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SEDIMENTATION STUDY
FOR A MATERIAL EXTRACTION ACTIVITY
IN THE RiO GRANDE DE MANATI
MOROVIS, PUERTO RICO

Menar Hydrosystems Engineering, PSC
October 2007

I. INTRODUCTION
General
Mr. Morgan Ginés is currently in the process of submitting a permit for a material
extraction activity in a reach of the Rio Grande de Manati. The project is located near
the State Road PR-567, at San Lorenzo Ward of the Municipality of Morovis. The
proposed extraction activity will be held in a reach of approximately 0.50 kilometers.

Figure 1 shows the studied reach length of approximately 0.96 kilometers.

This report summarizes the results of the sedimentation analysis performed to
determine the impact of the proposed extraction activity on the existing equilibrium

sediment transport rate in the channel bed during the 100-year flood event.

Authorization
Mr. Morgan Ginés, authorized this study through an agreement with Mr. Miguel Menar

Figueroa, MSCE, PE, representative of Menar Hydrosystems Engineering, P.S.C.

Scope of Work

The scope of work for the scouring study includes the following tasks.



« Site visit to determine the river bed channel conditions.

s Sediment transport modeling of existing condition.

+ Sediment transport modeling of proposed condition.

« Apnalyze resulting channel bed elevation change according to the proposed material
extraction at the river channel.

« Recommend maximum level of material extraction within the river channel according
to the impact on the equilibrium sediment transport rate. This will be addressed for

the 100-year flood event.

Il. SEDIMENTATION ANALYSIS
The sedimentation analysis employed the HEC-6, Version 4.1, developed by the
Hydrologic Engineering Center, US Army Corps of Engineers, on October 1993. This
computer application was created for the simulation and computations of scour and
deposition in rivers and reservoirs. Hydrologic and hydraulic data required in the HEC-6

analysis was obtained from different sources to be explained bellow.

Hydrologic Data

The peak flow discharge for the 100-year frequency event was obtained from the Flood
Insurance Study (FIS) report for Rio Grande de Manati, published by FEMA on March
16, 1982, to be effective until April 19, 2005 [FIS No. 72000CV0O01A, FEMA, 2005].
The peak flow discharge for Rio Grande de Manati at a gage in Ciales (nearest point to

the reach under study), is 470 cms (16,598 cfs). Additional hydrologic data required in



HEC-6 is the water surface elevation for the downstream boundary; the water
temperature; and the duration of the event. Table 1 show the values used for each of

these variables.

Table 1. Hydrologic Data.

100-year Water Discharge, ft'/s

| Starting WSEL, ft | 203.9
Temperature, de;;rees Fahrenheit 60
Event Duration, days 1

Hydraulic Data

A hydraulic model was performed using the River Analysis System (HEC-RAS), Version
3.1.3, developed by the U.S. Army Corps of Engineers [USACE, 2005]. The geometry
for the hydraulic model was conceptualized as one (1) reach. The hydraulic model was
developed to simulate the existing scenario based on the current field data as
submitted by Mr. Eric Martinez Arbona, PLS. Twenty six (26) cross sections were field
surveyed along the stream from a point downstream the proposed extraction reach to a
point upstream from it. Copy of this data is included in Appendix C. From those
sections, only sixteen (16) were used in the hydraulic modeling. Figure 2 shows a plan

of the cross sections used in the hydraulic analysis.



The Manning's roughness coefficient values used in the HEC-RAS hydraulic model for
the main channel and floodplain were 0.04 and 0.06, respectively. Contraction and
expansion coefficients of 0.1 and 0.3 respectively were used for gradual transitions, and

0.2 and 0.4 for abrupt transitions.

The HEC-RAS hydraulic model was performed to determine the 100-year water surface
elevations along the analyzed stream. Once determined the water levels for the
existing condition, the sedimentation analysis was performed using the hydrologic data
and reproducing the existing computed water levels. HEC-RAS input and output data

(geometry: Existing) is included in Appendix A.

The Manning's roughness coefficients values in the HEC-6 model were determined
through the calibration process using the computed flood levels. The values used for
the existing and proposed conditions ranged from 0.03 to 0.04 in the main channel and
from 0.06 to 0.08 in the floodplain. Contraction and expansion coefficients of 0.1 and
0.3 respectively were used for gradual transitions, and 0.2 and 0.4 for abrupt

transitions.

All levels were reproduced within 0.1 ft tolerance. Most of the sections resulted within
the subcritical flow regime, except for sections 17 and 18. In these sections the flow
was supercritical. In HEC-6, the supercritical levels are approximated by normal depth.
That is, sediment transport occurring in supercritical reaches is simplified. In other

words, HEC-6 will not compute supercritical flow. Therefore, the water surface



elevations resulting from the hydraulic model (HEC-RAS) for sections 17 and 18 will not

be reproduced with HEC-6.

Sediment Data
The sedimentation model requires the input of a sediment load data, and the gradation
of the material in the streambed. Also, it requires the transport capacity relationship

and the weight assigned to the hydraulic properties at each cross section.

Since an initial sediment load data is not available an initial run was performed
assuming zero initial load. From this run a sediment load data was computed based on
the existing particle size gradation. This load data was used as input for the existing
condition model run. The gradation material was taken from a field sample data taken
at a location downstream the analyzed reach. The transport capacity relation to be
used to compute the sediment load for the given water discharge was the Toffaleti's
transport function. In the case of the weighting factors the scheme 1 suggested in the

HEC-6 manual was used. It is the recommended for most stable channel beds.

Sediment Transport Function

Toffaleti presented a procedure to compute sediment load based on the following
simplifications: (a) channel width with sediment discharge is equal to that of a
rectangular channel width B and depth R, with R being the hydraulic radius of the
channel; (b) the total depth of flow is divided in three zones. These zones are upper,

middle, and lower. The sediment discharge per unit width for each zone is computed

10



and, eventually all are added to obtain the total bed material load in a given streambed.

Detailed explanation and all the equations are presented in Yang [1996].

Sedimentation Analysis Results

As mentioned earlier, the sedimentation analysis was performed applying the HEC-6
computer program. For the existing condition model the elevation of bottom of dredged
channel for sections 5 to 14 was permitted up to 3.28 ft of dredging (1.0 meter). That
means, the channel invert elevation of those sections was left as existing but it was
permitted a maximum degradation of 3.28 ft upon the sediment transport computations.

All other sections were left as existing.

According to the modeling results a maximum of 6.90 ft of scour was resulting in
section 8 and a deposition of 3.90 ft was resulting in section 5. Computed bed changes
and water levels at each section are shown in Table 2. Figure 3 shows the channel bed

elevation for the existing condition. Detailed HEC-6 model is included in Appendix B.

Table 2. Sedimentation analysis results for the existing condition model: 100-

year discharge.

Q Total Bed Change W.S. Elev Thalweg Transport

River Sta. Rate
(ft'ss) (ft) (ft) (ft) (tons/day)
0.1 16,598 0 203.94 185.44 11,749
0.2 16,598 0 205.74 185.05 11,749
0.3 16,598 0 205.97 196.72 11,749
0.4 16,598 0 208.86 194.39 11,749

1



Table 2. Sedimentation analysis results for the existing condition model: 100-
year discharge (continued).

Q Total Bed Change W.S. Elev Thalweg Transport

River Sta. Rate
(ft3/s) (ft) (ft) (ft) (tons/day)

0.5 16,598 0 208.78 197.24 11,749
0.6 16,598 0 209.93 187.18 11,749
5 16,598 3.90 210.80 200.75 11,750
6 16,598 -0.59 210.91 196.26 17,818
8 16,598 -6.90 216.42 189.95 17,013
10 16,598 -4.73 220.77 192.12 8,956
12 16,598 -2.79 222.84 194.06 4513
14 16,598 -1.95 225.11 194.90 1,880
16 16,598 0 224 35 196.85 0
17 16,598 0 227.61 196.85 0
18 16,598 0 244.25 229.66 0
20 16,598 0 251.59 239.50 0

This model was established as the base model for comparison with the proposed
model. It should be noted that most of the available material is sand and gravel, and

the sediment load is variable through the reach.

For the simulation of the proposed condition the existing condition model was modified
to lower the channel invert elevations of sections 5 to 14 a total of 3.28 ft (1.0 meter).

In this way, the proposed extraction activity was assumed to be completed and a new

12



run was performed. This run resulted in a maximum degradation of 6.87 ft in section 8
and a maximum deposition of 4.44 ft in section 5. It should be noted that the rate of
sediment transport is decreased for sections downstream from section 5, compared to
the existing condition. It is the expected behavior because of the proposed extraction.

That is, there is a lower concentration of sediments to be transported.

Computed bed changes and water levels at each section are shown in Table 3. Figure
3 shows the channel bed elevation for the proposed condition. Detailed HEC-6 model

is included in Appendix B.

Table 3. Sedimentation analysis results for the proposed condition model: 100-

year discharge.

Q Total Bed Change W.S. Elev Thalweg Transport

River Sta. Rate
(ft’ls) (ft) (ft) (ft) (tons/day)
0.1 16,598 0 203.94 195.44 10,892
0.2 16,598 0 205.74 195.05 10,892
0.3 16,598 0 205.97 196.72 10,892
04 16,598 0 208.86 194.39 10,892
0.5 16,598 0 208.78 197.24 10,892
06 16,598 0 209.93 197.18 10,892
5 16,598 4.44 210.88 198.01 10,892
6 16,598 -0.40 210.95 193.17 17,794
8 16,598 -6.87 214 .61 186.70 17,249
10 16,598 -4.74 219.02 188.83 9,235
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Table 3. Sedimentation analysis results for the proposed condition model: 100-

year discharge (continued).

Q Total Bed Change W.S. Elev Thalweg Transport

River Sta. Rate
(ft3/s) (ft) (ft) (ft) (tons/day)

12 16,598 -2.60 221.15 190.97 4,788
14 16,598 -2.43 223.31 191.14 2,338
16 16,598 0 222.06 196.85 0
17 16,598 0 227.69 196.85 0
18 16,598 0 244 22 229.66 0
20 16,598 0 251.60 239.50 0

It should be mentioned, that the water surface elevations for the proposed condition

increase from the existing a maximum of 0.04 ft (0.01 meter).

lll. CONCLUSIONS AND RECOMMENDATIONS
The following conclusions and recommendations are based on field observations and,

the sedimentation analysis performed herein.

Hydraulics
The water surface elevations for the proposed condition are increased a maximum of
0.1 ft (0.03 meter) from the existing condition. That increase is within the 0.30 meter

permitted by the Planning Regulation #13.

14



Sedimentation

Proposed Channel Bed Profile. The proposed extraction should begin at section 0.6

lowering gradually from 0 to 3.28 ft at section 5. In the same way, but in the contrary,
the extraction should be reduced from 3.28 ft at section 14 to O ft at section 16. In total,
the length of the extraction reach will be approximately 0.50 kilometers. In addition, the
extraction activity should not be lowered more than 3.28 ft (1.0 meter) below the
existing thalweg of sections 0.5 to 14. A minimum distance of 100 meters should be left
between the extraction activity and any existing hydraulic structure along the reach, as
is the existing bridge of the State Road PR-567 over the river, located between sections

0.3 and 0.4 of the studied reach.

Shape of Extraction Section. The section for extraction should be trapezoidal in

shape with lateral sides with maximum slope 3:1 (H:V).

IV. GENERAL COMMENTS
Study Limitations
The results of this study are based on free flow conditions (no debris) through the
riverbed along the studied reach. The accumulation of debris in any point of the reach
might produce scour depths higher than the presented in this report. This analysis is
based on the Field Study certified by Mr. Eric Martinez Arbona, PLS. Inaccuracies in

this data may total or partially invalidate the results and conclusions contained in this

study.

15



V. CERTIFICATION
| certify that the hydrologic-hydraulic study presented herein was performed by me and
the information is true, correct, and complete as per my knowledge. | know and accept
the consequences of including and submitting incomplete, unfinished or false
information in this document. To state this, | sign the present certification in Carolina,

Puerto Rico, on October 30, 2007.

Miguel Menar Figueroa, MSCE, PE
PE License #13051
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APPENDIX A
HEC-RAS MODEL
FILENAME: MGINES.PRJ



GEOMETRY: EXISTING



HEC-RAS Version 3.1.3 May 2005
U.5. Armmy Corp of Enginesers
Hydrolegio Enginesring Canter
609 Becond Streat
Davis, California

X X 20000 0K XXX x HHHXK
X X % x x X X X X x

X X X X X X x X %

0000 200 X e R e f e ess) AKX
X X X X X x X X X
X X % X x X X x X X
X X 000K KA X X X X 000

PROJECT DATA

Project Title: Hydraulic Analysis: Rio Grande de Manati
Project File : MGines.pr)]

Fun Date and Time: 10/26/2007 5:43:14 P

Project in English wnits

PLAN DATA

Plan Title: Existing
Plan File : C:\FROJ\Gines\Ras\MGines.pD2

Geometry Title: Exasting
Geometry File : C:\PROJ\Gines'Ras'MGinaes.glZ

Flow Title : Existing
Flaow File : C:%PROJ\Gines'Ras'\MGaines.£02

Plan Susmary Informaticn:

Kumber of i Cross Sections = 16 HMultiple Openings = Q
Culvarta - a Inline Structures = 4]
Bridges - 1 Lateral Structures = ]

Cosputational Information

Water surface caloulation tolerance = 0.01
Critical depth caloulation tolerance = 0.01
Maximum nusbher of lLteraticons = 20
Maximum difference tolerance = 0.3
Flow tolerance factor = (.00

Computation COptions
Critical depth cosputed only whers necessary
Conveyance Calculation Method: At breaks in n values ocnly

Friction Slope Method: Aerage Conveyance
Computational Flow Regima: Mixed Flow
FLOW DATA

Flow Title: Existing
Flow File : C:\PROJ\Gines\Ras\MGines. 02

Flow Data (cfas)
River Raach RS 100=YR
Rio Grande de HMaM.Ginds 20 16597 .85
Boundary Conditions
Rivar Raach Profile Upstream

Rio Grande da MaM. Ginés 100-¥R Critical

GECHMETRY DATA

Downstraam

Critical



Gecmetry Titlae: Existing
Gaomatry File : C:\PROJ\Gines'\Ras'\MGines, g2

CROSS SECTICH

RIVER: Rio Grande da Ma

REACH: M. Ganas RE: 20
INPUT
Descraption: X5-20
Station Elevation Data nam= 11
Sta Elav Sta Elaw Bta Elev Sta Elew Sta Elev

0 262.467 46,26 255,906 BB.945 249,344 105.217 252,625 167,454 246,063
180.545 242.782 206.75% 239,801 210,039 242,782 262,467 242,782 306.266 252,338
352.69 262,457

Manning's n Values num= 3
Sta n Val Bra n Val Bta n Val
0 .06 105.217 L0d 306,268 .06
Bank Sta: Laft  Raght Langths: Laft Channal Raght Coeff Contr. Expan.
105,217 306,266 329.593 385,892 4B84.318 -1 o |
Ineffective Flow num= 1
Sta L Sta R Elav FParmanant
0 105,217 F

CROSS SECTION OUTPUT Profile #100-YR

E.G. Elsv (ft) 254,63 Elamant Laft OB Channal Right OB
Vel Haad (ft) 3.13 We, n-Val, 0.040
W.5. Elev (ft) 251.49 Raach Len, (ft) 329,59 385.8% 484 .32
Crat W.5. (ft) 251,49 Flow Area (sg £t) 1168, 60
E.G. Slope (ft/fr) 0.012541 hrea (sq £t 26.55 1168, 60
O Total (cfa) 16597 .89 Flow (cfs) 1£597.89
Top Width (fe) 211.15% Top Width (ft) 24,69 1686.46
val Total (ft/a) 14.20 Awg, Vel. (fr/s) 14.20
Max Chl Dpth (ft) 11.48%9 Hydr. Depth (ft) §.27
Canw. Total (afs) 145905.5 Conv, {(cfs) 145905, 5
Langth Wed. ({ft) 385.89 Wetted Per, (ft) 189.65
Min Ch E1 (ft) 239.50 Shear (lb/eg ft) 4.98
Alpha 1.00 Suream Power [lb/ft a8) T0.70
Frotn Loas (fr) 4,74 Cum Volume (acre-ft) Q.18 95.46 1.52
C & E Loas (fe) 0.11 Cum SA (aores) 0.16 F.d2 0.5%

Warning: The ensrgy egquaticn could not be balanced within the specified number of iterations. The
progras used acritical depth for the water surface and continued on with the caloulations,

Warning: Divided flow computed for this cross-secticon.

Warning: The velooity head has changed by more than 0.5 £t (0.15 m). This may :ndicate the need for
additional cross Bectlions.

Warning: The snergy loss was greater than 1.0 ft (0.3 m). betwean the currant and previcus oross
section. This may indicate the need for additional cross sactions.

Warning: During the standard step iterations, when the assumed water surface was sat egual to critiocal
dapth, the calculated water surface came back below eritical depth. This indicates that there
28 not a valid subcritical answer. The program defaulted to critical depth.

CROSE SECTION

RIVER: Rio Grande da Ma

HEACH: M.Gindés ES: 18
INFUT
Description: XS5-18
Station Elewvation Data num= 3
Eta Elav Bta Elav Sta Elav Sta Elav Sta Elav

0 252.625 23.254 246.063 &2 79 242 782 90.453 236.22 118.307 239.659
160,892 236.22 169.127 243.012 1BE.747 259.1B6 262.467 265.029

HManning's n Valuas num= 3
Gta n Val Sta n Val Sta n Val
] .06 52.78% 04 1659.127 .06
Bank Sta: Left Right Lengths: Left Channal Right Coaff Contr. Expan.
52,789 165,127 595.866 278,297 288.255 i § -3

CROSS SECTITON OUTPUT Profile #100-YR

E.G. Elew (ft) 248.5%9 Element Left OB Channel  Raight OB



Val Head (ft) 5.43 Wt. n-Val,. 0.060 0.040 0.080

W.B. Elawv (ft} 243,17 Reach Len. (ft) 555.87 278.30 288 .26
Crie W.8. (ft) 244.18 Flow Area (sq ft) 0.67 BET.72 0.01
E.G. Slopa (fr/fe) 0.0176592 Area (sg ft) 0.67 BEY.72 o.o1
0 Total ([ofs) 16597.8% Fiow {afs) 6.73 16597,.15 0.01
Top Width (ft) 115.99 Top Width (fe) 3.48 116.34 0.19
Val Total (Ft/s) 18.68 RAvg. Val. (fr/fa) 1.08 18.70 0.50
Max Chl Dpth (ft) 13.51 Bydr. Dapth (£t) 0.1%9 7.63 .08
Canw. Total [(cfs) 124784.7 Conw. ({cfs} 5.5 124779.2 0.1
Langth Wed. (£t} 278 .30 Wattad Par. (£t} 3.4B8 120.61 0.24
Min Ch E1 (Ft) 229.66 Shear (lb/eg ft) 0.21 8.13 0.o7
Alpha 1.00 Stream Power (lb/ft s) 0.23 151.9% g.o03
Fretn Losa (fE) 5.80 Cum Volume [(acre-ft) 0.08 B6.35 1.52
C & E Losa (ft) 0.23 Cum SA (acres) 008 B.08 0.58

Warning: The velocity hesad has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional croes sections,

wWarning: The energy loss was greater than 1.0 £t (0.3 m). betwsen the current and previous cross
saction. This may andicate the need for mdditional cross sections.

CROSS BECTION

RIVER: Rio Grande de Ma

RERCH: M.Ginds RE: 1%
INPFUT
Description: XB=17
Station Elavation Data i B
Sta Elev Bta Elav Sta Elav Sta Elav Sta Elawv
-544.619 262.467 0 239.501 29.5328 225,659 95.604 223.65% 144.652 196.85
181.037 229.669 199.213 246.063 262.467 278,871
Manning's n Values mum= 3
Sta n Val Bta n Val Sta n Val
-544.61% .06  95.604 04 181.037 .06
Bank Sta: Laft Right Lengths: Laft Channel Raght Coaff Contr. Expan.
95.5604 181.037 202.034 224.288 231.955 -1 o |

CROSS SECTION OUTPUT Profile #100-YR

E.G. Elav ([(ft) 237.88 Elamant Laft OB Channel Right 0&
Val Head (ft) 22.7% We. n=¥al, 0.040
W.B, Elav (ft) 215.0% Reach Lan. (ft) 202.03 224.29% 231.96
Crit W.8, (fE) 221.8% Flow Area [(sg ft) 433.23
E.G. Blopa (ft/ft) 0.076296 Area [(ag Ft) 433.23
O Total (cfs) 16597.89 Flow [cfa) 16587 .89
Top Width (ft) 47.50 Top Width {fr) 47.50
Val Total (ft/s) 38.31 Awvg. Val. (ft/s) J8.31
Max Chl Dpth (£t} 18.24 Hydr. Dapth (ft) 89.12
Conv. Total {cfs) 600899 Conv, (cfs) GO0ES .9
Langth Wed. (ft) 224.29 Watted Par. (fr} &0.05
HMin Ch E1 (ft) 18&.85 Bhear [lb/sq ft) 34.37
Alpha 1.00 Strgam Powar (lb/ft m) 1316.61
Frotn Loss (£t) B.97 Cum Volume (acre-£ft) 0.06 B2.13 1.92
C & E Lose (ft) 1.74 Cum SA (aczes) 0.03 T7.56 0.59

Warning: The velocity head has changed by more tham 0.5 ft (0.15 m). This may indicate tha need for
mdditional cross sections.

Warning: The conveyance ratic (upstream conveyance divided by downstream conveyance) i1s laess than
0.7 or greater than 1.4, This may indicate the need for additional croms sections,

Warning: Tha enargy loss was greater than 1.0 ft (0.3 m). betwean the currant and pravious cross
pection. This may indicate the need for additional gross sections.

CROSE SECTION

RIVER: Rio Grands de Ma

REACH: M.Ginés RE: 16
INFUT
Description: X5-16
Btation Elevation Data = ]
Sta Elav Sta Elav Eta Elav Sta Elav Sta Elav
=635.367 262.467 0 232.94 20.768 229.65% 86,778 229.65% 101.312 196.85%

136.877 213.255 169.685 229,685 202.395 246.063 262.467 262.467

Manning's n Valuss nums 3



Sta n Val Sta n Val Eta n Val

-635. 36T -0E BE.TTE .04 16%5.685 0&
Bank Sta: Left Right Langths: Laft Channal Right Coeff Contr. Expan .
86,778 169.685 304,757 262,211 256.365 1 .3

CROSE SECTION QUTPUT FProfile W100-YR

E.G. Elev (fEk) 226.83 Elemant Laft OB Channal Right OB
Val Head (ft) 4.49 Wt. n=Val. 0.040

W.B. Elav (ft) 224.34 Reach Lan. (£t} 304.76 262.21 25637
Crit W.5., (fe) 221.99 Flow Area {sq fr) 876.0L

E.G. Slope (fe/ft) 0.005250 Aras (=g £t) 976,01

g Total ([cfa) 16567.89 Flow (cfs) 16587.89

Top Width (fr) 6%9.88 Top Width {(ft) £9.88

Val Total (ft/s) 17.01 Avg. Val. (ft/s) 17.0%

Max Chl Dpth (£t} 27.439 Hydr. Depth (£t} 13,57

Conv. Total ([ofs) 172574.5 Conw,. (cfa) 172574.5

Langth Wed. (£t) 262,21 Watted Par. (ft} 53,599

Min Ch E1 (£t} 156.85 Shear (lb/ag £t} &.00

Alpha 1.00 Stream Powar (1b/fE s} 101.98

Fretn Loss (ft) 1.18 Cum Volume (acre-ft) 0.08 78.50 1.82
C & E Losa (Ft) 0.82 Com BAk (acras) G.03 T.26 0.59

Warning: The wvelocity head has changed by more than 0.5 fr (0.15 m). This may indicate the need for
additional croes BeCTlions.

Warning! The conveyance ratic (upstream conveyance divided by downstream conveyance) is less Ehan
0.7 ar greater than 1.4, This may indicate the need for additional cross secticna.

Warning: The energy less was greater thanm 1.0 £t (0.3 m). betwean the current and previous oroBs
section. This may indicate the need for additional cross sections.

Hote: Hydravlie qump has socurced batween this cross section and the previous upstresm section,

CROSE SECTICH

RIVER: Rio Grande de Ma

REACH: M. Ginaés R&: 14
INFUT
Description: X5-14
Sration Elevation Data num= 3
Eta Elav Sta Elew Sta Elav 8ta Elew Eta Elav
=T11.942 262.467 o 232.94 14.6 229.659 9%.541 229.65% 115,715 19€.85
177.953 213.255 205,282 229,747 232,316 246.063 262.467 249,344
HManning's n Values num= 3
Sta n Val Sta n Val Sta n Val
-T11.942 06 99541 .04 205,282 .l
Bank Sta: Laft Raght Langths: Laft Channal REaight Coaff Contr. Expan .
99,541 205.282 763,78 265.82 274.114 i & 3

CROSS SECTION OUTPUT Profile #100-YR

E.G. Elev (ft) 226.83 Elemant Laft OB Chanmel Raght OB
Val Head (£t} 1.76 Wt. n=Val. 0,040
W.B. Elav (fEt) 225.07 Reach Lan. (fE) 763.78 265.82 274,11
Crit W.B.. ([ft) Flow Area ([sg £t} 1557.44
E.G. Slops (ft/fft) 0.002659 hraa (sg ft) 1557.44
@ Total (cfs) 16597 .89 Flow (cfs) 18557 .89
Top Width (ft) 95,72 Top Width (ft) 95.72
Vel Total (ft/a) 10,66 Avg. Val, (fu/s) 10.66
Max Chl Dpth (ft) 28.22 Hydr. Depth (£t} 18.27
Conv, Total (cfs) 321881.2 Conv. {(cfs) 32i881.2
Length Wed, (ft) 265.82 Watted Per. {ft) 118.68
Min Ch EL {ft) 196,685 Shear {lbfaq ft) 2.18
Alpha 1.00 Stream Power (lb/ft =) 23.22
Fretn Loss (Ft) 0.53 Cum Volume (acre-ft) 0. 06 70.88 1.%2
C & E Loss (ft) o.12 Cum SA (acres) 0.03 6.76 .59

Warning: The wvelocity head has changed by more than 0.5 f& {0.15 m). This may indicate tha need for
additicnal cross sections.

Warning: The anergy loss was greater thanm 1.0 ft (0.3 m). between the current and previous cross
secticn. This may indicate the need for additional orass sections.

CROSS SECTION

RIVER: Rio Grands de Ma



REACH: M.Ginds R8: 12
INFUT
Description: X5-12
Station Elevation Data num= 6
Sta Elav Sta Elav Sta Elav Eta Elav Bta Elav
0 246,083 100 246,063 130,774 196.B5 I85.991 213.255 196.1594 246.063
262,467 262,467
Manning's n Valuas T 3
8ta n Val Sta n Val Sta n Val
@ e 1) 100 -04 1%6.154 06
Bank Sta: Laft  Right Lengths: Left Channel  Right Coeff Contr. Expan .
L00 196.194 231.43 259.423 628.064 A f |
CROSS SECTICM OQUTEUT Profile #100-YR
E.G. Elav (ft}) 225.78 Elemsnt Laft OB Channeal Eight OB
Yal Head (ft) 2:93 WE: n=Val. 0.040
W.5. Elev (ft) 222 B85 Resch Lan. (£ft) 231.43 25942 628.08
Crat W.8, (ft) Flow hrea (sg ft) 1208.71
E.G., Slope (fc/ft] 0.004BLE Area (ag £t) LZ0B. 71
o Tetal (cfa) 18597.89 Flow (cfs) 16597.89
Top Width (ft) Td. 46 Top Width {£t) Td. 46
Vel Total (ft/s) 13.73 Avg. Val. (ft/s) 13.73
HMax Chl Dpth (£t} 26.00 Hydr. Depth (£t} 16.23
Conv. Total (efs) 239163.7 Conw. {cfs) 239163.7
Length Wrd., (ft) 259,42 Wettad Par. (ft) oE . 32
Min Ch El (ft) 196,85 Shear (lb/sg £t) 3.70
Alpha 1.00 Stream Fower (lb/ft s) 50,78
Frotn Loas (ft) 1.44 Com Volume [(acre-ft) 0.086 62.44 1.82
C & E Loss (ft) 0.06 Cum SA (acres) 0.03 6,24 .58
Warning: The wvelocity head has changed by more than 0.5 £t (0,15 m), This may indicate the need for

additicnal cross Bections,

Warning: The anergy loss was greater thanm 1.0 £t (0.3 m). betwesn the current and previous cross

S@CTlOn.

CROSS BECTION

This may indicate the need for additional cross sections.

RIVER: Rio Grands de Ma
REACH: M.Ginés R3: 10
INPOUT
Desaription: X5-10
Station Elevation Data num= T
Bta Elev Sta Elav Hta Elaw Eta Elav Sta Elaw
0 246.063 S3.471 246.063 93,504 246,063 111.483 136.85 174.672 213,255
1B83.235 246.063 262.467 262.467
Manning's n Values = 3
Bra n Val Sta n Val Bta n Val
o 06 83,471 .04 183.235 1]
Bank Sta: Laft FRight Lengths: Left Channel  Right Coeff Contr. Expan.
$3.471 183.235 T26.706 262.125 235.866 1 +3
CROSS BECTION OUTPUT Profile #100-YR
E,G. Elav (ft) 224.28 ‘Elament Laft OB Channal Right OB
Val Head (£t} 3.48 We. n-val. 0.040
W.5. Elav (ft) 220.79 Reach Len. (ft) 726,71 262.13 295,87
Crit W.8, (ft) 217.25 Flow Area {(8qg ft) 1106, 50
E.G. Blope (EL/EL) 0.006486 Area (ag fr) 1106. 50
g Total {(cfs) 16557.88 Flaw (=fa) 16557 .88
Top Width (£ft) 73.590 Top Width (ft) 73,590
Vgl Total {(ftss) 15.00 Awvg., Vel. (ft/s) 15,00
Max Chl Dpth (£t} 25,94 Hydr. Depth (ft) 14.87
Conv. Total [cfs) 206080.4 Conw. (cfs) 2086050, 4
Langth Wed, (£t} 262,13 Wettaed Per. (ft) 98,56
Min Ch E1 (ft) 196.8B5 Shear (1b/sg Ft) 4.5%
Alpha 1.00 Straam Power (1b/ft a) 68.19
Fretn Loss (ft) 2.33 Cum Volume [(acra-ft) 0.08 58.54 1.592
C & E Loss (ft) 0.20 Cum BA (acfes) 0.03 5.80 0.5%
Warning: The wlmty head has changed by more than ©.5 fr (0.15 m)., This may indicate the need for

additicnal cross sections.



Warning: The comveyance ratio (ups
0.7 or greater than 1.4.
wWarnang: The energy loss was great
section. This may andica

CROSS SECTION

RIVER: Rio Grande de Ma

RERCH: M.Ginés RE: 8
INFPUT
Description: XS-8
Station Elevation Data num=
Eta Elaw Sta Elav
~-T42 .72 262 487 0 229.659
201.017 229.633 210.728 246.063 2
Manning's n Valuas Fitise
Sta n Val Eta n Val
~T42.782 JO6 87,958 -04 2
Bank Sta: Laft Raght Langths:
§7.95% 201.017 1%
CROSS SECTION QUTPUT Profile #100
E.5. Elawv (fE) 221.76
Vial Head (fe) 5.45
W.5. Elev (fr) 216.31
Crit W, B, (EE)} 216.31
E.G. Slopa (ft/ft) 0.012958
g Total (cfs) 16537 .85
Top Width ([ft) B2.T4
Val Total (fc/s) 18.73
Hax Chl Dpth (£t} 15 46
Conv., Total [cfs) 145810.4
Langth Wed. (£E) 262.29
Min Ch E1 (ft) 1596.85
Alpha 1.00
Fretn Loss (fr) 0.54
C & E Loas (ft) 1.37

Warning: The anergy equaticn could
program used critical dep
Warningt
additional cross sections
Warning:
0.7 or greater than 1.4,
Warning:
sectian.
Warning:

CROSS SECTION

RIVER: Rioc Grande de Ma

REACH: M.Gines RE: &

INPUT

Description: X8-6

Btation Elevation Data nm=
Sta Elaw Sta Elav

-656.168 262.467 -36.877 229.659
178.248 196.8B5 201,772 213.255 2
279_856 262.467

The welccity head has changed by more than 0.5 ft (0.15 m),

treamn convayance divided by downstream comveyanom) 18 lass than
This may indicate the need for additional cross sections,

er than 1.0 ft (0.3 m}. batwean the current and prewvious cross
te the need for additional cross sections,

8
Bta Elawv Sta Elav Sta Elav
97.595% 229,659 1268.478 196.B5 191.33% 213.255
62.467 262,467
3
Eta n Val
01.Q17 .06
Laft Channal Raght Coaff Contr, Expan,
T.047 262.2% 273,987 1 i
~¥R
Elament Laft OB Channal Right OB
Wt. n-¥al, 0.040
Reach Len, (fr) 157.08 262.25 2759.59
Flow hrea {sg fr) BE6.21
Araa (g ft) 88621
Flaw {(cfs) 16557.89
Top Width (£t} B2.74
Avg. Vel. (£t/s) 18.73
Hydr. Depth (£t) i0.91
Conv., [(efs) 145810.4
Wetted Per. (It) 55.07
Shear (lb/sg ft) T.54
SEtream Power (lb/ft s) 141.23
Cum Voluma {acre-£t) 0.086 449.55 1.52
Cum SA (acres) 0.03 5. .32 0.58

not be balanced within the specified number of iterations. Thae
th for the water surface and continued on with the calculations.
This may ind:icate the need for

The conveyance ratic [(upstream conveyance divaided by downstream conveyance) is less than

This may indicate the need for additional crogs sections.

The energy loss was greater tham 1.0 ft (0.3 m). between the current and previous Crogs

This may indicate the need for additicnal cross sections,

During the standard step iterations, when the assumed water surface was set egual to critical
depth, the calculated water surface cams back below aritical depth.
is not a wvalid pubcritical answar.

This aindicates that there
The program defsulted to critical deptih.

11
Sta Elawv Sta Elav Sta Elav
0 213,255 3.543 213.2585 53.51 196.85
28.773 229,659 254,232 246.063 262.467 245.344

Manning's n Values R |
Bta n Val Bta n Val Sta n Val
-B56.168 6 =36.877 .04 228.773 N
Bank Sta: Left Right Langths: Lafr Channal  Hight Ceaff Contr. Expan.
-36.877 228.773 115.359 131.348 139.009% e B .3

CROSE SECTION OUTPUT Profils #100-YR

E.G. Elev (fr) 211.75 Elemant Laft OB Channal Right OB

Vel Head (ft) 0.B3 Wt. n-Val, 0.040



W.5, Elev (ft) 210.86 Reach Len. (ft) 119.26 131.35 139.01

Crit W.8. (fr) 204.65 Flow Area (sq ft) 2187.23
E.G. Slopa (fu/ft) 0.001652 Area (sq ft) 2187.23
Q Total (aofa) i6567 .89 Flow {cfa) 146557.89
Top Width (ft) 167,50 Top Width (ft) 187,50
Val Total (ft/a) 7.59 Avg. Vel. (ft/s) 7.59
Max Chl Dpth (fe) 14.01 Hydr. Depth (ft) 11,67
Conv. Total {(cfs) A08328.7 Conv. (afs) 408328.7
Langth Wed. (ft) 131.35 Wettad Par. (ft) 1594.14
Min Ch E1 (ft) 196.85 Shear (lb/asg f£t) 1.16
Alpha 1.00 Stream Power (lb/fr =) B.B2
Frotn Loas (ft) 0.1% Cum Voluma (acre-ft) Q.06 40,25 1.82
C & E Loas (ft) 0.05 Cum BA {acres) 0,03 4.51 0.5%

CROSS BECTICH

RIVER: Rio Grands da Ma

RERCH: M.Ginés RE: §
INPUT
Desgription: X5-8
Station Elevation Data num= 11
Sta Elav Sta Elev Sta Elawv Sta Elawv Sta Elav
-605, 205 262.467 -10.4 229,859 0 223,097 15.518 213.255 S54.626 196.B5

200,098 196.85 228._314 213,255 254,79 229.65%9 262 467 236.22 2H1.398 246.063
320,866 262,467

Manming's n Valuas num= 3
Bta n Val Bta n Val Sta n Val
~609.285% .08 -10.4 .04 254,79 L6
Bank Sta: Laft Raght Lengths: Left Channal Right Coaff Contr. Expan.
-10.4 254,79 J04.068 221 .811 212,73 = | -3

CROSS SECTION OUTPUT Frofile WNLOD-¥R

E.G. Elev {(ft) 211.51 Elamant Laft OB Channel Right OB
Vel Head (ft) 0.73 We. n-Val. 0.040
W.5. Elev (ft) 210.79 Raach Lan. [(ft) 704.07 221 .81 212.73
Crat W.5, (fc) Flow Araa (sq ft) 242577
E.G. Slope (ft/ft) 0.001293 Araa (sq £E) 2425.77
Q Total (cfe) 1655%7.89 Flow (cfs) 16557.89
Tap Wideth (fr) 202.66 Top Width (ft) 202,66
Vel Total (ft/s) 6. 84 Avg. Vel. (ft/s) £.B84
Max CThl Dpth {ft} 13.94 Hydr, Dapth (ft) 11.57
Canv. Total {cfs) 461610.6 Conv. (cfs) 451E10.6
Length Wed, (ft) 221.81 Wetted Per. (ft) 209,22
Min Ch E1 (ft) 1%6.85 Shear (lb/sg ft] 0,94
Alpha 1,00 Stream Power (lb/ft s} 6. 40
Fretn Loss (ft) 0,43 Cum Volumae {acre-ft) 0.08 33.34 1.82
C & E Loas (fit) 0,04 Cum 5A (acres) 0.03 3,82 0.5%

Warning: Tha conveyance ratio (Upstream conveyance divided by downstream convayancae] is leas than
0.7 er greater than 1.4. This may indicate the need for additional cross sections.

CROSES SECTION

RIVER: Rio Grands de Ma

REACH: M.Ginds RE: 0.6
IMPUT
Dasarcipticn: XS-0.6 (F)
Btation Elevatien Data = 11
Sta Elav Sta Elav Sta Elav Sta Elaw Sta Elav

0 213.78 67,461 211.877 50,433 210.171 104.36 200.951 138.432 157.178
202,041 200.066 298.563 204.8688 321.581 207.907 344.602 211.647 351,654 212,205
402 428 212,208

HManning's B Valuas nums 3
Sta n Val Sta n val Sta n Val
o .06 67.461 .04 344,682 06
Bank Sta: Left BRight Langths: Laft Channel Right Coeff Conktr, Expan.
687,461 344,682 173,72 178.084 1B5.564 A o}

CROSS SECTION OUTPUT Profile R100-¥R



E.G. Elew (ft) 211.04 Elemant Laft OB Chanmel Raght OB
Vel Head (£t} 1. 1l Wt n=-Val. 0.040
W.5. Elev (ft) 209,94 Reach Len. (ft) 173,72 178.08 185.56
Crit W.B. (ft) Flow Area (ag ft) 1565.18
E.G. Slopa (ft/fe) 0.003251 Area (sq ft) 1965.18
Q Total (cfs) 1£537.8% Flow (cfs) 16597.89
Top Width (ft) 243.33 Top Width (ft) 243.33
Vel Total (ft/s) B.45 Avg, Vel, (ft/s) B.45
Max Chl Dpth (ft) 12.76 Bydr. Depth (ft) B.08
Conv. Total (cfa) 291112.3 Conv, (cfs) 251112.3
Length Wed. (ft) 178.08 Wetted Per. (ft) 246.78
Min Ch EL (fr) 187.18 Shaar (lb/eq ft) 1.62
Alpha 1.00 Stream Fower (lb/ft =) 13.65
Frotn Losa (fe) 0.68 Cum Volume (acre-ft) 0.08 22.16 1.52
C & E Losa (ft) o.08 Cum SA (acres) 0.03 2.7% 0.5%
CROSS SECTION
RIVER: Rio Grande de Ma
REACH: M.Gineéa RE: 0.5
INFUT
Descraption: X8-0.5 (E)
Station Elevation Data num= 12
Sta Elav Bta Elav Sta Elaw Eta Elav Bta Elaw
0 213,025 54_57 212 _303 B6.263 210.79¢ 112221 Z0B.268 1153.862 202.8&25
122,408 201.476 159, 442 197.244 217.772 199, 377 287.349 201.148 301L.07 208.071
325. 606 211.549 395.495 211_545
Manning's n Valuas Fridier 3
Sta n Val Sta n Val Bta n Val
o .06 B6.263 .04 329.606 .06
Bank 8Sta: Laft Right Lengths: Left Channal Right Coeff Contr. Expan.
86_263 329.606 129_.331 143.8B65 185.387 o b . |
CROSS SECTION OUTPUT Profile #L00-YR
E.G. Elev (ft) 210.32 Elamant Laft CB Channal Right OB
Val Head (ft) 1.58 We. n-Val. 0.040
W.5. Elev (ft) 208.74 Reach Lan. (£t} 1259.33 14387 166.39
Crit W.8, (fc) Flow Araa (sg £t) 1647.94
E.G. Slepe (fr/ft) 0.004516 Area (ag ft) 1647.94
0 Total (ofs) 165%7.89 Flow (cfs) 16557.89
Top Width (fr) 159.24 Top Width (ft) 199.24
Vel Total (fet/=) 10.07 Avg., Vel. (ft/s) i10.07
Max Chl Dpth (£t} 11.80 Hydr. Depth (ft) B.27
Conv. Total (ofa) 246983.2 Conv. (efal 246%83.2
Leangth Wed. (ft) 143.87 Wetted Per. (ft) 203.38
Min Ch E1 (fr) 157.24 Shear (lb/egq ft) 2.28
Alpha 1.00 Stream Power (1b/ft s} 23.01
Fratn Loss (ft) 0,44 Cum Volume {acre-ft) 0.08 14.77 1.52
C & E Loas (ft) 0.23 Cum 5A (acres) 0.03 1.88 0.59

Warning: The velogity head has changed by more than 3.5 £t (0.15 m}). This may

additional cross sections.

CROSS SECTION

RIVER: Rip Grande de Ma

REACH: M.Ginés R&: 0.4
INFUT
Description: XS-0.4 (D)
Station Elevaticn Data mim= 21
Bta Elav Sta Elew Bta Elew Sta
0 218.438 3.478 218.438 34.951 218.406 59.206
131.119 194 .652 149,475 194,455 157.756 194.39 171.5906
216.844 198,352 220 738 198.35 246.07 198.031 270.69%
295.548 204.823 302.552 205,151 329.354 205.512 350 866
350,098 216.955
Manning'e n Valuas num= 3
Sta n Val Sta n Val Sta n Val
o .06 58.206 .04 374.895 .06
Bank Sta: Left  Bighe Langths: Laft Channal Right

indicata the need far

Elev Sta Elewv

218.57 122,047 15%7.769
197.343 19%.98 157.671
197.999 283.547 201.%03
207,513 374.8B95 217.126

Coaff Contr. Expan.



55.206 374.855 31.89  41.47 39.8595 .2

CROSS BECTION OUTPUT Profile #100-YR

E.G. Elav (fr) 20%. 65 Element Laft OB

Val Haad (fr) o.82 Wt. n-Val.

W.5. Elav (ft) 208.83 Feach Len. (ft) 4.55

Crit W.8. (Ef) 204.13 Flow Area ([=g ft}

E.0. Blope (£T/Et) 0. 002230 Area (sq fr)

g Total {cfs] 16597.83 Flow {ofs)

Top Width (ft) 2B85.52 Top Width (£t}

wal Total (ft/s) T.27 Avg. Vel. (fr/as)

Max Chl Dpth (£t} 14.44 Hydr. Depth (£t}

Conv. Total [(cfs) 352251.% Conv. {afa)

Langth Wed, (fr) 4.59 Wetted Per. (fr)

Min Ch E1 (£ft) 194.39 Shaar (lb/faqg ft)

Alpha 1.00 Stream Power (lb/ft =)

Frotn Loss (ft} o.o1 Cum Volums (Bcre-ft) 0. 08

£ & E Loss (Et) o.09 Cum SA (acresa) 9.03
HRIDGE

RIVER: Rioc Grande da Ma
REACH: M.Ginas R5: 0.35

INPUT
Descraption: Existing Bradge
Distance from Upstream XE = 4,593
Deck/Roadway Width = 36,877
Welir Coefficiant = 4.71
Upstream Deck/Roadway Coordinates
nams 2
Sta Hi Cord Lo Cord Gta Hi Cord Lo Cord
59.219 218.57 213,648 374.802 217.126 212.205

Upstream Bridge Cross Bection Data
Station Elevaticn Data num= 21

Bra Elaw Bta Elav Bta Elav Sta Elev Sta

0 2168.4328 3.478 218,438 34.951 218.406 59.206 218.57 122.047
131,119 194.652 149,475 194.455 157.756 194.35 171.5906 197.343 199.94
216,844 198.352 225,738 19B8.95 246.07 158,031 270.699 197.539 283.547
295,548 204.823 302,552 205,151 329,354 205.512 350.8B66 207.513 374.B95

390.098 216.9685

HManning's n Values nums= 3
Sta 0 Val Sta n Val Sta n Yal
] .06 B59.206 LO4 374.895 .06
Bank Bta: Left Faght Coaff Contr. Expan.
59,206 374,895 -] A
Downstreas Deck/Roadway Coordinates
riums= 2
Bta Hi Cord Lo Cord Bta H: Cord Lo Cord

57_808 218.143 213,222 373.556 216.207 211.286

Downstream Bridge Cross Section Data
Btation Elevation Data niEm= 13

Sta Elev Sta Elav Bra Elav Bta Elawv Eta

0 218.012 27.382 218.176 57.805 218.143 125.666 206,004 149,045
177.503 196.71% 194.173 157.9 216.089 137.736 236,634 197.763 248,117
266.972 197.408 278.57 19%,606 280.135 198.95 289.6595 202,231 2904 583

348.097 211.758 373.556 216,207 389.245 216.24 606.339 225.859

Manning's B Values num= 3
Sta n Val S5ta n val Gta n Val
] .06 57.805 04 373,556 .08

Bank Sta: Left Bight Comff Contr, Expan.
57,805 373,556 L2 4

Upstream Embankment sida slope

Cownstream Embankment side slops

HMaximum allowable submergence for wair flow
Elevaticn at which weir flow begins

Energy head used in spillway design
Spullway height used in design

Werr crest shape

-85

Broad Crestaed

Channel
Q.040
4,59
2282.20
226220
16597.89
265.52
727
8.60
352251.9
269.47
1.17
8.54
B.28
1EL

Elawv
157.769
187.671
201.803
217.128

Elav
201.804
197.638

202 .59

0 horiz. to 1.0 wertical
0 horiz. to 1.0 vertical

Raght 08



Number of Fiers = 3

Pier Data
Pier Station Upstream= 14%.475 Downstream= 145,049
Upstrean ume 2
Width Elav Width Elev
3.281 227.1%8 3.281 249.858
Downst raam il 2
Width Elev Width Elaw

3,281 227.198 3.281 249.856

Fier Data
Fisr Station Upstream= 216,732 Downstream= 218,306
Upstrean num= 2
Wadth Elav Width Elav
3,281 227.1598 3.281 245.856
Downstream = 2
Width Elev Width Elav
3,281 227.15%48 3.281 245.856
Pier Data
Piar Station Upstream= 283,59 Downscreas= 283,563
Upatraam num= 2
Width Elew Wideh Elev
3.281 227,198 3.2681 249.856
Downstranm Aum= 2
Width Elev Wideh Elaw

3,281 227.198 3.281 249.856

Humbar of Bridge Coefficient Sets = 1

Loew Flow Methods and Data
Enargy
Salected Low Flow Mathods = Highast Enecgy Answar

High Flow Mathod

Add:ztional Bridge Paramatars
Add Frioction component to Momentum
Do not sdd Weight component to Momentum
Class B flow aritical depth computations use aritical depth
inside the bridge at the upstream end

Criteria to check for pressure flow = Upstream energy grade line

BHIDGE OUTPUT Profile #100-YR
E.G. U5. {(fr) 208.65 Elmment Inside BR U3 Inside BR DI
W.5. UB. ([fe) 208.83 E.G. Elav (ft) 209, 64 209.19
O Total (cfs) 16597 .89 W.5. Elev (fr) 208.81 206.86
2 Bradge (cfs) 16597.89 Crit W.8. (£t} 204.15 205.89
2 Weir (cfa) Max Chl Dpth (Et) 14.42 10.14
Wair Sta Lft (Et) Val Total (fr/s) 7.28 12.25
Wair Sta Rgt (£t) Flow Area {(sg £t) 2278.38 1354.87
Wair Submarg Frouda # Chl 0.44 g.83
Waeir HMax Depth (ft} Speacif Force (ou ft) 15788.17 11BE5.46
HMin El Weir Flow (£ft) 217.01 Hydr Depth (ft) B.58 &6.83
Min E1 Prs (£t) 213 .58 W.P, Total (ft] 269.38 200.44
Dalta EG (ft) 0.62 Conv, Total (cfs) 351346.1 179832.0
Delta WS i(ft] 2.54 Top Width (£t} 265.44 198.23
BR Dpan Area (sg £t} 25E5.79 Fretn Loss (£t) 0.14 0.00
BR Opan Vel (ft/s) 12.25 C E E Loss (ft) 0.30 G.18
Coef of Q Shear Total (lb/sg £fr) 1.18 3.59
Br Sal Method Enargy only Power Total (lb/ft s} B.58 43,99

Warnang: Fier drag coefficient of 2.0 assumed for Class B flow,

Warning: For the final momentum answer at the bridge, the upstream anergy was computed lower than
the downstream enargy. This i1s not physically possible, the momantum answer has bean
disregarded.

Warning: Tha welogity haad has changed by more than 0.5 £t (0.15 m). This may indicate the need for
additional cross sections.

Warning: The conveyanoce ratic (upstream conveyance divided by downstream conveyance) 18 less than
0.7 or greatar than 1.4, This may indicate the need for additional cross secticns.

Warning: The wvelocity head has changed by more than 3.5 £t (0.15 m). Thais may indicate the need for

additional cross sections.

CRDES SECTION

RIVER: Rio Grande da Ma



REARCH: M.Girdés RE: 0.3

INPUT
Degsoription: XB-0.3 (C)
Btation Elevation Data nuam= 1%
Eta Elav Bta Elaw Sta Elaw Bta Elav Eta Elaw

0 218.012 27.362 218.176 57.B05 218,143 125.666 206.004 149.04% 201.804
177.503 196,719 1934.173 197.9% 216.089 157.736 236,634 197.765 248.117 197,638
266,572 197.408 278.57 199.606 280.135 108.95 289.635 202.23]1 2534.583 202,69
348.097 211.798 373.556 216.207 389.245 216.24 H06.339 229 659

HManning's n Valuas TiiimEe 3
Sta n Val Sta n Val Bta n Val
4] .08 57.805 04 373.556 .06
Bank Sta: Left  Right Langths: Left Channal Raight Coaff Contr. Expan.
57.805 373.556 B5.078 111.18% 193,832 .2 -4

CROS3 SECTION OUTPUT Profile #100-YR

E.G. Blevw (ft) 209.03 Elmmant Laft CB Channal Right OB
Vel Haad (ft) 3.14 Wet. n-Val. 0.040
W.8. Elew (ft) 205.89 Raach Lan. (ft) 85.08 111.29 193.83
Crit W.8. (ft) 205.89 Flow Area (sq £t) 1167.07
E.G. Slope (ft/ft) 0,012947 Area (sg ft) 11&7.07
0 Total (cfs) 1653789 Flow (cfs) 16597 .85
Top Width (£t} 187.06 Top Wadth (£t} 187.08
Vel Total (fr/a) 14.22 Avg, Val., (ft/s) 14.22
Max Chl pDpth (ft) .17 Hydr. Dapth (ft) 6.24
Canv. Total {(cfs}) 145872.1 Conv, (cfa) 145872.1
Langth Wed. (ft) 116.66 Watted Per. (ft) 189.10
Min Ch E1 ([fE) 1596.72 Bhear (lb/sg fr) 4.99
Mlpha 1.00 Stream Power (lb/ft s) J0.85
Frotn Loss (fE) o.886 Cum Voluse {(acre-ft) 0.06 6.50 1.82
C & E Lasa ([fE) 0.867 Cum SR [acres) Q.03 0.B% 0.55%

Warning: The energy egquation could not be balanced within the specified number of iterations, Tha
program used critical depth for the water surface and continued on with the caleculations.

Warning: The welocity head has changed by more than 0.5 £t (0.15 m}. This may indicata the need for
additional cross sections.

Warning: Tha conveyance ratio (upstroam conveyance divided by downstream conveyanoa) is less than
0.7 or greater than 1.4. This may indicate the need for additional ocross sections.

Warning: The energy loss was greater than .0 ft (0.3 m). between the current and previous ccoss
section. This may indicate the need for additional cross sections.

Warning: During the standard step iterations, when the assumed water surface was set equal to critical
dapth, the calculated water surface came back balow critical depth. This indicates that thare
18 not & valid subcritical answar. The program defaulted to critical depth.

CROSS SECTION

RIVER: Rig Grande de Ma

REACH: M.Ginbs RE: 0.2
INFUT
Degcription: X8-0.2 (B)
Btation Elevation Data patiini 13
Eta Elav Sta Elav Sta Elav Sta Elev Sta Elav

0 211.352 16.11% 211,352 55.003 211.253 101.076 207.579 116.109 201.437
118,579 200.427 136.673 167,08 175,633 195.046 228 _B65 197.539%9 258.333 198.885
285,154 201.476 333.097 201.476 BBL.155 229.659

HManning's n Valuas Time= 3
Sta o Val Sta n Val Sta n Val
o .06 116.106 .04 285.154 .08
Bank Sta: Left Raght Langths: Left Channel Right Coeff Contr. Expan.
116,109 285,154 119.665 109,315 73,064 it 3

CROSS BECTION OUTFUT Profile K100-YR

E.G. Elay (ft) 207.19 Elemant Left OB Channal Raght OB
Val Head {(ft) 1.47 Wk. n-Val. 0.060 0.040 0.060
W.E. Elev (£t} 205.72 Feach Len. {ft) 11%.67 108.32 T3.08
Crit W.B. (£t} 204 .21 Flow Area ([sg ft) 2. 47 1386.16 550.50
E.G. Slopa [(Et/ft) Q. 004710 Area (sg ft) 22.47 1386.16 550.50
{3 Total {cfs) 16597.89 Flow (cfs) 60,30  14326.67 2210,92
Top Width (ft) 330 .88 Top Width (ft) 10.49 165.058 151.34
Vel Total {ft/s) B.47 Mg, Vel., (fc/s) 2.68 i0.34 4.02

Max Chl Dpth (£t 10.68  Hydr. Depth (fk) 2.14 8.20 3,64



Conw. Total ([cfa) 241648.4 Conv. {afs) 878.6 208754.4 32215.4

Langth Wtd. (£t} 105.82 Wetted Par. (ft) 11.33 169.82 151.55
Min Ch E1 (£t} 135.05 Shear (lb/fag fr) 0.58 2.40 1.07
Mpha 1.31 Brream Power (lb/ft =) 1.56 24.81 A.25
Frotn Losa {fE) 0.69 Cum Volume (acze-ft) 0.03 3.25 0. 6%
C & E Lasas (ft) 0.10 Cum SA [acres) 0.02 0.d4d 0.26

Warning: Thae weloocity head has changed by more than 0.5 ft (0.15 m). This may indicare the need for
additional oross sactions.

Warning: The conveyanos ratio (upstream conveyanos divided by dewnstream conveyance) 18 less than
0.7 or greater than 1.4. This may indicate the need for additional sross secticns.

Hote: Bydraulic jump has occurred between this ocross section and the previous upstress section.

CROSS SECTION

RIVER: Rio Grande de Ma

REACH!: M.0inés RS&: 0.1
INPUT
Description: X8=-0.1 (A)
Station Elevation Data o= i3
Sta Elaw Bta Elav Bta Elew Eta Elav Eta Elav

o 206,07 57.32 208.563  69.347 207.677 76.476 201.978 78.575 200.285
BO.081 196,588 148.563 165.44 184.045 196.85 205.161 198.786 243.871 157.933
254.528 201.56% 385,755 201.969 T00.059 229, 659

Hanning's n Values nam= 3
Gta n Val Sta n Val Sta n Val
[+] 06 76,478 .04 254.928 .06
Bank Sta: Left Rught Langtha: Left Channel Raght Comff Contr. Expan.
TE.476 254.928 a o a 5§ -3

CROSS SECTION OUTFUT Profile #100-YR

E.G., Elav (ft) 206,39 Elsmant Laft 0B Channal Raght O3
Vel Head (ft) 2.47 Wt. n-Val. 0.060 0,040 0.060
W.5. Elev (fr] 203,92 Reach Lan. (ft)

Crit W.8. (ft) 203,92 Flow Area (sg ft} 2.36 1200.03 276.93
E.G. Slopa (ft/ft) 0.005785 Area {(sg ft) 2.35 1200.03 276.93
Q Total (cfe) 16597 .89 Flow {cfs) 4.81 15585.82 1007.26
Top Width (£t} 333.8¢€ Top Width (ft) 2,43 178,45 152. 598
Val Total (ft/s) 11,22 Avg. Vel., (fu/s) 2.04 12,.9% 3.64
Max Chl Dpeh (ft) 8.48 Hydr. Dapth (£t} 0,87 5,72 1,81
Conw. Total (cfa) 167785.7 Conv. {(cfs) 48.6 157564.2 10l82.8
Langth Wed, (ft} Wetted Per. (ft) 3.11 180.5%9 153,06
Min Ch EL (ft) 195.44 Bhear (lbfag fr) 0,45 4.06 1,11
Alpha 1.26 Stream Power (lb/ft a) 0.54 52.72 4.02
Fretn Loss (R} Cum Volume (acre-ft)

C & E Loss (ft) Cum SA {(acres)

SMARY OF MAMNING'S M VALUES

River:Bio Grande de Ma

Baach Fiwver Sta, ni n2 ni
M._Ginés 20 .06 04 1]
M._Ginés 18 .06 .04 .06
M. Ginbds 17 .06 .04 .08
M. Ginds 16 ] .04 .06
M. Ginds 14 .06 .04 .08
M. Ginbds 1z .08 .04 08
M.Ginks i0 .08 04 .06
M. Ginas ] 06 .04 .06
M.Ginds ] .08 .04 .08
M.Ginds 5 .06 .04 .08
M. Ginbs 0.6 .06 .04 .06
M. Ginds 0.5 (06 .04 .05
M. Ginks G.4 .0A .04 .06
M. Ginés 0.35 Bridge
M. Ginas 0.3 .08 .04 .08
M, Ginés 0.2 06 .04 .08
M. Ginas o:1 L -04 .08



SiMMARY OF REACH LEMGTHS

Rivar: Rio Grande de Ma
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SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS
Fiver: Rio Grande de Ma
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Elevation ()

Elevation ()

Hydraulic Analyss: Rio Grande do Manall
Geom. Existing Flow: Existing
River = Rio Grande de Ma Resch = M Ginés RS = 20 X520
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Hydradlic Analysis: Rio Grande de Manati  Plan: Existing

Gaom: Existing Flow: Exsting
Rver = Rio Grends de Ma Reach = M.Ginds RS =18 X518
= " fa 04 s 08 -
270 i i i
Crit 100-YR
WS 100-YR
} | | FRECEE
260 | Ground
[ ]
| Bank Sta
2504
240
230
220
L] 50 100 150 200 250 300
Station ()
Hydrauks Analysis: Rio Grande e Manall  Plan: Existing

Geom: Exising  Flow, Exsting
River = Rio Grande de Ma Reach =M Ginés RS =16 X518

- m -
270 B o
4 B Legend
. WS 100-YR
i Cirit 100-YR
il il
Ground
L]
250 Bank Sta
240
230 y
220
210
200
1“ rr—

-300 -B00 400 -200 4] 200 400

Station {ft}




Elevation (1)

Elevation (fi)

Hydrausic Anatysis: Rio Grands de Manall  Pran: Existing

Geom. Existing  Flow: Exisling

River = Rio Grande de Ma  Reach = M Ginés RS =14 X594
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Hydraulic Anglysis: Rio Grande do Manatl
Geom: Exsling  Flow: Existing
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Elevation (fi)

Elevation (ft)

Hydrauic Anstysis Rio Grande de Manali  Plan; Existing

Geom: Exsting  Flow. Exsting
River = Rio Grande da Ma Reach=MGinés RS=86 X586
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Hydraulic Anafysis: Rio Grande de Manati

Geom, Existing  Fiow Existing
River = Rio Grande de Ma Reach = M Gines RS =5 X5-5

Plan: Exisling

- 08 - 04 =
2 - — —_— _ﬁ_
g Legend
WS 100-YR
4 —
290 Ground
L]
Bank Sta
250
2401
230
220
210
200
180
800 800 -400 200 0 200 400
Station (ft)

Hydraulic Analysis: Rio Grande de Manatl  Plan: Existing

Geam' Exisang Flow Existng
Fiver = RioGranca e Ma Reach= MGinda R3S =05 X505 (E)

= 0 —= 04 = DE >
214 - Legend
[ WS 100-YR
212 .
Ground
»
Bank Sta

210 |

208.|

206

204 |

202

200

a 100 200 oo 400

Station ()
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Hydrauic Analysis: Rio Grande de Manat|
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Hydraulic Aralysis Rio Grande de Manati
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HEC-RAS Pian: Emisting River Rio Grande de Ma Reach: M.Gines  Profile 100-YR

Reach | RiverSta  Profie | QTotal | MnChEl | WS Elev | GiWS | EG Elev | EG Siope | LenginChni | VelChri  FlowArea | TopWidh | Froude# Chl |
. . L ewm | _ m | om | m | mm | m (s) | (sam (M) _
.m_.-..u__ﬁi 0.1 .._Eu.._.q_—.._. | 16597 .80 105 44 20082 20382 206 30/ 0.0097856 12.88 147931 33386 Q.88
‘M Gings 0.2 .4$<ﬂ 16507 BS 165.05 20572 204: 21 20715 0.004710 10932 1024 1968.13 330.88 0,64
MGinés |03 100-YR 18557 88 19672 206 89 205 B8 20903 0012847 111.20 1422 1167.07 187.06. 1.00
|M.Gings 035 = Bridge [
_.?_.g.i. 0.4 Tu.u._{? 16507 89 19438 20883 20413 208 65 0002220 450 Tar 228220 265 52 044
MGinés |05 100-YR 16597 89 197 24 208 T4 21032 0004516 143,87 1007 184704 190 24 062
MGinés |06 100-YR 16557 B3 167 18 200 54 21104 0003251 178.08 845 196518 243.33 052
“E.E._w 5 100-YR 16597 A2 196 85 210.79 21151 0001283 221.8 &84 242577 20266 035
—:.ﬁr..ﬂn [} 100-¥YR 16597 A9 196.85 210 BG 204 85 21175 0.001652 131.35 .58 2187 .23 167 50 0.39
MGinés |8 100-YR 1859789 19685 216.31 21631 22176 0012958 282.29 18.73 B85 21 8274 101
_IE.__Q-_ 10 ._Ebn._# 16697 wﬂ. 106 45 220,78 217.25 224,28 0005486 26213 15.00 1106 50 T3.80 068
MGinés |12 WOYR | 1650788 186 85 22285 22578 0.004816 250 42 1373 120871 74.46 060
MGings |14 100-YR 1650789 196 85 225.07 22683 0002869 2685 82 1066 155744 95 72 047
MGinés 16 100-YR | 1659789 196.85 224.34 22198 22883 0008250 282.21 17.0 476,01 65.88 0.80
m-_r.g 17 100-YR | 16597 84 196.85 215.08 221899 23T 88 0.076206 224 29 3831 43323 47 50 224
m-.a.g 18 100-YR | 16507 84 229.68 24317 244 18 248 .58 0017692 27830 18.70 AEE 40 11000 1.19
|M.Gingés 20 100-YR 16597 B 239.50 251 .48 251.49 25483 0012841 385 89 14 20 1168 60 21115 100




APPENDIX B
HEC-6 MODEL



FILENAME: GINEXIS.DAT
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*  SCOUR AND DEPOSITION IN RIVERS AND EESERVOIRS
L Varsion: 4.2 = May 2004 "
* INPUT FILE: GINEXIS.DAT &
* QUTPUT FILE: GINEXIS.OUT ¥
- -
L 3 -

RIM DATE: 2% OCT 07 EUN TIME: 16:54:07
R R R LR R R R R R SRR R s I

A s RS R R R R RS R RN R R R R R RN

L d
"
w
L]
]
-

U.5. AFMY CORPS OF ENGINEERS
HYDROLOGIC EMGIMEERING CENTER
609 BECOMD BTREET

DAVIS, CALIFORNIA 35616-4687
1530} T56-1104

® i 00000 00Ol 0000
x X X X X x
x X X X
ooo0non. 0o X OO0 X000
X X X X X
X X X X X x
X X 000000k 000X 00X
It it e Lt R R R R L L I I I I I I T I T
"  MANTMIM LIMITS FOR THIS VERSION ARE: L
o 10 Stream Segmants (Main Stem + Tributaries) Ll
. 500 Cross Sections .
. 200 Elevation/Staticn Points per Cross Section .
¥ 20 Grain Sizas Ll
. 20 Centrol Foints »
(AR S R R R R R R R R R L R R R R e e L R R e e e e ey
TL SEDIMENT TRANSPORT RHALYSIS FOR A MATERIAL EXTRACTION ACTIVITY IN THE
T2 RIO GRAMDE DE MAMATI AT MOROVIS, P.R. (FILENAME=GINEXIS.DAT)
T3 OCTCBER 2007 EXISTING RIVER FROFILE COWDITION 100-YR FREQUERCY STORM
N values.,. Laft Channal Right Contraction Expansion
0.0600  O,0400 Q.0600 1.1000 0., 7000
SECTION MO, 0.100
.. .DEFTH of the Bed Sadiment Control Volume = 0.00 fe.
N values.,. Laft Channal Raght Contraction Expansion
0.0700  0.0400 0.0700 i.1000 0.7000
SECTION HO, 0,200
...DEPTH of the Bed Sedimant Control Volume = 0,00 fr.
K values... Laft Channel Right Contraction Expanaion
Q.0600  0.0400 0. 0600 1.2000 0.6000
SECTION NO. G.300
...DEPTH of the Bed Sediment Control Volume = 0.00 fr.
W walues... Left Channel Right Contraction Expansion
0.0600 0.0400  0.0600 1.2000 0.6000
EECTION NO, 0,400
.DEFTH of the Bed Sedimant Control Volume = 0,00 fr,
W values... Left Channal Raght Contraction EXpansLon
0, 0600 0.0400 0. 0&00 1.1000 0. 7000
SECTION MO, 0. 500
.. .DEPTH of the Bed Sediment Control Volume = 0.00 fr.
M wvalues... Left Channael Raght Contraction Expansion
0. 0600 0.0400 0.0600 1.1000 0. 7000
SECTION NO. 0.600
.. .DEPTH of the Bed Sediment Control Volume = 0.00 fr.
W walues... Left Channel Right Contraction EXpansion
0. 0600 0.0400 0.0600 1.1000 0.7000
SECTION RO, 5.000
. ELEVATICH of Modal Bottom = 186.850 Ft.
H wvaluas... Laft Channal Right Contraction Expanszon
0.0600 0.0400 0.0600 1.1000 Q.7000
SECTION RO, &.000
.+ ELEVATION of Model Bottom = 186 850 ft.
H valuas,.. Laft Channal Right Contraction Expansion
0. 0600 0., 0400 0.0600 1.1000 0.7000

BECTION WO, B.D00

"
"
.
.

-

AR R R R R L L e R R s R R Rt s



. - ELEVATION of Model Bottom = 186.850 ft.

¥ valuas,.. Left Channel  Right Contraction Expanaion
0.0600 0.0400 2.0800 1.1000 a.7004
SRCTION MO, 10.000
. .ELEVATION of Modal Bottom = 186.850 £t
N values.,. Left Channel Raght Contraction Expansion
0.0600  0.0400 0O, 0600 1,1000 0. To00
SECTION WO, 12.000

.. .ELEVATION of Model Bottom = 186.850 fe.

¥ walues... Left Channel Raght Contraction Expansion
G.0600 0.0350 0.0€00 1.1000 0.7000
SECTION WO, 14,000

v+ EREVATION of Model Bottom = 186.850 ft.

W walues... Left Channal Right Contraction Expansion
0., 0&00 0., 0400 0.0&00 1_1000 0.7000
SECTION MND. 16.000
.DEFTH of the Bed Sediment Control Voluma = 0.00 £t.
¥ valuas,,. Laft Channael Right Cantraction Expansion
o.0600  0.0400 0,0600 1.,1000 o, 7000
SECTION WO, 17,000
...DEFTH of the Bed Sedimant Control Velums = Q.00 £r.
N valuas.,, Laft Channel Right Contraction Expansion
0.0&800 0.0400 0,0800 1.1000 o, To00
SECTION WO, 18.000
.DEPTH of tha Bed Sadimant Control Voluma = 0.00 fe.
M valuaes... Laft Channal Right Contraction Expansion
o, 0800 0.0300 0.0800 1.1000 . 7000
SECTION BO. 20.000
...DEPTH of the Bed Sediment Control Volums = 0.00 fr.

HO. OF CROSS SECTIONS IN STREAM SEGHENT= 16
HO, OF INPUT DATA MESSAGES = a

TOTAL WO. OF CROSS SECTIONS IN THE METWORK = 16
TOTAL WO, OF STEEAM SEGHMENTS IN THE HETWORK= 1
EHD OF GEOMETRIC DATA

T SEDIMENT TRANSPORT RMALYBIS FOR A MATERIAL EXTRACTION ACTIVITY IN THE
T5 RIC GRANDE DE MAHATI AT MOROVIS, P.R.

Th OCTOBER 2007

™7 BED GRADATION FROM FIELD COMDITIONS

TH CHLY SANDS AND GBAVEL PRESENT

SEDIMENT TRANSPORT AMALYSIS FOR A MATERIAL EXTRACTION ACTIVITY IN THE
RIO GRANDE DE MAMATI AT MORCVIS, P.R, (FILENAME=GINEXIE.DAT)
OCTUBER 2007 EXISTING RIVER FROFILE CONDITION 100-¥R FREQUENCY STORM

SEDIMENT PROFPERITES AKD PARAMETERS

SP1 18G Leiind 5PGF ACGR NFALL IBEHER
11 50. ] 1 1.000 32.174 2 I

HTC IASA LASh BPGE GEF BSARE BPEI TWDLE
Id 1 1 10 2_.650 0. 667 0.500 30,000 93.000

USING TRAMSPORT CAPACITY RELATIONSHIP # 1, TOFFALETI
GRAIN SIZES UTILIZED (mean diamstar - mm)

VERY FIME SAND. ... 0.0BE | VERY FINE GRAVEL 2_H28
FINE SAND. . ..uvuvs 0.177 | FINE GRAVEL....... 5.657
MEDIUM SAND, 0.3584 | MEDIUM GRAVEL..... 11.314
COARSE SAND. 0.707 | COARSE GRAVEL 22,827



COEFFICIENTS FOR COMPUTATION SCHEME WERE SPECIFIED
DRIl DBN XID XIN XI1iu UBI UBH JEL
IS 0.500 Q500 0.250 0. 500 0. 250 G.000 1.000 1

SEDIMENT LOAD TRELE FOR STRERM SERMENT # 2
LOAD BY GRAIN SIZE CLASS (tons/day)

10, 100000E-19|
SAND | 0. 100000E-15]
SAND |0, 100000E-15|
SAKD |0,100000E-15|
SAND |0.100000E-15]
GRVL |0,100000E-159]
GRVL
GEVL
GEVL

‘

19,100000E-19|
10, 100000E=-29]
|0.100000E=-19|
GEVL [0,100000E=-19]

CROES REACH MOVABLE INITIAL BED-ELEVATICHS ACCUMULATED CHANNEL DISTANCE
SECTICH LENGTH BED LEFT SIDE THALWEG RIGHT SIDE FROM DOWHSTREAM

MO L£L) WIDTH {£L) (£t 33} (£t} (miles)
0,000

0.100 700.060 206.070  195.440 229660 0.000 0.000
109,320

0.200 £81.150 211.350 195,050  229.660 109,320 0.021
111,150

0,300 606.340 218.010 196.720 229.660 220.510 0.042
4L.470

0.400 350,100 218.440 184,390 216,530 261, 5E0 0.05G
143860

D.500 395,500 213.020 157.240 211,550 405,840 0.077
178.080

0. 600 402,430 213.780 197,180 212.200 583.5920 0.111
221 .81

5.000 568,475 239.660 196,850 229,660 BOS. T30 D.153
131.350

6.000 588,025 229.660 196,850  229.660 $37.080 9.171
262.300

B.000 156,875 239.660 196.850 229630 1199380 oLzt
262.140

10.000 176,115 246.060 196,850  246.060 1461.520 0.277
259.420

12000 178,330 246.060 195,850 246.060 1720. 540 0.326
265.810

14,060 153,130 229.660 196,850 225.389 1686, 750 0.376
262.200

16.000 BET.840  262.470 196.850  262.470 2248.950 0.426
224,280

17.000 BOT.GS0  262.470 196.850  278.870 2473.230 0.458
276.310

18.000 262.470 252.620 299.660 269.030 2751.540 0.531

385890 _
20.000 352,650 262.470 230.500 262.470 3137.430 0.594

BED' HATERIAL GRADATION

SECND SAE DMAX DXPI XPI TOTAL BED MATERIAL FRACTIONS
[§ 44 (644 BED per grain sire

Goi00 1,000 0.167 0.167 1.000 1.000 | ¥VF SAMD 0.097 | Vo SAMD 0.131 | M GRVL 0Q.081 |
| F SAa¥D 0.131 | VF GRVL O0.0B7 | © GRVL O.085 |
| ¥ sSa¥D 0.131 | F GEVL 0.063 | VC GRVL 0.057 |
| © sa¥p 0131 |

G.200 2.000 O.167 0.167 1.000 1.000 | VF SAND 0.097 | VC BAMD D0O.131 | W GEVL 0.081 |
| F SAaMD 0.131 | ¥YF GEVWL O.Q087 | € GRVL 0,085 |
| M SARND 0.131 | F GBEVL D0D.063 | VC GRVL 0.057 |
| C SaMD 0.131 |

0.300 1.000 O0.167 O0.167 1.000 1.000 | VF SAMD 0.097 | VO SAMD 0.131 | M GRVL 0.061 |



LI e
L= =]
oo

8

ok

= m
=R =]
oo

8

B

el el el
Ao
L=l =1 =]

H

Iy X o

L
oo
= = =

1.000 1.000

0.400 1.000 O0.1687 0.167

0,167 1.000 1.000

1.600 0,187

0.500

1,000

0.167

0.600 1,000 0,167

e L
(=R =R =]
LRt ==}

mmm

o
s ==}
o oo

1.000 0.167 0,147 1.000

5.000

el
L= N =8 =]
L= =]

31

o W
~ - "
o
=N -]

1.000 0.167 0.187 1.000 1.000

6.000

Fadl i el
(== =]
(=R =]

§&E

E o W

— Em
L= =]
ooo

1.000 1,000

8.000 1.000 O0.167 O0.167

o
oo
(= =5 =]
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BED SEDIMENT COWTROL VOLIMES

STRERM SEGMENT # 1: SEDIMENT TRANSPORT AMALYSIS FOR A MATERIAL EXTRACTION ACTIVITY IN THE

VOLUME
(ou. ft)

DEFPTH

WIDTH

LENGTH

| BECTIOH
| HUMBER

{au. yd)

{EE)

(£33

(£t}

0. 00000
0. 00000
0. 00000
0. 00000

0. 00000
0. 00000
0. 00000
0. 00000
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| 0.600 | 159.945 | 432.102 | 0.000 | ©.00000 | 0.00000 |
| 5.000 176.580 | 536.135 | 10,000 | 546705, | 35063.3 |
| 6.000 | 186.825 | 450,088 | 10,000 | 954616, | 38726.5% |
| B.000 | 262.220 | 231.961 | 10.000 | &0B248, | 22827.7 |
| 10,000 | 260.780 | 173.425 | 10.000 | 452257, | 16750.3 |
| 12.000 | 262.615 | 174.381 | 10.000 | 457950, | 16861.1 [
| 14,000 | 264 .005 | 280,796 | 10.000 | 741316, | 2T456.2 I
| 16.000 | 243.240 | T8O 101 | 0.000 | O.00000 | @, 00000 I
| 1v.000 | 251.2595 | T20.061 | 0.000 | 0.00000 | @.00000 I
| 1§.000 | 332,100 | 356.010 | 0.000 1 0.00000 | ©.00000 |
| 20.000 | 192,945 | 321.617 | 0.00C | 0.00000 | O.00000 |

HO, OF INPUT DATA MESSAGES= a
EHD OF SEDIMENT DATA

SEYD
BEGIN COMPUTATIONS.

BEEDIMENT TRANSPORT AMALYSIS FOR A MATERIAL EXTRACTION ACTIVITY IN THE
ACCUMULATED TIME [wrs).......... 0.000

--- Downstraam Boundary Condition Data for STRERM SEGMEMT KO. 1 at Control Point # 021 ===
DISCHARGE TEMFERATURE WATER SURFACE

{zfa) {dag F) §33]
16598 .000 &0.00 203.900
kees  LISCTHARGE WATER ENERGY VELOCITY ALPHA TOP VG AVGE VEL (by subsaction)
(CFS) SURFACE LINE HEAD WIDTH BED 1 2 3
BECTION RO. 0,100
#+ CRITICAL WATER SURFACE USED AT SECTION HO. 0.100 AT TIME = 1.000 ODAYS . =w
SEELOBGY

whwe 1659E.000 203.842 206 .440 2,498 1.2a63 333.553 187,241 2.034 13.045 3.634
FLOW DISTRIBUTIOH (%) = 0.028 93_988 5.984

SECTION HO. 0.200

wiws  1ES59H.D00 205,740 207.258 1.518 1.385 331.50%  157.488 2.336 10.462 3.494
FLOW DISTRIBUTION (%) = 0.324 B7.933 11.743

SECTION WO, 0.300
#+ SUFRRCRITICAL ** Using Critical Water Surface + .050 ft.
SECTION MO, 0,300 TIME = 1,000 DAYS.
TRIAL TRIAL COMPUTED CRITICAL
MO L L WE
2. 205.873 205,645
3. 205,967 205.688 208,917

=4 165588.000 205,967 209.032 3.068 1.000 187.981 195.680 ©.000 14.044 0,000
FLOW DISTRIBUTION (%) = 0.000 100.000 O.000

SECTION HO. 0,400

rede 16568,.0000 208.856 209,674 0.818 1.000 265.627 200,244 0.000 7,256 0.000
FLOW DISTRIBUTION (%) = 0.000 100.000 ©.000

BECTION WO, 0. 500

exxx 16598.000  208.784 210,330 1.546 1.000 200,736  200.4%4  0.000 5.975 Q.000
FLOW DISTRIBUTION (%) = 0,000 100,000 0,000

SECTION HO, Q. 800

kwxs 16588.000 209.93% 211.046 1.118 1.000 242,138 201,873 0.000 B.472 0.000
FLOW DISTRIBUTION (W) = 0,000 100.000 O.000

SECTION RO, 5,000

wxtx 16558.000 Z10.B01 211.524 0.723 1.000 202,793 198.803 0D.000 6.822 0.000
FLOW DISTRIBUTION (W) = 0.000 100.000  O.000

BECTION NO. 6. 000

wwde  16558.000 210.9I0 211.736 0.B28 1.000 18D0.19%6  198.874 0.000 7.289 0.000
FLOW DISTRIBUTION (%) = G.000 100.000 D.000

SECTION HO. B.000
*+ GUPERCRITICAL ** Using Critical Water Burface + 050 ft,
BECTION WO. B.000 TIME = 1.000 DAYS.
TRIAL TRIAL COMFUTED CRITICAL
HO. wWB W5 w3
0. 216.330 208.607
1. 216.424 206.665 216.374

sewd  1ES598 . 000 216,424 221.758 5.334 1.000 BZ2.520 205.619 Q.000 18.526 0.000
FLOW DISTRIBUTION (%) = 0.000 100.000 0. 000

BECTION MO, 10.000

#x&s  1G59E.000 220.766 224.271 3.505 1.000 T3.8591 205.809 0,000 15,018 0,000
FLOW DISTRIBUTION (%) = 0,000 100,000 0,000

BECTION HO, 12,000



seds 1EESE._Q00 222,844 225.777 2.933 1. 000 T4.458 206,816
FLOW DISTRIBUTICOK (%) =

BECTION MNO. 14.000

weds 16598.000 225,114 226.777 1.663 1.000 102.B86 209,521
FLOW DISTRIBUTION (%) =

SECTION NO. 16.000

#ede  1R59E.000 224,346  228.810 4. 464 1.000 69,984 210,353
FLOW DISTRIBUTION (&) =

BECTION MO, 17.000

wxas  JE508.000 227.610  230.418 2.80% 1.000 B80.150 212.213
FLOW DISTRIBUTION (k) =

SECTICN MO, 18.000
e SUPERCRITICAL ** Using Critical Water Surface + .050 ft.
BECTION MO, 16.000 TIME = 1.000 DAYS.
TRIAL TRIAL COMPUTED CRITICAL
NG, L L L
0. 244,151 228,598
- IS 244,245 228,632 244.155

ters  15508.000 244.245 248,399 4,154 1.017 131.018  235.536
FLOW DISTRIBUTION (%) =

BECTION MO, 20,000
#+ GUFERCRITICAL ** Usaing Critical Water Surface + 050 ft,
SECTION WO, 20.000 TIME = 1.000 DAYE.
TRIAL TRIAL COMPUTED CRITTICAL
RO, WS WS WS
- 251.45%5 247.967
3. 251,589 248.017 251.539

wwdw - 16588000 251.589 254 . 602 3.013 1.040 213.676 245.271
FLOW DISTRIBUTION (%) =

SEDIMENT TRANSPORT AMALYSIS FOR A MATERIAL EXTRACTION ACTIVITY IN THE
ACCUMILATED TIME (yrs).... 0.003
FLOW DURATION (days) ...... 1.000

UPHSTREAM BOUNDARY CONDITIONS

Stream Ssgment # 1 | LISCHARGE | SEDIMENT LOAD | TEMPERATURE
Baction Mo, 20.000 | lefs) | {tons/day) | (dag F}

INFLOW | 16558.00 | 0.00 | 60.00

TABLE BSA-1. TRAF EFFICIENCY ON STREAM SEGMENT # 1

SEDIMENT TRANSPORT AMALYSIS FOR A MATERIAL EXTRACTION ACTIVITY IN THE

ACCUMULATED AC-FT ENTERING AND LEAVING THIS STREAM SEGMENT

R R R R R R R R R e e R S R R R R ]

TIME ENTRY * SAND :
DAYS BOTINT *+ INFLOW  OUTFLOW TRAF EFF *
1.00 20.000 = Q.00 *
TOTAL= 0.100 * 0.00 5, gOFesnbessan s

R R R O R R R T ]

L o000
.00

. 000
.200

000
000

000
000

<136
124

6586
250

ZEDTHMENT IMFLOW at thae Upstream Boundariy:

GRAIN SIZE LOAD (tons/day) | GRAIN BIZE LOAD (tons/day)
VERY FINE SAND. ... 0.00 | WVERY FINE GRAVEL o.oo
FINE BAND......... 0.00 | FINE GRAVEL,...... 0.oD
HMEDIUM SAND....... Q.00 | MEDIUM GRAVEL..... (]
CORRSE BAMD......, 0.00 | COARSE GRAVEL,.... .00
VERY COARGE BAND, Q.00 | VERY COARSE GRAVEL o.00

TOTAL = Q.00

SEDIMENT OUTFLOW from the Downstream Boundary

GRAIN BIZE LOAD (vons/day) | GRAIN SIIE LOAD (tons/day)
VERY FIKE SRMD. 3076.25% | VEEY FINE GRAVEL 18.%8
FINE BAMD. ; ccuesas 4023.12 | FIME GRAVEL....... 1,72
MEDIIM SAMD. .. .... 3183.20 | MEDI™ GRAVEL. .. .. 0,23
COMPSE SAND . ...... 1238.12 | COARSE GRAVEL..... 0.02
VERY COARSE SAND 206.84 | VERY COARSE GRAVEL 0.00

13,
100,

10,
100.

16
100.

L3,
100,

1E.
89,

13
5.

737
oo

346
ooo

549
ogo

q43
000

360
BET

944
710

oo

-00a
.0ad

. 0oa
.00

000
.00

0G0
.00

-610
009

000
000



TAHLE BB-2Z: BSTATUS OF THE BED PROFILE AT TIME = 1.000 DAYS

SECTION BED CHANGE WE ELEV THALWEG Q TRAMSPORT RATE (tons/day)

HUMBER (£r) (£t} (£x) (efa) SAND
20.000 a.00 251.59 239,50 16598, a
18.000 0.00 244.25 229.66 16598, a
17.000 0.00 227.61 196.85 16598. e]
16.000 0.00 224.35 196.8B5 16598 . 0.
14.000 =1_85 225.11 1594 .90 16538 . 18E0.
12.000 -2.79 222.84 194 .06 16538 . 4513,
10.000 =4.73 220.77 192 12 16598 . B956.
B.000 =6._90 216.42 189.95 16598. 17013.
&.000 -D.59 210.91 136.26 16598 17819.
5,000 3.90 210.80 200.75 16538. 11750.
0600 0.00 205.33 157.18 16598 . 117459,
0.500 0.00 208.78 157.24 165598 . 11749,
0.400 o.00 208 .86 154 .35 16538 . 11749,
0.300 g.oo 205.97 196.72 16598 . 11749,
0.200 0.00 205.74 155.05 16598 . 11749,
0. 100 G.00 203.54 185, 44 16598 . 11749,

L5END

Q DATA ERRORS DETECTED .

TOTAL WO, OF TIME STEFS READ = 1
TOTAL RO. OF WE PROFILES = 1
ITERATIONS IN EXNER EQ = BOO

COMPUTATIONS COMPLETED
RN TIME = O HOURS, 0 MIMUTES & 0O.00 SECOMDS
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TL SEDIMENT TRAMSPORT AMALYSIS FOR A MATERIAL EXTRACTICN ACTIVITY IN THE

T2 RIO GRANDE DE MAMATI AT MOROVIS, P.R., (FILEMAME=GINFROF.DAT)

T3 OCTORER 2007 PROPOSED RIVER PROFILE CONDITION 100-YR FREQUENCY STORM

N walues.,, Leaft Channel Raght Contraction Expansion
0.0600  0.0400  O.0600 1.1000 0.7000

BECTION HO. 0.100

...DEPTH of the Bed Sadiment Control Volume = 0.00 fe.

H waluas... Laft Channel  Right Contraction Expansion
0.0700 0.0400  0.0700 1.1000 0.7000

SECTION ROD. 0.200

.+ .DEPTH of the Bed Sediment Control Volume = 0.00 ft.

¥ values... Left Channal Right Contraction Expansion
0. 0600 0.0400 0.0800 1.2000 0, 6000

SECTION MO, 0.300

. DEPTH of the Bed Sediment Control Volums = 0.00 £t.

¥ values.,. Left Channel Raght Contraction Expansion
0.0600  O.0400 0.0600 1.2000 0, 6000

SECTION WO. 0,400

...DEPTH of the Bed Sediment Control Volume = 0.00 £t

K waluesa.,, Left Channel Raght Contraction Expansion
G.0600  0.0400 O, 0800 1.1000 0. 7000

SECTION MO, 0. 500

...DEPTH of the Bad Saedimant Control Voluse = 0,00 fe.

H valuas... Laft Channal Bight Coentraction Expansion
0.0600 0.0400  0.0600 1.1000 0. 7000

SECTION WO. 0.600

. ..DEPTH of the Bad Sedimant Control Volume = 0.00 ft.

H wvaluas... Laft Channel  Right Contraction Expansicn
0.0600 0.0400 0.0600 1.1000 G, 7000

SECTION RO. 5.000

. - ELEVATION of Model Bottam = 183.570 ft.

¥ valuas... Laft Channel  Right Contrastien EXpansion
0.0&00 0. 0400 00800 1.1000 0., 7000

SECTION HO. 6.000

.+ ELEVATION of Modal Bottom = 1B3.570 ft.

K values... Left Channal Right Contraction Expangion
00600 0.c400 o, 0600 1.1000 0.7000

BECTION HO. 8. 000



-+ +ELEVATION of Modal Bottom = 183.570 ft.

¥ wvalues,,. Left Channal Right Contraction Expansion
0.0&00 0.0400 0.0&00 1.1000 0, 7000

SECTION HO. 10,000

. ELEVATION of Model Bottom = 183.570 ft.

N values... Laft Channal Raght Contraction Expansion
0.0800C  0.0400 0. 0800 1.,1000 0.7000

BECTION MO, 12.000

. ELEVATION of Modal Hottom = 183.570 £t

N values... Laft Channel Raght Contraction Expansion
0.0600 0.0380 0.0&00 1.10040 0.7000

SECTION MO, 14,000

.+ ELEVATION of Model Bottom = 182,570 fe.

K waluesa... Left Channel Raght Contraction EXpansion
0.0800 0.0400 0,0800 1.1004 0.7000

SECTION RO, 16.000

.. .DEPTH of the Bed Sediment Control Voluma = 0.00 fr.

H walues... Left Channel Raght Contraction Expanaion
0,0600 0.0400 0.0600 1.1000 0. 7000
SECTION RO. 17.000

...DEPTH of the Bed Sediment Control Volums = 0.0 f£t.

H valuas.,. Left Channal Raght Contraction Expansion
D, 0600 0., 0400 D.DEDD 1.1000 0.7000

BECTION MO. 18.000

-+ .DEPTH of tha Bad Sedimant Control Voluma = 0.00 Et.

¥ valuas... Laft Channel Right Contraction Expansion
D.08o0D 0.0300 0. 0800 1.1000 Q. 7000

SECTICH MO, 20.000

...DEPTH of the Bed Sediment Control Volume = 0.00 fr.

MO, OF CROSS SECTIONS IN STRERM SEGMENT= 16
KO. OF INPUT DATA MESSAGES = 1]

TOTAL WO. OF CROSS SECTIONS IN THE NETWORK = 16
TOTAL WO. OF BETREAM SEGMENTS IN THE HETWORE= 1
END OF GEOMETRIC DATA

T4 SEDIMENT TRANSPORT ANALYSIS FOR A MATERIAL EXTRACTION ACTIVITY IN THE
TS RIO GRANDE DE MANMATI AT MOROVIS, P.R.

TE CCTOBER 2007

7 BED GRADATION FROM FIELD CONDITIONS

T8 ONLY SANDS AND GRAVEL PRESENT

SEDIMERT TRANSPORT AMALYSIS FUOR A MATERIAL EXTRACTION ACTIVITY IN THE
RIC GRANDE DE MAMATI AT MOROVIS, P.R. (FILENAME=GINFROF.DAT)
OCTORER 2007 PROPOSED RIVER PROFILE CONMDITION 100-¥YR FREQUENCY STORM

11 50. o 1 1.000 32.174 2 1

HMTC IASA LASH SPGE GEF BEAE PSI UWOLE
2] 1 1 0 2. 650 0.687 0.500 30.004 93.000

USING TRAMSPORT CAPACITY BELATIONSHIF # 1, TOFFALETI
GRAIN SIZES UTILIZED (mean diameter - mm)

VERY FIRE SAND 0.088 | VERY FINE GRAVEL 2.828
FINE BAND....02040 0.177 | FIRE GRAVEL....... 5.657
MEDIUM BAND. .. .... 0.354 | MEDIUM GRAVEL..... 11.314
COARSE SAMD...... ‘ 0.707 | COAREE GRAVEL. . ... 22 _ 627



VERY COARSE SAND. . 1.414 | WVERY COARSE GRAVEL  45.2585

COEFFICIENTS FOR COMPUTATION SCHEME WERE SPECIFIED
o8I DER Xio XIN Xio uBL UBN JEL
15 0. 500 0.500 0.250 0.500 D.250 2.000 1.000 |

SEDIMENT LOAD TABLE FCR STREAM SEGHMENT # 1
LOAD BY GRAIN SIZE CLASS ([tons/day)

FLOW | ©,00000 I
SAND 10.100000E-131
BAMD |0.100000E-131
SAND 10.100000E-151
SAND 10.100000E-19|
BAMD 10.100000E-15
GREVL |0.100000E-15
GEVL |10.100000E~-15]
GRVL |0.100000E-15]
GRVL | 0.100000E-1%|
GRVL |0.100000E-1%|

CROSS BEARCH HOVABLE IRITIAL BED-ELEVATIONS ACCUMULATED CHAMNNEL DISTRHCE
SECTION LEWGTH BED LEFT SIDE THALWEG RIGHT SIDE FROM DOWNSTREAM

RO, [$4:4] WIDTH [E45] £e) (£t (ft) (milas)
o.000

0.100 040060 206,070 195,440 22%.660 0. 000 0,000
108,320

0,200 6B1.150 211,350 185.050 225,660 109.320 0.021
111.190

0.300 606 340 218.010 186.720  229.660 220,510 0.042
41.470

0.400 35%0.100 218.440 154.390 216.6%0 261.580 0.050
143.B60

0. 500 355,500 213.020 197,240 211.550 405.840 G.orT
178. 080

0.600 402,430 213.780 157,180 212.200 583.5920 Q.lll
221 _810

5.000 568,475 225660 153.570 229 . 660 BOS5.730 0,153
131.350

6,000 SB@, 025 229,660 193,570 229. 660 937.080 0,177
262,300

B.000 156,878  229.660 193,570  229.630 1153380 0,227
262,140

10.000 176,115  2446.060 123.570  246.060 1461.520 0.277
255.420

12.000 175,330 Z246.060 183.570 246,060 1T720.5340 0.326
265,810

14,000 153.130 229,660 133.570 225,389 1986. 750 0.376
262,200

16,000 B37 . 840 262.470 136.850 262.470 2248.350 0,428
224,280

17,000 BO7.050 262.470 196 ._B50 278.870 2473.230 0.468
278 . 310

18,000 262470 252,620 225 _B6D 265,030 2751.540 0.521
385,830

20,000 352 . 650 262 .470 239_500 262,470 3137.430 0.5594

BED MATERIAL GRADATION

SECHO SAE DMAX  DXNPI XPI TOTAL BED MATERIAL FRACTIONS
£ ] (£t) BED par grain size

0.100 1.000 ©.167 0,167 1.000 1.000 | VF SAWMD 0.08%7 | VO SRMD 0.131 | M GRVL 0,061
| F SAND 0.131 | vF GRVL. ©0.087 | C© GRVL 0,085
| ¥ sAND 0.131 | F GRVL 0.063 | GRVL 0,057
| © SAMD 0.131 |

o.200 1.000 ©.167 ©.167 1.000 1.000 | VF SAND 0.087 | VC SAND 0.131 | M GRVL 0.06L |
| F SaMD 0.131 | VF GEVL O.087 | C GRVL 0.085 |
| ¥ BAMD 0.131 | F GEVL ©0.083 | VC GRVL 0.057 |
| © SaNMD 0.131 |

0.300 1.000 ©0.167 O0.167 1.000 21.000 | VF SAMD 0.097 | VO BAWD 0.131 | M GRVL 0,061 |
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1.000 ©.167 0,167 1.000 1.000

0.400

02167

0500 1.000 0,167

0,167

0.600 1.000 O.167

0.131 | ¥ GRVL 0,061
0.087 | C GRVL 0.085
Yo GRVL 0.057

0.063 |

355

000 0.16% 0,167 1.000 1.000
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86,000 1.000 0.186T7 O

10,000 1.000 ©,167 0,167 1.000 1.000

0.167

1.000 0,187
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oo
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1.000 1.000

0.167

L0003 0.167

1

14 000
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1.000 1,000

0,187

16,000 1.000 0,187

P A0 -
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1.000 O0.167 0O.1&67 1.000

17.000

0.167 O0.167

000 1.000

18

20,000 1.000 ©.167 0.167 1.000 1.000

BED SEDIMENT CONTROL VOLUMES

ki

LENGTH

STREAM SEGMENT #

BEEDIMENT TRAWSPORT AMALYSIS FOR A MATERIAL EXTRACTION ACTIVITY IN THE

1
1

| VOLUME
| {ou.fe) | leu.yd)

i
[ (fr)

DEPTH

{£e)

WIDTR

(£4

R

SECTION
HiBE

. 00000
0. 00000
0.00000
0.00000
0.00000

0.00000
0.0o000
0.00000
0.00000

604,522
407.626
395.5873



| 0600 | 198.845 | 432.102 | 0.000 | 0.00000 | O.00000 |
| 5.000 | 176.580 | 536.136 | 10.000 | 946705, | 35063.3 |
| &.000 | 196.825 | 430 .088 | 10.000 | 964616, | 35726.5 |
| B.0OQ | 282 .220 | 2331.961 | 10.000 | &DH248. | 22527.7 |
| 10000 | 280.780 | 173,425 | 10.000 | 452257, | 18750.3 |
| 12.000 | 262.615 | 174.381 | 10.000 | 457950, | 16861.1 |
i 14.000 | 264.005 | 280.796 | 10.000. | 741316, | 27456,2 |
| 16.000 | 243.240 | T50.101 | 0.000 | ©.00000 | &.00000 |
| 17000 | 251.2595 | T20.061 | 0.000 | ¢.00000 | &, 00000 |
| 18.000 | 332.100 | 356.010 | 0.000 | ©.00000 | @.00000 |
| 20.000 | 182.945 | 322.617 | 0.000 | 0.00000 | @.00000 I

RO. DF INPUT DATR MESSAGES= o
END OF SEDIMENT DATA

SHYD
BEGIN COMPUTATIONS,

SEDIMENT TRANSPORT AMALYSIS POR A MATERIAL EXTRACTION ACTIVITY IN THE
ACCIMULATED TIME (¥rS)...:v0u--- 0.000

=== Downstream Boundary Condition Data for STREAM SEGMENT NO. 1 at Control Point # 1 ---
DISCHARGE  TEMFERATURE WATER SURFACE

(efe) ideg F) (fe)
16598 .000 60.00 203,500
ssas DISCHARGE WATER EMERGY VELOCITY ALPHA TOP AVG AVG VEL (by subsection)
{COFE) SURFACE LIKE HEAD WIDTH BED 1 2 3
EECTION MO, 0.100
*¢ CRITICAL WATER SURFACE USED AT BECTION MG. 0,100 AT THME = 1.000 DAYE. =«
#RELOEQS

#+#« 16E58.000 203.542 206.440 Z2.458 1.263 333.553 157.241 2.034 13.045 3.634
DISTRIBUTION (%) = D.028 93.588 5.984

:

SECTION NG. 0.200
weew 16598000 205.740 207.258 1,518 1.385 331.50% 197.488 2.336 10.462 3.454

FLOW DISTRIBUTION (&) = 0.324 H87.933 11.743
EECTION NHO. 0.300
v SUPERCRITICAL *% [sing Critical Water Burface + 050 fe.
SECTION RO. 0.300 TIME = 1.000 DARYS.
TRIAL TRIAL CORPUTED CRITICAL
HO. Wa WS W3
2. 205.873 205.649
3. 205.867 205. 689 205.817
wees  1E598.000 205.967 208.032 3.065 1.000 187.%81  1%%.680 0.000 14.044 0.000
FLOW DISTRIBUTION (%} = 0.000 100.000 0.000
SECTICH HO. 0,400
wwdw  1E5GH.000 208,856 209.674 0.818 1.000 265.627 200.24d4 0.000 7.256 0.000
FLOW DISTRIBUTION (%) = 0.000 100.000  0.000
SECTION HO. 0.500
whaw  1ES59H . DOO 208, T84 210.330 1_546 1.o00 200.738 200.494 0. 000 5.975 0. 000
FLOW DISTRIBUTICH (%) = 0.000 100,000 0. 0040
SECTION WO, 0.&00
++4s  15598,000 209,931 211.046 1.115 l1.000 243.138 2 201.873 0,000 B.472 0,000
FLOW DISTRIBUTION (%) = 0.000 LOQ.000 ©.000
BECTION WO, 5.000
*ree  16558.000 210.883 211.451 0.56% 1.000 203.331 197,427 ©0.000 6.043 0,000
FLOW DISTRIBUTION (%) = 0.000 100.000 0,000
SECTION HO. &.000
#edd 16558.000 210,584 211.598 0.641 1,000 1%0.502 197.386 0.000 6.421 0,000
FLOW DISTRIBUTION (%) = 0.000 100,000 O.000
SECTION MO, B.000
** SUPERCRITICAL ** Usang Craitical Water Surface + .050 ft.
BECTION WO, 8.000 TIME = 1.000 DAYS.
TRIAL TRIAL COMPUTED CRITICAL
WO, w3 WS L]
o, 214,516 208,268
r i 214. 86140 208 .324 214 . 560

exxx 16558000 214.610 219,997 5.3a87 1.000 B1.433 203.662 0.000 1B.618 0.000
DISTRIBUTIO (&) = 0,000 100.000 ©.000

:

SECTION MO, 10.000
wxxx 16598000 219.021 222.547 3,524 1.000 T3.415 204.012 0D.000 15.063 0.000
DISTRIBUTION (%) = 0.000 100.000 0.000

:

SECTION RO. 12,000



=ess 16598.000 221,153 @ 224.065 2.812 1,000 73.848 204.733
FLOW DISTRIBUTION (%) =

BECTION NG, 14.000

teke  15598,.000 223.314 225.083 1.77% 1.000 58.228 207.523
FLOW DISTRIBUTION (&) =

SECTION MO. 16.000
T+ SUPERCRITICAL ** Usang Critical Water Surface + .050 fr.
SECTICH HO. 16.000 TIME = 1.000 DAYS.
TRIAL TRIAL COMPUTED CRITICAL
N, WE L L
2. 221.970 221.587
L 222.064 221.642 222,014

=ead  1R598. 000 222,064 228,378 6.314 1.000 64.326 208 .262
FLOW DISTRIBUTION (%) =

EECTION HO. 17,000

mewd 16598000 227687 230.482 2.795 1.000 B80.289 212.271
FLOW DISTRIBUTION (%) =

SECTION HO., 18.0040
** BUFERCRITICAL ** Using Critical Wakter Surface + .050 ft.
SECTION HO. 15.000 TIME = 1.000 DAYS.
TRIAL TRIAL COMPUTED CRITICAL
RO, Wa Wa WS
(118 244,129 228.64%
1. 244,223 228 . 664 244,173

wwxs  1H598.000 244.223 248,359 4.176 1.01a 130,785  235.534
FLOW DISTRIBUTION (%) =

SECTION RO. 20.000
=+ EUPERCRITICAL *+ TUsing Critical Water Surface = ,050 fr.
BECTION WO. 20.000 TIME = 1.000 DRYS.
TRIAL TRIAL COPUTED CRITICAL
™. WS L] L
F8 251,502 247.584
3. 251.596 248.033 251 .546

weds 16598000 251,596 254 . 602 3.008 1,041 213.84% 245,275
FLOW DISTRIBUTION (%) =

SEDIMENT TRANSPORT ANALYSIS FOR A MATERIAL EXTRACTION ACTIVITY IN THE
ACCUMULATED TIME (yrs).... 0.003
FLOW DURATION (days]...... L.0D0

UPSTREAM BOUNDARY CONDITIONS

Stream Segmant # 1 | DISCHARGE | SBEDIMENT LOAD | TEMPERATUHE
Section Mo, 20,000 | {cfs) | {tons/day) | (dag F)
INFLOW | 16598.00 | o.00 | 60,00

TABLE SA-1. TRAF EFFICIENCY OM STREAM SEGMENT # 1

SEDIMENT TRANSPORT ARALYSIS FOR A MATERIAL EXTRACTION ACTIVITY IN THE

ACCUMULATED AC-FT EMTERING AND LEAVING THIS STREARM SEGMENT
R E RN AR AP R R AR R R AR R W

TIME ENTRY * SAND "
DRYS POINT * IRFLOW OUTFLOW TRAF EFF *
1.00 20.000 = o.od ¥
TOTAL= 0.100 * o.00 5. 3geeekkeeinn &

L R R R R

TABLE 58-1: SEDIMENT LOAD FASSING THE BOUNDARIES OF STREAM SEGMENT # 1

o M

, 000
000

000
000

-0
.0o0

000
000

123
120

657
. 281

SEDIMENT INFLOW at the Upstream Boundary:

GRAIN SIZE LOMRD (tona/day) | GRAIN SIEZE LOAD (tons/day)
VERY FINE ShRND 0.00 | VERY FINE GRAVEL 0.00
FINE BAMD . ..c0-tus 0.00 | FINE GRAVEL....... .00
MEDTUM SAND. ...... 0.00 | MEDIUM GRAVEL..... o.o0
CORREE BAMWD....... 0.00 | OCOARSE GRAVEL..... .00
VERY COAREE SAND 0.00 | VERY COARSE GRAVEL 0.00

TOTAL = G.00
SEDIMEMT OUIFLOW from the Downstraam Boundary

GRATH SIZE LOAD (vons/day) | GRAIN SIZE LOAD (rons/day)
VERY FIKE SRND.... 3017.47 | YVERY FIME GRAVEL.. 11,76
FIME SBAMD. .:iss0 5+ 3J8B3.98 | FIME GRAVEL....... 1.01
MEDIUM BAND....... 2502.80 | MEDIUM GRAVEL..... 0.13
CORRSE SAND. ...... §38.57 | OCOMRSE GRAVEL..... .01
VERY CORRSE SAND. . 138.77 | VERY COARSE GRAVEL Q.00

TOTAL = 10891, 50

13.
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10.
100,

20,
100,

13,
100.

16.
899,

13,
99.

88
oo

701
Goo

158
ooo

410
oo

403
B72

829
708

(=0

000
000

000
000

LoD
.oog

.00
000

587
.008

L 000
.ooo



SECTION BED CHANGE WS ELEV  THALWEG Q TRAMSFORT RATE (tons/day)
HIMEER 113 {£E} (fe) {efa) SAMD
20.000 0.00 251.80 239.50 16598. G.
18.000 0.00 244 .22 229.66 165%8. o
17.000 0.00 227.69 136.85 165598. V]
16.000 .00 222.06 196.85 1E€5%8. s )
14.000 -2.43 223.31 181.14 165%8 . 2338,
12.000 -2 .60 221,15 190.97 16558 . 4788,
10,0080 -4, 215.02 188.83 16598 . 5238,
B.000 -&.87 214 .61 1BE.70 16598, 17249,
6. 000 -0. 40 210.55 153.17 16598, 177594,
5.000 4.44 210.88 158,01 18598, 10882,
&, 500 @, 00 209.53 157,18 18558, 10892,
0. 500 0,00 208.78 197,24 16598, 10882,
@, 400 Q.00 208.86 1594.39 16588, 10852,
0. 300 0,00 205.87 196,72 16558, 108592,
0,200 8.00 2058.74 155.08 16558, 10852 .
0.100 0,00 203.54 195,44 165598, 10852,
SSEND

D DATA ERRORS DETECTED.

TOTAL MO, OF TIME STEPS REMAD = 1
TOTAL WO, OF WS FROFILES = 1
ITERATIONS IN EXNER EQ = BOO

COMPUTATIONS COMPLETED
FUN TIME = 0 HOURS, O MIMUTES & ©.00 BECONDS
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Figure 3.

Channel bed profiles for the existing and proposed conditions MENAR HYDROSYSTEMS

(scale as shown).
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