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COUNTY OF JAMES CITY, VIRGINIA

DECLARATION OF COVENANTS
INSPECTION/MAINTENANCE OF DRAINAGE SYSTEM

Please m' or print legibly in black ink. Covenantor(s) should submit this form to the JCC
Environmental Division, 101-E Mounts Bay Road, Williamsburg, VA 23185.

THIS DECLARATION OF COVENANTS, made this _1st day of February ,2011
between GS Stonehouse Green Land Sub, LLC , and all successors in interest,
("COVENANTORC(S)"), owner(s) of the following property: -
Parcel Identification Number: 0540100014, 0530100021, and 0530100022
Legal Description: Residual Parceis R-1 12.8822 AC, R-2 44.38 AC, and R-3 5.28 AC of Stonehouse Glen, Sections 1 & 2 -
Project or Subdivision Name: Stonehouse Tract 12
Document/Instrument No. 060027006 or Deed Book
and the County of James City, Virginia (“COUNTY.")

Page No.

WITNESSETH:

oo I(We), the COVENANTORC(S), with full authority to execute deéds, mortgages, other covenants, and
. all rights; titles and interests in the property described above, do hereby covenant with the COUNTY as
follows:

», 1. .. The COVENANTOR(S) shall provide maintenance for the drainage system including any
- runoff control facilities, conveyance systems and associated easements, hereinafter referred to as the

. "SYSTEM," located on and serving the above-described property to ensure that the SYSTEM is and remains in
proper working condition in accordance with approved design standards, and with the Iaw and applicable

. executive regulations.  The SYSTEM shall not include any elements located within any Virginia Department of

Transportation rights-of-way.

f 2. -~ If necessary, the COVENANTOR(S) shall levy regular or special assessments against all
present or subsequent owners of property served by the SYSTEM to ensure that the SYSTEM is properly
maintained.

3. The COVENANTOR(S) shall provide and maintain perpetual access from public right-of-
ways to the SYSTEM for the COUNTY, its agent and its contractor.

4, The COVENANTOR(S) shall grant the COUNTY, its agent and its contractor a right of entry
to the SYSTEM for the purpose of inspecting, monitoring, operating, installing, constructing, neconstmcung,
maintaining or repairing the SYSTEM.

s. If, after reasonable notice by the COUNTY, the COVENANTOR(S) shall fail to maintain the
SYSTEM in accordance with the approved design standards and with the law and applicable executive
regulations, the COUNTY may perform all necessary repair or maintenance work, and the COUNTY may
assess the COVENANTOR(S) and/or all property served by the SYSTEM for the cost of the work and any
applicable penalties.

6. The COVENANTOR(S) shall indemnify and save the COUNTY harmless from any and all
claims for damages to persons or property arising from the installation, construction, maintenance, repair,

operation or use of the SYSTEM.
Snitieercent~# /10006 2 844
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7. The COVENANTORC(s) shall promptly notify the COUNTY when the COVENANTOR(S)
legally transfers any of the COVENANTORC(S) responsibilities for the SYSTEM. The COVENANTOR(S)
shall supply the COUNTY with a copy of any document of transfer, executed by both parties.

8. The covenants contained herein shall run with the land and shall bind the COVENANTOR(S)
and the COVENANTOR(S)' heirs, executors, administrators, successors and assignees, and shall bind all
present and subsequent owners of property served by the SYSTEM.

9. This COVENANT shall be recorded in the County Land Records.

IN WITNESS WHEREOF, the COVENANTOR(S) has executed this DECLARATION OF
COVENANTS as of the date first above written.

COVENANTOR(S)

Slgnature
MvIbL. Gy PEvse a?ME/uT' m«msci{
Print Name and Title
. ACKNOWLEDGMENT
COMMONWEALTH OF VIRGINIA :
CITY/COUNTY OF James City , to wit:
I hereby certify that on this ~ 1st day of February , 2011 , before the
subscribed, .a. Notary Public for the Commonwealth of Virginia, personally appeared
Dav1d L. Guy and did acknowledge the foregoing instrument to be his/her Act.
e ""’TN'!)}VITNESS WHEREOF, I have hereunto set my hand and official seal this 1st  day of
& pédbery. 2011 .
S con ;
ENFART ")2,‘-:&"";
IRiZ 0 o [SEAD WC’
PR S Notary Public
.";,/Cé‘}, ’c—:?. ‘}\}: '_;;:f '
o i Notary Registration Number: _197414

My Commission expires: _ 7/31/13

Approved as to form:

County Attorney

This Declaration of Co prepgred by: o
Sigr:a«\wm/_}ﬁﬁame and Title: Katherine Holden, Proj. Administrator

7 r7
Address: 129 Industrial Boulevard, Toano, VA 23168

Phone Number: _757-565-2885 Drainagel_pre_doc
{Revised 9-5-08)
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)) ENGINEERING & RESOURCE PROTECTION -> STORMWATER

Project: _Stoveupoe loacr |2 Puase |

County Plan No. S-0u@-oo

Assigned BMP No.: [yc (0D e 105

BMP Type: Rio -Rerenmen - €T ED Dosin

Information Enclosed:
|§/ Record Drawings (Asbuilts)
D/ Construction Certification

m/ Computations

O Other:

Name: Muve TWTD e Uica

Date: | / 22 / —~

Signature: N \ )\"L( S//
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15401 Weston Parkway, Suite 100

Cary, NC 27513
T:  919.678.0035
F: 919.678.0206
www.wspsells.com

Bill Cain, P.E.

ames City County Engineernng

TO:

LETTER OF TRANSMITTAL

DATE  October 12, 2012

JOB NO. 08-4040 j PROPOSAL NO.
ATTN:

RE:

Stonehouse - Tract 12
As builts Phase 1

&

/A

101-E Mounts Bay Road

Willlamsburg, VA 23187-8784

WE ARE SENDING YOU [x] Attached- H

Case # S-0048-2009 %
esource rFrotection 2,
Ocr4
L5 2015
; L ] ,9$
Via FedEx the following items: OENEQ

Via Mail

Shop Drawings | | Prints D Plans E[ Samples D Specifications
Copy of Letter Change Order
Photographs Control Photographs |:] Contact Prints D Manuscripts D Diskettes
Diapositives See Below
COPIES DATE NO. DESCRIPTION
1 Stonehouse — Tract 12 Phase 1 BMP Record Drawings (Review set)
1 BMP Certification and Record Drawing Checklist for BMP 1
1 BMP Certification and Record Drawing Checklist for BMP 2
1 Photo log
1 Copies of Geotech reports during construction

THESE ARE TRANSMITTED as checked below:

—

—

[

For approval

“For your use

|| As requested

| X| For review and comment
Control survey required

| | Approved as noted

copies for approval
copies for distribution
corrected prints

Resubmit
Submit
Return

Approved as submitted

Return for corrections

g

Analytical aerial triangulation required

| For your records

|| See below remarks || For review and comment

D FOR BIDS DUE 20 D PRINTS RETURNED AFTER LOAN TO US
REMARKS
Bill,

Per our meeting last week, please find enclosed the above items for you to make your final inspection for the 2 BMPs in phase

1 of Tract 12. Once everything is finalized please let me know of any comments and we can finalize record drawings and

send up electronic and mylar copies for your files.

COPY TO:

Mike Etchemendy - Stonehouse Green

Mike Nice — George Nice & Sons

SIGNED: Ed Tang, PE

%
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Peel and Stick FedEx Express Pdckag‘e US Airhill

1. Complete front page of the Airbill.
2. Retain “Sender’s Copy" for your records.

~ 8. Remove label backing.

PEEL FROM THIS CORNER.

4. Adhere Airbill to front of package.
Please DO NOT remove “FedEx Copy.”




James City County, Virginia Py
Environmental Division €ogvED

Stormwater Management / BMP Facilities
Record Drawing and Construction Certification Forms

( Note: In accordance with the requirements of the Chesapeake Bay Preservation Ordinance, Chapter
23, Section 23-10(4), BMP’s shall be designed and constructed in accordance with the manual entitled
James City County Guidelines for Design and Construction of Stormwater Management BMP’s.
Erosion and sediment control policy and approved plans generally require that at the completion of
the project and prior to release of surety, an “as-built” plan prepared by a registered Professional
Engineer or Certified Land Surveyor must be provided for the drainage system for the project,
including any Best Management Practice (BMP) facilities. In addition, for BMP facilities involving
the construction of an impounding structure or dam embankment, certification is required by a
Professional Engineer who has inspected the structure during its construction. Currently there are
over 20 water quality type BMP’s accepted by the County. )

Section 1 - Site Information:

Project Name: ' STonEHoUSE - TAACT 1Z (PUA%E 1)
Structure/BMP Name: mpe L

Project Location: LN TvhAw T

BMP Location: CoMimoeon o llEN SpAtE Y

County Plan No.: s - _oo04yy - Zo09

Project Type: ﬁ Residential - (J Business Tax Map/Parcel No.: 05407 v000/B
O Commercial 0 Office BMP ID Code (if known): (A
(3 Institutional  (J Industrial Zoning District:: 1?\) [ "ﬁ
3 Public 3 Roadway Land Use: eswoenT AL
0 Other Site Area (sf or acres): /.22 4. ( Dr4amAGE 42€d)

Brief Description of Stormwater Management/BMP Facility:

Bro perens o Yorsd (u_&a:@,qmmﬁ._ ey
Nearest Visible Landmark to SWM/BMP Facility: f/ELOGPNé Plew » ;ij/‘EWf £ Gotenl

Nearest Vertical Ground Control ( if known ):

R JCC Geodetic Ground Control O USGS O Temporary O Arbitrary /B:Other ALSyD 277
Station Number or Name: Tenans L

Datum or Reference Elevation: 2%, 42 I KC N&\/_D Z’? €L 105 1Y

Control Description: /'n,\)[‘ IZQ‘E MOA)UMEA/T’

Control Location from Subject Facility: /=T X e (,,o 4 rE %0
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Section 2 - Stormwater Management / BMP Facility Construction Information:

PreConstruction Meeting Held for Construction of SWM/BMP Facility: %Yes ONo (3 Unknown
Approx. Construction Start Date for SWM/BMP Facility: M M/I‘ a0l
Facility Monitored by County Representative during Construction: WYes ONo (O Unknown

Name of Site Work Contractor Who Constructed Facility: _ & €006 NICE 3 SanS
Name of Professional Firm Who Routinely Monitored Construction: GE€T_$Ssturiomss | FERN @VMML Iw 40 %%
Date of Completion for SWM/BMP Facility: AUG, 20 '
Date of Record Drawing/Construction Certification Submittal:

( Note: Record Drawing and Construction Certifications are required within thirty (30) days of the
completion of Stormwater Management and/or BMP facility construction. Record Drawings and
Construction Certifications must be reviewed and approved by the James City County Environmental
Division prior to final inspection, acceptance and bond or surety release. )

Section 3 - Owner / Designer / Contractor Information:

Owner/Developer: (Note: Site Owner or Applicant responsible for development of the project.)

Name: 6.5. SToVEHDUSE GREEN Lasy Sus LLC.

Mailing Address:__ | {95e DPE M ock AcY 'oY/R
EesToN , Ma  Teldo

Business Phone: J1e3-437- 2f5oo Fax:
Contact Person: _ MIKE emygnwo\'f Title: _PEN . o 6
Design Professional: ( Note: Professional Engineer or Certified Land Surveyor responsible for the design and

preparation of plans and specifications for the Stormwater Management / BMP facility. )

Firm Name: Wo P <seus
Mailing Address: ___|i5Yo | {AESTRS P vy
CARN NC 2783
Business Phone: ) 4(9-C13 : c05%¥
Fax: 4G4 (AL - IS
Responsible Plan Preparer: ERALG DUERR, YE
Title: Fiee) .
Plan Name: Soedonse TACT T
Firm’s Project No. OfF - 4esS|
Plan Date: AUEG . [d L 2010
Sheet No.’s Applicable to SWM/BMP Facility: CY¥.3/€5 .1 / / /

BMP Contractor: (Note: Site Work Contractor »directly‘ responsible for construction of the Stormwater
Management / BMP facility.)

Name: GEONGE i C 1 SonS

Mailing Address: __ {29 INDPUS TA AL BLD
ToAND® VA 927162

Business Phone: TS~ € .S- 1LI8X

Fax: 1 s771- &S - (S
Contact Person: MICE Nweg |, P.& .,
Site Foreman/Supervisor: v

Specialty Subcontractors & Purpose (for BMP Construction Only):

A Ng
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Section 4 - Professional Certifications:

Certifying Professionals: ( Note: A Registered Professional Engineer or Certified Land Surveyor is responsible for
preparation of a Record Drawing, sometimes referred to as an As-Built plan, for the
drainage system for the project including any Stormwater Management/BMP Facilities.
A Registered Professional Engineer is responsible for the inspection, monitoring and
certification of Stormwater Management / BMP facilities during its construction. )

Record Drawing and Construction Certifications for Stormwater Management / BMP Facilities

Record Drawing Certification

Firm Name: W5/ 5CH 5

Mailing Address: ISYp| hrsTon Pasfrna vy
Svite loo, ¢ Ve 27512
Business Phone: * 9471 g 38 003

Fax: /73T 02 oL
Name: S. 5hll viae L(ﬂ‘fkf’/§
Title: ;f’ljglr &"n/ﬁ Qe lr

simwre 7. L 7o e
Date:. ]/)’//Z,//Z»

I hereby certify to the best of my knowledge

and belief that this record drawing represents the actual
condition of the Stormwater Management / BMP
facility. The facility appears to conform with the
provisions of the approved design plan, specifications
and stormwater management plan, except as specifically
noted.

é

o]
® (3 S. SHAYNE LEATHERS
Lic. No. 050365

2

( Seal)

Virginia Registered Professional Engineer
or Certified Land Surveyor

Construction Certification

Firm Name: W $pD 5'0”, 5

Mailing Address: 1540l W eston ’fq/kM/
i ¥e\WO  cary, W& _TZ2SID

Business Phone: 411 - ¢#B 003 .S

119 30 0200

Name: ; ¢ 5‘_‘44\, n € Lenthers
Title: __9¢nw (. Engin? el

J
Signature % W

Date: ___Jo/ 12 ZZ .~
/ 2

Fax:

I hereby certify to the best of my knowledge

and belief that this Stormwater Management/BMP
facility was monitored and constructed in
accordance with the provisions of the approved
design plan, specifications and stormwater
management plan, except as specifically

noted.
S. SHAYNE LEATHERS
Lic. No. 050365
&
Ny
. @
SsionaL €
( Seal)
Virginia Registered

Professional Engineer
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Section 5 - Record Drawing and Construction Certification Requirements and Instructions:

N

,

]

v

v
vé

PreConstruction Meeting - Provides an opportunity to review SWM / BMP facility construction,
maintenance and operation plans and address any questions regarding construction and/or
monitoring of the structure. The design engineer, certifying professionals (if different),
Owner/Applicant, Contractor and County representative(s) are encouraged to attend the
preconstruction meeting. Advanced notice to the Environmental Division is requested. Usually,
this requirement can be met simultaneously with Erosion and Sediment Control preconstruction
meetings held for the project.

A fully completed STORMWATER MANAGEMENT / BMP FACILITIES, RECORD
DRAWING and CONSTRUCTION CERTIFICATION FORM and RECORD DRAWING
CHECKLIST. All applicable sections shall be completed in their entirety and certification
statements signed and sealed by the registered professional responsible for individual record

- drawing and/or construction certification.

The Record Drawing shall be prepared by a Registered Professional Engineer or Certified Land
Surveyor for the drainage system of the project including any Best Management Practices.

Construction Certification. Construction of Stormwater Management / BMP facilities which
contain impoundments, embankments and related engineered appurtenances including subgrade
preparation, compacted soils, structural fills, liners, geosynthetics, filters, seepage controls, cutoffs,
toe drains, hydraulic flow control structures, etc. shall be visually observed and monitored by a
Registered Professional Engineer or his/her authorized representative. The Engineer must certify
that the structure, embankment and associated appurtenances were built in accordance with the
approved design plan, specifications and stormwater management plan and standard accepted
construction practice and shall submit a written certification and/or drawings to the Environmental
Division as required. Soil and compaction test reports, concrete test reports, inspection reports,
logs and other required construction material or installation documentation may be required by the
Environmental Division to substantiate the certification, if specifically requested. The Engineer
shall have the authority and responsibility to make minor changes to the approved plan, in
coordination with the assigned County inspector, in order to compensate for unsafe or unusual
conditions encountered during construction such as those related to bedrock, soils, groundwater,
topography, etc. as long as changes do not adversely affect the integrity of the structure(s). Major
changes to the approved design plan or structure must be reviewed and approved by the original
design professional and the James City County Environmental Division.

Record Drawing and Construction Certifications are required within thirty (30) days of the
completion of Stormwater Management / BMP facility construction. Submittals must be reviewed
and accepted by James City County Environmental Division prior to final inspection, acceptance
and bond/surety release. '

Dual Purpose Facilities - Completion of construction also includes an interim stage for
Stormwater Management / BMP facilities which serve dual purpose as temporary sediment basins
during construction and as permanent stormwater management / BMP facilities following
construction, once development and stabilization are substantially complete. For these dual
purpose facilities, construction certification is required once the temporary sediment basin phase of
construction is complete. Final record drawing and construction certification of additional
permanent components is required once permanent facility construction is complete.

Interim Construction Certification is required for those dual purpose embankment-type facilities
that are generally ten (10) feet or greater in dam height (*) and may not be converted, modified or
begin function as a permanent SWM / BMP structure for a period generally ranging from six (6) to
eighteen (18) months or more from issuance of a Land Disturbance permit for construction.
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Interim or final record drawing and construction certifications are not required for temporary
sediment basins which are designed and constructed in accordance with current minimum
standards and specifications for temporary sediment basins per the Virginia Erosion and Sediment
Control Handbook (VESCH); have a temporary service life of less than eighteen (18) months; and
will be removed completely once associated disturbed areas are stabilized, unless a distinct hazard
to the public’s health, safety and welfare is determined by the Environmental Division due to the
size or presence of the structure or due to evidence of improper construction.

(*Note: Dam Height as referenced above is generally defined as the vertical distance from the
natural bed of the stream or waterway at the downstream toe of the embankment to the top of the
embankment structure in accordance with 4VAC50-20-30, Virginia Impoundment Structure
Regulations and the Virginia Dam Safety Program.)

Record Drawings shall provide, at a minimurm, all information as shown within these requirements
* and the attached RECORD DRAWING CHECKLIST specific to the type of SWM/BMP facility
being constructed. Other additional record data may be formally requested by the James City
County Environmental Division. (Note: Refer to the current edition of the James City County
Guidelines for Design and Construction of Stormwater Management BMP’s manual for a
complete list of acceptable BMP’s. Currently there are over 20 acceptable water quality type
BMP’s accepted by the County.)

Record Drawings shall consist of blue/black line prints and a reproducible (mylar, sepia, diazo,

" etc.) set of the approved stormwater management plan including applicable plan views, profiles,
sections, details, maintenance plans, etc. as related to the subject SWM / BMP facility. The set
shall indicate “RECORD DRAWING * in large text in the lower right hand corner of each sheet
with record elevations, dimensions and data drawn in a clearly annotated format and/or boxed
beside design values. Approved design plan values, dimensions and data shall not be removed or
erased. Drawing sheet revision blocks shall be modified as required to indicate record drawing
status. Elevations to the nearest 0.1' are sufficiently accurate except where higher accuracy is
needed to show positive drainage. Certification statements as shown in Section 4 of the Record
Drawing and Construction Certification Form, or similar forms thereof, and professional
signatures and seals, with dates matching that of the record drawing status in the revision or title
block, are also re~quired on all associated record drawing plans, prints or reproducibles.

Submission Requirements. Initial and subsequent submissions for review shall consist of a
minimum of one (1) blue/black line set for record drawings and one copy of the construction
certification documents with appropriate transmittal. Under certain circumstances, it is understood
that the record drawing and construction certification submissions may be performed by different
professional firms. Therefore, record drawing submission may be in advance of construction
certification or vice versa. Upon approval and prior to release of bond/sutety, final submission
shall include one (1) reproducible set of the record drawings, one (1) blue/black line set of the -
record drawings and one (1) copy of the construction certification. Also for current and/or future
incorporation into the County BMP database and GIS system, it is requested that the record
drawings also be submitted to the Environmental Division on a diskette or CD-ROM in an
acceptable electronic file format such as *.dxf, *.dwg, etc. or in a standard scanned and readable
format. The electronic file requirement can be discussed and coordinated with Environmental
Division staff at the time of final submission.
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STORMWATER MANAGEMENT / BMP FACILITIES
RECORD DRAWING CHECKLIST

( Key for Checklist is as follows: XX Acceptable  N/A Not Applicable Inc Incomplete )

1. Methods and Presentation: ( Required for all Stormwater Management / BMP facilities.)

All constructed facilities meet approved design plans, unless otherwise shown. Record
information or deviations from approved design plan shown in clearly annotated format and/or
boxed beside design values.

Elevations to the nearest 0.1 unless higher accuracy is needed to show positive drainage.

All plan sheets labeled with “RECORD DRAWING” in large text in lower right hand corner
(Approved County Plan Number and BMP ID Code can be included if known).

All plan sheet revision blocks modified to indicate date and record drawing status.

All plan sheets have certification statements and certifying professional’s signature and seal.

1. Minimum Standards: (Required for all Stormwater Management / BMP facilities, as applicable.)

Z4ant

v

All requirements of Section I (Methods and Presentation) apply to this section.

Plan Views: Show general location, arrangement and dimensions. Location and alignment shall
generally match approved design plans.

Profile or elevations along top or berm of the facility. At a minimum, elevations are required at
each end, at intervals not to exceed 50 feet and where low spots may be present. Top of
embankment or berm elevations must be no less than design elevation plus any settlement
allowances.

Top widths, berm widths and embankment side slopes.

Show length, width and depth of facility or grading, contours or spot elevations as required to
verify permanent pool and design storage volumes were met or were reasonably close to the
approved design. Evaluation of as-built grading, contours, spot elevations, or cross-sections, may
be necessary by the professional to ensure approved design configurations; depths and volumes
were closely maintained. If grading or elevations are significantly different from the approved
plan, the Environmental Division shall be contacted immediately to determine whether the
variation is acceptable or whether further evidence will be required. Facilities which do not
closely resemble approved plan grades, elevations or configurations may require regrading by the
Contractor; check volumetric computations; and/or a check hydraulic routing to ensure approved
design water surface elevations, discharges or freeboard were closely maintained.

Cross-section of the embankment through the principal spillway or cutlet barrel. Must extend at
least 100 ft. downstream of the pipe outlet or to recorded site property line, whichever is closer.
Proper correlation is required between principal spillway (control structure) crest, emergency
spillway crest, orifice and weirs and the top of the dam or facility. All elevations and dimensions
must reasonably match the design plan or be sequentially relative to each other and the facility
must reflect the required design storage volume(s) and/or design depth.

Profile or elevations along the entire centerline of the emergency spillway. Emergency spillway
may be steeper, but no flatter or narrower than design.

Elevation of the principal spiliway crest or outlet crest of the structure.
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Primary control structure (riser) diameter or dimensions, height, type of material and base size.
Indicate provisions for access that are present such as steps, ladders, etc.

Dimensions, locations and elevations of outlet orifices, weirs, slots and drains.
Type and size of anti-vortex and trash rack device. Height, diameter, dimensions, bar spacings (if
applicable) and elevations relative to the principal spillway crest. Indicate if lockable hatch is

present or not.

Type, location, size and number of anti-seep collars or documentation of other methods utilized for
seepage control. May need to oebtain this information during construction.

Top of impervious core embankment, core trench limits and elevation of cut-off trench bottom.
May need to obtain this information during construction.

Elevation of the principal spillway barrel (outlet pipe) inlet and outlet invert.

Outlet barrel diameter, length, slope, type and thickness class of material and type of flared end
sections, headwall or endwall,

Outfall protection dimension, type and depth of rock and if underlain filter fabric is present.

BMP interior and periphery landscaping zones conform with arrangements and requirements of the
approved design plan.

Maintenance plan taken from approved design plan transposed onto record drawing set.
Fencing location and type, if applicable to facility.

BMP vicinity properly cleaned of stockpiles and construction debris.

No visual signs of erosion or channel degradation immediately downstream of facility.

Any other information formally requested by the Environmental Division specific to the
constructed SWM/BMP facility.
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( Key for Checklist is as follows: XX Acceptable

STORMWATER MANAGEMENT / BMP FACILITIES
RECORD DRAWING CHECKLIST

Bl #z

N/A Not Applicable Inc Incomplete )

VL Group D - Filtering Systems _( Includes D-1 Bioretention Cells; D-2 Surface Sand Filters; D-3

v/ DI.
v b2
v/ ps.

D4.

l/ D5.

\/ Dé6.
‘/ D7.
v

Underground Sand Filters; D-4 Perimeter Sand Filters; D-5 Organic
Filters; and D-6 Pocket Sand Filters )

All requirements of Section II, Minimum Standards, apply to Group D facilities.
Sediment pretreatment devices provided.

For D-1 BMPs (Bioretention Cells), preireatment consisting of a grass filter strip below level
spreader (deflector); a gravel diaphragm; and mulch and planting soil layers were provided.

For D-1 BMPs (Bioretention Cells), plantings consist of native plant species; vegetation provided
was based on zones of hydric tolerances; trees and understory of shrubs and herbaceous materials

were provided; woody vegetation is absent from inflow locations; and trees are located around
facility perimeter.

Facility was not used for erosion and sediment control purposes and sediment was prevented from
entering the facility to the greatest extent possible during construction.
g Y g P g Cargs Clapmsw our)

No visible signs of accumulated silt/sediment were present in the facility following construction or
alternately, accumulated silt/sediment was properly removed .

Filtering system is off-line from storm drainage conveyance system.
Overflow outlet has adequate erosion protection.

Deflector, diversion, flow splitter or regulator structure provided to divert the water quality volume
to the filtering structure.

Minimum four (4) inch perforated underdrain provided in a clean aggregate envelope layer beneath
the facility.

Minimum fifty (50) foot separation from any slope fifteen (15) percent or greater. Minimum one
hundred (100) foot separation horizontally from any known water supply well. ‘Minimum one

hundred (100) foot separation upslope and twenty-five (25) foot separation downslope from any
building. :

Stabilization and acceptable vegetative cover established over contributing drainage area prior to
conveyance of stormwater to the facility.

No visual signs of erosion or channel degradation immediately downstream of facility.

Adequate, direct access provided to the pretreatment area and/or filter bed for future maintenance.
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James City County, Virginia 45& N
Environmental Division Ceven

Stormwater Management / BMP Facilities
Record Drawing and Construction Certification Forms

( Note: In accordance with the requirements of the Chesapeake Bay Preservation Ordinance, Chapter
23, Section 23-10(4), BMP’s shall be designed and constructed in accordance with the manual entitled
James City County Guidelines for Design and Construction of Stormwater Management BMP’s.
Evrosion and sediment control policy and approved plans generally require that at the completion of
the project and prior to release of surety, an “as-built” plan prepared by a registered Professional
Engineer or Certified Land Surveyor must be provided for the drainage system for the project,
including any Best Management Practice (BMP) facilities. In addition, for BMP fucilities involving
the construction of an impounding structure or dam embankment, certification is required by a
Professional Engineer who has inspected the structure during its construction. Currently there are
over 20 water quality type BMP’s accepted by the County. )

Section 1 - Site Information:

Project Name: ‘ STONEHOVSE - TRACT 1L (r YASE l)
Structure/BMP Name: 2MF |
Project Location: L‘t_rﬂﬂ"/"l cr (Bey)vo loTs y1-Y8)
BMP Location: A L]
County Plan No.: S - 0049 - 200 1
Project Type: Residential ~ (J Business Tax Map/Parcel No.: 0540710000 |A
J Commercial (O Office BMP ID Code (if known): |
(J Institutional ~ CJ Industrial Zoning District:: YUupg-R
O Public (O Roadway Land Use: £Es penN AL

O Other Site Area (sf or acres): (91 4c (P R4snavE 41('5/1)

Brief Description of Stormwater Management/BMP Facility:

WET EXTewpey pereniron BonD
Nearest Visible Landmark to SWM/BMP Facility:  F/ &P 10rE_Plewrt ¥ S:TMM Colen)

Nearest Vertical Ground Control ( if known ):

% JCC Geodetic Ground Centrol O USGS O Temporary O Arbitrary FOther NGVO 27
Station Number or Name: ToANO 2 -,

Datum or Reference Elevation: NAD 83 !9'0 ] A&V 27 a._10b%.1y4
Control Description: LoNLUAE M oaNvmenT :

Control Location from Subject Facility: INTK ZTé ém , RTE %0
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»Section 2 - Stormwater Management / BMP Facility Construction Information:

PreConstruction Meeting Held for Construction of SWM/BMP Facility: ﬁ Yes ONo (JUnknown
Approx. Construction Start Date for SWM/BMP Facility: MA“! zotl
Facility Monitored by County Representative during Construction: WMYes (ONo. O Unknown

Name of Site Work Contractor Who Constructed Facility: Gepe b€ N\CE 1 Sonld

Name of Professional Firm Who Routinely Monitored Construction: __ GET %eLvize 1% | (k2R enlV] @NMN-"’LI U‘:c
Date of Completion for SWM/BMP Facility: AJUé . ’I,Di.’L ] seus
Date of Record Drawing/Construction Certification Submittal:

( Note: Record Drawing and Construction Certifications are required within thirty (30) days of the
completion of Stormwater Management and/or BMP facility construction. Record Drawings and
Construction Certifications must be reviewed and approved by the James City County Environmental
Division prior to final inspection, acceptance and bond or surety release. )

Section 3 - Owner [ Designer / Contractor Information:

Owner/Developer: (Note: Site Owner or Applicant responsible for development of the project.)

Name;___ (3.$ . STONCHousE GREEN LANP 6 Vb LLC .

Mailing Address:__|{AGo DEmocfAcy p
ResON , Va4 2o

Business Phone: 7&3 -u37 . 950 Fax:
Contact Person: __ ||g_g_r_gg_&MEMQ_1___ Title:  PEN. M&E
Design Professional: ( Note: Professional Engineer or Certified Land Surveyor responsible for the design and

preparation of plans and specifications for the Stormwater Management / BMP facility. )

Firm Name: S P sas

Mailing Address: __[5Y40) _{\J€SoN P\FN‘!
GA'@‘,I INY Z"SI?

Business Phone: 919- 615 - 00%d

Fax: F10. 618 o"LOQ _
Responsible Plan Preparer: CRAIG PUERR-_ &
Title: Yroyeer mee:

Plan Name: STONEHDUSE TRAT 1L
Firm’s Project No. b§ - Hos|

Plan Date: Ave IF, 20‘0_
Sheet No.’s Applicable to SWM/BMP Facility: €4:%/C5 .0/ 69 /
BMP Contractor: (Note: Site Work Contractor directly'responsible Jor construction of the Stormwater

Management / BMP facility.)

Name: Geokby Me€+ SoNS
Mailing Address: 129 _idovs T AL. Bryd .
A Ano, VA 2L316%

Business Phone: 15 YA 1889
Fax: 151-5%0¢C - (G
Contact Person: Mie Nice, PE.
Site Foreman/Supervisor: v

Specialty Subcontractors & Purpose (for BMP Construction Only):

ANoNg
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‘Section 4 - Professional Certifications:

Certifying Professionals:

( Note: A Registered Professional Engineer or Certified Land Surveyor is responsible for

preparation of a Record Drawing, sometimes referred to as an As-Built plan, for the
drainage system for the project including any Stormwater Management/BMP Facilities.
A4 Registered Professional Engineer is responsible for the inspection, monitoring and
certification of Stormwater Management / BMP facilities during its construction. }

Record Drawing and Construction Certifications for Stormwater Management / BMP Facilities

Record Drawing Certification

Firm Name: __ W% p 5"6”5
Mailing Address: S 40 | mu e4ton pﬂ//rwa},
Svite LoD JEnry, ALy 2-7".9/ R

Business Phone: (4 & 3—8’" 003BS

Fax: (% ¢ 280206

Name: ©«Sln yj] e LendtherS
Title: Slnre L’%ctnf —

Signature: W
Date: W,/I (2.

I hereby certify to the best of my knowledge

and belief that this record drawing represents the actual
condition of the Stormwater Management / BMP
facility. The facility appears to conform with the
provisions of the approved design plan, specifications
and stormwater management plan, except as specifically
noted.

$\“

O /4> :
> Q EX
2 O S. SHAYNE LEATHERS

Lic. No. 050365

( Seal)

Virginia Registered Professional Engineer
or Certified Land Surveyor

Construction Certification

Firm Name: W5SP $ &” S
Mailing Address: ISHO | Weston Prdena )/
it e 100 ) Cary, e 22513

Business Phone: 7 ? & 7-5“ 0'03~$~
Fax: 11 ¢ }Xﬂlﬂ@

Neme: S Shayn e Ceathesrs
Title: __ S¢nd 01 Enﬂnee/‘

Signature: W
Date: 10/12]/2.

I hereby certify to the best of my knowledge

and belief that this Stormwater Management/BMP
facility was monitored and constructed in
accordance with the provisions of the approved
design plan, specifications and stormwater .
management plan, except as specifically

noted.

%
@
B

£s z
2 (O S. SHAYNE LEATHERS > 4
Lic. No. 050365 4

(Seal)

Virginia Registered
Professional Engineer
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Bection 5 - Record Drawing and Construction Certification Requirements and Instructions:

() PreConstruction Meeting - Provides an opportunity to review SWM / BMP facility construction,
maintenance and operation plans and address any questions regarding construction and/or
monitoring of the structure. The design engineer, certifying professionals (if different),
Owner/Applicant, Contractor and County representative(s) are encouraged to attend the
preconstruction meeting. Advanced notice to the Environmental Division is requested. Usually,
this requirement can be met simultaneously with Erosion and Sediment Control preconstruction
meetings held for the project.

a A fully completed STORMWATER MANAGEMENT / BMP FACILITIES, RECORD
DRAWING and CONSTRUCTION CERTIFICATION FORM and RECORD DRAWING
CHECKLIST. All applicable sections shall be completed in their entirety and certification
statements signed and sealed by the registered professional responsible for individual record
drawing and/or construction certification.

O The Record Drawing shall be prepared by a Registered Professional Engineer or Certified Land
Surveyor for the drainage system of the project including any Best Management Practices.

[ Construction Certification. Construction of Stormwater Management / BMP facilities which
contain impoundments, embankments and related engineered appurtenances including subgrade
preparation, compacted soils, structural fills, liners, geosynthetics, filters, seepage controls, cutoffs,
toe drains, hydraulic flow control structures, etc. shall be visually observed and monitored by a
Registered Professional Engineer or his/her authorized representative. The Engineer must certify
that the structure, embankment and associated appurtenances were built in accordance with the
approved design plan, specifications and stormwater management plan and standard accepted
construction practice and shall submit a written certification and/or drawings to the Environmental
Division as required. Soil and compaction test reports, concrete test reports, inspection reports,
logs and other required construction material or installation documentation may be required by the
Environmental Division to substantiate the certification, if specifically requested. The Engineer
shall have the authority and responsibility to make minor changes to the approved plan, in
coordination with the assigned County inspector, in order to compensate for unsafe or unusual
conditions encountered during construction such as those related to bedrock, soils, groundwater,
topography, etc. as long as changes do not adversely affect the integrity of the structure(s). Major
changes to the approved design plan or structure must be reviewed and approved by the original
design professional and the James City County Environmental Division.

a Record Drawing and Construction Certifications are required within thirty (30) days of the
completion of Stormwater Management / BMP facility construction. Submittals must be reviewed
and accepted by James City County Environmental Division prior to final inspection, acceptance
and bond/surety release. '

Dual Purpose Facilities - Completion of construction also includes an interim stage for
Stormwater Management / BMP facilities which serve dual purpose as temporary sediment basins
during construction and as permanent stormwater management / BMP facilities following
construction, once development and stabilization are substantially complete. For these dual
purpose facilities, construction certification is required once the temporary sediment basin phase of
construction is complete. Final record drawing and construction certification of additional
permanent components is required once permanent facili’cy construction is complete.

Interim Construction Certification is required for those dual purpose embankment-type facilities
that are generally ten (10) feet or greater in dam height (*) and may not be converted, modified or
begin function as a permanent SWM / BMP structure for a period generally ranging from six (6) to
eighteen (18) months or more from issuance of a Land Disturbance permit for construction.
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Interim or final record drawing and construction certifications are not required for temporary
sediment basins which are designed and constructed in accordance with current minimum
standards and specifications for temporary sediment basins per the Virginia Erosion and Sediment
Control Handbook (VESCH); have a temporary service life of less than eighteen (18) months; and
will be removed completely once associated disturbed ateas are stabilized, unless a distinct hazard
to the public’s health, safety and welfare is determined by the Environmental Division due to the
size or presence of the structure or due to evidence of improper construction.

(¥*Note: Dam Height as referenced above is generally defined as the vertical distance from the
natural bed of the stream or waterway at the downstream toe of the embankment to the top of the
embankment structure in accordance with 4VAC50-20-30, Virginia Impoundment Structure
Regulations and the Virginia Dam Safety Program.)

Record Drawings shall provide, at a minimum, all information as shown within these requirements
" and the attached RECORD DRAWING CHECKLIST specific to the type of SWM/BMP facility
being constructed. Other additional record data may be formally requested by the James City
County Environmental Division. (Wote: Refer to the current edition of the James City County
Guidelines for Design and Construction of Stormwater Management BMP’s manual for a
complete list of acceptable BMP’s. Currently there are over 20 acceptable water quality type
BMP’s accepted by the Couniy.)

Record Drawings shall consist of blue/black line prints and a reproducible (mylar, sepia, diazo,

" etc.) set of the approved stormwater management plan including applicable plan views, profiles,
sections, details, maintenance plans, etc. as related to the subject SWM / BMP facility. The set
shall indicate “RECORD DRAWING ” in large text in the lower right hand corner of each sheet
with record elevations, dimensions and data drawn in a clearly annotated format and/or boxed
beside design values. Approved design plan values, dimensions and data shall not be removed or
erased. Drawing sheet revision blocks shall be modified as required to indicate record drawing
status. Elevations to the nearest 0.1" are sufficiently accurate except where higher accuracy is
needed to show positive drainage. Certification statements as shown in Section 4 of the Record
Drawing and Construction Certification Form, or similar forms thereof, and professional
signatures and seals, with dates matching that of the record drawing status in the revision or title
block, are also required on all associated record drawing plans, prints or reproducibles.

Submission Requirements. Initial and subsequent submissions for review shall consist of a
minimum of one (1) blue/black line set for record drawings and one copy of the construction
certification documents with appropriate transmittal. Under certain circumstances, it is understood
that the record drawing and construction certification submissions may be performed by different
professional firms. Therefore, record drawing submission may be in advance of construction
certification or vice versa. Upon approval and prior to release of bond/surety, final submission
shall include one (1) reproducible set of the record drawings, one (1) blue/black line set of the
record drawings and one (1) copy of the construction certification. Also for current and/or future
incorporation into the County BMP database and GIS system, it is requested that the record
drawings also be submitted to the Environmental Division on a diskette or CD-ROM in an
acceptable electronic file format such as *.dxf, *.dwg, etc. or in a standard scanned and readable
format. The electronic file requirement can be discussed and coordinated with Environmental
Division staff at the time of final submission.
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STORMWATER MANAGEMENT / BMP FACILITIES
RECORD DRAWING CHECKLIST

( Key for Checklist is as follows: XX Acceptable  N/A Not Applicable Inc Incomplete )
L Methods and Presentation: ( Required for all Stormwater Management / BMP facilities.)
\/ 1. All constructed facilities meet approved design plans, unless otherwise shown. Record

information or deviations from approved design plan shown in clearly annotated format and/or
boxed beside design values.

L/__ 2. Elevations to the nearest 0.1' unless higher accuracy is needed to show positive drainage.

_L 3. All plan sheets labeled with “RECORD DRAWING?” in large text in lower right hand corner
(Approved County Plan Number and BMP ID Code can be included if known).

___‘{_ 4. All plan sheet revision blocks modified to indicate date and record drawing status.

_\_/_‘ 5. All plan sheets have certification statements and certifying professional’s signature and seal.

Minimum Standards: (Required for all Stormwater Management / BMP facilities, as applicable.)

1. All requirements of Section I (Methods and Presentation) apply to this section.

N

2. Plan Views: Show general location, arrangement and dimensions. Location and alignment shall
generally match approved design plans.

\/ 3. Profile or clevations along top or berm of the facility. At a minimum, elevations are required at
each end, at intervals not to exceed 50 feet and where low spots may be present. Top of
embankment or berm elevations must be no less than design elevation plus any settlement

allowances.
__‘{ 4. Top widths, berm widths and embankment side slopes.
l/ 5. Show length, width and depth of facility or grading, contours or spot elevations as required to

verify permanent pool and design storage volumes were met or were reasonably close to the
approved design. Evaluation of as-built grading, contours, spot elevations, or cross-sections, may
be necessary by the professional to ensure approved design configurations, depths and volumes
were closely maintained. If grading or elevations are significantly different from the approved
plan, the Environmental Division shall be contacted immediately to determine whether the
variation is acceptable or whether further evidence will be required. Facilities which do not
closely resemble approved plan grades, elevations or configurations may require regrading by the
Contractor; check volumetric computations; and/or a check hydraulic routing to ensure approved
design water surface elevations, discharges or freeboard were closely maintained.

'/ 6. Cross-section of the embankment through the principal spillway or outlet barrel. Must extend at
least 100 ft. downstream of the pipe outlet or to recorded site property line, whichever is closer.
Proper correlation is required between principal spillway (control structure) crest, emergency
spillway crest, orifice and weirs and the top of the dam or facility. All elevations and dimensions
must reasonably match the design plan or be sequentially relative to each other and the facility
/ must reflect the required design storage volume(s) and/or design depth.

7. Profile or elevations along the entire centerline of the emergency spillway. Emergency spillway
may be steeper, but no flatter or narrower than design.

_ L/ 8. Elevation of the principal spillway crest or outlet crest of the structure.
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JSE <

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Primary control structure (riser) diameter or dimensions, height, type of material and base size.
Indicate provisions for access that are present such as steps, ladders, etc.

D_imensions, locations and elevations of outlet orifices, weirs, slots and drains.
Type and size of anti-vortex and trash rack device. Height, diameter, dimensions, bar spacings (if
applicable) and elevations relative to the principal spillway crest. Indicate if lockable hatch is

present or not.

Type, location, size and number of anti-seep collars or documentation of other methods utilized for
seepage control. May need to obtain this information during censtruction.

Top of impervious core embankment, core trench limits and elevation of cut-off trench bottom.
May need to obtain this information during construction.

Elevation of the principal spillway barrel (outlet pipe) inlet and outlet invert.

Outlet barrel diameter, length, slope, type and thickness class of material and type of flared end
sections, headwall or endwall.

Outfall protection dimension, type and depth of rock and if underlain filter fabric is present.

BMP interior and periphery landscaping zones conform with arrangements and requirements of the
approved design plan.

Maintenance plan taken from approved design plan transposed onto record drawing set.
Fencing location and type, if applicable to facility.

BMP vicinity properly cleaned of stockpiles and construction debris.

No visual signs of erosion or channel degradation immediately downstream of facility.

Any other information formally requested by the Environmental Division specific to the
constructed SWM/BMP facility.
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STORMWATER MANAGEMENT / BMP FACILITIES Bmr |

RECORD DRAWING CHECKLIST

( Key for Checklist is as follows: XX Acceptable  N/A Not Applicable Inc Incomplete )

111. Group A - Wet Ponds ( Includes A-1 Small Wet Ponds; A-2 Wet Ponds; A-3 Wet Ext Det Ponds. )

AL

/. m
\/ A3,

v

A5S.

A4 As.
)

A8B.

A9.

Alo0

Al2.

Al3.

v
__;
7 All:
V4
i

All requirements of Section II, Minimum Standards, apply to Group A facilities.

Principal spillway consists of reinforced concrete pipe with O-Ring gaskets for watertight joint
construction.

Sediment forebays or pretreatment devices provided at inlets to pond. Generally 4 to 6 ft. deep.

Access for maintenance and equipment is provided to the forebay(s). Access corridors are at least
12 ft. wide, have a maximum slope of 15 percent and are adequately stabilized to withstand heavy
equipment or vehicle use.

Adequate fixed vertical sediment depth markers installed in the forebay(s) for future sediment
monitoring purposes.

Pond liner (if required) provided. Either clay liners, polyliners, bentonite liners or use of chemical
soil additives based on requirements of the approved plan.

Minimum 6 percent slope safety bench extending a minimum of 15 feet outward from normal pool
edge and/or an aquatic bench extending a minimum of 10 feet inward from the normal shoreline
with a maximum depth of 12 inches below the normal pool elevation, if applicable, per the
approved design plans. (Note: Safety benches may be waived if pond side slopes are no steeper
than 4H:1V).

No trees are present within a zone 15 feet around the embankment toe and 25 feet from the
principal spillway structure.

Wet permanent pool, typically 3 to 6 feet deep, is provided and maintains level within facility.
Low flow orifice has a non-clogging mechanism.

A pond drain pipe with valve was provided.

Pond side slopes are not steeper than 3H:1V, unless approved plan allowed for steeper slope.

End walls above barrels (outlet pipe) greater than 48 inch in diameter are fenced to prevent a fall
hazard.
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James City County Engineering and Resource
Protection Division
Stormwater Management/BMP Record Drawing and
Construction Certification Review Tracking Form

Project Name; WM 1z, Ane=1

County Plan No. (List any amendments):___ <= —5-'@%-—09 '
Stormwater Management Facility Type: A 3
BMP Phase #: O 1 alIr A1

/9 Information Package Submittal Date: m@g j@l ZQ]L N
K Completeness Check: :

Record Drawing Date/By: _p |12 172. Yo

Construction Certification Date/By: W12 \lpez—

RD/CC Standard Forms  (Ensure that ¢ It forms for the BMP type are included)
Insp/Maint Agreement @ # / Date: ‘\7-\ {2~
BMP Maintenance Plan @ Location: __ G5 « 3 (8% As-Buyyy)
X Special Considerations: _sd/Bp
t Standard E&SC Notes on Approved Plan Requiring RD/CC or County comment in plan revpew
Location (sheet #): \3
% County BMP ID Code #: \\C 0% (vt ev) , W (ol L\z\o)
Log into Division’s “As-Built Tracking Log”
Obtain basic site information (GPIN, Owner, Address, etc.)
a/ Log into Access Database (BMP ID #, Plan No., GPIN, Project Name, etc.)
W, Copy from Active Project File (correspondence, H&H, design computations, etc.).
B/ Create As-Built File using Project File information (File label, folder, copy plan/details/design
information, etc.).
iz/ Inspector Review of RD/CC (consult with Chief Engineer prior to completion of comments).
B/ Record Drawing Review against Approved Plan pnor toyField Inspecti

R O

&/ Final Site Inspection (FI) Performed Date: i0[(% /i l//‘f— A% NAa!
&, Record Drawing (RD) Review Date: m!;s [iz wac’

D/ Construction Certification (CC) Review Date: (o](3

D/ Actions

No comments.

Comments. Letter Forwarded. Date: iO / 2 A
E/ Record Drawing (RD)
& _ Construction Certification (CC)

Construction-Related (CR)
0O  Site Issues (SI)

g Other:
Resubmittal (# and date): ~ S
Re-inspection (if necessary): a ¢ / ~ACL Mg DTS 20

Drainage System Information Acceptable (RD/CC/System Info). Ok for bond release.
Complete “Surety Request Form”.
Final Inspection of active file copying any relevant information to “As-Built” file.
a/On County BMP Inventory (Phase I, II or III).
Copy Final Inspection Report into County BMP Inspection Program file,
Iﬂ/ Provide Digital Photographs of BMP and save into County BMP Inventory.
‘Z/ Request mylar/reproducible from As-Built plan preparer.
o

e

\

Complete “As-built Tracking Log".
Last check of BMP Access Database (County BMP Inventory).
/g

Q&R

( Add BMP to JCC Hydrology & Hydraulic database (optional).™
Add BMP to Municipal BMP list (if a County-owned facility) «
{ Add BMP to PRIDE BMP ratings database. +

Final Sign-Off

Inspector: _b/VP hw Date: 42; ,li?)

Chief Engineer: Date: _/ l’l’.) /13
i i

*** See separate checklist, if needed.
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. Stormwater Management Plan - Stonehouse Tract 12

_ A Conceptual Tract Stormwater Management Plan was previously submitted to satisfy

Proffer 10.2 of the approved rezoning for the Stonehouse PUD (designated on the
January 2008 Stonehouse Master Plan). This report provides updates and design
criteria based on the construction drawings prepared for the proposed subdivision.

Background information relating to the development of a site-wide stormwater
management concept plan has been previously provided to James City County (JCC) as
part of the January 2008 Rezoning and Master Plan Application for Stonehouse.
‘Sections 6 and 7 include the Analysis of Environmental Impacts — Environmental
Inventory, and the Stonehouse PUD Analysis of Stormwater Management, respectively.

Stdrmwater Narrative

" Plans for proposed structural Best Management Practices (BMPs) are included with the

subdivision submittal. A wetland/ stream delineation, topographic survey, and
geotechnical investigation have been incorporated as part of the construction drawings.
Pre-submittal meetings with the JCC Environmental Division and site visits have created
a cooperative design and review process. The “Erosion and Sediment Control Plan” and
“Stormwater Management Design Plan” checklists are included in the submittal.

In evaluating stormwater managément solutions for the sité, unique characteristics were v
considered such as avoidance of Chesapeake Bay Preservation Area (CBPA) Resource .
Protection Areas (RPA), non-RPA wetlands, and other environmentally sensitive areas

‘that permitting and cost alone might render impractical and improbable. Preliminary

observations and mapping identify the followmg to be considered in stormwater
management plannmg

e Project Description: Tract 12 is proposed to be a single family development
comprising 57 homes adjacent to the existing Stonehouse Glen development.
Two access points from Fieldstone Parkway and one access point from
Stonehouse Glen are proposed to create connectivity to public streets and
individual driveways within each section of the site. Approx. 11.77 acres of land
disturbance activity is proposed for this phase of infrastructure development.

« Existing Site Conditions: Tract 12 is currently a 62.49-acre, densely vegetated,
undeveloped tract with a vast amount of tree cover dominating the entire site.
Approx. 21.43 acres of wetlands, streams, and RPA buffer exist along the north,
west, and east ends of the site including 2 features that extend into the site and
separate the parcel into 3 development areas. No regulatory floodplains exist
on-site. Two existing dry ponds (BMP#3A and BMP#3D) and one stormwater
outfall structure are located on-site for runoff from Fieldstone Parkway. A multi-
purpose pedestrian path eXIStS to the south along Fieldstone Parkway.

¢ Adjacent and Off-Site Areas: Tract 12 is located north of Fieldstone Parkway.
' To the east are Amenity H and Six Mt. Zion Road (Route 600). To the west is an
existing JCSA water storage facility and Land Bay 8, which is a proposed
~ townhouse community. To the north is the existing Stonehouse Glen single
family residential development. To the south across Fieldstone Parkway is
Tracts 10A and 10B, which are undeveloped, moderately yggeta'ted areas for

1
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future commercial development. Off-site improvements for landscaping along
Fieldstone Parkway and extension of a gravity sewer outfall with an aerial
crossing of the stream feature to an existing pump station are also proposed.

Sails Description: The James City County soils survéy indicates that Craven-

Uchee Complex soils with 6% to 10% slopes are the primary soils within the
development areas. These soils are moderately well drained and are classified
as hydrologic soil group “C” with moderate shrink/swell potential, high erodibility
potential, slow permeability, and seasonal high water table of 30 inches.
Emporia Complex soils with 25% to 50% slopes are the other primary soils that

-exist on site within the predominantly undeveloped areas. These soils are well

drained and are classified as hydrologic soil group “C” with moderate shrink/swell
potential, high erodibility potential, slow permeability, and depth to seasonal high
water table of 45 inches. Other small areas of the site include Craven, Emporia,
Norfolk, and Slagle fine sandy loam along Fieldstone Parkway.

Critical Areas: Tract 12 includes area of potentially erosive soils. Special
consideration has been given to provide enhanced outlet protection measures
including stilling basins at outfalls and rip rap beyond the required limits of the
dissipater pads. Some impacts to the RPA buffer are proposed associated with
BMP and gravity sewer outfalls. Special consideration has been given to the
proposed off-site gravity sewer outfall routing to avoid steep slopes on the east
bank of the existing stream and wetland feature. Refer to Sheet C1.0 -

- Environmental Inventory Plan for additional information. -

Compliance with 10-Point System

The stormwater management plan utilizes several BMPs including proposed wet
extended detention ponds and bioretention devices within coving areas, as wells as
several existing grass swales and existing dry extended detention basins as follows:

BMP#1 — Proposed wet extended detention pond (10 -pt) for treatment of approx.
1.91 acres from Lots 45-49, a portion of the proposed subdivision street, and
overflow from BMP#2;

BMP#2 — Proposed bioretention area (10-pt) for treatment of approx. 1.72 acres
from Lots 39-45 and a portion of the proposed subdivision street to convey to
BMP#1 in series (50% credit);

BMP #3A — Existing dry extended detention basin (4-pt) for treatment of approx.
2.18 acres from Lots 38, 43-46 and off-site run-off from Fieldstone Parkway;

BMP #3B — Existing dry extended detention basin (4-pt) for treatment of approx.
1.07 acres from Lots 49-51 and run-off from Stonehouse Glen (off— ite excluded
from BMP 10-Point System calculations); ;

BMP #3C — Existing dry extended detention basin (4-pt) for treatment of approx.
1.14 acres from Lots 39-43 and run-off from Stonehouse Glen (off-site excluded -
from BMP 10-Point System calcu!atlons), ;

BMP #3D - Existing dry extended detention basin(4-pt) for treatment of approx.

- 0.56 acres from the undeveloped portion of the site and run-off from Fieldstone

Parkway (off-site excluded from BMP 10-Point System calculations);

Stormwater Management and Drainage Design Report Revised Date: 02/16/10
Stonehouse — Tract 12 | : Page 2 of 13



]

!

BMP#4 — Prbposfed wet exténded detention pond (10-pt) for treatment 6f approx.
2.51 acres from Lots 20-24, Lots 31-32, a portion of the proposed subdmsuon

- street, and overflow from BMPs #5 and #6;

BMP#5 - Proposed bioretention area (10-pt) for treatment of approx. 1.89 acres
from Lot 19, Lots 36-37, and a portion of the proposed subdivision street to
convey to BMP#4 in series (50% credit);

BMP#6 — Proposed bioretention area (10-pt) for treatment of approx. 1.27 acres
from Lots 25-30, a portion of the proposed subdivision street to convey to BMP#4
in series (50% credit);

BMP#7 — Proposed wet exfended detention pond (10-pt) for treatment of approx.
2.36 acres from Lots 1-3, Lots 14-18, and a portion of the proposed subdivision

. street:

BMP#8 — Proposed wet extended detention pond (10-pt) for treatment of approx.
1.46 acres from Lots 5-8, a portion of the proposed subdivision street, and
overflow from BMP#9; and,

BMP#9 — Proposed bioretention area (10-pt) for treatment of approx. 1.21 acres
from Lot 4, Lots 7-11, and a portion of the proposed subdivision street to convey
to BMP#8 in series (50% credit).

Based on site topographic constraints, runoff from the rear of Lots 7-18, 26-31, 32-34,
and 52-57 will sheetflow into the 25’ RPA Building Setback and 100’ RPA buffer without
structural BMPs. Refer to the “Worksheet for BMP Point System” and “Stormwater
Management / BMP Facility Calculations” in the Appendices for more information.

Other contributing elements of the 10-point system include the following:

Resource Protection Area (RPA) — Approx. 21.43 acres of wetlands, streams,
and 100’ RPA buffers exist to the west of Bird Swamp, to the north at the rear of
lots and between developed portions of the site, and to the east of Stonehouse
Glen. Approx. 0.88 acres of disturbed areas for existing BMPs and approx. 0.32
acres of impacts for the proposed gravity sewer and BMP storm drain outfalls are
excluded from the 10 -point system calculations. '

Undusturbed Natural Open Space — Approx. 31.49 acres of conservation
easements are proposed including the above RPA less impacts and disturbed
areas for areas adjacent to RPA. In addition, approx. 7.04 acres of common
open space is proposed for stormwater management facilities and the right-of-
way buffers. Other stormwater management elements excluded from the 10-
point system calculations include the following:

Grass Swales — Improvements to existing natural channels and grass swales are
. proposed to convey approx.. 1.50 acres of run-off (rather than closed pipe

systems) from Lots 46-47 to BMP#1, Lot 38 and Lots 43-35 to exustmg BMP#3A,

) Lots 49-51 to existing BMP#3B, and Lots 35-37 to BMP#5.

: RPA-.Mmqatlon - Approx. 5.97-acres of common area open space along

Fieldstone Parkway and surrounding the existing BMPs will be improved with
landscaping to stabilized denuded areas adjacent to the RPA.
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Based on site inspections and review of original design plans prepared by Landmark
Design Group, the post development drainage areas contributing to the existing BMPs is
consistent with the pre-development drainage areas. As such, use of these stormwater
management facilities should be acceptable. Applicable soil erosion and sediment
control measures will be installed during construction. In addition, lmprovements to the
forebay for eX|st|ng BMP#3A have been identified on the plans.

Storm Drainage and Erosion Control

The proposed storm drainage system includes catch basins, yard inlets, and reinforced
concrete piping designed to carry the 10-year storm in accordance with applicable JCC
guidelines. The design of the closed storm drain systems associated with the collection
of runoff from roadways and other impervious surfaces has been minimized, where
applicable, in accordance with Better Site Design guidelines. Refer to the plans and
“Storm Drainage System Calculations” in the Appendices for more detailed information.

Several temporary sediment basins and traps (to be converted to BMPs) are proposed
to provide erosion and sediment control. Other proposed devices include temporary
diversions and slope drains, inlet protection, silt fencing, stormwater conveyance
channels, and rip rap basins. All measures have been designed in accordance with the
VADCR Erosion and Sediment Control Manual in order to convey and treat sediment
laden runoff during the construction. Construction sequences to identify the appropriate
process for conversion of devices and a maintenance plan to outline inspection
frequency and maintenance requirements have been prepared.

In addition, improvements to the receiving channels at the storm drain outfalls from
BMPs #1, #4, #7, and #8 are proposed to provide enhance outlet protection. Refer to
the plans for des:gn specifications of erosion and sediment control devices mcludmg
sediment basins, swales, matting, and rip rap stilling basins.
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Significant Design Considerations Checklist

Based on review of previous submittals, discussions with JCC Environmental Division,
meetings with Stonehouse HOA, and review of applicable guidelines, the following _
design considerations and lessons learned will be applied to stormwater management:

1.

The 1-year, 24-hour channel protection volume will be detained entirely within the
upstream stormwater devices and released over 24 hours. As a result, all
sections of the downstream channels will be protected from erosion. James City
County requires 24-hour attenuation of the volume of runoff generated from the
1-year storm. Using the Kerplunk method, basins will be designed to contain the
resulting volume then will be dewatered. If it takes 24 hours, but less than 48,
design will be acceptable.

Compliance with this consideration is reflected in the BMP design.

2

Stormwater outfalls as they relate to channel adequacy or the existence of a
channel will be addressed. In order to reduce the risk of scour and ensuing head
cuts outfalls will be field verified using field run survey below outfalls to confirm
the existence of a natural channel meeting the definitions contained in the
Virginia Erosion and Sediment Control Handbook and the Virginia Stormwater
Management Handbook.

Compliance with this consideration is reflected in BMP design.

-3

- The issue of nutrient loading, with specific interest given to phosphorous and

nitrogen, is accounted for in the 10-point requirement computation. Removal
rates, efficiencies, and target pollutants were accounted for when considering the
type of basins to include in the James City County Guidelines for Design and
Construction of Stormwater Management BMPs. A nutrient management
program will be implemented as required.

Compliance with this consideration will be included through compliance with ‘
Stonehouse Proffer 10.9 and development of a Nutrient Management Program.

4.

In accordance with Appendix F of the James City County Guidelines for Design
and Construction of Stormwater Management BMPs, the proposed marina will be:
considered a stormwater hotspot. Certain types of BMPs will not be allowed at
this location. During review of specific site plans, additional areas of interest will
be identified for the County to verify the existence of any hotspots for which
special stormwater management needs apply.

This site is not related to the proposed marina. The Cbunty has not identified
any portion of this site as an area of interest for hotspot consideration.

5.

Within the 10-point requirement, point values are small for open space and areas
used for stormwater management points must be dedicated, by easement, to
James City County and be in a natural undisturbed state. There cannot be any
overlying easements (drainage, utility, access, efc.).

-+ Compliance with this consideration is reflected in the BMP design. .
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6. Infiltration systems will be utilized in areas where soil conditions allow for proper
- design and the discharge passes through some sort of a treatment device for

quality purposes. CONTECH-type systems in combination with a filter device or
natural sand filter are preferred. The main issues here are that the soils in
certain places in the Stonehouse area are vertical and highly erosive. These
systems will be proposed away from the steeper slopes (to prevent sloughing) in
combination with geotechnical advice. Areas of Hydrologic Soil Group A&B will
be targeted throughout the site and evaluated to determine if infiltration is
appropriate. Use of infiltration will be contingent upon approval by the James
City County Environmental Division.

Use of bioretention areas to promote infiltration is proposed in areas where
available soils mapping indicate HSG type B soils may be present and field
geotechnical investigations have confirmed infiltration rates of greater than
0.52 in/hr. Dry swales are located at the rear of lots where longitudal slopes
are less than 5% to capture runoff associated with lot-to-lot drainage.
Bioretention areas are located in cul-de-sacs and coving areas.

7. Depressed vegetated open space within traffic islands and medians and the use
of more “coving” in place of cul de sacs will be used to promote the application of
a Filterra-type system to provide quality treatment for small (less than 0.5 acre)
areas within neighborhoods. This form of bioretention provides good water
quality performance and is considered easier to maintain than similar systems
designed and constructed in the field. There is no benefit in terms of attenuation,
and additional BMPs will be necessary to achieve stormwater management
goals. This will be applied within disconnected section of roadway at the interior
extents of residential development. Traditional cul-de-sac design will be used in
areas where limitations of space or other design constraints do not allow coving.

Bioretention areas are proposed for several depressed vegetated open space
_areas within proposed cul-de-sacs and coving areas to provide enhanced
water quality performance. Larger storm events will by-pass bioretention .
. areas and be conveyed to proposed wet ponds to provide adequate detention.
Use of a Filterra-type system was cost prohibitive for this development.

8. Portions of the site are within the detailed and approximate flood hazard areas
identified on the Flood Insurance Rate Map issued by the Federal Emergency
Management Agency (FEMA). Where required by the County floodplain overlay
district in the zoning ordinance and by FEMA as part of the National Flood
Insurance Program Regulations, flood studies will be developed to evaluate
impacts on base flood elevations and delineations. This will include the
appropriate actions from a processing perspective in the event a conditional letter
of map revision or letter of map revision is required to reflect impacts.

Specifically, detailed hydraulic analyses of stream crossings will be provided to
document sizing procedures.

This site is shown on FIRM number 51095C0045C, dated September 28, 2007.
The nearest downstream regulatory Special Flood Hazard Area is the Zone A
along Bird Swamp. It is expected there will be no contnbutmg |mpacts to
water quantity on that Zone A.
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9. The non-binding illustrative plan identifies amenities. These amenities provide
for low impact recreational and historical uses. For amenities located within
wetlands, RPA and/or RPA buffer areas, development beyond the establishment
of walking trails and posting of informational signs will be limited. For water
amenities, there is the potential for canoe style boat launches. If proposed,
appropriate permitting procedures will be followed. For sections of recreational

- trails passing through wetlands, elevated boardwalk sections will be used to
minimize impacts. At this time, the exact use of each identified amenity has not
been established. Preliminary uses are listed in the table on the illustrative plan.

“This site does not include any amenity features.

10. Crossings as proposed between Tracts 1 and 4 and 7 and 8 may be very difficult
from a permitting perspective. It is understood that permitting of wetland and -
RPA road crossings will not be easy and that design and cost considerations
should take into account stringent requirements for minimizing and mitigating
impacts to wetlands and RPAs. '

There are two areas of RPA that essentially cut the site in thirds. Original
plans called for a single linear road network across the entire site parallel to
fieldstone Parkway. After review of this design consideration, the plan have
been revised to reflect avoidance of significant stream and RPA crossings.

11. At this time there is no information about existing farm ponds within the
development area. Consideration will be given to using these if appropriate but
based on the historical uses of the land it is not expected any farm ponds will be
sited in locations of stormwater management interest.

There are no farm ponds on this site. '

12. Structural BMP point credit associated with Richardson Mill Pond (County BMP
ID Code: WCO059) from contributing areas associated with this land plan will not
be allowed beyond the natural topographical divide at Six Mount Zion Road
(State Route 600). One of the project goals is to provide both water quantity and
quality treatment within the development areas draining to Richardson Mill Pond
in order to avoid utilizing the pond as a BMP. :

The plan proposes to meet all requirements for quality and quantity control on
site and not to utilize Richardson Mill Pond for water quality.

13. Steep slope areas have been identified based on County GIS data and protection
and avoidance of steep slopes, consistent with Section 23-5 of the County’s
Chesapeake Bay Preservation ordinance, will be a priority within the project area.
This information will be field verified throughout the project as field surveys
advance through fract by tract. Additionally, the information will be used to
establish lot layout to avoid environmentally sensitive areas and take the
responsibility of avoidance from individual builders/contractors.

No steep slopes will be impad:ted for this development based on review of the - .
field topographic survey with the exception of areas required for the BMPs and
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gravity sewer outfall. Further, the application of Proffer 10.5 providing an
addition 25’ building setback from the RPA buffer, along with our general
approach of using an extended RPA buffer to support required open space,
contribute to this mitigation.

14. Uncontrolled drainage not conveyed to a stormwater management/BMP facility
will be subject to the provisions of Minimum Standard #19 of the Virginia Erosion
and Sediment Control regulations. Such discharges will outfall into an adequate,
well-defined bed and natural bank receiving natural or man-made systems. If
systems are not adequate other measures will be required. These might include
‘flow reduction, channel improvements, detention, and/or a combination as -
necessary. Lot to lot drainage will be handled in design of grading plans and the
responsibility of designing and constructing these drainage systems will not
placed on builders. This includes the design of any conveyance outfalls.

Compliance with this consideration is reflected in the grading plans. Drainage
easements have been provided to convey lot-to-lot drainage to the swales.

" Runoff from the rear of some of the lots will sheet flow to dedicated
‘undisturbed open space conservation easements and the RPA.

_15. For the use of regional ponds as BMPs, it is understood that permitting with the
state agencies and obtaining approval from the local board is a very timely
process and there are no guarantees. It is not likely that the stormwater
management plan will include the identification of a regional BMP within the
proposed development area.

No regional BMPs are proposed for this developnjent.

16. Reduction in disturbance of Hydrologic Soil Group (HSG) A&B soils areas and/or
utilization of HSG A&B soil areas for infiltration purposes will be examined closely
during master stormwater management plan, concept plan and plan of
development submittals. Special Stormwater Criteria (SSC) in James City
County will be used as a reference in preparing plans that address impacts to
HSG A&B soils. Specifically, Table SSC-2 will be used to evaluate practices that
result in unit measures to offset impacts. Areas of HSG A&B soils have been
identified based on GIS data. These areas will be further investigated and
delineated as development moves forward. There are no watershed
management plans approved by James City County for the Ware Creek
(Richardson Mill Pond), Ware Creek, or York River (direct) watersheds.
Therefore, the Stonehouse site does not meet the requirements of SSC Type 1.
The December 14, 2004 SSC document will be used as a reference in preparing
plans that address impacts fo HSG A&B soils. Specifically, at the site and
subdivision plan stage development activities and proposed impacts to RPAs will
be identified and a determination will be approved by James City County in terms
of the application of SSC through the variance process (Type 2).

Compliance with this cdnsideration has been included through compliance
with Stonehouse Proffer 10.1.
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Additionally, through the Rezoning of this property, a series of Proffers was developed
that relate to environmental considerations as follows:

10.1: Special Stom?watef Criteria Compliance:

Compliance with this profferr is explained in deiail later in this plan.
10.2: Concéptual Tract Master Stormwater Management Plans:
Compliance with this proffer has been previously satisfied.

10.3: Stormwater Management Inventory Systém-‘

Compliance with thas proffer is ongomg A beta version has been submitted to
the County for review.

10.4: Easement Granting:
Areas for easefnent dedication have been identified on the plans.
10.5: RPA Building Setback:

- RBP Building Setbacks have been identified on the plans.
10.6: LID Education Center.
Compliance with this proffer is not related to development of this site.
10.7: Cistern:
Compliance with this proffer is not related to development of this site.
10.8: Natural Resource Policy:.

A Natural Resource Inventory has been submitted to the County for review.
Approval is required prior to land disturbance for compliance with this proffer

10.9: Nutrient Management Plan:

A Nutrlent Management Plan shall be submitted to the County for review and
approval prior to issuance of building permits for more than 25% of the units’
for compliance with this proffer.

10.10: LEED Certification for Amenity Center: .

Compliance with this proffer is not related to development of this site.

10.11: Water Quality Monitoring:

Compli'ance' with this pfo_ffer has been achieved through a one-time monetary
contribution from the Developer to the Cqunty.
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Special Stormwater Criteria Compliance Checklist

Stonehouse Proffer 10.1 states that the Property shall be subject to the County’s Special
Stormwater Criteria (SSC) as a SSC Type 1 as if the Ware Creek Watershed was
subject to a management plan adopted by the Board of Supervisors so long as the SSC
continue to be applicable to the Powhatan and Yarmouth Creek Watersheds or are
generally applicable in the County. If the County repeals its SSC program, the Owner

shall no longer be bound by this Proffer The County acknowledges and agrees to SSC
Units for the following:

1. Stormwater Management Inventory System ldentnfled as Proffer 10.3 quahf es for
1 SSC Unit per Tract under SSCP#22

2. Additional 25 foot building setback from RPA identified as Proffer 10.5 quallﬂes
for 1 SSC Unit per Tract under SSCP#23

3. Provision of as-built drawings for the entire storm drainage system, included in
Proffer 10.1, qualifies for %2 SSC Unit per_Tract under SSCP#39 '

The following process, based on the SSC document dated December 14, 2004, is
applied to confirm compliance with SSC through the conceptual site planning and
stormwater management for development plans

1. Step 1is to identify the status of any existing Watershed Management Plan
(WMP) including the proposed development area. Stonehouse is within the
Ware Creek Watershed. Although there is not an approved WMP for this -
watershed the site is treated as SSC Type 1 as defined by Proffer 10.1.

2. Step 2 is to identify Variance Determination. This does not apply.

Step 3 is to compile an inventory of soils. Mapping has been prepared and
submitted to James City County as part of the Environmental Inventory in support
of the Rezoning Application. Additionally, soils information has been provided by
James City County.

4. Step 4 is to determine extent of HSG A and B soils within the limits of
disturbance. Although the SSC document only states that HSG A and B soils are
of concern, it is understood that the County prefers HSG 11C soils to be
considered highly erodable. Mapping in support of this Plan provides a qualifier
in advance of geotechnical investigation concerning the appropriateness of .
proposing infiltration in concept. Limits of disturbance and impacts to existing
HSG A and B (and 11C) soils will be clearly defined in advance of site plan
submittal. Based on a review of the mapping there is a substantial amount of
these soils within the site.

5. Step 5 is to evaluate option to save all HSG A and B (and 11C) soils. This will
not apply to this site. N

6. Step 6 is to apply SSC Measures.

Stormwater Management and Drainage Design Report Revised Date: 02/16/10
Stonehouse — Tract 12 . Page 10 of 13



Following this procedure, Table $$C-1 is used to determine required number of unit
measures. '

Proposéd Disturbed Area = 11.77 a/cres (approx. 20 acres at build-out of project)

Measures = 5 unit measures based on SSC Class 4 Designation for 10-50 acres
of disturbed area

Table SSC-2 is used to determine action plan to comply.

Proffered Measures:

SSCP#22 = 1 unit
SSCP#23 =1 unit
- SSCP#39 = V4 unit

TOTAL = 2 % units
.Remaining Require Measures = 2.5 units

Proposed Measures:

SS_CP#_ZVO: Enhanced Qutlet Protection = 1 unit

Rip rap stilling basins will be provided at the: outfall of each proposed
wet pond BMPs to mitigate against conditions witnessed at other
existing BMPs in the County related to location and design of outfalls.

SSCP#25: Enhanced Slope Stabilization = 1 unit

EC-2 matting will be applied to fill slopes up to 3:1 and cut slopes up
to 2:1 slopes. EC-3 matting (TRM) will be applied to fill slopes up to
2:1 associated with the proposed BMPs.

SSCP#ZB: Enhanced Channel Stabilization = 1 unit

EC-3 matting (TRM) applied to proposed drainage channels. All
matting shall be non-degradable.
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- BMP Operation and Maintenance Plan

Proper maintenance of stormwater management BMP facilities is encouraged to prevent.
the introduction of debris and sediment into the facility, spillway(s), and downstream
waterways. Following installation of the facility and establishment of vegetation in
disturbed areas, inspection for sediment buildups will be performed at least quarterly. It
is anticipated that under normal conditions, sediment removal from the facility will be
required once every 10 years. If other construction or related activities are performed on
upslope parcels, adequate protection should be provided and inspections performed at
least once weekly of these newly disturbed areas as well as inspections for accumulated
sediments at the BMP facility.

A designated representative of the owner will inspect the BMP structure after each
significant rain event or the following working day if a weekend or holiday occurs. A
significant rainfall event for this structure is defined as one (1) inch or more of gauged
rainfall within a 24-hour period. Once per year, a representative of the County may
jointly inspect the structure. Appropriate action, performed at the cost of the owner, will
be taken to ensure appropriate maintenance keys to locked access points shall be made
available to James City County personnel upon request ‘

Inspection and maintenance of the facility will consist of the followmg additional
measures:

1. The inspection for sediment buildup will be performed by visual inspection and a
physical determination of sediment depth within the storage area. Sediment removal
is required using a rubber-wheeled backhoe. At the same time, or at least once per

- year, the riser bottom and outlet pipe shall be cleaned of accumulated sediments.
Dispose of sediments removed from the facility at an acceptable disposal area.
Sediment shall not be allowed to-accumulate in depths greater than 1-foot. No
sediment shall be allowed to accumulate to prevent the proper function of any pipe or
culvert.

2. Perform maintenance mowing of grassed areas atleast twice each year. Grasses
such as tall fescue should be mowed in early summer after emergence of the heads
on cool season grasses and in late fall to prevent seeds of annual weeds from
maturing. Mowing of legumes can be less frequent. Trees and shrubs should not be
permitted to grow on any part of the graded embankment.

3. Perform soil sampling on stabilized BMP soil areas once every 4 years. Soil
sampling and testing should be performed by a qualified independent testing
laboratory. Apply additional lime and fertilizer in accordance with test
recommendations. :

4. If vegetation covers less than 40% of soil surfaces in stabilized BMP areas, lime,

. fertilize, and seed in accordance with recommendations for new seedlings, as listed -
in dam construction notes. If vegetation covers more than 40% but less than 70% of
soil surfaces, lime, fertilize, and overseed in accordance thh current seedling
recommendations. :

5. Perform quarterly inspections of the release structures, riser section, and crest of
spillway for the abservance of collected debris. Immediately remove any debris to
maintain.
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6. Perform yearly structural inspections of the facility for damage. Structural inspection
shall be performed on the concrete riser, anti-vortex device, trash rack,
orifice/weir(s), outlet barrel, and embankment. If damage is evident, further

investigation by a professional engineer may be reqwred to assess the continued
[integrity of the structure. . :

7. Perform quarterly mspectlons of the graded side slopes of the BMP facility for signs
- of animal/rodent borrows or slope erosion. Immediately perform necessary repairs,
refilling or reseeding as appropriate.

8. The owner or designated representative shall keep reasonable, accurate written
records of inspections performed on the structure. Records shall document routine
maintenance and/or repairs performed. Copies shall be provided to the County upon

request. _ :
~ 9. The facility shall not be modified in any way without prior consent/approval of the
County, '
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EXHIBITS

10-POINT SYSTEM WORKSHEET

PRE- AND POST-DEVELOPMENT DRAINAGE AREAS

IMPERVIOUS AREA CALCULATIONS




Pt



PROJECT NAME: STONEHOUSE
WSP SELLS PROJECT # 08-4051 :
DESIGNED BY: AHH } DATE: 03/26/08
REVIEWED BY: CMD : DATE: 08/17/09
WORKSHEET FOR BMP POINT SYSTEM
LAND AREA SUMMARY: “Tract 12
IDENTIFICATION ACRES
TOTAL AREA 62.49
RPA BUFFER & WETLANDS (Less 1.20 acres of impact) 20.23 32.4% OF TOTAL AREA
STORMWATER DUNOS (Adjacent to Lots 5, 10,and BMPs) 2.06 3.3% OF TOTAL AREA
ADJACENT DUNQOS (Parcels to East & West) . 9.20 14.7% OF TOTAL AREA
OTHER OPEN SPACE (RAV Buffer and BMPs) 5.97 9.6% OF TOTAL AREA
NET AREA (DENOMINATOR) 31.00 49.6% OF TOTAL AREA
STRUCTURAL SITE AREA (NUMERATOR) 9.80 31.6% OF NET AREA
A. STRUCTURAL BMP POINT ALLOCATION
FRACTION OF SITE' SERVED BY - WEIGHTED BMP
. BMP BMP POINTS B8MP POINTS
Smali Wet Pond 6 X 0.00 / 42.26 0.00
Wet Pond 8 X 0.00 / 42.26 0.00
/ ED Wet Pond (BMP#1: Lots 46-49 + BMP#2) : 10 X 3.63 / 42.26 0.86
ED Wet Pond (BMP#4. Road, Lots 20-24/32-32, BMPs) 10 X 5.69 / 42.26 1.35
% __ED Wet Pond (BMP#7: Road. Lots 1-3, 14-18) 10 X = 236 / 42.26 0.56
ED Wet Pond (BMP#8: Road, Lots 5-8_BMP#9) 10 X 2.54 / 42.26 0.60
Wet ED Pond 10 X 0.00 7 4226 "0.00
Shallow Marsh .8 X 0.00 / 42.26 0.00
ED Shallow Wetland 6 X 0.00 i/ 42.26 0.00
Pond/Wetland System 10 X 0.00 / 42,26 0.00
Pocket Wetland [ X 0.00 ! 42.26 0.00
Infiltration Trench (0.5 in / imp ac) 8 X 0.00 I 42.26 0.00
Infiltration Trench (1.0 in / imp ac) 10 X 0.00 / 42.26 0.00
Infiltration Basin (0.5 in / imp ac) 8 X 0.00 / 4226 0.00
Infiltration Basin (1.0 in / imp ac) 10 X 0.00 / 42.26 0.00
Bioretention (BMP#2: Road + Lots 39-44) (50% credit) 5 X 172 i 4226 0.20
" Bioretention (BMPH#S. Loop + Lofs 19, 36-37) {50% cred 5 X TOT 7 L vavis) U223
& Bioretention (BMP#6: Loop + Lots 25-30) (50% credit) S X 1.27 7 4276 019
. Bioretention (BMP#9: Loop + Lots 4, 7-13) (50% credit) 5 X 1.21 / 42 26 0.14
Surface Sand Fiiter 8 X 0.00 / 42.26 0.00
Underground Sand Filter 8 X 0.00 / 42.26 0.00
Perimeter Sand Filter 8 X 0.00 / 42.26 0.00
Organic Sand Filter 8 X 0.00 / 42.26 0.00
Pocket Sand Fiiter 6 X 0.00 / 42.26 0.00
Wet Swale (Lots 38, 44, 45, 50, and 51 fo existing BMPs) 2 X 1.50 ! 4226 0.00
Dry Swale 10 X 0.00 / 4226 0.00
Biofilters 4 X 0.00 / 42.26 - 0.00 .
Timber Walis 4 X 0.00 / 42.26 0.00
,Dry ED with forebay (Existing BMP#3A for Lots 38, 44-55) 4 X 2.18 / 42.26 0.21
____mmmmmms for Lots 50-51) 4 X 1.07 ! 42.26 010@
Offsite Credits* (Existing BMP#3C for Lots 41-42. 52-56) 4 X 1.14 / 42.26 011
Offsite Credits* (Existing BMP#3D) - 4 X 0.56 /i 4226 005 o
TOTAL WEIGHTED STRUCTURAL BMP POINTS: 4.56
* Note: RPA's, wetlands, steep slopes, and other areas already protected under other regulations are not efigible for this credit.
B. NATURAL OPEN SPACE CREDIT
. POINTS FOR
OPEN SPACE CONSERVATION EASEMENTS FRACTION OF SITETO OPEN RATURAL OPEN NATURAL OPEN
SPACE SPACE CREDIT
. . : SPACE
Accepts and treats stormwater runoff from the development site y o .
per design specification 2.06 1 62.49 x. {0.15 PER 1%) 0.49
Adjacent to a wetland, maiure forest, or RPA 8.20 / 62.49 X {(0.15PER 1%) 221
All other open space (RPA excluding disturbed common areas o
and proposed development impacts) 20.23 [ | 6249 X  {0.10 PER 1%) 324
* TOTAL NATURAL OPEN SPACE CREDIT: 5.94
C. TOTAL WEIGHTED POINTS
4.56 + 5.94 10.50
STRUCTURAL BMP POINTS NATURAL OPEN SPACE POINTS TOTAL



WORKSHEET FOR BMP POINT SYSTEM
LAND AREA SUMMARY: Tract 12

A. STRUCTURAL BMP POINT ALLOCATION

POINTS

, ' FRACTION OF SITE WEIGHTED BMP-

BMP BMP POINTS SERVED BY BMP POINTS
ED Wet Pond (BMP#1: Lots 46-49 + BMP#2) ’ ( 10 X 3.63 = 0.86
ED Wet Pond (BMP#4: Road, Lots 20-24/32-32, BMPs) 10 X 5.69 = 1.35
ED Wet Pond (BMP#7: Road, Lots 1-3, 14-18) 10 X 2.36 = 0.56
ED Wet Pond (BMP#8: Road, Lots 5-8, BMP#9) 10 X 2.54 = 0.60
Bioretention (BMP#2: Road + Lots 39-44) (50% credit) 5 X 1.72 = 0.20
Bioretention (BMP#5: Loop + Lots 19, 36-37) (50% credit) 5 X 1.91 = 0.23
Bioretention (BMP#6: Loop + Lots 25-30) (50% credit) 5 b 1.27 = 0.15
Bioretention (BMP#9: Loop + Lots 4, 7-13) (50% credit) 5 X 1.21 = 0.14
Wet Swale (Lots 38, 44, 45, 50, and 51 to existing BMPs) 2 X 1.50 = 0.00
Dry ED with forebay (Existing BMP#3A for Lots 38, 44-55) 4 - - X 2.18 = 0.21
Offsite Credits* (Existing BMP#3B for Lots 50-51) 4 X - 1.07 = 0.10
Offsite Credits* (Existing BMP#3C for Lots 41-42, 52-56) 4 X 1.14 = 0.11
Offsite Credits* (Existing BMP#3D) 4 X 0.56 = 0.05
- TOTAL WEIGHTED STRUCTURAL BMP POINTS: 4.56

B. NATURAL OPEN SPACE CREDIT .

POINTS FOR
FRACTION NATURAL OPEN
NON-STRUCTUAL BMP OF SITE SPACE CREDIT NATURAL OPEN

SPACE
. STORMWATER DUNOS (Adjacent to Lots 5, 10,and BMPs) 0.03 X (0.15 PER 1%) = 0.49
ADJACENT DUNOS (Parcels to East & West) 0.15 X (015PER1%) = = 2.21
RPA BUFFER & WETLANDS (Less 1.20 acres of impact) 0.32 X (0.10 PER 1%) = 3.24
TOTAL NATURAL OPEN SPACE CREDIT: 5.94

C. TOTAL WEIGHTED POINTS
4.56 . + 5.94 = 10.50
STRUCTURAL BMP POINTS NAT L OPEN SPACE TOTAL
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DESIGN WORKSHEET - IMPERVIOUS AREAS bwsp = s E LLS

Project Name: . Stonehouse Tract 12 Designed By: IN
Project Number: : 08-4051 Checked By: CMD
Date: 08/17/09

BMP#1: Wet Pond

Impervious
Description Quantity Unit Per Unit Area (SF) Area (ac)
Lots 45 EA 5,000 22,500 0.52
Roadway - 0.00
Sidewalk - 0.00
‘Total Impervious Area: 0.52
Total Drainage Area: 1.91
Total Percent Impervious: 27.0%
Weighted "C" Value
C "~ Area (ac)
Grass, Open Space: 0.35 A 0.70
Forested: 0.25 ‘ 0.70
Impervious Surfaces: 0.95 0.52

Weighted "C" value: 0.48

Weighted CN Value (HSG C)

CN Area (ac)
Grass, Open Space, good condition: 80 0.70
Forested: 77 . 0.70
Impervious Surfaces: 98 0.52

Weighted "CN" value: 56




DESIGN WORKSHEET - IMPERVIOUS AREAS ﬁ)wsp = SE LLS

Project Name: Stonehouse Tract 12 Designed By: IN
Project Number: . 08-4051 : Checked By: CMD
Date: 08/17/09

' BMP#3A: Existing Dry ED Basin (Fieldstone Parkway)

. Impervious
Description Quantity Unit Per Unit Area (SF) Area (ac)
Lots 2 EA 5,000 10,000 0.23
Roadway 30,800 0.71
Sidewalk : - LF 8,800 0.20
Total Impervious Area: 114
Total Drainage Area: 2.50
Total Percent Impervious: 45.5%
Weighted "C" Value :
. C Area (ac)
Grass, Open Space: 0.35 0.68
Forested: 0.25 0.68
Impervious Surfaces: 0.95 1.14
' Weighted "C" value: 0.60
Weighted CN Value (HSG C)
CN Area (ac)
Grass, Open Space, good condition: 80 0.68
Forested: Tr 0.68
Impervious Surfaces: 98 1.14

Weighted "CN" value: 66




DESIGN WORKSHEET - IMPERVIOUS AREAS

WSP - SELLS

Project Name: ' Stonehouse Tract 12 Designed By: IN

Project Number: 08-4051 . Checked By: CMD
Date: 08A7/09

BMP#3C: Existing Dry ED Basin (Stonehouse Glen)

Impervious

Description Quantity -Unit Per Unit Area (SF) = Area (ac)
Lots 2 EA 5,000 - 10,000 0.23
Roadway - 0.00
Sidewalk - 0.00
Total Impervious Area: 0.23
Total Drainage Area: 1.14

Total Percent Impervious: 20.1%
Weighted "C" Value

‘ & Area (ac)
Grass, Open Space: : 0.35 0.46
Forested: ’ 0.25 0.46
Impervious Surfaces: 0.95 0.23
Weighted "C" value: 0.43

Weighted CN Value (HSG C) Area (ac)

CN
Grass, Open Space, good condition: 80 0.46
Forested: 77 0.46
Impervious Surfaces: 98 0.23
' Weighted "CN" value: 52




DESIGN WORKSHEET - IMPERVIOUS AREAS

Project Name:
Project Number:

BMP#4:' Wet Pond

Description
Lots

Roadway
Sidewalk

Weighted "C" Value
Grass, Open Space:

Forested:
Impervious Surfaces:

Weighted CN Value (HSG C)

Grass, Open Space, good condition:
Forested:
I_mpervious Surfaces:

BsWSP - SELLS

Stonehouse Tract 12 Designed By: IN

08-4051 Checked By: CMD
Date: 08/17/09
Impervious
Quantity Unit Per Unit Area (SF) Area (ac)
5.5 EA 5,000 27,500 .0.63
12,000 0.28
2,000 0.05
Total Impervious Area: 0.95
Total Drainage Area: 2.51
Total Percent Impervious: 38.0%
C Area (ac)
0.35 0.78
0.25 0.78
0.95 0:95
Weighted "C" value: 0.55
CN Area (ac)
80 0.78
Firg 0.78
98 0.95
Weighted "CN" value: 62




DESIGN WORKSHEET - IMPERVIOUS AREAS . )WSP = SELLS

Project Name: Stonehouse Tract 12 Designed By: IN
Project Number: 08-4051 Checked By: CMD
Date: 08/17/09

BMP#6: Bioretention

Impervious
Description Quantity Unit Per Unit Area (SF) Area (ac)
Lots 2.5 EA 5,000 12,500 0.29
Roadway 5 10,000 0.23
Sidewalk - 0.00
Total Impervious Area: 0.52
Total Drainage Area: 1.27
’ Total Percent Impervious: 40.7%
Weighted "C" Value
C Area (ac)
Grass, Open Space: 0.35 0.38
Forested: 0.25 0.38
Impervious Surfaces: 0.95 0.52
Weighted "C" value: 0.56
Weighted CN Value (HSG C)
CN Area (ac)
Grass, Open Space, good condition: 80 0.38
Forested: 77 0.38
Impervious Surfaces: 98 0.52

‘Weighted "CN" value: 64




DESIGN WORKSHEET - IMPERVIOUS AREAS bwsp. SELLS |

Project Name: Stonehouse Tract 12 Designed By: IN
Project Number: 08-4051 Checked By: CMD
Date: 08/17/09

BMP#8: Wet Pond

Impervious
Description Quantity Unit Per Unit Area (SF) Area (ac)
Lots ‘ 5 EA 5,000 25,000 0.57
Roadway - 0.00
Sidewalk - 0.00
: - Total Impervious Area: 0.57
Total Drainage Area: 1.64
Total Percent Impervious: 35.0%
Weighted “C" Value
e : Area (ac)
Grass, Open Space: 0.35 ' 0.53
Forested: 0.25 0.53
Impervious Surfaces: 0.95 0.57
Weighted "C" value: 0.53
Weighted CN Value (HSG C)
CN Area (ac)
Grass, Open Space, good condition: 80 0.53
Forested: rirg 0.53
Impervious Surfaces: 98 0.57

Weighted "CN" value: 60




DESIGN WORKSHEET - IMPERVIOUS AREAS E!wsp = SELLS

Project Name: _ Stonehouse Tract 12 Designed By: IN
Project Number: 08-4051 Checked By: CMD
Date: 08/17/09

Sheetflow into RPA and DUNOS

Impervious
Description ’ Quantity Unit Per Unit Area (SF) Area (ac)
Lots 215 EA 5,000 107,500 2.47
Roadway ' - 0.00
Sidewalk - 0.00
Total Impervious Area: 2.47
Total Drainage Area: 43.25
Total Percent Impervious: 5.7%
Weighted “C" Value ,
Grass, Open Space: C : Area (ac)
Forested: 0.35 30.59
Impervious Surfaces: 0.25 10.20
0.95 2.47
Weighted "C" value: 0.36
Weighted CN Value (HSG C)
CN Area (ac)
Grass, Open Space, good condition: 80 30.59
~ Forested: 77 10.20
Impervious Surfaces: 98 2.47
Weighted "CN" value: 62
TOTAL IMPERVIOUS AREA 9.80 Acres
TOTAL DRAINAGE AREA 62.49 Acres

TOTAL PERCENT IMPERVIOUS 15.7%



DESIGN WORKSHEET - IMPERVIOUS AREAS 5- ,,
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VSP - SELLS .

Project Name: ’ Sto:nehou'se Tract 12 Designed By: IN

Project Number: ' 08-4051 Checked By: CMD
_Date: 081709

Sheetflow into RPA and DUNOS

, ) impervious
Description - Quantity Unit Per Unit Area (SF) Area (ac)
Lots _ 215 EA 5,000 107,500 2.47
Roadway - 0.00
Sidewalk - 0.00
Total Impervious Area: 2.47
Total Drainage Area: 43.25
Total Percent Impervious: 5.7%
Weighted "C" Value
Grass, Open Space: C Area (ac)
Forested: 0.35 ' 30.59
Impervious Surfaces: 0.25 10.20
0.95 ” 247 .
: Weighted "C" value: 0.36
- Weighted CN Value (HSG C) ' ,
' CN Area (ac)
Grass, Open Space, good condition: 80 ' 30.59
Forested: 77 10.20
Impervious Surfaces: 98 2.47
- Weighted "CN" value: 62
TOTAL IMPERVIOUS AREA 9.80 Acres
TOTAL DRAINAGE AREA 6249 Acres
TOTAL PERCENT IMPERVIOUS 15.7%



BMP#1: WET EXTENDED DETETION POND

DESIGN WORKSHEET & CALCULATIONS




Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 1

‘BMP #1-Wet Pond

Wednesday, Nov 18 2009, 10:25 AM

—— Hyd No. 1

Hydrograph type = Mod. Rational Peak discharge = 7.68cfs
Storm frequency = 1yrs Time interval = 1 min
Drainage area = 3.630 ac Runoff coeff. = 0.52
Intensity = 4.071 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 15xTc
Hydrograph Volume = 3,458 cuft
BMP #1-Wet Pond
Q (cfs) Hyd. No. 1-1Yr Q (cfs)
8.00 8.00
6.00 // \\ 6.00
4.00 // \\ 4.00
2.00 // \\ 2.00
0.00 \ 0.00
0.0 0.1 0.2 0.3
' Time (hrs)



' Hydrograph Plot
I Hydraflow Hydrographs by Intelisolve : : Friday, Aug 14 2008, 1:51 PM
Hyd. No. 2
' BMP #1 Route
Hydrograph type = Reservoir S Peak discharge = 0.25 cfs
Storm frequency = 1yrs Time interval = 1 min
. Inflow hyd. No. =1 Max. Elevation = 86.24 ft
Reservoir name = BMP #1-Wet Pond Max. Storage = 3,120 cuft
' Storage Indication method used. Hydrograph Volume = 3,216 cuft
BMP #1 Route
' Q (cfs) Hyd. No.2 — 1 Yr Q(cfs)
l 8.00 - : 8.00
' 6.00 { 6.00
l 4.00 _ L 4.00
l 2.00 - _ - 900
0.00 — = ’ 0.00
' 0.0 1.3 2.7 4.0 53 67 8.0 9.3 10.7 12.0 13.3
: Time (hrs)
— Hyd No. 2 —— Hyd No. 1



| Hydrograph

—_— Hyd No. 1

' | Plot
l Hydraflow Hydrographs by Intelisolve Wednesday, Nov 18 2009, 10:25 AM
Hyd. No. 1
l BMP #1-Wet Pond
Hydrograph type = Mod. Rational Peak discharge = 9.55 cfs
l Storm frequency = 2 yrs Time interval = 1 min
Drainage area = 3.630 ac Runoff coeff. = 0.52
Intensity = 5.059 in/hr Tc by User = 5.00 min
' IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
' » Hydrograph Volume = 4,297 cuft
l o BMP #1-Wet Pond
Q (cfs) Hyd. No. 1—2Yr Q(cts)
' 10.00 10.00
l 8.00 // \ 8.00
' 6.00 Z/ \\ - 6.00
4.00 -+ // ' \\\ 4.00
l . 2.00 / \\ 2.00
0.00 \ 0.00
' 0.0 0.1 02 0.3
Time (hrs)



Hydrograph Plot
Hydraflow Hydrographs by Intelisolve ‘ Friday, Aug 14 2009, 1:5\1 PM
Hyd. No. 2
BMP #1 Route
Hydrograph type = Reservoir Peak discharge = 0.27 cfs
Storm frequency = 2yrs Time interval = 1 min
Inflow hyd. No. =1 - Max. Elevation = 86.47 ft
Reservoir name = BMP #1-Wet Pond Max. Storage = 3,890 cuft
Storage Indication method used. Hydrograph Volyme = 3,999 cuft
BMP #1 Route
Q (cfs) Hyd. No.2 -2 Yr Q (cfs)
10.00 10.00
| 8.00 v 8.00
6.00 - 6.00
4.00 : 4.00
2.00 - 2.00
0.00 = = 0.00
0.0 1.3 2.7 4.0 5.3 6.7 8.0 93 . 107 120 133 147
Time (hrs)

— Hyd No. 2 —— Hyd No. 1



Hydrograph Plot

Hydrafiow Hydrographs by Intelisolve Wednesday, Nov 18 2009, 10:25 AM
Hyd.No. 1
BMP #1-Wet Pond
Hydrograph type = Mod. Rational | Peak discharge = 12.19cfs
Storm frequency = 10yrs Time interval = 1 min
Drainage area = 3.630 ac ~ Runoff coeff. = 0.52
Intensity = 6.456 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 5,484 cuft
BMP #1-Wet Pond
Q (cfs) Hyd. No. 1 - 10 Yr - Q(efs)
14.00 . 14.00
12.00 12.00
10.00 10.00
8.00 8.00
6.00 6.00
4.00 4.00
2.00 2.00
0.00 0.00
0.3
Time (hrs)

—— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Friday, Aug 14 2009, 1:51 PM

Hyd. No. 2

BMP #1 Route

Hydrograph type = Reservoir * Peak discharge = 0.30 cfs
Storm frequency = 10 yrs Time interval = 1 min
Inflow hyd. No. =1 Max. Elevation = 86.78 ft
Reservoir name = BMP #1-Wet Pond Max. Storage = 4,982 cuft

Storage Indication method used.

BMP #1 Route

Hydrograph Volume = 5,107 cuit

—— Hyd No. 2 —— Hyd No. 1

Q(cfs) " Hyd.No.2 —10Yr Q(cfs)
14.00 14.00
12.00 12.00

RN N NN N N A S R 10.00
8.00 il 8.00

. 6.00 . ‘ - 6.00
4.00. . 4.00
2.00 200
0.00 _ : —— L — 1 000

0.0 1.5 3.0 45 6.0 75 90 105 120 135 150

Time (hrs)



Hydrograph Plot

Hydraflow Hydrographs by Intelisoive

Hyd. No. 1

BMP #1-Wet Pond

Wednesday, Nov 18 2009, 10:25 AM

Hydrograph type = Mod. Rational Peak discharge = 14.39 cfs
Storm frequency = 25yrs Time interval = 1 min
Drainage area = 3.630 ac Runoff coeff. = 0.52
Intensity = 7.622 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF - Stormduration = 15xTc
Hydrograph Volurﬁe = 6,474 cuft
BMP #1-Wet Pond
Q (cfs) Hyd. No. 1 - 25 Yr Q(cfs):
15.00 15.00
12.00 12.00
9.00 9.00
6.00 /,/ \\ 6.00
3.00 // \\ 3.00
0.00 \ 0.00
0.0 01 0.2 0.3
' Time (hrs)

—— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by intelisolve

Hyd. No. 2

BMP #1 Route

Hydrograph type = Reservoir
Storm frequency = 25yrs
Inflow hyd. No. = 1

Reservoir name BMP #1-Wet Pond

Wednesday, Nov 18 20089, 10:25 AM

0.83 cfs

Peak discharge =

Time interval = 1 min
Max. Elevation = 87.03 ft
Max. Storage = 5,859 cuft

Storage Indication method used.

Hydrograph Volume = 6,031 cuft

BMP #1 Route

Q (cfs) Hyd. No.2--25Yr Q (cfs)
15.00 15.00
12.00 12.00
9.00. 9.00
6.00 6.00
3.00 3.00
A .
0.00 = = 0.00
0.0 1.2 23 3.5 4.7 5.8 7.0 8.2 9.3 10.5 11.7 12.8
Time (hrs)

—— Hyd No. 2 — Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisoive Wednesday, Nov 18 2009, 10:25 AM

’

——— Hyd No. 1

Hyd. No. 1
BMP #1-Wet Pond
Hydrograph type = Mod. Rational Peak discharge = 17.24 cfs
Storm frequency = 100 yrs Time interval = 1 min
Drainage area = 3.630 ac Runoff coeff. = 0.52
Intensity = 9.132 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume =.7,757 cuft

_ BMP #1-Wet Pond

- Qefs) Hyd. No. 1 - 100 Yr Q(cts)
18.00 18.00

o\

15.00 // \\ - 15.00
12.00 // \\ 12.00
9.00° // \ 9.00
6.00 7/ \\ 6.00
3.00 // \\ 3.00
0.00 \ 0.00

0.0 0.1 0.2 0.3
Time (hrs)



S WP oW T En ) Gy D &= Ay W NP G N N G s W .

Hydrograph Plot
Hydraflow Hydrographs by Intelisolve . Friday, Aug 14 2009, 1:51 PM
Hyd. No. 2
BMP #1 Route
Hydrograph type = Reservoir Peak discharge = 4.61cfs
Storm frequency = 100 yrs Time interval = 1 min
Inflow hyd. No. =1 Max. Elevation = 87.18 ft
Reservoir name = BMP #1-Wet Pond ' Max. Storage = 6,531 cuft
‘ Storage Indication metﬁod used. . Hydrograph Volume = 7,229 cuft
: BMP #1 Route
Q(cfs) " Hyd. No. 2 — 100 Yr Q (cfs)
18.00 18.00
15.00- 15.00
12.00 12.00
9.00 9.00
6.00 6.00
3.00 - 3.00
L
0.00 0.00
0.0 0.8 1.7 25 33 42 5.0 5.8 6.7 7.5 8.3
) Time.(hrs)
— Hyd No. 2 —— Hyd No. 1

11
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Schematic only. Not for construction.

Hydraflow Hydrographs Pond Draw. Project: Wet Pond #1.gpw o Wednesday, Nov 18 2009, 10:27 AM
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Pond Report

Hydraflow Hydrographs by Intelisolve

Pond No. 1 - BMP #1-Wet Pond

Pond Data

, Wednesday, Nov 18 2008, 10:27 AM

Pond storage is based on known contour areas. Average end area method used.

Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft}  Incr. Storage (cuft) Total storage (cuft)

0.00 85.00 1,600 0 0

1.00 86.00 2,971 2,286 2,286

2.00 87.00 3,916 3,444 5,729

3.00 88.00 4,808 4,362 10,091

4.00 89.00 5,971 5,390 15,481

4.20 89.20 6,200 1,217 16,698
Culvert / Orifice Structures Weir Structures

A1 B [ D] A1 B Ic] D]
Rise (in) = 15.00 3.00 0.00 0.00 Crestlen(ft) = 16.00 0.00 0.00 0.00
Span (in) = 15.00 3.00 0.00 0.00 Crest EL (ft) = 87.00 0.00 . 0.00 0.00
No. Barrels =1 1 0 0 Weir Coeff. = 3.33 3.33 0.00 0.00
Invert EI. (ft) = 75.00 85.00 0.00 0.00 Weir Type = Riser — — -
Length (ft) = 43.00 0.00 0.00 0.00 Multi-Stage = Yes No No No
Slope (%) = 8.94 0.00 0.00 0.00
N-Value = .013 013 .000 .000
Orif. Coeff. = 0.60 0.60 0.00 0.00
Multi-Stage = nla Yes No No Exfiltration = 0.000 in/hr (Contour) Tailwater Elev. = 0.00 ft
Note: Culvert/Orifice outflows have been analyzed under inlet.and outlet control.
Stage (ft) Stage / Storage Stage (ft)
-5.00 5.00
4.00 —— - T - 4.00
i — e
3.00 — 3.00
o]
2.00 S 2.00
1.00 -— D e M - 1.00
/
0.00 — . - 0.00
.0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000.
Storage (cuft)
Storage
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I Hydrograph Plot
I Hydrafiow Hydrographs by Intelisolve Friday, Aug 14 2009, 11:12 AM
Hyd. No. 1 |
., BMP#2-Biortention
‘  Hydrograph type = Mod. Rational Peak discharge = 3.99 cfs
- Storm frequency = 1yrs Time interval = 1 min
' Drainage area = 1.720 ac Runoff coeff. = 0.57
Intensity = 4.071in/hr Tc by User = 5.00 min
l IDF Curve = VIRGINIA FHA.IDF Stormduration = 1.5xTc
Hydrograph Volume = 1,796 cuft
BMP#2-Biortention
l Q(cfs) Hyd. No. 1—1Yr Q (cfs)
4.00 \\ 4.00
\ 3.00 // \\ 3.00
2.00 // \\ 2.00
, 1.00 // \\ 1.00
| 0.00 ' \ 0.00
. 0.0 0.1 0.2 0.3
J ' Time (hrs)
—— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisoive ] Friday, Aug 14 2009, 11:12 AM
Hyd. No. 2
BMP #2 Route
Hydrograph type = Reservoir _ Peak discharge = 0.02 cfs
Storm frequency - = 1 yrs - Time interval = 1 min
Inflow hyd. No. =1 ' Max. Elevation = 100.61 ft
Reservoir name = BMP#2-Bioretention Max. Storage = 1,326 cuft
Storage Indication method used. Hydrograph Volume = 223 cuft

BMP #2 Route :

Q(cfs) Hyd.No.2—1Yr Q (cfs)
4.00 - 4.00
3.00 3.00
2.00 - . —+ 2.00
1.00 - ' : 1.00
0.00 - ‘ - 0.00

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
"Time (hrs)

—— Hyd No. 2 —— Hyd No. 1
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Hydrograph Plot

Hydraflow Hydrographs by intelisolve

Hyd. No. 1

‘BMP#2-Biortention

Friday, Aug 14 2009, 11:12 AM

- Hydrograph type = Mod. Rational Peak discharge = 4.96cfs
Storm frequency = 2yrs Time interval = 1 min
Drainage area = 1.720 ac Runoff coeff. = 0.57
Intensity = 5.059 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc

Hydrograph Volume = 2,232 cuft
BMP#2-Biortention |
Q (cfs) Hyd. No. 1—2 Yr Q (cfs)
5.00 5.00
, SR/ N _ _ -
/ \ _
/ \ _
~ 4.00 [ _ 4.00
/
/ _ ]
/
3.00 / _ i 13.00
/ R
/
/ \
_/ \
7 2.00 / 2.00
/ \ ]
/ \
1.00 - // \\ A 1.00
/ \
/ \
/ \
0.00 \ 0.00
0.0 0.1 0.2 0.3
' ' Time (hrs)
—— Hyd No. 1
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Hydrograph Plot

Hydraflow Hydrographs by Intelisolve : _ . : Friday, Aug 14 2009, 11:12 AM
Hyd. No. 2
BMP #2 Route
Hydrograph type = Reservoir Peak discharge = 0.09 cfs
Storm frequency = 2yrs Time interval = 1 min
Inflow hyd. No. = 1 Max. Elevation = 100.76 ft
Reservoirname = BMP#2-Bioretention . Max. Storage = 1,670 cuft
Storage Indication method used. ' Hydrograph Volufne =578 cuft
_ BMP #2 Route v
Q(cfs) Hyd. No.2 — 2 Yr - Q(cfs)
5.00 5.00
4.00 4.00
- 3.00 3.00
2.00 2.00
1.00 1.00
0.00 -4 0.00
0.0 1.2 2.3 35 47 5.8 7.0 8.2 9.3 10.5 117
Time (hrs)
—— Hyd No. 2 — Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Friday, Aug 14 2009, 11:12 AM

Hyd. No. 1
BMP#2-Biortention
Hydrograph type = Mod. Rational Peak discharge = 6.33 cfs
Storm frequency = 10yrs Time interval = 1 min
Drainage area = 1.720 ac Runoff coeff. = 0.57
Intensity = 6.456 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duraton = 1.5xTc
Hydrograph Volume = 2,848 cuft
 BMP#2-Biortention
Q (cfs) Hyd. No. 1 - 10 Yr Q(cfs)
7.00 7.00
_ I o _
6.00 - \ 6.00
. p ) B ~
// o \\
5.00 7 X 5.00
/ \
, /. ‘ N _
. A // \\
4.00 7 \C 4.00
/ . _ A\
\
// _ \
3.00 A X 3.00
/ \
_/ N\
' // \\
2.00 _‘/ \ — 2.00
/ \
// \\ _
1.00 7 N 1.00
/ \
/ _ N\
/ \
0.00 ; A 0.00
0.0 0.1 0.2 0.3 ‘
Time (hrs)
—— Hyd No. 1
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Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2

BMP #2 Route

Hydrograph type = Reservoir
Storm frequency = 10yrs
Inflow hyd. No. =1

Reservoir name BMPi#2-Bioretention

Friday, Aug 14 2009, 11:12 AM

Peak discharge = 0.13 cfs
Time interval = 1 min
Max. Elevation =-100.95 ft
Max. Storage =-2,072 cuft

Storage Indication method used:

Hydrograph Volume = 993 cuft

— Hyd No. 2 —— Hyd No. 1

BMP #2 Route

Q (cfs) Hyd. No. 2 - 10 Yr Q (cfs)
7.00 7.00
6.00 6.00
5.00 - 5.00
4.00 4.00
3.00 - — 3.00
200 2,00

1.00 1.00
0.00 —— 0.00
0.0 12 23 35 47 5.8 7.0 8.2 93 105 117

V Time (hrs)



“Hydrograph Plot

10

Hydraflow Hydrographs by Intelisolve Wednesday, Nov 18 2009, 9:45 AM

Hyd. No. 1
BMP#2-Biortention _
Hydrograph type = Mod. Rational Peak discharge = 7.47 cfs
Storm frequency = 25 yrs Time interval = 1 min
Drainage area = 1.720 ac Runoff coeff. = 0.57 .
Intensity = 7.622 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
vadrograph Volume = 3,363 cuft
BMP#2-Biortention
Q (cfs) Hyd. No. 1 — 25 Yr Q (cfs)
8.00 8.00
6.00 // \ ~ 6.00
/ .
4.00 - // 4.00
2.00 - // \\ 2.00
0.00 \ 0.00
0.0 0.1 0.2 0.3
Time (hrs)

~——— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by intelisolve

Hyd. No. 2

BMP #2 Route

Hydrograph type = Reservoir
Storm frequency = 25yrs
Inflow hyd. No. =1

Reservoir name BMP#2-Bioretention

Wednesday, Nov 18 2009, 9:45 AM

Peak discharge = 5.31 cfs
Time interval = 1 min
Max. Elevation = 101.01ft
Max. Storage = 2,219 cuft

Storage Indication method used.

Hydrograph Volume = 2,033 cuft

BMP #2 Route
Q(cfs) Hyd. No. 2 - 25 Yr Q(cfs)
8.00 8.00
6.00 6.00
4.00 4.00
2.00 \ 2.00
0.00 j 0.00
0.0 0.2 0.3 0.5 0.7 08 1.0 1.2 13 15 1.7 1.8
Time (hrs)

—— Hyd No. 2 —— Hyd No. 1

11
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l Hydrograph Plot
' Hydraﬂow Hydrographs by intelisolve Friday, Aug 14 2009, 11:12 AM

Hyd. No. 1

' BMP#2-Biortention
\ ) Hydrograph type = Mod. Rational Peak discharge = 8.95 cfs

Storm frequency = 100 yrs ‘ Time interval = 1 min
l Drainage area = 1.720 ac " Runoff coeff. = 0.57

Intensity = 9.132in/hr Tc by User = 5.00 min
l IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc

‘ Hydrograbh Volume = 4,029 cuft
i\, : BMP#2-Biortention

Qcfs) Hyd. No. 1~ 100 Yr Q(cfs)
' 10.00 10.00
I 8.00 / \\ : 8.00
. - 6.00 // 6.00
§ oot // \\ 200
0.00 ' \ 0.00
l 0.0 0.1 0.2 0.3
_ Time (hrs)

I — Hyd No. 1 -
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Hydrograph Plot
Hydraflow Hydrographs by Intelisolve ' Friday, Aug 14 2009, 11:12 AM
Hyd. No. 2
BMP #2 Route
Hydrograph type = Reservoir ~ Peak discharge = 2.52 cfs
Storm frequency = 100 yrs Time interval =1 min
inflow hyd. No. =1 ‘ Max. Elevation =101.12 ft
Reservoir name = BMP#2-Bioretention Max. Storage = 2,591 cuft
Storage Indication method used. Hydrograph Volume = 1,823 cuft
BMP #2 Route
Q (cfs) Hyd. No. 2 - 100 Yr Q(cfs)
10.00 » . 10.00
I
8.00 8.00
6.00 . 6.00
4.00 H——F - 4.00
2.00 ' ' . 2.00
0.00 ——— 0.00
0.0 0.3 0.7 1.0 1.3 1.7 2.0 2.3 2.7 3.0 33 3.7
Time (hrs)
—— Hyd No. 2 — Hyd No. 1



BMP#2 Bioretention
Elev, 102.00 "—'\‘

Ttagc
| 300 Top of pond
L1 2.00 TB. 00T Rizer
: WeirA - Eley, 100.80 Y
T 1.00 ’ .
- 0-00 ‘ GGG TS
2 2.55%

Zide slope estimated average fram contours

ed L1010 §
e (25 yr1]
. s (10 1)
Section e (2 3]
NTS e (1 1)

Schematic only. Not for construction.

Hydraflow Hydrographs Pond Draw

-

Project: Bioretention #2.gpw

Wednesday, Nov 18 2009, 9:54 AM
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Pond Report

Hydraflow Hydrographs by Intelisolve
Pond No. 1 - BMP#2-Bioretention

Wednesday, Nov 18 2009, 9:53 AM

Pond Data
Pond storage is based on known contour areas. Average end area method used.
Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft)  Incr. Storage (cuft)  Total storage (cuft)
0.00 99.80 1,877 0 . 0
1.00 101.00 2,501 2,189 - 2,189
2.20 102.00 4,103 3,962 6,151
Culvert / Orifice Structures Weir Structures
[A] Bl I[C] [D] [A] [B] [C1 [D]
Rise (in) = 15.00 3.00 0.00 0.00 Crest Len (ft) = 16.00 0.00 0.00 0.00
Span (in) = 15.00 3.00 0.00 0.00 Crest El. (ft) = 100.80 0.00 0.00 0.00
No. Barrels = 1 1 0 0 Weir Coeff. =333 333 0.00 0.00
Invert EI_ (ft) = 96.00 100.30 . 0.00 0.00 Weir Type = Riser - — -
‘Length (ft) = 208.00 0.00 0.00 0.00 Multi-Stage = Yes No No No
Siope (%) = 2.58 0.00 0.00 0.00
N-Value = 013 013 .000 .000
Orif. Coeff. = 0.60 0.60 0.00 0.00
Muiti-Stage = nla Yes No No _ Exfiltration = 0.000 in/hr (Contour) Tailwater Elev. = 0.00 ft
Note: Culven/Oriﬂce outflows have been analyzed under infet and outfet control.
Stage (it) Stage / Storage Stage (ft)
3.00 3.00
2.00° ] 2.00
- A/ /
1.00 e 1.00
/
//
0.00 : 0.00
0 600 1,200 1,800 2,400 3,000 3,600 4,200 4,800 5,400 6,000 6,600
Storage (cuft)

Storage
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DESIGN WORKSHEET - IMPERVIOUS AREAS E-WSP v-- s E L L S

Project Name: Stonehouse Tract 12 Designed By: IN
Project Number: 08-4051 Checked By: CMD
Date: 08/17/09

BMP#3A: Existing Dry ED Basin (Fieldstone Parkway)

Impervious
Description Quantity Unit Per Unit Area (SF) Area (ac)
Lots 2 EA 5,000 10,000 0.23
Roadway 30,800 0.71
Sidewalk - LF 8,800 0.20
Total Impervious Area: 1.14
Total Drainage Area: 2.50
Total Percent Impervious: 45.5%
Weighted "C" Value :
& Area (ac)
Grass, Open Space: 0.35 0.68
Forested: 0.25 . 0.68
Impervious Surfaces: 0.95 1.14

Weighted “C" value: 0.60
Weighted CN Value (HSG C)

CN Area (ac)
Grass, Open Space, good condition: 80 0.68
Forested: 77 0.68
Impervious Surfaces: 98 1.14

Weighted "CN" value: 66
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DESIGN WORKSHEET - IMPERVIOOS AREAS ﬁ}wsp [ S E L L S

Project Name:
Project Number:

Stonehouse Tract 12

Designed By: IN

08-4051

Checked By: CMD

BMP#3C: Existing Dry ED Basin (Stonehouse Glen)

Description
Lots

Roadway
Sidewalk

Weighted "C" Value
Grass, Open Space:

Forested:
Impervious Surfaces:

Weighted CN Value (HSG C)

Grass, Open Space, good condition:

Forested:
Impervious Surfaces:

2

0.35
0.25
0.95

CN
80
T4
98

Quantity Unit

EA

Date: 08/17/09

Impervious

Per Unit Area (SF) Area (ac)

5,000 10,000 0.23

- 0.00

- 0.00

Total Impervious Area: 0.23

Total Drainage Area: 1.14

Total Percent Impervious: 20.1%

Area (ac)

0.46

0.46

0.23

Weighted "C" value: 0.43

Area (ac)

0.46

0.46

0.23
Weighted "CN" value: 52




BMP#4 WET EXTENDED DETETION POND

DESIGN WORKSHEET & CALCULATIONS
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Hydrograph Plot

Hydraflow Hydrographs by Inteliscive , . Thursday, Mar 18 2010, 8:16 AM
Hyd. No. 1
-BMP#4-Wet Pond
Hydrograph type = Mod. Rational Peak discharge = 12.97 cfs
Storm frequency = 1yrs Time interval = 1 min
Drainage area = 5.690 ac Runoff coeff. = 0.56
Intensity = 4.071 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 15xTc
Hydrograph Volume = 5,837 cuft
BMP#4-Wet Pond
Q (cfs) | Hyd. No. 1 —1Yr - Q (cfs)
14.00 14.00
12.00 12.00
10.00 10.00
8.00 8.00
6.00 6.00
4.00 4700
2.00 2.00
N
0.00 0.00
15
Time (min)




Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Saturday, Aug 15 2009, 10:29 AM

Hyd. No. 2
BMP#4 Route
Hydrograph type = Reservoir Peak discharge = 0.28 cfs
Storm frequency = 1yrs Time interval = 1 min
Inflow hyd. No. = 1 Max. Elevation = 75.55 ft
Reservoir name = BMP#4-Wet Pond Max. Storage = 5,325 cuft
Storage Indication method used. Hydrograph Volume = 5,432 cuft
BMP#4 Route
Q(cfs) Hyd. No,2 -1 Yr Q(cfs)
14.00 : 14.00
12.00 12.00
10.00 10.00
8.00 8.00
6.00 6.00
4.00 4.00
2.00. 2.00
0.00 . == 0.00
0.0 1.8 37 5.5 7.3 9.2 11.0 12.8 14.7 16.5 18.3
Time (hrs)
—— Hyd No. 2 —— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

. Thursday, Mar 18 2010, 8:16 AM

—— Hyd No. 1

Hyd. No. 1
BMP#4-Wet Pond
Hydrograph type = Mod. Rational Peak discharge = 16.12cfs
Storm frequency = 2 yrs Time interval =1 min
Drainage area = 5.690 ac Runoff coeff. = 0.56 ]
Intensity = 5.059 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 7,254 cuft
BMP#4-Wet Pond :
Q (cfs) Hyd. No.1-2Yr Q (cfs)
18.00 18.00
15.00 15.00
12,00 12.00
9.00 9.00
6.00 6.00
- 3.00 3.00
0.00 0.00
15
Time {min)
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Hydrogfaph Plot

Hydraflow Hydrographs by Intelisoive

Hyd. No. 2
BMP#4 Route

Hydrograph tybe = Reservoir

Storm frequency = 2yrs

Inflow hyd. No. =1

Reservoirname = BMP#4-Wet Pond

Saturday, Aug 15 2009, 10:29 AM

Peak discharge = 0.31 cfs
Time interval = 1 min
Max. Elevation = 75.87 ft
Max. Storage = 6,632 cuft

Storage indication method used.

Hydrograph Volume = 6,754 cuft

~— Hyd No.2 —— Hyd No. 1

BMP#4 Route
Q (cfs) Hyd. No.2 -2 Yr Q(cfs)
18.00 ' 18.00
15.00 15.00
12.00 12.00
© 9.00 [ 9.00
6.00 6.00
3.00 3.00
0.00 4= : = , 0.00
0.0 1.8 3.7 5.5 7.3 9.2 110 128 147 165 183 202
Time (hrs)
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Hydrograph Plot

Hydraflow Hydrographis by Intelisofve

Thursday, Mar 18 2010, 8:16 AM

——— Hyd No. 1

Hyd. No. 1
- BMP#4-Wet Pond
Hydrograph type = Mod. Rational Peak discharge == 20.57 cfs
Storm frequency = 10yrs Time interval = 1 min
Drainage area = 5.690 ac Runoff coeff. = 0.56
Intensity = 6.456 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph.Volume = 9,257 cuft
: BMP#4-Wet Pond
Q (cfs) Hyd. No.1--10Yr Q (cfs)
21.00 21.00
18.00 ' / \ 18.00
L // - N
15.00 : [/ : \\ 15.00
12.00 // : \\ 12.00
9.00 +— / \ 9.00
) . 7 \\
6.00 /' | \% 6.00
3.00 // \X—K 3.00
0.00 \ 0.00
0 5 10 15 7
Time (min)



Hydrogl?aph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2

BMP#4 Route

Hydrograph type = Reservoir
Storm frequency = 10 yrs
Inflow hyd. No. =1

Reservoir name BMP#4-Wet Pond

Saturday, Aug 15 2009, 10:29 AM

Peak discharge = 0.35cfs
Time interval = 1 min
Max. Elevation = 76.27 ft
Max. Storage = 8,484 cuft

Storage Indication method used.

Hydrograph Volume = 8,624 cuft

BMP#4 Route
Q(cts) Hyd. No.2 — 10 Yr Q(cfs)
21.00 21.00
18.00 18.00
15.00 15.00
12.00 12.00
9.00 9.00
6.00 6.00
3.00, 3.00
0.00 . - 0.00
0.0 2.0 4.0 6.0 80 100 120 140 160 180 200 220
Time (hrs)

~—— Hyd No. 2 —— Hyd No. 1
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Hydrograph Plot:

" Hydraflow Hydrographs by Intelisoive

Thursday, Mar 18 2010, 8:16 AM

"Hyd. No. 1
BMP#4-Wet Pond
Hydrograph type = Mod. Rational Peak discharge = 24.29 cfs
Storm frequency = 25yrs Time interval . = 1 min
Drainage area = 5.690 ac Runoff coeff. = 0.56
Intensity = 7.622 in/hr Tc by User =5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 10,929 cuft
: BMP#4-Wet Pond
Q(cfs) Hyd. No. 1~ 25 Yr Q (cfs)
28.00 28.00
24.00 ———_L\ 24.00
20.00 | X\ I i 20.00
,,,,, N - -
16.00 \\ 16.00
12.00 // \\ : - 12.00
/ \
8.00 / A\ 8.00
. / Y .
' / ~ \
, / \ .
4.00 7/ \\ 4.00
a X
0.00 A _ A 0.00
0 5 10 15
Time (min) l
—— Hyd No. 1 :



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Thursday, Mar 18 2010, 8:28 AM

Hyd. No. 1
BMP#4-Wet Pond A ‘
Hydrograph type = Mod. Rational Peak discharge = 29.10 cfs
Storm frequency = 100 yrs Time interval = 1 min
Drainage area = 5.690 ac Runoff coeff. = 0.56
Intensity = 9.132 in/hr Tc by User - = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 13,095 cuft
BMP#4-Wet Pond
Q (cfs) Hyd. No. 1 — 100 Yr Q(cfs)
30.00 30.00
25.00 _ I _ / I \( I R 25.00
A e
T / I \\\ .
20.00 20.00
N _
7/ N
B _ / _ , B \ A
N / \
15.00 ; 7 , 15.00
_ / o \
) / \ A
.10.00 ‘// \ 10.00
- _ /
/
i S—

5.00 7/ 7 5.00
0.00 / . A = 0.00
0 5 10 : 15
: Time (min)

- —— Hyd No. 1 :



Hydrograph Plot
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Hydraflow Hydrographs by Intelisolve

Hyd. No. 2
BMP#4 Route
Hydrograph type =
Storm frequency = 25yrs

Inflow hyd. No. 1
Reservoir name

Reservoir

BMP#4-Wet Pond

- Peak discharge
Time interval
Max. Elevation
Max. Storage

Saturday, Aug 15 2009, 10:29 AM

1.34 cfs
1 min
76.56 ft

- 9,959 cuft

Storage Indication method used.

Hydrograph Volume = 10,185 cuft

——— Hyd No. 2 ~—— Hyd No. 1

‘ BMP#4 Route ,
Q (cfs) Hyd. No.2 —-25Yr Q(cfs)
28.00 28.00

—
2400 4 24.00
- | S -
. " ‘‘‘‘‘ o
20.00 20.00
16.00 | 16.00
©12.00 12.00

8.00 8.00

4.00 4.00

0.00 0.00

0.0 1.5 3.0 45 6.0 75 90 10.5 135 160 165
Time (hrs)
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Hydrograph Plot
Hydraflow Hydrographs by Intelisotve Tuesday, Nov 17 2009, 3:47 PM
Hyd. No. 2
BMP#4 Route
Hydrograph type = Reservoir Peak discharge = 7.97 cfs '
Storm frequency = 100 yrs & Time interval =1 min PamITS0
Inflow hyd. No. = 1 Max. Elevation = 76.77 ft
Reservoir name = BMP#4-Wet Pond Max. Storage = 11,037 cuft

Storage Indication method used.

Hydrograph Volume = 12,206 cuft

BMP#4 Route

—— HydNo.2 ~  —— HydNo. 1

Q (cfs) Hyd. No. 2 — 100 Yr | Q(cts)
30.00 30.00
25.00 —“ 25.00
| 1 - . .
20.00 20.00
’.H e B —_— .
15.00 15.00
10.00 10.00
' 5.00 5.00
0.00 L= s , . ~—L 0.00
0.0 1.0 20 30 4.0 5.0 6.0 7.0 80 90 100 110
Time (hrs)



BMPZ4 et Pond

Top of pond
ﬁtage pof pond A
Eley. T8.50 - &y
5.00 | —;‘T' Sedd
4.00 16.00 ft Rizer

) Woeirdy - Eley. 7650 Y
3.00 : b

1.00

0.00

CulvA - 4T.0LF of 15.0in & 9.40%

[ Side slope estimated average from conkourz

el5 - 0.0 LF of 3.0 in @ 0.00%

— {100 yr)
e
" (10 ¢r)
Section —(2yr)
HTS {1yr}

Schematic only. Not for construction.

Hydraflow Hydrographs Pond Draw

Project: Wet Pond #4.gpw

Tuesday, Nov 17 2009, 3:47 PM




Pond Report

Hydraflow Hydrographs by Intelisolve
Pond No. 1 - BMP#4-Wet Pond

Pond Data
Pond storage is based on known contour areas. Average end area method used.

Tuesday, Nov 17 2009, 3:48 PM

Stage / Storage Table
Stage (ft) Elevation (ft) Contour area {sqft) Incr. Storage (cuft) Total storage (cuft)
0.00 74.00 2,628 0 0
1.00 75.00 3,537 3,083 3,083
2.00 76.00 4,585 4,061 7,144
3.00 77.00 5,518 5,052 12,195
4.00 78.00 6,456 5,987 18,182
4.50 78.50 6,925 3,345 21,527
Culvert / Orifice Structures Weir Structures
[A] [B] [C] [D] [A] [B] [C] [D]
Rise (in) = 15.00 3.00 0.00 0.00 Crest Len (ft) = 16.00 0.00 0.00 0.00
Span (in) = 15.00 3.00 0.00 0.00 Crest EI. (ft) = 76.50 0.00 0.00 0.00
No. Barrels =1 1 0 0 Weir Coeff. = 3.33 3.33 0.00 0.00
Invert El. (ft) = 69.50 74.00 0.00 0.00 Weir Type = Riser -— — -—
Length (ft) = 47.00 0.00 0.00 0.00 Multi-Stage = Yes No No No
Slope (%) = 9.40 0.00 0.00 0.00
N-Value = .013 013 .000 .000
Orif. Coeff. = 0.60 0.60 0.00 0.00
Multi-Stage = n/a No No No Exfiltration = 0.000 in/hr (Contour) Tailwater Elev. = 0.00 ft
Note: Culvert/Orifice outflows have been analyzed under inlet and outlet control.
Stage (ft) Stage / Discharge Stage (f)
5.00 5.00
. " M : — . - s ,/ )
4.00 - __7/ 4.00
3.00 3.00
,r/" .
2.00 ,’ 2.00
|
0 ” .......... _ I . 0
/
0.00 - 0.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

—— Total Q

Discharge (cfs)
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Pond Report

Hydraflow Hydrographs by Intelisolve

Pond No. 1 - BMP#4-Wet Pond
Pond Data

Pond storage is based on known contour areas. Average end area method used.

Tuesday, Nov 17 2009, 3:49 PM

Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft)  Incr. Storage (cuft)  Total storage (cuft)

0.00 74.00 2,628 0 0

1.00 75.00 3,637 3,083 3,083

2.00 76.00 4,585 4,061 7,144

3.00 77.00 5,518 5052 12,195

4.00 78.00 6,456 5,987 18,182

4.50 78.50 6,925 3,345 21,527
Culvert / Orifice Structures Weir Structures

[A] [B] [C] [D] [A] [B] [C]1 D]
Rise (in) = 15.00 3.00 0.00 0.00 CrestLen (ft) = 16.00 0.00 0.00 0.00
Span (in) = 15.00 3.00 0.00 0.00 Crest El. (ft) = 76.50 0.00 0.00 0.00
No. Barrels =1 1 0 0 Weir Coeff. = 3.33 3.33 0.00 0.00
Invert EL. (ft) = 69.50 74.00 0.00 0.00 Weir Type = Riser - - -
Length (ft) = 47.00 0.00 0.00 0.00 Multi-Stage = Yes No No No
Slope (%) = 9.40 0.00 0.00 0.00
N-Value = .013 .013 .000 .000
Orif. Coeff. = 0.60 0.60 0.00 0.00
Muiti-Stage = n/a No No No Exfiltration = 0.000 in/hr (Contour) Tailwater Elev. = 0.00 ft
Note: Culvert/Orifice outflows have been analyzed under inlet and outlet control.
Stage (ft) Stage / Storage Stage (ft)
5.00 5.00
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
1T T MRS RSO = Ml . 0.00
0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000 22,000
Storage (cuft)
Storage




BMP#5: BIORETENTION
DESIGN WORKSHEET & CALCULATIONS




DESIGN WORKSHEET - BMP #5

BsWSP - SELLS

IN

CMD
8/17/09

Project Name: Stonehouse Tract 12 Designed By:
Project Number: 08-4051 Checked By:
Date:
Simplified Method: WQv = (Rp) (Ry) (A)
12

Rp =

Ry = Runoff coefficient (Runoff/Rainfall)

Ry = 0.05 + 0.009( )

| % Impervious Area of Site

Design Storm Rainfall Depth (inches)

- |Drainage Area (Acres)
Rv = 0.054
WAQv = Water Quality Volume = 0.009  Acre-Feet
373 Cubic Feet
Design Criteria: Minimum 5% of Impervious Area
Impervious Area = 0.79 Acres
34,500 |SF

Minimum Surface Area = 1,725

Actual Surface Area =

Darcy's Equation for Bioretention Water Draw Through

SF required

vide

Rate:

Q = (.0000232) (K) (A) ( HIL )

Thickness of Soil Bed (ft)

Hydraulic Conductivity of filter media/soil mixture (ft/day)
| Bioretention Surface Area (sf)
Height of Water above Drainage Zone (ft)

Q = Rate of Draw through Bioretention Soil = 0.112

cubic feet per second (cfs)

l
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Time to Drawdown Water through Bioretention Media

Volume (V) = (A) (X) (n)

Bioretention Surface Area (SF)
Depth to Lower (ft)
. |Porosity

Time (T)=V/Q=|

okay

Minimum Flow equation: Q =2.3E-5*K* A 0.08 cfs

Factor of Safety (range between 2 and 10)

Design Flow ~0.40 cfs

Manning's Roughness Coefficient
0.011 smooth wall

0.015 corrugated wall . .0.011

Internal Slope (recommended minimum 0.5%)
Pipe(s) Diameter(s) equation: D =16 *(Q *n * s"0.5)"(3/8)

5.64 inches calculations assume n=0.011

# of 4" underdrains: 3 # of 6" underdrains:

Equivalent Pipe Diameters

D= (in) -No. of 4" diamet D= (in) No of 6" diameter
5.13 2 : 7.84 2
5.95 3 9.11 3
6.66 4 10.13 4
7.22 5
7.75 6
8.2 7

Note : A minimum of 2 underdrains recommended
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Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 1

BMP#5-Bioretention

Friday, Aug 14 2009, 11:14 AM

Hydrograph type = Mod. Rational Peak discharge = 4.43 cfs
Storm frequency = 1yrs Time interval = 1 min
Drainage area = 1.910ac Runoff coeff. = 0.57
Intensity = 4.071 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF ~ Storm duration = 15xTc
Hydrograph Volume = 1,994 cuft
BMP#5-Bioretention
Q {ofs) Hyd. No. 1 -1 Yr Qiets)
5.00 5.00
4.00 4.00
/
_ / N -
/
3.00 / 3.00
- / E
/
L [ o
/ - | _
2.00 / A\ 2.00
/ _\
/ _ . o
// \\
1.00 1.00
/ . \
/ o \ .
/ B K
/ - \
0.00 A\ 0.00
0.0 0.1 0.2 0.3
Time (hrs)
—— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2

BMP#5 Route

Hydrograph type = Reservoir

Storm frequency = 1yrs

Inflow hyd. No. = 1 ‘

Reservoir name BMP#5-Bioretention

Friday, Aug 14 2009, 11:14 AM

Peak discharge = 0.13 cfs
Time interval = 1 min
Max. Elevation = 88.92 ft
Max. Storage = 1,831 cuft

Storage Indication method used.

Hydrograph Volume = 860 cuft

BMP#5 Route

Ciete) Hyd. No. 2 - 1 Yr Q. {els)
500 T— : 5.00
4.00 . - 4.00
3.00 T 3.00
2.00 2.00
100 -1 ——— - 1.00
0.00 U—T——uo - 0.00

0.0 1.0 2.0 3.0 4.0

— Hyd No. 2 — Hyd No. 1

5.0 6.0 7.0 8.0 9.0 10.0 11.0
Time (hrs)
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Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Friday, Aug 14 2009, 11:14 AM

Hyd. No. 1
BMP#5-Bioretention
Hydrograph type = Mod. Rational Peak discharge = 5.51 cfs
Storm frequency = 2 yrs Time interval = 1 min
Drainage area = 1910 ac Runoff coeff. = 0.57
Intensity = 5.059 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm du‘ration = 1.5xTc
Hydrograph Volume = 2,478 cuft
BMP#5-Bioretention
G (ets Hyd. No. 1 -2 Yr Qi(ats)
6.00 6.00
- /_—’\ -
5.00 41— // - \\ _ 5.00
/ - \\
3.00 / 7 \\ 3.00 )
2.00 7 7 = — \ 2.00
/ 1 \
/ X
/ \\
1.00 7 - N 1.00
N \
/ \
0.00 A 0.00
0.0 0.1 0.2 0.3
Time (hrs)
—— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2

BMP#5 Route

Hydrograph type = Reservoir
Storm frequency = 2yrs
Inflow hyd. No. =1

Reservoir name BMP#5-Bioretention

Peak discharge
Time interval
Max. Elevation
Max. Storage

Friday, Aug 14 2009, 11:14 AM

1.34 cfs

1 min
89.07 ft
2,142 cuft

Storage Indication method used.

Hydrograph Volume = 1,312 cuft

BMP#5 Route
Qifels) Hyd. No. 2 — 2 Yr S {et)

6.00 6.00
5.00 5.00
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00

1 |
0.00 = 0.00

0.0 0.5 1.0 1.5 2.0 25 3.0 4.0 4.5
Time (hrs)

—— Hyd No. 2 —— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Friday, Aug 14 2009, 11:14 AM

—— Hyd No. 1

Hyd. No. 1
BMP#5-Bioretention
Hydrograph type = Mod. Rational Peak discharge . = 7.03 cfs
Storm frequency = 10 yrs Time interval = 1 min
Drainage area = 1.910 ac Runoff coeff. = 0.57
Intensity = 6.456 in/hr Tc by User =5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 3,163 cuft
BMP#5-Bioretention a
Lhists) Hyd. No. 1 — 10 Yr Cilets)
8.00 8.00
6.00 / 6.00
4.00 // \ 4.00
/ N
2.00 / \\\ 2.00
0.00 \ 0.00
0.0 0.1 0.2 0.3
Time (hrs)



Hydrograph Plot

Hydraflow Hydrographs by intelisoive

Hyd. No. 2

BMP#5 Route

Hydrograph type = Reservoir
Storm frequency = 10 yrs
inflow hyd. No. = 1

Reservoir name BMP4#5-Bioretention

Friday, Aug 14 2009, 11:14 AM

Peak discharge = 3.62 cfs
Time interval = 1 min
Max. Elevation = 89.16 ft
Max. Storage = 2,340 cuft

Storage Indication method used.

'Hydrograph Volume = 1,951 cuft

BMP#5 Route
Q (cfs) Hyd. No. 2 — 10 Yr Q (cfs)
8.00 8.00
6.00 6.00
4.00 4.00
2.00 2.00
0.00 = 0.00
0.0 0.3 0.7 1.0 1.3 1.7 2.0 23 2.7 :
Time (hrs)

— Hyd No. 2 ~—— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve Friday, Aug 14 2009, 11:14 AM

- N Gy I &y BN R I e oW

Hyd. No. 1
BMP#5-Bioretention
Hydrograph type = Mod. Rational Peak discharge = 9.94 cfs
Storm frequency = 100 yrs Time interval = 1 min
Drainage area = 1.910 ac Runoff coeff. = 0.57
Intensity = 9.132in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 4,474 cuft
BMPi#5-Bioretention
Q(cfs) Hyd. No. 1100 Yr Q (cfs)
10.00 /_—\ 10.00
8.00 // \\ 8.00
6.00 //// \\\\ 6.00
4.00 // \ 4.00
2.00 +— // \\ 2.00
0.00 £ \ 1 0.00
0.0 0.1 0.2 0.3 |
Time (hrs)

—— Hyd No. 1



Hydrograph Plot

12

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2

BMP#5 Route

Hydrograph type = Reservoir
Storm frequency = 100 yrs
Inflow hyd. No. = 1

Reservoir name BMP#5-Bioretention

Friday, Aug 14 2009, 11:14 AM

Peak discharge = 7.89 cfs
Time interval = 1 min
Max. Elevation = 89.27 ft
Max. Storage = 2,604 cuft

Storage Indication method used.

Hydrograph Volume = 3,175 cuft

BMP#5 Route
Q (cfs) Hyd. No. 2 — 100 Yr Q(cfs)
10.00 f_\ 10.00
8.00 \ 8.00
6.00 6.00
14.00 , \ 4.00
2.00 , \\ 2.00
0.00 j ; = 0.00
00 - 02 0.3 05 0.7 0.8 1.0 1.2 13 15 17
' ' Time (hrs)

—— Hyd No. 2 — Hyd No. 1



BMP#6: BIORETENTION
DESIGN WORKSHEET & CALCULATIONS



DESIGN WORKSHEET - BMP #6 E.wsp = SELLS

Project Name: Stonehouse Tract 12 Designed By: IN
Project Number: 08-4051 Checked By: CMD
Date: 8/17/09

Design Storm Rainfall Depth (inches)

Ry = Runoff coefficient (Runoff/Rainfall)

Ry = 0.05 + 0.009( 1)

% Impervious Area of Site

Drainage Area (Acres)
Rv = 0.054

WQv = Water Quality Volume = 0.006  Acre-Feet
: 247 Cubic Feet

Design Criteria: Minimum 5% of Impervious Area

Impervious Area = 0.52 Acres
22,500 |SF
Minimum Surface Area = 1,125 SF required
Actual Surface Area = 7 . SF providec

Darcy's Equation for Bioretention Water Draw Through Rate:

Q = (.0000232) (K) (A) ( HIL)

K= Hydraulic Conductivity of filter media/soil mixture (ft/day)
= Bioretention Surface Area (sf)
= Height of Water above Drainage Zone (ft)
L= Thickness of Soil Bed (ft)
Q = Rate of Draw through Bioretention Soil = 0.091 cubic feet per second (cfs) |




Time to Drawdown Water through Bioretention Media
Volume (V) = (A) (X) (n)
# | Bioretention Surface Area (SF)

Depth to Lower (ft)
Porosity

Time (T)=V/Q=

okay

Minimum Flow equation: Q =2.3E-5*K* A 0.06 cfs

Factor of Safety (range between 2 and 10)

Design Flow » 0.32 cfs

Manning's Roughness Coefficient
0.011 smooth wall
0.015 corrugated wall

Internal Slope (recommended minimum 0.5%)
Pipe(s) Diameter(s) equation: D =16 *(Q *n * s"0.5)"(3/8)
5.22 inches calculations assume n=0.011

# of 4" underdrains: 3 # of 6" underdrains:

Equivalent Pipe Diameters

D=(in) No. of 4" diamet D= (in) No of 6" diameter
513 2 7.84 2
5.95 3 9.11 3
6.66 4 10.13 4
7.22 5
775 6
8.2 7

Note : A minimum of 2 underdrains recommended



‘Hydrograph Plot

Hydraflow Hydrographs by Intelisolve Tuesday, Nov 17 2009, 3:22 PM
Hyd. No. 1

BMP#6-Bioretenion

Hydrograph type = Mod. Rational : Peak discharge = 2.90 cfs
Storm frequency = 1yrs Time interval = 1 min
Drainage area = 1.270 ac Runoff coeff. = 0.56

Intensity = 4.071 in/hr Tc by User = 5.00 min

IDF Curve = VIRGINIA FHA.IDF Storm duration =15xTc |

Hydrograph Volume = 1,303 cuft
BMP#6-Bioretenion

Q (cfs) Hyd. No. 1 -1Yr Q (cfs)
3.00 3.00
2.00 -

2.00

‘1.00 | / - | \ 1.00

R B —

0.0 0.1 02 0.3
‘ ' Time (hrs)

0.00

—— Hyd No. 1 ‘



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2

BMP#6 Route

Hydrograph type = Reservoir
Storm frequency = 1yrs
Inflow hyd. No. =1

Reservoir name BMP#6-Bioretention

Tuesday, Nov 17 2009, 3:22 PM

Peak discharge = 0.03 cfs
Time interval = 1 min
Max. Elevation = 82.39 ft
Max. Storage = 1,211 cuft

Storage Indication method used.

BMP#6 Route

Hydrograbh Volume = 300 cuft

Q (cfs) Hyd. No.2 —1Yr Q (cfs)
3.00 3.00
2.00 2.00
1.00 1.00
0.00 0.00

0.0 10 20 30 40 5.0 6.0 7.0 8.0 90 100
Time (hrs)

—— Hyd No. 2 —— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve Tuesday, Nov 17 2009, 3:22 PM

Hyd. No. 1
BMP#6-Bioretenion
Hydrograph type = Mod. Rational Peak discharge = 3.60 cfs
Storm frequency = 2yrs Time interval = 1 min
Drainage area = 1.270 ac Runoff coeff. = 0.56
Intensity = 5.059 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 1,619 cuft
BMP#6-Bioretenion
Q (cfs) Hyd. No. 1 -2 Yr Q (cfs)
4.00 4.00
3.00 / \ 3.00
- /7 \
2.00 /Z \ 2.00
/A R
1.00 // \\ 1.00
0.00 \ 0.00
0.0 0.1 0.2 0.3
Time (hrs)

—— Hyd No. 1



Reservoir name

Hydrbgraph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2
BMP#6 Route

Hydrograph type = Reservoir
Storm frequency = 2 yrs
Inflow hyd. No. = 1

BMP#6-Bioretention

Tuesday, Nov 17 2009, 3:22 PM

Peak discharge = 0.07 cfs
Time interval = 1 min
Max. Elevation = 82.53 ft
Max. Storage = 1,497 cuft

Storage Indication method used.

Hydrograph Volume = 595 cuft

BMP#6 Route

Qcfs) Hyd. No. 2 2 Yr Q(cfs)
4.00 4.00
-3.00 3.00
2.00 2.00
1.00 1.00
0.00 0.00

0.0 1.2 2.3 3.5 4.7 58 7.0 8.2 9.3 10.5 117
Time (hrs)
—— Hyd No. 2 —— Hyd No. 1



' Hydrograph Plot
' Hydraflow Hydrographs by Intelisolve fuesday, Nov 17 2009, 3:22 PM
Hyd. No. 1
l BMP#6-Bioretenion
Hydrograph type = Mod. Rational Peak discharge = 4.59 cfs
Storm frequency = 10yrs Time interval = 1 min
l Drainage area = 1.270 ac Runoff coeff. = 0.56
: Intensity = 6.456 in/hr Tc by User = 5.00 min
. IDF Curve = VIRGINIA FHA.IDF -Storm duration = 15xTc
| Hydrograph Volume = 2,066 cuft
BMP#6-Bioretenion
' Q (cfs) , Hyd. No. 110 Yr Q (cfs)
' 5.00 . 5.00
| ] _ ,. \
' 4.00 - Z » ” \ I . 4.00
/ \ |
- / \
| / N
| 3.00 / — . \ S ' 3.00
B 7 \
/ \
/ . \
i 7 X\
2.00 / \\ 2.00
' / N oo
/ \
/ \
I 1.00 / \\ 1.00
/ ’ \
l / \
/ \
0.00 \ 0.00
' 0.0 0.1 0.2 0.3
Time (hrs)
— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisoive

Hyd. No. 2
BMP#6 Route

Hydrograph type = Reservoir
Storm frequency = 10yrs
Inflow hyd. No. = 1

Reservoir name BMP#6-Bioretention

Tuesday, Nov 17 2009, 3:22 PM

Peak discharge
Time interval
Max. Elevation
Max. Storage

0.37 cfs

1 min
82.71 ft
1,877 cuft

Storage Indication method used.

Hydrograph Volume = 1,013 cuft

BMP#6 Route

Q (cfs) Hyd. No. 2 — 10 Yr Q (cfs)
5.00 5.00
4.00 | 4.00
3.00 3.00
2.00 2.00
1.00 1.00

| i B
0.00 , 0.00
00 08 17 25 33 42 50 58 67 75 83 92

Time (hrs)

—— Hyd No. 2 — Hyd No. 1



Hydro_graph Plot

Hyd. No. 1

Hydraflow Hydrographs by Intelisolve

Tuesday, Nov 17 2009, 3:22 PM

BMP#6-Bioretenion
Hydrograph type = Mod. Rational Peak discharge = 5.42 cfs
~ Storm frequency = 25yrs Time interval = 1 min
Drainage area = 1.270 ac Runoff coeff. = 0.56
intensity = 7.622 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 15xTc
Hydrograph Volume = 2,439 cuft
BMP#6-Bioretenion
Q(cfs) Hyd. No. 1 - 25 Yr Q (cfs)
6.00 6.00
5.00 - ' // _ \\ ' 5.00
""" . N\ -
\
3.00 / \ — 3.00
/ \
./ \
2.00 2.00
A I \
/ o — \ -
/ - \
1.00 7 NI 1.00.
\
[ \
0.00 A 0.00
0.0 0.1 0.2 0.3
Time (hrs)
— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2
BMP#6 Route

Hydrograph type
Storm frequency
Inflow hyd. No.
Reservoir name

i uwin

Reservoir

25 yrs

1
BMP#6-Bioretention

Tuesday, Nov 17 2009, 3:22 PM

Peak discharge = 1.19 cfs
Time interval = 1 min
Max. Elevation = 82.82ft
Max. Storage = 2,093 cuft

Storage Indication method used.

BMP#6 Route

Hydrograph Volume = 1,361 cuft

Q (cfs) Hyd. No. 2 — 25 Yr Q (cfs)
6.00 6.00
5.00 - 5.00
4.00 4.00
3.00 3.00
2.00 2.00
1.00 - 1.00
0.00 0.00

00 05 10 15 20 25 30 35 40 45 50 55 60
' Time (hrs)
— HydNo.2 —— Hyd No. 1



l Hydrograph Plot
l Hydraflow Hydrographs by Intelisolve Tuesday, Nov 17 2009, 3:22 PM
Hyd. No. 1
I BMP#6-Bioretenion
Hydrograph type = Mod. Rational Peak discharge = 6.50 cfs
l Storm frequency = 100 yrs Time interval = 1 min
Drainage area = 1.270 ac Runoff coeff. = 0.56
Intensity = 9.132 in/hr Tc by User = 5.00 min
I IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc.
Hydrograph Volume = 2,923 cuft
' BMP#6-Bioretenion
Q (cfs) Hyd. No. 1 — 100 Yr Q (cfs)
I 7.00 ' 7.00
' 6.00 / 6.00
// ‘‘‘‘‘
I 5.00 7 5.00
/
]
i /
4.00 // 4.00
l -/ N
3.00 7 — \ 3.00
| , \
2.00 +—— / —— | \\ 7 2.00
I / X
/ \
100 / \\ 1.00
I / - \
\
0.00 A\ 0.00
. 0.0 0.1 0.2 0.3
Time (hrs)
' —— Hyd No. 1



10
Hydrograph Plot
Hydraflow Hydrographs by Intelisoive Tuesday, Nov 17 2009, 3:22 PM
Hyd. No. 2
BMP#6 Route
Hydrograph type = Reservoir Peak discharge = 2.65 cfs 400
Storm frequency = 100 yrs Time interval =1 min Dam T
Inflow hyd. No. =1 Max. Elevation = 82.92 ft
Reservoir name = BMP#6-Bioretention Max. Storage = 2,311 cuft

Storage Indication method dsed.

Hydrograph Volume = 1,812 cuft

BMP#6 Route

Q(cfs) Hyd. No. 2 — 100 Yr Q (cfs)
7.00 7.00
- S e
6.00 | 6.00
5.00 5.00
4.00 4.00
300 1 ] 3.00
2.00 H 2.00
\
1.00 \\ 1.00
\
\\ _
0.00 — ‘ 0.00
00 03 07 10 13 17 20 23 27 30 33 37
Time (hrs)

—— Hyd No. 2 —— Hyd No. 1
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BMP#6-Bioretention
[ 300 Top of pond
X Eley. 84.00 —_\\
L 2.00 16.00 ft Rizer R
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Schematic only. Not for construction.

Project: Bioretention #6.gpw

Hydraflow Hydrographs Pond Draw

Tuesday, Nov 17 2009, .3:23 PM




Pond Report

Hydraflow Hydrographs by Intelisoive Saturday, Aug 15 2009, 10:30 AM

Pond No. 1 - BMP#6-Bioretention
Pond Data

Pond storage is based on known contour areas. Average end area method used.

Stage / Storage Table
Stage (ft) Elevation {ft) Contour area (sqft)  Incr. Storage (cuft) Total storage (cuft)

0.00 83.00 1,407 0 0

1.00 84.00 } 1,941 1,674 1,674

2.00 85.00 2,931 2,436 4,110
Culvert / Orifice Structures Weir Structures

[A] [B] [C] [O] [A] [B] €] D]
Rise (in) = 15.00 3.00 0.00 0.00 CrestLen(ft) = 16.00 0.00 0.00 0.00
Span (in) = 15.00 3.00 0.00 0.00 Crest EL (ft) = 84.00 0.00 0.00 0.00
No. Barrels =1 1 0 0 Weir Coeff. = 3.33 0.00 0.00 0.00
Invert El. {ft) = 79.00 83.50 0.00 0.00 Weir Type = Riser - — -
Length (ft) = 120.55 0.00 0.00 0.00 Multi-Stage = Yes No No No
Slope (%) = 1.30 0.00 0.00 0.00
N-Value = .013 013 .000 .000
Orif. Coeff. = 0.60 0.60 0.00 0.00
Multi-Stage = n/a No No No Exfiltration = 0.000 in/hr (Contour) Tailwater Efev. = 0.00 ft
Note: Culvert/Orifice outfiows have been analyzed under inlet and outlet control.
Stage (ft) Stage / Discharge Stage {ft)
2.00 2.00
1.80 1.80
1.60 . - / 1.60
1.40 ' 1.40
_ [

1.20 /_—______'____ 1.20
1.00 I/ - 1.00
0.80 0.80
0.60 0.60
0.40 -0.40
0.20 0.20
0.00 0.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 1200 13.00

Total Q

Discharge (cfs)
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BMP#7: WET EXTENDED DETETION POND

DESIGN WORKSHEET & CALCULATIONS




| Hydrograph Plot

Hydraflow Hydrographs by Intelisoive

Thursday, Mar 18 2010, 8:20 AM

Hyd. No. 1

BMP#7-Wet Pond

Hydrograph type = Mod. Rational Peak discharge = 5.28 cfs

Storm frequency = 1 yrs. Time interval = 1 min

Drainage area = 2.360 ac Runoff coeff. = 0.55

Intensity = 4.071 in/hr Tc by User = 5.00 min

IDF Curve = VIRGINIA FHA.IDF Storm duration = 15xTc

Hydrograph Volume = 2,378 cuft
BMP#7-Wet Pond |
- Q(cfs) Hyd. No. 1 —1Yr Q (cfs)

6.00 6.00

5.00 ] 5.00

4.00 _ 4.00

3.00 _ 3.00

2.00 2.00
./ \ '

1.09 / 7 — - — \\. - - 1.00
0.00 ‘ \ - 0.00
0 5 10 15

: JTime (min)



Hydrograph Plot

Hydraflow Hydrographs by Intelisoive

Hyd. No. 2

BMP#7 Route

Hydrograph type = Reservoir
Storm frequency = 1yrs
Inflow hyd. No. =1

Reservoir name BMP#7-Wet Pond

Saturday, Aug 15 2009, 10:43 AM

Peak discharge = 0.18 cfs
Time interval = 1 min
Max. Elevation = = 74.68 ft
Max. Storage = 2,151 cuft

Storage Indication method used.

BMP#7 Route

Hydrograph Volume = 2,203 cuft

—— Hyd No. 2 —— Hyd No. 1

Q (cfs) Hyd. No.2 -1 Yr Q (cfs)
6.00 - 6.00
5.00 I 5.00
L ]
4.00 - 4.00
3.00 3.00
) 1
200 2.00
1.00 1.00
0.00 L——T———x 4 0.00
00 17 33 50 67 83 100 117 133 150 167 183
Time (hrs)



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Thursday, Mar 18 2010, 8:20 AM

Hyd. No. 1
BMP#7-Wet Pond
Hydrograph type = Mod. Rational Peak discharge = 6.57 cfs
Storm frequency = 2 yrs Time interval = 1 min
Drainage area = 2.360 ac Runoff coeff. = 0.55
Intensity = 5.059 in/hr Tc by User =5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 2,955 cuft
BMP#7-Wet Pond
Q (cfs) Hyd. No. 1 -2 Yr Q(cts)
7.00 : 7.00
v/ \\ =
6.00 +— : /7 \\ rrrrrrrrr - - 6.00
5.00 +— 7 : \ % 5.00
,,,,, i /. - \\ _ _ |
4.00 / 7 — x\ 4.00
3.00 7 — N — 3.00
o / . - N
- -~ // - - \\
2.00 -— "_7/ ______ \\ — 2.00
/ \ -
1.00 *;/ ffffffff —— — . VA\ 1.00
_/ _ _ \ .
/ _ \
/ \ I
0.00 A\ 0.00
0 5 10 15
Time (min)
— Hyd No. 1
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Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2

BMP#7 Route

Hydrograph type = Reservoir
Storm frequency = 2 yrs
Inflow hyd. No. =1

Reservoir name BMP#7-Wet Pond

Peak discharge

Saturday, Aug 15 2009, 10:43 AM

Time interval
Max. Elevation
Max. Storage

0.20 cfs

1 min

74 .84 ft
2,678 cuft

Storage Indication method used.

Hydrograph Volume = 2,742 cuft

BMP#7 Route

Q (cfs) Hyd. No. 2 -2 Yr Q (cfs)
7.00 7.00
6.00 | 6.00
500 40— ] 5.00
4.00 i L 4.00
3.00 - 3.00
2.00 2.00

4[” ’
1.00 1.00
0.00 L 1 000
00 17 33 50 67 83 100 117 133 150 167 183

' Time (hrs)

—— Hyd No. 2 —— Hyd No. 1
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Hydrograph Plot

Hydraflow Hydrographs by intelisolve

Hyd. No. 1
BMP#7-Wet Pond

Thursday, Mar 18 2010, 8:20 AM

Hydrograph type = Mod. Rational Peak discharge = 8.38 cfs
Storm frequency = 10 yrs Time interval = 1 min
Drainage area = 2.360 ac Runoff coeff. = 0.55
Intensity = 6.456 in/hr Tc by User =5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 3,771 cuft
BMP#7-Wet Pond
Q (cfs) Hyd. No. 1 - 10 Yr Q (cfs)
10.00 10.00
| o -
8.00 8.00
6.00 - 6.00
4.00 4.00
2.00 2.00
0.00 0.00
0 15
Time (min)

—— Hyd No. 1 ‘
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Hydrograph Plot

Hydrafiow Hydrographs by Intelisolve

Hyd. No. 2
BMP#7 Route

Hydrograph type
Storm frequency
Inflow hyd. No.

Reservoir name

nononon

Saturday, Aug 15 2009, 10:43 AM

Reservoir Peak discharge
10 yrs Time interval
1 Max. Elevation

BMP#7-Wet Pond Max. Storage

0.92 cfs

1 min
75.04 ft
3,353 cuft

Storage Indication method used.

Hydrograph Volume = 3,503 cuft

BMP#7 Route
Q (cfs) Hyd. No. 2 ~ 10 Yr Qlcts)
10.00 10.00
8.00 8.00
6.00 6.00
4.00 4.00
2.00 2.00
0.00 0.00
0.0 12 23 3.5 a7 5.8 7.0 8.2 9.3 10.5 11.7
Time (hrs)
—— Hyd No. 2 —— Hyd No. 1 .



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Thursday, Mar 18 2010, 8:20 AM

Hyd. No. 1
BMP#7-Wet Pond
Hydrogfaph type = Mod. Rational Peak discharge = 9.89cfs
Storm frequency = 25 yrs Time interval = 1 min
Drainage area = 2.360 ac Runoff coeff. = 0.55 -
Intensity = 7.622 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 4,452 cuft
BMP#7-Wet Pond
Q (cfs) Hyd. No. 1 -- 25 Yr Q (cfs)
10.00 10.00
8.00 \\ 8.00
6.00 6.00
4.00 \ 4.00
2.00 \\ 2.00 |
0.00 _ \ - 0.00
0 5 10 15
Time (min)



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2

BMP#7 Route

Hydrograph type = Reservoir

Storm frequency = 25 yrs

Inflow hyd. No. =1

Reservoir name = BMP#7-Wet Pond

Saturday, Aug 15 2009, 10:43 AM

Peak discharge = 2.76 cfs
Time interval = 1 min
Max. Elevation = 7513 ft
Max. Storage = 3,705 cuft

Storage Indication method used.

BMP#7 Route

Hydrograph Volume = 4,139 cuft

Q(cfs) Hyd. No. 2 — 25 Yr Q(cfs)
10.00 - 10.00
8.00 8.00
6.00 6.00
4.00 4.00

2.00 2.00
0.00 - 0.00
00 07 13 20 27 33 40 47 53 60 67 73
Time (hrs)

—— Hyd No. 2 —— Hyd No. 1

1"



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve Thursday, Mar 18 2010, 8:22 AM
Hyd. No. 1
BMP#7-Wet Pond AL Q i) T
Hydrograph type = Mod. Rational Peak discharge = 11.85,cfs
Storm frequency = 100 yrs Time interval ~——="1T min
Drainage area = 2.360 ac Runoff coeff. = 0.55
Intensity = 9.132 in/hr Tc by User =5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 5,334 cuft
BMP#7-Wet Pond
i) Hyd. No. 1 — 100 Yr Q (cfs)
12.00 ©12.00
10.00 10.00
8.00 8.00
6.00 6.00
4.00 4.00
2.00 2.00
0.00 0.00
0 5 10 15
Time (min)



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2
BMP#7 Route

Hydrograph type = Reservoir

Storm frequency = 100 yrs

Inflow hyd. No. = 1

Reservoir name = BMP#7-Wet Pond

Saturday, Aug 15 2009, 10:43 AM

Peak discharge (= 5.29 cfs

Time interval ~ “="1"min
Max. Elevation = 75.21 ft
Max. Storage = 4,031 cuft

Storage Indication method used.

Hydrograph Volume = 4,963 cuft

BMP#7 Route
Q(ehs) Hyd. No. 2 — 100 Yr Q (cfs)
12.00 F 12.00
10.00 B 10.00
8.00 8.00
6.00 7 | 6.00
4.00 4.00
2.00 || | I s 2.00
\ ) S I PR 03 €
0.00 0.00

0.0 0.5 1.0 1.5 2.0

—— Hyd No. 2 —— Hyd No.

2.5 3.0 3.5

1

4.0 4.5 5.0 5.5 6.0
Time (hrs)
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Pond Report

Hydraflow Hydrographs by Intelisolve

Pond No. 1 - BMP#7-Wet Pond
Pond Data
Pond storage is based on known contour areas. Average end area method used.

Saturday, Aug 15 2009, 10:43 AM

Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft)  Total storage (cuft)
0.00 74.00 2,716 0 0 \x;)ﬁ,\
1.00 75.00 3,654 3,185 3,185
2.00 76.00 4,521 4,088 7,273 (3'9 \
3.00 77.00 5,342 4,932 12,204
4.00 7800 6.226 5,784 17,988 )
e i B
Culvert / Orifice Structures Weir Structures /'?7
[A] Bl [C] [D] [A] [C1 [D]
Rise (in) = 15.00 3.00 0.00 0.00 CrestLen (ft) = 16.00 0.00 0.00
Span (in) = 15.00 3.00 0.00 0.00 Crest EL. (ft) = 75.00 0.00 0.00
No. Barrels =1 1 0 0 Weir Coeff. = 3.33 0.00 0.00
Invert EL. (ft) = 68.50 74.00 0.00 0.00 Weir Type = Riser - —
Length (ft) = 40.00 0.00 0.00 0.00 Multi-Stage = Yes No No
Slope (%) = 8.75 0.00 0.00 0.00 , 4 ' b
N-Value = .013 .013 .000 .000
Orif. Coeff. = 0.60 0.60 0.00 0.00
Multi-Stage = nla No No No Exfiltration = 0.000 in/hr (Contouf) Tailwater Elev. = 0.00 ft
Note: Culvert/Orifice outflows ha‘een analyzed under inlet and outlet control.
Stage (ft) Stage / Discharge Stage (ft)
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 S 0.00
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00

Total Q

Discharge (cfs)



BMP#8: WET EXTENDED DETETION POND
DESIGN WORKSHEET & CALCULATIONS
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Hydrograph Plot

' Hydraflow Hydrographs_ by Intelisolve - ' : Thursday, Mar 18 2010, 8:23 AM
Hyd. No. 1
. BMP#8-Wet Pond _
Hydrograph type = Mod. Rational ’ Peak discharge = 5.93 cfs
Storm frequency = 1yrs Time interval = 1 min
' Drainage area = 2.800 ac Runoff coeff. = 0.52
B Intensity = 4.071 in/hr Tc by User = 5.00 min
' IDF Curve = VIRGINIA FHA.IDF , Storm duration = 15xTc
- Hydrograph Volume = 2,667 cuft
o , BMP#38-Wet Pond _ :
' Q(cfs) Hyd. No. 11 Yr Q (cfs)
' 6.00 6.00
' 5.00 | 500
l 4.00 7 7 . 4.00
. 3.00 3.00
l 2,00 2.00
l 100 4 1 1.00
000 0.00
l‘ 15
] Time (min)



Hydrograph Plot

Hydraflow Hydrographs by intelisolve

Hyd. No. 2

BMP#8 Route

Hydrograph type = Reservoir
Storm frequency = 1yrs
Inflow hyd. No. = 1

Reservoir name BMP#8-Wet Pond

Saturday, Aug 15 2009, 10:51 AM

Peak discharge = 0.22 cfs
Time interval = 1 min
Max. Elevation = 67.02 ft
Max. Storage = 2,398 cuft

Storage Indication method used.

Hydrograph Volume = 2,478 cuft’

BMP#8 Route
Q (cfs) Hyd. No.2 -1 Yr Q(cfs)
6.00 6.00
5.00 L 5.00
4.00 4.00
3.00 3.00
— |
2.00 2.00
1.00 1.00
0.00 Bm—— 0.00
0.0 1.3 27 4.0 5.3 6.7 8.0 9.3 10.7 12.0 13.3
Time (hrs)

———— Hyd No. 2 —— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intefisolve Thursday, Mar 18 2010, 8:23 AM

—— Hyd No. 1

Hyd. No. 1
BMP#8-Wet Pond )
Hydrograph type = Mod. Rational Peak discharge = 7.37 cfs
Storm frequency = 2 yrs Time interval = 1 min
Drainage area = 2.800 ac Runoff coeff. = 052
Intensity = 5.059 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 3,314 cuft
BMP#8-Wet Pond
Q (cfs) Hyd. No. 1—2 Yr Q (cfs)
8.00 8.00
/ \
6.00 // 6.00
- 4.00 // 4.00 .
2.00 / \\ 2.00
0.00 \ 0.00
0 5 10 15
Time (min)



. Reservoir name

Hydrograph Plot

Hydraflow Hydrographs by Intelisofve

Hyd. No. 2

BMP#8 Route

Hydrograph type = Reservoir
Storm frequency = 2yrs
Inflow hyd. No. = 1

BMP#8-Wet Pond

Saturday, Aug 15 2009, 10:51 AM

Peak discharge = 0.25cfs
Time interval = 1 min
Max. Elevation = 67211t
Max. Storage = 2,989 cuft

"Storage Indication method used.

Hydrograph Volume = 3,082 cuft

BMPi#8 Route
Q(cfs) Hyd. No. 2 — 2 Yr Q (cfs)
8.00 8.00°
6.00 6.00
I
4.00 4.00
2.00 2.00
0.00 R — 0.00
6.7 8.0 9.3 10.7 12.0 13.3

0.0 1.3 2.7 4.0 53

—— Hyd No. 2 —— Hyd No. 1

Time (hrs)



Hydrograph Plot

Hydraflow Hydrographs by Intelisoive

Hyd. No. 1
BMP#8-Wet Pond

Thursday, Mar 18 2010, 8:23 AM

— Hyd No. 1

Hydrograph type = Mod. Rational Peak discharge = 9.40cfs
Storm frequency = 10 yrs - Time interval = 1 min
Drainage area = 2.800 ac Runoff coeff. = 0.52
Intensity = 6.456 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volqme‘= 4,230 cuft
BMP#8-Wet Pond
Q (cfs) Hyd. No. 1 -- 10 Yr Q (cfs)
10.00 10.00
N A\
8.00 8.00
6.00 - 6.00
4.00 \\ _ = 4.00
2.00 \X : ' 2.00
0.00 — \ - 0.00
-0 5 10 15
' Time (min)



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

- Hyd. No. 2
BMP#8 Route
Hydrograph type = Reservoir
Storm frequency = 10yrs
Inflow hyd. No. =1

Reservoir name BMP#8-Wet Pond_

Saturday, Aug 15 2009, 10:51 AM

Peak discharge = 0.28 cfs
Time interval = 1 min
Max. Elevation = 67.49 ft
Max. Storage = 3,828 cuft

Storage Indication method used.

Hydrograph Volume = 3,936 cuit

BMP#8 Route

Q (cfs) Hyd. No. 2 10 Yr Q (cfs)
10.00 10.00
8.00 % 8.00
6.00 6.00
4.00 4.00
2.00 2.00
0.00 \ , 0.00
0.0 1.3 2.7 4.0 53 6.7 8.0 9.3 10.7 12.0 13.3 14.7

- Time (hrs)

— Hyd No. 2 — Hyd No. 1



- Hydrograph Plot

Hydraflow Hydrographs by Intelisolve : Thursday, Mar 18 2010, 8:23 AM
Hyd. No. 1
BMP#8-Wet Pond
Hydrograph type = Mod. Rational , Peak discharge = 11.10 cfs
Storm frequency = 25yrs Time interval = 1 min
Drainage area = 2.800 ac , Runoff coeff. = 0.52
Intensity - = 7.622 in/hr - Tc by User = 5.00 min
~ IDF Curve = VIRGINIA FHA.IDF Storm duration = 15xTc
Hydrograph Volume = 4,994 cuft
BMP#8-Wet Pond
Q (cfs) , Hyd. No. 1 - 25 Yr Q (cfs)
12.00 : _ : ' ' 12.00
10.00 10.00
8.00 8.00
6.00 6.00
4.00 4.00
2.00 2.00
0.00 . 0.00
15
- Time (min)

~—— Hyd No. 1
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Hydrograph Plot
Hydraflow Hydrographs by Intelisolve Saturday, Aug 15 2009, 10:51 AM
Hyd. No. 2
BMP#8 Route
Hydrograph type = Reservoir Peak discharge = 2.77 cfs
Storm frequency = 25 yrs Time interval = 1 min
Inflow hyd. No. =1 Max. Elevation = 67.63 ft
Reservoirname = BMP#8-Wet Pond Max. Storage = 4,254 cuft
Storage Indication method used. Hydrograph Volume = 4,649 cuft
BMP#8 Route
Q (cfs) Hyd. No.2 -25Yr Q (cfs)
12.00 12.00
10.00 : ’ 10.00
8.00 — 8.00
41
6.00 6.00
4.00 4.00
2.00 2.00
0.00 T 0.00
0.0 0.7 1.3 2.0 27 33 4.0 47 53 6.0 6.7 7.3
Time (hrs)
— Hyd No. 2 —— Hyd No. 1



Hydrograph Plot -

- Hydraflow Hydrographs by Intelisolve

Thursday, Mar 18 2010, 8:23 AM

6.00 /

Hyd. No. 1
BMP#8-Wet Pond
Hydrograph type = Mod. Rational Peak discharge = 13.30 cfs
Storm frequency = 100 yrs Time interval =1 min
Drainage area =~ = 2.800 ac Runoff coeff. = 0.52
Intensity = 9.132 in/hr Tc by User - .=5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 15xTc
Hydrograph Volumé = 5,984 cuft
BMP#8-Wet Pond
Q (cfs) Hyd. No. 1 -- 100 Yr Q (cfs)
14.00 ' 14.00
. \ )
12.00 \ 12.00
8.00 // \\ 8.00
| / \ » 6.00

" 4.00 /

\ 4.00

oo |/

\ : 2.00

0.00

—— Hyd No. 1

0.00
10 15

Time (min)
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Hydrograph Plot
Hydraflow Hydrographs by Intelisoive Saturday, Aug 15 2009, 10:51 AM
Hyd. No. 2 |
BMP#8 Route =
Hydrograph type = Reservoir Peak discharge = 615¢fs
Storm frequency = 100 yrs Time interval = 1 min
Inflow hyd. No. = 1 ' Max. Elevation = 67.73 ft
Reservoir name = BMP#8-Wet Pond Max. Storage = 4,565 cuft
Storage Indication method used. Hydrograph Volume = 5,573 cuft
BMP#8 Route
Q (cfs) Hyd. No. 2 — 100 Yr Qcfs)
14.00 . 14.00
1 _

12.00 12.00
10.00 10.00
8.00 ‘ 8.00
6.00 6.00
4.00 - 4.00

]

2.00 \ : : : -2.00
0.00 0.00
0.0 05 1.0 15 2.0 2.5 3.0 35 4.0 45 5.0 5.5 6.0

’ Time (hrs)

—— Hyd No. 2 — Hyd No. 1
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Pond Report

15

Hydraflow Hydrographs by Intelisolve

Pond No. 1 - BMP#8-Wet Pond

Saturday, Aug 15 2009, 10:51 AM

Pond Data
Pond storage is based on known contour areas. Average end area method used.
Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft)  Incr. Storage (cuft)  Total storage (cuft)
0.00 66.00 1,933 0 0
1.00 67.00 2,722 2,328 2,328
2.00 68.00 3,432 3,077 5,405
3.00 69.00 4,230 3,831 9,236
4.00 70.00 5,007. 4,664 - 13,899
Culvert / Orifice Structures Weir Structures
[A] Bl [C] D] Al Bl [C1 D]
Rise (in) = 15.00 300 000  0.00 CrestLen(fty = 16.00' 000 000  0.00
Span (In) = 1500 , 3.00 0.00 0.00 CrestEL(ff) =67.503~ 0.00 0.00 0.00
No. Barrels =1 / 1 0 0 Welr Coeff. = 3.33 3.33 0.00 0.00
Invert EL (ft) = 58.00 66.00 « 0.00 0.00 Weir Type = Riser — — -
Length (ft) = 53.00 0.00 0.00 0.00 Multi-Stage = Yes No No No
Slope (%) = 8.60 0.00 0.00 0.00 '
N-Value = .013 013 .000 .000
Orif. Coeff. = 0.60 0.60 0.00 0.00
Multi-Stage = n/a No No No Exfiltration = 0.000 in/hr (Contour) Tailwater Elev. = 0.00 ft
Note: Culvert/Orifice outflows have been analyzed under inlet and outlet control.
/et (o~
v \¢
A
%@7“"
N
~ 4
N
Stage (ft) Stage / Discharge Stage (ft)
4.00 4.00
r/ .
4
3.00 / 3.00
/
/
/
2.00 - 2.00
1.00 1.00
/
0.00 0.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
Discharge (cfs,
Total Q ge (cfs)



BMP#9: BIORETENTION
DESIGN WORKSHEET & CALCULATIONS




DESIGN WORKSHEET - BMP #9 ﬁ.wsp = SELLS

Project Name: Stonehouse Tract 12 Designed By: IN
Project Number: 08-4051 Checked By: CMD
Date: BATI09

Simplified Method: WaQv = (Rp) (Ry) (A)
12

Rp =

Design Storm Rainfall Depth (inches)
Ry = Runoff coefficient (Runoff/Rainfall)
Ry =0.05 + 0.009( 1)

{% Impervious Area of Site

1
A

_|Drainage Area (Acres)
Rv = 0.053
WAQv = Water Quality Volume = 0.005  Acre-Feet

232 Cubic Feet

Design Criteria: Minimum 5% of Impervious Area

Impervious Area = 0.39 Acres
17,000 |[SF
Minimum Surface Area = 850 SF required
Actual Surface Area = 590 ' SE provide

Darcy's Equation for Bioretention Water Draw Through Rate:
Q =(.0000232) (K) (A) (H/L)

Hydraulic Conductivity of filter media/soil mixture (ft/day)
Bioretention Surface Area (sf)

Height of Water above Drainage Zone (ft)

Thickness of Soil Bed (ft)

Q = Rate of Draw through Bioretention Soil = 0.103 cubic feet per second (cfs) ]




Time to Drawdown Water through Bioretention Media

Volume (V) = (A) (X) (n)

| Bioretention Surface Area (SF)
Depth to Lower (ft)
| Porosity

Volume =| 1,789 |Cubic Feet

Time (T)=V/Q=[ 17,318 |Seconds

ours

okay

Minimum Flow equation: Q =2.3E-56*K* A 0.07 cfs

Factor of Safety (range between 2 and 10)

Design Flow 0.37 cfs
Manning's Roughness Coefficient

0.011 smooth wall

0.015 corrugated wall Use n

Internal Slope (recommended minimum 0.5%)

Pipe(s) Diameter(s) equation: D =16 *(Q *n * s"0.5)(3/8)
5.46 inches calculations assume n=0.011

# of 4" underdrains: 3 # of 6" underdrains:

Equivalent Pipe Diameters

D= (in) No. of 4" diamet D= (in) No of 6" diameter
5.13 2 ) 7.84 2
5.95 3 9.11 3
6.66 4 10.13 4
7.22 5
.75 6
8.2 7

Note : A minimum of 2 underdrains recommended



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Thursday, Mar 18 2010, 8:25 AM

—— Hyd No. 1

Hyd. No. 1
BMP#9-Bioretention
Hydrograph type = Mod. Rational Peak discharge = 2.51 cfs
Storm frequency = 1yrs Time interval = 1 min
Drainage area = 1.210 ac Runoff coeff. = 0.51
Intensity = 4.071 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 1,130 cuft
BMP#9-Bioretention
Q(cfs) Hyd. No. 1 —1Yr Q(cfs)
3.00 : 3.00
2.00 // \\ 2.00
1.00 [7 \ 1.00
- 0.00 \ , 0.00
0 5 10 15
Time (min)



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2
BMP#9 Route
Hydrograph type =
Storm frequency =

Inflow hyd. No.
Reservoir name

Reservoir

1yrs

1
BMP#9-Bioretention

Saturday, Aug 15 2009, 11:4 AM

Peak discharge = 0.02 cfs
Time interval = 1 min
Max. Elevation = 85.58 ft
Max. Storage = 1,053 cuft

Storage Indication method used.

Hydrograph Volume = 136 cuft

BMP#9 Route
Q (cfs) Hyd. No.2 — 1 Yr Q (cfs)
3.00 3.00
,,n, e e [ SN WYY S SURO USRI RS S— —
2.00 2.00
1.00- 1.00
0.00 0.00
0.0 0.7 1.3 2.0 27 3.3 4.0 47 5.3 6.0 6.7 7.3
Time (hrs)
— Hyd No. 2 —— Hyd No. 1
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Hydrograph Plot

Hydraflow Hydrographs by Intelisoive

Thursday, Mar 18 2010, 8:25 AM

Hyd. No. 1
BMP#9-Bioretention
Hydrograph type = Mod. Rational Peak discharge = 3.12cfs
Storm frequency = 2yrs Time interval = 1 min
Drainage area = 1.210 ac Runoff coeff. = 0.51
Intensity = 5.059 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 15xTc

Hydrograph Volume = 1,405 cuft
BMP#9-Bioretention .

Q (cfs) Hyd. No. 1 =2 Yr Q (cfs)
4.00 4.00
3.00 // \Y\ 3.00
2.00 // \\ 2.00

S / ) i \\ ‘ I
1.00 / ' \\ 1.00
0.00 \ 0.00
0 5 10 15
Time (min)

— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve Saturday, Aug 15 2009, 11:4 AM
Hyd. No. 2
BMP#9 Route
Hydrograph type = Reservoir Peak discharge = 0.07 cfs
Storm frequency = 2yrs Time interval = 1 min
Inflow hyd. No. = 1 Max. Elevation = 86711t
‘Reservoir name = BMP#9-Bioretention Max. Storage = 1,299 cuft
Storage Indication method used. Hydrograph Volume = 392 cuft
BMP#9 Route
Qlefs) Hyd. No.2 -2 Yr Q(cts)
4.00 4.00
3.00 3.00
2.00 ‘ 2.00
1.00 - — 1.00
0.00 HA——= ' — 0.00
0.0 1.0 2.0 3.0 40 5.0 6.0 ‘7.0 8.0 9.0 10.0
Time (hrs)

—— Hyd No. 2 —— Hyd No. 1



'Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Thursday, Mar 18 2010, 8:25 AM

Hyd. No. 1
BMP#9-Bioretention
Hydrograph type = Mod. Rational Peak discharge = 3.98 cfs
Storm frequency = 10yrs Time interval = 1 min
Drainage area = 1.210 ac Runoff coeff. = 051 .
Intensity = 6.456 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 15xTc
Hydrograph Volume = 1,793 cuft
| BMP#9-Bioretention :
Q(cfs) Hyd. No. 1 — 10 Yr Q (cfs)
4.00 4.00
3.00 // \X 3.00
2.00 // \X 2.00
1.00 // \\ 1.00
0.00 \ 0.00
0 5 10 15
Time (min}) -

—— Hyd No. 1



Hydfograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2

BMP#9 Route

Hydrograph type = Reservoir
Storm frequency = 10yrs
Inflow hyd. No. =1

Reservoir name BMP#9-Bioretention

Saturday, Aug 15 2009, 11:4 AM

Peak discharge = 0.12cfs
Time interval = 1 min
Max. Elevation = 85.90 ft
Max. Storage = 1,644 cuft

Storage Indication method used.

Hydrograph Volume = 755 cuft

BMP#9 Route

Q (cfs) Hyd. No. 2 — 10 Yr Q (cfs)
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 : Em——— : 0.00

00 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Time (hrs)

——— Hyd No. 2 —— Hyd No. 1
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Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Thursday, Mar 18 2010, 8:25 AM

Hyd. No. 1
BMP#9-Bioretention
Hydrograph type = Mod. Rational Peak discharge = 4.70 cfs
Storm frequency = 25yrs Time interval = 1 min
Drainage area = 1.210 ac Runoff coeff. = 0.51
intensity = 7.622 in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Ny Hydrograph Volume = 2,117 cuft
BMP#9-Bioretention
Q (cfs) Hyd. No. 1 - 25 Yr Q (cfs)
-5.00 5.00
o — B}
/ \
4.00 / , - \ _ N 4.00
/ \
/ . \ _
/ \
3.00 / ) x N i 3.00
/ 2\
/ \
/ \
/ \
2.00 // \\ 2.00
/ |
/ \
1.00 [ \ 1.00
~ / N
» // \\ B
/ \ |
0.00 \ - 0.00
0 5 10 15
' Time (min)



Hydrograph Plot

"

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2

BMP#9 Route |

Hydrograph type = Reservoir
Storm frequency = 25 yrs
Inflow hyd. No. = 1

Reservoir name BMP#9-Bioretention

Saturday, Aug 15 2009, 11:4 AM

Peak discharge = 0.69 cfs
Time interval = 1 min
Max. Elevation = 86.03 ft
Max. Storage = 1,892 cuft

Storage Indication method used.

Hydrograph‘ Volume = 1,057 cuft

BMP#9 Route
Q (cfs) Hyd. No. 2 — 25 Yr Q {ets)

5.00 5.00
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00

S «
0.00 0.00

0.0 0.7 1.3 20 2.7 3.3 4.0 4.7 5.3 6.0

Time (hrs)

—— Hyd No. 2 —— Hyd No. 1 ‘



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Thursday, Mar 18 2010, 8:31 AM

- Hyd. No. 1 ,
BMP#9-Bioretention
Hydrograph type = Mod. Rational Peak discharge = 5.64 cfs
Storm frequency = 100 yrs Time interval = 1 min
Drainage area = 1210 ac Runoff coeff. = 0.51
Intensity = 9.132in/hr Tc by User = 5.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 15xTc
Hydrograph Volume = 2,536 cuft
BMP#9-Bioretention
Q (cfs) Hyd. No. 1 - 100 Yr Q (cfs)
6.00 : 6.00
5.00 _ // - \\ » 5.00
/ \ _
/ \ i
4.00 _/ \\ 4.00
- I \ -
. / \\_,,A
3.00 / : \\ ' 3.00
yan o N\ B
/ \
// »,_\\ _
2.00 b 7 \ 2.00
/ ) \
/- \
1.00 7 \ 1.00
/o \
/ \
/ . \
0.00 \ 0.00
0 - 5 10 15
Time (min)
— Hyd No. 1
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Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 2
BMP#9 Route

Hydrograph type = Reservoir

Storm frequency = 100 yrs

Inflow hyd. No. =1

Reservoir name = BMP#9-Bioretention

. Thursday, Mar 18 2010, 8:31 AM

Peak discharge

Time interval

‘Max. Elevation
- Max. Storage

1 min

2.05 cfs

86.11 ft
2,063 cuft

Storage Indication method used.

BMP1#9 Route

Hydrograph Volume = 1,448 cuft

Q (cfs) Hyd. No. 2 — 100 Yr Q(cfs)
'6.00 6.00
5.00 5.00

] _ : - : B
4.00 4.00
3.00 3.00
2.00 2.00
‘ .
| B} ‘
1.00 “ 1.00
\ o
\
k \
0.00 / ' : = 0.00
0.0 0.3 0.7 1.0 1.3 1.7 2.0 2.3 27 3.0 3.3
- Time (hrs)
— Hyd No. 2 . ——— Hyd No. 1 [ITTITTD Req. Stor = 2,063 cuft §



Pond Report

Hydraflow Hydrographs by intelisolve Saturday, Aug 15 2009, 11:4 AM

Pond No. 1 - BMP#9-Bioretention
Pond Data .
Pond storage is based on known contour areas. Average end area method used.

Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft) _ Incr. Storage (cuft)  Total storage (cuft)

0.00 85.00 1,590 0 0

1.00 86.00 2,048 1,819 1,819

2.00 87.00 2,536 2,292 4,111
Culvert / Orifice Structures Weir Structures -

[A] Bl I[C] [D] [Al [B] I[C] [D]
Rise (in) = 15.00 3.00 0.00 0.00 CrestlLen (fty = 16.00 0.00 0.00 0.00
Span (in) = 15.00 3.00 0.00 0.00 Crest El. (ft) = 86.00 0.00 0.00 0.00
No. Barrels =1 1 0 (4] Weir Coeff. = 3.33 0.00 0.00 0.00
Invert EL. {ft) = 82.00 85.50 0.00 0.00 Weir Type = Riser — - -
Length (ft) = 86.50 0.00 0.00 0.00 Multi-Stage = Yes No No No
Slope (%) = 1.00 0.00 0.00 0.00
N-Value = .013 .013 .000 .000
Orif. Coeff. = 0.60 0.60 0.00 0.00
Muiti-Stage = nfa No No No Exfiltration = 0.000 in/hr (Contour) Tailwater Elev. = 0.00 ft
Note: Culvert/Orifice outflows have been analyzed under inlet and outfet control.
Stage (it) Stage / Discharge Stage (ft

2.00 / 2.00
1.80 - ‘ : 1.80
1.60 1.60

. 1.40
1.40 " :
1.20 1.20

I p——

1.00 dpmeem 1.00
0.80 0.80
0.60 0.60
0.40 0.40
0.20 0.20
0.00 0.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00
Discharge (cfs)

Total Q

12



~ STORM DRAINAGE SYSTEM

' CATCHMENT AREA EXHIBIT
HYDRAULIC GRADE LINE CALCULATIONS
INLET CALCULATIONS
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4.REFER TO HYDRAULIC GRADE LINE CALCULATIONS FOR STORM DRAINS AND BMP OUTFALLS.

2.RUN-OFF TO BMP#2

NOTES:

o/
HEEEEEEEEEEE
,,,,,, 22 wln|o|o{o|o|o|o
o3
..... ©| 0]
,,,,,,,,, AR ololololn]olx]xm
K 70.%.504.05.
‘=S ololojo|cicicia
- Eie

L Oig|.

,,,,,,,, 3
5|8(818/8/8|813)8)88
> olc|olojc|oio|c

e Q
g
(O[O g fradlaad [SF[S]:a] fin}
£|899(2/2\8/2/2/83(2
HEEEEEEEEEE
(7]
L
2(8lolxlolalalom|olx ol
==
ol I 554 = 15 D i i s i

00010




Hyd‘raﬂow Plan View

Outfall

Zl12

| outal ~ | T
RISERAD
RISER-OBI\\ /: fay /7

| Project file: BMP-04-AND-05.stm- ‘ No. Lines: 9 ) 03-18-2010

Hydraflow Storm Sewers 2003
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Storm ::ewer meiie | - , Proj. file: BMP-04-AND-05.stm
Elev. (ft)
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Hydraflow Storm Sewers 2003



| Storm Sewer rrofile ] | | _ A , Proj. file: BMP-04-AND-05.stm

Elev. (ft)

94.00

89.00

ln.4
18 (in)

' a1 Ln:3
84.00 24 (ih) 24 (in)

. 79.00

74,00

69.00
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| Reach (ft)

Hydraftow Storm Sewers 2003
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Hydraflow Storm Sewers 2003



Swrm SGW&?" Profile | " Proj. file: BMP-04-AND-05.stm
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Storm Sewer Summary Report Page 1
Line Line ID Flow Line Line Invert Invert Line HGL HGL Minor| Dns
No. rate size length EL Dn EL Up slope down up loss | line

(cfs) (in) (ft) (ft) (ft) (%) (ft) (ft) (ft) No.
i y
1 | FES-04-CI-05 1586 | 24 ¢ /| 358" 7235 /| 7264 V| 0.810 Y 74.41 74.57 0.61
End
b | !
2 | Cl-05-RISER-06 343 | 15 ¢ \U| 1206V 73.6@;@}75.17}5 %1.302\/75.18 75.91 0.32
q . 1
3 | cros-clo7 1068 | 24 ¢ V| 334V| 7264 /| 7207 V| 0988 7518 | 7525* | o027
1
. -7 y
4 |cro7-cl-08 627 | 18¢c\V| 023V 7400V | 76.08 V| 2254V 7552 77.04 022
3
; ¥ \/ y
5 | cCl-08-Cl-09 478 | 15 ¢\/| 1304\| 7633V | 8376 5.697V| 77.25 84.64 0.53
: ‘ 4
6 |CI-09-RISER-10 477 | 15¢V| 502V| 8411V | 8530 V| 2010\ 85.16 86.17 0.42
5
y
7 |FES-11-Cl-12 236 | 15 ¢ V| 313V 89.00 %;Qg.zzfx‘go.ms\/ 90.25 90.28 0.05
End
8 |cri2-cl13 219 | 15¢ \/ 302 \/| 8022 /| 89.43 \/ 0.695\/ 90.33 90.34 0.06
_ 7

&

e
K\ k@;

-

M 5

Project File: BMP-04-AND-05.stm

Number of lines: 9

Run Date: 03-18-2010

NOTES: c = circular; e = elliptical; b =box;. Return period = 10 Yrs.; * Indicates surcharge condition.




g ey o x
- Storm Sewer Tabulation Page 1
Station Len | Drng Area ' Rnoff Area x c Te Rain | Total | Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
; coeff - (1 | flow | full . . -
Line | To Incr |Total | . Incr | Total | Inlet | Syst : Size | Slope| 'Up Dn Up Dn Up Dn
Line | : ' ~ : ' ’
(fty | (ac) | (ac) | (C) {min) | (min) |{infhr) (f:fS) (cfs) | (ftls) | (in) [ (%) {ft) (ft) (ft) (ft) (ft) (ft)

End 1358 | 047 |[443 | 066 (031 [245 |50 |74 6.5 15.86 20.35 | 5.08 | 24 0.81 |7264 7235 |74.57 7441 80.80 |75.00 |FES-04-CI-05

—_

1 120.6 |0.77 [0.77 | 0.65 050 050 |60 |60 |68 [343 (737 |3.66 15 130 {7517 (73.60 |75.91 75.18 |[82.00 |80.80 |CI-05-RISER-06
1 v 334 |1.38 |3.19 ‘0‘.51 069 |164 50 |73 8.5  |10.68 | 2248 | 3.40 | 24 >0.99 7297 (7264 [75256 7518 |[80.82 |80.80 |CI-05-Cl-07
82.3 |0.37 |1.83 | 0.65 0.2'4 095 |50 | 6.8 6.6 |627 |15.76 ) 4.41 | 18 225 |76.08 |74.00 |77.04 [75.52 |83.21 80.82 CI-07-CI-08
1304 {001 |1.46 | 0.95 0.01 » 071 |50 |63 6.8 [478 (1541|507 |15 570 18376 7633 8464 |[7725 [91.92 |83.21 CI-08-CI-09
59.2 |1.456 |1.45 b_ 048 1070 (070 | 6.0 6.0 6.8 1477 |915 [476 |15 ‘ 2.01 18530 |84.11 86.17 |85.16 |89.00 {9192 [CI-09-RISER-10
End | 31.3 d.O3 0.61 | 095 |003 {034 |50 |54 7.0 {236 [542 |392 |15 |070 |89.22 [89.00 |89.84 |[89.61 94.10 |90.25 |FES-11-Cl-12

‘7 30.2 {0.13 0.58 .0;8‘5 0.11 1031 |50 |52 7.1 219 |5.38 | 325 |15 0.69 |[89.43 89.22 90.02 |90.00 |9343 {9410 [CI-12-Cl-13

W oo ~N OO o~ W N
(S, B I & ]

8 176 |045 (045 | 044 [020 [020 |50 |50 7.1 141 1294 | 3.56 |12 0.68 |89.80 ' |89.68 |90.31 90.18 (9180 |93.43 |Cl-13-Yl-14

Project File: BMP-04-AND-05.stm ‘ o o Number of lines: 9 Run Date: 03-18-2010

NOTES: Intensity = 111,70 / (Inlet time + 16.25)' 7 0.90; Return period= 10 Yrs.

Hyﬁraﬂow Storm Sewers 2003



Storm Sewer inventory Report Page 1
Line | Alignment Flow Data Physical Data Line ID
Ne- Dnstr | Line Defl Junc |Known | Drng |Runoff | Inlet Invert | Line Invert | Line Line N J-toss | Inlet/

line length | angle | type Q —area: coeff | time EIDn | slope | ElUp size type | value | coeff | RimEl
No. (ft) {deg) (cfs) (ac)’ (©) | (min) (ft) (%) (ft) (in) {n) (K) (ft)
1 End 35.8 109.7 . | Curb 0.00 0.47 0.66 5.0 72.35 0.81 72.64 24 Cir 0.013 1.50 |80.80 FES-04-Cl-05
2 1 120.6 | 83.6 Grate 0.00 ‘ 0.77 0.65 6.0 73.60 1.30 75.17 15 Cir 0.013 1.00 | 82.00 CI-OS—RISER—OG
-3 1 33.4 -14.9 Curb . 0.00 1.36 0.51 5.0 72.64 0.99 72.97 24 Cir 0.013 1.50 |80.82 Cl-05-CI-07
4 3 92.3 -93.7 Curb 0.00 037 ' | 085 | 5.0 74.00 2,25 76.08 18 ' Cir 0.013 0.50 |83.21 CI-07-Ci-08
5 4 130.4 -8.6 Curb 0.00 '0.01.: | 0.95 | 5.0 76.33 5.70 83.76 15 - Cir 0.013 125 {91.92 Cl-08-CI-09
6 5 59.2 "-58.6 Grate | 0.00 1.45: 0.48 6.0 84.11 2.01 85.30 15 Cir 0.013 1.00 - 89.00 CI-09-RISER-10
7 End 313 133.9 Curb 0.00 0.03 095 5.0 89.00 0.70 89‘.22 15 Cir 0.013 0.70 |%4.10 FES-11-Ct-12
8 7 30.2 -21.4 Curb 0.00 0.13 0.85 50 89.22 0.69 89.43 15 Cir 0.013 | '0.70 |93.43 CI-12-CI-13
9 8 176 -29.5 Grate | 0.00 0.45 0.44 5.0 89.68 0.68 89.80 12 Cir - | 0.013 1.00 [91.80 Cl-13-Yl-14

Project File: BMP-04-AND-05.stm

Number of lines: 9 |

Date: 03-18-2010

Hydraflow Storm Sewers 2003



inlet Report , Page 1
| Line’ InletiD - = Q Q Q Juné®| Curb Inlet Grate Inlet ' Gutter - Inlet Byp
“No ; CIA- |carry | capt | byp. |type - : line
R , Ht L area L W | So w Sw Sx n depth | spread | depth | spread | Dep No
(cfs) | (cfs) | (cfs) | (cfs) (i) | (ft) |(safty | (ft) | (ft) | (FUft) | (ft) | (fUft) | (ft/ft) v (ft) (ft) ) (in)
1 Cl-05 221 |0.00 {221 |0.00 |Curb | 55 |6.00 |0.00 [0.00 [0.00 |Sag {250 0.050 | 0.020 1 0.000 | 0.28 | 10.08 | 0.40 | 10.08 | 240 | Off
2 - | RISER-06 3.43 0.00 {343 |000 |Grate| 0.0 |0.00 |3.10 [3.00 [2.00 |Sag |250 0.050 | 0.020 | 0.000 | 0.17 | 4.92 0.30 | 4.92 240 | Off
3 Cl-07 495 (049 [544 |0.00 |Cub | 55 [12.00 [0.00 |0.00 |0.00 Sag 250 |0.050 |0.020 |0.000 | 0.35 | 13.61 0.47 | 13.61 | 240 | Off
4 Cl1-08 1721014 |136 |049 |Curb | 55 800 |0.00 000 [0.00 |0.053 250 |0.050 |0.020|0.013 | 0.18 | 5.25 023 ] 226 | 240 | 3
5 | Cl09 007 |021 [015 |014 |Cub | 55 |250 |0.00 |0.00 |0.00 |0.070 |2.50 |0.050 |0.020 0013 | 0.09 | 1.80 | 0.11 | 1.06 240 | 4
6 RISER-10 A 477 |0.09 (485 000 |Grate | 00 |0.00 {310 {3.00 200 |Sag (250, {0.050{0.020 [0.000 | 0.25 | 8.82 0.38 | 8.82 240 | Off
7 | Cl12 .0.20 [0.00 |0.12 |0.09 |Curb | 55 |250 |0.00 0.00 |0.00 0.070 [ 2.50 |0.050 | 0.020 | 0.013 | 0.08 | 1.60 0.09 | 0.94 240 | 6
8 Cl-13 ’ ‘079 |0.00 {057 021 |Cub | 55 |6.00 |0.00 |0.00 |0.00 |0.070 |2.50 |0.050 |0.020 |0.013 0.12 | 2.40 0.16 | 1.56 2.40 5
9 Y4 141 |0.00 [1.41 |0.00 |Grate | 0.0 |0.00 -3.10 [3.00 |2.00 ‘Sag 2.50 |0.050 [ 0.020 |0.000 | 0.04 | 0.81 0.17 | 1.65 240 | Off
Project ‘File: BMP-04-AND-05.stm : I;D-F'File: ChesterfieldCoéﬁicients.IDF , Number.of lines: 9 Run Date: 03-18-2010
NOTES: Inlet N-Values = 0.016 ; Intensity = 111.70 / (Inlét time + 16.25) A 0.90; Return period = 10 Yrs.; * Indicates Known Q added

Hydraﬂow Storm Sewers 2003



Hydrafiow Pian View
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Hydraflow Storm Sewers 2003



Storm S@W@T pf@fl% , Proj. file: BMP-07-AND-08.stm
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Hydraflow Storm Sewers 2003
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- Storm Sewer Pmme S | | Proj. file: BMP-07-AND-08.stm
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Hydraflow Storm Sewers 2003



Storm Sewar Profile Proj. fle: BMP-07-AND-08.stm
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Storm Sewer Summary Report

Page 1

Line Line ID Flow Line Line Invert | Invert. | Line HGL HGL Minor| Dns
No. rate size length EL Dn EL Up slope down up loss | line
{cfs) (in) {tH - () (%) ) () (ft) .} No.
1 FES-15-Cl-16 6.92 18 ¢ 67.2 74.00 75.34 1.994 | 75.00 76.34 0.71
End
2 Ci-16-C1-17 2.55 15 ¢ 27.0 79.00 79.26 0.963 | 79.55 79.90 0.25
1
3 Cl-16-CI-18 3.58 15 ¢ 88.2 78.93 79.31 0.431 | 79.81 80.19 . | 0.35
' 1
4 CI-18-CI-19 1.77 15 ¢ 281 79.51 79.79 0.998 | 80.54 80.53 0.08
s 3
5 FES-20-JB-21 476 15 ¢ 426 61.00 61.85 1.996 | 62.25 62.72 0.36
) End
6 JB-21-JB-22 4.89 15 ¢ 172.7 | 70.00 79.80 5.675 | 70.49 80.69 0.37
5
7 JB-22-JB-23 4.97 15 ¢ 91.6 80.00 80.92 1.005 | 81.05 81,81 0.07
. 6
8- JB-23-RISER-24 5.04 15 ¢ 86.5 81.12 81.98 0994 | 81.95 82.88 ‘| 0.44
: 7

Project File: BMP-07-AND-08.stm

Number of lines: 8

Run Date: 03-18-2010

NOTES: ¢ =circular; e = elliptical; b = box; Return period = 10 Yrs.; * Indicates surcharge condition.

‘Hydraflow Storn Sewers 2003
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Storm Sewer Tabulation | Page 1
Station Len | Drng Area | Rnoff Areax C Te Rain | Total | Cap ' Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
. ) : coeff () flow | full
Line | To | Incr | Total “1incr | Total | Inlet | Syst Size | Slope| Up Dn Up Dn Up Dn
Line ’ ' ’ ’ :
(ft) | (ac) | (ac) | (C) (min) | (min) |(infhr}| (cfs) | (cfs) |(ftUs) | (in) | (%) (ft) (ft) ) () (ft) ()

1 End (672 |0.15 |1.56 |0.91 |0.14 |1.00 |50 |58 6.9 16.92 ‘ 14.83 | 550 | 18 1.99 7534 7400 |76.3¢ |75.00 |86.50 |75.50 |FES-15-Cl-16

1 27.0 [0.65 0.65 ' 055 [0.36 036 |50 (50 71 " 255 16.34.| 444 | 15 0.96 (79.26 |[79.00 |79.90 79.55 86.50 |86.50 |CI-16-Cl-17

1 88.2 |039 |0.76 067 (026 |0.51 5.6 5.3 7.0 |3.58 |4.24 | 387 |15 0.43 179.31 7893 [80.19 |79.81 88.52 |86.50 |ClI-16-CI-18

3 281 037 . 0.37 067 (025 (025 |50 |50 71 177 |6.45 | 198 | 15 1.00 |79.79 |79.51 80.53 [80.54 |88.91 88.52 | C!1-18-Cl-19 N
426 |0.00 115 }0.00 (000 1074 |50 |75 65 |476 |9.12 | 454 15 2.00 |61.85 |61.00 |6272 |[6225 [73.89 |6225 |FES-20-JB-21

5 172.7 | 0.00 | 1.15 | 0.00 |000 |074 [ 50 |67 6.6 4.?89 15.38 | 8.19 | 15 5.67 |79.80 . 70.00 |[80.69 [7049 9825 |73.89 |JB-21-JB-22

>6. 916 [0.00 [1.15 | 000 [0.00 (074 |50 |64 : ‘6.8 497 |647 | 491 |15 1.00 180.92 |80.00 |81.81 81.05 {94.01 98.25 | JB-22-JB-23

@ N O A W N
m
>
[=%

7 86.5 115 [1.15 | 064 |074. |074 |60 |60 6.8 |504 |644 |557 |15 099 |81.98 |[81.12 [82.88 [81.95 |86.00 |94.01 JB-23-RISER-24

Project File: BMP-07-AND-08.stm , : : Number of lines: 8 Run Date: 03-18-2010

N

NOTES: Intensity = 111.70 / (Inlet time + 16.25) * 0.90; " Return period = 10' Yrs.

Hydraflow Storm Sewers 2003




Storm Sewer Inventory Report Page 1
Line t _ Alignment . ~ Flow Data - . Physical Data o Line ID
Ne- Dnstr | Line Defl Junc Knbwn Drng- | Runoff | Inlet Invert | Line Invert | Line | 'Line N J-loss | Inlet/

line length | angle | type Q | area coeff time EIDn | slope | ElUp size type | value | coeff | RimEl

No. - (ft) (deg) (cfs) {ac) (C)- | (min) (ft) (%) (ft) (in) {n) (K) (ft)
1 End 67.2 179.5 vCurb 0.00 0.15 0.91 5.0 74.00 1.99 75.34 18 Cir 0.013 1.50 |86.50 FES-15-Ci-16
2 1 27.0, 13.8 Curb 0.00 | 065 0.55 5.0 79.00 0.96 -179.26 15 Cir 0.013 1.00 |86.50 Cl-16-Cl-17
3 1 88.2 90.3 | Curb 0.00 039 0.67 5.0 78.93 0.43 79.31 15 - Cir 0.013 1.50 [8852 | Cl-16-Cl-18
4 3 281 -88.9 Curb 0.00 | 037 0.67 5.0 79.51 1.00 79.79 15 Cir 0.013 1.00 |88.91 Cl-18-Ci-19
5. End 42.6 524 MH . 0.00 0.00 000 | 5.0 61.00 2.00 61.85 15 Cir 0.013 0.85 [73.89 FES-20-JB-21
6 5 172.7 -62.8 MH. 0.00 0.00 0.00 5.0 70.00 5.67 79.80 15 Cir 0.013 0.85 |9825 JB-21-4B-22
7 6 91.6 -71.3 v MH 0.00 0.00 0‘(:)0 ) 5.0 80.00 1.00 80.92 15 | Cir 0.013 0.15 |94.01 JB-22-JB-23
8 7 86.5 9.4 Grate | 0.00 1.15 0.64 6.0 8>1.12 0.99 81.98 ) '15 Cir 0.013 1.00 |86.00 | JB-23-RISER-24
Project File: BMP-07-AND-08.stm ' - ‘ | Number of lines: 8 Date: 03-18-2010

Hydrafiow Storm Sewers 2003



il T .
iniet Report ‘ Page 1
Line Inlet ID Q= Q Q Q {Junc | CurbIniet Grate Inlet Gutter Inlet Byp
No CIA carry | capt | byp |type - - line
Ht L area L w So w Sw | Sx n depth | spread | depth | spread | Dep No
{cfs) - | (cfs) | (cfs) | (cfs) (in) | (fty |(saft) | (ft) | (ft) | (fUft) | (ft) | (FUFt) | (FU/ft) (ft) {ft) {ft) (ft) {in)
1 Cl-16 0.97 075 |1.73 |0.00 |Cumb 5.0 |250 (000 |0.00 |0.00 |Sag |2.50 |0.050|0.020 |0.000| 0.30 | 11.21 0.42 | 11.21 2.40 Off
2 Ci-17 ' 2.55 0.72 |3.27 |0.00 |Curb 50 |[6.00 [000 |0.00 |0.00 |Sag |2.50 |0.050 {0.020 |0.000 | 0.34' | 13.09 0.46 | 13.09 | 2.40 _ Off
3 Cl-18 1.86 |0.00 {111 |0.75 {Curb | 5.0 |6.00 |0.00 |0.00 0.00 |0.051 250 [0.050 [0.020 |0.013 | 0.18 | 5.25 0.23 | 2.28 240 | 1
4 cl-19. - 177 1000 ]1.05 072 |Curb.| 5.0 |6.00 |0.00 |0.00 |0.00 -|0.055 |2.50 |0.050 |0.020 |0.013 0.17 | 4.75 0.22 | 2.20 240 | 2
5 JB-21 . 0.00 ’ 0.00 ]0.00 |0.00 |MH 0.0 |0.00 [000 |0.00° |0.00 |Sag |0.00 | 0.000 | 0.000 | 0.000 | 0.00 | 0.00 0.00 | 0.00 0.00 Off
6 JB-22 0.00 |[0.00 |0.00 [0.00 |MH 0.0 |0.00 |0.00 |0.00 |0.00 |Sag |0.00 |0.000 |0.000 0.000 | 0.00 | 0.00 0.00 | 0.00 0.00. | Off
7 JB-23 . 0.00 j0.00 |0.00 {0.00 [MH 0.0 {0.00 10.00 [0.00 {0.00 |[Sag |0.00 |0.000 |0.000 |0.000 | 0.00 | 0.00 0.00 | 0.00 0.00 | Off
8 RISER-24 5.04 0.00 {5.04 |0.00 [Grate | 0.0 |0.00 [3.10 |2.50 |2.50 [{Sag |200 |0.100 |0.030 |0.000 | 0.37 | 7.62 0.37 | 7.62 0.00 off
Project File: BMP-07-AND-08.stm I-D-F File: ChesterfieldCoefficients.IDF Number of lines: 8 Run Date: 03-18-2010
NOTES: Inlét N-Values = 0.016 ; Intensity = 111.70 / (inlet time + 16.25) » 0.90; Return period = 10 Yrs. ; * Indicates Known Q added

Hydrafiow Storm Sewers 2003



Hydraflow Plan View

—® RISER#30

JB#H

: - JBBI1A
Outfall 1 :

Project file: BMP#1 OUTFAL_L."stl"n , ' No. Lines: 3 11-17-2009

Hydraflow Storm Sewers 2003
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Storm Sewer Tabulation

Page 1
" Station Leﬁ Drng Area Rnoff Areaxc Te Rain | Total | Cap | Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (h | flow | full
Line | To Incr | Total Incr | Total | Inlet | Syst Size | Slope| Up Dn Up Dn Up Dn
Line ,

(ft) | (ac) | (ac) | (C) (min) | (min}) |(in/hr) | (cfs) |(cfs) |(ft/s) | (in) | (%) {ft) {ft) {ft) (ft) (ft) {ft)
1 End | 340 |0.00 |0.00 |0.00 {000 {000 |50 (53 0.0 500 (646 | 432 |15 1.00 [64.34 |64.00 |6538 (6525 |70.40 |65.25 FES#30 - JB#31
2 1 |64.9 |0.00 {000 |0.00 [000 |000 |50 |50 0.0 [500 (1581|834 |15 6.00 [69.89 66.00 |70.78 |[66.49 |76.00 [70.40 |JB#31A-JB#31
3 2 479 10.00 {000 |0.00 {000 |0.00 |00 |00 0.0 5.00 1936|927 | 15 8.99 |75.81 71.50 |76.70 |71.93 |87.00 76.00 | RISER30-JB#31

Project File; BMP#1 OUTFALL.stm

Number of lines: 3

Run Date: 11-17-2009

NOTES: Intensity = 221.97 / (Inlet time + 21.25) # d.95; Return period'= 100 Yrs.

Hydraflow Storm Sewers 2003
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Storm Sewer Tabulation

75.81 71.50

Page 1
Station | .Len | Drng Area - | Rnoff Areax C Te Rain | Total | Cap | Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
— coeff () | flow | full .
Line | To Incr. | Total Incr | Total | Inlet | Syst Size | Slope| Up Dn Up Dn Up Dn
Line _
() | (ac) | (ac) | (C) {min) | (min) |(in/hr) | (cfs) | (cfs) |(ftfs) | (in) | (%) (ft) Y ft) () (ft) "
1 End |34.0 (000 (000 |0.00 |0.00 |0.00 |50 |53 00 |500 |646 | 432 | 15 1.00 |64.34 |64.00 [6538 |6525 |7040 |[65.25 |FES#30-JB#31
2 1 649 10.00 10.00 |0.00 {0.00 1000 |50 |50 0.0 |5.00 |15811{834 |15 6.00 |69.890 [66.00 |[70.78 [66.49 |76.00 |[70.40 [JB#31A -JB#31
3 2 479 000 [0.00. |0.00 [0.00 {000 |00 |00 00 |500 [19.36|9.27 | 15 8.99 76.70 |71:93 |[87.00 |76.00 |RISER30-JB#31

Project File: BMP#1 OUTFALL.stm

Number of lines: 3

Run Date: 11-17-2009

NOTES: Intensity = 221.97 / (Inlet time +21.25) 2 0.95; Return period = 100 Yrs.

Hydraflow Storm Sewers 2003



Storm Sewer Profile | Proj. file: BMP#1 OUTFALL stm
Elev. (ft)
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Hydraflow Storm Sewers 2003
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‘Hydraflow Plan View

Outfall

1
MH#34A [

MH#34

3
RISER#BSZ

Project file: BMP#4 OUTFEALL.stm - : No, Lines: 3 11-17-2009

pmp Y ovtPall 100~yr Hée

Hydrafiow Storm Sewers 2003
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Storm Sewer Inventory Report Page 1
Line Alignment Flow Data Physical Data Line ID
No. - = -
Dnstr | Line Defl Junc | Known | Drng | Runoff | Inlet Invert | Line | Invert Line Line N J-loss | Inlet/
line . | length | angle | type Q area coeff time . | EIDn | slope | ElUp size | type | value | coeff | Rim El
No. {ft) (deg) | (cfs) (ac) (€) (min) (ft) (%) ) (in) {n) (K) ()
1 End 31.9 101.0 | MH 0.00 0.00 0.00 0.0 61.00 1.00 [61.32 18 - Cir 0.013 0.15 |67.18 FES#35 -MH#34A
2‘ 1 72.9 5.1 MH 0.00 0.00 0.00 0.0 62.50 3.00 |64.69 15 Cir’ 0.013 0.15 |[69.00 MH#34 - MH#34A
3 2 46.6 0.0 8.00 0.00 0.00 0.0 [65.50 511 67.88 15 Cir 0.013 1.00 |76.50 | RISER#33 - MH#34

MH

Project File: BMP#4 OUTFALL stm

Number of fines: 3

Date: 11-17-2009

Hydraflow Storm Sewers 2003
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Storm Sewer Tabulation | Page'1
Station Len | Drng Area Rnoff Areax C Te ‘Rain | Total | Cap | Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff () | flow | full
Line | To Incr | Total Incr | Total | Inlet | Syst : Size | Slope| Up -Dn Up Dn Up Dn
Line ’
' (f) | (ac) | (ac) | (C) {min) { (min) {(inthr)| (cfs) |(cfs} |(ft/s) | (in) | (%) (ft) (ft) {f) {1 {f) {ft)

1 End {319 |000 |000 |000 |000 (000 [00 |03 0.0 |8.00 [10.51| 472 | 18 1.00 |61.32 |61.00 (6262 (6250 |[67.18 |62.25 |FES#35-MH#34
2 1 729 |0.00 000 | 000 {000 |0.00 |00 | 0.1 0.0 [800 [11.19 841 |15 3.00 |6469 6250 |65.81 63.28 [69.00 |67.18 | MH#34 - MH#34
3 2° |46.6 (000 |0.00 | 0.00 ' 0.00 |0.00 {00 |00 0.0 |8.00 {1460 9.32 ﬁ5 511 [67.88 |6550 |69.32 (66.16 |76.50 |69.00 - | RISER#33-MH#

Project File: BMP#4 OUTFALL.stm : . Number of lines: 3 Run Date: 11-17-2009

NOTES: Intensity = 111.70 / (Inlet time + 16.25) # 0.90; Return period = 10 Yrs.

Hydraflow Storm Sewers 2003



Storm Sewer Profile | Proj. file: BMP#4 OUTFALL stm
Elev. (ft)
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Hydraflow Storm Sewers 2003
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Storm Sewer Inventory Report Page 1
Line Alignment ' Flow Data Physical Data Line ID
. No. -

Dnstr | Line Defl Junc | Known | Drng |Runoff | Inlet Invert | Line Invert Line Line N J-loss | inlet/
line length | angle | type Q area coeff time EIDn | slope | ElUp size type value | coeff | RimEl
No. (ft) (deg) (cfs) (ac) (C) (min) (ft) (%) (ft) {in) ' (n) (K) {ft)

1 End 38.2 156.4 | MH 0.00 0.00 , 0.00 0.0 49.00 1.00 | 49.38 15 Cir 0.013 0.45 |[69.00 FES#27 - MH#26A

2 1 97.3 -19.9 MH 0.00 0.00 0.00 0.0 51.38 10.00 6(1 1 15 Cir 0.013 0.15 75.00 MH#26 - MH#25A

3 2 | 5986 0.0 MH 6.00 0.00 0.00 0.0 63.11 9.04 68.50 15 Cir 0.013 1.00 0.00 RISER25-MH26

Project File: BMP#7 OUTFALL.stm

Number of Iir;es: 3

Date: 11-17-2009

Hydraflow Storm Sewers 2003
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Storm Sewer Tabu!atlon Page 1
Station Len | Drng Area | Rnoff Areax C Tc Rain | Total | Cap | Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff () | flow | full -
Line | To Incr | Total Incr | Total | Inlet | Syst Size | Slope; Up Dn Up Dn Up Dn
) Line . .
(ft) | (ac) | (ac) | (C) - |{min) | (min) |(In/hr}| (cfs) |(cfs) |(ft/s) | (in) | (%) (ft) {ft) (ft) (ft) (ft) (ft)

o

doy

1 End | 382 [0.00 [0.00 {000 000 |000 |00 |05 00 [6.00 (644 | 499 |15 1.00 [49.38v- 149.00 (5053 |50.25 [69.00 |53.00 |FES#27-MH#26

2 1 97.3 |0.00 [0.00 | 000 {000 (000 |00 (02 0.0 |6.00 |2042 | 10.08| 15 10.00{61.11v 51.38"1\]62.09 51.85 |75.00 [69.00 |MH#26- MH#25
3 2 506 |0.00 |0.00 |000 [0.00 [000 |00 |00 00 600 [19.42) 984 |15 9.04 68.50~"63.11 " r69.48 63.59 |0.00 75.00 | RISER25-MH26

Project File: BMP#7 OUTFALL.stm ) ‘ - Number of lines: 3 : ’ Run Date: 11-17-2009

NOTES: intensity = 111.70 / (Inlet time + 16.25) » 0.90; Return period = 10 Yrs.

Hydraflow Storm Sewers 2003
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Storm Sewer Profile - Proj. file: BMP#7 OUTFALL.stm
Elev. (ft)
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Hydraflow Storm Sewers 2003



‘Hydraflow Plan View

Outfalt

RISER#28

Project file: BMP#8 OUTFALL.stm No. Lines: 3 11-18-2009
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Hydraflow Storm Sewers 2003



,

Storm Sewer inventory Report Page 1
Line Alignment Flow Data Physical Data Line ID
No. : .
Dnstr | Line Defl Junc | Known | Drng | Runoff | Inlet Invert | Line Invert Line Line N J-loss. | Inlet/
line | length | angle | type Q area coeff time EIDn | slope | ElUp size type value | coeff | Rim El
No. {ft) {deg) (cfs) {ac) € (min) (ft) (%) (ft) (in) (n) (K) (ft)
1 End 21.2 56.9 MH 0.00 0.00 0.00 5.0 43.50 0.99 43.71 18 - Cir 0.013 0.15 48.32 FES29 - JB#28B
2 1 59.7 -0.1 MH 0.00 0.00 0.00 5.0 45.37 8.01 50.15 15 Cir 0.013 0.15 56.50 JB#28A - JB#28B
3 2 51.0 0.0 MH 6.15 0.00 0.0d 0.0 53.00 9.80 58.00 15 Cir 0.013 1.00 67.50 RISER#28-JB-28A
Project File: BMP#8 OUTFALL.stm Number of lines: 3 Date: 11-18-2009

Hydrafiow Storm Sewers 2003



Storm Sewer Tabulation

Pag
Station Len | Drng Area | Rnoff Areax C Te Rain | Total | Cap | Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff () | flow | full
Line | To Incr | Total Incr | Total | Inlet | Syst Size | Slope| Up Dn Up Dn Up Dn
Line
(ft) | (ac) | (ac) | (C) (min) | (min) |(in/hr) | (cfs) | (cfs) |(ft/s) | (in) | (%) (ft) (ft) (ft) (ft) (ft) (ft)
1 End |-21.2 .| 0.00 -} 0.00 .1.0.00: 1000 000 150 [52 0.0 6.15 (1045 | 4.44 | 18 0.99143.71 4350 |44.70 |44.75 |48.32 44,75 FES29 - JB#2¢
2 1 59.7 (0.00 |(0.00 | 000 (0.00 (000 |50 |50 0.0 6.15 |18.28 | 9.64 | 15 8.01 -1'50.15 /}5.37 51.14 | 45.87 56.50 48.32 JB#28A - JB#2
3 2 51.0 |[0.00 |0.00 |0.00 |0.00 (0.00 (0.0 |0.0 0.0 1618 “|20.22 | 10.11]-15 9.80 58.00 ‘53.00 58.99 |53.48 |[67.50 56.50 RISER#28-JB-

Project File: BMP#8 OUTFALL.stm

Number of lines: 3

Run Date: 11-18-2009

NOTES: Intensity = 111.70 / (Inlet time + 16.25) A 0.90; IReturn per d = 10 Yrs.







Storm Sewer Profile Proj. file: BMP#8 OUTFALL.stm
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EROSION & SEDIMENT CONTROL

SEDIMENT BASIN CALCULATIONS
STILLING BASIN CALCULATIONS




. Hydrograph Summary Report

Hyd. | Hydrograph| Peak Time Timeto | Volume Inflow Maximum Maximum Hydrograph

No. type flow interval [ peak hyd(s) elevation storage description
{origin) (cfs) {min) (min) (cuft) (ft) (cuft)

1 Mod. Rational| 13.67 1 5 6,153 — —— — SB#1

2 Reservoir 0.17 1 12 1,709 1 85.62 5,709 SBi#1 Route '

SB#1.gpw. Return Period: 25 Year | Friday, Aug 14 2009, 11:09 AM

Hydraflow Hydrographs by Intelisolve ‘



Hydrograph Summary Report

x- _ -

Hyd. | Hydrograph| Peak Time Timeto | Volume Inflow Maximum Maximum Hydrograph

No. type flow interval | peak hyd(s) elevation storage description
(origin) {cfs) (min) {min) (cuft) (ft) (cuft)

1 Mod. Rational} 18.12 1 5 8,152 — — — SB#2

2 Reservoir 0.23 1 10 3,412 1 75.07 5,907 SB#2 Route

SB#2.gpw - ‘ Return Period: 25 Year Friday, Aug 14 2009, 11:09 AM

Hydraflow Hydrographs by intelisoive



Hydrograph Summary Report
' Hyd. | Hydrograph! Peak Time Time to | Volume Inflow Maximum Maximum Hydrograph
No. type flow interval | peak hyd(s) elevation . storage description
. {origin) (cfs) (min) (min) (cuft) (ft) ~ {cuft)
1 Mod. Rational] 7.00 1 5 3,149 ’ —_ —_— ——— SB#3
l 2 Reservoir 0.21 1 12 2,923 _ 1 74.90 2,855 SB#3 Route
" SB#3.gpw Return Period: 25 Year | Friday, Aug 14 2009, 11:10 AM

Hydrafiow Hydrographs by Intelisolve



Hydrograph Summary Report
' Hyd. | Hydrograph| Peak Time Time to | Volume Inflow Maximum Maximum Hydrograph
No. type flow |interval| peak hyd(s) elevation storage description
. : {origin) v (cfs) (min) (min) (cuft) (ft) {cuft)
" |1 |Mod. Rational| 7.77 1 5 3496 | — _— _— SB#4
' 2 - | Reservoir 0.02 1 12 183 1 66.11 3,261 SB#4 Route
SBi#4.gpw - Return Period: 25 Year Friday, Aug 14 2009, 11:10 AM
l V Hydraflow Hydrographs by Intelisolye



Hydrograph Summary Report

Hyd. | Hydrograph| Peak Time Timeto | Volume Inflow Maximum Maximum Hydrograph

No. type flow interval | peak hyd(s) elevation storage description
(origin) (cfs) (min) {min) (cuft) (ft) (cuft)

1 Mod. Rational| 7.47 1 5 3,363 —_ —— e ST#1

2 Reservoir 0.00 1 0 0 1 100.32 2,460 ST#1 Route

ST#1.gpw Return Period: 25 Year | Friday, Aug 14 2009, 11:10 AM

Hydraflow Hydrographs by Intelisolve



~ Hydrograph Summary Report

Hyd. | Hydrograph| Peak Time Timeto | Volume Inflow iMaximum Maximum . Hydrograph

No. " type flow interval | peak - hyd(s) elevation storage description
(origin) (cfs) {min) {min) | (cuft) {ft) {cuft)

1 Mod. Rationall 8.44 1 5 3,800 —_— — — ST#2

2 Reservoir 0.03 1 12 191 1 88.62 3,544 ST#2 Route

ST#2.gpw Return Period: 25 Year Friday, Aug 14 2009, 11:10 AM

Hydraflow Hydrographs by Intelisolve



L}

Hydrograph Summary Report

Hyd. | Hydrograph| Peak Time Timeto | Volume Inflow Maximum Maximum - Hydrograph
No. type flow !interval| peak hyd(s) elevation storage description
(origin) (cfs) (min) {min) (cuft) (ft) (cuft)
"1 | Mod. Rational| 4.65 1. 5 2,091 —_ —_— e ST#3
2 Reservoir 0.00 1 0 0 1 83.34 1,951 St#3 Route
Return Period: 25 Year Friday, Aug 14 2009, 11:10 AM

ST#3.gpw

Hydraflow Hydrographs by Intelisolve



Hydrograph Summary Report
' Hyd. | Hydrograph| Peak Time | Timeto | Volume inflow Maximum Maximum " Hydrograph
No. type - flow interval | peak hyd(s) elevation storage description
I ’ {origin) (cfs) (min) (min) (cuft) {ft) (cuﬁ) ' '
1 | Mod. Rational| 4.43 1 5 1,992 — — i STH#4 |
I 2 Reservoir 0.00 1 Q 0 1 84.90 1,859 ‘ ST#4 Route
ST#agpw » Return Period: 25 Year | Friday, Aug 14 2009, 11:10 AM
. ‘ -bl  Hydraflow Hydrogrgphs-by Intelisolve



DESIGN WORKSHEET - STILLING BASIN #1
FES-2 from BMP#1 Outfall

Project Name: STONEHOUSE TRACT 12
Designed by: DF  Date: 6/1/09
Checked by: CD Date: 8/17/09
Variables:

Design Flow = Q100
Barrel Diameter= D

CFS
Feet

| (R

Depth of basin = hs 0.41
Width of basin= W D=1.25
Tailwater Depth = TW B feet

BsWSP - SELLS

QD25 | = 2.64
TWID = 0.16
Fr Yo/D =

Yo = 0.6875|Feet
TWNo | = 0.29]<
A = 0.69]Sq. Feet
Vo - 6.67
JYe 1 =1 0.59]
[Fr [ =1 1.53]

[St8p4 7750 for Rip Rap 950
d50/Ye

Froude Number

1

Length of Pool = LS
Overall Length= LB




DESIGN WORKSHEET - STILLING BASIN #2 ;}-wsp n SE LL s
FES-3 from BMP#4 Outfall i

Project Name: STONEHOUSE TRACT 12

Designed by: DF Date: 6/1/09

Checked by: CD Date: 8/17/09

Variables:

Design Flow = Q100
Barrel Diameter= D

CFS.
Feet

Depth of basin= hs 0.81
Width of basin= W D= 1.25
Tailwater Depth = TW B feet

QD25 | = 4.56
TWI/D = 0.16

Fr Yo/D =
Yo = 0.95|Feet
TW/Yo = 0.21|< 07
A = 1.00|Sq. Feet
Vo = 7.96

Length of Pool = LS
Overall Length= LB




DESIGN WORKSHEET - STILLING BASIN #3
FES-4 from BMP#7 Outfall

Project Name: STONEHOUSE TRACT 12

BsWSP - SELLS

Designed by: DF Date: 6/1/09
Checked by: CD Date: 8/17/09
Variables:
Design Flow= Q100 = -CFS
Barrel Diameter= D = Feet
Depth of basin= hs = 0.86
Width of basin= W = D=15
Tailwater Depth= TW = | feet
[Fect Q/D"2.5 1.02
TW/D 0.13

A = 0.82|Sq. Feet
Vo = 6.48
[Step2 [Ye [ =1 0.64]
|Step:3 JFr L=l 1.43]

IStep4 1 Pick a d50 for Rip Rap [d50
d50/Ye

Froude Number

Length of Pool = LS
Overall Length= LB




DESIGN WORKSHEET - STILLING BASIN #4
FES-5 from BMP#8 Outfall

Project Name: STONEHOUSE TRACT 12
Designed by: DF  Date: 6/1/09
Checked by: CD Date: 8/17/09
Variables:

Design Flow = Q100
Barrel Diameter= D

CES
Feet

nuw uwnn

BsWSP - SELLS

Depth of basin= hs 0.84
Width of basin= W D=125
Tailwater Depth = TW [ [
IStep1 Q/D*2.5 = 3.52
TW/D = 0.32
Yo/D =
Yo = 0.750[Feet
TWI/Yo = 0.53|< 0.7
A = 0.77|Sq. Feet
Vo = 8.00
[Step2 Tve =] 0.62]
[Beps [Fr [ =] 1.79]
[Stepa= = Pick a d50 for Rip Rap_]d50 = Feet
d50/Ye = 0.48
Froude Number ]

Length of Pool = LS
"Overall Length = LB
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RELATIVE DEPTH OF SCOUR HOLE %

Ya

L™

P BB A

- - _ DESIGN DISCHARGE —
CULVERT BRINK Vave © WETTED AREA AT BRINK OF GULVERT

= THE MEDIAN SIZE OF ROCK
BY WEIGHT, ROUNDED ROCK
OR ANGULAR ROCK,

A Ay v

LT Yy = EDUIWVALENT BRINK DEPTH

v e .
o - » BRINK DEPTH FOR BOX CULVERT
- <[22 ror NON-RECTANGULAR
2) SECTIONS

N dsp
Tw ol
> 0,7 y
IF Yo 0.75 ‘ .é,/*y
- : ]
| RIPRAP MAY BE REQUIRED S
" ON BANKS AND CHANNEL o
| BOTTOM DOWNSTREAM | Y
—_SROM.BASIN —~SEF DESIGN. /. W e
- EXAMPLE IN TEX/. 7

L Byps g

-

on

v
FROUDE NUMBER = F=2hes 7

- FIGURE X1-2. RELATIVE DEPTH OF SCOUR HOLE VERSUS FROQUDE NUMBER AT BRINX OF

CULVERT WITH RELATIVE SIZE OF RIPRAP AS A THIRD VAAIABLE
' . XT-14 '
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Appenmvcs-s A-35

APPENDIX 19.A
Manning’s Roughness Coefficient,® n

~ (design use)

b

corrugated metal pipe (CMP)
natural channels, good condition

channel material n
plastic (PVC and ABS) 0.009
clean, uncoated cast iron 0.013-0.015
clean, coated cast iron 0.012-0.014
dirty, tuberculated cast iron 0.015-0.035
riveted steel ' 0.015-0.017
lock-bar and welded steel pipe 0.012-0.013
galvanized iron 0.015-0.017
brass and glass 0.009-0.013
wood stave ' :
small diameter 0.011-0.012 -
large diameter 0.012-0.013
concrete -
average value used 0.013
typical commercial, ball and spigot
rubber gasketed end connections
— full (pressurized and wet) 0.010
‘— partially full 0.0085
" with rough joints 0.016-0.017
dry mix, rough forms 0.015-0.016
wet mix, steel forms 0.012-0.014
very ‘smooth, finished 0.011-0.012"
vitrified sewer 0.013-0.015
common-clay drainage tile 0.012-0.014
asbestos 0.011
planed timber (flume) 0.012 (0.010-0.014)
canvas 0.012
unplaned timber (flume) 0.013 (0.011-0.015)
brick - 0.016
rubble masonry 0.017
smooth earth 0.018
firm gravel 0.023

0.024 (see App. 17.F)
0.025

rip rap : 0.035 .
natural channels with stones and weeds 0.035 =
very poor natural channels 0.060

%Compiled from various sources.

BValues outside these ranges have been observed, but these values are typical.

PROFESSIONAL PUBLICATI O.Il‘«'s:-",_ INC?

£s
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o]
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STONEHOUSE
Tract 12

James City County, Virginia

Water Quality Impact Assessment

Chesapeake Bay Board Case #CBE-10-018
James City County Case #S-0048-2009

Date: August 17, 2009
March 17, 2010 (REVISED)

Prepared by:
fsWSP - SELLS

15401 Weston Parkway
Suite 100 ‘

Cary, North Carolina 27513
(919) 678-0035

(919) 678-0206 (Fax)

Craig M. Duerr, PE

WSP SELLS Project Number 08-4051




Water Quality Impact Assessment Summary — Stonehouse Tract 12

Three locations of the existing receiving stream channel were analyzed both from the
existing condition and proposed condition to determine that the post development
condition did not increase the flows and velocities of the existing stream channel.

To calculate the pre and post development condition a Hydraflow Hydrograph Model
was created for each. The post development model as combined with the Hydrograph
models of the proposed modeled stormwater devices.

A summary of the results is below and no increase in stream flow and velocity was

*Stonehouse — Tract 12

detenmned
Section 1 1 ,
Pre Development Post Development
- 2-year 10.3 cfs, 2.4 ft/s '8.9cfs, 2.2 ft/s
10-year 14.7 cfs, 2.7 ft/s 12.0 cfs, 2.5 ft/s
Section 2 : _
- Pre Development Post Development
2-year 37.5cfs, 2.1 ft/s 29.7 cfs, 1.9 fi/s
. 10-year 51.3 cfs, 2.3 ft/s 40.0 cfs, 2.1 ft/s
Section 3
‘ Pre Development Post Development
2-year 69.3 cfs, 2.7 ft/s 56.0 cfs, 2.4 ft/s
10-year 94.5 cfs, 2.8 fi/s 76.0 cfs, 2.6 ft/s
Stermwater Management and Dramage Des;gn Report ' SuMi&al Date: 08/17/09
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o e Vevelopmen

'H

{90‘::'* vav&{(@f“ﬂ fart

5 las ectwn \

, | \ / .
Legend i3 BRI cection .3 . o /
Hyd. Origin Description \ / A 1
1 Mod. Rational PRE DEVELOPMENT SECTION 1 -
2 Mod. Rational PRE DEVELOPMENT TO EX POND 3? S \?c"(’ (ﬂ w1 ‘>> \ //
3 Reservoir . PRE DEV. EXPND
4 Combine SECT 1 PRE DEV : :
5 Mod. Rational pre development sectin 2 : . !‘! section { o
6 Combine pre dev section 2 4
7 Mod. Rational  pre dev section 3 : ' _ y \ o / i
8 Combine pre dev section 3 . 3 ’ .
9  Mod. Rational BMP1DA ' \ /- 00
10 Mod. Rational EX.POND POST DEVEL » ) 1? S€Ction 2.
11 Reservoir POST DEVEL. EX POND 2
12 Reservoir BMP 1 ROUTING - ’ @ \
13 Mod. Rational POST DEVEL WITH LOT AREA 20
14 Combine SECTION 1 POST DEVELOPMENT , \\\ L |
15 Mod. Rational  BMP 4 POST DEVEL - e "ol
16 Reservoir BMP 4 ROUTING. 4 Sectien 3
17 Mod. Rational POST DEVEL W LOT AREA
18 - Combi‘ne * SECTION 2 POST DEVEL
19.  Mod. Rational  BMP7 POST DEV
20 Reservoir BMP 7 ROUTING
21 Mod. Rational POST DEVEL W LOT AREA
22 Combine SECTION 3 POST DEVEL

Hydraﬂow Hydrographs Model Project: ds impact analysis.gpw o Friday, Nov 20 2009, 2:59 PM




Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 1

PRE DEVELOPMENT SECTION 1

Friday, Nov 20 2009, 3:30 PM

a4

Hydrograph type' = Mod. Rational Peak discharge = 7.06 cfs
Storm frequency = 2 yrs Time interval = 1 min
Drainage area = 6.600 ac Runoff coeff. = 0.35
Intensity = 3.056 in/hr _ Tc by User = 15.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc¢
- Hydrograph Volume = 9,531 éuft
PRE DEVELOPMENT SECTION 1
Q (cfs) Hyd. No. 1 -2 Yr Q (cfs)
8.00 8.00
6.00 // : \\ 6.00
/ \
4.00 / \ — 4.00
" 2,00 4 // \\ 2.00
0.00 : \ 0.00
0 5 10 15 20 25 30 35 40 ‘
: ' Time (min)
—— Hyd No. 1 ,
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Hydrograph Plot

Hydraflow Hydrographs by Inteliéolve

Friday, Nov 20 2009, 3:30 PM

- — Hyd No. 1

Hyd. No. 1
PRE DEVELOPMENT SECTION 1 ,
Hydrograph type = Mod. Rational Peak discharge = 9.60 cfs
Storm frequency = 10 yrs Time interval = 1 min
‘Drainage area = 6.600 ac Runoff coeff. = 0.35
Intensity = 4.155 in/hr Tc by User = 15.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 12,958 cuft
PRE DEVELOPMENT SECTION 1
Q (cts) Hyd. No. 1 - 10 Yr Q (cfs)
10.00 : - 10.00
8.00 / \\ . 8.00
6.00 // ‘ \\ 6.00
4.00 // \\ 4.00
/ \
0.00 \ 0.00
0 10 15 20 25 30 35 40
Time (min)
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Hydrograph Plot

Hydraflow Hydrographs by Intelisoive ‘

Hyd. No. 2

PRE DEVELOPMENT TO EX POND

Friday, Nov 20 2009, 3:30 PM

- Peak discharge

—— Hyd No. 2

Hydrograph type = Mod. Rational = 7.10 cfs
Storm frequency = 2 yrs Time interval = 1 min
Drainage area = 4.360 ac " 'Runoff coeff. = 043 ,
Intensity = 3.788 in/hr Tc by User = 10.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 6,392 cuft
PRE DEVELOPMENT TO EX POND
Q (cfs) Hyd. No. 2 -2 Yr Q (cfs)
8.00 8.00
000 / / \\ 6.00
4.00 // \\ 4.00
2.00 // : \\ 2.00
0.00 0.00
o 5 10 15 20 - 25
‘ Time (min)



R a4 m.

Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

-‘Hyd. No. 2 |
PRE DEVELOPMENT TO EX POND

Friday, Nov 20 2009, 3:30 PM

Hydrograph type = Mod. Rational Peak discharge = 9.45 cfs
‘Storm frequency = 10yrs Time interval = 1 min
Drainage area = 4.360 ac Runoff coeff. = 043
Intensity = 5.043 in/hr Tc by User =10.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 15xTc
Hydrograph Volume = 8,509 cuft
PRE DEVELOPMENT TO EX POND
Q(cfs) Hyd. No. 2 — 10 Yr Q (cfs)
10.00 10.00
8.00 // \\ 8.00
6.00 // \\ 6.00
T / N
1 4.00 // \\ 400 -
- 2,00 // \\ 2.00
0.00 0.00
0 5 10 15 20 25

Time (min)



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 3
PRE DEV. EX PND
Hydrograph type = Reservoir
Storm frequency = 2yrs
Inflow hyd. No. = 2
Reservoir name =

EXISTING BMP

Friday, Nov 20 2009, 3:30 PM

Peak discharge
Time interval
Max. Elevation
Max. Storage

3.63 cfs

1 min
73.89 ft
3,907 cuft

Storage

Indication method used.

PRE DEV. EX PND

Hydrograph Volume = 6,391 cuit

Q (cfs) Hyd. No. 32 Yr Q(cfs)
8.00 8.00
6.00 fl \\ 6.00
4.00 / : \‘\ 4.00

' ]
N
. /-
//
2.00 : AN 2.00
/ / \ \
4 ,
/ T —L
0.00 = 0.00
0 -10 20 30 40 ~ 50 60 .70 80 - 90 100 - 110 120
' : : ) Time (min)
—— Hyd No. 3 —— Hyd No. 2 [ITTTTTD Reg. Stor = 3,907 cuft



Hydrogfaph Plot

Hydraflow Hydrographs by Intelisolve

Reservoir name

Hyd. No. 3
PRE DEV. EXPND
Hydrograph type = Reservoir
~ Storm frequency = 10 yrs
Inflow hyd. No. =2
= EXISTING BMP

Friday, Nov 20 2009, 3:30 PM

Peak discharge = 5.10 cfs
Time interval = 1 min
Max. Elevation = 74.15 ft
Max. Storage = 5,026 cuft

Storage Indication method used.

Q (cfs)
10.00

PRE DEV. EX PND

Hydrograph Volume = 8,508 cuft

8.00

6.00

4.00

2.00

0.00

Hyd. No. 3 — 10 Yr Q(cfs)
: 10.00
{/ : \ 8.00
T
’/ \ 6.00
’ - P
/
[ _ / \ \ '
T N
LN
/ < 2.00
i _
/ \ )
/ ;
/// : \ \‘K—
, : = 0.00
0 10 20 30 40 . 50 60 70 80 90 100 110
3 S . Time (min)
—— Hyd No. 3 ——— Hyd No. 2 (IITTTTT Req. Stor = 5,026 cuft .
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Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Friday, Nov 20 2009, 3:30 PM

Hyd. No. 4
SECT 1 PRE DEV .
Hydrograph type = Combine Peak discharge = 10.59 cfs
- Storm frequency = 2 yrs Time interval = 1 min
Inflow hyds. =1,3
Hydrograph Volume = 15,710 cuft
SECT 1 PRE DEV
Q (cfs) Hyd. No. 4 —2 Yr Q(cfs)
12.00 12.00
10.00 — // \\ 10.00
- . 8.00 , // - \\ 8.00
. / \ \ 6.00
ST T
] \ N\
4.00 / — \ 4.00
2.00 // / l \ : 2.00
/S ™
/ P~ :
| \ | TT——_
0.00 0.00
0 10 20 30 40 50 - 60 70 80 90 . 100
- Time (min)

—— Hyd No. 4 — Hyd No. 1 —— Hyd No. 3



Project Stonehouse TR 12
Date 11/20/2009
Designer SSL

Trapezoidal Channel Calculations (Open Channel Flow)

Channel Crossection Data

Bottom Width 16 ft Mannings Equation
Side Slope 2 ft/ft Q=1.49/n(R**)(S")A
channel slope 2 % (maximum slope typical)
Depth 0.267 ft
n 0.035
Numbers -
flow area 4.4 ft?
Slope Length 0.60 ft
wetted perimeter 17.2 ft
Hydraulic Radius - 0.26 ft
Velocity/Flow
Velocity(v)= 2.4 ft/s ‘
Flow (Q)= 107 ft'ls 2 ~}// fre p/tcxela,o meat

Section

Shear Stress :
62.4 pcf Unit weight of water
0.02 ft/ft Channel Gradient
0267 ft = Depth of Channel

T  033psf  Shear Stress



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Friday, Nov 20 2009, 3:30 PM

Hyd. No. 4
SECT 1 PRE DEV
Hydrograph type = Combine - Peakdischarge = 14.70cfs
Storm frequency = 10yrs Time interval = 1 min
Inflow hyds. =1,3
Hydrograph Volume = 21,179 cuft
: SECT 1 PRE DEV
Qefs) Hyd. No. 4 — 10 Yr Q(cfs)
15.00 ' 15.00
/N
12.00 12.00
[
// \\
.00 [T\ 9.00
[/ 1\
| ——
6.00 / 6.00
/RN
////» // \\\\\\ 1
3.00 \ - 3.00
yaa LY
/ e \ |
| \ R — f
0.00 v - 0.00
0 10 20 0 30 - 40 50 60 70 80 90
: : Time (min)
—— Hyd No. 4 —— Hyd No. 1 —— Hyd No. 3 ,



Project Stonehouse TR 12
Date 11/20/2009
Designer SSL

Trapezoidal ChanneI.CaIcuI'ations (Open Channel Flow)

Channel Crossection Data

- Bottom Width 16 ft Mannings Equation
Side Slope 2 ft/ft - Q=1.49/n(R**}S"?)A
channel slope 2 % (maximum slope typical)
Depth 0.321 ft
n 0.035
Numbers ,
' flow area 5.3 ft?
Slope Length 0.72 ft
-wetted perimeter 17.4 ft
Hydraulic Radius ~  0.31 ft
Velocity/Flow _
Velocity(v)= 2.7 ftls '
Flow (Q)= 14.6 ft’/s LW~yv pre c[ eetlogment gecteon Z

= - . ’ 5
,

Shear Stress :
62.4 pcf Unit weight of water
0.02 ft/it Channel Gradient

0.321 ft Depth of Channel

T 0.40 psf - Shear Stress



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd.

pre development sectin 2

No. 5

Friday, Nov 20 2009, 3:30 PM

Hydrograph type = Mod. Rational Peak discharge = 26.96 cfs
Storm frequency = Time interval = 1 min
Drainage area = 21.000 ac Runoff coeff. =
Intensity = 3.056 in/hr Tc by User = 15.00 min
IDF Curve = VIRGINIA FHA.IDF Stormduration = 1.5xTc
Hydrograph Volume = 36,392 cuft
pre development sectin 2
Q (cfs) Hyd. No. 52 Yr Q (cfs)
28.00 28.00
24.00 24.00
\\
\
20.00 20.00
...... \
\
. \\
, : 16.
16.00 X 6.00
\
N\l -
N
12.00 7 \\ 12.00
1/ .
8.00 7 8.00
/ \
/ N
_ . 4.00
4.00 7 X 0
—~ \
/ |
0.00 0.00
0 5 10 15 20 25 30 '35 40
' Time (min)
—— Hyd No. 5




Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 5

pre development sectin 2

Friday, Nov 20 2009, 3:30 PM

Hydrograph type = Mod. Rational Peak discharge = 36.65 cfs
Storm frequency = 10 yrs Time interval =
Drainage area = 21.000 ac . Runoff coeff. =
Intensity = 4,155 in/hr - Tc by User =15.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration =
Hydrograph Volume = 49,478 cuit
- pre development sectih 2
Qs Hyd. No. 5 — 10 Yr Q (cfs)
40.00 40.00
30.00 // - 30.00
/4 \
'~ 20.00 // \\ 20.00
// | \\ |
10.00 10.00
/ \
0.00 0.00
0 10 30 35
' ~ Time (min)



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Friday, Nov 20 2009, 3:31 PM

Hyd. No. 6
pre dev section 2
Hydrograph type = Combine Peak discharge = 37.55 cfs
Storm frequency = 2yrs Time interval = 1 min
Inflow hyds. =45 '
Hydrograph Volume = 51,293 cuft
pre dev section 2
Q (cfs) Hyd. No. 6 — 2 Yr Q (cfs)
40.00  40.00
1\
/ \
// \\ ]
30.00 - : : 30.00
/ \
. o\
[/ N\
/ // \\ \\
20.00 ' 20.00
/ \
/ \
// AL\
ra 0
10.00 ' P N 10.00
1/ /- AN ,
/74 AR
v/ NQ\
/ N\ |
\‘“-«—&___
0.00 ' : , , 0.00
0 10 20 30 40 50 60 70
: s Time (min)
—— Hyd No. 6 — Hyd No. 4 —— Hyd No. 5



.

'Hydrograph Plot

~ Hydraflow Hydrographs by Intelisolve

Friday, Nov 20 20089, 3:31 PM

Hyd. No. 6
pre dev section 2
Hydrograph type = Combine Peak discharge = 51.35 cfs
Storm frequency = 10 yrs Time interval = 1 min
Inflow hyds. =45
Hydrograph Volume = 69,557 culft
pre dev section 2 _
Qfefs)  Hyd.No.6--10Yr Q(cts)
60.00 60.00
50.00 //’”’_ ) 50.00
/
/
// A
40.00 / X - T 40.00
iy i —)
4 N\ '
30.00 717 NER 30.00
[ 1/ N\ .
[ J \ Y
/7 Y '
20.00 77 NI 20.00
[/ , N\
[/ R A\
/// / // \\ .\\\\ _,
10.00 77 % <C O\ 10.00
/A / B\
/4 AN
A N\
© 0.00 : , A 0.00
0 10 20 30 40 50 60 70 ‘
, Time (min)
—— Hyd No. 6 — Hyd No. 4 —— Hyd No. 5



Project Stonehouse TR 12
Date 11/20/2009
Designer SSL

Trapezoidal Channel Calculations (Open Channel Flow)

Channel Crossection Data

Bottom Width 97 ft Mannings Equation
Side Slope 2 ftift Q=1.49/MR**}(S"A
channel slope 2 % (maximum slope typical)
Depth = 0.233 ft
n 0.035
Numbers
flow area 22.7 ft?
Slope Length 0.52 ft
wetted perimeter 98.0 ft
Hydraulic Radius 0.23 ft
Velocity/Flow
: - Velocity(v)= 23 ftls _
Flow (Q)= 51.4 ft'/s W~yr predevcelipment Sectin 2

Shear Stress
62.4 pcf Unit weight of water
0.02 ft/ft Channel Gradient
0.233 ft Depth of Channel

T 0.29 psf Shear Stress



Hydrograph Plot

Hydraflow Hydrogra.phs by Intelisolve ‘ Friday, Nov 20 2008, 3:31 PM
Hyd. No. 7
pre dev section 3
Hydrograph type = Mod. Rational Peak discharge = 31.76 cfs
Storm frequency = 2 yrs ° Time interval = 1 min
Drainage area = 24.740 ac Runoff coeff. = 042
Intensity = 3.066 in/hr - Tc by User = 15.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 42,873 cuft
pre dev section 3
Q (cfs) Hyd.No.7 -2 Yr | - Qefs)
35.00 : 35.00
' / \ '
30.00 ' 7 N v 130.00
/ o N\
/ \
v // \\
25.00 - ‘ » 7 ‘\\ : : 25.00
/ \\\' -
20.00 7 X 20.00
' // \\
// i N .
15.00 T/ ; — 15.00
/ - \
v / \\ ’
10.90 / v : , - : \\ 10.00
/ N\
/ - . I \
5.00 +—+ N 5.00
/ » N
/ \
/ \ .
0.00 ' ' 1 000
0 5 10 15 20 25 30 35 40
Time (min)
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Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 7

pre dev section 3

Friday, Nov 20 2009, 3:31 PM

Hydrograph type = Mod. Rational Peak discharge = 43.18 cfs
Storm frequency = 10yrs Time interval = 1 min
Drainage area = 24.740 ac Runoff coeff. = 0.42
Intensity = 4.155in/hr Tc by User = 15.00 min
IDF Curve = VIRGINIA FHA.IDF Storm duration = 1.5xTc
Hydrograph Volume = 58,290 cuft.
pre dev section 3
Q (cfs) Hyd. No. 7 — 10 Yr -Q(cfs)
50.00 50.00
/|
40.00 40.00
// \
/ N
/ N\ .
30.00 / ' \\ : 30.00
/
/ \
/ \
/ \
20.00 // A\ 20.00:
/ \
\
| \
10.00 \\ 10.00 ]
—/ N\
/ \
0.00 - ; \ 0.00
0 10 15 20 25 30 35 40
Time (min)



Hydrograp'h Plot

) Hydraflow Hydrographs by Intelisolve

Hyd. No. 8

pre dev section 3

Friday, Nov 20 2009, 3:31 PM

Hydrograph type = Combine Peak discharge = 69.31 cfs
Storm frequency = 2yrs Time interval = 1 min
Inflow hyds. =6,7
Hydrograph Volume = 93,213 cuft
pre dev section 3
Q (cfs) Hyd. No. 8 — 2 Yr Q(cfs)
70.00 p— 70.00
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