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Introduction 
 
This report describes the drainage improvements proposed for the Central Park Boulevard 
Interchange with I-70 Project. This report also discusses the drainage challenges associated 
with the project and presents the drainage analysis that has been performed to demonstrate the 
adequacy of the proposed drainage improvements.  
 
The project site, shown on the vicinity map contained in this report’s appendix section, is located 
within the I-70 corridor between the Quebec and Havana Street interchanges. The site is 
located in Sections 21 and 22, Township 3 South, Range 67 West of the 6th Principal Meridian.  
The adjacent land and portions of the project site was once occupied by the Stapleton 
International Airport. The adjacent land is currently under redevelopment. 
 
The project is being constructed under a design-build contract managed and funded through the 
City and County of Denver (CCD). The majority of the project improvements will be located 
within existing or future CDOT right of way. Proposed roadway improvements include a new 
bridge to carry Central Park Boulevard over I-70 as well as braided ramps along the north and 
south sides of I-70 to provide connections between I-70, Central Park Boulevard and I-270. 
 
A Master Drainage Report titled “Interstate 70 Interchange at Central Park Boulevard, Master 
Plan Drainage Report,” by Vision Land Consultants, was prepared for CCD in the project 
development phase. The proposed drainage facilities have been designed utilizing the Master 
Plan Drainage Report as the general basis for design as specified in Section 12.4.1 of the 
project technical requirements. 
 
 

Hydrology 
 

Drainage Basin Description 
 
General Watershed Characteristics 
 
Drainage basin maps showing the on- and off-site watershed that impacts the project site are 
contained in the appendix section of this report. As shown on the maps, the watershed is 
approximately 3.2 miles long. The upper limit of the watershed is just above the Peoria 
Street/ I-70 Interchange and the lower limit is at the existing Quebec/I-270 Interchange. The 
total watershed area is approximately 531 acres.  
 
Approximately 180 acres of this watershed is located above the west side of Havana Street. 
Due to detention and diversions that occur in the Havana/I-70 interchange only 20% of the 
peak flow rate at Havana is carried downstream to the project area. However, 61%, or 
approximately 110 acres, of this portion of the watershed will contribute flow to the project 
site in the water quality event.  
 
Approximately 190 acres of the watershed are part of the Stapleton Filing No. 7 development 
located along the south side if the I-70 corridor between Havana Street and proposed Central 
Park Boulevard. Runoff from Stapleton Filing 7 is currently routed through a large, private 
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detention/water quality pond located south of the project corridor and discharged though a 
storm sewer to the project corridor at a low flow rate.  
 
The remaining 160 acres of the watershed are made up of the project area and other areas 
that contribute runoff directly to the project area.  
 
The watershed is long and narrow with typical slopes between 0.5 % and 1.5 %. Soils in the 
area as noted in previous reports can be classified as Hydrologic Soil Type B. The prevalent 
runoff pattern within the portion of the I-70 corridor within the studied watershed includes 
roadway pavement draining to adjacent vegetated roadside swales with relatively flat 
gradients. Several areas within the watershed store runoff during runoff events. These 
characteristics are all conducive to relatively low unit peak runoff rates. To the extent 
practical, these desirable watershed characteristics will be carried through to the proposed 
condition. Impervious area in the watershed will be increased, but storage capacity in the 
project area will be substantially increased as well. 
 
There are no known irrigation facilities in the project area.  
 
The Master Plan Drainage Report indicates that detention to a specified or historic rate is not 
required with construction of this project, but recommended that low points and swales within 
the project area be utilized to attenuate peak flow rates to minimize the size of downstream 
conveyance facilities. 
 
Existing Condition Drainage Patterns 
 
In the existing condition, runoff in the watershed is general conveyed from east to west along 
the north and south sides of I-70. A portion of the runoff from the north side of I-70 (Basin 
10) reaching the Havana Street interchange is intercepted by an inlet and conveyed west 
across Havana in a storm sewer that outfalls in the interchange right of way. The remainder 
of this flow is diverted to the north in Havana Street. The majority of the runoff from Basin 11 
at the northeast quadrant of the interchange is routed through a shallow pond area and then 
routed west across Havana in an existing 24-inch culvert to outfall in the interchange right of 
way. The runoff from the south side of I-70 (Basin 20) that reaches Havana Street is routed 
through ponds located on both sides of the east bound I-70 entrance ramp. In large storm 
events runoff from adjacent Basin 80 is expected to overwhelm its existing storm sewer 
outfall pipe in Havana Street and will also contribute runoff to the ponds. The analysis 
performed for the project Master Drainage Plan and the current study indicate that a portion 
of the east bound entrance ramp will be below the 100-year event water surface associated 
with these existing ponds. Runoff is conveyed west under Havana Street in an existing 24-
inch culvert from the pond located on the north side of the east bound entrance ramp to 
outfall in the interchange right of way. This runoff is combined with runoff from local Basin 21 
and routed below I-70 at Havana Bridge in an existing storm sewer where it combines with 
the runoff from the previously described storm sewers and runoff from local Basin 41. The 
combined runoff is then conveyed west along the north side of I-70 in a broad, vegetated 
roadside swale along with runoff from the north side of I-70 (Basin 40) to an existing 30-inch 
RCP cross culvert labeled as EX-P3 on the drainage maps. 
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It should be noted that there is an existing concrete channel that crosses Havana Street from 
east to west approximately 1000 feet north of I-70, which then turns north and parallels the 
west side of Havana Street. Previous reports indicate that the capacity of this channel may 
be insufficient to carry even its tributary 5-year design flow. Previous reports and drainage 
master plans for the area indicate that this flow is not considered tributary to the current 
project site. 
 
The existing inlet end of the existing culvert EX-P3 is depressed below the invert of the 
downstream roadside ditch. Hydraulic analysis indicates that in the 100-year storm, only a 
portion of the flow reaching the culvert will be conveyed by the culvert. The remaining flow 
will be conveyed west in the existing vegetated roadside swale along with runoff from the 
north side of I-70 to a low point located approximately 400 feet west of the proposed 
alignment for Central Park Boulevard.  The low point is located at the inlet end of an existing 
18-inch RCP culvert labeled as EX-P2 on the drainage maps and drainage plans. 
 
The hydraulic analysis indicates flow reaching culvert EX-P2 in the 100-year storm in the 
existing condition is much greater than the capacity of the culvert. Topographic mapping 
indicates that the existing overflow point in the roadside swale is approximately 4 feet higher 
than the culvert invert resulting in a headwater/diameter (HW/D) ratio of 3.7 in the existing 
condition. This results in flooding of the adjacent traveled way of I-70. Runoff that overtops 
the existing high point in the roadside swale adjacent to the north side of I-70 continues west 
in the swale along with runoff from the northern portion of the I-70 right of way to an existing 
culvert passing under the north bound lanes of I-270. The culvert discharges to an existing 
pond (labeled as North WQ Pond on the drainage maps) and ultimately is discharged to 
Sand Creek through an existing 36-inch CMP culvert (EX-P1) under southbound I-270 and a 
short segment of drainage swale. 
 
Runoff conveyed through the existing 30-inch culvert EX-P3 is combined with runoff from the 
south side of the I-70 corridor (Basin 60) in the existing vegetated roadside swale adjacent 
to the south side of I-70 and is conveyed west to an existing 36-inch to 54-inch RCP culvert 
(EX-P4). The runoff is then conveyed west though the culvert where it is combined with 
runoff from a temporary private pond that detains flow from the adjacent Stapleton Filing No. 
7 development. The private pond and discharge to the I-70 corridor are both a temporary 
condition. Ultimately, as future development occurs in the Filing 7 area, the pond is to be 
removed and the runoff from the development is to be conveyed west to Sand Creek south of 
the I-70 corridor.  
 
The combined runoff is routed though the culvert and outfalls to the existing Sand Creek 
Overflow Channel at a point approximately 400 feet west of the proposed Central Park 
Boulevard corridor. The runoff is then combined with runoff collected and conveyed in the 
south I-70 roadside swale and runoff conveyed under I-70 through the existing 18-inch 
culvert EX-P2. The combined runoff is then conveyed west in the existing Sand Creek 
Overflow Channel to Sand Creek along with runoff from the adjacent southern portion of the 
I-70 corridor. 
 
 
 



FINAL DRAINAGE REPORT  
May 30, 2010 

Page 4 

Proposed Condition Drainage Patterns 
 
Consistent with project technical requirement Section 12.0, the proposed drainage system 
has been designed to 
 

 intercept and remove surface runoff from the roadways, and maintain surface and 
conduit flow through the right of way consistent with the Master Drainage Plan;  

 limit drainage related hazards within and outside of the right of way, minimize future 
operations and maintenance costs, public inconvenience and potential flood 
damages; and  

 maintain existing drainage patterns to the extent practical. 
 
Runoff to the project area from the offsite area to the east will remain unchanged from the 
existing condition. Runoff will be conveyed west in the vegetated, roadside swale adjacent to 
the north side of I-70 along with runoff from Basin 40 to a proposed 4-foot bottom width 
roadside ditch that will be constructed adjacent to Ramp F. The runoff will concentrate in a 
low point shown at Analysis Point 114 on the drainage maps, and will be conveyed under 
Ramp F in a proposed 48-inch RCP culvert (P-16) to a roadside ditch in the gore area then 
west to the inlet end of the existing 30-inch RCP culvert EX-P3 along with runoff from Basin 
42. Since existing drainage conveyance capacity from the north to south side of I-70 is 
limited, the overflow point to the downstream ditch at the existing culvert will be raised to 
provide a HW/D ratio of 2 at the culvert and the overflow point will be monumented with a 2-
foot wide, 2-foot high strip of buried concrete across the ditch bottom that extends a short 
distance up the side slopes. In frequent runoff events, all ditch flow will be conveyed south 
under I-70 in the existing culvert. In large infrequent events such as the 100-year storm, 
approximately one half of the flow at the peak of the flow will overflow the high point in the 
ditch and will be conveyed in a shallow roadside swale to a shallow detention pond (N.W. 
Gore Pond) located in the northwest gore area of the proposed Central Park Boulevard 
Interchange. 
 
Runoff from Basins 50a, 50b, and 43 will also contribute to the N.W. Gore Pond. Runoff 
from the north side of the Central Park Boulevard Bridge will be collected in approach slab 
inlets with vane grates and additional runoff will be collected from the roadway with inlets to 
be located at the upstream side of the intersection with Ramps B and F. Runoff collected in 
the proposed inlets will be piped to the bottom of the slope in a proposed 18-inch storm 
sewer. Runoff from Basin 43 will be conveyed under Ramp F in a proposed 24-inch storm 
sewer (P-15) to the northeast gore area and then will be conveyed to the N.W. Gore Pond in 
a shallow swale. 
 
The primary outlet from the N.W. Gore Pond will be a proposed 24-inch culvert (P-23) under 
Ramp A. Culvert P-23 will discharge to the proposed roadside ditch between Ramp A and I-
70 immediately north of existing culvert EX-P2. Runoff from local Basin 53 will be added to 
the flow at this point. Culvert EX-P2 will have capacity to convey the discharge under I-70 in 
frequent storm events. In very large storm events such as the 100-year event analyzed for 
this report, the capacity of the culvert will be exceeded and a portion of the discharge will be 
routed over an overflow point in the south roadside ditch along Ramp A to a proposed storm 
sewer P-2 near the north side of the Ramp B-2 Bridge. Flow passing through culvert EX-P2 
will combine with runoff from local Basin 68 collected in a proposed inlet in the roadside 
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ditch and then will then be conveyed through a proposed 30-inch storm sewer pipe (P-24) to 
a proposed swale near the end of existing culvert EX-4. In the 100-year storm the N.W. Gore 
Pond will also discharge over a high point in the proposed roadside ditch along the north 
side of Ramp A and will be conveyed in the ditch to proposed culvert P-3 (30-inch RCP) near 
the north side of the Ramp B-2 Bridge. The overflow runoff will be combined with runoff from 
local Basin 73 and conveyed west under Ramp A in culvert P-3. The proposed high points in 
the Ramp A roadside ditches will be monumented with a 2-foot wide, 2-foot high strip of 
buried concrete across the ditch bottom and extending a short distance up the side slopes. 
 
The overflow from the N.W. Gore Pond and runoff from Basin 73, as described above, will 
be combined with runoff from local Basin 70 and will be conveyed through proposed 42-inch 
culvert segments P-1 and P-2 to a shallow swale between Ramps A and B-2 and I-70. The 
runoff will then be routed west in the swale along with runoff from Basin 72 to the North 
Water Quality Pond at the NE corner of the intersection of south bound I-270 and I-70. More 
information about this pond is contained in the water quality section of this report. Discharge 
from this pond will be routed west through an existing 36-inch CMP culvert and swale 
adjacent to the north side of I-70 that will outfall to Sand Creek.  
 
While the configuration of the N.W. Gore Pond is not conventional, it is very functional, and 
is an enhanced version of the configuration of the pond presented in the Master Plan 
Drainage Report. The enhancements provided with the current design include two overflow 
points (versus the one presented in the master plan) and a lower 100-year maximum water 
surface elevation in the pond. The EPA SWMM (Storm Water Management Model) 
simulation of this pond demonstrates that the maximum 100-year water surface in the pond 
and upstream ditch will not encroach on the traveled way of Ramp A. The analysis also 
demonstrates that while the 100-year HW/D ratio at the upstream end of the existing culvert 
EX-P2 will be 2.4, exceeding the technical requirements maximum of 2, the hydraulic 
condition is greatly improved over the existing condition 100-year HW/D ratio of 3.7 at the 
culvert. In the existing condition the deep headwater will encroach well into the traveled way 
of adjacent I-70. In the proposed condition the 100-year headwater will not encroach beyond 
the shoulders of the adjacent I-70 and Ramp A. In addition the proposed 42-inch storm 
sewer consisting of pipe segments P1 and P2, along with the roadside ditches along Ramp A 
offer additional emergency relief capacity if needed.  
    
Runoff from Basin 60 along the south side of I-70 will be collected and conveyed west in a 
roadside ditch adjacent to Ramp E to a low point at the inlet end of a proposed 36-inch 
culvert P-18 below Ramp E. The runoff will be conveyed through the culvert to the gore area 
between Ramp E and I-70 (southeast gore area). The runoff conveyed south under I-70 
through the existing 30-inch culvert (EX-P3) will be combined with a small amount of runoff 
intercepted in a inlet placed in the south I-70 ditch. The combined runoff will then be routed 
west through a proposed 36-inch RCP storm sewer P-17 that will outfall to a shallow swale in 
the gore area. The grade in the southeast gore area will be lowered and the existing storm 
sewer in this area will be removed to the toes of the proposed slopes along Ramp E and 
Central Park Boulevard.      
 
The runoff from culvert P-17 will be routed west in the proposed shallow swale to the new 
inlet end of the existing 54-inch, RCP culvert (EX-P4) along with runoff discharged from the 
Stapleton Filing No. 7 temporary detention pond and runoff from proposed culvert P-18 and 
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runoff from Basins 61a and 63. Runoff from the south side of the Central Park Boulevard 
Bridge will be collected in approach slab inlets with vane grates and additional runoff will be 
collected from the roadway with proposed inlets to be located at the upstream side of the 
intersection with Ramps D and E. Runoff collected in the proposed inlets will be piped to the 
bottom of the slope in a proposed 18-inch storm sewer. The combined runoff will be 
conveyed west through existing culvert EX-P4, and then outfall into a proposed swale in the 
southwest gore area. It will then be conveyed in a proposed swale and the remnants of the 
existing Sand Creek Overflow Channel along with runoff discharged from proposed culvert P-
24 and runoff from Basins 61b and 78 to the inlet end of proposed culvert P-22, a 54-inch 
RCP at Analysis Point 159. Runoff from Basin 65a, a portion of Ramp D and Central Park 
Boulevard, will be collected and conveyed in a ditch located at the south toe of the Ramp D 
embankment, to the end of a proposed 36-inch RCP culvert P-31 under Ramp D. The runoff 
will be conveyed through the culvert to Analysis Point 159. 
 
The combined flow at Analysis Point 159 will then be routed west through the proposed 54-
inch RCP culverts P-22 and P-21 where it will combine in a proposed inlet with runoff 
collected from Basin 77 and will then be routed west through proposed 54-inch RCP culvert 
P-20 to outfall to the proposed South Water Quality Pond. 
 
Runoff from Basin 66 will be collected and conveyed in proposed roadside ditches to a low 
point at the end of proposed 30 inch RCP culvert P-19 and then with be conveyed south 
through the culvert under Ramp D to the South Water Quality Pond. Runoff from Basin 62 
will contribute directly to the South Water Quality Pond. Runoff from the pond will discharge 
through an Urban Drainage and Flood Control Standard Water Quality Outlet and will be 
conveyed south through proposed 54-inch RCP culvert P-27 under Ramp C to outfall in the 
proposed reconstructed Sand Creek Overflow Channel.     
 
Runoff from Basins 74 and 75 will be directed to Stapleton Filing 14 located on the north 
side of the project corridor consistent with the project Master Drainage Plan. For the purpose 
of quantifying peak runoff from this area Basins 74 and 74 have been combined at Analysis 
Point 200 at the upstream end of P-29 the 24-inch RCP culvert that will convey runoff from 
the project area to the existing Stapleton Filing 14 Pond.  Based on current grading 
adjacent to the project corridor, a portion of Basin 75 will sheet flow to the north and will be 
collected in the Stapleton Filing No. 25 Detention Pond.  The combined area of Basins 74 
and 75 is 10.21 acres. Combined 100-year peak discharge from the basins is 14 cfs.  This is 
considerable less than the 31.1 acres and 24 cfs anticipated to contribute to the Stapleton 
Filing 14 Pond from the I-70 corridor in the Stapleton Filing 14 Final Drainage Report, (Matrix 
Design Group, March 22, 2004) as summarized in the project master drainage plan.                              
 
Runoff from Basin 90 will be collected and conveyed west in the existing median swale out 
of the project area. No increases to impervious areas are anticipated in this basin as a result 
of this project. 
 
The Ramp B-2 Bridge will have a high point near the center of the bridge and will also 
include a cross slope reversal with the 0% cross slope point located east of the west 
abutment. A vane grate deck drain will be utilized to collect runoff at the location of the 
western pier above the cross slope reversal. Discharge from this deck drain will be piped 
down the west pier to a concrete splash pad at ground level. A second vane grate deck drain 
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will be installed approximately 15 feet east of the 0% cross slope point to collect nuisance 
flow from the shoulder. This inlet will not be close to a pier and thus, the very limited 
discharge will only be piped to the bottom of the girders and will then be allowed to drop to 
the concrete abutment slope paving below. This point of discharge will be more than thirty 
feet away from the Ramp A traveled way below the bridge so it will not present any hazard or 
inconvenience to the traveling public. An approach slab inlet with vane grates will be 
constructed on the low side of the roadway at both ends of the bridge. A second inlet will be 
constructed a short distance downstream of the approach slabs to collect flow concentrated 
by short segments of guardrail proposed at the ends of the bridge. These additional inlets will 
be connected to the approach slab inlets with 18-inch storm sewers and the combined runoff 
will be piped to the toe of the slope in 18-inch storm sewers. Runoff bypassing the inlets, 
along with additional runoff from the roadway that concentrates along the curb sections 
extending from both ends of the bridge will be removed from the roadway shoulder and 
conveyed to the toe of the slope with embankment protectors.    
 
The Ramp C Bridge will have a high point near its center point and will be continuously 
sloped to the south. An approach slab inlet with vane grates will be constructed on the south 
side of the roadway at both ends of the bridge. A second inlet will be constructed a short 
distance downstream of the approach slabs to collect flow concentrated by short segments of 
guardrail proposed at the ends of the bridge. These additional inlets will be connected to the 
approach slab inlets with 18-inch storm sewers and the combined runoff will be piped to the 
toe of the slope in 18-inch storm sewers. Runoff bypassing the inlets, along with additional 
runoff from the roadway that concentrates along the curb sections extending from both ends 
of the bridge, will be removed from the roadway shoulder and conveyed to the toe of the 
slope with embankment protectors. 
 
 

Drainage Criteria and Calculation Methods  
 

Peak Runoff Calculations 
 
CUHP/SWMM Analysis 
 
Consistent with the project technical requirements Section 12.2.1, Colorado Urban 
Hydrograph Procedure (CUHP) Version 1.3.3 was utilized to generate hydrographs for the 
individual basins that are shown on the drainage maps. EPA SWMM, version 5.0, build 
5.0.018, was then utilized to route and combine the hydrographs through the existing and 
proposed conveyances, detention ponds, and detention/water quality ponds that will exist 
upon completion of the project. The starting point for the current CUHP/SWMM Analysis was 
the CUHP/SWMM models that were prepared by Vision Land Consultants, Inc. for the project 
Master Plan Drainage Report. The model input data was reviewed and modified to simulate 
the current proposed project conditions.  
 
CUHP input parameters included the following: 
 

 100-year, 1-hour point rainfall: 2.57 inches 
 Initial infiltration rate : 4.5 inches/hour 
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 Final infiltration rate : 0.6 inches/hour 
 Horton’s decay coefficient: 0.0018 1/second 
 Maximum depression storage:  

o Pervious: 0.035 watershed inch  
o Impervious: 0.1 watershed inch 

 
Dynamic wave routing was utilized with the SWMM simulation. In critical locations, the model 
runs were executed then reviewed and compared with external hydraulic calculations 
performed with the Bentley FlowMaster and CulvertMaster Programs. The parameters 
associated with given critical conveyance elements, such as outlets from storage areas, were 
then adjusted if differentials were significant, until the SWMM simulation produced results 
that were similar to the independent hydraulic calculations.  
 
The Stapleton Filing No. 7 area is the only known private development area to directly 
contribute significant runoff to the project site. While the discharge of drainage from this site 
to the I-70 right of way is considered temporary, the fully developed condition as defined in 
the Final Drainage Report for Stapleton Filing No. 7 was utilized in the analysis assuming 
routing through the existing temporary private detention pond. Ultimately, runoff from Filing 7 
is to be conveyed west to Sand Creek and the discharge from the site to the I-70 right of way 
is to be discontinued.  
 
Standard practice was the utilized Directly Connected Impervious Area (DCIA) parameter 
used in the modeling effort, consistent with the CUHP analysis performed in the preparation 
of the Master Plan Drainage Report. This practice is conservative, given that the existing and 
proposed drainage patterns in the project area are fairly consistent with DCIA Level 2 as 
defined by the Urban Drainage and Flood Control District Drainage Criteria Manual.      
 
Rational Method/Flow Spread/ Inlet Interception Rate Analysis 
 
Consistent with the project technical requirements, the basins analyzed with CUHP and 
SWMM were further subdivided and analyzed to determine peak 5-year and 100-year runoff 
rates for areas of the proposed roadways that will have curb or solid barrier and other small 
areas draining to depressed inlets adjacent to the roadway. The Standard Urban Drainage 
and Flood Control District spreadsheets for determining runoff rate, spread, and inlet 
interception rates were utilized in this analysis. Since the basins analyzed with the rational 
method are very small, design rainfall intensities associated with the minimum time of 
concentration of 5 minutes were utilized.  
  
Copies of the input and output from the hydrologic and spread analysis are contained in the 
appendix section of this report.  
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Hydraulic Analysis 
 
SWMM Simulation 
 
The SWMM simulation described in the hydrologic analysis section of this report provides 
some hydraulic analysis of the proposed drainage system. In addition, the Bentley 
CulvertMaster program was utilized to analyze proposed culverts and storm sewers. Where 
CulvertMaster was utilized to analyze storm sewers made up of multiple segments, entrance 
loss coefficients were adjusted to account for inflow velocities. Headwater elevations from 
downstream segments were utilized as tailwater elevations for the next culvert upstream.  
 
The majority of the discharge from the project area will outfall to the Sand Creek Overflow 
Channel adjacent to the south side of Ramp D. The storm sewer outfall will be submerged 
during infrequent runoff events in Sand Creek. The ratio of the watershed tributary to the 
storm sewer to watershed tributary to Sand Creek at this point is approximately 1:100. As 
recommended in the CDOT Drainage Design Manual, HEC-22 Table 7.3 was utilized to 
determine the frequency of coincidental occurrence at the outfall. The table indicates using 
the water surface associated with the 25-year event in Sand Creek as a tailwater condition 
for the 100-year analysis the project storm sewer improvements. Since a 25-year water 
surface in the Sand Creek Overflow Channel is not readily available, and the use of the 50-
year elevation does not appear to have significant impacts on the proposed on the required 
size of proposed on-site improvements, the 50-year water surface in the Sand Creek 
Overflow Channel was utilized as a constant tailwater condition in the SWMM simulation.    
 
Culvert Analysis 
  
The project technical requirements call for culvert maximum HW/D ratios of 2 for culverts 
under 36 inches in diameter and 1.7 for 36-inch to 60-inch diameter culverts. As 
demonstrated by the hydraulic calculations performed with the Bentley CulvertMaster 
program (output included in the appendix section of this report) with the exception of the 
existing 18-inch diameter culvert (EX-P2) that crosses I-70 near Station 142+30, the 
proposed and existing culverts that will remain in the project area will meet these criteria. 
 
The aforementioned 18-inch culvert will have a 100-year HW/D ratio of 2.4 in the proposed 
condition. This will be a significant improvement over the existing condition 3.7 HW/D ratio 
for this culvert as indicated by the current hydraulic analysis. This culvert is currently in a 
sump with an overflow point that is approximately 4 feet above its invert. The resulting 100-
year headwater in the existing conditions will encroach well into the traveled way. In the 
proposed condition, the 100-year peak flow rate to this culvert will be significantly reduced by 
lowering the overflow point 1 foot, resulting in a 2-foot reduction in the 100-year headwater 
associated with this culvert. 
 
The proposed design based on maintaining the existing 18-inch culvert EX-P2 represents a 
practicable design in consideration of the existing site conditions and the proposed 
interchange improvements.  Design alternatives requiring the replacement of the existing 
pipe would result in excessive construction costs and I-70 user delay costs that are not 
warranted as compared to the benefits of a replacement alternative.    
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As described in the hydrology section, the standard Urban Drainage and Flood Control 
District spreadsheets were utilized to calculate spread along roadway shoulders where 
proposed curbs or solid barriers are proposed. The project technical requirements for spread 
are as follows: 
 

 Central Park Boulevard:  
o 5-year spread must be less than 18 feet 
o 100-year spread must be less than 0.5 street width  

 
 All other roadway segments in the CDOT right of way:  

o 5-year spread shall not exceed the width of the shoulder  
o 100-year spread shall not encroach farther than 4 feet on the traveled way 

 
The calculations for flow spread, contained in the appendix section of this report, 
demonstrate that the project requirements for maximum flow spread will be met.     
Where runoff will be collected by inlets located outside the roadway areas, the CDOT 
standard inlet sizing graph was utilized to analyze inlet capacity. Copies of the input and 
output from the various hydraulic calculations performed in the preparation of this report are 
contained in the appendix section of this report. 
 
 

Permanent Storm Water Quality Treatment 
 
Compliance with the CDOT MS4 permit requires achievement of 80% removal of the Total 
Suspended Solids (TSS) from storm water runoff or 100% of the water quality capture volume. 
Common practice is to apply various methods, including Best Management Practices (BMPs) to 
achieve this goal.  
 
The following BMPs will be used to treat runoff prior to discharge to adjacent Sand Creek: 
 

Extended Detention Ponds 
 
This BMP is used to capture and treat a specific volume (water quality capture volume) of 
storm water runoff. The pond allows sediment and some pollutants to settle out of the runoff 
before being discharged into the receiving channel. The pond is designed to slowly drain 
over a period of about 40 hours. Maintenance requirements include occasional mowing, litter 
control, removal of debris from trash rack on outlet works, periodic inspection for erosion and 
periodic removal of sediment. Extended detention ponds are reported to have TSS removal 
rates of about 55% to 75%, and satisfy the water quality capture volume requirement.  
 
Three extended detention ponds are proposed to be utilized in the treatment of runoff from 
the project area. One of these ponds will be new, one will be a retrofit of an existing detention 
pond and one is an existing regional facility located outside of the CDOT right of way. The 
locations of these ponds and the watershed that each of these ponds will treat are shown on 
an exhibit contained in the water quality section of this reports appendix. Calculations related 
to sizing the ponds with the exception of the adjacent regional facility are also contained in 
the appendix of this report. 
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Given the predominate drainage pattern of paved areas discharging as sheet flow to 
adjacent unpaved areas adjacent to shoulders and then being conveyed in vegetated ditches 
and swales with low gradients, a minimized directly connected impervious area (MDCIA) 
level of 2 was utilized in calculating the required water quality capture volume (WQCV). 
 
The ponds are further described as follows:  
 
South Water Quality Pond  
 
This is the largest of the ponds to be constructed with this project and will treat runoff from 
422.5 acres. The water quality storage volume to be provided in this pond is 7.8 acre feet. 
The water quality storage depth will be 4.9 feet above the invert of the outlet pipe for the 
facility and is designed to drain in 36 to 40 hours through an outlet conforming to the Urban 
Drainage and Flood Control District standards. The top of the water quality storage volume 
will be over 6 feet below adjacent road surfaces. The 100-year maximum water surface 
elevation in this pond will be approximately 5244.5, and will be approximately 1 foot below 
the lowest adjacent roadway surface (I-70) at the western end of the proposed pond.     
 
North Water Quality Pond 
 
This existing detention pond will be regraded and retrofitted with an Urban Drainage-style 
outlet to add water quality treatment capabilities to the facility. The facility will treat runoff 
from 19.3 acres. The water quality storage volume to be provided in this pond is 0.24 acre 
feet. The water quality storage depth will be 1.4 feet above the invert of the outlet pipe for the 
facility and is designed to drain in 36 to 40 hours through an outlet conforming to the Urban 
Drainage and Flood Control District standards. The top of the water quality storage volume 
will be lower than 5 feet below adjacent road surfaces. The 100-year maximum water surface 
elevation in this pond will be approximately 5241.1, and will be approximately 3 feet below 
the lowest adjacent roadway surface (I-70) at the western end of the proposed pond.     
 
Existing Stapleton Filing 14 Regional Detention Pond (Northfield Pond) 
 
Approximately 10.2 acres of the project area will be routed through this existing pond, 
maintained by CCD, for water quality treatment. No calculations have been provided for the 
water quality requirements for this flow as even a larger tributary area in the I-70 corridor was 
anticipated to contribute to the pond in the design of the facility.   
 
Filter Strip – Horizontal 
 
This BMP, also known as an Ecology Embankment, is used to filter pollutants through 
vegetative and filtering processes. This BMP has been used in areas that have limited 
potential for other treatment options and fits well with linear projects such as highways. The 
BMP runs along the edge of the roadway and treats runoff as it travels down the slope and 
through a filter media. Ecology Embankments are reported to have a TSS removal rate of 
over 80%.  This BMP is proposed to treat runoff from approximately 750 linear feet of 
proposed Ramp D-2.  This portion of Ramp D-2 is required to be super elevated to the south 
due to roadway criteria.  Thus, drainage from the pavement is directed to the south slope of 
the embankment where it is difficult to collect and convey to the proposed water quality 
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ponds.  The linear nature of this BMP and the fact that it can be constructed in the slope 
make it well suited for this location.      
 
While not counted on to provide primary treatment for runoff from any impervious surfaces in 
the project area, the BMPs listed below will be present in the characteristics of the proposed 
drainage system. 
 
Secondary BMPs 
 
Sheet Flow to Buffer 
 
This BMP is used to filter pollutants through the vegetation as storm water runoff moves from 
adjacent surfaces (such as the roadway surface) to swales or natural drainageways. The 
buffer area should be densely vegetated with a mix of native plants and can only be used in 
areas where the slope from the edge of asphalt to the swale is 4% or less for a minimum of 
50 feet. Maintenance requirements include occasional mowing, litter control and periodic 
inspection for erosion and vegetation damage. Restorative seeding may be needed to 
increase vegetation density. Sheet flow to buffer is reported to have a TSS removal rate of 
about 10% to 20%. 
 
Vegetated Swale 
 
This BMP is similar to buffer areas in that storm water runoff is filtered through the 
vegetation. It is important that these swales be designed to slowly convey runoff to discharge 
points. A wide swale with slopes up to 1% encourages slow and shallow flow. Grade control 
checks may be needed to avoid steeper slopes. Maintenance requirements include 
occasional mowing, litter control and periodic inspection for erosion and vegetation damage. 
Restorative seeding may be needed to increase vegetation density. Vegetated swales are 
reported to have a TSS removal rate of about 20% to 40%. 
 
 

FEMA Floodplain Issues  
 
A portion of the project site is mapped as a FEMA regulatory 100-year floodplain due to 
overflow from a portion of Sand Creek that lies south of the project area. FEMA mapping of this 
floodplain is currently dynamic. Recent work along Sand Creek has improved the capacity of 
Sand Creek and a Letter of Map Revision (LOMR) was requested and approved to reflect 
current conditions. This LOMR, which became effective on February 12, 2010, was utilized to 
plot the pre-project 100-year floodplain limits shown on the Final Office Review (FOR) submittal 
drainage plan sheets. Copies of these plan sheets along with a copy of the LOMR Flood 
Insurance Rate Map (FIRM) that shows the project area have been included in the appendix of 
this report. The included drainage plan sheets also show the approximate limits of the post 
project 100-year floodplain in the project area.         
 
CCD has requested and received a Conditional Letter of Map Revision (CLOMR) (FEMA Case 
No. 10-08-0069R) to accommodate grading changes that will occur in the regulatory floodplain 
with the current proposed project. This CLOMR was approved on February 26, 2010. A copy of 
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the approved CLOMR is included in the appendix of this report. The FOR roadway and drainage 
plans in the area adjacent to the regulatory floodplain reflect grading that is very close to the 
grading anticipated with the CLOMR request. A floodplain development permit will be requested 
from the CCD for grading in the regulatory floodplain prior to its start.  
 
The primary changes that will occur to the floodplain as a result of current project construction 
include the following items. The southwest quadrant of the project site includes an existing, 
incised, broad, swale known as the Sand Creek Overflow Channel. This existing channel serves 
as the outfall from the existing 54-inch storm sewer that extends below the proposed Central 
Park Boulevard corridor along the south side of I-70. This pipe is labeled as EX-P4 on the 
drainage maps included in this report. The swale also receives overflow from large flood events 
in adjacent Sand Creek. This existing swale will be partially displaced by the construction of the 
new ramps with the current project. In order to avoid negative impact to adjacent private 
properties, a new channel will be constructed along the south side of ramps C and D-2 to serve 
as a replacement conveyance facility for the existing Sand Creek Overflow Channel. According 
to the current CLOMR request, this channel will only receive flow from Sand Creek in design 
events greater than the 10-year frequency event associated with the Sand Creek watershed. 
The lower portion of the channel will also serve as the outfall point for the majority of the runoff 
from the project area. 
 
Grading of the Sand Creek Overflow Channel will be generally consistent with the grading 
proposed in the preliminary (RFP) plans for the project as prepared by URS and the approved 
CLOMR. The proposed bank armoring of an approximately 365 linear foot long section of the 
channel through a constricted area will be with a buried 2-foot thick layer of D50 =12" soil riprap, 
consistent with the RFP plan.        
 
The proposed South Water Quality Pond adjacent to Ramp C will be hydraulically connected to 
the revised regulatory floodplain associated with the reconstructed Sand Creek Overflow 
Channel and thus will also be mapped with a 100-year floodplain. At the point that the grading 
and other facilities that impact the proposed revision to the floodplain are completed, a request 
for a LOMR will be prepared and submitted.     
 

Conclusions 
 
The proposed drainage system has been designed to 
 

 intercept and remove surface runoff from the roadways, and maintain surface and 
conduit flow through the right of way consistent with the Master Drainage Plan for the 
project;  

 limit drainage related hazards within and outside of the right of way, minimize future 
operations and maintenance costs, public inconvenience and potential flood damages;  

 maintain existing drainage patterns to the extent practical; and  
 provide permanent BMPs that meet the requirements of the CDOT and CCD. 
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Water Elevation Profile: South Pond Outlet Through EX-P3

01/01/2005 02:45:00

Distance (ft)
3,6003,4003,2003,0002,8002,6002,4002,2002,0001,8001,6001,4001,2001,0008006004002000

D
17

0

D
16

8

D
16

3

D
16

2

D
15

9

D
15

8

S
E

_G
O

R
E

_A
R

E
A

D
14

8

D
14

6

D
14

5

D
11

7

E
le

va
tio

n 
(f

t)

5,262

5,261

5,260

5,259

5,258

5,257

5,256

5,255

5,254

5,253

5,252

5,251

5,250

5,249

5,248

5,247

5,246

5,245

5,244

5,243

5,242

5,241

5,240

5,239

5,238

5,237

SWMM OUTPUT  DATA

4/02/2010 WCI  9:32 AM Page 1



Water Elevation Profile:  Node D196 - D180
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Water Elevation Profile:  Node NE_GORE_AREA - HAVANA_at_40th_POND
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Water Elevation Profile: P-3 Through P16
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South WQ Pond Inflow and Outflow Starting with Inflow from Sand Creek Overflow Channel
Node S_WQ_POND Node D168
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South WQ Volume With Constant 50 Yr MWSE In Sand Creek Overflow Channel
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South WQ Pond Depth With Constant 50 Yr MWSE In Sand Creek Overflow Channel
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North WQ Pond Inflow/Outflow
Node N_WQ_POND Node D196
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North WQ POND Volume

Elapsed Time (hours)
1086420

V
ol

um
e 

(f
t3

)

70000.0

60000.0

50000.0

40000.0

30000.0

20000.0

10000.0

0.0

4/02/2010 WCI  9:32 AM Page 1



North WQ Pond Depth
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NW Gore Area Pond Inflow and Outflow to Various Conveyances
Node NW_GORE_POND Node D172 Node D176 Node D142
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North WQ Pond Depth
Node N_WQ_POND Node N_WQ_POND

Elapsed Time (hours)
1086420

D
ep

th
 (

ft)

3.0

2.5

2.0

1.5

1.0

0.5

0.0

4/02/2010 WCI  9:32 AM Page 1

















































































































































































































FINAL DRAINAGE REPORT  
April 9, 2010 

 

 
 
 
 
 

Appendix C – Hydraulic Calculations 
(100-year Event) 
 
CulvertMaster and FlowMaster Printouts 
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Appendix D – Water Quality 
 

Permanent Water Quality Treatment Map 
Water Quality Pond Watershed Summary 
Water Quality Pond Calculation Sheets 
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Appendix E –Floodplain    
  

FIRM Maps 
Drainage Plans Showing Floodplain Boundaries 
Copy of CLOMR 
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SEE DDT008 FOR DETAILS

BURIED SOIL RIPRAP

INV OUT = 5236.25

REQ’D: 54" RCP FES AND RIPRAP APRON

STA 6120+14.1, 53.9’ RT (RAMP C)

SEE SHEET DDT005 FOR DETAILS

WQ POND OUTLET STRUCTURE

PROPOSED

FOR PROFILE

SEE SHEET DPR007

REQ’D: 121 LF - 54" RCP

STA 6120+23.6, (RAMP C)

CULVERT P27

SOUTH WQ POND ACCESS ROAD STAKING SUMMARY TABLE

RAMP D

RAMP C

SHEET DDT004

SEE DETAIL 

MICRO-POOL

SOUTH WQ POND

C

RAMP "C"

L

C

RAMP "D"

L

EMBANKMENT PROTECTOR

REMOVE EXISTING

TAKEDOWN

BOUNDARY
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E
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D
P

L
0
0
9

VSF

JCH

VSF

VSF

125.6’ LT

113.4’ LT

93.1’ LT

76.8’ LT

L1

L2

L3

62.34’

38.02’

T1

T2

T3

T4

C1

C2 91.76’

300.00’49.49’

300.00’ 17°31’31"

9°27’06"

04/09/10 FOR - EARLY GRADING, DRAINAGE & UTILITY PACKAGE VSF

M
A

T
C

H
 

L
IN

E
 

S
E

E
 
 
 
 
 
 
 
 
 
 
 
 

S
H

E
E

T
 

D
P

L
0
1
1

5123+23.9 (RAMP D)

5123+71.8 (RAMP D)

5124+30.7 (RAMP D)

5125+21.1 (RAMP D)

STATION OFFSET ELEVATION

5238.74

5238.49

5239.51

5239.05

RADIUSPT

R3

R4

R5

R6

STATION OFFSET ELEVATION

5242.27

5243.19

5245.01

5242.98

5246.34

RADIUSPT

6121+33.7 (RAMP C)

6123+32.2 (RAMP C)

6124+33.5 (RAMP C)

6126+27.8 (RAMP C)

S89°36’07"E

N80°56’48"E

S81°31’42"E

RC

STATION OFFSET ELEVATION

5248.83

5248.95

RADIUS

RD

PT

91.0’

R10

R11

5246.706127+15.8 (RAMP C)

5246.676127+58.2 (RAMP C)

97.1’ LT

171.92

6127+01.0 (RAMP C)

6128+30.7 (RAMP C)

6127+91.6 (RAMP C)

06/03/10 VSFRFC - EARLY GRADING, DRAINAGE & UTILITY PACKAGE

05/10 05/10

05/10 05/10

R8

R7

R9

RA

RB 1398.0’

2010.0’

35.0’

80.0’

RE

56.1’ LT

68.8’ LT

74.6’ LT

88.5’ LT

102.3’ LT

129.4’ LT

136.4’ LT

151.5’ LT

NOT FOR CONSTRUCTION

LEGEND

1"=1500’

LINE LENGTH BEARING

LINE TABLE

LENGTHCURVE RADIUS DELTA

CURVE TABLE

SOUTH WQ POND ACCESS ROAD STAKING SUMMARY TABLE

SOUTH WQ POND TRICKLE CHANNEL STAKING SUMMARY TABLE

2.0%

1.0% 1.0%

1.0%

1.0%

0.35%

0.35%

0.35%

BOUNDARY

100-YR FLOODPLAIN

PRE PROJECT

BOUNDARY

100-YR FLOODPLAIN

PRE PROJECT

100-YR FLOODPLAIN

POST PROJECT

APPROXIMATE

100-YR FLOODPLAIN

POST PROJECT

APPROXIMATE

S=1.0%, 3:1 BANK SLOPE

SAND CREEK OVERFLOW CHANNEL

TO BE REMOVED

EXISTING RUNDOWN

TO BE REMOVED

EXISTING 30" RCP

WQ PONDING LIMITS

DRAINAGE ESMT

(TO BE REMOVED)

EXISTING R.O.W
.

RAMP C

RAMP C

RAMP D
EXISTING I-270 RAMP

100-YR FLOODPLAIN

POST PROJECT

APPROXIMATE

LOADED AND SEEDED TRM

12.0’ WIDE (136 SY) SOIL

REQ’D: LINE DITCH W/

51.5’ LT (RAMP D)

END TRM STA 5133+44.0

0.50
%

FOR DETAILS

SEE SHEET DDT008

BURIED RIPRAP

INV OUT = 5240.40

INV IN = 5240.50

RIM = 5247.20

REQ’D: TYPE D INLET 

(RAMP D)

STA 5128+94.3, 20.8’ RT

RAMP D-2

LOADED AND SEEDED TRM

6.5’ WIDE (130 SY) SOIL

REQ’D: LINE DITCH W/

18.6’ RT (RAMP D)

END TRM STA 5133+71.8

EMBANKMENT (BMP)

END ECOLOGY

STA 7133+40.0 (RAMP D-2)

SEE DETAIL SHEET DDT016

BEGIN ECOLOGY EMBANKMENT (BMP)

STA 7125+94.0 (RAMP D-2)

35.1’ LT (RAMP D)

TRM STA 5134+39.2

BEGIN SOIL LOADED AND SEEDED

SEE SHEET DDT011 FOR DETAIL

CONC. SLOPE AND DITCH PAVING

REQ’D: 82 LF OF 6’ W X  4" THICK

THICK CONC. SLOPE AND DITCH PAVING

TYPE 5 W/ 7 LF 6’ WIDE X 4" 

REQ’D: EMBANKMENT PROTECTOR

THICK CONC. SLOPE AND DITCH PAVING

TYPE 5 W/ 20 LF 6’ WIDE X 4" 

REQ’D: EMBANKMENT PROTECTOR
100 YR MWSE= 5244.6

WQ WSE=5241.36

DEPTH=4.86 FT

WQ VOL=7.81 AC-FT

SOUTH WQ POND

FOR DETAILS

SEE SHEET DDT003

SOIL RIPRAP BERM

RELOCATED BY OTHERS

EXISTING PIPELINE TO BE

EXISTING R.O.W
.

INV OUT=5269.00

SEE BRIDGE PLANS FOR DETAILS

REQ’D: APPROACH SLAB INLET

STA 6129+83.2, 8.0’ RT (RAMP C)

0.6%

1.7%

SHEET DDT004

SEE DETAIL

TRICKLE CHANNEL

CONCRETE LINED

PROPOSED

PROPOSED R.O.W.

US INTERSTATE 70

FOR PROFILE

SEE SHEET DPR005

REQ’D: 628 LF - 54" RCP

STA 5133+35.6 (RAMP D)

CULVERT P22

FOR PROFILE

SEE SHEET DPR005

REQ’D: 199 LF - 54" RCP

CULVERT P20

T1
T3

T4
T2 L2

C2 L3

C1

R3

ROADSIDE DITCH

PROPOSED

FOR PROFILE

SEE SHEET DPR005

REQ’D: 285 LF - 54" RCP

CULVERT P21

SEE DETAIL SHEET DDT003 

PROPOSED WQ FOREBAY

FOR PROFILE

SEE SHEET DPR004

REQ’D: 96 LF - 30" RCP

STA 5126+87.3 (RAMP D)

CULVERT P19

SEE SHEET DPR006 FOR PROFILE

REQ’D: 33 LF - 18" RCP

CULVERT P25

R4

R5

RA

R6

RB

R11
RE

L1

FOR OUTLET PROTECTION

SEE SHEET DDT003

INV OUT = 5239.90

REQ’D: 54" RCP FES

STA 5126+95.8, 62.9’ RT (RAMP D)

AHW = 5249.00

DHW = 5246.15

Q100 = 18.0 CFS

REQ’D: 30" RCP FES

STA 5126+90.5, 44.2’ LT (RAMP D)

FOR OUTLET PROTECTION

SEE SHEET DDT003

INV OUT = 5239.90

REQ’D: 30" RCP FES

(RAMP D)

STA 5126+83.4, 54.1’ RT

C

RAMP "D"

C

RAMP "C"

C

RAMP "D-2"

FOR DETAIL

SEE SHEET DDT011

RIPRAP APRON

REQ’D: 10’ X 12’ 

INV = 5264.30

REQ’D: 18" RCP FES AND RIPRAP APRON

STA 6129+88.7, 39.6’ RT (RAMP C)

INV = 5239.70

TRICKLE CHANNEL

END S WQ POND

(RAMP D)

STA 5125+60.6, 75.2’ LT

INV = 5237.63

TRICKLE CHANNEL

BEGIN S WQ POND

(RAMP D)

STA 5121+54.3, 154.1’ LT

R10

RD

R9

R8

RCR7

INV OUT= 5241.20

INV IN= 5241.30

RIM= 5249.00

REQ’D: BOX BASE MANHOLE 

STA 5131+82.9, 40.5’ RT (RAMP D)

S= 1.0%, 3:1 BANK SLOPE

SAND CREEK OVERFLOW CHANNEL

L

L

L

TAKEDOWN BOUNDARY
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VSF

JCH VSF

04/09/10 FOR - EARLY GRADING, DRAINAGE & UTILITY PACKAGE VSF

06/03/10 VSFRFC - EARLY GRADING, DRAINAGE & UTILITY PACKAGE

VSF05/10 05/10

05/10 05/10

NOT FOR CONSTRUCTION

LEGEND
1"=1500’

0.5% 0.6%

0.8%

0.5%

0.5%

1.0% 0.3%

0.5%

EXISTING R.O.W
.

100-YR FLOODPLAIN

POST-PROJECT

APPROXIMATE
ROADSIDE DITCH

PROPOSED

5250.5 FL

5248.0 FL

TO BE REMOVED

EXISTING 36" RCP

5255.0 FL

5253.0 FL

HP

S=1.0%, 3:1 BANK SLOPE

SAND CREEK OVERFLOW CHANNEL

DRAINAGE ESMT

BOUNDARY

100-YR FLOODPLAIN

PRE PROJECT

EXISTING R.O.W.

AREA

S.W. GORE

RAMP D

US INTERSTATE 70

RAMP D-2

RAMP D

EXISTING I-270 RAMP

(TO BE REMOVED)

B
O

U
L
E

V
A

R
D

C
E

N
T

R
A

L
 

P
A

R
K

SEE SHEET DPR003 FOR PROFILE

REQ’D: 106 LF - 18" RCP

CULVERT P11

RAMP C

PROPOSED R.O.W.5252.0 FL
5253.0 FL

5251.0 FL
HIGH POINT= 5255.50

46.2’ RT (RAMP D)

STA 5138+61.8

 

 

 

TO BE REMOVED

EXISTING 36" CULVERT

PROTECT IN PLACE

54" RCP PIPE & FES

EX. INV=5244.30

TO BE REMOVED

EXISTING 36" RCP CULVERT

FIELD VERIFY

INV OUT = 5245.50

INV IN = 5246.50

RIM = 5249.72

REQ’D: TYPE D INLET

STA 6142+21.5, 59.3’ LT (RAMP C)

INV OUT=5273.04

SEE BRIDGE PLAN FOR DETAILS

REQ’D: APPROACH SLAB INLET

STA 544+24.2, 55.5’ LT (CPB)

PROTECT IN PLACE

48" RCP PIPE & FES

EX. INV = 5244.12

RIPRAP APRON

REQ’D: 18" RCP FES AND

STA 6134+62.4, 61.2’ RT (RAMP C)

C

RAMP "D-2"

L

C

RAMP "C"

C

RAMP "D"

CLEAN CULVERT

EXISTING 18" RCP

CULVERT EX-P2

8.9’ RT (RAMP D)

SEEDED TRM STA 5135+43.9

BEGIN SOIL LOADED AND 

REQ’D: 36" RCP FES AND RIPRAP APRON

STA 5138+56.0, 74.7’ LT (RAMP D)

INV IN = 5242.80

REQ’D: 54" RCP FES 

STA 5138+09.9, 84.1’ LT (RAMP D) INV OUT= 5244.20

OUTLET PROTECTION APRON

REQ’D: 30" RCP FES AND RIPRAP 

STA 6141+69.4, 40.1’ RT (RAMP C)

CONC. SLOPE AND DITCH PAVING

W/ 76 LF 6’ WIDE X 4" THICK

REQ’D: EMBANKMENT PROTECTOR TYPE 5

SEE SHEET DDT012 FOR DETAIL

CLASS 1 GEOTEXTILE

3’ THICK (38 CY) ATOP 79 SY 

 = 18" RIPRAP RUNDOWN 50D

REQ’D: 6.0’ W X 55.0’ L 

RUNDOWN RDN5

5262.0 FL

5263.0 FL

EX. 18" RCP STM

REMOVE 110 LF

1.0%

SEE SHEET DDT012 FOR DETAIL

ATOP 56 SY CLASS 1 GEOTEXTILE

RIPRAP RUNDOWN 3’ THICK (22 CY) 

 = 18" 50REQ’D: 6’ W X 32’ L D

RUNDOWN RDN4

SEE SHEET DPR003 FOR PROFILE

REQ’D: 144 LF - 18" RCP

CULVERT P12

SEE SHEET DPR003 FOR PROFILE

REQ’D: 115 LF - 18" RCP

CULVERT P13

FOR PROFILE

SEE SHEET DPR005

REQ’D: 628 LF - 54" RCP

STA 5133+35.6 (RAMP D)

CULVERT P22FOR PROFILE

SEE SHEET DPR006

REQ’D: 61 LF - 18" RCP

CULVERT P26

SEE SHEET DPR007 FOR PROFILE

REQ’D: 118 LF - 36" RCP

STA 5138+68.2 (RAMP D)

CULVERT P31

FOR PROFILE

SEE SHEET DPR006

REQ’D: 42 LF - 18" RCP

CULVERT P26A

SEE SHEET DPR005 FOR PROFILE

REQ’D: 111 LF - 30" RCP

STA 6141+90.3 (RAMP C)

CULVERT P24

INV OUT=5269.57

INV IN=5269.67

RIM=5274.47

REQ:D VANE GRATE INLET

8.0’ RT (RAMP C)

STA 6134+82.2

AHW = 5255.5

DHW = 5255.0

Q100 = 4.1 CFS

REQ’D: 36" RCP FES

STA 5138+75.0, 41.3’ RT (RAMP D)

THICK CONC. SLOPE AND DITCH PAVING

TYPE 5 W/ 77 LF 6’ WIDE X 4" 

REQ’D: EMBANKMENT PROTECTOR

SEE SHEET DDT013 FOR DETAILS

SW GORE OUTLET PROTECTION APRON

CLEAN CULVERT

TO REMAIN IN PLACE

EXISTING 54" RCP

CULVERT EX-P4

TO BE REMOVED

EXISTING 36" CULVERT

INV OUT = 5270.28

INV IN = 5270.38

INV IN = 5270.38

FOR INLET STAKING SUMMARY

SEE SHEET DDT009

REQ’D: CCD TYPE 14 INLET

CBP@RAMP E

INV OUT = 5271.52

FOR INLET STAKING SUMMARY

SEE SHEET DDT009

REQ’D: CCD TYPE 14 INLET

CBP@RAMP D

INV OUT = 5271.89

INV IN = 5271.99

SEE BRIDGE PLANS FOR DETAILS

REQ’D: APPROACH SLAB INLET

STA 544+12.9, 55.5’ RT (CPB)

INV OUT=5270.29

SEE BRIDGE PLANS FOR DETAILS

REQ’D: APPROACH SLAB INLET

STA 6134+38.4, 8.0’ RT (RAMP C)

L

L

TAKEDOWN BOUNDARY

0.8%
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VSF

JCH

VSF

VSF

04/09/10 FOR - EARLY GRADING, DRAINAGE & UTILITY PACKAGE VSF

06/03/10 VSFRFC - EARLY GRADING, DRAINAGE & UTILITY PACKAGE

05/10 05/10

05/10 05/10

NOT FOR CONSTRUCTION

LEGEND
1"=1500’

PROPOSED 
R.O
.W.

0.5%

1.3
%

2.0%

0.3%

0.6
%

ROADSIDE DITCH

PROPOSED

ROADSIDE DITCH

PROPOSED

5258.0 FL

BY OTHERS

UNDERGROUND ELECTRIC

RELOCATE

ROADSIDE DITCH

PROPOSED

5264.0 FL

5260.0 FL

5248.5 FL

EXISTING 54" 
RCP

EXISTING R.O.W.

RAMP E

US INTERSTATE 70

PROPOSED R.O.W.

STRUCTURE

EXISTING OUTLET

INV OUT = 5251.00

INV IN = 5252.50

RIM = 5258.00

REQ’D: TYPE D INLET

(RAMP E)

STA 8160+06.0, 37.9’ LT38.2’ LT (RAMP E)

BEGIN TRM STA 8160+04.1

5250.4 FL

HP

LOADED AND SEEDED TRM

6.5’ WIDE (155 SY) SOIL

REQ’D: LINE DITCH W/

80.7’ LT (RAMP E)

END TRM STA 8157+99.8

EX. INV = 5248.5

INV OUT = 5250.00

REQ’D: 36" FES AND RIPRAP APRON

STA 8157+91.6, 71.8’ LT (RAMP E)

RIPRAP APRON

REQ’D: 36" RCP FES AND

66.2’ LT (RAMP E)

STA 8156+58.4

C

RAMP "E"

CLEAN CULVERT

EXISTING 30" RCP

CULVERT EX-P3

AHW = 5250.40

DHW = 5250.25

Q100 = 71.0 CFS

INV = 5246.6– (FIELD VERIFY)

REQ’D: 54" RCP FES

STA 148+52.5, 196.7’ RT (I-70)

RCP TO BE REMOVED

190 LF OF 36" EXISTING 

RCP TO BE REMOVED

105 LF OF 36" EXISTING 

INV OUT = 5247.50

RIPRAP APRON

REQ’D: 18" RCP FES AND

STA 543+20.5, 179.3’ RT (CPB)

FOR PROFILE

SEE SHEET DPR003

REQ’D: 135 LF - 18" RCP

CULVERT P14
INV = 5248.6– (FIELD VERIFY)

RIPRAP APRON

REQ’D: 36" RCP FES AND

STA 8153+36.7, 74.4’ LT (RAMP E)

BY OTHERS

GAS PIPELINE

RELOCATE

FOR PROFILE

SEE SHEET DPR004

REQ’D: 222 LF - 36" RCP

CULVERT P17

AHW = 5260.10

DHW = 5258.72

Q100 = 39.0 CFS

REQ’D: 36" FES

STA 8156+58.2, 26.4’ RT (RAMP E)

FOR PROFILE

SEE SHEET DPR004

REQ’D: 88 LF - 36" RCP

CULVERT P18

THICK CONC. SLOPE AND DITCH PAVING

TYPE 5 W/ 32 LF 6’ WIDE X 4" 

REQ’D: EMBANKMENT PROTECTOR

TO BE REMOVED

465 LF OF EXISTING RCP 

TO BE REMOVED

EXISTING MANHOLE

TO REMAIN IN PLACE

EXISTING 36" RCP

CULVERT EX-P5

RCP TO BE REMOVED

15’– OF EXISTING 30" 

TO BE REMOVED

EXISTING MANHOLE

SEE SHEET DDT012 FOR DETAIL

3’ THICK (7 CY) ATOP 23 SY CLASS 1 GEOTEXTILE

 = 18" RIPRAP RUNDOWN50REQ’D: 6.0’ W X 10.0’ L D

RUNDOWN RDN 6

PLACE

TO REMAIN IN

EXISTING 54" RCP

DETENTION POND

STAPLETON NO. 7

S.E. GORE AREA

 

MWSE = 5249.9

EVENT PONDING LIMIT

APPROXIMATE 100 YR

L

TAKEDOWN B
OUNDARY

TAKEDOWN BOUNDARY
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Appendix F – Drainage Maps 
 

DMP001 
DMP002 
DMP003 
DMP004 
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