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17.0 SURFACE WATER MANAGEMENT SYSTEM  
 
As part of the design of the landfill and associated improvements, stormwater management 
features were designed.  These features included perimeter channels, terraces and 
downchutes, roadside channels, roadway crossing culverts, and four (4) stormwater 
management detention basins and a water quality basin along the East Entrance Road.  This 
design confirmed that the peak stormwater runoff rates from the proposed improvements during 
the 25-year and 100-year, 24-hour storm events will be less than the existing conditions of the 
site for the same storm events. 
 
This narrative presents the supporting technical rationale behind the design of the new features.   
 
17.1 Design Criteria for Surface Water Management System 
 
The primary objective of the surface water management system is to convey rainwater off the 
landfill cap surface quickly and effectively.  Since the surface water management features are to 
perform in support of a landfill, the modeled design storms selected as the 25-year, 24-hour 
storm event, which has a corresponding rainfall depth of 5.9 inches for this County, while giving 
consideration to the 100-year, 24-hour storm event, based on the NOAA (National Oceanic and 
Atmospheric Administration) Atlas 14 rainfall value of 8.5 inches. 
 
Water quality impacts from the proposed improvements were provided in accordance with the 
2000 Maryland Stormwater Design Manual Unified Stormwater Sizing Criteria (revised May 
2009). 
 
17.2 Existing Conditions 
 
17.2.1 Climate 
 
The mean annual precipitation for this area is approximately 45 inches, while the mean annual 
evaporation from lakes and shallow reservoirs is approximately 37 inches (Viessman et al., 

the Köppen 
classification, with a growing season of approximately 170 days.  
 
17.2.2 Soils 
 

mining 
Conservation Service categorizes soils hydrologically into four types (A through D, from 

-specific 
 

 
17.2.3 Land Use 
 
The existing land use of the project area is undeveloped with a significant portion of the area 
wooded.  (The site has been subject to surface mining operations in the past that have created 
irregular grading of the site.)  The site generally slopes from west to east towards wetland areas 
along Patuxent Road, and drains to the Little Patuxent River.    
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17.3 Stormwater Management 
 
In order to design new features at the site for the landfill use, the surface water runoff flow rates 
were determined for each surface water feature using methods described in Urban Hydrology 
for Small Watersheds, identified as Technical Release 55 (or TR-55), developed by the Soil 
Conservation Service (June 1986).  This runoff rate was used to back-calculate the required 
geometric configuration for the new features. 
 
The Program HydroCAD Version 8.50 was utilized to perform the stormwater analysis of the site 
to document compliance with the peak runoff rate requirements for each feature.   
 
The following sections define the methods and input parameters used to evaluate the 
performance of the surface water management system and resulting design of the proposed 
repairs. 
 
Runoff rates calculated from TR-55 were utilized to design the proposed stormwater 
management basins for the project.  Basin routing calculations for the basins were performed to 
show compliance with the peak rate requirements during the 25-year and 100-year storm 
events. 
 
17.3.1 Stormwater Management  Input Parameters 
 
The input parameters for the TR-55 calculations consist of the following: 

 Watershed delineation 
 Watershed areas 
 Curve numbers 
 Times of concentration 
 Storm type 
 Design storm event 

 
These input parameters are described in the following paragraphs. 
 
Watershed Delineation 
Watersheds for each drainage feature were delineated using the Site topographic maps at a 
contour interval of 2 feet.  Off-site portions of the watersheds were delineated from 2011 

watershed were typically selected as the points of discharge from the five basins (Point of 
Study). 
 
Watershed Areas 
After performing the watershed delineation, the drainage area to each basin was determined 
within AutoCAD.   
 
Curve Numbers 
The curve number (CN), which assists in the estimation of the runoff, was evaluated using the 
projected future land uses in combination with the soil descriptions and hydrologic 
classifications.  The CN values were obtained from the CN tables presented in the manual for 
TR-55.  The curve numbers were calculated by overlaying the watershed areas over the soils 
data and aerial photography of the area.  Existing conditions cover type for the site consisted of 
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Woods in good condition. Offsite existing conditions consisted of Woods in good condition, and 
a composite curve number value based upon the zoning.  The two zoning areas were RA and 
R-2.  For the proposed conditions, the onsite areas consisted of impervious areas, woods, good 
condition for undisturbed areas, Open Space, Good for disturbed areas to be maintained as 
grass, and the Closure Cap areas.  Offsite areas curve numbers matched the existing 
conditions.  The Cap was assumed to be a D soil type.  All disturbed areas were reduced one 
hydrologic soil group in the proposed condition. 
 
Time of Concentration 
The time of concentration for each watershed was determined by evaluating the time that is 
required for water to travel from the hydrologically most distant point in the watershed to the 
discharge point.  After selecting this point, the time of concentration was estimated by summing 
the travel times for sheet flow, shallow concentrated flow, channel flow, and pipe flow, where 
applicable.  The calculations for these travel times were performed using methods outlined in 
the manual for TR-55.  All of these computations involve the surface roughness, the length and 
the slope of the path selected.  Sheet flow length was calculated for a maximum length of 100 
feet.  Shallow concentrated flow and trapezoidal channel flow were the other types of flow 
modeled in the time of concentration calculations. 
 
Storm Type 

geographic features, such as mountains, large waterbodies, etc.  TR-55 defines four storm 
types (I, II, IIA, and III) and maps the geographic regions where each type occurs.  The storm 
type for this county is Type II, which represents the most intense short duration rainfall storm 
type of the four available. 
 
Design Storm Event 
Design storm events can last from 1 minute to 24 hours with a recurrence interval of 1 year to 500 
years.  EPA CFR Title 40 § 264.301 and §258.26 requires that surface water is managed based 
upon a 25-year, 24-hour storm event.  Although not required for the Site, the 100-year, 24-hour 
storm event based upon NOAA Atlas 14 rainfall data was also modeled for conservatism.  The 
NOAA Atlas 14 100-year 24-hour storm of 8.5 inches of rain for Anne Arundel County was selected 

-hour storm 
event, providing a larger volume for modeling.   
 
A formal discussion as well as copies of the references are included in Attachment 17A. 
 
17.4 Stormwater Management  Analysis Results 
 
After developing the input parameters described above, the storm water analyses were 
performed for existing and proposed conditions.  First, the watershed area, curve number, time 
of concentration, and storm type for existing conditions were input into the program HydroCAD 
8.50.  The output from this program is a runoff hydrograph based upon the TR-55 methodology 
for each watershed that provides the peak stormwater runoff rates for each watershed and 
corresponding drainage feature 
 
17.4.1 Existing Conditions 
 
The existing peak runoff rate to each point of study was utilized to provide the maximum runoff 
rate allowed to discharge from the proposed condition discharge points for ready comparison.  
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The formal calculation and supporting HydroCAD model for the existing conditions are provided 
in Attachment 17B.   
 

Discharge Point 
25 year, 24 hour 
Peak Flow (cfs) 

100 year, 24 hour 
Peak Flow (cfs) 

1 178.07 358.75 
2 58.42 109.65 
3 105.36 244.80 
4 124.88 259.87 

Subtotal 466.73 973.07 
Conrail 22.09 48.87 

East Entrance (incl WQv area) 389.64 739.58 
TOTAL 810.82 1,629.55 

 
17.4.2 Basin Routing 
 
The watershed area, curve number, time of concentration, and storm type for the proposed 
conditions to each point of study were input into the program HydroCAD 8.50.  Stage-Storage-
Discharge calculations for the five (5) proposed basins (one (1) water quality basin and four (4) 
detention basins) were entered into the program, and a dynamic routing of each basin 
performed.  The discharge from each basin along with the unmanaged area within each point of 
study were added together within the program and compared to the existing conditions peak 
rate to ensure the proposed conditions peak rate is less than the existing conditions peak rate 
for both design storms so as to not negatively impact the downstream hydrologic system. 
 
Feature Basin 

No. 1 
Basin 
No. 2 

Basin 
No. 3 

Basin 
No. 4 

WQv 

Bottom of Basin (ft MSL) 79.0 72.0 72.0 76.5 88.0 
Top of Wet Storage (ft MSL) 81.0 74.0 74.0 78.5 N/A 
Invert of low flow Orifice (ft MSL) 81.0 74.0 74.0 78.5 88.0 
Size of low flow Orifice (inches) 9 8 6 6 3 
Elevation of Riser (ft MSL) 84.5 77.0 77.0 83.6 89.5 
Dimensions of Riser (ft x ft) 3 x 6.5 3 x 6.5 3 x 6.5 7 x 10 4 x 4 
Shape of Riser rectangle rectangle rectangle rectangle rectangle 
Invert of Emergency Spillway (ft 
MSL) 

90.0 78.0 78.5 88.15 90.8 

Width of Emergency Spillway (ft) 250 45 100 90 20 
25-year, 24-hour storm event routing 

Peak Qin (cfs) 386.46 49.6 195.44 186.05 19.12 
Peak Qout (cfs) 140.81 3.75 54.16 95.11 15.6 
Max Water Surface Elev (ft MSL) 86.60 77.06 77.89 84.49 90.11 
Riser Engaged? Yes Yes Yes Yes Yes 
Emergency Spillway Engaged? No No No No No 
% Reduction 64 92 72 49 18 

Total Qout = 309.43 cfs 
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Feature Basin 

No. 1 
Basin 
No. 2 

Basin 
No. 3 

Basin 
No. 4 

WQv 

100-year, 24-hour storm event routing 
Peak Qin (cfs) 672.36 110.04 314.99 399.01 32.48 
Peak Qout (cfs) 255.13 58.51 193.46 184.84 26.48 
Max Water Surface Elev (ft MSL) 90.22 77.93 79.10 88.13 91.10 
Riser Engaged? Yes Yes Yes Yes Yes 
Emergency Spillway Engaged? Yes No Yes No Yes 
% Reduction 62 47 59 54 18 

Total Qout = 718.42 cfs 
 
The analysis is presented in Attachment 17C. 
 
17.4.3 Channel Design 
 
The peak runoff rate to each channel was calculated with the TR-55 methodology described 
above.  The runoff rates were then used to determine the drainage channel configuration, using 

 
 

ARS
n

Q h
3/22/149.1

 

 
such that: 
 
 Q = runoff rate (cfs) 
 n =  
 S = channel longitudinal slope (ft/ft) 
 Rh = hydraulic radius (ft) = A/P 
 A = area of flow 
 P = wetted perimeter 
 
 
17.4.3.1 Channel and Culvert - Input Parameters 
 
The input parameters for the TR-
following: 

  
 Channel slope 
 Channel geometry 

 
These input parameters are described in the following sections. 
 

 
In order to design the channels, 
coefficient was required.  This coefficient is related to the resistance provided by the type and 
condition of the channel lining.  For example, a concrete lined channel has a lower roughness 
coefficient than a grass lined channel.  This coefficient inversely impacts the flow capacity of the 
channel. 
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Channel Slope 
The channel slope directly impacts the channel capacity and velocity.  As a result, it is required 
input information.  The channel slope is determined by dividing the elevation difference by the 
channel length.  A channel slope must be selected to ensure positive drainage, and to assess 
the channel cross-section and channel velocity.  
 
Channel Geometry 
The channel geometry directly impacts the channel capacity.  Therefore, the channel shape and 
dimensions are input.  Several channel configurations were evaluated to select the most 
efficient channel geometry. 
 
17.4.3.2 Channel Analyses Results 
 
After developing all of the input parameters described above, the storm water analyses were 
performed.  First, the peak rates of discharge were calculated as described above for the 25-
year and 100-year storm events.  The runoff rates were developed using HydroCAD, V 8.5 and 
are presented in Attachment 17D.   
 
The minimum channel design flow depth required to convey the peak runoff rate was back-

The channel depth was calculated by adding the design flow depth to an appropriate freeboard 
(0.5 feet), and then rounding this sum to the nearest tenth-foot.  Freeboard is the unused 
capacity in the channel under the defined flow rate.  This avoids channels flowing bank full 
during storms.  Bank full channels can be overtopped, are blown by wind, and can over-saturate 
underlying soils.  The proposed configuration of the channels is a trapezoidal channel lined with 
articulated concrete block. 
 
Four types of channels will be used: terraces, downchutes, access road channels, and 
perimeter channels.  The terraces will convey stormwater runoff horizontally from the landfill 
slope faces to downchutes.  The downchutes will convey the water down the exterior slopes of 
the landfill cells to the perimeter channel, which will convey the water to the basins.  The access 
road channels is located along the inside edge of the final cover access road and typically 
discharges into a downchute, at locations where the access road crosses the downchute. 
 
A summary of the resulting channel sizes are below: 
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Channel 
ID 

Channel Dimensions 25-year, 24-hour 
storm event 

100-year, 24-hour 
storm event 

 Base 
Width 

Depth Side 
Slope 

Qout 
(cfs) 

V (fps)* Qout 
(cfs) 

V (fps)* 

DOWNCHUTES 
DC- 1  15.3 1.0 2H:1V 60.95 12.1 94.79 14.4 
DC- 2  13.8 1.0 2H:1V 54.36 12.0 85.88 14.3 
DC- 3  17.9 1.0 2H:1V 70.96 12.1 113.02 14.4 
DC- 4  13.8 1.0 2H:1V 49.88 11.6 80.10 13.9 
DC- 5  13.8 1.0 2H:1V 51.59 11.8 82.86 14.1 
DC- 6  17.9 1.0 2H:1V 68.55 11.9 107.42 14.2 
DC- 7  17.9 1.0 2H:1V 65.04 11.9 103.58 14.0 
DC- 8  17.9 1.0 2H:1V 59.62 11.4 100.17 13.8 
DC- 9  12.4 1.0 2H:1V 47.30 11.8 74.71 14.0 
DC- 10  16.5 1.0 2H:1V 58.89 11.6 93.03 14.0 
DC- 20  11.0 1.0 2H:1V 35.77 11.0 57.44 13.3 
DC- 21  15.1 1.0 2H:1V 53.31 11.6 85.62 13.9 
DC- 22  9.6 1.0 2H:1V 29.30 10.7 47.05 12.8 
DC- 23  11 1.0 2H:1V 42.90 11.9 68.89 13.9 

PERIMETER CHANNELS 
PC- 1  9.6 2.5 2H:1V 64.62 5.7 158.72 6.6 
PC-2 4.1 2.0 2H:1V 31.83 5.7 57.96 6.6 
PC-3A 4.1 2.0 2H:1V 15.97 6.4 24.83 7.6 
PC- 3B 9.6 2.0 2H:1V 80.84 7.7 128.22 4.7 
PC- 3C 13.8 2.6 2H:1V 140.25 8.2 228.15 9.0 
PC- 3D 15.1 2.6 2H:1V 197.64 7.0 319.29 9.7 
PC- 3E 15.1 3.2 2H:1V 282.93 9.1 455.14 10.6 
PC- 4A 4.1 2.0 2H:1V 40.72 6.1 63.32 6.9 
PC- 4B 13.8 2.0 2H:1V 109.16 7.2 170.64 8.4 
PC- 4C 13.8 2.5 2H:1V 160.59 7.7 253.31 8.9 
PC- 4D 15.1 2.8 2H:1V 210.30 8.8 333.21 10.2 
PC- 4E 15.1 3.3 2H:1V 281.05 9.1 445.99 10.5 
PC- 4F 15.1 3.5 2H:1V 347.91 9.7 552.08 11.2 
PC- 5 9.6 2.2 2H:1V 81.01 8.9 126.24 10.3 
PC- 6  8.3 2.0 2H:1V 24.00 7.4 65.73 10.5 
PC- 7  2.8 2.0 2H:1V 17.34 8.9 26.77 10.1 
PC- 8A 2.8 2.0 2H:1V 36.51 7.2 57.29 8.1 
PC- 8B 8.3 2.0 2H:1V 113.80 8.4 180.49 9.3 
PC- 8C 17.9 2.2 2H:1V 279.88 8.1 444.63 9.4 
PC- 9A 8.3 2.6 2H:1V 48.18 5.4 76.42 6.2 
PC- 9B 9.6 2.6 2H:1V 91.08 6.4 145.31 7.4 
PC- 9C 13.8 2.6 2H:1V 122.84 4.6 195.09 5.3 
PC- 10  9.6 2.0 2H:1V 68.46 8.4 164.87 11.2 
 
This analysis is presented in Attachment 17F. 
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The final terrace design is: Triangular channel,  
    4H:1V on one side; 10H:1V on the other 
    1 foot deep. 
    Grassed lined. 
 
The final cover access road channel will be the following configuration: 
 
    Trapezoidal channel,  
    4H:1V on one side; 2H:1V on the other 
    3 foot base width 
    1 foot deep. 
    Grassed lined. 
 
17.4.4 Culvert - Analyses Results 
 
The runoff rates developed from TR-55, ran through HydroCAD, were used to size the culverts 
within the channels using the nomographs provided by smooth-walled HDPE drainage pipe 
manufacturers.  The culverts are to be used at the road crossings of downchutes and perimeter 
channels.  In the perimeter channels culverts will be covered and used as a driveway to access 
the leachate pump buildings. 
 
Culvert 
ID 

Inflow 
Channel 

25-year,  
24-hour  
Q (cfs) 

100-year,  
24-hour  
Q (cfs) 

Culvert Dimensions 

  Culvert Dia # Culverts Material 
1  PC-5 418.56 673.39 60 inches 2 HDPE 
2  PC-4F  347.91 552.08 30-inches 4 HDPE 
3  PC-10 68.46 164.87 48-inches 1 HDPE 
4  PC-8C 279.9 444.63 54-inches 2 HDPE 
5  PC-2 31.8 57.96 24-inches 2 HDPE 
6 PC-1 44.0 101.3 30-inch 2 HDPE 
7 PC-6 24.0 65.73 30-inch 1 HDPE 
8 Off-site 

flow to 
Basin 4 

186.05 399.01 48-inches 1 HDPE 

AR-1  DC-2  67 106 24-inches 3 HDPE 
AR-2  1/2 DC-1 30 47 18-inches 2 HDPE 
AR-4 3 PC-8A 36.5 57.3 24-inches 2 HDPE 
       
Note:  Modification of the landfill slopes from 33% to 25% reduced the number of top of cap 
access culverts.  Therefore, there are now only 3 AR Culverts (2 on the West Area and 1 on the 
East Area). 
 
This analysis is presented in Attachment 17F. 
 
17.4.5 Water Quality 
 
The methodology described within Chapter 2  Unified Stormwater Sizing Criteria from the 2000 
Maryland Stormwater Design Manual (Manual, revised May 2009) was utilized to calculate the 
required and provided water quality for the project. The purpose of the unified sizing criteria are 

maintain groundwater recharge, reduce channel erosion, 
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designing stormwater management features that meet the Water Quality Volume, Recharge 
Volume, and Channel Protection Storage Volume. 
 
17.4.5.1 Water Quality Volume 

 
The Water Quality Volume (WQv) is based upon the following equation: 
 

WQV = [ (P)(Rv)(A)] /12, where  
 

P= rainfall depth in inches and is equal to 1.0 inches 
Rv=volumetric runoff coefficient = 0.05 + 0.009(I) 
A=area in acres 
I=percent impervious cover 

 
In addition, a minimum WQv of 0.2 inches per acre shall be met at sites or in drainage areas 
that have less than 15% impervious cover.  The WQv is required to be controlled only for the 
specific project and not for off-site areas. 
 
17.4.5.2 Recharge Volume 

 
The recharge volume is a fraction of the WQv and is dependent on the pre-evelopment soil 
hydrologic group.  It is based upon the following equation: 
 

Rev=[(S)(Rv)(A)]/12, where 
 

S=soil specific recharge factor in inches (0.38, 0.26, 0.13, 
or 0.07 for A, B, C, or D soils, respectively) 
Rv=volumetric runoff coefficient = 0.05 + 0.009(I) 
A=area in acres 
I=percent impervious cover 

 
(t)he recharge volume is considered part of the total WQv that must be 

provided at a site and can be achieved either by a structural practice (e.g., infiltration, 
bioretention), a nonstructural practice (e.g., buffers, disconnection of rooftops), or a combination 

 
 
We have designed structural practices (detention basins) with dead storage to meet both the 
recharge volume and water quality volume requirements 
 
This analysis is presented in Attachment 17G 
 
17.5 Soil Loss 
 
As part of this design effort, the existing conditions were evaluated for potential soil loss.  The 
method of evaluation is the Universal Soil Loss Equation (USLE): 
 

A = RK(LS)CP (tons/acre/year), where   
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A = Annual soil loss (tons/acre/year) 
 R = rainfall and runoff erosivity factor 
 K = soil erodibility 
 LS = slope length and steepness factor 
 C = cover-management factor 
 P = practice factor 

 

 
 
Based upon the soil erosion potential of the modeled conditions, the USLE calculations indicate 
that, with the existing Site topography and soil types, the potential for soil erosion can be reduced 
by maintaining a good stand of vegetation (i.e. >75% cover) on the existing clayey cover soils.  The 
potential soil losses for the modeled, well vegetated existing conditions was approximately 1.86 
tons/acre/year for the maximum inclination location (see Attachment 17G).  This is consistent with 
the USEPA recommended guidance value of less than 2 tons/acre/year (USEPA, 1982). 
 
17.6 Conclusion 
 
The post-construction peak discharge rates for the 25-year and 100-year storm events is less 
than peak discharge rates under existing conditions.   
 
Condition 25-year, 24-hour storm 

event 
Qout (cfs) 

100-year, 24-hour storm 
event 

Qout (cfs) 
Existing (prior to  
landfill construction) 

466.73 973.07 

Proposed (after closure) 309.43 718.42 
Proposed < Existing?? Yes Yes  
% Reduction 34 26 
 
 
 





Reviewed by PGS 08/27/2021



















Reviewed by PGS 08/27/2021



































































Reviewed by PGS 08/27/2021



Reviewed by PGS 08/27/2021



Reviewed by PGS 08/27/2021



Reviewed by PGS 08/27/2021



Reviewed by PGS 08/27/2021



Reviewed by PGS 08/27/2021



Reviewed by PGS 08/27/2021



Reviewed by PGS 08/27/2021



Reviewed by PGS 08/27/2021



Reviewed by PGS 08/27/2021



Reviewed by PGS 08/27/2021



Basin 1

Basin 1

Basin 2

Basin 2

Basin 3

Basin 4

Basin 4

Basin 3

Reviewed by PGS 08/27/2021



Reviewed by PGS 08/27/2021











































































































































































































































Revised by PGS 08/21/2021

fledged
-----------

located
---------



Revised by PGS 08/21/2021

391.91 653.38------- -------

Proposed channel flows were increased by 44.0 cfs and 101.3 cfs for the 25 year and 100 year storm 
events to include inflow from Culvert #6.  Added peak to peak without routing to be conservative.
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Subcat 92S
Drainage from PC 1
to PC 4F(88L)

(enters 88L through Culvert #6.  Included in SWM
add flows peak to peak for channel design flow)
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391.91
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Inflow/Outflow still <<capacity 
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Back calculated capacity for downchute at 7% slope across bench, 
with 1 ft flow depth Q= 120.4 cfs, V=13.4 fps

Q=120.4 cfs across bench at full depth

Q=120.4 cfs across bench at full depth

Q=120.4 cfs across bench at full depth
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Q=120.4 cfs across bench at full depth

Q=120.4 cfs across bench at full depth
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Q=120.4 cfs across bench at full depth



Add flows from 92S to include Culvert #6 flow
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(assume no attenuation)

Depth and velocity at Q=391.91 cfs are 2.3 ft & 8.7 fps
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Based on routing calculations 92S and 87S do not combine.  92S flows
into PC-4F through Culvert #6.  Proposed channel flow calculations 
Attachment 17D have been modified to include additional flow.  These 
calculations for Leachate Storage Tank Facility #1 have not been
revised because they will actually have less flow than calcualted and 
can be considered conservative.
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6 PC-1 44.0 101.3 30-inch 2 HDPE
7 PC-6 24.0 65.73 30-inch 1 HDPE
8 Off-site flow to Basin 4 186.05 399.01 48-inches 1 HDPE

3---
------------------------------------------------------------------------------------------------------------------------------
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Use 2-60" HDPE Pipes @3.0%
Q=2 x 490 cfs = 980 cfs
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Use 2-24" HDPE Pipes at 2.6% Slope
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AR-3

This culver was AR-4 on June 2020 submission.  
Renumbered to AR-3 for September 2021 Submission.

Use 1-24" HDPE Pipe at 4.0% minimum slope




































