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SDHM 3.0 User Workshop
Afternoon Session

In this afternoon session we will cover the more advanced
features in SDHM 3.0.
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SDHM Advanced Topics

. bypass basin
. Infiltration
. flow splitter
4. gravel trench/infiltration trench
. lateral flow basins
. permeable pavement
. bioretention/planter boxes
. Your topics of interest?
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Bypass Basin

A bypass basin is a basin that is in the project site, but
does not drain to the project mitigation facility.
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v E EI < ]
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Bypass Basin Example

Pre-Project land use:
e Project: 10 ac D, Dirt, Flat

Developed mitigated land use:

e Project: 2.5 ac D, UrbNolrr, Flat
6.5 ac Imp, Flat

e Bypass: 0.5 ac D, UrbNolrr, Flat
0.5 ac Imp, Flat

CLEAR CREEK SOLUTIONS




Infiltration

Runoff is infiltrated to groundwater through the bottom
of the project mitigation facility.

] San Diego Hydrology Model Version 3.0
File Edit View Help Summary Report
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Schematic =5 Vault 1 Mitigated

SCENARIOS Facility Name [aul 1
— | Outlet 1 Outlet 2 Outlet 3
| [] Pre-Project Downstream Connection o | [@ o

;;‘_2 Mitigated [ Precipitation Applied to Facility .fb\um V?.uh | Quick Yault |
I H I™ Fixed Width For Auto Vault
Flun Scenario Facility Dimensions ’ Facility Dimension Diaaram
Basic Elements Length [ft) 50 Outlet Structure Data
Width (f) T Riiser Height [ft) =
Effective Depth (] [g Riser Diameter fin]  [247 =]
Riser Type  [Flat  —=

Vault 1 MHatch Type

Infiltration fes =] Orifice  Diameter Height

Measured Infilration Fate (indhr) Number (in) (ft)

Reduction Factor [infilt*factar] 1 'D_H 'U_H Thbrlsr:ykgb’
y : A T T

LID Tooltax Total Volume Infilrated (ac-t] 11.477 3 R

Total Yolume Through Riser [ac-ft) 44033
Total Yalume Through Facilite{ac-F)] 188,511
Percent Infitrated 71.68

W8l Yolume at Rizer Head [ac-t] 113

Show Vault Table  [JpenTable  —

Comnmercial Toolbosx ationt-ol Initial Stage (ff)
Target %: (100 =

[
= Tide Gate |Time Series | Demandl
Move Elements ~ Determine Outlet YWith Tide Gate

[~ Use Tide Gate

@ﬁﬂ Tide Gate Elevation (ft) 0 Downstream Connection -
Overflow Elevation (ft 0 lterations 0
Saveuy | Loaduy | e

. T

IFri 351p - default[1] - Finish Mitigated
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Infiltration Facility Example

Predevelopment land use:
e Project: 10 ac B, NatVeg, Flat

Developed mitigated land use:

e Project: 3 ac B, UrbNolrr, Flat
7 ac Imp, Flat
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Partial Infiltration

Less than 100% of the runoff is infiltrated to groundwater

through the bottom of the project mitigation facility. The
remaining surface discharge must meet the flow duration

standard.

[ ] San Diego Hydrology Model Version 3.0

File Edit Miew Help SummaryReport
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Vault Help

Vault 1 Mitigated

Schematic [= [e@][=] ‘ 2
Facility Name

SCENARIOS (ault
Outlet1 Outlet 2 Outlet 3
L aul
ult
.

;r.r

Inv i Orifice  Diameter Height
15 | Mumber (in) ]
1 ~ 1 o —I ] —| Th"s *
! 5

Fii 3:51p - default{1] - Finish ate
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SDHM 3.0 Infiltration Facilities

These elements include the option to infiltrate:
1. Trapezoidal pond

Irregular-shaped pond

Vault

Tank

Open channel

Gravel trench bed

SSD Table

Bioretention/Rain Garden

2.
3.
4.
5.
6.
7.
8.
9.

Permeable/Porous pavement
10. In-ground planter

11. Infiltration basin

12. Infiltration trench

13.Dry well
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Automated Infiltration Facility Sizin

| |8 Vault 1 Mitigated
Facility Name alt 1
Qutlet 1 Outlet 2 Qutlet 3
[ Downstream Connection

Facility Dimension Diagram |
Qutlet Structure Data |
Riser Height (ft) -

Mateh Type

Orifice  Diameter Height
Number

e Thraugh R
e Through Facility(

Show Vault Table
Initi t)
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Flow Splitter

A flow splitter sends water in two different directions.

San Diego Hydrology Model Version 3.0
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Splitter Help

Schematic (=@ =] |= Flow Splltter 1 Mitigated

SCENARIOS - Fﬂl:lllty Name
Downstream Connec tion
Both E its
.. ’ £ ’ .' M

Orifice  Diameter Height Orifice  Diameter Height
Number (in) (f) (in) ()
1 | —I 0 —I
2 b HpE A
< N | I

n
EVAEE
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Flow Splitter

A flow splitter sends water in two different directions.

San Diego Hydrology Model Version 3.0
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Splitter Help

Flow Splitter 1 Mitigated

Schematic == =] ‘ 2

SCENARIOS Facility Name
Downstream Connection
Both Exits
—
;.
lll

L 1
Exit(1) Structure Secondary Exit(2) Structure
ad
N h o

e at Top of Star rea(acft] 000
Show Splitter Table

Initial Stage (ft)

Split can be based on flow threshold.
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Gravel Trench/Infiltration Trench

A gravel trench can infiltrate and include an underdrain
(using the orifice diameter and height input).

San Diego Hydrology Model Version 3.0
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Schematic

Orifice  Diameter Height
Number (in) ()
L ER ) O
A N |
| | TR

Show Trench Open Ta -
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Gravel Trench/Infiltration Trench

An infiltration trench can only infiltrate (no underdrain).

File Edit View Help Summary Report
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Schematic

SCENARIOS

Fiun Scenariio

Basic Elements

Infilt Basin

LID Toolbox

[T bt
il

Commercial Toolbow

Move Elements

CHE

Vi #

IThu 3:42p - default - Finish Mitigated

B
Facility Name

Downstream Connections
Facility Type

Maximum Facility Area (ac)
Facility Dimensions

Battom Length [ft)

Bottorn WWidth [ft]

Effective Depth [ft]

Left Side Slops [H/Y]

Battom Side Slope [HA]

Right Side Slope [HA)

Top Side Slope (H/Y)

Outlet Structure Data

Riger Height

R meter [in]

Infiltration
tdeazured Infitration Rate (in/hr)
Use Wetted Surface Area [sidewalls)

Total Valume Infilrated [ac-ft)
TatalYaolume Through Rizer (ac-ft]
TatalYaolume Through Facility [ac-ft]

Percent Infilrated

d olume at Riser Head [ac-ft)

Size Infiltration Basin
Target %: [100 -

Infilt Basin 1 Mitigated

[Intitt Basin 1

Outlet 1 Qutlet 2

Qutlet 3

0 | [0

IMP Infiltration Bagin
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SDHM 3.0 LID Modeling

e Lateral flow basins/impervious runoff dispersion.
e Permeable pavement.
e Green roof.

e Bioretention/planter boxes.
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How LID Works

> Uses long-term on-site infiltration and
evapotranspiration to reduce stormwater
runofft.

> What happens between storm events is
more important than what happens
during storm events.
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Impervious Runoff Dispersion

Dispersion of
Impervious roof
runoff on adjacent
pervious lawn
allowing some
water to infiltrate
before becoming
stormwater runoff.
Use lateral flow
basins.

SEFVES Lp
ko 700 5f.
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Lateral Flow Basins

Lateral flow basins allow the flow from an impervious basin to
flow across a pervious basin. Total runoff is reduced.

File Edit View Help Summary Report
DEE + 2@

San Diego Hydrology Model Version 3.0
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Lateral Impervious Help

Schematic

£ Lateral | Basin 1 Mitigated [E3a]

SCENARIOS

Lo [ Pre-Project

El Name |Lalera|| Basin 1 | " Designate as Bypass for F
Runoff Type Surface Interflow Groundwater
Downstream Connection LateralBasin 1 | [0 | o |

=

= Mitigated

Run Scenario

Basic Elements

EE=
IR

Pro Elements

LID Toolbox

Commercial Toolbox

[

L

Save x, v | Load xy

T # . |

IFri 3:51p - default[1] - Finizh Mitigated

El t Type Lateral Impervious Flow Basin
Impervious (IMPLND) Type IMPERVIOILIS-FLAT LAT | change |

Lateral &rea [ac]
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Lateral Flow Basin Example

Predevelopment land use:
e Project: 10 ac C, Dirt, Flat

Developed mitigated land use:
e Project: 5 ac C, UrbNolrr, Flat (Lateral Flow Soil Basin)

5 ac Imp, Flat (Lateral Flow Impervious Area)

Parking lot runoff sheet flows onto the adjacent lawn area.

CLEAR CREEK SOLUTIONS




Permeable/Porous Pavement Element
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Permeable/Porous Pavement Element

Evaporation from
pavement

Rain on
pavement

s | | |||

J'nfiltration through pavement

<

Underdra O llnfiltration to gravel subgrade

Infiltration to  +
native soll
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Permeable/Porous Pavement Element

Includes the effect of slope on storage:

Effective Volume Factor for >2%: O to 1 (fraction ratio of the average max water
height behind a check dam compared to the max gravel layer depth; for 6”
average max water height and 9” gravel depth Effective Volume Factor = 0.67)
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Permeable/Porous Pavement Element

Major issues:

« Pavements with bottom slopes greater than 2% should include
Effective Volume Factor (average useable gravel depth/maximum
gravel depth).

* Permeable pavement must include infiltration into native soil and/or
an underdrain to remove water from gravel subgrade.
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Porous Pavement Example

Pre-Project land use:
e Project: 1 ac C, Dirt, Flat

Developed mitigated land use:

e Project: 1 ac Parking (included in Permeable Pavement element dimensions 435’ x 100’)
3% slope
Pavement depth 6 inches
Gravel depth 9 inches
Average max water depth in gravel layer 6 inches
EVF = 6/9 = 0.67

Underdrain dia = 6 inches
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Bioretention (Bio-Swale) Element

Bioretention/rain garden/planter boxes
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Bioretention (Bio-Swale) Element

-] San Diego Hydrology Model Version 3.0
File Edit View Help Summary Report
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Bioswale Help

il Schematic &5 Bio Swale 1 Mitigated

SCENARIOS Facility Name [Bio Swale 1
Outlet 1 Qutlet 2 QOutlet 3
[ Pre-Preject Downstream Connection o | [0 | [

Facility Type [Biorstention Gwale |

"' Use simple swale Quick Swale Size Water Quality Size Facility |
Fiun Scenario ¥ Underdrain Used Underdrain Diameter(f) [05 ~—Offset(in)
Basic Elements Swale Bottom Elevation (ft) El Orifice Diameter(in) 3 ~fo =l
— Swale Dimensions Flows Through Underdrain [ac-ft]

Swale Length [ft] 208710 Tatal Outflow [ac-ft)

Swale Bothom Ywidth [ft) 208.710
Bio Swale Freeboard [ft) 0.500
Ower-road Flooding [f) 0.000 Facility Dimension Diagra

Effective Total Depth [ft] 3
Battom slope of Swale. (0-1] 0.0 |F\\sa| Outlet Stucture

Bioklements [ Sidewall Invert Locatio| Outlet Structure Data
Top and Bottam side slape [ft/R) ] Rizer Height Above Swale surface [ft) IF:—:I
Left Side Slope [HA) Y Fiiser Diameter i~ [12 ~=]
% ﬂ Right Side Slope (HA) 1 Riser Type IFIat _|
LID Toolbox Material Layers for Swale
Laper 1 Layer2 Laper 3
Depth (] @
Soil Layer 1 Amended 15 infhr
Soil Layer 2 Sand QOrifice Diameter Height

Commercial Taakax Soil Layer 3 GRAVEL Numb (in) )

. Al Edit Soil Types |

tove Elements

Mitigated

Show Swale Table [JpenTable  —)

<§| @ Swale Volume at Riser Head [ac-ft] 3.049
Qﬁl Native Infiltration No
Save sy | Load=y I

o T
il EI _-IJ Precipitation on Facility [acre-ft]

| 5 Ewvaporation fram Facility (acre-it]

Riser outlet option
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Bioretention (Bio-Swale) Element

] San Diego Hydrology Model Version 3.0
File Edit View Help Summary Repert

Pasd=00ssdlGE vce 0|

Bioswale Help

Schematic (=88 Bio Swale 1 Mitigated
Facility Name |E|n Swale 1
Qutlet 1 Outlet 2 Qutlet 3
Downstream Connection o | [ | o
— Facility Type Eioretention Swale
Fi“'." Iitigated r W _yp | B | . = =
Use simple swale Quick Swale Size Water Quality Size Facility
Fun Scenaria ¥ Underdrain Used Underdrain Diameter(ft) [05  -|Offset(in)
Easic Elements Swale Bottom Elevation () El Orifice Diameter{in) 3 o -~
Swale Dimensions Flowe Through Underdrain [ac-ft)
Swale Length [ft) 208710 Total Outflow [ac-ft]
Swale Bottom Width [ft) 208710 Percent Through Underdrain
Bio Swale Freeboard [ft] 0.500 W Percent Filtered

Over-road Flooding (ft) 1
Effective Tatal Depth [ft] 725

Battam slope of Swale.[0-1] 0.000 I\u"elhcal Orifice + Overflow
hicEleieits [~ Sidewall Invert Location Outlet Configuration Data
Top and Bottam side slope [ft/f] 0.000 Werical Orifice diameter (in)
Left Side Slope [HAY) 0.000 Wertical Orifice Elewation (in)
Right Side Slope [HA) 0.000 ‘Width of overroad flow (f)

LID Toolbox Material Layers for Swale

Layer1 Layer2 Layer3

Depth [ft] 1.500 | [1.500 | |2.000
Sol Layer 1 Amended 15 indhr
Soil Layer 2 Sand

Commercial Toolbox Soil Layer 3 GRAVEL

-
' Edit Soil Types |

Move El s
ove Elements Show Swale Table |Open Table —i

<:§I Q Swale Yolume at Riser Head [ac-ft] 4.290
Q‘QI Native Infiltration Noo
Saveny | Loadny

- — JJ
L] E Precipitation on Facility (acre-ft)

Evaporation from Facility [acre-ft]
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Bioretention (Bio-Swale) Element

Vertical orifice and overflow outlet option

4

O

Amended Soll (1-3 layers) Native Soll

Native Soll g >

Underdrain (optional) Native Soil
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Bioretention (Bio-Swale) Element

Major issues:

* The top engineered soll layer must meet permit requirements.

* Infiltration to the native soil is encouraged even if there is an
underdrain.
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Biloretention Example

5 éWMI\I}AJVRAININ% MENT A EXAMPLE PROJECT
EXAMPLE PROJECT - NEW DEVELOPMENT (DMA N
EXHIBIT 2 (SHEET 2 OF 2) BASIC INFUT DATA FOR DMA 'A

O PRE-30JECT SLOPE: 3.0% (AVE.)

‘*‘T‘q O PRE 230JECT COVER: PERVIOUS
Dl O POSI=PROJFCI SURFACEF: SEF FXHIBII
O POST PROJECT SLOPE / % IMPLRVIOUS
DMA-ATs 1% SLOPE / 73% IMPERV.

- DMA-AZ: 50% SLOPE / Q4 IMPERV.

- DMA-A3: 0.1% S_OPE / OX IMPERY.

EXAMPLE PROBLEM

T e

MITIGATED SCENARIO 1:

CESIGN BIOF ILTRAT ONM BMP
WITH A& LOW-FLOW DRIZICE.

ANSWER: LID AREA

LOW-FLOW ORIFICE 1 - _

R e o B RS TS

MITICATED SCENARIO 2 (OPTIONAL):

CESIGN BIOF ILTRAT ON BMP
WITH & LOW-FLOW DRI=ICE
AND 4 M/ D-FLOW OR FICE.

ANSWER: LID AREA £

MID-CRIFICE 1 - IN
LOW-FLOW ORIFICE 1 - IN

Gl S

DMA-A3 (UNMIT.) /
LID-A (MIT. SCENARIC 1

'

= 2613.6 SF

i Jo
LIG-& (MIT. SCENARIO ZJ|— T

- 1533 SF |
{BOTTOM OF .
BIOFILTRATION BMP) /

] L
AT

Il |

DRATNAGE MANAGEMENT AREA (CMA) (OVERALL)
DMA - CINDIVIDUALS

IMPERY [0US SURFACE

XXX OAC.)  DMA ACR:EAGE

— o 5620 FRIARS ROAD 2!
R I C K EEesetn LOCAT 0N OF PROPOSZD BIGF ILTRATION BMP (NMIT.}
13010707 GRAPHIC SCALE T= 40
JUNE 2015

ENCINBERING COMPANY  (FAX)619.291.4165

{2015 Fick. Erpaeing Comparry

Hydromod low threshold is 0.1Q2 (10% of the 2-year
peak flow), as calculated by SDHM 3.0

CLEAR CREEK SOLUTIONS




Biloretention Example

[

File Edit View Help Summary Report

San Diego 3

Rainfall: Poway
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Biloretention Example

s

File Edit View Help Summary Report

DEE % B

Faoint of Compliance

USGS Q2 = 0.359 cfs
USGS Q10 = 0.717 cfs S«-@
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Biloretention Example

Predevelopment land use:
e Project: 1.33 ac D, Dirt, Flat

Developed mitigated land use:
» Project:

%
Impervious

building, courtyard,
parking

graded slope (steep)

biofiltration basin

e Bioretention area: do not include in Basin element area draining to bioretention
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Biloretention Example

Developed mitigated land use:
e Project:

building, courtyard, parking
graded slope (steep)
biofiltration basin bottom
biofiltration basin sides

* Slopes not draining directly to biofiltration basin.
** Slopes draining directly to biofiltration basin.

e Bioretention area: do not include in Basin element area draining to bioretention
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Biloretention Example

Developed mitigated land use:
e Project:

| Description
D, UrbNolrr, Flat

D, UrbNolrr, Steep

Bioretention Total Area

Impervous, Flat

Total

e Bioretention area: do not include in Basin element area draining to bioretention
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Biloretention Example

Pre-Project scenario land use (DMA 1):

Basin 1 Pre-Project

Subbasin Name: AT ]

Surface Interflow Groundwater
Flows To :

Area in Basin
Available Pervious Acres

Select By: GO
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Biloretention Example

Mitigated scenario land use (DMA 1):

File Edit View Help Summary Report

Basin 1 Mitigated
Subbasin Name:BMAT | D

Surface Interflow
Flows To :

Area in Basin
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Biloretention Example

Mitigated scenario biofiltration basin:

File Edit View Help Summary Report

DEE| sB@

SDHM3

y AN D2 O]

Schematic (@ =] |8 Bio Swale 1 Mitigated
Facility Name
Outlet1 Outlet 2 QOutlet 3
Downstream Connection
Facility Type
" Use simple swale
[~ Underdrain Used
Swale Bottom Elevation (ff) El
Swale Dimensions

Orifice  Diameter Height

Number (in) (fty
L
e
3 AR

Show Swale Table

Native Infiltration
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Biloretention Example

Mitigated scenario biofiltration basin:

SDHM3

* bottom Ie_ngth 174 ft oy e S imn o
* bottom width 15 ft , .
° freeboard 1 ft 2] Bio Swale 1 Mitigated

* bottom slope 0.000 ft/ft _

¥ Use simple swale

e above ground side slopes 7H:1V R
 below ground side slopes: vertical [EE=E iy
e soil layer 1: 2 ft, amended 15 in/hr
soil layer 2: 1 ft, gravel
underdrain dia 0.33 ft
underdrain orifice dia 0.625 in
underdrain offset O in -
riser height 1 ft =N w ey ST

2 [T

riser dia 10 in  —ai

ow Swale Table
t Riser Haad [ac-ft]

Native Infiltration No

e pottom surface area 0.06 ac
e top surface area 0.20 ac
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Biloretention Example

Mitigated scenario biofiltration basin:

e above ground side slopes 7H:1V Riser
e below ground side slopes vertical B

e soil layer 1: 2 ft, amended 15 in/hr V

e soil layer 2: 1 ft, gravel H

e riser height 1 ft

e riser dia 10 in

e freeboard 1 ft
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Biloretention Example

Mitigated scenario biofiltration basin (1st iteration):

1. AnaIyS|S | u PFunsd=0 0w dl% oc o]

Analysis

Analysis Help

~
Facility FAILED duration standard for 1+ £

Flow(cfs) Predev Mit Percentage Pass/Fail
.0359 135 3 2315 Fail
.0428 113 Fail
.0497 101 Fail
.0565 Fail
.0634 Fail
.0703 Fail
0772 Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

Fail

2. Durations

Wow oW W
W R R R R
e R R T

-1
(=1

3
U
3
0
L

tn
i)

3. POC 1

Wwom
Iy

t

10E-1 1 10

RORRD
-

-1

FPaercent Time Exceaeding

[
rau )

It}

(YY)
[~

Analyze datasets

o
B

501 POC 1 Predeveloped flow
801 POC 1 Mitigated Aow

[T ]
MNP oo
O Mmoo

]

(=]
r:)

A R R B B B R L
s

o
=1

BRI R R R RS

(==t
[
3
o

[

=1

[N X

Hydromod duration criteria: Failed
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Biloretention Example

Mitigated scenario biofiltration basin:

ﬂ SDHM3 Rick SWMM Example
File Edit View Help Summary Report

1. Increase bottom area - T

Bio Swale 1 Mitigated
Facility Name o
Qutlet 1 Outlet 2 Qutlet 3
- = 3 Downstream Connection
2. Adjust side slopes 4
n J p ¥ Use simple swale
¥ Underdrain Used

Swale Bottom Elevation (ff)
Swale Dimensions

3. Rerun scenario

01)

[ Sidewall Invert Location

Orifice  Diameter Height
Number (in) [(i]

Native Infiltration o
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Biloretention Example

Mitigated scenario biofiltration basin (2nd iteration):

SDHM3

1. Analysis Husumm essamalsos)

Analysis

Analysis Help

Facility FAILED duration standard for 1+ £

Flow({cfs) Predev Mit Percentage Pass/Fail
.035%9 225 Fail
-0428 232 Fail
.0487 Fail
.0565 Fail
-0634 ] Fail
0703 Fail
Fail
Fail
Fail

2. Durations

FLOWY (ofs)

3. POC 1

10E 0E-1 1 10

mowm g

FPeaercent Time Exceaeding

W BB Wt oEn

o m

oW W
W m

Analyze datasets

w
X

501 POC 1 Predeveloped faw
801 POC 1 Mitigated flow

[T
w o N

(SRS
-

[y
mWw o oo ME ;s

BB R R
R R AR R R RN

Ve @

-2
.2
-2
-2
-2

2

2

IR oM onom
(- = VAR R

-3

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
<
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Biloretention Example

Mitigated scenario biofiltration basin:

[ SDHM3
File Edit View Help Summary Report

D& & E OuSEARNRE 2|

Schematic Bio Swale 1 Mitigated

Increase underdrain
[

Downstream Connection
Facility Type

Orlflce dlal I Ieter : ¥ Use simple swale 0
¥ Underdrain Used Underdrain Diameter(ft)

Swale Bottom Elevation (ft) Orifice Diameter(in)

from 0.625 in to
0.90 In

Orifice  Diameter Height
Number ({in) 1]

VI

Native Infiltration o
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Biloretention Example

Mitigated scenario biofiltration basin (3rd iteration):

] SDHM3
File Edit View Help Summary Report

1. Analysis HEEEL seummessamszoc

Analysis Help

The Facility PASSED

2. Durations Sabl

113 104
101

m o
o

g
¢
; 82
0
N
L

3. POC 1

10E- ) 10

[ I I P R T T T . e |
W wm

Analyze datasets

501 POC 1 Predeveloped flow
801 POC 1 Mitigated flaw

(4] L)
- < m o

oo

ROOR3ROR ORI R RS RS
=

PR R R W
wow; ;oo

T T
[N
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Biloretention Example

Create Project Report:

default]0].pdf - Adobe Reader

SDHM 3.0
PROJECT REPORT

FINISHED!
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Questions?

Doug Beyerlein 425.225.5997
beyerlein@clearcreeksolutions.com

Joe Brascher 360.943.0304
brascher@clearcreeksolutions.com
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