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Truckee Meadows Structural Controls
Design and Low Impact Development Manual

Truckee Meadows Regional Stormwater Quality
Management Program
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Using the Design Guidance Worksheets

> Truckee Meadows Standard Design Guidance Worksheets
— Developed as part of the toolkit to assist designers incorporating LID into projects

— Sufficient engineering analysis must show that the proposed stormwater quality measures are
capable of capturing runoff and potential pollutants from the site in compliance with the
appropriate jurisdictions Structural Controls Ordinance

— Worksheet is accessible via Truckee Meadows Stormwater website (tmstormwater.com)
* http:/tmstormwater.com/construction/
* https://www.reno.gov/home/showdocument?id=55429

— An excel spreadsheet will download
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https://www.reno.gov/home/showdocument?id=55429
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Truckee Meadows Storm Water Quality Management Program
Design Guidance Worksheet: Sedimentation Basin TC-40

* Fill out worksheet from top to bottom

Designer:
Company:
Date:
Project:
Location:

Key:

] LW ] 2 T T o T W -

User Input

Calculated Result

ltalicized Font Indicates Value is Outside Re

1. Water Quality Volume (WQ,)) - Sedmentation Basin Storage a)

a) Percent of Watershed Impenvious Area = |

b) Drainage Area = A (acres) (43560 ft" = 1 acre) b) A= I:
- minimum drainage area of 5 acres

c) Watershed Runoff Coefficient = R, (unitless)

d) 90th Percentile Precipitation Depth = P (inches)

&) Water Quality Volume = WQ,, (ft%)

c) R, =

&) wa, =[_|

Designer to select value for Water Quality Volume for actual design

Truckee Meadows Design Guidance Worksheets

These worksheets have been developed for the Cities of Reno and
Sparks and Washoe County, NV.

They are to be used with the Truckee Meadows Structural Controls
Design Manual to assist with

the design and review of stormwater treatment controls. By dicking
OK below, the user

acknowledges they have read and agreed to the Disdaimer.

The intent is for the user to complete the Project Summary and
Pass-Fail Checklist Worksheet identifying each drainage sub-area
within the project and the corresponding treatment control (TC)
referenced in the Truckee Meadows Structrual Controls Design
Manual (e.g. TC-10 is a vegetated swale). Hardcopies of the
completed worksheets are to provide supporting documentation of
the project

to the jurisdiction reviewing the plans.

oK

2. Outlet Structure

| INTRO

SUMMARY | PassFail | TC-S5TA

TC-10 | TC-11 | TC-20 | TC-21 | TC-30 | TC-40 | TC-41 | TC-50 | TC-51 | TC-60 | TC-61(a) | TC-61(b) | TC-62(a)

TC
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Water Quality Design Criteria

— To adequately treat runoff and
enhance water quality, design
criteria are required for both flow and
volume-based structural treatment
controls

— Flows in excess of water quality flow
or volume must be diverted around
or through structural treatment
controls to prevent scour or re-
suspension of collected sediments

— Manual describes the development
of regional sizing criteria for flow and
volume-based treatment controls
and diversion structures in the
Truckee Meadows

Truckes Meadows Storm Water Quality Management Program
Dezlgn Guidance Worksheet: Sedimentation Basin TC-40

* Fill out worksheet from top to bottom

Truckes Meadows Varsion 2.0 Haleased 2015

Desigmer: page 1 of 2
Company:
Dt
Project: Subbasin #
Location:
Fiey: User Inpul | Calculated Result Italicized Font Indicates Valwe is Outside Recommendead Range

1. a) Sub-basin area .ﬂz

Sub-basin impenvious area L
a) Percent of Watershed Impsnious Area = | % Imperviousness

I} Drainage Afea = A (acies) (43 560 0F = 1 acie)
- MiNIMUM drainage area of 5 acres

) Walershed Runolf Coefficient = Ry (urilless)
d} 90th Percantile Precipitation Depth = P (inches)

&) Wister Cusly Volume ='Wy (1)

b} A= ae

g R[]

PO e
Wi, = I

Diesigner 1o select value for Water Quslity Volume for actual design

2. Lagtiet Sinuchure

@) Depth of waler above the centerline of the
toattorm row of padorations, H (8" max )
15} Musmitsei of pesforalions per aoliimn, g

c) Target dram time, €. (46 hour min., 158 hour mai_ )

d) Defanion basin botlom slopa, 5
g} Fequired Maxmum Cutiel Area per Column = &,
N MNumbar of Calumns, ng

g} Area of Each Perforabon = Ap

) = —
T —

¥ S —
) == wm
g S I
" o —

o L I L
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Flow-Based Structural
Treatment Controls
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Vegetated Swales (TC-10)

> Description

— Shallow earthen open channels covered with
dense vegetative growth (commonly grasses)
along the bottom and side slopes

— Stormwater runoff is conveyed along the length of
low slope channel

— Vegetation traps sediments, decreases velocity of
overland flows and reduces erosion

— Recommend at least 100 feet in length since
pollutant removal and treatment efficiency
improves as contact time and infiltration increases

> Applications and Advantages

— Typically located in parks, parkways, or private
landscaped areas (rights of way)

_ _ _ Vegetated swales along sidewalk.
— Can be designed as natural drainage features with Source: Structural Controls and LID Manual (2015).

temporary irrigation
POray g DO Cardno



Vegetated Swales (TC-10)

> Performance Data

— Range reflects differences in design, variable influent concentration levels and flow rates, permeability

of underlying soils

Pollutant

Percent Removal

Efficiency
Total Suspended Solids 60 — 95%
Total Phosphorus 5 — 45%
Total Nitrogen 15 - 65%
Nitrate 25 - 65%
Metals 20 - 90%

Sources: UDFCD, 1999; CASQA, 2003
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Vegetated Swales (TC-10)

> Limitations
— Supplemental irrigation may be required in arid climates (like the Truckee Meadows)
— Infiltration rates of local soils can be limiting unless underdrains are installed
— Possible formation of mosquito breeding habitat if water does not drain or infiltrate
> Siting Criteria
— Max. swale drainage area = 10 Ac
— Not to be applied in areas with adjacent slopes of =2 5% or in areas with highly erodible soils

* NRCS created an outline covering the procedure for making highly erodible land determination:
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2 031522.pdf

— Seasonally high groundwater table should be a minimum of 3 feet below swale

— Minimum length of swale = 100 feet

— Minimum and maximum longitudinal slope of 0.5% and 2.5%, respectively

8 DO Cardno


https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_031522.pdf

Vegetated Swales (TC-10)

> Design and Construction Criteria

Registered PE and landscape architect should work
together to assess site and develop designs

At locations where concentrated flows will enter the
swale, install energy dissipation apron and flow
spreader to prevent erosion and promote sheet flow

Install a rock apron if trash and debris may enter the
swale

Swale must not hold standing water for more than 7
days during May through October

Utilize the Design Guidance Worksheet

See Manual for additional design criteria

- & | ResiDuAL caPacTY FOR 6 MIN. FREFOOARD FOR G5 1
o |LAIK]ER FLOODS . I

' 4 MK,
w 2-YR WSE

T
- _\tfd(z-'m}_g.u FPS.

A ] s
4" [MIN} SANDY LOAM fﬁ#g —_—
127 MM
GRADE COMNTROL

BOTTOM WIDTH (W)

STRUCTURE UFSTREAM

TRAPEZOIDAL SWALE SECTION
NTS

Source: Structural Controls and LID Manual (2015).

DO Cardno



Vegetated Swales (TC-10)

> Vegetation Criteria

— Diverse selection of low growing plants that thrive under site specific soils and specified proposed watering
conditions Vegetation height — 4 to 6 inches for turf grasses

— Drought tolerant vegetation, use fertilizer and water sparingly
— See Appendix B for vegetation recommendations
> |Inspection and Maintenance Requirements
— Mowing weeds, watering during the dry season and reseeding of non-vegetated areas

— Inspection swales at least twice annually, and after large storm events to ensure no standing water

Fear 10 N Low wrect DevmomuenT w Nosmeees Mo

H - high, highly;
M - moderate, moderately;
L - low, poor, poorly

Birds, small mammals eat seeds; Jtiracts boxsider bugs; SUCKErs; britte limbs  2,5.6.2.11

Fomms thicket; nas invasive rools; good in high waler tble arsas 235811

) Cardno
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TC-10: Local Example

Truckes Bsadows 3iorm Water Quality Managemsnt Program
Decign Guldarde Workchest: Swales TC-10

— Water quality and design flow rates
steps applicable for many structures

— 2 basic methods - Rational Formula
vs the SCS Unit Hydrograph

— Walk through a local example using
Rational Formula Method

11
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TC-10: Vegetated Swale Local Example

> Sjte location: Double R Blvd
and Amston Rd

> Design a vegetated swale by:

— Using the Rational Formula
to compute Water Quality
(WQf) and Swale Design
Flow

— Using the WQTf to determine
swale geometry

Channel Length Line
= Overland Flow Line

Swale Boundary

D Subbasin Boundary

1 Ft Contours

Vegetated Swale Example Site )
City of Reno - Stormwater Technical Training O Cardno

Washoe County, NV

L X a where
X ° 50 180 Foet Pron (+1) 5136644500 Fax (+1) 8136640440
- WWW.C3MIN0.com

3905 Crescent Park Drive, Rivenview, FL 33578 USA




TC-10: 1. a)

1. Water Quality & Design Flow Rates a) t. =

a) Time of concentration (t.) in minutes b) L =

in/hr I; =|:|infhr
S —

b) Rainfall Intensities for 2, 5 and 100-year storm events (I,, I, and T;gg) c) |

[ ]

[ ]

(Reference Truckee Meadows Regional Drainage Manual)

a A= ]
c) List City or County name and Rainfall Region

&) cs[ ]

d) Subbasin Area (A) in acres (43,560 fi = 1 acre)

(maximum drainage area = 10 acres) f)
]

Design Flow Qs =|:|cfs

cfs Designer to input selected value
f) Discharge Rates: Water Quality Flow = WQr = Q3 (cfs) for Water Quality Flow
Swale Design Flow: Qs (cfs)

€) Runoff Coefficient of Contributing Drainage Area = C
(Reference Truckee Meadows Regional Drainage Manual)

> Truckee Meadows Regional Drainage Manual (TMRDM)
— t.=t; + ¢t (Eq. 1)

 t. = time of concentration (mins), t; = initial, inlet, or overland flow time (mins), t, = travel time in ditch, channel, gutter,
sewer, etc. (mins)

« The minimum t; in Washoe County for non-urban watersheds = 10 mins, urban watersheds =5 mins
« Use of Standard Form 2

13 DO Cardno



TC-10: 1. a)

> Computing initial and overland flow time, t,

14

_ti

* t; = initial, inlet, or overland flow time
(mins), R = flow runoff coefficient, L,
= length of overland flow (ft, 500 ft
max.), S = average overland basin

_tt

_tC

1.8(1.1-R)L,/?
= =i /3) (Eq. 2)

slope (%)

L

velocity

L
"~ 180+10

Note Urban Area top-end “bracket”

60xv (Eq 3)

« t, =travel time; L = gutter/channel
flow length in subbasin X, v = runoff

(Eq. 4)

not to exceed tc

1. Water Quality & Design Flow Rates

Ia} Time of concentration (t.) in minutes I

b) Rainfall Intensities for 2, 5 and 100-year storm events (I,. I;, and T;5)
(Reference Truckee Meadows Regional Drainage Manual)

) List City or County name and Rainfall Region

d) Subbasin Area (A) in acres (43,560 ff=1 acre)
(maximum drainage area = 10 acres)

€) Runoff Coefficient of Contributing Drainage Area = C
(Reference Truckee Meadows Regional Drainage Manual)

) Discharge Rates: Water Quality Flow = WQr = Q2 (cfs)
Swale Design Flow: Qs (cfs)

a) = Jmin
b) L= nmr
)
d) A= Jacres
) cs[ ]
n
L]
]

Design Flow Q: :|:|cfs

Designer to input selected value
for Water Quality Flow

DO Cardno



TC-10: 1. €)

TRUCKEE MEADOWS REGIONAL DRAINAGE MANUAL

L= e

I I

1. Water Quality & Design Flow Rates a) | =|:|min
a) Time of conceniration (i) in minutes b) L= i
b) Rainfall Intensities for 2, 5 and 100-year storm events (I, L, and I;5) c) |

(Reference Truckee Meadows Regional Drainage Manual)
a) A= Jacres
c) List City or County name and Rainfall Region
&) o
d) Subbasin Area (A) in acres (43,560 ft* = 1 acre)
(maximum drainage area = 10 acres) )
wae=[  efs
e) Runoff Coefficient of Contributing Drainage Area=C
(Reference Truckee Meadows Regional Drainage Manual)
was=[ et

f) Discharge Rates: Water Quality Flow = WQg = Q; (¢fs)
Swale Design Flow: Qs (cfs)

> TMRDM = Runoff Coefficients

— Identify land use: Undeveloped — Range

— Rational Method

Design Flow Qs :l:lcfs

Designer to input selected value
for Water Quality Flow

— R = Cy = 5-yr runoff coefficient (Table 701 in TMRDM)

~ R=C,=0.20

* If multiple subbasins, runoff coefficients R, = Rz = R.= C;

15

RATIONAL FORMULA METHOD
RUNOFF COEFFICIENTS

RunofT Coefficients

Land Use or Surface Aver. % lmpervious 5-Year 100-Year
Characteristics Area (Cy) (Cyan)
Business/Commercial:
Downtown Areas 85 82 B3
Neighborhood Areas 70 65 B0
Residential:
(Average Lot Size)
s Acre or Less (Multi-Umnit) 63 .60 T8
4 Acre 38 S0 .63
' Acre 30 A5 .60
V4 Acre 25 40 55
I Acre 20 Aas 50
Industrial: 72 .13 B2
Open Space:
(Lawns, Parks, Golf Courses) 5 05 30
Undeveloped Areas:
Range 0 20 30
Forest 1] 05 30
Streets/Roads:
Paved 100 88 43
Gravel 20 25 50
Drives/Walks: 95 BT 450
Roof: 90 85 87

Motes:

1. Composite runoff coefficients shown for Residential, Industrial, and Business/Commercial Areas assume irrigated grass
landscaping for all pervious areas. For development with landscaping other than irrigated grass, the designer must develop
project specific composite nunoff coefficients from the surface characteristics presented in this table.

VERSION: April 30, 2000 REFERENCE: TABLE

USDCM, DROCOG, 1969 701

(with modifications)

WRC ENGINEERNG e
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TC-10: 1. a)

>

16

Computing initial and overland flow time, t,

1.8(1.1-R)L,/?
- = s1/3 (Eq 2)

— t; = initial, inlet, or overland flow time (mins), R = flow runoff coefficient, L, = length of overland flow (ft,
500 ft max.), S = average overland basin slope (%)

~ R=0.20
— L, =500 ft

— S=4.8%
— 1, =21.5 mins

DO Cardno



TC-10: 1. a) Standard Form 2 .

0.90
0.80
0.70
. . . . O‘M
> Travel time velocity (Fig. 701 in TMRDM) i
> Travel time of the runoff from the drainage basin to s
the swale 0.30
> Choose pavement 0.20
> Assume runoff combines and flows down street at J
0
2.5% grade past N
_ S o
. . s 0.06 >
> Drainage basin flow length to swale = 470 ft Z 05 g
L . 0.04 5
>t = = 4.9 mins </
60XV 0.03 ?8/ \Oe
2 =/
02 E/AREEE
s@o
ST
0.01 v i
I’l ]
/ / / v
0.005 [ [ = o
i 2 QR ¥ 28 NRRS = m w2 DR LR~
< f=] = S S oo o e
Velocity (ft/s)
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TC-10: 1. a)

>

18

Computing time of concentration, t,
t.=t; +t, (Eq. 1)

t. = 21.5 mins

t. = 4.9 mins

I.=26.4 mins

Greater than 10 min, therefore fine to perform computation

For small areas, acceptable to conservatively default to minimums of:

— 10 minutes (Rural Areas)
— 5 minutes (non-Rural Areas)

DO Cardno



TC-10: 1. a) Standard Form 2

19

LT S PR e A LI
o
z DEVELOPMENT
g CALCULATED BY DATE
i SUEB-BASIN NITIAL/OVERLAND TRAVEC. TIMC to te UR3ANIZLD | FINAL REMARKS
2 DAIA TIME (&) (&) (t; -t )| 3ASINS CHECK | &
8 p=s6: | R | amFa | tsam [z oer| 6 [irweTifsices| wn [ { 1S AL - s1entia
N e : %z | | n z | v | e W [ENE W
§ 2} I ST O Mt (s 7 @ | o | ag {1°} (12) -3 g i
=
2
ﬂ o
= |o
= |2
ﬁ o
0
o2 E
T |m 2
-2 R
SES
- o |° m
mi|3 O
——t Z1E8
= |0
2lsZ
- > \m
- % | j
O |3
Z e
F4
z
B 3
Z B
z
z .
& :
£
z G- 1800 — N) 03783
N
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TC-10: 1. b)

f) Discharge Rates: Water Quality Flow = WQg = Q; (cfs)
Swale Design Flow: Qs (cfs)

> Rainfall Intensity

— 2 sources depending on site location
« TMRDM (City of Sparks)

1. Water Quality & Design Flow Rates a) t=[  ]min
a) Time of concentration (1.} in minutes b) I, =|:|in!hr I =|:|infhr
b) Rainfall Intensities for 2. 5 and 100-year storm events (I, I,. and T;s;) c) Ligs =|:|infhr
(Reference Truckee Meadows Regional Drainage Manual)
d) A= acres
¢) List City or County name and Rainfall Region
&) cs ]
d) Subbasin Area (A) in acres (43,560 fi° = 1 acre)
(maximum drainage area = 10 acres) f) Design Flow Q= =|:|cfs
was=[ ems
€) Runoff Coefficient of Contributing Drainage Area = C Q=] |cfs
(Reference Truckee Meadows Regional Drainage Manual)
WQE = I:lcfs Designer to input selected value

for Water Quality Flow

« NOAA (City of Reno/unincorporated areas of Washoe County)

— *24-hour storm duration is standard design storm duration for hydrologic methods other than

Rational Method

20
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https://www.washoecounty.us/repository/files/7/tmrdm_final_043009.pdf
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=nv

TC-10: 1. b)

NOAA's National Weather Senﬂce '

&3’ Hydrometeorological Design Studies Cenf
Precipitation Frequency Data Server {PFD ;,)

Home Site Map Organization

o T NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: NV

Homepage
Progress Reports Data description
FAQ

Glossary Data type: | Precipitation depth  ~| Units: English v | Time series type: | Partial duration v

Select location

2) Use map (if ESRI interactive map is not loading, try adding the host: https:/js.arcgis.com/ to the firewall, or contact us at hdsc.questions@noaa.gov):

Data Server 1) Manually:
:ams - a) By Ior.a.tion fdecimal degr%es: use "-" for 5 anld W) Latitude: [ ]Longitude:[ Map } \\ po— |
T:e"m‘epo:allis b) By station (list of NV stations): | Select station M ® Terrain 7 ; I. =W, 7 E 2 - M‘?"e cmssné" °T double cHck
socmer N ) 0 e
m 8 g Nevada = a
mH Hg . n
> National Oceanic and Atmospheric B i im""’\‘\ﬁ {ccnton ot
- - . | / Bk o] o= -"|| Name: Nevada, USA*
Administration (NOAA) S BN y |
) ) B / S B Elevation: 4097.82 ft **
More precise results for site area compared e /,-' , i A
to TMRDM oo B o i
AL TR |
. . . . e i .:rson City 2 o] ¥ {510]
Search by location, station, or specific / Z - m =
Vi .' @ Nevada - a

address through entry or ESRI map ament & L

Input coordinates from Google Earth " o A o L]
(39.462663, -119.727983) |

B Modesto 60mi B g /|| ** source: UsGs
21 DO Cardno




TC-10: 1. b)

22

NOAA Precipitation Table

Computed time of concentration,

tc = 26.4 mins
Total rainfall, P (in)

P, interpolation:

26.4—-15

0218 + |22 x (0294 — 0.218)| = 0.276

P interpolation:

26.4—15

0293+[30 -

x (0.395 — 0.293)| = 0.371

P00 interpolation:

26.4—-15

0.716 + |22 x (0.964 — 0.716)| = 0.904

5-yr recurrence frequency

Rainfall intensity, I, = 0.63 in/hr,
= 0.84 in/hr, i,0o = 2.05 in/hr

& Print page

PF tabular PF graphical Supplementary information

PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)1
Duration I Average recumrence interval (years) .
1 2 25 (| 200 500 1000
e 0.093 0.116 0.155 0.193 0.255 0.312 0.380 0.461 0.594 0.715
(0.080-0.108) | (0.099-0137) [ (0.132-0.185) || (0.163-0229) || (0.209-0.306) || (0.247-0.379) || (0291-0.467) ||| (0.339-0.580) || (0.409-0772) || (0469-0950)
ok 0.142 0.177 0.237 0.293 0.388 0.475 0.578 0.702 0.904 1.09
(0.121-0.165) | (0.150-0208) [ (0.201-0281) || (0.248-0349) || (0.319-0.465) || (0.376-0576) || (0.443-0711) || (0515.0883) || (0623-1.18) || (0.715-145)
o 0.176 0.218 0.293 0.363 0.481 0.589 0.716 0.870 1.12 1.35
(0.150-0.205) 0.186-0.258 0.250-0.348 (0.307-0.433) || (0.395-0577) || (0.467-0.715) 0.549-0.881 (0.640-1.10) (0.772-1.46) (0.886-1.79)
- 0.237 0.294 0.395 0.489 0.647 0.793 0.964 1.17 1.51 1.82
(0.202-0.275) (0.250-0.347) (0.336-0 469) (0.413-0.583) (0.532-0.777) (0.628-0.962) (0.739-1.19) (0.862-147) (1.04-1.96) (1.19-2.41)
e 0.295 ; : 0.605 0.801 0.981 : 1.45 1.87 2.25
(0.250-0.341) (0.31 9) (041 0) (0.512-0.721) (0.658-0.962) (0.777-1.19) (09 %7) (1.07-1.82) (1.29-2.43) (1.43-299)
Six 0.387 0. 0. 0.738 0.919 1.08 1) 1.49 1.90 2.29
(0.340-0.447) || (0.42588658) || (0.54088718) || (0634-0854) || (0.765-1.07) || (0.876-128) || (0.995M 52) (1.14-1.84) (1.39.2.45) (1.61-3.02)
- 0.460 0. 0. 0.842 1.01 1.15 1. 1.55 1.95 2.32
(0.410-0.523) (0.516-0.657) (0.643-0.825) (0.739-0.963) (0.870-1.18) (0.974-134) (1.10-1.57) (1.25-1.86) (1.53-243) (1.77-3.05)
i 0.642 0.807 1.00 1.15 1.35 1.50 1.65 1.83 212 2.44
(0.574-0.723) (0.720-0 912) (0.893-1.13) (1.02-1.31) (1.18-1.54) (1.29-1.72) (1.40-192) (1.52-2.16) (1.71-2.54) (1.93-3.08)
e 0.841 1.06 1.34 1.56 1.84 2.06 2.29 2.51 2.81 3.05
(0.752-0942) (0.945-1.19) (1.19-1.51) (1.38-1.75) (1.60-2.10) (1.77-2.36) (1.93-2.66) (2.08-2.96) (2.26-3.38) (2.40-274)
T 1.04 1.31 1.66 1.94 2.33 2.64 2.96 3.30 3.76 413
(0.943-1.17) (1.19-1.46) (1.50-1.84) (1.75-2.16) (2.08-2.59) (2.34-294) (2.61-3.33) (2.87-3.73) (3.22-4 30) (3.45-476)
2.day 1.23 1.55 1.97 2.31 2.78 3.16 3.56 3.97 4,55 5.00
(1.10-1.38) (1.39-174) (1.76-2.21) (2.06-2.59) (2.46-3.13) (2.77-3.57) (3.09-4.05) (3.41-456) (3.82-5.29) (4.13-5.91)
Sy 1.34 1.69 2.16 2.55 3.10 3.54 4,01 450 5.19 5.75
(1.20-1.50) (1.52-1.89) (1.94-243) (2.28-2.86) (2.74-349) (3.11-3.99) (3.45-455) (3.86-5.15) (4.36-6.03) (4.74-6.76)
i 1.45 1.83 2.36 2.79 3.41 3.92 4.46 5.03 5.84 6.50
(1.30-1.63) (1.65-2.05) (2.12-2.65) (2.50-3.14) (3.03-3.84) (3.44-442) (3.87-5.05) (431-574) (4.89-6.76) (5.36-7.61)
7-day 1.70 2.16 2.81 3.33 4.07 4,66 5.29 5.95 6.87 7.62
(152-193) (1.92-2 45) (2.49-3.18) (2.95-378) (357-4.63) (4.06-532) (4.56-6.07) (5.07-6.87) (5.75-8.05) (6.28-9.02)
10-day 1.90 2.42 3.16 3.75 4.56 5.19 5.86 6.56 7.51 8.26
(168-2.15) (2.152.74) (2.80-3 58) (3.31-4.25) (399-5.18) (4.52.592) (5.06-6 71) (5.59-7 56) (6.29-5.76) (6.84-9.73)
1 -~ 1 -~ 1 P T .~ - ar ~ an 1T A nan I e 1T ~ s I ~ aa
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TC-10: 1. b)

> NOAA DDF Curves

23

Precipitation depth (in)

PDS-based depth-duration-frequency (DDF) curves
Latitude: 39.9491°, Longitude: -119.5147°
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TC-10: 1. b)

> NOAA DDF Curves

PDS-based depth-duration-frequency (DDF) curves
Latitude: 39.9491°, Longitude: -119.5147°

9 ! 1 I 1 1 I I |
£ Duration
g
a — §-min — 2-day
"c’ — 10-min — 3-day
2 15-min — 4-day
8 —— 30-min — 7-day
§' — 60-min — 10-day
£ — 24r — 20-day
— S-r — 30-day
— G-hr — 45-day
— 12-r - G0-day
1T : ' | | — 24-Nr
2 5 10 25 50 100 200 500 1000

Average recurrence interval (years)
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TC-10: 1. b)

TRUCKEE MEADOWS REGIONAL DRAINAGE MANUAL

CITY OF SPARKS - REGION BOUNDARIES

TRUCKEE MEADOWS REGIONAL DRAINAGE MANUAL

| % 4
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TC-10: 1. b)

TRUCKEE MEADOWS REGIONAL DRAINAGE MANUAL

CITY OF SPARKS

RAINFALL INTENSITY DURATION FREQUENCY CURVE - REGION 2

TRUCKEE MEADOWS REGIONAL DRAINAGE MANUAL

CITY OF SPARKS - REGION BOUNDARIES
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‘ .
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TRUCKEE MEADOWS REGIONAL DRAINAGE MANUAL

TC-10: 1. b)

TRUCKEE MEADOWS REGIONAL DRAINAGE MANUAL

CITY OF SPARKS - REGION BOUNDARIES

CITY OF SPARKS
RAINFALL INTENSITY DURATION FREQUENCY CURVE - REGION 3
i EE § : x: & & i
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1 10 100 1000 10000
Dur ation (min)
r ——2yr —a—-5yr —a—10 yr 25 yr ——S0yr —e—100 yr |
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TC-10: 1. c-d)

d) Subbasin Area:

« Example is a trapezoidal channel . _
1. Water Quality & Design Flow Rates a) t=[  Imin
a+b
—_— A —_— — a) Time of concentration (t;) in minutes b) I, :|:|infhr I; =|:|infhr
2 b) Rainfall Intensities for 2, 5 and 100-year storm events (I, I, and I,5;) c) Lo = |:| infhr
(Reference Truckee Meadows Regional Drainage Manual)
Vi 4 Y d) A= l:lacres
/s ! c) List City or County name and Rainfall Region
/ ) cs[ ]
e d d) Subbasin Area (A) in acres (43,560 fi“ = 1 acre)
Y (maximum drainage area = 10 acres) f) Design FlowQ:=[  cfs
/ wae=[ s
,f . &) Runoff Coefficient of Contributing Drainage Area = C Qioo =|:|cfs
o (Reference Truckee Meadows Regional Drainage Manual)
WQe =|:|cf5 Designer to input selected value
f) Discharge Rates: Water Quality Flow = WQr = Q; (cfs) for Water Quality Flow
Swale Design Flow: Qs (cfs)

« Usually measured using mapping

or survey info (LIDAR, DEM, etc) c) Reno, NV or

Washoe county
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TC-10: 1. €)

1. Water Quality & Design Flow Rates a) t. =

a) Time of concentration (t;) in minutes b) L =

b) Rainfall Intensities for 2, 5 and 100-year storm events (I, I, and I;9) c) |

(Reference Truckee Meadows Regional Drainage Manual)
d) A=

-
]
-
I -
]
]

¢) List City or County name and Rainfall Region

d) Subbasin Area (A) in acres (43,560 fi° = 1 acre)
(maximum drainage area = 10 acres) f)

Design Flow Q; :I:|cfs

cfs Designer to input selected value
f) Discharge Rates: Water Quality Flow = WQg = Q; (cfs) for Water Quality Flow
Swale Design Flow: Qs (cfs)

&) Runoff Coefficient of Contributing Drainage Area=C
(Reference Truckee Meadows Regional Drainage Manual)

> Computing Water Quality Flow

— Use design storm with duration equal to watershed’s time of concentration
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TC-10: 1. f)

> Computing Water Quality Design Flow (WQF)

30

Rational Method (cont’d)

Q = CiA [cfs]

Q = maximum rate of runoff; C = runoff coefficient [dimensionless], i = average intensity of rainfall

[in/hr], A = contributing basin area [Ac]
C,=C,=0.2

I, = 0.63 in/hr

A=8.36 Ac

Q,EWOf=1.1cfs

iz = 0.84 in/hr

Q:=1.4cfs

DO Cardno



TC-10: Overview

31

Rational Formula Method Overview

Step 1: Obtained runoff coefficients (R) from Table 701 for contributing subbasin; based on R = C,

Step 2: Calculated initial overland flow time, t; we used L, = 500 ft; slope = 4.8%
Step 3: Calculated travel time (t,) using Figure 701 (TMDRM) to obtain velocity

Step 4: Calculated time of concentration (t.) by summing t; and t;

Step 5: Determined rainfall intensity using data from NOAA site, using 2, 5, and 10-yr reoccurrence

intervals and computed t. as our parameters
Step 6: Calculated WQf (Q,)and Swale Design Flow (Qs) using Q = CiA
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TC-10: 2. a-e)

2. Swale Geometry

a) Mannings Roughness Coefficient (n) n=
(Use 0.25 for grass and 0.40 for mixed vegetation and rocks)

!

Left Side Slope Right Side Slope
b) Swale Side Slopes (max 4H:1V or flatter ) HV = 1 Hv= ]+

¢) Bottom Width (BW) of Trapezoidal Channel (10' maximum) BW =

(Calculate using an external method, indicate method in notes below)

&) Minimum swale depth with 0.5 ft of freeboard Ds+ 0.5 =

d) Flow Depth (D). WQr depth (D2) maximum = 3', Design Flow (Qs) Depth = Ds = o

&) Minimum swale Top Width (TW) with 0.5 1t of freeboard TW =

3. Swale Lenagth. Slope & Flow Velcoity

a) Length of Swale (Ls). minimum = 100" Ls= it
) Longitudinal Slope (S). 0.9% minimum, 2.5% maximum S= %
¢) Flow Velocity (V) (WQg velocity = V; , maximum = 2.0 fifsec) ve=[ rsec Vo= ftisec

(Calculate using an external method, indicate method in notes below)

> Truckee Meadows Regional Drainage Manual

— Manning’s n for Channels (Chow, 1959) for additional site uses

32 DO Cardno


http://www.fsl.orst.edu/geowater/FX3/help/8_Hydraulic_Reference/Mannings_n_Tables.htm

TC-10: 2. a-e)

3. Swale Length. Slope & Flow Velcoity

a) Length of Swale (Lg), minimum = 100

Manning's Roughness Coefficient, n

Module TC-10
Swale Geometry

Criteria

n | 0.4 | Manual input
Left Swale Side Slopes
H:v=X:1 (Left) 2 ] Max 4H:1V or flatter
- Manual input
H:v=X:1 (Right) 2

Bottom Width, BW (ft)

BW | 10 10' max
Flow Depths, D (ft)
D, (Q,/waf) 0.65 Calc'd using What- Max =3'
D; (Qs) 0.77 if Goal Seek
Swale Dimensions
Min. Swale Depth + 0.5 ft FB 1.15
Min. Swale Top Width + 0.5 ft FB 40 Manual input
Length of Swale, Ls (ft) 400 Manual input Min = 100"
Longitudinal Slope, 5 (%) 0.5 Manual input Range: 0.5-2.5%
v, (ft/s) 0.40 Calc'd using What-
vs (ft/s) 0.45 if Goal Seek

) Longitudinal Slope (5). 0.5% minimum, 2.5% maximum

c) Flow Velocity (V) (WQr velocity =V, , maximum = 2.0 fisec)
(Calculate using an external method, indicate method in notes DE|0W}

33

2. Swale Geometry

a) Mannings Roughness Coefficient (1)
(Use 0.25 for grass and 0.40 for mixed vegetation and rocks)

b) Swale Side Slopes (max 4H:1V or flatter )

c) Bottom Width (BW) of Trapezoidal Channel (10" maximum)

d) Flow Depth (D): WQr depth (D) maximum = 3', Design Flow (Qs) Depth = De
(Calculate using an external method, indicate method in notes below)

&) Minimum swale depth with 0.3 ft of freeboard

&) Minimum swale Top Width (TW) with 0.5 ft of freeboard

DO Cardno



TC-10: 4-5.

4. Vegetation {Check "x" to indicate type used or describe "Other") X Dryland Grass
(Minimum vegetation height of 4 - 6" is recommended) Irrigated Turf Grass
Other:

5. Underdrain & Qutlet (Check "x" to indicate type used or describe "Other")

a) Check "" if swale isinHSG Cor D soils?l:l |:|Underdrain required if checked

(Provide a 4" diameter PVC underdrain for proper drainage)

) Outlet for flows greater than the WQr Grated Inlet
Owverland Flow to Valley Gutter or Downstream Swale
Other:
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Vegetated Buffer Strips (TC-11)

> Description

— Vegetated surfaces that can be interspersed with
shrubs and trees

— Gently sloping and uniformly graded to provide
treatment in relatively small drainage areas

— Slow the velocity of runoff waters to promote infiltration
and the filtration of sediments and pollutants

> Applications and Advantages

— Used as pretreatment devices for other treatment
controls or combined with riparian zones for treating
sheet flows and stabilizing channel banks adjacent to
drainage ways

— Appropriate along the edge of developments where
irrigated landscaping is planned

Vegetated buffer.
Source: Structural Controls and LID Manual (2015).

— Supplemental irrigation may also be required
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Vegetated Buffer Strips (TC-11)

> Performance Data

36

— Pollutant removal depends on factors such as soil permeability, land uses and slopes of
adjacent drainage area, runoff volumes and velocities, the flow across the buffer strip and the

type and density of vegetation used

Percent Removal

Pollutant Efficiency
Total Suspended Solids 10 - 74
Total Phosphorus 0-10
Total Nitrogen 0-15
Total Recoverable Zinc 0-10

Sources: UDFCD, 1999; CASQA, 2003.

Source: Structural Controls and LID Manual (2015).
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Vegetated Buffer Strips (TC-11)

> Limitations
— Uniformly graded thick vegetative cover is required
— Impractical in urban areas with little pervious ground

— Not capable of treating SW from large drainage
areas

— May not be applicable adjacent to industrial sites
where spills may occur

> Siting Criteria

— Best suited for treating runoff from roads, roofs,
small parking lots, and pervious surfaces

— Avoid highly trafficked areas

— Seasonally high groundwater table should be
minimum 3 feet below buffer strip

37

Vegetated strips.
Source: Springer Nature.
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Vegetated Buffer Strips (TC-11)

> Design and Construction Criteria

— Registered PE and landscape architect
should work together to assess site and Buffer Strip Width
. Wg>0.15(A4L,), or>8 |
develop designs

{whichever is longer)

Swale

— Design Guidance Worksheet oo,
— See Manual for specific design values . « ,
—
> Inspection and Maintenance Requirements ~ Sufier
. ; Strip
Criteria L >t
— Maintenance (weed removal, mowing and
irrigation of grasses)
— Grasses or turf should be maintained at Eﬁf&;‘éﬁ;ﬁﬁmm gravel trenches,
height of 2-6 inches Stabilzed turt stipy
g p)

CONCENTRATED FLOW CONTROL

— See Manual for more additional
requirements

Source: Structural Controls and LID Manual (2015).
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TC-11

> Method for calculating Water Quality
Flow Rate explained for TC-10

1. Using Rainfall Intensity and Runoff
Coefficient values from TC-10 example
to calculate Water Quality Flow Rate

Drainage Area Flow

Design Width Along Direction of Flow
Flow Characteristic

Design Slope

Flow Distribution

Vegetation

© N O Ok 0D

Outflow Collection

39

Truckes Meatdows Storm Water Quallty Management Program
Dealgn Guldance Workahesl: Vegetated Buffer Strips  TC-11

* FIll ot workcresst from top o bothom

Truckes Meadowt Verckon 2.0 Rsleacsd 2016

nnnnn

Dk
Peoject:
Loealan:
Fey

|Lbcrrn|.rl| Caloulated Resuit MaVeirad Ford fedicanes Value 5 Sutside Recommanded Rasge

1. Wesler Qouits Flow Py

] Rt istnrmity = | (2o s - Seberrane using s iocalion
nd Truches Mesdows Asgonel Creinegs Menusl)

b List Gty o County neme nd Ranfell Aegon

) Dreicwge Acow = & (ecrew) 43550 = 1 acme)
- mExmm SarEge s s b s

u) 2-Youw Dewgn Decherge = Wy (o]

4 Drmnsge Araw Flow

) Demgn Length | Kol o ruscal Sow path | Ly = W, /0508 La-:"
3 Dowoe WSS Siong Cirecton of Flow
o) Langth of Fow Peit Over Ussiteen Impereoos Dreicege A L= f
) Doamige Wil of Befier Sirip: Wiy = 827 L, was[__ |n
{5 minimum for borf gras, 14" misimus for ofher e =l
4. Flow Charscieriic
mi Intertere Crows Sops [~orml bz Soe dirgcton) B LL]
) Fiens Typea (H concontrated, ievel sormader b reguised) l:l
5 p— o y - =
= o Deaivibotion (Chach *” B St seed of descrite Tther™) S cties Curberg
Module Biock Forous Fevenent
Ft I Flow Tyee b “Concastruted™, :uuwm
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TC-11: 1. €)

1. Water Quality Flow Rate a) I = 0.63 infhr
a) Rainfall Intensity = 1 (2-year storm - determine using site location [
and Truckee Meadows Reqgicnal Drainage Manual)

c) A= 5.0 acres

[1) List City or County name and Rainfall Region
d) C= 0.2

¢) Drainage Area = A (acres) (43,560 ftt=1 acre)

- maximum drainage area is b acres e) We :| cfs
d) Runoff Coefficient of Contributing Drainage Area=C W= I:[cfs Designer to Input

selected value for
Water Quality Flow

&) 2-Y'ear Design Discharge = W (cfs)

1. Using Rainfall Intensity and Runoff Coefficient values from TC-10 example to calculate Water
Quality Flow Rate

*  From TC-10 example: i, = 0.63 in/hr, C,= 0.2

«  Section 6.8.1 states “maximum contributing drainage area is 5 acres”

in
WQ¢(cfs) = C,i, A = 0.2 X 0.63 = X 5 acres = 0.63 cfs
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TC-11: 2-3.

41

2. Drainage Area Flow

a) Design Length (Normal to runoff flow path): L = WQ- / 0.005 lke=]  r

3. Design Width Along Direction of Flow

a) Length of Flow Path Over Upstream Impenvious Drainage Area L=

b) Design Width of Buffer Strip: Wz =0.2*L, {we=|

(8" minimum for furf grass, 14" minimum for other vegetation)

2. Drainage Area Flow
a) Design Length (Lg):
WQr 0.63 cfs
T 0.005 0005

Lo 6 ft

3. Design Width Along Direction of Flow

a) Length of Flow Path Over Upstream Impervious Drainage Area (Ly):

« Use maximum length of 60 feet (CASQA)

b) Design Width of Buffer Strip:
W =02x%xL, =02x60ft=12ft

DO Cardno



TC-11: 4-5.

42

4. Flow Characteristic

a) Interface Cross Slope (normal to flow direction) 8= 0.15 ftfft
b) Flow Type {if concentrated, level spreader is reguired) I:[
5. Design Slope (preferably between 2% and 4%, maximum 8% ) | 5= 3 % |

4. Flow Characteristic
a) Interface Cross Slope:
* Use maximum slope of 15% (CASQA)

b) Flow Type:
Sheet flow: L, X S; <1 or Concentrated flow:L;, X §; > 1

Li X §; = 60 ft X 0.15 = 9 — Concentrated flow, level spreader required

5. Design Slope: Input site slope, note constraints
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TC-11: 6.

6. Flow Disfribution (Check "x" the type used or describe "Other™) Slotted Curbing
Modular Block Porous Pavement
Mote: If Flow Type is "Concentrated”, Level Spreader
Level Spreader Will Be Checked Here Other:

6. Flow Distribution

» Level spreader was checked because it is required for the concentrated flow
resulting from this example

 If the flow isn’'t concentrated and another type is used, check that box
instead

43 DO Cardno



TC-11: 7.

X Irrigated Turf Grass
Other:

7. Vegetation
 Irrigated Turf Grass was checked for this example
- If a different type is used, check other and describe
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TC-11: 8.

45

|8. Qutflow Collection (Check "x" the type used or describe "Dmer"]|

Motes &

Additional Information |

X

Grass Lined Swale
Street Gutter
Storm Sewer Inlet
Underdrain Used
Other:

8.

Vegetation

Grass Lined Swale was checked in this example as it can provide additional

treatment

If a different collection type is used check that instead

If the type used is not listed, check other and describe
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Volume-Based Structural
Treatment Controls
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Media Filtration Systems

> Typically consist of two chambers, a pretreatment settling basin and a filter bed filled with sand or some
other absorptive filtering media

— Large particles transported in stormwater runoff settle in the pretreatment basin while finer particles and
associated pollutants are removed by filtering through media in the second chamber

> Numerous design variations

CONCRETE
STRUCTUNE

BYPASS WEIN

-
————

Media filter with typical features

ar Source: Philadelphia Water Department O Cardno



Surface Sand Filter (TC-60)

48

Description

— Applies a combination of
sedimentation, filtration and
adsorption to remove sediment and
associated pollutants

— Comprises an upstream bypass
structure (weir), a sedimentation
chamber, a flow distribution cell,
and a sand filter bed

— Sedimentation basin removes
floatables and heavier suspended
sediments

— Sand filter removes lighter
suspended sediments and
additional contaminants

Source: Structural Controls and LID Manual (2015).
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Surface Sand Filter (TC-60)

> Applications and Advantages
— Drainage areas ranging from .5 to 50 acres and containing pervious and impervious surfaces

— Commonly applied to transportation facilities, large parking areas, and around commercial
developments

— In areas with high sediment loads, use sand filters in conjunction with pretreatment
> Limitations
— Clogging can be an issue in area with highly erodible or unstable soils
> Siting Criteria
— Areas need to have sufficient vertical relief in land topography to allow the system to drain by gravity

— Maintain distance between the high seasonal water table and bottom of the filter bed
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Surface Sand Filter (TC-60)

>

50

Design and Construction Criteria

— Registered PE should design surface sand filters and utilize Design Guidance Worksheet

— Consider pre-treatment BMP upstream in areas with large sediment loads

— Aliner may be recommended in areas of shallow groundwater to prevent contamination

— Refer to Manual for more design details

Inspection and Maintenance Requirements

— Inspections at least 3 times per year, once at the beginning of the rainy season and after any major

storm events
— Rake the sand to ensure drainage rates are maintained
— Sand and gravel filter media may need to be replaced every 3 to 5 years
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Truckee Meadows Storm Water Guality Management Program
Design Guidance Worksheet: Surface Sand Filter TC-80

* Fill out worksheat from top te botiom Truckes Maadows Version 2.0 Ralaased 2015
T C 6 O Dscignar: page 1 of1
—
Company:
Duarbec
Project: Subbacin #
Losation:
1 Water Q u al Ity VOl u m e Kay: User inpus| Calculabed Result I@akcized Font Indicares Value is Outsite Recommendsd Range
. . . . 1. Waber Gualty Yolume (WG] ) Suo-basin area) I":
2. Sedimentation Basin Design Sussen o s d
a) Percent of Watershed Imperdous Anea = | %% Imparviousness

. . . b Drarage Ares = A (screr] (43,550 %% = 1 acre) - Y
3. Sand Filter Basin Design e [ —

cl
) ‘Watershed Runoff Coefficlent = By (unitiass)

d) 30th Fercentie Frecipitaton Depth = OS] Inchies)

B Water Qualty Volome = Wiy () Decigner to celeat valus for Watsr @usalty Volume for aotual decign

2. Sedimentafion Basin Eﬁliﬂ

a) Depi of Sand Fiker = dy () hm T
iminkmum depts of 3 1t)

b} Surtsce Area of e Sedimentabon Basin = A (%£7]; mnimum Wavid M=

ch Basin Leng L= ft
& S22 wnan W
#) Eiasin lengs to width rabo (LW, min. 21} [ I b

3. Zand Fiker Basin Desion
a) Zand bed depth = di{minkmum dep 1.5 feet) =L ft

b Coef of permeability for sand SHer = & ftfhr{bypically 118 fhr for clean, L Tuhr
wail-graded sand and grawvel)

c} One Fal e maximam aliowable water depih (2h) L ft
ower fiterbed = h

d) Time required for the Wid 10 pass through the Sher =, L= hrs

&) Burisce area of e fiter basin -.'.,l‘."l h.l:[ﬂ"

|Fioies & Additonal Informatin: |

51 DO Cardno



TC-60: Local Example

> Site location: Spaghetti Bow! / L =75 NG
Xpress (focus on Basin 3-01) =

TBASIN 3-02 PERVIOUS' AREA=TI |
,"f/' i\

> Design a Surface Sand Filter by [T < amSen

— Using Equation 6-2 from
Section 6.3.2 of TMSCDLIDM

e saazasanas iy
e

to compute Water Quality SE
Volume (WQVv) g;%;
— Using the WQu to determine ~ #¢ Y A
surface area of the filter basin /1]
(Af)

Image from Horrocks Engineers’ Drainage Design Report (October 2020)
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TC-60: Local Example 1. a)

1. Water Quality Volume (WG al Sub-basin area 182,404
Sub-basin impervious area 117,439
a) Percent of Watershed Impervious Area = | % Imperviousness 64.38
b) Drainage Area = A (acres) (43,560 f = 1 acre) b) ,q:|
- drainage areas hetween 0.5 and 50 acres
c) Re=| 083 |
c) Watershed Runoff Coefficient = Ry (unitless)
e) way=| 5741 |t
d) 90th Percentile Precipitation Depth = 0.6(inches)
way=| 5741 |f
e) Water Quality Volume = WCy, {’rt3} Designer to select value for Water Quality Volume for actual design

a) Percent of Watershed Impervious Area (1)

53

Subbasin impervious area

117,439 ft?

% Imperviousness =
Subbasin area

= 182404 0+38%
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TC-60: Local Example 1. b)

I : : : 5 Subbasin # | Basin 3-01 Subbasin Area (sq.ft.):
1. Water Quality Volume (W) al Sub-basin area 182,404 |ft T, (min.): ] Subbasin Area (acres):
Sub-basin impervious area 117,439|ft” 2-yr Rainfall Intensity from TUF curve ]
. ) _ . Pre-Development Impervious area (sq ft): 0
a) Percent of Watershed Impervious Area = | % Imperviousness 64.38 =
] P P Post-Development Impervious area (sq ft):| 117,439
Pre-Development Runoff Coefficient: 0.00
b) Drainage Area= A (acres) (43,560 f = 1 acre) ) A= 4,19 ac Post-Development Runoff Coefficient: 0.64
- drainage areas hetween 0.5 and 50 acres Pre-Development Percent Impervious: 0
o) R = 0.63 Post-Development Percent Impervious: 64
o ) o ) ¢ - Pre-dev. Subbasin WQ, (ft*/sec) 0.00
¢} Watershed Runoff Coefficient = Ry (unitless) . Pre_dev. Subbasin WQ, (i) 0
2) Wa, = 5,741 ft* Post-dev. Subbasin W, (ft*/zec) 277
d) 90th Percentile Precipitation Depth = 0.6(inches) Post-dev. Subbasin WQ, (ft')] 5,741
WGy = 5 741 it Post - Pre WQ, (ft*/sec) Min. Requiring treatment 277
5 = . Post - Pre WQ, (ft*) Min. Requiring Treatment 5741
e} Water Quality Volume = W, (ft°) Designer to select value for Water Quality Volume for actual design Enter Treatment Control or indicate if "self freating” TCH0
Actual WQ (ft'/sec), if 'self treating’ enter min WQF 277
Actual Subbasin WQ, [fts} 6159
Sub-basin %Waf 100.00
Sub-basin %WQv 107.29
b) Drainage Area (A) —

54

A(acres) = 182,404 ft? x

cre

13560 fi2 = 4.19 acres
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TC-60: Local Example 1. c)

1. Water Quality Volume (WG al Sub-basin area 182,404 fit?
Sub-basin impervious area 117,439 fit?
a) Percent of Watershed Impervious Area = | % Imperviousness 64.38
) Drainage Area = A (acres) (43,560 ft =1 acre) ) A:| 4.19 |ac
- drainage areas hetween 0.5 and 50 acres
c) Re=| 083 |
c) Watershed Runoff Coefficient = Ry (unitless)
e) way=| 5741 |t
d) 90th Percentile Precipitation Depth = 0.6(inches)
way=| 5741 |f
e) Water Quality Volume = WCy, {’rt3} Designer to select value for Water Quality Volume for actual design

c) Watershed Runoff Coefficient (Rv)

55

R, = 0.05 + (0.009 x I) = 0.05 + (0.009 x 64.38) = 0.63
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TC-60: Local Example 1. e)

1. Water Quality Volume (WG al Sub-basin area 182,404 fit?
Sub-basin impervious area 117,439 fit?
a) Percent of Watershed Impervious Area = | % Imperviousness 64.38
) Drainage Area = A (acres) (43,560 ft =1 acre) b) A:| 4.19 |ac
- drainage areas hetween 0.5 and 50 acres
c) Re=| 083 |
c) Watershed Runoff Coefficient = Ry (unitless)
e) way=| 5741 |t
d) 90th Percentile Precipitation Depth = 0.6(inches)
way=| 5741 |f
e) Water Quality Volume = WCy, {’rt3} Designer to select value for Water Quality Volume for actual design

e) Water Quality Volume (WQV)

P*XRy XA 0.6in X 0.63 x 182,404 ft°

_ 3
17 17 = 5,741 ft

WQy (ftB) -
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TC-60: Local Example 2. b)

2. Sedimentation Basin Design

a) Depth of Sand Filter = & (ft) de = 3.0 ft
(minimum depth of 3 ft)

b} Surface Area of the Sedimentation Basin = 4 {fﬁ: minimum W10 As :| |I‘l2

) Basin Length L= fit

d) Basin Width w=| |t

g) Basin length to width ratio (LW, min. 2:1) LW = |:1

a) Assume minimum depth of 3 ft for df

b) Surface Area of the Sedimentation Basin (As):

WQ, 5741ft3
de 3ft

A (ft2) = = 1,913.7 ft2

57
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TC-60: Local Example 2. c-e)

2. Sedimentation Basin Design

a) Depth of Sand Filter = ¢ (ft) i = 3.0 it
(minimum depth of 3 ft)

b) Surface Area of the Sedimentation Basin = A& (ft%); minimum WQu/10 Ag =| 1,913.7 |I‘l2
¢} Basin Length L= fit
d) Basin Width w=| |t
e) Basin length to width ratio (L:W, min. 2:1) LW =| 2 |4

Solving for basin length and width assuming the min length to width ratio of 2:1

L L2
Ag=LXW  W=—  Aj=—
c) BasinLength: L =,/2 X A, =+/2 x 1,913.7 ft = 61.87ft
d) Basin Width: W = - = 222 = 30,94 ft
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TC-60: Local Example 3. e)

3. Sand Filter Basin Desian

a) Sand bed depth = 4 d, = 5 ft

) Coef of permeability for sand filter = k ft'hr (typically 1.18 ft'hr for clean, wel k= 118 ft'hr
graded sand and gravel)

c) One half the maximum allowable water depth (2h) h= 1.0 fit

over filter bed = h

d) Time required for the Wy to pass through the filter = ¢ = 240 hrs

| e) Surface area of the filter basin = A, (ft%) A= 121.6 |I‘t2

Notes & Additional Information: I

e) Surface Area of the Filter Basin (Af)

WQ, X ds 5,741 ft3 x 1.5 ft

kx(h+d) Xt q4g % x (1.0 ft + 1.5 ft) X 24.0 hrs

Ae(ft?) = = 121.6 ft?

59
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Infiltration Systems

> Allow stormwater to slowly enter ground and migrate downward through unsaturated zone
> Sediments and pollutants are retained in near surface soils
> Infiltration process also provides additional treatment effectiveness for many structural treatment controls

> Natural soils utilize natural processes such as physical filtering, ion exchange, adsorption, biological
procession, conversion, and uptake to remove pollutants

> Site assessments incorporate groundwater recharge feasibility, hydraulic conductivity tests
— Suitable recharge conditions are favourable
— Hydraulic conductivity of 0.5 inches per hour minimum

> Should not be implemented where there is high potential for spills that may directly infiltrate
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Infiltration Trenches (TC-20)

> Description
— Lined with filter fabric and filled with rock matrix

— Allow for water retention such that partial or total infiltration of SW
runoff into underlying soil

— Efficiency depends types and concentration of pollutants in SW
influent, porosity of rock matrix, infiltration capacity of underlying
soils

> Applications and Advantages
— Typically drain areas less than 5 Acres
— Allows for application along unused sections of developed sites
— Good for retrofitting

> Performance Criteria

— Can be improved by adding organics and loam to the subsaoill

61

Pollutant

Percent Removal

Efficiency
Total Suspended Solids 75 -90
Total Phosphorus 50 -70
Total Nitrogen 45 - 60
Metals 75-90
BOD 70 - 80
Bactena 75-90

Source: Schueler, 1987

Source: Structural Controls and LID Manual (2015).

DO Cardno




Infiltration Trench (TC-20)

> Example of a median strip Infiltration Trench with a grass buffer strip

SIDE VIEW
ST CENTER OF TRENGHCATED GRASS o
TOP VIEW \ -
PRI g 15 g 50
cesmATOuvEL LooATE KRR
AT CENTER OF TRENCH Tl pptemes| PIOrEEE -
LINED WITH PERMEABLE
PERMEABLE FILTER FABRIC
ONE FOOT
WASHED STONE
PIPE — = B
T T T AT T 8- 12 I\ SAND FILTER OR
PERMEABLE Fll TEFR FABRIC
LINES BOTTOM

62 Source: Structural Controls and LID Manual (2015). WO Cardno



Infiltration Trenches (TC-20)

> Limitations

— Avoid in areas with highly erodible, clary or silty soils and
slopes greater than 20%

— Infiltration rates of existing site soils > 0.5 in/hr; > 2.4 in/hr,
consider groundwater contaminations

— Frozen soil conditions can severely affect pollutant
.. Exceedence level |

removal efficiency

. . . - Trénchepth ]
— Contributing drainage area should not be larger than 5 % |

acres

: Depth\aligve base

> Siting Criteria

— Seasonally high groundwater should not be within 3 feet of e

the bottom of the infiltration trench

— Should not be installed in areas of high-risk land use such

as gas stations or heavy industrial sites Infiltration Trench.

Source: Innovyze
— See Manual for specific siting values https://help.innovyze.com/display/XDH2016v1/Infiltration+Trench
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Infiltration Trenches (TC-20)

64

Design and Construction Criteria

Designed by a PE using the Design Guidance Worksheets

Size the infiltration trench to capture and treat the WQv and flows in excess should be diverted
Provide pretreatment such as grassed swales or vegetated filter strips to reduce sediment loads
Consider groundwater conditions and whether trench is considered an “injection well”

Do not allow water to pond for more than 7 days from May through October

An observation well should be installed in the infiltration trench to monitor drainage and rates of
sediment accumulation

See Manual for specific design values

Infiltration Media Criteria

Defines the type of media that should be used, the spacing, hydraulic conductivity ratings

See Manual for specific criteria
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Infiltration Trenches (TC-20)

65

Inspection and Maintenance Requirements

Life span of infiltration trenches ranges from 5 — 15
years, depending on maintenance

Inspect following major storm events during first year
after installation

Clogging is likely to occur in top surface of the trench,
between filter fabric and top gravel layer

If a spill occurs and hazardous materials contaminate
the sands or gravels, remove and replace soils as
soon as possible

Accumulation of sediment.
Source: Water Research,
https://www.sciencedirect.com/scienc

elarticle/pii/S2589914720300098#fig2
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TC-20

Truckee Meadows Storm Water Quality Management Program
Design Guidance Worksheet: Infiltration Trenches TC-20

66

Method for calculating Water
Quality Volume explained for
TC-60

Infiltration Trench Dimensions

Infiltration Trench Floor Slope

* Fill out worksheet from top to bottom

Truckee Meadows Version 2.0 Released 2015

Designer: page 1 of 1
Company:
Date:
Project: Subbasin #
Location:
Key: User Input| Calculated Result lalicized Font Indicates Value is Outside Recommended Range

1. Water Cuality Woheme (W3, ) - Infilration Trench Storage a) Sub-basin area i

Sub-basin mpervious area i
a) Percent of Watershed Impenvious Area =1 % Imperviousness

b) Drainage Area=A (acres) (43,560 f° = 1 acre}
- maximum drainage area 5 acres

c) Watershed Runoff Coefficient = R, (unitless)
d) 80th Percentile Precipitation Depth = 0.0 nches

) Water Quality Volume = W, (ft)

wo, LR
Designer to select walue for Water Quality Volume for actual design

2. Infiltration T Di .

a) Surface Area (SA) of Trench

b) Porosity (void space of rock matrix) (unitless ) |:|

¢) Total Trench Voume = Vs wa ¢

d) Depth of Trench = D (recommended min 3 feet, max § feet) D= |:|:t
3. Infiltrstion Trench Floor Slope

not to exceed 1% I:h&

Notes & Additicnal Information |
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TC-20: 2. a-¢)

2. Infiltration Trench Dimensions
a) Surface Area (SA) of Trench SA = | 3,000 [ft?
ly) Porosity (void space of rock matrix) (unitless) | 0.35]
c) Total Trench Vioume =V, Vo= |t
d) Depth of Trench = D {recommended min 3 feet, max & feet) D= [t

a) Surface Area (SA): Used 3,000 ft? for this example
b) Porosity: TMSCDLIDM states it should be between 0.3 and 0.4, used 0.35 for example

c) Total Trench Volume (Vr):
« Use WQy from TC-60 since drainage area is less than 5 acres

WQy  5741ft°

= = = 16,4029 ft3
porosity 0.35

A%
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TC-20: 2. d)

2. Infiltration Trench Dimensions
a) Surface Area (SA) of Trench SA = | 3,000 [ft?
ly) Porosity (void space of rock matrix) (unitless) | 0.35]
¢) Total Trench Voume = V; Vr=| 16,402.9 [ft’
d) Depth of Trench = D {recommended min 3 feet, max & feet) D= [t

d) Depth of Trench (D):

- Vr 16,4029 ft3 cc
SA 3,000ft2 7

68 DO Cardno



TC-20: 3.

69

3. Infiltration Trench Floor Slope
not to exceed 1% [%

Notes & Additional Information |

3.

Infiltration Trench Floor Slope: Use max of 1% for example
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Infiltration Basins (TC-21)

Description

>

>

70

Lined with filter fabric and filled with rock matrix

Allow for water retention such that partial or total infiltration of stormwater runoff

into underlying soil

Efficiency depends on the types and concentration of pollutants in stormwater

influent, porosity of rock matrix, infiltration capacity of underlying soils
Applications and Advantages

— Typically drainage areas are less than 5 acres

— Allows for application along unused sections of developed sites

— Good for retrofitting

Performance Data

— Can provide 100% reduction in pollutant loading to surface waters

— Moderate efficiency for soluble pollutants

Percent Removal
Pollutant ..
Efficiency
Total Suspended Solids 55-75
Total Phosphorus 45 - 55
Total Nitrogen 10 - 20
Total Recoverable Zinc 30 - 60
Total Recoverable Lead 55 - 80

Source: UDFCD, 1999,
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Infiltration Basins (TC-21)

> Example of a typical infiltration basin design

HALK|
W A G WA TE R FROOLEN G

e S E R R R R R A LA
FRUU ST T TRR TR FR RTINS R G
T L

W OF % Y Y ¥ FLAT BASIN FLOORWITH ¥ ¥ % ¥ &
¥

AT -, TURE =T~ ¥ " &d
T I I I T2 L 22" ':?,R:“Fg -rF-f“**** L
whbidevsevihay

2 a2 L L)

T L)

s

bbbk

PLAN VIEW

Source: Structural Controls and LID Manual (2015).

PROFILE
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Infiltration Basins (TC-21)

> Limitations

— May be significant concerns regarding the
potential to degrade groundwater

— Do not apply on slopes greater than 20%

— Infiltration rates of existing site soils > 0.5
in/hr

— Frozen soil conditions can severely affect
pollutant removal efficiency

> Siting Criteria

— Should not be installed in areas of high-risk
land use such as gas stations or heavy
industrial sites

— See Manual for specific siting values

72

Figure 2 — Setback Requirements i MATLRE TREE

CR®LNE

FREEBOARD

BASIN BOTTOM ST
EeE

I0FTMIN

Setback requirements for infiltration basins
Source: Riverside County Flood Control and Water Conservation District
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Infiltration Basins (TC-21)

73

Design and Construction Criteria

— Designed by a PE using the Design Guidance Worksheets

— Size the infiltration trench to capture and treat the WQv and flows in excess should be diverted
— Consider groundwater conditions and whether trench is considered an “injection well”

— Infiltration basins can be joined with detention basins to improve water quality

— Drain the entire WQv within a maximum of 7 days

— See Manual for specific design values

Inspection and Maintenance Requirements

— Inspect following major storm events during first year after installation

— Clogging is likely to occur in top surface of the trench, between filter fabric and top gravel layer

— Be prepared to remove and replace contaminated soils as soon as possible
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TC-21

Truckee Meadows Storm Water Quality Management Program
Design Guidance Worksheet: Infiltration Basin TC-21

74

Use Water Quality Volume from
TC-60 since drainage area was
less than 5 acres

Infiltration Basin Data
Basin Side Slopes
Basin Floor Slope

* Fill out worksheet from top to bottom Truckee Meadows Version 2.0 Released 2015
Designer: page 1 of 1
Company:
Date:
Project: Subbasin #
Location:
Key: User Input| Calculated Result Kalicized Font indicates Value is Cutside Recommended Range
1. Water Quality Voheme (WQ ) - Landscape Detention Basin Storage a) Sub-basin area o
Sub-basin mpervicus area e
a) Percent of Watershed Impenvious Area =1 % Imperviousness
b) Drainage Area = A (acres) (43,580 f* = 1 acre) b) A= I:[a.;
- maximum drainage area § acres
o B —
¢} Watershed Runoff Coefficient = R, {unifess)
d) 80th Percentile Precipitation Depth = P {inches)
2] Water Quality Volume = WQ,, (f) Designer to select value for Water Quality Volume for actual design

2 Infiltration Basin Data
a) Mative Sod Infitration Rate = K, (infhr) K=

o) Basin Invert Area = A A=

t = Wa 05K, 12) x A)

3. Basin Side Slopes
(H:V = 3:1 or flatter) H:w=

Ictes & Additional Information ]

4_ Basm floor slope
not to exceed 5%

¢} Maximum Drain Time = t {186 hours or 7 days) t=|:[hr5
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TC-21: 2. a-¢)

2. Infiltration Basin Data

a) Native Soil Infiltration Rate = Ky, (in/hr) Kn= inmr
b) Basin Invert Area = A A= 2,000 |ft*
¢) Maximum Drain Time =t {168 hours or 7 days) t=|:|hrs

t="Wa,N0.5(K, M12) x A)

2. Infiltration Basin Data
a) Native Soil Infiltration Rate (Ky,): use minimum of 0.5 ;—I; stated in TMSCDLIDM

b) Basin Invert Area (A): using 2,000 ft? for this example

c) Maximum Drain Time (t):

wQ, 5,741 ft3
t= 7 = — = 137.8 hrs
0.5 X 1—5 X A 0.5 ¢~
0.5 X Tr X 2,000 ft2
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TC-21: 3-4.

76

3. Basin Side Slopes

Notes & Additional Information |

(H:V = 3:1 or fiatter) Hv=[___ 3 |1
4. Basin floor slope
not to exceed 5% %

3. Basin Side Slopes: using max ratio for example

4. Basin Floor Slope: using max slope for example
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Bioretention Systems

77

Biofiltration systems, rain gardens or landscape detention
systems

Can be paired with infiltration for additional treatment
effectiveness

Use soil and plant-based filtration to remove pollutants
through a variety of physical, biological and chemical
treatment processes

Runoff can enter the system directly off an impervious
surface via a curb cut or pipe

Plant species should be:

— Native or easily naturalized

— Low water, fertilizer and maintenance requirements
— Attractive in all seasons

— Able to withstand periodic flooding and prolonged periods
of inundation

Example section of bioretention system

'N) I\\\()n \\( A\OAN

(
— “"\)“\“\\()“\\()\\\\()m\\()m\um.‘\()“““m

0.3-0.7m

0.1m

0.15-0.2m

Source: Riversands,
https://www.riversands.com.au/bioretention-system.php
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Landscape Detention (TC-30)

> Description

— Vegetated basins underlaid by a
layer of permeable growing
media, a drain rock layer and an

underdrain system Curb Cut-

— Uses soils and plants to remove Inflow
pollutants from stormwater
runoff through physical and
biological processes

— Schematic illustrates a cross-
section of this BMP

/8

Surface Area Based on Length & Width
at Tos of Side Slopos

‘,rowucorﬁpmp
— Senled Cleanout/ 1~ WQv Water

| Monlioring Well | Surfsce
‘ — Pond Depth: |

(7 | ez ' -
I temp Ponded Water
f Weter Quairy Voluma (Way)

20-30% Topeoll anc Mukh

Source: Structural Controls and LID Manual (2015).
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Landscape Detention (TC-30)

> Applications and Advantages
— Can be implemented in commercial, residential and industrial areas
— Well suited for street median strips, parking lot islands and roadside swales
— Designers can utilize natural surface depressions and swales on the site
> Limitations
— Not suitable for locations with seasonally high groundwater
— Clogging may be an issue with high sediment loads in the runoff
— Freezing may prevent infiltration of the runoff
> Siting Criteria
— Drainage area less than one acre

— Can be on-line or off-line to the primary drainage system

— Layout will ultimately be determined by the site’s constraints (utilities, soils, existing vegetation, drainage

patterns)

79
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Landscape Detention (TC-30)

> Design and Construction Criteria
— Designed by a PE using the Design Guidance Worksheets
— Appropriate plant species can stabilize banks and increase infiltration capacity
— Flows in excess of the WQv should be diverted to conventional storm drain system
— Refer to the Manual for additional criteria related to:
 Planting Soils and Drain Rock Layer
* Infiltration and Underdrain
* Vegetation and Planting
> Inspection and Maintenance Requirements
— Regular landscaping maintenance (weeding, pruning, replace muilch)
— Inspect monthly and after large storm events
— Biannual health inspection of trees and shrubs
— If spill occurs, remove and replace affected soils and materials immediately
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TC-30

81

Water Quality Volume
Landscape Detention Basin Dimensions

Site Solls, Drainage Area Characteristics and
Drainage Requirements

Infiltration Testing
Engineered Soil Mixture and Liner Requirements

Trucioes Meadows Siom Wabsr Quality Marsgamant Program
Declgn Guldaros Workchest: Landcoaps Detentlon {Blorstention) TC-30
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TC-30: 1. €)

1. Water Quality YVolume (WQy,) - Landscape Detention Basin Storage

a) Percent of Watershed Impervious Area =1

b) Drainage Area = A (acres) (43,560 fit=1 acre)
- drainage area 1 acre maximum

¢) Watershed Runoff Coefficient = R, (unitleas)

d) 90th Percentile Precipitation Depth = P (inches)

&) Water Quality Volume = Wy, {fta]

a)

€)

Designer to select value for Water Quality Volume for actual design

=

Sub-basin area
Sub-basin impervicus area ft?

% Imperviousne ss|
As[ 1 Jac

Ry= 0.63

way [

way [

b) Drainage Area (A): use max of 1 acre

c) Watershed Runoff Coefficient (R,): use value from TC-60 (0.63)

e) Water Quality Volume (WQ,)

WQy (ft3) —

P*XRy xA 0.6in X 0.63 x 43,560 ft?

12 12

82

1,372 ft3
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TC-30: 2. b)

2. Landscape Detention Basin Dimensions

a) Surface Area (SA) of basin SA= 2,000]f?

b) Ponding Depth = Dy (B-nch minimum, 12-inch maximum) Dy = in

a) Surface Area (SA): use 2,000 ft? for example
b) Ponding Depth (Dyqv):

wQ, 1,372 f3

Doy = X 12 = x 12 = 8.2
WQV = Tga 2.000 ft2 i

83 DO Cardno



TC-30: 3. a-e)

3. Site Soilz, Drainage Area Characteristics and Drainage Requirements

Answer ALL questions 3a to 3e to determine design requirements Inﬁltr:]tiDn with Permeable Filter Fabric Liner
Or Pea Gravel (3c=xand 3d = N)
Check "x" only one appropriate box based on following criteria
a) Subgrade is an expansive clay I:[Inﬁltratian with Underdrain and Permeable
b} Subgrade iz a poor-draining soil (Infiltration = 0.5 infhr) Filter Fabric Liner or Pea Gravel
¢) Subgrade is a well-draining scil (Infiltration > 0.5 in/hr) X (3b=xand 3d =N)
Answer Yes (Y) or Mo (N) to the following question I:[NO Infiltration, Install Underdrain with an
d) Does tributary drainage area have land uses with outdoor Impermeable Liner (Ja=xor3d=Y)
use or storage of chemicals or materials that could spill
(e.g. a gas station, a hardware store, etc.)? "y" or"n” I:[DD MOT USE TC-30 unless underdrain can be
constructed fo an alternative drainage feature
g) Check "x" box if no storm drain system is available :[ (3aor3b=xand 3e =x)

(e.g. downgradient storm drain pipe or drainage)

a-c) Check the box that describes the subgrade (c was checked for this example)
d) If there is danger of chemical/material spills mark “Y”, if not mark “N” (N was used for this example)
e) Mark the box if there is no storm drain system available (not marked for this example)

Then mark the appropriate yellow box on the right that is associated with your answers from a-e
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TC-30: 4. a-b)

85

4. Infiltration Testing
If infiltration proposed, percolation testing reguired
a) Site infiltration testing conducted (™Y" or "N”)
b) Test results: Ave infiltration rate at basin depth =

Y

0.5

Hote: Minimum infiltration rate without an underdrain = 0.5 in/hr

infhr

Other:

a) If infiltration is proposed in the result from section 3 the testing is required (mark “Y"),

if not (mark “N”)

b) Test results: using minimum of 0.5 for this example

DO Cardno



TC-30: 5. a-b)

5. Engineered Soil Mixture and Liner Reguirements

a) 18” min depth well mixed combination of Clean Sand (50-65%), Use a sand/composttopsoil mix
Certified Compost or Peat Moss (5-20%), and Topsoil (20-30%) no underdrain pipe reguired if well-drained soils

overlying a pea gravel layer and an 8" Clean Coarse Aggregate subbase

Usze a sand/peatfiopsoil mix with an
underdrain pipe system

I:[Use a sand/peatftopsoil mix with an
impemeable liner and an underdrain pipe system

k) Other Other:

[Motes & Additional Information |
|

a) Mark the combination of soil mixture and underdrain that will be
used for the design

b) Other: state the soil and drainage being used if it is not one of the
options provided
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Extended Detention Basins

87

Designed to detain the WQvV produced by frequently occurring storm events

Stormwater is slowly released by outlet structure and pollutants are removed through settling and
biochemical processes

Do not have permanent pool and water is not retained during storm events

Used for flood control by including additional flood detention storage and outlet structures

Emergency flood control

" Flood control

Components of reservoir with flood water detention
Source: Neitsch et al., 2011,
https://www.researchgate.net/figure/Components-of-a-

reservoir-with-flood-water-detention-Neitsch-et-al- Q’) Cardno
2011 figd 283418112
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Sedimentation Basins (TC-40)

88

Description
— Allows fine-grained sediments and associated pollutants to settle

— Unlined and can have potential infiltration

— Existing flood control structures can be converted to sedimentation basins by modifying existing outlet

structure
— Requires minimal amount of hydraulic head; few siting constraints
Applications and Advantages
— Residential, commercial, and industrial areas
Limitations
— Discharges from sedimentation basins can increase water temperatures downstream
— May not be effective at settling very find sediment particles

— Cannot be placed on steep slopes
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Sedimentation Basins (TC-40)

>

89

Siting Criteria

— Not recommended to be place adjacent to sensitive
wetlands or perennial streams

— Existing flood control detention basins can be
retrofitted with sedimentation basin outlet
structures

— Appropriate for sites with drainage area greater
than 5 Ac

Design and Construction Criteria

— Registered PE and landscape architect should
work together on design

— Impermeable liner may be necessary to prevent
infiltration and groundwater contamination

— Stabilize basin sidewalls with riprap and vegetation

— See Manual for additional design guidelines

Sedimentation Basin.

Source: RCD Monterey,
https://www.rcdmonterey.org/water-sedimentation-basins

DO Cardno
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Sedimentation Basins (TC-40)

> Hydraulic Design Criteria
— See Design Guidance Worksheet and Manual for specific design criteria
> |Inspection and Maintenance Requirements Criteria
— Inspect after first large storm event to ensure basin is draining
— Inspect before and after rainy season for standing water, animal burrows, slope stability

— Install a staff gage to indicate depth of accumulated sediment — should not exceed 10% of basin volume
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TC-40

Truokss Meadows 3tcrm Water Guality Mamagemant Program
Dascign Guidanos Workchest: Sadimantaiion Baclin TC-20

Water Quality Volume

Outlet Structure

Detention Basin Length to Width Ratio
Pre-sedimentation Forebay Basin
Basin Sizing

Basin Side Slopes

Dam Embankment Side Slopes
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TC-40: 1. €)

92

a) Percent of Watershed Impenious Area = |

b) Drainage Area = A (acres) (43,560 f* = 1 acre)
- minimum drainage area of 5 acres

c) Watershed Rumaff Coefficient = Ry (unitless)
d} 20th Percentile Precipitation Depth = P (inches)

&) Water Quality Volume = W, (/%)

a) Sub-basin area ft’
Sub-basin impenvious area) ftt
% Imperviousness
0 P —
3 3 —
S M
O

Designer to select value for Water Quality Volume for actual design

Drainage Area (A): use min of 5 acres (217,800 ft?)
Watershed Runoff Coefficient (R, ): use value from TC-60 (0.63)

Water Quality Volume (WQ,)

WQ, (ft3) —

P*XRy XA 0.6in x 0.63 x 217,800 ft*

= 6,861 ft>

12

12
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TC-40: 2. a-d)

2. Outlet Structure
3) Depth of water above the centering of the 3) H=l 3 et
bt rov of perforations, H (8' max.)
b) Mumber of perforations per column, M. b} ne=[__ 9 |
¢} Target drain fime., t. (48 hour min.. 188 hour max.) c) = hours
d) Detention basin bottom slope, 5 d) s=|__ 001 |mm
&) Required Maximum Outlet Area per Column = A, &) A= |n
f} Mumber of Columns, n, li} n'-'=|:|
g) Area of Each Perforation = A_,. g) Al n
h) Diameter of individual circular perforation, d ) d=[ i
[Rounded to the nearest 1/18th of an inch)

a) Depth of Water Above the Centerline of the Bottom Row of Perforations: use 3’ for example
b) Number of Perforations per Column (npe.f): 9

 Orifices are spaced on 4" centers: with 8 feet depth orifices will be at O, 4, 8, 12, 16, 20, 24,
28, and 32 inches from bottom

c) Target Drain Time (t): TMSCDLIDM states the recommended detention time is 72 hrs
93 d) Detention Basin Bottom Slope (S): 1% used for example DO Cardno



TC-40: 2. €)

2. Outlet Structure
3) Depth of water above the centering of the 3) H=l 3 et
bt rov of perforations, H (8' max.)
b) Mumber of perforations per column, n,, b) Mo = |I|
&) Tanget drain time. t. (42 hour min.. 188 hour mae.} g} = hours
d) Detention basin botiom slope, 5 d) s=[ 001 |
&) Required Maximum Outlet Area per Column = A, g) A= |n
f} Mumber of Columns, n, li} n'-'=|:|
g) Area of Each Perforation = A_,. g Al n
h) Diameter of individual circular perforation, d ) d=[ i
(Rounded to the nearest 1/16th of an inch)

e) Required Maximum Outlet Area per Column (4):
a= 1.22(8_0'09) — 1.85 B 723[\/01(0.95/1-[0-085)]

A, = Vol(acre — ft) = 6,861 ft3 Lacre=ft) _ 416 acre — ft
b = 26(803) — 0.65 0 t(Hb) ) (43559.9 ft3)
c = 0.95 72(1.85)[0-16(0'95/30'085)] )

A, = = 0.19in
d = 0.085 ! 72 (30:65)
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TC-40: 2. f-h)

2. Outlet Structure
3) Depth of water above the centering of the 3) H=l 3 et
bt rov of perforations, H (8' max.)
b) Mumber of perforations per column, n,, b) Mo = |I|
&) Tanget drain time. t. (42 hour min.. 188 hour mae.} g} = hours
d) Detention basin botiom slope, 5 d) s=[ 001 |
&) Required Maximum Outlet Area per Column = A, g) aA=[__019 Jn°
f} Mumber of Columns, n, Il n,=
g) Area of Each Perforation = A_,. g Aw=[__ 011 |
h) Diameter of individual circular perforation, d ) d=[___3/8_ i
(Rounded to the nearest 1/16th of an inch)

0)

95

Number of Columns (n.):16
Area of Each Perforation (Aperr):

A = r? = 1 x (0.1875 in)?= 0.11 in?
Diameter of individual circular perforation (d): 3/8 inch
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TC-40: 3-4.

Y
4. Pre-sedimentation Forebay Basin - Enter design values
a) Volume a) ﬂg
b) Surface Area ) [ 343 |
2} Conrector Pipe Diameter 2) [ 22 |
[Size to drain this volume in 5-minutes under inlet comtrol)
dj PavedHard Botiom and Sides d} [ Y vesty)ornoin)

96

Detention Basin Length to Width Ratio: used min of 2:1
Pre-Sedimentation Forebay Basin:

a) Volume: 5-10% of WQ,, (City and County of Sacramento, 2007)

Volume = .1 X 6,861 ft3 = 686.1 ft3
a) Surface Area: assume 2 foot depth, 343 ft® surface area
b) Connector Pipe Diameter: 24 in.

c) Paved/Hard Bottom and Sides: said yes because it makes any

necessary maintenance easier
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TC-40: 5. a-b)

5. Basin Sizi
a) Basin Top Stage Depth (Depth Dy = 2' Minimunm) a)

Storage=|  7.547.1 |#°

b) veh, = 8,233.2 ¢

b) Total Volume: Viol,, = Storage from 44 + 5A

a) Basin Top Stage Depth (Dyq): used 2 ft minimum

« Storage: TMSCDLIDM states the basin should be
designed to detain a volume equal to 120% of WQ,

8,233.2 ft3 — 686.1 ft> = 7,547.1 ft>

b) Total Volume (Voliyy):
Volor = 1.2 X 6,861 ft3 = 8,233.2 ft3

97
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TC-40: 6-8.

98

ﬁ. =850 = HOpES L e [ NTUN0 SSOITHFENEGRION Daoil

H:V = horizontal distance per unit vertical (minimum 4:1, fiatter preferred) Hv=[ 4 |1
7 DamE P o

H:W = horizontal distance per unit vertical, (minimum 3:1, flatier preferred) H:W =:l

8. Wegetation (Chech "x" the method or descrie "Ciher)

Motes & Additional Information |

X Mative Grass
Imigated Turf Grass
Cther

6. Basin Side Slopes: used min 4:1

7.

Dam Embankment Side Slopes: used min 3:1

8. Vegetation: checked native grass, if turf or other is used check and describe
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Stormwater Wetlands (TC-51)

> Description

99

Shallow ponds with a perennial baseflow that supports
the growth of rushes, willows, cattails, reeds and other
wetland vegetation

Purpose is to slow the flow of water and allow
sediments to settle out of suspension as well as the
biological uptake of nutrients by vegetation

Artificial structures but can incorporate sections of
“natural” wetlands following state and federal
regulations

Differ from stormwater ponds by having relatively large
shallow areas with complex micro-topography that
supports a greater and larger variety of wetland
vegetation

-
.-"'/

Gabion Weir
Foreba

Permanent W s

Spillway Crest
Floy, Ziod g 1
A ;—
'| | 5 4 Cutoff Collar
A & g "\_‘
L \__x"f "-“\‘_.—f |' N Ffl N
"qr\-\_\._ .
] T . |
s L LS Profile Provide Bottom Cirain

':Lr!lpa:‘:t Baginart ||-||F.;Ij Mot To Scale

F i W W

Source: Structural Controls and LID Manual (2015).
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Stormwater Wetlands (TC-51)

> Applications and Advantages

— Applied to treat stormwater runoff from large
tributary catchment areas

> Limitations

— Require a perennial baseflow to sustain wetland
vegetation

> Performance Data

— No data on metals, but effective at reducing TSS

100

Pollutant

Influent

Effluent

Total Suspended Sclids (ma/l)

82.1 (65.7-103)

19.7 (16.6-23.4)

Total Copper (ug/1) n/a n/a
Dissolved Copper (ug/l) n/a nfa
Total Lead (ug/1) 12.6 (3.8-42) 3.25(1.9-5.6)
Dissolved Lead (ug/1) n/a n/a
Total Zinc (ug/1) 164 (54.6-494) 1119 (32.8-429)
Dissolved Zinc (ug/1) n/a n/a
Total Phosphorus (ma/1) 2,91 (1.9-4.6) 0.15 (0.07-0.33)
Total Nitrogen (ma/l) 2.56 (1.6-4) 2.42 (1.46-4.0)
TKN (mg/l) 1.23 (1-1.6) 1.33 (0.84-2.11)

Source: UDFCD, 2005.

Source: Structural Controls and LID Manual (2015).
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Stormwater Wetlands (TC-51)

> Siting Criteria

— Areas with high volumes of suspended sediments and dissolved contaminants

— Site the wetland and design for inflow offline from other high flow or flood flow conveyance
> Design and Construction Criteria

— Registered PE and landscape architect should work together and utilize Design Guidance Worksheet to
design stormwater ponds

— Should be sized to contain the permanent pool plus the WQv
— Impermeable liner may be needed if the pond is located in an area with porous soils
— Refer to Manual for more design details
> |nspection and Maintenance Requirements
— Inspect semi-annually for structural integrity, sediment accumulation and burrows
— Cut and remove wetland plants annually to remove nutrients; remove sediments

— Stock pond with mosquito fish
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Truckas Meadows Siorm Water Quallty Managesment Program
TC-51 - -
Water Quality Volume » =|uf ' — = :
2. Wetland Pond Volume, Depth, and Water 5“:};{“ - =
Surface Area i oty e —
B iy I
3. Average Side Slope Above Water Surface
4. Outlet Works
5. Basin Use for Quantity Controls
6. Basin Length to Width Ratio
7. Basin Side Slopes
8. Annual/Seasonal Water Balance
9. Vegetation
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TC-51: 1. €)

1. Water Quality Volume (W2 ) a) Sub-basin area ftt
Sub-basin impervious area ft*
a) Percent of Watershed Impervious Area = | % Imperviousness

b) Drainage Area = A (acres) (43,560 ft2=1 acre) Ib) A= |:|ac
c) Watershed Runoff Coefficient = Ry, (unitless) c) Ry = l:l

d) 90th Percentile Precipitation Depth = 0.6 (inches) il Wiy = |:|J‘7t3

&) Water Quality Volume = Wa, (ft) wa, = |:|ft3

Designer to select value for Water Quality Volume for actual design

e) Water Quality Volume:
* No statement in TMSCDLIDM about min or max drainage area
 Will use TC-60 value of 5,741 ft3 in this example
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TC-51: 2. a)

104

2. Wetland Pond VYolume, Depth, and Water Surface Area (WS Area)

a) Minimum Calculated Permanent Pool: Vol = 2 * Wy,

b) Forebay
Depth minimum = 3", maximum = 4'
Vol = 15% to 25% of of Permanent Pool Volume in 24

¢} Wetland Zones with Emergent \Vegetation { 0.50" to 1.0" deep)
{Area not more than 50% of Design Water Surface Area)

d) Free Water Surface Areas ( 2' to 4" deep)
{Area = 30% to 50% of Design WS Area)

Wolpgg =
WS Area =

Calculated Reguired Minimums:

&
ft, estimated

Enter the Actual Design Values:

Wolpgy =
W5 Area =

Depth=
Valume=

Depth=
Area=

Depth=
Area=

fi

P

ft3, final design
ftz, final design

3

ft
ftt
ft

it
Total area (b+c+d) =

o =

a) Minimum Calculated Permanent Pool:
2 X WQ, = 2 x 5,741 ft3 = 11,482 ft3

« Use max depth of 4 ft
Volpoor 11,482 ft3

WS Area = =
red Depth 4 ft

= 2,870.5 ft?
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TC-51: 2. b)

2. Wetland Pond VYolume, Depth, and Water Surface Area (WS Area)

Calculated Reguired Minimums:
a) Minimum Calculated Permanent Pool: Vol = 2 * Wy, Wolpgg = ft°

WS Area = ft, estimated

Enter the Actual Design Values:

Wolpgy = 11,482 ft3, final design
WS Area = 2870.5 ft°, final design
b) Forebay
Depth minimum = 3', maximum = 4' Depth= 4 fit
Vol = 15% to 25% of of Permanent Pool Volume in 24 Volumes= 2.296.4 it

¢} Wetland Zones with Emergent \Vegetation { 0.50" to 1.0" deep)
Depth= fit
{Area not more than 50% of Design Water Surface Area) Area= it Y% =

1

d) Free Water Surface Areas ( 2' to 4" deep) Depth= fit
{Area = 30% to 50% of Design WS Area) Area= 2 % =
Total area (b+c+d) = %

b) Forebay: use max depth of 4 ft

Vol = 0.20 X Volpool = 0.20x 11,482 ft3 2,296.4 ft3
Vol 2,296.4 ft3

: 574.1 ft?
Area = = — =5741ft*> ¢ ——
Depth 4 ft /0 2,870.5 ft?

=20%
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TC-51: 2. ¢)

106

2. Wetland Pond VYolume, Depth, and Water Surface Area (WS Area)

a) Minimum Calculated Permanent Pool: Vol = 2 * Wy,

b) Forebay
Depth minimum = 3", maximum = 4'
Viol = 15% to 25% of of Permanent Pool Volume in 2A

{Area not more than 50% of Design Water Surface Area)

¢} Wetland Zones with Emergent \Vegetation { 0.50" to 1.0" deep)

d) Free Water Surface Areas ( 2' to 4" deep)

Calculated Reguired Minimums:
Vol = it

WS Area = ft, estimated

Enter the Actual Design Values:

Wolpgy = 11,482 ft3, final design
WS Area = 2870.5 ft°, final design
Depth= 4 fit
Volumes= 2.296.4 ft
Area= 574.1 |#f w={20 |
Depth=

it

Depth= fit
{Area = 30% to 50% of Design WS Area) Area= 2 % =
Total area (b+c+d) = %

c) Wetland Zones with Emergent Vegetation: use max depth of 1 ft

Area = WS Area x 0.40 = 2,870.5 ft* x 0.40 = 1,148.2 ft?

% =40%
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TC-51: 2. d)

2. Wetland Pond Volume, Depth, and Water Surface Area (WS Area)
Calculated Reguired Minimums:
a) Minimum Calculated Permanent Pool: Vol = 2 * Wy, Wolpgg = ft°
WS Area = ft, estimated
Enter the Actual Design Values:
Wolpgy = 11,482 ft3, final design
WS Area = 2870.5 ft°, final design
b) Forebay
Depth minimum = 3', maximum = 4' Depth= 4 fit
Vol = 15% to 25% of of Permanent Pool Volume in 24 Volumes= 2.296.4 it
Area=| 5741 | %20 |
¢} Wetland Zones with Emergent \Vegetation { 0.50" to 1.0" deep)
Depth= 1 fit
{Area not more than 50% of Design Water Surface Area) Area= 1.148.2 it % =
d) Free Water Surface Areas ( 2' to 4" deep) Depth= 4 fit
{Area = 30% to 50% of Design WS Area) Area= 1,148.2 ft? % = 40
Total area (b+c+d) = 100 [%

d) Free Water Surface Areas: use max depth of 4 ft
Area = WS Area x 0.40 = 2,870.5 ft? x 0.40 = 1,148.2 ft?
% = 40%
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Underground Sand Filter (TC-61)

> Description

108

Composed of three main chambers and is
Isolated underground

Known as D.C. or Delaware sand filter -
Comprised of a bypass chamber, a =1 l ) I_[i_r
sedimentation chamber, a flow distribution cell —_— g:‘: =
- INFLOW
and a sand filter bed PIPE ) QUIFLOW
Sedimentation chamber removes floatables and -

heavy sediments CTOR

Sand filter bed removes suspended sediments PIPE

and associated pollutants such as: D.C. UNDERGROUND SAND FILTER HOODED BYPASS ILLUSTRATION

« fecal coliform bacteria, trace metals, and oill

and grease from the runoff
9 Source: Structural Controls and LID Manual (2015).
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Underground Sand Filter (TC-61)

> Applications and Advantages _
Maintenance ' G ;

— Treating runoff from drainage areas containing a
significant percentage of impervious area such as
roadways, parking lots, commercial and industrial areas

— Well adapted for locations with limited land area

> Qutlet to
storm sewer

Perforated
pipe

— Climate does not have a large impact on the
effectiveness because they are underground

> Limitations

— Standing water may provide mosquito habitat if access
through manhole or other points of entry is available

Qil/grit trap

> Siting Criteria
Underground sand filter.
— Under roadways, parking lots, sidewalks or landscaped
areas Source: Montgomery County, Maryland,
Department of Environmental Protection.
— Also along the perimeter of parking lots
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Underground Sand Filter (TC-61)

> Design and Construction Criteria
— Registered PE should design surface sand filters and utilize Design Guidance Worksheet
— Flows in excess of the WQv should be diverted around the underground sand filter
— Refer to Manual for more design details
> |nspection and Maintenance Requirements
— Life of a well-maintained underground sand filter is between 5 and 20 years
— Water levels should be monitored every 3 months and after each big storm for the first year
— Monitor 3 times per year, and keep records of your observations
— Consider what access will look like (ladders with manhole)

— Filter media may need to be replaced every 3 to 5 years
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TC-61(a): 1. e)

112

1. Water Quality Volume: (W)

a) Percent of Watershed Impervious Area = |
b) Drainage Area = A (acres) (43,560 ff=1 acre); max 1.5 acres
¢) Watershed Runoff Coefficient = Ry (unitleas)

d) 90th Percentile Precipitation Depth = P (inches)

e) Water Quality Volume ='W, (ﬂa}

a)

|

c)

&)

Sub-basin impervious area
% Imperviousness

Sub-basin area

wo,

o

|Designer to select value for Water Quality Volume for actual design

Drainage Area (A): use max of 1.5 acres (65,340 ft?)
Watershed Runoff Coefficient (R, ): use value from TC-60 (0.63)

Water Quality Volume (WQ,)

P*XRy XA 0.6in X 0.63 X 65,340 ft?

= 2,058 ft>

WQV(ft3) - 12

12
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TC-61(a): 2. a)

113

2.

Sand Filter Basin Design

a) Filter depth: dr =dg+ d;
dg = gravel bed, minimum 16-inches thick
dg = sand filter layer, minimum 13-inches thick

b} Coefficient of permeability for sand filter = k
{Use k = 1.15 ft'hr for clean, well-graded sand and gravel)

c) Maximum allowable water depth in sand filter = by,
Nmax = inlet elevation - outlet elevation

d) One half the maximum allowable water depth (Zh)
over fitter bed = h {Zh = hipge - di)

&) Time reguired for the W, to pass through the filker = &
{max time = 48 hrs)
f) Surface area of the filter basin = A, (i)

dg=
d$=

16 in ft
_ 18 in f
dr= ft
k= ftfhr
hm = ft

Filter Depth: Use minimums for d, and dg

dg

ds

df = dg +ds = 1.33ft+ 1.5ft = 2.83 ft

C16inx—1C _ 1335
AT

_18inx - _15g
- T
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TC-61(a): 2. b-d)

2. Sand Filter Basin Design

a) Filter depth: dr =dg+ d; dg= 16 in 1.33 ft
dg = gravel bed, minimum 18-inches thick dg= 18 in 1.5 ft
dg = sand filter layer, minimum 13-inches thick dr= 2.83 ft

b) Coefficient of permeahility for sand filter = k k= 1.18 ftihr

{Use k = 1.15 ft'hr for clean, well-graded sand and gravel)

c) Maximum allowable water depth in sand filter = by,
Nmax = inlet elevation - outlet elevation Fmax = 4 ft

d}) One half the maximum allowable water depth (2h)

over filter bed = h (Zh = Ny - di) h =|:[ﬂ

&) Time reguired for the W, to pass through the filker = & t= hrs

{max time = 48 hrs)

f) Surface area of the filter basin = Ay (i) Aq =|:[f't2

b) Coefficient of Permeability for Sand Filter (k): use 1.18 %

c) Maximum Allowable Water Depth (h,,.x): use 4 ft for example

d) One Half the Maximum Allowable Water Depth Over Filter Bed (h):

h... —de 4ft—283ft
h(ft) = ma"z L . — 0.585 ft
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TC-61(a): 2. e-f)

2. Sand Filter Basin Design

a) Filter depth: dr =dg+ d; dg= 16 in 1.33 ft
dg = gravel bed, minimum 18-inches thick dg= 18 in 1.5 ft
dg = sand filter layer, minimum 13-inches thick dr= 2.83 ft

b) Coefficient of permeability for sand filter = k k= 1.18 ftthr

{Use k = 1.15 ft'hr for clean, well-graded sand and gravel)

c) Maximum allowable water depth in sand filter = by,

Nmax = inlet elevation - outlet elevation Fmax = 4 ft
d) One half the maximum allowable water depth (Zh)

aver filter bed = h {2h = hypge - ds) h= 0.585 |ft
&) Time required for the WQy, to pass through the filter = t; t= 48 hrs

(max time = 48 hrs)
f) Surface area of the filter basin = Ar (i) as

e) Time Required for W@, to Pass Through the Filter (¢7): use max of 48 hrs
f)  Surface Area of the Filter Basin (A¢):
WQ,xd 2,058 ft> x 2.83 ft

ex(htdp) Xty 11878« (0585 ft +2.83 f£) x 48 hrs

= 30.1 ft?
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TC-61(a): 3. a-b)

3. Filter Dimensions

a) Filter width =W, W= & it
b) Length: Lf = AfWF Lr= ft

a) Filter Width (Wp):
« assume width of 4 ft for example
« consider site constraints for actual design
b) Length (L¢):
A 30.1ft?

Le = = 7.5 ft
E7wWe ™ 4ft
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TC-61(a): 4. a-c)

a)

b)

117

4. System Storage Volume
a) Available Storage Above Filter Bed: V= Ar x 2h v,,=|:[fr3
b) Storage in Filter Voids: V, = 0.4 x Ay x dr Vy =|:[ft3
¢) Flow Throuwgh the Filter During Filling
Vg = kA(dy + h)tsddy, assume t; = 1 hr and k per 2 b above veu

Available Storage Above Filter Bed (Vy):

Vi = A¢ X 2h = 30.1 ft2 x (4 ft — 2.83 ft) = 35.2 ft3
Storage in Filter Voids (V,):

V, = 0.4 x Af x df = 0.4 x 30.1 ft2 x 2.83 ft = 34.1 ft3
Flow Through the Filter During Filling (Vy):

« TMSCDLIDM: assume k = 0.0833 % ,t¢e=1hr
ft

_ kxApx (df+h) xte 00833 - x30.1 ft* x (2.83 ft+ 0.585ft) x 1 hr

= 3.0 ft3

q ds 2.83 ft
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TC-61(a): 5. a-b)

5. Permanent Pool

a) Required net storage
b) Minimum Length: Lm = Vel (2h)(We) L=t

IHotes & Additional Information:

a) Required Net Storage (Vs;):
Vor = WQy — Vi — Vy — Vg = 2,058 ft® — 35.2 ft° — 34.1 ft> — 3.0 ft°

= 1,985.7 ft3
b) Minimum Length (Lyp,):
\/ 1,985.7 ft3

L ft) = = = 424.3 ft
pm ({0 2h x Wr  (4ft—2.83ft) x 4ft
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TC-61(b)

Truciss Meadows Siom Wabsr Quallty Mansgsmsant Program

1. Water Quality Volume . e
2. Sand Filter Basin Design I i e —
. . mmmu--nimnumn-s-c- b = I
3. Sediment Chamber and Filter Length e e A —
o R =
4,
S.

119

System Storage Volume

Permanent Pool

by Dol of perrmasity for mnd flinr = & S (yplaaly 1,58 B e
ey, sl racted mmrd mrel gvel)

cf Mux e allowsbls warls: SepE b mnc e = b,
o ™ I ml B - bt wwwon

) Drm Sl e e slicwnbis water dach [7H)
over WEroedm b (2w -

) Tirrs mmquiend o £ WO, i s Shroaugh s e =
e e w0 e

F
[
>

) Avwlatis Sorags Abows Fber Dad Vg = 8,3 20
b Through Fils ‘woide ', = 06 Ay

c} Flow Theaugh S Files During Filing
W, = kgl ¢ ikt How 1 b

. Prmmome Pool.

) Paquirsc Hat Shomege
Vi W - AT W g

Bl M Langth: L ® W [ZR0A)

(ot it et |

5

;

000t | g0 |
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TC-61(b): 1. €)

1. Water Quality Volume (WQ,)

a) Percent of Watershed Impervicus Area = |
b) Drainage Area = A (acres): Maximum = 5 acres
c) Watershed Runoff Coefficient = R, (unitless)

d) S0th Percentile Precipitation Depth = 0.6 (inches)

Le)_Water Quality Volume = Wa, (') |

a) Sub-basin area

Sub-basin impervious area

2 3

% Imperviousness

I A Tac
g 2 —
e) wa,=[ 5741 |*

e —
Designer to select value for Water Quality Volume for actual design

e) Water Quality Volume:

- Max drainage area 5 acres

 Will use TC-60 value of 5,741 ft3 in this example

120
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TC-61(b): 2. a-d)

2 Sand Filter Bazin Desgign

|a) Fitter depth = a._d, + q, d
d, = gravel bed, minimum 16-inches d
d, = sand filter layer, minimum 13-inches d=l 283 ft

=
(0]
5
=

b} Coef of permeability for sand filter = k ft'hr (typically 1.18 ft'hr for k= 1.18 ft'hr
clean, well-graded sand and gravel)

¢} Maximurn allowable water depth in sand filter = b,
Fionae = inlet elevation - outlet elevation Pirax = 4 ft

1d) One half the maximum allowable water depth (Zh) 2h= 1.17
over filter bed = h (2h = Ry - o) h= 0.585 ft

&) Time required for the WQ, to pass through the filter = ¢ = hrs
(max time = 48 hrs)

f) Sediment Chamber Area (A;) and Filter Ao = A =|:[1=r2

Surface Area (Af) = Af = Ay (fE2)

a) Filter Depth (df): use 2.83 ft from TC-61(a)
b) Coef of Permeability for Sand Filter (k): use 1.18 %

c) Maximum Allowable Water Depth in sand filter (h,,.x): use 4 ft like TC-61(a)
d) One Half the Maximum Allowable Water Depth Over Filter Bed: use 2h and h values from TC-61(a)
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TC-61(b): 2. e-f)

2 Sand Filter Bazin Desgign

a) Filter depth = dro dy+ d, d,
d, = gravel bed, minimum 16-inches d
d, = sand filter layer, minimum 13-inches d=l 283 ft

=

(00}
5

=

b) Coef of permeability for sand filter = k ft'hr {bypically 1.18 fthr for k= 1.18 ft'hr
clean, well-graded sand and gravel)

¢} Maximurn allowable water depth in sand filter = b,
Fionae = inlet elevation - outlet elevation Pirax = 4 ft

d) One half the maximum allowable water depth (2h) 2h= 1.17
over filter bed = h (2h = Ry - o) h= 0.585 ft

&) Time required for the WQ, to pass through the filter = ¢ t= 48 hrs
(max time = 48 hrs)

f) Sediment Chamber Area (A;) and Filter Ao = A =|:[1=r2

Surface Area (Af) = Af = Ay (fE2)

e) Time Required for the WQ,, to Pass Through the Filter (t;): use max 48 hrs
f)  Sediment Chamber Area (As) and Filter Surface Area (4y):
wQ,xds 5,741 ft3 x 2.83 ft

= 84 ft?
ke x (h+ds) Xt 118ft><(0585ft+283ft)><48h7”5
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TC-61(b): 3.

3. Sediment Chamber and Filter Lenath: L. = L, = AJW, Ly =L, =|:[ﬂ

Width =W, = W, (typically 18 to 30 inches wide) W= 24 in l:[ﬂ

« Width (W, , W): use 24 inches (2 feet) for example
 Sediment Chamber and Filter Length (L , Ly):
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TC-61(b): 4. a-c)

124

a)

b)

4. System Storage Volume

a) Available Storage Above Filter Bed: V= A, x 2h v,,=|:[ﬂ*
b) Through Filter Voids: V, = 0.4 x A, x d; e =|:[ﬂ5
¢} Flow Through the Filter During Filling:

Ve ki B - O —

Available Storage Above Filter Bed (V;):

Vi = Af X 2h = 84 ft2 x 1.17 ft = 98.28 ft3

Storage in Filter Voids (V,):

Vi, = 0.4 X Af x df = 0.4 X 84 ft? x 2.83 ft = 95.1 ft3
Flow Through the Filter During Filling (V):

 TMSCDLIDM: assume k = 0.0833 % ,tg=1hr

ft

kX Apx (de+h)xt; 00833 x84 ft* x (2.83 ft+ 0.585ft) x 1 hr

= 8.4 ft3

a ds 2.83 ft
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TC-61(b): 5. a-b)

5. Permanent Pool

a) Required Met Storage:
Ve = WQv - VH - Vv - Vg vesl
) Minimum Length: L., = V. (2h){W,) Lo =|:[ﬁ

Jnotes & Additional Information: |
L]

a) Required Net Storage (Vs;):
Vst = WQy — Vi — Vy, — Vg = 5,741 ft> — 98.28 ft> — 95.1 ft*> — 8.4 ft> = 5,539.2 ft®
b) Minimum Length (Lyp,):

Vs  5539.2ft
2h x Wy 1.17 ft x 2 ft

Lpm (ft) = = 2,367.2 ft

125 DO Cardno



Porous Pavements (TC-62)

> Porous paving systems allow infiltration of stormwater while
providing a stable load-bearing surface for walking and driving

> Contain void spaces to provide infiltration of runoff into their porous
materials and then into existing site soils

Porous pavers

> Underlying materials consist of clean sands or gravels separated
from existing site soils by synthetic filter fabric

> Underlying materials detain and filter pollutants prior to infiltration.., ...,
into underlying soils or discharge to a conventional storm drain
system through an underdrain system

Infiltration to subsoil

> Porous paving systems can preserve natural discharge patterns,
enhance groundwater recharge and soil moisture, and help
establish and maintain roadside vegetation SReRRn o Festestion tren i {counes rovely

> Not ideal for heavily trafficked applications
Porous Pavements.

Source:
http://urbanwater.melbourne.vic.gov.au/industry/t
126 reatment-types/what-is-porous-pavement/



Porous Pavement Types

> Porous Pavement Detention (TC-62A)

— Installation of open-celled block pavers that is flat with a 2-inch deep surcharge zone to store
temporarily the WQv

— Best for parking areas and low traffic volume roadways where little to no truck traffic is anticipated

> Open Celled Block Pavers (TC-62B) and Open Jointed Block Pavers (TC-62C)
— Blocks or slabs made of concrete or brick with open surface voids that penetrate their surface area
— Solid block units made of concrete, clay or stone that form an interlocking, flexible pavement surface
— Pavers reduce runoff from paved areas and the ponding that typically occurs in parking lots

— Also best in parking areas and low traffic volume roadways
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P

orous Pavement Types

>

>

128

Porous Concrete and Asphalt (TC-62D)

— Constructed by binding open-graded aggregate and
therefore contain void spaces that allow water to pass
through a permeable subbase layer

— ldeal for light to medium duty applications like residential
access roads

— Airport runways and highways as it creates a favorable
driving surface in rainy weather

Porous Turf Pavement (TC-62E)

— Stabilized grass surface that can support intermittent
pedestrian or vehicular traffic

— Gives the appearance of “green space”

Driveable Grass.

Source: The Houzz,
https://www.houzz.com/photos/drivable-grass%C2%AE-
porous-grass-paving-contemporary-landscape-san-diego-

phvw-vp~5111917
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P

orous Pavement Types

>

>
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Porous Gravel Pavement (TC-62F)

— Loose gravel-surface paving placed over a porous sub-

base

— Reduces runoff from paved areas and the ponding that

occurs during and after large storm events

— Can be used as a substitute for conventional pavement

Open Celled Plastic Grids (TC-62G)

— Manufactured plastic lattices that can be filled with
aggregate or topsoil and planted with turf

— Also referred to as geocells, and made with recycled
plastics

— Limited to low intensity use and areas with low traffic
speeds, such as driveways, residential street parking
lanes or parking lots

Pavers.

Source: True Grid Paver,
https://www.truegridpaver.com/complete-

quide-permeable-paving-
systems%EF%BB%BF/
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Porous Pavement Types

Parous Asphalt Unit Pavers

Porous asphalt
sudaso cclted
Mhor ccarss

o Opan groded crashed
Wuyiegute Duse

— Subgrade
minmal Compacten

Firw Cravel

o Rirgod fahek:

F iter fabvc
Compacted sandy gravel

Compacled subgrade

Holding peg

130

Source: Structural Controls and LID Manual (2015).

Turt block
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TC-62(a)

Truckes Maadows Storm Water Quallty Management Program
Dasign Guidance Workashest: Porous Pavemsent Detentlon TC-52{a)

Water Quality Volume

N

Required Minimum Open-Celled Block Paver
Surface Area

Open-Celled Block Paver Properties
Paver Block Infill

Base Course

Perimeter Walll

N o g~ W

Draining of Porous Pavement

131
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TC-62(a): 1. e-f)

1. Water Quality Volume (WQ ) a) Sub-basin area ft
Sub-basin impervious area 112
a) Percent of Watershed Impervious Area = | % Imperviousness

) Drainage Area = A (acres). Maximum = 5 acres ) A=
c) Watershed Runoff Coefficient = R, (unitless) c) R, =

d) 90th Percentile Precipitation Depth = 0.6 {inches) e) wa,, = ft*

il

e) Water Quality Volume = WQ , (ft*) wa, = 5,741 ft*
Designer to select value for Water Quality Voelume for actual design

f) Porous Pavement Surface Elevation f) Elev. = 100 ft

e) Water Quality Volume (WQ,):
« Max drainage area 5 acres
« Will use TC-60 value of 5,741 ft3 in this example

f)  Porous Pavement Surface Elevation: use 100 ft for example
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TC-62(a): 2.

2. Requirad Minimum Open-Celled Block Paver Surface Area A :|:[ﬂz
A=WaQ, 017
Cwerflow Inlet Elevation: Porous Pavement Elev. + 017 feet Elev. = I:[ft

* Required Minimum Open-Celled Block Paver Surface Area (A):

wWQ, B 5,741 ft3
017  0.17
* Qverflow Inlet Elevation:

Porous Pavement Elev. +0.17 ft = 100 ft + 0.17 ft = 100.17 ft

A= = 33,770.6 ft?
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TC-62(a): 3.

134

3. Open-Celled Block Paver Properiies

Mote: Blocks should have a minimum open surface area of 40%

Block Name:|

Manufacturer:|

Min. Open Surface Area=
Block Thickness =

40

« State block’s name and manufacturer

« Min. Open Surface Area: use 40% for example

 Block thickness: use 2 in for example

DO Cardno



TC-62(a): 4.

4. Paver Block Infill (Check "x" the type used or describe "Other™) X Open-Graded Sand
Other:

« Paver Block Infill:
» Checked Open-Graded Sand for this example
- |f a different type is used check other and describe the infill
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TC-62(a): 5. a-c)

5. Base Course
The following three items are all required.
a) Leveling Course or Bedding Layer X 1" Class B backfill, Sec. 200.03.03 SSPWC
- check "x" one, then enter thickness Other:

1 inches
) Filter Fabric Between Sand & Gravel (check "x" one, describe if other) X Woven Geotextile Fabric
- Top of Base Course Cther:

c) Gravel Base Course (Open-Graded Aggregate)
- check "x" one, describe if other X 8" Class C backfill, Sec. 200.03.04 S5PWC
Other:

- 8" layer minimum thickness
inches

a) Leveling Course: checked 1” Class B backfill, if something different is used check
other and describe (enter thickness)

b) Filter Fabric: checked Woven Geotextile Fabric, if different fabric is used check
other and describe

c) Gravel Base Course: checked 8” Class C backfill, if something different is used
136 check other and describe (enter thickness) O Cardno’



TC-62(a): 6.

6. Perimeter Wall {check "x" type describe if other) X Concrete
- recommended to be 6 inches thick in width Other
- depth must extend 6 inches from the bottom of the base course
width = in
depth = in

« Concrete was checked for this example
« |If something else is used check other and describe
« Specify the width and depth
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TC-62(a): 7. a-d)

7. Draining of porous pavement Design: Infiltration to subgrade with Woven
geotextile fabric liner

Answer questions 7a through 7d to determine design requirements Tc=xand 7d=N
Check "x" only one appropriate box based on following criteria I:[ Design: Underdrain with 16-mil.
a) Subgrade is a heavy or expansive clay Impermeable fabric fa=xorid=Y
b Subgrade is a silty or clayey sand
¢) Subgrade is a well-draining soil X I:[ Design: Underdrain with Woven geotextile fabric
Answer Yes (Y) or No (N) to the following question Tb=xand7d=N
d) Does tributary drainage area have land uses with outdoor

use or storage of chemicals or materials that could spill Other:

(e.g. a gas station, a hardware store, etc.)? ™™ or "N

a-c) Check the box that describes the subgrade (¢ was checked for this example)

d) If there is danger of chemical/material spills mark “Y”, if not mark “N” (N was
used for this example)

« Then mark the appropriate yellow box on the right that is associated with your
answers from a-d
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TC-62(a): 8.

139

8. Overflow For Larger Storms

Notes & Additional Information: |

Yes! Mo (y orn)

« Specify if overflow will occur with larger storms (no used for this example)
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TC-62(b)

Truckes Meadows Storm Water Guallty Management Program
Deslgn Guldancs Workahest: Open-Celled Bicck Pavers  TC-82(b)

a & WD PE

o

140

Water Quality Volume

Open-Celled Block Pavers Properties
Block Paver Cells Fill Material

Base Course

Design Impervious Area to Porous Pavement Area
Ratio

Perimeter Wall
Contained Cells

Draining of Modular Block Pavement
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TC-62(b): 1. a-e)

141

1. Water Quality Volume (WG

a) Percent of Watershed Impervious Area = |

b) Drainage Area = A (acres): Maximum = 5 acres
c}) Watershed Runoff Coefficient = Ry, (unitless)

d) 90th Percentile Precipitation Depth = 0.6 (inches)

e} Water Quality Volume = WQ,, {ﬂa‘]

a)

b)

c)

)

Designer to select value for Water Quality Volume for actual design

Sub-basin area

Sub-basin impervious area
% Imperviousness

wa, [
WQ, = 5,741 |/

e) Water Quality Volume (WQ,):
* Max drainage area 5 acres

- Will use TC-60 value of 5,741 ft3 in this example
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TC-62(b): 2.

2. Dpen-Celled Block Pavers Properties Block Mame:
Manufacturer:
Mote: Blocks should have a minimum open surface area Min. Open Surface Area = 20 %
void space of 20% Block Thickness = 2 in

« State block’s name and manufacturer
« Min. Open Surface Area: use 20% for example
 Block thickness: use 2 in for example
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TC-62(b): 3.

3. Block Paver Cells Fill Material (Check the type or describe "Other”) X Open-Graded Sand
Turf

Other:

 Block Paver Cells Fill Material:
* Checked Open-Graded Sand for this example
- If a different type is used check Turf or other and describe the material
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TC-62(b): 4. a-c)

4. Base Course
The following three items are all required.
a) Leveling Course or Bedding Layer - Open-Graded Aggregate X Class B backfill, Section 200.03.03 SSPWC
- check "x" one, describe if other Other:
- recommended bedding layer thickness of 1 to 2 inches 1.5 inches
v} Fitler Fabric Between Base Course & Bedding Layer X Woven Geotextile Fabric
-Top of Base Course Other:
(check "x" one, describe if other)
¢) Gravel Base Course (Open-Graded Agagregate) X 8" min. Class C backfill, Sec. 200.03.04 SSPWC
Other:
8" minimum thickness required 8 inches fi

a) Leveling Course: checked Class B backfill, if something different is used check
other and describe (enter thickness)

b) Filter Fabric: checked Woven Geotextile Fabric, if different fabric is used check
other and describe

c) Gravel Base Course: checked 8” Class C backfill, if something different is used

check other and describe (enter thickness)
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TC-62(b): 5-6.

5. Design Impervious Area to Porous Pavement Area Ratio (Max. = 2): Ratio = 2 (Pumg | Ascrous)
6. Perimeter Wall (check "x" type. describe if other) X Concrete
- recommended to be 6 inches thick in width Other
- depth must extend & inches from the bottom of the base course
width = in
depth = in

5. Design Impervious Area to Porous Pavement Area Ratio: used max of 2 for example
6. Perimeter Wall:

« Checked concrete for example, if another material is used check other and
describe

« Specify the width and depth
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TC-62(b): 7. a-c)

7. Contained Cells

a) Type (check "x" one) 16-mil. (min_.) Impermeable Liner
X Concrete Wall

b} Slope of the base course So=|  0.01 |t
c) Distance between cutoffs (normal to flow, L) L= 40 r.|twe=[___ R

a) Type: checked Concrete Wall for example
b) Slope of Base Course: used 0.01 for example

- TMSCDLIDM states pervious pavement can be used on gentle slopes that do not
exceed 5%

a) Distance Between Cutoffs

D  067ft
1.5xS, 1.5x0.01

* L of 40 ft chosen with a L., of 44.7 ft

Lmax -

= 447 ft
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TC-62(b): 8. a-d)

8. Draining of modular block pavement Design: Infiltration to subgrade with Wowven

geotextile fabric liner

Answer questions 8a to 8d to determine design requirements Bc=xand 8d=N

Check "x" only one appropriate box based on following criteria Design: Underdrain with 16-mil. Impermeable fabric

NI

a) Subgrade is a heavy or expansive clay da=xorbd=Y
b) Subgrade is a silty or clayey sand

¢) Subgrade is a well-draining soil X Design: Underdrain with Woven geotextile fabric
Answer Yes (Y) or No (N) to the following question Bb=xandB8d=N
d) Does fributary drainage area have land uses with outdoor

use or storage of chemicals or materials that could spill Other:
(2.0. a gas station, a hardware store, etc.)? "™ or "N"

[Notes & Additional Information: |

a-c) Check the box that describes the subgrade (¢ was checked for this example)

d) If there is danger of chemical/material spills mark “Y”, if not mark “N” (N was
used for this example)

« Then mark the appropriate yellow box on the right that is associated with your
answers from a-d
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Truckes Meadows Storm Water Quallty Managament Program
Deslgn Guldances Workshest: Open-Joinisd Block Pavers  TC-E2([c)
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TC-62(c): 1. e)

1. Water Quality Volume (WG} a) Sub-basin area ft*
Sub-basin impervious area ft*
a) Percent of Watershed Impenvious Area = | % Imperviousness
) Drainage Area = A (acres) (43,560 ftt=1 acre) b) A= |:|ac
c) Watershed Runoff Coefficient = R, (unitless) c) Re=[ |
d) 90th Percentile Precipitation Depth = 0.6 (inches) e) wa,=[____ |
e) Water Quality Volume = W@, (ft%) WQy, = 5,741 |f®

Designer to select value for Water Quality Volume for actual design

e) Water Quality Volume (WQ,):
- No max or min drainage area specified
 Will use TC-60 value of 5,741 ft3 in this example
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TC-62(c): 2.

150

2. Open-Jointed Block Paver Properies:

Mote: Blocks shall have a minimum 8% open surface area

Block Name: |

Manufacturer;|

Min. Open Surface Area =
Block Thickness =

« State block’s name and manufacturer

* Min. Open Surface Area: use 8% for example

 Block thickness: use 2 in for example
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TC-62(c): 3.

3. Joint-Fill Material (Check "x” the type. describe if "Other™) X Class D backfill, Section 200.03.04 35PWC
Other:

* Joint-Fill Material:
« Checked Class D backfill for this example
- If a different type is used check other and describe the material
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TC-62(c): 4. a-c)

152

4. Base Course

The following three items are all required.
a) Bedding Layer or Leveling Course (Open-Graded Aggregate)
- check "x" one, describe If "other"

- recommended thickness of 1 to 2 inches
[y} Filter Fabric Between Base Course & Bedding Layer
{Top of Base Course)

- check "x" one, describe if "other"

c) Gravel Base Course (Class C backfill, 200.03.04 SSPWC)
7" minimum thickness required

X Class B Backfill, Section 200.03.03 SSPWC
Other:

1.5 [inches

X Woven Geotextile Fabric
Other:

[ 7 Jmches [ o058 It

Leveling Course: checked Class B backfill, if something different is used check
other and describe (enter thickness)

Filter Fabric: checked Woven Geotextile Fabric, if different fabric is used check
other and describe

Gravel Base Course: specify thickness in inches and feet
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TC-62(c): 5-6.

153

5. Design Impervious Area fo Porous Pavement Area Ratio (Max. = 21

Ratio ='[J'!'nmp ! Angrous)

6. Permeter Wall (check "x" type, describe if other)
- recommended to be 6 inches thick in width
- depth must extend & inches from the bottom of the base course

X Concrete

Other

width = in
depth = in

Design Impervious Area to Porous Pavement Area Ratio: used max of 2 for example

Perimeter Wall:

« Checked concrete for example, if another material is used check other and

describe
« Specify the width and depth
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TC-62(c): 7. a-c)

7. Contained Cells

a) Type (check "x" one) 16-mil. {min.) Impermeable Liner
X |Concrete Wall

b) Slope of the base course So = i/t
c) Distance between cutoffs (normal to flow, L L= 85 ft | Lypax = ft

a) Type: checked Concrete Wall for example
b) Slope of Base Course: used 0.01 for example
- TMSCDLIDM states not to install pavers on slopes greater than 15%

a) Distance Between Cutoffs

D  058ft
1.5xS, 1.5x0.01

* L of 35 ft chosen with a L, of 38.7 ft

Lmax -

= 38.7 ft
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TC-62(c): 8. a-d)

8. Draining of Open-Jointed Block Pavers Design: Infiltration to subgrade with Woven
geotextile fabric liner
Answer questions 8a to 8d to determine design requirements Bc=xand8d=N
Check "x" only one appropriate box based on following criteria |:| Design: Underdrain with 16-mil. Impermeable fabric
a) Subgrade is a heavy or expansive clay Ba=xor8d=Y
) Subgrade is a silty or clayey sand
¢) Subgrade is a well-draining soil X |:| Design: Underdrain with Woven geotextile fabric
Answer Yes (Y) or No (N) to the following question Gb=xand 8d=N
d) Does tributary drainage area have land uses with outdoor
use or storage of chemicals or materials that could spill Other:
(e.q. a gas station, a hardware store, etc.)? "¥™ or "N"
Notes & Additional Information: |

a-c) Check the box that describes the subgrade (¢ was checked for this example)

d) If there is danger of chemical/material spills mark “Y”, if not mark “N” (N was
used for this example)

« Then mark the appropriate yellow box on the right that is associated with your
answers from a-d
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TC-62(d)

Truckss Meadows Storm Waber Guallty Managemant Program
Guldance Workshest: Porous Concrete and Asphalt Pavemnant TC-52(d)

* FIll oot weorishessd from top bo botiom

Truckss Masdose Varchion 10 Rslsacad 26

-l A
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TC-62(d): 1. €)

1. Water Quality Volume (W) a) Sub-basin area ft?
Sub-basin impervious area f*
a) Percent of Watershed Impenvious Area = | % Imperviousness
b) Drainage Area = A (acres) (43,560 f' = 1 acre) | )] A=|:[ac
c) Watershed Runoff Coefficient = Ry (unitiess) c) Rz ]
d) 90th Percentile Precipitation Depth = 0.6 (inches) le wa, =[]
e) Water Quality Volume = WQ, (ft%) wa, =| 5,741 it
Designer to select value for Water Quality Volume for actual design

e) Water Quality Volume (WQ,):
- No max or min drainage area specified
 Will use TC-60 value of 5,741 ft3 in this example
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TC-62(d): 2-4.

2. Type of Installation X Porous Concrete
Paorous Asphalt
3. Porous Concrete or Asphalf Surface
a) Porous Concrete Slab Thickness (5 inches minimum) in
[r) Porous Asphalt Surface Thickness I:[in
4. Design Impervious Area o Porous Pavement Area Ratio (Max = 2) Ratio :{r"\mp I Aeorous)

Type of Installation: check porous concrete or porous asphalt
3. Porous Concrete or Asphalt Surface: specify thickness of surface chosen
* Used minimum of 5 inches for concrete

4. Design Impervious Area to Porous Pavement Area Ratio: used max of 2 for example
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TC-62(d): 5. a-d)

5. Draining of porous pavement l:[ Diesign: Infilration to subgrade with Woven
Answer questions 5a to 5d to determine design requirements geotextile fabric liner

Ge=xandb5d=N
Check "x" only one appropriate box based on following criteria

a) Subgrade is a heavy or expansive clay I:[ Design: Underdrain with 16-mil. Impermeahle fabric
k) Subgrade is a silty or clayey sand X Ea=xorbkd=Y
¢) Subgrade is a well-draining soil
Answer Yes (Y) or No (N) to the following question Design: Underdrain with Woven geotextile fabric
d) Does tributary drainage area have land uses with outdoor Sb=xand5d=N

use or storage of chemicals or materials that could spill

{e.0. a gas station, a hardware store, etc.)? "™ or "N Oither:

a-c) Check the box that describes the subgrade (b was checked for this example)

d) If there is danger of chemical/material spills mark “Y”, if not mark “N” (N was
used for this example)

« Then mark the appropriate yellow box on the right that is associated with your
answers from a-d
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TC-62(d): 6. a-c)

6. Base Course and Sub-Layer

inches ﬂ

a) Gravel Base Course

b) Bottom sand filter layer required?

Only required for installations with underdrains 7 inches, 7"minimum
- if yellow box above says "yes", required.

c) Liners
i}y Woven geotextile fabric on top of base course X Woven Geotextile Fahric
- check "x" one, desscihe if "other” Other:

i} Liner under hase course, between hase course and sand
filter layer X Woven Geotextile Fabric
- check "x" one, descibe if "other” 16-mil. Impermeable Fabric Liner, required if checked
Other:

Il

a) Gravel Base Course: no min specified so assumed 8 inches was appropriate

b) Bottom Sand Filter Layer Required: the design resulting from section 5 included an
underdrain so it is required

c) Liners: Woven Geotextile Fabric was chosen based on the design resulting from section 5
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TC-62(d): 7. a-c)

161

7. Contained Cells
a) Type (check "x" one)
) Slope of the base course

) Distance between cutoffs (normal to flow, L)

MNotes & Additional Information: |

16-mil. {min.) Impemeable Liner

Concrete Wall

L= 40 [ft|Lua=| 447 |

a)
b)

C)

Type: checked Concrete Wall for example
Slope of Base Course: used 0.01 for example

- TMSCDLIDM states not to install pavers on slopes greater than 5%

Distance Between Cutoffs

Lmax -

D  067ft
1.5xS, 1.5x0.01

L of 40 ft chosen with a L., of 44.7 ft

= 447 ft
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TC-62(e)

Water Quality Volume

Porous Turf Installation
Turf Reinforcement

o ok~ WD E

Area Ratio
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Drainage Requirements for Porous Turf
Section of Porous Turf to be Used

Design Impervious Area to Porous Pavement
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TC-62(e): 1. e)

1. Water Quality YVolume (WQ.) al Sub-basin area
Sub-basin impervious area
% Imperviousness

+ A

a) Percent of Watershed Impervious Area = |

b) Drainage Area = A (acres) (43,560 f = 1 acre) | A=|:[ac
¢) Watershed Runoff Coefficient = R, (unitiess) c) Res[ ]
d) 90th Percentile Precipitation Depth = 0.6 (inches) e) wa, <[ %

e) Water Quality Volume = Wa,, (ft) W, = 5741 ft

Designer to select value for Water Quality Volume for actual design

e) Water Quality Volume (WQ,):
* No max or min drainage area specified
 Will use TC-60 value of 5,741 ft3 in this example
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TC-62(e): 2. a-d)

2. Drainage Requirements for Porous Turf [ Design: Infiltration to subgrade with Woven
geotextile fabric liner

Answer questions 2a to 2d to determine design requirements 2c=xand 2d=N
Check "x" only one appropriate box based on following criteria Design: Underdrain with 16-mil. Impermeable fabric
a) Subgrade iz a heavy or expansive clay X Zazxor2d=Y
b) Subgrade iz a silty or clayey sand
¢) Subgrade is a well-draining soil |:[ Design: Underdrain with Woven geatesdile fabric
Answer Yes (Y) or No (N) to the following question Zb=xand2d =N
d) Does tributary drainage area have land uses with outdoor

use or storage of chemicals or materials that could spill Other:

(e.g. a gas station, a hardware store, etc.j? ™™ or "N"

a-c) Check the box that describes the subgrade (a was checked for this example)

d) If there is danger of chemical/material spills mark “Y”, if not mark “N” (N was
used for this example)

« Then mark the appropriate yellow box on the right that is associated with your
answers from a-d
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TC-62(e): 3.

165

3. Selection of Porous Turf to be used (check "x" one)

Reinforced Grass
Unreinforced Turf

« Check either reinforced grass or unreinforced turf

 Unreinforced turf checked in this example
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TC-62(e): 4. a-d)

4. Porous Turf Installation
3) Root Zone 12 ——
b) Base Course: Open-Graded Aggregate in 0.67 ft
c) Woven Geotextile Fabric Between Leveling Course
& Gravel (Top of Base Course) X Waowven Geotextile Fabric
check "x" one, describe if other Other:
d) Liner Between Gravel & Subgrade (Bottom of Base Course) Waowven Geotextile Fabric
check "x" one, describe if other [ X__[16-mil. Impermeable Fabric Liner required if checked
Other:

a) Root Zone: TMSCDLIDM states the sandy root zone should be 12 inches thick
b) Base Course: No minimum stated, assumed 8 inches was appropriate

c) Woven Geotextile Fabric Between Leveling Course & Gravel: Woven Geotextile Fabric
was checked for this example, if something else is used check other and describe

d) Liner between Gravel & Subgrade: 16-mil. Impermeable Fabric Liner was chosen
based on design results from section 2
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TC-62(e): 5-6.

5. Turf Reinforcement Reinforcing Mesh
check "x" one or check "none" if using unreinforced turf Reinforcing Mat
Integral Fibers
X MNone

6. Design Impenvious Area to Porous Pavement Area Ratio

Maximum Ratio = 2 Ratio=| 2 |(Awe!Acomous)

INotes & Additional Information: |
| ]

5. Turf Reinforcement; selected none because unreinforced turf was
selected in section 3

6. Design Impervious Area to Porous Pavement Area Ratio: used max
of 2 for this example
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TC-62(f)

Truckes Maadows Storm Water Guallty Management Program
Deslgn Guidance Workehest: Porous Gravel Pavement TC-62(0)

Water Quality Volume
Porous Gravel Course
Draining of Porous Gravel Pavement

Base Course and Sub-Layer

a & WD PE

Design Impervious Area to Porous Pavement
Area Ratio

6. Contained Cells
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TC-62(f): 1. e)

1. Water Quality Volume (WG ) ) Sub-basin area ft*
Sub-basin impervious area ft?
a) Percent of Watershed Impervious Area = | % Imperviousness
) Drainage Area = A (acres) (43,560 fif=1 acre) ) A= ac

c) Watershed Runoff Coefficient = R, (unitless) cl R,=

d} 90th Percentile Precipitation Depth = 0.6 (inches) ) Wa, = ft*

L

&) Water Quality Volume = WQ,, (ft:‘] wa, = 5,741 i
Designer to select value for Water Quality Volume for actual design

e) Water Quality Volume (WQ,):
« No max or min drainage area specified
« Will use TC-60 value of 5,741 ft3 in this example
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TC-62(f): 2.

2. Porous Gravel Course

Depth of gravel base course (D) D= inches ft

2. Depth of Gravel Base Course (D):
« No max or min depth specified
« Assumed 8 inches was appropriate for this example
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TC-62(f): 3. a-d)

3. Draining of porous gravel pavement Design: Infiltration to subgrade with Woven
geotextile fabric liner

Answer questions 3a to 3d to determine design requirements Je=xand3d=N
Check "x" only one appropriate box based on following criteria
a) Subgrade is a heavy or expansive clay
b) Subgrade is a silty or clayey sand

c) Subgrade is a well-draining soil X

Answer Yes (Y) or No (N) to the following question I:[ Design: Underdrain with Woven geotextile fabric

Design: Underdrain with 16-mil. Impermeable fabric
Ja=xoridd=Y

d) Does tributary drainage area have land uses with outdoor b=xand3d=N
use or storage of chemicals or matenals that could spill
(e.0. a gas station, a hardware store, etc.)? ™" or "N"

Other: |

a-c) Check the box that describes the subgrade (c was checked for this example)

d) If there is danger of chemical/material spills mark “Y”, if not mark “N” (N was
used for this example)

« Then mark the appropriate yellow box on the right that is associated with your
answers from a-d
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TC-62(f): 4. a-b)

4. Base Course and Sub-Layer

a) Bottom sand filterlayer required? |:| in (4" minirum}
Only required for installstions over expansive aoils and with underdraings Other:
b) Liners
i) With underdrain system:
{check "x" one, describe if "other") Woven Geotextile Fabric
- Liner to be installed on top of and below sand filter layer Other:
- Liner to be installed under base course and below I:[1E-mil. Impermeakde Fabric Liner required
underdrain trench if checked "x" to prehibit infiltration under base course with underdrain system
i) Without Underdrain System X Woven Geotextile Fabnic
{check "x" one, describe if "other") Cther:

a) Bottom Sand Filter Layer Required: not required because the design resulting
from section 3 was not over expansive soils and doesn’t require an underdrain

b) Liners:
. With Underdrain System: No underdrain system so this section wasn’t used

ii.  Without Underdrain System: Woven Geotextile Fabric chosen to match the
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TC-62(f): 5.

5. Design Impervious Area to Porous Pavement Area Rafio (Max. = 2) Ratio =[A,HF ! Acorous)

5. Design Impervious Area to Porous Pavement Area Ratio: used max of 2
for this example
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TC-62(f): 6. a-c)

6. Contained Cells

16-mil. (min.) Impermeable Liner

a) Type {check "x" one) X Concrete Wall
b} Slope of the base course 3o = fifft
c) Distance between cutoffs (normal to flow, L) L =ﬂ. Luex = 447 ft

INotes & Additional Information: |

a) Type: checked Concrete Wall for example
b) Slope of Base Course: used 0.01 for example
- TMSCDLIDM states not to install pavers on slopes greater than 5%

c) Distance Between Cutoffs

D  067ft
1.5xS, 1.5x0.01

« L of 40 ft chosen with a L, 0f 44.7 ft

Lmax -

= 44.7 ft
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TC-62(Q9)

a & WD PE

175

Water Quality Volume

Open-Celled Plastic Grid Properties
Fill Material

Reinforced Grass Pavement

Drainage Requirements for Open-Celled Plastic
Grids

Truckes Meadows Storm Water Qualty Management Program
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TC-62(g): 1. e)

1. Water Quality Volume (WQ ) a) Sub-basin area ft*
Sub-basin impernvious area f[z
a) Percent of Watershed Impenvious Area = | % Imperviousness

b) Drainage Area = A (acres) (43,560 f° = 1 acre) b) A= ac
c) Watershed Runoff Coefficient = Ry (unitless) c) Ry :|:|
d) 90th Percentile Precipitation Depth = 0.6 (inches) e) wa, =|:|ﬁ3

e) Water Quality Volume = WaQ,, {ﬂa’} wWa, = 5,741 i
Designer to select value for Water Quality Volume for actual design

e) Water Quality Volume (WQ,):
« No max or min drainage area specified
 Will use TC-60 value of 5,741 ft3 in this example
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TC-62(g): 2-3.

177

2. Dpen-Celled Plastic Grid Properies:

Model:

Manufacturer:

Min. Open Surface Area = 40
Grid Thickness = 2 in
3. Fill Material (Check "x" the type or describe "Other”) X Open-Graded Aggregate

Turf
Other:

2. Open-Celled Plastic Grid Properties:
« State model and manufacturer

« Min. Open Surface Area: use 40% for example

 Block thickness: use 2 in for example

3. Fill Material: checked Open-Graded Aggregate for example, if something else

IS used check Turf or Other and describe
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TC-62(q): 4.

4. Reinforced Grass Pavement

Cther:

a) Setting Layer for Open-Celled Plastic Grid [ 2 i [ n
o) Base Course —
) Liner Between Base Course and Subgrade (Bottom of Base Course) X Woven Geotextile Fabric
- check "x" one, describe if "other” I:[1E—mil. Impermeable Fabric Liner required (from #5)

a) Setting Layer for Open-Celled Plastic Grid: no min or max stated, 2 inches
was used for example

b) Base Course: no min or max stated, 8 inches was used for example

c) Liner Between Base Course and Subgrade: Woven Geotextile Fabric was
checked to match the resulting design from section 5
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TC-62(q): 5.

Design: Infiltration to subgrade with Woven
geotextile fabric liner

5. Drainage Requirements for Open-Celled Plastic Grids

Answer questions 5a to 5d to determine design requirements sc=xand5d=N
Check "x" only one appropriate box based on following criteria

a) Subgrade is a heavy or expansive clay [ ] Design: Underdrain with 16-mil. Inpermeable fabric

k) Subgrade is a silty or clayey sand X ba=xorbd=Y
¢} Subgrade is a well-draining soil
Answer Yes (Y) or No (N) to the following question Design: Underdrain with Wowven geotextile fabric
d) Does tributary drainage area have land uses with outdoor Sh=xand 5d =N
use or storage of chemicals or matenals that could spill
(2.0. 2 gas station, a hardware store, etc.)? ™" or "N" n Other:

Notes & Additional Information: |

This section was already filled out in the TMSCDLIDM
a-c) Check the box that describes the subgrade (b was checked)

d) If there is danger of chemical/material spills mark “Y”, if not mark “N” (N was
used)

« Then mark the appropriate yellow box on the right that is associated with your
answers from a-d
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Treatment controls: Local Examples

Mt. Rose Highway, Proprietary StormFilter and Vortechnics

180 source: Cardno (2020). O Cardno



Treatment controls: Local Examples

> Placeholder to highlight additional local examples brought forward by the City or SWPCC
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Questions?
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CEUs / PDHs

> Placeholder
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EXTRA SLIDES
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Manufactured (Proprietary) Treatment Controls

> MTC are commercially available stormwater treatment devices that are designed and distributed by private
companies

> Prefabricated and available in various sizes based on flow rate or volume to be treated

> Note that these are often designed and sized based on pre-determined criteria that may differ from
local municipalities

— Recall the importance of sizing based on the WQf or WQv
— Determine whether these can replace the public domain treatment controls

> Useful in situations where space is limited, such as in urban settings, or retrofit developments
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Manufactured (Proprietary) Treatment Controls

> Hydrodynamic Separators (MTC-10)

— Round gravity separators designed to remove trash, debris and non-dissolved pollutants from urban
runoff using energy from stormwater flow to operate centrifuge

> Wet Vaults (MTC-20)

— Subterranean structures designed to dissipate the energy of stormater runoff with baffles and chambers
and promote the settling of pollutants

> Catch Basin Inserts (MTC-30)
— Filters placed in drop inlets to help remove sediment and debris from stormwater runoff
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Manufactured (Proprietary) Treatment Controls

> Modular Wetlands (MTC-40)

— Wetlands that provide water quality treatment through routing of subsurface flows of stormwater through
gravel and wetland vegetation root systems

> Media Filtration Systems (MTC-50)

— Subsurface BMPs with a settling basin to remove large particles and floatables, and a sand
filter/absorptive filter basin to remove finer grained particles and other particulates

> Landscape Filtration Systems (MTC-60)

— Subsurface structures that filter stormwater runoff and use that water to irrigate turf or landscaped
vegetation, or store water for future use

Refer to Manual Section 6 for further details on these proprietary treatment controls
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