinionad ctess eestlons.

aTE Frafsl= ARD

=R AS AODEL RESULTS Page 11 nf &l R Canvangrians, Sas Loneit o8

il Epimivnat gl é



CA ENGINEERING. PSC

SesEmEmERERAA AR R SRS
Lefe &8 = Channel * Bighc OB *
@040

R e T
* slumenl

ML moal,
Riqch Len, =8
Flow hiws /mii
Agen el

Fizw mbie:
Tup Wigih wl
Avg. Vele imfan
Wy, Bapth il
canv, imldwi

iragtod Fer. Pml
Ahaar AKATI

Aniswm Peser N7 01

(18- 8 32,43

Ham i1 Ipeh @

Cany: Total wliai
h Wed. tAi

Miw th E1 iml

R R R R I A R

®
.
[
* Al okl dmfai
"
[

BaEm R R EEE R ER S
R A I R

IR
PO R R S S Y

cum SA 10000 =) ¥ = »

e EEssEEENEEeReAAEEEEREREERESSSSEaEss RssRRSRRRRES

BoE b omoamom R R R R R R R

Warnima: Pivided Clew ssapeitel Gy thiz Jrape=Nadtlan.
oTEvEyancw ratin {npulaiE coSYepaRLE divided by dounctiees echvapancel 1 lesd than
™ mr geeatee thaw .4, TRUS mey pedlcate the maed for siditionsl srose sascions.

TEERT Featils BFF L

e e e FEEALEMEERAsEEEREE N AR

=BGy fHlew i L] T N e hlﬂl: Right OB *
. . . - .
L . AR T .63 =
& N . 4 -
* e - L L s
L] ] . . - -
= Tep Width i " i = -
= 1) Tatal femfEl & 2 » *
§ - - v =
vocenan, Pheak Emiran N 4 L, o
* Length WEL. el  Mpreed Pui. = N r
v omin ok B0 e R R * - L]
* hirka v Aktwam Fomy (Um0 Y . o
 Fptm Tuar gmi b W OO0 ml] - ]
v Sum AR I000 Sy " 3 )

-

e T L e TR e L]

Weawlisdt Puvided [icw cempwtad lief Vhis “voas-sadtion,
Warmimdt The cesverance EATIE sured caam canveyan e divided by dewnsteam conveyercal |3 leis vhan
#07 ap qUEates thaw fods  (hie may bnedaars the need far sdditisssl ceass seselismd,

Y AR RSN EEE L RN A RS eSS AsE s sddsRRRERE RS

By Eped (Ab ¢ Bl ® Lafe OB * Righs o8 °
= Vs Wil omi Eounlow sl . . =)
i Hies Bws @ Bt law. ® = dEER ¥ L . S
Foopat Mom. ms Plow fyea - ¥ .
LR SUTRRR S Al e ' . -
® oy oAl wisas Vips iairel y . L
" Fs Pembk oo T ] 0 ¥ -
= el FXiah o Adls Vel m - Y, 1
* Ka, LI Ipth v, b . ® -

TWhde Teal imiins CEwT, - % * .

Eeieihin Wi, ¥ o .
= M ok KL ) i . L
" Alphe s . .
* Wynin Larx gmy i = L

Wajnindg Poreden floe crmpoted o8 s @@opsons iR,
Ml TR . pomheascbinn Snd greaailr Bl 1l be e roeked veitleally for the compated walsn surface,
Ehin

Mt The SURVAYAR [ CATEE el ess  snve ot Bovised] iy dewmibiess sanvepancei is e
Fum 2p ramaley Than Do 0,  Chis mey (sds o= the meed For addiElonal Jisdd esqriena,

BT Pl la #FF -

WRENE A 8 R b
P lsry o8 ¢ Channs| * Flihi B8
W b b Rl Ty [
L wilty L
il o- 2
i, c
T L y
Top sk e k:
L N -
Hyodto Pepily m "
- 4

i

.

Se bml o
d B il Ry @
Ll LT N N T L]
bl N 11 Phis pm Fewsii 0OE @
L TR PR i LA e g [ m

pren Fvwpied Elow opmisied Sen TS0 Fomc et i,

p L A B ey weptigully fag the sospuied saten sncface,

F A ma e camsecane w gbid ) o b o omietimne Ayvided by downdliees denveyiees ip lues Fhoh
S R i Pl e Pop addiElonal SEERs setinna.

=N AN SR

oo i SIF B L
e "
Biw gt mng
1 W Plawanium §oima ] A
#ia Biwd e
P R R R
e 4.03 ¥
w, il 0t TRAR 4
i =4.41 W FhED
. L ]

vty At i
TR ] | LTRTY paspnen et i Cref) Coitf. | Bapas.
] am b whits . 2
VL1 AS RIEHIEL RESLLTS Fage 12 ol 60 Rt 4 anvcazmts, Sam | inemes S

28 Emipnes ey é



A e S B R RS DA R
* Lafc OB * Channel ¢ Right OF *
otdn -

. Flew o
Wl Ewil i
W Rlew imb
i Wl il
E.5. Slops imimi
& Toval imifdi
The Whikh
el Teeal (wfE
Hai ChY [pth m
=are Tasal wmlins
bmnabh WAL om
Mim 4 LL fe
Alphe

Fazew Lows @i
O T S

B T T T

bt k.9

atgedl Pors TR
Fheard iRSRDE

Froeam Fouei (fE 80
Cum Waluma o LO0Y mA)
Cham Wk =05l ®mIy - =

o B

-
.
-
.
-

*
-
-
-
*
-
-
-
-
-

R R L I ]

Werakage Slwided [low gompstsd fer Lhils Tosi<dnfElon.
TREA MPTICN SUITUT  FeSLlls BIW 2

g o e Y
" B Elew (my - M43 = Elusnii " lalt 0@
el el (sg L Al T OMEL VAL 1
& By Eley Tmn o Tk * Emagh Leme 14 1324
S i Wah e - T Fled Ai=a "
R U e R “H.00EME ! Ades St "
* % WAl mbls o LT T *
' lap lidiE e . & Top Width "mi ¥
WY Tobag mowe o o A, Vel, emrwl -
f et WA TRLE m - * Eydi. Fapth el *
Ol Tl mify . " reav, imliat *
" Iawpih WA, & ¥ " WsiLed Freag oml H
HIN h B . RRE T TR -]
= Rfphes * & Utiwam Ppuei [fm @ "
T Feists Ly Wl * " ovum Yeluss 11000 mE S
* Y vum B p1ond al s

B T T T T T T T PR R T T T

Birninyl Povioed ilsw respurad teg Phis cwrmscpestiin,

L]
B T PP

TRl Elev . tmi o Ef e * Lefy OF * Channal * Righte of *
L " e meala H L
' 5 Regch ety wi LA | 5 S
* * Fhed Aieq i * ¥
2 ® Apen e 5 5
* * Flme emi v v »
i * Tap Wbkl ems ¥ b
" Nel Teial .mrw = gy Ml it * .
= Wik ot med s * Myslis tapll i ¥ #
* mre Treal wi o P mE e . s
® Rehwn . @ Vet beng Pure e ¥ *
S RlA L P A gl hn o . s
"l ¥ phpess (s M gl L

Thn bees A # o i Db om) f o

e T e PN e - .

Adimlial Fyvided lse romputel Bay Lhid o eeepaction.,

= 5 S T

P e

= i B

" et bl w

S e Elar om L Mins

it O A )

™ FE

L LTINS 23

* o WA e=i

* e 1TELAN b

* Mk Akl W
RS Wal me
Ermatty Wi, =

oAty e R] e
Thew @

T ERA R T e

* % ik

* LAY

mrdimAm AR AR E bR A AR AR

B R
B vl

FoBem s o
FoFlaw hied B

C e T T TR

R L O IR T TR et Y T

Rl = i g 1 ]

ERdrreasnEn

POl Elew w

P il kel sy +
Pl Pl ae ik b ® .
FOrEE M, T ohlew Ay .
* Rt Dlipe w " Ay i &,
ol omd g T ke mi -

" o W E = &

e, Wnls med B

* Myt iw " K

b X

.

.

* dntiend frie o
L TR

*oiphem (o e oe
T

R LR R R R PRSI LT I ET T TP R BTl BY LN

Bjw o CRECE W

PTG

SULTS

HEC-RAS MUHIEL RE

DR T T e A P T e T e

e

R LR R T e e R e PP T

19, 5%

BERA RN RRSAe A A m R R R RS e

. = lsin BE ¢ dhassal " Night DE *
¥ L, PR T ‘ S o | I 1
¥ ddorr " e Bone  me E el * FES . b4, 83 =
+ S migw hiew £ L - AL - .
L e TR PR L " = EpLE -
* 55, b " Flowm ime & o A Wk L
B Wi il C S TR L
E [T L - L5 -
B [l | Y o L2 X wanll * .
L= T SO e S - AL L

Pape 13 af 60

CA ENGINEERING. PsC

Riwr Lidmpmne, ham | opemes [

A Engiusie ey é



& Length Wod. ol # -
+ jim Ch EL iml a, ’
e . "
+ feenn Losa 'ml ¥ -
* g & Elzas fm = &.po °
einagsasrenanasnnanaiias

warmipey The cqpag-anct Lom o= painkd haddl Eo BE

BCTLON ETTIT Fealllm

e O T

» g, Clry iml .

= wal Basd fmi . .
- " »
s -
# L] .
. - N
= s .
+ Jian Fhl Dt Dsd . ®
o Cpmy. Teial imdied - ¥
= Lepgih Wrd. imb H .
= pm Ul R} AL - "
= Mipha - ¥
o+ proen boss imd * .
0 ® .

£ &Y lamw |

semasddsnabEEan SamapsanapenEEaswed

darmimdr The sEpancaRnTLes v ool

1o ot Peafile :tf
H

P

& g, Cley '@l ®

=yl Erad iml -

& g.m. Elevy |mr il

i opaiE Wl -

i3 L 1), PHOITT

1 T WA -

# gel Tetal -

i .

" -

[ B

= ekt * -

= ggeen Daws imb L [-ELTY

* B LEad vl = R
- .l-.-.---...--"i..a..--.-ppp-il-ll-lll

Saaminay ThE SeavmpARDE gabln |
S my cpgealen bhms b

Smann METTIE CUTPUT Frelils

T S

Wgrted Fare (m

sepeam foums |Efm .
Fum Yoluss 11000 =l
cum B3 17500

aweas

- = .
- . *
{ P - .
§ v " -
- . - .
|--j|-!--l‘+|-ll!--q--!--iiq-!--rll!l-ll|1-

aaimmded wartically [of che Cosguled water Sarlies.

apEsmpsaaREEREEE

* Lafu 08 *
. - . -
- s * PR
. . » .
* Ll - .
L - - -
. . . .
- . . .
- - - .
- L] L] -
. . . .
L] . - -
. [ . .
. - “
& BE.FT »
PP EE T L

£ il te B sazandad vestizally for tha computal Wlal aupfuce.

sawsEnresETs

gA ilboD =21

Sha R RS R ERESLEY

a iV

PR SeeinmmpEEREEEEL esssnnanasananpnnurecs
& gufls Flev iml ¢ T.TL * Gjusent

x 3 a,42 * WL ek

. + Im.ee 4 Mwagh kan. IR

. L] + Flow Arsa emll

Az afi GuuzIR  * ARra A2

R a7 mifsl * v Flow peliad

& rey Wath el L] « tap Wigth Gml

b oyt Tetas (mdEd " a mge VR qmd ik

5 pie CRTpLE lae .~ + Jijalys Depih et
vy, lepal smdiai L] » pay, Ambfai

& Rrpdth rd, =N . ¢ wptped Peg. im

= Wi ok EL EEI X + Shear Il

" Rjphs 4 & gprwam TeEr slifm @
4 gt tawe s s o gus Volues |10 =
s o4 B Lsen i . + cum BA 1060 w30
-111lln-rd-l-lnll!!ll! ‘lllllllll'l""‘i‘"l"l'--"

Marmis T arospeancilon e peinta had 1=

wariilns The soavepason satyn bapel

mprpan. Peollle

et PP PR S L

¥ Reds Hlew dm e THTT P
v o] e b bR T
5 el Ty ombl P
‘1

[ LR

v el Tl LefEd

& man SR Dpth e

& Apme, Tufal amkfad
o jampek i, e

& ging ke EA gEE

Algra
vy tm Lok fmi o
R N T T L

R S T AR R bt

ot e The FEGEE-E B b wndd pEed
wppaminan Tha canrwaiine= 14108 i
P Ep pEEaies whar 14

& sk FDSTTEN mirpuy  Famil

SesmmEsmabEEEpssiaE

-

*

+
© prp Sudih *
= s ToLaN imEk #
= qua Whi Upeh e y
s gnv. ToRAl TEIFER ¢
& Lersts Neds 1m0 L
- o BS el *
o aiphe i
# fpoTn Lokl te "
a t g E fade T *

TECRAS MCTTHL R

LT LT Ll bbb

R TOAYEY

B Lt iy asspmassEnnE

« Letp o8 ¢ = pEght o8 "
- . * -
O - 1 A LR T Y =
. - . .
L3 - L L
. . . -
* * - -
- - - -
. . . -
- . . -
. . . .
L] - - L]
. L . .
& L LT L -
¥ CreEwa s e AR R AR RAT

Watmimit ThE crana-srsLien sud pabare hed L U dxpended wertieally Dop Uhe epmpuled WwaleL wuriece.
gEmwEyand

e by ScumttiEss camvayance] s Les2 whah

AL LEaeE
4, This may pnlcate TRE maed fow additional sToLE aeucians.

B L bbby

'uitﬂ-mt*uluﬂ'
. 80408 * .
= A L L |

5 . ¥
. . .
- v -
. . .
. . -
. . -

. . .
. . .
i i a
" B - "
. . -
remmankshasamasea —

e euvenddd warileally lop Cee compullad =aTEE [

RS dividet by dewndTrean canveyiscel LY iers than
=7 pr grEntel rhas Bod, This may Lhilicare The mawd 80 agdittonal crann wact Lana.

At
Wi moMal.
Pradii latis
Flow Aies ==<|

Rywa i8I

Flow msifal

Tep WidLh =

Fomnj WRL- il al
Wy, Pepih cE
Cawye  TmliEl
Vet For, =
Enpar THIEIT

WE pasm Pas iWim @
cum elum ;1000 E
L

i1--i|.|--..n---.q-ni-n--tru--i'!-

'l.-l:ﬂ'r_‘u-r_l‘l.i*l.ﬂ-
- a.m4m ot
C T PRI LT S
- - . .
- “ . -
- = . .
. ® . .
B . & -
® = - -
" * . O
- . - "
. q . -
i . . ]
g . - .
- . . .
R

to had o b wanapded vertheally fer thy coepuled wilar sErLITE.

e divided by dounstress ceawayancal Ly less I han

Ly may imbloaTe gha Seed I8T additional drole el end .

R L el

avy. al. cmid!
Hypli « epEh B
canv: vaddR

wrpcad Pete =
Shaan (TS

fijwam Peewy ofam ¥
T e L =i
Fum & TP =

P T L

& Lalt o8 ° imgnnal " W r o
& @0 .

H -
. Bt st
i . . .
. - i s
. v . '
. . . 3
. ] . .
£ H . .
. " . +
. . . :
) . = .
. . . ¥
ie " + a
e . . .
a0 ST

page 14 af b0

CA ENGINEERING. PSC

Riu Cavapiis, S | e

= nlp_u-ﬂ‘-



CA ENGINEERING. PSC

Marning: Tha creas-section wni patnte had To b extenat puitieally for the gemputed walsl puzifsce.
Watningi Tha senveyande cails {epatpeam camvEyARCE divimed by desilingm conveyamcel i3 lean Than
%.7 sg geeatar than lods Thia miy indicats Lha sewtt [ag additlonal erees At b e

Fpaas JECTIMN GATUT peafile TFF 63

b e e T
E.%. Elaw iml a N, F Element

Yal Hesd =) -+

.3, Elaw bml

CHil W.F. imi

L0, Mlops imim]

@ Total Imdfeb

wiats ml

Wal Toral imiil

Han ¢hl Dpth Im}

amy. Total mbai

Lenyrh WA wd

Hin Ch F1 [=b

alpha

Foots Ladd 1wl

"k R bas 18

FElmEEELRaRFEEERMPARERE

SR T T 8 T L L L oty amameusan

Lafe ON " Chanaal * Right 08 *
- 8. ‘i "

FT L pa.ay "
"

gomow ow W B @ B aEEEE

n.
"
"
- -
® .
] "
- -
- -
- -
- -
- -
- .
- -

Cus Volsma | §900 mii *
Euys BA L1000 i s

CrasupmpEEssTssaaTEERTalS

IR e A R

samm b

Mpiningi The ctega-sescion and palnts hul £o De extended verzically for the fomputed wAbEl Fufscr.
Garnling The cesweyance patle (epaifean GoawayancE Slvided by dowmaTTEE geaveysace] Le 1 Ehan
8,7 =i goeater than l.A- Fhila sy Ledioate ub Awed [0 addiflonal cossl wwsLhemd .

£Ross FEOTTEH EITRIT prolils #0 0D
......a..a.-....u.-..--.u--...q-..---.u.

K.3. Elaw ™ & @d.l3 * Elesemt + Left OB * Channel * Right OB

P e LT e it L L L L L] .

Vul limga smd Wy -Vl E
Wl Liew md Wwach Lan, tul T 4.8
dpat W% Floed hrdd

Hoile Slops [mSwl hres (mE0

 Tiral & Fiow mlfal

Frp HdLE Top Widk ISl

wal Tacal imead
wax Pl el mml
Coaw. Tetal imliwl
Lamnil Wrd, Omb
Min Eh L1 sl
Atpha

Frwis Loas mi
ok ¥ pap il
adrasamuEERA AT RALRREEE

e e m ke wy R

"
* wydr; Depth Ll
B
®
W

o g b E e N L e
e B B ML
e T T I

= Eam A 188 B21 LR T

Eppamhed sud R aRE T e L L kil

Rt o T RN 3

Maraliigs T sfusEseicion end peints had t By autended exrpically fot the compabed sater dariase.
arnindi The FERurya patle jhpalisss copnweyansd divided by downitidam reavayancel 18 1 Ehan
#,7 np qiestse than 1.9 This may |ndleats Bha wend [og additimeal cioes mactimne .

apoyE BEUT IO

FIVPRT SRVATEAE

pE&QILE TIE [ TE L

FApaT

P plime

Hial b Coavaloen fard — )
s Elew L1 Elaw #rd

sasasasddannns smrndgansasen

ta]
.3 AT.EY
TH: R 8507

i

in, e

Sammpma™d W Caley b '
A -k Kk ra. wual sta ® Wal
' SO oW U T Bt e
- LU Ll PR T T L
e v Lafro Flght [P L LT Chams=l  FLIFE coel [ cearr,  Ewpan.
& T AN =3 () P9 by, o | wd

yur  Fnkile #0F 1
e

hEhRaEERaE R T L L EEE L bk gl

W Tugdw Y Elissil * Lefy om*

* gaim. Wi m-Nal. = =

& NE A0 ¢ Pmagh Les. iR = e T

. v opipw hoes A3 L #

da Slgpe WP T i . L L ! L

. " = Flow (mifa - N

E . - Top widtk iml - .

o wel TELEL imlEl . * Rage Wals * *

= Har o m1 TpAl tm * + Mpdb. Depih Wt " L

= ygwr. Teeal oedfal = gpwys mbia :: "

= feuwirh 3. iml " v Wetrud Fri. F ¥ ¥
LI T T R . & pmiar (HImS ¥ i *
= Airha - 3 giipedm pewes  fimai * L *
o Fiers Lred 'ml " T P L mir * = -
® i F Lims 'me * & pam AA ILOCO BSE ¥ . 1E. 00 ° H
R L L R resaandammmesennd

. B

Hegmimdl Trnd hew g ol E3L Piie STess BTt LI

WRiE JTETEIN .

.,-.n..-1.q--..-1-;--a--..H.---n1---...---..--.iu.--..-u--.

YT essREn wamshnaan -
L L o i essnd * sty 04 * Chennel * Mgt OF -
5 Vel Rl " " WG . i & A0 ! "
4 d,n, ¥lar ooml & g, ms * Rpach [eme i « 2hEF " * js.ep *
* Ftk W 'ml - v Flaw Arks == E: - . X
o fatl, elzpa -~ g pasR o REEw il L fy L L
Bor rAN mIJE L baaTE v Flaw [T H - - -
v dhEL. A b Bramh o T Wadth B by L e !
BRI T B T L * & = L]
& migs vhe FBEh Hyalna T=ph = = ! -
¥ Fm dom, w1 . - . -
o et WS . T ' A
o g - - 0 +
Rl atmm Fomsl & B ¥ .
.y ¥ o & 5 . ]
. + - H

(LA

.-u..-+u...a-.....-.p.--.in--u-a-in--un

Cbp e 3 o aaded Tl cammpatad BLT vakka HipaE cdet LIRS

|CRAS MODE], RESULTS Page 150l 60 Wit Cayguas, Son 1o

(.‘A._ Engiwigy=="



CA ENGINEERING. P5C

CESES SECTION WUTreT

H
H

£.8 Elew im
ml Maad tmg
W5, Elaw fm
* CELT WAL W)
* LG, dlope |mfa)
= @ Total imdfai
* Top Widsh fm
* wnl Total jafel
* am CHl bpth im)
* canv, Tetal lmife)
* Lanqth Wxd, mi
.

Zreas

" Tep Widrk imi
Avy. Wel. imfe)

Win ch £l i
Alplia

Feetn Loss fab
E & E Loaw fmi

RN I R A

=e "

#azninni Bivided [low compuced fop thin cress-ssction.

ERPEA RESTION ORTFST  Fesil LI |

AR i et anesaeae

* L0, Elev (=) P OTT.63 ° Elsment ° Left on®
* al liAstd el " 008 " WE. A-Vals = i
= W.E. Eluy jms = TILAR f Byach Lan, [m T
* oEwlh Wi, (mh K * Flow Area imd) o *
v, Alope pwimb Lg BOGMEE ¢ Aiea 831 l -
o Tooal (el B .08 ¢ Flew Emifal = i
* Tup Wideh s - . ¥ " Top Wideh ey ®, w
* Vel Tocal imfal ' ORTT * Awg. el mfai - .
* Hax Thl Cpeh imj ] Lodd  * Hyde. Depch imb bt -
* Genw,. Tokal imdfei O OLERE. R " ConW. (REFED L .
o Regth Wi, qmi ® PR.EE ¢ Metisd Per. mi b '
= ®yn CH EL imP * TG0l * Whesr DAsl * *
* Algn - 5.8 * Scpeem Fouse (MW 8l ' =
* Feces Loss im) » #0854 Cum Valoss |J080 E) ¢ :

*C & € [exx iml . .00 T Cuom EA 11090 m3)

HrmEsssesasmEmreEiaT TR e s edseRddnsANARN AR R R RS RAsdan

Hepinge (Uvided flow compused for ERES cPoan-sesilem,
Feufll

T &
]

- o | * Elammal

= L] * WL medal

. O T * Bmarh Las, sl

- ¥ = Thow Arsa (]

" E.C. Siaps imfmd *0.000783 < Aces (Bl

® o Towal imidei . A= = Fiew imlfar

= T WiAN iR - g, 0% " Ty Widih iwi

" Wel Tetal Imfeid "‘ = A wel. IefEl

® Man Chl fph e " 5 Wydr. Bmpth Tma

i Conw, Total imbfmp & s Conw, sElfal

= bangrh Wed, Dey - = Waptad Fer. (84

“ Hin dhoEL e B = Bhear fHfesd
] pha = 5 gtidum Pouad (His &b
Feedn lass i L & fum Voluss (1000 s}F
ELE Lok b " * Cum BA (1000 mEH

B T L perbididia cessasasasasas

ai i myr Eivided flew sospwbed (&1 thls croni-aestion.

CEIN ECTICN (RTIEE - Freflis OFF @

P PP et B T L L L LT )

* Ml Elew e *  FE.ER v Elemesr " Raln @8 * Chanhal = Elght o8 *
¢ il lwad (ma M v We. meval, L] * .o - :
L E Elaw il * Th i+ Reech Len. imi o LI L AT.E - n.er "
*RiE W.N, jmb . = Flow hies (mdi . . * 2
bR, Slupe imimi . ' v oim3i i ! o ¥
*h Telal omifal . L T ] S . .
' Togh Wadbh (mp y ALTE T Top W ] F b :
F Wl Fatal mdfak o R R, Vel imia) \ b : 3
¥ M el DpLE aml . B %2 Mpr. Del Rl L4 - 1 "
* Cemw. Talal iuddel v 30010 0 Cewv, imifat . b o b
* Lemalhe Wid. (W) o L] ¥ im) * . (s i
* Mmoo B i . . ¥ . ' .
* Al ] " . . . .
" Fuim eas st 3l 0.01 * vum Voliss §0080 a8 ¢ n Y ¥
SN K Less el ] G T Fu BA g B30 w3 L L] ¥ :

TR e S g e R O P P P P PP

Bainbier) Piwbibel 1low compated fop IRis Ctons- SaEELEA,

IS ECTION CUTIVT  Frofile EFF

B R R R BB B T L E L L]

* Lok Elew rml = TH.Al * Elasend * lefr om * Wight o8 *

= wa tisad imi . 4 v W, Wal. . ¥ *

WL Pliv i) ¥ Reach lun, hel = I e inay

L= T S * Flow Aard sl o - #

"Bt Blups imied L T ¥ A -

" g foral fEife) b oylow mifel B " i

® tap Wulko Pei * Fap Width e N L -

5 Wal Sural pmlar v hda Vel md) i L ¥ "
§ Mas Lhi bpth * fiysles Pepkh iml . - £

* Canys lodai mi v ovend, Imife o 3 "

& datm iy R, ima b oMeitad Peg. hml a - ¥ v

= Wik R Rl R “ HheaE (0t - b H

= Ayt * Atpean Peuvs (Bim 8l ® * * .
* Foin Loas e * Cum Veluse (10060 m1t * iy -

"a WK foms imt * Jum BA (10UD =3 - = -

B T e e e e R RS PP L LR R L L Lt

Harninan Fluided Tiss cospoted fai ihie dopensnaction.
Waininai The depss-saction amd poluts kel ra b ewiseded wetlicslly [or the cospuled salaf suflins,

Pikd ARCTLR WTRT Riefllae ITF 6

T T T T T T T ]

+ Rl " * Glememy * Ladt oW Righs o8 *
b L] 4 WE, wr¥al. L 9
B 5 Bpwch Lo = NN s @
* i Flom Brma imli - in
T L GG v REea GedD L -
& i Th. AL F Fiew imdia® ! ¥
L " ORFAY 8 Tam Widrk mi ul L)
N s 2,55 5 Awg. Veldo dmful 5] ki
e R il i = S.2¢ ¥ Bpde. lwptk el by -
HEC-RAS MODEL RESULTS Page 16 of 60 o Cy e San | o, 1

Sp—



Fetal dmlsai

+ et

Ennv. imBlEl
) Paw. dmi

Sgrham Ppesr (ifa

.

T -

.

Cum Valese (1000 mIi
Lol

"
L3
-

EREssanEEs

Empzimgr Dividea flow eospurss D60 1500 rosse-asstisa
Earmiagr The etpan=ssction and poluls bad 1o Br satesdend werticelly for the cesputed waier sutfacw.

CROIE JECTTEM RITPUT  Frofils @FF F
®

mrrtridraaesasanns T L L L L L T e T

" G ElEw = RELTH O Elessnl " Laft 08 * Chassal * Nighi 0 =
= el fradd | r A0 F WE,. aeVals . - CRCTTE .
* WAy Elev imi ¥ TR.§%  * Ewaah Ben, fmd = L 1138 = io.em =
®rrle Wad. (mi b * Flow Atea (&2l = T M. -
* LG Elsps imimi R RIRLE * Ajas ‘mT) 7 » LIPS R »
* 3 Tewsl 'al ¥ F.0 * Cirw (=3fe Ly R G L -
* Trp Midek sm) X AY.TH * Tep Wadoh e H by L
= Vulk Tetal imfil * Ry Vel (Efal = L Lo L *
- Bl RL TR dm) . * Myt Papll aml & . LN = ®
* Canv. Tetal wmlfs)  * TEE * canv. mlinl b L T n
* Rewwl & Wud, Fal L i i webted Pai. Al T = * d
i san N EL emi = 3 = Sweap iH/m2i . - . =
= Aty T 5 EpEess Faesy AW w) * & .
S hewtm Lows e o ® e Velums i 0090 ml] * * 1 *
f 1 F Lusy [m . = Cum EA|L0UG BT . Lo T =
L e T T T T TP

Wainbmii The sroes-ssqties ead poinls hed i9 be axbopded safEldally (ot B2 coaspited sater supfsns.

CHTPAT  Trafils EPF 10

mrmrsrdadisansesansdn

' sianamnamnan
* ol Eiee dEp v * D smant

= Vel Wesd m g WP RNl

=88, Elev imi & 4 paach Con. ds
LB N ¥ = Fliw Arda "mc!

* ol cefmi U082 * Aees imdh

" @ Tsta, rmlimil rh BLTE R Flew iRlal

= Teap widrh i . " Top SRR [

o ul Taral ambai s " Ay, Vel Enai

® e PRl Ppth . * Epli. Deplh im0

| damv. folal mbfgr f * Tawd. reliel

* lemph WEQ, imd " * Hetted Par. (W)
R e P o . L T P

= Alpka a 5 g ress Towen dHfm el
" PR ksas mb 4 = v e UDD sl
. v v AR D1 mEE

. ssisdbenisgaitngin

A The desessanction and poinis hed b be ediseded werlically for The Swputed watst wupE3cw.

Sl SECTION DUTIUT  Fealile 0FF 40

SadssssEEERbanbibEn EEbittesassEssssn s by wa

LW LT L] ) = * Hight oa
W Bl W " W mefals ] ! £
anla LYo * Fayrk Lang fmd % R L FL L
vr W, omi Boblew Atea Pl * ' .

* Rt Blops imdm * Aawa wl - - ¥
= L Tota| -mbrwe o oriee pmddsi N - -
* Top Widik  me * Top Wdel jmt . - .
T ¥e) Tanal imfal g, Yel, imfyl - . ]
v Mum il PpTR M, v 5 ¥ ¥
* i Pt il S Fee i ' & .
LRI v n = -
* Mim ik el s v . 1
* Kipna o onp g Fenaep iAW w0 ¥ " i
S LT TR = gum Soleme s (000 mli = 1
S B T P L womis ® e s KRAHE B3y . - s

B T T R L L L R R L E T e T T P P PP T T T

et T s pramegezianh #nd foints il 08 100 oilenisl veiLaally fae t3a ioerubed sabes surface.

weE W Al WTIE etils S0 LS
+

R L T T B T TR

Yk [Taw @ iy Klomenb

Sl . 7 L

= Wy ey b Biat letgs ame
L | L TN Flo hipa st
oL, F e el AL (He

L LT TO Plata miy b

s, Filal imlpEt
Foleimith ERa0 i

L LR S S
[t
FH e ke

S ooim A i D

B L L R

Wanjidiof M piage st iem et Eai it e bl B e cnd et rertadal Iy for fRe creponed watsy wwi Dagw,
I

L L L L R T e T T T T T T Y

' *

LY T )

LTI | .

L T b wmb 0 N

T MWypel oW " % U N - P Y A
* il PARAl amead ¥ Pave " Bl Wl omemd =
T My vhl fpih e " Bash ® o mde, Popali e 0
i Tawd = owhhd, LR Y -
LR PITEES TN w FVaaw  * W Llagl ban *
T LE R e LR | T TR T | -
i = e R A L

R T—— . . T

- P & -

W F twa. i
AaadundasannngnbbE

dliaiman b ibae-Beatlon pel pEanE e lokl Li B satended veibically tor foe sTEESed Wsnh ) auplanm.
(] [ il

TIEC-REAS MURIEL RIESLILTS Pape 17 of 60

CA ENGINEERING. PSC

R Cinapgums. San [ orense 9

£a Engnseerhig é



"VRE1 SETAGUAT

AL el LIt
FurnT
Tracrijiieai
Manion Risvatica PaTs s [
e Elww L1 Elaw =1 Elav EL Elw i
i Ry

LT M T2
TE.AW BT WML

1. 77 TE.ZD
Ip.ER THAD

m Yal

amassan

ELRLES L]

E=lr Chanfel ~®fzhF fosll Contr. Capan,
1aB% ] [+ -3

F
mAsssd PR

meeEREEEEIETImsAseskssSEEEREERd SRR E R R

9 b * pLefr an *
. v weidls by
. 4 festh Lan. = b L
1 pwit ., i wlaw Riea ED 3
4G, Tieps Ewie 4 hywa iwY »
bl g i B Plae e b
& on WiATE 2 ¢ Top Wlibtn w4 =
T Al VeLah o comiad bofsg. Vel M@ 5
+ jeay vED TEth ol Bl . Pepth = ¥
T alers Feral smddai b ofanv. imliae -
+ Lamech . mr & e ged Py, = .
* iR iR OED sEb o ey allimZi .
Rl jtha = Wliwim Fusay o fox e *
CRLIAN e i ¥ otm Vokuma 0000 mlE R
ER o e * W P i 2 .
sensssan serErasannEnE ceammmmes
Wil Pivised Thoe gespuied Tor (e svEess ke
- gSreT . Frofile dre -t
WEbrentas e e L L L LR Rl aes
gk, Flev ems " =i & Laft o8 * Channul * Right o8 *
* el sl . Wi om el - L L b
voME. Bl ame - " Fenh ls®. ® * .3 *
vl Haada * * il A ol - L ¥
L 5 TR P R L R R T T L ¥ 2 .
® 3 bawal maSme b * Fiiw amiy ¥ » o
v Top WidLh 1= ] * Wegr MRGUR - a 4
E UG el amad . by Vel imad = . 2
o P eyl DRER gme L 4 Wydes Peprs ®m = = =
* yoar, Febal omliER ° * gy omloe - " &
Lot il Mg, ama . 4 Beydsd Fan. T . . b
Mim vl Kl e * * Swan W om A 2 2
Al " 4 Apgqiow fres T roms ¥ ] £
o Fp e Dk e % i wgm i e - 4 -
L T “ T stum AR e T * ..

P T T L L e R Rttt bl

W ounEsa Fvided flew wepwtedd e dhias

Iras s [ty

T Pl
W whls
o w A
ST
b Aiied e
e L]

o T Uik i

'
-

i
v

PO

* A" il Ferilh =
LR 1 T T
'

.

-

Foanmibl @il om

Wil R e
Sl e

LR R T

PP ST R

s gheal W

T R ]

LR ) D
- i A F

wrere

1
*
'
oo W = ol
-
.

Y T g setre g o e B 1 L s ekl vall g for the cospuled maled sirlace

b Hegre el dwatais . wie
' F R S R PR TP LR R RO TR
Fogud, Pies = - ® i N = fait U8 ¥ Chasrel © Riohr 5 "
R . o . b Tl - . - n
i v # . Pl ety lane - * - * (B R
Eres Wids  me - = Pl die b oam’ = N = =
*EL TEpe me N - & . » =
o FEal weted B . " = b
LT - o A o E
® ouel fwa b - . ' . 5 W
: s w i s
. . ® . .
- - . ¥ .
q [ . M %
3 - - - .
B b W @ b . - -
L T 0 - . - s

T e T e A O S T L R Ee g R

s | FLW LMRRE Pipd gl Sk

T i

Wil

1L -RAS MUDEDL RESULTS

B T L LLL LT T T EE L e R P E LTS

TR R L LT e e T S P

Highr R
k¥

Page |8 of 60

caliy Fen T rempured wibsn Sariaoe.

il
*
*
+

CA ENGINEERING. PSC

Rin Lavagings S Largees '

55 vl gt oim] é






CA ENGINEERING, PSC

* RS Kiey imb ' Elese 4 = Highe 98 =
* Hal Wead (ms * ML, n-Val, o [ “
.Y, Elwy jme + Mamch Lan, (= ’ L4 168 ®

REVE WL, ¥ Flow Ares (m3) o o X
LS. Ehspa imPEg + Arma [eE1 s L4 s
<% 2 felal jmddai * Flow (mdfeil g b -
T Wil iml * Top Mldeh s - = -
® Wal Teral imrai * Avg. Vel. lmfat B 4 *
" Mak SRl Ppaui e 4 Wydi. Pmpih imi - = -
* Canws Tenal fmbfgh L= Y T [ L4 -
* LeAgsh Wed. imi * Watted Tur. iml = - -
T MWin ch El sl o Ehaar NS iy - a2
* Alpha * Eiiwam Ped TH/w ®) = - L
* Frzen Lass imh * Cum Wolwwe [LOOD =¥ - e 3
4 B Lena mmE " Cud 3A 11800 B2i i * L]
Maadsdsasssidsdemenrri e RRindinmEy 4ad ssmEEs LR LR Y

Wirsingi Thi Sisda-srsiion end paints fod to be ekbended weetically fof tha computed watar suefacs.
L]

sEmsspidmERREERE R s ses

* Elwsens Chansel * Elght om =

SUTTUT  Feel

ETETICN
SEEEEEEEAAR s AR aananEn

E.0. Elev mp

* Wl Head Wi . *we. w-vals a ®
* W5y Elav fml - * Rasrh Lem; im| " Ly =
® Exik W.3, bwi - = Fles Apea (A3 " L]
* Pyt Blops edmi = * Arwa imIV - .
* @ Tatal wlial L " Flos imbfai o~ -
* Tap Width + & Widith = &
T el Total |svas = . = .
* Had Thi.Oplbh gme * * - .
3 mifey  * 8 = '
® - . s .
“ . . . .
4 L * geresm Peusr (Mm wl * -] L
- s * Com Valume |18980 m¥l * g .
. - . - *

er .

WAanIngl The croddcpection end points ked Eo be extended verideally fon the cesputed wabe: surface,

FRECE ARCTIME SUTET  Pecfale BFT LS

Thraa B T L -
bRy, Klaw e l Bl 1R ¢ Elemsnt * Laft D8 " o
* Wl diewd e ' 0,03 W, a=vals * L -
"5 Eley lmd = TR.ER F maach Len, el = by = -
Lo 5oL EL amd i = Flow Acea fall ™ o -
i E0.BOARAE ¢ Ares Pl ¥ o ik
. * " Flew wdfal o = =
" - v fop Wideh (mi - . [
" Wal Tarual imfs 2 o foegs Vel. imSai - 3 a2
* Wak wkl Deells em * * Wyde. Depll (W) b * *
 Swwry Futal mbei o ® *twav. (sl i E *
* LEnanfe W oW ¥ * Narliwet PwEe i) A - L
= Wi h EL e = * et i (NI " ¥ *
'Okl 4 = Ppowam Pesel e o8 2 E L.
JTOLUEER LeRe e - " Cum Volams [I000 miy " o L

" F Esra 'ma & * fum AR {1090 mI) E. * 43,41 ¢ -

SRR R R R R R R AR R RS E S AE R R Rk R R R R

Waslan T crfegeaeciien end palels tad o be ectessed verllcally loe che ceeputed watar ucface.

ERAA LTS

BRVER; AT
LLCTRIFINE T 4 B 0

h Wieyaldion Pats  lus (K]
¥ ara Flaw Ata Eley Bia  Eley fra Ciev

BEAaEmmmERsRe e E R R s by

Y
il “wal MHab B
Pl 4l md p E L |
et LB Uhad WML

TE4 19 [ T
I CTNTY Tedl

Rl wi®s m Ll - 1
. fry  w Val #a o Val
" S ] T TR
Bab Gtai Lelt  Hight Langihas bl Chumasl  Blgh Conll Comvi. Ewpan.
L] il LT ] [RELL 1527 ok -
TS TCTIEN STTTT  Fendala 0FF 0
dasssddesspehbiianid sRddaribbbdiddspanEssRiddsssassasisgadinidnAirnaraRaEangE L
A o Toa 0¥ = W lvmank * bwft o8 * Thannel ® Righy oh °
- L T . LT .
. * Beal Ban, G e L R
' * Flow Riseg ambs " *
5 Jhape = oo " Mg mre . g
e nAal wmide v Fles Fab + L)
* fwj Wil = * g Wadls me b .
¥ el Terel wmoa A Vel TRFED . »
¥ O Has Tl PREN i * Mgk Rt ami & =
Vb Tola) il e TRy, smiTal E ~
T Lkl WEdls o * gernel P B o a2
© Mim R OFL ERer AT - 4 .
o Ay " e Poser im oap f &
= ¥rorm Loks s = um Velums (1008 mB) ¢ s 4
TS LR Lass i ER T - . s =
L

LT SECTION CTTUT. Fietilae PUF
shsanbabens
v R Flae mi
F el Maal Ay
Ay kbW )
BT Wik, wmE
foMhy i e
Ciias wiips
[T T
el A=t mon
L S R
i e Telalomb @
Ligin i M
SUEEn AN <

Lett 00

(L L]

Chaamgl * Righy o8

Agsll  F oMt oW Vala Sl -

Wi b B e, ik
* Ples Alew smdl

Fage 20 of 60 R Umvepmins, Sam | oegoien, 19

TA Emglaeesid é




CA ENGINEERING. PSC

8 100 ¢ Stesam Fowed [ & %.10 * *

as e v hal  fem Velums (1M w 4 gl.A0 " .
Al . - §.8a ¢+ Cum Bh 11000 L= ¥ L .
- seanmpmrEiEagsaanT ..,.u-.-“....,.au.,-........-.u--.n-+u-n--------ua---1-

& sonveyance [ILLE Aupet [ean SEmVEYANCE yoad by dewasiomEs senveyance] s less CRam
= s grwatar bhan 1ods Than may bmdirats the asesl for additlenal croEk peLlion .
coteuT  Wrobile 0T 1

Sl cpp— L L L L L L Lk

. s Left CA " rannal * Highi o8 *

- - v pabdE * A

2 +  pemn ¢ 1708 ° (L%

- [l I 1 1 L]

L L] (R | 1 - .

= Flow mial . N v "

& ap WlOEhH 1m0 L = - )

+ hyge Vel. =i * b ' =

* liyrs Pegth be ] : ' N

L= l”l’l' " - L L3

= jgcted Fez. RO L ) - L

* mhear (RBI % » - K

o Srream Power Dw 8l ¥ a ] [

+ Cum Wolume t1008 W3] * 4 = 2

& pum BA TVE00 W7 - - h. 48 " 3

camimannEssand g ans s iR

poapip L L

4 Twd TRREE Mt i emi jabnia had L3 i @l weiiigally fot ¥he competed wavay suiiaoe .
| The cptveanty taliB  uphlisdn @ diuiaded By AesnatinEn cenveyanoel L lasg Than
H prmme ey L1 4. may indlrate fhe need TEP sl el SToas il 1

=i parrier  peet i BEF 4
. S bt L i-|--i-----1q.--++-----I-|----1-1--|--n--++a--i----!l--
¥ i ® aip OB * q-u-rl‘m.;h:oli -
. i mval F . . .
- * mparh Lan, WY & jE.a " LR | B L
) # Fiae Riod s - L oy ¥
af tean ¢ RiEa (EC . " . w
b ktg * Pl (mdfl L N * N
s Ar.14 * Trp Width (et L . 4 "
N Wb v awg, Wel. WA - -, & 1
L LAl * Mpdi. Depkh sl . ' o L,
o ppduch 7 Comvs wmifEl - b A -
o 1100 ¢ MeRLed Q. FRA * v 4 ¥
L i ' 5 - 5
. i.gv * Foress Fowan (Mim al " ¥ L L
[ gops b com Weluse (100 CE T . L+ L3
« (L b= o~ Cum B TR Ao b - JRAN - B *
. eesamsEmERREEEEATERials eessmnssamesmniennnnnnnnt

e ST T R L

penjoi #nd poymta e 1= B wxE gl weppieally fep the e Balal sufTAcE.
E

a1 TRe IR
Han

LTgn TEs conimjance patis supil iwas L Lty Awideid Y e § TR W:rlﬂnsl e
o0 mp greaves dhaw Dode Thaa may LadicaTs abe nead fuw aadl L ienal croad sEELiEn&.

=irpeuT Feikl b 90T R
e T TR
o P ¢ Elemedt
+ 0,04 e, mevale
. ThM Resch Lens 1w
Flow Arsa il
Ares =2l
Flow imifen
Top iidih e
avg. Val. imfdl
Wyds. Pepeh oml
caniy. Imafan
Watted Per. oal
Sheai (HIADY
Seessn Pours (Him ]
b r v cym Celune (1000 m3E 7
B % Lams AW 3 0,01 f e 5 padid mIl . ¥ il

.----...-n-..1.---....+....+aui.---.-u.--n.q-..p.---..-"-.“,-.u---.q.--.|---|--|--.--+..---¢-u-.

PR PR ot T LT L Lt bt

Lafe 08
1608

P N I LR N

i ow EoaimiE e e B
PO R

SR R AR AL L L

Ths SieLE -aEdTlEN wnd peletd TeRT R wxk g wwerieally DeF she cosputed witel wurisce.
‘_ﬁl smavaysste FALLE Eup it peAm oyl dbwideil by AoemAL TEss nawayE & Lens Lham
T =5 gusacar ihaa 1.4 Thia may inscate Lbe nead Do aidliglonal cradd seenions.

e LT LA L bt

Promm—— T L Lk

T./e Elww lmf = Elemant = ety ON " 3 * dght o8 *
w. Bsad fml = we, mevals i o ey * -
ke Xiw® T ¥ + fsach Lan. il o Fhe ¢ 1 SLTE LR
. U T ® o Plow heea el b L} -~
= a3 Ficpe il = hrss imSh ¥ a >
Al amlial . < Flew (mdlal x » »
¢ Wpden Im . o Top Midth L] * .
L seral el * * avy. Val. el = = e
¥ Thi tpih iml - = mydi. Depld [T1] - . .
o Tebal 1E¥fEY - * Coaw, [m3Sal * - ¥
B * Wwtied Par. el s I o
£ = shass (MiEZ) e . “
a « mypeam Pouss (Rfw 2l * L] "
- « com Veluss [i000 =31 L .
2 = Cum Bh 11088 n2 # L} =

.

B L LU Lt

e Sl

| The sicas-secties wnd poasis had bo b sntandsd vertisslly for the cesputed waln aunfuss.
=we comvryanse BAtie TupEREEan canveyanee div by AcemaLiesm panyeyance| ia lesw when
LR . thel QoA TREs say LodiEats tihe wead fop ssditional ceedd pestioad.

Wl i

i B il

- :3) FESTINN SRTROT TEe
-

e dmmm e G m e S G

N = KLt ;.uu-n..—u.-unnu f

- wre. nevals A *

' Baach Lan; (=i it L 1517 ®
- Flow aews inll

op T Mews [m3)

[t ad
wral i

Beopam Fawar ihim i
Cum voplums (1009 mll
Cum 5 $1000 =20

= &lyha
= parup Lowa AL
© e ¥ Lkead Imy

1IFC-RRAS MODEL RESULTS Page 21 of 60

i aawE @ wE RS RS

"
"
-
-
-
*
.
.
.

i

E

L

L1
a e m TR RO R
. e

i U tiguas, San Larenod, '

e O

P



DL T e SR LR bbbl CEEEE]

laghings The mrsss-sestion end points hid e e extesded vertirally for the cobputed wites sutfaee.
arnings The conweyance facin (wpsteess comveyasce divided by Semittess soaveyince| Li Lesa chen

.7 ot groatss Ehan l.d. This miy Ledlosbe the need for sdditisaal gross secticms,

cRasy
saass [ ——— e
¥ * Rk ¥ * might o *
* *HE. ReVEls ¥ = o
L] * ppach Law. imf - b - L
* + Flow Acea inll * ¥ -
# * Area 1mdf L 4 .
* g Taeal. imdfa) " Flow (mifsl & b &
¥ ¥ap WMestho i) * Top Wity (ml - s i
* el ferdl imfal v A Vel Imfal . * -
* Ham Rl rpth fmi - = - . -
* funn. Tetal imMui " " = o
= Lamngth Wed. fm) v L 1] - = L
® Miw O EL amj o * o y
* Alpha " L ¥ il
& Fgcoii boaa iml & Cum Vol §i9D0 mli * : -
&

=0 A Lass lml * o A | VRED mdh ¥

FaEsnrrEEREEEErE R s G S A AR AR RR RS SRS RS

Maruihg: fhw spess-seetion end poinca hed be b extwndad vartiedlly fer the cosputed wates surfsce.
Marninng The conveyance cabio lupsbiess senveyaace divided by dewnsiiess esaveysneel ls less thin

"7 or giaster than |.4. Thia msy Lsdicale the meed for sdditiesel ceces swcticRs,

chirig RESTIEH .
" sasasammmmEmrRbESESssINnE LR
[ X 8 - i+ Eleswat * Laft OB * Chansal * Aight o8 *
* - GOy WE, ReYal . i " B840 = L
& TR0 " Pemaih Lan. is) LR T T DL L 1 L
- - # Flowr hped ARl L L I T -
# s mies (sl s : M. s n
- - 4 Flow [milai - LI - M- .
* Top Widih (=] L 38 * Ten Hidth iml - -8 * .
* el Toal emeal ® La1B % Awg. Vel imfa) *: s Ly *
+ Ay OnlEph Pmi = F.48 5 Hyde, Bepth aml N - |+ )
o fpny, Treal mlfad o JEFL.0 * Conv. telds) = . b »
® Le Wi - 1Ty ¢ wweoed Puc. iml - 5 b .
= Wiy ud + MLIT Ot Shear (NmI) ¥ L L] .
= RILES * L. * Brpesm Posst (His 80 b * =
* Fegre [swa sm * f.ue ¢ Cuw Velws ¢ (300 mIV ¢ . L4 *
T L E Lwe iw . Oudll T e RA 000 2] = ® = &
&

T T L L e LR b bbb L LA bbb

Marnings The Froae-saction end prinfe ked to be sdlonded verticelly f=c the compuled waler surfade.
Ehas

Mapnipas The ysnweyands LAi0s |upalress seaveyanoe divided by dounatrean conveysncel is
i f ut greatss Chan i.d. This mey Lodidats the sesd fag dcditisnal cEnss serpions,

EROAR SFCTTON QUTHT  Coafals ¥FF 1R

EEEEEsEEEEIBAEERTTE T,

= E.d, Flaw vme * ™w. T - AL = -
" Vel Sead i L] - = - meials a L:

"I i = PE.EF O s Lan. vs| ¥ i

arie Sk i ] * Fies Aea uadl - =
[ i divpes Swrm * Ruwa bmli = "
o FELal  mAfa * Flaw imlia) = L
= Top Wadth pmi B Tap MLith fml * ]
= Wel Terel evpl = Awg. Wel, mlal - H
* Mae o BD b e  Wydi. Pepkh fml - =
* Nemye Temal nmdiED * Cunv, imifan . &
. - * Welted Pes, sl s .
f (L] b AR Ml . #
X Eopirdum Poued THSw ® 5
o oFeets ledn el * Pum Weluns | LO00 sl # *

=R Lawm bt § P A [ LOGD mld .

e e LR LR R LA bbbt

Warmimay The GUpas SECULIGH =m pa

©* o resken bkam B4, This say tmilasts The nasd foe additlonal FEssn peobions.

s

M ATINT Pasdile TIF 0D

P e e L L LT T T T T e T e P PR

v it Bling ymi T ¢ ELesenk * Laiv 8 * Chernsl * Figat ab *
ol Reaa e W ¢ W, poelals & =A@ v .
[ T U ey  baash Len. (mi = .t = ke
L L] b oFlow kies (830 - 7 L o
o Blope. imimd LAl ¢ Ares =20 - *. e x
R el =Rz e 0 Flow mife = n 5 o
" rae Wiikh B §Ed F Tep Wtk im * * = =
o=l rodal imfee L] Eeil ™ Awnge Wel. (wfan . - G -
FoHan rlil Pplh e - 2,40 4 Wyl Peprh i 2 o . *
fatwee Doral mbfad 0 FINLE Y denv imdiad = b N =
e LRI T ' U e sl Par. Ime i iy | -
L 1 ST - N - | s i i
LT . N LT " " '
L S TS SRR . vogum Vel 7000 mib ! %, 4 -
R S T ] * fum B § 0O mlh = . Fi. & :
e Rl beoepr e e PRSP s R
W e st st i end raine P had Le be eElended perkieal Ly for Uk computed sater surface.

Wabmieat S conowpance cablo Hipes ieam canveysnee divied by Ssemaniess comveyance) L Lesa than

P AR ATy Phas B8, Thig may Jediars |Be nerd For sdditionsl =feds deTrisss,

LEDST . § T AT

EERrEErTIEARanisannans

b e
P T T
My Elemsnn = Laflr O = Fhessal " Right 0§ *
Wbl *oME, b Val. n # ¥
Huach Len. (=i &
Five Aiag =30 N
Adpa tmi N
L pm il *
Top Wdeh - me P
Ay Vel imfal -

"

.

e
* Ml M) g

Wl T o im - T84 (& TN b

Ho™ L

ypdi, Pupih ‘ma
CEw, imifas

Wt fos, ‘ma
i i
ehigem Ty Ml a
nrRe T e (LR
B = Weml ot BRI OGS mE

S B L L et oL E

Leniph nid, we

&

AR N

-
-
'
£l
*

.
"
"
"

PO B W T )

® -

FIEC-RAR MODEL RESULTS Page 22 of 60

& i i he ekEanded willoadly far Lhe oemputed sater amefacag
Watmiia) The canveysnoe f4Cls (=0 4vam conyeyanne iivided by dowmatream cofveyance) o besl Lhan

CA ENGINEERING. PSC

R Lonapias, Sm aresas 15

e



Warning: The ¢ross-se=ties end paints hed to be sxtecded vertigslly for the cospsted water swefsce.
Hepnimg: The ssnueyancs catio [upetress conveyascs Jdividsd by dowsatrman conveyszce| in less than
SEELLni.

B, 7 or greatac than |4, Thiz eay isdicite fhe need for sadivisnal ciass

Lod mm Fealils

" E.E. Elaw jmy - 0.0 ¢ Elewment £
* Vel Raaid (mb L B.ld * W, Vel il . = -
* W5, Elev imp = PR.BE * Reach Lam, o) = *, . M,
b oErks W3, (m - * Plas Aima Il = = 3 -
* KB Slops im/mi s = Aeed imlE & L ® -
¥ @ Tocal (=3s) s # Flz= imlfui - * - .
o Hidek imi - * Top Width jma X . i o
* el Tobel Tmiai - * g, Vel [mfEl - ¥ N o
* Mad Chl fgan emj . * Wyde. bwprh (mi b * * .
* Canv. Tatal imide) ¢ * . ) - * -
* Rargrh Sia. tmi . ¥ o 5 - '
* Hin € El fmi . . = - N .
N - * Aggwam Pours (Wm 6@ - - a3
* Feobn Leas Bmi - * Cum Voluss §1958 mll * . 5.7 ¢ o
o & K Loes lmy . * Cum EA (1000 mI0 - - . -
e S S G ey R

! The £ oh and paints hed 06 be extended vertically f

8,7 ax |H-|.-l Ehan 1.4, This -y indlzate the sted for additisss) croms wegtinne.

CHEAY BECT 104

ELVEF | CATHIZAY

FEACH GUE ma: i3
T
lmwgint L jiE Lt
Avaziuen Blewaiian Data — [}
s Elaw Feta  Elew Hta Elev fra K BEs Ebev
EEaEEmaE e EER T

R R B R

L L do TR AT o TE.L S T 2677 TE.NE
FRLaF o ThAE XD TAT FRGER AW JDBE LR

Hwnina's £ Valuss [ i
ELE T T H Ska n Wl Eta  m Wal
B 4 A A R
L] B -] P11 APy L L]

Right Comff Comtr. Expan

Band drar Lefi Bight Lengtis: Lefi Sha
L8 wll |

5 (1M T ToEE W

CROCE BRCTIOM OTIOT  Feadile OFF

e S P T TP

P R
Y kil Elew = TRAT O Ciememi “ Lefr OF * Channel * Bighr o *
" Wal Head | L : L P TR L P ] - o o.040 = "
= Wil Rlar imi = TE 01 ¢ Resch Lan. im T RTEs * - W -
" CrkE W.F. e L+ * Flew Aves gmli N - = -
E B * Arma Dl . - . .
> . = Fland imdysy - i ) *
L " Tap Wiark sl o LA o L]

b = Rig. Vi b . - - i

Maw PRl Fpok m - o Wyl Paga ks ame a 3 5 L

| dwkw. Tewal (mAfar ¢ = D i1 o . b L
* Leapils WidL Imb . = Webted Pwr. (8 . & - -
o M OW KL me . * ghgap (WimI1 - - . 3
AN p . o Sigeas Fewed (T oar ¢ s L L3
S T T - . - b Loaw s -
"E A E Loy v Lt ] " isan o -
PP ——

B R A e N N EEE NN EAAA A EEEEAAEEEREEE R RSN R RS

1 SRS LECTIZN SUTTUT  Frafdls. IWF 7

diisassssanaerarretnnn B L LR R LT e e R T
= Kater Klrw e 0 ehE F K emend ¢ Lele G * Chamsal * li|h* -
e Hesd @ ® bl R, A Vals

Wty ke W, . dw 2 Bwach Lewm. oR (a0
Tuly WA wm . v FLaw Reed aw
i

Iupn e i GUSIRE  * Rews (w00

e
Tom dlbidlh me

Wl el ol cmba
W kD tpih me

.

. i LG * Flom imbles
. .

. i

B ey, Todal midae o

. .

. 4

' .

+ L]

+ .

Toy Wlshbh o
Avg. Wel. B e
syl Iwpin we
Codv. iml.wl
Betitad Fei, =t

dewmpih Wyd, om

Ml h B e

Al b

Frufn Leer i
LK Lass dm

R S T T

Fum A ploge mll

1
"
.
i
.
.
D T T T e e T T R I TR T T

PGS URITION SUTEUT

arm ansasssbess A P P PP
* Ot Elev ami ! Elemsid * Left 08 * hissel * l!.q_ht ow =
* Vel Wead imi WL i Wala ¥ &
ML H. Elay b * Peah Len. *ORLE S -
LI Flew heed - " ol
Flofd jmeme A ims . . 1
Fatal - whfas Tled (2l * - =
' e Wiith e Top Witk - - .
* Nl Tota] migs . . s
F Hix Thl Pyth - e -
* vawv, total J . * =
Y Llangth K4, Wl red ey, & N iy o)
* Kihoom B e Thaap iRl . - -
* Alpha Ftiwam Powes Eim ar * k; "
* Fiyin Lagps mb um Visfine el mli ¢ - -
= AT i w Fum B4, 8OO0 =

B R TR

st I'H-‘J'IJI |.I.I'|'rl.l'l

* ke Elvw ww

i
e R R A RS AR

¢ Laly 08 1 Chassal * Bighy o8 =
. [T .

EEH LLTT ]

wihy AR e

bories omind
“owdp didLE w)
v Rwg. Vel
LT T

" " +
. - "
il " -
. . -

A ke

HEC-RAS MUDEL RESULTS Page 25 of 60

Ehe cooputed sater surfece.
Eseaisgs The ratin | divided by demacrsss esavayancs] Ls less tham

CA ENGINEERING. PSC

R Unvnprucis. S | oweine, PR

CA& ol é



* Gpe. Pecad h}h. Comv, imdie
o L] wctrad Fec. imi
: Ehmay IH eIy

fpaam Feuny (W'm 3]
Cum Wolums . |820 ml)
Cum [E& 1000 A2) * "

ERbsbpElsdRsssdaaREamEEE

R

i PEEd FESTION GUTRUT rmlll-r Ty
-

mErrREEIEER AR R aE A R R T T T T P R p P

" EE Blaw jmid Bl * Laft 08 * Chanpsl = ﬂ.# u -
* el Head (& *WE. mewal. - L B.o40

* WA, Elev lmi * Rench Lan, Emdl i L 06T < LL™ |
o Laik W, mk * Fiew Agad wA23 o L& Jl.ép = L
oG Tlups tmfm) T mewd SEl) » L | ) *
Ol Tatal [mite) i Flow wmlewi oy LA C . R -
* Tup MidLR b * Top Widch imé o - -
* Wel Total imfa) 5 Rewge Vel. mide ) ™ BB & =
= Max cml dpth Wi = Hyds, Depth imi - i 108 = &
* dearv. Total |-:|.'-1 * Banw, iaifsi . GO - .
- * Wevoed Fep. Swil = - 4,83 = L
= * Sheai (MAwl) . . 28,87 = "
N * Foream Foses 'Him an * GO | % | .
b * Cum Veluss 10000 ma - .74 = *
¥ + Cum Eh | DB m2E ] b L B -
. T T T T T T PP e S

TTOES TECTI0N DETPIT  Prafile #PF

R e b e P P -
= Eo5. Flew jml ® .0 f Elumeme * pmic &N * Channal * Alght OR *
* Wl Wl ¥ 0.1E = WE, eVals " T [
*oams Eled imy = WV, ¢ Beawh lan. iw . P LA T
i . = Fliw Arad R - . -
= BT ¢ Aaeas o z = o
e - B Tl = . o 3
o * 30N * Tep shAl @ + . .
o X * Ay, Vals ial - |- >
*oad thil Bpuh imi E " Wgslp. Dwpth i . . .
* anv. Toial imliep v * e wmliEe + - .
4 Lenqih Wrd. om0 . " Waftad Fui. 0@ - = .
* Miw on ED e i & diaay Hindi L L .
b [t “ i dgiane Fewsn Wi sl w el
® Foots Leis i@ - = Jum Yalune 1399 miy * L &
" L] ! - RN H . &, %
0 B

CFCE SESTION GuUTTUT

=
L T T

FRC. ElEY [ma

= Mnl Jesd e
Wi Rley imd

B oM.a, jme

o Flimes imiaf

= Vel Tl fwmien
wie onl gtk cwi

oo ovET Frtal cmifEn
oeangi b e, s
Win oh Bl
e

LR Lnas

* 0L boEw me B Bord T Cem FA LN RI .
|+'|li‘ll'lll'lllllllll-'!!l-i‘iﬂiﬂ-rlﬂlﬂlﬂliﬂ--r-----r-r-r-rl1‘-"l---ll-l-l‘-‘-lllllllll!!!+}ii+r+i‘ll---------
ds WFF -~
T T I TR L LT T TS
# Gy Elew il . g F F lemepd N
Tal idad i@i " B F WYL om

P Klmw i

. i)
Fomap, Ulippe  actws
L S LR T L
'
'

T MIAE Ims

B T T T
Then Rl I9r imi
Tevpal oWl we

" Vit
LR ]
VTR Lae i

e )

A4S
P
Al Flew
T W el
LA RRew
* wnll M. am
T ORLCe D e
T I el Mk
* Tep WLk e
PNl Tendl jwfan
ToMm rnl Prel el
.

Vv, Taral jmefe
Tenath K 1. ms
Ham el bl oo
Aims

be da byea ome

F el Elew ami
e LI
By Kb e

* CddE WL

S Ed, Vimpe aaeme

Fetai 1misah
A L2
] il imw
b Bl b

ey, Falal omadas
F Temvih Wi W
R R e

L k]
T
U, Dud T
H L]
= ZaaT
N dau
I Tl
opARs.p
" HO.AT
= T
.

i
Lod

O

B G¥

.
- -
LENE-1 L
* USSR
i

r hL Y
= m, Lis
1 ThH. ik
TRy
i LI ALY
= T ]
o 1.7
*

- LT
i kg

' Th. i
|- 0.1k
N LLPL L
DI
I I

#

&

TIEC-R AR MEL RESULTS

Jemeni
i e, E-Val.
* Eradh lam
e Area oEIN
* Lied ems
Flow mi o
' TapwWidth e
= Awg, Vel imews
® Hysiws iwgth .mc
o fenv. o mMab
* WL bed Py, omt
* Phmar Rl
* g padm Poteat Slim dl
*olwm Ctluee s A0 mlE o*

b R L i
bR Rl

A ATEUT  Peadile @IF

B Ll L L T T T T T LT T T e ppappepy

R
"W kAl
* Wi b Rem.
f Fiaw hida mo
L TEF R

< Flow @l
=y WidE omt
" Aya. Vel. ¥

vkl Peds
bl T TR
frpe e Fowm

L .
o b Wal ¥
® Pyl fes, m-

= ilew Alva A
N ﬂ!"‘ = .

W tlad hvi. ™
L TR

']
il
4

T TP T T TP T T T T

ks e e e e

AR R R FwomE ke oaas

.
"

Ratln O *  Chasds]
. s ¢ -
WLEy = MLET ¢ aj.e -
LR -1 b .
" + .
- - .
- & *
. M .
- * -
® - .
N . s

Page 24 of 60

CA ENGINEERING. PSC

Riw Cavipuns Sais |aeemae (3

=7 | &ﬂi'lm.lrmp é



4 mfresm Powsd i@E af " *
* Vi Yrleme (1500 m)) ¢ e

TGS SECTLON JNTFUT Froflls BFF

e T L L Ll L L L r L L T T T T P T T Py

SimmssessEEraEesesamsiEEei
"l ewakk * Lmft 08 " Chassal * Right o *

e el . e - *

I} 5 Puasch L, oE1 = AT.ey v LI

" Lelt W A. Im) ¥ Flow Acea bl y S K b
FORS, Glupa (weEl " Roda rEd] ¥ - * Ll
Vg Tatal fmife) . ¢ Flow imlifan i * ® .
©Top Widrk e . " Tep Wildeh hmd . . "‘ L
b Vel Tobsl s - .5 ¢ hwg, Vel. (=Rl A . - L
m 2295 ¢ Hpde, Dapeth imb o g ® o

24, v Conw. WAED . . o L

5 a7 o Merisd Pei. (mi = - . =

L] M Ll ™ Sheise TEIET . ] - -

s * Lol # Bt paem Possi ffm &) * A . L

® RrotE L el . G | v ke Vel 4 DS w * 4 ] L
=& ¥ lacs jmi = Q0D ¢ G EA CIEW D L & b -
.

e B B R R R R R

EEssEsEEBisdssssnEEnang

"R Eley om L] & Tlemant

= el Head tes 8 * WLy weWal, -
FOHE Flew m) = 4 Beach dan, W 3
" PiE WS gml . + Tipw Aywa (a2l -
R, Tlepe twile d b hgma w3y L]
b Taral (mlfal - * Flow imilsb o
¥ Top Widts fm| L * Top Widih mn a
el Tetal dwrfms - i g Vel. (mfEg &
PoMay ORE il ime L& + Hymr. spth imi .
v Rmars TEa) mME O MRS 0 paew imbdE) b
gt W, w2 - 1 s i Per. .
" oHLs m L e * Tl v dea IEED o
" Alpsas - Lol S dppeas Poied DR ED 7 .
L L R T T SalE T e Wl 090 nay T -
S b L Lawi fes § Matmt @ cum TA e LB mT £ X .
T MR SR e PR TRt P

L plew omp
Vel s B
u View imj
(P T
Bads dbeps edal

Channal * Aight DN *
saddd * o

¥
z

Tafp Hid ol

4
4
U Wl amlfas
4
Wl Tetal wfas

L I I S A

Wk B me

L B ]

L s dm RZwed JLE A0 T
L P e T
e ®

Boahomoh ma s hoa oo
R I IR

HEE SrgFImE

FIVERE CEFARIAT
L T nge ki

IRTiFT
S CFUPS T ARY
har o Flewel lem

BEd

AR 1T Thae

L -
14, .1 2

o b v v

Tl Byt Comil Conin.  Expam.
L | Tral® <8 =0

AT i ass
Folate, Blw ami & Lafi B8 * Channel * Fighh GF *
Bl el \ ¥ Ly o+ g
T, Rl s 4 LIPR L b
v Fa HER . .
® Fapw i - .
P bral mloa . L
e Y WS + .
= =l R bl mitgd Wingy Wl dmfas Ly ¥
LR TR T TR Wyl Tegils & M .
e Tebai wlia e Wi & -
| lemepf fab ome B red i o " 4
" Prmoile Bd sy 1SS L &
= Blidwi Ve v flom a1 * 4
Sl TP TS b s

. q

P e R T T P T T T T TP T T )

e LetE °F " Chasel * Raahi OB
da 4y w

LIEs 11

Ay, epil .
cemis e b
ey ] LEEE N YT
T T A

= Temath Uil cE
Ha k£ m

R T T

42wy

'

#
*
il

PIHR-RAS MODNEL RESULTS Pape 25 of 80

CA ENGINEERING. PSC

Rt Conuguas, Sam | ormss 1o

4 Enginermmi é



