FLooD HYDRAULICS OF TECATE CREEK, TECATE, BAJA
CALIFORNIA, MEXICO

PROJECT NUMBER: W-04-09B

VICTOR MIGUEL PONCE, SAN DIEGO STATE UNIVERSITY

HENRY ALBERTO CASTRO, CONSULTANT, TIJUANA, MEXICO

ANA ELENA ESPINOZA, INSTITUTO MEXICANO DE PLANEACION, TIJUANA, MEXICO
RicARDO CELIS, PRODISCO, TIJUANA, MEXICO

FLOR PEREZ, SAN DIEGO STATE UNIVERSITY

NARRATIVE SUMMARY

A hydraulic study has been performed with the objective of ascertaining flood stages for
an 11.56-km reach of Tecate Creek, in Tecate, Baja California, México. The study
underpins ongoing studies to restore Tecate Creek to productive stability. The aim is to
assure adequate flood conveyance for regulatory and design peak discharges, while
preserving and enhancing related hydroecological, socioeconomic, and aesthetic
functions.

The Hydrologic Engineering Center's River Analysis System model (HEC-RAS) has
been used for this study (U.S. Army Corps of Engineers 2002). The peak discharges
were developed in a companion study (Ponce et al., 2005). Two flood frequencies were
considered: (1) a regulatory 10-year (yr) flood, and (2) a design 500-yr flood. It was
found that the 10-yr flood would overflow the current low-flow channel in many of the
existing cross sections. Moreover, the 500-yr flood would overflow the current high-flow
channel in most of the existing cross sections.

Given the results of the hydraulic model, it is clear that an expanded flood control
channel is needed for Tecate Creek. A prismatic 25-meter (m) width and 2.5-m depth
low-flow channel would be able to convey the regulatory 10-yr flood. A 30-m width and
3.5-m depth high-flow flood plain would be able to convey the design 500-yr flood with
an adequate freeboard. This channel would also be able to convey the maximum
10,000-yr flood by using the available freeboard. The proposed flood-plain channel
underpins a long-term plan to provide much needed recreational space to enhance the
quality of life of the local population.

The following conclusions are derived from this study:

« The 10-yr flood (268 m®/sec) overflows the current low-flow channel in many of
the existing cross sections (see cross sections of Figures 20-78).

» The 500-yr flood (997 m®/sec) overflows the current high-flow channel in most of
the existing cross sections (see cross sections of Figures 83-141).



A 25-m width, 2.5-m depth, and size slope 2H:1V low-flow channel is able to
convey the regulatory 10-yr flood.

A 30-m width, 3.5-m depth, and size slope 2H:1V high-flow flood plain is able,
when taken together with the low-flow channel, to convey the design 500-yr flood
with an adequate freeboard (1.39 m).

A 30-m width, 3.5-m depth, and size slope 2H:1V high-flow flood-plain channel is
able to convey the maximum 10,000-yr flood by using most of the available
freeboard.

Right-of-way and related studies are required to guarantee that the entire reach
of Tecate Creek (11.56 km) is in compliance with existing flood control
regulations.

The proposed 30-m wide flood-plain channel could be used to provide
recreational space for the benefit of the local population.

A long-term plan for a Tecate river park that reconciles hydrological, ecological,
and economic objectives is envisioned.
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INTRODUCTION

Tecate Creek, in Tecate, Baja California, México (Figure 1), is being considered by
local, state, and federal agencies for rehabilitation. The project encompasses 11.56
kilometers (km) of Tecate Creek, from the upstream end at Puente San José I, east of
Tecate proper, to the downstream end at Puente La Puerta, west of Tecate (Figure 2). It
is expected that the project will be executed in phases over the next twenty years, as
resources become available.

The rehabilitation project seeks to provide a host of natural and anthropogenic functions
to restore Tecate Creek to productive stability. Several functions will be enhanced by
the rehabilitation project. These are: (1) flood conveyance, (2) groundwater
replenishment, (3) compliance with federal stream-zoning regulations, (4) preservation
of the riparian corridor, (5) enhancement of water quality, and (6) establishment of open
areas for parks, sports and recreation, including landscaping and aesthetics.

The project is of strategic binational importance, since Tecate Creek forms part of the
Tijuana river basin, which straddles the U.S.-Mexican border along the states of
California and Baja California. The hydrologic system constituted by Campo-Tecate
Creek has its headwaters near Live Oak Springs, in eastern San Diego County,
California, and flows past the town of Campo, California into México. There, it changes
name, first to Canada Joe Bill, and then to Arroyo Tecate (Tecate Creek). Thus, the
hydrologic fate of Tecate Creek and its contributing watershed is intertwined with that of
Campo Creek, on the United States side of the border.

A companion study has determined flood discharges for return periods ranging from 2
years to 10,000 years (Ponce et al., 2005). The present study determines the hydraulics
of the existing stream channel under a wide range of postulated flood discharges. Thus,
this report focuses on the calculation of the water-surface profiles using the Hydrologic
Engineering Center's River Analysis System (HEC-RAS) (U.S. Army Corps of Engineers
2002). The use of this model is necessary to assess the existing stream channel's
hydraulic competence to carry the regulatory and design floods. The 11.56-km study
reach is currently in various stages of development. This includes: (a) reaches that have



been disturbed but are as yet undeveloped, (b) reaches that currently have plans for
development, and (c) reaches where existing planned and/or unplanned development
has encroached upon the stream's ability to convey the floods. On the basis of this
analysis, several design choices would have to be made by the competent authorities,
both federal and local, to guarantee a measure of flood protection to the population of
Tecate.

BACKGROUND

The Comisién Nacional del Agua (CNA, National Water Commission of México), the
Secretaria de Infraestructura y Desarrollo Urbano (SIDUE, Department of Infrastructure
and Urban Development of Baja California), and the Ayuntamiento de Tecate
(Municipality of Tecate) are the federal, state, and local government agencies,
respectively, with jurisdiction over Tecate Creek. Previous studies have been performed
by Rhoda Arkhos Ingenieria S.C. (Rhoda Arkhos undated), the California State
Polytechnic University Studio 606 (2003), and the Centro de Estudios Sociales y
Sustentables (2004). Other studies have been completed by Huffman & Carpenter, Inc.
and the Institute of Regional Studies of the Californias (SDSU).

A comprehensive model-based flood hydrology study has been completed for Tecate
Creek (Ponce et al. 2005). The specific tool is event rainfall-runoff modeling featuring
distributed catchment parameterization. This includes distributed formulations of the
following hydrologic processes: (a) precipitation, (b) hydrologic abstraction, (c) rainfall-
runoff transform, (d) channel routing, and (e) channel transmission losses.

Based on the availability of depth-duration-frequency precipitation data, the catchment
modeling (rainfall-runoff) was performed for 2-year (yr), 5-yr, 10-yr, 25-yr, 50-yr, and
100-yr return periods. Once these values were established, extensions up to the
10,000-yr return period were developed using the Gumbel extreme-value probability
distribution (Ponce 1989). In México and other countries, the 10,000-yr return period is
used as a surrogate to the Probable Maximum Precipitation (PMP). Table 1 shows the
complete series of flood peak discharges for Tecate Creek.

RESEARCH METHODOLOGY/APPROACHES

The HEC-RAS model calculates water-surface profiles when presented with the
appropriate hydraulic and geometric data. The following data is required to run the
model: (1) a set of digitized cross sections, (2) the friction coefficients for inbank and
overbank flows, (3) the limits of inbank and overbank flows, (4) the lengths of inbank
and overbank flows, (5) the design discharge, and (6) a suitable downstream boundary
condition.

The cross sections are chosen to approximately represent the spatial variability of the
stream channel. The limits of inbank and overbank flows are determined based on the
field and laboratory examination of the cross-sectional geometry (Figure 3). The friction
coefficients are estimated based on previous experience and established practice
(Chow 1959; Barnes 1967). The design discharge is that corresponding to the chosen



return period (Table 1). The downstream boundary condition is usually taken as a
calculated normal stage/depth based on a specified channel slope.

DATA COLLECTION

The total length of the modeled reach of Tecate Creek is 11,560 meters (m). To
preserve accuracy, the distance between cross sections was chosen as 200 m.
Accordingly, a total of 59 cross sections were obtained, based on the available
topographic imagery. The topography and channel alignment are shown in Figures 4-6.
For display purposes, in these figures, the total channel length is divided into three
reaches: (a) downstream, (b) middle, and (c) upstream.

Table 2 shows the hydraulic and geometric characteristics of Tecate Creek. Column 1
shows sequential numbers for the cross sections. Column 2 shows the cumulative
distance, measured from upstream to downstream, as needed for surveying purposes.
Column 3 shows the relabeled station distances, from downstream to upstream, as
needed for HEC-RAS modeling. Columns 4-6 show left overbank, center channel, and
right overbank Manning friction coefficients, respectively. Columns 7 and 8 show left
and right overbank station limits, respectively. Columns 9-11 show left overbank, center
channel, and right overbank channel lengths, respectively.

Figure 7 shows the horizontal alignment of the upstream half reach. Figures 8-11 show

details of the horizontal alignment for this reach. Figure 12 shows the geometric data for
the horizontal alignment for this reach. Figure 13 shows the horizontal alignment of the

downstream half reach. Figures 14-17 shows details of the horizontal alignment for this

reach. Figure 18 shows the geometric data for the horizontal alignment for this reach.

Three levels of flood discharge are adopted for HEC-RAS modeling. The first level is
used in Mexican practice to establish the limits of the regulatory or federal zone (the
Zona Federal). This level is commonly taken as the 10-yr flood. The second level is
used for flood control projects in mid-size cities such as Tecate. This level is established
by CNA practice as the 500-yr flood. The third level is the frequency-based flood
equivalent to the Probable Maximum Flood. This is the 10,000-yr flood, used to size the
freeboard (Natural Resources Conservation Service 1960, Ponce 1989). Table 3 shows
the design discharges adopted for this study: (1) regulatory, with 10-yr return period; (2)
design, with 500-yr return period; and (3) probable maximum, with 10,000-yr return
period. Lastly, the downstream boundary condition (S) was specified as a channel

slope. This value was determined to be S, = 0.00692.

RESEARCH FINDINGS

The results of the HEC-RAS simulation using the existing cross sections are shown in
Figures 19-144. Figures 19-81 show the results for the 10-yr frequency, and Figures 82-
144 show the results for the 500-yr frequency.

Figure 19 shows the water-surface profile for the peak discharge corresponding to the
10-yr frequency. Figures 20-78 show the 59 calculated cross sections, from 11+560 to
0+000, every 200 m. Figures 79 and 80 show the calculated channel velocities and



Froude numbers, respectively. Figure 81 shows the HEC-RAS summary table, including
the water-surface elevations for all the cross sections.

Figure 82 shows the water-surface profile for the peak discharge corresponding to the
500-yr frequency. Figure 83-141 show the 59 calculated cross sections, from 11+560 to
0+000, every 200 m. Figures 142 and 143 show the calculated channel velocities and
Froude numbers, respectively. Figure 144 shows the HEC-RAS summary table,
including the water-surface elevations for all the cross sections.

A second series of HEC-RAS runs was accomplished by designing a prismatic six-point
flood channel to convey the 10-yr flood inbank and the 500-yr flood out-of-bank,
including an engineered flood plain. The design cross section was dimensioned to
convey the 500-yr flood with a suitable freeboard. Accordingly, the inbank channel was
set at 25-m width and 2.5-m depth, with side slope 2:1 (H:V). The flood plain (out-of-
bank channel) was set at 30-m width and 3.5-m depth, with side slopes 2:1 (H:V).

Figure 145 shows the water-surface profile for the peak discharge corresponding to the
10-yr, 500-yr, and 10,000-yr frequencies. Figures 146 and 147 show two typical cross
sections: (1) upstream, at 11+560 m, and (2) downstream, at 0+000 m. Figure 148
shows the HEC-RAS summary table, including the water-surface elevations for all
seven cross sections.

Figure 148 shows that the freeboard in the inbank channel (10-yr frequency) is: 474.50 -
474.39 = 0.11 m. Likewise, the freeboard for the floodplain channel for the 500-yr
frequency is: 478.00- 476.61 = 1.39 m. Also, the freeboard for the flood-plain channel
for the probable maximum flood (10,000-yr) is: 478.00- 477.65 = 0.35 m. Channel
velocities are 3.77, 5.74, and 6.50 m/s for the 10-yr, 500-yr, and 10,000-yr floods,
respectively. Froude numbers are 0.84, 0.93, and 0.95, respectively. The results are
summarized in Table 4.

CONCLUSIONS

A hydraulic assessment has been made of the ability of the present Tecate Creek to
convey regulatory (10-yr) and design (500-yr) flood discharges. It is shown that the
current flood channel is limited in some cross sections in its ability to convey the 10-yr
and 500-yr floods. An expanded cross section is suggested, together with a vision for a
flood-plain channel that can readily double as recreational space.

The following conclusions are derived from this study:

« The 10-yr flood (268 m®/sec) overflows the current low-flow channel in many of
the existing cross sections (see cross sections of Figures 20-78).

« The 500-yr flood (997 m*/sec) overflows the current high-flow channel in most of
the existing cross sections (see cross sections of Figures 83-141).

e A 25-m width, 2.5-m depth, and size slopes 2H:1V low-flow channel is able to
convey the regulatory 10-yr flood.



e A 30-m width, 3.5-m depth, and size slopes 2H:1V high-flow flood plain is able,
when taken together with the low-flow channel, to convey the design 500-yr flood
with an adequate freeboard (1.39 m).

e A 30-m width, 3.5-m depth, and size slopes 2H:1V high-flow flood-plain channel
is able to convey the maximum 10,000-yr flood by using most of the available
freeboard.

» Right-of-way and related studies are required to guarantee that the entire reach
of Tecate Creek (11.56 km) is in compliance with existing flood control
regulations.

o The proposed 30-m wide flood-plain channel could be used to provide
recreational space for the benefit of the local population.

* Along-term plan for a Tecate river park that reconciles hydrological, ecological,
and economic objectives is envisioned.
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APPENDIX

Table 1. Flood peak discharges for Tecate Creek
Return period Flood peak discharge

(yr) (m¥/s)

2 87

5 190

10 268

25 396

50 675

100 770

200 843

500 997
1000 1,113
2,000 1,230
5,000 1,383
10,000 1,499
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Table 2. Cross-section hydraulic and geometric characteristics for HEC-RAS model’

HEC-

No. | romus | PAS | L0 jC.cn R0 i Tl Lo | Songih | tongth
m T ™ m ) m | m | m)
O @ e Joale]le] o e | @ [ d | a
1 0+000 | 11+560 || 0.055 || 0.030 || 0.055 || 2.607 || 28.0871 || 188.137 | 200.000 | 211.863
2 || 0+200 || 11+360 || 0.065| 0.035 | 0.050 | 53.764 || 124.326 || 217.602 ||200.000 | 182.398
3 || 0+400 || 11+160 || 0.050| 0.030 || 0.070| 19.022 | 67.456 | 266.274 ||200.000| 133.726
4 || 0+600 || 10+960 || 0.070 | 0.035 |/ 0.060 || 166.924 || 226.002 || 176.349 | 200.000 || 221.998
5 || 0+800 || 10+760 | 0.070| 0.035|0.050| 87.55 | 115.806 | 200.000 |[200.000 | 200.000
6 1+000 | 10+560 || 0.070 | 0.035 || 0.050 5.94 78.873 || 219.815 || 200.000| 179.794
7 1+200 | 10+360 || 0.050| 0.030 || 0.060 | 43.767 | 106.121 || 196.989 || 200.000 || 203.009
8 1+400 | 10+160 || 0.070 | 0.040 || 0.060 | 44.552 | 119.128 || 230.232 || 200.000 || 169.768
9 1+600 | 9+960 | 0.050| 0.035 || 0.060 || 50.905 | 194.257 | 214.160 || 200.000 || 185.840
10 || 1+800 || 9+760 | 0.050 || 0.035 | 0.070| 7.561 99.223 || 173.018 || 200.000 || 226.982
11 || 2+000 || 9+560 | 0.050 || 0.030 || 0.060 | 12.510 || 181.616 || 200.000 |, 200.000 || 200.000
12 || 2+200 || 9+360 | 0.050 || 0.030 || 0.060 || 110.179 || 301.564 || 184.419 || 200.000 || 215.581
13 || 2+400 || 9+160 | 0.060 || 0.035 || 0.070 || 253.533 || 382.722 || 216.138 | 200.000 || 183.862
14 || 2+600 || 8+960 | 0.050 || 0.035 || 0.050 || 157.525 || 219.931 || 211.267 |, 200.000 || 188.733
15| 2+800 || 8+760 | 0.070 || 0.035 | 0.060 | 198.68 || 300.81 | 202.953 ||200.000| 197.047
16 || 3+000 | 8+560 | 0.070 | 0.050 || 0.070 || 45.447 || 127.35 || 200.000 | 200.000 || 200.000
17 || 3+200 | 8+360 | 0.050 || 0.030 || 0.070 || 30.325 || 166.778 || 219.561 || 200.000 || 180.066
18 || 3+400 | 8+160 | 0.050 || 0.030 || 0.070 || 9.461 86.307 || 200.000 | 200.000 || 200.000
19 || 3+600 || 7+960 | 0.050 || 0.030 || 0.050 || 79.077 || 134.986 || 171.760 | 200.000 || 230.516
20 || 3+800 || 7+760 | 0.050 | 0.035| 0.050 | 95.231 || 192.080 | 214.988 || 200.000| 185.012
21 || 4+000 | 7+560 | 0.050 | 0.030 | 0.050| 71.057 | 144.537 || 200.000 ||200.000 | 200.000
22 || 44200 || 7+360 | 0.050 | 0.030 | 0.050 | 109.224 || 180.096 || 230.531 ||200.000| 169.470
23 | 4+400 | 7+160 | 0.070 | 0.035 | 0.060 || 162.003 || 189.080 || 175.330 || 200.000 | 224.670
24 || 4+600 | 6+960 | 0.050 || 0.030 | 0.050 | 361.058 || 386.521 || 163.821 || 200.000 | 236.180
25 || 44800 || 6+760 | 0.055| 0.035| 0.055|116.874 || 142.036 || 193.663 | 200.000 || 206.337
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26

5+000

6+560

0.070

0.040

0.060

193.097

217.756

197.175

200.000

202.825

27

5+200

6+360

0.050

0.045

0.050

300.665

336.592

172.943

200.000

227.057

28

54400

6+160

0.065

0.050

0.060

259.310

281.740

206.455

200.000

193.545

29

5+600

5+960

0.060

0.045

0.06

214.170

237.200

206.927

200.000

193.073

30

5+800

54760

0.060

0.040

0.060

162.210

193.060

228.103

200.000

171.897

31

6+000

54560

0.050

0.030

0.060

79.800

108.100

181.311

200.000

218.689

32

6+200

5+360

0.050

0.035

0.065

321.260

347.500

175.000

200.000

225.000

33

6+400

5+160

0.075

0.050

0.075

319.050

346.000

193.432

200.000

206.568

34

6+600

4+960

0.090

0.070

0.090

334.500

354.400

225.792

200.000

174.208

35

6+800

44760

0.090

0.070

0.080

214.100

242.400

200.000

200.000

200.000

36

7+000

4+560

0.050

0.050

0.070

110.700

154.200

239.257

200.000

165.657

37

7+200

4+360

0.070

0.050

0.070

40.107

97.658

165.676

200.000

234.335

38

7+400

44160

0.050

0.035

0.050

91.900

112.141

171.208

200.000

228.792

39

7+600

3+960

0.070

0.055

0.065

141.600

200.500

159.216

200.000

240.784

40

7+800

3+760

0.070

0.040

0.070

162.500

211.600

275.354

200.000

134.774

41

8+000

3+560

0.070

0.050

0.070

146.500

201.300

111.113

200.000

288.887

42

8+200

3+360

0.070

0.035

0.070

161.700

225.000

218.780

200.000

181.703

43

8+400

3+160

0.070

0.035

0.070

30.800

111.300

200.000

200.000

200.000

44

8+600

2+960

0.090

0.070

0.090

93.900

194.600

200.000

200.000

200.000

45

8+800

24760

0.080

0.040

0.070

73.200

261.600

256.107

200.000

143.893

46

9+000

2+560

0.070

0.040

0.070

56.404

143.345

164.710

200.000

235.290

47

9+200

2+360

0.070

0.035

0.060

220.400

301.800

236.660

200.000

163.340

48

9+400

2+160

0.070

0.040

0.070

39.300

85.600

202.127

200.000

197.872

49

9+600

1+960

0.070

0.035

0.080

50.500

169.500

225.485

200.000

174.515

50

9+800

1+760

0.070

0.040

0.080

85.700

170.100

209.202

200.000

190.614

51

10+000

1+560

0.090

0.050

0.090

161.900

199.629

169.232

200.000

230.768

52

10+200

1+360

0.070

0.035

0.070

133.776

168.146

185.556

200.000

214.444

53

10+400

1+160

0.070

0.035

0.070

93.933

160.866

219.768

200.000

180.232

54

10+600

0+960

0.060

0.035

0.060

4.731

142.056

229.139

200.000

170.861
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55

10+800

0+760

0.060

0.035

0.060

79.252

187.027

168.413

200.000

229.121

56

11+000

0+560

0.060

0.035

0.060

96.192

175.461

171.274

200.000

228.726

57

11+200

0+360

0.060

0.035

0.060

26.364

142.680

257.403

200.000

142.597

58

11+400

0+160

0.060

0.035

0.060

28.674

172.544

132.376

160.000

188.749

59

11+560

0+000

0.060

0.035

0.060

58.666

132.860

0.000

0.000

0.000

L. O. = left overbank; n = Manning n; C. Ch. = center channel, R. O. = right overbank
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Table 3. Design flood peak discharges for Tecate Creek

Level Level of Return period Flood peak discharge
protection (yr) (m®/s)
1 Regulatory 10 268
2 Design 500 997
3 Maximum 10,000 1,499

14




Table 4. Hydraulic characteristics of flood-conveyance channel for Tecate Creek

Flood

Return Channel || Channel
Level Level pf period _ peak depth velocity Froude | Freeboard
protection discharge number (m)
(yr) 3 (m) (m/s)
(m?/s)
1 Regulatory 10 268 2.39 3.77 0.84 0.11"
2 Design 500 997 4.61 5.74 0.93 1.392
3 Maximum | 10,000 1,499 5.65 6.50 0.95 0.352

!inbank channel. 2 flood-plain channel
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Figure 2. Tecate Creek project limits: Puente San Jose Il (east),
and Puente La Puerta (west) (Source: Huffman & Carpenter, Inc.)
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Figure 3. Upstream view of Tecate Creek at El Descanso

Figure 4. Detail of the topography and horizontal alignment:
17

downstream third



Figure 6. Detail of the topography and horizontal alignment:
upstream third
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Figure 7. Horizontal alignment of the upstream half reach

Figure 8. Detail of the horizontal alignment of the upstream
half reach (1)
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Figure 9. Detail of the horizontal alignment of the upstream half reach (2)

Figure 10. Detail of the horizontal alignment of the upstream half
reach (3)
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Figure 11. Detail of the horizontal alignment of the upstream half
reach (4)
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Upstream Reach

No. Type Length (m) | Radius (m)| Angle

1 Tangent 37.203]

2 Curve 23.726] 100.000] 1373537
3 Tangent 283.862

4 Curve 17.602 50.0000 20"1015"
by Tangent 50.908

] Curve 32.039 500000 23g°42'52"
T Tangent 41.348

8 Curve 11.270 100.000 go2727"
9 Tangent 16.425

10 Curve §.054 100.000 4°3§'52"
11 Tangent 44938

12 Curve 50214 500000 &7°32'30"
13 Tangent 20.309

14 Curve 1.803 15.000 6°53"19"
15 Tangent 21.814

16 Curve 7.110] 10.000] 40°44'12"
17 Tangent 12.424

18 Curve 22.184 50.000) 25°2&5"15"
19 Tangent 17.487

20 Curve £5.269 100.000] 37°23'48"
21 Tangent 245 482

22 Curve 47.057 80.000) 33°42'07"
23 Tangent 9575

24 Curve 51.322 211.669 13°53'32"
25 Tangent 15.098

26 Curve 5.880] 40.000 §°25'23"
27 Tangent 22 507

28 Curve 6.159 30.0000 11°45'45"
29 Tangent 29.734

30 Curve 8.391 40.000] 12°01'11"
3 Tangent 36.320|

32 Curve 8.876] 30.000) 16°57'03"
33 Tangent 23214

34 Curve 10.334 75.000 7°53'42"
35 Tangent 7414

36 Curve 50.988 19117 24°31'32"
37 Tangent 194 863

38 Curve 76.385 67.306| 65°01'27"
39 Tangent 86.233)

40 Curve 248.630 316.044)  45°04'27"
4 Tangent 370.038

42 Curve 50347 161.566| 17°51'16"
43 Tangent 115261

44 Curve 159.293 290630 31°2413"
45 Tangent 216.953

46 Curve 24.033] 60.560] 22°44'16"
47 Tangent 37.833]

48 Curve 35199 77206 26°07'18"
49 Tangent 222 762

50 Curve 59.729 96.131) 35°35'59"
5 Tangent 43.395

52 Curve 10.850 26.056) 23°51'36"
53 Tangent 10.355

54 Curve 13.355 £8.917| 11°06'09"
53 Tangent 386.277

56 Curve 20.050] 32.852) 34°58'07
57 Tangent 57.051

58 Curve 33.251 110.924]  17°10'30"
59 Tangent 426.248

60 Curve 63.915 104.673] 34°59'09"
61 Tangent 240.549

62 Curve §3.551 66.285 72°13'10"
63 Tangent 51.648

64 Curve 26.093] £00.000 2°29'30"
B5 Tangent 171.874

66 Curve 76.041 £00.000 7°15'41"
67 Tangent 198 686

68 Curve 155.601 260.356] 34°714'34"
69 Tangent 72.732]

70 Curve 6.455 50.000 7°23'50"
) Tangent 179.823

72 Tangent 31.644

Total 5631.643

Figure 12. Geometric data for

the horizontal alignment of the
upstream half reacfl




Figure 13. Horizontal alignment of the downstream reach,
from right to left, 5+600 to 11+560 m (more detail in next
figure)

Figure 14. Detail of the horizontal alignment of the downstream
half reach (1)
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Figure 15. Detail of the horizontal alignment of
the downstream half reach (2)
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Figure 16. Detail of the horizontal alignment of the downstream
half reach (3)

Figure 17. Detail of the horizontal alignment of the downstream
half reach (4)
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Downstream Reach

Nao. Type Length (m) | Radius (m) Angle
1 Tangent 6802
2 Curve 10.586 150.000 4°02'37"
3 Tangent 42 347
4 Curve 10643 250.000 2°26721"
5 Tangent 61.278
(& Curve 223301 332.000] 38°32'12"
7 Tangent 63 889
8 Curve 458 071 400.000{ 65°36'50"
9 Tangent 59940
10 Curve 147 521 224 920| 37°34'48"
1 Tangent 439 973
12 Curve 31.414 40000 44°59'51"
12 Tangent 12 564
14 Curve 77610 112982 39°21'28"
15 Tangent 222 466
16 Curve 64 227 110989 33°09'20"
17 Tangent 113120
18 Curve 108330 133272 46°34'23"
19 Tangent 15544
20 Curve 45212 30.000{ 86°20'57"
21 Tangent 203.191
22 Curve 159 066 84 560 107°46'43"
23 Tangent 18673
24 Curve 14 368 30.000{ 27°26'29"
25 Tangent 595091
26 Curve 227033 145371 89°28'53"
27 Tangent 20164
28 Curve 63.634 50.000{ 72°55'10"
289 Tangent 17577
30 Curve 337335 272774 70°51'24"
31 Tangent 34 506
32 Curve 50.046 150000 19°06'59"
33 Tangent 45 741
34 Curve 158274 310522 29°12'14"
35 Tangent 15.796
36 Curve 39970 45000( 50°53'30"
a7 Tangent 24 278
38 Curve 56.633 45000 72°08'25"
39 Tangent 13672
40 Curve 352 358 325015] 62°06'57"
41 Tangent 170430
42 Curve 388775 343.188| 64°54'24"
43 Tangent 12963
44 Curve 32765 30.000{ 62°34'33"
45 Tangent 13.078
46 Curve 142433 248.149] 32°5312"
47 Tangent 46 511
48 Curve 77.840 98.102| 45°27'44"
49 Tangent 135.733
50 Curve 61.349 50.000{ 70°18'01"
51 Tangent 20.288
52 Curve 33.953 50.000{ 38°54'25"
53 Tangent 130.233
Total 5928.595

Figure 18. Geometric data for the horizontal
alignment of the downstream half reach
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Elevation (m)

Figure 19. HEC-RAS water-surface profile, 10-yr
frequency

Tecate_river_project_01 Plan: Plan 08 6/2/2006
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Figure 20. Calculated cross section at RM
11+560, 10-yr frequency
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Elevation (m)

Tecate_river_project_01 Plan: Plan 08  6/2/2006
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Figure 21. Calculated cross section at RM 11+360, 10-
yr frequency
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Figure 22. Calculated cross section at RM
11+160, 10-yr frequency
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Tecate_rver_project 01  Plan: Plan 08 6/2/2006

§
Figure 23. Calculated cross section at RM
10+960, 10-yr frequency.
o7 i v - 1'~ 035 + cs—-{
/f
H

Figure 24. Calculated cross section at RM 10+760, 10-
yr frequency
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Ebrvation (m}

Tecate river project 01 Plan: Plan 08 6/2/2006

035 | 05—

Figure 25. Calculated cross section at RM 10+560, 10-yr
frequency
:;‘

Figure 26. Calculated cross section at RM 10+360, 10-yr
frequency
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Tecate_river_project 01 Plan Plan 08 61212006
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Figure 27. Calculated cross section at RM 10+160, 10-yr
frequency

Tecate_rwer_project 01 Plan: Plan 08 6/2/2006
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Figure 28. Calculated cross"section at RM 9+960, 10-yr
frequency
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Elovation [m)

Tecate_rver_project 01 Plan Plan 0 6/2/2006
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Figure 29. Calculated cross section at RM 9+760, 10-yr
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Figure 30. Calculated cross section at RM 9+560, 10-yr
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Elevation (m)

Tecate_wver_project_01  Plan: Plan 08 6/2/2006

.\ . |
i i i 3 i

Figure 31. Calculated cross section at RM 9+360,
10-yr frequency

Figure 32. Calculated crosé éection at RM 9+160, 10-yr
frequency
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Tecate_rver_project 01 Plan Plan 0B 6/2/2006
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Figure 33. Calculated cross section at RM 8+960, 10-yr
frequency

Tecate_rier_project 01 Plan: Plan 08 62/2006
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Figure 34. Calculated cross section at RM 08+760, 10-yr
frequency
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Elevation (m)

Elevation (m)

53
0

53 Legend

Tecate_rver_project 01 Plan: Plan 08 6272006

Figure 35. Calculated cross section at RM 8+560, 10-yr
frequency
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Figure 36. Calculated cross section at RM 8+360, 10-yr
frequency
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Elevation (m )

Elewation (m)
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Figure 37. Calculated cross section at RM 8+160,
10-yr frequency
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Figure 38. Calculated cross section at RM 7+960,
10-yr frequency

36



Elevation (m)

Elevation (m)

Tecate_river_project_01 Plan: Plan 08 6/2/2006
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Figure 39. Calculated cross section at RM 7+760,
10-yr frequency
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Figure 40. Calculated cross section at RM 7+560,

10-yr frequency
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Elevation {m)

Elevation (m)
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Figure 41. Calculated cross section at RM 7+360,
10-yr frequency
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Figure 42. Calculated cross section at RM 7+160,

10-yr frequency
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Elevation (m}

Elevation {m}

Tecate_river_project_01 Plan: Plan 08 6/2/2006
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Figure 43. Calculated cross section at RM 6+960,
10-yr frequency
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Figure 44. Calculated cross section at RM 6+760,
10-yr frequency
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Elevation (m)

Elevation (m)

Tecate_river_project_01 Plan: Plan 08 6/2/2006
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Figure 45. Calculated cross section at RM 6+560,

10-yr frequency
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Figure 46. Calculated cross section at RM 06+360,

10-yr frequency
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Tecate_river_project 01 Plan- Plan 08 6/2/2006
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Figure 47. Calculated cross section at RM 6+160,
10-yr frequency
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Figure 48. Calculated cross section at RM 5+960,
10-yr frequency
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Elevation (m)

Elevation (m)
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Figure 49. Calculated cross section at RM 5+760,
10-yr frequency

Tecate_river_project_01 Plan: Plan 08  6/2/2006

05 03— 6

Legend
EG 10 year
Ground
4 .
s Bank Sta
513
512
511
510
508
0 50 100 150 200 250 300 350
Station (m)

Figure 50. Calculated cross section at RM 5+560,
10-yr frequency
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Tecate_river_project_01 Plan: Plan 08 6/2/2008
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Figure 51. Calculated cross section at RM 5+360,
10-yr frequency
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Figure 52. Calculated cross section at RM 5+160,
10-yr frequency
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Tecate_river_project 01 Plan Plan 08 6/2/2006
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Figure 53. Calculated cross section at RM 4+960,
10-yr frequency
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Figure 54. Calculated cross section at RM 4+760,
10-yr frequency
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Tecate_river_project_01 Plan: Plan 08 6/2/2006
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Figure 55. Calculated cross section at RM 4+560,
10-yr frequency
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Figure 56. Calculated cross section at RM 4+360,
10-yr frequency
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Figure 57. Calculated cross section at RM 4+160,
10-yr frequency
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Figure 58. Calculated cross section at RM 3+960,
10-yr frequency
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Elewation (m)

Tecate_river_project_01 Plan: Plan 08  6/2/2006

07 le 0s 07
=l Legend
E
Ground
3
Bank Sta
500
498
497
2
o 100 200 300 400 500 600 700

Station (m)

Figure 59. Calculated cross section at RM 3+760,
10-yr frequency
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Figure 60. Calculated cross section at RM 3+560,
10-yr frequency
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Tecate_river_project_01 Plan: Plan 08 6/2/2006
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Figure 61. Calculated cross section at RM 3+360,
10-yr frequency
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Figure 62. Calculated cross section at RM 3+160,
10-yr frequency
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Elevation (m}
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Figure 63. Calculated cross section at RM 2+960,
10-yr frequency
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Figure 64. Calculated cross section at RM 2+760,
10-yr frequency
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Figure 65. Calculated cross section at RM 2+560,
10-yr frequency
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Figure 66. Calculated cross section at RM 2+360,
10-yr frequency
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Figure 67. Calculated cross section at RM 2+160,
10-yr frequency
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Figure 68. Calculated cross section at RM 1+960,
10-yr frequency
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Figure 69. Calculated cross section at RM 1+760,
10-yr frequency
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Figure 70. Calculated cross section at RM 1+560,
10-yr frequency
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Elewation (m}
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Figure 71. Calculated cross section at RM 1+360,
10-yr frequency
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Figure 72. Calculated cross section at RM 1+160,
10-yr frequency
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Figure 73. Calculated cross section at RM 0+960,
10-yr frequency
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Figure 74. Calculated cross section at RM 0+760,
10-yr frequency
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Figure 75. Calculated cross section at RM 0+560,
10-yr frequency
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Figure 76. Calculated cross section at RM 0+360,
10-yr frequency
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Figure 77. Calculated cross section at RM 0+160,
10-yr frequency
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Figure 78. Calculated cross section at RM 0+000,
10-yr frequency
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Figure 79. HEC-RAS channel velocities, 10-yr frequency
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Figure 80. HEC-RAS Froude numbers, 10-yr frequency
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58

Reach | River Sta | Profile 0 Total | Min ChEl|W.5. Elev| Critw/S. | E.G. Elev| E.G. Slope| Wel Chnl | Flow Area| Top width| Froude # Chi
im3fsl | fml ml | iml im] imém] | (/s | (w2 [ fml
Tecate |11560 [10year 26800 55200 55567 55567 55636 0.004170 386  97.31 9359 077
Tecate [11380 [10pear 26200 54300 55213 55213 55233 0.011424 370, 7250 5313 1.01
Tecate |11160 [10year 26200 54300 55023 55003 55097 0.005203 a8z 7014 3312 091
Tecate |10980 [10year 26200 54600 54851 54851 54937 0010540 411 BS16 3340 1.01
Tecate |10760 | 10year 26200 54400 54693 54664 54753 0.004781 356 9557  B7.E0 072
Tecate |10560  |10year 25300 54400 54545 B4545  B4612 001123 365 735D 5441 1.01
Tecate |10380 [10year 26800 54200 54462 54434 0003038 212 13843 9365 043
Tecate |10160_ |10 year 26200 54100 5437 54405 0.005098 24 1113 7028 061
Tecate |9960  [10year 26200 54100 54273 54300 0005333 229 117.27 10297 068
Tecate |9760  [10year 26200 53900 54083 54084 54153 0009914 386 7537  BIES 0%
Tecate |9560 | 10year 26200 53800 53310 53310 53345 0010053 263 10195 14578 1.00
Tecate |9360  [10year 26200 53600 53819 53329 0.001460 143 18771 157.72 042
Tecate |9160  [10year 26200 53600 537.81 537.96 0.0018%8 171 15646 9638 043
Tecate |8360  [1Dyear 26200 53500 537.03 536EE  537.38 (0.004468 263 1033 12304 066
Tecate |8760 | 10year 26200 53400 53544 53544 53593 0011967 326 8215 7FEE 1.01
Tecate |8560 | 10year 28800 531.00 53313 533.43 0.007054 243 11042 6317 053
Tecate |8360 | 10year 26200 52900 531.23 53123 53183 0003346 326 8212 7703 1.01
Tecate |8160 | 10year 26800 52700 52915 52906 52979 0.008698 354 7575 5095 093
Tecate |7960 | 10year 26800 52500 52753 52753 52834 0007720 385  BA57 4557 1.00
Tecate |7760 | 10year 26800 52400 G616 52637 0003173 206 12983 8398 055
Tecate |7560 | 10year 26800 52300 52580 52533 0.001263 187 14316 7174 042
Tecate |7360 | 10year 26800 52300 52533 52563 0002478 239 11202 B4.37 058
Tecate |7160 | 10year 26800 52200 52453 52453 52497 0004510 318 17343 24340 063
Tecate |6960 | 10year 26200 51900 52253 52253 52318 0003746 373 10140 11298 074
Tecate |G7E0  |10ypear 26200 1800 52143 52143 52209 0005156 376 9547 9943 074
Tecate |6560 | 10year 26200 51600 51955 519.33 0005125 329 147.88 17824 065
Tecate |6360 | 10year 26200 51500 51847 51847 51886 0.008074 309 13185 167.46 062
Tecate |6160  |10year 26800 51400 51664 51710 0.012581 362 13135 18552 07
Tecate |5960 | 10year 26800 51200 51466 51466 51496 0003827 320 16236 23495 073
Tecate |5760 | 10year 28200 511.00 51293 51328 0.008304 296 15244 16829 072
Tecate |5560 |1Dyear 26800 50900 51163 51163 51221 0004301 365 11145 117.90 07
Tecate |5360 | 10year 26800 507.00 50950 509.89 0.004397 328 15053 217.83 07
Tecate |5160 | 10year 26200 50600 50865 50851 50286 0005420 254 21811 287.29 053
Tecate |4960  [10year 26800 50500 507.38 G507.01 50751 0003638 275 21668 20913 048
Tecate |4760  |10year 26800  501.00 505.00 0.017034 333 11148 12928 067
Tecate |4560  |10year 26800  500.00 50332 0.004688 242 13351 13676 050
Tecate |4360  [10year 26800  499.00 50176 0.014502 326 8224 5163 082
Tecate |4160  [10year 26800  457.00 50023 0.003801 28 17806 18637 062
Tecate |3960  |10year 26800  496.00 43319 0008218 237 13659 13392 057
Tecate |3760 | 10year 26800  496.00 437.34 0.005037 210 24369 34012 053
Tecate |3560 | 10year 26200  434.00 ; 43693 0003928 189 20191 187.45 044
Tecate |3360  [10year 26200 49300 49573 49525 43534 0003542 328 8582 9518 092
Tecate |3160  |10year 26200 49200 49410 49376 43441 0005068 246 11827 18179 068
Tecate |2960  [10year 26200 49100 49237 43261 0.019767 271 13240 15345 068
Tecate |2760 | 10year 26800 48900 49175 43182 0.001502 122, 22012 15555 033
Tecats |2560 | 1Dyear 26300 48300 491.01 43043 43123 0005636 228 11765 87.01 063
Tecate |2360  |10year 26200 48800 43338 43938 48980 0003740 295 107.24 17088 091
Tecate |2160  |10year 26200 48600 48832 48852 0.003031 220 17086 12260 043
Tecate [1960  [10year 25200 48600 48693 43693 487.39 0.013047 282 9508 11841 1.00
Tecate [1760  [1Dyear 26200 48300 48610 48627 0.002633 1.84 14583 8317 0.45
Tecate [1560 | 10year 25200 48200 43500 43425 43544 (0.008967 234 9161 121.04 060
Tecate [1360  |10year 26200 48000 48273 43273 43372 0010148 479 B241 3338 1.00
Tecate [1160 [10year 26800 47900 48163 48127 43205 0005282 287 9331 5688 072
Tecate |09B0  [10year 26300 47800 48002 48001 48052 0011953 312 8583 85E2 09
Tecate |0760 | 10year 26800 47700 47905 47926 0.003451 204 13162 9839 056
Tecate |0560 | 10year 26800 47600 477.92 47837 0005682 296 9046  B5EE 074
Tecate |0360  |10year 26800 47400 47618 47618 47676 0011933 337 7955 7093 1.02
i |Eigimes 81 -H4EG:RA8 summaryables: 10:yr fregquengy o
Tecate |0000 |70 pear S6R00 47200 47411 473@2| 47451 0005751 273 3 £5.50 073
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Figure 82. HEC-RAS water-surface profile,
500-yr frequency
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Figure 83. Calculated cross section at RM 11+560,
500-yr frequency
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Elewation (m)
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Figure 84. Calculated cross section at RM 11+360,
500-yr frequency
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Figure 85. Calculated cross section at RM 11+160,
500-yr frequency
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Elevation (m)

Tecate_river_project_01 Plan: Plan 09 6/8/2006
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Figure 86. Calculated cross section at RM 10+960,
500-yr frequency
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Figure 87. Calculated cross section at RM 10+760,

500-yr frequency
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Tecate_river_project_01 Plan: Plan 09 6/8/2006
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Figure 88. Calculated cross section at RM 10+560,
500-yr frequency
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Figure 89. Calculated cross section at RM 10+360,
500-yr frequency
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Tecate_river_project 01 Plan: Plan 09 6/8/2006
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Figure 90. Calculated cross section at RM 10+160,
500-yr frequency
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Figure 91. Calculated cross section at RM 9+960,
500-yr frequency
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Tecate_river_project_01 Plan: Plan 09  6/8/2006
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Figure 92. Calculated cross section at RM 9+760,
500-yr frequency
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Figure 93. Calculated cross section at RM 9+560,
500-yr frequency
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Tecate_river_praject_01  Plan: Plan 03 6/8/2006
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Figure 94. Calculated cross section at RM 9+360,
500-yr frequency
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Figure 95. Calculated cross section at RM 9+160,
500-yr frequency
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Figure 96. Calculated cross section at RM 8+960,

500-yr frequency
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Figure 97. Calculated cross section at RM 8+760,
500-yr frequency
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Tecate_river_project_01  Plan- Plan 09 6/8/2006
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Figure 98. Calculated cross section at RM 8+560,
500-yr frequency
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Figure 99. Calculated cross section at RM 8+360,
500-yr frequency
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Tecate_river_project 01 Plan: Plan 09 6/8/2006
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Figure 100. Calculated cross section at RM
8+160, 500-yr frequency
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Figure 101. Calculated cross section at RM
74960, 500-yr frequency
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Tecate_river_project 01  Plan: Plan 09 6/8/2006
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Figure 102. Calculated cross section at RM 7+760,
500-yr frequency
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Figure 103. Calculated cross section at RM 7+560,
500-yr frequency
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Tecate_river_project 01 Plan: Plan 09 6/8/2006
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Figure 104. Calculated cross section at RM 7+360,
500-yr frequency
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Figure 105. Calculated cross section at RM 7+160,
500-yr frequency
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Tecate_river_project_01  Plan Plan 09 6/8/2006
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Figure 106. Calculated cross section at RM 6+960,
500-yr frequency
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Figure 107. Calculated cross section at RM 6+760,
500-yr frequency
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Tecate_river_project 01 Plan- Plan 08 6/8/2006
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Figure 108. Calculated cross section at RM 6+560,
500-yr frequency
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Figure 109. Calculated cross section at RM 6+360,
500-yr frequency
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Tecate_rhver_project_01  Plan: Plan 09 6/8/2006

- [
065 Bk 0 |

Legend

EG 500 year

Bank Sta

Elewation (m}
o 5 =

Station (m)

Figure 110. Calculated cross section at RM 6+160,
500-yr frequency
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Figure 111. Calculated cross section at RM 5+960,
500-yr frequency
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Tecate_river_project 01 Plan Plan 09 6/8/2006
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Figure 112. Calculated cross section at RM 5+760,
500-yr frequency
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Figure 113. Calculated cross section at RM 5+560,
500-yr frequency
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Tecate_river_project_01 Plan: Plan 09  6/8/2006
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Figure 114. Calculated cross section at RM 5+360,
500-yr frequency
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Figure 115. Calculated cross section at RM 5+160,
500-yr frequency
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Elevation (m)
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Tecate_river_project_01 Plan: Plan 09  6/8/2006
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Figure 116. Calculated cross section at RM 4+960,
500-yr frequency

Tecate_river_project_01 Plan: Plan 09  6/8/2006

09 07— 03 |
507 Legend
EC 500 year
WS 500 year
e el
e e e S e Ground
o
Bank Sta
s08
505
04
503
502
=01
0 50 100 150 200 250 300 ) 400
Station (m)

Figure 117. Calculated cross section at RM 4+760,
500-yr frequency
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Tecate_river_project_01 Plan: Plan 09 6/8/2006
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Figure 118. Calculated cross section at RM 4+560,
500-yr frequency
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Figure 119. Calculated cross section at RM 4+360,
500-yr frequency
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Tecate_river_project_01 Plan: Plan 09 6/8/2006
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Figure 120. Calculated cross section at RM 4+160,
500-yr frequency
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Figure 121. Calculated cross section at RM 3+960,
500-yr frequency
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Elevation {m)
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Figure 122. Calculated cross section at RM 3+760,
500-yr frequency
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Figure 123. Calculated cross section at RM 3+560,

500-yr frequency
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Figure 124. Calculated cross section at RM 3+360,
500-yr frequency
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Figure 125. Calculated cross section at RM 3+160,
500-yr frequency
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Tecate_river_project_01 Plan: Plan 09  6/8/2006
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Figure 126. Calculated cross section at RM 2+960,
500-yr frequency
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Figure 127. Calculated cross section at RM 2+760,
500-yr frequency
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Tecate_river_project_01 Plan: Plan 09  6/8/2006
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Figure 128. Calculated cross section at RM 2+560,
500-yr frequency
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Figure 129. Calculated cross section at RM 2+360,
500-yr frequency
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Figure 130. Calculated cross section at RM 2+160,
500-yr frequency
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Figure 131. Calculated cross section at RM 1+960,
500-yr frequency
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Tecate_river_project_01 Plan: Plan 09 6/8/2006
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Figure 132. Calculated cross section at RM 1+760,
500-yr frequency
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Figure 133. Calculated cross section at RM 1+560,
500-yr frequency
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Tecate_river_project_01 Plan: Plan 09 6/8/2008
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Figure 134. Calculated cross section at RM 1+360,
500-yr frequency
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Figure 135. Calculated cross section at RM 1+160,
500-yr frequency
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Figure 136. Calculated cross section at RM 0+960,
500-yr frequency
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Figure 137. Calculated cross section at RM 0+760,
500-yr frequency
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Tecate_river_project_01 Plan: Plan 09  6/3/2006
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Figure 138. Calculated cross section at RM 0+560,
500-yr frequency
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Figure 139. Calculated cross section at RM 0+360,
500-yr frequency
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Figure 140. Calculated cross section at RM 0+160,
500-yr frequency

Tecate_river_project 01 Plan- Plan 09 B/8/2008
| o |

06 } 035 }
478
477 T T T T T T T T T S T T T T T T T
E r
g
W
=
e
474
473
a7
0 2 40 80 80 100 120 140 160 180
Station (m}

Figure 141. Calculated cross section at RM 0+000,
500-yr frequency
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Figure 142. HEC-RAS channel velocities, 500-yr frequency
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Figure 143. HEC-RAS Froude numbers, 500-yr frequency
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Reach River Sta | Profile [ Total | MinChEl|".5. Elex| Crit*A 5. | E.G. Elev|E.G. Slope| Yel Chnl | Flow Areal Top Width| Froude $# Chi
[m3/s] [m] [ [m] (] ] [rns] (M=) [m]
Tecate |11560 |S00pesr | 997.00) 55200 55735 55735 55811 0.003915 510 42913 25746 0.an
Tecate |11360  |S00pesr | 99700, 54500 55417 55417 55621 0006732 4E5 25403 16384 0.88
Tecate |11160  |BO0pesr | 99700 54800 66270 56270 56381 0003678 489 29895  18RE2 0.0
Tecate |10960 |S00pear | 997.00) 54600 55087 BA0B7 55223 0007315 521 21056 10525 092
Tecate |10760 |S00pesr | 997.00) 54400 54882 54875 55037 0.006834 520| 23604 7R3 095
Tecate |10B60  |BO0pesr | 99700 54400 54735 54735 H48.79 0008863 B31 18768  ER89 1.00
Tecate |10360 |BO0pesr | 99700 54200 B4EE2 54714 0003005 338 33278 10051 055
Tecate |10160  |S00pear | 997.00) 541.00 545714 54494 54616 0.008147 452 23904 10515 0es
Tecate |9960  [S0Dpear | 997.00) 541.00 54470 54510 0002699 279] |E96| 13773 055
Tecate |9760  |BOOpesr | 99700, 53900 54289 54289 54412 0009058 491 20288 82R4 1.00
Tecate |9560 |BO0pesr | 99700 53800 54007 54007 54089 0007745 399 24997 15704 1.01
Tecate |9360 [S00pear | 997.00) 53600 53998 54019 0.001040 205 48718 18451 0.40
Tecate |G160 |SO0pesr | 997.00) 536500 53345 53986 0002545 284  3/O4E 12529 054
Tecate |BSE0 |BO0pesr | 99700, 53500 53329 53829 53909 0006762 438 32277 A0 nez
Tecate |B7B0 |BO0pear | 99700 53400 53690 53665 53766 0007080 405 30284 20697 nev
Tecate |BSE0  |S00pesr | 997.00) 531.00 53469 53437 53574 0013255 455 21904 7798 0e7
Tecate |B3R0 |SO0pesr | 99700, 52900 53280 53280 53387 0006928 453 21735 10174 1.00
Tecate |B1B0 |BODpesr | 99700 527.00 63108 631.08 53246 0008420 B21 19145  E457 1.00
Tecate |7960 |S00pear | 997.00) 52500 52976 52975 531.20 0.005455 B3E 19791 7AE 095
Tecate |7760  |S00pesr | 997.00) 52400 52767 520,43 0003188 335 31450 13783 nE2
Tecate |7660  |BODpesr | 99700 62300 52763 627 96 0001558 212 42871 18R73 ns2
Tecate |7360  |BO0pesr | 99700 52300 62674 52674 52748 0003573 408  3EET7I 32042 076
Tecate |7160  |S00pear | 997.00) 52200 52558 52550 52620 0.006862 BO3 45848 32794 090
Tecate |G960  [S00pear | 997.00) 519.00 52425 525.06 0003580 513] 39344 22219 079
Tecate |G760 |BODpesr | 99700 &18.00 62323 62323 62421 0005319 B42 31708 14416 nez
Tecate |ESR0 |BODpesr | 99700 &16E00 52109 52164 0005207 452 43160 19525 071
Tecate |E360  [S00pesr | 997.00) 51500 51949 52018 0.011007 472| 3612] 20486 0e7
Tecate |G1G0 |SO0pesr | 997.00) 51400 51779 51815 0003300 416 52584 HI7.06 073
Tecate |GSR0 |BODpesr | 99700, &1200 1554 H1664  HIE0Z| 0012062 480 44053 40109 041
Tecate |G7B0 |BO0pear | 99700, 517.00 51463 51484 0002987 a05 62747 34080 ns3
Tecate |5560 |S00pesr | 997.00) 509.00 51327 51327 51410 000413 517 40368 24500 084
Tecate |53R0 |BO0pesr | 997.00) 507.00 51063 511.10 0.005073 441 47046 36312 077
Tecate |G1B0 |BODpesr | 99700 G000 BO9.96 B10.16  0.004251 302 ERH48  3ERE2 050
Tecate |4960  |S00yesr | 997.00) 50500 50849 % EB0R.79 0013595 363 49958 28426 064
Tecate |4760  |S00pesr | 997.00) 501.00 50605 505,36 0.0096E5 347 FA393] 36604 055
Tecate |4560  |BODpesr | 99700/ 60000 60503 G0R.34 0003107 296 46R00 20070 0.45
Tecate |43R0  |BO0pesr | 99700 45900 60310 60310 50416 0011988 477 28RE3 13678 084
Tecate |4160  [B00pear | 997.00) 497.00 50165 501,92 0.002722 347 FIT42] 24382 nss
Tecate |2960  |S0Dpear | 997.00) 49600 499593 49993 50075 0.016543 455 30143 19544 0.es
Tecate |2760  |BODpesr | 99700 459600 49313 489.27 0002631 249 79704 47005 0.48
Tecate |3560  |BODpesr | 99700 45400 49338 45864 0003836 278 5323 2E000 0.48
Tecate |3360 |S00pesr | 997.00) 45300 49678 49678 497.68 0.006815 463 37E1| 2073 0es
Tecate |3160  |BO0pesr | 997.00) 45200 43518 455,98 0.006958 428 32218 19554 0.88
Tecate |2960  |BODpesr | 99700 4591.00 43408 459435 0007747 264 49192 2378 0.48
Tecate |27B0  |BO0pear | 99700 48900 49369 49284 0001120 175  BA4E7 25236 032
Tecate |2560  |S0Dpesr | 997.00) 480.00 49204 49204 43321 0011808 481 20970 9234 099
Tecate |23R0  |GO0pesr | 997.00) 488.00 43087 451.25 0003680 324 BORF7  29R42 0E5
Tecate |2160  |BODypesr | 99700 48600 48351 45024 0006717 446 33953 15123 074
Tecate |1960  [S00pear | 997.00) 48600 48851 48915 0004138 331 34597 18957 0Ees
Tecate |1760  |S0Dpear | 997.00) 48300 48804 488,47 0.002572 300 3964 15916 050
Tecate |1560  |BODpesr | 99700 48200 48710 487,71 0005850 408 460G 252R4 0ET
Tecate |1360  |BO0pesr | 99700 48000 48540 48540 48659 0004345 B3z 30712 15250 e
Tecate |1160  |S00pear | 997.00) 479.00 483718 48318 48458 0.008558 525 190.71 76.98 1.00
Tecate |0960  [S00pear | 997.00) 478.00 48153 482.38| 0.006837 383 260E1 12575 0es
Tecate |07E0 |BOOpesr | 99700 477.00 48131 48166 0001673 2ER 33972 15R54 0.4
Tecate |OSB0 |BO0pesr | 99700 47600 47957 47957 48091 0008364 B13 1894200 7287 1.00
Tecate |0360 |S00pesr | 997.00) 47400 47774 477.74 47879 0.009485 453 22014 10553 1.00
Tecate |O1G0 |SO0pesr | 997.00) 47300  477.23 47752 0001626 236 42387 1496 044
Tecate |0000  |BO0pear | 99700 47200 47623 47662 47706 0004225 406 26045 10220 071
Figure 144. HEC-RAS summary table, 500-yr frequency
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Figure 145. HEC-RAS water-surface profile, design cross section

Elevation [m)

tecate_design_02 Plan: Plan 01 &/2/2006

038 i 07

585

554

582

Figure 146.

Legend
— e —
EG 10,000-y7
e {0 it
EG S00-yr
s
WS 10,000y
Crit 10,0007
sl ikl
WS S00-yr
TEGT0gr

WS 10-y7

*
Bank St

e e e e e e e e o

o 20 a0 L2 80

Station (m)

HEC-RAS design cross section at 11+560
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Figure 147. HEC-RAS design cross section at 0+000

ED

Reach River Sta | Profie 0 Tatal | bin ChEI[ W 5. Elev| Cit w'S. | E.G. Elev|E.G. Slope| Vel Chnl | Flow Area| Top Width| Froude # Chi
imdss) | tml | fm) i) ] | fmim) [ (més) | m@ | [ml
tecate_design 02| 11560 |10 ZES.00 55200 55433 55511 0006919 377 7118 3456 0.54
tecate_design 02| 11560 | S0C-pr 997.00 55200 55661 552.11) 0.006907 573 22123 7345 043
tecate_design 02| 11560 [10.0004r | 1499.00 55200 55765 55759 55951 0.006923 649 29964  7R.EO0 095
tecate_design 02| 9560 |10 262.00 53816 54055 541.27) 0.006923 377 7118 MEG 04
tecate_design 02[ 9560 | 500 337.00 53016 54277 544,27 0006934 574 22096 7343 0.93
tecate desion 029560 [10.000r| 1439.00 53816 543.81 54375 54567 0.006917 £49 29974 F7E1 095
tecate_design 02| 7560 |10 263.00 52432 52671 52743 0.006913 377 7118 3456 0ad
tecate_design 02| 7560 | SO0y 937.00 52432 522.93 53043 0.006907 573 2723 7345 043
lecate design 02[7560 (10000 | 1499.00 524.32 529.97 529.91 531.83 0.006922 .43 29985  77.E0 0.95
tecate_design_02|5560 |10 268.00 51048 51267 51353 0006923 377 7116 345G 0.4
tecate_design_02[5560 | GO0y 337.00 51048 515.09 51653 0.006934 574 22096 7343 093
tecate_design 02|5560 (100004 | 1453.00 51048 51613 51607 517.93 0.006920 £43 29988 7R.EO 095
tecate_design 02| 3560 |10 262.00 49664 499.03 49877 43975 0.006916 376 7118 3456 04
tecate_design 02| 3560 | 500y 957.00 49664 50125 50275 0006912 573 22122 7345 093
tecate_design 02[3560 (100004 | 1439.00 49664 50229 50223 50415 0.006922 £43 29965  77.E0 095
tecate_design_02| 1560 |10 262.00 48280 48513 43591 0.006916 376 7113 3456 084
tecate_design 02| 1660 | GO0y 997.00 48280  487.41 482.91 0.008932 574 2093 7344 043
tecate_design 02|1560 [100004r| 1499.00 48280 48845 48633 43031 0006922 649 29966 7760 095
tecate_design 02| 0000 |10 268.00 47200 47433 47413 47511 0006932 377 7113 MES 084
tecate_design_02(0000 | G004 937.00 47200 47661 47657 47811 0.006921 574 22101 7344 043
tecate_design 020000 (10000 | 1439.00 47200 47765 47753 47951 0.006924 650 29963 760 095

Figure 148. HEC-RAS design cross section summary table
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Figure 149. Tecate Creek, in Tecate, Baja California
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