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SECTION 1. INTRODUCTION

This Stormwater Design Manual (SWDM) is an official document authorized by the City of EI Paso who
adopt this regulation. Under the authority of the City Engineer, they may revise and/or approve design
plans and construction related to the SWDM provisions in their respective areas described in these
regulations. Both entities are committed to successfully implementing and achieving the goals of this
SWDM for the benefit of the citizens of El Paso relative to Storm Water Management.

Adopted on , 2022.

Approved By:

l1|Page
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SECTION 2. DESIGN CRITERIA

It is the policy of the City of El Paso and its municipalities, to design drainage structures to meet
certain minimum standards. In general, drainage structures are designed to safely pass a flood flow,
the magnitude of which is commensurate with a level of public safety and economic risk. This
document establishes minimum standards in terms of design frequency floods and their effect on a
drainage facility. Design frequency floods shall be estimated using the procedures described in
subsequent chapters of this SWDM.

Drainage structures must aso be designed to meet all applicable laws including those concerning:
» Alterations of floodplains established in flood insurance studies.

Congtruction in flood hazard areas.

Encroachments or effects on the waters of the United States.
Water pollution control, including sediment control.
Protection of fish and wildlife.

Protection of neighboring property owners.

vV V V V V V¥V

Prevention of adverse social and economic impacts.
» Protection of historic properties and archaeological sites.

Designers shall use the flood magnitudes, as presented in Table 2- 1, unless otherwise directed in
writing by the City Engineer. Maximum water surface limits shown in this table shall be observed.
Hydrologic and Hydraulic analysis of drainage structures shall be performed using the methods
identified in the subsequent chapters of this SWDM. Engineer of Record or a Professional Engineer
shall verify that improvements are constructed in accordance to approved development plans.
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Table 2- 1: Hydrologic Design Criteria

One lane high and dry (on roadways of four lanes or

Street§ _ 50-year more)
E':A(\)ﬁgclt?)lr) and  Mgor 100-year Within curb height (maximum curb h=1%2" below
top of curb and 50 cfs max)
50-year One lane high and dry
Streets (Local Streets) Within curb height (maximum curb h= 1%2" below
100-year
top of curb and 50 cfs max)
Storm Drain System 100-year Limit HGL 1 ft. below finished grade
Contains Water Surface Elevation (WSEL) plus 1 ft
Channels 100-year of freeboard required
Limit headwater (HW) to top of Headwall. Ratio of
Culverts 100-year headwater depth to culvert rise shall not exceed 1.5.
20 % Clogging factor shall be used
Bridges 100-year WSEL plus 2-foot freeboard below the low chord
500-year Withstand the structural forces

Contain 100% of the runoff volume with 1 foot of
freeboard and sedimentation calculations. Apply a
sediment bulking factor of 18% for open space and
100-year-24 6% for urbanized areas with paved roads and curb
and gutter. A 30% safety factor shall be added to
computed inflow volumeto account for back-to-back
storms

Basins to be designed utilizing good engineering
practices and accepted methods (HEC-HMYS)
whereby 100% of the runoff volume to be properly
managed using channels and basins. Detention basin
shall have 1-foot free board from peak storage
elevation to spillway weir. Apply a sediment bulking
factor of 18% for open space and 6% for urbanized
areas with paved roads and curb and gutter.

Retention Basins
(no outlet)

Detention Basins 100-year-24

Note:

1. For Arterial and Mg or Collector streets, if street has no median onelaneis equal to 4 feet on either
side of the crown of the road, 8 feet total. For street with a median, one lane 8 feet wide on both
sides of the median.

For local streets one laneis equal to 4 feet on either side of the crown of the road, 8 feet total.
All inlets shall include 50% factor for clogging.

Maximum allowed runoff velocity on surface of HMAC streetsis six (6) feet per second
Place inlets prior to horizontal curves in roadways

Bypass shall not exceed one (1) cfs

3|Page
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Genera Design Notes:

1.

Developers are responsible for the developed runoff generated by proposed devel opment.
If the watershed has no positive outfall, the historic and developed flows shall be retained
within the property.

A positive outfall is defined as existing flows conveyed to a watershed outlet without
negative impact.

3. Historic runoff is defined as when the land was initially undevel oped.

4. Theduration for al design frequency floods is 24-hours and 3 hours for conveyance.

5. Drainage structures must be sized so that the 100-year floodplain is not made worse on

adjacent properties.

6. Structure sizes shall account for sediment bulking of the flow within the design.

10.

11.

12.

13.

14.

15.

In no case shal a culvert size be less than 24" circular pipe culvert or its equivalent
hydraulic capacity.

In no case shall storm drainpipe size be less than 24” circular pipe for main lines and 18"
for laterals.

All storm water storage shall drain within 72 hours through infiltration, gravity outlet, or
mechanical means. If infiltration isused, a geotechnical report, performed and sealed by a
licensed geotechnical engineer, must be presented indicating these conditions can be met.

For projects location within 1 mile of an irrigation or drainage canal, a percolation test
should be performed during irrigation season and non-irrigation season. A minimum 3
months apart per basin.

Design of al storm drainage pipes shall show plan and profile views, as well as all
structures used to convey water (longer than 10 feet), which includes but is not limited to;
swales, trench drains, aleys, roadways, flow channels, etc...

Discharge into basins shall utilize storm drainpipes. Flumes are prohibited to discharge
directly into retention/detention basins.

Flumes entering a roadway must come in at a 45-degree angle in the direction of positive
flow. Flow shall have a maximum velocity of six (6) feet per second with a maximum
discharge of two (2) cubic feet per second.

Onsite ponding is alowed for new private residential subdivisions with a minimum of %2
acre per lot.

The minimum cover for drainage pipes shall be 3-feet from finish grade. Pipeswith less
cover shall require a concrete cap or be Class IV or V RCP. See Stormwater
Construction details.

4|Page
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16. Basin boring testsare to be measured 15 feet below the invert of proposed basin. Infiltration
is based on the Pl which shall not exceed more than 8.

17. Basin ramps are to be at 12% maximum for all basins.

18. The lowest elevation of a basin cannot be less than 2 feet above the highest elevation of
the ground water table.

19. The finished surface of a basin access ramp maintenance road are to be constructed with
minimum 6” compacted base materia as per ASTM D1557 at 95%.

20. The finish surface of the maintenance road at the perimeter of a basin shall have afinish
course of 6” compacted base material compacted at 95% ASTM D1557.

SECTION 3. HYDROLOGY

Hydrology is the process of quantifying storm water runoff discharge and volume for a specified
drainage basin at a chosen concentration point. Hydrology isameans to define flood-prone areas,
historical conditions, and post-developed conditions. Concentration points are located at outfall
locations (lowest point of the basin) within storm drain systems, culverts, and detention ponds.
Runoff is collected in waterways and conveyed to concentration points via arroyos, streams, pipe
systems, channels, and streets with curbs and gutters.

Natural drainage basins are defined by existing ridgelines and can be delineated from published
topographic maps, such as United States Geological Survey (USGS) topographic maps,
topographic surveys, or available Digital Terrain Models (DTMs). For developed lands, drainage
basins are defined by high and low point grade breaks and are depicted by on site specific
topographic surveys.

3.1 METHODOLOGY SELECTION

The hydrology methodology used is chosen in accordance with Figure 3-1 and is based on the
drainage area and characteristics of the watershed.

5|Page
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Urban Conditions

Drainage Area
between 200 Acres &
5 Square Miles

Drainage Area less
than 200 Acres

Drainage Area Greater
than 200 Acres

Unit Hydrograph Unit Hydrograph

Rational Method Méethod Method

Figure 3- 1: Urban Conditions

The Rational Method formula:
Equation 3- 1: The Rational Method
Q=C*I*A
Q = Flow (cfs)
C = Runoff Coefficient (unitless)
| = Rainfall Intensity (based on Time of Concentration)
A = Drainage Area (acres)
Runoff Volume is calculated using:
Equation 3- 2: Runoff Volume
V = (A*R*C)/12
V = Runoff Volume (acre-feet)
A = Drainage Area (acres)
R = Rainfall Depth (inches)
C = Runoff Coefficient (unitless)

Note that any pond sizing using the Rational Method will still require reservoir routing results to
demonstrate adequate volume capacity, non-jurisdictional status, and freeboard criteria.

6|Page
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Table 3- 1: Option 1: Atlas 14 Depth-Duration-Frequency Curves

Return

Total Rainfall Depth (inches) by Duration

Frequency

(years) 5-min  10-min 15-min  30-min &60-min 2-hr 3-hr 6-hr 24-hr
0.237 0.394 0.455 0.568 0.682 0.791 0.855 0.965 1.07 1.18
0.308 0.513 0.592 0.739 0.BR7 1.02 111 1.25 1.38 1.54
0.417 0.695 0.803 1.00 1.20 1.39 1.49 1.68 1.86 2.07
0.514 0.856 0.589 1.24 1.48 1.70 1.83 2.06 2.29 2.56
0.653 1.09 1.26 1.57 1.B8 2.16 2.32 2.61 2.92 3.29
0.766 1.28 1.48 1.84 2.21 2.53 271 3.06 3.44 3.80
0.888 1.48 171 2.14 2.56 2.93 3.14 3.54 4.02 4,58
1.02 1.69 1.97 2.46 2,95 3.37 3.62 4.09 4.67 5.36
121 1.98 2.34 2.93 3.49 4.01 4.30 4.88 5.62 6.50
1.37 2.20 2.64 331 3.84 4.53 4.86 5.53 6.41 7.46

HEEEEEERNE

Table 3- 2: Curvilinear interpolation of Short Duration intensity, based on Atlas 14 values

Rainfall intensity (inches/hour) by Return Period

Duration
1-year 2-year 5-year 10-year 25-year 50-year 100-year 200-year 500-year 1000-year
S5-min 2.84 3.70 5.00 6.17 71.84 9.19 10.66 12.24 14.52 16.44
6-min 2.77 3.60 4.87 6.00 7.63 895 10.37 11.87 13.99 15.70
7-min 2.68 3.49 4.73 5.83 7.41 8.70 10.07 11.50 13.49 15.05
8-min 2.59 3.37 4.56 5.62 7.15 8.40 9.72 11.08 12.98 14.42
S-min 2.48 3.23 4.38 5.39 6.86 8.06 9.32 10.63 12.44 13.81
10-min 2.36 3.08 4.17 5.14 6.54 7.68 8.88 10.14 11.88 13.20
11-min 2.24 2.92 3.96 4.87 6.20 7.29 B8.42 9.63 11.32 12.61
12-min 2.12 2.76 3.75 4.61 5.88 £.90 7.97 9.14 10.77 12.04
13-min 2.01 2,62 3.55 4.37 5.57 £.54 71.56 8.68 10.26 11.51
14-min 191 2.45 3.37 4.15 5.29 6.21 7.18 8.26 9.79 11.01
15-min 1.82 237 izl 3.96 5.04 5.92 6.84 7.88 9.36 10.56
16-min 1.74 2.26 3.07 3.78 4,82 5.66 6.54 7.54 8.98 10.14
17-min 1.67 2.17 195 3.63 4.62 543 6.28 7.24 8.63 9.76
1B-min 161 2.09 283 3.50 4.45 5.22 6.04 6.97 8.31 9.41
19-min 155 2.01 2.73 3.37 4.29 5.03 5.82 6.72 8.02 9.08
20-min 1.50 1.95 164 3.26 4.14 4.86 5.63 6.49 1.75 8.78
21-min 1.45 1.88 2.55 3.15 4.01 4.70 5.45 6.28 7.50 8.49
22-min 1.40 1.83 2.47 3.06 3.88 4.55 5.28 6.09 7.27 8.23
23-min 1.36 1.77 2.40 2.97 3.57 4.42 5.13 5.91 7.05 7.58
24-min 1.32 1.72 2133 2.89 3.66 4.29 4.98 5.74 6.85 7.75
25-min 1.29 1.67 2.27 2.81 3.56 4.17 4.85 5.58 B.66 7.53
26-min 1.25 1.63 2.21 2.74 3.47 4.06 4.72 5.43 6.48 7.33
27-min 1.22 1.59 2.15 2.67 3.38 3.96 4.60 5.29 6.31 7.14
28-min 1.19 1.55 2.10 2.60 3.29 3.86 4.49 5.16 6.15 6.96
29-min 1.16 1.51 2.05 2.54 3.22 3.77 4.38 5.04 6.00 6.78
30-min 1.14 1.48 2.00 2.48 3.14 3.68 4.28 4.92 5.86 6.62
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3.2 TIME OF CONCENTRATION

The minimum recommended Time of Concentration is 10 minutes. For calculations with a Time
of Concentration over 10 minutes see Table 3-3.

3.2.1 Timeof Concentration in minutes
Time of Concentration is computed using several methods depending on the type of water way.
Please refer to Table 3- 3. The minimum recommended Time of Concentration is 10 minutes.

Table 3- 3: Time of Concentration

Type of Water Way Time of Concentration Method

Shallow Concentrated Flow: Arroyos

Kirpich F I
(USGS Blue Steam) Irpich Formula

Unconcentrated Flow

(Commonly areas upstream [approximately 500 fee] | UPland Method utilizing Velocity

of USGS Blue Stream and sheet flow) Charts
Concentrated flows Upland Method utilizing Mannings
(Commonly channels and streets) Equation for Velocity Computation

3.2.1.1 Kirpich Formula

The Kirpich Formula is used generaly for waterways defined in USGS topographic maps as
perennial, intermittent, and disappearing streams. USGS topographic maps show these streams as
blue or light blue continuous lines. The formulais shown below:

Equation 3- 3: Time of Concentration — Kirpich Formula

Te=0.0078 L]

50.385

T.= Time for drainage to arrive at the concentration point from the uppermost
reach of the basin, in minutes.

L = The longest length for drainage to arrive at the concentration point from the
uppermost reach of the basin, in feet.

S = Average dope of the waterway gradient, in foot per foot.
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For overland flow on concrete or asphalt surfaces, the Time of Concentration developed using
the Kirpich Formula can be used if it is multiplied by a factor of 0.4. For concrete channels,
multiply by afactor of 0.2. No adjustment isneeded for flows over bare soil or in roadside ditches.

3.2.1.2 Upland Method

The Upland Method is used for waterways of unconcentrated flows, commonly known as sheet
flow. These flows are generaly considered a mode of drainage prior to becoming concentrated
in waterways such as an arroyo or stream. The maximum flow length is 500 feet. Common
land covers for Upland Method are meadows, falow cultivation, short grass pasture, bare
ground, and paved areas. Figure 3- 2 relates the gradient slope of the waterway and type of
cover to obtain velocity. The general Time of Concentration equation is as follows:

Equation 3- 4: Time of Concentration — Upland Method
L
V(60)

C

T.=Time of drainageto arrive at the concentration point from the uppermost reach
of the basin, in minutes.

L = The longest length for drainage to arrive at the concentration point from the
uppermost reach of the basin, in feet.

V = Average velocity of the waterway gradient, in feet/second obtained from
Figure 3- 2 (based on Figure 15-2, National Engineering Handbook Section 4).
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Figure 3- 2: Average Velocity

An dternate way to compute the velocity component of the Upland Method is to apply
Mannings formula. This equation relates the longitudinal slope of the section, wetted
perimeter, and roughness coefficient for velocity.
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Equation 3- 5: Mannings Equation Average Velocity
2 1
V = 1.486 RE SE
n
V = Average velocity for section for the entire drainage waterway, in feet per
second.

R = Hydraulic radius = Flow Areadivided by Wetted Perimeter, in square foot per
foot.

S = Average dope of the waterway gradient, in foot per foot.

Use the following procedure for estimating Time of Concentration:
1. Divide the flow path into reach lengths aong which flow conditions remain reasonably
consistent. Characterize the runoff along a travel path as either overland (or sheet) flow,
shallow concentrated flow, or concentrated channel.

2. For each identified reach length, estimate the travel time using the method that is
appropriate for the flow conditions.

3. Determine the total time by adding the individual travel times together to determine the
total time.

4. Select the path that results in the longest time. The recommended minimum Time of
Concentration is 10 minutes.

3.3 RUNOFF COEFFICIENT

The El Paso areais unique in its mix of natural, urban, and rural landscapes, creating avast array
of surface roughnessthat rainfall must saturate before drainage collection begins. Below, in Table
3-4, are tabulated “C” coefficients related to the different surface land uses. The coefficient isa
function of both land cover and land use.
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Table 3- 4: Rational Method Coefficient (C)

Single Family Residential 0.85
Multi-Family Apartment 0.94
Genera Commercial 0.95
Genera Transportation 0.95
Pavement and Rooftops 0.95
Gravel Vehicular Travel Lanes & Shoulders 0.88
Golf Courses & Cemeteries 0.31
Genera Open Space (Includes mountain preserves, 0.50
washes, mountain terrain, and high topographic relief) ’

Parks 0.50
Desert and Agriculture Flat 0.33

Landscaping with or without Impervious Under Treatment | 0.95

Note: The engineer may submit a “weighted” average coefficient on a case-by-case basis
subject to the approval of the City Engineer.

For a watershed comprising more than one characteristic, the composite C value is a weighted
average dependent upon individual area segments. The composite C value is calculated by the
following equation:

Equation 3- 6: Weighted Runoff Coefficient
2 CrhAy
2 An

C= Weighted runoff coefficient

C =

n= nth sub-area
Cn= Runoff coefficient for nth sub-area

An= nth sub-area size, in acres
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Example: Determine the weighted C coefficient for unimproved area

Existing conditions (unimproved):

Land Use: Area, ha(Ac): Runoff coefficient, C:
Unimproved Grass 8.95 (22.1) 0.25
Grass 8.6 (21.2) 0.22
Total 17.55 (43.3)
Solution:

Determine Weighted C for existing (unimproved) conditions:

Weighted C = 2 CnAn _ [(221x025)+(21.2x022)] _ 0.235

Y An 43.3

The precise input format for each of these elements varies with each computer program used.
Guidelines for the use of a particular computer model are beyond the scope of this manual.
Drainage designers wishing to use computer models for hydrologic analysis are encouraged to
obtain licensed copies of the software they will be using.

3.4 UNIT HYDROGRAPH

HEC-HMS shall be used for Unit Hydrograph based watershed modeling for areas greater than
200 acres. The following sections discuss critical input parameters required for modeling. A
detailed tutorial for HMS model building is provided in HEC-HMS Project Tutorial, Appendix I.

3.4.1 Runoff Curve Number

Soil properties influence the relationship between rainfall and runoff by affecting the rate of
infiltration. The Runoff Curve Number is afunction of the hydrologic soil group and land cover
condition. TXDOT general definitions for the four hydrologic soil groups are described in
Table 3-5.
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Table 3- 5: Hydrologic Soil Groups

Group A soils have alow runoff potential due to high infiltration rates even
Group A when saturated (0.30 in/hr to 0.45 in/hr). These soils primarily consist of deep
sands, deep loess, and aggregated silts.

Group B soils have a moderately low runoff potential due to moderate
infiltration rates when saturated (0.15 in/hr to 0.30 in/hr). These soils
Group B primarily consist of moderately deep to deep, and moderately well to well
drained soils with moderately fine to moderately coarse textures (shallow
loess, sandy |oam).

Group C soils have amoderately high runoff potential dueto slow infiltration
rates (0.05 in/hr to 0.5 in/hr). These soils primarily consist of soilsin which
Group C alayer near the surface impedes the downward movement of water or, soils
with moderately fineto fine texture such as clay loams, shallow sandy loams,
soils low in organic content, and soils usually highin clay.

Group D soils have a high runoff potential due to very dow infiltration rates
(lessthan 0.05 in./hr if saturated). These soils primarily consist of clays with
high swelling potential, soils with permanently high water tables, soils with
aclay pan or clay layer at or near the surface, and shallow soils over nearly
impervious parent material such as soils that swell significantly when wet or
heavy plastic clays or certain saline soils.

Group D

3.4.1.1 Effects of Urbanization

Consider the effects of urbanization on the natural hydrologic soil group. If heavy equipment
can be expected to compact the soil during construction or, if grading will mix the surface and
subsurface soils, appropriate changes should be made in the selected soil group.

The hydrologic soil group isavailable online for the entire El Paso area on the Natural

Resources Conservation Service (NRCS) Web Soil Survey. Once the hydrologic soil group and
cover type is determined, the Runoff Curve Number (CN) can be estimated using the following
Table 3-6, Table 3-7, Table 3-8 and Table 3-9.
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Table 3- 6: Runoff Curve Numbersfor Arid and Semi-Arid Rangelands*

Herbaceous--mixture of | pPoor 80 87 93

grass, weeds, and low- Fair 71 81 89

growing brush, with brush

being the minor element Good 62 74 85

Oak-Aspen--mountain Poor 66 74 71

brush mixture of oak brush, ]

aspen, mountain mahogany, | Far 8 |57 |63

bitter brush, maple, and

other brush Good 30 41 48

: - 7

Pifion, juniper, or both; Egi?r 52 gg gg

grass understory Good 41 |61 |71
. Poor 67 80 85

Sagebrush ~ with  grass Eair = 63 70

understory Good 35 |47 |55

Desert shrub — major plants

indude ~ sat  brush, | OO 63 |77 |8 |88

greasewood, creosote-bush, | g5p 55 72 81 86

black brush, bursage, palo

verde mesquite, and cactus | Good 49 68 79 84

Notes:

L Average runoff condition, la= 0.2S.
2 Poor is < 30% ground cover (litter, grass, and brush overstory)
Fair is 30% to 70% ground cover
Good is>70% ground cover
3 Curve numbersfor Group A have been developed only for desert shrub.
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Table 3- 7: Runoff Curve Numbersfor Urban Areast

Poor condition (grass cover < 50%) 68 |79 |86 89
Fair condition (grass cover 50% to 75%) 49 |69 |79 84
Good condition (grass cover > 75%) 39 |61 |74 80

I mpervious Ar eas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) 98 |98 |98 98
Streets and Roads:

Paved: curbs and storm drains (excluding right-of-way) 98 |98 |98 98
Paved; open ditches (including right-of-way) 83 [89 |92 93
Gravel (including right-of-way) 76 |85 |89 91
Dirt (including right-of-way) 72 |82 |87 89
Western Desert and Urban Areas:

Natural desert landscaping (pervious areas only)* 63 |77 |85 88
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch and 9% |96 |96 96

basin borders)
Urban Digtricts:

Commercial and business 85 89 |92 |YA4 95
Industrial 72 81 |8 |91 93
Residential Districts by average lot size:

1/8 acre or less (town houses) 65 77 |18 |90 92
1/4 acre 38 61 |75 |83 87
1/3 acre 30 57 |72 |81 86
1/2 acre 25 54 |70 |80 85
1 acre 20 51 |68 |79 84
2 acres 12 46 |65 |77 82
Developing urban areas:

Newly graded areas (pervious areas only, no vegetation) ° ‘ ‘ 77 ‘ 86 ‘ 91 ‘ 94
Notes:

1 Average runoff condition, la=0.2S.
2 The average percent impervious area shown was used to develop the composite CNs. Other assumptions are asfollows:
Impervious areas are directly connected to the drainage system
Impervious areas have a CN of 98,
and pervious areas are considered equivalent to open space in good hydrologic condition.
3CNs shown are equivaent to those of pasture. Composite CNs may be computed for other combinations of open space cover type.
4 Composite CNs for natural desert landscaping should be computed based on the impervious area percentage (CN=98) and the pervious
area CN. The pervious area CNs assumed equivalent to desert shrub in poor hydrologic condition
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Table 3- 8: Runoff Curve Numbersfor Cultivated Agricultural Land*

Hydrologic
Treatment’ . B,
Condition’
Bare soil 77 | B6 | 91 | 94
Fallow Crop residue Poor 76 | 85|90 |93
cover (CR) Good 74 |83 (88 |90
L Poor 72 181 | 88 | 91
Straight Tow (SR) Good 67 | 68 |85 | 89
. Poor TJ1 |80 | 87 |90
SR+CR Good 64 | 75| 82| 85
! ) Poor TJO |79 | B4 | 88
fom Crone Contoured (C ) Good 65 75 |82 | 86
P R Poor 69 | 78 |83 | 87
' Good 64 | 74 | B1 | 85
Contoured & terraced | Poor 66 | 74 | 80 | 82
(C&Tj Good 62 71|78 |81
Poor 65 (73|79 | 81
LT+
C&THCR Good 61 |70 |77 | 80
SR Poor 65 |76 | 84 | 88
Good 63 |75 | 83 | 87
! Poor 64 |1 75|83 | 86
SR+CR Good 60 72| 80| 84
C Poor 63 |74 | B2 | 85
Small srain ' Good 61 73|81 |84
Br C+CR Poor 62|73 |81 | 84
' Good 60 | 72| B0 | 93
. Poor 61|72 |79 |82
C&T Good 5870|7881
Poor 60 71|78 | 81
& T+
C&THCR Good 58169 |77 |80
! Poor 66 | 77| 85|89
E:::E;ﬁdﬂi of SR Good 58 |72 | 81 85
Iesumes or c Poor 64 | 75| B3 | 85
Rﬂiﬁon Good 55169 |78 | 83
Meadow C&T Poor 63 | 73| B0 | &3
' Good 51167 |76 |80
Notes:

.'Ax'emge nunoff condition, and Ia=0.25.

l'Cru:rp residue cover apphes only if residue 1= on at least 5 percent of the surface throughout the year.
jH}'dl’ﬂlngi{: condition 15 based on a combination of factors affecting infiloration apd muneff: mmcluding, {3)
denzity and canopy of vegefative areas, (b) amount of year-round cover, (¢} amount of grass or closed-
seeded legume in rotations, (d) percent of residue cover on land surface (good = 20 percent), and (&) degree
of roughness.

Poor: Factors impair mfiltrabion and tend to increase mnoff.
Good: Factors encourage average and batter infiliration and tend to decreaze mmoff.
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Table 3- 9: Runoff Curve Numbersfor Other Agriculture Land

) Hydrologic

Cover Type Condition

Pasture, grassland, or Poor 68 79 86 89

range-continuous forage | Fair 49 69 79 84

for grazing” Good 39 61 74 80

Meadow - continuous

grass, protected from 30 59 71 78

grazing and generally

mowed for hay

Brush - brush-weeds- Poor 48 67 77 g3

grass mixture, with brush | Fair 35 56 70 77

the major element”’ Good 30° 48 65 73

Woods - grass Poor 57 73 82 86

combination _ Fair 43 65 76 82

(orchard or tree farm)’ Good 32 58 72 79
Poor 45 66 17 &3

Woods® Fair 36 60 73 79
Good 30° 55 70 77

Farmsteads - Buildings,

lanes. driveways and 59 74 82 86

surrounding lots

':’werage mnoff condition

*Poor: <50% ground cover or heavily grazed with no mulch.
Fair: 50 to 75% ground cover and not heavily grazed.
Good: =73% ground cover and lightly or only occasionally grazed.

*Poor: <50% ground cover.

Fair: 50 to 753% ground cover.

Good: =73% ground cover.

*Actual curve number is less than 30; use CN = 30 for runoff conputations.

CN's shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of
conditions may be computed from the CN's for woods and pasture.

®Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.

Fair: Woods are grazed but not burned. and some forest litter covers the soidl
Good: Woods are protected from grazing. and litter and brush adequately cover the soil
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Table 3-6, Table 3-7, Table 3-8 and Table 3-9 include CN values for numerous urban land uses.
For urban land use the CN is based on a specific percentage of imperviousness. For example, the
CN valuesfor commercial land use are based on an imperviousness of 85 percent. The NRCS web
soil survey dataisrepresentative of in situ conditions and often does not account for devel opment,
grading, and compaction activities. As such, any subbasins that are in residential and commercial
areas, shall be assigned CN representative of hydrologic soil group C.

3.4.1.2  CurveNumber Weighting

Subbasins shall be delineated to be as homogenous as possible to prevent lumping of vastly
different land uses. For example: The aerial image shows undeveloped upstream tributary
watersheds with downstream development. The example basin outlined is incorrect due to the
lumping of distinct development and watershed conditions. Lumping a subbasin in the manner
shown below will cause under prediction of peak discharges.

Figure 3- 3: Example subbasin land cover
Note: If curve numbersin a subbasin differ by 7 or more, the subbasin shall be divided further in
amore homogenous fashion to prevent lumping of curve numbers.
An appropriately delineated subbasin that has mixed land uses may use areal weighting to compute
a composite curve number as shown in the example below.

Table 3- 10: Example Curve Number Chart

Sample Subbasin Total Area 200

Area of Subbasin that’s Commercial 50 C 94
Area of Subbasin that’s 1/8" acre residential 100 C 90
Area of Subbasin that’s%2 Acre residential 50 C 80
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Example:

Composite Curve Number = (Areal X CN 1+ Area2 X CN 2+ Area3 X CN 3) / Total Area
= (50*94) +(100*90) + (50* 80)/200 = 89

3.4.1.3 Antecedent Moisture Condition

Rainfall infiltration losses depend primarily on soil characteristics and land use (surface cover).
The NRCS method uses a combination of soil conditions and land use to assign runoff factors
known as runoff Curve Numbers (CN). These represent the runoff potential of an area when the
soil is not frozen. The higher the CN, the higher the runoff potential. The following tables provide
an extensive list of suggested runoff curve numbers. The CN values assume medium antecedent
moisture conditions (CN I1). If necessary, adjust the Runoff CN for wet or dry antecedent moisture
conditions. Use afive-day period as the minimum for estimating antecedent moisture conditions.
Antecedent soil moisture conditions also vary during a storm; heavy rain falling on adry soil can
change the soil moisture condition from dry to average to wet during the storm period. Equation
3- 7 adjusts values for expected dry soil conditions (CN ). Use Equation 3- 8 accommodate wet
soils (CN 111). For help determining which moisture condition applies, see the tabletitled Rainfall
Groups for Antecedent Soil Moisture Conditions during Growing and Dormant Seasons.

Equation 3- 7: Runoff Curve Numbersfor Dry Soils

_ 42CN(ID
CN()= 10—0.058CN(II)
Equation 3- 8: Runoff Curve Numbersfor Wet Soils
CN(I11)= 23CN (1I)

10-0.13CN(II)

The curve numbers presented in Tables 3-6 to 3-9 are all based on AMC |1 conditions which shall
be the default curve numbers. AMC 111 curve numbers shall be used when designing a dam that
falls under the TCEQ jurisdiction as defined in Chapter 1, Section 1.6 in the Design and
Construction Guidelines for Dams in Texas. A brief description of the criteria is presented in
Figure 3- 4.
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1.6 Definitions

Many of the words and terms used throughout
these guidelines are defined in the glossary,
“Dam Safety Terms.” According te 30 TAC
293.1(a), dams fall under the jurisdiction of
the TCEQ Dam Safety Program if they meet
one or more of the following four criteria:

(1) [they] have a height greater than or
equal to 25 feet and a maximum storage
capacity greater than or equal to 15 acre-
feet;

(2] [they] have a height greater than & feet
and a maximum storage capacity greater

=

z

-]
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1.7 Acknowledgements

These guidelines are based substantially on

the work of many agencies and individuals

that have contributed greatly to the design

and construction of dams in the United States.
These agencies and individuals are credited in
the Bibliography, at the end of these guidelines.

Figure 1.1. Definition of a Jurisdictional Dam

than or equal to 50 acre-feet: Sutety
(3) [thev] are a high- or significant-hazard €47 suume e
dam as defined in §299.14 (relating v e
to Hazard Classification Criteria), 2
regardless of height or maximum B oo,
storage capacity; or 10 L ey
(4] [thev] are used as a pumped storage : | : . ) . ) :
or terminal storage facility. ° il » “ = e
M asimum Storage Capaeity (951}

Figure 3- 4: Jurisdictional Dam Requirements from TCEQ

3.4.2 Travel Time

Travel time (Tt) isthetime it takes water to travel from one location to another in a watershed. Tt
is a component of time of concentration (Tc), which is the time for runoff to travel from the
hydraulically most distant point of the watershed to a point of interest within the watershed. Tcis
computed by summing all thetravel timesfor consecutive components of the drainage conveyance
system. Figure 3-5 shows an example watershed split to 3 flow types, sheet (section AB), shallow
(section BC), and open channel (section CD).

{Not to scale)

Figure 3- 5: Example Subbasin with Tc flow path designations
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The Velocity Method shall be used as specified in TR 55 for analyses requiring unit hydrograph
method where:

Equation 3- 9: Time of Concentration — VVelocity Method
Tc=t sheet + t shallow + t channel

Where sheet flow of less than 300 feet, uses Mannings kinematic solution to compute Tt:

Equation 3- 10: Travel Timefor sheet flow
B 0.007(nL)°8
t— (P,)05504
Tt =travel time (hr)
n = Mannings roughness coefficient (utilizing Mannings N roughness coefficientsfor sheet
flow, Table 3- 10)
L = flow length (ft)
P2 = 2-year, 24-hour rainfall (in)
S =dope of hydraulic grade line (land slope, ft/ft)

Table 3- 11: Roughness coefficients for sheet flow from TR-55

Smooth Surfaces (concrete, asphalt, gravel or baresoil) | 0.013
Falow (no residue) 0.05
Cultivated Soils

Residue Cover <20% 0.06
Residue Cover >20% 0.17
Grass

Short grass prairie 0.15
Dense Grasses” 0.24
Bermudagrass 0.41
Range (natural 0.13
Woods®

Light Underbrush 0.40
Dense Underbrush 0.80

1. Thenvauesare acomposite of information compiled by Engman (1986)

2. Includes species such as weeping lovegrass, bluegrass, buffalo grass, blue gramagrass, and
native grass mixtures.

3. When selecting n, consider cover to a height of about 0.1 ft. Thisis the only part of the
plant cover that will obstruct sheet flow.
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For shallow and open channel flow (for anything over 300 feet use the travel time of the ratio of flow
length to flow velocity), travel timeis calculated by Equation 3-11.

Equation 3- 11: Travel Timefor Shallow and Open Channel Flow
L
e = 35007
Tt =travel time (hr)
L = flow length (ft)
V = average velocity (ft/s)
3600 = conversion factor from seconds to hours

Where a velocity can be found utilizing the same equation as Equation 3-5 or:

Equation 3- 12: Mannings Equation Average Vel ocity
1486 2 1

V=—-R3S2
V = Average velocity for section for the entire drainage waterway, in feet per second.
R = Hydraulic radius (Flow Area divided by Wetted Perimeter, in square foot per foot.)
S = Average dope of the waterway gradient, in foot per foot.
343 Lag Time

For SCS Unit Hydrograph transformation, a required input is the basin lag time which is computed to be
60% of the basins Time of Concentration:

Equation 3- 13: Lag Time
TL=0.6Tc.
TL=Lagtime
T= Time of Concentration determined from Equation 3- 9

3.4.4 Rainfall Distribution

The Frequency Distribution Storm at 25% Intensity Position shall be used as the default rainfall

distribution method. Precipitation depths for the appropriate watershed shall be acquired at the centroid
of the watershed from NOAA Atlas 14.
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SECTION 4. PAVEMENT DRAINAGE

1. Thelongitude street slopes shall not be less than 0.5 percent.
2. Cross dope shall not exceed 2.0 percent dope.

3. For streets with an inverted crown, a traffic rated concrete valley gutter is required. For
rehabilitation of a street with an inverted crown, a concrete valley gutter shall be placed if not
aready part of an existing street. The concrete valley gutter shall be placed centered on the invert
with aminimum of 2-feet on each side of the invert (minimum 4-foot width).

4. All runoff water within curb and gutter shall be captured in an inlet prior to crossing any
intersection.

SECTION 5. STORM SEWER PIPE

1. Asbestos concrete, non-reinforced concrete, or gavanized metal pipe cannot be used for storm
drainage applications.

For use of junction boxes and drop inlets, refer to the Drainage Details.

3. Thelast two segments of pipe, when entering retention/detention pond and drainage channel, must
be reinforced concrete pipe.

5.1 VELOCITIES

5.1.1 Minimum
The minimum permissible velocity is three (3) feet per second. Very low velocities encourage
sedimentation.

5.1.2 Maximum
The maximum allowable velocity isfifteen (15) feet per second within the pipe.
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SECTION 6. OPEN CHANNEL

6.1 VELOCITIES

6.1.1 Minimum Velocity
The minimum permissible velocity isthree (3) feet per second.

6.1.2 Maximum Velocity
The maximum permissible velocity is as shown below:

El N A

Concrete — twenty (20) feet per second.

Earthen (including sand, loams, clays, etc.) —three (3) feet per second

Gravel or rip rap lined —five (5) feet per second and must include geotextile fabric
Gabion lined (mattress or basket) — twelve (12) feet per second.

Any other materials used to line the channel must be approved by the El Paso City Engineer prior to use.
For public safety, open channels shall be protected with fencing and with proper hazard signage.

6.2 CHANNEL ACCESS FOR MAINTENANCE

>

At a minimum, a 12-foot maintenance access lane with an access ramp is recommended to be
provided on at least one side of a channel for maintenance of channels. Turnouts and access ramps
will be provided as necessary for complete access to the channel throughout its entire length with
a maximum of %2 mile intervals. Turnarounds must be provided at all access road dead ends.
Ingress and egress from public right-of-way and/or easements to the channel maintenance and
access road must be provided.

For concrete lined channels, ramps shall be constructed of 8-inch-thick reinforced concrete, will
not have dopes greater than 12 percent, and shall not enter the channel at angles greater than 15
degrees from aline paralel to the channel centerline.

For unlined channels, maintenance and access roads shall be surfaced with 6 inches of base course
material.

Ramps will be constructed on the same side of the channel as the maintenance and access road.
The maintenance and access road shall be offset around the ramp to provide for continuity of the
road the full length of the channel. The downhill direction of the ramp should be oriented
downstream.

To minimize maintenance, paths, walkways, play areas, and irrigation systems should be in aless
frequently inundated portion of the channel. Bottom widths of channels should be designed in
consideration of maintenance requirements for the channel lining and will be no narrower than 8
feet, unless otherwise approved by the jurisdictional entity.
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» The selection of a channel treatment type should include analyses of both short- and long-term
maintenance. While maintenance efforts will vary between treatment types, al facilities should
be able to function through one runoff event with no maintenance, through one flood season with
very little maintenance, and from season to season with regular, but minima maintenance
requirements.

SECTION 7. CULVERTS

Culvertsdesign shall be provided at time of plan submittal. Accepted software programsfor culvert design
include:
» Culvert Master

» HY-8

» HEC-RAS
» Civil 3D
> Hydroflow

Minimum velocity allowed is three (3) feet per second. Maximum velocity alowed is twenty (20) feet
per second. Outlet velocity shall be six (6) feet per second. When discharging into a pond, velocities
above three (3) feet per second require energy dissipation and erosion control at outfall. All culverts shall
be smulated with a 20% clogging factor to account for sediment and debris accumulation.
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SECTION 8. BRIDGES

81 SCOUR

Developer and/or contractor shall provide scour caculations for the following:
» Open Channels

Pond Inlets
Culvert inlets and outlets
Arroyos

vV V V V

Waterways
» Floodplains

Calculations shall be submitted with improvement plans. Energy dissipation for channels and culverts
shall follow guidelines in HEC-14. Bridge scour, horizontal, and vertical channel stability shall follow
guidelinesin HEC-18, 22 and 23.

8.2 FREEBOARD

Freeboard at abridgeisthe vertical distance between the design water surface elevation and the low chord
of the bridge. The bridge low-chord is the lowest portion of the bridge deck superstructure. The purpose
of the freeboard is to provide room for the passage of floating debris, extra areafor conveyance if debris
build up on the piersreduces hydraulic capacity of the bridge, and afactor of safety against the occurrence
of waves or floods larger than the design flood. A minimum freeboard of two (2) feet for the 100-year
event isrequired. The structural design of the bridge should consider the possibility of debrisand/or flows
impacting the bridge. In certain cases, site condition or other circumstances may limit the amount of
freeboard at a particular bridge crossing. An example would be the replacement of a “perched” bridge
across a natural watercourse where major flows overtop the roadway approaches. In general, the Storm
Water Utility or Floodplain Administrator will evauate variances to the minimum freeboard requirement
on a case-by-case basis.

All bridge design and analysis will require a HEC-RAS 1D hydraulic model. Long term channel
degradation, local, abutment, and pier scour must be evaluated as part of the design analysis report per
TXDOT or HEC-18-23 procedures.

8.3 SUPERCRITICAL FLOW

For the specia condition of supercritical flow within alined channel, the bridge structure should not affect
the flow at al. That is, there should be no projections, piers, etc. in the channel area. The bridge opening
should be clear and permit the flow to pass unimpeded and unchanged in the cross-section.
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8.4 ADDITIONAL DESIGN CONSIDERATIONS

Drainage structures over the concrete-lined channel should be of al-weather type e.g., bridges, culvert
pipe, or concrete box culverts. Crossing structures should conform to the channel shape so they disturb
the flow aslittle as possible.

It is preferred that the channel section be continuous through crossing structures. However, when thisis
not practicable, hydraulic disturbance shall be minimized and crossing structures should be suitably
isolated from the channel lining with appropriate joints.

8.5 MINIMUM CLEAR HEIGHT

Channel lining transitions at bridges and box culverts should conform to the provisions for transitions
hereinafter provided. Drainage structures having aminimum clear height of 8 feet and being of sufficient
width to pass maintenance vehicles may result in minimizing the number of required channel access
ramps. Maximum spacing between ramps shall be 2,500 feet. A minimum of one ingress and one egress
between intersectionsis required.

SECTION 9. STORMWATER BASIN

9.1 GENERAL

In developing areas where runoff increases due to the creation of more impervious land areathan historic
conditions, storm water storage is necessary to flood hazard mitigation. The purpose of this section isto
provide uniform minimum criteria for the design of safe, effective, and easily maintained public and
private basins. Basins are required if there is any increase of runoff due to development of the area. In
areas where anegative outfall occurs (flat areas where dopeislessthan 2%, unsafe conveyance, sediment
obstruction), ponding shall be designed to retain historic and developed volume.

9.2 DEFINITIONS

The terms detention and retention basins are often used interchangeably. However, each represents avery
different type of storm water ponding. For each type of facility, the following definitions from the
American Society of Civil Engineers (ASCE, 1992) will be used in this manual.

1. Detention—Thetemporary storage of flood water that is usually released by a measured controlled
outlet. Detention facilities typically flatten and spread the inflow hydrograph, lowering the peak.

2. Retention — Storage provided in afacility without a positive outlet, where al or a portion of the
inflow is stored for aprolonged period. Infiltration basins are acommon type of retention facility.

28|Page



DRAFT - Stormwater Design Manual DRAFT —May 2022
City of El Paso

9.3 OBJECTIVES

The objective for managing storm water quantity by storage facilities are typicaly based on complying
with one or more of the following values:
1. Hidtoric ratesfor a specific design condition.

2. Non-hazardous discharge capacity for the downstream drainage system.
3. A gpecified value for allowable discharge set by the local drainage authority.

For a watershed with no positive outfall, the existing and developed runoff volume shall be retained on
dte.

9.4 GUIDELINESFOR STORM WATER PONDING
The following general guidelines apply to the design of storm water ponding facilities.

9.4.1 Pond Geotechnical Engineering Evaluation

Geotechnical soil evaluation shall be performed for proposed new ponds for commercial and residential
developments. Geotechnical report shall include subsurface exploration boring plan, boring logs,
laboratory engineering soil classification test results for collected samples during drilling operations,
ground water depth or water seepage depth information, groundwater depth fluctuation data, soil
percolation and/or infiltration test data, pond slope design considerations, pond dope stability
considerations, excavation safety considerations and recommendations for controlling pond slope erosion
based on collected geotechnical information. Geotechnical report shall be prepared by an active licensed
engineer in the State of Texas.

9.4.1.1  Subsurface Exploration Vertical Boring Data:

1. Perform a minimum of three (3) soil borings to a minimum depth of ten (10) feet beyond the
projected pond invert unless otherwise directed by the project engineer. Soils borings should be
performed for delineation of the subsurface stratigraphy within the pond footprint and for soil
classification purposes per industry standard ASTM methods.

2. Perform soil borings to the depth of encountered relatively free-draining and permeable soils
layers.

9.4.1.2 Soil Classfication:
Collected samples from exploration vertical borings shall be classified in accordance with ASTM D 2487

for each encountered material type. A minimum of two (2) material classification tests shall be performed
per boring. Classification tests shall include soil particle size analysistests, Atterberg limit tests, moisture
contents, soil-moisture density relationship tests and engineering soil classifications in accordance with
ASTM D 2487. Test results shall be reported on boring logs.
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9.4.1.3 Groundwater:
1. Groundwater table depth shall be reported; including current data of seasonal changes and shall be
monitored within the on-site pond. Devel opment sites where the pond depth is expected to be five
(5) feet or less from the highest anticipated groundwater depth shall require the installation of a
monitoring well to collect groundwater depth fluctuations for at least a period of twelve (12)
months.

2. Monitoring wells or piezometers shall be installed to a minimum depth of five (5) feet below the
encountered water table depth.

9.4.14 Subsurface Soil Percolation Test:
Refer to ASTM D5093.

9.4.2 Storage Capacity

9.4.2.1 Retention Facilities
A retention basin shall be designed to have storage capacity to retain the following components:

1. 100-year 24-hour design storm plus a 30 percent safety factor added to the total inflow volume to
account for back-to-back storm events. For example, if the computed retention volume is 10-acre
feet, then an additional 3 acre- feet of storage volume must be included as part of the retention
ponds design volume.

9.4.2.2 Detention Facilities
A detention pond shall be designed to have storage capacity to detain the following components:

1. Basinsto be designed utilizing good engineering practices and accepted methods (such as HEC-
HMS) whereby 100% of the runoff volumeis to be properly managed using channels, outfalls and
conduits.

Reservoir routing results shall be submitted for pond analysis to ensure that pond design meets design
criteria and non-jurisdictional status.

9.5 BASIN GEOMETRIC CONTROLS

9.5.1 Shape

As a genera rule, curvilinear, irregularly shaped facilities will have the most natural character. A wide
range of shapes can be considered and utilized to integrate the storm water ponding facility with the
surrounding site development. Smooth curves should be used in the plan layout of the grading for the
facility.
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9.5.2 Side Slopes

Basin side dopes shall not exceed 3 horizontal to 1 vertical (3H:1V). All basin plans require a soil
investigation report performed by a licensed geotechnical engineer. The soils investigation report shall
contain the following minimum requirements:

1. Soilsanalysis describing engineering properties and suitability of the existing soils to support the
proposed s ope.

2. Erosion control measures.

3. Slope stability analysis showing the failure plane and a minimum factor of safety of 1.25 for non-
supporting structural dope and 1.5 for dope supporting structure.

Ponds with high water greater than 2 1/2ft and with side slopes greater than 12 percent shall be enclosed
with a minimum 6-foot-high screening wall. The height of the wall shall be measured from the ground
insde or outside the wall, whichever is higher. The screening wall may consist of rock-wall, Concrete
Masonry Unit (CMU) wall, combination of rock-wall and wrought iron, wrought iron, or other materials
as approved by the County Administrator.

If ascreening wall isrequired, an 18-foot-wide minimum wrought iron double gate accessible from public
right-of-way is required. The gate location isto be approved by the El Paso Water Utilities. Gates shall be
set back a minimum of 50 feet from Arterial and Collector streets, so equipment does not have to park in
the street. The gate shall swing inward and not obstruct the maintenance road or other materials or
opening.

9.5.2.1 Stabilization of Pond Sopes

Earthen slopes shall be protected against wave action and surface water flows with appropriate armor.
Armor shall consist of rock riprap, cast-in-place concrete lining, or other stabilization measures approved
by the City of El Paso. The following items shall be considered in design to mitigate localized slope
erosion and improve the overall stability of the pond slopes.

Earthen pond dopes that meet the specified soil material physical composition shall not exceed three (3)
horizontal to one (1) vertical. The depth of suitable soils above the cut pond slopes shall be a minimum of
eighteen (18) inches. Earthen pond slopes that shall be steeper than 3:1 (Horizonta : Vertical) and
including geotechnical dataindicating that the native soils are susceptible to erosion and sloughing, shall
require armoring and/or stabilization of earthen pond slopes. The submitted development plans shall
include details and specifications for the specified stabilization and/or protection of earthen pond sl opes.
Thefollowing isaTable of earthen dope protection guideline methods.
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Table 9- 1: Pond Slope Armor Protection / Stabilization Guidelines

_SideSlopeRatio(H:V) [ Protection/Siabilization Method |

3:1 or flatter » Compacted Suitable Soils above
Cut Slopes, soils conforming to
Section 9.5, compact soils per
Section 9.5.2

Rock Rip Rap

Approved Rock materia 4 to 12
inches with geofabric [ 1]

Gabions[1]
Concrete Rip Rap

A\

No steeper than 2:1

\4

No steeper than 1:1 Concrete Rip Rap Lined Slopes

Steeper than 1:1 Concrete Retaining Wall Structure

V V|V V V¥V

Natural Rock Formations with
minimum compressive strength of
4,700 ps

Note [1]: Submittal of manufacturer specifications, installation procedures, list of completed projects
with material maintenance requirements and warranty exclusions are required.

1. Vegetation may be planted on abasin floor or on abasin side dope that is 3:1 or flatter except in
areas within a 20-foot radius of the basin inlet, outlet or maintenance access ramp. Plants on the
perimeter of abasin shall not obstruct drainage entering or exiting the on-site pond.

2. All pond earthen slopes shall be compacted as per Section 9.5.2.5 prior to placement of protection
armor or stabilization materials.

3. A genera dope stability analysis shall be submitted with development plans.

9.5.2.2 Pond Slope Stabilization
1. Concreterip rap lining aong pond slopes may be considered to mitigate erosion of the pond slopes.
Concrete lining shall be designed by an active licensed professional engineer in the State of Texas.
The concrete liner shall have a minimum thickness of 5 inches. The final thickness of the liner
shall be determined by a professional engineer. The concrete liner shall specify grade beams and
counterforts to maintain the liner stable. The concrete liner shall be reinforced with steel rebar and
meet the requirements of ASTM A615, Grade 60. Concrete strength shall be a minimum of 3,600
ps at 28-days. Pond design plans with concrete rip-rap lining shall include complete plan and
profile details, reinforcement details, jointing pattern details, placement sequence plan, applicable
formwork information and construction inspection requirements and documentation. Inspections
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shall be performed by an independent party. Inspection and construction reports shall be submitted
to the City of El Paso during construction of the specific project.

2. The specification of a geo-fabric or erosion control blanket along the face of the dopes shall be
submitted for review. Pond design drawings shall include installation orientation and overlapping
detalls, jointing and anchoring details, placement sequence plan, applicable site preparation
information, construction inspection requirements, quality assurance documentation, geo-fabric or
carpet product manufacturer information, maintenance requirements and warranties. A letter shall
also be provided by the manufacturer that the specified product shall perform well for the specific
development project and any required special conditions.

3. Slope Rock Rip-Rap Material- Loose rock riprap specified on slopes to reduce erosion shall be
chemically resstant, angular stone, durable (exhibit an LA Abrasion not greater than 40), non-
weathered, and uniform in size (dsg). The slope angle should also be considered in the final design
to ensure that the loose rock riprap shall be stable. A geo-textile filter fabric should be specified
between the finished dope surface and placed rock material. A sample of the rock material shall
be submitted to the City of El Paso for review and approval prior to placement on slopes.

4. Geotextile Filtration Material — Geotextile filter material shall be a nonwoven pervious sheet of
polymeric material. Geotextiles chemically resistant to the conditions it will be exposed to.
Material submittals shall include complete design data, product data sheets, staple pattern guides,
installation guidelines, manufacturing material specifications, manufacturing certifications, cad
details, and manufacturing quality control program. The manufacturer shall aso provide a test
report providing data showing the performance capabilities of the geotextile aong with reference
installations similar in size and scope as specified for the project.

9.5.2.3 On-ste pond accessramps
This section provides the minimum requirements for reasonable access for maintenance and inspection

activities within the pond.

1. Pond ramps shall be constructed with approved non-permeable or Structural Fill soil material to
maintain the access ramp stable and suitable for use after being in a submerged condition. The
driving surface of the ramp shall contain a minimum of 8 inches of compacted Structural Fill.
Structural Fill shall also be specified along perimeter access roads and intermediate benches along
the dope.

2. Pond ramp design shall specify a minimum horizontal width of twelve (12) feet, a minimum
vertical clearance of fourteen (14) feet from existing and above grade specified objects or utility
lines, an inside turning radius of no less than thirty-six (36) feet, a maximum longitudinal slope of
fifteen (15) percent, a maximum transverse slope of five (5) percent, a maximum vertical grade
break of twelve (12) percent, and a maximum vertical curve grade change of one (1) percent per
horizontal foot.
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9.5.2.4 Requirementsfor fill materials

Structural fill and/or engineered fill shall consist of a crushed stone base (CSB) coarse materid
conforming to requirements of a TXDOT Item 247 — Flexible Base, Type A, Grade 3 soil material. The
flexible base materia shall meet the gradation requirements below and exhibit a plasticity index of 12 or
less. The flexible base material shall also exhibit a maximum dry density of at least 140 pcf determined
in accordance with ASTM methods.

Table 9- 2: Structural Fill - Base Coarse Material Gradation Requirements

g O

2% -inch 100
1%4-inch 90 - 100
No. 4 25-55
No. 40 15-50

Alternative engineered fill soilsshall consist of granular sandy soilsor gravel mixtures, free of clay lumps,
deleterious materials, organic material, cobbles or boulders over 3 inchesin nominal size. The aternative
engineered fill shall have aliquid limit less than 35 and a plasticity index from 3 to 12. The alternative
engineered fill shall also exhibit an optimum dry density of at least 130 pcf determined in accordance with
ASTM methods. Alternative engineered fill soils shall also meet the gradation requirements below.

Table 9- 3: Alternative Engineered Fill Gradation Requirements

e

3-inch 100
3/4-inch 85— 100
No. 4 45 -85
No. 200 13-45

Alternative structural fill soils shall classify as SC, SC-SM, GC, and GC-GM in accordance with the
Unified Soil Classification System (USCS).

9.5.2.5 Requirementsfor compaction
Compact with approved tamping rollers, vibrator compactors, or other approved equipment (hand or
mechanized) well suited to slope soil being compacted.

1. All embankments, fills, dopes shall be compacted to 95% of maximum density as per ASTM
D1557. The in-place field density shall be determined in accordance with ASTM standard
methods. Stones or rock fragments larger than 4 inches in their greatest dimension will not be
permitted in the top 6 inches of the subgrade.

2. Do not operate mechanized vibratory compaction equipment within the City of El Paso without
prior approval of project engineer. Moisten or aerate material as necessary to provide moisture
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content that will readily facilitate obtaining specified compaction with equipment used. Compact
soil to not lessthan thefollowing percentages of maximum dry density, accordingto ASTM D1557
as specified.

9.5.2.6

Dewatering

1. If dewatering is required to construct ponds in order to remove low permeability soils below the
groundwater depth, the dewatering system should be designed by alicensed professional engineer
familiarized with the hydro-geologic conditions of the area

2. Groundwater or perched water draw down rates and reestablishment rates should be carefully
considered by the dewatering system designer and dewatering contractor and potential impact to
surrounding structures. The designer should also consider if there is a need to re-inject removed
subsurface water during dewatering operations.

3. Thefollowing are general minimum requirements that should be considered in the preparation of
adewatering plan, but not limited to these sole requirements if necessary.
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The general contractor shall design, provide, and operate dewatering system to include
sufficient trenches, sumps, pumps, hose, piping, well points and similar facilities,
necessary to depress and maintain groundwater level twenty-four (24) inches below the
base of each excavation during all stages of construction operations.

Design and operate dewatering system to avoid settlement and damage to existing
structures and underground facilities.

Groundwater table shall be lowered in advance of excavation for a sufficient period of
time to allow dewatering of fine grain soils.

Operate dewatering system, continuoudly, twenty (24) hours per day, seven days per
week. Provide standby pumping facilities and personnel to main the continued
effectiveness of the system. Do not discontinue dewatering operations without first
obtaining the contractor engineer’ s acceptance for such discontinuation.

If, in the engineer’s opinion, the water levels are not being lowered or maintained as
required, provide additional or aternate temporary dewatering devices as necessary.

Where portions of dewatering system are located in the area of permanent construction,
submit to and obtain, genera contractors design engineer’s acceptance of details of
proposed methods of constructing the work at such location.

Perform pumping of water from excavations in a manner that prevents carrying away
of unsolidified concrete materials, and that avoids damaging the subgrade.

Before discontinuing dewatering operations or permanently allowing the gradual rise
of groundwater levels, prepare computations to demonstrate that structures affected by
the water level rise are protected by fill or other means to sustain uplift.
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i. The genera contractor's dewatering system shall discharge to suitable locations
acceptable to owner including owners adjacent to and downstream of dewatering
system discharge. Operation of the dewatering system and disposal of water shall be
in accordance with Laws and Regulations. The need for reinjection of water shall also
be consider in the design of the dewatering plan.

J. Convey water from excavations in pond in closed conduits. Do not use trench
excavations as temporary drainage ditches.

k. Dispose of water removed from excavations in amanner that does not endanger health
and safety, property, the work, and other portions of the project at al times.

9.5.3 Depth and Bottom Configuration

Maximum depth of basins shall be limited to 20 feet. The horizontal clearance at the bottom of the pond
shall be a minimum of 25 feet diameter. For a detention basin, the bottom shall be designed to drain
though low flow channel. Basins with tiered invert and soil erosion protection shall be designed to
minimize erosion between tiers.

A dam will become jurisdictional if it meets one or more of the following four criteria:
1. Have a height greater than or equal to 25 feet and a maximum storage capacity greater than or
equal to 15 acre-feet
2. Haveaheight greater than 6 feet and a maximum storage capacity greater than or equal to 50 acre-
feet.
3. Are a high- or significant-hazard dam as defined in §299.14 (relating to Hazard Classification
Criteria), regardless of height or maximum storage capacity; or
4. Areused as apumped storage or terminal storage facility.
Low flow is required in the bottom of a detention basin to provide positive routing of drainage to the
primary outlet structure. Low flow shall have a 0.5% maximum longitudinal slope.

9.6 DRAINTIME

The pond must drain down within 72 hours, either by infiltration or by means of an outlet. If the entire
24-hour storm volume cannot be infiltrated in 72 hours, the design storm shall be increased to exceed the
duration of the total infiltration of the design volume.

9.7 LINING/SURFACE TREATMENT

Basins must be designed to prevent concentrated run-off to flow onto unstable side slopes of the basin.
The basin shall be designed to allow concentrated run-off from perimeter maintenance road to flow into
basin only though a stabilized section of the basin side slopes. The use of inert materials are required for
stabilization and erosion control where at inflow points, at the outlet control structure, and any other
location where flowing water may threaten stability. Use of these materials should be properly engineered
and should respond to aesthetic considerations. Inert materials for erosion control include:
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Loose rock riprap with a specific, engineered gradation.

Loose or grouted boulders (minimum dimension 18 inches or larger).

River stone.

Gabions.

. Soil cement and concrete.

Stormwater facilities may be used as amenities that incorporate multiple use concepts where possible and
permissible by maintaining entity, grass and/or landscape plantings are preferred surface treatments.
Grass and plant species used for landscaping should be native to the region. |If landscaping is utilized,
permanent irrigation systems may be required for grass areas and most landscaping. A registered
landscape architect should prepare the landscape design with consideration toward use of plant species
appropriate for the level and frequency of inundation of the ponding facility. Designs that combine both
landscape planting with the use of inert materials is recommended.

g b~ wdhPE

9.8 SUBSURFACE DISPOSAL

The primary method for underground disposal of storm water runoff at retention ponds are basin volume
capacity. Infiltration rates of basins shall not be used in determining basin stormwater capacity.

9.9 DRYWELL
Drywells shall not be used for subsurface disposal of storm water.

9.10 SPILLWAYS

A typical detention basin facility has two spillways: principal and emergency. A typical detention basin
facility must have an emergency spillway to help direct flood events in a planned manner.

9.11 PRIMARY

The principal spillway structure allows flows to discharge from the detention pond at a controlled rate.
The principa outflow from detention basin shall be an overflow tower with an outflow pipe. The principa
outlet structure, called the primary spillway, isintended to convey the design storm without requiring flow
to enter an emergency spillway. Ouitlets can be designed in a wide variety of configurations depending
on the desired release rates. This may be accomplished using multi-stage control structures. 1f a multi-
stage control structure satisfies the upper and lower discharge requirements, discharges from intermediate
storm return periods can usually be assumed to be adequately controlled. Minimum pipe diameter for a
principal outlet pipe shall be 24- inch RCP.

9.12 EMERGENCY

For the 100-year 24-hour storm, the dam shall have 1 foot of freeboard to the invert of the emergency
spillway.
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The emergency spillway shall be designed pass flows up to 100% of the 500-year storm and/or meet
TCEQ requirements if the dam falls under jurisdictional criteria without overtopping the top of dam. The
emergency spillway shall pass the 500-year flows while maintaining a minimum freeboard of 12 inches.

9.13 MAINTENANCE CONSIDERATIONS

Proper design should focus on the reduction of maintenance requirements by addressing the potential for
problems to develop.
1. Both weed growth and grass maintenance may be addressed by constructing side slopes that can
be maintained using available power-driven equipment, such as tractor mowers.

2. Sedimentation may be controlled by constructing traps to contain sediment for easy removal, by
low-flow channels to reduce erosion and sediment transport by frequent or continuous flows.

3. Outlet structures should be selected to minimize the possibility of blockage.

An access ramp meeting the following criteriawill be provided for al storm water pond facilities:
1. Maximum slope of 12%.
2. Minimum width of 15 feet.

3. Ramp material will consist of amaximum P.I. of 8 with no loose material and acompacted drivable
surface. (6" Base Materia)

4. Compaction will be at a minimum 95% per ASTM D-1557.
5. A depth gauge shall berequired for ponds deeper than 2 feet.
For on-site ponding, elevation marker isrequired for ponds up to 1ft deep or properties larger than 1 acre

SECTION 10. OTHER HYDRAULIC ELEMENTS

10.1 CHANNEL DROP STRUCTURE

Drop structures are commonly used for flow control and energy dissipation. Drop structures may be used
to reduce the effective slope of a natural or artificia channel. Changing the channel dope from steep to
mild, by placing drop structures at intervals along the channel reach, changes a continuous steep sope
into a series of gentle dopes and vertical drops. The kinetic energy or velocity gained by the water as it
drops over the crest of each structure is dissipated by a specially designed apron or stilling basin.

A drop structure typically extends across the entire width of the channel and provides grade control for a
full range of flows. Check structures are similar in concept, but their objective is to stabilize and control
the channel bed or low flow zone. During amajor flood, portions of the flow circumvent the structure, but
erosion is maintained at an acceptable level. Overall stability is maintained by control of the low flow
area, which would otherwise degrade downward. A series of check structures can be an economical
interim grade control measure for natural channels in urbanizing areas or for artificial channels where
funding isinadequate for construction of drop structures. Channel drop structures shall follow guidelines
from HEC-14.
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10.2 APPLICATION OF DROP STRUCTURES

Drop structures or check dams may be constructed of rock, gabions, concrete, timber, sacked concrete,
filled fences, sheet piling, or combinations of any of the above. Drop Structures are most suited to locations
where bed materias are relatively impervious; otherwise, underflow must be prevented by cutoffs. The
designer isreferred to HDS-6 for further discussion on the use of drop structures. Channel drop structures
shall follow guidelines from HEC-14.

10.3 ENERGY DISSIPATION STRUCTURES

Concrete energy dissipation or stilling basin structures are required to prevent scour damages caused by
high exit velocities and flow expansion turbulence at conduit outlets. Outlet structures can provide a high
degree of energy dissipation and are generally effective even with relatively low tailwater control. Rock
protection at conduit outlets is appropriate where moderate outlet conditions exist; however, there are
many situations where rock basins are impractical even at low to moderate flow conditions. Concrete
outlet structures can be designed easily and are suitable for a wide variety of site conditions. In some
cases, they are more economical than large rock basins, particularly where long term costs are considered.

It isrecommended that designersrefer to HEC-14 and HDS-4 for further discussion of energy dissipation
structures. Energy dissipation calculations shall be provided with improvement plans. Gabions or large
loose rock shall be placed at outlet structures.

10.4 DEBRIS BARRIERS

A debris barrier or deflector is a means of preventing large debris or trash, such as tree limbs, logs,
boulders, weeds, and refuse, from entering a storm drain and possibly plugging the conduit. The debris
barrier should have openings wide enough to allow as much small debris as possible to pass through yet
narrow enough to protect the smallest conduit in the system downstream of the barrier. One type that has
been used effectively in the past is the debris rack. This type of debris barrier isusually formed by aline
of posts, such as steel pipe filled with concrete or steel rails, across the line of flow to the inlet. Other
examples of barriers are presented in Hydraulic Engineering Circular No. 9, "Debris-Control Structures,”
published by the FHWA, which is available at the FHWA website (www.fhwa.dot.gov). It will be the
designer's responsibility to provide adebris barrier or deflector appropriate to the situation.

10.5 SEDIMENT BASINS

Sediment basins, check dams, and similar structures are a means of dropping out sediment held in
suspension. Sediment basins constructed upstream of storm drain conduits help trap such material before
it reaches the conduit. Sediment basins must be cleaned out on a regular basis in order to function
effectively.
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SECTION 11. SEDIMENT TRANSPORT

11.1 PURPOSE AND NEED

11.1.1Sediment and Debris M echanisms

11.1.1.1 Routine Sediment Deposition

Routine sediment deposition is a common problem in the El Paso area due to the high intensity
precipitation that the areareceives, the numerous topographic transitions from steep to flatdopes, and the
sandy soils that are present. The precipitation and the resulting runoff dislodge particles from the sandy
soils and transport them to downstream arroyos. The arroyos transport the sediment to downstream
portions of the watershed, while contributing additional sediment eroded from arroyo bed and banks. The
combined sediment load is ultimately deposited at locations of decreased velocity (i.e., stormwater
infrastructure locations, breaksin slope, etc.).

11.1.1.2 DebrisFlow Events

Although not as common as routine sedimentation, debris flow events are a problem in the El Paso Area,
as demonstrated in the August 2006 floods. Debris flow events generally result from prolonged intense
precipitation and initiate on the steep slopes in the upper portion of the watershed. Prolonged rainfall
results in saturation of sediment and debris historically accumulated within arroyo beds. Saturation can
ultimately lead to liquefaction of these sediment/debris, with sudden release of the full sediment/debris
load downstream. As the sediment/debris flow moves down through the watershed additional sediment
and debrisisincorporated in the load. The combined sediment load is ultimately deposited at |ocations of
decreased velocity (i.e., stormwater infrastructure locations, breaksin dope, etc.). Thisrare event results
in much larger volumes of transported sediment/debris than routine erosion-based sediment deposition.

11.1.2Sediment and Debris Hazards
There are several hazards associated with routine sediment deposition and debris flow events. Theresults
of these hazards can generally be classified asindirect damage or direct damage.

11.1.2.1 Indirect Damage Resulting from Sediment and Debris Hazards

Indirect damage to property occurs when sediment or debris causes downstream infrastructure to function
improperly and causes flooding that impacts property. Indirect damage generally occurs at areas of
reduced velocity where deposition occurs. The deposited sediment reduces thecapacity of the drainage
structure, resulting in flooding of adjacent and downstream structures.

11.1.2.2 Direct Damage Resulting from Sediment and DebrisHazards

Direct damage to property occurs when sediment or debris comes into direct contact with property. Direct
damage generally affects drainage structures located in channels or arroyos, structures located at or near
the mouth of an arroyo or the outfall of achannel, or structures located adjacent to arroyos or channels.
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11.1.3Purpose
The purpose of this section of the SWDM isto:
1. ldentify design criteria to reduce negative impacts from sediment deposition anddebris flows;
and

2. Develop and specify design criteria to control routine sedimentation and debrisflows.

11.2 DESIGN CRITERIA SOURCESAND TYPES:

A number of sources were consulted as background for this section. These sources consisted primarily of
design manuals for arid counties with soil types and topography similar to El Paso. The most useful
sources are listed below:

» Clark County Regiona Flood Control District (CCRFCD) Hydrologic Criteria and DDM
(CCRFCD, 1999);
Maricopa County Hydraulics DDM (Maricopa County, 2010);
Mohave County DDM (Mohave County, 2009);
Pina County DDM (Pina County, 2004);

Pima County Department of Transportation & Flood District (PCDOT & Flood Control District
[FCD]), Stormwater Detention and Retention Manual (PCDOT & FCD, 1987);

Southern Sandoval County Arroyo Flood Control Authority (SSCAFCA)Sediment and Erosion
Design Guide (Mussetter Engineering Inc. [MEI], 2008);

» Sparks Arroyo Flood Control Project Draft Sediment Appendix (USACE, 2004- 2007);

» International Boundary and Water Commission (IBWC) Rio Grande Canalization Improvement
Project, Sedimentation Analysis from the Rio Grande Tributary Basins (USACE and Resource
Technology Inc. [RTI], 1996); and

vV V V V

\4

From the sources listed above the following types of sediment design criteriawere identified:
» Sediment basin design criteria;

» Channel design criteria;
» Culvert design criteria; and
» Stormdrain system design criteria

11.3 SEDIMENT BASIN DESIGN CRITERIA

All sediment basins shall be designed to contain aminimum of ten years of average annual sediment yield
volume from the contributing watershed and with alayout smilar to Figure 11-1. There are three different
levels of analysisthat can be utilized to estimate the average annua sediment yield. Each level of analysis
provides the user of the manual an approved method for estimating the sediment yield, with a varying
degree of required effort and site-specific
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consideration associated with each level. General descriptions of each of the three levels of analysis are
provided below.
» Leve I: Default method incorporating minimal site-specific considerations.

» Leve Il: More detailed method incorporating site specific considerations but requiring more
detailed analysis.
» Leve Ill: Mechanism to allow other methods, approved by the CoEP, to be utilized.

Sediment basin locations at risk from debris/sediment flows require additional design consideration. All
sediment basin locations within proxima or media alluvia fan zones and immediately downstream of
areasidentified as known or potential debris/sediment flow sources must be designed to accommodate the
additional volume associated with the potential debris/sediment flow. There are two different levels of
analysisthat can be utilized to estimate the debris/sediment flow volume required.

Sediment basins constructed aong arroyos in El Paso may require additional environmental
considerations. Section 12 provides information on permitting for this topic.
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Figure 11- 1: Example Sediment Basin Layout
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11.4 CHANNEL DESIGN CRITERIA

Minimum Velocity Requirement

All constructed channels shall be designed to facilitate a minimum velocity of 2 ft/sec at design flow to
minimize sedimentation and vegetative growth in the channel. Maximum permissible velocities for
channel lining must be considered when adhering to this requirement (See Section 11.5).

11.5 CULVERT DESIGN CRITERIA

Minimum Velocity Requirement

All culverts shall be designed to facilitate a minimum velocity of 2.5 ft/sec for partia flow depths. This
velocity is specified to minimize sedimentation in the culvert. Maximum permissible outlet velocitiesand
maximum permissible velocitiesfor channel lining must be considered when adhering to thisrequirement.

The CoEP may require the clogging factors shown in Table 11-1 to be applied to the design crosssection
area of culvert openings in high debris/sediment areas where there are no or undersized (per these
guidelines) upstream sediment controls.

Table 11- 1: Clogging Factors

SR i

O0<x<4 50
4<x<9 40
9<x<16 |30
6> X 20
ft2 = Square feet.

11.6 STORM DRAIN SYSTEM DESIGN CRITERIA

Minimum Veocity Requirement

All storm drain systems shall be designed to facilitate aminimum velocity of 3 ft/sec for the 10-year storm
flow. This velocity is specified to minimize sedimentation in the storm drain system. Maximum
permissible outlet velocities for channel lining must be considered when adhering to this requirement.

SECTION 12. FLOODPLAIN MANAGEMENT

The purpose of proper floodplain management is to provide measures to protect lives and property. The
City of El Paso participates in the National Flood Insurance Program (NFIP) and has adopted a Flood
Damage Prevention (FDP) to ensure proper floodplain management development occurs within the
identified Special Flood Hazard Areas (SFHA).

The City hastaken stepswith FEMA to update the current effective FIRMsinto digital FIRMs (DFIRMS)
with revised floodplains. The City of El Paso has detailed floodplains with base flood elevations (BFES)
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and floodways identified and unnumbered A-zones where no BFEs have been determined. The City has
also established a permitting process for any floodplain development that must be adhered to.

12.1 FEMA DEFINED FLOODPLAINS AND FLOODWAY S

FEMA has identified SFHAs and established floodways that are shown on the effective FIRMs. The
policies related to implementation of the NFIP Rules and Regulations (Section 60.3) along with those of
the City ordinance 18.60 are as follows:

12.2 BEST AVAILABLE DATA

New or updated data for SFHA’s are constantly being developed by the city. It isthe City’s policy, in
conformance with the NFIP Rules and Regulations, to use this information for regulatory purposes when
there are no identified SFHA’ s but has the potentia to flood, is more restrictive than what is published on
the effective FIRMsor isidentified asan unnumbered A zone of the effective FIRMS. 1t will be considered
as “Best Available Data’ for floodplain management purposes and will be used for all new devel opment.
The datashould identify floodplain information such as BFEs and floodway delineationsfor any proposed
structure or development. For proposed subdivisions that impact the SFHA’s 5 acres or 50 lotsin size,
whichever isless, the developer isrequired to submit a Conditiona Letter of Map Revison (CLOMR) for
the area of concern. Thisincludes providing technical data developed by a Texas registered professiona
engineer that has established BFEs and floodway delineations prior to issuance of any permits.

12.3 CLOMR REQUIREMENT PRIOR TO ISSUANCE OF A GRADING PERMIT

Any revisions to a floodplain with detailed data and/or encroachments into the designated floodway or
flow path (arroyo) must receive approval from the City of El Paso and FEMA by submitting for aCLOMR.
The approved CLOMR request must be received before a grading and drainage permit will be issued by
City of El Paso. A Letter of Map Revision (LOMR) will then be required once the proposed devel opment
has been completed. After grading and improvements are complete LOMR documents must be submitted
to FEMA within 45 days. Approval from FEMA must be obtained prior to occupancy of facilities.

124 LOMR REQUIREMENT PRIOR TO FINAL DEVELOPMENT APPROVAL

Any proposed devel opment that has submitted a CLOMR to FEMA for revisions of the FEMA-designated
SFHA'’ sand/or floodway must receive aFEMA-approved LOMR before final approval by City of El Paso
or municipalitiesis granted for building permits.

12.5 LOCATION OF STRUCTURES

The developer should locate proposed structures outside of SFHA’'s when possible.  The floodplain
administrator shall work with the developer to determine the building placement prior to issuance of any
building or grading permits. Relevant factors that will be considered in the development of adequate
structure placement are:

1. Thedanger tolife and property dueto flooding or erosion damage.
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2. The susceptibility of the proposed facility and its contents to flood damage and the effect of such
damage on the individual owner.

3. The danger that materials may be swept onto other lands to theinjury of others.

4. The compatibility of the proposed use with existing and anticipated development as determined
by the director of planning, research, and devel opment.

5. The safety of accessto al buildings in the time of flood.

6. The expected heights, velocity, duration, rate of rise, and sediment transport of the floodwaters at
the site.

7. Thejustification of the proximity of the facility to the abutting floodway, where applicable.

8. Theavailability of alternate locations, not subject to flooding or erosion damage, for the proposed
use.

9. The relationship of the proposed use to the comprehensive plan for that area

12.6 PUBLIC AND PRIVATE ROADS AFFECTING EFFECTIVE SHFA'S

A CLOMR and LOMR must be submitted to the City of El Paso and FEMA for approval for any proposed
roadways that affect a designated SFHAs and/or floodway. In the event that a proposed project is located
within a SFHA with BFEs established, a Texas licensed professional engineer shall submit, at aminimum,
a grading plan, drainage control plan, and temporary and permanent erosion control plans to the City of
El Paso.

The grading plan shall include existing contours, proposed contours, finished grade elevations, and
finished floor elevations. Detailed information of the grading is presented in the current Grading
Regulations. It is unacceptable that the proposed grading scheme adversely impact adjoining properties
or existing structures. The drainage control plan shall depict flow patterns and high and low points, and
locations of existing and proposed drainage systems. The temporary and permanent erosion control plan
shall show location and installation of erosion control elements and will be in accordance with 18.44 of
the city ordinance.

12.7 FLOODPLAIN MANAGEMENT STANDARDS FOR SFHA’'SWITHOUT BFE’S

For development in areas of the SHFA’s without BFE’ s established, the devel opment must comply with
the following:

12.8 ANCHORING

All new construction or substantial improvements shall be designed or modified and adequately anchored
to prevent flotation, collapse, or latera movement of the structure resulting from hydrodynamic and
hydrostatic loads, including the effects of buoyancy. As defined in the FDP regulation, new construction
is defined as structures for which the start of construction commenced on or after the effective date of the
floodplain management regulation adoption by the City of El Paso and includes any subsequent
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improvementsto such structures. Substantial improvement isdefined as any reconstruction, rehabilitation,
addition, or other improvement of a structure, the cost of which equals or exceeds fifty percent of the
market value of the structure before start of construction of the improvement. Please refer to the FDP
regulation for a complete listing of relevant definitions.

12.9 CONSTRUCTION MATERIALSAND METHODS
All new construction and substantial improvements shall be constructed:

1. With materials and utility equipment resistant to flood damage.
2. Using methods and practices that minimize flood damage.

1210 UTILITIES

All new and replacement water supply systems shall be designed to minimize or eliminate infiltration of
floodwaters into the system.
1. New and replacement sanitary sewerage systems shall be designed to minimize or eliminate
infiltration of floodwaters into the systems and discharge from the systems into floodwaters.

2. On-site waste disposal systems shall be located to avoid impairment to them or contamination
from them during flooding.

All new construction or substantial improvements shall be constructed with electrical, heating, plumbing,
ventilation and air conditioning equipment, and other service facilities that are designed and/or located to
prevent water from entering or accumul ating within the components during conditions of flooding.

12.11 SUBDIVISION PROPOSALSIN SFHA’'S
Subdivision proposalsin SFHA' s shall conform to the following:
1. All subdivision proposals shall be consistent with the need to minimize flood damage.

2. All subdivision proposals shall have public or private utilities and facilities such as sewer, gas,
electrical, and water systems |located and constructed to minimize flood damage.

3. All subdivision proposas shall have adequate drainage provided to reduce exposure to flood
damage.

4. Base flood elevation data shall be provided for subdivison proposals and other proposed
devel opments within the SFHA and submitted to FEMA for approval.

12.12 STANDARDS OF AREAS OF SHALLOW FLOODING (AO AND AH ZONEYS)

These SFHA'’ s have associated base flood depths of one to three feet where a clearly defined channel does
not exist and where the path of flooding is unpredictable and indeterminate. Therefore, the following
provisions apply: All new construction and substantial improvements of residentia structures must have
the lowest floor, including the basement, elevated above the highest adjacent grade at least as high as the
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depth number specified in feet on the FIRM (at least two feet if no depth number is specified). All new
construction and substantial improvements of nonresidential structures must:

1. Have the lowest floor, including the basement, elevated above the highest adjacent grade at least
as high as the depth number specified in feet on the County FIRM (at least two feet if no depthis
specified); or

2. Bedesigned together with attendant utilities and sanitary facilities so that the structure iswatertight
below the base flood level with walls substantially impermeable to the passage of water and with
structure components having the capability of resisting hydrostatic and hydrodynamic loads of
effects of buoyancy.

3. A Texas licensed professional engineer shall submit a waterproof certification and elevation
certificate to the City floodplain administrator that the standards of this section are satisfied.

4. Require adequate drainage paths around structures on slopes within zones AH and AO to guide
floodwaters around and away from proposed structures.

12.13 FLOODPLAIN MANAGEMENT STANDARDS FOR SFHA’'SW/ESTABLISHED BFE’'S
For development in SFHA’ s where BFE' s have been established, the following specifics apply:

12.14 RESIDENTIAL CONSTRUCTION

New construction and substantial improvements of any residential structure shall have the lowest floor,
including the basement, elevated one foot above the BFE. An elevation certificate will be required to
document this.

12.15 NONRESIDENTIAL CONSTRUCTION

New construction and substantial improvement of any commercial, industrial, or other nonresidential
structure shall either have the lowest floor, including the basement, elevated one foot above the BFE, or
it, together with attendant utility and sanitary facilities shall:
1. Be flood proofed so that the structure is watertight below the base flood level with walls
substantially impermeabl e to the passage of water.

2. Have structural components capable of resisting hydrostatic and hydrodynamic loads and effects
of buoyancy.

3. Be certified by a Texas licensed professional engineer that the standards of this subsection are
satisfied. In addition, elevation certificate is required for this section.

12.16 MANUFACTURED HOMES

1. All manufactured homes to be placed within zone A shall be installed using methods and practices
which minimize flood damage. For the purpose of this subsection, manufactured homes must be
elevated and anchored to resist flotation, collapse, or lateral movement. Methods of anchoring may
include, but are not limited to, use of over-the-top or frame ties to ground anchors. This
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requirement is in addition to applicable state and local anchoring requirements for resisting wind
forces.

2. All manufactured homes are to be placed or substantially improved within zones A1-30 and AH
on the community's FIRM. They must be elevated on a permanent foundation such that the lowest
floor of the manufactured home is 1-foot above the base flood elevation and must be securely
anchored to an adequately anchored foundation system in accordance with the provision of section
12.12.

12.17 FLOODWAYSOR ARROYO

Floodways are an extremely hazardous area due to the vel ocity of the floodwaters, which carry debris and
potential projectiles, along with asignificant erosion potential. It must be kept clear of all obstructionsto
alow the flow of the 100-year storm event; therefore, the following provisions shall apply:
1. Encroachments are prohibited, including fill, new construction, substantial improvements, and
other developments, unless a CLOMR has been submitted

2. All new construction and substantial improvements shall comply with all applicable flood hazard
reduction provisions of this section.

3. Prohibit placement of any mobile homes

12.18 AREASOUTSIDE THE SFHAS

There are many flood prone areas in the County of El Paso that do not have identified SFHAS. Thecity’s
mission is clear: to provide regional flood hazard identification, regulation, remediation, and education
for residents so that they can reduce their risks of injury, death, and property damage from flooding, while
still enjoying the natural and beneficial values served by SFHA's.

The city pertaining to areas outside of SFHA’s or erosion prone areas are provided in the following:

12.19 REQUIREMENT TO DELINEATE 100-YEAR SPECIAL FLOOD HAZARD AREA OR
ESTABLISH MINIMUM FINISHED FLOOR ELEVATION

In locations where development is proposed and a SFHA designation does not exist but has the potential
to be a flood prone area, the delineation of the 100-year specia flood hazard area may be required.
Elevations determined, by a professional engineer, and must comply with FDP ordinance, or they must
establish the minimum finished floor elevation to be at 3 feet about the highest adjacent grade to the
proposed structure.

1220 EROSION PROTECTION

Building pads and foundations may be required to have an additional setback or be protected from erosion
and scour.
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12.21 LOT GRADING

Lots are to be graded to drain so as not to adversely affect adjacent property owners. Runoff redirected
from its natural flow location may drain onto or through an adjacent property if awritten agreement isin
place with the affected property owner or a drainage easement or tract is provided or obtained. Such
agreements, easements, or tract must be recorded against the deed of the affected properties. A legal
description and exhibit drawing of every easement and/or agreement must be included as a part of the
recorded documents.

SECTION 13. RIGHTS-OF-WAY AND EASEMENTS

When asubdivisionistraversed by awatercourse, drainage way, channel, and underground facilities, there
shall be provided either a (public or private) storm water easement or drainage right-of-way conforming
substantially to the lines of such a watercourse, and of such width and construction as outlined in this
section. When a proposed drainage system routes storm water across private land outside the subdivision,
appropriate drainage rights shall be secured by the sub-divider and indicated on the plat. All existing and
proposed drainage easements and rights-of-way shall be shown on the plat.

Rights-of -way and permanent easements required for drainage, flood control, and erosion control facilities
will conform to the following criteria:

13.1 STORM WATER DESIGN

13.1.1 General Requirements

The subdivider shall provide for the design of the storm water management in the subdivision and shall
design and ingtall al required storm water management facilities. The storm water management of the
subdivision shall conform to an existing approved stormwater master drainage plan and drainage facilities
shall conform to the stormwater construction details. Required computations shall be prepared by an
engineer and submitted with the drainage plans.

13.1.2 Accessibility to public storm sewers
Public storm sewer systems shall be accessible for inspection and maintenance by the municipality from
apublic ROW.

13.1.3Accommodation of downstream drainage ar eas

Methods to mitigate adverse downstream drainage conditions created by the development of the
subdivision shall be included in the subdivision plans. No adverse downstream drainage impacts will be
alowed.
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13.1.4Accommodation of Runoff

Drainage facilities shall have enough capacity for potential runoff from upstream watershed drainage
areas, whether inside or outside the subdivision. The size of the facility shall be based on the provisions
of the stormwater construction details, using conditions of maximum potential watershed devel opment,
and such calculations shall be subject to the approval of the flood plain administrator.

SECTION 14. GREEN INFRASTRUCTURE

14.1BACKGROUND AND PURPOSE

Development and urbanization alter and inhibit the natural hydrologic processes of surface water
infiltration, percolation to groundwater, and evapotranspiration. Prior to development, known as
predevelopment conditions, up to half of the annual rainfall infiltrates into the native soils. In contrast,
after development known as post-devel opment conditions, developed areas can generate up to four times
the amount of annual runoff and one-third the infiltration rate of natural areas. This change in conditions
leads to increased erosion, reduced groundwater recharge, degraded water quality, and diminished stream
flow.

Traditional engineering approachesto stormwater management typically use concrete detention ponds and
channels to rapidly convey runoff from developed surfaces into drainage systems, discharging large
volumes of stormwater and pollutants to downstream surface waters. As aresult, scormwater runoff from
developed land is a significant source of many water quality, streeam morphology, and ecological
impairments. Sustainable Stormwater Management (SSWM) has emerged as an alternative stormwater
management approach that is complementary to conventional stormwater management measures. It is
based on many of the natural processes found in the environment to treat stormwater runoff, balancing the
need for engineered systems in urban development with natural features and treatment processes.
Reducing the overall imperviousness and using the natural drainage features of asite areimportant design
strategies to maintain or enhance the baseline hydrologic functions of a site after development. This
can be achieved by applying SSWM practices, which replicate natural hydrologic processes and reduce
the disruptive effects of urban development and runoff.

SSWM strategies focus on mimicking predevelopment conditions using native or improved soils,
vegetation, and bioengineering applications to reduce and treat the increased flow that development
creates. Unlike the conventional method of quickly discharging stormwater offsite and conveying it to a
downstream watershed, SSWM treats stormwater as aresource onsite. Site assessment, site planning, and
onsite stormwater management guide the initial design phases of a project to mantain a more
hydrologically functional landscape even in denser urban settings.
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Green Infrastructure (Gl) refers to constructed features used in SSWM strategies. Gl uses constructed,
natural systems to manage stormwater in a manner that promotes capturing, cleaning, and filtering
stormwater. Unlike single-purpose gray stormwater infrastructure, which uses pipes and concrete lined
channels to convey stormwater, Gl uses vegetation and soil to manage rainwater where it falls. Weaving
natural processes into the built environment will sow down runoff velocities, reduce erosion, increase
infiltration, and reduce pollutants. Gl often results in wildlife habitat and generally promotes the overall
health of the watershed. This chapter is designed to inform designers, developers, policymakers, citizens,
and others in the City of El Paso (CoEP) about the benefits and design criteria for the implementation of
SSWM through the use of GlI.

14.1.1Philosophy and Definitions

Stormwater runoff is often viewed as a nuisance in urban devel opments, a waste product, something to be
“gotten rid of.” However, in an arid location, like El Paso, it is actually a valuable resource. When
managed thoughtfully and creatively, stormwater runoff can contribute to more attractive, healthy, and
sustai nable neighborhoods.

The concept of Gl is emerging as a highly effective and attractive approach to controlling stormwater
pollution and protecting developing watersheds of urbanized communities throughout the country
(Natural Resource Defense Council [NRDC], January 2009). Gl integrates stormwater management
controls into landscaped green spaces. In doing so, it provides many benefits. It slows and reduces runoff
down streets, recharges groundwater, irrigates vegetation, removes pollutants from runoff, and reduces
localized flooding during storm events. The benefits continue as it helpsto create appealing streetscapes,
restores natural habitat, buffers urban noise, filters air pollutants, and helps connect neighborhoods,
schools, parks, and business districts.

Theterms Gl and Low Impact Development (LID) are often used interchangeably to define structural and
non-structural SSWM techniques. For the purposes of this chapter, Gl and LID are analogous, and will
most frequently employ the term GI. Gl refersto an adaptable term used to describe an array of materials,
technologiesand practicesthat use natural systems, or engineered systems that mimic natural processes,
to enhance overall environmental quality and provide utility service. Gl has been used to refer to anything
from treesin an urban setting to planned, engineered infrastructure in a community.

Gl techniques tend to generally use soils and vegetation to slow, infiltrate, evapotranspirate and/or reduce
stormwater runoff. The Environmental Protection Agency (EPA) defines Gl similarly and recognizes Gl
to manage stormwater runoff. Examples of Gl include biofiltration basins (i.e., rain gardens), porous
pavement, and median swales. These systems are planned, designed, and managed to mimic natural
systems.
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14.1.2Green Infrastructure Practices Recommended for El Paso

Since the goal of Gl design is sustainability then SSWM design should bring harmony with the natural
landscape preserving and restoring vital ecological servicesthat benefit both our communities and nature.
With thisin mind it is important to consider the ecologica services provided by arroyos in the El Paso
landscape. They convey stormwater runoff, recharge groundwater, support unique plant communities,
create wildlife habitat, and migration corridors. All are vital functionsworth trying to mimic in sustainable
design approaches.

The design guide, Green Infrastructure for Southwestern Neighborhoods, noted the following about
arroyos. “As development occurs, washes have often been... relegated to backyards and blocked from
view by large walls, where they are used as sites of criminal activity, used as dumping grounds, invaded
with weedy/non-native plants.” By intentionally utilizing Gl to create attractive, landscaped spaces in
public right-of-way (ROW), CoEP has an opportunity to create added community benefits by bringing
drainage features into plain site where they can be appreciated as an asset, landscaped for beauty, and not
hidden and abused.

The GI concepts presented herein, can mimic some of the native landscape ecol ogical functions on asmall
(neighborhood) scale focusing on biofiltration basins and park ponds because water and sediment is
managed at the surface where it isvisible and easy to maintain. Using Gl design native vegetation builds
soil structure promoting long term infiltration; they mimic natural ecological functions;and they provide
supplemental benefits such aswildlife habitat, |andscape aesthetics, recreation opportunities, shade, noise
and air pollution reduction.

14.2GREEN INFRASTRUCTURE WITHIN THE PUBLIC RIGHT OF WAY

14.2.1Bioretention Basins
Bioretention basins are one of the Gl techniques most suitable for El Paso streets. They are small scale,
distributed retention basins, planted with native vegetation. Hence, the name, “bio- retention.”
Conventiona retention basins historically used in El Paso consist of large basins located at the downhill
end of a development (“end of pipe’). They are typically eyesores, pose safety concerns, and create
maintenance headaches. Conversely, bioretention basins are used to distribute stormwater controls
uniformly throughout a development, control stormwater runoff near the point of generation rather than
at the “end of pipe,” keep individual basins small, manageable, and safe, and use stormwater to help create
attractive neighborhood amenities.
Bioretention basins can take several shapes and forms, but they have common elements:

» Shallow basins, typically ranging from 3 to 18 inches deep

» Inlets or some method to deliberately convey water into the basin
» Sediment traps at inletsto catch sediment, ledf litter, or trash
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» Loosg, friable soilsin the basin bottom to promote infiltration
» Deep rooted vegetation to further promote infiltration and provide attractive landscaping

Four bioretention basin variations are included in this section:

» Basinsplaced in street medians with curb cuts to accept drainage from streets
» Basins placed along street edges with curb cuts to accept drainage from streets

» Shallow bioretention basins located between sidewalks and street curbs, but without curb cuts so
they collect runoff from sidewalks but not streets

» Bioretention with below-grade storage chambers to provide additional stormwater storage and
infiltration space hidden beneath the basin

14.2.21 ocating Bioretention Basinswithin Street Right of Ways

Bioretention basins, and other Gl techniques, work best when they are located immediately adjacent to
the impervious surfaces that generate the most stormwater runoff — streets, driveways, parking lots,
building downspouts, and sidewalks. When used in public street ROW, the typical goal isto distribute Gl
stormwater controls uniformly along every street, in medians and street edges. Potential |ocations for
bioretention basins along streets are shown in Figures 3-1 through 3-4 in Appendix 3. The figures show a
range of options for locating bioretention basins within existing ROW widths and expanded ROWSs for
residential streets, minor arterial streets, and major arterial streets. Space for bioretention basins must be
created within medians and parkways. To do so, designers must consider a range of aternative and
expanded ROWSs to create the needed greenspace.

Figure 3-1 in Appendix 3 presents a standard 54-foot local residential ROW without Gl and an aternative
cross section incorporating Gl and one-way streets. Figure 3-2 in Appendix 3 presents options for Gl
within expanded residential ROW widths. Figure 3-3 in Appendix 3presents options for Gl within mgjor
and minor arterials. Figure 3-4 in Appendix 3 presents a conceptual layout called Street Edge Alternative
(SEA), incorporating one-way residential streets to create space for expanded parkways containing
bioretention basins. In the SEA alternative, on-street parking is replaced with narrow temporary parking
lanes for delivery vehicles plus off-street parking.

14.2.3Distribution and Sizing of Bioretention Basins

Bioretention basins, and GI, work best when basins are uniformly distributed along streets. They also tend
to work best when the drainage areas|eading to individual basinsare small, generally one-half to one-acre
drainages. The goal isto catch runoff closeto the point of generation before runoff volumes and velocities
become large. A typica goal for sizing an individual bioretention basin is to size it to hold the runoff
volume from a2 inch to 1 inch (or greater) rainstorm from the contributing impervious drainage area.
This is not an exact requirement, but if the basins are much smaller, they can become overwhelmed in
larger storms.
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Selecting the location, number, and size of bioretention basins must be done in conjunction with the sizing
of park ponds to achieve the needed retention volume for the entire development. Estimated storage
volumes for bioretention basins can be calculated from the basic geometry of each basin using the top
width, bottom width, basin length, basin depth, and side sope geometries. Basin pool depths are
established by the curb cut elevation and the basin bed elevation, as shown in Figure 3-7 in Appendix 3.
Storage volumesin basins can decrease significantly if the bed of the basin is not flat, as shown in Figure
3-7in Appendix 3, and instead islocated on an inclined sope. Also note that storage volumes decrease as
profile dopes increase due to lengthening side sopes. Estimated storage volumes used in example
calculations presented in this chapter were based on flat dopes and should not be considered representative
of project-specific conditions. Storage volumesfor bel ow-grade storage chamberg/infiltration systemswill
be a function of the specific products used and the configuration in which they are installed. Designers
must calculateretention volumes for individual basins and the tota retention volume for al Gl
incorporated intoa development based on the geometries and designs selected.

14.2.4Bioretention Basin Design

14.2.4.1.1 Site Inspection and Soil Testing

Thegoal of bioretention isto catch stormwater runoff, filter therunoff through mulch, soil, and vegetation,
and promote infiltration of water into the underlying soils. Bioretention basins are designed to infiltrate
collected water within 24 hours. Thus, soil types and characteristics are important factors to basin
performance and a soils investigation should be conducted to document representative conditions
throughout the project area. Soil studies can be coordinated with geotechnical investigations that may be
conducted for other project needs but must collect added information to support decisions related to
stormwater infiltration capacities and horticultural needs.

Sails investigations should document the following in representative locations where Gl will be located:

» Soil type and compaction

Presence of impermeable layers such as caliche or clay layers
Presence of topsoil and soil organic matter

Presence of fill or waste materials

Depth to bedrock and groundwater

» Infiltration/percolation rates

vV V V V

The primary goals of theinvestigation are to assessthe ability of the soilsto support stormwater infiltration
and support healthy plant growth. Inspections can be conducted via drill rig, test pits,or hand augers, as
may be appropriate for the scale of the project. Infiltration/percolation tests should be conducted at
representative locations to evaluate potential stormwater infiltration rates. Such tests should be performed
at a depth that will represent the bottom elevation of the future bioretention basins, typically 1 to 2 feet
below ground surface. Impermeable layers such as caliche or rock should be noted. If they are shallow, it
may be possibleto rip or remove them to promote deeper stormwater infiltration from bioretention basins.
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Soils should be inspected for the presence of topsoil and organic matter (A Horizon Soils) that will help
support healthy plant growth vs. the presence of waste, fill material, or rock that may inhibit plant growth.

Professional judgment isrequired in theinterpretation of al soilsreportsand in the subsequent preparation
of bioretention basin designs, as initial soil investigations will likely represent native or undisturbed
conditions prior to construction. Native soils are often highly disturbed by construction activities so
undisturbed conditions may not represent post-construction conditions. Topsoil is typically removed and
remaining subsoil highly compacted by conventional construction methods. Both actions will impact the
performance of bioretention basins to promote infiltration and support plant growth. Where native soils
can be protected during construction, they should be. Where they cannot be protected, steps will need to
be taken during basin construction to restore disturbed soils. Utility conflicts can present challenges for
incorporating Gl. Existing or planned utility locations should be documented during the planning stage to
minimize utility conflicts with bioretention basins. Overall site dopes and geology should also be
considered when locating Gl features and consideration given to whether infiltrated stormwater may
intercept shallow bedrock shelves or confining layers and create potential seeps in unwanted downslope
locations.

14.2.4.2 Basin Locations, Shapes, Sections, and Profiles

“Off-Line” Design

In the layouts presented in this section, the bioretention basins are constructed in an “off-line” design.
That means that basins are located off to the side of the stormwater flow path (the curb and gutter). Water
enters the basins through a curb cut. When the basins are full, no more water will enter them until water
infiltrates and the water surface drops below the elevation of the curb cut. In this configuration, water does
not flow through and out of the basin, so flow velocities through the basin are limited, which hel ps prevent
erosion and mulch wash-out.

L ocations and Shapes

In street ROW, bioretention basins can be in medians or along street edges between curbs and sidewalks.
Figure 3-5 in Appendix 3 presents an example plan view and cross sections for a basin located in a street
median with curb cuts to accept runoff from the sreets. Figure 3-6 in Appendix 3 presents an example
plan view and cross section for a basin located on a street edge with a curb cut to accept runoff from
the street. The layouts are similar except for the inlet placements and edge dimensions. In street medians,
inlets are needed from both sides of the street. On street edges, asingle inlet is needed for each basin.

On street edges, if parking is expected next to the basin, a“step out” bench should be incorporated on the
street side if it is anticipated that people may step out of a car onto the edgeof the basin. Similarly, it is
helpful to include a buffer strip along sidewalk edges so that pedestrians do not step off the edge of the
sidewalk directly onto a steep side dope. Along street edges, it is helpful to include steppingstones across
abasin. If individual basins are long, there is limited room to walk around them, and it is anticipated that
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people may walk across the basins to and from cars. Basin shapes can vary to suit the aesthetic design of
the landscape plan.

Basin Sections and Profiles
Two approaches are typically used for basin side dopes; see the examples in Figures 2-5 and 2-6. One
approach isto maintain vertical or near vertical sidewalls using landscape rocks. This can help maximize
storage volumes and create the appearance of arocky creek bed. The second approach is to use gently
doped, vegetated soil side dopes, at 3H:1V maximum slope. Plants can be incorporated into the basin
bottom, side slopes, or elevated planting benches.
A conceptual basin profileis shown in Figure 3-7 in Appendix 3. Key pointsinclude the following:

» The elevation of the curb cut sets the water surface elevation in the basin. The distance between

the curb cut and the bed of the basin sets the pool depth.

» On doped streets, it is important to make sure the ground surface, curb, and sidewalk elevations
on the downhill side of the basin are above the curb cut elevation so that water does not spill out
of the basin over sdewalks or curbs.

» Locating the curb cut on the downhill end of the basin will result in a shallower inlet channel.
Locating it on the uphill end of the basin will require alonger inlet channel from the curb cut to
the bottom of the basin.

14.2.4.3 Basn Depths

The depth of the basin is primarily a function of the soil infiltration rate, plus aesthetic and safety
consderations. Bioretention basins should be designed so that al water infiltrates or evapotranspiration
occurs within 24 hours. This prevents the breeding of mosquitoes and allows the use of a wide range of
plants. The basin depth should first be based on the measured soil infiltration/percolation rate. For
example, if an infiltration rate of 8 inches per day was calculated from the testing, the maximum pool
depth should be limited to 8 inches so that all water will infiltrate in 24 hours. If a higher infiltration rate
was measured in sandy soils, greater pool depths can be used. Maximum pool depths are typically limited
to about 15 inches for aesthetic and safety concerns. For larger basins located in street medians with
limited access, pool depths may be increased up to 18 inches. In a small narrow basin located next to a
sidewalk, the basin depth should be limited to 6 to 12 inches.

14.2.4.4 Shallow Bioretention Basinswithout Curb Cuts

In narrow spaces between sidewalks and curbs where it is not practical to make the basin large or deep
enough to alow curb cuts and collection of water off streets, ashallow basin can beinstalled without curb
cuts. These basins will collect runoff from adjoining sidewalks and water will sheet flow into the garden
rather than enter it through a curb cut inlet. An example cross section is shown in Figure 3-7 in Appendix
3. This configuration collects runoff from alimited drainage area but harvests stormwater to irrigate street
trees or other landscaping. Both the bed and side slope of the basin should be mulched or covered with
decorative river rock as water can cause erosion gullies on the side slopes where it enters the garden.
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14.2.4.5 Basin Construction, Erosion and Sediment Control, and Soil Bed Preparation

Streets, curbs, and sidewalks will typically be constructed prior to bioretention basins and often the area
designated for the bioretention features will be disturbed and compacted during construction. To the extent
possible, disturbance of bioretention basin locations should be minimized, construction equipment
excluded from those areas, and debris, rubble, asphalt, or concrete washout prohibited from those
locations. Future bioretention locations can be used for temporary sediment control basins during
construction if the locations are subsequently cleaned, soils restored, and basins properlyprepared for
bioretention. It is best to construct bioretention basins, and all Gl features after al adjoining and uphill
properties are constructed, site soils stabilized, and erosion and sediment migration eliminated. Eroded
soils from un-stabilized properties can quickly destroy a completed bioretention basin by plugging soils
and smothering plants and mulch. Stringent erosion and sediment control provisions must be included in
Gl construction documents.

Bioretention basins should be excavated with a backhoe or excavator operating from outside the footprint
of the basin. Equipment such as skid loaders or frontend loaders should be prohibited in areas where
basins will be constructed to avoid soil compaction. Soilsin the bed of the basin must be kept 1oose and
friable. Any compacted soils should be restored by ripping and tilling soils to a depth of 12 inches or
greater, as necessary, to restore compacted soils. Soils compacted during construction of curbs, sidewalks,
or inlets must be restored in the same manner. Identify al utility locations before doing so.

Most native plants adapted to the arid El Paso environment may not need a large amount of soil organic
matter. However, if the topsoil has been stripped from the site or soils compacted during construction it
may be beneficia to till 2 to 3 inches of mature, stable, well-aged compost or similar organic matter into
the soil prior to fine grading to restore organic matter and texture to the soil. Consult with ahorticulturalist
or landscape architect on the soil organic matter and nutrient needs for the plants selected for the basins.

14.2.5Curb Cuts, Inlets, and Sediment Traps

Stormwater should be directed to bioretention basins in a controlled manner since flowing water will
create erosion gullies on unprotected slopes, even on shallow, gentle slopes. In shallow bioretention basins
without curb cuts, water will enter basins from adjoining sdewalks by flowing downside sopes, so all
dopes should be mulched with wood or river rock. Curb cuts and inlets are used to convey water into
bioretention basins designed to collect water from streets. Inlets to basins should convey water into the
basin while preventing erosion at the let-down point. Common approaches are rock chutes, concrete
flumes, or stone steps, as shown in Figure 3-8 in Appendix 3. Rock chutes are easiest to install but fill up
with sediment over time so require periodic removal, cleaning, and replacement for maintenance. A
sediment trap is intended to provide a location for the deposition and easy clean-out of accumulated
sediment, trash, or debris preventing materials from plugging garden soils overtime. It also prevents
erosion and scour where water enters the basin and helps spread water across the garden bed.

57|Page



DRAFT - Stormwater Design Manual DRAFT —May 2022
City of El Paso

14.2.6Below Grade Storage Systems

Additional stormwater retention volume can be incorporated beneath bioretention basins using below
grade storage and infiltration chambers placed beneath the beds. See Figure 3-9 in Appendix 3 for
conceptual plan and profile illustrations of this configuration. Numerous products are available in the
marketplacefor this purposeincluding modular block systems, perforated pipes, arch systems, and various
chamber systems. Materias range from plastic to galvanized steel to concrete. Given therange of products
available, no single design detail is appropriate. The following are general considerations for this type of
system.

Designers should work with manufacturers to customize designs for specific project applications.
Thought must be given to how water will be directed into the below grade storage chamber. Approaches
include infiltration into the chamber through permeable soils, overflow into the chamber through a drop
inlet structure, or a combination of both. Approaches will depend on the type of product used. Where
inlets are used, include a trash filter to prevent mulch, trash, and large sediment from entering the
chamber. The advantage of inletsis that they can rapidly convey water from sudden large storm events.
The disadvantage is they may also convey suspended sediment into the chamber, which can lead to
plugging. Cleanout risers should be installed in all below grade storage systems at ends or corners of
systemsto ensure all reaches of the system are accessible.

Permeable, open wall chamber systems require a filter layer to prevent soils from migrating into the
chamber, while also allowing water to soak into it. Some design guides specify that such chambers be
wrapped with filter fabric for this purpose. Bioretention experience in other parts of the country has found
that filter fabric tends to clog with fine sediments. Due to the heavy sedimentation El Paso experiences,
filter fabrics should not be used for this purpose. Other systems have been developed using graded gravel
layersin lieu of fabric and can be considered. Below grade storage systems have the potential to collect
and infiltrate much larger volumes of water in the same area than can be managed in a bioretention basin
alone. As aresult, consideration must be given to how well and how deep the water will infiltrate based
onlocalized soil types and geology and whether infiltration of large volumes of water in a concentrated
location may cause seepage issues nearby. Soil types, confining layers that can cause the lateral migration
of infiltrated water, topography, the location of structures, retaining walls, unstable soils, and locations of
below grade utility lines that can potentially create water flow conduits should be considered when
locating below grade storage and infiltration systems. Landscape plans must consider the location of the
below grade storage systems. Planting zones should be created outside the footprint of the storage chamber
as the chambers will inhibit deep penetration of plant roots. Deep root penetration is important for plant
survival in El Paso’'s arid climate. If drop inlets are used to convey water from bioretention basins into
below grade storagesystems, water will flow through the bioretention basin from the curb cut to the drop
inlet. High flow velocities can displace wood mulch. In such situations, decorative river rock mulch may
bemore appropriate in the center of the basin.
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14.2.7Design Considerationsfor Steep Streets

Curb cutsand inlets are used to convey water into bioretention basinsthat collect storm water from streets.
On steep streetswith longitudinal slopes greater than cross slopes, consideration must be given to directing
water to curb cuts so that runoff does not bypass the inlets. It is important to assure that stormwater is
readily able to enter the basins aong the length of thestreet so that significant runoff does not
accumulate at low spots, produce street ponding, or overwhelm downstream intersections and basins. As
shown in Figure 3-10 in Appendix 3, options to direct stormwater to inlets on steep streets include
depressed inlets with vanes, depressions (valley gutters) across the street, shallow speed bumps across the
street and/or trench drains across the street. It isimportant to remember that streets should be crowned to
direct stormwater to the outer edgesof the roadway and that curb cuts should be placed every 40 — 50 feet
along the curb. As streets get progressively steeper more aggressive approaches must be used to direct
stormwater into the bioretention areas. For sopes greater than seven percent (7%), speed bumps and/or
trench drains are recommended to ensure stormwater is directed to the bioretention areas and does not
bypass the curb cutg/inlets.

Each option presented above has advantages and disadvantages. Depressed inlets are effective on
shallower dopes but may be insufficient on steep slopes. Depressions, speed bumps and trench drains
may create sediment deposition points, which will need to be cleaned and maintained periodicaly, but
also provide traffic calming effects. In particular, trench drains maybe prone to sediment deposition and
require frequent maintenance. Care should be given to the type of grate selected to cover trench drainsto
ensure the safety of bicyclists and pedestrians. Other design considerations for individual bioretention
basins on steep streets include the following:
> Itisimportant to make sure the ground surface, curb, and sidewalk elevations on the downhill side
of the basin are above the curb cut elevation so that water does not spill out of the basin over
sidewalks or curbs (See Figure 3-7 in Appendix 3).

» Locating the curb cut on the downhill end of the basin will result in a shallower inlet channdl;
locating it on the uphill end of the basin will result in a significantly longer inlet channel from the
curb cut to the bottom of the basin since the uphill street elevation will be much higher than the
downhill end.

» The basin bottom must be graded flat to maximize the basin bottom footprint and consequently
the storage volume in the basin.

Thedistribution of bioretention basins uniformly along the length of a street upstream of intersections can
significantly reduce the amount of stormwater ponding that occurs at intersections and other low-lying
areas. By integrating SSWM features into streetscapes, rather than conveying all runoff to the bottom of
ahill, flows at important locations, such as intersections, are reduced.
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14.2.8L andscaping

14.2.8.1 Mulch

Two types of mulch are commonly used in bioretention basins, shredded wood mulch and rock mulch.
Wood mulch keeps soil cooler, retains moisture, absorbs pollutants, and degrades over timeto add organic
matter to soil and encourage the growth of beneficial soil microorganisms. It is also less costly than rock
mulch. However, it islightweight and can move around when water fills the basin or be washed away in
locations that have high flow velocities. Coarse, shredded hardwood mulch works best where available.
Small chips and nuggets float and should be avoided. Rock mulch staysin place better than wood and can
withstand higher flow velocities. It isbest used for locations that need erosion protection from water flows.
It can be used to create decorative creek beds. Conversely, it heats up more than wood mulch, does not
retain moisture aswell, does not absorb pollutants or contribute organic matter to soil, and is more costly.
Both types of mulch need periodic maintenance. Wood mulch is generally touched up on an annual basis
and raked out and replaced every few years. Rock mulch can plug with sediment and must be removed,
cleaned, and replaced every few years.

14.2.8.2 Plants

V egetation provides many benefitsin stormwater treatment systems. Plant rootsimprove soil permeability
and infiltration rates as roots grow deeper each year. They add organic matter to soil increasing water and
nutrient holding capacity, stabilize erodible soils, and encourage the growth of beneficial microorganisms
that help break down pollutantsin stormwater. Plants also provide shade, reduce urban heat island effects,
filter air pollutants, reduce noise, help restore habitat, and provide neighborhood beautification. Native
plants are recommended for use in bioretention basins because they are adapted to El Paso’s soils and
climate, and they provide wildlife habitat in addition to landscape beauty. Manyhave deep root systems
that help survive drought periods without irrigation.

Even though bioretention basins are designed to collect stormwater, they are well drained planting
environments that will be dry for most of the year. The water is designed to infiltrate in 24 hours and
many locations will have permeable soils that will not hold water for long periodsof time. Consequently,
plants selected for bioretention basins should be drought tolerant species that can withstand occasional
inundation when it rains, rather than wetland or water loving species. Bioretention basins tend to have
three different planting zones. the bottom of the basins, side slopes, and top edges or planting benches.
When it rains, deepest water levels will be found in the bottom of the basins, while side dopes and edges
will dry out quickly. Taller plants that can tolerate occasional inundation are planted on basin bottoms.
They can include trees, shrubs, bunch grasses, and some wildflowers. Cacti and desert succulents such as
agave and yuccas are typicaly planted on dry outside edges or planting benches, as can any drought
tolerant grass, flower, shrub, or tree. Bunch grasses, wildflowers, and shrubs can be planted on side lopes.
Short plants and groundcovers are typically limited to upper slopes and outside edges of gardens.In
generd, larger plants often tolerate deeper inundation levels than smaller plants.
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14.2 9Related Design Guides and References
The following Gl design guide for the Southwest U.S. complements this material and may behelpful
to designers. It also includes color photos of example bioretention basins.
4. “Green Infrastructure for Southwestern Neighborhoods,” Watershed ManagementGroup, Tucson,
Arizona, 2010, http://www.watershedmg.org/green-streets.

Native Plant References for the El Paso Region include the following:
5. El Paso Water Utilities— Public Service Board Web Site: Conservation/DesertPlant List
http://www.epwu.org/conservation/plants.html
El Paso Water Utilities1154 Hawkins Blvd.
P.O. Box 511
El Paso, TX 79961-0511
915.594.5500

6. “Recommended Southwestern Native Plants for the El Paso/Las Cruces Area ofthe Chihuahuan
Desert Region”

by Wynn Anderson
Botanical Curator, Centennial Museum, University of Texas at El Paso
Number 8, 20 March 2006
http://www.utep.edu/l eb/pdf/recpl ant. pdf
7. Lady Bird Johnson Wildflower Center

The University of Texasat Austin

http://www.wildflower.org/
8. Recommended Species for West Texas

http://www.wildflower.org/coll ections/coll ection.php?collection=T X west

9. Drought Resistant Plantsfor Texas and Beyond
http://www.wildflower.org/collections/coll ection.php?col lection=centex_drought
10. Native Plant Society of New Mexico, El Paso Chapter

http://www.npsnm.org/about/chapters/el -paso-texas/

14.2.10 Additional Green Infrastructure Approaches

In addition to biofiltration basins, a number of other GI systems can be utilized to achieve SSWM. In
2012, Crabtree and Associates developed a concept for CoEP for runoff infiltration within public ROW
of new developments that led to full infiltration of on-site runoff. This concept, known as a rainwater
harvesting street, was applied to the Master Plan for Northwest Hills (Crabtree, 2012). An example cross-
section showing location and dimensions of subsurface drains and storage for this concept design can be
seen in Figure 3-11 in Appendix 3. Design procedures for this concept for use by local developers have
yet to be drafted. With this design, there is no requirement for further surface water retention for on-site

6l1|Page


http://www.watershedmg.org/green-streets
http://www.epwu.org/conservation/plants.html
http://www.utep.edu/leb/pdf/recplant.pdf
http://www.wildflower.org/
http://www.wildflower.org/collections/collection.php?collection=TX_west
http://www.wildflower.org/collections/collection.php?collection=
http://www.npsnm.org/about/chapters/el-paso-texas/

DRAFT - Stormwater Design Manual DRAFT —May 2022
City of El Paso

generated drainage. However, systems that rely on infiltration through gravel, engineered soil, and
underdrains could be prone to plugging from sediment and dust. It is recommended to limit the use of
these techniques at present due to the heavy sedimentation and dust storms experienced in the El Paso
area.

14.3PARK PONDS

14.3.1Background
The CoEP development design requirements include the following:
» Retain runoff from the 24-hour, 1% annual exceedance probability (AEP), or 100-year return
period storm.

» On-site retention of 100% of the runoff from the 24-hour, 100-year return period storm for
properties zoned as commercial, industrial, or school/higher education; and

» Provide Park facilities based upon the size of the development.

This section provides concept design guidance for retention facilities that can also be credited formeeting
the park facilities requirement.

14.3.2Concept Design Criteria
The purpose of this section isto provide design criteria guidance to encourage simultaneously addressing
the separate requirementsfor provision of stormwater control and park facilitiesthrough design of a* park
pond.” The basic design criteria of apark pond are:
» Minimum of two cells, with a total retention volume of the 100-year post-development runoff
volume, considering credits for retention in Gl design elements upstream and required on-site
retention at properties zoned as commercial, industrial, or school/higher education.

» Maximum basin depth of four feet from ground surface or top of berm to surface of park area
This criterion facilitates public access and ssmplifies maintenance.

» Maximum berm height above existing grade of three feet. Use of berms isdiscouraged in
flat terrain. Berms on three sides of the pond will be needed in dloped terrain. Berms on four sides
will not bepermitted (berms will not extend above ground surface at the extreme upstream extent),
and this criterion prevents the berm from being classified as a regulatory dam.

» Maximum steepness of side dopesfor basins and berms of four horizontal to onevertical (4H:1V).
This criterion also facilitates public access and simplifiesmaintenance.

» The upstream cell ("inset pond”) will have amaximum depth of 1 foot. Thisfoot of depth does not
count in the maximum four feet of basin depth discussed above. This retention cell will retain
approximately 10% of the design volume below the grade of the second cell. This area serves as
dead storage for sediment accumulation, and to reduce the frequency of inundation of the second
cell usedas park space. The maximum side slopes for the interface between the first and second
cell is1V:5H.
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» Equipment access ramp per EPWU specification.

» Infiltration from the retention pond into the ground will meet the requirements of SWDM Section
94.2.1.

» The entire surface area of the park pond facility (including berms, side slopes) canbe credited
against the park area requirement associated with residential development.

Designers are encouraged to use afacility shape that conforms to park use, for example:

» Use of an amoeba shape (City of Portland, 2010, Appendix C.3) in areas meant to mimic natural
topography

» Use of arectangle/square, where the park pond has a dual use as a sportsfield. The rough park
pond base area dimension (including area for sediment control) required for use as a soccer field
by children under age 11 (U-11) is approximately 1.0 acre, and 1.5 acres for use by children
under age 13 (U-13),and 2.1 acresfor afull-sized field. Thetypical crowning of asoccer field has
a cross-slope of 1% for fields without subsurface drainage, and 0.5% for fields with subsurface
drainage. Only the storage volume above the crest of the sports field will be credited towards
retention. The height of crowning will not be counted when comparing to the four feet maximum
retention basin storage depth criterion.
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APPENDIX 1

SUBDIVISION IMPROVEMENT PLAN

PREPARATION GUIDELINES
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1.

2.

PLAN STANDARDS

LETTERS AND NUMBERS SHALL BE VERTICAL OR SLANTED CAPITAL.
THE MINIMUM SIZE SHALL BE 1/16-INCH - GUIDELINES ARE
REQUIRED FOR FREEHAND.

REFERENCE CROSS-SECTION SYMBOLS SHALL BE AS SHOWN

TOP NUMBER: SECTIONAL DETAIL NUMBER

BOTTOM NUMBER: SHEET DETAIL NUMBER

TITLE 19 - SUBDIVISION
ORDINANCE

PLAN STANDARDS
STORMWATER DESIGN MANUAL

1-1
Appendix 1

J




TITLE SHEET

A. LOCATION PLANS - SCALE ONE (1) INCH = SIX HUNDRED (600) FEET

B. TITLE SHALL COMPLY WITH THE CITY'S ENGINEERING DEPARTMENT'S
STANDARD TITLE SHEET

C. VICINITY MAP - N. T. S.
D. INDEX OF DRAWINGS
1. TITLE SHEET
2. FINAL APPROVED PLAT FOR REFERENCE ONLY (IF APPLICABLE)
3.  GRADING PLAN
4. DRAINAGE PLAN
5. STREET PLAN & PROFILES
6. CROSS-SECTIONS
7. DETAILS

8. ILLUMINATION PLAN; INCLUDING STREET SIGNAGE & NDCBU
LOCATIONS

9. LANDSCAPE & IRRIGATION PLAN

10. STORMWATER POLLUTION PREVENTION PLANS AND ASSOCIATED
SPECIFICATIONS

E. DESIGN FIRM NAME
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ORDINANCE

TITLE SHEET
STORMWATER DESIGN MANUAL
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GRADING PLAN

A. NORTH ARROW UP OR LEFT TO RIGHT, A SCALE OF ONE (1) INCH = ONE HUNDRED (100)
FEET

B. GRADING PLAN SHALL BE REFERENCED TO THE PRELIMINARY PLAT VERTICAL
CONTROL. VERTICAL CONTROL TO NORTH AMERICAN VERTICAL DATUM (NAVD) 1988.

C. BOUNDARIES OF SUBDIVISION OR SITE

D. CONTOUR LINES OF THE PROPOSED SUBDIVISION, AND TWO HUNDRED (200) FEET
OUTSIDE AND ABUTTING THE SUBDIVISION UNLESS THE AREA IS MODIFIED BY THE
CITY ENGINEER, HAVING THE FOLLOWING INTERVALS:

1. ONE FOOT (1') CONTOUR INTERVALS FOR GROUND SLOPES BETWEEN LEVEL AND
THREE (3) PERCENT;

2. TWO FOOT (2') CONTOUR INTERVALS FOR GROUND SLOPES MORE THAN THREE (3)
PERCENT AND UP TO AND INCLUSIVE OF ELEVEN (11) PERCENT;

3. FIVE FOOT (5') COUNTOUR INTERVALS FOR GROUND SLOPES OVER ELEVEN (11)
PERCENT;

4.  DASHED LINES FOR EXISTING CONTOUR LINES;
5. SOLID (BOLD) LINES FOR PROPOSED CONTOUR LINES; AND
6. INDEX CONTOURS AT FIVE (5) FEET INTERVALS.

E. LOCATE ALL EXISTING STRUCTURES WITHIN AND ONE HUNDRED (100) FEET OUTSIDE OF
THE SUBDIVISION UNLESS OTHERWISE APPROVED BY THE CITY ENGINEER.

F. TYPICAL GRADING PLAN FOR LOT SHALL SHOW DIRECTION OF RUNOFF OR ON-SITE
PONDING.

G. FINISHED FLOOR AND FINISHED GROUND ELEVATION FOR ALL LOTS.
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ORDINANCE

GRADING PLAN
STORMWATER DESIGN MANUAL

1-3A

Appendix 1




GRADING PLAN
(continued)

TOP OF CURB, HEADER CURB AND DRIVEWAY ELEVATIONS.

SLOPE STABILIZATION PLAN, WHERE REQUIRED BY CITY
ENGINEER.

EROSION CONTROL PLAN

CONCENTRATED STORM RUNOFF OVER UNPROTECTED AREAS,
INCLUDING SLOPES SHALL NOT BE PERMITTED

CROSS SECTIONS AS REQUESTED BY CITY ENGINEER

REQUIRED RETAINING WALLS (LOCATION ONLY, UNLESS TO
BE BUILT BY SUBDIVIDER)

DESIGN OF RETAINING WALLS TWO (2) FEET OR HIGHER
SHALL BE SIGNED AND SEALED BY A PROFESSIONAL
ENGINEER

PLANS SHALL SHOW FLOOD ZONE AREAS AS PER CURRENT FLOOD
INSURANCE RATE MAPS (FIRM) OR LETTER OF MAP REVISION (IF
APPLICABLE), REFERENCE PANEL NUMBER AND DATE

FINISHED FLOOR ELEVATIONS SHALL COMPLY WITH DRIVEWAY
ORDINANCE AND/OR FEMA REGULATIONS.
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DRAINAGE PLAN

(REFER TO STORMWATER DESIGN MANUAL FOR DRAINAGE CRITERIA,
DESIGN METHODS AND METHODOLOGIES)

A. SCALE ONE (1) INCH = ONE HUNDRED (100) FEET - NORTH ARROW

B. DRAINAGE PLANS SHALL CONFORM TO THE APPROVED MASTER DRAINAGE PLAN, IF
APPLICABLE

C. SHOW BOUNDARIES OF SUBDIVISION AND CONTRIBUTING DRAINAGE AREAS

D. IDENTIFY LIMITS OF CONTRIBUTING WATERSHED AREAS WITHIN SUBDIVISION AND
OUTSIDE THE SUBDIVISION

E. CALCULATION TABLE TO INCLUDE TIMES OF CONCENTRATION (Tc), INTENSITIES (1),
COEFFICIENT VALUES (C) AND EXPECTED RUNOFFS OF ALL WATERSHED AREAS -
EXPECTED RUNOFF QUANTITIES, CARRYING CAPACITIES, AND RUNOFF VELOCITIES
FOR DRAINAGE STRUCTURES SHALL BE SHOWN ON PLANS FOR 25, 50 AND 100 YEAR
EVENTS.

F. SHOW LOCATION AND SIZES OF ALL PROPOSED AND EXISTING DROP INLETS, PIPES,
CULVERTS, CHANNELS, BASINS, AND OTHER DRAINAGE STRUCTURES

G. SHOW EXISTING AND PROPOSED DRAINAGE FLOW PATTERNS

H. SHOW HIGH AND LOW POINTS OF STREET WITH FLOW PATTERNS
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DRAINAGE PLAN
(continued)

I.  STORAGE FACILITIES (DAMS, PONDS, ETC.) INDICATING:
1. MAXIMUM CAPACITY
2. EXPECTED RUNOFF
3. BOTTOM ELEVATION
4. HIGH WATER SURFACE
5.  FREE BOARD
6.  SPILLWAY AND OUTLET STRUCTURE
(A) MAXIMUM CAPACITY
(B) DESIGN OUTFLOWS
7. SEDIMENT AND EMERGENCY VOLUMES

8. APPROVAL FROM TEXAS WATER BOARD AND U.S. ARMY CORPS OF
ENGINEERS FOR DAMS, WHEN APPLICABLE

9. SOIL TESTS TO DETERMINE SPECIAL STABILIZED SLOPES

10.  PERCOLATION RATE TESTS TO BE PERFORMED AT PROPOSED POND INVERT
(RETENTION BASINS ONLY). TO BE PERFORMED WHEN THE WATER TABLE
(ELEVATION) IS AT IT'S HIGHEST.

11.  EXISTING WATER TABLE ELEVATION DURING OFF-PEAK PERIOD AND HIGH
WATER TABLE ELEVATION, IF APPLICABLE.
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DRAINAGE PLAN
(continued)

J.. ON LOTS WITH ON-SITE PONDING THE FOLLOWING INFORMATION SHALL BE SUBMITTED
1.  PRELIMINARY SOILS TEST. FINAL PERCOLATION RATE TEST, SOILS TESTS,
AND WATER TABLE ELEVATION INFORMATION TO BE SUBMITTED PRIOR TO
STREET ACCEPTANCE AND/OR BUILDING PERMITS. PERCOLATION TESTS TO BE
PERFORMED AT THE INVERT WHERE STORMWATER WILL BE RETAINED AND
WHEN THE WATER TABLE IS AT ITS HIGHEST.

2. TYPICAL LOT CROSS SECTION DETAIL SHOWING ON-SITE PONDING
STORAGE CAPACITY

3.  PERMANENT ELEVATION MARKER DETAIL (REFER TO PAGE 2-3)

4. DRAINAGE COMPUTATIONS BASED ON 100-YEAR STORM

5. MINIMUM OF 2.0% CROSS SLOPE ON STREET

6. LOTS AND/OR MEDIANS SHALL ALSO ACCOMMODATE ALL STREET RUNOFF

7. FIFTY (50) PERCENT OF THE RESIDENTIAL LOT AREA SHALL REMAIN
WITHOUT STRUCTURES OR OTHER IMPERMEABLE SURFACES

8. ADDITIONAL EMERGENCY AND SILT/DEBRIS CAPACITY NOT
REQUIRED  FOR RESIDENTIAL ON-SITE PONDING LOTS

K. STREET DESIGN REQUIREMENTS
1. GENERAL STANDARDS

(A)MAXIMUM STANDARD CURB HEIGHT - 6 INCHES UNLESS OTHERWISE
APPROVED BY THE CITY ENGINEER

(B) CROWN ON STREET TO BE FROM ZERO (0) TO THREE (3) PERCENT SLOPE
(C)INVERT STREET CROSS SECTION ALLOWED WITH VALLEY GUTTER

(D)NO PONDING (UNDRAINED LOW POINTS) TO BE ALLOWED ON
STREETS TO PREVENT PAVEMENT DETERIORATION
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DRAINAGE COMPUTATION TABLES

DETENTION OR RETENTION BASINS

BASIN| REQUIRED | AVAILABLE PEAK OUTLET HIGH WATER BOTTOM FREE BOARD
NO. CAPACITY CAPACITY INFLOW TOWER SURFACE ELEVATION ELEVATION (FT)
(AC.FT) (AC.FT) (CFS) FLOW (CFS) (FT)
WATERSHED AREAS
DRAINAGE | DRAINAGE | DESIGN STORM TIME OF RUNOFF Q
AREA NO. AREA (AC) INTENSITY CONCENTRATION | COEFF.(C) | (CFS)
DROP INLETS
DROP INLET REQ. FLOW AVAIL. FLOW FLOW
NO CAPACITY Q CAPACITY Q BYPASS
REQ (CFS) AVAIL.(CFS)

TITLE(;gbﬁ\]L,JA?\%\E/ISION DRA| NAGE
COMPUTATION
STORMWATER DESIGN MANUAL TABLES
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STREET PLAN AND PROFILE

PLAN

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

STREET NAMES

VERTICAL CONTROL TO NORTH AMERICAN VERTICAL DATUM (NAVD) 1988 AND
SHOWN ON EVERY SHEET

SCALE ONE (1) INCH = THIRTY (30) FEET MAXIMUM HORIZONTAL VERTICAL SCALE
OF ONE (1) INCH = FIVE 95) FEET FOR SLOPES OF ZERO (0) PERCENT TO THREE (3)
PERCENT AND ONE (1) INCH = TEN (10) FEET FOR SLOPES GREATER THAN THREE (3)
PERCENT

EXISTING STRUCTURES AND TOPOGRAPHIC FEATURES

SURVEY CONTROL LINE

RIGHT-OF-WAY LINES, CURB LINES AND CENTERLINES

RIGHT-OF-WAY AND ROADWAY WIDTHS

CURB RETURN DATA

CENTERLINES AND CURB DATA

STATIONING ALONG CENTERLINE

STATION AT SPECIAL POINTS (PC, PT, PRC, CB, RET, CL INTERSECTIONS, LC, ETC.)
TOP OF CURB ELEVATION AT SPECIAL POINTS (PC, PT, PRC, CB, RET)

PROPOSED AND EXISTING DRAINAGE STRUCTURES

DIRECTION OF FLOW AND HIGH AND LOW POINTS

FIFTY (50) FOOT (MINIMUM) TRANSITIONS FROM CROWN - FLAT - INVERT

LIMITS OF CONSTRUCTION

LOCATION OF GUARDRAIL AND DEAD END SIGNS

MATCH STATIONS FOR FOLLOWING PAGE

SHOW ALL EXISTING STRUCTURES AND IMPROVEMENTS ONE HUNDRED (100) FEET
PAST THE LIMITS OF CONSTRUCTION UNLESS OTHERWISE APPROVED BY THE CITY
ENGINEER

SIDEWALK LOCATIONS

TITLE 19 - SUBDIVISION
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STREET PLAN AND PROFILE
(continued)

PROFILE

10.

EXISTING AND PROPOSED PROFILES AT CURB LINES

PROPOSED PERCENT GRADE FOR ALL PROFILES

MINIMUM OF FIVE TENTHS (0.5) PERCENT GRADE AND A MAXIMUM OF ELEVEN (11)
PERCENT GRADE; EXCEPT THAT UP TO FIFTEEN (15) PERCENT GRADE IN THE
MOUNTAIN DEVELOPMENT AREA MAY BE PERMITTED WITH APPROVAL OF FIRE
DEPARTMENT AND CITY ENGINEER

VERTICAL CURVE INFORMATION. THE ENTIRE LENGTH OF VERTICAL CURVE SHALL
BE SHOWN ON SAME SHEET

EXISTING AND PROPOSED ELEVATIONS AT EVERY FIFTY (50) FEET AND SPECIAL
STATIONS

STREET PROFILE SHALL EXTEND ONE HUNDRED (100) FEET BEYOND LIMITS OF
CONSTRUCTION UNLESS OTHERWISE APPROVED BY THE CITY ENGINEER

EXISTING AND PROPOSED DRAINAGE STRUCTURES AS THEY RELATE TO PROFILES

PROPOSED STREET PROFILE SHALL MATCH EXISTING STREET PROFILE FOR A
SMOOTH TRANSITION

OPPOSITE CURB ELEVATIONS SHALL MATCH AT EACH STATION, EXCEPT IN A
SUPERELEVATED ROADWAY OR AS APPROVED BY CITY ENGINEER

STREET CROWN SHALL NOT EXCEED THREE (3) PERCENT
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STORM SEWER PLAN AND PROFILE

A. STORM SEWER PLAN

10.

PROPOSED RIGHT-OF-WAY LINE AND WIDTHS

LIMITS OF CONSTRUCTION AND MATCH-LINE STATIONING
NORTH ARROW AND SCALE

NAME OF STREET

SURVEY CONTROL LINE

STORM SEWER ALIGNMENT TIED TO SURVEY CONTROL LINE
BEARINGS (DIRECTION AND HORIZONTAL CURVE DATA)
STATIONING

SIZE, TYPE, AND CLASSIFICATION OF PIPE

MANHOLES - JUNCTION BOXES (CAST-IN-PLACE OR PRE-CAST)

(A)STATIONING AND A MAXIMUM OF FIVE HUNDRED (500) FEET ON CENTER -
MANHOLE REQUIRED AT CHANGE OF DIRECTION

(B) TOP OF COVER ELEVATION
(C) INVERT ELEVATION

(D) TYPE, SIZE, AND NUMBER OF MANHOLE

T Romanee STORMSEWER
PLAN AND
STORMWATER DESIGN MANUAL PROFILE
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11.

12.

13.

STORM SEWER PLAN AND PROFILE
(continued)

DROP INLETS
(A)STATIONING

(B) TOP OF GRATE AND TOP OF CURB/NOSE AT GRATE ELEVATION
(C) INVERT ELEVATION

(D)TYPE, NUMBER OF GRATES, AND DROP INLET NUMBER (TWO (2) GRATE
MINIMUM)

(E) STORMWATER DISCHARGE - EXPECTED AND CAPACITY

DROP INLET PIPE (LATERALS)

(A)SIZE AND TYPE OF PIPE

(B) TYPE OF CONNECTOR

(C) STORMWATER DISCHARGE - EXPECTED, CAPACITY, AND VELOCITY(IES)

SHOW EXISTING DRAINAGE STRUCTURES IN DASHED LINE AND INDICATE SIZE
AND TYPE OF STRUCTURE

STORM SEWER PROFILE

1.

2.

STATIONING ALONG CENTERLINE OF STREET AT EVERY 100 FEET

TYPE AND SIZE OF EXISTING DRAINAGE STRUCTURES

EXISTING GROUND PROFILE AND PROPOSED TOP OF PAVEMENT

PROPOSED STORM SEWER PROFILE WITH PERCENT SLOPE

TYPE AND SIZE OF PIPE

HYDRAULIC GRADIENT LINE PROFILE WITH ELEVATION SHOWN AT EVERY
MANHOLE AND/OR DROP INLETS

TITLE 19 - SUBDIVISION
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7.

STORM SEWER PLAN AND PROFILE
(continued)

MANHOLE

(A)SIZE, TYPE, AND MANHOLE NUMBER

(B) TOP INVERT ELEVATION

(C) CENTERLINE STATIONING

(D) INVERT OF CONNECTOR LATERAL - SIZE AND TYPE OF PIPE
DROP INLETS

(A)TYPE, NUMBER OF GRATES AND DROP INLET NUMBER (TWO (2) GRATE
MINIMUM)

(B) TOP OF GRATE AND INVERT ELEVATIONS

(C) CENTERLINE STATIONING

(D)STORMWATER DISCHARGE - EXPECTED AND CAPACITY
CONNECTOR PIPES (INLETS LATERALS)

(A)TYPE AND SIZE OF PIPE

(B) INVERT AT MAIN STORM SEWER

(C) CENTERLINE STATIONING

(D)STORMWATER DISCHARGE - EXPECTED, CAPACITY, AND VELOCITY(IES)

T e o N STORM SEWER
PLAN AND
STORMWATER DESIGN MANUAL PROFILE
Appendix 1 1-7C
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STORM SEWER PLAN AND PROFILE
(continued)

10.  EXISTING SANITARY SEWER

(A) SANITARY SEWER LINE

(1)  PROFILE OF SANITARY SEWER

(i.) TOP MANHOLE AND INVERT ELEVATIONS

(iii.) TYPE AND SIZE OF PIPE

(iv.) PERCENT GRADE

(v.) DETAIL INFORMATION OF SANITARY SEWER CONFLICTS

TITLE 19 - SUBDIVISION
ORDINANCE STORM SEWER
PLAN AND
STORMWATER DESIGN MANUAL PROFILE
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WHERE APPLICABLE, THE FOLLOWING SHALL BE PROVIDED:

A.

c a w

=2

lam]

© zZz g ©

=

DETAIL SHEET

DROP INLET(S)

MANHOLE(S) AND JUNCTION BOX(ES)
SURVEY MONUMENTS

STORM SEWER TRENCH CROSS-SECTION

PIPE CONCRETE COLLAR(S)

ROCKWALL FENCING

GUARD RAIL(S), BARRICADE(S), AND SIGNAGE

BOX CULVERTS

RETAINING WALL(S) (LOCATION ONLY, UNLESS TO BE BUILT BY SUBDIVIDER)

FOOTING(S)

CHANNEL CONCRETE LINING(S) - CROSS SECTIONS
SPILLWAYS

SEWER PIPE(S) - THRUST BLOCK(S)

SEEPAGE LINE(S) DETAILS

STORM SEWER OUTLET STRUCTURE(S)

BASIN(S) PLAN AND CROSS SECTIONS

CONFLICTS WITH EXISTING IRRIGATION FACILITIES OR UTILITIES

TITLE 19 - SUBDIVISION
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CONSTRUCTION PHASING PLAN

WHERE APPLICABLE:

A. SHOW ENTIRE LIMITS OF PROJECT

B. INDICATE LIMITS OF INDIVIDUAL CONSTRUCTION PHASE BY STATIONS

C. TEMPORARY DRAINAGE PHASING PLAN

TITLE 19 - SUBDIVISION
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APPENDIX 2
DRAINAGE AND DRAINAGE STRUCTURES

TITLE PAGE
RETENTION BASIN DESIGN (DRAWING) 2-1
DETENTION BASIN (DRAWING) 2-2
PERMANENT ELEVATION MARKER (FOR ON-SITE PONDING) 2-3
POND DEPTH GAUGE 2-4
MANHOLE RING 2-5
MANHOLE COVER 2-6
GRATED MANHOLE COVER 2-7
PENETRATION APRON 2-8
48” DIAMETER STANDARD CONICAL MANHOLE 2-9
48” DIAMETER PRE-CAST MANHOLE 2-10
48” DIAMETER CAST-IN-PLACE MANHOLE 2-11
72> DIAMETER PRE-CAST MANHOLE 2-12
72" JUNCTION BOX 2-13
PRECAST CONCRETE MANHOLE COVER FOR 72” MANHOLE 2-14
CONCRETE PIPE COLLAR 2-15
CONNECTION AT PRE-CAST JUNCTION BOXES 2-16
OR EXISTING MANHOLES
PLASTIC PIPE CONNECTION TO STORMWATER MANHOLE 2-17
WATERTIGHT SEAL

PRE-FABRICATED REINFORCED CONCRETE PIPE WYE 2-18
GRATE AND FRAME FOR DROP INLET 2-19
DROP INLET TYPE I 2-20
DROP INLET TYPE 1T 2-21
DROP INLET TYPE III 2-22
OFF-STREET STORM INLET DETAIL 2-23
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APPENDIX 2

DRAINAGE AND DRAINAGE STRUCTURES

(continued)

TITLE PAGE
CONCRETE CAP (UNPAVED CONDITION) 2-24
CONCRETE CAP (PAVED CONDITION) CONCRETE 2-25
CHANNEL TYPE I 2-26
CONCRETE CHANNEL TYPE I END WALL DETAIL 2-27
CHANNEL LINING AT PIPE DISCHARGE 2-28
CONCRETE JOINTS 2-29
WATERSTOP DETAIL 2-30
DEBRIS TRAP/SAFETY GRATE 2-31
NO TRESPASSING WARNING SIGN 2-32
CURB OPENING FOR DRAINAGE 2-33
ROCKWALL DESIGN 2-34
WROUGHT IRON FENCE AND GATE DETAIL 2-35
WROUGHT IRON FENCE AND GATE DETAIL 2-36
WROUGHT IRON FENCE AND GATE DETAIL 2-37
WROUGHT IRON FENCE AND GATE DETAIL 2-38
CONCRETE SLOPE PROTECTION MORTAR 2-39
FILLED ROCK RIP RAP 2-40
GABION MATTRESS RIP RAP 2-41
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DEPTH * GAUGE " THE STORMWATER DESIGN MANUAL.
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BOTTOM OF POND

FINISHED GRADE E
I IRRRRIRIR

ELEVATION
/ MARKER
|

D

R BUILDING

ELEVATION
" MARKER

4" PVC FILLED
WITH CONCRETE

1

2.

~
—
RO, DR
AV e
\/\\\\/ K \/\\<\\/~
X XX
AN ‘NN
R 0
N NS
It 7, v
2 % X
A 74
N
74
N
K
N
S
X
- N
\\Tﬂi//\\\/\,\
i
HPD GENERAL NOTES:

. MARKERS TO BE PLACED AT
CORNER OF FRONT AND BACK
YARDS

SURVEY MARKER TO BE
INCLUDED PER EACH ON-SITE
PONDING MARKER.

TITLE 19 - SUBDIVISION
ORDINANCE

STORMWATER DESIGN MANUAL
CONSTRUCTION DETAILS

Appendix 2

PERMANENT
ELEVATION MARKER
FOR ON-SITE PONDING

23




GENERAL NOTES:

1. ALTERNATES WILL BE ALLOWED WITH
THE PRIOR REVIEW AND APPROVAL OF
THE CITY ENGINEER.

PIPE CAP
| |
~16- * 6" DIA. GALVANIZED STEEL PIPE
WITH ANTI-RUST WHITE METAL PAINT
15- WITH RUST INHIBITIVE RESINS
p (TWO COATS) WITH BASE COAT
OF RUST PRIMER.
2
] _/; *1' MARK ON OPPOSITE SIDES OF PIPE.
USE ONE COAT OF BLACK ANTI-RUST
B 5 METAL PAINT WITH RUST INHIBITIVE
o - RESINS. (REFLECTIVE PAINT)
< S
1)
3 &
SN s BOTTOM OF POND
N SE I I R N
S R R R " /— CONCRETE
_E S 1 ‘, B / 3000 PSI
;—i Ec ‘4 ‘.
AT
‘ i ‘,‘ 4, ‘ E 95%

SRS | COMPACTION
CONSTRUCTION KEY NOTES:
2" 1. CONSULT WITH PAINT MANUFACTURER FOR
PRODUCTS THAT CAN SUSTAIN LONG PERIODS
OF MOISTURE.
2. "d"=DEPTH
"h" = HEIGHT
4. IN NO INSTANCE CAN "d" BE LESS THAN 36"

w

TITLE 19 - SUBDIVISION

ORDINANCE POND DEPTH GAUGE

STORMWATER DESIGN MANUAL
CONSTRUCTION DETAILS

2-4
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GENERAL NOTES:
1. MATCHING SURFACES MARKED "MF" TO BE FINISHED OF ANY

IRREGULARITIES THAT WOULD PREVENT A SNUG FIT.

2. CASTING TO BE SMOOTH & VOID OF AIR HOLES.
3. CASTING MUST MEET REQUIREMENTS OF AASHTO M306-07.
4. AS-CAST DIMENSIONS MAY VARY %¢"+/ PER FOOT (AASHTO

M306-07).

5. WEIGHT MAY VARY 5%z (AASHTO M306-07).

6. SHADED DIMENSIONS IN TABLE FOR REFERENCE ONLY.

SOURCE: CITY OF EL PASO STORMWATER DESIGN MANUAL,
DETAILS 2-9 THROUGH 2-12.

A
—_ l_l —_
+\ SEE NOTE 6 1«
MANHOLE | MANHOLE - |\ "WIANHOLE MANHOLE
RING ALL TYPES TYPE 48" TYPE 72"
A 33" 250, 323,
B 313" 237" 313"
C 314" 23%" 310"
D 30" 2% 30"
- I m, E 391" 345" 42"
S . : %" i !
] — _<:u/r \\_<__u G > & &
| iy _ H 4Y," 5" 5"
% I 3%" 4%t 4%e"
» - D J 43" 6" 6"
N E K %" e £
A-A L 2" 245" 2854,
- M 15" 13 13
WEIGHT 220 Ibs. 165 1bs. 225 1os.

O
z
o
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—
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I
P
S
|
<
-
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-— GENERAL NOTES:

T. MATCHING SURFACES MARKED "MF" TO BE
FINISHED OF ANY IRREGULARITIES THAT WOULD
PREVENT A SNUG FIT.

2. CASTING TO BE SMOOTH & VOID OF AIR HOLES.

3. CASTING MUST MEET REQUIREMENTS OF
AASHTO M306-07.

4. AS-CAST DIMENSIONS MAY VARY Yg"+/ PER
FOOT (AASHTO M306-07).

1
oo w >
|

2-6

MANHOLE COVER

Q 5. WEIGHT MAY VARY 5%z (AASHTO M306-07).
A A 6. SHADED DIMENSIONS IN TABLE FOR REFERENCE
6 y oopood ONLY. SOURCE: CITY OF EL PASO STORMWATER
oy isininlnislnln DESIGN MANUAL, DETAILS 2-9 THROUGH 2-12.
OoOonoogd

CONSTRUCTION KEY NOTES:
A. LIFTING NOTCH.

B. 3" RAISED LETTERING. N_
C. 1" SQUARES (34¢" TALL) WITH %" D
SPACE BETWEEN. =
D. REINFORCING RIBS. < 0
E.SLOT. = s =
F. MANHOLE COVER ©) > _Aln
%) ir
Sw 94 «
BOTTOM VIEW a2 wz X
SEE NOTE 6 DZ W3O T
- | 2 =S 3
| 1/ | MANHOLE | MANHOLE - |\ \MANHOLE MANHOLE 25 il 4 <
7 m\;__ COVER ALL TYPES TYPE 48" TYPE 72! o< h
16 = pd
\@ n* Q, - A w”_.,u\m: Nw&—: wH”_\b: o W w
M 4 B 28%" 20%" 280" &
i C 24%" 167%" 243" k-
-3 X 7))
AIH__; D 217%" 143" 217%"
m NH\W: W: W:
ﬁ MANHOLE RING
_n X: HK—: HX:
LIFTING NOTCH G 3%" 3 3
_l_ ”_.“_\m: H: H:
WEIGHT 265 lbs. 175.bs: 340.bs:




O— = —— [-—)

NOTE:

THIS MANHOLE COVER FITS IN A STANDARD MANHOLE RING

_AV

TOP VIEW

NTS

(SEE 2-5)

< (TYP. OPENING)

vel [ HAA

N

W |‘1€

1/8"

1/8"

3/4"—{ |-

@mmn._._OZ VIEW

SRR

1/8"

ﬁu)_'"l

NTS

m— ~{ol ol ~{ol =m

1/8"

REINFORCING BARS

BOTTOM VIEW

GENERAL NOTES:

1. MATCHING SURFACES MARKED "MF" TO BE MACHINE FINISHED
OF ANY IRREGULARITIES THAT WOULD PREVENT A SNUG FIT.

2. CASTING TO BE SMOOTH AND VOID OF AIR HOLES.

NTS

GRATED MANHOLE
COVER

MANHOLE 48" 72"
COVER MANHOLE |  MANHOLE
WEIGHT 175 LBS. 310 LBS.
A 1'-11 3/4" 2'-71/4"
B 61/2" 9"
¢ 1" 11/2"
D 6" 8"
E 15/8" 15/8"
F 11/4" 1"
G 13/8" 13/8"
H 1" 1"

I
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<
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CONCRETE APRON FOR CIRCULAR PENETRATIONS IN ASPHALT PAVEMENTS
"D" DIAMETER OF "A" CONCRETE HORIZONTAL NUMBER OF NO. 3 "B" MINIMUM "C" MINIMUM
PENETRATION DIMENSION FROM REINFORCING STEEL | CLEARANCE FROM EDGE OF CLEARANCE FROM
PENETRATION BARS CONCRETE APRON TO PENETRATION EDGE TO
CENTER OF NEAREST REBAR|  CENTER OF NEAREST
(INCHES) (INCHES) REBAR
(INCHES) (INCHES) (INCHES)
0T06.01 6 1 1% 1%
6.01TO 18.01 8 2 1% 1%
18.01 AND OVER 12 3 1% 1%

CONSTRUCTION NOTES:

1. ANY DISTURBED SUBGRADE UNDER THE CONCRETE APRON
SHALL BE COMPACTED TO 95% DENSITY + 3% OPTIMUM
MOISTURE CONTENT IN ACCORDANCE WITH ASTM D-1557.

2. ANY DISTURBED COARSE UNDER THE CONCRETE APRON
SHALL BE COMPACTED TO 100% DENSITY + 2% OPTIMUM
MOISTURE CONTENT IN ACCORDANCE WITH ASTM D-1557.

3. PROVIDE A MINIMUM OF 1 1/2" OF CONCRETE COVER
FOR ALL REINFORCEMENT STEEL.

4. REINFORCING SHALL MEET ASTM C-478 AND
TRAFFIC LOADING (HS-20).
5. NO. 3 REINFORCING STEEL HOOPS SHALL BE SPACED
EQUALLY.

GENERAL NOTES:

1. THE PENETRATION APRON SHOULD BE CAST
IN-PLACE CONCRETE. (MINIMUM 28 DAY
COMPRESSIVE STRENGTH 4000 PSI. HIGH EARLY
CONCRETE IS REQUIRED)

2. TOPS OF PENETRATION APRON SHALL BE
FLUSH WITH ROADWAY SURFACE OR FINISHED
GRADE UNLESS OTHERWISE SPECIFIED BY

THE CITY ENGINEER.

CONCRETE APRON

PENETRATION APRON

# 3 REINFORCING STEEL

# 3 REINFORCING STEEL

ﬁ @:
‘_ M\N:
% VARIES

PENETRATION APRON

CONCRETE
APRON

PLAN VIEW - SINGLE REBAR

COMPACTED
BASE COURSE
B —=l CONCRETE APRON
PAVEMENT #3 REINFORCING STEEL BAR
* [ i
« VARIES |- YN A \ R A MO
NS o . ] 6
VARIES * R s =
* » sz »
COMPACTED fe——t—— 4
SUBGRADE

PENETRATION APRON

SECTION VIEW

PLAN VIEW - 2 REBAR

@:
‘_M\N:

# 3 REINFORCING STEEL
EQUALLY SPACED

VARIES CONCRETE APRON

_>'<-l—>

=
*.<>x_mm

PENETRATION APRON

PLAN VIEW - THREE REBAR
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CONCRETE PENETRATION
APRON
(REFER TO DETAIL 2-8)

- |

T
/7 T 30" OPENING |VA \
2' TALL 1] \ ¥
CONICAL SECTION /7 A
A\. -
o e
4 4 M
| }«
48" DIA. 4', 3', 2" 4] 48" N 5" MIN.
OR SECTIONS AS REQUIRED 3 g
F FH——=0
L CHANNEL INTO \ |
| MAIN FLOW ®
_ P
@)
MONOLITHIC N
BASE I
|
;
n <
® | 70" -
SECTION

NTS

GENERAL NOTES:

1. MANHOLE TYPE "S-A" SHALL BE USED FOR
LINES 24" AND SMALLER.

2. PRE-CAST MANHOLE SECTIONS SHALL BE OF
REINFORCED CONCRETE CONFORMING TO
ASTM C-478 AND SHALL MEET HS-20
LOADING. PROVIDE REINFORCEMENT
WITHIN 3" @ OPENINGS OR KNOCKOUTS,
OPENINGS (UP TO 8") MADE IN FIELD SHALL
BE CORE DRILLED.

3. CEMENT SHALL BE TYPE I-1l, PER ASTM C-150,
AND MUST CONTAIN A MINIMUM OF 4% FLY

VARIES ASH OF THE TOTAL MANHOLE WEIGHT.

4. THE BASE & RISER SHALL BE INTEGRALLY
CAST. CONCRETE SHALL BE MIN. 28 DAY
COMPRESSIVE STRENGTH 4000psi.

5. MANUFACTURER TO PROVIDE LIFTERS OF
ADEQUATE SIZE AS NEEDED.

6. THE SUBGRADE UNDER THE BASE SHALL BE
COMPACTED TO 95% DENSITY IN
ACCORDANCE WITH ASTM D-1557.

7. MANHOLES BELOW GROUNDWATER TO BE
EXTERNALLY AND INTERNALLY COATED WITH
BITUMINOUS COATING.

CONSTRUCTION KEY NOTES:

A. MANHOLE RING AND COVER (SEE DETAILS 2-4 & 2-5). SET
FRAME AND COVER FLUSH WITH ROADWAY SURFACE OR
FINISHED GRADE.

B. ALLJOINTS TO BE TONGUE, GROOVE AND SEALED WITH
MORTAR OR RAM-NEK (OR APPROVED EQUAL).

C. PIPE OPENINGS/KNOCKOUTS AS REQUIRED TO FIT PIPE
SIZE AND SHALL HAVE FLEXIBLE PIPE TO MANHOLE
CONNECTORS (COMPRESSION TYPE ASTM-923),
"KOR-N-SEAL" OR APPROVED EQUAL

D. GROUT AS REQUIRED.

E. CONCRETE BASE SHALL BE 8" FOR MH's UP TO 12' DEEP
AND 12" FOR DEPTHS GREATER THAN 12'.

T
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i
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CONCRETE
CEETRATION APRON STD CAST IRON RING & COVER
(REFER TO DETAIL 2.8) SEE DETAIL 2-5 AND 2-6
CONCRETE PENETRATION
ASPHALT /APRON (REFER TO DETAIL 2-8)
\ a5
: oI VARIES
s
o “-P
.| #4BARS6"O.C. Sl CONC. ADJUSTMENT RING
: EACH WAY e AS REQUIRED
tE BS
L o MORTAR ALL JOINTS
o i 4 OR USE "RAM-NEK"
%} al- B
g2 1 B OR EQUIVALENT
25 1 e
§§ g PRE-CAST 4,000 P.S.I. MIN
35 j.‘ V/— ) D
GO o MR
%2 Fl 1
N0 ik ]
Y& |5 24" MAX. DIA. SN CONCRETE COLLAR
bk P —\\ L SEE DETAIL 2-15
R
"4 _— INV. ELEV.
]
«[ {_— FILLWITH GROUT @
g 3000 P.S.1I.
%
#4 BARS @ 12" O.C.
BOTH WAYS

95% COMPACTION AS

PER ATSM D-1557 BASE: PRE-CAST
4000 P.S.I MIN. @

28 DAYS

48" DIAMETER PRE-CAST STRAIGHT MANHOLE SECTIONS

TITLE 19 - SUBDIVISION 48" DIAMETER

ORDINANCE PRE-CAST MANHOLE
STORMWATER DESIGN MANUAL

CONSTRUCTION DETAILS
. 2-10
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CONCRETE
PENETRATION APRON
(REFER TO DETAIL 2-8)

STD CAST IRON RING & COVER
SEE DETAIL 2-5 AND 2-6

CONCRETE PENETRATION
ASPHALT- /APRON (REFER TO DETAIL 2-8)
A 47
: e VARIES
SRR T -
N IS
- RSk
L | #4BARS6E"O.C. “ CONC. ADJUSTMENT RING
EACH WAY - AS REQUIRED
% nE
A N
L L MORTAR ALL JOINTS
o £ A OR USE "RAM-NEK"
ge 1 e OR EQUIVALENT
£5 RS ¥
v n Al P
2o -l 4 .
o2 . e
=8 A o CAST-IN-PLACE 3000 P.S..
o w R T -
o2 o o _/_ MIN @28 DAYS
=°9 : -~"' \‘A
oF A ok
Yo 5] 24" MAX. DIA: Sp CONCRETE COLLAR
S : _\\ SEE DETAIL 2-15
'_\':.
"1 —INV. ELEV.
sl | — ALLWITH GROUT @
I 3000 P.S.I.
7 yy IR
e AT
3"C.L AR #4 BARS @ 12" O.C.
6"| 5" 5 g BOTH WAYS
LI DIA T 1
95% COMPACTION AS '
PER ATSM D-1557 BASE: CAST IN PLACE
3000 P.S.I MIN.
@ 28 DAYS

48" DIAMETER CAST-IN-PLACE STRAIGHT MANHOLE SECTIONS

TITLE 16 - SUBDIVISION 48" DIAMETER
CAST-IN-PLACE
STORMWATER DESIGN MANUAL MANHOLE

CONSTRUCTION DETAILS

Appendix 2 2-11 y




CONCRETE PENTRATION APRON CONCRETE PENTRATION APRON
(REFER TO DETAIL 2- (REFER TO DETAIL 2-8)

8) STD CAST IRON RING & COVER
SEE DETAIL 2-5 AND 2-6
ASPHALT —\

g"

2
A
o °6°o %%

K x\,x'\///

2"C.L.

[ #5 BARS 6" O.C. 1
Eh EACH WAY L

<l CONC.

i

% .| ADJUSTMENT MORTAR ALL JOINTS OR USE

: RING "RAM-NEK" OR EQUIVALENT
AS REQUIRED

48" MAX. DIA.

4'-0" AS REQD

“N.L—— CONCRETE COLLAR (SEE DETAIL 3-20)

’gf,/—le. ELEV.

%— FILL WITH GROUT 3000 P.S.I

PRECAST CONC SECTIONS 1'-4",2'-8" OR

PRE-CAST 4000 P.S.I. MIN. @
. 28 DAYS

g" |

SN #4 BARS @ 12" O.C. BOTH
BASE 4000 P.S.I. MIN. @ 28 /\/ I WAYS
DAYS.

| L« /\/<\\/<\\/<\\/\\/\\/\/\/\/’/7\’\§2‘>4<\§

6" 7" 72" 7" 6"
—— ———

DIA.

\—95 % COMPACTION AS PER
ASTM D1557

72" DIAMETER PRECAST STRAIGHT MANHOLE SECTIONS
NTS

TITLE 19 - SUBDIVISION 72" DIAMETER

ORDINANCE PRE-CAST MANHOLE
STORMWATER DESIGN MANUAL

CONSTRUCTION DETAILS
| 2-12
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| 7-4" | I 7-4" |
" 6 -0 B HMAC & BASE COURSE AS ") 6-0" B
8 8 SPECIFIED 8 8
#5 REBAR A v 2 - B
EACH WAY STD 48" M.H.RING |.][;
CONCRETE COLLAR STD 48" CONCRETE COLLAR #5 ELBOW @ 8" O.C. & COVER :
MH.RING & |, EACH WAY N
o 4 COVER o
@)+
EXISTING OR PROPOSED EXISTING OR PROPOSED " e wn
STORM SEWER PIPE. STORM SEWER PIPE. #5 REBAR @ 8" Q.C, EXISTING ' . < [
EACH WAY - >
#5 REBAR OR PROPOSED a4
SLOPE VARIES @8"0.C SLOPE VARIES X RCP <C
(42" MAX) EACH WAY (42"0 MAX) #5 ELBOW @ 8" 0.C. i
/\ EACH WAY b
FILL W/ GROUT 4
v vE Z 405 ;:u)
#5 DOWELS —- L : 1'—4” : |
@24"0C. W f
/ — #5 REBAR @ 8" 0.C-
#5 BARS " 8"
CONT 1218 — EACH WAY 95% COMPACTION
: AS.T.M. D1557

95% COMPACTION
A.S.T.M. D1557

SECTION A-A SECTION B-B

@ #6 BARS @ 10" 0.C. EACH WAY
THROUGHOUT (COVER)

* INCLUDE NOTE FOR
COMPACTION AT ALL
SIDES OF THE STRUCTURE

CONCRETE COLLAR

EXISTING OR PROPOSED
STORM SEWER PIPE.
Ar—=
= SLOPE VARIES
(42"0 MAX.)

CONCRETE COLLAR

.| EXISTING OR PROPOSED)]

STORM SEWER PIPE.
LOPE VARIE . A
(42"9 MAX.)

(SO S—

»

o | . 14

Ry

\ \Q
#5 ELBOW 45"\ #5 DOWEL

7"

BENDING DETAIL

24"

TITLE 19 - SUBDIVISION 72" JUNCTION BOX

STORMWATER DESIGN MANUAL
CONSTRUCTION DETAILS 2-13
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KEY IS NEEDED
TO MH COVER — 9" f———

FOR PRECAST |
\//w : : : 8"

SEE NOTE #7 7

[

SECTION A-A

OPTIONAL PLACEMENT
ECCENTRIC (SHOWN)
OR CONCENTRIC
OPENING

MANHOLE COVER FOR 72" MANHOLE

GENERAL NOTES:

NTS

1. ALL JOINTS TO BE TONGUE AND GROOVE
AND SEALED WITH RAM-NEK OR EQUAL.

2. MANUFACTURER TO PROVIDE LIFTERS
OF ADEQUATE SIZE AS NEEDED.

3.4000 P.S.I. CONCRETE 28 DAYS.
4. KEYLOCK ADDS 8" TO VERTICAL HEIGHTS.

5. RING & COVER OR SPECIAL LIDS TO MEET
REQUIREMENTS. MAY BE CAST IN PLACE.

6. REINFORCING SHALL MEET A.S.T.M. C478-87
AND TRAFFIC LOADING (HS-20).

7. SIZE TO ACCOMODATE TYPE 72" DIAMETER MANHOLE
RING

PRECAST CONCRETE
MANHOLE COVER FOR

72" MANHOLE

J

2-14

TITLE 19 - SUBDIVISION

ORDINANCE
STORMWATER DESIGN MANUAL

CONSTRUCTION DETAILS
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GENERAL NOTES:

1. A CONCRETE COLLAR IS REQUIRED WHERE PIPES
CHANGE IN HORIZONTAL OR VERTICAL ALIGNMENT.
2. FOR PIPES 24" OR LESS IN DIAMETER REINFORCE WITH W.W.M

3. FORMS REQUIRED TO NOT EXCEED DIM.

4-#4 CIRCULARTIES  —

#4 AT 12" 0.C. -
L

L/2

12"

12" (12"
18" 12"
24" 12"
36“ 18"

a N
| / 48" | 18"
90 90°
>< 54" 118"
M 60" [21"

R P / 66" 21||
o4 o ..5; Q

220

12"

3-#4 CIRCULAR TIES
#4 AT 12" O.C.

3000 PSI CONC.
@ 28 DAYS

TITLE 19 - SUBDIVISION CONCRETE Pl PE

ORDINANCE
STORMWATER DESIGN MANUAL COLLAR

CONSTRUCTION DETAILS
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-k
QMJ:_ \@

3" _<__Z.|_|_

H:J |
T
\ e \@

@O

GENERAL NOTES:

1. NOT TO BE USED UNDER
GROUND WATER
CONDITIONS.

CONSTRUCTION KEY NOTES:

A. PROPOSED R.C.P. PIPE.

B. CONCRETE COLLAR (3000 PSI
CONCRETE).

C. INSIDE WALL OF EXISTING MANHOLE
OR PRECAST STRUCTURE.

D. #4's @ 12" O.C.

E. 2-#4 CIRCULAR TIES.

F. NON-SHRINK GROUT TO BE PLACED
BETWEEN EXISTING MANHOLE AND
RCP TO COVER ALL GAPS (TYPICAL).
THE AREA BETWEEN THE EXISTING
MANHOLE/STRUCTURE AND THE RCP
SHALL BE 1/2 OF THE WALL THICKNESS
OF THE EXISTING STRUCTURE.

G. MANHOLE BASE.

v,

CONNECTION AT
PRECAST JUNCTION
BOXES OR EXISTING

MANHOLES
2-16

INFLOW
o o INFLOW

< . a a4l DU -

. <« e Caa oy

— a - M A <. . e .

o . 4 el - a4 b

& R 4.

x i B a- .

W n. a’ P .A.. vz

TABLE
D L T
2 | 12" | 12"
RETE 18" | 12" | 12"
O A 24" | 12" | 12"
T CONNECTION AT BASE
R 30" | 12" | 12
. T NTS
. 36" | 18" | 18"
42" | 18" | 18"
DROP CONNECTION

NTS

—
<
o
prd
AMn

pd

O

%) prd

M%nlu

@) (7))

22 i

nz O

_DR

2L i

w —

— <

E 2

T

=

o

O

T

wn

CONSTRUCTION DETAILS
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GENERAL NOTES:

1. MANHOLE CONNECTOR
SHALL BE KOR-N-SEAL OR
EQUAL MEETING THE
REQUIREMENTS OF ASTM
C-923. CONNECTOR SHALL
BE FURNISHED BY
CONTRACTOR.

CONSTRUCTION KEY

A

NOTES:

. PRECAST MANHOLE BARREL.

. FLEXIBLE CONNECTOR.

. PIPE CLAMP SS 316.

. APPROVED PIPE.

. PRECAST MANHOLE BASE.

GROUT AS REQUIRED TO

FORM SMOOTH CHANNEL

TO MANHOLE INVERT.

G. PIPE OPENINGS/KNOCKOUTS
AS REQUIRED TO FIT PIPE

SIZE.

H. EXPANSION BAND SS 316.

. FILL SPACE WITH GROUT.

. SUPPORT PIPETO
UNDISTURBED GROUND
WITH CLASS | GRAVEL PER
ASTM D-2321 AND D-2487.

Mmoo w>

J

PLASTIC PIPE
CONNECTION TO
2-17

STORMWATER MANHOLE
WATERTIGHT SEAL

Appendix 2
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BRANCH
WALL THK.
z
% BELL END
SPIGOT END 3 7 ‘
RUN WALL THK.
! ?
7 RUN I.D.
Pl
VARIES CONCRETE FILLED JOINT
(SAME MIX DESIGN
ASR.C.P.)
8'-0" RUN
LAID LENGTH
REINFORCED CONCRETE PIPE - WYE 18" THRU 96" DIA.
PLAN VIEW SECTION
N.T.S.
CONSTRUCTION KEY NOTES:
1) THIS DRAWING IS NOT INTENDED TO SHOW
REINFORCEMENT DESIGN EITHER AS TO PLACEMENT OR
STEEL AREA. ACTUAL PROJECT SPECIFIACTIONS WILL
GOVERN.
2) STEEL AREA IN WYE CONNECTION EXCEEDS THAT REQUIRED
IN ADJACENT PIPE.
3) FOR 18" DIA. TO 30" DIA. MAINLINE R.C.P. THE DIA. OF THE
WYE NEEDS TO BE 6" SMALLER THAN THE MAINLINE DIA.
FOR 36" DIA. TO 96" DIA. MAINLINE R.C.P. THE DIA. OF THE
WYE NEEDS TO BE 12" SMALLER THAN THE MAINLINE DIA.
TITLE 19 - SUBDIVISION PRE_FABRICATED
ORDINANCE
REINFORCED

STORMWATER DESIGN MANUAL CONCRETE PIPE WYE
CONSTRUCTION DETAILS

Appendix 2 2-18 )




HRMS BAR 1" X 3" X 1'-10 3/8"

* /— HRMS BAR SLANTED AT 50°
/- /
L
HRMS BAR 1/2" X 1" X 1'-7 7/8"

@ GRATE SECTION

NTS 3!! 3/8"

13/8" —=|
FLOW ==

)
%X‘%X‘%‘%‘%

HRMS BAR 1/2"X1"X1'-77/8"

HRMS BAR 5/8" X 3" X 2'-9 5/8" SLANTED AT 50°
e GRATE SECTION
NTS

/31/2"X31/2"X1/2"X1'-105/8"
Y HRMS BAR 1/2" X 3 1/2" X 3'-1"

8 o
%\ 3/8" NELSON smos)
2 EACH SIDE

SLANTED BAR DETAIL

NTS FRAME SECTION
. 2-95/8" 1" NTS
— INSIDE TYP. AT ALL CORNERS
&, Y2 3'-0" L 172"
= I INSIDE ||<_

L~

(o)
1'-10 3/8

@

1'-10 3/4"
INSIDE

GRATE FRAME ®
NTS NTS
TITLE 19 - SUBDIVISION
ORDINANCE GRATE AND FRAME

FOR DROP INLET
STORMWATER DESIGN MANUAL

CONSTRUCTION DETAILS
_ 2-19
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‘ 2-SACK CEMENT STABILIZED BACKFILL ‘

TO BE PLACED UNDER PROPOSED
is PAVEMENT AND CURB & GUTTER

\Fom..;_r...o_w IV_ | _T!

PAVEMENT
8" "-16" g

TI\J\JI& Ol _|_|1_||_|||._| \|m>nmomncxw

i I TTTT
T$Y - IT _I_I_I_I\ — CB.&GTR.
R A AT T T

/. STL BEAM SEE
CHART

2-20

*N— 2-SACK

DROP INLET
TYPE |

W .. | #4AT6E"O.C.
5] EACH WAY

SECTION B 2

NTS
3"DIA. GALV STL IRON PIPE CUT

2-SACK CEMENT STABILIZED

: .. ol I/ BACKFILL TO BE PLACED IN HALF LENGTHWISE TO 1
L : © “§ ™ UNDER PROPOSED EXTEND ENTIRE LENGTH OF <
L s PAVEMENT CURB OPENING D
RSB T =T AND CURB & GUTTER. >
EACH WAY << 9
z S =
GRATE, SEE DETAIL 2-19 | e) <
FRAME BAR "T" o Z -
131/2'%3 1/2"x 1/2" SEE DETAIL s O % N
PLAN VIEW DETAIL "B" 82 Nz X
== - = O T
NTS NELSON STUD Wu ANn (o R nnu
gn ' 9O o
2-SACK CEMENT STABILIZED BACKFILL 1-4 oK -] o
TO BE PLACED UNDER PROPOSED -~ O _.__|L X <
PAVEMENT AND CURB & GUTTER w [
DETAIL "C" DETAIL "D" 2 = <9
} = pd
NTS NTS T e = = o)
31" 31" 23" NOTES #412"0.C. =05
|
ﬁ oror < 1. H=10' MAXIMUM BAR "T" xx
—— : 2. CONCRETE TO BE 3000 psi MIN CORE TEST @ 28
DETAILI"C - GRATE —— DAYS. IF PRECAST 4000 PSI = n_|U
—_ = 3. GRATE TO BE PERPENDICULAR TO TRAFFIC. NTS )
BEAM
< NO. OF GRATES L'
= | ) LENGTH MINIMUM SIZES
! |
T e M 2 5-21/2" | 4-71/8" W6X12, S6X12.5, MC6X15.1
| BEAM SEE
| || Charr I 3 7-21/4" | 6-51/8" W8X15, S7X15.3, MC7X17.6
o | PR —— 4 92" 8'-37/8" WOX18, $8X18.4, MC10X21.9
L IR R L ' "
} "y SNEARS 5 11-13/4 10-2" W12X16, S8X21, MC10X21.9
6

wﬂ%w_ﬂz_uﬁmhﬁmm // //%/ﬂ! Hw.-:\N__B_-om\m__ éﬁﬁm\mmxwwzﬂoxmm
\_ SECTION A 2%
Z._-n




w
T 'L-16" gl
" -~ . .
g — o S i NUMBER L
- —_—1 N | |w— 4 "
S « PR OF GRATES
" 3 =
. o —o—o— o~ —o.~ “Q‘.e‘bd\ d\A\ - u ' "
AN L 2 6'-11
I
SRS N_ 3 10'-0"
N
ST : \@v 4 131"
AR S W
R W _ 5 16'-2"
. g . T .4 < b
R T Dale y—Lr :
g T T B W B 1 NOTES
N R - W 1. H = 20' MAXIMUM
I= IR R 2. CONCRETE TO BE 3000 psi MIN CORE TEST @ 28 DAYS.
: - / P 3. GRATE TO BE PERPENDICULAR TO TRAFFIC.
s pp— 24" 4. STEEL (GRATES)
uobnxmwwﬂ_msw >w L — W6x15.5x2'-9 1/2" AJ_.<nV_
e PIPE
(REF) 41/2" 71/2"

2-SACK CEMENT STABILIZED
BACKFILL TO BE PLACED
UNDER PROPOSED

PLAN VIEW

FRAME I 1
L31/2"X31/2"X1/2"

FRAME | |
; L31/2"X31/2"X1/2"

,..
N -
N
PAVEMENT s,
NTS NELSON STUD ' /s 4
DETALL'D" SEE DETAIL 215 AN
. DETAIL "C" DETAIL "D
— STLBEAM - 2-SACK CEMENT STABILIZED
PAVEMENT FLOW BACKFILL TO BE PLACED DETAIL "C" PAVEMENT
, UNDER PROPOSED R
%4 ; PAVEMENT
AND CURB & GUTTER. < /I
5 ab
S / b
= W6x15.5x2'-9 1/2 ‘ 2.91/2" . _u.b 2-SACK CEMENT
I e STABILIZED
. [ BACKFILL TO BE
8" TYP—mm B CONSTRUCTION JOINT MAY BE RAISED A N PLACED UNDER
MAXIMUM OF 6" P PROPOSED
2-SACK < | PAVEMENT
PIPE T ki BT
(REF) | 6" MIN. NON-SHRINK GROUT « /r | Y #4 REBARS @ 6"
T oG R ey a 1 _ i -k ™t sy 0.C.EACH WAY
b —a— ot - TN 8" T pT. T rlanldlnlb o rnN&IQan]a”ndllq L Y
KKK ARG
8 L H_,,Ho S IKE e 7 2-SACK /\\\,\\V/\\W/xx\\\//\\\//\\\/ ///\\\///\\V/ - ¥ T
3.2 w\a__,// AN SERRIRNANEKIA
IN— 2-SACK 2-SACK

[
SECTION A

NTS

SECTION B

NTS

DROP INLET
TYPE II
2-21

TITLE 19 - SUBDIVISION
ORDINANCE
STORMWATER DESIGN MANUAL
CONSTRUCTION DETAILS
Appendix 2




DETAIL "C"

NUMBER X
OF GRATES
2 5-21/2"
3 7'-21/4"
4 9'-2"
5 11'-13/4"
NOTES

1. H=20" MAXIMUM

2. CONCRETE TO BE 3000 psi MIN CORE TEST @ 28
DAYS.

3. GRATE TO BE PERPENDICULAR TO TRAFFIC.

4. STEEL GRATES (ANTI-RUST)

| FRAME |

L3 1/2"x3 1/2"x1/2"

NELSON STUD

DETAIL "D"

2-SACK CEMENT
STABILIZED BACKFILL
TO BE PLACED UNDER

PROPOSED PAVEMENT

DETAIL "D"

PAVEMENT

< u ;-

CONSTRUCTION JOINT
MAY BE RAISED A

MAXIMUM OF 6" -
——#4 REBARS @ 6"

1 0.C. EACH WAY

Z._.ﬂ

L
n
(28" TYP| 7130 — e Sk
[——
= FLOW Q
N
&
I—
<
|
#4 REBARS @ 6" 0.C. EACH V\
WAY
PIPE
2-SACK CEMENT STABILIZED
BACKFILL TO BE PLACED
UNDER PROPOSED PLAN VIEW
PAVEMENT NTS FRAME & GRATE
SEE DETAIL 2-19
| 2 || 41/2" 41/2" | 24"
PAVEMENT _ ; 12" THICK (MIN.)
U P 2-SACK CEMENT STABILIZED
T BACKFILL TO BE PLACED
v N \ UNDER PROPOSED
Ak > PAVEMENT
= i
M i ..../|_uﬂ>_r__o. /o
s . .
I . #4 REBARS
. : @6"0.C. |
EACH WAY | *
|
|
PIPE W
| 6"MIN NON-SHRINK GROUT
[
2-SACK
|
SECTION A 2- SACK

/l 2-SACK

—NTS

T
w
— =
=- 9
58 &
o=
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|
<C
)
Zw
-
53 =%
o  Z 14
> w OQn «
x
28z B3 5
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HN:

2% SLOPE |

e

- - ®
T
TTTTTT TTTTTTT
BHLOW
PLAN
FAITFTITEAITIEA JIEFH ITrEC4 Zn_uw
= — = -
/ STANDARD GRATE
6 6" | SEE DETAIL2-19
12"
m..‘f (N 3"
PROVIDE BOLT
el 6" E
: — ! STANDARD GRATE
DETAIL "C" DETAIL "D" SEE DETAIL 2-19

DETAIL"C"
DETAIL "D"

NUMBER v
OF GRATES
1 2'-10 3/4"
2 4-101/2"
3 6'-10 1/4"
4 8'-10"
5 109 3/4"

11/2"x1 1/2"x1 1/4"
/IRON

H\m:
TYP

1/4"x3" NELSON

STUD (ONE EACH LEG)

Anchor Detail

WELD FRAME
TO /IRON

11/2"x1 1/2"x1 1/4"
\\ /IRON

/ o b

OFF-STREET STORM

INLET DETAIL

23

2

~__— 2% SLOPE

DRAINAGE
STRUCTURE
BELOW

24"

2% SLOPE N ZSACK ©
|2 S \°
. R 4-#5 REBARS
Ca i R NCHOR
ERetay ey ¥ 5= anuoﬂqo.o Ligd DETaL s
X L A . v ~N
. A N
SN DRAINAGE
N @ STRUCTURE
BELOW . N 6
i T——— CONSTRUCTION JOINT N T v
W/ 12" REINF. OVERLAP engarpel T
/\ i W 3000°PSI A5 RESGR
CONCRETE @ 12" OC.
SECTION A-A #sresar@s"  CORE TEST CONT
NTS OCEW. @ 28 DAYS .

CONSTRUCTION JOINT
W/ 12" REINF. OVERLAP

. ~l/\ﬁ._.fu.v
SECTION B-B

NTS

T ,,

2-SACK

Z
o
@
=
a
@
>
n
(e}
L
-l
=
T

1
<C
S
=
<
=
=z
%nlu
%
Z
Ll
s a
0
e
m
o K
<C
=
=
o
O
T
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#4 @ 12" O.C.E.W.

.

12.5" MIN.

‘GHWLMIN.
]

GENERAL NOTES:

1. DETAIL USED WHEN STANDARD COVER CANNOT BE MET.

CONCRETE CAP
NTS

CONSTRUCTION KEY NOTES:

A. CONCRETE CAP 3000 P.S.I. CLASS "A"
B. USE REBAR : #4 @ 12" O.C. EACH WAY
C. SAND CUSHION

D. PROPOSED OR EXISTING PIPE

E. EXISTING GROUND

F. COMPACTED BACKFILL

TITLE 19 - SUBDIVISION CONCRETE CAP
ORDINANCE (UNPAVED CONDITION)
STORMWATER DESIGN MANUAL

CONSTRUCTION DETAILS
Appendix 2 2-24 Y,




— PAVEMENT AS SPECIFIED

BASE COURSE AS SPECIFIED It =z
e S QR 2
== . N v HﬁMﬁ' b
v —AMN R 2 o
v o N :m:" S| x
N I n w
S f =T
, _HIIE o
Noofo L
‘. III i"l"l : 'I':I: L III lﬁl o
T T
T=II=} #4 REBARS @ 12"
i || =11= 0.CEW.
e T T il
" SRIEI[E] [ OUTSIDE DIAMETER OF 12"
_-”—1|:”E STORMSEWER R.C.P.
T
NOTE; LONGITUDINAL LENGTH OF CONCRETE CAP TO EXTEND FROM OUTSIDE FACE OF
WALL OF INLET ALONG THE CENTERLINE OF PIPE TO A POINT WHERE 18" OF
MIN, COVER IS OBTAINED.
TITLE 19 - SUBDIVISION
ORDINANGE CONCRETE CAP
(PAVED CONDITION)

STORMWATER DESIGN MANUAL
CONSTRUCTION DETAILS
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8' MINIMUM

MIN. 30"

—

W HWSEL

—— 6" MIN.

24

N

7

4

LA g

« PR
95% COMPACTION OF N
SUBGRADE AS PERASTM
D1557 N\ N

N— e — — = _

NOTE:
1. TYPE | SPECIFIED WHEN TOP OF CHANNEL IS
EVEN WITH GROUND.

2. CHANNEL SECTIONS SHALL BE POURED
MONOLITHICALLY FROM TOP OF SLOPE TO TOP
OF SLOPE

3. SEE DRAINAGE DESIGN MANUAL, JUNE 2008
(SEC. 8.2.5) FOR REQUIRED FREEBOARD FOR
SUBCRITICAL OR SUPERCRITICAL FLOWS.

4. ENGINEER IS RESPONSIBLE FOR FINAL DESIGN AS
PER SECTION

AW%y.
95% COMPACTION OF

X

il ,w BT
IRRI

SUBGRADE AS PER ASTM D1557

END WALL
SEE 2-27

4" MIN.

W8T

ALTERNATE WING WALL DETAIL

CONCRETE CHANNEL TYPE |

NTS

........w...,. 7 ||-1_<__z. 30"

— 4" MIN.

o |

95% COMPACTION OF
SUBGRADE AS PER ASTM
D1557

/ #4 REBAR @ 18" O.C. BOTH
— — — —AWAYS OR 6X6 #6 WWF MIN.

CONCRETE TO BE 3600 PSI@ 28 DAYS.

CONCRETE CHANNEL
TYPE |

2-26

1

<C

)

Z

=
Z
e
) pd
> u O
8= @
»z O
A R
2L Ui
W —
— <
= =
T
=
n'd
O
T
0

CONSTRUCTION DETAILS
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_________ A __
Q
R
END WALL GENERAL NOTES:
ELEVATION END WALLS TO BE PLACED AT BEGINNING AND END

NTS OF CONCRETE CHANNELS.

48"

#4 REBAR @ 18" O.C. BOTH WAYS OR 6X6 #6
WWEF MIN. CONCRETE TO BE 3600 PSI
@28 DAYS

GENERAL NOTES:

1. END WALLS TO BE PLACED AT BEGINNING AND
END OF CONCRETE CHANNELS

END WALL 2. ENGINEER IS RESPONSIBLE FOR FINAL DESIGN AS
SECTIONAL VIEW PERSECTION______
NTS
TITLE(;?{E)%LA?\%\E/'S'ON CONCRETE CHANNEL
TYPE | END WALL
STORMWATER DESIGN MANUAL DETAIL

CONSTRUCTION DETAILS

Appendix 2 2-27 Y,




PROPOSED

I e T
_ 4" CONC. 4" CONC. _ PIPE
| RIP RAP i RIP RAP _
| 6" CONC. = El &\
z _ RIP RAP — —|
Il etk
S 2 |
- 5
B _ ) _
_ e _
_ _
N N O _
PLAN VIEW
NTS wuu
124" .
g
127 MAX. _ « 1
o s 5]
s i 1
| Y : YA
Wy
D - oo o 1T g o oere ey / 95% COMPACTION
/ ASTM D-1557
/s (TYPICAL BOTH SIDES)

95% COMPACTION
AT THE BOTTOM

6' MINIMUM

AS PER ASTM D1557 !

SECTION

B

NTS

#4 REBAR 18" O.C. BOTH WAYS
6X6 #6 W.W.F. MIN.

GENERAL NOTES:

. CONCRETE CHANNEL INVERT MUST MATCH

MAINTENANCE GRADE AND WIDTH OF
CHANNEL.

. CONCRETE CHANNEL LINING SHALL BE PLACED

10' UPSTREAM

. AND 25' DOWSTREAM OF LINE DISCHARGE

PIPE (48" MAXIMUM) WHERE THE PIPE
DAYLIGHTS.

. ALL CONCRETE TO BE 3600PSI @ 28 DAYS.
. CHANNEL SECTIONS SHOULD BE POURED

MONOLITHICALLY FROM TOP SLOPE TO TOP
OF SLOPE

. PIPE SHALL BE AT A 45° OR LESS FROM THE

CENTER LINE OF THE CHANNEL.

CONSTRUCTION KEY NOTES:

1. #4 REBAR 18" O.C. BOTH WAYS

#4 REBAR 18" O.C. BOTH WAY!

SECTION

A

NTS

T
AF_
ONG)
=z
< T 00
LB 1
za o
L
Zao
I O
@)
-
<
o
Z o
—
5 =%
o  Z 4
> W nIanv/_A
@) (7)) P
22 Wd T
SWD_hIV o
-2 X9 g
-0 Ex g
L [
= < w
= pd
= WO
RC
O
T
(7))




GENERAL NOTES:

MAX. EXPANSION JOINT SPACING @ 100 FEET O.C.
ALONG C.L. OF CHANNEL.

POURED EXPANSION JOINT SEALANT MATERIAL

1/4"
'Hi D/4 (13" MIN) D (6" MIN)

< B

COMPACTED SUBGRADE Jﬁp
TO 95% AS PER ASTM #4 REBAR @ 18" O.C. BOTH WAYS OR
D-1557

CONTRACTION JOINT AT 25' O.C.
NTS

JOINT SEALANT

COMPRESSIBLE BACKER ROD/ROPE

COMPRESSIBLE FOAM FILLER
WATERSTOP (SEE 2-41)

6" MIN

#4 REBAR @ 18" O.C. BOTH WAYS /

4

I @
1/2" SMOOTH DOWEL BARS 18" LONG AT 24" :E: T ;
el

O.C. COAT BARS TO PREVENT BONDING. 8" MINIMUM 95% COMPACTION AS

PER ASTM D-1557

EXPANSION JOINT
NTS

TITLE 19 - SUBDIVISION
ORDINANCE

STORMWATER DESIGN MANUAL
CONSTRUCTION DETAILS

CONCRETE JOINTS

2-29
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t/2

4" MIN.

NTS

NOTE:

WATERSTOP SHALL BE GREENSTREAK PVC MATERIAL,
SPECIFICATIONS GRADE, 6" X 1/8" AND SERRATED WITH
CENTERBULB OR APPROVED EQUAL.

TITLE 19 - SUBDIVISION

ORDINANCE WATERSTOP DETAIL

STORMWATER DESIGN MANUAL
CONSTRUCTION DETAILS

Appendix 2 2-30 Y.




\

FINISH: NOTES:

GALVANIZED STEEL 1. 3" BAR TOP OF RACK.

2. 218" x1/2" x5"

. STEEL PIPE 4" O.D. 2-1/2" I.D. LENGTH 6"
LESS THEN ROD

. U8"x1/2"x5"x3"

. 1" 8 STEEL RODS THREADED BOTH ENDS
LENGTH TO EXTEND THROUGH HEADWALL.

. 2" DIA. STEEL ROD THREAD BOTH ENDS.

. 2" HEX NUTS AND WASHERS.

HINGE

3/8"

FINISH:
GALVANIZED STEEL

3/4" x 3" STEEL BAR

~_ ALL FILLET WELDS
” AS INDICATED

Y=MIN OF 16.5' OR 3 (H)

3/4" x 3" STEEL BAR

X=MIN OF & (TYPICAL)

NTS

TITLE 19 - SUBDIVISION DEBRIS TRAP/SAFETY

ORDINANCE GRATE
STORMWATER DESIGN MANUAL
CONSTRUCTION DETAILS

. 2-31
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— ~—0.05'

GENERAL NOTES:

1. SIGN MATERIAL TO BE 16 GAUGE GALVANIZED SHEET METAL.

2. TOP PART OF SIGN SHALL SHOW BLACK LETTERS ON A WHITE
BACKGROUND.

3. BOTTOM PART OF SIGN SHALL SHOW WHITE LETTERS ON A
BLACK BACKGROUND.

| Property of v
n | EL PASO WATER UTILITIES|—» |
s I Public Service Board S

s & + FACILITY NAME GOES HERE—=+ |

S | 1234567 STREET DRIVE 14" S
; 8 0 Trespassing— |pu
i 7 iolators will be prosecuted——— %" @
§ _]7§ | In case of an emergency call: 1"

s [ | Y YN a—
ST J
0.06'— 20 | l~0.06'

NTS

TITLE 19 - SUBDIVISION
ORDINANCE

STORMWATER DESIGN MANUAL
CONSTRUCTION DETAILS

Appendix 2

NO TRESPASSING
WARNING SIGN
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CONCRETE CURB

| VARIES |
‘ TO BE DETERMINED BY ENGINEER ‘

1 1

oa”

b

4

b

a o
S
Ty

a

T T TS e S e
T T T T T T
e e s e e e e e e
e e e e e e e e e

TR Ll

SUBGRADE COMPACTED TO 95% DENSITY AS
PER ASTM D1557

CURB OPENING FOR DRAINAGE

SCALE: N.T.S.

* NOTE:

3' MAX, IF PERMISSION IS GRANTED
FOR A WIDER OPENING PROTECTIVE
MEASURES SUCH AS PIPE BOLLARDS
OR GUARDRAIL SHALL BE USED.

TITLE 19 - SUBDIVISION
ORDINANCE CURBD?,ZF'L\IAI\gg FOR

STORMWATER DESIGN MANUAL
CONSTRUCTION DETAILS
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w

NOoO U

DRAINAGE/BASIN ADJACENT
PROPERTY RESIDENTIAL LOT
|
o 1. 6' MAX. ALONG REAR & SIDE YARDS.
) 2. 3'-6" MAX. ALONG FRONT YARDS.
D 3. 6' HIGH @DRAINAGE AND BASINS.

l|dl|S 8|
X
IIXlI
FROM HIGH POINT

>O §
<q 2
D )

(P A .

3600PSICONC.CORE_/' -

TEST @28 DAYS

2 #4 REBAR
12"MIN.
NTS
GENERAL NOTES:

. STONE FOR ROCKWALL SHALL BE AS NEARLY UNIFORM IN SECTIONS AS IS

PRACTICABLE. THE STONE SHALL BE DENSE AND RESISTANT TO AIR AND

WATER.
. MORTAR SHALL BE TYPE "S" 1800 PSI AS PER ASTM C270.
. MASONRY WALLS OVER SIX (6) FEET IN HEIGHT AND THOSE USED FOR

EARTH RETENTION OVER TWO (2) FEET SHALL BE DESIGNED AS NOTE:

STRUCTURAL WALLS. BACKFILL MATERIAL TO BE
. ROCKWALLS SHOULD BE CONSTRUCTED OUTSIDE DRAINAGE/BASIN AREA. COMPACTED TO 95% STANDARD
. ROCKWALL MORTAR JOINTS SHALL NOT EXCEED TWO (2) INCHES. PROCTOR DENSITY

. ALL STONE SHALL BE THOROUGHLY SOAKED BEFORE BEING PLACED.
. NO RIVER ROCK SHALL BE ALLOWED FOR ROCKWALLS.

TITLE 19 - SUBDIVISION
ORDINANCE

STORMWATER DESIGN MANUAL
CONSTRUCTION DETAILS

ROCKWALL DESIGN

. 2-34
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H WROUGHT IRON FENCE WITHOUT ROCKWALL. l

LOT LINE
\

18'-0" DOUBLE SWING GATE 8'(TYP)
PROPOSED
ROCKWALL e 2 WROUGHT IRON GATE
4" ? 6" 0.C. 6" 0.C.
i jo = e =
ts
—
> ANy ]
kO aE
NI _O-r A
o n
© 111 ’T\
lo% T i
~ |
| _TACK WELD, SEAL &
WATERPROOF
| | [ | |
= y | -] { (71
¥ BRI RER! NERR : Y]
| A e A - P
I NS I =1 I== [ F A R I— I 1] i ) 5 12
G =1‘|%|=‘££F A | === = ;
@/3‘ T =il N s I N
o T s TonEel"x6” PIPETZ NE FlI=NE CONCRETE
A @' !g" o Ll oy LT o T === A
@/ T % ST =11 %
IJIZH 12" _»| |<_12"
3” THICK COMPACTED
SCREENING SURFACE
] WROGHT IRON FENCE WITH ROCKWALL. R
<<
3 /—LOT LINE
o~ 8'(TYP.)
« 28 WROUGHT IRON FENCE PROPOSED
O o & ’ ROCKWALL
o = 6 D'Q—— |—
- o g TYPD @ 4
o o M {(2)
E4 S / { l
3 o> 1
) E S 2 *:
zZ g Z 5§35 23 =
sz 3L x
D L << 'x =
© = un = — - S [ie] V1
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18' DOUBLE SWING WROUGHT IRON GATE 8'(TYP)
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PER ENGINEER DESIGN,

MINIMUM ONE (1)
CUBIC FOOT OF ONE

(1) INCH GRAVEL

WEEP HOLES AT 10° O.C.
4" MIN. DIA. STAGGERED

85% COMPACTION AS

PER ASTM D1557 6" THICK FOR LAST 12"

W/FINISHED GRADE
y_/\‘\W 3

2 #4 REBAR - W T
COUTINUOUS e NS5
» .
#3 REBAR TEE e T
@ 20’ o.C. S B
R
K T
/\\>/\\\\\7/ e
/\\\\/\\\\/ 9
XX
NS
X

CONCRETE SIDE SLOPE PROTECTION DETAIL

SCALE: N.T.S.

NOTES:

1. CONCRETE SIDE SLOPE PROTECTION SHALL BE PLACED ON EMBANKMENTS OR SLOPES WHERE
REQUIRED BY THE CITY ENGINEER FOR EROSION PROTECTION, EXCEPT FOR PONDING AREAS.

(REFER TO CHAPTER 3)
2. CONCRETE SIDE SLOPE PROTECTION SHALL BE A MINIMUM OF 4” CONCRETE.
3. CONCRETE TO BE 3000 PSI WITH REBAR SHOWN ON DETAIL. FINAL REBAR PER ENGINEER DESIGN.

4. FOR SLOPES GREATER THAN 3:1 OR VERTICAL HEIGHT OF MORE THAN SIX(6) FEET, THE
CONCRETE SIDE SLOPE PROTECTION SHALL BE DESIGNED BY A PROFESSIONAL ENGINEER.

5. PROVIDE ONE (1) INCH EXPANSION JOINT AT EVERY FIFTY (50) FEET WITH #6 DOWELS AT 18
INCHES O.C. INCLUDE JOINT SEALANT

6. PROVIDE DUMMY JOINTS AT TEN (10) FEET O.C.

TITLE 19 - SUBDIVISION CONCRETE SLOPE

ORDINANCE
PROTECTION
STORMWATER DESIGN MANUAL

CONSTRUCTION DETAILS
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2’_0”
==
| EINEMNNTEN&
— = T a8
i
8” e
P WEEP HOLES AT 10° O.C.

PER ENGINEER DESIGN; /i 4” MIN. DIA. STAGGERED
MINIMUM ONE (1) CUBIC
FOOT OF ONE (1) INCH

GRAVEL I 12" THICK
N FOR LAST 127
85% COMPACTION AS %,
PER ASTM D1557 04 FINISHED GRADE
w=nE A4,
COUNTERFORTED SU=1l] ”//,/=7/4_/;==£_///___— —_
@ 20" 0.C. E ==
~

—_—] T |-

MORTAR FILLED ROCK RIP-RAP DETAIL

NTS

NOTES:

1. MORTAR FILLED ROCK RIP—RAP SHALL BE PLACED ON EMBANKMENTS OR
SLOPES WHERE REQUIRED BY THE CITY ENGINEER FOR EROSION
PROTECTION, EXCEPT FOR PONDING AREAS. (SEE SECTION 2)

2. MORTAR FILLED ROCK RIP—RAP SHALL BE A MINIMUM OF 8" MORTARED
ROCK.

3. STONE FOR ROCK RIP RAP SHALL BE AS NEARLY UNIFORM IN SECTION
AS IS PRACTICABLE. STONE SHALL BE QUARRIED; FRACTURED
RIVERROCK SHALL NOT BE PERMITTED.

4. MORTAR FOR ROCK RIP—RAP SHALL BE TYPE S, 1800 P.S.I. AS PER
ASTM C270.

5. FOR SLOPES GREATER THAN 3:1 OR VERTICAL HEIGHT OF MORE THAN
SIX (6) FEET, THE MORTAR FILLED RIP RAP SHALL BE DESIGNED BY A
PROFESSIONAL ENGINEER.

6. MORTAR JOINTS SHALL NOT EXCEED 2 INCHES.

TITLE 19 - SUBDIVISION

ORDINANCE MORTAR FILLED

STORMWATER DESIGN MANUAL ROCKRIP RAP

CONSTRUCTION DETAILS
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TRANSVERSE SPLICE

LONGITUDINAL SPLICE

s ouee TNV

— Il =
|

S 1, LVAVAYIN

oo

(ONE WRAP ALTERNATE = —'—'—'—mm—\—-—\—'—

SPACE) " L
2” 2” 2”

WIRE FABRIC AND SPLICE DETAIL
(FOR NON-COHESIVE SOIL) "“*

BASKETS TO BE OVERFILLED
TO ACCOUNT FOR SETTLEMENT

GABION ROCKS SHALL RANGE
BETWEEN 4 TO 8 INCH

No. 9 GALVANIZED TIE WIRES AT
APPROX. 2" CENTERS LONGITUDINALLY
AND TRANSVERSALLY.

MAIN WIRES ARE TO BE PLACED
PERPENDICULAR TO THE SLOPE.

COUNTERFORTED
@ 20’ O.C.

85% COMPACTED
SUBGRADE AS PER

ASTM D—1557
NOTE: GEOTEXTILE FABRIC
BELOW WIRE WRAPPED RIP SECTIONS TYPICAL SECTION

TO PREVENT EROSION. EMBEDDED
DEPTHS SHALL BE PER GEOTECHNICAL

ANSDIéﬁR PROFESSIONAL ENGINEER
WIRE WRAPPED RIP-RAP DETAIL

DE
NTS.

TITLE 19 - SUBDIVISION GABION MATTRESS

ORDINANCE
RIP RAP
STORMWATER DESIGN MANUAL
CONSTRUCTION DETAILS
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APPENDIX 3

STREET CROSS SECTIONS

STORMWATER DESIGN MANUAL




5.0 4.0 8.0’
SDWK PKWY PARKING

54.0'
ROW

10.0'
LANE

10.0'
LANE

8.0'
PARKING

4.0 5.0’
PKWY SDWK

EXISTING 36' LOGAL RESIDENTIAL 1

RESIDENTIAL YARD
MIN. 3" BELOW
SIDEWALK ELEVATION

5.0' 9.0' 8.0'
SDWK PKWY W/ PARKING
BIORETENTION

54.0'
ROW

10' LANE
ONE WAY

8.0
PARKING

9.0’ 5.0’

PKWY W/ SDWK
BIORETENTION

N

OPTIONAL: BELOW GRADE STORAGE
CHAMBER. SHAPE AND VOLUME VARIES
BY MANUFACTURER

OPTION 1: ONE-WAY STREET WITHIN
EXISTING R.O.W. W/ BIORETENTION BASINS

RESIDENTIAL YARD
MIN. 3" BELOW
SIDEWALK ELEVATION

STORAGE OPTIONS WITHIN
EXISTING RIGHT-OF-WAY
LOCAL RESIDENTIAL STREETS

CITY OF EL PASO
STORMWATER DESIGN MANUAL

APPENDIX 3

FIGURE 3-1




TTLEX

g

BIORETENTION

)

OPTIONAL: BELOW GRADE STORAGE
CHAMBER. SHAPE AND VOLUME VARIES

BY MANUFACTURER

OPTION 2: EXPANDED 64' R.O.W. W/ BIORETENTION BASIN
PLUS SUBSURFACE STORAGE

64.0'
ROW
5.0’ 9.0’ 8.0’ 10.0' 10.0' 8.0’ 9.0’ 5.0’
SDWK PKWY W/ PARKING LANE LANE PARKING PKWY W/ SDWK
BIORETENTION

E
&

RESIDENTIAL YARD

MIN. 3" BELOW
SIDEWALK ELEVATION

OPTION 4: EXPANDED 62' R.O.W. W/ BIORETENTION BASINS, PLUS SUBSURFACE STORAGE

| RESIDENTIAL YARD

MIN. 3" BELOW
SIDEWALK ELEVATION

62.0'
ROW
O 8.0' 10.00 8.0" 10.0¢ 8.0' p—4.(' =t §, (' ey
PKWY | PARKING LANE MEDIAN LANE PARKING PKWY SDWK
W/ SHALLOW W/ BIORETENTION W/ SHALLO
BIORETENTION wh BIORETENTION
— —
OPTION 3: EXPANDED 62' R.O.W. W/ BIORETENTION BASIN
62.0"
ROW
50" 4.0' t 8.0' 10.0: 8.0" 10.0~ 8.0' 4.0' 5.0" =iy
SDWK PKyVX PARKING LANE MEDIAN LANE PARKING PKWY | SDWK

W/ SHALLOW W/ BIORETENTIS)N W/ SHALLOW N

BIORETENTION b | BIORETENTION
By o
‘ N

¢
-
s “\
- L
- .
il T
[
=
BELOW GRADE STORAGE CHAMBER. SHAPE AND
ll VOLUME VARIES BY MANUFACTURER

| RESIDENTIAL YARD
MIN. 3" BELOW
SIDEWALK ELEVATION

STORAGE OPTIONS WITHIN
EXPANDED RIGHT-OF-WAY
LOCAL RESIDENTIAL STREETS

CITY OF EL PASO
STORMWATER DESIGN MANUAL

APPENDIX 3 I FIGURE 3-2




7
=

@)

BELOW GRADE STORAGE CHAMBER. SHAPE AND
VOLUME VARIES BY MANUFACTURER

OPTION 7: MINOR ARTERIAL W/ BIORETENTION BASINS PLUS SUBSURFACE STORAGE

98 - 106'
ROW
oy
-—>5.0' 4-8 11.0' 11.0" 11.0 : " 11.0 11.0' 11.0 48 50—
SDWK PKWY W/ LANE LANE LANE MEDIAN W/ BIORETEN LANE LANE LANE PKWY W/ SDWK
BIORETENTION BIORETENTION
-
- L ——
£y AN F, N £
% £ &) o i 14
_ E ] - =
L B | o !-l'
F
OPTION 5: MAJOR ARTERIAL W/ BIORETENTION BASINS
76 - 84'
ROW N
L]
5.0 4-8' 11.0 11.0 14,0 11.0 11.0 4-8' 5.0'—-‘\\)”' ,
SDWK PKWY W/ LANE LANE MEDIAN W/ BIORETENTICR LANE LANE PRWY W/ SDWK L
BIORETENTION BIORETENTION 4 A
B
S Dt 4
-
la ']
H
Pk :
14 {‘.{j H
. f.& 1.;‘\.!,,5 .
OPTION 6: MINOR ARTERIAL W/ BIORETENSION BASINS
76 - 84' b
ROW ) L )pf‘
5.0' 4-8 11.0' 11.0 M40 w2 11.0 11.0 4-8 5,0'—'“‘\ Wi
SDWK PKWY W/ LANE LANE | / BIORETENT! A r LANE LANE PKWY W/ spwk By
BIORETENTION ¥ § BIORETENTION N H
' e
-
- - I .
! N H
oyl ATE ]
J . 2 ] i
"1-\,

STORAGE OPTIONS WITHIN
RIGHT-OF-WAY OF
MAJOR AND MINOR ARTERIAL
STREETS

CITY OF EL PASO
STORMWATER DESIGN MANUAL

APPENDIX 3 FIGURE 3-3




LEGEND

BIORETENTION BASIN

OFF-STREET PARKING SPACE,
GRAVEL OR PERMEABLE

' DRIVEWAY

NOTE:

HOUSE/DRIVEWAY LAYOUT PATTERN
DESIGNED TO MAXIMIZE AVAILABLE
CONNECTED GREENSPACE FOR
GREEN INFRASTRUCTURE FEATURES.

PLAN VIEW
&
-1
F |
4 LS b
o ‘k\? " STREET EDGE ALTERNATIVE
o - WITHIN EXISTING
ROW 1
P RIGHT-OF-WAY
5.0' " 10.0' LANE 5.0' N 12.0' N N— CITY OF EL PASO
SHORT-TERM SHORT-TERM . SDWK
P [ e T ONE WAY KNG T CNONEES STORMWATER DESIGN MANUAL
s x . . |
RESIDENTIAL YARD ] | | | | APPENDIX 3 FIGURE 3-4
MIN. 3" BELOW
SECTION A-A

SIDEWALK ELEVATION




A\ /
\ /
I — I
nl o 5 o| |
J
ON STREETS WITH _
CROSS SLOPE LESS 1 BASIN SIDE SLOPE, ~
THAN LONGITUDINAL A SEE SECTION -
SLOPE INCLUDE A OPTIONS ®
METHOD TO DIRECT AV &
DRAINAGE TO CURB STREE L STREET
L —= - I
CUT. SEE DETAIL | QT_\F\ DECORATIVE
N = LANDSCAPE ROCK
CURB CUT -
CURE CUT : AND INLET 3" MULCH OR RIVER ROCK
SEE DETAlLS\ ] — PLANTING BASIN WITH ROCK EDGES
>§ BENCH
SEDIMENT TRAP,— | : j
SEE DETAILS - N
14
PLANTING —
BENCH
CURB o
cuT > .
> .
— ]
/ ©
| SEDIMENT STREET u i * . A STREET
TRAP f W W— ! 3:1 MAXIMUM
el SIDESLOPES
CURB CUT .
BIORETENTION A~ AND INLET — 3" MULCH OR RIVER ROCK BIORETENTION BASIN IN
BASIN BED STREET MEDIAN WITH CURB
oS :1\;& BASIN WITH VEGETATED SIDESLOPES CUTS
)) CITY OF EL PASO
i STORMWATER DESIGN MANUAL
1 \-“_‘,i_—"r"
SEPARATION BERM ~ -1 £ 3 APPENDIX 3 FIGURE 3-5
BETWEEN BASINS — N
. =
— T
ya ADJOINING ™
BASIN
/




DRIVEWAY
MAINTAIN 3-4 FT
SEPARATION FROM
DRIVEWAY TO TOP ny
=, | EDGE OF BASIN w, j Fl
! R I‘-J'r 4
4 “ wd N onf 7
g . L\l\u,“ | I/
2 J “}\\ \ {rﬂ'.",fz-.
i - 18" STEP =, & /BUFFER AND
ONSTREETS WITH | OUT BENC - . X)) ['#PLANTING BENCH
CROSS SLOPE LESS i =250 NP
THAN LONGITUDINAL N '
SLOPE INCLUDE A Mo
METHOD TO DIRECT SIDEWALK
DRAINAGE TO CURB STR
CUT. SEE DETAIL > BASIN SIDE SLOPE, >IREET I~ [~—— ]
' SEE SECTION A DECORATIVE
’ OPTIONS LANDSCAPE ROCK
AN CURB CUT
: AND INLET 3" MULCH OR RIVER ROCK
CURB CUT \
SEE DETAILS\ ,—PLANTING
B / e BENCH BASIN WITH ROCK EDGES
i
SEDIMENT TRAP, ]
SEE DETAILS AT .
3 X
—
g <
=
L
3 a)
(9]
STEP STONE
PATH ACROSS
L JE ‘ }i i GARDEN,
BENCH ey 18" STEP
s A OUT BENC BUFFER AND
/ \ L ANTING BENCH
) 12" MIN
STREET ; SIDEWALK
,.... IK
CURB CUT gﬁ) “E"gfc')“ggg' BIORETENTION BASIN
BIORETENTION 1 AND INLET STREET EDGE WITH CURB CUT
BASIN BED 3" MULCH OR RIVER ROCK
” BASIN WITH VEGETATED SIDESLOPES CITY OF EL PASO
N o STORMWATER DESIGN MANUAL
— - APPENDIX 3 FIGURE 3-6
w [a]
c |z
| |0




WATER ELEVATION IS SET
BY CURB CUT ELEVATION

TOP OF CURB
STREET GUTTER

/CURB CuUT

WATER POOL DEPTH

\BASIN BED

SET CURB CUT ELEVATION 2" MIN. BELOW

NOTES: LOWEST DOWNHILL CURB AND BERM
ADJACENT SIDEWALK ELEVATION SHOULD BE ELEVATION TO AVOID WATER OVERTOPPING
HIGHER THAN WATER SURFACE ELEVATION GARDEN, CURB, OR SIDEWALK.

ALONG THE ENTIRE LENGTH OF THE GARDEN.

SHALLOW BIORETENTION BASIN
WITHOUT CURB CUT IS A
SHALLOW PLANTING BED THAT
CATCHES RUNOFF ONLY FROM
SIDEWALKS, NOT THE STREET.

BIORETENTION BASIN PROFILE
ON SLOPED STREETS AND
46" SHALLOW BIORETENTION BASIN
- SECTION WITHOUT CURB CUT

RUNOFF CITY OF EL PASO
STORMWATER DESIGN MANUAL

SIDEWALK

APPENDIX 3 FIGURE 3-7

3"MULCH OR

RIVER ROCK




3:1 ‘ ‘ 31

CURB [T~ ] CURB

* CURB CUT SLOPES 1-2" TO BACK
TO PROMOTE DRAINAGE

N
1

—

CURB CUT DETAIL

— INLET LETDOWN
STEPS, RIVER
\ ROCK CHUTE, OR

CONCRETE FLUME
STREET |

| C ) 0

—

1
1

CURB CUT

KN

Q#’
/’

“— FLAT PAVERS TO PREVENT SCOUR
WHERE WATER ENTERS GARDEN,
AND FACILITATE SHOVELING OUT
ACCUMULATED SEDIMENT

STONE OR
BLOCK STEPS

CURB CUT

6-8" STONE EDGING TO
CREATE SEDIMENT TRAP

)

PAVER
SPLASH
PAD
RIVER ROCK
CURB CUT CHUTE
|
CONCRETE
CURB CUT FLUME
| |
=T 2FETMIN

SEDIMENT TRAP
DIMENSIONS VARY TO
FIT SIZE OF BASIN - MIN.
WIDTH TYP. 2 FT.

CURB CUT AND SEDIMENT TRAP
OPTIONS

CITY OF EL PASO
STORMWATER DESIGN MANUAL

APPENDIX 3 FIGURE 3-8




\\.
- e — ~ -
wl |o al i
T | gl &
(0))] (@] o O n
f
=Ty A
al a’“’?r_ o
ON STREETS WITH E

CROSS SLOPE LESS BASIN SIDE SLOPE,

THAN LONGITUDINAL SEE SECTION

SLOPE INCLUDE A OPTIONS TOP OF CURB RISER INLET WITH
METHOD TO DIRECT REMOVABLE TRASH
DRAINAGE TO CURB STREET GUTTER BASKET

CUT. SEE DETAIL

CURB CUT \

¥ —
CURB CUT ' t
SEEDETAILS PLANTING | WATER POOL DEPTH
. BENCH o e e e 2 S B s 2 e 2 i e e e e e . e s B I
» BASIN BED IN SOME SYSTEMS WATER ALSO ENTERS ——= _\; RISER LIP 2"
SEDIMENT TRAP. — | BELOW GRADE STORAGE CHAMBER THROUGH u BELOW CURB
SEE DETAILS . STORAGE CELLS, PERMEABLE SOIL/GRAVEL LAYERS. CUT ELEVATION
INSTALLED PER
MANUFACTURER'S
DIRECTIONS RESTORE COMPACTED SOILS
AVOID PLACING ‘ OUTSIDE THE FOOTPRINT OF THE

STORAGE CHAMBER TO FRIABLE
CONDITIONS FOR LANDSCAPED
PLANTING ZONES.

CHAMBERS DIRECTLY
UNDER PLANTING
ZONES. MAINTAIN
ROOTING SPACE

BELOW GRADE STORAGE CELL, PERFORATED
PIPE, CUBE, ARCH DOME, OR SIMILAR. INSTALLED
PER MANUFACTURER'S DIRECTIONS.

PLANTING —
BENCH

CURB
CuT

i NP o N /<N

- SEDIMENT
TRAP

BIORETENTION BASIN
WITH BELOW GRADE STORAGE

BIORETENTION —-|~
BASIN BED

=] [—RISER INLET WITH

: GRATED DOME AND
TRASH BASKET CITY OF EL PASO
STORMWATER DESIGN MANUAL

SEPARATION BERM —--}-.1
BETWEEN BASINS

APPENDIX 3 FIGURE 3-9

—_—

“‘_'_,..-""
e ADJOINING ™
¥

BASIN




@ @
B STREET B
STREET © < ©
\\\\ * BASIN INLET S BASIN INLET
DEPRESSED - -
INLET WITH FLOW SLIGHT DEPRESSION OR
CHANNELIZERS —_— VALLEY GUTTER IN STREET ) —
" %
- 5 5
CHANNELIZERS
NOT TO SCALE ¥
2!
STREET o
o
2
©
BASIN INLET STREET BASIN INLET

DEPTH
VARI

1.0’

TRENCH DRAIN
DESIGN VARIES PER
MANUFACTURES
SPECIFICATIONS

S
=

TRENCH DRAIN
NOT TO SCALE

% SLIGHT CROWN OR SPEED
BUMP IN STREET

15°

MIN. 6" GAP TO ALLOW J
BYPASS WHEN BASIN
IS FULL

N

r

N

|
P

——
——

ON STREETS WITH CROSS SLOPE
LESS THAN LONGITUDINAL SLOPE
INCLUDE A METHOD TO DIRECT
DRAINAGE TO CURB CUT.

STORMWATER FLOW

=

FLOW DIVERSION OPTIONS
FOR STEEP STREETS

CITY OF EL PASO
STORMWATER DESIGN MANUAL

APPENDIX 3 FIGURE 3-10




PARK/ATHLETIC FIELD

— SOCCER GOAL
| TYP
f
EXISTING GROUND SURFACE
RETENTION STORAGE
POND
\/ AN
‘l7WATER POOL DEPTH apd

4' MAX

@
SH:7y W ] PV $

INSET POND

1' MAX

PARK POND ON FLAT EXISTING GROUND SURFACE
N.T.S.

NO BERM AT UPSTREAM
END OF POND

PARK/ATHLETIC FIELD

RETENTION STORAGE
POND

1'TO0 3
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APPENDIX 4. DRAINAGE SUBMITTAL REQUIREMENTS AND CHECKLIST BY PE, TEXAS

4.1 DELIVERABLES

[ |Drainage Report with Supporting Calcul ations
[ ]Scour Analysis
[ 1Grading and Drainage Plan

4.2 DRAINAGE REPORT CHECKLIST

[ ]General project location
[ IDevelopment concept for the site
[ |Drainage concept for the site (include relevant #'s as appropriate)
[ |How off-site flows will be handled
[ IHow on-site flows will be handled and discharged
[ |Downstream capacity and how it is determined
[ lImpacts on or requirements of other jurisdictions
[ Jidentify all approvals being requested in conjunction with this submittal, such as:
[1Zone Change
[ ]Subdivision Plat
[]Site Plan for Subdivision
[]Site Development Plan for Building Permit
[1Building Permit
[ |Grading Permit
[ |Paving Permit
[|Design Variance

[ IConditional Letter of Map Revision (CLOMR), Letter of Map Revision (LOMR), or Letter of
Map Amendment (LOMA)

[ 1404 Permit
[ 1408 Permit
[ ]Previously approved drainage management plans, drainage reports, plans, or studies including
watersheds, basins, drainageways, etc. as defined therein
[ ]Legal description
[ lldentify proximity of siteto adesignated FEMA Flood Hazard Zone
[lInclude a copy of the relevant FEMA FIRM or Flood Boundary and Floodway Map with the site
clearly identified along with all affected Flood Zones
[ Jidentify portion of designated Flood Hazard Zone to be revised or amended when CLOMR, LOMR,
or LOMA approval requested
[]If vesting approved, standards in place when vesting occurred.
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4.3 CALCULATIONSAND MODELING CHECKLIST

[_IFully developed watershed, ability to accept and safely convey runoff generated from design storm
[JHydrologic Analysis
[lInclude rainfall from Tables 3-1 through 3-3 for the region used
[ ]Watershed delineation, both existing and proposed basins and areas of each basin
[]Point of discharges for each subbasin
[_]Any FEMA floodplains including both FIRM map and shapefiles
[ JHydrologic soil groups and any calculations to go along with them
[ ]Land cover assumptions (include areas of imperviousness, any supporting documentation, and
calculations)
[ ]Curve Numbers (include any supporting documentation and cal cul ations)
[ IMannings values and descriptions (include any supporting documentation and cal cul ations)
[ ]Time of Concentration (include any supporting documentation and cal cul ations)
[ |Routing Reaches (include any supporting documentation and cal cul ations)
[ ]Sediment Bulking factors (include cal cul ations)
[ |Peak Rate Factors (include any supporting documentation)
[ ]Proposed stage storage discharge tables (include any supporting documents and cal cul ations)
[ Runoff coefficients development calculations or supporting information
[ ]Shape files used for calculations (one combined geodatabase)
[Hydrologic Maps:
[ ] Overall drainage map to scale that includes contour data used to delineate basins for existing
and proposed, areas of each basin, overall drainage area, and discharge locations
[ ] Subbasin map that includes time of concentration paths and lengths
[ ] Routing reaches (if applicable) and lengths
[_] Hydrologic Soil Group Map

4.4 HEC-HM S PROJECT CHECKLIST

[] Modeling input parameters

[ |Precipitation type and frequency

[ IModel run time

[ ]Reservoir routing summary table which includes, peak inflow (cfs), peak discharge (cfs), inflow
volume (acre-feet), discharge volume (acre-feet), time of peak inflow and time of peak discharge

[ ]Summary table that includes hydrologic elements, drainage areas (mi2 and acres), peak discharges
(cfs), time of peak, and volume (acre-feet)

[ IModeling package

[ ]Any map layers associated with the model

[ Hydraulic Capacity
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[ ]Street Capacity

[ ]Local street capacity calculations
[]Collector calculations
[ ]Primary/Secondary Arterial calculations
[ 1Qcap1o0— 100-year Flow capacity (50-year, if vested)
[ Qexproo— 100-year Expected flow (50-year, if vested)
[ 1V exp100— 100-year Expected velocity (50-year, if vested)
[ ]Dead end street draining to unpaved surface
[ JRunoff Velocity less than six (6) feet per second
[_]Ensure runoff will flow into drainage easement
[ ]Storm Drain
[1100-year Hydraulic Grade Line (50-year, if vested). Show on storm drain profiles and provide
detailed calculations
[ lInlets designed for 25-year capacity
[ ]EGL: below top of curb and top of junction box
[ IHGL: minimum at grate inlet elevation
[_IMinimum easement: 15 feet minimum or 6 feet from pipe limits
[ IMinimum pipe slope: 0.3%
[_IMinimum cleaning velocity three (3) feet per second
[ IMaximum permissible velocity: for trunk lines fifteen (15) feet per second and for laterals
thereisno limit
[ |Reinforced concrete pipes under public streets
[_|Pipe Diameter: trunk lines minimum of 24”
[]Channels
[Crossing structures
[ ]Storm inlet and/or entrance conditions
[ |Contain water surface for Q100 plus freeboard
[ ]Channel bend freeboard calculations
[ 1Verify the channel has adequate drainage easement
[lInclude a channel maintenance schedule for new channels
[ IMannings roughness coefficients (any cal culations and supporting documentation)
[ |Earthen Channel calculations
[ 1Concrete channel calculations
[] Side-lot Flumes: Public easements verify 10 feet access on one side and 2 on the
other, Private easements verify 2 feet on either side, dope and velocity are same for
concrete channels
[ ]Turf reinforcing matting: velocity minimum of six (6) feet per second and maximum
of twelve (12) feet per second, include all supporting documentation
[]Interceptor Channel calculations
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[ ]Handrails or fencing required on vertical headwalls greater than 2 feet in height and
wing walls with slopes steeper than 2:1
[ ]Outfalls/Outlets/ Transitions
[ ]Velocity control erosion protection measures
[ ]Outfall velocity
[ ] Outfall energy dissipator and any calculations
[ JHydrograph timing and analysis of backwater
[ ]Pond Data
[ |Detention pond/reservoir
[ ]Retention pond
[]Flood zone impacts of changes
[IStability
[]Channel/Arroyo
[ INatural sope
[_]Cut/Fill Slope
[ ]Sediment bulking
[]Outfall pipe calculations (e.g. Orifice, culvert, weir, combination, ect.)
[] Ouitfall discharges and include any control measures (if applicable)
[ |Tailwater elevations used in hydraulic calculations
[]Offsite sheet flow analysis (if applicable)
[_]Open channel hydraulic calculations (if applicable)
[ lInlet designs
[ ]Provide detail on low water crossings

45 SUBMITTAL CHECKLIST
[ |Professional Engineer's stamp with signature and date

[INorth Arrow

[ ]Scales

[ ]Legend

[ |Plan drawings size: 24" x 36" or 11"x17”

[INotes defining property line, asphalt paving, sidewalks, planting areas, ponding areas, project limits,
exist. or proposed ROW, Easements, Streets, Utilities, significant structures and all other areas
whose definition would increase clarity

[ |Final elevations
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[ |Proposed and existing contours, drainage flow patterns

[ ]Grade change and grade break locations

[ ]Slope arrow and slope percentage

[ IVicinity Map

[ ]Benchmark - location, description, and elevation in State Plane

[ |Coordinates Permanently marked temporary benchmark located on or very
near site

[ ]Flood Hazard Boundary Map (FHBM) or effective FIRM

[ ]Legal description

[ ] Off-Site Drainage
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APPENDIX 5. HEC-HM SPROJECT TUTORIAL

5.1 INTRODUCTION TO HEC-HMS

According to US Army Corps of Engineers, Hydrologic Engineering Center’s Hydrologic Modeling
System (HEC-HMYS) is designed to simulate the complete hydrologic process of dendritic watersheds
systems. HEC-HMS is designed to be applicable in a wide range of geographic areas for solving a broad
range of problems. This includes large river basin water supply and flood hydrology to small urban or
natural watershed runoff. Hydrographs produced by the program can be used directly or in conjunction
with other software for studies of water availability, urban drainage, flow forecasting, future urbanization
impact, reservoir spillway design, flood damage reduction, floodplain regulation and systems operations.
HEC-HMS aso includes procedures necessary for continuous simulation including evapotranspiration,
snowmelt, and soil moisture accounting. Supplemental analysistools are provided for model optimization,
forecasting streamflow, depth-area reduction, assessing model uncertainty, erosion and sediment
transport, and water. This section was developed using HEC-HMS latest version interface.

T Tt T e T
LBAR [#] <« & & m % & 7 & + S | e iumEse  fep
3 B & LLTI L -

Exmp Fragsi

WATERSHED EXPLORER

Cormporems  Coome | Rraits

Mame: Eicanais Project
Dstrone | Tt
Dutset DSz Ple:

COMPONENT EDITOR

. | MESSAGE LOG

Figure5- 1: HEC-HMS Interface

» Tool Bar: Location of information needed to create new components for a watershed.

» Watershed Explorer: Provides quick access to the three parts contained in an HEC-HM S Project:
components, compute, and results. Components show the hierarchica structure of model
components. Compute shows all the project simulation runs, optimization trials and analyses. The
results tab shows the modeling results.

» Component Editor: Areato enter all datafor the model.

» Desktop: Hold a variety of windows including summary tables, time series tables, graphs, global
editors, and the basin model map.

» Message Log: Thisiswhere any notes, warnings, and errors are shown.
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5.2 PROCESS OF CREATING AN HEC-HM S PROJECT

The following sections will provide a step-by-step guide on how to build an HEC-HMS project utilizing
the guidelines provided on the selection of Hydrologic Parameters.

If more information on a certain category is required, it is suggested to refer to the HEC-HMS user
manuals and guides (for the version that is being used) provided on the US Army Corps of Engineers
website. The HEC-HM S model should be simple enough to be used by reviewers, including descriptions
on subbasins and choosing a naming convention that makes sense. Bold text contained in the following
sections is to show the user what will be common input parameters among all models.

5.2.1 Creating a New Project
Set up aproject in HEC-HMS.
Input Parametersfor HEC-HMS
1. File>New
2. Name Project
3. Provide an optional description of the project
4. Select alocation wherethe project fileswill bestored. A new folder in this selected location
will be created automatically.
5. Choosethe unitsfor the project, the default option isU.S Customary.

B HEC-HMs 4.8
File Edit WView ComponentsJGIS Parameters Compute Results Tools Help

& & = d3 4 | fone Selected— | |—NmESEIEdzd—

Open... Ctrl+ O
Import >
Export >
Save Ctrl+5
Save As...

Delete... Ctrl+D

Rename...
Print...

Exit

Farmington

Figure 5- 2: Create a New Project
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B2 Create a New Project x
il

Name:|E1¢amplE Praoject |

Description: tutorial| =
LoG:tion:| |
ottt U, Gty <

Figure 5- 3: Project Details

5.2.2 Creation of Components

Next step requires setting up the components for the Input Data into the model. The first three options in
Figure 5- 4, (Basin Model, Meteorological Model and Control Specifications) are required for the model
to run. The last four options (Time-Series Data, Paired Data, Grid Data and Terrain Data) are optional
depending on the situation for which the model is being created. All of these options will have separate
foldersthat are created within the Watershed Explorer.

GI5S Parameters

Compute Results Tools Help

Basin Model...

§|Mm_ v B EEa

. Meteorologic Model...
Basin Model Manager

R Control Specifications...
Meteorologic Medel Manager

. R Time-5eries Data...
Control Specifications Manager

R Paired Data...
Time-Series Data Manager

. Grid Data...
Paired Data Manager

. Terrain Data...
Grid Data Manager

DERED %R

Terrain Data Manager

Components  Compute  Results

Project
Name: Project
Description: | Tutorial
Output D35 File: | Project\Example_Project\Example_Project.dss

Figure 5- 4: Creating Components
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1. New Basin Modd!:

Components> Create Component > Basin M odel

This Basin Model will contain the watershed that is being modeled. This will create a folder in the
Watershed Explorer that has the name assigned to this basin. The 5.3 Input Data section will explain how
to add hydrologic parameters to the various hydrologic parameters.

22 Create A Mew Basin Model >

Mame:|Watershed
Description: Example Watershed | I

Figure5- 5: Creating a New Watersned Basin

2. New Meteorological Model:
Components> Create Component > M eteorological M odel
Thisiswhererainfall datawill be implemented that the project will use. The Meteorologic Model section
will explain how to input rainfall data.

B Create A New Meteorologic Model >

Mame: Met 1
Description: | Example Meteorological Model| =

Figure 5- 6: Creating a New Meteorological Model

3. New Control Specification:

Components> Create Component > Control Specifications.
The Control Specification section will explain how to input atime for the model to run.

E: Create A Mew Control Specifications .

Mame:| Control 1

Description:|Example Time Frame -E

Figure5- 7: Creating a New Control Specification
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At this point, the Watershed Explorer should show all the folders that have been created by adding the
new components. See Figure 5- 8 as an example:

1l wample Project

= | Basin Models

- - g&) watershed

EI Meteorologic Models
‘,E;? Met 1

= | | Control Spedfications

@ Control 1

Figure 5- 8: Watershed Explorer Example

If additional components are required such as a time series data (which allows the user to select from a
range of different gage sets to track atmospheric conditions), paired data (which allows the user to route
ponds), Grid Data (which provides a range of atmospheric gridded conditions), or Terrain Data (which
allowsthat model to be geospatially referenced), then these components will be contained within the same
folder. Again, these steps are not necessary to add to make the model run, they are only applicable to
projects in which these steps are required. The creation of paired data is explained in the Paired Data
section.

53 INPUT DATA
There is different hydrologic elements that can be used to create a project representing the study area.
These elements as shown in Figure 5- 9, in order of the photo, represent subbasin, reach, reservoir,
junction, diversion, source and sink.
Hydrologic Elements include:

» Subbasin: Represents the physical watershed

» Reach: Convey stream flow downstream in the basin model. Inputs can come from one or more
upstream elements.
Reservoir: Models the detention and attenuation of a hydrograph caused by areservoir or detention
pond
Junction: Combines stream flow from hydrol ogic € ements located upstream
Diversion: Modeling stream flow leaving the main channel
Source: Introduces flow into the basin model
Sink: Represents the outlet of the physical watershed

’T G & ml G & DB 4 flone Selected-

\4

VVVY

Figure 5- 9: Hydrologic Elementsin HEC-HMS Toolbar
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5.3.1 Basn Moddl
1. Click thefirst blue symbol on the tool bar to create a subbasin.

& Create A Mew Subbasin Element >

MName: Subbasin-1

Description: Example Subbasin| b=

T

Figure 5- 10: Creating a New Subbasin

Input Parameters for HEC-HMS:
Click on the hydrologic element and enter the data that represents the subbasin. Each tab, Subbasin, Loss,
Transform and Options all have different input parameters. The parameters that should stay the same for
each project include:
1. Discretization Method: None
Canopy Method: None
Surface Method: None
LossMethod: SCS Curve Number
Transform Method: SCS Unit Hydrograph
Base Flow: None

o bk wd

Components Compute  Results

(2 Subbasin Loss Transform Options

Basin Name: Watershed
Element Mame: Subbasin-1

Description: | Example Subbasin

Iy f

Downstream: -Mlone—-
*Area (MI2) |5
Latitude Degrees:
Latitude Minutes:
Latitude Seconds:
Longitude Degrees:
Longitude Minutes:
Longitude Seconds:

Discretization Method: | -Mone— w
Canopy Method: | --MNone— v
Surface Method: | -—-None— w

Loss Method: | SCS Curve Number w
Transform Method: | SCS Unit Hydrograph w
Baseflow Method: | --None-- w

Figure 5- 11: Subbasin Input Parameters
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The input parameters that have been included in Figure 5- 12 through Figure 5- 15 have been entered for
the purpose of this example. These will need to be calculated for each subbasin, utilizing the guidance
stated below.

5.3.1.1 Curve Number

» Soil Data can be downloaded from the NRCS Web Soil Survey website.
https: //websoil survey.sc.egov.usda.gov/App/WebSoi | Survey.aspx

» Thedataavailable on the NRCS websiteisrepresentative of virgininsitu soil conditions. The data
does not reflect on whether the soils have been affected by development. This datais not updated
regularly. Therefore, it isimportant to understand how certain areas have developed relative to the
data provided by the NRCS.

» Curve numbers will be based on Soils and Land Use and shall be determined from the methods
prescribed in the NRCS Document TR-55. Pgs. 2-5 through 2-8. For existing conditions model
development, if the subbasin isin a devel oped area such as a subdivision, commercial, or business
area, Hydrologic Soil Group C shall be assumed regardless of the NRCS Web Soil Survey datato
account for compaction and importing of fill material.

» Curve Numbersshall bereported aswhole numbers, no tenths,

Components Compute Results

(%4 Subbasin  Loss  Transform Options
Basin Name: Watershed
Element Name: Subbasin-1
Initial Abstraction (IN)
*Curve Number: |75

*Impervious (%) (0.0

Figure 5- 12: Subbasin Loss | nput Parameters

5.3.1.2 Graph Type

» According to Technical Note No. 4, Peak Rate Factor (PRF) represents the ratio of runoff under
the rising limb of the unit hydrograph to the total base time (USDA-NRCS 2016), which changes
the shape of the hydrograph without atering the total runoff volume. The default PRF in HEC-
HMS is 484, which means that the rising side of the limb is 37.5% of the total runoff volume.
Flatter watersheds tend to have lower PRF s whereas steeper watersheds tend to have higher
PRF s. Therefore, mountainous streams will have PRF’ s closer to that of 600 as stated in Chapter
15 of the National Engineering Handbook, Part 630, Hydrology (USDA-NRCS 2010).

» Options include: 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, Standard (PRF 484) and
Delmarva (PRF 284)

» Thestandard PRF 484 should be used, unlessthereisabasin that requiresadifferent factor
based on topography
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5.3.1.3 Lag Time

» Use of the SCS unit hydrograph is prescribed and the transform input as Basin Lag, in minutes.

» Basin Lag isafunction of the Time of Concentration (T Lag = 0.6 Tc).

» Tcisdefined asthe longest flow path (watercourse), or time required for water to travel from the
most hydraulically remote point in a subbasin to the point of interest or the outlet of the subbasin.

» Tc: shal be computed using the Veocity Method.

» Thetime of concentration can be calculated using the Velocity method, those described in the TR-
55 Document, where Tc=t sheet + t shalow + t channel utilizing Mannings values (pages 3-1
through 3-4). https:.//directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content= 39877.wba

Components  Compute  Results

24 Subbasin  Loss Transform  Qptions
Basin Name: Watershed

Element Name: Subbasin-1
Graph Type: | Standard (PRF 484) ~

*Lag Time (MIN) |7.2
Figure 5- 13: Subbasin Transform I nput Parameters

5.3.1.4  Bulking Factor

A flow ratio represents sediment delivery associated with storm runoff. This helpsto determine how much
sediment movement will occur when modeling the subbasins. Several modeling studies for areas in the
semi-arid southwest and on aluvial fans apply a bulking factor (ratio of sediment-bulked discharge to
clear-water discharge) to the runoff hydrograph to represent sediment-laden water; often applied asaflow
ratio to each subbasin within the range of 1.06 to 1.20 (USDA-NRCS, 2016 and Mussetter Engineering
Inc., 2008). For developed areas, a bulking factor of 6% or 1.06 shall be used. For undeveloped areas, a
bulking factor of 18% or 1.18 shall be used.

Input Parametersfor HEC-HMS:

To ensure that the Flow Ratio setting is turned on, click on the Basin Model icon (the folder that houses
al the watershed components), Figure 5- 14. Then enter the sediment ratio in the options tab on the
subbasin, Figure 5- 15. If the sediment bulking factor is 6% it will need to be entered in the form of 1.06,
10% = 1.10, 15%=1.15, etc.)
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Components  Compute  Results

) Basin Model
Name: Watershed

Description: |Example Watershed -E|
Unit System: |U.5. Customary ~
Sediment:  No w
Replace Missing: |No v
Local Flow: |No w
Unregulated Outputs: | No v
Flow Ratios: ifes P
Terrain Data: | -Mone— -

Figure 5- 14: Turning on Sediment Bulking Factors

Components  Compute  Results

24 Subbasin Loss  Transform Options

Basin Name: Watershed
Element Name: Subbasin-2

Observed Flow:  —Mone— Bﬁ
Observed Stage:  -Tlone-— Bﬁ
Observed SWE: | —Mone— E%
Elev-Discharge: | —Mone-- v |e2

Flow Ratio: | 1.06
Ref Flow (CFs)
RefLabel: ||

Figure 5- 15: Subbasin Options I nput Parameters

5.3.1.5 Routing

To route hydrographs through the system, areach will need to be created as expressed in Figure 5- 16.
Thisis done by selecting the second blue icon on the tool bar. Thiswill apply a blue line between two
subbasins as shown in Figure 5- 17.

MName: Reach-1
Description:|Example Reach 5|

Figure 5- 16: Creating a Routing Reach

When selecting the blue line on the desktop watershed window, the reach editor will pop up that allows
the user to enter parameters to route hydrographs. Be sure to select the appropriate downstream
connections for all the elements in the watershed.
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& Subhasin-

=5 ubhbasin-2
Figure 5- 17: Routing Reach Desktop Image

Input Parametersfor HEC-HM S
1. Routing Method: Muskingum-Cunge

2. LossGain Method: None

Components Compute  Results

5% Reach  Routing  Options

Basin Name: Watershed
Element Name: Reach-1

Description: |Example Reach

Tg| ]

Downstream: | Subbasin-2
Routing Method: | Muskingum-Cunge
Loss/(Gain Method: [—Mone—

L K

Figure 5- 18: Routing Reach Input Parameters

On the Routing tab, the user can choose what the routing method looks like. This may transition between
a storm drain, to a natural channel, to a lined concrete channel. These will be signified by choosing a

Length, Slope, Mannings, Shape and any channel geometry that goes along with this.

Input Parametersfor HEC-HMS:
1. Initial Type: Discharge= Inflow

2. Space- Time Method: Auto DX Auto DT (This allows the program to automatically select

gpace and time intervalsthat maintain numeric stability)
3. Index Method: Flow

The index flow tells the model how to route hydrographs through the system. Experience has shown that
areference flow based upon average values of the hydrograph in question (i.e., midway between the base
flow and the peak flow) is, in general, the most suitable choice. When the index flow is near the peak flow
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the model tends to numerically accelerate the hydrograph wave much more than what would occur in
nature. The same is true if the reference flow is too low, it will send the wave much sower than what
would occur in nature.

Theindex flow isdetermined by taking all upstream flow that contributesto thisrouting reach and dividing
by two. At the beginning, any number can be input so that the model will run. The user will then need to
go back and look at this node in the results to apply the correct upstream flow. The user will then work
their way down the watershed, starting with the hydrologic symbol that is the farthest upstream ending at
the outlet. Failure to correctly specify the index flow will create instability in the routing reach and
potentially create incorrect flows at the downstream junction.

Components  Compute  Results

%+ Reach Fouting  Options

Basin Name: Watershed
Element Name: Reach-1

Initial Type: |Discharge = Inflow o
*Length (FT) |6042
*Slope (FT/FT) |0.072
*Manning's n: |0.06
Space-Time Method: | Auto DX Auto OT ~
Index Method: |Flow
*Index Flow (CFS) |350.05
Shape: |Cirde ~
“Diameter |5
Invert (FT)

Figure 5- 19: Routing Reach Input Parameters

5.3.2 Meteorologic Model
Data download:
» Rainfal data can be found a NOAA’'s website using their frequency data server:
http: //hdsc.nws.noaa.gov/hdsc/pfds/pfds map _cont.html ?bkmrk=nm
» The study point should be placed at the centroid of the watershed.
» When submitting models, submit ahard copy (print or pdf) of precipitation to document the values
used. Vaues are updated on the data server (NOAA updates the storm library from time to time).

Input Parametersfor HEC-HMS
1. Unit System: U.S Customary
Shortwave: None
Longwave: None
Precipitation Distribution: Frequency Storm
Evapotranspiration: None
Snowmelt: None
Replace Missing: Abort Compute

No ok wbd
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8. Ensurethat all the Meteorological Model basinsareturned on (Figure 1- 21)

d Example Project
E-| | Basin Models

B Meteorologic Models

! 43 Frequency Storm
= | Control Spedfications

-- Paired Data

I%I Control 1

Components  Compute Results

&b Meteorology Model | Basins

Met Name: Met 1

Description:

Unit System:
Shortwave:
Longwave:
Predipitation:
Evapotranspiration:
Snowmnelt:

Replace Missing:

Example Metearclogical Model
U.S. Customary

—Mone—

—Mone—

Frequency Storm

—MNone—

~Mone—

Abort Compute

Figure 5- 20: Meteorological Model I nput Parameters

Components Compute  Results

5@’ Meteorology Model  Basins

Met Hame: Met 1

Basin Model
Watershed

Figure 5- 21: Meteorological Modeling Basins

Input Parametersfor HEC-HM S:
1. Storm Type: NA
Annual-Partial Conversion: None
Annual Partial Ratio: 1.0 (automatically assigned value)
Storm Duration: Value set by local requirements— 24 hoursistypical
Intensity Duration: 5 minutes
Intensity Position: 25%

o gk wWwNN
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7. AreaReduction: None
8. Curve: Uniform for All Subbasins

Example Project
: Basin Models
55 Watershed
etecrologic Models
e Met 1

Control Spedfications

@ Control 1

Paired Data

Components Compute  Results

Frequency Storm

Met Hame: Met 1
Storm Type: | HYDRO35 TP40 TP49
Annual-Partial Conversion: | -Mone-- ~

Annual-Partial Ratio: | 1,00

Storm Duration: | 1 Day ~
Intensity Duration: | 5 Minutes ~
Intensity Position: | 50 Percent e
Area Reduction: | —None— ~
Curve: |Uniform For All Subbasins ~
Duration Depth (IN)
5 Minutes 0.64]
15 Minutes 1.20
1 Hour 201
2 Hours 239
3 Hours 249
6 Hours 2,73
12 Hours 3.09
1Day 3.81
2Days
4Days
7 Days
10 Days

Figure 5- 22: Frequency Storm Input Parameters

5.3.3 Control Specification
Input Parametersfor HEC-HM S
» Control specifications should always have a name that includes the duration, time step (24hr 5-
min), and any additional detailsif seasonal modeling isgoing to occur (Monsoon season vs spring).

> Start date should always be the year of the project (the month is not important unless modeling a
specific event).
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» Entering control specifications should always start at 00:00 for the Start Time and end at 00:00 for
aduration that islong enough to capture the entirety of the event (for instance a modeled pond or
reservoir should be completely drained before ending the control time). The start/end time must
be written inaform of DDMMMYYYY (12JAN2020 for example).

» Timeinterval should 2 minutesor lessto ensure the peak flows are captured. Shorter times
can be used when dealing with small Tc'sfor basins.

@ Control Specifications

Name: Control 1
Description: |Example Time Frame @
*Start Date (ddMMMYYYY) |01JAN2010
*Start Time (HH:mm) |00:00
“End Date (ddMMMYYYY) | 10JAN2010
*End Time (HH:mm) |00:00

Time Interval: ;2 Minutes i

Figure 5- 23: Example Control Specifications

A note about the time steps - HEC-HM S automatically adjusts the time steps within the model if thereis
a need for it, however what is reported out is what the user specifies, for additional information, please
see the HEC-HM S User’ s Manud

5.3.3.1 Paired Data
Paired data allows the model to know what the reservoir looks like. Creation of three paired data sets will
need to be created: Storage Discharge Functions, Elevation Storage Functions and Elevation Discharge
Functions. A description of each of these are below.
» Storage Discharge Functions. A storage-discharge function computes the amount of outflow for
a specific amount of storage in the reach.
> Elevation Storage Functions: Elevation storage function computes the elevation and storage for
each time interval.
> Elevation Discharge Functions. Elevation discharge function defines an elevation versus
discharge, also known as arating curve.

Input Parametersfor HEC-HMS:
1. Components> Create Component > Paired Data. On the window that pops up, the drop-down
bar will alow the user to transfer between each of the functions. Refer to Figure 5- 24 through
Figure 5- 26.
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E: Create A Paired Data =

Mame: Table 1
Description: Example Storage Discharge Funcﬁ0n| @
Data Type: Storage-Discharge Functions

| Create || Cancel |

Figure 5- 24: Adding Storage Discharge Functions

B Create A Paired Data .

Mame: Table 1
Description:|Example Elevation Storage Funch’nn| -@
Data Type: Elevation-Storage Functions

Figure 5- 25: Adding Elevation Storage Function

e e

Mame:| Table 1
Description:|Example Elevation Discharge Function -E
Data Type: Elevation-Discharge Functions

Figure 5- 26: Adding Elevation Discharge Function

To add data to each of these tables, expand the Paired Datafolder in the watershed explorer window which

houses all the functions that were previoudy created (Figure 5- 27). From here the user can manually add
datato the function.

Example Project

Basin Models

Meteorologic Models

Control Spedfications

Paired Data
E} Storage-Discharge Functions
-- Elevation-Storage Functions
[ | Elevation-Discharge Functions

Figure 5- 27: Paired Data Functions
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[nput Parametersfor HEC-HMS:
1. Data Source: Manual Entry

2. Units: ACRE-FT : CFS

Components Compute  Results

|&Z Paired Data  Table Graph

Mame: Table 1
Description: Example Storage Discharge Function -@
Data Source: | Manual Entry
Units: | ACREFT : CFS

Figure 5- 28: Paired Data | nput Parameters

Data can be entered or edited in each cell of thetablein HEM-HMS, under the Table tab.

Components  Compute Results

| Paired Data Table  Graph

Storage (ACREFT) Discharge (CFS)
0.00 0.0
12,00 240.2
34.00 355.7|
59.00 435.7]
86.00 503.1
110,00 o4

Figure 5- 29: Paired Data Table I nput Parameter

The Graph tab shows what the data entered into the Table on the previous tab will look like.
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|2 Paired Data  Table Graph

600
/°

5004 | // |

400+

300 /

200

Discharge {CFS)

1004

a0

0 T
0 20 40 G0
Storage (ACRE-FT)

Figure 5- 30: Paired Data Graph

T
100 120

5.3.3.2 Reservoir
If apond or dam is part of the project, the user will be required to add a reservair.

Input Parametersfor HEC-HM S:
1. Click thethird blueicon on thetool bar

2. Namethereservoir
3. Add an optional description for the reservoir
4. To connect thereservair, right click on the element upstream that will be connected to the

reservoir and sdlect “ Connect Downstream”

A
E: Create A Mew Reservoir Element *
Mame: Reservaoir-1
Description:|Example Reservoir @
,_' TITEEE ST

Figure 5- 31: Creating a New Reservoir

To add data to the reservoir that was created, click the icon and an editor tab should pop up that allows
the user to choose the appropriate paired data tables to connect to the reservoir.
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Input Parametersfor HEC-HM S:
1. Method: Outflow curve
2. Storage Method: Elevation-Storage-Discharge
3. Primary: Storage Discharge
4. Initial Condition: Inflow = Outflow

&) Reservair | Options

Basin Name: Watershed
Element Name: Reservoir-1

Description: Example Reservoir @
Downstream: | -None— =
Method: |Outflow Curve

Storage Method: | Elevation-Storage -Discharge ~
*Stor-Dis Function: | Table 1 v lez
“Elev-Stor Function: | Table 1 W e

Primary: | Storage-Discharge LV

Initial Condition: | Inflow = Outflow w

Figure 5- 32: Reservoir Input Parameters

Components Compute  Results

|&=| Reservoir  Options

Basin Name: Watershed
Element Name: Reservoir-1

Observed Flow: | —one— B%
Observed Stage: —Mone— £y
Observed Pool Elevation:  —Mone— Bﬁ
Elev-Discharge: | Table 1 =
Ref Flow (CFS)
RefLabel:

Figure 5- 33: Reservoir Options Input Parameters

At this point in the process, the watershed explorer should showcase al the elements that were added to
the model. Figure 5- 34 and Figure 5- 35 shows a representation of both the watershed explorer and
desktop view.
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Example Project
- | Basin Models
E}EB Watershed

- 124 Subbasin-2

-8 Junction-1

é,.. Subbasin-1
(-5 Reach-1

=~ | | Meteorologic Models

E\‘ﬁ%‘ Met 1
.3 Frequency Storm

[=-| | Control Spedifications

|§| Control 1

=-| | Paired Data

E} Storage-Discharge Functions

' E Table 1

- Elevation-5Storage Functions

L] Table 1

= | Blevation Discharge Functions

Figure 5- 34: Example of Complete Watershed Explorer

& Subhasin-1

Subbasin-2
Tﬂ/J

- Reservair-1

Figure 5- 35: Example of Desktop Window

54 CREATE COMPUTATION RUN
Once the modédl has been built, ssmulation runs will need to be created to run the model.
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Input Parametersfor HEC-HM S
1. Compute> Create Compute > Simulation run

File Edit View Components GIS Param@Ners | Compute  Results Teols Help
0= = 3 Create Compute b Simulatien Run... -
Example Project Optimization Trial...

Simulation Run Manager

L . Forecast Alternative...
Optirnization Trial Manager

i Depth-Area Analysis...
Forecast Alternative Manager

. Uncertainty Analysis...
Depth-Area Analysis Manager

F% AR RE & &

Uncertainty Analysis Manager

Multiple Compute...

Compute

Figure 5- 36: Creation of New Simulation Run

From here awindow will pop up that will have four steps. If there are multiple watersheds’ meteorological
models and or time frames, this is where the user will be able to select the specific options.
2. Namethesimulation run

E: Create a Simulation Run [Step 1 of 4] >

A simulation run must have a name. You can give it a description after it has been
created.

Mame: Example Run|

To continue, enter a name and click Mext.

= Back Mext = Cancel

Figure 5- 37: Step One of Simulation Run
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3. Choose the water shed that isbeing modeled

. Create a Simulation Run [Step 2 of 4] X

A simulation run includes a basin model. Select one fram the list below.

MName Description

£ >

To continue, select a basin model and click Mext.

Cancel

= Back

Figure 5- 38: Step Two of Simulation Run

4. Choosethe met model that will beran with thiswater shed

E: Create a Simulation Run [Step 3 of 4] x

Selected basin model "Watershed™ A simulation run includes a meteorologic
model. Select one from the list below.

Name Description

£ >

To continue, select a meteoralogic model and click Next.

= Back Cancel

Figure 5- 39: Step Three of Simulation Run
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5. Choose atimeframe and hit finish.
o
. Create a Simulation Run [Step 4 of 4] >

Selected basin model "Watershed™ and meteorologic model "Met 17, A simulation
run includes a control specifications. Select one from the list below.

Mame Description

L4 >

Select a control specifications and click Finish.

= Back Cancel

Figure 5- 40: Step Four of Simulation Run

Thiswill create a ssmulation run that will pop up in the compute tab of the watershed explorer.

Example Project
= | Simulation Runs

Components  Compute  Results

Figure 5- 41: Example of Simulation Run

To run the model, either hit the symbol that should now light up in the toolbar as represented in Figure 1-
42 or right click the example run in the watershed explorer and hit run Figure 5- 43.
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#* 3 E H

Figure 5- 42: Compute Icon in Toolbar

File Edit View Components GI5 Parameters Compute R

DSBS [f @ é PP

d Example Project
2- ., Simulation Runs

Compute

Create Copy...

Rename...

Delete

Figure 5- 43: Another Option to Run Model

A progress bar pops up on the screen letting the user know the progress of the model (Figure 5- 44).

Bl Finished "Fun 1 x i
011an2010, 00:00 10Jan2010, 00:00 10Jan2010, 00:00
Finished

Close

Figure 5- 44: Progress Bar
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55 RESULTS

Once the model has run, and there are no errors, the results tab will fill with data populated under therun
tab that was created (Figure 5- 45).

Example Project
= | Simulation Runs

5 7%
[z Global Summary
- |54 Subbasin-1
-5 Subbasin-2
'-qk-l Junction-1
- || Reservoir-1
- A Reach-1

Components Compute Resgylts

Figure 5- 45: Creation from Results

The global summary table will report each hydrologic e ements peak discharge, time of peak and volume
(Figure 5- 46).
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Bc nmary Re R R - O e
Project: Example Project  Simulation Run: Example Run "
Start of Run:  01Jan2010, 00:00 Basin Model: Example Watershed
End of Run:  10Jan2010, 00:00 Meteorologic Model:  Met 1
Compute Time:22Dec2021, 10:38:04 Control Specifications:Control 1
Show Elements: | All Elements Volume Units: () IN  (8) ACREFT Sorting: |Hydrologic
Hydrologic Drainage Area Peak Discharge Time of Peak Volume
Element (MI2) (CFS) (ACREFT)
Subbasin-1 0.1408 55.3 01Jan2010, 06:32 6.6
Subbasin-2 0.1532 40.4 01Jan2010, 06:38 0.4
Junction-1 0.1532 45.4 01Jan2010, 06:38 6.4
Reservoir-1 0.1532 27.9 01Jan2010, 07:04 6.4
Reach-1 0.1408 55.0 01Jan2010, 06:42 0.6

Figure 5- 46: Global Results Table

Once each hydrologic element is selected from the list, the tables provide more detailed information on
each element (Figure 5- 47).

Example Project
B | Simulation Runs

E\‘?’,ﬁl Example Run
[E3 Global Summary
1544 Subbasin-1
--[E2) summary Table
-] Time-Series Table
[ Outflow
[l Cumulative Outflow
Predpitation
[l Cumulative Precipitation
[l soil Infiltration
Excess Predpitation
Cumulative Excess Predipitation
Predpitation Loss
Cumulative Precipitation Loss
[l Direct Runoff
----- Baseflow
124 Subbasin-2
@ Junction-1
- |am| Reservoir-1

Figure 5- 47: Detailed Listsfor Each Hydrologic Element
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APPENDIX 6. HEC-RAS PROJECT INFORMATION

6.1 INTRODUCTION TO HEC-RAS

According to US Army Corps of Engineers, Hydrologic Engineering Center’s River Analysis System
(HEC-RAYS) is designed to allow the user to perform one-dimensional steady flow, one and two-
dimensional unsteady flow calculations, sediment transport/mobile bed computations, and water
temperature/water quality modeling. HEC-RAS Version 6.1 hasthe following computational capabilities:
Steady flow Calculations

>
>
>
>
>

>

Intended to calculate water surface profiles for steady gradually varied flow.
Handle afull network of channels, a dendritic system or even asingleriver reach.
Model subcritical, supercritical, and mixed flow regimes.

Calculations are based on the one-dimensional energy equation.

Energy losses are evaluated by friction (Mannings Equation) and contraction/expansion (based of f
the change in velocity head).

The momentum equation is used in Situations where the water surface profileisrapidly varied such
as hydraulic jumps, hydraulics of bridges, and river confluences.

One- and Two-Dimensional Calculations

>

vV VvV

Calculate one-dimensional, two-dimensional, and combined one- and two- dimensiona unsteady
flow.

Handle a full network of open channels, floodplains, and alluvial fans.
Model subcritical, supercritical, and mixed flow regimes.

Unsteady flow components analyze dam breaks, levee breaching and overtopping, pump stations,
pressurized pipe systems, and dam operations.

Sediment Transport and Movable Boundary Calculations

>

vV V

Cal culate one-dimensional sediment transport/movable boundary cal cul ations resulting from scour
and deposition over moderate time periods.

Handle afull network of streams, channel dredging, various|evee, and encroachment alternatives.
Computed by grain size fraction.

This system evaluates deposition in reservoirs, design channel contractions required to maintain
navigation depths, predictstheinfluence of dredging on the rate of deposition, estimates maximum
scour during large flood events, and evaluates sedimentation in fixed channels.

Water Quality Analysis

>
>

Cdlculate riverine water quality analysis.

Calculations are based on the one-dimensiona advection-dispersion equation using a control
volume approach with a fully implemented heat energy budget which allows modeling water
temperature.
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6.2 INTERFACE INFORMATION

B8 HEC-RAS6.0.0 - X
[File Edit Run View Options GlsTook Help Mcnu Bar

8| X5 ] §lm] & 1‘Bar’|'§ﬂ"[%|l£[ﬁ|lf_\|w} e
Project: [ |

Flar: B E
Geomelry: |

OEEE

Corr;ponent'Editor

| Steady Flow:

Unsteady Flows |

Desaription: | i ! |US Customary Units

Figure 6- 1: HEC-RAS Interface
» Menu Bar: Different options to view the model that is being ran

» Tool Bar: Where dl the information to create a model is located. See Figure 6-2 from the HEC-
RAS user manual for a description of each icon.

» Component Editor: All datafor the model will be entered here

Open Project:
Dhpen an existing

et

Unsteady Flow Data:
Edit and/or enter
unsteady flow data

Data: Enter
anad edit wate
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Geometric Data
Edit and/or cnter
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Steady Flow Analysis:

Poerform a steady flow
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Stage and Flow Hydrographs:
Plot stage and flow hydrographs

Figure 6- 2. HEC-RAS Interface I con Descriptions

6.3 PROCESS OF CREATING AN HEC-RAS PROJECT

The following sections will provide a step-by-step guide on how to build a HEC-RAS project. If more
information on a certain category is required, it is suggested to refer to the HEC-RAS user manuals and
guides (for the version that is being used) that are provided on the US Army Corps of Engineers website.
The model should be simple enough to be used by reviewers, which includes choosi ng naming conventions
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that makes sense. Text that has been bolded out shows the user what will be common input parameters
among all models. The HEC-RAS model should be georeferenced using the appropriate projected
coordinate system for El Paso based on where the project is taking place.

A HEC-RAS model must have the following components:

Terrain Data: River reach data and cross section data should be derived from regiona high-resolution
lidar data or design survey data. USGS data at a resolution greater than two meters or 6.3 feet is not
acceptable for detailed hydraulic analysis or floodplain mapping. Data required for structures such as
bridges and culverts shall be based on as-built information or detailed survey data

Geometric Data: Thisincludes stream reach data, cross section data and any other pertinent information
that defines the hydraulic characteristics of the stream reach and channel geometry.

Steady or Unsteady Flow Data: Represents flows characteristic of the stream or arroyo that is being
studied. Flows may be based on hydrologic modeling done for the tributary watershed, FEMA FIS data
or regulatory flows based on approved drainage reports. Any deviations from approved flowswill require
prior approval from the City of El Paso.

Boundary Conditions. Defines the method that the model will use to start its computations. Boundary
conditions are applied at the upstream and downstream ends of the river reach.

Simulation Run: The model uses plans to identify which geometry files to run with which flow files. It
isthe model’ sway of tracking multiple scenarios for geometry and flow.

6.4 PROJECT SET UP

6.4.1 Starting a New Project

Set up aproject in HEC-RAS

Input Parametersfor HEC-RAS
1. File> New Project

2. Titleisthe name of the project
3. Choose where the project will be located

B8 HEC-RAS 60D -

x
File Edit Run View Options G5Teols Hedg
PR |Z]ic| B s ] £ B[ 17 oes] i ||
Open Propect ... —_— l.__{

Save Project

Save Project As ..

Fename Froject Title ..

|11

Delets Praject ..

Projact Surnmary. _!!”5 Cus tomary Lnits

Imp: {EC-2 Dlata-.

ecs Cuient plan Tiles) ..

Figure 6- 3: Project Location
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A text box will pop up signifying the model will bein USunits, click OK.

RAS X

Start a new project with "ExampleProject.prj” as its file name and
"Example Project” as its title, in the

Location of where the file is saved

The units system will be set to "US Customary Units” but can be
changed under the Options menu on the main RAS window.

I > oK I Cancel |

Figure 6- 4: Units Classification Pop Up

6.4.2 Creation of Geometric Data
This step requiresthe input of aconnectivity information for the stream system, cross section data, storage
areas, two-dimensional flow areas and any hydraulic structure data (bridges, culverts, weirs, etc.)

Input Parametersfor HEC-RAS
1. Select Geometric Data from the edit menu in the tool bar.

Edit> Geometric Data

HEC-RAS 6.0.0 - X
File Edit Run View Options GI5STools Hel

2| cemon. < e N EE R -
Projec Steady Flow Data ... I g
Flan: Quasi Unsteady Flow (Sediment] ... |

Geom( Unsteady Flow Data ... [

Stead Sediment Data ... !

L=s Water Quality Data ... !

Descri 1 J IUS Customary Units

Figure 6- 5: Creation of Geometric Data
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2. A new window will pop up, where all geometric data will be entered.

Eroject:| ' Geoenetiic Data
Mare | Fila Edk Ogpbions Yiew Tables Toak GIETook Halp

May 2022

B HEC-Rs - 4
Fle  Edit Run View Optiors Gl Toals  Heg
18 515) Gl 21081215 ] =l Bl £ B @-

Flot WS exterts for Frofile:

e E 5| Ralance
& Tools =fvsu- E Horore Flow | saizD fe il
e = - B e}

i | | | |

Gl ||

=

032023 05560

Figure 6- 6: Geometric Data Window

3. From this new window start a new geometry file.
File> New Geometry Data

B vEc-Rasann
File Edit Aun View Options GiSTools Help

8| Xl ] o] A2 lAla |38 = s
Praject:| . Geometric Data

Mant | File | Edit Options  View

Steady
Unsteed
Deseripd

Save Gearmetry Data
Seve Geornety Dite As o
Rename Geometry Title
Delete Gepmetry Dota

Copyta Cliphoard
Print ...

Impart Geometry Data )

Exit Geometry Data Editor

T
A=

Figure 6- 7: New Geometry Data
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4. From here save your new geometry data. Best practicesinclude naming the geometry file the same
asyour current project.

Mew Geometry Data

Title File Mame Selected Folder Default Project Folder Documents

ExamplePraoject.g®

D AppData

(] Aquaves, LLC
(3 Intel

[ Perflogs
([Z3Program Files
[ZAProgram Files (x86)
CAPython27

(Z3 Seripts
DTemp

[ Users

(23 windows

oK Cancel Help Create Folder ... | | e [Windows] j

Select drive and path and enter new Title.

Figure 6- 8: Location of Geometry Data

6.4.3 Defining Projects Coordinate System
Input Parametersfor HEC-RAS
1. Open RAS Mapper

Once the geometry file is created, open RAS Mapper and the geometry file should be visible. RAS

Mapper can be launched from the main HEC-RA S menu as shown.

» The RAS Mapper is the graphical user interface used to preprocess terrain, develop river reach
data, develop cross sections, and bank stations for the analyzed system. After the modd is
successful, RAS Mapper can be used to create and view inundation depth and floodplain boundary
datasets. Additional geospatial data can be generated for analysis of velocity, shear stress, stream
power, ice thickness, and floodway encroachment data can be extracted using RAS Mapper.

BB HEC-RAS6.1.0 —

File Edit Run View Options GISTools Help

@ @] Yo | e §lm] Al [hLx[Ee [ FZ 8[| ]8B!~ =
roject: Ex / IC:\...\HEC-RAS Class 2-25-22\0pen Channel ExampleiDemo11Ex.pri g
an: | / |

seometry: Ex / i\, \HEC-RAS Class 2-25-22\0pen Channel Example\Demo 11Ex.q01

steady Flow: Flow Data 4 io:\... \HEC-RAS Class 2-25-22\0pen Channel Example'Demo11Ex. f01

Jnsteady Flow: | |

Jescription: | J |U5 Customary Units

Figure 6- 9: Launch RAS- Mapper
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2. Choose shapefilewith correct projection

ArcGI S shapefiles with the correct projection can then be used to define the coordinate system for the
project. The shapefile can be accessed by clicking on the project tab of RAS Mapper.

File Project<:
Selected Layer: Ex y hh@KQ =% & €34

#-[] Features

E- [#] Geometries
=

¢ B[] Structure
i-[[] Event Condifions
&[] Resulis

- [#] Map Layers

E- [#] Temains

Figure 6- 10: Setting Coordinate System
3. Project > Set Projection

RAS Mapper
File | Project | Tools  Help A
Selec:tE| Set Projection... ( I
Create Mew RAS Terrain... l

E Create New Geometry...
(] Create a New RAS Layer »
D Manage Layer Associations...

Manage Results Maps...

Add Web Imagery...
Add Layer...

Figure 6- 11: Setting Projection
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4. Choose ArcGIS Shapefile
Once correctly defined, the project coordinate definition should be displayed in the dial ogue box as shown.

FAS Mapper Options e

Project Settings Coordinate Reference System

Projection
Projection 13588 Lﬁl
General )
Diefinition:
Render Mode PROJCS["NADE3 // New Mexico Central ftU5)" GEOGCS['MADS2" DATUM
["Marth_Amercan_Datum_1383" . SPHERQID["GRS
Mesh Tolerances 1980 ,6378137.298 257222101 AUTHORITY"EPSG™." 7019, TOWGS34
[0.0.0.0.0.0.00 AUTHORITY["EPSG","6269"]].F RIMEM["'Greenwich™ . 0.AUTHORITY
Global Settings ["EPSG","8501"] UNIT["degre=",0.0174532525155433. AUTHORITY I
["EPSG™."5122"AUTHORITY["EPSG","4265"]. PROJECTION
General ['Transverse_Mercator”] PARAMETER[ latitude_of_origin®.31],PARAMETER
["central_merdian™.-106.25].PARAMETER["scale_factor”,0.9999]. PARAMETER
RAS Layers
‘wharping Method
Map Surface Fill " Default Method (GDAL Warp)
Editing Tools i Alternate HEC-RAS Raster Warping Method

Help me find a coordinate reference system: spatialreference.org

RAS Project Units: US Customary

Restore Defaults I

ok | cancel | Apply L
24

Figure 6- 12: Project Projection Details
Terrain files, polylines and other shapes that are correctly georeferenced can now be used for the model.
RAS Mapper can aso be used to load real time aerial imagery as shown below.
5. Right click Map Layers > Add Web Imagery Layer
6. Choose the layer that is most appropriate.

Create a New RAS Layer -
Create an Empty RAS Layer  »
Add an Existing RAS Layer 4

Map Data Layers 4

Figure 6- 13: Web Imagery Layers
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Figure 6- 14: RAS Terrian Data

Figure 6- 15: RAS Aerial Imagery
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6.5 GENERAL GUIDELINES

Sections 6.1-6.3 above provides background information on genera HEC-RAS user information. Section
6.4 is common among all users when setting a model up. Ensuring that the project is set up correctly will
provide a good foundation to build a project on. Unlike other HEC products where all models require the
same input parameters, HEC-RAS is very specific to the area that you are studying. The area can vary
greatly from terrain to structures to input parameters to cross sectional geometry. Sections 6.5-6.8 is
designed to guide the user to think wholistically about what is needed, not necessarily a how-to guide on
how to build amodel. For more detailed information on how to draw cross sections, how to turn on labels,
how to export data, etc. Pleaserefer to the HEC-RAS User Manual and the HEC-RAS Technical Reference
Guide. In general, the users will delineate a stream reach, add cross sections, adjust cross sectional
geometry, apply the type of flow data, apply boundary conditions, apply a flow regime within the plan,
run the model and check post run results.

6.5.1 Ddlineation of Stream Reach and Cross Sections

6.5.1.1  Guidelinesfor Delineating Stream Reach
For channelswhere the geometry isuniform without much braiding and meandering, the stream centerline
may be drawn along the true centerline of the channel. For natural arroyosthat are braided and meandering
the engineer must determine the thalweg of the channel and draw the centerline to follow the thalweg.
Theriver reach should be drawn such that the cross-section stations must decrease from the most upstream
Cross section to the most downstream section. The example below shows the upstream most cross section
having ariver station of 2033 while the downstream most cross section has river station of 57.
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Figure 6- 16 : Stream Cross Section

The geometry model can now be used to delineate the stream reach and cross section data. A profile should
be plotted prior to moving forward to ensure that the upstream to downstream direction is correctly
oriented. The profile should indicate that the stream reach begins at the furthest downstream point, with
distance increasing towards the furthest point upstream. Thiswill ensure that theriver stationsincreasein
the upstream direction, as noted previoudly.
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L

000

Figure 6- 17: Profile of Stream Reach Data

6.5.2 Guidelinesfor Locating and Delineating Channel Cross Sections

Delineating cross sectionsis acrucia step for the model to effectively compute the hydraulic parameters
for the arroyo or channel being analyzed. The model will interpolate between the cross sections to
caculate al hydraulic parameters. The cross sections need to accurately capture the hydraulic
characteristics of the typical channel geometry, with more cross sections placed in areas of interest or
areas with changes to channel geometry to nearby terrain. Channels with high geometric variability or
numerous structures will require more cross sections to include these areas of interest in the calculations.
Cross sections should be drawn from right to left looking downstream, to ensure that they are displayed
appropriately in the Cross Section Editor. The stretch of cross section between bank stations should cross
the stream reach perpendicularly but can bend freely to encompass surrounding terrain outside of the bank
station limits. Each cross section should terminate on ahigh point. It isageneral ruleto keep cross sections
similar in length. Cross sections can vary in length; however length should change gradually from one to
the next to avoid errors in interpolation. Any structures placed between cross sections will be similarly
interpolated for length as well as hydraulic characteristics, so this should be kept in mind when editing
nearby cross sections.

6.5.3 Example of Cross-Sectional Data

In the arroyo shown below, the channel geometry varies. The upstream section of the channel shown in
yellow flows into a contracted section, followed by the blue section. The blue section meanders into an
expanded section that transitions into an expanded braided section. It terminates into the braided and
contracted section shown in green. For a system as shown below, enough cross sections must be cut to
capture the various transitions. The subsequent figure shows the various cross sections that were cut

appropriately.
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Figure 6- 18: Natural Arroyo Changing Flow Path Geometry

Upper Reach
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Figure 6- 19: Natural Arroyo Corresponding Cross Sections
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6.5.4 Cross Section Geometry

The terrain data incorporated in the various cross sections should capture the effective width of the main
channel and overbank areas. If not, adjustments may need to be incorporated to account for the entirety of
theterrain at that cross section, they should alwaysterminate at high pointsintheterrain. Themain channel
geometry must be determined, and bank stations assigned, so that the model can compute flows in the
main channel and overbank areas for the arroyo being analyzed. If the model is georeferenced, RAS
Mapper can be used to compute the downstream lengths for the main channel as well as left and right
overbanks. The Mannings coefficient should be assigned and varied appropriately based on site
observations. Documentation for Mannings coefficients must be provided by the engineer. A reference
guide is provided in Table 3-1 of the HEC-RAS user manual. Expansion and contraction losses for most
channels are by default. Recommendations for expansion and contraction values are provided in Table 3-
3 of the HEC-RAS user manual. A typical cross section plot is shown below. The bank stations assigned
to the cross section are shown by the red dots in the cross-section plot.

=
it Edit Options Plot Help
P \,@F + | PlotOptions [ KeepPreviS Pt Dearprey | W FlotTerain {favaiahie) ~ Cutfrom Terrain
each: [Reach 1 | Fiver stz 1630 St Ex  Pln 1)1 2252022
IesTpton J
~1 045 il
Dl Row 53301
Thand | A6 i Logond
5 e EG 10
i [ Memingsnvave: [l ) wis 10
L 108 [ Chamel | AOB ‘I o
3m2 msa m o m S5 .
FEXRE Y . . Bank Sta
= =
TS5 s (e Current Termain
Thlar sne I S
“7lme s e B2 *
_8l606  mamu ContlExp Cosffivent (Steacy ] S0 "I'_.
_8jgsa S48 Contractian Expansion |
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B5|uzs 53T & \\- f-"q] w'.f‘
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Station (i) 6389, 5302.68

Figure 6- 20: Cross Section Editor
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6.6 STRUCTURES

Bridges and culverts are some of the special structures that can be incorporated into the open channel
modeling. More than one structure can be included in any model and all structures can be modified to
represent the most accurate conditions. Field work should be done prior to modeling any structures to
ensure that the as-built documents still accurately represent the condition and existence of the structures.
Measurements taken in the field should be guided by the parameters deemed necessary by the model,
outlined in the sections below.

6.6.1 Incorporating Bridges

The details of the bridge and culvert data will be site specific. For bridges, all pertinent bridge geometric
input data should be based on as-built data or survey data. Genera guidelines for modeling bridges will
be provided here. HEC-RAS requires four critical cross sections as shown in Figure 6-21 below, which
comes from the HEC-RAS User Manual Figure 5.5.11. The purpose of these cross sections is to capture
the uncontracted upstream section (Cross section 4), a representative cross section just upstream of the
bridge (Cross section 3), a representative section just downstream of the bridge (Cross section 2), and a
cross section sufficiently downstream that captures the rapid expansion of the channel (Cross section 1).

AN
- A—--3)
T \\\\ 1 //’t L

L,

g
2/

Typical flow transition _.*"
.
pattern ——__ e
e /
» /
/’ /
’

’ /
. /
L ; ,/ \ Expansion Reach
< ¢
/
/ |

! / Tdealized flow transition
t / pattern for 1-dimensional
; / modeling

Figure 6- 21: Bridge Cross Section Plan View
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6.6.2 Bridge Editor

For these contractions, the expansion and contraction coefficients should be picked based on guidance
provided in Table 3-3 of the HEC-RAS User Manual. The bridge/culvert editor islocated in the left pane
of the geometry editor.

Description :

Lateral
Structure

Figure 6- 22: Bridge Editor Button in Geometry Editor
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beovercesk K soplyDeta |+ ]
Reach: II(entwoad | River sta.: |5.4 '-'I ilﬂ
Description  [Bridge # 1 - E]
Bounding XS's: 541 | 533  |Distance between: 100 (ft)
= as RS=54 Upstream (Bridge)

Legend
—————

Ground
Ineff
&
Bank Sta

Elevation (ft)

1000

RS=54 Downstream (Bridge)

Elevation (1)

1000
Station (ft)

| Select the river for Bridge/Culvert Editing

Figure 6- 23: Bridge Editor

The following parameters can be defined for a bridge structure:

> River

» Reach

> River gtation

» Bridge deck and roadway station €levation data
To define the length of the bridge/culvert in the direction of the roadway, the depth or thickness of the
bridge girder also must be defined. For bridges that overtop, a minimum weir flow elevation must be
defined. Thisshould be the lowest point on the bridge deck. The default assumption isthat the bridge deck
will function as a broad crested welr.
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Width Weir Coef
|30 |40 |2.6
Clear | Del Row I Ins Row I Copy US to DS
Station |nigh chord|low chord | Station |nigh chord |low chord || « _
| 1]10. 216.93 200. a. 216.93 200.
2|450. 216.93 200. 450, 216.93 200.
3[450. 216.93 215.7 450. 216.93 215.7
4|647. 216.93 215.7 647. 216.93 215.7
5|647. 216.93 200, 647. 216.93 200.
6| 2000, 216.93 200. 2000. 216.93 | 200.
|7
-
| ]
U.S Embankment 55 IE D.5 Embankment 55 |2
[ Weir Data ,
'Max Submergence: 0.35 Min Weir Flow El: |
|
| Weir Crest Shape
| (@ Broad Crested
| C Ogee

Ok | Cancel I

| Enter distance between upstream cross section and deck/roadway. {ft)

Figure 6- 24: Bridge Deck and Roadway Editor

» Thedistancefield is used to enter the distance between the upstream side of the bridge deck and
the cross section immediately upstream of the bridge.

» The width represents the width of the roadway in the direction of flow.

» Waeir coefficient should be kept at 2.6. The model will reduce the weir coefficient to
appropriately address any changesto the tailwater elevation.

> Pier data station elevation datais used to represent the centerline station of each bridge pier. Data
required for width should be based on as-built data or survey data.
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Add | Copy | Delete |

Ins Row

Pier # v
Del Row Centerline Station Upstream
Centerline Station Downstream

May 2022

246

41

2466

—Floating Pier Debris

Debris Height:

Alon... | AloOff... | I~ Apply floating debris to this pier
Set WdHt for all ... | pebris Width:

Downstream

Pier Width

Pier Width

OK Cancel

-

Help Copy Up to Down

Gelect the Pier to Edit

Figure 6- 25: Pier Data Editor
Sloping abutment station elevation datais typically used for abutments that protrude into the conveyance
area of the channel as shown. Station elevation data should be based on as-built data or survey data.
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File View Options Help

River: |Bogue Chitto | apply Da [.,.“I
Reach: [Johnston Sta =] River sta.: [52.37 | 3|t
Description  |County Road Bridge #341 4|

BoundingXS's:  52.38 | 5236  |Distance between: 84 ()

Rgﬁﬁ";y RS=52.37 Upstream (Bridge) -

Legend
— .
Ground

Pier

20 e S
Ineft

] *
Sloping 1 Bank Sta
Abutment

3351 |l

Bridge
Madeling
Approach

Cubsert

Elevation (ft)

3301

Multiple

Opening

Analysis 325_‘_‘__\_‘_“ L -
HTah i

Param.

— T T T

I
HTah 2440 2450 2480 2470

2430

2490
Curves Station (ft)

KN | 3
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Design

Figure 6- 26: Pier Data

6.6.3 Culvert Data Editor

Culverts can be simulated in HEC-RAS using the Bridge/Culvert data editor as well. The genera
parameters such as the river name, reach name, bounding cross sections, roadway and deck information
is the same. However, the specific culvert data required is shown below. Culvert input data should be
based on as-built data or survey data.
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Culvert Data Editor

Culvert Group: I vlﬂll gﬁﬁl

Solution Criteria: ICnmputed Flow Control ;I

Shape: anx ;I Span: |5 Rise: |3

Chart #: | 10- 90 degree headwall; Chamfered or beveled inlet

Scale #: |2 - Inlet edges beveled 1/2 inch at 45 degrees (1:1)

Distance to Upstrm X5: |5

Led L

Manning's n for Bottom: IIZ!.CI 13
Culvert Barrel Data

Culvert Length: ISG_ Depth to use Bottomn: |0
Entrance Loss Coeff: 0.2 _t"! Depth Blocked: IU
Exit Loss Coeff: |1— Upstream Invert Elev: 28.1
Manning's n for Top: 0.013 _t?‘! Downstream Invert Elev: |28

—Barrel GIS Data: Barrel #1—————|
Barrel Centerline Stations # Barrels : E Length: 0
Barrel Name LS 5ta | DS Sta X iy
1|Barrel #1 | 988.5 988.5 i
2|Barrel #2 10115 10115 2|
3 3
. 4
5 5 i
Individual Barrel Centerlines ... Show on Map OK Cancel Help

Kelect culvert to edit

Figure 6- 27: Culvert Data Editor

6.7 VIEWING RESULTS

Resultsarefound in the main menu and in the RAS Mapper application. Profile plotsfor al stream reaches
with or without culverts, and cross section with structures should be provided in the main menu.
Additionally, tabular results can be found in the main menu in HEC-RAS. Modification to output tables
can be done through the Options menu in the Profile Output Table window. RAS Mapper will populate
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the Results section of the left-hand contents after successful runs. Users should specify which results
layers to include in the mapping interface. Various properties can be modified to display resultsin RAS
Mapper as well.

File Options Help
Reaches |l|1“ Profiles |ﬂﬂ [™ Plot Initial Conditions  Reload Data

Ex Plan: Bridge  3/7/2022
River 1 Reach 1 1

5315] Legend

EG 100

in
=

Crit 100
e

on
8

Ground

Elevation (ft)
0
4 4
& s

i
4
&

0
[
&

"o 500 1000 1500 2000
Main Channel Distance (ft) + .00, 5300.18

Figure 6- 28: Profile Plot of Stream Reach

Figure 6- 29: Profile Plot of Cross Section

6.7.1 Channel Profile

A channel profile should be plotted to ensure there are no anomalies in the water surface profile. An
example is shown below. Anomalies may include flow moving beneath the channel bottom, unexpected
hydraulic jumps, blocked culverts displaying unrestricted flow, etc.
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B HEC-RAS 610 — *
File Edit Run View Options GIS Tools Help
& & | o= | oG] Flm| 2|k LlnE ® | F |- 8|n | B o) =
Project: Ex kee- iﬂass 2-25-22\0pen Channel Example\Demo 1\Ex.prj g
Plan: | |
Geometry: Ex E:\. ..\HE 15 Class 2-25-22\0pen Channel Example'\Demo1\Ex.q01
Steady Flow: F|ow Data E:\. .. \HE 5 Class 2-25-22\0pen Channel Example'\Demo 1'\Ex.f01
Unsteady Flow: | I —
Description: | J [Us Customary Units

Figure 6- 30: Channel Profile in Toolbar
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Figure 6- 31: Plotted Channel Profile

6.7.2 Water Surface

The water surface in any cross section can be viewed using the cross-section viewer. A typical cross
section plot is shown below. If the cross-section limits do not capture the full extent of the inundation
limits, the model will demonstrate the error in the cross-section viewer as well asthe RAS Mapper.
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BN HEC-RAS6.1.0 — e
File Edit Run View Options GI5 Tools Help
L L= ey B e A PN P s et P P e TN el [ =
Project: '5!( X-RJ'-\S Class 2-25-22\0pen Channel Example\Demo 1\Ex. pri g
Plan: |
Geometry: Ex FC-RAS Class 2-25-22'0pen Channel Example\Demo1\Ex.g01

Steady Flow:  Flow Data
Unsteady Flow: I
Description: I J IUS Customary Units

“C-RAS Class 2-25-22\0pen Channel Example\Demo1\Ex. f01

Figure 6- 32: Cross Section Viewer in Toolbar
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Figure 6- 33: Plotted Cross-Section Profile

Results can be viewed using the Output |con in the toolbar which provides adetailed output for the bridge
or culvert structure.
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File Edit Run View Options GISTools Help
LA P R I e B P e B 2 L T Rl =1 e
Z/\,
Praoject: Ex I:\...\HEC-RAS Class 2-25-22\0pen Channel B N\Demo1'\Ex.pri =
Plan: Bridge IC:\...\HEC-RAS Class 2-25-22\0pen Channel Ex \Demo 1\Ex.p02
Geometry: Btructure IC:\...\HEC-RAS Class 2-25-22\0pen Channel Ex \Demo1\Ex.ql2
Steady Flow: Flow Data IC:\...\HEC-RAS Class 2-25-22\0pen Channel Ex \Demo 11Ex. f1
Unsteady Flow: | | —
Description: | J |U5 Customary Units
Figure 6- 34: Detailed Output I con
File Type Options Help
River: |F'.i'u'er 1 j Profile: |1I]D j
Reach |F'.EEE|‘| 1 j RS: |8I]D j ﬂ T | Flan: |1 j

Flan: 1 River 1 Reach 1 RS: 800

E.G. US. (f) 5306.02
W.5. US. (/) 5305.37
0 Total (cfs) 15000.00
0 Bridge (cf) 15000.00
Q) Weir (cfs)

Weir Sta Lft (ft)

Weir 5ta Rt (ft)

Weir Submerg

Weir Max Depth (ft)

Min El Weir Flow (ft) 5317.00
Min El Prs (ft) 5313.00
Delta EG (ft) 1.55
Delta WS (f) 1.95
BR. Open Area (sg ft) 204,35
BR. Open Vel (ft/s) 7.94
BR. Sluice Coef

BR. Sel Method Energy only

Profile: 100

Element Inside BR. US | Inside BR.DS

E.G. Elev (ft) 5305.81 5305.05
W.5. Elev (ft) 5304.67 5304, 74
Crit W.5. (ft) 5304.41 5303.34
Max Chl Dpth (ft) 9.27 11.26
Vel Total (ft/=) 7.94 4.10
Flow Area (sg ft) 1583.69 3659, 26
Froude # Chl 0.51 0.23
Spedf Force (ou ft) 7995.79 10126, 56
Hydr Depth (ft) 3.05 2,77
W.P. Total (ft) 690,45 1354.99
Conv, Total (cfs) 144759, 2 283255.1
Top Width (ft) £19.15 1319.38
Frctn Loss (ft) 0.34 0.35
C &E Loss (f) 0.42 0.22
Shear Total (Ibjfsg ft) 1.83 0.47
Power Total (b/ft s) 14,56 1.94

Figure 6- 35: Bridge Output
As part of any HEC-RAS anadysis, al input and output data should be provided along with all
documentation for assumptions, as-builts, and survey.

6.8 POST RUN RESULTS

After a successful run, it is imperative that the engineer verify all profiles, cross section plots and
inundation limits. If the inundation limits exceed the cross-section limits, then some flow will not be
accounted for in the model. Affected cross sections should be redrawn to extend past the expected
inundation limits to model the full extent of flow. The example below demonstrates cross sections that
capture the full extent of the inundation limits. Results for depth, velocity and various other parameters
are populated in RAS Mapper based on the Plan ID. An example of the depth grid is shown below.
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Figure 6- 36: RAS Mapper Results Post Run

All results should be carefully examined to ensure the model is an accurate predictor of flow regime and
profiles for the reach in question. It is the responsibility of the engineer to ensure that in situ conditions
are represented correctly within the model, and the hydraulics of the reach have been calculated by the
model appropriately. Results can be exported to formats compatible with other programs such as ArcGIS
Pro or Civil3D. For more information, please refer to the HEC-RAS User Manual.
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