APPENDIX F

ALL OTHER DEVELOPMENT
SAMPLE DESIGN CALCULATIONS

A portion of the information provided in this appendix is referenced to the Los Angeles County
Department of Public Works’ Low Impact Development Standards Manual (LACDPW, 2014).

A map of the 85th percentile 24-hour rainfall depth and predominate soil type can be found
at: http://dpw.lacounty.gov/wrd/hydrologygis/.

County of Los Angeles Department of Public Works, Analysis of 85th percentile 24-hour
Rainfall Depth Analysis within the County of Los Angeles (February 2004)
(http://ladpw.ord/wrd/publications).

County of Los Angeles Department of Public Works, HydroCalc may be downloaded at:
http://dpw.lacounty.gov/wmd/dsp LowlmpactDevelopment.cfm.
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Appendix F': Sample Design Calculations & Worksheets

FLOW RATE AND VOLUME CALCULATION EXAMPLE

Volume must be calculated for each tributary area to size each BMP.

PROJECT NAME: Commercial Site (Intersection of Western Ave & Washington Blvd)

Provide proposed project characteristics
ATotal 1.15 Acres

Type of Development Commercial

Flow Path Length 200 ft i _
*Projects arerequired to use the larger of the
Flow Path Slope .01 (1%) Stormwater Quality Design Storm.
» The volume of runoff produced from a 0.75
% of Project Impervious87 % inch (or 0.0625 ft) storm event, or

> The 8% percentile, 24-hr runoff event at

Predominate Soil Type #3 . . :
this location = 1.1 inch (or 0.91 ft)

Design Storm 85" percentile
Refer to LA County Hydrology GIS Map
http://dpw.lacounty.gov/wrd/hydrologygis/

DETERMINING THE PEAK MITIGATED FLOW RATE (Q pwm):

DownloadHydroCalc Calculator(save onto your desktop). The HydroCalc Calculatlows the
site designer/engineer to calculate runoff rates\eniumes from the water quality storm.

http://dpw.lacounty.gov/iwmd/dsp LowlmpactDevelopineim
RS T — ]

Inputs Outputs

Project Name Western & Washington Modeled (85th percentile storm) Rainfall Depth (in) 1.1
Subarea 1D Subarea 14 Peak Intensity (infhr) 0.4188
Area (ac) 115 Undeveloped Runoff Coefficent (Cu) 0.1
Flow Path Length (f) 200 Developed Runoff Coeffident (Cd) 0.7%
Flow Path Slope (vft/hft) 0.01 Time of Concentration {min) 13
85th percentile Rainfall Depth (n) 1.1 Clear Peak Flow Rate (cfs) 0.3834

Percent Impervious (0.01-1.0) 0.87 Burned Peak Flow Rate (cfs) 0.3334

Soil Type (2-180) 13 = | 24+ Qear Runoff Volume (ac-ft) 0.0832
Design Storm Frequency 8Sthpercentilestorm v | 24+ Clear Runoff Volume (cu-ft) 3624.9917
Fire Factor 0 -

Chart

Hydrograph (Western & Washington: Subarea 1A)

a 200 200 600 00 1600 1200 1400 1600
Time (minutes)
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Appendix F': Sample Design Calculations & Worksheets

DETERMINING THE VOLUME (V w)

In order to determine the volumen)/of stormwater runoff to be mitigated from the new
development, use the larger storm volume from dllewing equation(s):

0.75 in Design Storm: W) = (0.625 Ft ) « Catchment Arga, ry

85" Percentile Design Storm:  w\(ft®) = (Storm Depth () * Catchment Aregq

Refer to LA County Hydrology GIS Map
http://dpw.lacounty.gov/wrd/hydrologygis/

From Example, 1.1 inch > 0.75 inch, use and

1.1 inch (0.91)Design Storm: http://ladpw.org/wrd/publication/engineering/FinRleport-
Probability Analysis_of 85th Percentile_24-hr_Rallif. pdf

Ai=1.0 acres

Ar=0.15 acres
Vw (ft%) = (0.091 ft ) » Catchment Argar

Catchmentrea (ft?) = (imperviousarea- O.9)+[(perviousarea+ undevelopé area)- O.1J

Catchmentrea ( ft?) = 43560 ft*« l(l ace 0.9)+[(015 ac)- 0.1] = 398574 ft2J

Vu (ft%) = (0.091 ft ) » 39,857.4%t

Vu=3,627f (verify results with Hydrocalc results)

BMP TYPE AND SIZE

10. List the BMP Type(s) to be used in managingctideulated W, and size it per the design
criteria listen in Section 4.

The following examples have been provided as aepte:

Infiltration BMPs:
* Infiltration Trench
» Dry Well
« Infiltration Basin

Capture and Use
* Rain Tanks
* Above / Below Grade Cisterns

Biofiltration
» Vegetated Swale
* Planter Box
* Biofiltration with underdrain
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Appendix F': Sample Design Calculations & Worksheets

Infiltration BMP - Design for At Grade Infiltration Trench

Givens:
s Vn,=3,627 ff (from previous step)
*  Ksat, measured 2 in/hr (Do not apply LA County reduction fagto
* T =48 hrg(from Table 4.4)
* FS = 3(from Table 4.4)
* Gravel void ratio = 40%

I.  Determine Kat, pesign

in
_ Ksat,Measured — 2 AI’ = 0667 in
3 ’ hr

Sat,Design — FS

K

ii. Determine Minimum Bottom Infiltration, An:

vm o 120 o
A\n‘ - @@/ -
KSatDesign T
3. in
3627ft3s 12 ﬁt ) 2
A = 1,359ft

T 0667n/hr * 48 hr

ii. Determine 3-hr infiltration volume, M

Koo 0.667IN
V., =A_ e| S2DeOn | g = 1350ft7e 2 NP4 3hrg = 22613

in in
12 ﬁt 12 ﬁt
iv. Determine the volume stored within the trencheMn storage

A _ 3627 ft?

V. = = 9,067ft°
Trench Storage VOId ratio 04

v. Determine remaining volume of storage required:
Vaiorae= Vi -V, = 9067 ft*-226 ft* = 8841ft

torage —  “Trench Storage

vi. Determine Design Depth:

D ' :VStorage — 81841 ft3 - 65ft
Design Anin 1’359 ft2
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Appendix F': Sample Design Calculations & Worksheets

Infiltration BMP — Design for Below Grade Dry Well

Givens:

s Vn,=3,627 ff (from previous step)

*  Kasat, measured 2 in/hr (Do not apply LA County reduction factor
* Gravel void ratio = 40%

» Factor of Safety = er table 4.4)

© Amin=934ft

e D=6ft(r=3ft)

I.  Required dry well depth for the infiltration zorke,

h_Anin_ nz
27T

h _ 934ft* - 2826ft?
18.84ft

= 48 ft*

* Multiple dry wells may be used to achieve the equivalent infiltration zone.

ii. Determine the dry well storage volumesiyage
(assuming entirely filled with gravel)

= Vpywen * VOId Ratio
= |h|e 04 =[77- 3ft)?« 48ft]» 04 =543ft?

Storage Dry Well

ili. Determine 3-hr infiltration volume, M

Ko oo 0.6671"
Vo Ao —a2e0 1o 3hrs = 934t —Ar « 3hrs =156ft*

12“%t 12%

iv. Determine the additional required storage volum&gi¥nal storage

=V, - +V,., )= 36271t° - (543ft> + 156ft°) = 2,928t

Additional Storage " Vm Storage Drw Well
2,928 £ of additional storage is required

In order to satisfy the additional storage requeatman upstream cistern or additional dry
well chambers can be used. Some proprietary systeaggprovide additional storage
capacity. Coordinate with manufactures.
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Appendix F': Sample Design Calculations & Worksheets

Infiltration BMP — Design for Below Grade Infiltrat ion Basin

Givens:
s Vpn=3,627 ff (from previous step)
*  Ksat, measured 2 infhr (Do not apply LA County reducticector)

e T =96 hrs(Table 4.4)
I.  Determine the design infiltration ratesdpesign

in
_ Ksat,Measured - 2 %r = 0667 in
3 ) hr

Sat,Design — FS

K

ii. Determine Minimum Bottom Infiltration, An:

Vm « 12iN o
An' = 7 -
Ksat,Design T
3, 12IN
3627ft3s 12 ﬁt i 2
Auin = 680ft

= 0.667n/hr 96 hr

lii. Determine the Basin Designglai,

_VStorage — 31627ft3 — 53ft

D.. . =
Basin Anin 680 ftz
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Appendix F': Sample Design Calculations & Worksheets

Design for: Capture & Use

Givens:

* V pesign= 3,627 ft (from previous step)

» 0.15 acres of pervious area

* Medium Planting Type~ Planting Factor = 0.4

I. Determine the design volume in gallons:

Voeo(0al) = 36271t 748 9%3 = 27130 gal

i. Determine planting area ftwithin project limits:

2
Planting Area (ft*) = 015 ac » 43560 ftéc= 6,534 ft?

iii. Determine Planter Factor, PFfft

(Planting factor may vary based on landscape desigrplant types. Coordinate with
Landscape Architect.)

Planter Factor (ft?) =04 « 6534 ft> = 2614 ft°
iv. Determine the 7- month (Oct 1 — April 30) Estimaledal Water Use (ETWU):

ETWU,_mony = ET, © 062+ PF
ETWU_ oy =217 * 062+ 2614 ft* =35163 gal

v. Verify ETWU (7.month) IS greater than or equal to thge¥gned
ETWU o) =35163 gal = Ve, (gal) = 3627 gal

0 CAPTURE & USE IS FEASIABLE
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Appendix F': Sample Design Calculations & Worksheets

Biofiltration BMP — Design for Vegetated Swale*

Givens:
* base of swale =5 ft
* Slope =3%

I. Determine the swale base width and correspondindangth:

* Per Table 4.6» Select swale base of 5 ft with corresponding lemgth of 470 ft/ac.

ii. Determine the total swale length:
1 acre

Lswaqry = 1.5° Catchmentarea ( ft?)e (W

J- Swalelenght per catchmentarea ( ft/acre)

Catchmentarea ( ft*) = (imperviousarea- O.9)+[(perviousarea+ undevelope area)- O.1J
Catchmentarea ( ft?) = 43560 ft?e [(1- 09)+[(015+0)« 0. J
Catchmenarea (ft?) = 398574 ft*

1 acre

LSwaIE(ft) = 15 39,8574 ftz' (W

j e 470 ft/acre

Lowaigny = 645 ft

iii. Determine the distance between check dams:

* Per Table 4.7 At a 3% slope, the distance between check dad® s

iv. Determine total number of check dams:

Total # of dams = Zi; =195 . use?20

* Depending on the location of the swale, a geatesai report may need to be submitted and
approval from LADBS may be required.
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Appendix F': Sample Design Calculations & Worksheets

Design for: Planter Box

Givens:

s Vn,=3,627 ff (from previous step)

» Soil media infiltration rate,ds 5 in/hr(Table 4.5)

« Time to fill 3 ft of media 24” soil, 12" gravel) to ponding depth, d; = 3 hrs(Table 4.5)
(per engineer, ex: 24” soil media, 12" gravel)

» Drawdown time, T (hr) = 48 hi§able 4.5)

* Ponding Depth = 1 fuax) (Table 4.5)

i. Determine the design volume:
VDesign(ftS) = 1'5.Vm

VDesign( ﬂs) = 15e 3,627ﬂ3 = 5,440]"[3

ii. Determine the design infiltration ratespesign

K. 5 in .
KSatDesign = Sl = Ar = 25 I%
FS 2 r
iii. Calculate the BMP Surface Areag#k:
AV 3
A (117) = - 5440 1 = 33471
R in
TFiII ¢ kSatDesign +d 3 hrse 25 %\r +1ft
i p

12 '% 12 i% r

* Rule of thumb: With a max ponding depth of 1 ft, area needed is 5 - 6% of impervious area

DOWNSPOUT A
OVERFLOW DRAIN: 6" DIA. PVC PIPE WITH COBBLE OR L
ATRIUM GATE INLET AT 12" ABOVE FINISH GRADE SPLASHBLOK e
= :‘4
e T :
20" N 1| ReINFORCED OMU BLOCK OR
3" MIN, o -0 MIN. 4 |~ PRE-CAST CONCRETE WITH
Freeboard N ) % WATERPROOF MEMBRANE THROUGHOUT
12 MIN.PoNONG & | ] .
S |- 1 mmesiennane
T ] T e 4~ RATE OF 5 INGHES PER HOUR.
< : (DO NOT COMPACT)
2 emn— | TOP SOIL / PLANTING MIX “Eal ] Nonwoven ceoTEXTILE
% AR B2 |~ MEVBRANE (OPTIONAL)
1 __-,:: e > O
3MIN—] [ CHOKER: 4" - $" WASHED P-GRAVEL S
- MlN_1 -, RESERVOIR COURSE o
B et O 4" WASHED GRAVEL LAYER i
- s

LONGITUDINAL 4" DIA. PERFORATED PVC PIPE
DIRECT OVERFLOW DISCHARGE PER WRAPPED IN NON-WOVEN GEOTEXTILE MEMBRANE.
BUREAU OF ENGINEERING & LADBS PLACED OVER 1" GRAVEL LAYER

REQUIREMENTS
SECTION NOTTOSCALE
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Appendix F': Sample Design Calculations & Worksheets

Alternative Design |

If ponding depth is reduced to 6” (0.50 ft), and flanting media is maintained at 24" and
12” of washed gravel, the minimum planter surfasaavould then be as follows:

Givens:

s Vn,=3,627 ff (from previous step)

* Soil media infiltration rate,d: 5 in/hr(Table 4.5)

« Time to fill 3 ft of media 24” soil, 12” gravel) to ponding depth, d; = 3 hrs(Table 4.5)
(per engineer, ex: 24” soil media, 12" gravel)

* Drawdown time, T (hr) = 48 hi@able 4.5)

» Ponding Depthd, (ft) = 6” = 0.50ft (Table 4.5)

I. Determine the design volume:
(ft) = 15V,

De5|gn

De5|gn(ft )= 15 3627ft® = 5440ft*

ii. Determine the design infiltration ratespesign

in
K - KSat,Media - > %\r = 25 in
Sat,Design FS 2 ’ hr

iii. Calculate the BMP Surface Areazk

Viesi 5440 ft*
2\ — Design — — 2
A (187) = : = ’_ = 4,835ft
T ok _ 3hr-2.5'V
Fill iSr;:lt,DeS|gn + dp in hr + 050ft
12 12
ft ft
DOWNSPOUT Ar—
OVERFLOW DRAIN: 6" DIA, PVC PIPE WITH COBBLE OR 4
ATRIUM GATE INLET AT 12* ABOVE FINISH GRADE RRE e R
o -“
e :
- | REINFORCED CMU BLOCK OR
3'MIN, o 20" MIN, .4 : 1~ PRE-CAST CONCRETE WITH
Freeboard by Y [ WATERPROOF MEMBRANE THROUGHOUT

6" MIN. PONDING
(3" mulch layer withi) § | .- - UNIFORM MIX OF SAND AND ORGANIC
A < - -~ MATERIAL (EX: COMPOST); MIN INFILTRATION
1 BB . | > RATE OF 5 INCHES PERHOUR,
<" ‘/ . (DO NOT COMPACT)
24" MIN— ) TOP SOIL / PLANTING MIX /; P NON-WQVEN GEQTEXTILE

3-9" MIN:

.4~ -]~ MEMBRANE (GPTIONAL)

B A A
3"MIN—]_| CHOKER: 4" -4" WASHED P-GRAVEL
SRR I i . RESERVOIR COURSE
: - —O 3" WASHED GRAVEL LAYER
.
[ § Z6TP oo
SRR TG
R P P
005 MIN COMPACTED BASE
 PER PROJECT PLAN o
LONGITUDINAL4 DIA. PERFORATED PVC PIPE
DIRECT OVERFLOW DISCHARGE PER WRAPPED IN NON-WOVEN GEOTEXTILE MEMBRANE.
BUREAU OF ENGINEERING & LADBS PLACED OVER 1" GRAVEL LAYER

REQUIREMENTS
SECTION NOTTO SCALE

DEVELOPMENT BEST MANAGEMENT PRACTICES HANDBOOK - Part B: PLANNING ACTIVITIES, 5™ ED.




Appendix F': Sample Design Calculations & Worksheets

Alternative Design ||

If ponding depth is reduced to 3” (0.25 ft) andnpiag media and gravel section total height
are proposed to be 24" (2 ft), the minimum plasteface area would then be as follows:

Givens:

s Vn,=3,627 ff (from previous step)

* Soil media infiltration rate,ds; 5 in/hr(Table 4.5)

* Time to fill 2 ft media 18” soil, 6” gravel) to ponding depth, Ay = 2 hrs(Table 4.5)
(per engineer: 18" soil media, 6” gravel)

* Drawdown time, T (hr) = 48 hi@able 4.5)

» Ponding Depthd, (ft) = 3" iy = 0.25 ft (Table 4.5)

I. Determine the design volume:
VDesign( ft3) = 1'5.Vm

VDesign( ﬂs) = 15e 3,627ﬂ3 = 5,44Of'[3

ii. Determine the design infiltration ratesdpesign

K 5 iV
K = Sat,Media — hr — 2 5 |y
Sat,Design FS 2 hr
lii. Calculate the BMP Surface Areagi
3
ft2 — VDesign _ 5,440 ft _ f 2
A (ft5) = = _ = 8160ft
TFiII * kSaL Design 2 hre 25 I%r
— |+ d, . + 025ft
12 in 12 '%
DOWNSPOUT, Ar—
QVERFLOW DRAIN: 6" DIA. PVC PIPE WITH COBBLE OR * .
ATRIUM GATE INLET AT 12" ABOVE FINISH GRADE SPLASHBLOCK -
= 74
4 TYP._-..I — ‘
20 MIN “-*|  REINFORCED CMUBLOCK OR
3" MIN, B “0" MIN. 1+ |~ PRE-CAST CONCRETE WITH
Freeboars || |__ <7 WATERPROOF MEMBRANE THROUGHOUT
3" MIN. PONDING ’
(3" mulch layer withim)_{ ca) UNIFORM MIX OF SAND AND ORGANIC
e - |~ MATERIAL (EX: COMPOST); MIN INFILTRATION
1 . RATE OF 5 INCHES PER HOUR.
. (DO NOT COMPACT)
E  eun— |7 TOP SOIL / PLANTING MIX | NON-AWOVEN GEOTEXTILE
= ) "4~ «1~ MEMBRANE (OPTIONAL)
L e Ll s
3 MlN.%r - CHOKER: §" -3" WASHED P-GRAVEL N I
sun— Bl RESERVOIR COURSE U
v -4y
| 2% TYP. Qo —|O %" WASHED GRAVEL LAYER o
— i - — B
R
S AR R
N A I I I N D NN ::
AN SEN SN PPN SSNNNNNAS
LONGITUDINAL 4° DIA. PERFORATED PVC PIPE
DIRECT OVERFLOW DISCHARGE PER WRAPPED IN NON-WOVEN GEQTEXTILE MEMBRANE.
BUREAU OF ENGINEERING & LADBS PLACED OVER 1" GRAVEL LAYER
REQUIREMENTS

SECTION  NOTTOSCALE
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Appendix F': Sample Design Calculations & Worksheets

Design for: Biofiltration with underdrain (at grade )

Givens:

sV, =3,627 ff (from previous step)

» Soil media infiltration rate,ds 5 in/hr(Table 4.5)

« Time to fill 3 ft of media 24” soil, 12" gravel) to ponding depth, d; = 3 hrs(Table 4.5)
(per engineer, ex: 24” soil media, 12" gravel)

» Drawdown time, T (hr) = 48 hi§able 4.5)

* Ponding Depth = 15 ir{per engineer, 18 in maxJable 4.5)

* Side slopes =3:1

iv. Determine the design volume:
VDesign( fts) = 15- Vm
VDesign( ﬂs) = 15e 3,627ft3 = 5,440]"[3

v. Determine the design infiltration rates{pesign

in
K _KSat,Media - S Ar = 25 in
2 hr

Sat Design — FS

vi. Calculate the BMP Surface Area;#:

\Y/ 5440 ft?

A (ft2) = P _ = 2,9013ft’
3 hrse 25 1IN
TFiII i k.Sat,Design + dp { S in AI’J + 125ft
12 in o 12 hr
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