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March 19, 2013 
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TRANSMITTAL 

Leanne Reidenbach, Senior Planner 

MAR 19 2013 

SP-0021-2013, Busch Gardens Oktoberfest Attraction Expansion SP 
Amend. 

4~s sP-1'/-11 
ATTACHED: Site plan 

ACTION: 

NOTES: 

Supporting engineering calculations (1) 

Please review and return comments by April 2, 2013. 

Subject to conditions associated with SUP-0028-2010/HW-0004-2010 
Amends SP-0014-2011. · 
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DATE: May 5, 2011 

TO: Environmental 

FROM: Leanne Reidenbach, Senior Planner 

SUBJECT: SP-0014-2011, Busch Gardens 2012 Oktoberfest Attraction 
(resubmittal) 

ITEMS 
ATTACHED: Site plan 

Comment response letter 

ACTION: Please review and return comments by May 19, 2011. 

NOTES: Subject to conditions associated with SUP-0028-2010/HW-0004-2010. 



General: 

ENVIRONMENTAL DIVISION REVIEW COMMENTS 
Busch Gardens 2012 Oktoberfest Attraction 

COUNTY PLAN# SP-014-11 
March 4, 2011 

WAC/ZML 

1. A Land-Disturbing Permit and Siltation Agreement, with surety, are required for this project. 

2. A Standard Inspection I Maintenance agreement is required to be executed with the County due to 
the proposed stormwater conveyance systems and Stormwater Management/BMP facilities 
associated with this project. 

3. Record Drawing and Construction Certification. The stormwater management/BMP facility and 
associated stormwater conveyance systems as proposed for this project will require submission, 
review, and approval of a record drawing (as-built) and construction certification prior to release 
of the posted bond/surety. Provide notes on the plan accordingly to ensure this activity is 
adequately coordinated and performed before, during and following construction in accordance 
with current County guidelines. 

4. Wetlands. Provide evidence that any necessary wetlands permits have been obtained, have not 
expired, or are not necessary for this project. Refer to Chapter 23 Chesapeake Bay Preservation 
ordinance, Section 23-9(b) (9) and 23-10(7) (d). (Note: This includes securing necessary wetland 
permits through the US. Army Corps of Engineers Norfolk District and under the Virginia 
Department of Environmental Quality non-tidal wetlands programs, which became effective 
October 1'1 2001.) 

5. VSMP. It appears disturbed area for the site exceeds 2,500 square feet. Therefore, it is the 
owner's responsibility to register for coverage under the General Permit for Discharge of 
Stormwater from Construction Activities, in accordance with current requirements of the Virginia 
Department of Conservation and Recreation and the Virginia Stormwater Management Program. 
Visit http://www.dcr.virginia.gov/sw/vsmp.htm or contact the DCR Central Office at 804-371-
7330 for additional information. (Note: Evidence of VSMP registration will be required by the 
County prior to or concurrently with a preconstruction meeting and must be provided prior to 
issuance of a local land-disturbing permit and start of /and-disturbing activities.) 

6. Plan Number. Please reference the assigned County plan number SP-014-11 on all subsequent 
submissions. 

7. Retaining Walls. Be advised that all retaining walls 2' and taller must be cleared through the 
James City County Codes Compliance Division. Please provide a note indicating this 
requirement on the cover sheet of the application. 

Page I of5 
Assigned Planner: Leanne Reidenbach JCC Environmental Division 

SP-014-11; 1'1 Review 
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Supporting Engineering Documents 

Oktoberfest Attraction 
Expansion 

Prepared fo1· 

P1·epared by 

Williamsburg, 
Virginia 

Sea World Parks• Entertainment LLC 
cf/b/a Busch Gardens Williamsburg 
Represented by: Mr. Larry Giles 
7851 Pocahontas Trial 
Williamsburg, VA 23185 
Phone# 757.253.3426 

Piotr Swietuchowskj/Vanaue Hangen Brustlin, Inc. 
Transportation, Land Development, Environmental Services 
351 Mclaws Circle, Suite 3 
Williamsburg, VA 23185-6316 
Phone # 757.220.0500 

03/0912011 JCC Case No. SP-0014-2011 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE OF CONTENTS 

TABLE OF CONTENTS ......................................................................................................................... i 

PROJECT NARRATIVE ....................................................................................................................... 1 

EROSION AND SEDIMENT CONTROL AND STORMW ATER MANAGEMENT DESIGN 

PLAN CHECKLIST ............................................................................................................................. 11 

STEEP SLOPES WAIVER REQUEST ................................................................................................. 27 

DRAINAGE AREA CALCULATIONS ................................................................................................ 29 

RHINE RIVER BMP CALCULATIONS .............................................................................................. 34 

SEDIMENT TRAP #1 SIZING CALCULATIONS ............................................................................... 42 

SEDIMENT TRAP #2 SIZING CALCULATIONS ............................................................................... 48 

TEMPORARY SLOPE DRAIN SIZING CALCULATIONS ................................................................. 55 

SEDIMENT FOREBAY WATER QUALITY CALCULATIONS ......................................................... 58 

SEDIMENT FOREBA Y OUTFALL CALCULATIONS ....................................................................... 64 

STORM SEWER CALCULATIONS 10-YEAR STORM EVENT ........................................................ 70 

STORM SEWER CALCULATIONS 100-YEAR STORM EVENT .................................................... 109 

INLET SPREAD CALCULATIONS ................................................................................................... 148 

CULVERT CALCULATIONS ............................................................................................................ 158 

GRASS SWALES CALCULATIONS ................................................................................................. 161 

OUTLET PROTECTION CALCULATIONS ...................................................................................... 191 

HYDRANT FLOW TEST REPORT ................................................................................................... 193 

DRAINAGE AREA MAPS ................................................................................................................. 195 



PROJECT NARRATIVE 

. 1 I 
! 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I

-;;. 

I 
I 
I 
I 
I 
I 
I 
I 
1· 

I 

--.. 

.. -
0 kto be rf est Attraction Expansion 

' 

Project Narrative 

Project Description: 

The purpose of this project is the new family thrill ride attraction to replace the 
removed Big Bad Wolf coaster and a new amphitheatre at the former Drachen Fire site. 
The major focus of this project is an installation of the new ride along with the · 
construction of a building with a footprint area of approximately 22,515 square feet for 
the indoor part of the ride and grading for outdoor amphitheatre. In addition, a 
renovation of the Big Bad Wolf existing station and gift shop is proposed as a part of this 
project. 
Design issues include ADA compliance, utility conflicts, stormwater management, 
erosion and sediment control and water quality impact assessment. 
The site is located in Oktoberfest to the South-East form th_~ existing Bumper Carts Ride. 

Existing Site Conditions: 

The site is approximately 9.29 acres in size and approximately 4.93 Ac of the site will be 
disturbed as a part of this project. The site has been previously developed as a part of 
the Busch Gardens Oktoberfest expansion for the Big Bad Wolf and Drach en Fire rides. 
The proposed new attraction is located within the Chesapeake Bay Preservation Area 
(CBPA) as defined in the James City County Chesapeake Bay Preservation Ordinance. 
The attraction will encroach into the RPA Bu_ffer and Corps of Engineers Jurisdictional 
Wetlands within the property. The impact to those critical parts of the Chesapeake Bay 
preservations areas has been minimized by reusing where possible existing footing that 
previously served the Big Bad Wolf Ride. 
The site is located within the drainage waterway/channel of the existing Rhine River 
BMP. Slopes vary from moderately steep to very steep with elevations ranging from a 
low of 30.00+ feet to a high of 85.00+ feet. Existing and proposed site elevations, 
grading and additional details are shown on the attached site plan drawings. 

Demolition: 

The demolition will include removal of the existing Big Bad Wolf Ride footing that 
interfere with the proposed buildings, ride and Erosion and Sediment Control measures. 
The existing waterfall, South from the Italy Bridge will need to be partially demolished to 
provide room for the proposed maintenance road. "Grass Pavers" will be used to 
minimize the permanent impact to the RPA buffer and reduce overall impervious 
surface within the project. 
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The existing maintenance roads within the RPA buffer will be demolished and replaced 
with pervious, "Grass Pavers" to reduce impervious area within the RPA buffer. 
Existing concrete flumes to the South and East of the Rhine River drainage channel will 
be demolished and replaced by an' underground storm sewer system. 
Existing maintenance road between the Bumper Car building and proposed Ride Event 
Building and to the South and East form the proposed Ride Event Building will be 
demolished due to extensive grading in that area. 
The locker structure, landscape planters and paving. will be demolished as a part of new 
buildings, queue and planters. 
Existing storm sewer system will need to be partially demolished on the south side of 
the proposed building to allow for connection to the storm system. 
The storm system on the former Drachen Fire site will be abounded in place and fill with 
flowable concrete. 

Proposed grading and paving: 

Extensive grading is proposed within the location of the Ride Event Building, with 
proposed slopes at 2.0 to 1 and at the former Drach en Fire site. Majority of the cut 
material from the Ride Evenflocation will be used for grading the outdoor amphitheatre 
at the former Drachen Fire site with unsuitable material being removed and disposed off 
site. 
Additional grading is anticipated at the location of the proposed and existing 
maintenance roads for the Ride Event Building, Ride Attraction and queue building. 
All grading within the RPA buffer will be limited to the minimum, possible. 
It is anticipated that an excess of approximately 2,500 cubic yard of cut will be removed 
and disposed of offsite. 
Additional grading will include a temporary sediment control traps at the bottom of the 

Rhine River drainage waterway/channel within the RPA buffer buffer and at the former 

Drachen Fire site. 

New paving will be installed at new buildings and planters. 
Proposed maintenance roads located on the North side of the queue building and within 
the RPA buffer will receive "Grass Pavers" to reduce the project impervious area. 
Maintenance/drainage road around the Ride Event Building will receive concrete 
pavement. 

Drainage: 

The site naturally drains to the existing Rhine River drainage waterway/channel. As the 
Ride Event Building will be located at the bottom of the drainage waterway the 
proposed storm system will be installed to collect all runoff from upstream sides of the 
existing channel. 
In addition to the proposed storm system a concrete swale, varying in width from 6 feet 
to 16 feet, Is proposed on the perimeter of the Ride Event Building. The purpose of the 
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concrete channel is to collect and pond runoff water before it can be collected by the 
curb inlets installed along the swale as well as to provide fire and maintenance access to 
the building. 
The existing storm system outfall located in the ravine will be connected to the 
proposed storm system limiting discharge directly on the slope. The discharge point 
from the storm system will be provided at the bottom of the proposed sediment 
forebay. 
Runofffrom the amphitheater site will be collected by grass swales and safely conveyed 

to proposed storm drain system for the building 1#80. 

Utilitles: 

To provide fire suppression for the Ride Event Building an 8" DIP water line will be 

extended from the existing water line located at the South-East side of the Festhause 

building. The proposed line will also provide additional fire hydrants that will be located 

on the South and East side of the proposed Ride Event building as well as the fire 

department connection and post indicator valves. Additional fire hydrant, fire 

department connection and post indicator valve will be provided for renovated station 

building. 

No additional utility extensions or connections are anticipated as part of this project. 

Offsite Disturbed Area: 

No offsite disturbance is anticipated with this project. 

Soils: 

The soils located on site are described and classified in the Soil Survey of James City and 
York Counties and the City of Williamsburg Virginia (Hodges et al., 1985). Soil mapping 
units located within the project area are displayed in the plan set. Detailed descriptions 
of soil mapping units within the RMA impact areas are listed below. 

. . 

11C - Craven-Uchee complex, 6-10 percent slopes: This complex is found on narrow 
ridgetops and side slopes, primarily in woodlands. The complex is composed of 
moderately well-drained Craven and well-drained Uchee soils. The surface layer for this 
complex is dark, grayish-brown, fine sandy loam and loamy fine sand 4 to 5 inches thick. 
The subsoil extends to a depth of 42 - 56 inches and is characterized by yellowish-brown 
clay atop strong brown sandy clay loam. The permeability of this complex is slow within 
the Craven component, but moderately slow to moderate within the Uchee component. 
The complex's water capacity is low to moderate and the erosion hazard is moderate. 
During the winter and early spring, the seasonal high water table for this complex is 2 to 
3 feet for the Craven component, and 3 ~ to 5 feet for the Uchee component. 
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15F - Emporia complex, 25-50 percent slopes; This deep, very steep and well-drained 
complex formed over layers of fossil shells. It is found on side slopes along rivers, 
creeks, and drainageways. The surface layer of this complex is dark grayish brown fine 
sandy loam and about 3 inches thick. The subsurface layer is about 3 inches of pale 
brown loam. The subsoil reaches a depth of about 45 inches and consists of yellowish 
brown loam with mostly strong brown mottles on top of yellowish brown firm sandy 
clay loam and lastly, mottled gray and brown, firm sandy clay loam at the bottom. The 
moderately well-drained Slagle soils and very poorly drained Johnston soils are included 
in this complex. Permeability is moderate in the upper part of the subsoil and 
moderately slow in the lower portion, and surface runoff is very rapid. The erosion 
hazard for this complex is severe. 

37 - Urban Land; This map unit consists of areas where more than 85 percent of the 
surface is covered by asphalt, concrete, buildings, or other impervious surfaces. 
Examples are parking lots shopping centers, and industrials parks. Slopes range from O 
to 15 percent. 
Included in this unit in mapping are areas of undisturbed soils commonly well drained 
emporia soils, and moderately well drained.slagle soils. Also included in this unit are 
small areas of most soils in the survey area. These soils are between streets and 
sidewalks, in yards and in traffic islands. These areas generally are less than an acre. 
They make up about 15 percent of the unit. 
Onsite investigation is needed to determine the suitability and limitations of the soils in 
this unit for any use. The soils in the map unit are not assigned to a capability subclass. 

Critical Erosion Areas: 

Areas with Craven-Uchee and Emporia Complex soils shall be monitored due to the high 
erodiability factor. All slopes 3:1 or steeper shall receive EC-2 (Type-1) blanket matting 
or as otherwise noted on the plans. Contractor shall monitor site condition on daily 
basis and take all necessary precautions to secure and prevent erosion and sediment 
disposition. 

Erosion and Sediment Control Measures 

To secure sediment transport during the construction process a two Sediment Traps at 

the bottom of the existing ravine and at former Drachen Fire site are proposed as an 

Erosion and Sediment Control measure. To limit the size of the Sediment Trap a 24" 

HOPE temporary slope drain will be installed in the upstream portion of the existing 

slopes around the Ride Event building. The proposed temporary slope drain pipe will 

connect all of outfalls in the upper portion of the ravine and convey clean water to the 
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bottom of the ravine, with the discharge point downstream from the proposed 

Sediment Trap. 

On the East side of the ravine a Diversion Dike will be installed along the existing 

maintenance road with the temporary slope drain at the end of the dike to convey 

clean water to the bottom of the existing ravine. 

Additional erosion and sediment control measures will include: inlet protection for all of 

the proposed curb and grate inlets, outlet protections at the storm system and 

temporary pipe outfalls, check dams at the existing concrete and grass swales, tree 

protection, silt fence and super silt fence along all of the earthwork activities that will 

not drain into the proposed Sediment Trap, turbidity curtain at the downstream portion 

of the existing waterway channel. 

All slopes 3:1 or steeper will receive the EC-2 and EC-3 erosion blanket matting. 

All vegetative and structural erosion and sediment control practices will be constructed 
and maintained in accordance with the minimum standards and specifications of the 
Virginia Erosion and Sediment Control Handbook, Third edition dated 1992. 

Structural Practices: 

1. Temporary Construction Entrance (3.02): Construction entrance will be installed to 
prevent tracking onto the existing roadway. 

2. Silt Fence (3.05): Silt fence and silt fence with wire support shall be Installed along 
the toe of all slopes and all other areas that may carry silt beyond the site. Silt fence 
shall also be installed on the downhill side of the utility extensions. 

3. Storm Drain In.let Protection (3.07}: All existing and proposed inlets shall be 
protecte~ from sediment prior to permanent stabilization of the disturbed areas. 

4. Culvert Inlet Protection (3.08): All existing and proposed culverts inlets shall be 
protected from sediment prior to permanent stabilization of the disturbed areas. 

5. Temporary Diversion Dikes (3.09}: Will be utilized to minimize offsite drainage on to 
exposed areas. 

6. Diversion {3.12): A channel constructed across a slope with supporting.earthen ridge 
on the"lower side will be utilized to minimize offsite drainage on to exposed area. 

7. Temporary Sediment Trap {3.13): A temporary ponding area with stone outlet shall 
be installed below the disturbed area as shown on the plans to detain sediment­
laden runoff and allow for sediment to settle out. 
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8. Temporary Slope Drain (3.15): A flexible tubing or conduit extended to the edge of 
water shall be installed to temporarily conduct concentrated stormwater runoff 
safely down to the bottom of the drainage way. 

9. Outlet Protection (3.18): Will be utilized at all outfall points using Class I Riprap. 

10. Rock Check Dam (3.20): Install rock check dams in ditches where shown on the 
plans. 

11. Turbidity Curtain (3.27): To provide sedimentation protection of watercourse from 
up-slope land disturbance a floating geotextile material shall be used as specified on 
the plans. 

12. Permanent Seeding (3.32}: Permanent seeding shall be applied to all disturbed areas 
on the site once final grades have been established. 

13. Slope Stabilization Blankets & Matting (3.36): All ditches shall be lined with 
treatment 1 matting (VDOT EC-2). All slopes steeper than 3:1 shall be treated with 
treatment 1 matting {VDOT EC-2) or as otherwise noted on the plans. 

14. Tree Protection (3.38): Tree protection shall be installed prior to clearing operations. 

Management Strategies and Sequence of Construction: 

Suggested Sequence of Construction: 

1. Notify James City County Environmental Division {JCCED) and Virginia 

Department of Conservation and Recreation (DCR) minimum 48-hours in 

advance of commencement of construction operations. 

2. Conduct pre-construction meeting on-site between contractor, the owner the 

engineer and James City County Environmental Division inspector. 

3. Sawcut and remove a portion of an existing pavement required for the 

installation of construction entrance. Install the construction entrance as 

indicated on Phase One of the Erosion and Sediment Control Plan (E&SC Plan). 

4. Flag the limits of construction as indicated on Phase One of the E&SC Plan. 

5. Clear and grub within the limits of clearing only what is required for installation 

of temporary Sediment Trap #1 (ST #1) and temporary slope drains as indicated 

on Phase One of the E&SC Plan .. 

6. Complete installation of the ST#l and temporary slope drains. 
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7. Abandon in place, by filling with flowable concrete fill, portion of the existing 

storm drain system at the Former Drachen Fire site as shown on Phase One of 

the E&SC Plan. 

8. Install inlet protection on the remaining portion of the storm drain system at the 

Former Drachen Fire site as shown on Phase One of the E&SC Plan. 

9. Clear and grub only what is required for the installation of Sediment Trap #2 (ST 

#2}. 

10. Install ST #2 as indicated on Phase One of the E&SC Plan. 

11. Complete installation of all erosion and sediment control measures as indicated 

on Phase One of the E&SC Plan. 

12. Clearing, demolition and grading activities may proceed only upon inspection 

and approval of the construction entrance and all erosion and sediment control 

measures, indicated on Phase One of the E&SC Plan, by the JCCED inspector. 

13. Clear, grub and grade the area necessary for the installation of the storm 

drainage system and conveyance channels as indicated on Phase One of the 

E&SC Plan. 

14. Construction of the storm drainage system shall commence immediately after 

demolition and all necessary grading have been completed and an area has been 

cleared and left free of all roots, stumps and debris. 

15. Install storm sewer system, conveyance channels, roof drain collector system 

- and connect roof drains outfalls as shown on Phase Two of the E&SC Plan. Do 

not install drainage inlets at that stage of construction. 

16. Installed structure manholes shall serve as runoff collection inlets fpr the 

temporary diversions installed on the perimeter of the proposed building #80 as 

indicated on Phase Two of the E&SC Plan. 

17. Drainage from proposed amphitheatre site shall be convey to ST# 2 and grass 

channels and conveyed to the proposed storm drain system as Indicated on the 

Phase Two of the E&SC Plan. 

18. Complete installation of all temporary erosion and sediment control measures as 

indicated on Phase Two of the E&SC Plan. 

19. Proceed with further construction activities only upon inspection and approval of 

all erosion and sediment control measures, indicated on Phase Two of the E&SC 

Plan, by the JCCED inspector. 

20. Proceed with clearing, demolition and grading as shown on the plans. Rough 

grade and prepare subgrade for the crane access road on North side of the 

station building and in the RPA, to the east from proposed ride bridge, as 

indicated on the plans. 
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21. Arrange meeting with Grass Pave 2 (or park approved equal) manufacture 

representative to coordinate proper installation of the Grass Pave 2 (or park 

approved equal) grass pavers. 

22. Install Grass Pave 2 (or park approved equal) grass pavers as indicated. on the 

plans. 

23. Rough grade and prepare subgrade for any areas to be paved, retaining walls, 

buildings and ride foundations. 

24. Complete installation of all temporary erosion and sediment control measures as 

shown on Phase Three of the E&SC Plan. 

25. All disturbed slopes 3:1 or steeper shall be stabilized with EC-2/Type I, or as 

otherwise noted on the plans, soil stabilization matting. 

26. Install and connect all utilities as indicated on plans. 

27. Proceed with construction of building foundations, ride foundations and 

retaining walls. 

28. Proceed with vertical construction of the proposed buildings, renovation of the 

existing station building and installation of the ride support and tracks. 

29. Proceed With fine grading and installation of asphalt and concrete paving. 

30. Upon completion of ride installation, building construction and fine grading, 

proceed with final site stabilization and application of permanent seeding. 

31. Install landscaping as indicated on the landscape plans. 

32. Complete permanent seeding, fertilize and mulch as required. 

33. After final site stabilization and upon receiving authorization from the assigned 

JCCED inspector remove and dispose sediment accumulated in Sediment Traps in 

accordance with Virginia State Law and E&SC Handbook. Remove remaining 

temporary erosion and sediment control measures. 

34. During all phases of construction, contractor shall perform daily inspections of all 

receiving drainage outfalls. Erosion and sediment control devices shall be 

inspected and repaired or replaced as necessary after each storm event. 

35. Contractor shall be responsible for any additional sediment controls and removal 

o sediment caused by construction. 

Determination of the schedule as to which areas will be cleared, demolished, graded 
etc. is at the contractor's option. Revised sequencing and erosion control methods shall 
be submitted to James City County Environmental Division for approval. 
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Stormwater Management: 

The existing Rhine River is located to the East of the site and remains the water quality 
and quantify control BMP for the entire Busch Gardens facility including this new 
attraction site. Tlie existing pond currently provides several times the required water 
quality volume for the entire watershed. 
The stormwater system was developed to provide minimal increases in flow depth and 
velocity in the ravine systems. 
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EROSION AND SEDIMENT CONTROL AND STORMWATER 

MANAGEMENT DESIGN 

PLAN CHECKLIST 
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James City County, Vfrginia 
Envh·onmental Division 

·.·· 
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Stormwater Management Design Plan.-Checklists 

Table of Contents 
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Erosion and Sediment Control Plan 
I. General 1 
II. Site Plan 1 
III. Narrative 3 
IV. Calculations 4 

Stormwater Management Design Plan .. 
I. General· 5 
Il. Stormwater Conveyance Systems 7 
III. Stonpwater Management I BMP Facilities. 8 
N. Outlet Protections 14 
V. Additional Comments and Information 14 

GENERAL INFORMATION 
Project Name: Ot<to •e~T kTM(,T\~ f}rrAAS .. tptv 
Owner I Applicant: 'reA WoJUl2 ~.&. ~@..TAJ.NMBIJ\ llC 
Plan Preparer: f,o-m. \\Al '&T\.>c.t\PWWLfE. Emai1(~1Mi6uJ\ew>kl@\lf.t 6.lO 
ProjectLocation: )A~§ Cl'N CCU~ . · ' · · 
·Tax Map/Parcel: 5·\ltO\ ~009 
County Plan No. (if known): iC:t..-)f>- 0014 -2.0ll 
County BMP Type: °tf.n;MrloU l>lr\ltJ - \li\.tN & ltiyff,. LJus, ( ) 

· Other j.nformation submitted in addition to this checklist (Check ·alphat apply): 
~ Design or Constrnction Drawings (Plans, Profile~.-D~(~~~s; etc.). 
M _ Erosion & Sediment Control Plan (Plans, Details, etc.).·.-. . · 
~ Erosion & Sediment Control Plan Design Report. ~'·· · 

.19 . Stonnwater Management Design Plan (Plans, Profiles, Details, etc.). 
6;J/ · · Stonnwater Management Design Report. · 

0 Other, List:------------------

Issue Date 
Marc!t 1, 2001 
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JAMES CITY COUNTY, VIRGINIA 
ENVIRONMENTAL DIVISION 

EROSION AND SEDIMENT CONTROL PLAN CHECKLIST 

I. GENERAL: 

Y~NoN/A 
~OD 

doo 

.ref' 0 0 

FAMILIA.JUTY with current versions of Chapter 8, Erosion and Sedimentation Control 
and Chapter 23, Chesapeake Bay Preservation ordinances of the Code of James City 
County, Virginia and the Virginia Erosion and Sediment Control Handbook (VESCH). 

LAND DISTURBING PERM.IT AND SILTATION AGREEMENT with surety are required 
for the. project. · 

VARIANCE if necessary, requested in writing, for the plan approving authority to waive 
or modify any of the minimum standards and specifications of the VESCH deemed 
inappropriate based on site conditions specific to this review case only. Variances which 
are approved shall be properly documented in the plan and become part of the approved 
erosion and sediment control plan for the site. 

II. SITE PLAN: 

Y95NoN/~ 
~.o o 

islo o 
~00 

/o 0 

efo o 

r/o. o 

&f'o o 

/oo 

VICINITY MA.P locating the site in relation to the surrounding area. Include any major 
landmarks which might assist in physically locating the site. 

INDICATE NORTH direction in relation to the site. 

LIMITS OF CLEARING AND GRADI!fG for the site including that required for 
implementation of erosion and sediment c~ntrols, stockpile are~s and utilities. 

DISTURBED AREA ESTIMATES in· acres or square feet for the project. 

EXISTING TOPOGRAPHY or contours for the site at no more than 5 foot contour 
interval. 

FINAL TOPOGRAPHY, contours or proposed site grading in accordance with the design 
plan which indicates changes to existing topography and drainage patterns at no more 
than 2 foot contour interval (or 1 foot contours where required). 

EXISTING AND PROPOSED SPOT ELEVATIONS to supplement existing and proposed 
,c9ntours, topography or site grading information. Spot elevations may replace final 

· contours in some instances, especially if terrain is in a low lying area or relatively flat. 

EXISTING VEGETATION including existing tree lines, grassed or unique vegetation areas. 
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Y~NoN/A 
IYJ'OO 

rlo o 

rlo D 

ri'o D 

et1o o 
loo. 

rJ 0 

EXISTING SITE FEATURES including roads, buildings, homes, utilities, streams, fences, 
structures and other important surface features of the site. · 

SOILS MAP with soil symbols, boundaries and legend in accordance with the current Soil 
Survey of James City and York Counties and the City of Williamsburg, Virginia. 

ENVIRONMENTAL INVENTORY in accord~ce with Section 23-10(2) of the Chesapeake 
Bay Preservation Ordinance of James City County. Inventory generally includes: tid.al 
shores and ~vetlands, non-tidal wetlands, resource protection area, hydric soils and slop~ 
steeper than 25 percent. For wetlands, provide a copy of issued pennits or satisfactory 
evidence that appropriate permits are being pursued for the entire project. . 

100-YEAR FLOODPLAIN LIMITS or any special flood hazard areas or flood zones based 
on appropriate Federal Management Agency Flood Insurance Rate Maps (FIRMs) or Flood 
Hazard Boundary Maps (FHBMs) of James City County, Virginia. · 

DRAINAGEAREAS foroffsiteandonsiteareas, existing or proposed as applicable. Include 
drainage divides and directional labels for all subareas at points of interest and size (in 
acres), weighted runoff coefficient or curve number and times of concentration for each 
subarea. · 

CRITICAL EROSION AREAS which require special consideration or unique erosion and 
sediment control measures. Refer to the VESCH, Chapter 6 for criteria. 

DEVELOPMENTPLANforthesiteshowing all improvements such as buildings, structures, 
parking areas, access roadways, above and below ground utilities, stormwater management 
and drainage facilities; trails or sidewalks, proposed vegetation and landscaping, amenities, 
etc. · 

LOCATION OF PRA<:;TICES proposed for erosion and sediment control, tree protection 
and temporary stormwater management due to land disturbance activities at the site. Use 
standard abbreviations, labels and symbols consistent for plan views based on minimum 
standards and sp~cifications in Chapter 3 of the VESCH. 

TEMPORARY STOCKPILE AREAS or staging and equipment storage areas as required for 
on site or off site construction. activities or indicate that none are an~icipated for this project. 

OFFS/TE LAND DISTURBING AREAS including borrow sites, waste areas, utility 
extensions, etc. and required erosion and sediment controls. If none are anticipated for the 
project, then indicate on the plans by general or erosion and sediment control notes. · 

DETAILS or alternately, appropriate reference to current minimum standards and 
·specifications of the VESCH for each measure proposed for the project. Non-modified, 
standard duplicated details (silt fence, diversion dikes, etc.) may be referenced to the current 
version of the VESCH. Specific dimensional or modified standards (basins, traps, outlet 
protections, check dams, etc;) require presentation on detail sheets. Schedules or tables may 
be used for multiple site measures such as sediment traps, basins, channels, slope drains, etc. 
Any modification to standard details should be clearly defined, explained and illustrated. 
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MA.JNTENANCE PLAN or alternately, appropriate reference to current minimum standards 
and specifications of the VES~H. outlining the inspectio~ frequency and maintenance 
requirements for all erosion and sediment control measures proposed for the project. 

TRENCH DEWATERING methods and erosion and sediment controls, .if anticipated for the 
project. 

CONSTRUCTJONSEQUENCEoutliningthe anticipated sequence for installation of erosion 
and sediment controls and site, grading and utility work to be performed for the project by 
the site contractor. 

PHASING PLAN if required for larger project sites that are to be developed in stages or 
phases. 

STANDARD COUNTY NOTES are required to be placed on the erosion and sediment control 
plan. Refer to the standard James City County Erosion and Sediment Control Notes, latest 
version. 

PROFESSIONAL SEAL AND SIGNATURE required on final and complete approved plans, 
drawings, t~chni~al reports ~d specifications. 

ill., NARRATIVE: 

Y4:(NoN/A 
.f'!i t::J 0 

~o 
loo 

·-doo 

PROJECT DESCRIPTION briefly describing the nature and purpose of the land disturbing 
activity and the acreage to be disturbed. · 

EXISTING SITE CONDITIONS description of existing topography, land use, cover and 
drainage patterns at the site. 

ADJACENT AREA descriptions ofneighboring onsite or offsite areas such as streams, lakes, 
property, roads, etc. and potential impacts due to concentrated flow or runoff from the land 
disturbing activity. 

OFFSJTEDISTURBEDAREAdescriptionsofproposed borrow sites, waste or surplus areas, 
utility extensions and erosion and sediment controls to be implemented. · 

SOILS DESCRIPTION briefly summarizing site, disturbed area and drainage basin soils 
including name, unit, hydrologic soil group (HSG) classification, surface runoff potential, 
erodibility, permeability, depth, texture, structure, erosion hazards, shrink~swell potential, 
limitations for use and anticipated depths to bedrock and the seasonal water table, as 
applicable. 

CRITICAL AREAS on the site which many have potentially serious erosion and sediment 
control problems and special considerations required (ie. steep slopes, hydric soils, channels, 
springs, sinkholes, water supply reservoirs, groundwater recharge areas, etc.) 
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Y9NoN/A 
19'0 0 

refo o 

PRO POSED EROSION & SEDIMENT CONTROL MEASURES inclusive to the specific 
erosion and sediment control plan as proposed for the land disturbing activity. Measures 
should be consistent with those proposed· on the site drawings. Address general use, 
installation, limitations, sequencing and maintenance requirements for each control measure. 

STABILIZATION MEASURES required for the site, either temporary or permanent, and· 
during apd following construction including temporary and permanent seeding and 
mulching, paving, stone, soil stabilization blankets and matting, sodding, landscaping or 
special stabilization t~chniques to be utilized at the site. 

STORMWATER MANAGEMENT CONSIDERATIONS for the sjte, either of temporary or 
permanent nature, and strategies, sequences and measures required for control. May 
reference the stormwater management plan for the site, if prepared, for permanent 
stormwater management facilities and control of drainage once the site is stabilized. 

IV. CALCULATIONS: 

YrNoN/A 
moo CALCULATIONSAND COMPUTATIONS associated with hydrology, hydraulics and design 

of proposed temporary and permanent erosion and sediment control measures including: 
sediment traps and basins, diversions, stormwater conveyance channels, culverts, slope 
drains, outlet protections, etc. Computations are not required .on.the construction plan and 
may be attached in a supplemental erosion .and sediment control plan design report, if 
presented in a clear and organized format. · 

TEMPORARYSJJD"fMENTBASIN DESIGN DATA SHEET submitted for each basin along 
• with schematic or sketch cross-section showing applicable design and construction data, 
storage volumes (wet-dry), dimensions and elevations. Peak design runoff to be based on 
the 2- or 2$-year design storm event based on maximum disturbed site conditions (existing, 
interim or proposed coµditions) in accordance with Minimum Standard 3 .14 of the VESC!I. 
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JAMES CITY COUNTY, VIRGINIA 
ENVIRONMEN.TAL DIVISION 

. STORMWATER MANAGEMENT DESIGN PLAN CHECKLIST 

I. GENERAL: 

Y_,sNoN/A 
l'!'J 0 0 

/oo 

oofi 

0 0 rf· 

oori 

0 0 rri 

,00 

loo 

FAMILIARITY with current versions of the James City County Guidelines for Design 
and Construction of Stormwater Management BMPs manual; Chapter 8, Erosion and 
Sediment Control and Chapter 23, Chesapeake Bay Preservation ordinances of the Code 
of James City County, Virginia; the Virginia Erosion and Sediment Control Handbook 
(VESCH); and the Virginia ~tonnwater Management Handbook (VSMH). 

WAIVER OR EXCEPTION if necessary, requested in writing, for the plan approving 
authority to waive or except the requirements of Chapter 23, Chesapeake Bay 
Pr.eservation ordinance in accordance with procedure established in Sections 23-14 
through 23-17 of the ordinan.ce. Applies to this review case only. 

VARIANCE REQUEST if necessary, requested in writing for the plan approving authority 
to waive or modify any of the minimum standards and specifications.of the VESCH 
deemed inappropriate based on.site conditions specific to this review case only. 
Variances which are appro:ved shall be properly documented·in the plan and become· part 
of the approved erosion and sediment control plan for the site. 

PROFESSIONAL SEAL AND SIGNATURE required on final and complete approved 
stonnwater managem~nt plans, drawings, technical reports and specifications. 

WORKSHEET FOR BMP POINT SYSTEM to ensure the stonnwater managem~nt plan . 
for the project attains at least 10 BMP points (New Development) or traditional pollutant 
load reduction computations per the Chesapeake Bay Local Assistance Manual 
(Red~velopment Only). 

PRO POSED CONSERVATION EASEMENT AREAS for any natural open space points 
claimed in the BMP worksheet. 

INSPECTION/MAINTENANCE AGREEMENT is required to be prepared and executed 
with the County for the project. 

FEMA. FIRM PANEL reference with designated special flood hazard areas or zone 
designations associated with the site, as applicable. 

DRAINAGE AREA MA.Pat a maximum scale of 1 "=200' scale showing drainage area 
'boundaries for pre- and postdevelopment conditions and associated time of con~entration 
flo\v paths. Labels to include drainage area size, runoff coefficient or curve number and 
time of concentration for each subarea shown on the map. 
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Y~NoN/A 
(91 0 0 

ri' 0 0 

r/oo 

rt 0 0 

ey( 0 0. 

SOILS MA.P with soil symbols, boundaries and legend in accordance with the current 
Soil Survey of James City and York Counties and the City of Williamsburg, Virginia 
with approximate locations of the project site, BMPs and applicable drainage basins. 

STORMWATER MANAGEMENT NARRATIVE in a brief and simple format whicµ 
describes the project; locati~n; site and drainage basin soil characteristics; receiving 
water or drainage facility; existing site and drainage basin conditions (topography, Ian~ 
use, c9ver, slopes, etc.); proposed site development; proposed stonnwater management 
and drainage plan including County BMP type selected; summary of hydrology and 
hydraulics; maintenarice program; and any special assumptions utilized for development 
of the stormwater management and drainage design plan or computations. 

TEMPORARY STOR.MW ATER MA.NAGEMENT (if applicable) for control of stonnwater 
runoff encountered during construction activities in addition to measures provided in the 
erosion and sediment control plan or stormwater management/drainage j>fan for the site. 
Adequate protection measures or sequencing provided. 

.MODIFICATION PLAN clearly defined for temporary sediment control structures which. 
will be converted to permanent SWM/BMP structures. Includes appropriate hydrologic 
and hydraulic computations, conversions, sequencing and cleanout information or 
details .. NormaUy related to primary control structures associate·d with.dry detention or 
wet retention ponds. Normally not permitted for Group C or D categories such as 
bioretention, infiltration and filtering system facilities. 

STORMWATER MANAGEMENT and DRAINAGE DESIGN REPORT in a bound 8-1/2 x 
11 inch size format. Report shall generally include a title sheet, date, project 
identification, owner and preparer information, table of contents, narrative, summaries 
and computations as required. Computations may include: backwater, closed conduit, 
headwater, hydraulic, hydraulic grade line, hydrology, inlet, open channel, storm sewer, 
water quality, extended detention or stream channel protection and muti-stage storm 
routing·calculations, as applicable, for the project. Computation data may include hand 
or computer generated computations, maps or schematics. All information should be 
presented in a clear, easy to follow format and should closely match construction plan 
information. 

PI;AN VIEW at 1 inch= 50 ft. scale or Jess (1 11 = 40', I"= 30', etc.) 
l'l2J'/IJ 0 North arrow and plan legend. · 
0, 0 CJ Property lines. 
~ 0 0 Adjacent property information. 
fiZJ / 0 0 Existing site features and existing impervious cover areas. 
12'.J ~ 0 Impervious cover tabulatiqns. 
~O CJ Existing drainage facilities (natural or manmade) . 
. IS2J 0 0 Existing environmentally sensitive areas (RP A, wetlands, floodplain, 

/ steep slopes, critical soils, buffers, etc.). . · 
!SJ' 0 0 Existing and proposed contours ( 1' or 2' contour interval) and spot 

/ elevations as necessary to define high and low topography. · 
~ 0 0 Existing and proposed easement locations. 
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fl D' oo&f 

QtO.~ 
l:YJ,.O D 
~DO 
~DO 
00~ 
DOM 

Proposed site improvements and proposed impervious cover areas. 
Proposed stonnwater conveyance, drainage and management 
facilities with appropriate labeled construction data and infonnation. 
Proposed landscaping and seeding p~ans (disturbed areas, pond 
interior, etc.). 
Proposed slope stabilization areas (riprap, blankets, mattings, walls, 
etc.). · 
Delineation of permanent pools and the 1-, 2-, 10- and 100-year 
Design Water Surface Elevations. 
·Delineation of ponding, headwater, surcharge or backwater areas 
which may affect adjacent existing or proposed buildings, structures 
or upstream adjacent properties. 
Test boring locations with reference surface elevations (if known). 
Risers, barrels, underdrains, overflows and outlet protections. 
Emergency spillway level section and outlet channel. 
Existing and proposed site utilities and protection measures. 
Erosion and sediment control measures (for site or BMP). 
Maintenance or access corridors to permanent stonnwater 
management, BMP or drainage facilities. 

II. STORMWATER CONVEYANCE SYSTEMS: 
Y9NoN/A . 
6 0 0 PL,.4N VIEWS · 

. rs! 0 0 Storm. drain lengths, sizes, types, classes and slopes for all segments. 

D 0 ~ 

/o o 

/ Label directly on plan or use structure/pipe schedule. 
0 0 0 Access structure (inlets, manholes, junctions, etc.) rim elevations, 
_J inverts, type and required grate or top unit and lengths labeled. 
ISll )J 0 All structure numbers labeled. 
r;t 0 D Adequate horizontal clearance from other site utilities or structures. 

PROFILES generally are not required but are encouraged to expedite review. If 
not provided, ensure all pipe segments have adequate minimum cover, do not 
exceed maximum depths of cover for the type/class of pipe specified and do not 
conflict with other site utilities or excavation areas. 

g{lAILS 

~g 

~o 0 

~ D 
0 

efo 0 

Typical stonn drain bedding details or reference note. 
Standard details or reference note for all proposed access structure 
types (inlets, manholes, junctions, etc.). 
Inlet shaping detail or applicable reference note. 
Step detail or applicable reference note (if depth 4 ft. or mote). 
Typical open channel details with designation, location, shape, type, 
bottom width, top width, lining, slope, length, side slope, and 
installation depth required for construction. Channel design data as 
necessary may also be included. 
Outlet protections at all pipe outfalls. 

"' 
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Y98NoN/A 
~ 0 0 STfJRMWATER CONVEYANCE SYSTEM COMPUTATIONS 

19'"/0 0 Storm Sewer Design computations based on 10-year design event. 
~O .0 Hydraulic Grade Line computations based on 10-year design event. 
li2J 0 0 Inlet computations based on current VDOT procedure for spread, 

/ ponding depth and grate size required. · 
~ 0 0 Culvert Headwater computations. Design based on I 0-year design · 

storm event and check only for 100-year storm event. 
0 Open Channel computations based on 2-year design event for velocity 

and 10-year design event for capacity. 
0 Standard outlet protection or special energy dissipators. 
0 Pipe thickness design computations, as required, for selected pipe 

type (live load, minimum cover, maximum height of cover, etc.). 
0 Adequate channel computations for receiving channels (based on 

field measured channel section data). 

STORMWATER MANAGEMENT I BMP FACILITIES: 

Yes No NI).. 
o a g 

0 0 d' 

HYDROLOGY - An SCS based methodology is required for the design of 
stormwater management/BMP facilities with watersheds exceeding 20 acres. 
Under 20 acres, other generally accepted methodologies such as the modified 
rational, critical storm are allowable. Refer to Chapter 5 of the VESCH or Chapter 
5 of the VSMH. 

0 0 0 Runoff Curve Number or Coefficient detenninations; predeveloped 
and ultimate development land use scenarios. 

0 0 0 Time of concentration: predeveloped and ultimate development 
indicating overland, shallow concentrated, and channel flow 
components (200 ft. maximum length for overland flow). 

0 0 0 Hydrograph gener~tion (tabular or graphical): pre- and 
postdevelopment cond~tions for the 1-, 2~, 10-, and I 00-year design 
storm events. 

FACILIIT CONFIGURATION and MINIMUM SEPARATIONS 
0 0 0 Screening and layout consistent with Section 24-98(d) of the Chapter 

24 Zoning ordinance (landscaping, screening, visibility, etc.). 
0 0 0 Basic considerations for safety and unauthorized entry. 
D 0 0 Proper length to width ratio (Typically 2H: IV). 
0 0 0 Facilities with deep pools ( 4 feet or more in depth) provided with two 

benches. Fifteen (15) ft. safety bench outward from nonnal pool at 
maximum 6 percent slope and aquatic bench inward from normal 
shoreline below normal pool. Narrower widths may be considered on 
a case-by-case basis. 

0 0 0 Pond buffer minimum 25 feet outward from maximum design WSEL. 
Additional setbacks may be required to perinanent structures. 

0 0 0 No trees, shrubs or woody plants within 15 feet of embankment toe or 
25 feet from principal spillway structure. 
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Yes No NIA 
0 0 0 Infiltration and filtering system facilities generally located at least 

100 feet horizontally from any water supply we.II; 100 feet from any 
downslope building; and 25 feet from any upslope buildings, unless 
site specific investigation allows for reduced separation. 

YesNoN/)t 
0 0 g HYDRAULIC COMPUTATIONS 

0 0 rs/' 

DO 

0 0 0 Elevation- or Stage- Storage curve and/or tabular data. 
0 0 0 Weir I Orifice Control - Extended Detention. 
0 0 0 Weir I Orifice Control - riser I-year control for channel protection. 
0 0 0 Weir I Orifice Control - riser 2-year control for quantity (if required). 
0 0 0 Weir I Orifice Control - riser 10-year control for quantity (if required). 
0 0 LJ Inlet I Outlet (barrel) control - (All Storms). 
0 0 0 Check for barrel control prior to riser orifice flow to prevent slug flow­

water hammer conditions. 
0 0 0 Emergency spillway capacity and depth of flow. 
D 0 0 Elevation - Discharge (Outlet Rating) curve and/or table. Provide all 

supporting calculations and/or design assumptions. 
0 0 0 Adequate channel computations for receiving channel. May be waived 

if facility is designed based on current Stream Channel Protection 
criteria. 

POND or RESERVOIR ROUTING 
0 D 0 Storage-Indication Routing of postdeveloped inflow hydrographs for 

the 1-, 2-, 10-, and 100-year design storms. Preference is for structure 
to discharge up to the 10-year stonn through the principal spillway and 
pass the 100-year storm with a minimum 1 foot of freeboard through a 
combination principal and emergency spillways. If no emergency 
spillway is provided, riser must be large enough to pass the design high 
water flow and trash without overtopping the facility, have 3 square feet 
or more of cross-si;:ctional area, contain a hood type inlet and have a 
minimum freeboard of 2 feet. Token spillways with minimum 8 ft. 
width are also recommende~ at or above the design 100-year stonn 
elevation. 

0 0 0 Downstream hydrographs at established study points, if conditions 
warrant (ie. facility discharge combined with uncontrolled bypass). 

MISCELLANEOUS COMPUI'ATIONS 
D 0 0 Water quality volume for permanent pool based on selected BMP 

treatment volume (WQv). 
D 0 0 Water quality volume for extended detention based on selected B:MP 

treatment volume (WQv) with drawdown computations. 
0 0 D Drawdown computations for the I-year, 24 hour detention for stream 

DOD 
ODD 
ODO 

channel protection criteria. 
Pond drain computations (within 24 hours). 
Anti-seep collar design (concrete preferred) or match material type. 
Filter diaphragm design (or alternative method of controlling seepage). 
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Yes No NIA 
0 0 0 Riser I base structure flotation analyses. FS = 1.25 minimum .. 
0 0 0 Downstream danger reach study and/or emergency action plan (if 

conditions warrant). 
0 0 0 Upstream backwater analyses onto offsite adjacent property · 

(if conditions warrant). 
0 0 0 .100 yea~ floodplain impacts (if conditions warrant). 

GEOTECHNICAL REQUIREMENTS 
D D D Geotechnical Report with recommendations specific to BMP facility' 

type selected. Report prepared by a registered professional engineer. 
Requires submission, review and approval prior to issuance of Land 
Disturbance Permit. 

0 ·a 0 Initial Feasibility Testing requirements satisfied as per Appendix E of 
the James City County Guidelines for Design and Construction of 
Stormwater Management BMPs manual. (Infiltration, Bioretention and 
·Filtering System BMP types only). 

0 0 0 Concept Design Testing requirements satisfied as per Appendix E of the 
James City County Guidelines for Design and Construction of 
Stormwater Management BMPs manual. (Infiltration, Bioretention and 
Filtering System BMP types onlyr 

D D 0 Minimum Boring locations: borrow area, pool area, principal control 
structure, top of facility near one ab~tment and emergency spillway if 
provided. 

CJ 0 0 Boring logs with Unified Soil Classification (ASTM 02487), soils 
descriptions and depths to bedrock and the seasonal water table 
in4icated. · 

0 CJ 0 Standard County Record Drawing/Construction Certification note 
provided on plan. Note: It is understood that preparation of record 
drawings and co1?structio11 certifications as required for project 
facilities may not necessarily he peiformed by the plan preparer. These 
components may be peiformf}d by others. 

0 0 .ef PRINCIPAL SPILLWAY PROFILE AND ASSOCIATED DETAILS 

0 D fi EXISTING GROUND AND PROPOSED GRADE 
D 0 CJ Embankment or excavation side slopes labeled (3H: 1 V 

maximum). 
0 D D Minimum top width labeled (per VESCH or VSMH 

requirements). · 
0 0 0 Removal of unsuitable material under proposed facility 

(per Geotechnical Report requirements). 
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YesNoN/)i 
0 0 ~ CORE TRENCH 

0 0 0 Material (per plan or Geotechnical Report). 
0 0 0 Bottom width ( 4' minimum or greater as dictated by 

Geotechnical Report recommendations). 
0 D D Side slopes (1: l maximum steepness) 
0 0 0 Depth ( 4' minimum or greater as dictated by Geotechnical 

Report). 

0 0 'PRINCIPAL CONTROL STRUCTURE. RISER OR SIMILAR 
STRUCTURE (DETAILS REQUIRED FOR ALL ITEMS} 
0 0 0 Durable, watertight, resistant material (concrete preferred). 
0 0 0 Riser diameter is at least 1.25 times larger than barrel 

000 
000 
000 
000 
DOD 

diameter. 
All pertinent dimensions and elevations shown. 
Control orifice or weir dimensions and elevations shown. 
Trash rack - removable - for each release. 
Anti-vortex device, baffle or plate. 
Riser base structure with dimensions and embedment 
specifications (concrete preferred). 

0 0 0 Interior access (steps, ladders, etc.) for maintenance for 
structures over 4 feet in height. Excessively high risers 
may need some fonn of exterior access on top portion. 

/ 0 0 · 0 Low flow orifice with trash rack device. 

0 0 ~ • PRINCIPAL CONTROL STRUCTURE OUTLET BARREL 

OD 

0 0 0 Material (ASTM C-361 reinforced concrete pipe) with 
watertight joints. Prior approval required for all other pipe 
material (other RCP types, CMP, CPP, PVC, etc.). 

0 0 0 Support and bedding requirements for barrel - concrete 
cradles, etc. or as recommended by the Geotechnical 
Report: 

0 0 0 Pipe inverts, length, size, class and slope shown. 

/

0 0 0 Flared end section or endwall provided on barrel outlet. 

SEEPAGE CONTROL 
0 0 0 Phreatic line shown (4:1 slope measured from the 

intersection of the embankment and the principal spillway 
design high water). 

0 0 0 ANTI-SEEP COLLARS 
0 0 0 Anti-seep collar, concrete preferred. 
0 0 0 Size - 15 percent increase in length of 

000 

000 
000 

Page 11 of 14 

saturation using outside pipe diameter. 
Spacing and location on barrel (located at 
least 2 feet from a pipe joint). 
FILTER DIAPHRAGMS 
Design based on latest NRCS design 
methods and certified by a professional 
engineer. 
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YesNoNtA 
0 a m ELEVATION AND DIMENSIONAL DESIGN DATA 

0. 0 0 Top of facility - construction height and settled height (10 
percent settlement). · 

0 0 0 Crest of principal control structure spillway at least one 
(1) foot below crest of emergency spillway, if provided • 

. 0 0 0 Minimum freeboard of one (1) foot above the 100-year 
design high water elevation for facilities with an 
emergency spillway. 

0 0 D Minimum freeboard of two (2) feet above the 100-year 
design high water elevation for facilities without an 
emergency spillway or in accordance with the SCS 
National Engineering Handbook (prior approval required). 

D 0 Q Basin Sediment Clean-Oufelevation (pennanent mode). 
Typically 10 to 25 percent of water quality volume. 

0 0 rs/ CROSS SECTION THROUGH FACILITY 
D 0 0 Existing Ground. 
0 0 0 Proposed grade. 
D 0 0 Top of facility- constructed and settled. 
0 0 0 Location of emergency spillway with side slopes labeled 

(emergency spillway in cut). · 
0 0 0 Botton't ofcore trench (4' minimum). 
0 0 0 Location of each soil boring. 
0 0 0 Barrel location. · 
D 0 0 Existing and proposed uti!ity location/protection. 

0 0 ef EMERGENCY SPILLW~Y PROFILE 
0. 0 0 Existing ground. 

ef o a 

a 0 0 Inlet, level (control) and outlet sections per scs. 
0 0 0 Spillway and crest elevations. 

. . 
P RETREATMENJ;. DEVICES of adequate depth and properly designed 
using required pretreatment volumes for the selected County BMP 
facility type. Including, but not limited to: sedimentforebays, sediment 
basins, sumps, grass channels, gravel diaphragms, plunge pools, 
chamber separators, manufactured systems or other acceptable methods . 

Page 12 of 14 
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Yes No~/).. 
D 0 (f;/ CONSTRUCTION SPECIFICATIONS and NOTES 

0 D 0 Anticipated sequence of construction for BMP (consistent 
with erosion and sediment control plan). 

D D 0 Provisions to control base stream or storm flow conditions 
encountered during construction. 

0 D D Site and subgrade preparation requirements. 
0 D 0 Embankment, fill and backfill material soil and placement 

(lift) thickness requirements. 
· 0 0 D Compaction and soil moisture content requirements. 
0 D 0 Geosynthetics for drainage, filtration, moisture barrier, 

ODD 
ODO 
ODD 

ODO 
ODO 
0.0 0 
ODD 
ODD 
000 
ODO 
D D. D 
ODO 
DOD 
ODD 

s_eparation, and reinforcement purposes. 
Clay or synthetic (PVC or IIDPE) pond liners. 
Storm drain, underdrain and pipe conduit requirements. 
Minimum depth of pipe cover for temporary (construction) 
and final cover conditions. 
Permanent shutoff valve and pond drain. 
Concrete requirements for structural components. 
Riprap and slope protection. 
Access or maintenance road surface, base, subbase. 
Temporary and permanent stabilization measures. 
Temporary or permanent safety fencing.· 
BMP Landscaping (deep, shallow, fringe, perimeter,etc.) 
Dust and traffic control (if warranted). 
Construction monitoring and certification by professional. 
Other: · 
Other: ________________ _ 

~INTENANCE PROVISIONS 
~ .. 0 0 Entity responsible for maintenance identified .. 
~ D D Maintenance Plan which out1ines the long-term schedule 

for inspection/maintenance of the facility and forebays· 
0 D g Maintenance access from public right-of-way or publicly 

_/ traveled road. 
0 D ~ Maintenance easement provided encompassing high water 

pool and buffer, principal and emergency spillways, outle~ 
structures:. . forebays, embankment area and possible 

_/ sediment-removal stockpile areas. 
D D ~ Minimum 6 foot wide public safety shelf (landing) or 

alternative fencing. 

Page 13 of 14 
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IV. OUTLET PROTECTIONS: 
Y9'NoN/A 
~ ,ZJ 0 Sized for maximum design release (generally 10-year stonn). 
~ 0 0 Flared end section or endwall. 
~0 0 Dimensions. . 
~ 0 0 Rock or riprap size, quantity and placement thickness. 
~0 0 Slope at 0 percent (Level Grade). 
~ 0 0 Geotextiles (nonwoven). 
~ 0 0 Special energy dissipators are required for design discharge velocities 

that exceed ~ighteen ( 18) feet per second; or if use of standard outlet 
protection would result in velocities exceeding permissible channe~ 
velocities; or if space restricts or limits their use. 

V. ADDITIONAL COMMENTS OR INFORMATION SPECIFIC TO THE PLAN: 

Plan Preparer: ft""°R. ~W\ft]U(,,(.(,OW\kt 1 P- ti. 
Date: 0'2.- { D., 1 \I 

SWMProg/BMP/Checklist/ChkList 

Page 14 of 14 
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. Transportation 
Land Development 

Environmental • 
services 

Feb~11ary09, 2011 

• 0 

Mt·. Scott Thomas, P.E. 
Director · 
Environmental Division 

·P.O. Box 8784 

• 

Williamsburg, VA 23187-8784 

·-

RB: Steep Slope \Vaive1· Request, 
Oktoberfest Attraction Expansion 
SeaWodd Parks and Entcl'tainment 
7851 Pocahontas.T1·ai1, William~burg, VA 23185 

Dear }fr .• Thomas: .a:-- ·• - • 

VHBtlandMnrk o Leg.'C}' o Leadership • Results 

On behalf of our Client~ owne1· of the above referenced property/project, the Vanasse Hangen Biu~tlin, 
Inc., requests a 'vaiver of part of Section 23-5 of the James City County Chesapeake Bay Preservation 
Ordinance as the referenced project requires impacting 1.242 acres of slopes in excess of 25%. The 
impact areas are associated witl1 the proposed site development and are shown on the Envh'orunental 
Inventory sheet, co2.aft. 
We tmst that this request is satisfactory for your approval. Please advise us if you need any additional 
information 01· would like to discuss this farther. 

Sincerely, 

ange11 B1~stlin, ~ 

. 1U. . 
>-)~ 

Piotr Swie chowski, P.E. 
Project Engineer 

Vanasse Hangen. Brusllln, Inc. 
351 Mcl.aws Circle, Suite 3 . 

Willlainsburg,Virglnla23185-6316 28 · 
757.220.0500 I FAX 7S7.220.8Sj3 

emall: fnfo®vhb.com 
www.vhb.com 
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Busch Gardens BMP- Rhine River Water Quality 
.. -· -

Post - Mod. Riser*··-· Post - Existing Riser 

Storm Event Pre Existing Future Existing Future 

1 112.03 38.4 53.45 0.8 7.58 

2 206.34 . 67.45 89.27 13.3 21.15 

10 598.77 218.92 ·247.67 110.86 129.47 
.. 25 714.03 263.39 296.78 148.45 172.16 

100 ;t.031.49 375.65 437.5 250.19 303.55 

* Modification to riser: Raise existing riser 1' to elevation 31 and add 611 

diam~ter orifice at elevation 30. 

1- -Water Quality·- 4WQV R~tentlon Basin IV (65% Pollutant Removal) J 

Drainage Area to Bl\llP - 433 Ac 

Impervious to ~a-te 
.. 

147 Ac 

Impervious future .. 216.S Ac 
.. 

Required WQV (to date) 24.5 Ac-ft 

Required .WQV (50% imp) 36.1 Ac-ft 

I Provided WQV l 57sjAc-ft 

Water Quality Volume Provided Exceeds Current Required By 23.5 times 

Water Quality Volume Future Exceeds Current Required By 16 times 

36 



Rhine River BMP Type II 24-hr 100 YEAR Rainfal/=,8.00" 
Prepared by {enter your company name here} 
HydroCAD® 7.10 sin 001765 © 2005 HydroCAD Software Solutions LLC 1/2312006 

Stage-Area-Storage for Pond 1 P: Busch Gardens BMP .. Rhine River 

Elevation Surface · Storage 
(feet} (acres) (acre-feet} 
10.00 . 11.000 0.000 
10;06 11.120 0.664 
10.12 11.240 1.334 
10.18 11.360 2.012 
10.24 '11.480 2.698 
10.30 11.600 3.390 
10.36 11.720 4.090 
.10.42 11.840 4.796 
10.48. 11.960 5.510 
10.54 12.080 6.232 
10.60 12.200 6.960 
10.66 12.320 7.696 
10.72 12.440 8.438 
10.78 12.560 9.188 
10.84 12.680 9.946 
1.Q~90 . 12.800 10.710 
10.96 12.920 - 11.482 
11.02 13.040 12.260 
11.08 13.160 13.046 
11.14 . 13.280 .13.840 
11.20 13.400 14.640 
11.26 13.520 15.448 
11.32 13.640 16.262 
11.38 13.760 17.084 
11.44 13.880 17.914 
11.56 14.000 18.750 
11.56 14.120 19.594 
11.62 14.240 20.444 
11.68 14.360 21.302 
11.74 14.480 22.168 
11.80 14.600 23.040 

r_ 11.86 14.720 23.920 
~\ ")"\ ~ _;,1.;,.1 ·~·92s.--~14i.i8~4~Q __ _,2m:i4:.i;61MOQ6w. 
·, "'1 '9\ \t1 "' 11.98 14.960 25. 700 
..,~, \ ..,~2.04 ·15.080 26.602 

. '~~vl..~2.10 15.200 27.510 

z.43 At~~:J~ -~~::~g ~~::~~ 
12.28 15.560 30.278 
12.34 15.680 31.216 
12.40 15.800 32.160 
12.46 15.920 33.112 
1.2.52 16.040 34.070 
12.56 16.160 35.036 

~.TV((.t" +~2~2.~64~..._~~~;:;::~~~g..,__-*"~~~:0~1~0-r 
~Q(V 1~:~~ ~6:640 38:~~~ 
~U\~12.88 16.760 39.974 

12.94 ~6.880 40.984 

:: ?,,.,~~~~:g~ ~~:~~g . :~:gg~ 

Elevation 
(feet) 
13.12 
13.18· 
13.24 
13.30 
13.36 
13.42 
13.48 
13.54 
13.60. 
1·3.66 
.13.72 
13.78 
13.84 
13;90 
13.96 
.14.02 
14.08 
14.14 
14.20 
14.26 
14.32 
14.38 
14.44 
14.50 
.14.56 
14.62 
14.68 
14.74 
14.80 
14.86 
14.92 
14.98 
15.04 
16.10 
15.16 
15.22 
15.28 
15.34 
15.40 
15.46 
15.52 
15.58 . 
15.64 . 
15.70 
15.76 
15.82 
15.88 
15.94 
16.00 
16.06 
16.12 
16.18 

Surface 
(acres} 
17.240 
17.360 
17.480 

. 17~600 
17.720 
17.840 
17.960 
18.080 
18.200 
18.320 
18.440 

. 18.560 
18.680 
18.800 
18.920 
.19.040 .. -
19.160 .. 
19.280 
19.400 
19.520 
19.640 
19.760 

. 19.880 
20.000 
20.120 
20.240 
20.360 
20.480 
20.600 
20.720 
20.840 
20.960 
21.080 
21.200 
21.320 

-21.440 
21.560 
21.680 
21.800 
21.920 
22.040 
22.160 
22.280 
22.400 
22.520 
22.640 
22.760 
22.880 
23.000 
23.12"0 
23.240 
23.360 

Storage 
{acre-feet) 

44.054 
45.092 
46.138. 
47.190 
48.250 
49.316 
50.390 

. 51.472 
52.560 
53.656 
64.758 
55.868 
56.986 
58.110 
59.242 
60.380 
61.526 
62.680 
63.840 
65.008 
66.182 
67.364 
68.554 
69.750 
70.954 
72.164 
73.382 
74.608 
75.840 
77.080 
78.326 
79.580. 
80.842 
82.110 
83.386 
84.668 
85.958 
87.256 
88.560 
89.872 
91.190 
92.516 
93.850 
95.190 
96.538 
97.892 
99.254 

100.624 
102.000 
103.384 
104.774 
106.172 37 
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Rhine River BMP Type 1124-hr 100 YIEAR Ralnfa//=8.00'' 
Prepared by {enter your company name here} 
H:idroCAD® 7.10 s/n 001765 © 2005 HvdroCAD Software Solutlons LLC jl23/2006 

' 
Stage-Area-Ste.rage for Pond 1 P: Busch Gardens BMP • Rhine River (continued) 

Elevatlon Surface Storage Elevation Surface Storage 

I (feet} (acres} {acre-feet} (feet} (acres} {acre-feet} 
16.24 23.480 107.578 19.36 29.720 190.570 

16.30 23.600 108.990 19.42 29.840 192.356 

16.36 23.720 110.410 19.48 29.960 194.150 ,, 16.42 23.840 111.836 19.54 30.080 195.952 

16.48 23.960 113.270 19.60 30.200 197.760 
. 16.54 24.080 114.112 19.66 30.320 199.576 

16.60 24.200 116.160 19.72 30.440 201.398 

I 16.66 24.320 117.616 19.78 30.560 203.228 

16.72 24.440 119.076 19.84 30.680 205.066 

16.78 24.560 120.548 19.90 30.800 206.910 

16.84 24.680 122.026 19.96 30.920 206.762 

I' 16.90 24.800 123.510 20.02 31.022. 210.620 

16.96 24.920 125.002. 20.08 31.088 212.484 

17.02 25.040 126.500 20.14 31.154 214.351 

17.08 25.160 128.006 20.20 31.220 216.222 

.1 . 17.14 25;280 129.520 ·.· '20.26 ... 31.286 218.097 

17.20 25.400 131.()40 20.32 31.352 219.976 

17.26 25.520 132.568 20.38 31.418 221.859 

17.32 25.640 134.102 20.44 31.484 223.746 

I 17.38 25.760 135.644 20.50 31.550 225.638 

17.44 25.880 137.194 20.56 31.616 227.532 

17.50 26.000 138.750 20.62 31.682 229.431 

17.56 26.120 140.314 20.68 31.748 231.334 

.I 17.62 26.240 141.884 20.74 31.814 233.241 

17.68 26.360 143.462 20.80 31.880 235.152 

17.74 26.480 145.048 20.86 31.946 237.067 

' 
17.80 26.600 146.640 20.92 32.012 238.986 

17.86 26.720 148.240 20.98 32.078 240.908 

17.92 26.840 149.846 21.04 32.144 242.835 

17.98 26.960 151.460 21.10 32.210 244.766 

18.04 27.080 153.082 21.16 32.276 246.700 

I 18.10 27.200 154.710 21.22 32.342 248.639 

.18.16 27.320 156.346 21.28 32.408 250.581 

18.22 27.440 157.988 21.34 32.474 252.528 

I 
1B.28 27.560 159.638 21.40 32.540 254.478 

18.34 27.680 161.296 21.46 32.606 256.432 

18.40 27.800 162.960 21.52 32.672 258.391 

18.46 27.920 164.632 21.56 32.738 260.353 

I 
18.52 28.040 166.310 21.64 32.804 262.319 

18.58 28.160 167.996 21.70 32.870 264.289 

18.64 28.280 169.690 21.76 32.936 266.264 

18.70 28.400 171.390 21.82 33.002 268.242 

I 
18.76 28.520 173.098 21.88 33.068 270.224 

16.82 28.640 174.812 21.94 33.134 272.210 

18.88 28.760 176.534 22.00 33.200 274.200 

.18.94 28.880 178.264 22.06 33.266 276.194 

I 
19.00 29.000 180.000 22.12 33.332 278.192 

19.06 29.120 181.744 22.18 33.398 280.194 

19.12 29.240 183.494 22.24 33.464 282.200 

19.18 29.360 . 185.252 22.30 33.530 284.209 

I 
19.24 29.480 187.018 22.36 33.596 286.223 

19.30 29.600 188.790 22.42 33.662 288.241 38 

I 



• I 
Rhine River BMP . Type 1124-hr 100 YEAR Rainfa/1=8.00'' 

~ Prepared by {enter your company name here} 
HydroCAD® 7.10 s/n 001765 © 2005 HydroCAD Software Solutions LLC 1/23/2006 

Stage .. Area-Storage for Pond 1 P: Buse~ Gardens BMP - Rhine River (continued) I 
Elevation Surface Storage Elevation Surface ·Storage 

· (feet} {acres} {acre-feet} {feet} {acres} (acre-feet} 

22.48 33.728 290.263 25.60 37.160 400.848 

22.54 33.794 292.288 25.66 37.226 403.080 

22.60 33.860 294.318 25.72 37.292 405.315 

22.('.!6 33.926 296.352 25.78 37.358 407.555 

22.72 33.992 298.389 25.84 37.424 409.798 

22.78 34.058 300.431 25.90 37.490 412.045 

22.84 34.124 302.476 25.96 37.556 414.297 I 

22.90 34.190 304.525 26.02 37.622 416.552 
I 

22.96 34.256 306.579 26.08 37.688 418.812 
,, 

23.02 34.322 308.636 26.14 37.754 421.075 

23.08 34.388 310.698 26.20 37.820 423.342 
! 

! 

23.14 34.454 312.763 26.26 .37.886 425.613 • 23.20 34.520 314.832 26.32 37.952 427.888 

23.26 34.586 316.905 26.36 38.018 430.167 

23.32 34.652 318.982 26.44 38.084 432.450 

23.38 34 .. 718 321.063 26.50 .. 38.150 434 .• 737 --··· ... , 
I 23.44·· 34.784· 323.148 26.56 ·38.216 437.028 

23.50 34.850 325.238 26.62 38.282 439.323 

23.56 34.916 . 327.330 26.68 38.348 441.622 

23.62 34.982 329.427 26.74 38.414 443.925 I 23.68 35.048 331.528 26.80 38.480 446.232 

23.74 35.114 333.633" 26.86 38.546 448.543 

23.80 35.180 335.742 26.92 38.612 450.858 

23.86 35.246 337.855 26.98 38.678 453.176 I 23.92 35.312 339.972 27.04 38.744 455.499 

23.98 35.378 342.092 27.10 38.810 457.825 

24.04 35.444 344.217 27.16 38.876. 460.156 

24.10 35.510 346.346 27.22 38.942. 462.491 I 24.16 35.576 348.478 27.28 39.008 464.829 

24.22 35.642 350.615 27.34 39.074 467.172 

24.28 35.708 352.755 27.40 39.140 469.518 

24.34 35.774 354.900 27.46 39.206 471.868 I 24.40 35.840 357.048 27.52 39.272 474.223 

24.46 35.906 359.200 . 27.56 39.338 476.581 

24.52 35.972 361.357 27.64 39.404 478.943 

24.68 36.038 363.517 27.70 39.470 481.310 I 24.64 36.104 365.681 27.76 39.536 483.680 

24.70 36.170 367.850 27.82 39.602 486.054 

24.76 36.236 370.022 27.88 39.668 488.432 

24.82. 36.302 372.198 27.94 39.734 490.814 I 24.88 36.368 374.378 28.00 39.800 493.200 

24.94 36.434 376.562 28.06 39.866 496.590 

25.00 36.500 378.750 28.12. 39.932 497.984 

25.06 36.566 380.942 28.18 39.998 500.382 I 25.12 36.632 383.138 28.24 40.064 502.784 

25.18 36.698 385.338 28.30 40.130 505.190 

25.24 36.764 387.542 28.36 40.196 507.599 

25.30 36.830 389.749 28.42 40.262 510.013 I 25.36 36.896 391.961 28.48 40.328 512.431 

25.42 36.962 394.177. 28.64 40.394 614.852 

25.48 37.028 396.397 28.60 40.460 517.278 

25.54 37.094 398.620 28.66 40.526 519.708 39 I 
·I 



I 
I 
I 

Rhine River BMP Type II 24"hr 100 YEAR Ralnfa//=8.00" 
Prepared by {enter your company.name here} 
· HydroCAD® 7.10 s/n 001765 @2005 H~droCAD Software Solutions LLC · j£23/2QQ6 

' 
.. 

Stage-Area-Storage for Pond 1 P: Busch Gardens BMP ~ RhJne River (continued) 

Elevation Surface Storage Elevation Surface Storage 

I (feet} (acres} {acre-feet} (feet} {acres} . (acre-feet} 
28.72 40.592 522.141 31.84 43.472 653.634 
213.78 40.658 524.579 31.90 43.520 656.244 
28.84 40.724 527.020 31.96 43.568 658.857 

I 28.90 40.790 529.466 32.02 43.616 661.472 
28.96 40.856 531.915 32.08 43.664 664.091 
29.02 40.922 534.368 32.14 43.712 666.712 
29.08 40.988 536.826 32.20 43.760 669.336 

I 29.14 41.054 539.267 32.26 43.808 671.963 
29.20 4U20 541.752 32.32 . 43.856 674.593 
29.26 41.186 544.221 32.38 43.904 677.226 
29.32 41.252 646.694 32.44 43.952 679.861 ,. 29.38 41.318 549.171 32.50 44.000 682.500 
29.44 41.384 551.652 32.56 44.048 685.141 
29.50 41.450 .554.137 32.62 44.096 687.786 
29.56 41.516 556.626 32.68 44.144 690.433 

I .29.62-. 41.582 559.119 32.74- 44.192 693.083 . 
29.68 41.648 561.616 32.80 44.240-~ 695.736 
29.74 41.714 564.117 32.86 44.288 698.392 
29.80 41.780 566.622 32.92 44.336 701.051 I 29.86 41.846 569.131 32.98 44.384 703.712 

. I 29,92 41,912 571,644 33.04 44.432 706.377 

fiov~ 29!98.•"""!i11lL••·· ·§Willi 33.10 44.480 709.044 
. . . ao:Q~r··""'~'~2-~032'--c · - · 576"'.Ml 1 33.16 44.528 711.714 I ~' 30.10 42.080 579.2M 33.22 44.576 714.387 

@ .. EtEti~ 30.16 42.128 581.730 33.28 44.624 717.063 
30.22 42.176 584.259 33.34 44.612 719.742 

,,o.o~ ~o.2a 42.224 50e.1s1 33.40 44.720 722.424 I 4-€.0.34 42.272 589.326 33.46 44.768 725.109 = 5':}S-Ar 0.40 42.320 591.864 33.52 44.816 727.796 
30.46 42.368 594.405 33.58 44.864 730.487 
30.52 42.416 596.948 33.64 44.912 733.180 ,, 30.58 42.464 599.495 33.70 44.960 735.876 
30.64 42.512 602.044 33.76 45.008 738.575 
30.70 42.560 604.596 33.82 45.056 741.277 
30.76 42.608 607.151 33.88 45.104 743.982 

I 30.82 42.656 609.709 33.94 45.152 746.689 
30.88 42.704 612.270 34.00 45.200 749.400 
30.94 42.752 614.833 34.06 45.248 752.113 

I 
31.00 42.800 617.400 34.12 45.296 754.830. 
31.06 42.848 619.969 34.18 45.344 757.549 
31.12 42.896 622.542 34.24 45.392 760.271 
31.18 42.944 625.117 34.30 45.440 762.996 
31.24 42.992 627.695 34.36 45.488 765.724 

I 31.30 43.040 630.276 34.42 45.536 768.455 
31.36 43.088 632.860" 34.48 45.584 771.188 
31.42 43.136 635.447- 34.54 45.632 773.925 

I 
31.48 . 43.184. 638.036 34.60 45.680 776.664 
31.54 43.232 640.629 34.66 45.728 779.406 
31.60 43.280 643.224 "34.72 45.776 782.151 
31.66 43.328 645.822 34.78 45.824. 784.899 

·1 31.72 43.376 646.423 34.84 45.872 . 787.650 
31.78 43.424 651.027 34.90 45.920 790.404 40 

I 
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Stormwater Calculations _VA-James City County 2-Year buration=5 min, lnten=5.78 in/hr 
Prepared by {enter your cc,>mpany name here} · Printed 2/8/2011 

HydroCAD® 9.00 sin 01238 ©> 2009 HydroCAD Software Solutions LLC 

1 
Stage-Area-Storage for Pond ST: Sediment Trap 

Elevation Surface Storage · Elevation Surface Storage 

(feet} {sg-ft} (cubiC-feet} (feet} {sg-ft} {cubic-feet) 

I 
27.00 307 0 28;14 502 467 

27.02 310 8 28.16 506 478 

27.04 314 15 28.18 510 490 

27.06 317 23 28.20 514 501 

' 
27.08 320 31 28.22 518 513 

27.10 324 39 28.24 523 524 

27.12 327 46 28.26 527 536 

27.14 330 54 28.28 531 547 

I 
27.16 333 62 28.30 535 559 

27.18 337 70 28.32 540 570 

27.20 340 77 28.34 544 582 

27.22 343 85 28.36 548 593 

I 
27.24 347 93 28.38 552 . 605 

27.26 350 101 28.40 556 616 

27.28 353 108 28.42 561 628 

27.30 357 116 28.44 565 639 

27.32 360 124 28.46 569 651 

I 27.34 363 131 28.48 573 662 

27.36 366 ·139 28.50 578 674 

27.38 370' 147 28.52 582 685 

27.40 373 155 28.54 586 697 

I 
27.42 376 162 28.56 590 708 

27.44 380 170 28.58 594 720 

27.46 383 178 28.60 599 731 

27.48 386 186 28.62 603 743 

I 
27.50 390 193 28.64 607 754-

27.52 393 201 28.66 611 766 

27.54 396 209 28.68 615 777 

27.56 399 216 28.70 620 789 

I 
27.58 403 224 28)2 624 800 

27.60 406 232 28:14 628 812 

·27.62 409 240 28.76 632 823 l· 

27.64 413 247 28.78 637 834 I 

27.66 416 255 28.80 641 846 
I 
I 

I 27.68 419 263 28.82 645 857 I 
27.70 422 271 28.84 649 869 [ 
27,72 426. 278 28.86 653 880 

I 27.74 429 286 28.88 658 892 

I 
27.76 432 294 28.90 662 903 

27.78 436 302 28.92 666 915 

27.80· 439 309 28.94 670 . 926 

27.82 442 317 28.96 . 675 938 

I 
27.84 446 325 28.98 679 949 

27.86 449 332 29.00 683 961 · l 
27.88 452 340 29.02 688 977 

27.90 455 348 29.04' 692 993 
J 

I 
2i92 459 356 29.06 697 1,008 I 
27.94 462 363 29.08 701 1,024 

.27.96 465 371 29.10. 706 1,040 I 

27.98 469 379 29.12 z10 1,056 l 
! 

I 
28.00 472 387 29.14 715 1,072 

28.02 476 398 29.16 720 1;088 

28.04 480 410 29.18 724 1,104 

28.06 485 421 29.20 729 1,120 

I 
28.08 489 432 29.22 733 1,136 

28.10 493 444 29.24 738 1,152 44 
28.12 - 497 455 29.26 743 1,167 

I 



I 
I 

Stormwater Calculations VA-James City County 2-Year DuraUon=5 min, lnten=5. 78 in/hr ~ 
l 

Prepared ~y {enter your company name here} _ 
Printed 2/8/2011 ·\I H~droCAD® 9.00 sin 01238 © 2009 H)'.droCAD Software Solution_s LLC 

Stage-Area-Storage for Pond ST: Sediment Trap (continued) • Elevation ·surfaee _ Storage Elevation Surface Storage 

{feet) {sg-ft) - {cubic-feet} {feet} (sg-ft) (cubic-feet) 

~ 29.28 747 1,183 30.42 1,047 - 2,204 

29.30 752 1,199 30.44 1,053 2,226 

29.32 756 1,215 30.46 1,060 2,247 

29.34 761 1,231 30.48 1,066 2,268 

29.36 765 1,247 30.50 1,073 2,290 

29.38 770 1,263 30.52 1,079 2;311 

29.40 775 1,279 30.54 1,085 2,333 

29.42 779 1,295 30.56 1,092 2,354 

29.44 784 1,311 30.58 1,098 2,375 

29.46 788 1,326 30.60 1,105 2,397 

29.48 793 1,342 - 30.62 1, 111 2,418 

29.50 798 1,358 30.64 1,117 2,439 

29.52 802 1,374 30.66 1,124 2,461 

I 29.54 807 1,390 30.68 1,130 2,482 

29.56 811 1,406 30.70 1,137 2,503 

29.58 816 1,422 30.72 1,143 2,525 

29.60 820 1,438 30.74 1,150 2,546 

29.62 825 1;454 30.76 1,156 2,568 

29.64 830 1,469 30.78 1,162 2,589 

29.66 834 1,485 30.80- 1,169 2,610 

29.68 839 1,501 30.82 1,175 2,632 

29.70 843 1,517 30.84 1,182 2,653 

29.72 848 1,533 30.86 1,188 2,674 

29.74 852 1,549 ~0.88 1,194 2,696 

29.76 857 1,565 30.90 1,201 2,717 -

29.78 862 1,581 30.92 1,207 2,739 

29.80 866 1,597 30.94 1,214 2,760 

29.82 871 1,613 30.96 1,220 2,781 

29.84 875 1,628 30.98 1,227 2,803 

29.86 880 1,644 31.00 1,233 2,824 

29.88 885 1,660 31.02 1,241 2,852. 

- 29.90 889 1,676 31.04 1,249 2,881 

29.92 894 1,692 31.06 1,256 2,909 

29.94 898 1,708 31.08 1,264 2,938 

29.96 903 1,724 31.10 1,272 2,966 

29.98 907 1,740 31.12 1,280 2,995 

30.00 912 1,756 31.14 1,287 3,023 

30.02 918 1,777 31.16 1,295 3,052 

30.04 925 1;798 31.18 1,303 3,080 

30.06- 931 1,820 31.20 1,311 3,109 

30.08 938 1,841 31.22 1,319 3,137 

30.10 944 1,862 31.24 1,326 3,166 

30.12 951 1,884 31.26 1,334 3,194 

~ 30.14 ·957 1,905 31.28 1,342 3,222 

30.16 963 1,927 31.30 1,350 3,251 

-30.18 970 1,948 31.32 1,357 3,279 

30.20 976 1,969 31.34 1,365 3,308 I 30.22 983 1,991 31.36 1,373 3,336 

30.24 989 2,012 31.38 1,381 3,365 

30.26 995 2,033 31.40" 1,389 3,393 I 
30.28 1,002 2,055 31.42 1,396 - 3,422 

I 30.30 . 1,008 2,076 31.44 1,404 3,450 

30.32 1,015 2,097 31.46 1,412 3,479 

30.34· 1,021 2,119 31.48 1,420. 3,507 I 
30.36 1,028 2,140 31.50 1,428 3,536 

30.38 1,034 2,162 31.52 1,435 3,564 .45 

~ 30.40 1,040 2,183 31.54 1,443 3,592 

I 
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Stormwater Calculations VA·James City County 2-Year Duration=5 min, lnten=5.78 In/hr I 
Prepared by {enter your comp~.my nan:ie here} Printed 2/8/2011 

I 

I 
HydroCAD® 9.00 sin 01238 © 2009 HydroCAD Software Solutions LLC 

·I 

I 
Sti:(ge~Area-Storage for Pond ST: Sediment Trap (continued) I 

Elevation Surface Storage Elevation Surface Storage 

(feet) {sg-ft} {cub lo-feet} {feet) {sg-ft} {cubic-feet} 

I 
31.56 1,451 3,621 32.70 1,885 5,476 

31.58 1,459 3,649 32.72 1,898 5,514 

31.60 1,466 3,678. 32.74 1,910 5,552 l/.Je-\ 
- 31.62 1,474 3,706 32.76 1,922 5,591 ., 31.64 1,482 3,735 32.78 1,934 5,629 ~1\~~C> G 

31.66 1,490 . 3,763 32.80 . 1,947 5,§§Z: 

31.68 1,498 3,792 32.82 1,959 5,706 -f~vt-\/.G'D 
31.70 1,505 3,820' 32.84 1,971 5,744 

I 
31.72 1,513 3,849 32.86 1,983 5,782 GlGG+.+*7 
31.74 1,521 3,877 32.88 · 1,996 5,820 

31.76 1,529 3,906 32.90 2,008 5,859 @ t't,t.v =~:z.go 
31.78 1,536 3,934 32.92 2,020 5,897 

I 
31.80 1,544 3,962 32.94 2,032 5,935 

31.82 1,552 3,991 32.96 2,045 5,974 

31.84 1,560 4,019 32.98 2,057 6,012 

31.86 1,568" 4,048 33.00 2,069 6,050 

31.88 1,575 4,076 33.02 2,080 6,097 

I 31.90 1,583 4,105 33.04 2,090 6,143 
.. 

31,92 1·,591 ' 4,133 33.06 . 2,101 . 6,190 . 

31.94 1,599 . 4,162 33.08 ·2,111 6,236 

31.96 1,606 4,190 33.10 2,122 6,283 

I 
·31.98 1,614 4,219 33.12 2,132 6!329 

32.00 1,622 4,247 33.14 2,143 6,376 

32.02 1,628 4,281 33.16 2,153 6,423 

32.04 1,633 4,315 33.18 2,164 6,469 

I 
32.06 1-,639 4,349 33.20 2,175 6,516 

32.08 1,645 4,382 33.22 2,185 6,562 

32.10 1,650 4,416 33.24 2,196 6,609 

32.12 1,656 4,450 33.26 2,206 6,655 

ii 
32.14 1,661 4,484 33.28 2,217 6,702 

32.16 1,667 . 4,518 33.30 2,227 6,748 

32.18 1,673 4,552 33.32 2,238 6,795 

32.20 1,678 4,585 33.34 2,249 6,842 

I 
32.22 1,684 4,619 ·33.36 2,259 6,888 

32.24 1,690 4,653 33.38 2,270 6,935 

32.26 1,695 4,687 33.40 2,280 6,981 

32.28 1,701 4.721 33.42 2,291 7,028 

32.30 1,707 4,755 33.44 2,301 7,074 

I 32.32 1,712 4,789 . 33.46 ·2,312 7,121 

32.34 1,718 4,822 33.48 2,322. 7,168 

32.36 1,724 4,856 33.50 2,333 7,214 

32.38 1,729 4,890 33.52 2,344 7,261 l 
I 

32.40 1,735 4,924 33.54 ;2,354 7,3<;J7 

32.42 1,740 4,958 33.56 2,365 7,354 

32.44 · 1,746 4,992 33.58 2,375 7,400 I 
32.46 1,752 5,025 33.60 2,386 • 7,447 I 

I 
32.48 1,757 5,059 33.62 2,396 7,493 I 
32.50 1,163 5,093 33.64 2,407 7,540 

32.52 1,775 5,131 33.66 2,417 7,58'1 

32.54 1,787 5,170 33.68 . 2,428 7,633 

' 
32.56 1,800 5,208 33.70 2,439 7,680 

32.58 1,812 5,246 33.72 2,449 7,726 

32.60 1,824 5,284 33.74 2,460 7,773 

32.62 1,836 5,323 33.76 2,470 7,819 

1· 32.64 1,849 5,361 33.78 2,481 7,866 46 
32.66 1,861 5,399 33.80 2,491 7,912 

32.68 1,873 5,438 33.82 2,502 7,959 

I 



Stormwater Calculations VA-James City County 2-Year Duration=5min, lnten=S.78 /nlhr 
Prepared_ by {enter your.company name here} . Printed 2/8/201.1 
HydroCAD® 9.00 sin 01238 © 2009 HydroCAD Software·Solutions LLC 

Stage-Area-Storage for Pond ST; Sediment Trap (continued) 

Elevation Surface Storage Elevation Surface Storage 

{feet} (sg-ft} (cubic-feet} (feet} · (sg-ft) (cubic-feet} 

33.84 2,513 8,006 34.98 3,127 11,184 

33.86 2,523 8,052' 35.00 3,138 11,241 

33.88 2,534 8,099 
33.90 2,544 8,145 
33.92 2,555 8,192 
33.94 2,565 8,238 
33.96 2,576 8,285 
33.98 2,586 8,332 
34.00 2,597 8,378 
34.02 2,608 8,435 
:3°4.04 2,619 8,493 
34.06 2,629 8,550 
34.08 2,640 8,607 
34.10 2,651 8,664 
34.12 2,662 8,722 
34.14 2,673 . 8,779 
34.16 .2,684 8,836 
34.18 2,694 . 8,893 
34.20. 2,705 8,951 
34.22 2,716 9,008 
34.24 2,727 9,065 
34.26 2,738 9,123 
34.28 2,748 9,180 
34.30 2,759 9,237 
34.32 2,770 9,294 
34.34 2,781 9,352 
34.36 2,792 9,409 
34.38 2,803 9,466 
34.40 2,813 9,523 
34.42 2,824 9,581 
34.44 2,835 9,638 
34.46 2,846 9,695 
34.48 2,857 9,752 
34.50 2,868 9,810 
34.52 2,878 9,867 
34.54 2,889 9,924 
34.56 2,900 . 9,982 
34.58 2,911 10,039 
34.60 2,922 10,096 
34.62 2,932 10,153 
34.64 2,943 .10,211 
34.66 2,954 . 10,268 
34.68 2,96!;> 10,325 
34.70 2,976 10,382' 
34.72 2,987 10,440 
34.74 2,997 10,497 
34.76 3,008 .10,554 
34.78 3,019 10,611 
34.80 3,030 10,669 
34.82 3,041 10,726 
34.84 3,051 10,783 
34.86 3,062 10,840 
34.88 3,073 10,898 
34.90 3,084 10,955 
34.92 3,095 11,012 
34.94 3,106 11,070 
34.96 3,116 11,127 

I 
47 I 
• 



I 
I 
I 
I 

•• ,, 
I 
II 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SEDIMENT TRAP #2 SIZING CALCULATIONS 

48 

I 

I 



-~C.u...omnutations .I. ·~---------·----·---- ·---·---

· Project: D.<,a:<:lt.fL">T krrAcx•.:JN Project# 1. '?:> ..<"\'\ .Oo 
~AN'\>l<!>/:J 

Location: ~t.\iv\ o-<;, C.ff'f (O\I tJ 't'( Sheet of 

calculated by: f. ~- Date: 0'$ / 1 "t / t \ 
Checked by: Date: 

Title 't;t>\ ('l\\;f\n TR ... f' t;\7..\N(, t .... (..Lt.\LAn'"""'~ 

+')I 7, 
Gl- (,~I /!.r_ )( f).&~ll·c.. ~ ?..~ 1~~ :=. 1 , 2:,0-f-t 

"7 
V\\rn-- '\\U~t~C;>b \ ,~4 ~ .µ C: tlr::v= 81. S'b 

4 

rr~gdorms huma«es.ccropu!at(lns prr.65 

Wmasse Ha11ge11 Brust/i11, J11c. 

I 
I 
I 
I 

~ 
. I 

I 
~ 
I 

I 

I 
~ 
• • 



I-
I 

Stormwater Calculations VA-James City County 2-Year Duration=21 min, lnten=3.31 in/hr 

I 
Prepared by Vanasse Hangen Brustlln, Inc. Printed 3/2212011 
HydroCAD® 9.00 sin 01238 © 2009 HydroCAD Software Solutions LLC 

Stage-Area-Storage for Pond ST 2: Sediment Trap 2 

I' Elevation Surface Storage Elevation Surface Storage 
{feet} {sg-ft} (cubic-feet} {feel} {sg-ft} (cubic-feet} 
79.00 282 0 79.57 372 186 

•• 
79.01 283 3 79.58 374 190 
79.02 285 6 79.59 375 193 
79.03 286 9 79.60 377 197 
79.04 288 11 79.61 379 201 

I 
79.05 289 14 79.62 380 205 
79.06 291 17 79.63 382 208 
79.07 292 20 79.64 384 212 
79.08 294 23 79.65 386 216 

I 
79.09 295 26 79.66 387 220 
79.10 297 29 79.67 389 224 
79.11 298 32 79.68 391 228 
79.12 300 35 79.69 392 232 

I 
79.13 301 38 79.70 394 236 
79.14 303 41 79.71 396 240 
79.15 304 44 79.72 398 243 
79.16 306 47 79.73 399 247 
79.17 308 50 79.74 401 251 ., 79.18 309 53 79.75 403 255 
79.19 311 56 79.76 405 260 
79.20 312 59 79.77 406 264 
79.21 314 63 79.78 408 268 

I 79.22 315 66 79.79 410 272 
79.23 317 69 79.80 412 276 
79.24 318 72 79.81 414 280 
79.25 320 75 79.82 415 284 

I 
79.26 321 78 79.83 417 288 
79.27 323 82 79.84 419 292 
79.28 325 85 79.85 421 297 
79.29 326 88 79.86 422 301 

I 
79.30 328 91 79.87 424 305 
79.31 329 95 79.88 426 309 
79.32 331 98 79.89 428 314 
79.33 333 101 79.90 430 318 

I 
79.34 334 105 79.91 431 322 
79.35 336 108 79.92 433 327 
79.36 337 111 79.93 435 331 
79.37 339 115 79.94 437 335 
79.38 341 118 79.95 439 340 

' 
79.39 342 122 79.96 441 344 
79.40 344 125 79.97 442 348 
79.41 345 128 79.98 444 353 
79.42 347 132 79.99 446 357 ,, 79.43 349 135 80.00 448 362 i 
79.44 350 139 80.01 450 366 I 
79.45 352 142 80.02 451 371 
79.46 354 146 80.03 453 375 

' 
79.47 355 149 80.04 455 380 
79.48 357 153 80.05 457 384 
79.49 359 157 80.06 459 389 
79.50 360 160 80.07 460 394 

I 
79.51 362 164 80.08 462 398 
79.52 364 167 80.09 464 403 
79.53 365 171 80.10 466 407 
79.54 367 175 80.11 467 412 

I 
79.55 369 178 80.12 469 417 50 
79.56 370 182 80.13 471 422 

I 



Stormwater Calculations VA-James City County 2-Year Duration=21 min, lnten=3.31 in/hr 

Prepared by Vanasse Hangen Brustlin, Inc. Printed 3/22/2011 

HydroCAD® 9.00 s/n 01238 © 2009 HydroCAD Software Solutions LLC 

Stage-Area-Storage for Pond ST 2: Sediment Trap 2 (continued} 

• Elevation Surface Storage Elevation Surface Storage 
{feet) {sg-ftl (cubic-feet} (feet) {sg-ftl {cubic-feet) 

80.14 473 426 80.71 580 726 

I 80.15 474 431 80.72 582 732 

80.16 476 436 80.73 584 737 

80.17 478 441 80.74 586 743 
80.18 480 445 80.75 588 749. 
80.19 482 450 80.76 590 755 
80.20 483 455 80.77 592 761 
80.21 485 460 80.78 594 767 

80.22 487 465 80.79 596 773 
80.23 489 470 80.80 598 779 
80.24 491 474 80.81 600 785 
80.25 493 479 80.82 602 791 
80.26 494 484 80.83 604 797 
80.27 496 489 80.84 606 803 
80.28 498 494 80.85 608 809 

80.29 500 499 80.86 610 815 
80.30 .502 504 80.87 612 821 
80.31 504 509 80.88 614 827 

~ 80.32 505 514 80.89 616 833 

80.33 507 519 80.90 618 840 
80.34 509 524 80.91 620 846 
80.35 511 530 80.92 622 852 
80.36 513 535 80.93 625 858 
80.37 515 540 80.94 627 865 I 80.38 517 545 80.95 629 871 
80.39 518 550 80.96 631 877 

·~ 80.40 520 555 80.97 633 883 
80.41 522 561 80.98 635 890 
80.42 524 566 80.99 637 896 
80.43 526 571 81.00 639 902 
80.44 528 576 81.01 641 909 

i 

80.45 530 582 81.02 643 915 
80.46 532 587 81.03 645 922 

80.47 534 592 81.04 647 928 
80.48 535 598 81.05 649 935 
80.49 537 603 81.06 651 941 
80.50 539 608 81.07 653 948 
80.51 541 614 81.08 655 954 
80.52 543 619 81.09 657 961 

' 
80.53 545 625 81.10. 659 967 
80.54 547 630 81.11 661 974 
80.55 549 635 81.12 663 981 
80.56 551 641 81.13 665 987 
80.57 553 646 81.14 667 994 
80.58 555 652 81.15 669 1,001 
80.59 557 658 81.16 671 1,007 
80.60 559 663 81.17 674 1,014 

80.61 560 669 81.18 676 1,021 
80.62 562 674 81.19 678 1,028 
80.63 564 680 81.20 680 1,034 
80.64 566 686 81.21 682 1,041 
80.65 568 691 81.22 684 1,048 

-80.66 570 697 81.23 686 1,055 
80.67. 572 703 81.24 688 1,062 
80.68 574 708 81.25 690 1,069 
80.69 576 714 81.26 692 1,075 51 

~ 80.70 578 720 81.27 694 1,082 

I 
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I Stormwater Calculations VA-James City County 2-Year Duration=21 min, lnten=3.31 in/hr 

I 
Prepared by Vanasse Hangen Brustlin, Inc. Printed 3/22/2011 

HydroCAO® 9.00 s/n 01238 © 2009 HydroCAD Software Solutions LLC 

Stage-Area-Storage for Pond ST 2: Sediment Trap 2 (continued) 

I Elevation Surface Storage Elevation Surface Storage 
(feet} {sg-ft} {cubic-feet) (feet) {sg-ft} {cubic-feet} 

81.28 696 1,089 81.85 821 1,521 

I 
81.29 698 1,096 81.86 823 1,529 
81.30 701 1,103 81.87 825 1,538 
81.31 703 1, 110 81.88 827 1,546 
81.32 705 1,117 81.89 830 1,554 

I 
81.33 707 1,124 81.90 832 1,563 
81.34 709 1,132 81.91 834 1,571 
81.35 711 1,139 81.92 837 1,579 
81.36 713 1,146 81.93 839 1,588 

'"'"Of·< rdlf I 
81.37 715 1,153 81.94 841 1,596 
81.38 717 1,160 81.95 843 1,604 
81.39 720 1,167 8,,96 846 1,613 
81.40 722 1,174 81.97 848 1,621 

• 
81.41 724 1,182 81.98 850 1,630 ufoJ-D 
81.42 726 1,189 81.99 853 1,638 
81.43 728 1,196 82.00 855 1,647 ~~) I 
81.44 730 1,203 82.01 857 1,655 
81.45 732 1,211 82.02 860 1,664 

-iw~-
81.46 734 1,218 82.03 862 1;673 
81.47 737 1,225 82.04- 864 1;681 
81.48 739 1.233 82.05 866 1,690 

'>t-on.1rc,;. 81.49 741 f.240 82.06 869 1,699 

I~ 81.50 743 1,248 82.07 871 1,707 

"" ntlD 81.51 74 I 82.08 873 1,716 

\ {L;~ri~ :~:~~ 747 1,263 82.09 875 1,725 
750 1,270 82.10 878 1,734 

I e e(Jtl~ 9tu9:~ :~~ 752 1,278 82.11 880 1,742 
754 1,285 82.12 882 1,751 

81.56 756 1,293 82.13 885 1,760 d-~v 
81.57 758 1,300 82.14 887 1,769 l\Je-'\' 81.58 760 1,308 82.15 889 1,778 {~ 4)YOfl.Mt.\; 81.59 763 1,315 82.16 892 1,787 ,~ - t) 81.60 765 1,323 82.17 894 1,796 

'f~v,l>6'{) 81.61 767 1,331 82.18 896 1,604 - lf VJ 
- 81.62 769 1,338 82.19 898 1,813 

I@ \,t.t\i .(..(.., 81.63 771 1,346 82.20 901 1,622 ;-: 
81.64 774 1,354 82.21 903 1,831 

e LEN:: t\.SOs 1.65 776 1,362 82.22 905 1,841 
81.66 778 1,369 82.23 908 1,850 

I 81.67 780 1,377 82.24 910 1,859 
81.68 782 1,385 82.25 912 1,868 
81.69 785 1,393 82.26 915 1,877 
81.70 787 1,401 82.27 917 1,886 

I 81.71 789 1,409 82.28 919 1,895 
81.72 791 1,416 82.29 922 1,904 
81.73 794 1,424 82.30 924 1,914 
81.74 796 1,432 82.31 927 1,923 

I· 
81.75 798 1,440 82.32 929 1,932 

81.76 800 1,448 82.33 931 1,942 
81.77 803 1,456 82.34 934 1,951 
81.78 805 1,464 82.35 936 1,960 

I 
81.79 807 1,472 82.36 938 1,970 

81.80 809 1,480 82.37 941 1,979 

81.81 812 1,489 82.38 943 1,988 
81.82 814 1,497 82.39 945 1,998 

I 
81.83 816 1,505 82.40 948 2,007 52 
81.84 818 1,513 82.41 950 2,017 

I 
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Stormwater Calculations VA-James City County 2-Year Duration=21 min, lnten=3.31 in/hr ~ 
Prepared byVanasse Hangen Brustlin, Inc. Printed 3/22/2011 • HydroCAD® 9.00 sin 01238 © 2009 HydroCAD Software Solutions LLC 

Stage-Area-Storage for Pond ST 2: Sediment Trap 2 (continued) 
I 

I Elevation Surface Storage Elevation Surface Storage 
(feet} (sg-ft} (cubio-feet} (feet} (sg-ft} (cubio-feet} 

82.42 953 2,026 82.99 1,093 2,609 
Va.~ ~ na.A-6 ~ I 

82.43 955 2,036 83.00 1,096 21620 ,, 82.44 957 2,045 83.61 1,099 2,631 fl&~\) t ii fi\) 
82.45 960 2,055 83.02 1,101 2,642 

82.46 962 2,065 83.03 1,104 2,653 I '"I.._ O.f'., I 82.47 965 2,074 83.04 1,106 2,664 

82.48 967 2,084 83.05 1,109 2,675 va.."I ~To~tr 
82.49 969 2{094 83.06 1, 111 2,686 

82.50 972 2,103 83.07 1,114 2,697 . (f~,,,w 
82.51 974 2,113 83.08 1, 116 2,708 I 82.52 977 2,123 83.09 1,119 2,720 \,~';\2..¥~ 
82.53 979 2,133 83.10 1,121 2,731 

82.54 981 2,142 83.11 1,124 2,742 ~ euvc. 'll.oo I 
82.55 984 2,1,52 83.12 1,127 2,753 I 

82.56 986 2,162 83.13 1,129 2,765 • 82.57 989 2,172 83.14 1,132 2,776 

82.58 991 2,182 83.15 1,134 2,787 

82.59 994 2,192 83.16 1,137 2,798 I 
82.60 996 2,202 -83.17 1;139 2,810 I 82.61 998 2,212 83.18 1,142 2,821 

82.62 1,001 2,222 83.19 1,144 2,833 

82.63 1,003 2,232 83.20 1,147 2,844 ! 
82.64 1,006 2,242 83.21 1,150 2,856 ·I 82.65 1,008 2,252 83.22 1,152 2,867 

82.66 1,011 2,262 83.23 1,155 2,879 

82.67 1,013 2,272 83.24 1,157 2,890 

I 82.68 1,016 2,282 83.25 1,160 2,902 
82.69 1,018 2,292 83.26 1,163 2,913 
82.70 1,021 2,302 83.27 1,165 2,925 

82.71 1,023 2,313 83.28 1,168 2,937 

• 82.72 1,026 2,323 83.29 1,170 2,948 

82.73 1,028 2,333 83.30 1,173 2,960 

82.74 1,030 2,343 83.31 1,176 2,972 

82.75 1,033 2,354 83.32 1,178 2,984 I 

82.76 1,035 2,364 83.33 1, 181 2,995 I. 
82.77 1,038 2,375 83.34 1,184 3,007 

82.78 1,040 2,385 83.35 1,186 3,019 
82.79 1,043 2,395 83.36 1,189 3,031 

82.80 1,045 2,406 83.37 1,191 3,043 
82.81 1,048 2,416 83.38 1,194 3,055 

82.82 1,050 2,427 83.39 1,197 3,067 

82.83 1,053 2,437 83.40 1,199 3,079 

82.84 1,055 2,448 83.41 1,202 3,091 

82.85 1,058 2,458 83.42 1,205 3,103 

82.86 1,060 2,469 83.43 1,207 3,115 

82.87 1,063 2,480 83.44 1,210 3,127 

82.88 1,066 2,490 83.45 1,213 3,139 
i 
l 

82.89 1,068 2,501 83.46 1,215 3,151 • 82.90 1,071 2,512 83.47 1,218 3,163 
82.91 1,073 2,522 83.48 1,221 3,176 

82.92 1,076 2,533 83.49 1,223 3,188 
., 

82.93 1,078 2,544 83.50 1,226 3,200 • 82.94 1,081 2,555 83.51 1,229 3,212 

82.95 1,083 2,565 83.52 1,231 3,225 

82.96 1,086 2,576 83.53 1,234 3,237 

• 82.97 1,088 2,587 83.54 1,237 3,249 53 
82.98 1,091 2,598 83.55 1,239 3,262 

; 
i 

I 
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Elevation 
(feet) 
83.56 
83.57 
83.58 
83.59 
83.60 
83.61 
83.62 
83.63 
83.64 
83.65 
83.66 
83.67 
83.68 
83.69 
83.70 
83.71 
83.72 
83.73 
83.74· 
83.75 
83.76 
83.77 
83.78 
83.79 
83.80 
83.81 
83.82 
83.83 
83.84 
83.85 
83.86 
83.87 
83.88 
83.89 
83.90 
83.91 
83.92 
83.93 
83.94 
83.95 
83.96 
83.97 
83.98 
83.99 
84.00 

Stage-Area-Storage for Pond ST 2: Sediment Trap 2 (continued) 

Surface 
(sq-ft) 
1,242 
1,245 
1,247 
1,250 
1,253 
1,255 
1,258 
1,261 
1,264 
1,266 
1,269 
1,272 
1,274 
1,277 
1,280 
1,283 
1,285 
1,288 
1,291 
1,294 
1,296 
1,299 
1,302 
1,305 
1,307 
1,310 
1,313 
1,316 
1,318 
1,321 
1,324 
1,327 
1,329 
1,332 
1,335 
1,338 
1,341 
1,343 
1,346 
1,349 
1,352 
1,355 
1,357 
1,360 
1,363 

Storage 
(cubic-feet) 

3,274 
3,287 
3,299 
3,311 
3,324 
3,337 
3,349 
3,362 
3,374 
3,387 
3,400 
3,412 
3,425 
3,438 
3,451 
3,463 
3,476 
3,489 
3,502 
3,515 
3,528 
3,541 
3,554 
3,567 
3,580 
3,593 
3,606 
3,619 
3,632 
3,646 
3,659 
3,672 
3,685 
3,699 
3,712 
3,725 
3,739 
3,752 
3,766 
3,779 
3,793 
3,806 
3,820 
3,833 
3,847 I 

I 
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1992 

TABLE 3.15-A 

SIZE OF SWPE DRAIN 

Maximum Drainage 
Area (acres) 

Pipe Diameter 
(inches) 

3.15 

sn 30 
l>n.A1t\JAGt ,A.ac A':> 

\Sv- l , T':>D·-2 
I 

Source: Va. DSWC 
T":> V-3 .:: J. 11 Ac. 

Dike Desi~n 

An earthen dike shall be used to direct stormwater runoff into the temporary slope drain 
and shall be constructed as set forth in DIVERSION, Std. & Spec. 3.12. See Plate 3.15-1 
for placement of dike in relation to the slope drain. 

The height of the dike at the centerline of the inlet shall be equal to the diameter of the 
pipe plus 6 inches. Where the dike height is greater than 18 inches at the inlet, it shall be 
sloped at the rate of 3:1 or flatter to connect with the remainder of the dike (see Plate 3.15-
1). 

Outlet Protection 

The outlet of the slope drain must be protected from erosion as set forth in OU1LET 
PROTECTION, Std. & Spec. 3.18. 

1. 

2. 

3. 

Construction Specifications 

The measure shall be placed on undisturbed soil or well-compacted fill. 

The entrance section shall slope toward the slope drain at the minimum rate of 1/2-
inch per foot. · 

The soil around and under the entrance section shall be hand-tamped in 8-inch lifts 
to the top of the dike to prevent piping failure around the inlet. 

III· 118 
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.stormwater ~alculations VA-James·City County 2-Year Duration=5 min, lnten=5. 78Jnlhr 

I Prepared by {enter your company name here} .. Printed 2/S/2011 
HydroCAD® 9.00 sin 01238 © 2009 HydroCAD Software Solutions LLC 

I 
Stage-Area-Storage for Pond SF: Sediment Forebay 

Elevation Surface Storage Elev~tlon Surface· Storage 

· (feet) (sg-ft} (cubic-feet} (feet} (sg-ft} (cubic-feet) 

I 
27.00 307 0 28.14 502 467 

27.02 310 8 28.16 506 478' 

27.04 314 15 28.18 .. 510 490 . 

27.06 317 23 28.20 514 501 

I 
27.08 32Q 31 28.22 518 513 

27.10 324 39 28.24_ 523 524 

27.12 327 46 28.26 527 536 

27.14 330 54 28.28 531 547 

1· 
27.16 333 62 28.30 535 559 

27.18 337 70 28.32 540 570 

27.20 340 77 28.34 544 582 

27.22· 343 85 28.36 548 593 

27.24 347 93 28.38 552 605 

I 27.26. 350 101 28.40 556 616 

27.28 353 108 28.42 561 . 628 

27.30 357 116 28.44 565 639 

27,32 360 124 28.46 569 651 

I 
27.34 ._353 131 28.48 573 662 

27.36 366 139 28.50 578 674 -

27.38 370 147 28.52 582 685 I 27.40 373 155 28.54 586 697 

1· 27.42 376 162 28.56 590 708 I 
27.44 380 170 28.58 594 720 I 
27.46 383 178 28.60 599 731 l 

27.48 386 186 28.62 603 743 
I 

I 
27.50 390 193 . 28.64 607 754 I 
27.52 393 201 28.66 611 766 

27.54 396 209 28.68 615 777 

27.56 399 216 28.70 620 789 

I 
27.58 403 224 28.72 624 800 

27.60 406 232 28.74 628 812 

27.62 409 240 '28.76 632 823 

27.64 413 247 28.78 637 834 

27.66 416 255 28.80 641 846 

I 27.68 419 263 28.82 645 857 

27.70 422 271 28.84 649 869 

27.72 426 278 28.86 653 880 

27.74 429 286 28.88 658 892 

I 27.76 432 294 28.90 662 903 

27.78 436 302 28.92 666 915 

27.80 439 309 28.94 670 926 

27.82 442 317 28.96 675 938 

I 
27.84 446 325 28.98 679 949 

27.86 449 332 29.00 683 961 

27.88 452 340 29 .. 02 688 977 

27.90 455 348 29.04 692 993 

I 
27.92 459 356 29.06 697 1,008 

27.94 462 363 29.08 701 1,024 

27.96 465 371 29.10 706 1,040 

27.98 469 379 29.12 710 1,056 

I 
28.00 472 387 29.14 715 1,072 

28.02 476 398 29.16 720 1,088 

28.04 '480 . 410 29.18 724 1,104 

28.06 485 421 29.20 729 1,120 

I 
28.08 489 432 29.22 733 1,136 60 

. 28.10 493 444 29.24 738 1,152 

28.12 497 455 29.26 743 1,167 

I 
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Stormwater Calculations VA-James City County 2-Year Duration=5 min, lnten=5. 78 lnlhr 
~ 

I 

Prepared by {enter your company name here} Printed 2/8/2011 I H~droCAD® 9.00 sin 01238 © 2009 H~droCAD SoftWare Soii.Jtlons LLC 
I 

Stage-Area-Storage for Pond SF: Sediment Forebay (continued) 
I 

Elevation. Surface Storage Elevation Surface Storage 

(feet) · (sg-ft} {cubic-feet} {feet} {sg-ft} (cubic-feet) 

29.28. 747 1,183 30.42 1,047 2,204 

29.30 752 1,199 30.44 1,053 2,226 

29.32 756 1,215 30.46 1,060 2,247 

29.34 761 1,231 30.48 1,066 2,268 

29.36 765 1,247 30.50 1,073 2,290 

29.38 770 1,263 30.52 1,079 2,311 

29.40 775 1,279 30.54 1,085 2,333 

29.42 779 1,295 30.56 1,092 2,354 

29.44 784 1,311 30.58 1,098 2,375 

29.46 788 1,326 30.60 1,105 2,397 

29.48 793 1,342 30.62 1, 111 2,418 

29.50 . 798 1,358 30.64 1,117 2,439 

29.52 802 1,374 30.66 1,124 2,461 

29.54 807 1,390 30.68 1,130 2,482 

29.56 811 1,406 30.70 1,137 2,503 

29.58 816 1,422 30.72 1,143 2,525 

29.60 820 1,438 30.74 1,150 2,546 

29.62 825 1,454 30.76 1,156 2,568 

. 29.64 830 1,469'· 30.78" 1,162 2,589 

'29.66 . '834 1,485 . 30.80 1,169 2,610 

29.68 839 1,501 30.82 1,175 2,632 . 

·~ 29.70 843 1,517 30.84 1,182 2,653 

29.72 848 1,533 30.86 1,188 2,674 

29.74 852 1,549 30.88 · 1,194 2,696 

29.76 857 1,565 30.90 1,201 2,717 

29.78 862 1,581 30.92 1,207. 2,739 

29.80 866 1,597 30.94 1,214 2,760 I 
29.82 871 1,613 30.96 1,220 2,781 

29.84 875 1,628 30.98 1,227 2,803 

29.86 880 1,644 31.00 1,233 2,824 

29.88 885 1,660 31.02 1,241 2,852 

29.90 889 1,676 31.04 1,249 2,881 

29.92 894 1,692 31.06 1,256 2,909 

29.94 898 1,708 31.08 1,264 2,938 

29.96 903 1,724 31.10 1,272 2,966 

29.98 907 1,740 31.12 1,280 2,995 

30.00 912 1,756 31.14 1,287 3,023 

30.02 918 1,777 31.16 1,295 3,052 

30.04 925 1,798 31.18 1,303 3,080 

30.06 931 1,820 31.20 1,311 3,109 

30.08 938 1,841 31.22 1,319 3,137 

30.10 944 1,862 31.24 1,326 3,166 

30.12 951 1,884 31.26 1,334 3,194 

30.14 957 1,905 31.28 1,342 3,222 

30.16 963 1,927 31.30 1,350 3,251 

30.18 970 1,948 31.32 1,357 3,279 

30.20 976 1,969 31.34 1,365 3,308 

30.22 983 1,991 31.36 1,373 3,336 

30.24 989 2,012 31.38 1,381 3,365 

30.26 995 2,033 . 31.40 1,389 ·3,393 

30.28 1,002 2,055 31.42 1,396 3,422 

30.30 1,008 2,076 31.44 1,404 3,450 

30.32 1,015 2,097 31.46 1,412 3,479 

30.34 1,021 2,119 31.48 1,420 3,507 ' 

30.36 1,028 2,140 31.50 1,428 3,536 61 

' 
30.38 1,034 2,162 31.52 1,435 3,564 

30.40 1,040 2,183 31.54 1,443 3,592 

• 
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Storniwater Calculations VA~James City County 2-Year Dtiration=5 min, inten=5.78 In/hr 

Prepared by {enter your company name '1ere} Printed 2/8/2011 

H;x:droCAD® 9.00 sin 01238 © 2009 H~droCAD Software Solutions LLc· 

I 
StageMArea-Storage for Pond SF: Sediment Forebay (cc>ntlnued) 

Elevation Surface Storage Elevation Surface Storage 

{feet} · (sg-ft) {cubic-feet} · . (feet} (sg-ft} (cubic-feet} 

I 31.56 . 1,451 3,621 32.70 1,885 5,476 

31.58. 1,459 3,649 32.72 1,898 5,514 

31.60 1,466 3,678 32.74 1,910 5,552 

31.62 1,474 3,706 32.76 1,922 5,591 

I 31.64 1,482 3,735 32.78 1,934 5,629 . . 

31.66 1,490 3,763 .. 32.80 1,947 5,667 \>Rf)V 1 t> c-i/. : 

31.68 1,498 3,792 32.82 1,959 5,706- S't-~~;t-&E" 
31.70 1,505 3,820 32.84 1,971 5,744 

I 
31.72 1,513 3,849 32.86. 1,983 5,782 '{ €>/..,,V'(V\t:; 'F&ft 

3(74 1,521 3,877 32.88 11996 5,820 WAA"m:-- . ~\JU-t tvf 
31.76 1,529 3,906 32.90 2,008 5,859. 

31.78 1,536 . 3,934 32.92 2,020 5,897 @? etvv=='32~ ~o 

I 
31.80 1,544 3,962 32.94 2,032 5,935 

31.82 · 1,552 3,991 32.96 2,045 5;974 

31.84 ·. 1,560 4,019 32.98 2,057 6,012. 

31.86 1,568 4,048 33.00 2,069 6,050 

I 
31.88 1,575 4,076 33.02 2,080 6,097 

31.90 . ·'1,583 ·4,105 33.04 2,090 6,143 

31".92·. ·· 1;591 ·. 4,133 33.06 -.. 2,101 6,190·· 

31.94 1,599 4,162 33.08 2,111 6,236. 

31.96 1,606 4,190 33.10 2,122 6,283 

I 31.98 1,614 4,219 33.12 2,132 6,329 

32.00 1,622 4,247 33:14 2,143 6,376 

32.02 1,628 4,281 33.16 2,153 6,423 

32.04 1,633 4,315 33.18 2,164 6,469 

I 32.06 1,639 4,349 33.20 2,175 6,516 

32.08 1,645 4,382 33.22 2,185 6,562 

32.10 1,650 4,416 33.24 2,196 6,609 

32.12 1,656 4,450 33.26 2,206 6,665 

I 
32.14 1,661 4,484 33.28 2,217 6,702 

32.16 1,667 4,518 33.30 2,227 6,748 

32.18 1,673 4,552 33.32 2,238 6,795 

32.20 1,678 4,585 33.34 2,249 6,842 

I 
32.22 1,684 4,619 33.36 2,259 6,888 

32.24 _ 1,690 4,653 33.38 2,270 6,935 

32.26 1,695 4,687 33.40 2,280 6,981 

32.28 1,701 4,721 33.42 2,291 7,028 

I 
32.30 1,707 4,755 33.44 2,301 7,074 

32.32 1,712 4,789 33.46 2,312 7,121 

32.34 1,718 4,822 . 33.48 2,322 7,168 

32.36 1,724 4,856 33.50 2,333 7,214 

I 
32.38 1,729 . 4,890 33.52 2,344 7,261 l 
32.40 .. 1,735 4,924 33.54 2,354 7,307 ,. 

32.42 . 1,740 4,958 33.56 2,365 7,354 I 
32.44 1,746 4,992 33.58 2,375 7,400 I 

32.46 1,752 5;025 33.60 2,386 7,447 I 
I 

I 32.48 1,757 5,059 33.62 2,396 7,493 
I 

32.50 1,763 5,093 33.64 2,407 7,540 

32.52 1,775 5,131 33.66 2,417 7,587 

32.54 1,787 5,170 33.68 2,428 7,633 

I 32.56 1,800 5,208 33.70 2,439 7,680 

32.58 1,812 5,246 33.72 2,449 7,726 

32.60 1,824 5,284 33.74 2,460 7,773 

32.62 1,836 5,323 33.76 2,470 7,819 

I 
32.64 1,849 5,361 33.78 2.481 7,866 62 
32.66 1,861 5,399 33.80 2,491 7,912 

32.68 1,873 5,438 33.82 2,502 7,959 

1· 



Stormwater Calculations VA-James City County 2-Year Duration=5 min, lnten=5. 78 in/hr 
Prepared by {enter your company name here} . Printed 2/8/2011 
HydroCAD® 9.00 sin 01238 © 2009 HydroCAD .software Solutions LLC 

Stage-Area-Storage for Pond SF: Sediment Forebay (continued) 

Elevation Surface Storage Elevation Surface Storage 

(feet} (sg-ft} {cubic-feet} (feet} (sg-ft} (cubic-feet} 

33.84 2,513 8,006 34.98 3,127 11,184 

33.86 2,523 8,052 35.00 3,138 11,241 

33.88. 2,534 8,099 I 
33.90. 2,544 8,145 
33.92 2,555 8,192 
33.94 2,565 8,238 
33.96 2,576 8,285 
33.98 2,586 8,332 
34.00 2,597 8,378 
34.02 2,608 8,435 
34.04 2,619 8,493 
34.06 2,629 8,550 
34.08 2,640 8,607 
34.10 2,651 8,664 
34.12 2,662 8,722 
34.14 2,673 8,779 
'34.16 2,684 8,836 

.. 34.18 2,694 8,893 . 
34~20. 2,705 ·8·,951 
34.22 2,716 9,008 
34.24 2,727 9,065 
34.26 2,738 9,123 
34.28 2,748 9,180 
34.30 2,759 9,237 
34.32 2,770 9,294 
34.34 2,781 9,352 
34.36 2,792 9,409 
34.38 2,803 9,466 
34.40 2,813 9,523 
34.42 2,824 9,581 
34.44 2,835 9,638 
34.46 2,846 9,695 
34.48 2,857 9,752 
34.50 2,868 9,810 
34.52 2,878 9,867 
34.54 2,889 9,924 
34.56 2,900 9,982 
34.58 2,911 10,039 
34.60 2,922 10,096 
34.62 2,932 10,153 
34.64 2,943 10,211 
34.66 2,954 10,268 
34.68 2,965 .10,325 
34.70 2,976 10,382 
34.72 2,987 10,440 
34.74 2,997 10,497 
34.76 3,008 10,554 
34.78 3,019 10,611 
34.80 3,030 10,669 
34.82 3,041 10,726 
34.84 3,051 10,783 
34.86 3,062 10,840 
34.88 3,073 10,898 
34.90 3,084 10,955 
34.92 3,095. 11,012 63 
34.94 3,106 11,070 
34.96 3,116 11,127 
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- - -
Label 

Sediment Forebay 
OutfaD 2-vear 

Sediment Forebay 

en 
en 

Outfan 10.-ar 
sediment Forebay 

OUtfaR 25-year 

-
Solve For 

Ofsc:hal'l!e 

Dlschal'l!e 

Discharge 

------·· ------··-·-----·---

- -
Headwater 

Discharge Elevation 
[ft"/s) (ft) 

19.n 35.62 

25.64 35.73 

29.06 35.79 

- - - -
Crest: Tallwater Crest 

Elevation Eleva ti on Surface Crest Crest 
[ft) [ft) Type Breadth (ft) Length [ft) 

35 30 Gravel 10 15 

35 30 Gravel 10 15 

35 30 Gravel 10 15 

_ ......... -.. -··--·--·----------

- - - - ·- - - - -
Heaawater Tahw<n:er Ad)ust:ed 

Height Height Weir Weir Wetted 
Above Above Coeflldent Submergen Coefficient Flow Area Velocity Pertmeter Top Width 

Crest: (ft) Crest [ft) [US) ce Fa<tor (US) (ft') (ft/s) (ft) (ft) 

0.&2 -5 2.73 1 2.73 9.23 2.14 16.25 15 

0.73 -s 2.76 1 2.76 10.9 2.35 16.45 15 

0.79 -5 2.78 1 2.78 11.8 2A6 16.57 15 

-------···--·---·-· .. -·--·-



Worksheet for Sediment Forebay Outfall 2-year 

Solve For Headwater Elevatlon 

Discharge 19.77 lt'/s 

Crest Elevation 35.00 ft 

Tallwater Elevation 30.00 ft 

Crest Surface Type Gravel 

Crest Breadth 10.00 ft 

Crest Length 15.00 ft 

Headwater Elevation 35.62 ft 

Headwater Height Above Crest 0.62 ft 

Tailwater Height Above Crest -5.00 ft 

Weir Coefficient 2.73 us 
Submergence Factor 1.0Q 

Adjusted Weir Coefficient 2.73 U$ 

Flow Area 9.23 ft• 

Velocity 2.14 ftls 

Wetted Perimeter 16.23 ft 

Top Width 15.00 ft 

Bentley Systems, Inc. Haestad Methods Soldllmtl6)lfilewMasterV8i (SELECTserles 1) [08.11.01.03] 

3/221201110:26:48 PM 27 Slemons Company Drive Suite 200 W Watertown, CT06795 USA +1-203-755-1666 Page 1 of 1 67 ' I 
• 
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Worksheet for Sediment Forebay Outfall 10-year 

I 
Solve For Headwater Elevation 

I 
Discharge 25.64 fWs 

Crest Elevation 35.00 ft 

Tailwater Elevation 30.00 ft 

Crest Surface Type Gravel 

Crest Breadth 10.00 ft I 
· Crest length 15.00 ft 

I 
Headwater Elevation 35.73 ft 

I 
Headwater ~eight Above Crest 0.73 ft 

Tailwater Height Above Crest -5.00 ft 

Weir Coefficient 2.76 us 
Submergence Factor 1.00 

Adjusted Weir Coefficient 2.76 us I 
Flow Area 10.90 fl2 

Velocity 2.35 ft/s 

Wetted Perimeter 16.45 ft I 
. TopWidlh 15.00 ft 

I 
I 
I 
I 
I 
I 
I 

Bentley Systems, Inc. Haestad Methods Sol1BlmU6)pfite11VMasterV8I (SELECTserles 1) [08.11.01.03) 

I 
3/22/201110:28:57 PM 27SlemonsCompanyDriveSulte200W Watertown,CT08795USA +1·203·755-1666 Page 1 of 1 68 
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Worksheet for Sediment Forebay Outfall 25-year 

Solve For Headwater Elevation 

Discharge 29.06 ft•/s 

Crest Elevation 35.00 ft 

Tailwater Elevation 30.00 ft 

Crest Surface Type Gravel 

Crest Breadth 10.00 ft 

Crest Length 15.00 ft 

Headwater Elevation 35.79 ft 

Headwater Height Above Crest 0.79 ft 

Tailwater Height Above Crest -5.00 ft 

Weir Coefficient 2.78 us 
. Submergence Factor 1.00 

Adjusted Weir Coefficient 2.78 us 
Flow Area 11.80 ft2 

Velocity 2.46 ftls 

Wetted Perimeter 16.57 ft 

Top Width 15.00 ft 

i . ! 

I 
3/221201110:27:06 PM 

Bentley Systems, Inc. Haestad Methods SoltBlmll@plitewMa_ster V8i (SELECTserles 1) [08.11.01.03] 

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 69 

-! • 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

STORM SEWER CALCULATIONS 10-YEAR STORM EVENT 
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VHBlnc. 
Storm Sewer Design Computatlou 
Oktoberfest Attraction Expansion 

SM! =B (10-Yi!.) AREA RUNOFF 
10.00 =D DRAIN. COEF. 
0.74 =£ "A" 

FROM TO 
POINT POINT ACRES c 

1 2 0.60 .0.71 
2 3 0.21 0.43 

3B 3A 0.53 0.74 
3A 3 1.34 0.68 

3 4 0.26 o.so 
4 s 0.18 o.so 
s 6 0?? 0.53 
6 7 0.24 0.67 

303 302 . 1.48 0.43 
302 301 0.00 0.00 
301 7 0.00 0.00 

7 8 0.69 0.62 
8 9 0.00 o.oo 

-..i ...... 

CA 

INCRE- AC CUM 
MENT ULATED 

0.43 0.43 
0.09 0.52 

0.39 0.39 
0.91 0.91 

0.13 l.S6 
0.09 1.65 
0.12 t.76 
0.16 1.92 

0.64 0.64 
0.00 0.64 
0.00 0.64 

0.43 2.99 
0.00 2.99 

-----------·----:----------

DATE: Marcl>-11 

INLET RAJ'N RUNOFF "Q" 
TIME FALL 

MIN- INCR.E- ACCUM-
UTES IN.\HR MENT ULATED 

S.00 1.SO 3.19 3.19 
S.08 7.47 0.67 3.85 

S.00 7.50 2.94 2.94 
S.00 6.55 S.97 S.97 

8.08 6.53 o.ss 10.17 
8.21 6.49 0.58 10.70 
S.32 6.46 0.75 11.40 
8.SO 6.42 l.oJ 12.36 

9.IS 6.26 3.98 3.98 
9.38 6.26 0.00 3.98 
9.44 6.26 0.00 3.98 

8.72 6.36 2.72 19.02 
8.97 6.36 0.00 19.02 

PROJECT NO. 33299.00 

INVERT PIPE CMA- FLOW 
ELEVATIONS LNGTH SLOPE DIA CITY VEL. TIME REMARKS 

UPPER LOWER MANN. 
END END FT. FT.ll'T. IN. C.F.S. F.P.S. MIN. RIM N 

54.08 53.82 26 0,llll IS 6.46 S.25 0.08 PR-Dl-38 S9.03 0.013 
S3.72 53,16 S6 o.aro lS 6.46 5.49 0.17 PR-DI-38 57.85 0.013 

'-ru 
76.00 73.30 121 0.022 IS 9.64 6.87 0.29 PR-Dl-7 • v. 1 soon _) 0.013 
56.25 53.55 S4 0.050 15 14.44 11.0S 0.08 PR-Dl-7 77.00 0.013 

53.06 52.SO 56 0.010 24 22.61 7.01 0.13 PR-Dl-38 . 57.35 0.013 
52.40 51.93 47 0.010 24 22.61 7.10 0.11 PR-Dl-38 . 56.85 0.013 
Sl.83 SJ.OS 75 0.010 24 22.61 7.21 0.17 PR-Dl-JB r . . ,.,,, 51i.cll1 0.013 
50.98 SO.DO .98 0.010 24 22.61 7.36 0.22 PR·Dl-JB J 1 r.J ss.~o ) 0.013 

-
v 78.48 ~ 73.28 130 . 0. IS 12.91 '>.27 0.23 FES 79.79 0.013 

\1>2.00 \/60.80 30 o.r~ 15 12.91 9.27 o.os PR-MH ...., so.so 0.013 
'-'5!.65 I'-' 50.93 18 0.C IS 12,91 9.27 0,03 PR-MH v6.S.S.O 0.013 

40.54 38.38 144 o.ois 30 S0.21 9.53 0.2S PR·Ol-3C 54.75 0.013 
Z1.9S 27.01 sz O.QIS 30 SS.00 10.18 0.09 PR-MH 45.00 0.013 

·---------------------------------------------~ 



- - - - -
VHll Inc. 
Hydraulic Gradellne Computations 10 Yr Storm 
Oktoberfest Attraction Expmnslon 

RCP PIPE n= 0.013 
INLET OUTLET 

0(0) Q(O) L(O) 
STATIO SURFAC 

S<!dimeiu Fo.-iw 10-venr S!onn WSEL· ' 
8 35.73 30 19.02 52 
7 40.38 30 19.02 144 

6 52.00 30 12.36 9tt 
5 52.68 24 11.40 15 
4 53.53 24 10.70 47 
3 54.17 24 10.17 56 

3A 55.63 15 5.91· 54 
38 74.30 15 2.94 121 

2 55.63 IS 3.85 56 
l 56.13 IS 3.19 26 

....... 
N 

- - -
Sl'(O) H(F) 

V(Ol H(Ol 

0.0038 0.20 10.18 0.4023 
0.0038 0.54 9.53 0.3526 

0.0016 0.16 7.36 0.2103 
0.0025 0.19 7.21 0.2018 
0.0022 0.11 7.10 0.1957 
0.0020 0.11 7.01 0.1908 

0.0085 0.46 II.OS 0.4740 
0.0021 0.25 6.87 0.1832 

0.0036 0.20 5.49 O.ll70 
0.0024 0.06 5.25 0.1070 

- - - - - - ·- - - - -
DATE: March-11 PROJECT NO : 33299.00 

JUNCTION LOSS FINAL f.l\.'LET RIM 
om om V(D o•v v2nr. mn ANGLE e r< HC>) H(T) 1•3 H(Tl o.s• H SURFAC ELEV 

19.02 30 9.53 181 l.41 0.49 0 0.00 0.00 0.90 1.16 0.58 0.78 36.SI 45.00 
12.36 30 7.36 91 0.84 0.29 46 0.43 0.36 1.01 l.31 0.66 1.20 41.58 S4.1S 
3.98 IS 9.27 37 

11.40 24 7.21 82 0.81 0.28 IS 0.10 0.08 0.57 0.1S 0.37 0.53 52.53 55.90 
10.70 24 7.10 76 0.78 0.27 28 0.22 0.17 MS 0.84 0.42 0.61 S3.29 56.40 
10.17 24 7.01 71 0.76 0.27 62 0.47 0.36 0.82 1.07 0.53 0.64 S4.17 S6.85 
S~97 IS 11.0S 66 1.90 0.66 75 0.64 1.21 2.D7 2.69 1.34 1.46 SS.63 51.35 
3.85 IS 5.49 21 

2.94 15 6.87 20 0.73 0.26 80 0.66 0.48 1.21 1.58 0.79 1.25 56.88 77.00 
0.18 0.24 0.12 0.37 74.67 so.oo· 

3,19 .15 S.25 17 0.43 0.15 62 0.47. 0.20 0.47 0.61 0.30 o.so 56.13 51.85 
O.ll 0.14 0.07 0.13 56.26 59.03 

--------· -----------·- -------------····-·-.. ····------··· .. ··--· .. ···---·· .. ·-··-· 



Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth· 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 1 to 2 

Manning Formula 

Normal Depth 

SuperCritfcal 

0.013 

0.01000 ft/ft 

1.25 ft 

3.19 ft'ls 

0.62 ft 

0.61 ft' 

1.95 ft 

0.31 ft 

1.25 ft 

0.72 ft . 

49.6 % 

0.00615 ftlft 

5.25 fl/s 

0.43 ft 

1.05 ft 

1.33 

6.95 ft'/s 

6.46 ft'/s 

0.00244 ftlft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

49.62 % 
Infinity ftls 

·------

Bentley Systems, Inc. Haestad Methods SohRlmtl6lpfilewMaster V81 (SELECTseries 1) [08.11.01.03) 
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I 
I 
I 

Worksheet for 1 to 2 

I 
Upstream Velocity Infinity ft/s 

Normal Depth 0.62 ft 

Critical Depth 0.72 ft 

Channel Slope 0.01000 ft/ft 

Critical Slope 0.00615 ft/ft I 
I 
I 
I 
I 
I 
I I 

L 

I 

I 
I 
I 
I 
I 

Bentley Systems, Inc. Haestad Methods Soldlimllli)!litBllVMaster V81 (SELECTseries f) [08.11.0f .03] 

I 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Crillcal Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 2 to 3 

Manning Formula 

Normal Depth 

SuperCritical 

-~.·· 

0.013 

0.01000 fl/ft 

1.25 ft 

3.85 tr/s 

0.69 ft 

0.70 ft' 

2.10 ft 

0.33 ft 

1.24 ft 

0.79 ft 

55.6 % 

0.00665 fl/ft 

5.49 fl/s 

0.47 ft 

1.1.6 ft 

1.29 

6.95 tr/s 

6.46 tr/s 

0.00355 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

55.60 % 

Infinity ft/s 
······-------·--· ---

Bentley Systems, Inc. Haestad Methods Soldlimt16\plitewMaster V81 (SELECTserles 1) [08.11.01.03] 
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I. 
I 
I 

Worksheet for 2 to 3 

I 
Upstream Velocity Infinity ft/s 

Normal Depth 0.69 ft 

Critical Depth 0.79 ft 

Channel Slope 0.01000 ft/ft 

Critical Slope 0.00665 ft/ft I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ··-- ""'""----·---

Bentley Systems, Inc. Haestad Methods SollBlmll8plilewMasterV81[SELECTserles1) [08.11.01.03) 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critlcal Slope 

Veloclty 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 3B to 3A 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.02200 ft/ft 

1.25 ft 

2.94 tr/s 

0.48 ft 

0.43 ft• 

1.66 ft 

0.26 ft 

1.21 ft 

0.69 ft 

38.0 % 

0.00598 ft/ft 

6.87 ft/s 

0.73 ft 

1.21 ft 

2.04 

10.31 tr/s 

9.58 tr/s 

0.00207 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

o.oo % 

38.00 % 

Infinity ft/s 

Bentley Systems, Inc. Haestad Methods SohRlmtl'1JllitewMasterV8i (SELECTserles 1) [08.11.01.03) 
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I 
I 
I 

Worksheet for 3B to 3A 

I 
Upstream Velocity Infinity ft/s 

Normal Depth 0.48 ft 

Critical Depth 0.69 ft 

Channel Slope 0.02200 ft/ft 

Critical Slope 0.00598 ft/ft I 
I 
I 
I 
I 
I 
I I 

I 

I 
I 
I 
I 
I 
I 

Bentley Systems, Inc. Haestad Methods SoldHD'ltl6lplrtewMaster V81 (SELECTserles 1) [08.11.01.03] 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 
----- -- - --

;~:~}?J:-i~fil.@fil?~!~t'~t!~~=·~:~-: .. 
Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 3A to 3 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.05000 ft/ft 

1.25 ft 

5.67 ft'/s 

0.54 ft 

0.51 ft• 

1.80 ft 

0.28 ft 

1.24 ft 

0.96 ft 

43.5 % 

0.00870 ft/ft 

11.05' fUs 

1.90 ft 

2.44 ft 

3.03 

15.54 ft'/s 

14.44 ft'/s 

0.00771 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

43.54 % 

Infinity ft/s 

Bentley Systems, Inc. Haestad Methods Solllllmll6llllltE11YMasterV8I (SELECTserles 1) [08.11.01.03) 
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I 
I 
I 

Worksheet for 3A to 3 

I 
Upstream Velocity Infinity fits 

Normal Depth 0.54 ft 

Crilical Depth 0.96 ft 

Channel Slope 0.05000 fl/ft 

Critical Slope 0.00870 fl/ft I 
i:.: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BenUey Systems, Inc. Haestad Methods Soldllmtll\.ljelilewMasterV81(SELECTserles1) (08.11.01.03) 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Deplh 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 3 to 4 

Manning Formula 

Normal Depth 

Supercritical 

0.013 

0.01000 ft/ft 

2.00 ft 

10.17 ft3/s 

0.94 ft 

1.45 ftl 

3.02 ft 

0.48 ft 

2.00 fl 

1.14 fl 

47.0 % 

0.00523 ft/ft 

7.01 ft/s 

0.76 ft 

1.70 ft 

1.45 

24.33 fP/s 

22.62 fl'/s 

0.00202 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

47.00 % 

Infinity ft/s 

BenUey Systems, Inc. Haestad Methods SohBimtl61plltelYMaster V81(SElECTseries1) [08.11.01.031 
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I 
I 
I 

Worksheet for 3 to 4 

I 
Upstream Velocity Infinity ftls 

Normal Depth 0.94 ft 

Crilical Depth 1.14 ft 

Channel Slope 0.01000 ft/ft 

Critical Slope_ 0.00523 ft/ft I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BenUey Systems, Inc. Haestad Methods Sohlllmtl~lrtewMaster VSI (SELECTserles 1) [08.11.01.03) 
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Friction Method 

Solve For 

Roughness Coefficient 

. Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

TopWldth 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Furr 

Slope Furr 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 4 to 5 

Manning Formula 

Normal Depth 

SuperCritlcal 

0.013 

0.01000 ft/ft 

2.00 ft 

10.70 ft'/s 

0.97 ft 

1.51 ft2 

3.08 ft 

0.49 ft 

2.00 ft 

1.17 ft 

48.4 % 

0.00533 ft/ft 

7.10 ft/s 

0.78 ft 

1.75 ft 

1.44 

24.33 tt•ts 
22.62 ft'/s 

0.00224 ft/ft 

0.00 ft 

0.00 fl 

0 

0.00 ft 

0.00 fl 

0.00 % 

48.41 % 

Infinity fl/s 
.. ·-------···-· .. ·······----

Bentley Systems, Inc. Haestad Methods SohBilllllf)plltewMasterVBI (SELECTserles 1) [OB.11.01.03] 
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I 
I 
I 

Worksheet for .4 to 5 

I 
Upstream Velocity Infinity ft/s 

Normal Depth 0.97 ft 

Critical Depth 1.17 ft 

Channel Slope 0.01000 ft/ft 

Critical Slope 0.00533 ft/ft I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Benney Systems, Inc. Haestad Methods SolU!llntl~fitewMasterV81(SELECTserles1) (08.11.01.031 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 5 to 6 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.01000 ft/ft 

2.00 . ft 

11.40 ft'/s 

1.00 ft 

1.58 ft2 

3.15 ft 

0.50 ft 

2.00 ft 

1.21 . ft 

50.2 % 

0.00546 ft/ft 

7.21 ftls 

0.81 ft 

1.81 ft 

1.43 

24.33 ftS/5 

22.62 ft'/s 

0.00254 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

50.24 % 

Infinity ft/s 
···----------

· Bentley Systems, Inc. Haestad Methods SoliBlmt!Glpl!tewMaster V81(SELECTserles1) (08.11.01.03) 

3123/201110:17:28 AM 27 Slemons Company Drive Suite 200 W Watertown, CT 08795 USA +1-203-755-1666 Page 1 of 2 

I 

' ' • • I 
85 

' • 



I 
I 
I 

Worksheet for 5 to 6 

I 
Upstream Velocity Infinity ftfs 

Normal Depth 1.00 ft 

Critical Depth 1.21 ft 

Channel Slope 0.01000 ftfft 

Critical Slope 0.00546 ftfft I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Bentley Systems, Inc. Haestad Methods SollBlmtl~fitewMas!er V81(SELECTserles1) (08.11.01.031 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Nonnal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 6 to 7 

Manning Fonnula 

Normal Depth 

Supercritical 

0.013 

0.01000 ft/ft 

2.00 ft 

12.36 ft"/s 

1.05 ft 

1.66 ft2 

3.25 ft 

0.52 ft 

2.00 ft 
1.26 ft 

52.7 % 

0.00566 ft/ft 

7.36 ft/s 

0.84 ft 

1.90 ft 

1.42 

24.33 ft•/s 

22.62 ft•/s 

0.00299 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

52.71 % 

Infinity ft/s 

Bentley Systems, Inc. Haestad Methods SohBimtlCl)efitewMaster V8i (SELECTserles 1) (08.11.01.03] 
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I 
I 

Worksheet for 6 to 7 

I 
Upstream Velocity Infinity ft/s 

Normal Depth 1.05 ft 

Critical Depth 1.26 ft 

Channel Slope 0.01000 ft/ft 

Critical Slope 0.00566 ft/ft I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Bentley Systems, Inc. Haestad Methods Soldllmtl~fffewMaster V81 (SELECTserles 1) [08.11.01.03) 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth . 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 7 to 8 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.01500 ft/ft 

2.50 ft 

19.02 Iris 

1.07 ft 

2.00 ft• 

3.56 ft 

0.56 ft 

2.47 ft 

1.48 ft 

42.6 % 

0.00497 ftfft 

9.53 ftfs 

1.41 ft 

2.48 ft 

1.87 

54.04 f'P/s 

50.23 ft' ls 

0.00215 ftfft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

42.65 % 

Infinity ftfs 
·····-----

Bentley Systems, Inc. Haestad Methods Sohllintl61plltewMaster VBI (SELECTserles 1) {08.11.01.03] 
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I 
I 
I 

Worksheet for 7 to 8 

I 
Upstream Velocity Infinity ft/s 

Normal Depth 1.07 ft I 
Critical Depth 1.48 ft 

Channel Slope 0.01500 ft/ft 

Critical Slope 0.00497 ft/ft I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

Bentley Systems, Inc. Haestad Methods Soldllmtli)plltellYMaster VBI (SELECTserles 1) [08.11.01.03) 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Crilical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 8 to 9 

Manning Formula 

Normal Depth 

SuperCritical 

··········--------·· 

0.013 

0.01800 ftlfl 

2.50 ft 

19.02 tr/s 

1.01 ft 

1.87 ft2 

3.45 ft 

0.54 ft 

2.46 ft 

1.48 ft 

40.6 % 

0.00498 ft/ft 

10.18 ft/s 

1.61 ft 

2.63 ft 

2.06 

59.19 ft•/s 

55.03 tt•/s 

0.00215 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

40.56 % 

Infinity ft/s 
···------··· 

BenUey Systems, Inc. Haestad Methods SohBi1ntl6\plllewMaster V81(SELECTsertes1) [08.11.01.03] 
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I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
.I 
I 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

3/23/2011 10:17:48 AM 

Worksheet for 8 to 9 

Infinity ftls 

1.01 ft 

1.48 ft 

0.01800 ft/ft 

0.00498 ft/ft 

. I 

I 

.. ···-·-·-·-------

Bentley Systems, Inc. Haestad Methods SohllilJlllCl\plilewMasterV8i (SELECTserles 1) [08.11.01.03] 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth OVer Rise 

Normal Depth Over Rise 

Downstream Velocity 
--·--··--------· 

Worksheet for 303 to 302 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.04000 ft/ft 

1.25 ft 

3.98 ft•/s 

0.48 ft 
0.43 ft• 

1.66 ft 

0.26 ft 

1.21 ft 

0.81 ft 

38.1 % 

0.00676 ft/ft 

9.27 ft/s 

1.34 ft 

1.81 ft 

2.75 

13.90 ft'/s . 

12.92 ft'/s 

0.00380 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

36.08 % 

Infinity ft/s 
-·-----· ···-·------ ···-·-----···--·---·. 

Bentley Systems, Inc. Haestad Methods SohlliDrtllt1!1ilewMasterV81(SELECTseries1) [08.11.01.03] 

3/23/201110:17:53 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2 

~ 
• I 

I 

• I 

93 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Worksheet for 303 to 302 

Upstream Velocity Infinity ft/s 

Normal Depth 0.48 ft 

Crilical Depth 0.81 ft 

Channel Slope 0.04000 ft/ft 

Crilical Slope 0.00676 ft/ft 

Bentley Systems, Inc. Haestad Methods Sohllfmtll!l)elitewMasterV81(SELECTserles1) [08.11.01.031 
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Friction Melhod 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth OVer Rise 

Downstream Velocity 
-------···-· 

Worksheet for 302 to 301 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.04000 ft/ft 

1.25 ft 

3.98 ft'/s 

0.48 ft 

0.43 ft• 

1.66 ft 

0.26 ft 

1.21 ft 

0.81 ft 

38.1 % 

0.00676 ft/ft 

9.27 ft/s 

1.34 ft 

1.81 ft 

2.75 

13.90 ft'/s 

12.92 ft•/s 

0.00380 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

38.08 % 

Infinity ft/s 
···--------
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I 
I 
I 
I 

Upslream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 3/23/2011 10:17:59 AM 

I 

Worksheet for 302 to 301 

lnfinily ft/s 

0.48 ft 

0.81 ft 

0.04000 Mt 

0.00676 ft/fl 

Bentley Systems, Inc. Haestad Methods SollBlmll6lpl'it&wMasterV81(SELECTseries1) [08.11.01.03] 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 301 to 7 

Manning Fonnula 

Nonna! Depth 

SuperCritical 

0.013 

0.04000 ft/ft 

1.25 ft 

3.98 ft'/s 

0.48 ft 

0.43 ft2 

1.66 ft 

0.26 ft 

1.21 ft 

0.81 ft 

38.1 % 

0.00676 ft/ft 

9.27 ft/s 

1.34 ft 

1.81 ft 

2.75 

13.90 tt•ts 
12.92 ft•/s 

0.00380 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

38.08 % 

Infinity ft/s 
-···-·-----
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I 
I 
I 

Worksheet for 301 to 7 

I 
Upstream Velocity Infinity ft/s 

Normal Depth 0.48 ft 

Critical Depth 0.81 ft 

Channel Slope 0.04000 ft/ft 

Critical Slope 0.00676 ft/ft I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 
--·------·--

Worksheet for 200 to 201 

Manning Formula 

Normal Depth 

SuperCritrcal 

0.013 

0.05000 ft/ft 

0.50 ft 

0.25 fP/s 

0.15 ft 

0.05 ft• 

0.58 ft 

0.09 ft 

0.46 ft 

0.25 ft 

30.3 % 

0.00774 ft/ft 

4.98 ft/s 

0.38 ft 

0.54 ft 

2.65 

1.35 ft' ls 

1.25 fP/s 

0.00199 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

30.30 % 

Infinity ftls 
·-···--·-----·--··· 
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I 
I 
I Worksheet for 200 to 201 

I Upstream Velocity Infinity ft/s 

Normal Depth 0.15 ft 

Critical Depth 0.25 ft 

Channel Slope 0.05000 ft/fl 

Critical Slope 0.00774 ft/fl I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Proflle Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 201 to 202 

Manning Formula 

Nor111al Depth 

SuperCritlcal 

0.013 

0.10900 ft/ft 

0.50 ft 

0.51 ft"/s 

0.18 ft 

0.06 ft' 

0.64 ft 

0.10 ft 

0.48 ft 

0.36 ft 

35.6 % 

0.01065 ft/ft 

6.07 ftls 

1.01 ft 

1.19 ft 

3.92 

1.99 ft'/s 

1.85 ft'/s 

0.00826 ft/ft 

0.00 ft 

0.00. ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

35.82 % 

Infinity ftls 
···-··--------·- ·-·· ----~---··-
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I 

Worksheet for 201 to 202 

I 
Upstream Velocity Infinity fl/s 

Normal Depth 0.18 ft 

Critical Depth 0.36 ft 

Channel Slope 0.10900 fl/ft 

Critical Slope 0.01065 fl/ft I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 202 to 203 

Manning Formula 

Normal Depth 

SuperCr1tical 

0.013 

0.06500 ft/ft 

0.50 ft 

0.51 fr/s 

0.21 ft 

o.oa IP 
0.70 ft 

0.11 ft 

0.49 ft 

0.36 ft 

41.2 % 

0.01064 ft/ft 

6.68 ft/s 

0.69 ft 

0.90 ft 

2.99 

1.54 fr/s 

1.43 fr/s 

0.00826 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

41.23 % 

Infinity ft/s 
---------·-··-··· 

Bentley Systems, Inc. Haestad Methods SolilllDltl61plftewMasterV81(SELECTserles1) [08.11.01.03) 
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I 
I 
I Worksheet for 202 to 203 

I Upstream Velocity Infinity ft/s 

Normal Depth 0.21 ft 

Critical Depth 0.36 ft 

Channel Slope 0.06500 ft/ft 

Critical Slope 0.01064 ft/ft I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Hea? 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headioss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 203 to 204 

Manning Formula 

Normal Depth 

SuperCri!ical 

0.013 

0.06500 Wft 

0.50 ft 

0.51 ft•/s 

0.21 ft 

0.08 ft• 

0.70 ft 

0.11 ft 

0.49 ft 

0.36 ft 

41.2 % 

0.01064 ft/ft 

6.68 ftls 

0.69 ft 

0.90 ft 

2.99 

1.54 ft'/s 

1.43 ft'/s 

0.00826 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

41.23 % 

Infinity ftls 
·······-----···· 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

Worksheet for 203 to 204 

Infinity ft/s 

0.21 ft 

0.36 ft 

0.06500 ft/ft 

0.01064 ft/ft 

-----·· --··------· ···--·----····· 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth over Rise 

Normal Depth OVer Rise 

Downstream Velocity 

Worksheet for 204 to 205 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.03600 ft/ft 

0.50 ft 

0.51 tr/s 

0.24 ft 

0.10 ft2 

0.77 ft 

0.12 ft 

0.50 ft 

0.36 ft 

48.7 % 

0.01066 ft/ft 

5.37 ft/s 

0.45 ft 

0.69 ft 

2.17 

1.15 tr Is 

1.06 tr/s 
0.00826 ft/ft 

0.00 ft 

0.00 fl 

0 

0.00 fl 

0.00 ft 

0.00 % 

48.75 % 

Infinity ft/s 
·······--------. 
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I 
I 

Worksheet for 204 to 205 

I 
Upstream Velocity Infinity ft/s 

I Normal Depth 0.24 ft 

Critical Depth 0.36 ft 

Channel Slope 0.03600 ft/ft 

I Critical Slope 0.01066 ft/ft 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

------- --------·---·--· ···-·······-··------··-----
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STORM SEWER CALCULATIONS 100-YEAR STORM EVENT 
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- - - -
VHBlnc. 
Storm Sewer Design Comp11tatlons 
Oktoberfest Attraction Exponsloa 

36.n:: B (100.YR) 
S.25 
0.56 

FROM 
POINT 

1 
2 

3B 
3A 

3 
4 
s 
6 

303 
302 
301 

7 
·8 

..... ..... 
0 

TO 
POINT 

2 
3 

3A 
3 

4 
s 
6 
7 

302 
301 
7 

8 
9 

AREA RUNOFF 
DRAIN. COEF. 

"A" 

ACRES c 
o.60 0.71 
0.21 0.43 

O.S3 0.74 
l.34 0.68 

0.26 o.so 
0.18 o.so 

. 0.22 0.53 
0.24 0.67 

1.48 .0.43 
0.00 0.00 
0.00 0.00 

0.69 0.62 
0.00 0.00 

- - - - - -
CATE' Meroi>-11 

CA INLET RAIN RUNOFF "Q" INVERT 
TIME FALL ELEVATIONS 

INCRE- ACCUM- MIN- lNCRE- ACCUM- UPPER LOWER 
MENT ULATED UTES IN.\HR MEh'T ULATED END END 

0.43 0.43 S:OO 9.99 4.2S 4.25 S4.08 53.82 
0.09 0.52 S.08 9.9S 0.90 S.14 53.72 S3.16 

0.39 0.39 S.00 9.99 3.92 3.92 76.00 7330 
0.91 0.91 8.00 8.6.5 7.88 7.88 56.25 S3.SS 

0.13 1.56 8,07 8.62 1.12 13.43 53.06 52.SO 
0.09 1.65 8.20 8.56 0.77 14.13 52.40 Sl.93 
0.12 1.76 8.30 8.54 l.00 ·1s.01 51.83 SI.OS 
0.1'6 1.92 8.46 8.49 1.36 16.33 50.98 S0.00 

0.64 0.64 9.IS . 8.26 S.2S 5.25 78.48 73.28 
0.00 0.64 9.37 8.26 0.00 5.25 62.00 60.80 
o.oo 0.64 9.42 8.26 0.00 S.25 Sl.65 S0.93 

0.43 2.99 8.67 8.41 3.6() 25.IS 40.54 38.38 
0.00 2.99 8.91 8.41 0.00 25.15 27.95 27.QJ 

- - - - - - - - -
PROJECT NO. 33299.00 

PIPE CAPA- FLOW 
LNOTH SLOPE DIA CITY VEL. TIME REMARKS 

MANN. 
FT. FT./FT. IN. C.F.S. F.P.S. MIN. RIM N 

26 0.010 IS 6.46 S.62 0.08 PR-DI-3B 59.03 0.013 
S6 0.010 IS 6,46 S.84 0.16 PR-Dl-3B S7.8S 0.013 

121 .. 0.022 IS 9.64 7.41 0.27 PR-Dl-7 80.00 0.013 
S4 o.oso 15 14.44 12.03 0.07 PR-DI-7 77.00 0.013 

S6 0.010 24 22.61 7.51 0.12 PR-DI-3B S1.3S 0,013 
47 0.010 .24 22.61 7.6() 0.10 PR-Dl-3B S6.85 0.013 
75 0.010 24 22.61 7.71 0.16 PR-Dl-3B .56.40 0.013 
98 0.010 24 22.61 7.84 0.21 PR-Dl-38 SS.90 0.013 

130 0.040 IS 12.91 9.98 0.22 FES 79,79 0.013 
. 30 0.040 JS 12.91 9.98 o.os PR-MH so.so 0.013 

IS 0.040 IS 12.91 9.98 0.03 PR-MH 65.50 0.013 

144 O.OIS 30 S0.21 10.24 0.23 PR-Dl-3C 54:7s 0.013 
52 0.018 30 · 'SS.00 10.96 0.08 PR-Ml:! 4S.OO 0.013 

----------------·----··-----



VHBlne. 
Byd,...ullc Grlldellne Computo.tioDs 100 Yr Storm 
Oktoberfest Att,...ctlon Expansion 

RCP PIPE n= 0.013 
INLET 

STATIO 

...... ...... ...... 

----·----

8 
7 

6 
5 
4 
3 

3A 
3B 

2 
1 

OUTLET 
D(O) 

SURFAC 
S<:dimcnt Forebav• I 

35.85 30 
40.38 30 

52.00 30 
52.70 24 
S3.S3 24 
54.33 24 

56.ll IS 
- 74,30 JS 

56.11 IS 
56.81 IS 

Q(O) L(O) 

>-Yoor stonnWSBL 
25.15 52 
25.IS 144 

16.33 98 
!S.07 75 
14.13 47 
13.43 56 

7.88 54 
3.92 121 

5.14 56 
4.25 26 

SF(O) 

0.0066 
0.0066 

0.0028 
0.0044 
0.0039 
0.0035 

0.0149 
0.0037 

0.0063 
0.0043 

CATE: March-11 

H(F} 
V(O) H(O) om Dm vm 

0.34 10.96 0.4663 2S,IS 30 10.24 
0.9S 10.24 0.4071 16.33 30 7.84 

5.25' IS 9,98 
I 

0.27 7.84 0.2386 IS.07 24 7.71 
0.33 7.71 0.2308 14.13 -- 24 7.60 
0.18 7.60 0.2242 13.43 24 7.SI 
0.20 7.SI 0.2189 7.88 IS 12.03 

5.14 IS 5.84 

0.80 12.03 0.5618 3.92 IS 7.41 
0,45 7.41 0.2132 

0.35 S.84 0.1324 4.25 IS 5,62 
0.11 S.62 0.1226 

,, 

PROJECT NO : 33299.00 

JUNCTION LOSS FINAL INLET RIM 
o•v v•nr. Hin ANGLE E K H(>) HCTl 1•3 H(T) o.s• H SURFAC ELEV 

258 1.63 0.57 0 0.00 0.00 1.04 1.35 0.67 1.02 36.87 45.00 
128 0.95 0.33 46 0.43 0.41 I.IS I.SO 0.15 1.70 42.08 54.15 
S2 

116 . 0.92 0.32 15 0.10 0.09 0,65 0.85 0.43 0.70 52.70 55.90 
107 0.90 0.31 28 0.22 0.20 0.74 0.96 0.48 0.82 53.51 56.40 
101 0.88 0.31 62 0.41 0.41 0.94 1.23 0.61 0.80 54.33 56.85 
9S 2.25 0.79 15 0.64 1.44 2.44 3.18 1.59 1.79 S6.ll 51.35 
30 

29 0.85 0.30 80 0.66 0.56 1.42 1.85 0.92 1.73 57.84 77.00 
0.21 0.28 0.14 0.58 74.89 80.00 

24 0.49 0.17 62 0.47 0.23 0.53 0.69 0.35 0.70 56.81 51.SS 
0.12 0,16 0.08 0.19 57.01 59.03 

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



I 
I 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length · 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 1 to 2 

Manning Formula 

Normal Depth 

Supercritical 

0.013 

0.01000 ftlft 

1.25 ft 

4.25 ft'/s 

0.74 ft 

0.76 ft• 

2.19 ft 

0.34 ft 

1.23 ft 

.0.84 ft 

59.2 % 

0.00701 ft/ft 

5.62 ftls 

0.49 ft 

1.23 ft 

1.26 

6.95 ft'/s 

6.46 tt•/s 

0.00433 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 fl 

0.00 ft 

0.00 % 

59.20 % 

Infinity ftls 

· BenUey Systems, Inc. Haestad Methods SollBIDrtl6\pll'tewMasterV81(SELECTseries1) (08.11.01.031 
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Worksheet for 1 to 2 

Upstream Velocity Infinity ft/s 

Normal Depth 0.74 ft 

Critical Depth 0.84 ft 

Channel Slope 0.01000 ft/ft 

' 
Critical Slope 0.00701 ft/ft 

i 

---- ------------·-·-- ·-·-· - .. ··---···----·------·----
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

.Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Speclflc Energy 

Froude Number 

Maximum Discharge 

DJscharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 
·-----·-··· 

Worksheet for 2 to 3 

Manning Formula 

Normal Depth 

SuperCrilical 

0.013 

0.01000 ft/ft 

1.25 ft 

5.14 ft"/s 

0.84 ft 

0.88 ft• 

2.41 ft 

0.37 ft 

1.17 ft 

0.92 ft 

67.4 % 

0.00798 ft/ft 

5.84 ft/s 

0.53 ft 

1.37 ft 

1.19 

6.95 ft3/s 

6.46 ft1/s 

0.00633 tuft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

67.39 % 

Infinity Ws 
·-------
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Worksheet for 2 to 3 

Upstream Velocity Infinity ft/s 

Normal Depth 0.84 ft 

Critical Depth 0.92 ft 

Channel Slope 0.01000 ft/ft 

Critfcal Slope 0.00798 ft/ft 

BenUey Systems, Inc. Haestad Methods Solllllmtl61JlfitewMasterV8l (SELECTserles 1) [08.11.01.03) 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Stopa 

Diameter 

Discharge 

Nonna! Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 3B to 3A 

Manning Fonnula 

Normal Depth 

SuperCritical 

0.013 

0.02200 ft/ft 

1.25 ft 

3.92 ft"/s 

0.56 ft 

0.53 ft• 

1.83 ft 

0.29 ft 

1.24 ft 

0.80 ft 

44.6 % 

0.00671 ft/ft 

7.41 ft/s 

0.85 ft 

1.41 ft 

2.00 

10.31 ft"/s 

9.58 ft"/s 

0.00368 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

44.56 % 

Infinity ft/s 
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Worksheet for 3B to 3A 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Worksheet for 3A to 3 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.05000 ft/ft 

1.25 ft 

7.88 ft'/s 

0.66 ft 

0.66 ft• 

2.03 ft 

0.32 ft 

1.25 ft 

1.11 ft 

52.7 % 

0.01327 ft/ft 

12.03 ft/s 

2.?5 ft 

2.91 ft 

2.93 

15.54 ft'/s 

14.44 ft'/s 

0.01488 ft/ft 

0.00 ft 

0.00 ft 

0 

!:3vi?if>.BiJ?if{tofil~~~~g~t,~~~~2, 
Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

0.00 ft 

0.00 ft 

0.00 % 

52.66 % 

Infinity ft/s 
····-···---
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Worksheet for 3A to 3 

Upstream Velocity Infinity ft/s 

Normal Depth 0.66 ft 

Critical Depth 1.11 ft 
j 

I Channel Slope 0.05000 ft/ft 

' 
Critical Slope 0.01327 ft/ft 

Bentley Systems, Inc. Haestad Methods Soltlllortl6'plrtewMaster V6i {SELECTserles 1) [08.11.01.03] 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 3 to 4 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.01000 ftfft 

2.00 ft 

13.43 ft'ls 

1.11 ft 

1.79 ftt 

3.36 ft 

0.53 ft 

1.99 ft 

1.32 ft 

55.5 % 

0.00591 ftfft 

7.51 ftfs 

0.88 ft 

1.99 ft 

1.40 

24.33 ft' ls 

22.62 ft'/s 

0.00352 ftfft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

55.46 % 

Infinity ft/s 
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Worksheet for 3 to 4 

Upstream Velocity Infinity ft/s 

Normal Depth 1. 11 ft 

Critical Depth 1.32 ft 

Channel Slope 0.01000 ftlft 

Critical Slope 0.00591 ftlft 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headless 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 4 to 5 

Manning Formula 

Normal Depth 

Supercritical 

0.013 

0.01000 ft/ft 

2.00 fl 

14.13 ft'fs 

1.15 ft 

1.86 ft• 

3.43 ft 

0.54 ft 

1.98 ft 

1.35 ft 

57.3 % 

0.00608 ft/ft 

7.60 ft/s 

0.90 ft 

2.04 ft 

1.38 

24.33 ft'fs 

22.62 ft'fs 

0.00390 ft/ft 

··-····-----

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

57.26 % 

Infinity ft/s 
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Worksheet for 4 to 5 

Upstream Velocity Infinity ft/s 

Normal Depth 1.15 ft 

Critical Depth 1.35 ft 

Channel Slope 0.01000 ft/ft 

Critical Slope 0.00608 ft/ft 

--------------··· 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 5 to 6 

Manning Formula 

Normal Depth 

SuperCrilical 

0.013 

0.01000 ft/ft 

2.00 ft 

15.07 ft•/s 

1.19 ft 

1.96 ft• 

3.53 ft 

0.55 ft 

1.96 ft 

1.40 ft 

59.7 % 

0.00634 ft/ft 

7.71 ft/s 

0.92 ft 

2.12 ft 

1.36 

24.33 ft•/s 

22.62 ft"/s 

0.00444 fl/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

59.68 % 

Infinity ft/s 
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Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

Worksheet for 5 to 6 

Infinity ft/s 

1.19 ft 

1.40 ft 

0.01000 ft/ft 

0.00634 ft/ft 

-------·------------------
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum· Discharge 

Discharge Full 

Slope Full 

Worksheet for 6 to 7 

Manning Formula 

Normal Depth 

0.013 

0.01000 

2.00 

16.33 

1.26 

2.08 

3.66 

0.57 

1.93 

1.46 

62.9 

0.00672 

7.84 

0.96 

2.21 

1.33 

24.33 

22.62 

0.00521 

ft/ft 

ft 

Wis 

ft 

ft• 

ft 

ft 

ft 

ft 

% 

ft/ft 

ft/s 

ft 

ft 

Wis 

Wis 

fl/ft 

Flow Type SupeJCritical 

Downstream Depth 0.00 ft 

Length 0.00 ft 

Number Of Steps O 

i.G*~~4tft(!~iblt~~:::~:\:~i~::'i?~'-~· ·:~ij~:g~4:'::~~~'~:~i:{;:f~0:~;,>iZl~f\:_:·.··,·.···· 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headloss 0.00 ft 

Average End Depth OVer Rise 0.00 % 

Normal Depth Over Rise 62.93 % 

Downstream Velocity Infinity ft/s 

BenUey Systems, Inc. Haestad Methods SollBiDlllCilJllllewMaster V81 (SELECTserles 1) [08.11.01.03] 
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Worksheet for 6 to 7 

Upstream Velocity Infinity ft/s 

Normal Depth 1.26 ft 

Critical Depth 1.46 ft 

0.01000 
t 

Channel Slope ft/ft • Critical Slope 0.00672 ft/ft 

Bentley Systems, Inc. Haestad Methods Sohlllmllt)pfifewMaster V81(SELECTserles1} [08.11.01.03] 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

· Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 7 to 8 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.01500 ft/ft 

2.50 ft 

25.15 tr/s 

1.25 ft 

2.46 ft• 

3.93 ft 

0.63 ft 

2.50 ft 

1.71 ft 

50.0 % 

0.00571 ft/ft 

10.24 ft/s 

1.63 ft 

2.88 ft 

1.82 

54.04 rt•/s 

50.23 ft•/s 

0.00376 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

50.05 % 

Infinity ft/s 

Bentley Systems, Inc. Haestad Methods SollBlmtllfllitewMaster V8i (SELECTsertes 1) [08.11.01.03] 
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Worksheet for 7 to 8 

Upstream Velocity Infinity ft/s 

Normal Depth 1.25 ft 

Critical Depth 1.71 ft 

Channel Slope 0.01500 ft/ft 

Critical Slope 0.00571 ft/ft 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical.Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 8 to 9 

Manning Formula 

Normal Depth 

SuperCrilical 

0.013 

0.01800 ft/fl 

2.50 ft 

25.15 ft•/s 

1.19 ft 

2.29 fl' 

3.80 ft 

0.60 fl 

2.50 ft 

1.71 ft 

47.4 % 

0.00571 ft/ft 

10.96 ft/s 

1.87 fl 

3.05 ft 

2.02 

59.19 tt•/s 

55.03 tt•/s 

0.00376 fl/fl 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

47.44 % 

Infinity !tis 
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Worksheet for 8 to 9 

Upstream Velocity Infinity ff/s 

Normal Depth 1.19 ft 

Critical Depth 1.71 ft 

Channel Slope 0.01800 ff/ft 

Critical Slope 0.00571 ft/ft 

.. ···········--·--------
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headless 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 
...... ···- "'' ··--·- ·-

Worksheet for 303 to 302 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.04000 ftlft 

1.25 ft 

5.25 ft'/s 

0.55 ft 

0.53 ft• 

1.82 ft 

0.29 ft 

1.24 ft 

0.93 ft 

44.4 % 

0.00811 ft/ft 

9.98 ft/s 

1.55 ft 

2.10 ft 

2.70 

13.90 rt•ts 

12.92 ft'/s 

0.00661 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

44.39 % 

Infinity ft/s 
·-··-------
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Worksheet for 303 to 302 

Upstream Velocity Infinity ft/s 

Normal Depth 0.55 ft 

Critical Depth 0.93 ft 

Channel Slope 0.04000 ft/ft 

Critical Slope 0.00811 ft/ft 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 302 to 301 

Manning Formula 

Normal Depth 

SuperCritical 

······-··-····-·-- ----

0.013 

0.04000 ft/ft 

1.25 ft 

5.25 fl3/s 

0.55 ft 

0.53 ft2 

1.82 ft 

0.29 ft 

1.24 ft 

0.93 ft 

44.4 % 

0.00811 ft/ft 

9.98 ft/s 

1.55 ft 

2.10 ft 

2.70 

13.90 fl3/s 

12.92 fl3/s 

0.00661 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

44.39 % 

Infinity ft/s 
···-···-·--
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Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

3/23/201110:19:35AM 

Worksheet for 302 to 301 

Infinity ft/s 

0.55 ft 

0.93 ft 

0.04000 ft/ft 

0.00811 ft/ft 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius _ 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 301 to 7 

Manning Formula 

Normal Depth 

SuperCritlcal 

0.013 

0.04000 ff/ft 

1.25 ft 

5.25 ft"/s 

0.55 ft 

0.53 ft• 

1.82 ft 

0.29 ft 

1.24 ft 

0.93 ft 

44.4 % 

0.00811 ft/ft 

9.98 ft/s 

1.55 ft 

2.10 ft 

2.70 

13.90 ft•/s 

12.92 ft"/s 

0.00661 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

44.39 % 

Infinity ft/s 
···········-----··· ----
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Worksheet for 301 to 7 • Upstream Velocity Infinity ft/s 

Normal Depth 0.55 fl 

Critical Depth 0.93 fl 

Channel Slope 0.04000 fl/fl 

Cril!cal Slope 0.00811 ft/ft 

' I 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Up~tream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 
--·-·-·-·---· 

Worksheet for 200 to 201 

Manning Formula 

Normal Depth 

Supercritical 

0.013 

0.05000 ft/ft 

0.50 ft 

0.34 ftS/s 

0.18 ft 

0.06 ft• 

0.64 ft 

0.10 ft 

0.48 ft 

0.30 ft 

35.6 % 

0.00849 ft/ft 

5.42 ft/s 

0.46 ft 

0.63 ft 

2.64 

1.35 ftS/s 

1.25 ftS/s 

0.00367 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

35.61 % 

Infinity ft/s 
. -····---------··--·· ·-------···· ····-··------··-
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Worksheet for 200 to 201 

Upstream Velocity Infinity ft/s 

Normal Depth 0.18 ft 

Critical Depth 0.30 ft 

Channel Slope 0.05000 ft/ft 

Critical Slope 0.00849 ft/ft 
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Friction Method 

Solve For · 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Crilical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 201 to 202 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.10900 ft/ft 

0.50 ft 

0.68 ft•/s 

0.21 ft 

0.08 ft2 

0.70 ft 

0.11 ft 

0.49 ft 

0.42 ft 

41.9 % 

0.01426 ft/ft 

8.71 ft/s 

1.18 ft 

1.39 ft 

3.86 

1.99 ft"fs 

1.85 ft•/s 

0.01469 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

41.92 % 

Infinity ft/s 
·····-·------------···· 
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Worksheet for 201 to 202 

Upstream Velocity Infinity ft/s 

Normal Depth 0.21 ft 

Critical Depth 0.42 ft 

Channel Slope 0.10900 ft/ft 

Critical Slope 0.01426 ftlft 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth.Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 202 to 203 

Manning Formula 

Normal Depth 

SuperCritical 

0.013 

0.06500 ft/ft 

0.50 ft 

o.68 ft'/s 

0.24 ft 

0.09 ft• 

0.77 ft 

0.12 ft 

0.50 ft 

0.42 ft 

48.5 % 

0.01425 ft/ft 

7.20 ft/s 

0.80 ft 

1.05 ft 

2.92 

f.54 ft"/s 

1.43 fl.'/s 

0.0.1469 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

48.53 % 

Infinity ft/s 
··-··-·-------···· ··-·---
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Worksheet for 202 to 203 

Upstream Velocity Infinity ft/s 

Normal Depth 0.24 ft 

Critical Depth 0.42 ft 

Channel Slope 0.06500 ft/ft 

' I ·.i 

I 
Critical Slope 0.01425 ft/ft 

j 
t 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Average End Depth Over Rise 

Normal Depth Over Rise 

Downstream Velocity 

Worksheet for 203 to 204 

Manning Formula 

Normal Depth 

Supercritical 

-·------··--·-

0.013 

0.06500 ft/ft 

0.50 ft 

0.68 ft'/s 

0.24 ft 

0.09 ft2 

0.77 ft 

0.12 ft 

0.50 ft 

0.42 ft 

48.5 % 

0.01425 ft/ft 

7.20 ft/s 

0.80 ft 

1.05 ft 

2.92 

1.54 Wis 

1.43 ft'/s 

0.01469 ft/ft 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

0.00 % 

48.53 % 

Infinity ftls 
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· Worksheet for 203 to 204 

Upstream Velocity Infinity ft/s 

Normal Depth 0.24 ft 

Critical Depth 0.42 ft 

Channel Slope 0.06500 ft/ft 

Critlcal Slope 0.01425 ft/ft 

' I 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Diameter 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Percent Full 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Maximum Discharge 

Discharge Full 

Slope Full 

Flow Type 

Downstream Depth 

Length 

Worksheet for 204 to 205 

Manning Formula 

Normal Depth 

Supercritical 

0.013 

0.03600 ft/ft 

0.50 ft 

0.68 tr/s 

0.29 ft 

0.12 ft• 

0.87 ft 

0.14 ft 

0.49 ft 

0.42 ft 

58.1 % 

0.01426 ft/ft 

5.75 ft/s 

0.51 ft 

0.80 ft 

2.07 

1.15 ft'/s 

1.06 ft•/s 

0.01469 ft/ft 

0.00 ft 

0.00 ft 

Number Of Steps 0 

Upstream Depth 0.00 ft 

Profile Description 

Profile Headloss 0.00 ft 

Aver~ge End Depth Over Rise 0.00 % 

Normal Depth Over Rise 58.08 % 

Downstream Velocity Infinity ft/s 
·-·-··-·-----··-
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Worksheet for 204 to 205 

Upstream Velocity Infinity ft/s 

Normal Depth 0.29 ft 

Critical Depth 0.42 ft 

Channel Slope. 0-03600 ft/ft 

Critical Slope 0.01426 ft/ft 

BenUey Systems, Inc. Haestad Methods SollBimtle,ifitewMaster V81(SELECTserles1) [OB.11.01.03) 
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Worksheet for 1 

Solve For Efficiency 

Discharge 4.26 ft' ls 

Slope· 0.06600 ft/ft 

Gutter Width 1.00 ft 

Gutter Cross Slope 0.08 ft/ft 

Road Cross Slope 0.02 ft/ft 

Roughness Coefficient 0.013 

Curb Opening Length 8.00 ft 

Local Depres_sion 2.00 in 

Local Depression Width 0.50 ft 

Efficiency 49.96 % 

• Intercepted Flow 2.13 ft'/s -~ 

Bypass Flow 2.13 ft•/s 

Spread 7.73 ft I 
Depth 0.22 ft I Flow Area 0.63 ft• 

Gutter Depression 0.06 ft 

~ Total Depression 0.23 ft 

Velocity 6.77 ft/s 

Equivalent Cross Slope 0.10845 ft/ft 

Length Factor 0.32 

~ Total Interception Length 25.05 ft 

Bentley Systems, Inc. Haestad Methods SohillmtltlpfltewMaster V81(SELECTserles1) [08.11.01.03} 
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I 
I 
I Worksheet for 2 

I 
Solve For Efficiency 

I 
Discharge 3.04 fWs 

Slope 0.06600 ft/ft 

Gutter Width 2.00 ft 

Gutter Cross Slope 0.08 ft/ft 

Road Cross Slope 0.02 ft/ft I 
Roughness Coefficient O.o13 

Curb Opening Length 8.00 ft 

Local Depression 2.00 In 

Local Depression Width 0.50 ft 
I 
I 

Efficiency 64.89 % I 
I . Intercepted Flow ... 1.97 Wis 

Bypass Flow 1.07 ft'/s 

Spread 5.35 ft 

Depth 0.23 ft 

Flow Area 0.41 ft• I 

~. 

I 
Gutter Depression 0.13 ft 

Total Depression 0.29 ft 

Velocity 7.37 ft/s I 
Equivalent Cross Slope 0.14664 ft/ft 

Length Factor 0.44 

Total Interception Length 18.14 ft I 
I 
I 
I 
I 
I 

BenUey Systems, Inc. Haestad Methods Soldlkrltl6)tfftewMasterV81(SELECTserles1) (08.11.01.03} 

I 3/231201110:50:07 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 152 

I 



Worksheet for 3 

Solve For Efficiency 

Discharge 2.37 ft3/s 

Slope 0.00800 ft/ft 

Gutter Width 2.00 ft 

Gutter Cross Slope 0.08 ft/ft 

Road Cross Slope 0.02 ft/ft 

Roughness Coefficient 0.013 

Curb Opening Length 8.00 ft 

Local Depression 2.00 In 

Local Depression Width 0.50 ft 

Efficiency 94.76 % 

Intercepted Flow 2.25 ft'/s 

Bypass Flow 0.12 ft•/s 

Spread 8.40 ft 

Depth 0.29 ft 

Flow Area 0.83 ft• 

Gutter Depression 0.13 ft 

Total Depression 0.29 ft 

Veloclty 2.85 ft/s 

Equivalent Cross Slope 0.11712 ft/ft 

Length Factor 0.81 

Total Interception Length 9.93 ft 

....... ····--··---------
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Solve For 

Discharge 

Slope 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Roughness Coefficient 

Curb Opening Length 

Local Depression 

Local Depression Width 

Efficiency 

Intercepted Flow 

Bypass Flow 

Spread 

Depth 

Flow Area 

Gutter Depression 

Total Depression 

Velocity 

Equivalent Cross Slope 

Length Factor 

Total Interception Length 

31231201110:50:16 AM 

Worksheet. for 4 

Efficiency 

1.02 ft'/s 

0.00800 fVft 

2.00 ft 

0.08 fVft 

0.02 fVft 

0.013 

8.00 ft 

2.00 In 

0.50 fl 

100.00 % I 
1.02 ft•/s 

0.00 tt•ts 
5.23 fl 

0.23 ft 

0.40 ft• 

t 

I 
0.13 ft 

0.29 ft 

2.56 · fVs 

0.14792 fVfl 

1.32 

6.06 ft 

BenUey Systems, Inc. Haestad Methods SohBDtt16lpfitewMasterVBI (SELECTser!es 1) [08.11.01.03) 
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Worksheet for 5 

Solve For Efficiency 

Discharge 1.15 fr/s 

Slope 0.00800 fl/ft 

Gutter Width 2.00 ft 

Gutter Cross Slope 0.08 ft/ft 

Road Cross Slope 0.02 ft/ft 

Roughness Coefficient 0.013 

Curb Opening Length 8.00 ft 

Local Depression 2.00 in 

Local Depression Width 0.50 ft 

Efficiency 100.00 % 

Intercepted Flow 1.15 ft•ts 

Bypass Flow 0.00 ft•ts 

Spread 5.65 ft 

I Depth 0.24 ft 

Flow Area 0.44 ft2 

Gutter Depression 0.13 ft I 
I 

Total pepresslon 0.29 ft I Velocity 2.59 ft/s 
I 

Equivalent Cross Slope 0.14370 ft/ft I 

Length Factor 1.23 

Total Interception Length 6.48 ft 

I 
I 

BenUey Systems, Inc. Haestad Methods SoltBlmtllltplltewMaster V81 (SELECTsertes 1) (08.11.01.03) 
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Worksheet for 6 

I 
Solve For Efficiency 

I 
Discharge 1.56 ft3/s 

Slope 0.00800 ft/ft 

GulterWidth 2.00 ft 

Guitar Cross Slope 0.06 ft/ft 

Road Cross Slope 0.02 fl/ft I 
Roughness Coefficient 0.013 

Curb Opening Length 6.00 ft 

Local Depression 2.00 In I 
Local Depression Width 0.50 ft 

I 
Efficiency 100.00 % 

Intercepted Flow 1.56 ft•/s 

Bypass Flow 0.00 ft3/s I 
Spread 6.75 ft 

I Depth 0.26 ft 

I Flow Area 0.58 ft• 
I 

Gutter Depression 0.13 ft I 
Total Depression 0.29 ft I 

I Velocity 2.68 ft/s I Equivalent Cross Slope 0.13247 ft/ft 

I Length Factor 1.03 

Total Interception Length 7.74 ft . , 

I 
I 

I 
I 
I 

I I 

I 
I 
I 
I ···-·-······-·--------
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Solve For 

Discharge 

Gutter Width 

Gutter Cross Slope 

Road Cross Slope 

Curb Opening Length 

Opening Height 

Curb Throat Type 

Local Depression 

Local Depression Width 

!hroat Incline Angle 

Spread 

Depth 

Gutter Depression 

Total Depression 

3/231201110:50:31 AM 

Worksheet for 7 

Spread 

3.26 fWs 

2.00 ft 

0.08 ft/ft 

0.02 ft/ft 

8.00 ft 

0.46 ft 

Horizontal 

2.00 in 

8.00 ft 

90.00 degrees 

4.33 ft 

0.28 ft 

0.12 ft 

0.29 ft 

Bentley Systems, Inc. Haestad Methods SohB.lmU~litewMaster V81 (SELECTsertes 1) [08.11.01.03) 
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Chapt~r 8 ~ Culverts. 

Appendix BC-1 
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D-1.0 
D-1.1 
D-L2 
0-L3 
0-1.4 
0-LS 
0-1.6 

0-2.0 
0-2.1 
0-2.2 
0-2.3 
0-2.4 
D-2.5 
0·2.6 

VOOTDITCH DESIGN FORM 
Appendix 711-1 L0-268 Roadside and Median Ditch Design Form 

Lt>-268 C~lflTO!!I PROJECT 
BY 

Octoberfm Attraction Expanslon 
IANE 

R SIDE. 

~I _EAR_TH_I --P-RO_TE_CTIVE--U-N-IN-G--.1 

" 
0.9 CA c I Slope I Allowl n=0.03 I n=O.OS I nc().015 I 

ws I CA I ws I CA I ws I CA I I I I I Ch I~ Pt/Ft VEL VEl on! va!oEP QrdDEP 

o.s 0.35 
STA. TO STA. FLOW INCR. I ACC. Tc 

DATE 
SHEET l 

it•IC..IDEP 

PS 
March-11 

OF 

~EMARKS 

oo+oo.oo I oo+so.oo I -..li- I 0.0001 ci.Cloo!o.oool o.ooor o:oaol 0.0111 o.011lu;ro:oul5.00TS.7Sffilfo:o~~ I·:;, ·I ·::·:r ' ~~0.121 o.14F~J. .i 1.Soli~p)Qijl 0.211 ~oK 
oo+so.oo 1 01..00.00 1 ..i..11-1 0.0001 0.0001 0.00010.00010.0201 o.ooiro.0011UN0.tiill 6.o:ZTs.s11Hlil}1~i:ll1i•:d .,,,I,:· 1k111:.r:~i.1010.211•:•.·F~ •I 7.14Wl1.aalo.2SI .covoK 
01..00.00 01+50.00 .0.000 0-:-000 0.030 0.011 o.011 wo;o23 6.77 .•;,•. ,,,;.;1; :::-,:;, L05 OK 
Ol+S0.00 02+oo.oo 0.000 0.000 0.040 0.014 0.014 .!ll!>l042 7.$7 .... : : : :.::. 1.47 OK 
02..00.00 02+50.00 0.000 0.000 0.030 0.011 0.011 !JailQ:os3 8.13 ~'i:i ;:: : · •, • : "': ;, ·: 3,,53 OK 
02+50.00 0.000 0.000 0.000 0.000 0.060 0.021 : ;i '·. i : "' •:. i.I ; ... • .... ; ,. .... ; 1.78 0.32 :• .,,.,. .. ·:·•· .... 01( 
03+00.00 0.000 0,000 0.000 0.000 0.060 0.021 ··•· ,.•:;·;· :.1.:.:•i .. ,:;::.:• ,,:.;,: 1.89 0.3.5 ····.'·••'· ·, .. ,:... OK 

oo+oo.00 I oo+so.oo I .Ju.. I 0.1901 0.1711 0.0001 0.0001 0.6301 0.2211 0.392llL~;3921 7.00 I S.271'!tt1210lil ,; : i 1.. . I '·'·': h: ',.:, •f .•.• :.; .I 1.091 0.791·!1 i i'I !·• 'i 
oo+so.oo I 01..00.00 I .'I!- I 0.0201 0.0111.0.oool o.oool o.0601 0.0211 o.039l:1+:o;q~J ·7.761 5.l.0Ull~f(IJ·::·1:·,: :I ·••,;•I,:•·+ ;;t ! i:·I 1.111 o.s1l.•!.i•.: 
01+oo.oo I 01+28.00 I .Jfl. I 0.0101 0.0091 o.oool 0.0001 o.04ol 0.0141 o.023H&PAS41 8.52 T4.94lmf~I,: !i I•,;" I • ;•i I.•;;;:·: H. :.;d 1.121 0.821.:. •: .. I,,.'·'·' 
01+28.00 Ol+S0.00 0.010 0.009 0.000 0.000 0.020 o.007 0.016 !l;J:•O;lf,7,0 · 8.93 4.86, '•':! :.:.;.:,• . ...,,. • •:, .,.·.•:.:.::: ,<.::;,: .. l.56 0.85 .i:r.! .. r.: .:::.J.:··1 
01+50.00 02+00.00 ..ill- 0.000 0.000 0.000 0.000 0.040 0.014 0.014 i;i;J(.l)"'84 9.17 4.81 '; i; • , ...... !·:-';;·. ·;,:.,..,, ;.:· ,., ..... 2.52 .0.68 ·:·.;.;·.: ...... , •. ,. 
02+00.00 02+50.00 0.000 0.000 0.000 0.000 0.060 0.021 0.021 [j~1l'l!.S05 9.50 4.75 j!j 1' • i !' •, i:: ii\•.:.·•, • • ;,; 2.66 0.67 ";•:.•.: 
02+so.oo I os+35.oo 1·.;;u;I0.0001 0.0001 o.ooot o.oo<>I o.i3ofQ.D46I o.o46f1•'fri);Ssol 9.a11 4:69Jlmfi .. :1·'•'I1:•11, •.... ,;J::111 1.411 o.961 ':••!;:•:: 

6.831J'Al6i!I o.87 
6.611111~8$1 0.89 
6.411~911 0.90 
6.31 ~96 0.94 
6.25 l ' 0.75 
6.111• 0.74 
6.10111!3\'361 1.06 

'OK 
.(lfdOK 

,-OK 

5!t'.Q! 
~ 

6K 
VOK 

_1_ 

-

.. --------··· .... ··-··-------·---·--······-·····---···----- ----------·-···-.. --.. ----·-·-- ----------·--
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

-.Top Width 

Critical Depth 

Crilical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

VHB 

3123/201110:56:39 AM 

Worksheet for 00+00 to 00+50 2-year 

Manning Formula 

Normal Depth 

Subcrltical 

··-·---------··-···· 

0.050 

0.02000 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H;V) 

0.06 ft•/s 

0.19 ft 
(j.Q7 ft2 

0.86 ft 

0.09 ft 

.0.77 ft 

0.14 ft 

0.10232 ft/ft 

0.82 ft/s 

0.01 ft 

0.20 ft 

0.47 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity fVs 

Infinity ft/s 

0.19 ft 

0.14 ft 

0.02000 ft/ft 

0.10232 ft/ft 
··--·------·--··· ··----·· 

BenUey Systems, Inc. Haestad Methods SohBlmtl6'pfilewMasterV81(SELECTseries1) (08.11.01.03] 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

VHB 

31231201110:56:45 AM 

Worksheet for 00+50 to 01 +DO 2-year 

Manning Formula 

Normal Depth 

Subcritical 

0.050 

0.03130 ft/ft 

2.00 ft/fl (H:V) 

2.00 ft/ft (H:V) 

0.10 ft3/s 

0.21 ft 

0.09 ft1 

0.95 ft 

0.10 ft 

0.85 ft. 

0.17 ft 

0.09554 ft/ft 

1.10 ft/s 

0.02 ft 

0.23 ft 

0.59 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.21 ft 

0.17 ft 

0.03130 ft/ft 

0.09554 ft/ft 

BenUey Systems, Inc. Haesiad Methods SolllllDltl~lrtewMasterV81(SELECTserles1) [08.11.01.03] 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

FiowArea 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critlcal Depth 

Critlcal Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Worksheet for 01 +00 to 01 +50 2 .. year 

Manning Formula 

Normal Depth 

Subcritical 

0.050 

0.02130 

2.00 

2.00 

0.15 

0.27 

0.14 

1.19 

0.12 

1.07 

0.20 

0.09052 

1.05 

0.02 

0.28 

0.51 

ft/ft 

ft/ft (H:V) 

ft/ft (H:V) 

fP/s 

ft 

ft' 

ft 

ft 

. ft 

ft 

ft/ft 

ft/s 

ft . 

ft 

Downstream Depth 0.00 ft 

~~lli QOO ft 

Number Of Steps O 

:~~Jf:91HP-.Y.ro~I[~;~~~~':~~~i::~~--~,-~~~- ;:"·"''··.••.,.:.···~·-~~-~~if~~~i'z~§~~;f,?:-i:_~-;~~;1~::~:·.····:•·.2·".~f P-J 
Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

VHB-----------··-·-

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.27 rt 

0.20 ft 

0.02130 ft/ft 

0.09052 ft/ft 
. ---~--------- -

BenUey Systems, Inc. Haestad Methods Sol1BlmtllllplltewMasterV81(SELECTserles1) [08.11.01.03] 
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Friction Method · 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critrcal Slope 
..... --·---·----··----
VHB 

Worksheet for 01 +50 to 02+00 2-year 

Manning Formula 

Normal Depth 

Subcritical 

0.050 

0.04000 ff/ft 

2.00 ff/ft (H:V) 

2.00 ftfft (H:V) 

0.22 ft'/s 

0.27 ft 

0.15 ft• 

1.23 ft 

0.12 ft 

1.10 ft 

0.24 ft 

0.08604 ff/ft 

1.47 ff/s 

0.03 ft 

0.31 ft 

0.70 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

· Infinity ff/s 

Infinity ft/s 

0.27 ft 

0.24 ft 

0.04000 ff/ft 

0.06604 ft/ft 

Bentley Systems, Inc. Haestad Methods SollB:lmtl&,litewMaster V8i (SELECTserles 1) [OB.11.01.03] 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

. Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

VHB 

3123/201110:56:64 AM 

Worksheet for 02+00 to 02+50 2-year 

Manning Formula 

Normal Depth 

Subcritical 

0.050 

0.04000 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

0.26 ft"ls 

0.29 ft 

0.17 ft• 

1.30 ft 

0.13 ft 

1.17 ft 

0.25 ft 

0.06414 ft/ft 

1.53 ft/s 

0.04 ft 

0.33 ft 

0.71 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ftls 

0.29 ft 

0.25 ft 

0.04000 ft/ft 

0.08414 flfft 
···--------- .. ·······------·---···-
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slop,e 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Worksheet for 02+50 to 03+00 2-year 

Manning Formula 

Normal Depth 

Subcritical 

0.050 

0.04800 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

0.36 Wis 

0.32 ft 

0.20 ft• 

1.42 ft 

0.14 ft 

1.27 ft 

0.29 ft 

0.08054 ft/ft 

1.78 ft/s 

0.05 ft 

0.37 ft 

0.78 

0.00 ft 

0.00 ft 

Number Of Steps 0 

~['lf:?<:>u.JRlii':'f~fil~~~~2!fl£~7"7Z~~~~~f£iiii2i~¥+i~:t~¥t~!,~,'-~74:~<'3l~-S~1E:S~~L:.t~~ 
Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Crilical Slope 

VHB 

3/23/201110:56:57 AM 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ftls 

0.32 ft 

0.29 ft 

0.04800 ft/ft 

0.08054 ft/ft 
... ·······-----··-·-·-··· 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Proflle Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Crilical Slope 

~---·-·· 

3/23/2011 10:57:00 AM 

Worksheet for 03+00 to 03+25 2-year 

Manning Formula 

Normal Depth 

Subcritical 

······-----··· 

0.050 

0.04800 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

0.46 Wis 

0.35 ft 

0.24 ft• 

1.56 ft 

0.16 ft 

1.40 ft 

0.32 ft 

0.07798 ft/ft 

1.89 ftfs 

0.06 ft 

0.40 ft 

0.80 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ftfs 

Infinity ftfs 

0.35 ft 

0.32 ft 

0.04800 ftfft 

0.07798 ft/ft 
···-·-·-.. ---··-··· 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

HydrauHc Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

VHB 

3/231201110:67:03AM 

Worksheet for 00+00 to 00+50 10-year 

Manning Formula 

Normal Depth 

Subcritical 

0.050 

0.02000 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

0.08 fr/s 

0.21 ft 

0.09 rt• 

0.95 ft 

0.10 ft 

0.85 ft 

0.16 ft 

0:09846 fUft 

0.88 ft/s 

0.01 ft 

0.23 ft 

0.47 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity fl/s 

Infinity ft/s 

0.21 ft 

0.16 ft 

0.02000 ft/ft 

0.09846 ft/ft 
--·····- .. -----·-·· ·------· 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Cril!cal Slope 

VHB 

31231201110:67:08 AM 

Worksheet for 00+50 to 01 +00 10-year 

Manning Formula 

Normal Depth 

Subcritlcal 

0.050 

0.03130 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/fl (H:V) 

0.12 ft'/s 

0.23 ft 

0.10 ft• 

1.02 ft 

0.10 ft 

0.91 ft 

0.19 ft 

0.09331 ft/ft 

1.15 ft/s 

0.02 ft 

0.25 ft 

0.60 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ftls 

Infinity ftls 

0.23 fl 

0.19 ft 

0.03130 ft/ft 

0.09331 ft/ft 

.. ···---------· ·- -· -
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

·vHe 

3/2312011 10:67:11 AM 

Worksheet for 01 +00 to 01 +50 10-year 

Manning Formula 

Normal Depth 

Subcritical 

0.050 

0.02130 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

0.19 Wis 

0.29 ft 

0.17 rt• 
1.30 ft 

0.13 ft 

1.17 ft 

0.22 ft 

0.08775 ft/ft 

1.12 ft/s 

0.02 ft 

0.31 ft 

0.52 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.29 ft 

0.22 ft 

0.02130 ft/ft 

0.08775 ft/ft 
·······----·~""' 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

- Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

VHB 

3/23/201110:57:15 AM 

Worksheet for 01 +50 to 02+00 1 O~year 

Manning Formula 

Normal Depth 

Subcritical 

0.050 

0.04000 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

0.28 ft'/s 

0.30 ft 

0.18 fP 

1.34 ft 

0.13 ft 

_1.20 ft -

0.26 ft 

0.08331 ft/ft 

1.56 ft/s 

0.04 ft 

0.34 ft 

0.71 

0.00 ft 

0.00 ft 

0 

Bentley Systems, Inc. Haestad Methods Soldlilntl6lplltewMaster V81(SELECTserles1) [08.11.01.03] 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critfcal Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

·viie 

3/23/201110:67:19 AM 

Worksheet for 02+00 to 02+50 10-year 

Manning Formula 

Normal Depth 

Subcriticaf 

0.050 

0.04000 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

0.34 ft'/s 

0.32 ft 

0.21 ft• 

1.44 ft 

0.14 ft 

.1.29 ft 

0.28 ft 

0.08117 ft/ft 

1.63 ft/s 

0.04 ft 

0.36 ft 

0.72 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.32 ft 

0.28 ft 

0.04000 ft/ft 

0.08117 ft/ft 

Bentley SyStems, Inc. Haestad Methods SohlllmtldlplllewMasterVBI (SELECTseries 1) [08.11.01.031 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraµllc Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

vfii:i ·-·-----

Worksheet for 02+50 to 03+00 10-year 

Manning Formula 

Normal Depth 

Subcritlcal 

0.050 

0.04800 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

0.47 ft•/s 

0.35 ft 

0.25 ft• 

1.57 ft 

0.16 ft 

1.41 ft 

.. 0.32 ft 

0.07775 ft/ft 

1.90 ft/s 

0.06 ft 

0.41 ft 

0.80 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.35 ft 

0.32 ft 

0.04800 ft/ft 

0.07775 ft/ft 
-·------·· -···---·-·-- -····----·· 
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3/231201110:57:23 AM 27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1 175 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth. 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Stopa 

Crltlcal Slope 

Worksheet for 03+00 to 03+25 10-year 

Manning Formula 

Normal Depth 

Subcritlcal 

0.050 

0.04800 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

0.59 ft'/s 

0.38 ft 

0.29 ft2 

1.71 ft 

0.17 ft 

1.53 ft 

0.35 ft 

0.07542 ft/ft 

2.01 ft/s 

0.06 ft 

0.45 ft 

0.81 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.38 ft 

0.35 ft 

0.04800 ft/ft 

0.07542 ft/ft 

VHB ··--- ---------- ··-----··· 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge · 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Crilical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

.channel Slope 

Critical Slope 

VHB 

3/231201110:57:31 AM 

Worksheet for 00+00 to 00+50 2-year 

Manning Formula 

Normal Depth 

Subcrltical 

... ·---------·--· 

0.050 

0.00500 ft/ft 

3.00 ft/ft (H:V) 

3.00 ft/ft (H:V) 

2.05 ft•/s 

0.79 ft 

1.88 ft'-

5.01 ft 

0.38 ft 

4.75 ft 

0.49 ft 

0.06230 ft/ft 

1.09 ft/s 

0.02 ft 

0.81 ft 

0.31 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.79 ft 

0.49 ft 

0.00500 ft/ft 

0.05230 ft/ft 
····---------·--·-··· .. 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width· 

Critical Depth 

Critlcal Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps . 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

VHS ---··· 

3/23/201110:57:34 AM 

Worksheet for 00+50 to 01 +00 2-year 

Manning Formula 

Normal Depth 

Subcritical 

Q.050 

0.00500 ft/ft 

3.00 ft/ft (H:V) 

3.00 ft/ft (H:V) 

2.20 ft'/s . 

0.81 ft 

1.98 ft• 

5.14 ft 

0.39 ft 

4.87 ft 

0.51 ft 

0.06176 ft/ft 

1.11 ft/s 

0.02 ft 

0.83 ft 

0.31 

0.00 ft 

0.00 ft 

0 

0.00 ft . 

0.00 ft 

Infinity ftls 

Infinity ftls 

0.81 ft 

0.51 ft 

0.00500 ft/ft 

0.06176 ft/ft 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

left Side Slope 

Right Side Slope 

Discharge 

Worksheet for 01 +00 to 01 +28 2-year 

Manning Formula 

Normal Depth 

0.050 

0.00500 

3.00 

3.00 

2.24 

fl/ft 

fl/ft (H:V) 

ft/ft (H:V) 

ft'/s 

~~ill!i~~;iJ~~~~~g;]i3S?~~qt[:l:4i~t£f±~,'.)~;7~!~~;~i~i~t:.:-~:·'.:-:i~\?•.-tI,i~::-~~t~~:::;:~i£L~4 
Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth -

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

-Channel Slope 

Critical Slope 

VHS 

31231201110:67:37 AM 

Subcrilical 

0.82 ft 

2.00 w 
5.17 ft 

0.39 ft 

4.90 ft 

0.51 ft 

0.06161 ftlft 

1.12 fits 

0.02 ft 

0.84 ft 

0.31 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity fl/s 

Infinity fl/s 

0.82 ft 

0.51 ft 

0.00500 ft/ft 

0.06161 ft/ft 
••• ¥ ______ 

BenUeySystems, Inc. Haeetad Methods Sohillmtl~litewMasterV81(SELECTs&rles1) [08.11.01.03] 

27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page f of - 1 

I 
I 

I 
' 

• t 

I 
I 

I 

179 i 

~ 
• 



I 
I 
I 
I 
I 
I 
I 
I 
-1 

I 
I 
I 
I 

I 
I 
I 
I 
I 

Friction Method 

Solve For 

Roughness Coefficient 

_ Channel Slope 

left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

VHB 

3123/201110:67:41 AM 

Worksheet for 01 +28 to 01 +50 2-year 

Manning Formula 

Normal Depth 

Subcritical 

0.050 

0.01000 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

2.28 ft'/s 

0.85 ft 

1.46 ft• 

3.82 ft 

0.38 ft 

3.41 ft 

0.60 ft 

0.06299 ft/ft 

1.56 ftls 

0.04 ft 

0.89 ft 

0.42 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.85 ft 

0.60 ft 

0.01000 ft/ft 

0.06299 ft/ft 
···-··-·---------·· 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

VHB 

31231201110:57:44AM 

Worksheet for 01 +50 to 02+00 2-year 

Manning Formula 

Normal Depth 

Subcritical 

···--···-·------· 

0.050 

0.03500 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft {H:V) 

2.33 ft'/s 

0.68 ft 

0.93 ft2 

3.04 ft 

0.30 ft 

2.72 ft 

0.61 ft 

0.06280 ft/ft 

2.52 ft/s 

0.10 ft 

0.78 ft 

0.76 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.68 ft 

0.61 ft 

0.03500 ft/ft 

0.06280 ft/ft 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

· Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

VHB 

3/23/201110:57:47 AM 

Worksheet for 02+00 to 02+50 2-year 

Manning Formula 

Normal Depth 

Subcriticat 

0.04000 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

2.40 ft•/s 

0.67 ft 

0.90 ft• 

3.00 ft 

0.30 ft 

2.68 ft 

0.62 ft 

0.06256 ft/ft 

c=2.66 w0 
0.11 ft 

0.78 ft 

0.81 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity f!Js 

0.67 ft 

0.62 ft 

0.04000 ft/ft 

0.06256 ft/ft 
····---·- ··-··----· 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Righi Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

Vtie 

3/231201110:57:61 AM 

Worksheet for 02+50 to 03+35 2-year 

Manning Formula 

Normal Depth 

Subcrilical 

·········---------·· 

0.050 

0.00700 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

2.58 ft•/s 

0.96 ft 

1.83 ft• 

4.27 ft 

0.43 ft 

3.82 ft 

0.64 ft 

0.06196 ft/ft 

1.41 ft/s 

0.03 ft 

0.99 ft 

0.36 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.96 ft 

0.64 ti 
0.00700 ft/ft 

0.06196 ft/ft 
-····-··---
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

·Upstream Velocity 

Normal Depth 

Critical Depth 

·Channel Slope 

Critical Slope 

VHB 

Manning Formula 

Normal Depth 

Subcrilical 

-·---------··. 

0.050 

0.00500 tuft 

3.00 ft/ft (H:V) 

3.00 ft/ft (H:V) 

2.68 ft•/s 

0.87 ft 

2.29 ftZ 

5.53 ft 

0.41 ft 

5.25 ft 

0.55 ft 

0.06015 ft/ft 

1.17 ft/s 

0.02 ft 

0.90 ft 

0.31 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.87 ft 

0.55 ft 

0.00500 ft/ft 

0.06015 ft/ft 
. ..... __ ,, ... 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critlcal Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

VHB 

3123/201110:57:57 AM 

Worksheet for 00+50 to 01 +00 10-year 

Manning Formula 

Normal Depth 

Subcrltical 

,, .. __________ 

0.050 

0.00500 ff/ft 

3.00 ff/ft (H:V) 

3.00 ff/ft (H:V) 

2.85 ft•/s 

0.89 ft 

2.40 ft2 

5.66 ft 

0.42 ft 

5.37 ft ~ 

0.56 ft 

0.05966 ff/ft 

1.19 ff/s 

0.02 ft 

0.92 ft 

0.31 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ff/s 

Infinity ff/s 

0.89 ft 
. 0.56 ft 

0.00500 ft/ft 

0.05966 ft/ft 
... ···------···-·-···· ·-·-··-·--
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

. Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraultc Radius 

· TopWidth 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Crillcal Slope 

VHB 

3/231201110:68:00 AM 

Worksheet for 01 +00 to 01 +28 10-year 

Manning Formula 

Normal Depth 

Subcritical 

····-·--------·--

0.050 

0.00500 ff/ft 

3.00 ff/ft (H:V) 

3.00 ft/ft (H:V) 

2.91 fP/s 

0.90 ft 

2.44 ft• 

5.70 ft 

0.43 ft 

5.41 ft 

0.57 ft 

0.05949 ff/ft 

1.19 ft/s 

0.02 ft 

0.92 ft 

0.31 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.90 ft 

0.57 ft 

0.00500 ft/ft 

0.05949 ft/ft 
·-··-------·· -- .. ·----·· 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Head!oss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

Worksheet for 01 +28 to 01 +50 10-year 

Manning Formula 

Normal Depth 

Subcritical 

0.050 

0.01000 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

2.96 ft3/s 

0.94 ft 

1.77 ft' 

4.21 ft 

0.42 ft 

3.77 ft 

0.67 ft 

0.06084 ft/ft 

1.67 ft/s 

0.04 ft 

0.98 ft 

0.43 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ftls 

lnflnlty ft/s 

0.94 ft 

0.67 ft 

0.01000 ft/ft 

0.06084 ft/ft 
---------··-. -····-----··. 

VHB 
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Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity. 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

viia··· 

3(23/2011.10:58:06 AM 

Subcritical 

2.00 

3.02 ft'/s 

0.75 ft 

1.13 ft• 

3.35 ft 

0.34 ft 

3.00 ft 

0.68 ft 

0.06067 ft/ft 

2.68 ft/s 

0.11 ft 

0.86 ft 

0.77 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.75 ft 

0.68 ft 

0.03500 ft/ft 

0.06067 ft/ft 
....... ----·· ······--- ···-

Benttey Systems, Inc. Haestad Methods Sohllillltl~fitewMaster V81 (SELECTserles 1) [08.11.01.03} 

27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1666 Page 1 of 1 188 



- . 
Worksheet for 02+00 to 02+50 10-year 

~1~~~Jf~~u~Q:;l~~~~~~~fl~-~:_2~~1lY:f~~~~~+?~t~E-3~~~~f 
' Frictton Method' " t· Manning Formula • 

Solve For ' Normal Depth . -

Roughness Coefficient. 

Channel Slope 

left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydrauflc Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 
·····------··-

VHB 

Subcritical 

0.050 

0.04000 ft/ft 

2.00 ft/ft (H:V) 

2.00 ft/ft (H:V) 

3.11 tt•ts 

0.74 ft 

1.09 ft2 

3.31 ft 

0.33 ft 

2.96 ft 

0.68 ft 

0.06043 ft/ft 

2.84 ft/s 

0.13 ft 

0.87 ft 

0.82 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity ft/s 

Infinity ft/s 

0.74 ft 

0.68 ft 

0.04000 ft/ft 

0.06043 ft/ft 
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Friction Method 

Solve For 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Discharge 

Normal Depth 

Flow Area 

Wetted Perimeter 

Hydraulic Radius 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

Downstream Depth 

Length 

Number Of Steps 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

VHB 

3/23/201110:56:14AM 

Worksheet for 02+50 to 03+35 10-year 

Manning Formula 

Normal Depth 

Subcritical 

0.050 

0.00700 ftlfl 

2.00 ftlfl {H:V) 

2.00 ftlfl {H:V) 

3.36 ftS/s 

1.06 ft 

2.23 ft' 
4.72 ft 

0.47 ft 

4.22 ft 

0.71 ft 

0.05981 fflft 

1.51 fl/s 

0.04 ft 

1.09 ft 

0.37 

0.00 ft 

0.00 ft 

0 

0.00 ft 

0.00 ft 

Infinity fl/s 

Infinity ft/S 

1.06 ft 

0.71 ft 

0.00700 ft/ft 

0.05981 ft/ft 
··-··-----------
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OUTLET PROTECTION CALCULATIONS 
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Oktoberfest Attraction Expansion 
Project No.:. 33299.00 

Date: 02109/11 
Prepared By: Piotr Swietuchowski 

Hydrant Flow Test Report · 

Test performed by: --~.,...-V;...;.H..;.;;B;;..:.•....;.;ln..;.;c;.;;.. ____ Witness: ____ V.,...H""'B""',...;.ln;.;.;c;.;;.. ___ _ 

Date of Test: 

Test Location: 

Flow Location: 

Static Pressure (psi) 

Pitot Pressure (psi) 

Pitot Nozzle Size (in) 

Discharge Coefficient 

January 6, 2011 Time: 

Former Drachen Fire Station Building 

On tlie back of the Festhaus Build Ing 

= Residual Pressure (psi) 

1 2 

= 

= 
= 

Flow based on nozzle diameter and pito~ pressure: QF = 29.83 cd2 p 112 

QF = ObseNed Flow = 

•~- .. c - coefficient = 
d = outlet diameter = 

p :::: pilot pressure = 
SumofQFx = = 

2:00PM 

= 

3 

0 . -·-

1,168 lgpm 

Calculate available flow based on flow test readings: QR = QF x {hr o.54) I (hf 054
) 

QR = Available Flow Results 
h, = drop in pressure from static to desired residual 
hr = drop m pressure trom static to actual res1ciua1 

QR @ E:iMips1 I Hydrant Flow Curve ~ 
QR = 0 jgpm 

110 

QR @ flf!'Alpsl 100 

QR = I 1,280 lgpm 90 

r::i: 
60 

QR @ 
70 

~ QR = 60 e 
::i 

QR @ IB&ps1 ~ 50 

II. 40 
QR = I 1,650 jgpm 

30 

QR @ 20 

QR = I 1,767 lgpm 

. M1Fiipsi 
0 

QR @ 0 500 1,000 1,500 

QR ·. I 1,983. jgpm 
Flow(gpm) 

= 

4 

2,000 2,500 
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RECORD DRAWING CERTIFICATION: 
I HEREBY CERTIFY TO THE BEST OF MY KNOWLEDGE AND BELIEF 
THAT THIS RECORD DRAWING REPRESENTS THE ACTUAL CONDITION 
OF THE DRAINAGE SYSTEM. THE FACILITY APPEARS TO CONFORM 
WITH THE PROVISIONS OF THE APPROVED DESIGN PLAN, 
SPECIFICATIONS AND STORMWATER MANAGEMENT PLAN, 
EXCEPT AS SPECIFICALLY NOTED. 
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1. PROPOSED GRADING IS SHOWN PER APPROVED SITE PLAN. THIS FIRM HAS ONLY VERIFIED THAT INFORMATION SHOWN IN BOLD FONT. 

SEDIMENT FOREBAY MAINTENANCE PLAN 

MAINTENANCE !'LAN 
!. MAJNTENANCE PROGRAM IS R:QtJ:RfD TO ENSURE THE STOR!.tl"IATER Mr'.NAGEME~T (SWM) / SEST MANAGEMENT PRACTICE (BMP) 
FAC1!T'!' FUNCTIOr\S AS DESIGNED AND TO PRC\~DE FOR REASONABLE />.ESTH~C CONDJllCNS. PROPER MA!t-:TENANS:E IS E."ICOOR.AGED TO 
PfiE,'ENT 1HE INTRODUCTION OF DE:RIS AND 5£::1M£NT AT INFlOW LQCATiONS, PKE1REATI.IENT A::i:EAS. Tut BMP IT58S, ITS PRINCIFi\L 
CON'l\OL STRUCTJRES AND DOWNS'T'REAM WATrnWAYS. FOLLOWING iNST.AJ.LATICN A.ND £S1Al3US:-IMENT Cf VEGElAllON IN DISTUR6EL• 
SfiE AREAS, INS?ECTONS FGR SEDIMENT BUILDUPS Sf-iALL SE PERFORMED AT LEAST Ql..if\RTERL'I'. IT IS AN'!!ClPATED 111AT UNDER 
NORMAL CONDIT1C-NS, SEDIME~T ;o.\OVAL SHALL BE REQUREO ~CE EVERY 5 TC \0 YEARS. !F OTHER COOSlRIJCTION 00 REl.AlED 
LANJ-QISTUREING AC1\1TIES ARE PERFORMED UPSLOPE CF TH£ SMP, A!}EOJ/,E PROTECT!ON MEASJRES SHAU. BE IM:llflJENTEIJ WllH 
INSPECTlO,~S PrnroRIJITl AT L'CAST mer:: '1.(EKLY_ 

THE OVMER CR i-s C:ESIG~AT:D f<:~RESB'llTA11VE SHAU.. lNSPt:CT THE S'M.1/81.iP STRUCTURE AFTER EACH SIGNIFICANT RAINFALL EVENT 
OR lH[ FOU.0'11111\G HORKING DAY IF .A. w:TKEND OR !iDIJDAY OCCURS. A SLGNlflCANl RAJNt=Al..L f-"ClR lHIS STRUCTURE IS DEnNCD AS 
Ot\E (1) iNCH OR MO.;E OF GALGEC RA!N::AU. l\lTHIN A .i.4 HOIJR PERIOO. ONCE PER YEAR (MORE OR LESS) A HEl'RESENTAllVE OF TI-IE 
JAMES CITY COUNTY MAl' .JOll\TI. Y INSPEC':" T.'"1E S1RlJCTUP.E.:. APPROPRIAlE ACTIOO, P8FORlr.IED AT IHE COST OF Th£ C\~ER, 91ALL 
BE TA~(N TO ENSlJR£ APfROPRIAlI MA!ffIEr-ANCE. KEYS TC' LGCKED ACCESS POINTS OR STRUCTURES SHAl...L BE MAJE AVAILABLE TO 
n-:E J,l.MES C::Y COUNTY REPRESE~TATI\£ UPOi\ REQUEST. 

!NspECDON AND MA!NJENANCE MfAS!RES; 
1. INSPECT fOR S:OIMENT BUll.DUP AY ViSIJAL OB5£RVA]Ll'1 ANJA PHYSICAL DElERMINATIOf"J CF SED!MENT DCPTI~ ~1frilN PONG 
STORAGE AREAS. IF THE OEPTI-i Of "SEDIMENT REP.Q-JES rHE JEPTH OF 4 FE:ET AEOYE 11£ BOTTCM OF PONC> • REMCVAL IS REQUIRED. 
JIS;JQSE OF St:OIML}llS l~CMOVED rllCt~ THE FllOUTY AT AN ACCEPTABLE DIS?t·SA~ AREA. 

2. TREES, SHRUBS AND WOODY VEGE:TATICN AR[ NOT Frnf.llTTED TC GROW ALONG OR 00 ANY PA.i;"T r:F THE EVBAtJKIJENT lHAT WAS 
CCNSlHlJClED IJSltlG l:NillNEJJ~i:D (COMPACTED) nLlS. 

J. PERFORM SO"L SAMFJJr-oG :JN STAl'ilUZED PONC "SOIL AR£AS .~l U:ASf UNC't E\.t!1Y :: YE?.HS. APPLY ADDlllONAL LIME AND 
FERTIUZER IN ACC~DANCE ~7H TEST RECCMMEND.t.110NS. 

4. PERFORM QUARTERLY !NSPECT!ONS OF T:iE SPILLWAY FOR THE OBSE.~'IA.~C£ OF COW:CTED TRASH ANO DEBRIS. IMMED!l<lELY 
l~EMO\'E ANY TRASCI OR DEBR:S 1HAT PRFV'iNTS lHC~ MO~i:Nr or WAll~R. REMC~ AN'r lRASH A~JD UTTER DCWNSTRF.AM ANO A7 
STORM CHANNEL INFLOW LOC/.'JONS TO MAINTAIN TI-IE INTEGRIT'l' OF TriE SIRLICT\JR:: AND PRO\o1DE Al~ ATIRACTIVE APPEAR~.NCE. 

5. PERFOR:M 'r£AFLY STRUCTJRAl. IN.SFECTI·:)~S Cf THE FACILITY FOR DA~AGE. S-:WCTURAL INSPECllON SH/!..ll. 3£ FERFO~~EC· 
PRIMARY SP'lLViAY ANC: XDl~ENT FOREBAY EMBANKMENT. IF DAMP.ll: lS £'.'!DENT, AJRTHER INVES11GATO'l SY A PROFESSlONAL 
ENGNEER i.IJ.Y BE RECUIREG 70 ASSESS 11-'E iMTEGRITY Cf TrlE SIB.UCTURE. 

6. PERFORM QUARTERLY iNSPECTIOi..,S OF THE GRADED SCE S~E.s CF TrlE F/\CILJ:Y FOR S\CNS OF A~IMAL/RODEf':T BORllOVf.5 OR 
SLOPE EROSION. lf.1"4fD;ATil'i FrRFOR~ NEO::SSARY REPAIRS. R..."TLUNG ffi REPLANTING. REFLACE DE.~D OR DIS£AS£0 PLANTS ON TriE 
SJOE SLOPES. 

7. PERFORM 't"EAFLY 08Sf::RVAT10NS OF p·:Rl~ETER AHEAS SURROUNDi\G THE FAO:JfY TD ENS!JRE CHA:-IGES :N '_AN~· USE, 
Tt'.rOGRAPHY CR .ACCESS HA\.E NOT O\.."CURREO At-JG DO l~OT A~f1~GT lllE ali:RAllON, ),(i!.JNTENANCE, ACCESS OR SAFETY FEAlUllES AS 
PROVIDED. 

B. 11£CORD KF.[PING, lHE OIM>IER OR OES:~Alill REPRESENlAll\.£ S~ALL KEEP REASO'IABL£, ACCURA1'£ \\1~1l11}J RECO~DS OF 
INSP[CTIOOS PERFORWED FOR Tl-IE STRUCTURE. REClJROS 9-JALL DOCIJM(Nl ROUTINE ~AJNll:::""NANCC: AND/OR RrPAIRS PFRrCRIJFD. 
COPJ£S SHALL BE PROVIDED TO T,..:E JAMES CITY COl!Nir' iJPOO REQUEST. 

9. THE fAClL!TY SHALL NOT ACC£PT ADDl110NAL DRAlNAGE CR EE MOOIFIEO lN AN'' WAY IM:ThOUT P~JOR CONSENT OR APPROVAL BY 
lHE JAMES CIT'I' COUNTY ENVIRONMENTAL CIVISION. 

10. IN GENERAL SEDIMENT SH-6.LL EE R£~C\1fD FROl.I FOREEAY EVERY 3 TO 5 '!EA~ OF 'M-IEN 3 TO 4 FEET HAVE ACCUMULATED. 
WrllOlEVER COMES FIRST. 

11. THE OWNER 1'3 RESPO'iSIBL( FOR LON(; TERI.' MAlt~TENt.h'CE OF SEDllJ.ENT FOREBA'r AND ALL INCOl.llNG PIPE SYSTElJS ANO 
ArPURTENANCES. 
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RECORD DRAWING CERTIFICATION: 
I 

I HEREBY CERTIFY TO THE BEST OF MY KNOWLEDGE AND BELIEF 
THAT THIS RECORD DRAWING REPRESENTS THE ACTUAL CONDITION 
OF THE DRAINAGE SYSTEM. THE FACILITY APPEARS TO CONFORM 
WITH THE PROVISIONS OF THE APPROVED DESIGN PLAN, 
SPECIFICATIONS AND STORMWATER MANAGEMENT PLAN. ? 
EXCEPT AS SPECIFICALLY NOTED. 
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Stormwater Calculations Rec VA-James City County 2-Year Duration=21 min, lnten=3.31 in/hr 
Prepared by {enter your company name here} Printed 3/18/2013 
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Summary for Pond 1 P: Sediment Forebay Record Information 

Inflow Area = 
Inflow = 

6.100 ac, @g~mpervious, Inflow Depth= 0.67" for 2-Year event 
11. 71 cfs @ . 9 hrs, Volume= 0.340 af 

Outflow = 11.71 cfs@ 0.35 hrs, Volume= 0.346 af, Atten= 0%, Lag= 15.6 min 
Secondary= 11.71 cfs@ 0.35 hrs, Volume= 0.346 af 

Routing by Dyn-Stor-lnd method, Time Span= 0.00-3.00 hrs, dt= 0.01 hrs 
Starting Elev= 35.00' Surf.Area= 2,684 sf Storage= 8,281 cf 
Peak Elev= 35.14'@ 0.35 hrs Surf.Area= 2,773 sf Storage= 8,876 cf (595 cf above start) 

Plug-Flow detention time= 13.2 min calculated for 0.156 af (46% of inflow) 
Center-of-Mass det. time= 1.0 min ( 13.6 - 12. 7 ) 

Volume Invert Avail.Storage Storage Description 
#1 26.20' 29,671 cf Custom Stage Data (Prismatic) Listed below 

Elevation 
(feet) 

Surf.Area 
(sq-ft) 

Inc.Store 
(cubic-feet) 

Cum.Store 
(cubic-feet) 

26.20 
27.00 
28.00 
29.00 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
40.00 

Device Routing 
#1 Secondary 

25 
250 
367 
503 
658 
900 

1, 151 
1,415 
1,710 
2,684 
5,872 

0 
110 
309 
435 
581 
779 

1,026 
1,283 
1,563 
2,197 

21,390 

Invert Outlet Devices 

0 
110 
419 
854 

1,434 
2,213 
3,239 
4,522 
6,084 
8,281 

29,671 

34.90' 40.0' long x 10.0' breadth Broad-Crested Rectangular Weir 
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 
Coef. (English) 2.49 2.56 2.70 2.69 2.68 2.69 2.67 2.64 

t:_condaryOutFlow Max=11.71 cfs@0.35 hrs HW=35.14' (Free Discharge) 
1=Broad-Crested Rectangular Weir (Weir Controls 11.71 cfs@ 1.22 fps) 
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Pond 1 P: Sediment Forebay Record Information 
Hydrograph 
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Stormwater Calculations Rec VA-James City County 2-Year Duration=21 min, lnten=3.31 in/hr 
Prepared by {enter your company name here} Printed 3/18/2013 
HydroCAD® 10.00 s/n 01038 © 2012 HydroCAD Software Solutions LLC Page 2 

Summary for Subcatchment 2S: DA ST 

Runoff = 5.37 cfs @ 0.09 hrs, Volume= 0.155 af, Depth= 0.62" 

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-3.00 hrs, dt= 0.01 hrs 
VA-James City County 2-Year Duration=21 min, lnten=3.31 in/hr 

Area (ac) C Description 
2.980 0.54 
2.980 

Tc Length 
(min) (feet) 

5.0 

6 

5 

4 

2 

100.00% Pervious Area 

Slope Velocity Capacity Description 
(ft/ft) {ft/sec) (cfs) 

Direct Entry, DT 

Subcatchment 2S: DA ST 
Hydrograph 

I ---- --- ------+----- ---- ----VA..Jam~S-City-County-2'""Year­
Duration=21 min, 

, , lnten=3.31 in/hr 
- - - - - - - - - - - - - -,- - - - - - - - - - - - - - - - - - - - - - ;.i.;- - - - - - - - - - - - - - - - - - - - - -

: ~unoff Area=2.980 ac 
Runoff Volume=0.155 af 

I I 

- - - - - - - - - - - - - -:- - - - - - - - - - - - - - - - - - - - - - -:-Runoff-Depth=0~62u_ 
I I 

Tc=5.0 min 
-------------:- ----------------------i- ------_______ C:::0_.54_ 

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

2 3 
Time (hours) 

I 11 Runoff~ 



Stormwater Calculations Rec VA-James City County 2-Year Duration=21 min, lnten=3.31 in/hr 
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Summary for Subcatchment 35: DA Amp 

Runoff = 1.43 cfs @ 0.00 hrs, Volume= 0.042 af, Depth= 0.54" 

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-3.00 hrs, dt= 0.01 hrs 
VA-James City County 2-Year Duration=21 min, lnten=3.31 in/hr 

Area (ac) C Description 
0.950 0.45 OT 
0.950 100.00% Pervious Area 

Subcatchment 35: DA Amp 
Hydrograph 

I 

- _I_ - - - -- - - - - - ·-· 
I 

I 

I 

Time (hours) 

VA-James City County 2-Year 
I 

' Duration=21 min, 
lnten=3.31 in/hr 

-- -- - - - - ~unoff-Area=0.-950-ac-
Runoff Volume=0.042 af 

I 

: Runoff Depth=0.54" 
I 

: Tc=O.O min 
C=0.45 

2 3 

I 11 Runoff~ 
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Summary for Subcatchment 45: DA Offsite 

Runoff = 4.92 cfs @ 0.09 hrs, Volume= 0.142 af, Depth= 0.79" 

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-3.00 hrs, dt= 0.01 hrs 
VA-James City County 2-Year Duration=21 min, lnten=3.31 in/hr 

Area (ac) C Description 
2.170 0.68 
2.170 100.00% Pervious Area 

Tc Length Slope Velocity Capacity Description 
(min) (feet) 

5.0 

5 

4 

2 

o_,._-.--__,.. 

(ft/ft) (ft/sec) (cfs) 
Direct Entry, OT 

Subcatchment 45: DA Offsite 
Hydrograph 

VA-Jam~s City County 2-Year 
Duration=21 min, 

------------------------------------------1r.1e1,-:::3:31-in7hY 

~unoff Area=2.170 ac 
' ___________ _______ Ruhoff Volume;:0..1A2 af_ 

I 

: Runoff Depth=0.79" 
I 

Tc=5.0 min 
- - - - - - - - - - - - - - - - - - - - - -:- - - - - - - - - - - - - - C=0-6S-

' I • 

0 2 3 
Time (hours) 

I 111 Runoff~ 



Stormwater Calculations Re VA-James City County 10-Year Duration=21 min, lnten=4.38 in/hr 
Prepared by {enter your company name here} Printed 3/18/2013 
HydroCAD® 10.00 sin 01038 © 2012 HydroCAD Software Solutions LLC Page 10 

Inflow Area= 
Inflow = 
Outflow = 
Secondary= 

Summary for Pond 1 P: Sediment Forebay Record Information 

6.100 ac, 
15.51 cfs@ 
15.51 cfs@ 
15.51 cfs@ 

0.00% Impervious, Inflow Depth= 0.89" for 10-Year event 
0.09 hrs, Volume= 0.450 af 
0.35 hrs, Volume= 0.457 af, Atten= 0%, Lag= 15.6 min 
0.35 hrs, Volume= 0.457 af 

Routing by Dyn-Stor-lnd method, Time Span= 0.00-3.00 hrs, dt= 0.01 hrs 
Starting Elev= 35.00' Surf.Area= 2,684 sf Storage= 8,281 cf 
Peak Elev= 35.19' @ 0.35 hrs Surf.Area= 2,803 sf Storage= 9,082 cf (801 cf above start) 

Plug-Flow detention time= 10.2 min calculated for 0.266 af (59% of inflow) 
Center-of-Mass det. time= 1.0 min ( 13.6 - 12. 7 ) 

Volume Invert Avail.Storage Storage Description 
#1 26.20' 29,671 cf Custom Stage Data (Prismatic} Listed below 

Elevation 
(feet) 

Surf.Area 
(sq-ft) 

Inc.Store 
(cubic-feet) 

Cum.Store 
(cubic-feet) 

26.20 
27.00 
28.00 
29.00 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
40.00 

Device Routing 
#1 Secondary 

25 
250 
367 
503 
658 
900 

1, 151 
1,415 
1,710 
2,684 
5,872 

0 
110 
309 
435 
581 
779 

1,026 
1,283 
1,563 
2,197 

21,390 

Invert Outlet Devices 

0. 
110 
419 
854 

1,434 
2,213 
3,239 
4,522 
6,084 
8,281 

29,671 

34.90' 40.0' long x 10.0' breadth Broad-Crested Rectangular Weir 
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 
Coef. (English) 2.49 2.56 2.70 2.69 2.68 2.69 2.67 2.64 

t:,_condary Outflow Max=15.51 cfs @ 0.35 hrs HW=35.19' (Free Discharge) 
1=Broad-Crested Rectangular Weir (Weir Controls 15.51 cfs@ 1.35 fps) 
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Pond 1 P: Sediment Forebay Record Information 
Hydrograph 

I I 
--------------------,--------------------~i--------------------

1 
-----r ----

17, r.=;-:;:o.__ I 

16 ~ ~ ~ ~ ~ ~ ~ _ ~ ~ ~ ~ ~ ~ __ ~ __ ~ ~ ~ ~ ~ ~ ~ IoJJow~Are:a~6_.lOD ~a:c ~ 
15 I I 

14 - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - Peak-E1ev=35~ 191 -

13 

12 

11 

Ui" 10 

~ 9 

~ 8 
u:: 

7 

6 

5 

4 

3 

2 

. ..J .... . ....... - - - -·· -·· - - - - - - - - L - - - - - - - - - - - - - - - - - - -

---------- -~ ------------------StoFage=9 ,082-cf-
' ------------1---------------------~--------------------

' ------------1--- ----------------,--------------------
' ! 

------------~- -------------------r--------------------
I 

------ _____ ._j_ 

I 

------------~---------------------

' ____________ J ____________________ _ 

2 3 
Time (hours) 

•inflow 
•Secondary 
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Summary for Subcatchment 2S: DA ST 

Runoff = 7.11 cfs @ 0.09 hrs, Volume= 0.206 af, Depth= 0.83" 

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-3.00 hrs, dt= 0.01 hrs 
VA-James City County 10-Year Duration=21 min, lnten=4.38 in/hr 

Area (ac) C Description 
2.980 0.54 
2.980 

Tc Length 
(min) (feet) 

5.0 

7 

6 

5 

3 

2 

100.00% Pervious Area 

Slope Velocity Capacity Description 
(ft/ft) (ft/sec) (cfs) 

Direct Entry, DT 

Subcatchment 2S: DA ST 
Hydrograph 

I 
I 
I 

I I ---- -----------:- -- ---------- -vA::.Jam~s-ciiicciunt}t-1o:vea_r_ 
I I 

... _. ___ : _____________________ .: ___ D1Jr~tiQ.r1=~t mi_n, . 
, , lnten=4.38 in/hr 

______________ : _______________________ :Runoff A[ea;:2.98D_ac_ 
' I 

R1;.moff Volume=0.206 af 
. :_ - - - - - - - - - - - - - - - - - - - _;_ Runoff Dep. th=0.83~'- -

I I 

Tc=5.0 min 
I I - - - - -- - - - - - --:--- - - - - - - - - - - - - - - - - - - - -:- - - - - - - - - - -- - --G=&.54-

··1···· -·· -· -· -· - -· -··· -·· -·· ··-

' I 
I 
I 

- - - - - - - - - - - - -1- - - - - - - - - - - - - - - - - - - - -i- - - - - - - - - - - - - - - - - - - - - -

2 
Time (hours) 

I 
I 
I 
I 

3 

I• Runoff~ 
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Prepared by {enter your company name here} Printed 3/18/2013 
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Summary for Subcatchment 35: DA Amp 

Runoff = 1.89 cfs @ 0.00 hrs, Volume= 0.056 at, Depth= 0.71" 

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-3.00 hrs, dt= 0.01 hrs 
VA-James City County 10-Year Duration=21 min, lnten=4.38 in/hr 

Area (ac) C Description 
0.950 0.45 DT 
0.950 100.00% Pervious Area 

Subcatchment 35: DA Amp 

Hydrograph 

I 
- - - - - - - - - - - - - - - - - - - - - -!- - - - - - - - - - - - - - - - - - - - - - -1- - - - - - - - - - - - - - - - - - - - - -

I I 
I I 

: VA-James City County 10-Year 
I I 

: Duration=21 min, 
I 

lnten=4.38 in/hr 
: Runoff Area=0.950 ac 
I 

R1:moff Volume=0.056 af 
: : Runoff Depth=O. 71" ______________ I _______________________ I _____________________ _ 

Tc=O.O min 
C=0.45 

2 3 
Time (hours) 

I 1111 Runoff~ 
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Summary for Subcatchment 45: DA Offsite 

Runoff = 6.52 cfs @ 0.09 hrs, Volume= 0.189 af, Depth= 1.04" 

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-3.00 hrs, dt= 0.01 hrs 
VA-James City County 10-Year Duration=21 min, lnten=4.38 in/hr 

Area (ac) C Description 
2.170 0.68 
2.170 100.00% Pervious Area 

Tc Length Slope Velocity Capacity Description 
(min) (feet) (ft/ft) (ft/sec) (cfs) 

5.0 Direct Entry, DT 

Subcatchment 45: DA Offsite 
Hydrograph 

- - - - - - - -- -- - - - ---- -- - _I_ - - - - - - - - - - --- - - - - - - -- - - - - - - - - - - - - - ----- -- - - -

6 

5 

2 

I 

_______ -: .. _________ ... VA:Jc:too~~-City CQlJ!1_ty_10:Y~~J_ 
I 
I 
I 
I 

·-I· 
I 
I 

' I 
I 

Duration=21 min, 
' lnten=4.38 in/hr -- - - - - - - - - - - - - - - -1- - - -· - -· - - -·- -- ··- - - - -- ............ -·· -· -·· -

: Runoff Area=2.170 ac 
I 

........ ____ ~~-~c;>ft Ve>_l!l_l11~_=:Q._1_~~ .~f_ 
: Runoff Depth=1.04" 
I 

Tc=S.O min 
- - - - ---- - - - - -i- ---- - - - - - - - - - - - - ---- - -1- - - - -- - - - - - - - - - - - - - - - -

: : C=0.68 
I I 
I I 

-······-··I···· ----- -·-- -I---·--------------- -·-·-···· 

2 3 
Time (hours) 

I 11 Runoff~ 
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Inflow Area = 
Inflow = 
Outflow = 
Secondary= 

Summary for Pond 1 P: Sediment Forebay Record Information 

6.100 ac, 
20.89 cfs@ 
20.89 cfs@ 
20.89 cfs@ 

0.00% Impervious, Inflow Depth= 1.19" for 100-Year event 
0.09 hrs, Volume= 0.606 af 
0.35 hrs, Volume= 0.613 af, Atten= 0%, Lag= 15.6 min 
0.35 hrs, Volume= 0.613 af 

Routing by Dyn-Stor-lnd method, Time Span= 0.00-3.00 hrs, dt= 0.01 hrs 
Starting Elev= 35.00' Surf.Area= 2,684 sf Storage= 8,281 cf 
Peak Elev= 35.25' @ 0.35 hrs Surf.Area= 2,842 sf Storage= 9,343 cf (1,062 cf above start) 

Plug-Flow detention time= 7.7 min calculated for 0.420 af (69% of inflow) 
Center-of-Mass det. time= 0.9 min ( 13.6 - 12.7) 

Volume Invert Avail.Storage Storage Description 
#1 26.20' 29,671 cf Custom Stage Data (Prismatic) Listed below 

Elevation 
(feet) 

Surf.Area 
(sq-ft) 

Inc.Store 
(cubic-feet) 

Cum.Store 
(cubic-feet) 

26.20 
27.00 
28.00 
29.00 
30.00 
31.00 
32.00 
33.00 
34.00 
35.00 
40.00 

Device Routing 
#1 Secondary 

25 
250 
367 
503 
658 
900 

1,151 
1,415 
1,710 
2,684 
5,872 

0 
110 
309 
435 
581 
779 

1,026 
1,283 
1,563 
2,197 

21,390 

Invert Outlet Devices 

0 
110 
419 
854 

1,434 
2,213 
3,239 
4,522 
6,084 
8,281 

29,671 

34.90' 40.0' long x 10.0' breadth Broad-Crested Rectangular Weir 
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 
Coef. (English) 2.49 2.56 2.70 2.69 2.68 2.69 2.67 2.64 

t:,_condary OutFlow Max=20.89 cfs@ 0.35 hrs HW=35.25' (Free Discharge) 
1=Broad-Crested Rectangular Weir (Weir Controls 20.89 cfs@ 1.50 fps) 



Stormwater Calculations R VA-James City County 100-Year Duration=21 min, lnten=5.90 in/hr 
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Pond 1 P: Sediment Forebay Record Information 
Hydrograph 

--------------------~---------------------~--------------------

23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
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.!:!.. 12 / 

~ 11 
u: 10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
O-'t'--.--.....,.-

0 

==== = == === == = ~.~. - -= = = = = =-= = Inflow~Area;;ELton=ac=-
------- ------~--- - - - - - --- --- ----- --------------------

] Peak -E~ev-=35.2§! -

-= = = = =-=- ---- ~ = = = :_ -= = = = = = =- ---~ _: ~t9-m:~g~~l~~~= ~f = 
------------~---------------------L--------------------

1 

: I -------------------------------------------------------
I 

I ----------------
I 

------------1---------------------
-- .. -· - -· - .J -- - -· -· - - - - - - - - - - -· -- - - -· -· 

I 
·-····1·-··- -·· -·------------------

_J ____________________ _ 

2 3 
Time (hours) 

•Inflow 
•Secondary 
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Summary for Subcatchment 2S: DA ST 

Runoff = 9.57 cfs @ 0.09 hrs, Volume= 0.277 af, Depth= 1.11" 

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-3.00 hrs, dt= 0.01 hrs 
VA-James City County 100-Year Duration=21 min, lnten=5.90 in/hr 

Area (ac) C Description 
2.980 0.54 
2.980 100.00% Pervious Area 

Tc Length Slope Velocity Capacity Description 
(min) (feet) {ft/ft) {ft/sec) (cfs) 

5.0 Direct Entry, DT 

Subcatchment 2S: DA ST 
Hydrograph 

I I ______________________ L ______________________ L ____ _ 
I I 

10 I I 

9 

- - - - - - - - _:_ -- - - - - - - - - - - -VA-James City-County-100-Year-
' , Duration=21 min, 

------------- -:- - ------------- --------i - -----inien=s~9o-in/llr -
, I 8 

- - -- ---- : ---- ---- ---- ---- ---- - - - - - - - - - - - - - ~ -R-unoff-Area=2-;980 ac 
7 

Runoff Volume=0.277 af 
--------------,----------------------1---------- -----------

: Runoff Depth=1.11" 
- - - - - - - - - - - - -:- - - - - - - - - - - - - - - - - - - - - - - :- - - - - - - - - - - -Tc=Sj) min -

_ _ _ _ _ _ _ _ __ ____ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ C:::0._54 _ 
4 

I 

-----------r-----------
3 

2 

-------------r----------------------r----------------------

2 3 
Time (hours) 

I 11 Runoff~ 
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Summary for Subcatchment 35: DA Amp 

Runoff = 2.54 cfs @ 0.00 hrs, Volume= 0.076 af, Depth= 0.96" 

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-3.00 hrs, dt= 0.01 hrs 
VA-James City County 100-Year Duration=21 min, lnten=5.90 in/hr 

Area (ac) C Description 
0.950 0.45 DT 
0.950 100.00% Pervious Area 

2 

Subcatchment 35: DA Amp 

I 

I 

I 

I 

I 

I 
_ , 

Hydrograph 

I 

VA-James City County 100-Year 
I 

Duration=21 min, 
_ lnten:::;5.9_0_ in/hr __ 

Runoff Area=0.950 ac 
Runoff Volume=0.076 af 

I 

Runoff Depth=0.96" 
Tc=O.O min 

I C=0.45 
- - - - - - - - - - - - - -1- - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---

2 3 
Time {hours) 

I 11 Runoff~ 
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Summary for Subcatchment 45: DA Offsite 

Runoff = 8.78 cfs@ 0.09 hrs, Volume= 0.254 af, Depth= 1.40" 

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-3.00 hrs, dt= 0.01 hrs 
VA-James City County 100-Year Duration=21 min, lnten=5.90 in/hr 

Area (ac) C Description 
2.170 0.68 
2.170 

Tc Length 
(min) (feet) 

5.0 

9 

8 

7 

6 

~ 
.!:!.. 
~ 

5 
0 
u:: 

4 

3 

2 

100.00% Pervious Area 

Slope Velocity Capacity Description 
(ft/ft) (ft/sec) (cfs) 

Direct Entry, DT 

Subcatchment 45: DA Offsite 

I 
I 

Hydrograph 

--1 - ------ ·--1- -------

' I 

: VA-James City County 100-Year 
···· 1··- -·· -- - - - - -1- - - - - - - - - -· -·- -·· .... -·· ....... . 

: Duration=21 min, 
- - - - - - - - - - - - - -:- - - - - - - - - - - - - - - - - - - - - - -:- - - - - - - lnten=5.90- inthr-, 

: Runoff Area=2.170 ac 
--------------:- ---------------------Runoff Voliime=o~254-c1r 

I I 

_____________ -:- _________________ ____ -:- __ Runoff D_epth~L41l'~ 
: Tc=5.0 min 
I I - -- - -- - - - - - - -:- - - - - - - - ----- - - - - - - - - - -:- - -- - - - - - -- - - --c=O.filt 

I 
·- -1·- - - - - - - - - - - - - - - - - - - - - -1- - - - - - - - - - - - - --

i 
- - - - - - - - - - - - :- ··- -·· -- - - - - - -- -·· - - - - - - - - - - -1- - - - - - - - - - - -· ·- - -· -· 

I 

2 3 
Time (hours) 

I 11 Runoff~ 
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VHB Inc. DATE: March-13 PROJECT NO. 33299.00 

Storm Sewer Record Information Computations 
Oktoberfest Attraction Expansion 
10-year storm event 

55.61 = B (10-YR) AREA RUNOFF CA INLET RAIN RUNOFF "Q" INVERT PIPE CAPA- FLOW 
\ 

10.00 = D DRAIN. COEF. TIME FALL ELEVATIONS LNG TH SLOPE DIA CITY VEL. TIME REMARKS !)" 
).>; 

0.74 = E "A" ~ .. 
FROM TO INCRE- ACCUM- MIN- INCRE- ACCUM- UPPER LOWER MANN. 

POINT POINT ACRES c MENT ULA TED UTES IN.\HR MENT ULA TED END END FT. FT./FT. IN. C.F.S. F.P.S. MIN. RIM N 
1 2 0.47 0.68 0.32 0.32 5.00 7.50 2.40 2.40 55.63 54.48 20 0.058 15 15.48 9.19 0.04 PR-DI-3B 58.89 0.013 
2 3 0.21 0.43 0.09 0.41 5.04 7.48 0.68 3.07 53.82 53.41 55 0.008 15 5.59 4.78 0.19 PR-DI-3B 58.34 0.013 

3B-1 3B 0.13 0.86 0.11 0.11 5.00 7.50 0.84 0.84 76.86 75.79 89 0.012 12 3.90 4.01 0.37 PR-DI-6 79.97 0.013 I o •. ~· 

3B 3A 0.53 0.74 0.39 0.50 5.37 7.36 2.89 3.71 75.71 73.23 114 0.022 15 9.52 7.18 0.26 PR-DI-7 79.73 0.013 

3A 3 1.34 0.68 0.91 1.42 8.00 6.55 5.97 9.27 56.28 53.61 56 0.048 15 14.09 10.95 0.09 PR-DI-7 76.98 0.013 r ,'IS~ c 

3 4 0.26 0.50 0.13 1.96 8.09 6.53 0.85 12.76 53.31 52.58 62 0.012 24 24.56 7.95 0.13 PR-DI-3B 57.71 0.013 0 .O.a/Ci 

4 5 0.18 0.50 0.09 2.05 8.22 6.49 0.58 13.28 52.48 51.91 41 ().014 24 26.66 8.50 0.08 PR-DI-3B 57.28 0.013 I, t, '1t." 

! 5 6 0.22 0.53 0.12 2.16 8.30 6.47 0.75 13.99 51.83 51.15 73 0.009 24 21.81 7.28 0.17 PR-DI-3B 56.85 0.013 6 .'l/1°,~ 

6 7 0.24 0.67 0.16 2.32 8.46 6.43 1.03 14.93 51.07 49.36 95 0.018 24 30.34 9.62 0.16 PR-DI-3B 56.17 0.013 l ti', Q 
- \11,G 

302 301 1.48 0.43 0.64 0.64 9.15 6.26 3.98 3.98 72.65 66.60 149 0.041 15 13.01 9.36 0.27 PR-DI-5 77.58 0.013 ~ f,QJO: 

301 7 0.00 0.00 0.00 0.64 9.42 6.26 0.00 3.98 50.90 50.16 29 0.026 15 10.31 7.92 0.06 PR-MH 70.80 0.013 ;;t.iti ""' 

7 8 0.69 0.62 0.43 3.39 8.63 6.39 2.73 21.63 40.61 38.55 135 0.015 30 50.63 9.85 0.23 PR-DI-3C 55.01 0.013 
8 8A 0.00 0.00 0.00 3.39 8.86 6.39 0.00 21.63 28.67 28.14 31 0.017 30 53.59 8.56 0.06 PR-MH 49.21 0.013 '1 'S !,/''/' 

8A 9 0.00 0.00 0.00 3.39 8.86 6.39 0.00 21.63 28.04 26.85 44 0.027 30 67.41 12.26 0.06 PR-MH 40.89 0.013 ),1,,S
0

10 

200 201 0.05 0.68 0.03 0.03 5.00 7.50 0.25 0.25 77.49 76.84 40 0.016 6 0.72 3.30 0.20 Trench Drain 79.57 0.013 
201 202 0.04 0.86 0.03 0.07 5.20 7.50 0.26 0.51 73.00 67.00 22 0.273 8 6.31 4.78 0.08 Trench Drain 78.30 0.013 

202A 202 0.12 0.90 0.11 0.11 5.00 7.50 0.81 0.81 77.51 70.67 36 0.190 8 5.26 10.89 0.06 Trench Drain 79.73 0.013 

202 203 0.00 0.00 0.00 0.18 5.28 7.50 0.00 1.32 67.00 65.25 47 0.037 8 2.33 6.87 0.11 C.O. 73.41 0.013 
203 204 0.00 0.00 0.00 0.18 5.39 7.50 0.00 1.32 65.25 64.08 34 0.034 8 2.24 6.65 0.09 c.o. 68.54 0.013 
204 205 0.00 0.00 0.00 0.18 5.48 7.50 0.00 1.32 64.08 60.97 34 0.092 8 3.65 9.65 0.06 C.O. 66.26 0.013 



VHBinc. 
Hydraulic Gradeline Computations 10 Yr Storm - Record Drawings 
Oktoberfest Attraction Expansion 

RCP PIPE n= 0.013 
INLET OUTLET 

STATIO SURF AC 
D(O) Q(O) L(O) SF(O) H(F) 

Sediment Forebay 10-year storm WSEL - Record Information 
8A 35.19 30 21.63 44 0.0049 0.21 
8 37.77 30 21.63 31 0.0049 0.15 
7 40.55 30 21.63 135 0.0049 0.66 

6 51.36 30 14.93 95 0.0023 0.22 
5 52.75 24 13.99 73 0.0038 0.28 
4 53.58 24 13.28 41 0.0034 0.14 
3 54.43 24 12.76 62 0.0032 0.20 

3A 55.98 15 9.27 56 0.0206 1.15 
3B 74.23 15 3.71 114 0.0033 0.38 

3B-1 75.79 12 0.84 89 0.0006 0.05 

2 55.98 15 3.07 55 0.0023 0.12 
1 56.86 15 2.40 20 0.0014 0.03 

0.8d 

301 51.16 15 3.98 29 0.0038 0.11 
302 67.60 15 3.98 149 0.0038 0.57 

204 61.50 8 1.32 34 0.0120 0.41 
203 64.62 8 1.32 34 0.0120 0.41 
202 65.79 8 1.32 47 0.0120 0.56 

202A 71.20 8 0.81 36 0.0045 0.16 

201 67.54 8 0.51 22 0.0018 0.04 
200 77.24 6 0.25 40 0.0021 0.08 

DATE: 

V(O) H(O) om D(I) 

12.26 0.5835 21.63 30 
9.85 0.3766 21.63 30 
9.85 0.3766 14.93 30 

3.98 15 

9.62 0.3593 13.99 24 
7.28 0.2057 13.28 24 
8.50 0.2805 12.76 24 
7.95 0.2454 9.27 15 

3.07 15 

10.95 0.4655 3.71 15 
7.18 0.2001 0.84 12 
4.01 0.0624 

4.78 0.0887 2.40 15 
9.19 0.3279 

7.92 0.2435 3.98 15 
9.36 0.3401 

9.65 0.3615 1.32 8 
6.65 0.1717 1.32 8 
6.87 0.1832 0.51 8 

0.81 8 

10.89 0.4604 

4.78 0.0887 0.25 6 
3.30 0.0423 

March-13 PROJECT NO : 33299.00 

JUNCTION LOSS FINAL INLET RIM 
V(I) Q*V V2/2G H(I) ANGLE E K H(>) H(T) 1 *3 H(T) 0.5* H SURF AC ELEV 

9.85 213 1.51 0.53 61 0.47 0.71 1.82 2.36 2.36 2.58 37.77 40.89 
9.85 213 1.51 0.53 85 0.66 0.99 1.90 2.47 2.47 2.62 40.39 49.21 
9.62 144 1.44 0.50 38 0.33 0.47 1.35 1.76 1.76 2.42 42.97 55.01 
7.92 32 

7.28 102 0.82 0.29 15 0.10 0.08 0.73 0.95 0.47 0.70 52.06 56.17 
8.50 113 1.12 0.39 28 0.22 0.25 0.85 1.10 0.55 0.83 53.58 56.85 
7.95 101 0.98 0.34 62 0.47 0.46 1.09 1.41 0.71 0.85 54.43 57.28 
10.95 102 1.86 0.65 75 0.64 1.19 2.09 2.72 1.36 1.55 55.98 57.71 
4.78 15 

7.18 27 0.80 0.28 80 0.66 0.53 1.27 1.66 1.66 2.81 58.79 76.98 
4.01 3 0.25 0.09 81 0.66 0.16 0.45 0.59 0.59 0.96 75.19 79.73 

0.06 0.08 0.08 0.13 75.92 79.97 

9.19 22 1.31 0.46 62 0.47 0.62 1.16 1.51 0.76 0.88 56.86 58.34 
0.33 0.43 0.21 0.24 57.10 58.89 

9.36 37 1.36 0.48 21 0.16 0.22 0.94 1.22 1.22 1.33 52.49 70.80 
0.34 0.44 0.44 1.01 68.61 77.58 

6.65 9 0.69 0.24 8 0.00 0.00 0.60 0.78 0.39 0.80 62.30 66.26 
6.87 9 0.73 0.26 45 0.43 0.32 0.74 0.97 0.48 0.89 65.51 68.54 
4.78 2 
10.89 9 1.84 0.64 24 0.16 0.29 1.12 1.46 0.73 1.29 67.08 73.41 

0.46 0.60 0.30 0.46 71.66 79.73 

3.30 1 0.17 0.06 45 0.43 0.07 0.22 0.29 0.14 0.18 67.72 78.30 
0.04 0.05 0.03 0.11 77.35 79.57 



VHB Inc. 
Storm Sewer Record Information Computations 
Oktoberfest Attraction Expansion 
100-year storm event 

36.77 = B (100-YR) AREA RUNOFF CA 
5.25 DRAIN. COEF. 
0.56 "A" 

FROM TO INCRE- ACCUM-
POINT POINT ACRES c MENT ULA TED 

1 2 0.47 0.68 0.32 0.32 
2 3 0.21 0.43 0.09 0.41 

3B-1 3B 0.13 0;86 0.11 0.11 

3B 3A 0.53 0.74 0.39 0.50 

3A 3 1.34 0.68 0.91 1.42 

3 4 0.26 0.50 0.13 1.96 
4 5 0.18 0.50 0.09 2.05 
5 6 0.22 0.53 0.12 2.16 
6 7 0.24 0.67 0.16 2.32 

302 301 1.48 o.43 0.64 0.64 
301 7 0.00 OVGO· 0.00 0.64 

7 s 0.69 Q.62 0.43 3.39 
8 SA 0.00 0.00 0.00 3.39 

SA 9 o.oo. 0.00 0.00 3.39 

200 201 0.05 0.68 0.03 0.03 
201 202 0;04 0.8{) 0.03 0.07 

202A 202 0.12 0.90 0.11 0.11 

202 203 0.00 0.00 0.00 O.lS 
203 204 0.00 0.00 0.00 0.18 
204 205 0.00 0.00 0.00 0.18 

DATE: March-13 

INLET RAIN RUNOFF "Q" 
TIME FALL 

MIN- INCRE- ACCUM-
UTES IN.\HR MENT ULA TED 

5.00 9.99 3.19 3.19 
5.04 9.97 0.90 4.09 

5.00 9.99 1.12 1.12 

5.37 9.79 3.84 4.94 

8.00 8.65 7.88 12.24 

8.09 8.62 1.12 16.85 
8.22 8.57 0.77 17.53 
8.30 8.54 1.00 18.47 
S.46 S.49 1.36 19.71 

9.15 8.26 5.25 5.25 
9.42 S.26 0.00 5.25 

S.63 8.43 3.61 2S.55 
8.86 8.43 0.00 28.55 
8.S6 8.43 0.00 2S.55 

5.00 9.99 0.34 0.34 
5.19 9.99 0.34 0.68 

5.00 9.99 1.0S 1.08 

5.22 9.99 0.00 1.76 
5.32 9.99 0.00 1.76 
5.40 9.99 0.00 1.76 

PROJECT NO. 33299.00 

INVERT PIPE CAPA- FLOW 
ELEVATIONS LNG TH SLOPE DIA CITY VEL. TIME REMARKS 

UPPER LOWER MANN. 

END END FT. FT./FT. IN. C.F.S. F.P.S. MIN. RIM N 

55.63 54.48 20 0.058 15 15.48 9.19 0.04 PR-DI-3B 58.89 0.013 
53.82 53.41 55 0.008 15 5.59 4.7S 0.19 PR-DI-3B 58.34 0.013 

76.86 75.79 $9.· 0.012 12 3.90 4.01 0.37 PR-DI-6 79.97 0.013 

75.71 73.23 114 .. Q..022 15 9.52 7.lS 0.26 PR-DI-7 79.73 0.013 

56.28 53.61 56 0.048 15 14.09 10.95 0.09 PR-DI-7 76.98 0.013 

53.31 52.58 62 0.012 24 24.56 7.95 0.13 PR-DI-3B 57.71 0.013 
52.48 51.91 41 0.014 24 26.66 8.50 0.08 PR-DI-3B 57.28 0.013 
51.83 51.15 73 0.009 24 21.81 7.2S 0.17 PR-DI-3B 56.85 0.013 
51.07 49.36 95 0.018 24 30.34 9.62 0.16 PR-DI-3B 56.17 0.013 

72.65 66.60 149 0.041 15 13.01 9.36 0.27 PR-DI-5 77.58 0.013 
50.90 50.16 29 0.026 15 10.31 7.92 0.06 PR-MH 70.80 0.013 

40.61 3S.55 135 0.015 30 50.63 9.85 0.23 PR-DI-3C 55.01 0.013 
28.67 28.14 31 0:017 30 53.59 S.56 0.06 PR-MH 49.21 0.013 
2S.04 26.S5 44 · .. · Q.;027 30 67.41 12.26 0.06 PR-MH 40.89 0.013 

77.49 76.84 4-0 . 
0.016 6 0.72 3.5S 0.19 Trench Drain 79.57 0.013 . 

73.00 67.00 22 •· 0.273 8 6.31 11.81 0.03 Trench Drain 78.30 0.013 

77.51 70.67 36 0.190 8 5.26 11.81 0.05 Trench Drain 79.50 0.013 

67.00 65.25 47 0.037 8 2.33 7.32 0.11 C.O. 73.41 0.013 
65.25 64.0S 34 0.034 8 2.24 7.08 o.os c.o. 68.54 0.013 
64.08 60.97 34 0.092 8 3.65 10.40 0.05 C.O. 66.26 0.013 



VHBinc. 
Storm Sewer Record Information Computations 
Oktoberfest Attraction Expansion 
100-year storm event 

36.77 = B (100-YR) AREA RUNOFF CA 
5.25 DRAIN. COEF. 
0.56 "A" 

FROM TO INC RE- ACCUM-
POINT POINT ACRES c MENT ULA TED 

1 2 0.47 0.68 0.32 0.32 
2 3 0.21 0.4l 0.09 0.41 

3B-1 3B 0.13 ~86 0.11 0.11 

3B 3A 0.53 0~74 0.39 0.50 

3A 3 1.34 0.68 0.91 1.42 

3 4 0.26 0.50 0.13 1.96 
4 5 0.18 0.50 0.09 2.05 
5 6 0.22 0.53 0.12 2.16 
6 7 0.24 0.67 0.16 2.32 

302 301 1.48 0.43 0.64 0.64 
301 7 0.00 o.oo 0.00 0.64 

7 8 0.69 ~~62 0.43 3.39 
8 8A 0.00 <too 0.00 3.39 

8A 9 0.00 0.00 0.00 3.39 

200 201 0.05 0.68 0.03 0.03 
201 202 0.04 :., :0~8~' 0.03 0.07 

202A 202 0.12 0.90 0.11 0.11 

202 203 0.00 0.00 0.00 0.18 
203 204 0.00 0.00 0.00 0.18 
204 205 0.00 0.00 0.00 0.18 

DATE: March-13 

INLET RAIN RUNOFF "Q" 
TIME FALL 

MIN- INCRE- ACCUM-
UTES IN.\HR MENT ULA TED 

5.00 9.99 3.19 3.19 
5.04 9.97 0.90 4.09 

5.00 9.99 1.12 1.12 

5.37 9.79 3.84 4.94 

8.00 8.65 7.88 12.24 

8.09 8.62 1.12 16.85 
8.22 8.57 0.77 17.53 
8.30 8.54 1.00 18.47 
8.46 8.49 1.36 19.71 

9.15 8.26 5.25 5.25 
9.42 8.26 0.00 5.25 

8.63 8.43 3.61 28.55 
8.86 8.43 0.00 28.55 
8.86 8.43 0.00 28.55 

5.00 9.99 0.34 0.34 
5.19 9.99 0.34 0.68 

5.00 9.99 1.08 1.08 

5.22 9.99 0.00 1.76 
5.32 9.99 0.00 1.76 
5.40 9.99 0.00 1.76 

PROJECT NO. 33299.00 

INVERT PIPE CAPA- FLOW 
ELEVATIONS LNG TH SLOPE DIA CITY VEL. TIME REMARKS 

UPPER LOWER MANN. 

END END FT. FT./FT. IN. C.F.S. F.P.S. MIN. RIM N 
55.63 54.48 20 0.058 15 15.48 9.19 0.04 PR-DI-3B 58.89 0.013 
53.82 53.41 . 55 0.008 15 5.59 4.78 0.19 PR-DI-3B 58.34 0.013 

76.86 75.79 '.'g9 O.Ol2 12 3.90 4.01 0.37 PR-DI-6 79.97 0.013 
' 

75.71 73.23 114 0.022 15 9.52 7.18 0.26 PR-DI-7 79.73 0.013 

56.28 53.61 56 0.048 15 14.09 10.95 0.09 PR-DI-7 76.98 0.013 

53.31 52.58 62 0~012 24 24.56 7.95 0.13 PR-DI-3B 57.71 0.013 
52.48 51.91 41 0~014 24 26.66 8.50 0.08 PR-DI-3B 57.28 0.013 
51.83 51.15 73 0.009 24 21.81 7.28 0.17 PR-DI-3B 56.85 0.013 
51.07 49.36 951 0.018 24 30.34 9.62 0.16 PR-DI-3B 56.17 0.013 

72.65 66.60 149 1 0.041 15 13.01 9.36 0.27 PR-DI-5 77.58 0.013 
50.90 50.16 29 0.026 15 10.31 7.92 0.06 PR-MH 70.80 0.013 

40.61 38.55 135.1 0.015 30 50.63 9.85 0.23 PR-DI-3C 55.01 0.013 
28.67 28.14 31·1' 0.017 30 53.59 8.56 0.06 PR-MH 49.21 0.013 
28.04 26.85 44 · .. O.Q27 30 67.41 12.26 0.06 PR-MH 40.89 0.013 

77.49 76.84 40 J o.~16 6 0.72 3.58 0.19 Trench Drain 79.57 0.013 
73.00 67.00 22, :·· .. 0.273 8 6.31 11.81 0.03 Trench Drain 78.30 0.013 

77.51 70.67 36 0.190 8 5.26 11.81 0.05 Trench Drain 79.50 0.013 

67.00 65.25 47 0.037 8 2.33 7.32 0.11 C.O. 73.41 0.013 
65.25 64.08 34 0.034 8 2.24 7.08 0.08 c.o. 68.54 0.013 
64.08 60.97 34 0.092 8 3.65 10.40 0.05 C.O. 66.26 0.013 



VHBinc. 
Hydraulic Gradeline Computations 100 Yr Storm - Record Drawings 
Oktoberfest Attraction Expansion 

RCP PIPE n= 0.013 
INLET OUTLET 

D(O) Q(O) L(O) SF(O) H(F) 
STATIO SURF AC 

Sediment Forebay 100-year storm WSEL - Record Information 
8A 35.25 30 28.55 44 0.0085 0.37 
8 37.99 30 28.55 31 0.0085 0.26 
7 40.72 30 28.55 135 0.0085 1.15 

6 51.36 30 19,71 95 0.0041 0.38 
5 52.75 24 18.47 73 0.0067 0.49 
4 53.79 24 17.53 41 0.0060 0.25 
3 54.74 24 16.85 62 0.0056 0.34 

3A 56.44 15 12.24 56 0.0359 2.01 
3B 74.23 15 4.94 114 0.0058 0.67 

3B-1 75.79 12 1.12 89 0.0010 0.09 

2 56.44 15 4.09 55 0.0040 0.22 
1 57.42 15 3.19 20 0.0024 0.05 

0.8d 

301 51.16 15 5.25 29 0.0066 0.19 
302 67.60 15 5.25 149 0.0066 0.99 

204 61.50 8 1.76 34 0.0213 0.72 
203 64.62 8 ·•·•· 1~76 34 0.0213 0.72 
202 65.89 8 1.76 47 0.0213 1.00 

202A 67.74 8 L08 36 0.0080 0.29 

201 67.74 8 0.68 22 0.0032 0.07 
200 77.24 6 0.34 40 0.0037 0.15 

V(O) H(O) 

12.26 0.5835 
9.85 0.3766 
9.85 0.3766 

9.62 0.3593 
7.28 0.2057 
8.50 0.2805 
7.95 0.2454 

10.95 0.4655 
7.18 0.2001 
4.01 0.0624 

4.78 0.0887 
9.19 0.3279 

7.92 0.2435 
9.36 0.3401 

10.40 0.4199 
7.08 0.1946 
7.32 0.2080 

0.00 0.0000 

0.00 0.0000 
3.58 0.0498 

DATE: March-13 PROJECT NO : 33299.00 

JUNCTION LOSS FINAL INLET RIM 
0(1) D(I) V(I) Q*V V2/2G H(I) ANGLE E K H(>) H(T) 1 *3 H(T) 0.5* H SURF AC ELEV 

28.55 30 9.85 281 1.51 0.53 61 0.47 0.71 1.82 2.36 2.36 2.74 37.99 40.89 
28.55 30 9.85 281 1.51 0.53 85 0.66 0.99 1.90 2.47 2.47 2.73 40.72 49.21 
19.71 30 9.62 190 1.44 0.50 38 0.33 0.47 1.35 1.76 1.76 2.91 43.63 55.01 
5.25 15 7.92 42 

t8.41 24 7.28 134 0.82 0.29 15 0.10 0.08 0.73 0.95 0.47 0.86 52.22 56.17 
17.51 24 8.50 149 1.12 0.39 28 0.22 0.25 0.85 1.10 0.55 1.04 53.79 56.85 
16.85 24 7.95 134 0.98 0.34 62 0.47 0.46 1.09 1.41 0.71 0.95 54.74 57.28 
12.24 15 10.95 134 1.86 0.65 75 0.64 1.19 2.09 2.72 1.36 1.70 56.44 57.71 
4.09 15 4.78 20 

4.94 15 7.18 35 0.80 0.28 80 0.66 0.53 1.27 1.66 1.66 3.67 60.11 76.98 
1.12 12 4.01 4 0.25 0.09 81 0.66 0.16 0.45 0.59 0.59 1.25 75.48 79.73 

0.06 0.08 0.08 0.17 75.96 79.97 

3.19 15 9.19 29 1.31 0.46 62 0.47 0.62 1.16 1.51 0.76 0.98 57.42 58.34 
0.33 0.43 0.21 0.26 57.68 58.89 

5.25 15 9.36 49 1.36 0.48 21 0.16 0.22 0.94 1.22 1.22 1.41 52.57 70.80 
0.34 0.44 0.44 1.43 69.03 77.58 

1.76 ... ··· 8 7.08 12 0.78 0.27 8 0.00 0.00 0.69 0.90 0.45 1.17 62.68 66.26 
1.76 .... ·.·. •••.•. 8 7.32 13 0.83 0.29 45 0.43 0.36 0.84 1.10 0.55 1.27 65.89 68.54 
0.68) ··· . 8 

.. ··• 1.08 .. 8 11.81 13 2.17 0.76 24 0.16 0.35 1.31 1.71 0.85 1.85 67.74 68.54 

0.00 0.00 0.00 0.29 68.03 79.50 

0.34 6 3.58 1 0.20 0.07 45 0.43 0.09 0.16 0.20 0.10 0.17 67.91 78.30 
0.05 0.06 0.03 0.18 77.42 79.57 



. -. -
Busch Gardens Post_.,"\/ Review 
Storm Sewer Inspection 
Williamsburg, VA 

TSU#Z1399 

,.., ,,.., ht CCTV 2/1•/ 1$ 
Thursday, February 28, 2013 

I Post-TV Review~mmentse--------------------------------' 
Downstream Diameter Length CCTVd UpstreamMH Downstream DateCCTV 

Upstream Structure Structure (In.) (FT) Depth (FT) MH Depth (FT) Pipe Material completed comments 

01-2 01-3 15 114.6' 3.6 20.3 RCP 2/18/2013 
minor longitudinal cracks - no signs of active Infiltration; concrete deposits at 112' 

u stream from 01·3 

01-1 01-2 12 90.1 2.10 3.6 PVC 2/18/2013 medium offset joint @I 58' upstream from 01-2 

CB-5 CB-6 15 56.2 4.1 4.6 RCP 2/18/2013 no comments - ok 

CB-4 CB-5 15 20.1 33 4.1 RCP 2/18/2013 deposits attached @ 18' u~am from CB-5 

01-3 CB-6 15 56.1 203 4.4 RCP 2/18/2013 
circumferential craclc@ 51' upstream from CB-6; concrete deposits @I 53' upstream 

fromCB-6 

CB-6 CB-7 24 62.1 4.40 4.7 RCP 2/18/2013 
concrete deposits from O' to 4' downstream of CB-6; pipe sag from 49' to 57' 
downstream from CB-6 

CB-7 CB-8 24 39.8 4.7 5.00 RCP 2/18/2013 no comments - ok 

CB-8 CB-9 24 73.8 5.0 4.1 RCP 2/18/2013 no oomments - ok 

CB-9 CB-12 24 94.4 . 4.1 14.6 RCP 2/18/2013 no oomments - ok 

15 16 15 34.7 INLET OUTLET RCP 2/18/2013 
standing water O' to 21' upstream from 16; joint separated @16' upstream from 16; 
lntrudlng gasket @ 13' upstream from 16 

01-10 MH-11· 15 149.6 4.10 19.7 RCP 2/18/2013 
concrete deposits from O' to 5' and @ 148' downstream of 01-10; minor cracks - no sign · 
of active Infiltration 

MH-11 CB-12 15 30.2 19.7 14.6 RCP 2/18/2013 
concrete deposits @ 26' upstream from CB-12; active infiltration visible through wall In 
MH-11 

CB-12 MH-13 30 1323 14.6 20.6 RCP 
minor cracks throughout pipe; small sag@ 118' to 132' downstream from CB-12 (water l 

2/18/2013 · level height may be attributed to small amount of debris in pipe @1131' downstream ' 
from CB-12) 

MH-13 MH-14 30 29.2 20.6 12.7 RCP 2/18/2013 ooncrete deposits In mouth of eiee of MH-13 

MH-14 EOP-17 30 45.S 12.7 OUTFALL RCP 2/18/2013 Infiltration runner@ 8' downstream from MH-14 

Total: 1,028.3 
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Cltv: WILLIAMSBURG 
Td State Utlntlu 

2111 Smith Avenue 
Chesapeake, VA 23320 

Tel: (167) 368-9606 
Fex: (167) 366-6160 

E-maD; 

Inspection Report/ Inspection: 1 
Date P/O. No. 

2/18/2013 
Certificate No. survey customer 

U-802-2611 

Street123 BLDG.BO 
City WILLIAMSBURG 
Loe. details SW SIDE OF BLDG 80 
Location Code EasemenURlght of way 

Purpose of Survey Routine Assessment 
Year laid 
Year Rehablfitated 
Tape / Media No. 

Add. Information : 

1:300 Position 

DEPTH 20.3' 

Code 

Weather Surveyo(a Name Pipe Segment Reference Section No. 
Diy ROB BRENNEMAN 1 

System owner Date Cleaned Pra-Cleanlng Sewer Category 
BUSCH GARDENS 2/18/2013 Jetting 

Use of Sewer Stormwater UpstreamMH Dl-2 
Drainage Area DowstreamMH Dl-3 
Flow Control Not Controlled Dir. of Survey Upstream 
Length surveyed 114.!5 ft Section Length 114.115 ft 

Joint Length 
Dia/Height 16.00 Inch 
Material Reinforced Concrate Pipe 
Lining Method 

Observation MPEG Photo Grade 

nM ACB Catch Basin I Dl-3 00:00:35 

111 ?5 DAZ Deposits Attached Other, 15 %of cross sectional area, at 00:06:54 MJ 
04 o'clock, , within 8 inches of joint: YES I CEMENT . -

Dl-2 ACB Catch Basin I Dl-2 00:07:25 
; 

DEPTH3.6' 

QSR I QMR I SPR I MPR OPR I SPRI 1 MPRI I OPRI 
0000 I 3100 I 0 I 3 3 I 1 3 I 3 

21399 BUSCH GARDENS EXPANSION II Page: 2 



Cltv: WILLIAMSBURG 
Tri St1te UUl/Ua 

2111 Smith Avenue 
Chesapeake, VA 23320 

Tel: (157) 3611-9505 
Fax: (157) 3611-5150 

E-mal· 

Inspection Report/ Inspection: 1 
Dale P/O. No. Weather Surveyor's Name Pipe Segment Rererence Section No. 

2/18/2013 Dry ROB BRENNEMAN 2 
Certificate No. Survey Customer System Owner Date Cleaned Pre-Cleaning Sewer Categoiy 

U-802·2615 BUSCH GARDENS 2/18/2013 Jetting 

Street123 BLDG.80 Use of Sewer Stonnwater Upstream MH Dl·1 
City WILLIAMSBURG Drainage Area Dowstream MH Dl·2 
Loe. details SWOFBLDG80 Flow Control Not Controlled Dir. or Survey Upstream 
Location Code EasemenURlght of way Length surveyed 90.10ft Section Length 90.10 ft 

Purpose of Survey Routine Assessment Joint Length 
Year Laid Dla./Helght 12.00 Inch 
Year Rehabilitated Material Polyvinyl Chloride 
Tape I Media No. Lining Method 

Add. Information : 

1:240 PoslUon Code Observation MPEG Photo Grade 

DEPTH3.6' 

ACB Catch Basin I 01·2 00:00:28 

MWL Water Level, 5 %of cross sectional area 00:01:21 

! 

I 
JSM Joint Separated Medium 00:03:56 2_3A 81 

LR Alignment Right, 5 % 00:04:28 2_ 4A M1 

ACB Catch Basin I Dl-1 00:06:04 

DEPTH2.10' 

QSR QMR SPR MPR OPR SPRI MPRI OPRI 

1100 1100 1 1 2 
'J' 21399 BUSCH GARDENS EXPANSION II Page: 3 



'' 

Date 
2/18/2013 

Certificate No. 
U-802·265 

Street123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year laid 
Year Rehabilitated 
Tape I Media No. 

Add. lnformaUon : 

Cltv: WILLIAMSBURG 
Tri State Utl/ltles 

2111 SmRhAvenue 
Chuapeake, VA 23320 

Tel: (767) 366-9506 
FllX: (767) 365-6160 

E-mal· 

Inspection Report/ Inspection: 1 
P/O. No. 

survey Customer 

BLDG.80 
WILLIAMSBURG 
SW SIDE OF BLDG. 80 
Building 

Routine Assessment 

Weather 
Dry 

Surveyor's Name Pipe Segment Reference 

System Owner 
BUSCH GARDENS 

ROB BRENNEMAN 
Date Cleaned Pre-Cleaning 

2118/2013 Jetting 

Use of Sewer Stonnwater UpstreamMH 
Dowstream MH 
Dir. of Survey 
SecUon Length 

Drainage Area 
Flow Control Not Controlled 
Length surveyed 56.15 ft 

15.00 Inch 

CB-5 
CB-6 
Upstream 
56.15 ft 

Joint Length 
Dla.n-lelght 
Material 
Lining Method 

Reinforced Concrete Pipe 

SecUonNo. 
3 

Sewer Category 

1:150 Position Code Observation MPEG Photo Grade 

DEPTH4.6' 

nnn 

45.30 

~ 
DEPTH4.1' 

QSR I QMR I 
3100 I 0000 I 

ACB Catch Basin I CB-6 

CM Crack Multiple, from 10 to 12 o'clock, within 8 inches of 
joint: YES 

ACB Catch Basin I CB-5 

SPR I MPR OPR I SPRI 

3 I 0 3 I 
21399 BUSCH GARDENS EXPANSION II Page: 4 

00:00:38 

00:03:02 3_2A S3 

00:04:11 

I MPRI I OPRI 

I 0 I 3 



Date 
2/1812013 

Certificate No. 
U-802-265 

Streat123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Laid 
Year Rehabilltated 
Tape I Media No. 

Add. Information : 

Citv: WILLIAMSBURG 
Tri State UIJllllH 

2111 Smith Avenue 
Cheapea/ce, VA 23320 

Tel: (157) 366-9505 
Fax: (157) 366-5160 

<=-~··· 

Inspection Report/ Inspection: 1 
PIO. No. 

Survey Customer 

BLDG.SO 
WILLIAMSBURG 
CONCRETE I SW CORNER 
Oli1~.so • 

Routine Assessment 

Weather 
Dry 

Surveyor'• Name Pipe Segment Reference 

System OWner 
BUSCH GARDENS 

ROB BRENNEMAN 

Date Cleaned Pre-Cleaning 
2/1812013 Jetting 

Use of Sewer Stormwater UpstreamMH 
Dowstream MH 
Dir. of Survey 
Section Length 

Drainage Area 
Flow Control Not Controlled 
Length surveyed 20.05 ft 

15.00 Inch 

CB-4 
CB-6 
Upstream 
20.05 ft 

Joint Length 
Dia./Helght 
Material 
Lining Method 

Reinforced Concrete Pipe 

Section No. .. 
Sewer Category 

1:60 Position Code Observation MPEG Photo Grade 

DEPTH4.1' 

nnn 

17 ?<; 

7nn!; 

~ 
DEPTH3.3' 

QSR I QMR I 
0000 I 2100 I 

ACB Catch Basin I CB-5 

DAZ Deposits Attached Other, 10 %of cross sectional area, 
from 05 to 07 o'clock, , within 8 inches of joint: YES I 
CEMENT 

ACB Catch Basin I CB-4 

SPR I MPR OPR I SPRI 
0 I 2 2 I 

21399 BUSCH GARDENS EXPANSION // Page: 5 

00:00:17 

00:01:46 M2 

00:02:26 

I MPRI I OPRI 

I 2 I 2 



Cltv: WILLIAMSBURG 
Td State UllHl/u 

2111 Smith Avenue 
Chesapeake, VA 23320 

Tel: (767) 386-9506 
Fax: <7::!,,!!6-6150 

Inspection Report/ Inspection: 1 
Date PIO. No. Weather Surveyor's Name Pipe Segment Reference Section No. 

2/1812013 Dry ROB BRENNEMAN 5 
Certificate No. Survey Customer System OWner Date Cleaned Pre-Cleaning Sewer Category 

U-802·265 BUSCH GARDENS 2/18/2013 Jetting 

Street123 BLDG.80 Use of Sewer Stormwater UpstreamMH Dl-3 
City WILLIAMSBURG Drainage Area Dowatream MH CB-6 
Loe. details CURB AREA I SW SIDE OF Flow Control Not Controlled Dir. of Survey Upstream 
Location Code l~IMfnftO Length surveyed 56.10 ft Section Length 56.10ft 

Purpose of Survey Routine Assessment Joint Length 
Year laid Dla./Height 15.00 Inch 
Year Rehabilitated Material Reinforced Concrete Pipe 
Tape I Media No. Lining Method 

Add. Information : 

1:150 Position Code Observation MPEG Photo Grade 

DEPTH4.4' 

nnn ACB Catch Basin I CB-6 00:00:29 

50.95 FC Fracture Circumferential, from 12 to 12 o'clock, within 8 00:04:40 5_2A S2 -- Inches of joint: YES 

'"'-----
53.20 DAZ Deposits Attached Other, 10 %of cross sectional area, 00:05:21 5_3A M2 

'"' from 05 to 07 o'clo.ck, , within 8 inches of joint: YES I 

Dl-3 
CEMENT 

-· ACB Catch Basin I Dl-3 00:06:15 

DEPTH 20.3' 

QSR I QMR I SPR I MPR I OPR I SPRI I MPRI I OPRI 
2100 I 2100 I 2 I 2 I 4 I I 2 I 2 

21399 BUSCH GARDENS EXPANSION II Page: 6 



Date 
2/18/2013 

Certificate No. 
U-802-265 

Street123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Laid 
Year Rehabllltated 
Tape I Media No. 

Add. Information : 

Cltv: WILLIAMSBURB 
Tti St•t• Utlllt/u 

2111 Smith Avenue 
Cheupeake, VA 23320 

Tel: (7157) 366-9605 
Fax: (157) 366-5150 

E-mall: 

Inspection Report / Inspection: 1 
PIO.No. 

Survey Customer 

BLDG.80 
WILLIAMSBURB 
CURB AREA I SW SIDE OF 
llf!MlnlO 

Routine Assessment 

Weather 
Dry 

Surveyor's Name Pipe Segment Reference Sectlon No. 
6 ROB BRENNEMAN 

System Owner 
BUSCH GARDENS 

Date Cleaned Pre-Cleaning 
211812013 Heavy Cleaning 

Use of Sewer Stormwater 
Drainage Area 
Flow Control Not Controlled 
Length surveyed 62.10 ft 

UpstreamMH 
Dowstream MH 
Dir. of Survey 
SecUon Length 

24.00 Inch 

Sewer Category 

CB-6 
CB-7 
Downstream 
62.10ft 

Joint Length 
Dla./Helght 
Material 
Lining Method 

Reinforced Concrete Pipe 

1:165 Position 

DEPTH4.4' 

Code Observation MPEG Photo Grade 

57.A<; 

@ 62.10 

DEPTH4.7' 

QSR I QMR I 
2111 I 2100 I 

ACB Catch Basin I CB-6 

DAZ Deposits Attached Other, 10 %of cross sectional area, 
from 05 to 07 o'clock, , within 8 inches of joint: YES I 
CEMENT 

MWLS Water Level, Sag In pipe, 5 %of cross sectional area 

cc Crack Circumferential. from 08 to 10 o'clock, within 8 
Inches of joint: YES 

ACB Catch Basin I CB-7 

SPR I MPR OPR I SPRI 
3 I 2 II I 

21399 BUSCH GARDENS EXPANSION II Page: 7 

00:00:24 

00:01:24 M2 

00:03:43 S2 

00.04:18 6_4A s 1 

00:04:57 

I MPRI I OPRI 
I 2 I 1.87 



Date 
2118/2013 

Certificate No. 
U-802-265 

Street123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Leid 
Year Rehabllltated 
Tape I Media No. 

Add. Information : 

Cltv : WILLIAMSBURG 
Tri Stale Ut/lltlu 

2111 Smith Avenue 
Che:sapeake, VA 23320 

Tel: (757) 356-9505 
Fax: (757) 366-5150 

f:-ma/I: 

Inspection Report/ Inspection: 1 
P/O. No. 

Survey Customer 

BLDG.80 
WILLIAMSBURG 
CONCRETE I SE CORNER OF 
llltlMJnlO 

Routine Assessment 

Weather 
Dry 

Surveyor's Name Pipe Segment Reference Sectlon No. 
7 ROB BRENNEMAN 

System OWner 
BUSCH GARDENS 

Date Cleaned Pre-Cleaning 

Use of Sewer 
Drainage Area 
Flow Control 
Length surveyed 

2/18/2013 Heavy Cleanlng 

Stormwater 

Not Controlled 
39.75 ft 

UpstreamMH 
Dowstream MH 
Dir. of Survey 
Section Length 

24.00lnch 

Sewer Category 

CB-7 
CB-8 
Downstream 
39.75ft 

Joint Length 
DlaJHelght 
Material 
Lining Method 

Reinforced Concrete Pipe 

1:105 Position Code Observation MPEG Photo Grade 

DEPTH4.7' 

OM ACB Catch Basin I CB-7 00:00:22 

"\Cl.75 ACB Catch Basin I CB-8 00:02:31 

~ . 
DEPTH5.0' ' 

QSR I QMR I SPR I MPR OPR I SPRl I MPRI I OPRl 
0000 I 0000 I 0 I 0 I 0 I I 0 I 0 

21399 BUSCH GARDENS EXPANSION II Page: 8 



Citv: WILLIAMSBURG 
Tri State UUJ/Ues 

2111 Smith Avenue 
Cheiapeaka, VA 23320 

Tai: (767) 365-9506 
Fax: (757) 366-5150 

E-mal: 

Inspection Report/ Inspection: 1 
Date 

2/1812013 

Certllicale No. 
U-802-265 

Street123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Laid 
Year Rehabilitated 
Tape I Media No. 

Add. Information : 

PIO.No. 

Survey Customer 

BLDG.SO 
WILLIAMSBURG 
CURB AREA I SE SIDE OF 
l~IMfnlO 

Routine Assessment 

1 :195 Position 

DEPTHS.O' 

Code 

Weather 
Dry 

Surveyor's Name Pipe Segment Reference Section No. 
8 ROB BRENNEMAN 

System Owner 
BUSCH GARDENS 

Date Cleaned Pre-Cleaning Sewer Categoiy 
2/1812013 Hea!JY Cleaning 

Use of Sewer Stormwater 
Drainage Area 
Flow Control Not Controlled 
Length surveyed 73.80 ft 

Observation 

Joint Length 
Dia./Helght 
Material 
Lining Method 

UpstreamMH 
Dowstream MH 
Dir. of Survey 
Section Length 

24.00 Inch 

CB-8 
CB-9 
Downstream 
73.80ft 

Reinforced Concrete Pipe 

MPEG Photo Grade 

nM ACB Catch Basin I CB-8 00:00:22 

73.Rn ACB Catch Basin I CB-9 00:04:09 

~ 
DEPTH4.1' 

QSR I QMR I SPR I MPR OPR I SPRI I MPRI I OPRI 
0000 I 0000 I 0 I 0 0 I I 0 I 0 

21399 BUSCH GARDENS EXPANSION If Page: 9 



Cltv: WILLIAMSBURG 
Tri State Utl/lllu 

2111 Smith Avenue 
Chesapeake, VA 23320 

Tel: (757) 3~·9505 
Fax: (757} 34~150 

E-mar: 

Inspection Report/ Inspection: 1 
Date 

2118/2013 

Certificate No. 
U-802·268 

Streel123 
City 
Loe. detalls 
Location Code 

Purpose of Survey 
Year Laid 
Year Rehabilitated 
Tape I Media No. 

Add. lnformaUon : 

P/O. No. 

Survey Customer 

BLDG.BO 
WILLIAMSBURG 
CONCRETE IE. SIDE OF 
ll~IMfnlO 

RouUne Assessment 

1 :240 Position Code 

DEPTH4.1' 

Weather 
Dry 

Surveyor's Name Pipe Segment Reference Section No. 
9 ROB BRENNEMAN 

System OWner 
BUSCH GARDENS 

Date Cleaned Pre-Cleanlng Sewer Category 
211812013 Heavy Cleaning 

Use of Sewer Stonnwater 
Drainage Area 
Flow Control Not Controlled 
Length surveyed 94.35 ft 

Observation 

Joint Length 
DlaJHelght 
Material 
Lining Method 

UpstreamMH 
Dowstream MH 
Dir. of Survey 
Section Length 

24.00lnch 

CB·9 
CB-12 
Downstream 
94.35ft 

Reinforced Concrete Pipe 

MPEG Photo Grade 

nnn ACB Catch Basin I CB-9 00:00:28 

51.50 cc 

Q4~!; ACB 

8 
DEPTH 14.6' 

QSR I QMR I SPR 
1100 I 0000 I 1 

Crack Circumferenlial, from 12 lo 12 o'clock, within 8 
inches of joint: NO 

Catch Basin I CB-12 

I MPR OPR I SPRl 
I D 1 I 

21399 BUSCH GARDENS EXPANSION If Page: 10 

00:02:27 9_2A s 1 
I 

00:04:06 

I MPRI I OPRl 
I D I 1 



Cltv: WILLIAMSBURG 
Tri Slate Ull/11/N 

2111 Smith Avenue 
Chesapeake, VA 23320 . Tel: (767) 366-9505 
Fax: (7157) 366-15150 

E-mail: 

Inspection Report/ Inspection: 1 
Date PIO.No. Weather Surveyor's Name Pipe Segment Reference Section No. 

2/1812013 Dry ROB BRENNEMAN 10 
Certificate No. Survey Customer System Owner Data Cleaned Pre-Cleaning Sewer Categoiy 

U-802-265 BUSCH GARDENS 2/18/2013 Jetting 

Street123 NO INFO Use of Sewer Stonnwater UpslreamMH 15 
City WILLIAMSBURG Drainage Area Dowstream MH 16 
Loe. details GRASS Flow Control Not Controlled Dir. of Survey Upstream 
Location Code Ditch Length surveyed 34.70ft Section Length 34.70 ft 

Purpose of Survey Routine Assessment Joint Length 
Year laid DlaJHelght 15.00 Inch 
Year Rehabllltated Materlal Reinforced Concrete Pipe 
Tape I Media No. Lining Method 

Add. Information : 

1:90 Position Code Observation MPEG Photo Grade 

OUTLET 

AEP End of Pipe/ 16 00:00:30 

MWL Water Level, 15 %of cross sectional area 00:00:55 10_2A 

' 
12.75 ISSRH Intruding Sealing Ring Hanging, 15 %of cross seclional 00:01 :51 10_3A M3 

area, from 11 to 02 o'clock 

I 
SMW Surface Missing Wall, at 09 o'clock, within 8 inches of 00:02:25 10_4A 85 

joint: YES 

MWL Water Level, 5 %of cross sectional area 00:02:55 

AEP End of Pipe/ 15 00:03:32 

INLET 

QSR OMR SPR MPR OPR SPRI MPRJ OPRJ 

1100 3100 5 3 8 3 

21399 BUSCH GARDENS EXPANSION II Page: 11 



Cltv: WILLIAMSBURG 
Tri State UUl/Ues 

2111 Smith Avenue 
Cheupeake, VA 23320 

Tel: (767} 366-9605 
FIX: (767) 366-61/SO 

E-maH: 

Inspection Report/ Inspection: 1 
Date PIO.No. Weather Surveyoi's Name Pipe Segment Reference Section No. 

2118/2013 Dry ROB BRENNEMAN 11 
Certificate No. Survey Customer System Owner Date Cleaned Pre-Cleaning Sewer Category 

U-802·285 BUSCH GARDENS 2/18/2013 Jetting 

Street123 NO INFO. Use of Sewer Stonnwater UpstreamMH Dl-10 
City WILLIAMSBURG Drainage Area Dowstraam MH MH-11 
Loe. details GRASS I ESMT. Flow Control Not Controlled Dir. of Survey Downstream 
Location Code Ditch Length surveyed 149.55ft Section Length 149.55 ft 

Purpose of Survey RouUne Assessment Joint Length 
Year laid DiaJHelght 15.00 inch 
Year Rehabilitated Material Reinforced Concrete Pipe 
Tape I Media No. Lining Method 

Add. Information : 

1:375 Position Code Observation MPEG Photo Grade 

DEPTH4.10' 

DEPTH 19.7' 

QSR QMR 

3100 3122 

ACB Catch Basin I Dl-10 

· DAZ Deposits Attached Other, 10 %of cross sectional area, 
from 05 to 07 o'clock, , within 8 inches of joint: YES I 
CONCRETE 

CM Crack Multiple, from 05 to 07 o'clock, within 8 inches of 
joint: NO 

DAZ Deposits Attached Other, 5 %of cross sectional area, from 
05 to 07 o'clock, , within 8 inches of joint: YES I CEMENT 

ID Infiltration Dripper, from 12 lo 12 o'clock, within 8 inches of 
joint: NO/ INSIDE MH 

AMH Downstream Manhole, Survey Ends I MH-11 

SPR MPR OPR SPRI 

3 7 ~ 

21399 BUSCH GARDENS EXPANSION // Page: 12 

00:00:35 

00:02:12 M2 

00:06:02 11_3A S3 

00:06:27 M2 

00:07:31 11_5A M3 

00:07:48 

MPRI OPRI 

2.33 



Cltv: WILLIAMSBURG 

Inspection Report/ Inspection: 1 

Tri Sl1le Ull//l/N 
2111 Smih Awnue 

Ch//J$1Pfl/ce, VA 23320 
Tel: (TfJ7} 368-9505 
Fax: (767) 365-5160 

F-maB: 

Date 
2/1812013 

PIO. No. Weather 
Dry 

Surveyor's Name Pipe Segment Reference Section No. 
12 

Certillcate No. 
U-802·265 

Street123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Laid 
Year Rehabilitated 
Tape I Media No. 

Add. Information : 

Survey Customer 

BLDG.80 
WILLIAMSBURG 
GRASS 
Building 

Routine A11essment 

ROB BRENNEMAN 

System owner 
BUSCH GARDENS 

Date Cleaned Pre-Cleaning 
211812013 Jetting 

Use of Sewer Stormwater 
Drainage Area 
Flow Control Not Controlled 
Length surveyed 30.15 ft 

Upstream MH 
Dowstream MH 
Dir. of Survey 
Section Length 

15.00lnch 

MH11 
CB·12 
Upstream 
30.15 ft 

Joint Length 
Dla./Height 
Material 
Lining Method 

Reinforced Concrete Pipe 

Sewer Category 

1:90 Position Code Observation MPEG Photo Grade 

DEPTH 14.6' 

nnn 

25.75 

-:in.15 

E0 
DEPTH 19.7' 

QSR I QMR I 
0000 I 2100 I 

ACB Catch Basin I CB·12 

DAZ Deposits Attached Other, 5 %of cross sectional area, from 
05 to 07 o'clock, , within 8 inches of joint: YES I CEMENT 

AMH Upstream Manhole, Survey Ends I MH-11 

SPR I MPR OPR I SPRI 
0 I 2 2 I 

21399 BUSCH GARDENS EXPANSION II Page: 13 

00:00:24 

00:02:29 M2 

00:03:06 

I MPRI I OPRI 

I 2 I 2 



Cltv: WILLIAMSBURG 
Tri State Utl/lt/u 

21tt Smith Avenue 
Chesapeake, VA 23320 

Tel: (167) 366-9506 
Fax: (167) 366-15160 

i::.,,.,.11; 

. Inspection Report/ Inspection: 1 
Date 

2118/2013 
Certificate No. 

U-802-265 

Street123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Laid 
Year Rehabllitated 
Tape I Media No. 

Add. Information : 

P/O. No. 

Survey Customer 

BLDG.SO 
WILLIAMSBURG 
ASPHALT/GRASS/NE 
§fiWMij't OF BLDG. 

Routine Assessment 

1 :345 Position Code 

DEPTH 14.6' 

ACB 

.55 CM 

'>6.3 CM 

I CM 

IS 

' MWLS 

IS 

CM 

IS 

MWLS 

AMH 

DEPTH20.6' 

QSR QMR SPR 
3422 0000 18 

Weather Surveyor'• Name Pipe Segment Reference Section No. 
Dry ROB BRENNEMAN 13 

System Owner Date Cleaned Pre-Cleaning Sewer Category 
BUSCH GARDENS 2/18/2013 

Use of Sewer Stormwater 
Drainage Area 
Flow Control Not Controlled 
Length surveyed 132.25 ft 

Joint Length 
Dla./Helght 
Material 
Lining Method 

Heavy Cleaning 

UpstreamMH 
Dowstream MH 
Dir. of Survey 
Section Length 

30.00 Inch 

CB-12 
MH-13 
Downstream 
132.25 ft 

Reinforced Concrete Pipe 

Observation MPEG Photo Grade 

Catch Basin I CB-12 00:00:23 

Crack Multiple, from 09 to 12 o'clock, within 8 inches of 00:03:03 S3 
joint: YES 

Crack Mulllple, from 01 to 03 o'clock, within 8 inches of 00:03:51 13_3A S3 
joint: YES 

Crack Mulliple, from 09 to 01 o'clock, within 8 Inches of 00:05:11 13_4A S3 
joint: YES 

Infiltration Stain, from 07 to 10 o'clock, within 8 Inches of 00:05:33 13_5A 
joint: NO 

Waler Level, Sag in pipe, 5 %of cross sectional area 00:06:21 S2 

lnfiltratlon Stain, from 03 to 05 o'clock, within 8 inches of 00:07:41 
joint: YES 

Crack Multiple, from 02 to 03 o'clock, within 8 inches of 00:08:27 13_8A 53 
joint: YES 

lnflltratlon Stain, from 03 to 05 o'clock, within 8 Inches of 00:08:42 
joint: YES 

Water Level, Sag In pipe, 10 %of cross sectional area 00:09:08 S2 

Downstream Manhole, Survey Ends I MH-13 00:10:27 

MPR OPR SPRI MPRI OPRI 
0 16 0 2.67 

21399 BUSCH GARDENS EXPANSION II Page:14 



Cltv: WILLIAMSBURG 
Tri Stile Ut/llt/u 

2111 Smith Avenue 
Chesapeake, VA 23320 

Tel: (157) 366-Q506 
Fax: (157) 3U-6150 

E-m11l: 

Inspection Report/ Inspection: 1 
Date 

2/18/2013 
Certificate No. 

U-802·265 

Street123 
City 
Loe. details 
LocaUon Code 

Purpose or Survey 
Year Laid 
Year Rehabilitated 
Tape I Media No. 

Add. Information : 

1:75 

PIO.No. 

Survey Customer 

BLDG.80 
WILLIAMSBURG 
ESMT 
Building 

RouUnt Assessment 

Position Code 

DEPTH 20.6' 

A noo AMH 

~ DAZ 

Weather 
Dry 

Surveyor's Name Pipe Segment Reference 
ROB BRENNEMAN 

Section No. 
14 

System Owner 
BUSCH GARDENS 

Date Cleaned Pre-Cleaning Sewer Category 
2/18/2013 Heavy Cleaning 

Use or Sewer Stonnwater 
Drainage Area 
Flow Control Not Controlled 
Length surveyed 29.20 ft 

UpstreamMH 
Dowstream MH 
Dir. of Survey 
Section Length 

30.00 Inch 

MH-13 
MH-14 
Downstream 
29.20 ft 

Joint Length 
Dla./Helght 
Material 
Lining Method 

Reinforced Concrete Pipe 

Observation MPEG Photo 

Upstream Manhole, Survey Begins I MH-13 00:00:23 

Deposits Attached Other, 20 %of cross seclional area, 00:01:46 
from 04 to 08 o'clock, , within 8 inches of joint: YES I 
CEMENT FROM MH 

Grade 

M3 

9.00 MWLS Water Level, Sag in pipe, 15 %of cross sectional area 00:03:35 S2 

29.20 DAZ Deposits Attached Other, 15 %of cross seclional area, 00:05:02 M3 
from 05 lo 07 o'clock, , within 8 inches of joint YES I 
CEMENTINMH - ?a2n AMH Downstream Manhole, Survey Ends I MH 14 00:05:07 

MH-14 

DEPTH 12.7' 

QSR I QMR I SPR I MPR OPR I SPRI I MPRI I OPRJ 

2100 I 3200 I 2 I • • I I 3 I 2-17 
21399 BUSCH GARDENS EXPANSION II Page: 15 
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£ 

Cltv: WILLIAMSBURG 
Tri Stat• Ut/l/Uu 

2111 Smith A'Mnue 
Cheapeake, VA 23320 

Tfll: (767) 366-11506 
Fax: (767) 366-6160 

E-mall: 

Inspection Report/ Inspection: 1 
Date 

2/18/2013 

Certificate No. 
U-802·265 

Street123 
City 
Loe. detans 
Location Code 

Purpose of Survey 
Year laid 
Year Rehabilitated 
Tape I Media No. 

Add. lnformaUon : 

P/O. No. 

Survey Customer 

BLDG.80 
WILLIAMSBURG 
GRASS 
Easement/Right of way 

Routine Assessment 

1:120 Position Code 

DEPTH 12.7' 

Weather 
Dry 

Surveyor's Name Pipe Segment Referen<:e Section No. 
15 ROB BRENNEMAN 

System Owner 
BUSCH GARDENS 

Date Cleaned Pre-Cleaning Sewer Category 
2118/2013 Heavy Cleanlng 

Use of Sewer Stonnwater 
Drainage Area 
Flow Control Not Controlled 
Length surveyed 45.45 ft 

Observation 

Joint Length 
DlaJHelght 
Material 
Unlng Method 

UpstreamMH 
Dowstream MH 
Dir. of Survey 
Secllon Length 

30.00 Inch 

MH-14 
EOP-17 
Downstream 
45.45 ft 

Reinforced Concrete Pipe 

MPEG Photo Grade 

nnn AMH Upstream Manhole, Survey Begins I MH-14 00:00:26 

7.90 IR Infiltration Runner, at 04 o'clock, within 8 inches of joinl: 00:01:34 15_2A M 4 
YES 

A1'A1' AEP End of Pipe/ 17 00:03:28 

~ 
OUTFALL 

QSR I QMR I SPR I MPR OPR I SPRI I MPRI I OPRI 
0000 I 4100 I 0 I 4 4 I I 4 I 4 

21399 BUSCH GARDENS EXPANSION II Page: 16 
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Report 
Link 

View 
Session: 1 

View 
Session; 2 

View 
Session: 3 

View 
Session: 4 

f .,tTtAL C.c,~/ 1'1//3 

Project Date Location Pipe ID Manhole 
Numbers 

-21399 3/14/2013 BUSCH CLEANOUT 1 
BUSCH 

GARDENS 10:21 GARDENS To OUTFALL 

-21399 3/14/2013 BUSCH CB To BUSCH 09:49 GARDENS CLEANOUT 1 GARDENS 
-21399 3/14/2013 BUSCH ROOF DRAIN BUSCH 

GARDENS 09:27 GARDENS To CB-1 

- 21399 3/14/2013 BUSCH ROOF DRAIN BUSCH 08:51 GARDENS To CB-1 
GARDENS 

Total: 

You may need to download MPEG4 Codec to view Video 
htt ://www.koe i.info/xvid.html 

Pipe 
Len th 

117.2 

36.6 

10.8 

12.1 

176.7 

Size 

162 
MB 

99.6 
MB 

110 
MB 

153 
MB 

525 
MB 

C)('(('ental Di~ 
~ "1l '8 ~ 

MAY 0 9 2013 



"-

Report Date Distance Height (Diameter) Upstream MH Downstream MH Link 
B~12or::t 3/14/2013 

12.1 6 ROOF DRAIN CB-1 Link 8:51:00AM 
Re~ort 3/1412013 

10.8 6 ROOF DRAIN CB-1 Link 9:27:00AM 

Sub-Total Date Sub-Total Sub-Total Height Sub-Total Sub-Total 
Distance (Diameter) Uostream MH Downstream MH 

f 22.9 1 1 1 
Be12ort 3/1412013 

36.6 8 CB CLEANOUT 1 
Link 9:49:00AM 

Re~ort 3/14/2013 
117.2 8 CLEANOUT 1 OUTFALL 

Link 10:21:00 AM 

Sub-Total Date Sub-Total Sub-Total Height Sub-Total Sub-Total 
Distance (Diameter) Uostream MH Downstream MH 

1 153.8 1 2 2 

Total Date Total Total Height Total Upstream Total Downstream 
Distance (Diameter) MH MH 

1 176.7 2 3 3 



Surveyor Name 
Truck Number 
Owner 
Drainage Area 
Pipe Segment 
Reference 
Street 
Comments 

Upstream MH 
Grade to Invert (U) 
Downstream MH 
Grade to Invert (D) 
Sewer Use 

Height (Diameter) 
Shape 
Lining Method 
Tape Measured 
Length 
Year laid 

Flow Control 
Purpose 
Pre-Cleaning 
Weather 

Additional Info 

Reverse Setup ID 

Imperial Units (US) 

Number of Taps 
Num Cracks/ 
Fractures 

Number of Deposits 

Project Information 

Contact 
Tri State Utilities 
757-366-9505 
Address 
2111 Smith Avenue 
Chesapeake Virginia , VA 
23320 
Website 
http://www.tristateutilities.com/ 

ROBERT SMITH Certificate Number U-1003-684 
34 
BUSCH GARDENS Customer HENDERSON 
PARK Job Number 21399 

Date 

BUSCH GARDENS City 

3/14/2013 10:21 

WILLIAMSBURG 

Manhole 
CLEANOUT 1 Rim to Invert (U) 

Rim to Grade (U) 
OUTFALL Rim to Invert (D) 

Rim to Grade (D) 
Stormwater Direction of Survey Downstream 

Pipe 
8 Width 8 
Circular Material Polyvinyl Chloride 

Pipe Joint Length 

30 Length Surveyed 117.2 

Year Renewed 
Misc 

Not Controlled Media Label Digital 
Maintenance Related Sewer Category SW 
No Pre-Cleaning Date Cleaned 3/14/2013 09:26 
Ory Location Code Building 

Location Details BYVERBOLTAN THE 
RIDE 

Sheet (Group) 
Number 

True Completed Yes 
Count Groups 

2 Number of Roots 0 

0 
Number of Broken I 0 Holes I Collapse 

0 
Number of 0 Capped/Abd Taps 

Created with the ~;:roSM report generator 



Project: 21399 BUSCH GARDENS 
Date: 3/14/2013 10:21:00 AM Pipe Segment Reference: 
Street: BUSCH GARDENS Upstream MH: CLEANOUT 1 
Length Surveyed: 117.2 Downstream MH: OUTFALL 
Pacp Quick Overall Rating: 4221 Direction of Survey: Downstream 
Height (Diameter): 8 Material: Polyvinyl Chloride 

ID Number: CLEANOUT 1 

(0.0) ACOM - Cleanout Mainline Remark: 
CLEANOUT 1 

(4.0) TF - Tap Factory - Position: 3 

(49.9) JOM - Joint Offset Medium 

(52.6) TF - Tap Factory- Position: 9 Remark: 
CLEAN OUT 

(52.6) LR - Alignment Right 

(84.0) LL - Alignment Left 

(104.9) LL - Alignment Left 

(117.2) ADP - Discharge Point Remark: 
OUTFALL 

Total Distance: 117 .2 ID Number: OUTFALL 

report generator 



• 

Surveyor Name 
Truck Number 
Owner 
Drainage Area 
Pipe Segment 
Reference 
Street 
Comments 

Upstream MH 
Grade to Invert (U) 
Downstream MH 
Grade to Invert (D) 
Sewer Use 

Height (Diameter) 
Shape 
Lining Method 
Tape Measured 
Length 
Year Laid 

Flow Control 
Purpose 
Pre-Cleaning 
Weather 
Additional Info 

Reverse Setup ID 

Imperial Units (US) 

Number of Taps 
Num Cracks/ 
Fractures 

Number of Deposits 

Project Information 

Contact 
Tri State Utilities 
757-366-9505 
Address 
2111 Smith Avenue 
Chesapeake Virginia , VA 
23320 
Website 
http://www.tristateutilities.com/ 

ROBERT SMITH Certificate Number U-1003-684 
34 
BUSCH GARDENS Customer HENDERSON 
PARK Job Number 21399 

Date 

BUSCH GARDENS City 

3/1412013 09:49 

WILLIAMSBURG 

Manhole 
CB Rim to Invert (U) 

Rim to Grade (U) 
CLEANOUT 1 Rim to Invert (D) 

Rim to Grade (D) 
Stormwater Direction of Survey Downstream 

Pipe 
8 Width 8 
Circular Material Polyvinyl Chloride 

Pipe Joint Length 

36 Length Surveyed 36.6 

Year Renewed 
Misc 

Not Controlled Media Label Digital 
Maintenance Related Sewer Category SW 
No Pre-Cleaning Date Cleaned 3/14/2013 09:26 
Dry Location Code Building 

Location Details 
Sheet (Group) 
Number 

True Completed Yes 
Count Groups 

0 Number of Roots 0 

0 
Number of Broken I 0 Holes I Collapse 

0 
· Numberof 0 Capped/Abd Taps 

Created with the ~;;:roSM report generator 



t Project: 21399 BUSCH GARDENS 
Date: 3/14/2013 9:49:00 AM Pipe Segment Reference: 
Street: BUSCH GARDENS Upstream MH: CB 
Length Surveyed: 36.6 Downstream MH: CLEANOUT 1 
Pacp Quick Overall Rating: 2111 Direction of Survey: Downstream 
Height (Diameter): 8 Material: Polyvinyl Chloride 

(0.0) AMH - Manhole Remark: CB 

(32.2) JOM - Joint Offset Medium 

(33.8) MWLS - Water Level Sag 

(36.6) ACOM - Cleanout Mainline Remark: 
CLEAN OUT 

Total Distance: 36.6 

Created with the"(!] 

ID Number: CB 

ID Number: CLEANOUT 1 

S report generator 



Surveyor Name 
Truck Number 
Owner 
Drainage Area 
Pipe Segment 
Reference 
Street 
Comments 

Upstream MH 
Grade to Invert (U) 
Downstream MH 
Grade to Invert (D) 
Sewer Use 

Height (Diameter) 
Shape 
Lining Method 
Tape Measured 
Length 
Year Laid 

Flow Control 
Purpose 
Pre-Cleaning 
Weather 

Additional Info 

Reverse Setup ID 

Imperial Units (US) 

Number of Taps 
Num Cracks/ 
Fractures 

Number of Deposits 

Contact 
Tri State Utilities 
757-366-9505 
Address 
2111 Smith Avenue 
Chesapeake Virginia , VA 
23320 
Website 
http://www.tristateutilities.com/ 

Project Information 
ROBERT SMITH Certificate Number U-1003-684 
34 
BUSCH GARDENS Customer HENDERSON 
PARK Job Number 21399 

Date 

BUSCH GARDENS City 

Manhole 
ROOF DRAIN Rim to Invert (U) 

Rim to Grade (U) 
CB-1 Rim to Invert (D) 

Rim to Grade (D) 
Stormwater Direction of Survey 

Pipe 
6 Width 
Circular Material 

Pipe Joint Length 

160 Length Surveyed 

Year Renewed 
Misc 

Not Controlled 
Maintenance Related 
No Pre-Cleaning 
Dry 
BESIDE BUMPER 
CAR BUILDING. 

True 

Media Label 
Sewer Category 
Date Cleaned 
Location Code 

Location Details 

Sheet (Group) 
Number 
Completed 

Count Groups 
0 Number of Roots 

0 
Number of Broken I 
Holes I Collapse 

0 Number of 
Capped/Abd Taps 

3/14/2013 09:27 

WILLIAMSBURG 

Downstream 

6 
Polyvinyl Chloride 

10.8 

Digital 
SW 
3/14/2013 09:26 
Building 

Yes 

0 

0 

0 

Created with the "°;=IDSM report generator 



Project: 21399 BUSCH GARDENS 
Date: 3/14/2013 9:27:00 AM Pipe Segment Reference: 
Street: BUSCH GARDENS Upstream MH: ROOF DRAIN 
Length Surveyed: 10.8 Downstream MH: CB-1 
Pacp Quick Overall Rating: 4100Direction of Survey: Downstream 
Height (Diameter): 6 Material: Polyvinyl Chloride 

ID Number: ROOF DRAIN 

(0.0) ACOM - Cleanout Mainline Remark: 
ROOF DRAIN 

(10.8) LU -Alignment Up 

(10.8) MSA - Abandoned Survey Remark: 
ROOF DRAIN 

Total Distance: 10.8 ID Number: CB-1 

Created with the -cy S report generator 



Surveyor Name 
Truck Number 
Owner 
Drainage Area 
Pipe Segment 
Reference 
Street 
Comments 

Upstream MH 
Grade to Invert (U) 
Downstream MH 
Grade to Invert (D) 
Sewer Use 

Height (Diameter) 
Shape 
Lining Method 
Tape Measured 
Length 
Year Laid 

Flow Control 
Purpose 
Pre-Cleaning 
Weather 

Additional Info 

Reverse Setup ID 

Imperial Units (US) 

Number of Taps 
Num Cracks I 
Fractures 

Contact 
Tri State Utilities 
757-366-9505 
Address 
2111 Smith Avenue 
Chesapeake Virginia , VA 
23320 
Website 
http://www.tristateutilities.com/ 

Project Information 
ROBERT SMITH Certificate Number U-1003-684 
34 
BUSCH GARDENS Customer HENDERSON 
PARK Job Number 21399 

Date 

BUSCH GARDENS City 

Manhole 
ROOF DRAIN Rim to Invert (U) 

Rim to Grade (U) 
CB-1 Rim to Invert (D) 

Rim to Grade (D) 
Stormwater Direction of Survey 

Pipe 
6 Width 
Circular Material 

Pipe Joint Length 

160 Length Surveyed 

Year Renewed 
Misc 

Not Controlled Media Label 
Maintenance Related Sewer Category 
No Pre-Cleaning Date Cleaned 
Dry Location Code 
BESIDE BUMPER 
CAR BUILDING. 
REVERSE Location Details 
INSPECTION WITH 
PUSH CAMERA 

Sheet (Group) 
Number 

True Completed 
Count Groups 

1 Number of Roots 

0 Number of Broken I 
Holes I Collapse 

3/14/2013 08:51 

WILLIAMSBURG 

Upstream 

6 
Polyvinyl Chloride 

12.1 

Digital 
SW 
3/14/2013 08:53 
Building 

Yes 

0 

0 

Number of Deposits O 
Number of 0 Capped/Abd Taps 

Created with the ~?DSM report generator 



Project: 21399 BUSCH GARDENS 
Date: 3/14/2013 8:51 :00 AM Pipe Segment Reference: 
Street: BUSCH GARDENS Upstream MH: ROOF DRAIN 
Length Surveyed: 12.1 Downstream MH: CB-1 
Pacp Quick Overall Rating: 4200Direction of Survey: Upstream 
Height (Diameter): 6 Material: Polyvinyl Chloride 

ID Number: ROOF DRAIN 

(0.0) AMH - Manhole Remark: CB-1 

(4.0) LU - Alignment Up 

(10.2) LR - Alignment Right 

(11.9) MSA -Abandoned Survey Remark: 
CB-1 

(12.1) TF - Tap Factory - Position: 12 

Total Distance: 12.1 ID Number: CB-1 

Created with the<(; report generator 



( 



ecrv .... M ,._, rl I r/tl t"llu: 

,, 
-

Td sr.fe l/fllffla " ' 2fff Sm/Ill A-
Cllesapealmt. VA 23320 

Tel: (157} 3ff.o505 
Fu: (157} 3111J.5f/JO 

Emel: 

l:0 / Main sections / Inspection: 1 
Project name I Project#: I Responsible: I Date: 

21399 BUSCH GARDENS EXPANSIO 21399 HENDERSON 2/18'2013 

No. •rtllll IElldMH - - -- - - ,___ 
21 MH-11 CB-12 41215121113 BUSCH GARDENS No Ralnfon:ed Concrale P"8 30.05 15 

18 DI~ Dl-3 41215121113 BUSCH GARDENS ·-"NO ·- Ralnfon:ed Concrale P"8 115.15 16 

20 Dl-10 MH-11 "4126/2013 BUSCH GARDENS l'IO ... Ralnfon:ed Concnle ....... 140.70 15 

18 CIM CM "4126/2013 BUSCH GARDENS ·-"NO Rlllnlolcad Concnle Piiie 111.25 15 

17 CM C&e 4121512013 BUSCH GARDENS l'IO ·- Ralnfon:ed Concrale PIDe 118.75 15 

Pl,... size: CIRCULAR 15 = 370.9 n 11D m 

No. -1111 ladllll - - Cloonlna - Foot ,___ 
111 C&e CB-7 "412&12013 BUSCH GARDENS No Ralnfanled Concrale P"8 62.05 24 

~ 

Pi ..... size· CIRCU• AD 24 = A.,,na: ft 124 ft\ 

No. -•H -- - - Cloonlna - - l'fpeD-

24 MH-14 OllTFALL 17 4121512013 BUSCH GARDENS No Ralnfon:ed Concnlle ~ .q.05 30 
Pl9-Cled1g 

23 MH-13 MH-14 "'25121113 BUSCH GARDENS No Rllinron:lld Cona9la P"8 30.40 30 

22 CB-12 MH-13 "'25121113 BUSCH GARDENS NO RelnfaR:ed Concnll8 ....... 132.80 30 

Pi"'" size: CIRC•" AD 30 • 205.35 n "" ... 

All = A'tR.3 ft 1189 ft\ 

of#t•nta/ i>A 

~~ ' 
MAY 0 9 2013 

J)'e-ce1'JE.O 

21399 BUSCH GARDENS EXPANSION II Page: 1 



Date 
4125/2013 

Certificate No. 
U-1003-684 

Street123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Laid 
Year Rehabilitated 
Tape I Media No. 

Add. Information : 

Citv: WILLIAMSBURG 
Tri Stale UUlllles 

2111 Smith Avenue 
Chesapeake, VA 23320 

Tel: (757) 366-9505 
Fax: (757} 366-5150 

E-maH: 

Inspection Report/ Inspection: 1 
P/O. No. 

Survey Customer 

BUSCH GARDENS 
WILLIAMSBURG 
BESIDE THE VERBOL TEN 
Easement/Right of way 

Weather 
Dry 

surveyor's Name 
ROBERT SMITH 

System Owner 
BUSCH GARDENS 

Date Cleaned 

Use of Sewer 
Drainage Area 
Flow Control 
Length surveyed 

Stormwater 

Not Controlled 
115.15 ft 

Post-Rehabllltatlon Survey Joint Length 
Dia/Height 
Material 
Lining Method 115' 

Pipe Segment Reference 

Pre-Cleaning 
No Pre-Cleanlng 

UpstreamMH 
Dowstream MH 
Dir. of Survey 
Section Length 

15.00 Inch 

Dl·2 
.Dl-3 
Upstream 
115.15 ft 

Reinforced Concrete Pipe 

SecUon No. 
1 

Sewer Category 

1 :300 Position Code Observation MPEG Photo Grade 

I 

I 

I 

j 

I ~ 

Dl-2 

QSR 

0000 

11.00 

112.65 

I QMR I 
I 2100 I 

AMH Downstream Manhole, Survey Begins I Dl·3 

DAZ Deposits Attached Other, 1 O %of cross sectional area, 
from 07 to OB o'clock, , within B inches of joint: NO 

AMH Upstream Manhole, Survey Ends I Dl-3 

SPR I MPR QPR I SPRI 

0 I 2 2 I 
21399 BUSCH GARDENS EXPANSION II Page: 2 

00:00:25 

00:05:57 M2 

00:06:16 

I MPRI I OPRI 

I 2 I 2 



Citv: WILLIAMSBURG 
Tri Stal• Ulllllles 

2111 Smith Avenue 
Chesapeake, VA 23320 

Tel: (757) 366-P505 
Fax: (757) 366-5150 

E-mal: 

Inspection Report/ Inspection: 1 
Dale 

4126/2013 

Certificate No. 
U-1003-684 

Street123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Laid 
Year Rehabilitated 
Tape I Media No. 

Add. Information : 

P/O. No. 

Survey Customer 

BUSCH GARDENS 
WILLIAMSBURG 
BESIDE THE VERBOL TEN 
Easement/Right of way 

Weather 
Dry 

Syslem Owner 
BUSCH GARDENS 

Surveyor's Name 
ROBERT SMITH 

Date Cleaned 

Use of Sewer Stormwater 
Drainage Area 
Flow Control Not Controlled 
Length surveyed 66.76 ft 

Post-Rehabllltatlon Survey Joint Length 
Dia./Helghl 
Material 
Lining Method 66' 

REVERSE INSPECTION 

1 :150 Position Code Observation 

nnn AMH Downstream Manhole, Survey Begins I CB-6 

'I 

I< ~ 
I 

~ 
I 

I 

I 

~ 

~ 
~ 

-

1'1'\.75 AMH Upstream Manhole, Survey Ends I CB-5 

t0 
• 

QSR I QMR I SPR I MPR OPR I 
0000 I 0000 I 0 I 0 0 I 

21399 BUSCH GARDENS EXPANSION II Page: 3 

Pipe Segment Reference 

Pre-Cleaning 
No Pre-Cleaning 

UpstreamMH 
Dowstream MH 
Dir. of Survey 
Section Length 

15.00 Inch 

CB·6 
CB-S 
Upstream 
66.76 ft 

Reinforced Concrete Pipe 

Section No. 
2 

Sewer Category 

MPEG Photo Grade 

00:00:13 

-

00:03:29 

SPRI I MPRI I OPRI 
I 0 I 0 



Citv : WILLIAMSBURG 
Tri State Utlllt/1s 

2111 SmilhAvenue 
Chesapeake, VA 23320 

Tel: (757) 366-9505 
Fax: (757) 366-5150 

E-mail: 

Inspection Report/ Inspection: 1 
Date 

4125/2013 

Certificate No. 
U-1003-684 

Street123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Laid 
Year Rehabilitated 
Tape I Media No. 

Add. Information : 

PIO. No. 

Survey Customer 

BUSCH GARDENS 
WILLIAMSBURG 
BESIDE THE VERBOL TEN 
EasemenURlght of way 

Weather 
Dry 

System Owner 
BUSCH GARDENS 

Surveyor's Name 
ROBERT SMITH 

Date Cleaned 

Use of Sewer Stormwater 
Drainage Area 
Flow Control Not Controlled 
Length surveyed 19.25 ft 

Post-Rehabilitation Survey Joint Length 
DiaJHeight 
Material 
Lining Method 21' 

REVERSE INSPECTION 

1 :60 Position Code Observation 

JI 

( ' 
I ' 

: ~ 
I ~ 

QSR I 
0000 I 

nnn 

19?1' 

QMR I 
0000 I 

AMH Downstream Manhole, Survey Begins I CB-5 

AMH Upstream Manhole, Survey Ends I CB-4 

SPR I MPR OPR I 
0 I 0 0 I 

21399 BUSCH GARDENS EXPANSION II Page: 4 

Pipe Segment Reference 

Pre-Cleaning 
No Pre.Cleaning 

UpstreamMH 
Dowstream MH 
Dir. of Survey 
Section Length 

15.00 Inch 

CB-4 
CB-Ii 
Upstream 
19.25 ft 

Reinforced Concrete Pipe 

Section No. 
3 

Sewer Category 

·MPEG Photo Grade 

00:00:09 

00:01:12 

SPRI I MPRI I OPRI 

I 0 I 0 



Date 
4125/2013 

Certificate No. 
U-1003-684 

Street123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Laid 
Year Rehabilitated 
Tape I Media No. 

Add. Information : 

' II 

II I 
11 I 
I I 
(I 

I 

1:166 

QSR 

0000 
I 
I 

Citv : WILLIAMSBURG 
Tri Stale Utnltles 

2111 Smith Avenue 
Chesapeake, VA 23320 

Tel: (757) 366-Q505 
Fax: (757) 366-5150 

E-mal: 

Inspection Report/ Inspection: 1 
PIO. No. Weather Surveyor's Name Pipe Segment Reference Section No. 

Dry ROBERT SMITH 4 

Survey Customer System Owner Date Cleaned Pre-Cleaning Sewer Category 
BUSCH GARDENS No Pre-Cleaning 

BUSCH GARDENS Use of Sewer Stormwater UpstreamMH CB-6 
WILLIAMSBURG Drainage Area Dowstream MH CB-7 
BESIDE THE VERBOL TEN Flow Control Not Controlled Dir. of Survey Downstream 
Easement/Right of way Length surveyed 62.05 ft Section Length 62.05 ft 

Post-Rehabllltatlon Survey Joint Length 
Dla./Helght 24.00 Inch 
Material Reinforced Concrete Pipe 

62' Lining Method 

Position Code Observation MPEG Photo Grade 

non AMH Upstream Manhole, Survey Begins I CB-6 00:00:09 

62 05 AMH Downstream Manhole, Survey Ends I CB-7 00:00:00 

QMR I SPR I MPR OPR I SPRI I MPRI I OPRI 

0000 I 0 I 0 0 I I o ' I 0 

21399 BUSCH GARDENS EXPANSION II Page: 6 



Date 
412512013 

Certificate No. 
U-1003-684 

Street123 
City 
Loe. details 
Location Code 

Purpose of survey 
Year Laid 
Year Rehabilitated 
Tape I Media No. 

Add. Information : 

Citv : WILLIAMSBURG 
Td State UU«tles 

2111 Smith Avenue 
Cheaapeake, VA 23320 

Tel: (757) 365-9505 
Fax: (757} 366-5150 

E·nvoll: 

Inspection Report/ Inspection: 1 
P/O. No. 

Survey Customer 

BUSCH GARDENS 
WILLIAMSBURG 
BESIDE THE VERBOL TEN 
Easement/Right of way 

Weather 
Dry 

Surveyor's Name 
ROBERT SMITH 

System OWner 
BUSCH GARDENS 

Date Cleaned 

Use of Sewer 
Drainage Alea 
Flow Control 
Length surveyed 

Stormwater 

Not Controlled 
149.70 ft 

Post-Rehabilitation Survey Joint Length 
Dia.IHelght 
Material 
Lining Method 151' 

Pipe Segment Reference Section No. 
5 

Pre-Cleaning 
No Pre-Cleaning 

UpstreamMH 
DowstreamMH 
Dir. of Survey 
Section Length 

16.00 inch 

Sewer Category 

Dl·10 
MH·11 
Downstream 
149.70 ft 

Reinforced Concrete Pipe 

1:375 Position Code Observation MPEG Photo Grade 

0.00 

-~ 

149_70 

8 
QSR I QMR I 
0000 I 2100 I 

AMH Upstream Manhole, Survey Begins I Dl-10 

DAZ Deposits Attached Other, 1 O %of cross sectional area, 
from 05 to 08 o'clock, , within 8 inches of joint: YES 

AMH Downstream Manhole, Survey Ends I MH-11 

SPR I MPR OPR I SPRI 
0 I 2 2 I 

21399 BUSCH GARDENS EXPANSION II Page: 6 

00:00:09 

00:02:47 20_28 M2 

00:06:44 

I MPRI I OPRI 
I 2 I 2 



I 

Citv : WILLIAMSBURG 
Tri State utl//Ues 

2111 Smith Avenue 
Chesapeake, VA 23320 

Tel: (757} 366-11505 
Fax: (757) 366-5150 

E-melt 

Inspection Report/ Inspection: 1 
Date 

4125/2013 

Certificate No. 
U-1003-684 

Streel123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Laid 
Year RehablUtated 
Tape I Media No. 

Add. Information : 

PIO. No. 

Survey Customer 

BUSCH GARDENS 
WILLIAMSBURG 
BESIDE THE VERBOL TEN 
Easement/Right of way 

Weather 
Dry 

System Owner 
BUSCH GARDENS 

SUrveyor's Name 
ROBERT SMITH 

Date Cleaned 

Use of Sewer Stormwater 
Drainage Area 
Flow Control Not Controlled 
Length S\frveyed 30.05 ft 

Post-Rehabilitation Survey Joint Length 
DiaJHelght 
Material 
Lining Method 

REVERSE INSPECTION 

1 :90 Position Code Observation 

0.00 AMH Downstream Manhole, Survey Begins I CB-12 

3o.ns; AMH Upstream Manhole, Survey Ends I MH-11 

QSR I QMR I SPR I MPR OPR I 
0000 I 0000 I 0 I 0 0 I 

21399 BUSCH GARDENS EXPANSION II Page: 7 

Pipe Segment Reference 

Pre-Cleaning 
No Pre-Cleaning 

UpstreamMH 
Dowstream MH 
Dir. of Survey 
Section Length 

15.00 Inch 

MH·11 
CB-12 
Upstream 
30.05 ft 

Reinforced Concrete Pipe 

Section No. 
6 

Sewer Category 

MPEG Photo Grade 

00:00:10 

00:04:06 

SPRI I MPRI I OPRI 

I 0 I 0 



Date, 
4125/2013 

Certificate No. 
U-1003-684 

Street123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Laid 
Year Rehabilitated 
Tape I Media No. 

Add. Information : 

Citv: WILLIAMSBURG 
Tri State Util/tiH 

2111 Smith Avenue 
Chesapeake, VA 23320 

Tel: (751) 366-11505 
Fax: (757) 366-5150 

E·mal: 

Inspection Report/ Inspection: 1 
PIO. No. Weather 

Dry 
Surveyor's Name 
ROBERT SMITH 

Survey Customer System OWner 
BUSCH GARDENS 

Date Cleaned 

BUSCH GARDENS 
WILLIAMSBURG 
BESIDE THE VERBOL TEN 

Use of Sewer 
Drainage Area 
Flow Control 

EasemenURlght of way Length surveyed 

Post-Rehabllltallon Survey 

Not Controlled 
132.80 ft 

Joint Length 
Dla./Helght 
Material 
Lining Method 

Pipe Segment Reference Section No. 
7 

Pre-Cleaning 
No Pre-Cleaning 

UpstreamMH 
Dowstream MH 
Dir. of Survey 
Section Length 

30.00 Inch 

Sewer Category 

CB-12 
MH-13 
Downstream 
132.80 ft 

Reinforced Concrete Pipe 

1:346 Position Code Observation MPEG Photo Grade 

nnn AMH Upstream Manhole, Survey Begins I CB-12 00:00:09 

I 
I I 

125.00 MWLS Waler Level, Sag in pipe, 20 %of cross sectional area 00:07:53 S2 

- 132.80 
MH-13 

AMH Downstream Manhole, Survey Ends I MH-13 00:08:28 

QSR I QMR I SPR I MPR OPR I SPRI I MPRI I OPRI 
2100 I 0000 I 2 I 0 2 I I 0 I 2 

21399 BUSCH GARDENS EXPANSION II Page: 8 



Date 
4125/2013 

Certificate No. 
U-1003-684 

Street123 
City 
Loe. details 
Location Code 

Purpose of Survey 
Year Laid 
Year Rehabilitated 
Tape I Media No. 

Add. Information : 

1:90 

11 
1 

I( 
II 

I ( ~ 
I ( ~ 

r 

QSR I 
&100 I 

City: WILLIAMSBURG 
Tri Stal• UllUUes 

2111 SmHh Avenue 
Chesapeake, VA 23320 

Tel: (7157) 366-11!50!5 
FaK: (757) 366-5150 

E·mal: 

Inspection Report/ Inspection: 1 
P/O. No. Weather surveyor's Name Pipe Segment Reference SecUonNo. 

Dry ROBERT SMITH 8 

Survey Customer System Owner Date Cleaned Pre-Cleaning Sewer Category 
BUSCH GARDENS No Pre-Cleaning 

BUSCH GARDENS Use of Sewer Stormwater UpstreamMH MH-13 
WILLIAMSBURG Drainage Area DowstreamMH MH·14 
BESIDE THE VERBOL TEN Flow Control Not Controlled Dir. of Survey Downstream 
EasemenURlght of way Length surveyed 30.50 ft Section Length 30.50 ft 

Post-Rehabilitation Survey Joint Length 
DiaJHeight 30.00 Inch 
Material Reinforced Concrete Pipe 

31' Lining Method 

Position Code Observation MPEG Photo 

nnn AMH Upstream Manhole, Survey Begins I MH-13 00:00:09 

SMW Surface Missing-Wall, from 11 lo 12 o'clock, within 8 
Inches of joint: YES 

00:04:50 23_28 

30.50 AMH Downstream Manhole, Survey Ends I MH-14 00:05:28 

QMR I SPR I MPR OPR I SPRI I MPRI I 
0000 I Ii I 0 Ii I I 0 I 

21399 BUSCH GARDENS EXPANSION II Page: 9 

Grade 

ss-

OPRI 

Ii 



Citv: WILLIAMSBURG 
Tri State Utilities 

2111 Smith Avenue 
Chesapeake, VA 23320 

Tel: (757) 366-9505 
Fax: (757) 366-5150 

E-mail: 

Inspection Report/ Inspection: 1 
Date PIO.No. Weather Surveyor's Name Pipe Segment Reference Section No. 

412512013 Dry ROBERT SMITH 9 

Certificate No. Survey Customer System owner Date Cleaned Pre-Cleaning Sewer Category 
U-1003·684 BUSCH GARDENS No Pre..Cleanlng 

Street123 BUSCH GARDENS Use or Sewer Stormwater UpstreamMH MH-14 
City WILLIAMSBURG Drainage Area Dowstream MH OUTFALL 17 
Loe. details · BESIDE THE VERBOL TEN Flow Control Not Controlled Dir. or survey Downstream 
Location Code Easement/Right or way Length surveyed 42.06 ft Section Length 42.06 ft 

Purpose or Survey Post-Rehabllltatlon Survey Joint Length 
Year Laid Dia./Helght 30.00 Inch 
Year Rehabilitated Material Reinforced Concrete Pipe 
Tape I Media No. Lining Method 

Add. lnrormation : 

1:120 Position Code Observation MPEG Photo Grade 

A nnn AMH Upstream Manhole, Survey Begins I MH-14 00:00:09 

7.75 IR Infiltration Runner, from 04 to 06 o'clock, within 8 inches of 00:00:47 M4 
joint: YES 

( ~ 

-

I' ~ 
I( 
II 

r 

- --

' 

.4? ni:; ADP Discharge Point/ 17 00:02:03 

0~17 

QSR I QMR I SPR I MPR OPR I SPRI I MPRI I OPRI 
0000 I 4100 I 0 I 4 4 I I 4 I 4 

21399 BUSCH GARDENS EXPANSION II Page: 10 


