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James 
City 

County 
VIRGINIA 

CERTIFICATE OF AUTHENTICITY 

THIS IS TO CERTIFY THAT THE FOLLOWING ELECTRONIC RECORDS ARE 

TRUE AND ACCURATE REPRODUCTIONS OF THE ORIGINAL RECORDS OF 

JAMES CITY COUNTY GENERAL SERVICES DEPARTMENT- STORMWATER 

DIVISION; WERE SCANNED IN THE REGULAR COURSE OF BUSINESS 

PURSUANT TO GUIDELINES ESTABLISHED BY THE LIBRARY OF VIRGINIA AND 

ARCHIVES; AND HAVE BEEN VERIFIED IN THE CUSTODY OF THE INDIVIDUAL 

LISTED BELOW. 

BMPNUMBER: PC140 

DATE VERIFIED: October 4, 2012 

QUALITY ASSURANCE TECHNICIAN: Leah Hardenbergh 

LOCATION: WILLIAMSBURG, VIRGINIA 
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DECLARATION OF COVENANTS 

INSPECTION/MAINTENANCE OF DRAINAGE SYSTEM 

TillS DECLARATION, made this day of Dec ember , 19~, 
between POWHATAN ENTERPRISES, INC. , 

and all successors in interest, hereinafter referred to as the "COVENANTOR(S):' owner(s) ofthe 
following property: __.:::.;Se::..:e:_:::E:.::x.:..:..h.:..:i h:...:i:..:t:...::.:.A ___________________ _ 

Deed Book , Page No. or Instrument No. 
and James City County, Virginia, hereinafter referred to as the 11COUNTY. 11 

WITNESSETH: 

We, the COVENANTOR(S), with full ~athority to execute deeds, 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 m~tenance for the drainage system including 
any runoff control facilities, r.qnveyance systems and associated easem~s, hereinafter referred to as 
the 11 SYSTEM," located o~nd setving the above-described propertY'fo ensure that the SYSTEM 
is and remains in proper working condition in accordance with approved design standards, and with 
the law and applicable executive regulations. The SYSTEM shall not include any elements located 
within any Virginia Department ofTransportation rights-of-way. 

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, operating, installing, constructing, 
reconstructing, maintaining or repairing the SYSTEM. 

5. If, afler 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··mai1,1tenance 
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. 

7. The COVENANTOR(s) shall promptly notify the COUNTY when the 
COVENANTOR(S) legally transfers any of the COVENANTOR(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 shalt 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. 

d) - (3) See Page 2 

1 
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1. a portion of the property described on Exhibit A to this Declaration and more 
particularly identified as the "Drainage Easement Area, on that certain plat entitled "Plat of 
Storm Water Drainage Easement for Conveyance by Powhatan Enterprises, Inc. to Monticello 
Marketplace Associates, L.L.C." dated August 29, 1996 and recorded in the Clerk's Office of the 
Circuit Court of James City County, Virginia in Plat Book 64 at Page 95, 

2. and also serving all of the property acquired by Monticello Marketplace 
Associates, L.L.C. from Powhatan Enterprises, Inc., as more particularly described on Exhibit B 
to this Declaration, by Deed dated September 4, 1996 and recorded in the aforesaid Clerk's 
Office in Deed Book 806 at Page 43, 

l-219499.11RLD:GC 
ll/27/98 
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IN WITNESS WHEREOF, the COVENANTOR(S) have executed this DECLARATION OF 
COVENANTS as of this day of December , 19~. 

COVENANTOR(S) 

POWHATAN ENTERPRISES, INC. 

ATTEST: 
Print Nameffitle B~-----------

Lawrence E. Beamer 

Print Nameffitle 
ATTEST: 

COMMONWEALTH OF VIRGINIA 

CITY/COUNTY OF---------

President 

COVENANTOR(S) 

I hereby certify that on this __ day of December , 19~, before the subscribed, a 
Notary Public of the State of Virginia, and for the City/County of aforesaid 
personally appeared Lawrence E. Beamer* and did acknowledge the aforegoing 
instrument to be their Act. *President of Powhatan Enterprises, Inc. 

IN WITNESS WHEREOF, I have hereunto set my hand and official seal this ___ day of 
______________ ,,19 ___ _ 

Notary Public 

My Commission expires: ------------

Approved as to fonn: 

drainage. pre 
Revised 2/97 
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This Declaration of Covenants prepared by: 

Robert L. Dewey 

(Print N arne) 

(Title) 
Willcox & Savage, P.C. 
1800 NationsBank Center 

Norfolk 

(City) 

(Address) 

VA 

(Stnlc) 

23510 

(Zip) 
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.. ; . 

THIS DEED OF EASEMENT is made this 4th day of September, 1996, by and between 
POWHATAN ENTERPRISES, INC., a Virginia corporation ("Grantor"), as Grantor for purposes 
of indexing; and MONTICELLO MARKETPLACE ASSOCIATES, L.L.C., a Virginia limited 
liability company ("Grantee"), as G.rantee for purposes of indexing. 

RECITALS: 

A. · Grantor is the owner of an approximately 530 acre parcel efland located in James 
City County, Virginia, as mqre particularly described on Exhibit A attached hereto and incorporated 
by reference herein (the "Land"). 

B. Grantor is, by Deed of even date herewith and to be recorded simultaneously 
herewith, conveying to Grantee an approximately 44 acre portion of the Land, as more particularly 
described on Exhibit B attached hereto and incorporated by reference herein (the "Commercial 
Tract"). · 

C. As a material inducement to, and as part of the consideration for, Grantee's agreement 
to purchase the Commercial Tract from Grantor, Grantor has agreed to grant and convey to Grantee 
the easements hereinafter described across certain portions of the Land as more particularly 
described herein that are not included in the Commercial Tract being conveyed to the Grantee, for 
the benefit of the Commercial Tract (that portion of the Land that is not included in the Commercial 
Tract being hereinafter referred to as the "Retained Land"). 

NOW, THEREFORE, that for and in consideration of the sum ofTen Dollars ($10.00), cash 
in hand paid, and other good and valuable consideration, the receipt and sufficiency of which are 
hereby acknowledged, the Grantor does hereby grant and convey with General Warranty and with 
English Covenants of Title unto the said Grantee, its successors and assigns, for the benefit of the 
Commercial Tract, the following described easements, to-wit: 

This instrument 

A temporary non-exclusive easement (the "Sewer Easement") 20 feet in 
width, in under, upon~ through and beneath only those portions of the 
Retained Land that are identified as "Sanitary Sewer Easement" (the "Sewer 
Easement Area") 6n that certain plat (the "Sewer Easement Plat") entitled 
"Plat of Sanitary Sewer Easement for Conveyance from Powhatan 
Enterprises, Inc. to Monticello Marketplace Associates, L.L.C.", dated 
August 29, 1996, prepared by Langley and McDonald, P.C., which Sewer 
Easement Plat is to be recorded in the Clerk's Office of James City County, 
Virginia, simultaneously herewith, to which Easement Plat reference is made 

was prepared by: Willcox & Savage, P.C. 
1800 NationsBank Center 
Norfolk. Virginia 23 510 

1-69572.8/SRH:SLF 
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for a more particular description of the Sewer Easement Area, for the 
installation and use of(l) underground sewer pipes and (2) at grade manhole 
covers related to such underground pipes and underground facilities, to carry 
sewage from the Commercial Tract across the Retained Land to the existing 
public sewer lines 'and facilities that are located on the Retained Land as 
shown on the Easement Plat. 

AND ALSO 

A perpetual non-exclusive easement (the "Drainage Easement") in, under, 
upon, through and beneath (1) the 3.0249 acres of the Retained Land that are 
identified as "Drainage Easement Area" on that certain plat (the "Storm 
Water Easement Plat'') entitled "Plat of Storm Water Drainage Easement for 
Conveyance by Powhatan Enterprises, Inc. to Monticello Marketplace 
Associates, L.L.C." dated August 29, 1996, prepared by Langley and 
McDonald, P.C., which Storm Water Easement Plat is to be recorded in the 
Clerk's Office of James City County, Virginia, simultaneously herewith, to 
which Storm Water Easement Plat reference is made for a more particular 
description thereof, on which a storm water detention basin ("Storm Water 
Detention Basin'') will be located from time to time, for the installation and 
use of storm water drainage pipes and related facilities to carry storm and 
surface water drainage from the Commercial Tract to the Storm Water 
Detention Basin and for the use of the Storm Water Detention Basin and (2) 
such other portions of the Retained Land only upon which are located the 
retention/detention ponds and/or lakes and other drainage facilities to which 
or through which the storm water discharged from the Storm Water Detention 
Basin will flow, for the use thereof to drain the storm and surface water 
drainage from the Commercial Tract and the Storm Water Detention Basin 
and thence into the retention/detention ponds and/or lakes and other drainage 
facilities that are located on the Retained Land to the point of outfall for the 
drainage from the Retaiped Land. 

1. The Sewer Easement is subject to the following terms and conditions: 

(a) The owner of the Commercial Tract shall have the right to install and 
construct sewer pipes and related facilities in the Sewer Easement Area. 

(b) The owner of the Commercial Tract shall be permitted to work in the area 
immediately adjacent to the Sewer Easement Area on the Retained Land (not to exceed a distance 
of ten (1 0) feet from the Sewer Easement Area) for purposes of installing and constructing such 
sewer pipes and related facilities in the Sewer Easement Area, to' the extent that such adjacent area 
has not been improved with buildings and other permanent structures. 

1-69572.8/SRH:SLF 
913196 
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(c) The owner of the Retained Land shall have the right to use and connect to, 
without charge, the sewer pipes and.facilities that are installed in the Sewer Easement Area, but only 
so long as such sewer pipes and facilities are adequate to serve both the improvements then existing 
or reasonably anticipated to be constructed on the Commercial Tract as well as the improvements· 
on the Retained Land that are intended to be served by the sewer pipes and facilities located in the 
Sewer Easement Area. 

(d) The owner of the Commercial Tract and the owner of the Retained Land agree 
to dedicate the Sewer Easement Area and the sewer pipes and facilities that are installed and 
constructed therein to the James City County Service Authority upon completion of the installation 
and construction thereof and agree to execute and deliver any deeds of dedication, plats or other 
documents reasonably necessary in connection therewith. The Sewer Easement shall remain in full 
force and effect until the acceptance of such dedication by the James City County Service Authority. 

(e) The owner of the Commercial Tract shall, at its expense, maintain and repair 
all sewer pipes and related facilities now or hereafter located in the Sewer Easement Area, until the 
unconditional acceptance by the James City County Service Authority of the responsibility for the 
maintenance of the sewer pipes and facilities located in the Sewer Easement Area. 

(f) If the owner of the Commercial Tract fails to maintain the sewer pipes and 
related facilities now or hereafter located in the Sewer Easement Area as herein provided, the owner 
of the Retained Land shall have the right, but not the obligation, to maintain and repair all sewer 
pipes and related facilities now or hereafter located in the Sewer Easement Area and to recover its 
costs and expenses incurred in connection therewith, together with reasonable attorney's fees 
incurred in the collection of such sums. 

(g) The owner of the Retained Land shall have the right to landscape the Sewer 
Easement Area and to use the same for any other use or purpose wh~ch is not inconsistent with the 
rights of the owner of the Commercial Tract hereunder. Notwithstanding the foregoing, the owner 
of the Retained Land shall not erect any building or other improvements upon the surface of the 
Sewer Easement Area. If the owner of the Retained Land constructs any paving, sidewalks or like 
improvements on the Sewer Easement Area and the owner of the Commercial Tract disturbs any 
such improvements in the course of maintenance, the owner ofthe Commercial Tract shall restore 
any such improvements that are disturbed by any such maintenance of the sewer pipes ar1d facilities 
installed in the Sewer Easement Area. 

(h) If the location of the Sewer Easement Area interferes with the commercially 
reasonable development of the Retained Land, the owner of the Retained Land and the owner of the 
Commercial Tract shall cooperate in relocating the Sewer Easement Area to another reasonably 
suitable location on the Retained Land, so long as such relocation does not materially interfere with 
or require relocation or alteration of the sewer pipes and facilities that have been constructed on the 

1-69572.8/SRH:SLF 
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Commercial Tract. In the event of such relocation of the Sewer Easement Area, the owner ofthe 
Retained Land shall, at its sole cost and expense, remove and relocate the sewer pipes and facilities 
installed in the Sewer Easement Ar_ea and shall grant to the owner of the Commercial Tract an 
equivalent sewer easement on the same terms and conditions as the Sewer Easement herein provided, 
at another suitable location on the Retained Land. The owner of the Commercial Tract shall 
thereupon release and quitclaim the Sewer Easement to the owner of the Retained Land. 

(i) In the event James City County shall require the relocation of the Sewer 
Easement Area in order to approve the development of the Commercial Tract in a commercially 
reasonable manner, the owner of the Retained Land and the owner of the Commercial Tract shall 
cooperate in relocating the Sewer Easement Area to another reasonably suitable location on the 
Retained Land, and the owner of the Retained Land shall grant to the owner of the Commercial Tract 
an equivalent sewer easement on the same terms and conditions as herein provided, at such substitute 
location. The owner of the Commercial Tract shall thereupon release and quitclaim the Sewer 
Easement to the owner of the Retained Land. 

2. The Drainage Easement is subject to the following terms and conditions: 

(a) The owner of the Commercial Tract shall have the right to install and 
construct all necessary storm water drain pipes and related facilities in the Drainage Easement Area 
for the purposes of carrying storm and surface water drainage from the Commercial Tract, to, 
through and across any retention/detention ponds and/or lakes and other drainage facilities that are 
now existing or hereafter constructed on the Retained Land and shall have the right to drain the 
storm and surface water drainage from the Commercial Tract into the retention/detention ponds 
and/or lakes and other drainage facilities that are located on the Retained Land to the point of outfall 
for the drainage from the Retained Land. 

(b) The owner of the Commercial Tract shall be permitted to work in the area 
immediately adjacent to the Drainage Easement Area on the Retained Land (not to exceed a distance 
of ten (1 0) feet from the Drainage Easement Area) for purposes of installing such drain pipe and 
related facilities in the Drainage Easement Area, to the extent that such adjacent area has not been 
improved with buildings and othe~ permanent structures. 

(c) The owner of the Retained Land shall not allow any use (other than as herein 
contemplated for the benefit of the Commercial Tract) of the lakes and/or retention/detention ponds 
and other drainage facilities that are currently located on the Retained Land beyond the current use 
of such lakes and/or retention/detention ponds and other drainage facilities and will not ~llow any 
use of the retention/detention pond that is anticipated to be hereafter constructed by or on behalf of 
the Virginia Department of Transportation on the Retained Land, if such use, when combined with 
the flow or anticipated flow from the Commercial Tract in its fully developed state, will exceed the 
capacity of such lakes and/or retention/detention ponds and other drainage facilities unless such lakes 

1-69572.8/SRH:SLF 
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and/or retention/detention ponds and other drainage facilities are expanded to handle such additional 
requirements, at no cost or expense to the owner of the Commercial Tract. 

(d) The owner of the Retained Land shall, at its expense (subject to partial 
reimbursement from the owner of the Commercial Tract as hereinafter set forth) maintain and repair 
all lakes and/or retention/detention ponds and related drainage pipes and facilities now or hereafter 
located on the Retained Land (to the extent the Virginia Department of Transportation or some other 
governmental agency or authority is not responsible for such maintenance). 

(e) If the owner of the Retained Land fails to maintain the lakes and/or 
retention/detention ponds and related drainage pipes and facilities now or hereafter located on the 
Retained Land as herein provided, the owner of the Commercial Tract shall have the right, but not 
the obligation, to maintain and repair such lakes and/or retention/detention ponds and related 
drainage pipes and facilities now or hereafter located on the Retained Land and to recover its costs 
and expenses incurred in connection therewith, together with reasonable attorney's fees incurred in 
the collection of such sums, and the owner of the Commercial Tract, its agents employees and 
contractors, shall be permitted to enter upon the Retained Land to perform such maintenance. 

(f) The owner of the Retained Land shall have the right to landscape the Drainage 
Easement Area and to use the same for any other use or purpose which is not inconsistent with the 
rights of the owner of the Commercial Tract hereunder. Notwithstanding the foregoing, the owner 
of the Retained Land shall not erect any building upon the surface of the Drainage Easement Area. 
If the owner of the Retained Land constructs any paving, sidewalks or like improvements on the 
Drainage Easement Area and the owner of the Commercial Tract disturbs any such improvements 
in the course of maintenance, the owner of the Commercial Tract shall restore any such 
improvements that are disturbed by any such maintenance of the drainage pipes and facilities 
installed in the Drainage Easement Area. Furthermore, the owner of the Retained Land shall not 
modify any lakes and/or retention/detention ponds and related drainage pipes and facilities located 
on the Retained Land if such modification would adversely affect the flow of drainage from the 
Commercial Tract to the point of outfall. 

.. 
(g) The owner of the Commercial Tract shall pay its Proportionate Share (as 

hereinafter defined) of all reasonable costs incurred by the owner of the Retained Land which 
directly relate to the maintenance and repair of the retention/detention ponds and/or lakes and related 
drainage pipes and facilities located on the Retained Land that are utilized to provide drainage for 
the Commercial Tract. The Proportionate Share of the owner of the Retained Land of such costs 
shall be determined by Langley and McDonald, P.C. or other reputable engineers selected by the 
owner of the Retained Land and approved by the owner of the Commercial Tract in accordance with 
good engineering practice based on the relative use of such retention/detention ponds and/or lakes 
and related drainage pipes and facilities by all property served thereby. Such Proportionate Share 
shall be adjusted from time to time as necessary to reflect any change in the utilization of the 
retention/detention ponds and/or lakes and related drainage pipes and facilities located on the 

1·69572.8/SRH:SLF 
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Retained Land. The owner of the Commercial Tract shall reimburse the owner of the Retained Land, 
within thirty (30) days after receipt of the annual statement described below, for its Proportionate 
Share of such costs, unless the owner- of the Commercial Tract makes objection to such charges, in 
which event any such dispute will l;>e resolved as set forth below. 

(h) The owner of the Retained Land will keep books and records reflecting the 
costs of maintenance and repair of the retention/detention ponds and/or lakes and related drainage 
pipes and facilities located on the Retained Land and utilized to provide drainage for the Commercial 
Tract in accordance with generally accepted accounting principles and reflecting the utilization of 
such drainage facilities by all property served thereby and shall deliver to the owner of the 
Commercial Tract together with an annual demand for payment under Paragraph 2(g) a statement 
of the costs incurred during the period covered by such statement for the maintenance and repair of 
the retention/detention ponds and/or lakes and related drainage pipes and facilities located on the 
Retained Land and utilized to provide drainage for the Commercial Tract as well as the basis on 
which the Proportionate Share of such costs was determined. For a period of 150 days following its 
receipt of the statement described above, the owner of the Commercial Tract or its agent or 
accounting firm shall have the right to inspect such books and records upon reasonable notice to the 
owner of the Retained Land, and the owner of the Retained Land shall make such books and records 
available to the owner of the Commercial Tract. Within such 150 day period, the owner of the 
Commercial Tract shall set fort'l any objection that it may have to the form or content of the annual 
statement, to the reasonableness of any item or items set forth therein or to the basis on which the 
Proportionate Share of such costS was determined. If the owner of the Retained Land and the owner 
of the Commercial Tract are un.able to resolve by agreement the objections asserted by the owner 
of the Commercial Tract, any dispute shall be resolved pursuant to the rules and procedures of the 
American Arbitration Association. 

(i) In the event it shall be necessary to relocate the Drainage Easement Area in 
order to develop the Commercial Tract in a commercially reasonable manner, the owner of the 
Retained Land and the owner of the Commercial Tract shall coop~rate in relocating the Drainage 
Easement Area to another reasonably suitable location on the Retained Land, and the owner of the 
Retained Land shall grant to the owner of the Commercial Tract an equivalent drainage easement 
on the same terms and conditions as herein provided, at such substitute location. The owner of the 
Commercial Tract shall thereupon.·release and quitclaim the Drainage Easement to the owner of the 
Retained Land. 

(j) The ov.ner of the Commercial Tract shall have the right to designate the lakes 
and/or retention/detention ponds now or hereafter located on the Retained Land as a BMP serving 
the Commercial Tract. Such designation may be made in all plans and permit applications submitted 
to James City County for approval for site preparation work and the construction of improvements 
on the Commercial Tract. 

1-69572.8/SRH:SLF 
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3. (a) All notices or any other communications which are required or may be given 
hereunder shall be in writing and sent by certified or registered mail, return receipt requested, 
postage prepaid, addressed as follo~s: 

If to the owner of the 
Commercial Tract: 

If to the owner of the 
Retained Land: 

Monticello Marketplace, L.L.C. 
1000 NationsBank Center 
One Commercial Place 
Norfolk, VA 23510 

With a copy to: 

Thomas G. Johnson, Jr., Esquire 
Willcox & Savage, P.C. 
1800 NationsBank Center 
Norfolk, VA 23510 

Powhatan Enterprises, Inc. 
13441 Warwick Boulevard 
Newport News, VA 23602 

With a copy to: 

Alvin P. Anderson, Esquire 
Anderson, Franck & Davis, P.C. 
Post Office Drawer Q 
Williamsburg, VA 23187 

(b) The address for either such party may be changed from time to time by 
supplement hereto executed by such party alone and recorded in the Clerk's Office of the Circuit 
Court of James City County, Virginia. , 

(c) Any notice hereUnder shall be deemed given on the day of deposit thereof in 
a mailbox under the control ofthe:United States Post Office Department. 

4. The owner of the Commercial Tract shall indemnify, defend and hold harmless the 
owner of the Retained Land, its successors and assigns, and the Retained Land from and against any 
and all claims and liens arising out of any work done by the owner of the Commercial Tract or its 
agents, employees and contractors on the Retained Land pursuant hereto. Notwithstanding the 
foregoing, the indemnification provided in this Paragraph 4 shall not be deer::ed to relieve the owner 
of the Retained Land of any of its obligations under the Second Amendment to Option Agreement 
of even date herewith between Grantor and Grantee, and nothing contained in this Paragraph 4 shall 
be deemed to limit or otherv.·ise affect the parties' rights and obligations under the Second 
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Amendment to Option Agreement. Furthermore, the indemnification provided in this Paragraph 4 
shall not be deemed to relieve the owner of the Retained Land of any of its obligations under this 
Deed of Easement. 

5. The owner of the Retained Land will execute and deliver any deeds of easement, plats 
or other documents reasonably necessary to carry out the terms of the Sewer Easement and/or the 
Drainage Easement, but nothing contained in this Paragraph 5 shall be deemed to expand the scope 
of the Sewer Easement and/or the Drainage Easement granted hereby. 

6. Nothing contained herein shall be construed as creating personal liability whatsoever 
against any present or future owner of the Retained Land or the Commercial Tract (or any part 
thereof), their heirs, personal representatives, successors or assigns, or any of them, and in particular, 
notwithstanding anything contained herein to the contrary, there shall be no personal liability on the 
part of any present or future owner, their heirs, personal representatives, successors or assigns, or 
any of the'm, to pay any indebtedness accruing in connection with the Sewer Easement ~d./or 
Drainage Easement or to perform any covenant, express or implied, relating to the Sewer Easement 
and/or Drainage Easement, and all personal liability is hereby expressly waived. The obligee of any 
indebtedness accruing under the terms of the Sewer Easement and/or Drainage Easement shall look 
solely to the property owned by the obligor (or a part thereof), and any buildings or other 
improvements thereon for the payment of such indebtedness or liability; provided, however, that 
nothing contained herein shall deprive anyone of the right to enforce the obligations contained herein 
except as aforesaid. The provisions of this Paragraph 6 are not designed to relieve any present or 
future owner, their heirs, personal representatives, successors and assigns, or any of them, from the 
performance of any of their obligations hereunder, but rather are designed to limit their liability as 
aforesaid. 

7. The Sewer Easement and the Drainage Easement and the terms and conditions hereof 
shall be appurtenant to and shall run with the land as between the Retained Land as a servient 
tenement and the Commercial Tract as a dominant tenement and shall be binding upon and inure to 
the benefit of the successors and assigns of Grantor and Grantee and any person claiming by, through 
or under any of them or their respective successors or assigns, as though the provisions of this Deed 
of Easement were recited and stipulated at length in each and every deed of conveyance, lease and 
sublease of the Retained Land, the Commercial Tract or any portion thereof. At the time any sale, 
transfer or conveyance results in any change in ownership of the Retained Land or any portion 
thereof, any grantee, transferee, successor or assignee of Grantor shall take such interest subject to 
the covenants contained herein. Any obligations contained herein with regard to Sewer Easement 
and/or the Drainage Easement shall be construed as covenants and not as conditions, and, a violation 
of any said covenants shall not result in a forfeiture or reversion of title or of the Sewer Easement 
and/or Drainage Easement. 

8. Nothing contained herein is intended to create, nor shall the Sewer Easement and/or 
Drainage Easement be deemed as creating, any rights in or for: the benefit of the general public in 

1-69572.8/SRH:SLF 
9/J/96 

8 

PC140_POWHATAN_SECONDARY_VDOT - 013



all or any portion of the Retained Land or the Commercial Tract. Upon dedication of the Sewer 
Easement to James City County the limitation of this Paragraph 8 shall not apply to such dedicated 
Sewer Easement. 

9. The Sewer Easement and the Drainage Easement and the terms and conditions thereof 
as set forth hereinabove may be amended, modified, released, rescinded or waived (hereinafter 
collectively "Modification"), in whole or in part, at any time and from time to time, by written 
instrument in recordable form executed by the owners of that portion of the Retained Land on which 
the Sewer Easement and/or the Drainage Easement, as applicable, is located and the owner of the 
Commercial Tract, at the time of the Modification, without the consent, approval or joinder of any 
person, firm, corporation or other entity whatsoever. 

This conveyance is made expressly subject to the conditions, restrictions and easements and 
reservations contained in the duly recorded deeds, plats and other instruments constituting 
constructive'notice in the chain of title to said property hereby conveyed which have not expired by 
time limitation contained therein or otherwise become ineffective. 

WITNESS the following signatures and seals: 

1-69572.8/SRH :SLF 
9/3/96 

POWHATAN ENTERPRISES, INC., 
a Virginia corporation 

By:. -~=-----~~-~-__ (SEAL) 
Lawrence E. Beamer, President 

MONTICELLO MARKETPLACE ASSOCIATES, 
L.L.C., a Virginia limited liability compaay 

By: S. L. Nusbaum Realty Co., a Virginia 
corporation, Manager 

By: 
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COMMONWEALTH OF VIRQINIA 
CITY/GGBNTY OF No r-kl)c, 

/~ 
, to-wit: 

The foregoing instrument was acknowledged before me this 4th day of September, 1996 
by Lawrence E. Beamer, President of Powhatan Enterprises, Inc., a Virginia corporation, for and 
on behalf of the corporation. 

My Commission Expires: 3-.E I fp 

COMMONWEALTH OF VIRGINIA 
CITY OF NORFOLK, to-wit: 

The foregoing instrument was acknowledged before me this 4th day of September, 1996 
by Miles B. Leon, as President of S. L. Nusbaum Realty Co., a Virginia corporation, Manager of 
Monticello Marketplace Associates, L.L. C., a Virginia limited liability company, on behalf of the 
company. 

My Commission Expires: 3-5/-9 ~ 

1-69572. 8/SRH:SLF 
913196 

Notary Public 
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EXHIBIT A 
TO 

DEED OF EASEMENT BETWEEN 
POWHATAN ENTERPRlSES, fNC. and 

· MONTICELLO MARKETPLACE ASSOCIATES, L.L.C. 

. LEGAL DESCRIPTION 

All that certain tract, piece or parcel of land situate in Berkeley District, James City County, 
Vir~ containing 539.3534 acres, more or less, as shown and set forth on a plat entitled "PLAT 
OF A SURVEY OF THE PROPERTY STANDING IN 1RE NAME OF D. C. RENICK, 
IRONBOUND ROAD, BERKELEY DISTRICT, JAMES CITY COUNTY, VIRGINIA," dated 
April 1968, and made by Martin, Clifford & Associates, Engineers & Consultants, a copy of which 
plat is recorded in the Clerk's Office of the Circuit Court of the City of Williamsburg and County 
of James City in Plat Book 28, Page 56. 

LESS ~ EXCEPT the following: 

1. 1.13 acres, more or less, conveyed to the Commonwealth of Virginia by Deed dated 
September 21, 1978, and recorded October 19, 1978, in James City County Deed 
Book 189, Page 39. 

2. Four parcels aggregating 2.44 acres, more or less, conveyed to the Commonwealth 
of Virginia by Deed dated January 31, 1979, and recorded May 17, 1979, in James 
City County Deed Book 194, Page 115. 

3. .30J6 acre, more or less, conveyed to James City Service Authority for a well site by 
Deed December 19, 1980, and recorded May 5, 1981, in James City County Deed 
Book 213, Page 226. 

4. 18.4 acres, more or less, conveyed to The County of James City by Deed dated 
February 3, 1981, and recorded :May 5, 1981, in James City County Deed Book 213, 
Page 228. 

5. 34.538 acres, more or-less, as shown and described on a certain Plat entitled 
"POWHATAN ENTERPRISES, PLAT OF POWHATAN OF WILLIAMSBURG 
SECONDARY" dated October 20, 1980, made by Langley and McDonald, Engineers
Planners-Surveyors, and recorded in James City County Plat Book 36, Page 80. 

6. 15.7143 acres, more or less, identified as "PARCEL IT" and 3.40 acres, more or less, 
identified as "AREA WITHIN FJW" as shown and described on a Plat entitled "PLAT 
OF PARCEL II & ACCESS ROAD, BEING A SUBDIVISION OF POWHATAN 
ENI'ER.PRISES, JAMES CITY COUNTY, VIRGINIA" dated September 25, 1985, 
made by Langley and McDonald, Engineers-Planners-Surveyors,· and recorded in 
James City County Plat Book 41, Page 85. · 

7. 22.43 acres, more or less, as shown and described on a Plat entitled "PLAT OF 
POWHATAN OF WILLIAMSBURG SECONDARY, PHASE II, A SUBDIVTSION 
OF PROPE.'t(TY OF POWHATAN ENTERPRlSES, INC., JAMES CITY COUNTY, 
VIRGINIA" dated July 7, 1989, made by Langley and McDonald, Engineers-Planners
Surveyors, and recorded in James City County Plat Book 51, Pages 37 and 38. 

11 
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Legal Description continued: 

8. Lot 17 (0.7291 acre, mote or less) and Lot 18 (0.6752 acre, more or less) as shown 
and described on a Plat entitled "POWHATAN ENTERPRISES, PLAT OF 

. POWHATAN OF WILLIAMSBURG SECONDARY, PHASE ill, JAMES CITY 
COUNTY, VIRGINIA" dated October 29, 1992, made by Langley and McDonald, 
P. C., Engineers-SUIVeyors-Planners of Virginia Beach and Williamsburg, Virginia, 
and recorded in James City County Plat Book 57, Page 98. 

9. 4.2983 acres, more or less, as shown and described on a certain Plat entitled "PLAT 
OF 4.2983 ACRE RECREATION SITE BEING A SUBDIVISION OF PROPERTY 
OF POWHATAN ENTERPRISES, INC., HEREBY CONVEYED TO POWHATAN 
C011:MUNITY SERVICES ASSOCIATION, POWHATAN DISTRICT-JAlvfES CITY. 

· COUNIT, VIRG1NIA" dated August 31, 1990, made by Langley and McDonald, P. 
C., Engineers-Surveyors-Planners of Virginia Beach and Williamsburg, Vrrginia, and 
recorded in James City County Plat Book 55, Page 65. 

10. Eight (8) parcels aggregating 7.737 acres, more or less, containing landscape 
protection zones and conservation easements conveyed to the Powhatan Community 
Services Association by Deed dated March 3, 1993, and recorded in James City 
County Deed Book 615, Page 287 and described as Parcel II in said Deed and as also 
shown on a certain Plat entitled "PLAT OF PROPERTY TO BE CO:N-vEYED BY 
POWHATAN ENTERPRISES, lNC. TO PO\VHATAN COMMUNITY SERVICES 
ASSOCIATION, POWHATAN DISTRICT-JAMES CITY COUNTY, VIRGINIA" 
dated July 31, 1990, made by Langley and McDonald, P. C., Engineers-Surveyors
Planners of Virginia Beach and Williamsburg, Virginia, and recorded in James City 
County Plat Book 55, Page 64 .. 

11. . 35 62 acre, more or less, designated as Lot 1 as shown and described on a Plat 
entitled "PLAT OF LOT 1, POWHATAN OF WILLIAMSBURG SECONDARY, 
PHASE N-A, BEING. A SUBDMSION OF PROPERTY OF POWHATAN 
ENTERPRISES, lNC~, JAJ.\1ES CITY COUNTY, VIRGINIA" dated August 6, 1993, 
made by Langley and McDonald, P. C., Engineers-Surveyors-Planners of Virginia 
Beach and Wlllia.msburg, Vrrginia, and recorded in James City County Plat Book 58, 
Page 2. 

12. 7.353 acres, more or less, as shown and described on a Plat entitled "PLAT OF THE 
CLUSTERS, POWHATAN OF WILLIAMSBURG SECONDARY, PHASE ill, 
BEING A SUBDfVISION OF POWHATAN ENTERPRISES, INC., JAMES CITY 
COUNTY, VIRGINIA" dated October 15, 1993, made by Langley and McDonald, 
P. C., Engineers-Surveyors-Plrumers of Virginia. Beach and Williamsburg, Virginia, 
and recorded in James City County Plat Book 59, Pages 63, 64 and 65. 
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Legal Description continued: 

13. 10.3053 acres, more. or less, as shown and described on a Plat entitled "PLAT OF 
WILLIAMSBURG SECO:N"'DARY, PHASE IV-A, BEING A SUBDIVISION OF 
PROPERTY OF POWHATAN ENTERPRISES, INC., JAMES CITY COUNTY, 

. VIRGINIA" dated December 20, 1993, made by Langley and McDonald, P. C., 
Engineers-Surveyors-Planners of Virginia Beach and Williamsburg, Virginia, and 
recorded in James City County Plat Book 58, Page 94. 

14. Parcel identified as "ENTRANCE EASEMENT TO BE DEDICATED TO V.D.O.T." 
as shown and described on a Plat entitled "PLAT .OF POWHATAN SECONDARY 
RIGHT OF WAY, BEING A SUBDIVISION OF PROPERTY OF POWHATAN 

, ENTERPRISES, INC., JAMES CITY COUNTY, VffiGINIA" dated March 14, 1994, 
made by Langley and McDonald, P. C., Engineers-Surveyors-Planners of Virginia 
Beach and Williamsburg, Virginia, and recorded in James City County Plat Book 59, 
Page 66. 

15. 1.6432 acres, more or less; as shown and described on a plat entitled "PLAT OF 
POWHATAN OF \VILLIAMSBURG SECONDARY, PHASE I-A, BEING A 
SUBDIVISION OF PROPERTY OF POWHATAN ENTERPRISES, INC., 
BERKELEY DISTRICT, JAMES CITY COUNTY, VIRGINIA" dated August 22, 
1995, made by Langley and McDonald, P.C., Engineers-Surveyors-Planners of 
Virginia Beach and Williamsburg, Virginia., recorded in James City County Plat Book 
63, Page 33. 

16. 8.9001 acres, more or less, as shown and described on a plat entitled "PLAT OF 
POWHATAN OF \VILLIAMSBURG SECONDARY, PHASE V-A, BEING A 
SUBDIVISION OF PROPERTY OF POWHATAN ENTERPRISES, INC., 
BERKELEY DISTRJCT, JAMES CITY COUNTY, VIRGINIA" dated August 30, 
1995, made by Langley and McDonald, P.C., Engineers-Surveyors-Planners of 
Virginia Beach and Williamsburg, Virginia., recorded in James City County Plat Book 
63, Page 31. 

17. 9.5572 acres, more or less, as shown and described as plate entitled "PLAT OF 
POWHATAN OF WILLIAMSBURG SECONDARY, PHASE IV-B, BEING A 
SUBDIVISION OF PROPERTY OF POWHATAN ENTERPRISES, INC., JA.M:ES 
CITY COUNTY, VIRGINIA" dated September 15, 1995, made qy Langley and 
McDonald, P.C., Engineers-Surveyors-Planners of Virginia Beach and Williamsburg, 
Virginia, recorded in James City County Plat Book 63, Page 32. 

The property described herein is a portion of the property cOnveyed to Powhatan Enterprises, Inc. 
by Deed dated December 23, 1977, and recorded in James City County Deed Book 181, Page 361, 
Deed dated January 24, 1978, and recorded in James City County Deed Book 182, Page 416, and 
by Deed dated February 19, 1981, and recorded in James City County Deed Book 214, Page 176. 
It includes parcels (38-3)(1-9), (38-3)(1-9A), (38-3)(1-11), (38-3)(1-12) and (38-3)(1-21) on the 
J:-:rr:es City County tax map. 

lJ 
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All those certain tracts, pieces or parcels of land situate in Berkeley District, James CitY County, 
Virginia, generally sho~ as "Parcel P20", "Parcel P 18" and "Parcel P21" on a plat entitled 
"PLAT OF PARCELS ALONG RELOCATED ROUTE 5 CORRIDOR, rn, THROUGH AND 
ADJACENT TO POWHATAN SECONDARY OF WILLIAM:SBURG, BERKELEY DISTRICT, 
JAMES CITY COUNfY, VIRGINIA" dated 3/15/96, prepared by Langley and McDonald, P.C. 

Being the same property conveyed to Powhatan Enterprises, Inc. by Deed dated April 24, 
1996, and recorded in James City County :OMs iook , Pa:gs 

a. s DOOJ W't\ e.v.X .if: ll. 'l3 3. 
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1·71641.1 

EXHIBIT B 
TO 

DEED OF EASEMENT BETWEEN 
POWHATAN ENTERPRISES, INC. and 

MONTICELLO MARKETPLACE ASSOCIATES, L.L.C. 

THAT certain real property and the buildings and improvements thereon, if any, 
located in James City County, Virginia and being known, numbered and 
designated as PARCEL 1, consisting of 36.9907 acres, and PARCEL 2, consisting 
of 6.2747 acres, as shown on that certain subdivision plat (the "Subdivision Plat") 
entitled "PLAT OF SUBDIVISION OF 2 PARCELS OF LAND FOR 
CONVEYANCE TO MONTICELLO MARKET PLACE ASSOCIATES, L.L.C. 
FROM POWHATAN ENTERPRISES, INC., JAMES CITY COUNTY, 
VIRGINIA", dated August 26, 1996, made by Langley and McDonald, P .C., said 
plat being duly recorded in the Clerk's Office of the Circuit Court of James City 
County, Virginia in Plat Book~. at page '13-~4 , to which Subdivision Pia~ 
reference is made for a more particular description of the property. 

15 
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ROUTE 199 

AREA ''D'' 

Ditch Calculations - Drain'!ge Structures - Stormwater 

Management & Temporary Sediment Basin Calculations 

M M M rmJ 8~~8~ 
PROJECT 0199-047-103, RW-205, C-503 

ARCHITECTS+ENGINEERS+PLANNERS 

PC140_POWHATAN_SECONDARY_VDOT - 029



~ -

Project: MONTICELLO AVENUE EXTENDED 

Job #: 642903 
location PLAN SHEETS 8 88 & SC . . 

Design Area Runoff 

From To Year A Coeff. 

acres c 
ES 8C-15 10 

8C-15 8C-18 10 

8C-18 88-1 10 

88-1 88-3 10 

88-3 88-4 10 

88-4 88-9 10 

86-9 86-23 10 

88-23 88-18 10 

88-18 88-11 10 

88-5 86-6 10 

88-6 88-9 10 

86-7 86-8 10 

88-8 88-9 10 

86-19 86-20 10 

88-20 88-10 10 

88-10 88-18 10 

88-2 88-3 10 

86-12 86-15 10 

88-13 88-15 10 

88-15 86-16 10 

88-16 88~17 10 

88-14 88-15 10 

)"IVKM V . 

C*A 

I ncr. Accum. 

8.77/ 8.77 

0.31 9.08 

14.33 23.41 

0.28 23.69 

0.58 24.27 

0.17 24.44 

4.03 28.47 

28.47 

20.25 48.72 

0.12 0.12 

0.06 0.18 

2.66 2.66 

1.19 3.85 

1.56 1.56 

0.50 2.06 

0.05 2.11 

0.46 0.46 

0.56 0.56 

1.07 1.07 

0.59 1.66 

0.12 1.78 

1.17 1.17 

ARCHITECTS • ENGINEERS • PlANNERS 

STORM 
SEWER DESIGN 

Inlet lnten. Flow Invert Elevation 

Time I Q Up Down 

min. ln/hr cfs ft ft 

2o..v 4.56 39.98 75.30 75.20 

20.5 4.55 41.32 75.20 74.50 

22.0 4.39 102.83 74.50 71.45 

22.3 4.36 103.40 71.45 70.70 

22.4 4.35 105.58 70.70 69.50 

22.6 4.33 105.87 69.50 68.40 

22.8 4.31 122.80 67.90 66.60 

23.1 4.27 122.80 66.60 64.80 

30.0 3.56 173.45 64.80 62.30 

5.0 7.20 0.86 71.10 70.90 

5.6 7.05 1.27 70.90 70.70 

10.0 6.00 15.96 73.30 71.45 

10.4 5.93 22.83 71.45 70.20 

10.0 6.00 9.36 67.45 66.45 

10.2 5.97 12.29 66.45 66.16 

10.4 5.93 12.52 66.16 66.10 

10.0 6.00 2.76 75.25 73.20 

8.0 6.48 3.63 67.55 66.75 

15.0 5.12 5.48 69.65 66.75 

15.2 5.09 8.46 66.25 65.00 

15.5 5.06 9.01 65.00 62.30 

17.1 4.90 5.73 67.00 66.75 

Length Slope Dia. 

L s n D 

ft ftlft inch 

32 0.0031 0.013 36 

130 0.0054 0.013 36 

224 0.0136 0.013 42 

96 0.0078 0.013 48 

130 0.0092 0.013 48 

128 0.0086 0.013 48 

243 0.0053 0.013 54 

285 0.0063 0.013 54 

172 0.0145 0.013 54 

78 0.0026 0.013 18 

50 0.0040 0.013 18 

186 0.0099 0.013 24 

130 0.0096 0.013 24 

86 0.0116 0.013 18 

62 0.0047 0.013 24 

15 0.0040 0.013 24 

68 0.0301 0.013 18 

90 0.0089 0.013 18 

122 0.0238 0.013 18 

118 0.0106 0.013 24 

114 0.0237 0.013 24 

28 0.0089 0.013 18 

Vel. 

v 
ft/s 

6.14 

7.92 

14.05 

11.50 

12.34 

12.02 

10.37 

11.11 

16.58 

2.06 

2.74 

7.93 

8.23 

7.31 

5.58 

5.24 

6.85 

5.16 

8.22 

6.81 

9.02 

5.92 

I OF-CURVE: 
Computed by: 
Date: 

Cap. Flow 

Qfull Time 

cfs sec. 

37.14 5 

48.94 16 

117.40 16 

126.96 8 

138.01 11 

133.16 11 

143.83 23 

156.28 26 

237.08 10 

5.32 38 

6.64 18 

22.56 23 

22.18 16 

11.33 12 

15.47 11 

14.31 3 

18.24 10 

9.90 17 

16.20 15 

23.28 17 

34.82 13 

9.93 5 

M: 

JAMES_CITY 

KWH 
03/13/97 

Remarks 

Q/Qfull=1.1 

Q/Qfull=1.0 

w mH> KML.'VI> 
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Project: MONTICELLO AVENUE EXTENDED 

Job #: 642903 

Location: PLAN SHEETS 8, 8B, & 8C 

Outlet 

Inlet ws Do Qo Lo Sfo Hf Vo Ho Ql VI 

Elev. In cfs ft % ft fts ft cfs fps 

BB-18 66.89 54 173.45 172 0.77 1.33 16.6 1.07 122.80 11.1 

BB-23 69.09 54 122.80 285 0.39 1.11 11.1 0.48 122.80 10.4 

BB-9 70.73 54 122.80 243 0.39 0.94 10.4 0.42 105.87 12.0 

BB-4 72.45 48 105.87 128 0.54 0.69 12.0 0.56 105.58 12.3 

BB-3 74.05 48 105.58 130 0.54 0.70 12.3 0.59 103.40 11.5 

8B-1 75.60 48 103.40 96 0.52 0.50 11.5 0.51 102.83 14.0 

BC-18 77.13 42 102.83 224 1.04 2.33 14.0 0.77 41.32 7.9 

BC-15 80.17 36 41.32 130 0.38 0.50 7.9 0.24 39.98 6.1 

ES 81.23 36 39.98 32 0.36 0.11 6.1 0.15 - -

BB-6 73.32 18 1.27 50 0.01 0.01 2.7 0.03 0.86 2.1 

BB-5 73.39 18 0.86 78 0.01 0.01 2.1 0.02 - -

BB-8 73.32 24 22.83 130 1.01 1.32 8.2 0.26 15.96 7.9 

BB-7 75.55 24 15.96 186 0.50 0.92 7.9 0.24 - -

BB-10 69.24 24 12.52 15 0.30 0.05 5.2 0.11 12.29 5.6 

BB-20 69.55 24 12.29 62 0.29 0.18 5.6 0.12 9.36 7.3 

8B-19 70.15 18 9.36 86 0.79 0.68 7.3 0.21 - -

BB-2 77.32 18 2.76 68 0.07 0.05 6.9 0.18 - -

BB-12 70.46 18 3.63 90 0.12 0.11 5.2 0.10 - -

BB-16 66.89 24 9.01 114 0.16 0.18 9.0 0.32 8.46 6.8 

8B-15 67.47 24 8.46 118 0.14 0.16 6.8 0.18 5.48 8.2 

BB-13 68.01 18 5.48 122 0.27 0.33 8.2 0.26 - -

BB-14 70.46 18 5.73 28 0.30 0.08 5.9 0.14 - -

~ )'> 1 urwt v . 

ARCHITECTS • ENGINEERS • PLANNERS 

QIVI 

1365 

1273 

1273 

1303 

1189 

1444 

327 

245 

-

2 

-

126 

-

69 

68 

-

-

-

58 

45 

-

-

HYDRAULIC 
GRADE LINE 

Junction Loss 
HI An g. K 

ft deg. 

0.67 - -
0.58 - -
0.79 - -
0.83 - -
0.72 - -
1.07 - -
0.34 - -
0.20 90 0.70 

- - -

0.02 90 0.70 

- - -

0.34 120 0.82 

- - -

0.17 30 0.28 

0.29 30 0.28 

- - -

- - -

- - -

0.25 10 0.07 

0.37 5 0.03 

- - -

- - -

Hd 

ft 

-
-
-
-
-
-
-

0.41 

-

0.05 

-

0.80 

-

0.14 

0.23 

-

-

-

0.05 

0.03 

-

-

Ht 

ft 

1.74 

1.06 

1.20 

1.39 

1.31 

1.59 

1.11 

0.86 

0.15 

0.10 

0.02 

1.40 

0.24 

0.41 

0.64 

0.21 

0.18 

0.10 

0.62 

0.58 

0.26 

0.14 

Dl 1.3 51 0.5 

YIN Ht YIN Ht 

N 1.74 y 0.87 

N 1.06 y 0.53 

y 1.56 y 0.78 

y 1.81 y 0.90 

y 1.70 y 0.85 

y 2.06 y 1.03 

y 1.44 y 0.72 

y 1.11 y 0.56 

N 0.15 y 0.07 

y 0.13 y 0.06 

y 0.02 y 0.01 

y 1.83 y 0.91 

y 0.32 y 0.16 

y 0.54 y 0.27 

y 0.84 y 0.42 

y 0.27 y 0.13 

y 0.24 y 0.12 

y 0.13 y 0.07 

y 0.80 y 0.40 

y 0.76 y 0.38 

y 0.34 y 0.17 

N 0.14 y 0.07 

H 

ft 

2.20 

1.64 

1.72 

1.59 

1.55 

1.53 

3.05 

1.05 

0.19 

0.07 

0.02 

2.23 

1.08 

0.31 

0.60 

0.81 

0.17 

0.17 

0.58 

0.54 

0.50 

0.15 

Date: 
Computed by: 
Sheet Number: 

Inlet AII.WSE 

ws Elev. 

Elev. ft 

69.09 75.25 

70.73 77.77 

72.45 77.09 

74.05 78.01 

75.60 78.51 

77.13 79.10 

80.17 82.03 

81.23 83.47 

81.41 80.57 

73.39 75.97 

73.41 75.97 

75.55 78.84 

76.63 78.84 

69.55 75.25 

70.15 74.70 

70.97 72.58 

77.49 80.72 

70.63 72.46 

67.47 75.15 

68.01 71.64 

68.51 74.53 

70.61 68.85 

,.,; 

03/13/97 

KWH 

·Remarks 

I Yr-VVIU•<)' r<M~. >VD~ 
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Stormwater Mana9,ement Calculations 

MMMI8~~S~ 
ROUTE 199 ARCHITECTS+ENGINEERS+PLANNERS 
PROJECT 0199-047-103, RW-205, C-503 
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POND-2 Version: 5.17 
S/N: 

ROUTE 199 0199-047, C-503, RW-205 
SWM FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 
ELEVATION vs STORAGE TABLE 

CALCULATED 02-15-1996 
DISK FILE: C:\0642900\D 

Planimeter scale: 1 inch 

10:00:24 
.VOL 

1 ft. 

* 
Elevation 

(ft) 
Planimeter 

(sq.in.) 
Area 

(sq.ft) 
Al+A2+sqr(Al*A2) 

(sq. ft) 
Volume 

(cubic-ft) 
Vo 1 ume Sum 
(cubic-ft) 

* 

60.50 0.00 0 0 0 0 
61.00 9,846.00 9,846 9,846 1,641 1,641 
61.50 33,800.00 33,800 61,889 10,315 11' 956 
62.00 53,317.00 53,317 129,568 21,595 33,550 
62.50 62,770.00 62,770 173,938 28,990 62,540 
63.00 63,892.00 63,892 189,991 31,665 94,205 
63.50 65,020.00 65,020 193,366 32,228 126,433 
64.00 66,154.00 66,154 196,759 32,793 159,226 
64.50 67,294.00 67,294 200,170 33,362 192,587 
65.00 68' 441.00 68,441 .203,600 33,933 226,521 
65.50 *I* 70,494 208,395 34,732 261,253 
66.00 72,577.00 72,577 211,497 70,499 297,020 
66.50 76,949.00 76,949 224,257 37,376 334,396 
67.00 81,324.00 81,324 •237,379 39,563 373,959 
67.50 88,069.00 88,069 254,022 42,337 416,296 
68.00 94,819.00 94,819 274,270 45,712 462,008 
68.50 103,140.00 103,140 296,851 49,475 511,483 
69.00 111,467.00 111,467 321,830 53,638 565,121 
69.50 121,728.00 121,728 349,680 58,280 623,401 
70.00 131,994.00 131,994 380,479 63' 413 686,814 
70.50 143,430.00 143,430 413,017 68,836 755,651 
71.00 164,148.00 164,148 461,018 76,836 832,487 

*I* ---> Interpolated area from closest two planimeter readings. 

2 
IA = (sq.rt{Areal) + ((Ei-El)/(E2-El))*{sq.rt(Area2)-sq.rt(Areal))) 

where: El, E2 = Closest two elevations with planimeter data 
Ei = Elevation at which to interpolate area 
Areal,Area2 Areas computed for El, E2, respectively 
IA = Interpolated area for Ei 

Incremental volume computed by the Conic Method for Reservoir Volumes. 

Volume= (1/3) * (EL2-EL1) * (Areal+ Area2 + sq.rt. {Areal*Area2)) 

where: ELl, EL2 
Areal,Area2 
Volume 

= Lower and upper elevations of the increment 
= Areas computed for ELl, EL2, respectively 
= Incremental volume between ELl and EL2 
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~OEX 
"' ,.f."'ili = ~ 'i''" ~ @s Lilli. @ Lilli., \!.1\tw ~~ ~~ ~ ~ 

o.31 CC•0.40) O.H CC•0.401 0.01 CC•O.I51 IHRU 

<D~ <D@ ®@ ®@ ®® 
0. 41 CC•O. 401 0.10 CC•O.I51 

<D@ <D® ®@ ®®/ ®@ 
0.13 CC•O.<OI 0.08 CC•O.COl 0.05 CC•D.I51 

~__q>® <D@ ®@ ®@ ® 
0.01 CC•O.<OI D.DS CC•D.851 

----------

~ 
RREA D ---. 

DRAINAGE AREA IN 
ACRES AT C=0.90 
ORR I NJ\I~E AREA 1 N 
ACRES AT C=O .35 
DRAINAGE AREA IN 
ACRES AT C=O .85 
• UNLESS OTHERWISE 

SHOHN 

THE EXISTING CONTOURS SHOWN 
HEREON HERE SUPPLIED BY VDOT. 
WATERSHED LIMITS EXTENDING BEYOND 
THESE CONTOURS HERE ESTABLISHED 
USING THE BEST AVAILABLE RECORD 
INFORMATION. 

ROUTE 199 
DRAINAGE AREAS FOR 
DITCH CALCULATIONS 

SCALE: l ""'200' SHEET OF 

I 
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e 
18.98 (.85) 

/ .:f. 

Z(~ 
.... , . · .. ·· ... 

ROUTE 199 
REAS FOR DRAINA~~L~ULATIONS DITCH ~ 

SHEET . 
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.. 

FLOW ANALYSIS FOR 
PRE-DEVELOPMENT AND MMMDg~~S~ 
POST -DEVELOPMENT CONDITIONS ARCHITECTS + ENGINEERS + PLANNERS 

PROJECT: 0199-047, C-503, RW-205 
IDF-CURVE: JAMES_CITY 
LOCATION: SWM FACILITY "D" 

DATE: 
SHEET: 
USER: 

VERSION 1.10 

PRE-DEVELOPMENT CONDITION 

Subarea Surface Area (Ac.) C Factor C*A 

~r·ss 
1

119.10 I 0.38 I 45.26 

Total Area: 119.10 Total C*A: 45.26 

Composite C Factor= 0.38 

Time of Concentration 
1730 ' Overland Flow 
1460 ' Channel Flow @ 

1.3 
2.0 

% = 
fps = 

Peak Q for multi-year storm 
Year Area Cf c Tc 

A c. min 
2 119.10 1.00 0.38 42 
5 119.10 1.00 0.38 42 
10 119.10 1.00 0.38 42 
25 119.10 1.10 0.38 42 
50 119.10 1.20 0.38 42 
100 119.10 1.25 0.38 42 

29.8 min 
12.2 min 
41.9 

i Q 
in/hr cfs 
2.17 98.0 
2.69 121.8 
3.06 138.4 
3.60 179.0 
4.00 217.0 
4.42 249.8 

POST-DEVELOPMENT CONDITION 

1 
2 
3 

Subarea Surface 
. Combined 

Total Area: 

Area (Ac.) C Factor C*A 
135.60 0.60 81.90 

135.60 Total C*A: 81.90 

Composite C Factor = 0.60 

Time of Concentration 
1340 I Overland Flow 
2070 I Channel Flow @ 

1.3 
2.5 

% = 
fps = 

24.1 min 
13.8 min 
37.9 

M:ID642900\CMLIRVV205\D.FLOW.WB1 

2-15-96 
OF 
IZB 
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POND-2 Version: 5.17 
S/N: 

ROUTE 199 0199-047, C-503, RW-205 
SWM FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 
ELEVATION vs STORAGE TABLE 

CALCULATED 02-15-1996 
DISK FILE: C:\0642900\D 

Planimeter scale: 1 inch 

10:00:24 
.VOL 

1 ft. 

* 
Elevation 

(ft) 
Planimeter 

(sq. in.) 
Area 

(sq. ft) 
Al+A2+sqr(A1*A2) 

(sq. ft) 
Volume 

(cubic-ft) 
Volume Sum 
(cubic-ft) 

* 

60.50 0.00 0 0 0 0 
61.00 9,846.00 9,846 9,846 1,641 1,641 
61.50 33,800.00 33,800 61,889 10,315 11,956 
62.00 53,317.00 53,317 129,568 21,595 33,550 
62.50 62,770.00 62,770 173,938 28,990 62,540 
63.00 63,892.00 63,892 189,991 31,665 94,205 
63.50 65,020.00 65,020 193,366 32,228 126,433 
64.00 66,154.00 66,154 196,759 32,793 159,226 
64.50 67,294.00 67,294 200,170 33,362 192.587 
65.00 68.441.00 68,441 203,600 33,933 226,521 
65.50 *I* 70,494 208,395 34,732 261,253 
66.00 72,577.00 72,577 211,497 70,499 297,020 
66.50 76,949.00 76,949 224,257 37,376 334,396 
67.00 81,324.00 81,324 •237,379 39,563 373,959 
67.50 88,069.00 88,069 254,022 42,337 416,296 
68.00 94,819.00 94,819 274,270 45,712 462,008 
68.50 103,140.00 103,140 296,851 49,475 511,483 
69.00 111,467.00 111,467 321,830 53,638 565,121 
69.50 121,728.00 121,728 349,680 58,280 623,401 
70.00 131,994.00 131,994 380,479 63,413 686,814 
70.50 143,430.00 143,430 413,017 68,836 755,651 
71.00 164,148.00 164,148 461,018 76,836 832,487 

*I* ---> Interpolated area from closest two planimeter readings. 

2 
IA = (sq.rt(Area1) + ((Ei-E1)/(E2-El))*(sq.rt(Area2)-sq.rt(Areal))) 

where: El, E2 
Ei 
Area1,Area2 
IA 

Closest two elevations with planimeter data 
Elevation at which to interpolate area 
Areas computed for El, E2, respectively 
Interpolated area for Ei 

Incremental volume computed by the Conic Method for Reservoir Volumes. 

Volume= (1/3) * (EL2-EL1) * (Areal+ Area2 + sq.rt. (Areal*Area2)) 

where: ELl, EL2 
Area1,Area2 
Volume 

= Lower and upper elevations of the increment 
= Areas computed for ELl, EL2, respectively 
= Incremental volume between ELl and EL2 
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MMM I DESIGN 
GROUP 

0 BUDGET 

0 PRELIMINARY 

• FINAL 
ARCHITECTS+ ENGINEERS+ PLANNERS 

DESIGN 
ANALYSIS 0 OTHER ___ _ 

PROJECT NAME: PoUTE ;qq - SNM fAOL ;TY 'D ,, - Rw-2tJ5 
PROJECT PART: DRAt N~GE DES! G-JJ 

' 
"\ . _..-~-r= 

)· ) ' 

~ A::~,~;;· 

SPEC. DIVISION: EfrJS J()N ~NTR{)L i SWM 
I 

_-.,~ ' ' '_";: ~""' ~-4 

i rl "_ 
·;(-/ • 0 ··f,'~, 

DtSTUi'l>EO AfEA - 82.0 .Aef..ES ~ .. 

Tt=l1fof(A~j SED!t16AIT BASIN GALClfUtTIDN ~ 

SHEETNO:_ OF:_ 

JOB NO 6421. 6 0 

DEPARTMENT: QVJL ... 

SHEET NO: OF: 

COMPUTED BY: DATE: 

tcB 2-15-1~ 
CHECKED BY: DATE: 

82.o kffS x. ~7 C'l/ ltcf!.E 'wEI 67/JifAGE ·; ~414- c'/ == 148, 338 cF 

'o~'l SToRAGE' : 5, 4q4 cy = 148, 5 38 c F 

ToTAL S/!JKAGE =- to, q88 GY = 21~, ~ 7& c.F 

'liSE Fo!e f(j/ltL ()~RAGE ( 2q~, ~7ft CF): &;~. o o oilY 66.~o USE ~r; 20 

WSE Fol. WEI r57()RA6E( !48, 358 CF): &"3. 8 3 SAY USE &4.3S 

LENGTH /?J WtOTI-I iCA/io : 

L = '305' Af'EA oF Not'H/t.L P!)NO (@wET 5TtJRA6E~ !46,3'38 Cf):: &~ 7 77 SF 

We= AjL = 05,777/305 ::: 180' 

L/VJ -e.-- 3~5/18 a ~ 2.o2 > 2. o o~ No BAr FLES f:Ecf UJf?8D 

Ef//et:6£t.JC'( 8PILL WAY 

!bP oF 8ERf1:: 7 J. o o 

DESIGN 25-'1/? = 17'1 CFS 

iJ5E zo' 8tJT7{Jf'1 f\11/JTH / 6:1 SIDE SLOPES ,·!NV. ELEV.:: ~8,tJO 
to ACLDHtJO/fTE PERMANENT Fl oVv'S 
t1Ax: 25-'/R.. REHMN5 t' 8E~w Ef-18/tjJKNtNT 7/.o<J-t,tJ~:: 7o,oo &U=-01.14 <7o.oo oK. 

Dtlt'I/ITfRrNG o?IFrCE (~ tfolf/? J)RI\WO"WN,11tN, 3"oR.tficE) 
Dff SJOI:ME= !481 '358 CF 

Cj>: !48,338/~('St.M>) = /d.87CP5 
n= ~6.20- fR4.~s = t.es' 

I I 
1('2 I 

A= o C'd 1/i<J(h/2)' : 0.87 ci.~,(~.f.szx.,.Bs/z) = 1.1-rP· oF 

usE (:3) 3' x o, tS' f sE 1 . , t.JveK T @ ELEV, -- ~4. 35 

(SEE f!.()HStN£0 ()(}7LET o7RucTueE wex.r SHec 7) 

.:. _..; ' .. - ~ 

. ;- f -f -,- r t - - - . 
3/ 
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MMM 18~~g~ 
0 BUDGET 

0 PRELIMINARY 

tl FINAL 

SHEET NO:_ OF: _ 

ARCHITECTS+ ENGINEERS+ PLANNERS 

DESIGN 
ANALYSIS 0 OTHER----- JOBNO: ?421, 00 

PROJECT NAME: DEPARTMENT: C/ VI 
SHEET NO: OF: 

PROJECT PART: COMPUTED BY: DATE: 

I f5 2-t5-Cfi 
SPEC. DIVISION: 

, 
t srvfV! CHECKED BY:· DATE 

TE/'1?t!)KAR'( oEO!MENT 8A51N cAU::t/LAT!o!l/6 (cl>N/iiJUt3'0 .. ,) 
... -- -·- -·- -· . ···- .. ·- . -

f!SER: (SEE ON81NeD ~U/Lf"T a-KrJeJuRE) 

cJsE 48'' C!JNC. FtP£ To ACL{)/'vfODitTE ?ERHANENT ALJrJS 

otJcENTftc '/tfiSif RAcK ¥ AN/!- VPKffX DEVICE: !VP/ RE()U;REO. 

ANT! -SEEP coLL!t "f'S 

Ls-= 34 
' 

U:;E I CoLLA.R. ? 5 x 7 5 
P= (7,r;- 4)/z = L7S' 

t ::::CT r0LLAf. €Y 10P:'Z8 

f=RoN CoM. f)! M( 0 -:;TR UCiuKE 

t/0J-f 
-<';· - - 7. s I --=-

~--- 12 I B_E_,_R_M~--?'! 

I I 

3 x-:3'. 5 HtN6ED 
/Df' BffH 

D 1- 7 &K.A-TE -~ 

INLET JJP GRirTE 
ELF../ = &t.zo 

(?) rLArcs· w11H C3) 
6L0}'S 3'K d5' tNV, 
E.LEV, = CA. 35 --1------

18'' C!JAK:.. 
'Ptfe 

:: 7/.oo 

7.'5 'x 7.'5. roLLAf J 
zB' i --+-·-

gz 

PC140_POWHATAN_SECONDARY_VDOT - 039



MMM 18~~fl~ 
ARCHITECTS+ ENGINEERS+ PLANNERS 

PROJECT NAME: 

PROJECT PART: 

D!(A;!JA~E" OE5t6N 
SPEC. DIVISION: EKOSJotJ cON/ROL 

I 

(!, 
I 

DESIGN 
ANALYSIS 

swrvt 

0 BUDGET 

0 PRELIMINARY 

B FINAL 

0 OTHER -----

~Rf1WA/E!~ f1ANAG-Ef1E!VT oUTFALL c \ 
Jr/AfEI( (ftfA L I TY 1/tJLUM E 

//~ 
NeT 1t1PERV!OUS AREA : 4-3. '33 X,~"' .-)· ~~ 

SHEET NO:_ OF: _ 

JOB NO: 642?, 0 0 

DEPARTMENT: CtVtL. 
SHEET NO: OF: 

COMPUTED BY: 

!lf3 
DATE: 

2-t5·'1~ 
CHECKED BY: DATE: 

) .' 

(o. 5) (I /t Z) ( 4533) ( 43, S~o) ; 7t3, (p44- CF {!.ELEASED rjVff 3/J HtJUI:S) 

Q-= 78,044- / Jo(J~oo) = o. 728 c.FS 

W'SE = ~:2. 1 1 USE r;3,oo 
&1/?0JLAI( ORIFiCE · Q = Cd A \)r-Z-oj-,-h--., 

h = ff).oo - ~o.So = 25o 
I 

A= tJ.tzB/ o.(p' ( &,4.'32 rzs F12 = 
fl;)f/? I ,1 

0= 2 0 fij = (/ 35 ~ 4.2 

£11D:GENCY i;,YtU v#iy ----- -----·- ----------- ·--- -- --- ·- ----- . 

lor' 13ff( /0 =- 7/, ()() 
I 

Bo77bM WIDTH = ZD 
StDF S/..lJPES = 0: I 
1 ,.JV, t'tfv, = ~$. o e> 

(SEE C1JN6JNED 6rJ/LET 8~UCTUeE P~EV!OifS uHEET) 

> i ' 
' i ! r : -; -
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Project: 0199-47, C-503, RW-205 
Job # : 6429.00 

SWM FACILITY "D" 

MMMDg~~~~ 
ARCHITECTS + ENGINEERS + PLANNERS 

Date: 
User: 

02/15/96 
IZB 

STORMWATER MANAGEMENT OUTFALL STRUCTURE CALCULATIONS 
ORIFICE-CIRCULAR WEIR-RECTANGULAR Dl-7 w/ 3' X 3.5' GRATE TOTAL TOTAL 

DIA.(in) 4.00 WIDTH (ft) 9.00 Q Q 

WSE INV. EL.(ft) 60.50 HEIGHT(ft) 1.50 W/NON WITH REMARKS 
INV. EL.(ft) 63.00 RIMEL. (ft) 66.20 CLOGGED CLOGGED 

ORIFICE ORIFICE 

FEET HEAD (ft) Q(CFS) HEAD (ft) Q(CFS) HEAD (ft) Q(CFS) CFS CFS 

60.50 
61.00 0.50 0.30 0.30 
61.50 1.00 0.43 0.43 
62.00 1.50 0.52 0.52 
62.50 2.00 0.60 0.60 
63.00 2.50 0.68 0.68 
63.50 3.00 0.74 0.50 10.71 11.45 10.71 
64.00 3.50 0.80 1.00 30.30 31.10 30.30 
64.50 4.00 0.85 1.50 57.20 •!• 58.05 57.20 
65.00 4.50 0.91 2.00 73.84 •!• 74.75 73.84 
65.50 5.00 0.95 2.50 87.37 •!• 88.32 87.37 
66.00 5.50 1.00 3.00 99.07 •!• 100.07 99.07 
66.50 6.00 1.05 3.50 109.52 •!• 0.30 3.98 114.55 113.51 
67.00 6.50 1.09 4.00 119.06 •!• 0.80 26.66 146.95 145.73 
67.50 7.00 1.13 4.50 127.89 •!• 1.30 36.90 •!• 146.95 146.95 
68.00 7.50 1.17 5.00 136.15 •!• 1.80 43.28 •!• 146.95 146.95 
68.50 8.00 1.21 5.50 143.94 •!• 2.30 48.80 ·:· 146.95 146.95 
69.00 8.50 1.24 6.00 151.33 •!• 2.80 53.74 ·:· 146.95 146.95 
69.50 9.00 1.28 6.50 158.37 •!• 3.30 58.25 •!• 146.95 146.95 
70.00 9.50 1.32 7.00 165.11 •!• 3.80 62.42 •!• 146.95 146.95 
70.50 10.00 1.35 7.50 171.59 •!• 4.30 66.31 •!• 146.95 146.95 
71.00 10.50 1.38 8.00 177.83 •!• 4.80 69.98 •!• 146.95 146.95 

S/o~M WSE Oouf-

Z'IR fdi.(pS qo.qs 
co YK ~~.8Cf 1--38.32 
ZS YR (o8.13 !5'3.82 
[00 "((<. ~q,_54 zfjt.Bs 

. 
••• lnd1cates Onfice Flow M:\0642900\CMLIRW205\D-0UTSINM.W 
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Outlet Structure File: D-SWM .STR 

POND-2 Version: 5.17 
Date Executed: 

SIN: 
Time Executed: 

********************************** 
ROUTE 199 0199-047, C-503, RW-205 

SWM FACILITY "D" 
MONT. AVE. EXT. STA. 106+00 

********************************** 

***** COMPOSITE OUTFLOW SUMMARY **** 

Elevation (ft) 

60.50 
61.00 
61.50 
62.00 
62.50 
63.00 
63.50 
64.00 
64.50 
65.00 
65.50 
66.00 
66.50 
67.00 
67.50 
68.00 
68.50 
69.00 
69.50 
70.00 
70.50 
71.00 

Q (cfs) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

10.7 
30.3 
57.2 
73.8 
87.4 
99.1 

113.5 
145.7 
146.9 
146.9 
172.8 
227.0 
306.8 
412.8 
546.2 
708.1 

Contributing Structures 
-~-----(sw~~l) _________ _ 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 +2 
1 +2 
1 +2 
1 +2 
1 +2 
1 +2 
1 +2 

35 
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Outlet Structure File: D-SWM 

POND-2 Version: 5.17 
Date Executed: 

.STR 

SIN: 
Time Executed: 

********************************** 
ROUTE 199 0199-047, C-503, RW-205 

SWM FACILITY "D" 
MONT. AVE. EXT. STA. 106+00 

********************************** 

Outlet Structure File: C:\0642900\D-SWM 
Planimeter Input File: C:\0642900\D 
Rating Table Output File: C:\0642900\D-SWM 

.STR 

.VOL 

.PND 

Min. Elev. (ft) = 60.5 Max. Elev. (ft) = 71 Incr. ( ft) 

Additional elevations (ft) to be included in table: 
* * * * * * * * * * * * * * * * * * * * * * * * * * 

********************************************** 
SYSTEM CONNECTIVITY 

*******************************W************** 

Structure 

TABLE 
WEIR-XY 

No. 

1 
2 

Q Table Q Table 

-> ---~-(swt-1-J) 
-> 2 (SfJUW!tY) 

Outflow rating table summary was stored in file: 
C:\0642900\D-SWM .PND 

. 5 
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Quick TR-55 Ver.5.46 
Executed: 10:34:45 

S/N: 
02-15-1995 

F 
L 
0 
w 

c 
f 
s 

MODIFIED RATIONAL METHOD 
Graphical Summary for Maximum Required Storage ----

First peak outflow point assumed to occur at inflow recession leg. 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

********************************************************************** 
* 
* 

RETURN FREQUENCY: 2 yr 
'C' Adjustment: 1.000 

Allowable Outflow: 98.00 cfs * 
Required Storage: 214 ' 17 6 cu . f t . * 

*--------------------------------------------------------------------* 
* Peak Inflow: 166.97 cfs Inflow .HYD stored: D-2YR .HYD * 
********************************************************************** 

I Td = 46 minutes I Return Freq: 2 yr 
1------- Approx. Duration for Max. Storage ------1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I X 

. 1-

Tc= 
I 
Q 

37.90 
2.292 

187.76 

I 

minutes 
in/hr 
cfs 

I 
I 
I 
I 
I 
I 
I 

Required Storage I 
214,176 cu.ft. I 

I 
X X X X X X xlx X X X X X X X X X X 

I 

C adj.factor: 1.00 

Area (ac): 135.60 
0.60 
0.60 

Weighted C: 
Adjusted C: 

Td= 
I 
Q 

X 

46 minutes 
2.039 in/hr 

166.97 cfs 

I o Q= 98.00 cfs 
I x o lx (Allow.Outflow) 
I X 0 I 
I X 0 NOT TO SCALE I 
I . X 0 ============ I 
I a I 

X 

X 

'-----------------------------------------------------l------------
61. 66 minutes 

37 
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Quick TR-55 Ver.5.46 
Executed: 10:34:45 

S/N: 
02-15-1995 

F 
L 
0 
w 

c 
f 
s 

MODIFIED RATIONAL METHOD 
Graphical Summary for Maximum Required Storage ----

First peak outflow point assumed to occur at inflow recession leg. 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

********************************************************************** 
* 
* 

RETURN FREQUENCY: 10 yr 
'C' Adjustment: 1.000 

Allowable Outflow: 
Required Storage: 

138.40 cfs * 
304,821 cu.ft. * 

*--------------------------------------------------------------------* 
* Peak Inflow: 233.09 cfs Inflow .HYD stored: D-10YR .HYD * 
********************************************************************** 

I Td = 47 minutes I 
1------- Approx. Duration for Max. Storage ------/ 
I I 
I Tc= 37.90 minutes I 
I I= 3.228 in/hr I I .J.Q 264.40 cfs I 
I Required Storage I 

Return Freq: 10 yr 
C adj.factor: 1.00 

Area (ac): 
Weighted C: 
Adjusted C: 

135.60 
0.60 
0.60 

I 304,821 cu.ft. 
1

1 Td= 
I I I = 

47 minutes 
2.846 in/hr 

233.09 cfs I x x x x x x xlx x x x x x x x x x x Q 

I
I X I X 0 

Q= 138.40 cfs 
I x o lx (Allow.Outflow) 

I
I XX 0 II 

o NOT TO SCALE 
I .. X 0 ============ I 
I o I 

X 

X 

'-----------------------------------------------------l------------
62.40 minutes 
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Quick TR-55 Ver.5.46 
Executed: 10:34:45 

S/N: 
02-15-1995 

F 
L 
0 
w 

c 
f 
s 

I 

MODIFIED RATIONAL METHOD 
Graphical Summary for Maximum Required Storage ----

First peak outflow point assumed to occur at inflow recession leg. 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

********************************************************************** 

* 
* 

RETURN FREQUENCY: 25 yr 
'C' Adjustment: 1.100 

Allowable Outflow: 179.00 cfs * 
Required Storage: 394,438 cu.ft. * 

*--------------------------------------------------------------------* 
* Peak Inflow: 297.13 cfs Inflow .HYD stored: D-25YR .HYD * 
********************************************************************** 

Td = 48 minutes I Return Freq: 25 yr 
1------- Approx. Duration for Max. Storage ------1 C adj.factor: 1.10 
I 

I 
I 
I 
I 

I 
I 
I 
I 
I X 

·I. 

I 

Tc= 
I 
Q 

37.90 
3.793 

341.71 

I 

minutes 
in/hr 
cfs 

I 
I 
I 
I 
I 
I 
I 

Required Storage I 
3 9 4 , 4 3 8 cu . f t . 1 

I 
X X X X X X xlx X X X X X X X X X X 

I 

Area (ac) : 13 5. 60 
0.60 
0.66 

Weighted C: 
Adjusted C: 

Td= 
I = 
Q = 

X 

48 minutes 
3.298 in/hr 

297.13 cfs 

I o Q= 179.00 cfs 
I x o lx (Allow.Outflow) 

~~ X 0 ~~ 
x o NOT TO SCALE 

I .· X 0 • ============ I 
I 0 • I X 

'----------------------------------------------------- ------------

X 

63.07 minutes 
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Quick TR-55 Ver.5.46 
Executed: 10:34:45 

S/N: 
02-15-1995 

F 
L 
0 
w 

c 
f 
s 

I 

MODIFIED RATIONAL METHOD 
Graphical Summary for Maximum Required Storage ----

First peak outflow point assumed to occur at inflow recession leg. 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

********************************************************************** 

* 
* 

RETURN FREQUENCY: 100 yr 
'C' Adjustment: 1.250 

Allowable Outflow: 249.80 cfs * 
Required Storage: 552,761 cu.ft. * 

*--------------------------------------------------------------------* 
* Peak Inflow: 415.45 cfs Inflow .HYD stored: D-100YR .HYD * 
********************************************************************** 

Td = 48 minutes I 
1------- Approx. Duration for Max. Storage ------1 

Return Freq: 100 yr 
C adj.factor: 1.25 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I X 

-I. 

I 

Tc= 
I 
Q = 

37.90 
4.654 

476.46 

I 

minutes 
in/hr 
cfs 

I 
I 
I 

I 
I 
I 

Required Storage I 
55 2 , 1 61 cu . f t . 1 

I 
X X X X X X xlx X X X X X X X X X X 

I 

Area (ac): 135.60 
0.60 
0.75 

Weighted C: 
Adjusted C: 

Td= 
I = 
Q = 

X 

48 minutes 
4.058 in/hr 

415.45 cfs 

I o Q= 249.80 cfs 
I x o lx (Allow.Outflow) 
I X 0 I 
I X 0 NOT TO SCALE I 
I .. X 0 ============ I 
I o . I 

X 

X 

'-----------------------------------------------------l------------
63.11 minutes 
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Quick TR-55 Ver.5.46 S/N: 
Executed: 10:34:45 02-15-1995 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

**** Modified Rational Hydrograph ***** 
Weighted C 0.604 Area= 135.600 acres Tc = 37.90 minutes 

Adjusted C = 0.604 Td= 46.00 min. 

RETURN FREQUENCY: 2 year storm 
Output file: D-2YR .HYD 

I= 2.04 in/hr 

Adj.factor = 1.00 

HYDROGRAPH FOR MAXIMUM STORAGE 
For the 2 Year Storm 

Time I Time increment = 5.00 Minutes 

Qp= 166.97 cfs 

Minutes! Time on left represents time for first Q in each row. 
--------l---------------------------------------------------------------

2.90 1 12.78 34.8o 56.83 78.86 1oo.89 122.92 144.94 
37.9o 1 166.97 166.97 158.6o 136.57 114.55 92.52 70.49 
72.9o 1 48.46 26.43 4.41 

41 
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Quick TR-55 Ver.5.46 S/N: 
Executed: 10:34:45 02-15-1995 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

**** Modified Rational Hydrograph ***** 
Weighted C 0.604 Area= 135.600 acres Tc 37.90 minutes 

Adjusted C = 0.604 Td= 47.00 min. 

RETURN FREQUENCY: 10 year storm 
Output file: D-10YR .HYD 

I= 2.85 in/hr 

Adj.factor = 1.00 

HYDROGRAPH FOR MAXIMUM STORAGE 
For the 10 Year Storm 

Time I Time increment = 5.00 Minutes 

Qp= 233.09 cfs 

Minutes! Time on left represents time for first Q in each row. 
--------l---------------------------------------------------------------

2.90 1 17.84 48.59 79.34 11o.o9 140.84 171.59 202.34 
37.9o 1 233.09 233.o9 227.56 196.81 166.o6 135.31 104.55 
72.9o 1 73.ao 43.o5 12.3o 

42 
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Quick TR-55 Ver.5.46 S/N: 
Executed: 10:34:45 02-15-1995 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

**** Modified Rational Hydrograph ***** 
Weighted C 0.604 Area= 135.600 acres Tc = 37.90 minutes 

Adjusted C 0.664 Td= 48.00 min. 

RETURN FREQUENCY: 25 year storm 
Output file: D-25YR .HYD 

I= 3.30 in/hr 

Adj.factor = 1.10 

HYDROGRAPH FOR MAXIMUM STORAGE 
For the 25 Year Storm 

Time I Time increment = 5.00 Minutes 

Qp= 297.13 cfs 

Minutes! Time on left represents time for first Q in each row. 
--------l---------------------------------------------------------------

2.90 1 22.74 61.93 1o1.13 140.33 179.53 218.73 257.93 
37.9o 1 297.13 297.13 297.13 258.71 219.51 180.31 141.12 
72.9o 1 101.92 62.72 23.52 o.oo 

43 
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Quick TR-55 Ver.5.46 S/N: 
Executed: 10:34:45 02-15-1995 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

**** Modified Rational Hydrograph ***** 
Weighted C 0.604 Area= 135.600 acres Tc 37.90 minutes 

Adjusted C 0.755 Td= 48.00 min. 

RETURN FREQUENCY: 100 year storm 
Output file: D-100YR .HYD 

I= 4.06 in/hr 

Adj.factor = 1.25 

HYDROGRAPH FOR MAXIMUM STORAGE 
For the 100 Year Storm 

Time I Time increment 5.00 Minutes 

Qp= 415.45 cfs 

Minutes! Time on left represents time for first Q in each row. 
--------l---------------------------------------------------------------

2.90 1 31.79 86.6o 141.41 196.22 251.o2 305.83 360.64 
37.9o 1 415.45 415.45 415.45 361.74 306.93 252.12 197.31 
72.9o 1 142.5o 87.69 32.89 o.oo 
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Quick TR-55 Ver.5.46 S/N: 
Executed: 10:34:45 02-15-1995 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 

Q = adj * C * I * A 
Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 

adj = 'C' adjustment factor for each return frequency 

RETURN FREQUENCY = 2 years 
'c• adjustment, k = 1 
Adj. 'C' = Wtd. 'C' x 1 

=========================I======== 
Subarea Runoff Area Tc Wtd. I I Adj. I Total I Peak Q 
Oeser. 'C' acres I {min) 'C' II 'C' in/hr acres I {cfs) 

--------------------------1--------------11-----------------------1--------
COMBINED 0.604 135.60 I I I I 

---------------1--------------11-----------------------1--------
1 37.9o o.6o4 II o.6o4 2.292 u5.6o 1 187.76 

4S 
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Quick TR-55 Ver.5.46 SIN: 
Executed: 10:34:45 02-15-1995 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 

Q = adj * C * I * A 
Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 

adj = 'C' adjustment factor for each return frequency 

RETURN FREQUENCY = 10 years 
'c• adjustment, k = 1 
Adj. 'C' = Wtd. 'C' X 1 

=========================I======== 
Subarea Runoff Area Tc Wtd. I I Adj. I Total I Peak Q 
Descr. 'C' acres I (min) 'C' II 'C' in/hr acres I (cfs) 

--------------------------l--------------ll---------.--------------1--------
coMBINED 0.604 135.60 1 I I I 

---------------1--------------1 1-----------------------1--------
1 37.9o o.6o4 11 o.6o4 3.228 135.60 1 264.4o 
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Quick TR-55 Ver.5.46 S/N: 
Executed: 10:34:45 02-15-1995 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 

Q = adj * C * I * A 
Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 

adj = 'C' adjustment factor for each return frequency 

RETURN FREQUENCY = 25 years 
'c• adjustment, k = 1.1 
Adj. 'C' = Wtd. 'C' X 1.1 

=========================I======== 
Subarea Runoff Area I Tc Wtd. I I Adj. I Total I Peak Q 
Descr. 'C' acres I (min) 'C' II 'C' in/hr acres I (cfs) 

--------------------------1--------------11-----------------------1--------
COMBINED 0.604 135.60 I I I I 

---------------1--------------11-----------------------1--------
1 37.90 o.6o4 11 o.664 3.793 us.6o 1 341.71 

4-7 
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Quick TR-55 Ver.5.46 S/N: 
Executed: 10:34:45 02-15-1995 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 

Q = adj * C * I * A 
Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 

adj = 'C' adjustment factor for each return frequency 

RETURN FREQUENCY = 100 years 
'c• adjustment, k = 1.25 
Adj . ' C ' = Wtd. 'C' x 1 . 2 5 

=========================I======== 
Subarea Runoff Area I Tc Wtd. I I Adj. I Total I Peak Q 
Descr. 'C' acres I (min) 'C' II 'C' in/hr acres I (cfs) 

--------------------------1--------------11-----------------------1--------
COMBINED 0. 604 135.60 I II I 

---------------1--------------11-----------------------1--------
1 37.9o o.6o4 II o.755 4.654 u5.6o 1 476.46 
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Quick TR-55 Ver.5.46 
Executed: 10:34:45 

S/N: 
02-15-1995 

************************************************************************ 
************************************************************************ 
* * 
* * 
* MODIFIED RATIONAL METHOD * 
* ---- Grand Summary For All Storm Frequencies * 
* * 
* * 
************************************************************************ 
************************************************************************ 

First peak outflow point assumed to occur at inflow recession leg. 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

Area = 135.60 acres Tc = 37.90 minutes . .. . . . . .. . .. . . . . . . . . .. . . . . . .. . . .. . . . .. . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - .................... . 

Frequency Adjusted Duration Intens. Qpeak Allowable I 
(years) 'C' minutes in/hr cfs cfs I 

(cu. ft.) 

VOLUMES 
Inflow 
(cu. ft.) 

Storage 

------------------------------------------------------l---------------------
2 o.6o4 46 2.039 166.97 98.oo 1 460,842 214,176 

1o o.6o4 47 2.846 233.09 138.40 1 657,326 304,821 
25 o.664 48 3.298 297.13 179.oo 1 855,722 394,438 

100 0.755 48 4.058 415.45 249.80 11,196,496 552,761 
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Quick TR-55 Ver.5.46 
Executed: 10:34:45 

S/N: 
02-15-1995 

MODIFIED RATIONAL METHOD 
Summary for Single Storm Frequency 

First peak outflow point assumed to occur at inflow recession leg. 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

RETURN FREQUENCY: 2 yr 'c• Adjustment = 1.000 Allowable Q = 98.00 cfs 

Hydrograph file duration= 46.00 minutes 
Hydrograph file: D-2YR .HYD Tc = 37.90 minutes 
........................................................................................... .. .. .. . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . .. . . . . . . .. . . .. . . . . 

Weighted Adjusted Duration Intens. Areas 
'c• 'C' minutes in/hr acres 

{cu. ft.) 

Qpeak 
cfs 

VOLUMES 
Inflow 
{cu. ft.) 

Storage 

------------------------------------------------------l---------------------
0.604 o.6o4 38 2.292 13s.6o 187.76 1 426,963 204,111 
o.6o4 o.6o4 4o 2.227 13s.6o 182.37 1 437,686 2o8,660 

************************************************************ Storage Maximum 
o.6o4 o.6o4 46 2.039 13s.6o 166.97 1 460,842 214,176 

**************************************************************************** 

0.604 
0.604 
0.604 

0.604 
0.604 
0.604 

50 
60 

120 

1. 913 
1. 600 
1. 030 

135.60 
135.60 
13 5. 60 

156.71 
131.04 

84.36 

470,120 211,694 
471,758 183,932 

Qpeak < Qallow 
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Quick TR-55 Ver.5.46 
Executed: 10:34:45 

S/N: 
02-15-1995 

MODIFIED RATIONAL METHOD 
Summary for Single Storm Frequency 

First peak outflow point assumed to occur at inflow recession leg. 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

RETURN FREQUENCY: 10 yr 'c• Adjustment = 1.000 Allowable Q = 138.40 cfs 

Hydrograph file duration= 47.00 minutes 
Hydrograph file: D-10YR .HYD Tc = 37.90 minutes 
........................................................................... " ................. .. . . . . . . .. .. . . . . . . . . .. .. . . . . .. . . . .. .. .. . . . . . .. . . . . .. .. . .. . . . . . . . .. .. . . . .. . . .. . . .. .. .. .. . .. . .. . .. .. .. . .. . 

Weighted 
'c• 

(cu. ft.) 

Adjusted 
'C' 

Duration Intens. 
minutes in/hr 

Areas 
acres 

Qpeak I 
cfs I 

VOLUMES 
Inflow 
(cu. ft.) 

Storage 

------------------------------------------------------l---------------------
0.604 o.6o4 38 3.228 13s.6o 264.40 1 6o1,24o 286,518 
o.6o4 o.6o4 4o 3.140 13s.6o 257.17 1 617,216 293,776 

************************************************************ Storage Maximum 
o.6o4 o.6o4 47 2.846 13s.6o 233.09 1 657,326 304,821 

**************************************************************************** 

0.604 
0.604 
0.604 

0.604 
0.604 
0.604 

so 
60 

120 

2.720 
2.300 
1. 480 

135.60 
135.60 
13 5. 60 

222.77 
188.38 
121.22 

668,324 303,363 
678,152 271,671 

Qpeak < Qallow 

?I 
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Quick TR-55 Ver.5.46 
Executed: 10:34:45 

SIN: 
02-15-1995 

MODIFIED RATIONAL METHOD 
Summary for Single Storm Frequency 

First peak outflow point assumed to occur at inflow recession leg. 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

RETURN FREQUENCY: 25 yr 'C' Adjustment = 1.100 Allowable Q = 179.00 cfs 

Hydrograph file duration= 48.00 minutes 
Hydrograph file: D-25YR .HYD Tc = 37.90 minutes 
......................................................................................... 
.. • ... • • • .. • • • • .. • .. • • • • • • • .. • • • • • • • • • • • • • .. • • • • • • • • • • • • • • • • • • .. • • • • • • • • • • .. • .. • 0 •••••• 

Weighted Adjusted Duration Intens. Areas 
'C' 'C' minutes in/hr acres 

(cu. ft.) 

Qpeak 
cfs 

VOLUMES 
Inflow 
(cu. ft.) 

Storage 

------------------------------------------------------l---------------------
0.604 o.664 38 3.793 135.6o 341.71 1 777,054 37o.oo7 
o.6o4 o.664 4o 3.69o 135.6o 332.44 1 797,860 379,537 

************************************************************ Storage Maximum 
o.6o4 o.664 48 3.298 135.60 297.13 1 855,722 394,438 

**************************************************************************** 

0.604 
0.604 
0.604 

0.664 
0.664 
0.664 

50 
60 

120 

3.200 
2.710 
1.750 

13 5. 60 
135.60 
135.60 

288.30 
244.15 
157.66 

864,889 392,866 
878,944 353,221 

Qpeak < Qallow 
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Quick TR-55 Ver.5.46 
Executed: 10:34:45 

SIN: 
02-15-1995 

MODIFIED RATIONAL METHOD 
Summary for Single Storm Frequency 

First peak outflow point assumed to occur at inflow recession leg. 

ROUTE 199 0199-047, C-503, RW-205 
S.W.M. FACILITY "D" 

MONT. AVE. EXT. STA. 106+00 

RETURN FREQUENCY: 100 yr 'C' Adjustment = 1.250 Allowable Q = 249.80 cfs 

Hydrograph file duration= 48.00 minutes 
Hydrograph file: D-100YR .HYD Tc = 37.90 minutes 
..................................................................................................... . . . . .. .. .. . . . . . . . . . .. . . . . . . . . . . . . .. .. . . . . .. .. . . .. . . . . .. .. . . .. .. . .. .. .. .. . . . . . . . .. .. . .. . . . .. .. . . .. . . 

Weighted 
'c• 

{cu. ft.) 

Adjusted 
'C' 

Duration Intens. 
minutes in/hr 

Areas 
acres 

Qpeak I 
cfs I 

VOLUMES 
Inflow 
(cu. ft.) 

Storage 

------------------------------------------------------l---------------------
0.604 0.755 38 4.654 135.60 476.46 11,083,463 515,419 
0.604 0.755 40 4.530 135.60 463.77 11,113,054 529,271 

************************************************************ Storage Maximum 
0.604 0.755 48 4.058 135.60 415.45 11,196,496 552,761 

**************************************************************************** 

0.604 
0.604 
0.604 

0.755 
0.755 
0.755 

50 
60 

120 

3.940 
3.350 
2.160 

135.60 
135.60 
135.60 

403.37 IL210,108 551,385 
342.97 11,234,679 501,016 
221.14 I Qpeak < Qallow 
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POND-2 Version: 5.17 S/N: 
EXECUTED: 02-15-1995 10:37:38 2 YR 

Page 1 
Return Freq: 2 years 

**************************************** 
* * 
* ROUTE 199 0199-047, C-503, RW-205 * 
* SWM FACILITY "D" * 
* MONT. AVE. EXT. STA. 106+00 * 
* * 
* * 
**************************************** 

Inflow Hydrograph: C:\0642900\D-2YR .HYD 
Rating Table file: C:\0642900\D-SWM .PND 

----INITIAL CONDITIONS----
Elevation= 60.50 ft 
Outflow 0.00 cfs 
Storage 0 cu-ft 

GIVEN POND DATA 

!ELEVATION! OUTFLOW I STORAGE I 
I ( f t l I ( c f s l 1 ( cu- f t l I 
1---------1---------1----------1 
1 6o.5o 1 o.o 1 o1 
I 6Loo I o.o 1 1,6411 
I 61.50 I o.o 1 11,9561 
I 62.oo 1 o.o 1 33,55ol 
I 62.5o 1 o.o 1 62,54ol 
I 63.oo 1 o.o 1 94,2051 
I 63.5o 1 10.1 1 126,4331 
I 64.oo 1 3o.3 1 159,2261 
I 64.5o 1 57.2 1 192,5871 
I 65.oo 1 73.8 1 226,5211 
I 65.50 1 87.4 1 261,2531 
I 66.oo 1 99.1 1 291,o2o1 
I 66.50 1 113.5 1 334,3961 
I 67.oo 1 145.7 1 373,9591 
I 67.5o 1 146.9 1 416,2961 
I 68.oo 1 146.9 1 462,oo81 
I 68.5o 1 172.8 1 511,4831 
I 69.oo 1 221.o 1 565,1211 
I· 69.5o 1 3o6.8 1 623,4011 
1 1o.oo 1 412.8 1 686,8141 
I 1o.5o 1 546.2 1 755,6511 
I 11.oo 1 7o8.1 1 832,4871 

Time increment (t) 

INTERMEDIATE ROUTING 
COMPUTATIONS 

I 2S/t I 2S/t + 0 I 
I (cfs) I (cfs) I 
1------------1-------------1 
I o.o I o.o I 
1 10.9 1 1o.9 1 
1 79.7 1 79.7 1 
1 223.7 I 223.7 1 

1 416.9 I 416.9 1 
1 628.1 I 628.1 1 
1 842.9 I 853.6 1 
1 1o61. 5 I 1o91. 8 1 
1 1284.o 1 1341.2 1 
1 1510.2 1584.o 1 
1 1741.8 1829.2 1 
1 1980.2 2079.3 1 
1 2229.4 2342.9 1 
1 2493.2 2638.9 1 
1 2775.4 2922.3 1 
1 3o8o.2 3227.1 1 
1 341o.o 3582.8 1 
1 3767.6 3994.6 1 
1 4156.2 4463.o 1 
1 4578.9 4991.7 1 
1 5037.9 5584.1 1 
1 5550.1 6258.2 1 

5.0 min. 
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POND-2 Version: 5.17 S/N: Page 2 

EXECUTED: 02-15-1995 10:37:38 2 YR Return Freq: 2 years 

Pond File: C:\0642900\D-SWM .PND 
Inflow Hydrograph: C:\0642900\D-2YR .HYD 
Outflow Hydrograph: C:\0642900\D-2SWM .HYD 

INFLOW HYDROGRAPH ROUTING COM:PUTATIONS 
------------------------------------------------------

I TIME I INFLOW I 
I (min) I (cfs) I 
1--------1---------1 
1 2.9 1 12.781 
1 7.9 1 34.8ol 
1 12.9 56.831 
1 17.9 78.861 
1 22.9 1oo.89l 
1 27.9 122.921 
I 32.9 144.941 
1 37.9 166.971 
1 42.9 166.971 
1 47.9 158.6ol 
1 52.9 136.571 
1 57.9 114.551 
1 62.9 92.521 
1 67.9 70.491 
1 72.9 48.461 
1 77.9 26.431 
1 82.9 4.411 
I 87.9 O.OOI 
I 92.9 O.OOI 
I 97.9 O.OOI 
I 102.9 O.OOI 
I 107.9 O.OOI 
I 112.9 O.OOI 
I 117.9 O.OOI 
I 122.9 O.OOI 
I 127.9 O.OOI 
I 132.9 O.OOI 
I 137.9 O.OOI 
I 142.9 O.OOI 
I 147.9 O.OOI 
I 152.9 O.OOI 
I 157.9 O.OOI 
I 162.~ O.OOI 
I 167.9 O.OOI 
I 172.9 O.OOI 
I 177.9 O.OOI 
I 182.9 O.OOI 
I 187.9 O.OOI 
I 192.9 O.OOI 
I 197.9 O.OOI 

I I1+I2 I 2S/t - 0 I 2S/t + 0 I OUTFLOW IELEVATIONI 
I (cfs) I (cfs) I (cfs) I (cfs) I (ft) I 

,--=====--~--------~~~-~--------~~~~----~~~~-~---~~~~~-, 
I 47.6 I 47.6 I 47.61 o.oo I 61.27 1 
1 91.6 1 139.2 I 139.21 o.oo I 61.71 1 
1 135.7 1 274.9 1 274.91 o.oo 1 62.13 1 
1 179.8 1 454.7 1 454.71 o.oo I 62.59 1 
1 223.8 1 673.7 1 678.51 2.39 1 63.11 1 
I 267.9 I 905.7 I 941.51 17.93 I 63.68 1 
1 311.9 1 1129.8 1 1211.61 43.87 1 64.25 1 
1 333.9 1 1332.6 1 1463.81 65.58 I 64.75 1 
1 325.6 1 1502.4 1 1658.21 n.n I 65.15 1 
1 295.2 1 1626.2 1 1797.51 85.65 I 65.44 1 
1 251.1 1 1698.1 1 1877.41 89.65 I 65.6o 1 
1 201.1 1 1723.2 1 1905.11 90.95 I 65.65 1 
1 163.o 1 1706.1 I 1886.21 90.o7 I 65.61 I 
1 119.o 1 1650.7 1 1825.ol 87.17 I 65.49 1 
1 74.9 1 1562.3 1 1725.61 81.65 I 65.29 1 
1 30.8 1 1444.5 1 1593.11 74.31 I 65.o2 1 
1 4.4 1 1319.8 1 1448.91 64.57 I 64.72 1 

1 o.o 1 121o.o 1 1319.81 54.89 I 64.46 1 
1 o.o 1 1123.9 1 121o.o1 43.05 1 64.24 I 
1 o.o 1 1056.4 1 1123.91 33.76 I 64.06 I 

1 o.o 1 1oo1.6 1 1056.41 27.38 I 63.93 I 

1 o.o 1 955.9 1 1oo1.6l 22.88 I 63.81 I 
1 o.o 1 917.6 1 955.91 19.11 1 63.71 I 
1 o.o 1 885.7 1 917.61 15.97 1 63.63 I 
1 o.o 1 859.o 1 885.71 13.34 I 63.57 I 
1 o.o 1 836.7 859.ol 11.14 I 63.51 I 
1 o.o 1 816.9 836.71 9.9o I 63.46 I 
1 o.o 1 799.o 816.91 8.96 I 63.42 I 
1 o.o 1 782.8 799.ol 8.11 I 63.38 I 
1 o.o 1 768.1 782.81 7.34 1 63.34 I 
1 o.o 1 754.8 768.11 6.64 1 63.31 I 
1 o.o 1 742.8 754.81 6.o1 I 63.28 I 
1 o.o 1 731.9 742.81 5.44 I 63.25 I 
1 o.o 1 122.1 731.91 4.93 1 63.23 I 
1 o.o 1 713.1 122.11 4.46 1 63.21 I 
1 o.o 1 705.1 713.11 4.o4 1 63.19 I 
1 o.o 1 697.8 7o5.1l 3.65 1 63.17 I 
I o.o 1 691.2 697.81 3.31 I 63.15 I 
I o.o 1 685.2 691.21 2.99 I 63.14 I 
------------------------------------------------------
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POND-2 Version: 5.17 S/N: 
EXECUTED: 02-15-1995 10:37:38 2 YR 

Page 3 
Return Freq: 2 years 

****************** SUMMARY OF ROUTING COMPUTATIONS ****************** 

Pond File: C:\0642900\D-SWM .PND 
Inflow Hydrograph: C:\0642900\D-2YR .HYD 
Outflow Hydrograph: C:\0642900\D-2SWM .HYD 

Starting Pond W.S. Elevation = 60.50 ft 

***** Summary of Peak Outflow and Peak 

Peak Inflow = 166.97 
Peak Outflow == 90.95 
Peak Elevation == 65.65 

Elevation 

cfs 
cfs 
ft 

***** Summary of Approximate Peak Storage ***** 

Initial Storage 
Peak Storage From Storm 

Total Storage in Pond 

0 cu-ft 
272,115 cu-ft 

272,115 cu-ft 

Warning: Inflow hydrograph truncated on left side. 

***** 

5~ 
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POND-2 Version: 5.17 S/N: 
2 YR 

Page 4 
Return Freq: 2 years 

Pond File: C:\0642900\D-SWM .PND 
Inflow Hydrograph: C:\0642900\D-2YR .HYD 
Outflow Hydrograph: C:\0642900\D-2SWM .HYD 

Peak Inflow 
Peak Outflow = 
Peak Elevation 

166.97 cfs 
90.95 cfs 
65.65 ft 

EXECUTED: 02-15-1995 
10:37:38 

Flow (cfs) 
0 20 40 60 80 100 120 140 160 180 200 220 

.------l-----l-----l-----l-----l-----l-----l-----1-----l-----l-----l-

l 
7.9 -lx 

lx 
17.9 -lx 

lx 
27.9 -1 X 

I 
37.9 -1 

I 
47.9 -1 

I 
57.9 -1 

I 
67.9 -1 

I 
77.9 -1 

I * 
87.9 -1* 

I* 
97.9 -1* 

I* 

X 

* 

107.9-l* X 

I* X 

117.9-l* X 

I* X 

127.9-l* X 

I* X 
137.9-l* X 

I* X 

147.9-l* X 

I* X 

157. 9-l *· X 

I* X 
167.9-l* X 

l*x 
177.9-l*x 

I *x 
187.9-l*x 

I *x 
I 

TIME 
(min) 

* 
* 

X 

X 

* 

X 

X 

X 

X 

* 

X 

* 

X 

X 

X 

X 

x* 
X 

X 

* File: C:\0642900\D-2YR .HYD 
x File: C:\0642900\D-2SWM .HYD 

* 

* 

Qmax 
Qmax = 

* 

* 
* 

167.0 cfs 
90.9 cfs 

* 
* 
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POND-2 Version: 5.17 S/N: 
EXECUTED: 02-15-1995 10:37:38 10 YR 

Page 1 
Return Freq: 10 years 

**************************************** 

* 
* 
* 

ROUTE 199 0199-047, C-503, RW-205 
SWM FACILITY "D" 

* 
* 
* 

* MONT. AVE. EXT. STA. 106+00 * 
* 
* 

* 
* 
**************************************** 

Inflow Hydrograph: C:\0642900\D-10YR .HYD 
Rating Table file: C:\0642900\0-SWM .PND 

----INITIAL CONDITIONS----
Elevation 60.50 ft 
Outflow 0.00 cfs 
Storage 0 cu-ft 

GIVEN POND DATA 

IELEVATIONI OUTFLOW I STORAGE I 
{ft) I {cfs) J {cu-ft) J 

---------1---------1----------1 
60.50 I 0.0 I OJ 
61.00 I 0.0 I 1,64LI 
61.5o 1 o.o 1 11,9561 
62.oo 1 o.o 1 33,55oJ 
62.5o 1 o.o 1 62,5401 
63.oo 1 o.o 1 94,2o5J 
63.5o 1 10.1 1 126,4331 
64.oo 1 30.3 1 159,2261 
64.5o 1 57.2 1 192,5871 
65.oo 1 73.8 1 226,5211 
65.5o 1 87.4 1 261,2531 
66.oo 1 99.1 1 297,o2oJ 

I 66.5o 1 113.5 1 334,3961 
I 67.oo 1 145.7 1 373,9591 
1
1 

67.5o 1 146.9 1 416,2961 
68.oo 1 146.9 1 462,oo8J 

I

I 68.5o 1 172.8 1 511,4831 
69.oo 1 221.0 1 565,1211 

I. 6 9 . 50 I 3 0 6 . 8 I 6 2 3 , 4 01 I 
I 1o.oo 412.8 1 686,8141 

I
I 7o.5o 1 546.2 1 755,6511 

11.oo 1 708.1 1 832,4871 

INTERMEDIATE ROUTING 
COMPUTATIONS 

I 2S/t I 2S/t + 0 I 
I {cfs) J {cfs) J 
1------------1-------------1 
I o.o 1 o.o 1 
1 1o.9 1 10.9 1 

1 79.7 1 79.7 1 
1 223.7 1 223.7 1 

1 416.9 1 416.9 1 
1 628.1 I 628.1 1 
1 842.9 1 853.6 1 
1 1061.5 I 1091.8 1 
1 1284.o 1 1341.2 1 
1 151o.2 I 1584.o 1 
1 1741.8 1 1829.2 1 
1 1980.2 1 2079.3 1 
1 2229.4 I 2342.9 I 
1 2493.2 1 2638.9 1 

1 2775.4 1 2922.3 1 
1 3o8o.2 1 3227.1 1 
1 341o.o 1 3582.8 1 

1 3767.6 1 3994.6 1 
1 4156.2 1 4463. o 1 
1 4578.9 1 4991.1 1 
1 5037.9 1 5584.1 1 
I 5550.1 I 6258.2 I 

Time increment {t) = 5.0 min. 
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POND-2 Version: 5.17 S/N: Page 2 
Return Freq: 10 years EXECUTED: 02-15-1995 10:37:38 10 YR 

Pond File: C:\0642900\D-SWM .PND 
Inflow Hydrograph: C:\0642900\D-10YR .HYD 
Outflow Hydrograph: C:\0642900\D-10SWM .HYD 

INFLOW HYDROGRAPH 

I TIME I INFLOW I 
I (min) I ( cfs) I 
1--------1---------1 
1 2.9 1 17.841 
1 7.9 1 48.591 
1 12.9 1 79.341 
I 17.9 1 no.o9l 
1 22.9 1 140.841 
I 27.9 I 171.591 
1 32.9 I 202.341 
1 37.9 I 233.091 

42.9 1 233.091 
47.9 1 227.561 
52.9 1 196.811 
57.9 1 166.061 
62.9 1 135.311 
67.9 1 104.551 
72.9 1 73.8ol 
77.9 1 43.051 
82.9 1 12.3ol 
87.9 I O.OOI 
92.9 I O.OOI 
97.9 I O.OOI 

102.9 1 o.oo1 
107.9 1 o.ooj 
n2. 9 1 o. oo 1 
ll7.9 I O.OOI 
122.9 I O.OOI 
127.9 I O.OOI 
132.9 1 o.ooj 
137.9 I O.OOI 
142.9 1 o. oo 1 
147.9 I O.OOI 
152.9 I O.OOI 
157.9 I O.OOI 
162.~ I O.OOI 
167.9 1 o.ooj 
172.9 I O.OOI 
177.9 I O.OOI 
182.9 1 o.ooj 
187.9 I O.OOI 
192.9 1 o.oo1 
197.9 I O.OOI 

ROUTING COMPUTATIONS 
------------------------------------------------------

I I1+I2 I 2S/t - 0 I 2S/t + 0 I OUTFLOW !ELEVATION! 
I (cfs) I (cfs) I (cfs) I (cfs) I (ft) I 
l---------l------------l-----------l---------l---------1 
1 1 o.o 1 o.o1 o.oo I 6o.5o 1 
1 66.4 1 66.4 1 66.41 o.oo I 61.4o 1 
I 127.9 I 194.4 I 194.41 0.00 I 61.90 I 
1 189.4 383.8 1 383.81 o.oo I 62.41 1 
I 250.9 1 634.1 I 634.71 o.32 I 63.01 1 
1 312.4 1 909.8 1 946.51 18.34 I 63.69 1 
1 373.9 1 ll81.7 1 1283.81 51.o1 I 64.38 1 
1 435.4 1 1465.9 1 1617.2 75.64 1 65.o7 1 
1 466.2 1 1747.7 1 1932.1 n.21 1 65.71 1 
1 460.7 1 1996.o 1 2208.3 106.15 I 66.24 1 
1 424.4 1 2176.5 1 2420.4 121.93 66.63 1 
1 362.9 1 2269.6 1 2539.4 134.88 66.83 1 
1 301.4 1 2294.4 1 2571.o 138.32 66.89 1 
1 239.9 1 2265.6 1 2534.2 134.32 66.82 1 
1 178.4 1 2195.o 1 2443.9 124.49 66.67 1 
1 116.9 1 .2088.2 1 2311.8 111.8o 66.44 1 
1 55.3 1 1938.3 1 2143.6 1o2.61 66.12 1 
1 12.3 1 1764.5 1 1950.6 93.o8 65.74 1 
1 o.o 1 1596.8 1 1764.5 83.81 65.37 1 
1 o.o 1 1447.8 1 1596.81 74.51 65.o3 1 
1 o.o 1 1318.8 1 1447.81 64.49 64.72 1 
1 o.o 1 1209.3 1 1318.81 54.79 64.46 I 
1 o.o 1 1123.3 1 1209.31 42.97 64.24 1 
1 o.o 1 1055.9 1 1123.31 33.7o 64.o6 I 
1 o.o 1 1001.2 1 1055.91 27.34 63.92 I 
1 o.o 1 955.5 1 1001.21 22.85 63.81 I 
I o.o 1 917.4 1 955.51 19.o9 63.71 1 
1 o.o 1 885.5 1 917.41 15.95 63.63 1 
1 o.o 1 858.8 1 885.51 13.32 63.57 1 
1 o.o 1 836.6 1 858.81 11.13 63.51 1 
1 o.o 1 816.8 1 836.61 9.89 63.46 I 
1 o.o 1 798.9 1 816.81 8.95 63.42 I 
1 o.o 1 782.7 1 798.91 8.1o 63.38 I 
1 o.o 1 768.o 1 782.71 7.34 63.34 I 
1 o.o 1 754.7 1 768.ol 6.64 63.31 I 
1 o.o 1 742.7 1 754.71 6.o1 63.28 I 
1 o.o 1 731.8 1 742.71 5.44 63.25 I 
I o.o 1 122.0 1 731.81 4.92 63.23 I 
1 o. o 1 713 .1 1 122. o 1 4. 46 63.21 I 
I o.o 1 7o5.o 1 713.11 4.o3 63.19 I 
------------------------------------------------------

5q 
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POND-2 Version: 5.17 S/N: 
EXECUTED: 02-15-1995 10:37:38 10 YR 

Page 3 
Return Freq: 10 years 

****************** SUMMARY OF ROUTING COMPUTATIONS ****************** 

Pond File: C:\0642900\D-SWM .PND 
Inflow Hydrograph: C:\0642900\D-10YR .HYD 
Outflow Hydrograph: C:\0642900\D-10SWM .HYD 

Starting Pond W.S. Elevation = 60.50 ft 

***** Summary of Peak Outflow and Peak Elevation 

Peak Inflow = 
Peak Outflow = 
Peak Elevation 

233.09 cfs 
138.32 cfs 

66.89 ft 

***** Summary of Approximate Peak Storage ***** 

Initial Storage 
Peak Storage From Storm 

Total Storage in Pond 

0 cu-ft 
3 6 4 ' 8 8 8 cu- ft 

364,888 cu-ft 

Warning: Inflow hydrograph truncated on left side. 

***** 
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POND-2 Version: 5.17 S/N: 
10 YR 

Pond File: C:\0642900\D-SWM .PND 
Inflow Hydrograph: C:\0642900\D-10YR .HYD 
Outflow Hydrograph: C:\0642900\D-10SWM .HYD 

Peak Inflow 
Peak Outflow 
Peak Elevation = 

233.09 cfs 
138.32 cfs 

66.89 ft 

Page 4 
Return Freq: 10 years 

EXECUTED: 02-15-1995 
10:37:38 

Flow (cfs) 
0 25 so 75 100 125 150 175 200 225 250 275 

.------l-----l-----l-----l-----l-----l-----l-----l-----l-----l-----l-

7.9 

17.9 

27.9 

37.9 

47.9 

57.9 

67.9 

77.9 

87.9 

1 
-lx 

lx 
-lx 

lx 
-I 
I 

-I 
I 

-I 
I 

-I 
I 

-I 
I 

-I 
I 

-I* 
I* 

97.9 - * 
* 

107.9- * 
* 

117.9- * 
* 

127.9- * 
* 

137.9- * 
* 

147.9- * 
* X 

157.9- *.X 
* X 

167.9- *X 
* X 

177.9- *x 
*x 

187.9-l*x 
I *x 
I 

TIME 
(min) 

X 

* 

X 
X 
X 

X 

X 
X 

* 
* 

* 

X 

X 

X 

X 

* 
* 

* X 

X 

X 

X 

X 

X 

X 

X 

X 

* File: C:\0642900\D-10YR .HYD 
x File: C:\0642900\D-10SWM .HYD 

X 

* 

X 

*x 
X 

Qmax = 
Qmax 

* 

* 
* 

233.1 cfs 
138.3 cfs 

* 
* 
* 

* 

~I 
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POND-2 Version: 5.17 S/N: 
EXECUTED: 02-15-1995 10:37:38 25 YR 

Page 1 
Return Freq: 25 years 

**************************************** 
* * 
* ROUTE 199 0199-047, C-503, RW-205 * 
* SWM FACILITY "D" * 
* MONT. AVE. EXT. STA. 106+00 * 
* * 
* * 
**************************************** 

Inflow Hydrograph: C:\0642900\D-25YR .HYD 
Rating Table file: C:\0642900\D-SWM .PND 

----INITIAL CONDITIONS----
Elevation = 60.50 ft 
Outflow 0.00 cfs 
Storage 0 cu-ft 

GIVEN POND DATA 

!ELEVATION! OUTFLOW I STORAGE I 
I { ftl I {cfsl I {cu-ftl I 
1---------1---------1----------1 
I 60.50 I 0.0 I Ol 
I 61.oo 1 o.o 1 1,6411 
I 61.5o 1 o.o 1 11,9561 
1 62.oo 1 o.o 1 33,55ol 
I 62.50 I 0. 0 I 62 I 540 I 
I 63.oo 1 o.o 1 94,2051 
1 63.5o 1 10.1 1 126,4331 
1 64.oo 1 30.3 1 159,2261 
I 64.5o 1 57.2 1 192,5871 
I 65.oo 1 73.8 1 226,5211 
I 65.5o 1 87.4 1 261,2531 
I 66.oo 1 99.1 1 297,o2ol 
I 66.5o 1 113.5 1 334,3961 
I 67.oo 1 145.7 1 373,9591 
I 67 .5o 1 146.9 1 416,2961 
I 68.oo 1 146.9 1 462,oo8l 
I 68.5o 1 172.8 1 511,4831 
I 69.oo 1 221.0 1 565,1211 
1- 69.5o 1 3o6.8 1 623,4011 
I· 1o.oo 1 412.8 1 686,8141 
I 7o.5o 1 546.2 1 755,6511 
I 11.oo I 708.1 1 832,4871 

INTERMEDIATE ROUTING 
COMPUTATIONS 

I 2S/t 2S/t + 0 I 
I {cfs) I {cfs) I 
1------------1-------------1 
1 o. o 1 o. o 1 
1 1o.9 1 1o.9 1 
1 79.7 1 79.7 1 
1 223.7 1 223.7 1 
1 416.9 1 416.9 1 
1 628.1 1 628.1 1 
1 842.9 1 853.6 1 
1 1o51. 5 1 1o91. 8 1 
1 1284.o 1 1341.2 I 
1 1510.2 1 1584.o 1 
1 1741.8 1 1829.2 1 
1 1980.2 1 2079.3 1 
1 2229.4 1 2342.9 1 
1 2493.2 1 2638.9 1 
1 2775.41 2922.31 
1 3o8o.2 1 3227.1 1 
1 341o.o 1 3582.8 1 
1 3767.6 1 3994.6 1 
1 4156.2 1 4463. o 1 
1 4578.9 1 4991.7 1 
I 5037.9 I 5584.1 I 
1 5550.1 6258.2 1 

Time increment {t) = 5.0 min. 

PC140_POWHATAN_SECONDARY_VDOT - 069



POND-2 Version: 5.17 S/N: Page 2 
Return Freq: 25 years EXECUTED: 02-15-1995 10:37:38 25 YR 

Pond File: C:\0642900\D-SWM .PND 
Inflow Hydrograph: C:\0642900\D-25YR .HYD 
Outflow Hydrograph: C:\0642900\D-25SWM .HYD 

INFLOW HYDROGRAPH 

I TIME I INFLOW I 
1 (min> 1 ( c f s > 1 
1--------1---------1 
1 2.9 1 22.741 
1 7.9 1 61.931 
1 12.9 1 101.131 
1 17.9 I 140.331 
1 22.9 1 179.531 
1 27.9 1 218.731 
1 32.9 I 257.931 
1 37.9 1 297.131 
1 42.9 1 297.131 
1 47.9 1 297.131 
1 s2.9 1 2s8.111 
1 s7.9 I 219.511 
1 62.9 1 180.311 
1 67.9 1 141.121 
1 72.9 I 101.921 
1 77.9 1 62.721 
1 82.9 I 23.521 
I 87.9 I O.OOI 
I 92.9 I O.OOI 
I 97.9 I O.OOI 
I 102.9 I O.OOI 
I 107.9 I O.OOI 
I 112.9 I O.OOI 
1 117.9 1 o.oo1 
I 122.9 I O.OOI 
I 127.9 I O.OOI 
I 132.9 I O.OOI 
I 137.9 I O.OOI 
I 142.9 I O.OOI 
I 147.9 I O.OOI 
I 152.9 I O.OOI 
1 1s1. 9 1 o. oo 1 
1 162.~ 1 o.oo1 
1 167.9 1 o.oo1 
I 172.9 I O.OOI 

177.9 I O.OOI 
182.9 I O.OOI 
187.9 0.001 
192.9 I O.OOI 
197.9 I O.OOI 

ROUTING COMPUTATIONS 
------------------------------------------------------

I I1+I2 I 2S/t - 0 I 2S/t + 0 I OUTFLOW !ELEVATION! 
I (cfs) I (cfs) I (cfs) I (cfs) I (ft) I 
1---------l------------l-----------l---------l---------l 
I I 0.0 I O.OI 0.00 I 60.50 I 
1 84.1 1 84. 1 1 84.11 o. oo I 61. s2 1 
1 163.1 1 247.7 I 247.71 o.oo I 62.o6 1 
1 241.s 1 489.2 1 489.21 o.oo I 62.67 1 
1 319.9 1 791.9 1 809.11 8.s9 I 63.4o 1 
1 398.3 1 11o8.3 1 1190.11 4o.9o 1 64.2o 1 
1 476.7 1 1437.3 1 1s8s.o1 73.85 I 6s.oo 1 
1 sss.1 1 1802.3 1 1992.31 9S.o3 I · 65.83 1 
1 s94.3 1 21s1.9 1 2396.sl 119.34 I 66.s9 1 
1 594.3 1 2459.8 1 21s2.11 146.18 I 67.2o 1 
1 sss.8 1 2721.8 1 3o1s.61 146.9o I 67.6s 1 
1 478.2 1 2906.2 1 32oo.o1 146.9o 1 67.96 1 
1 399.8 1 3ooo.1 1 33o6.ol 1s2.6s I 68.11 I 
1 321.4 1 3014.5 1 3322.21 153.82 I 68.13 1 
1 243.o 1 2959.3 1 3257.61 149.12 I 68.o4 1 
1 164.61 .2830.2 I 3124.ol 146.90 I 67.83 I 
1 86.2 1 2622.7 1 2916.41 146.87 1 67.49 1 
1 23.s 1 2354.7 1 2646.21 145.73 I 67.o1 1 
1 · o.o 1 212s.1 1 2354.71 114.79 I 66.s2 I 
1 o.o 1 1921.9 1 212s.11 1o1.6o 1 66.o9 1 
1 o.o 1 1738.5 I 1921.91 91.74 I 65.69 I 
1 o.o 1 1573.7 1 1738.sl 82.37 I 65.32 I 
1 o.o 1 1427.5 1 1573.71 73.1o I 64.98 1 
1 o.o 1 uo1.3 1 1427.sl 63.1o I 64.681 
1 o.o 1 119s.s 1 1301.31 s2.9o 1 64.42 1 
1 o.o 1 1112.5 1 1195.51 41.49 I 64.21 I 

1 o.o 1 1047.5 1112.51 32.53 I 64.04 I 
1 o.o 1 994.2 1047.51 26.6s I 63.91 I 
1 o.o 1 949.7 994.21 22.26 I 63.8o 
1 o.o 1 912.4 949.71 18.6o 1 63.70 
1 o.o 1 881.4 912.41 15.54 1 63.62 
1 o.o 1 8ss.4 881.41 12.98 I 63.56 
1 o.o 1 833.7 855.41 10.85 1 63.50 
1 o.o 1 814.2 833.7 9.76 1 63.46 
1 o.o 1 796.5 814.2 8.83 1 63.41 
1 o.o 1 780.6 796.5 7.99 1 63.37 
1 o.o 1 766.1 780.61 7.23 1 63.34 
1 o.o 1 753.o 766.1 6.55 1 63.31 
1 o.o 1 741.1 753.ol 5.93 1 63.28 
1 o.o 1 730.4 741.11 5.36 1 63.25 
------------------------------------------------------
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POND-2 Version: 5.17 S/N: 
EXECUTED: 02-15-1995 10:37:38 25 YR 

Page 3 
Return Freq: 25 years 

****************** SUMMARY OF ROUTING COMPUTATIONS ****************** 

Pond File: C:\0642900\D-SWM .PND 
Inflow Hydrograph: C:\0642900\D-25YR .HYD 
Outflow Hydrograph: C:\0642900\D-25SWM .HYD 

Starting Pond W.S. Elevation 60.50 ft 

***** Summary of Peak Outflow and Peak Elevation 

Peak Inflow = 
Peak Outflow = 
Peak Elevation 

297.13 cfs 
153.82 cfs 

68.13 ft 

***** Summary of Approximate Peak Storage ***** 

Initial Storage 
Peak Storage From Storm 

Total Storage in Pond 

0 cu-ft 
475,233 cu-ft 

475,233 cu-ft 

Warning: Inflow hydrograph truncated on left side. 

***** 
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POND-2 Version: 5.17 S/N: 

Pond File: 
Inflow Hydrograph: 
Outflow Hydrograph: 

Peak Inflow 
Peak Outflow 
Peak Elevation 

25 YR 
C:\0642900\D-SWM 
C:\0642900\D-25YR 
C:\0642900\D-25SWM 

297.13 cfs 
153.82 cfs 

68.13 ft 

.PND 

.HYD 

.HYD 

Page 4 
Return Freq: 25 years 

EXECUTED: 02-15-1995 
10:37:38 

Flow (cfs) 
0 30 60 90 120 150 180 210 240 270 300 330 

.------l-----l-----l-----l-----l-----l-----l-----l-----l-----l-----l-

1 
7.9 -lx 

lx 
17.9 -lx 

I X 
27.9 -1 

I 
37.9 -1 

I 
47.9 -1 

I 
57.9 -1 

I 
67.9 -1 

I 
77.9 -1 

I 
87.9 -1* 

I* 
97.9 -1* 

I* 
107.9-l* 

I* 
117.9-l* 

I* 
127.9-l* 

* 

I* X 
137.9-l* X 

I* X 
147.9-l* X 

I* X 

157. 9-l *. X 

I* X 
167.9-l* X 

I* X 
177.9-l* X 

I *x 
187.9-l*x 

I *x 
I 

TIME 
(min) 

X 

X 

* 
* 

X 

X 

X 

* 
* 

X 

X 

X 

X 

X 

X 

X 

* File: 
X File: 

C:\0642900\D-25YR .HYD 
C:\0642900\D-25SWM .HYD 

* 

* 

X 

X 

X 

X 

X 

x, 
X 

X 

X 

* 

* 

Qrnax = 
Qrnax = 

* 

* 

297.1 cfs 
153.8 cfs 

* 
* 
* 
* 

* 
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POND-2 Version: 5.17 S/N: 
EXECUTED: 02-15-1995 10:37:38 100 YR 

Page 1 
Return Freq: 100 years 

**************************************** 

* * 
* ROUTE 199 0199-047, C-503, RW-205 * 
* SWM FACILITY "D" * 
* MONT. AVE. EXT. STA. 106+00 * 
* * 
* * 
***********~**************************** 

Inflow Hydrograph: C:\0642900\D-100YR .HYD 
Rating Table file: C:\0642900\D-SWM .PND 

----INITIAL CONDITIONS----
Elevation 60.50 ft 
Outflow = 0.00 cfs 
Storage 0 cu-ft 

GIVEN POND DATA 

!ELEVATION! OUTFLOW I STORAGE I 
I < f t > 1 < c f s > 1 < cu- f t > I 
1---------1---------1----------1 
I 60.50 I 0.0 I Ol 
I 6l.oo 1 o.o 1 L641,1 
I 61.5o I o.o I 1L956I 
I 62.oo 1 o.o 1 33,55ol 
I 62.5o 1 o.o 1 62,54ol 
I 63.oo 1 o.o 1 94,2051 
I 63.5o I 10.7 1 126,4331 
I 64.oo I 30.3 1 159,2261 
1 64.5o 1 57.2 1 192,5871 
I 65.oo I 73.8 1 226,5211 
I 65.5o 1 87.4 1 261,2531 
I 66.oo 1 99.1 1 297,o2ol 
I 66.5o 1 113.5 1 334,3961 
I 67.oo 1 145.7 1 373,9591 
I 67.5o 1 146.9 1 416,2961 
I 68.oo 1 146.9 1 462,oo81 
I 68.5o 1 172.8 1 511,4831 
1 69.oo 1 227.o 1 565,1211 
I· 69.5o 1 306.8 1 623,4011 
I 7o.oo 1 412.8 1 686,8141 

I 7o.5o 1 546.2 1 755,6511 
71.oo 1 708.1 1 832,4871 

INTERMEDIATE ROUTING 
COMPUTATIONS 

2S/t I 2S/t + 0 I 
I (cfs) I (cfs) I 
1------------1-------------1 
I o.o I o.o I 
1 10.9 1 1o.9 1 
1 79.7 1 79.7 1 
1 223.7 1 223.7 I 
1 416.9 1 416.9 1 
1 628.1 1 628.1 I 
1 842.9 1 853.6 1 
1 1061.5 1 1091.8 I 
1 1284.o 1 1341.2 I 
1 151o.2 I 1584.o I 
1 1741.8 1 1829.2 I 
1 1980.2 1 2079.3 1 
1 2229.4 1 2342.9 1 
1 2493.2 1 2638.9 I 
1 2775.4 1 2922.3 I 
1 3o8o.2 1 3227.1 I 
1 341o.o 1 3582.8 I 
1 3767.6 I 3994.6 I 
1 4156.2 1 4463.o I 
1 4578.9 1 4991.7 I 
1 5037.9 1 5584.1 1 
1 5550.1 1 6258.2 I 

Time increment (t) = 5.0 min. 
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POND-2 Version: 5017 S/N: Page 2 
Return Freq: 100 years EXECUTED: 02-15-1995 10:37:38 100 YR 

Pond File: C:\0642900\D-SWM oPND 
Inflow Hydrograph: C:\0642900\D-100YR oHYD 
Outflow Hydrograph: C:\0642900\D-100SWMoHYD 

INFLOW HYDROGRAPH 

I TIME I INFLOW I 
I (min) I (cfs) I 
1--------1---------1 
1 2o9 1 310791 
I 7°9 I 86o6ol 
1 1209 1 141o41l 
1 1109 1 1960221 
I 22°9 I 25l.o21 
1 2709 1 3o5o83l 
1 32o9 1 36oo64l 
1 31 0 9 1 415 0 451 
1 42o9 1 4150451 
I 410 9 1 415 0 451 
I 52°9 I 361.741 
1 5709 1 3o6o93l 
1 62 0 9 1 252 0121 
1 67 0 9 1 197 0 311 
1 7209 1 142.501 
I 7709 I 87.691 
1 8209 1 320891 
1 8709 1 o.ooj 
I 92°9 I ooooj 
1 9709 1 oooo1 
1 102o9 1 ooooj 
1 107o9 1 ooooj 
I 112°9 I OoOO! 
1 11709 1 ooooj 
1 122o9 1 ooooj 
1 127o9 1 ooooj 
I 132o9 1 ooooj 
1 137o9 1 ooooj 
1 142 0 9 1 o 0 oo 1 
1 147o9 1 ooooj 
1 152°9 1 ooooj 
1 15709 1 ooooj 
1 1620~ 1 ooooj 
1 16709 1 ooooj 
1 17209 1 ooooj 
1 17709 1 ooooj 
1 18209 1 ooooj 
1 187 0 9 1 o 0 oo 1 
I 192o9 I oooo1 
1 197 0 9 1 o 0 oo 1 

ROUTING COMPUTATIONS 
------------------------------------------------------

I I1+I2 I 2S/t - 0 I 2S/t + 0 I OUTFLOW !ELEVATION! 
I (cfs) I (cfs) I (cfs) I (cfs) I (ft) I 
l---------l------------1-----------l---------l-~-------l 
1 1 ooo 1 oool oooo 1 6oo5o 1 
1 118 0 4 1 118 0 4 1 118 0 41 o 0 oo I 61. 63 1 
1 228oo 1 346.4 1 346o41 oooo 1 62.32 1 
1 337.6 1 678.7 1 684.ol 2o66 I 63.12 1 
1 44702 1 1058.o I 1126ool 33°98 I 64oo7 1 
1 556.9 1 146308 1 1614.81 75.51 1 65.o6 1 
1 66605 1 192605 1 2130.31 1o1.39 1 66o1o 1 
1 77601 1 241007 1 21o2.61 145.97 1 67.11 1 
1 830o9 1 294507 1 3241.61 147096 I 680o2 1 
1 830o9 1 338o.o 1 3776o61 198.30 I 68074 1 
1 111.21 3647081 4157.21 254.69 I .690171 
1 66807 1 3752.8 1 4316.41 281.83 I 69o34 1 
1 559o1 1 374907 1 4311081 281oo5 1 69o34 1 
1 449.4 1 3675.5 1 4199021 261°85 I 69022 1 
1 339.8 1 355402 I 4015031 230.52 I 69oo2 1 
1 23oo2 1 3385.8 1 3784o41 199.33 I 68.74 1 
1 12oo6 1 317109 1 35o6o31 167023 I 68.39 1 
1 32091 2911.o 1 32o4o81 146.9o 1 670961 
1 ooo 1 2617.3 1 2911.o1 146085 I 67048 1 
1 ooo 1 233oo6 1 2617031 143.35 1 66o96 1 
1 ooo 1 21o4o9 1 2330o61 112.83 I 66048 1 
1 o.o 1 1903.9 1 °2104o91 1oo.5o 1 66.o5 1 
1 ooo 1 112201 1 1903o91 9o.9o I 65o65 1 
1 ooo 1 1559o2 1 1122.11 81.46 1 65o28 1 
1 ooo 1 1415.o 1 1559021 12.10 I 64095 1 
1 o.o I· 1290o5 1 1415.ol 62.25 I 64o65 1 
1 o.o 1 1187.o 1 1290.51 51.73 I 64o4o 1 
1 ooo 1 1105.9 1 1187.ol 40.57 I 64°19 1 
1 ooo 1 104203 1 1105.91 31°82 I 64.03 I 
1 ooo 1 989.8 1 1042.31 26.22 I 63o9o 1 
1 o.o 1 946oo 1 989o81 21.n I 63.79 I 
1 ooo 1 909o4 1 946.ol 18.30 1 63.69 1 
1 o.o 1 87808 1 9o9.4l 15°29 I 63.62 I 
1 ooo 1 85303 1 878081 12011 I 63o55 I 
1 ooo 1 83109 1 853o31 1oo68 1 63.5o I 
1 o 0 o 1 812.6 1 831.91 9 ° 67 1 63 0 45 1 
1 o.o 1 79501 1 812.61 8o75 1 63.41 1 
1 ooo 1 779o2 1 795.11 7°92 I 63.37 I 
1 ooo 1 764o9 1 779.21 1011 1 63o34 1 
1 ooo 1 751.9 1 764o91 6o49 1 63.30 I 
--------------------------------------------~---------

~7 
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POND-2 Version: 5.17 S/N: 
EXECUTED: 02-15-1995 10:37:38 100 YR 

Page 3 
Return Freq: 100 years 

****************** SUMMARY OF ROUTING COMPUTATIONS ****************** 

Pond File: C:\0642900\D-SWM .PND 
Inflow Hydrograph: C:\0642900\D-100YR .HYD 
Outflow Hydrograph: C:\0642900\D-100SWM.HYD 

Starting Pond W.S. Elevation 60.50 ft 

***** Summary of Peak Outflow and Peak Elevation 

Peak Inflow 
Peak Outflow 
Peak Elevation 

415.45 cfs 
281.83 cfs 

69.34 ft 

***** Summary of Approximate Peak Storage ***** 

Initial Storage 
Peak Storage From Storm 

Total Storage in Pond 

0 cu-ft 
605,166 cu-ft 

605,166 cu-ft 

Warning: Inflow hydrograph truncated on left side. 

**** *. 
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POND-2 Version: 5.17 S/N: 

Pond File: 
Inflow Hydrograph: 
Outflow Hydrograph: 

Peak Inflow 
Peak Outflow 
Peak Elevation 

100 YR 
C:\0642900\D-SWM .PND 
C:\0642900\D-100YR .HYD 
C:\0642900\D-100SWM.HYD 

415.45 cfs 
281.83 cfs 

69.34 ft 

Page 4 
Return Freq: 100 years 

EXECUTED: 02-15-1995 
10:37:38 

Flow (cfs) 
0 45 90 135 180 225 270 315 360 405 ' 450 495 

.------l-----l-----l-----l-----l-----l-----l-----l-----l-----l-----l-

1 
7.9 -lx 

lx 
17.9 -lx 

I 
27.9 -1 

I 
37.9 -1 

I 
47.9 -1 

I 
57.9 -1 

I 
67.9 -1 

I 
77.9 -1 

I 
87.9 -1* 

I* 
97.9 -1* 

I* 
107.9-l* 

I* 
117.9-l* 

I* 
127.9-l* 

I* 

X 

* 

137.9-l* X 

I* X 

147.9-l* X 

I* X 
157.9-l*.x 

I* X 

167.9-l* X 

I *x 
177.9-l*x 

l*x 
187.9-l*x 

I *x 
I 

TIME 
(min) 

X 

X 

X 

X 

X 

* 
* 

* 

X 

X 

X 

X 

* 
* 

* X 

X 

X 

X 

X 

X 

X 

X 

* File: C:\0642900\D-100YR .HYD 
x File: C:\0642900\D-100SWM.HYD 

* 

X 

* 
X 

x, 

Qmax 
Qmax = 

X 

X 

* 
* 

* 
* 

415.5 cfs 
281.8 cfs 

* 
* 
* 
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DRAINAGE AREA IN 
ACRES AT C=0.90 
DRAINAGE AREA IN 
ACRES AT C=0.35 
DRAINAGE AREA IN 
ACRES AT C=O.BS 
• UNLESS OTHERWISE 

SHOHN 

MMMI8~~~s~ 
ARCHITECTS+ ENGINEER S+PLANNER~ 

.·.· ... · 

THE EXISTING CONTOURS SHOWN 
HEREON WERE SUPPLIED BY VDOT. 
WATERSHED LIMITS EXTENDING BEYOND 
THESE CONTOURS WERE ESTABLISHED 
USING THE BEST AVAILABLE RECORD 
INFORMATION. 
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••• ••• ···Hanson 
Hanson Concrete Products, Inc. 

Roanoke, VA 
540-342-6725 

Jessup, MD 
41 0-799-2600 

Eastern Region 

Richmond, VA 
804-233-54 71 

Manasas, VA 
703-361-4193 

Chesapeake, VA 
757-485-5228 
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-POND-2 Version: 5.20 
S/N: 

MONTICELLO MARKETPLACE 
Attenuation in Wetlands East of Monticello Ave Entrance 

James City County, Virginia 

Elevation 
(ft) 

CALCULATED 08-21-1997 12:13:17 
DISK FILE: C:\PONDPACK\96046-07\WETLND .VOL 

Planimeter scale: 1 inch = so ft. 

Planimeter 
(sq. in.) 

Area 
(sq. ft) 

A1+A2+sqr(A1*A2) 
(sq.ft) 

* 
Volume 

(cubic-ft) 
Volume Sum 
(cubic-ft) 

---------------------------------------------------------------------------
70.40 0.00 0 0 0 0 
71.00 0.35 875 875 175 175 
72.00 1.25 3,125 5,654 1, 885. 2,060 
73.00 2.07 5,175 12,321 4,107 6,167 
74.00 4.12 10,300 22,776 7,592 13,759 
75.00 7.15 17,875 41,744 13,915 27,673 

2 
IA = (sq.rt(Area1) + ((Ei-E1)/(E2-E1))*(sq.rt(Area2)-sq.rt(Area1))) 

where: El, E2 
Ei 
Area1,Area2 
IA 

= Closest two elevations with planimeter data 
= Elevati.on at which to interpolate area 
= Areas computed for El, E2, respectively 
= Interpolated area for Ei 

* Incremental volume computed by the Conic Method for Reservoir Volumes. 

Volume= (1/3) * (EL2-EL1) * (Areal+ Area2 + sq.rt. (Area1*Area2)) 

where: ELl, EL2 
Area1,Area2 
Volume 

= Lower and upper elevations of the increment 
= Areas computed for ELl, EL2, respectively 
= Incremental volume between EL~ and EL2 
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- File: MONT4.MRG 
Project: MONTICELLO MARKETPLACE 
Location:Jaames City County, Virginia 
Design: M. GORDON 
Date: 21-Aug-97 
Rev., ::-Aug-97 

OR·FICE SIZE = 
STAGE INCREMENT = 
INVERT ELEV. 
UPPER RANGE 
COEFF'ICIENT 
CONSTANT 
TOTAL VQLUME 

= 
= 
= 
= 
= 

in. 
ft. 

4 
0.23 

70.40 
75.00 

0.6 
0.04375 
27,429 cf 

ELEV\ HEAD FLOW 
\ 

70.40 \ 0.00 0.00 
70.63 \ 0 23 0 20 
70.86 \ 0.46 0.28 \ . . 
71.09 \0.69 0.35 ./ 
71 . 3 2 ,0 . 9 2 0 . 4 0/ 
11.55 ~ 15 o. ~s 
71.78 1~38 0~49 
72.01 1.\~1 .6. 53' 
72.24 1.~ //0.57 
72.47 2.01\/ 0.60 
72.70 2.30\' 0.64 
72.93 2. s¥ \ o. 67 
73.16 2. 6 \ 0.70 
7 3 . 3 9 2 9 9 \\o . 7 3 
73.62 .22 0.75 
73.85 3.45 0.78 
74.08 3.68 ~.81 
74.31 3.91 0 83 
74.54 4.14 0.85 
74.7 4.37 0. 8 
75. 0 4.60 0.9 

AV . FLOW RATE = 

DETENTION TIME = 

0.62 

12.27 hr's. 

LANGLEY and McDONA 
201 Packets Court 
Williamsburg, va. 
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File: MONT4 . MRG 
Project: MONTICELLO MARKETPLACE 
Location:Jaames City County, Virginia 
Design: M. GORDON 
Date: 21-Aug-97 
Rev.: 21-Aug-97 

ORFICE SIZE = 3 
STAGE INCREMENT = 0.18 
INVERT ELEV. = 70.40 
UPPER RANGE = 74.00 
COEFFICIENT = 0.6 
CONSTANT = 0.04375 
TOTAL VOLUME = 13,715 

ELEV. HEAD FLOW 

70.40 0.00 0.00 
70.58 0.18 0.10 
70.76 0.36 0.14 
70.94 0.54 0.17 
71.12 0.72 0.20 
71.30 0.90 0.22 
71.48 1.08 0.25 
71.66 1.26 0. 27' 
71.84 1.44 0.28 
72.02 1.62 0.30 
72.20 1.80 0.32 
72.38 1.98 0.33 
72.56 2.16 0.35 
72.74 2.34 0.36 
72.92 2.52 0.38 
73.10 2.70 0.39 
73.28 2.88 0.40 
73.46 3.06 0.41 
73.64 3.24 0.43 
73.82 3.42 0.44 
74.00 3.60 0.45 

in. 
ft. 

cf 

------------
6.18 cfs 

AVG. FLOW RATE = 0.31 cfs 

DETENTION TIME = 12.33 hrs. 

LANGLEY and McDONALD, P.C. 
201 Packets Court 
Williamsburg, Va. 23185 
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File: MONT4.MRG 
Project: MONTICELLO MARKETPLACE 
Location:Jaames City County, Virginia 
Design: M. GORDON 
Date: 21-Aug-97 
Rev.: 21-Aug-97 

ORFICE SIZE 
STAGE INCREMENT 
I T ELEV. 
UPPE RANGE 
COEFF IENT 
CONST 
TOTAL VO 

ELEV. 

70.40 
70.58 
70.76 
70.94 
71.12 
71.30 
71.48 
71.66 
71.84 
72.02 
72.20 
72.38 
72.56 
72.7 
72. 
73 0 
7 .28 
3.46 

73.64 
73.82 
74.00 

= 
= 
= 
= 
= 
= 
= 

AVG. FLOW RATE = 

DETENTION TIME = 

2 
0.18 

70.40 
74.00 

0.6 
0.04375 

.00 
0.04 
0.06 
0.08 
0.09 
0.10 
0.11 
0.12' 
0.13 
0.13 
0.14 

.15 
15 

0. 6 
0. 'J 
0.1 
0.18 
0.18 
0.19 
0.19 
0.20 

in. 
ft. 

2.75 cfs 

0.14 cfs 

27.74 hrs. 

LANGLEY and McDONALD, P.C. 
201 Packets Court 
Williamsburg, va. 23185 
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Analysis Component 

Storm Event 

Peak Discharge Method: Rational 

Design Return Period 

Design Peak Discharge 

Total Area 

Sub- Area 
watershed (acres) 

12.00 

2 1.40 

3 23.80 

4 5.30 

5 4.00 

c 

0.30 

0.40 

0.25 

0.25 

0.90 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 

Name 

Culvert-1 

Weir 

Description 

2-24 inch Circular 

Not Considered 

Culvert Designer/Analyzer Report 
WETLANDS CULVERT 

Design 

10 year 

39.79 cfs 

46.50 acres 

N/A ft 

Discharge 

39.79 cfs 

N/A 

Discharge 

Check Return Period 

Check Peak Discharge 

Time of Concentration 

HWEiev 

72.93ft 

N/A 

Velocity 

7.38 ft/s 

N/A 

Project Title: MONTICELLO MARKETPLACE 
LANGLEY & MCDONALD 

39.79 cfs 

50 year 

52.47 cfs 

52.00 min 

Project Engineer: M. GORDON 
CulvertMaster v1.0 c:lhaestad\cvm\96046-07.cvm 

08/21/97 12:50:25 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 1 of2 
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Component:Culvert-1 

Culvert Summary 

Computed Headwater Elevation 

Inlet Control HW Elev 

Outlet Control HW Elev 

Headwater Depth/ Height 

Grades 

Upstream Invert 

Length 

Hydraulic Profile 

Profile 

Slope Type 

Flow Regime 

Velocity Downstream 

Section 

Section Shape 

Section Material 

Section Size 

Number Sections 

Outlet Control Properties 

Outlet Control HW Elev 

Ke 

Inlet Control Properties 

Inlet Control HW Elev 

Culvert Designer/Analyzer Report 
WETLANDS CULVERT 

72.93 ft Discharge 

72.93 ft Tailwater Elevation 

72.87 ft Control Type 

1.46 

70.00 ft Downstream Invert 

112.00 ft Constructed Slope 

M2 Depth, Downstream 

Mild Normal Depth 

Subcritical Critical Depth 

7.38 ft/s Critical Slope 

Circular Mannings Coefficient 

Concrete Span 

24inch Rise 

2 

72.87 ft Upstream Velocity Head 

0.50 Entrance Loss 

72.93 ft Flow Control 

Inlet Type Square edge wlheadwall Area Full 

K 0.00980 HDS 5 Chart 

M 2.00000 HDS 5 Scale 

c 0.03980 Equation Form 
y 0.67000 

Project Title: MONTICELLO MARKETPLACE 
LANGLEY & MCDONALD 

39.79 cfs 

N/A ft 

Inlet Control 

69.10 ft 

0.008036 ftlft 

1.60 ft 

1.61 ft 

1.60 ft 

0.008076 ftlft 

O.Q13 

2.00 ft 

2.00 ft 

0.84 ft 

0.42 ft 

Submerged 

6.3 ft2 

1 

Project Engineer: M. GORDON 
CulvertMaster v1.0 c:\haestad\cvm \96046-07 .cvm 

08/21/97 12:50:25 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 2 of2 
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.. 

Analysis Component 

Storm Event 

Peak Discharge Method: Rational 

Design Return Period 

Design Peak Discharge 

Total Area 

Sub- Area 
watershed (acres) 

12.00 

2 1.40 

3 23.80 

4 5.30 

5 4.00 

c 

0.30 

0.40 

0.25 

0.25 

0.90 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 

Name 

Culvert-1 

Weir 

Description 

2-24 inch Circular 

Not Considered 

Project Title: MONTICELLO MARKETPLACE 

Culvert Designer/Analyzer Report 
WETLANDS CULVERT 

Check 

10 year 

39.79 cfs 

46.50 acres 

N/A ft 

Discharge 

39.79 cfs 

N/A 

Discharge 

Check Return Period 

Check Peak Discharge 

Time of Concentration 

HWEiev 

72.93 ft 

N/A 

Velocity 

7.38 ft/s 

N/A 

LANGLEY & MCDONALD 

52.47 cfs 

50 year 

52.47 cfs 

52.00 min 

Project Engineer: M. GORDON 
CulvertMaster v1.0 c:\haestad\cvm\96046-07.cvm 

08/21/97 12:48:56 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 1 of 2 
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Component:Culvert-1 

Culvert Summary 

Computed Headwater Elevation 

Inlet Control HW Elev 

Outlet Control HW Elev 

Headwater Depth/ Height 

Grades 

Upstream Invert 

Length 

Hydraulic Profile 

Profile 

Slope Type 

Flow Regime 

Velocity Downstream 

Section 

Section Shape 

Section Material 

Section Size 

Number Sections 

Outlet Control Properties 

Outlet Control HW Elev 

Ke 

Inlet Control Properties 

Inlet Control HW Elev 

Culvert Designer/Analyzer Report 
WETLANDS CULVERT 

72.93 ft Discharge 

72.93 ft Tailwater Elevation 

72.87 ft Control Type 

1.46 

70.00 ft Downstream Invert 

112.00 ft Constructed Slope 

M2 Depth, Downstream 

Mild Normal Depth 

Subcritical Critical Depth 

7.38 ft/s Critical Slope 

Circular Mannings Coefficient 

Concrete Span 

24inch Rise 

2 

72.87 ft Upstream Velocity Head 

0.50 Entrance Loss 

72.93 ft Flow Control 
Inlet Type Square edge wlheadwall Area Full 
K 0.00980 HDS 5 Chart 
M 2.00000 HDS 5 Scale 
c 0.03980 Equation Form 
y 0.67000 

Project Title: MONTICELLO MARKETPLACE 
LANGLEY & MCDONALD 

39.79 cfs 

N/A ft 

Inlet Control 

69.10 ft 

0.008036 ftlft 

1.60 ft 

1.61 ft 

1.60 ft 

0.008076 ftlft 

O.Q13 

2.00 ft 

2.00 ft 

0.84 ft 

0.42 ft 

Submerged 

6.3 ft2 

Project Engineer: M. GORDON 
CulvertMaster v1.0 c: \haestad\cvm \96046-07 .cvm 

08/21/97 12:48:56 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 2 of2 
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• FILE: " MONT1 A.XLS 
Project: MONTICELLO MARKETPLACE SHOPPING CENTER 
location: James City County, Virginia 
Design: M. Gordon 
Date: 5/28/97 
Revision: 8/22/97 
Yr. Storm: 10 Yr. 
N Value: 0.013 

FROM 
PT. 

2 
3 

4 
5 

6 
7 
8 

9 
10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

51 
52 
53 
54 

TO 
PT. 

2 
3 
4 
5 
6 
7 
8 

10 

10 
11 
13 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

52 
53 
54 
56 

DRAIN. 
AREA 

acres 

[E] 

RUN-OFF 
COEFF. 

"C" 

[E] 

0.80< 0.90 
0.73)2.'2 3 0.90 
0.70 0.90 
0.63 - 0.90 
0.62/ 
0.47,.. 
0.39 , 
0.43 , 

0.50-"' 
0.40, 

0.57 -

1.03 -
0.05,.. 

0.19/ 

0.10 ·' 
1.94 / 
1.12 / 

0.36 v 
0.24 \/ 
0.67 ,/ 
0.17 ,/ 
0.16 / 

1.44 / 

1.32 / 
0.42 / 
0.23 / 

0.90 
0.90 
0.90 
0.90 

0.90 
0.90 
0.90 

0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 

0.55 
0.90 
0.90 
0.90 

C x A C x A INLET 
INCR. ACCUM. TIME 

0.72 
0.66 
0.63 
0.57 
0.56 
0.42 
0.35 
0.39 

min. 

[E] 

0.72 10.00 
1.38 10.57 
2.01 11.29 
2.57 11.95 
3.13 12.00 
3.56 12.41 
3.91 13.28 
4.29/ 13.56 

0.45 0.45 10.00 
0.36 5.10 14.11 
0.51 5.62/ 14.59 

0.93 0.93 10.00 
0.05 6.59 15.00 
0.17 6.76 15.69 
0.09 6.85 15.93 
1.75 8.60 16.43 
1.01 9.60 16.88 
0.32 9.93 17.22 
0.22 10.14 17.45 
0.60 10.75 17.88 
0.15 10.90 18.09 
0.14 11.04 18.27 

0.79 0.79 16.00 
1.19 1.98 16.10 
0.38 2.36 16.48 
0.21 2.57 17.11 

RAIN 
FALL 

in/hr 

5.93 
5.83 
5.71 
5.61 
5.60 
5.54 
5.41 
5.37 

5.93 
5.29 
5.22 

5.93 
5.17 
5.08 
5.05 
4.98 
4.93 
4.89 
4.86 
4.81 
4.79 
4.77 

5.04 
5.03 
4.98 
4.90 

LANGLEY and McDONALD, P.C. 
201 Packets Court 
Williamsburg, Virginia 23185 

STORM SEWER DESIGN COMPUTATIONS 

RUNOFF "0" INVERT ELEV LENGTH . SLOPE PIPE 
INCR. ACCUM. UP LOW 

cfs cfs 

[E] 

4.27 4.27 85.03 84.89 
3.83 8.03 84.64 84.27 
3.60 11.46 84.17 83.80 
3.18 14.43 83.70 83.65 
3.12 17.54 83.55 83.19 
2.34 19.68 83.09 82.61 
1.90 21.11 82.51 82.32 
2.08 23.03 82.22 82.09 

2.67 2.67 88.80 84.35 
1.90 26.99 81.99 81.81 
2.68 29.32 81.71 81.51 

5.50 5.50 83.75 83.21 
0.23 34.04 81.41 81.24 
0.87 34.32 81.14 81.08 
0.45 34.56 80.98 80.85 
8.70 42.84 80.75 80.54 
4.97 47.33 80.44 80.21 
1.58 48.52 80.11 79.95 
1.05 49.30 79.85 76.40 
2.90 51.70 76.30 76.12 
0.73 52.17 76.02 75.86 
0.69 52.64 73.76 71.55 

3.99 3.99 90.75 84.96 
. 5.97 . 9.95 84.86 84.72 

1.88 11.74 84.62 84.23 
1.01 12.57 84.13 84.00 

DIAM. 

ft. ft./ft. inches 

[E] 

82 0.0017 
145 0.0026 
145 0.0026 

12 0.0041 
110 0.0032 
210 0.0023 

72 0.0027 
106 0.0012 

53 0.0839 
112 0.0016 
102 0.0019 

74 0.0073 
145 0.0011 
53 0.0012 

106 0.0012 
121 0.0018 
102 0.0022 
68 0.0023 

286 0.0121 
68 0.0026 
57 0.0027 

185 0.0120 

68 0.0852 
72 0.0019 

142 0.0027 
42 0.0031 

Page 1 

[E] 

18 
21 
24 
24 
27 
30 
30 
36 

15 
36 
36 

15 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 

15 
24 
24 
24 

VELOCITY 

ft./sec. 

2.42 
3.34 
3.65 
4.59 
4.41 
4.01 
4.30 
3.26 

10.06 
3.82 
4.15 

4.48 
3.54 
3.57 
3.59 
4.45 
4.92 
5.04 

11.03 
5.37 
5.42 

11.20 

11.48 
3.17 
3.74 
4.00 

CAPACITY 

cfs 

4.27 
8.03 

11.46 
14.43 
17.54 
19.68 
21.11 
23.03 

18.64 
26.99 
29.32 

5.50 
34.04 
34.32 
34.56 
42.84 
47.33 
48.52 

110.50 
51.70 
52.17 

110.00 

18.78 
9.95 

11.74 
12.57 

FLOW 
TIME 

min. 

0.57 
0.72 
0.66 
0.04 
0.42 
0.87 
0.28 
0.54 

0.09 
0.49 
0.41 

0.28 
0.68 
0.25 
0.49 
0.45 
0.35 
0.22 
0.43 
0.21 
0.18 
0.28 

0.10 
0.38 
0.63 
0.17 

FLOW 
RATIO 

Qp/Of 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.14 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.45 
1.00 
1.00 
0.48 

0.21 
1.00 
1.00 
1.00 

VELOCITY 
RATIO 

Vp/Vf 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.66 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.96 
1.00 
1.00 
0.98 

0.75 
1.00 
1.00 
1.00 

8/25/97 
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me 
Date: 

MONTlA.XLS 
5/28/97 

Revision: 8/22/97 

Yr. Stann: 10 Yr. 

N Value: 0.013 

FROM 
PT. 

55 

56 

57 

58 

71 

59 

60 

61 
69 

67 
68 

62 

63 
64 

65 

66 

44 

45 

46 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

TO 
PT. 

56 

57 

58 

71 

61 

DRAIN. 
AREA 

acres 

lEI 
0.10 / 

0.03·/ 

0.31/ 
0.27 / 

0.17 / 

60 0.47 / 

61 0.20 / 
69 0.17,. 

68 0.38 "' 

68 0.41 / 

66 0.28 , 

64 0.30/ 

64 0.20/ 

65 0.18/ 
66 0.18/ 
46 0.09 / 

45 0.07 _,. 
46 ·0.09 / 

47 0.63 ... 

27 0.17 / 

28 0.46/ 
29 1.05 / 

32 0.30/ 

31 

32 

38 

34 

35 

38 

37 

38 

39 

0.04/ 

0.22 / 

0.16 ..... 

0.17/ 

0.29/ 

0.27/ 

0.25 / 

0.36/ 

0.28/ 

RUN-OFF 
COEFF. 

"C" 

lEI 
0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 
0.90 

0.90 

0.90 

0.90 
0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

C x A C x A INLET 
INCR. ACCUM. TIME 

0.09 

0.03 

0.28 

0.24 

0.15 

0.42 

0.18 

0.15 
0.34 

0.37 

0.25 

0.27 

0.18 
0.16 

0.16 

0.08 

0.06 

0.08 

0.57 

0.15 

0.41 

0.95 

0.27 

0.04 

0.20 

0.14 

0.15 

0.26 

0.24 

0.23 

0.32 

0.25 

min. 

lEI 
0.09/ 10.00 

2.68/ 17.29 

2.96/ 17.40 

3.20 / 17.82 

3.36.' 18.31 

0.42 10.00 
0.60 10.26 

4.11 18.68 

4.46 19.05 

0.37 10.00 

5.08 19.46 

0.27 10.00 

0.18 10.00 

0.61 10.32 
0.77 10.48 

5.93 19.60 

0.06 10.00 

0.14 10.37 

6.64 20.61 

0.15 10.11 

0.57 11.48 

1.51 11.90 

1.78 12.33 

0.04, 5.00 

0.23, 12.52 

2.16- 13.62 

0.15 10.00 

0.41 10.34 

0.66 10.61 

0.88 10.82 

1.21 10.99 

3.62 13.79 

RAIN 
FALL 

in/hr 

5.93 

4.88 

4.87 

4.82 

4.76 

5.93 
5.88 

4.72 
4.68 

5.93 
4.64 

5.93 

5.93 

5.87 
5.85 

4.62 

5.93 

5.87 

4.52 

5.91 

5.68 

5.61 

5.55 

6.96 

5.52 

5.36 

5.93 

5.87 

5.82 

5.79 

5.76 

5.33 

RUNOFF "Q" INVERT ELEV 
INCR. ACCUM. UP LOW 

cfs cfs 

lEI 
0.53 0.53 90.00 86.00 

0.13 13.09 83.90 83.72 

1.36 14.41 83.62 83.38 

1.17 15.44 83.28 82.99 

0.73 15.98 82.89 82.78 

2.51 2.51 85.30 81.03 

1.06 3.55 80.03 79.55 

0.72 19.41 79.45 79.25 

1.60 20.85 79.15 78.88 

2.19 2.19 84.71 84.33 

1.17 23.53 78.78 77.31 

1.60 1.60 84.25 83.31 

1.07 1.07 83.41 83.31 

0.95 3.59 83.21 83.13 
0.95 4.53 82.13 80.18 

0.37 27.40 76.00 74.50 

0.37 0.37 81.28 80.04 

0.48 0.84 79.04 76.64 

2.56 30.00 74.40 70.80 

0.90 0.90 85.88 85.14 

2.35 3.22 85.04 84.88 

5.31 8.49 84.78 81.68 

1.50 9.89 81.58 81.02 

0.25 0.25 84.59 81.70 

1.09 1.29 81.60 81.03 

0.77 11.57 80.92 80.66 

0.91 0.91 83.84 83.51 

1.53 2.43 83.41 83.11 

1.42 3.83 83.01 82.32 

1.30 5.11 82.22 81.88 

1.87 6.95 81.78 81.43 

1.34 19.30 80.56 78.57 

LENGTH SLOPE PIPE 
DIAM. 

ft. ft./ft. inches 

lEI 
38 0.1053 

38 0.0050 

106 0.0022 

116 0.0025 

72 0.0015 

115 0.0371 
158 0.0030 

87 0.0022 

104 0.0026 

81 0.0047 
90 0.0164 

87 0.0108 

34 0.0029 
27 0.0031 

40 0.0487 
336 0.0045 

69 0.0180 

49 0.0490 

106 0.0340 

210 0.0035 

66 0.0025 

178 0.0174 

63 0.0089 

192 0.0150 

179 0.0032 

49 0.0054 

60 0.0055 

60 0.0050 

60 0.0116 

51 0.0065 

30 0.0117 

98 0.0203 

Page 2 

lEI 
15 

24 

27 

27 

30 

15 
15 

30 

30 

12 
30 

12 

12 
15 

15 

30 

12 

12 
30 

12 

15 

15 

18 

12 

12 

21 

12 

12 

12 

15 

15 

27 

VELOCITY 

ft./sec. 

5.87 

5.69 

4.21 

3.88 

3.26 

7.43 
2.89 

3.95 

4.25 

3.54 

10.25 

4.46 

2.50 
2.93 

9.97 
5.58 

3.10 

5.90 
14.18 

2.55 

2.62 

6.92 

5.59 

2.55 
. 2.70 

4.81 

2.95 

3.68 

4.87 

4.91 

5.66 

10.54 

CAPACITY 

cfs 

20.88 

15.90 

14.45 

15.44 

15.98 

12.40 

3.55 
19.41 

20.85 

2.43 
52.40 

3.68 

1.93 

3.59 
14.20 

27.40 

4.76 

7.85 

75.48 

2.10 

3.22 

8.49 

9.89 

4.35 

2.00 

11.57 

2.62 

2.50 

3.83 

5.20 

6.95 

44.00 

FLOW 
TIME 

min. 

0.11 

0.11 

0.42 

0.50 

0.37 

0.26 

0.91 

0.37 

0.41 

0.38 

0.15 

0.32 

0.23 
0.15 

0.07 

1.00 

0.37 

0.14 

0.12 

1.37 

0.42 

0.43 

0.19 

1.26 

1.10 
0.17 

0.34 

0.27 

0.21 

0.17 

0.09 

0.15 

FLOW 
RATIO 

Qp/Qf 

0.03 

0.82 

1.00 

1.00 

1.00 

0.20 
1.00 

1.00 

1.00 

0.90 

0.45 

0.44 

0.55 

1.00 
0.32 

1.00 

0.08 

0.11 

0.40 

0.43 

1.00 

1.00 

1.00 

0.06 

0.65 

1.00 

0.35 

0.97 

1.00 

0.98 

1.00 

0.44 

VELOCITY 
RATIO 

VpNf 

0.35 

1.13 ROOF TO MH·l 

1.16 
1.00 

1.00 

0.74 
1.00 

1.00 

1.00 

1.15 
0.96 

0.95 

1.02 

1.00 

0.86 
1.00 

0.51 

0.59 

0.92 

0.95 

1.00 

1.00 

1.00 

0.46 

1.06 

1.00 

0.88 

1.16 

1.00 

1.16 
1.00 

0.95 

'25/97 
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FIL~ 
Date: 
Revision: 
Yr. Storm: 
N Value: 

FROM 
PT. 

39 
40 

41 
42 
43 
47 
48 

25 
49 
24 
23 

5·3 
5·5 

5·2 
5·6 

MONTlA.XLS 
5{28/97 
8{22{97 

10 Yr. 
0.013 

TO 
PT. 

40 

DRAIN. 
AREA 

acres 

[E) 
0.24/ 

43 0.16/ 

42 1.27 ,;" 
43 0.47/ 
47 0.34/ 
48 0.70 / 
49 0.89 / 

49 0.44"" 
24 0.67/ 
23 0.67 / 
5·5 0.28 / 

5·5 0.20 
5·6 MH·1 

5·6 0.32 
5·12 0.25 

RUN-OFF 
COEFF. 

"C" 

[E) 

0.90 
0.90 

0.90 
0.90 
0.90 
0.90 
0.90 

0.90 
0.90 
0.90 
0.90 

0.90 
0.90 

0.90 
0.90 

C x A C x A INLET 
INCA. ACCUM. TIME 

0.22 

min. 

[E) 
3.83/ 13.94 

0.14 3.98/ 14.01 

1.14 1.14 10.00 
0.42 1.57 10.06 
0.31 5.85 14.16 
0.63 13.12 20.73 
0.80 13.92 20.75 

0.40 0.40 10.00 
0.60 14.92 21.01 
0.60 15.53 21.25 
0.25 26.82 21.57 

0.18 0.18 5.00 
0.00 27.00 21.57 

0.29 2.14 9.83 
0.23 27.41 21.74 

RAIN 
FALL 

in/hr 

5.31 
5.30 

5.93 
5.92 
5.28 
4.50 
4.50 

5.93 
4.48 
4.45 
4.42 

7.20 
4.42 

6.22 
4.40 

RUNOFF "Q" INVERT ELEV 
INCR. ACCUM. UP LOW 

cfs cfs 

[E) 

1.15 20.36 78.47 78.38 
0.76 21.09 78.28 76.18 

6.78 6.78 78.00 77.08 
2.50 9.27 76.98 76.87 
1.62 30.89 76.08 73.87 
2.84 59.09 70.30 70.23 
3.61 62.68 69.73 69.34 

2.35 2.35 77.87 77.19 
2.70 66.79 69.24 68.80 
2.68 69.12 68.70 68.03 
1.11 118.55 63.49 62.95 

1.30 1.30 78.37 78.03 
0.00 119.34 62.85 62.57 

1.79 13.22 77.85 76.00 
0.99 120.69 62.47 62.30 

LENGTH SLOPE PIPE 
DIAM. 

ft. ft./ft. inches 

[E) 

20 0.0043 
100 0.0211 

34 0.0271 
32 0.0034 
69 0.0319 
8 0.0079 

102 0.0039 

sa o.o1so 
100 0.0044 
140 0.0047 
80 0.0068 

105 0.0032 
76 0.0037 

265 0.0070 
44 0.0038 

Page 3 

[E) 

27 
30 

15 
21 
30 
36 
42 

12 
42 
42 
48 

15 
54 

21 
54 

VELOCITY 

ft./sec. 

5.12 
10.78 

9.13 
3.85 

14.08 
8.36 
6.51 

6.02 
6.94 
7.18 
9.43 

2.65 
7.50 

5.50 
7.59 

CAPACITY 

cfs 

20.36 
59.45 

10.60 
9.27 

73.15 
59.09 
62.68 

4.76 
66.79 
69.12 

118.55 

3.66 
119.34 

13.22 
120.69 

FLOW 
TIME 

min. 

FLOW 
RATIO 

Qp{Qf 

0.07 . 1.00 
0.15 

0.06 
0.14 
0.08 
0.02 
0.26 

0.11 
0.24 
0.32 
0.14 

0.66 
0.17 

0.80 
0.10 

0.35 

0.64 
1.00 
0.42 
1.00 
1.00 

0.49 
1.00 
1.00 
1.00 

0.35 
1.00 

1.00 
1.00 

VELOCITY 
RATIO 

VpNf 

1.00 
0.89 

1.06 
1.00 
0.95 
1.00 
1.00 

0.99 
1.00 
1.00 

REMARKS 

, 1.00 SITE PIPE TO VDOT STRUCTURE 5·5 

0.89 PIPE FROM VDOT CALCS 
1.00 DEL. VDOT 36" RCP FOR 48" RCP 

1.00 PIPEFROM VDOT CALCS 
1.00 NEW 48" OUTFALL- DEL. VDOT 36"RCP 

'25/97 
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PAGE t5 
LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/06/87 

HYO~OLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

S. C. S. HYOROGRAPH 

BASIN IDENTIFICATION 
BASIN DISCHARGES INTO 

BASIN AREA 
BASIN CURVE NUMBER 
24-HOUR PRECIPITATION 
AVERAGE BASIN SLOPE 
HYDRAULIC LENGTH 
BASIN LAG 

HYDROGRAPH RUNOFF VALUES 
2 YEAR STORM FREQUENCY 

TIME RUNOFF TIME 
HOUR C.F.S. HOUR 

2.00 0.0 2.50 
4.00 0.0 4.50 
6.00 . 3 6. 50 
8. 00 2. 1 8. 50 

10.00 6.4 10.50 
12.00 132.3 12.50 
14.00 19.4 14.50 
15.00 12.5 15.50 
18.00 7.6 1S.50 
20.00 7.5 20.50 
22.00 5.1 22.50 
24.00 4 R 24.50 
25.00 0.0 26.50 

RUNOFF Tit1E 
C. F. S. HOUR 

0.0 3.00 
0. 0 5. e10 

7 7.00 
3.0 9.00 
8. g 11 .00 

153.6 13.00 
14.4 15.00 
9. 3 17.00 
7. 5 1 g. ~~0 
6. 0 2 i . 0~:'< 
5.1 23.00 

7 25.00 
0.0 27.00 

15 AC LAI<E 
PmJHATAN CREEl< 

121.00 ACRES 
89.00 
3.75 INCHES 

33Jo0. 0 FEET 
.30 HOURS 

RUNOFF T I t·1E 
C. F. S. HOUR 

0 ,l'lJ 3.50 
0,.0 5.50 
1 .2 7.50 
3.9 9.50 

48.5 13.5\?t 
12.7 15.50 
7 { 17 .. 50 
7:·s 19.50 
5. 2 21.50 
5.1 23.50 

1 25.50 
0.Ji) 27.50 

RUt-lOFF 
C.F.S. 

0.0 
0.0 
1 7 
5.0 

22.1 
26.4 
1? r:; ,_ . '-' 
7.6 
7.5 
- i !:J.' 

5.1 
(i',!.0 

0.0 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/06/87 

HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

200 

I 
B A<;:; If·.J 1 5 A C LRr<:E 

INTO POWHATAN CREEK 
2 YE~R STORM FREQUENCY 
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PAGE 1'7/ 
LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/06/87 

HYDROLOGIC REPORT FOR 
-> ' 

POWHATAN SECONDARY SOUTH EXTENSION 

POND DEPTH VS STORAGE PROVIDED 

POND IDENTIFIER -is ACRE LAKE 

ELEV DEPTH AREA VOLUf"iE SUf1 \)QL OUTFLOW 
feet feet "+ 5Q. r •. cu. ft. cu. ft. c .. f .. 5 .. 

60.3 653400.0 0.0 0.00 
1. 7 1154032.0 

62.0 737000.0 1154032.0 77.00 
1.0 757500.0 

63.0 778000.0 1911532.0 100.00 
1 .0 798500.0 

54.0 819000.0 2710032.0 140.00 
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PAGE I~ 
LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/06/87 

HYO~OLO~IG REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

STAGE~_STORAGE & DISCHARGE 

POND IDENTIFIER' 15 ACRE LAKE 

ELEV STORAGE OUTFLOW 25/T+O 
(CU. FT.! < CFS). ( CFS) 

60.3 0.0 0.0 0.0 
62.0 1154032.0 77.0 1359.3 
63.0 1911532.0 100.0 2223.9 
64.0 2710032.0 140.0 3151.1 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/06/87 

HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

F'OND I DD--11 IF IEF: 15 ACF:E LAt<E 

' . 
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6.00 
6.50 
7.00 
7.50 
8.00 
8.50 
9.00 
9.50 

10.00 
10.50 
1 1 .00 
l 1 .50 
12.00 
12.50 
13.01;:) 
13. 5[1 
14.00 
14.50 
15.e10 
15.50 
16.00 
16.50 
17.00 
17.50 
18.00 
18.50 
19.00 
19.50 
20.00 
20.50 
21 .00 
21 517: 
22.00 
22.50 
23.00 
23.50 
":>~ "'"' 

PAGE 'Z,.o 
LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/06/87 

HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

HYDROGRAPH RESERVOIR ROUTING 

BASIN IDENTIFiER 15 AC LAKE 
POND IDENTIFIER 15 ACRE LAKE 
2 YEAR STORM FREQUENCY 

I 1 12 2S1/T 01 252/T 02 252/T 
+02 

0.0 . 3 0.0 0.0 .3 0.0 .3 
.::; . 7 .3 0.0 1 .3 . 1 1 .2 
.7 1 .., 1 '? • 1 3. 1 

.., 2.9 • L. •'- ,,;_ 

1.2 1 . 7 2.9 .2 5. 7 .6 5.3 
1 . 7 2. 1 5.3 .3 8.7 .5 8.2 
2. l 3.0 8.2 .5 12.8 7 12. 1 
3.0 3.9 12.1 7 18.3 1 .0 17.2 
3.9 5.0 17 7 

'I.,;.., 1 .0 25. 1 1 .4 23.6 
5.0 6.4 23.6. 1 .4 33.7 1 . 9 31 .8 
6.4 8.9 31 .8 1 . 9 45.2 2.6 42.6 
8.9 13.2 42 .. 6 ., r 

L.o 62.1 3.5 58.6 
13.2 22. 1 58.6 3.5 90.3 5.1 85.1 
?? 
'-'- . 1 132.3 85. 1 5.1 234.4 13.3 221.1 

132.3 153.6 221 • 1 13.3 493.7 28.0 465.8 
153.6 48.5 465.8 28.0 63§. g 36.2 603.6 
48.5 26.4 603.6 35.2 642.3 35.4 605.9 
25.4 19.4 605.9 36.4 615.4 34.9 ' 580.5 
19.4 14.4 580.5 34.9 579.4 32.8 546.6 
14.4 12.? 546.5 32.8 540.8 30.6 510.2 
12. 7 12.5 510.2 30.6 504. 7 "'"' ~ LC.O 476.1 
12.5 12.5 476. 1 28.6 472.6 25.8 445.9 
12.5 9.3 445.9 26.8 440.9 25.0 416.0 

9 :;; 7. 7 416.0 25.0 408.0 23 .. 1 384.9 
7. 7 ?.6 384.!3 23.1 ~.....,....., 

;;.>{I • 1 21 .4 355.7 
?.6 7.6 355.7 .., 1 

Li .4 349.5 19.8 329.7 
?.6 7.6 329.7 19.8 325. 1 18.4 306.7 
7.6 7.6 306.7 18.4 303.4 17.2 286.2 
7.5 7.5 286.2 17.2 284 .. 1 16.1 268.0 
7.5 7.5 268.0 16. 1 267.0 15. 1 251 • 9 
7.5 6.0 251 . 9 15. 1 250.3 14.2 235. 1 
6.0 5.2 236. 1 14.2 233. 1 13.2 219.9 
5.2 5.1 219.9 13.2 216.9 p ~ 204.6 
5. 1 5. 1 204.6 12.3 202.5 1 1 .5 191 1 
5.1 5. 1 191 1 1 1 .5 189.8 10.8 179.0 
5. 1 5.1 179.0 10.8 178.4 10.1 168.3 
5.1 5. i 168.3 10.1 168.3 5.5 158 . .9 
r- ; 

• 
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24.50 
25.00 
25.50 
26.00 
26.50 
27.00 
27.50 
28.00 
28.50 
29.00 
29.50 
30.00 
30.50 
31.00 
31.50 
32.00 
32. se) 
33.00 
33.50 
34.00 
34.50 
35.00 
35.50 
36 .. @Q) 

35. Sf) 
37.00 
37.50 
38.00 
38.50 
39.00 
39.50 
40. 1Zt0 
40.50 
4 i. 00 
41 .50 
42.00 
42 .se, 
43.0121 
43.50 . 
44.00 

PAGE 'Z I 
LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/06/87 

HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

BASIN IDENTIFI~R 15 AC LAKE 
POND IDENTIFIER i 5 ACRE LAf<E 
2 YEAR STORM FREQUENCY !CONT'Dl 

4.8 
.7 
• 1 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .IZ' 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

.7 
• 1 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
(0.0 
0.0 
0. fD 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

150.2 
138.4 
123.4 
109.5 
97. 1 
86.1 
76.3 
67.7 
50.0 

47.2 
41.8 
37.1 
32 .·s 
29.2 
25.9 

·22.9 
20.3 
18.0 
16.0 
14.2 
12.6 
11. 1 . 

8.8 
7.8 
6.9 
6. 1 
5.4 
4.8 
4.3 

3.3 
3.0 

,., '7 
.::. • .:J 

2.1 
1 ;:: 

1. 6 
1. 4 

9.0 
8.3 
7.4 
6.6 
5 x 
5.2 
4.6 
4. 1 
3.6 

2.8 
2.5 

2.0 
i. 8 
1.5 
1. 4 
1.2 
1.1 
1.0 

• 9 
.8 ., . ( 

.6 

.5 

.5 

. 4 

.4 

.3 

.3 

.2 

. 2 

. 2 

. 2 
• 1 
• 1 
• 1 
• 1 
• 1 

146.7 
130.8 
1 i 6.1 
102.9 
91.2 
80.9 
71.7 
63.6 
56.4 
50.0 
44.3 
39.3 
34.9 
30.9 
27.4 ..,, -
~LJ..6 

21.6 
19. 1 

16.9 
15.0 

11.8 
10.5 
9.3 
8.2 
7.3 
5.5 
5.7 
5.1 
4.5 
4.0 
3.5 
3.1 
2.8 
2.5 
2.2 
1. 9 
1. 7 
1 .5 
1.4 

8 -,. 
• .;J 

7.4 
6.5 
5.8 
5.2 
4.6 
4.1 
3.6 
7 ,., 
.:; . .::. 
2.8 
2.5 

2.0 
1.8 
1 .6 
1.4 
1 .2 
I. 1 
1 .0 

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

• 1 
• 1 
• 1 
. i 
• 1 
• 1 

138.4 
123.4 
109.5 
97.1 
85.1 
76.3 
67.7 
60.0 
53.2 
47.2 
41.8 
37.1 
32.9 
29.2 
25.9 
22.9 
20.3 
18.0 
16.0 
14.2 
12.6 
1 i. 1 
9.9 
8.8 
7.8 
6.9 
6.1 
5.4 
4.8 
4.3 
3.8 
3 7, 

3.0 
2.6 
2.3 
2. 1 
1. 8 
1.6 
1. 4 
1.3 
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44.50 
45.00 
45.50 
46.00 

LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/06/87 

HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

BASIN IOENTIFI~R 
POND IDENTI-FIER 

15 AC LAKE 
15 ACRE LAKE 

2 YEAR STORM FREQUENCY <CONT'O) 

0.0 0.0 1 ~ . '-' • 1 1. 2 
0.0 0.0 1.1 • 1 1. 1 
0.0 0.0 1. 0 • j . g 
0.0 0.0 . 9 • 1 .8 

~,-

MAXH1UM OUTFLOW = 36.4 ~.F.S. 
t1AXH1Uf•1 STORAGE = 54534B'.l 6u FT. 
i•1AX I ~1UfvJ ELEVATION 61.1 FEET 

• 1 1.1 
• 1 1.0 
• 1 . 9 

0.0 .8 

• 
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TIME 
HOUR 

0.00 
2.00 
4.00 
6.00 
8.00 

10.00 
12.00 
14.00 
16.00 
18.00 
20. 0fi 
22.00 
24.00 
26.00 

PAGE 23 
LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

S. C. S. ·HVDROGRAPH 

BASIN IDENTIFICATION 15 AC LAf<E 
BASIN DISCHARGES INTO POt.JHATAN CREEK 

BASIN AREA 
BASIN CURVE NUMBER 
24-HOUR PRECIPITATION = 
AVERAGE BASIN SLOPE 
HYDRAULIC LENGTH 
BASIN LAG 

HYDROGRAPH RUNOFF VALUES 
100 YEAR STORM FREQUENCY 

121 .00 
89.00 
8.50 

3.3 
3300.0 

.30 

W /6T.6f>l.D P IP€ o?&2..C..T rtJt--1 
RUNOFF TIME RUNOFF TIME RUNOFF 
C.F.S. HOUR C.F.S. HOUR C.F.S. 

0.0 .50 0.0 1 .00 0.0 
0.0 2.50 0.0 3.00 .2 
2.1 4.50 3.5 5.00 4.8 
6.8 6.50 8.8 7.00 10.5 

12.2 8.50 16.0 9.00 18.5 
26.2 10.50 33.6 11 .00 46.5 

375.6 12.50 397.3 13.00 121.4 
47.5 14.50 35.0 15.00 30.8 

. 30.4 16.50 22.6 17.00 18.6 
18.3 18.50 18.3 ·19.00 18.3 
18.3 20.50 14.4 21 .00 12.4 ,.., '") 

L..L 22.50 12.2 . 23.00 12.2 
11.6 24.50 1.7 25.00 • 1 
0.0 26.50 0.0 27.00 0.0 

ACRES 

INCHES 
•t 
lo 

FEET 
HOURS 

T I ~1E RUNOFF 
HOUR C.F.S. 

1. 50 0.0 
3.50 1.1 
5.50 5.9 
7.50 11.4 
9.50 21.9 

11 .50 72.5 
13.50 65.0 
15.50 30.4 
17.50 18.3 
19.50 18.3 
21 .50 12.2 
23.50 12~2 

25.50 0.0 
27.50 0.0 
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PAGE 2..4 
LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 
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HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

POND DEP~H VS STORAGE PROVIDED 

POND IDENTIFIER 15 AC LAKE 

ELEV DEPTH AREA VOLUME SUM VOL OUTFLOW 
feet feet sq. ft. cu. ft. cu. ft. c. f. 5. 

60.3 653400.0 0.0 0.00 
1.7 1181840.0 

62.0 737000.0 1181840.0 77.00 
1.0 757500.0 

63.0 778000.0 1939340.0 100.00 
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HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

STAGE~ STORAGE & DISCHARGE 

POND IDENTIFIER 15 AC LAKE 

ELEV STORAGE OUTFLOW 25/T+O 
(CU. FT. ) < CFS) <CFS> 

60.3 0.0 0.0 0.0 
62.0 1181840.0 77.0 1390.2 
63.0 1939340.0' 100.0 2254.8 
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HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

POND I DE~H IF IEF: 15 AC LAI-(E 

STORAGE CCu Ft) 
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3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 
7.00 
7.50 
8.00 
8.50 
9.00 
9.50 

10.00 
10.50 
11 .00 
11.50 
12.00 
12.50 
13.00 
13.50 
14.00 
14.50 
15.00 
15.50 
16.00 
16.50 
17.00 
17.50 
18.00 
18.50 
19.00 
19.50 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

HYDROGRAPH RESERVOIR ROUTING 

BASIN IDENTIFIER 15 AC LAKE 
POND IDENTIFIER 15 AC LAKE 
100 YEAR STORM FREQUENCY 

I 1 12 2Sl/T 01 

0.0 .2 0.0 0.0 
.2 1.1 

.., 
0.0 .t. 

1.1 2.1 1. 4 . 1 
2.1 3.5 4 ~ . ...., .3 
3.5 4.8 9.1 .5 
4.8 5.9 15.9 . 9 
5.9 6.8 24.3 1 .4 
6.8 8.8 33.5 2.0 
8.8 10.5 44.5 2.6 

10.5 11.4 57.8 3.4 
11.4 12.2 72.1 4.2 
12.2 16.0 86.4 5.1 
16.0 18.5 103.5 6.1 
18.5 21.9 f24.5 :7.3 
21.9 26.2 148.9 8.7 
26.2 33.6 •177 .8 10.4 
33.6 45.5 214.6 12.6 
46.5 72.5 266.5 15.6 
72.5 375.6 349.3 20.5 

375.6 397.3. 733.9 43.0 
397.3 121 .4 1384.9 79.0 
121 .4 65.0 1736.1 88.6 
65.0 47.5 1745.0 88.8 
47.5 35.0 1681 .6 87. 1 
35.0 30.8 1592.4 84.6 
30.8 30.4 1491.7 81.9 
30.4 30.4 1391.9 79.2 
30.4 22.6 1297.5 76.1 
22.6 18.6 1203.8 70.6 
18.6 18.3 1109.4 65.1 
18.3 18.3 1021 .4 59.9 
18.3 18.3 942.9 55.3 
18.3 18.3 873.0 51.2 
18.3 18.3 810.8 47.5 

.., ........ ,.... 

252/T 
+02 

..., . :;. 
1 .5 
4.5 
9.6 

16.9 
25.7 
35.5 
47.1 
61.2 
76.3 
91 .5 

109.6 
13l. 9 
157.6 
188.3 
227.2 
282.2 
369.8 
777.0 

1463.9 
1824.6 
1833.8 
1768.6 
1677.0 
1573.5 
1471 .0 
1373.6 
1274.4 
1174.5 
1081.3 
998.2 
924.2 
858.4 
799.8 

02 252/T 

0.0 .2 
• 1 1.4 
.3 4.3 
.5 9.1 
. 9 15.9 

1.4 24.3 
2.0 33.5 
2.6 44.5 
3.4 57.8 
4.2 72.1 
5.1 86.4 
6.1 103.5 
7.3 124.5 
8.7 148.9 

10.4 1'-77. 8 
12.6 214.6 
15.6 256.5 
20.5 349.3 
43.0 733.9 
79.0 1384.9 
88.6 1736.1 
88.8 1745.0 
87.1 1681 .6 
84.6 1592.4 
81.9 1491.7 
79.2 1391. 9 
76.1 1297.5 
70.6 1203.8 
65.1 1109.4 
59.9 1021.4 
55.3 942.9 
51.2 873.0 
47.5 810.8 
44.3 755.5 PC140_POWHATAN_SECONDARY_VDOT - 123



21 .00 14.4 12.4 658.9 38.6 647.1 35.8 611.2 
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21 .50 
22.00 
22.50 
23.00 
23.50 
24.00 
24.50 
25.00 
25.50 
26.00 
26.50 
27.00 
27.50 
28.00 
28.50 
29.00 
29.50 
30.00 
3e1.s0 
31 .00 
31.50 
32.00 
32 .5ei 
33.00 
33.50 
34.00 
34.50 
35.00 
35.50 
36.00 
36.50 
37.00 
37.50 
38.00 
38.50 
39.00 
39.50 
40.00 
40.50 

,., 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

BASIN IDENTIFIER 15 AC LAKE 
POND IDENTIFIER 15 AC LAKE 
100 YEAR STORM FREQUENCY <CONT'D) 

12.4 12.2 611 .2 35.8 600.0 33.2 566.8 
12.2 12.2 566.8 33.2 558.0 30.9 527.1 
12.2 12.2 527.1 30.9 520.7 28.8 491 .8 
12.2 12.2 491 .8 28.8 487.4 27.0 460.4 
12.2 12.2 460.4 27.0 457.8 25.4 432.5 
12.2 11 .6 432.5 25.4 430.9 23.9 407.0 
11 .6 1. 7 407.0 23.9 396.4 22.0 374.5 

1.7 . 1 374.5 22.0 354.3 19.6 334.7 
• 1 0.0 334.7 19.6 315.2 17.5 297.7 

0.0 0.0 297.7 17.5 280.3 15.5 264.7 
0.0 0.0 264.7 15.5 249.2 13.8 235.4 
0.0 0.0 235.4 13.8 221.6 12.3 209.3 
0.0 0.0 209.3 12.3 197.1 10.9 186.1 
0.0 0.0 186.1 10.9 175.2 9.7 165.5 
0.0 0.0 165.5 9.7 155.8 8.6 147.2 
0.0 0.0 147.2 8.6 138.6 7.7 130.9 
0.0 0.0 130.9 7.7 123.2 6.8 116.4 
0.0 0.0 116.4 6.8 109.6 6.1 103.5 
0.0 0.0 1"03.5 6. 1 97.4 5.4 92.0 
0.0 0.0 92.0 5.4 86.6 4.8 81.8 
0.0 0.0 . 81 .8 4.8 77.0 4.3 72.8 
0.0 0.0 72.8 4.3 68.5 3.8 64.7 
0.0 0.0 64.7 3.8 60.5 3.4 57.5 
0.0 0.0 57.5 3.4 54.2 3.0 51.2 
0.0 0.0 51.2 3.0 48.2 2.7 45.5 
0.0 0.0 45.5 2.7 42.8 2.4 40.5 
0.0 0.0 40.5 2.4 38.1 2.1 36.0 
0.0 0.0 36.0 2.1 33.9 1.9 32.0 
0.0 0.0 32.0 1. 9 30.1 1. 7 28.4 
0.0 0.0 28.4 1. 7 26.8 1.5 25.3 
0.0 0.0 25.3 1 .5 23.8 1.3 22.5 
0.0 0.0 22.5 1.3 21.2 1.2 20.0 
0.0 0.0 20.0 1. 2 18.8 1.0 17.8 
0.0 0.0 17.8 1.0 16.7 . 9 15.8 
0.0 0.0 15.8 . 9 14.9 .8 14.1 
0.0 0.0 14.1 .8 13.2 .., 12.5 • I 

0.0 0.0 12.5 .7 11 .8. .7 11. 1 
0.0 0.0 11.1 . 7 10.5 .6 9.9 
0.0 0.0 9.9 .6 9.3 .5 8,8 PC140_POWHATAN_SECONDARY_VDOT - 125



41 .50 
42.00 
42.50 
43.00 
43.50 
44.00 
44.50 
45.00 
45.50 
46.00 
46.50 
47.00 
47.50 
48.00 
48.50 
49.00 
49.50 
50.00 
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PAGE a 1 
LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

BASIN IDENTIFIER 15 AC LAKE 
POND IDENTIFIER 15 AC LAKE 
100 YEAR STORM FREQUENCY <CONT'O} 

0.0 0.0 7.8 .5 7.4 .4 7.0 
0.0 0.0 7.0 .4 6.5 .4 6.2 
0.0 0.0 6.2 .4 5.8 .3 5.5 
0.0 0.0 5.5 .3 5.2 .3 4.9 
0.0 0.0 4.9 .3 4.6 .. 3 4.3 
0.0 0.0 4.3 .3 4.1 .2 3.9 
0.0 0.0 3.9 ':> . '- 3.6 ':> 

• l- 3.4 
0.0 0.0 3.4 .2 3.2 .2 3.1 
0.0 0.0 3.1 .2 ., Q ..... ~ .2 2.7 
0.0 0.0 2.7 '? 2.6 . 1 2.4 • L 

0.0 0.0 2.4 . 1 .., -
.:..j • 1 2.1 

0.0 0.0 2. 1· .1 2.0 • 1 1. g 

0.0 0.0 1.9 .1 1 .8 . 1 1.7 
0.0 0.0 1 <7 . 1 1.6 • 1 1.5 
0.0 0.0 . .1 • 5 . 1 1.4 . 1 1.3 
0.0 0.0 1.3 . 1 1.3 • 1 1.2 
0.0 0.0 1.2 .1'' 1.1 • 1 1 • 1 

0.0 0.0 1.1 • 1 1'.0 .1 .9 
0.0 0.0 - . 9 ; .1 .9 0.0 .8 

MAXIMU~1 OUTFLOW 88.8 C.F.S. 
MAXIMUM STORAGE '1570511. g cu FT. 
MAXIMUM ELEVATION 62.5 FEET 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
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HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

lNFLO~l 

4 00 - ··---· OUTFLOW 

BRSII'-J 15 RC LAKE 
P ND 15 AC LAKE 
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U'J 320 
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TIME 
HOUR 

0.00 
2.00 
4.00 
6.00 
8.00 

10.00 
12.00 
14.00 
16.00 
18.00 
20.00 
22.00 
24.00 
26.00 
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HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

S. C. S. HYDROGRAPH 

BASIN IDENTIFICATION 
BASIN DISCHARGES INTO 

BASIN AREA 
BASIN CURVE NUMBER 
24-HOUR PRECIPITATION 
AVERAGE BASIN SLOPE 
HYDRAULIC LENGTH 
BASIN LAG · 

HYOROGRAPH RUNOFF VALUES 
100 YEAR STORM FREQUENCY 

15 AC. LAKE 
POWHATAN CREEK 

121 .00 
89.00 
8.50 

3.3 
3300.0 

.30 

ACRES 

INCHES 
% 
FEET 
HOURS 

<5TLI.!..1D Plit I-JOT C>PE12.A'Tl,j£,- t;..t...(. 51'1LLvJA(" 

RUNOFF TIME RUNOFF TIME RUNOFF TIME 
C.F.S. HOUR C.F.S. HOUR C.F.S. HOUR 

0.0 .50 0.0 1.00 0.0 1. 50 
0.0 2.50 0.0 3.00 .2 3. 50 -
2.1 4.50 3.5 5.00 4.8 5.50 
6.8 6.50 8.8 ·7 .00 10.5 7.50 

12.2 8.50 16.0 9.00 18.5 9.50 
26.2 10.50 33.6 11 .00 46.5 11.50 

375.6 12.50 397.3 13.00 121 .4 13.50 
47.5 14.50 35.0 15.00 30.8 15.50 
30.4 16.50 22.6 17.00 18.6 17.50 
18.3 18.50 18.3 19.00 18.3 19.50 
18.3 20.50 14.4 21 .00 12.'4 21.50 
12.2 22.50 t2 .2 23.00 . 12.2 23.50 
11.6 24.50 ~ 1. 7 25.00 .1 25.50 
0.0 26.50 . 0.0 ·27.00 0.0 27.50 

6P~E.Ait~ 
RUNOFF 
C.F.S. 

0.0 
1.1 
5.9 

11.4 
21.9 
72.5 
65.0 
30.4 
18.3 
18.3 
12.2 
12.2 
:0.0 
0.0 
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HYDROLOGIC REPORT FOR 

POWHATAN'~~CONDARY SOUTH EXTENSION 

r 

BASIN 15 AC. LAKE 
I~TO POWHATAN CREEK 
7a0 YEAR STORM FREQUENCY 

15 20 25 
CHOURS) 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN _SECONDARY SOUTH EXTENSION 

POND DEPTH vs STORAGE PROVIDED 

POND IDENTIFIER 15 AC LAKE 

ELEV DEPTH AREA VOLUME SUM VOL OUTFLOW 
feet feet sq. ft. cu. ft. cu. ft. c. f. 5. 

60.3 653400.0 0.0 0.00 
1. 7 1181840.0 

62.0 737000.0 1181840.0 0.00 
1.0 757500.0 

63.0 778000.0 1939340.0 0.00 
1.0 798500.0 

64.0 819000.0 2737840.0 0.00 
.6 491400.0 

64.6 819000.0 3229240.0 8. 10 
. 1 81900.0 

64.7 819000.0 3311140.0 22.92 
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HYDROLOGIC REPORT FOR 

POWHATAN~$~CONDARY SOUTH EXTENSION 

STAGE. STORAGE & DISCHARGE 

POND IDENTIFIER 15 ~C LAKE 

ELEV STORAGE OUTFLOW 25/T+O 
<CU.FT.> ( CFS) <CFS) 

60.3 0.0 0.0 0.0 
62.0 1181840.0 0.0 1313.2 
63.0 1939340.0 0.0 2154.8 
64.0 2737840.0 0.0 3042.0 
64.6 3229240.0 8. 1 3596.1 
64.7 3311140.0 22.9 3702.0 
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HYDROLOGIC REPORT FOR 

POWHATA~ $ECONDARY SOUTH EXTENSION 

POND IDE.l:JTIEIER 

r-..54.3~ 
~ 
u_ 

w52.3r
(!J 

a: 
r
U1 

STORAGE 

15 AC LRh:E 

CCu Ft) 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN" $ECONOARY SOUTH EXTENSION 

HYDROGRAPH RESERVOIR ROUTING 

BASIN IDENTIFIER 15 AC. LAKE 
POND IDENTI~IER 15 AC LAKE 
100 YEAR STORM FREQUENCY 

I 1 12 251/T 01 252/T 
+02 

02 252/T 

---------------------------------------------------------------------

3.00 0.0 .2 0.0 0.0 
.., . .:. 0.0 

.., . .:. 
3.50 ..., 1.1 .2 0.0 1.5 0.0 1.5 . .:. 
4.00 1.1 2. 1 1.5 0.0 4.7 0.0 4.7 
4.50 2.1 3.5 4.7 0.0 10.3 0.0 10.3 
5.00 3.5 4.8 10.3 0.0 18.6 0.0 18.6 
5.50 4.8 5.9 18.6 0.0 29.3 0.0 29.3 
6.00 5.9 6.8 29.3 0.0 41.9 0.0 41.9 
6.50 6.8 8.8 41.9 0.0 57.5 0.0 57.5 
7.00 8.8 10.5 57.5 0.0 76.8 0.0 76.8 
7.50 10.5 11.4 76 .·8 0.0 98.7 0.0 98.7 
8.00 11.4 12.2 98.7 0.0 122.4 0.0 122.4 
8.50 12.2 16.0 122.4 0.0 150.6 0.0 150.6 
9.00 16.0 18.5 150.6 0.0 185.0 0.0 185.0 
9.50 18.5 21.9 185.0 0.0 225.4 0.0 225.4 

10.00 21.9 26.2 225.4 0.0 273.4 0.0 273.4 
10.50 26.2 33.6 273.4 0.0 333.3 0.0 333.3 
11 .00 33.6 46.5 333.3 • 0.0 413.4 0.0 413.4 
11.50 46.5 72.5 413.4 0.0 532.3 0.0 532.3 
12.00 72.5 375.6 '532 .3 ' - 0.0 980.4 0.0 980.4 
12.50 375.6 397.3 980.4 0.0 1753.4 0.0 1753.4 
13.00 397.3 121 .4 1753.4 0.0 2272.0 0.0 2272.0 
13.50 121.4 65.0 2272.0 0.0 2458.4 0.0 2458.4 
14.00 65.0 47.5 2458.4 0.0 2570.8 0.0 2570.8 
14.50 47.5 35.0 2570.8 0.0 2653.3 0.0 2653.3 
15.00 35.0 30.8 2653.3 0.0 2719. 1 0.0 2719.1 
15.50 30.8 30.4 2719.1 0.0 2780.3 0.0 2780.3 
16.00 30.4 30.4 2780.3 0.0 2841.2 0.0 2841 .2 
16.50 30.4 22.6 2841.2 0.0 2894.2 0.0 2894.2 
17.00 22.6 18.6 2894.2 0.0 2935.4 0.0 2935.4 
17.50 18.6 18.3 2935.4 0.0 2972.4 0.0 2972.4 
18.00 18.3 18.3 2972.4 0.0 3009.0 0.0 3009.0 
18.50 18.3 18.3 3009.0 0.0 3045.6 .1 3045.5 
19.00 18.3 18.3 3045.5 . I 3082.1 .6 3081.5 
19.50 18.3 18.3 3081 . 5 .6 3117.5 1.1 3116.3 
20.00 18.3 18.3 3116.3 1.1 3151 .8 1.6 3150.2 
20.50 18.3 14.4 3150.2 1.6 3181 .2 2.0 3179.2 
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21 .00 14.4 12.4 3179.2 2.0 3203.9 2.4 3201.6 

@ 
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31.00 
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33.00 
33.50 
34.00 
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35.00 
35.50 
36.00 
36.50 
37.00 
37.50 
38.00 
38.50 
39.00 
39.50 
40.00 
40.50 
41.00 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN' SECONDARY SOUTH EXTENSION 

BASIN IDENTIFIER 15 AC. LAKE 
POND IDENTIFIER 15 AC LAKE 
100 YEAR STORM FREQUENCY <CONT'D> 

12.4 12.2 3201 .6 2.4 3223.8 2.7 3221 .2 
12.2 12.2 3221 .2 2.7 3243.0 2.9 3240.1 
12.2 12.2 3240.1 2.9 3261 . 6 3.2 3258.4 
12.2 12.2 . 3258.4 3.2 3279.6 3.5 3276. 1 
12.2 12.2 3276.1 3.5 3297.0 3.7 3293.3 
12.2 11 .6 3293.3 3.7 3313.4 4.0 3309.4 
11 .6 1.7 3309.4 4.0 3318.7 4.0 3314.6 

1.7 . 1 3314.6 4.0 3312.4 4.0 3308.5 
. 1 0.0 3308.5 4.0 3304.6 3.8 3300.8 

0.0 0.0 3300.8 3.8 3297.0 3.7 3293.2 
0.0 0.0 3293.2 3.7 3289.5 3.6 3285.9 
0.0 0.0 3285.9 3.6 3282.3 3.5 3278.8 
0.0 0.0 3278.8 3.5 3275.2 3.4 3271 .8 
0.0 0.0 3271.8 3.4 3268.4 3.3 3265.1 
0.0 0.0 3265. 1 3.3 3261 .8 3.2 3258.6 
0.0 0.0 3258.6 3.2 3255.4 3.1 3252.3 
0.0 0.0 3252.3 3.1 3249.1 3.0 3246.1 
0.0 0.0 3246.1 3.0 3243.1 2.9 3240.2 
0.0 0.0 3240.2 2.9 3237.2 2.9 3234.4 
0.0 0.0 3234.4 2.9 3231.5 2.8 3228.7 
0.0 0.0 3228.7 2.8 3226.0 2.7 3223.3 
0.0 0.0 32-23.3 2.7 3220.6 2.6 3218.0 
0.0 0. 0. 3218.0 2.6 3215.4 2.5 ,3212.8 
0.0 0.0 3212.8 2.5 3210.3 2.5 3207.8 
0.0 0.0 3207.8 2.5 3205.4 2.4 3203.0 
0.0 0.0 3203.0 2.4 3200.6 2.3 3198.3 
0.0 0.0 3198.3 2.3 3196.0 ..., -1....6 3193.7 
0.0 0.0 3193.7 2.3 3191 .5 2.2 3189.3 
0.0 0.0 3189.3 2.2 3187.1 2.1 3185.0 
0.0 0.0 3185.0 2. 1 3182.9 2.1 3180.8 
0.0 0.0 3180.8 2.1 3178.7 2.0 3176.7 
0.0 0.0 3176.7 2.0 3174.7 1. 9 3172.8 
0.0 0.0 3172.8 1.9 3170.9 1.9 3169.0 
0.0 0.0 3169.0 1.9 3167. 1 1.8 3165.3 
0.0 0.0 3165.3 1.8 3163.4 1.8 3161.7 
0.0 0.0 3161.7 1.8 3159.9 1.7 3158.2 
0.0 0.0 3158.2 1.7 3156.5 1. 7 3154.8 
0.0 0.0 3154.8 1.7 3153.1 1 .6 3151.5 
0.0 0.0 3151.5 1 .6 3149.9 1.6 3148.3 
0.0 0.0 3148.3 1.6 3146.7 1.5 3145.2 
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41 .50 
42.00 
42.50 
43.00 
43.50 
44.00 
44.50 
45.00 
45.50 
46.00 
46.50 
47.00 
47.50 
48.00 
48.50 
49.00 
49.50 
50.00 
50.50 
51.00 
51.50 
52.00 
52.50 
53.00 
53.50 
54.00 
54.50 
55.00 
55.50 
56.00 
56.50 
57.00 
57.50 
58.00 
58.50 
59.00 
59.50 
60.00 
60.50 
61 .00 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN"$ECONOARY SOUTH EXTENSION 

BASIN IDENTIFIER 15 AC. LAKE 
POND IDENTIFIER 15 AC LAKE 
100 YEAR STORM FREQUENCY <CONT'Dl 

0.0 0.0 3145.2 1.5 3143.6 1.5 3142.2 
0.0 0.0 3142.2 1.5 3140.7 1.4 3139.2 
0.0 0.0 3139.2 1 .4 3137.8 1.4 3136.4 
0.0 0.0 . 3136.4 1.4 3135.0 1.4 3133.6 
0.0 0.0 3133.6 1.4 3132.3 1.3 3131.0 
0.0 0.0 3131.0 1.3 3129.6 1.3 3128.4 
0.0 0.0 3128.4 1.3 3127.1 1.2 3125.8 
0.0 0.0 3125.8 1.2 3124.6 1.2 3123.4 
0.0 0.0 3123.4 1.2 3122.2 1 .2 3121.0 
0.0 0.0 3121 .0 1.2 3119.8 1.1 3118.7 
0.0 0.0 3118.7 1.1 3117.6 1.1 3116.5 
0.0 0.0 3116.5 1.1 3115.4 1.1 3114.3 
0.0 0.0 3114.3 1.1 3113.2 1.0 3112.2 
0.0 0.0 3112.2 1.0 3111.1 1.0 3110. 1 
0.0. 0.0 3110. l 1.0 3109.1 1.0 3108.1 
0.0 0.0 3108.1 1.0 3107.1 1.0 3106.2 
0.0 0.0 3106 .. 2 1.0 3105.2 .9 3104.3 
0.0 0.0 3104.3 . 9 3103.4 . 9 3102.5 
0.0 0.0 3102.5 . 9 3101.6 .9 3100.7 
0.0 0.0 3!00.7 . 9 3099.9 .8 3099.0 
0.0 0.0 3099.0 .8 3098.2 .8 3097.4 
0.0 0.0 30"97.4 .8 .3096.5 .8 3095.7 
0.0 0.0 3095.7 .tl 3094.9 .8 :3094.2 
0.0 0.0 3-094.2 .8 3093.4 .8 3092.6 
0.0 0.0 3092.6 .8 3091.9 .7 3091 .2 
0.0 0.0 3091 .2 .7 3090.4 .7 3089.7 
0.0 0.0 3089.7 .7 3089.0 .7 3088.3 
0.0 0.0 3088.3 .7 3087.6 .7 3087.0 
0.0 0.0 3087.0 .7 3086.3 .6 3085.7 
0.0 0.0 3085.7 .6 3085.0 .6 3084.4 
0.0 0.0 3084.4 .6 3083.8 .6 3083.2 
0.0 0.0 3083.2 .6 3082.5 .6 3081.9 
0.0 0.0 3081.9 .6 3081 .4 .6 3080.8 
0.0 0.0 3080.8 .6 3080.2 .6 3079.7 
0.0 0.0 3079.7 .6 3079.1 .5 3078.6 
0.0 0.0 3078.6 .5 3078.0 .5 3077.5 
0.0 0.0 3077.5 .5 3077.0 .5 3076.4 
0.0 0.0 3076.4 .5 3075.9 .5 3075.4 
0.0 0.0 3075.4 .5 3074.9 .5 3074.5 
0.0 0.0 3074.5 .5 3074.0 .5 3073.5 
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61 .50 
62.00 
62.50 
63.00 
63.50 
64.00 
64.50 
65.00 
65.50 
65.00 

. 66.50 
67.00 
67.50 
68.00 
68.50 
69.00 
69.50 
70.00 
70.50 
71.00 
71.50 
72.00 
72.50 
73.00 
73.50 
74.00 
74.50 
75.00 
75.50 
76.00 
76.50 
77.00 
77.50 
78.00 
78.50 
79.00 
79.50 
80.00 
80.50 
81 .00 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

BASIN IDENTIFIER 15 AC. LAKE 
POND IDENTIFIER 15 AC LAKE 
100 YEAR ST~RM FREQUENCY <CONT'D> 

0.0 0.0 3073.5 .5 3073.1 .5 3072.6 
0.0 0.0 3072.6 .5 3072.1 .4 3071.7 
0.0 0.0 3071.7 .4 3071.3 .4 3070.8 
0.0 0.0 3070.8 .4 3070.4 .4 3070.0 
0.0 0.0 3070.0 .4 3069.6 .4 3069.2 
0.0 0.0 3069.2 .4 3068.8 .4 3068.4 
0.0 0.0 3068.4 .4 3068.0 .4 3067.6 
0.0 0.0 3067.6 .4 3067.2 .4 3066.9 
0.0 0.0 3066.9 . 4 3066.5 .4 3066. 1 
0.0 0.0 3066.1 .4 3065.8 .3 3065.4 
0.0 0.0 3065.4 .3 3065.1 .3 3064.8 
0.0 0.0 3064.8 .3 3064.4 .3 3064. 1 
0.0 0.0 3064.1 .3 3063.8 .3 3063.4 
0.0 0.0 3063.4 .3 3063. 1 .3 3062.8 
0.0 0.0 3062 .·8 .3 3062.5 .3 3062.2 
0.0 0.0 3062.2 .3 3061.9 .3 3061 .6 
0.0 0.0 3061 .6 .3 3061.3 .3 3061 .0 
0.0 0.0 3061.0 .3 3060.8 .3 3060.5 
0.0 0.0 3060.5 .3 3060.2 .3 3060.0 
0.0 0.0 3060.0 .3 3059.7 .3 3059.4 
0.0 0.0 3059.4 .3 3059.2 .3 3058.9 
0.0 0.0 3058.9 .3 3058.7 ? 

•'- 3058.4 
0.0 0.0 3058.4 '") 3058.2 •. 2 3057.9 . "-
0.0 0.0 3057.9 .2 3057.7 .2 3057.5 
0.0 0.0 3057.5 .2 3057.3 .., 3057.0 •"-

0.0 0.0 3057.0 . 2 3056.8 
.., 3056.6 . ,_ 

0.0 0.0 3056.6 .2 3056.4 ., 3056.2 .... 
0.0 0.0 3056.2 .2 3056.0 .2 3055.8 
0.0 0.0 3055.8 ? 3055.6 

.., 3055.4 ... •"-

0.0 0.0 3055.4 .., 
·"- 3055.2 .2 3055.0 

0.0 0.0 3055.0 .2 3054.8 
..., 

.i.. 3054.6 
0.0 0.0 3054.6 .2 3054.4 .., 

·"- 3054.2 
0.0 0.0 3054.2 ..., 3054.0 

.., 3053.9 ·"- ·"-

0.0 0.0 3053.9 .., 
.L.. 3053.7 .2 3053.5 

0.0 0.0 3053.5 .2 3053.4 .2 3053.2 
0.0 0.0 3053.2 .., 

·"- 3053.0 .2 3052.9 
0.0 0.0 3052.9 ., .... 3052.7 ..., 

.i.. 3052.5 
0.0 0.0 3052.5 .2 3052.4 .., 

.t.. 3052.2 
0.0 0.0 3052.2 .., 

·"- 3052.1 . 1 3051.9 
0.0 0.0 3051.9 . 1 3051 .8 • 1 3051 .6 
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81 .50 
82.00 
82.50 
83.00 
83.50 
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87.00 
87.50 
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89.50 
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91 .00 
91 .50 
92.00 
92.50 
93.00 
93.50 
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94.50 
95.00 
95.50 
96.00 
96.50 
97.00 
97.50 
98.00 
98.50 
99.00 

PAGE 43 
LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN' SECONDARY SOUTH EXTENSION 

BASIN IDENTIFIER 15 AC. LAKE 
POND IDENTIFIER 15 AC LAKE 
100 YEAR STBRM FREQUENCY <CONT'D> 

0.0 0.0 3051 .6 • 1 3051.5 . 1 3051.4 
0.0 0.0 3051.4 • 1 3051 .2 . 1 3051 .I 
0.0 0.0 3051.1 .1 3051.0 . 1 3050.8 
0.0 0.0 3050.8 . I 3050.7 . I 3050.6 
0.0 0.0 3050;6 . 1 3050.4 .1 3050.3 
0.0 0.0 3050.3 • 1 3050.2 . 1 3050.1 
0.0 0.0 3050.1 .1 3050.0 • 1 3049.8 
0.0 0.0 3049.8 . 1 3049.7 . 1 3049.6 
0.0 0.0 3049.6 . 1 3049.5 . 1 3049.4 
0.0 0.0 3049.4 . 3049.3 . 1 3049.2 • I 

0.0 0.0 3049.2 • 1 3049.1 . 1 3049.0 
0.0 0.0 3049.0 . 1 3048.9 . 1 3048.8 
0.0 0.0 3048.8 • 1 3048.7 . 1 3048.6 
0.0 0.0 3048.6 • 1 3048.5 . 1 3048.4 
0.0 0.0 3048.4 . 1 3048.3 • 1 3048.2 
0.0 0.0 3048.2 . I 3048.1 • 1 3048.0 
0.0 0.0 3048 .. 0 .1 3047.9 • 1 3047.8 
0.0 0.0 3047.8 . 1 3047.8 • 1 3047.7 
0.0 0.0 3047.7 . 1 3047.6 . 1 3047.5 
0.0 0.0 3047.5 .1 3047.4 • 1 3047.4 
0.0 0.0 3047.4 .1 3047.3 • 1 3047.2 
0.0 0.0 3\947.2 . 1 3047. 1 • 1 3047.0 
0.0 0.0 3047.0 • 1 3047.0 . 1 •3046.9 .. ·-

0.0 0.0 3·046. 9 .1 3046.8 . 1 3046.8 
0.0 0.0 3046.8 • 1 3046.7 • 1 3046.6 
0.0 0.0 3046.6 . • 1 3046.6 . 1 3046.5 
0.0 0.0 3046.5 • 1 3046.4 • 1 3046.4 
0.0 0.0 3046.4 . 1 3046.3 • 1 3046.2 
0.0 0.0 3046.2 • 1 3046.2 • 1 3046. I 
0.0 0.0 3046.1 . I 3046.0 . I 3046.0 
0.0 0.0 3046.0 .1 3045.9 . I 3045.9 
0.0 0.0 3045.9 . I 3045.8 • 1 3045.8 
0.0 0.0 3045.8 . 1 3045.7 . I 3045.7 
0.0 0.0 3045.7 • 1 3045.6 • 1 3045.5 
0.0 ~.0 3045.5 • 1 3045.5 • 1 3045.4 
0.0 0.0 3045.4 • 1 3045.4 0.0 3045.3 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN'~ECONDARY SOUTH EXTENSION 

BASIN IDENTIFIER 15 AC. LAKE 
POND IDENTIFIER. 15 AC LAKE 
100 YEAR STORM FREQUENCY <CONT'Dl 

MAXIMUM OUTFLOW= 4.0 C.F.S. 
MAXIMUM STORAGE= 2983175.9 CU FT. 
MAXIMUM ELEVATION = 64.3 FEET 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/28/87 

HYDROLOGIC REPORT FOR 

POWHATAN SECONDARY SOUTH EXTENSION 

_,-, 

INFLOW 

4l] 0 - ··-·-· OUTFLOH. 

(jj 320 
L_ 

u 
'-' 

L_ 

LL 
0 
--,. 
L 

:J 
0::: 

240 

150 

80 

.::;: 

._1 

BASIN 15 AC. LAKE 
~ND 15 AC LAI<E 
~0 YEAR STORM FREQUENCY 

10 15 20 

T I 1'1E CHOURS) 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/06/87 

TRAPEZOIDAL BROAD CRESTED WEIR 

BOTTOM WIDTH 
SIDE ANGLE 

ELEV. <FT. I 

64.50 
64.60 
64.70 
64.80 
64.90 
65.00 
65.10 
65.20 
65.30 
65.40 
65.50 
65.60 
65.70 
65.80 
65.90 
66.00 
66.10 
66.20 
66.30 
66.40 

80.00 FEET 
9.00 DEGREES 

FLOW <CFSl 

0.00 
8.10 

22.92 
42.11 
64.84 
90.63 

119. 15 
150.17 
183.50 
219.00 
256.53 
296.01 
337.33 
380.42 
425.22 
471 .65 
519.68 
569.24 
620.30 
672.81 
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LANGLEY & McDONALD, P.C. 
WILLIAMSBURG, VIRGINIA 
4/06/87 
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DISCHARGES USED RISK ASSESSMENT I ADT 

Q_= CFS Detours Available 
Q_= CFS Overtopping Stage 

Q_= CFS Flood Plain Management 

Q_c: CFS Criteria and Significant Impact 

a = .tFs 

.. 

Plan Sheet No. JQ_ Designet WC..O Sheel~of __ 

Rev. Dale Dale 
.. -··· .. .. ·- ·- . 

STATION: __'Z( + Oo AHW Controls 
i--

IIOOyr. Flood plain ' elev. 
;·-

!Design AHW depth etev. 
r ---- ... 1---- -··-- ·- ··- . r--· ·- \Stn ctures elev . 

.. freq . TWelev. 
.. .. --- r-- J.Q_:: .~3 

= -....... 1-- ... ·--I"" i ------ i---
= -

.. 1-- -- -- ... 1-.- r-· 1---· •· = -
... [-·· Shoulder f;.'elev.~.q. - = 

-· ..... .. ........ . .. elev. &?·.3=>" 

/Skew D·c~.~~ 
' 

lnvEI~S z/,/.40 ,Length 

So= .OQ577 

Orig. Gr. E lev. ~ ':J' 0 ?2. L= Orig.Gr.Eiev. ~ 
J 

H~AD_W;\TER COMPUT.A,TJQN§ CONT OUTLET E11d 
CU.. VERT TYPE 8 SIZE ·.a ! : 0/B.' INLET CONT. OUTLET CONTROL HW. VELOCI.J".Y COMMENTS 

HW/0 \HW Ke de ~ ho H LSo HW ELEV g.M. S/n()()lh 
Tr~ol. ... 

24 ''!2,cp .r? ,'_ toll A- .~~ 
~ 

,6 I L'Z.l? 
.I 'U\ I~" l(p4,t8 ~s 1 '~ \,(, 3 I 1.,3 I I r;.s-1 . . . 

; 

. 
.. 

• 

. 
Design Flood Exceed. Prob. Elev. 
Overtop Flood Exceed.Prob. __ Etev. 
Ba!ie Flood 1% Exceed.Prob ___ Elev. 

SUMMARY 6. RECOMMENDATIONS: 
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Rev l- 63 

Project ~u..li--IATA~ 5tSCouDARY 

Su-nd ~ -rr;. ,J ~I 0 '"-'. 

HYDROLOGICAL DATA: 

D.A.= ~C. 

.. f. -· . .. f-- -· . . 

- .. I·- .... .. 

,. I - ·- -· ····I· 
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"·-
... _ 

... 1-· .... 1·- -
- - f---- ... ·- ... 

-
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DISCHARGES USED RISK ASSESSMENT 

a_= CFS Detours Available 

a_= CFS Overtopping Stage 

•· I""' ·-

f .. 

f·· - 1·-·--I ... . ·- ··-1--

1-·· 

... . 1·-- 1- ... ·- 1·-

··-· ._ .. _ .. 
·I·· '-· , .. ~ •.. - I··· 1·-

.. ... .. 

-· ·- .... _, 

- - '" 

ADT 

,Length 

a_= CFS Flood Plain Management . 

a_c: CFS Criteria and Significant Impact 

a :: 
" . cFS 

HEADWATER COMPUTATIONS 

Cll..VERT TYPE 8 SIZE ·.a Q/B' INLET CONT. OUTLET CONTROL 

' .. HW/0 HW Ke de ~ ho H 

~&'' e.cp 2-4; rJIA .. ·f ,_; t.3 .15 ~-~ t.~ t.3 I~ 
'· . " ... 

\ .. 

I 

SUMMARY 8 RECOMMENDATIONS: 

Plan Sheet No. I 0 Designe.r WC:.? Sheel~of __ 

Rev. Dale Dole 
--

AHW Controls sTATioN: AI +5o 
1--

OOyr. Flood plain elev. 
i-

)Design AHW depth elev. 
f--· - \Structures elev . 

freq . TWelev. 
lo = 

,t; ,--
: 

!- 1--- --
= --

1-- = --.. 
Shoulder f.elev. :;4. ~., --= 

-- ei.,?>2 c = 

o Cover '2-:, '~ Skew 

lnv.Et4S· So= .0~ z4,.30 
Orig.Gr. Elev. 48. S L= Gt,o Orig.Gr.Elev . 51.'? 

I 

CONT. OUTLET Eqd 
HW. VELOCITY, COMMENTS 

LSo HW ELEV. C.M. Smootr 
Tr_eot. 

'2. {p' . c;z.. z '2.- n ~S·I 

• 

. 

Design Flood Exceed. Pro b. Elev. 
Overtop Flood E)(ceed.Prob. __ Erev. 

iBase Fluod 1%Exceed.Prob. __ Elev. 
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1.26 

T~RARY SEDIMENT BASIN DESIGN DA~SHEET @ 
Computed by wcs Date ___ _ 
Checked by NHM Date ___ _ 

Project Powhatan Cluster Homes -----------
Basin# __ ]. __ Location Sta. 41+50 at Toe of Slope 

·Total Area draining to ba~in,~_o __ Acres. 

BASIN VOLUME DESIGN 

1. Min. required. vol. = 67 cu. yds. xl6.0 ac. drainage =1072 cu.yds. 
2. Vo 1 . of basin ; 2 7 3 ---- cu. yds. 
3. Excavated 810 cu. yds. to obtain required capacity. 

Min. vo1. before cleanout = 27 cu. yds. xl6.0 ac. drainage :432 cu.yds. 

4. 

Elevation co~responding to scheduled time to clean out 37.8 
Distance be.low top of riser 2.2' 

S
L/l.We = 2. 8 

te plan. 

BASIN SHAPE 

Baffles needed? No_x __ , Yes ____ ; show location on 

DESIGN OF SPILLWAYS 

Runoff 

32 · cfs (see chapter 5). 

Pipe Spillway (QP) 

6. 

7. 
8. 
9. 
10. 

Min. pipe spillway capacity, Q = 0.2 x 16 ac. drainage =3.2 cfs. 
Note: If there is no emergencyPspillway, then req'd Q = o10 = N/A cfs. 
Riser: Diam. 12 inches; Height 4 ft.; h =0.8 ft. P 
H = 5 ft. Barrel length = 125ft. 
Barrel:-Diam. 12 inches; 
Trash Rack: Diam. 18 inches; A= 6 inches. 

Emergency Spillway Design-
. . 

11. Emergency Spillway F1oy-Q i.= Q
10 

QP = 32 - 3. 2 cfs. 
12. Width 12 ft. ~H 1. 0 ft. e 

Entrance channelPslope ·(3:1) 33 % 
Exit channel slope -% 

ANTI-SEEP COLLAR DESIGN (IF REQUIRED) 

13. y = 4. 8 ft. ; z . = 3 : 1; pipe s 1 ope ""' o 01 fiX, Ls = 3 3 • 8 ft. 
#of collars =_2 __ Dimensions= 2.8'x2.8' 

DESIGN ELEVATIONS 

14. Riser Crest = 40 
----~ Em. Spwy. Crest = ____ 4_1_. 0 

Design High Water = ~4~2_ • .,.,..o_ 
Top of Dam = 4 3 . 0 

II I-87 
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Langley and McDonald 
~ ....,..,-!0:":.-<"""'- C::P>-::oFv·,oo. 

ENGINE!:RS • PLA!-lt~ERS· SURVEYORS 
1¥ C -'!.It 1.1/iJ 

Project No. 7! "4/ 
Client ,.Ef.tlkttiU,. 

Date Sheet No.4.3._ 

A: ~~ A.c.,_ 

G.w : ___ .44 
t?. I 
4.~~Jk, 
a z_ c:::p'~ . 

Computed By__..["'V.::...:1 "'" . .;z..,-,___checked By·_..:_.o_r:_:__:__ 
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==~~c-~~~:~~--!-~--~~~~~ 
. . ' • .._.t. __ _, . 

...... ·--------- . ···• ,----,--,-..-·v--,--,- ,.,.... . ' ! . . l . ! . . . ! 
-----4----~~~~--~--J~~-~-:4---~L--~~~ _ _L_j ___ --~---.--~----r----;---~:r-·- , : ~-4---t---I , . :-: -· 

! '!, • . •. ' . ' I I ' I . 
; ! > ~ i 1 l -: . ' I I 

---~==!~·· 1--f--t=-~±i=tJ=tT i+t+J 
' -+----~--~=-~=--: ___ ~-}:-=_L_LL .. ___ l_ __ l_J ____ L_j ____ L_ L_:_L .! :_: __ ~_~:.:-;£ 
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Langley and McDonald Project No·------1 

Iii l'l"r-"'<S:;.,....."' <-~'"'>'~·.·.,. 

EN~IN~""'R" • P' f...f 't.Jl=R" • "' 1r.r. '"' · '""'"' \,;~_,_,..,_.,._ o4.- . ....,~...-••-.7V·•-

\IIIH .. •ilifl.r. &ta.::Ot!- ~--<-iliV~!,!,>.:, ~, .. ::,.,.,., 

Client ______ --,-

Oate ___ Sheet No.M-

2e.7 _;. ---~~ ... ----··· ··- .. ~-: 
; ___ .:.; __ _:_ ___ i-+--~ 
i i 

-- . -··--· ·---- --····- ------- -'· ,.,. _____ _.,.::. ... ··--f--r-~---i 
. ' ' ' ,l 

213_ 
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PRO.CT--~~~~~~~~~~ 

JOB NO. 78 -41 
STORM SEWER DESIGN COMPUTATIONS 

DATI f2 - IZ =t2t. SHEET. I OF. Z 
DESIGN FORMUL.tf.C/t?-lA FREQ. ~~~~~~~~==~~~~~COMPUTED BY ~l?~ CHECKED BY 

--

AIIEA IIUNOFF 'A' x ·c INLET RAIN 
ACIIES COEF. 

I'II"E CAI'A- VELO. 
TIME IIUNOFF (DITCH) CITY FT./ 

STIIEET I'OtNT "A" ''c'' INC:IIE._ _ ACCIJAo\· MIN. INCH Q CFS SIZE CFS SEC. 

At?e:-.LJ A .3 . ~- ~ 18 5 7 I /13 if,'~~~-1 I· 3 2..8 
A 1.'1 ·;.4 I. I I(, /,34 16 6./ ~8 15'1 

!0.7 88 

IA;ee.a r:?, -· - ~:8~ .a~ 18 :!!F 7./ It? u, ; IZ '' 7. 5' ~ 

o;CJ ~/:> t:;; 7 ;.::;;- "7. I ~ .Y!. t;; J Z II 7 .. -t.::r c:r 
18~ ;:;;:4-t P-i"' 7. I 3...-JZ I Z '' '$Z 4 

A rj:t/J r - - • ;; 1' ... ":!:h ~ /:JCJ 748 IZ'' z,~;; ~---1 

A!?PA D - ~4G ;::?&~ er 7.1 J. 7~ JZ. f3 ~:>==> /.o J 

P. - - lb -::e.LJ n !? 7.,,/ 2.47 } :7. I) ~;·~ /t:J _,. J 
;::- _.:.-- )) .;;- L.-41, 'S 1, !6~t::t I~ J 9 JZ" ~ .s::r /""'.I 
~ - ,.--r- .·)~q .. tDt:/ z /, ~.q 4.1$"" 
bl - - 42Z toz4 
(.,?, -- Jt4 1 .. I Cf 8 ,: .-.'5'" 77Z J.5JI Jl .;;.'5 

AI?~.A JJ -- _1")/, ("')(;, ~ 7.- I lo.4 ~ I P-: 1/ ~ -:3 ..., ,r:. 

tENGTH 
FEET 

fo8 

Z4 
Z..4 

~z 

~z 

2.4 

Z4 
?..-~ 

~- ~ 

4B 

LANGLEY AND NMDONALD 

INGINEIRI•PLANNERS •IUIIVIYORI 

VIRGINIA BEACH, VIRGINIA 

I 

ELEV. 
SLOI'E FALL IIEMAIIICS 
FT/FT FT. UP DOW!' 

,08 
.02..19 

n.LJ;q 

_n.:::J/&1 

,~8 .--~ , .. 

1.-005 1-;3.___,~ 
..- • :;- 7-

0~ 

. I"") c. : 

.t?C. 

n27B ~ 

. ' . 

/J~ 

' 

""" 

r/ 
f'-
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Langley and McDonald 
""••-r.ll'; ,-ro ... :·•· >'<' .,. 

ENSl~E.E~s • PL.t.:-.r·-.:=ss~ S:...:~·~~·=: -1·c r:2 

~ Project No. ____ _ 

r' Cl!en: ______ _ 

. 
..,,H,7,1t.".. <.C.J ::,.. ';'. · _. •, ••:. ": !'"': ·•· ' >., ~ r Dat!" ___ Sheet No. __ 

[~~. ~----------~ 

Vi/-c_h Vdoct'·/r~s By . A.re4_ 
C/1-(;;-fer · lio~«LJ . J?~~'a.AM.~ 

A. z.e FPs d;-,4 7 , 
. 8 . f. ?* {: PS c/: , 7 S 

1
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·· 

c I /, G ;;, P5 d: , 7 r' 
D, /, t:'J . f.::P5 c/.:- I ~5_1. 
e..~ 2. I PP.S J., . ~ ~ ' 
F. z, z ~s d."!" . u,e ' 
(£. 3. 7 1=-PS d .r • ~ I 
.-oz. 2 .Cj PPS. d,. .. Cf4 1 
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Project P.-::::> II I "\T ,6. ~>.l 

~o~~s 
HYDROLOGICAL DATA: 

O.A.= AC. 
i I 

·- ·--

1-- ·-· ... ~- .. 

- -·· -·· 
I .. 

. 1- .... 

-·- '-- ·-• ..• ·--- ... ·--

DISCHARGES USED 

0-" CFS 
Q_= CFS 
Q_= CFS 
Q_= CFS 
Q = .CFS 

c (..us '"t1;:: J2. 

-

--·-- -- !- -- ·- --- - .... 

1-. - -· ---
-- --·- -·· 

:-·-- ·-
--- --- ··-

-- I -

RISK ASSESSMENT l ADT 

Detours Available 
Overtopping Stage 
Flood Plain Management 
Criteria and Significant Impact 

Plan Sheet No.~ Designer 1./QZ.A'_ Sheet~of __ 

Rev. Dole Date 

~··-··- ··- ·- ·- AHW Controls STATION: IL.:.+t_.,~-
---

IOOyr. Flood plain i elev. 
---

Design AHW depth elev. 
-- ,---·- --··· ·- ·---. ··-----' ·-. Structure~ elev. 

1- freq. TWelev. 

;- 1-- 1- lE_ = • ZS I ( 
: --... -- ··- ···--1--- = --

·-· ! -- . --- -·-·- ··-· --- = --
.. .... ·- ·- Shoulder \ elev. 7 ~ · B l --= 

-- ..... -. ·- .. -- --· -- elev.?JM 

----

/ Skew ~Co"' .L!i__! ~ 
,Length 

ln<.E1.1~So• Zm.'i'l-.DDS 

Orig. Gr. E lev. 71 • 8 L= ~-~ Orig.Gr. Elev. ~ 
J 

. HEADWATER COMPU'rMIONS CONT. OUTLET El')d 
CULVERT TYPE 8 SIZE ·.a I. Q/B~ INLET CONT. OUTLET CONTROL HW. VELOCITY COMMENTS 

.. HW/D HW Ke de ~ ho H LSo HW ELEV. C.M.ISiuuvl'-
Treat. 

15 !2.CP 2.5: .. iJIA .72.. .B .5 .v2 ,.,4 '~ ~~~~i_ (. o·z.. :11.'14 I 14 2. ~.::.-
·• 

I I . 
.. 

• 
'; 

I 

Design Flood Exceed. Prob. Elev. 
Overtop Flood EKceed. Pro b. __ Elev. 
Base Flood 1% Exceed.Prob ___ Elev. 

SUMMARY 8 RECOMMENDATIONS: 

, .............. •,•'•~'·llf'>•"'·""•"·''"···t·· ......... , .. , .•. ... ~·-':• ., ......... 
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Project No. ____ _ 

~ Clien! 

ij_ Dat~ ___ Sheet No.~ 
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Rev 3· 83 

p~Wt../ATA,.J 6t.LJ'S~ Pion Sheet No.-- Designer !AJ<.:-5" Shee I _27_ ol __ 

N Rev. Dole Dote 
N ...-.. .. .. ... .. .. 

STATION: _20 + Z5 \..11 HYDROLOGICAL DATA: AHW Controls 
I I--
t-' D.A.• AC. !IOOyr. Flood plain elev. 
00 

-.....,;' f·-
IDesign AHW depth elev. 

-· 1 .. . .. f-1 .. 1---- ... - 1-- - . .... 1-·-· . . .... . ..... I·· 1-·- .... !Structure~ elev . 
1·-- f -- .... .• heq. TWelev. 

i. I· 1-- lJ2..:: ,G, 
: 

1- --· .. - . ... . . .. , ..... ... ... , .. ··-1--- -
:: -I· .. ... ... .. ---- ·--· --·¥ 1-- i-- - .... .. .. f- 1-- I :: -

... . . I· .. . ..... ... ···-·· 1--- Shoulder felev.~rs - : 

-- ...... - .... ·- I-- . ·- ... ··- .. .. ... ·- elev.~ 

~ 
: -· ... ·--· ..... ... ..... - .. 

/Skew :X:. • 

1

C"'" ~ ~ 
DISCHARGES USED RISK ASSESSMENT ADT 

lnvEI~~ 
j 

Zc.s.ss 
a_= CFS Detours Available ,Length 

I 

a_= CFS Overtopping Stage . ' 

a_: CFS Flood Plain Management .Q l So= 
a_= CFS Criteria ond.Significontlmpoct 

a .. ·CFS 
0' G El (pJ L= ;~ Orig. Gr. Elev. 7/.2._ . . -~ ng. r. ev. 

I 

I HEADWATER COMPUTATIONS CONT. OUTLET End 
!CULVERT TYPES SIZE ·.a ~ ' a;s' INLET CONT. OUTLET CONTROL HW. VELOCITY COMMENTS 

HW/D HW Ke de ~ ho H LSo HW ELEV . C.M.!Sm)olh 
Treat. 

. . 
1~ !Zc,P . 4.Ei.. ,JJ~ {.t 1.6 ,6 18 l.o3 !I c3 

~~~.3 
~ !1.4~' ·~~8 ~~·I .. 

' ·. ... 

• ~-· ' 
' 

...-.. 

I 
Design Flood Exceed.Prob. Elev. 
Overtop Flood EKceed.Prob.-- Elev. 
Bose Flood 1% Exceed.Prob. __ Elev. 

SUMMARY a RECOMMENDATIONS: 
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Scott Thomas 

From: Scott Thomas 
Sent: 
To: 

Thursday, August 21, 2003 11:06 AM 
'Hicks, Michael' 

Subject: RE: Eckerd's @ News Road, Williamsburg 

piping.S.JPG (43 
KB) 

piping.7.JPG (44 
KB) 

piping.S.JPG (44 
KB) 

piping.9.JPG (43 
KB) 

The facility of which you refer to is wet 
pond BMP known as SWM Facility D (Area D) which was constructed as part of the Monticello 
Avenue Extension. County BMP ID Code assigned to this facility is PC 140. It also serves 
as quasi regional BMP for the Monticello Marketplace and Marketplace Shoppes. It was 
constructed by VDOT under state project Route 0199, 0199-047-103, RW-205, C-503 (Mark 
White, Project Manager). 

Based on information that I have in our asbuilt files, it was designed by MMM Design Group 
, 229 West Bute Street, Norfolk, Va. 23510. It serves a drainage area of 135.6 acres and 
attenuates the 2- and 10-year storm. It appears your site was included in the overall 
anticipated postdevelopment drainage basin subarea to be conveyed to the pond. A map I 
have in file shows a subarea along the south side of News Road 17.29 (ie. West of the 
basin) of C=0.70. 

I will alert you however that this basin just recently failed and was repaired (some 
photos attached). VDOT and the property owner of record (Powhatan Enterprises) were 
involved in the repair. The County was not heavily involved with meetings and actual 
repair activities. 

Photo 5 was seepage occurring along the barrel prior to failure. Photos 7, 8 and 9 were 
after the actual failure. The facility is now repaired. 

Scott J. Thomas, P.E. 
James City County 
Environmental Division 

Visit: http://www.james-city.va.us/resources/devmgmt/div devmgmt environ.html 
and 
www.protectedwithpride.org 

-----Original Message-----
From: Hicks, Michael [mailto:hicks@johnrmcadams.com] 
Sent: Wednesday, August 20, 2003 4:31 PM 
To: Scott Thomas 
Cc: Clark, Amos 
Subject: Eckerd's @ News Road, Williamsburg 

Scott, 

thanks for your help this morning. This is a pdf of the Site Plan for the Eckerd's I 
talked to you about this morning across the street from Target. Do you know anything 
about the stormwater feature to the east of our site (not shown on the plan but is over 
there). Can we drain into this and then go into the lake. Not sure what this is sized at 
and such and who on earth designed this. Check will be in Joan's hand tornrnorrow morning. 
Thanks for sending out the BMP Manual today. 

<<0258 001.pdf>> 

Thanks, 

Michael Hicks 
The John R. McAdams Company 

1 
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2905 Meridian Pkwy. 
Durham, NC 27709 
919-361-5000 ext 297 (Office) 
1-800-733-5646 ext 297 (Toll Free) 
919-361-2269 (Fax) 
919-417-0217 (cell) 
702-995-8110 (e-fax) 

' . 

2 
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Scott Thomas 

From: 
Sent: 
To: 
Cc: 
Subject: 

0258_001.pdf(101 
KB) 

Scott, 

Hicks, Michael [hicks@johnrmcadams.com] 
Wednesday, August 20, 2003 4:31 PM 
Scott Thomas 
Clark, Amos 
Eckard's @ News Road, Williamsburg 

' . 

thanks for your help this morning. This is a pdf of the Site Plan for the Eckerd's I 
talked to you about this morning across the street from Target. Do you know anything 
about the stormwater feature to the east of our site (not shown on the plan but is over 
there). Can we drain into this and then go into the lake. Not sure what this is sized at 
and such and who on earth designed this. Check will be in Joan's hand tommorrow morning. 
Thanks for sending out the BMP Manual today. 

«0258 001.pdf>> 

Thanks, 

Michael Hicks 
The John R. McAdams Company 
2905 Meridian Pkwy. 
Durham, NC 27709 
919-361-5000 ext 297 (Office) 
1-800-733-5646 ext 297 (Toll Free) 
919-361-2269 (Fax) 
919-417-0217 (cell) 
702-995-8110 (e-fax) 

1 
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PROTECTING RESOURCES 

IN DEliCATE ENVIRONMENTS 

COUNTY PLAN NO: 

BMPID CODE: 

WATERSHED: 

ENVIRONMENTAL- STORMWATER 
TRANSMITTAL 

P"' C-' /' ;)' o.· ~m/ ftil( ~~if71CE{L(} ~IJ~<I£/7l.I1CE 
_ ~ _ I 4T Q;i~tVE.C !~;FiJI(;;~ r-ltJ;CIVVCELtv /J./C 
/o ~~,l !lrr T &v 

0 ENTIRE RECORD FILE 

0 ASBUILTS 

0 CONSTRUCTION CERTIFICATION 

0 

NAME: 

SIGNATURE: 

DATE: 
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S.L. NUSBAUM Realty Co. 
9211 Forest Hill Avenue, Suite 110 • Richmond, Virginia 23235 • (804) 320-7600 • FAX (804) 330-8924 

James W. Brewer 
Residency Administrator 
Virginia Department of Transportation 
Williamsburg Residency 
4451 Ironbound Road 
Williamsburg, VA 23188 

June 7, 2006 ~)-=-, 

L 

DEVE:; · 

-~l 

I 
I 

Re: BMP Located Between Monticello Marketplace and Powhatan Secondary, 
James City County, Virginia- Your Letter of July 19, 2005 

Dear Mr. Brewer: 

Reference is made to your letter of July 19, 2005, a copy of which is attached, regarding the referenced BMP 
and my ongoing effort to bring this matter to a close with VDOT and James City County. 

Once again, the current Letter of Credit in effect with Wachovia Bank will be expiring in September. As I 
indicated in our past meeting, there should be no need to extend it any further with the construction of 
Monticello Marketplace and Marketplace Shoppes being completed for some time. You should have ample 
information in your file from my prior correspondence with your office and the County on this matter. I 
would appreciate any update you can provide me on any discussions or meetings you may have had with John 
Horne and/or Darryl Cook since our meeting last year. 

With regard to the Inspection/Maintenance Agreement, I will once again bring this to Lawrence Beamer's 
attention to see if we can move forward with this document if he feels the prior issues that were of concern 
to him with VDOT and the County have been addressed. 

In the meantime, if you should have any questions or comments, please feel free to contact me. I look forward 
to your response. 

JMG:lds 

Enclosure - as noted 

cc Alan Nusbaum 
Lawrence Beamer 
Darryl Cook 
Jolin Home 

Sincerely, 

9J::Jnare~--
semor Vtce President 

1 RE-C " 
r-----::..::.E~IVE D 

DEVELOPMENT • PROPERTY MANAGEMENT • LEASING • COMMERCIAL SALES 
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COMMONWEALTH of VIRGINIA 
GREGORY A. WHIRLEY 
ACTING COMMISSIONER 

July 19, 2005 

James M. Gresock 
Senior Vice President 

DEPARTMENT OF TRANSPORTATION 
1700 NORTH MAIN STREET 

SUFFOLK, VA 23434 

S. L. NUSBAUM REALTY COMPANY 
9211 Forest Hill Avenue, Suite 110 
Richmond, Virginia 23235 

Re: BMP Located Between Monticello Marketplace and Powhatan Secondary, 
James City County, Virginia 

Dear Mr. Gresock: 

This is in reference to your letter received in this office concerning the BMP located 
between Monticello Marketplace and Powhatan Secondary in James City County. 

We have previously performed some work that was indicated in Mr. Cook's letter that I 
received on May 25, 2005. The only items that are left, to my knowledge to be 
performed, is the mowing operation on the dam. I will set up a meeting with Mr. John 
Home and Mr. Darrel Cook next week to review any other work they feel need further 
attention, then another meeting will be arranged with all respective parties to bring this 
matter to a conclusion. 

If additional information is desired, please give me a call at (757) 253-4832. 

Sincerely, 

4tJA~ 
J;_ W. Brewer 

Residency Administrator 

cc: Mr. John Home 
Mr. Darrel Cook 

757-925-2500 
TOLL FREE 1-888-723-8400 WE KEEP VIRGINIA MOVING 

FAX 757-925-1618 
WWW.VIRGINIADOT.ORG 
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S.L. NUSBAUM Realty Co. 
9211 Forest Hill Avenue, Suite 110 • Richmond, Virginia 23235 • (804) 320-7600 • FAX (804) 330-8924. 

Powhatan Enterprises, Inc. 
Attn: Lawrence F. Beamer, President 
13441 Warwick Boulevard 
Newport News, Virginia 23602 

Re: James City County BMP Maintenance Agreement 

Dear Lawrence, 

May 2, 2000 

This is to advise you that I had a recent call from Darryl Cook regarding the status of the referenced BMP 
Maintenance Agreement. At this time, Darryl is concerned about the appearance of algae in the pond as well 
as related concerns on the adjacent lakes. 

As you may recall, we discussed this matter in detail last year and brought the BMP matter to VDOT' s 
attention per my letter ofFebruary 22, 1999 to Quinton Elliott, a copy of which is attached, which addresses 
the need for VDOT to provide the necessary treatment for the pond, including repairs, prior to. Powhatan 
Enterprises taking over the maintenance of the facility. I believe this was followed up with subsequent phone 
calls to Quinton, but as far as I know, VDOT has not contacted us regarding this matter. 

By copy of this letter, I am requesting Quinton to evaluate the situation so we can address Darryl's concerns 
as expeditiously as possible. 

I assume you have retained the Declaration of Covenants - Inspections/Maintenance of Drainage System 
Agreement that needs to be put in place once we have resolved the questions ofVDOT's obligations. 

I will be conferring with Darryl Cook further on this matter and, ifthere is need for a meeting with the various 
parties, I will advise you and Quinton accordingly. If you have any questions, please advise. 

Sincerely, 

9::::Jto¥ 
Senior Vice President 
Director of Development 

JMG:lds 
MCIIMID VDOT 

cc Alan Nusbaum NAY 1 2 2000 
DarrylCook , 
Q · Ell' MLUAMSOORG RESfOENCY 

umtottEvfit)PMENT • PROPERTY MANAGEMENT • LEASING • COMMERCIAL SALES . 
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S.L. NUSBAUM Realty Co. 
9211 Forest Hill Avenue. Suite 110 • Richmond. Virginia 23235 • (804) 320-7600 • FAX (804) 330-8924 

February 22, 1999 
Mr. Quinton Elliott 
Resident Engineer 
Virginia Department of Transportation 
Post Office Box HD 
Williamsburg, Virginia 23817 

Re: Monticello Marketplace Shopping Center- James City County BMP Maintenance Agreement 

Dear Quinton, 

For your review and input, please find enclosed a copy of my letter to Lawrence Beamer dated November 30, 
1998, together with a Declaration of Covenants- Inspections/Maintenance ofDrainage System Agreement 
to be executed by Powhatan Enterprises, Inc. per the Deed of Easement between Powhatan Enterprises and 
Monticello Marketplace Associates, a copy of which is also attached. 

In discussing this matter recently with Lawrence Beamer, it is our understanding that Powhatan Enterprises 
would take over the repair and maintenance of the BMP subsequent to VDOT providing any necessary 
treatment of the pond, including repairs. This is based on VDOT's use of the pond for their construction work 
on :--Jews Road and Monticello Avenue extension as their designated storm water management facility, as 
discussed and agreed upon at the time the various right of way dedications were made with VDOT and related 
County agreements. 

With the completion of VDOT's roadwork and the Shopping Center, James City County is requesting 
completion of the Maintenance Agreement and its implementation. Please review this matter with the 
appropriate VDOT departments and let me know when you would expect to turn over the pond to Powhatan 
Enterprises for its future maintenance, as I need to keep the County informed on the status of this matter. 

If you have any questions or need to meet to further discuss same, please advise as I can make myself readily 
available. 

JMG:lds 
cc Alan Nusbaum 

Rob Dewey, Esquire 
Lawrence Beamer 
Darryl Cook 

Sincerely, 

9:::1~ 
Senior Vice President 
Director of Development 

DEVELOPMENT • PROPERTY MAi'-1.-\GDIENT • LEASING • COMMERCL<\L SALES 
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S.L. NUSBAUM Realty Co. 
9211 Forest Hill Avenue. Suite 110 • Richmond. Virginia 23235 • (804) 320-7600 • FAX (804) 330-8924 

Via Airbome Express 

Powhatan Enterprises, Inc. 
Attn: Lawrence F. Beamer, President 
13441 Warwick Boulevard 
Newport News, Virginia 23602 

Re: Monticello Marketplace Shopping Center 
James City County BMP Maintenance Agreement 

Dear Lawrence, 

November 30, 1998 

With the opening ofMonticello Marketplace Shopping Center in October, the James City County staff wants 
to complete the necessary paperwork on our project at this time. Accordingly, I enclose a Declaration of 
Covenants-Inspections&faintenance ofDrainage System Agreement that needs to be executed by Powhatan 
Enterprises, Inc. 

This agreement covers the obligation ofPowhatan Enterprises, as the owner ofthe property on which the BMP 
facility is located, to maintain the system and allow the County to inspect the same, etc. This is the County's 
standard form, and based on what we have seen in other jurisdictions, a very reasonable one. · 

As you will recall, the Deed of Easement between Powhatan Enterprises and Monticello Marketplace 
Associates, a copy of which is attached, provides that Powhatan Enterprises will repair and maintain the BMP 
located within the Drainage Easement Area and related facilities at its own expense, subject to our paying a 
proportionate share of the reasonable costs incurred. 

Please sign the Declaration in the space provided on Page 3, and have your signature acknowledged before 
a notary public. Once this is completed, please return the Declaration to my attention to forward to the 
appropriate County staff. 

Please call me if you ha\·e any questions regarding this Agreement. Thank you for your assistance, and best 
wishes during the holiday season. 

JMG:lds 
cc Rob Dewey, Esquire/Willcox & Savage 

Alan Nusbaum/S.L. Nusbaum 

Sincerely, 

~~r~ 
Senior Vice President 
Director of Development 

Darryl Cook/En\·ironmental Department, James City Co. (\':ith enclosure) . 
DEVELOP\IENT • PROPERTY MANAGEMENT • LEASli\G • COMMERCIAL SALES 
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DEVELOPMENT MANAGEMENT 
101-E MoUNTs BAY RoAD, P.O. Box 8784, WILLIAMsBURG, VIRGINIA 23187-8784 

· (757) 253-6671 Fax: (757) 253-6850 E-MAIL: devtman@james-city.va.us 
CoUN1Y ENGINEER 

CoDE CoMPUANCE E:MRONMENTAL DIVISION PuNNING (757) 253-6678 
(757) 253-6626 
codecomp@james-city.va.us 

May 11, 1998 

Mr. James Gresock 
S.L. Nusbaum Realty Co. 

(757) 253-6670 (757) 253-6685 INrEGRATED PFsr MANAGEME!Yr 

environ@james-city.va.us planning@james-city.va.us (757) 253-2620 

9211 Forest Hill Avenue, Suite 110 
Richmond, VA 23235 

RE: Monticello Marketplace Shopping Center 

Dear Mr. Gresock: 

Enclosed for your use is the Declaration of Covenants, Inspection/Maintenance of Drainage 
System form that needs to be executed to guarantee long-term maintenance of the Best 
Management Practice (BMP) that controls the runoff from your project site. The Agreement 
needs to be completed and notarized and returned to this office for recordation. 

In addition, I also want to· discuss the issue of the clarity of the water in the pond that is 
immediately downstream of the BMP facility. The County has received numerous complaints 
about the turbidity in the pond that has resulted from the construction of the shopping center and 
the Virginia Department of Transportation (VDOT) work on News Road and the Monticello 
Extension. In our opinion and in the opinion of the Department of Game and Inland Fisheries 
(DGIF) this should only be a short-term problem and that as the shopping center site and road 
work becomes completed and stabilized with vegetation and pavement, the turbidity should 
decrease and the clarity of the water increase. However, in the event that this does not occur 
naturally, I would request that your firm either alone or in conjunction with VDOT treat the pond 
• to remove the turbidity. DGIF has recommended treating the surface of the water with lime to 
improve its clarity. This was tried as a test on the BMP/sediment basin and an improvement in 
water clarity was noticed until the recent heavy rains caused another increase in turbidity. 

I would appreciate hearing from you on the issue of turbidity removal in the near future. Please 
contact me at 253-6673 if you have any questions. 

Sincerely, 

Darryl E. Cook, P.E. 
Environmental Director 
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Powhatan Community Services Assn (PCSA) 
P.O. Box 5004 

Williamsburg, VA 23188-5004 

Memorandum of Meeting November 8, 2005 

Subject: Long-Term Maintenance ofBMP (Detention Pond) at Comer ofNews Rd & Monticello Avenue 

Undersigned participated this date in a meeting with John Home and Darryl Cook (representing 
JCC Development Management & Environmental Control); Jim Brewer (VDOT Regional 
Administrator); James Gresock (S.L. Nusbaum Realty Co. representing management of 
Monticello Marketplace); and Lawrence Beamer (Developer of Powhatan Secondary). 

After preliminary discussion and "exchange of positions" (which included the fact that by prior 
agreement or law that VDOT and JCC have no financial responsibility for contribution towards 
long-term maintenance of the BMP despite being major contributors), the following appears to 
be the road map as regards responsibility for the BMP: 

•!• Within certain pre-stated parameters [not identified herein], Lawrence Beamer will 
ultimately take possession of the BMP. Concurrently, James City County will undertake 
a project to install plantings along News Rd to screen the BMP from view of those 
driving by on News Rd. 

•!• If desired by Lawrence Beamer and the ultimate owner/occupant of the commercial 
property that borders the west side of the BMP, the pond may be allowed to have a small 
depth of water that would cover the bottom and enable operation of a fountain for 
"beautification" purposes (of value only to the owner/occupant of said commercial 
property). All costs associated with this effort, both initial and long-term maintenance of 
the fountain, would be the responsibility of the commercial property owner/occupant. 

•!• Reluctantly, it is acknowledged that the ownership of the BMP would eventually transfer 
from the Developer of Powhatan Secondary to our homeowners association (PCSA) 
......... but with a well-defined agreement that all costs associated with maintenance and 
repair of the BMP would be assessed to three contributors, those being the owners of 
MONTICELLO MARKETPLACE & MARKETPLACE SHOPPES; small portion of 
WINDSORMEADE MARKETPLACE; and potentially the commercial property 
adjacent to the BMP that was to be occupied by Eckerd Drug Stores. Those costs would 
include but not be limited to periodic mowing/trimming of the sides of the dam, any 
maintenance of the BMP required by JCC, and any repair of the BMP "structures" 
(including any portion of the dam itself) that may become necessary. 

PHILLIP SMEAD 
Resident 

Powhatan St•condary of Williamsburg 

IVvtlw Section Essex s·ection Sussex Sect ton Cluster Village IVestover Section Berkeley Section 
Wate1ji;rd Pmrhatan Woods 71Je I "ill ages at Powhatan Cromwell Ridge Powhatan 1'/oce 

The Colonies Steeplechase Apart me Ills .\!ontice/!o at Powhatan Apartments 
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Page 1 of2 

John Horne 

From: Jim Gresock Ugresock@slnusbaum.com] 

Sent: Wednesday, November 09, 2005 11:22 AM 

To: Phil Smead 

Cc: MacKenzie, Doug; Beamer, Jonathon; Beamer, Lawrence; Chapman, John; Malarkey, Madeline 
and Pat; Puterbaugh, Kirk; Shumaker, Patricia; John Horne; Jones, CJ 

Subject: RE: Memorandum of Meeting 

No problem I agree 

From: Phil Smead [mailto:philsmead@cox.net] 
Sent: Wednesday, November 09, 2005 11:18 AM 
To: Jim Gresock 
Cc: MacKenzie, Doug; Beamer, Jonathon; Beamer, Lawrence; Chapman, John; Malarkey, Madeline and Pat; 
Puterbaugh, Kirk; Shumaker, Patricia; Horne, John; Jones, 0 
Subject: Re: Memorandum of Meeting 

I take no issue with your statement, other than to assert that prior to transition of the BMP from Powhatan 
Enterprises to PCSA, the Developer must have whatever study is required to define the "sharing" accomplished, 
and then prepare an agreement between himself and PCSA that provides absolute clarity that 100% of 
maintenance/repair costs are passed on to the contributors of stormwater to the BMP. 

----- Original Message ----
From: Jim Gresock 
To: Eb1Ui_ll1J:!~cl ; Hom~,.J.Qbit ; M~cK_~D?:i~,J29J.!9. ; S~~_rn~L)QIJ;qtiJ.Qn ; 6~_arn_~L1~wrenc~ ; Ch<mm~JJ.,_John_ ; 
Malarkey, Madeline and Pat; Puterbaugh, Kirk; Shumaker, Patrici<l 
Cc: Jones, CJ 
Sent: Wednesday, November 09, 2005 9:50AM 
Subject: RE: Memorandum of Meeting 

Phil, 
I am in agreement with your memo except for the third item.Agreements are already in place or drafted 

for implementation that you should review if you haven't already.Specifically,there is a Deed of Easement dated 
9/04/1996 by and between Powhatan Enterprises, Inc. and Monticello Marketplace Associates Associates LLC 
invoving a sewer easement and drainage easement. The drainage easement involves the BMP and setsforth 
various rights and responsibilities. In addition a Declaration of Covenants Inspection/Maintenance of Drainage 
System using the County's document format was drafted but not finalized because of the disputes addressed at 
our meeting between Lawrence Beamer,County and VDOT. A remedy to the dispute appears to be forthcoming 
which would lead to completion of this agreement. 

Finally,the contributors to the BMP who are to be assessed needs to be verified by an engineer 
acceptable to all parties as stated in aforementioned Deed of Easement. Monticello Marketplace & Marketplace 
Shoppes are contributors but it is not clear if Windsormeade Marketplace is. I will assist in the clarification of this 
matter since I am involved in all three projects. The Eckerd Drug Store site is also a contributor and perhaps 
some other tracts of land that require further investigation. 

From: Phil Smead [mailto:philsmead@cox.net] 
Sent: Tuesday, November 08, 2005 9:38 PM 
To: Horne, John; MacKenzie, Doug; Beamer, Jonathon; Beamer, Lawrence; Chapman, John; Malarkey, 
Madeline and Pat; Puterbaugh, Kirk; Shumaker, Patricia; Jim Gresock 
Cc: Jones, 0 
Subject: Memorandum of Meeting 

11/9/2005 
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Page 2 of2 

The attached summarizes my understanding of the meeting held 8 Nov 05 to address long-term maintenance 
responsibility for the BMP adjacent to the Monticello Marketplace 

NOTICE: This e-mail message (including all attachments transmitted with it, if any) is intended solely 
for the use of the addressee and may contain legally privileged and confidential information. lfyou are 
not the person to whom this e-mail is addressed, or an employee or agent responsible for delivering 
this message to the person to whom it is addressed, you are hereby notified that any dissemination, 
distribution, copying, or other use of this message or its attachments is strictly prohibited. 

If you have received this e-mail in error, please notify the sender immediately by e-mail reply, then 
please delete this e-mail, together with any attachments to it, from your computer. 

If this message contains a proposal for sale or lease, the terms therein shall not be binding upon either 
party until such time as a contract or lease agreement has been fully-executed. 

NOTICE: This e-mail message (including all attachments transmitted with it, if any) is intended solely 
for the use of the addressee and may contain legally privileged and confidential information. If you are 
rrot the person to whom this e-mail is addressed, or an employee or agent responsible for delivering this 
message to the person to whom it is addressed, you are hereby notified that any dissemination, 
:listribution, copying, or other use of this message or its attachments is strictly prohibited. 

[fyou have received this e-mail in error, please notify the sender immediately by e-mail reply, then 
please delete this e-mail, together with any attachments to it, from your computer. 

[f this message contains a proposal for sale or lease, the terms therein shall not be binding upon either 
party until such time as a contract or lease agreement has been fully-executed. 

11/9/2005 
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Message Page 1 of 1 

Scott Thomas 

From: Darryl Cook 

Sent: Monday, October 03, 2005 10:48 AM 

To: John Horne 

Cc: Scott Thomas 

Subject: RE: Monticello BMP 

We have completed the review of the BMP and the work they did to get it in an acceptable condtion. It is ready 
for the next step with Lawrence, VDOT and Jim Gresock. 

-----Original Message-----
From: Brewer, Jim (Williamsburg) [mailto:Jim.Brewer@VDOT.Virginia.gov] 
Sent: Tuesday, September 20, 2005 2:05PM 
To: John Horne; Darryl Cook 
Subject: Monticello BMP 

John and Darryl 

I believe that we have completed everything that was required on the pond. 

What is the next step to resolve this issue, so that we can both get it off 
our plates. 

Thanks 

Jim Brewer 
Residency Administrator 

Williamsburg Residency 

(757) 253-5140 
Fax (757) 253-5148 

10/3/2005 
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Message Page 1 of 1 

Scott Thomas 

From: Scott Thomas 

Sent: Monday, October 03, 2005 11:04 AM 

To: Darryl Cook 

Subject: RE: Monticello BMP 

For record purposes, I inspected the BMP on Friday September 301h. All repairs made by VDOT per our punchlist 
appeared adequately addressed and there were no further issues from my end. 

Scott J. Thomas, P.E. 
James City County 
Environmental Division 

-----Original Message----
From: Darryl Cook 
Sent: Tuesday, September 20, 2005 2:53PM 
To: 'Brewer, Jim (Williamsburg)'; John Horne 
Cc: Scott Thomas 
Subject: RE: Monticello BMP 

I have looked at it and you addressed the issues that we discussed on our last site visit. As Scott has 
also looked at it but has not seen the latest repairs, I would like him to look at it as well. I'll have an 
answer on the pond condition by the end of the week. Then it would seem to be time to approach Mr. 
Beamer and say it is ready to go -that it meets County stnds. 

10/3/2005 

-----Original Message-----
From: Brewer, Jim (Williamsburg) [mailto:Jim.Brewer@VDOT.Virginia.gov] 
Sent: Tuesday, September 20, 2005 2:05 PM 
To: John Horne; Darryl Cook 
Subject: Monticello BMP 

John and Darryl 

I believe that we have completed everything that was required on the pond. 

What is the next step to resolve this issue, so that we can both get it off 

our plates. 

Thanks 

Jim Brewer 

Residency Administrator 

Williamsburg Residency 

(757) 253-5140 

Fax (757) 253-5148 
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COMMONWEALTH of VIRGIN -
DEPARTMENT OF TRANSPORTATION 

PO BOX HD 

CHARLES D. NOTTINGHAM 
COMMISSIONER 

s. L. Nusbaum Realty co. 
9211 Forest Hill Avenue, suite 110 
Richmond, VA 23235 

Attn: Mr. James M. Gresock 

WILLIAMSBURG, 23187-3608 

May 15, 2000 

Route: 
Project: 
FHWA: 
Location: 

199 
0199-047-F03,C503,D611-613 
STP-199-5!003) 
James City co. 

Ref: Algae storm water Management Basin 

Dear Mr. Gresock: 

This is concerning your letter dated May 2, 2000 concerning the appearance of algae in the 
SWM Basin. we have discussed this with Mr. Lawrence Beamer and we are at the present 
time having our contractor, Jack L. Massie purchase Grass carp to control the algae. The 
carp will be placed in our SWM Basin on a trial period to evaluate the vegetation control. If 
this is successful we will then discuss with Mr. Beamer the purchase of carp for the larger 
lake. These carp are being purchased through the Virginia Game and Inland Fisheries and 
will be permitted to the Department. 

Should you need additional information on this matter, please call at 757-253-4862. 

JIH/Ija 
Attach !);lent 

Sincerely, 

Quintin Elliott 
Resident Engineer 

~-;-#J 
By: Jimmy 1. Hamrick 

Assistant Resident Engineer 

XC: II" Mr. Darryl Cook, James City Co. W/attachment 
Mr. Lawrence Beamer, Powhatan Enterprises, w/attachment 
Ms. Jane Wimbush w/attachment 
Mr. Joe Parker w/attachment 
File w/attachment 

WE KFFP VIR(liNIA Mn\/IN(l 
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/ 
S.L. NUSBAUM Realty Co. 
9211 Forest Hill Avenue, Suite 110 • Richmond, Virginia 23235 • (804) 320-7600 • FAX (804) 330-8924 

May2, 2000 

Powhatan Enterprises, Inc. 
Attn: Lawrence F. Beamer, President 
13441 Warwick Boulevard 
Newport News, Virginia 23602 

Re: James City County BMP Maintenance Agreement 

Dear Lawrence, 

This is to advise you that I had a recent call from Darryl Cook regarding the status of the referenced BMP 
Maintenance Agreement. At this time, Darryl is concerned about the appearance of algae in the pond as well 
as related concerns on the adjacent lakes. 

As you may recall, we discussed this matter in detail last year and brought the BMP matter to VDOT's 
attention per my letter of February 22, 1999 to Quinton Elliott, a copy of which is attached, which addresses 
the need for VDOT to provide the necessary treatment for the pond, including repairs, prior to Powhatan 
Enterprises taking over the maintenance of the facility. I believe this was followed up with subsequent phone 
calls to Quinton, but as far as I know, VDOT has not contacted us regarding this matter. 

By copy of this letter, I am requesting Quinton to evaluate the situation so we can address Darryl's concerns 
as expeditiously as possible. 

I assume you have retained the Declaration of Covenants - Inspections/Maintenance of Drainage System 
Agreement that needs to be put in place once we have resolved the questions ofVDOT's obligations. 

I will be conferring with Darryl Cook further on this matter and, if there is need for a meeting with the various 
parties, I will advise you and Quinton accordingly. If you have any questions, please advise. 

Sincerely, 

fl:::!.G¥ 
Senior Vice President 
Director of Development 

JMG:lds 
NiCBVIID VDOT 

cc Alan Nusbaun1 ~lAY 1 2 2000 
Darryl Cook , . 
Quinton Ell" ott l\!1lliAMSBURG RESfDENCY 

DEVELOPMENT • PROPERTY MANAGEMENT • LEASING • COMMERCIAL SALES 
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S.L. NUSBAUM Realty Co. 
9211 Forest Hill Awnue. Suite 110 • Richmond. Virginia 23235 • (804) 32 ~00 • FA.'< (804) 330-~ 

c;.- ,_oc" 
February 22, 1999 ·1!r·1 .~ (\C\'; 

Mr. Quinton Elliott · '1' o. 8. L ':'; · 
Resident Engineer 
Virginia Department ofTransportation 
Post Office Box HD 
'Williamsburg, Virginia 23817 

Re: Monticello Marketplace Shopping Center- James City County BMP Maintenance Agreement 

Dear Quinton, 

For your review and input, please find enclosed a copy of my letter to Lawrence Beamer dated November 30, 
1998, together with a Declaration of Covenants- Inspections/Maintenance ofDrainage System Agreement 
to be executed by Powhatan Enterprises, Inc. per the Deed of Easement between Powhatan Enterprises and 
Monticello Marketplace Associates, a copy of which is also attached. 

In discussing this matter recently with Lawrence Beamer, it is our understanding that Powhatan Enterprises 
would take over the repair and maintenance of the BMP subsequent to VDOT providing any necessary 
treatment of the pond, including repairs. This is based on VDOT's use of the pond for their construction work 
on News Road and Monticello AYenue extension as their designated storm water management facility, as 
discussed and agreed upon at the time the various right of way dedications were made with VDOT and related 
County agreements. 

·with the completion of VDOT's roadwork and the Shopping Center, James City County is requesting 
completion of the Maintenance Agreement and its implementation. Please review this matter with the 
appropriate VDOT departments and let me know when you would expect to turn over the pond to Powhatan 
Enterprises for its future maintenance, as I need to keep the County informed on the status of this matter. 

If you have any questions or need to meet to further discuss same, please advise as I can make myself readily 
available. 

JMG:lds 
cc Alan Nusbaum 

Rob Dewey, Esquire 
Lawrence Beamer 
Darryl Cook 

Sincerely, 

9::1~ 
Senior Vice President 
Director of Development 

DEVELOP~·::NT • PROPERTY MAN,\ . -· ' 7 'IT • LEASING • COMMERCIAL SA --
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~'- • DEVELOPMENT MANAGEMENT 
101-E MoUNTS BAY RoAD, P.O. Box 8784, WIWAMsBURG, VIRGINIA 23187-8784 
(757) 253·6671 Fax: (757) 253·6850 E·MAII.: devtman@james-city.va.us 

CouNrv ENGINEER 

CoDE CoMPIJANCE E~'VIRONMENTAL DIVISION PlANNING (757) 253-6678 
(757) 253-6626 
codecomp@james-city.va.us 

May 11, 1998 

Mr. James Gresock 
S.L. Nusbaum Realty Co. 

(757) 253-6670 (757) 253-6685 INTEGRATED PEST MANAGEMENT 

environ@james-city.va.us planning@james-city.va.us (757) 253-2620 

9211 Forest Hill Avenue, Suite 110 
Richmond, VA 23235 

RE: Monticello Marketplace Shopping Center 

Dear Mr. Gresock: 

Enclosed for your use is the Declaration of Covenants, Inspection/Maintenance of Drainage 
System form that needs to be executed to guarantee long-term maintenance of the Best 
Management Practice (BMP) that controls the runoff from your project site. The Agreement 
needs to be completed and notarized and returned to this office for recordation. 

In addition, I also want to· discuss the issue of the clarity of the water in the pond that is 
immediately downstream of the BMP facility. The County has received numerous complaints 
about the turbidity in the pond that has resulted from the construction of the shopping center am 
the Virginia Department of Transportation (VDOT) work on News Road and the Monticello 
Extension. In our opinion and in the opinion of the Department of Game and Inland Fisheries 
(DGIF) this should only be a short-term problem and that as the shopping center site and road 
work becomes completed and stabilized with vegetation and pavement, the turbidity should 
decrease and the clarity of the water increase. However, in the event that this does not occur 
naturally, I would request that your firm either alone or in conjunction with VDOT treat the pond 
to remove the turbidity. DGIF has recommended treating the surface of the water with lime to 
improve its clarity. This was tried as a test on the BMP/sediment basin and an improvement in 
water clarity was noticed until the recent heavy rains caused another increase in turbidity. 

I would appreciate hearing from you on the issue of turbidity removal in the near future. Please 
contact me at 253-6673 if you have any questions. 

Sincerely, 

Darryl E. Cook, P .E. 
Environmental Director 
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S.L. NUSBAUM Realty Co. 
9211 Forest Hill Avenue, Suite 110 • Richmond. Virginia 23~35 • (804) 320-7600 • FAX (804) 330-8924 

Via Airbome Express 

Powhatan Enterprises, Inc. 
Attn: Lawrence F. Beamer, President 
13441 Warwick Boulevard 
Newport News, Virginia 23602 

Re: Monticello Marketplace Shopping Center 
James City County BMP Maintenance Agreement 

Dear Lawrence, 

November 30, 1998 

With the opening ofMonticello Marketplace Shopping Center in October, the James City County staff wants 
to complete the necessary paperwork on our project at this time. Accordingly, I enclose a Declaration of 
Covenants-Inspections&faintenance ofDrainage System Agreement that needs to be executed by Powhatan 
Enterprises, Inc. 

This agreement covers the obligation ofPowhatan Enterprises, as the owner of the property on which the BMP 
facility is located, to maintain the system and allow the County to inspect the same, etc. This is the County's 
standard form, and based on what we have seen in other jurisdictions, a very reasonable one. 

As you will recall, the Deed of Easement between Powhatan Enterprises and Monticello Marketplace 
Associates, a copy of which is attached, provides that Powhatan Enterprises will repair and maintain the BMP 
located within the Drainage Easement Area and related facilities at its own expense, subject to our paying a 
proportionate share of the reasonable costs incurred. 

Please sign the Declaration in the space provided on Page 3, and have your signature acknowledged before 
a notary public. Once this is completed, please return the Declaration to my attention to forward to the 
appropriate County staff. 

Please call me if you ha\'e any questions regarding this Agreement. Thank you for your assistance, and best 
wishes during the holiday season. 

JMG:lds 
cc Rob Dewey, Esquire/Willcox & Savage 

Alan Nusbaurn/S.L. Nusbaum 

Sincerely, 

Senior Vice President 
Director of Development 

Darryl Cook/Environmental Department, James City Co. (with enclosure) 
DEVELOP\ lENT • PROPERTY MANAGEMENT • LEASll\G • COMMERCIAL SALES 
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Date Record Created: WS_BMPNO: 
No CTRL STRUC DESC VDOT Dl-7 MAINTENANCE PLAN 

Created By: 
r------------------. SITE AREA acre 

CTRL STRUC SIZE inches 3' x 3.5' 

WATERSHED 

BMP IDNO 

PLAN NO 

TAX PARCEL 

PIN NO 

CONSTRUCTION DATE 

PC 

140 

SP-40-97 

PRINTED ON 
Thursday, March 04, 2010 
4:11:39 PM 

PROJECT NAME VDOT BMP at Monticello-Private Dam 

FACILITY LOCATION SW lntx of News Road & Mont Ave Ext 

CITY-STATE Williamsburg, Va. 23185 

CURRENT OWNER 

OWNER ADDRESS 

OWNER ADDRESS 2 

CITY-STATE-ZIP CODE 

OWNER PHONE 

MAINT AGREEMENT Yes 

EMERG ACTION PLAN No 

Get Last BMP No Return to Menu Print Record I 

LAND USE 

old BMP TYP 

JCC BMPCODE 

POINT VALUE 

SVC DRAIN AREA acres 

Retail & Roadway 

Wet Pond 

A2 Wet Pond 

135.6 

OTL T BARRL DESC 

OTLT BARRL SIZE inch 

EMERG SPILLWAY 

DESIGN HW ELEV 

PERM POOL ELEV 

2-YR OUTFLOW cfs 

10-YR OUTFLOW cfs 

RECDRAWING 

SERVICE AREA DESCRI Monticello Marketplace & VDOT Roads 

43.33 CONSTR CERTIF IMPERV AREA acres 

RECVSTREAM UT of Powhatan Creek 

EXT DET -WQ-CTRL 

WTR QUAL VOL acre-ft 

CHAN PROT CTRL No 

1.8 

CHAN PROT VOL acre-ft 0 

LAST INSP DATE 

INTERNAL RATING 

MISC/COMMENTS 

RCP Barrel 

48. 

Yes 

69.34 

63.00 

No 

No 

90.95 

138.32 

Inspected by: 

SW/FLOOD CONTROL Yes 
SWMF "D". Shared Maint Facility 
VDOT/Developer. 

GEOTECH REPORT No 

Additional Comments: 
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MMM18~~tl~ 
ARCHITECTS + ENGINEERS + PLANNERS 

STEVE W. LOWRY 
SENIOR CIVIL ENGINEER 

229 WEST BUTE STREET • NORFOLK, VIRGINIA 23510 
POST OFFICE BOX 269 • NORFOLK, VIRGINIA 23501 

PHONE (804) 623-1641 • FAX (804) 623-5809 
e-mail to ... mmm@ infi.net 
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Pat Menichino 

From: 
Sent: 
To: 
Cc: 
Subject: 

Scott Thomas 
Tuesday, July 23, 2013 2:33 PM 
Pat Menichino 
Joseph Buchite; Greg Johnson; Bill Cain 
Martins Fuel; SP-2-11 

I got your voicemail and talked with staff. The manufactured BMP oil/water separator device was pretreatment 
installed to treat incidental runoff or should a spill occur beneath the fuel canopy only. This was from a pollution 
prevention plan aspect which is typical of what we ask for on fuel/gas stations, whether through conditions or proffers if 
an SUP or rezoning; or as a pretreatment device if a byright plan. This site itself was not subject to water quality under 
the County's 10-point system. The Powhatan Secondary master stormwater management plan and PC-140 is the facility 
which provides compliance. Therefore, in these situations we would not assign it a BMP #. 

The asbuilts and file forwarded were for a storm system only. 

Scott J. Thomas, P.E. 
Director of Engineering and Resource Protection 

James-~ City ~ I) 
J~ l"":;ir~ 
~_..-

101-E Mounts Bay Road 
Williamsburg, VA 23185 
P: 757-253-6639 
F: 757-259-4032 
jamescitycountyva.gov 

1 



TRANSMITTAL SHEET 

ENGINEERING & RESOURCE PROTECTION ~ STORMWATER 

Project: Martin's Fuel Facility 

County Plan No.: SP-002-2011 

Assigned BMP No.: None storm pipe only 

BMPType: 

Information Enclosed: 

X Record Drawings (Asbuilts) 

X Construction Certification 

X Computations 

o Other: 

Name: Gregory B. Johnson 

Date: 7 /11/13 

Signature:{~~ 
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I HEREBY CERTIFY TO THE BEST OF MY KNOWLEDGE ANO BELIEF THAT THIS 
RECOHD DRAWING REPRESENTS THE ACTUAL CONDITION OF THE STORMWATER 
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COUNTY OF JAMES CITY, VIRGINIA 

DECLARATION OF COVENANTS 
INSPECTION/MAINTENANCE OF DRAINAGE SYSTEM 

p 

Please type 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 15th 
between SLN Casey Associates, L.L.C. 

day of _A___._pn_·1 ___ _,, 20 _!!__, 
, and all successors in 

interest, ("COVENANTOR(S)"), owner(s) of the following property: 

Parcel Identification Number(s ): _3_83_1_8_0_00_0_3_A_&_3_8_3_18_0_0_00_3_B _____________ _ 
Legal Description(s): L-3A and L-3B of CC Casey Limited Co parcels 1-5 (WindsorMeade Marketplace) 

Project or Subdivision Name: Martin's Fuel Facility, Store #6402 
Document/Instrument No(s): _0_40_0_2_4_4_0_1 ----------------------

or Deed Book,..----------------' Page No. _______ _ 
and the County of James City, Virginia ("COUNTY.") 

WITNESSETH: 

I (We), the COVENANTOR(S), with full authority to execute deeds, 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 law and 
applicable executive regulations. The SYSTEM shall not include any elements located within any 
Virginia Department of Transportation rights-of-way. 

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, 
reconstructing, maintaining or repairing the SYSTEM. 

5. 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 

----~DUNTY may assess the COVENANTOR(S) and/or all property served by the SYSTEM for the cost of 
the work and any applicable penalties. 

Prepared by (Name, Address & Phone): 
James M. Gresock, Senior Vice President 
S.L. Nusbaum Realty Co. 

9211 Forest Hill Ave., #110, Richmond, VA 23235 
(804)320-7600 Extension 1312 

Page 1 of2 

Return to: 
JCC Attorney's Office 
101-C Mount's Bay Road 
Williamsburg, VA 23185 
(757) 253-6612 
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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. 

7. The COVENANTOR(s) shall promptly notify the COUNTY when the 
COVENANTOR(S) legally transfers any of the COVENANTOR(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. 

COMMONWEAL TH OF VIRGINIA 

COVENANTOR(S) 
SLN CASEY ASSOCIATES, L.L.C. 
a Virginia limited liability company 
BY: SLN Williamsburg Associates, L.L.C. 

a Virginia limited liability company, Manager 
BY: S.L. Nusbaum Realty Co., 

Virginia corporation, Manager 

)U~SEAL) BY: 

Senior Vice President 

ACKNOWLEDGMENT 

CITY /COUNTY OF _R=-==ic=hm=on=d=---------' to wit: 

I hereby certify that on this / ~ day of ~ , 20 11 , before the 
subscribed, a Notary Public for the Commonwealth of Virginia, personally appeared 

:James m. Gre~oc./t:·_ and did acknowledge the foregoing instrument to be 
his/her Act. 

County Attorney 
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James City County Environmental Division 
Stormwater Management/BMP Record Drawing and 

Construction Certification Review Tracking Form 

Project Name: 
County Plan No.: ~~~~~~~-"="",..--,.-=-=---=-:,-.,...,--:r-r--,--~--:-=---.....--:::::------:-
Stormwater Management Facility: ~ ~WI l i 
BMP Phase#: D I D II D III 
-._ Information Package Received. Date/By:_6_../_z.._o_,_/_t_3 ______________ _ 
)'- Completeness Check: ·L I A f2. 

'Jf'. Record Drawing Date/By: IJ'.11 ~I.$ S~fW"I • ...., e,.<J 

V: Construction Certification Date/By: '+ Cl 5'C-<>·~ 'JU'i>! 
'jl. RD/CC Standard Forms (Required for al BMPs after Feb 1•t 20010nly) 
o Insp/Maint Agreement # / Date: ~~--------------
)( BMP Maintenance Plan Location: .... tJ=--A_,__ ____________ _ 
o Other: 

o Standard E&SC Note on Approved Plan Requiring RD/CC or County comment in plan review 
o Yes o No Location· 

_. Assign County BMP ID Code#: Code: iJA---------------
'W Preliminary Input/Log into Division's "As-Built Tracking Log" 
- Add Location to GIS Map. Obtain basic site information (GPIN, Owner, Address, etc.) 
lf!f' Preliminary Log into Access Database (BMP ID #, Plan No., GPIN, Project Name, etc.) 
o Active Project File Review (correspondence, H&H, design computations, etc.). 

- Initial As-Bui!t File setup (File label, folder, copy plan/details/design information, etc.). 
;tii!I> Inspector Check of RD/CC (forward to Inspector using transmittal for cursory review) . 
.w Pre-Inspection Drawing Review of Approved Plan (Quick look prior to Field Inspection). 
""°" Final Inspection (Fl) Performed Date: -----------------
..i;;i.. Record Drawing (RD) Review Date: 
.,._.Construction Certification (CC) Review Date: 
9- Actions: 

Jill No comments. 
o Comments. Letter Forwarded. Date: 
o Record Drawing (RD) 
o Construction Certification (CC) 
o Construction-Related (CR) 
o Site Issues (SI) 
o Other:---------------------------~ 

Second Submission: --------------------------
Reinspection (if necessary):-----------------------

~ Acceptable for SWM Purposes (RD/CC/CR/Other). Ok to proceed with bond release . 
../ilf'" Complete "Surety Request Form". 

Check/Clean active file of any remaining material and finish "As-Built" file. 
o Add to County BMP Inventory/Inspection schedule (Phase I, II or III). 
o Copy Final Inspection Report into County BMP Inspection Program file. 

Obtain Digital Photographs of BMP and save into County BMP Inventory. 
o Request mylar/reproducible from As-Built plan preparer. 
o Complete "As-built Tracking Log". 
o Last check of BMP Access Database (County BMP Inventory). 
o Add BMP to JCC Hydrology & Hydraulic database (optional). 

Add BMP to Municipal BMP list (if a County-owned facility) 
o Add BMP to PRIDE BMP ratings database. 

~ Inspector: "' 

Chief Engineer;~ 

Final Sign-Off 

~··· 

Date: 

Date: zb#:s 
*** See separate checklist, if needed. 



Stormwater Management/BMP Facilities MAY_.a 0 2013 
Record Drawing and Construction Certification Forms 

~~ 
(Note: In accordance with the requirements of the Chesapeake Bay Preservation Ordinance, Chapter S'f,l~~on 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: Martin's Fuel Facility, Store #6402 

Structure/BMP Name: ~n/~a-----------------------------------
Project Location: 4820 Monticello A venue 
BMP Location: on site south of fuel pad 
County Plan No.: -=S=P-'-0"""0""'2-'-2"""0'""""1...._l __________ _ 

Project Type: D Residential 

~
Business 
Office 
Industrial 
Roadway ~

Commercial 
Institutional 
Public 
Other ______ _ 

Tax Map/Parcel No.: -=-3-=-8=-31"""'8"""0-=-0-..00~3--=B"--------------
BMP ID Code (if known):--------------
Zoning District: MU Mixed Use District 
Land Use: _____________________ _ 

Site Area (sf or acres): ...,,1 .... 2=-=0=3_,_7 ______________ _ 

Brief Description ofStormwater Management/BMP Facility:---------------------
CDS 2015 Hydrodynamic Separator used as an oil/water separator. Unit collects water from the the fuel area concrete 
pad through a trench drain system. 

Nearest Visible Landmark to SWM/BMP Facility: ~M=ar'""'ti=n'-"'s'"""F'""""'u=e""l-=-F-=ac=i=li'"'"ty,__ ________________ _ 

Nearest Vertical Ground Control (if known): 

D JCC Geodetic Ground Control ousGs 0Temporary 0Arbitrary Oother 

Station Number or Name: -------------------------------
Datum or Reference Elevation:-----------------------------
Control Description:--------------------------------
Control Location from Subject Facility:--------------------------

Engineering and Resource Protection Division 
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Section 2 - Stormwater Management/BMP Facility Construction Information: 

Pre-Construction Meeting Held for Construction of SWM/BMP Facility: 0Yes 0No Ill unknown 
Approx. Construction Start Date for SWM/BMP Facility: ...!.M~a=-y._2=0~1,__,l...__ ___ -r--r---....... ---.-...----------

Facility Monitored by County Representative during Construction: LJ Yes 0 No /l1 Unknown 
Name of Site Work Contractor Who Constructed Facility: Keystone Petroleum Equipment, Inc. 
Name of Professional Firm Who Routinely Monitored Construction: Froehling & Robertson, Inc. 

Date of Completion for SWM/BMP Facility: """Ju"""n,.,e"-'2""0"'"'1""'1-----------------------
Date of Record Drawing/Construction Certification Submittal: ..LA"""p....,r..,il__.1 ..... 7 ..... .,,.2.,,.,0.._.13.__ ______________ _ 

(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 Engineering and Resource Protection 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: S.L. Nusbaum Co. 
Mailing Address: 9211 Forest Hill Avenue Suite 110 
Richmond VA 23235 
Business Phone: 804-320-7600 Fax: -=8-=-04~--=-3=-30"---=-8~92~4'----------
Contact Person: ~J=am~es~G-=-re=s'-=o-=-c=k ______ Title: Vice President 

Design Professional: (Note: Professional Engineer or Certified Land Surveyor responsible for the design and 
preparation of plans and specifications for the Stormwater Management I BMP facility.) 

Firm Name: Vanasse Hangen Brustlin 
Mailing Address: 351 McClaws Circle Suite 3 
Williamsburg, VA 23185 
Business Phone: ~7~5~7--=2=2~0""""'-0 __ 5 __ 0 __ 0 ______________________ _ 
Fax: 757-220-8544 
Responsible Plan Preparer: _,,S'""c""o""tt'""C""h""'a""p""'m""a"°'n,___ _________________ _ 
Title: Senior Project Manager 
Plan Name: Martin's Fuel Facility, Store #6402 

Firm's Project No. ~3~3=2~05~·~00~----------------------
Plan Date: A ril 7 2011 
Sheet No.'s Applicable to SWM/BMP Facility: C5.0l 

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

Firm Name: Advanced Fueling Systems 
Mailing Address: 9998 Lickinghole Road 
Ashland VA 23005 
Business Phone: __ 8~0~4-~7~9-=-8--=2=9 __ o __ o ______________________ _ 
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Fax: 804-798-2940 
Contact Person: ""'L~in""n""i"'"e...:cH~i""'te::.:..r _______________________ _ 
Site Foreman/Supervisor: -=B=-=ru=ce:::.....:::C:.:::o~x ____________________ _ 

Specialty Subcontractors and Purpose (for BMP Construction Only): ----------

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 I BMP facilities during its construction.) 

Record Drawing and Construction Certifications for Stormwater Management/BMP Facilities 

Record Drawing Certification 
Firm Name: Vanasse Hangen Brustlin 

Mailing Address: 351 McLaws Circle, Ste 3 
Williamburg, VA 23185 

Business Phone: 804-757-0500 --'-'-'--'----'"":....:...;;__ _______ ~ 
Fax:757-220-8544 

Name: Steve Romeo 

Title: Principle, Land Surveyor 
Signature: ----------------
Date: 4-17-13 

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 to the provisions of the approved 
design plan, specifications design, and stormwater 
management plan, except as specifically noted. 

Virginia Registered Professional Engineer or Certified 
Land Surveyor 

Construction Certification 
Firm Name: Vanasse Hangen Brustlin 

Mailing Address: 115 S. 15th Street, Suite 200 
Richmond VA 23219 

Business Phone:-"8-"0-'-4--"3--'4~3--'-7_1_0_0 ________ _ 

Fax:804-343-1713 

Name: Scott Chapman 
Title: Senior Project Manager 
Signature: _______________ _ 

Date: 4-17-13 

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 plan, specifications, and 
stormwater management plan, except as specifically 
noted. 

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

Ill Pre-Construction Meeting - Provides an opportunity to review SWM/BMP facility construction, 
maintenance and operation plans and addresses 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 Engineering and Resource Protection 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 I 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. 

Ill 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. 

0 Construction Certification - Construction of Stormwater Management I 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 Engineering and Resource Protection 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 Engineering and 
Resource Protection 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. 

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

Dual Purpose Facilities - Completion of construction also includes an interim stage for Stormwater 
Management I BMP facilities which serve dual purpose as temporary sediment basins during construction 
and as permanent stormwater management I 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. 
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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 I 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. 

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 Engineering and Resource Protection 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 
Engineering and Resource Protection 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.) 

llJ 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 I 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, 
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it is requested that the record drawings also be submitted to the Engineering and Resource Protection 
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 Engineering and Resource Protection 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 NIA Not Applicable Inc Incomplete) 

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

xx I. 

NIA 2. 

xx 3. 

xx 4. 

xx 5. 

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 comer. 
(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. 

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

xx 1. 

xx 2. 

NIA 3. 

NIA 4. 

NIA 5. 

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 Engineering and Resource 
Protection 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. 
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NIA 6. 

NIA 7. 

NIA 8. 

NIA 9. 

NIA 10. 

NIA 11. 

NIA 12. 

NIA 13. 

NIA 14. 

NIA 15. 

NIA 16. 

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. 

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 spillway crest or outlet crest of the structure. 

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 obtain 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. 

NIA 17. BMP interior and periphery landscaping zones conform with arrangements and requirements of the 
approved design plan. 

XX 18. Maintenance plan taken from approved design plan transposed onto record drawing set. 

NI A 19. Fencing location and type, if applicable to facility. 

NI A 20. BMP vicinity properly cleaned of stockpiles and construction debris. 

NI A 21. No visual signs of erosion or channel degradation immediately downstream of facility. 

XX 22. Any other information formally requested by the Environmental Division specific to the constructed 
SWM/BMP facility. 

Engineering and Resource Protection Division 
P: 757-253-6670 

101-E Mounts Bay Road, P.O. Box 8784 
F: 757-259-4032 

Williamsburg, VA 23187-8784 
jamescitycountyva.gov 
Revised: June 2012 



Stormwater Management/BMP Facilities 
Record Drawing and Construction Certification Forms 

STORMWATER MANAGEMENT/BMP FACILITIES 
RECORD DRAWING CHECKLIST 

(Key for Checklist is as follows: XX Acceptable NIA Not Applicable Inc Incomplete) 

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

NI A A 1. All requirements of Section II, Minimum Standards, apply to Group A facilities. 

Page 9 

NIA A2. Principal spillway consists of reinforced concrete pipe with 0-Ring gaskets for watertight joint 
construction. 

NIA 3. Sediment forebays or pretreatment devices provided at inlets to pond. Generally 4 to 6 ft. deep. 

NIA A4. 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. 

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

NIA A6. Pond liner (if required) provided. Either clay liners, polyliners, bentonite liners or use of chemical soil 
additives based on requirements of the approved plan. 

NI A A 7. 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:l V). 

NIA A8. No trees are present within a zone 15 feet around the embankment toe and 25 feet from the principal 
spillway structure. 

NIA A9. Wet permanent pool, typically 3 to 6 feet deep, is provided and maintains level within facility. 

NI A A 10. Low flow orifice has a non-clogging mechanism. 

NIA A 11. A pond drain pipe with valve was provided. 

NIA A 12. Pond side slopes are not steeper than 3H: 1 V, unless approved plan allowed for steeper slope. 

NIA A 13. End walls above barrels (outlet pipe) greater than 48 inch in diameter are fenced to prevent a fall hazard. 

Engineering and Resource Protection Division 
P: 757-253-6670 

101-E Mounts Bay Road, P.O. Box 8784 
F: 757-259-4032 

Williamsburg, VA 23187-8784 
jamescitycountyva.gov 
Revised: June 2012 



Stormwater Management/BMP Facilities 
Record Drawing and Construction Certification Forms 

STORMWATER MANAGEMENTIBMP FACILITIES 
RECORD DRAWING CHECKLIST 
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(Key for Checklist is as follows: XX Acceptable NIA Not Applicable Inc Incomplete) 

IV. Group B - Wetlands (Includes B-1 Shallow Marsh; B-2 Ext Det Shallow Wetlands; B-3 Pond Wetland System 
and B-4 Pocket Wetland) 

NI A B 1. Same requirements as Group A Wet Ponds. 

NIA B2. Minimum 2:1 length to width flow path provided across the facility. 

NIA B3. Micropool provided at or around outlet from BMP (generally 3 to 6 ft. deep). 

NIA B4. Wetland type landscaping provided in accordance with approved plan. Includes correct pondscaping 
zones, plant species, planting arrangements, wetland beds, etc. Wetland plants include 5 to 7 emergent 
wetland species. Individual plants at 18 inches on center in clumps. 

NIA BS. Adequate wetland buffer provided (Typically 25 ft. outward from maximum design water surface 
elevation and 15 ft. setback to structures). 

NIA B6. No more than one-half(Yi) of the wetland surface area is planted. 

NIA B7. Topsoil or wetland mulch provided to support vigorous growth of wetland plants. 

NIA B8. Planting zones staked or flagged in field and locations subsequently established by appropriate field 
surveying methods for record drawing presentation. 
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STORMWATER MANAGEMENTIBMP FACILITIES 
RECORD DRAWING CHECKLIST 

(Key for Checklist is as follows: XX Acceptable NIA Not Applicable Inc Incomplete) 
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V. Group C - Infiltration Practices (Includes C-1 Infiltration Trench; C-2 Infiltration Trench; C-3 Infiltration 
Basin; and C-4 Infiltration Basin) 

NI A C 1. All requirements of Section II, Minimum Standards, apply to Group C facilities as applicable. 

NIA C2. Facility is not located on fill slopes or on natural ground in excess of six (6) percent. 

NIA C3. Pretreatment devices provided prior to entry into the infiltration facility. Acceptable pretreatment devices 
include sediment forebays, sediment basins, sediment traps, sump pits or inlets, grass channels, plunge 
pools or other acceptable measures. 

NIA C4. Three (3) or more of the following pretreatment devices provided to protect long term integrity of 
structure: grass channel; grass filter strip; bottom sand layer; upper filter fabric layer; use of washed bank 
run gravel aggregate. 

NIA CS. Sides of infiltration practice lined with filter fabric. 

NIA C6. 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. 

NIA C7. Stabilization and acceptable vegetative cover established over contributing drainage area prior to 
conveyance of storm water to the facility. 

NIA CS. Minimum one hundred (100) foot separation horizontally from any known water supply well and 
minimum one hundred (100) foot separation upslope from any building. 

NIA C9. Minimum twenty-five (25) foot separation down gradient from any structure. 

NIA CIO. Stormwater outfalls provided for overflow associated with larger design storms. 

NI A C 11. No visual signs of erosion or channel degradation immediately downstream of facility. 

NIA C12. Facility does not currently cause any apparent surface or subsurface water problems to downgrade 
properties. 

NIA C13. Observation well provided. 

NIA C14. Adequate, direct access provided to the facility for future maintenance, operation and inspection. 
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STORMWATER MANAGEMENTIBMP FACILITIES 
RECORD DRAWING CHECKLIST 

(Key for Checklist is as follows: XX Acceptable NIA Not Applicable Inc Incomplete) 
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VI. Group D - Filtering Systems (Includes D-1 Bioretention Cells; D-2 Surface Sand Filters; D-3 Underground 
Sand Filters; D-4 Perimeter Sand Filters; D-5 Organic Filters; and D-6 Pocket 
Sand Filters) 

NI A D 1. All requirements of Section II, Minimum Standards, apply to Group D facilities. 

NIA 02. Sediment pretreatment devices provided. 

NI A 03. For D-1 BMPs (Bioretention Cells), pretreatment consisting of a grass filter strip below level spreader 
(deflector); a gravel diaphragm; and mulch and planting soil layers were provided. 

NIA 04. 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. 

NIA 05. 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. 

NIA 06. No visible signs of accumulated silt/sediment were present in the facility following construction or 
alternately, accumulated silt/sediment was properly removed. 

NIA 07. Filtering system is off-line from storm drainage conveyance system. 

NI A 08. Overflow outlet has adequate erosion protection. 

NIA 09. Deflector, diversion, flow splitter or regulator structure provided to divert the water quality volume to the 
filtering structure. 

NIA 010. Minimum four (4) inch perforated underdrain provided in a clean aggregate envelope layer beneath the 
facility. 

NIA Dl 1. 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. 

NIA 012. Stabilization and acceptable vegetative cover established over contributing drainage area prior to 
conveyance of storm water to the facility. 

NI A D 13. No visual signs of erosion or channel degradation immediately downstream of facility. 

NIA 014. Adequate, direct access provided to the pretreatment area and/or filter bed for future maintenance. 
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STORMWATER MANAGEMENTIBMP FACILITIES 
AS-BUILT PLAN CHECKLIST 

(Key for Checklist is as follows: XX Acceptable NIA Not Applicable Inc Incomplete) 

Page 13 

VII. Group E - Open Channel Systems (Includes E-1 Wet Swales (Check Dams); E-2 Dry Swales; and E-3 
Biofilters) 

NIA El. All requirements of Section II, Minimum Standards, apply to Group E facilities as applicable. 

NIA E2. Open channel system has constructed longitudinal slope ofless than four (4) percent. 

NIA E3. No visual signs of erosion in the open channel system's soil and/or vegetative cover. 

NI A E4. Open channel side slopes are no steeper than 2H: 1 V at any location. Preferred channel sideslope is 3H: 1 V 
or flatter. 

NIA ES. No visual signs of ponding are present at any location in the open channel system, except at rock check 
dam locations for E-1 systems (Wet Swales). 

NIA E6. For E-2 BMPs (Dry Swales), an underdrain system was provided. 

NIA E7. Treated timber or rock check dams provided as pretreatment devices for the open channel system. 

NI A E8. Gravel diaphragm provided in areas where lateral sheet flow from impervious surfaces are directly 
connected to the open channel system. 

NIA E9. Grass cover/stabilization in the open channel system appears adaptable to the specific soils and hydric 
conditions for the site and along the channel system. 

NIA EIO. Open channel system areas with grass covers higher than four (4) to six (6) inches were properly mowed. 

NIA El 1. 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. 

NIA E12. No visible signs of accumulated silt/sediment were present in the facility following construction or 
alternately, accumulated silt/sediment was properly removed and no adverse affects to the function of the 
facility are anticipated. 

NIA E13. For E-3 BMPs (Biofilters), the bottom width is six (6) feet maximum at any location. 

NIA E14. For E-3 BMPs (Biofilters), sideslopes are 3H:l V maximum at any location. 

NIA EIS. For E-3 BMPs (Biofilters), the constructed channel slope is less than or equal to three (3) percent at any 
location. 

NIA E16. For E-3 BMPs (Biofilters), the constructed grass channel is approximately equivalent to the constructed 
roadway length. 

Engineering and Resource Protection Division 
P: 757-253-6670 

101-E Mounts Bay Road, P.O. Box 8784 
F: 757-259-4032 

Williamsburg, VA 23187-8784 
jamescitycountyva.gov 
Revised: June 2012 



Stormwater Management/BMP Facilities 
Record Drawing and Construction Certification Forms Page 14 

STORMWATER MANAGEMENTIBMP FACILITIES 
RECORD DRAWING CHECKLIST 

(Key for Checklist is as follows: XX Acceptable NIA Not Applicable Inc Incomplete) 

VIII. Group F - Extended Dry Detention (Includes F-1 Timber Walls; and F-2 Dry Extended Detention with 
Fore bay) 

NIA Fl. 

NIA F2. 

NIA F3. 

NIA F4. 

NIA FS. 

NIA F6. 

NIA F7. 

NIA F8. 

NIA F9. 

NIA FIO. 

NIA Fl 1. 

NIA Fl2. 

NIA Fl3. 

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

Basin bottom has positive slope and drainage from all basin inflow points to the riser (or outflow) 
location. 

Timber wall BMP used in intermittent stream only. (ie. Prohibited in perennial streams.) 

Forebay provided approximately 20 ft. upstream of the facility. Forebays generally 4 to 6 feet in depth. 

A reverse slope pipe, vertical stand pipe or mini-barrel and riser was provided to prevent clogging. 

Principal spillway and outlet barrel provided consisting of reinforced concrete pipe with 0-Ring gaskets 
for watertight joint construction. 

Mini-barrel and riser, if used, contains a removable trash rack to reduce clogging. 

Low flow orifice, if used, has a minimum diameter of three (3) inches or two (2) inches if internal orifice 
control was utilized and a small, cage type external trash rack. 

Timbers properly reinforced or concrete footing provided if soil conditions were prohibitive. 

Timber wall cross members extended to a minimum depth of two (2) feet below ground elevation. 

Protection against erosion and scour from the low flow orifice and weir-flow trajectory provided. 

Stilling basin or standard outlet protection provided at principal spillway outlet. 

Adequate, direct access provided to the facility. Access corridor to facility is at least ten (10) feet wide; 
slope is less than twenty (20) percent and appropriate stabilization provided for equipment and vehicle 
use. Access extends to fore bay, standpipe and timber wall, as applicable. 

NIA Fl4. No visual signs of undercutting of timber walls or clogging of the low orifice were present. 

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

NIA Fl6. No visible signs of accumulated silt/sediment were present in the facility following construction or 
alternately, accumulated silt/sediment was properly removed and no adverse affects to the function of the 
facility are anticipated. 

Engineering and Resource Protection Division 
P: 757-253-6670 

101-E Mounts Bay Road, P.O. Box 8784 
F: 757-259-4032 

Williamsburg, VA 23187-8784 
jamescitycountyvagov 
Revised: June 2012 



Stormwater Management/BMP Facilities 
Record Drawing and Construction Certification Forms 

STORMWATER MANAGEMENTIBMP FACILITIES 
RECORD DRAWING CHECKLIST 

Page 15 

(Key for Checklist is as follows: XX Acceptable NIA Not Applicable Inc Incomplete) 

IX. Group G - Open Spaces (Includes All Open Space Types G-1; G-2; and G-3) 

NI A G 1. All requirements of Section II, Minimum Standards, apply to Group G facilities as applicable. 

NIA G2. Constructed impervious areas appear to conform with locations indicated on the approved plan and appear 
less than sixty (60) percent impervious in accordance with the requirements of the James City County 
Chesapeake Bay Preservation Ordinance. 

NIA G3. Dedicated open space areas are in undisturbed common areas, conservation easements or are protected by 
other enforceable instruments that ensure perpetual protection. 

NIA G4. Provisions included to clearly specify how the natural vegetated areas utilized as dedicated open space 
will be managed and field identified (marked). 

NIA GS. Adequate protection measures were implemented during construction to protect the defined dedicated 
open space areas. 

NIA G6. Dedicated open space areas were not disturbed during construction (ie. cleared, grubbed or graded). 

Engineering and Resource Protection Division 
P: 757-253-6670 

101-E Mounts Bay Road, P.O. Box 8784 
F: 757-259-4032 

Williamsburg, VA 23187-8784 
jamescitycountyva.gov 
Revised: June 2012 



Stormwater Management/BMP Facilities 
Record Drawing and Construction Certification Forms 

STORMWATER MANAGEMENT/BMP FACILITIES 
RECORD DRAWING CHECKLIST 

(Key for Checklist is as follows: XX Acceptable NIA Not Applicable Inc Incomplete) 

X. Storm Drainage Systems (Associated with BMP's Only) 

Page 16 

(Includes all incidental stormwater drainage conveyance systems associated with SWMIBMP facilities such as 
onsite or ojfsite storm drains, open channels, inlets, manholes, junctions, outlet protections, deflectors, etc. These 
facilities are external to the treatment function of but are directly associated with drainage to and/or from a 
constructed SWMIBMP facility. The intent of this portion of the certification is to accurately identify the type and 
quantity of inflow or outflow points associated with the facility for future reference. The Professional may use 
his/her own discretion to determine inclusive facilities to meet the intent of this section. As a general rule, storm 
drainage systems would include incidental facilities to the nearest access structure upslope or downslope from the 
normal physical limits of the facility or 800 feet of storm drainage conveyance system length, whichever is less.) 

XX SD I. All requirements of Section II, Minimum Standards, apply to Storm Drainage Systems. 

XX SD2. Horizontal location of all pipe and structures relative to the SWM/BMP facility. 

XX SD3. Type, top elevation and invert elevation of all access type structures (inlets, manholes, etc.). 

XX SD4. Material type, size or diameter, class, invert elevations, lengths and slopes for all pipe segments. 

XX SDS. Class, length, width and depth of riprap and outlet protections or dimensions of special energy dissipation 
structures. 

XI. Other Systems (Includes any non-typical, specialty, manufactured or innovative stormwater management/BMP 
practices or systems generally accepted for use as or in conjunction with other acceptable 
stormwater management!BMP practices. Requires evidence of prior satisfactory industry use 
and prior Environmental Division approval, waiver or exception.) 

NIA 01. All requirements of Section II, Minimum Standards, apply to this section. 

NIA 02. Certification criteria to be determined on a case-by-case basis by the Engineering and Resource Protection 
Division specific to the proposed SWM/BMP facility. 

Engineering and Resource Protection Division 
P: 757-253-6670 

101-E Mounts Bay Road, P.O. Box 8784 
F: 757-259-4032 

Williamsburg, VA 23187-8784 
jamescitycountyva.gov 
Revised: June 2012 



Stormwater Management/BMP Facilities 
Record Drawing and Construction Certification Forms Page 17 

STORMWATER MANAGEMENT/BMP FACILITIES 
RECORD DRAWING CHECKLIST 

XII. References (The James City County Record Drawing and Construction Certification Forms and Checklists for 

D 

D 
D 
D 
D 
D 
D 
D 

D 

Stormwater Management/BMP facilities were developed using the following sources and 
references.) 

Baltimore County, Maryland Soil Conservation District, As-Built Stormwater Management Pond 
Checklist. 

James City County, Virginia, Guidelines for Design and Construction of Stormwater Management BMP's 
(October 1999). 

James City County, Virginia, Stormwater Detention/Retention Basin Design Checklist and Erosion and 
Sediment Control and Stormwater Management Design Plan Checklists. 

James City County Stormwater Policy Framework, Final Report of the James City County BMP Policy 
Project, October 1998, The Center for Watershed Protection. 

Prince Georges County, Maryland, As-Built Requirements Retention or Detention Pond/Basin. 

Prince William County, Virginia, Stormwater Management Fact Sheet. 

Stafford County, Virginia, As-Built Plan Checklist. 

Stormwater Management Design Manual, NRCS Maryland Code No. 378, Pond Standards and 
Specifications. 

USEPA/Watershed Management Institute, Stormwater Management Inspection Forms. 

Virginia Impounding Structure Regulations (Dam Safety), Department of Conservation & Recreation, 
1997. 

Virginia Erosion and Sediment Control Handbook, Third Edition 1992, Virginia Department of 
Conservation and Recreation, Division of Soil and Water Conservation. 

Virginia Stormwater Management Handbook, 1999 edition, Virginia Department of Conservation and 
Recreation, Division of Soil and Water Conservation. 

Engineering and Resource Protection Division 
P: 757-253-6670 

101-E Mounts Bay Road, P.O. Box 8784 
F: 757-259-4032 

Williamsburg, VA 23187-8784 
jamescitycountyva.gov 
Revised: June 2012 



TRANSMITTAL 

DATE: April 22, 2011 

TO: Co 
Environmental Division 

FROM: Jose Ribeiro, Senior Planner 

SUBJECT: SP-0002-2011, Martin's Fuel Facility 

ITEMS 
ATTACHED: Declaration of private drainage easement* 

Thank you for your review, 
Jose-Ricardo Linhares Ribeiro 
JCC Planner 

APR 2 5 ion 

*The Environmental Division has requested the applicant to provide 
drainage easements for all proposed storm water conveyance system 
located outside the property and not within the street rights-of-way. 
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APR %5 Z011 
Prepared by and return to Robert L. Dewey 
Willcox & Savage, P.C. 

JCC Tax ID#s 3 83 I 800003A 
38318000038 

440 Monticello Ave., Ste. 2200 
Norfolk, VA 23510 

DECLARATION OF PRIVATE DRAINAGE EASEMENT 
(WindsorMeade Marketplace Shopping Center - Parcel 3A) 

THIS DECLARATION OF PRIVATE DRAINAGE EASEMENT is made as of the 21st 
day of April, 2011, by SLN CASEY ASSOCIATES, L.L.C., a Virginia limited liability company 
("Grantor"), grantor and grantee for purposes of indexing. 

RECITALS 

A. Grantor is the owner of Parcel 3A and Parcel 38 as more particularly described on 
Exhibit A to this Declaration. Parcel 3A and Parcel 3B are each part of WindsorMeade 
Marketplace Shopping Center located in James City County, Virginia. 

B. In connection with the contemplated development of Parcel 38, Grantor desires to 
create a perpetual, non-exclusive utility easement over a portion of Parcel 3A for Drainage 
Facilities as more particularly described below. 

DECLARATION 

For and in consideration of the sum of Ten Dollars ($10.00) cash in hand paid and other 
good and valuable consideration, the receipt and sufficiency of which are acknowledged, Grantor 
declares as follows: 

1. Drainage Easement. 

(a) Grantor hereby dec)ares, creates and constitutes a perpetual, non-exclusive 
private utility easement (the "Drainage Easement") in, under, upon, through and beneath the 
portion of Parcel 3A (the "Easement Area") designated as "20' Drainage Easement 0.150 Acres 
6,520 sq. ft." on the Plat entitled "Drainage Easement on Land Owned by SLN Casey 
Associates, L.L.C.," prepared by VHB dated March 24, 2011, and attached to this Declaration as 
Exhibit B. 

(b) The Drainage Easement shall be appurtenant to and shall run with the land 
as between Parcel 3A as the servient tenement and Parcel 3B as the dominant tenement and shall 
be binding upon and inure to the benefit of the successors and assigns of Grantor and any person 
claiming by, through or under Grantor or its successors and assigns as the owner of Parcel 3A 
and/or Paree) 3B, respectively. Nothing in this Declaration is intended to created, nor shall the 
Drainage Easement as so created, be deemed as creating any rights in or for the benefit of the 
general public in all or any portion of Parcel 3A and/or Parcel 3B. 

1-1030098.I 
0412112011 



2. Use of Drainage Easement. 

(a) The Parcel 3B Owner shall have the non-exclusive right to use the 
Drainage Easement for installation, construction, alteration, operation and maintenance of a 
private storm water drainage line and associated facilities to serve Parcel 3B (collectively the 
"Drainage Facilities"). The Parcel 3B Owner shall have the right to connect the Drainage 
Facilities with the associated drainage facilities installed on Parcel 3B. 

(b) The Parcel 3A Owner shall also have the non-exclusive right to use the 
Drainage Facilities for stormwater drainage on Parcel 3A and shall have the right to connect and 
tie-in associated drainage facilities on Parcel 3A to the Drainage Facilities serving Parcel 3B for 
that purpose. The Parcel 3A Owner shall perform such work in a good and workmanlike manner 
and shall be responsible for any repairs resulting therefrom. 

3. Access. The Parcel 3B Owner shall have access to the Easement Area by means 
of existing roads and drives located on Parcel 3A (and if none so exist, other reasonable means of 
access thereto), and, if reasonably required given the nature and scope of the work involved, the 
Parcel 3B Owner shall be permitted to work in an area (not to exceed 10 feet in width) 
immediately adjacent to the Easement Area for the purposes of installing, maintaining and 
repairing the Drainage Facilities, to the extent that such adjacent areas have not been improved 
with buildings or other permanent structures. 

4. Improvements to Parcel 3A. The owner of Parcel 3A (the "Parcel 3A Owner") 
shall have the right to landscape, grade, pave and curb the Easement Area, erect signs within the 
Easement Area, park and transport vehicles over, upon or cross the Easement Area and otherwise 
use the Easement Area for such other purposes as the Parcel 3A Owner may desire, provided that 
such uses are not inconsistent with and do not interfere with the use and enjoyment of the 
Drainage Easement. The Parcel 3A Owner shall not construct any buildings or other permanent 
structures (other than signs, paving and curbing) within the Easement Area. 

5. Maintenance. Unless otherwise agreed by the Parcel 3A Owner and the Parcel 3B 
Owner, the Parcel 3A Owner shall, at its own cost and expense, maintain the Drainage Facilities 
that are located from time to time in the Easement Area in good repair and condition. If the 
Parcel 3A Owner shall fail to do so, the Parcel 3B Owner shall have the right to perform such 
maintenance or repair itself. As a condition of exercising self.help, the Parcel 3B Owner shall 
give written notice to the Parcel 3A Owner and a ten (10) business day cure period. If the Parcel 
3B Owner does exercise self-help, the Parcel 3B Owner shall be entitled to recover its costs and 
expenses incurred in perfonning such maintenance and repair obligations, together with 
reasonable attorney's fees incurred in the collection of such amounts, ifthe Parcel 3A Owner 
does not reimburse same within ten ( 10) business days after receipt of an invoice therefor. 

6. Limitations on Easement. The Drainage Easement is an easement for buried 
drainage pipe and related Drainage Facilities only, and no facilities or equipment shall be 
installed by the Parcel 3B Owner on the surface of the Easement Area except for Drainage 
Facilities expressly approved by the Parcel 3A Owner. Furthermore, the surface of the Easement 
Area shall not be otherwise used or disturbed except when reasonably necessary for the 
installation, maintenance and repair of the Drainage Facilities. 

1-1030098. l 
04/21/2011 
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7. Notices. Any notices to be given pursuant to this Declaration to the Parcel 3A 
Owner or the Parcel 38 Owner shall be sent by certified mail, return receipt requested, or by 
Federal Express or other reputable delivery service to the address of such owner as listed for real 
estate tax billing purposes in James City County or such other address as designated in writing 
by such Owner. Any such notice shall be effective upon delivery to the specified address (or 
such Owner's refusal to accept delivery). 

8. Modifications. The Drainage Easement and the terms and conditions of this 
Declaration may not be modified, released, rescinded or waived except by written instrument in 
recordable form executed by the Parcel 3A Owner and the Parcel 38 Owner. 

9. Successors and Assigns. This Declaration shall be binding upon and inure to the 
benefit of the Parcel 3A Owner and the Parcel 38 Owner and their respective successors and 
assigns. 

1-1030098.1 
0412112011 
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WITNESS the following signature and seal: 

SLN CASEY ASSOCIATES, L.L.C. 
a Virginia limited liability company 

By: SLN Williamsburg Associates, L.L.C., a Virginia 
limited liability company, Manager 

By; S. L. Nusbaum Realty Co., a Virginia 
corporation, Manager 

By: ~fh~ 
mesM. Gresock 

Senior Vice President 

(SEAL) 

COMMONWEAL TH OF VIRGINIA 

CITY OF RICHMOND, to wit: 

Tpe foregoing Declaration of Private Drainage Easement was acknowledged before me 
this~ day of April, 2011 by James M. Gresock, as Senior Vice President of S. L. Nusbaum 
Realty Co., a Virginia corporation, Manager of SLN Williamsburg Associates, L.L.C., a Virginia 
limited liability company, which in turn is Manager of SLN Casey Associates, L.L.C., a Virginia 
limited liability company, on behalf of the company. 

My commission expires: 

[AFFIX SEAL] 

1·1030098.1 
04/21/2011 
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EXHIBIT A 

ALL those certain lots, pieces or parcels of land lying and being in Berkeley District, James City 
County, Virginia, being known, numbered and designated as Parcel 3A and Parcel 3B as shown 
on a certain plat prepared by AES Consulting Engineers dated 1/15/04, last revised 7/27/04 
entitled uPlat of Subdivision and Lot Line Extinguishment Parcels I through 5, Being the 
Property of C.C. Casey Limited Company, Berkeley District, James City County, Virginia" 
recorded in the Clerk's Office of the Circuit Court of James City County, Virginia, as Instrument 
No. 040024397. 

1-1030098.1 
04/21/2011 
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~NTECH® 
ENGINEERED SOLUTIONS 
Scott Chapman, PE 
VHB 
115 South 15th Street, Suite 200 
Richmond, VA 23219-4209 

RE: COS Online Inspection Letter for Martin's Fuel Facility at Windsormeade. 

744 Greenwing Drive 
Chesapeake, VA. 23323 

Mobile: (757) 47~782 
Fax: (757) 485-5846 

www.contech-cpi.com 

May 28th, 2013 

The purpose of this letter is to document for VHB and James City County that the CDS unit for the 
project was designed in accordance with VADCR regulations and installed in conformance to the project 
site plans. 

The COS unit was designed using the TR-20 hydrograph method for the first 0.50" of runoff over the 
impervious area. To treat the calculated water quality flow of 0.14 cfs, the COS2015-4 was selected. This 
unit can treat up to 0.70 cfs before internal bypass. Additionally, Contech has inspected the unit and 
confirmed that the COS was installed in conformance to the project drawings. 

The configurations of the CDS inlet and outlet pipes are acceptable. The system appears to be 
constructible and is located in order to facilitate maintenance activities. We recommend biannual 
inspections for hydrodynamic separators. Removal of trash, oil and debris will be required in accordance 
with Contech's CDS Design, Operation and Maintenance guide. Actual maintenance interval will vary by 
site. 

During the site inspection of the structure, I noted that the outlet pipe was built as a 611 PVC instead of 
15" RCP per our Contract Drawings... I could not see the inlet pipe without entering the confined space. 
This as-built structure will perform per plan ifthe water quality flow is 0.7 cfs and the Peak Flow Rate is 
1 cfs as shown in our CONTRACT drawing. 

But it appears that the invert of the 6'' PVC is commensurate with the designed invert of "'88.94.... 3' -8" 
(3.67') from rim down to top crown of 6" PVC + 0.5' l.D. = "'4.17' approximates the DESIGNED rim to 
invert dimension of 4'-11/4" per our CONTRACT drawing. 

In summary, the system is expected to operate in accordance with Contech's design intent. 

Please feel free to contact me directly with any questions. 

VERY TRULY YOURS, 

~ 
Brad 
Bradley W. Vanderwarker, P.E. 
Project Consultant 

Contech Engineered Solutions LLC 
Mob: 757-478-4782 Fax: 757-485-5846 

bvanderwarker@conteches.com 

www.contechstormwater.com 

CCNTECK 
CMP DETENTION SYSTEMS 

The Stormwater Managem~ 
Stormfilter ~Vortechs~ CON SPAN 

DETENTION SYSTEMS 



Mr. Joseph LaCagnina 
Director, Real Estate 
Giant Food Stores, LLC 
A Division of Ahold USA Retail 
1149 Harrisburg Pike 
P.O. Box 249 
Carlisle, PA 17013 

RE: Martin's Fuel Center 
WindsorMeade Marketplace Shopping Center 
James City County, Virginia 

Dear Joe, 

April I, 2011 

APR 12 2011 

Pursuant to Paragraph 7.6 and 7.7 of the Deed of Ground Lease currently being completed between 
SLN Casey Associates, LLC, ("Landlord") and Giant Food Stores, LLC ("Tenant"), Landlord grants 
Tenant permission to install an underground storm-water drainage pipe and associated facilities under 
and on a portion of Landlord's Parcel 3A to provide storm-water drainage from Tenant's adjacent 
leased Parcel 3B, as more specifically described in the aforementioned Deed of Ground Lease, per the 
plans approved by Landlord and James City County. 

Tenant shall construct the storm-water drainage system in a good and workmanlike manner and in 
compliance with all applicable governmental requirements. 

Sincerely, 

SLN CASEY ASSOCIATES, L.L.C. 
By: SLN Williamsburg Associates, LLC, Manager 

By: S.L. Nusbaum Realty Co., Manager 

~.tsoP 
Senior Vice President 

JMG/kms 
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CDS Guide 
Operation, Design, Performance and Maintenance 



CDS® 
Using patented continuous deflective separation technology, the 

CDS system screens, separates and traps debris, sediment, and 

oil and grease from stormwater runoff. The indirect screening 

capability of the system allows for 100% removal of floatables 

and neutrally buoyant material without blinding. Flow and 

screening controls physically separate captured solids, and 

minimize the re-suspension and release of previously trapped 

pollutants. lnline units can treat up to 6 cfs, and internally bypass 

flows in excess of 50 cfs. Available precast or cast-in-place, offline 

units can treat flows from 1 to 300 ds. The pollutant removal 

capacity of the CDS system has been proven in lab and field 
testing. 

Operation Overview 
Stormwater enters the diversion chamber where the diversion 

weir guides the flow into the unit's separation chamber and 

pollutants are removed from the flow. All flows up to the 

system's treatment design capacity enter the separation chamber 

and are treated. 

Swirl concentration and screen deflection force floatables and 

solids to the center of the separation chamber where 100% of 

floatables and neutrally buoyant debris larger than the screen 

apertures are trapped. 

Stormwater then moves through the separation screen, under 

the oil baffle and exits the system. The separation screen remains 

clog free due to continuous deflection. 

During the flow events exceeding the design capacity, the 

diversion weir bypasses excessive flows around the separation 

chamber, so captured pollutants are retained in the separation 

cylinder. 

2 

Design Basics 
There are three primary methods of sizing a CDS system. The 

Water Quality Flow Rate Method determines which model size 

provides the desired removal efficiency at a given flow rate for 

a defined particle size. The Rational Rainfall MethodTM and 

Probabalistic Method are used when a specific removal efficiency 

of the net annual sediment load is required. 

Typically in the Unites States, CDS systems are designed to 

achieve an 80% annual solids load reduction based on lab 

generated performance curves for a gradation with an average 

particle size (d50) of 125-microns (µm). For some regulatory 

environments, CDS systems can also be designed to achieve an 

80% annual solids load reduction based on an average particle 

size (d50) of 75-microns (µm). 

Water Quality Flow Rate Method 
In many cases, regulations require that a specific flow rate, often 

referred to as the water quality design flow (WQQ), be treated. 

This WQQ represents the peak flow rate from either an event 

with a specific recurrence interval (i.e. the six-month storm) or a 

water quality depth (i.e. 1/2-inch of rainfall). 

The CDS is designed to treat all flows up to the WQQ. At influent 

rates higher than the WQQ, the diversion weir will direct most 

flow exceeding the treatment flow rate around the separation 

chamber. This allows removal efficiency to remain relatively 

constant in the separation chamber and reduces the risk of 

washout during bypass flows regardless of influent flow rates. 

Treatment flow rates are defined as the rate at which the CDS 

will remove a specific gradation of sediment at a specific removal 

efficiency. Therefore they are variable based on the gradation and 

removal efficiency specified by the design engineer. 

Rational Rainfall Method™ 
Differences in local climate, topography and scale make every 

site hydraulically unique. It is important to take these factors into 

consideration when estimating the long-term performance of 

any stormwater treatment system. The Rational Rainfall Method 

combines site-specific information with laboratory generated 

performance data, and local historical precipitation records to 

estimate removal efficiencies as accurately as possible. 

Short duration rain gauge records from across the United States 
and Canada were analyzed to determine the percent of the total 

annual rainfall that fell at a range of intensities. US stations' 

depths were totaled every 15 minutes, or hourly, and recorded in 

0.01-inch increments. Depths were recorded hourly with 1-mm 

resolution at Canadian stations. One trend was consistent at 

all sites; the vast majority of precipitation fell at low intensities 

and high intensity storms contributed relatively little to the total 

annual depth. 

These intensities, along with the total drainage area and runoff 

coefficient for each specific site, are translated into flow rates 

using the Rational Rainfall Method. Since most sites are relatively 

small and highly impervious, the Rational Rainfall Method is 

appropriate. Based on the runoff flow rates calculated for each 
intensity, operating rates within a proposed CDS system are 

determined. Performance efficiency curve determined from full 

scale laboratory tests on defined sediment PSDs is applied to 



calculate solids removal efficiency. The relative removal efficiency 

at each operating rate is added to produce a net annual pollutant 
removal efficiency estimate. 

Probabalistic Rational Method 
The Probabalistic Rational Method is a sizing program CONTECH 

developed to estimate a net annual sediment load reduction for 

a particular CDS model based on site size, site runoff coefficient, 

regional rainfall intensity distribution, and anticipated pollutant 
characteristics. 

The Probabilistic rational method is an extension of the rational 

method used to estimate peak discharge rates generated by 

storm events of varying statistical return frequencies (i.e.: 2-year 

storm event). Under this method, an adjustment factor is used 

to adjust the runoff coefficient estimated for the 10-year event, 

correlating a known hydrologic parameter with the target storm 

event. The rainfall intensities vary depending on the return 

frequency of the storm event under consideration. In general, 

these two frequency dependent parameters increase as the return 

frequency increases while the drainage area remains constant. 

These intensities, along with the total drainage area and runoff 

coefficient for each specific site, are translated into flow rates 

using the Rational Method. Since most sites are relatively small 

and highly impervious, the Rational Method is appropriate. Based 

on the runoff flow rates calculated for each intensity, operating 

rates within a proposed CDS are determined. Performance 

efficiency curve on defined sediment PSDs is applied to calculate 

solids removal efficiency. The relative removal efficiency at each 

operating rate is added to produce a net annual pollutant 

removal efficiency estimate. 

Treatment Flow Rate 
The inlet throat area is sized to ensure that the WQQ passes 

through the separation chamber at a water surface elevation 

equal to the crest of the diversion weir. The diversion weir 

bypasses excessive flows around the separation chamber, thus 

helping to prevent re-suspension or re-entrainment of previously 

captured particles. 

Hydraulic Capacity 
CDS hydraulic capacity is determined by the length and height 

of the diversion weir and by the maximum allowable head in 

the system. Typical configurations allow hydraulic capacities of 

up to ten times the treatment flow rate. As needed, the crest of 

the diversion weir may be lowered and the inlet throat may be 

widened to increase the capacity of the system at a given water 

surface elevation. The unit is designed to meet project specific 

hydraulics. 

Performance 
Full-Scale Laboratory Test Results 
A full-scale CDS unit (Model CDS2020-5B) was tested at the 

facility of University of Florida, Gainesville, FL. This full-scale CDS 

unit was evaluated under controlled laboratory conditions of 

pumped influent and the controlled addition of sediment. 

Two different gradations of silica sand material (UF Sediment 

& OK-11 O) were used in the CDS performance evaluation. 

The particle size distributions (PSD) of the test materials were 

analyzed using standard method "Gradation ASTM D-422 

with Hydrometer" by a certified laboratory. UF Sediment is a 

mixture of three different U.S. Silica Sand products referred 

as: "Sil-Co-Sil 106", "#1 DRY" and "20/40 Oil Frac". Particle 

size distribution analysis shows that the UF Sediment has a very 

fine gradation (d50 = 20 to 30 µm) covering a wide size range 

(uniform coefficient Cu averaged at 10.6). In comparison with 

the hypothetical TSS gradation specified in the NJDEP (New Jersey 

Department of Environmental Protection) and NJCAT (New Jersey 

Corporation for Advanced Technology) protocol for lab testing, 

the UF Sediment covers a similar range of particle size but with a 

finer d50 (d50 for NJDEP is approximately 50 µm) (NJDEP, 2003). 

The OK-11 O silica sand is a commercial product of U .5. Silica 

Sand. The particle size distribution analysis of this material, also 

included in Figure 1, shows that 99.9% of the OK-110 sand is 

finer than 250 microns, with a mean particle size (d50) of 106 

microns. The PSDs for the test material are shown in Figure 1. 
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Figure 1. Particle size distributions for the test materials, as 

compared to the NJCAT/NJDEP theoretical distribution. 
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Tests were conducted to quantify the CDS unit (1.1 ds (31.3-L/s) 

design capacity) performance at various flow rates, ranging from 

1 % up to 125% of the design capacity of the unit, using the 

2400 micron screen. All tests were conducted with controlled 

influent concentrations approximately 200 mg/L. Effluent 

samples were taken at equal time intervals across the entire 

duration of each test run. These samples were then processed 

with a Dekaport Cone sample splitter to obtain representative 

sub-samples for Suspended Sediment Concentration (SSC -ASTM 

Standard Method D3977-97) and particle size distribution 

analysis. 

Results and Modeling 
Based on the testing data from the University of Fiorida, a 

performance model was developed for the CDS system. A 

regression analysis was used to develop a fitting curve for the 

scattered data points at various design flow rates. This model, 

which demonstrated good agreement with the laboratory data, 

can then be used to predict CDS system performance with 

respect to SSC removal for any particle size gradation assuming 

sandy-silt type of inorganic components of SSC. Figure 2 

shows CDS predictive performance for two typical particle size 

gradations (NJCAT gradation and OK-110 sand). 
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Figure 2. CDS stormwater treatment predictive performance for 
various particle gradations as a function of operating rate. 

Many regulatory jurisdictions set a performance standard for 

hydrodynamic devices by stating that the devices shall be capable 

of achieving an 80% removal efficiency for particles having a 
mean particle size (d50) of 125 microns (WADOE, 2008). The 

model can be used to calculate the expected performance of such 
a PSD (shown in Figure 3). Supported by the laboratory data, the 
model indicates (Figure 4) that the CDS system with 2400 micron 

screen achieves approximately 80% removal at 100% of design 
flow rate, for this particle size distribution (d50 = 125 µm). 
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Figure 3. PSD with d50 = 125 microns, used to model 

performance for Ecology submittal. 
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Figure 4. Modeled performance for CDS unit with 2400 microns 
screen, using Ecology PSD. 
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Maintenance 
The CDS system should be inspected at regular intervals and 

maintained when necessary to ensure optimum performance. 

The rate at which the system collects pollutants will depend more 
heavily on site activities than the size of the unit, e.g., unstable 

soils or heavy winter sanding will cause the grit chamber to fill 

more quickly but regular sweeping of paved surfaces will slow 

accumulation. 

Inspection 
Inspection is the key to effective maintenance and is easily 

performed. Pollutant deposition and transport may vary from 
year to year and regular inspections will help insure that the 

system is cleaned out at the appropriate time. At a minimum, 

inspections should be performed twice per year (i.e. spring and 
fall) however more frequent inspections may be necessary in 

climates where winter sanding operations may lead to rapid 
accumulations, or in equipment washdown areas. Additionally, 
installations should be inspected more frequently where excessive 

amounts of trash are expected. 

The visual inspection should ascertain that the system 
components are in working order and that there are no 

blockages or obstructions to inlet and/or separation screen. The 
inspection should also identify evidence of vector infestation 
and accumulations of hydrocarbons, trash, and sediment in the 

system. Measuring pollutant accumulation can be done with a 

calibrated dipstick, tape measure or other measuring instrument. 

If sorbent material is used for enhanced removal of hy_droq,J[bQOS . 
then the level of discoloration of the sorbent material should also 

----··-----~--~ 



.beldeotified during inspection. It is useful and often required as 

part of a permit to keep a record of each inspection. A simple 
form for doing so is provided. 

Access to the CDS unit is typically achieved through two manhole 

access covers. One opening allows for inspection and cleanout 
of the separation chamber (screen/cylinder) and isolated sump. 

The other allows for inspection and cleanout of sediment 

captured and retained behind the screen. For units possessing 

a sizable depth below grade (depth to pipe), a single manhole 
access point would allow both sump cleanout and access behind 
the screen. 

The CDS system should be cleaned when the level of sediment 

has reached 75% of capaci in the isolated sump and/or when 

an appreciable level of hydrocarbons and trash has accumu a e 

If sorbent material is used, it should be replaced when significant 
discoloration has occurred. Performance will not be impacted 

until 100% of the sump capacity is exceeded however it is 
recommended that the system be cleaned prior to that for easier 

removal of sediment. The level of sediment is easily determined 
by measuring from finished grade down to the top of the 
sediment pile. To avoid underestimating the level of sediment 

in the chamber, the measuring device must be lowered to the 
top of the sediment pile carefully. Finer, silty particles at the top 

of the pile typically offer less resistance to the end of the rod 
than larger particles toward the bottom of the pile. Once this 

measurement is recorded, it should be compared to the as-built 

drawing for the unit to determine if the height of the sediment 
pile off the bottom of the sump floor exceeds 75% of the total 
height of isolated sump. 

Cleaning 
Cleaning of the CDS systems should be done during dry weather 

conditions when no flow is entering the system. Cleanout of 

the CDS with a vacuum truck is generally the most effective and 

convenient method of excavating pollutants from the system. 
Simply remove the manhole covers and insert the vacuum hose 

into the sump. The system should be completely drained down 

and the sump fully evacuated of sediment. The area outside the 

screen should be pumped out also if pollutant build-up exists in 
this area. 

In installations where the risk of petroleum spills is small, liquid 

contaminants may not accumulate as quickly as sediment. 

However, an oil or gasoline spill should be cleaned out 

immediately. Motor oil and other hydrocarbons that accumulate 

on a more routine basis should be removed when an appreciable 
layer has been captured. To remove these pollutants, it may 
be preferable to use adsorbent pads since they are usually less 
expensive to dispose than the oiVwater emulsion that may be 

created by vacuuming the oily layer. Trash can be netted out if 
you wish to separate it from the other pollutants. The screen 
should be power washed to ensure it is free of trash and debris. 

Manhole covers should be securely seated following cleaning 
activities to prevent leakage of runoff into the system from above 

and also to ensure proper safety precautions. Confined Space 

Entry procedures need to be followed. Disposal of all material 
removed from the CDS system should be done is accordance 

with local regulations. In many locations, disposal of evacuated 
sediments may be handled in the same manner as disposal of 

sediments removed from catch basins or deep sump manholes. 
Check your local regulations for specific requirements on 

disposal. 
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CDS Diameter Distance from Water Surface Sediment 
Model to Top of Sediment Pile Storage Capacity 

ft m ft m yd3 m3 

CDS2015-4 4 1.2 3.0 0.9 0.5 0.4 

CDS2020 5 1.5 3.5 1.1 1.3 1.0 

CDS3020 6 1.8 4.0 1.2 2.1 1.6 

CDS3035 6 1.8 5.0 1.5 2.1 1.6 

CDS4040 8 2.4 5.7 1.7 5.6 4.3 

Table 1: CDS Maintenance Indicators and Sediment Storage Capacities 

Note: To avoid underestimating the volume of sediment in the chamber, carefully lower the 
measuring device to the top of the sediment pile. Finer silty particles at the top of the pile 
may be more difficult to feel with a measuring stick. These finer particles typically offer less 
resistance to the end of the rod than larger particles toward the bottom of the pile. 



CDS Inspection & Maintenance Log 

CDS Model: Location: 

1. 

2. 

Water Floatable Describe 

Date depth to 
Maintenance 

Layer Maintenance 
Personnel 

Comments 

sediment1 Thickness2 Performed 

The water depth to sediment is determined by taking two measurements with a stadia rod: one measurement from the manhole opening to 
the top of the sediment pile and the other from the manhole opening to the water surface. If the difference between these measurements is 
less than eighteen inches the system should be cleaned out. Note: To avoid underestimating the volume of sediment in the chamber, the 
measuring device must be carefully lowered to the top of the sediment pile. 

For optimum performance, the system should be cleaned out when the floating hydrocarbon layer accumulates to an appreciable thickness. In 
the event of an oil spill, the system should be cleaned immediately. 
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Support 
• Drawings and specifications are available at www.contechstormwater.com. 

• Site-specific design support is available from.our engineers. 
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The CDS system is a hydrodynamic separator which uses patented continuous 
deflective separation (CDS) technology to separate and trap debris, sediment and oil 
and grease from stormwater runoff. Indirect screening allows for 100% removal of 
floatables and neutrally buoyant material without blinding. Flow and screening controls 
separate captured solids and minimize resuspension of previously captured pollutants. 

Oil and grease (O&G) are commonly found in stormwater runoff from automobiles and 
associated anthropogenic activities. O&G appear in many different forms in stormwater 
runoff: free, dissolved, emulsified, and attached to sediments. Total Petroleum 
Hydrocarbons (TPH) is the usual analytical measure of fuels, oil and grease (O&G) for 
stormwater. Typically the concentrations of TPH associated with runoff from streets and 
parking lots range from 2. 7 to 27 mg/I (FHWA, 1996). The Oregon Association of Clean 
Water Agencies (ACWA) reports O&G levels for runoff from different land uses for the 
period of 1991 -1996, as shown in Table 1. 

Table 1. O&G levels from different land uses. 

Land Use Median Range 
(mg/L) (mg/L) 

Residential 1.2 ND - 12.6 
Commercial 2.4 ND-18 

Industrial 2.0 ND - 107.6 (12 ma/I next hiahest) 
Mixed 1.0 ND-28 

CDS units can be equipped with a conventional oil baffle to capture and retain oil, 
grease, and other TPH pollutant as they are transported through the storm drain system 
during wet weather (stormwater) and dry weather (spills) flows. In addition, CDS units 
with the addition of oil sorbents can ensure the permanent removal of the free oil and 
grease from stormwater runoff. Laboratory investigations into the CDS unit's removal of 
oils and greases are summarized below. 

Laboratory Studies - CDS Unit at Portland State University, 2003 

In 2003, Slominski and Wells at Portland State University conducted tests on a CDS 
Model 20_20 unit equipped with a 2400 micron screen and oil baffle. Tests were 
conducted at 25, 50 and 75 percent of the unit's hydraulic capacity (500 gpm) for the 
removal of used motor oil with influent concentrations of 10, 25 and 50 mg/L. A 
summary of the test is shown in Table 2 (Slominski and Wells, 2003). 
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Table 2. Summarv of oil and arease tests (Slominski and Wells, 2003). 
Flow Rate Influent Cone. Average Effluent Removal Efficiency 

(aom) (mg/L) Cone. (ma/L) (%) 
125 7.2 3.5 51 
125 18.3 1.5 92 
125 46.2 3.5 92 
250 9.9 2 80 
250 22.8 5 78 
250 45.6 7.5 84 
375 10.5 7.5 29 
375 21.9 16 27 
375 46.9 27 42 

Laboratory Studies - CDS Unit Oil Spill Test at Portland State University, 2003 

In addition to the regular capture test performed to measure the removal of free oil and 
grease from stormwater, Slominski and Wells (2003) also performed an oil spill test. 
The unit performed extremely well in the oil spill test, with the peak oil concentration in 
the effluent occurring right as the addition of oil to the unit stopped. This showed a 
capture rate of more than 99.75% of the oil dumped into the unit (82,000 mg/L). This 
demonstrates that a CDS unit would be a very effective means of containing an oil spill. 
An oil storage capacity chart for the CDS unit is available on request. 

Laboratory Study - CDS Unit with Sorbents at University of California, Los 
Angeles (UCLA) 

Studies by Stenstrom and Lau (1998) at UCLA demonstrated that the CDS unit with 
sorbents can achieve 80 to 90 percent removal of oil and grease at influent 
concentrations ranging from 13.6 mg/L to 41.1 mg/L. Test results showed that the 
effluent oil and grease concentrations were less than 10 mg/L. 

A series of nine laboratory experiments were performed on a CDS unit (Model 
PMSU20_ 15) to determine its ability to remove free oil and grease using sorbents 
(Stenstrom and Lau, 1998). One control experiment was performed without sorbents. 
The focus of this study was to evaluate the effectiveness of various sorbent materials to 
control the typically low concentrations of free oil and grease found in urban stormwater 
runoff when applied within the separation chamber of a CDS unit. The conventional oil 
baffle was not installed within the CDS unit during this evaluation. The sorbents were 
allowed to float on the surface of the separation chamber of the CDS device. Different 
amounts of each sorbent were used because of the varying properties of the sorbents 
(density and surface area). 

Tests were performed using a 2400-micron screen over 30 minutes at 125 gpm 
(approximately 40% of the CDS unit's nominal flow capacity). Used motor oil (Specific 
Gravity = 0.86) was introduced into the feed of the CDS at approximately 25 mg/L, which 
is generally the upper limit of oil and grease concentrations found in stormwater runoff. 
Oil and grease were measured at various times (influent/effluent) to determine the 
removal efficiency. Background oil and grease was measured as well as oil and grease 
released from the sorbents after the influent oil and grease was reduced to zero. 

©2008 CONTECH Stormwater Solutions 
contechstormwater.com 

RS-2010 
09/08 

Page 2 of3 



.. 
Parameter Brief 

Five commercially available sorbents were evaluated. Two sorbents were found 
particularly effective and they are: 

• OARS™ (AbTech Industries, 4110N. Scottsdale Rd., Suite 235, Scottsdale, AZ. 
85251) 

• Rubberizer™ (Haz-Mat Response Technologies, Inc., 4626 Santa Fe Street, San 
Diego, CA 92109) 

Results from the sorbent laboratory study (Stenstrom and Lau, 1998) are shown in Table 
3. 

Table 3. Performance of Oil and Grease Removal of CDS Units. 

Test Sorbent Sorbent Influent Effluent Percent Flow 
No. Type Mass (g) (mg/L) (mg/L) Removal (gpm) 

2 OARS 2600 19.6 2.7 86 125 
3 OARS 2600 24.0 4.3 82 190 
4 OARS 2600 30.7 1.7 c~ 75 
5 OARS 2600 21.0 3.5 83 125 
6 Rubberizer 1030 27.2 3.9 86 125 

Effluent concentration of oil using the OARS™ sorbent was less than 1.0 mg/L. Effluent 
concentration of oil using the Rubberizer™ sorbent was 1.96 mg/L. 

References: 

Federal Highway Association. (1996). Evaluation and Management of Highway Runoff Water 
Quality. Publication No. FHWA-PD-96-032. 

Slominski and Wells. (2003). Oil and Grease Removal using Continuous Deflection 
Separation with and Oil Baffle. Portland, Oregon: Author. 

Stenstrom, M. K. and Sim-Lin Lau. (1998). Oil and Grease Removal by Floating Sorbent in a 
CDS Device. Los Angeles. 
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1. Introduction 

1.1 NJCAT Program 

NJCAT is a not-for-profit corporation to promote in New Jersey the retention and growth of 
technology-based businesses in emerging fields such as environmental and energy technologies. 
NJCAT provides innovators with the regulatory, commercial, technological and financial 
assistance required to bring their ideas to market successfully. Specifically, NJCAT functions to: 

• Advance policy strategies and regulatory mechanisms to promote technology 
commercialization, 

• Identify, evaluate, and recommend specific technologies for which the regulatory and 
commercialization process should be facilitated, 

• Facilitate funding and commercial relationships/alliances to bring new technologies 
to market and new business to the state, and 

• Assist in the identification of markets and applications for commercialized 
technologies. 

The technology verification program specifically encourages collaboration between vendors and 
users of technology. Through this program, teams of academic and business professionals are 
formed to implement a comprehensive evaluation of vendor specific performance claims. Thus, 
suppliers have the competitive edge of an independent third party confirmation of claims. 

Pursuant to N.J.S.A. 13:1D-134 et seq. (Energy and Environmental Technology Verification 
Program) NJDEP and NJCAT have established a Performance Partnership Agreement (PPA) 
whereby NJCAT performs the technology verification review and NJDEP certifies the net 
beneficial environmental effect of the technology. In addition, NJDEP/NJCAT work in 
conjunction to develop expedited or more efficient timeframes for review and decision-making 
of permits or approvals associated with the verified/certified technology. 

The PP A also requires that: 

• The NJDEP shall enter in reciprocal environmental technology agreements concerning the 
evaluation and verification protocols with the United States Environmental Protection 
Agency, other local required or national environmental agencies, entities or groups in other 
states and New Jersey for the purpose of encouraging and permitting the reciprocal 
acceptance of technology data and information concerning the evaluation and verification of 
energy and environmental technologies; and 

• The NJDEP shall work closely with the State Treasurer to include in State bid specifications, 
as deemed appropriate by the State Treasurer, any technology verified under the energy and 
environment technology verification program. 
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1.2 Technology Verification Report 

In December, 2002, CDS Technologies Inc. (CDS Technologies), 16360 Monterey Road, 
Morgan Hill, CA 95037 submitted a formal request for participation in the NJCAT Technology 
Verification Program. The technology proposed- Continuous Deflective Separation (CDS) -
features a patented non-blocking, indirect screening technique developed in Australia in 1992, 
described in greater detail later in this report, designed to remove gross pollutants from 
stormwater runoff. Through research and field application, the technology has been refined to 
capture total suspended solids (TSS), sediments, oils and greases, and trash and debris (including 
floatables, neutrally buoyant, and negatively buoyant debris). The request after pre-screening by 
NJCAT staff personnel (in accordance with the technology assessment guidelines) was accepted 
into the verification program. This verification report covers the evaluation based upon the 
performance claims of the vendor CDS Technologies (see Section 4). The verification report 
differs from typical NJ CAT verification reports in that final verification of the CDS technology 
(and subsequent NJDEP certification of the technology) awaits completed field testing that meets 
the full requirements of the Technology Acceptance and Reciprocity Partnership (TARP) -
Stormwater Best Management Practice Tier II Protocol for Interstate Reciprocity for stormwater 
treatment technology. This verification report is intended to evaluate CDS Technologies initial 
performance claims for the technology based primarily on carefully conducted laboratory studies 
along with several field studies. These claims are expected to be modified and expanded 
following completion of the TARP required field testing. 

Several meetings were held with the vendor and a number of telephone discussions and email 
exchanges were conducted to solicit relevant materials and to refine specific claims. The 
evaluation is based on literature, third party reports and conference proceedings provided by 
CDS Technologies. 

1.3 Technology Description 

1.3.1 Technology Status: general description including elements of 
innovation/uniqueness/ competitive advantage. 

In 1990 Congress established deadlines and priorities for EPA to require permits for discharges 
of stormwater that is not mixed or contaminated with household or industrial wastewater. Phase I 
regulations established that a NPDES (National Pollutant Discharge Elimination System) permit 
is required for stormwater discharge from municipalities with a separate storm sewer system that 
serves a population greater than 100,000 and certain defined industrial activities. To receive a 
NPDES permit, the municipality or specific industry has to develop a stormwater management 
plan and identify Best Management Practices for stormwater treatment and discharge. Best 
Management Practices (BMPs) are measures, systems, processes or controls that reduce 
pollutants at the source to prevent the pollution of stormwater runoff discharge from the site. 
Phase II stormwater discharges include all discharges composed entirely of stormwater, except 
those specifically classified as Phase I discharge. 

The nature of pollutants emanating from differing land use are very diverse. CDS Technologies 
has developed a technology for separating and retaining gross solids under rapid flow conditions 
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using the mechanism of continuous deflective separation (CDS). This new technology 
overcomes many of the current problems encountered in conventional gross pollutant traps using 
trash racks where significant blockage of the trap can occur leading to a reduction in trapping 
efficiency and hydraulic performance of the drainage system. The continuous deflective 
separation mechanism is also different from the mechanism of typical hydrodynamic separators 
used in combined sewer overflow management and is expected to be more efficient in removing 
gross solids, especially during rapid flow conditions. 

The Continuous Deflective Separation Mechanism 

General 

The mechanism by which the CDS technology separates and retains gross pollutant is by first 
diverting flow and associated pollutants in a stormwater or combined sewer drainage system 
away from the main flow stream of the pipe or channel into a pollutant separation and 
containment chamber. The separation and containment chamber consist of a containment sump 
in the lower section and an upper separation section. Gross pollutants are separated within the 
chamber using a perforated plate allowing the filtered water to pass through to a volute return 
system and thence to the outlet pipe. The water and associated pollutant contained within the 
separation chamber are kept in continuous motion by the energy generated by the incoming flow. 
This has the effect of preventing the separation plate from being blocked by the gross solids 
separated from the inflow. The heavier solids ultimately settle into the containment sump. 
Figure 1 is a schematic representation of the solid separation mechanism of the CDS technology. 

Detail Section: F I I t 

~·~-·· 
Inlet -

Separation 

Plan View 

Figure 1 Schematic Representation of the CDS System 

The diversion of the stormwater and associated pollutants into a separation chamber overcomes 
problems associated with the direct filtration systems of conventional gross pollutant traps. The 
present design of the CDS system utilizes a simple solid diversion unit to divert flows into the 
separation chamber. The diversion unit is designed to divert all flows into the separation 
chamber as long as water levels are below the crest level of the diversion unit. As water levels 
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exceed the crest of the diversion unit, some flows would by-pass the CDS system. The crest 
level of the diversion unit may be adjusted to suit individual installations. 

The solid separation system consists of a large expanded stainless steel plate which acts as a 
filter screen with an outer volute outlet passage. The perforations in the separation screen are 
typically elongated in shape and are aligned with the longer axis in the vertical direction. The 
size of the elliptical holes can be specified according to performance requirements and typical 
width of the short axis ranges from 2.4 mm to 4. 7 mm. The separation screen is installed in the 
unit such that the leading edge of each perforation extends into the flow within the containment 
chamber, essentially presenting a closed face to the direction of flow of solids and liquid. 

Operating Mechanism 

The essential operational function of the CDS unit is to ensure that the separation screen remains 
free from blocking by trapped material as the volume of pollutant trapped increases. The screen 
surface area is of the order of 40-45 times the pipe inlet area. Measurement of screen 
perforations indicates that the orifice area in the direction perpendicular to the plate is 
approximately 20% of the total plate area. The radial flow velocity through the screen is thus an 
order of magnitude less than the pipe inlet velocity. Gross solids are prevented from blocking 
the separation screen using the significantly higher tangential flow velocity compared to the 
radial velocity throughout the surface of the separation screen. The flow direction in the outer 
volute outlet system is opposite to that of the circular motion in the separation chamber. 

Measurements of surface velocities indicated that tangential velocity decreases along the 
separation screen as well as with depth and decreases from the screen to the center of the 
separation chamber (Wong and Wooton, 1995). The radial velocity distribution is a direct 
reflection of the distribution of flow through the separation screen. Different inlet conditions can 
influence distribution of flow through the separation screen and optimization of the CDS unit 
configuration has been conducted to promote a radial velocity distribution which is consistent 
with the distribution of tangential velocities along the separation screen. Thus the ratio of 
tangential to radial velocities is maintained at a high level throughout the surface of the 
separation screen with both velocities decreasing with increasing distance from the inlet. 

Gross Solids Separation 

Solids entering the separation chamber can either be floating or settleable materials with those 
solids which are larger than the aperture size of the separation screen being prevented from 
passing through the screen. The trapped material is kept in motion within the separation 
chamber by the design of the unit which maintains the ratio of tangential to radial velocities 
necessary to promote the non-blocking mechanism throughout the surface of the separation 
screen. The settleable material ultimately settles into the containment sump. The floating 
material that enters the CDS unit (including organic matter which over time absorbs water and 
eventually sinks, e.g. leaflitter) remains within the separation chamber and circulates at the 
water surface until the water level drops and inflow ceases. The action of the inflow jet, the 
shaping of the screen and centrifugal effects tend to concentrate this floating material towards the 
center of the chamber away from the screen. 
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Fine Solids Separation 

For solids which are smaller than the aperture size of the separation screen, trapping efficiency 
will be affected by the ability of the unit in keeping these solids away from the separation screen 
as they progressively settle into the containment chamber. The trajectory of these fine particles 
within the separation chamber is defined by the combined effect of fluid velocity within the 
chamber and the settling velocity of the particles. The likelihood for very fine particles to flow 
through the separation screen is higher than coarser particles owing to the trajectory of the 
former being more exposed to the separation screen. Both particle size and its settling velocity 
have a direct influence on the trapping efficiency of these particles by the CDS unit. 

Oil and Grease Removal 

Oil and grease and other total petroleum hydrocarbons (TPHs) are primary water quality 
constituents of concern from many catchment areas, such as parking areas and highways. CDS 
units are equipped with a conventional oil baffle to capture and retain oil and grease and TPH 
pollutants as they are transported through the storm drain system during dry weather (gross 
spills) and wet weather flows. CDS units provide a minimum gross oil storage volume from 47 
gallons (Model PMSU20_15_ 4) to 1320 gallons (Model PSWlOO_lOO). The CDS units are also 
capable of receiving and retaining the addition of oil sorbents within their separation chambers. 
The addition of sorbents is a unique enhancement capability, enabling increased oil and grease 
capture efficiencies beyond that obtainable by conventional oil baffle systems. The addition of 
sorbents is not a requirement for CDS units to control oil and grease from stormwater. 

1.3 .2 Specific Applicability 

A unique advantage of the CDS Technology is the ability to treat a wide range of flows which 
allows large drainage basins to be treated by a few strategically located facilities, thereby 
reducing overall life cycle costs of the treatment system. In addition to reducing the capital and 
maintenance costs, the CDS units require a very small amount of real estate, saving a valuable 
resource for other uses. 

CDS Technologies stormwater treatment systems treat the stormwater runoff from: 

• Retail, Commercial, Industrial and Residential Developments 
• Inter-modal Transportation Facilities 
• Solid Waste Management Facilities and Transfer Stations 
• Pre-Treatment to Wetlands and Detention, and Retention Ponds 
• Pretreatment/Screening of Storm Water Pump Stations 
• Combined Sewage Overflows 
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1.3.3 Range of Contaminant Characteristics 

CDS units have been shown to capture a wide range of pollutants of concern. These include: 
trash and debris (including floatables, neutrally buoyant, and negatively buoyant debris); total 
suspended solids; sediments; and oil and grease. 

1.3.4 Range of Site Characteristics 

There are three (3) types of configurations that CDS units are available in to meet the hydraulic 
and water quality needs of large and small projects. These treatment configurations can have 
either an internal or external bypass. Figure 2 provides an illustration of a typical offline CDS 
unit. 
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Figure 2 Schematic of an Off-Line CDS Unit 
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Off-line CDS units are available as cast-in-place or as precast reinforced concrete modules. 
Cast-in-place units are presently designed and available to treat up to 300 cfs (135,000 GPM). 
Precast modules are available for treatment flow applications up to 64 cfs (28, 700 GPM). The 
diversion weir box structure can be designed to accommodate multiple inlet pipes and by-pass 
very large flood flows. Smaller, pre-manufactured in-line CDS units are sized to process typical 
drainage flows of0.7-3 cfs (300 - 1350 GPM) from new and existing urban developments. The 
CDS unit can be placed within new, or retrofitted into existing, stormwater collection systems. 
Its small footprint takes little space and requires no supporting infrastructure. These smaller 
units are ideal for treating runoff from large parking lots and vehicle maintenance yards. Drop-in 
pre-manufactured CDS units, are d~signed to process flows of 0.7 cubic foot per second or less 
and are ideal for small drainage areas such as small parking lots. 

With the installation of a CDS unit on an existing pipeline or open channel, the hydraulic 
characteristics of the drainage system will be altered by the introduction of additional energy loss 
components. The CDS unit diverts all flows in the drainage system below the level of the 
diversion unit into the separation chamber and under such conditions additional head loss can be 
significant. The height of the diversion unit is determined by careful consideration of the 
physical and hydraulic characteristics of the drainage system in the vicinity of the CDS 
installation. During high flow conditions, some of the flow would by-pass the CDS unit by 
flowing over the diversion unit. The energy loss attributed to the CDS unit becomes influenced 
by the hydraulic characteristics of the crest of the diversion weir under such conditions. 
In a closed conduit drainage system, flow conditions during periods when the entire flow is 
diverted to the CDS unit is often that of open channel flow (or referred to as non-pressurized 
flow). During by-pass operation, flow conditions in the system are often that of pressurized 
closed conduit flow. Head loss measurements under non-pressurized open channel flow and 
pressurized closed conduit flow conditions have been conducted to derive the head loss 
coefficient for the full range of flow conditions encountered by the CDS unit. This enables 
accurate hydraulic design. 

1.3.5 Material Overview, Handling and Safety 

Access to the CDS unit is typically achieved through two manhole access covers - one allows 
inspection and cleanout of the separation chamber (screen/cylinder) and sump and another allows 
inspection and cleanout of sediment captured and retained behind the screen. The PSW and 
PSWC off-line models have an additional access cover over the weir of the diversion vault. For 
units possessing a sizable depth below grade (depth to pipe), a single manhole access point 
allows both sump cleanout and access behind the screen. 

The CDS unit is a confined space environment and only properly trained personnel possessing 
the necessary safety equipment should enter the unit to perform maintenance or inspection 
procedures. Inspections of the internal components can, in most cases, be accomplished through 
observations from the ground surface. CDS Technologies recommends that CDS units should be 
cleaned using either a vacuum truck or a boom truck to lift a basket from the sump or a 
combination of both types of equipment. 
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To date the material cleaned out of the CDS units has not been determined as hazardous waste. 
It is possible that there may be some specific land use activities that create contaminated solids, 
which will be captured in the CDS unit. Such material would have to be handled and disposed of 
in accordance with hazardous waste management requirements. The sorbent material used to 
increase the oil and grease capture efficiency through solidifying organic liquids (oil and grease) 
is an inert non-hazardous material. Once used to solidify oil and grease this non-leaching 
sorbent is presently acceptable at an appropriately classified landfill or incinerated. 

1.4 Project Description 

This project included the evaluation of assembled reports, conference proceedings, company 
manuals, literature and a CD, and laboratory testing reports to verify that CDS units meet the 
performance claims of CDS Technologies. · 

1.5 Key Contacts 

Rhea Weinberg Brekke 
Executive Director 
New Jersey Corporation for Advanced Technology 
c/o New Jersey Eco Complex 
1200 Florence Columbus Road 
Bordentown, NJ 08505 
609 499 3600 ext. 227-216-5326 
rwbrekke@njcat.org 

James A. Heist, P.E. 
Vice President - New Product Development 
CDS Technologies Inc 
105 Springbrook Place 
Cary, NC 27511 
919 858 8887 
jheist@cdstech.com 

Richard S. Magee, Sc.D., P.E., DEE 
Technical Director 
New Jersey Corporation for Advanced Technology 
c/o Carmagen Engineering Inc. 
4 West Main Street 
Rockaway, NJ 07866 
973 627 4455 
rsmagee@njcat.org 

Thomas J. Mullen 
Regional Manager 
CDS Technologies Inc. 
307 N. Bridge Street, Suite 3 
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Elkton, MD 21921 
410 620 0933 
tmullen@cdstech.com 

Manny Patel 
Office of Innovative Technology and Market Development 
NJ Department of Environmental Protection 
401 East State Street 
Trenton, NJ 08625-0409 
609 292 0231 
manish.patel@dep.state.nj.us 

2. Evaluation of the Applicant 

2.1 Corporate History 

The CDS business started in Australia in 1994 with five employees to sell the company's 
patented CDS (Continuous Deflective Separation) products. CDS Technologies Limited is a 
publicly listed company (CDX) on the Australian Stock Exchanger (listed in 1997). 

CDX has successfully grown out of its original Australian market, to the extent that its major 
divisions are now in the US and the UK. 

CDS Technologies, Inc. was incorporated as a business in the State of Delaware in September 
1996. Entry into the US market required significant capital investment and time to build the 
business from scratch. After five years of operation, CDS has approximately 20% of the US 
stormwater market. 

When CDX made its move into the US, it was thought that the main opportunities were in the 
Combined Sewer Overflow (CSO) market. It was considered that changes to regulations and 
increased public funding would deliver opportunities in this CSO market for CDS technology. 
The changes in regulations and increased public funding have still not occurred. 

CDX quickly changed its focus to the stormwater market, mainly related to housing 
developments and land development. The initial drive was the stormwater markets in California 
and Florida. From 1999, it was decided to expand sales to further areas of the US. One of the 
keys to the rapid growth in market share was the move to direct sales. 

By 2002, a ten-office network had been established distributed around the country. The US 
activities moved into profit in 2002 after five years of capital investment. The introduction of 
minimum performance criteria for stormwater by the EPA has assisted CDX in its growth. 
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2.2 Organization and Management 

CDS Technologies, Inc.'s principal office is located at 16360 S. Monterey Road, Suite 250, 
Morgan Hill, CA 95037, with Bob Howard as its President, Barry Fe bey, as its Vice President
Finance, and Walt Stein, as its Vice President- Project Development. Jim Heist, Vice President 
- New Product Development, is located at CDS Technologies, Inc., 105 Springbrook Place, 
Cary, NC 27511. Nine (9) regional offices are distributed as follows: California (2), Florida, 
Georgia, Illinois, Kentucky, Maryland, Massachusetts and Oregon. The Mid-Atlantic regional 
manager is Thomas Mullen. Currently, CDS Technologies has 36 staff employed by the US 
company. 

2.3 Operating Experience with respect to the Proposed Technology 

CDS Technologies has had extensive experience in the installation of this technology that 
expands five (5) years in the United States and over seven (7) years in Australia. To date, over 
2,500 CDS stormwater units, including CSO units, have been installed worldwide, with 
approximately 1,300 units throughout the United States and Canada. The CDS technology has 
receive numerous awards in Australia. Two are notable. The 1999 Engineering Excellence 
Award-These awards are conducted bi-annually by the Institute of Engineers Australia. The 
CDS technology was chosen from over 100 entries for the Award which sets the benchmark for 
professional engineering in Australia. The 1998 Banksia Environmental Award-The 
Banksia Environmental Awards are Australia's most prestigious and comprehensive national 
environmental awards. They were established by the Banksia Environmental Foundation to 
recognize companies and individuals developing solutions to the environmental problems in 
Australia. CDS technology was recognized in the "Innovation" category. 

2.4 Patents 

The CDS technology was granted a United States patent (Patent Number: 5,788,848)
Apparatus and Methods for Separating Solids from Flowing Liquids or Gases, on August 4, 
1998. 

2.5 Technical Resources, Staff and Capital Equipment 

CDS Technologies provides full engineering services for the design and installation of its 
products. CDS Technologies engineering staff includes eleven (11) professional engineers and 
five ( 5) engineers in training. Expertise includes chemical, civil, hydraulic and mechanical 
engmeenng. 

The manufacture of the CDS components is outsourced. CDS currently employs one US 
manufacturer for the screen assembly, two manufacturers for fiberglass inlets and outlets and a 
number of manufacturers for concrete products. CDS Technologies has no significant capital 
equipment other than formwork to manufacture the larger pre-cast concrete products. The 
capital equipment used to install CDS products is owned by the contractors or municipalities 
who install these products. 
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3. Treatment System Description 

Continuous deflective separation stormwater treatment units are designed to remove gross 
pollutants, including sediments, from stormwater using a non-blocking, indirect screening 
technique. Each unit has two basic components: 1) an upper separation chamber, and 2) a lower 
chamber that serves as a containment sump for pollutants that are removed from stormwater. 

Figure 2 displayed a simple schematic of an off-line CDS unit. Stormwater routed into the 
separation chamber is kept in motion by the force of the incoming flow. This water movement 
and the deflective characteristics of the screen prevents the separation screen from being blocked 
by gross solids while at the same time allowing the screen to act as a filter to remove pollutants. 

Hydrodynamic separators are flow-through structures that use the energy of the flowing water to 
remove sediments and other pollutants. CDS units are considered hydrodynamic separators. 
CDS units are configured to promote a radial velocity distribution which is consistent with the 
distribution of tangential velocities along the separation screen. Heavier solids that enter the 
separation chamber are subsequently trapped and eventually settle into the containment sump. 
The off-line design of the CDS unit and diversion or bypass weir do not allow removed materials 
back into the flow stream during peak flows. 

There are three (3) types of configurations that CDS units are available in to meet the hydraulic 
and water quality needs oflarge and small projects (Sec. 1.3.4). CDS units have the ability to 
treat a wide range of flows. 

4. Technical Performance Claims 

Claim 1 - CDS units effect solids separation using a cylindrical screen that prevents blockage 
through the use of significantly higher tangential flow velocities compared to radial velocities 
throughout the surface of the separation screen and facilitated by the unique physical nature of 
the CDS expanded metal screen. 

Claim 2 - CDS units have a 100% trapping efficiency for gross pollutants (defined as solids 
greater in size than the aperture size of the screen, i.e., 2400 or 4700 microns), including 
floatables and neutrally buoyant material (which is unique to devices with a physical barrier such 
as a CDS screen), for flow rates up to the capacity of the unit. 

Claim 3 - A 300 GPM CDS unit (Model PMSU20_15) with a 2400 micron screen opening has 
been shown to have a TSS removal efficiency of 87.5% with 95% confidence limits of 88% and 
87% respectively when operated at 50% of flow capacity, and a TSS removal efficiency of 
68.5% with 95% confidence limits of70% and 67% respectively when operated at 100% of flow 
capacity, using a fine sand and high influent TSS loadings in laboratory studies using simulated 
stormwater. 

Claim 4 - A 500 GPM CDS unit (Model PMSU20 _ 20) with a 2400 micron screen opening has 
been shown to have a TSS removal efficiency of 83% with 95% confidence limits of 83.5% and 
82.5% respectively when operated at 40% of flow capacity, and a TSS removal efficiency of 
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56% with 95% confidence limits of 57% and 55% respectively when operated at 100% of flow 
capacity, using a fine sand in laboratory studies and high influent TSS loadings using simulated 
stormwater. 

Claim 5 - CDS units are equipped with an oil baffle and can capture oil spills to the oil baffle's 
capacity. 
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Claim 6 - A 300 GPM CDS unit (Model PMSU20 _ l 5) with a 2400 micron screen opening 
removed 83-86% of free oil (sp.gr.=0.86) using sorbents (OARS™ and Rubberizer™) when 
operated at 40% of flow capacity in laboratory studies using simulated stormwater. 

5. Technical System Performance 

CDS units have been tested numerous times in the laboratory and applied at over 2,500 locations 
in the field. These installations have ranged from mid-size parking lots to eight (8) lane 
highways to over 100 acre drainage areas, with flow capacities ranging from 290 GPM to 
144,500 GPM. Several of these installations have been the subject of monitoring and 
assessments studies which have been documented in various reports. The above provides the 
foundation upon which CDS Technologies claims are evaluated. 

5.1 CDS Unit Case Studies and Laboratory Studies 

Four (4) case studies are presented below. The case studies are intended to provide the reader 
with a perspective on the range of CDS applications and provide insight into the performance of 
CDS units in the field. As such these studies complement and expand CDS unit performance 
measured in the laboratory. These descriptions give a history of the site, the specific objectives 
for the project, and the time and duration of the project. In addition, CDS Technologies has 
contracted for significant laboratory testing to assess CDS unit performance. 

Case Study 1 - Coburg, Melbourne, Australia 

The performance of a 13,500 GPM CDS unit (Model PSW100_60) was tested in a 50 hectare 
inner-Melbourne catchment. A feature of the project was the range of parties (e.g., universities, 
water utility, commonwealth EPA, CDS Technologies) involved in the project. (Allison et al., 
1998) 

The CDS unit was installed in Coburg, Victoria, at the junction of two streets adjacent to a main 
drain. The 50 hectare catchment area was approximately 35% commercial and 65% residential 
land-use, with 192 road entrances to the drainage system. Management practices in the 
catchment included street sweeping, pit cleaning, and litter officers. 

The CDS unit was monitored to provide estimates of: 

• the trapping efficiency of the CDS device (for gross pollutants)1
; 

• the flow capacity of the CDS device and head losses through the system; 

• the types and amounts of material being transported by the stormwater system; 

• the potential nutrient contribution of organic gross pollutants to receiving waters; 

• any water quality changes to the stormwater caused by the CDS device, and 

• the cleaning requirements for the device during typical operating conditions. 

1 Gross pollutants were defined in this study as material retained by a 4700 micron screen, which was the 
size of the CDS screen. 

12 



The construction of the CDS unit took about 12 weeks; however, the majority of the construction 
was carried out while keeping the existing stormwater system in operation. Trapping efficiency 
for gross pollutants was monitored during a 12 month period. Clean-out data was collected over 
a three month monitoring period ( 13 May - 2 August, 1996) and involved 13 runoff events. 

Case Study 2 - Coburg, Melbourne, Australia 

An earlier study investigated the performance of a CDS unit (Allison, et al., 1998) and estimated 
litter and gross pollutant loads from a suburban catchment in Coburg, Melbourne. However, the 
trapping performance for material less than 4. 7 mm was not estimated. Removal of this fine 
maferial is regarded as a secondary benefit of this gross pollutant trap. Over a 22-month period 
(May 1996 to February 1998), 15 storms were monitored and dry weather samples were taken at 
least every two weeks. 

Case Study 3 - Brevard County, Florida 

In July, 1997, Brevard County's Stormwater Utility Program installed a 4050 GPM CDS unit 
(Model PSW50_ 42) with a 4700 micron screen opening along a ditch at the north end of 
Brentwood Drive, north of Cocoa and close to the Indian River. This was the first United States 
installation of the CDS technology. Over an 18-month period 5 storm events ( 4/20/98, 5/1/98, 
7/7/98, 1/3/99, 3/15/99) were monitored for 6 parameters: pH, TSS, BOD, COD, turbidity and 
total phosphorous. In addition, sediment samples were collected and tested for 61 parameters. 
(Strynchuck et al., 1999) 

Stormwater sedimentation is a primary source of pollutant to the Indian River Lagoon in Brevard 
County, Florida. The Indian River Lagoon is an estuary of national significance and is part of 
the National Estuary Program. Pollutants targeted in the Lagoon by the State of Florida are 
suspended solids, phosphorous, and nitrogen. Suspended solids and turbidity reduce sunlight 
penetration in the Lagoon which negatively impacts sea grass growth. Phosphorous and nitrogen 
are nutrients which promote algae growth and reduce oxygen levels in the Lagoon. 

Case Study 4 - Issaquah, Washington 

The City of Issaquah, Washington, installed two CDS stormwater treatment units to provide 
water quality treatment for urban stormwater runoff in 2000. One unit (Model PSW30 _ 28, 
identical to PSWC30_30) with a 2400 micron screen and a 1350 GPM nominal maximum flow 
rate capacity is located on NW Birch Place, treats stormwater from a 45-acre area 
(approximately 52% is covered by impervious surfaces) with mixed commercial and residential 
land uses, and discharges into Issaquah Creek. 

The installation and operation of these CDS units was funded in part through a grant from the 
Washington Department of Ecology (Ecology). As a component of the grant scope of work 
issued by Ecology, a 10-month monitoring program was implemented to evaluate the 
performance of the CDS unit located on NW Birch Place. The specific goals of this monitoring 
program were twofold: 1) estimate the pollutant removal efficiency of the CDS unit, and 

2) evaluate the actual hydrologic performance of the unit in relation to design expectations. 
(Herrera Environmental Consultants, 2002) 
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To evaluate potential seasonal influences on the performance of the CDS unit, stormwater 
sampling activities were performed over three distinct monitoring periods: summer (September 
2000), fall (October- December 2000), and winter/spring (February- June 2001). One storm 
was sampled during the summer monitoring period to capture pollutants in stormwater following 
an extended dry period. Four storms were sampled in the fall to determine ifleaflitter 
accumulation and decomposition within the CDS unit had any effect on system performance. 
Eight storms were sampled in the winter/spring monitoring period to provide a more generalized 
assessment of system performance. Sampling of sump material was also conducted on January 
4, 2001 and July 2, 2002 to correspond with the end of the fall and winter/spring monitoring 
periods, respectively. 

Laboratory Studies 

Particle Removal 

CDS Technologies contracted with Portland State University to conduct particle removal testing 
on CDS units (Slominski et al., 2002). Laboratory testing was conducted on two CDS units: 
Model PMSU20 15 and Model PMSU20 20. PMSU20 15 has a nominal maximum flow rate - - -
capacity of 300 GPM, while PMSU20 _ 20 has a 500 GPM nominal maximum flow rate capacity. 
Two PMSU20_15 units with 2400 and 4700 micron screen openings were tested. The 
PMSU20 _ 20 unit had a 2400 micron screen opening. Two different types of sand were used for 
the tests: a fine sand (F-110) and a coarser sand (#17 silica). 

The CDS units were tested at different flow rates for each type of sand. For the PMSU20 _ 20 
unit flow rates of 200 GPM, 300 GPM, 400 GPM and 500 GPM were tested. For the 
PMSU20_15 unit flow rates of 150 GPM, 200 GPM, 250 GPM, and 300 GPM were tested. At 
each flow rate three trials were performed; a mean average of these results was then taken to 
determine an approximate capture rate for the CDS unit. 

A standard sample size consisting of 5 kg of sand was used for each trial. The sand was poured 
into the inlet pipe about 2 feet before it entered the CDS unit. The sand was added continuously 
over a twenty-second interval. This type ofloading was chosen for efficiency, since previous 
testing of the CDS unit had shown no difference between this type of loading and pouring in a 
well-mixed solution over a longer time period (Schwartz and Wells, 1999). The resulting TSS 
loadings tested were extremely high (26,400 mg/1at150 gpm, 7900 mg/lat 500 gpm), well 
above what one would encounter in the field. Trials were run for a length of time equal to the 
residence time of the system times 1.5 to make sure there was proper circulation time. 

The water from the outlet pipe flowed into another pipe with six plankton nets connected to the 
outlets. Attached to the plankton nets were plastic canisters that also had openings covered with 
this same plankton net material. The plankton nets had a mesh opening of 80 microns, which 
retained all but the smallest particles. 

The capture rate for the CDS unit was calculated by measuring the mass captured by the 
plankton nets and subtracting that from what was put into the inlet (Schwartz and Wells; 1999). 
After the residence time had passed, the pump was shut off and flow through the system was 
allowed to stop. The plankton nets were then rinsed to flush any remaining residual particles 
into the canisters below. The canisters were then opened and poured out into a dish. The sand 
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was then dried in an oven set at 175° F until all of the water had been evaporated from the 
sample. 

Once the sample was determined to be dry, a sieve analysis was performed so that the sand could 
be categorized into different particle sizes and the effectiveness of the CDS unit could be 
analyzed. The capture rate of the CDS unit was calculated by subtracting the sand mass removed 
from the nets from the mass placed in the inlet. 

The sand used in this study was purchased from La Grande industrial supply in Portland, 
Oregon. The particle size distribution was analyzed for each bag of sand purchased. The 
distributions for the F-110 particles differed between the PMSU20 _ l 5 tests and the PMSU20 _ 20 
tests. This was due to La Grande receiving a new shipment from their supplier during the 
transitional period between the two unit sizes. A total of ten distributions were completed for the 
# 17 silica and the F-110 sand used for the PMSU20 15 tests. Six distributions were taken for 
the F-110 sand used for the PMSU20_20 tests. The mean average of these distributions were 
calculated giving percent composition of each particle size distribution. This percentage was 
then multiplied by the 5 kg sample size used in each trial, giving a mass distribution grams for 
each sample. With these data, a capture rate for each particle size could be tabulated as well as 
an overall rate for the unit. 

Table 1 - Distribution of Sand in Five (5) Kg 

Particle Size F-110 Sand F-110 Sand #17 Silica 
PMSU20 15 Tests PMSU20 20 Tests All tests 

Range (microns) Mass (g) for a Mass (g) for a Mass (g) for a 
5kg weight 5kgweight 5kgweight 

>600 0.1 0.0 7.9 

425-600 1.5 1.6 348.8 

297-425 35.4 286.5 2985.5 

215-297 322.9 1354.0 1163.4 

150-215 2453.5 2689.7 449.5 

75-150 2036.6 612.9 44.7 

<75 150.1 55.4 0.2 

Fine Particle Removal 
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Portland State University (Howard, 2003), as part of its continuing evaluation of CDS unit 
performance for sediment control, conducted fine sand removal tests on the previously tested 
Model PMSU20 20. 

The source of the parent material is Sil-Co-Sil 106 silica sand as produced by the US Silica 
Company in the Ottowa, IL plant. The material contains more than 80% of its graduation 
passing the 50 micron sieve. Repeated washing and decanting of the fines from this parent 
material produced the "test" material. Starting with two batches each of 150 pounds of parent 
material, the washing/decanting process produced 36 pounds for Batch 1 material and 40 pounds 
for Batch 2 material. Batch 1 material had 78.6% of the total< 75 microns; Batch 2 had 74.6% 
of the total< 75 microns. 

The laboratory test system was reconfigured to facilitate feed rate control, eliminate the need to 
recirculate the test water during a discrete test, and improve the CDS outlet for best sediment 
control. Specifically, feed control was achieved using constant feed peristaltic pumps, while a 
slurry tank equipped with a high energy variable speed mixer and recirculating peristaltic pumps 
was added to assure the larger (> 50 microns) particles would not separate from the mixed 
solution. Eliminating the need to recirculate the water was accomplished by adding 5-550 gallon 
tanks. The CDS oil baffle was removed and replaced with a skimming weir set at three inches 
above the outlet invert. 

Slurry was prepared for each test run. This was done by utilizing the constant feed rate of the 
peristaltic pumps, coupled with the CDS run flow rate, and batched to hit a 200 milligram per 
liter sediment loading. The actual feed rate was determined after each run, when the actual CDS 
flow rate was determined. 

Tests were run for incremental flow rates of about 25 gpm, from 25 gpm, or 5% of the CDS 
unit's capacity to 250 gpm, or 50% of the unit's capacity. In addition, runs were carried out at 
340 gpm, and 500 gpm to establish adequate efficiency data points to allow extension of the 
removal efficiencies beyond 500 gpm, the pump's limiting capacity. 

Three grab samples were collected for each run, with the exception of the 500 gpm run, where it 
was only possible to achieve two samples due to the influent pump starting to cavitate when the 
third sample was to be taken. The samples were packaged and sent overnight to Spectrex 
Corporation in Redwood City, CA, where the samples were subjected to a particle size analysis. 

Oil and Grease Removal 

CDS units are equipped with a conventional oil baffle to capture and retain oil and grease and 
TPH pollutants as they are transported through the storm drain system during dry weather (gross 
spills) and wet weather flows. CDS units with the addition of oil sorbents can ensure the 
permanent removal of the free oil and grease from the stormwater runoff. 

A series of nine (9) laboratory experiments were performed on a CDS unit (Model PMSU20_15) 
to determine its ability to remove free oil and grease using sorbents. (Stenstrom and Lau, 1998). 
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One control experiment was performed without a sorbent. The focus of this study was to 
evaluate the effectiveness of various sorbent material to control the typically low concentrations 
of free oil and grease found in urban storm.water runoff when applied within the separation 
chamber of a CDS unit. The conventional oil baffle was not installed within the CDS unit during 
this evaluation. The sorbents were allowed to float on the surface of the separation chamber of 
the CDS device. The CDS unit was not modified to accept the sorbents. Different amounts of 
each sorbent were used because of the varying properties of the sorbents (density and surface 
area). 

Tests were performed using a 2400-micron screen over 30 minutes at 125 GPM (approximately 
40% of the CDS unit's nominal flow capacity). Used motor oil (sp.gr. = 0.86) was introduced 
into the feed of the CDS at approximately 25 mg/L, which is generally the upper limit of oil and 
grease concentrations found in storm.waters. Oil and grease were measured at various times 
(influent/effluent) to determine the removal efficiency. Background oil and grease was 
measured as well as oil and grease released from the sorbents after the influent oil and grease 
was reduced to zero. 

Prior to the beginning of each test, the freeboard of the CDS unit was wiped clean and a small 
amount of new sorbent was used to remove any oil that remained from the previous test. This 
sorbent was removed prior to the beginning of the test. A weighed amount of test sorbent was 
then dumped into the separation chamber of the CDS unit. Sorbents were removed using a large 
fine mesh sieve. 

Five sorbents were evaluated. They were obtained from the manufacturers or from dealers in the 
Los Angeles area. Most are marketed for oil spill cleanup. These materials are called "sorbents" 
as opposed to "adsorbers" or "absorbers" because both absorption and adsorption mechanisms 
are present. Two sorbents were particularly effective. These are discussed as follows: 

• OARS. OARS™ (AbTech Industries, 41 lON. Scottsdale Rd., Suite 235, Scottsdale, AZ 
85251) is a "rubber" type of sorbent. It can be manufactured in any desired size fraction. 
The material is sintered into larger particles from smaller particles. The material used in this 
study (bulk storage density = 0.22 g/ml) was originally intended for use in catch basin 
inserts, and is somewhat larger than optimal for this application. The manufacturer generally 
believes that the removal mechanism is absorption. Of the sorbents evaluated in this study, 
the AbTech sorbent is most similar to the Rubberizer sorbent. The material is denser than the 
other sorbents and tends to wet better in the separation chamber of the CDS device. 

• Rubberizer. Rubberizer™ is a sorbent that is marketed by Haz-Mat Response 
Technologies, Inc. (4626 Santa Fe Street, San Diego, CA 92109) as a clean up sorbent for 
various types of solvents, oils and fuels. It is composed of a mixture of hydrocarbon 
polymers and additives. It can be purchased as a particle, used in this test (bulk storage 
density= 0.26 g/ml) or water gel or assembled into pillows and booms. It is similar to the 
touch as the OARS sorbent. 

The sorbers tested all had different bulk densities, specific surface areas and costs. It was not 
possible to create an equivalent mass of each sorbent on any common basis. Therefore the 
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experiments were conducted with sufficient sorbent to cover the top of the CDS unit. When 
these sorbents are used to clean up spills they are exposed to either pure oil or very concentrated 
mixtures of oil and water. Under these circumstances, they will sorb many times their weight. 
For the applications investigated in this report, they sorb much less because they are only 
exposed to very dilute mixtures of oil and water. 

5 .2 Verification Procedures 

CDS Technologies has applied CDS units at over 2500 locations worldwide. Three (3) full flow 
commercial installations have been evaluated independently and the findings well documented in 
reports. QA/QC procedures appear to be consistent with accepted practice. In addition, three (3) 
independent laboratory studies were conducted at two United States universities to assess 
particle, and oil and grease, removal efficiencies. Consequently, sufficient information exists to 
support verification of the claims submitted by CDS Technologies. 

Claim 1 - CDS unit's effect solids separation using a cylindrical screen that prevents 
blockage through the use of significantly higher tangential flow velocities compared to 
radial velocities throughout the surface of the separation screen and facilitated by the 
unique physical nature of the CDS expanded metal screen. 

As described in Section 1.3.1, the essential operational function of the CDS unit is to ensure that 
the separation screen remains free from blocking by trapped material as the volume of pollutant 
trapped increases. This is accomplished by several means. 

• Particles are subject to a tangential drag force caused by the tangential flow around the 
chamber (screen). This force is resisted by a friction force on the particle as it is swept 
along the screen. Particles are kept in motion because the tangential drag force is larger 
than the friction force. 

• The radial flow velocity through the screen is an order of magnitude less than the pipe
inlet velocity. 

• The separation screen is installed in the unit such that the leading edge of each 
perforation extends into the flow within the containment chamber, thus deflecting solids 
away from the screen. The solid deflective segments (Figure 1) on the screen essentially 
present a closed face to the direction of the flow of liquid within the separation chamber. 
Behind each defective segment there is an opening to permit flow of liquid and particles 
smaller than the opening. 

To date, blockage of screens with 2400 micron and 4700 micron screen openings has been 
minimal. Earlier CDS units employed 1200 micron screen openings. Blockage occurred in 
several of these units. 

• San Francisco, CA (1998). A Model PSW30_30 blocked during a dry start (no water in 
the CDS). The first loading storm transported several cubic feet of pine needles on a low 
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flow. The needles lodged in the 1200 micron screen and prevented the proper flow to 
develop. It has worked well since. 

• Monterey, CA (1999). A CDS Fiberglass 30_30 unit experienced blockage during start 
up. The installation was subject to significant tidal influence. The 1200 micron screen 
was replaced with a 2400 micron screen and the inlet area to screen area changed to 
improve the washing energy to deal with the tidal conditions. The unit has worked 
successfully since the changes were made. 

• Florida (1999 & 2000). A PSWlOO 60 unit in Orlando blocked in late 1999. A similar 
instance occurred in Venice, Florida in early 2000. In both cases the 1200 micron screen 
was replaced and the units have functioned well since. 

Due to problems with the 1200 micron screen, this screen is no longer used by CDS 
Technologies. 

Two instances of blockage have occurred with the larger 2400 and 4700 micron screen openings. 

• Orlando, FL (2001). An interesting blockage occurred in a large PSWlOO_lOO unit 
equipped with a 4700 micron screen. The unit has a dry weather flow and drains a 500 
acre urban area that is heavily vegetated with deciduous trees. Neutrally buoyant solids 
can build to the point that a unit can no longer rotate effectively. CDS Technologies 
concluded that the high deciduous load was doing just that in this unit. The inlet area to 
screen area was modified to add more rotating energy; this solved the problem. 

• Issaquah, WA (2002). On two occasions (2/2/2001and3/13/2001) the CDS unit (2400 
micron screen) was bypassed due to a system blockage. The blockage was caused by a 
biofilm that accumulated on the separation screen. CDS Technologies indicated that this 
is the first and only biofilm blockage that they have experienced. While it is unclear 
what precipitated the biofilm growth on the separation screen, it is likely related to 
stagnant, standing water conditions that persist within the unit between storms. The 
northwest was experiencing a drought during this period. These stagnant conditions may 
have allowed anoxic conditions to develop within the sump that, in turn, cause nutrients 
present within the sump solids to be mobilized. These nutrients may have subsequently 
stimulated the biofilm growth on the separation screen. Problems related to biofilm 
growth on the separation screen were not observed in the second Issaquah CDS unit, 
where there is a small but constant flow of water through the system at all times. The 
unit continues to function properly today. 

The blockage issues with the 2400 and 4700 micron screens have been minimal in light of the 
1200+ units installed in the United States. 

Claim 2 - CDS units have a 100% trapping efficiency for gross pollutants (defmed as solids 
greater in size than the aperture size of the screen, i.e., 2400 or 4700 microns), including 
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floatables and neutrally buoyant material (which is unique to devices with a physical 
barrier such as a CDS screen), for flow rates up to the capacity of the unit. 

Solids entering the separation chamber can either be floating or settleable materials with those 
solids which are larger than the aperture size of the separation screen being prevented from 
passing through the screen. By definition, gross pollutants can not pass through the CDS screen 
unless these solids breakup in the unit. The settleable material ultimately settles into the 
containment sump. The floating material that enters the CDS unit (including organic matter 
which over time absorbs water and eventually sinks, e.g., leaflitter) remains within the 
separation chamber and circulates at the water surface until the water level drops and inflow 
ceases. 

If the flow rate exceeds the capacity of the CDS unit or the unit becomes blocked, the flow will 
bypass the unit along with the accompanying gross pollutants. Field tests in Australia (Allison et 
al., 1998) indicated that less than 1 % of stormwater by-passed the unit during 12 months of 
monitoring. Therefore, the trapping efficiency of the CDS unit was estimated to be 
approximately 99% during this period. The Issaquah, WA study (Herrera Environmental 
Consultants, 2002) reported that even with the two biofilm blockages, the CDS unit treated 90 
percent of the total runoff volume during the period covered by the study. Therefore the annual 
trapping efficiency is expected to be less than 100%. 

Claim 3 - A 300 GPM CDS unit (Model PMSU20_15) with a 2400 micron screen opening 
has been shown to have a TSS removal efficiency of 87.5% with 95% confidence limits of 
88% and 87% respectively when operated at 50% of flow capacity, and a TSS removal 
efficiency of 68.5% with 95% confidence limits of 70% and 67% respectively when 
operated at 100% of flow capacity, using a fine sand and high influent TSS loadings in 
laboratory studies using simulated stormwater. 

The PMSU20_15 unit with a 2400 micron screen opening was tested at flow rates of 150 GPM, 
200 GPM, 250 GPM, and 300 GPM at Portland State University. Three trials were performed at 
each flow rate; a mean average of these results was then taken to determine an approximate 
capture rate for the CDS unit. Standard deviation (%) was also reported. Results are shown in 
Table 2. 

Table 2 - Percent Removal for the PMSU20 15 Unit with a 2400 Micron Screen 
with F-110 Sand (Slominksi et al., 2002) 
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Range 150GPM 300GPM 
(microns) (50% Capacity, TSS = 26,400 mg/I) (100% Capacity, TSS = 13,200 mg/I) 

% Captured S.D. of Capture % Captured S.D. of Capture 
(%) (%) 

>600 100.0 0.00 100.0 0.00 
425-600 95.6 3.85 93.3 0.00 
297-425 99.6 0.16 96.7 1.61 
215-297 99.7 0.04 94.5 1.77 
150-215 88.0 0.98 68.4 6.03 
75-150 85.1 1.84 64.2 8.42 

<75 83.2 3.21 60.3 12.88 
ALL 87.5 0.37 68.3 1.91 

The capture rate for the CDS unit was calculated by measuring the mass captured by the 
plankton nets and subtracting that from what was put into the inlet. Since the plankton nets had a 
mesh opening of 80 microns, the reported capture efficiency of particles < 7 5 microns is 
questionable, as these smaller particles may have passed through the nets rather than being 
captured in the unit. Since only 3 % of the sand was< 75 microns, even if all the< 75 micron 
sand were lost through the nets, rather than captured as reported, the overall removal rate for all 
particles would only be a few percent lower. The excellent repeatability of the experiments is 
shown by the small standard deviation. 

The same CDS unit, with a 4700 micron screen opening, was similarly tested, i.e., same sand and 
flow rates. The overall particle removal efficiency was only slightly affected by the larger screen 
opening. At 150 GPM, overall removal efficiency was 86.45% (1.4% S.D.) and at 300 GPM the 
overall removal efficiency was 63.47% (0.94 % S.D.). 

Field Studies 

Case Study 2 - Coburg, Melbourne, Australia 

Over the 22 month study, 15 storms were monitored. A line of best fit ofTSS concentration 
entering and leaving the CDS unit during these storm events was plotted. The line of best fit had 
a slope 0.28 and intercepted the 45° line (i.e., inflow concentration is the same as outflow 
concentration) at approximately 38 mg/L indicating, statistically, a mean increase in TSS 
concentration when inflow concentrations fall below this value. 

The plot indicated that the CDS unit is relatively effective in reducing TSS for concentrations 
above approximately 75 mg/L. The reduction in TSS during periods of inflow concentrations 
less than 75 mg/L were erratic, with some instances of higher TSS concentration at the outflow 
than the inflow. The slope for the fitted line indicated a TSS removal efficiency of 60 to 70% for 
TSS concentrations above 200 mg/L. 
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Case Study 3 - Brevard County, Florida 

Five (5) storm events were monitored over an 18-month period. Storm event #5 was the only 
event in which all equipment operated correctly and accurate flow rates were measured. 
Unfortunately flow rates during this storm event were extremely low, 0.005 cfs (2.2 GPM). This 
flow rate was only 0.045% of the unit's capacity. An average TSS removal efficiency of 55% 
was recorded. 

Case Study 4 - Issaquah, Washington 

The Model PSW30 _ 28 CDS unit had a nominal maximum flow capacity of 3.0 cfs (1350 GPM). 
The maximum discharge rate effectively treated by the CDS unit before activation of the system 
by-pass was estimated to be 2.8 cfs. In general, the hydro logic performance of the CDS unit was 
found to meet design expectations. 

Influent TSS concentration in this study ranged from 8 to 276 mg/L, with a median value of 31 
mg/L. Similarly, effluent TSS concentrations ranged from 8 to 252 mg/L, with a median value 
of 31 mg/L. In general, TSS concentrations in this study were low in comparison to data from 
national studies of stormwater pollutant concentrations. For example, the average TSS 
concentration from nationwide stormwater data compiled by the U.S. EPA was approximately 5 
times higher than the median values reported for this study (Homer et al., 1994). 

Results showed that there was no significant decrease in effluent TSS concentrations relative to 
influent concentrations. Effluent TSS concentrations were typically higher than influent 
concentrations. For example, effluent TSS concentrations were found to exceed influent 
concentrations in 68 percent of the sample pairs evaluated in this study. However, the difference 
between influent and effluent concentrations was relatively small (5.2 mg/L). For all periods 
monitored TSS concentration in the effluent was 8.3% higher than TSS concentration in the 
influent. In addition, instantaneous pollutant removal estimates also suggest that the CDS unit 
frequently exported total phosphorous during this study. These findings may be a result of 
biological decomposition of leaves and other organic material trapped in the unit for prolonged 
periods of time. 

There is some evidence to support the concept that stormwater contains background pollutant 
concentrations that cannot be further reduced through stormwater treatment (Schueler, 2000). 
These irreducible concentrations exist because internal processes within the treatment system 
inevitably return some pollutants to the stormwater or, in some cases, there is an inherent 
limitation associated with the particular removal pathway used by the treatment system. Studies 
suggest that stormwater TSS concentrations ranging from 20 to 40 mg/L are irreducible 
(Schueler, 2000). Similarly, in the CDS unit performance study conducted by Walker et al. 
(1999), TSS could not effectively be reduced below 75 mg/L. 

Particle size analyses (conducted by Soil Control Laboratory) on two samples collected during a 
June 11 event showed that over 60 percent of solids present in the influent stormwater were 
smaller than 63 micron. Additional analyses to examine the particle size distribution of solids 
smaller than 31 micron showed that the influent stormwater contained mainly silt and, to a lesser 
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extent, clay sized particles. Separate analyses performed by Portland State University (PSU) 
using a different methodology showed that the average particle size of solids present in the 
influent stormwater was approximately 34 micron. Particle count data from PSU confirmed that 
the influent stormwater contained mainly silt and clay sized particles. 

Claim 4 - A 500 GPM CDS unit (Model PMSU20 _ 20) with a 2400 micron screen opening 
has been shown to have a TSS removal efficiency of 83% with 95% confidence limits of 
83.5% and 82.5% respectively when operated at 40% of flow capacity, and a TSS removal 
efficiency of 56% with 95% confidence limits of 57% and 55% respectively when operated 
at 100% of flow capacity, using a fine sand and high influent TSS loadings in laboratory 
studies using simulated 
stormwater. 

The PMSU20 _ 20 unit with a 2400 micron screen opening was tested at flow rates of 200 GPM, 
300 GPM, 400 GPM and 500 GPM at Portland State University. The fine sand for these tests 
had significantly less small particles(< 150 microns) than that used in the PMSU20_15 tests 
(Table 1). Again three trials were performed at each flow rate. Results are shown in Table 3. 

Table 3 - Percent Removal for the PMSU20 20 Unit with a 2400 Micron Screen with 
F-110 Sand (Slominski et al., 2002) 

200GPM 500GPM 
Range (40% Capacity, TSS = 19,800 mg/I) (100% Capacity, TSS = 7,900 mg/I) 

(microns) 
% Captured S.D. of Capture % Captured S.D. of Capture 

(%) (%) 
>600 100.0 0.00 100.0 0.00 

425-600 97.9 3.61 75.0 12.50 
297-425 99.9 0.00 96.8 3.51 
215-297 98.5 0.34 63.5 9.75 
150-215 84.3 4.53 52.1 5.87 
75-150 40.7 16.99 39.8 19.73 

<75 35.0 1.46 57.4 14.81 
All 83.2 0.54 56.3 1.97 

The repeatability of the tests on this larger unit was less than on the 300 GPM unit. Further, the 
smaller quantity of< 150 micron particles resulted in larger standard deviations for removal of 
these particles. 

Because of questions raised regarding capture of< 75 micron particles in the 80 micron aperture 
plankton nets, a series of tests was run at Portland State University using fine sand (Wells and 
Slominski, 2003). Results are shown in Table 4. 
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Table 4 - Percent Removal for the PMSU20 20 Unit with a 2400 Micron Screen with 
Fine Sand (Howard, 2003) 

Actual Flow Rate < 75 micron Overall 
GPM Capture - % Capture-% 

30.7 90.0 89.7 
116.9 87.9 85.2 
203.8 76.9 81.9 
339 76.4 69.8 
493 90 83.9 

The results of the laboratory testing demonstrate that the CDS device does capture< 75 micron 
particles. These results are generally better than those shown in the most recent Portland State 
study (Slominski et al., 2002) This is attributed to the fact that a sediment control outlet baffle 
was deployed in lieu of the oil baffle used in the recent Portland State study, and the utilization 
of particle counting to actually determine the effluent particle size distribution and mass. 

Of interest in the results is the disparity between the overall capture and the capture of the < 7 5 
micron particles. The overall capture rate should be higher. The authors attribute this disparity 
in results to the particle counting method deployed, since other explanations were considered 
unlikely. 

Since limited test runs and samples were done, inadequate data exists to do a statistical 
evaluation of the data. It does appear that the general trend of performance is that capture 
deteriorates with increased flow rates, and that the capture of the sub 75 micron particles is 
above 70% through the flow rates tested. 

The results shown for the 493 GPM flow rate is inconsistent with the other data. Overall 
trending performance would be best analyzed by ignoring this data point. 

Claim 5 - CDS units are equipped with an oil baffle and can capture oil spills to the oil 
baffle's capacity. 

As discussed earlier, CDS units are equipped with a conventional oil baffle to capture and retain 
oil and grease and TPHs up to the capacity of the unit (gross oil storage volume varies from unit 
to unit, ranging from 47 gallons to 1,320 gallons). This design feature enables CDS units to 
capture oil spills during dry weather to the capacity of the unit's oil baffle. 

During normal wet weather flows, the oil baffle system will remove some fraction of the free oil 
and grease from the stormwater runoff. The City of Redmond, Washington installed CDS units 
as a pretreatment system upstream from a coalescing plate interceptor (CPI) oil/water separator 
system treating the stormwater runoff from a 184-acre downtown catchment area. This 
catchment area consists of mixed land uses of residential, retail and commercial. The City of 
Redmond reported that the maintenance effort on the CPI oil/separator located immediately 
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downstream of the CDS units was greatly reduced. Further, the amount of oil collected in the 
CPI oil/water separator was also reduced (Franklin, 2003). 

Claim 6 -A 300 GPM CDS unit (Model PMSU20_15) with a 2400 micron screen o~ening 
removed 83-86% of free oil (sp.gr.=0.86) using sorbents (OARS™ and Rubberizer M) when 
operated at 40% of flow capacity in laboratory studies using simulated storm water. 

Results from the sorbent laboratory study (Stenstrom and Lau, 1998) are shown below in 
Table 5. 

Table 5 - Oil and Grease Removal 

Test No. Sorbent Sorbent Influent Effluent Percent Flow 
Type Mass(g) (mg/L) (mg/L) Removal (gpm) 

2 OARS 2600 19.6 2.7 86 125 
3 OARS 2600 24.0 4.3 82 190 
4 OARS 2600 30.7 1.7 94 75 
5 OARS 1 2600 21.0 3.5 83 125 
6 Rubberizer 1030 27.2 3.9 86 125 

Test 5 was conducted for 125 minutes to saturate the sorbent (unsuccessful-the sorbent was not 
saturated). All other tests lasted 30 minutes. 

The more dense sorbents (OARS™ and Rubberizer™) generally had greater efficiencies than the 
lighter sorbents (such as Xsorb and Sponge Rok). This is because the lighter sorbents float on 
top of the water and have less contact with influent water and oil and grease. In some cases, 
there was poor mixing of the sorbents with the influent. The OARS™ and Rubberizer™ 
sorbents floated just below the fluid surface and had much better circulation patterns. 

The sorbents generally retained the sorbed oil and grease. Effluent concentration of oil for the 
OARS™ sorbent was less than 1.0 mg/L. Effluent concentration of oil for the Rubberizer™ 
sorbent was higher (1.96 mg/L). This may have resulted from the higher mass ofremoved oil 
and grease per unit mass of sorbent (approximately three times higher). 

5.3 Cleanout and Maintenance 

Clean out 

The frequency of cleaning the CDS unit will depend upon the generation of trash, debris and 
sediments. Cleanout and preventive maintenance schedules should be determined based on 
operating experience unless precise pollutant loadings have been determined. The unit should be 
periodically inspected to determine the amount of accumulated pollutants and to ensure that the 
cleanout frequency is adequate to handle the predicted pollutant load being processed by the 
CDS unit. 
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Access to the CDS unit is typically achieved through two manhole access covers - one allows 
inspection and cleanout of the separation chamber (screen/cylinder) and sump and another allows 
inspection and cleanout of sediment captured and retained behind the screen. The PSW and 
PSWC off-line models have an additional access cover over the weir of the diversion vault. For 
units possessing a sizable depth below grade (depth to pipe), a single manhole access point 
would allow both sump cleanout and access behind the screen. 

During the rainfall season, the unit should be inspected at least once every 30 days. The 
floatables should be removed and the sump cleaned when the sump is 75-85% full. lffloatables 
accumulate more rapidly than the settleable solids, the floatables should be removed using a 
vactor truck or dip net before the layer thickness exceeds one to two feet. 

Cleanout of the CDS unit at the end of rainfall season is recommended because of the nature of 
pollutants collected and the potential for odor generation from the decomposition of material 
collected and retained. This end of season cleanout will assist in preventing the discharge of 
pore water from the CDS unit during summer months. 

A vactor truck is recommended for cleanout of the CDS unit and can be easily accomplished in 
less than 30-40 minutes for most installations. Standard vactor operations should be employed in 
the cleanout of the CDS unit. Disposal of material from the CDS unit should be in accordance 
with the local municipality's requirements. Disposal of the decant material to a POTW is 
recommended. Field decanting to the storm drainage system is not recommended. Solids can be 
disposed of in a similar fashion as those materials collected from street sweeping operations and 
catch-basin cleanouts. 

Maintenance 

It is recommended that the CDS unit be pumped down at lease once a year and a thorough 
inspection of the separation chamber (inlet/cylinder and separation screen) and oil baffle 
performed. The unit's internal components should be inspected for any signs of damage or any 
loosening of the bolts used to fasten the various components to the manhole structure and to each 
other. Ideally, the screen should be power washed for the inspection. If any of the internal 
components are damaged or if any fasteners appear to be damaged or missing, CDS 
Technologies can make arrangements to have the damaged items repaired or replaced. 

The screen assembly is fabricated from Type 316 stainless steel and fastened with Type 316 
stainless steel fasteners that are easily removed and/or replaced with conventional hand tools. 
The damaged screen assembly can be replaced with the new screen assembly placed in the same 
orientation as the one that was removed. 

The CDS unit is a confmed space environment and only properly trained personnel possessing 
the necessary safety equipment should enter the unit to perform maintenance or inspection 
procedures. Inspections of the internal components can, in most cases, be accomplished through 
observations from the ground surface. 

6. Technical Evaluation Analysis 
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6.1 Verification of Performance Claims 

Based on the evaluation of the results from laboratory studies and field data, sufficient data is 
available to support CDS Technologies Claims 1, 2, 3, 4, 5 and 6. 

6.2 Limitations 

Annual gross pollutant trapping efficiency is a function of the fraction of the total stormwater 
flow that by-passes the CDS unit. Hence it is essential that CDS units be hydraulically designed 
correctly for the site. The field studies reviewed indicates minimal by-pass occurrences, 
consequently CDS units appear to have a high annual gross pollutant trapping efficiency. 

High neutrally buoyant pollutant loadings have been shown to effect fluid rotation within the 
chamber, leading to screen blockage. 

Field data indicate a much lower TSS removal efficiency than measured in the laboratory with 
fine sand in simulated stormwater. The reasons for this are not clear, but can be attributed to 
many factors including: resuspension and entrainment of particles in the sump; the decrease in 
particle removal efficiency for small particles (e.g., silt and clay); and an inability to remove TSS 
below a background concentration level (75 mg/L). Hence care must be taken when 
extrapolating laboratory performance to expected field performance, i.e., other sediment particle 
size distributions, TSS loadings. 

Clean outs should be scheduled based on the pollutant loading to the CDS unit to optimize 
performance and ensure proper operation of the unit. Excessive pollutant loadings in the 
containment sump and separation chamber will reduce unit performance. 

CDS units can export total phosphorus, particularly during the fall. This decrease in system 
performance may be related to the relatively large amounts of leaf litter that accumulates in the 
sump of the unit during the fall. Measured pollutant removal efficiencies may show a decrease 
(eventually showing a negative removal efficiency, i.e., an increase in total phosphorous exiting 
the unit) if anoxic conditions and decomposition within the sump cause stable forms of 
phosphorus stored in the leaflitter to become more soluble and subsequently enter the effluent 
stream. 

The CDS unit design incorporates standing water in the separation chamber and containment 
sump which can be a breeding site for mosquitoes. 

7. Net Environmental Benefit 

The New Jersey Department of Environmental Protection (NJDEP or Department) encourages 
the development of innovative environmental technologies (IET) and has established a 
performance partnership between their verification/certification process and NJCAT's third party 
independent technology verification program. The Department in the IET data and technology 
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verification/certification process will work with any New Jersey-based company that can 
demonstrate a net beneficial effect (NBE) irrespective of the operational status, class or stage of 
an IET. The NBE is calculated as a mass balance of the IET in terms of its inputs of raw 
materials, water and energy use and its outputs of air emissions, wastewater discharges, and solid 
waste residues. Overall the IET should demonstrate a significant reduction of the impacts to the 
environment when compared to baseline conditions for the same or equivalent inputs and 
outputs. 

Once CDS units have been recommended and verified for interim use within the State of New 
Jersey, CDS Technologies will then proceed to install and monitor systems in the field for the 
purpose of achieving goals set by the Tier II Protocol and final certification. At that time a net 
environmental benefit evaluation will be completed. However, it should be noted that the CDS 
technology requires no input of raw material other than sorbent material used to increase oil and 
grease capture efficiency, has no moving parts, and therefore, uses no water or energy. 
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2. Introduction 

NJCAT published a Technology Verification Report on CDS Technologies Inc. (CDS 
Technologies) stormwater treatment technology using the mechanism of continuous deflective separation 
(CDS) in June 2003. The New Jersey Department of Environmental Protection (NJDEP) considered the 
sediment particle size distribution (PSD) and influent total suspended solids (TSS) loadings used in the 
laboratory studies to develop the TSS removal efficiency claims (Claims 3 and 4) not to be relevant to New 
Jersey stormwater particulate loading conditions and decided that they would not grant interim certification 
to CDS Technologies based on the NJCAT Verification Report1

. 

CDS continues to make product improvements to achieve greater capture of particulates. When the 
CDS separator maintains good tangential velocity on the screen very little solids of any size get through. It 
is only when the tangential velocity decreases, or the flow velocity through the screen is substantially 
higher than the average velocity across the whole screen, that excessive loss of solids occurs. Increasing 
the ratio of the diameter of the manhole, to that of the screen, prevents short-circuiting from the area of the 
screen nearest the outlet. This minimizes excessive flow through the screen. Excessive screen velocities 
are especially detrimental to solids loss when they occur down in the lower part of the screen, where the 
tangential velocity has deteriorated. Consequently, the oil containment baffle was hurting particle capture 
efficiency because it forced all of the flow to enter the outlet area at an elevation in the lower third of the 
screen. Hence baffling to force the flow into the outlet at a higher elevation on the screen helps removal 
efficiency, because more flow goes through the screen in the upper regions where the tangential velocity is 
higher. 

CDS wishes to retain their oil baffling capability, so they modified their original design to use a 
double baffle. It looks like a U, with the outer baffle (oil baffle), where the water enters, at an elevation 
1/3 down on the screen, and the inner baffle (sediment weir) extending over the height of the separation 
screen. The diameter of the manhole has also been increased by 1 foot so that there is more separation 
between the screen and the inlet to the double baffle. CDS units employing this new design are designated 
High Efficiency Continuous Deflective Separators. CDS, recognizing that New Jersey is developing into a 
market that requires protection of its water resources through the verified removal of a very fine gradation 
of particles, will only provide its high efficiency particle removal efficiency CDS screening product in this 
market. All stormwater units sold in New Jersey will be one of these high efficiency units configured with 
a sediment weir. A New Jersey specific CDS Technical Manual having plan and profile drawings of 
commercial high efficiency particle removal CDS units with sedimentation weirs has been developed. 
Figure 1 shows the double baffle system for CDS Model PMSU20_20_6 (1.1cfs,493 gpm). 
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CDS Technologies has submitted a new performance claim for a high efficiency CDS unit based 
on previously submitted data2 to NJCAT that more closely matches the PSD and influent loadings 
contained in the NJDEP Total Suspended Solids Laboratory Testing Procedures3

. The objective of this 
Addendum Report is to evaluate this new performance claim based on this previously submitted data. 

3. Technical Performance Claim 

Claim-A 500 GPM (1.lcfs) unit (Model PMSU20_20_5) with a 2400 micron screen opening 
and a reconfigured outlet for best sediment control, operating with an average influent TSS concentration 
of 184 mg/L and zero initial sediment loading, has been shown to have a total mass TSS removal 
efficiency of73.7% (per NJDEP treatment efficiency calculation methodology) for silica sand particles< 
100 microns (dso particle size of 63 microns) in laboratory studies using simulated stormwater. 

4. Technical System Performance 

3.1 Laboratory Study 

Background 

Portland State University (PSU), in its continuing evaluation of the CDS performance for sediment 
control, ~erformed extensive testing that was aimed at determining the ability to control sub-100 micron 
particles . 

Producing a suitable material to represent the fine particle gradation that needed evaluation was the 
first challenge. The source of the parent material is the Sil-Co-Sil 106 silica sand produced by the US 
Silica Company. The material originated at the Ottowa, IL plant. It is specified as a product suitable for 
BMP testing by the State of Washington, Department of Ecology. The base material used in the PSU 
testing was developed by repeated washing and decanting of the fines from the parent material to achieve 
the ultimate test gradation. The resulting sub-100 micron particle size distribution is shown in Table 1. 
The dso particle size is 63 microns. 

Table 1-Sub-100 Micron Particle Size Distribution 

Particle Size Percent Cumulative 
Micron (um) (%) (%) 

< 10 1.5 1.5 

10-45 5.25 6.75 

45-53 13.3 20.05 

53-75 56.55 76.6 

75-100 22.4 99.0 

3 
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The second issue that needed to be managed was to reconfigure the laboratory to facilitate feed rate 
control, eliminate the need to re-circulate the test water during a discrete test, and reconfigure the CDS 
outlet for best sediment control. Feed control was achieved through using constant feed peristaltic pumps 
manufactured by Anko Products, Inc. and a slurry tank that was equipped with a high energy variable 
speed mixer Model #850 manufactured by Arrow Engineering Company and re-circulating peristaltic 
pumps to assure the larger (>50-µm) particles would not separate from the mixed solution. 

Eliminating the need to re-circulate the water was accomplished by adding five (5) 550-gallon (gal) 
tanks. This, along with the existing storage in the laboratory created 1650-gal of source water and 1650-
gal capacity to hold the CDS effluent (Figure 2). The CDS oil baffle was flipped over to behave as a 
sediment weir. 

Slurry was prepared for each test run. This was done by utilizing the constant feed rate of the 
peristaltic pumps, coupled with the CDS run flow rate, and batched to hit a 200 milligram per liter (mg/L) 
sediment loading. The actual feed rate was determined after each run, when the actual CDS flow rate was 
determined. 

The volume of water and solids required for each run was determined and measured on a triple 
beam laboratory scale. The dry material was mixed with approximately two liters of water, in two one-liter 
sample bottles. These were shaken thoroughly and allowed to hydrate until they were used. 

Test Procedure 

Tests were run for incremental flow rates of about 25 gallon per minute (gpm) or 5% of the CDS 
unit's capacity to 250-gpm, or 50% of the unit's capacity. In addition, runs were carried out at flow rates 
of approximately 340-gpm and 500-gpm to establish TSS removal efficiencies at or near the unit's 
treatment operating capacity. 

For each flow rate, the pump was set to the approximate flow using a digital magnetic flow meter. 
Once this was set, the pump was switched off. Water in the effluent side of the CDS unit was pumped to 
influent storage using a 75-gpm submersible pump. The depth in the effluent tanks was measured and was 
used later in the volumetric calculations to determine precise flow rates for each test run. 
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The slurry water was measured out and added to the slurry tank, with two liters reserved for rinsing 
the sediment concentrate containers. The variable speed mixer was started, the re-circulating pumps were 
started, the sediment concentrate was added, and the containers rinsed and emptied into the slurry tank. 

The influent pump and the slurry feed pumps were started simultaneously, along with a stopwatch. 
The system was operated through 1 & 1/3 active CDS volume turnover before the first 250-milliliter grab 
sample was taken. The second grab sample was taken at 1 & 2/3 turnover, with the final sample taken at 
just beyond 2 complete volume turnovers. The system was shut down, with the stopwatch measuring the 
total run time. The effluent tanks were allowed to settle for about 20-minutes, the depth measured, and 
then the water was returned to the influent side of the CDS unit. It is possible that some of the smallest 
particles may not have settled out during this time and were returned to the influent tanks. If so, the 
removal efficiencies reported would be conservative. Once this was done, the procedure set out above was 
repeated until all tests were run. 

Three grab samples were collected for each run, with exception of the 500-gpm run, where it was 
only possible to achieve two samples due to the influent pump starting to cavitate toward the point when 
the third sample was to be taken. The samples were packaged and sent overnight to Spectrex Corporation, 
a certified laboratory, in Redwood City, CA. where the samples were subjected to a particle siz~ analysis. 

4. Results 

Spectrex Corporation subjected the 35 grab samples collected from the 12 test conditions to an 
extensive particle size analysis to determine the sub-100 micron effluent concentration (mg/L) in each 
sample as shown in Table 2. (Spectrex first performed a particle number count in one micron increments 
and then calculated the mass in each particle size range.). The loading in the slurry tank was selected to 
achieve a TSS influent concentration of 200 mg/L. Actual influent TSS concentrations were determined at 
the end of each test run based on the actual recorded, verified flow rate into the CDS unit (Table 2). 
Influent concentrations varied from 160.4 mg/L to 202.9 mg/L, with an average influent concentration of 
184 mg/L. The sub- I 00 micron particle removal efficiencies for each of the 3 5 grab samples was 
calculated from these data and are shown in Table 2 and graphically in Figure 3. 

Figure 3 shows a wide scatter in the data. This is possibly a consequence of the particle counting 
method deployed especially for the resulting low effluent concentrations. This is not a science that follows 
a standard method and each provider of this technique has developed and perfected their processes for 
determining the results. The method is expensive, but was selected due to its ability to accurately discern 
the particle sizes in the samples in a timely manner. Moreover, as expected, the results indicate a 
decreasing TSS removal efficiency with increasing operating rate. The deployment of a sediment control 
baffle in lieu of the oil baffle used in the earlier Portland State University study improved the TSS removal 
efficiency substantially over that verified in the earlier NJ CAT verification report1

. 

6 



.. f c • 

Table 2 CDS Model PMSU20_20_5 Sub-100 Micron Particle Removal Efficiency 

Flowrate Operating Rate Sub- I 00 micron Sub- I 00 micron Sub- I 00 micron 
(gpm) (%) Influent Effluent Removal 

Concentration Concentration Efficiency (%) 
(mg/L) (mg/L) 

30.7 6 I60.4 I2.0 92.5 
30.7 6 I60.4 I4.97 90.7 
30.7 6 I60.4 22.55 85.9 
53.7 11 I82.9 13.46 92.6 
53.7 11 I82.9 27.67 84.9 
53.7 11 I82.9 I6.5I 91.0 
89.6 I8 I64.7 6.25 96.2 
89.6 I8 I64.7 57.5 65.I 
89.6 I8 I64.7 6.73 95.9 
II6.9 24 I68.4 57.33 66.0 
II6.9 24 I68.4 I2.I2 92.8 
II6.9 24 I68.4 5.I9 96.9 
136.8 28 I79.9 42.99 76.1 
136.8 28 I79.9 38.45 78.6 
136.8 28 I79.9 8.35 95.4 
I62.I 33 I82 8.I7 95.5 
I62.I 33 I82 29.4I 83.8 
I62.I 33 182 46.33 74.5 
I72 35 200 27.27 86.4 
I72 35 200 35.45 82.3 
I72 35 200 24.0 88.0 

203.8 4I I93.I 59.69 69.1 
203.8 4I I93.I 32.92 83.0 
203.8 4I I93.I I2.4 93.6 
228.4 46 I93.8 I4.3I 92.6 
228.4 46 I93.8 I2.2I 93.7 
228.4 46 I93.8 25.23 87.0 
259.I 53 I90 25.32 86.7 
259.I 53 I90 45.72 75.9 
259.I 53 190 37.78 80.I 
339 69 202.9 84.24 58.5 
339 69 202.9 76.I4 62.5 
339 69 202.9 23.3I 88.5 
493 100 I99.9 I9.07 90.5 
493 100 I99.9 45.82 77.1 
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The weighting factors contained in the NJDEP Total Suspended Solids Laboratory Procedures3 

document were applied to the test results to generate the weighted average removal efficiency as shown in 
Table 3. Since no tests were run at flow rates higher than the treatment operating rate, it was decided to 
give no credit for TSS removal at 125% of the operating rate. This was deemed the most conservative 
approach. 

Table 3 NJDEP Weighted TSS Removal Efficiency for CDS Model PMSU20_20_5 

Treatment Operating NJDEP Weight Factor CDS TSS Removal NJDEP Weighted 
Rate(%) Efficiency1 (%) Average Removal 

Efficiency (%) 

25 0.25 85.0 21.2 

50 0.30 82.0 24.6 

75 0.20 80.2 16.0 

100 0.15 79.0 11.9 

125 0.10 NA -

Total 73.7 

1Removal Efficiency= -4.31771n (operating rate)+ 98.886 
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5. Technical Evaluation Analysis 

5.1 Verification of Performance Claim 

Based on the evaluation of the results from the Portland State University sub-I 00 micron particle 
testing studies, sufficient data is available to support the CDS Technologies Claim: A 500 GPM unit (Model 
PMSU20 _ 20 _ 5) with a 2400 micron screen opening and a reconfigured outlet for best sediment control, 
operating with an average influent TSS concentration of 184 mg/L and zero initial sediment loading, has 
been shown to have a total mass TSS removal efficiency of 73. 7% (per NJDEP treatment efficiency 
calculation methodology) for silica sand particles< 100 microns (d50 particle size of 63 microns) in 
laboratory studies using simulated stormwater. 

5.2 Limitations 

CDS Technologies Inc. offers a range of stormwater treatment systems designed to treat stormwater 
runoff. Treatment performance requirements vary throughout the country. New Jersey requires protection 
of its water resources through the verified removal of a fine gradation of particles. CDS Technologies has 
developed high efficiency continuous deflective separators configured with a sediment weir. These are the 
only CDS units which are capable of meeting or exceeding the verified performance claim. Since the high 
efficiency CDS units contain a double baffle and an increased manhole diameter, the commercial high 
efficiency particle removal CDS units' performance should exceed the performance demonstrated in the 
reconfigured unit tested at Portland State University. Only high efficiency CDS units should be approved 
in New Jersey. A New Jersey specific CDS Technical Manual having plan and profile drawings of 
commercial high efficiency CDS units with sedimentation weirs has been developed exclusively for use in 
New Jersey. 

6. References 

1. CDS Technologies, Inc. -NJCAT Technology Verification Report, June 2003. 

2. Howard, R. (2003), under the direction of Wells, S.A. and Slominski, S., 
Continuous Deflective Separation Fine Sediment Control - Study Update, Department of Civil 
Engineering, Portland State University, Portland, Oregon. 

5. Patel, M. (2004) Total Suspended Solids Laboratory Testing Procedures, dated 
December 23, 2003, New Jersey Department of Environmental Protection, Office of Innovative 
Technology and Market Development. 
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Project Description 

Martin's Fuel Facility (Store #6402) 
Storm.water Management Design Narrative 

The project involves the proposed development of approximately 1.20 acres on Windsormeade 
Way across from Windsormeade Marketcenter. The site is located roughly 500 feet north of the 
intersection of Windsormeade Way and Monticello A venue. Proposed improvements include 
construction of a new automobile refueling station with associated parking, drive aisles, 
sidewalks, site utilities, landscaping and stormwater management enhancements . 

Stormwater Quality 
The site falls within the planned service area of an existing 10-point BMP (PC-140, PC-141) . 
Hence, no additional BMPs are required to meet the county's 10-point regulations. However, a 
hydrodynamic fuel-water separator structure has been provided to protect receiving systems 
from pollution due to fuel spills on the fueling pad . 

Stormwater Quantity 
Runoff from the proposed development will sheet flow to surface inlets including trench drains 
around the fueling pad and curb inlets. Runoff will then flow through a proposed closed pipe 
system parallel to Old News Road before discharging into the existing ditch alongside Monticello 
A venue where it will enter the existing Monticello A venue drainage system. No onsite detention 
of stormwater runoff is required as the receiving system has adequate excess capacity to support 
the proposed flows. Detention of peak flows from the site will be provided by the existing 10-
point BMP at the intersection of Monticello Avenue and News Road (PC-140, PC-141). Hydraulic 
calculations for the proposed on-site pipe system are included in Appendix A, along with copies 
of the original calculations for the Monticello Avenue system to verify adequacy . 

Existing Site Conditions 
The existing site is currently undeveloped. When Windsormeade Marketcenter was constructed, 
the subject site and adjacent empty sites were cleared, graded, and prepared for future 
development as outparcel lots. The existing site is almost entirely open grass field with sparse 
vegetation . 

Adjacent Areas 
The project area is bounded on the northeast by Windsormeade Way and on the southwest by 
Old News Road. The site lies approximately 500 feet northwest of the intersection of Monticello 
Avenue and Windsormeade Way . 

Off-site Areas 
Construction of the proposed storm drainage system and proposed roadway connection between 
Old News Road and Windsormeade Way will require land disturbance on the adjacent parcel 
(the parcel lying between the project parcel and Monticello Avenue). Both parcels are owned by 
SL Nusbaum Realty Company. Spoils and debris will be removed from the site and will be 
disposed of at properly permitted and approved facilities . 

\ \ vhb \ proj \Richmond\ 33205.00 \reports\ Stormwater Report\ Report Pieces\ Martins Narrative.docx 
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Critical Areas 

Existing slopes within the project area are relatively flat with the exception of the earthen berm 
along Old News Road which has slopes of approximately 4:1. All disturbed slopes shall be 
properly stabilized in accordance with the methods set forth in the Virginia Erosion and 
Sediment Control Handbook, latest edition . 

Soils 

Subsurface explorations were conducted by Froehling & Robertson, Inc. (F&R) in Fall 2010. A 
copy of the full geotechnical report is included as Appendix B . 

Erosion and Sediment Control Measures 
Unless otherwise indicated, waiv~d, or approved by a variance, all vegetative and structural 
erosion and sediment control practices shall be constructed and maintained according to 
minimum standards and specifications of the Virginia Erosion and Sediment Control Handbook, 
1992 edition. The following practices apply to this project: 

Sequencing 
Activities shall be sequenced to the maximum practical extent in order to minimize the 
area disturbed at any given time . 

Silt Fence Barrier 
Silt fence sediment barriers will be installed around the perimeter of disturbed areas to 
filter sediment-laden runoff from sheet flow and shallow concentrated flows . 
Additionally, silt fence shall be installed around all stockpiles . 

Inlet Protection 
Inlet protection devices shall be installed on existing and proposed drainage structures as 
shown on the plan. Inlet protection devices provide filtration of sediment-laden runoff to 
prevent the conveyance of sediment into the storm sewer system . 

Temporary Construction Entrance 
A temporary construction entrance shall be installed as shown on the plan . 

Permanent Seeding 
All disturbed areas shall be stabilized with permanent seeding immediately following 
finish grading. Seeding shall be in accordance with standard & specification 3.32 of the 
handbook. Seeded areas shall be mulched in accordance with standard & specification 
3.35 of the handbook. 

Sediment Trap 
Sediment laden construction runoff shall be directed towards sediment traps, as shown 
on the plans, to the extent possible. Sediment traps detain construction runoff and 
prevent the associated sedimentation from being conveyed offsite . 

Management Strategies 
1. Operations shall be phased to minimize the overall area that is not stabilized at a 

given time . 

\ \ vhb \ proj \Richmond\ 33205.00 \reports\ Storm water Report\ Report Pieces\ Martins Narrative.doa 
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2. Erosion and sediment control measures will be installed as a first step in any land 
disturbing operations . 

3. Temporary seeding or other stabilization will follow immediately after grading. 
4. Areas that are not to be disturbed will be clearly marked by flags, signs, etc . 
5. The "responsible land disturber" designated for this project shall be responsible for 

the installation and maintenance of all erosion and sediment control measures . 
6. After adequate stabilization is achieved, the temporary erosion and sediment 

controls measures will be cleaned up and removed . 

Maintenance Of Controls 
In general all erosion and sediment control measures will be checked daily and after each 
significant rainfall. The following items will be checked in particular: 
l. The silt fence barriers will be checked regularly for undermining or deterioration of 

the fabric. Sediment shall be removed when the level of sediment deposition reaches 
half way to the top of the barrier. 

2. Inlet protection devices shall be checked regularly and shall be cleaned or replaced if 
clogging or excessive ponding is observed . 

3. The seeded areas will be checked regularly to ensure that a good stand of grass is 
maintained. Areas should be fertilized and re-seeded as needed . 

\ \ vhb \ proj \Richmond\ 33205.00 \reports\ Stormwater Report\ Report Pieces\ Martins Narrative.docx 
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Stormwater Management Engineering Report 

Martin's Fuel Facility 

Store #6402 

APPENDIX A: Hydraulic Calculations 
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Scenario: Base 

STM-1 

-0 
I 
N 

STM-4 

STM-3 

STM-5 

STM-6 

Title: Martin's Fuel Facility Project Engineer: JBH 
... \richmond\33205.00\tech\stormcad\3320500.stm VHB Inc. StormCAD v5.6 [05.06.014.00] 
12/22/10 10:22:48 PM© Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +1-203-755-1666 Page 1of1 
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Label Area Inlet Inlet External 
(acres) c CA CA 

(acres) (acres) 

STM-1 0.27 0.90 0.24 0.00 

STM-< 0.14 0.90 0.13 0.00 

STM-~ 0.29 0.80 0.23 0.00 

STM~ 

STM-~ 

STM-E 

Title: Martin's Fuel Facility 
... \richmond\33205.00\tech\stormcad\3320500.stm 
12/22/10 10:22:01 PM 

System Time 
CA of 

(acres) :;oncentratiol 
(min) 

0.24 5.00 

0.37 5.00 

0.23 5.00 

0.60 

0.60 

0.60 

Ll 

Scenario: Base 

Node Report 

External l pstream Tim~ System System Total Ground Rim Hydraulic 
Time of C ' Concentrafo nFlowTime Intensity System Elevation Elevation Grade 

~oncentratio (min) (min) (in/hr) Flow (ft) (ft) Line In 
(min) (cfs) (ft) 

0.00 0.00 5.00 7.11 1.74 93.05 93.05 89.50 

0.00 5.11 5.11 7.08 2.63 92.79 92.79 88.94 

0.00 0.00 5.00 7.11 1.66 86.59 86.59 82.41 

5.29 7.03 4.26 90.38 90.38 82.33 

5.83 6.89 4.18 84.84 84.84 80.35 

6.04 6.84 4.14 82.00 82.00 80.17 

VHBlnc. 
©Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +1-203-755-1666 

Hydraulic 
Grade 

Line Out 
(ft) 

89.46 

88.85 

82.38 

82.24 

80.31 

80.17 

Project Engineer: JBH 
StormCAD v5.6 [05.06.014.00] 

Page 1of1 
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Label Upstrearr bownstrean Upstrearr ~pstream lnle 
Node Node Inlet Rational 

Area Coefficient 
(acres) 

P-1 STM-1 STM-2 0.27 0.90 

P-2 STM-2 STM-4 0.14 0.90 

P-5 STM-3 STM-4 0.29 0.80 

P-3 STM-4 STM-5 NIA NIA 

P-4 STM-5 STM-6 NIA NIA 

Title: Martin's Fuel Facility 
... \richmond\33205.00\tech\stormcad\3320500.stm 
12/22/10 10:21:26 PM 

Upstreart 
Inlet 
CA 

(acres) 

0.24 

0.13 

0.23 

NIA 

NIA 

Scenario: Base 

Pipe Report 

pstream Calculate k5ystem Total Length Constructec Section Manning~ Full I low I Full Capaci1 IAverage Hydraulic Hydraulic 
System CA Intensity System (ft) Slope Size n Capacity (%) Velocity Grade Grade 

(acres) (in/hr) Flow (ft/ft) (cfs) (ft/s) Line In Line Out 
(cfs) (ft) (ft) 

0.24 7.11 1.74 37.00 0.017297 15 inc~ 0.013 8.50 20.5 5.44 89.46 88.94 

0.37 7.08 2.63 102.00 0.065196 15inch 0.013 16.49 16.0 9.84 88.85 82.33 

0.23 7.11 1.66 16.00 0.020000 15 inc~ 0.013 9.14 18.2 5.66 82.38 82.33 

0.60 7.03 4.26 200.00 0.012500 18 inc~ 0.013 11.74 36.3 6.12 82.24 80.35 

0.60 6.89 4.18 92.00 0.020109 18 inch 0.013 14.89 28.0 7.23 80.31 80.17 

VHB Inc . 
©Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +1-203-755-1666 

Project Engineer: JBH 
StormCAD v5.6 [05.06.014.00] 
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528°47'41 "N 333.40' 
IS35°30 '00"1 1627 .66,} 

A (..ol"!\fe1~ To Q,.~. ~O.SQ.'\ L"1N'\'1l:-'!}. Corl\~~ a'\~\ 
. '"DcO-~ ~~'-\ 2A· 1 <..oo7:, .J 

105 LF-TEMP. FILTER 8P,RRIER REQ'D. RT. 
RflMP '8-RT' STA. 54+85 TO STP,, 56+00. 

160 LF-TEMP. SILT FENCE REQ'D, RT. 
MONTICELLO !IVENUE EXTENDED STP.. 137+05 
TO STA. 138+50. . 

40 LF-TEMP. FILTER BP.RRIER REQ'O. LT. 
RAMP '8-RT' STA. 55+22. 

41 LF-TEMP. FILTER BP.RRIER REQ'D. RT • 
RP.MP 'B-RT' STA. 55+25. 

/JJ. TYPE 'B' DITCH 

A TYPE 'I' DITCH 

/\ TYPE 'I' DITCH 
!2A N/STO. EC-3, 

(TYPE Ai. 

EX. 5' VOH. EASEMENT 
PROJECT 06I5-047-I07. 
C-501 --------

"' STAT ION FROH MONT. llVE. EXT. f 
INSERT 0.8. 598, PG. 231 

LIM I TED AC
CESS H [ GHWAY By Resolution cf Commonwealth Transportation 

Boord doted __ __..!_2.:.!§.~ . 

-------@ -------a . ~0[51611 FEATURES R!laT!l6 TO CONSTRUCT!Oi OR 
_...f'.t:VISEO RE,HGH!AON STATE 1---'-·~EOP~ER;;:ROAJ~LE~C;;;Arl"'D'------'~~,.,---..::S:..::TA:;;:T;;;E:-;r;~--------i 5\:l~:r 
J-J 5-95 J..::::::.:.:::.:J.---+--__!~~!.---f-'R~OU~TE+---;_PR,,_,D,,,J;;EC""T'------f---1 

! N8L ROUTE 199' ! S8L ROUT~ TO R£6UlRllON m CONTROL or TRAHJC KAT 8[ 
.1 = 42"'43'44"RT '1 = 42043,

44
,,RT --..___E.'2·so8•

00
,, SUBJECT TO CHAl6£ AS DEEKED NECESSARY BT 

2-16-96 
4-09-96 
4-10-97 
8-27-97 
Iq-~/-98 

i 
VA. I 199 

0199-047-F03 
RN-205, C-503 

0 = 4.00000° D = 3.82893° ~-----:::.__ fHE D£PRRTKENT. 

T = 560. 32, T = 585. 36' --------- LfJ o/"' I 

3 

L = 1068,22' L = 1115.95' -.....________ ['... ;;
1 

R = 1432L39' R = 1496.39' -~ ...-... ~1 
C. C. CASE.t LIM! TED 

COMPilNY 
P.C. = 1S0+60.75 P.C. = 160+60.75 ~-.:!:/-_ 
P.J. = 166+21.07 P.I. = 166+46.11 I -------- D.8. 598. PG. 231 

511 ACRES:!: 

0 
Q) 

P.T. = {71+28.97 P.T. = 171+76.70 BK=:) ~ 
LS = 200' -
E 

= o.o
4
o P.O.T. = 171+28.97 !IHD 8 

BIKE PATH CONTROL OATA 
MONT. AVE. EXT. Ii. L/R CONTROL 

LS = ZOO' 
v = 59 MPH E = 0.040' I 

:1<19 V = 59 MPH 

ST/lTION OFFSET PT. £LEV. 
13'1+50 81.75' R I03.32 

~-f,Ya;;o 

·----.L.__ 

HODOS 

25 LF-TEMP. SILT FENCE RE!l'O. RT. 
RAMP 'C-RT' STA. 42+60 TO STfl. 43+15. 

46 LF-T£MP. SILT FENCE REQ'O. RT. 
RAMP 'C-RT' STA. 43+64. 

I34+75 92.40' R 103.60 
135+00 !09.00 R I03.83 
I35+25 I28.45 R I03.82 
135+50 I47.83 R '103.54 
I35+75 I67.2I R I03.00 
135+00 IB0.56 R 102.31 
I36+50 189.85 R · IOI .40 
136+75 178.42 R 101.87 
I37+00 I21.07 R I03.95 
137+25 97.34 • R 105.31 
I37+00 22.57' L 105.65 
137+25 35.94' L 105.98 
137•50 51. 7I' L I04 .OB 
137+75 72.35' L lM.02 
138+00 68.9I' L I04.85 
I38+25 52. 71' L IOG.37 
138+50 42,09' L 107.14 
I38+75 3Z,.72' L JO'i:3o 

0 ... 

BI 
82 
83 
AI 
CI 
C2 
C3 
C4 
DI 
02 
03 

TEMPORARY OUTFALL DITCH 
CONTROL OP.TA 

95.99 '8' 
96.28 '8' 
95.40 --;8. 

9I .80 '/l' 

96.92 ·c· 
96..78 ·c· -
95.6 'C-RT' 
96.48 'C-f?T' 
93.80 ·o· 
93.5I ·o· 
93.26 'O-RT' 

I -.J ........... 
~ I~ 

............_ +{;4.23 
~BL! 

-sro F£ ~~ 
fTYP •• J -HJ REoo _}__ ,,,:.;; 

">Cl:'. 

-~6'58"N 
425·~; -+00.00 

'----. ~ .. 
-----....... '\._--..... 

-~ ........_____ 
-- _ _:_~ !---.___ --

---L_._ '-( ----~ -:::--- ----, --- I 
-- 7 ~ ~ ---. ·---- I 

---- I ~ -::-·- -- -- I- -
--- ---~£'19~ - --

BEGIN ;:;;V-f -- --
NG llND n ---STA.~JB'O"O-.,_-:.:..:::- ' u. 'llD!NG 

50.00 NBU -

RAMP 1 C' -·- -- --- -- --- -- --

,,. ,\ 
\~' 

-·-- ___.L-------·-· --

-----\----~-=---- --- --- -__ , ---~ ~ 

II ~ ,., o o D S ~ 337.30' H 

~--\.;( )~J9°08'25PJ>/ 

·!-*" --- )·?isl:; \_ L srn. FE-NJ 

-/(. __ •?tall ~~~::;;:;~s~r~-~E 
C. C. CASEY LIMITED 

COMPANY -' TEMP. ROCK CHECK 
D.B. 598, PG. 231 ~ DAM TYPE II 

~ ~rsr INLET SILT TRAP l 
611

aS:!: t/Z>..e DENOTES OROP 

OrNOTES LIMITS OF OBSCURING 

NOTE: FIGURES~IN PARENTHESES ANO DOT-DOT- ~ tarnDLlTION OF PAVEMENT 
DASHED INES DENOTE TEMPORARY ~ DENOTES EXISTING PP.VEHENT 
EASE MEN; S. ~ TO BE DEMOLISHED. 

FIGURE$ IN BRACKETS. AND DOT-DASHED 
6

·,,1 4 .. DENOTES ECCENTRIC UO PIPE 
LINES DENOTE PERMANENT EASEMENTS. EXPANDER FROM 4p TO 6p 

FJGUREh IN DOUBLE BRACKETS, ANO OOT-OFISHED [f - -DENOTES CONST. LIMITS JN CUT 

LINE/DENOTE PERH!INENT UTILITY EASEMENTS. !£:._-DENOTES CONST. LIMITS IN FILL 

*/ 1:3~::1· 7 ; 
INBLI -? I 

I -\ II G-SOUARE, INC. 
I 1 ID.B. 167 •. PG. 8281 

I 
P.8. J7, PG. 45 

r 3 I "·~r, 
ii ~ ~.i...~~-R-E_F_E_R_E_N_C_E_S-~----'---i 

i-..1:- f !PROFILES, DETAIL & DRAINAGE 
~I~ DESCRIPTION SHEETS, ETC.J 

~1'/e ROUTE 199 8A 
:; MONTI CELLO AVE. EXT. 8H 

I 
1 // RAMPS 8L,8Ll JI ,8L(2J 

} 

DITCH SECTIONS 2P,2Pl1J 
ORA/NP.GE DATP. 2KllJ 

I
I I COMPOSITE INTERCH!INGE LP.YOUT 8N 

!RflHP CURVE DATAJ I j PAVEMENT GEOMETRY 2LL,2LL ( 1 I 

SCALE 

1
1 so· o so· 

l!es;;;~;;z-'5iiiiiiiiiiiiiiiii;;;;;l1 
1· = so· 

A 

8 
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Lo< .- . . ' . ; c·\., ·, 1 
P.[. STA. 97•43.14 J! N~!-t!S F<ORD RELUC. --··-------------·---·---· !·--·-'_-.\A o • •• <,~·,.-,.,.. "'\ 't_f' 'v-,;.,, .)1<'.<''"\, .. ~"°'· ,t''.:'~ 

r --- pfRt'1fl~ff :-.J1 -.. :- ,- CS-~-- ·.;_ .... , ,< ~o-. ·. -., 'A 

l 
~4"__, 

// ' 
5D L .F. T£MP. F'IL ·•cp 
BARRISR RFQ D. ~ T. 
S ;,.q. 1 C8+30 : 

O! - 'I 
;!(;~- 7..., l:::J 

!NV::: 12 66 

fl! - tJ 
P!I'"""· 77 78 
!NV=-.0 i::~ 
]t11~ = 70. 29 

- -- --

... - - t.. 
Rir1=74.43 
.< ',/\1:68.30 

or o 
Rft"l=TJ '17 
lf.,V-=S8 BC• 

BEGIN CONSTRUCTION Ol99-047-F03 
Rlrl-205, C-503 
STA. 101<97.99 i{i_ POYIHATAN SECONDilRY CONN. 

''.0 
1£ N£·;-.;s ·.'f?OMJ REL OC. 

·A=J1°t4-;;:;;:·~---
D=10.000000 .. 
T=160 .24' 
R=572 .SG' 
L=312 .49' 
P.C.=97+43.14 
P.I .=89+03.38 
P.1.~100+55.64 
Ls~zoo 

£:=.04 
V::;3QNPri 

t PONHATRN SEC, GONN. 
4~-13°27 ~o:J _,, 
D=6.00.)0C0 

7=112.61, 
R=9511. 93' 
L""224.J8' 
P.CC.•)03•13.30 
P.l.=f04+25.91 
F ~ r .~1os'+-37 .48 
LS=200 ' 
E=.04 
v~5CMP-'1 

/ 

'"-·,./ 

/ 
/ 

NOTE: FIGURES lN P.CJRENTHESES AND o6~'":..oor-
Di1S~IEO L l NES DENOTE TEMPO~f;tRi' . 
EASENENTS. 

FIGL'RES IN BRACKETS,. /.itVO .DDT·-DASHEO 
Lj NES DENOTE PEHM/~.NENT {/y IL 1 T); EASEMENTS,. 

VE.NOTES L U"fl TS CF C:/35C1J~?J t.J(,,; 

& DENOLITJ."ON OF ?PVEMENT 

-·--;:--:--·DENOTES EXIST. PAVEMENT 

.... ·.~ ra BE DE:-4DLISHED-

-· iJE.NCTES LJNI:S !N CUT 

r...:..._ ,/ 
L.:.. _ CE.fJ-:..liE"S- CD.'JST., LIMITS lN F !LL 

t Nil'l5 RO. REUJC,., • 

v 
I 

.. -:;~d~o~-~is 
-.. 

~-------------·------------------- -----·----- ---·--·----·--·--------·---·--·-

() 

·------- --------------·----------------------------------------·---·------------------~ 

,.,.- ..p-.y.-:. =9a+ 19. 84 
' P.l .=10!+99.17 

P. T .=104+1 J .02 
LS=200' 
E=.C4 
V=%f1PH 

IRONBOUNO ROA~ 
5!..lRv£Y ~ 

1;=24"50·2-;-,-;;, -· 
0=4 . !:0000° / 
T=28C.ti0,. 1 

/ '""L;::55:: 9~ ~: 1 

R=f-2./ i ~.c:1 
P .C .=l0&''53.1 a 
P.l .=1)'1.,33.'54 
P.T."::11u.ii)5._.J? 

1' '"-, 

563.EB" 
.r::: 954.93' 
P.C. 115+70.21 
P.J. = ll&T60~53 
P.T. = 121~33.89 
LS=ZOO' 
£~.ott 

V=50!'1PH 

,---· REFERENCES------~ 
I iPROFil.ES, OETIU!. t OPRJN,qGE 
i DESCRIPTION 5H££7S. E 7 C.J 

1 ·111JNT!ChlOfl'lE: EXT. PROflLE ____ BG 
! PONHFfTliN PJ.!F!'r<.NAY ;?ELOC~ f:POFILE 8:' 
I ':ENS ,<;>QAO RELOC. PF/OF ll_E 8G (J J 

I FAVE11E•JT GE011ETRY 2KK, ?U I 
D!<R:NllGE D~ Ti' 2K ( l; I 

11;,JTCi-I SECTIONS 2P.2Pl 1 J 

'1 s.11.11. FM.!LJT) ·o· BPIJJi 
I £.NTR/',rJ'::ES 80 
iF0R. R/HANO E.%ENENT _____ ----
1 TP.K:NG CO/.tPU!flTlONS SEE I 
I RCOt!ISTION PLAN D.~TED 1-4-':JS I L.- ______ .,. _______________ ...J 
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O. JEAN RENICK SUBDIVI 
PARCEL 2 

P.a. 57, PG. 33 
30.186 AC. 

ON 

HOODS 

~DENOTES LIMITS OF 
~OBSCURING & DEMOLITION OF PAVEMENT 

vz· ·7] DENOTES EXIST. PflVEMtNT 
[ ..LJ TO BE DEMOLISHED. 

[c= _DENOTES CONST. LIMITS IN CUT 

~_DENOTES CONST. LIMITS IN FILL 

LJ1 
(\J 

TEMPORARY OUTF/lLL DITCH CONTROL DflTfl 

POINT 

ROBERT T., 
ARL TON D., 

C. NIS CASEY 
o.e. a. PG. 343 

1 I. AC. 

8 
BEGIN PROP. LIMITED 
ACCESS LINE 
BEGIN FE-Hl FENCE

rll,TLAND 
Lll<flTS 

CONNECT EXIST. 4" PIPE 
TO RT. ROADSIDE DI1CH 
HITH EH-12 END TREflTM£NT. 

HOODS 

fl1 
fl2 
A3 
D4 
D5 

INV.ELEV. 
91.80 
90.92 
88.60 
92.80 
91.50 

8flSELINE STflTION OFFSET 
'fl' 11+87 64' 
'fl' 11+94 21, 

'A-RT' 43+86 23' 
'D-RT' 52+17 35' 
'D-RT' 52+17 20' 

L/R 
L 
R 
R 
L 
R 

LIM I TED "CCESS HI GHW"Y By ResoluUon of Commonwealth Transportation 
M f"1 Boord doted __ t.Q-16-86 ____ . 

DESIGN FEATURES RELATING TO CONSTRUCTION OR 1-2-~-;-~-~E-:-s1:.:R~:.:~:.:10.:_A N+5_1_A_TE-I-~ _-_-_-_..:.F~E~~~~~~~==~=-c~~~1_0=-_-_-_--~1-R;o~uT;E~f::=====S~T:'~~~E~DJ~E~C-'-T~ _-_-_-_-_-_--~-5-~_a_~T-I 
TO REGULATION AND CONTROL OF TRAFF IC MAY BE 4-9-96 
SUBJECT TO CHRN6E AS DfEHED NECESSARY BY 4-I0-97 

THE DEPARTMENT. 0 fo~b~~; 3 VA. 199 
0!99-047-F03 

RW-205, C-503 
(Y) 

Ccin..Je.-ied To C.,. Q.. Cu-.;,~ L;...,;+~i -i-"',,~ 
Corn~'j ~\ beeo "t--..c.~~"Jol~2.4) '2.C0:5 °0

0 

(.N~: See. t.on~c...i.:.n~ s~+ t:i) 

@ 
OFFICE REV. It. 
MONTICELLO AVE. EXT • 

@ 
SURVEY It. EXIST. RTE 615 

ll 73°53'30"RT 33°49'I5" 
0 - 6.00000° 
T = 90.32' 
L = 5 .68' 
R = 95 • 3' 
P.C. = 1 +70.21 
P.I. = 118+ 0.53 
P.T. = 121+3 89 
LS = 200' 
E .04 
V = 50 MPH 

D 4.50000° 
T 957.57' 
L j 642 .03' 
R 1273 .24' 
P.C. 130+21.53 
P. I . 1 39+ 79. 10 
P. T. 146+63.57 

MATTIE PAGE NEW SPRATT 
D.B. 139, PG. 79I f::::\ 

1.82 flCRES ~ 

BEGIN CONSTRUCTION 
RAMP 0-RT f/l. STA. 52+49 . 

TEMP. ROCK CHECK 
Oi!M• TYP£ 11 REOO • 

NOTE I: TRANSITION FROH IMPERIAL SECTION 
FIT STA. 123+00 TO METRIC SECTION 
AT STA. 123+50. SEE SHEET 2LL 
FOR PAVEMENT GEOMETRY • 

NOTE/21: INCREASE BACKSLOPE FIS REQUIRED 
IHFIX. 1.5:11 TO KEEP CONSTRUCTION 
LIMIT ~!THIN PROPOSED R/H 
MONTICELLO flVE. EXT. STA. 126+50 
TO STFI. 128+00 lRIGHTJ • 

5?,..,,,,,..---MfiTTIE PAGE NEW SPRATT 
2:_ D.B. 139, PG. 79I Q 
~ 1 .82 ACRES V 

END CONSTRUCTION 
RAMP A f/l. STA. 11+64.70 

l: 
~ 92.04 
ci;: INV. 
~6 1..F-rEMP 

REGID· RT. 

STD.EH-12 ENOWllLLS REQ'D. 

BC 

TEMPORARY OUTFflLL 
DITCH ISEE TABLE 
flBDVEI STfl. ISLOPEI QTY. 

TEl'P. ROCK CHECK 
Dll/ol, TYP£ I I 

p 

@; DENOTES DROP 
'<(t} LEr SILT TRflP 

0.1.s.r. 

~ TYPE 'B DITCH 

/\ TYPE '8'";;-~~H W/ 
~STD. EC-3:11ti~E 'A'I 

~ TYPE 'I' DITCH""' 

/\ TYPE 'I' DITCH W/ 
/l£::. STD. EC-3, /TYPE 'fl'I 

NOTE: FIGURES IN PARENTHESES ANO DOT-OOT
DA$H£0 LINES DENOTE TEMPORARY 
EASEMENTS. 
FIGURES IN BRACKETS, AND DOT-DASHED 
LINES DENOTE PERMANENT EASEMENTS. 
FIGURES IN DOUBLE BRACKETS, AND DDT-DASHED 
LINES DENOTE PERMANENT UTILITY EASEMENTS • 

RYERS 

I I 
I22+35 RT. I 2:I I 1 

'-!CONNECT TO EXIST. 4" VCPI 
I I 
I I 

REFERENCES 
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Project: 
Job#: 
Location: 

Inlet 

88-18 

88-23 

88-9 

68-4 

88-3 

88-1 

6C-18 

8C-15 

ES 

88-6 

88-5 

88-8 

68-7 

88-10 

88-20 

88-19 

88-2 

88-12 

88-16 

88-15 

88-13 

88-14 

.... ~IUt<MVl.I 

MONTICELLO AVENUE EXTENDED 

642903 

PLAN SHEETS S, SB, & SC 

Outlet 

ws Do Qo Lo Sfo 

Elev. In cfs ft % 

66.89 54 173.45 172 0.77 

69.09 54 122.60 265 0.39 

70.73 54 122.60 243 0.39 

72.45 46 105.67 126 0.54 

74.05 48 105.58 130 0.54 

75.60 48 103.40 96 0.52 

77.13 42 102.83 224 1.04 

80.17 36 41.32 130 0.38 

81.23 36 39.98 32 0.36 

73.32 18 1.27 50 0.01 

73.39 18 0.86 76 0.01 

73.32 24 22.83 130 1.01 

75.55 24 15.96 186 0.50 

69.24 24 12.52 15 0.30 

69.55 24 12.29 62 0.29 

70.15 18 9.36 66 0.79 

77.32 18 2.76 68 0.07 

70.46 18 3.63 90 0.12 

66.69 24 9.01 114 0.16 

67.47 24 8.46 118 0.14 

68.01 18 5.48 122 0.27 

70.46 18 5.73 28 0.30 

Hf Vo Ho QI VI 

ft fts ft cfs fps 

1.33 16.6 1.07 122.80 11.1 

1.11 11.1 0.46 122.80 10.4 

0.94 10.4 0.42 105.67 12.0 

0.69 12.0 0.56 105.58 12.3 

0.70 12.3 0.59 103.40 11.5 

0.50 11.5 0.51 102.83 14.0 

2.33 14.0 0.77 41.32 7.9 

0.50 7.9 0.24 39.98 6.1 

0.11 6.1 0.15 - -

0.01 2.7 0.03 0.86 2.1 

0.01 2.1 0.02 - -

1.32 8.2 0.26 15.96 7.9 

0.92 7.9 0.24 - -

0.05 5.2 0.11 12.29 5.6 

0.18 5.6 0.12 9.36 7.3 

0.68 7.3 0.21 - .. 

0.05 6.9 0.18 - -

0.11 .5.2 0.10 -

0.18 9.0 0.32 8.46 6.8 

0.16 6.8 0.18 5.48 8.2 

0.33 8.2 0.26 - -

0.08 5.9 0.14 - -

il!.!JGROUP ~ 
ARCHITECTS + ENGINEERS + P!ANNERS 

QIVI 

1365 

1273 

1273 

1303 

1189 

1444 

327 

245 

-

2 

-

126 

-

69 

68 

-

-

-

58 

45 

-

-

HYDRAULIC 
GRADE LINE 

Junction Loss 
HI Ang. K 
ft deg. 

0.67 - -
0.56 - -
0.79 - -
0.63 - -
0.72 .. -
1.07 - -
0.34 - -
0.20 90 0.70 

- - -

0.02 90 0,70 

- - -
'· 

0.34 120 0.82 

- - -

0.17. 30 0.26 

0.29 30 0.28 

- - . 

- - -

- - -

0.25 10 0.07 

0.37 5 0.03 

- - -

- - -

Hd 

ft 

-
-
-
-
-
-
-

0.41 

-

0.05 

-

0.60 

-

0.14 

0.23 

-

-

-

0.05 

0.03 

-

-

Ht 

ft 

1.74 

1.06 

1.20 

1.39 

1.31 

1.59 

1.11 

0.86 

0.15 

0.10 

0.02 

1.40 

0.24 

0.41 

0.64 

0.21 

0.18 

0.10 

0.62 

0.58 

0.26 

0.14 

DI 1.3 SI 0.5 

Y/N Ht Y/N Ht 

N 1.74 y 0.87 

N 1.06 y 0.53 

y 1.56 y 0.78 

y 1.81 y 0.90 

y 1.70 y 0.65 

y 2.06 y 1.03 

y 1.44 y 0.72 

y 1.11 y 0.56 

N 0.15 y 0.07 

y 0.13 y 0.06 

y 0.02 y 0.01 

y 1.83 y 0.91 

y 0.32 y 0.16 

y 0.54 y 0.27 

y 0.84 y 0.42 

y 0.27 y 0.13 

y 0.24 y 0.12 

y 0.13 y 0.07 

y 0.80 y 0.40 

y 0.76 y 0.38 

y 0.34 y 0.17 

N 0.14 y O.D7 

H 

ft 

2.20 

1.64 

1.72 

1.59 

1.55 

1.53 

3.05 

1.05 

0.19 

0.07 

0.02 

2.23 

1.08 

0.31 

0.60 

0.81 

0.17 

0.17 

0.58 

. 0.54 

0.50 

0.15 

Date: 
Computed by: 
Sheet Number: 

Inlet All.WSE 

ws Elev. 

Elev. ft 

69.09 7525 

70.73 77.77 

72.45 77.09 

74.05 76.01 

75.60 76.51 

77.13 79.10 

80.17 82.03 

81.23 83.47 

81.41 80.57 

73.39 75.97 

73.41 75.97 

75.55 '78.64 

76.63 78.84 

69.55 75.25 

70.15 74.70 

70.97 72.58 

77.49 80.72 

70.63 72.46 

67.47 75.15 

68.01 71.64 

68.51 74.53 

70.61 68.85 
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Project: MONTICELLO AVENUE EXTENDED 
Job#: 642903 

location PLAN SHEETS 8, SB, & SC 
Design Area Runoff 

From To Year A Coeff. 
acres c 

ES 8C-15 10 

6C-15 6C-16 10 

8C-18 86-1 10 

86-1 86-3 10 

68-3 88-4 10 

88-4 88-9 10 

88-9 88-23 10 

88-23 88 .. 18 10 

88-18 88··11 10 

88-5 88-6 10 

88-6 88-9 10 

88-7 88-6 10 

86-8 8a ... 9 10 

68-19 88-20 10 

BB-20 68-10 10 

88-10 00 .. 18 10 

88-2 BB-3 10 

88-12 8B-15 10 

88-13 99 .. 15 10 

88 .. 15 88-16 10 

88-16 88·:17 10 

86-14 88-15 10 

°Y"l'-'1·..,.., Vl.I 

C*A 

l!J.~. A cc um. 

8.77 / 8.77 

0.31 9.06 

14.33 23.41 

0.28 23.69 

0.58 24.27 

0.17 24.44 

4.03 28.47 

28.47 

20.25 48.72 

0.12 0.12 

0.06 0.18 

2.66 2.66 

1.19 3.85 

1.56 1.56 

0.50 2.06 

0.05 2.11 

0.46 0.46 

0.56 0.56 

1.07 1.07 

0.59 1.66 

0.12 1.78 

1.17 1.17 

ARCHITECTS • ENGINEERS + PLANNERS 

STORM 
SEWER DESIGN 

Inlet lnten. Flow Invert Elevatlon 

Time I Q Up Down 
min. In/hr cfs ft ft 

2ok 4.56 39.98 75.30 75.20 

20.5 4.55 41.32 75.20 74.50 

22.0 4.39 102.83 74.50 71.45 

22.3 4.36 103.40 71.45 70.70 

22.4 4.35 105.58 70.70 69.50 

22.6 4.33 105.87 69.50 68.40 

22.8 4.31 122.80 6'7.90 66.60 

23.1 4.27 122.80 66.60 64.80 

30.0 3.56 173.45 64.80 62.30 

5.0 7.20 0.86 71.10 70.90 

5.6 7.05 1.27 70.90 70.70 

.. 

10.0 6.00 15.96 73.30 71.45 

10.4 5.93 22.83 71.45 70.20 

10.0 6.00 9.36 67..45 66.45 

10.2 5.97 12.29 66.45 66.16 

10.4 5.93 12.52 66.16 66.10 

10.0 6.00 2.76 75.25 73.20 

8.0 6.48 3.63 67.55 66.75 

15.0 5.12 5.48 69.65 66.75 

15.2 5.09 8.46 66.25 65.00 

15.5 5.06 9.01 65.00 62.30 

.. 
17.1 4.90 5.73 67.00 66.75 

Length Slope Dia. 
L s n D 
ft ft/ft Inch 

32 0.0031 0.013 36 

130 0.0054 0.013 36 

224 0.0136 0.013 42 

96 0.0078 0.013 46 

130 0.0092 0.013 48 

128 0.0086 0.013 48 

243 0.0053 0.013 54 

285 0.0063 0.013 54 

172 0.0145 0.013 54 

78 0.0026 0.013 18 

50 0.0040 0.013 18 

186 0.0099 0.013 24 

130 0.0096 0.013 24 

86 0.0116 0.013 16 

62 0.0047 0.013 24 

15 0.0040 0.013 24 

68 0.0301 0.013 16 

90 0.0089 0.013 18 

122 0.0238 0.013 18 

118 0.0106 0.013 24 

114 0.0237 0.013 24 

28 0.0089 0.013 18 

Vel. 
v 

ftls 

6.14 

7.92 

14.05 

11.50 

12.34 

12.02 

10.37 

11.11 

16.58 

2.06 

2.74 

7.93 

6.23 

7.31 

5.58 

5.24 

6.85 

5.16 

8.22 

6.S1 

9.02 

5.92 

IDF-CURVE: 
Computed by: 
Date: 

Cap. Flow 
Qfull Time 

cfs sec. 

37.14 5 

48.94 16 

117.40 16 

126.96 8 

138.01 11 

133.16 11 

143.83 23 

156.28 26 

237.08 10 

5.32 38 

6.64 18 

22.56 23 

22.18 16 

. 11.33 12 

15.47 11 

14.31 3 

18.24 10 

9.90 17 

16.20 15 

23.28 17 

34.62 13 

9.93 5 
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JAMES_CITY 

KWH 
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Remarks 

Q/Qfull=1.1 

Q/Qfull=1.0 

---
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SI H CE FROEHLING & ROBERTSON, INC • 
Engineering • Environmental • Geotechnical 

F&R Project No. GOM-0685 

Vanasse Hangen Brustlin, Inc . 
115 South 15th Street, Suite 200 
Richmond, VA 23219-4209 

Attention: Scott Chapman, P.E . 

3015 Dumbarton Road 
Richmond, Virginia 23228-58311 USA 

T 804.264.27011F804.264.7862 

December 9, 2010 

Reference: Report of Subsurface Exploration Program and Geotechnical Engineering Analysis 
Martin's Fueling Facility - Williamsburg 
James City County, Virginia 

Dear Mr. Chapman: 

The purpose of this report is to present the results of the subsurface exploration program, 
laboratory testing, and geotechnical engineering analyses undertaken by Froehling & 
Robertson, Inc. (F&R) in connection with the above referenced project. This work was 
performed in general accordance with our proposal No. 1160-142Gr11 dated November 3, 
2010. The attached report presents our understanding of the project, reviews our exploration 
procedures, describes existing site and general subsurface conditions, and presents our 
evaluation, conclusions, and recommendations . 

We have enjoyed working with you on this project, and we are prepared to assist you with the 
recommended quality assurance monitoring and testing services during construction. Please 
contact us if you have questions regarding this report or if w~~~y)~~ of further service. 

• . • ;1~ v . .J~i.., i 11 0 l::'t.~"'M 
Sincerely, ~~ 1/~ }I 
FROEHLING & ROBERTSON, INC. ~~~A 

Caleb M. Lange, E.l.T. 
Geotechnical Engineering Staff 
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Clyde A. Simmons Ill, P.E . 
Senior Geotechnical Engineer 
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1.0 INTRODUCTION 

1.1 Project Information 

The proposed fueling facility is located between Old News Road and Windsormeade Way, James 

City County, Virginia, as shown on the Site Vicinity Map (Drawing No. 1). Project information was 

provided by Scott Chapman, P.E., of Vanasse Hangen Brustlin, Inc., which included the project 

location and a site plan with proposed boring locations. The proposed project consists of 

constructing a fueling facility on a vacant lot. The fueling facility will included underground fuel 

storage tanks, a CMU attendants booth, a canopy, and accompanying rigid and flexible pavements . 

Structural loads were not available at the time of this report but for our analysis we assumed a 

light canopy structure with maximum column loads of 30 kips and maximum wall loads of 3 kips 

per linear foot. Traffic loading is not expected to exceed 75,000 ESALs. While grading information 

was not provided, considering the relatively level site, cuts and fills of 5 feet or less are anticipated . 

A BMP infiltration basin is planned along the west side of the site . 

1.2 Scope of Work 

The purposes of our involvement on the geotechnical portion of this project were: 1) to provide 

general descriptions of the subsurface soil conditions at the locations explored, 2) to provide 

foundation recommendations, and 3) to comment on geotechnical aspects of the proposed 

development. To accomplish the above objectives, we undertook the following scope of services: 

1. Visited the site to observe existing surface conditions and features and to mark 

boring locations; 

2. Coordinated utility clearance with Miss Utility; 

3. Reviewed readily available geologic and subsurface information relative to the 

project site; 

4. Executed a subsurface exploration program consisting of six soil test borings drilled 

to depths ranging from 15 to 30 feet; 

5. Installed two Environmental Monitoring Wells; 

6. Performed three field infiltration tests to assist with the sites BMP design; 

Vanasse Hangen Brust/in, Inc . 
F&R Project No.60M-0685 1 

Martin's Fueling Facility - Wil/iamsburg 
December 9, 2010 
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7. Performed laboratory testing on recovered soil samples to ascertain characteristic 

soil properties for use in design of foundation and pavements; 

8. Evaluated the findings of the test borings relative to foundations, pavements, and 

earthwork considerations; and 

9. Prepared this written report summarizing our work on the project, providing 

general descriptions of the encountered subsurface conditions, drainage 

considerations, and discussing geotechnical related aspects of foundations, and 

pavement construction . 

Our scope of services did not include a survey of boring locations, quantity estimates, delineation 

of wetlands, environmental testing or analysis of the installed Monitoring Wells, and/or 

preparation of plans or specifications . 

2.0 SUBSURFACE EXPLORATION PROCEDURES 

The exploration program was performed on November 1, through November S, 2010 and 

consisted of six soil test borings designated B-1 through B-6. Soil test borings B-1, B-2, and B-3 

were drilled to depths of 30 feet each while borings B-4, B-S, and B-6 were drilled to depths of lS 

feet each. All borings, B-1 through B-6, were performed within the confines of the proposed 

development. F&R personnel performed the borings at the approximate locations as provided to 

us by Mr. Chapman by measuring from existing features. The approximate locations of the borings 

are shown on the attached Boring Location Plan (Drawing No. 2). In consideration of the methods 

used in their determination, the boring locations shown on the attached Boring Location Plan 

should be considered approximate . 

The soil test borings were performed in accordance with generally accepted practice using an 

track-mounted CME-SS rotary drill rig equipped with an automatic hammer. Hollow-stem augers 

were advanced to pre-selected depths, the center plug was removed, and representative soil 

samples were recovered with a standard split-spoon sampler {1 3/8 in. ID, 2 in. OD) in general 

accordance with ASTM D 1S86, the Standard Penetration Test. For these tests, a weight of 140 

pounds was freely dropped from a height of 30 inches to drive the split-spoon sampler into the 

soil. The number of blows required to drive the split-spoon sampler three consecutive 6-inch 

increments was recorded, and the blows of the last two increments were summed to obtain the 

Vanasse Hangen Brust/in, Inc . 
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Standard Penetration Resistance (N-value). The N-value provides a general indication of in-situ soil 

conditions and has been correlated with certain engineering properties of soils . 

Prior to demobilization, the boreholes were backfilled with auger cuttings (soil). Periodic 

observation of the backfilled borings should be performed as the boring backfill could settle over 

time resulting in subsidence of the surface cuttings . 

Representative portions of the split-spoon soil samples obtained throughout the exploration 

program were placed in glass jars and transported to our laboratory. In the laboratory, the soil 

samples were evaluated by a member of our engineering staff in general accordance with 

techniques outlined in the visual-manual identification procedure (ASTM D 2488). The soil 

descriptions and classifications discussed in this report and shown on the attached Boring Logs are 

based on visual observation and should be considered approximate. A copy of the boring logs is 

provided and classification procedures are further explained in Appendix B . 

Field infiltration testing was conducted in three test holes located along the west side of the site . 

Due to the unknown depth of the proposed BMP basin, the test hole was drilled to 40 inches 

below existing site grades and cased with 5 inch diameter solid PVC pipe. The cased borehole was 

soaked with water to a depth of about 2 feet for 24 hours. After this presoaking period water was 

added as necessary to the cased borehole and water level readings were taken approximately 

every hour for 4 hours, and the infiltration rate is reported as last reading of the test (inches per 

hour) . 

Split-spoon soil samples recovered on this project will be stored at F&R's office for a period of 60 

days. After 60 days, the samples will be discarded unless prior notification is provided to us in 

writing . 

3.0 SUBSURFACE CONDITIONS 

3.1 Site Description 

The site is located east of Monticello Marketplace in between the parallel roads of Windsormeade 

Way and Old News Road in James City County, Virginia. There is a swale approximately 4 feet 

deep which lies along Old News Road on the west side of the site. A berm borders the south 

portion of the swale and reaches an approximate height of 3 feet. A small detention pond is 

located at the southwest corner of the site. It appears to be consistently wet and has cattails and 

similar vegetation. A gas line traverses the south portion of the site, and a manhole was located in 
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the northeast corner of the site. According to the provided site plan, existing site grades range 

from approximately EL 95 in the northeast corner to EL 88 in the southwest corner . 

3.2 Regional Geology 

Available geologic references report that the project site lies within the western part of the Coastal 

Plain physiographic province of Virginia. Locally, the project site is underlain by Pliocene Sand and 

Gravel. The topography of the Coastal Plain is a terraced landscape that stair-steps down to the 

coast and to the major rivers. The risers (scarps) are former shorelines and the treads (flat parts) 

are emergent bay and river bottoms. The higher, older plains in the western part of the Coastal 

Plain are more dissected by stream erosion than the lower, younger terrace treads. It is commonly 

held that this landscape was formed over the last few million years as sea level rose and fell in 

response to the repeated melting and growth of large continental glaciers and as the Coastal Plain 

slowly uplifted . 

According to the 1993 Geological Map of Virginia, the project site is located specifically over the 

Moorings unit of Oaks and Coch which is an upper Pliocene deposit. This deposit typically consists 

of white, light-gray, and grayish-yellow quartzose SAND and gray to grayish-brown Clayey SILT and 

Silty CLAY. This deposit constitutes a discontinuous linear body along and just west of the Surry 

scarp; depositional surfaces range in altitiude from 130 feet along slightly higher, ridge-like 

topography at the scarp to about 110 feet west of scarp. Eastern fades of this unit are 

unfossiliferous, massive to cross-laminated, moderately well-sorted, fine sand believed to have 

been deposited in beach and near-shore environments. The upper part of the fine sand fades 

interfingers westward with massive, bioturbated clay and silt deposited in a lagoon or shallow bay . 

This deposit can be as thick as 30 feet . 

3.3 General Subsurface Conditions 

The subsurface conditions discussed in the following paragraphs and those shown on the 

attached Boring Logs represent an estimate of the subsurface conditions based on 

interpretation of the boring data using normally accepted geotechnical engineering judgments . 

The transitions between different soil strata are usually less distinct than those shown on the 

attached Boring Logs. Although the individual soil test boring is representative of the 

subsurface conditions at the boring location on the date shown, they are not necessarily 

indicative of subsurface conditions at other locations or at other times. Data from the specific 

soil test borings is shown on the attached Boring Logs in Appendix B . 
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3.4 Surficial Soils 

Surficial Soils were encountered in all borings to approximate depths ranging from 6 to 12 

inches below the existing ground surface. Surficial Soil is typically a dark-colored soil material 

containing roots, fibrous matter, and/or other organic components and is generally unsuitable 

for engineering purposes. F&R has not performed any laboratory testing to determine the 

organic content or other horticultural properties of the observed Surficial Soil materials . 

Therefore, the term Surficial Soil is not intended to indicate a suitability for landscaping and/or 

other purposes. The Surficial Soil depths provided in this report are based on driller 

observations and should be considered approximate. We note that the transition from Surficial 

Soil to underlying materials may be gradual, and therefore the observation and measurement 

of Surficial Soil depths is subjective. Actual Surficial Soil depths should be expected to vary 

across the site especially in areas of root ball systems from trees and the mulched play area . 

3.5 Fill Soils 

Fill may be any material that has been transported and deposited by man. Materials described as 

fill or possible fill were encountered in borings B-1, B-2, B-4, B-5, and B-6 to depths ranging from 

approximately 3 to 5 feet below existing site grades. Sampled fill materials were generally 

described as Sandy Lean CLAY (CL) and Clayey SAND (SC). Standard penetration resistances (N

values) in the fill soils ranged from 6 to 18 blows per foot (bpf) . 

3.6 Alluvial Soils 

Alluvial Soils were encountered under the Surficial Soils and Fill Soils to the individual boring 

termination depths noted on the Boring Logs. These alluvial soils were generally described as 

Sandy Lean CLAY (CL), Sandy Fat CLAY (CH), Silty SAND {SM), and SAND with varying amounts of 

Silt and Clay (SC-SM}. Standard penetration resistances (N-values) in the fine-grained soils {CLAYs) 

ranged from 3 to 19 bpf indicated these soils are soft to very stiff in consistency. The N-values in 

the coarse-grained soils (SANDs) ranged from 3 to 18 bpf indicating a very loose to medium dense 

relative density. In general, higher N-values were recorded in the upper 10 feet of the soils profile, 

with N-values typically between 3 and 7 below that depth . 

3.7 Subsurface Water 

The test borings were monitored during and after drilling operations to obtain short-term 

subsurface water information. The subsurface water data, obtained during our subsurface 

exploration, have been summarized in the following table: 
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B-1 30 18.5 22 

B-2 30 18 Not Reported Not Reported 

B-3 30 18.5 Not Reported Not Reported 

B-4 15 Not Encountered Not Observed 13 

B-5 15 14 Not Observed 13 

B-6 15 Not Encountered Not Observed 12 

Test-1 3.5 Not Encountered Not Observed 3.5 

Test-2 3.5 Not Encountered Not Observed 3.5 

Test-3 3.5 Not Encountered Not Observed 3.5 

It should be noted that the location of the subsurface water table could vary by several feet 

because of seasonal fluctuations in precipitation, evaporation, surface water runoff, local 

topography, and other factors not immediately apparent at the time of this exploration . 

Normally, the highest subsurface water levels occur in the late winter and spring and lowest 

levels occur in the late summer and fall. It should be noted that borehole cave-in often 

indicates wet and unstable conditions . 

3.8 Laboratory Testing Program 

Representative soil samples were subjected to Water Content, #200 Sieve Wash, and Atterberg 

Limits testing to substantiate the visual classifications and assist with the estimation of the soils' 

pertinent engineering properties. Classification procedures are further explained in Appendix 

B. The results of our laboratory testing are included in the following table: 

B-1 3.5-5.0 

B-3 3.5-5.0 

B-5 0.0-5.0 
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In addition to the testing listed above, moisture-density relationship testing using the Modified 

Proctor method and California Bearing Ratio {CBR) testing was performed on the bulk sample 

from boring B-5 for use in pavement design recommendations. The results of our laboratory 

testing are included in the table below: 

3.9 Field Infiltration Testing 

As part of our services, we performed three field infiltration tests along the west side of the site . 

Our testing was performed in general accordance with Appendix E of the James City County BMP 

Manual as provided by Barry E. Moses, P.E., Senior Stormwater Engineer with James City County . 

The results of our field testing are shown in the table below: 

1 3.5 feet CH 0.25 in/hr 

2 3.5 feet CH 0.35 in/hr 

3 3.5 feet CH 0.55 in/hr 

4.0 DESIGN RECOMMENDATIONS 

4.1 General 

The following recommendations are based on our observations at the site, interpretation of the 

field and laboratory data obtained during this exploration, provided structural characteristics, and 

our experience with similar subsurface conditions and projects. The design team should realize 

·that although individual soil test borings are representative of the subsurface conditions at the 
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boring locations on the dates shown, they are not necessarily indicative of subsurface conditions at 

other locations or at other times . 

Soil penetration data have been used to estimate the quality of the existing overburden soils at the 

proposed site. Subsurface conditions in unexplored locations may vary from those encountered . 

If structure dimensions, location, or elevation are changed, we request that we be advised so that 

we may re-evaluate our recommendations . 

Determination of an appropriate foundation system for a given structure is dependent on the 

structural loads, soil conditions, and construction constraints such as proximity to other structures, 

etc. The subsurface exploration aids the geotechnical engineer in determining the soil stratum 

appropriate for structural support. This determination includes considerations with regard to both 

allowable bearing pressure and compressibility of the underlying soils. In addition, since the 

method of construction greatly affects the materials intended for structural support, consideration 

must be given to the implementation of suitable methods of site preparation, fill compaction, and 

other aspects of construction . 

4.2 Foundations 

Based on the results of our exploration, we recommend that the building be supported on a 

shallow foundation system such as spread footings. Footings should be founded on suitable 

undisturbed alluvial soils or on compacted structural fill (Engineered Fill). Existing fill materials 

which are not considered suitable for foundation support were encountered in each boring except 

B-3 and extended up to 5 feet below existing site grades. Therefore, the footings should be 

lowered to bear on firm natural soil, or the fill materials below the footings should be undercut 

and replaced with lean concrete or compacted fill. 

The footings may be designed for an allowable bearing pressure of 2,500 psf. Minimum footing 

widths of 24 inches and 36 inches should be maintained for continuous (wall type) spread footings 

and square (column type) spread footings, respectively. Footings should have a minimum 

embedment depth of at least 36 inches below final exterior grade for shrink-swell soil 

considerations . 

We recommend that foundations be designed to resist uplift forces on the canopy. To aid with 

this design, we have included the following estimated soil parameters for frictional resistance, 

passive earth pressure coefficient, and moist soil unit weight . 
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• Coefficient of friction value of 0.32 between the concrete bottom of footings and 

underlying alluvial subgrade . 

• Passive earth pressure coefficient of 2.5. Please note that significant movement is 

required to develop the passive pressure. Therefore, the total calculated passive 

pressure should be reduced by one-half to two-thirds for design purposes . 

• Moist soil unit weight of 115 pounds per cubic foot (pcf) . 

During construction of the facility, an experienced geotechnical engineer or his/her representative 

should be on site to confirm that the in-situ bearing condition at the bottom of each footing 

excavation is adequate for the design bearing pressure recommended in this report . 

4.3 Settlement 

Based on the boring data and assumed structural information, we estimate that foundation 

settlements will be less than 1 inch with differential settlement of up to one-half the estimated 

total settlement. The magnitude of differential settlements will be influenced by the variation in 

excavation requirements across the building footprint, the distribution of loads, and the variability 

of underlying soils . 

Our settlement analysis was performed on the basis of assumed structural loading and excavation 

requirements discussed in the project information section of this report. Actual settlements 

experienced by the structure and the time required for these soils to settle will be influenced by 

undetected variations in subsurface conditions, final grading plans, and the quality of fill 

placement and foundation construction . 

4.4 Ground Floor Slab 

Ground floor slabs may be designed as a slab-on-grade supported by alluvial soils, newly placed 

controlled fill, or approved existing fill material. Any loose/soft or otherwise unsuitable materials 

should be remediated as judged necessary by the Geotechnical Engineer. We recommend that 

the slab-on-grade be underlain by 4-inches of well-compacted granular materials, which should 

conform to an open graded aggregate (such as VDOT No. 57 Stone). This granular material 

provides a capillary break between the subgrade and slab-on-grade; while also providing a uniform 

bearing surface. A vapor retarder should be used beneath ground floor slabs that will be covered 

by tile, wood, carpet, impermeable floor coatings, and/or if other moisture-sensitive equipment or 

materials will be in contact with the floor. However, the use of vapor retarders may result in 

Vanasse Hangen Brust/in, Inc . 
F&R Project No.60M-0685 9 

Martin's Fueling Facility- Williamsburg 
December 9, 2010 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

excessive curling of floor slabs during curing. We refer the floor slab designer to ACI 302.lR-96, 

Sections 4.1.5 and 11.11, for further discussion on vapor retarders, curling, and the means to 

minimize concrete shrinkage and curling . 

Proper jointing of the ground floor slab is also essential to minimize cracking. ACI suggests that 

unreinforced, plain concrete slabs may be jointed at spacings of 24 to 36 times the slab thickness, 

up to a maximum spacing of 18 feet. Floor slab construction should incorporate isolation joints 

along bearing walls and around column locations to allow minor movements to occur without 

damage. Utility or other construction excavations in the prepared floor subgrade should be 

backfilled to a controlled fill criteria to provide uniform floor support . 

Structural analyses and design of floor slab foundation may require the use of a vertical modulus 

of subgrade reaction (k}. We note that typical practice for slab-on-grade and pavement design is 

to provide a "k" value based on published correlation with soil types and California Bearing Ratio 

(CBR} test values. Such correlations are based on empirical data from plate load tests. The plate 

load test sufficiently models typical floor and wheel loads that exert stresses on the order of 3 to 5 

feet. Based on published correlations, we estimate that a design modulus of subgrade reaction (k} 

= 150 pci is appropriate for floor slab design calculations, provided that the recommended 4-inch 

subbase is utilized . 

4.5 Pavement Recommendations 

We understand that asphaltic concrete pavement is planned for the at-grade parking areas, 

driveways, and aprons on the site. We anticipate that the parking areas will service primarily 

automobile traffic, while the driveways will have delivery truck and trash truck traffic, along with 

automobile traffic. Therefore, two pavement sections have been designed based on different 

loading conditions: standard-duty traffic (automobile traffic only} and medium-duty traffic 

(delivery and trash truck traffic) . 

CBR testing was completed on a bulk sample taken from boring B-5 at a depth of 0 to 5 feet below 

the existing ground surface. The sample was classified as a Sandy Lean CLAY (CL) according to the 

uses, with a soaked CBR value of 28.2 at 0.1 inches penetration. In our experience, this value is 

higher than typical values for similar soils in the area. In order to account for this, and for some 

variability of the subgrade soils, a Design CBR value of 10 has been used for our analyses. The CBR 

value of the actual subgrade materials used should be verified prior to the construction of any 

pavements . 
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The following design values were used for our analysis: 

Standard duty traffic loading 
Medium duty traffic loading 
Design life 
Reliability 
Overall Standard Deviation 
Initial serviceability 
Terminal serviceability 

75,000 equivalent single axle loads {ESAL) 
200,000 ESAL 
20 years 
75% 
0.49 
4.0 
2.0 

Our design analysis was based on methodology from the American Association of State Highway 

and Transportation Officials' (AASHTO) Guide of Design of Pavement Structures, 1993. Based on 

the assumptions and methodologies presented above, we recommend the following pavement 

sections: 

Surface 
Asphalt Concrete {SM-9.5A) 1.5 

Course 
2.0 

Intermediate 
Asphalt Concrete {IM-19) 2.0 

Course 

Subbase Type I Crushed Aggregate 
6.0 

Course {No. 21A or No. 21B) 
6.0 

Our pavement recommendations are based on pavements being supported on soils similar to the 

soils we tested. Fill materials underlying pavements should be placed in accordance with the 

controlled fill and pavement subgrade recommendations contained in this report. In addition, all 

pavement subgrades should be evaluated by a geotechnical engineer prior to basestone 

placement. If excessive subgrade movement is observed (pumping/rutting), appropriate 

improvements such as undercutting and/or in-place stabilization will be required at that time . 

It is recommended that the approaches, loading and unloading areas, main turnaround areas and 

other areas subjected to excessive starting and stopping motion, be supported with concrete 

pavement. For pavements restricted to light duty traffic and where excessive starting and 

stopping motions are anticipated, we recommend the pavement be constructed of 4 inch thick 

concrete. For pavements subject to heavy duty traffic with excessive starting and stopping 

motions, we recommend that the pavement be constructed of 6 inch thick concrete . 
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The aggregate subbase course should be placed, compacted, and tested in accordance with the 

requirements of Section 309 of Virginia Department of Transportation Road and Bridge 

Specifications, January 1994 (VDOT Specifications) . 

We recommend that the asphaltic concrete base course and surface course be placed and 

compacted in general accordance with the requirements of VDOT Specifications Section 315. In 

addition, acceptable compaction should be defined as a test section density within the range of 

98% to 102% of the maximum density determined on a density control strip constructed by an 

approved roller at the start of paving operations for the course mix. The size of test sections 

should be determined based on field observations made by experienced testing personnel. A 

minimum of five density tests should be performed in each test section and the results averaged . 

In addition to the average required compaction recommended above, VDOT specs require no 

individual test should be below 95% of the control strip value . 

4.6 Infiltration Considerations 

Typically, in Virginia, the infiltration potential of the soils is evaluated using the Virginia 

Department of Conservation and Recreation (DCR) Standard General Infiltration Practices . 

According to OCR requirements, infiltration is only permissible where infiltration rates exceed 0.52 

inches per hour, and groundwater or an impermeable layer is not located within 2 to 4 feet of the 

planned bottom of the facility. The infiltration rate can be determined from field testing and 

estimated empirically from the USDA soil classification. Infiltration is generally not acceptable in 

fill soils . 

Infiltration tests were conducted at the approximate locations as indicated on the attached Boring 

Location Plan (Drawing No. 2). The tested infiltration rates are generally below the minimum 

infiltration rate of 0.52 inches per hour, and therefore, infiltration practices are not considered 

suitable at the locations and elevation tested . 

4.7 Seismic Site Classification 

The following Seismic Site Class Definition was established per Section 1613.5.2 of the 2009 

International Building Code {IBC). Our scope of services did not include a seismic conditions survey 

to determine site-specific shear wave velocity information. IBC 2009 provides a methodology for 

interpretation of Standard Penetration Test resistance values (N-values) to determine a Site Class 

Definition. This method requires averaging N-values over the top 100 feet of the subsurface 
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profile. We note that the soil test boring for this project was extended to a maximum depth of 30 

feet below the existing site grade . 

The available subsurface data from our exploration indicates N-values of 3 to 19 bpf. Based on the 

N-values in the upper 30 feet of the site, our knowledge of the area, and in general accordance 

with Section 1613.5.2 of the 2009 IBC, a Site Classification "E" should be used for further 

evaluations relative to earthquake load design . 

We note that the above provided Site Classification is based on information available at the time 

this report was written. Should this classification be so onerous to the project cost that further 

study is warranted, we can perform a site-specific gee-physical survey to attain sufficient detail to 

refine the project's Seismic Site Class Definition. This additional testing would be beyond the 

currently authorized scope of services for this project . 

5.0 CONSTRUCTION RECOMMENDATIONS 

5.1 Site Preparation 

Before proceeding with construction, any utilities, surficial soils and other deleterious non-soil 

materials (if any) should be stripped or removed from the proposed construction area. Attention 

should be given to these areas to ensure all unsuitable material is removed prior to continuing 

with construction. During the stripping operations, positive surface drainage should be 

maintained to prevent the accumulation of water. Existing underground utilities should be re

routed to locations a minimum of 10 feet outside of any proposed structure footings . 

After stripping, areas intended to support foundations, floor slabs, pavements, and new fill should 

be carefully evaluated by a geotechnical engineer. At that time, the subgrade should be 

proofrolled with a 20- to 30-ton loaded truck or other pneumatic-tired vehicle of similar size and 

weight under the observation of the geotechnical engineer. Proofrolling should be performed 

during a time of good weather and not while the site is wet, frozen, or severely desiccated. The 

proofrolling observation is an opportunity for the geotechnical engineer to locate inconsistencies 

intermediate of our boring locations in the existing subgrade, especially near existing utilities 

where fill may exist and where slab support or new fill placement is proposed. The existing fill 

materials can be left in place for pavement and slab support provided that they are stable during 

proofrolling . 
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Particular attention should be given to any utility trenches within or in proximity to proposed 

footings. For obvious reasons, existing underground utility trenches were avoided in our drilling 

program. Our experience is that utility trenches are sometimes backfilled with very little 

compactive effort. Where utility lines are removed, the trench subgrade should be verified by an 

F&R representative prior to backfilling in accordance with the controlled structural fill 

recommendations provided in this report . 

5.2 Construction Drainage 

Subsurface water for the purposes of this report is defined as water encountered below the 

existing ground surface. Based on the subsurface water data obtained during our exploration 

program, we do not generally anticipate that subsurface water will be encountered during 

anticipated earthwork or shallow foundation excavations for the proposed building at the site . 

However, the contractor should be prepared to dewater should water levels vary from those 

encountered during the drilling program. Fluctuations in subsurface water levels and soil moisture 

can be anticipated with changes in precipitation, runoff, and season . 

An important aspect to consider during development of this site is surface water control. During 

the initiation of grading operations, we recommend that the grading contractor take those steps 

necessary to enhance surface flow and promote rapid clearing of rainfall and runoff water 

following rain events. It should be incumbent on the contractor to maintain favorable site 

drainage during construction to reduce deterioration of otherwise stable subgrades . 

An important consideration with the design and construction of pavements is surface and 

subsurface drainage. Where standing water develops, softening of the subgrade and other 

problems related to the deterioration of the pavement can be expected. Furthermore, good 

drainage should minimize the possibility of the subgrade materials becoming saturated over a long 

time. Based upon the results of the soil test borings, the groundwater table should not 

significantly affect the performance of pavements; however, surface runoff water that is trapped 

during construction on the exposed subgrade soils could create localized deterioration of the soil's 

bearing capacity. Standing water that may develop on the surface of the pavement may be 

reduced by: 

• adequate design (surface graded to control runoff to desired locations - catch 

basins, drain inlets, gutters, etc.); 
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• adequate compaction of each lift of pavement section component material (to 

minimize localized settlements that result in ponding); 

• accurate grading of each lift of pavement section component material (to achieve 

the desired design grades); 

• installing temporary weep holes in drainage structures, construction of drainage 

swales and diversion ditches and proper backfill and grading behind curbs to 

minimize water intrusion from behind the curbs . 

5.3 Excavations 

It is anticipated that general dewatering during construction of shallow footing excavations can be 

easily achieved using diversion ditches and localized sump pumps. It should be incumbent on the 

contractor to provide dewatering by appropriate methods . 

With regard to underground fuel tank installation, subsurface water levels were observed at 

depths of 14 feet below existing grade. Based on information from Mr. Chapman, it is expected 

that the underground fuel tanks will be installed approximately 10 below finished grade . 

Therefore, pending final grades and seasonal fluctuations of the water levels, subsurface water 

may necessitate dewatering methods or could have an adverse impact on 

installation/construction. During periods of heavy precipitation or wet seasonal conditions, we 

anticipate that the site can be adequately dewatered using sump pit and pumping operations . 

Below grade excavations should extend to no closer than 24 inches above the water level before 

dewatering measures are initiated. Otherwise, subgrade and excavation sidewall destabilization 

will occur. If the dewatering operations are insufficient, significant difficulties could be 

experienced in constructing the project foundations . 

The sump pit and pumping operations can consist of French drains constructed at or below the 

proposed subgrade elevation, which are connected to temporary sump pits. The French drains 

may consist of a 1-foot by 2-foot minimum trench filled with No. 57 stone or equivalent. The 

French drains should be sloped to drain to a temporary sump pit. The sump pits may consist of 55-

gallon drums, which have been perforated to accept water inflow from the French drains and 

surrounding soils. The sump pits should be placed several feet below the proposed subgrade 

elevation. Temporary pumps must be placed in the sump pits to remove the water, which will 

accumulate . 
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5.4 Foundation/Floor Slab Construction 

All foundation subgrades should be observed, evaluated, and verified for the design bearing 

pressure by the geotechnical engineer after excavation and prior to reinforcement steel 

placement. If low consistency soils are encountered during foundation construction, localized 

undercutting and/or in-place stabilization of foundation subgrades will be required. The actual 

need for, and extent of, undercutting should be based on field observations made by the 

geotechnical engineer or his/her representative at the time of construction . 

Excavations for footings should be made in such a way as to provide bearing surfaces that are firm 

and free of loose, soft, wet, or otherwise disturbed soils. Foundation concrete should not be 

placed on frozen or saturated subgrades. If such materials are allowed to remain below 

foundations, settlements will increase. Foundation excavations should be concreted as soon as 

practical after they are excavated. If an excavation is left open for an extended period, a thin mat 

of lean concrete should be placed over the bottom to minimize damage to the bearing surface 

from weather or construction activities. Water should not be allowed to pond in any excavation . 

In a dry and undisturbed state, the subgrade soils at the site will provide suitable subgrade support 

for fill placement and construction operations. However, when wet, the soil can degrade quickly 

either with or without disturbance from contractor operations. Therefore, good site drainage 

should be maintained during earthwork operations to help maintain the stability of the soil. 

Attempting site work during adverse seasonal conditions will have significant effect on the site 

work budget, as substantially more undercutting will be required. Ideally, earthwork should be 

performed during the summer or early fall {typically drier and warmer months) . 

During construction, care should be exercised to protect existing buildings from damage resulting 

from construction activity and equipment . 

5.5 Controlled Structural Fill 

Based on the boring data, the Lean CLAY {CL) or more granular soils may be used as controlled fill. 

The Fat CLAY {CH) materials are not recommended for use as fill. The CH soils were typically 

encountered at depths of more than 3.5 feet except at boring B-3 where they were encountered 

below the surficial soil. Controlled structural fill may be constructed using an off-site borrow 

having a classification of CL, ML, SC, SM, or better as defined by the USCS. Other materials may be 

suitable for use as general controlled structural fill materials and should be individually evaluated 

by the geotechnical engineer. Controlled structural fill should be free of boulders, organic matter, 
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debris, or other deleterious materials and should have a maximum particle size no greater than 3 

inches . 

We recommend that structural fill be compacted to at least 95 percent of the Standard Proctor 

{ASTM D 698 or AASHTO T 99) maximum dry density. Fill materials should be placed in horizontal 

lifts with maximum height of 8 inches loose measure. New fill should be adequately keyed into 

stripped and scarified subgrade soils. During fill operations, positive surface drainage should be 

maintained to prevent the accumulation of water. In confined areas such as utility trenches, 

portable compaction equipment and thin lifts of 3 to 4 inches may be required to achieve specified 

degrees of compaction . 

In general, we recommend that the moisture content of approved fill soils be maintained within 

three percentage points of the optimum moisture content as determined from the Standard 

Proctor density test. Due to the nature of the on-site CLAYs and the natural Water Contents 

obtained from our laboratory tests, we anticipate that drying of the soils prior to construction will 

be needed. The bulk sample from boring B-5 was nearly 5 percentage points above the optimum 

moisture content . 

Generally, we do not anticipate significant problems controlling moistures within approved fill 

during periods of dry weather, but moisture control may be difficult during winter months or 

extended periods of rain. We recommend that the contractor have equipment on site during 

earthwork for both drying and wetting of fill soils. Attempts to work the soils when wet can be 

expected to result in deterioration of otherwise suitable soil conditions or of previously placed and 

properly compacted fill . 

Where construction traffic or weather has disturbed the subgrade, the upper 8 inches of soils 

intended for structural support should be scarified and re-compacted. Each lift of fill should be 

tested to confirm that the recommended degree of compaction is attained. In confined areas, a 

greater frequency may be required . 

6.0 CONTINUATION OF SERVICES 

We recommend that Freehling & Robertson, Inc. {F&R) be given the opportunity to review the 

proposed building and foundation plans, grading plans, and project specifications when 

construction documents approach completion. This review evaluates whether the 

recommendations and comments provided herein have been understood and properly 
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implemented. We also recommend that F&R be retained for professional and construction 

materials testing services during construction of the project. Our continued involvement on the 

project helps provide continuity for proper implementation of the recommendations discussed 

herein. These services are not part of the currently authorized scope of services . 

7.0 LIMITATIONS 

This report has been prepared for the exclusive use of Vanasse Hangen Brustlin, Inc., or their 

agent, for specific application to the proposed Martin's Fueling Facility in James City County, 

Virginia, in accordance with generally accepted soil and foundation engineering practices. No 

other warranty, express or implied, is made. Our recommendations are based on design 

information furnished and generally accepted geotechnical engineering practices. The 

recommendations do not reflect variations in subsurface conditions that could exist intermediate 

of the boring locations or in unexplored areas of the site. Should such variations become apparent 

during construction, it will be necessary to re-evaluate our recommendations based upon on-site 

observations of the conditions . 

Regardless of the thoroughness of a subsurface exploration, there is the possibility that conditions 

between borings will differ from those at the boring locations, that conditions are not as 

anticipated by the designers, or that the construction process has altered the soil conditions . 

Therefore, experienced geotechnical engineers should evaluate earthwork and foundation 

construction to verify that the conditions anticipated in design actually exist. Otherwise, we 

assume no responsibility for construction compliance with the design concepts, specifications or 

recommendations . 

In the event that changes are made in the design or location of the proposed addition, the 

recommendations presented in the report shall not be considered valid unless the changes are 

reviewed by our firm and conclusions of this report modified and/or verified in writing. If this 

report is copied or transmitted to a third party, it must be copied or transmitted in its entirety, 

including text, attachments, and enclosures. Interpretations based on only a part of this report 

may not be valid. This report contains 18 pages of text and the attached appendices . 
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Geotechnical Services Are Performed for 
Specific Purposes, Persons, and Projects 
Geotechnical engineers structure their services to meet the specific needs of 
their clients. A geotechnical engineering study conducted for a civil engi
neer may not fulfill the needs of a construction contractor or even another 
civil engineer. Because each geotechnical engineering study is unique, each 
geotechnical engineering report is unique, prepared solely for the client. No 
one except you should rely on your geotechnical engineering report without 
first conferring with the geotechnical engineer who prepared it. And no one 
- not even you - should apply the report for any purpose or project 

except the one originally contemplated. 

Read the Full Report 
Serious problems have occurred because those relying on a geotechnical 
engineering report did not read it all. Do not rely on an executive summary. 
Do not read selected elements only. 

A Geotechnical Engineering Re_port Is Based on 
A Unique Set of Project-Specific Factors 
Geotechnical engineers consider a number of unique, project-specific fac
tors when establishing the scope of a study. Typical factors include: the 
client's goals, objectives, and risk management preferences; the general 
nature of the structure involved, its size, and configuration; the location of 
the structure on the site; and other planned or existing site improvements, 
such as access roads, parking lots, and underground utilities. Unless the 
geotechnical engineer who conducted the study specifically indicates oth
erwise, do not rely on a geotechnical engineering report that was: 
• not prepared for you, 
• not prepared for your project, 
• not prepared for the specific site explored, or 
• completed before important project changes were made. 

Typical changes that can erode the reliability of an existing geotechnical 
engineering report include those that affect: 
• the function of the proposed structure, as when it's changed from a 

parking garage to an office building, or from a light industrial plant 
to a refrigerated warehouse, 

• rg 

• elevation, configuration, location, orientation, or weight of the 
proposed structure, 

• composition of the design team, or 
• project ownership . 

As a general rule, always inform your geotechnical engineer of project 
changes-even minor ones- and request an assessment of their impact. 
Geotechnical engineers cannot accept responsibility or liability for problems 
that occur because their report.s do not consider developments of which 
they were not informed . 

Subsurface Conditions Gan Change 
A geotechnical engineering report is based on conditions that existed at 
the ti me the study was performed. Do not rely on a geotechnica/ engineer
ing report.whose adequacy may have been affected by: the passage of 
time; by man-made events, such as construction on or adjacentto the site; 
or by natural events, such as fioods, earthquakes, or groundwater fluctua
tions. Always contact the geotechnical engineer before applying the report 
to determine if it is still reliable. A minor amount of additional testing or 
analysis could prevent major problems. 

Most Geotechnical Findings Are Professional 
Opinions 
Site exploration identifies subsurface conditions only at those points where 
subsurface tests are conducted or samples are taken. Geotechnical engi
neers review field and laboratory data and then apply their professional 
judgmentto render an opinion about sub~urface conditions throughoutthe 
site. Actual subsurface conditions may differ- sometimes significantly
from those indicated in your report. Retaining the geotechnical engineer 
who developed your report to provide construction observation is the 
most effective method of managing the risks associated with unanticipated 
conditions. 

A Report's Recommendations Are Not Final 
Do not overrely on the construction recommendations included in your 
report. Those recommendations are not final, because geotechnical engi
neers develop them principally from judgment and opinion. Geotechnical 
engineers can finalize their recommendations only by observing actual 
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subsurface conditions revealed during construction. The geotechnical 
engineer who developed your report. cannot assume responsibility or 
liability for the report.'s recommendations if that engineer does not perform 
construction observation. 

A ~~otechnical .Engineering Report Is Subject to 
M1 sinte rp retat1on 
Other design team members' misinterpretation of geotechnical engineering 
reports has resulted in costly problems. Lower that risk by having your geo
technical engineer confer with appropriate members of the design team after 
submitting the report Also retain your geotechnical engineerto review perti
nent elements of the design team's plans and specifications. Contractors can 
also misinterpret a geotechnical engineering report. Reduce that risk by 
having your geotechnical engineer participate in prebid and preconstruction 
conferences, and by providing construction observation. 

Do Not Redraw the Engineer's Logs 
Geotechnical engineers prepare final boring and testing logs based upon 
their interpretation of field logs and laboratory data. To prevent errors or 
omissions, the logs included in a geotechnical engineering report should 
never be redrawn for inclusion in architectural or other design drawings . 
Only photographic or electronic reproduction is acceptable, but recognize 
that separating logs from the report. can elevate risk. 

Give Contractors a Complete Report and 
Guidance 
Some owners and design professionals mistakenly believe they can make 
contractors liable for unanticipated subsurface conditions by Ii m iting what 
they provide for bid preparation. To help prevent costly problems, give con
tractors the complete geotechnical engineering report, but preface it with a 
clearly written letter of transmittal. In that letter, advise contractors that the 
report was not prepared for purposes of bid development and that the 
report's accuracy is limited; encourage them to confer with the geotechnical 
engineer who prepared the report (a modest fee may be required) and/or to 
conduct additional study to obtain the specific types of information they 
need or prefer. A prebid conference can also be valuable. Be sure contrac
tors have sufficient time to perform additional study. Only then might you 
be in a position to give contractors the best information available to you, 
while requiring them to at least share some of the financial responsibilities 
stemming from unanticipated conditions . 

Read Responsibility Provisions Closely 
Some clients, design professionals, and contractors do not recognize that 
geotechnical engineering is far less exact than other engineering disci
plines. This lack of understanding has created unrealistic expectations that 

have led to disappointments, claims, and disputes. To help reduce the risk 
of such outcomes, geotechnical engineers commonly include a variety of 
explanatory provisions in their reports. Sometimes labeled "limitations" 
many of these provisions indicate where geotechnical engineers' responsi
bilities begin and end, to help others recognize their own responsibilities 
and risks. Read these provisions closely Ask questions. Your geotechnical 
engineer should respond fully and frankly . 

Geoenvironmental Concerns Are Not Covered 
The equipment techniques, and personnel used to perform a geoenviron
mental study differ significantly from those used to perform a geotechnical 
study. For that reason, a geotechnical engineering report does not usually 
relate any geoenviron mental findings, conclusions, or recommendations; 
e.g., about the likelihood of encountering underground storage tanks or 
regulated contaminants. Unanticipated environmental problems have led 
to numerous project failures. If you have not yet obtained your own geoen
viron mental information, ask your geotechnical consultant for risk man
agement guidance. Do not rely on an environmental report. prepared for 
someone else . 

Obtain Professional Assistance To Deal with Mold 
Diverse strategies can be applied during building design, construction, 
operation, and maintenance to prevent significant amounts of mold from 
growing on indoor surfaces. To be effective, all such strategies should be 
devised for the express purpose of mold prevention, integrated into a com
prehensive plan, and executed with diligent oversight by a professional 
mold prevention consultant. Because just a small amount of water or 
moisture can lead to the development of severe mold infestations, a num
ber of mold prevention strategies focus on keeping building surfaces dry. 
While groundwater, water infiltration, and similar issues may have been 
addressed as part of the geotechnical engineering study whose findings 
are conveyed in this report the geotechnical engineer in charge of this 
project is not a mold prevention consultant none of the services per
formed in connection with the geotechnica/ engineer's study 
were designed or conducted for the purpose of mold preven
tion. Proper implementation of the recommendations conveyed 
in this report. will not of itself be sufficient to prevent mold 
from growing in or on the structure involved. 

Rely, on Your ASFE-Member Geotechncial 
Engineer for Additional Assistance 
Membership in AS FE/The Best People on Earth exposes geotechnical 
engineers to a wide array of risk management techniques that can be of 
genuine benefit for everyone involved with a construction project. Confer 
with you ASFE-member geotechnical engineer for more information . 

ASFE 
The Best People an larth 

8811 Colesville Road/Suite G106, Silver Spring, MD 20910 
Telephone: 301/565-2733 Facsimile: 301/589-2017 

e-mail: info@asfe.org www.asfe.org 

Copyright 2004 by ASFE, Inc. Ouplication, reproduction, or copying of this document in whole or in pan, by any means whatsoever, is strictly prohibited, except with ASff's 
specific written permission. Excerpting, quoting, or otherwise extracting wording from this document is permitted only with the express wrftten permission of ASFE, and only for 

purposes of scholarly research or book review. Only members of ASFE may use this document as a complement to or as an element of a geotechnical engineering repolt. Any other 
firm, individual, or other entity that so uses this document without being an ASFE member could be commiting negligent or intentional (fraudulent) misrepresentation . 
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BORING LOG r® FRCEHLINl3 & ROBERTSON, INC. 
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1881 

Report No.: GOM-0685 Date: November 2010 

Client: Vanasse Hangen Brustlin, Inc • 

Project: Martin's Fueling Facility-Williamsburg, James City County, Virginia 

Boring No.: B-1 (1of1)1 "b~t;~h 30.0'J Elev: 93.0 ± l Location: See Boring Location Plan 

Type of Boring: HSA 2-1/4" ID I Started: 11/5/10 Completed: 11/5/10 l Driller: Drew 

Elevation 

92.3 -

89.5-

85.5-

Depth 
DESCRIPTION OF MATERIALS *Sample Sample N Value 

(Classification) Blows w~~w (blows/ft) 
I~ 

0.7-: »- 8 inches of Surficial Soil ~ 4-5-6 u:o 
- ) FILL: Siff, Yellowish-Brown to Olive Brown, 
- >) Sandy Lean CLAY, with trace Organic Material 4-5-8 

-::: ~~ and Gravel - Moist 

4-5-5 
- ALLUVIUM: Stiff to Very Stiff, Yellowish-Brown 

- to Reddish-Brown, Sandy Fat CLAY, with trace 

3.5 -ir... (CL-FILL), 

_ Roots - Moist f------1 

(CH) 5-7-12 
-

75- --------------------------1-~---' 
· - ·:.: Medium Dense to Very Loose, Dark Red and 

_: Yellow, Silty Fine SAND, with trace Clay - Moist 
-·. : (SM) .. -· 

- ·: : 
- .·· 

-·:: .. -· 

-·: : .. - . 
_;. 
-". . 
- .·· 
-· _., . 
-· 
-·: : .. - . 

-<: 

- ·: : 
- ... 

-·: : .. - . 

- ·: : 

4-7-9 

3-3-3 

1-1-3 

2-2-3 

1.5 

3.0 
3.5 

5.0 

6.0 

7.5 

8.5 

10.0 

13.5 

15.0 

18.5 

20.0 

23.5 

11 

13 

10 

19 

16 

6 

4 

68.0 - 25.0- .. ._ ________________________ . ..+----'-! 

Soft, Reddish-Yellow, Sandy Fat CLAY - Moist 
25.0 

5 
-

-

-
-
-

Boring terminated at 30 feet 
Boring backfilled upon completion 

(CH) 

1-1-3 28.5 

REMARKS 

Groundwater was 
encountered at 18.5 feet 
during drilling 

Groundwater was observed 
at 20 feet upon removal of 
auger 

Cave-in depth at 22 feet 

Driller used automatic 
hammer to perform SPT 

*Number of blows required for a 140 lb hammer dropping 30" to drive 2" O.D., 1.375" l.D. sampler a total of 18 inches in three 6" increments . 
The sum of the second and third increments of penetration is termed the standard penetration resistance, N . 
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BORING LOG l® FRCEHLING & RCBERTSCN, INC. 

Engineering • Environmental • Geotechnical 

1881 
Report No.: GOM-0685 Date: November 2010 

Client: Vanasse Hangen Brustlin, Inc . 

Project: Martin's Fueling Facility-Williamsburg, James City County, Virginia 

Boring No.: B-2 (1of1)1 6~t;~h 30.0' I Elev: 92.3± I Location: See Boring Location Plan 

Type of Boring: HSA 4-1/4" ID I Started: 11/1/10 Completed: 11/1/10 I Driller: Drew 

Elevation Depth 
DESCRIPTION OF MATERIALS *Sample Sample N Value REMARKS 

(Classification) Blows ?epw (blows/ft) feet 

91.8 o.s-~ 51\ 6 inches if Surficial Soil r 3-5-7 u.u 
-~ ~ 12 Groundwater was 
-~ FILL: Stiff to Firm, Yellowish-Brown, Sandy Lean 1.5 encountered at 18 feet 
- ~ CLAY, with trace Organic Material - Moist 3-3-3 during drilling 
-~ (CL-FILL) 6 - ~ 3.0 Groundwater was not ) 3.5 -~ ~ 2-2-3 reported upon removal of - ~ 
- ) 5 auger 87.3 5.0 .. 

ALLUVIUM: Medium Dense to Loose, 
5.0 -· .. .. 6.0 -· Reddish-Brown, Silty Fine SAND - Moist 2-3-9 Cave-in depth was not -: .. (SM) 12 reported -· .. 

-· .. 7.5 
-. 

Driller used automatic .. 
8.5 -· .. 

-· .. 3-4-7 hammer to perform SPT 
- . . . 11 -· .. 10.0 Driller Installed -· .. 
-: Environmental Monitoring . . -· .. Well .. -· 
-: .. -· .. 
-· .. 13.5 - . 2-3-3 . . 

6 -· .. .. 15.0 -· 
-: .. -· .. .. -· 
-: . . -· .. .. -· 
-. 

1-3-2 18.5 -· .. 
-· .. 5 -. 20.0 
- · .. .. - . 
-: .. -· .. .. -· 
-: . . 

23.5 -· .. 
1-3-4 -· .. 

- . 7 
67.3 25.0-; ?.~------------------------ 25.0 

-
·~ Loose, Reddish-Brown, Silty Fine to Medium 
,1 SAND, with trace Clay - Moist - ·~ (SC-SM) - ·~ 

- / 
/ - ·~ - I 3-2-5 28.5 

- / 

- / 
7 

62.3 30.0 
.,, 

~ --·-
Boring terminated at 30 feet 

Environmental Monitoring Well Installed 

". *Number of blows required for a 140 lb hammer dropping 30" to drive 2" O.D., 1.375" l.D. sampler a total of 18 inches in three 6 increments . 
The sum of the second and third increments of penetration is termed the standard penetration resistance, N . 
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Report No.: GOM-0685 Date: November 2010 

Client: Vanasse Hangen Brustlin, Inc . 

Project: Martin's Fueling Facility-Williamsburg, James City County, Virginia 

Boring No.: B-3 (1 of l)J "b~t;~h 30.0'J Elev: 94.2± J Location: See Boring Location Plan 

Type of Boring: HSA 4-1/4" ID J Started: 11/1/10 Completed: 11/5/10 J Driller: Drew 

Elevation 
DESCRIPTION OF MATERIALS *Sample Sample N Value REMARKS Depth 

(Classification) Blows 7ept:~ (blows/ft) feet 
>" 12 inches of Surficial Soil 4-3-4 u.u 

--~ Groundwater was 93.2 - 1.0 .. 
7 - ALLUVIUM: Very Stiff to Firm, Yellowish-Brown 10-8-11 1.5 encountered at 18.5 feet 

- to Yellowish-Red, Sandy Fat CLAY- Moist during drilling - 19 - (CH) 3.0 Groundwater was not - 3.5 
- 3-6-8 reported upon removal of 
- 14 auger - 5.0 
-
-

4-6-6 6.0 Cave-in depth was not -
- 12 reported 

- 7.5 -
Driller used automatic - 8.5 

- 2-4-5 hammer to perform SPT 
- 9 - 10.0 Driller Installed -
- Environmental Monitoring 
- Well -

-
-
-

2-3-3 13.5 
-
- 6 79.2 - 15.0-. ------------------------- 15.0 
-· . . : Loose, Yellow, Silty Fine SAND, with trace Clay-
-· Wet -· -·: · . (SM) .. -· 
_; 
.. 

18.5 -· .. 
2-3-2 -· .. 

-· 5 74.2 - 20.0-· ·------------------------- 20.0 
- Soft, Yellow, Sandy Fat CLAY- Moist 
- (CH) -
-

-
-
-

1-1-2 23.5 
-
- 3 69.2 - 25.0- ~------------------------ 25.0 
- .,, Very Loose, Yellowish-Brown, Silty Fine to Coarse 
- I 

SAND, with little Clay- Moist - ~ - .,, (SC-SM) 
- , ,, 
- ·~ 

- "/- 1-1-2 28.5 
- / 

- / 
3 64.2 - 30.0 

"/. ~ --·-
Boring terminated at 30 feet 

Environmental Monitoring Well Installed 

*Number of blows required for a 140 lb hammer dropping 30" to drive 2" O.D., 1.375" l.D. sampler a total of 18 inches in three 6" increments . 
The sum of the second and third increments of penetration is termed the standard penetration resistance, N . 
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BORING LOG 8 FROEHLINC3 & ROBERTSON, INC. 
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1881 

Report No.: 60M-0685 Date: November 2010 

Client: Vanasse Hangen Brustlin, Inc . 

Project: Martin's Fueling Facility-Williamsburg, James City County, Virginia 

Boring No.: 8-4 (1of1)J "[,~t_;~h 15.0'j Elev: 93.1 ± J Location: See Boring Location Plan 

Type of Boring: HSA 2-1/4" ID I Started: 11/5/10 Completed: 11/5/10 I Driller: Drew 

7-7-8 

2-7-11 

(SC-SM) 
5-7-10 

6-7-8 
-V 

83.1- 10.0-r" ---------------------------1----l 
- ·:.: Very Loose, Reddish-Brown, Silty Fine SAND -
::::· Moist 
-· .. 

-· .. .. -· 

(SM) 

2-2-2 

1.5 

3.0 
3.5 

5.0 
18 

6.0 

7.5 
17 

8.5 

10.0 
15 

13.5 

REMARKS 

Groundwater was not 
encountered during drilling 

Groundwater was not 
observed Lipon removal of 
auger 

Cave-in depth was 13 feet 

Driller used automatic 
hammer to perform SPT 

78.1- 15.Q--+·u+~~~~~~~~~~~~~~~~~+-~~---1f----':P_~~.8ft-t-~4...;_-+~~~~~~~~---; 
Boring terminated at 15 feet 

Boring backfilled upon completion 

*Number of blows required for a 140 lb hammer dropping 30" to drive 2" O.D., 1.375" l.D. sampler a total of 18 inches in three 6" increments . 
The sum of the second and third increments of penetration is termed the standard penetration resistance, N . 
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BORING LOG l® FRCEHLINl3 & ROBERTSON, INC. 

Engineering • Environmental • Geotechnical 

1881 

Report No.: 60M-0685 Date: November 2010 

Client: Vanasse Hangen Brustlin, Inc • 

Project: Martin's Fueling Facility-Williamsburg, James City County, Virginia 

Boring No.: 8-5 (1 of l)J "b~t;~h 15.0'J Elev: 94.2± J Location: See Boring Location Plan 

Type of Boring: HSA 2-1/4" ID J Started: 11/5/10 Completed: 11/5/10 1 Driller: Drew 

Elevation 

93.5 -

91.2 

88.2 

80.7 

79.2 -

Depth 
DESCRIPTION OF MATERIALS 

(Classification) 

0.7-: -~..._ 8 inches of Surficial Soil r 

- FILL: Very Stiff to Stiff, Brown to 
- Yellowish-Brown, Sandy Lean CLAY, with trace 

-
3.0 - i\ Organic Material and Silt - Moist 

{CL-FILL) -
-
- ALLUVIUM: Stiff, Yellowish-Brown to 

- Reddish-Brown, Sandy Lean CLAY, with little Silt -
-

1 
Moist 6.0-

{CL) 1 
-· 

--=~ 
~-----------------------Y 
Medium Dense, Yellowish-Brown to 

=~ Reddish-Brown, Clayey Fine SAND, with little Silt 
.; - Moist -., (SC-SM) 

--=~ 
" -~ _., 

_; 
J 

-1;1 

-~ 
- ~ 13.5- l'i -------------------------
-
-

15.0-
·:.: Very Loose, Yellowish-Brown, Silty Fine SAND -
: · Wet 

\ 
tsormg termmatea at l~ Teet 

Boring backfilled upon completion 

{SM) 

*Sample Sample N Value REMARKS 
Blows ~epw (blows/ft) feet 

3-5-13 0.0 
Groundwater was 

1.5 
18 

encountered at 14 feet 
7-7-8 during drilling 

15 
3.0 Groundwater was not 3.5 6-7-8 observed upon removal of 

15 auger 
5.0 

4-6-8 6.0 Cave-in depth was 13 feet 

7.5 
14 

8.5 Driller used automatic 
3-5-6 hammer to perform SPT 

11 
10.0 

2-2-1 13.5 

A-~ 3 
iJ.V 

*Number of blows required for a 140 lb hammer dropping 30" to drive 2" O.D., 1.375" l.D. sampler a total of 18 inches m three 6" increments . 
The sum of the second and third increments of penetration is termed the standard penetration resistance, N . 
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BORING LOG 8 F"RCEHLINC3 & ROBERTSON, INC. 
Engineering • Environmental • Geotechnical 

1881 

Report No.: 60M-0685 Date: November 2010 

Client: Vanasse Hangen Brustlin, Inc . 

Project: Martin's Fueling Facility-Williamsburg, James City County, Virginia 

Boring No.: B-6 (1 of 1)1 T:,~t;ih 15.0'J Elev: 95.0± ] Location: See Boring Location Plan 

Type of Boring: HSA 2-1/4" ID I Started: 11/5/10 Completed: 11/5/10 I Driller: Drew 

Elevation Depth 
DESCRIPTION OF MATERIALS *Sample Sample N Value 

(Classification) Blows ~epw (blows/ft) REMARKS 
feet 

•" 12 inches of Surficial Soil 2-4-4 -u:u - . .::..-. 
94.0- 1.0 8 Groundwater was not 

--? FILL: Firm to Stiff, Yellowish-Brown, Sandy Lean 
4-4-5 1.5 encountered during drilling 

- CLAY, with trace Organic Material and Silt - Moist - ~ 9 ~ (CL-FILL) 3.0 
91.5 - 3.5 ?~ 

3.5 Groundwater was not 
- ALLUVIUM: Firm to Stiff, Reddish-Brown to 3-2-6 observed upon removal of 
- Yellow, Sandy Fat CLAY, with little Silt- Moist 8 auger - 5.0 
- {CH) 
-

8-4-8 6.0 Cave-in depth was 12 feet -
- 12 - 7.5 
-

Driller used automatic - 8.5 
- 2-3-3 hammer to perform SPT 
- 6 - 10.0 
-
-
-
-

-
-
-

2-3-4 13.5 
-
- 7 80.0- 15.0 ·- ---= 

Boring terminated at 15 feet 
Boring backfilled upon completion 

*Number of blows required for a 140 lb hammer dropping 30" to drive 2" O.D., 1.375" l.D. sampler a total of 18 inches in three 6" increments . 
The sum of the second and third increments of penetration is termed the standard penetration resistance, N . 
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SOIL CLASSIFICATION CHART -Adapted from ASTM D 2487 
MAJOR 

DlVISlONS 
GROUP 

SYMBOLS 
c:: {/) .... 

~ ul • ~ GW 

TYPICAL NAMES 

Wel!-grade<19ravels and 
gravel-sand mixtures, little or 

no fines 

CLASSIFlCATION CRITERIA 

.. 
E C, "' DeoJOto Greater than 4 

~ .. ~ ~ • .... 
«> G ~o~,"!----_,..~---------1 ~ 

~ ~ ~ z: Poorly grad&! gravels and .3 C, "' 010 X Dee Between 1 and 3 
;; 8 ·~ d~ 0 I GP gravel-sand mixtures, little or oi----------------------1 
8 

'O..,. ... «> __ ., f ,,. 
~· • .10 no fines a.. 0 g Not "'""'""9 both criteria or "'W 
.. ~ ~ t---h1:F~!-----+-----------l {!) tr, -
~ ~a ~ ~~:2~>to-----------......... ---------; 
6 ° i i:: GM Silty gravels, gravel-sand-slit ! ": "': 5- Alterberg limits plot below "A• line . • • . 
<o ~ .g ~ !miictures :;: n.. O !: and plasticity index greater than 4 Atterberg limits plotingi m 
.~ lb .. (I) 0 ~<!I_ a hatched area are 
~ ~ ]! ~ ~ t:'.

0
>!'/;><;r----r----------1 g ~ ~ ·~ borderline classifications 

!! u.t - - t: ~ requiring use of dual 
~ ~ ~ ~ GC Clayey gravels, gravel-sand· ~ :J Atterberg limits plot above "AP !lne symbols 
c:: G e> ~ cia)I mixtures g_ 5 and plasticity index greater than 7 
(If ~ 'O 4) 

£ i----i---+,-.~.+-----1-~--------~ St"------------...... -----------; i g 2 : : : Well-graded sands and j ~ c. "' Dsol010 Grea!e1 than 6 
o z • SW gravelly sands, lltt!e or no c:: di fDaalz 

rot'!<.•• fines 0 

6 ~ w •• • .g <11 g! C,"' D10X ~ Between 1and3 
I/) !'.! ~ ~r----+---------1 .. > .!! 
o ~ .~ ~ · · · · Poorly 9raded sands and !¥ -~ ~ ~ 
~ 0 .,. o SP 'lrawlly sands. little or no ~ 8 ~ ,. Not mealing ooln crltariR fnr !iW 

~ ~~i---+rrl--------+-fi-•ne_s _____ ~----~O ~ o 81--~~~------------...-----------------1 
~ ~ ! ~ SM siu... sands, sand-silt mixt!Jres i i ~ plot below "K llneJ: , • . . 
CS ~ ~ U: "' ; ~ :;: and plasticity index less than 4 rbet9 hmils plollng 111 
0 :ii ~ .,, .... 0. 

~ o ~ i ~!----------- rlineciassifications 
~ <ll

0 
// 5 £ .,... requiring use of dual 

z /) SC Clayey sands, sand-clay .. e £ Atte!tlerg liml!s plot above "A" line symbols 
f3 ~ f / mixtures ~ ~ ~ and plasticity index greater than 7 

/,/ 

Ml 

CL 

OL 

MH 

CH 

OH 

' 
Highly Organic 

Soils !t. PT 

. ' 

Inorganic silts, very fine 
sands, rock flour, silfy or 
clayey fine sands 

lnorganlc clays of tow lo 
!medium plastiQ!y, gravelly 
clays, sandy cl~, silty clay!<, 
lean clays 

Organic silts and organic silty 
cla)IS of low plasticity 

:
~'.anl<: silts, micaceous or 

omaceous iine sands or 
, elastic silts 

Inorganic clays of high 
plasticltv. fat c!avs 

Orgianic clays of medium to 
high plasticity 

Peat, muck and other highly 
organic soils 

·eased on the material passing the 3·in. (75-mm) sieve • 

PLASTICITY CHART 
For classification of fine-grained soils and fine fraction of 
coarse-graineu t>0ils. 
Atterberg limits plotting in hatched area are borderline 
classifications requiring use of dual symbols . 
Equation of A~line: Pl = 0. 73 (LL - 20) 

SC 40 5() 60 70 80 !10 100 

Liquid Limit 
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KEY TO BORING LOG SOIL CLASSIFICATIONS 

Particle Size and Proportion 

Verbal descriptions are assigned to each soil sample or stratum based on estimates of the particle size of each 
component of the soil and the percentage of each component of the soil. 

Particle Size Proportion/ 

Descriptive Terms Descriptive Terms 

Soil Component Particle Size Component Term Percentage 

Boulder > 12 inch Major Uppercase Letters >50% 
Cobble 3 -12 inch (e.g., SAND, CLAY) 

Gravel-Coarse 3/4- 3 inch 
-Fine #4- 3/4 inch Secondary Adjective 20%-50% 

Sand-Coarse #10-#4 (e.g., sandy, clayey) 
-Medium #40-#10 

-Fine #200-#40 Minor Some 15%-25% 
Silt (non-cohesive) <#200 Little 5%-15% 

Clay (cohesive) <#200 Trace 0%-5% 

Notes: 1. Particle size is designated by U.S. Standard Sieve Sizes . 
2. Because of the small size of the split-spoon sampler relative to the size of gravel, the true percentage 

of gravel may not be accurately estimated . 

Density or Consistency 

The standard penetration resistance values (N-values) are used to describe the density of coarse-grained 
soils (GRAVEL, SAND) or the consistency of fine-grained soils (SILT, CLAY). Sandy silts of very low plasticity 
may be assigned a density instead of a consistency . 

DENSITY CONSISTENCY 

Term N-Value Term N-Value 

Very Loose 0-4 Very Soft 0-1 
Loose 5 - 10 Soft 2-4 

Medium-Dense 11 - 30 Firm 5-8 
Dense 31- 50 Stiff 9 - 15 

Very Dense >SO Very Stiff 16- 30 
Hard >30 

Notes: 1. The N-value is the number of blows of a 140 lb. hammer freely falling 30 inches required to 
drive a standard split spoon sampler (2.0 in. O.D., 1 3/8 in I.D.) 12 inches into the soil after 
properly seating the sampler six inches . 

2. When encountered, gravel may increase the N-value of the standard penetration test and may 
not accurately represent the in-situ density or consistency of the soil sampled . 

rev. Dec 2001 
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APPENDIXC 
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COMPACTION TEST REPORT 

Project No.: 60M-0685 

Project: Martin's Fueling Facility - Williamsburg 

Client: Vanasse Hangen Brustlin, Inc . 
location: James City County 

Curve No.: 1 

Sample Number: B-5 [Control Depth: 0-5' 

Remarks: NI A 

MATERIAL DESCRIPTION 

Description: Brown Sandy Lean CLAY [ B-5] 

uses: CL 

Sp.G.= 
AASHTO: Classifications • 

Nat. Moist.= 19.3 % 

liquid limit = 37 Plasticity Index= 18 

% < No.200 = 56.9 % 

140 

Maximum dry density= 113.6 pcf 

Optimum moisture= 14.5 % 

TEST RESULTS 

I\ ' [\ Test specification: 

Date: 11-10-10 

I\. \. ' AASHTO T 99 Method A, Standard Virginia VTM-1 corr. 
\ r\. I\ 
I\ ' r\. 

r\. \. ' ' \ \ 130 

\ ' '\ I'\ \ \. 
\. \ '\. 

\. '\ "\ 

', '\ '\ 100% SATURATION CURVES 

' \. '\ FOR SPEC. GRAV. EQUAL TO: 
120 

-0 110 a. 
~ 
"(ii 
c: 

"\ '\. ' /- ........ -' '\. 
' 2.8 

/ ' ,, ,"~2.7 
,.. ~ ' >.; 2.6 
'-- I:: '\. '\ 

.... , 
' ' Q) 

"'O " '\ ""' ~ 100 0 ' ........ '1' 
'\ '" !'-.. ""' !'... I' 

!'-... ........ 'r--. 
1-........ 'r-... t'-.. 

'r-... t'-.. r-.. 
['.. ..... 

I'... t'-.. ,,. 90 
~I'... ['.. 'r-.... 

....... .... ['.. r-...,,. 
I"-. "" I'... ""'-

80 
!"--.. 

70 

!"--.. 
-...... ,,. 

0 5 10 15 20 25 30 35 40 

Water content,% 
Figure 

.__------------FROEHLING & ROBERTSON, INC.--------------



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

SIN CE 
FROEHLING & ROBERTSON, INC . 

Engineering Environmental Geotechnical 

3015 Dumbarton Road 
Richmond, Virginia 23228-58311 USA 

T 804.264.27011F804.264.7862 
188 1 

California Bearing Ratio 
Project No.: 60M-0685 Test Date: 11/16/2010 
Client: Vanasse Hangen Brustlin, Inc. Tested By: C.M. 
Project: Martin's Fueling Facility- Williamsburg Compaction method: AASHTO T 193 
Location: James City County, Virginia 

700 

600 

-"iii 500 
~ 
c: 
0 - 400 (/) 

a: 
c: 
0 300 
(/) 
(/) 
Q) .... - 200 en 

100 

0 

/~ 

) 
( 

I 
0 0.1 

CBR @ 0.1 in. penetration (dry): 
CBR @ 0.1 in. penetration (wet): 
Swell(%): 
Dry Density Before Soaking (pd): 
Dry Density After Soaking (pd): 
Retained on 3/4 inch sieve (%): 

Surcharge Weight (pounds): 

Moisture Content Before Soaking (%): 
Moisture Content After Soak, Top in. (%): 
Moisture Content After Soak, Ave. (%): 

X Soaked CBR 
X 65 BLOWS 

_....-!~ 

~ 
~~ 

-v ,..... 

.v 
/ v 

#N/A 
28.2 
0.1 

113.6 
115.2 
0.0 

10.0 

0.2 0.3 0.4 
Penetration (inches} 

14.5% 
16.9% 
14.3% 

Maximum Dry Density (pd): 
Optimum Moisture Content (%): 

Visual Description: 

Brown Sandy Lean CLAY 

F&R Lab No.: 113542 

Source: B-5 

0.5 

-11-Soaked 

.......,.Dry 

113.6 
14.5 
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