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EXECUTIVE SUMMARY 

This Surface Water Management Plan ( S W )  addresses surface water management of the Southern 
Waste Units (SWUs) during remediation. This SWMP addresses erosion and sedimentation, stormwater 
runoff, and other surface water issues at the SWUs. 

The SWUs consist of the South Field (SF), the Inactive Flyash Pile (IFP), and the Active Flyash Pile 
(AFP) areas. The remediation of the SWUs involve the removal of approximately 340,000 bank cubic 
yards of impacted material consisting of soil, debris (fill), and flyash. The SWUs remediation project 
will be performed in two phases- 1) Site Preparation, and 2) Excavation. The site preparation phase of 
the SWUs Project is scheduled to begin in the summer of 1997. The excavation phase of the SWUs 
Project is scheduled to begin in 1998. The excavation phase is scheduled to require two construction 
seasons. 

Three retention basins (Nos. 1, 2, and 3) will be constructed in the SWUs area to manage surface water 
during remediation. The retention basins will be lined with one ft. of compacted clay overlain by a 
geomembrane liner. The non-impacted soil stockpiles and selected collection ditches will be lined with 
a geomembrane liner. Both sediment and stormwater storage capacity will be provided in the retention 
basins. A minimum of 27 cubic yards/watershed acre of storage capacity in each basin will be provided 
for sediment storage. Stormwater storage capacity has been provided above the sediment level to store 

- - 

the runoff from a -year, 24-hour storm 
. Stormwater collected in the basins will discharge through riser pipes and gravity 

flow to lift stations located adjacent to each of the retention basins. From the lift stations, collected 
runoff will be pumped through a common double-walled pipe to the Stormwater Retention Basin (SWRB), 
and subsequently conveyed to the Advanced Wastewater Treatment ( A m  facility for treatment prior 
to discharge to the Great Miami River. 

The overall operation of the surface water management system was planned and designed to minimize 
the generation of contaminated runoff and to collect potentially contaminated surface water prior to 
discharge. Run-on control ditches will be constructed prior to remediation to prevent water from 
upgradient areas from flowing across the construction area. These run-on control ditches will remain 
after remediation to prevent potential recontamination. Runoff from disturb& areas will drain to 
collection ditches which will route the runoff to the retention basins. These basins provide temporary 
storage while allowing for additional sediment removal prior to runoff being conveyed to the SWRB and 
A M .  Excavation of the SWU with the highest known contamination (FP) was prioritized; it will be 
excavated first. Within the IFP and other areas, excavation will be performed to minimize potential 
crosscontamination. 

Upon completion of remediatiodexcavation activities the site will be graded to drain and graded to 
approximate original (1952) topographical conditions, where possible. . .  

Rev. No.: $ 
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SECTION 1 

INTRODUCTION AND SWU DESCRIPTION 

1 .I Introduction 

The Fernald Environmental Management Project (FEMP) is a 1,050-acre facility located in southwestern 
Ohio approximately 18 miles northwest of downtown Cincinnati. The F E W  contains low-level 
radioactive, solid, and hazardous wastes. The Operable Unit 2 Waste Units Remediation Project (WURP) 
consists of the following waste units: 

- Active Flyash Pile (AFP) 
- Inactive Flyash Pile (IFP) 
- South Field (SF) 
- Lime Sludge Ponds (LSPs) 
- Solid Waste Landfill (SWL). 

The SF, IFP, and the AFP are collectively known as the Southern Waste Units (SWUs). The LSPs and 
SWL have been separated from the SWUs due primarily to remedial action schedule; it was determined 
that since the IFP contributes a greater source of contamination to the Great Miami Aquifer (GMA), the 
SWUs remediation was of high priority. Therefore, the U P S  and SWL will be addressed separately from 
the SWUs. 

This SWMP addresses surface water management during remediation of the SWUs. The SWUs project 
will involve excavation and removal of approximately 340,000 bank cubic yards of impacted material 
from the SWUs. Impacted material consists of all material placed in the area by previous United States 
Department of Energy (DOE) operations and includes soil, debris (fill), and flyash. Most of the impacted 
material will be placed in the OSDF. In addition, approximately 3,400 cubic yards of material will be 
transported to the Above-WAC Queue Area pending shipment to an off-site permitted commercial 
disposal facility. Approximately 100 cubic yards of lead-contaminated soil will be excavated and shipped 
offsite for treatment and disposal. 

1.2 Purpose 

The F E W  is operating under a National Pollutant Discharge Elimination System (NPDES) Permit which 
requires the preparation and implementation of a Stormwater Pollution Prevention Plan (SWPPP). This 
SWPPP became effective May 1, 1996. Section 6 of the SWPPP addresses discharges related to 
construction activities. The measures outlined in the SWMP and details shown on the construction 
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drawings and specifications will be implemented to .effectively manage stormwater and limit the amount 
of erosion and the release of sediment that will occur during the remediation of the SWUs. 

Stormwater, erosion and sediment control measures are also required to minimize release of radiological 
contaminants. This SWMP has been prepared as a guide to minimize construction-related impacts on 
water quality from erosion and sedimentation, and minimize the spread of contamination during 
remediation of the SWUs. During remediation, Fluor Daniel Fernald, Inc. (FDF) will perform required 
IWDES monitoring at the permitted stormwater outfalls and comply with all applicable Federal, State, 
DOE, and F E W  requirements. 

1.3 Scope 

This SWMP provides the following information: 

Background discussion of the scope of the SWUs project, . 

~~ 
- - - - ~  

0 DGcription-of the S W s  proposed surface water-managementtsystem for-t&e ~ t ~ t  southern Waste - - ~  

Units Remediation Project, 

Description of proposed general and area-specific erosion and sediment control measures, 

Description of the type and frequency of maintenance activities required to support the control 
measures. 

The SWMP addresses stormwater management, erosion prevention, sediment control, hydrologic and 
hydraulic loading, .physical site characteristics that impact the selection and implementation of control 
measures, and references to established design criteria. Supporting engineering data and calculations are 
attached as Appendix A. 

1.4 Construction Drawings and Specifications 

The construction within the SWU will be accomplished in 2 phases; The site preparation phase and the 
excavation phase. Construction drawings and specifications from both phases are incorporated herein by 
reference. They will be a part of'the subcontract bid documents for that phase of remediation of the 
SWUs. The site preparation phase construction will address the stormwater and erosion control measures 
herein discussed (including the retention basins and ditches), the support area, wheel wash area, transfer 
line and all other items required to remove impacted material from the SWU. The excavation phase 
construction will address the removal of impacted material from the SWU and the subsequent disposition 
of that material. 

OUDATA\OU-2\Po-l6S 
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SECTION 2 

SURFACE WATER MANAGEMENT SYSTEM 

2.1 Overall Approach 

The principal objectives of surface water management in the SWUs are to prevent or minimize 
stormwater runon to the work areas and to control water and runoff which has come into contact with 
contamination and/or impacted material. Runon from upgradient areas will be prevented (via diversion 
ditches and berms) from flowing into the construction area; this will minimize the generation of 
contaminated stormwater and sediment. Runon control ditches will be designed to handle the 10-year, 
24-hour storm event 

. Surface water in the SWUs project will be treated as potentially contaminated and will be 
collected in ditches and conveyed to three retention basins. Water from the retention basins will then be 

.~ 
- .  . . .. ump@ to. @ e _ S m  and subsequently to th facility for treatment 

24-hour storm event used in stormwater controls are based on 

sumps and handled as described in this plan. 
. Water that enters the ring construction will be collected in excavation 

The SWUs consist of the IFP, SF, and the AFP areas and cover approximately 15.8 acres within a total 
watershed area of 26.0 acres. The SWUs have steep outslopes to the west, south, and southwest. The 
IFP and SF outslopes are heavily vegetated with trees and brush. Existing drainage consists of sheet flow 
and shallow concentrated flow that is generally uncontrolled before reaching Paddys Run. A portion of 
the IFP is situated adjacent to Paddys Run. A rock embankment was constructed under Removal Action 
29 along a section of the eastern bank of Paddys Run to protect the IFP from stream erosion. 

Because of the proximity of the SWUs to Paddys Run and the nature of the remediation activities, a 
surface water management system will be used during remediation. Some components of the surface 
water control system will remain in operation through restoration of the SWUs area. The surface water 
management system will include diversion ditches and berms to prevent runon from entering the 
remediation areas, and excavation sumps, collection ditches, retention basins, lift stations, and transfer 
lines to control runoff. Existing drainage patterns and facilities will be utilized for stormwater 
management, wherever possible, by implementing improvements to convey design flows and 
incorporating erosion control materials and revegetation to limit erosion along drainage paths. Where 
necessary, new ditches or diversion berms will be constructed to redirect existing drainage paths away 
from the construction area. 

See Figure 2-1 for the overall operation of the surface water management system. 

OUDATA\OU-2\w-165\ 
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2.2 Specific System Components 

Specific components of the surface water management system are shown in Figure 2-1 and are described 
below. See the construction drawings and technical specifications for detailed design information 
concerning stormwater controls. See Appendix A for design calculations. Drainage area maps are 
presented in Appendix B. 

2.2.1 Diversion Ditches and Related Devices 

Runon from upgradient areas will be collected and diverted around the excavation area. Runon will be 
handled by diversion ditches and other components generally located north of the SWUs. 

A ditch (designated as D-12 on the construction drawings) north of the existing road (that runs along the 
northern edge of the IFP and SF) will be constructed to intercept runon and convey this water westward 
to a new pipe under the road and into an existing catch basin. This catch basin is located at the northwest 
comer of the IF?; and Las 
existing drainage way, approximately 300 feet north of the existing National Pollution Discharge 
Elimination System (NPDES) Discharge Point No. *4004 at Paddys Run. An earthen berm will be 
constructed around the existing catch basin to collect potential runon water from the south side of the road 
and prevent potentially contaminated runoff from entering the system. The existing 18-inch pipe will be 
extended to discharge at the existing NPDES Discharge Point No. *4004. Impacted runoff will be 
diverted away from NPDES Discharge Point No. *4004 and into the retention basins. 

-~ ~ . l&Echc~rrugated polyethylene pipe which-conveys this runon to-an- - 

An earthen berm will be constructed across a low area (topographically) north of the AFP to ensure that 
runon water will not enter the AFP remediation area. 

The runon control components of the surface water management system will remain in place after 
restoration to prevent runon from uncertified areas upgradient from potentially contaminating the restored 
areas of the SWUs. 

2.2.2 Excavation SumDs 

As remediation is performed, active areas of excavation will be graded to drain to collection points 
located within the excavation area to the extent practical. Temporary excavation sumps will be excavated 
at these collection points to temporarily hold the stormwater. Water will be pumped out of the sumps 
and into retention basins on an as-needed basis to keep the excavation area functional. Multiple 
sumps/pumps may be used for dewatering of the excavation area and will be moved as the excavation of 
the work face progresses. 

Rev. No.: 



2.2.3 Collection Ditches and Related Devices 

Collection ditches will be constructed around the perimeter of the remediation/construction areas to collect 
and convey stormwater runoff to the S W s  retention basins. Where possible, the channel slopes will 
follow the existing topography to minimize excavation. The ditches will be trapezoidal (flat bottom) or 
triangular in shape depending on anticipated flow rates and site constraints. All ditches will be lined to 
prevent channel erosion with either erosion control blanket or dumped rock, depending on the design flow 
velocities, see Summary of Ditch Performance, Sheet B34, Appendix A. Collection ditches excavated 
into the sand and gravels of the GMA will be lined with a geomembrane liner. 

2.2.4 Retention Basins 

The SWUs project area is divided into three major drainage areas (P1, P2, and P3 as shown in Appendix 
B) based on existing topography (drainage areas). Three retention basins (one per drainage are3) will be- 
constructed to retain potentially contaminated stormwater runoff. Non-impacted soil removed during 
basin construction will be placed in non-impacted soil stockpile areas (stockpile #1 and stockpile #2 as 
indicated on the construction drawings). Material in the non-impacted soil stockpile areas will be used 
to reclaim the retention basins during the restoration phase of the project. 

Each retention basin will have a lift station which will pump runoff to the SWRB. The lift station will 
consist of a manhole, pump, and related piping/wiring/etc., and will be located adjacent to each basin. 
A high density, polyethylene (HDPE) risedintake structure will be constructed inside the basin to feed 
the lift station. The riser will be designed with three hooded orifices sized to prevent starvation of the 
pump. The top of the riser will have a cap-type pf&&i&d , .................................. ,,.,...(,. 88. :.:.:.:.:.:. Construction details for the lift station 
and riserhtake structure are shown on the construction drawings. 

Overflow outlets will be provided for all three basins. The overflow outlets will consist of open, 
trapezoidal channels with invert elevations above the top of the riser pipe and below the top elevation of 
the basin embankment. The overflow outlets ill not discharge unless the 

. . . . . .  
24-hour storm is exceeded. 

... . 
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After remediation and S W U  restoration is completed, all three retention basins will be removed and 
backfilled. The compacted clay subgrade and geomembrane liner will be removed and hauled to the 
OSDF and the basins backfilled with material from the non-impacted soil stockpile. 

The retention basins and respective drainage areas are described as follows: 

2.2.4.1 Retention Basin 1 

The proposed (developed conditions) P1 watershed is approximately 15.2 acres in size and contains the 
IFP and a portion of the SF and non-impacted soil stockpile area. Runoff will be collected and conveyed 
to Retention Basin 1 (see Construction Drawings and calculations) via collection ditches D1, D2 (D2A 

approximately 1.5 acres of surface area. This basin is designed to retain the runoff volume from a 
year, 24-hour storm event without discharge to the environment. A lift station with a 400 gallons 
minute (gpm) pump system will be installed to pump collected runoff to the SWRB. Anticipated 
dewatering time for a ear, 24-hour storm event is approximately 72 hours. A 20-foot wide, open 
trapezoidal channel w constructed to provide positive drainage for overflow occurring from storm 
events in excess of th ear, 24-hour storm or during sufficiently large sequential rain events. 

~ - ~~ &-D2B), D3, and-D4, Retention Basin 1-will-be located south of_the_IFPand S F  and will -- cover ~ 

~ - _  

Basin 1 will be constructed almost entirely by excavation with only a minimal amount of fill used for 
berms. Because Basin 1 is located within the GMA, the bottom and side slopes of the basin will be lined 
with one ft. of compacted clay and a geomembrane liner. 

2.2.4.2 Retention Basin 2 

The proposed (developed conditions) p2 watershed is approximately 6.0 acres in size and contains the 
SF and the remainder of the non-impacted soil stockpile area. Runoff will be collected and conveyed to 
Basin 2 through collection ditches D5, D6, D7, and D8 (D8A & D8B). Basin 2 will be located south 
of the SF and will cover approximately 0.5 acre of surface area. This basin is designed to retain the 
runoff volume from a p-year, 24-hour storm event without discharge to the environment. A lift station 
with a 100 gpm pump system will be provided to pump collected runoff to the SWRB. Anticipated 
dewatering time for a @-year, 24-hour storm event is approximately 72 hours. A 15-foot wide, open 
trapezoidal channel will be constructed to provide positive drainage for overflow occurring from storm 
events in excess of the %-year, 24-hour storm. 

Rev. No.: $ 
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Basin 2 will be constructed by excavation. Because this basin is located within the GMA, the bottom and 
side slopes of the basin will be lined with one ft. of compacted clay and a geomembrane liner. 

2.2.4.3 Retention Basin 3 

The proposed (developed conditions) P3 watershed is approximately 4.8 acres in size and contains the 
AFP. Runoff will be collected and conveyed to Basin 3 through collection ditches D9, D10 (D10A & 
DlOB) and D11. Basin 3 will be located south of the AFP and will cover approximately 0.4 acre of 
surface area. This basin is designed to retain the runoff volume from a 10-year, 24-hour storm event 
without discharge to the environment. A lift station with a 100 gpm pump system will be provided to 
pump collected runoff to the SWRB. Anticipated dewatering time for a 10-year, 24-hour storm event 
is approximately 72 hours. A 15-foot wide, open trapezoidal channel will be constructed to provide 
positive drainage for overflow occurring from storm events in excess of the 10-year, 24-hour storm. 

Basin 3 will be constructed by excavation. Because this basin is located within the GMA, the bottom and 
side slopes of the basin will be lined with one ft. of compacted clay and a geomembrane liner. 

2.2.5 Transfer Line 

A double-walled, HDPE pipe will be installed to convey runoff collected in the retention basins to the 
SWRB. The main transfer line begins at the lift station at Basin 1 and proceeds in an eastward direction 
where the lift stations for Basins 2 and 3 discharge into the transfer line. From Basin 3 the transfer line 
runs northward, east of the AFP, until reaching the termination point at the SWRB diversion box (see 
construction drawings). Cleanouts will be provided at strategic low points along the run of pipe. Air 
relief valves will be provided at strategic high points. 

2.2.6 SWRB and A M  

The SWRB will receive all water pumped from the S W s  retention basins. Under normal conditions, 
the SWRB is pumped to the AWWT facility for treatment and discharge, consistent with the NPDES and 
OU-5 ROD requirements. 

2.2.7 Wheel Wash Facility 

A wheel wash facility will be wnstructd at the Swiis north of the ET. It wiii be used to remove mud 
and debris from the wheels and undercarriage of haul vehicles prior to using the haul road. Water from 
the wheel wash facility will gravity flow via underground pipe through an oil-water separator to the west 
seepage control lift station and be pumped to the AWWT. 

2-5 
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2.3 OVERALL SYSTEM OPERATION 

A major goal of the surface water management system is to prevent potentially contaminated surface 
water from being discharged to the environment prior to treatment. Initial management will be provided 
by constructing diversion ditches and berms at strategic locations to prevent surface water runon from 
entering the area of the SWUs that will be remediated. Runoff from the area of the SWUs that will be 
remediated will be managed through a series of excavation sumps and collection ditches, which collect 
and convey runoff from the remediation areas to three earthen retention basins. 

The retention basins will provide temporary storage for runoff. The basins also provide pre-treatment 
of the water by providing detention time for sediments to settle out. Lift stations are provided to transfer 
runoff stored in the basins to the SWRB through a double-walled, HDPE transfer line. At the SWRB 
the potentially contaminated runoff is stored until it can be treated at the AWWT. During high flow 
conditions when the SWRB is at full capacity, the pumps at the retention basin lift stations will be shut 
off until adequate drawdown at the SWRB. 

A ~ t h ~ A W W T - f a c i l i ~ t h ~ a t e r - w ~ l  be-treaM-as required-prior to being released-to the Great-Miam- 
River. 
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SECTION 3 

STORMWATER MANAGEMENT 

Stormwater management as described in this Surface Water Management Plan addresses the peak runoff 
that discharges .,(and will discharge) from the site during existing, constructionhemediation, and 
restoration conditions. The goal of stormwater management is to prevent a significant increase in the 
peak runoff during remediation and restoration activities. 

The SWUs project site is currently vegetated and consists of sheet flow and shallow concentrated flow 
in the upper watershed areas, leading to concentrated flows in drainage ways around the site. AI1 
stormwater from the SWUs project site presently flows into Paddys Run. Prior to the start of remediation 
a surface water management system will be implemented to prevent runon to the site, and collect and 

.. 

Since runoff from the site will be pumped 
to the SWRB, the peak runoff from the site to Paddys Run will be reduced during remediatiodexcavation. 

After remediation the site will be restored to the approximate original topography. Land use after 
remediation will be undeveloped with a vegetated cover. Based on an undeveloped land use scenario, 
the peak and total amount of runoff from the SWUs after remediation can be expected to be similar to 
the conditions that existed in 1952. 
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SECTION 4 

EROSION AND SEDIMENT CONTROL MEASURES 

4.1 Overall Concept 

Soil conservation practices, combining vegetative and structural measures, have been incorporated in 
construction documents to mitigate soil erosion damage, off-site sediment migration, and water pollution 
from erosion. Many of these measures will be long-term in nature and will become part of the completed 
construction project (i.e., grading, and permanent seeding). Other measures will be temporary and will 
be removed by the excavation subcontractor at the completion of excavation and restoration. The 
selection of erosion and sediment control measures was based on several general principles including the 
following: 

~- - 0 

0 

0 

minimization of erosion through project design, 
incorporation of temporary and permanent erosion control measures, 
removal of sediment prior to discharge. 

Erosion and sediment control measures incorporated into the SWUs project incorporate applicable State, 
Federal, DOE, and F E W  requirements. The FEW standards for erosion and sediment control follow 
the Ohio Department of Natural Resources (ODNR) and United States Soil Conservation Service 
standards for construction and materials. Vegetative stabilization, silt fencing, and ditch protection will 
be implemented in accordance with Ohio Department of Transportation Construction and Material 
Specifications and the Location and Design Manual, Volume Two, Drainage. A generalized description 
of proposed erosion and sediment control measures is presented in this section. Construction details for 
erosion and sediment control measures are included in the construction drawings and specifications. 

4.2 Specific Components 

There are two types of erosion and sediment control components: temporary and long-term measures. 
Temporary measures include silt fencing, crusting agents, stabilization measures (vegetation, matting, 
dumped rock), and sediment storage capacity within retention basins. Long-term measures include design 
features such as grading, vegetation, and dumped rock. Both temporary and long-term measures are 
discussed below. 
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4.2.1 Silt Fencing 

Silt fencing will be used to intercept sheet flow, retain sediments, and disperse flow prior to runoff 
reaching the collection ditches. Prior to clearing, grading, and excavation activities, silt fencing will be 
installed along downgradient perimeters to prevent migration of sediment eroded from exposed areas. 
Silt fencing will consist of a woven filter fabric attached to wooden posts. Silt fencing will be constructed 
so that the toe of the filter fabric is securely buried to prevent water from undercutting the fence. Silt 
fencing will be installed in accordance with details presented on the drawings and in accordance with 
manufacturers recommendations. The locations presented on the construction drawings for the project 
areas are considered the minimum necessary during construction. Intermediate silt fencing may be used 
by the subcontractor to control and slow down flows in active excavation areas. The subcontractor shall 
install breaks and overlaps in the silt fencing to allow vehicle access to the construction areas. 

Inspection of silt fence shall occur at regular intervals as outlined in Section 6. 

4.2.2 Temporary Stabilization 

As a result of phased construction, portions of the project areas may be left in intermediate/incomplete 
conditions. Intermediate areas may include rough graded areas awaiting final grading. Intermediate areas 
where activities will not resume for a period of 45 consecutive days or greater shall be stabilized (e.g., 
seeded with a quick germinating seed mixture, covered with a layer of straw mulch, or application of a 
crusting agent) within 7 days. Temporary measures will help to stabilize exposed soil and limit erosion. 
As construction progresses, areas containing temporary vegetation, straw mulch, or the crusting agent 
will be left in place until final seeding or until construction resumes. 

- -_ - . _ -  - - _  -- - - - - -  

4.2.3 Retention Basins 

Although the primary purpose of the retention basins is to collect and hold runoff for treatment, the 
basins also provide an additional measure of sediment conqol. Runoff is detained in the retention basins 
until pumped to the SWRB. Because the rate of pumping to the SWRB is less than 1 cubic feet per 
second (cfs) (one cfs is 448.8 gallons per minute), which is small compared to discharges from standard 
outlet structures (usually several cfs), the retention basins provide a large detention storage time for 
sediments to settle out. 

To account for the sediment removal capability of the retention basins, the basins have been designed with 
sediment storage capacities in excess of the 27 'cubic yards per watershed acre as recommended in the 
ODNR's "Rainwater and Land Development Manual". For storm routing purposes, the sediment storage 
volume was assumed as dead storage &e., at full sediment capacity) and was not included in the basin 
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volume computations. The designed versus required sediment storage capacity for each basin is given 
below: 

Retention Basin 1 
Watershed Area = 15.2 Acres 
Sediment Storage Required = 0.25 Acre-Feet 
Sediment Storage as Designed = 0.38 Acre-Feet 

Retention Basin 2 
Watershed Area = 6.0 Acres 
Sediment Storage Required = 0.10 Acre-Feet 
Sediment Storage as Designed = 0.11 Acre-Feet 

Retention Basin 3 
Watershed Area = 4.8 Acres 

Sediment Storage as Designed = 0.10 Acre-Feet 

- . . - - . . - .  _ _  - - Sediment-Storage Required = 0.08 Acre-Feet - - - -  - - - -. . . - . - - 

4.2.4 Grading and Design Features 

Grading design features incorporated into the construction drawings to control erosion include runon 
controls, limiting steep slopes, routing runoff to surface water collection ditches, limiting discharge and 
flow velocities in the collection ditches to the extent practical, and lining collection ditches with erosion 
control blankets or dumped rock as required to maintain non-erosive velocities. 

4.2.5 Vegetation 

Subsequent to final remediation of the project areas, a revegetation program will be implemented to 
establish a permanent variety of vegetation. The vegetation layer (turf type grass) will reduce erosion, 
enhance evapotranspiration of water, and improve the quality of water leaving the area. The project area 
will be seeded in stages as remediation is completed. In addition to seeding with a permanent variety of 
grass seed, mulch and erosion control blankets will be placed to prevent erosion during turf establishment. 
Mulch will be placed on graded slopes, and erosion control blankets will also be used in all grass ditches. 
As an aid to turf establishment, seeded areas will be fertilized with a starter fertilizer as described in the 
technical specifications. 

,̂  , . . a  ( t  
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4.2.6 Dumped Rock 

Where added erosion protection is necessary for protection from excessive velocities, diversion ditches 
will be lined with dumped rock. Also, the existing drainageway north of the AFP, and where the 
unnamed tributary discharges into Paddys Run just west of the IFP, will be lined with dumped rock. 
Dumped rock will be placed in these locations to prevent further erosion as shown on the construction 
drawings. 

4.3 Design Criteria and Standards 

The criteria used to design the various components of the surface water management plan are described 
below. 

0 Retention basins 

0 Retention basins are designed with a sediment storage capacity which exceeds 27 cubic yards per 
watershed acre. 

0 Pump rates at the lift stations are designed to convey accumulated water from the design storm 
ent in approximately 72 hours. 

0 Runon and diversion and collection ditches (drainage ditches) and culverts are designed based on 
a 10-year, 24-hour storm frequency, 

see S rmance, Sheet B34, 
Appendix A. 

Various standards and good engineering practices were used in the technical portion of the design. See 
calculations in Appendix A for a listing and discussion of the standards and practices used. 

OUDATA\OU-2\po-165\ 
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SECTION 5 

IMPLEMENTATION 

Because of the large expanse of area that will be impacted by remediation, relatively steep slopes, and 
close proximity to Paddys Run, intensive erosion control measures will be required to minimize erosion 
and maximize the capture of sediment. In conjunction with stormwater management measures, silt 
fencing will be installed along perimeter downslope areas and drainage ditches, where 
necessary, prior to the beginning of excavation activities. 

Once excavation of impacted material and contaminated soil begins, erosion and sediment control 
measures will be integrated with stormwater management measures. Runoff from the active working face 
will either be gravity drained to collection ditches and basins, or collected in excavation sumps and 
umped to collection ditches or directly to the retention basins. 

.. . . - .-. 

. basins until the areas are certified below FRLs .... 

The subcontractors will be required to periodically remove sediments from silt fences, drainage ditches, 
and basins to maintain desired performance. Sediment removed from silt fences, drainage ditches, and 
basins will be managed as impacted material and disposed of in the OSDF. 

winter shutdown. 

5.1 General Construction Practices 

In general, it is advantageous to disturb only as much area as necessary to accommodate construction 
needs. Limiting the extent of grading and excavation will minimize disturbed areas subject to erosion 
at any given time. However, disturbed areas may be expanded to separate work areas and provide more 
room to work for safety reasons. The construction phasing ultimately incorporated into the work plan 
is dependent on several factors including the following: 

0 subcontractor’s management strategies, 
0 construction conditions, 
0 seasonal and weather conditions. 

OUDATA\OU-2WO- 169 
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The following construction practices will be followed as a general rule. 

0 All erosion and sediment control measures are to be installed prior to or as the first step 
in excavation. 

0 Disturbed/exposed areas will be excavated as quickly as practical. Disturbed areas which 
will remain unworked for 45 consecutive days or greater will be stabilized with a 
temporary vegetative cover or other measures, such as mulching, within 7 days. 

0 All erosion and sediment control measures shall be maintained and/or modified as 
approved by FDF in accordance with regulatory criteria during construction to comply 
with this plan. 

0 Potential crosscontamination from vehicle traffic will be prevented by stabilization of 
entry/exit routes, wheel washing, and monitoring vehicles exiting the work zone. 

5.2 Construction Sequencing 

The following sections discuss the general erosion control sequencing plan (during site preparation) and 
the excavation sequencing plan. 

5.2.1 General Erosion Control Seauencina Plan (Durina Site PreDaration] 

Step 1. Establish site boundaries and access controls. 

step 2. Install silt fence and diversion ditches in locations indicated on the construction drawings. 

step 3. Strip the top 12 inches of soil (if not certified below FRLs by FDF) from areas 
designated for retention basin construction and stockpile the material within the 
boundaries of the impacted material stockpile within the SF to be field located as noted 
on the construction drawings. 

Step 4. Complete excavation of retention basins to lines and grades shown on the plans. Prior 
to excavation (to the extent practical), FDF will determine whether material to be 
excavated is below FRLs. During excavation FDF may perform additional monitoring 
with real-time instruments. Soil suspected to be impacted (not below FRLs) will be 
placed in Impacted Material Stockpile shown on the construction drawings. Other soil 
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Step 5. 

Step 6. 

step 7. 

step 8. 

5.2.2 

Step 1. 

Step 2. 

Step 3. 

Step 4. 

. - . . ._ . 

Install risers, barrels, Iift stations, and transfer lines for the retention basins as shown on 
the construction drawings. 

Install compacted clay subgrade and geomembrane liner in the retention basins. 

Divert flow into the retention basins by constructing collection ditches. 

Construct wheel wash pad and associated devices. 

Excavation Seauencina Plan for ImDacted Material Excavation 

Establish site boundaries and access controls. 

Establish erosion, siltation, and surface water controls in locations indicated on the plans 
and as shown in the details. Confirm that all erosion and sediment controls are in place 
and all runoff from potentially contaminated-and disturbed areas flows to the retention 
basins. 

- - -  - - 

Clear remaining trees and vegetation. Stumps will be ground in place and excavated with 
surface soil removal. 

Excavate impacted material to the limits indicated on the construction drawings. 

~ - Where the GMA is exposed, cover with a geomembrane liner as shown on the 
construction drawings. 

Step 2. When excavation is completed in a discrete area, certification samples will be collected 
(by FDF). 

Step 6. Upon certification that soils remaining in the remediation area meet FRLs, restoration 
grading shall be performed. 

Install stabilization blankets and apply seed and mulch to all disturbed areas. step @ 
.. ::., i: * 
.........A 
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step XI. Upon verification that the excavation meets FRLs and has an established stand of 
vegetation, accumulated sediments, compacted clay subgrade, and the geomembrane liner 
shall be removed from the retention basins. 

step .>:$.:.:., .. ... Install temporary erosion and sedimentation controls for decommissioning of retention 
basins. 

Step @%. ............ .,........ Upon certifying that retention basins 1, 2, and 3 meets FRLs, basins are to be 
backfilled, seeded, and mulched following removal of associated barrels, risers, lift 
stations, and transfer line. 

step 14. Remove temporary erosion and sedimentation controls following completion of final 
grading activities and after the excavation areas have an established stand of vegetation. 
Seed and mulch any areas disturbed by this activity. 

OUDATA\OU-2\po-165\ 
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SECTION 6 

SEDIMENT CONTROL MAINTENANCE AND MONITORING 

6.1 Monitoring and Inspection 

The erosion and sediment controls identified in this S W  will be monitored by a qualified 
representative of the subcontractor and FDF every 7 calendar days or within 24 hours of a precipitation 
event of 0.5 inches or greater during the construction phase of the project. Inspections will include areas 
under excavation, unstabilized exposed areas, erosion control measures, and locations where vehicles 
enter/exit the project area. Where portions of the project area have been completed and permanent 
erosion control measures have been implemented, inspection will be conducted at least once every month 
until the entire project area is completely stabilized. All inspections will be conducted and documented 
in accordance with the SWPPP. 

Disturbed areas and areas used for storage of materials that are exposed to the elements will be inspected 
for evidence of, or for the potential of, pollutants entering local drainage systems. Locations where 
vehicles exit the project area will be inspected for evidence of off-site tracking of contaminated soil or 
impacted material. 

- . - _. 

If the inspections indicate that control measures are not adequate or effective, modifications to the control 
measure will be implemented immediately by FDF. A report summarizing the scope of the inspection, 
name of the inspector, inspection date, observations relating to the implementation of this plan, and 
corrective action measures (if any) will be made and retained in the FDF project files to demonstrate 
compliance. The reports will either identify any areas of noncompliance with this plan, or contain a 
certification that control measures are effective and in compliance with this plan. 

6.2 Maintenance 

Erosion and sediment controls will be maintained in good operating condition until the project area has 
been completely stabilized and the soils remaining in the project area are certified to meet FRLs. Specific 
maintenance procedures will address silt fencing, drainage ditches, retention basins, and the wheel wash 
pad. 

6- 1 
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Silt Fencing 

As sediment collects along the silt fences, the fences will be cleaned to maintain desired removal 
performance and prevent structural failure of the fence. Sediment will be removed by the subcontractor 
and managed as impacted material and placed in the impacted material stockpile for subsequent placement 
into the OSDF. The perimeter silt fencing will remain in place until excavation activities in the area are 
completed and vegetative cover or other erosion control measures are adequately established. 

Drainape Ditches 

The subcontractor will be required to periodically remove sediment from the drainage ditches to maintain 
conveyance. Sediment removed from ditches will be managed as impacted material and placed in the 
impacted material stockpile for subsequent placement into the OSDF. 

Retention Basins 

- 
~ -The subcontractor will be required to periodically remove sediment from the retention basins to maintain - 

desired sediment storage capacity. Sediment removed from basins will be managed as impacted material 
and placed in the impacted material stockpile for subsequent placement into the OSDF. 

Wheel Wash Pad 

Sediments will be removed from the trench and oil/water separator as required. The sediments removed 
from the Wheel Wash Pad will be managed as impacted material and placed in the OSDF. 

6-2 
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SUMMARY OF CONCLUSIONS 

ENGINEERING CALCULATIONS 
TITLE AND SUMMARY SHEET 

Rev. Sheet 
No. NO. Description 

Date 
Sheet 1 of 13 

Reviser's Checker's 
SignatureIDate SignaturelDate 

Proj. Order No. 165 Calculation No. 15-01 

Project Title SOUTHERN WASTE UNITS 

Calculation Subject STORMWATER MANAGEMENT Date Verif iedKhecked y4 & c d i % z  ,* 
/ 

STATUS: PRELIMINARY FINAL X SUPERSEDED VOID 

STATEMENT OF PROBLEM 

1) Determine size of three retention basins required to collect and retain runoff from the 
25 yr-24 hr precipitation event (Basins 1 & 2) and the 10 yr-24 hr precipitation event (Basin 3). 

2) Determine size of collection ditches and culverts required to convey a 10-yr storm event to the 
retention basins. Due to the close proximity to Paddys Run, Ditch 2 & Ditch 6 will also be 
evaluated-for the 25-yr storm event. - __  _ _  - - - - - - __ - - __  . - - - - - - 

1) The basins, as shown on Dwg. 92X-5900-6-00282 are of 
sufficient size to collect runoff from the 10 yr-24 hr (Basin 31, or 
25 yr-24 hr (Basins 1 & 2) storm event as required. 

2) Ditches and culverts shown on Dwg. 92X-5900-6-00282. Dwg. 
92X-5900-6-00283, and 92X-5900-0-00453 are of sufficient 
size to convey the 10-yr or 25-yr storm event, as required, to the 
basins. 

CHECKING METHOD 

t 
1. Review 
2. Alternate Calculation 

Originator's Signature 
and Date 

8 -ab-- 

Checker's Signature 
and Date 

Lead Discipline Engineer's 
Sianature and Date 

Approved by 
SignaPudDate 
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Proj. Order No. 165 Calculation No. 15-01 

Project Title Southern Waste Units 

Calculation Subject Stormwater Management Date 

Prepared By: T. Brown- CheckedNerified By: 

Date 81 1 5/97 
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ENGINEERING CALCULATIONS 

BASIS SHEET 
SUMMARY OF DATA SOURCES - CODES - ASSUMPTIONS (continued) 

2. Ditches and Culverts: Both existing and proposed conditions were evaluated, with the 

one producing the highest flow rates used in design. 

3. The Rainfall Intensity-Frequency-Duration Curve for the Fernald area has the shortest 

duration equal to 10 minutes. The time of concentrations (t,) computed for drainage 

areas P1, P2, and P3 were less than 10 minutes. Since the drainage areas for ditches 

are smaller than basin drainage areas (and subsequent \'s for ditches less than those 

for basins), calculations for t, for ditch and culvert drainage areas were not performed 

and Culvert-4). Instead, the smallest duration (10 min.) from the 

Rainfall Intensity-Frequency-Duration Curve were used to calculate rainfall intensities. 

For Ditch-12 and Culvert-4, t,'s were calculated using SCS methodologies due to the 

.- - -. - - _ _  _ _  _ _  _ _  - - - - 

relatively large, flat drainage areas. 

Ditches were designed based on uniform flow. 

The existing ditches and 24" dia. culvert at the proposed wheel wash area were 

designed under Calculation No. 15-02, for PO1 58 (Haulroad Upgrade Project), and is 

included for information as an attachment to this calculation. 

The existing catch basin and 18" corrugated HDPE storm drain located west of the 

Inactive Flyash Pile was designed under Calculation No. 15-01, for PO139 (Design of 

Seepage Collection & Removal of Sediment), and is included for information as an 

attachment to this calculation. 

The Contingency Stockpile Area (Stockpile #2), located north-northwest of ditch-1 2, 

may or may not be utilized, depending on the amount of excess soil. Therefore, 

ditches $A, $B, end Basin 2 were designed assuming that this stockpile area would 

be utilized. 

Dumped Rock Fill will be used in ditches that do not have a geomembrane liner where 

velocities are greater than 4.0 fps for erosion control blanket lining. ODOT Type "C" 

dumped rock fill will be used due to the small geometrical shape of the ditches. 

4. 

5. 
_I 

. .. 
- 

6. 
- 

7 .  

8. 
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ENGINEERING-CALC-ULATIONS 
BASIS SHEET 

SUMMARY OF DATA SOURCES - CODES - ASSUMPTIONS (continued) 

9. Ditches 2B, 3-7, and 9 will have a geomembrane liner. Where velocity checks are 

used, flow depths will be determined using a broad-crested weir analysis. 
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2% 5 A r a  I ERA PROJECT 1 COMPUTER CALCULATION SUMMARY SHEET 

ou: 2 PO: 165 Job Number: 76634165-1 11 12-141 

Computer Code: OTR-55 Version: 5.46 

Code Verification Status: REV 0. Nov 1992 

Description of Program: DeveloDes runoff hvdromaDhs Der SCS TR-55. 
Determines D& flows per Modified Rational Method 

Source of Data: Refer to Data Sources. Sheet 2 

PurposeDescription of Calculation: 
Retention Basins will be sized to accommodate these volumek 

To determine volume of runoff Droduced bv 10-vr. 24-hr storm event. 
- - - -  , 

~ ~ 

To determine D& flows for design of ditches and culverts. 

Run Performed By: T. Brown 

DateRime of Run: various. see comDuter Drintouts 

Computer Time of Run: n/a 

Input Filename: See attached list on Sheets 8-1 1 

Output Filename: See attached list on Sheets 8-1 1 

Files Saved to Diskname: ~:\en~data\c&sdata\~ol65\swu\swcalc Disk Location: network directory. backuD 
with discidine files 

Results: Refer to calculation 

Performed By: T. Brown Date: %%-91 

Checked By: Date: &2~-$7  

Approved By: Date: 



COMPUTER CALCULATION SUMMARY SHEET 
~~~ ~ ~ ~~ ~~ ~~ 

ou: 2 PO: 165 Job Number: 76634165-1 11 12-141 

Computer Code: Flow Master Version: 5.13 

Code Verification Status: Rev 0. Feb. 1997 

Description of Program: Commtes solutions to uniform flow oDen channel hvdraulic Droblems 

Source of Data: Refer to Data Sources. Sheet 2 

hrpose/Description of Calculation: 
lining material. 

Used to evaluate and select drainape channel geometrv and acceDtable 

Run Performed By: T. Brown 

Datemime of Run: various. see comDuter Drint-outs 

Computer Time of Run: n/a 

Input Filename: See attached list on Sheets 8-11 

Output Filename: See attached list on Sheets 8-1 1 

Files Saved to Diskname: ~:enfzdata\c&sdata\~o 165\swu\swcalc 
with discidine files 

Disk Location: network directory. backuD 

Results: Refer to calculation 

Performed By: T. Brown 5 5 3  Date: 8-1b-71 

Checked By: Date: & HJd 77 
/ -  

Approved By: Date: 
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ERAPROJECT 1 COMPUTER CALCULATION SUMMARY SHEET 

ou: 2 PO: 165 Job Number: 7663-0165-1 11 12-141 

Computer Code: POND -2 Version: 5.17 

Code Verification Status: REV 0. NOV 1992 

Description of Program: 
an outflow hvdromaph using level-uool routing techniaues 

Comuutes solution for routing inflow hvdrograuh generated bv OTR-55 and generates 

Source of Data: Refer to Data Sources. Sheet 2 

PurposeDescription of Calculation: Used to sue retention basins to ensure no discharpe for 10-vear. 24-hour 
.. . 

Run Performed By: T. Brown 

Datemime of Run: various. see computer Drint-outs 

Computer Time of Run: d a  

Input Filename: See attached list on Sheets 8-1 1 

Output Filename: 

Files Saved to Diskname: u:\en~data\c&sdata\~o165\swu\swcalc Disk Location: network directorv. backuu 
with discidine files 

See attached list on Sheets 8-11 

Results: Refer to calculation 

Performed By: T. Brown- Date: 8-,3b-¶ 

Checked By: Date: &&- 7 2  

Approved By: Date: 
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CALCULATION SHEET 
WnPRoScr  

REV BY DATE CK DATE TITLE: STORMWATER MANAGEMENT 

1 TJB 8- 
453 

ou-2 

AUTHOR: T. Brown SHEET 8bc PO165 

RESULTS: 

The results from the routing of the 25-year, 24-hour storm event through retention basins 1 & 2 are as follows: 

RETENTION BASIN 1 

0, = 88 CFS 

Initial Storage (Assumed 
full of sediment) = 0.36 Ac-Ft 

Overflow Elev. = 538.5 

Water Surface Elev. (WSE,) = 537.87 

~ ~ - ~ ~ - ~  - -0, Discharge-= - ~ ~ -0 CFS ~~ - ~ - =~ ~ -~ ~ 

RETENTION BASIN 2 

0, = 34 CFS 

Initial Storage (Assumed 
full of sediment) = 0.1 1 Ac-Ft 

Overflow Elev. = 537.0 

Water Surface Elev. (WSE,) = 

0, Discharge = 0 CFS 

536.63 

The results from the routing of the 10-year, 24-hour storm event through retention basin 3 are as follows: 

RETENTION BASIN 3 

Q,, = 21 CFS 

Initial Storage (Assumed 
full of sediment) = 0.10 AC-Ft 

Overflow Elev. = 540.0 

Water Surface Elev. (WSE,,) = 

Q,, Discharge = 0 CFS 

539.89 

The retention basins do not discharge during the design storm events and are acceptable. 

The diversion ditches and culverts were designed to  accommodate a 10-year storm event. 
The results for diversion ditches and culverts are included within the body of the calculations. 

12/92 ENGO: 



I 
~1 Print File L i t  

Total Files: 195 
Total Bytes: 1,600,667 

8/20/97 448PM 
P :\ENG D ATA\C&SD ATA\PO 1 6!AS W WSW C ALC\R 1 

023ep 
023site 
0251 0 
025eg 
080eg 
095eg 
098eg 
cl3p.mod 
clep.mod 
clp.mod 
c2ep.mod 
c2p.mod 
-.mod 
cak.rpt 
cak.txt 
cc.mod 
cvrsht .txt 
dl.Mk- - 

d l  .fm2 
dlOe.mod 
dl0p.mod 
d l  le.mod 
dl2p.mod 
dl3p.mod 
dle.mod 
dlep.mod 
d l  n.mod 
d l  p.mod 
d lp l  .mod 
dlp2.mod 
d l  p3.mod 
d l  p4.mod 
dls.mod 
d2e.mod 
d2ep.mod ~ 

d2p.mod 
d2p2.mod 
d2p2dl .mod 
d2p2d2.d 
d3e.mod 
d3ep.mod 
d3p.mod 
d4e.mod 
d4p.mod 
d56p.W 
d5e.mod 
d5p.mod 
d6e.mod 
d 6 p . d  
d7e.mod 
d7p.mod 
d8ae.mod 



5crr \o - i t  -2 Print-Eile-List 
W20197 4:48PM 

P:\ENGDATA\C&SDATA\POI 6% W US WCALC\Rl 
d8ap.M 
d8be.mod 
d8bp.mod 
d 8 e . d  
d 8 p . d  
d 9 e . d  
d9p.mod 
ditch.txt 
eng023 
eng023.1 
eng025.n 
eng0251 
eng080 
eng095 
eng095.1 
eng095.2 
eng095.3 
eng095ep.2 
eng098 
ePcakJPt 
estimatest 
excvswl .vol ~ 

out.hyd 
pl-lO.hyd 
PI -25. hyd 
pl-25a.hyd 

~ __ ~~ __ ~~ - ~ ~~ - - ~  ~ 
~ ~~ - 

p l  .hyd 
p l  .mop 
p i  .msr 
p i  .rcn 
p i  .tcm 
p i  .tct 
p l  .wsd 
PI 2-1 0. hyd 
p12-1OO.hyd 
PI 2-25.hyd 
pl2.hyd 
pl2.mop 
pl2.msr 
pl2.rcn 
pl2.tcm 
pl2.wsd 
platry.msr 
p2-.tct 
p2-IO. hyd 
p2-25. hyd 
p2.det 
P24Pd 
p2.hyd 
p2.mop 
p2.msr 
p2.m 
p2.w 
p2.wsd 
p2a-tl .msr 



3 Print File List 
8/20/97 4:48PM 

P:\ENGDATA\C&SDATA\POl GfiSWU\SWCALC\Rl 
9a.msr 
22ae-11 .msr 
9e-l0.hyd 
32e-25. hyd 
32e.mop 
~2e.rcn 
~2e.tct 
~2e.wsd 
~2ex.mop 
p3-l0.hyd 
p3-l0a.hyd 
p3-25.hyd 
p3-25a.hyd 
p3.hYd 
p3.mop 
p3.msr 
p3.rcn 
p3.W 
p3.WSd 
p3a-11 .msr 
p3a.MP 
p3a.msr 
p3a.rcn 
p3a.WSd 

P4.hYd 
P4-mop 
p4.msr 
p4.OUt 
p4.rcn 
p4.tct 
p4.WSd 

- . _  _ _  - -  - .- - . .  

p4-1 O.hyd 
p4-25. hyd 



5t*’t \z- \2 -4 Print Xile-List 
8/20/97 4:48PM 

P :\ENG D ATA\C&S D ATA\PO 1 6SS W u\S WC ALC\R1 
sW-251. hyd 
SW-11. hyd 
SW-11 .pnd 
SW-11 .vol 
sW.pnd 
sW.vol 
sWa-1 O.hyd 
sWa-25. h yd 
sw2a.pnd 
sw2a.vol 
sWe-101. hyd 
sw3-l0.hyd 
sw3-1Oa.hyd 
sw3-10t.hyd 
sW3-25. hyd 
~ ~ 3 - 2 s .  hyd 
sW3-251. hyd 
Sw3-tl.hyd 
sW3-11 .pnd 
sw3-11 .vol 
sW3.pnd 
sw3.vol - - - - 

s a - 1  0. hyd 
sW-25. hyd 
sw3a.pnd 
sw3a.vol 
swmpswl. rvk 
swu.bak 
swu.fm2 
SW.idf 
swul .bak 
swul .fm2 
wtdn.xls 



ATTACHMENT A, RETENTION BASINS 

Methodology 

This calculation is performed by examining the existing and proposed conditions to 
identify the "worst case" for storm volumes. 

The existing drainage area for each basin is computed using the existing 
topography. The proposed drainage area for each basin is computed on the final 
grading plan. Time of concentrations are determined using sheet flow, shallow 
concentrated flow, and channel flow as required by the drainage characteristics of 
each drainage area. See Drainage Area Map in Appendix B of the Surface Water 
Management Plan. A weighted curve number is developed for each drainage area 
based on soil types and conditions within the drainage area. The proposed inflow 
hydrographs are then developed using SCS Technical Release No. 55 (TR-55) and 
the computer program Quick TR-55. Retention Basins No. 1 & 2 will use the 25 yr 
- 24 hr storm as the design storm event. Retention Basin No. 3 will use the 10 yr - 
24 hr storm as the design storm event. The drainage areas for each basin under 

_ -  - _ _  _ _  - -  - existing and proposed conditions are as follows: . - - _  - 

EXISTING PROPOSED 

Basin 1 14.33 AC 15.23 AC 
Basin 2 7.04 AC 6.1 AC 
Basin 3 4.78 AC 4.78 AC 

By inspection, The worst-case volume condition for basin 1 and basin 3 will occur 
during proposed conditions due to the size of the drainage areas and the use of 
higher curve numbers for disturbed conditions. However, for basin 2 it is not 
apparent which condition will generate the largest storm runoff volume. Therefore, 
runoff hydrographs will be generated for each condition and routed through the 
storage volume estimate routine of the Pond-2 computer program. The condition 
which produces the largest estimated storage volume will be used as the worst- 
case and will be routed through the basin. 

Stage-storage information is developed from the grading plans for each basin. This 
information is entered into the Pond-2 computer program. Since the basins retain 
the design storm instead of regulating outflow, an outflow rating table is not 
required. Also, the pumping rate at the lifts stations (400 gallons per minute at 
basin 1 , and 100 gpm at basins 2 & 3) was not considered when routing the design 
storm event. 

The inflow hydrographs are then routed through the basins using level-pool reservoir 
routing techniques found in the Pond-2 computer program. Maximum water 
surface elevations due to storage of the entire storm volume are evaluated to  
ensure that adequate volume is provided to contain the design storm events. 



Variables used in development of the inflow hydrographs are taken from TR-55. 
Variable definitions, values used, and reference location within TR-55 are defined. 

Time of Concentration 

Time of concentration is comprised of travel times from sheet flow, shallow 
concentrated flow, and channel flow components. Each component is described as 
follows: 

Sheet Flow (Equation 3-3) 

T, = 
(P40.5 

where: 

T, = Travel time (hrs) 
n = Manning's roughness coefficient. Use following values from Table 3- 

1, Page 3-3 for n: 

~ ~ 
~ - - ~~~ 

n = 0.01 1 for bare soil conditions, 
n = 0.13 for range conditons (vegetated)- 

~~ _ _ _ _ _ _  - - ~ 

P, = 2 yr - 24 hr rainfall (in.). The 2 yr - 24 hr rainfall is used in the SCS 
equation for sheet flow for any storm frequency. For the Fernald 
Area use 3.0 inches (Reference 5) 

L = Flow Length (ft) 
s = Land slope (ft/ft) 

Shallow Concentrated Flow (Page 3-1 1 

T,= L / 3 6 0 0 x V  

where: 

T, = Travel time (hrs) 
L = Flow Length (ft) 
3600 is conversion factor from seconds to  hours 
V = Average velocity (ft/s) taken from Figure 3-1 

Channel Flow (Page 3-3) 

T,= L / 3600 x V 

T, = Travel time (hrs) 
L = Flow Length (ft) 
3600 is conversion factor from seconds to  hours 
V = Average channel velocity taken from equation 3-4 



Runoff Curve Number 

A weighted curve number is derived for watershed areas based on the soil type, 
hydrologic soil group, cover type, and treatment. The soil types in the area and the 
hydrologic soil groupings are based on soil surveys of the area (Reference 6, see 
Attachment E). The cover types and treatment (Le., proposed-bare soil conditions, 
or existing-wooded conditons) are based on the expected conditions to  be 
encountered during the project. Curve numbers are assigned based on the Curve 
Number Tables 2-2a, 2-2b, and 2-2c. 

. . .. .~ .. . . . . . .  - .  . .  .. - ~ - .- . . . . . ~  .. . .- . .. . .. . . -. . . . . . . . . . . . . . . - 

. . . \  . .  
. -  



RETENTION BASIN 1 



1121 
5 HT- . A 5  

Quick TR-55 Ver.5.46 S/N: 
Executed: 10:05:30 08-19-1997 c:\pol65tk\Pl.TCT 

RETENTION BASIN - 1 

Tc COMPUTATIONS FOR: P1 

SHEET FLOW (Applicable to Tc only) 
Segment ID 
Surface description 
Manning's roughness coeff., n 
Flow length, L (total < or = 300) 
Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
.007  * (n*L) 

T = -------------- 
0.5 0.4 

- - - .  
P2 * s 

. .  _. 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surface (paved or unpaved)? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (3600*V) 

CHANNEL FLOW 
Segment ID 
Cross Sectional Flow Area, a 
Wetted perimeter, Pw 
Hydraulic radius, r = a/Pw 
Channel slope, s 
Manning's roughness coeff., n 

1 
BARE 

0.0110 
ft 280.0 
in 3.000 

ft/ft 0.0210 

hrs 0.05 = 0.05 , 

2 
Unpaved 

ft 240.0 
ft/ft 0.1120 

ft/s 5.3996 

hrs 0.01 

3 
sq.ft 10.00 

ft 12.47 
ft 0.802 

ft/ft 0.0080 
0.0400 

= 0.01 

ft 305 

hrs 0.03 = 0.03 

....................................................................... 
TOTAL TIME (hrs) 0.09 



Quick TR-55 Ver.5.46 S/N: 
Executed: 10:05:30 08-19-1997 

SUMMARY SHEET FOR Tc or Tt COMPUTATIONS 
(Solved for Time using TR-55 Methods) 

RETENTION BASIN - 1 



P1 WATERSHED, CHANNEL FLOW 
Worksheet for Trapezoidal Channel 

Project Description 
Project File c:\po165d\swu.fm2 
Worksheet P1 WATERSHED, CHANNEL FLOW 
Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Discharge 

~ 

Input Data 
Mannings Coefficient 0.040 
Channel Slope 0.008000 Wft 
Depth 1.00 ft 
Left Side Slope 
Right Side Slope 
Bottom Width 8.00 ft 

2.000000 H : V 
2.000000 H : V 

. .. . . . . .  . .. - .  -. . .  . .. . . . .~ ... .... _... . . - . . . - . . .. . .. - . . ... ~. ~. . . .. . . - .. - - - ... 

Results 
Discharge 28.68 cfs 
Flow Area 10.00 w 
Wetted Perimeter 12.47 ft 
Top Width ' 12.00 ft 
Critical Depth 0.69 ft 
Critical Slope 0.028706 Wft 
Velocity 2.87 Ws 
Velocity Head 0.13 ft 
Specific Energy 1.13 ft 
Froude Number 0.55 
Flow is subcritical. 

Notes: ~ 

THIS ANALYSIS WAS TO DETERMINE THE FLOW AREA, WETTED PERIMETER, AND HYDRAULIC RADIUS 
OF D-3 FLOWING 1 FT. DEEP. 

RESULTS USED TO DETERMINE TRAVEL TIME FOR CHANNEL FLOW COMPONENT OF TIME OF 
CONCENTRATION OF P1 DWNAGE AREA. 

08/19/97 
1 1013:35AM . - 3 , .r;,+:, t$lHaestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 7551666 

FlowMaster 5.13 
Page 1 of 1 

00004'~ 



Quick TR-55 Ver.5.46 S/N: 
Executed: 10:15:12 08-19-1997 

RETENTION BASIN 1 
59% HoA, 20% HeF, 10% MaB, 

10% Gn, 1% Gravel Road 

RUNOFF CURVE NUMBER DATA 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

Composite Area: 

AREA CN 
SURFACE DESCRIPTION (acres) ................................ --------- ---- 

- ~ a.97- -91 ~ - 
~ -- --HoAy (C) : FALLOW, BARE SOIL ~ - 

MaB, (C) : FALLOW, BARE SOIL 1.52 91 

Gravel Road 0.15 91 

HeF, (B) : FALLOW, BARE SOIL 3.04 86 
Gn, (B) : FALLOW, BARE SOIL 1.55 86 

COMPOSITE AREA ----> 15.23 89.5 ..................................................... ..................................................... 
0 D) 



0 1 1 2 1  - 
SnT AS 

Quick TR-55 Ver.5.46 S/N: 
Executed: 10:15:12 08-19-1997 

RETENTION BASIN 1 
59% HoA, 20% HeF, 10% MaB, 
10% Gn, 1% Gravel Road 

RUNOFF CURVE NUMBER SUMMARY 
.................................................................. 

.. . -  - - .  ... .~ - .  . . . .. . . . . ~  . .. .. - .. . . . .~ . .. . - - -  . . .  .. - .. .~ . . . .- - _ _  . .  .. . 



I .  I 

Quick TR-55 Version: 5.46 S/N: Page 1 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:17:37 
Watershed file: --> C:\P0165TK\P1 . MOP 
Hydrograph file: --> C:\P0165TK\P1-25.HYD 

RETENTION BASIN 1 
PROPOSED CONDITIONS 



Quick TR-55 Version: 5.46 S/N: Page 2 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:17:37 
Watershed file: --> C:\P0165TK\Pl . MOP 
Hydrograph file: --> C:\P0165TK\P1-25.HYD 

RETENTION BASIN 1 
PROPOSED CONDITIONS 

>>>> Summary of Subarea Times to Peak <<<< 



I , I.. i?’ 
?P 

~ _ _ _  5 rnAI1- 
Quick TR-55 Version: 5.46 S/N: Page 3 

Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:17:37 
Watershed file: ---> C:\P0165TK\Pl . MOP 
Hydrograph file: ---> C:\PO165TK\P1-25.HYD 

RETENTION BASIN 1 
PROPOSED CONDITIONS 



Quick TR-55 Version: 5.46 S/N: 

. .  . .. ... . ~. . - 

Page 4 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:17:37 
Watershed file: --> C:\P0165TK\Pl .MOP 
Hydrograph file: --> C:\P0165TK\P1-25.HYD 

RETENTION BASIN 1 
PROPOSED CONDITIONS 

Time Flow 
- __ (cfs) 

. -  _ _  (hrs) 

11.0 2 
11.1 2 
11.2 3 
11.3 3 
11.4 4 
11.5 4 
11.6 5 
11.7 13 
11.8 21 
11.9 29 
12.0 57 
12.1 88 
12.2 55 
12.3 19 
12.4 13 
12.5 11 
12.6 9 
12.7 8 
12.8 7 
12.9 6 
13.0 6 
13.1 5 
13.2 5 
13.3 4 
13.4 4 
13.5 4 
13,6 4 
13.7 4 
13.8 4 
13.9 3 
14.0 3 
14.1 3 
14.2 3 
14.3 3 
14.4 3 
14.5 3 

- .  ----------------- 

, I  . , e .  , 

Time Flow 

_ _  (hrs) (cfs) ----------------- - - -  

14.8 3 
14.9 3 
15.0 3 
15.1 3 
15.2 3 
15.3 2 
15.4 2 
15.5 2 
15.6 2 
15.7 2 
15.8 2 
15.9 2 
16.0 2 
16.1 2 
16.2 2 
16.3 2 
16 .-4 2 
16.5 2 
16.6 2 
16.7 2 
16.8 2 
16.9 2 
17.0 2 
17.1 2 
17.2 2 
17.3 2 
17.4 2 
17.5 2 
17.6 2 
17.7 2 
17.8 2 
17.9 2 
18.0 2 
18.1 2 
18.2 2 
18.3 2 





Quick TR-55 Version: 5.46 S/N: Page 5 
Return Frequency: 25 years 

- - .  
18.6 
18.7 - 
18.8 

19.0 
19.1 
19.2 
19.3 
19.4 
19.5 
19.6 
19.7 
19.8 
19.9 
20.0 
20.1 
20.2 
20.3 
20.4 - 

20.5 
20.6 
20.7 
20.8 
20.9 
21.0 
21.1 
21.2 
21.3 
21.4 
21.5 
21.6 
21.7 
21.8 
21.9 
22.0 
22.1 
22.2 
22.3 

. _  - 

18.9 

I l k  I 

1 
1--- - 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 .  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:17:37 
Watershed file: --> C:\P0165TK\Pl . MOP 
Hydrograph file: --> C:\P0165TK\P1-25.HYD 

RETENTION BASIN 1 
PROPOSED CONDITIONS 

22.4 
- -  22i5- - 

22.6 
22.7 
22.8 
22.9 
23.0 
23.1 
23.2 
23.3 
23.4 
23.5 
23.6 
23.7 
23.8 
23.9 
24.0 
24.1 
24.2 
24.3 
24.4 
24.5 
24.6 
24.7 
24.8 
24.9 
25.0 
25.1 
25.2 
25.3 
25.4 
25.5 
25.6 
25.7 
25.8 
25.9 

1 
1 - _ -  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 -  
0 
0 



RETENTION BASIN NO. 1- 

I 

CALCULATED 08-19-1997 10: 23 : 58 
DISK FILE: c:\pol65tk\SWl * VOL 

Planimeter scale: 1 inch = 40 ft. 

* 
Elevation Planimeter Area Al+AZ+sqr (Al*A2) Volume Volume Sum 

(ft) (sq. in. ) (acres) (acres) (acre-ft) (acre-ft) 

531.40 0.00 0.00 0.00 0.00 0.00 
532.00 5.27 0.19 0.19 0.04 0.04 
533.00 16.74 0.61 1.15 0.38 0.42 
534.00 23.83 0.88 2.22 0.74 1.16 

536.00 26.97 0.99 2.88 0.96 3.03 
537.00 28.60 1.05 3.06 1.02 4.05 
538.00 31.45 1.16 3.31 1.10 5.15 
539.00 35.20 1.29 3.67 1.22 6.38 
540.00 36.27 1.33 3.94 1.31 7.69 

........................................................................... 

- ~~ - -535.00- ~ -25.38 - ~ -0.93 - -- -2.-71- ~ - - ~ ~ 0.90- ~ ~ -2.07 - 

Elevations With Areas Interpolated From 
The Closest Two Planimeter Readings 

532.90 ----- 0.56 1.09 
538.50 ----- 1.22 3.57 

0.33 0.36 
0.59 5.75 

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



POND-2 Version: 5.17 S/N: 
EXECUTED: 08-19-1997 10:26:34 

Page 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* RETENTION BASIN 1 * 
* 25 YR - 24 HR STORM * 
* PROPOSED CONDITIONS * * * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . .  

Inflow Hydrograph: c:\po165tk\P1-25 .HYD 
Rating Table file: c:\pol65tk\SWl . PND 
---- INITIAL CONDITIONS---- 
Elevation = 
Outflow = 0.00 cfs 
Storage = 0.36 ac-ft - w, m o w  V D W K  

532.90 ft - ~ % . ~ ~ p ~ ~ ~ ~ o J t  e V .  

ELEVATION 
(ft) --------- 
531.40 
532.00 
532.90 
533.00 
534.00 
535.00 
536.00 
537.00 
538.00 
538.50 
539 . 00 
540.00 

OUTFLOW 
(cfs) --------- 

0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

STORAGE 
(ac-ft) ---------- 

0.000 
0.040 
0.360 
0.420 
1.160 
2.070 
3.030 
4 . 050 
5.150 
5.750 
6.380 
7.690 

INTERMEDIATE ROUTING 
COMPUTATIONS 

0.0 
9.7 
87.1 
101.6 
280.7 
500.9 
733.3 
980.1 
1246.3 
1391.5 
1544.0 
1861.0 

0.0 
9.7 

87.1 
101.6 
280.7 
500.9 
733.3 
980.1 
1246.3 
1391.5 
1544.0 
1861.0 

- 

Time increment (t) = 0.100 hrs. 



SHT A s  : 4, 

POND-2 Version: 5.17 S/N: Page 2 
EXECUTED: 08-19-1997 10:26:34 

Pond File: c:\pol65tk\SWl . PND 
Inflow Hydrograph: c:\po165tk\P1-25 .HYD 
Outflow Hydrograph: c:\pol65tk\SWl . HYD 

TIME 
(h-1 -------- 

11.000 
11.100 
11.200 
11.300 
11.400 
11.500 
11.600 
11.700 
11.800 
11.900 
12.000 
12 . 100 
12 . 200 
12.300 
12.400 
12.500 
12.600 
12 . 700 
12.800 
12.900 
13.000 
13.100 
13.200 
13.300 
13.400 
13.500 
13.600 
13 . 700 
13.800 
13.900 
14.000 
14.100 
14.200 
14.300 
14.400 
14.500 
14.600 
14.700 
14.800 
14.900 
15.000 
15.100 
15.200 
15.300 
15.400 

INFLOW 
(cfs) - - - - - - - - - 

2.00 
2.00 
3.00 
3.00 
4.00 
4.00 
5.00 
13 . 00 
21.00 
29.00 
57.00 

=~ 88.00 
55.00 
19 . 00 
13.00 
11.00 
9.00 
8.00 
7.00 
6.00 
6.00 
6.00 
5.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.00 
2.00 

I1+12 
(cfs) --------- ----- 

4.0 
5.0 
6.0 
7.0 
8.0 
9.0 
18.0 
34.0 
50.0 
86.0 

-145.0- 
143.0 
74.0 
32.0 
24.0 
20.0 
17.0 
15.0 
13.0 
12.0 
12.0 
11.0 
9.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
7.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
5.0 
4.0 

2S/t - 0 
(cfs) _----------- 

87.1 
91.1 
96.1 
102.1 
109.1 
117.1 
126.1 
144.1 
178.1 
228.1 
314.1 

602.1 
676.1 
708.1 
732.1 
752.1 
769.1 
784.1 
797.1 
809.1 
821.1 
832.1 
841.1 

857.1 
865.1 
873 . 1 
881.1 
889.1 
896.1 
902.1 
908 . 1 
914.1 
920.1 
926.1 
932.1 
938.1 
944.1 
950.1 
956.1 
962.1 
968.1 
973.1 
977 . 1 

~ ~- -459.1- 

849.1 

87.1 
91.1 
96.1 
102.1 
109.1 
117.1 
126.1 
144.1 
178.1 
228.1 
314.1 

- - -459.1 
602.1 
676.1 
708.1 
732.1 
752.1 
769.1 
784.1 
797.1 
809.1 
821.1 
832.1 
841.1 
849.1 
857.1 
865.1 
873.1 
881.1 
889.1 
896.1 
902.1 
908.1 
914.1 
920.1 
926.1 
932.1 
938.1 
944.1 
950.1 
956.1 
962.1 
968.1 
973.1 
977.1 

OUTFLOW 
(cfs) --------- 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

~ - 0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

ELEVATION 
(ft) --------- 
532.90 
532.93 
532.96 
533.00 
533.04 
533.09 
533.14 
533.24 
533.43 
533.71 
534.15 
534.81 
535.44 
535.75 
535.89 
536.00 
536.08 
536.15 
536.21 
536.26 
536.31 
536.36 
536.40 
536.44 
536.47 
536.50 
536.53 
536.57 
536.60 
536.63 
536.66 
536.68 
536.71 
536.73 
536.76 
536.78 
536.81 
536.83 
536.85 
536.88 
536.90 
536.93 
536.95 
536.97 
536.99 



I 

15.500 
15.600 
15.700 
15.800 
15.900 
16.000 
16.100 
16.200 
16.300 
16.400 
-16.. 50-0 
16.600 

POND-2 Version: 5.17 S/N: 
EXECUTED: 08-19-1997 10:26:34 

.................................. 
I1+12 2S/t - 0 2S/t + 0 
(cfs) (cfs) (cfs) --------- ------------ ----------- 

4.0 981.1 981.1 
4.0 985.1 985.1 
4.0 989.1 989.1 
4.0 993.1 993.1 
4.0 997.1 997.1 
4.0 1001.1 1001.1 
4.0 1005.1 1005.1 
4.0 1009.1 1009.1 
4.0 1013.1 1013.1 
4.0 1017.1 1017.1 

l-021-.1 - -  - --1021-.1 
4.0 1025.1 1025.1 

- - L4 - _- - 

Pond File: c:\pol65tk\SWl . PND 
outflow Hydrograph: c:\pol65tk\SW1 . HYD Inflow Hydrograph: c:\po165tk\P1-25 .HYD 

16.700 
16.800 
16.900 
17.000 
17.100 
17.200 
17.300 
17.400 
17.500 
17.600 
17.700 
17.800 
17.900 
18.000 
18.100 
18.200 
18.300 
18.400 
18.500 
18.600 
18.700 
18.800 
18.900 
19.000 
19.100 
19 3 200 
19.300 
19.400 
19.500 
19.600 
19.700 
19.800 
19.900 
20.000 

I------------,,-,,, 

. :i'iPJ *, 

tDROGRAPH ROUTING COMPUTATI 

4.0 1029.1 1029.1 
4.0 1033.1 1033.1 
4.0 1037.1 1037.1 
4.0 1041.1 1041.1 
4.0 1045.1 1045.1 
4.0 1049.1 1049.1 
4.0 1053.1 1053.1 
4.0 1057.1 1057.1 
4.0 1061.1 1061.1 
4.0 1065.1 1065.1 
4.0 1069.1 1069.1 
4.0 1073.1 1073.1 
4.0 1077.1 1077.1 
4.0 1081.1 1081.1 
4.0 1085.1 1085.1 

4.0 1093.1 1093.1 
4.0 1097.1 1097.1 
4.0 1101.1 1101.1 
3.0 1104.1 1104.1 
2.0 1106.1 1106.1 
2.0 1108.1 1108.1 
2.0 1110.1 1110.1 
2.0 1112.1 1112.1 
2.0 1114.1 1114.1 
2.0 1116.1 1116.1 
2.0 1118.1 1118.1 
2.0 1120.1 1120.1 
2.0 1122.1 1122.1 
2.0 1124.1 1124.1 
2.0 1126.1 1126.1 
2.0 1128.1 1128.1 
2.0 1130.1 1130.1 
2.0 1132.1 1132.1 

4.0 - ~ -1089.1 - -  1089.1 - 

I 

- ~~- -~ 

INFLOW 
(cfs) --------- 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

- --2-00 
2.00 

. _  

bNS .------------------- 
OUTFLOW 
(cfs) --------- 

0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

- .. - - o r 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

- 
- 0 . 0 0 -  

2 * o o 1  2.00 

ELEVATION 
(ft) --------- 
537.00 
537.02 
537.03 
537.05 
537.06 
537.08 
537.09 
537.11 
537 . 12 
537.14 

- -  15-37i1-5 
537.17 
537.18 
537 . 20 
537.21 
537.23 
537.24 
537.26 
537.27 
537 . 29 
537.30 
537.32 
537.33 
537.35 
537.36 
537.38 
537.39 
537.41 
537.42 
537.44 
537.45 
537.47 
537.47 
537 . 48 
537.49 
537.50 
537.50 
537.51 
537.52 
537.53 
537.53 
537.54 
537.55 
537 . 56 
537.56 
537.57 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
--2.00 
2.00 
2.00 
2.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
l e 0 0  

I 1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

~- - 

I 

I 

I 

- 



.ir- 
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Page 4 

\ %  :. t 

POND-2 Version: 5.17 SIN: 
EXECUTED: 08-19-1997 10:26:34 

Pond File: c:\po165tk\SWl . PND 
Inflow Hydrograph: c:\po165tk\P1-25 .HYD 
Outflow Hydrograph: c:\pol65tk\SWl .HYD 

INFLOW HYDROGRAPH ------------------ 
TIME 
(hrs) - - - - - - - - 

20.100 
20.200 
20.300 
20.400 
20.500 
20.600 
20.700 
20.800 
20.900 
21.000 
21.100 
21.200 
21.300 
21.400 
21.500 
21.600 
21.700 
21.800 
21.900 
22.000 
22.100 
22.200 
22.300 
22.400 
22 . 500 
22 . 600 
22 . 700 
22.800 
22.900 
23.000 
23 . 100 
23.200 
23.300 
23 . 400 
23.500 
23.600 
23.700 
23.800 
23.900 
24.000 
24.100 
24.200 
24.300 
24.400 
24.500 
24.600 

INFLOW 
(cfs) --------- 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

- 1-00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

ROUTING COMPUTATIONS 

I1+12 
(cfs) --------_ 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

- 2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.0 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  

2S/t - 0 
(cfs) ------------ 
1134.1 
1136.1 
1138.1 
1140.1 
1142 . 1 
1144.1 
1146.1 
1148.1 
1150.1 
1152.1 
1154.1 

1158.1 
1160.1 
1162.1 
1164.1 
1166.1 
1168.1 
1170.1 
1172.1 
1174.1 
1176.1 
1178.1 
1180.1 
1182.1 
1184 . 1 
1186.1 
1188.1 
1190.1 
1192.1 
1194.1 
1196.1 
1198.1 
1200.1 
1202.1 
1204.1 
1206.1 
1208.1 
1210.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 

~ -~ --1156.1- 

2S/t + 0 
(cfs) ----------- 
1134.1 
1136.1 
1138.1 
1140.1 
1142.1 
1144.1 
1146.1 
1148.1 
1150.1 
1152.1 
1154.1 

~ 1156.1 
1158.1 
1160.1 
1162.1 
1164.1 
1166.1 
1168.1 
1170.1 
1172.1 
1174.1 
1176.1 
1178.1 
1180.1 
1182.1 
1184.1 
1186.1 
1188.1 
1190.1 
1192.1 
1194.1 
1196.1 
1198.1 
1200.1 
1202.1 
1204.1 
1206.1 
1208.1 
1210.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 

OUTFLOW 
(cfs) --------- 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

~ - -0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

ELEVATION 
( ft) --------- 
537.58 
537.59 
537.59 
537.60 
537.61 
537.62 
537.62 
537.63 
537.64 
537.65 
537.65 
537.66 ~ 

537.67 
537.68 
537.68 
537.69 
537.70 
537.71 
537.71 
537.72 
537.73 
537.74 
537.74 
537.75 
537.76 
537.77 
537.77 
537.78 
537.79 
537.80 
537.80 
537.81 
537.82 
537.83 
537.83 
537.84 
537.85 
537.86 
537.86 
537.87 
537.87 
537.87 
537.87 
537.87 
537.87 
537.87 



POND-2 Version: 5.17 S/N: 
EXECUTED: 08-19-1997 10:26:34 

Pond File: 
Inflow Hydrograph: 
Dutflow Hydrograph: 

INFLOW HYDROGRAPH ------------------ 
TIME 
(hrs) -------- 

24.700 
24.800 
24.900 
25.000 
25.100 
25.200 
25.300 
25.400 
25.500 
25.600 
25.700 
25.800 
25.900 

INFLOW 
(cfs) --------- 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

- 0.00 
0.00 
0.00 

c:\pol65tk\SWl . PND 
~:\p0165tk\P1-25 .HYD 
c:\pol65tk\SWl .HYD 

Page 5 

I1+12 
(cfs) --------_ 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

- 0.0 
0.0 
0.0 

-. . 

ROUTING COMPUTATIONS 

2S/t - 0 
(cfs) ------------ 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1- 
1211.1 
1211-1 

-. 

2S/t + 0 
(cfs) ----------- 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 
1211.1 

- 1211.-1 
1211.1 
1211.1 

OUTFLOW 
(cfs) --------- 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

ELEVATION 
(ft) 

537.87 
537.87 
537.87 
537.87 
537.87 
537.87 
537.87 
537.87 
537.87 
537 87 
-537.87 
537.87 
537.87 

. ' j 
i: J :, 



. Y '  .-* 

SNRZ'L 
POND-2 Version: 5.17 S/N: Page 6 
EXECUTED: 08-19-1997 10:26:34 

Pond File: c:\pol65tk\SWl . PND 
Inflow Hydrograph: c:\po165tk\P1-25 .HYD 
Outflow Hydrograph: c:\pol65tk\SWl .HYD 

Starting Pond W.S. Elevation = 532.90 ft 

***** Summary of Peak Outflow and Peak Elevation ***** 
88.00 cfs Peak Inflow 

Peak Outflow = 0.00 cfs 
Peak Elevation = 537.87 ft 

- - 

- ~ - ~ - p - ~ p  _ _ _ _  ~ ~ p ~ ~ p  

p - p p p - p p - p - _ p  

~ 

***** Summary of Approximate Peak Storage ***** 
0-36 ac-ft 

Peak Storage From Storm = 4.64 ac-ft 

5-00 ac-ft 

- Initial Storage - 

Total Storage in Pond - 
--------------- 

- 

Warning: Inflow hydrograph truncated on left side. 

>>>>>> Warning, peak outflow = last ordinate point. <<<<<< 



>>>>>> Warning, peak outflow = last ordinate point. <<.e<<< 
POND-2 Version: 5.17 S/N: Page 7 

Pond File: c:\pol65tk\SWl . PND 
Inflow Hydrograph: c:\po165tk\P1-25 .HYD 
Outflow Hydrograph: c:\pol65tk\SWl .HYD 

Peak Inflow - 88.00 cfs 10:26:34 
Peak Outflow = 0.00 cfs 
Peak Elevation = 537.87 ft 

EXECUTED: 08-19-1997 - 

-1.3 - 
-1.4 - 
-1.5 - 
-1.6 - 
-1.7 - 
-1.8 - 
-1.9 - 
-2.0 - 
L2.1 - 
12.2 - 
L2.3 - 
L2.4 - 
L2.5 - 
L2.6 - 
L2.7 - 
L2.8 - 
L2.9 - 
L3.0 - 
L3.1 - 
L3.2 - 

x *  
x *  
x *  
x *  
x *  
x *  
x *  - - -  

X * 
X * 
X * 
X * 
X * 
X * 
X 
X 
X 
X 
X 
X 
X 

.- 

X * 
X * 
X * 
X * 
X * 
X * 
X * 
X * 
X * 
X * 
X * 
x *  
x *  
x *  
x *  
x *  
x *  
x *  
x *  

* 

* 

.. . . . .  . .  . - - . -~ . .  . - . . . . . . . 

* 

* 

* 
* 

* 



5 H f  *z't 
* ' F i l e :  'c:\po165tk\P1-25 .HYD Qmax = 88.0 cfs 
x File: d: \pol65tk\SW1 .HYD Qmax = 0.0 cfs 



RETENTION BASIN 2 



Quick TR-55 Ver.5.46 S/N: 
Executed: 10: 33: 15 08-19-1997 c:\pol65tk\P2E.TCT 

RETENTION BASIN 2 
EXISTING CONDITIONS 

Tc COMPUTATIONS FOR: P2 

SHEET FLOW (Applicable to Tc only) 
Segment ID 
Surface description 
Manning's roughness coeff., n 
Flow length, L (total <'or = 300) 
Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
.007 * (n*L) 

T = -------------- 
0.5 0.4 

P2 * s 
~- 

~ 

SHAUOW CONCENTRATED FLOW 
Segment ID 
Surface (paved or unpaved)? 
Flow length, L 
Watercourse slope, s 

1 
RANGE 

0.1300 
ft 266.0 
in 3.000 

ft/ft 0.0450 

hrs 0.24 

2 
Unpaved 

ft 160.0 
ft/ft 0.0970 

0.5 
Avg.V = Csf * (S) ft/s 5.0251 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (3600*V) hrs 0.01 = 0.01 1 

CHANNEL FLOW 
Segment ID 3 
Cross Sectional Flow Area, a sq.ft 

Channel slope, s ft/ft 0.1000 

a M  DITU 1-4829 SB CALC. Wetted perimeter, Pw ft 3.85 
Hydraulic radius, r = a/Pw ft 0.384 

Manning's roughness coeff., n 0.0600 

Flow length, L ft 280 

T = L / (3600*V) hrs 0.02 = 0.02 

:::::::::::::::::::::::::::::::::::::::::::::::::::~::::::::::::::::::: 
0.27' TOTAL TIME (hrs) 



Quick TR-55 Ver.5.46 S/N: 
Executed: 10:33:15 08-19-1997 

SUMMARY SHEET FOR Tc or Tt COMPUTATIONS 
(Solved for Time using TR-55 Methods) 

RETENTION BASIN 2 
EXISTING CONDITIONS 



Quick TR-55 Ver.5.46 S/N: 
Executed: 10:33:45 08-19-1997 

RETENTION BASIN 2, EXISTING CONDITIONS 
HoA 51.0%, Gn 36.9%, HeF 6.4%, 

GRAVEL ROAD 3.0%, 
Mac2 2.7% 

RUNOFF CURVE NUMBER DATA .................................................................. .................................................................. 
Composite Area : 

AREA CN 
SURFACE DESCRIPTION (acres) ................................ --------- ---- 

~ ~~ HoA - (C)-:  BRUSH,-FAIR - - ~ ~~ ~ ~ 2.43- - 70 - - - ~ 

HoA (C) : FALLOW, BARE SOIL 1.16 91 
Gn (B) : BRUSH, FAIR 1.00 56 
Gn (B): FALLOW, BARE SOIL 1.60 86 
HeF, (B) : BRUSH, FAIR 0.45 56 
MaC2, (C) : BRUSH, FAIR 0.19 70 
GRAVEL ROAD 0.21 91 

COMPOSITE AREA --- > 7.04 74.8 ( 75 ) ..................................................... ..................................................... 



Quick TR-55 Ver.5.46 S/N: 
Executed: 10:33:45 08-19-1997 

RETENTION BASIN 2, EXISTING CONDITIONS 
HoA 51.0%, Gn 36.9%, HeF 6.4%, 

GRAVEL ROAD 3.0%, 
Mac2 2.7% 

RUNOFF CURVE NUMBER SUMMARY 
.................................................................. 



stn A30 
Quick TR-55 Version: 5.46 S/N: Page 1 

Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:40:24 
Watershed file: --> C:\P0165TK\P2EX . MOP 
Hydrograph file: --> C:\P0165TK\P2E-25.HYD 

RETENTION BASIN 2 
EXISTING CONDITIONS 

>>>> Input Parameters Used to Compute Hydrograph <<<< 

Total area = 7.04 acres or 0.01100 sq.mi 
Peak discharge = 17 cfs 

-- P2 0.27 0.00 0.30 0.00 Yes ............................................................................. 
* Travel time from subarea outfall to composite watershed outfall point. 



Quick TR-55 Version: 5.46 S/N: 

1 1 2 1  
-5m A S .  

Page 2 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:40:24 
Watershed file: --> C:\P0165TK\P2EX .MOP 
Hydrograph file: --> C:\P0165TK\P2E-25.HYD 

RETENTION BASIN 2 
EXISTING CONDITIONS 

>>>> Summary of Subarea Times to Peak <<<< 



I . ' . f  
< > .  L. ' 

3m43a 
Quick TR-55 Version: 5.46 S/N: Page 3 

Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:40:24 
Watershed file: --> C:\P0165TK\P2EX .MOP 
Hydrograph file: ---> C:\P0165TK\P2E-25.HYD 

RETENTION BASIN 2 
EXISTING CONDITIONS 



Quick TR-55 Version: 5.46 S/N: Page 4 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:40:24 
Watershed file: --> C:\P0165TK\P2EX . MOP 
Hydrograph file: --> C:\P0165TK\P2E-25.HYD 

RETENTION BASIN 2 
EXISTING CONDITIONS 

Time Flow 
(cfs) 

- - .  
(hrs 1 

11.0 0 
11.1 0 
11.2 1 
11.3 1 
11.4 1 
11.5 1 
11.6 1 
11.7 1 
11.8 2 
11.9 2 
12.0 5 
12.1 10 
12.2 16 
12.3 17 
12.4 12 
12.5 7 
12.6 5 
12.7 4 
12.8 3 
12.9 2 
13.0 2 
13.1 2 
13.2 2 
13.3 2 
13.4 2 
13.5 2 
13.6 1 
13.7 1 
13.8 1 
13.9 1 
14.0 1 
14.1 1 
14.2 1 
14.3 1 
14.4 1 
14.5 1 

_ _  ----------------- . .  

" ''.'tP 

Time Flow 
(hrs) (cfs) ----------------- - .  

14.8 1 
14.9 1 
15.0 1 
15.1 1 
15.2 1 
15.3 1 
15.4 1 
15.5 1 
15.6 1 
15.7 1 
15.8 1 
15.9 1 
16.0 1 
16.1 1 
16.2 1 
16.3 1 
16.4 ~ 1 
16.5 1 
16.6 1 
16.7 1 
16.8 1 
16.9 1 
17.0 1 
17.1 1 
17.2 1 
17.3 1 
17.4 1 
17.5 1 
17.6 1 
17.7 1 
17.8 1 
17.9 1 
18.0 1 
18.1 1 
18.2 1 
18.3 1 

.. . 





Quick TR-55 Version: 5.46 S/N: Page 5 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:40:24 
Watershed file: --> C:\P0165TK\P2EX . MOP 
Hydrograph file: --> C:\P0165TK\P2E-25.HYD 

RETENTION BASIN 2 
EXISTING CONDITIONS 

Time Flow 
(hrs) (cfs) ----------------- 
18.6 0 
18.7 -0 
18.8 0 
18.9 0 
19.0 0 
19.1 0 
19.2 0 
19.3 0 
19.4 0 
19.5 0 
19.6 0 
19.7 0 
19.8 0 
19.9 0 
20.0 0 
20.1 0 
20.2 0 
20.3 0 
20.4 0 
20.5 0 
20.6 0 
20.7 0 
20.8 0 
20.9 0 
21.0 0 
21.1 0 
21.2 0 
21.3 0 
21.4 0 
21.5 0 
21.6 0 
21.7 0 
21.8 0 
21.9 0 
22.0 0 
22.1 0 
22.2 0 
22.3 0 

~ 

Time Flow 
(hrs) (cfs) ----------------- 
22.4 0 

0 
22.6 0 
22.7 0 
22.8 0 
22.9 0 
23.0 0 
23.1 0 
23.2 0 
23.3 0 
23.4 0 
23.5 0 
23.6 0 
23.7 0 
23.8 0 
23.9 0 
24.0 0 
24.1 0 
24.2 0 
24.3 0 
24.4 0 
24.5 0 
24.6 0 
24.7 0 
24.8 0 
24.9 0 
25.0 0 
25.1 0 
25.2 0 
25.3 0 
25.4 0 
25.5 0 
25.6 0 
25.7 0 
25.8 0 
25.9 0 

- -  - 22-.5 



. . .  
I .  

Quick TR-55 Ver.5.46 S/N: 
Executed: 10:45:26 08-19-1997 c:\pol65tk\P2.TCT 

RETENTION BASIN 2 
PROPOSED CONDITIONS 

Tc COMPUTATIONS FOR: P2 

SHEET FLOW (Applicable to Tc only) 
Segment ID 1 

Manning's roughness coeff., n 0.0110 
Surface description BARE 

Flow lenqth, L (total < or = 300) ft 250.0 
Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
.007 * (n*L) 

T = -------------- 
0 . 5  0.4 

P2 * s 
~ ~ ~ ~ ~~ 

~ ~ 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surf ace (paved or unpaved) ? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (3600*V) 

CHANNEL FLOW 
Segment ID 
Cross Sectional Flow Mea, a 
Wetted perimeter, Pw 
Hydraulic radius, r = a/Pw 
Channel slope, s 
Manning's roughness coeff., n 

Flow length, L 

T = L / (3600*V) 

in 3.000 
ft/ft 0.0280 

hrs 0.04 

2 
Unpaved 

ft 210.0 
ft/ft 0.1190 

ft/s 5.5658 

hrs 0.01 

N/A 
sq.ft 0.00 

ft 0.00 
ft 0.000 

ft/ft 0,0000 
0.0000 

ft/s 0.0000 

ft 0 

hrs 0.00 

= 0 .04  

~ ~ ~~ . 

3 
Unpaved 

220.0 
0.0100 

1.6135 

+ 0.04 = 0 . 0 5  

.......................................................... .......................................................... 
TOTAL TIME (hrs) 

= 0.00 

.... .... ....... ....... 
0.09 



Quick TR-55 Ver.5.46 S/N: 
Executed: 10:45:26 08-19-1997 

SUMMARY SHEET FOR Tc or Tt COMPUTATIONS 
(Solved for Time using TR-55 Methods) 

RETENTION BASIN 2 
PROPOSED CONDITIONS 

. . .  ._ . . .  

'. t, 



5.M-A 3-8 . -A 

Quick TR-55 Ver.5.46 S/N: 
Executed: 10:45:54 08-19-1997 

RETENTION BASIN 2, PROPOSED CONDITIONS 
HoA 49.5%, Gn 38.1%, HeF 6.6%, 

GRAVEL ROAD 3.5%, 
Mac2 2.3% 

RUNOFF CURVE NUMBER DATA 
.................................................................. 

Composite Area: 

AREA CN 
SURFACE DESCRIPTION (acres) ---- ................................ --------- 

~ -HoA- (C): -FALLOW, BARE-SOIL ~ -- ~ 3.00- --91- ~ - ~ 

Gn (B) : FALLOW, BARE SOIL 2.31 86 
HeF, (B) : FALLOW, BARE SOIL 0.40 86 
MaC2, (C): FALLOW, BARE SOIL 0.14 91 
GRAVEL ROAD 0.21 91 

88.8 ( 89 ) 6.06 COMPOSITE AREA ----> 
::::::::::::::::::::::::::::::::::::::::::::::::::::: 



Quick TR-55 Ver.5.46 S/N: 
Executed: 10:45:54 08-19-1997 

RETENTION BASIN 2, PROPOSED CONDITIONS 
HoA 49.5%, Gn 38.1%, HeF 6 . 6 % ,  

GRAVEL ROAD 3.5%, 
Mac2 2.3% 

RUNOFF CURVE NUMBER SUMMARY 
.................................................................. 

. . .  . .. ..~.. . . . - -. . - . . . . . . . .- . . - . . . . . - . .  . .- .. . . . ~ .  - .  .. . .~ . ~ 
~ . ...- ...~.. - . 



s m  A h 0  I /  

Quick TR-55 Version: 5-46 S/N: PZgE-1 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:56:59 
Watershed file: --> C:\P0165TK\P2 . MOP 
Hydrograph file: --> C:\P0165TK\P2-25.HYD 

RETENTION BASIN 2 
PROPOSED CONDITIONS 

Total area = 6-06 acres or 0.00947 sq.mi 
Peak discharge = 34 cfs 



Quick TR-55 Version: 5.46 S/N: 

.. 

SR'%Y\ 
Page 2 

Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:56:59 
Watershed file: --> C:\P0165TK\P2 . MOP 
Hydrograph file: --> C:\P0165TK\P2-25.HYD 

RETENTION BASIN 2 
PROPOSED CONDITIONS 

>>>> Summary of Subarea Times to Peak <<<< 

, .  
'.,* .. ,.? * 8.  



5w'I A h &  
I 

Quick TR-55 Version: 5.46 S/N: Page-3- 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:56:59 
Watershed file: --> C:\P0165TK\P2 .MOP 
Hydrograph file: --> C:\P0165TK\P2-25.HYD 

RETENTION BASIN 2 
PROPOSED CONDITIONS 

Composite Hydrograph Summary (cfs) 



st;iA\t3 
Page 4 

Return Frequency: 25 years 

\ 
Quick TR-55 Version: 5.46 S/N: 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:56:59 
Watershed file: --> C:\P0165TK\P2 .MOP 
Hydrograph file: ---> C:\P0165TK\P2-25.HYD 

RETENTION BASIN 2 
PROPOSED CONDITIONS 

Time Flow 
(hrs 1 (cfs) - ----------------- - -  - 

11.0 1 
11.1 1 
11.2 1 
11.3 1 
11.4 1 
11.5 2 
11.6 2 
11.7 5 
11.8 8 
11.9 11 
12.0 22 
12.1 34 
12.2 21 
12.3 7 
12.4 5 
12.5 4 
12.6 4 
12.7 3 
12.8 3 
12.9 2 
13.0 2 
13.1 2 
13.2 2 
13.3 2 
13.4 2 
13.5 2 
13.6 2 
13.7 1 
13.8 1 
13.9 1 
14.0 1 
14.1 1 
14.2 1 
14.3 1 
14.4 1 
14.5 1 

- 1 c .  . .  

.- 

14.8 
14.9 
15.0 
15.1 
15.2 
15.3 
15.4 
15.5 
15.6 
15.7 
15.8 
15.9 
16.0 
16.1 
16.2 
16.3 
16.4 
16.5 
16.6 
16.7 
16.8 
16.9 
17.0 
17.1 
17.2 
17.3 
17.4 
17.5 
17.6 
17.7 
17.8 
17.9 
18.0 
18.1 
18.2 
18.3 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 





Quick TR-55 Version: 5.46 S/N: Page 5 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 10:56:59 
Watershed file: --> C:\P0165TK\P2 . MOP 
Hydrograph file: --> C:\P0165TK\P2-25.HYD 

RETENTION BASIN 2 
PROPOSED CONDITIONS 

Time Flow 
(hrs) (cfs) ----------------- 
18.6 1 

- =--I 
18.8 1 
18.9 1 
19.0 1 
19.1 1 
19.2 1 
19.3 1 
19.4 1 
19.5 1 
19.6 0 
19.7 0 
19.8 0 
19.9 0 
20.0 0 
20.1 0 
20.2 0 
20.3 0 

20.5 0 
20.6 0 
20.7 0 
20.8 0 
20.9 0 
21.0 0 
21.1 0 
21.2 0 
21.3 0 
21.4 0 
21.5 0 
21.6 0 
21.7 0 
21.8 0 
21.9 0 
22.0 0 
22.1 0 
22.2 0 
22.3 0 

. .  
---  -- 1 8 ~ 7  

0 -  ~~ 

- - 20.4 ~ 

Time F l o w  
(hrs) (cfs) ----------------- 
22.4 0 

22.6 0 
22.7 0 
22.8 0 
22.9 0 
23.0 0 
23.1 0 
23.2 0 
23.3 0 
23.4 0 
23.5 0 
23.6 0 
23.7 0 
23.8 0 
23.9 0 
24.0 0 
24.1 0 
24.2 - ~ 

24.3 0 
24.4 0 
24.5 0 
24.6 0 
24.7 0 
24.8 0 
24.9 0 
25.0 0 
25.1 0 
25.2 0 
25.3 0 
25.4 0 
25.5 0 
25.6 0 
25.7 0 
25.8 0 
25.9 0 

- . 22.5. - -- . -o - _. .- . 

- -0 ~ 
-~ -~~ ~ 

_ .  . .. 



. . .  

POND-2 Version: 5.17 S/N: 

>>>>> OUTFLOW HYDROGRAPH ESTIMATOR <<<<e 

Inflow Hydrograph: c:\po165tk\P2E-25 .HYD 
Qpeak = 17.0 cfs 

Estimated Outflow: c:\pol65tk\ESTIMATE.EST 
Qpeak = 0.0 cfs 

Approximate Storage Volume 
(computed from t= 11.00 to 25.90 hrs) 

1.3 acre-ft 



>>>>> OUTFLOW HYDROGRAPH ESTIMATOR <<<<< 

Inflow Hydrograph: c:\po165tk\P2-25 .HYD 
Qpeak = 34.0 cfs 

Estimated Outflow: c:\pol65tk\ESTIMATE.EST 
Qpeak = 0.0 cfs 

Approximate Storage Volume 
(computed from t= 11.00 to 25.90 hrs) 

1.7 acre-ft 



I S/N: 

RETENTION BASIN 2 
W/3:1 SIDE SLOPES 

CALCULATED 08-19-1997 11:11:30 
DISK FILE: c:\p0165tk\SW2-T1 .VOL 

Planimeter scale: 1 inch = 10 ft. 

* 
Area Al+A2+sqr(Al*A2) Volume Volume Sum 

(ft) (sq. in. ) (acres) (acres) (acre-ft) (acre-ft) 

528.70 0 - 0 0  0.00 0.00 0.00 0.00 
529.00 25-38 0.06 0.06 0.01 0.01 
530.00 42.26 0.10 0.23 0.08 0.08 

0.20 531.00 62.78 0.14 0.36 0.12 
~ ~~ 532.00- _83-.00-= ~- 0.19 0.50 0.17 0.37 

533.00 104.32 0.24 ~ - 0.64 -0.21 - -0.58- 
534.00 127.21 0.29 0.80 0.27 0.85 
535.00 154.79 0.36 0.97 0.32 1.17 
536.00 185.99 0.43 1.17 0.39 1.56 
537.00 215.38 0.49 1.38 0.46 2.02 

Elevation Planimeter 

........................................................................... 

- - -~ 

Elevations With Areas Interpolated From 
The Closest Two Planimeter Readings 

530.30 ----- 0.11 0.31 0.03 0.11 

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



1121 
POND-2 Version: 5.17 S / N :  Page 1 
EXECUTED: 08-19-1997 11:12:44 

. . . . . . . . . . . . . . . . . . . . . . .  
* * 
* STORM BASIN NO. 2 * 
* * 
* * 
* * 
. . . . . . . . . . . . . . . . . . . . . . .  

* W/3:1 SIDE SLOPES * 

Inflow Hydrograph: c:\po165tk\P2-25 .HYD 
Rating Table file: c:\pol65tk\SW2-T1 .PND 

INITIAL CONDITIONS---- ---- 
Elevation = 
Outflow = 0.00 cfs 
Storage = 0.11 ac-ft- mm W O W N  

530.30 ft --S€DlN\sJT 'L%I.IQJT ESE2-J 

ELEVATION 
(ft) - - - - - - - - - 
528.70 
529.00 
530.00 
530.30 
531.00 
532.00 
533.00 
534.00 
535.00 
536.00 
537.00 - - - - - - - - - 

OUTFLOW 
(cfs) --------- 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

STORAGE 
(ac-ft) ---------- 

0.000 
0.010 
0.080 
0.110 
0.200 
0.370 
0.580 
0.850 
1.170 
1.560 
2.020 

~ Time increment 

0.0 
2.4 
19.4 
26.6 
48.4 
89.5 
140.4 
205.7 
283.1 
377.5 
488.8 ------------ 

(t) = 0.100 hrs. 

0.0 
2.4 
19.4 
26.6 
48.4 
89.5 
140.4 
205.7 
283.1 
377.5 
488.8 ------------- 

. ' >  
.'.' . ._ 

' , ' :, .... r 8490083 



.. 
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POND-2 Version: 5.17T/N: Page 2 
EXECUTED: 08-19-1997 11:12:44 

Pond File: c:\p0165tk\SW2-T1 .PND 
Inflow Hydrograph: c:\po165tk\P2-25 .HYD 
Outflow Hydrograph: c:\po165tk\SW2-T1 .HYD 

INFLOW HYDROGRAPH ------------------ 
TIME 
(hrs) -------- 

11.000 
11.100 
11.200 
11.300 
11.400 
11.500 
11.600 
11.700 
11.800 
11.900 
12.000 
12.100- 
12.200 
12.300 
12.400 
12.500 
12.600 
12.700 
12.800 
12.900 
13.000 
13 . 100 
13.200 
13.300 
13.400 
13.500 
13.600 
13 . 700 
13.800 
13 . 900 
14.000 
14.100 
14.200 
14.300 
14 . 400 
14.500 
14.600 
14.700 
14.800 
14.900 
15.000 
15 . 100 
15.200 
15.300 
15.400 

INFLOW 
(cfs) - - - - - - - - - 

1.00 
1.00 
1.00 
1.00 
1.00 
2.00 
2.00 
5.00 
8.00 
11.00 
22 . 00 

-- 34.00 
21.00 
7.00 
5.00 
4.00 
4.00 
3.00 
3.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

I1+12 
(cfs) --------- ----- 

2.0 
2.0 
2.0 
2.0 
3.0 
4.0 
7.0 
13.0 
19.0 
33.0 

55.0 
28.0 
12.0 
9.0 
8.0 
7.0 
6.0 
5.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

- 56.0- 

26.6 
28.6 
30.6 
32.6 
34.6 
37.6 
41.6 
48.6 
61.6 
80.6 
113.6 

224.6 
252.6 
264.6 
273.6 
281.6 
288.6 
294.6 
299.6 
303.6 
307.6 
311.6 
315.6 
319.6 
323.6 
327.6 
331.6 
334.6 
336.6 
338.6 
340.6 
342.6 
344.6 
346.6 
348.6 
350.6 
352.6 
354.6 
356.6 
358.6 
360.6 
362.6 
364.6 
366.6 

- -169.6- 

26.6 
28.6 
30.6 
32.6 
34.6 
37.6 
41.6 
48.6 
61.6 
80.6 
113.6 

~~ -169.6 
224.6 
252.6 
264.6 
273.6 
281.6 
288.6 
294.6 
299.6 
303.6 
307.6 
311.6 
315.6 
319.6 
323.6 
327.6 
331.6 
334.6 
336.6 
338.6 
340.6 
342.6 
344.6 
346.6 
348.6 
350.6 
352.6 
354.6 
356.6 
358.6 
360.6 
362.6 
364.6 
366.6 

OUTFLOW 
(cfs) --------- 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  

-0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

ELEVATIOh 
( ft) - - - - - - - - - 
530.30 
530.36 
530.43 
530.49 
530.56 
530.65 
530.78 
531.01 
531.32 
531.78 
532.47 
533.45 
534.24 
534.61 
534.76 
534.88 
534.98 
535.06 
535.12 
535.17 
535.22 
535.26 
535.30 
535.34 
535.39 
535.43 
535.47 
535.51 
535.55 
535.57 
535.59 
535.61 
535.63 
535.65 
535.67 
535.69 
535.71 
535.74 
535.76 
535.78 
535.80 
535.82 
535.84 
535.86 
535.8a 



POND-2 Version: 5.17 S/N: 
EXECUTED: 08-19-1997 11:12:44 

Pond File: c:\po165tk\SW2-T1 .PND 
Inflow Hydrograph: c:\po165tk\P2-25 .HYD 
3utflow Hydrograph: c:\pol65tk\SW2-T1 .HYD 

KNFLOW HY DROGRAPH 

TIME 
(hrs) -------- 

15.500 
15.600 
15.700 
15.800 
15.900 
16.000 
16.100 
16.200 
16.300 
16.400 
16.500 
16.600 
16.700 
16.800 
16.900 
17.000 
17.100 
17.200 
17.300 
17.400 
17.500 
17.600 
17.700 
17.800 
17.900 
18.000 
18.100 
18.200 
18.300 
18.400 
18.500 
18.600 
18.700 
18.800 
18.900 
19.000 
19.100 
19.200 
19.300 
19.400 
19.500 
19.600 
19.700 
19.800 
19.900 
20.000 

INFLOW 
(cfs) --------- 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1-. 00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1-00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  

sn 4 5 \  
Page 3 

I1+12 
(cfs) --------- 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2 i o -  
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2S/t - 0 
(cfs) ------------ 
368.6 
370.6 
372.6 
374.6 
376.6 
378.6 
380.6 
382.6 
384.6 
386.6 
388.6 
390.6 
392.6 
394.6 
396.6 
398.6 
400.6 
402.6 
404.6 
406.6 
408.6 
410.6 
412 . 6 
414.6 
416.6 
418.6 
420.6 
422.6 
424.6 
426.6 
428.6 
430.6 
432.6 
434.6 
436.6 
438.6 
440.6 
442.6 
444.6 
446.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 

2S/t + 0 
(cfs) ----------- 
368.6 
370.6 
372.6 
374.6 
376 . 6 
378.6 
380.6 
382.6 
384.6 
386.6 
388 .-6 
390.6 
392.6 
394.6 
396.6 
398.6 
400.6 
402.6 
404.6 
406.6 
408.6 
410.6 
412.6 
414.6 
416.6 
418.6 
420.6 
422.6 
424.6 
426.6 
428.6 
430.6 
432.6 
434.6 
436.6 
438.6 
440.6 
442.6 
444.6 
446.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447. e 

. . -  

OUTFLOW 
(cfs) --------- 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
-0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 

ELEVATION 
( ft) --------- 
535.91 
535.93 
535.95 
535.97 
535.99 
536.01 
536.03 
536.05 
536.06 
536.08 

- -536.10 
536.12 
536.14 
536.15 
536.17 
536.19 
536.21 
536.23 
536.24 
536.26 
536.28 
536.30 

. 536.32 
536.33 
536.35 
536.37 
536.39 
536.41 
536.42 
536.44 
536.46 
536.48 
536.49 
536.51 
536.53 
536.55 
536.57 
536.58 
536.60 
536.62 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 



5WA5a- 
POND-2 Version: 5.17 S/N: Page 4 
EXECUTED: 08-19-1997 11:12:44 

Pond File: c:\p0165tk\SW2-T1 .PND 
Inflow Hydrograph: c:\po165tk\P2-25 .HYD 
Outflow Hydrograph: c:\po165tk\SW2-T1 .HYD 

INFLOW HYDROGRAPH ------------------ 
TIME 
(hrs) -------- 

20.100 
20.200 
20.300 
20.400 
20.500 
20.600 
20.700 
20.800 
20.900 
21.000 
21.100 
21.200 
21.300 
21.400 
21.500 
21.600 
21.700 
21.800 
21.900 
22 . 000 
22 . 100 
22.200 
22.300 
22.400 
22.500 
22.600 
22.700 
22.800 
22.900 
23 . 000 
23.100 
23.200 
23.300 
23 . 400 
23.500 
23 . 600 
23.700 
23.800 
23.900 
24.000 
24.100 
24 . 200 
24.300 
24.400 
24.500 
24.600 

INFLOW 
(cfs) -----.--- 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

~~ 0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 .00  
0 . 0 0  
0 . 0 0  
0 .00  
0 .00  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  --------- 

I1+12 
(cfs) - - - - - - - - - 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

. 0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

~ -0.0- 

2S/t - 0 
(cfs) ------------ 
447 . 6 
447 . 6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447 . 6 
447 . 6 
447.6 

447.6 
447.6 
447 . 6 
447 . 6 
447.6 
447.6 
447.6 
447 . 6 
447.6 
447.6 
447.6 
447.6 
447 . 6 
447.6 
447.6 
447.6 
447 . 6 
447.6 
447.6 
447 . 6 
447.6 
447.6 
447.6 
447.6 
447.6 
447 . 6 
447.6 
447.6 
447.6 
447 . 6 
447.6 
447.6 
447.6 
447.6 

- ~ 447.6- 

2S/t + 0 
(cfs) ----------- 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 

447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447 . 6 
447 . 6 
447.6 
447.6 
447.6 
447 . 6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 

- ~ 447.6 

OUTFLOW 
(cfs) --------- 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 .00  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  

- 0 .00 -  

ELEVATION 
(ft) --------- 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 

~ 536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 



POND-2 Version: 5.17 S/N: 
EXECUTED: 08-19-1997 11:12:44 

Pond File: c:\pol65tk\SW2-T1 .PND 
Inflow Hydrograph: c:\po165tk\P2-25 .HYD 
Outflow Hydrograph: c:\pol65tk\SW2-T1 .HYD 

INFLOW HY DROGRAPH ------------------ 
TIME 
(hrs) -------- 

24.700 
24.800 
24.900 
25.000 
25.100 
25.200 
25.300 
25.400 
25.500 
25.600 
25.700 
25.800 
25.900 

INFLOW 
(cfs) --------- 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
-0;00 
0 . 0 0  
0 . 0 0  

Wage 5 

I1+12 
(cfs) --------- 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  

- -  o ; o - -  

2S/t - 0 
(cfs) ------------ 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 

- -4 4 7'; 6- 
447.6 
447.6 

2S/t + 0 
(cfs) ----------- 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 
447.6 

- _ _  

OUTFLOW 
(cfs) --------- 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0.00 
0.00 

ELEVATION 
( ft) --------- 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
536.63 
-536.63 
536.63 
536.63 



SHT 654 I 
1 I --. PdND-2 Version: 5.17 S/N: Page 6 

EXECUTED: 08-19-1997 11:12:44 

Pond File: c:\p0165tk\SW2-T1 .PND 
Inflow Hydrograph: c:\po165tk\P2-25 .HYD 
Outflow Hydrograph: c:\pol65tk\SW2-T1 .HYD 

Starting Pond W.S. Elevation = 530.30 ft 

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

***** Summary of Approximate Peak Storage ***** 
0.11 ac-ft 

Peak Storage From Storm = 1.74 ac-ft 

1.85 ac-ft 

- Initial Storage - 

Total Storage in Pond - 
--------------- 

- 

Warning: Inflow hydrograph truncated on left side. 

>>>>>> Warning, peak outflow = last ordinate point. <<<<<< 



-1.3 - 
-1.4 - 
.1.5 - 
-1.6' - 
-1.7 - 
-1.8 - 
-1.9 - 
12.0 - 
12.1 - 
L2.2 - 
L2.3 - 
L2.4 - 
12.5 - 
12.6 - 
12.7 - 
L2.8 - 
12.9 - 
L3.0 - 
13.1 - 
13.2 - 

-. 

>>>>>> Warning, peak outflow = last ordinate point. <<<<<< 
POND-2 Version: 5.17 S/N: Page 7 

Pond File: c:\p0165tk\SW2-T1 .PND 
Inflow Hydrograph: c:\po165tk\P2-25 .HYD 
Outflow Hydrograph: c:\po165tk\SW2-T1 .HYD 

EXECUTED: 08-19-1997 
Peak Inflow - - 34.00 cfs 11: 12 : 44 
Peak Outflow = 0.00 cfs 
Peak Elevation = 536.63 ft 

X* 
X* 
X* 
x *  
x *  
x *  
x --*--- 
X * 
X * 
X * 
X * 
X * 
X * 

- ._ - -  

X 
X 
X 
X 
X 
X 
X 
X * 
X * 
X * 
X * -  
X * 
X * 
X * 
X * 
x *  
x *  
x *  
x *  
x *  
x *  
x *  
x *  
x *  
x *  
x *  

* 

* 

* 
* 

* 
* 

* 



* File: c:\po165tk\P2-25 .HYD Q m a x  = 3 4 . 0  cfs Sh-h5b I 

x File: c:\pol65tk\SW2-T1 .HYD Q m a x  = 0 . 0  cfs 



. .. . . .  

RETENTION BASIN 3 

- -. _ . .  - - - . .  . . . . - . 
~ 



sm A58 

Quick TR-55 Ver.5.46 S/N: 
Executed: 11:20:38 08-19-1997 c:\pol65tk\P3.TCT 

RETENTION BASIN 3 

Tc COMPUTATIONS FOR: P3 

SHEET FLOW (Applicable to Tc only) 
Segment ID 
Surface description 
Manning's roughness coeff., 
Flow length, L (total e or 
Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
.007 * (n*L) 

T = -------------- 
0.5 0.4 

P2 * s 

n 
= 300) 

BARE 

ft 
in 

ft/ft 

hrs 

SOIL 
0.0110 
222.0 
3 . 000 
0.0810 

0 . 0 2  

- 
- = - - _ - - - p p  - 

~ ~ - ~ -  ~p 

SHALLOW CONC6JTMTED FLOW 
Segment ID 2 
Surface (paved or unpaved)? Unpaved 
Flow length, L ft 145.0 
Watercourse slope, s ft/ft 0.0760 

0 . 5  
Avg.V = Csf * (S) ft/s 4.4480 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (3600*v) hrs 0.01 

CHANNEL FLOW 

0 . 0 0  

0 . 0 0 0  

Segment ID N/A 
Cross Sectional Flow Area, a sq.ft 
Wetted perimeter, Pw ft 0.00 
Hydraulic radius, r = a/Pw 
Channel slope, s ft/ft 0.0000 
Manning's roughness coeff., n 0.0000 

ft 

ft/s 0.0000 

ft 0 Flow length, L 

T = L / (3600*V) hrs 0.00 = 0.00 

.............. ................................................................. ...... 
TOTAL TIME (hrs) 0.03 



Quick TR-55 Ver.5.46 S/N: 
Executed: 11:20:38 08-19-1997 c:\pol65tk\P3.TCT 

SUMMARY SHEET FOR Tc or Tt COMPUTATIONS 
(Solved for Time using TR-55 Methods) 

RETENTION BASIN 3 



I . .  
i i .  

I C  3 

s t7  .Ab0 

Quick TR-55 Ver.5.46 S/N: 
Executed: 11:20:53 08-19-1997 

RETENTION BASIN 3 
HoA 35%, MoE2 30%, Gn 15%, HeF 11.6% 

GRAVEL SURFACE = 8.4%% 
ASSUMED ANY VEG AREA AS BARE 

RUNOFF CURVE NUMBER DATA .................................................................. .................................................................. 
Composite Area: P3 

~ 

AREA CN 
SURFACE DESCRIPTION (acres) ................................ --------- ---a 

~ 

~- ~- --HoA,-(C) : FALLOW,-BARE-SOIL-- -~ - 1.67- ~ 91 ~ ~ 

MoE2, (B) : FALLOW, BARE SOIL 1.43 86 
Gn, (B) : FALLOW, BARE SOIL 0.72 86 
HeF, (B) : FALLOW, BARE SOIL 0.56 86 
GRAVEL ROAD 0.40 91 

COMPOSITE AREA --- > 4.78 88.2 ( 88 ) ..................................................... ..................................................... 



Quick TR-55 Ver.5.46 S/N: 
Executed: 11:20:53 08-19-1997 

RETENTION BASIN 3 
HoA 35%, MoE2 30%, Gn 15%, HeF 11.6% 

GRAVEL SURFACE = 8.4%% 
ASSUMED ANY VEG AREA AS BARE 

RUNOFF CURVE NUMBER SUMMARY .................................................................. .................................................................. 

- .  ... . . . . . . .  . _ _  . . -. . - . . - . .  



, 
Qu'$ck-TR=55-Ver sion-:-5~4-6-S-/-N-: Page-1 

Return Frequency: 10 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 11:22:38 
Watershed file: --> C:\P0165TK\P3 . MOP 
Hydrograph file: --> C:\P0165TK\P3-10.HYD 

RETENTION BASIN 3 

P3 4.78 88.0 0.10 0.00 4.10 I 2.82 1.07 .1( .............................................................................. 
* Travel time from subarea outfall to composite- watershTdXtfallTint.-- ~ - -  
I -- Subarea where user specified interpolation between Ia/p tables. 

Total area = 4.78 acres or 0.00747 sq.mi 
Peak discharge = 21 cfs 

* Travel time from subarea outfall to composite watershed outfall point. 
** Tc t Tt are available in the hydrograph tables. 



Quick TR-55 Version: 5.46 S/N: Page 2 
Return Frequency: 10 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 11:22:38 
Watershed file: --> C:\P0165TK\P3 . MOP 
Hydrograph file: --> C:\P0165TK\P3-10.HYD 

RETENTION BASIN 3 



Return Frequency: 10 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 11:22:38 
Watershed file: --> C:\P0165TK\P3 . MOP 

Total (cfs) 1 1 1 7 14 21 13 5 3 

Description hr hr hr hr hr hr hr hr hr 



Quick TR-55 Version: 5.46 S/N: Page 4 
Return Frequency: 10 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 11:22:38 
Watershed file: --> C:\P0165TK\P3 . MOP 
Hydrograph file: ---> C:\P0165TK\P3-10.HYD 

.- . 

RETENTION BASIN 3 

Time Flow 
(hrs) (cfs) ------------------ 
11.0 1 
11.1 1 
11.2 1 
11.3 1 
11.4 1 
11-5 1 
11.6 1 
11.7 3 
11.8 5 
11.9 7 
12-0 14 
12.1 21 
12-2 13 
12.3 5 
12.4 3 
12.5 3 
12z6 
12.7 2 
12.8 2 
12.9 1 
13.0 1 
13.1 1 
13.2 1 
13.3 1 
13.4 1 
13.5 1 
13.6 1 
13.7 1 
13.8 1 
13.9 1 
14.0 1 
14.1 1 
14.2 1 
14.3 1 
14.4 1 
14.5 1 

2 -  ~ ~ ._ 

Time Flow 

_- - _- . - 
(hrs) (cfs) ------------------ - _ _  - . _ _  

14.8 1 
14.9 1 
15.0 1 
15.1 1 
15.2 1 
15.3 1 
15.4 1 
15.5 1 
15.6 1 
15.7 1 
15.8 0 
15.9 0 
16.0 0 
16.1 0 
16.2 0 
16.3 0 

16.5 0 
16.6 0 
16.7 0 
16.8 0 
16.9 0 
17.0 0 
17.1 0 
17.2 0 
17.3 0 
17.4 0 
17.5 0 
17.6 0 
17.7 0 
17.8 0 
17.9 0 
18.0 0 
18.1 0 
18.2 0 
18.3 0 

- 0  ~~- -~ ~. 16.4 ~ 



14.6 1 18.4 
S k i  plbb 

0 
14T7 1 S8T5 0 



Quick TR-55 Version: 5.46 S/N: 

. .  . . .  . ~. -. - . . .. . . .. 

Page 5 
Return Frequency: 10 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type 11. Distribution 
(24 hr. Duration Storm) 

Executed: 08-19-1997 11:22:38 
Watershed file: --> C:\P0165TK\P3 .MOP 
Hydrograph file: --> C:\P0165TK\P3-10.HYD 

RETENTION BASIN 3 

Time Flow 
(hrs) (cfs) ----------------- 

- _ _  0 
- 0  

18.6 
18.7 
18.8 0 
18.9 0 
19.0 0 
19.1 0 
19.2 0 
19.3 0 
19.4 0 
19.5 0 
19.6 0 
19.7 0 
19.8 0 
19.9 0 
20.0 0 
20.1 0 
20.2 0 
20.3 0 
20.4 0 
20.5 0 
20.6 0 
20.7 0 
20.8 0 

0 
0 

20.9 
21.0 
21.1 0 
21.2 0 
21.3 0 
21.4 0 
21.5 0 
21.6 0 
21.7 0 
21.8 0 
21.9 0 
22.0 0 
22.1 0 
22.2 0 
22.3 0 

. -  

~ 

? .  . 

Time Flow 
(hrs) (cfs) ----------------- 

0 22.4 
22.5 0 
22.6 0 
22.7 0 
22.8 0 
22.9 0 
23.0 0 
23.1 0 
23.2 0 
23.3 0 
23.4 0 
23.5 0 
23.6 0 
23.7 0 
23.8 0 
23.9 0 
24.0 0 
24.1 0 
24.2 0 
24.3 0 
24.4 0 
24.5 0 
24.6 0 
24.7 0 
24.8 0 
24.9 0 
25.0 0 
25.1 0 
25.2 0 
25.3 0 
25.4 0 
25.5 0 
25.6 0 
25.7 0 
25.8 0 
25.9 0 

. -  - -  



a ,  
I .  

3% Rb8 POND-2 Version: 5.17 
S/N: 

RETENTION BASIN 3 
W/3:1 SIDE SLOPES 

1' DEEPER 

CALCULATED 08-19-1997 13: 16: 51 
DISK FILE: c:\p0165tk\SW3-T1 .VOL 

Planimeter scale: 1 inch = 10 ft. 

* 
Elevation Planimeter Area Al+AZ+sqr (Al*A2) Volume Volume Sum 

( ft) (sq.in.) (acres) (acres) (acre-ft) (acre-ft) 

532.50 0.00 0.00 0.00 0 . 0 0  0.00 
0.01 533.00 26.52 0.06 0.06 0.01 

534 00 36.29 0.08 0.22 0.07 0.08 
535.00 47.04 0.11 0.29 0.10 0.18 
536700 58.73- -0.13- --0 . 36 - ~ 0.12 ~~ 0.30 
537.00 71.40 0.16 0.45 0.15 0.45 
538.00 85.08 0.20 0.54 0.18 0.63 
539.00 99.71 0.23 0.64 0.21 0.84 
540.00 117.39 0.27 0.75 0.25 1.09 
541.00 131.90 0.30 0.86 0.29 1.37 

------------------------------------.---.---------------------------------- 

- - ~~ 

Elevations With Areas Interpolated From 
The Closest hJo Planimeter Readings 

540.10 
540.20 
540.30 
540.40 
540.50 
540.60 
540.70 
540.80 
540.90 

0.27 
0.28 
0.28 
0.28 
0.29 
0.29 
0.29 
0.30 
0.30 

0.81 0.03 1.11 
0.82 0.05 1.14 
0.82 0.08 1.17 
0.83 0.11 1.20 
0.83 0.14 1.23 
0.84 0.17 1.26 
0.84 0.20 1.28 
0.85 0.23 1.31 
0.85 0.26 1.34 

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



POND-2 Version: 5.17 S/N: 
EXECUTED: 08-19-1997 13:19:51 

. -  

2S/t 
(cfs) ------------ 

0.0 
2.4 
19.4 
43.6 
72.6 
108.9 
152.5 
203.3 
263.8 
268.6 
275.9 
283.1 
290.4 
297.7 
304.9 
309.8 
317.0 
324.3 
331.5 

.. . - -  - - - - .......................... 
2S/t + 0 

(cfs) ------------- 
0.0 
2.4 
19.4 
43.6 
72.6 
108.9 
152.5 
203.3 
263.8 
271.8 
282.4 
292.8 
303.4 
313.9 
327.0 
339.4 
354.8 
371.1 
388.0 .......................... 

U 

Page 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* STORM WATER BASIN NO. 3 * * * 
* * 
* * 
* * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Inflow Hydrograph: c:\po165tk\P3-10 .HYD 
Rating Table file: c:\po165tk\SW3-T1 .PND 

---- INITIAL CONDITIONS---- 
Elevation = 534.20 ft- I S \ k  a i -  CUZAWfl &w. 
Outflow = 0.00 cfs 
Storage = 0 -  10 ac-ft - )J\AM. sal& mDlzME 

532.50 
533.00 
534.00 
535.00 
536.00 
537.00 
538.00 
539.00 
540.00 
540.10 
540.20 
540.30 
540.40 
540.50 
540.60 
540.70 
540.80 
540.90 
541.00 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
3.2 
6.5 
9.7 
13.0 
16.2 
22.1 
29.6 
37.8 
46.8 
56.5 

0.000 
0.010 
0.080 
0.180 
0.300 
0.450 
0.630 
0.840 
1.090 
1.110 
1.140 
1.170 
1.200 

- 1.230 
1.260 
1.280 
1.310 
1.340 
1.370 

Time increment (t) = 0.100 hrs. 
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POND-2 Version: 5.17 S/N: 
EXECUTED: 08-19-1997 13:19:51 

Pond File: 
Inflow Hydrograph: 
3utflow Hydrograph 

INFLOW HY DROGRAPH 

TIME 
(hrs) - - - - - - - - 

15.500 
15.600 
15.700 
15.800 
15.900 
16.000 
16.100 
16.200 
16.300 
16.400 
16.500- 
16.600 
16.700 
16.800 
16.900 
17.000 
17.100 
17.200 
17.300 
17.400 
17.500 
17.600 
17.700 
17.800 
17.900 
18.000 
18.100 
18.200 
18.300 
18.400 
18.500 
18.600 
18.700 
18.800 
18.900 
19.000 
19.100 
19 200 
19.300 
19.400 
19.500 
19.600 
19.700 
19.800 
19.900 
20.000 

INFLOW 
(cfs) --------- 

1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

- 0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00  

c:\p0165tk\SW3-T1 .PND 
c:\p0165tk\P3-10 .HYD 
c:\p0165tk\SW3-T1 .HYD 

. .. 

I1+12 
(cfs) --------- 

2.0 
2.0 
2.0 
1.0 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  

- - - - 0 . 0  
0 . 0  
0.0 
0 . 0  
0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

2S/t - 0 
(cfs) ------------ 
252.2 
254.2 
256.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 

257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257 . 2 
257.2 
257 . 2 
257 . 2 
257.2 
257.2 

-257.2 
257.2 
257.2 
257 . 2 
257.2 
257.2 
257 . 2 
257.2 
257.2 
257.2 
257.2 
257 . 2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 

-257.2 . .  

2S/t + 0 
(cfs) ----------- 
252.2 
254.2 
256.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 

OUTFLOW 
(cfs) --------- 

0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

- - 0 ; o o  
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 

ELEVATION 
(ft) --------- 
539.81 
539.84 
539.87 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 



Sfl A?& 
POND-2-Vers i-on-:-5rl7-SlN : PTzjG-74 
EXECUTED: 08-19-1997 13:19:51 

Pond File: 
Inflow Hydrograph: 
Outflow Hydrograph 

INFLOW HYDROGRAPH ------------------ 
TIME 
(hrs 1 -------- 

20.100 
20.200 
20.300 
20.400 
20.500 
20.600 
20.700 
20.800 
20.900 
21.000 
21.100 
21.200 
21.300 
21.400 
21.500 
21.600 
21.700 
21.800 
21.900 
22 . 000 
22 . 100 
22.200 
22.300 
22.400 
22.500 
22 . 600 
22.700 
22.800 
22.900 
23.000 
23.100 
23.200 
23.300 
23.400 
23.500 
23.600 
23.700 
23.800 
23.900 
24.000 
24.100 
24.200 
24.300 
24.400 
24.500 
24.600 

INFLOW 
(cfs) _-------- 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 .00  
0 . 0 0  
0 . 0 0  
0 . 0 0  

~ - -o .oo 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 .00  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 .00  

0 . 0 0  
0 . 0 0  

0.00 

o.oa 
o.oa 
o.oa 
0.00 

c:\p0165tk\SW3-T1 .PND 
~:\p0165tk\P3-10 .HYD 
~:\p0165tk\SW3-T1 .HYD 

ROUTING COMPUTATIONS 

11+12 
(cfs) --------- 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

- - -0.0- 

2S/t - 0 
(cfs) ------------ 
257.2 
257.2 
257.2 
257.2 
257.2 
257 . 2 
257.2 
257.2 
257.2 
257.2 
257 . 2 
257.2 
257.2 
257 . 2 
257 . 2 
257.2 
257.2 
257 . 2 
257.2 
257.2 
257.2 
257 . 2 
257.2 
257 . 2 
257.2 
257.2 
257.2 
257.2 
257 . 2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 

- -257_.2- 

2S/t + 0 
(cfs) ----------- 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 

~ -257-.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 

OUTFLOW 
(cfs) --------- 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 

- -0 .00-  

ELEWATIOI 
(ft) --------. 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 

-539.89- 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 



'OND-2 Version: 5.17 S/N: 
SXECUTED: 08-19-1997 13: 19: 51 

Bond File: c:\p0165tk\SW3-T1 .PND 
:nflow Hydrograph: c:\p0165tk\P3-10 .HYD 
)utflow Hydrograph: c:\po165tk\SW3-T1 .HYD 

TIME INFLOW 
(hrs 1 (cfs) .------- --------- 

24.700 0.00 
24.800 0.00 
24.900 0.00 
25.000 0.00 
25.100 0.00 
25.200 0.00 
25.300 0.00 
25.400 0.00 
25.500 0.00 
25.600 0.00 
-25-. 700- --0 i 00 
25.800 0.00 
25.900 0.00 .---------------- 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

- 0-0.0 = 
0 . 0  
0 . 0  

.- .- - 

257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 

257.2 
257.2 

- =- .. -.257.2. 

257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 
257.2 

257.2 
257.2 

-2 5 7- L 2 _. .- 

OUTFLOW 
(cfs) --------- 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  

-_ . 0 . 0 0  
0 . 0 0  
0 . 0 0  

ELEVATION 
(ft) --------- 
539 . 89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 
539.89 

- --539.89- 
539.89 
539.89 

.. - .. . . 

. 



s v c  A 7 Y  
POND=2LVersiFn:5TT7-S7N : P-6 
EXECUTED: 08-19-1997 13:19:51 

Pond File: ~:\po165tk\SW3-T1 .PND 
Inflow Hydrograph: c:\po165tk\P3-10 .HYD 
Outflow Hydrograph: c:\pol65tk\SW3-T1 .HYD 

Starting Pond W.S. Elevation = 534.20 ft 

***** Summary of Peak Outflow and Peak Elevation ***** 
21.00 cfs Peak Inflow - 

Peak Outflow = 0.00 cfs 
Peak Elevation = 539.89 ft 

- 

***** Summary of Approximate Peak Storage ***** 
0.10 ac-ft 

Peak Storage From Storm = 0.96 ac-ft 

1.06 ac-ft 

- Initial Storage - 

Total Storage in Pond - 
--------------- 

- 

Warning: Inflow hydrograph truncated on left side. 

>>>>>> Warning, peak outflow = last ordinate point. <<<<<< 



L.3 - 
L.4 - 
L.5 - 

6- - 
L . 7  - 
L.8 - 
..9 - 
! . O  - 
!.l - 
!.2 - 
!.3 - 
!.4 - 
!.5 - 
!.6 - 
!.7 - 
! . 8  - 
!.9 - 
1-0 - 
1.1 - 
1-2 - 

TI 

>>>>>> Warning, peak outflow = last ordinate point. <<<<<< 
POND-2 Version: 5-17 S/N: ' Page 7 

Pond File: c:\pol65tk\SW3-T1 .PND 
Inflow Hydrograph: c:\po165tk\P3-10 .HYD 
Outflow Hydrograph: c:\po165tk\SW3-T1 .HYD 

EXECUTED: 08-19-1997 
13: 19:5l 21.00 cfs Peak Inflow - 

Peak Outflow = 0.00 cfs 
Peak Elevation = 539.89 ft 

- 

0.0 2.0 4 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

E 

* 
* 

* 
* 

* 
* 

* 
* 

* 
* 

* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 

* 
* 

* 
* 

* 

+ .  ' . .  . .  



sw A l b  
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* F i l e :  c:\po165tk\P3-10 .HYD Qmax = 21.0 cfs 
x-Fi-1-e:--c :-lpo 1'6 5tk rSW3=Tl'HYD-Qmx = O T O T f  s 



ATTACHMENT B, DITCHES 

Methodology 

This calculation is performed using the "worst case" scenario for peak flows. Each 
ditch was evaluated under existing conditions (after construction of ditches and 
basins, but before remediation activities begin), and proposed conditions (after 
remediation activities have been completed). 

The Modified Rational Method (Reference 2) was used to determine peak flows for 
the 10 year and 25 year (Ditches 2 & 6 only) frequency storm events. After 
drainage areas (existing and proposed) were calculated for each ditch, a weighted 
runoff coefficient (C) was determined based on land use area and type. A rainfall 
intensity was selected based on the shortest duration (duration = 10 min for all 
ditches except ditch 1 2) using the Rainfall Intensity-Frequency-Duration Curve for 
the Fernald area (Reference 7) .  

- 
~ Ditch 12-has a large, relatively flat drainage area (see last assumption on this page). 

SCS procedures were used to  find the time of concentration (durationrfor the ditch 
12 drainage area. The rainfall intensity was selected based on the time of 
concentration (duration) using the Rainfall Intensity-Frequency-Duration Curve for 
the Fernald area (Reference 7). 

With the peak flows known for both existing and proposed conditions, the highest 
peak flow was selected for design. Ditches were designed based on the uniform 
flow theory using Manning's equation. In most cases ditch slopes varied. In one 
instance the bottom width varied. In order to evaluate ditch design and 
performance of ditch lining, the worst case flow conditions for velocity and flow 
depth were considered for the three types of ditch lining (i.e. erosion control 
blanket, dumped rock fill, or exposed geomembrane liner). The Flow Master 
computer program was used to evaluate the effects of the varying components on 
the performance of the ditch (Reference 4). 

Ditch sections 2A and 28, and ditch sections 2C and 2D are all the same ditch. 
Ditch sections 2A and 2B will be constructed to  accommodate existing conditions. 
The section of ditch labeled 2A has channel slopes of approximately 10% and will 
be lined with riprap (dumped rock fill). The section of ditch labeled 2B has flat 
channel slopes (approx. 0.8%), and will be lined with erosion control blanket. 

Ditch section 2C under proposed condtiions is the same section as 2A under 
existing conditions. Since ditch section 2C under proposed conditions has less flow 
than section 2A under existing condtiions, section 2C will not be modified. 

Ditch section 2D will replace ditch section 2B during grading activities. This ditch 
section will have a flat channel slope (approx 0.7%) with a varying left-side slope. 

Ditch 12 will be designed assuming that an existing culvert located east of the 
drainage area (see Proposed Conditions, Sheet 2 of 2 drainage area map) becomes 



clogged and forces additional water into the normal drainage area for Ditch 12. 
Ditches 13 & 14 and the existing 24" culvert at the wheel wash area were 
originally designed under Calculation No. 15-02, PO1 58 (Haul Road Upgrade 
Project). These ditches were relocated eastward to  accommodate construction of 
the Wheel Wash Facility. The total drainage area or land use did not change. 
Therefore, the design geometry proposed for these ditches under PO1 58 will be 
used on this project. New calculations are not provided. 

Two types of ditch lining were evaluated for most ditches; vegetated using erosion 
control blankets, and dumped rock fill. Ditches 2B, 3-7, and 9 will have an exposed 
geomembrane liner. Roughness coefficients for the erosion control blanket and 
dumped rock fill were selected from Reference 7, and are as follows: 

Erosion Control Blankets n = 0.04 
Riprap n = 0.06 

Maximum flow velocity for using erosion control blankets as a lining material was 
established at 4.0 feet per second (Reference 7). 

Roughness coefficient for the exposed ~ geomembrane ~ ~~~ ~ liner ~ ~- was derived from values - _  
typicallyused forpolyethylene pipe ~ ~~ ~~ 

Geomembrane liner n = 0.009 

Calculations are included on the following pages. 



TABLE 1 
DRAINAGE AREA AND PEAK FLOW SUMMARY 

DITCH EXISTING 
CONDITIONS 

DRAINAGE FLOW 
AREA (ACI (CFS) 

PROPOSED 
CONDITIONS 

DRAINAGE FLOW 
AREA (AC) (CFS) 

DITCH - 1 

DITCH - 2A 

DITCH - 28 

DITCH - 4 

1.57 3.88 0.54 2.18 

3.45 8.18 NIA NIA 

3.45 8.1 8 NIA NIA 
~~ ~~ 

DITCH - 2C 

DITCH - 2 0  

DITCH - 3 

N /A NIA 1.82 6.09 

NIA N/A 3.54 12.65 

8.40 19.31 6.63 25.33 

DITCH - 13 

DITCH - 14 

DITCH - 15 

DESIGNED UNDER PO1 58, HAUL ROAD UPGRADE 

DESIGNED UNDER PO1 58, HAUL ROAD UPGRADE 

0.20 1 .o I 0.2 1 .o 

DITCH - 2A 

DITCH - 28 

DITCH - 2C 

DITCH - 2D 

DITCH - 6 

3.45 10.06 N/A NIA 

3.45 10.06 N /A N /A 

NIA NIA 1.82 7.49 

NIA NIA 3.54 15.56 

0.47 2.20 0.47 2.20 



Qukk-TR-;5 5-VerT574-6--S-/N : 
Executed: 15:18:48 10-27-1996 

DITCH-1 
DRAINAGE AREA P1 

EXISTING CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment .factor for-each return frequency 

Subarea Runoff Area 
Descr , 'C' acres .......................... 

~ VEG. FAIR- 0.420- -1.46- 
GRAVEL RD 0.900 0.11 --------------- 

years 



Y 

Quick TR-55 Ver.5.46 S/N: 
Executed: 14:50:44 10-27-1996 

DITCH-1 
DRAINAGE AREA P1 

PROPOSED CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor-for each return frequency 

BARE, S>4:1 
0.700 0.43 

GRAVEL RD 0.900 0.11 --------------- 
10.00 0.741 

years 



Quick TR-55 Ver.5.46 S/N: 
ExecutedT-0-62-3 7Y-2 7-0 2-04zX9 97 -___- 

/.-- DITCH-2A 
DRAINAGE AREA P1 

EXISTING CONDITIONS 

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

adj = 'C' adjustment factor for each return frequency 

10.00 0.435 

. .  



5e6112P 'br 

Quick TR-55 Ver.5.46 S / N :  
Executed: 14:09:34 07-21-1997 

DITCH-2A 
DRAINAGE AREA P1 

EXISTING CONDITIONS, 25 YR STORM 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = a d j * C * I * A  

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor for each return frequency 

Subarea Runoff Area 
Descr. 'C' acres 

.- ........................... 
VEG. FAIR 0.420 3.34 
GRAVEL ROAD 

0.900 0.11 



Qu-kk-TR-5 5-Ver7ST4 6-SfN-: 
Executed: 06:38:22 02-04-1997 

<- - 

DITCH-2B 
DRAINAGE AREA P1 

EXISTING CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor for each return frequency 



Quick TR-55 Ver.5.46 S/N: 
Executed: 14:10:15 07-21-1997 

DITCH-2B 
DRAINAGE AREA P1 

EXISTING CONDITIONS, 25 YR STORM 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = ' C '  adjustment factor for each return frequency 

Subarea Runoff Area 
Descr. 'C' acres .......................... 

VEG. FAIR 0.420 3.34 
GRAVEL ROAD 

0.900 0.11 --------------- 

years 

I .  



-Quick-TR=5 5-Ver-.-5-.-4 6-S-/-N-: 
Executed: 0,6:43:08 02-04-1997 

... . .  .: . ~ 

DITCH-2C 
DRAINAGE AREA P1 

PROPOSED CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = C f  adjustment factor- for -each return frequency 

years 1 



Zuick TR-55 Ver.5.46 S/N: 
Zxecuted: 14:11:45 07-21-1997 

DITCH-2C 
DRAINAGE AREA P1 

PROPOSED CONDITIONS, 25 YR STORM 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor for each return frequency 



sm s\L . L  
' -  . .  
Qui-ck-TR-5 5-Ver,5~4-6-S-/ N-: 
Executed: 06:43:50 02-04-1997 

DITCH-2D 
DRAINAGE AREA P1 

PROPOSED CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment .factor,for each return frequency 



Quick TR-55 Ver.5.46 S/N: 
Executed: 16:54:32 08-19-1997 

DITCH-2D 
DRAINAGE AREA P1 

PROPOSED CONDITIONS, 25 YR STORM 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = a d j * C * I * A  

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor for each return frequency 

RETURN FREQUENCY = 25 
\C' adjustment, k = 1 
Adj. 'C' = Wtd.'C' x 1 

years 



5 M O l l t  

Qui-ck-TR-55-Ver75-~46-S-/N: 
Executed: 15:56:04 10-27-1996 

DITCH-3 
DRAINAGE AREA P1 

EXISTING CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK 
Q = adj * C * I * 

DISCHARGES * * * * * * 
A 

Where: Q=cfs, C=Weigh,ed Runoff-Coefficien,, I=in/hour, A=acres 
adj = 'C' adjustment.factor-for -each return frequency 

Subarea Runoff Area 
Descr . 'C' acres .......................... 

~- VEG, S24 :t 0,4.20 ~ a ._37 ~~ 

GRAVEL ROAD 

years 



Quick TR-55 Ver.5.46 S/N: 
Executed: 15:00:44 01-22-1997 

DITCH-3 
DRAINAGE ARFA P1 

PROPOSED CONDITIONS 

5 1 1 2 1  
'U 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = IC1 adjustment factor- for-each return frequency 



- 

5-i 
Quick, TR-55 Ver.5.46 S/N: 
Executed: 15:07:33 04-26-1997 I 

DITCH-4 
DRAINAGE AREA P1 

EXISTING CONDITIONS I 
* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * I 

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

adj = 'C' adjustment .f.actor- for -each return frequency 

years 



% 817 
* 1121 

Quick TR-55 Ver.5.46 S/N: *w 
Executed: 15:06:30 04-26-1997 

DITCH-4 
DRAINAGE AREA P1 

PROPOSED CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = ,Cf  adjustment -factor for each-return frequency 

years 



Ouick TR-55 Ver.5.46 S / N :  
5m B18 I 

-~ 

Executed: 14: 15: 21 04-i8-1997 

DITCH-5 
DRAINAGE AREA P2 

EXISTING CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor for each return frequency 

years 



Quick TR-55 Ver.5.46 S/N: 
Executed: 14:16:50 04-28-1997 

DITCH-5 
DRAINAGE AREA P2 

PROPOSED CONDITIONS 

swi 1 2 1 
Y 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'Cr adjustment factor for-each-return frequency 

RETURN FREQUENCY = 10 years 

Tc Wtd. 
(min) 'Cf 

------e-------- 

-------------- 
10.00 0.700 0.700 5.450 0.62 



4 
._ -'Qu-<ck TR-.5 5 VerT-514-6 -- --SIN : _ -  

Executed: 14:18:30 04-28-1997 

DITCH-6 
DRAINAGE AREA P2 

EXISTING CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = a d j * C * I * A  

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment. factor for -each .return .frequency 

0.700 5.450 0.47 



Quick TR-55 Ver.5.46 S/N: 
Executed: 14:19:02 04-28-1997 

_ -  

DITCH-6 
DRAINAGE AREA P2 

PROPOSED CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor.for.each-return frequency 

years 

.. . . 



~I - -  

8aL 
Quick TR-55 Ver.5.46 S/N: 

," 'Exe'cuted: +f7: 07 : 06 08-19-1997 

DITCH-6 
DRAINAGE AREA P2 

EXISTING CONDITIONSf 25 YR STORM 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = a d j * C * I * A  

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = IC' adjustment factor for each return frequency 

RETURN FREQUENCY = 25 years 



Quick TR-55 Ver.5.46 
Executed: 17:07:40 

* * * * * *  

Where: Q=c 

S/N: 
08-19-1997 

DITCH-6 
DRAINAGE AREA P2 

PROPOSED CONDITIONS, 25 YR STORM 

SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

s, C=We ghted Runoff Coefficient, I=in/hour, A=acres 
adj = IC' adjustment factor for each return frequency 



, Quick TR-55 Ver.5.46 S/N: 
Executed: 16:06:06 04-29-1997 ..- 

DITCH-7 
DRAINAGE AREA P2 

EXISTING CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor for each return frequency 

Subarea Runoff Area 
Descr . 'C '  acres 

VEG. FAIR 0.420 0.59 

GRAVEL RD 0.900 0.08 
~ - ~ -  BARE,>4:lp -0,700- -1.09- 

--------------- 
0.615 5.450 1.76 

years 

5.9 



Quick TR-55 Ver.5.46 S/N: 
Executed: 07:34:14 04-29-1997 

DITCH-7 
DRAINAGE AREA P2 

PROPOSED CONDITIONS 

- 1 1 2 1  

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor .for-each-return frequency 

\ 

10.00 0.708 1 1  0.708 5.450 2.04 

years 



. .. Quick TR-55 Ver.5.46 S/N: 
Executed: 10:46:30 04-30-1997 

DITCH-8A 
DRAINAGE AREA P2 

EXISTING CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
ad] = I C 1  adjustment factor for each return frequency 

RETURN FREQUENCY = 10 years 

Adj. IC' = Wtd.'C1 x 1 
'C1 adjustment, k = 1 

Adj . I Total 
IC1 in/hr acres 



Quick TR-55 Ver.5.46 S/N: 
Executed: 14:47:00 04-29-1997 

DITCH-SA 
DRAINAGE AREA P2 

PROPOSED CONDITIONS 

P121 
'Y 

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

adj = ' C '  adjustment -factor -for.-each -.return frequency 

RETURN FREQUENCY = 10 years 

Tc Wtd. 
(min) 'C' 



QuickTR-55 Ver.5.46 S / N :  
Executed: 10:46:56 04-30-1997 

DITCH-8B 
DRAINAGE AREA P2 

EXISTING CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = a d j * C * I * A  

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = ' C adjustment . factor -for each. return .frequency 

Subarea Runoff Area 
Descr . 'C' acres .......................... 

BARE 
VEG, -FAIR -0,420 2.04 
GRAVEL RD 0.900 0.07 

0 * 7 0 0 _  = ~ 12 lo_ - 

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

Tc Wtd. 
(min) IC' 

Peak Q 1 (cfs) 
Adj . I 
'C' in/hr acres 

0.526 5.450 3.21 I 9.2 



Quick TR-55 Ver.5.46 S/N: 
Executed: 14:48:13 04-29-1997 

DITCH-8B 
DRAINAGE AREA P2 

PROPOSED CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = Cf adjustment factor -for .each -return .frequency 

RETURN FREQUENCY = 10 years 

Tc Wtd. 
(min) 'C' 



.I 

Quick TR-55 Ver.5.46 S/N: 
Executed: 16:47:01 01-20-1997 

DITCH-9 
DRAINAGE AREA P3 

EXISTING CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment-factor -for-each-return frequency 

RETURN FREQUENCY = 10 years 

. .  



Quick TR-55 Ver.5.46 S/N: 
Executed: 16:47:37 01-20-1997 * 1121 

DITCH-9 
DRAINAGE AREA P3 

PROPOSED CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = a d j * C * I * A  

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = IC' adjustment factor -for each--return -f-requency 

Subarea Runoff Area 
Descr . 'C '  acres 

- .  
,,,---------------;-------- 

BARE,>4:1 0.700 2.89 
GRAVEL RD 0.900 0.28 
VEG, POOR 0.600 0.25 --------------- 



Quick 'TR-55 Ver. 5.46 S/N: 
Executed:. 09:27:01 11-24-1996 

DITCH-10 (10A AND 10B) 
DRAINAGE AREA P3 

EXISTING CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = ' C' adjustment . factor. for .each -return .frequency 

RETURN FREQUENCY = 10 
\C' adjustment, k = 1 
Adj. 'C' = Wtd.'C' x 1 

Ad]. I Total 
'C' in/hr acres 



Quick TR-55 Ver.5.46 S/N: 
Executed: 09:27:45 11-24-1996 

DITCH-10 (10A AND 10B) 
DRAINAGE AREA P3 

PROPOSED CONDITIONS 

* 1121 
Y 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment-factor -foreach return frequency 

Adj . I Total 
'C '  in/hr acres 

0.88 



. Quick TR*-55 Ver.5.46 S/N: 
Executea: 16:49:52 01-20-1997 

DITCH-11 
DRAINAGE AREA P3 

EXISTING CONDITIONS 

* * * * * * SUMMARY 

Where: Q=cfs, C=We 

OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A  

ghted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor -for -each.-return frequency 

Subarea Runoff Area 
Descr . 'C' acres 

_ _  

VEG, POOR -~ - 0.600- -- - 0.89 - 
GRAVEL- 0 . 900 0.28 

- - -  

years 

4.2 



Quick TR-55 Ver.5.46 S / N :  
Executed: 16:49:22 01-20-1997 Y 

DITCH-11 
DRAINAGE AREA P3 

PROPOSED CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor for-each-return frequency 

Tc Wtd. 
(min) IC' 



Quick. TR-55 Ver. 5.46 S/N: 
Executed: 14:03:23 02-04-1997 

DITCH-12 
EXISTING/PROPOSED CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A  

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hourt A=acres 
adj = 'C' adjustment .factor -for -each .return frequency 

RETURN FREQUENCY = 10 years 

Subarea Runoff Area 
Descr . 'C' acres .......................... 

~~p WOODSp- _0.300p - 6.32 ~ 

VEG, FAIR 0.420 1.00 
GRAVEL ROAD 



Quick TR-55 Ver.5.46 S/N: 
Executed: 14:02:25 02-04-1997 c:\pol65d\D12P.TCT 

DITCH 41-2 - 

Tc COMPUTATIONS FOR: DITCH 12 

SHEET FLOW (Applicable to Tc only) 
Segment ID 
Surface description 
Manning's roughness coeff., n 
Flow length, L (total < or = 300) 
Two-yr 24-hr rainfall, P2 
Land slope, s 

0 . 8  
.007 * (n*L) 

T = -------------- 
0.5 0.4 

-. _. 
_ _  P2 * s - _  - .  

1 
WOODS, LT 

0.4000 
ft 122.0 
in 3.000 

ft/ft 0.0500 

- 1121 
-. 

hrs 0.30 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surf ace (paved or unpaved) ? 
Flow length, L ft 0.0 
Watercourse slope, s ft/ft 0.0000 

0 . 5  
Avg.V = Csf * (s) ft/s 0.0000 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (3600*V) hrs 0.00 

= 0.30 

- -_  

= 0.00 

CHANNEL FLOW 
Segment ID 2 

Hydraulic radius, r = a/Pw ft 

Cross Sectional Flow Area, a sq.ft 7.50 
Wetted perimeter, Pw ft 8.71 

0.861 
Channel slope, s ft/ft 0.0130 
Manning's roughness coeff., n 0.0400 

Flow length, L ft 485 

T = L / (3600*V) hrs 0.04 = 0.04 

....................................................................... ....................................................................... 
TOTAL TIME (hrs) 0.34 



Quick TR-55 Ver.5.46 S/N: 
Sxecuted: 14:02:25 02-04-1997 c:\pol65d\D12P.TCT 

SUMMARY SHEET FOR Tc or Tt COMPUTATIONS 
(Solved for Time using TR-55 Methods) 

DITCH 12 



TIME OF CONCENTRATION, DITCH 12 
Worksheet for Trapezoidal Channel 

Project Description 
Project File c:\po165d\swu.fm2 
Worksheet 
Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Discharge 

TIME OF CONC., DITCH 12 

'L, 

Input Data 
Mannings Coefficient 0.040 
Channel Slope 0.01 3000 Wft 
Depth 1.50 ft 
Left Side Slope 
Right Side Slope 
Bottom Width 2.00 ft 

2.000000 H : V 
2.000000 H : V 

- _. - - 

Resuh 
Discharge 28.76 cfs 
Flow Area 7.50 fF 
Wetted Perimeter 8.71 ft 
Top Width 8.00 ft 
Critical Depth 1.25 ft 
Critical Slope 0.02791 7 Wft 
Velocity 3.83 Ws 
Velocity Head 0.23 ft 
Specific Energy 1.73 ft 
Froude Number 0.70 
Flow is subcritical. 

I 

02/04/97 FlowMaster 6 . 1  3 
01 :59:47 PM - Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 (203) 7551 666 

'b I .  r i  * ' A , i . ,  



, f', . 1 %  . 
' . I  

h 1;  , , 

DITCHES 13 & 1 4  DESIGNED UNDER PO1 58, HAUL ROAD UPGRADE PROJECT 



i ' , .  

Quick TR-55 Ver.5.46 S/N: 
Executed: 09:39:59 06-10-1997 

DITCH 15 
EXISTING AND PROPOSED CONDITIONS 

s.* ? 1'2 1 
'L, 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = a d j * C * I * A  

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = ICf adjustment factor for each return frequency 

Tc Wtd. 
(min) ,Cf 

. . . . . - . _..~. ~ . .  . ... . 

0.900 5.450 0.20 



TABLE 2 
SUMMARY OF DITCH PERFORMANCE 

QEOMEMBRANE LINER 

2 
D, = Normal flow depth 0, = Flow depth upstreem of velocity check 4 v 



DITCH-1 (Dl) 
Worksheet for Triangular Channel 

Project Description 
Project File c:\pol65d\swu.fm2 

Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Worksheet DITCH-1 (Dl) 

~ 

Input Data 
Mannings Coefficient 0.040 
Channel Slope 0.005000 Wft 
Left Side Slope 
Right Side Slope 
Discharge 3.88 cfs 

2.000000 H : V 
2.000000 H : V 

Results 
Depth 1.09 ft 
Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specilic Energy 
Froude Number 
Flow is subcritical. 

2.38 ff 
4.88 ft 
4.37 ft 
0.75 ft 
0.037554 Wft 
1.63 Ws 
0.04 ft 
1.13 ft 
0.39 

Notes: 

Velocity 4.0 fps for n = 0.04 on slopes from 0. %I to 3.6% (See Rating Table). 

Use Erosion Control Blanket for channel lining 

Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 06708 (203) 7551666 
FlowMaster 6.13 

Page 1 of 1 

000%;";3 



n .  

i , 
. .  

.C ' 

DITCH-1 (Dl) 
Rating Table for Triangular Channel 

Project Description 
Project File c:\po165d\swu.fm2 
Worksheet DITCH-1 (Dl) 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Constant Data 
Left Side Slope 
Right Side Slope 
Discharge 3.88 cfs 

2.000000 H : V 
2.000000 H : V 

Minimum Maximum Increment 
Mannings Coefficient 0.040 0.060 0.020 - 

~ -- -Channel Slope- 7. ~ ~ 0.005000- ~ -0.026000 = -0.021000 Wft- ~~ =~ ~ ~- ~ 

-~ 

Rating Table 
Channel 
Slope Mannings Depth Velocity 
(Wft) Coefficient (ft) (WS) 

0.005000 0.040 1.09 1.63 
0.005000 0.060 1.27 1.20 
0.026000 0.040 0.80 3.02 
0.026000 0.060 0.93 2.23 

OW21 197 
08:3741 AM 

FlowMaster 6 . 1  
Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1 666 Page 1 of I 



DITCH 2A, EXISTING CONDITIONS 
Worksheet for Triangular Channel 

Project Desuiption 
Project File c:\pol65d\swu.fm2 
Worksheet DITCH 2A, EXISTING CONDITIONS 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

h u t  Data 
Mannings Coefficient 0.040 

Left Side Slope 
Right Side Slope 
Discharge 8.18 cfs 

Channel Slope 0.1 00000 ft/ft 
2.000000 H : V 
2.000000 H : V 

Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Flow is supercritical. 

1.36 fF 
3.68 ft 
3.29 ft 
1.01 ft 
0.033997 fVft 
6.03 ft/s 
0.57 ft 
1.39 ft 
1.66 

Notes: 

Velocity > 4.0 fps for n = 0.04, Not acceptable 

Use Riprap for channel lining on steep section 

02/04/97 FlowMaster 6 .13  
071 1 :48 AM Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1 666 Page 1 of 1 
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DITCH 2A, EXISTING CONDITIONS 
Rating Table for Triangular Channel 

Project Description 
Project File c:\pol65d\swu.fm2 
Worksheet DITCH 2A, EXISTING CONDITIONS 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Constant Data 
Channel Slope 0.1 00000 Wft 
Left Side Slope 
Right Side Slope 
Discharge 8.18 cfs 

2.000000 H : V 
2.000000 H : V 

Input Data 

ManningsCoefficient- ~ 0.040 ~ - 0.060 ~ - ~ 0.020- ~ ~ 

- ~~ 
~~ ~~~- 

Minimum Mam'mum Increment 
~~~~ 

Rating Table 

Mannings Depth Velocity 
Coefficient (ft) (WS) 

02/04/97 
070939 AM 

0.040 0.82 
0.060 0.96 

6.03 
4.45 

Haestad MethOdS. InC. 37 

~ 

Brookside 



DITCH 2A-25 
Worksheet for Triangular Channel 

Proiect DescriDtion 
Project File c:\po165d\swu.fm2 

Flow Element Triangular Channel 
Method Manning’s Formula 
Solve For Channel Depth 

Worksheet DITCH 2A-25 

Input Data 
Mannings Coefficient 0.060 
Channel Slope 0.1 00000 ft/ft 

Discharge 10.10 cfs 

Left Side Slope 
Right Side Slope 

2.000000 H : V 
2.000000 H : V 

- _  - -  Resutts 
Depth 1.04 ft 
Flow Area 2.15 fF 
Wetted Perimeter 4.64 ft 
Top Width 4.15 ft 

Critical Slope 0.074376 Wft 
Velocity 4.69 Ws 

Specific Energy 1.38 ft 
Froude Number 1.15 
Flow is supercritical. 

Critical Depth 1.10 ft 

Velocity Head 0.34 ft 

07Rl I97 FlowMaster 6 . 1  3 
022238 PM Haestad Methods. 1%. 37 Brookside Road Waterbury. CT 06708 (203) 755-1666 Page 1 of 1 

00016.3 . J  
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DITCH 28, EXISTING CONDITIONS 
Worksheet for Triangular Channel 

Project Description 
Project File c:\po165d\swu.fm2 
Worksheet DITCH 28, EXISTING CONDITIONS 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

~ 

Input Data 
Mannings Coefficient 0.009 
Channel Slope 0.008000 fwt 
Left Side Slope 
Right Side Slope 
Discharge 8.18 ds 

2.000000 H : V 
2.000000 H : V 

Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Flow is supercritical. 

1.14 fF 
3.38 ft 
3.02 ft 
1.01 ft 
0.001721 Wft 
7.16 ft/s 
0.80 ft 
1.55 ft 
2.05 

Notes: 

GEOMEMBRANE LINER 

V =  8.2fps:OK 

05/21 /97 
01 :20:12 PM 

FlowMaster 6.' 
Haestad Methods, Inc. 37 Brookside Rcad Waterbury, CT 06708 (203) 755-1 666 Page 1 of 
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DITCH 2525 
Worksheet for Triangular Channel 

Project Description 
Project File c:\p0165&wufm2 

Flow Element Triangular Channel 
Method Manning’s Formula 
Solve For Channel Depth 

Worksheet DITCH 28-25 

Input Data 
Mannings Coefficient 0.009 
Channel Slope 0.008000 Wft 
Left Side Slope 
Right Side Slope 

2.000000 H : V 
2.000000 H : V 

Discharge 10.10 cfs 

1.34 fF 
3.66 ft 
3.27 ft 
1.10 ft 
0.001 673 Wft 
7.55 Ws 
0.89 ft 
1.70 ft 
2.08 

Results 
Depth 0.82 ft 
Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Flow is supercritical. 

07Ri /97 FkwMaster 6.13 
0225:16 PM Haestad Methods. Inc. 37 Brooks& Road Waterbury. CT 06708 (203) 755.1 666 Page 1 of I 
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DITCH 2C, PROPOSED CONDITIONS 
Worksheet for Triangular Channel 

Project Desaiption 
Project File c:\pol65d\swu.fm2 
Worksheet DITCH 2C PROPOSED CONDITIONS 
Flow Element Triangular Channel 
Method Manning's Formula . 

Solve For Channel Depth 

Input Data 
Mannings Coefficient 0.040 
Channel Slope 0.1 00000 fvft 
Left Side Slope 
Right Side Slope 
Discharge 8.18 cfs 

2.000000 H : V 
2.000000 H : V 

Flow Area 
Wetted Perimeter 
Top width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Flow is supercritical. 

1.36 ff 
3.68 ft 
3.29 ft 
1.01 ft 
0.033997 ftlft 
6.03 ft/s 
0.57 ft 
1.39 ft 
1.66 

Notes: 

This is same ditch with same discharge as ditch 2A under existing conditions. 

02/04/97 
071 942 AM 

FlowMaster 6 . 1  
Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 (203) 755-1 666 Page 1 of 1 
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DITCH 2C, PROPOSED CONDITIONS 
Rating Table for Triangular Channel 

Project File c:\pol65d\swu.fm2 
Worksheet DITCH 2C PROPOSED CONDITIONS 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Constant Data 
Channel Slope 0.1 00000 ftlft 
Left Side Slope 
Right Side Slope 
Discharge 8.18 cfs 

2.000000 H : V 
2.000000 H : V 

- .  
- InputData- 

Minimum Maximum Increment 
Mannings Coefficient 0.040 0.060 0.020 

Ratina Table 

Mannings Depth Velocity 
Coefficient (ft) (WS) 

0.040 0.82 6.03 
0.060 0.96 4.45 

FlowMaster 6 . 1  3 M/o4/97 
071826 AM Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1 666 
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DITCH 2C-25 
Worksheet for Triangular Channel 

Project Description 
Project File c:~ol65d\swu.fm2 
Worksheet DITCH 2C-25 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Input Data 
Mannings Coefficient 0.040 
Channel Slope 0.1 00000 ftlft 
Left Side Slope 
Right Side Slope 
Discharge 7.49 ds 

2.000000 H : V 
2.000000 H : V 

Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 

1.27 ft2 
3.56 ft 
3.19 ft 
0.97 ft 
0.034401 ftlft 
5.90 ftls 
0.54 ft 
1.34 ft 
1.65 

Flow is supercritical. 

08120/97 
01 :46:07 PM Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 (203) 755-1 666 Page 1 o 



DITCH 26-25 
Rating Table for Triangular Channel 

Project Description 
Project File c:\po165d\sM.fm2 

Flow Element Triangular Channel 
Method Manning’s Formula 
Solve For Channel Depth 

Worksheet DITCH 2C-25 

Constant Data 
Channel Slope 0.1 00000 ft/ft 
Left Side Slope 
Right Side Slope 
Discharge 7.49 cfs 

2.000000 H : V 
2.000000 H : V 

Input Data- 

Mannings Coefficient 0.040 0.060 0.020 
Minimum Maximum Increment 

Mannings Depth Velocity 
Coefficient (ft) (ft/S) 

0.040 0.80 
0.060 0.93 

5.90 
4.36 

FlowMaster 6 . 1  3 
01 :e38 PM Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 06708 (203) 755.1666 om om pa^ 1 of 1 G 



DITCH 2D, PROPOSED CONDITIONS 
Worksheet for Triangular Channel 

~ 

Project Descn'ption 
Project File c:\pol65d\swu.fm2 
Worksheet DITCH 2D, PROPOSED CONDITIONS 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

InpXData 
Mannings Coefficient 0.040 
Channel Slope 0.007000 ft/ft 
Left Side Slope 
Right Side Slope 
Discharge 12.70 cfs 

4.000000 H : V 
2.000000 H : V 

5.51 fF 
8.62 ft 
8.13 ft 
1.02 ft 
0.031 514 Wft 
2.31 ft/s 
0.08 ft 
1.44 ft 
0.49 

Flow Area 
Wetted Perimeter 
Top width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Flow is subcritical. 

Notes: 

DITCH 20 WITH VARYING LEFT SIDE SLOPE. 

TWO CRITERIA FOR ACCEPTANCE: 
1 .COMPARE LEFT SIDE SLOPE WITH FLOW DEPTH TO ENSURE FREEBOARD, 
2. COMPARE VELOClTy TO ENSURE THAT 
V c 4.0 FPS FOR EROSION CONTROL BLANKET. 

OK FOR BOTH 

02/04/97 
072233 AM 



DITCH 2D, PROPOSED CONDITIONS 
Rating Table for Triangular Channel 

Project Description 
Project File c:\po165&wu.fin2 
Worksheet DITCH 2D, PROPOSED CONDITIONS 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

~ 

Constant Data 
Mannings Coefficient 0.040 
Channel Slope 0.007000 Wft 
Right Side Slope 
Discharge 12.70 cfs 

2.000000 H : V 

Y 

_ - _  ~ Input Data 
~ 

Minimum Maximum Increment 
Left Side Slope 4.000000 60.000000 2.000000 H : V 

Rating Table 
Left Side 

Slope Depth Velocity 
(H :V) (ft) (WS) 

4.000000 
6.000000 
8.000000 

10.000000 
12.000000 
14.000000 
16.000000 
18.000000 
20.000000 
22.000000 
24.000000 
26.000000 
28.000000 
30.000000 
32.000000 
34.000000 
36.000000 
38.000000 
40.000000 
42.000000 
44.000000 
46.000000 
48.000000 

1.35 
1.21 
1.11 
1.04 
0.98 
0.93 
0.89 
0.85 
0.82 
0.80 
0.77 
0.75 
0.73 
0.71 
0.70 
0.68 
9.67 
0.66 
0.64 
0.63 
0.62 
0.61 
0.60 

2.31 
2.17 
2.06 
1.97 
1.90 
1.84 
1.79 
1.75 
1.71 
1.67 
1.64 
1.61 
1.58 
1.56 
1.53 
1.51 
! .49 
1.47 
1.46 
1.44 
1.42 
1.41 
1.39 

02/04/97 
0721 :48 AM Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203) 7551 666 

FlowMaster 6 . 1  3 
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DITCH 2D, PROPOSED CONDITIONS 
Rating Table for Triangular Channel 

FlowMaster 6.' 

Rating Table 
Left Side 

Slope Depth Velocity 
(H:V) (ft) (WS) 

50.000000 0.59 1.38 
52.000000 0.59 1.37 
54.000000 0.58 1.36 
56.000000 0.57 1.34 
58.000000 0.56 1.33 
60.000000 0.56 1.32 

02/w/97 
0721 :48 AM Haestad Methods ,  Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 2 of 
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DITCH 2D, PROPOSED CONDITIONS 
Plotted Curves for Triangular Channel 

~ 

Project Description 
Project File c:\pol65d\swu.fm2 
Worksheet DITCH 2D, PROPOSED CONDITIONS 
Flow Element Triangular Channel 
Method Manning’s Formula 
Solve For Channel Depth 

Constant Data 
~~ 

Mannings Coefficient 0.040 
Channel Slope 0.007000 fvft 
Right Side Slope 
Discharge 12.70 cfs 

2.000000 H : V 

__ . Inp-aData 
Minimum Maximum Increment 

Left Side Slope 4.000000 60.000000 2.000000 H : V 

.o 

02/04/97 
072459 AM 

FlowMaster 6 . 1  3 
Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 OBp0,17dPage 1 of 1 
. I  
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DITCH 2D-25 
Worksheet for Triangular Channel 

Project Description 
Project File c:bol65d\swu.fm2 
Worksheet DITCH 2D-25 
Flow Element Triangular Channel 
Method Manning's Formula 
Sotve For Channel Depth 

Input Data 
Mannings Coefficient 0.040 
Channel Slope 0.007000 Wft 
Left Side Slope 
Right Side Slope 
Discharge 12.65 cfs 

4.000000 H : V 
2.000000 H : V 

Results 

Flow Area 5.49 ff 
Wetted Perimeter 8.60 ft 
Top Width 8.12 ft 

Critical Slope 0.031 530 ftlft 
Velocity 2.30 ftls 
Velocity Head 0.08 ft 

Froude Number 0.49 
Flow is subcritical. 

-135 ~ -ft ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ 

~~-~ -Depth ~ - ~ ~ . 

Critical Depth 1.02 ft 

Specific Energy 1.44 ft 

Notes: 

DITCH 2D-25 WITH VARYING LEFT SIDE SLOPES 

TWO CRITERIA FOR ACCEPTANCE: 
1. COMPARE LEFT SIDE SLOPE WITH FLOW DEPTH TO ENSURE FREEBOARD, 
2. COMPARE VELOCITY TO ENSURE THAT V < 4,O FPS FOR EROSION CONTROL BLANKET 

OK FOR BOTH 

08/20/97 
01 :40:22 PM 

FlawMaster 6 . 1  3 
Page 1 of 1 Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203) 7S1666 



DITCH 20-25 
Rating Table for Triangular Channel 

Project Description 
Project File c:\po165d\swu.fm2 
Worksheet DITCH 2D-25 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

~~ 

Constant Data 
Mannings Coefficient 0.040 
Channel Slope 0.007000 ftlft 
Right Side Slope 
Discharge 12.65 cfs 

2.000000 H : V 

- Input Data 
- - .  - -  - Minimum Maximum Increment 

Left Side Slope 4.000000 60.000000 2.000000 H : V 

Rating Table 
Left Side 

Slope Depth Velocity 
(H : V) (ft) (ftlS) 

4.000000 
6.000000 
8.000000 

10.000000 
12.000000 
14.000000 
16.000000 
18.000000 
20.000000 
22.000000 
24.000000 
26.000000 
28.000000 
30.000000 
32.000000 
34.000000 
36.(100000 
38.000000 
40.000000 
42.000000 
44.000000 
46.000000 
48.000000 

1.35 
1.21 
1.11 
1.03 
0.98 
0.93 
0.89 
0.85 
0.82 
0.79 
0.77 
0.75 
0.73 
0.71 
0.70 
0.68 
0.67 
0.66 
0.64 
0.63 
0.62 
0.61 
0.60 

2.30 
2.16 
2.06 
1.97 
1.90 
1.84 
1.79 
1.74 
1.70 
1.67 
1.64 
1.61 
1.58 
1.55 
1.53 
1.51 
I .49 
1.47 
1.45 
1.44 
1.42 
1.41 
1.39 

08120/97 
01:0.51 PM Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1 666 

3 .  * . ;.a e : 8 . 
FlowMaster 6 . 1  3 

Page 1 of 2 
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DITCH 2D-25 
Rating Table for Triangular Channel 

Rating Table 
Left Side 

Slope Depth Velocity 
(H : V) (ft) (ftk) 

50.000000 0.59 
52.000000 0.59 
54.000000 0.58 
56.000000 0.57 
58.000000 0.56 
60.000000 0.56 

1.38 
1.37 
1.35 
1.34 
1.33 
1.32 

08/20/97 
01:40:51 PM 

FlawMaster 6 .13  
Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 7551666 Page 2 of 2 
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DITCH-3 (D3) 
Worksheet for Trapezoidal Channel 

Project Description 
Project File c:\po165d\swu.fm2 

Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Channel Depth 

Worksheet DITCH-3 (D3) 

Input Data 
Mannings Coefficient 0.009 
Channel Slope 0.006700 fttft 
Left Side Slope 
Right Side Slope 
Bottom Width 4.00 ft 
Discharge 25.33 cfs 

2.000000 H : V 
2.000000 H : V 

_ _  - -  _ _  - ---- - - - - - 

Results 
Depth 0.60 ft 
Flow Area 3.12 W 
Wetted Perimeter 6.68 ft 
Top Width 6.40 ft 
Critical Depth 0.92 ft 
Critical Slope 0.001432 Wft 
Velocity 8.13 Ws 
Velocity Head 1.03 ft 
Specific Energy 1.63 ft 
Froude Number 2.05 
Flow is supercritical. 

Notes: - 

NOTE: 4' WIDE DITCH SECTION DOES NOT GET TOTAL "Q" 

GEOMEMBFWNE LINER 

V = 8.1 fps: OK 

05/21 197 
01:21:11 PM Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 (203) 755-1666 

\ '  I . >-.*.e . i 

FlowMaster v5.13 
Page 1 of 1 
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DITCH-3 (D3) 
Rating Table for Trapezoidal Channel 

Project Description 
Projec? File c:\pol65d\swu.fm2 
Worksheet DITCH3 (D3) 
Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Channel Depth 

Constant Data 
Mannings Coefficient 0.009 
Channel Slope 0.006700 ft/ft 
Left Side Slope 
Right Side Slope 
Discharge 25.33 cfs 

2.000000 H : V 
2.000000 H : V 

- -  
- 

Input Data - 

Bottom Width 4.00 8.00 4.00 ft 
~ -Minimum - - -Maximum Ineemeiit - -  - - - - - - - - -  

Rating Table 
Bottom 
Width Depth Velocity 

(ft) (ft) (WS) 

4.00 0.60 8.1 3 
8.00 0.41 6.96 

05/21 I97 
01 :22A 0 PM Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1 666 

Q Q O ~ ~ ~  
FlowMaster 6 

Page 1 of 1 
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DITCH4 (D4) - 1121 
Worksheet for Trapezoidal Channel 'cu 

Project Description 
Project File c:\po165d\swu.fm2 
Worksheet DITCH4 (D4) 
Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Channel Depth 

Input Data 
Mannings Coefficient 0.009 
Channel Slope 0.008600 Wft 
Left Side Slope 
Right Side Slope 
Bottom Width 2.00 ft 
Discharge 2.67 cfs 

2.000000 H : V 
2.000000 H : V 

- _  - .  - -- . _ _  

Results 
Depth 0.22 ft 
Flow Area 0.54 fP 
Wetted Perimeter 2.99 ft 
Top Width 2.89 ft 
Critical Depth 0.34 ft 

Velocity 4.91 Ws 
Velocity Head 0.37 ft 
Specific Energy 0.60 ft 
Froude Number 2.00 
Flow is supercritical. 

Critical Slope 0.001 943 Wft 

Notes: 

GEOMEMBRANE LINER 

V = 4.91 fps: OK 

05/L1/97 
01:25:05 PM 

FlowMaster 6 1 3  
Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 06708 (203) 7551 666 8.0 0 x_"R* 1 of 1 
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DITCH-5 (DS) 
Worksheet for Trapezoidal Channel 

Proiect DescriDtion 
Project File c:\pol65d\swu.fm2 

Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Channel Depth 

Worksheet DITCH-5 (05) 

Input Data 
Mannings Coefficient 0.009 
Channel Slope 0.01 5000 ftlft 
Left Side Slope 
Right Side Slope 
Bottom Width 2.00 ft 
Discharge 2.37 cfs 

2.000000 H : V 
2.000000 H : V 

Notes: 

GEOMEMBRANE LINER 

V =  5.7fps:OK 

Depth 0.18 ft 
Flow Area 0.42 ff 
Wetted Perimeter 2.79 ft 
Top Width 2.71 ft 
Critical Depth 0.32 ft 
Critical Slope 0.001 977 rtm 
Velocity 5.69 ftls 
Velocity Head 0.50 ft 
Specific Energy 0.68 ft 
Froude Number 2.56 
Flow is supercritical. 

05121/97 
01 :26:28 PM 

FlowMaster 6 . 1  
Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06108 (203) 755-1666 Page I of 
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DITCH-6 (D6) 
Worksheet for Trapezoidal Channel 

Project Description 
Project File c:\pol65d\swu.fm2 
Worksheet DITCH6 (D6) 
Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Channel Depth 

- L. 1121 

~ 

Input Data 
Mannings Coefficient 0.009 
Channel Slope 0.014000 Wft 
Left Side Slope 
Right Side Slope 
Bottom Width 2.00 ft 
Discharge 1.79 cfs 

2.000000 H : V 
2.000000 H : V 

-. . .  
- -  

Results 
Depth 0.15 ft 
Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Flow is supercritical. 

0.35 fF 
2.69 ft 
2.61 ft 
0.27 ft 
0.002064 Wft 
5.06 WS 

0.40 ft 
0.55 ft 
2.42 

Notes: 

GEOMEMBRANE LINER 

V = 5.1 fps: OK 

05/21 197 
01 :27:5a PM 

FlowMaster 6.13 
Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 06708 (203) 7551666 Page 1 of I 



DITCH 6-25 
Worksheet for Trapezoidal Channel 

Project Description 
Project File c:\po165d\swu.fm2 
Worksheet DITCH 6-25 
Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Channel Depth 

Input Data 
Mannings Coefficient 0.009 
Channel Slope 0.01 4000 wft 
Left Side Slope 
Right Side Slope 
Bottom Width 2.00 ft 
Discharge 2.20 cfs 

2.000000 H : V 
2.000000 H : V 

Depth 0.17 ft 
Flow Area 0.41 fF 
Wetted Perimeter 2.77 ft 
Top Width 2.69 ft 
Critical Depth 0.30 ft 
Critical Slope 0.002000 wft 
Velocity 5.42 w s  
Velocity Head 0.46 ft 
Specific Energy 0.63 ft 
Froude Number 2.46 
Flow is supercritical. 

Notes: 

GEOMEMBRANE LINER 

V =  5.4fps:OK 

08120197 
02:27:08 PM 

FlowMaster 6.13 1 
Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 7551666 Page 1 of I 
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DITCH-7 (07) 
Worksheet for Trapezoidal Channel 

Project Description 
Project File c:\po165d\swu.fm2 

Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Channel Depth 

Worksheet DITCH-7 (D7) 

'U 

Input Data 
Mannings Coefficient 0.009 

Left Side Slope 
Right Side Slope 
Bottom Width 2.00 ft 
Discharge 7.87 cfs 

Channel Slope 0.01 1000 Wft 
2.000000 H : V 
2.000000 H : V 

- _  _ _  

Results 
Depth 0.38 ft 
Flow Area 
Wetted Perimeter 
Top width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Flow is supercritical. 

1.05 fF 
3.70 ft 
3.52 ft 
0.63 ft 
0.001671 ftlft 

0.87 ft 
1.25 ft 
2.41 

7.48 ws 

Notes: 

GEOMEMBRANE LINER 

Vmin = 7.5 fps Q S = 1.1%- OK 
Vmax = 10.4 fps Q S = 2.9% - USE VELOCITY CHECK 

FlowMaster v5.13 
Page 1 of 1 

05/21 197 
01 :31:40 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 7Sl666 
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DITCH-7 (D7) 
Rating Table for Trapezoidal Channel 

Project Description 
Project File c:\pol65d\swu.fm2 

Flow Element Trapezoidal Channel 
Method Manning’s Formula 
Solve For Channel Depth 

Worksheet DITCH-7 (D7) 

Constant Data 
Mannings Coefficient 0.009 
Left Side Slope 
Right Side Slope 
Bottom Width 2.00 ft 
Discharge 7.87 cfs 

2.000000 H : V 
2.000000 H : V 

- p  

Input Data 

Channel Slope 0.01 1000 0.028600 0.01 7600 Wft 

~ ~ ~ ~ - -  - ~ Minimump - Magmum- ~ -lncreme,,- - - - - ~ ~ ~ - - - - ~ 

Ratina Table 
Channel 
Slope Depth Velocity 

7.48 q 10.43 

(Wft) (ft) (WS) 

0.01 1000 
0.028600 

WWPL 
wv* 

FlowMaster 6 . 1 3  
Haestad Methods. Inc. 37 Bmdcside Road Waterbury. CT 06708 (203) 7551666 Page 1 of I 



DITCH-8A (D8A) 
Worksheet for Triangular Channel 

Proiect DescriDtion 
Project File c:\po165d\swu.fm2 
Worksheet DITCH-8A (D8A) 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Input Data 
Mannings Coefficient 0.040 
Channel Slope 0.008000 ftlft 
Left Side Slope 
Right Side Slope 
Discharge 5.88 cfs 

2.000001 H : V 
2.000000 H : V 

c - -  -- - 
Results 
Depth 1.17 ft 
Flow Area 2.73 fP 
WettedPerimeter 5.22 ft 
Top width 4.67 ft 
Critical Depth 0.88 ft 
Critical Slope 0.035527 Wft 
Velocity 2.16 fVs 
Velocity Head 0.07 ft 
Specific Energy 1.24 ft 
Froude Number 0.50 
Flow is subcritical. 

Notes: 

Velocity 4.0 fps for slope = 0.8% - OK 

Use Erosion Control Blanket for channel lining 

04/30/97 FlowMaster 6.13 
1052:lO AM Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203) 756-1666 Page 1 of 1 

Q-.". i ,,.i.; 



DITCH-8B (D8B) 
Worksheet for Triangular Channel 

. .  

~~ 

Project Description 
Project File c:~ol65d\swu.fm2 
Worksheet DITCH-8B (D8B) 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Input Data 
Mannings Coefficient 0.040 

Left Side Slope 
Right Side Slope 
Discharge 9.21 cfs 

Channel Slope 0.1 00000 Wft 
2.000000 H : V 
2.000000 H : V 

ReSUltS 

Flow Area 1.48 ft2 
Wetted Perimeter 3.85 ft 

Critical Depth 1.06 ft 
Critical Slope 0.033465 ftlft 
Velocity 6.22 ftls 
Velocity Head 0.60 ft 
Specific Energy 1.46 ft 
Froude Number 1.67 
Flow is supercritical. 

~ - -  ~ - -  - ~ -  - -  ~ ~ - 
- - - - - -  Depth- - - -  - - 0 8 6  - - f -  ~ - -  - - - -  ~ 

Top Width 3.44 ft 

Notes: 

Velocity > 4.0 fps for n = 0.04, Not acceptable 

Use  Riprap for channel fining 

cw3ol97 
01 :no9 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 7 S l T  

000%8Q 
FlowMaster 6 .13  

Page 1 of 1 



DITCH 88 (D8B) 
Rating Table for Triangular Channel 

~ 

Project Description 
Project File c : \ p o 1 6 5 ~ . f m 2  

Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Worksheet DITCH-8B (D8B) 

Constant Data 

Left Side Slope 
Right Side Slope 
Discharge 9.21 cfs 

Channel Slope 0.1 00000 Wft 
2.000000 H : V 
2.000000 H : V 

- 1121 
-U 

Increment- - - -  Minimum Maximum 
Mannings Coefficient 0.040 0.060 0.020 

Rating Table 

Mannings Depth Velocity 
Coefficient (ft) (WS) 

0.040 0.86 6.22 
0.060 1 .oo 4.59 

04/30197 
01 :22:44 PM Haestad Methods. Inc. 37 Brookside Road Waterbuly, CT 06708 (203) 7551 666 

. L  ' , 

FlowMaster 6 . 1  3 
Page 1 of 1 



d' DITCH-9 (D9) 
Worksheet for Trapezoidal Channel 

. .  

Project Description 
Project File c:\po165d\swu.fm2 

Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Channel Depth 

Worksheet DITCH-9 (D9) 

Input Data 
Mannings Coefficient 0.009 

Left Side Slope 
Right Side Slope 
Bottom Widttr 4.00 ft 
Discharge 13.22 cfs 

Channel Slope 0.01 1000 m 
2.000000 H : V 
2.000000 H : V 

- - -  - - - _ - - - -  - - - - - _ - _  - - - - _ - _  . _ - - - - - - - -  - -  R e s & -  
Depth 0.36 ft 
Flow Area 1.69 ff 
Wetted Perimeter 5.61 ft 

Critical Depth 0.62 ft 
Critical Slope 0.001 573 ftKt 
Velocity 7.80 ftls 

Specific Energy 1.30 ft 
Froude Number 2.46 
Flow is supercrib'cal. 

Top Width 5.44 ft 

Velocity Head 0.95 ft 

Notes: 

GEOMEMBRANE LINER 

Vmin=7.8fps@ S = l . l % - O K  

Vmax = 14.1fps Q S = 6.7% - USE VELOCITY CHECK 

05/21 I97 
01 :W32 PM 

FlowMaster 6 . 1 3  
Page 1 of 1 Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 (203) 7551 



DITCH-9 (D9) 
Rating Table for Trapezoidal Channel 

Project Description 
Project File c:\pol65d\swu.fm2 
Worksheet DITCH-9 (D9) 
Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Channel Depth 

Constant Data 
Mannings Coefficient 0.009 
Left Side Slope 
Right Side Slope 
Bottom Width 4.00 ft 
Discharge 13.22 cfs 

2.000000 H : V 
2.000000 H : V 

.r 

'Y 

Minimum Maximum Increment 
Channel Slope 0.01 1000 0.066700 0.055700 fVft 

Rating Table 
Channel 
Slope Depth Velocity 
(fVft) (ft) (WS) 

7.80 9 14.08 
0.01 1000 
0.066700 

tJ-L =m 

1121 

05/21/97 FlovMaster 6.13 
01 :32:48 PM Haestad Methods, 1%. 37 Brooks& Road Waterbury. CT 06708 (203) 7551 666 Page 1 of 1 ., * + 



DITCH-1OA (DlOA) 
Worksheet for Triangular Channel 

Project Description 
Project File c:\po165d\swu.fm2 
Worksheet DITCH-1 OA (Dl OA) 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

InputData 
Mannings Coefficient 0.040 
Channel Slope 0.043000 Wft 
Left Side Slope 
Right Side Slope 

2.000000 H : V 
2.000000 H : V 

Discharge 1.34 cfs 

Top Width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 

Flow Area 0.48 W 
Wetted Perimeter 2.19 ft 

1.96 ft 
0.49 ft 
0.043270 Wft 
2.80 ft/s 
0.12 ft 
0.61 ft 
1 .oo 

Flow is subcritica 

Notes: . 

Velocity < 4.0 fps for n = 0.04 on 4.3% slope, OK 

Use Erosion Control Blanket for channel lining 

01 I1 2/97 
07:44:!3 AM 

FlowMaster 6. 
Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1 666 \ Page 1 of 

OOQ, ZJ .J 



DITCH-1 OA (D1 OA) 
Rating Table for Triangular Channel 

~ 

Project Description 
Project File c:\pol65d\swu.fm2 
Worksheet DITCH-1 OA (D1 OA) 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Constant Data 
Channel Slope 0.043000 Wft 
Left Side Slope 
Right Side Slope 

2.000000 H : V 
2.000000 H : V 

Discharge 1.34 cfs 

f 1121 

Input Data 
- .  

- Minimum Maximum - Increment 
Mannings Coefficient 0.040 0.060 0.020 

- .  ... 

Rating Table 

Mannings Depth Velocity 
Coefficient (ft) (ftk) 

0.040 0.49 2.80 
0.060 0.57 2.06 

01 I1 2/97 
074322 AM 

FlowMaster 6.13 
Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1 666 Page 1 of 1 

, .  .. 



DITCH-1 OB (D1 OB) 
Worksheet for Triangular Channel 

Project Description 
Project File c:\po165d\swu.fm2 
Worksheet DITCH-1 OB (D1 OB) 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Input Data 
Mannings Coefficient 0.060 
Channel Slope 0.200000 Wft 
Left Side Slope 
Right Side Slope 
Discharge 1.34 cfs 

2.000000 H : V 
2.000000 H : V 

Results 
; - - Depth - - - - 0.43-ft ~- 

Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Flow is supercritical. 

0.36 W 
1.91 ft 
1.71 ft 
0.49 ft 
0.097364 ftlft 
3.67 ftls 
0.21 ft 
0.64 ft 
1.40 

Notes: 

Velocity > 4.0 fps for n = 0.04 on steeper slopes, 
(See Rating Table), Not acceptable 

Use Riprap for channel lining 

01 I1 2/97 
0750.54 AM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 7551 666 

QBQQ'L9: JSB s 

FlowMaster 6.' 
Page 1 of 



DITCH-1OB (DlOB) 
Rating Table for Triangular Channel 

Project Description 
Project File c:\pol65d\swu.fm2 

Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Worksheet DITCH-1OB (DlOB) 

Constant Data 
Channel Slope 0.200000 fvft 
Left Side Slope 
Right Side Slope 

2.000000 H : V 
2.000000 H : V 

Discharge 1.34 cfs 

e 1 1 2 1  

. _  - .  Minimum Maximum - Increment 
Mannings Coefficient 0.040 0.060 0.020 

Rating Table 

Mannings Depth Velocity 
Coefficient (ft) (ftJS) 

0.040 0.37 4.98 
0.060 0.43 3.67 

01 I1 2197 
07:50:26 AM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 

, 4 '  . , . .,; _ _  .I 
FlowMaster ' 6 . 1 3  

Page 1 of 1 



DITCH-1 1 (D1 1) 
Worksheet for Triangular Channel 

Project Description 
Project File c:\pol65d\swu.fm2 
Worksheet DITCH-1 1 
Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Input Data 
Mannings Coefficient 0.040 
Channel Slope 0.026000 ftlft 
Left Side Slope 
Right Side Slope 
Discharge 4.28 cfs 

2.000000 H : V 
2.000000 H : V 

Results 

Flow Area 1.38 fF 
Wetted Perimeter 3.72 ft 

Critical Depth 0.78 ft 
Critical Slope 0.037065 ftlft 
Velocity 3.10 ftls 
Velocity Head 0.15 ft 
Specific Energy 0.98 ft 
Froude Number 0.85 
Flow is subcritical. 

~ ~ ~ - -  ~ 
- -  ~ - ~~ 

-0.83 - ft ~ - ~ ~ 
~~ ~~ __ Depth ~ ~~ 

Top Width 3.33 ft 

Notes: 

Velocity e 4.0 fps for n = 0.04 on slopes from 2.6% to 4.0% (See Rating Table) OK 

Use Erosion Control Blanket for channel lining 

01 I21 I97 Flowblaster 6 . 1  
Page I of 1 07:2750 AM Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 (203) 755-1666 

OOOL9.4 
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DITCH-1 1 (D l l )  
Rating Table for Triangular Channel pr 

~~ 

Project Description 
Project Fle c:\po165d\swu.fm2 

Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Worksheet DITCH-1 1 

~ Constant Data 
Left Side Slope 
Right Side Slope 
Discharge 4.28 cfs 

2.000000 H : V 
2.000000 H : V 

Input Data 
Minimum Maximum Increment 

.. .- Mannings Coefficient - - 0.040 - - 0.060 0.020 
Channel Slope 0.026000 0.040000 0.01 4000 Wft 

Rating Table 
Channel 
Slope Mannings Depth Velocity 

3.10 :::: F[ 2.28 
0.026000 
0.026000 
0.040000 0.040 3.64 
0.040000 0.060 0.89 2.69 

(Wft) Coefficient (ft) (WS) 

tuQi(P1\AL Evp 

01/21/97 FlowMaster 6 . 1  3 
072720 AM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1 666 P$ge 1 of 1 

' j  
..I - 



I .  .. . 
DITCH 12 (REVISED) 

Worksheet for Trapezoidal Channel 
.. . 

= 

Project Description 
Project File c:\pol65d\swu.fm2 
Worksheet DITCH 12 (REVISED) 
Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Channel Depth 

~~ 

Input Data 
Mannings Coefficient 0.040 
Channel Slope 0.008000 ftlft 
Left Side Slope 
Right Side Slope 
Bottom Width 2.00 ft 
Discharge 8.90 cfs 

2.000000 H : V 
2.000000 H : V 

Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Flow is subcritical. 

3.77 ft2 
6.30 ft 
5.85 ft 
0.68 ft 
0.032473 ftlft 
2.36 ftls 
0.09 ft 
1.05 ft 
0.52 

I 08/zOm7 
03:17:09 PM 

Notes: 

Velocity c 4.0 fps for n = 0.04 OK 

Use Erosion Control Blanket for channel lining. 

FlowMaster 6 . 1  
Page 1 of 1 Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203) 7 5 1  666 

QQQ::; 



DITCH 12 (REVISED) 
Rating Table for Trapezoidal Channel 

Project Description 
Project File c:\pol65d\swu.fm2 
Worksheet DITCH 12 (REVISED) 
Flow Element Trapezoidal Channel 
Method Manning's Formula 
Solve For Channel Depth 

Constant Data 
Mannings Coefficient 0.040 
Left Side Slope 
Right Side Slope 
Bottom Width 2.00 ft 
Discharge 8.90 cfs 

2.000000 H : V 
2.000000 H : V 

- _ _  Input Data 

Channel Slope 0.008000 0.014000 0.006000 Wft 
Minimum Maximum Increment 

Rating Table 
Channel 
Slope Depth Velocity 
(ft/ft) (ft) (WS) 

0.008000 0.96 
0.01 4000 0.84 

2.36 
2.90 

-Ba  1121 

08/20/97 
03:17:40 PM Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 06708 (203) 755-1666 

. ... . . .  . .  . . - . . .- . . . . . 

FlowMaster 6.13 
Page 1 of 1 
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DITCH - 15 5&l m2, 
Worksheet for Triangular Channel 

~ 

Project Description 
Project File c:\po165d\swu.fm2 

Flow Element Triangular Channel 
Method Manning's Formula 
Solve For Channel Depth 

Worksheet DITCH - 15 

Input Data 
Mannings Coefficient 0.040 
Channel Slope 0.025000 Wft 
Left Side Slope 
Right Side Slope 
Discharge 1.00 cfs 

2.000000 H : V 
2.000000 H : V 

-~ 

Results 

Flow Area 0.47 fF 
Wetted Perimeter 2.17 ft 
Top Width 1.94 ft 
Critical Depth 0.43 ft 
Critical Slope 0.044992 fvft 

Velocity Head 0.07 ft 
Specific Energy 0.56 ft 
Froude Number 0.76 
Flow is subcritical. 

- Depth- - ~ 0.49 - ft- ~ ~ - ~~ 

Velocity 2.12 fvs 

Notes: 

Velocity < 4.0 fps for n = 0.04: OK 

Use Erosion Control Blanket for Channel Lining 

0611 0197 FlowMaster 6.13 
1020:06pM Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06708 (203) Page 1 of 1 



DITCH - 15 
Rating Table for Triangular Channel 

Project Description 
Project File c:\po165&wu.fm2 
Worksheet DITCH - 15 
Flow Element Triangular Channel 
Method Manning's Formula. 
Solve For Channel Depth 

Constant Data 
Mannings Coefficient 0.040 
Left Side Slope 
Right Side Slope 

2.000000 H : V 
2.000000 H : V 

Discharge 1.00 cfs 

-- Input Data 

Channel Slope 0.025000 0.0 3 0 0 0 0 0.005000 ftlft 
Minimum Maximum Increment 

Rating Table 
Channel 
Slope Depth Velocity 
(ftlft) (ft) (ftlS) 

06/10197 
10:18:49AM 

0.025000 0.49 
0.030000 0.47 

2.12 
2.27 

- 1121 

Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 



ATTACHMENT C, CULVERTS 

Methodology 

This calculation is performed using the "worst case" scenario for peak flows. Each 
culvert was evaluated under existing conditions (after construction of ditches and 
basins, but before remediation activities begin), and proposed conditions (after 
remediation activities have been completed). 

The Modified Rational Method (Reference21 was-used to .determine peak flows for 
the 10 year frequency storm event. After drainage areas (existing and proposed) 
were calculated for each culvert, a weighted runoff coefficient (C) was determined 
based on land use area and type. A rainfall intensity was selected based on the 
shortest duration (duration = 10 min for all culverts except culvert 4) using the 
Rainfall Intensity-Frequency-Duration Curve for the Fernald area (Reference 7). 

Culvert 4 has a large, relatively flat drainage area. SCS procedures were used t o  

intensity was selected based on the time of concentration (durationr using the 
Rainfall Intensity-Frequency-Duration Curve for the Fernald area (Reference 7). 

._ 

- find the time of concentration (duration'tfor the culvert 4 drainage area. The rainfall 
- 

Calculations are included on the following pages. 



n .  

Quick TR-55...Ver. 5.46 S/N: 
Executed: 15:17:59 01-20-1997 

. .  CULVERT 1 

EXISTING/PROPOSED CONDITIONS 

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

SHT cz 

* * * * * *  
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = ' C '  adjustment factor for-each return frequency 

Tc Wtd. 
(min) 'C' -------------- 



~~~~~ 

HYDROLOGICAL DATA 

u; f j j ~  METHOD: RNWW 
z ,  0 DRAINAGE AREA:- 0 STREAM SLOPE: 

- 
-0 
2 0 CHLNNELSHAPE:  - 
!! 0 ROUTING: - 0 OTHER: 

0 E S 10 N 

L 

FLOWS / TAILWATER 
R.I. ( Y E A R S )  FL 0 W t c f s )  T W  (111 - - 

\ P  b =7 * - 
- 

S T A T I O N  : 

S H E E T  -OF 

CULVERT DESCRIPTION: 
M A T E R I A L  - S H A P E - S I Z E - E N T R A N C E  

CULVERT DESIGN FORM 

DESIQNER I D A T E :  / 

REVIEWER / D A T E  : / 

TECHNICAL FOOTNOTES : 

( 1 1  USE O / N B  FOR BOX CULVERTS 

(21 HWI I D  

(3) F A L L '  NWl -(ELhd- EL.1) 

HW 10 OR HWIIO FROM D E S I G N  

F A L L  IS ZERO 
FOR OJLVERTS ON GRADE 

SUBSCRIPT DEFINITIONS 
a. APPROXIMATE 
1. CULVERT FACE 
hd. OESION HLAOWATER 
hi. HLAOWAIER IN  INLET CONTROL 
ho. HEAOWAlER IN OUTLET CONTROL 
I .  INLET CONlROL SLCllON 
0. OUTLET 
SI. STREAMBED AT CULVERT FACE 
tu. T A I L W A W  

' ROADWAY ELEVATION : ( I O   EL^,, :- (11) 7 

SP) S,- F A L L /  L, 

HEADWATER CALCUATONS I %ZI b I 
COMMENTS 

(4) ELhi*  H W i t  E L i I l N M R T  of 

I N L E T  CONTROL SECTION) 

(6) ho - TW or (d,t O / 2 1 (  WHICHEVER Ls GAaTu() 

17) H = b +  L,t (29n2 L l  I R L 3 ' ] Y 2 / 2 g  

,HARTS (51 TW EASE0 ON DOWN STREAM (8 )  EL*,* EL.. t H ha  
I," " 

CONTROL OR FLOW OEPTll IN 
CHANNEL.  
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EXAMPLE 
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.’ 

.b 

BUREAU OF PUBLIC ROADS J4N. 1963 
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HEADWATER DEPTH FOR 
C. M. PIPE CULVERTS 
WITH INLET CONTROL 
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2 

0 

DISCHARGE-0-CFS 

DISCHARGE-0 -CFS 

- 
DISCHARGE-O-CFS 

B U R E A U  OF PUBLIC ROADS 

JAN. 1964 CRITICAL DEPTH 
CIRCULAR PIPE 

184 



TABLE 12 - ENTRANCE LOSS COEFFICIENTS 

Outlet Control, Full or Partly Full Entrance r \  head loss 

Type of-structu re and Desian of Entrance 

PiDC: Concretc 

Projecting from fill, socket end (groove-end) 
Projecting from fill, sq. cut end 

. . . .  . . . . . . . .  
Headwall or headwall and wingwalls 

Socket end of pipe (groove-end) 
Squart-edge . . . . . . . . . . . . . .  
Rounded (radius - 1/12D) . . . . . . . . . .  

--_ - - . _. --*End-Section conforming to-fill slope .- -.. _-. . _ I  --.-- :.- ._ 

. . . . . . . .  

Mitered to conform to fill slope . . . . . . . .  
Beveled edges, 33.7O or 4 S o  bevels 
Side-or slope-tapered inlct . .  -. . . . . . .  . . . . . . .  

Pine. or Pibe-Arch. Corrugated Metal 

Projecting from fill (no headwall) . . . . . . .  
Headwall or headwall and wingwalls square-edge . . .  
Mitered to conform to fill slope, paved or unpaved slope 

*End-Section conforming to fill slope 
Beveled edges, 33.7O or 4 5 O  bevels 
Side-or slope-tapered inlet . . . . . . .  

. . . .  . . . . .  

Box. Reinforced Concrete 

Headwall parallel to embankment (no wingwalls) 
Square-edged on 3 edges . . . . . . .  

- ~- Rounded on-3 edges to radius of 1/12 barrel 
dimension, or beveled edges on 3 sides - ' . 

Wingwalls a t  30° to 7 5 O  to barrel 
Square-edged a t  crown . . . . . . . .  
Crown edge rounded to radius of 1/12 barrel 

dimension, or beveled top edge . . . .  
Wingwall a t  loo to 25O to barrel 

Wingwalls parallel (extension of sides) 
Square-edged a t  crown . . . . . . . .  
Square-edged a t  crown . . . . . . . .  

Sides r  slope-tapered inlct . . . . . . .  

. .  

. .  . .  

. .  
~ --- . . .  

. . .  

. . .  

. . .  

. . .  . . .  

. .  0.2 . . , 0.5 

. .  0.2 . .  0.5 

. .  0.2 . .  0.7 
. . . . .  . . . .  - - 0.5 oi2- z':_1 . ..= . .. 

. .  
. .. - - 

0.2 

0.9 
0.5 
0.7 
0.5 
0.2 
0.2 

0.5 

-0.2 -~ - 
0.4 

0.2 

0.5 

0.7 
0.2 

*Note: "End Section conforming to ,fill  slope," made of either metai or  concrete, 
are the sections commonly available from. manufacturers. From limited hydrau- 
lic tests they are equivalent in. operation to a. headwall in both J,& aqd control. Some end sections, incorporatin d taper in their %& have a superior hydraulic performance. f a +  hese atter sections can be 

. . .  .- . . . . .  .: . . .  

179 



Quick TR-55. Ver.5.46 S/N: 
Executed: 16:48:53 01-20-1997 

CULVERT 2 
USE SAME AS D11 

EXISTING CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = C8 adjustment. .factor -for -.each.-return. frequency 

RETURN FREQUENCY = 10 
\C8 adjustment, k = 1 
Adj. 'C8 = Wtd.'C8 x 1 

years 

10.00 0.672 



Quick TR-55 Ver.5.46 S / N :  
Executed: 16:48:20 01-20-1997 

CULVERT 2 
USE SAME AS D11 

PROPOSED CONDITIONS 

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

Wher 
Q = adj * C * I * A 

'e: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor for each return frequency 

. .  
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P R O J E C T :  S o J W w  wha& owm 
cuwka2r-z 

CULVERT DESIGN FORM S T A T I O N  : 
S H E E T  - OF DESIONER /DATE: / 
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TABLE 12 - ENTRANCE LOSS COEFFICIENTS 

Outlet Control, Full or Partly Full Entrance head loss 
* 

H . 4  (E) 
Type of Structu re and  Desien of Entrancc 

0.2 
0.5 

0.2 . . . . . . . . . . . . . . . . .  0.5 
0.2 
0.7 
0.5 
0.2 
0.2 

Projecting from fill, socket end (groove-end) 
Projecting from fill, sq. cut end 

. . . . . . .  . . . . . . . . . . .  
Headwall or headwall 3nd wingwalls 

Socket end of pipe (groove-end) 

Rounded (radius - 1/12D) . . . . . . . . . . . . .  
. . . . . . . . . . .  

Square-edge 

Mitered to conform to fill slope 

~ Beveled edges; 33.7O or-45O bevels .- . . _._ . .-. . . A .  . ~- 

Side-or slope-tapered inlct . . . . . . . . . . . . .  

. . . . . . . . . . .  . . . . . . . . . .  *End-Section conforming to fill slope 
~- ~ - 

Pibe. or Pine-Arch. Corrueated Metal 

Projecting from fill (no headwall) . . . . . . . . . . .  0.9. 
Headwall or headwall and wingwalls square-edge . . . . . . . .  0.5 

0.7 Mitered to conform to fill slope, paved or unpaved slope 
0.5 *End-Section conforming to fill slope 
0.2 Beveled edges, 33.7O or 4 5 O  bevels 
0.2 Side-or slope-tapered inlet . . . . . . . . . . . . .  

. . .  
. . . . . . . . . .  . . . . . . . . . . .  

Box. Reinforced Concrete 

Headwall parallel to embankment (no wingwalls) 
0.5 

Rounded on 3 edges to radius of 1/12 barrel 
0.2 

Square-edged at  crown . . . . . . . . . . . . . . .  0.4 
Crown edge rounded to radius of 1/12 barrel 

0.2 

0.5 Square-edged at  crown . . . . . . . . . . . . . .  
0.7 Square-edged at  crown . . . . . . . . . . . . . .  
0 2  Side-or slope-tapered inlct . . . . . . . . . . . . .  

Square-edged on 3 edges . . . . . . . . . . . . .  
dimension, or beveled edges on 3 sides . . . . . . .  

Wingwalls a t  30° to 7S0 to barrel 

dimension, or beveled top edge . . . . . . . . . .  
Wingwall at loo to 25O to barrel 

Wingwalls parallel (extension of sides) 

*Note: “End Section conforming to fill slope,’ made of either metal or concrete, 
are the sections commonly available from- manufacturers. From limited hydrau- 
lic tests they are equivalent in. operation to a. headwall in both inlet aqd 

utlet control. Some end sections, incorporatln a clo d tapFr in their k n  have a superior hydraullc performance. ? ? -  hese after sections can be 
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- hi21 uick TR-55 Ver.5.46 S/N: 

xecuted: 14:39:46 04-28-1997 -W 

DITCH-5 & 6 COMBINED 
CULVERT 3 

PROPOSED CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor for each return frequency 

years 
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M A T E R I A L  - S H A P E  - S I Z E  - E N T R A N C E  

CULVERT DESCRIPTION : 
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FLOW PER ' 

(e 0 t I) P I N  11) H W i I D  (2) H W I  F A L L  (3) f L h i  (4)  T w  ( 5 )  d, 2 (6 )  h o  ha (It 11 E L h o  IS) $$: :$ 
9.2 4.Z 1 - 1  1.32 - 53.0 0.8 0.B IA3 1,03 0.4 0.8253b.b5&.5 omsf-Jr?zu L 

- 

. .  
. .  
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TABLE 12 - ENTRANCE LOSS COEFFICIENTS 

Outlet Control, Full or Partly Full Entrance head loss 

H. = k. 

of Structu re and Design of Entrance 

Pibe. Concretc 

Projecting from fill, socket end (groove-end) 
Projecting from fill, sq. cut end . . . 
Headwall or headwall and wingwalls 

Socket end of pipe (groove-end) . . . 
Square-edge . . . . . . . . . 
Rounded (radius - 1/12D) . . . . . 

*End-Section conforming to fill slope . . 
Side-or slope-tapered inlct . . . . . 

Mitered to conform to fill slope 

~ --Beveled edges, 33.700r-45’ bevels- . .- 
. . .  

Pioe. or PiDe-Arch. Corrugated Metal 

Projecting from fil l  (no headwall) . . . 
Headwall or headwall and wingwalls square-edge . 

. .  

. .  . .  . .  . .  . .  . .  . .  

. .  

(z) 

Mitered to conform to fill slope, paved or unpaved slope 
*End-Section conforming to fill sfope . . . . 
Beveled edges, 33.7O or 4S0 bevels . . . . . 
Side-or slope-tapered inlet . . . . . . . 

Box. Reinforced Concrete 

Headwall parallel to embankment (no wingwalls) 
Square-edged on 3 edges . . . . . . . 
Rounded on 3 edges to radius of 1/12 barrel 

dimension, or beveled edges on 3 sides . 
Square-edged a t  crown . . . . . . . . 
Crown edge rounded to radius of 1/12 barrel 

dimension, or beveled top edge . . . . 
Wingwall a t  loo to 2 5 O  to barrel 

Square-edged a t  crown . . . . . . . . 
Wingwalls parallel (extension of sides) 

Square-edged a t  crown . . . . . . . . 
Side-or slope-tapered inlet . . . . . . . 

Wingwalls a t  30° to 7 5 O  to barrel 

s h e  f f 1 wls& . .  

0.2 
0.5 

0.2 
0.5 
0.2 
0.7 
0.5 
0.2 

~ 072 
~ 

0.9 
0.5 
0.7 
0.5 
0.2 
0.2 

0.5 

0.2 

0.4 

0.2 

0.5 

0.7 
0.2 

*Note: “End Section conforming to fill slope,” made of either metal or concrete, 
a je  the sections commonly available from. manufacturers. From limited hydrau- 
lic tests they are equivalent in. operation to a. headwall in both l&S aqd utlet control. Some end sect~ons, incorporatin d taper in their 
k n  have a superior hydraulic performance. ?h&% sections can be 
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SIN: 
02-04-1997 

CULVERT 4 

PROPOSED CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment factor for each return frequency 

Subarea Runoff Area 
Descr . 'C' acres ........................... 

WOODS 0.300 8.10 
VEG, FAIR 0.420 2.01 
GRAVEL RD 0.900 0.20 

Tc Wtd. 
(min) 'C' 

RETURN FREQUENCY = 10 
\C' adjustment, k = 1 
Adj. 'C' = Wtd.,C' x 1 

A d j  . I Total 
'C' in/hr acres 

years 
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Quick TR-55 Ver.5.46 S/N: 
Executed: 13:42:27 02-04-1997 c:\pol65d\C4.TCT 

CULVERT 4 

TC COMPUTATIONS FOR: CULVERT 4 

SHEET FLOW (Applicable to Tc only) 
Segment ID 1 
Surface description WOODS, LT 
Manning's roughness coeff., n 0.4000 
Flow length, L (total < or = 300) ft 300.0 
Two-yr 24-hr rainfall, P2 in 3.000 
Land slope, s ft/ft 0.0500 

0 . 8  
.007 * (n*L) 

hrs 0.62 T = -------------- 
0.5 0.4 

P2 * s 

= 0.62 

- 

SuGf ace (paved or unpaved) ? 
Flow length, L 
Watercourse slope, s 

0.5 I 
Avg.V = Csf * (s) ft/s 2,7476 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (3600*V) hrs 0.03 

CHANNEL FLOW 
Segment ID 
Cross Sectional Flow Area, a sq.ft 0.00 
Wetted perimeter, Pw ft 0.00 
Hydraulic radius, r = a/Pw ft 0.000 
Channel slope, s ft/ft 0.0000 
Manning's roughness coeff., n 0.0000 

Flow length, L 

T = L / (3600*V) 

ft/s 0.0000 

ft 0 

0.00 hrs 

= 0.03 

= 0.00 



uick TR-55 Ver.5.46 
Kecuted: 13:42:27 

S / N :  
02-04-1997 c:\pol65d\C4.TCT 

SUMMARY SHEET FOR Tc or Tt COMPUTATIONS 
(Solved for Time using TR-55 Methods) 

CULVERT 4 

. . - - . -. . . . . .  . . . . . . . . . . . - . . . . . - .. . .  - . - - . . . . - - . - -. . ... . 
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sh 
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HYDROLOGICAL DATA 

U; 8- O METHOD: RW'ONAL 
f .  0 ORAINAGE AREA:- 0 STREAM SLOPE: 
-0 .--. 3 0 CHANNEL SHAPE: 

! 0 ROUTING: 

- - 
UI 

-- 0 OTHER: -.- 

DES 10 N FLOWS/ TAILWATER 
R . I .  I Y E A R S I  FL 0 W Icfrl  T W  IIII 

\O \ 0 , 5  2' 

DESIQNER /DATE: / 

I REVIEWER /DATE / 
S tIE E T  -OF 1 

-7 ELhd:-llll ROADWAY ELEVATION (111 

--- 

EL, 5b9 A 

TECHNICAL FOOTNOTES: 

Ill USE O/NB FOR BOX CULVERTS 

I21 l 1 W l  10.  I I W  /D OR l l W 1 / 0  FROM D E S I G N  CHARTS 

I31 FALL' I I W I  -1ELhd- EL,() 8 FALL IS ZERO 

SUBSCRIPT DEFINITIONS . COMMENTS /DISCUSSION : CULVERT BARREL SELECTED 

151 T W  OASEO ON OOWN STREAM r I  ELho* EL, t 11 * h, 
CONTROL on FLOW DEPTII IN 
CIIANNEL. 

FOR CLllVERTS a3 GRADE 

I 
0 .  APPIIOXIYATL S I Z E :  2\"* 
i CULVERT FACE 
hd. OESION HEAOWATER 'I 

i. INLET cmma sLcnoN 
S H A P E :  C\RwmR hi. IIEAOWATER IN INLET CONTROL 

0. OUTLET 
11. SrAEAUBED AT CULVERT FACE 
I,. TAILWATER 

MATERIAL: c'e I) 0 ,o= ho HEAOWATER IN OUTLET CONTROL 

I EN T R A N  C E : ' e 
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TABLE 12 - ENTRANCE LOSS COEFFICIENTS 

Outlet Control, Full or Partly Full Entrance head loss 
. 

H . 4  (E) 
Type of Structure and Design of En t rana  

PiDe. COTlCfetC, 

0.2 
0.5 

0.2 

0.2 
0.7 
0.5 

02 

Projecting from fill, socket end (groove-end) 
Projecting from fill, sq. cut end 

. . . . . . .  . . . . . . . . . . .  
Headwall or headwall and wingwalls 

Socket end of pipe (groove-end) 

Rounded (radius - 1/12D) . . . . . . . . . . . . .  
. . . . . . . . . . .  . . . . . . . . . . . . . . . . .  0.5 Square-edge 

Mitered to conform to fill slope 

Side-or slope-tapered inlct . . . . . . . . . . . . .  

. . . . . . . . . . .  . . . . . . . . . .  *End-Section conforming to fill slope 
-Beveled edges, 33.70 or 4 5 O  bevels -. . -.- . _.- . _.- . =L .- - 0 2  _ _  - 

pibe. or Pibe-Arch. Corrunated Metal 

0.9 
0.5 
0.7 
0.5 
0.2 
0.2 

Projecting from fill (no headwall) 
Headwall or headwall and wingwalls square-edge . . . . . . .  
Mitered to conform to fill slope, paved or unpaved slope 

*End-Section conforming to fill slope 
Beveled edges, 33.7O or 4 5 O  bevels 
Side-or slope-taptred inlet . . . . . . . . . . . . .  

. . . . . . . . . . .  
. . .  

. . . . . . . . . .  . . . . . . . . . . .  

B 
Headwall parallel to embankment (no wingwalls) 

0.5 

0.2 

0.4 

Square-edged on 3 edges . . . . . . . . . . . . .  

Square-edged at  crown . . . . . . . . . . . . . . .  

Rounded on 3 edges to radius of 1/12 barrel 
dimension, or beveled edges on 3 sides . . . . . . .  

Wingwalls a t  30° to 7 5 O  to barrel 

Crown edge rounded to radius of 1/12 barrel 
02 dimension, or beveled top edge . . . . . . . . . .  

Wingwall a t  loo to 2 5 O  to barrel 

Wingwalls parallel (extension of sides) 
0.5 

0.7 
0 3  

Square-edged at  crown . . . . . . . . . . . . . .  
Square-edged at crown . . . . . . . . . . . . . .  

Side-or slope-tapered inlct . . . . . . . . . . . . .  
*Note: "End Section conforming to fill slope," made of tither metal or concrete, 

are the sections commonly available from. manufacturers. Frqm limited hydrau- 
lic tests they are equivalent in. operation to a. headwall in both g&l aqd utler control. Some end sections, Incorporatin 1 d taper in their & have a superior hydraullc performance. - H a %  hese after sections can be 
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Zuick TR-55 Ver.5.46 
Ixecuted: 07 : 08 : 08 

S/N: 
01-15-1997 

CULVERT 5 

PROPOSED CONDITIONS 

* * * * * * SUMMARY OF RATIONAL METHOD PEAK DISCHARGES * * * * * * 
Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
adj = 'C' adjustment-factor -for-each-return .frequency 

RETURN FREQUENCY = 10 years 

Adj. 'C' = Wtd.'C' x 1 
\C' adjustment, k = 1 



STATION : II 

cuurm- 5 SHEET-OF 1 

PROJECT:  50- 

~~ 

HYDROLOGICAL DATA 

t METHOD: hQJAL 
], 0 DRAINAGE AREA:- 0 STREAM S U E :  

- I 
VI 

-L 0 CHANNELSHAPE: - ! 0 ROUTING: - 0 OTHER: 

DES 10 N FLOWS/TAILWATER 
R . I .  ( Y E A R S )  F L O W  (c is )  T W  (111 

\ O  2 .4  e 

CULVERT DESIGN F06M 
DESIQNER IDATE: / 

/ REVIEWER /DATE : 

I 
S a  So- F A L L  I L, 

S -  

I L O  .* 93' 

FOR M V E R T S  ON GRADE 

SUBSCRIPT DEFINITIONS 
a .  APPROXIMATE 

0. OUTLET 
11. STAEAMBLD AT CULVERT FACE 
I.. TAILWLTER 

I 

. COMMENTS / DISCUSSION 

'I 
CULVERT BARREL SELECTED : 

\I  4 
S I Z E :  15 
S H A P E :  RburJp 
MATERIAL : -nOlOZL) 
E N T R A N C E :  (?a7 
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TABLE 12 - ENTRANCE LOSS COEFFICIENTS 

Outlet Control, Full or Partly Full Entrance head loss 
. 

Type of Structu re and Desinn of Entrancc 

BDC. Concretc 

Projecting from fill, socket end (groove-end) . . . . . . .  0.2 
Projecting from fill, sq. cut end . . . . . . . . . . .  0.5 

Socket end of pipe (groove-end) . . . . . . . . . . .  0.2 
Square-edge . . . . . . . . . . . . . . . . .  0.5 
Rounded (radius - lj12D) . . . . . . . . . . . . .  0.2 

*End-Section conforming to fill slope . . . . . . . . . .  0.5 
Beveled edges, 3 3 . 7 O  or 4 5 O  bevels . . . . . . . . . . .  0.2 
Side-07 slope-tapered i n k -  . . . . . . . . . .  : . .  

Headwall or headwall and wingwalls 

Mitered to conform to fill slope . . . . . . . . . . .  0.7 

~ - - - - - - - - -0.2- - ~- - 
~~ ~ - ~ - ~  - 

m e .  or Pibe-Arch. Corrugated Metal 

Projecting from fill (no headwall) . . . . . . . . . . .  0.9 
Headwall or headwall and wingwalls square-edge . . . . . . .  
Mitered to conform to fill slope, paved or unpaved slope 

*End-Section conforming to fill slope . . . . . . . . . .  0.5 
BeveIed edges, 33.7O or 4 5 O  bevels . . . . . . . . . . .  0.2 
Side-or slope-tapered inlet . . . . . . . . . . . . .  

0.5 
. . .  0.7 

0.2 

Box. Reinforced Concrets 

Headwall parallel to embankment (no wingwalls) 
Square-edged on 3 edges 0.5 

dimension, or beveled edges on 3 sides . . . . . . .  0.2 

. . . . . . . . . . . . .  
Rounded on 3 edges to radius of 1/12 barrel 

Wingwalls a t  30° to 7 5 O  to barrel 
Square-edged a t  crown . . . . . . . . . . . . . .  0.4 
Crown edge rounded to radius of 1/12 barrel 

0.2 dimension, or beveled top edge . . . . . . . . . .  
Wingwall at  loo to 25O to barrel 

Wingwalls parallel (extension of sides) 
Square-edged a t  crown . . . . . . . . . . . . . .  0.5 

Square-edged a t  crown . . . . . . . . . . . . . .  0.7 
0.2 Sides r  slope-tapered inlc t . . . . . . . . . . . . .  
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Q = adj * C * I * A 

Where: Q=cfs, C=Weighted Runoff Coefficient, I=in/hour, A=acres 
ad] = 'C' adjustment factor for each return frequency 
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TABLE 12 - ENTRANCE LOSS COEFFICIENTS 

Outlet Control, Full or Partly Full Entrance head loss 
. 

H . = k .  ( z )  
. .  

Type of Structu re and Design of Entrancc 

Pibe. ConcreE 

0.2 
0.5 

Projecting from fill, socket end (groove-end) 
Projecting from fill, sq. cut end 

. . . . . . .  I 

. . . . . . . . . . .  
Headwall or headwall and wingwalls 

Socket end of pipe (groove-end) . . . . . . . . . . .  0.2 . . . . . . . . . . . . . . . . .  0.5 
0.2 Rounded (radius - 1/12D) . . . . . . . . . . . . .  
0.7 
0.5 

- ~ -- 0.2 

Square-edge 

Mitered to conform to fill slope . . . . . . . . . . .  . . . . . . . . . .  *End-Section conforming to fill slope 
~ -Beveled ~dges,-33.7~-or 45%beve_ls pc L. ~ . . . . . . . .  

~ -~ -~ - ~ 
~- ~ 

Side-or slope-tapered inlct . . . . . . . .  7. . . .  ~ --0.2- ~ 

Pibe. or Pibe-Arch. Corrugated Metal I 
0.9 
0.5 
0.7 
0.5 
0.2 
0.2 

Projecting from fill (no headwall) 
Headwall or headwall and wingwalls square-edge . . . . . . .  
Mitered to conform to fill slope, paved or unpaved slope 

*End-Section conforming to fill slope 
Beveled edges, 33.7O or 45O bevels 
Side-or slope-tapered inlet . . . . . . . . . . . . .  

. . . . . . . . . . .  
. . .  

. . . . . . . . . .  
. . . . . . . . . . .  

Box. Reinforced Concrete 

Headwall parallel to embankment (no wingwalls) 
0.5 

0.2 

Square-edged a t  crown . . . . . . . . . . . . . . .  0.4 
Crown edge rounded to radius of 1/12 barrel 

0.2 

Square-edged on 3 edges . . . . . . . . . . . . .  
Rounded on 3 edges to radius of 1/12 barrel 

dimension, or beveled edges on 3 sides . . . . . . .  
Wingwalls a t  30° to 75O to barrel 

dimension, or beveled top edge . . . . . . . . . .  
Wingwall a t  loo to 2 5 O  to barrel 

Wingwalls parallel (extension of sides) 
. . . . . . . . . . . . . .  0.5 

Side-or slope-tapered inlct 0 2  

Square-edged a t  crown 

. . . . . . . . . . . . . .  0.7 Square-edged a t  crown . . . . . . . . . . . . .  
*Note: "End Section conforming to ,f i l l  slope," made of either metal or concrete, 

are the sections commonly available from- manufacturers. Frqm limited hydrau- 
lic tests they are equivalent in. operation to a. headwall in both &$ aqd utlet control. Sorqe end sectJons, incorporatin d taper in their 
k n  have a superior hydraulic performance. %:e %% sections can be 
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I 

- I  TABLE 12 - ENTRANCE LOSS COEFFICIENTS 

Outlet Control, Full or Partly Full Entrance head loss 
' 

H 0 - k .  (E) 
Coefb ien t  k, . .  

Type of Structu re and Design of Ent ranE 

Concretc 

0.2 
0.5 

Projecting from fill, socket end (groove-end) 
Projecting from fill, sq. cut end 

. . . . . . .  . . . . . . . . . . .  
Headwall or headwall and wingwalls 

Socket end of pipe (groove-end) . . . . . . . . . . .  0.2 . . . . . . . . . . . . . . . . .  0.5 
Rounded (radius - 1/12D) . . . . . . . . . . . . .  Square-edge 

0.2 
0.7 
0.5 

X t c r e d  to conform to fill slope 
*End-Section conforming to fill slope 
Beveled edges, 33.7O 0r-45~ bevels_ -L .--. 0.2 
Side-or slope-tapered inlct . . . . . . . .  7 . . . .  

. . . . . . . . . . .  . . . . . . . . . .  

. . . . . . . .  ~ 

- 
~ --0.2-- - ~ 

-- 

Pibe. or Piue-Arch. Corrugated Metal 

0.9 
0.5 
0.7 
0.5 
0.2 
0.2 

Projecting from fill (no headwall) . . . . . . . . . .  . 
Headwall or headwall and wingwalls square-edge . . . . . . .  
Mitered to conform to fill slope, paved or unpaved slope 

*End-Section conforming to fill slope 
Beveled edges, 33.7O or 45O bevels 
Side-or slope-tapered inlet . . . . . . . . . . . . .  

. . .  
. . . . . . . . . .  

. . . . . . . . . . .  

Box. Reinforced Concrete 

Headwall parallel to embankment (no wingwalls) 
0.5 

0.2 

0.4 

0.2 

0.5 

0.7 
0.2 

Square-edged on 3 edges . . . . . . . . . . . . .  
Rounded on 3 edges to radius of 1/12 barrel 

dimension, or beveled edges on 3 sides . . . . . . .  
Wingwalls at  30° to 75O to barrel 

Square-edged at  crown . . . . . . . . . . . . . . .  
Crown edge rounded to radius of 1/12 barrel 

dimension, or beveled top edge . . . . . . . . . .  
Wingwall at  loo to 2 5 O  to barrel 

Wingwalls parallel (extension of sides) 
Square-edged a t  crown . . . . . . . . . . . . . .  
Square-edged at  crown . . . . . . . . . . . . . .  

Side-or slope-tapered inlct . . . . . . . . . . . . .  
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ATTACHMENT D 

1) Soils Map (Reference 6) 
2) Rainfall Intensity-Duration-Frequency Curve (Reference 7 )  
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dft-acl?mutl.A 1.1 2 1 1100 Drainage Design Procedures '0. 
. . .  

1101 Estimating Design 

1 101.1 General 
In order to property design highway drainage 

facilities, it is essential that a reasonable estimate 
be made of the design and check discharges. 
Some of the more importan! factors affecting runoff 
are duration, intensity and frequency of rainfall; and 
the size, imperviousness. slope and shape of the 
drainage area AJso a proper evaluation should be 
made of probable changes in (and use thmughoot 
the drainage area. 

Discharge 

1 181.2 Procedures 
1101.21 Statlstkal Methods 

The statistical methods devebped by the US. 
Geological Survey and published in USGS Water 
Resources Investigations Reports 89-4726 and 
86-4197 are recommended for estimating Nnoff 
from larger drainage areas. A description and 
limitations of these methods are described in 
Section 1003. 

11 01.22 Ratlonal Method 

The Rational method is considered to be more 
reliable for estimating runoff from small drainage 
areas, usually less than 6 acres: and for areas that 
contribute sheet fbw only to the roadway diich or 
pavement. The design discharge 72- is obtained 
from the equation 0 = CiA where: 

C J Coefficient of runoff 
i P Average rainfaIl intensity, Winches per 

hour, for a given storm frequency and for a 
duration equal to the time of concentration 

A = Drainage area. in acres _ -  

The time of concentration iS the time required for 
runoff to flow from the most remote point of the 
drainage area to the point of concentration. The 
point of concentration could be a culvert inlet or 
the checkpoint in a roadway ddch used to 
determine the need for protection. Time of 
concentration is ordinarily designated by T and is 
the summation of the iiine of ovedanb fbw 'le' md 
the time Of ditch flow ?d-. 

- 

Overland flow is that flow not carried in a 
discernible channel, and the time of such flow may 
be obtained from Fgure 1101-1 or a similar 
overland flow chart. 

April 1992 

1101.23 Coetficient Of Runoff 

The recommended value for the coeffiaent of 
runoff for various contriiuting surfaces are shown 
in Table 1101-1. Where two-values are shown, the 
higher value ordinarily applies to the steeper 
slopes. 

Table1101-1 

Types .of Coefficient 
Surface of mnoff 'c- 

Pavement & Paved Shoulders .................. 0.9 
Berms and sbpes 4:l or flatter ..-............. 0.5 
Berms and sbpes steeper than 4:l .......... 0.7 
Contributing Areas: . _ _  

Residential si le family) ...... 0.4-0.6 
Residential [m%-unil) .................... 050.7 
Woods ................................................. 0.3 
Cultivated ......................................... 0.3-0.6 

The total width contributing fbw to a given point - 
usually consists of surface's'having a variable land- 
cover and thereby require a weighted coefficient of 
runoff IC'. The weighted coefficient is obtained by 
averaging the coefficients for the dinerent types of 
contributing surfaces, as noted in the following 
example: 

Contributing 
Wdth W Land Use IC- -cw 

20 Ft. paved Area 0.9 18 

40Ft. EarthBerms&Sbpes 0.l 28 

- 140 Ft. Residential &ea 0:s - 84 
. 200n. 130 

130 
200 Weighted 'C' = - = 0.65 

~- 
1101.24 Ralnfall Intensity 

The average rainfall intensity 'i' in inches per hour 
may be obtained from. the Intensity- 
Frequency-Duration curves shown on Fgure 
1101-2. Each set of curves applies'to a specific 
geographic area, A, 6, C or D as shown on the 
Rainfall Intensity Zone Map, Fgure 1101-3. The 
geographic areas were established from an 
analysis of rainfall records obtained from Weather 
Bureau stations in Ohio. Some political 
subdivisions may have developed curves for their 
specific area similar to Fgure 1101-2. Such curves 
may be based on a much longer period of record, 
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Rubble in cement 
Asphalt. smooth ' 

Asphalt. rough 
Corrugated metal 

- -  - .  - -  Unlined Canals -. 

Earth. straight and uniforni 
Earth. winding and weedy banks 
Cut in rock.  straight and uniforin 
Cut in r o c k .  jagged and irregular 

Natural Channels 

Gravcl k d s .  s t r a i ~ l i t  

Gr~vcl Lxds plus I a r p  buiildrrz 
Grtli. straiglit. with sonic grass 
Eartli.  winding. nu vcgctatioii 

Grth. winding. weedy banks 
Grrh. w r y  weedy and owrgruwii 

Manning Equation-Traditional System of Unit 5 

It c u i  be shown that, in converting from SI to thc tr'a'ditional svstrn 
otic iiiiist apply a factor equal to 1.49 if the sanic viluc of 11 IS usctl 1:  

systniis. Thus in the traditional system thc dischargc equatiorl..crclrlg ' 
is given as . .. . .  
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RAINFALL INTENSITY - 1101-2 
FREQUENCY -DURATION CURVES S f C T m  
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1102.3 Ditch Design Criteria - Design 
Traffic Exceeding 2000 ADT 

. .  

1102.31 Deslgn Frequency 

It is recommended that a 10-year frequency 
storm be used to determine the depth of flow, and 
a 5-year frequency be used to determine the 
velocity of flow and the depth of ditch Lining where 
needed. Where a flexible ditch lining is required for 
cakulated velociies exceeding the albwable for 
seed, !he minimum width of the lining shall be 7-112 
feet. lhe depth of flow shall, be limited to an 
elevation 12 inches below the edge of pavement for 
the design discharge. Other ditches, including toe 
of sbpq, should not be overtopped by the design 
.discharge. 

1102.32 Velocfty 

The velocity for the five-year frequency storm 
should not exceed the values-shown in Table 
1 102-1 for the various soil types and flexible linings. 

~ -~ - 

Table 11 02-1 

ALLOWA6E DITCH VELOCITIES 
(Ft. Per. Sec.) 

SoilType seed Sod Jute or Excelsior 
Lining Lining Matting 
(659) (W) (=nor(=) 

sand 1.5 3.5 3.0 
Firm Loam 2.0 . --- 3.0.. jJL 

2 5  5.0 4.0 
3.5 6.0 5.0 

Clay 
Gravel 

Weathering 4.5 6.0 5.0 
shale 

If the calculated velocity exceeds that shown in 
the table, a concrete lining should be considered 
only as a last resort. Also Type B, C or 0 Rock 
Channel Protection may be used to line the ditch if 
the nearest point of the lining is outside !he design 
clear zone or bcated behind guardrail. Item 838 
Seeding and Erosion Control with Matting may be 
used in lieu of rock, where average flow velocity is 
less than 10 feet per second and the ditch slope is 
less than 10%. Type B or C rock should be 
considered for lining ditches on steep grades that 
carry flow from the end of a cut section down to the 
valley floor. 

Drainage Design Procedures 

1102.33 Roughness 

Suggested values for Manning's Roughness 
Coefficient 'n' for the various types of open water 
carriers covered in Section 1102.2 are listed in 
Table1 102-2. 

Table 11 02-2 

Roughness , 

Type of Lining Coefficient .. 

Bare Earth ................................................. .02 
Seeded ...................................................... .03 
sod ............................................................. .04 

Excelsior Mat .............................................. .04 
Item 838 Matting ....................................... .04 
Concrete ................................................. .015 
Bituminous ............................................... .018 
Grouted Fliprap ......................................... .02 
Rock Channel Protection ............. -06 for ditches 

1102.34 Catch Basln Types 

. Jute Mat ..................................................... .04 ....... 

.04 for large channels 
~ ~ ~ . ~- . - ~ = _ ~  =~ - - ~ . ~~~ 

The Standard CB-4, 5 and 8 Catch Basins are 
suitable for the standard roadside designs covered 
in the Roadway Design Manual. The tilt built into 
the basin top provides a selfcleaning feature when 
the basins are used on continuous grades and the 
wide bar spacing minimizes clogging possibilities. 
thereby resufting in an efficient design. The bases 
of the 4.5 and 8 Catch Basins can be expanded to 
accommodate larger diameter conduits by 
specifying 4A, 5A or 8A Basins. detailed on 
Standard Drawing C W A  The bar spacing can 
be decreased, when desirable for safety reasons, 
by specifying Grate E for the CB-4 and Grate B for 
CB-5. The following catch basin types are 
generally recommended based on the size and 
shape of the ditch. 

A Standard CB-4 for depressed medians wider 
than 40 feet. 

B. Standard CB-5 for 40 foot radius roadside or 
median ditches (Use grate B where pedestrian 
traffic may be expected). 

C. Standard CB-8 for 20 foot radius roadside or 
depressed medians 40 feet or less in width. 

D. Standard CB-2-2-A catch basins may be used 
in trapezoidal toe ditches where the basin is 
located outside the design clear zone or behind 
guardrail and the protruding feature of the basin is 

April 1992 11-3 
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ENGINEERING CALCULATIONS 
TITLE AND SUMMARY SHEET 

Sheet 
No. 

Date 
Sheet 1 of 3 

Reviser's Checker's 
Description - Signature/Date Signature/Date 

Proj. Order No. 139 Calculation No. 15-01 

Project Title Seepage Design and Sediment Removal 

Calculation Subject Storm Drainage Date Verif iedKhecked 

STATUS: PRELIMINARY . FINAL >( SUPERSEDED VOID 

STATEMENT OF PROBLEM 

Determine the peak runoff for'the 25-year' 24-hour storm event for the proposed diversion pipe and 
size the pipe using corrugated HDPE. (Per FERMCO CRU-2 direction) 

SUMMARY OF CONCLUSIONS 

The peak discharge is 9 cfs and the pipe is 18 inch diameter. 

CHECKING METHOD 

1. Review x 
2. Alternate Calculation 

Rev. 
No. 

I I I 

3fFF h\ENGDATA\C&SDATA\PO139\SD1501 .CLC 

Originator's Signature 
and Date. h 

Checker's Signature 
and Bate 

Lead Discipline Engineer's 
Signature and Date 

Approved by 
Siqnature/Date 

05/93 



ERA PROJECT 
’ 

ENGINEERING CALCULATIONS 
BASIS SHEET 

Revision No. 9 

‘Sheet 2 of  2 

Proj. Order No. 139 Calculation No. 15-01 

Project Title Seepage Design and Sediment Removal 

Calculation Subject Storm Drainage Date VerifiedIChecked 

Prepared By: K. Gerard CheckedNerified By: 

Date 2120195 

1 31 r7ICi3’ 

m*&3 

SUMMARY OF DATA SOURCES - CODES - ASSUMPTIONS 

Data Sources 

1. PARSONS DWG. (used as DAMG) 

2. 

3. 

4. SCS, August 1982. Soil Survey of  Hamilton County, Ohio 

5. 

6.  

7 .  

~ ~- ~~~ 

-~~ ~~ ~ 
~~ 

~ - _  -~ ~ 

~~ ~- ~ 
-~ 

Haestad Methods, 1989. Quick TR-55” Urban Hydrology for Small Watersheds 

SCS Ohio 24-Hour Rainfall (inches) 

Advanced Drainage Systems, Inc. (ADS), 1988. 

ODOT, Location and Design ManuaL Volume Two, Drainage Design 

grater, Ernest F. & Horace Williams King, 1976. Handbook o f  Hydraulics, Sixth Ed. 

N-12 Pipe product literature 

New York: McGraw-Hill Book Company 

8. Heald, C.C., Ed., 1992. Cameron Hydraulk Data Book, 17 ed. Woodcliff Lake, N.J.: 

Ingersoll-Rand 

1. DOE Order 6430.1A / RM-FMPC-0001 

Assumptions 

Use SCS TR-55 t o  determine peak discharge. (Haestad Methods Quick TR-55). 1. 

2. 

3. 

Use SCS storm events for Hamilton County, Ohio. (Ref 3) 

Pipe will be used for a short term, low-traffic area. Per FERMCO CRU-2 directive to 

use HDPE pipe material, use corrugated polyethylene pipe using ADS N-12 pipe data. 

Mannings n for ADS N-12 is 0.010 - 0.012. Use 0.01 1 to  account for the bends. 

QG(jZ t -3  



ERA PROJECT COMPUTER CALCULATION SUMMARY SHEET E 
CRU: 2 PO: 139 Job Number: 7663-0139-1 11 12-120 

Computer Code: FlowMaster Version: 3.41 

Code Verification Status: 

Description of Program: 

REV 0. Dec I992 

Co mDutes solutions to oDen channel hvdraulics Drobiems 

Source of Data: 

Purpose/Description of Calculation: 

Refer to Data Sources. Sheet 2 

To determine Tc values and to size pronosed storm drain 

- _. _ _  .. - _ _  

Run Performed By: K. Gerard 

D a t e r m e  of Run: 2/20/95 - 2/28/95 

Computer Time of Run: n/a 

Input Filename: WES TPIPE.H&H & PRODITCH.H&H 

Output Filename: same as b u t  

Files Saved to Diskname: a:\~o139\SD Disk Location: with calc set w/ backuD with discioline files 

Results: Refer to the~calculations. 
._ 

Performed By: K. Gerard Date: 

Date: Approved By: 

2/92 k\ENGDATA\C&SDATA\F'O139\SDlSOl .CLC ENGOI 



I I CALCULATION SHEET 
a A P R a J E c r  

REV 

0 

BY DATE CK DATE TITLE 

' Design of Seepage Collection & Sediment Removal K 2120195 3l,ll@ 
\ 1 -  

Storm Drain CRU- 2 

AUTHOR: K. Gerard SHEET 6 OF i- PO - 139 

RESULTS 

The results of the peak discharge calculations are as follows: 

2-yr 3 cfs 
10-yr 7 cfs 
25-yr 9 cfs 

The table below summarizes the results of the pipe design calculations for a pipe slope at 0.6%: 

_ _ ~ ~  ~~ ~~ -Dia. ~ v,, V Z S Y r  ~ Q u -  Q,, ~~ 

fpr fm cfs cfs 

ADS 15' 4.84 - 5.91 

ADS 18' 4.81 6.18 9.62 10.34 
ADS 24' 4.69 6.36 20.71 22.28 

not calculated 

CONCLUSIONS AND RECOMMENDATIONS 

The velocity is sufficient at the 2-year storm to provide self cleaning of sediment. An 18" HDPE (ADS N- 
12) pipe is large enough for the 25-year storm and is recommended. 

O D 0 1  Table 1107-1 indicates that 6.5 1.f. of 6" stone, Type C is required. This is based on a V = 6.2 fps 
for the Qnv, condition. 

An O D 0 1  No. 2-2-A catch basin was evaluated and found acceptable when modified for an East Jordan 
Iron Works, (EJIWI, 6610 grate. 

1 Z92 



L k. 1121 
ENGINEERING CALCULATIONS 

BASIS SHEET 

- 

SUMMARY OF DATA SOURCES - CODES - ASSUMPTIONS (continued) 

Sheet 3 of > 

4. 

5. 

. - .  . . . - .- . . -. . .  

Land use is mixed. Use weighted Runoff Curve Number. See D.A. Map (in the back 

of the calculations) and calculations for land use, acreage, and coverage conditions 

used. All ground coverage conditions were assumed to be in good condition. 

From Reference 4, the soils in the vicinity of the site and their HSG are as follows: 

Gn Genesee Loam, HSG B 

(This is most likely in the Paddy's Run Flood Plain and not in the 

DA) 

---HeF- -- - -  Hennepin Silt Loam,'35-to 60 % slopes,-HSG B - 

(This is most likely in the steep slope areas adjacent to Paddy's 

Run and not in the DA) 

Henshaw Silt Loam, 0 to 2 % slopes, HSG C 

Markland Silty Clay Loam, 2 to 6 % slopes, HSG C 

Markland Silty Clay Loam, 6 to 12 % slopes, HSG C 

A copy of the soil survey map is in the back of the calculations. 

HoA 

MaB 

Mac2  

Given the 

information from the soil survey map, HSG C is used for all land uses for the peak 

discharge calculations. 
~ ~ ~ -~ ~ ~ _ _ ~  - -  ~~- - 

7~ - -  - .  .~ - ~ ~- 

6. For computing Tc segment DE, the same open channel assumed to exist between the.. 

proposed pipe and the gravel road was assumed to exist where the runoff goes under 

the gravel road (existing culvert is assumed to exist and is operational). 

7 .  . For computing Tc segment DE, the proposed open channel between the proposed pipe 

and the gravel road is assumed to be a 2 ft. flat bottom trapezoidal ditch with 4:l side 

slopes, rip rap lined. 

Other assumptions are as specified in the calculations. 8. 

ENGO98 
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COMPUTER CALCULATION SUMMARY SHEET 

CRU: 2 PO: 139 Job Number: 7663-0139-1 11 12-120 

Computer Code: OTR-55 Version: 5.46 

Code Verification Status: 

Description of Program: 

Source of Data: 

REV 0. Nov 1992 

ComDutes Deak discharge Der SCS TR-55 Method 

Refer to Data Sources. Sheet 2 

Purpose/Description of Calculation: To determine Deak discharoe to size Dronosed storm drain 

~ _ _ _ _  ~ ~ _ _ _ _ _  ____ ~~ pRunPerformed B y T K .  Gerard ~ - 

Datemime of Run: 2/20/95 

Computer Time of Run: n/a 

Input Filename: WESTPIPE.***. *** = RCN. TCT. GPD 

Output Filename: same as inDut 

Files Saved to Diskname: a:\~o139\SD Disk Location: with calc set w/ backuD with disckline files 

Results: Peak discharge for 25-vear, 24-hour storm is 9 cfs. 
~ ~~~ 

Performed By: K. Gerard Date: 

/ 

Checked By: 7rPMd6f3 Date: 3rfllqs 

Approved By: K/& Date: 

2/92 ft\ENGDATA\C&SDATA\Pl39\SD1501 .CLC ENGO9 
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ATTACHMENT A 

SUPPORTING CALCULATIONS 



Quick TR-55 Ver.5.46 S/N: 
Executed: 09:17:20 02-20-1995 

PO-139 RA 831 
Design of Seepage Collection 

and 
Sediment Removal 

RUNOFF CURVE NUMBER DATA 
.................................................................. 

Composite Area: West Pipe 

AREA CN 
_ _  - _-  . .  SURFACE DESCRI-PTION-- (acres) - -- - - -- __  _ ._  . _  ---- ................................ --------- 

Open Space/good/HSG C 3.13 74 
WOOdS/gOOd/HSG C - 8.48 70 
Gravel/HSG C 0.29 89 

COMPOSITE AREA ----> 11.90 71.5 0 
::::::::::::::::::::::::::::::::::::::::::::::::::::: 

A- I 



Open Channel 

Worksheet Name: Tc Calc 

Comment: Tc Segment B-C 

Solve For Discharge 

Given Input Data: 
Left Side Slope,, 
Right Side Slope. 
Manning‘s n...... 
Channel Slope .... 
Depth ............ 

Computed Results: 
Discharge ........ 
Velocity ......... 
Flow Area,. ...... 

-~ ~ - Flow Top-Width.. 
Wetted Perimeter. 
Critical Dep th... 
critical Slope.. . 
Froude Number .... 

Triansular Channel Analysis & Design 

2.00:l (H:V) 
2.00:l (H:V) 
0.040 
0.0250 ftjft 
0 - 5 0  ft 

1.08 cfs 
2.16 fps 
0.50 sf 
2.00 ft- -~ 

2.24 ft 
0.45 ft 
0.0446 ft/ft 
0 - 7 6  (flow is Subcri.tica1) 

- ~ ~ - ~~ ~~ 

. .  

Open Channel Flow Module, Version 3.41 (c) 1991 
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 



Trapezoidal Channel Analysis & Design 
Open Channel - Uniform flow 

Worksheet Name: Tc Calc 

Comment: Tc Segment D-E 

Solve For Discharge 

Given Input Data: 

Bottom Width..... 2.00 ft 
Left Side Slope.. 4.00:l (H:V) 
Right Side Slope. 4.00:l (H:V) 
Manning's n...... 0.035 
Channel Slope .... 0.0250 ft/ft 
Depth ............ 0.60 ft 

. -  _ .  - - Computed Results: --- - -. 

Discharge ........ 
Velocity ......... 
Flow Area;. ...... 
Flow Top Width... 
Wetted Perimeter. 
Critical Depth ... 
Froude Number.... 
Critical Slope ... 

9.30 CfS N" 'PEAL DtSCHAt(rlc: 
3.52 fps 
2.64 sf 
6.80 ft 
6.95 ft 
0.60 ft 
0.0252 ft/ft 
1.00 (flow is Critical) 

Open Channel Flow Module, Version 3.41 (c) 1991 
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 



Quick TR-55 Ver.5.46 S/N: 
Executed: 09:07:52 02-20-1995 a:\pol39\sd\WESTPIPE.TCT 

PO-139 RA #31 
Design of Seepage Collection and Sediment Removal 

Tc COMPUTATIONS FOR: West Pipe 

SHEET FLOW (Applicable to Tc only) 
Segment ID AB 

Flow length, L (total < or = 300) ft 210.0 

Surface description woods 
Manning's roughness coeff., n 0.4000 

Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
.007 * (n*L) 

T = -------------- 
0.5 0.4 

P2 * s 
~- 

SHAUOW~CONCENTFSTED FLOW- ~ 

-~ 

Segment ID 
Surface (paved or unpaved)? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (3600*.V) 

CHANNEL FLOW 
Segment ID 
Cross Sectional Flow Area, a 
Wetted perimeter, Pw - 

Channel slope, s 
Manning's roughness coeff., n 

. Hydraulic radius, r = a/Pw 

Flow length, L 

T = L / (3600*V) 

in 3.000 
ft/ft 0.0025 

hrs 1.54 = 1.54 

P - ~ ~ ~ ~ ~  -~ ~- 
P ~ ~ -  

CD 
Unpaved 

ft 270.0 
ft/ft 0.0075 

ft/s 1.3973 

hrs 0.05 = 0.05 

BC DE 
sq.ft 0.50 2.64 

ft 2.24 6.95 
0.223 0.380 ft 

ft/ft 0.0250 0.0250 
0.0400 0.0350 

ft/s 2.1673 3.5305 

ft 260 12 5' 

hrs 0.03 + 0.01 = .  0.04  

TOTAL TIME (hrs) 

A- , Q ~ f W , ~  
&+6 3 
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Quick TR-55 Version: 5.46 S / N :  

>>>>> GRAPHICAL PEAK DISCHARGE METHOD <<<<< 

PO-139 RA #31 
Design of Seepage Collection and Sediment Removal 

CALCULATED 
DISK FILE: a:\pol39\sd\WESTPIPE.GPD 

Drainage Area (acres) 11.9 --- > 0.0186 sq.mi. 
Runoff Curve Number (CN) 72 
Time of Concentration,Tc (hrs) 1.63 
Rainfall Distribution (Type) I1 
Pond and Swamp Areas 0 > 0 . 0  acres --- 

Storm #l Storm #2 Storm #3 
- - - - - - - - - - - _  . -  . _  - -------- _. 

Frequency (years) 2 10 
Rainfall, P, 24-hr (in) 3.0 4.1 

0.778 Initial Abstraction, Ia (in) 0.778 
Ia/p Ratio 0.259 0.190 0.162 
Unit Discharge, * qu (csm/in) 222 239 246 
Runoff, Q (in) 0.81 1.53 2.05 

0.778 

Pond & Swamp Adjustment Factor 1.00 1.00 

PEAK DISCHARGE, q p  (cfs) 3 7 

Summary of Computations for qu .............................. 
W P  #1 0.100 0.100 0.100 
co #1 2.553 2.553 2.553 
c1 #1 -0.615 -0.615 
c2 #I -0.164 -0.164 -0.164 
gu (csm)- 81 260.210 260.210 260.210 . 

-0.615 ._ 

0.300 0.300 . 0.. 300 
2.465 2.465 2.465 

c1 #2 -0.623 -0.623 -0.623 
c2 82 -0.117 -0.117 ' -0.117 
qu (csm) #2 212.799 212.799 212.799 

W P  82 
co 82 

* qu (csmj 222 239 246 

* Interpolated for computed Ia/p ratio (between Ia/p'#l & Ia/p #2) 
If computed Ia/p exceeds Ia/p limits, bounding limit for Ia/p is used. 

2 
lOg(qU) = CO + ( C1 * log(Tc) ) + ( C2 * (log(Tc)) ) 
q p  (cfs) = qu(csm) * Area(sq.mi.) * Q(in.) * (Pond & Swamp Adj.) 
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Page 1 of 2 

Circular Channel Analysis & Design 
Solved with Manning's Equation 

Open Channel - Uniform flow 
Worksheet Name: West Diversion Pipe 

Description: Proposed Pipe at West Pump Station 

Solve For Actual Depth 

Given Constant Data; 

Open Channel Flow Module, Version 3.41 (c) 
Haestad Methods, Inc. * 37, Brookside Rd * Waterbury, Ct 06708 



Page 2 of 2 

VARIABLE COMPUTED COMPUTED COMPUTED _--_---_---__-_-______- 
_-_I---__---_-___-_-__-- 

- ----- 
Diameter Channel Mannings Discharge Depth Velocity Capacity 

ft SloDe 'n' cf s ft fPS Full 

1.25 0.0060 0.011 3.00 0.63 4.84 5.91 
0.0060 0.011 3.00 0.58 4.81 9.62 1.50 

2.00 0.0060 0.011 , 3.00 0.51 4.69 20.71 
-- c 1 r.. - 

4 * .c* N//? 

. .  

Open Channel Flow Module, Version 3.41 (c) 
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708, 

A -7 
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Page 1 of 2 

Circular Channel Analysis & Design 
Solved with Manning's Equation 

Open Channel - Uniform flow 
Worksheet Name: West Diversion Pipe 

Description: Proposed Pipe at West Pump Station 

Solve For Actual Depth 

Given Constant Data; 

Slope .,............ 0.0060 
Mannings n,........ 

QZ5-=Discharge. . . . . . . . . 9.00 O*Ol1 c c /LD5 M- ' t  

- . _  - 

Minimum Maximum Increment By ------------ __--------- Variable Input Data ------- 
-I---- 

---- ---- --I---- ---- 
Diameter 1.25 2.00 0.25 

IS" 24' ' 

Open Channel Flow Module, Version 3.41 (c) 
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

.. ..\ . . . . . ,  .. . ' . ,  



Page 2 of 2 
i .. . .  

VARIABLE COMPUTED COMPUTED COMPUTED 

Diameter Channel Mannings Discharge Depth Velocity Capacity 
ft Slope Inr cf s ft fPS Full -- --- ~---==--==-----,_~=~~~========== 

-- ----====--=e=--z 

ft/ft cfs 

Unable to compute this instance. 
1.50 0.0060 0.011 

2.00 0 . 0060 0.011 9.00 0.92 6.36 

c1.2 5'f  P a  sma\b 
9.00 1.15 6.18 9.62 

20.71 
* ?r &. J 4  

n 
w .  w w .  V I &  2. A. v w  

A n - -  .. A n  
w .  ad 
.- ?r q.4 V ' l  * . 4 *  

Open Channel Flow Module, Version 3.41 (c) 
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

A-ti 



Page 1 of 2 

Circular Channel Analysis & Design 
Solved with Manning's Equation 

. Open Channel - Uniform flow 

Worksheet Name: West Diversion Pipe 

Description: Proposed Pipe at West Pump 

Solve For Full Flow Capacity 

Station 

Given.Constant Data; 

Slope .............. 0.0060 
Mannings n......... 0.011 A- 
Discharge .......... 5.91 

- _. _ _  

d- II 
- _ _  - - 

Increment By 

0.25 

. .  

Open Channel Flow Module, Version 3.41 (c) 
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 

. " . . -  . . .  ... c ?. 



Page 2 of 2 

VARIABLE COMPUTED COMPUTED COMPUTED COMPUTED 

Diameter Channel Mannings Discharge Depth Velocity Capacity 
ft Slope Inr cf s ft fPS Full 

1.25 0.0060 0.011 5.91 1.25 4.82 5.91 
1.50 0.0060 0.011 9.62 1.50 5.44 9.62 

2.00 0.0060 0.011 20.71 2.00 6.59 20.71 

--- -- . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

cfs -- --~~-==,,=-~==--===--=--== 
ft/ft ----- 

I 

A. I d  
. 9 0 -  

U. 
n 

V 
n n e.. 

v .  U A I  
* A  e. 
A*. J A  

. L)c 
A. I d  w .  u-l 

r n-l 
A7. J I  
- 1  T ,  

Open Channel Flow Module, Version 3.41 (c) 
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 



Circular Channel Analysis & Design 
Solved with Manning's Equation 

Open Channel - Uniform flow 
Worksheet Name: West Diversion Pipe 

Comment: Proposed Pipe at West Pump Station 

Solve For Actual Discharge @+ 0.94- 

Given Input Data: 
Diameter.......... 

Manning's n....... 
0.94-D = Depth ............. 
Computed Results: 
Q m A M  = Discharge ......... 

_. - _  - -Velocity. Z-. .-. .- - - v@&&-- ..... 
Flow Area.. ....... 
Critical Depth .... 
Critical Slope. ... 
Percent Full...... 
Full Capacity ..... 
QMAX @.94D........ 
Froude Number..... 

Slope ............. 

. .  

1.50 ft I8 " 

0.0060 ft/ft 

1.41 ft 
0.011 AD5 Q-12 

10.34 cfs 

1.72 sf 
1.24 ft 
0.0069 ft/ft 
94.00 % 
9.62 CfS 
10.34 CfS 
0.68 (flow is Subcritical) 

- - *  - 6-00 -fps - -. - - . .-_ -. - - .  _ _ _  - -  

Open Channel Flow Module, Version 3.41 (c) 1991 
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 
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Circular Channel Analysis & Design 
Solved with Manning's Equation 

Open Channel - Uniform flow 

Worksheet Name: West Diversion Pipe 

Comment: Proposed Pipe at West Pump Station 

Solve For Actual Discharcre e Oeq4-D 

Given Input Data: 
D = Diameter.......... 

Slope ............. 
Manning's n....... 

O.q40 = Depth. ............ 
Computed Results: 

sDischarge ......... 
qwh. =Velocity.. ........ 

~~ ~ ~ ~~ -Flow-Area ......... 
Critical Depth..,. 
Critical Slope .... 
Percent Full...... 

QMAX @.94D........ 
Froude Number..... 

\ 

Full Capacity ..... 

24" 2.00 ft 
0.0060 ft/ft 
0.011 &'ps- Q-\t 
1.88 ft 

22.28 cfs 
7.27 fps 

1.68 ft 
0.0066 ft/ft 

~ 3.06 sf- - ~ __ - 

94.00 % 
20.71 cfs 
22.28 cfs 
0.71 (flow is Subcritical) 

Open Channel Flow Module, Version 3.41 (c) 1991 
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 



R O C K  CHANNEL PROTECTION 
AT CULVERT AND STORM 

SEWER OUTLETS 

1107-1 
REFERENCE SECTION 

1107.2 
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190 pounds total weight 
Approximately 600 square inches of opening 

104 Always Specily EJlW Number East Jordan Iron Works, €as1 Jordan. Michigan USA. 1-800-874-4100 
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PO 139 SEEPAGE CONTROL & SEDIMENT REMOVAL 2 m 9 5  
CRU-2 KG 

FIND: 

Given: 

Head, H, for bypass pipe inlet using ODOT STD. No. 2 - 2 4  
Assume weir flow conditions using WIW 661 0 grate 

Q25 = 9 d s  Q = 3.087*L*H (3/2) 
Lw = 41f  Q = Qw + QQ 

h =  
Lg = 

0.42 ft 
7.2 If 

Qw = weir flow 
Qg = grate flow 

1.25 14.1 9 3.36 0.75 10.83 
1.33 15.97 3.36 0.83 ' 1261 

Note: 
1. There are 2-2' wide openings which are the Lw for 

Weir flow" condition. Weir height = h. 
2 Maximum "Weir f lop is assumed when H = h. When 

H > O , W ,  then its "grate f log which is also calculated 
by weir flow equation. Hgrate = H-0.50'. The grate is 
1" thick and its top elev. is 6 above the weir elev. 

3. Lg is the inside perimeter of the inlet. 

5. Lg based on East Jordon Iron Works, (EJIW), 6610 grate. 
6. Hg is measured from the base of grate. 

4. An efficiency factor of 0.75 is used for the grate 
~~ ~- condition to C6mpensafefor grating and trash accumilation. _- 

\P0139\SS\ l39SD.W K3 A: 
A - l b  
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PO 1 3  
CRU-2 

SEEPAGE CONTROL & SEDIMENT REMOVAL 

FIND: Head, H, for bypass pipe inlet using ODOT STD. No. 2-2-A 
Assume weir flow conditions using EJIW 6610 grate 

Gwen: 
7 Q25= 

Lw = 
9 h =  

Lg = 
A 

H. fl 
I3 0.42 

0.50 
6 0.58 

0.67 
(7 0.75 

0.83 

1 .oo 
21 1.16 

1.25 
%3 1.33 

~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ g 2  
. ... .._......I :... ..,..,.... . . . . . . . " ........... .. ..... 

9 cfs 
3.33 If 
0.42 ft 
7.2 If 

8 c 

Q = 3.087*L*H (3/2) 
Q=Qw+Qg 
Qw = weir flow 
Qg = grate flow 

D _c 

Ha. f 
+A13-W$- 
+A14-$A:$8$9 
+Al5-$A:$B$9 
+A1 6 -W$B$9 
+A17-$A:$B$9 
+A18-W$B$9 
+A1 9 -$A:$B$9 
+A2o-$A:$B$9 
+A21 -$A:$B$9 
+A22-$A:$B$9 
+A23-$A:$B$9 

Qq 

0.75*3.087*$A:$B$lO*(D15) 1.5 
0.75*3.087*$A:$B$lO*(D16) 1.5 
0.75*3.087*$A:$B$lO*(Dli') A 1.5 
0.75*3.087*$A:$B$lO*(D18) A 1.5 
0.75*3.O87*$A:$B$l O*(D19) ,, 1.5 
0.75*3.087*$A:$B$lO*(D20 A 1.5 
0.75*3.087*$A:$B$lO*(D21~ 1.5 
0.75*3.087*$A:$B$lO*(D22) A 1.5 
0.75*3.087*$A:$B$10t(D23) A 1.5 

t 

- 
- ~ Note: ~ ~ - -~~ ~ 

~ ~~ 

1. There m2-2' wide openings whichare theLw for 
'weir floV condition. Weir height = h. 

2 Maximum 'Weir f lod is assumed when H = h. when 
H > O S ,  then its 'grate floM which is also calculated 
by weir flow equation. Hgrate = H-0.50'. The grate is 
1' thick and its top elev. is B above the weir elev. 

condition to compensate for grating and trash accumilation. 

3. Lg is the inside perimeter of the inlet 
4. An efficiency factor of 0.75 is used for the grate 

5. Lg based on East Jordon Iron Works, (EJIW), 6610 grate. 
6. Hg is measured from the base of grate. 

\ e O U ~ r n . w K 3  k 
(Thkaeet k B io LbcLUTLB 1-2-3 T i  uud todvby focmrhrfmmk) 



PO 139 SEEPAGE CONTROL & SEDIMENT REMOVAL 2/24/95 
CRU-2 KG 

H, ft 
0.42 

FIND: 

Given: 
area, a = 600 sqin Qo = C*a*(2*g*h) A (1/2) 

Head, h, for bypass pipe inlet using ODOT STD. No. 2-2-A 
Assume orifice flow conditions using EJIW 661 0 grate 

4.17 sqft 

3.36 cfs (from side weirs. See weir calc) 

H = Head - from bottom of weir 
C =  0.66 hg = Head - above base of grate 
g =  322 WsA2 Q = Q - Total Flow 

Qw = 

Q,cfs Qw,cfs hsft a, sqft Qo cfs 
3.36 3.36 0 0.00 0.m 

0.50 
-058 
0.67 
0.75 

._ - __ - - - __ - 

3.36 0.00 0.00 0.00 3.36 

5.68 3.36 0.17 1.42 2.32 
7.50 3.36 0.25 2.08 4.14 

. _. -0.75-. -- - - - 4.11 - 3.36 -- 0.08 - -0.67 

Note: 
1. Assumes that there is no increase in weir flow under 

orifice flow conditions. 
2. Assume an efficiency factor of 0.75 used for the grate 

condition to compensate for trash accumulation. 
3. Assumes that the full 600 sq ft opening value is availabl 

when the water surface elevation is equal to the 
- top elevation of the grate. The area, a, is proportional ~ ~ 

to the hg; a = (hg/0.5')*4.17 sq ft up to 0.5'. Initially, 
there will be weir flow which will transition to orifice. 
The "worst case" would be when hg is measured from the 
top of the grate and not the base. 

4. WlW - East Jordon Iron Works 
5. The grate is 1" thick and its top elev. is 6l above the weir elev. 

~~ ~ ~ ~ -~ -~~ ~ ~ 

\P0139\SS\139SD.WK3 C: 
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PO 139 
CRU-2 

SEEPAGE CONTROL & SEDIMENT REMOVAL 

FIND: 

Given: 

Head, h, for bypass pipe inlet using ODOT STD. No. 2-2-A 
Assume orifice flow conditions using EJlW 6610 grate 

2/24/95 
KG 

47m-a, a = 600 sqin Qo = C*a*(Pg*h) A (112) 
4.17 sqft H = Head - from bottom c. Neir 

4ci c =  0.66 hg = Head - above base of grate 

5I  Qw= 3.36 cfs (from side weirs. See weir calc) 
9 =  322 ftls-2 Q = Q - Total Flow 

Note: 
1. Assumes that there is no increase in weir flow under 

orifice flow conditions 
2 Assume an efficiency factor of 0.75 used for the grate 

condition to compensate for trash accumulation. 
3. Assumes that the full 600 sq ft opening value is available 

when the water surface elevation is equal to the 
top elevation of the grate. The area, a, is proportional 
to the hg; a = (hg/O.S')*4.17 sq ft up to 0.5'. Initially, 
there will be weir flow which will transition to orifice. 
The 'worst case' would be when hg is measured from the 
top of the grate and not the base. 

4. EJlW - East Jordon Iron Works 
5. The grate is 1' thick and its top elev. is 6' above the weir elev. 

vCll3mm.w c 
~ a C e t k  D ia lbcLoTus 1-2-3 file uud todirpby IorrmlarhmC) 

A- 9 
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Pressure Pipe Analysis t Design 
Circular Pipe 

Worksheet Name: West Diversion Pipe 

Comment: Using 1/16 Bends 

Solve For Pressure @ 1 

Given Input Data: 
Elevation @ l..... 
Elevation @ 2..... 
Pressure @ 2...... 

Qp"= Discharge.. ....... 
Diameter.......... 
Length... ......... 
Hazen-Williams C . ,  

Computed Results: 
Pressure -@ 1. ..... 
Velocity .......... 
Headloss..,....... 
Energy Grade @ 1.. 
Energy Grade @ 2,. 
Friction Slope .... 

. -  

561.75 ft 
560.48 ft 
0.27 psi 

4320.00 gpm c T & Z C k \ )  
18.00 in 
250.00 ft 
130.00 

... OK 
- - 

0.29 psi ( 0 8 ~ p S i '  

1.32 ft 
562.89 ft 
561.56 ft 

-5.45 fps 

5.289 ft/lOOO ft 

Open Channel Flow Module, Version 3.41 (c) 1991 
Haestad Methods, Inc. * 37 Brookside Rd '* Waterbury, ct 06708 
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EVALUATION OF THE POTENTIAL PEAK STAGES 
IN PADDYS RUN DURING STORM EVENTS AT CROSS SECTIONS 

CLOSE TO THE PROPOSED RETENTION BASIN NO. 1 

. -  

Fernald Environmental Management Project 
Fernald, Ohio 
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EVALUATION OF THE POTENTIAL PEAK STAGES 
IN PADDYS RUN DURING STORM EVENTS AT 

CROSS SECTIONS CLOSE TO THE PROPOSED RETENTION BASIN NO. 1 

July, 1997 

1 Obiective 

As proposed in the Area 2 Phase I Site Prepamtion Plan a Surface Water Management Plan was prepared to 

address management of surface water at the Southern Waste Units (SwVs) during site preparation and excavation 

activities at the FEMP. According to this plan the Retention Basin No. 1 will be constructed south of the Inaaive 

Flyash Pile to conuol and collect potentially impacted storm water runoff from the Area 2; Phase I Remediation 

Area. The top bank elevations of the Retention Basin No. 1 is proposed to be 540 feet. The objective of this bsk is 

to perform a hydraulic analysis to calculate the water surface elevations at the cross-sections A'-A', B'-B' and C'- 

C' along Paddys Run near the Retention Basin No.1, and to determine whether the water from Paddys Run will 
overflow into the proposed basin bank under 24-hour duration storms with the return periods of I-year, 5-year' 10- 

year and 25-year. respectively. Locations of cross sections A'-A', B'-B' and C'-C' are shown in Figure 1. 

Conceotual Model 

The Paddys Run is an intermittent stream which drains a mid-size catchment (approximately 15 square miles) 

which includes most of the Fernald Environmental Management Project (FEMP) site. The Paddys Run drainage 

basin consists of land surface drained by streams and channels discharging to Paddys Run. The basin can be 

divided into subbasins so that the =off from any particular area can be analyzed separately. The runoff from each 

of the subbasin can then be added together to yield the total hydrograph for the basin. The basin and subbasin 

boundaries were derived using topographic maps created by the U.S. Geological Survey (USGS) and supplemented 

with site topographic maps. Figure 2 shows all the subbasins in the simulation. The details of the boundaries of 

the basin and subbasins are presented in the Surface Water Flow and Infiltration Model (SWF&M) Report (DOE 
1993) developed for the FEMP and Operable Unit 5 RUFS. The SWF&IM is a combination of the FEMP site- 

specific hy?).drolo@d kput parameters and sevsral hydiauiic and trampsip models used to simulate the various 

physical and chemicai processes involved in the transport of contaminants from surface soil into surface water and 

subsequently into groundwater. The hydrologid hydraulic portion of the SWF&IM incorporated the U.S. Army 

~ 

. 



Corps of Engineers HEC-1 kmdel to calculate runoff hydrographs and Manning's equation to calculate the Stage in 

Paddys Run. The methods are described in further detail in the following pmgraphs. 

Technical Amroach 

HEC-I model was used to simulate surface runoff into Paddys Run. The HEC-1 model was developed by the 

Hydrologic Engineering Center of the U.S. Army Corps of Engineers. The HEC-1 generates qnoff hydrographs 

from many different subbasins' and then combines and routes the hydrographs through the watershed. The entire 

Paddys Run drainage basin was modeled by l i n g  the various subbasins together within the HEC-1 model. In the 

HEC-I model, a runoff hydrograph is calculated for each subbasin. The hydrographs are then added together at 

locations called stations in the HJX-1 model. The combined nmoff hydrographs can then be routed through a 

channel reaches, and combined with hydrographs from other subbasins. 

The HEC-I model provides hydrographs in t e r n  of discharge rate versus time at each cross-section location. The 

G t k g ' G e  (discharge versus depth r&tionsh~ is dt%lopedz eachTross a o n  b a  on x e  M&&G 

equation (Henderson, 1966). Manning equation assumes that the channel flow is steady and uniform. The caring 

a w e  for each cross section is then used to obtain the peak river stage based on the cross-section-specific peak 

discharge in the hydrographs from HEC-I model. It should be noted that this modeling approach was developed 

for the SWFgLIM model whose primary purposed was contaminant fate and transport. The river stage is a 

relatively insensitive parameter in the contaminant model. The method used to develop the rating c u m  is 
relatively simplistic and reasonable conservative. If more accuracy is required more detailed analysis could be 

~ 

perfomled. 

In the SW&IM, cross sections D-D and E-E were called stations. Hydrographs at these two stations are computed 

based on hydrographs generated from upstream subbasins and then combined and routed to these stations. Cross 

section D-D is located at upstream of cross section C'-C' and cross Section E-E is located at downsveam of mss 

section A'-A' (see Figure I). (Note: Cross sections in the SWFBtIM were named A-A through K-K, three new 

sections A'-A', B'-B' and C'-C' are intermediate sections behveen the original D-D and E-E .sections used to 

study this particular area of interest) The peak river stages at cross sections D-D and E-€ are calculated by using 

the rating w e  presented in the SWF&IM and the peak discharge output from the HEC-I model. As mentioned 

earlier, the rating cutves were developed using the h4annings equation, cross section of Paddys run and Manning 

roughness coefficients based on field reconnaissance. The peak river stages at cross sections A'-A'. B'-B' and C'- 

C' are then linearly interpolated from the peak stages at cross sections D-D and E-€ based on the distance between 

these cross sections. 

3 
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The procedures used to obtain the peak stages in Paddys Run at cross sections A’-A’, B’-E’ and C’-C’ are 

summarized as follows: 

(1) Obtaining the peak discharges at cross sections D-D and E-E from the output of HEC-I runs. ‘ 

(2) Calculating the peak stages at cross sections D-D and E-E by using the rating curves, and 

(3) Interpolating the peak stages at cross sections A’-A’. B’-E’ and C’-C’ from the peak stages at cross 

sections D-D and E-E. 

Inout Data 

The HEC-1 model requires input to represent the rainfall event and to describe the surface hydrological properties 

of the drainage area. Four 24-hour storm events with return periods of 1-year, 5-year, IO-year and 25-year, 

respecuvely, were chosen to evaluate the peak discharge and stage at the cross sections near the Retention Basin 

No. I. The volume of precipitation contained in a storm event is often reported in depth. The storms have total 

precipitation depths of 2.5 inches, 3.6 inches. 4.1 inches and 4.8 inches for the I-year, 5-year. IO-year and 25-year 

retum periods, respectively. The method used to produce the storm hyetograph ( the variation of rainfall intensity 

with time ) used in the HEC-1 requires the rainfall amounts (depth) for storm of various durations up to the entire 

length of the storm being modeled. The depthduration data required by the HEC-1 model is listed in Table I. 

- - -  . _ _  . - - - - - - - - . -. - - .. ._. . - -. - - - - - . . 

The rainfall depth listed in Table 1 were obtained from the rainfall frequency atlas of the United States (Hershfield 

1961). 

Most of the parameters used to describe the drainage basin were taken from topographic maps of the Paddys Run 

watershed. Some information, such as Paddys Run cross section data, used for channel routing, were obtained 

from topographic maps developed from field surveys. Parameters such as channel roughness, slope, catchment 

-lengths and areaS, and h T c & n e l  dimensions are req&ed to  define the water movement over the bas6 

surface. The detailed description of the input data can be found in SWF&IM. Appendix A and Appendix B list all 

data used to characterize overland flow and channel flow elements, respectively. The Soil Conservation Service 

(SCS) c w e  number method was utilized to calculate precipitation losses. The w e  number associated with each 

of the different soil types, land uses, and vegetation are then weighted and averaged to represent each subbasin for 

input into the HEC-I model. Appendix C provides the weighting procedure used to determine the SCS curve 

number for the subbasins. The final curve number(s) used for each subbasin is also presented in this Appendix. 

The area upstream of Section D-D is covered by eleven subbasins in this simulation. Storm water from the former 

production area of the FEW and the waste pit area is assumed to be collected in the Storm Water Retention Basin 

4 



and pumped to the Great Miami River. therefore. the discharge from former production area and waste pit area 
does not affect the peak discharge at section A'-A'. B'-B' and C'-C'. 

The rating c w e  (depthdischarge relationship ) ins developed for the cross sections D-D and E-E. The Mannings 

roughness coefficient and slope for each cross section used in a rating w e  calculation are listed in Appendix B. 

Figures 3 and 4 show the geometry of cross seaions D-D and €-E, respectively. The resulting rating curves for 

cross sections D-D and E-€ are presented in Figures 5 and 6. respectively. 

The HEC-1 model input files for 1-year, 5-year, IO-year, and 25-year r e m  period storms are presented in 

Appendix E 

Calibration 

A comparison between the model simulated and field measured river stages was performed in respok to the EPA 

comments on SWFgtIM in 1994. Appendix D includes the detailed description of the performance of this 
calibration. As described in Appendix D. the m e  number used for the HEC- 1 model of the representative storm 
event are based on an A n t d e n t  Moisture Condition-I1 (AMC-II) which represents an average moisture content 

in the surface soils prior to the storm rainfall event. AMC-I represents a dryer than average moisture content in 

the surface soil and AMC-III represents a wetter than average soil condition. The AMC-II m e  number are 

primarily used for design purposes (SCS, Technical Release 55, June 1986). 

- _  - - _ _  - -~ 

In order to better evaluate the performance of the runoff model, actual rainfall data from FEMP from two stom 

event (the April 28-29 1989 event and another one on April 3-4 1989) and SCS w e  number that represent actual 

soil conditions during an abnormally wet season were input into the HEC-1 model. The rainfall in the spring of 

1989 was above average (DOE 1993, Groundwater Modeling Report Summary of Model Development) indicating 

that the ground surface could have been saturated prior to the storm event which would cause a larger amount of 

runoff. The SCS National Engiueering Handbook Section 4, Hydrology (NEH-4 ISCS 19851) recommends that if 
more than 1.1 inches of precipitation falls during the five days before the storm event being modeled that a AMC- 
III should be used. Approximately 1.3 inches of rain fell in the five days prior to the storm event on April 28-29, 

1989. Since this was in the range of AMC-111 recommended in NM4, an AMC-ITI was used to simulate this 
storm. An Ah4C-III was also used for the simulation of the April 3-4 storm since this storm occurred four days 

after a storm event on March 31, 1989 which caused the Storm Water Retention Basin to overtlow. The site 

precipitation data was not. readily available for the March 3 1 storm, but it is valid to assume that such a event 

would create AMC-III soil conditions for the April 3 4  event. The area weighted SCS m e  number is 64 for 

AMC-II condition and 8 1 for AMC-I11 condition used in HEC- 1 model. 



Table 2 presents the comparison of the modeled and measured rise in the flow depth of Paddys Run. The measured 

rise in water surface elevation was measured at two locations along Paddys Run in April 1989: Stilling Well 9 

(near cross section location C-C) and Stilling Well 14 (near cross &on location E-E). The location of cross 

section C-C is indicated in Figure 2. As stated in Appendix D. the conclusion of the comparison for the response 

to cOmmentS in1994 was that the surface water model can predict the water d a c e  elevation with acceptable 

accuracy. 

Simulation Results 

The output from the HEC-1 model includes runoff hydrographs. peak discharge, and the total volume of runoff 
from each subbasin and cross section location in the model. The peak discharges at cross sections D-D and €-E 

under Merent storm events from the HEC-I model were used to calculate the peak river stages based on the rating 

F i g k s  5-and 6. The peak river stages at cross sections D-D and E-E were then used to interpolate the peak river 

stages at cross sections A’-A’, B’-B’ and C’-C’. Figure 7 shows the interpolated peak river stages at cross sections 

A’-A’, B’-B’ and C’-C’. Also, the peak river stages at these cross sections are tabulated in Table 3. The top 

elevation of the proposed bank for Retention Basin No. 1 at cross sitions A’-A’, B’-B’ and C’-C’ is about 540 

feet. The river stages in Table 3 indicates that the Paddys Run does not overflow the proposed basin bank at these 

cross sections even under the 25-year return period, 24-hour storm event. 

c w e s  at these cross sections. The peak discharges and river stages at cross sections _ _ - _  D-D - _ - - - - .  and €-E are - shown in - _ _  - 
- - - . - _ _  .. - _ -  -- - 
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Table 1 Depth-Duration Data for 24-Hour Storm* 

5 minutes 
15 minutes 
60 minutes 
2 hours 
3 hours 
6 hours 
12 hours 
24 hours 

- .  .. - 

1-Year Return 

Period Storm 

0.330 
0.625 
1.1 00 
1.900 
1.480 
1.800 
2.1 00 
2.500 

.. . . .  

Depth (in) 

5-Years Return 

Period Storm 

0.500 
1 .ooo 
1 SO0 

2.100 
2.400 
3.000 
3.600 

1 .goo = 

1 0-Years Return 

Period Storm 

0.540 
1.125 
1 .goo 

2.400 
2.900 
3.360 
4.100 

.- 

~ 2I200 

Hershfield, D.M., 1961, Rainfall Frequency Atlas of the United States. 
Technical Paper No.40. Department of Commerce, Washington, D.C. 

25-Years Return 

Period Storm 

0.625 
1.250 
2.220 
2.700 

- .  

3.000 
3.500 
4.100 
4.800 



co 

December, 1990. 

I 

Date of Stom 
Event 

April 3-4, 1989 

April 28-29,1969 

RtSON OF MODELED ANu ME SURED 

FLOW DEPTHS 
INCREASE OF PADDYS RUN 

Precipitation 
Amount IN.' 

1.92 

1.96 

Table 2 

I Cross Sectlon E-E 

Measund Rlse Modeled Rlse 
In Stream In Stream 
Depth Depth 
(Stllllng 
Well 9)b FT. 

Measumd Rise 
In Stream 
Depth 
(Stllllng Well 
14)' F 1. 

Modeled 
Rlse In 
Stmam 
Depth 
(STAEE)' 
F T. 

4.06 I I 3.99 I 5.51 I 5.35 

2.39 I 4.98 I 4.17 

I 



Table 3 Peak River Stages at Cross Section A'-A', 6'-6' and C'-C' 

532.2 

535.3 

537.0 

539.0 
- .. - 

24-Hour Storm 

1 Year Return Period 

5 Years Return Period 

10 Years Return Period 

25 Years Return _- Period . ._ - 

532.4 

535.4 

537.2 

539.1 
. - -  - - .  

River Stage (ft) at Cross Sections 

A'-A' 

532.1 

535.1 

536.8 

538.8 

0-B' I c-c' 
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HEC-1 INPUT DATA ~ 

SUBBASIN CHARACTERlSTlCS (OVERLAND FLOW PLANE DATA) 

I 

Overland Flow Overland Flow Resldance 
Length' Stope' Facto? Drain Area' 

(Sa mile) SCS Curve Number' Subbasln N % Subbasln Area' 

10 

20 

30 

50 

60 

70 

75 

POAR 

580 

58 1 

582 

100 

110 

120 

130 

150 

200 

200 

200 

200 

150 

200 

150 

200 

150 

100 

200 

200 

180 

200 

150 

100 

200 

0.07 

0.075 

0.08 

0.04 

0.08 

0.01 3 

0.01 3 

0.01 3 

0.01 3 

0.01 

0.01 

0.025 

0.025 

0.1 

0.2 

0.03 

0.28 

0.033 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.1s 

0.4 

0.15 

0.15 

0.25 

0.25 

0.30 

0.4 

0.4 

0.3 

0.4 

0.4 

100 

100 

100 

100 

100 
I 

75 
I 

25: 

75 

25 
6 

100 
I 

100 

100 

100 

30 
I 

50 

50 

100 

I 

I 

I 

1 00 

1 .a69 

1.589 

5.188 

1.288 

0.599 

0.313 

0.408 

0.294 

0.036 

0.456 

0.487 

0.51 

0.832 

0.561 

1.385 

65.4 

63.7 

63 

66 

59.8 

61 

88.8 

61 

88 

86.2 

71.9 

69.4 

66.5 

62.1 

61.9 

69 

69.4 

68.2 



.! 

HEC-1 INPUT DATA 

SUBBASIN CHARACTERISTICS (OVERLAND FLOW PLANE DATA) 

SUBBASINS DIVIDED FOR CONTAMINATED CALCULATIONS 

Drain Area' 
(Sq. milej SCS Curve Numbed 

: Overland Flaw Overland Flow Resistance 
Lengthd Slope' Factof 

Subbasi (FT) (ft/ft) N % Subbasin Area' 
n 

60 

560 

70 

570 

WPA 

75 

575 

200 

200 

200 

200 

200 

150 

200 

0.08 0.4 

0.10 0.4 

0.01 0.4 

0.017 0.25 

0.024 0.15 

0.15 0.40 

0.013 0.15 

lroo 

400 

100 

h 00 

100 

100 

125 

0.282 

0.317 
0.599 

0.121 

0.120 

0.072 
0.313 

0.288 

- 0.120 
0.408 

59.9 

62.9 

62.4 

76.7 

76.8 

67.6 

69.8 

'Estimated from USGS topographlc map, Shandon, Ohlo, N3915-W8437.5/7.5, 1981, DMA 4062 ISW-Series V852. 

?able 3.5, HEC-1 User's Manual. 

'See Table 3 4  for SCS curve number calculation procedure. 

a JdEstimated from USGS topographic map, Shandon, Ohio, N3915-W8437.5/7.5, 1981, DMA 4062 ISW-Series V852. 
!.r3 

-?Table 3.5, HEC-1 User's Manual. N 
*'See Table 3-4 for SCS curve number calculation procedure. 

I 
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HEC-1 INPUT DATA 

CHANNEL CHARACTERISTICS 

- 
Roulc 

t k m r n t  (R) Sbpr' n (eq. m w  Shop. F b w  

Sub 10 

LenOth' Mrnnhgb Afea' Wldth SMe Sbpe Upelream 

Subcollector Channel so0 o or 0.045 0.M) TRAP 0 1 

Cokclor channrl 3200 0 05 0.045 0.47 TRAP 0 

Moln chrnnrl 5200 0 015 0.045 TRAP 0 
, 

1 

1 No 

Sub 20 

Collector channrl 
I 

4500 0.085 0.045 0.132 TRAP 1 

Maln channel 4800 0.015 0.045 TRAP 0 1 Yo. 

Sub 30 1, 

Subcolbclor channel 3600 0.05 0.045 0.18 TRAP 0 1 

Colkclor channel eo00 0.007 0.045 1.297 TRAP 0 1 

Maln channel 10800 0.003 0.045 TRAP 20 1 Ye. 

Sub 50 
I 

Cohctor channel 5ooO' 0 02 0.045 0.322 TRAP 0 1 

Mah channel 2800 0.002 0.035 - 1 Irregular 

Rout 80 c 

Moln chrnnrl 1800 0.004 0.035 Inegulor 1 Ye@ 

Sub 80 

Coloclor chrnnel 4500 

Moh channel le00 

0.04 0.02 0.15 TRAP 5 1 

0.004 0.035 lrrcpular 1 No 

I 
Rout 0 

Moh channel 2086 ' 0.004 0.025 Irregular 

Sub 70 
I 

M i h  channel 0.013 . 0.045 I TRAP ' 5 1 No 



HEC-1 INPUT DATA 

CHANNEL CHARACTERISTICS 

SUBBASINS DIVIDED FOR CONTAMINANT CALCULATIONS 

I 

I Roule 

Ebment (I) Sbpr' n (rq. mlb) Shape (n) (W Fbw 

Rout 1 I 

Lenglh' Mannlngb 1 Area' W l h  Slde Sbpe Updrs8m 

* - -_I__Ic - - -  - 

Uatn channrl 3093 0.003 0.025 11 Irregular : Ye. 

I Sub 75 

Mah chrnnrl 4000 0.013 0.045 I TRAP 5 1 No 
I 

Rout2 

M i h  channel 2773 0.002 0.025 'I Irregular YO 8 

POAR 
11 

Mah chrnnrl 2800 0.005 0.015 - CIRC 2 No 

TRAP 0 1 No 

TRAP 5 1 No 
I 0.020 

Collector channel 500 0.100 0.04 

Mmh channel 800 0.010 0.035 - 
581 I 

Cokclor channrl 1000 0.020 0.04 0.080 TRAP 0 1 No 

Mah channrl 3300 0.012 0.030 TRAP 5 1 No 

Rout80 

Mah chrnnrl 1300 0.009 0.035 - Irregular - - Ycr 

I/ I 



I HEC-1 INPUT DATA 

I CHANNEL CHARACTERISTICS 
I 

SUBBASINS OJVJDED FOR CONTAMINANT CALCULATIONS 

/ *  Route I 
W l h  SMe Slope Upabeam length' Mannhgb A m '  

Ebmonl , S b p d  n (8% m w  Shrpe (n) (m Fbw 

I 582 1 

Cobclor chrnnel 3600 0.022 0.045 0.033 TRAP 5 1 No 

Mah channel 3800 0.015 0.025 - TRAP 26 2 27 No 
/ I  

I 
Rout 25 I 

MJh channel 2813 1 0.002 0.025 TRAP 52 8 4.55 Yea - 
Sub 101) I 

0.01 0.045 0.4 12 TRAP 5 1 Coleclor channel 4- I 

M 

Rout 3 
1 M a h  channel 3828 0.0025 0.025 I TRAP 63 6 7 3  Ycr  

7 

Sub 110 I 

Colbdor channel 500 0 04 0.045 TRAP 0 1 

Mlah chrnnol 1 o.OO0 0.009 0.025 TRAP 20 3.33 No - 
Sub 120 I 

Cokctor chonnel 500 0.2 0.045 0.15 TRAP 0 1 
, 

Moh channel eo00 0.021 0.045 TRAP 20 3.33 No 
7 

I 
, I Sub 130 I, 

Colrclor c h o n ~ l  so00 0.018 0.045 0588 TRAP 5 1 

d 
I 

TRAP . 5 2 8  4.55 No W a h  chrnnol 1800 0.02 0.025 ! J  t ! 



I, 

HEC-1 INPUT DATA 

CHANNEL CHARACTERISTICS 

SUBBASINS DIVIDED FOR CONTAMINANT CALCULATIONS 

I 
Length' Monnhg* Arm'  W l h  SMe Slope Uprlream 

Sbpr' n (iq. mile) Shrpr ' (a) (W Fbw Ebmonl (n) 

Sub 80 I 
0.03 TRAP 0 1 No I -  

I 

Mah Chonnel 4500 0.04 

Sub 500 

I 
- TRAP 0 1 No Moh chrnnol 48W 0.01 0 04 

I 
Sub 70 

0.045 I _  TRAP 0 1 No Mah chonnel 4600 0.013 

Sub 570 
I 

TRAP 0 1 No Moln chrnnol 1800 0.01 7 0.030 l -  

WPA I 
I -  

TRAP 0 1 No Moln chonnel 1800 0.024 0.030 

- TRAP 5 1 No I Sub 75 

Moln chrnnrl 4000 0 013 0.045 

I 
Sub 575 

TRAP . 5 1 No M i h  chrnnol 0.087 0.045 

!I 

I 

I 



%rtlmalod b m  USOS topognphk map. Shandon. Ohb. N3915-W843? YI 5. 1981. DMA 4062 ISW-Serba V852. 

bTabl. 4 2. Hendemon F.M , 1888. Opan Channel Row.  MacMIIlan PubUohlng Co , Inc. I 

I 

‘EaUmaled horn USGS topognphk mop, Shandon. Ohb. N3915-WB437 Sn 5, 1981, DMA 4082 ISWSeriea V852.:~ 

9 a b b  4 2. Henderson F M , 1968. Oprn Channel Fkw,  MacMUbn Publhhlng Co.. Inc. 

I 
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SCS CURVE NUMBER WEIGHTING 
( 

1 

Land Cove? 'i Hydraulic Hydrologic Weighted SCS Numbef Average SCS 
Subbasinl Condition Soil Groupb I Number 

10 Woods 30% Good 0.5C + 0.58 0.5 x 71 + 0.5 x 55 

0.5 x 84 + 0.5 x 90 

20 Woods 15% Good 0.7C + 0.38 0.7 x 70 + 0.3 x 55 

0.5 x 84 + 0.5 x 90 

Meadow 60% Good 0.4C + 0.66 ' 0.4 x 71 + 0.6 x 58 65.4 
0.5 C + 0.56 I! 

Hard surface 10% ,I - 
I 

Meadow80% Good 0.3C + 0.78 , 0.3 x 71 + 0.7 x 58 63.7 
Hard surface 5% 0.5C + 0.58 

30 Woods 10% Fair 0.4C + 0.6B ;' 0.4 x 73 + 0.6 x 60 
Meadow 85% Good 0.25C + 0.758 0.25 x 71 + 0.75 x 58 63 

Hard surface 5% - 0.5C + 0.58 r 0.5 x 84 + 0.5 x 90 

50 Woods 20% Fair 0.4C + 0.68 I 0.4 x 73 + 0.6 x 60 

Hard Surface 10% ' - 0.4C + 0.66 j 0.4 x 84 + 0.6 x 90 
Meadow 70% Good . 0.4C + 0.68 ' 0.4 x 71 + 0.6 x 58 66 

I 

60 Woods 35% Good 0.lC + 0.96 0.1 x 70 + 0.9 x 55 

Herd surface 5% I - 0.1c + 0.96 I 0.1 x 84 + 0.9 x 90 
Meadow60% Good 0.lC + 0.96 , 0.1 x 71 + 0.9 x 58 59.8 

I 

I : 0.2 x 73 + 0.8 x 60 61 

Hard surface 25% 1 - 0.2C + 0.86 ~ 0.2 x 84 + 0.8 x 90 88.8 

70 Woods 10% Fair 0.2C + 0.86 
Meadow 65% Good 0.2C + 0.86 I 0.2 x 71 + 0.8 x 58 

75 Woods 10% ~ Fair 0.2C + 0.88 4 0.2 x 73 + 0.8 x 60 61 
Meadow65% Good 0.2C + 0.86 : 0.2 x 71 + 0.,8 x 58 

Hard surface 25% - 0.2C + 0.88 ;' 0.2 x 84 + 0.8 x 90 88.8 

80 Woods 10% I Fair 0.5C + 0.58 I 0.5 x 73 + 0.5 x 60 65 
Meadow 65% Good 0.5C + 0.58 I 0.5 x 71 + 0.5 x 58 

Hard surface 25% 0.5C + 0.56 , 0.5 x 84 + 0.5 x 90 07 

I' 



I 

SCS CURVE NUMBER WEfGHTlNG 

Land Cover Hydraulic Hydrologic 1 Weighted SCS Number' Average SCS 
Subbasin Condition Soil Groupb Number 

560 Woods 45% Good 0.06 + 1.OC 0.0 x 55 + 1.0 x 71 

Hard Surface 5% -- 0.08 + 1.OC 0.0 x 84 + 1.0 x 90 
Meadow 50% Good 0.08 + 1.OC ' 0.0 x 58 + 1.0 x 71 71.95 

PDAR Woods 0% Good 0.OB + 1.OC 0.0 x 55 + 1.0 x 71 ' 
Meadow 20% Good 0.08 + 1.oc ' 0.0 x 58 + 1.0 x 71 86.20 

Hard Surface 80% -- 0.06 + 1.OC 0.0 x 84 + 1.0 x 90 

581 Woods 0% Good 0.5B + 0.5C 0.5 x 55 + 0.5.x 71 

Hard Surface 15% - -, 0.06 + 1.OC 0.0 x 84 + 1.0 x 90 
Meadow 05% Good 0.46 + 0.6C 1 0.4 x 58 + 0.6 x 71 69.43 

4 
582 Woods 15% Good 0.56 + 0.5C 0.5 x 55 + 0.5 x 71 

Hard Surface 10% -- 0.58 + 0.5C 0.5 x 84 + 0.5 x 90 
Meadow 75% Good 0.56 + OSC 1 0.5 x 58 + 0.5 x 71 66.53 

0.2 x 73 + 0.8 x 60 

Hard surface 5% - 0.2C + 0.8B 0.2 x 84 + 0.8 x 90 

110 Woods 15% Fair 0.lC + 0.96 ' 0.1 x 73 + 0.9 x 60 

Hard surface 10% -- 0.lC + 0.98 0.1 x 84 + 0.9 x 90 

I 100 Woods 5% Fair 0.2C + 0.88 
Meadow 90% Good 0.2C + 0.8E i 0.2 x 71 + 0.8 x 58 62.1 

Meadow 75% Goad 0.lC + 0.96 , 0.1 x 71 + 0.9 x 58 61.9 

120 Woods 85% Good 0.9c + 0.18 I 0.9 x 70 + 0.1 x 55 

Hard surface 5% - 0.9c + 0.18 ' 0.9 x 84 + 0.1 x 90 
Meadow 10% Good 0.9C + 0.18 0.9 x 71 + 0.1 x 56 69.4 

130 Woods 10% Fair 0.7C + 0.36 1 0.7 x 73 '+ 0.3 x 60 

Hard surface 5% - O.7C + 0.38 *. ' 0.7 x 84 + 0.3 x 90 
Meadow 85% Good 0.7C + 0.38 0.7 x 71 + 0.3 x 58 68.2 

I 

I, 

I 



SCS CURVE NUMBER WEIGHTING 

SUBBASINS DIVIDED FOR CONTAMINANT CALCULATIONS 

b 

Hydraulic Hydrologic I 

Subbasin Land Covef Condition Soil Group' ,Weighted SCS Number' Average SCS 
Number 

60 Woods 30% Good 0.9B + 0.1C 0.9 x 55 + 0.1 x 71 

Hard surface 5% - 0.58 + 0.5C 0.5 x 84 + 0.5 x 90 
Meadow 65% Good 0.99 + 0.1C I 0.9 x 58 + 0.1 x 71 59.88 

560 Woods 25% Good 0.79 + 0.3C , 0.7 x 55 + 0.3 x 71 

Hard surface 5% -- 0.59 + 0.5C 0.5 x 84 + 0.5 x 90 
Meadow 70% Good 0.78 + 0.3C 0.3 x 58 + 0.3 x 71 62.63 

70 Woods 20% Good 0.29 + 0.8C 0.2 x 55 + 0.8 x 71 

Hard surface 5% -- 0.58 + 0.5C 0.5 x 84 + 0.5 x 90 
Meadow 75% Good 0.9B + 0. lC 0.9 x 58 + 0.1 x 71 62.39 

WPA Woods 5% Good 1.OB + 0.OC 1.0 x 55 + 0.0 x 71 

Hard Surface 35% - 0.09 + 1.OC 0.0 x 84 + 1.0 x 90 
Meadow 60% Good 0.OB + 1.OC 0.0 x 58 + 1.0 x 71 76.85 

570 Woods 5% Good 0.OB + 1.OC 0.0 x 55 + 1.0 x 71 

Hard surface 30% - 0.08 + 1.OC i 0.0 x 84 + 1.0 x 90 
Meadow 65% Good 0.08 + 1.OC , 0.0 x 58 + 1.0 x 71 76.70 

75 Woods 25% Good 0.48 + 0.6C , 0.4 x 55 + 0.6 x 71 
Meadow 65% Good 0.49 + 0.6C i 0.4 x 58 + 0.6 x 71 

Hard surface 10% - 0.5B + 0.5C I 0.5 x 84 + 0.5 x 90 67.62 

575 Woods 50% Good 0.38 + 0.7C 1 0.3 x 55 + 0.7 x 71 
Meadow 35% Good 0.39 + 0.7C 0.3 x 58 + 0.7 x 71 

Hard surface 15% -- 0.36 + 0.7C , 0.3 x 84 + 0.7 x 90 69.82 

'Estimated from USGS Topographic Map, Shandon, Ohio, N3915W8437. 5/7.5', 1981, DMA 4062 I SW-Series V852 
cs a b0.4C and 0.6B means 40% is hydrologic soil group C and 60% is hydrologic soil group B. Percentages of each group were 
e3 determined from soil survey maps: Soil Survey of Butler Co., Ohio, USDA 1980; Soil Survey of Hamilton Co., Ohio, USDA, 1982. a w 

F 643 
& w 

P 
I 



I 

I 
SCS CURVE NUMBER WEIGHTING 

CS cuwe number obtained from G. 0. Schwab, R. K: Frevert, T. 4. Edminster, and K. K. Barnes, 

I Conservetlon Englneerlng, John Why and Sons, Inc., pp. 74. 

C 981, So// and Water 

dEslimaled from USGS Topographic Map, Shandon, Ohio, N3915-W8437.1 5/73. 1981, DMA 4062 I SW-Series V852. 
‘I 

‘0.4C and 0.6B means 40% is hydrologic soil group C and 60% is hydrologic soil group B. Percentages of each group were 
determined from soil survey maps: Soil Survey of Butler Co., Ohio. USDAI 1980; Soil Survey of Hamilton Co., Ohio, USDA, 1982. 

‘SCS cunm number obtained from G. 0. Schwab, R. K. Frevert, 1. bl 
ConservuNon Englneering, John Wley and Sons. Inc., pp. 74. 

Edminster, and K. K. Barnes, 1981, Sol/ and Water 
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sufficiently homogenous to only require one SCS curve number per subbasin. 

For every subbasin, the last column in Table 3-2 labeled 'Average SCS Number" represents a 

weighted average of the SCS curve numbers for each land use type. That is, a weighted curve 

number was calculated for each land use type (woods, meadow, or hard surface) based on the 

hydrologic soil group. This calculation is presented in the next to last column (labeled " Weighted 

SCS Number") of Table 3-2. The overall curve number for the subbasin was then calculated by 
averaging the curve numbers for each land use type weighted by the percent of the subbasin covered 

by each land use as indicated in the second column (labeled "Land Cover"). The results of this 

second weighted average ( the overall curve numbers input into the HEC-1 model) are then presented 

in the last column of Table 3-2. 

Action: The revised Surface Water Flow and Infiltration Model Summary Report submitted will I 
contain additionaltext to clarify the contents of Table 3-2. - 

. _ _  . .  . .  ..  . .~ 

2. Section 3.4.5. Page 3-39. Paraeraoh 4 

Comment: The report concludes that the model compares favorably to measured increases in the river 

stage of Paddys Run and the elevation of the groundwater in response to an observed precipitation 

event. The report also presents a reasonable explanation for the emor associated with the increase in 
the groundwater levels. While these statements are qualitatively correct, the quantitative comparison 
indicated a potential for significant error. For example, the modeled river stage of Paddys Run rose 
only one-half the height of what was observed. Assuming that U.S. DOE'S explanation of why the 

modeled groundwater elevation rose only 1.65 feet is correct, the modeled rise in the river stage of 

Paddys Run should have been much greater than what was reported. US. DOE should explain why 

~ the river stage did not increase 3s much as it should have. In addition, U.S. DOE should collect 

more field data to further verify the model. 

Response: This comment raises two issues with the performance of the surface water model. The 
first is concerned with the predicted amount of infiltration and the response of the groundwater table 

to the representative storm event. The second is the comparison of the predicted rise in water surface 

eievatiun m3 the masure0 rise ii; watei surface e!evahn in Paddys Run. As was discussed in the 

response to the first general comment, the infiltration model is very conservative in its estimation of 

4 



the annual percent of contaminated mnoff which infiltrates into the GMA, so that the distribution of 
the infiltration determined from the representative storm event is more important than the actual 

volume of infiltration from that storm event. The infiltration distribution is then applied to the annual 
infiltration and in turn the contaminant loading. In addition, the differences in the initial conditions of . 

the modeled event and the measured event make a true quantitative comparison difficult although 

qualitatively the general aquifer response was similar. 

It is difficult to quantitatively compare the output from the model for the representative storm to 
actual field data because of the differences in the initial conditions of the ground surface and the 

streambeds, the duration of the storm event and the variation of intensity of the rainfall with time 

(hyetograph), and differences in the shape of the stream cross seaions where the stage meaSurements 

and calculations were made. me Surface Water Flow and Infiltration Model Summary Report 
qualitatively compares the results from the model of the representative storm event to a rainfall evmt 

occurring in April of I989 (note the repon incorrectly indicates that the date of the rainfail event; it 

~ should have been reported =-April 28-29). The curve numbers used for the HEC-1 m_odel ofthe 
representative storm event are based on an Antecedent Moisture Condition4 (AMC-II) which 

represents an average moisture content in the surface soils prior to the storm rainfall event. AMC-I 

condition represents a dryer than average initial soil condition and AMC-III represents a wetter than 

average soil condition. T h e  AMC-I1 curve numbers are primarily used for design (Sa, Technical 
Release 55, June 1986). The SCS curve numbers presented for use in the Superfund Exposure 

Assessment Manual (EPA, 1988) do not specifically indicate what AMC they are for, but they do 

match the curve numbers given for the same land use and soil type for AMC-I1 conditions in the 

SCS's Technical Release 55 (SCS 1986). Since AMC-I1 is most commonly used in design and 

because of the curve number presented in the Superhnd Exposure Assessment Manual, AMC-II 
Curve numbers were also used in the HEC-1 model of the represeatative storm event. In order to 

better evaluate the performance of the runoff model, actual rainfall data from the F E W  from two 

storm events (the April 28-29 event and another one on April 3 4  1989) and SCS curve numbers that 

represent actual soil conditions during an abnormally wet season were input into the HEC-1 model. 

The input and results for these modeled conditions are discussed below. 

_ _ ~  

- 
- - 

The rainfall in the spring of 1989 was ahove average (DOE, 1993 Groundwater Modeling Report 
Summary of Model Development) indicating that the ground surface could have been saturated prior 

\ 



I 
to the storm event which would cause a larger amount of runoff (and deeper depth in Paddys Run) 

than if the ground surface is unsaturated. If the ground surface is saturated prior to the storm eViat, 

a greater percentage of the rainfall will become runoff (than if the ground is unsaturated) since the 

ground surface does not have unsaturated pore spaces available to capture the rainfall. Storm water 

runoff is the only major source of flow in Paddys Run since flow from groundwater would only 

represent a small portion of the total flow during a fairly large storm event. The total amount of 

precipitation as measured at the Greater Cincinnati Airport by the National W&er Service (NWS) 
was 5.19 inches during April 1989. The average monthly rainfall of April for the years 1958 

through 1992 also at the Greater Cincinnati Airport is 3.53 inches. The rain gauge information at the 

FEMP reported 6.09 inches of rainfall in the month of April 1989 before it stopped recording during 

the rainfall event on April 28. If the site rainfall data is supplemented with rainfall data from the 

Greater Cincinnati Airport to replace the missing data, a total of 7.48 inches of rain would have 

fallen on the FEMP in April 1989. 

- _- . - -  _ _  1 - - _- - -_ - - - - . - - -  - -  

Storm events occurring on April 3 4  and 28-29, 1989 were simulated with the surface water model. 
Hourly precipitation data from the FEMP supplemented with data from the Greater Cincinnati Airport 

was input into the HEC-I model with the cuwe number modified to represent an AMC-ID[ initial 
moisture condition. The FEMP precipitation data was Supplemented with data from the Greater 

Cincinnati Airport to replace several missing data points from the FEMP rain gauge. This data was 

used because it was the best information available for the missing data points in question. The SCS 
National Engineering Handbook, Section 4, Hydrology (NEH4 (SCS 19851) recommends that if more 

than 1.1 inches of precipitation falls during the five days before the storm event being modeled that a 

AMC-I11 should be used. 

event on April 28-29, 1989. Since this was in the range for AMC-111 recommended in NEH4 an 

AMC-I11 was used to simulate this storm. An AMC-111 was also used for the simulation of the Apfil 

3 4  storm since this storm occurred four days after a s t o m  event on March 31, 1989 which causal 

the Storm Water Retention Basin to overtlow. The site precipitation data was not readily available for 
the March 31 storm. but it is valid to assume that such a event would create AMC-111 soil auditions 

Approximately, 1.3 inches of rain fell in the five days prior to the storm 

~ . 

for the April 3 4  event. 

A ccmparisdr! of &e mode!& a d  mezsurd rise in flow depth cf Paddys run is presented in &he 

anached Table I .  n e  measured rise in water surface elevation was measured at two location along 

6 



Paddys Run in April of 1989; stilling well 9 (near moss section location C-C) and stilling well 14 

(near cross section location E-E). The measured and modeled rises in stream elevation for fhe April 

3 4  storm were within three percent of each other at both measuring locations on Paddys Run. Tbe 

modeled rise in stream depth for the April 28-29 storm did not match as well although the differences 

between the modeled and the measured elevation rises are less than 10 inches. The second storm 

event may not matcb as well because the site rainfail data for this event bad to be supplemented with 

rainfall data from the Greater Cincinnati Airport approximately 17 miles to the south. Based on the 

simulated actual storm events, it is determined that the surface water model is predicting the water 

surface elevations with acceptable accuracy so that additional field data is not required to verify the 

model. 

Changing parameters in the HEC-I model of the representative storm event to match the changes in 
the simulation of actual storm events discussed above (curve numbers based on AMC-III) is not 

necessary for the following reasons. An average Antecedent Moisture Condition (AMC-II) is usually 

used fordesig% and S t c h  vjues given in U.S. EPA documents. -As was discussed in-the respnse - 

to the general comment, the representative storm event runoff is used to estimate the annual runoff. 
Using an AMC-II (average moisture condition) for the representative storzn event would provide more 

realistic results to base the annual calculations on. An AMC-I11 initial moisture content will tend to 
increase the overall discharge from the basin, however, the amount of contaminant released in the 

dissolved phase is directly proportional to the amount of runoff from a subbasin so that the 

concentration should not change. The predicted m a s  of contaminant loaded to the GMA a u l d  

increase for the simulated representative storm event. The single representative storm event will not 

have a significant effect on the annual loading to the GMA since the representative storm event only 

accounts for 6% of the annual runoff. The annual runoff is based on average moisture conditions 

since it is used to represent all of the different s t o m  that occur during the year. In addition, the 

surface water model already is conservatively overestimating the annual loadings to the GMA. 

Modeled simulations performed for the Draft Remedial Investigation Report for Operable Unit 5 

-- - 

submitted for internal review at the U.S. Department of Energy (U.S. DOE) illustrated the 

conservativeness of the predicted loadings to the GMA. The surface water model was set up to 

predict the total amount of uranium-238 released to the GMA through the streambeds of Paddys Run 

and the SSOD. The predicted amount ranged from 6200 kg to 12300 kg. Out of the total s thated 

mass of 4800 kg of uranium within the plume of significant concentration in the GMA, 1860 kgs are 



located along the $SOD and Paddys Run south of the SSOD in the GMA. The 1860 kg of uranium is 
believed to originate primarily from the surface water loading. 

Action: Actual storm rainfall was put into the HEC-I model to compare the modeled rise in stream 

depth to the measured rise in sueam depth. As was discussed in the Response to this comment, the 

model compared well with the measured data so that the coilection of additional field data is not 

necessary. The comparison between the model output and measured data will be included in tbe 

revised Surface Water Flow and Infiltration Model Summary Report. 

3. Section 3.4.5. Paee 34'1.'Para~ra~h 1, 

Comment: U.S. DOE attempted to validate the model by conducting two types of volume 

calculations. The results of the two methods differed significantly but U.S. DOE stated that because 

the results of the two methods are within one order of magnitude, the results are therefore reasonable. 

- An order of magnitude estimation of surface-water infiltration does not app_ear to be accurate. 
L. 

Because the amount of water infiltrating into the GMA will affect the mass of contaminants enterbg 

the GMA and ultimately the concentration of contaminants in the GMA, U.S. DOE should provide 

additional documentation on the accuracy of its infiltration estimate. 

Response: The response to the general comment discusses the relative importance of the predicted 

infiltration volume resulting fiom the representative storm event. Because of the conservative 

assumptions used in the method of predicting the contaminant loading (96 percent of the annual 

dissolved contaminant released is predicted to reach the GMA) the distribution of the infiltration 

amount along Paddys Run and the SSOD is more important than the actual infiltration volume. 

The Surface Water Flow and Infiltration Model (SWF&IM) Summary Report in actuality only 

attempted to estimate the volume of infiltration with the VS2DT model. The other method discussed 

in the repon (described as the verification infiltration volume calculation in the SWF&IM report) 

which simply involved the calculation of the unsaturated pore space beneath the streambed was only 

intended to be used as a general reference to check the range of the infiltration volume predicted with 

VSZDT. It was understood that the calculation of the unsaturated pore space beneath the streambed 

would yield resuits that are lower han actual infiitration voiumes because it did not account for hffd 

movement of water in the unsaturated zone away from the streambed and it did not account for 

8 



Date of Storm 
Event 

Measured Rise 
in Stream 
Depth 
(Stilling 
Well 9)b FT. 

April 3-4, 1989 

April 28-29,1989 

Modeled Rise 
In Stream 
Depth ' 
(STA'IO)' FT. 

I 

1 
TABLE 1 

COMPARISON OF MODELED AND MEASURED 
I 

INCREASE OF PADDYS RUN 
FLOW DEPTHS I 

Precipitation 
Amount IN.' 

I I 

1.92 I 4.06 I 3.99 

1.96 I 2.39 I 3.13 

Cross Sec 

Measured Rise 
in Stream 
Depth 
(Stilling Well 
14)b FT. 

5.51 

ion E-€ 

Modeled 
Rise in 
Stream 
Depth 
(STAEE)' 
FT. , 

5.35 

4.98 4.17 I 
Precipitation amounts from raingauge at the FEMP, except portion of April/ 28-29 storm which is supplemented with 
data from the Greater Cincinn'ati Airport due to missing data from the FEMP raingauge. 

a l a 
c2 December, 1990. 

%! f+-; 
Ed 

Stream depth rise taken from data presented in Groundwater Report, Feedl Materials Production Center, U.S.  DOE 

Stream depth calculated from Paddys Run flow rate predicted with HEC-lland Mannings equation. 
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I D  Paddy's R u n  Simulation (06-26-1997/wyu) 

I D  1-year return period storm. 
'0 I AGRAH 

I T  10 01JAN97 1200 300 
IO 3 0 

KK SUE10 
KH RUNOFF FROM SUEEASIN 10 
KO 1 
EA 1.869 
PH 0.333 0.625 1.100 
LS 65.4 
UK 150. 0.07 0.4 100 
RK 500 0.07 0.045 0.06 TRAP 
RK 3200 0.05 0.045 0.47 TRAP 
RK 5200. 0.015 0.045 TRAP 

KK SUE20 

t 

t 

KH RUNOFF FROM SUEEASIN 20 
EA 1.589 
LS 63.7 
UK 200 0.075 0.4 100 
RK 4500 0.065 0.045 0.132 TRAP 
RK 4800. 0.015 0.045 TRAP 

KK SUE30 
KH RUNOFF F R W  SUEEASIN 30 40 AND 41 

LS 63 
UK 200 0.08 0.4 100 
RK 3600 0.05 0.045 0.18 TRAP 
RK 6000 0.007 0.045 1.297 TRAP 
RK ioaoo 0.003 0.045 TRAP 

KK SUE50 
KO 0 1 21 
KF YES(f12.4) 

LS 66 
UK 200 0.04 0.4 100 
RD 5000 0.02 0.045 0.322 TRAP 
RD 
RC 0.045 0.035 0.045 2800 0.002 

t 

EA 5.wa 

0 

EA 1 .28a 

1 .LOO 

0 
0 
0 

0 

0 
0 

20 

0 

R X  129 140 141.1 1 u . i  168.1 190 
RY566.08 563.07 560 559.03 559.03 561.17 

KKROUT60 
KH ROUTE FROM CROSS SECTION A-A TO 6-6 
KO 0 1 21 
RD 

R X  77 a3 86 86.5 120.1 123 
RY562.16 559.17 555 551.98 551.98 554.16 

0 

R C  0.06s 0.035 0.045 1599.8 0.004 

1.480 

1 
.1 
1 

1 
1 

1 
1 
1 

1 

194.1 
562.12 

126 
555 

1.800 2.1 2.5 

NO 

YES 

. . .  . .- _. " . .. ~-. .. .- . .. 

YES 

0 

KK 
KW 
KO 
EA 
L S  
UK 
RD 

KK 
KH 
KM 
KO 
B A  
LS 
UK 

SUE60 
SUBEASIN FLOY FROM UEST SIDE OF PADDYS RUN TO X-SEC 8 - B  

0.282 
0 1 21 

59.9 
200 0.08 0 . 4  100 

4500 0.04 0.03 TRAP 0 1 NO 

S8560 
SUEEASIN FLOU FROM EAST SIDE OF PAODYS RUN TO X-SEC 6-6  
ENCWPASSES NPDES OUTFALL STRM 4 

0.317 
1 0 1 21 

62.6 
200 0.10 0.4  100 

YES 

196.2 
564.07 

YES 

130.1 
5 6 0  



RO 

KK 
KM 
KO 
HC 

KK 
KM 
KO 
RO 
RC 
RX 
RY 

KK 
KH 
KO 
BA 
LS 
UK 
RO 

KK 
KM 
KH 
KO 
EA 
LS 
UK 

-RD 

KK 
KM 
KO 
HC 

KK 
m 
KO 
RO 
RC 
RX 

t 

e 

+ 

e 

~ 

e 

1. 

4800 0.01 0.06 TRAP 0 1 NO 

ST60 
COMEINE RUNOFF FROM SUE60.SB560, AN0 UPSTREAM 

1 0 1 21 
3 

ROUT0 
ROUTE FROM CROSS SECTION B-B TO C-C 

1 0 1 21 

0.045 0.025 0.045 2986 0.006 
YES 

11.3 53.7 85 95.9 119.8 168.8 179.7 194.6 
551 551 550 540 560 545 550 555 

SUB70 
SUBBASIN F L W  FROM WEST S I D E  OF PADOYS RUN TO X-SEC C-C 

0.121 
0 1 21 

62.6 
200 0.010 0.4 100 
4600 0.013 0.045 TRAP 0 1 

SB570 
SUBBASIN F L W  FROM EAST S I D E  OF PAOOYS RUN TO X-SEC C-C 
ENCOMPASSES NPOES OUTFALL STRM 3 

0.120 
1 0 1 21 

76.7 
200 0.017 0.25 100 
1800- -0.017 -0.030- - - TRAP- 0- 1- ~ 

5170 
COMBINE RUNOFF FROn 70CT.SUB70 AND UPSTREAM F L W  

1 0 1 21 
3 

ROUT1 
ROUTE FROW CROSS SECTION C-C TO 0-0 

1 0 1 21 
YES 

~~ 

0.045 0.025 0.045 3093 0.003 
100 109.2 125. 136.2 151.1 163 195.9 200 

RVS41.07 560. 532.1 531.3 531.3 535 565 566.6 

KK 
KM 
KO 
BA 
LS 
UK 
60 

KK 
CH 
KH 
KO 
BA 
L S  
UK 
RD 

KK 
KM 
KO 
H C  

KK 
KM 
KO 
RD 
RC 

e 

e 

. 

SUE 7'3 
SUBEASIN FLOW FROM THE E S T  SIOE OF PAODYS RUN TO X-SEC 0-0  

0.288 
0 1 2! 

67.6 
150 0.15 0.60 100 

6000 0.013 0.045 TRAP 5 1 

58575 
SUBBASIN F L W  FROM THE EAST S I D E  OF PAODYS RUN 
AREA ENCOMPASSES NPDES OUTFALL STRM 2 

1 0 1 21 
0.120 

69.8 
100 0.030 0.40 100 
650 0.067 0.045 TRAP . 0 1 

S T 7 5  
CO~EINE RUNOFF FROM TEE AND UPSTREAM 

1 0 1 21 
3 

ROUT2 
ROUTE FROM CROSS SECTION 0 - 0  TO E-E 

1 0 1 21 

0.045 0.025 0.015 2773 0.002 
YES 



RX 0 82.3 93 102.9 129 150 200 237.8 
R Y  533 532 531.2 525 525 530 535 536 

KK 58580 
KM RUNOFF TO THE STORM SEUER OUTFALL DITCH FROH THE RETENTION BASIN TO 
KM CROSS SECTION J-J 
KO 1 0 1 21 
EA 0.036 
L S  71.9 
UK 100 0.010 0.25 100 
RD 500 0.100 0.04 0.020 TRAP 0 1 
RD 600 0.010 0.035 TRAP 5 1 

KK SES8l 
Kn RUNOFF TO THE STORM SEUER OUTFALL DITCH ABOVE THE RETENTION BASIN 
KO 1 0 1 21 
EA 0.456 
L S  69.4 
UK 200 0.025 0.25 100 
RD 1000 0.020 0.04 0.080 TRAP 0 1 
RD 3300 0.012 0.030 TRAP 5 1 

KK S T J J  
KM COHEINE RUNOFF FROM PROOUCTION AREA AND SI3581 
KO 1 0 1 21 
HC 2 

KK ROT80 

. 

. 

. 
- - . .- - - . - . __ - _KM -ROJTE F R M  RET. B A S I N  TO W T F A L L  OF SSW-XSEC J:J TO KzK _ _  - .  - - 

KO 1 0 1 21 
RD YES 
RC 0.035 0.035 0.035 1300 0.009 
RX 360. 370. 372. 378. 380. 390. 395. 420. 
RY 544.4 539.4 539.4 539.4 539.4 539.4 539.4 544.4 . 
KK 5~582 
KH RUNOFF FROM s~sa2 (LMR STORM SEUER OUTFALL DITCH) 

EA o.ca7 
KO 1 0 1 21 

L S  66.5 
UK 200 0.025 0.3 100 
RD 3600 0.022 0.065 0.33 TRAP 5 1 
RD 3800 0.015 0.025 TRAP 26 2.27 

KK siao 
. 
KM COHEINE RUNOFF FROn STORM S E M R  OUTFALL DITCH AN0 SE582 
KM T H I S  POINT CWRISPONOS TO NPDES OUTFALL STRM 1 
KO 1 0 1 21 
HC 2 . 

-~ -~ 
KK STEE 
KM COnEINE RUNOFF FROW STORM SEUER OUTFALL D I T C H  AND PADDY'S RUN 
KO 1 0 1 21 
HC 2 

K K R W T 2 5  
KM ROUTE FROM CROSS SECTION E - E  TO F - F  
KO 0 1 21 

. 
RD 2613 0.002 0.025 TRAP 52.8 4.55 YES . 
KKSUE130 
KM RUNOFF FROM SUEEASIN 130 
KO 0 1 21 
EA 1.385 
LS 68.2 
UK 200 0.033 0.4 100 
RD 5000 0.016 0.045 0.588 TRAP 5 1 
RD 1800 0.02 0.025 TRAP 52.8 4 - 5 5  

KK ST130 
KM COMEINE RUNOFF FROW FROW SUE130 TO PADDY'S RUN. 

. 
KO 1 0 1 21 



HC .? 

K K N B l O O  
KW RUNOFF FROn SUB100 AND ROUTE FROM CROSS SECTION F - F  TO C-C 
KO 0 1 21 
BA 0.510 
LS 62.1 62.11 
UK 180 0.1 0.4 30 
UK 250 0.018 0.3 70 
RD '4000 0.01 0.045 0.412 TRAP 
RD 2773 0.0003 0.025 TRAP 

KK ROUT3 
Kn ROUTE F R W  CROSS SECTION G - t  TO H-H 
RO 3626' 0.0025 0.025 

KKSUB110 
KHRUNOFF F R W  SUB110 
EA 0.823 
LS 61.9 
UK ZOO 0.2 0.4 50 
UK ' 150 0.03 0.3 50 
RD 500 0.04 0.065 0.21 
RD 10000 0.009 0.025 

KKSUB120 
KM RUNOFF FROM SUB120 
BA 0.561 
LS 69.4 
UK 100 0.28 0.4 100 

TRAP 

. 69 

TRAP 
TRAP 

5 
27.2 

63.6 

0 
20 

1 
26.32 YES 

7.30 YES 

1 
3.33 

KK ST120 
KH COMBINE RUNOFF FROM SUB110 AND SUB220 10 PADDY'S RUN 
KO 0 1 21 
nc 3 
22 
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I D  Paddy's R u n  Sinuterion (06-26-1997/wyu) 

I D  5-year r e t u r n  period storm. 
.D I ACRAH 

I T  10 01JAN97 1200 300 
10 3 0 

KK SUB10 
KH RUNOFF FROM SUBBASIN 10 
KO 1 
BA 1.869 
PH 0.500 1.000 1.500 1.900 2.100 2.400 3.0 3.6 
LS 65.4 
UK 150. 0.07 0.4 100 
RK 500 0.07 0.045 0.06 TRAP 0 1 
RK 3200 0.05 0.045 0.47 TRAP 0 1 NO 
RK 5200. 0.015 0.045 TRAP 0 1 

KK SUB20 

KH RUNOFF FROM SUBBASIN 20 
BA 1.589 
LS 63.7 
UK 200 0.075 0.4 100 
RK 4500 0.065 0.045 0.132 TRAP 
RK 4800. 0.015 0.045 TRAP 

KK SUB30 
KH RUNOFF FROM SUBBASIN 30 40 AND 61- 
BA 5.188 
LS 63 
UK 200 0.08 0.4 100 
RK 3600 0.05 0.045 0.18 TRAP 
RK 6000 0.007 0.045 1.297 TRAP 
RK 10800 0.003 0.045 TRAP 

KK SUB50 
KO 0 1 21 
KF YES(f12.4) 
BA 1.288 
LS 66 
UK ZOO 0.04 0.4 100 
RO 5000 0.02 0.045 0.322 TRAP 
RD 
RC 0.045 0.035 0.045 2800 0.002 
R X  129 140 141.1 144.1 168.1 
RY566.08 563.07 560 559.03 559.03 

KKROUT6O 
KH ROUTE FRW CROSS SECTION A-A TO B-B 
KO 0 1 21 
RD 
R C  0.045 0.035 0.045 1599.8 0.004 
R X  77 83 86 86.5 120.1 
'RY562.16 559.17 555 551.98 551.98 

KK 
KH 
KO 
BA 
L S  
UK 
RO 

YK 
KU 
KH 
KO 
BA 
LS 
UK 

0 

0 
0 

20 

0 

190 
561.17 

123 
554.16 

1 
1 

.. . 

1 
1 
1 

1 

196.1 
562.12 

~. 

126 
555 

YES 

_ _  

YES 

YES 

196.2 
564.07 

YES 

130.1 
560 

SUB60 
SUBBASIN FLW FRW UEST SIDE OF PADDYS RUN TO X-SEC B-B 

0.282 
0 1 21 

59.9 
200 0.08 0.4 100 

4500 0.04 0.03 TRAP 0 1 NO 

58560 

ENCWPASSES NPDES WTFALL STRH 4 

0.317 

SUBBASIN FLW'FROM EAST SIDE OF PADDYS RUN TO X-SEC B-B 

1 0 1 21 

62.6 
200 0.10 0.4 100 



RD 4800 0.01 0.04 TRAP 0 1 NO 

KK ST60 
KM COnEINE RUNOFF FROM SUE60,SE560, AN0 UPSTREM 
K O  1 0 1 21 
HC 3 

KK ROUT0 
KM ROUTE FRCU CROSS SECTION 6-6 TO C-C 
K O  1 0 1 21 
RD YES 
RC 0.045 0.025 0.045 2986 0.006 
RX 11.3 53.7 85 95.9 119.8 168.8 179.7 194.6 
RY 551 551 550 540 540 545 550 55s 

KK SUE70 
KH SUEEASIN F L W  FROM VEST SIDE OF PADDYS RUN TO X-SEC C-C 
K O  0 1 21 
BA 0.121 
1s 62.4 
UK 200 0.010 0.4 100 ' 

RD 4600 0.013 0.015 TRAP 0 1 

0 

0 

.* 
KK 58570 
KH SUBEASIN F L W  FROM EAST SIDE OF PADDYS RUN TO X-SEC C-C 
KH ENCWPASSES NPDES OUTFALL STRM 3 
KO  1 0 1 21 
EA 0.120 
LS 76.7 
UK 200 0.017 0.25 100 

. ~- ~ 
--RD-1800- 0.017- 0.030 TRAP 0 1 ~~ 

0 

KK ST70 
KM COMEINE RUNOFF FROM 70CT,SUE70 AND UPSTREAM FLOW 
KO 1 0 1 21 
HC 3 

KK ROUT1 
W ROUTE FROM CROSS SECTION C-C TO 0-D 
K O  1 0 1 21 
RD YES 
RC 0.045 0.025 0.045 3033 0.003 
RX 100 109.2 125. 134.2 151.1 163 195.9 200 
RYSC1.07 540. 532.1 531.3 531.3 535 565 566.4 

KK SUE75 
KM SUEEASIN F L W  FROM THE VEST SIDE OF PAODYS RUN TO X-SEC 0-0 
KO 0 1 21 
EA 0.288 
LS 67.6 
UK 150 0.15 0.40 100 
RD 4000 0.013 0.w5 TRAP 5 1 

KK 58575 
KM SUEEASIN FLOU FROn THE EAST SIDE OF PADDYS RUN 
KM AREA ENCCUPASSES NPDES OUTFALL STRM 2 
KO 1 0 1 21 
EA 0.120 
1s 69.8 
UK 100 0.030 0.40 100 
RO 650 0.067 0.045 TRAP 0 1 

KK S T 7 5  
KM COMBINE RUNOFF FROM 1875 AND UPSTREAM 
KO 1 0 1 21 
HC 3 

KK ROUT2 
KM ROUTE FRGH CROSS SECTION 0-D  TO E-E 
KO 1 0 1 21 
RD 
RC 0.045 0.025 0 . 0 6  2m 0.002 

0 

0 

0 

YES 
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R X  0 82.3 93 102.9 129 150 200 237.8 
R Y  533 532 531.2 525 525 530 535 536 

KK 5 8 5 8 0  
KM RUNOFF TO THE STORM SEWER OUTFALL DITCH FROM THE RETENTION BASIN TO 
KM CROSS SECTION J-J 
K O  1 0 1 21 
BA 0.036 
LS 71.9 
U K  100 0.010 0.25 100 
RD 500 0.100 0.04 0.020 TRAP 0 1 
RD 600 0.010 0.035 TRAP 5 1 

KK SBS81 
KM RUNOFF TO THE STORM SEUER OUTFALL DITCH ABOVE THE RETENTION BASIN 
K O  1 0 1 21 
BA 0.456 
LS 69.4 
U K  200 0.025 0.25 100 
RD 1000 0.020 0.04 0.080 TRAP 0 1 
RD 3300 0.012 0.030 TRAP 5 1 

t 

e 

KK S l J J  
KM COMBINE RUNOFF FROM PROOUCTION AREA AND 58581 
K O  1 0 1 21 
HC 2 

KK ROT80 
K M  R-WTE FROM RET. B A S I N  TO OUTFALL OF 5500 XSEC J-J TO K-K - - 

K O  1 0 1 21 
RD YES 
RC 0.035 0.035 0.035 1300 0.009 
RX 360. 370. 372. 378. 380. 390. 395. 420. 
R Y  544.4 539.4 539.4 539.4 539.4 539.4 539.4 544.4 
t 

KK SB582 
KM RUNOFF FROn SB582 ( L O M R  STORM SEWER CUTFALL DITCH) 
K O  1 0 1 21 
BA 0.487 
LS 66.5 
UK 2 0 0  0.025 0.3 100 
RD 3600 0.022 0.045 0.33 TRAP 5 1 
RD 3800 0.015 0.025 TRAP 26 2.27 

KK ST80 
KM COMBINE RUNOFF FROM STORM SEUER OUTFALL DITCH AND SB582 
KM T H I S  POINT COORISPONOS TO NPDES OUTFALL STRM 1 
KO 1 0 1 21 
HC 2 

KK STEE 
KM COMBINE RUNOFF FRCH STORM SEUER OUTFALL DITCH AND PADDY'S RUN 
KO 1 0 1 21 
HC 2 

KKRWT25 
KM ROUTE FROn CROSS SECTION E-E TO F - F  . 
K O  0 1 21 
RO 2613 0.002 0.025 TRAP 52.8 4.55 YES 

KKSUB130 
KM RUNOFF FROn SUBBASIN 130 
KO 0 1 21 
BA 1.385 
1s 68.2 
UK 200 0.033 0.4 100 
RO 5000 0.016 0.045 0.588 TRAP 5 1 
RD 1800 0.02 0.025 TRAP 52.8 4.55 

KK 57130 
KH COMBINE RUNOFF FROM FROn SUB130 TO PADDY'S RUN. 
K O  1 0 1 21 

t 

t 



HC 2 

KKSUBlOO 
KM RUNOFF FRW SUE100 AN0 ROUTE FROM CROSS SECTION F-F  TO G - G  

t 

KO 0 1 21 
EA 0.510 
LS 62.1 62.11 
UK 180 0.1 0 .4  30 
UK 250 0.018 0.3 70 
RO 4000 0.01 0.04s 0.412 TRAP 
RD 2773 0.0003 0.025 TRAP 

KK ROUT3 
KH RWTE FRO( CROSS SECTION G-G TO H-H 
RD 3626 0.0025 0.025 TRAP 

KKSUBl lO 
KMRUNOFF FRDn SUB110 
EA 0.823 
LS 61.9 69 
UK 200 0.2 0 . 4  so 
UK 150 0.03 0.3 so 
RO SO0 0.04 0.04s 0.21 TRAP 
RO 10000 0.009 0.025 TRAP 

KKSUE 120 
KM RUNOFF F R D n  SUB120 
EA 0.561 
LS 69.4 
UK 100 0.28 0.4 100 
RO 5 O O O T 2  ~ ~ O l d 4 s ~ - O ~ l  S-TRAP 
RO 8000 0.021 0.045 TRAP 

KK ST120 

. 

5 1 
27.2 26.32 YES 

63.6 7.30 YES 

0 1 
20 3.33 

KM COMBINE RUNOFF FROH SUE110 AN0 SUB220 TO PADDY'S RUN 
KO 0 1 ' 21 
nc ' 3 
22 



I D  Paddy’s R u n  Simulation (06-26-1997/nyu) 

ID 10-year return period storm. 
‘0 IAGRAM 

IT 10 01JAN97 1200 300 
IO 3 0 
t 

KK SUE10 
KM RUNOFF FROM SUBBASIN 10 
KO 1 
EA 1 .869 
PH 0.540 1.125 1.900 
LS 65 .4 
UK 150. 0.07 0.4 100 
RK 500 0.07 0.045 0.06 TRAP 
RK 3200 0.05 0.045 0.47 TRAP 
RK 5200. 0.015 0.015 TRAP 

KK SUB20 

KM RUNOFF FROM SUBEASIN 20 
BA 1.589 
LS 63.7 
UK 200 0.075 0.4 100 
RK 4500 0.065 0.045 0.132 TRAP 
RK 4800. 0.015 0.045 TRAP 

KK SUB30 - -  
KM RUNOFF FROM SUBBASIN 30 40 AND 41 
BA 5.188 
LS 63 
UK 200 0.08 0.4 100 
RK 3600 0.05 0.045 0.18 TRAP 
RK 6000 0.007 0.045 1.297 TRAP 
RK 10800 0.003 0.045 TRAP 

KK SUE50 
KO 0 1 21 
KF YES(fl2.4) 
BA 1.288 
LS 66 
UK 200 0.04 0.4 100 
RD 5000 0.02 0.045 0.322 TRAP 
i(D 
R C  0.045 0.035 0.045 2800 0.002 
R X  129 140 141.1 144.1 168.1 
RY566.08 563.07 560 559.03 559.03 

KKROUT60 
KM ROUTE FROM CROSS SECTION A-A TO 8-6 
KO 0 1 21 
RD 
R C  0.045 0.035 0.015 1599.8 0.601 
R X  83 86 86.5 120.1 
RY562.16 559.17 555 551.98 551.98 

KK SUE60 

t 

t 

2.200 2.400 

0 
0 
0 

0 

. . .  

0 
0 

20 

0 

190 194.1 
561.17 562.12 

123 126 
554.16 555 

2.900 3.36 4.1 

NO 

YES 

YES 

196.2 
564.07 

YES 

130.1 
560 

KM SUEBASIN FLW FROM UEST SIDE OF PAODYS RUN TO X-SEC B-B 
KO 0 1 21 
BA 0.282 
LS 59.9 
UK 200 0.08 0.4 100 
RD 4500 0.04 0.03 TRAP . 0 1 NO 

KK 58560 
KH SUEEASIN FLW FROM EAST SIDE OF PAODYS RUN TO X-SEC 6-6  
KH ENCWPASSES NPDES OUTFALL STRM 4 
KO 1 0 1 21 
BA 0.317 
LS 62.6 
UK 200 0.10 0.4 100 

t 



RO 

KK 
KU 
KO 
HC 

KK 
KM 
KO 
RD 
RC 
RX 
RY 

KK 
m 
KO 
BA 
L S  
UK 
RO 

KK 
Kn 
m 
KO 
BA 
LS 
UK 

-RO 

KK 
KU 
KO 
HC 

t 

4800 0.01 0.04 TRAP . 0 1 NO 

ST60 . 
COnBINE RUNOFF FROM SUB6O,SBS60, AN0 UPSTREAM 

1 0 1 21 
3. 

ROUT0 
ROUTE F R W  CROSS SECTION B-B TO C-C 

1 0 1 21 

0.065 0.025 0.045 2986 0.004 
YES 

11.3 53.7 85 95.9 119.8 166.8 179.7 196.6 
551 551 550 540 540 545 550 555 

SUB 70 
SUBBASIN FLOW FROM UEST S I O E  OF PADDYS RUN TO X-SEC C-C 

0.121 
0 1 21 

62.4 
200 0.010 0.4 100 

4600 0.013 0.045 TRAP 0 1 

SBS70 
SUBBASIN FLOW FROM EAST S I D E  OF PADDYS RUN TO X-SEC C-C 
ENCWPASSES NPDES OUTFALL STRH 3 

0.120 
1 0 1 21 

76.7 
~ - ~~- - ~ _ _ _  -~ ~ _ _ _ -  

200 0.017 0.25 100 
-1800 0;017 0.030-- -TRAP -~ 0 1- 

ST70 
COMBINE RUNOFF FROM 70CT,SUB70 AND UPSTREAM FLOW 

1 0 1 21 
3 

KK ROUT1 
KM ROUTE F R W  CROSS SECTfOl l  C-C TO 0 - D  
KO 1 0 1 21 
RD Y E S ,  
RC O.OC5 0.025 0.045 3093 0.003 
R X  100 109.2 125. 136.2 151.1 163 195.9 200 
RY541.07 540. 532.1 531.3 531.3 535 565 566.4 
t 

CK 
KH 
KO 
BA 
L S  
UK 
RO 

CK 
CH 
KH 
KO 
BA 
LS 
UK 
RO 

KK 
KM 
KO 
nc 

KK 
KU 
KO 
RO 

t 

. 

SUBE 
SUBBASIN F L W  FROM THE UEST S I D E  OF PADDYS RUN TO X-SEC D - D  

0.288 
0 1 21 

67.6 
150 0.15 0.40 100 

COO0 0.013 0.045 TRAP 5 1 

SB575 
SUBBASIN F L W  FROM THE EAST SIDE OF PAODYS RUN 
AREA ENCWPASSES NPDES OUTFALL STRM 2 

1 0 1 21 
0.120 

69.8 
100 0.030 0.40 100 
650 0.067 0.045 TRAP 0 1 

S T E  
COMBINE RUNOFF FROM 167'5 AND UPSTREAM 

1 0 1 21 
3 

R O U T 2  
ROUTE F R W  CROSS SECTION D - D  TO E-E 

1 0. 1 21 

RC 0.045 0.025 0.045 2773 0.002 
YES 



RX 
RY 

KK 
KM 
KM 
KO 
BA 
LS 
UK 
RD 
RD 

KK 
KH 
KO 
BA 
LS 
UK 
RD 
RD 

KK 
KM 
KO 
HC 

KK 
- - KM 

KO 
RD 
RC 
RX 
RY 

KK 

b 

b 

T 

b 

b 

0 82.3 93 102.9 129 150 200 237.8 
533 532 531.2 525 525 530 535 536 

SB580 
RUNOFF TO THE STORM SEUER OUTFALL DITCH FROM THE RETENTION BASIN TO 
CROSS SECTION J - J  

0.036 
1 0 1 21 

71.9 
100 0.010 0.25 100 
500 0.100 0.04 0.020 TRAP 0 1 
600 0.010 0.035 TRAP 5 1 

SB581 
RUNOFF TO THE STORM SEUER OUTFALL DITCH ABOVE THE RETENTION BASIN 

0.456 
1 0 1 21 

69.6 
200 0.025 0.25 100 

1000 0.020 0.01 0.080 TRAP 0 1 
3300 0.012 0.030 TRAP 5 1 

STJJ 
COMBINE RUNOFF F R W  PRODUCTION AREA AND 58581 

1 0 1 21 
2 

ROT80 
- -  . _  - .  ROUTE FROM RET. BASIN TO OUTFALL OF SSOO XSEC J - J  TO K-K - -  

1 0 1 21 
YES 

0.035 0.035 0.035 1300 0.009 
360. 370. 372. 378. 380. 390. 395. 420. 
544.4 539.4 539.4 539.6 539.4 539.4 539.4 544.4 

SB582 
101 RUNOFF FRW SB582 (LOGIER STORM SEUER OUTFALL DITCH) 
KO 1 0 1 21 
BA 0.687 
LS 66.5 
UK 200 0.025 0.3 100 
RD 3600 0.022 0.045 0.33 TRAP 5 1 
RD 3800 0.015 0.025 TRAP 26 2.27 

KK ST80 
KH COMBINE RUNOFF FROM STORM SEUER OUTFALL DITCH AND SB582 
KM THIS POINT CWRISPONDS TO NPDES UJTFALL STRM 1 

HC 2 
KO 1 0 1 21 

KK STEE 
KH COMBINE RUNOFF FROM STORM SEUER OUTFALL DITCH AND PADDY'S RUN 
KO 1 0 1 21 
HC 2 

KKRWT25 
KH ROUTE FRDM CROSS SECTION E-E TO F-F 
KO 0 1 21 
RD 2613 0.002 0.025 TRAP 52.8 4.55 YES 

KKSUB 130 
KM RUNOFF FROM SUBBASIN 130 
KO 0 1 21 
BA 1.385 
L S  5a-2 
UK 200 0.033 0 . 4  100 
RO 5000 0.016 0.045 0.588 TRAP 5 1 
RD 1800 0.02 0.025 TRAP 52.8 4.55  

KK 57130 
KH COMBINE RUNOFF FROM FROM SUB130 TO PADDY'S RUN. 

b 

b 

b 

KO 1 0 1 21 



HC 2 

KKSUBI 00 
KM RUNOFF FROn SUB100 AN0 ROUTE FROM CROSS SECTION F - F  TO C-C 

t 

KO 0 1 21 
BA 0.510 
LS 62.1 62.11 
UK iao 0.1 0.4 30 
UK 250 o.oia 0.3 70 
AD 4000 0.01 0.045 0.412 TRAP 
RD 2 m  0.0003 0.025 TRAP 

KK ROUT3 
KH ROUTE FROM CROSS SECTION G-C TO H-H 
RD 3626 0.0025 0.025 

KKSUBllO 
KMRUNOFF FROM SUB110 
BA 0.823 
LS 61.9 
UK 200 0.2 0.4 50 
UK 150 0.03 0.3 50 
RO 500 0.04 0.045 0.21 
RD 10000 0.009 0.025 

KKSUBl20 
KM RUNOFF FRW SUB120 
BA 0.561 
LS 69.6 
UK 100 0.28 0.6 100 

t 

TRAP 

69 

TRAP 
TRAP 

5 1 
27.2 26.32 YES 

63.6 7.30 YES 

0 1 
20 3.33 

- _ _  RO-500-~0i2-OTOCSI-0;1 5-TRAP-0- 1 -  
~~~~ - 

RO aooo 0.021 0.045 TRAP 20 3.33 

KK ST120 
KH COMBINE RUNOFF FROM SUB110 AND SUB220 TO PADDY'S RUN 
KO 0 1 21 
HC 3 
22 



ID Padd/'.s Run S i r m i a t i o n  ( 0 6 - 2 6 - 1 9 9 7 / ~ ~ )  

ID 25-year r e t u r n  p e r i o d  storm. 
t D I A t R A U  

I T  10 01JAN97 1200 
10 3 0 

KK SUB10 
KM RUNOFF FRW SUBBASIN 
KO 1 

' BA 1.869 
PH 0.625 
LS 65.4 

, UK 150. 0.07 0.4 
RK 500 0.07 0.045 
RK 3200 0.05 0.045 
RK 5200. 0.015 0.045 

KK SUB20 

t 

300 

10 

. 1.250 2.220 2.700 3.000 

100 
0.06 TRAP 0 1 
0.47 TRAP 0 1 

T RAP 0 1 

KM RUNOFF FRW SUBBASIN 20 
BA 1.589 
LS 63.7 
UK 200 0.015 0.4 100 
RK 4500 0.065 0.045 0.132 TRAP 0 1 
RK 4800. 0.015 0.045 TRAP 1 
* 

- . KK SUB30 - - -- 

KM RUNOFF FROM SUBBASIN 30 40 AN0 41 
BA 5.188 
LS 63 
UK 200 0.08 0.4 100 
RK 3600 0.05 0.045 0.18 TRAP 0 1 
RK 6000 0.007 0.045 1.297 TRAP 0 1 
RK 10800 0.003 0.065 e TRAP 20 1 

KK SUBS0 
KO 0 1 21 
KF YES(fl2.4) 
BA 1.288 
LS 66 
UK 200 0.04 0.4 100 
RD 5000 0.02 0.045 0.322 TRAP 0 1 
RD 
RC 0.045 0.035 0.045 2800 0.002 
R X  129 140 141.1 144.1 168.1 190 194.1 
RY566.08 563.07 560 559.03 559.03 561.17 562.12 

KKROUT60 
KM ROUTE FRW CROSS SECTION A-A TO 6-6 
KO 0 1 21 
RD 
R C  0.065 0.035 0.045 1599.8 0.004 
R X  77 83 86 86.5 120.1 123 126 
RY562.16 559.17 555 551.98 551.98 554.16 555 

t 

t 

t 

KK 
KM 
KO 
BA 
LS 
UK 
RD 

KK 
KU 
KU 
KD 
BA 
LS 
UK 

t 

3.500 

NO 

YES 

YES 

YES 

196.2 
564.07 

YES 

130.1 
560 

SUB60 
SUBBASIN FLOV FROM UEST SIDE OF PADDYS RUN TO X-SEC 8-6 

0.282 
0 1 21 

59.9 
200 0.08 0.4  100 

6500 0.06 0.03 TRAP 0 1 NO 

56560 
SUBBASIN FLOV'FRW EAST SIDE OF PADDYS RUN TO X-SEC B-B 
ENCOUPASSES NPDES WTFALL STRM 4 

0.317 
1 0 1 21 

62.6 
200 0.10 0.4  100 

4.10 4.8 



RD 4800 0.01 0.04 TRAP 0 1 NO 

KK ST60 
KH COnBlNE RUNOFF FROM SUB6O.SB560, AND UPSTREAM 

t 

KO 
HC 

KK 
KM 
KO 
RD 
RC 
RX 
RY 

KK 
KM 
KO 
BA 
L S  
UK 
RD 

KK 
KM 
KM 
KO 
BA 
L S  
UK 
RO 

KK 
KH 
KO 
HC 

KK 
KM 
KO 
RD 
RC 

.r 

t- - - ._ 

1 0 
3 

1 21 

RWTO 
R W T E  FROM CROSS SECTION 6-8  TO C-C 

1 0 1 21 

0.045 0.025 0.065 2986 0.004 
YES 

11.3 53.7 85 95.9 119.8 168.8 179.7 191.6 
551 551 550 540 540 545 550 555 

SUB70 
SUBBASIN FLOW FROM UEST S I D E  OF PADDYS RUN TO X-SEC C-C 

0.121 
0 1 21 

62.4 
200 0.010 0.4 la0 
4600 0.013 0.045 TRAP 0 1 

SB570 
SUBBASIN FLOU FROM EAST S I D E  OF PADDYS RUN 10 X-SEC C-C 
ENCWPASSES NPDES OUTFALL STRM 3 

0.120 
1 0 1 21 

76.7 
200 0.017 0.25 100 
1800 0.017 0.030 TRAP 0 1 

ST 70 
- - - --?__ -~ 

COMBINE RUNOFF FROM 70Cl,SUB70 AND UPSTREM FLOW 
1 0 1 21 
3 

ROUT1 
ROUTE FROM CROSS SECTION C-C TO D-D 

1 0 1 21 

0.015 0.025 0.065 3093 0.003 
YES 

RX 100 109.2 125. 134.2 151.1 163 195.9 200 
RT511.07 540. 532.1 531.3 531.3 535 565 566.4 . 
KK 
KH 
KO 
BA 
L S  

. UK 
RD 

, ' KK 
KM 
KM 
KO 
BA 
L S  
UK 
RD 

KK 
KH 
KO 
HC 

KK 
KH 
KO 
RD 
RC 

. 

suellj 
SUBBASIN FLOU FROM THE UEST S I D E  OF PADDYS RUN TO X-SEC D-D 

0.288 
0 1 21 

67.6 
150 0.15 0.40 100 
1000 0.013 0.045 TRAP 5 1 

S B S E  
SUBBASIN FLOU FROM THE EAST S I D E  OF PADDYS RUN 
AREA ENCOMPASSES NPDES W T F A L L  STRM 2 

1 0 1 21 
0.120 

69.8 
100 0.030 0.40 100 
650 0.067 0.045 TRAP 0 1 

S T E  
COMBINE RUNOFF FROM 7875 AND UPSTREAM 

1 0 1 21 
3 

RWl2 
ROUTE FROM CROSS SECTION D-D TO €-E 

1 0 1 21 

0.045 0.025 0.045 2773 0.002 
YES 



1121 

I RX 0 82.3 93 102.9 129 150 200 237.8 
RY 533 532 531.2 525 525 530 535 536 

KK SBS80 
KM RUNOFF TO THE STORM SEER OUTFALL DITCH FRW THE RETENTION BASIN TO 
KM CROSS SECTION J- J  
KO 1 0 1 21 
BA 0.036 
LS 71 - 9  
UK 100 0.010 0.25 100 
RD 500 0.100 0.06 0.020 TRAP 0 1 
RD 600 0.010 0.035 TRAP 5 1 

KK SB581 
KM RUNOFF TO THE STORM SEWER OUTFALL DITCH ABOVE THE RETENTlON BASIN 
KO 1 0 1 21 
BA 0.656 
LS 69.4 
UK 200 0.025 0.3 100 
RD 1000 0.020 0.06 0.080 TRAP 0 1 
RD 3300 0.012 0.030 TRAP 5 1 

KK STJJ 
KM CWBINE RUNOFF FROU PROOUCTION AREA AND SBS81 
KO 1 0 1 21 
HC 2 

KK ROT80 
KH ROUTE FROM RET. BASIN TO OUTFALL OF SSOO XSEC J- J  TO K-K 
KO 1 0 1 
RD - -  

t 

t 

- - -  - -- _ _ _  - - - - 21 
YES 

_ -  

RC 0.035 0.035 0.035 1300 0.009 
RX 360. 370. 372. 378. 380. 390. 395. 620. 
RY 544.4 539.6 539.4 539.4 539.4 539.4 539.4 546.6 

KK SB582 
KM RUNOFF FRU4 SB582 (LOUER STORM SEUER OUTFALL DITCH) 
KO 1 0 1 21 

LS 66.5 
UK 200 0.025 0.3 100 
RD 3600 0.022 0.045 0.33 TRAP 5 1 
RD 3800 0.015 0.025 TRAP 26 2.27 

KK ST80 
KM COMEINE RUNOFF FROM STORM SEUER OUTFALL DITCH AND SB582 
K M  THIS POINT COORISPONDS TO NPDES OUTFALL STRM 1 
KO 1 0 1 21 
HC 2 

KK STEE 
KM COMBINE RUNOFF FROn STORH SEVER OUTFALL DITCH AND PADDY'S RUN 
KO 1 0 1 21 
nc 2 

e 

'BA 0.687 

e 

. 
KKROUT25 
CM ROUTE F R W  CROSS SECTION E-E TO F-F 
KO 0 1 21 
RD 2613 0.002 0.025 TRAP 52.8 4.55 YES 

KKSUB130 
KM RUNOFF FROM SUBBASIN 130 
KO 0 1 21 
BA 1.385 
LS 68.2 
UK 200 0.033 0.4 100 
RO 5000 0.016 0.045 0.588 TRAP 5 1 
RO 1800 0.02 0.025 TRAP 52.8 6.55 

KK ST130 
KM COMBINE RUNOFF FROM FROM SUB130 TO PADDY'S RUN. 
KO 1 0 1 21 

e 

, .  
1 .  



. ' . :e: 

HC 2 

KKSUBlOO 
KM RUNOFF FROn SUB100 AND R W T E  FROM CROSS SECTION F - F  TO C-C 

t 

KO 0 1 21 

62.11 
BA 0.s10 
LS 62.1 
UK 180 0.1 0.4 30 
UK 250 0.018 0.3 70 
RD 6000 0.01 0.065 0.412 TRAP 
RD 2773 0.0003 0.025 TRAP 

KK ROUT3 
KH ROUTE F R W  CROSS SECTION t - C  TO H-H 

t 

RO 3626 0.0025 0.025 TRAP 

KKSUB 1 1 0 
KMRUNOFF FRO(( SUB110 
BA 0.823 
LS 61 -9 69  
UK 200 0.2 0.6 50 
UK 150 0.03 0.3 50 . 
RO 500 0.06 0.065 0.21 TRAP 
RO 10000 0.009 0.025 TRAP 

KKSUB 120 
Kn RUNOFF FROn SUB120 
BA 0.561 
LS 69.4 
UK 100 0.28 0.4 100 

t 

5 
27.2 

63.6 

0 
20 

0 

1 
26.32 YES 

7.30 YES 

1 
3.33 

1 RD S O 0  0.2 0.015 0.15 TRAP 
~ - ~ ~~ * -~ - --RD- 8000 0.021- -0.06s -- =. TRAP -20 3.33 ~ _ _  ~ ~- ~ 

KK ST120 
KM COMBINE RUNOFF FROM SUB110 AND SUB220  TO PADDY'S RUN 
KO 0 1 21 
HC 3 
22 

-- 
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