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APPENDIX A Photographs

SITE 1
Highway 90 at Leon Creek
Upstream (East Bank to Channel Center)
P
SITE 1
— Highway 90 at Leon Creek

Upstream (Channel Center to West Bank)
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SITE 2
Old Highway 90 at Leon Creek
Upstream showing Heavy Growth

SITE 2
Old Highway 90 at Leon Creek
Along Road Looking Upstream
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SITE 3
Arvil at Leon Creek
Entrance to Rodriguez Park

SITE S
Pinn Road at Leon Creek
Downstream
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SITE 6
Highway 151 at Leon Creek
Upstream

SITE 7
Commerce at Leon Creek
Downstream
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SITE 8
Loop 410 at Leon Creek
Upstream

SITE9
—_ Culebra Road at Leon Creek
Downstream
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LEON CREEK WATERSHED
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SITE 10
Ingram Road at L.eon Creek
Downstream

SITE 11
Grissom Road at Leon Creek
Downstream
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SITE 12
Bandera Road at Leon Creek
Downstream

SITE 13
Babcock Road at Leon Creek
Upstream
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SITE 14
— Hausman Road at L.eon Creek
Downstream

A-8
LEON CREEK WATERSHED

DRAINAGE MASTER PLAN




APPENDIX A Photographs

SITE 15
Vista Blvd. at Leon Creek
Downstream
SITE 16
- Loop 1604 at Leon Creek

Downstream (4 Bridges)
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SITE 17
Old Grissom Road at Leon Creek
Downstream

SITE 18
Timberpath at Culebra Creek
Downstream
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SITE 19
Culebra Road at Culebra Creek
Downstream

SITE 20
Culebra Road at Culebra Creek
Upstream
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SITE 21
Loop 1604 at Culebra Creek
Upstream

SITE 22
F.M. 1560 at Culebra Creek
Downstream
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SITE 24
Mainland at French Creek
Upstream

SITE 25
Guilbeau Road at French Creek
Upstream
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SITE 26
Bandera Road at French Creek
Downstream
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SITE 27
— Prue Road at French Creek
Upstream
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SITE 29
Loop 1604 at French Creek
Upstream

SITE 30
Leslie Road at French Creek
Downstream

A-16
LEON CREEK WATERSHED

DRAINAGE MASTER PLAN




APPENDIX A Photographs

b ']

SITE 31
Ingram Road at Huebner Creek
Upstream

SITE 32
Timberhill at Huebner Creek
Downstream
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SITE 33
Bandera Road at Huebner Creek
Upstream

SITE 33
Bandera Road at Huebner Creek
Median
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SITE 34
Evers at Huebner Creek
Upstream

SITE 35
Huebner Road at Huebner Creck
Downstream
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SITE 36
Eckhert Road at Huebner Creek
Downstream

SITE 37
Babcock Road at Huebner Creek
Downstream
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SITE 37.5
Babcock Road at West Huebner Creek
Downstream

SITE 38
Hollyhock at West Huebner Creek
Upstream
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SITE 39
Babcock Road at West Huebner Creek
Upstream

SITE 40
Lockhill Selma Road at West Huebner Creek
Upstream
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SITE 41
White Bonnetl at West Huebner Creek
Downstream

SITE 42
Prue Road at West Huebner Creek
Upstream
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SITE 43
Babcock Road at Huesta Creek
From North, Low Water Crossing, No Culvert

SITE 44
Danvers at Huesta Creek
Upstream
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SITE 45
Hausman Road at Huesta Creek

Upstream

SITE 46
Loop 1604 at Huesta Creek
Upstream, Under Construction
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SITE 47
UTSA Blvd. at Maverick Creek
Upstream

SITE 49
Loop 1604 at Maverick Creek
Upstream
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SITE 50
Loop 1604 at Helotes Creek
Upstream

Braun Road at Helotes Creek
Downstream
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APPENDIX B Mitigation Projects

Table 1.1 - Leon Creek Problem Areas

Problem
Number
LC-1 (Split flow over Hausman Road creates low water crossing
LC-2 |Building on edge of floodplain at section 150400- south of Hausman|
LC-3 |Low water crossing entire - Babcock Road under water
LC-4 [|Private drive low water crossing just south of Bandera
Timber Creek Estates Subdivision 90+ houses in floodplain
LC-5 |(Remove illegal dumping across Leon Creek from Timber Creek
Estates: Old P-4)
LC-6 |Flooded road - Heath Lane
L.C-7 |Grissom Road - Bridge flooding
LC-8 |1 structure in floodplain and 4 on the edge just south of Grissom
LC-9 |3 houses near floodplain in Pipers Meadow Subdivision -OUT
LC-10 {Ingram Road - Low water crossing
Frontage on Loop 410 - 2 Retail structures on edge of floodplain
(car dealerships)
LC-12A |Culebra Road bridge causing problems
LC-12B |2 structures adjacent to Culebra Road bridge near floodplain - OUT
LC-13 |1 apartment near edge of floodplain - OUT
LC-14 |W. Commerce low water crossing
LC-15A |Pinn Road low water crossing
LC-15B |5 structures on edge of floodplain - OUT
LC-15C |1 commercial structure in floodplain
LC-16A |3 Structures in floodplain
LC-16B |8 Structures near floodplain - OUT
LC-17 |Rodriquez Park in floodplain

Problem

LC-11
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APPENDIX B Mitigation Projects

Table 1.2 - Helotes Creek Problem Areas

Problem

Number
HEL-1 |[Galm Road low water crossing

HEL-2A [Braun Road low water crossing

HEL-2B |2 structures near floodplain

HEL-3A |Leslie Road inundated

HEL-3B |Leslie Road inundated

HEL-3C |Leslie Road inundated

HEL-3D |7 structures in floodplain

HEL-4 {FM 1604 overtopped - TxDOT project to mitigate

HEL-5 |[New Territories Subdivision; 48 houses near floodplain - OUT
HEL-6 {Split flow down Wood Trail

Problem

Table 1.3 - Culebra Creek Problem Areas

Problem
Number
C-1 |Galm Road low water crossing

C-2  |Galm Road low water crossing

C-3A |2 structures near floodplain

C-3B |l structure near floodplain

C-4A |Stuebing low water crossing

C-4B |1 structure in floodplain

C-5A |FM 1604 inundated - TxDOT project to mitigate

C-5B |Culebra inundated

C-5C |10 structures near floodplain

C-6A |Culebra bridge inundated

C-6B |7 structures in floodplain, 3 structures OQUT
Easterling Road low water crossing; remove fill D.S. of low water
crossing
C-7B |2 structures near floodplain
C-8A |Culebra Road in floodplain
C-8B |[Timber Path in floodplain
C-8C |0OI1d Grissom to New Grissom in floodplain
C-8D |7 structures near floodplain - OUT
C-8E |1 structure in floodplain

Problem

C-7A
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APPENDIX B Mitigation Projects

Table 1.4 - Huesta Creek Problem Areas

Problem
Number
HUE-1 |Split flow - no project required
HUE-2 |4 structures on edge of floodplain - OUT
HUE-3 |Inadequate drainage structure under Hausman Rd.
HUE-4 |Alley View Mobile Park 12 trailers in floodplain, 2 others OUT
HUE-5 |Babcock low water crossing inundated

Problem

Table 1.5 - Maverick Creek Problem Areas

Problem
Number
M-1A |Babcock in floodplain
M-1B [Babcock in floodplain
M-1C |Babcock in floodplain
M-1D |7 structures near floodplain
M-2 [Babcock in floodplain
M-3 [Babcock too low
M-4  |Babcock too low; UTSA Blvd. drainage structure too small
M-5 |Hausman Rd. drainage structure too small (low water crossing)

Problem

B-3
LEON CREEK WATERSHED
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APPENDIX B Mitigation Projects

Table 1.6 - Huebner Creek Problem Areas

Problem
Number
HB-1 |[DeZavala Road low water crossing
HB-2 |Section 90; 1 building in the floodplain
Section 84; 3 houses near floodplain, Babcock Place Subdivision -
ouT
HB-4 |Prue Road low water crossing
HB-5A |Lockhill low water crossing
HB-5B |White Bonnet low water crossing
HB-5C |1 building in the floodplain, 1 other OUT
HB-5D |4 buildings in the floodplain
Hollyhock low water crossing (currently under design - 1994 bonds)
HB-6A |Bridge cost shown is the additional amount required to bring bridge
up to a 100 year design

Problem

HB-3

HB-6B {5 structures near floodplain in Wellesly Manor Subdivision - OUT

HB-6C |5 structures in floodplain, 4 others OUT
Whitley low water crossing(currently under design - 1994 bonds)
HB-7A |Bridge cost shown is the additional amount required to bring the
bridge up to a 100 year design

HB-7B |1 structure near edge of floodplain - OUT

HB-8 |Eckert Road low water crossing
HB-9A |[Leon Valley in floodplain - approximately 167 structures flooded
HB-9B |9 houses near floodplain Win Creek Subdivision - QUT

HB-10 |Timberhill low water crossing

LEON CREEK WATERSHED
DRAINAGE MASTER PLAN




APPENDIX B

Mitigation Projects

Table 1.7 - French Creek Problem Areas

;rl:l:)lr:: Problem
F-1 |2 structures in floodplain, 13 others OUT or N/A
F-2A |Hausman Road low water crossing
F-2B |7 structures near floodplain - QUT
F-2C |4 structures near floodplain - OUT
F-3  |Prue Road overtopped
F-4A [N Verde low water crossing
F-4B [S Verde low water crossing
F-4C |11 structures in floodplain
F-5A |Inadequate drainage structure at Bandera Rd.
F-5B |3 structures in floodplain, 2 others OUT
F-5C |1 structures in floodplain, 5 others OUT
F-5D |1 structures in floodplain, 3 others OUT
F-6  |Inadequate drainage structures at Guilbeau
F-7 |Wildwood Subdivision 9 houses near floodplain - OUT
F-8A |Inadequate drainage structure at Mainland
F.8B 2 structures near floodplain - No mitigation req'd if bridge 1s
improved
F-8C |2 structures near floodplain - OUT
F-9A |Low Bid Lane in floodplain
F-9B |[Heath in floodplain
F-9C |Clyde Dent Drive in floodplain

LEON CREEK WATERSHED

DRAINAGE MASTER PLAN
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LEON CREEK WATERSHED
MITIGATION COSTS BY ADMINISTRATION

)

TABLE 3

(IN MILLIONS OF DOLLARS)

ADMINISTRATION

BASE PROJECTS FRINGE* PROJECTS [ SPECIAL PROJECTS

NUMBER|] COSTS | NUMBER COSTS NUMBER| COSTS
CITY OF SAN ANTONIO 23 $ 14.2 8 1.5 0 -
DRAINAGE PRQJECTS
(levees, channels, flood walls, buyouts)
CITY OF SAN ANTONIO 0 $ - 0 - 5 251
MULTI-USE/BENEFIT PROJECTS
(detention ponds)
ROAD & BRIDGE PROJECTS 46 $ 328 0 - 0 -
OTHER CITIES / MUNICIPALITIES 1 $ 105 0 - 0 -
(Leon Vatley)
TOTALS 70 $ 6575 8 1.5 5 25.1

* Fringe projects include those projects near the edge of the flood plain which require detailed survey information
to determine if they in fact are affected by the 100-yr event.
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APPENDIX B Mitigation Projects
Table 4.1a - Leon Creek High Priority Projects
(Base Projects Only)

Project T Cost Benefit Benefit/Cost

Number ype Ratio
LC-1 Levee $26,000 $1,000,000 38.5
LC-3 Bridge $751,000 $1,000,000 1.3
LC-5 | Channel Improvements] $4,340,000 | $10,000,000 2.3
LC-10 Bridge $1,813,000 | $2,000,000 1.1

LC-12A Bridge $2,713,000 $2,000,000 0.7
LC-17 Signs and Gates $50,000 $1,000,000 20.0
Total $9,693,000

Note that $1,760,000 for project LC-5 shouid be property owner funded.

Table 4.1b - Leon Creek Moderate Priority Projects

(Base Projects Only)
Project Benefit/Cost
Number Type Cost Benefit Ratio
LC-15C Purchase $240,000 $1,120,000 4.7
Total $240,000
Table 4.1c - Leon Creek Low Priority Projects
(Base Projects Only)
Project Benefit/Cost
Number Type Cost Benefit Ratio
LC-4 Bridge $590,000 $1,000,000 1.7
LC-6 Raise Roadway $219,000 $1,000,000 4.6
LCc7 Bridge $1,273,000 | $2,000,000 1.6
LC-14 Bridge $2,617,000 | $1,500,000 0.6
LC-15A Bridge $989.000 $1,500,000 1.5
L.C-16A | Verify FF/Floodwall $720,000 $200,000 0.3
Total $6,408,000
B-17
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APPENDIX B Mitigation Projects
Table 4.2a - Helotes Creek High Priority Projects
(Base Projects Only)
Project Benefit/Cost
Number Type Cost Benefit Ratio
HEL-6 |[Channel Improvements| $1,400,000 | $10,000,000 7.1
Total $1,400,000
Table 4.2b - Helotes Creek Moderate Priority Projects
(Base Projects Only)
Project Benefit/Cost
Number Type Cost Benefit Ratio
HEL-1 Bridge $513,000 $1,000,000 1.9
HEL-2A Bridge $365,000 $1,000,000 2.7
HEL-3D Purchase $1,260,000 | $1,500,000 1.2
Total $2,138,000
Table 4.2¢ - Helotes Creek Low Priority Projects
(Base Projects Only)
Project Benefit/Cost
Number Type Cost Benefit Ratio
HEL-3A Bridge $352,000 $1,000,000 2.8
HEL-3B Bridge $363,000 $1,000,000 2.8
HEL-3C Bridge $363,000 $1.,000,000 2.8
Total $1,078,000
B-18
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APPENDIX B Mitigation Projects
Table 4.3a - Culebra Creek High Priority Projects
(Base Projects Only)
Project Type Cost Benefit Benefit/Cost
Number Ratio
C-1 Bridge $1,842,000 | $2,000,000 1.1
C-2 Bridge $699,000 $2,000,000 2.9
C-4A Bridge $442 000 $1,500,000 3.4
C-5B Raise Roadway $365.,000 $1,500,000 4.1
C-6A Bridge $1,310,000 | $2,000,000 1.5
C-6B Verify FF/Purchase | $1,155,000 | $1,500,000 1.3
Total $5,813,000

Table 4.3b - Culebra Creek Moderate Priority Projects

(Base Projects Only)
Project Benefit/Cost
Number Type Cost Benefit Ratio
C-4B Verify FF/Levee $26,000 $250,000 9.6
C-8A Bridge $2,039,000 | $1,500,000 0.7
C-8E Purchase $120,000 $150,000 1.3
Total $2,185,000
Table 4.3¢ - Culebra Creek Low Priority Projects
(Base Projects Only)
Project Benefit/Cost
Number Type Cost Benefit Ratio
C-7A | Channel Improvements| $143,000 $250,000 1.7
C-8B Bridge $817,000 $1,500,000 1.8
C-8C Bridge $871,000 $1,500,000 1.7
Total $1,831,000

Note that $143,000 for project C-7A should be property owner funded.
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APPENDIX B Mitigation Projects

Table 4.4a - Huesta Creek High Priority Projects

{Base Projects Only)
Project Type Cost Benefit Benefit/Cost
Number Ratio
HUE-3 Bridge $315,000 $1,500,000 4.8
HUE-5 Bridge $584,000 $1,500,000 2.6
Total $899,000

Table 4.4b - Huesta Creek Moderate Priority Projects

(Base Projects Only)
Project Benefit/Cost
Number Type Cost Benefit Ratio
HUE-4 Verify FF/Levee $36,000 $1,000,000 27.8
Total $36,000
Table 4.4¢ - Huesta Creek Low Priority Projects
(Base Projects Only)
Project Benefit/Cost
Number Type Cost Benefit Ratio
Total $0
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APPENDIX B Mitigation Projects
Table 4.5a - Maverick Creek High Priority Projects
(Base Projects Only)
Project Type Cost Benefit Benefit/Cost
Number Ratio
M-1A Bridge $301,000 $1,000,000 33
M-1B Bridge $301,000 $1,000,000 3.3
M-1C Bridge $301,000 $1,000,000 3.3
M-2 Levee $92.,000 $1,500,000 16.3
M-3 Levee $36,000 $1,500,000 41.7
M-4 Bridge $448,000 $1,500,000 3.3
M-5 Bridge $239,000 $1,500,000 6.3
Total $1,718,000

Table 4.5b - Maverick Creek Moderate Prioritv Projects

(Base Projects Only)
Project Benefit/Cost
t B fit
Number Type Cos enell Ratio
Total $0
Table 4.5¢ - Maverick Creek Low Priority Projects
(Base Projects Only)
Project Benefit/Cost
Number Type Cost Benefit Ratio
Total $0
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APPENDIX B Mitigation Projects
Table 4.6a - Huebner Creek High Priority Projects
{Base Projects Only)

;ru::‘:;g Type Cost Benefit Ben;ﬂ:‘iffost
HB-1 Bridge $609,000 $1,000,000 1.6
HB-4 Bridge $493,000 $1,000,000 2.0
HB-6A Bridge $424.000 $1,500,000 3.5
HB-7A Bridge $231,000 $1,000,000 4,3
HB-8 Bridge $457,000 $1,500,000 3.3
HB-10 Bridge $928.,000 $2,000,000 2.2
Total $3,142,000

Note that $400,000 has already been funded on projects HB-6A and HB-7A.

Table 4.6b - Huebner Creek Moderate Priority Projects

(Base Projects Only)

Project Benefit/Cost
T Cost

Number ype 0s Benefit Ratio

HB-2 Verify FF/Floodwall | $100,000 $2,000,000 20.0
HB-5C | Verify FF/Floodwall | $172,000 $250,000 1.5
HB-5D Purchase $423,000 $600,000 1.4
up-gc | Vverify FF/Chamnel |g, 00 000 | $1,500,000 1.2

Improvements
Total $1,925,000
Table 4.6c - Huebner Creek Low Priority Projects
(Base Projects Only)

Project Benefit/Cost
Number Type Cost Benefit Ratio
HB-5A Bridge $288,000 $1,000,000 3.5
HB-5B Bridge $288,000 $1,000,000 3.5
HB-9A | Channel Improvements| $10,472,000 ( $35,000,000 3.3

Total $11,048,000

Note that $10,472,000 for project HB-9A should be Leon Valley funded.
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Mitigation Projects

Table 4.7a - French Creek High Priority Projects

(Base Projects Only)
Project Benefit/Cost
T
Number ype Cost Benefit Ratio
F-3 Bridge $512,000 $1,000,000 2.0
Total $512,000
Table 4.7b - French Creek Moderate Priority Projects
(Base Projects Only)
Project Benefit/Cost
Number Type Cost Benefit Ratio
F-2A Bridge $597,000 $1,000,000 1.7
F-6 Bridge $547,000 $1,500,000 2.7
Total $1,144,000
Table 4.7¢ - French Creek Low Priority Projects
(Base Projects Only)
Project Benefit/Cost
Number Type Cost Benefit Ratio
F-1 Verify FF/Channel - 006 600 | $1.500,000 1.9
Improvements
F-4A Bridge $655,000 $1.000,000 1.5
F-4B Bridge $751,000 $1,000,000 1.3
F-4C Verify FF/Purchase | $1,200,000 { $1,700,000 1.4
F-5A Bridge $1,584,000 ; $2,000,000 1.3
F-5B Verify FF/Levee $211,000 $1,500,000 7.1
F-5C Verify FF/Floodwall $328,000 $1,000,000 3.0
F-5D Verify FF/Purchase $195,000 $600,000 3.1
F-8A Bridge $254,000 $1,500,000 5.9
F-0A Bridge $142,000 $1,000,000 7.0
F-9B Raise Roadway $64.,000 $1,000,000 15.6
F-9C Bridge $139,000 $1,000,000 7.2
Total $6,328,000
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Table 5.1a - Leon Creek High Priority Projects
(Fringe Projects Only)

Project Benefit/Co
T
Number ype Cost Benefit st Ratio
Total $0

Table 5.1b - Leon Creek Moderate Priority Projects
(Fringe Projects Only)

Project Benefit/Co
Number Type Cost Benefit st Ratio
Total $0
Table 5.1c - Leon Creek Low Priority Projects
(Fringe Projects Only)
Project Benefit/Co
Number Type Cost Benefit st Ratio
LC-2 Verify FF/Levee $31,000 $250,000 8.1
LC-8 Verify FF/Levee $26,000 $750,000 28.8
Total $57,000
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Mitigation Projects

Table 5.2a - Helotes Creek High Priority Projects

{Fringe Projects Only)
Project Benefit/Co
T
Number ype Cost Benefit st Ratio
Total $0

Table 5.2b - Helotes Creek Moderate Priority Projects

(EFringe Projects Only)
Project Benefit/Co
Number Type Cost Benefit st Ratio
Total $0
Table 5.2c - Helotes Creek Low Priority Projects
(Fringe Projects Only)
Project Benefit/Co
Number Type Cost Benefit st Ratio
HEL-2B Verify FF/Levee $36,000 $550,000 15.3
Total $36,000
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APPENDIX B

Mitigation Projects

Table 5.3a - Culebra Creek High Priority Projects

(Fringe Projects Only)

Project Benefit/Co

Number Type Cost Benefit st Ratio
C-5C Verify FF/Purchase $975,000 $1,500,000 1.5
Total $975,000

Table 5.3b - Culebra Creek Moderate Priority Projects

(Fringe Projects Only)

Project Benefit/Co
T
Number ype Cost Benefit st Ratio
C-7B Verify FF/Purchase $210,000 $200,000 1.0
Total $210,000
Table 5.3c - Culebra Creek Low Priority Projects
(Fringe Projects Only)
Project Benefit/Co
Number Type Cost Benefit st Ratio
C-3A Verify FF/Levee $56,000 $200,000 3.6
C-38 Verify FF/Floodwall $152,000 $150,000 1.0
Total $208,000
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APPENDIX B Mitigation Projects
Table 5.4a - Huesta Creek High Priority Projects
(Fringe Projects Only)
Project Benefit/Co
T
Number ype Cost Benefit | Ratio
Total $0

Table 5.4b - Huesta Creek Moderate Priority Projects

(Fringe Projects Only)

Project Benefit/Co
T
Number ype Cost Benefit st Ratio
Total $0
Table 5.4c - Huesta Creek Low Priority Projects
{Fringe Projects Only)
Project Benefit/Co
Number Type Cost Benefit st Ratio
Total $0
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APPENDIX B

Mitigation Projects

Table 5.5a - Maverick Creek High Priority Projects

(Fringe Projects Only)

Praoject Benefit/Co
Number Type Cost Benefit st Ratio
Total $0

Table 5.5b - Maverick Creek Moderate Priority Projects

(Fringe Projects Only)

Project Benefit/Co
Number Type Cost Benefit st Ratio
Total $0
Table 5.5¢ - Maverick Creek Low Priority Projects
(Fringe Projects Only)
Project Benefit/Co
Number Type Cost Benefit st Ratio
M-1D Verify FF/Levee $56,000 $900,000 16.1
Total $56,000
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APPENDIX B Mitigation Projects

Table 5.6a - Huebner Creek High Priority Projects
(Fringe Projects Only)

Project Benefit/Co
T
Number ype Cost Benefit st Ratio
Total $0

Table 5.6b - Huebner Creek Moderate Priority Projects

(Fringe Projects Only)
Project Benefit/Co
Number Type Cost Benefit st Ratio
Total $0
Table 5.6c - Huebner Creek Low Priority Projects
(Fringe Projects Only)
Project Benefit/Co
Number Type Cost Benefit s Ratio
Total $0
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APPENDIX B Mitigation Projects
Table 5.7a - French Creek High Priority Projects
(Fringe Projects Only)
Project Benefit/Co
T Cost
Number ype o8 Benefit st Ratio
Total $0
Table 5.7b - French Creek Moderate Priority Projects
(Fringe Projects Only)
Project Benefit/Co
Number Type Cost Benefit st Ratio
Total $0
Table 5.7c - French Creek Low Priority Projects
(Fringe Projects Only)
Project Benefit/Co
Number Type Cost Benefit st Ratio
Total $0
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APPENDIX B

Mitigation Projects

Table 6.1 - Summary by Stream of High Priority Projects

Cost (Base Cost (Fringe

Stream Projects Only) Projects Onﬁy) Total Cost
Leon Creek $9,693,000 $0 $9,693.000
Helotes Creek $1,400,000 $0 $1,400,000
Culebra Creek $5,813,000 $975,000 $6,788,000

Huesta Creek $899,000 $0 $899,000
Maverick Creek $1,718,000 $0 $1,718,000
Huebner Creek $3,142,000 $0 $3,142,000

French Creek $512,000 $0 $512,000
Total $23,177,000 $975,000 $24,152,000

Note that $4,340,000 for a project on Leon Creek should be property owner
funded, and that $400,000 has already been funded for two projects on
Huebner Creek. These three projects are base projects.

Table 6.2 - Summary by Stream of Moderate Priority Projects

Cost (Base Cost (Fringe

Stream Projects Only) Projects Ongly) Total Cost

Leon Creek $240,000 $0 $240,000
Helotes Creek $2,138,000 $0 $2,138,000
Culebra Creek $2,185,000 $210,000 $2,395,000

Huesta Creek $36,000 $0 $36,000

Maverick Creek $0 $0 $0
Huebner Creek $1,925,000 $0 $1,925,000
French Creek $1,144,000 $0 $1,144,000
Total $7,668,000 $210,000 $7,878,000
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Mitigation Projects

Table 6.3 - Summary by Stream of Low Priority Projects

Cost (Base Cost (Fringe
Stream Projects Only) | Projects Ongly) Total Cost
Leon Creek $6,408,000 $57.,000 $6,465,000
Helotes Creek $1,078,000 $36,000 $1,114,000
Culebra Creek $1,831,000 $208,000 $2.039,000
Huesta Creek $0 $0 $0
Maverick Creek $0 $56,000 $56,000
Huebner Creek $11,048,000 $0 $11,048,000
French Creek $6,328,000 $0 $6,328,000
Total $26,693,000 $357,000 $27,050,000

Note that $143,000 for a project on Culebra Creek should be property owner
funded, and that $10,472,000 for a project on Huebner Creek should be Leon

Valley funded. Both of these projects are base projects.
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Table 7.1 - Cost Summary by Streams and Priority
(Base Projects Only)

Stream High Moderate Low Total

Leon Creek | $9,693,000 $240,000 $6,408,000 | $16,341,000
Helotes Creek | $1,400,000 $2,138,000 $1,078,000 $4,616,000
Culebra Creek | $5,813,000 $2,185,000 $1,831,000 $9.829,000

Huesta Creek { $899,000 $36,000 $0 $935,000
Maverick Cree | $1,718,000 $0 $0 $1,718,000
Huebner Creek| $3,142,000 $1,925,000 | $11,048,000 | $16,115,000
French Creek | $512,000 $1,144,000 $6,328,000 $7,984,000
Total $23,177,000 | $7,668,000 | $26,693,000 | $57,538,000

Note that $4,340,000 for a project on Leon Creek and $143,000 for a project o
Culebra Creek should be property owner funded, that $400,000 has already
been funded for two projects on Huebner Creek, and that $10,472,000 for a
project on Huebner Creek should be Leon Valley funded.

Table 7.2 - Cost Summary by Streams and Priority
(Fringe Projects Only)

Stream High Moderate Low Total
Leon Creek $0 $0 $57,000 $57,000
Helotes Creek $0 $0 $36,000 $36,000
Culebra Creek| $975,000 $210,000 $208,000 $1,393,000
Huesta Creek $0 30 $0 $0
Maverick Cree $0 $0 $56,000 $56,000
Huebner Creek $0 $0 $0 $0
French Creek $0 $0 $0 $0
Total $975,000 $210,000 $357,000 $1,542,000
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APPENDIX B Mitigation Projects
Table 7.3 - Cost Summary by Streams and Priority
Stream High Moderate Low Total

Leon Creek | $9,693,000 $240,000 $6,465,000 | $16,398,000
Helotes Creek | $1,400,000 $2,138,000 $1,114,000 $4.,652,000
Culebra Creek| $6,788,000 $2,395,000 $2.,039,000 $11,222,000

Huesta Creek | $899,000 $36,000 30 $935,000
averick Cree | $1,718,000 $0 $56,000 $1,774,000
Huebner Creek| $3,142,000 $1,925,000 | $11,048,000 | $16.115,000
French Creek | $512,000 $1,144,000 $6,328,000 $7,984.000
Total $24,152,000 $7,878,000 $27,050,000 | $59,080,000

Note that $4,340,000 for a project on Leon Creek and $143,000 for a project o
Culebra Creek should be property owner funded, that $400,000 has already
been funded for two projects on Huebner Creek, and that $10,472,000 for a
project on Huebner Creek shouid be Leon Valley funded.
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Mr. John Kight, P.E. I.i
City of San Antonio Public Works

114 W. Commerce, 7th Floor T
San Antonio, Texas 78205

s il
{ PR 15 1997 [l |
Ui T,

Re:  Leon Creek Watershed Master Drainage Plan
Final Report

Dear Mr. Kight:

Attached are ten (10) copies of our final report for the L.eon Creek Watershed Master Drainage
Plan.

We look forward to supporting your staff in presenting the findings of our report to City
.~ Council. Please call if you need additional copies or if you have any questions.

Sincerely,
Pape-Dawson Consulting Engineers, Inc.

ok W

Rick Wood, P.E.
Senior Project Manager

RW 3370-00

cc: Charlie Dodge - HNTB Corporation
Tom Bailey - Maestas & Bailey, Inc.
Everett Fly - E.L. Fly & Associates, Inc.

M961120A1.RW




Leon Creek Watershed
Master Drainage Plan

City of San Antonio
Public Works Department

November 1996

Pape-Dawson Consulting Engineers, Inc.
HNTB Corporation
Maestas & Bailey, Inc.
E.L. Fly & Associates, Inc.




Table of Contents

SECTION L. PROJECT SCOPE & OBJECTIVES I-1
STUDY SPONSOR & ADVISORS ..ottt eeececaersenesessesesssressesenen I-1
PURPOSE ..ottt ettt es s st et en s bt ae e asseeanstens I-2
SCOPE OF SERVICES ...ttt ettt et see e saaa et et saaenesenens I-2

SECTION II. DISCOVERY I1-1
INTRODUCTION ...ttt et s essmeee s e e e en e s ees I1-1
HISTORIC RAINFALL & RUNOFF ..ottt e ee s I-3
GOVERNING AND CONTROLLING AGENCIES ..ottt eeereseeeeeneaas 11-9
EXISTING REPORTS AND STUDIES .......ccooviiiiciiininne e eseeeee st eeeneseseeeeeeeeeneeses I1-14
HYDROLOGIC FORECASTING ISSUES ......ccuviivieieiriiieeerstieeeseesees s eeesee e enenen I1-24

SECTION III. EXISTING AND ULTIMATE DEVELOPMENT CONDITIONS-———  III-1
INTRODUCTION ..ottt icteennieeeeeteese e st s e ssess ot be s erenesbesseatstenssane e seessssasseries I11-1
HYDROLOGY oottt ettt vt e s e r et sena e naanes II-1
HYDRAULICS ...ttt er et e ettt srsstessesresassssa e st sssenasanas I11-4

SECTION IV. RECOMMENDED MITIGATION PROJECTS Iv-1
IDENTIFICATION OF PROBLEM AREAS .........coveteiieceiteeeecreeece et e V-1
DESCRIPTION OF MITIGATION PROJECTS .....oovoviieeeeeeeretieeeetcereee e s eeereas Iv-4
SPECIAL PROJECTS ...ttt ettt te st et ne s st ee e V-8
CONCLUSION ...ittririietiiriniereiienriteiae ettt ssetessestessesessesseesessesnsssessesssstossessesssersesesses IvV-12

List of Figures
Location Map II-1
Rainfall 12
Index of Existing Studies 1I-3
Street Crossing Locations I1-4

List of Tables
Drainage Regulations & Review Committee I-1
Limits of Flood Plain Delineation Study [-2
San Antonio Rainfall 1I-1
USGS Monthly Stream Flow [1-2
Floods of Record 11-3
Agency Interviews I1-4
CSA-Middle Leon Creek Drainage Assessment I1-5
Low Water Crossings I1-6
Recent Low Water Crossing Rescues 1.7
Existing Drainage Reports 11-8
Index of Existing Studies 11-9
Street Crossings within the Detailed Study Area  II-10
Percent Impervious Cover 1-1
100 Year Frequency Discharge Summary Sheet I1-2
Recommended Projects Scenario Iv-1

Exhibits

Appendix

M961108AL RW/pt (3370-00) LEON CREEK WATERSHED

MASTER DRAINAGE PLAN




SECTION [ Project Scope & Objectives

SECTION 1. PROJECT SCOPE & OBJECTIVES

STUDY SPONSOR & ADVISORS

The Leon Creek Watershed Master Drainage Plan project was developed by the City of San
Antonio Public Works Department. This project is being funded and administered through the
same department. The Public Works Department is coordinating with the San Antonio Water
System, Bexar County, Texas Department of Transportation, CSA Planning Department, CSA
Parks and Recreation Department, Edward’s Underground Water District and other local entities
to coordinate the common interest of all parties.

A citizens advisory committee was created by San Antonio’s City Council to seek citizen input
and insure their representation in the formulation of the Drainage Master Plan. This committee is
chaired by Councilman Howard Peak and has been named the Drainage Regulation and Review
Committee. Members of this committee are listed in the Table I-1 below.

Table I-1
DRAINAGE REGULATIONS & REVIEW COMMITTEE

Committee Member Representing
Howard Peak (Chair) City Council
Bob Ross City Council
Linda Billa Burke City Council
Ed Cross Planning Commissioner
Mike Cude Professional Engineers in Private Practice
Norm Dugas Real Estate Council
Dan Kossl Greater S.A. Homebuilders Assoc.
Mike Gonzales San Antonio River Authority
June Kachtik Open Space Advisory Board
Charlie Connors NODD
Unknown Near Westside neighborhood representative
Larry DeMartino Southeast neighborhood representative
John German CSA Department of Public Works
Ray Rendon Bexar County Department of Public Works
staff SAWS
Steve Ramsey SARA
Gayle Kipp EUWD
John Kight CSA Project Manager
I-1
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SECTION [ Project Scope & Objectives

PURPOSE

The City of San Antonio has authorized this study with the intent of developing a Master
Drainage Plan for the Leon Creek Basin including the Leon Creek and its major tributaries from
U.S. Hwy 90 to north of Loop 1604. Flood plain limits based on existing conditions will be
determined for the 10, 25, 50, 100 and 500 year storm events. Ultimate development flood plain
limits will be determined for the 25 and 100 year storm events. From the existing and ultimate
development flood plain analysis, projects and watershed management practices will be
identified to reduce existing and potential flood hazards. A ten year plan to implement the
projects, identified to reduce flood hazards, will be developed and will include an estimated cost,
priority and implementation schedule.

SCOPE OF SERVICES

This project consist of developing a Master Plan for drainage improvements in the Leon Creek
Watershed in the southwest, west and northwest areas of the City of San Antonio and its ETJ.
Other tributaries to be included in the study are Huebner Creek, French Creek, Helotes Creek,
Culebra Creek, Huesta Creek and Maverick Creek. There are approximately 58.4 miles of
related flood plains included in this study.

Limits of Detailed Study
Although this study addresses the entire Leon Creek Watershed, detailed flood plain delineation,

site specific analysis and project deveiopment are limited to the segments of Leon Creek
described in Table I-2 below.

Table 1I-2
LIMITS OF FLOOD PLAIN DELINEATION STUDY

Creek Limits of Detailed Study - Length

Leon Creek U.S. 90 to Loop 1604 17.8 miles
Culebra Creek Leon Creek to Galm Road 9.1 miles
Helotes Creek Culebra Creek to Helotes city Limits 5.7 miles
Huebner Creek Leon Creek to IH 10 8.7 miles
French Creek Leon Creek to Helotes city Limits 7.6 miles
Huesta Creek Leon Creek to fork in creek north of Loop 1604 3.8 miles
Maverick Creek Leon Creek to Heuermann Road 5.7 miles
Study Total 58.4 miles

[-2
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SECTION 1. Project Scope & Objectives

Specific Task

The study is divided into a preliminary phase and a design phase. The preliminary phase is a
research or discovery effort to determine what information has been developed in the past and to
generally develop background data for the design phase. After completion of the preliminary
phase, design efforts will begin to develop the detailed delineation of the existing and ultimate
development flood plain. Specific projects will be developed and included in a ten year master
drainage plan to reduce flood hazards within the Leon Creek Watershed.

During the preliminary phase, watershed maps were developed illustrating the full limits of the
Leon Creek Watershed. All available drainage studies prepared for public or private use were
identified through file searches and interviews and an index of these studies was prepared. These
studies were then analyzed to determine their usefulness for purposes of this watershed study.
This report is a summary of the preliminary phase effort.

The design phase will encompass development of a hydrologic model of Leon Creek and its
major tributaries. This model will include quantitative hydrology and hydraulic calculations for
the 10, 25, 50, 100, and 500 year storm events based on existing conditions of the watershed. In
areas where private property is found to be inundated by the 100 year rainfall event, projects will
be developed to mitigate the flooding in each location. A map depicting the existing flood plain
overlaid on the City’s Block Maps will be produced in conjunction with the study. A model will
also be developed for the 25 and 100 year storm event and overlaid on the City’s Block Maps
based on ultimate development conditions in the watershed to determine potential flood
mitigation practices or identify improvement projects to offset the effects of development and
prevent future development from creating flooding problems. Consideration will be given to
water quality issues, potential reuse and recharge projects and proposed by SAWS and other
environmental concerns. A cost estimate and ten year plan to implement the specific projects
identified in the design phase will be prepared along with project priorities.

Throughout this process, all efforts will be coordinated through the City’s designated watershed
study manager to insure that all interested parties are represented. This may include being
present at citizen group meetings and coordination meetings with other governmental agencies.

Upon completion of the study, a final report will be issued to present the results and
recommendations to the City.
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SECTION II Discovery

SECTION I1I. DISCOVERY

INTRODUCTION

San Antonio is located in the south-central portion of Texas, approximately 150 miles from the
Gulf of Mexico and 100 miles from the geographical center of Texas. Situated in Bexar County
on the San Antonio River, the terrain to the northwest slopes upward to the Edwards Plateau and
to the southeast it slopes downward to the Gulf Coastal Plains. These two distinct geological
regions are divided by the Balcones Escarpment, a critical recharge zone for the Edwards aquifer.
The rolling hills of the area account for the range in elevation from 600 feet MSL (feet above
mean sea level) in southern San Antonio to 1000 feet MSL just below the Balcones Escarpment
to over 1600 feet MSL in the upper reaches of Bexar County. A location map of the project area
is shown on Figure II-1.

Watershed Geographic Setting

The Leon Creek Watershed is located in the northwestern portion of Bexar County stretching
from the confluence of Leon Creek with the Medina River, south of Loop 410 to the southwest of
the City, to the northwest limits of Bexar County. Leon Creek’s total watershed area is 237
square miles at the Medina River. The watershed limits are shown on Figure II-1.

The watershed area includes a portions of the cities of San Antonio, Leon Valley and Helotes.
Kelly and Lackland Air Force Bases are located in the southern portion of the watershed adjacent
to US Highway 90. Just upstream of the bases near the intersection of Commerce Street and
Loop 410 is the Southwest Research Institute. All of these facilities were developed prior to the
1960's.

Development of the Leon Creek Watershed has been extensive in the last 30 years or so. The
vast majority of the commercial and residential development outside Loop 410 has be since the
late 60's. Aerial mapping flown in the early 60's from the Soil Conservation Service, Soil survey
for Bexar County, shows very little development outside of Loop 410 . Major development since
the early 60's include: the Medical Center, the University of Texas at San Antonio and the USAA
campus. Since the early 80's the following areas have been developed: Sea World, Fiesta Texas
and The Dominion.
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Figure II-1

WATERSHED LOCATION MAP
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Leon Creek

Leon Creek originates in the northwestern portion of Bexar County. The stream flows in a
southeasterly direction to its confluence with the Medina River. Within the Leon Creek
Watershed are numerous other tributaries to the Leon Creek. Within The "Leon Creek
Watershed Drainage Mater Plan" study area, only those segments or reaches of Leon Creek and
its major tributaries shown in Table I-2 will receive specific analyses to determine the extent of
the flood plain for design storm events,

HISTORIC RAINFALL & RUNOFF

The climate of San Antonio is best described as sub-tropical: continental during the winter
months and hot during the summer. Due to its location between the semi-arid area to the west
and the heavy rainfall area to the east and southeast, the annual rainfall of approximatety 30
inches per year is sufficient for the normal production of most crops. Precipitation is reasonably
distributed throughout the year, with the heaviest rains typically falling during May, in the
spring, and September, in the fall. Similar to other Texas cities, rainfall in San Antonio varies
greatly from year to year, ranging from approximately 10 inches in 1917 to approximately 50
inches in 1919. Recently, from December of 1992 To June of 1993, San Antonio received in the
neighborhood of 50 inches of rain.

Rainfall from April through September usually occurs with thunderstorms. Large amounts
falling in short periods of time create flash floods over some areas of the city. Winter
precipitation occurs as light rain or drizzle, although thunderstorms and heavy rains have
occurred in all months of the year. According to John Patton, of the National Weather Service,
the average rain for San Antonio produces 1" to 14" over a 50 square mile area and last for
approximately 60 minutes, peaking in approximately 20 minutes. There are generally 40 to 45
of these storms each year that deposit rainfall over different parts of Bexar County.

Heavy rains over short periods of time cause flash flooding in certain sections of the city.
Perhaps the worst flood of the century occurred in 1921 when 31.8 inches of rain fell in a 24 hour
consecutive period of time'. This storm started as a hurricane along the Mexican coastline and
moved inland and northeasterly across Texas. Five to nine feet of water stood in downtown San
Antonio.

San Antonio's location on the Balcones Escarpment can be an intersection point for cold northern
air to meet the warm moist prevailing southeast breezes of the coast. Frequently this condition
results in rain, sometimes intense.

' The amount of rain officially recorded for the month of September, 1921 is 8.27 inches. The
31.8 inches of rain occurred at a non-official localized rain gage.
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Throughout the “average" year measurable rain may be expected to fall on 80 days, with
thunderstorms accounting for 36 of these. Rainfall lasts for only a brief period of time during
the summer months as is characteristic of showers, except when the area comes under the
influence of tropical storms. Longer periods of rainfall, drizzle and fog occur during the winter
months when cool air stalls and is overrun by warm moist gulf air.

Rainfall Data

Official rainfall data was obtained from the National Climatic Weather Center in Ashville, North
Carolina. Monthly and annual rainfall for San Antonio is presented in Table II-1. Figure II-2
illustrates the annual rainfall totals from 1900 to 1990.

During our research we observed that rainfall intensities typically can vary widely between
different geographical area of the city. For example, on April 4 & 5, 1991, in Shavano Park
10.52 inches of rain was recorded in about two hours. However, small amounts of rainfall were
measured at Loop 1604/IH 10 and at Vance Jackson; both areas adjacent to Shavano Park.
Another example storm event happened on June 5, 1986 traveled from the southwest to the
northeast parts of town. Rainfall along this line varied from about 6 inches to over 9 inches in
Windcrest. Other areas of the city not directly within the path of the storm received less rain,
within the range of 4 to 5 inches.

U. S. G. S. Stream Gage Recording Station

The United States Geological Survey (USGS) maintains a stream gaging station on the Leon
Creek in the vicinity of Kelly and Lackland Air Force Bases. The station records the average
daily flow in Leon Creek. Data from the USGS recording station provide daily mean flows and
the maximum of the average daily discharge values in cubic feet per second (cfs) during each
month. This recording station does not record the instantaneous peak flow, and therefore, does
not provide any data to indicate what the peak flood flow from a storm event might have been.
Table II-2 shows the monthly summaries of these values for the last 10 years.
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Table II-1
SAN ANTONIO RAINFALL

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1900 542 034 435 911 447 078 224 405 097 294 1.8 070 37.19
1901 041 071 0354 059 247 186 379 096 420 0.12 064 015 1644
1902 070 055 012 231 3.14 002 385 000 552 254 353 251 24.79
1903 239 788 129 1.74 195 475 752 020 29 161 TR 082 33.11
1904 030 064 0.16 325 593 1.73 350 197 774 286 024 1.06 29.38
1905 0.83% 162 274 608 4.11 6.01 2.82 051 180 183 263 15 32.59
1906 029 1.07 129 394 086 062 434 225 174 1.09 133 160 2042
1907 080 078 1.88 3.77 464 0.18 2.68 080 1.11 354 679 0380 27.77
1908 101 242 131 287 607 030 066 427 392 147 261 161 28.52
1909 0.10 07T 088 082 177 165 327 170 056 155 0.53 138 14.92
1910 088 0.78 042 331 156 0.55 137 037 056 335 138 1.69 1622
1911 0.02 166 272 341 201 030 103 048 012 357 201 135 18.68
1912 028 512 186 178 149 322 127 029 147 274 145 276 23.73
1913 090 191 136 132 288 290 0.03 129 721 886 4.55 4.47 37.68
1914 0.09 138 083 526 559 001 002 780 224 578 324 143 33.67
1915 053 181 120 1164 189 0.03 092 390 239 1.1l 029 157 27.28
1916 225 001 079 185 385 049 453 507 378 257 214 033 27.66
1917 095 049 016 028 330 002 219 010 139 048 075 TR 10.11
1918 0.10 1.10 145 514 280 335 168 261 149 405 253 361 2991
1919 378 1.56 139 360 3.06 7.01 788 214 761 866 156 205 5030
1920 336 027 083 1.09 242 283 039 226 015 285 295 0.16 19.56
1921 140 023 591 278 201 459 048 045 827 102 116 023 28.53
1922 123 126 329 546 346 392 0.10 027 097 355 098 0.10 24.59
1923 046 547 307 324 133 079 254 294 298 139 421 429 32.71
1924 097 3.02 129 336 471 466 005 TR 2352 052 024 231 23.65
1925 036 009 024 0.18 285 048 124 172 287 223 144 129 1499
1926 342 008 4.77 7.06 333 3.57 137 031 043 182 199 224 3039
1927 065 1.96 2.02 205 204 791 049 0.15 152 144 003 249 2275
1928 065 285 234 1.70 390 329 1.03 121 630 169 229 295 3020
1929 221 016 312 237 773 219 258 0.0l 202 160 317 2.08 29.24
1930 125 094 {76 220 089 4.03 199 041 174 401 269 088 22.79
1931 586 268 206 228 136 310 3.09 030 001 075 072 279 2500
1932 330 1.86 105 261 210 194 552 671 877 060 0.10 1.01 3557
1933 066 192 054 130 223 174 192 278 3.18 027 065 039 17.58
1934 488 043 205 456 165 0.18 383 088 195 0.19 288 4.17 27.65
1935 031 .87 231 352 14.07 841 161 098 561 194 044 186 42.93
1936 043 040 266 277 6.13 643 268 223 407 1.89 217 1.75 33.61
1937 056 013 210 084 768 219 182 0.14 004 309 086 622 26.07
1938 335 033 382 606 388 065 09! 044 182 013 063 124 2326
1939 208 095 065 078 322 0.10 212 508 190 007 099 0.39 18.83
1940 0.64 186 094 250 419 747 064 122 142 466 240 2385 30.79
1941 214 186 295 456 250 203 062 023 488 313 047 097 2634
1942 013 201 029 348 219 195 B8.19 1.88 767 956 047 0.64 38.46
1943 073 009 1.58 148 256 191 372 078 434 017 195 120 2051
1944 349 168 372 094 676 164 TR 432 130 152 366 4.16 33.19
1945 297 390 273 291 124 531 119 1.19 3.00 349 135 1.18 30.46
1946 3.64 224 1.75 3554 347 292 020 4.03 1578 131 186 243 4517
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Table II-1 (continued)
SAN ANTONIO RAINFALL

1947 214 029 146 030 332 031 1.00 534 0.06 0.19 101 190 17.32
1948 061 1.86 059 140 1359 296 235 583 198 324 1.00 023 23.64
1949 291 298 227 899 085 826 224 103 078 7.58 0.13 279 40.81
1950 032 143 024 342 241 1.03 160 615 302 008 0.13 003 19.86
1951 025 243 276 093 444 707 0351 006 375 144 067 0.13 24.44
1952 081 201 234 340 191 180 275 000 302 TR 447 3.67 26.18
1953 041 090 053 208 100 219 001 312 248 306 034 144 17.56
1954 151 0.03 003 194 146 271 125 1.05 052 198 2.02 020 14.70
1955 145 233 140 014 444 288 132 081 079 039 157 0.66 18.18
1956 081 085 027 049 307 027 153 394 062 123 113 1.10 1531
1957  0.51 253 419 932 822 349 0.73 021 11.10 471 290 092 48.83
1958 457 388 108 132 198 339 739 045 836 543 0.77 1.07 39.69
1959 052 250 013 255 243 132 148 305 1.72 511 217 1.52 24.50
1960 076 122 165 2.08 121 270 131 59 076 7.84 130 297 29.76
1961 068 1.79 003 032 017 787 7.04 015 224 339 209 070 2647
1962 048 090 091 4.02 131 244 013 157 269 219 497 229 2390
1963 027 359 021 1.88 303 228 0.03 063 LI1 275 193 094 18.65
1964 340 1.88 1.73 1.16 1.79 4.88 0.02 519 4.15 086 481 122 3109
1965 240 643 230 197 B8.18 242 008 1.65 3.13 269 091 458 36.74
1966 147 230 1.13 320 353 1798 006 428 213 111 TR 042 2141
1967 0.13 048 218 094 222 001 2.12 316 11.16 2.00 342 138 29.25
1968 825 1.835 127 192 282 263 153 0954 298 069 458 066 30.12
1969 1.76 290 236 246 461 232 036 4.19 1.32 583 1.02 228 3141
1970 1.16 266 198 1.13 730 089 091 095 435 131 001 001 22.60
1971 0.04 0.81 004 139 1.52 274 1.05 942 475 462 2.74 286 31.98
1972 135 040 0.13 194 1124 286 3.13 424 140 199 237 044 31.49
1973 277 276 158 541 273 1044 691 129 13.09 485 029 0.16 5228
1974 136 0.04 094 218 428 1.02 128 11.14 3.85 409 539 143 37.00
1975 1.04 330 052 269 691 460 106 128 051 225 003 148 25.67
1976 056 0.13 120 567 580 1.61 539 209 379 848 246 195 39.13
1977 3.10 091 0388 8.80 162 226 010 0.06 211 347 6.01 032 29.64
1978 0.68 176 1.71 3.62 245 396 143 497 886 055 491 1.09 3599
1979 407 138 355 534 198 559 738 209 084 0.11 143 286 36.62
1980 072 074 098 167 642 052 026 264 505 1.09 353 0.61 2423
1981 206 096 196 221 643 871 025 241 136 861 072 0.69 3637
1982 072 128 069 123 642 137 0.14 055 087 284 454 231 2296
1983 148 154 389 0.13 437 127 243 200 386 1.64 3.06 039 26.06
1984 187 054 191 011 376 140 TR 299 106 594 291 341 259
1985 268 191 285 327 247 820 580 045 48C 391 393 0.00 40.27
1986 0.76 252 035 060 629 1195 0.05 189 2.83 6.58 183 7.11 4276
1987 1.13 478 110 148 1285 769 121 033 224 044 253 218 3796
1988 039 092 086 123 041 550 558 198 083 062 0.02 067 19.01
1989 296 029 124 255 033 396 069 048 154 581 193 036 22.14
1990 117 268 517 452 328 118 829 130 370 371 311 020 3831
*AVE 1.56 1.68 1.66 289 3.61 3.04 220 219 325 280 2.02 1.64 2834

* For period of record shown (1900-1990).
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Figure II-2
ANNUAL RAINFALL

SAN ANTONIO ANNUAL RAINFALL

60.00

50.00 4

40.00 4

.00
20.00

2
(sayour)
nejuey [EjoL

I1-7

10.00

8861
861
0861
9L61

Lol

8961
Fool
0961
9561
413!
8tol
tr61
ool
9t61
(4334

8¢61

Year
W Annual Rainfall ===9 Year Moving Average

riol

0z61
9161
clol
8061
061

0061

0.00

LEON CREEK WATERSHED

MASTER DRAINAGE PLAN




SECTION 11 Discovery
Table I1-2
USGS MONTHLY STREAM FLOWS
1985 1986 1987 1988 1989 1990 1991 1992 1993
Month Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max Mean Max
Jan 143 72 116 29 21 60 971 12 181 237 536 11 28.1 517 116 1320 26.1 116
Feb 153 193 161 107 459 310 12 102 593 19 94 58 23.7 287 355 5020 569 355
Mar 395 468 9.01 14 235 57 124 150 646 20 219 18 104 21 192 2630 374 192
Apr 166 64 692 13 188 36 694 15 292 471 18 283 82,6 1430 463 218 2565 826
May 169 150 493 1040 181 1150 761 38 589 11 124 110 373 348 356 3400 96.1 336
Jun 115 1660 324 4540 824 5580 109 100 25 361 496 46 509 804 168 1220 174 824
Jul 186 147 129 23 253 65 106 142 2356 42 i44 2260 232 182 174 25 295 144
Aug 139 &9 821 21 13.8 19 1.7 222 194 71 7.03 36 464 17 23 156 10.1 23
Sep 252 111 361 365 119 39 383 879 197 33 7.04 27 712 23 20 i99 {72 383
Oct 56 633 696 426 73 22 6.14 11 7.18 73 683 42 494 20 216 696
Nov 218 78 126 56 107 74 5.16 21 407 22 92 98 395 7 12.7 379
Dec 111 16 303 250 128 41 505 74 462 11 573 62 575 6190 7446 575
Flood Events

San Antonio has experienced a number of significant floods as shown in Table II-3. This
information was gathered from newspaper articles and other sources. Consequently, the duration
of some of these rainfall events was not available. The most significant flood occurred in 1921.
Another major flood event took place in September, 1946 when over 6 inches of rain fell in an 8
hour period and more than 10 inches of rain fell during the storm. Development in the Leon
Creek Watershed has occurred primarily since the late 50's, and consequently, little flood damage
has been documented.

Table 11-3
FLOODS OF RECORD
Date Description
September, 1921 up to 17" in two hours
May, 1937 6.21" in 8 hours
September, 1946 6.05" in 8 hours, 10.43" for the total storm event
May, 1965 6" prompting congressional action by Henry B. Gonzalez

September 23, 1969
August 8, 1974
June 13, 1981
September 19, 1983
June 5, 1986

May - June, 1987
June 11, 1987

May 6, 1993

6" downtown

4" in brief time with wet preceding conditions
3.2" in one hour at Kelly, 5" at Woodlawn Lake,
4.2"

9.61" reported in Windcrest

12.85" in May

7.21" in Helotes, 6.48" in 26 hours at Trailwood
7.25"
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GOVERNING AND CONTROLLING AGENCIES

There are numerous agencies that have interest in the Leon Creek Watershed. During this project
many of these agencies and individuals were contacted to obtain information relevant to the
drainage conditions in the Leon Creek Watershed. On the following pages are summaries of the
agencies and individuals contacted, reports that were reviewed and studies that were analyzed.

Agencies Contacted

During the investigation for this project many agencies were contacted for information that could
be beneficial to completing this study. We have listed below the agencies contacted and the

individual(s) we talked with.

Table II-4

AGENCY INTERVIEWS

Agency

City of San Antonio Drainage Department
San Antonio Water System

Bexar County Public Works
Edwards Underground Water District
Texas Department of Transportation

City of Leon Valley

San Antonio River Authority
San Antonio Police Department
San Antonio Fire Department

Person(s) Interviewed

Roy Akiona, Tom Carrasco & Mendi
Littman

Jay Aldean, Tom Fox & Chris
Powers

Ron Pena

Bobby Bader

Julia Brown, Preston Streicher &
Judy Freisenhahn

Jim Malone

Steve Ramsey

Desk Officer & Human Resources
Lt. Jim Collins

City of San Antonio Information Services Steve Bishop
City of San Antonio Traffic Department Andy Ballard
Kelly Air Force Base William Ryan
Lackland Air Force Base Eric Staph & Gabe Gonzalez
City of San Antonio Mapping Abner Martinez
UTSA Center for Archeological Research Robert Hard & Ann Fox
City of San Antonio Department of Parks & Recreation Dale Bransford
Soil Conservation Service Dale Mengers
U.S. Army Corp of Engineers Brian Rowe
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City of San Antonio Drainage Department

Drainage Assessment for the Middle L.eon Creek

Drainage Engineering of the City of San Antonio Department of Public Works prepared a
Drainage Assessment for the Middle Leon Creek and Huebner Creek in October of 1993. The
area included in "Middle Leon Creek" study consisted of Huebner and Leon Creeks from
Huebner Road upstream to Loop 1604. Presented in this report are known problem areas within
the Leon and Huebner Creek area along with proposed improvements that will address these
problems. Table II-5, shown below, is a summary of these problem areas, proposed
improvements and estimated costs for construction, right-of-way and engineering.

Table II-5

CSA - MIDDLE LEON CREEK DRAINAGE ASSESSMENT

Problem Area Proposed Improvement Cost Estimate
" 5 E I 8 g
ko b3 5]
w2 o < é ?::D
A = 3 i
Hills & Dales Subd. Y Y Y $684,000 £16,000 $86,000
Dell Oak Subd. - Lake Breeze St. Y Y $1,026,000  $243,000 $129,000
Hausman Rd. - W. of Babcock @ Huesta Y $492,000 NA $62,000
Creek
Hausman Rd. - E. of Babcock @ Y Y $650,000 £81,000 $82,000
Maverick Creek
Valley View Subd. - Nickle & Dime Y Y $1,154,000 $185,000 $145,000
area Phase |
Valley View Subd. - Nickle & Dime Y Y $1,963,000 $308,000  $247,000
area Phase 1
Babcock Rd. crossing Huesta, Maverick Y $7,985,000 $297,000 $1,005,000
Babcock Rd. crossing Leon Creek Y Y $3,678,000  $306,000 $463,000
(East)
Babcock Rd. crossing Leon Creek Y $4,259,000 $378,000  $536,000
(West)
DeZavala Rd. - North of Babcock Y Y $85,000 $4,000 $11,000
Babcock Rd. - West of DeZavala Rd. Y Y $419,000 $42,000 $53,000
Spring Forest Drive Y $635,000 $41,000 $80,000
Prue @ Huebner Creek Y Y $743,000 $56,000 $60,000
White Bonnet at Lockhill Selma Y Y $992,000 $112,000 $125,000
Hollyhock - West of Babcock Y Y $671,000  $143,000 $85,000
Strathaven - North of Hollyhock Y $689,000 $63,000 $87,000
Abe Lincoln and Hollyhock Y $829,000 $23,000  $104,000
Whitby @ Huebner Creek Y Y $527,000 $59,000 $66,000
Total $27,481,000 $2,098,000 $3.426,000
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Low Water Crossings

Many locations where streets cross creeks have little or no drainage structures. This condition is
commonly known as a low water crossing. A list of low water crossings in the Leon Creek Basin
was obtained from the San Antonio Fire Department and is shown in Table II-6 below.

Table I1-6
LOW WATER CROSSINGS

_§ 5 Location Creek g » Street Block #

& g “ g

E .g S =

o a,
38 6 2000 block of Pinn Rd. Leon, branch 613 F7 Pinn 2000
39 6 Arvil btw Keitha & Elmer L.eon, branch 614 B7
40 6 Rodriquez Leon 614 B7
41 6 Military & Westbriar Leon, branch 613 E7
42 6 Martinique btw Barbados & Andros Leon, branch 613 F7
43 6 Tallahasse btw Barbados & Andros Leon, branch 613 F7
44 6 Westfield btw Barbados & Andros Leon, branch 613 F7
45 6 Biscayne btw Barbados & Andros Leon, branch 613 F7
68 7 W. Commerce btw Pinn & Military Leon 613 F3 W. Commerce
69 7 Pinn, 2500' s. of W. Commerce Leon 613 F4 Pinn 100 - 500
70 7,8  Timber Path, 500" se of Grissom Culebra 579 B7  Timber Path 9000-9100
72 8 Hausman, 200' ¢ of Babcock Huesta 513 ES8 Hausman 7500
73 8 Hausman @ Roadrunner Huesta 513 F8  Hausman 7000-7100
74 8 Hausman Leon 514 A8 Hausman 6700
75 8 Old Fredericksburg, n of 1604 Leon 514 C3 Old Fred 15800
76 8 Hausman, 4800' w of [H10 Leon 514 B7 Hausman 6000-6100
77 8 Danvers btw Glidden & Dime Huesta 513 E8 Danvers short
78 8 Babcock, 100" n of Nickle Huesta 513 EB Babcock 12500
79 8 Babcock, 500' s of Nickle Huesta 513 ES8 Babcock to
&0 8 Babcock, 2300' s of Nickle Huesta 547 E1 Babcock
81 8 Babcock, 3700' s of Nickle Leon 347 F1 Babcock 13500
89 8 Prue Rd, 1600" e of Babcock Huebner 548 C4  6300-7000
90 8 Lockhill, 250' e of White Bonnet Huebner 548 €4  Lockhill @ White Bonnet
91 8 White Bonnet, s of Lockhill Huebner 548 C5 same
92 8 Hollyhock, 600" w of Babcock Huebner 548 B7  Hollyhock 6100-6500
93 8 Whitby, 200" n of Wellesly Manor Huebner 548 B8  Whitby & Wellesly Manor
96 8 Huebner, 460" s of Apple Green Huebner 548 B8  Huebner @ Wade Lane
112 7 Wurzbach, 750" s of Seville Huebner, branch 580 BS Wurzbach 4700-5000
113 6,7  Timberhill, n of Wurzbach Huebner 579 Fé6 Timberhill 4000-4200
114 7 Ingram, 2500' e of Culebra Leon 579 E7 Ingram btw  Mabe &

Northwestern Dr,

115 8 Easterling, s of Culebra Culebra 578 D4  Easterling
116 8 Old Grissom, 500" e of Culebra Culebra 579 C3 Old Grissom Culebra

During a moderate storm event the roadway at the low water crossing is overtopped by the creek
flow. Fire, Police and Public Works personnel typically put up barricades at the low water
crossings to warn the public of the danger. Problems can arise when a motorist drives a vehicle
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into water that reaches the floorboard. The combination of the force of the water splashing on
the upstream side of the vehicle coupled with the vehicle's poor traction caused by the wet
conditions and the vehicle's tendency to float can push the vehicle off the road and into the creck
bottom. Many cases of motorist being stranded in a low water crossing have been documented.

The Fire Department keeps records of high water rescues. Table II-7 below is a listing of recent

TESCUCs.

Table I1-7
RECENT LOW WATER CROSSING RESCUES
Incident No. Location Date
92002144 IH 35 S @ Leon creek 1/26/92
92002151 Hwy 151 @ Pinn Rd. 1/26/92
92002149 Ingram Rd. @ Potranco 1/26/92
92002169 Ingram @ Wurzbach 1/27/92
92002141 Ingram @ Wurzbach 1/26/92
92002757 Military Dr/Pearsall Rd. 2/4/92
92002740 Babcock/Hausman Rd. W 2/3/94
92002809 Babcock/Hausman Rd. W 2/4/92
92005068 Babcock/Southpoint 3/3/92
92005145 Babcock 3/4/92
92005135 Babcock/Hollyhock 3/4/92
92010234 Babcock/Nickle 5/4/92
92011159 Gen. McMullen S/EB New Hwy 90 5/14/92
92011580 Hwy 151/Pinn Rd 519792
92011616 Babcock/Hausman Rd W 5/20/92
92012275 Babcock/Louis Pasteur 5/27/92
92012286 Culebra Ave 5/27/92
92012294 Culebra /Loop 1604 5/27/92
92012293 Hwy 151/Loop 410 SW 5/27/92
92012289 Culebra/Laven Dr. 5/27/92
92012371 Leon Creek/Prue Rd 527192
92013405 Hwy 151/Potranco rd 6/9/92
92028521 Babcock/Hollyhock 11/19/92
93011942 Floyd Curl St./Huebner Rd 5/5/93
93011841 Eckhert/John Marshall 5/5/93
93011937 Babcock, 5700 5/5/93
93011967 Eckhert/Huebner 5/5/93
93011927 Babcock, 5700 5/5/93
93015952 Gen. McMullen S/EB New Hwy 90 6/12/93
93029135 Babcock, 2626 10/5/93
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An example of a typical low water crossing incident was found in the March 4" and 5%, 1992
issue of the San Antonio Express News. Excerpts from those two issues are shown below.

"Violent thunderstorms with occasional hail and winds of more than 50 mph bore down from the
west late Tuesday night, March 3'4 and early Wednesday, March 4, 1992. The storm dumped
an average of 3 inches of rain across the city. Soon after the first storm began, low water
crossings flooded across the Northwest Side, keeping police and firefighters hopping to respond
fo reports of trapped cars. In San Antonio, 26 calls for vehicles trapped in water were reported.

Among the locations where vehicles were reported trapped in high waters were the intersections
of Callaghan Road below Interstate 10, Interstate 410 at Bandera Road, Babcock and Vance
Jackson roads, Babcock and Huebner Roads, Hillcrest and Midcrest Drives, the 300 block of
Cherry Ridge, and at Dreamland Drive and Vance Jackson Road.

Jian Ke, a student at the University of Texas at San Antonio, had to be rescued about noon
Wednesday, March 4, when his car was pushed off Babcock Road into Leon Creek. The water
foated his vehicle off the road and lodged it between a couple of trees. Firefighters had a
difficult time getting to him because the water, about 5 feet deep, was moving fast and his
electric windows would not open. A rear window had to be smashed to free the man. The rescue
took about 45 minutes. Fire Caption Dennis O'Neill said: "He's lucky to be alive. If the car
would have turned over, he would have been gone”.

San Antonio Water System
Reuse Plan

SAWS has developed a water plan for the City of San Antonio that has many elements. The
reuse of treated effluent from the City's wastewater treatment plants for non-potable uses could
be a significant source of water that now is not appreciably used by the City.

Integral to the reuse program will be a need for storage facilities for seasonal and temporary
storage. There could be locations within the Leon Creek Watershed that could serve a dual
purpose of detention for flood abatement and storage for reuse water. Again, the amount of flood
abatement achieved depends on the storage capacity of the impoundment facility. If a facility is
to be shared with reuse storage, determination of a balance of storage capacity for reuse and
flood abatement would be critical.

Water Quality

Although water quality is not a direct charge of this report, we did discover information on this
subject. The Environmental Management staft at Kelly Air Force Base has and is developing
extensive baseline data on water quality in the Leon Creek as it crosses their base. When
complete, this information will be very useful for the SAWS stormwater department.
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The SAWS stormwater department is aiso developing water quality data through a contract with
the USGS.

Edwards Underground Water District

Recharge

The Edwards Underground Water District has sponsored a study to investigate recharge
enhancement in the San Antonio and Guadalupe River Basins. In this study three potential
recharge site were identified in the Leon Creck Watershed. These three location are:

1. Culebra Creek Government Canyon
. Helotes Creek North of Helotes
3. Leon Creek Near IH10 Loop 1604 interchange

These locations were identified during the phase 1 study in a general manner. A fourth site
located along Helotes Creek in the Vulcan Materials Quarry has been discussed as a potential
recharge site since the study was released. During the on-going phase 2 study, field surveys of
the potential recharge enhancement sites will be performed. The site evaluations should be
completed by the end of 1994.

Recharge enhancement impoundment facilities may also assist in flood abatement by detaining a
portion of the watershed runoff. The amount of flood abatement achieved depends on the storage
capacity of the impoundment facility.

EXISTING REPORTS AND STUDIES

During this project, numerous agencies and individuals were contacted to obtain information
relevant to the drainage conditions in the Leon Creek Watershed. On the following pages are
summaries of the agencies and individuals contacted, reports that were reviewed and studies that
were analyzed. The following paragraphs contain a synopsis of the information we collected
from these interviews, reports and studies. Table II-8 below is an index of drainage reports
sponsored by Public Agencies.
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Table 11-8§
EXISTING DRAINAGE REPORTS

Report Author Date
Flood insurance Study FEMA July 2, 1991
Flood Plain Information, Leon Creek Corp of Engineers  April, 1971

Flood Plain Information, Huebner Creek ~ Corp of Engineers  June, 1973
Issues & Impacts of Stormwater

Drainage, Bexar County, TX UTSA Summer, 1993
The Edwards Aquifer; S.A. mandates
for Water Quality Protection SAWS April 1, 1994
Drainage Assessment for the middle
Leon Creek & Huebner Creek CSA October 1, 1993
Recharge Enhancement Study,
Guadalupe - San Antonio River Basins HDR Summer, 1993
Lake Travis Non-point source Pollution
Contro! Ordinance LCRA January 1, 1991
Hydrologic Data for Urban Studies in
San Antonio, TX metro area USGS May, 1976
Hydrologic Data for Urban Studies in
San Antonio, TX metro area USGS February, 1982
Flood Protection Plan for Portions of
Salado, Cibolo & Leon Creeks CH2MHill August, 1989
Soil Survey, Bexar County Texas SCS 1962

Review of Reports

In reviewing the existing reports and studies we where interested in information that would be
relevant for use in this study. Below is a description of the relevant portions of the reports.

Flood Insurance Study -

This study includes a complete analysis of the Leon Creek. The water surface profiles for
the design storm events have been used to define the floodplain limits. Although this
study gave a complete picture of the Leon Creek, the base survey information of the
existing ground contours was based on course data.

The study was performed in the late 70's. Portions of the study have been updated by
private developers who modified the existing creek system to accommodate their
developments. The resulting 1991 update of this report is a mosaic of the original
analysis along with a number of updates.
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Flood Plain Information, Leon Creek and Huebner Creek(2 separate reports)

Both of these reports provide the same types of historical information for the respective
creeks. Information presented includes: Background information, flood information
(past, current and future) and guidelines and suggestions for floodplain management.

Issues & Impacts of Stormwater Drainage, Bexar County, TX

A product of the Environmental Sciences and Engineering Programs at the University of
Texas at San Antonio, "the intent of this study is to develop a clear definition of the
nature and extent of existing drainage problem"

The Edwards Aquifer; San Antonio Mandates for Water Quality Protection
This SAWS report presents regulatory requirements, organizational programming and
potential activities. These items consist of:

Regulatory Reguirements
The Unified Development Code
Stormwater
Water Code

Organizational Programming
Texas Natural Resource conservation Commission rules & regulations
Technical Improvements
Emergency Measures

Potential Activities
Future Studies

Drainage Assessment for the Middle Leon Creek & Huebner Creek
This assessment presents known problem areas, projected projects to solve these problem
areas and projects that are all ready funded to solve problem area.

Recharge Enhancement Study, Guadalupe - San Antonio River Basins

The Edwards Underground Water District sponsored this study to find potential recharge
enhancement projects. Three potential recharge enhancement sites were listed in this
report. The recharge dams may also assist in flood abatement.

Lake Travis Non-point Source Pollution Control Ordinance
This manual provides developers with guidance on the LCRA review requirements and
procedures. Also outlined are best management practices to meet the LCRA standards.

Hydrologic Data for Urban Studies in San Antonio, TX metro area
Presented in these reports is a compilation of hydrologic data for various water years.
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Flood Protection Plan for Portions of Salado, Cibolo & Leon Creeks

This report was sponsored by the Bexar County Public Works with a matching grant from
the Texas Water Development Board. The purpose of this report was to develop a flood
protection plan for segments of the Leon, Cibolo and Salado Creeks.

Review of Existing Studies

The studies generally were engineering backwater analyses of stretches of a particular creek.
These studies where mostly calculations with very little text and were completed to support
floodplain improvements or development activities,

The methodology used in the reviewed studies varied. Studies performed from the early 80's on
were performed on a computer system, typically using HEC II (the industry standard backwater
stream analysis program). Prior to the early 80's, some studies were performed on computer,
some by hand and some a combination of both. Most of the studies are small stretches of the
creek.

Many of the studies had historical significance in that they gave a "snapshot" of a particular
reach of a creek at a point in time. Some of the information in these studies is no longer relevant
due to changes in the development of the watershed and/or changes in the creek morphology.

In our review we found that the reports all used the same hydrologic parameters to base the
analysis on. The Rational method is used to calculate discharges for drainage area that are less
than 2000 acres. The Rational method is based upon drainage area, a cover factor and the rainfall
intensities (in inches per hour). The rainfall intensities were developed by the City's drainage
department in the early 70's. For areas large than 2000 acres a graph relating drainage area to
discharge (DA vs Q) is used. The DA vs Q graph was also developed in the early 70's by the
City's drainage department.

A listing of the existing studies reviewed is on the following page in Table II-9 and illustrated on
Figure II-3. The index numbers shown on this table correspond to those shown on Figure II-3.
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Table I1-9
INDEX OF EXISTING STUDIES

Index Waterway Subdivision or Project Engineer Date
1 Leon Pablo Grove, CSA landfill Jay Aldean 90
2 Leon Pablo Grove, CSA landfill Jay Aldean 72-74
3 Leon Brown Leaf PD 87
4 Leon Pin Oak MBC 73
5 Leon West Wood Park PD 69
6 Leon Hwy 151 TxDOT
7 Leon SW Research PD 85
8 Leon West Park PD 83
9 Leon Twin Creek Vickrey 72
10 Leon Ingram Square Bob Opitz 79
11 Leon Timber Creek Estates Vickrey 79
12 Leon Ingram Plaza Brown 80
13 Leon Parkwood WF Castella 85
14 Leon One North Place Bain 73
15 Leon Babcock Place garly 70's
16 Leon Alamo Farmstead WF Castella 82
17 Leon French Creek Village PD 74
18 Leon Wildwood WF Castella 76-85
19 Leon Prue Road Bridge Mike Cude 91
20 Leon Quail Creek Mike Cude 84
21  Leon Heath Road CEC 87
22 Leon Fiesta Tx PD
23 Leon Dominion PD 83
24  Leon [H10 Boerne Stage Road  Overby Descamps
25  Culebra Pipers Meadow D R Frazier 74, 80
26  Culebra Village Brown 87
27  Culebra Great Northwest unit 2 Vickrey 77-on
28  Culebra Culebra Bridge TxDOT
29  Culebra Culebra Bridge TxDOT
30 Culebra Hidden Meadows Glen Galbraith/ Cude 83
31 Culebra Loop 1604 TxDOT
32  Helotes NW Crossing MBC 86, 87
33  Helotes New Territories MBC 78
34  Helotes Loop 1604 TxDOT
35 Helotes Hidden Meadows Glen Galbraith
36  French Quail Creek Mike Cude
37  French Wildwood
38 French Concord Mike Cude
39  French Loop 1604 TxDOT
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Table I1-9 (continued)
INDEX OF EXISTING STUDIES

Index Waterwav Subdivision or Project Engineer Date
40  French N. of Loop 1604 MBI
41  French NW Bus Park Tom Flores 88
42 French Cedar Springs SEDA 87
43  Huesta Hunters Chase Rosin Kroesche 83-86
44  Huesta North Hills Village Brown
45  Huesta N. of Loop 1604 TxDOT
46  Maverick Loop 1604 PD
47  Maverick North Hills Village Brown

NOTE: The index number corresponds to those shown on Figure [[-3.
Watershed Mapping

The Mapping Section of the City of San Antonio Department of Public Works has developed
extensive mapping of the city on the Intergraph computer system. The work performed in this
study will be in the Intergraph format and will be compatible in layers, colors and other program
parameters.

The existing files that are referenced include:

Bexar County limits

Watershed limits (developed and labeled by SAWS)
City Streets

Street names

Railroads

State and Federal Highways

Creeks

Edwards Aquifer Recharge Limits

Site Reconnaissance -

During the initial site reconnaissance, all street crossings of the creeks within the detailed study
area were visited and photographs were taken. A list of these sites is shown in Table II-10 and
illustrated on Figure [I-4. The site numbers shown on Table II-10 correspond to those shown on
Figure I1-4.
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Table II-10
STREET CROSSINGS WITHIN THE DETAILED STUDY AREA

Site # Creek Location
1 Leon Highway 90
2 Leon Old Highway 90 St
3 Leon Arvil Avenue
4 Leon (Proposed Crossing) Shady Grove Drive
5 Leon Pinn Road
6 Leon Highway 151
7 Leon Commerce Street
8 Leon Loop 410 NW
9 Leon Culebra Road
10 Leon Ingram Road
11 Leon Grissom Road
12 Leon Bandera Road
13 Leon Babcock
14 Leon Hausman
15 Leon UTSA BLVD.
16 Leon Loop 1604
17 Culebra Old Grissom Road
18 Culebra Timber Path
19 Culebra Culebra
20 Culebra Culebra
21 Culebra Loop 1604
22 Culebra Stuebing
23 Culebra Galm
24 French Mainland
25 French Guilbeau
26 French Bandera
27 French Prue road
28 French Hausman
29 French - Loop 1604
30 French Leslie Road
31 Huebner Ingram Road
32 Huebner Timber Hill
33 Huebner Bandera
34 Huebner Evers
35 Huebner Huebner Road
36 Huebner Eckhert Road
37 Huebner Babcock
37.5 W. Huebner Eckhert Road
38 W. Huebner Hollyhock
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Table 11-10 (continued)
STREET CROSSINGS WITHIN THE DETAILED STUDY AREA

39 W. Huebner Babcock

40 W. Huebner Lockhill road
41 W. Huebner White Bonnet
42 W. Huebner Prue Road

43 Huesta Babcock

44 Huesta Danvers Road
45 Huesta Hausman

46 Huesta Loop 1604

47 Maverick UTSA Blvd.
48 Maverick Bartlett Cocke
49 Maverick Loop 1604

50 Helotes Loop 1604

51 Helotes Leslie Road
52 Helotes Leslie Road
53 Helotes Braun Road

NOTE: The Site #'s correspond to those shown on Figure 11-4 and to the photographs in the
Appendix. There is no photograph for site #28.
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HYDROLOGIC FORECASTING ISSUES

One of the objectives of this study is to produce a drainage master plan that establishes standards
for design procedures to be followed in the future. In order to accomplish this goal, careful
attention must be given to the hydrologic modeling techniques or procedures used to develop the
detailed flood plain delineation. Therefore, it is appropriate to review the existing requirements
and practices used in San Antonio and explore the options available for use as future design
standards. This information can then be considered by the City of San Antonio and used to
develop and implement design standards for future drainage projects and development. The
procedures used to develop the detailed flood plain study included in the three watershed studies
should also satisfy the requirements established by the Corps of Engineers for the FEMA flood
study program.

The hydrologic forecasting issues addressed in this report focus on quantitative hydrology
methodologies and modeling rather than hydraulic modeling. Methods of hydraulic
computations and modeling are much more standardized and better understood by the
engineering community. The FEMA Flood Insurance Program, administered by the Corps of
Engineers, recognizes the HEC-2 Water Surface Profiles computer program as the standard tool
for calculating water surface profiles. There is no reason to consider changing the methodology
used in calculating water surface profiles except in specific cases where the hydraulic parameters
being modeled are to complex for HEC-2.

Hydrology - Existing Practice

For subdivisions and bond projects, the Rational Method is used for watershed areas up to 2,000
acres. The SCS unit and storm hydrographs with City of San Antonio hytetographs derived from
City Intensity Curves are used for watershed areas exceeding 2,000 acres. For some large
streams, the U.S. Corps of Engineers Snyder’s Synthetic unit hydrograph is used with the City’s
hytetographs to develop storm hydrographs at various points on stream. SCS routing methods
are used through existing and proposed SCS dams in the area to be consistent with the design of
these structures.

Rainfall Analysis

Rainfall values in the form of Intensity-Frequency-Duration Curves for San Antonio were first
developed in 1920 by Metcaf & Eddy Consulting Engineers. Terrell Bartlett Engineers of San
Antonio updated the intensities in 1945. Robert B. Hahn, City Drainage Engineer updated the
intensities with a Gumbles Analysis from rainfall records from 1903 through 1972 in February
1973. An additional medification to this update was accomplished in 1979 to apply the results of
the NWS's Hydro35 publication to the first 2 hours of intensities of the TP-40 publication. This
modification did not update rainfail records through 1979.
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Research of rainfall data from the NWS indicates that annual rainfall has increased since records
were kept beginning in the 1885. A straight line approximation of the nine year moving average
of annual rainfall indicates a definite upward trend in total annual rainfall. Based on this
information, the rainfall intensity-frequency-duration curves for San Antonio were updated to
include the time period from 1972 to the present. Then the Hydro35 publication techniques were
used to modify the first two hours of intensities. The updated rainfall intensity curves were
submitted to the City in a separate report titled "Statistical Analysis of Rainfall Records for San
Antonio, Bexar County, Texas", dated August, 1994, More discussions with the NWS should
also be considered so that weather trends can be identified and used in the decision process for
future revisions or updates to the City's intensity curves. Another point to consider is the
regional setting of the Leon Watershed. When the watershed area is considered and not a small
area within the watershed, it becomes important to consider the inclusion of rainfall data from
other official NWS stations such as Boerne or Rio Medina.

Analysis of Runoff

Most analysis of runoff are based on a "design storm" approach with time of concentration,
frequency, runoff coefficient or infiltration rates for the various methods described above. A
history of the actual runoff from actual storm events on various watersheds have been performed
through the years by the U.S. Geological Survey from data gathered at local gaging stations and
can be obtained by interviewing people who have witnessed actual flood events. It would be
prudent to calibrate or check the hydraulic and hydrology model to actual flood events where
possible. This would provide a level of comfort to the flood forecasting effort.

Available Computer Simulation Models

The HEC-1 computer program can calculate various hydrograph models including the Clark,
Snyders, time area and SCS or the user can input his or her own hydrograph. HEC-1 is also
capable of flood routing with several methods and combining storm hydrographs. SCS Curve
Numpbers can also be used with HEC-1.

The SCS TR-20 curvilinear unit hydrograph method is almost universally accepted for most
watershed analysis. The methodology used in this model allows for a very flexible and realistic
method of predicting the ratio of runoff to total rainfall by means of the SCS Curve Number
(CN) which takes into account land management or development, soil types, slopes and
vegetative cover. TR-20 will allow the user to input any rainfall distribution for hydrograph
development and rating curves for routing purposes. Flood routing is accomplished by the
modified attenuation-kinematic procedure.

SCS TR-55 is a quick method obtaining the peak flow and hydrographs for small Urbanized
Watersheds. This method is not as accurate as the TR-20 Method.
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The HEC-1 or the TR-20 computer models are the most flexible, widely recognized, and
powertul tools for estimating peak flows and volumes of storm runoff. Either of these models
would be well suited to the watersheds found in Bexar and surrounding Counties. A less
cumbersome method such as TR-55 or the Rational Formula should continue to be used for small
watersheds. These models (TR-20, HEC-1 and TR-55) work with storm volumes as well as
storm peaks. This is important since one of the flood mitigation methods that will likely become
more prevalent in San Antonio is storm runoff detention and or retention.

The three watershed study teams met regularly under the direction of the City's Project Manager
to discuss the various hydrologic forecasting methods and computer models. Each study team
calculated storm runoff for various locations in their respective watershed using all of the
methods described above. These methods and computer models were evaluated for accuracy by
checking the results against observed high water marks, gauging station data, previous hydrology
studies and against each other method to check the sensitivity of each respective method.

Once the analysis of computer models and methodology was completed. it was determined that
the SCS TR-20 methodology would be combined with the HEC-1 computer program to calculate
runoff from design rainfall events. The only variation from the TR-20 methodology was the
selection of the Muskingham Routing formula for use is routing storm hydrographs through the
watershed.
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SECTION II1L EXISTING AND ULTIMATE DEVELOPMENT CONDITIONS

INTRODUCTION

As described in the scope of work, computer models were completed to determine the design
runoff and resulting water surface elevations for existing and ultimate development conditions of
the watershed. Storm frequencies modeled were the 10, 25, 50, 100 and 500 year rainfall events
for existing conditions and the 25 and 100 year rainfall events for ultimate development
conditions. The calculated water surface elevations have been used to define accurate flood plain
limits or boundaries that can be used by the City to update the current FEMA maps. These new
flood plain boundaries can also be used with the City’s block map database to facilitate
management of the flood plains by various City and County Agencies.

The 100 year water surface elevations calculated for existing conditions have been used to
identify flooded structures along these creeks. These flooded structures and potential mitigation
projects to remove them from the flood plain are presented in Section I'V.

HYDROLOGY

Design runoff for existing and ultimate development conditions were computed using the SCS
TR-20 methods within the HEC-1 computer simulation model. Based on NWS rainfall and
storm event data, antecedent moisture condition II was used in the runoff model. Curve numbers
{CN’s) were based on soil type and slope as shown below.

Hydrologic Soil Group SCS Curve Number
A 25
B 55
C 70
D 77

The percent impervious cover was developed from typical impervious cover conditions for the
various land use categories as shown in Table ITI-1. Existing and projected land use was
provided by the City of San Antonio’s Planning Department. A weighted average CN and
percent impervious cover was calculated for each sub-watershed. All of these parameters and
their application to each of the three watersheds were discussed and applied consistently by the
three study teams. Separate reports were submitted to the City to document the selection of CN
values and percent impervious cover. A calibration check was made using various gaging
stations throughout the Leon Creek watershed to verify the selection of CN values.
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Table IT1-1
PERCENT IMPERVIOUS COVER
Land Use Category Average Percent Impervious Cover
Residential

!/, acre Garden or Townhouse 65 - 85%

Y4 acre Residential Lot 38%

'/, acre Residential Lot 30%

2 acre Residential Lot 25%

1 acre Residential Lot 20%
Industrial 72 - 85%
Business & Commercial 85- 95%
Densely Developed (apartments) 65 - 85%
Streets, Roads & Parking Areas 98%

The SCS standard 24 hour storm distribution was used with the City’s updated rainfall intensity
values to develop the storm hydrograph. Design rainfall values were reduced for large areas
using the depth area rainfall reduction method in accordance with the SCS methodology. The
time of concentration for each sub-watershed was calculated based on an overland flow time and
a channel flow time. The lag time used for generation of storm hydrographs was calculated as
60% of the time of concentration in accordance with the methodology used.

Hydrograph routing through the watershed was accomplished using the Muskingum method in
the HEC-1 computer model. This routing method takes into account the unique characteristics of
each creek segment for which a storm hydrograph is routed downstream to the next flow
calculation point. By routing the storm hydrograph from its calculation point to the next
downstreamn calculation point, natural storage or detention in the creek channel is accounted for
in determination of design flows. Natural channel storage in the Leon Creek basin was found to
be insignificant. Therefore, the routing parameters or channel characteristics used for
hydrograph routing under ultimate development conditions were the same as those used under
existing conditions. The results of the hydrology model are shown in Table II1-2,
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Table II1-2
100 YEAR FREQUENCY
DISCHARGE SUMMARY SHEET
CALCULATION DRAINAGE EXISTING ULTIMATE
CREEK POINT NO. LOCATION AREA CONDITION DEVELOPMENT
(8q.Mi) DISCHARGE DISCHARGE
(CFS) (CFS)
French Fl10 Approximately 1800 L.F. downstream of FM 1560 1.48 3,853 4,414
F20 Approximately 3800 L.F. downstream of FM 1604 7.46 14,447 16,921
F30 Approximately 800 L.F. downstream of Guilbeau 1177 17,299 20,193
Road
F4( Just above junction with Leon Creek 13.87 17.899 20,799
Helotes HE10 Scenic Loop Road at Wagner Road 13.20 19.758 24,183
HE20 Approximately 1000 L.F. downstream of S.H. 16 23.93 31,173 37.824
HE30 At FM 1560 2442 30,780 37,791
HE40 AT FM 1604 29.02 30,598 37,243
HE50 Just above junction with Culebra Creek 3331 30,352 36,784
Upper C1o Approximately 10,000 L.F. upstream of Galm Road 11.51 16,475 19,839
aiong the westernmost draw of Upper Culebra Creek
Culebra C20 Approximately 5500 L.F. upstream of Galm Road 1.45 3,335 4,003
along the center draw of Upper Culebra Creek
C30 Approximately 10,500 L.F. upstream of Galm Road 1.87 3.893 4,609

along the casternmost draw of Upper Culebra Creek

Culebra C40 At Galm Road 17.40 21,779 25911
C50 Approximately 7000 L.F. downstream of Galm Road 2541 28.301 32,833
C60 Approximately 2008 L.F. downstream of FM 1560 3122 31,923 36,767
Cc70 Approximately 4000 L.F. downstream of FM 1560 36.01 36,306 41,637
C80 Just below junction with Helotes Creek 72.03 56,891 67,862
co0 Approximately 4000 L.F. upstream of junction with 80.50 57,303 68,173
Leon Creek
C100 Just above junction with Leon Creek 81.07 57,153 68,005
Huebner HBI10 At Prue Road 2.52 5,529 6,191
HB20 Approximately 1700 L.F. downstream of Huebner 8.20 15,188 17,199
Road
HB30 Just above junction with Leon Creek 12.20 17.233 19,484
Leon L1¢ At FM 1604 39.37 33,162 37,166
120 Just below junction with Maverick & Huesta Creeks 54.88 35,394 39,596
L3¢ Approximately 1200 L.F. downstream of Prue Road 57.97 35,618 39,782
{below junction with Leon Creek Overflow Creck)
L40 Approximately 2500 L.F. above FM 471 (below 75.71 43,219 49,717
junction with French Creek)
L50 Just beiow junction with Culebra Creek 157.59 93,198 109,415
L60 Just below junction with Huebner Creek 170.42 97,780 114,704
L70 Just below junction with Southwest Research Creek 187.99 99,692 116,669
L8O At U.S. Highway 90 West {(below junction with 190.23 99,714 116,574
Southwest Research Creek)
Maverick MC20 Just above junction with Leon Creek 6.04 11,067 11,961
Huesta HU30 Just above junction with Leon Creek 545 10,457 11,516
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HYDRAULICS

Hydraulic calculations were completed using the Corps of Engineers HEC-2 computer program.
Cross section data input into the computer model were taken from an aerial topographic map
provided by the City. Field elevations were taken at various locations throughout the study area
to verify the elevations shown on the topographic maps. Contours on the topographic maps were
shown at two (2) foot intervais and the maps were produced at a scale of 1 inch =200 feet. Other
input parameters such as bridges, culverts, low-water crossings and manning’s roughness
coefficient (“n” value) were determined by a combination of field reconnaissance, inspection of
aerial photographs, construction plans and past experience on projects within the watershed. A
complete set of hydraulic calculations has been submitted to the City under a separate report.

The Manning’s roughness coefficients or n values were determined in accordance with the
guidelines established by the three watershed study teams under the direction of the City’s
Project Manager. A separate report titled “Leon Creek N Value Analysis™ was submitted to the
City and served as a guide for the selection of N values. Selection of the appropriate N values
were made by a combination of visual inspection of the creeks and aerial photographs. Typical
N values used in this study are as follows:

Creek Segment Characteristics Manning’s N Value
Concrete lined channel 0.015

Clean, uniform vegetated channel 0.035

Large trees with little or no underbrush or

deep flow depth over dense growth 0.050 - 0.055
Dense growth in overbank areas 0.060 - 0.090

Results of the 100 year existing condition water surface profiles indicated that the flow was
generally confined to areas defined as being within the existing flood plain. There were isolated
incidents of illegal fill encroachment into the flood plain that created wider flood plains than
previously defined and areas in which development occurred outside the influence of the City’s
Flood Plain Ordinance. Exhibits of the existing condition flood plain for the 10, 25, 50, 100 and
500 year storm event can be found in the exhibits section of this report.
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SECTION1IV. RECOMMENDED MITIGATION PROJECTS

IDENTIFICATION OF PROBLEM AREAS

As part of the task of developing the Leon Creek Master Drainage Plan, this study identifies and
prioritizes specific projects which will mitigate potential flood hazards. The project team utilized
HEC-2 floodplain models to identify 78 specific areas where the 100 year flood presents a
flooding hazard based on the existing watershed conditions. Several other potential problem
areas were initially considered, but were eliminated based on more detailed analysis or are being
addressed by TxDOT or other agency projects or programs. Exhibit MP-1 contained in the
Exhibits section of this report shows the location of each of the 78 flood mitigation projects. For
each of the problem areas a specific capital improvement project has been identified to mitigate
the potentially dangerous flooding condition.

Generally, the problem areas can be categorized into three types: inundated roadways or bridges,
areas where building structures flood, and a public park. Analysis and modeling of the
floodplain shows that the 100 year flood peak discharge increases only very slightly under
ultimate development conditions compared with that under existing conditions. Moreover, an
element of the Master Plan provides for management practices which may require developers to
take measures to accommodate their own discharge in future projects. Therefore, the project
recommendation is based on models simulating only the existing extent of development.
Appendix “B” contains Tables 1.1 - 1.7 summarizing these problem areas by stream. Figures 1.1
- 1.7 show the problem areas located on project location maps in the Appendix.

Definition of “Base” and “Fringe” Projects

Of the 78 flooded areas identified in the Leon Creek Watershed, 70 are definitely inundated by
the 100 year flood. Projects in these areas are labeled as “base™ projects and include all of the
inundated roadway/bridge areas, approximately ninety percent of the building structures, and the
park. The remaining eight sites, including the remainder of the structures, appear to be near the
edge of the 100 year floodplain and may actually be outside the limits of it. Projects mitigating
flooding of the inundated structures in these areas are labeled as “fringe” projects. Fringe
projects will require a survey of finished floor elevation to determine their actual disposition.
The fringe structures found to be in the 100 year floodplain would then be included as candidates
for mitigation projects.
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Project Selection

The criterion for the selection of sites for specific projects is that the 100 year flood presents a
potential for damage to persons or property at the site. More specifically, the peak water surface
elevation is at least as high as the pavement surface at roadways or the top of the foundations of
structures. Floodwaters even a few inches above this critical elevation present safety concerns at
low water crossings due to the possibility of a motorist being stranded within or swept away by
flood waters. The potential for loss of life at these locations is a very real concern. Any flooding
of structures presents concern for property damage and economic adversity, while more severe
cases threaten the lives of inhabitants.

The problem areas are interrelated as parts of the overall watershed system; thus, in some cases
one project may reclaim more than one problem area. Also, projects such as detention/retention
ponds could lower peak water surface elevations, potentially decreasing flooding in muitiple
problem areas. Nevertheless, in the majority of cases, a single project has been selected for each
problem area. Each area has been analyzed independently to arrive at the most economical
method of solution for the specific site. Solutions for the problem areas employ several different
strategies which are described in greater detail in the following paragraphs. 78 specific projects
are recommended using selected strategies based on the characteristics of the area. Table IV-1
summarizes the recommended projects and their costs. A more detailed summary of the projects
and estimated costs is included in Table 2 in the Appendix.

Funding of the projects may be borne in large part by the citizens of San Antonio in Bexar
County. Additional funds may be sought from sources such as federal, state and local roadway
and drainage programs, other municipalities, and in some instances, private property owners.
Funding strategies are discussed in detail under a separate report entitled “Funding Strategies for
Drainage Improvements” developed for the City of San Antonio Public Works Department.
Table 3 in the Appendix gives a basic summary of how the cost of the 78 mitigation projects
might be distributed among the responsible administrative agencies.

Priority System and Cost Benefit Ratio

Each project is given a high, moderate, or low priority based its potential to reduce flooding
damages to the community. Tables 4.1a - 5.7c in the Appendix summarize projects by priority
for each stream in the Leon Creek Watershed. The cost benefit ratio is one indicator of a
project’s value, but this ratio must be understood and applied appropriately. The benefit
evaluation is estimated differently for roadway/bridge and structure protection projects.
Therefore, cost benefit ratios can only be compared among roadway/bridge projects or among
structure protection projects. Grouping cost benefit ratios for roadway/bridge and structure
protection projects together would not be meaningful in this study.
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TABLE IV-1
LEON CREEK WATERSHED
RECOMMENDED PROJECTS SCENARIO
MITIGATION PROJECTS PROJECT DESCRIPTION COST
1 - PUBLIC PARK $50,000
(Signs and Gates)
46 - ROADWAYS/BRIDGES $32,758,000
70 4 - FLOODWALLS $1,320,000
BASE PROJECTS (6 - Structures)
{318 - Structures)
6 - LEVEES $427.,000
(16 - Structures & 3 - Roadways)
7 - BUYOUTS $4,593,000
(32 - Structures)
4 CHANNEL IMPROVEMENTS $18,390,000
(264 - Structures & 2 - Roadways)
TOTAL BASE PROJECTS COST $57,538,000
5-LEVEES $205,000
(17 - Structures)
8
2-BUYOUTS $1,185,000
FRINGE* PROJECTS (12 - Structures)
(30 - Structures)
1 - FLOODWALL $152,000
{1 - Structure)
TOTAL FRINGE* PROJECTS COST $1,542,000
TOTAL COST OF 78 RECOMMENDED PROJECTS $59.080,000

*Fringe projects include those projects near the edge of the flood plain which require detailed survey information to determine if

they in fact are affected by the 100 year event.
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At roadways. a project’s real benefit involves public safety as well as tangible property.
Quantifying such benefits requires subjective judgment. Therefore the estimation of benefits is
based on the project’s ability to protect the public, relative to the other roadway projects in the
study. Benefits are assigned at $1 million, $1.5 million, or $2 million, depending on daily traffic
using the crossing.

For projects protecting structures, the benefit associated with each project has been quantified
based on the real value of the structures only. No evaluation has been made for the potential
inconvenience, injury or loss of life associated with the flooding of structures.

DESCRIPTION OF MITIGATION PROJECTS

This section defines and describes the different types of solutions suggested to mitigate flooding
in areas in the Leon Creek Watershed. Generally, the solutions may be grouped into two
conceptual categories. One strategy is to relocate the facility away from the reaches of
floodwaters. At roadways, this goal is accomplished through bridge improvements or through
raising the roadway and providing a culvert for cross drainage as necessary. Occasionally the
purchase and demolition of an inundated structure is the most economical means of removing
such a hazard, in lieu of constructing significant infrastructure to protect it. The second strategy
is to improve upon the capacity or direction of the floodwater conveyance. This method may
employ channel improvements, levees, or floodwalls. At roadways, the improvement of bridges
or culverts causing constrictions may accomplish the desired effect. A third strategy, which is
explored in this chapter under the heading Special Projects, is to lower the discharge, and water
surface elevation, using detention or recharge ponds.

Bridges

Among the inundated roadway/bridge areas, recommendations include 46 new or lengthened
bridges or culverts. Two TxDOT funded bridges (Projects HEL-4 and C-5A) have been omitted
from the scenario of projects because they are already programmed for construction by TxDOT.

The total estimated cost for each new bridge includes a concrete bridge structure and roadway
approaches (fill and paving). Calculations have been performed to estimate the cost of
construction for each bridge. First, the discharge and depth of flow are obtained under existing
conditions from the HEC-2 models for all bridges. A velocity of 10 feet per second is assumed
for the stream through the bridge. Dividing discharge by velocity yields an approximation of the
required area for the bridge opening. Dividing the required bridge opening area by the depth
yields an approximation of the required bridge length for a rectangular opening. Finally, adding
twice the depth accounts for assumed 2:1 abutment slopes. The resulting calculated bridge
length is increased to account for any skew to the channel, then is rounded up to the next even 10
foot interval. The bridge width is obtained by scaling the existing bridge widths from mapping
or is based on known future improvements. Multiplying the bridge width by the bridge length
yields the total bridge deck surface area. The bridge cost is estimated using a unit price of $40
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per square foot of bridge deck surface. This unit price is based on past contracts and bid
tabulations for standard pier supported, concrete bridges.

Roadway embankment cost is estimated using the roadway length, roadway width and depth of
embankment. The roadway length is determined by subtracting the calculated bridge length from
the overall floodplain width. The depth of embankment is ascertained from the mapping based
on the average amount of fill required to elevate the roadway above the floodplain. The fill
volume and area of approach pavement is then calculated and rounded up to the next even 100
cubic yard and 100 square yard intervals, respectively. Using unit prices of $8 per cubic yard for
embankment and $20 per square yard for asphalt paving, the fill and paving costs are computed.

The estimated total bridge construction cost is the sum of the bridge cost, approach paving cost
and embankment fill cost rounded up to the next even $1,000 interval.

Three of the roadway/bridge projects identified consist of raising the roadway to prevent
inundation of the roadway during the 100 year storm. All three projects require construction of a
cross drain culvert as a part of the solution. The culvert size and cost is estimated similarly to
that described for bridges, with the same unit price of $40 per square foot of deck surface.
Project cost for raising the roadway is estimated similarly to that described for approaches to
bridges.

The 46 base roadway/bridge projects recommended to provide safe passage on roadways during
the 100 year storm range in project costs from $64,000 to $2,713,000. The total cost of the
roadway/bridge improvements was estimated at $32,758,000. Federal, state, and local roadway
and drainage funds could potentially be applied toward this total. In fact, 7 of these projects are
already listed on the MPO Long Range Plan. Two additional projects are partially funded under
the City’s Capital Improvement Plan through the 1994 bond program. Thus, funding amounting
to over $3,000,000 is already programmed. The remaining projects potentially could be included
in these established roadway improvement programs.

Levees

A levee may best be defined as an earthen dam used to divert a channel without retaining the
flows. Levees are best suited for those areas with wide, flat overbanks. They are not practical in
areas with steep banks due to the large amount of fill required. Floodwalls are best suited for
those areas with steep banks, where levees are not practical. Levee construction is generally less
expensive than channel improvements or floodwalls if the proposed site is flat and the water
surface profile has adequate slope to allow outfall behind the levee.

Recommendations include six base levee projects which mitigate flooding at three low water
crossings and protect 16 building structures. Two of the projects (M-2 and M-3) are already
listed as roadway improvements on the MPO Long Range Plan. Since the construction of levees
is significantly less expensive than raising the roadway at these sites, consideration should be
given to redirecting those MPO funds and incorporating levees into a more efficient solution for
these two problem areas. Also identified are five additional fringe levee projects which may be
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required to protect 17 fringe structures if survey data proves these structures to be in the
floodplain.

The levee project costs include the cost of fill and stabilization. Calculations have been
performed to estimate the cost of construction for each levee. First, the length and height are
estimated based on the existing conditions using HEC-2 models. The levees start upstream of
the point where water flows to inundate a structure. They continue downstream to a point where
the drainage behind the levee can outfall based on the water surface elevation computed in the
model. The levees provide for three feet of freeboard in accordance with FEMA standards. The
width is based on three to one side slopes and a 10 foot wide top. The fill volume is calculated
and rounded up to the next even 100 cubic yard interval. The estimated area of stabilization is
rounded up to the next even one acre increment. Using unit prices of $10 per cubic vard for
embankment and $5,500 per acre for stabilization, the levee cost is computed.

The base levee projects range in cost from $26,000 to $211,000. The total cost of the six base
levee projects is estimated at $427,000. The five fringe levee projects range in cost from
$26,000 to $56,000. The total cost of the fringe levee projects is estimated at $205,000.

Floodwalls

A floodwall may best be defined as a reinforced concrete wall founded on a footing and used to
divert a channel without retaining the flows. Improved aesthetic treatments to the wall such as
construction of a top rail or colored stamped concrete is assumed in the total cost estimated.
Adequate slope in the water surface profile is required to allow the drainage behind the floodwall
to outfall.

Since floodwalls are generally more costly than levees per unit foot, they are proposed only in
areas where the ground slope is too steep for levee construction. For example, in an area where
the existing side slope is steeper than 3:1, a levee with a proposed side slope of 3:1 would not tie
back into the existing slope until it reaches the bottom of the channel.

The estimated floodwall cost includes the cost of concrete. Calculations have been performed to
estimate the cost of construction for each floodwall. First, the length and height are estimated
based on the existing conditions using HEC-2 models. The floodwalls start upstream of the point
where water flows to inundate a structure. They continue downstream to a point where the
drainage behind the floodwall can outfall based on the water surface elevation computed in the
model. The floodwalls provide for three feet of freeboard in accordance with FEMA standards.
The wall width is assumed to be 1 foot. The footing is as wide as the wall is high. The
calculated concrete volume is rounded up to the next even 10 cubic yard interval. Using a unit
price of $400 per cubic yard for concrete, the floodwall cost is computed.

Four base floodwall projects are identified to protect six structures. Individual base floodwall
project costs range from $100,000 to $720,000. Total cost of all four base floodwall projects is
estimated to be $1,320,000.
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One identified fringe floodwall project may be required to protect one fringe structure if survey
data proves this structure to be in the floodplain. The total cost of this fringe floodwall project is
estimated at $152,000.

Channel Improvements

Channel improvements are proposed in the areas where it is realistic to protect structures or
roadways from inundation, but levees or floodwalls will not suffice. Grass lined channels with
3:1 side slopes are initially sized. However, in several areas the available width is inadequate or
the velocity too high for a grass lined channel. A 2:1 side slope concrete lined channel is
proposed in these areas. Channel areas where the flowline is lowered require a concrete lined
drop structure. The concrete lined channelization projects are particularly expensive since only
full concrete channelization of the stream is considered. The potential exists in some areas to use
a relief or pilot channel rather than full concrete channelization.

The preliminary sizes of the proposed channels are based on Manning’s equation using the
existing discharge in the stream. Several sections taken at each site are used to estimate the
approximate amount of excavation required to construct the channel.

The total channelization cost includes the cost of excavation, disposal, and concrete riprap (if
required). Calculations have been performed to estimate the cost of construction for each
channel. First, the length and depth are estimated based on the existing conditions using HEC-2
models. The caiculated excavation volume is rounded up to the next even 1000 cubic yard
interval. Using unit prices of $8 per cubic yard of excavation, $3 per cubic vard of disposal, and
$30 per square yard of concrete riprap, the channel cost is computed.

Recommendations include six base channelization projects to protect 264 structures and two low-
lying roadways. The base project costs range from $143,000 to $10,472,000. Project HB-9A,
for which $10,472,000 is estimated to protect 167 structures, is under the jurisdiction of the City
of Leon Valley. In addition, reimbursement of costs for Projects L.C-5 and C-7A could be sought
from the property owners who placed illegal fills in these areas. The total base channelization
projects estimated cost of $18,390,000 could be substantially reduced if these other funding
sources are considered.

Purchases

Structures are threatened by the 100 year flood in nine problem areas where either it is not
reasonable to protect the structures or it would be less expensive to purchase the property than to
make improvements to protect it. The cost of purchasing structures is estimated at $75 per
square foot.
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Of these nine areas, seven are base projects containing 32 structures of various sizes. The
approximate costs of the base purchase projects range from $120,000 (for the single structure in
Project C-8E), to $1,260,000 (for the seven structures in Project HEL-3D). The total cost of the
base purchases is estimated at $4,593,000. The remaining two fringe project areas contain 12
structures of various sizes which may have to be purchased if survey data shows that they are in
the floodplain. The approximate costs of the fringe purchase projects range from $210,000 (for
the two structures in Project C-7B), to $975,000 (for the ten structures in Project C-5C). The
total cost of the fringe purchases is estimated at $1,185,000.

Additional Projects

Project LC-17 involves installing flood warning signs and gates in Rodriquez Park to reduce the
risk of loss when the park is flooded. The estimated cost of this base project is $50,000.

SPECIAL PROJECTS

The base and fringe projects identified in this study have been selected to target specific flood-
prone sites. In addition to these point remedies, this comprehensive Master Plan also considers
five regional detention facilities and four potential retention ponds to collect and manage flows.
Locations of these five detention and four retention facilities are shown on Exhibit MP-1.
Innovative use of these water features could also provide a focal point for recreational areas, or
could be linked with other water resource management strategies, such as SAWS water reuse
plans.

Although benefit of the detention/retention pond projects is that they may significantly reduce
the number and/or magnitude of the base mitigation projects identified. These benefits are not
included in the recommended project scenario. Further detailed analysis is required to determine
the potential benefits of these ponds.

Detention Ponds

A detention pond may be described as a basin placed adjacent to a channel for the purpose of
detaining excess flows. The advantage of using such facilities is twofold: it shaves off the peak
water surface elevation at critical points along the drainage system, and it creates assets in the
form of stormwater-filled basins. These projects could possibly serve as “runoff banks” for
developers who prefer to pay an impact fee to support the projects in lieu of detaining runoff on
their own site. Regional detention facilities are very beneficial for small high density properties
where there is no practical method of detending runoff onsite. These off-channel detention
basins would begin to fill when the channel water surface elevation exceeds the level of a
spillway. The basin could be lined or unlined, depending its purpose within the overall
stormwater management strategy. For example, a drained basin could begin to discharge stowly
back into the channel immediately after the peak. This basin would be dry most of the time,
creating an ideal setting for recreational land such as athletic fields. Alternatively, a lined basin
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could be used to contain the runoff for a longer period, allowing stormwater to be mixed with
SAWS reuse water and distributed to users. Wet or dry, the basin could be used in conjunction
with scenic parkland projects. Two of the ponds identified (Projects P-2 and P-3) are relatively
close together and could be connected with a linear park and scenic hike and bike path. All of
these detention sites are located in abandoned quarries which provides an opportunity to reclaim
these unsightly areas in an aesthetically pleasing way.

The total project cost for each pond includes the cost of land acquisition at the unit cost of $2000
per acre, excavation at $6 per cubic yard, disposal and fill at $3 per cubic yard, and concrete
riprap at $30 per square yard. Five potential detention pond projects are identified with costs
ranging from $1,334,000 to $12,230,000. The total cost of the detention pond projects is
$25,138,000. Without subsurface investigation, it is difficult to estimate the magnitude of rock
excavation. Also, disposal costs could vary depending on the actual distance to the disposal site.

Leon Creek flood profiles are shown at the back of the Appendix. The preliminary hydraulic
analysis of Leon Creek with all five detention ponds modeled shows that the water surface
elevation at the downstream reach of Leon Creek is lowered by approximately two feet. This
change does not remove any of the identified problem areas along Leon Creek, or its tributaries,
from the floodplain. However, the floodplain limits for 11 sites would be reduced significantly
enough to decrease the overall cost of the projects identified to protect or improve those sites.

These five detention ponds reduce the peak flow in Leon Creek by approximately 10,000 cfs or
roughly 10%. Ultimate development flows calculated for this study show an average increase of
approximately 15% over existing condition flows. These detention ponds would be best utilized
to offset ultimate development flow increases on a regional basis should the City of San Antonio
adopt a new flood plain ordinance that required detention. This would provide a facility that
could reduce peak flows from properties being developed that are too small for onsite detention.

Retention Ponds

A retention pond may be described as a basin placed to interrupt a channel such that all of the
channel flows are collected in the basin at that point. An outlet structure can allow for required
minimum flows to be released to the downstream channel. By retaining the flows at a certain
location, all downstream flooding problems are reduced to some extent. Retention ponds have
potential additional benefits similar to those of detention ponds. They can be an appealing way
to reclaim rock quarries and also have the potential to enhance recharging of the Edwards
Aquifer if, of course, they are located over the recharge zone.

Four retention ponds were identified during the course of this study. Three of these retention
ponds were modeled as a part of this study to gage the benefit of these retention facilities. The
preliminary hydrologic analysis of the Leon Creek watershed with all three ponds modeled
shows that only the Government Canyon and the Culebra Retention Ponds are sufficient in size
to contain the peak of the 100 year storm. The Vulcan Quarry (Helotes) Retention Pond could be
beneficial with more storage volume made available through future mining. Culebra Creek flood
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profiles are shown at the back of the appendix. With the Government Canyon and Culebra ponds
in place, the water surface elevation at the downstream reach of Culebra Creek is lowered by
approximately two feet. One other retention pond that should be considered is on Leon Creek in
the Redland Quarry. There was not enough information available at the time of this study to
assess the beneficial impact of the Redland Quarry site. Another benefit from these retention
ponds is recharge to the Edward’s Aquifer. All four of these potential retention sites are located
over the recharge zone as shown on Exhibit MP-1..

Multi-Functional Concepts

Critical to the feasibility of the detention projects is the ability for these facilities to be multi-
functional. Therefore, it is important to examine the other benefits of the five detention projects.
One of these possible detention sites (Project P-1) is already being evaluated as a multi-use
facility by the City and was not included our evaluation of multi-functional facilities. The basic
goal of the Multi-Functional Projects is to design them to have more than one specialized use
such as open space, wildlife habitat and/or recreation. There is also a need to increase the
number of recreation facilities in the Leon Creek corridor where the growth has been tremendous
over the past two decades. These types of muti-use facilities add to the variety of recreation and
open space facilities currently available in the Leon Creek corridor as well as enhance the
environmental quality and character of typical storm detention facilities.

Though each project will have its unique design, all must share common site planning goals.
Each detention facility must be visually pleasing in as many conditions as possible and must be
durable to withstand flood situations. Each site should include clear definition of hazardous
areas and provide protection from public injury, These sites must also be accessible from more
than one direction and every effort should be made to enhance natural features and materials.

Existing Recreational Facilities

The number and variety of existing recreational facilities in the Leon Creek corridor is limited.
School properties and public parks with traditional group shelters and picnic sites are the only
types of existing recreational areas. None of the recreational sites are linked with dedicated
bicycle routes or hike/bike trails in the creek corridor. The foliowing facilities exist within one
mile east or west of Leon Creek between Highway 90 and Loop 1604

® Mateo Camargo Park [Highway 90 between Military Drive and South Callaghan
Road]

Rodriguez Park [Old Highway 90 between Military Drive and South

Callaghan Road]

Gustafson Stadium [N.W. Loop 410 between Culebra Road and Ingram Road]}

O.P. Schnabel Park [Bandera Road between Old Prue Road and Braun Road]

IV-10
LEON CREEK WATERSHED

MASTER DRAINAGE PLAN




SECTION IV. Recommended Mitigation Projects

Proposed Multi-Functional Detention Projects

The proposed projects are distributed along a two and one half mile stretch of Leon Creek . The
ultimate program and development of each should be tailored to the type and intensity of
adjacent land use. These new projects should not duplicate nearby recreation facilities. The
designs should be in harmony with hydraulic characteristics of the adjacent creek . Exhibits of
these projects are shown in the exhibits section of this report.

Project P-2 and Project P-3

Project P-2 and Project P-3 are immediately adjacent to two well developed residential
neighborhoods. Both sites are approximately one half mile south of O.P. Schnabel Park. Project
P-2 includes approximately 140 acres. The existing topography divides the basin into two
separate areas. The north is proposed as open space for storm detention area but also includes
recreational trails and picnic facilities. Project P-3 covers approximately 140 acres. The
northern portion is proposed for storm detention and informal recreation activities such as
jogging. The 38 acres at the south are above the existing flood plain. The plan proposes that this
area be purchased as part of the mitigation project. Structured recreation activities such as
softball and soccer are proposed in this area.

Project P-5

Project P-5 is bordered by open land and a developing residential neighborhood. Project P-5
covers approximately 169 acres. Softball and multipurpose fields are proposed for the northern
third of the site. Purchase of land for these uses will be necessary. The central third of the site is
planned as storm detention and informal exercise trails. The land which composes the southern
third would be acquired to serve as open space above the flood prone area.

Project P-6

Project P-6 is the largest of the proposed Multi-Functional sites at 340 acres. There are no
residential neighborhoods in close or direct proximity. The limited access and coarse topography
make this site a good candidate as an “ Urban Wilderness”. The basin area is proposed primarily
as nature trails and storm detention. Picnic sites are suggested for the higher elevations. It will
be necessary to purchase easements on the northeast and southwest for permanent vehicular
access or arrange for access to the site from the City owned Public Works Maintenance Yard
adjacent to the site.

Environmental Impact

Leon Creek is in one of the most rapidly developing sectors of San Antonio. Environmental
management policies and practices have not kept pace with the intensity of urban growth, Most
of the developed land along the corridor turns its back on the creek. The channel is viewed only
as convenient place to discard local runoff. Without a master plan and practical conservation
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practices, the environmental impacts on the creek will affect larger areas of the city. These
detention projects must be designed to be compatible with the ecological framework and
environmental character of Leon Creek.

Design of these facilities must consider basin scour and slope erosion while providing some
filtration of sediment laden stormwater. The filtration of stormwater may also be part of SAWS
overall storm water pollution prevention plan for the City as part of the Environmental Protection
Agency’s mandated stormwater quality program (National Pollution Discharge Elimination
System). In order to maintain the functional uses of these facilities, design consideration must be
given to controlled release of stormwater, sediment storage and removal, and cleanup of debris
deposited during extreme storm flow events.

Environmental enhancement of the Leon Creek corridor may also be achieved by the creation of
wildlife habitat within designated areas of the detention pond sites. The presence of natural
water flow and location within the flood plain of Leon Creek are factors critical to sustaining a
variety of wildlife, especially birds in an urban setting. Careful attention to reclamation of these
old quarry areas through planting with a diverse perennial native plant community and planting
species that will be compatible with succession and evolution of the creek environment will
insure a stable long term natural habitat with low maintenance cost.

Muti-Functional Detention Pond Cost

Cost for adding the multi-use benefits to the detention ponds were estimated based on some
generalized assumptions of land use within the detention sites. Depictions of how these sites
might be developed were submitted to the City under separate cover. Estimated construction
cost include site infrastructure (slope stabilization, site grading, access roads and utilities),
facilities (paths, trails, sports fields, shelters and restrooms), emergency and security
communications and revegetation (ground cover and trees). The estimated construction cost to
enhance the detention projects with muti-functional uses are shown below:

Project Estimated Construction Cost
P-2 $ 4 million
P-3 $ 4 million
P-5 $ 8 million
P-6 $ 6 million

CONCLUSION

Table IV-1 summarizes 78 recommended projects as a single scenario for the purpose of flood
mitigation in the Leon Creek watershed. In addition to the site specific projects, the Master Plan
includes five regional detention facilities and four retention/recharge facilities which have
immediate value in the role of peak flood abatement, plus multi-faceted advantages in providing
for future flexibility in the comprehensive stormwater management scheme.
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CITY OF SAN ANTONIO
PUBLIC WORKS DEPARTMENT
CONTRACT # 95-483-080

Large Scale Maps located in the Official file, may be
copied upon request. November 1996

EXHIBIT MP-1

EXHIBIT LE-1 LEON CREEK - FLOOD PLAIN MAP
EXHIBIT LE- 2 LEON CREEK — FLOOD PLAIN MAP
EXHIBIT LE-3 LEON CREEK FLOOD PLAIN MAP
EXHIBIT LE-4 LEON CREEK - FLOOD PLAIN MAP
EXHIBIT LE-5 LEON CREEK FLOOD PLAIN MAP
EXHIBIT LE-6 LEON CREEK FLOOD PLAIN MAP
EXHIBIT LE-7 LEON CREEK FLOOD PLAIN MAP
EXHIBIT CU-1 CULEBRA CREEK FLOOD PLAIN
EXHIBIT CU-2 CULEBRA CREEK FLOOD PLAIN

EXHIBIT CU-3 CULEBRA CREEK FLOOD PLAIN




EXHIBIT CU-4 CULEBRA CREEK FLOOD PLAIN
EXHIBIT HE-1 HELOTES CREEK FLOOD PLAIN
EXHIBIT HE-2 HELOTES CREEK FLOOD PLAIN
EXHIBIT HE-3 HELOTES CREEK FLOOD PLAIN
EXHIBIT HS-1 HUESTA CREEK FLOOD PLAIN
EXHIBIT MA-1 MAVERICK CREEK FLOOD PLAIN
EXHIBIT MA-2 MAVERFI.CK CREEK FLOOD PLAIN
EXHIBIT FRENCH CREEK FLOOD PLAIN
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Executive Summary

A. Purpose

A drainage study has been performed on the Salado Creek and its major tributaries for the
City of San Antonio. The purpose of this study is to provide a sound basis for the
development of a master plan for future drainage improvements and development in this
watershed. The study was performed in three phases which included the Preliminary,
Design, and Summary Report Phases. In the Preliminary Phase existing models,
precipitation and stream gage data, recharge zone development plans, dam analyses, and
storm flow information gathered, reviewed and assembled. Meetings were held with the
various governmental agencies which are affected or have jurisdiction on Salado Creek
and its tributaries. A hydrologic model was also prepared which calculates stream flows
resulting from rainfall events. The Design Phase of the study included the preparation of
a hydraulic model which calculates water surface elevations and flow profiles. Water
surface elevations generated by the hydraulic model were used to map the flood plains. In
the Summary Report Phase of this study, various mitigation projects were identified
which could remove existing structures and developable land from the flood plain and
eliminate potentially dangerous flocded roadway crossings.

The Salado Creek Watershed contains an area of approximately one hundred ninety (190)
square miles, that was used for the hydrologic analysis. The hydraulic analysis included
55 miles of creeks. The lengths of each creek is as follows:

Creek Limits of Study Length
Salado Creek S.E. Loop 410 to N. Loop 1604 33.6 miles
Panther Springs Creek  Salado Creek to N. Loop 1604 6.0 miles
Mud Creek Salado Creek to N. Loop 1604 5.5 miles
Elm Creek Mud Creek to N. Loop 1604 1.5 miles
Elm Waterhole Creek  Elm Creek to N. Loop 1604 2.3 miles
Beite] Creek Salado Creek to O’Connor Road 6.1 miles
55 miles

The study limits started downstream of S.E. Loop 410 and extended upstream along
Salado and its tributaries to Loop 1604 on the northside of San Antonio. The
Watershed’s boundaries cross the jurisdictions of Bexar County, The City of San
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the U.S. Military facilities at Fort Sam Houston, Camp Bullis and Camp and smaller
suburban communities including Shavano Park, Hill Country Village, Hollywood Park,
Windcrest, and Terrel Hills. Within the Watershed exist thirteen (13) flood control dams.

e
CANP STAMLEY
& CAUP BILLIS

" kg
AIR PORCE

Figure 1 - "Salado Creek Watershed"

B. Preliminary Phase

Gathering data, reviewing existing hydraulic studies, and the hydrologic analyses were
tasks performed in the Preliminary Phase. The hydrologic analysis is a process where
rainfall data, ground surface conditions, various stream alignments and confluence
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rainfall data, ground surface conditions, various stream alignments and confluence
locations are studied to determine stream flows which result from rainfall accumulations
across the watershed. Storm water runoff generated by rainfall is affected by soil type,
soil moisture conditions, vegetation, ground slope and impervious cover. Storm water
flow within the various streams is also influenced by the existing flood control retarding
dams. The Salado Creek Watershed is somewhat unique from the other major watersheds
in San Antonio in that thirteen flood control dams exist within the upper watershed which
are typically located north of Loop 1604 and within the Edwards Aquifer Recharge Zone.
This study confirms that these existing dams provide significant reductions in flooding
along the Salado Creek and its tributaries in the San Antonio area.

This drainage study also addressed the affect of current and future development within
the Salado Creek Watershed. The source for ultimate development land use projections
was the City of San Antonio, Planning Department. Information on land use indicated
that approximately thirty eight percent (38%) of the land in the Salado Creek Watershed
is vacant and available for development. The Planning Department projected
approximately eight five percent (85%) of the undeveloped land area will actually be
developed.

Storm water flows were computed for the 10, 25, 50, 100 and 500 year frequency storms
within the Salado Creek study area for existing and ultimate development conditions. A
comparison of the storm water flows at major road crossings is shown on Table 1. This
table indicates the current Federal Emergency Management Agency (F.E.M.A) model,
existing conditions model, and ultimate conditions model flows in cubic feet per second
(cfs) for the 10, 50, and 100 year frequency storms.

Table 1 - "Comparison of Storm Water Flows"

Loop 1604 15414 | 15378 23250 | 23243 26676 | 26667
Wesi Awe. 12200 16570 | 16837 | 17300 | 25001 25336 | 19300 | 28654 | 28982
U. 8. 281 16700 17209 | 17622 § 24000 [ 26735 | 26123 | 27000 | 29441 29813
Wetmore Rd 28600 | 26873 | 29435 | 41600 | 39650 | 42132 | 46600 | 45227 | 47681
Nacogdoches Rd. 28600 { 27673 | 30383 | 41800 | 40793 | 43476 | 46600 | 48528 | 40204
N.E. Loop 410 30100 | 28189 | 31178 | 44300 | 41614 | 44602 | 49100 | 47504 | 50470
Austin Hwy. 36900 | 32310 | 35875 | 54200 | 47646 | 51236 | 60500 | 54365 | 57946
Rittiman Rd. 36900 { 31029 | 34274 | 54300 | 45675 | 48935 | 61000 [ 52097 | 55337
L H 35 36900 | 21900 [ 24089 | 54300 | 32147 | 34408 | 61000 | 36656 | 38922
Commerce St. 36900 | 20078 | 22123 | 54300 | 29415 | 31550 | 61000 | 33526 | 35674
Rigsby Ave. 36900 | 18247 | 20134 | 54300 | 26672 [ 28661 61000 | 30382 | 32394
£. Southcross Biwd. 36900 | 14139 | 15567 1 54300 | 20512 i 21986 | 61000 | 23250 | 24723
S.E. Military Dr. 36900 | 14139 15567 | 54300 | 20512 | 21986 | 61000 | 23250 | 24723
S.E. Loop 410 36900 | 13292 | 14657 | 54300 | 19262 | 20673 | 61000 | 21822 | 23236
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C. Design Phase

The hydraulic analysis performed in the Design Phase is a process where the stream shape
or cross section and vegetated condition are considered to determine the depth of storm
water flows and the resulting flooded area that is caused by rainfall events. Roadway
crossings and other man made improvements tend to create restrictions within the stream
bed area which also may impact the depth and the conditions of storm water flow within a
stream. The cross-sections and channel slopes used in the study were based on aerial
mapping prepared for the

Leon, Upper Olmos, and ——— ; 7
Salado Creek watershed ¢~ 5" b /O

studies by United Aerial /' WQ |
Mapping Company and |\ "

provided by the City of | °
San Antonio. The study
also  addressed  the
existing conditions within
the creeks related to
vegetation and other
encroachments such as fill
materials and structures.
Previous flood study
information and stream
gage records maintained
by the United States
Geological Survey were
also reviewed and
incorporated into  the
study. Field investigation
of the wvarious creeks
within the study area was
included m the study.
Many areas within the
floodplains  are  not
accessible because right-
of-way or easements do
not exist for access and
the embankment areas
are densely vegetated.
The study results show
that the Salado Creek
between S.E. Loop 410 |~
and N.E. of Loop 410 L
possesses a unique linear

channel storage Figure 2 - "Hydraulic Study Area"
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accessible because right-of-way or easements do not exist for access and the
embankment areas are densely vegetated. The study results show that the Salado Creek
between S.E. Loop 410 and N.E. of Loop 410 possesses a unique linear channel storage
condition. Linear channel storage (detention) occurs when storm water flows along the
banks and outside the banks is slowed down by dense vegetation and flatter slopes.
Existing conditions along the lower 20 miles of Salado Creek consist of wide flat stream
sections and relatively flat slopes. Storage conditions are increased within these areas by
dense vegetation growth within the floodplain areas. This linear storage provides a
significant reduction of storm water flows downstream.

D. Summary Phase

1-5

Upon completion of the hydrologic and hydraulic models for the Salado Creek
Watershed, the floodplains for the 10, 25, 50, 100, and 500 year frequency storms were
mapped. In the Summary Phase, mitigation projects were identified for reducing and
eliminating flooding of structures and roadways.

Flood prone areas have been identified based on this study. The impact of the 100 year
frequency storm and its resultant floodplain on existing structures has been identified.
One hundred sixty nine (169) houses and ten (10) apartment buildings are located within
the floodplain. Sixty five (65) commercial and industrial type structures are also located
within the floodplain with an additional twenty three (23) structures identified as
recreational use type facilities. Another sixty eight (68) structures have been identified as
barns or sheds. Major areas of flooding for a 100 year storm event exist in the East Park
Subdivision (Wheatley Heights) south of Martin Luther King Drive. There are
approximately ninety nine (99) residential structures within this area. There are also forty
four (44) homes in the Garden Court East and Fairfield Village North Subdivisions and
Gemini Drive area. Ten (10) apartment buildings have been found to be in the floodplain
within the Renaissance Village North and Villa Apartments. Eighteen (18) commercial
and industrial buildings located in the Austin Highway Industrial Subdivision are in the
floodplain. A list of the structures located in the floodplain is provided in Chapter 5 of
the report. A field survey confirming the floor elevation of these structures has been
obtained. Thus, all structures having finished floor elevations above the floodplain are
not included in the floodplain. Numerous roadways have been identified in the
floodplain. A complete list of roadways crossing the creeks in the study is included in
Chapter 3. Roadways with low water crossings have been identified.

Ten (10) projects have been identified for mitigation of the flooding that occurs during
the 100 year storm event and nine (9) additional projects have been identified that can
eliminate existing flooded roadways. Projects developed for mitigation are listed in Table
2 with a description provided in Chapter 4 of the report. These projects will eliminate the
majority of the residential and commercial structural flooding problems that occur during
the 100 year storm event. Estimated construction costs are provided, but easement and
right-of-way cost have not been included.
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Table 2 - “Proposed Mitigation Projects”

Project Estimated
No. _ Project Description Costs
1 Flood Conirol Dam at Site #15r $ 6,000,000%
2 Remove 5000’ of Weidner and 2500° of Old O’Connor Rds.,

Reroute 1200° of Lookout Rd and enlarge railroad bridge structure $ 844750
3 Channelize Beite]l Creek, 4000’ east of Garden Court East Subdivision

(Esm’t. Acquisition Cost Not Included) $ 1,330,737
4 Reroute and raise 4600 of Holbrook Rd. to elevations equal to

25 Year Floodplain $ 961,226
5 Construct a 4400’ long levee from MLK Bivd. to the south between Salado

Creek and East Park Subdiviston (Wheatley Heights) $ 458,857
6 Remove brush and small trees to height of 6’ along lower 20 miles

of Salado Creek (Esm’t. Acquisition cost Not Included) $ 7.418,075%
7 Channelize 600" of Beitel Creek from Vicar to Perrin Beitel and

20007 downstream of Perrin Beitel

(Esm’t. Acquisition Cost Not Included) $ 685,726
8 Remove 1900’ of Ira Lee from Austin Hwy. northward to

limits of floodplain. Remove 600’ roadway connection to

Holbrook Rd. and reroute 600° of Holbrook Rd. $ 345,900
9 Clear and channelize 5000° of Salado Creek south of Martin

Luther King Drive (Not Recommended) $ 3,490,725H
10 Clear and channelize 12900’ of Salado Creek between Wetmore

Road and Jones Maltsberger Road (Not Recommended) $20,189.400™
TOTAL ESTIMATED COST $4,627,196.00

* Cost not included in Total Estimated Cost (Federally Funded Project}
+ Cost not included in Total Estimated Cost (Project not Recommended)
++ Cost not included in Total Estimated Cost (Project not Recommended)

Several structures exist within the floodplain which appear to have no feasible or cost
effective alternative for mitigation. Those properties remaining in the floodplain are listed
in Table 3. The cost as provided are based on 1996 Bexar County Appraisal District
property tax information.

The remaining mitigation projects described in this report address existing roadway
flooding. Most of the roadways identified as being fleoded have drainage structures that
are to small for the storm water flows resulting from a 100 year storm event. Only one of
the roadways, Jones Maltsberger Road, does not have any drainage structure and exists as
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a low water crossing at Mud Creek and Elm Creek. The street crossings identified for
new drainage structures are listed in Table 4.

Table 3 “Flooded Properties'

Appraised Flood

Structures Location Value Depth

4 Houses 236 Holbrook Rd. $56,100 6 feet
243 Holbrook Rd. $21,900 6 feet
274 Holbrook Rd. $36,200 6 feet
Holbrook Rd. $80,000 6 feet

1 Commercial Bldg 4354 Indusirial Co $680,000 4.5 feet

1 House 12522 Maltsberger Lane $426,500 4 feet

2 Houses 205 Cresthill Rd. $32.500 4 feet
207 Cresthill Rd. $85,200 3.5 feet

3 Buildings 11919 N. Weidner Rd. $91,000 3-4 feet
11609 N. Weidner Rd. $21,800 3-4 feet
11603 N. Weidner Rd. $104,300 3-4 feet

1 Commercial Bldg 3400 Nacogdoches Rd. $246,700 2-3 feet

1 House 3722 Bunche Rd. $18.,500 2 feet

2 Houses 12656 West Ave. $80,000 2 feet
12678 West Ave. 330,980 2 feet

2 Houses 311 North Loop W. $56,800 2 feet
239 North Loop W. $68,200 2 feet

TOTAL ESTIMATED COST $2,136,680

Table 4 - “Proposed Bridge and Culvert Projects”

Preoject Estimated
No. Project Descriptien Costs
i New Bridge Structure at West Avenue and Salado Creek $ 3,567,060
2 New Multiple Box Culverts at West Avenue and

Panther Springs Creck $ 332,500
3 New Bridge Structure at Vicar Rd. and Beitel Creek $ 1,995,000
4 2 New Bridges Structures at Roland St. $ 3,192,000
5 New Multiple Pipe Culverts at Jones Maltsberger and Mud Creek $ 332,500
6 New Multiple Box Culverts at Jones Maltsberger and Elm Creek $ 532,000
7 New Bridge Structure at Binz-Engleman Rd., $ 4,309,200
8 New Bridges Structures for Frontage Roads at TH35 and

Reroute Seguin Rd. (TxDOT) $ 3,990,000
9 New Multiple Box Culverts and Raise 2700" of Bulverde Rd.

at Redland Road $ 665.000
TOTAL ESTIMATED COST $18,915,260

The selection of the mitigation projects is based upon the results of this study which
defines existing and ultimate development conditions within the watershed. Two projects
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Brush clearing within the banks of Salado Creek should be avoided. Limited clearing
along the outer banks should not have adverse effects on the linear detention benefits in
Salado Creek. Project No. 9 which includes the channelization of Salado Creek south of
Martin Luther King Drive would significantly change the aesthetics and wild life habitat
features of the natural floodway. This project has a much greater cost than Project No. 5
which provides the same benefits. The environmental characteristics would significantly
be changed by brush clearing or channelization of the creeks. Salado Creeks natural
conditions provide erosion and sedimentation control along with the linear detention. A
minor problem Salado Creek does have is debris that has either washed in or been
dumped. Debris such as tires, lumber, and other trash should be removed. A clean
natural Salado Creek provides an environment that is beneficial for all.

Benefit has also been gained from the Flood Control Program implemented by the
U.S.D.A. Soil Conservation Service and San Antonio River Authority. Flood water
reductions resulting from the thirteen Flood Retarding Dams has greatly reduced the
number of properties that would be adversely effected. Thus requirements for mitigation
have greatly been reduced and the cost estimated for eliminating flooding problems is less
than would be anticipated otherwise. Total estimated costs for the recommended flood
mitigation projects, flooded property, bridge and culvert projects is $25,679,135.
Included are TxDOT costs associated with their highway system and the value of flooded
properties. With these costs deducted the total cost is reduced to $19,552,455.
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Introduction

A. Scope of Project

A study of Salado Creek and its major tributaries was authorized in April, 1994 by the
City of San Antonio. The purpose of the study is to map the floodplains and develop
projects that will mitigate the flooding identified by the study. Floodplains have been
redrawn and mapped for the 10, 25, 50, 100, and 500 year frequency storms. Mitigation
projects which can eliminate flooding problems caused by a 100 year frequency storm
have been identified in this study. These projects form the basis for the Drainage Master
Plan for the Salado Creek Watershed. These projects have been prioritized based
benefits and costs. Presented with this report, are hydrologic and hydraulic models, new
floodplain maps, and a definition of mitigation projects for a master plan.

The watershed study tasks were performed in three phases; a Preliminary Phase, Design
Phase, and Summary Phase. Research, investigation, and hydrologic modeling were
performed in the Preliminary Phase. Research efforts included gathering data on flooding
complaints, previous flood studies, precipitation and stream flood gage records, aerial
mapping, U.S.G.S. mapping, soil characteristics, plans for culverts, bridges, and dams,
and land use information. Field investigation involved observing and photographing the
creeks, bridges and culverts. Hydrologic models were created for the drainage areas above
the Salado and Rosillo Creek confluence. Watershed subareas were networked along
Salado Creek and its tributaries. Rainfall input in the form of precipitation hydrographs
are used to compute runoff for each subarea. The runoff discharged into the creeks is
routed down the stream network using unit hydrograph techniques. Runoff hydrographs
are combined at the nodes along the network producing new hydrographs and peak
discharges at each node. The hydrologic model computed discharges for the 10, 25, 50,
100, and 500 year frequency storms.

In the Design Phase, water surface profiles were computed using the hydrologic model
storm water flows for the 10, 25, 50, 100, and 500 year frequency storms. Hydraulic
modeling of Salado Creek along with the major tributaries: Beitel Creek, Mud Creek,
Elm Creek, Elm Waterhole Creek. and Panther Springs Creeks was performed in the
Design Phase. During the initial hydraulic analysis of the lower 20 miles of Salado Creek
it became evident that a significant reduction of storm water flow was occurring.

Reduction of the storm water flow could only be attributed to linear channel storage.

This required that the study be expanded to include a storage analysis to accommodate
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this unexpected condition. Utilizing the hydrologic and hydraulic models a storage
analysis was completed for existing conditions and ultimate development. The effect of
storage on the water surface elevations is significant and lowered 100 year flood
elevations approximately four and a half (4.5) feet in the southern reaches of Salado
Creek. Water surface elevations derived from the hydraulic model were used to prepare
floodplain maps showing the new floodplains for the 10, 25, 50, 100, and 500 year
frequency storms under existing conditions. The new floodplains are shown on aerial
maps produced by United Aerial Mapping for the City of San Antonio. These maps
revealed the existing structures and roadways that are subject to flooding. Projects were
identified and developed which could mitigate flooding where practical. Costs were

developed for the mitigation projects and the projects prioritized for implementation
based on benefits and costs.

The Summary Report Phase was the final phase and included the preparation of this
report, compilation of data from the Preliminary and Design Phases, development of
summary and recommendations, and presentation to the public. This Summary Report
contains details of the investigations, criteria of the project, and details of the models and
analyses. Included in the report are the appendices, research data, the model’s inputs and
summary outputs. Also provided are descriptions of the processes, results of the

modeling, mitigation projects and alternatives with recommendations and estimated
COSts.

B. Salado Creek Watershed

The Salado Creek Watershed is a drainage basin of approximately 190 square miles.
Storm runoff from the drainage basin as shown in Figure 1 is characterized by
components of surface runoff (sheet flow), street flows (shallow concentrated flow),
stream flows(channelized flows) and reservoirs(storage). These components are linked
by a stream network that is used to create a HEC-1 Model. HEC-1 is an abbreviation for
a computer program developed by the U.S. Army Corps of Engineers Hydrologic
Engineering Center. This program is widely used for developing hydrologic models.

The entire watershed is subdivided into smaller drainage areas that are identified as
subareas. The Salado Creek Watershed was divided into eighty-five subareas as shown in
Figure 3. Runoff from the subareas was computed using the sheet flow, shallow
concentrated flow, and channelized flow. The computed runoff from each subarea was
discharged into channels or creeks as storm water flow. Storm water flows routed in the
stream network are combined with the runoff from adjacent subareas to compute the peak
storm water flows in the creeks.

Salado Creck Watershed Study and Drainage Master Plan
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Figure 3 - "Salado Creek Watershed - Subareas”

1. Salado Creek and Tributaries

Salado Creek runs through eastern San Antonio and Bexar County. The Salado Creek
ends in southeastern Bexar County as a tributary to the San Antonio River. Following
Salado Creek upstream from its convergence with the San Antonio River, it travels in a
northeasterly direction for approximately two to three miles. At the location where the
Salado Creek crosses S.E. Loop 410 it turns northward and except for a slight east and
west meandering, the creek follows a northerly direction to N.E. Loop 410. Continuing
upstream, the Creek turns west to northwest prior to crossing Nacogdoches Road. From
Nacogdoches Road, Salado Creek travels in a west northwesterly direction through
northern San Antonio. After Salado Creek crosses West Avenue, it turns northward,
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traveling in a north, northwesterly direction towards Loop 1604. Upstream of Loop 1604,
Salado Creek meanders in a northwesterly direction through a portion of the lower hill
country. The upper reach of Salado Creek travels through the Leon Springs Military
Reservation, but does not reach the northern limits of Bexar County or Interstate Highway
10. Salado Creek’s upper limits and drainage area are defined by a ridge east of Interstate
Highway 10 and south of the Bexar County line. Salado Creek lies solely within Bexar
County and as shown in Figure 4 is approximately 43 miles in length.

CAMP STANLEY
& CAWP BULLIS
LRJTARY RESBRUATIONS

N

k3
} )’\
\PEPHIRCE EONE

3

Figure 4 - "Salado Creek and Tributaries"

There are several tributaries that exist within the Salado Creek watershed, including
Panther Springs Creek, Lorence Creek, Mud Creek, Beitel Creek, Walzem Creek, Rosillo
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Creek, Quail Creek, and several unnamed creeks. Elm Creek and Elm Waterhole Creek
are tributaries of Mud Creek.

Il. Drainage Basin

Salado Creek and each of its tributaries has a drainage basin. The subareas have been
identified according to the drainage basin wherein they lie. SC signifies Salado Creek
and likewise PS for Panther Springs Creek, LC for Lorence Creek, MC for Mud Creek,
EC for Elm Creek, EW for Elm Water Hole Creek, BC for Beitel Creek, WC for Walzem
Creek, and RC for Rosillo Creek. SR signifies Stahl Road because the tributary in that
drainage basin was unnamed.

Rosillo Creeks drainage basin has been included for the purpose of evaluating backwater
effects. Rosillo creek is outside the limits of the hydraulic study area, however,
backwater created at the Salado and Rosillo Creek was analyzed.

Topography

Topography within the Salado Creek Watershed varies in the upper and lower areas of the
watershed. The upper area is in the Edwards Plateau and is hilly with steeper slopes. In
this area, the Salado Creek and tributary creeks have cut steep valleys through the land
and because this area is the larger portion of the watershed it contributes a large amount
to the total stream flow. A combination of rocky and clay soils also contribute to the
larger runoff. Rock, clays, and steep slopes create nearly impervious conditions and this
reduces the effect of development and its associated impervious cover on storm water
flows. Salado Creek as it runs from West Avenue across north San Antonio to N.E. Loop
410, has a milder slope, however, the drainage basins around the creek stilt have steeper
slopes. The southern or lower areas of the watershed are located in the Blackland
Prairies. Slopes across the drainage basins and along the creek in the lower area south of
N.E. Loop 410 are even more mild. Elevations in the watershed range from 500 feet
above mean sea level to over 1500 feet. Upper watershed areas, having the steeper slopes,
vary in elevation from 700 feet to 1500 feet above mean sea level. This variation in
elevation occurs from N.E. Loop 410 to the upper limits of the watershed. The lower
watershed varies from 500 feet at S.E. Loop 410 to 700 feet at N.E. Loop 410.

Soils

To evaluate the rainfall and runoff relationship for the drainage basin it is necessary to
assess the characteristics of the existing soils. Data was obtained from the United States
Department of Agriculture, Soil Conservation Service now identified as U.S.D.A. Natural
Resources Conservation Service. Soil data was obtained in database files (Soil Survey
Geographic Data Base) which is the same data published in the “Soil Survey for Bexar
County, Texas”. The database contains characteristics for the various soil types located
in Bexar County. Included with the database was a digitized graphic file showing the
location of the various soils. The Salado Creek Watershed and graphic file of the soils
were overlain and the soil types within the watershed were identified. Soil types are
classified by Hydrologic Soil Groups. The four Hydrologic Soil Groups are A, B, C, and
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- D. The definition or soil characteristics of the four Hydrologic Soil Groups are provided
in Table 5. A list of soil types found in the Salado Creek Watershed is provided in Table
6. The soil types within the Salado Creek Watershed were grouped according to the
Hydrologic Soil Groups and mapped accordingly as shown in Figure 5. A single small
area of Eufalia sand (Hydrologic Soil Group A) was found in the watershed. This area
was used as Hydrologic Soil Group B to simplify the computation of land use and soil

groups.

Table 5
Definition of the SCS Hydrologic Soil Groups

A These Soils have a high infiltration rate. They are chiefly deep, well
drained sands or gravels. (Low Runoff Potential)

- B These Soils have a moderate infiltration rate when thoroughly wet.
They are moderately deep, well drained soils of moderately fine to
moderately course texture.

C These Soils have a slow infiltration rate when wet. They are soils with
a layer that impedes downward movement of water and soils of
Moderately fine to fine texture.

D These Soils have a slow infiltration rate. They are chiefly clay soils
with a high swelling potential, soils with a permanent high water
—_ table, soils with a clay pan at or near the surface, and shallow soils
over nearly impervious material. (High Runoff Potential)
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Table 6 - "Soil Types in Salado Creek Watershed"-

SOIL GROUP SOQOIL TYPE SQIL NAME
A EuC EUFAULA SAND (ALUF)
8 DmC DUVAL LOAMY FINE SAND
DnB DUVAL FINE SANDY LOAM
DnC DUVAL FINE SANDY LOAM
DsC2 DUVAL SOILS
Fr FRIO CLAY LOAM (SUNEV]
Go GOWEN CLAY LOAM
Gu GUILLED LAND {SUNEV)
KaB KARNES LOAM (ATCO)
KaC KARNES LOAM (ATCO)
KcC2 KARNES CLAY LOAM (ATCO)
LvA LEWISVILLE SILTY CLAY
LvB LEWISVILLE SILTY CLAY
LvC LEWISVILLE SILTY CLAY
PaA PATRICK SOILS
PaB PATRICK SOILS
PaC PATRICK SOILS
VaA VENUS LOAM (SUNEV)
vaB VENUS LOAM (SUNEV)
VCA VENUS CLAY LOAM (SUNEVY)
VcB VENUS CLAY LOAM (SUNEV)
VeC VENUS CLAY LOAM (SUNEV)
WmA WILLACY LOAM
WmB WILLACY LOAM
7a ZAVALA FINE SANDY LOAM
Zg ZAVALA AND GOWEN SOILS
c AuB AUSTIN SILTY CLAY
AuC AUSTIN SILTY CLAY
8pC BRACKETT CLAY LOAM (WHITEW RIGHT)
BrD BRACKETT SOILS (KEARVILLE)
BIE BRACKETT SOILS (KERRVILLE)
BsC BRACKETT.AUSTIN COMPLEX (WHITEWRIGHT]
BIE BRACKETT-TARRANT ASSOC. (KERRVILLE)
HgD OLMOS, HILLY GRAVELLY LAND
HkB HOCKLEY LOAMY FINE SAND (WILCO}
HKC HOCKLEY LOAMY FINE SAND (WILCO)
HKC2 HOCKLEY LOAMY FINE SAND (WILCO)
LiB LEMING LOAMY FINE SAND
SaB SAN ANTONIO GLAY LOAM
Sac SAN ANTONIO GLAY LOAM
5ac2 SAN ANTONIO CLAY LOAM
ScB STEPHEN SILTY CLAY
ScC STEPHEN SILTY CLAY
Tb TARRANT SOILS (EDDY)
WbB WEBB FINE SANDY LOAM (FLORESVILLE)
WhC WEBB FINE SANDY LOAM (FLORESVILLE)
WeC?2 WEBB SOILS (FLORESVILLE]
WeCa WEBB SOILS (FLORESVILLE)
D Ca CRAWFORD CLAY (ANHALT)
Cb CRAW FORD AND BEXAR STONY SOILS (ANHALT)
CIA CROCKETT FINE SANDY LOAM (MIGUEL)
CB CROCKETT FINE SANDY LOAM (MIGUEL)
CkC2 CROGKETT SOILS (MIGUEL)
HnB HOUSTON GLAY (HEIDEN)
HnC2 HOUSTON GLAY (HEIDEN)
HnC3 HOUSTON GLAY (HEIDEN)
HoD3 HOUSTON-SUMTER CLAYS (HEIDEN)
HsA HOUSTON BLACK CLAY
HsB HMOUSTON BLACK CLAY
HSC HOUSTON BLACK CLAY
HIA HOUSTON BLACK CLAY (BRANYON])
HiB HOUSTON BLACK CLAY (BRANYON)
HuB HOUSTON BLACK GRAVELLY CLAY
HuC HOUSTON BLACK GRAVELLY CLAY
HuD HOUSTON BLAGK GRAVELLY CLAY
Kr KRUM COMPLEX
OrA ORELIA SANDY CLAY LOAM
or8 QRELIA SANDY CLAY LOAM
Pt PITS AND QUARRIES
TaB TARRANT ASSOC_(ECKRANT)
TaC TARRANT ASSOC. (ECKRANT)
TaD TARRANT ASSOC. (ECKRANT)
Tc TRINITY CLAY (TINN)
Tt TRINITY AND FRIO SOILS (TINNY
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Preliminary Phase

The preliminary phase included research, investigation, and hydrologic modeling. The
tasks and efforts are detailed as follows.

A. Research

3-1

I. Existing Data

Research performed for this study included visiting and interviewing representatives of
various City, County, State, and Federal agencies to locate, identify, and subsequently
analyze available data on Salado Creek and its tributaries. Several tables presented in
Appendix A list the agencies and data reviewed. Data analyzed included several previous
studies of Salado Creek including an analysis by the U.S. Army Corps of Engineers in
1969, the F.E.M.A. floodplain analysis, and a watershed study completed by the U.S.
Department of Agriculture Soil Conservation Service in 1994. The methodologies,
assumed conditions, and floodway characteristics used in these studies were also
evaluated. Other hydraulic studies identified in the City of San Antonio files were for
land development projects performed by other engineering consultants.

Evaluation of the studies included review of the techniques, modeling softwares, and
objectives. The FEM.A. floodplain analysis and studies performed for land
development were the only studies which specifically defined floodplains. Most of the

studies reviewed were performed for analysis and simulation of previous floods and flood
control projects.

/. Historical Storms

The initial task required to develop the hydrologic model involved research of historical
rain fall and creek flow data. Historical data dates to the early 1900’s, but accurate
records of creek flow depths and storm water flows did not begin until the 1960’s. The
United States Geological Survey (U.S.G.S.) began installing stream gaging stations on the
creeks in Bexar County, in the 1960’s. Continuous recording gages that measure creek
flow depth and precipitation have been utilized for the past twenty six years.

Two gages have been maintained by the U.S.G.S. on Salado Creek; one at N.E. Loop 410

and the other at S.E. Military Drive. Other gaging sites were utilized in the 1970’s but
have been removed. In 1990, the City of San Antonio established an Early Flood
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Warning System which included the installation of precipitation and stream gages. A
stream gage is maintained at Interstate Highway 10 and Salado Creek and Precipitation
gages have been installed at numerous locations within San Antonio. Other sources of
precipitation data are the U.S.G.S. and the National Weather Service (NW.5.). A
precipitation gage is maintained by the U.S.G.S. at N.E. Loop 410 and a gage is
maintained by the N.W.S. at the San Antonio International Airport. These agencies have
provided data from their gages that was recorded during past storms.

Stream and Watershed conditions were evaluated for each of the largest storm events
recorded in the past twenty five years. Conditions such as existing land development,
construction of dams and other structures along Salado Creek were the main criteria used
to narrow the selection of storms to those that occurred in the 1990’s. The land use data
had been updated by the City of San Antonio in 1991 and twelve flood control dams were
complete with the thirteenth dam under construction. The largest storms that have
occurred since 1990 were on April 4-5, 1991 and May 5-6, 1993. Precipitation and
stream gage data pertaining to these storms is presented in Appendix B. Descriptions of
the storms were provided by the N.W.S. along with isohyetals of the storm rainfall totals.
The ischyetals shown in Figures 6 & 7 represent rainfall distribution patterns of the two
storms. The rainfall data shown represents approximate rainfall totals for the duration of
the storm. The rainfall patterns are interpolated from numerous gage reports which are
scattered over the City.

The largest rainfall totals for each storm occurred in different areas. Rainfall during the
April 4-5, 1991 storm had higher concentrations west of the watershed and produced
larger storm water flows in those areas. Although the storm was centered outside the
Salado Creek Watershed, the storm water flows produced in Salado Creek are the second
largest recorded since 1990. The largest storm water flows recorded in the Salado
Watershed occurred during the May 5-6, 1993 storm. The highest rainfall totals were in
the mid region of the watershed. Storm water flows produced in Salado Creek were
measured at the three stream gaging stations described previously. The stream gages at
Interstate Highway 10 and N.E. Loop 410 malfunctioned in May 1993 and did not record
the peak storm water flows in Salado Creek. A manual field measured depth of the storm
water flow at the approximate time of the peak flow was taken at N.E. Loop 410. All
three stream gaging stations shown on Figure 8 were operating in April 1991 and
recorded continuously through the storm.

Although the May 5-6, 1993 storm produced larger runoff and discharges in Salado
Creek, the recorded data was incomplete. Data recorded during the April 4-5, 1991 storm
was utilized in the HEC-1 and HEC-2 models for comparison and verification of the
models.

Salado Creek Watershed Study and Drainage Master Plan
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conditions observed are contained in Volume II, Appendix C. Field investigation did
identify several channelized sections within Salado Creek and it’s tributaries.
Channelization was identified along Salade Creek between Nacogdoches and Wetmore
Road. This area of Salado Creek is all that was observed that has been channelized,
except for roadway crossings. Beitel Creek upstream and downstream of N.E. Loop 410
has been channelized by the development process. Additional channelization has occurred
in the upper reach of Beitel Creek at the O'Connor Road and Nacogdoches Road
crossings. Channelization has also occurred on Mud Creek, Elm, and Elm Waterhole
Creek around Thousand Oaks and Redland Oaks Road. The channelization that has
occurred primarily consists of clearing and reshaping of the earthen channel sections. In
two locations, however, the channel has been lined with concrete. Concrete channels have

been built on Beitel Creek between Vicar Drive and N.E. Loop 410 and on Salado Creek
under the IH-35 bridge.

Fill and debris deposits within the flood plain of Salado Creek on the north side of San
Antonio International Airport were observed on properties owned by the City of San

Antonio. Fill Materials were stock piled adjacent to the floodplain at Arion Parkway and
U.S. Hwy. 281.

Il. Structures

Field investigation revealed that a variety of drainage structures exist within the banks
and floodway of the Salado Creek and its tributaries. These structures include pipe
culverts, box culverts, bridges and dams. A list of existing structures and their locations
is provided in Table 7. These structures have been examined in the field and documented

with photographs. Available as-built plans were obtained for these structures and utilized
in the hydrologic and hydraulic analyses.

Bridges and Culverts

The majority of the bridges at road crossings that were observed were designed and
constructed by the Texas Department of Transportation. As-built plans for these bridges
were obtained from the Texas Department of Transportation and were utilized in
development of the hydraulic model. Culverts exist in several locations including
Interstate Highway 35, Interstate Highway 10, N.E. Loop 410, and Loop 1604. Several
other culverts are located across Salado Creek and the tributaries that were constructed by
developers or the City of San Antonio. Culvert crossings on Salado Creek flood on a
regular basis. Other small Creek culverts that flood are located at Vicar Drive on Beitel

Creek and West Avenue on Panther Springs Creek. Flooded roadway crossings are
identified by * in Table 7.

Table 7 - “Existing Structures”
DOWNSTREAM UPSTREAM

CREEK CROSSING STRUCTURE STATION STATION
Salado S.E.Loop 410 Bridge 20440 20729
S.E. Military Dr. Bridge 33188 33294
E. Southcross Bridge 43166 43308
* Roland Culverts 50191 50255
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Continue Table 7 - “Existing Structures”
DOWNSTREAM  UPSTREAM

CROSSING
Rigsby

Rice

Martin Luther King

* MLK Park Rd.
I.H. 10
Commerce St.
Houston St.
Gembler
S. Pac. RR.

* 1LH. 35

* Seguin Rd.
Mis-Kan-Tex R.R.

* Binz-Engleman

* W.W. White Rd.

* Rittiman Rd.

* Eisenhauer

* Austin Hwy.

* N. Loop 410

* Nacogdoches
Mis-Pac R.R.
Wetmore Rd.

* Entrance Ave.

* Bitters Rd.

* Bitters Rd.
Jones Maltsberger
U.S. Hwy 281

* West Ave.
Vista Del Norte
Blanco Rd.

* QOld Blanco Rd.
Huebner Rd.
Loop 1604

Panther Springs * North Loop Rd

Mud

* West Ave,
SCS Dam #7
Bitters Rd
Mission Ridge Dr
SCS Dam #6
Loop 1604
*  Starcrest

*  Buckhom

Thousand Oaks

* Jones Maltsberger
SCS Dam #10
Loop 1604

STRUCTURE
Bridge
Bridge
Bridge

Culverts
Bridge
Bridge
Bridge
Bridge
Trestle

Bridge & Culverts

Culverts
Trestle

Culverts

Culverts
Bridge
Bridge

Bridge & Culverts

Bridge & Culverts
Bridge
Bridge
Bridge

Culverts

Culverts

Culverts
Bridge
Bridge

Cuiverts
Bridge
Bridge

None
Bridge
Bridge

None

Culverts

Spillway
Bridge
Bridge

Spillway
Bridge

None
Culverts
Culverts

None

Spillway
Bridge

STATION

54551
61634
63552
66969
69770
72015
73040
81369
36460
87081
87570
90489
92110
96242
110026
114557
115915
125239
132303
138032
138121
141965
144266
145362
151236
157091
161964
168226
170905
171621
181787
192321
433
1182
3955
11248
156358
16921
30251
1104
4990
11103
19633
20351
28182

STATION
54608
61680
63615
67031
69937
72092
73098
81444
86482
87445
87609
90507
92176
96336
110103
114620
116126
125541
132365
138061
138194
142019
144420
145424
151311
157442
162051
168291
170967

181924
192471

1272
4347
11323
15750
17234
30655

5046
11201

20776
28489
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Continue Table 7 - “Existing Structures”
DOWNSTREAM  UPSTREAM

CREEK CROSSING STRUCTURE STATION STATION
Elm Waterhole Redland Rd. Culverts 5549 5628
* Bulverde Rd None 6822
Classen Rd. Culverts 9807 9863
Loop 1604 Bridge 11091 11576
Elm Redland Rd. Culverts 3198 3320
* Jones Maltsberger None 5075
Loop 1604 Culvert 6878 7316
Beitel Perrin Beitel Bridge 2802 2870
* Vicar Dr. Culverts 3370 3416
N.E. Loop 410 Bridge 4839 5321
Mis-Pac R.R. Trestle 15592 15620
Mis-Pac R.R. Trestle 18842 18877
* Shertz Rd. Culverts 19067 19112
* Weidner Rd. Culverts 21854 21888
O'Connor Rd. Bridge 23842 23919
* QOld O’Connor Culverts 24641 24674
* Lookout Rd. Culverts 25123 25172
Mis-Kan-Tex R.R. Bridge 25205 25217
O’Connor Rd. Culverts 26903 26975
Nacogdoches Rd. Culverts 29955 30087

* Flooded Crossing

Floodwater Retarding Dams

Within the upper Salado Creek watershed, are thirteen (13) floodwater retarding dams
(see Figure 9). Over fifty percent of the total area within the watershed or 74,989 acres of
land is located above the dams. These dams were designed and constructed under a
Flood Control Program that resulted from the “Small Watershed Protection and Flood
Prevention Act, Public Law 566" passed in 1954. The Salado Creek Flood Control
Program was started in the late 1960's after being approved by Congress in 1962 and
amended in 1968 and 1971. The U.S.D.A. Natural Resources Conservation Service and
the San Antonio River Authority worked in cooperation in planning and constructing the
dams. Sixteen dams were originally planned for the Flood Control Program. In 1964 the
McAllister Park Proposed Master Land Use Plan was completed and included the
fourteenth dam (15r). See Appendix F. The City of San Antonio is an additional sponsor
of this dam as owner of the site. The dam in McAllister Park is expected to cost
approximately $6,000,000. This estimate was provided by Mr. Trent Street, Design
Engineer for the U.S.D.A. Natural Resources Conservation Service.

The Salado Creek Flood Control Program (Table 8) began with the design and

construction of the first Floodwater Retarding Dam at Site No. 2. To date, thirteen (13)
dams have been completed with the thirteenth having been completed in mid 1996.

Salado Creek Watershed Study and Drainage Master Plan
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Figure 9 shows the thirteen existing dams and proposed dam in McAllister Park. The
first twelve dams were constructed at a cost of approximately $17,000,000. The
thirteenth dam at Site No. 10 cost approximately $5,000,000. The fourteenth and final
dam planned in the Salado Creek Flood Control Program at site #15r, is designated to be
constructed under the Federally Funded Program.

Other benefits have been gained from these floodwater retarding dams, including,
recharge of the Edwards Aquifer, water conservation, and erosion control. Several of the

dams were built over the recharge zone and make significant contributions to recharge of
the Edwards Aquifer.

Table 8
SALADO CREEK FLOOD CONTROL PROGRAM
Completion Drainage Area | Storage Area Dam Height
Site No. Date Acres Acre-Feet Feet
1 11-25-75 7,232 4,189 75
2 03-05-71 3,674 2,293 55
4 10-31-72 3,526 1,982 55
5 10-18-76 - 5,670 3,293 58
6 03-09-82 2,928 1,490 62
7 04-25-87 3,710 2,340 47
8 05-16-73 7,154 4,178 62
9 03-09-82 1,517 1,026 49
10 1996 3,061 1,846 66
11 04-07-80 4,198 2,596 65
12 06-06-74 8,128 4,875 70
13A 08-13-76 2,099 1,441 43
13B 08-22-75 1,619 1,093 46
15R Proposed 6,440 3,405 44

Ill. Land Use

Existing Development

The City of San Antonio Planning Department provided the land use categories and
location database used in this study. Land uses included eight primary use categories
described as follows: (10) Residential, (20) Commercial, (30) Industrial, (40) Services,
(50) Open Space, (60) Agricultural, (70) Transportation, and (80) Vacant. Descriptions
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of the different land uses are presented in Appendix D. All land uses were divided and
regrouped into seven categories according to average percentage of impervious cover.
The seven categories that resulted are dispersed residential; residential; densely developed
residential, such as apartments; business and commercial; industrial and tnstitutional;
open space and parks; and streets, roads, and parking areas. Table 9 lists the categories,
land uses, and the average percent impervious cover used in this study. The seven
different land uses were mapped over the Salado Creek Watershed and Figure 10 presents
the resulting land uses in the Salado Creek Watershed. The areas of each land use within
the subareas and their corresponding category characteristics were used as parameters in
the HEC-1 modeling to compute runoffs. The landuses in the Salado Creek Watershed
show that 46,340 acres which is 38 percent of the land is undeveloped or open space.

Table 9 - “Land Use Categories”

AVERAGE %
CATEGORY | LAND USE IMPERVIOUS
Il Dispersed Residential 20
12 Residential 38
13 Densely Developed (Apartments) 75
21 Business and Commercial 90
31 Industrial 78
51 Open Space, Range Land, Parks, and Agricultural 0
71 Streets, Roads, and Parking Areas 98

Ultimate Development

The majority of undeveloped land is in the upper watershed as shown on Figure 10. The
City of San Antonio, Planning Department provided projections for ultimate development
for the 46,340 acres of available, undeveloped land. The Development projections show
55% to be developed as residential, 5% to be developed as dense residential, 15% to be
developed as commercial, 5% to be developed as industrial, 5% to be developed as roads,
streets or parking areas, and 15% to be retained as open space or park land. In areas
within and above the Recharge Zone, residential development is projected to be dispersed
residential. All other areas below the recharge zone are projected to be residential.

C. Hydrologic Modeling

I. Theoretical Assumptions

There are certain assumptions that must be made in the application of all simulations and
models. Hydrologic modeling requires that several assumptions be made to compute

3-10 Salado Creek Watershed Study and Drainage Master Plan
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runoff and losses. Included in a hydrologic model are initial losses and uniform losses
that are associated with rainfall. Initial and uniform losses result from infiltration,

‘interception, and depressions. After the initial loss of rainfall is determined, then uniform

losses of rainfall runoff are determined based upon the assumption that they occur at a
constant rate. Several variables are used to determine the initial and uniform losses,
including soil type, slope, land use, and antecedent soil moisture condition.

During the Preliminary Phase, meetings were held with the City of San Antonio and the
Consuitants performing the Olmos Creek and Leon Creek Studies to review and discuss
methodology. By a consensus it was determined that the Soil Conservation Service
Methodology as outlined in SCS National Engineering Handbook, Section 4, Hydrology
(NEH-4) was to be used for the hydrologic model.

Therefore, the Soil Conservation Service Methods were used for establishing rainfall
runoff losses. As specified by the City of San Antonio, the initial rainfall abstraction (Ia)
in the HEC-1 runoff simulation process was determined for all events using the standard
SCS equation, which is a function of runoff curve number (CN), as follows:

Ia=02*{(1000 - 10 * CN)/ CN]

The hydrologic soil group and land use are combined to create a hydrologic soil - cover
complex. Runoff curve numbers have been assigned to the hydrologic soil cover
complexes by the Soil Conservation Service.

The City of San Antonio selected the CN values with agreement by all consultants so that
this study and others would be uniform. Presented below are the CN values and their
associated hydrologic soil groups.

HYDROLQGIC SOIL GROUPS A B C D

SCS RUNOFF CURVE NUMBER (CN) 25 55 70 77

An average CN value for each subarea was calculated using the above CN values and the
area of each hydrologic soil group. Tables 10 and 11 present the weighted average CN
values for each subarea. Average CN values for existing conditions are presented in
Table 10 and Table 11 presents values obtained for ultimate development. Likewise, the
weighted average percent impervious cover for each subarea was obtained by averaging
the area by land use category and applying the average percent impervious values
presented in Table 9.

For all simulations of storm events using the HEC-1 model of the Salado Creek
Watershed, a five-minute computational time step has been used. This time step provides
sufficient temporal resolution to describe typical variations in rainfall and runoff patterns
as they have been observed within the Salado Creek Basin and is consistent with time
step requirements for the SCS unit hydrograph method. The five minute time step also
provides a convenient time frame for distributing the reported historical measured rainfall

Salado Creek Watershed Study and Drainage Master Plan




Table 10 - SCS RUNOFF CURVE NUMBERS FOR EXISTING CONDITIONS

SOIL TYPES] B [ 7]
CANDUSE I ] 13 21 N 3] 71 1 12 13 21 31 51 7 11 12 13 21 31 51 n I
% IMPERVIOUSI 20 38 75 30 78 [} 96 20 38 75 90 78 0 98 20 38 75 S0 78 0 98 |
['5CS CNVALDE] 855 55 55 55 55 55 55 70 70 70 70 70 70 70 77 77 77 77 77 77 7 AVERAGE AVERAGE
SUBAREAS AREA (actes AREA (acres) AREA (acres) CN % IMPERVIOUS
SC1 219.2 170 144.7 3324 74 15.962
SC2 ES) 1149 1.8 332.5 28.9 671.5 74 4.758
SC2 1005 639.8 73 0.000
SC4 3.4 535.2 6.2 8195 74 0141
5C% 0.7 1962.8 1865 73 0.000
5C6 58 864.8 8.2 1288 74 0.692
SC7 25 316.4 783.8 75 0.000
SCs 17.4 236.4 751.6 75 0.346
SC9 1605 567.5 75 0.000
SC10 917.8 7 0.00C
SC11 3401 77 ._0.000
SC12 772 33745 11 7 2.318
SC13 42.3 136.2 188.6] 219.9 Y 74 13.621
SCi4 0.92] 3018 52] 248[ 155.9] 6274 1987 66.9 28| 2008 1132] 0o 37 32 35] 959] 3947 66 | 31926 _
~ € 24 8 138 23 42.3 6.2] 1168] 258 3.7 451 341 8] 1039] 242 68 12.8] 71 42.032
5C1 86.5 78 2| 228] 661] 267| 248] 248 25| 202 677 571  202| 346.8] 1268 142 37| 4280 6938] 27| 71 36.319
SC1 75.4 32| 8374 97| 2733] 193 37 92[ 12.2] 1095] 368] 516 414] 957 727 14 335] 42| 2475] 58 65 58507
5Cig 18] 193 202 331|608 =241.8] 478 46 14 212 41| 1481 9.2 64 +.8 41 126] 125] 1048 15.6| 61 48497 |
SC18 74 166 1328] 336 173] _1008| 1776] 184 62| 483] 302 104 608 1022 83} 72 51.025
5C20 626] 1427, 288 92| 863] 975 156 70.8 &1 55 166 663 8.3 €3 36.079
[ sca 83 193, 28.7 a7 85| 184] 478 2824 5.3 159 2.8 28 46] 5324] 829 1822] 1586] 77.3] 1067 71 53186
SC22 0.92] 114 185 55| 587 395 184 46.9] 138 156 414] 359 64] 1582 476 80| 142.8| 2327 7.5 71 45.554
SC23 4 106 46 317 35| 202 3.7 21 62] 717 63 35336
5C24 35| 270 45.5] 138 136.7| 3339 [l 277|287 83| 863 1003 @04 128l 2sei]” 8% 555 1647 28 €5 35.277
SC25 92 745 10. 324] 837m 9.2 34 12] 2124] 432 92| 298] 3833] 865 65 22 101
SC26 25 7. 172 546 9 18] 269 432 1.8 199.4] 708 2126] 1196 37 71 38416
SC27 92 2401 358] 579.6] 107.6] 1212.7] 228.2 55 2.8 35 37/ 1083 396| 082 331 o922 1831| 276.7] 457.8] 1886 63 43.533
Sc28 5.5 53 28] 15 41.4] 9.2 1 082 8074 1883 1352] =649] 16a.7| _ 76.4] 76 55.037
SC29 55| s22.1] 297 1003 89| 4577 884 26.7 55 55| _166] 993 28] 083 ¢74 6. 0.92 20| 304 64 59 35.214
5C30 102.1 3.7 294 147 147 262|248 37 748] 644 2 3402] 421] 543| 1263] 1495 48] 72 46116
SC3t 1352]  645.2 23] 52.4] 8639 16262 5.2 74| 483} 278| 313 835 195] 414 28] 8243] 343] 837/ 1028 a69.9] 405 64 26312
5Caz 18.4 2.8 14 12| 41 1169] 199.6] 423] 3183 47| 1a7| aa2| 2263 515 478 55 32 212 9.7] 4700 72.7 84 20.583
SCa3 175 12 11 414 35 N77| 405 11 44 101|131 2549 3.2 5.5 18 092 74 28 58 7.992
PS1 46 1159 239.1 9172 105.8 9.2 17661 74 2.324
PS2 152.7[ _ 16.6 86.5 148]_ 174.8 1897 76 5.373
P53 a7 407.6 7 0.810
PS4 330.1 888.3 75 0.000
PS5 401 267 2201.6 77 1.058
756 64 21 B.2] 2039 77 2113
PS7 589 2907 5 1. 178] 9154 77 11.027
) 162.8 ] 1. 242] s124] 489 77| Ti7see
P59 35.8 1.8]  455.3 64 322 19.4] 12a9{_ 727] 7 16.787
FS10 46] 1095 §7 17.3] 253|193 2354  7522] 205 55| 614 5417 9.3 73 24.044
LC1 37 478 3.7 11 27 748] 14739) BB 414| 2458 10204] 1766 77 31127
LC2 50.6) 196.9 2.8 1 156] 221.6] 142]  129] 428 947 64.4] 7809 108 92| 324 4333 73 34.746
MCT 350.5] 46 828 424.1 69 145 74 17.712
MC2 238 1.8 8.3 289.8] 092 34.1 486 74 19,239
MC3 105.8 55 90.2 81 380 | 75 5.955 i
MCa 149 8.2 2254 1342 4369 1.8 74 6683
MC5 0.92 092 168.2 25.8 B 4476 75 __  0Ba2
MC5 1.92 472.9 37 77 1119
wC? 97.5 46 3.7] 22761 22.1 77 2.047
MCa B 1" 1486.4 77 027
MCo 644] 103 34| 151.7] 104[ 15487] s58.9 77 13241
MC10 55| 892 8 178] 3376 32.2] 77 17.407
MC11 082 502 83l o087 69 598 2668 163 37| 49! 300] 0.93 73 24332
Saladn Creek Watershed Studs and Dramape Master Plan




Table 10 - SCS RUNOFF CURVE NUMBERS FOR EXISTING CONDITIONS

SOIL TYPES] B C [
LANDUSE[ 11 12 13 21 31 51 71 1 12 13 21 3 51 71 11 12 13 21 T 57 71 — —
% IMPERVIOUS|] 20 38 75 90 78 0 98 20 38 75 90 78 0 o8 20 38 75 30 78 0 98
SCS_CN VALUE] &% 55 55 55 55 55 §5 70 70 70 70 70 70 70 77 77 77 77 77 77 77 AVERAGE AVERAGE
SUBAREAS AREA (acres) AREA (acres AREA (acres CN % IMPERVIOUS
MC12 76.4 1.8[ 837 1994 8.6 250.4 092] 2669 4.6 37| 1794 0.92] 71 21094
MC13 0.92] 285 116.7 37| 782 18] 542 12.9 28] 1282 &7 11841
ECH 92 7] 3587 3.7 396 11| 1679.6 47.8] 77 11.136
£Ce 506 368 257 18021 77 2387
EC3 193 11 64] 331 §] Ja7] 152] 3488 40.5) 76 17 465
EWA 423 0.82] 2042 358.8 71 202]  21.4] 41432 44.2 77 3306
EW2 1686.3 77 0.000
EW3 158.2 1979.3 77 6.661
EW4 7.4 17.5 115 205 64 0.92 298 1436 1 28.5] 76 | 2168
EWS5. 874 8.3 219. 1494.8 1 77 12.072
EW6 396 0.92 4545 396 138 160.1 158.2 37| 12142 478 71 14,556
SA1 54.3 28] 2512 9.4 28.3 493 58.0 14 41 262 71 13.023
SR2 18] 092] 221 4304 37| a7 11] 3908 6.4 34 718 14 138 41| 2483 7.4 72 20413
SA3 18 41.4 12 0.92 43.3 278 65.3 268.6 1.8 102.1 8.3 6.4 14.7 1.6 246.6 4.8 99.4 24.8 71 58.397
BG! 405/ 5344| 375 11| 1125 5573 5.5 37| 548 32 1 9.7| 1398 0.92 71 T s
BC2 98.4] 1251 6.2] 38| _188] 1205 175 497 4792 98] 488  297] 6051 13 75 24.075
BC3 819 6643 287] 3459 863 632 957 18] 3413 67| 2815 20| 2861 0.02 72 40,642
BC4 221| 1996 233 543| 669) 2044] 828 21.2] 2189 18 13.8 56 3136 3.7 73 29400
BC5 233 55 18] 166  092] 166{ _ 0.92] S51.5] 165 138 497 423 488 37] 1158] 154|313 482 1242 27.6) 72 49.449
WE1 91,1 57 18] 173] 184 162.8 57 46| 173 101 18] 7023 881 34| 2042 208 764 74 44234
RC1 0.92 i1 66.2 46] 092 138] 748 37 83| 6524 31 644 93z 11298 32.2 76 22.388
RC2 14.7] 11408 97| 567.2 276 2462.6] 1656 77 29528
RC3 19.3 17 92 48] 552 359 147 1089.5! 6 4| 76 3545
RC4 69 46 460.9 37 487 16 184 48] 5639 4.6 74 5.627
ACS 0.92 126 69 38] 2933 542 607 1343 1714 205] 2361] 614] 8365 1895 72 33559
RC6 28 1. 5.5 18] 092] 3768 1.8 IR 18] 1223 12.9) 72 4.251
RC7 96.8 14] 368 41| 1865 515 12 11 18.4 18] 092 2442 11 20. 35] 5057 202 70 23412
RC8 31| 830.1] 405 35 1714] 3331 6 0.82 55 285 082 79.1 13.8 248.4 39] 13 17| 553 28 60 36.843
RCY 4.8 55 271 911 83| 1411.3] 100 45 4.5 1159 189.5 3.7 44. 18| 2618 18] 60 15244
+ SOIL GROUP_DEFINITIONS - TABLE 5
* LANDUSE UISTED IN TABLE &

Sadado Creck Watersned Study and Drainape Master Pan




Table 11 - SCS RUNOEF CURVE NUMBERS FOR ULTIMATE DEVELOPMENT

SOILTYPES | 8 C D
LANDUSE [ 11 12 13 21 3l 51 71 11 12 [E] 21 31 51 T X 12 13 21 31 51 7 —
% IMPERVIOUSY 20 338 7 0 78 0 98 20 38 75 30 78 0 98 20 38 75 90 78 0 98 -
5G5S CN VALUE[ 53 55 55 55 55 56 55 70 70 70 70 70 70 70 77 77 77 77 77 77 77 AVERAGE AVERAGE
UBAREAS AREA (acres) AREA (acres} AREA (acres) CN % IMPERVIOUS
SC1 218.2 170 144.7 332.4 74 15.962
[ sc2 33 1149 1.8 3325 289 6715 T 4.758
5C2 ] 1005 639.8 73 0000
SC4 3.4 535.2 62 819.5 74 0.141
SC5 0.7 1862 8 1665 73 0.000
SCB 68 64.8 9.2 1288 74 [
5CT 25 316.4 78338 75 0.000
C8 17.4 236.4 751.6 75 0.346
C9 160.5 5675 75 0000
SC10 P 9178 77 0000 ]
SC11 | | 3401 77 0000
| SsC12 772 3745 11 77 2318
5C13 888] 423 63] 188 83 297 8.3 3771 4os4) 343 1oz28| 343 1633 867 74 37.761
Sci4 | ai) 3018 808l 1113[ i8d7] 1374] 288 2659, 721 i84] 208 248 6.1 5565 501 894 114|965 181 86 48.184
SC15 83.8 13.8 7.5 %58.4 116 25 5 31.2 3.7 45.1 375.4 111 1133 213 14.8 16 71 50.279
SC1 BBE| 34| 06| 203 258 lae go7] 2aB| 537 2s1 281l 703l 125 2281 3469 164 174, 133 28| 1541 308 71 43.867
SC17 754] 1381 158] @875.1| 223 597( 319 3.7 118.1 148 1166 39] 112 438) 957 1978| 254 3691} 835 s41l 372 68 69.815
C18 18 3182 31.3 364.3 71.9 53 58.9 4.6 74.9 8.2 41.8 1Tsﬂ 324 16 6.4 54.8 8.9 140.5 173 23 20.4] 61 £4.230
C19 7.4 16.6 2224 41.8 197.5. 108 38.7 26.6 6.2 98.6 249 118.1 65.5 22.3 13] 72 £§3.010
Cc20 62.6 192] 333  226] 908 213 201 708 1145 85 91| 196|147 113 63 26204
5C21 176] 1933(  29.7 37 83 9.1[__ 47.8 2824 5.3 159 28 2.8 48] 5715 565 1929) 162.2] 167! 1103 71 55.003
SC22 09o2] 1348 213] 108 605 87l 20 85| 15.4] 205 43 a1 1.6 54| 2758, 583 112.1] 1535 50.9]  28.2) 71 57 661
5C23 637] 122 g4 333 1 2l 39.9 54 99 9.5  15.7 3.30 &3 55186
5C24 35| 4394|808 598 i52]  732[ 263 Al @Al 22] el 266 38] 129 3n3 62| 227 635 36 10.4] 65 48.636
5C25 92| 5488, 539] 129.3] 755 2052( 523 7.2 1.6 47 1.5 73 i6 12] 4071 00, 1451 147.5]  B82.4 1042 85 50.433
SC26 88.9| 10.4] 237 155 _ 37.7 79 667.8 11 78] 289 9.4 38 2698 63| 165 2181 261 92 71 47.944
§C27 #2232 2401] 91.8| 746.8| 1633 2654] 2839 55 575 48] 499 a7 238l 44.6] 082] 2645 1132| 2462 =297.7] 100.3] 209.6 [X] 60.637
SC28 26.4 7. 85 178 91] 111 56 54| 092 8901} 1958| 1578 5724 358] 839 76 59.503
€29 55 7324] 50 1617 _109.5] 1245 1088 788 101 192] 212 216 7.4]__092] 1028 8.1 51| 214 586 78 59 50367
C30 102.1 37| 294 11 187 147 2946 278 128 776) 138 122 415.8 a9 748| 1332] 326| 529] 72 52.853
SCal 1352] 1488.2] 1038| 276.8| 181.7] 3544 a4 74| 5842 37| 583] 927 388 506 28] i011.3]  513] 1347 119.3] 80.9 sﬁlﬁ [ 45.622
5Caz2 18.4 2. 14 12 i 1188l 1996,  42.3] a82| 147 147 442 22683] 515 478 5.5 32 212 3.7l 470.1] 727 54 20.583
SC33 17.5 1 1.1 41.4 3.5 1171.7] 40.5 11 4.4 101 131 254.9 9.2 5 1.8 0.92 7.4 2.8 58 7.992
PS] 16 115.9 239.1 917.2 105.8 9.2 1766.1 74 2.324
P52 1527 603 3] 119 3]~ 189 3] 1107.8] 1748  8r2] 2615 872 4151 872 76 32.965 _
P53 206 187]  se.8| 1.7 83.3] 187 77 34536 |
PS4 330.1 588.3 75 F 0.000
PSS 40.1 26.7 2201.6 77 1.059
PS8 2108  207] 557 248 882 186 7 43778
PS? 589 7534 48.1 128 g0l 2002 321} 77 41.637
PS8 18] 315 724 477 1123] 723 77 47115
P59 18.1 186 439 18 8.1 1.8 N T8 1023.9] 81| 1873 714] 2461) 1244 7 45.423
P510 26| 2374  17a3] 349 289 554] 308 235.4]  1026] 454) 80.2] 863] 11851 341 73 20.891
LY 3.7 478 37 11 27 748 199421 1202 1833 2929 2253( 2239 77 32.616
tC2 56.2 1969 28 5.4 15.6] 2605  18.6 25] 472 205 23] 644l 999.9] 307 689l 523 049 193} 73 46.283
MC1 392.4 46 38| 114 38 181 38| a241| 1443 6.8 205 68 32.8 6.8 74 25943
MC2 1 239 6 41 2896 182 18 47 15 7.3 6.2 74 22077
MC2 [ 151.4 5.5 4.1 3l 44| 198 41| 27133 175 524 175 8 175 75 30122
MC4 262.9 §2] 10.4] 311 10.4]  49.2] 10.4] 360.2 To6| 588I 196] 935 214 74 29.904
MC5 - 85.9 7.7 232 86 369 7.7 252 206]  61.7] 206 978[ 208 75 3382%  _
MCS 239 2170 67.1]  21.7] .1038] 254 77 34751
MC7 1222.7 1023| 3069 106] _ 491.7] 1244 77 34.073
MC8 1 7ez3[ 664 2048|683 des3| _ eadl 77 43,100
MC9 Tia| 8858| 746] 3852  B1.6[ 3388 1301 77 47682 |
MC10 5.5l 269.8] 215] 485] 334 74| 477 7 47215
MCT1 0.92] 1251 32| 178 4 15 3.2 50.8| 41851 3011 451 628] 658 147 73 42732
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Table 11 - SCS RUNOFF CURVE NUMBERS FOR ULTIMATE DEVELOPMENT

SCIL TYPES|_ B C D
LANDUSE] 11 12 13 21 AN 51 71 11 12 13 21 E]] 5 71 11 12 13 21 31 51 2 -
% IMPERVIOUS] 20 38 75 90 78 [i 98 20 38 75 30 78 0 98 20 38 75 90 78 0 98
SCS CNVALUE| &8 55 55 55 55 55 55 70 70 70 70 70 70 70 77 77 77 77 fad 77 77 AVERAGE AVERAGE
SUBAREAS AREA (acres) AREA (acres) AREA (acres) TN % IMPERVIOUS

MC12 118.7) 38 115 56] 185 38 11 226) 115] 73] 11.5] 548] 115 002 3576 8.2 293] 119 304 91 7 42.833
MC13 092] 815 54| 161 54| 254 54 37| 1056 2.5 75 43| 18 25 747 56/ 168 84] 268 56 67 41838
EC1 927| 12077 809 271.1] 86.2] 367.5 125| 77 43,591
£C2 506 9982] 874] 2885 B74| 4163 874 77 43.082
EC3 19.3] 6.6 54 6.4] 2093 21] 628] 312] 763 565 76 48,355
EW1 145.5 84| 281 103 447 9.4] 2453 197.5| 591.3] 211.8] 906.7| 2346 77 339656
EW2 852.3) 77.5] 2325 775 389 775 77 34.053
EW? 1000.4 90.9] 431 908| 4334 509 77 38.182
EW4 37 a7 324 T4]_ 1191 id 6.3 78 7116  64.6] 4927] 646 3073 931 76 54327
EWS 874| 7638 68.7| 426 €87 327.1]  6B.7 77 47.700
EWE 269.3] 209 636] 208 994 605 138] 7738| 558 3256| _59.5] 2657 103§ 71 48,325
SR 274 25 75 25] 119 25 28| 5004 321 €8 51 1077| 227 191.3]  134] 363 161] 575 12} 71 42.990
SR2 1.8 o082 321 €28 217 €86 29 B54] 244 34] 1973 128 48] 55 s543] 188 72 42,261

. _5R3 V8] 833 2] 18 29 94 2] 276 11639 47 2827 65 223 13 64) 649 6.2] 2603 94| 217 204 7 _ 69286

. 'sci 405 816.1] _63.1] 878 1381 t22] 311 3.7] 1655 96| 2131 161 308 7.3 il 44589

BC2 984  186] 117] 304] 241 265 23] 497 785|” 377 1322 575 1325] 388 75 43232
BC3 819 9837f 577] 433 115.3] 136.5] 1247 184858 19.8] 3209 331 628 | 72 54419
BC4 221] 3484| 358 949] B804 645]  ©6.3] 212 3774]  16.2 57 20 687 81| 73 49.250
BCS 72.1 55 18( 6] 092 166] 082 7298 184| 196 516 9.4 507 7] 1787 214|484 518 272 333 72 60.455
WC1 100.4 6.5 43 181 4.2 0.8 167.9 5.7 46] 173 5 18] 8074] 77.7] 627 #138] 464 EEI; 74 50.346
RC1 0.92 11 107.2 83| 121 175 112 75] 6297 6524] 875 2338] 497 1695|  88.7) 76 43.130
RCZ 1369.3| 11408] 2151 e366]  399] ae84| 2887| 77 48863
RC3 49.7 45| 175 76 8.3 28| 6351 545 1781] 545 1834 60| 76 37.846
AC4 3225 23] 737 23] 691} 267 3101 49.7] 23.8] 10 33| Bag| a2 74 37767
RC5 162.2 273 113[ 337 a4 €9 60.7 594.4] 1711] 623] 316! 1032 1255 2313 72 52.777
RCE 28 18} 2072 55 188| 583 188] 565 188|673 1.8 61 20, 7.8 83 19 73 39118
RC7 80. 96.8 87| ss8] 114 22| 588 1041 12 og2l 13 0.92 2.8 27| " "279| 2442 264 %6 78 758 _a55| 70 44,533
RCH 2163] 8201 572 85| 138 50]  857] 444 55 4]  40. 48] 1.8 78] 304 2484 67| 221 14 8.3 5.6} &0 45.883
RC3 80 55| 733l 3028 789| 2117 170.9] 1088 4.6 95 144, 95/ 284 132 155 141 865 15 42.3] 159] &0 45682

Salade Creck Warershed Study and Errainage Masier Plan
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at recording precipitation gages located within the watershed and allows complete

~simulations of storms extending over a period of several days.

{l. HEC-1 Mode/

Subareas

The Watershed was divided into eighty five (85) subareas. The upper watershed is
defined by 57 subareas and covers about 139 square miles of area. The lower watershed
has been divided into the lower Salado and Rosillo drainage areas. The lower Salado
consists of 19 subareas and Rosillo consists of 9 subareas which cover about 51 square
miles of area. Rainfail runoff was computed by determining the time of concentration of
the overland flow within a subarea. Overland flows from each subarea are generated
from sheet flow, shallow concentrated flow and channelized flows. Travel time is
computed by dividing the travel distance by the average velocity of the overland storm
water flow. Travel distances are established by determining a path for storm water flow
through a subarea. Figure 11 - "Average Velocities for Estimating Travel Time for
Overland Flow" was used in determining velocities for sheet flow and shallow
concentrated flow. The average velocities for channel flow conditions have been
estimated based on Manning’s uniform flow equation. Travel times were computed for
each of sheet flow, shallow concentrated flow and channelized flow. The Time of
Concentration for each subarea is the sum of the three individual travel times. The SCS
Lag Time, as required for use in the SCS unit hydrograph method, is equal to sixty
percent of the Time of Concentration.

FIGURE 11. AVERAGE VELOCITIES FOR ESTIMATING TRAVEL
TIME FOR OVERLAND FLOW.

WATERCOURSE SLOPE IN PERCENT

0.1 1 10 100
VELOCITY IN FEET PER SECOND

"The Effects of Urbanization on Small Watersheds"
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The reach routings that route the subarea runoffs from node to node along Salado Creek
and the tributaries incorporate channelized flows. Computations are presented in Tables

12 and 13 - Summary of Time of Concentration and Reach Routing Calculations for
existing conditions and ultimate development conditions.

Dams and Reservoirs

Within the Salado Creek Watershed, there are thirteen (13) existing Soil Conservation
Service Floodwater Retarding Dams. These floodwater retarding structures were
constructed for flood control, for the purpose of reducing flood flows and sediment
loadings downstream. Included in the HEC-1 model analysis were floodwater storage
capacities and outflow characteristics for each SCS structure using the Modified Puls
method.  Storage-Capacity-Discharge tables were developed from Engineering plans,
reports, and previous hydraulic simulations prepared by the SCS and obtained from the
San Antonio River Authority. These plans and reports are included in Appendix E.

Storm Simulation

As previously stated, two historical storms were selected for verification of the models.
These storms occurred on April 4-5, 1991 and May 5-6, 1993. From the data for each
storm, three precipitation recordings were used for interval distributions. Precipitation
data for each of the two storm events was entered in the HEC-1 model as weighted
precipitation gages. Total storm precipitation determined from the rainfall isohyetals
were input as weighted averages for each subarea based upon the nearest precipitation
gage. Rainfall patterns were based on three precipitation gages. These three gages
recorded the rainfall in intervals used in the HEC-1 model. These gages are located at
SCS Floodwater Retarding Dam No. 5, the U.S.G.S. Salado Creek (Upper Station), and at
Spur 122 and Salado Creek. These gages were used for storm simulation of the April 4 -
5, 1991 event.

An antecedent soil moisture condition II was initially assumed for the storm of April 4-5,
1991. The results obtained from the HEC-1 model were larger than recorded data from
April 4-5, 1991. Further review of rainfall records for the area indicated that the soil
moisture conditions were drier than condition II. Re-running the HEC-1 model using
antecedent moisture condition I, produced results that were lower than recorded data from
April 4-5, 1991. It was thus determined that soil conditions prior to the April 4 - 5, 1991
storm were in between the two conditions. An average of the two conditions was used
and the results of the hydrologic model compared very favorably to the recorded data of
the April 4-5, 1991 storm.

Likewise, three precipitation gage intervals were used for the May 5-6, 1993 storm,
however the locations of the precipitation gages were not evenly distributed. One gage is
located at the San Antonio International Airport, the second at the U.S.G.S. Salado Creek
{Upper Station) and the third at 3002 E. Southcross. Soil antecedent moisture conditions
were reset to antecedent moisture condition O for the May 5-6, 1993 storm. The model

Salado Creek Watershed Study and Drainage Master Plan




Table 12 - SUMMARY OF TIME OF CONCENTRATION AND REACH ROUTING CALCULATIONS REVISED 7/9/96
Salado Creek Watershed Drainage Master Plan
Existing Conditions Land Use

Based on procedures described in "Urban Hydrology for Small Watersheds®, TR-55, USDA Sail Conservation Service, June 1986.

sus- SHEET FLOW SHALLOW CONCENTRATED FLOW CHANNEL/PIPE FLOW TIME SCS REACH ROUTING TIME

WATER-]Length|Mannings| Slope | Velocity | Travel {Lengthi Siope |Channel] Velocity | Travel | Length | Slope {Mannings| Velocity | Travel OF LAG Length | Siope [Mannings| Velocity | Routing
SHED “n* Timae Type Time ‘n* Time | CONC. TIME n* Time
o] Fest - FUFt | FUSec |Minutes] Feet | FUFt - FUSec |Minutes] Feet | FiFt - Ft/Sec |Minutes] Minutes Hours Fest FUFt - FiSec Hours
SC1 250 0.110 ] 0.088 1.40 3.0 1500 | 0.047 junpaved] 3.30 7.6 11000 | 0.012 | 0.050 10.1 18.2 29 0.288 - - - - -
sc2 300 0110 ] 0.007] 040 12.5 1 1050 | 0.062 |unpaved] 3.80 46 1116001 0.013] 0050 10.5 18.5 36 0.356 8600 | 0.007 0.045 7.6 0.312
sC3 200 0110 0100} 150 2.2 1100 | 0.055 junpaved| 3.50 5.2 | 14000 ] 0.014 | 0.050 10.9 21.5 29 0.289 - - - - -
SC4 250 0110 | 0.040 0.95 4.4 1400 | 0.036 junpaved]| 290 8.0 12600 { 0.011 | C.050 9.6 21.8 34 0.342 7600 0.005 0.045 6.5 0.327
SCs 250 0110 | 0.040] 095 4.4 700 | 0.057 lunpaved] 3.60 3.2 | 10800 | 0.006 | 0.050 7.1 253 33 0.329 5400 | 0.007 0.045 6.8 0.219
SC6 300 0.110 }{ 0.033 0.85 5.9 1250 | 0.056 funpaved] 3.55 5.9 14800 | 0.013 | 0.050 10.5 23.6 35 0.353 5900 0.006 0.045 6.3 0.258
SC7 200 0110 ] 0.100 1.50 22 950 1 0.079 Junpaved] 4.30 3.7 7200 | 0.018 | 0.050 123 9.7 18 Q157 7600 0.005 0.045 65 0.327
SC8 250 0.110 | 0.070 1.25 33 1200 | 0.108 junpaved] 5.00 4.0 9500 | 0.015] 0.050 11.2 14.1 21 0.214 - - - - -
SC9 250 0.110 0.008 0.42 9.9 200 | 0.350 |unpavedi 9.00 0.4 6800 § 0.024 | 0.050 15.3 7.4 330 0.303 2500 0.004 0.045 5.8 0.120

800 | 0.106 {unpaved] 5.00 2.7 6000 ! 0.0121 0.050 10.1 9.9
SC10 300 0.110 | 0.037 0. 55 400 |} 0.250 unpaved| 7.60 0.9 800 | 0.050| 0.050 22.0 06 30 Q.30 - - - -

580 | 0.103 Junpaved| 4.90 20 4600 | 0.022 | 0.050 14.6 5.2
10000 { 0.013 | 0.050 10.5 15.9

SC11 | 250 | 0.110 [ 0007 040 10.4 | 600 | 0.233 lunpaved| 7.50 1.3 | 3200 | 0.030 [ 0.050 17.1 3.1 24 0.242 | 10700 | ©.005 0.05 58 0.511
950 | 0.058 [unpaved| 3.70 43 2800 | Q.010{ Q.050 9.2 5.1

SC12 150 | 0110 | 0.013] 0.55 4.5 850 | 0.082 |unpaved] 4.40 3.2 | 10200 | 0.010 | 0.050 9.2 18.5 59 0.583 | 13500 | 0.0054 | 0.055 7.8 0.480
2150 | 0.033 junpaved| 275 13.0 ] 11000 | 0.010] 0Q.050 9.2 20.0

SC13 | 200 | 0110 |0.040| 095 35 | 4160 | 0.025 Junpaved] 240 28.5 | 12400 | 0.005] 0.060 54 38.2 70 0702 | 19800 | 0.0044 | 0.055 6.8 0.808

SCi4 300 0.080 |0010] 070 71 2800 | 0.014 junpaved| 1.80 25.9 |1 19400 [ 0.004 1 G.060 47 68.6 11Q 1.105 5000 | 00033 | 0065 49 0.283
850 | 0.012 lunpaved| 1.60 89

SCi5 | 250 | 0080 [0.012| 078 55 | 1400 | 0.029 funpaved] 255 9.2 4550 | 0.016| 0.060 9.4 8.0 44 0.444 - - - - -
1400 1 0.029 | paved | 3.45 6.8 5200 | 0.006 ] 0.060 5.8 15.0

SCi16 | 200 | 0080 10073| 190 1.8 | 1200 { 0.035 lunpaved| 2.80 7.1 11300 { 0.014 | 0.060 88 213 ] 0.302 1 14200 1 0.003 0.06 4.4 0.900

SC17 ] 300 | 0080 [0.010]| 070 71 1100 | 0.038 junpaved| 3.00 6.1 11600 | 0.005 | 0.060 5.3 36.7 87 0.874 9700 | 0.0018 | 0.045 6.1 0.444

3500 | 0.019 ) paved | 2.80 208
- 2800 | 0.013 |unpaved} 1.75 26.7
SC18 300 0080 {0013 080 6.3 | 6600 | 0.003 lunpavedl 1.00 110.0 { 6900 { 0.004 | 0.065 44 264 170 1.699 - - - . -
1100 | 0.027 | paved 3.25 56
2200 | 0.012 Junpaved| 1.70 216
SC19 200 0080 (0040 1.42 2.3 5200 | 0.018 | paved 2.80 31.0 | 8300 | 0.008 ! 0.065 6.2 22.5 56 0.558 7900 | 0.0025 0.08 38 0.576

5C20 250 0080 0008t 064 65 3350 { 0.018 | paved 270 207 | 3300 100037 0.065 38 146 44 0.439 - - - - -
500 | 0.070 junpaved| 4.00 2.1

SCz1 300 0.110 § 0007 040 12.5 | 1300 | 0.025 |unpaved] 2.45 88 9000 | 0.004 | 0.065 4.4 345 85 0.851% 4300 0.002 0.075 22 0.553
4050 | 0.013 } paved 2.30 29.3

8C22 400 0110 {0013} 055 121 1600 | 0.038 | paved 3.80 70 [10800 ) 00081 0.065 6.1 29.6 49 0.488 - - - -

SC23 200 0.110 | 0.040] 0.95 35 2300 | 0.014 | paved 240 16.0 300 | 0.017| G065 8.9 0.6 63 0.630 7700 | 0.0023 | 0.065 25 0.846
1300 | 0.019 Junpaved] 2.20 9.8 3700 | 0001 ] 0.075 1.9 33.1

SC24 300 0.160 | 0.020] 067 75 4100 | 0.010 | paved 2.00 342 | 2100 | 0.028| 0.075 9.9 36 89 0.892 17400 | 0.0015 0.07 2.2 2.188

11000 | 0.005) 0.075 4.2 44.0
SC25 400 0.160 | 0.008| 042 15.9 | 3500 | 0.026 | paved 3.20 18.2 [ 17100 | 0.002 | 0075 26 108.2 168 1.677 . - . - -

3050 ] 0.010 | paved 2.00 254
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Table 12 - SUMMARY OF TIME OF CONCENTRATION AND REACH ROUTING CALCULATIONS

Salado Creek Watershed Drainage Master Plan
Existing Conditions Land Use

Based on procedures described in *Urban Hydrology for Small Watersheds*, TR-55, USDA Soil Conservation Service, June 1986.

REVISED 7/9/96

321

SuUB- SHEET FLOW SHALLOW CONCENTRATED FLOW CHANNEL/PIPE FLOW TIME SCS REACH ROUTING TIME
WATER-|Lengthi Mannings| Slope | Velocity | Travel JLength| Slope |Channel Velocity | Travel | Length | Slope (Mannings| Velocity { Travel OF LAG Length | Slope [Mannings] Velocity | Routing
SHED “n" Time Type Time “n” Time {| CONC. TIME ‘n" Time
D Feet FUFt | Fi/Sec [Minutes] Feet | FUFt - FUSec |[Minutes| Feet | Ft/Ft - Ft/Sec {Minutes] Minutes | Hours Feet FVF1 - Ft/Sec Hours
4600 | 00151 0.050 11.2 6.8
MC3 200 0.110 | 0.100] 150 2.2 1500 | 0.067 |unpaved| 3.90 6.4 2800 | 0.014 | 0.050 109 4.3 28 0.284 - - -
6600 | 0.006} 0.050 7.4 15.5
MC4 200 0110 j0075] 1.30 26 | 2500 | 0.050 junpaved] 3.40 123 | 7400 | 0.014] 0.050 10.9 11.4 26 0.262 - - - - -
MC5 150 0.110 | 0.067 1.25 2.0 900 | 0.044 junpaved] 3.10 48 10500 | 0.016 | 0.050 11.6 15.1 22 0.219 3500 0.006 0.045 7.3 0.134
MCB 250 0.110 { 0.020 0.67 6.2 1600 | 0.053 Junpaved] 3.50 7.6 5800 | 0.016 | 0.050 11.6 8.3 22 0.222 5800 0.006 0.045 73 0.221
MC7 250 0.110 ] 0.016 0.60 6.9 1700 { 0.040 |unpaved| 3.00 9.4 9200 [ 0.014{ 0.050 10.9 14.1 31 0.305 11500 | 0.007 0.045 79 0.406
MC8 200 0110 [ 0050 1.10 3.0 1500 | 0.080 |unpaved] 4.40 5.7 111800} 0.013] 0050 105 18.8 28 0.275 12700 | 0.0054 0.05 6.2 0.567
MCg 200 0.110 10e50i 1.10 3.0 |} 3400 | 0.040 Junpaved| 3.00 18.9 { 15700 00081 0.050 8.0 32.7 55 0.546 12500 | 0.0056 | 0.0585 58 0.603
MC10 | 250 0.110 jo.016| 060 6.9 350 | 0.017 |unpaved] 2.00 2.9 4800 | 0.006 | 0.060 58 138 32 0.321 9600 | 0.0035 | 0.055 51 0523
1300 § 0.050 | paved | 4.50 48
750 | 0.053 |unpaved] 3.50 3.6
MCt1 200 ¢.035 | 0.025 1.60 21 700 | 0.043 junpaved| 3.10 KE:] 12600 | 0.005 | ©.060 5.3 39.8 49 0.493 - - - - -
900 | 0.044 | paved 4.10 3.7
MC12 | 300 0035 |0.067| 255 2.0 850 | 0.029 { paved | 3.50 4.0 | 14400 | 0.009 | 0.0680 71 339 45 0.446 6800 | 0.0037 0.06 45 0.418
650 § 0.023 Junpaved] 2.30 47
MC13 250 0.035 0.008 0.90 4.6 3200 | 0.023 | paved 3.10 17.2 B200 [ 0.005} 0.060 5.3 25.9 52 0.519 - - - -
600 | 0.025 |unpaved] 240 4.2
JELM CREEK
EC1 360 0110 } 0.020 0.67 7.5 1900 | 0.052 Junpaved] 3.60 8.8 20000 | 0.008 | 0.050 8.0 416 58 0.579 - - - - -
EC2 200 0110 10067 | 120 2.8 | 2300 | 0.045 |unpaved] 3.40 11.3 ] 22800 1 0.009] 0.050 85 44.8 59 0.588 8100 | 0.0045 | 0.045 4.3 0.524
EC3 300 0110 | 0.007 0.40 12.5 1100 | 0.027 Junpaved] 2.60 7.1 9800 ] 0.013] 0.050 10.2 16.0 36 0.356 - - - - -
JELM WATERHOLE CREEK
EwWi 200 0110 10150} 1.80 1.9 800 | 0.088 |unpaved| 4.50 3.0 8200 | 0.017 | 0.050 12.0 11.4 9 0912 - - - - -
31200 | 6.006 | 0.050 6.9 75.0
Ew2 300 0.110 | 0007 ] 040 12.5 | 1800 | 0.047 junpaved] 3.30 9.1 5200 | 0.018 | 0.050 12.3 7.0 52 0.515 7100 | 0.008 0.045 8.2 0.241
12600 | 0010 { 0.050 9.2 229
EW3 300 0.110 | 0.020} 067 7.5 | 2800 } 0.023 Junpaved] 230 203 | 4800 | 0.007 | 0.050 7.5 10.7 38 0.384 2200 | 0.014 0.045 108 0.057
EW4 200 0.110 10060 1.20 28 400 | 0.050 |unpaved] 3.40 2.0 9000 | 0.013| 0.050 10.5 14.3 19 0.191 8000 { 0.003 0.05 4.0 0.560
EWS 300 0.110 | 0.007 0.40 12.5 1700 { 0.042 {unpaved] 3.10 9.1 11600 | 0.015} 0.050 11.2 17.2 39 {.288 12400 | 0.003 0.05 4.0 0.869
EWS6 250 0110 [ 0.008| 042 99 1400 | 0.036 lunpaved| 280 83 117500100071 0050 7.5 39.0 57 0.572 - - -
ISTAHL ROAD
SR1 300 0.080 1 0.017 0.90 56 3000 | 0.027 | paved 3.30 15.2 9200 | 0.010] 0.060 7.5 20.6 41 0.413 10100 | 0.008 0.045 6.7 0.421
SR2 300 0080 {00177 090 56 1200 | 0.026 junpaved] 250 8.0 110600 { 0006} 0.060 58 289 46 0.462 12200 | 0.006 0.045 6.7 0.509
500 {04012 | paved 2.20 38
SR3 300 0080 $0017f 090 5.6 | 2800 } 0.025 Junpaved} 240 19.4 ] 10200 f 0.006 § 0.085 53 319 57 0.569 - - - -
IBIETEL CREEK
BC1 300 0110 10.023] 0.71 7.0 ] 2300 | 0.032 junpaved] 2.80 13.7 ] 128001 0.0091 0.0680 71 30.2 51 0.509 . - - - -
BC2 300 0110 100571 t20 4.2 1400 { 0041 junpaved] 3.00 7.8 111200 ) 0.010] 0060 7.5 25.0 37 0.370 16400 | 0.0043 | 0.045 6.0 0.760
B8C3 300 0080 {0013] 080 6.3 1400 | 0.029 lunpaved| 2.60 9.0 ] 17900 0.008} 0.060 6.7 44.7 60 0.599 - - - - -
BC4 300 0080 |0010] 070 74 2800 | 0.045 junpaved| 3.20 14.6 | 11800 | 0.011| 0.070 6.7 29.3 61 0.609 8600 | 0.0035 | 0.045 68 0.351

Salade Creck Watershed Study and Drainage Muster Plan
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Table 13 - SUMMARY OF TIME OF CONCENTRATION AND REACH ROUTING CALCULATIONS
Salada Creek Watershed Drainage Master Plan
Ultimate Development Land Use

Based on procedures described in *Urban Hydrology for Small Watersheds®, TR-55, USDA Soil Conservation Service, June 1986,

Revised 7/9/96

SUB- SHEET FLOW SHALLOW CONCENTRATED FLOW CHANNEL/PIPE FLOW TIME SCS REACH ROUTING TIME
WATER-[Length| Mannings | Slape | Velocity | Travel [Length{ Slope |Channel| Velocity | Travel JLength| Siope |Mannings| Velocity | Travel OF LAG Length | Siope [Mannings| Vel Routing
SHED n* Time Type Time *n* Time | CONC. TIME “at Time
D Feet FUFt | FYSec jMinutes] Feet | FUFt - FvSec |{Minutes| Feet | FVFL - FySec |Minutes] Minutes | Hours Foet FyFt - Fi/Sec Hours
6600 ] 0.006 | 0.050 7.1 15.5
MC4 200 0.110 10.075 1.30 26 2200 | 0.050 lunpaved] 3.40 10.8 | 7700 { 0.014 | 0.050 10.9 1.8 25 0.252 - - - - .
MCS 150 0.110 | 0.067 1.25 2.0 900 | 0.044 Junpaved| 3.10 48 |10500} 0.016 ] 0.050 11.6 15.1 22 0.219 3500 0.006 0.045 73 0.134
MCé 250 0110 10020) 067 6.2 1600 | 0.053 junpaved] 3.50 7.6 5800 | 0.016 | 0.050 116 8.3 22 0.222 5800 0.006 0.045 7.3 0.221
MC7? 250 0110 0016 | 060 6.9 1700 | 0.040 lunpaved| 3.00 9.4 920¢ { 0.014 | 0.050 108 4.4 3 0.305 116500 | 0.007 D.045 7.9 0.406
MCs 200 0.110 0.050 1.10 3.0 1500 | 0.080 funpaved] 4.40 57 11800 ] 0.013 | 0.050 10.5 18.8 28 0.275 12700 | 0.0054 0.05 6.2 0.567
MC9 200 0110 0.050 1.10 3.0 3000 { 0.040 Junpaved] 3.00 16.7 116100 0.008§ 0.050 8.0 33.5 53 0.532 12500 | 0.0056 0.055 58 0.603
MC10 250 0.110 0.016 0.60 69 350 | 0.017 |unpaved] 2.00 2.9 4800 | 0.006 | 0.060 5.8 138 32 0.321 9600 | 0.0035 0.055 5.1 0523
1300 | 0.050 | paved | 4.50 4.8
750 } 0.053 |unpaved] 3.50 3.6
MC11 200 0.035 0.025 1.60 2.1 700 | 0.043 |unpaved] 3.10 38 126001 0.005 | 0.060 5.3 398 43 0.493 - - - -
) 900 | 0.044 | paved 4.10 3.7
MCi12 300 0.035 0.067 2.55 2.0 850 ] 0.029 | paved 350 4.0 14400 | 0.009 | 0.060 7.1 33.9 45 0.446 6800 | 0.0037 0.06 4.5 0.418
650 | 0.023 {unpaved{ 2.30 4.7
MC13 250 0035 |0008] 0.80 4.6 2800 | 0.023 | paved 3.10 15.1 8600 | 0.005 | 0.060 53 27.2 51 0.510 - - - -
600 1 0.025 Junpaved| 2.40 4.2
ELM CREEK
EC1 300 0.110 ] 0.020) 0.67 7.5 1900 | 0.052 lunpaved] 3.60 88 120000 0.008| 0.050 8.0 41.6 58 0.579 - - - - -
EC2 200 0.110 | 0.067 1.20 2.8 2000 | 0.045 |unpaved] 3.40 9.8 123100] 0.009}) 0.050 83 46.2 59 0.588 8100 | 0.0045 | 0.045 4.3 0.524
EC3 300 0.110 0.007 (.40 12.5 1100 | 0.027 lunpaved] 2.60 71 9800 } 0.013] 0.050 10.2 16.0 36 0.356 - - -
ELM WATERHOLE CREEK
EW1 200 0.1i0 0.150 1.80 1.9 800 | 0.088 |unpaved| 4.50 3.0 8200 | 0.017 ] 0.050 120 11.4 91 0.912 - -
312001 0.006 | 0.050 6.9 75.0
Ew2 300 0.110 | 0.007 | 0.40 12.5 | 1800 | 0.047 |unpaved| 3.30 9.1 5200 { 0.018| 0.050 12.3 7.0 52 0.515 7100 0.008 0.045 8.2 0.241
12600 | 0.010 ] 0.050 9.2 22.8
EW3 300 0110 100201 0.67 7.5 240Q { 0.023 lunpaved: 230 174 ] 5200 | 0.007 ] 0.050 75 1.6 36 0.364 2200 0.014 0.045 10.8 0.057
EW4 200 0.110 |} 0.060 1.20 2.8 400 ] 0.050 junpaved] 3.40 2.0 9000 | 0.013 | 0.050 10.5 14.3 19 0.191 8000 0.003 0.05 4.0 0.560
EWS 300 0.110 10.007] 0.40 12.5 | 1700 | 0.042 Junpaved] 3.10 9.1 11600] 0015} 0.050 11.2 i7.2 39 0.388 12400 | 0.003 0.05 4.0 0.869
EW6 250 ¢.110 0.008 0.42 9.9 1400 § 0.036 lunpaved] 280 8.3 17500} 0.007 3 0.050 1.5 39.0 57 0.572 - - - -
STAHL ROAD
SR} 300 0080 j0Q017 ] 0.90 5.6 2500 | 0.027 ¢ paved 3.30 12.6 | 9700 | 0.010| 0.060 7.5 21.7 40 0.399 10100 | 0.006 0.045 6.7 0.421
SA2 300 0.080 |o0i7{ 0490 58 1200 | 0.026 lunpaved] 2.50 80 | 10000] 0.006) 0.080 58 289 46 0.462 12200 | 0.006 0.045 6.7 0.509
500 | 0.012 | paved 2.20 3.8
SR3 300 0080 10017 090 56 | 2500 | 0.025 [unpaved] 2.40 17.4 | 10500 | 0.006 | 0.065 5.3 328 56 0.557 - - -
[BIETEL CREEK
BC1 300 ¢110 10.023) 071 70 2000 } 0.032 lunpavedf 2.80 11.9 1131001 0009 § 0.060 7.1 30.9 50 0.498 - - - - -
BC2 300 0.110 0.057 1.20 4.2 1400 | 0.041 Junpaved| 3.00 78 ]11200] 0.010] 0.060 7.5 25.0 37 0.370 16400 | 0.0043 | 0.045 8.0 0.760
BC3 300 0080 100131 080 [] 1400 1 0.029 lunpaved} 2.60 9.0 ]17900] 0.008 ] 0.060 6.7 44.7 60 0.598 - . - - -
BC4 300 0080 ;0.010] 070 7.1 § 2500 | 0.045 |unpaved] 3.20 13.0 ]12100| 0.011| 0.070 8.7 301 60 0.600 8600 ¢ 0.0035 | 0.045 6.8 0.351
2600 | 0.007 | 0.070 53 8.2
900 ) 0.022) 0.070 9.5 16
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Table 13 - SUMMARY OF TIME OF CONCENTRATION AND REACH ROUTING CALCULATIONS
Salado Creek Watershed Drainage Master Plan
Ultimate Development Land Use

Based on procedures described in *Urban Hydrology for Small Walersheds®, TR-55, USDA Soil Conservation Service, June 1986.

Revised 7/9/98

SuUB- SHEET FLOW SHALLOW CONCENTRATED FLOW CHANNEL/PIPE FLOW TIME sCs REACH ROUTING TIME
WATER-|Length| Mannings | Slope | Velocity | Travel {Length| Slope }Channel| Velocity { Travel ] Lengih Slape {Mannings| Velocity | Travel OF LAG | Length| Slope |Mannings} Vel Aouting
SHED "n* Time Type Time *n* Time | CONC, TIME “n* Time
D Feel - FuyFt | F¥Sec {Minutes] Feet | Fi/Ft - Ft/Sec [Minutes] Feet | FUFt - FyUSec |Minutes] Minutes | Hours Feet FUFt - Ft/Sec Hours
BCS 300 0.080 0.010 070 74 500 { 0.01B Junpaved| 2.10 4.0 11200 ] 0.009 } 0.070 6.0 31.2 59 0.580 . - - - -
2200 { 0.013 | paved 2.20 16.7
IWALZEM CREEK
wet | 300 [ 0110 [oo7a| 130 | 38 | 4800 | 0.040 [unpaved| 300 | 267 {19500 0007 | aors | <8 | o0 9% 0.965 - - - - .
ROSILLO CREEK
RC1 300 0.110 | 0.050 1.10 45 1000 | 0.021 | paved 2.80 8.0 9000 { 0.008 [ 0.065 6.1 247 83 0.830 20800 | 0.003 0.05 4.1 1.419
1150 | 0.009 | paved 1.90 10.1 9400 | 0.005 | 0.065 4.8 326
1100 { 0.032 | paved 3.60 5.1
RC2 300 0110 ]0004| 030 16.7 | 2500 { 0.004 | paved 1.10 37.9 | 6900 ] 0.003{ 0.065 3.7 30.9 206 2.056 - - - -
5400 | 0.006{ 0.065 53 7.4
18800 | 0.002 § 0.065 3.0 103.1
RC3 400 0.110 ] 0003| 024 27.8 | 1800 | 0.015 junpaved] 1.90 15.8 | 9800 | 0.003 | 0.0685 a7 439 114 1.143 8700 0.003 0.05 a1 0.659
1000 | 0.004 junpaved] 1.10 15.2
400 | 0.005 | paved 140 4.8
500 | 0.006 junpaved] 1.20 6.9
RC4 300 0.110 {0003 017 29.4 | 2100 | 0.012 Junpaved] 1.60 219 [ 5800 | 0.008 | 0.070 56 17.1 132 1.322 - - - - -
5400 | 0.001 | 0.070 1.4 63.8
RCS 300 0.110 0.003 0.17 294 650 ] 0.005 |unpaved] 1.10 9.8 15400 0.002 | 0.070 28 91.0 158 1.582 - - - - -
8200 ] 0.006 | 0.070 49 28.0
RC6 300 0.110 0.012 0.51 9.8 1600 | 0.020 junpaved| 220 12.1 7850 | 0.008 ] 0.075 5.3 248 47 0.468 14900 | ©0.002 0.055 3.0 1.363
RC7 300 0110 0003 028 20.0 1 1200 | 0.019 tunpaved] 2.10 9.5 ]14600) 0.004 | 0.075 3.7 65.3 95 0.949 - - - - -
RC8 450 0.110 0.003] 025 30.0 ] 8000 | 0.003 | paved 1.30 1026 [ 11600 | 0.008 ] 0.080 4.8 391 176 1.765 25600 | 0.003 0.055 37 1.912
400 | 0.025] 0.080 87 0.8
1100 | 0.008 | 0.080 4.6 4.0
ACY 400 0160 {0003! 0.8 37.0 [ 1300 { 0.006 junpaved| 1.20 18.1 | 25200 0.002 | 0.080 25 170.4 241 2412 . - - - -
1050 } 0.009 | paved 1.90 82
1100 | 0.031 Junpaved] 2.70 6.8
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results compared very favorable to the recorded data. Both historical storms were
simulated with the HEC-1 model providing verification of the hydrologic modeling.

The final step of the hydrologic analysis involved applying the theoretical storms to the
watershed. Rainfall intensities for the City of San Antonio were analyzed and updated
during the Preliminary Phase. These updated rainfall intensities were used with the
understanding that the City of San Antonio wili incorporate them into a future update of
it’s Unified Development Code, Chapter 35 of the City Code. Rainfall data for the 10,
25, 50, 100, and 500 year frequency storms was incorporated into the study using a storm

duration period of twenty four (24) hours with a SCS twenty four (24) hour Type-II
rainfall distribution.

Table 14 - "Comparison of Storm Water Flows™

10 Year 50 Year 100 Yoer 500 year

FEMA | HEC HEC-1 FEMA | HEC-1 | HEC FEMA | HECH HEC FEMA | HEGC- HEC
RIVER CROSSINGS Mocel | Existing | Uttimate | Model | Existing { Uttimate | Model | Existing | Utimate | Modsl | Existing | Ulimate
Loop 1604 15414 15379 23050 23243 26676 26867 34607 34591
West Ave. 12200 16570 18934 17300 25001 25336 19300 20664 28962 58000 37164 37483
U. S. 281 18700 17209 17622 24000 25735 26123 27000 29441 20813 81000 38040 38373
‘Wetmore Rd 28600 26873 28435 41600 39650 42132 46600 45207 47681 130000 | 58282 BOGS52
Nacogdoches Rd. 28600 27673 X383 41600 40793 43476 45600 46528 43204 | 130000 | 59954 62599
N.E. Loop 410 30100 28189 31178 44300 41614 44602 49100 47504 50470 140000 | 61287 54191
ALstin Hwy. 35900 32210 35875 54%09 47646 51236 60500 54385 579468 | 150000 | 70095 73634
|Fittiman Rd. 3690C 31029 34274 54300 45675 | 48635 61000 52097 55337 | 160000 | 67125 703@_‘
1, H. 35 36900 21800 24089 54300 32147 34408 51000 w_i 38022 | 170000 | 47250 49651
| Commerce st. 36900 | 20078 | 22123 | 54300 | 29415 | 3180 | 1000 | 33596 | 3se74 | 170000 | azes1 | 4s72s
Rigsty Ave. 36000 | 18247 | 20134 | Sea00 | 26672 | 20661 | 61000 | aon82 | aeee | 170000 | asewe | arser
E. Southcross Shd. 36904 1413 | 15367 SA300 20812 21986 £1000 20250 24723 § 170000 ] 30063 31879
S.E. Miftary Dr. 36900 | 14129 | 15567 | 54300 | 20512 | 21986 | 61000 | 23250 | 24720 | 170000 | 0083 | 3tove
S.E. Loop 410 J6800 13292 14857 54300 19262 20673 61000 21822 233 | 170000 ﬁ!ﬁ 30198

Ultimate development projections, as provided by the City of San Antonio Planning
Department, were used to compute storm water flows for ultimate development
conditions. All subareas except for those within the Camp Bullis area were adjusted for
ultimate development using these projections. The time of concentration was adjusted for
subareas that contained shallow concentrated flow travel lengths greater than 2000 feet by
converting twenty(20) percent of the length to channelized flow. In subarea SC17, the
reach routing from SC16 was modified to model the channelization of the creek that is
being considered along the north side of the San Antonio Airport. The results of the
HEC-1 (hydrologic) Model for ultimate development conditions are compared with those
of existing conditions in Table 14 - Comparison of Storm Water Flows. Included in the
comparison are the storm water flows obtained from FEMA. The storm water flows are
presented in cubic feet per second (cfs).

A final modification of the HEC-1 model was made which removed storage routing for
the thirteen (13) SCS Floodwater Retarding Dams. The 100 year theoretical storm was
then applied. The storm water flows obtained by this Model run are compared to the
previous existing condition results shown in Table 14. The SCS Floodwater Retarding
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Dams produce more than a fifty (S0) percent reduction in stream flows in the areas south
of Loop 1604. Most of the dams are located on the Recharge Zone of the Edwards
Aquifer and provide substantial recharge to the Aquifer, however, this study does not
quantify the recharge effects of those structures. Table 15 shows the comparison of the

existing conditions mode!l with and without the thirteen floodwater retarding dams at
several locations along the creek.

Table 15 - “Comparison of 100 Year Frequency Storm Water Flows
with and without the Floodwater Retarding Dams”

HEC-1 Minus
RIVER CROSSING Model Dams
Loop 1604 26676 42147
Loop 1604 (Panther Sp.) 8411 30044
Bitters Rd. (Panther Sp.) 7752 30014
Woest Ave. (Panther Sp.) 513 30538
Loop 1604 (Mud CKk.) 7222 26333
Thousand Oaks (Mud Ck.) 12801 62283
Loop 1604 (Eim Ck.) 136 15207
Loop 1604 (Elm Waterhole) 284 28268
West Ave. 28664 71588
U. S. 281 29441 71437
Wetmore Rd 45229 116782
Nacogdoches Rd. 46528 117316
N.E. Loop 410 47504 113686
Perrin Beitel (Beitel Ck.) 22050 22050
Austin Hwy. 54365 111891
Rittiman Rd. 52097 105444
I.H. 35 36656 70397
Commerce St. 33526 62580
l.H.10 33526 62580
E. Southcross Bivd. 23250 55204
S.E. Military Dr. 23250 55204
S.E. Loop 410 21822 48987

Salado Creek Watershed Study and Druinage Master Plan




Design Phase

A. Hydraulic Modeling

4-1

1. HEC-2 Model

Aerial Mapping was prepared by United Aerial Mapping and furnished by the City of San
Antonio. Stream cross sections were produced for the Salado Creek and tributaries based
upon the aerial mapping. Cross section characteristics were defined with Manning’s
roughness coefficients that represent the vegetation and varied floodway conditions
observed along Salado Creek. Sections were placed at approximate intervals of 500 feet
with variations depending upon the influence of curvature of the creek and structures that
cross the creek. Each section was located perpendicular to the flow and extended to the
limits of the mapping. Adjustments were made in placement of the cross-sections when
bridge structures, culverts and cutbacks were encountered. Table 7 indicates the sections
located at bridge and culvert crossings. Modeling of culvert and bridge structures was
based upon plans obtained from the City of San Antonio and the Texas Department of
Transportation. When plans were not available, the structure was measured and detailed
by field survey.  Along Salado Creek and the tributaries exist several low water
crossings. These crossings are individually addressed as mitigation projects in this report.

The original F.E.M.A. models use roughness coefficients ranging from 0.035 to 0.075.
Investigation and analysis of the Salado Creek suggest that these coefficients are not
adequate to define the existing conditions of the Salado Creek. Since very thick
vegetation exists along lower Salado Creek, stream cross sections along the lower regions
of Salado Creek have been defined with coefficients ranging from 0.030 to 0.11. The
coefficients were adjusted downward in areas where less vegetation is present. In several
areas clearing has been done to create parks, golf courses and other similar use sites. In
these areas where brush has been removed and the area is being maintained, roughness
coefficients were adjusted downward. Higher roughness coefficients were used in the
very dense to extremely dense vegetated areas along the Creek.

Five water surface profiles are produced by the HEC-2Z model representing the 500, 100,
50, 25, and 10 year frequency storms. Storm water flows derived from the HEC-1 model
are entered at sections representative of HEC-1 node locations. The HEC-1 nodes and
HEC-2 sections with approximate locations are presented in Table 16.
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Table 16 - “HEC-1 Node Locations”

HEC-1 HEC-2
WATERSHED| NQODE DESCRIPTION OF LOCATION SECTION
Salado Creek [ 07S |Loop 1604 192321
08S [Approximately 2000 Downstream of Huebner Road 178997
0882 |Above the Confluence with Panther Springs Creek 160212
095 (Below the Confluence with Panther Springs Creek Downstream of West | 158339
Avenue
108 |U.S. Highway 281 154764
10S2_|Above the Confluence with Lorence Creek and Mud Creek 142679

1083 |Above the Cenfluence with Mud Creek and Below the Confluence with 140634
Lorence Creek

11S [Below the Confiuence with Mud Creek Upstream of Wetmore Road 138339
1182 jWetmore Road 132303
128 |Nacogdoches Road 129765
13S _[N.E. Loop 410 125025
148 |Approximately 2100' Downstream of N.E. Loop 410 121218
155 |Above the Confluence with Baitel Creek 119314
16S |Below the Confluence with Beitel Creek at Austin Highway 116016

173 |Approximately 1000 Upstream of Rittiman Road Above the Confluence 111094
with Walzem Creek

18S_ |Approximately 640' Downstream of Rittiman Road 109387
19S _|Approximately 1000' Upstream of Binz-Engleman Road 93170
20S [Houston Street 73661
218 |Rigsby Avenue 56041
225 |S.E. Military Drive 33188
23S |S.E. Loop 410 19500
248 [Confluence with Rosillo Creek 15140
Panther SCS6 |Approximately 1400' Upstream of Bitters Road 12704
Springs
07P [Approximately 2000' Downstream of Bitters Road 9891
08P |Above SCS Dam No. 7 4347
SCS87 |Mouth of Panther Springs Creek 433
Mud Creek SCS10 [Above SCS Dam No. 10 16365
08M _|Above the Contluence of Mud, Elm, and Elm Waterhole Creeks 15865
09M {Approximately 1700' Upstream of Buckhorn Road inside McAllister Park 6767
10M  [Mouth of Mud Creek 620
Elm Creek 01E_ |Approximately 440’ Upstream of Jones Maitsberger 5541
02E_ {Mouth of EIm Creek 184
Eim 04W |Approximately 900' Downstream of Classen Road 8918
Waterhole
Creek 05W _|Mouth of EIm Waterhote Creek 32
Beitel Creek 008 __|Approximatety 920' Downstream of Nacogdoches Road 24953
01B |0id O'Connor Road 19112
02B |Approximately 5100' Upstream of N.E. Loop 410 10435
03B [Approximately 3200' Upstream of N.E. Loop 410 8557
04B {Mouth of Beitel Creek 210

Il. Depth-Discharge Rating Curves

Data collected on the storms that occurred on April 4-5, 1991 and May 5-6, 1993 was
analyzed using the HEC-2 hydrautic model and the results were compared to the depth-
discharge data obtained from the U.S.G.S. Comparison of this data, showed significant
variation in the Depth-Discharge relationship. Using the Hydraulic Model, new Depth
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Discharge Rating Curves were computed for the U.S.G.S. Upper Station and Lower
Station. The Depth-Discharge Rating Curves that resulted are presented in Figures 12-
and 13 along with a display of the U.S.G.S. rating curves. Using the new Depth-
Discharge Rating Curves, the two historical storms were plotted and rated. The
frequency of the April 1991 storm was determined to be approximately a 2 year storm
event for the entire watershed with higher frequency being experienced in localized
areas. The May 1993 storm was determined to be the equivalent of a twelve year storm
for the entire watershed.

B. Storage Analysis

4-3

Observed conditions and recorded data from the United States Geological Survey, Water
Resources Division in San Antonio, Texas indicated that linear storage occurs along
lower Salado Creek. During the preliminary phase it was determined that additional
analysis of the lower regions of Salado Creek was necessary to verify this condition.
Thick vegetation located in this region of the creek increase the uniform losses assumed
as a constant in the HEC-1 model. Stream flow gages maintained at the upper and lower
limits of the lower Salado Creek indicate storage losses in excess of what is considered
normal. Careful review of recorded data, throughout the 25 year history of the gages,
substantiated considerable storage losses occur. While the HEC-1 model of the upper
watershed generated data that was very comparable with gage records, data pertaining to
the lower watershed produced results that substantially exceeded gage records.

A separate analysis of the lower Salado Creek was performed using the Hydrologic and
Hydraulic Models to compute channel storage. A storage analysis was performed using
storage-outflow data from the HEC-2 model as input data for the HEC-1 model. The first
step in the process was adding the storage-outflow option to the HEC-2 model. Using the
storage outflow option, sections corresponding to the reach routings were entered in the
HEC-2 model. Storage and discharge values were generated by use of the HEC-2 model
incorporating the Modified Puls method. Basic storage-outflow data was produced by the
HEC-2 model. The data produced corresponds to storage records and discharge records.
Records are generated for each profile of the HEC-2 model. The HEC-1 model generated
new storm water flows for each of the reach routings along the lower Salado Creek. The
storm water flows were then updated in the HEC-2 model. The updated HEC-2 model
generated a new set of storage and discharge records. Following this process produces a
set of storage and discharge records in the HEC-1 model, which is used to generate new
storm water flows. This iteration process continued with the HEC-1 and HEC-2 models
until the storm water flows generated by the HEC-1 model and the storage-discharge
values generated by the HEC-2 model were repeated.

Computed storm water flows at the lower end of Salado Creek were consistently higher
than the recorded data at Salado Creek (Lower Station). A split flow analysis was
performed on Salado Creek at section 225. The split that occurs north of Roland Street
results in approximately sixty five (65) percent of discharge flowing down the west fork
stream and the other thirty five (35) percent flowing down the east fork. Travel distance
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Figure 12 - Depth-Discharge Rating Curve
Upper Salado Creck Gaging Station
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DEPTH
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Figure 13 - Depth-Discharge Rating Curve
Lower Salado Creek Gaging Station
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down the west side is approximately 6,980 feet requiring a travel time of approximately
twenty three (23) minutes. Distance of travel on the east fork is approximately 18,900
feet requiring a travel time of approximately seventy (70) minutes. Distance and travel
time are approximately three times larger for the east fork. The greater travel time along
the east fork causes a delay in the peak storm water flow. Approximately sixty five (65)
percent of the storm water flow in the east fork is returned to the storm water flow in the
west fork at the confluence. The additional loss of storm water flow resulting from the

split flow produced comparable storm water flows and depths to gage records at Salado
Creek (Lower Station).

After completion of the storage analysis, the HEC-2 model for the April 4-5, 1991 storm
(1991SAL.DAT) generated water surface elevations comparable to gage records. The
HEC-2 model produced depths that compared very closely with stream gage recordings of
the two U. S. Geological Survey stream gages and the City of San Antonio stream gage at
the Interstate Highway 10 crossing of Salado Creek. The difference between the output
of the model and the actual gage recording was less than half a foot at each of the three
gage stations. At the upper gaging station a peak of 12.04 feet was recorded and at the
lower gaging station a peak of 20.98 feet was recorded. The USGS Expanded Rating
Tables show a datum difference of 2.5 feet at the Upper Gaging Station and 6.35 feet at
the Lower Gaging Station. Thus the measured depth of flow at the Upper Station is 12.04
- 2.5 or 9.54 feet and the measured depth at the Lower Station i1s 20.98 - 6.35 or 14.63
feet. The City of San Antonio’s stream flow gage station at IH 10, identified as Sensor

#4764 was recording during the April 1991 storm. The recorded peak gage height during
the storm was 603.36,

The HEC-2 model simulation produces a depth of 9.35 feet at the upper gaging station at
section 403 and a depth of 14.79 feet at the lower gaging station at section 178. The
Model produces a water surface elevation of 603.36 at the IH 10 gage that is located at
section 260. Direct comparison of the depths at the stream flow gaging stations to the
depths generated by the model provided verification of the model. Comparisons of the
depths are as follows.

GAGE MEASURED SIMULATED DIFFERENCE
DEPTH DEPTH

USGS at Loop 410 9.34 9.35 0.19

COSA atIH 10 16.46 16.46 0.00

USGS at Loop 13 14.63 14.79 0.16

C. Floodp/ain Delineation

The final step in the hydraulic analysis involved applying theoretical storm water flows of
the 500, 100, 50, 25 and 10 year frequency rainfall events to the hydraulic model.
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Application of these storm water flows generated water surface elevations for each of
these storms at each cross section. The resulting water surface elevations were plotted at
each cross section. Interpolation of elevations between the sections establishes the limits
for the floodplains. However, floodplain limits interpolated through or adjacent to
existing structures have been adjusted. The determination of whether or not these
structures are flooded was verified with foundation elevations.

Maps generated from the hydraulic modeling represent the 100 year floodplain under
existing conditions. The HEC-2 model water surface elevations were compared with the
water surface elevations provided on the Flood Insurance Rate Maps (FIRM) prepared by
F.E.M.A. Previous comparisons of the discharges with the F.E.M.A. model had shown
variations from slight in the upper reaches to great in the lower reaches and water surface
elevation comparisons show varied differences. In areas along the lower reaches where
the new storm water flows are much smaller, the new water surface elevations compare in
arange from lower to higher than the F.E.M.A. water surface elevations.

The HEC-2 modeling based upon uitimate development is approximately one half foot to
one foot higher than existing conditions water surface elevations. Increases which would
normally be expected as a result of ultimate development, are largely being mitigated by
the presence of the existing floodwater retarding dams. Floodplain Maps were not
produced for ultimate development conditions, however, comparisons of existing
conditions and ultimate development water surface elevations for a 100 year frequency
storm are provided in Table 17.
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Table 17 - ““Comparison of Water Surface Elevations”
Existing Conditions vs. Ultimate Development

LOCATION

S.E. Loop 410

S.E. Military Dr.

E. Southcross
Rigsby

Rice

Martin Luther King
LH. 10

Commerce St.
Gembler Rd.

1LH. 35
Binz-Engleman Rd.
W.W. White Rd.
Rittiman Rd.
Eisenhauer Rd.
Austin Hwy.

N.E. Loop 410
Nacogdoches Rd.
Wetmore Rd.

Jones Maltsberger Rd.

U.S. Hwy. 281
West Ave.
Vista Del Norte
Blanco Rd.
Huebner Rd.
Loop 1604
West Ave.
Thousand Oaks
Redland Rd.
Classen Rd.
Loop 1604
Redland Rd.
Loop 1604
Perrin Beitel
Vicar Rd.

N.E. Loop 410
Weidner Rd.
O’Connor Rd.

SECTION
20729
33294
43308
54608
61680
63615
69937
72092
81444
87445
92176
96336
110103
114620
116126
125541
132365
138194
151311
157442
162051
168291
170967
181924
192471
1272
11201
5628
9863
11576
3320
7316
2870
3416
5321
21888
23919

EXISTING ULTIMATE
ELEVATION ELEVATION
337.91 538.18
555.23 555.75
565.64 566.07
591.56 591.92
603.58 603.33
605.64 605.99
612.23 612.84
615.90 61643
624.78 625.15
635.55 636.20
646.73 647.78
648.60 649.56
672.42 672.83
681.40 681.77
686.77 687.72
705.81 706.35
721.49 721.92
729.04 730.16
768.99 769.07
788.61 788.74
807.42 807.49
830.76 830.86
842.66 842.74
891.55 891.57
951.47 951.48
797.11 797.19
777.06 771.55
821.09 820.52
823.56 826.60
826.91 830.09
817.59 818.59
832.33 833.74
706.47 706.77
707.10 707.46
711.95 711.94
781.17 781.61
783.16 783.42
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D. Mitigation Projects

49

Flooding of buildings became evident in several locations as the floodplains were being
mapped. The number of structures identified as being located in the floodplain is 335.
The number of residential structures is 179 and commercial or industrial structures
number 65. The remaining 91 structures are sheds, pavilions, barns, stables, etc. The
greatest area of flooding occurs south of Martin Luther King Drive in East Park
Subdivision where stream sections are broad and flat.  Ninety-Nine residences, two
churches, and four apartment buildings are located in the floodplain. Other locations
where multiple structures are flooded are along Holbrook Road, North Loop Road west of
U.S. Hwy. 281, Nacogdoches Road, Garden Court East subdivision along Beitel Creek,
Austin Hwy. Industrial Subdivision and Fairfield Village North Subdivision. Singular
structures are flooded along the lower regions of Salado Creek and Beitel Creek. A list of
the structures identified in the floodplain is provided in Table 19.

Projects considered to mitigate flooding include construction of detention dams,
performing localized channelization, clearing stream vegetation, construction of levees,
re-routing of roadways, and property acquisition. The first project evaluated was dam site
No. 15r, the final proposed Natural Resources Conservation Service Floodwater
Retarding Dam. This structure will be located in McAllister Park north of Starcrest Drive
and it includes a temporary storage reservoir as originally planned in the McAllister Park
Proposed Master Land Use Plan. The land was purchased by the City of San Antonio for
flood control use and the Master Land Use Plan was completed in 1964. The Master
Land Use Plan is included in Appendix F. According to Mr. Trent Street, Design
Engineer with the Natural Resources Conservation Service, the floodwater retarding dam
is scheduled for design in October 1996. Construction of the project will depend upon
future funding allocations. Allocation of funds for the construction of dam 15r do not
appear very likely through 1998. Land for the reservoir is currently being utilized by the
City Parks and Recreation Department as a portion of McAllister Park. McAllister Park
has become very popular with residents in the northern area of the City of San Antonio.
Concerns raised by patrons of the park have created an issue concemning the design of the
dam. If these concerns are abated, the dam must be designed so that it will not interfere
with the continued utilization of park facilities. Temporary storage will occur in the
reservoir when floodwater accumulates and portions of the park will become flooded for
short periods depending upon the severity of the storm event. However, water will be
quickly released until the reservoir is drained. The dam structure for this project will
have a height of 44 feet and the reservoir storage capacity will be 3400 acre-feet. The
National Resources Conservation Service has estimated the cost of construction at
$6,000,000.

The second project developed for mitigation is located on upper Beitel Creek in the area
of Lookout Road, Weidner Road and Old O’Connor Road. All three roadways and
approximately 400 feet of Leonhardt Street are within the floodplain. New Wurzbach
Parkway is also planned for construction through this area. This project would include
rerouting Leonhardt Street and raising it above the floodplain to intersect with Wurzbach
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Parkway. Portions of Weidner and Old O’Connor located within the floodplain are to be
closed. Five thousand feet of Weidner Road and two thousand five hundred feet of Old
O’Conner will be removed. Lookout Road will be rerouted to the east outside the
floodplain to intersect with Old O’Connor Road. A railroad crossing at this location will
be widened decreasing the embankment encroachment on the floodway.

Project three of the mitigation projects includes channelization of a section of Beitel
Creek. Beitel Creek has been channelized from N.E. Loop 410 upstream to an area just
south of Garden Court East Subdivision. Constructing an earthen channel from the
existing channel, upstream for 3500 to 4000 feet will lower the creek and water surface

elevations and narrow the sections. The channel would be adjacent to Garden Court East
Subdivision.

Raising and rerouting Holbrook Road between Eisenhauer and Rittiman Roads is the
fourth mitigation project. The project involves moving the roadway to the east, away
from Salado Creek and raising its elevation. This project was evaluated individually and
in conjunction with other projects. Alignment for the relocated roadway was established
adjacent to existing buildings so that the structures are not affected. Raising the roadway
to an elevation higher than the 25 year frequency flood will provide future mitigation of
the 100 year frequency flood when Dam No. 15r is constructed.

Project five was evaluated individually and in conjunction with other projects. This
project consists of a levee that is sized to contain water within the floodway. The levee
would be constructed south along Salado Creek from the embankment of Martin Luther
King Drive. The length of the levee will be approximately 4400 feet extending around
East Park Subdivision along the west side of Salado Creek. The height of the levee will
vary from four feet to seven and one half feet and the sides of the levee will be graded at a
four to one slope with sodding for erosion control. The top width of the levee is thirty
feet to provide for paths for either pedestrian, bicycle, or vehicular traffic. The top width
can be varied according to intended use.

The sixth mitigation project evaluated, consists of brush clearing along lower Salado
Creek. As described in Chapter 3, dense vegetation was observed along the banks and
overbank areas along lower Salado Creek. The project limits are the bridge structures at
S.E. Loop 410 and at N.E. Loop 410. The total length of the project is approximately 20
miles. This project does not include modification of creek sections. The project involves
only the removal of grass, weeds, brush, small trees, and the small lower branches of trees
up to a height of five or six feet. The project would leave significant trees that are larger
than 3 inches in diameter in place. Existing dense vegetation along with the broad
sections of Salado Creek currently provide significant linear storage. Clearing of the
underbrush will have the detrimental effect of decreasing the linear storage and increasing
flood elevations downstream by a substantial amount.

The seventh project developed and evaluated for mitigation is located on the lower end of
Beitel Creek. The project involves channelization. Upstream of Vicar Road is an
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existing concrete channel. The conditions downstream of Vicar Drive are natural with
the west bank of Beitel having been cleared of vegetation except for grasses. This project
extends the concrete channel underneath Vicar Drive and transitions the channel into an
carthen trapezoid section. An earthen trapezoidal channel section would be constructed
downstream of Vicar Drive and past Perrin Beitel. Approximate length of the
channelization would be 2,600 linear feet. Vicar Drive will be reconstructed with a new
bridge crossing Beitel Creek.

Rerouting Holbrook Road at Austin Highway is the eighth mitigation project. Included in
the project is closure and removal of the access roadway connecting Ira Lee Road and
Holbrook Road under Austin Highway. Holbrook Road would be rerouted to a higher
elevation for intersection with Austin Highway.

Project nine was evaluated as an alternative to the levee adjacent to East Park Subdivision
(Project five). This project involves clearing Salado Creek and channelizing for a length
of 5000 feet. Channelization would be performed south of Martin Luther King Drive and
would consist of the construction of an earthen trapezoidal channel.

A channelization project at the San Antonio International Airport(S.A.LA.) was evaluated
as project ten. This project includes channelization of the Salado Creek within the limits
of the Airport property. The project reroutes the natural channel through this area,
reducing the overall length by approximately 2,300 linear feet to follow the proposed
Wurzbach Parkway. Modeling the project involved creating a trapezoidal channel within
the HEC-2 model. The stream sections that would be affected by this rerouting were
replaced with trapezoidal channel sections. Routing of the Salado Creek was adjusted to
follow the alignment of the Wurzbach Parkway with a reduction in overall length of
approximately 2300 feet. The affects on water surface elevations were evaluated under
ultimate development with the mitigation projects in place. A new earthen channel along
Wurzbach Parkway will lower water surface elevations and eliminate the flooding of ten
buildings at the upper end of the project.

The eleventh project analyzed is a detention pond in the Longhorn Quarry. This project
was evaluated as an alternative to project three. The detention pond would require a
diversion of flow through an adjacent box culvert under Wurzbach Parkway into the
Longhorn Quarry west of Beitel Creek. Using a split flow diversion on Beitel Creek at
section 3050, reduced flows were computed for complete mitigation of flooding
downstream of this location. The size of the detention pond required for the diverted
flow is approximately 1300 acre-feet. After it was determined that the Quarry had the
capacity for only 400 acre-feet of storage. the analysis focused on smaller diversions. The
diversion of flows for a 400 acre-foot detention pond does reduce flooding. A detention
pond at Longhom Quarry does not provide the benefits necessary to justify the cost. The
limitation of storage capacity eliminated the project from further consideration.
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1. Project Costs

The proposed floodwater retarding dam 15r is a proposed federally funded project,
however, a cost estimate is provided to compare with other proposed mitigation projects.
Funding for the project has not been allocated and the Natural Resources Conservation
Service cannot predict when the allocation may occur. It is suggested that either lobbying
for project funding or the partial allocation of funds by local agencies could provide the
necessary impetuous to secure speedy federal funding.

Estimated costs for the other mitigation projects and roadway structures are presented in
Table 18. Included in Table I8 are proposed acquisitions. Properties that are not
benefiting from the mitigation projects have been identified for acquisition. Estimated
values of the properties are based upon Bexar District appraisals. The mitigation projects
developed provide relief for the majority of flooding problems identified, but do not solve
all flooding problems. Thus, acquisiticn is the most cost effective alternative for
removing some properties with buildings from the hazard of flooding. Benefits of the
recommended mitigation are addressed in Chapter 5.
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TABLE 18
PRELIMINARY COST ESTIMATE - MITIGATION PROJECTS

SALADO CREEK
CONSTRUCTION TOTAL
UNIT | NUMBER COSTS PER COST PER
DESIGN COMPONENTS UNIT COST | OF UNITS COMPONENT PROJECT
1. Floodwater Retarding Dam No. 15r LS $6.000.000 *
2. Reroute Lookout and Leonhard: Rds.
Right of Way AC $10.000 8 $80.000
Misc. (Utilities, Fences. etc.) $500.000
Totai Construction Costs $500.000
Mobilization (11%) $55.000
Preparation of ROW (4%) $20,000
Subtotal $575.000
Contingencies (10%) 357,500
Engineering (11%) $63.250
Administration (7%) $40.250
Stormwater Pollution Control (5%) $28,750
TOTAL $844.750 $844 750
3. Channelization Beitel Creek
Channelizauon (Section 9933 10 13285)
Excavation/Disposal of Material CcY $6 103600 $621.600
Right of Way AC $10,000 38 $380,000
Total Construction Costs 3621600
Mobilization (11%) $68.376
Preparation of ROW (4%) $24.864
Subtotal $714 840
Contingencies (10%) $71.484
Engineering (11%) $78.632
Admznistration (7%) $50.039
Stormwater Pollution Control (5%) $35,742
TOTAL $1,330,737 $1.330.737
4. Reroute Holbrook Rd.
Right of Way ac $10.000 12 $120.000
Misc. (Utilities, Fences, etc.) $550.000
Totat Constrection Costs 3550.000
Mobilization (11%) $60.500
Preparation of ROW (4%) $22,000
Subtetal $632.500
Contingencies { 10%) $63.250
Engineering (11%) $69.575
Administration (7%} 344275
Stormwater Polluticn Control (5%) $31.625
TOTAL 3961.225 $961,225
5. Levee
Embankment Ccy $9 53001 $47,700
Right of Way AC $10.000 8 $80,000
Misc. (Utilities, Fences, etc.) $200,000
Total Construction Costs $247,700
Mobitization {11%}) 527247
Preparation of ROW (49%) $9.908
Subtotal $284.855
Contingencies (10%) 328.486
Engineering (11%) 331334
Administration (7%} $19.940
Stormwater Pollution Controt (5%) $14.243
TOTAL $458.857 $458.857
6. Channel Clearing (Station 20729 to 125239) AC $2,500 1940 $4.850.000
Total Construction Caosts 34,850,000
Mobilization (11%) $533,500
Preparation of ROW (4%) $194.000
Subtotal $5.577.500
Contingencies (10%) $557.750
Engineening (11%) $613,525
Administration (7%} $390.425
Stormwater Pollution Control (5%) $278.875 H
TOTAL $7.418.075 $7.418,075
4-13
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TABLE 18
PRELIMINARY COST ESTIMATE - MITIGATION PROJECTS

SALADO CREEK
CONSTRUCTION TOTAL
UNIT NUMBER COSTS PER COST PER
DESIGN COMPONENTS UNIT COST | OF UNITS COMPONENT PROJECT
7. Channelization (Beitel Creek)
Channelization (Section 210 to 3370)
Excavation/Disposal of Materiai cY 56 42800 $256.800
Right of Way AC $10.000 14 $140.000
Misc. (Utilities. Fences, ¢tc.) $100.000
Total Construction Costs $356.800
Mobitization (11%) $39.248
Preparation of ROW (4%) $14,272
Subtotal $410,320
Conuingencies (10%) $41,032
Engineering {11%) $45.135
Administration (7%) 328,722
Stormwater Pollution Control {5%) $20.516
TOTAL $685,726 $685,726
8. Reroute Holbrook Rd. at Austin Hwy.
Right of Way AC $10,000 4 $40,000
Misc. (Utlities. Fences, etc.) $200.000
Total Construction Costs $200.000
Mobilization (11%) $22,000
Preparation of ROW (4%) 58,000
Subtotal $230.000
Contingencies {10%) $23.000
Engineering (11%) $25.300
Administration (7%) $16,100
Stormwater Pollution Controi {5%) $11.500
TOTAL $345.900 $345.900
9. Channelization
Channel Clearing (Station 54659 to 63552} AC $2.500 112 $280,000
Excavation/Disposal of Material cY $6 170000 $1.020.000
Right of Way AC 310,000 112 $1.120.,000
Misc. (Utilities. Fences, etc.) $250,000
Total Construction Costs $1.530,000
Mobilization ( 11%) $170.500
Preparation of ROW (4% $62.000
Subtotal $1.782.500
Contingencies (10%) £178.250
Engineening (11%) $196,075
Administration (7%) $124.775
Stormwater Pollution Control {5%) 589,125 +
TOTAL $3.490,725 $3.490.725
10. Channelization (SAIA)
Channel Clearing (Station 138339 to 151236) AC $2.500 180 $450,000
Excavation/Disposal of Material CcYy $5 2400000 $12,000.000
Misc. {Utilities, Fences. etc.) $750,000
Totai Construction Costs 513,200,000
Mobitization (11%) 31.452.000
Preparation of ROW (4%) $528.000
Subtotal $15.180,000
Contingencies { 10%) $1.518,000
Engineering (11%) $1.669.800
Administration (7%) $1.062.600
Stormwater Pollution Control (5%} $759.000 +H
TOTAL $20.189.400 $20.,189.400
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TABLE 18

PRELIMINARY COST ESTIMATE - MITIGATION PROJECTS

SALADO CREEK
CONSTRUCTION TOTAL
UNIT NUMBER COSTS PER COST PER
DESIGN COMPONENTS UNIT COST | OF UNITS COMPONENT PROJECT
Structures (Bridges, Culverts)
Bridges:
West Ave. at Salado Creek $2.682.000
Vicar Rd. at Beitel Creek $1.500.000
Binz-Engleman Rd. at Salado Creek $3.240.000
IH 35 Frontage Roads at Salado Creek $3.000,000
Roland St. at Salado Creek $2.400.000
Culvers:
West Ave. at Panther Springs Creek $250.000
Jones Maltsherger at Mud Creek $250.000
Jones Mattsberger at Elm Creek $400.000
Bulverde Rd. at Redland Rd. $500.000
Total Construction Costs $14,222.000
Mobilization (11%)
Preparation of ROW (4%)
Subtotal
Contingencies (10%) $1.422.200
Engineering {11%;} $1.564.420
Administration (7%) $995.540
Stormwater Pollution Control (5%) §711.100
TOTAL $18.915.260 $18.915,260
Buy-out remaining Houses or Properties
within100-year Floodplain
Cresthill Rd. EA $58,850 2 $117.700
East Park Subdivision EA $18.500 1 $18,500
Holbrook Rd. EA $48.550 4 $194.200
Nacogdoches Rd. EA $246,700 1 $246,700
Malitsberger Lane EA $426,500 1 $426.500
North Loop Rd. EA $62,500 2 $125.000
West Ave. EA $55490 2 5110980
N.E. Loop 410 EA $680,000 1 $680.000
Wetdner Rd. EA 372,367 3 3217.100
TOTAL $2.136,680 $2.136,680
Grand Total $25.679.135

* Cost not included in Grand Total (Federally Funded Project)
+ Cost not included in Grard Total (Project not Recommended)
++ Cost not included in Grand Total (Project not Recommended)
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Summary Phase

A. Floodplain Maps

Delineation of the floodplains has produced a set of new floodplain maps at a scale of
17=200°. Maps generated are based upon the hydrologic and hydraulic modeling
produced with this study. The floodplains produced and mapped are the 10, 25, 50, 100,
and 500 year frequency storm limits under existing development conditions. The new
maps are based on the aerial maps provided by the City of San Antonio and the new
floodplains have been indicated on the aerial topographic maps.

B. Mitigation

The Salado Creek Watershed is similar to the other watersheds in Bexar County, yet it
has unique features that provide the benefit of detention. The watersheds have similar
soils, land uses, geologic features, vegetative habitats, and climates. The detention
features that are unique to the Salado Creek Watershed provide flood control, erosion and
sedimentation control, and recharge of the Edwards Aquifer. Results produced by these
features are the same goals sought when considering and designing mitigation projects.

Mitigation projects were developed for the elimination of structural flooding. The
mitigation projects have been analyzed and evaluated for benefit and cost. Seven projects
of the ten developed will provide a significant reduction of flooding and are
recommendations of this study. The other three projects do not provide cost effective or
sufficient relief and/or create additional flooding downstream and are not recommended.

C. Recommendations for Master Drainage Plan

5-1

Projects proposed for mitigation of flooding were described in Chapter 4 and the benefits
gained from construction of the recommended projects are presented in Table 19.
Implementation of the proposed projects has been prioritized based on benefits gained.
Prioritized implementation is also presented in Table 19. Description of the
prioritization, benefit, and cost are provided as follows.

In the first two columns of the benefit and cost matrix is a list of the structures within the

floodplain and their location. The first row of the matrix presents the projects by number
as identified in Chapter 4. An example is project five shown in column three which

Salado Creek Watershed Study and Drainage Master Plan




represents the proposed levee project south of Martin Luther King Drive. Structures
listed in that column benefit from this project with the estimated cost of the project
provided at the bottom of the column. The remaining columns represent the other

proposed projects identified by number in the first row. Projects were prioritized by
greatest benefits produced.

Projects six and nine are not recommended based upon higher cost and negative
dowstream effects associated with their construction. Properties that do not benefit from
the proposed mitigation projects are proposed for acquisition and presented in the column
titled Acquisition in Table 19. Mitigation for these properties is either cost prohibitive or
unfeasible. Values for the individual properties were presented in Table 18, Chapter 4.

The last column displays a project that the City of San Antonio has initiated at the San

Antonio International Airport. Analysis of the project with the HEC-2 model revealed
benefits for seven structures adjacent to the project.

New bridges and culverts were not included in Table 19, however, priority has been
determined for new crossings. Priority for new bridge and culvert projects is based upon
average daily traffic flows and utilization from area development. A new bridge at West
Avenue and Salado Creek along with new box culverts at West Avenue and Panther
Springs creek are placed first in priority. Second priority is placed on a new bridge for
Vicar Drive at Beitel Creek. The bridges and culverts are prioritized as follows:

1. West Avenue at Salado Creek and Panther Springs Creek $ 3,899,560
2. Vicar Road and Beitel Creek $ 1,995,000
3. Roland Street at Salado Creek $ 3,192,000
4. Jones Maltsburger and Mud Creek $ 332,500
5. Jones Maltsburger and Elm Creek $ 532,000
6. Binz-Engleman Road and Salado Creek $ 4,309,200
7. 1.H. 35 Frontage Road and Salado Creek $ 3,990,600
8. Bulverde Road and Elm Waterhole Creek $ 665,000
GRAND TOTAL $18,516,260

Locations of the proposed projects and acquisitions are shown on Figure 14.

D. Summary

This Salado Creek Watershed study was performed for the purpose of preparing a
Drainage Master Plan. The Drainage Master Plan consist of the flood plain maps and the
projects identified for mitigation of flooding. Utilizing the flood plain maps for
regulating future development can prevent additional flooding problems.  An

implementation of the projects recommended in this study can eliminate existing flooding
problems.
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An important feature that should be preserved is the natural condition of Salado Creek.
Linear channel storage determined and verified with this study is natural detention that
has reduced the storm water flows and water surface elevations along the lower Salado
Creek. Alteration of the natural conditions will create an increase in flooding in
downstream areas. Maintaining the linear channel storage can be done by retaining the
existing conditions which include the dense vegetation. Debris and rubbish that has been
dumped into the creeks should be cleaned up to preserve the environment.

In conclusion of this study, it has been determined that $25,679,135 can eliminate a
majority of the flooding problems within the Salado Creek Watershed. Inclusion of
federally funded project Dam #135 eliminates the remainder of the flooding problems. It
is recommended that efforts be made to ensure the design and construction of the
federally funded Floodwater Retarding Dam to be located in McAllister Park. The
proposed dam will provide significant mitigation benefits that are worth the effort
associated with implementation of this project. As with the existing thirteen dams, a
large reduction in storm water flows and water surface elevations will result.

Salado Creek Watershed Study and Drainage Master Plan




Table 19
Mitigation Benefit and Cost Matrix
Salado Creek Watershed
Drainage Master Plan
P PRIORITIZED PROJECT IMPLEMENTATION 5 7 - 3 4 8 ~9 10 Acquisition
STRUCTURES LOCATION PROPERTIES AND STRUCTURES REMOVED FROM THE FLOODPLAIN
; 6 Houses Cresthill Rd. [ o "8 Houses
* 99 Houses East Park Subdivision 80 Houses | 19 Houses ‘1 House
Apartment Bldgs.  |East Park Subdivision 4Bidgs. __j( O | T T B o

2 Churches " |East Park Subdivision 2 Churches N T I -

1 Houses _ |Holbrook R . | 1House

GHouses  [Hobrook Rd. I R S oo e "5 Houses
2 Commercial Bidgs.  |Holbrook Rd. ] 2Bidgs.” o i - :

10ffice o Holbrook Ad. ! ) "1 Dffice

t Church Academy Holbrook Rd. \ ) 11 Church’ )
LFlea Market Holbrook Rd. ‘ 1 Bldg.

Trailer Park Hotbrook Rd. " 1 Park

3 Houses Holbrook Rd. ; ' - "3 Houses o

Flooded Roadway Rittiman Rd. ‘ 1 Roadway :

15 Coimmercial Bldgs. |Eisenhauer Rd. |

Ficoded Roadway Eisenhauer Rd. i |1 Roadway '

Flooded Roadway ~ ira Lee Ad, P "~ |1Roadway |~ B o T I A

2Houses ~__ |tralee @ Loop 410 - Lo __ j2Houses | - L _

5 Commercial Bldgs. _[Los Patios Village I 4Bdgs. |} T - B T - )

4 Commercial Bidgs.  |Nacogdoches Rd. I - T i ' Bldgs
AFlooded Roadway Nacogdoches Rd. ; 1 Roadway .

7 Houses ___ |Gemini Dr. : |8 Houses B o ) T

3 Commercial Bidgs.  |Bitters Rd. o - 3 Bidgs.

4 Commercial Bidgs.  |Jones Maltsberger Rd. L N R S S _ 4 Bldgs.

1 House Maltsberger Lane o T 1 House
2 Commercial Bidgs. |Beacon Circls industrial Subd. P | T i I 1 T :
1House North Loop Rd. o N "1 House
4Houses " |Norih Loop Wesi T I e A oo - "4 Houses
Flooded Roadways ~ |West Avenue ) o A‘ T T o B ) ) .

Flooded Roadway Starcrest Rd. :

Flooded Roadways  [Jones Maltsberger Rd. i i B I ) T T -

Flooded Roadway ~ |Buiverde Rd. at Redland Rd, ) T I - o

24 Houses Fairfield Village North 24 Houses

5 Apartment Bidgs. [ Renaissance Village North BT T A Bl el -

1 Commercial Bidg. "~ [Perrin Beitel Rd, ~ Bidg T T o . -

1 Commercial Bidg.  |Vicar Dr. ___ 1Bidg. - )

1 Gominercial Bidg. — [Loop 410~ ~ " ST e S el A s i g
13 Houses Garden Court East Subd. 13 Houses ‘ - o

18 Commercial Bldgs. |Austin Hwy. Industrial Subdivision : 18 Bldgs. i

Goded Foadway |Shertz Ra. U D T - -
5 Houses Weidner Rd. I o T T — T 'S Houses
4 Commercial Bidgs. |Weidner Rd, - o 1 S S 1 4 Bidgs
Flooded Roadways  |Weidner, Oid O'Conner, & Lookout o o _ R | 1 '
Estimated Costs|$ 458,857 [$ 645726 |5 6000000 |$ 1,330,737 |$ 961,225 |$ 345900 $ 3,490,725{% 20,169,400 [ $ 2,136,680

* Existing Preliminary Stage Project

" Construction not Recommended

"** Federally Funded Project

TOTAL

$ 6,763,875
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Table A

Agency

=

information Source Reviewed

City ot Sa~ ~rror ¢ Engineering Division, Drainage
Section

Subdivision Files
Street Improvement Projects
Drainage Complaints

City of San Anionio, Department of Parks ard
Recreation

Master Plan

San Antonic Water System

NA

San Antonio River Authority

Phase 1 Inspection Reports, National Dam Safety Program
As Built Construction Plans

Breech Analysis, DAMS-2

Dam Safety Inspection Report

Bexar County Public Works

Flood Plain Complaints
Flood Plain Development Permit Applications
"Flood Protection Pian for portions of Salado, Cibolo and Leon Creeks"

Fort Sam Housteon, Public Works Division

Previous Studies
Landuse Planning
Maps

Edwards Underground Water District

Water Pollution Abatement Plans

Texas Department of Transportation

Federal Road Projects

TNRCC

Development Applications adjacent to Flood Plain

U.S. Agricultural Soil Conservation Service

Existing TR 20 model of Watershed
Soil Survey Geographic Data Base

U.S. Army corps of Engineers

Existing FEMA model
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Table C

City of San Antcnio, Department of Parks and Recreation

Source of Information Information Contained In Source
General Information Information Found
Master Pian McAllister Park plats and master plan report. Plats of existing and proposed land use and a
master plan.

Table D

San Antonio River Authority

Source of Information

Information Contained In Source

General Information

Locations

Phase 1 Inspection
Reports, National Dam
Safety Program

Location map, pertinent dam data, engineering
data, drainage area map and may also include
hydrographs.

ForDams 1, 2,4,5,8, 12, 13A and 13B on
Salado Creek Upper Watershed.

As built Construction Plans

Embankment plan, profiles and secticns, and may
also include a general plan.

ForDams 1,2, 4,5,6,7,8,9 10, 11,12, 13A and
13B for Salado Creek Upper Watershed.

Breech Analysis, DAMS-2

Input data, output data, and computer generated
hydrographs.

For Dams 4,5, 6,7, 8, 9, 10 and 11. No analysis
was done for other dams in the Salado Creek
Upper Watershed.

Dam Safety Inspection
Reports

Size classification for dam, hazard classification,
visual inspection, reservoir area and
instrumentation.

ForDams 1,2, 4,5,6,7,. 8,9, 11, 12, 12, 13A and
13B on Salado Creek Upper Watershed. These
reports were mostly yes or no questions, so the
information was not pertinent to the Salado Creek
Watershed.
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Table G

Edwards Underground Water District

Source of information Information Contained In Source
General Information Information Found
Water Pollution Abatement [Total impervious cover, wastewater to be Locations were reviewed that were both in the
Plans generated, size of the project, existing conditions |Edwards Recharge Zone and in the Salado Creek
and a geological assessment. Watershed:

Senderc Ranch

Blanco Bluffs Unit 1

Blanco Woods

Alzafar Shrine

Big Spring/Evans Road

Canyon Oaks Churchill Estates

Club at Sonterra

Comers at Deerfield(FARMCO #64)

Comerstone Church School Facility

Comerstone Church Parking Expansion

Cornerstone Church-West Access Road

Deerfield Units 6B, 11, 12 and 13

Deerwood

Diamond Shamrock No. 1020, 1038 and 1039

Emerald Forest Units 1 and 2-8

Encino Forest Unit 2

Enclave at Hollywood Park

Enclave at Sonterra

Estates at Arrowhead

Gates of Deetfield

Fountains at Deerfield

Greystone Country Estates

Inwood Units 1F, 4 and 2G

inwood Hollow

Inwood Heights

Inwoed Booster Station

Inwood Fill Site Reclamation

Inwood Village and Unit 6C

Las Lomas

Mission Ridge PUD I

Northeast YMCA Athletic Fields

Northside Funeral Chapel

Northwoods Retail Center Oaklands

QOakwood Units 1, 2 and 3

Panther Springs Golf Driving Range

Parktrail

Redland Heights

Redland Oaks Units 2A and 2B

Red!and Woods

Shady Qaks

Shavano Park Unit 15D

67.947 Acre Jones Maltsberger Road Tract

Sonic at Thousand Oaks

St. Thomas Episcopal Church

St. Andrew Lutheran Church

Turkey Creek Unit 2

Vistas of Encino Park Units 1 and 3

Vistas at Sonterra

West Shavano Development

Woods at Sonterra Unit 4A
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Tabile H

Texas Department of Transportation

Source of Information

Information Contained In Source

General Information Information Found

Federal Road Projects

Plans, profiles, layout of connectors and may also

include a drainage area map.

Salado Creek at:
Southeast Loop 410
Southeast Military Drive (LP13)
Rigsby
IH 10
Gembler Road (MH 736)
IH 35
Rittiman Road (MH 61)
Austin Highway (Loop 368)
Northeast Loop 410
u.s. 28t
Btanco Road (FM 2696}
Loop 1604

Perrin Beitel Creek at:
Northeast Loop 410
Nacogdoches Road (FM 2252)

Panther Springs Creek at:
Blanco Road (FM 2696)
Loop 1604

Mud Creek at:
Loop 1604
U.S. 281

Elm Creek at:
Loop 1604

Elm Waterhole Creek at;
Loop 1604

West Elm Creek at:
U.S, 281
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Sensor # 4121 - Salado Ck. SCS Dam 5 Precip. Gage (inches

Date Time Precip.
4/5/91 1:00 5.83
4/5/91 12:45 5.83
4/5/91 12:30 5.75
4/5/91 12:15 5.75
4/5/91 12:00 5.75
4/5/91 11:45 5.75
4/5/91 11:30 5.75
4/5/91 11:15 5.75
4/5/91 11:00 5.67
4/5/91 10:45 5.67
4/5/91 10:30 5.67
4/5/N 10:15 5.67
4/5/91 10:00 5.59
4/5/91 9:45 5.55
4/5/91 9:30 5.55
4/5/91 9:15 5.52
4/5/91 9:00 5.52
4/5/91 8:45 5.52
4/5/91 8:30 5.52
4/5/91 8:15 5.52
4/5/91 8.00 5.48
4/5/91 7:45 5.40
4/5/91 7:30 5.40
4/5/91 7:15 5.36
4/5/91 7:00 5.28
4/5/91 6:45 5.20
4/5/91 6:30 5.20
4/5/H 6:15 5.20
4/5/91 6:00 5.20
4/5/91 5:45 5.00
4/5/91 5:30 5.00
4/5/91 5:15 4.93
4/5/91 5:00 4.85
4/5/91 4:45 4.81
4/5/91 4:30 4.69
4/5/91 4:15 4.61
4/5/91 4:00 4.53
4/5/91 3:45 4.45
4/5/91 3:30 4.33
4/5/91 3:15 4.29
4/5/91 3:00 4.29
4/5/91 2:45 4.29
4/5/91 2:30 4.29
4/5/91 2:15 4,29
4/5/91 2:00 3.47
4/5/91 1:45 3.31
4/5/91 1:30 3.00
4/5/91 1:16 2.60
4/5/91 1:00 1.89
4/5/91 0:45 1.15
4/5/91 0:30 0.59
4/5/91 0:15 0.44
4/5/91 0:00 0.36
4/4/91 23:45 0.32
4/4/91 23:30 0.28
4/4/91 23:15 0.20
4/4/91 23:00 0.16
4/4/91 22:45 ‘ 0.08
4/4/91 22:30 ‘ 0.00
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Sensor # 4881 - Spur 122 @ Salado Ck. Precip. Gage

Date Time | Precip
4/8/91 102 31.38 | 0
4/5/91 13:02 31.38 | 0
4/5/91 9:46 31.38 | 0
4/5/91 8:46 313 | 008 |
4/5/91 8:26 31.26 | 0.04
4/5/91 8:12 3122 0.04
4/5/H 8:00 31.18 0.04
4/5/91 7:41 31.1 0.08
4/5/91 7:30 | 31.06 0.04
4/5/91 7:19 31.02 | 0.04
4/5/91 7:11 30.98 | 0.04
4/5/91 6:55 30.94 0.04
4/5/91 6:45 30.91 0.03
4/5/91 6:40 30.87 0.04
4/5/91 6:21 30.79 0.08
4/5/91 6:15 30.75 0.04
4/5/91 6:11 30.71 0.04
4/5/91 6:09 30.67 | 0.04
4/5/91 6:07 3063 | 0.04
4/5/91 6:04 3059 | 0.04
4/5/91 5:54 3051 | 008
4/5/91 5:24 | 3047 | 0.04
4/5/91 5:18 30.39 0.08
4/5/91 4:55 30.35 0.04
4/5/91 4:45 30.31 0.04
4/5/91 416 30.28 0.03
4/5/91 317 30.24 0.04
4/5/91 314 30.2 | 0.04
4/5/91 311 30.16 | 0.04
4/5/ 310 30.12 0.04
4/5/91 307 30.08 0.04
4/5/91 306 30.04 0.04
4/5/91 305 30 0.04
4/5/91 304 29.96 0.04
4/5/91 303 29.92 0.04
4/5/91 301 29.84 0.08
4/5/91 300 29.8 0.04
4/5/91 257 | 2968 0.12
4/5/91 257 29.65 0.03
4/5/91 256 29.61 0.04
4/5/91 255 29,57 0.04
4/5/91 254 29.49 0.08
4/5/91 253 29.37 0.12
4/5/91 251 2925 | 0.12
4/5/91 250 29.17 0.08
4/5/91 249 | 2913 0.04
4/5/91 249 . 29.09 0.04
4/5/91 248 29.06 0.03
4/5/91 247 28.98 0.08
4/5/91 247 2894 | 0.04
4/5/91 244 28.7 0.24
4/5/91 243 28.54 0.16
4/5/91 242 285 | 0.04
4/5/91 242 2843 | 0.07
4/5/91 241 2835 | 0.08
4/5/91 241 2831 | 004
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4/5/91 240 | 28.23 0.08
4/5/91 239 | 28.11 0.12
4/5/91 239 | 28.03 0.08
4/5/91 237 27.91 0.12
4/5/91 237 27.87 0.04
4/5/91 236 27.8 0.07
4/5/91 236 | 2776 0.04
4/5/91 235 | 2772 0.04
4/5/91 234 27.56 0.16
4/5/01 | 234 27.52 0.04
4/5/01 | 224 | 27.28 0.24
4/5/91 206 | 27.24 0.04
4/5/91 157 ‘ 27.2 0.04
4/5/91 1:42 27.17 0.03
4/5/91 0:22 27.13 0.04
4/4/91 | 2355 27.09 0.04
4/4/91 | 13:02 27.05 0.04
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Nationa| Weather Secvice )J
ot HNational Oceenic eand Atmosphetic Administration In Chacge of Rives District
' Silver Spring, Maryland 20910 DATE
MAY 6, 1991

When ne flooding occurn, include miscelliansous river conditiona, euch sa signilicant rises, record low atages, ice
— conditions, snow cover, droughta, and hydrologic producta (aaued (WSOM E—41),

D Ho flood stages were eeached in thia river district for the moath lndiceted above.

On April 5th, South Texas got a jump start on the flood seasocn. Flooding was
widespread and it was disastrous. B long wave was moving very slowly across
Arizona and New Mexico extending down into Mexico. There was practically no
pressure gradient above S00 millibars over Texas. The atmospheric sounding
— was very unstable with precipitable water at 1.70 inches in Brownsville, and
biased wvery heavily in the lower layers.

. A cluster of very slow moving impulses around the front of this long wave
created extremely intense rain centers in the Brownsville-Harlingen area, San
Antonio, and the interior mid-Coastal Bend area between Victoria and Angleton.
The Harlingen area received over 9 inches of rain in a three to four hour
period of the early morning hours. Harlingen would go on to receive 17.10
inches for a two day storm total, San Benlto 13.96, and Brownsville 19.32
inches (see attached isohyetal).

Large rainfall amounts in this area are disastrous because it is in the
historical flood plain of the Rio Grande River. Numerous old channels
(resacas) meander through the area. Three days after the flood (4/5), 60% of
the originally flooded 2500 homes in Harlingen and 90% of the 2000 homes in
San Benito remained flooded. Some portions of Highway 77 were still flooded.

_ In RApril, Cameron County, {(Brownsville) qualified as a federal flood disaster
area, and Nueces County, (Corpus Christi) qualified as a federal drought
disaster area.

San Antonio received over nine inches of rain between 11:30 PM &/4 and 1:30 AM
4/5 in Shavano Park and Woods of Shavano. MNumerous reports over 9.50 inches
were received in the headwaters of Olmos Creek and Szlado Creek. The upper
Leon Creek drainage also received large totals but not that much (see attached

isohyetal}.
5572n¢> ' '
—_ The headwater tables indicated a crest on Leswm Creek at-Dreséen—Bs;ye near 15

feet. The USGS reported an observed crest of 14.38 feet. The record stage
is 14.82 feet, Sept. 13, 1978. The USGS feels this is undoubtedly a record

. flow (19,670 cfs) since the channel has been greatly enlarged and concrete
lined since the 1978 flood. The drainage is 21.2 mi**2 so this is a runoff
of 928 cfs/mix*2, ‘

The tables indicated 14 feet at Salado Creek at Northeast Loop 410 and it
crested at 12.13 feet at 5:30 AM that morning. The headwater tables
consistently work very well if realistic rainfall areal averages are input.

WE FOMM Caf SUPERIEOES WE FORM €-§ OATED APRIL 1377 AND EXISTING STOCK MAY 8E USED.
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That sometlmes can be a problem at 1:30 AK in's 1nch per hour rainfall. The
observer at Woods of Shavano was awakened at 1:30 AM and he waded through the
. flood and lightening and gave us a.?9. 10 inch rainfall total. Hydrology is
'probably out on the ragged edge of llabxllty somet1mes. with obserbers dodglng
llghtenlng bolts to get; rainfall reports, and rlver observers dodglng semi's
iom narrow hrldges to get rlver Teports.. - e

- ": Leon Creek was forecasted to reach 14 to 16 feet at the staff gauge on Loop

o 13,0 Just south of Kelly AFB. A crest was never verified.

“Major: floodrng occurred along the upper reach of Olmos Creek. Ten homes had
‘major flood damage and another six, minor damage. An HEB supermarket had a
:few’ 1nches of water 301ng through 1t at the crest. .

i

There was the obllgatory low water crossrng fatality. & young man drowned

. near.Culebra Road on Leon Creek as his car was swept downstream off a low

- water. crossing. He and a companion had Just come out of a nightclub and were

“the second car to go downstream at this 51te in a very short period. His
“‘foot. became intangled in‘the safety belot and between the door post and seat
f"the drlvers 51de.v- Hls companlon trled to drag hlm out to no avail.

3 1 hlstory holds almost three years toﬁ. e day, his family will be in court
for-a multl-mllllon dollar settlement agalnst the city.

'::The-flood drzft that awaited viewers wlth the dayllght was composed of twigs,
grass, llmbs,\trees, ‘and cars; lots of cars

1€ < ; afflc fatallty and one other in:the Rustln area were the only ones
Lreported\;n South and Southeast Texas with all the disastrous flooding. This

gfa srlent testimony to. a 1ot of .good work: by the Weather Service and
emergency'off1c1als all over South Tean'* -Thls “was deadly maJor floodlng.

:'1ctor1 recelved 9 87 1nches ‘between 2. .and “9"2M ofnthe sth (see the attached
mass_Ttainfall: curve) .This exceeded the pro" 26 ° hour record amount for
theestatlonxof 9.30° 1nches in June 1977.; L ;

‘Notexthe‘perlod between frve and six AH when e.77 1nches fell in an hour : T*:\
- +Fiye:inch per hour rainfall’in Scuth Texas is not’uncommon. Other reports in

A . Victoria‘were 7.02 inches at'Ball Alrport in the north51de to-11. 68 1nches in -
?the Fl 'twood.subdlvlslon., s I ,




”-Edna reported 5.85 and 9.00 inches, Yorktown &.25, Cordele 8 16 Thomaston--_
5 03 and 5.50, Goliad 4.25 and Ganado 8.55 1nches.

-

~

The heavy rainfall caused an uncharacterlstlcally sharp rise in the Guadalupe o e
~River at Victoria. It rose from 6.91 feet the morning of the 5th to a 27.84 S
. foot crest at 0200 BAM on the 6th, almost 7 feet above flood stage. The zo0 A

in Riverside Park beglns floodlng at 28.5 feet, and homes in Victoria flood at
:“29 5 feet '

the c1ty park, Raver51de, was closed to the public and 12 people had to be
- rescued from a recreational vehicle park near Riverside Park. Many homes
. were flooded due: to the local rainfall, not river floodlng.

;o Farther up the coastal plaln, localized rainfall floodlng and clogged drainage
L S ditches flooded 50 homes and busineses in West Columbia also on 4/5. Many
subd1v151ons in Angleton, Bay City, and Palacios were isolated by flooding

of streets and roads.,; Bay City had recelved 9 1nches by 2 PM, Palacios
almost 9, and Brazosport over 5 1nches;;gg .

\ On 4/13 Granger re81dents -in the Pecos Apartment complex and a few homes on
“~the west side had to. -be evacuated as Wlllls Creek and other minor drainages in
- the area flooded :

_Granger only rece1ved 2 1nches but over 5 lnches fell north and west of town.
‘Bartlett had over 5 inches. . o

_The Trlnlty Rlver again flooded leerty County, cresting at 26.50 feet on
W/25.. .*/Two homes had to be evacuated near. the South Liberty 0il Field. When
a"levee. protectlng a, large ranch broke last sprlng, it greatly alleviated ~ .
floodlng in Liberty County. - “Two. years ago, people would have been evacuated C
T three ‘or four“communltles 1n the flood‘plaln wzth thlS flow. -

] ow.thegflood plaln cross sectlonal area has been greatly enlarged and 3
floodlng'problems are, much*less. 5?_ 3 e . .

’ecent ‘above: Toledo Bend Dam in Texas: 'and Loulslana on &/18. ,_Ihe
largest amunt reported was 5 +30- 1nches»1n=Hemphlll o '

_,eIhe Newton'County Sherlff's Offzce was evacuatlng%people from the Rlver Bend- -
ubd1v151on below Toledo i




. “again (last time was 1989).

‘Major flooding breaks the Burkeville and Bon Weir river gauges. This event
.% was no exception. The LARC at Burkeville was almost dead the morning of the =
-+ .19th, due to low battery voltage. ‘If too many people get the phone number to

a LARC, they'll all call the LARC frequently during a flood and drain the

> battery.: If this happens again, we may consider changing the phone number of
s~ i7" the Burkeville LARC..

T

..The only thing working flawlessly during this period was Murphy's law. Hank

©* 7.~ Hughes, the ET at Port Arthur, was in San Antonio on scheduled annual leave.

w . -AFOS was’ down -in Houston WSO, an even higher priority than the flooding,

— - the ET in Galveston was working at the airport and in-communicado. The last
- easy chance was the ET at Lake Charleés. He went up and changed the battery

‘managing to keep the internal program intact. :

“%: - This enabled readings ‘from the gauge until it hung at 41 feet on the way up to

. _a near.record k5.5 foot-forecast. <. The Tecord was May 20, 1989 of 47.45

i ;7feet T Readings were'nt available’ from the Burkeville gauge during the £lood.
i The' observed crest was near 44.66 feet according to the USGS.

T
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-Downstream, Bon Weir's orifice evidently silted in, again standard operatig
.procedure in major flooding. '~ The:gauge was fluctuating a half to a foot per
‘fifteen minute poll. - The USGS recorded a, crest near 36.10 feet.

L Deweyville crested at 26.53, feat.  This closed the only road into a

subdivision of 30 to &40“homes beside the Sabine River on the Texas side. At

(27 feet, the first homes flood in thislarea.
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- Detailed rainfall records exist for the Brownsville area for a little over
-.-100 years. Such records are not available for Harlingen...but the close
‘proxXimity of the cities implies similar records. The 24 hour calendar day

1

. . APR2 D 1894
RECEIVED

EXTRAORDINARY DEEP SOUTH TEXAS FLOOD...APRIL 5-7, 1991

Rains of extraordinéry magnitude fell over portions of deep South Texas
during the period of April 5-7, 1991. Three day storm totals included 17.07
inches in Harlingen...13.96 inches in San Benito...and 10.32 inches at the

‘National Weather Serv;ce Office located on the Brownsv111e Airport. Over 14 :

inches of the Harllngen rain total fell on April S5Sth.

..mostly between
midnight and noon.

Clockwise circulation around a surface high pressure area centered off the
southeast U.S. coast brought moisture laden air into deep South Texas that
had traveled over water for over 1000 miles. Surface dewpoints were in the
70s. An upper level disturbance...centered in northeast Mexico south of the
Big Bend area of Texas. provxded a trigger to generate strong thunderstorms
over deep South Texas in the very moist and unstable air mass. At the
surface...a weak wind shift line (the remnants of a'weak cocl front) was
stationary from portions of northeast Mexico across the San Benito and
Harlingen area northeast into the Gulf.

Thunderstorms with very heavy rainfall begin developing along the windshift
line just after-midnight on April 5th. The thunderstorms moved toward the
northeast along the line...but the windshift boundary remained stationary.
At-least 3 periods of thunderstorms with very heavy rain moved across the
Harlingen and San Benito areas between midnight and 9 AM on April S5th. The
first 2 periods saturated the ground...setting the stage for fast and heavy
runoff of any additional rain. The 3rd period saw the development of a storm
with rainfall rates near or in excess of 6 inches per hour. This storm

‘inundated the Harlingen/San Benito and surrounding areas. It also produced

significant wind damage...including 1 and possibly 2 small tornadoes.

. The wind shift line then began moving southeast. ..and again became

stationary over the Brownsville area. The National Weather-Service Office

in Brownsville rece1ved 9 15 inches between about 10 AM and 3 PM on April .
Sth.

total of 14.76 inches of rain in Harlingen on April 5th is in the range of
the 100 year record rainfall of 12.09 inches for Brownsville. However...

rains of such magnitude in the past have always been associated with
hurricanes in the month of September. The previous 24 hour record rainfall

in Brownsville for April 5th was 1.96 inches prior to the 1991 event. And...
to emphasize how dry this time of year normally is...the total of all rain
that has ever fallen on March 30th in the 111 years of record at Brownsvllle

~.is 0.41 inches. Thus the 14.76 inches in Harlingen on April 5., 1991. wasg an

event with probably a 500 year or more return frequency for that time of
year!

RICHARD R. HAGAN
Meteorologist in Charge
Brownsville Weather Qffice ‘
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SALADO CREEK (LOWER STATION) AT SAN AMTONIO.
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1597

1170
1071

876
813

773
739

724
721
716

713

711
711

10-18-1993 @ 11:30 BY JFWOJUCIK

SYAGE,
0200 0300
1400 1300

664 &84

&£68  bb4

&£64  &44

&72 673

727 732

706 709

706 705

&4 6953

&B3 584

&77 &76

&72 &71

670 &70

&A7 44T

862 &b62

&3% 437
1040 1199
2597 2672
1468 1406
1183 1173
10463 1034

B84LE B3IB

509 603

770 7&7

736 734

724 723

720 720

716 713

712 712

712 712

711 711

STNRD 11.0 10,3052

TEST DIFF: s+t

0400
16400

12
-T-T3

563
&75

736
717
702
&94

&B4
673

671
672

&487
&62

437
1474
2704
1352

1159
1043

851
799
A-B
732
722
71¢

714
712

711
711

I HUNGREDTHS OF

0300 0&400
1700 1800
464 &6
&64 644
463 4583
4678 &87
736 733
717 709
701 699
&93 &92
£83 &82
&73 &73
&7 871
670  &TO
466  B5L
&L2  HL2
&41 645
1409 1720
2430 2620
1320 1292
11489 1133
1026 1003
g4&4 B840
793 789
742 783
732 736
731 72%
719 720
714 713
712 712
71t 711
710 710

FEET,

o700
1900

2B
b4H4
443
£95

734
703

6989
&90

692
875

&70
&70

654
&b2

&73
1342
2506
1259

1123
934

836
783

754
729

721
719
714
712

710
710

PUNCH INTERVAL:

STATE 48
RATIKGS USED --

DIST J48F

AT INDICATED HOURS

[s]:=1e15]
2000

b&4
&&4

&43
702

729
705
&2
669

681
&74

&70
&5%

-1
&&2

733
1961
2352
1247

1113
Fa1

831
794

752
729

721
71e
714
713

711
709

0700
2100

&55
b&4

&a3
705

724
705
£78
&88

&£91
&73
&70
&4E

&&D
&40

84E
=0T
2176
1235

11G1
941

e28
781
749
730
721
717

714
712

711
7c8

1200
2200

&54
&&4

b64
707

722
709
&%2
633

4873
&73

&7
£62

Tha

o el
158e
1222

1421
721

8235
791

745
731

720
717
713
712

711
767

(1037

&0 MIt
1160 1200
2320 2409
&a4d A&
&463  b&4
£6% 463
711 713
717 713
7C¢A5 705
4%8 698
487  &B7
£80 &7%
&73 &73
470 &0
558  &ED

720
715

713
712

71l
7G7

Tel
714

712
711

711
707




Sensor # 2621 - 3002 E. Southcross

5/5/83 1638 35.83
5/56/93 1616 35.67
5/5/93 1523 35.59
5/5/93 1507 35.47
5/5/93 1459 35.39
5/5/93 1447 35.16
5/5/93 1445 35.08
5/5/83 1439 35
5/5/93 1432 34.8
5/5/93 1431 34.72
5/5/93 1427 34.45
5/5/93 1418 34.17
5/5/93 1410 33.94
5/5/93 1410 33.9
5/5/93 1407 33.78
5/5/93 1405 33.74
5/5/93 1359 33.66
5/5/93 1357 33.58
5/5/93 1352 33.46
5/5/93 1156 33.35
5/5/93 1156 33.31
5/5/93 1108 33.23
5/5/93 1107 33.19
5/5/83 1103 33.11
5/5/93 1103 33.07
5/5/93 1102 33.03
5/5/93 1101 32.99
5/5/93 1101 32.95
5/5/93 1054 32.91
5/6/93 1048 32.83
5/5/93 1046 32.8
5/6/93 1042 32.68
5/5/93 1041 32.6
5/5/33 1007 31.89
5/5/93 951 31.73
5/5/93 949 31.61
5/5/93 948 31.57
5/5/93 736 31.06
5/5/93 734 30.98
5/5/93 734 30.94
5/5/93 727 30.35
5/5/93 726 30.31
5/5/93 720 29.88
5/5/93 433 29.45
5/5/93 323 29.25
5/4/93 1523 29.25
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. oM €8 ‘WS DAPARTHENT OF COMMERCE I NMVER DASTINCY OFFICE
- HATIONAL OCCANIC AND A ADMINISTRATE .
{ﬁ'&. &Y weo T4} Pg'mu. WEATHER It‘m&
; SAN ANTONIO WSFO
. . AEPORT FOR:
MONTHLY REPORT OF RIVER AND FLOOD CONDITIONS  fwowtw —IvEAR
. MAY 1993;
) SIONATURE ’
TQ: Hydrolegic Services Division, W22
Netlons! Woather Service
Notisns| Oooanic and Atmespharic Administration In Charge of River Dlsurict
Sitver Spring, Merylond 20910 DATE
JUNE 1, 1993

When ao (Tooding accure, include miacelloneous river conditiens, such as significant rizes, record low ateges, ice
conditions, smow cover, droughts, end Apdrologic producia leaped (WSOM E-ql)

DHQ floed stages were reached in this river district for the menth Indicated abeve.
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R EVEI'HNG OF MAY &, 1993, SATELLITE IMAGERY INDICATED AN AREA OF CLOUD
B ENHANCEMENT MOVING NORT}EAST OUT OF THE SIERRA MADRE MOUNTAIN RANGE

g UTHWEST OF EAGLE PASS - NOT AN UNUSUAL PHENOMENON. THE ARER OF

JANCEMENT SEEMED TO BE AN UPPER LOW MOVING ARCUND A LONG WAVE TROUGH OVER

%TWEEN MIDNIGHT AND TWO AM OF MAY S5, RADAR RETURNS INDICATED A VERY SMALL
BUT INTENSE RAINFALL ARER NORTHEAST OF CHRYSTAL CITY. POLLING OBSERVERS IN
“THE AREA TURNED UP RAINFALL AMOUNTS OF .50 TO 1.00 INCHES ALTHOUGH THERE
WERE NO OBSERVERS IN THE EXACT AREA - APPROXIMATELY 8 MILES NE OF CHRYSTAL

S CITY. THERE WERE PROBABLY & TO 5 INCHES IN A VERY TIGHT CENTER INDICATED
. BY THE VIP 5 AND 6 RADAR IMAGERY.

A LOW LEVEL JET ORIENTED FROM BROWNSVILLE NORTH INTO CENTRAL TEXAS WITH 850
MILLIBAR WINDS OF 40 TC &5 KNOTS WAS PROVIDING WARM MOIST LOW LEVEL
ADVECTION OVER SGUTH TEXAS.

BY MID MORNING (7 TO 10 BRM) THIS "DISTURBANCE" THRT MOVED OUT OF MEXICC HAD
FORMED A CLOSED LOW RALOFT IN THE NORTH EDGE OF SAN ANTONIO WITH TWO SPIRAL
- BANDS (IN THE CONFIGURATION OF A HURRICANE} STRERMING OUT OF IT, LOOPING
EAST, SOUTH, AND SOUTHWESTWARD.

THE LOW AT FIRST DEFINITELY WAS COLD CORE, BUT APPEARED TO “"METLMORPHISIZE"
INTO WARM CORE OR TROPICAL. THE VERY INTENSE RAINFALL RELEASED TREMENDOUS
LATENT HEAT INTO THE ENVIRONMENT, INCREASING THE THICKNESS SIGNIFICANTILY,
AND KICKING OUT THE SPIRAL BBNDS.

. THE HEAVIEST MORNING RAINFALL WAS IN THE SOUTH AND EASTERN PART OF BEXAR
COUNTY DND IN WESTERN WILSON AND GUADALUPE COUNTIES BETWEEN FLORESVILLE AND
SEGUIN. THE ARER IN RND WEST OF SEGUIN REPORTED UP TO 3.5 INCHES OF RAIN IN

~~ ABOUT TWO HOURS, (830-1030 AM) AND THE ABOVE BEXAR COUNTY AREA HAD UP TO

. OVER FOUR INCHES IN THE SAME TIME PERIOD. THIS WAS THE RAINFALL THAT

- - FATALLY WASHED AN ELDERLY GENTLEMAN INTO THE SAN ANTONIO RIVER DRAINAGE FROM
BROADWAY STREET NERR AUSTIN HIGHWAY.

-~ THIS WAS RAINFALL FROM THE INNER "SPIRAL BAND" (SEE SKETCH) WHICH WAS

.  ORIENTED MNE BY SSW OVER THE AREA. RAINFALL DECREASED OVER BEXAR COUNTY

La ~  UNTIL ANOTHER SEIGE OF INTENSE RAINFALL BEGINNING SHORTLY AFTER NOON IN

. .-~ NORTHERN BEXAR COUNTY. THE UPPER OLMOS AND SRLADO CREEK DRAINAGES ABOVE

. LOGP &10 RECEIVED OVER & INCHES BETWEEN 1 AND 4 PM, RAISING TOTALS TO OVER 8
. INCI{ES IN AN E'AST WEST BAND JUST NORTH OF LOOP &410.

THIS SECOND, EARLY AFTERNOON SEIGE SEEMED TO BE PRODUCED BY THE CONVECTIVE
" BAND INTENSIFYING OVER THE ARFA AND THEN THE EBRST-WEST PORTION OF THE BAND
_ MOVING SOUTH TO NORTH ACROSS NORTHERN BEXAR COUNTY DURING MID AFTERNOON.

_ NS BY 2 PM, THE LOWER GUADALUPE RIVER DRAINAGE NEAR AND BELOW CUERO TO BELOW
. VICTORIA BEGAN RECEIVING VERY INTENSE RAINFALL. VICTORIA WSO RECEIVED &.21
INCHES BETWEEN 2 AND 5 PM CDT, AND ANOTHER 3.09 INCHES IN'I‘I{ENEKTGHOURS-




@ @

FOR A 9 HOUR STORM TOTAL OF 7.30 INCHES. THE 24 HOUR TOTAL WA3 7.65
INCHES.

' THE GUADALUPE RIVER AT GONZALES ROSE TO 23.4 FEET THE WEXT DAY (5/6), FS 20°

ARD VICIORIAR SAW R FIRST CREST OF 25.2 FEET (FS 21') AT NOON ON THE 6TH -
MODERATE LOWLAND FLOCDING.

THE MOST SEVERE FLOODING WAS IN METROPOLITAN SAN ANTONIO.  SALADO RAND MEDIO
CREEKS SAW RECORD LEVELS.  SRLADO CREEK AT NE LOOP 410 CRESTED AT 15.49
FEET NERR 8 PM 5/5/93 - PREVIQOUS RECORD - 15.22 FEET MRY 12, 1972, THE
USG5 ESTABLISHED THEIR READING FROM R HIGH WATER MARK AS THE MANOMETER WAS
DEFECTIVE. THERE IS A LARGE RECREATIONAL VEHICLE CAMP ABOUT SIX MILES
DOWNSTREAM WHICH WAS OVER HALF UNDERWATER. ALL THE TRAILERS (SOME
PERMANENT) WERE EVACUATED SUCCESFULLY.

THE 1LOS PATIOS SHOPPING CENTER JUST ABOVE NE LOOP 410 ON SALADO CREEK HAD A
GREENHOUSE FLOODED AND ALL THEIR PLANTS WASHED DOWNSTRERM.

IN RDDITION TO THE RBOVE GENTLEMAN WHO DROWNED IN THE SAN ANTONIO RIVER, AN
ELDERLY COUPLE ALSO WASHED DOWNSTRERM IN THEIR CAR WHERE ELM CREEK (A
TRIBUTARY OF OLMOS CREEK) CROSSES VERY HEAVILY TRAVELED LOCKHILL-SELMA
STREET. AFTER THEY WERE LOST, WATER QUICKLY ROSE TQ OVER 7 FEET OF VERY
HIGH VELOCITY WATER. SEVERAL HOMES WERE FLOODED ALONG OLMOS CREEK AND
TRIBUTARIES FOR THE SECOND TIME IN TWC YEARS. ON APRIL 4TH, 1991 9.25"
FELL IN 2 HOURS IN THE SAME ARER.

OLMOS CREEK IS EXTREMELY DANGEROUS FOR TRAFFIC IN MAJOR FLOODS SUCH AS THIS.

DRERMLAND STREET HAD SIX FEET OF WATER OVER THE LOW WATER CROSSING OF OLMOS »&i
CREEK. THERE ARE SEVERAL CROSSINGS WHERE CARS CROSS THE CREEK, WHICH CAN &7y
RISE VERY RRPIDLY. IF YOUR CAR STALLS AS THE WATER IS RISING, YOU'RE DEAD. pE S
THE HEB SUPERMARKET IN THE SOUTHEAST QURDRANT OF WEST RVENUE AND LOOP 410 IN &
. THE OLMOS CREEK FLOOD PLAIN HAD 1 TO 2 INCHES OF WATER THROUGH IT, (2' IN %
THE 91 FLOOD). é%
- THE McRLLISTER FREEWRY ABOVE OLMOS DAM HAD 3 OF & LANES EACH WAY CLOSED AS é%
- OLMOS CREEK PUT 33 FEET OF WATER BEHIND THE RETENTION DAM. THE FREEWAY 5l
FLOODS AT A POOL ELEVATION OF 713 FEET ~ DATUM 680' AND THE OBSERVED USGS %%

»>
e

Lo st
-'h:';tt’

READING WAS 713.09'.

JUST BELOW OLMOS DAM, THE SOUTHWESTERN BELL PARKING LOT JUST SOUTH OF
INCARNATE WORD COLLEGE HAD UP TO & FEET OF WATER IN THE PARKING LOT AND &

CARS COULD ROT BE MOVED QUICKLY ENOUGH AND WERE FLOODED. THE SAN ANTONIO
. RIVER DID NOT DIRECTLY FLOOD THE LOT (CREST 8.5', BF 9'). BUT THE RIVER

WAS HIGH ENOUGH TO BACK UP THE PARKING LOT RUNOFF DRAINS AND PREVENT THE
RUNCFF FROM ESCAPING. THE HIGH WATER AND FLOODING CRME OUT OF INCARNATE
WORD COLLEGE AND THE SOUTHWESTERN BELL PARKING LOT ITSELF BECRUSE IT

. COULDN'T RUN OFF. MUCH OF THE PICNIC RRER OF BRACKENRIDGE PARK FLOODED

BUT INCARNATE WORD COLLEGE DID NOT.

L f}fLEON CREEK ROSE TC JUST OVER 13 FEET AND FLOODED WESTOVER DRIVE ACROSS KELLY
" AFB.

MEDIO CREEK ALSO RECEIVED A FLOOD OF RECORD; 10.25 FEET, PREVIOUS RECORD
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10+ OQ;FEET JUN 13, 1987. THE PERIOD OF RECORD IS ONLY DEC 1986 TO CURRENT.

SXTHERE 'Is m,so A RECREATION CAMPGROUND AT THE LOWER END OF MEDIO CREEK WHERE
1T TS CONFLUENT WITH THE MEDINA RIVER. THE GROCERY STORE HAD WATER JUST
0. THEIR SLAB, BUT DIDN'T ACTUALLY FLOOD. ALL THEIR CAMPING AREA FLOODED
AND THEY LOST SOME PICNIC TABLES DOWNSTREAM. THE MEDINA RIVER WAS ONLY 7.&
FEET AT THE TIME. WHEN THE MEDINA RIVER IS OVER 20 FEET, IT TAKES VERY
{ITTLE ROUNOFF DOWM MEDIO CREEK TO FLOOD THIS AREA.

A ’SECOND SERIOUS FLOOD DEVELOPED DURING THE EARLY DAYLIGHT HOURS OF MAY
.23RD (SEE SKETCHES)}. 1R LINE OF THUNDERSHOWERS ORIENTED SOUTHWEST TO
 NORTHEAST MOVED THROUGH BEXAR COUNTY BETWEEN S AND 6 AM VERY RAPIDLY,
'DROPPING GENERALLY .50 TO 1.0C INCHES OF RRIN. THIS SYSTEM WAS ASSOCIATED
WITH AN UPPER LOW MOVING DOWN THE BACK SIDE OF R LONG WRVE MOVING THROUGH
TEXAS. RS THIS UPPER LOW REACHED THE BOTTOM OF THE TROUGH (GEOGRAPHICBLLY
OVER THE ARER JUST SOUTH CF SAN ANTONIO IN ATASCOSA, WILSON, AND GONZALES
COUNTIES} IT STALLED AND BEGAN RAINING VERY HEAVILY.

o AS R SECOND SHORT WAVE WHICH HAD SPLIT FROM THE FIRST NEAR BIG BEND PARK
S AGAIN CAUGHT THE FIRST, B CONVECTIVE BOUNDARY ON THE LEADING EDGE OF IT RODE
- ARCUND THE SOUTHERN PERIPHERY OF THE FIRST ONE AND MERGED OVER FLORESVILLE,
Ll PROLINGING AND INTENSIFYING THE RAINFALL. HONDO RADAR WENT DOWN TWICE
SN DURING THE EXPLOSIVE PERIOD SO IT IS HARD TO KNOW THE EXACT DURATION. THE
- BEST ESTIMATE IS BETWEEN 7 AM AND NOON. SOME GAUGES IN AND NEAR FLORESVILLE
: HAD UP TO 8 INCHES OF RAIN. BETWEEN 10 AM AND NOON SEVERAL HOMES IN
o FLORESVILLE FLOODED FROM THE LOCRL RUNOFF, NOT FROM THE SAN ANTONIO RIVER.
L THE OFFICIAL COOP OBSERVER (CITY OF FLORESVILLE) REPORTED 7.55.

+...SEE THE ISOHYETAL...

INTENSITIES IN SOME THUNDERSTORMS WERE UNDOUBTEDLY OVER 5 INCHES PER HOUR
FOR SHORT DURATIONS. THE SAN ANTONIQ NEWSPAPER REPORTED AN UNOFFICIAL
11.75 INCH OBSERVATION EAST OF FLORESVILLE BY A FARMER. THE ISOHYETAL
PATTERN AND DIURNAL TIMING ARE VERY SIMILAR TO THE FLOOD OF NOVEMBER OF LAST

- YEAR (1992), A 10.50 INCH CENTER IN THE SAME AREA DURING THE SAME DIURNAL
' PERIOD.

‘e THE HEAVY RAINFALL EXTENDED IN A BAND FROM PLEASANTON (3.73 INCHES) TO
GONZALES (3.33 INCHES}. AS THE UPPER LOW KICKED OUT OF THE AREA SOUTH AND
EAST OF SAN ANTONIO IN THE EARLY AFTERNOON, IT ALSO RAINED AT RATES OVER TWO
INCHES PER HOUR FOR ONE TO TWO HOURS IN THE LAVACA AND NAVIDAD RIVER

DRAINAGES AND SANDIES CREEK WHICH FLOWS FROM THE WEST INTO THE GURADALUPE
RIVER JUST ABOVE CUEROC.

- - THE EL NINO-SOUTHERN OSCILLATION PHENOMENON OF 19901991 IS STILL WITH US
AND THE SER SURFACE TEMPERATURES FROM PERU WESTWARD TO HAWAII OVER THE
7 EQUATORIAL REGION HAVE RISEN MARKEDLY SINCE NOVEMBER 1992. THIS IS THE
. . LONGEST LIVED ENSO EVENT SINCE BEFORE THE PRE WORLD WAR 2 ERA OF 1939 INTO
, 1942 - 33 MONTHS. THIS ONE HAS LASTED 37 MONTHS.

" SEA SURFACE TEMPERATURE RISES OVER THE “NINO &" RREA FROM HAWAII TO THE
WESTERN PACIFIC LAG A FEW MONTHS BEHIND THE PERU - HAWAII ARER BUT CORRELATE
BEST WITH RRINFALL ANOMALIES OVER SOUTH TEXAS. THE NINO & AREA OBVIOUSLY
IS HERTING UP ALTHOUGK DATR THROUGH APRIL 1993 DIDN'T INDICATE WARMING.

Y
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*TﬁfgﬁéﬂsagEVEﬂT WAS MANIFESTED PROMINENTLY IN MAY OVER SOUTH TEXAS. MAY
?1993-WRS THE 6TH WETTEST ON RECORD IN CORPUS CHRISTI; SAN ANTONIC THE 3RD

el

“WETTEST WITH RECORDS GOING BACK TO 1885; AND VICTORIA SAW THE WETTEST MAY ON
RECORD, -WITH RECORDS BACK TO 1871. ALL THIS IN LIGHT OF MAY BEING THE
" WETTEST MONTH OF THE YEAR.

_éainfall percentages of normal at weather offices in South Texas:
S CALENDAR JAN - MAY

" station YEAR 1993  NORMAL  PERCENTAGE  DEFICIT
RAINFALL ~ RAINFALL OF NORMAL -
TO DATE _
DEL RIO 3.85 INCHES 6.21 INCHES 62 % -2.36 INCHES
BROWNSVILLE  10.33" 7.65M 135% +2.68"
CORPUS CHRISTI 16.33" 9.54" 171% +6.79"
. VICTORIA 28.71" 12.62" 227% +16.09"
- SAN ANTONIO  20.87" 11.76" 177% $9.11°

RUSTIN 16.88" 13.09" 129% +3.77"
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Day by 1/2 Hour

SAN ANTONIO WSFO - - - : , : %—

MASS CURVE FOR maowE OF MAY 5, 1993

%, \RE

Y

2.
a2

N

1
;
1
{
78
; i
; {7
S
i
i
i
|
c

»
I
Y
}
i
i
!
i
|
i
1
=ACY
. -
(=4
\ )
llr'l
t
h
.
t
!

GRAPH PAPER From Your COPIER—HPBooks

Al
T3.91

!
;—\"
i
§

)

i

!

i

i

!

}

t

|
Ay
[

ey , Hn

i
L
TR—
{
i
oy )
=
i
X
i
B
B
i
é
=2
)
!
i

BN

-

= 77

OolTHM T
v 7

I

A ‘jrv

1
732

r
-

£

X

12:00
12: 30

[¢.1]
x
[+.s]
30
11:00
e a]
12:00
X
1:00
1:1 30
0.5}
1]
20
10
90
30
3:00
bIk.1]
6:00
$:20
7200
2: 30
8:00
8:30
100
2:0
10: 00
19: 30
11:09
11:0

2
2
3
9

100
3
i
4:
S5:00
23
$: 0
Z:
b
&
8:0
?:
10
10:




L it
e

LX)

-t

"3 FORM E-3

SUPERSEDES wp FORM E£-) WHICH MAY BE USED

LN e . ek
(PRES, BY wsOM E-41) MATIONAL wEATHER service | SANI ANTONIO WSFO
REPORT FOR
FLOOD STAGE REPORT ONTH Tvean
MAY 1993
‘ FLoop | ABOVE ("'0'1‘300)5“555 CREST
RIVER AND STATION STAGE s
(Feet) FROM TO ?I_:jf CATE
. NAVIDAD RIVER
- SUBLIME BF 20| - - | 2z | 5/2
LAVACA\ RIVER -
“EDNA | 21 5/25 5/26 2.0 5/25
GUADALUPE: RIVER , _
"GONZALES 20 5/6 5/6 23 5/6 @900
BUERO D 5fg 510 | 213 549
Sl e 5/2 5fae 2710 | 5/2T 1000
VICTORIA. 2 5/6 512 2542 5/6 1200
o 52, 52 21,10 | 5/2T 1000
DUPONT . 20 5/6 5/18 2.5 | 50T
a 524 | EOM 2.5 | 5f7
CIBOLO CREEK EF 6 - - 1948 5/5 2400
SALADO CREEK
~NE morr'lz‘m (UPR STN) BF 12 - - 15.49 (RR) 5/5
 LOOF 13 (LWR STN) BF16 | - - P22 | 5/6
OLMOS CREEK
© OLMOS DAM T13.05 | 5/% 1700
SANW. ANTONIO RIVER
T @ LOOP 410 - | - - 2265 | 5/%
FALLS CITY 12 | 5/% 5/9 13.7 | 5/& 0800
' 5/ 525 | 1469 | 5/2, 0600
GOLIAD BF 23 - - 28,z | 5/1Q
- - 32,8 | 5/Z7 ©600
LECN CREEK _
- EOOP 13 (KELLY AFE) 13 | &5 5/5 13.2 | 55
MEDIQ CREEK
" PEARSALL ROAD EF 8 - - |1o.25(rat)s5/5 2400
MEDINA RIVER
SAN ANTONIO BF 20 - - 22.59 | 5/7
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EXHIBIT 3

LAND USE CATEGORIES

The following categories are to be used with the 1981 land use maps prepared by the Department of
Planning. There are a total of 392 maps at a scale of 1" = 500" which cover all of Bexar County. The
examples represent illustrative uses within each category they are not comprehensive.

CATEGORY

10. RESIDENTIAL

-11. Dispersed {DI)

12. Subdivision (SD)

13. Multifamily (MF)

14. Mobile Homes (MH)

15. Hotels/Motels (HM)

20. COMMERCIAL

21. Commercial (CO)

22. Office/Financial (OF)

23. Mixed Use (MX)

EXAMPLE USES

Clusters of rural dwellings, large lot (one acre or
iarger developments, may include isolated trailer
mixed with houses; excludes most farm/ranch
houses.

Conventional single-family residential
development, may include duplexes.

Apartments, convents, orphanages, nursing
homes, retirement complexes, boarding/rooming
houses, condominiums.

Permanent and transient trailer parks.

Hotels, motels, tourist courts.

Retail and wholesale stores, radio/TV stations,
malls, funeral homes, auto repair/sales, retail
nurseries, ice houses, gas stations.

Financial institutions, office buildings,
medical/dental offices, veterinarians,
governmental facilities.

Strip commercial which includes significant
residential and/or other non-commercial uses;
structures which are used for two or more
different uses (except tor ground floor uses if rest
of structures is single uses).

Prepared by: Department of Planning - Comprehensive Section June 1982




30.

40

50.

60.

70.

80.

INDUSTRIAL

31. Light (LT)

32. Heavy (HV)

33. Extractive (EX)

SERVICES
41. Military (ML)

42, Institutional (IN)

43. Cultural/Recreational (CR)

OPEN SPACE

51. Parks (PK

52. Restricted (RS)

53. Incidental (IC)

54. Water (WT)

AGRICULTURAL (AG)

TRANSPORTATION

71. Rights-of-Way (RW)
72. Parking Lots (PL)

VACANT (VAC)

Electrical substations, water storage towers, mini-
warehouses, telephone equipment buildings,
outside storage yards, warehouse complexes.

Sewer treatment plants, airports, railroad yards,
breweries, landfills.

Sand and gravel pits, quarries, earth
moving/storage/filling operations.

Military reservations.

Churches, schools sites (public and private),
hospitals, clinics, post offices, fire and police
centers, libraries, day-care centers.

Park buildings, drive-in movies, rodeo arenas,
racquetball courts, bowling alleys, miniature golf
courses, fraternal organizations, tennis courts,
theaters, swimming pools, party houses, dance
halls, museums, sports complexes.

Golf courses, developed or undeveloped park
tand (except extensively built up areas), ball
parks.

Cemeteries, TV/radic antenna fields,
undevelopable areas between rights-of-way,
drainage channels.

Open space surrounding other land uses (e.g.,
open area around USAA building).

Bodies of water over one-half acres in size.

Range, pastureland, cultivated fields, large
nursery farms; includes farm/ranch houses.

Major road and railroad rights-of-way.
Parking lots and garages, vehicles storage areas.

Land not used for any other purposes.




EXHIBIT 4

WATERSHED STUDY FOR OLMOS, LEON, AND SALADO CREEK

EXISTING VACANT/AGRICULTURE ACREAGE : 1991 LAND USE

LEON

_ACRES ‘OLMOS _ SALADO TOTAL
TOTAL ACRES 12,900 150,300 121,000 284,700
VACANT ACRES 4,140 103,250 48,910 156,300
~VAC/DEVEL. * 4,050 88,600 46,340 138,990
% OF TOTAL 31% 59%, 38% 49%

* VACANT DEVELOPABLE ACRES REPRESENTS THE VACANT ACRES LESS THE FLOODPLAINS & STEEP SLOPES

BASED UPON ULTIMATE DEVELOPMENT
PROJECTED LAND USE ACREAGE: 1991 LAND USE TRENDS

LAND USE ACRES OLMOS LEON SALADO TOTAL
SINGLE FAMILY 2228 48,730 25,487 76,445
MULTI FAMILY 203 4,430 2,317 6,950
COMMERCIAL/IND. 608 13,280 6,951 20,849
INSTITUTIONAL 203 4,430 2,317 6,950
TRANSPORTATION 203 4,430 2,317 6,950
OPEN SPACE/VACANT. .-608 13,290 6,951 20,849
TOTALS . 4,050 88,600 486,340 138,990

PREPARED BY SAN ANTONIO PLANNING DEPARTMENT, NOVEMBER. 1994
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Drainage Siudy For

SALADO CREEK-12 DAMS IN (1,2,4,5,6

Includes Flow over eplilways

8,9,11,12,13A,13B)

Fanther Springs  pev(e-z3-81
Increment TOTAL LENOTHsL [ LangthtoCOs LCA Dcainaga Area cr. | ep. 28Yr.Freq. |100Yr.Freg.

NO. LOCATION fengih {1r)] Feet Miles Fest Miles Acre Sq.Ml, Oischarges Q |Discharge= Q

la |Salado Ck. Rosille Ck. Dnstrm| O 39.2 141.3 068| * 45,528 | 69,000
Ib |Salado B Rositlo Cks, Jamrsan ® | O 392 L4 ae8]_ 36,004 | P sss00

| |Southeast Military Dr, (Loop 13) | 16,400 36.1 108.1 068| 37,642 358,0007
2 |Rigsby Ave. 20,000 323 1007} _loesl 38,620 | ®53,000
3 [Commerce 16,800 29,1 96.1 068] 40088 | 52,962 ,
4 |Gembler: 8,800 274 90.39 068 39717 | 52,428 I
5 {Southern Pacific Railroad 4,800 265 88.5 068l 40012 ! 52,789 iv
6 [RIttiman 24,000 22.1 80.7 068 42,362 | 55,69l

7 | Austin Hyw. 6,000 20.85 76.8 068 42277| 55,540

8 [Salado Ck.B Beltel foore oo 3,400 2021 627 loes| 35551 | 46,732

9 |Northeast Loop 410 6,000] 100,700 | 1907 55.8 068| 33,229| 43663

10| Nacogdoches 7200 | 93,500/ 17.71 . 483 068]  30,592] 40,179

1l {Wetmore 5700 | 87,800| 1663 470 068  31,222| 40,953 i
12| Salado Ck. { Above Jotn.Mud Ck.) 3000 | 84,800} 16.06 25.2 0.68 17,108 22,684 |;
13| San Pedro 18,000 66,800] 12.65 19.1 oed 15,422] 20,391 “j
14 {Salado, 2,000' West of West Avel 6,600 60,200! 11.40 17.5 068 14,993 19,405 e
| 15| Salado Ck. B F.M. 1604 27,300| 32,400| 6.4 2.2 068 15,711 | 20,045 |3

*D.l. Refoers (o No, of_Dnm' In.

@ U.8.6.3. min.
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f. Purpose of dam. SCS Site No.l1 was designed as a floodwater-retarding structure.

g. Design and construction history. The dam was completed in November 1975 and was designed
by the United States Department of Agriculture, Soil Conservation Service. The geological investige-

tions, soil testing, and construction supervision were all conducted by the SCS. The contractor was
Lawrence D. Krause.

h. Normal operational procedures. The spillways at SCS Site No.1 are uncontrolled; therefore, no

operational procedures exist for periods of flooding. The operational procedures for the maintenance of
the facility are discussed in Section 4.

1.3 Pertinent Data.

a. Drainage area. 11.3 square miles
b. Discharge at dam site (CFS).
Maximum flood at dam site Unknown
Combined spillway discharge at the 37,355

effective crest elevation

c. Elevation (feet above mean sea level).

Top of dam (effective crest) 1162.1
Maximum pool (PMF) 1163.7
Emergency spillway crest 1146.7
Service spillway crest 1117.1
Normal pool (ports) 4 1113.0

d. Reservoir (length in miles).
Top of dam (effective crest) 1.5
Emergency spillway crest 1.0
Service spillway crest 0.3
Normal pool (ports) 0.2

e. Storage (acre-feet).
Top of dam (effective crest) 9600
Maximum pool (T*F) 10,279
Emergency spills .y crest 4189
Service spillway crest 313
Normal pool (ports) 199

f. Reservoir surface (acres).
Top of dam (effective crest) 404
Maximum pool (PMF) 418
Emergency spillway crest 251
Service spillway crest 37
Normal pool (ports) 25

g. Dam, 7
Type Earthfill

Length 2320 feet




1designed
..investiga-
actor was

--refore, no
enance of

g. Dam. (cont’d)
Height
Top width
Upstream slope
Downstream slope

Impervious core and cutoff

Zoning

h. Diversion and regulating tunnel.
i. Spillways.
(1) Service spiliway.
Type

Crest elevation
Port elevation
Conduit invert at bottom of inlet
Conduit invert at outlet
(2) Emergency spillwey.
Type

Crest elevation
j- Regulating outlets.

79.5 feet
14 feet
25H:1V

25H:1V with a 15foot berm at elevation
1111 feet MSL, having the same slope below
this elevation

The cutoff trench for this structure has a 20-
foot bottom width and 1H:1V side glopes. Itis
backfilled with compacted silty clay.

SCS Site No.l is a zoned earth embankment
with an upstream zone of compacted silty
clay and a downstream zone of clay, lime-
stone, and shale. Both zones are protected by a
4-foot-thick outer blanket of gravelly clay.

None

The service spillway is uncontrolled and con-
sigts of 360 feet of 30-inch ID, prestressed
concrete-lined, steel cylinder pipe through the
embankment. A 7.5-foot-long by 2.5-foot-wide
concrete drop inlet serves as an intake. There
are also four 11-inch by 12-inch ports in the
intake.

1117.1 feet MSL
1113.0 feet MSL
1102.1 feet MSL
1092.2 feet MSL-

An uncontrolled earthcut channel approxi-
mately 200 feet in width

1146.7 feet MSL

An B.inch gate valve located in the upstream
side of the drop inlet is used as a low-flow
outlet. The invert is at elevation 1102.4
feet MSL.




(4) Probable maximum flood outflow. The probable maximum flood inflow hydrograph war

routed through the structure beginning at elevation 1142.8 feet MSL. The outflow hydrograph i:
tabulated as follows:

~1ge
S PROBABLE MAXIMUM FLOOD OUTFLOW HYDROGRAPH
Time Instantaneous Time Instantaneous
- (hours) outflow (CFS) (hours) outflow (CFS)
0.5 136 15.0 11,376
1.0 136 155 19,435
- 1.5 137 16.0 34,779
2.0 137 16.5 42,993
25 138 170 42,121
- 30 138 17.5 36,975
3.5 139 ~-18.0 30,820
4.0 139 18.5 25,054
Qg 45 140 19.0 20,143
5 Jite Noul 5.0 140 195 16,147
ewatershed 5.5 141 20.0 12,880
_he reservoir, 6.0 142 20.5 10,523
.ich time the 6.5 149 21.0 8,952
7.0 265 215 7,753
.e top of the ‘
s elevation is 75 589 22.0 6,816
- 8.0 1,130 22,5 6,085
8.5 1,764 23.0 5,517
9.0 2,397 23.5 5,073
e 9.5 2,997 24.0 4,727
| 10.0 3,591 245 4,429
10.5 4,068 25.0 : 3,934
11.0 4,456 255 3,304
- 11.5 4,759 26.0 2,726
12.0 4,995 26.5 2,288
125 5,194 27.0 1,932
- 13.0 : 5,512 27.5 1,654
13.5 6,090 28.0 1,415
14.0 7,012 285 1,227
145 8,494 29,0 1,068

Note: Peak outflow occurs at 16.75 hours and is 43,386 CFS.

_ (5) Discharge-frequency. No data are available.

(6) Reservoir area and storage capacity table. An area-capacity table for SCS Site No.l is
presented following. These data were computed by the Soil Conservation Service.

RESERVOIR AREA AND STORAGE CAPACITY TABLE

Elevation Reservoir area  Storage capacity
_ {feet MSL) {acres) (acre-feet)
1089.0 0.0 0
1092.0 1.1 2
—_ 1096.0 3.3 11
nn 1100.0 5.7 29
RIS ' 1104.0 B.2 57
1108.0 12.4 : 99
- 1112.0 21.5 168
1113.0 25.0 199
11160 34.3 280
— (table cont’d)

—_ « . : A9




RESERVOIR AREA AND STORAGE CAPACITY TABLE (cont’d)

Elevation Reservoir area  Storage capacity
(feet MSL) facres) (acre-feet)
1117.1 37.0 313
11200 51.8 452
1124.0 75.5 707
1128.0 97.7 1053
1132.0 123.4 1495
1136.0 153.7 2049
1140.0 182.0 2720
1144.0 224.5 3533
1146.7 251.0 4189
1147.0 4278
1148.0 276.0 T 4534
1149.0 4828
1150.0 5122
1152.0 312.2 5710
1154.0 6420
1156.0 7100
1158.0 7900
1162.1 8600

(7) Spillc: :y rating tabi-. A spiilway rating table for SCS Site No.l is presented following.
[Data above elevation 1117.1 feet MSL were computed by the Soil Conservation Service. Data at and
below this elevation were computed assuming orifice flow through the ports.

STTLLWAY RATINT TABLE

Eleiation “ombinea spillway

ffeet MSL) discharge (CFS)
1113.0 0.0
1115.0 220
1117.1 33.7
1120.0 99.0
11238.0 114.0
1136.0 126.0
1144.0 138.0
1146.7 142.0
1147.0 214.0
1148.0 747.0
1149.0 1,732.0
1150.0 3,049.0
1152.0 6,578.0
1154.0 10,873.0
1156.0 16,143.0
1158.0 22,250.0
1162.1 37,355.0 '

(8} Tailwater rating table. A tailwater rating tabie for SCS Site No.1 is presented following.
These data were computed using the Manning equation based on an idealized valley crosssection and
an average valley slope immediately downstream of the dam. -

A-10
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TAILWATER RATING TABLE

Elevation Discharge

{feet MSL) (CFS}
1082.6 : 0
1086.1 460
1089.7 2,280
1093.0 6,102
1096.5 12,482
1100.0 21,919
1106.0 53,374

(9) Hydrologic network. A map of the drainage area of SCS Site No.1 is presented in Exhibit

(10) Breach analysis. A breach analysis was performed to investigate the effects on the
downstream area under five different conditions. These were:

1) Breaching of the dam with reservoir at normal operating level with no inflow.
2) Breaching due to overtopping by the PMF.

3) Overtopping without breaching by the PMF.

4) Breaching due to a barely overtopping flood that represents 89% of the PMF.

5) Overtopping without breaching due to a barely overtopping flood that represents 8%
of the PMF.

Results of the breach analysis for selected locations are graphically illustrated by computer
plots, which appear as Exhibit A-4. -

The dam is classified as a high-hazard structure due to the presence of scattered dwellings at
various points downstream of the dam. A point of interest was chosen approximately 2.1 miles
downstream from the dam at which point the appropriate USGS 7.5-minute topographic quadrangle,
published in 1965 and photo-revisedin 1973, shows several dwellings, the lowest of which appears to be
between elevations 1059 and 1069 feet MSL. The following table shows the maximum water surface
elevations and discharges at the point of interest for the five conditions investigated.

Maximum water Maximum
Condition surface elevation discharge
(feet MSL) {CFS)
Breaching at conservation pool 1042.9 2,087
with no inflow
Breaching due to overtopping by PMF 1062.6 159,601
Overtopping without breaching by PMF 1053.6 49,319
Breaching due to overtopping by 1060.3 126,138
89% PMF
Overtopping without breaching by 1052.4 38,517
89% PMF

The breach analysis indicates that a significant increase in risk potential to loss of life would
result downstream if the dam is breached by the PMF or by a flood that barely overtops the embank-

ment. Therefore, should the dam be breached, an increase in the severity of flooding would occur
downstream.

b. Stability and stress analysis. A stability analysis for the structure was performed using the
Courtney method of analysis. A minimum factor of safety of 1.53 was found, which was for the
downstream slope under steady seepage conditions.

L SN
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f. Purpose of dam. SCS Site No.2 was designed as a floodwater-retarding structure.

g. Design and construction history. The dam was completed in March 1971 and was designed by
the United States Department of Agriculture, Soil Conservation Service. The geological investiga-

tions, soils testing, and construction supervision were all conducted by the SCS. The contractor was
William A. Pfeuffer.

h. Normal operationai procedures. The spillways at SCS Site No.2 are uncontrolled; therefore, no
operational procedures exist for periods of floeding. The operational procedures for the maintenance of

the facility are discussed in Section 4.

1.3 Pertinent Data.
a. Drainage area.
b. Discharge at dam site (CFS).

5.7 square miles

Maximum flood at dam site Unknown -—-
Combined spillway discharge at the 18,988
effective crest elevation

c. Elevation (feet above mean sea level).
Top of dam (effective crest) 1162.3
Maximum pool (PMF) 1165.9
Emergency spillway crest 1151.2
Service spillway crest 1130.3
Neormal pool (ports) 1128.3
Low flow (shide gate invert) 1118.7

d. Reservoir (length in miles).
Top of dam (effective crest) 1.1
Maximum pool (PMF) Unknown
Emergency spillway crest 1.0
Normal pool (ports) 0.6

e. Storage (acre-feet).
Top of dam (effective crest) 4317
Maximum pool (PMF) 5168
Emergency spillway crest 2293
Service spillway crest 269
Pool (ports) 199

f. Reservoir surface (acres).
Top of dam (effective crest) 221
Maximum pool (PMF) 246
Emergency spillway crest 149
Service spillway crest 38
Normal 4pool {ports) 31

g. Dam.
Type Earthiill
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g. Dam. (cont’d)
Length
Height
Top width
Upstream slope
Downsiream slope

Impervious core and cutoff

Zoning

h. Diversion and regulating tunnel.
i. Spillways.
(1) Service spillway.
Type

Crest elevation
Port elevation (normal pool)
Conduit invert at bottom of inlet
Conduit invert at outlet

12) Emergency spillway.
Type

Crest elevation

j. Regulating outlets.

1910 feet
65.3 feet
14 feet
2.5H:1V
2.5H:1V

The cutoff trench for this structure has a 20-
foot bottom width and 1H:1V side slopes. Itis
backfilled with compacted clayey silt.

SCS Site No.2 is a zoned earth embankment
with a thin outer shell of clayey gravel and an
interior impervious zone of clayey silt.

None

The service spillway is uncontrolled and con-
sists of 280 fzet of 30-inch ID, prestressed
concrete-lined, steel cylinder pipe through the
embankment. A 100-inch-long by 30-inch-
wide concrete drop inlet serves as an intake.
Four (two each side) 12-inch by 12-inch ports
are also located in the inlet.

1130.3 feet MSL
1128.3 feet MSL
1118.2 feet MSL
1102.9 feet MSL

An uncontrolled -earthcut channel 210 feet
in width

1151.2 feet MSL

A 12-inch by 12-inch slide gate, located on the
upstream side of the drop inlet at an invert

elevation of 1118.7 feet MSL, is used as a low-
flow outlet.




il

PROBABLE MAXIMUM FLOOD INFLOW HYDROGRAPH (cont’d)

Time Y,-hour average Time Y4-hour average
thours) inflow (CFS) (hours) inflow (CFS)
6.0 1,037 17.0 12,962
6.5 1,433 17.5 8,355
7.0 2,509 18.0 6,050
7.5 2,856 185 4,288
8.0 2,937 19.0 2,485
8.5 2,957 19.5 1,945
8.0 2,962 20.0 1,819
9.5 2,963 20.5 1,788
10.0 2,963 21.0 1,780
10.5 2,963 21.5 1,778
11.0 2,963 22.0_ 1,778
11.5 2,963 22.5 1,778
12.0 2,963 23.0 1,778
125 3,211 23.5 1,778
13.0 4,156 24.0 1,778
13.5 5,249 24.5 1,412
14.0 6,779 25.0 420
145 9,682 23.5 99
15.0 17,047 26.0 25
15.5 38,916 26.5 6
16.0 40,745 27.0 1
16.5 22,798

Note: Peak Y%-hour average inflow occurs at 15.75 hours and is 47,048 CFS.

(4) Probable maximum flood outflow. The probable maximum flood inflow hydrograph was

routed through the structure beginning at elevation 1147.6 feet MSL. The outflow hydrograph is
tabulated as follows:

PROBABLE MAXIMUM FLOOD OUTFLOW HYDROGRAPH

Time Instantancous Time Instantaneous
thours) outflow (CFS) {hours) outflow (CFS).
0.5 74 11.5 - 2,610
1.0 74 120 2,702
1.5 74 12.5 2,807
2.0 ) 13.0 3,099
2.5 75 13.5 3,591
3.0 76 14.0 4,460
3.5 76 14.5 6,010
4.0 76 15.0 9,290
4.5 76 15.5 19,101
5.0 76 16.0 28,767
5.5 76 16.5 27,836
6.0 78 17.0 22,6501
6.5 . 88 175 17,117
7.0 142 18.0 12,507
7.5 323 18.5 9,536
8.0 652 19.0 7,048
8.5 1,034 19.5 5,262
9.0 1,400 200 4,114
95 1,796 20.5 3,448
10.0 2,092 21.0 3,014
10.5 2,317 215 2,692
11.0 2,485 (table cont’d)
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PROBABLE MAXIMUM FLOOD OUTFLOW HYDROGRAFPH (cont’d)

Time Instantaneous Time Instantaneous

(hours) outflow (CFS} (hours) outflow (CFS)
22.0 2,453 25.0 1,558
225 2,277 25.5 1,253
23.0 2,148 26.0 1,022
235 2,054 26.5 842
24.0 1,984 27.0 713
24.5 1,880

Note. Peak outflow occcurs at 16.25 hours and is 29,246 CFS.

{5) Discharge-frequency. No data are available.

(6) Reservoir area and storege capacity. An area-capacity table for SCS Site No.2is presented
following. These data were computed by the Soil Conservation Service.

RESERVOIR AREA AND STORAGE CAPACITY TABLE

Elevation Reservoir area  Storage capacity
(feet MSL) {acres) (acre-feet)
1114.0 2.5 3
1118.0 6.0 20
11220 13.5 59
1126.0 24.0 134
1128.3 31.0 199
11300 37.0 256
—_ 1130.3 38.0 269
ph was 1132.0 320
rraph is ‘ 1138.0 82.5 741
_ 11420 105.5 1117
1146.0 125.5 1579
1150.0 142.0 2114
. 1151.2 149.0 2293
- 1152.0 2417
1153.0 2573
1153.2 161.0 2602
_ 1154.0 165.5 2729
1156.0 3084
1158.0 189.5 3439
1160.0 3847
- 1162.0 219.0 4256
1162.3 4317
, 1166.0 247.0 5188
- . 1170.0 279.5 6241
1174.0 367.4 7535

o | (7) Spillway rating table. A spillway rating table for SCS Site No.2 is presented following.
Above elevation 1130.3 feet MSL, these data were computed by the Soil Conservation Service. Dis-

charges at and below elevation 1130.3 feet MSL were computed assuming orifice flow through the
service spillway ports.

A-9




SPILLWAY RATING TABLE

Elevation  Combined spillway
(feet MSL) discharge (CFS)

11283 0
1129.3 14
1130.3 24
1132.0 50
1142.0 66
1150.0 77
1151.2 8
1152.0 209
1153.0 651
1154.0 1,409
1156.0 4,048
1158.0 7,804
1160.0 12,446
1162.3 18,988

(8) Tailwater rating table. A tailwater rating table for SCS Site No.2 is presented following.
These data were computed using the Manning equation based on an idealized valley cross section and
an average valley slope immediately downstream of the dam.

TAILWATER RATING TABLE

Elevation Discharge

(feet MSL) (CFS)
1097.0 0
1101.6 2,009
1106.2 11,762
1110.8 33,708
11154 71,583

(9) Hydrologic network. A map of the drainage area of SCS Site No.2 is presented in Exhibit
A3,

(10) Breach analysis. A breach analysis was performed to investigate the effects on the
downstream area under five different conditions. These were:

1) Breaching of the dam with reservoir at normal operating level with no inflow.
2) Breaching due to overtopping by the PMF.

3) Overtopping without breaching by the PMF.

4) Breaching due to a barely overtopping flood that represents 68.3% of the PMF.

5) Overtopping without breaching due to a barely overtopping flood that represents 68.3%
of the PMF.

Results of the breach analysis for selected locations are graphically illustrated by computer
plots, which appear as Exhibit A-4.

The dam is classified as a high-hazard structure due to the presence of scattered dwellings at
various points downstream of the dam. A point of interest was chosen approximately 1.55 miles
downstream from the dam at which point the appropriate USGS 7.5-minute topographic quadrangle,
published in 1965 and photo-revisedin 1973, shows several dwellings, the lowest of which appears to be
between elevations 1059 and 1069 feet MSL. The following table shows the maximum water surface
elevations and discharges at the point of interest for the five conditions investigated.

A-10
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f. Purpose of dam. SCS Site No.4 was designed as a floodwater-retarding structure. It is also used
for recharge purposes.

. g. Design and construction history. The collection of the data necessary for the design of this

structure was begun in July 1969 with a core boring program (geological study) to determine the

geological sections and physical parameters for the materialsin the area on which the structure was to

i be built. The interpretation of the data and resulting recommendations were completed on December

— 10, 1969. The final construction drawings were completed in December 1969 and approved by the Soil

] Conservation Service on October 26, 1970. The construction of the structure was completed on October
31, 1972. The contractor was William A. Pfeuffer.

— h. Normaloperational procedures. The spillways at SCS Site No.4 are uncontrolled; therefore,no

operational procedures exist for periods of flooding. The operational procedures for the maintenance of
_l the facility are discussed in Section 4.

1.3 Pertinent Data.

—

a. Drainage area. 5.5 square miles
— b. Discharge at dam site (CFS).

Maximum flood at dam site Unknown

. Combined spillway discharge at the 18,802
effective crest elevation

¢c. Elevation (feet above mean sea level).

- Top of dam (effective crest) 1053.0
r Maximum pool (PMF) 1056.5
,.l | ‘ Emergency spillway crest 1041.7
} Service spillway crest 1013.0
_l l Low flow (slide gate invert) 1008.08
Streambed (centerline of dam) 995.9
_1 . d. Reservoir (length in feet).
i : Top of dam (effective crest) 6000
t Emergency spillway crest 4200
“ | [ Service spillway crest 2750

e. Storage (acre-feet).

' Top of dam (effective crest) 3957

} Maximum pool (PMF) 4646
Emergency spillway crest 1982
Service spillway crest 85

f. Reservair surface {acres).

Top of dam (effective crest) 209
Maximum pool (PMF) 231
‘ Emergency spillway crest 138
{ Service spillway crest 16
g. Dam.
Type Zoned earthfill

Length 1451 feet
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g. Dam. (cont'd)
Height
Top width
Upstream slope
Downstream slope

Impervious core and cutoff

Zoning

Grout curtain

Foundation drain

h. Diversion and regulating tunnel.

1. Spillways.
(1) Service spillway.
Type

Crest elevation
Ports
Slide gate

Foundation

Antiseep collars

Downstream channel

(2) Emergency spillway.
Type

Width

57.1 feet
14 feet

25H:1V
2.5H:1V

The excavated cutoff trench has 1H:1V side
slopes. The bottom width of the cutoff trench
is 20 feet. The fill materials are described in
Exhibit C-3.

The approximate zoning for the embankment
i8 shown in Exhibit C-3. The zoning involved
placement of fine-grained, high plastiaty
borrow materials in the center Zone 1 and
gravelly borrow materials in the outer sec-
tions of Zone 2.

None

A rock toe drain is located at the downstream
toe of the embankment. Refer to Exhibit C-6
for specific details.

None

The service spillway consists of a 30-inch by
100-inch by 5-foot 5-inch uncontrolled, rein-
forced concrete, drop-inlet structure and 270
feet of 30-inch 1D, prestressed concrete-lined,
steel cylinder pipe

1013 feet MSL
None

A 12-inch slide gate is located in the upstream
wall of the drop inlet and has an invert ele-
vation of 1008.08 feet MSL.

The pipe cradle and back fill are set on under-
lying bedrock of limestone. See Exhibits C4
and C-b for imits of the excavation.

There are six antiseep collars located on 20-
foot centers with the upstream most collar
being 35 feet upstream of the centerline of
the dam.

The downstream channel is an earth cut with
a 12-foot wide bottom and 3H:1V side slopes.
See Exhibit C-5 for details.

An uncontrolled earthcut channel approx-
imately 1330 feet in length with a 50-foot-long
flat crest section

200 feet




1. Spillways. (cont’d)
Crest elevation

Upstream channel

Downstream channel

j. Regulating outlets.

1041.7 feet MSL

An earthcut channel having side slopes of
1H:1V in rock and 3H:1V in earth fill and a
0.20 percent grade

An earthcut channel having 3H:1V side slopes
and a 5.04 percent grade for 450 feet, a 4.40
percent grade for 100 feet, a 2.55 percent grade
for 300 feet and finally a 0.63 percent grade
for approximately 60 feet until it ties into the
natural ground. See Exhibit C-3.

The only regulating outlet is a 12-inch slide
gate located on the upstream wall of the ser-
vice spillway inlet. The slide gate invert ele-
vation is 1008.08 feet MSL.




— (4) Probable maximum flood outflow. The probable maximum flood inflow hydrograph was
routed through the structure beginning at elevation 1038.9 feet MSL. The outflow hydrograph is
tabulated as follows: '

- ‘ PROBABLE MAXIMUM FLOOD OUTFLOW HYDROGRAPH

Time Instantaneous Time Instantaneous

B (hours) outflow (CFS) {hours) outflow (CFS)
0.5 52 14.5 5,546
T 1.0 52 15.0 8,200
e 1.5 53 15.5 15,930
, 2.0 53 16.0 26,558
2.5 53 16.5 27,259
3.0 54 17.0 22,621
- 3.5 54 175 17,278
- 4.0 54 18.0 12,862
4.5 64 18.5 9,762
— 5.0 85 19.0 7,364
5.5 151 19.5 5,508
‘ 6.0 217 20.0 4,214
‘ : 6.5 294 20.5 3,385
- 7.0 519 21.0 2,926
7.5 859 215 2,615
8.0 1,265 22.0 2,389
- 8.5 1,651 22.5 2,219
9.0 1,946 23.0 2,092
i 9.5 2,168 235 1,996
s 10.0 2,336 24.0 1,924
| 10.5 2,462 24.5 1,837
11.0 2,557 25.0 1,571
11.5 2,628 25.5 1,240
- : 12.0 2,682 26.0 973
T 12,5 2,744 26.5 812
s 13.0 2,971 27.0 676
i 13.5 3,409 275 570

l 14.0 4,231

th Note: Peak outflow occurs at 16.25 hours and is 28,007 CFS.

(3) Discharge-frequency. No data are available.

(6) Reservoir area and storage capacity. An area-capacity table for SCS Site No.4 is presented
follov - -3. These data were determined by the Soil Conservation Service.

RESERVOIR AREA AND STORAGE CAPACITY TABLE
Elevation Reservoir area  Storage capacity
(feet MSL) facres) {acre-feet)
1000.0 0.4 1
1004.0 2.5 7
Bl 1008.0 8.3 28
K 1012.0 13.6 72
1013.0 16.0 85
1016.0 24.1 147
1020.0 34.6 265
1024.0 46.0 426
1028.0 61.7 641
1032.0 82.9 931
(table cont'd}
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RESERVOIR AREA AND STORAGE CAPACITY TABLE (cont'd)

Elevation Reservoir area | Storage capacity

{feet MSL) facres) facre-feet)
1036.0 103.0 1302
1040.0 127.¢ 1762
1041.7 138.0 1982
1044.0 151.5 2320
1048.0 177.0 2977
1050.0 3369
1053.0 3957

(7) Spillway rating table. A spillway rating table for SCS Site No 4 is presented following.
These data were determined by the Soil Conservation Service.

SPILLWAY RATING TABLE

Elevation  Combined spillway
(feet MSL) discharge (CFS)

1013.0 0.0
1016.0 25.0
1024.0 37.0
1032.0 46.0
1040.0 53.0
1041.7 55.0
1042.0 - 91.0
1043.0 365.7
1044.0 1,022.4
1046.0 3,2980.1
1048.0 6,720.1
1050.0 10,940.7
1053.0 18,801.7

(8) Taiwater rating table. A tailwater rating table for SCS Site No.4 is presented following.
These data were computed using the Manning equation based on an idealized valley cross section and
an average slope immediately downstream of the dam. '

TAILWATER RATING TABLE

Elevation Discharge

. (feet MSL) (CFS)

- 995.9 0
998.7 666
1001.5 3,304

1004.4 8,852

1007.2 18,117

1010.0 31,823

A “Tt(9) Hydrologic network. A map of the drainage area of SCS Site No.4 is presented in Exhibit
A2

(10) Breach analysis. A breach analysis was performed to investigate the effects on the
downstream area under five different conditions. These were:

1) Breaching of the dam with reservoir at normal operating level with no inflow.
2) Breaching due to overtopping By the PMF.
3) Overtopping without breaching by the PMF.
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CAMS2 XE£& 10/23/a5 SCGILL 10/29/y5 (ENGOGOA/DANS2,CF) fass 1
PEV 13701764 SALADO CREEK ¥$ SITE 4 PAGE 2
PERH POOL 1613,00 FT 15,0 4CFY 0.0 AC n.0 cF$
CREST PS 1013.00 FY 35,0 ACFT 0.0 AC 0.0 CFS
SED ACCUN 1015,00 FT 85.0 ACFT 6.0 AC 3.0 CFS
€5 CREST 1681.79 F1 1992.0 ACFT 9.0 AC 31,0 CFs
PS STORAGE 199740 ACFT BETWEEN €S CREST AND $ED ACCUM ELEVATIONS
STARTING £ 1013.00 FT 85%.0 ACFT 8.0 AC 0,0 CFs
STORK HYD D= 24,00 HR Pz 9.30 IN 3= 6.82 IN
TC= 2.30 HR CN= T6.00 VoL= 2904 ,8 ACFT

PEAX 3921.4 CFS AT 13.75 Hps

LR L R R L L L O o N A N L QPP P,

RATING TABLE DEVELOPED
NMITH PS GIVEN AND EMG COMPUTED BY PROGRAM
E46, RATING USED TRAPW METHOO

RATING TABLE NUMBER 2

ELEY G=-TOTAL q-PS VILUME AREA
FEET CFS CFS AC-FT ACRE
1L 1013.00 0.0 0.0 85.00 0.0
2 181%.39 31.8% 31.89 134,43 0.0
3 1017.79 43.57 43.57 199.60 0.0
A 1020.17 48.35 48.38 272,04 0.0
5 1022.57 53.13 33.13 363.30 0.0
6 1023,.% 5T.648 : 37.68 477.49 0.9
T 1027.3% 61.86 6£1.86 606,04 0.0
B 102%. 7 68.61 €5.61 T67.24 0.0
9 1032,13 69.17 $9417 943,32 0.0 .
i0 1034,52 T2.16 712.16 1165,14 0.0 ¥
11 1036.92 78.15 75915 1407.34 0.0
‘2 1“59!31 73.15 18-13 1582353 0.0
13 1041.70 81.00 81.00 1981.91 8.0
14 1042.01 131.907 a1.41 2028417 0.0
13 1042,33 181.25 41.82 2074,46 0.0
16 Ll042.90 812,92 42,56 21%57.8¢ 0.0
1T 1043.59 849.12 83.46 22%9.653 0.0
18 1084,.8% 2D46.86 a5.04 2453.58% 0.0
17 1046442 4247.27 87.03 2T18.27 0.0
20 108,00 6993.78 89,00 2977.00 0.0
TYPE sy EMAX  YOL<-MAX AMAX HP VOL-~ES a-pPS 1-€S Q-ToT orc v/¢ §/C 5/€.25 g-€s 0of/sp
STQAM HYD 200.0 1041439 1967.3 0.0 0.0 b0 809 0.0 80.% 0.0 Q.0 0.0 [ Y] 4.0 Qe
PLOT 1 IN = 1000, CFS EXIT SLGPE = 0,050
0, 1000, 20080, 3044, 4000, 5000. 6000, 7000, EXIT
T 1 0 E yoL A1 1 ! i 1 I 1 I YEL
0.0 0 0 1013.0 85.0 0.0 . 4.0
0.32 0 0 1013.9 3.0 0.0 g.0
0.53 9 2 1013,0 8540 .0 . 0.0
0.95 o 0 1013,.0 35.0 0.0 0.0
1.26 t 0 1013.0 85.0 6.0 o 0.0
1.58 ] 0 1013.0 85,0 0.0 . 0.0
1.90 o 0 1013.0 83.0 0.0 « 2.0
2.21 L} 2 1013.0 35,0 t.0 .
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. L.Furpose of dam. SCS 3ite No.5 was designed as a floodwater-retarding. structure, .

g. Design and construcrion history. The dam was completed on October 18, 1976, and was
designed by the United States Department of Agriculture, Soil Conservation Service. The geologic
investigation, soils testing, and construction supervision were all conducted by the SCS. The contrac-
tor was Leo P. Cloud, Jr. & Son.

h. Normal operational procedures. The spillways at SCS Site No.5 are uncontrolled; therefore, no
operational procedures exist for periods of flooding. The operational procedures for the maintenance of

the facility are discussed in Section 4. srersty L2
13 Pertinent Data. ~ . Tt S
- a.Drazn_ageKar_'ee.__ .,J - o . . 8.9 square :mles o
b Dzscﬁar,g-e at dar;szte‘—(CFS) J
* Maximum flood at dam site o . B
... ... Combined spillway dlscharée;f the ) “ , _ » P
cffectivesrestlevation T Talwia o L o i
c Elevatxon {feet above mean sea level) o =L ** "; e
Top of dam (effective crest) 1098.5 . TULEBL Lz
" Maximum pool (PMPF) P T 1101.6 :
Emergency spillway crest ... lo89a . o '
Service epillway cresc R v 1061.0.7”':.. . f.j:.:;‘; : e e
- ",__; ;‘;Sedlment pool (welrs) ; e 10600 e _
c:.-  Low flow (shde gate mvert) Ry o 1051 ] e e

e Maxxmum tailwater ‘

. Fl b N s 7T
Lt Tedaarh ..uv:;.'. Ll

Unknown o

d. Reservozr (length m feet)
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g. Dam. (cont'd)

s g
sic g Length - 2673 feet
ac %S” Height - 63.5 feet
% Top width 14.0 feet
no 5 S , .
sof ¥ Upstream slope _ 2.5H:1V
- % Downstream slope - ‘ 25H:1V ' B
- Impervious core and cutoff - The entire zoned embankment was placed on

the natural rock foundation after the overbur-
den was removed. Therefore, there iz no cutoff,
See Exhibif C-2. .

Zoning SCS Site No.5is a zoned embankment havmg
' a compacted core of clay and/or clayey gravel
“and an outer rockfill shell. An upstream and
downstream {ransition zone separate the core
from the rockfill zone. A blanket of the transi-
tion zone material of gravel and clayey gravel
also extends upstream from the coretothetoe
of the rockfill section.

Grout curtain All bedrock was to be treated with dental grout.

—_ 3 Foundation drain - None

% h. Diversion and regulating tunnel. None ‘ o
_ ., i Spillways. ' ' _ I
-(Q) Seruvice spillway. ' LA
Type . The service spillway is uncontrolied and con-

- - sists of a 30-inch by 90-inch by 10-foot drop-
inlet structure and 280 feet of 30-inch ID,
concrete-lmed, steel cylinder pipe. SeeExluhlts

Crest elevation ' - 1061.0 feet MSL . L s _
Weirs . There are two 1-foot-high by 2-foot-long weirs

- in the drop inlet, one on each side The eleva-

L . .. tion of the weirs is 1060.0 feet MSL.,, ..

- Slide gate | A 12-inch by 12inch slide gate is located on

CinoTRIE the upstream wall of thedropinlet andha_s an
mvert elevatlon of 1051 S feet MSE.. 3 )
- RN a DL : T " f’ﬁ\.:u-‘l.au‘ﬁ *Ai\'.‘

e -.++ Foundatien: ... @ - ... 70 o The condmt crad.le and backﬁllaresetonthes

PAMRE L. s, weo:oaso oo ooume oo - .. hatural bedrock. The backfilled trench is filled .
‘ o with compacted Zone [ material. S&E‘xhﬂnts
E AL 7 C-4 and C-5 for limits of excavamm: Tre
: eems el TAEeM <L There are'two antiseep collars 16¢
2 - -7 R ST oot centers with the upstream*ms?coll’ar" :
B _ gl - being 10 feet upstream of the cgnfeﬂme of " -
n.h_‘}.-.rr I oot b nTor arar the dam. L Facrenafae '.':‘(aﬁ? *C:\HJ,“
“C Plunge bas:n e S e The plunge basin is a rock-lined earﬁrcnt with *
- . 3—"_ el T s e et e f-'-‘E voaniid 2O’f°°t'WIde bottom and MHJVM&BIODGS
‘f"" = (2) E fergency sszIway"' ‘
— N




i. Spillways. (cont’d)

Width
Crest elevation

i. Regulating outlets.
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imately 1300 feet in length with variable side
slopes o

400 feet
1089.1 feet MSL iy

The only regulating outlet is a 12-inch by 12-
inch manually operated slide gate located
on the upstream wall of the service spillway
drop inlet. The gate invert elevation is 1051.5
feet MSL.
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PROBABLE MAXIMUM FLOOD INFLOW HYDROGRAPH (cont’d)

Time
(hours)

10.00
10.50
11.00
11.50
12.00
12.50
13.00
13.50
14.00
14.50
15.00
15.50
16.00
16.50
17.00
17.50
18.00
18.50
19.00

Note: Peak inflow occurs at 16.0 hours and is 63,055 CFS.

(4) Probable maximum flood outflow. The probable maximum flood inflow hydrograph was
routed through the structure beginning at elevation 1083.7 feet MSL. The outflow hydrograph is

tabulated as foilows:

Y-hour average

inflow (CFS)

4,572
4,574
4,574
4,574
4,574
4,745
5,831
7,350
9,414
13,001
21,233
44,818
63,055
44,456
26,944
16,903
11,595
8,317
5,176

Time

{hours)

19.50
20.00
20.50
21.00
21.50
22.00
22.50
23.00
23.50
24.00
24.50
25.00
25.50
26.00
26.50
27.00
27.50
28.00
28.50

Ye-hour avergge
inflow (CFS)

3,592
3,021
2,837
2,776
2,754
2,747
2,744
2,744
2,744
2,744
2,490
1,210
427
144
50

18

6

2

0

PROBABLE MAXIMUM FLOOD QUTFLOW HYDROGRAPH

Time
{hours)

0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00
9.50
10.00
10.50
11.00
11.50
12.00

Instantaneous

outflow (CFS)

122
122
123
124
124
125
126
126
127
127
127
128
128
129
271
685
1,528
2,330
2,950
3,474
3,837
4,080
4,242
4,352

Time Instantaneous
{hours) outflow (CFS)
12.50 4,457
13.00 4,890
13.50 5,737
14.00 7,038
14.50 9,156
15.00 13,424
15.50 25,510
16.00 44 398
16.50 46,701
17.00 38,140
17.50 28,076
18.00 20,105
18.50 15,041
19.00 10,970
19.50 7,979
20.00 5,967
20.50 4,723
21.00 4,049
21.50 3,623
22.00 3,335
22.50 3,140
23.00 3,010
23.50 2,936
{table cont'd)




- PROBABLE MAXIMUM FLOOD OUTFLOW HYDROGRAPH (cont’d)

Time Instantaneous Time Instantaneous
(hours) outflow (CFS) (hours) outflow (CFS)
24.00 2,882 26.50 1,149
24.50 2,804 27.00 878
25.00 2,446 27.50 717
- 25.50 1,924 28.00 637
26.00 1,491 28.50 565

_ Note: Peak outflow occurs at 16.25 hours and is 47,684 CFS.

(5) Discharge-frequency. No data are available.

— (6) Reservoir area and storage capacity. An area-capacity table for SCS Site No.5 is presented
following. These data were determined by the Soil Conservation Service.

— RESERVOIR AREA AND STORAGE CAPACITY TABLE

Elevation Reservoir area  Storage capacity
(feet MSL) {acres) {acre-feet)
- 1042.0 1.5 3
1046.0 4.0 14
1050.0 8.0 38
— 1054.0 15.0 84
' 1058.0 21.0 156
-aph was 1060.0 25.0 198
—graph is 1061.0 28.0 231
1062.0 30.0 258
1066.0 47.0 412
. » 1070.0 67.0 640
- 1074.0 97.0 968
1078.0 124.0 1410
1082.0 156.0 1970
_ 1086.0 193.0 2668
1089.1 218.0 3293
1090.0 228.0 3510
1094.0 269.0 4504
'_ 1098.0 310.0 5662

(7) Spillway rating table. A spillway rating table for SCS Site No.5 is presented followipg.
Discharge values at and above elevation 1062 feet MSL were computed by the Soil Conservation

Service. Discharge at elevation 1061 feet MSL was computed as weir flow through two notches in the
crest of the service spillway inlet tower.

SPILLWAY RATING TABLE

. Elevation Combined spillway
— - : (feet MSL) discharge (CFS)

2ut 1060.0 0.0

1061.0 12.0

—_ 1062.0 84.0
. 1070.0 100.0

1078.0 113.0

— 1086.0 126.0
e 1089.1 130.0

. 1090.0 756.8

_ . 1091.0 2,407.4

(table cont’d)

_ _ A-9
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T

:;}j » SPILLWAY RATING TABLE (cont’d)
) Elevation  Combined spillway . -
SRR (feet MSL) discharge (CFS) Soa
1 ‘ 1092.0 4,804.8 e
o 1094.0 11,271.7 S
IR A . 1096.0 19,467.7 B
e . © 10985 32,049.2 AT
R ' s
Ly " (8) Tailwater rating table. A tailwater rating table for SCS Site No.5 is presented following.
- o These data were computed using the Manning equation baged on an idealized valley cross section and
| an average valley slope immediately downstream of the dam. | .
~ eEmRLTen Tles TAILWATER RATING TABLE “oe B
v Eleuatzon ' Di.scharge » ’ %";:’f“‘ ST
- : (feet MSL). . (CFS) - .
- 10350 . . 0
1038.4 © 714
1041.8 3,032
- ] , 1045.1 7,509
e 1048.5 14,657
e : 1051.9 24,943
-— Il 3: 1055.5 44,220
s ; 1059.1 - 72,718

i e '
A

. 9) Hydrolaglc network. A map of the dramage area of SCS Slte No.5is presented in Exhlblt
e A-3.

(10) Breach analysis. A breach analysis was performed to mveshgate the eﬂ'ect.s on the
downstream area under five different conditions. These were:

1) Breachmg of the dam with reservoir at normal operating level w1t§ no mﬂow
_ i 2) Breachmg due to overtoppmg by the PMF.

3) Overtopping wn‘.hout breaching by the PMF

PR . T 3

T T
'

! 4) Breaching due to a. barely overtoppmg flood that represents 70% o or the EMF

5) Overtopping without breaching due to a barely overtopping flood that represents 70%
| oot s, O the PME.

L ave @1 ."", s

2T H

. Results of the breach analysls for selected locatmns are graphrcally ﬂlustra 'bx cogggf:g{
pIots whlch appear as. Exhibit A_4s Tel burveros wuw OAW agd dBG gy m“mtﬁafﬂ s

The dam is classified as a h1gh hazard structure due to the- presence of scatt:ered'dwellmgs at
various points downstream of the: structure and to the presence of urban development:at the urban
outskirts of the City of San Antonig; appro)umately 8.3 milés'downstream of the structure.A point of
interest was chosen 8.35 miles. downstream from the dam. at;which point the appropnate USGS
_ 7.5-minute topographic quadrangle, photq-revmed in 1973; 'shows dense devefopment;the Towest of
which appears to be between elevations 802 and 812 feet MSL The following table shows the maximum

water surface elevanons and dlscharges at the point of intérést for the five condmons—mvestlgated

3 RS T,,.:-"‘..A' { o QI8
- ;' ; R & _ Maxtmu_m water
: a3 - Condition il i ' sdrfdcefelevction
T .:;; i-.SZ.’ < (feet MSL}
v - Ji ST -
Breaclung at conservatmn pool' L oy .790.9
with no mﬂow o . .;ié?.i?P-T - -_Qﬁﬁ;’ ,f.

Breachmg due f.o overtoppmg by PME LG 3 8078.
o —( qp =y \.-fgq..._‘.
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Ndns2 XEC 10729785
REVY 03/01/84

MEGTLL

SALADO CREEK SITE 38

PLAM POOL 1361400 77

CREST P§ 1061400 FY

SED ACCUM 106100 FT

ES CRESTY 1089.10 FY

PS STORAGE JD62.0 ACFT

STAATING E 1061400 FT

STORM HYD D= 24408 HR
TC= 300 HR

PEAK 5644.7 CFS AT

23
23
23
329

23

Pz
CN=

! 1 !
10729785 (ENGO6DJ/DANS2,.CF)
1.0 ACFT 0.0 AC 0.0 CFS
1.6 ACFT 0.0 AC 0.0 CF§
1.0 acF7Y 8.0 AC 3.0 CFS
3.0 ACFTY Te0 AC 131.9 CFS

BETUEEN €5 CREST aND SED ACCUM ELEVATIONS

1.0 ACFY

F.80 IN
Te.0¢6
11.12 HRS

0.0 AC

@z 6.82 IN
yoLs 3222.4 ACFT

2.0 CFs

LR o Y
RATING TABLE DEVELOPED
Y PROGRAM FOR PS AND EMG SPILLWAYS
€MG. RATING USED TRAPY METHOD

TYPE
STIAN HYD

0.0
0.34
Q.67
1.01
1,39
169
2.02
2.%%

[

L

VRO 0 00

RATING TABLE NUNBER

ELEV @~-TOTAL
FEET CFsS
1 10s1.00 0.0
2 1061.38 10.87
3 1061.76 30,74
4 1062.14 56446
5 1062.52 86.93
6 10&8%.84 93.82
7T 106%9.16 100.14
6 1072.49 106.09
% 1075.81 111,72
10 1079,13 117,08
11 1082.43 122.21
12 1085,78 127.13
13 1089.10 131.87
14 1089,54 279,29
15 10649.99 550.11
16 1090.79 139%.94
IT 1091.77 3023.24
18 1093.5% 7251.587
19 109%.77 14758.68
20 1098.0¢ 24708,09
Bv EMAX  VOL-MANX AHAX
A00.0 1088.81 323%.1 0.0
or 11
d.
0 4 Yo A1
b 106840 231.0 0ol
0 106140 231,30 0.0 .
0 l861,.0 231.0 BeD »
0 1061.0 23149 2.0 -
0 106140 231.0 0.0 .
0 1061.0 231.0 0.8 .
0 1061.0 23,0 0a0
folast,.Q .

IS RN

231.0

Q-Ps
CFS
0.0

16,487

30.74

5646

86.93

33.82

100.14
105.09
111.72
117.08
122.21
127,13
131,87
132.49
133.11
138,21
135,55
137.9%
140.90
143.79

2
VOLUME
AC-FT
231,00
241,20
251.49
263432
277.93
405,85
592,30
843,34
1167.85
1968439
2049.2»
2629.06
3292.9%
3400.18
3507.47
3706645
31949.73
4392.12
5017.83
5662.00

He YOL-ES a-ps

0.0 131.5

N = 1000. CFS

$0G0,.
1

2000,
!

A
A

0.

3000
i

REA
CRE
0.0
0.9
g.n

(-3
>
a

0.0

. s
(=)

oo OoCceE DO o
® 5 e % 9o 8 8 s 0 e 0w a
SCDCCoDOoOOCOoOUO SO0

ES
]

a=7OT
131.3

4000,
4

FULL CONOUIT FLOW, ELEY

o/c
0.0

5000,
I

s/c
nla

2

PASS
PAGE

1062,52 FT

$/C.28
040

EXIT sLoPE =

6000,
[

1200,
t

O~£S AQE/8
0.0 0.0

0,077
EXIY
YEL
de0
0.0
0.0
0.0
alo
olo
o.o
0.0

~ s
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14442 XT38 10729785 HEBILL 10729745  (ENGCH08/DAMS2.CF I ——
Aty 03/01/8% SALAGO CREEX WS SITE & AGE 2

UNCAONTRILLED ARZA HYD STORM PEAK = 3452.8% 4T 10,73 HRS, LOCATION POINT 5

ADOHYD RESULTS STOPN HY( - PEAK = 3571.82 AT 10.73 HRS, LOCATION POINT 4
PEIN POOL 881.60 FT 100,03 ACFT 0.0 AC D.0 CFS
CREST PS 381,60 FT 100.0 ACFT 0.0 AC 0.0 CFS
SED ACCUM 881 .60 FT 10040 ACFT 2.0 AC 0.0 CFS .
£$ CREST 910,30 FT 1490.0 ACFT 0.0 AC 278.4 CFS )
PS STORAGE 1390.0 ACFT BETWEEN £S CREST AND SED ACCUM ELEVATTONS
STARTING Z 381.60 FT 100.0 ACFT 0.0 AC 0.0 CFS
STORM HYD Dz 24,00 HR Pz 9,30 IN 0z 6.82 IN
TC= 2.10 HR CN=  76.00 VoL = 16657 ACFT
PEAK 3%571.3 CFS AT 10,73 HRS

'

|

AN PR T AR 1P R RN R R R AN P RO E R I AN AR IR PRI RAAN PR G adarrisnndd bt Ndchbbdsasiodorntaoeraend

RATING TABLE DEVELOPED
8Y PROGRAM FCR PS AND EMG SPILLVAYS
EMG, RATING USED TRAPY NETHOD

RATING TABLE NUMBER 2

ELEY a=TOTAL QePS YOLUME AREA
FEET CFS CFS AC-FT ACRE
L 861.60 0.0 0.0 100,00 0.0
2 882,09 22.43% 22443 10T.99 9.0
3 882.58 63444 63,44 115,97 0.0
L} 883,07 1156454 [16.54 123.98 8.0
5 383.57 179.43 179.43 131.9% - 00 FULL CONDUIY FLOWs ELEY = 8835.57 FT
5 886.98 194.85 154,35 202.38 G0
7 83040 208.84 208,84 294.18 0.0
3 893.82 221.94 221494 411.37 8.0
9 897,23 234.31 233,31 %96.09 0.0
10 900,65 246.086 246406 T32Z.24 0.0
11 904,07 257.28 297.28 949,95 0.0
12 307.48 268,02 26B.02 1205.33 0.0
13 910.90 278435 27835 1489.%8 0.0
14 91153 380.99 280,22 1550.85 0.0
15 ?12.16 §77.31 282,07 161177 0.0
16 91%.29 1364.48 285,37 1721440 0.0
17 914 .68 307163 299.35% 1855437 0.0
18 91 T7.29 80%59.52 296446 2119.47 0.0
19 920.33 17472.11 30S.11 2477.18 0.0
20 923,350 23720.61 313.92 2830.00 0.0
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SAN ANTONIO RIVER BASIN

SCS FLOODWATER RETARDING DAM

SALADO CREEK WS SITE No.8
BEXAR COUNTY. TEXAS
INVENTORY NUMBER TXD1467

PHASE 1 INSPECTION: REPORT
NATIONAL DAM SAFETY PROGRAM

U.§. ARMY ENGINEER DISTRICT, FORT WORTH
CORPS OF ENGINEERS
FORT WORTH, TEXAS

MARCH 1981

 REPORT PREPARED BY . ~
TEXAS DEPARTMENT OF WATER RESOURCES
-~ AUSTIN, TEXAS
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PROBABLE MAXIMUM FLOOD OUTFLOW HYDROGRAPH (cont'd)

Time Instantaneous . Time Instanteneous
- (hours) outflow (CFS) (hours) outflow (CFS)
B 23.0 4,080 26.0 2,002
_SVE:: 23.5 3,966 26.5 1,492
n ol 24.0 3,892 27.0 1,154
ot 24.5 3,798 27.5 962
Clas i 25.0 3,305 28.0 800
= 25.5 2,640 28.5 A 668
n E- - Note: Peak outflow occurs at 16.25 hours and is 62,234 CFS.
0" |k
I (5) Discharge-frequency. No data are available. _
- (6) Reservoir area and storage capacity. An area-capacity table for SCS Site No.8is presented
- following. These data were determined by the Soil Conservation Service.
.|
iol RESERVOIR AREA AND STORAGE CAPACITY TABLE
._}:z; Elevation Reservoir aree  Storage capacity
:r\;; (feet MSL) {acres) (acre-feet)
io - 1020.0 3 7
- Mgj: 1024.0 8 30
io, | 1028.0 17 77
o 1032.0 29 173
—Pfei 1032.8 32 196
P 1035.5 43 297
do i . 1036.0 44 321
sifl i 1040.0 62 536
—:m:i§ sag v 10440 84 826
D P 1048.0 109 1208
isii 1052.0 130 1690
o || | 1056.0 158 2268
i 1060.0 190 2964
_th l. | 1064.0 220 3786
Son 1065.6 232 4178
gl 1068.0 257 4738
LN ' 1072.0 300 5851
== | 1076.0 363 6810
| 1077.1 371 7100
;rzé F (7) Spillway rating table. A spillway rating table for SCS Site No.8 is presented following..
— i Discharge values at and below elevation 1035.5 feet MSL were computed assuming orifice flow through
el l i the ports in the service spillway inlet tower. Discharge values above 1035.5 feet MSL were determined
754 (b by the Soil Conservation Service.
e SPILLWAY RATING TABLE
i : Elevation  Combined spillway
e J I8 (feet MSL) discharge (CFS)
i 1032.80 0
MR 103355 10
- 1035.50 25
b 1041.00 93
b T 1048.00 107
_ i 1056.00 121
[ 1 {table cont’d)




SPILLWAY RATING TABLE (cont’d)

Elevation  Combined spillway
(feet MSL) discharge (CFS)

1064.00 134
1065.60 137
- 1066.00 265
1067.00 1,319
1068.00 3,290
— . 1070.00 9,245
1072.00 17,508
1074.00 27,482
_ 1076.00 38,684
1077.10 45,528
presented _ (8) Tailwater rating table. A tailwater rating table for SCS Site No.8 is presented following.
- These data were computed using the Manning equation based on an idealized valley cross section and
an average valley slope immediately downstream of the dam.
B - TAILWATER RATING TABLE
Elevation Discharge
(feet MSL) (CFS)
- 1016.0 0
1017.0 80
1018.0 320
_ 1019.0 767
1020.0 1,462
1021.0 2,449
1023.6 7,683
"‘" 1026.2 16,928
1028.8 31,300
1031.4 51,766
— 1034.0 79,209
(9) Hydrologic network. A map of the drainage area of SCS Site No.8 is presented in Exhibit
A-8.
(10) Breach analysis. A breach analysis was performed to investigate the effects on the
downstream area under five different conditions. These were:
- 1) Breaching of the dam with reservoir at normal operating level with no inflow.
. 2) Breaching due to overtopping by the PMF.
lowing.

~hrough 3) Overtopping without breaching by the PMF.
rmined 4) Breaching due to a barely overtopping flood that represents 76% of the PMF.

5) Overtopping without breaching due to a barely overtopping flood that represents 76%
of :he PMF. '

Results of the breach analysis for selected locations are graphically illustrated by computer
_ plots that appear as Exhibit A-4.

The damis classified as a high-hazard structure due to the presence of a number of dwelling§ at

_various points near Mud Creek downstream of the structure! A point of interest was chosen 10.9 m'ﬂes

- downstream from the dam on the outskirts of the City of San Antonio at which point the appropriate
. USGS 7.5-minute topographical quadrangle, photo-revised in 1973, shows development, within which

several dwellings appear to be between elevations 715 and 725 feet MSL. The following table shows the

maximum water surface elevations and discharges at the point of interest for the five conditions
.investigated.

A-11
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CAMS2 XEG 10/31/85 MCGILL 10/2 (ENGD&DT /DAMS2.CF)

T:

Pass 1
REV 03/01/84 SALABE CREEK w$ SITE ® oA 2
UNCONTROLLED AREA HYD STORM PEAK = 2006423 2T 10,39 MRS, LOCATION POINT 9
ADDHYD RISULTS STORM HYD ~ SS2K = 2095.04 4T  10.3% H2S. LOCATION POINT 9
FIR® POCL 945,30 F1 94.0 ACFT 0.0 AC 8.0 CFS
CREST PS 985,30 *7 94.0 ACFT 0.0 &ac 9.0 CFS
SED ACCUY 945,30 FT S4.0 ACFT 8.0 AC D.0 CFS
£S CREST 964,50 FT  1026.0 ACFT 0.0 AC 174.0 CFS
PS STIRAGT 932.,0 ACFT BETVEEN £5 CREST AND SED ACCUM ELEVATIONS
STARTING T 945,30 FY 94.0 acFT 0.8 AC 8.0 CFS
STORK HYD D= 24.00 HR P= 9.8 IN 0= 6,95 IN
T¢=  1.50 H®  CN=  77.00 voLs ATB.1 ACFT
PEAK 2995,0 CFS AT 10.39 HRS —
2 AL A RZET Y EFI L FISIE RIS SRS A RA X XL AN R AR RS X RN RN T L X 2R EEE W R R W R e R R R Y R Ry
RATING TABLE DEVELOPED
3Y PROGRAM FOR PS AND EKG SPILLUAYS
EMG., RATING USED TAAFY MITHOU
RATING TABLE VUMBER 2
ELEV p-TnTaL a-e3 YOLUME ARZA
FECT CFs ces AC-=7 AcPE
1 945,30 €.d t.2 34,00 .0
2 9a5.72 15.14 15,14 99,99 .0
3 986,14 42,83 42,83 107.42 6.0
4 946,58 78,69 78469 117.7¢ 0.0
5 946.%2 121.15 121.15 128.17 0.0 FULL CONDUIT FLSJs ELEV = $46.98 €T
& 942,17 129.69 125.69 182.3¢ 8.0
7 951.3 136.90 136.90 253.90 0.0
®  353,5% 183.75 143,75 336.04 0.0
3  955.7%4 156.29 150,29 242,09 0.0
10 957,93  158.55 156455 554,35 0.0
- 11  9s50.12 162.58 162.58 699.98 8.0
12 962.31 168,39 163.39 850,77 2.0
13 944,50 174,00 17800 126,00 0.0
18 955,20 a1t.11 175,77 1086462 0.0
15 965.91 983,67 177.52 1147.25 0.0
16 957.18 2665.93 180463 1270424 8.0
1 968,73 5675.54 144,36 1821.82 0.0
18 571.5% 13462.90 198,95 1722.68 8.0
19 975.57 25771411 153,89 2144.52 0.0
20 97E.8C 43862.64 206,52 2512.00 0.9
TYFE By EMIX  VOL-MAX  BMAX H®  ¥DL-ES g=-p3 a-£5s @-TST  osC V/C  S/C SIT.25 D-ES
STGRY HYD  300.0 962,95  998,0 2.2 0.0 2.3 16%.9 8.0 169.9 0.0 0.3 9.8 8.8 0.0
PLET 1IN = 500. CFS $X1T SLO®E = 0.087
S, s00, 1000, 1500, z000. 2505. 3602, 3500. EXIT
1 1 : z veL i1 1 1 1 1 1 : 1 vEL
0.0 c & 249.3 Sa,0 0.0 . 0.0
S.29 7 7 343,3 34,0 0.9 et
2.5¢ 3 T 943.3 4.8 C.0 . 3.9
3437 5 T 3423 Sa,t 0.0 . 9.0
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D4aM52 XEG 10/31/85

PASS 1
REV 03/01/Ra SALADD CR2EEK WS SITE 10 PAGE 2
JNCONTROLLED AREA HYD STJRM FIAK = 4304425 4T 10.20 MRS, LOCATION POINT 10
ADDHYD RESULTS STORM HYD - PEaX = 4402,32 AT 10.20 HRS. LOCATION POINT 10
PERM POOL 823.40 FT 37.0 ACFT 0.0 AC 0«2 CFS
CREST PS 823,40 FT 3740 ACFT 0.0 AC 0.0 CFS
SED ACCUM 823.40 FT G780 ACFT D0 AC 0.0 CFS
g% CREST 855450 FT7 1951.2 ACFT Be0 AL 287.4 CFS
PS STORAGE 1854,2 ACFT BETWZEN ES CREST AND SED ACCUM ELEVATIONS
STARTING £ B23.40 FT 97.0 ACFT 0«0 AC 0.0 CFS
STORM HYD D= 24,00 H® Pz 2,80 IN Q5 Teas5 IN
TC= 1460 HR CN= 81.00 voL= 1290.9 ACFT
PE 3K 4409,3 CFs AT 18.20 MRS
TEII I T E FEES2EZ AR RZEZC RS RRRRARR RS R 2R AR NI R RN AR AL EL N SRS RAEE RS R AL AR 22 ]
RATING TABLE DEVELOPED
BY PROGRAM FCR PS LND EMG SPILLWAYS
EMGs RATING USED TRAFYW METHOOD
RATING TASLE NUMBER 2
ELEV @=TOT AL Q=-PS VOLUME ARE A
FFET [ CF< AC=-FT ACRE
1 823 .40 0.0 0.0 37.00 3.3
2 8231.88 21.43 21 .43 105,74 0.2
3 924435 60462 EQ k2 114.85 0.0
4 824.83 111,37 111.37 124.1°9 0.9
3 92%.31 171.87 17187 133.8% DD FULL CONDUIT Frows ELEY = £25.31 F
& 829.13 196.87 150,87 217.11 0.0
7 g32.9¢ 207.42 207.42 331.34 .0
8 gls.78 222474 222a74 481.00 0.0
5 BAQ .60 237.08 237,08 669.88 0.0
10 BA4 83 250.60 2504560 903.81 0.0
11 848.25 253.42 263.42 1192. 71 0.0
12 B852.07 2T5.65 27565 1540.06 0.0
13 855.90 287436 287.34 1951.13 0,0
1a B57.30 858,40 291.55 2127.60 0.0
15 952,71 1973.10 295,57 2306.04 0.0
15 B5l.2e 4803.210 352495 26524561 B.0
17 B64.33 §329.27 311.62 3114,.63 C.0
1¢ E65.95 19756.45 126.81 4053.46 0.7
19 B8T6.97 35421,09 344,83 5297.86 0.0
20 BB84.00 S513C8.88 361,97 6520.00 .0
TYPE By EMAX  YoL-MAX AMAX HE VOL=-ES p=P= g-£% G=-TCT p/c v/¢ S/C S/C«25 0-E3
STOPWM HYD 12%.¢C 454,42 1792.0 0.0 3.0 .D.D 2E2.8 0.3 282.38 0.0 042 0.0 0«0 Ca0
PLECT 1 I = 19086, CFe TXIT SLOPE = B.57L
~ G 1303, 200). 3000. 40CC. soG0. 500C. 7000. EXIT
T 1 o T veL 21 I I T I I 1 T YL
0.0 4 DO 2032.4 AT 0.0 G.C
J.2° 0 D 823.4 37.0 0.0 . 0.3
[ -1.1 [} G 923.% 37.0 2.9 . n.0
.57 ¢ f RARILe 7.0 B0 . 0.0

MCCILL

1072 (ENGOE0Z /DANS2.CF)
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0/23/7%%

XET 1 10729785 (DESDAMS2/ . ) 2ass 1
ATV "3s01/E8 SALADO CREZK WS SITE 11 SAGE 2
FEIM PATL §45,30 FT 89.0 ACFT 0.0 &C 0.0 CFS
- CAEST PS 345,30 FT 84,0 ACFT 0.0 A&C g.t CFS
SED ACCuM 845.30 FT 34,0 ACFT 0.0 4AC .0 CFS
S CREST 877.50 FT 2596.0 ACFT 0.0 AC 137.9 CFS
FS STORAGE 2512.0 acFT BETWEIN ES CREST AND SED ACCUM ELEVATIONS
STARTIMG © 845.30 FT B4.0 ACFT 0.0 AC 0.0 CFS
-— STORM HYD D= 24,00 HF P= 9,80 IN 6= T.46 IN
TC=  2.60 WR ¢N= 81,00 VOL=  2609.0 ACFT
PEAK 4899.3 CFS AT 1073 HRS
e i s A A ELIEE R YR ELEEF NI E SRR IR IR SIS ER SRR AR AL R LR SRRl d il ll il d RSl
TING TABLS DEVELOFED
Y PROGRAM FOR PS5 aND IMG SPILLWAYS
‘MG, RATING USED TaFy MITHOD
BATING TARLE NUMBER 2
ELEY @-TOTAL 3-PS vOLUME AREA
FEET CFS CFs AC=FT ACPE
1 385.30 0.0 0.0 EA.0D 2.0
— 2 345.64 2,19 2,19 8966 0.0
3 545.98 26.00 25.00 95,31 0.0
4 245432 aT.77 47.77 100,97 0.0
5 846.66 73.54 T3.54 106262 0.0 FULL CONDUIT FLOWs ELEV = B46.66 FT
6  850.55 34.76 B4.76 199.76 9.0
— 7 3S4.e8 94,21 93,21 334,05 0.8
8 35R.34 102,79 182.79 516.04 8.0
% 462,23 110.70 110.70 756+21 0.0
10 B&6.12 118.09 113.09 1068439 0.0
1 570,01 125.04 125.04 1470.64 C.0
__ 12 873.91 131.62 131.62 1980,37 t.0
13 a77.80 137.89 137.89 2596.00 0.0
14 B878.56 204.05 133.09 2739.01 0.0
15 579.32 364.75 148,27 2882,01 0.0
16  380.6% B6B.65 142,37 3158455 0.0
17 882.36 1851.17 144,89 3519.73 0.0
- 18 BBS.a0 4550.08 149.38 4226.,42 3.0
15 B89.20 9559,37 154,80 5225486 0.0
20  B93.00 16341.54 160404 5318.00 0.0
_ Tmyeg B EMAX  VOL-MAX  AMAX HP  VOL=ES 9=Ps 3-£S 9=-T0T  0/C v/C s/C £/C.25 D-ES
fIR® HYD 7S5.0 $577.07 2470.6 0.0 0.9 048 13646 0.0 136.6 0.0 0.0 0.0 0.0 0.0
PLAOT 1 IN = 1000. CFS £XIT SLOPE 2 0.955
0. 1000, 2000, 3000. 4008, 50G0, £000. 7000, EXIT
T T 2 E voL A1 1 1 I 1 1 I 1 VEL
—3.c 0 0 345.3 88,0 0.0 . .0
.33 3 0 &e45.3 as.0 3.0 . 0.0
0.65 b 0 2a5,3 34 .0 0.0 0.0
0.98 ¢ 0 845.3 3a.0 .0 . 0.0
1430 3 0 345.3 94,0 9.0 . 0.0
= 1.83 b 7 9a5,3 8440 0.0 . ¢.0
1.95 C f 45,3 84,0 0.0 . 0.8
2.28 | ¢ 3a5.3 88,0 0.0 2.0
R 4 P ce5,3 fa,Q Nul W Ded
<. A0

QE/B
Oe




SAN ANTONIO RIVER BASIN
SCS FLUUDWATER RETARDING DAM

 SALADO' CREEK WS SITE No.12

- BEXAR COUNTY, TEXAS
INVENTORY NUMBER TX 042[]8
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i
—_ f f. Purpose of dam. The dam is used as a floodwater retarding structure.

g. Design and construction history. The dam was completed in June of 1974 and was

. designed by the U.S. Department of Agriculture, Soil Conservation Service. Soils testing was

—4 conducted by the SCS Materials Testing Section, Fort Worth, Texas. The contractor for the

i dam was Mr. Lawrence D. Krause of New Braunfels. Construction of the dam was supervised
by the SCS. A quarry now exists in the floodpool area of the structure.

h. Normal operational procedure. SCS Dam No. 12 is a floodwater retarding structure.
i Except for a 12-inch low-flow gate in the drop inlet, flow through both the service (principal)

i and emergency spillways is uncontrolled. The 12-inch low-flow gate is kept open, however,
~ and water is impounded only temporarily. The structure is inspected yearly by personnel from
the SCS and the sponsors. The sponsors are responsible for performing any necessary

i maintenance. The structure is also inspected for damage after a flood, and if possible, during
i any period of flooding. No formal warning plan is in effect.

1.3 Pertinent Data.

- a. Drainage area. 12.7 square miles
b. Discharge ot dam site (CFS), -
- Maximum flood at dam site Unknown
Service and emergency spillways at
; top-of-dam elevation 45,000
’;"_-;__-, | ¢. Elevation (feet above MSL).
f Maximum pool (PMF) 944.8
i ‘ Top of dam (effective) 945.2
. : Emergency spillway crest 936.2
. - ‘ Service spillway crest 902.8
o | " Low-flow invert 889.3
: d. Reservoir (miles).
Length at top of dam 1.8 miles
Length at emergency spillway crest 1.4 miles
Length at service spillway crest 0.38 miles
e. Storage (acre-feet).
Maximum pool (PMF) , 7305
Top of dam 7425
Emergency spillway crest - 4735 .
Service spillway crest 169
Sediment storage (includes borrow _
| areas) 323
f. Reservoir surface (acres). »
- i Maximum pool (PMF) Unknown
4 Top of dam Unknown




74 and was
testing was
actor for the
~ 3supervised

:g structure.

"~ o(principal)
n, however,
sonnel from

— ¥ necessary

" sible, during

h.

Reseruvoir surface (acres). (cont'd)

Emergency spillway crest
Service spillway crest
—am.

Type

Length

Height

Top width

Side slopes (upstream)
Side slopes (downstream)

Zoning

Cutoff
Grout curtain

Diversion and regulating tunnel.

275
28

Earth and rockfill
2600 feet

70 feet

14 feet

1.5H:1V

1.5H:1V

SCS Site No.121s a zoned em-
tankr- at with a compacted
ccre c. lastie, silty clay and
moderately plastic clayey
gravel with 1H:8V side slopes
to an elevation of 936.2 feet
MSL (emergency spiliway
crest). The core has a top
width of 8 feet at this eleva-
tion. There is also a 10-foot--
wide transition zone having
1H:8V side slope on each side
of the core. The transition
zones are composed of gravel
and clayey gravel and also
end at an elevation of 936.2
feet MSL. The core and both
transition zones are capped
witlk : section of the same
mate-al as used in the core.
The dimensions of this sec-
tion are variable. The outer
shell of the embankment is
composed of rockfill having a
1.5H:1V slope. The top 18
inches of the dam is gravelly
clay.

None

No grouting was used. How-
ever, deeper localized excava-
tions were used where
necessary.

None




— J i Spillwa V8.
- (1) Service spillweay.
Type

|

Crest elevation (drop inlet)

. Pipe invert at bottom of iniet
1 Pipe invert at outlet

Drop inlet

. Plunge basin

!

il
1 |'-‘

il

L}

Upstream channel

VP
IO

]
K
o

Downstream channel

{2) Emergency spillway.
Type

Crest elevation
j. Regulating outlets.

Uncontrolled-196 feet of
30-inch ID prestressed, con-
crete-lined, steel cylinder pipe
through the embankment
with a concrete box drop inlet
and rock-lined plunge basin
at the outlet

902.8 feet MSL
888.8 feet MSL
884.0 feet MSL

30-inch by 90-inch opening at
the top of the inlet with a 14-
foot drop from the crest to the
floor of the inlet and one 12-
inch low-flow slide gate,
invert elevation 889.0 feet
MSL

2-foot thickness of dumped
rock lining a circular plunge
basin with 1.5H:1V side
slopes and 8- to 12-foot bottom
width

Lake

Natural channel of Long
Creek

Uncontrolled channel 596 feet
in width formed by earth cuts
with 1H:1V side slopes and
earth dikes with 2H:1V side
slopes

936.2 feet MSL.

A 12-inch low-flow gate in the
drop inlet. See paragraph
1.3() above.




J : PROBABLE MAXIMUM FLOOD INFLOW HYDROGRAPH (cont’d)
| Time Inflow Time Inﬂou;
_ (hours) ) (CFS) thours) (CFS)
16 13,351 30 534
" 18 41,478 . 32 . 176
P 20 24,598 34 49
- 22 12,445 36 16
24 6,245 ~38 5
26 3,854 40 1
- | 28 1,569 TOTAL 126,133

(4) Probable maximum flood outflow. The probable maximum flood inflow hydro-
graph was routed through the structure beginning at elevation 932.66 feet MSL. The outflow
hydrograph is tabulated following.

. : PROBABLE MAXIMUM FLOOD OUTFLOW HYDROGRAPH®*

' Time Outflow Time Cutflow

I " (hours) (CFS) {hours} (CFS)
= 0 142 22 13,451
2 142 _ 24 7,083
4 143 26 4,493
6 145 28 2,437
8 148 30 1,131
10 1,204 32 711
12 4,594 34 . 470
I4 5,914 36 302
16 11,880 38 191

18 41,246 40 150**
20 28,799 TOTAL 124,786

*Includes some outflow from antecedent flood.

**Reservoir content atend of 40 hours is 4681 acre-feet. Reservoir content at beginning of PMF
was 3702 acre-feet. '

(5) Discharge-frequency. No data are available.

(6) Reservoir area and storage capacity. An area-capacity table for SCS Dam No. 12
is presented following. This table is based on data determined by the Soil Conservation

Service. ,
RESERVOIR AREA AND STORAGE CAPACITY TABLE

Elevation Reservoir area Storage capacity

(feet MSL) {acres) {acre-feet)
884 1 : ' 1
888 2 7
892 6.8 25
896 12.3 63 -
900 21 123
902.8 28 323

A6




T {(cont’d)

Inflow
(CFS)

534

176

49

- 16

5

1

126,133

1 flood inflow hydro-
~3et MSL. The outflow

— RAPH*

Qutflow
(CFS)

— 13,451
7,083
4,493

— 2,437
1,131

711
470
302
191
150**

124,786

.at beginning of PMF

-

2 for SCS Dam No. 12
1e Soil Conservation

TABLE

Trage capacity
{acre-feet)

RESERVOIR AREA AND STORAGE CAPACITY TABLE (cont’d)

Elevation Reservoir Storage capacity
{feet MSL) facres) {acre-feet)
807.5 - 350
924 ‘ 158 . 2153
936.2 - 4735
936.7 - 4884
937.2 - - 5033
937.7 - 5183
938.2 - 5332
939 - ‘ 5572
940 336.5 5871
941 - 6169
942 - 6468
944 - 7066

946 - 7664

(7) Spillway rating. A spillway rating table for SCS Dam No. 12is presented follow-
ing. These data were computed by the Soil Conservation Service.

. SPILLWAY RATING TABLE
' Elevation Combined spillway
(feet MSL) discharge (CFS)
Cime 902.8 0
St 907.5 : 98
S 924.0 130
e 936.2 150
936.7 _ 510.3
837.2 1,232.4
S 937.7 2,437.6
U 938.2 3,826.2
' 939.0 6,740.5
. 940.0 11,001.2
.. 941.0 16,2499
SR 942.0 21,904.1
e AGeg 944.0 35,009.0

) . 946.0 50,585.6
2¥ Bqe .
(8) Tailwater rating curve. No data are available.

(®) Hydrologic network. A map of the SCS Dam No. 12 watershed is presented in

exhibit A-2. '
+ b. Stability and stress analysis. The slope stability of the earthen and rockfill embank-
ment was checked by the Courtney method of analysis and by a wedge-type failure surface.
he analysia concluded that the failure surfaces in the core and transition zones are less
critical than the failure surfaces in the rockfill and that the controlling elements are almost
solely the slope of the rockfill and shear strength of the fill. The Corps of Engineers in their

publication EM-1110-2-1902, December 1960, page 45, affirms this conclusion as summarized
f°£9.‘_"ins=

A7
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Mr. Fred N. Pfeiffer, General Manager
San Antonio River Authority

c/o0 Mr. Ervin L. Willard, District Conservationist

Soil Conservation Service
San Antonio Field Office
630 South Main Street
San Antonioc, Texas 78204

f. Purpose of dam. SCS Site No.13A was designed as a floodwater-retarding structure. It also has
the additional benefit of recharging into the underground formation.

g. Design and construction history. SCS Site No.13A was designed by the Soil Conservation
Service after extensive field investigation of the proposed site. Results of these investigations are
included in Appendix A of this report. All preliminary investigation, quality control testing, and other
procedures during the construction were under the general supervision of the SCS. The actual construc-
tion was carred out by House - Braswell Company. The date of completion of the structure was August
13, 1976. The local records for the structure indicate that only normal maintenance has been required.

h. Normal operational procedures. The spillways at SCS Site No.13A are uncontrolled; therefore,
no operational procedures exist for periods of flooding. The operational procedures for the mainte-

nance of the facility are discussed in Section 4.

1.3 Pertinent Data.

a. Drainage area.

b. Discharge at dam site (CFS}.
Maximum flood at dam site

Combined spillway discharge at
the effective crest elevation

c. Elevation (feet above mean sea level).
Top of dam (effective crest)
Maximum pool (PMF) -
Emergency spillway crest
Service spillway crest
Low flow (slide gate invert)
Streambed (centerline of dam)

d. Reservoir (length in miles).
Top of dam (effective crest)
Maximum pool (PMF)
Emergency spillway crest
Service spillway crest

e. Storage (acre-feet).

Top of dam (effective crest)
Maximum pool (PMF)
Emergency spillway crest
Service spillway crest

f. Reservoir surface (acres).

Top of dam (effective crest)

16 square miles, of which 12.7 square milés are
controlled by SCS Site No.12, located upstream

Unknown
30,848

884.5
888.7
877.0
861.8
852.3
841.5

1.71
1.81
1.37
0.68

3026
4126
1441
128

267.5
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f. Reservoir surface (acres). (cont'd)

Maximum pool (PMF)
Emergency spillway crest

Service spillway crest

g. Dam.

Type

Length

Height

Top width
Upstream slope

Downstream slope

Cutoff

Impervious core

Zoning

Grout curtain

Foundation drain

h. Diversion and regulating tunnel.

1. Spillways.

(1) Seruvice spillway.
Type

Crest elevation
Ports
Slide gate

Foundation

Antiseep collars

Upstream channel

346.0
161.0
26.0

Rolled. zoned, earthfill embankment with an
impervious core

1690 feet

43 feet

18 feet ...

2.5H:1V with a 20-foot-wide sloping berm
having a centerline elevation of 861 .8 feet MSL.
2.5H:1V

Cutoff trench with a 20-foot bottom width and

2H:1V side slopes beneath the embankment;
maximum depth 34 feet depicted in Exhibit C-3

The impervious core is depicted in Exhibit C-4.

The zoning of the embankment consists of
two zones. Materials were placed in accordance
with the table depicted in Exhibit C-4.

None

The trench foundation drain and the blanket
drain are depicted in Exhibits C-7 and C-8.

None

Concrete drop inlet, 10 feet high with inside
dimensions of 9 feet by 3 feet, discharging
through a 36-inch ID, prestressed concrete-
lined, steel cylinder pipe 230 feet long

861.8 feet MSL
None

12-inch by 12-inch slide gate, invert elevation
852.3 feet MSL, manually controlled by a
handwheel at the top of the drop inlet

The bottom of the concrete cradle is the lower
limit of conduit foundation excavation from
station 3+30 to station 4+10.

There are seven antiseep collars located on 20-
foot centers with the upstream most collar
being 75 feet upstream of the centerline of
the dam.

30-foot-wide channel filled to elevation 851.8
feet MSL from upstream embankment toe to
limits shown on Exhibit C-5




i. Spiliweays. (cont’d)

Downstream channel

(2) Emergency spillway.
Type

Crest elevation

Upstream channel
Downstream channel

j. Regulating outlets.

Plunge basin, 10 feet deep and 16 feet wide at
the bottom with 3H:1V side slopes; flow dis-
charges into a 10-foot-wide channel with 3H:1V
side slopes.

A detached and uncontrolled earthen channel
approximately 550 feet in length; the spillway
is 640 feet wide (300 feet on both sides of a 40-
foot splitter dike) and is located approximately
1000 feet north of the right abutment.

877.0 feet MSL

Gently sloping fatural ground with a short
earthfill approach with a 10-percent grade

A 250-foot-long earthfill channel with a
4-percent grade

The only regulating outlet is the 12-inch by 12-
inch slide gate in the upstream face of the
service spillway inlet.




PROBABLE MAXIMUM FLOOD OUTFLOW HYDROGRAPH

Time
(hours)

0.5
1.0
1.5
20
25
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
85
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
145
15.0
15.5
16.0
16.5
17.0
17.5
18.0
18.5
19.0
19.5
20.0
205
21.0
21.5
22,0
225
23.0
235
24.0
245
25.0

Instantaneous
outflow (CFS)

21
159
159
159
160
225
290
345
394
468
532
285
631
720
922
1,287
1,728
2,361
3,275
4,418
5,434
6,264
6,910
7,351
7,657
7,977
8,448
9,168
10,410
12,706
18,546
30,259
39,641
48,984
56,223
55,800
50,240
43,196
35,388
28,126
22,241
17,907
14,644
12,340
10,346
8,793
7,680
6,878
6,291
5,730

A-10

Time Instantaneous
{hours) - outflow (CFS)
25.5 5,116
26.0 4,502
265 3,891
27.0 3,335
275 2,833
28.0 2,470
285 2,092
—~.29.0 1,729
29.5 1,419
30.0 1,185
30.5 1,004
31.0 839
31.5 785
320 730
32.5 675
33.0 619
33.5 566
34.0 514
34.5 466
35.0 420
35.5 388
36.0 364
36.5 342
37.0 322
375 304
38.0 288
38.5 274
39.0 260
39.5 248
400 237
40.5 228
41.0 219
415 211
42.0 205
425 198
43.0 193
435 188
44.0 184
44.5 180
45.0 177
455 , 174
46.0 171
46.5 169
47.0 167
47.5 185
48.0 183
485 161
49,0 160
77.0 1680
(table cont’d)




_.1ydrograph wa

PROBABLE MAXIMUM FLOOD OUTFLOW HYDROGRAPH (cont’d)
hydrograph i,

Time Instantaneous Time Instantaneous
thours) outflow (CFS) (hours) outflow (CFS)
h 775 159 1235 144
us 120.5 159 124.0 37
S 121.0 144

Note: Peak outflow occurs at 17.75 hours and is 56,973 CFS.

—_ {5y Discharge-frequency. No data are available.

(6) Reservoir area and storage capacity. An area-capacity table for SCS Site No.13A is
presented following. These data were computed by the Soil Conservation Service.

RESERVOIR AREA AND STORAGE CAPACITY TABLE

Elevation Reservoir area  Storage capacity

—_ (feet MSL) : {acres) facre-feet)
848.0 1.0 1
852.0 3.0 9
- 856.0 8.0 31
858.8 14.0 62
860.0 18.0 83
_ 861.8 26.0 128
. . 864.0 38.0 . 195
868.0 70.0 411
872.0 1067.0 765
- 876.0 149.0 1277
877.0 161.0 1441
877.5 : 1529
— 878.0 1617
, 879.0 1794
880.0 199.0 1973
: 882.0 2441
- 884.0 262.0 2895
884.5 - 267.5 3026

—_— ' (7) Spillway rating table. A spillway rating table for SCS Site No.13A is presented foliowing.
These data were computed by the Soil Conservation Service.

SPILLWAY RATING TABLE

Elevation  Combined spillway
- (feet MSL) = discharge (CFS)

861.8 0

864.0 117

_ | . 868.0 131
| 872.0 145

8770 160

8775 400

- 878.0 822
879.0 2,878

o 880.0 6,038

- | 882.0 15,288
884.5 30,848

A-l11




(8) Tailwater rating table. A tailwater rating table for SCS Site No.13A is presented follow.

ing. These data were computed using the Manning equation based on an idealized valley cross section
and an average valley slope immediately downstream of the dam.

TAILWATER RATING TABLE

Elevation Discharge

{feet MSL) (CFS)
843.0 0
844 44
8430 133
840.2 254
847.3 400
848.4 568
850.7 1,282 -
853.0 2,964
855.4 6,120
857.7 11,167
860.0 18479
863.4 37,098
866.8 63,428

{9) Hydrologic network. A map of the drainage area of SCS Site No.13A is presented in
Exhib. A-2.

(10) Breach analysis. A breach analysis was performed to investigate the effects on the
downstream area under five different conditions. These were:

1) Breaching of the dam with reservoir at normal operating level with no inflow.
2) Breaching due to overtopping by the PMF.

3) Overtopping without breaching by the PMF.

4) Breaching due to a barely overtopping flood that represents 57% of the PMF.

5) Overtopping without breaching due to a barely overtopping flood that represents 57%
of the PMF.

Results of the breach analysis for selected locations are graphically illustrated by computer
plots. which appear as Exhibit A-3. SCS Site No.13A is classified as a high-hazard structure duetothe
presence of scattered dwellings at various downstream points and to the presence of 2 suburban
development approximately 3 miles downstream of the dam. A point of interest was chosen approxi-
mately 2.8 miles downstream from the dam at which point the results of a recent field inspection
indicate dense development with dwellings ranging in elevation from approximately 800 to 880 feet

MSL. The following table shows the maximum water surface elevations and discharges at the point of
interest for the five conditions investigated.

Maximum water Maximum
Condition surface elevation discharge
(feet MSL) (CFS)
Breaching at conservation pool with 793.3 2,329
no inflow
Breaching due to overtopping by PMF 808.4 76,083
QOvertopping without breaching by PMF 806.2 58,447
E:zaching due to overtopping by 805.1 51,505
57% PMF
Overtopping without breaching by 8020 32,166
57% PMF

A-12
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included in Appendix A of this report. All preliminary investigations, quality control testing, and other
Qrocedures during the construction were under the general supervision of the SCS. The actual construc-
tion was carried out by Lawrence D. Krause. The date of completion of the structure was August 22,
1975. The local records for the structure indicate that no maintenance has been required.

h. Normal operational procedures. The spiliways at SCS Site No.13B are uncontrolled; therefore,

no operational procedures exist for periods of flooding. The operational procedures for the mainte-
nance of the facility are discussed in Section 4.

1.3 Pertinent Data.

a. Drainage area. 2.5 square miles
b. Discharge at dam site (CFS).
Maximum flood at dam site Unknown
Combined spillway discharge at the 11,849 —_

effective crest elevation

c. Elevation (feet cbove mean sea level).

Top of dam {effective crest) - 886.0
Maximum pool (PMF) 888.5
Emergency spillway crest 878.4
Service spillway crest 857.5
Low flow (slide gate invert) 853.0
Streambed (centerline of dam) 840.0
d. Reservoir (length in miles).
Top of dam (effective crest) 0.90
Maximum pool (PMF) 0.94
Emergency spillway crest 0.78
Service spillway crest ' 0.17

e. Storage (acre-feet).

Top of dam (effective crest) 1828
Maximum pool (PMF) 2014
Emergency spillway crest 1093
Service spillway crest 72

f. Reservoir surface (acres),

Top of dam (effective crest) 131.0
Maximum pool (PMF) 143.0
Emergency spillway crest 92.0
Service spillway crest 15.3
g. Dam. )
Type Rolled, zoned, earthfill embankment with an
impervious core
Length 2802 feet R
Height . 46 feet
Top width 14 feet.




g. Dam. (cont'd)
Upstream slope

Downstream slope

Impervious core and cutoff

Zoning

Grout curtain
Foundation drain

h. Diversion and regulating tunnel.
i. Spillways.
(1) Service spillway.
Type

Crest elevation
Ports
Slide gate

Foundation

Antiseep collars

Upstream channel

Downstream channel

(2) Emergency spidlway.
Type

2.5H:1V with a 2-foot rock cover for slope
protection

2.5H:1V with a 2-foot rock cover for slope
protection

Cutoff french with a 20-foot bottom width
and 1H:1V side slopes (Exhibits C-1 and
C-2)

Highly plastic clay cutoff trench and core
section with shale in the core above the ser-
vice spillway elevation, clayey gravel outer
embankment section, and a 2-foot rock blanket
on the upstream slope and the downstream
slope (Exhibit C-2)

None

A rock blanket drain extends from station
21+00 to station 27+30 with an overall thick-
ness of 42-inches and a 23-foot length con-
structed as shown in Exhibit C-4.

None

Concrete drop inlet, 5 feet high with inside
dimensions of 7.5 feet by 2.5 feet; discharge is
through a 30-inch ID, prestressed concrete-
lined. steel cyiinder pipe 210 feet long.

857.5 feet MSL
None

12-inch by 12-inch slide gate, invert elevation
853.0 feet MSL, manually controlled by a
handwheel at the top of the dr»n inlet

The conduit foundatic: 2xca  an boiuirms
on limestone bedrock; backfilic. to line and
grade at the bottom of the concrete cradle

Five antiseep collars located on 20-foot
centers with the upstream most collar being
20 feet upstream of the centerline of the
dam

40-foot-wide by 40-foot-long channel with
4H:1V slopes backfilled to elevation 852.5
feet MSL

Outlet channel has a 16-foot-wide bottom
with 3H:1V side slopes. A 3-foot thickness of
rock lining covers the slopes above sound
bedrock.

An uncontrolled earthcut channel approxi-
mately 400 feet in length
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i. Spillways. (cont’d)
Width
Crest elevation
Upstream channel
Downstream channel

j. Regulating outlets.

200 feet

878.4 feet MSL

160-foot-long approach channel

Flow returns to original downstream channel

12-inch by 12-inch slide gate on the upstream
face of the drop inlet




(3) Probable maximum flood inflow. Rainfall excess values derived for the SCS Site No.13B
drainage area were applied to the unit hydrograph to compute the PMF. Base flow wasignored sinceits
magnitude is very small compared tothe peak flow. To simulate saturated conditions in the watershed,
a flood approximately one-half the magnitude of the PMF was initially routed through the reservoir.
The PMF was routed 5 days (120 hours) after the beginning of the antecedent storm by which time the
reservoir level had receded to elevation 864.5 feet MSL, which is 7 feet above the top of the conservation

pool. The PMF used in the routing to determine the maximum water surface elevation is tabulated as
follows:

PROBABLE MAXIMUM FLOOD INFLOW HYDROGRAPH

Time Y-hour average Time Y4-hour average
(hours} inflow (CFS) (hours) inflow (CFS)
0.5 169 150 8,662
1.0 454 15.5 20,508
1.5 511 16.0 16,768
2.0 520 16.5 8,458
2.5 522 : 17.0 4,837
6.0 522 17.5 3,244
6.5 776 18.0 2,431
7.0 1,203 18.5 1,657
7.5 1,289 19.0 950
8.0 1,303 19.5 812
8.5 1,306 20.0 789
12.0 1,306 20.5 784
12.5 1,460 24.0 784
13.0 1,908 245 530
13.5 2,406 25.0 103
14.0 3,202 25.5 17
14.5 4,693 26.0 3

Note: Peak inflow occurs at 15.75 hours and is 21,884 CFS.

(4) Probable maximum flood outflow. The probable maximum flood inflow hydrograph was
routed through the structure beginning at elevation 864.5 feet MSL. The outflow hydrograph is
tabulated as follows:

PROBABLE MAXIMUM FLOOD OUTFLOW HYDROGRAPH

Time Instantaneous Time Instantaneous
(hours} outflow (CFS) (hours} outflow (CFS)
0.5 92 9.0 116
1.0 93 9.5 118
1.5 94 10.0 119
2.0 96 10.5 121
2.5 97 11.0 122
3.0 98 11.5 123
3.5 100 12.0 124
4.0 101 12.5 125
4.5 102 13.0 181
5.0 103 13.5 570
3.5 104 14.0 1,301
6.0 104 145 2,408
6.5 106 15.0 4,815
7.0 108 15.5 13,536
7.5 110 16.0 17,169
8.0 112 16.5 11,673
8.5 114 (table cont’d)
A-8




3B PROBABLE MAXIMUM FLOOD OUTFLOW HYDROGRAPH (cont’d)

;:z Time Instantaneous Time Instantaneous
oir. (hours) outflow (CFS) (hours) outflow (CFS)
the 17.0 7,128 22.0 909
tion 17.5 5,299 225 868
—las 18.0 3,938 23.0 843
185 2,997 23.5 827
19.0 2,205 24.0 816
— 19.5 1,695 24.5 768
20.0 1,380 25.0 608
20.5 1,186 25.5 463
21.0 1,056 26.0 368
- 21.5 968 26.5 292
Note: Peak outflow occurs at 15.75 hours and is 17,540 CFS.
o (5) Discharge-frequency. Records of daily or peak inflow into SCS Site No0.13B are not avail-
able. The Soil Conservation Service has published a document entitled A Method for Estimating the
Volume and Rate of Runoff in Small Watersheds, SCS TP-149, Revised April 1973. This publication,
- used in conjuction with the United States Weather Bureau’s TP-40, allows the computation of peak
flows for 24-hour storms on small watersheds (less than 2000 acres). Based on this publication, the
estimated discharge-frequency curve for the area of SCS Site No.13B was drawn for recurrence
— intervals up to and including 100 years. The discharge-frequency curve is presented as Exhibit A-2.
(6) Reservoir area and storage capacity. An area-capacity table for SCS Site No.13B is
presented following. These data were computed by the Soil Conservation Service.
RESERVOIR AREA AND STORAGE CAPACITY TABLE
Elevation - Reservoir area  Storage capacity
— (feet MSL) "~ (acres) {acre-feet)
844.0 0.3 0.3
B48.0 16 4.0
~vas 852.0 5.0 17.0
b is 854.5 9.0 35.0
856.0 12.3 52.0
_ 857.5 15.3 72.0
860.0 21.0 118.0
864.0 320 224.0
868.0 45.2 379.0
- 8720 61.3 592.0
876.0 8l.4 877.0
878.4 92.0 1093.0
_ 879.0 1147.0
880.0 99.5 1239.0
881.0 1348.0
882.0 1457.0
- 884.0 119.9 1678.0
886.0 : 1828.0

— (N Spillway rating table. A spillway rating table for SCS Site No.13B is presented foilowing.
These_: data were computed by the Soil Conservation Service.
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SPILLWAY RATING TABLE

_ Elevation Combined spillway
(feet MSL) discharge (CFS)

857.5 0

- - 860.0 78

868.0 102

876.0 122

878.4 126

- 879.0 294

880.0 987

, 881.0 2,113

— 882.0 3,540
8840 7,269 .

886.0 11,849

(8) Tailwater rating table. A tailwater rating table for SCS Site No.13B is presented follow-
ing. These data were computed using the Manning equation based on an idealized valley cross section
and an average valley slope immediately downstream of the dam.

TAILWATER RATING TABLE

Elevation Discharge

- {feet MSL) (CFS)
840.9 0

841.4 18

- 841.9 63
842.4 134

: 842.9 235
_ 843.4 367
| 844.7 996

¥ 846.0 1,995
B 847.4 3,441
; 848.7 5,402

: 850.0 7.942

i 852.0 13,722
—Ji' 854.0 21,697

i (9) Hydrologic network. A map of the drainage area of SCS Site No.13B is presented in
Exhibit A-3.

: ' (10) Breach analysis. A breach analysis was performed to investigate the effects on the
f k downstream area under five different conditions. These were:

1) Breaching of the dam with reservoir at normal operating level with no inflow.
2) Breaching due to overtopping by the PMF.

— 3) Overtopping without breaching by the PMF.

4) Breaching due {0 a barely overtopping flood which represents 78% of the PMF.

5) Overtopping without breaching dueto a barely overtopping flood which represents 78%
of the PMF.

Results of the breach analysis for selected locations are graphically illustrated by computer
plots, whlch appear as Exhibit A4,

The dam is classified as a high-hazard structure due to the presence of scattered dwellings at
various points downstream of the dam. A point of interest was chosen approximately 1.5 miles
downstream of the dam at which point the. appropriate USGS 7.5-minute topographic quadrangle
published in 1967 and photo-revised in 1973 shows a dwelling, the elevation of which appears to be
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August 9, 1988

Parks and Recreation Advisory Board
City of San Antonio

P. 0. Box 9066

San Antonio, Texas 78285

Subject: McAllister Park Master Plan
Dear Board Members:

The McAllister Park Advisory Committee was <chartered by the
Advisory Board on February 16, 1986 to work with the City Parks
Department 1in the development and implementation of a master
plan for McAllister Park.

Since that time, the McAllister Park Advisory Committee has met
on a monthly basis discussing various issues related to the park
and working on the development of a master pilan.

Included herein is a Master Plan that reflects the many months
of work by this committee. This document consists of sections
related to the major issues of the plan, its objectives, and the
plan itself.

Qur objective was to eventually produce a formal document that
would be endorsed by you and the City Council.

We recommend this plan be used as & guide when the City
considers improvements within the park. When implemented, this
plan will ensure proper planning and management of this very
important recreational resource of San Antonio.

Sincerely,

Members of the McAllister Park Advisory Committee
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OBJECTIVES OF THE McALLISTER PARK MASTER PLAN

I. McAllister Park shall remain an open space and/or
recreation area accessible to the public for all time.

Il. No land within the McAllister Park boundaries shall be
utilized in any manner other than for public open space and
recreational purposes.

I11. A1l lands that comprise HNHcAllister Park shall be
dedicated as Park land, in perpetuity, by the City Council of
San Antonio.

1Vv. To maintain the native flora and fauna to which the Park
is presently host, and to protect the existing wildlife
habitats.

V. Make every effort to maintain an appropriate balance
between recreational facilities for wuse by the public, and
preservation of the Park's open space character, allowing for an
enjoyable, quality, individual, experience.

Vi, Monitor the use of the land area surrounding the Park to
ensure that it will not be developed in a manner detrimental to
the present natural setting of the Park. Conversely, Park uses
which present a detriment to the surrounding private property
shall not be considered.




McALLISTER PARK ADVISORY COMMITTEE
MAJOR ISSUES OF THE HCALLISTER PARK MASTER PLAN

BACKGROUND

The Master Plan shall emphasize ¢the importance of HNcAllister
Park as a major public open space and recreation resource.

A. McAllister Park is over 800 acres of park land, and is one
of the largest parks in the City of San Antonio.

B. McAllister Park is one of only five city parks North of Loop
410 from Interstate 1C to Interstate 35.

L. MNcAllister Park will become increasingly more valuable to
the City of San Antonio providing major leisure
opportunities to the public as the City's population grows,
and the majority of development takes place in the Northern
sector of the City.

PLAN GUIDELINES

I. The MHaster Plan shall emphasize the goal of providing a
recreational area for the public, with 1limited vehicular
activity.

A. No roads for "through" vehicular traffic shall be provided.

B. Vehicular "cruising" in the Park shall be discouraged by
having roads end in designated parking areas.

C. Established speed limits shall be posted and enforced.

D. Pedestrian crosswalks shall be established and marked at all
points where hike and bike trails cross vehicular roads.
Pedestrian safety shall be a primary consideration.

E. Adequate parking, and its impact, shall be considered in
developing recreational facilities.




11, The Master Plan shall maintain an appropriate balance,
providing recreational facilities for use by the public, and
preserving the Park's open space character.

A. A major priority of the Haster Plan shall be to preserve the
natural beauty of the Park, and this consideration shall be
the governing factor in determining new development or
redevelopment of the Park.

B. Emphasis shall be placed on designing and Tlocating future
facilities so as not to adversely impact the habitats of the
wildlife in the Park.

C. The Master Plan shall place emphasis on activities that
1imit motor vehicle access to the Park.

D. Future facilities shall be designed and located to cause a
minimum of interference with surrounding activities.

ITI. The Master Plan shall emphasize 1improved access and
iraffic circulation.

A. Access from the major streets that border the Park shall be
created and Jocated to serve the planned improvements.

i. Roads associated with future entrances shall not connect
with existing Park roads to provide vehicular traffic
flow from one major City street to another.

2. Short side roads may be provided to allow access to
picnic and pavilion areas.

B. Access for maintenance and emergency vehicles shall be
considered.

iv. The Master Plan shall emphasize flood control solutions
that do the least environmental damage to the Park, and enhance
its attractiveness.

Y. The MHaster Plan shall emphasize the relocation of those
activities not suited to the Park, and which conflict with other
goals.




YI. The Master Plan shall emphasize the expansion of the
Park where possible.

A. Consideration shall be given to securing property along
creeks or flood zones outside of the Park to establish
recreational corridors that connect the Park with nearby
subdivisions.

B. Coordination shall take place between the City's Parks and
Recreation Department, and San Antonio International Airport
regarding possible use of adjoining airport property for
public use for recreational and open space purposes.

YII. The Master Plan shall emphasize that the Park shall have
a favorable environmental impact on surrounding areas and
neighborhoods, and that improvements such as athletic fields,
trails, and picnic areas shall not be 1located so close to g
neighborhood as to disturb that neighborhood.

VIII. The Master Plan shall emphasize the importance of
maintaining compatible deveiopment adjacent to and near the
Park.

A. The =zoning department of the (City of San Antonio shall
consult with the Parks and Recreation Department, and the
McAllister Park Advisory Committee, on zoning requests for
property adjacent to the Park.

B. City Departments and Agencies shall consider the effects of
public works projects on the Park such as: airport
expansion, sewage treatment plants, surrounding road
improvements or expansions, flood control projects.




MCALLISTER PARK MASTER PLAN

The Master Plan divides McAllister Park into four sections as
delineated on the attached map. The Sections are defined as
follows:

CENTRAL SECTION
The Central Section is that portion of the park which presently
includes established recreational facilities, and which s
currently most utilized.

WETMORE SECTION
The Wetmore Section is the large rectangular portion of the park
that 1is primarily undeveloped, and which dincludes the Texas
Transportation Museum.

MUD CREEK SECTION

The Mud Creek Section is the linear shaped parcel extending from
Thousand Daks to the Central Section of the park.

STARCREST SECTION
The Starcrest Section 1is that portion of the park that is

undeveloped and abuts the Blossom Park Subdivision and Starcrest
Road.

The Master Plan proposes the following:

CENTRAL SECTION
Retain existing pedestrian or hike and bike trails.
Increase paviiion areas.

Increase family picnic areas to possibly include the conversion
of existing camping area.

De-emphasize the use of this section for athletic fields.

Retain existing playground facilities.




Expand family picnic facilities, when Jjustified, in the flood
control area.
WETMORE SECTION

Locate all future athletic fields in this section and provide
sufficient parking.

Accommodate the Texas Transportation Museum.

Establish Park access off Wetmore Road, North of +the Texas
Transportation Museum.

Establish pedestrian or hike and bike trails.

Establish family picnic areas.

MUD CREEK SECTION
Establiish pedestrian or hike and bike trails.

Establish small picnic areas with limited parking and access off
Thousand Oaks Road.

NOTE: A1l improvements will be governed by the fact that Mud
Creek is a flood plan.
STARCREST SECTION
Establish a pedestrian or hike and bike trail.

Establish small picnic areas with limited parking and access off
Starcrest Drive.




CHARACTERISTICS:

FUNCTIONS:

ORGANIZATION:

APPROVED BY:

CHARTER MEMBERS:

,.,‘.-u.‘—v-y

s - et

MCALLISTER PARK ADVISORY COMMITTEE
SAN AMTONIO, TEXAS

CHARTER

The McAllister Park Advisory Committee shall be composed of
community and user group representatives who will meet at
schedulded intervals of thelr choosing to discuss matters
affecting McAllister Park. McAllister Park is a relatively
undisturbed ecosystem that exhibits outstanding geological,
floral and faunal features.

The committee shall submlt recommendatlions to and coordinate
its activities with the San Antonio Department of Parks and
Recreation and the Parks and Recreatlon Advisory Board. |In
turn, these organizations will cooperate with the committee
and consider it to be » focs! point for the promotion of
harmony and good pubiic relations with the community in the
Northeast and North Centra! sections of San Antonio.

Work with the San Antonio Paris Department in the development
and implementation of a Master Plan for McAllister Park.

Submit recommendations and take appropriate actions to protect
and preserve the Park plant and animal life and their life
support environment,

Encourage the private ball assoclations, civic clubs, etc, as
well as the commerclial sector to provide Park facilities.

Submit recommendaticns and take action tc maximize the re-
sources available and the recreational experience of the user,

Submit recommendations and take action to provide a uniform
distribution of recreational attractions.

Provide a community focal point for matters which may have an
impact on the Park or activities within the Park.

Perform any other functions which the committee deems appro-
priate to preserve the Park ecosystem and In promoting the
recreational facilities for the users.

The committee shall be composed of community volunteers and
civic organization representatives. Every effort should be
made to attain approximately 12 to 15 active working members
for effective decision making.

The commitiee shall elect a chairman at the first opportunity
in order that the activities of the committee may be conducted
in an orderly manner.

The committee may choose to meet once a month or as often as
necessary depending upon pertinent Issues, urgency factors and
the desire of members.
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(1) Large Scale Map located in the
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McAllister Park Proposed Master Land
Use Plan
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1.0 PROJECT DESCRIPTION

11  Project Authorization

In November of 1993, the City of San Antonio issued a request for Statements of Interest
and Qualifications for the performance of Drainage Master Plans for three watersheds.
The three watersheds include the Upper Olmos Creek Watershed, the Salado Creek
Watershed and the Leon Creek Watershed. The latter two watershed studies were
authorized to begin in the Spring of 1994 while the Upper Olmos Creek Watershed study
was authorized to begin with City Council action on June 23, 1994. The City of San
Antonio Public Works Department developed the project scope and objectives as
discussed below and guided the progress of the projects. This report details the completed
engineering services for the Upper Olmos Creek Watershed Drainage Master Plan project.

1.2 Purpose and Objectives

The Upper Olmos Creek Watershed Drainage Master Plan study was designed to provide
the City of San Antonio and its citizens with a comprehensive plan with which to manage
storm water runoff and minimize recurrent flooding of roads and structures. The limits of
the study include the Olmos Creek watershed and main channel from the intersection of
Loop 410 and West Avenue to a point upstream of Dreamland Road. From this point, the
study includes both West Oimos Creek and East Olmos Creek (also known as Elm Creek)
upstream to their limits in the watershed to the north of Anderson Loop 1604.
Approximately 11 miles of drainage ways are included in the study effort.

1.3  Scope of Services
The Scape of Services for the Upper Olmos Creek Watershed Drainage Master Plan is
divided into four engineering tasks. These are listed below along with a brief description

of each:

A. Preliminary Phase

The Preliminary Phase of the Scope of Services for the Olmos Creek project involved the
development of a watershed map illustrating the full limits of the watershed from Loop 410
at West Avenue to the headwaters north of Anderson Loop 1604. This Phase also
involved the collection of all previous drainage studies including submittals to FEMA, Corps
of Engineers studies, San Antonio River Authority studies, City and County studies, and
studies for development purposes or street projects. These studies were analyzed with
respect to their individual and collective contribution to the hydraulic and hydrologic
understanding of the watershed.

Rust Lichliter/Jameson 1-1




The Preliminary Phase also invalved extensive field reconnaissance and data collection
with regard to recurrent flooding locations, drainage problems, low water crossings and
watershed/subarea drainage boundaries. A photographic log of the significant hydraulic
features was prepared as part of the field work. In addition, several informal information
exchange meetings were held with citizens and other interested parties to discuss drainage
issues in the watershed. Section 2.0 of this report presents the details of the services
completed as part of the Preliminary Phase.

B. Design Phase

The Design Phase of the project involves all services relative to the development of the
recommended Master Drainage Plan for Upper Olmos Creek. Specifically, this phase
includes the development of hydrological models for the watershed based upon existing
conditions and future full development of the watershed using land use projections
provided by the City of San Antonio. The 10, 25, 50, 100 and 500 year flows for both
conditions of development were predicted for the watershed. In addition, hydraulic models
were developed for existing and future development conditions and analyzed to determine
the 10, 25, 50, 100 and 500 year flood plains for existing development and the 100 and
500 year flood plains for future development conditions. Areas were identified where
private property is inundated as a result of the 100 year rainfall event and a project was
designed to mitigate the flooding for both existing and future development conditions. The
Design Phase of the study is presented in Section 3.0.

C. Financial Plan

The Financial Plan portion of the Scope of Services for the Upper Olmos Creek Watershed
project involved the development of a financing plan to fully implement the recommended
Drainage Master Plan over a ten-year period, including a proposed funding source,
proforma and schedule. An implementation plan is included within the Financial Plan
presented in Section 4.0 of this report.

D. Development Criteria - Phase 1

As part of the Scope of Services for the Upper Olmos Creek Watershed Drainage Master
Plan, a specific task has been identified to research and define new development criteria
for the City of San Antonio which would address the drainage issues identified in the three
watershed studies. This task encompasses the entire City and is closely tied in to the work
being performed by the Drainage Regulation and Review Committee established by the
City Council and SAWS Water Quality Task Force. The City of San Antonio established

- this Committee to insure a venue for interagency discussion and cooperation and for

citizen input into the develecpment of the drainage criteria. This committee has also
reviewed the development of the three Drainage Master Plans and has had input into their
design.
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Phase 1 of the Development Criteria task is covered under this contract and is presented
under separate cover in Appendix C. Phase 2 is projected to be performed under an
Additional Services contract in 1996. The portions covered under this contract include a
determination of San Antonio's goals for managing stormwater drainage as well as a
comprehensive survey of ten other large cities with respect to drainagefstormwater
management practices. The task also includes the identification of specific options for the
City of San Antonio to implement in order to effectively manage stormwater drainage in
both flood-prone and environmentally sensitive areas. Phase 2 of the Development
Criteria task will involve the development of actual methods to implement the proposed
criteria, including development of City ordinances and other political avenues.
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2.0 PRELIMINARY PHASE

2.1 Introduction and Background

The City of San Antonio is located in Bexar County in south central Texas as shown on the
Location Map in Exhibit 2-1. The City is one of the most rapidly growing urban centers in
the State and is also the home to unique ecological, hydrologic and environmental
features. This combination of urban growth and environmental sensitivity comes into
potential conflict when addressing drainage issues in the City and provides the basis for
the urgent need for comprehensive Drainage Master Plans for the City's watersheds and
new Drainage Criteria to guide future growth.

The Olmos Creek Watershed is located in the north central part of the City of San Antonio
and originates in the area between Leon Creek on the west and Salado Creek on the east
in the southern edge of the Edwards Plateau. The stream flows in a southeasterly
direction to its confluence with the San Antonio River near the fault zone in Brackenridge
Park. The creek traverses the geological regions of the Edwards Plateau, the Balcones
Escarpment, the Blacklands and the Rio Grande (Gulf Coastal) Plains® and ranges in
elevation from 1180 feet NGVD to about 670 feet NGVD'. A large portion of the upper
watershed is located in the recharge zone for the Edwards Aquifer as shown on Exhibit 2-2
and therefore requires special drainage considerations. Olmos Dam is located less than
a mile upstream from the creek's confluence with the San Antonio River and was
constructed to control flocd flows in Olmos Creek. The limits of the study presented herein
are confined to the upper reaches of the watershed north of the intersection of Loop 410
with West Avenue as shown in the highlighted area on Exhibit 2-2.

The study area north of Loop [H 410 addressed by this report and shown on Exhibit 2-2
encompasses about 16.6 square miles. The two main tributaries, West Olmos Creek and
East Olmos Creek (EIm Creek), are included in the study and have drainage areas of 5.3

- square miles and 7.8 square miles, respectively. Most of the study watershed is located

within the corporate limits of the City of San Antonio, although a small portion to the north
is in unincorporated Bexar County. Portions of the watershed are also located within the
corporate limits of the Cities of Castle Hills and Shavano Park. The majority of the

‘watershed is developed, with most of the growth occurring since about 1965.

2.2 Historical Hydrologic Data

The location of the City of San Antonio in south central Texas places it in a modified
subtropical climatic zone in the Gulf Coast Region of the United States. The City has an
average annual rainfall of 30.98 inches® and a prevailing south wind. Thunderstorms with
characteristic brief, intense rainfall periods occur frequently in the spring and summer,
while long-duration low-intensity storms resulting from southward moving cold fronts occur
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during the fall and winter. Historically, some of the heaviest rainfall has occurred in late
summer and early fall as a result of hurricanes moving inland from the Gulf of Mexico?.

The National Weather Service (NWS) operates a recording rain gage at the airport, which
is approximately 3 miles east of Olmos Creek at Loop 410. No other NWS rain gages are
located in or near the Oimos Creek Watershed. The City of San Antonio operates several
rain gages in the areas as does the U.S. Geological Survey (U.S.G.S.). The locations of
the gages located in or near the watershed are shown on Exhibit 2-3.

The U.S. Army Corps of Engineers prepared a report in 1972 which summarized flooding
events in the Olmos Creek watershed prior to that year'. According to the historical
sources referenced in this report, large floods were observed and recorded in the Olmos
Creek watershed in 1893, 1921, and twice in 1946. From data collected on other
watersheds, the report concluded that flooding probably also occurred in 1819, 1865, 1880,
1899, and twice in 1913, 1935 and 1957. The largest flood event this century was
probably the one that occurred on September 9-10, 1921. A tropical storm moved inland
from the Gulf of Mexico and produced rainfall ranging from 17 inches in the upper
watershed to about 11 inches near San Pedro Avenue. This flood is reported 1o have been
about six feet higher at Blance Road than the 1946 flood discussed below. The City of San
Antonio reported 49 persons killed in the flood with an additional 14 missing.

Other major flood events occurred on September 26-27, 1946 and November 10, 1946.
The most devastating of these was the September flood, which resulted from a cold front
stalling over the City, colliding with warm air from the Gulf, and producing rainfall of 10
inches at Olmos Dam and six inches in upper reaches of the watershed. Ten persons
were reported dead in San Antonio as a result of this flood™.

The United States Geological Survey installed a water-stage recorder on Olmos Creek at
Dresden Drive in June of 1968. The maximum flood stage in the first two decades
foliowing the installation of the gage was 14.82 feet on September 13, 1978 (observed
from floodmarks). This compares to an estimated stage of 8.5 feet at the location of the
gage for the 1946 flood event’. The 1978 flood resulted from 3.5 inches of rain occurring
in 3 hours and caused severe flooding in low lying areas throughout the watershed. Not
until April 4-5, 1991 did severe weather again produce short periods of intense rainfall
which resulted in major flooding in the watershed. A rainfall map of this storm prepared
by Mr. John Patton of the National Weather Service River Forecast Center is replicated as
Exhibit 2-3. A maximum rainfall of 10 inches was concentrated in the Upper Olmos Creek
Watershed. Of the City's area network, gage 2201 (located at Vance Jackson and
Wurzbach) recorded the rainfall at the 6.2 inch isohyetal line. A plot of the accumulated
rainfall is presented as Exhibit 2-4. The estimated peak of 19,700 cubic feet per second
at the U.S.G.S. gage on Olmos Creek at Dresden Drive produced the maximum discharge
for the period of record. A stage of 14.4 feet was interpreted from floodmarks.* Severe
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flooding occurred along most of the length of Upper Olmos Creek and numerous areas of
localized flooding outside of the flood plain were also reported.

On May 5 of 1993, a severe thunderstorm produced 4.5 inches of rain in 4 hours across
the Olmos Creek watershed and again caused widespread flooding. The peak at the
Dresden Drive gage was recorded at 13,860 cubic feet per second with a stage of 12.30
feet.® This flood and the 1991 flood both exceeded the 100 year recurrence frequency
design flood estimated by the Federal Emergency Management Agent (FEMA) FEMA
predicts a 100-year stage of 9.3 feet at Dresden Drive.®

Using NWS, U.S.G.S. and the City of San Antonio rainfall data compared to the U.S.G.S.
flow data at Dresden Drive, an evaluation was made to reiate the peak discharges to the
maximum one-, two- and three-hour rainfall depths. Based on a comparison of the
relationships, the two- and three-hour rainfall depths result in the best correlation to peak
discharge in Olmos Creek. The three-hour rainfall vs. peak discharge at Dresden Drive
relationship is shown as Exhibit 2-5. The scatter of data points may be attributable to
antecedent soil moisture, distribution of the rainfall across the watershed, impact of runoff
losses within the Edwards Aquifer recharge zone, or other hydrologic factors which have
not been accounted for in this investigation.

2.3 Hydraulic Problems and Concerns

The flooding potential of Olmos Creek and its tributaries has been recognized for many
years. Although structural damages from major flooding on Upper Olmos Creek, West
Olmos Creek and East Olmos Creek were rare prior o the 1960's due to sparse .
development in the upper watershed, deaths from fioods did occur in the area and
economical hardships from flooded homes and properties were not uncommon. Since the
advent of large residential developments in the upper watershed in the past thirty years,
the damages from flooding have become more severe and the loss of life more dramatic.
Concerned citizens have become more outspoken as their own and their neighbors'
properties have been repeatedly flooded since 1990.

The recent flooding in the Clmos Creek Watershed has been concentrated in several
critical residential areas: (1) Homes in the low areas near George Road and Lockhill
Selma Road on East Olmos Creek and near Orsinger Road on West Olmos Creek, (2)
Whispering Oaks Subdivision downstream of Wurzbach Road, and (3) Dreamland Oaks
Subdivision downstream of Dreamland Drive. Reports of near-flooding have also indicated
possible problems along the lengths of both forks. In addition, flood waters at the low
water crossings in the watershed cause dangerous road conditions, including impaired
vehicuiar and emergency access and occasional loss of life. The low water crossings on
Upper Olmos Creek and both East and West Olmos Creeks are listed on Table 2-1.
During severe storm events (and, in some cases, even minor storm events) these
crossings become inundated with flows from the creeks. Photographs were taken at each
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observed hydraulic feature (i.e. bridges, low water crossings, etc. ) and are presented as
Exhibits 2-6 thru 2-16. Table 2-2 lists recent low water crossing rescues reported by the
City of San Antonio Fire Department.' Reports of deaths or near-drownings at these
crossings are not uncommaon.

TABLE 2-1
LOW WATER CROSSINGS ON UPPER OLMOS CREEK MAIN CHANNELS

Roadway Channel
Dreamland Drive Olmos Creek
Lockhill Selma Road East Olmos Creek
George Road East Olmos Creek
Orsinger Road West Olmos Creek
Sleepy Hollow West Olmos Creek

Additional crossings which are overtopped during severe flood events:

Bridge/Roadway Channel
Loop 410 Frontage Roads Olmaos Creek
West Avenue Olmos Creek
Five-Southern Pacific Railroad Bridges West Olmos Creek
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TABLE 2-2

HIGH WATER RESCUES FROM JANUARY 1992 TO JULY 1994

Date Location
01/26/92 Lockhill Selma / Wurzbach Road
01/26/92 Military Drive NW / George Road
02/04/92 Dreamland Drive / Vance Jackson
03/03/92 Dreamland Drive / Vance Jackson
03/03/92 George Road / Lockhill Selma
03/04/92 Garden View Drive / Lockhill Selma
03/04/92 Dreamland Drive / Vance Jackson
03/29/92 George Road / Lockhill Selma
03/29/92 North 410 Loop / West Avenue
03/29/92 North 410 Loop / West Avenue
05/16/92 | Cherry Ridge / West Avenue
05/20/92 Lockhilt Selma / Wurzbach Road
05/20/92 Cherry Ridge / Vance Jackson
05/21/93 Dreamland Drive / Lockhill Selma
05/05/93 North 410 Loop / West Avenue
05/05/93 Jackson Keller f West Avenue
05/05/93 George Road / Lockhill Selma
05/05/93 Janet Lee Street / Mary Knoll Lane
05/05/93 200 Quill Drive
05/05/93 Lockhill Selma / Wurzbach Road
05/05/93 North 410 Loop / West Avenue
05/06/93 North 410 Loop / West Avenue
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Flooding conditions in the last few years have led tc an increased awareness of the
potentially threatening hydraulic characteristics of the drainage system by the City of San
Antonio and other government agencies. The following paragraphs describe the entities
which have addressed the flooding situation on Olmos Creek either directly or indirectly:

A. City of San Antonio

Most of the severe flooding which has been observed along Olmos Creek north of Loop
410 has been limited to properties within or very near the regulatory 100-year flood plain
boundary as shown on the Federal Emergency Management Agency Flood insurance Rate
Maps. In the early develecpment of the watershed, the attraction for building homes near
to the natural creek bed in the desirable wooded flood plain outweighed the potential
flooding risks. Flood plains were not well understood or identified until the advent of the
National Flood Insurance Act of 1968 and the Flood Disaster Protection Act of 1973.
Although the City of San Antonio is a participant in the National Flood Insurance Program,
many homes subjected to flooding along Olmos Creek were built prior to the publication
of the Flood Insurance Rate Maps for San Antonio in 1983 and their owners are therefore
unaware of or are not required to buy National Flood Insurance. As a result, most of the
homes flooded in the recent 1991 and 1993 storm events were not insured for their
damages. This increased economical strain, when combined with the emotional stress of
potentially life-threatening flooding in neighborhoods and along rcadways, catalyzed the
residents and the political representatives of the areas in and around Upper Olmos Creek
to request a review of the drainage problems in the area and the development of a
drainage improvement plan to address the potential for future flooding.

The City of San Antonio became a participant in the National Flood Insurance Program in
the early 1980's. Maps were produced by the Federal Emergency Management Agency

- which showed flood prone areas along major streams and tributaries and which were used

to set flood insurance rates. The most recent maps were published in 1992 and show the
regulatory flood plains for the 100 year and 500 year flood events for all areas, both
incorporated cities and unincorporated areas, within Bexar County. The report which
accompanies the maps is titled “Flood Insurance Study: City of San Antonio, Texas" and
includes flow data and water surface profiles for Oimos Creek.> The limitations of the
accuracy of these maps is discussed later in this report (Section 3.0).

In June of 1993 the Public Works Department of the City of San Antonio produced a
"Drainage Assessment of Upper Olmos Creek" which identified critical elements of the
Olmos Creek watershed with respect to potential flooding.” Ten channel improvement
projects were described which, when totally constructed, would mitigate structural flooding
from the 100 year design storm aleng Olmos Creek from San Pedro Avenue to upstream
of Loop 1604. Two of these projects have either been completed or are in the advanced
planning process. The first is referenced as the Olmos Creek Drainage Project Number
87-88 and was completed in 1984 by the City of San Antonio. The project extends from
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just downstream of San Pedro Avenue to upstream of Jackson Keller Road and consists
of a combination of a fully lined concrete channel and an earthen channel with partial
concrete lining and a pilot channel. This project was designed to contain the 100 year
frequency design runoff within the banks of the channel through a heavily developed area
of the City.

The second project referred to in the Drainage Assessment is a channel improvement
project planned by the Texas Department of Transportation from Jackson Keller to a point
upstream of West Avenue. The project is designed to improve flooding conditions at the
Loop 410 frontage roads and West Avenue intersection and is in the last stages of
planning.

The remaining eight projects described in the Drainage Assessment are possible channel
improvement projects which would serve to increase the hydraulic capacity of Olmos
Creek, West Olmos Creek and East Olmos Creek and alleviate flooding .conditions in
critical reaches of the streams. Most of the projects involve extensive channel excavation
and the replacement of low-water road crossings with all-weather bridge crossings. Two
of the projects involve detention/retention storage of flood waters in excavated areas
adjacent to the channel. The projects would provide protection from the 100 year design
flood along the entire length of Olmos Creek, but would disrupt the existing natural channel
from the limits of the Olmos Creek Drainage Project Number 87-88 at Jackson Keller Road
to George Road on East OImos Creek. The extensiveness of the channel improvement
projects described in the report is not widely accepted by the residential community in the
watershed due to this disruption.

The City of San Antonio is currently pursuing an alternative to channel improvements which
involves the diversion of flows from West Olmos Creek into the Vulcan Materials Company
quarry upstream of Huebner Road. [n the plan being considered by the City, the City and
other governmental entities would pay Vulcan Materials Company to relocate their
operations to another quarry site. In return, Vulcan would transfer ownership of the
majority of the Huebner road site to the City for use as a regional retention facility. Vulcan
would remove all surface improvements (i.e. buildings, parking lots, roadways, etc.) from
the site, dredge the channel of West Olmos Creek adjacent to the site to remove a buildup
of sediments and return it to its original capacity, and excavate a diversion channel from
the creek to the quarry excavated pits. The plans for this detention alternative will be
discussed in more detail in the Design Phase of this study.

B. City of Shavano Park

The City of Shavano Park is located in the northeast portion of the Olmos Creek watershed
and extends into the Salado Creek watershed to the east. The City is composed entirely
of residential developments, including both average-sized and estate-sized residential lots.
Flooding occurs within the flood plain of Olmos Creek in the City and also within the flood
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plain of a tributary, Turkey Creek. Localized flooding also occurs in poorly drained areas
developed prior to the City's participation in the National Flood Insurance Program in the
early 1980's. No drainage easements were provided in the early planning of the City and,
as a result, the natural drainage in some areas causes structural flooding. In addition,
drainage swales have been altered by development or blocked by privacy fences causing
repetitive flooding in isolated areas. The City commissioned a drainage study in 1993
which identified existing flooding problems and created a Master Drainage Plan to guide
mitigation projects to relieve flooding.® Funding is not currently available for the City of
Shavano Park to construct most of the identified projects.

C. City of Castle Hills

The City of Castle Hills is located in the south and southeast portions of the watershed and
extends outside of the watershed te the east. Major flooding occurs along Olmos Creek
within the Castle Hills city limits just upstream of Loop 410. This flooding is caused by a
bottleneck of the flood plain through Loop 410 and West Avenue as well as the constriction
on flows caused by the Southern Pacific Railroad just upstream of this intersection. In
addition, localized flooding of structures occurs at isolated locations in the City and along
tributary channels due to inadequate drainage structures. In 1983 the City commissioned
a drainage study which identified flooding problems in the City and recommended
improvements to mitigate this flooding.®* The hydraulic calculations in the report were
updated in 1991 in order to model the existing flood plain using the HEC-2 program and
to predict the impact on the water surface profiles from proposed channel improvement
projects. Projects will be completed by the City of Castle Hills as right-of-way and funding
are obtained.

D. Other Governmental Agencies

Several other agencies have indirectly been concerned with drainage on Olmos Creek due
to involvement in adjacent watersheds or water quality issues. The San Antonio River
Authority is a political subdivision of the State of Texas which mainly targets the
development of rural watershed protection and flood prevention projects within six
watersheds in the San Antonio River basin. The SARA worked with the U.S. Army Corps
of Engineers, the City of San Antonio and Bexar County to develop the San Antonio
Channel Improvement Project. This project, to be completed in 1995, involved drainage
improvements designed to provide the City of San Antonio with improved drainage and
prevent severe flooding. The scope of these improvements does not extend to the Upper
Olmos Creek watershed, however.

Another entity concerned with drainage on Olmos Creek as it relates to stormwater
management is the San Antonic Water System (SAWS). This agency is heavily involved
with issues related to implementation of the National Pollution Discharge and Elimination
System (NPDES) requirements for the development of comprehensive stormwater
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management programs for the City of San Antonio. In addition, SAWS is concerned with
water supply and, therefore, recharge of the Edwards Aquifer. The agency published "The
Edwards Aquifer: San Antonio Mandates for Water Quality Protection" in 1994 which
summarizes regulatory requirements, organizational programming and potential activities
involving the Edwards Aquifer and its recharge zone, including those areas located within
the Upper Olmos Creek basin.™

E. Subdivisions

Approximately 17 residential subdivisions are located adjacent to the main channel of
Olmos Creek, West Olmos Creek or East Olmos Creek. These are listed on Table 2-3.
As many of these subdivisions were developed, drainage studies were submitted to the
City of San Antonio for review prior to plan approval. An examination of the files at the City
of San Antonio Drainage Department showed that most of these studies contained limited
hand calculations or abbreviated hydraulic computer model output files with little or no
explanation in text form. These studies are of littie value in the development of watershed:
hydrologic and hydraulic models for Upper Olmos Creek.

Residents of the Elm Creek subdivision at the northwest corner of Wurzbach Road and
Lockhill-Selma Road have met with the Public Works Department of the City of San
Antonio and expressed their concern over localized flooding across Lockhill-Selma Road
and in reaches of East Olmos Creek (EIm Creek) downstream of Wurzbach Road. While
the residents are concerned with flooding problems, they are also protective of the natural
beauty of the Creek through their subdivision and are reluctant to endorse possible plans
to either create excavated detention in the area or construct channel improvements
upstream of Wurzbach Road. The engineering consultants and the Public Works
Department have met with the residents' representatives, walked the channel and flood
plain within the subdivision boundaries and recorded the natural features for consideration
in the Design Phase of the Master Plan.

In addition, the Northside Neighborhoods for Qrganized Development (NNOD) has been -
involved in recognizing flooding problems in the area and in working with the City and other
agencies to address critical concerns of the residents. NNOD hosted a public meeting on
April 10, 1995 to review the progress of the study and will host future meetings to discuss
the Master Drainage Plan for Upper Olmos Creek.
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TABLE 2-3

RESIDENTIAL SUBDIVISIONS ADJACENT TO UPPER OLMOS CREEK

MAIN CHANNELS

Subdivision

Adjacent to

Access Road

Colonial Qaks

Olmos Creek

Vance Jackson

Kings Grant Forest

Olmos Creek

Vance Jackson

Colonies North

West Olmos Creek

Vance Jackson

Colonies Village

West Olmos Creek

Vance Jackson

Mission Trace West Olmos Creek Vance Jackson
Wocedland Manor Wést Olmos Creek Vance Jackson
Village Green West Olmos Creek DeZavala
University Oaks West Clmos Creek DeZavala

The Woods of Shavano West and East Olmos Creek | DeZavala \ N.W. Military
Park Forest West Olmos Creek Lockhill Selma
Elm Creek West and East Olmos Creek | Wurzbach |
Whispering Oaks West and East Olmos Creek | Wurzbach
Dreamland Oaks Olmos Creek Lockhill Selma
Hunter Creek East Olmos Creek Lockhill Selma
Castle Hills Forest East Olmos Creek N.W. Military
Shavano Creek East Olmos Creek N.W. Military
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