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LID/Better Site
Design Case

Study
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CONSTRAINTS ANALYSIS

LEGEND: EXISTING SOILS CHARACTERISTICS
(SOURCE: SOIL SURVEY FOR STAFFORD AND KING GEORGE COUNTIES, FEBRUARY 1974)
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Constraints - Things to Consider

* Riparian Buffers

« Wetlands and Stream Channels
e Existing Woods

o Transitional buffers

e Solls Constraints (Texture, HSG, Perm.,
Bedrock, Water Table)

e Slope Constraints
e Access to Site



Constraints Actually
Used on the Site




Constraints Used

EXISTING SOILS CHARACTERISTICS
(SOURCE: SOIL SURVEY FOR STAFFORD AND KING GEORGE COUNTIES, FEBRUARY 1974)
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Criterion — By Right Layout

e Half Acre Lot — Minimum Lot Size
e Site Yield - up to 25 Lots
e Access from Road to South



Typical Layout
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Effects of Typical Layout

 Clearing of entire site

e Significant Impacts to Wetlands and
Stream Channels

* Impacts to designated Riparian
corridors

 Dramatic Increase in Impervious Cover
 Directly Connected Drainage Systems

@ Stantec



Goals and Objectives

e Assume 10,000 s.f. cluster lots can be
used

e Assume open section roadways can
be used with smaller ROW

 Minimize Land Disturbance
 Minimize Impervious Cover
e Try to Avoid Constraints



LAYOUT ACTUALLY USED




Cluster Layout
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Approach for
Analysis/Benchmarking

Natural Site (Undisturbed Woodland)
Existing Site (Partially Disturbed/Denuded)
Developed Site (Typical By-Right Layout)
Cluster Layout

Cluster Layout (with Resource Restoration
and buffers)



Cluster w/buffers

Cluster Layout

Typical Layout

Existing
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Cluster w/buffers

Cluster Layout

Typical Layout

Existing

Undisturbed

Peak Runoff Rate (cfs)
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LID Volume Target

o Utllize LID measures where feasible to
bring the site back to the same
hydrologic response as an undisturbed
site

 Practices are listed on the worksheet

 Runoff Capture Goal has been
determined as 22,000 cubic feet

@ Stantec



LID EXERCISE
GOAL FOR TREATMENT: LOCATE ENOUGH LID PRACTICES TO COVER APPROXIMATELY 22,000 cubic feet of runoff

Practice Storage Ratio Limits Cost

Engineered Swale 1 cfiLf. of Swale $10/f

Rain Barrel 6 c.f./barrel (Max 4 per house) $200/barrel
Soil Amendments 1cfi10sf. must receive sheet flow from IC $1.50/s 1.
Biofilter 1cfisf. Min 150 s f. per filter $15/s 1.

Vegetated Filter Strip 1cfi5sf Must be flat $0.75/s f.
Limits on drainage area

Infiltration Trenches 1cfif Must be in B type soils S7/1.
Must be level

Porous Pavements Tcfl6sf Driveways Only $4/ s f.
cost are additional to reg. pvmt.

Pocket Wetlands T1cfi2-3sf Doesn't provide volume credit $4/s f.

* Note that the practice costs, limitations and ratios are highly simplified and are for use in this exercise only




Final Design Selected




LEGEND:
APPROXIMATE WETLAND LIMITS

|| APPROXIMATE STREAM CHANNEL LIMITS
RPA LIMITS
PROPOSED FLOW DIRECTION

PROPOSED PRESERVATION
AND REVEGETATION

‘ PROPOSED IMP

A || ENHANCED OUTFALL PROTECTION

NI R

STUDY POINT R1
X

LOW IMPACT DEVELOPMENT PLAN

EXISTING SEDIMENT TRAP TO BE
CONVERTED TOQ BIOFILTER WITH |
ADDITIONAL DETENTION VOLUME

STUDY POINT R2

INSTALL 6 INCH PERIMETER BERM
AS NEEDED TO ACT AS LEVEL
SPREADER TO REDISTRIBUTE
CONCENTRATED RUNOFF
BEFORE ENTERING BUFFER

PROPOSED
BIOFILTER

EXISTING SEDIMENT TRAP TO BE
CONVERTED TO BIOFILTER WITH
ADDITIONAL DETENTION VOLUME

GRADING SHALL BE DESIGNED TO AVOID ALL
IMPACTS TO THE EXISTING AIPARIAN CORRIDOR
TO THE GREATEST EXTENT PRACTICABLE

CONTOUR INTERVAL = 2 FEET i
100 o 50 100

Final Site Design:

*Riparian Buffer
Restoration

*Use of Open-section roads

On-lot and common area
practices

Maintenance of natural
drainage patterns

*Use of engineered swales

Q Stantec



Code and Ordinance Barriers

« DOT/County hesitant to allow C&G redux
« PC Review reguired for cluster

 County hesitant to allow on-lot measures
o Special variance required for C&G redux
o Confusion over design standards

e Requirements much more rigorous than
conventional approaches

« DOT entrance reguirements required
redesign of cluster

@ Stantec



lInnovative Site
Design Case

Study




Innovative Solutions

Innovative Site Design

Municipal Programs:
— Fee-in-lieu Programs
— Pro-rata

Cooperative off-site facilities (developer
driven)

Nutrient Banking
State or Trust-administered Fund



Site Design Example

Pretreatment with LID Practices
Enhanced Forebays

Stormwater Regional Pond Restoration
Stream Day-lighting and Restoration
Riparian Buffer Restoration



Dam Rehabllitation




Spillway Rehabillitation




Stream Daylighting




Stream Daylighting

2 Years Later




Riparian Buffer Restoration




Site Design Case Study

Results
— Expedited Permitting Process
— More Flexible Site Design
— Erosion Hazard Eliminated
— Excess Credits for use in sub-watershed
— Downstream Systems Restored

— Water quality from 200+ acres of
contributing area retrofitted

— Project is self-mitigating



Trading Case
Study




Trading Concepts

Source Sector
Trading

In-kind trading
Credits vs. Offsets

Technologies may
vary

‘Additionality’
Trading Ratios

Hutrient Trading and Offsite Compliance in
the State of Virginia and the Bay Watershed

A Discussion Paper

Funding Frovided By:
lonal Fish & Wildife Foundation
August 2010
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Nutrient Trading in a

Nutshell

Local/Regional/National
watershed
protection/improvement
Initiatives

— Ambitious surface water

guality improvement
targets

Costs of on-site treatment are
growing/disproportionate

“Coin of the realm” varies

Trading Programs are gainin
favc?r thrc?ughout U.g. J

Credits derived from _
treatment, land conversion,
reduction of existing
discharges

PHOSPHORUS LOADS TO THE

(Annually, in millions of po

BAY BY STATE
unchs)

State

o ol

District of Columbia

1.28

0.13

Delaware

0.53

0.286

Maryland

6.27

3.04

New York

1.26

(.56

Pennsylvania

5.73

316

Virginia

12.42

705

West Virginia

093

Total

28.42

14.84




Project Example

Utility company
RE group
Studied 8000-
ac watershed

Review WQ
Improvement
objectives

Inventory Offset
Opportunities

Project.
Feasiblility
Review




Project Example (cont.)

3 treatment areas

Opportunities focused on marginal,
flood-prone land under overhead
transmission line

10 Ac (+/-) of treatment wetlands

Credits - Offset 1 square mile of
developed land

Value of Credits
~ $3-6,000,000

Credits utilized w/in
~3 yrs of credit
availability




Permeable Pavement
and Bioretention
Issues/Case Studies




Background and Why: The Need

o Conflicts in Standards and Special Provisions
« design vs. construction oriented
e functional component variations among BMPs

o Standardize BMPs for large agency
* reduce design/construction cost
e greater consistency across state
e reduce confusion & errors
e lower long term maintenance and cost



Background and Why: The Need

* Bioretention Soil Media Testing Conflicts

« Chemical and physical parameters have a push/pull;
meeting all constituents can be difficult. (e.g. high sand &
low P conc.)

* Project hold-ups: failure of vendor media to pass 39 party soil
tests OR confusion as to which version of standard to use.

 Porous Pavement
« Lack of endorsed DOT standard
 Growing desire in industry to promote porous pavements
« Growing experience base of installers/materials vendors

@ Stantec



Approach and Framework

Insertable Sheet:

* Provide standard and consistent format for designers to
complete, for inclusion in overall construction plan sets

Special Provisions:

« Create standard specification for BMP materials, installation
procedures, inspection and approval process,
measurement and payment

Construction Documentation vs. Design

e Incorporate existing VDOT Road & Bridge
Standards & Specs where possible

Utilize Existing VDOT Processes and Formats

Q Stantec



Approach and Framework
« VDOT Road & Bridge Stds & Specifications

SECTION 100

DRAINAGE ITEMS 2007
STANDARD e — Road and Bridge
Specifications

STORMWATER MANAGEMENT (SWW)DETALS 14.08

\VDD Virginia Department
of Transportation

\ doendd INDEX OF SHEETS

Ser ::':T B SECTION 100-DRAINAGE
100.06

04/09 VIRGNIA DEPARTMENT OF TRANSPORTATION




Approach and Framework

New SWM-8 Dry Swale Special Provision:

“All drainage structures and pipe shall
conform to Section 232, unless otherwise
specified and approved by VDOT.”

SECTION 100

DRAINAGE ITEMS

¥

Existing VDOT RnB Specifications

SECTION 232—PIPE AND PIPE ARCHES

232.01—Description

These specifications cover materials used for the conveyance of water, including drainage, storm wa-
ter, sanitary systems, and waste water.

232.02—Detail Requirements

The Contractor shall obtain and provide from his supplier a quality control plan acceptable to the De-
partment for determination of conformance with the applicable requirements in the production of con-
crete and corrugated metal culvert and underdrain pipe.

(a) Concrete Pipe:

1. Concrete pipe for culverts and sewers shall be circular or elliptical in cross-section,
either nlain eancrete or reinfarced cancrete and af the madified tanene-and-ornave de-

NOTES:

1 COST OF TRASH RACK AND DEBRIS RACK ARE TQ BE NCLUDED N THE
PRICE BID FOR THE STORMWATER MANAGEMENT DRANAGE STRUCTURE

2 STR\KJURE MAY BE PRECAST OR CAST IN PLN‘.E SEE SHEET
3 FOR DETALS ON CAST M PLACE STRI

3 WEEP HQLES SHALL NOT BE PROVIDED. ANY LIFT HOLES SHALL BE

4.STEPS M TO BE PROVIDED WHEN HEIGHT OF STRUCTURE IS 4'-0"
OR GREATER ABOVE MNVERT OF OUTLET PPE. FOR STEP DETALS
SEE STANDARD ST-

S. SESSSIMIDMD SwWM-DR FOR DETALS ON PLATE, DEBRIS RACK AND

6. MARK HEGHT AL DAL A
D 1 WOE, HORIZCNTAL STRIPES AT ¥ NTERVALS FROM SVERT
OF WATER QUALITY ORFICE (ALL VISBLE SIDES).

7. THE PERMAMENT STORMWATER MANAGEMENT DRANAGE STRUCTURE,
STANDARD SWM-1MAY BE uonrtn Mﬁt THE STORMWATER
MANAGEMENT BASIN IS TO BE TEMPORARY SEDIMENT BASM

DURING PROJECT EONSWI)C'\ON SE[ S'MMD SWW-OR, SHEET 10F S
FOR TEMPORARY MOOFICATION DETALS.

8. THE SIZE OF THE WATER QUALITY ORWFICE SHALL BE SPECFED ON THE
PLANS. ADOITIONAL OPENNGS M THE STORMWATER IMNN:EE VENT DRANAGE
STRUCTURE TO BE PROVIDED WHEN SPECFIED ON THE P

TRASH RACK
siE v 3 —
//-‘:,0: 2 ! \:x_sts NOTE 6
v PLATE q 4 T 2 T
# geems ¥ ! !
g % "
§ °°”°“K°,§, sﬂrgx?ltn : g r/ \./,:,——MT%CRE asucn(ugw 5
; —
i1 i i
'
i Lecmceeeec2
3
tp s e \m o FRONT VEW
SIDE VIEW STRUCTURE To IVERT OF (GEBRIS RACK NOT SHOWN)
SWM DRANAGE STRUCTURE
i Voo PRECAST STORMWATER MANAGEMENT DRAINAGE SREFEREnE
040 AND BRIDGE STANDARDS STRUCTURE
SHEET 2 OF 3 | REVISON DATE 05
vy 08/0 VIRGIMA DEPARTMENT OF TRANSPCRTATION S0z

w - Al § N Y




Stormwater BMPs

List of DRAFT Stormwater BMP Insertable Sheets & Special Provisions
« SWM-2: Sheet Flow to Vegetated Filter Strip
« SWM-3: Grass Channel
« SWM-4: Soil Compost Amendments
« SWM-5: Permeable Pavement
« SWM-6 Infiltration Practices
e SWM-7: Bioretention
« SWM-8: Dry Swale
« SWM-9: Wet Swale
« SWM-10: Filtering Practice
« SWM-11: Constructed Wetland
« SWM-12: Sediment Basin/Trap Conversion to Bioretention
« SWM-MISC: Stormwater Miscellaneous
« SWM-PP: BMP Plant Palette

Associated Material
* Virginia Test Method for Bioretention Soil Media
 Pre-approved Porous Asphalt Mix Designs and specifications



Stormwater BMPs

« Format of BMP Insertable Sheets
 Plan View
 Profile
 Cross-Section

 Material and Sizing Tables
e Dimensioning/Depths
* Elevations/Inverts of BMP/pipes
 Aggregate Type and Size
 Direct Reference to Spec Provisions, Field

Quality Control Procedures, Maintenance
Schedule and Procedure

@ Stantec



Dry Swale Insertable Sheet

UTLTES SAWE
SWALE WITHOUT CHECK Oaws.

TYPE 1(A) DRY SWALE (WITH STOKE SUMP)

NTS

TYPE 2 (B) DRY SWALE (WITH TRENCH DRAIN}

NTS

e Ve SCELTE. o ey i T —
e SWM-8 DRY SW =
VA, I
TrHcAL :nmx"n- :ch uou‘?am SPECIAL PROVISIONS
1A% NEQUWED. EE TAML A SCHEDULE 40 PvC CLEANOUT GENERAL NOTES
TRFACE o THE SEET — L OCTAL. THS SHEET SEE 8P SPECHL PROVEIRNS FOR WATERIL MO 1) CORSTRLCTIN OF THE DRY SWALE. EMGMEEYED SCIL VEDIA UESDN FEATUVES SELATIVG TU CORSTALCTIN
CovER (SEE CETMLS, SAW-CD1 CONSTRCTION FEQUREVENTS. ANY VARITIONS, IL COMPOST AVEMCMENTS SHALL OMLY OF TO RECLLATION AMS CONTRCL OF TRAFFIC
CHWECES Of K85 TO THESE STANDMDS ANO BEGN ATER THE A HAS FAY IS SUREXT TO CHANE A5 (RENED
53 SECNCATONS WUST B2 AFFROVED Y THE DNGNEDE DEDN STAMWITO WITH VEGCTATICN OR FINAL PAVIVINT. MECESSART BY THE CEPMATSENT
APUCMKELE SPECIL MOVSONS FoR THS STADAD
21 MINSHED GRACES SHAL HAVE 4 Mm CF 91 GF ToPsalL
“ales » LANTING PROSOSED. UNLESS OTHERWEE
. i an wl [ s H o L) SECAL PROVEKN FOR ORY SWALE SECFED. DRAFT
" v __'—""‘ . | o 20 SPECIAL PROVENN FOR SCL COMPOST AVENOVENTS. 33 AL VATENULS AMD PROCEDUMES TO 6E N ACCOROANCE
- O N Fe— T =3 WITH VDOT HOAD AND BRICE SPECFICATIONS MO SPECIL
S - - - . - P 31 SAECUL PROVEKN FOR STORVWATER MICELLANEIUS. FROVEINS.
L e |oahe ke K L auu% ._/ | e P CRAMINGS FOR SPANG O LAYDUT
4 4 - . { MAINTENANCE SCHECULE AND PROCEDURE %) SEE SAW-ST FOR FRETREATMENT CETIONS.
" E THE MANTEDRANCE PROCEOURE SHALL FOLLOW THE vooT —
’.?‘J&E?M‘#:B’mm E -a:‘tm m"fgmme FIELD QUALITY CONTROL PROCEDURE ;//:\‘//;H‘!/’/// R
SEL COMPOST AMENOVENT L A SCREDLE 36 ot WANTENANCE PROCEDURES. A
A% FEOLIRED, SEE SWh-4 B QUALITY CONTROL PROCEOURE SHALL SE FOLLOWED. SEE veOT
2 TIGLE O e SIEET: o S e PROCEDURE FUR PRE. UG, 4O POST-CONSTRCTION SR
PLAN VIEW  5gcaice ov COMPACTED EXBTRG e s s rve R
TYPICAL DRY SWALE SOL, AS MEJWSED, SET TALE! ST \,,\\//\
NTS ] ] X
USE 43" WIE MO \//\//
| TYRICAL CHECKDAM (A5 PO IR, Cobenon SR
e Teon U TR 0 COMELT sCEscran
CuRES. SEE TADLE Ch T o)
\ T AL ‘
{ N cLEmOUT
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NSNS PSS NTS
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RS RIANANANANS S N c
R o \\/’ I ///,1/’/ p
TAELE: CRY SWALE CIMENSKONING TABLE (DSOT)
ELEVENT UNIT | DIMENSION NOTES
= NS "
TRCOWICTED SUIAAE SHEDLL 40 P SUBRADE L
UNCTTTRAN MOrwOVEN FEFORATED SCHEOUE ey wan o | MLIMERE »
NON-ROVEN CEOTEXTLE PERFORATED SCHESULE FLTER FagaC 40 PVC UACERDRAN g‘.cnq: Of COMPACTED ol
FLTEX Fagac 40 PVC LNDDRORAN R COMPACTED (ONLY OVER incemaai PROFILE ESSTIG SOL. 45
G PROFILE o ETG SO A RENED, X THLE) ¢ | comwn " VEOT 3 ST
TYPE ' DRY SWALE (WITH STONE SumP) TYPE 2 DRY SWALE (WITH TRENCH DRAN) 0 SP 0TH K VIOT w87 STONE
NTS LLE]
BEH 1 e e st
. ?s': g:razm CRANNGS) . (SEE mt\‘:’c‘m SO0 COMPOST
v~ I \ i . E | wocur aem | T 5 REAHED
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F aENOVENT K A5 FECUSED
| JuocesCeaTn OEPTH
SHALE
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F T
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SE T TG rsrsrststsste e | (45, REQUED, o WATER AR =
) g e L TALE L w RN
I N DRY SWALE VEDIA/MATEAIAL
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N e Pt eEDN VR POTEN CF 54 LAVER
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SWM-7 Bioretention

TABLE: BIOFILTER SUBGRADE DIMENSIONING TABLE (8SDT)
ELEMENT UNIT | DIMENSION NOTES
DRAFT BORETENTION T ——
PRETREATMENT A e N (IF SPECIFIED)
Aﬁg"gggggg;'lg&mngxl- CEggEBSIM BIORETENTICN BASIN \sé?: EJE;I:EE
A f t i | 8 | CHOKER LAYER N MNMUM 3" DEPTH
FOREBAY CHECK DAM
(SEE SWM-CD, TYPE I
CHECK DAM) COMPACTED FILL BERM Cc SUMP LAYER N
(SEE SWM-7, SHEET 2,
CURB CuT DETAL €
(SEE SWM-PT, PT-3) CEPTH OF
BIORETENTION WEIR 0 PONJNC N
INFLOW QUTFALL
- (SEE SWM-7, SHEET 2,
DETAL % SS | SIE SLOPES FT/FT 361 MAXIMUM
SURFACE AREA -
. OF FILTER EED
BIORETENTION ELEVATIONS
ELEMENT ELEVATION NOTES
AN WITH T STORM SEWER PIPE OUTFALL TO
e S ST S EAHE o B Gt or € | "Hevanion
TYPICAL BIORETENTION PROFILE A-A
¢ | _soTTOM OF
NTS TRENCH SuMe
PRETREATWENT
c FOREBAY/
CELL ELEVATION
BIORETENTION
H | BED SURFACE
SURFACE COVER ELEVATION
/_ | unoERDRAN
& kv " INVERT
&, 5 <5 WY
= 770 0 TR\ .= BIORETENTION MEDIA/MATERIAL
HI_ "\\\\\‘\\};\\F\‘\‘\\\\\\\\\\\\’{\’\\‘Q\C\\C\\’\\\\\\\\\":\\\\“\ I‘gll — HIGH IN_SUMP
R R A A R R A = TT—
Ell=lE v == WLCH
AR N RN R N RN N RN T SURFACE COVER N SEE PLANTING PLAN
=] =] o e | | | A NO MULCH
A N AN, —]
T RSRRARRRR > G RRERLIRRI —
=S S sy smson s =l=llS SUMP LAYER STONE
_':J__Ll ;’,\\Z\\Z\\Z\\/’\\/ﬁ{\\/{\\.\\_ RIS T T SIZE
= RSN % -
Il A T ooxer Laves | STOE
F[[IIZIIIE |'r I' TYPICAL SEE CONSTRUCTION DRAWINGS
NON-WOVEN" " - PVC CLEANOUT oia FOR LOCATION AND QUANTITY
GEOTEXTILE S PERFORATED UNCONPACTED AVOD COMPACTION OF SURGRADE! RIPFING/
FILTER FASRIC SCHEOULE 40 SUBGRADE SOIL ILUNG MAY BE REQUIRED IF COMPACTED: LINER
SVC UNDERDRAIN VAY BE REQURED OVER STRUCTURAL FLL
UNCOMPACTED . BIORETENTION OUTFLOW TYPE
1'TYP
SUBGRADE TYPICAL
SEE VDOT ROAD/BRIDGE
SWM RISER OUTFALL
T ARDS
TYPE 2 TYPICAL BIORETENTION SUBGRADE ST
BIORETENTION
CROSS SECTION (TRENCH DRAINED) WER OUTFALL SEE SWM-7, SHEET 2, DETAL A
NTS
«DIMENSIONS IN THIS TABLE TO BE COMPLETED BY DESIGN ENGINEER




SWM -5 Permeable Pavement

PROECT WANAGE]
BY

RATED SCHEDULE ——,
STUB-0UTS

6 PER
4D PVC UNDERDRAIN

K

PERMEABLE
PAVEMENT

DENSE-GRADED B r

ASPHALT LAYERS

NEEDL
NON=WOVEN
STABILIZAT

k_) L L L
Sicesier:
JU“UCE’\ SO

TYPICAL DETAIL: PERMEABLE PAVEMENT

NTS.

SWM-5 PERMEABLE PAVEMENT

(PARKING LOTS)

ReviSER. STATE

STATE wo!
PROJECT

VA, !

TABLE: PERMEABLE PAVEMENT DIMENSIONING TABLE (PPOT)

ELEMENT UNIT | DIMENSION NOTES
A N 187 MINMUM

TRENCH WIDTH N 12" T
€ | TRENCH DEPTH N 12" TYP.
p | UNDERDRAN sTuB T

ACHG

MENSIONS TO BE COMPLETED BY DESIGN ENGINEER

PROVISION AND ROAD AND BRIDGE SPECIFICATIONS.

Bl
*ALL MATERIALS TO BE IN ACCORDANCE WITH PERMEABLE PAVEMENT SPECIAL

TABLE: PERMEABLE PAVEMENT ELEVATION TABLE (PPET)

THRESHOLD TYPE ELEVATION NOTES

SURFACE INLET,
NVERT N

PERVEABLE
Pt

DRAN OUT:
BIVERT I

INVERT

' out

MINMUM 6" BELOW

*ELEVATIONS TO BE COMPLETED BY DESIGN ENGINEER

[~ TOP OF CAP

COVER

_~PROVIDE RUBBER
GASKET

DETAIL A: CLEAN QUT COVER ASSEMBLY

ST IRON /DUCTILE
CLEANOUT

3000 PSI CONCRETE

GENERAL NOTES

1} THIS SHEET IS FOR & LEVEL 1 PERMEABLE ASPHALT DESIGN WITH
RAINS ONLY. A LEVEL 1 DESIGN ASSUMES NO INFILTRATION OF
M WATER INTO THE €.

UND

ST0;

BG

MAXIMUM LONGITUDINAL SLOPE OF PARKING S
CROSS SLOPE s
OF PAVEMENT STRUCTURE AT SUBGRADE

UNDERGRAN SLOPE. 15 D.5% AND & N AoahM SLOPE 1

RFACE IS 1% MAXIMUM
MAXNUM GOTTON SLOPE
MINIMUM

%

A LAYER BETWEEN PERMEABLE PAVEMENT AND RESERVOIR MAY BE
PROVIDED, HOWEVER WLL BE INCIDENTAL AND FOR THE PURPOSES OF
UEASUREUENT AND P N EXTRA PAY ITEM. F 4
C LA B Mo 57 CR Ne. 8 ACCRECATE
£ OF THE RESERVOIR LAYER FOR
LAYER THICKNESS IS 1

UNDERDRAIN
SUCH AS

RFORATIONS TO BE > OR = TO 0.5": ANY BENDS IN PI
CLEAN=0UT TO UNDERORAIN SHALL BE NG MORE THAN A
PERFORATED PIPES SHALL TRANSITION TO SOLID PIPE
SEFORE EXITING STONE RESERVOIR, NO PERFORATED PUC WILL BE WITHIN
T OF THE SURFACE

5) INSTALLATION OF PERMEABLE PAVEMENT WILL BE LAST STEP IN OVERALL
SITE CONSTRUCTION, #TH STRIFING 10 FOLLOW. AL LANDSCAPING
8E PROVIDED PRIOR TO INSTALLATION OF POROUS PAVEMENT

6.) ALL CONTRIBUTING DISTURBED AREAS MUST HAVE REACHED FINAL
STABILIZATION PRIOR 1O INSTALLATIGN OF THE RESERVOIR LAYER aND
PAVING SURFACE. MATERIAL THAT HAS BEEN HALL BE
REVOVED AND REPLACED PROMPTLY BY THE CONTRACTOR AT NO
ADDITIONAL EXPENSE T0 THE DEPAR
cmumr TION INCLUDE, BUT

DA

S OF LOSS OF MATERIAL STABILITY,

7.) NO SEDMENT TRACKING OR DEPOSITION PERMEABLE PAYEMENT

ALLOWED.

8) CONTRACTOR SHALL PREVENT CONTAMINATION OF PERVEABLE PAVENENT
SURFACE

EAVY CONSTRUCTION EQUIF
PERMEABLE PAVEMENT

T SHALL BE PROHIBITED FROM TRAVERSING

TALLED

S OGN WELLS, CLEANGUTS, AND UNDI s-‘ﬁm».: 10
v\uww TO LOGATIONS SHOWN ON GONSTRUGTION. DR

11} ALL MATERIALS AND PROCEDURES TO BE IN ACCORDANCE WITH VDOT
ROAD AND BRIDGE SPECIFICATIONS AND SPECIAL PROVISIONS.

12.) A PERMEABLE PAVEMENT LEVEL 2 SYSTEM WITHOUT UNDERDRAINS MAY
BE ACCEPTABLE UNDER CERTAN CRCUMSTANCES AND ONLY LPON
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SWM-8 Dry Swale Special Provision

e Format of BMP SP

. Description

. Materials

Il. Procedures
V. Tolerance

V. Inspection &
Maintenance

VI. Measurement
& Payment

VIRGINIA DEPARTMENT OF TRANSPORTATION
SPECIAL PROVISION FOR
DRY SWALE

DRAFT July 1, 2015

L DESCRIPTION

This work shall consist of construction, testing inspection and maintenance for dry swale
facilities with the requirements herein and in conformity with the lines, dimensions, grades, and
thickness as shown on the plans and/or as directed by VDOT. The construction of dry swale
facilities shall encompass all activities and materials discussed and specified for explicit proper
function of the facilities. Further description and graphical representation is shown on dry swale
sheet SWM-8. All referenced sections herein are to the current VDOT Road and Bridge
Standards and Specifications, unless otherwise noted.

II. MATERIALS

(a) Excavation shall consist of the design sub-grade for the facility as well as the grading
required to achieve design slopes. All excavation shall conform to Section 303.



Bioretention Soil Media Specs

Parameter BMP VDOT VIM - 134 NOTES

Clearinghouse

Sand Content >75% course; see Sieve Table;  80-90%; see Sieve Table; VTM specs fine aggregate
D10>0.3mm; (D60/D10)<4.0 D10>0.25mm; (D60/D10)<5.0 (sand) and soil fines to be 80-
90% fine aggegrate; See
separate Sieve Distribution

Table
Fines 10%-20% w/ clay <=10% 10%-20% w/ clay <=10%
Organic Content 3%-5% combined mix; dry 2%-5% overall mix, by weight
weight basis
CEC >5.0 meq/100g >5.0 meqg/100g Cation Exchange Capacity
Avall. P 5-15 (M1) or 18-40 (M3) 5-15 (M1) or 10-40 (M3) M1: Mehlich | procedure
Infiltration rate None 1lin/hr -8 in/hr Clrnghouse only requires

for native soils; VTM uses
multiple wet/dry cycles

@ Stantec



Bioretention Soil Media Specs

 DRAFT Virginia Test Method (VTM) — 134

Bioretention Soil Media Test

 Coordinated with VDOT Materials & Geotechnical Divisions, Vendors/Suppliers,
CWP, Virginia Tech, WSSI, and others to develop;

e Scope of VTM:

« Texture Analysis of mineral soil component (soil fines & fine aggregate);
« Organic matter content, %, of the biortetention soil media;

« Cation Exchange Capacity (CEC);

* Phosphorus (p) adsorptioni capability

» Bulk density (to obtain conversion factor between tons and CY)

« Saturated Hydraulic Conductivity (Ksat)

*NOTE: All above tests must sample 3 times from different parts of the stockpile, blend, and then test and
report 1 result, with exception of Ksat which follows different procedure

@ Stantec



Bioretention Soil Media Specs

* Virginia Test Method (VTM) - 134
Measuring Hydraulic Conductivity (Ksat)

Annex C: Mesocosm Testing Protocol for Bioretention Soil Media Testing
(from Wetland Studies and Solutions, Inc. (WSSI) Fairfax, VA)

Mesocom: “An experimental tool that integrates relevant structure and functions of

existing or proposed site conditions into a controlled laboratory environment.” source:
WSSI

Wetting/Drying Cycles: Conduct series of cycles to simulate rain/drying conditions and
iIncorporate at least 1 saltwater brine solution into one of the cycles, measuring
infiltration rates during each cycle via falling head method

Success Criteria: mean overall infiltration rate for each cycle between 1 in/hr and 8

in/hr. If rate for one cycle outside, but returns to range in following cycle or after drying
period, media acceptable.

@ Stantec



Bioretention Soil Media Specs

* Virginia Test Method (VTM) — 134

Measuring Hydraulic Conductivity (Ksat)
* Process

Six (6) representative samples of the
bioretention soil media shall be sampled per
mini-stockpile method per VDOT Materials
Division Manual of Instructions Section 308.05(a)

Construct typical soil media profile (with
remaining bioretention layers) in lab apparatus

Fill apartus with water until ponding depth of 6
inches obtained

Measure time for ponding depth to equal 0.

Repeat ponding and falling head test for 2nd
test cycle.

Following 29 cycle, let appartus dry completely
for 36 hours

Complete total of 8 cycles
Report results for each of 6 soil samples

Table 1. Recommended Testing Cycles

Cycle 1 - Freshwater

Cycle 2 - Freshwater

36 hour Drying Period (minimum)

Cycle 3 - Saltwater Brine Solution !

Cycle 4 - Freshwater

96 hour Drying Period (minimum)

Cycle 5 - Freshwater

Cycle 6 - Freshwater

36 hour Drying Period (minimum)

Cycle 7 - Freshwater

Cycle 8 - Freshwater




BMP Plant Palette

 Plant Types Evaluated
* Ferns, Grasses & Grasslike, Forbs, Shrubs, Understory Trees, Canopy Trees, Species to

Avoid
 Fields Evaluated
« BMP Type

* Physiographic Region

 Hydrologic Zone (tolerance to periodic/regular/permanent inundation)
 Wetland Indicator Status

 Moisture (plant preference for optimal growth)

« Shade Tolerance

o Salinity Tolerance (sensitive, resistant)

« Max Height (line of sight, security issues)

 Leaf Type (year-round or searsonal)

 pH Range (tolerance to acidic soils)

* |nundation (permant indundation depth (inches) tolerance)
 Bloom Season/Seasonal Interest

 Notable Fall Foliage

 Notable Characteristics (flower, color, bark texture, etc.)

*Special thanks to Daniel Malone, Jonathon Herman, Chris Hale (Stantec Landscape Architects)



BMP Plant Palette
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*Special Assistance from Daniel Malone, Jonathon Herman, Chris Hale (Stantec Landscape Architects)



BMP Plant Palette

[BOTANICAL NAME
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Adiantum pedatum northern maidenhair fern
Athyrium asplenioides southern lady fern
Dennstaedtia punctilobula hay-scented fern
Dryopteris carthusiana spinulose woodfern
Dryopteris intermedia intermediate woodfern
Dryopteris marginalis marginal woodfern

Onoclea sensibilis

sensitive fern

Osmundastrum cinnamomeumnm

cinnamon fern

Osmunda claytoniana

Plants
grouped by

ferns, grasses,
and forbs

interrupted fem

BMP Plant
Type characteristics

@ Stantec
*Special Assistance from Daniel Malone, Jonathon Herman, Chris Hale (Stantec Landscape Architects)



Questions?

Doug Beisch - Principal
Doug.Beisch@Stantec.com
757-810-2687




