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\WHERE WE Starting with our first project in Bolivia more than 30 years ago, Conservation International has helped support 1,200 protected areas
across /7 countries, protecting more than 601 million hectares (1.485 billion acres) of land and sea. With offices in 30 countries

WORK worldwide, Conservation International’s reach has never been broader, but our mission remains the same: to protect nature for the
benefit of us all.
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HELD BACK?”

“JUMP START RESILIENCE WITH IMMEDIATE
ACTIONS” |

“CURRENTLY HAVE 1000°S OF (RELATIVELY SMALL)

SINGLE-PURPOSE INDEPENDENT PROJECTS” |

“HOW DO WE MOVE TOWARDS A SYSTEMS
APPROACH?”| “NON-LINEAR CHALLENGES NEED
NON-LINEAR SOLUTIONS” |

«“SCREAM FOR HELP FOR GUIDANCE &

TOOLS” |
@QYOST AVAILABLE GUIDANCE IS OLD & OUTDATED”
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STANDARDS FOR NATURAL INFRASTRUCTURE
DESIGN AND ENGINEERING,

HOW MIGHT WE INCREASE THE EXPERIENCE,
FAMILIARITY AND, CONSEQUENTLY, CONFIDENCE OF
ENGINEERS, DEVELOPERS, INDUSTRY, AND
GOVERNMENTS

SO THEY CAN DESIGN AND BUILD NATURAL
INFRASTRUCTURE PROJECTS THAT PROTECT,
O MANAGE, AND RESTORE NATURE FOR
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«~=— By 2050, nearly 20% of the
world’s population will be at risk -
of floods B . 5)
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Infrastructure costs are expected to account for
up to 80% of total climate change adaptation

w-———-ﬂ-—--u spending globally — estimated at USD 150 brlllon
| ; to USD 450 brllron per year in 2050
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Green-gray — or hybrid -
Infrastructure draws upon the
best of our engineering
achievements to create hybrid
solutions along this spectrum

In our most built environments a
gray-only solution, like sea
walls, may be most appropriate
— and on the other end of the
spectrum, a purely green
solution, like mangrove
restoration, may be best.

Mangrove
conservation

Only ecosystem

Assisted natural
regeneration

Mostly ecosystem

Green-gray
infrastructure

Mixed ecosystem
and human system

Artificial
reef

Mostly human
system

| Concrete
infrastructure

Only human
system
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- Fundamentally trénsform the englneerlng and construction mdustry
OUR GC to design and build with nature — to create the next generation of
climate resment mfrastructure
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~ " 2Key barriers:

approaches;

Technical knowledge and data needed to standardize reliable green-gray
solutions is not broadly or equitably available;

- 3. Most infrastructure policies and regulations do not currently incentivize green-gray
solutions; and

- 4. Real and perceived risks constrain investments in developing economies despite
significant opportunities for achieving social, economic, and cllmate mitigation and

aéiaptatlon objectlves at a competitive cost.



WHAT ARE WE TALKING ABOUT?

Generically ....

1. Description of the approach

* e.g., purpose, benefits, and constraints D ESC RI PTI E
2. General design principles M ETHOD

e.qg., sizing, operation and maintenance requireme

coSfts

3. Design Detail(s)
» usually drawn in AutoCAD

4. Design Specification STAN DARD .

o  word document with detailed instructions to the builder
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SOLANO PERMITTEES’
GREEN STORMWATER INFRASTRUCTURE
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2. Green Stormwater Infrastructure Types

GREEN STORMWATER INFRASTRUCTURE
CLASSIFICATIONS

For the purposes of organizing and presenting information, this Design
Guidebook classifies green stormwater infrastructure structures into six
categories. Any existing or proposed green stormwater infrastructure feature
can be identified as one of these six types: a bioretention feature, an infiltration
feature, pervious pavement, rainwater harvesting, a bioswale or a biofiltration

feature. BIORETENTION PERVIOUS

Thereareothercommontermsassociated withgreen stormwaterinfrastructure, PAVEMENT
like “curb cuts’, that are specific design elements that can be associated with
many different green stormwater infrastructure types. Another example is
the term “rain garden’, which is a type of bioretention where stormwater can
infiltrate into the subsurface soils. Biofiltration is another type of bioretention
with an impermeable or concrete liner with an underdrain (pervious) pipe.

These definitions are consistent throughout the Solano Permittees’ green
stormwater infrastructure programs, including within the Green Infrastructure
Plans and pollutant load models.

Several of these Green Stormwater Infrastructure strategies can be combined INFILTRATION RAINWATER
into a treatment train to meet stormwater requirements and project goals, FEATURE HARVESTING

depending on what is best suited for a particular project and site. In this
context, treatment train refers to GSI in series so overflow, for example, from
a biofiltration may flow into a bioretention which may flow into a bioswale.
Throughout this Design Guidebook the icons to the right are used to identify
different types of Green Stormwater Infrastructure as they are represented
within right-of-way improvements or parking lots (Chapter 3) or specific
design details (Chapter 4).

Bioswales and pervious pavements will have limited applicability

towards meeting a Regulated Project’s stormwater requirements, and BIOSWALE BIOFILTRATION

are recommended to “treat”impervious area at a 2:1 ratio of pervious
to impervious surface..
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2. Green Stormwater Infrastructure Types

BIORETENTION

A landscaped feature that allows for infiltration into

subsurface soils and can be constructed with or

without side walls. Other common terms used to

refer to bioretention features include rain gardens,
self-retaining areas, or biofilters.

Stormwater typically is designed to pond
up to 6 inches prior to outflow via a
surface outlet (eg, curb cut) or a piped
overflow (eg, overflow inlet and/
or underdrain).  Bioretention features
may or may not include a perforated
underdrain.  Bioretention structures are
constructed with a specialized soil media
ideally 18-24 inches in depth to enhance
biogeochemical processes to retain and
transform pollutants, and infiltrate at a rate
of 5 inches per hour. A rock or aggregate
subsurface reservoir can be included under
the soil media to enhance stormwater storage
and infiltration. A settling forebay can be located
at inlet(s) to remove sediment. Bioretention features
trap toxic hydrocarbons and asbestos before reaching
subsurface and groundwater supplies.




ENGINEERING DESIGN GUIDELINES EXAMPLE

3. Streetscape and Project Design Guidelines

Design Considerations

Stormwater curb extension sizing should allow for safe overflow during
large storm events to minimize flooding into the roadway, which can
create hazards for street users.

Plants in curb extensions should not grow taller than 24 inches above the
sidewalk grade to maintain sight clearance in the right of way.

Curb extensions are typically recessed 1-2 feet from the outside edge of
the right-most travel lane, though width may be adjusted based on site
specific considerations.

The angle of the curb extension where it joins the original curb should be
angled between 30 to 60 degrees to allow for mechanical street sweeping.

Inlets and outlets should be designed to avoid vehicle and bicycle wheels
entering the openings.

A pre-settling zone, or energy dissipation area, should be incorporated at
any locations where high energy flows are expected to enter the GSl.

While ensuring that emergency responders maintain adequate access,
stormwater curb extensions can be located in areas where on-street parking
is already prohibited, such as near fire hydrants or driveway setbacks.
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4. Green Stormwater Infrastructure Standard Specification and Design Details

PURPOSE:

BIORETENTION BASINS CONTROL PEAK FLOWS AND VOLUMES OF STORMWATER RUNOFF BY
PROVIDING SURFACE, SUBSURFACE STORAGE AND INFILTRATION INTO NATIVE SOIL. WATER
1S ALSO TREATED AS IT FILTERS THROUGH THE BIOCRETENTION SOIL.

DESIGNER NOTES & GUIDELINES:

1. THE DESIGNER MUST ADAPT PLAN AND SECTION DRAWINGS TO ADDRESS SITE-SPECIFIC
CONDITIONS.

2. FACILITY AREA, PONDING DEPTH, BIORETENTION SOIL DEPTH, AND AGGREGATE STORAGE

DEPTH MUST BE SIZED TO MEET PROJECT HYDROLOGIC PERFORMANCE GQOALS.

3. PONDING AND BIORETENTION SOIL DRAWDOWN TIME (1.E., TIME FOR MAXIMUM SURFACE
PONDING TO DRAIN THROUGH THE BIORETENTION SOIL AFTER THE END OF A STORM)
RECOMMENDATIONS:

¢ 3-12HOUR PONDING AND BIORETENTION SOIL DRAWDOWN (TYPICAL)
¢ 24 HOUR MAXIMUM PONDING AND BIORETENTION SOIL DRAWDOWN

4. FACILITY DRAWDOWN TIME (1.E. TIME FOR SURFACE PONDING TO DRAIN THROUGH THE
ENTIRE SECTION INCLUDING AGGREGATE STORAGE AFTER THE END OF A STORM)
REQUIREMENTS:

¢ 48 HOUR MAXIMUM FACILITY DRAWDOWN (1.E. ORFICE CONTROLLED SYSTEM OR
EXTENDED STORAGE DEPTH WITHIN INFILTRATION SYSTEM).

5. THE FOLLOWING GUIDELINES APPLY TO RIGHT-OF-WAY APPLICATIONS:
¢+ BULB OUT CURB TRANSITIONS SHALL CONFORM TO CITY STANDARDS.

e WHEN FACILITY CONSTRUCTION IMPACTS EXISTING SIDEWALK, ALL SAW CUTS MUST
ADHERE TO CITY REQUIREMENTS. SAW CUTS SHOULD BE ALONG SCORE LINES AND
ANY DISTURBED SIDEWALK FLAGS SHOULD BE REPLACED IN THEIR ENTIRETY.

» DESIGNER TO SPECIFY TRANSITION OF PLANTER TO TOP OF CURB ELEVATION
BETWEEN CURB CUTS OR CONTINUOUS 6 INCH REVEAL AT CURB EDGE.

6. UPTO TWO PLANTERS MAY BE CONNECTED IN SERIES, IN LIEU OF MULTIPLE INLETS,
PROVIDED THE CONNECTION IS A TRENCH DRAIN OR EQUAL SURFACE CONVEYANCE AND
IS ADEQUATELY SIZED TO CONVEY FLOWS.

7. MINIMUMUTILITY SETBACKS AND PROTECTION MEASURES MUST CONFORM TO CURRENT
CITY ASSETPROTECTION STANDARDS AND OTHER UTILITY PROVIDERS REQUIREMENTS.

RELATED SPECIFICATIONS Sl NO. RELATED COMPONENTS
BIORETENTION: 33 47 27
- BIORETENTION SOIL MIX UNDERDRAINS: 20 1-121
- AGGREGATE STORAGE
- MULCH
- STREAMBED COBBLES INLETS: 301-13.2
DESIGNER CHECKLIST QLTLETS: il (N i

(MUST SPECIFY, AS APPLICABLE):

u FACILITY WIDTH, LENGTH, SLOPES (INCLUDING
SIDE, CROSS, AND LONGITUDINAL), AND SHAPE

u DEPTH OF BIORETENTION SOIL
u DEPTH AND TYPE OF GRAVEL STORAGE, IF ANY

u PLANTER SURFACE ELEVATION (TOP OF
BIORETENTION SOIL) AT UPSLOPE AND
DOWNSLOPE ENDS OF FACILITY

u CONTROL POINTS AT EVERY CORNER OF
FACILITY AND POINT OF TANGENCY

DIMENSIONS AND DISTANCE TO EVERY INLET,
QUTLET, SIDEWALK NOTCH, ETC.

ELEVATIONS OF EVERY INLET, QUTLET,
STRUCTURE RIM AND INVERT, AND SIDEWALK
NOTCH

TYPE AND DESIGN OF FACILITY COMPONENTS
(E.G., EDGE TREATMENTS, INLETS/GUTTER
MODIFICATIONS, UTILITY CROSSINGS, LINER,
AND PLANTING DETAILS)

LAYOUT REQUIREMENTS:

1. FOR RIGHT-OF-WAY APPLICATIONS, REFER TO THE CITY STANDARD ACCESSIBILITY
REQUIREMENTS FOR CONSTRUCTION OF COURTESY STRIP, THROUGHWAY , PARKING
SPACE AND ACCESSIBLE PATH REQUIREMENTS.

2. LOCATE CURB CUTS AND GUTTER MODIFICATIONS TO AVOID CONFLICTS WITH
ACCESSIBILITY REQUIREMENTS (E.G., LOCATE OUTSIDE OF CROSSWALKS).

NOT FOR CONSTRUCTION

BIORETENTION & BIOINFILTRATION BASINS
DESIGNER NOTES

1.0

4. Green Stormwater Infrastructure Standard Specification and Design Details

DESIGNER TO SPECIFY |

PONDING ELEVATION VI BOTTOM WIDIR

OPTIONAL PLANTER
SIDESLOPE BETWEEN CURB

CUTS, SEE DESIGNER NOTES 6" (MIN) FREEBOARD

2 g0
I— 2" (MIN) ; 1' (MIN)

NN E 1
ROADWAY WITHOUT PARKING | ) \Y Fﬂfhﬁi VAN sl J_ |
. — \f‘\ V‘\ \ﬁ i T 7
I . . . i 'Jl‘-' ."l&‘ ~] 1 '&"I/#l// [
Tﬂ%ﬁﬂ;ﬁllwm ik Rcab | T B W WA B R g
TS &% = = T=hE TR T

FOR EDGE TREATMENT OPTIONS,

FOLLOW CITY STANDARDS SIDEWALK OR

LANDSCAPING

LA ([ ] = T 2.5 M | R ~— OPTIONAL IMPERMEABLE
Ww KN 1= ==l = = = \((.\_ :\/ ‘\ LINER
. | smax - | =/ = =W =] = i
e e T i~ [N 90
G T
COMPACTED BIORETENTION ‘Wﬁ\&,} ~ | —l :lm%mFl Iﬁulz\_:H (.\Q},%\\\,«\ - ANGLE OF REPOSE
OR NATIVE SOIL, SEE NOTE 3 A5 == —bde A R
] ,
STREAMBED COBBLES ,ﬁ!,: % MULCH (3" MAX IF SPECIFIED)
y 1R RN 3 3 4 L
FOR ENERGY DISSIPATION %'(VKQ.' '{MW?\WW%% BIORETENTION SOIL
S D, 1' \ oy S e
NG AGGREGATE STORAGE
OPTIONAL UNDERDRAIN WITH MINIMUM 12"

CLEANOQUT, SEENOTES 4 &5,

ANDDETAILS 20 AND 2.1 SCARIFIED AND UNCOMPACTED

SUBGRADE, SEENOTES 1 & 2

CONSTRUCTION NOTES:
1. AVOID COMPACTION OF EXISTING SUBGRADE BELOW BASIN.

2. SCARIFY SUBGRADE TO A DEPTH OF 3 INCHES (MIN) IMMEDIATELY PRIOR TO PLACEMENT OF AGGREGATE
STORAGE AND BIORETENTION SOIL MATERIALS.

3. COMPACT BIORETENTION SOIL IMMEDIATELY BEHIND CURB TO 90% OF MAXIMUM DENSITY PER STANDARD
PROCTOR TEST (ASTM D698).

4. UNDERDRAIN REQUIRED FOR ALL FACILITIES WITH IMPERMEABLE LINER.

PROVIDE ONE CLEANOUT PER PLANTER {(MIN) FOR FACILITIES WITH UNDERDRAINS. CLEANOUT MUST CONSIST
OF AVERTICAL, RIGID, NON-PERFORATED PVC PIPE, WITH A MINIMUM DIAMETER OF 4-INCHES AND A
WATERTIGHT CAP.

6. MINIMUM UTILITY SETBACKS AND PROTECTION MEASURES MUST CONFORM TO CURRENT CITY STANDARDS.
COORDINATE WITH ENGINEER IN THE EVENT OF UTILITY CROSSING AND UTILITY CONFLICTS.

ROADSIDE SECTION

NOT FOR CONSTRUCTION

BIORETENTION & BIOINFILTRATION BASINS

1.1
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BASMAA Regional Biotreatment Soil Specification

Specification of Soils for Biotreatment or Bioretention Facilities

Soils for biotreatment or bioretention areas shall meet two objectives:

+  Be sufficiently permeable to infiltrate runoff at a minimum rate of 5" per hour during the
life of the facility, and
» Have sufficient moisture retention to support healthy vegetation.

Achieving both objectives with an engineered soil mix requires careful specification of soil
gradations and a substantial component of organic material (typically compost).

Local soil products suppliers have expressed interest in developing ‘brand-name’ mixes that
meet these specifications. At their sole discretion, municipal construction inspectors may choose
to accept test results and certification for a “brand-name’ mix from a soil supplier.

Tests must be conducted within 120 days prior to the delivery date of the bioretention soil to the
project site.

Batch-specific test results and certification shall be required for projects installing more than 100
cubic yards of bioretention soil.

SOIL SPECIFICATIONS

Bioretention soils shall meet the following criteria. “Applicant” refers to the entity proposing the
soil mixture for approval by a Permittee.

1. General Requirements — Bioretention soil shall:

a. Achieve a long-term, in-place infiltration rate of at least 5 inches per hour.

b. Support vigorous plant growth.

c. Consist of the following mixture of fine sand and compost, measured on a volume basis:

60%-70% Sand
30%-40% Compost
2. Submittal Requirements — The applicant shall submit to the Permittee for approval:

a. A minimum one-gallon size sample of mixed bioretention soil.

b. Certification from the soil supplier or an accredited laboratory that the Bioretention Soil
meets the requirements of this guideline specification.

¢. Grain size analysis results of the fine sand component performed in accordance with
ASTM D 422, Standard Test Method for Particle Size Analysis of Soils or Caltrans Test
Method (CTM) C202.

d. Quality analysis results for compost performed in accordance with Seal of Testing
Assurance (STA) standards, as specified in 4.

¢. Organic content test results of mixed Bioretention Soil. Organic content test shall be
performed in accordance with by Testing Methods for the Examination of Compost and
Composting (TMECC) 05.07A, “Toss-On-Ignition Organic Matter Method”.

f. Grain size analysis results of compost component performed in accordance with ASTM
D 422, Standard Test Method for Particle Size Analysis of Soils.

g. A description of the equipment and methods used to mix the sand and compost to
produce Bioretention Soil.

Page-1 Date: April 18, 2016
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Section 312213 “Rough Grading™: Site filling.

C. Bioretention areas shall conform to the City of Salinas Standard Stormwater
Details.

1.2 SUBMITTALS

A. Bioretention Soil Media: The applicant shall submit to the Permittee for approval:

1. A sample of mixed bioretention soil.

2 Certification from the soil supplier or an accredited laboratory that the
Bioretention Soil meets the requirements of this specification.

3. Grain size analysis results of the fine sand component performed in

accordance withASTM D 422, Standard Test Method for Particle Size
Analysis of Soils

4. Quality analysis results for compost performed in accordance with
Seal of Testing Assurance (STA) standards
5. Organic content test results of mixed Bioretention Soil. Organic

content test shall be performed in accordance with by Testing
Methods for the Examination of Compost and Composting (TMECC)
05.07A, “Loss-On-Ignition Organic Matter Method”.

(Date revised) (Disciplines initials)

the City's Representative for approval a
cobble.

the City's Representative for approval a
ormation far the impermeable liner.

design plans, and City of Salinas

g such as clay, stone dust, carbanate,
. All aggregate passing the No, 200

CONSTRUCTION NOTES FOR BIORETENTION TYPE B
T

PROVIDE INSPFCTION RISER IN FACH FACILITY, PER DETAIL 3, SHEET C5.0. | o

2. PLANTING DESIGN AND IRRIGATION PER LANDSCAPE PLAN SHEET L1.0. FINISHED EL 100.8

3. REFERENCE TECHNICAL SPECIFICATIONS (SP1.1) FOR ALL MATERIALS IN LID
DETAILS. 3HIV MAX. WITH

. CONTRACTOR SHALL SCARIFY SUBGRADE TO A DEPTH OF 6" BEFORE SHELF (1Y)
INSTALUNG BSM IN BIORETENTION AREA. TOP OF (€] WALL
EXCAVATE TO ALLOW FOR SPECIFIED SOIL AND MULCH DEFTHS TO 12" WIDE
ACHIEVE FINISHED ELEVATIONS.

. CONTRACTOR SHALL COMPACT EACH 6” LIFT OF BSM WITH LANDSCAPE
ROLLER OR BY LIGHTLY WETTING. IF WETTING, ALLOW TO DRY
CVERNIGHT BEFORE PLANTING.

7. DO NCT WORK WITHIN BIORETENTION AREA BURING RAIN OR UNDER

a

o

I

WET CONDITIGNS. )
8. CONTRACTOR SHALL KEEP HEAVY MACHINERY OUTSIDE BIORETENTION g
AREA LIMITS.

MAINTAIN 6" BENCH
NATIVE SOIL FOR SUPPORT
OF ADJACENT WAL (TYP)

-

CONTRACTOR SHALL PERFORM. EXCAVATION FROM PERIMETER OF
BIGRETENTION AREA AND LIMIT MACHINERY TO 2 TONS IN WE GHT.
LARGER MACHINERY MUST BE APPROVED BY PROJECT ENGINEER.
10. BIORETENTION FACLITIES SHALL COMPLY WITH CITY OF SALINAS
STANDARD STORMWATER DETAILS. SOIL MEDIA {BSM) IN
4" LIFTS, PER NOTES

& PONDING
MAX WATER SURFACE
ELEV. = 101.1"

2" MULCH LAYER

PROTECT-IN-PLACE 6" THICK.
() CONCRETE FOOTING AT
EDGE OF PLANTER {DEPTH
TO = FIELD VERIFIED)

M) SLOPED-SIDE
BiokErenmon ((2)
B0 D1/TYPE D} (TYP) A/

TOP OF SLOPE
EEV. = 99.6"

BOTIOM OF SLOFE

.
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s .
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CHECKED 3Y: v H 11
PART 1 GENERAL S i
1.1 SUMMARY
) A. Section Includes: i i et
- 1. Bioretention Soil Media (BSM). Bioretention soil media shall Rl CoTpen e palTIee . o
. Standard Test Method for Particle S i "
a. Achieve a long-term, in-place infiltration rate of at least 5 inches il :gjéyizni‘:‘?ieig:ﬁgmeg':;’2“::"995#2°°v
per hour. and methods used te mix the sand and Ineet the following gradation:
b. Support vigorous plant growth fon Soil FE -
c Censist of the following mixture of fine sand and compost, g(:b?gi’%fg;?:)t?;gm“:gg mer\:\,m;ﬁzﬂg( 4
measured on a volume basis: 60%-70% Sand, 30%-40% ), (5) Qualifications of laboratory(s), o | 100
Compost f current certification by STA. ASTM, or b s
2. Mulch for Bioretention Areas.
3. CalTrans Class 2 Permeable Aggregate o 100
4, Rounded Washed Cobble for Energy Dissipation at inlets to the City's Representative for approval a o 95
bioretention areas. h for bioretention areas. 5 =
3. Impermeable Liner =5
the City's Representative for approval a
B. Related Sections: ['rans Class 2 permeable material for 15
Section 033000 “Cast-In-Place Concrete”: Concrete materials. 5

M C33 for fine aggregate comply with the

d, stable, weed free organic matter source
kluding yard debris, wood wastes or other
[nanure or hiosolids meeting the standards
g Council (USCC). The product shall be

| of Testing Assurance (STA) Pragram (a
disclosure program).

[elivery of the soil, the supplier shall submit a
by a laboratory that is enrolled in the US
Analysis Proficiency (CAP) program and

r the Evaluation of Gomposting and Compost
eri

| be specified and include one or more of the
trimmings, grass clippings, food scraps, and

[35% - 75% by dry wt.

io: C:N < 25:1 and C:N =15:1

ve a dark brown color and a soil-like odor.
r or putrid smell, containing recognizable
{120F) upon delivery or rewetting is nat

o , s 3 - Page §
ne of the following is required to indicate il

I

[2 /unit TS /hr
.5 02/ unit BVS / (iiiy Respiration test <8

lue

alysis detailing nutrient content including 75, Holbraok, NY 11741 Phone: 631-737-4831,
B.

wvy.compostingcouncil.org). The sample shall be sent to an ind.

t 0.9% or above preferred.

<80 ppm; Soluble shall be <2.5 ppm
6.0 mmhos/cm

K 8. May vary with plant species.

IRTICN OF ALTERNATIVE BIORETENTION SOIL MIXES

|- Compost for bicretention soils shall be
g #200, 1/4 inch, 1/2 inch, and 1 inch
d by municipality), and meet the following

suppart healthy vegetation.

pecification:
5 General =
in-place infiltration rate of at least 5 inches per hour. Biore

entity proposing the soil mixture for approval

a A sample of mixed bioretention sail

b. Certification from the soil supplier or an accredited
that the Bioretention Soil meets the requirements o
guideline specification

1100 dry Ibsicubic yard
- 55% of dry solids.

of inert ingredients, including glass, plastic

e 12 inches per hour as tested.

ide proof of process to further reduce content test shall be performed in accordance with

umned windrows must reach min. S5C for
ing that peried , i O
e Grain size analysis results of mixed bioretention sa

Particle Size Analysis of Soils.

ct Pathogens: Salmenella <3 MPN/dgrams of TS, or Coliform Bacteria

post Testing: The compest supplier will test all compost products within 120

m. dry basis
ko %ryufmmrm alendar days prior to application. Samples will be taken using the STA
control ample collection protocol. (The sample collection protocol can be obtained

forn the U.S. Composting Council, 4250 Veterans Memorial Highway. Suite

TA Program approved lab. The compost supplier will pay for the test

tention soils not meeting the above criteria shall be evaluated on a case by
ase basis. Alternative hioretention soil shall meet the following specification:
Sails for bioretention facilities shall be sufficiently permeable to ‘ 5
infiltrate runoff at a minimum rate of 5 inches per hour during the life of
the facility, and provide sufficient retention of moisture and nutrients to

ollowing steps shall be followed to verify that alternative soil mixes meet the
soil shall achieve a long-term,

90 shall also support vigerous plant growth. The applicant refers to the

10 8 Submittals — The applicant must submit to the City for approval:

6. Certification from an accredited geoteshnical testing laboratory
that the Bioretention Soil has an infiltration rate between 5 and

d. Qrganic content test results of mixed Bioretention Soil. Organic

Methods for the Examination of Compost and Composting
(TMECGC) 05.07A, “Loss-On-Ignition Organic Matter Method".

in accordance with ASTM D 422, Standard Test Method for

tquipment and methods used to mix the
produce Bioretention Soil
ng laboratory(s) and the following

Dewar test < 20 Temp. rise (°C} e. 10000 MPN/gram ()

lue

wing measures is sufficient to indicate Contaminants Metals {Lead, Mercury, Elc.): Product must meet US EPA, ()
}0 CFR 503 regulations. 5)

f laboratory(s), and personnel including
certification by STA, ASTM, or approved

ure: Bioretention Soils shall be analyzed
using #200, and 1/2" inch sieves (ASTM D

ependent
W municipality), and meet the following

t Passing (by
eight)
[ 100

eability testing: Bioretention Saoils shall
credited geotechnical lak for the following

sity refationships (compaction tests) shall
lon bioretention soil. Bioretention soil for
ty test shall be compacted to 85 to 80
faximum dry density (ASTM D1557).
permeability testing in accordance with
shall be conducted on a minimum of two
6-inch mold and vacuum saturation.

tention soil

laboratory
f this P

of retaining moisture, preventing erosion
cts subject to the State's Model Water
{or comparable local ordinance) will be
hes of mulch. Aged mulch, also called

of weeds to establish, keeps soil moist,
d mulch can be obtained through soil
lial recycling yards. It is recommended to

by Testing

il performed

lemposted mulch, ence a year, preferably in June following
kiwood Bark, free of sticks, dirt, dust, and other debris, as
scape Architect.

diameter.

RMEABLE MATERIAL FOR BIORETENTION FACILITIES

el aggregate GalTrans Class 2 (CalTrans standard 19-
haped rockm % nch maximum, solid, hard, durable and

brmeable aggregate is not available, substitute class 3
ate with an overlying 3° deep layer of 3/4" inch {No. 4]
[egate

ee of deleterious coatings, clay balls, roots, bark, sticks,
ktraneous materials.

BELE

f only naturally eccurring to rounded granular material that
n, hard, and durable. The material shall be free of earth,
her coatings, and deleterious substances, The bulk

the cobble shall be 2.55 minimum as measured by

shall be installed in bioretention areas where indicated on

or PVC material.

pmpproofing, or waterproofing installation has been

of unsupported walls to support loads imposed by fill.

)
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kt an inspection riser in each bioretention facility per
eering design plans

EUbgrade to a depth of 67 before installing permeable
M in bioretention area.

e to allow for specified soil depths to achieve finished

1 from perimeter of area and limit
inweight. Larger machinery must be approved by
city's Representative.

within bioretention area during rain or under wet

avy machinery outside bioratention area limits.

|s and elevations with unfrozen materials.

allows maximum time for natural settiement. Do not
wet, frozen or spongy subgrade surfaces.

od that does not disturb or damage other work
d foundation walls. Do not backfill against unsupported

n each side of unsupported foundation walls until

nges. Blend slope into leve| areas.
materials from site.
ile areas free of excess fill materials.

each 6" lift of BSM with landscape roller or by lightly
llews to dry overnight before planting.

le shall be:
e inlets to the bioretention areas, as identified on the
gs, as a zone of energy dissipation.

T caa
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concrete base in not visible and the
to prevent unimpeded flow into the

Kally aleng the walls of the
ing lot. The impermeable liner is
he bioretention area.




THERE ARE FEW ACCEPTED
ENGINEERING STANDARDS FOR
NATURE-BASED
INFRASTRUCTURE SOLUTIONS -

BUIT THERE ARE — MANY
GUIDES AND RESOURCES THAT
GIVE US ENOUGH INFORMATION
TO BEGIN ...
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International Guidelines on Natural and Nature-Based
Features for Flood Risk Management

Available now!




GRAY | CONSERVATION

Community of Practice | NT E R N a&tTI D N iﬂl'l. |_

Deltares

A=COM

@ AGWA  Aulocase F E BA

Friends of Ecosystem-based Adaptation

| the
Natural
I U C N ;the Nature ) Infrlas.;c.rlt;cture
ODSGI‘V&DC}T - nitiative
Wl

PRACTI AL
IMPL_E_;_;.;“

@ Swiss Re

TECHNOLOGICAL INSTITUTE
OF THE PHILIPPINES

INFRASTR UCTURE

P o -p
: { S WORLD

. I RESOURCES

»
5«33* ‘4una

THE UNIVERSITY OF -
L AT T T~ T A T aculty of Architecture INSTITUTE
MELBOURNE Euildlitr):g ;ﬁd Igl;nnting ’




DEFINE THE

PROBLEM DEVELOP FUNDING
AND FINANCING

Project goals MECHANISMS
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Develop concise, scientific green-
gray engineering guidance for
mangroves + seawalls

- Guyana specific

- General version

Database review of Engineering
Resources available on our green-
gray community website...

© Cl- Guyana
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KNOWING THAT:

1. OFTEN THE COMPLEXITY OF NATURE-BASED
SOLUTIONS REQUIRES
FLEXIBLE DESIGN APPROACHES—- VERSUS RIGID
STANDARDS

2. COMPETENT ENGINEERS — WILL TAKE RISKS
AND INNOVATE
® APPLY AND IMPROVE UPON BEST PRACTICES



LEARN BY DOING ... HOW?



THE CURRENT APPROACH TO
EVIDENCE-BASED DECISION MAKING
FOR NATURE-BASED SOLUTIONS IS
AT BEST — PROJECT, REGION, OR
PROBLEM SPECIFIC.
AT WORST - IT IS NON-EXISTENT OR
O PROPRIETARY.




REGULAR MONITORING OF
INFRASTRUCTURE
PERFORMANCE AND IMPACTS
IS NECESSARY TO GENERATE DATA,
WHICH SHOULD BE AVAILABLE TO ALL
STAKEHOLDERS.

O



Sustainable Infrastructure: Putting Principles into Practice

10. EVIDENCE-BASED DECISION-MAKING

The planning and management of infrastructure throughout
the lifecycle should be informed by key performance indicators

that should promote the collection of data, including data that

IS disaggregated by stakeholder groups. Regular monitoring of
Infrastructure performance and impacts is necessary to generate
data, which should be made available to all stakeholders.
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Sustainable Infrastructure: Putting Principles into Practice

Monitoring

* Monitoring the performance and impacts of infrastructure enables continuous improvement in service
delivery and sustainability.

* Pre- and post-project data on all stages of the lifecycle should be identified and defined, collected,
managed, analysed and fed back to decision makers and stakeholders.

* In addition to economic and financial data, adequate resources should be allocated to collection of data
relating to environmental and social sustainability factors, including spatial and disaggregated data - at
international, national, local and project levels.
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Sustainable Infrastructure: Putting Principles into Practice

Data Sharing

» Effective monitoring requires data management and storage capacity that allows for continuity of data
gathering, storage and sharing across different project and lifecycle phases and with different
stakeholder groups.

* Governments should engage in partnerships with the private sector, academia and civil society to
ensure that relevant data are defined, measured, collected, analysed and synthesised in ways that are
useful for decision makers and the public.
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WE CAN...
COLLABORATE ACROSS DISCIPLINES
AND GEOGRAPHIES TO DESIGN A

TRUSTED MODERN DATA SHARING
PLATFORM FOR USERS TO INPUT
TECHNICAL KNOWLEDGE AND DATA
ABOUT NATURAL INFRASTRUCTURE
PROJECTS.

O



FART CXVI, CHAFTER &
Mareh 1848

PART CXVi
HYDRAULIC DESIGN

CHAPTER 6
SURGES IN CANALS

6-01. SCOPE

This chapter is confined to the problem of surges which occur in navigation canals ss a reault
of lock operations, since & full discussion of other unstendy Bow phenomens which may oceur in
open channels would be feasible only in a large treatise.

a. Surge Problems. In canal design, the study of surges is necessary because of the following
three problems which are given in their probable order of importance: (1) to an extent governed
largely by traffic density; (2) surges which depress the water level reduce the effective channel
depth, those which raise the water level encroach upon the freeboard ; and (3) surges may imposa
sudden large loads upon miler gate operating machines. It should be emphasized that in most
canals, there is no serious difficulty with surges, Unless traffic density 18 great, an exiling surge
problem can quite easily be alleviated. Nevertheless, some consideration of the surge problem i
warrantled in design, particularly for long, excavated canals controlled by high head locks.




INTERNATIONAL STORMWATER ABOUT CONNECT
BMP DATABASE

=
- ‘ 4
N — s

Urban Stormwater DOT Portal to Urban BMP National Stormwater Agricultural Stream Restoration
BMP Database BMP Database Cost Database Quality Database BMP Database Database

International Stormwater BMP Database

What's New
The International Stormwater Best Management Practices Database (EMPDB) is a repository of BMP field studies and related web tools, performance summaries,

and monitoring guidance. Initiated over 25 years ago, the original focus was urban stormwater BMPs (stormwater control measures). Through the support of long- 2020 Urban BMP Database Performance Summary

term partners, the project has expanded to develop additional resources related to both urban and agricultural runoff, treatment and management. Separate

databases are accessible on this site for urban stormwater BMP performance, agricultural BMPs, stream restoration BMPs, and urban runoff quality characterization 2020 Agricultural BMP Database Summary

(National Stormwater Quality Runoff Database). Special resources have also been developed for Department of Transportation users through the DOT Portal. All of Update to Stream Restoration Crediting Guidance 2021, (in

these resources can be accessed through this website, with the most developed tools available for urban stormwater BMPs. progress)

To be placed on a contact list for project updates, contact us.
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Creating a shift ...in thinking ..In practice ...In learning Strategic Partners
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.8 : sor o PROCUREMENT
Navigating towards climate resilient infrastructure systems
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BUILD AND IMPLEMENT A SYSTEM
BY-AND-FOR USERS
TO INPUT KNOWLEDGE AND DATA

technology + performance + cost

& INFORM DESCRIPTIVE METHODS




PRIMARY & SECONDARY
USERS

1" — ENGINEERS:

performance data, design details, specifications, costs

2 -INVESTORS, POLICY
MAKERS, & FUNDERS: case studies,

«WE NEEBERARIEWORKS TO BE
INSPIRATIONAL " | -
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MANAGE, MAINTAIN, AND LEARN

from successes and failures




NATURAL INFRASTRUCTURE
ENGINEERING
(web) HUB

Closing and shortening the feedback loop
between discovery, application, and advancing practice

O



PRE-COMPETITIVE COLLABORATION

By drawing on multidisciplinary
expertise and collaborative
outputs we can ensure the
inclusion of diverse perspectives
... to create fertile ground for
innovation and new partnerships

within and across sectors.

PRACTICAL -GUIDE TO TMPLMENT ING
GREEN-GRAY-TNFRASTRUCTUE



Design
a prototype
(or series of

l
l
l
Clearly articulate V
the problem you

prototypes) to test
want to solve all or part of your Engage in
solution a continuous
short-cycle
Ideate Innovation process to
continually improve
Q your design

Prototype

Brainstorm
Develop a deep potential
understanding of solutions; select
the challenge and develop your
solution




HOW DO WE FUND 'VFLEMENTATION

AND LONG-TERM MAINTENANCE OF

SUCH A HUEY WHO LEADS 1HE

DESIGN AND IMPLEMENTATION? WHO

HOSTS — MONITORS AND MAINTAINS -
THE PLATFORM?

O



PROS/CONS OF DIFFERENT
SECTO RSI ACTO RS (stereotypes)

PRIVATE SECTOR: global network to spread

knowledge, proprietary

N O N 'P RO F IT non-propietary data sharing, grant dependent
ACAD E M IA region/location specific, grant-based

dependencies

GOVT (LOCAL, NATIONAL, INTL):

O bureaucratic, slow, trusted
o IhinA Nnoiarz P,




REQUIRE OR
INCENTIVIZE INPUTS

PERMITS,
REIMBURSEMENTS, OR REWARDS
ENABLE CITIZEN
SCIENCE



NATURAL INFRASTRUCTURE
ENGINEERING
HUB

A pathway to address barriers and increase global implementation of

natural infrastructure






Available for review now! (Sharing links)

By end-of-day Monday May 23rd, A Playbook to guide players &

please: define the plays and strategies to
(1) provide your comments in
'suggesting’ mode, and

(2) add your name to the list of
contributors

https://docs.google.com/document/d/1siyWhXiIUXILUXkTevOBON osbAbgpOsj/edit?usp=sharing&ouid=110777601449852950557 &rtpof=true&sd=true

€
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NATURE-BASED COASTAL RESILIENCE

Case-based Learning Series
from the Global Green-Gray Community of Practice

The Global Green-Gray
Community of Practice cordially
Invites you to learn with us every
month from practitioners around
the world working to innovate
sustainable and resilient coastal
green-gray Infrastructure
solutions.

We will alternate every session
between the Asia-Pacific and
Americas and hope you will join
us!



First Technical Advisory Group Meeting May 27% (Sharing Invite)

" | Coastal infrastructure + ecosystems
De-mystifying ecosystem benefit

values to inform design

\ }\
Open-source | country or region
specific | excel-based

Moving forward in Mexico & North Brazil Shelf!
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Useful Resources / Further Reading

Measurement

Inter-American Development
Bank — Common set of alighed
SS|

Five-step process for strategic
performance indicator
development

The World Bank — Resilience
rating system Methodology for
Building and Tracking Resilience

Monitoring

ASCE — Climate-resilient

Infrastructure: Adaptive Design

and Risk Management

Climate ADAPT - Use of remote

sensing in climate change

adaptation

Monitoring of weather impacts

on infrastructure networks using

the internet of things

to Climate Change

Institute for Sustainable
Infrastructure - The Envision
framework

UNDP — Five approaches to build

functional early warning systems

Data Sharing

The FAIR guiding principles for
open data

GFDRR — Open Data for Resilience

Initiative

The World Bank — Open
Government Data Toolkit

Geospatial Risk and Resilience
Assessment Platform - GRRASP

Analysis of the cascade effects in

supply networks — software tool
CAESAR
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https://www.nature.com/articles/sdata201618.pdf
https://opendri.org/
http://opendatatoolkit.worldbank.org/en/
https://joint-research-centre.ec.europa.eu/geospatial-risk-and-resilience-assessment-platform-grrasp_en?msclkid=98f7e9f0b5a611ec93a0709aeb65ddde
https://www.emi.fraunhofer.de/en/business-units/security/research/analysis-of-the-cascade-effects-in-supply-networkssoftwaretool-c.html
https://ascelibrary.org/doi/book/10.1061/9780784415191
https://climate-adapt.eea.europa.eu/metadata/adaptation-options/use-of-remote-sensing-in-climate-change-adaptation
https://research.birmingham.ac.uk/en/publications/high-resolution-monitoring-of-weather-impacts-on-infrastructure-n?msclkid=1ce2bb19b59a11ec992b744edc877f56
https://www.eurasia.undp.org/content/rbec/en/home/library/environment_energy/five-approaches-to-build-functional-early-warning-systems.html
https://publications.iadb.org/publications/english/document/MDB-Infrastructure-Cooperation-Platform-A-Common-Set-of-Aligned-Sustainable-Infrastructure-Indicators-SII.pdf
https://research-information.bris.ac.uk/ws/portalfiles/portal/96544920/jinam_2E16_2E00015.pdf
https://openknowledge.worldbank.org/handle/10986/35039
https://sustainableinfrastructure.org/envision/use-envision/

	Natural and Nature-Based �Infrastructure Systems �making timely progress�need for descriptive Methods, Manuals, and Standards
	Slide Number 2
	“Youth are dealing with an uncertain future we have created.  �It is here today” | “we need new & creative ideas” | �“how can we move forward without being held back?”|�“jump start resilience with immediate actions” | �“currently have 1000’s of (relatively small)  single-purpose independent projects” | “how do we move towards a systems approach?”| “non-linear challenges need non-linear solutions” |� “scream for help for guidance & tools” | �“most available guidance is old & outdated” |�“how do you keep guidance relevant with the quickly changing science?” | “need best practices to be out there” | “these aren’t mystical creatures”  
	Given the lack of accepted norms and standards for Natural Infrastructure Design and Engineering, ��how might we increase the experience, familiarity and, consequently, confidence of engineers, developers, industry, and governments ��so they can design and build natural infrastructure projects that protect, manage, and restore nature for communities and future generations.
	21st century �engineering guidelines�for our 21st century�challenges
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	A range of potential solutions���
		OUR GOAL
		What are we talking about?
		engineering Design guidelines example
		engineering Design guidelines example
		engineering Design guidelines example
		engineering Design guidelines example
		engineering Design guidelines example
		engineering Design guidelines example
		engineering Design guidelines example
	There are few accepted engineering standards for nature-based infrastructure solutions – but there are – many guides and resources that give us enough information to begin …�
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Engineering guidance available
	We need to continue learning by doing �knowing that:��1. often the complexity of nature-based solutions requires �flexible design approaches– versus rigid standards��2. competent engineers – will take risks and innovate�& apply and improve upon best practices and principles��
	Learn by doing … HOW?
	The current approach to evidence-based decision making for nature-based solutions is �at best – project, region, or problem specific.  �At worst - it is non-existent or proprietary. 
	Regular monitoring of infrastructure �performance and impacts �is necessary to generate data, �which should be available to all stakeholders. 
	Slide Number 31
	Monitoring
	Slide Number 33
	We caN…�collaborate across disciplines and geographies to design a TRUSTED modern data sharing platform for users to input technical knowledge and data about natural infrastructure projects. ��
	Design a platform that Leverages �modern computing & data collection technology 
	Slide Number 36
	Slide Number 37
		Build and implement a system �BY-AND-for users �to input knowledge and data�technology + performance + cost�& inform descriptive methods ��
	Primary & secondary users��1˚ – engineers: �performance data, design details, specifications, costs�2˚ - investors, policy makers, & funders: case studies, project pipeline
	Manage, maintain, and learn�from successes and failures
	 �Natural Infrastructure Engineering �(web) Hub��Closing and shortening the feedback loop �between discovery, application, and advancing practice�
	Slide Number 42
	 �next steps:��1. convene�2. ideate�3. prototype�4. test / iterate
	How do we fund implementation and long-term maintenance of such a Hub? Who leads the design and implementation? Who hosts – monitors and maintains - the platform?
	Pros/cons of different sectors/actors (stereotypes)��Private Sector: global network to spread knowledge, proprietary�Non-profit: non-propietary data sharing, grant dependent�Academia: region/location specific, grant-based dependencies�Govt (local, national, intl’): bureaucratic, slow, trusted�something new …?�
	How Could we require or incentivize inputs back into this type of “modern engineering guideline”?  through permits, reimbursements, or rewards?  Possible to enable citizen science inputs? 
	Natural Infrastructure Engineering �Hub� �	a pathway to address barriers and increase global implementation of natural infrastructure �
	Annex�
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Useful Resources / Further Reading

