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Executive Summary

Project Description:

Hydrologic and hydraulic analyses were conducted for the ND NP THRO 204(1) Buck Hill Road project located in
Billings County, North Dakota. Buck Hill Trail Road, also known as Route 204, is in the Southeast portion of the
South Unit of Theodore Roosevelt National Park. The route begins at the intersection of Buck Hill Trail Road and
Scenic Loop Road. The route then proceeds southeasterly for approximately % of a mile and ascends
approximately 300 feet vertically to the Buck Hill Overlook parking area. The Buck Hill Overlook is a very popular
location in the park, with approximately 32% of the park visitors visiting this overlook. This project proposes to
rehabilitate the existing pavement, address subsurface issues observed along the route (including a previously
identified slide area), and reconstruct the Buck Hill Overlook parking area at the end of the route. Along the
project route, 8 existing culverts are slated for replacement or removal. An active landslide exists from
approximate station 113+00 to station 122+50. Ditch reconditioning and additional inlets are recommended to
reduce standing water at the base of this slide.

Design Criteria:

The Federal Lands Highway Project Development and Design Manual (PDDM) establishes the hydraulic design
criteria for Buck Hill Road. With an average daily traffic (ADT) of 150 vehicles and a design speed of 15 mph, Buck
Hill Road is classified as a low-standard road for hydraulic design.

Hydrologic Analysis:
The design flows recommended for use in hydraulic design were derived using the Rational Method.

Hydraulics Analysis:
The hydraulic performance of each of the existing culverts was analyzed. An inlet control analysis was performed
for all crossings to determine required structure size.

Recommendations:

For this project, one existing culvert was not analyzed as part of this project — C08. This culvert will be removed as
part of the proposed parking lot configuration thus it was not evaluated. An additional existing culvert, C04, was
identified at the 30% field review. This pipe was mostly blocked by sediment and assumed to have been left behind
from a previous road realignment. This pipe is recommended to be cleaned-in-place as it may provide additional
drainage for the existing slide area.

All other existing structures will be replaced to accommodate roadway widening and to bring all structures up to
the same service life. At the request of project partners, all replacement and new culverts will be HDPE to better
withstand the corrosive properties of the soils within the park. Inlet and outlet end treatments are specified in
Table 1.

At the base of the existing slide area is a wide, flattened slope. Currently, runoff from the surrounding terrain
ponds in this area. In addition to the paved ditches discussed in this report, superelevation of the road surface to
the outboard side of this slide area is recommended with additional inlets installed to capture drainage along this
reach.

With the addition of curb and gutter along much of the project reach, regular maintenance of inlets and ditches
will be necessary to retain hydraulic efficiency as the erosive potential of the surrounding soils is high.
Recommendations for each crossing can be found in Table 1 following this section.
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Outlet Protection:

Outlet protection for single barrel pipe culverts with diameters less than or equal to 48 in. and pipe slopes up to
10% may be sized in accordance with Standard Detail C251-50, Placed Riprap at Culverts. This is applicable for
culvert CO1. A Standard Riprap Aprons is also recommended for CO3 once the pipe is run down to a flatter slope.
Rundowns adhering to Special Detail C602-A are recommended for culverts C02, C07, and PR04 due to pipe slopes
exceeding 10% and limited surface cover. Standard riprap aprons at these outlets are recommended for if slopes
allow.

The proposed location of PRO5 is largely driven by grading of the proposed parking lot and results in the pipe
outletting onto a fill slope. Due to sediment concerns from the surrounding hillsides which have the potential to
drain to this inlet, the alignment of the pipe should remain perpendicular to the inlet. A riprap apron adhering to
Standard Detail C251-51, Placed Riprap Between Cut and Fill, should be installed at the outlet.

Class 1, Type E, non-woven geotextile is recommended for all aprons.

Ditches:

This project proposes to install paved ditch along much of the effected reach to help convey pavement drainage
and reduce erosive sheet flow. Along the project reach, a minimum of 1-ft deep (below the structural section)
triangular ditch is recommended. This is assuming a foreslope of 1V:6H and a maximum backslope of 1V:1.0H. In
addition, a minimum 6-inch concrete curb is recommended.

A ditch lined with articulated concrete block (ACB) adhering to Special Detail 253-A is proposed to provide flow
conveyance to an existing culvert at the base of the slide area. Typical details and cross sections for this ditch have
been included in the project plans as a parabolic ditch with approximate maximum side slopes of 1V:2H, minimum
depth of 9 inches, and a minimum width of 3 ft. This ditch should be lined with non-woven, Class 1, Type E
geotextile.

To protect the guardrail aggregate pad from erosion, vegetated ditches are recommended throughout the project
reach. These vegetated ditches should be triangular with an assumed foreslope of 1:4 and backslope of 1:3. In
addition, these ditches should accommodate a minimum 6-inch flow depth. Before permanent vegetation is
established, the ditches should be lined with rolled erosion control product Type 2C.

Location-specific ditch recommendations are included in Table 3 and additional details for the ditches lined with
ACB are included in section 6.1 of this report.

Parking Lot Drainage:

Reconfiguration of the parking at the end of the existing project reach (to replace the loop) is proposed. A detailed
layout for the new parking lot has been included in the project plans. A new storm drain with curb-opening inlet
and grate is proposed near the southeast corner of the parking lot to convey drainage. NDDOT Detail D-722-2 for
Inlet — Type 2 will be adapted for this project and included in the plans. The location of this inlet will be reassessed
as needed to account for potential changes in the parking lot grading.
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Table 1: Hydraulic Recommendations

Existing Structure Prop P
Crossing Crossing * Box Arch or Elliptical | Circular Hydraulic Adequacy S Box Arch or Elliptical | Circular
Identifier | Station = = = Number of | Structure | of Existing Structure SRR - - = Number of | Structure Inlet® A
Span Rise Span Rise | Diameter o= Type Span Rise Span Rise | Diameter o Type Configuration Outlet’® Configuration
(ft) (ft) (in) (in) (in) (ft) (ft) (in) (in) (in)
C01 100+38 - -~ 18 1 CMP Adequate Replace with Recommended Structure - - 24 1 HDPE Other Other
02 105+95 —eee - —eee - 12 il CMP Upsize Needed Replace with Recommended Structure 24 1 HDPE FES Special Rundown with
outlet mitered to slope
C03 114+45 - - - - 24 1 CMP Adequate Replace with Recommended Structure - - - - 24 1 HDPE Other Other
co4 118+92 — — — — Unk 1 Unk Unknown Clean in Place — — —
€05 131+70 - - - 24 1 CMmP Adequate Replace with Recommended Structure - - - 24 1 HDPE Drop Inlet Other
C06 136+82 12 1 CcmP Adequate Replace with Recommended Structure 24 1 HDPE Drop Inlet Other
07 138+15 — - — . 12 1 cMP Adequate Replace with Recommended Structure . — - . 24 1 HDPE FES Special Rundown with
outlet mitered to slope
co8 N/A == == 24 1 cmp Not Evaluated Remove == == ==
PRO1 107+60 - - - - -~ N/A (New Pipe) No Work Proposed - - - - 24 - -
PRO2 117+95 = = = N/A (New Pipe) No Work Proposed — 24 Other Other
PRO3 121+19 --e - -ee - - - - N/A (New Pipe) Install New Pipe - -eee - - 24 1 HDPE Drop Inlet Other
. 2 Special Rundown with
PRO4 125+17 - - - - - N/A (New Pipe) Install New Pipe - - - - 24 1 HDPE FES outlet mitered to slope
PROS | SeeReport | - s = - = = - N/A (New Pipe) Install New Pipe . - - i 24 1 HDPE c”'b'lgl‘::t”'"g Other
1- Crossing Station not provided for C08 as it's recommended for removal. Location of PROS is given by approximate coordinates within the body of the report.
2 - FES: Flared End Section; Other: Pipes should be mitered to slope with a concrete toe wall added for stability as requested by project partners. A detail for this end treatment is included in the project plans.
Table 2: Outlet Protection Recommendations
Custom Apron Dim ensions’
Crossil ing! . . i
. ne Crossing Recommended Outlet Protection Ripra Length Width at Width at Thickness Pipe Anchors’ Comments
Identifier Station prap Recommended?
Class () Outlet Apron End (ft) ¥
(ft) (ft)
col 100+38 Standard Riprap Apron (C251-50) — o No
coz2 105+95 Standard Riprap Apron (C251-50) - - Yes Install after rundown (Special Detail C602-4)
o3 114+45 Standard Riprap Apron (C251-50) - - Yes Install after pipe rundown
co4 118+92 None or Not Applicable — — N/A
Ccos 131+70 None or Not Applicable -— - Yes Slope is well vegetated and stable
C06 136+82 None or Not Applicable e e -— — o Yes Slope is well vegetated and stable
co7 138+15 Standard Riprap Apron (C251-50) — e Yes Install after rundown (Special Detail CB02-A)
coa N/A None or Not Applicable e e NJA
PRO1 107+60 None or Not Applicable - - N/A
PRO2 117+85 Naone or Not Applicable e e N/A
PRO3 121+19 Naone or Not Applicable e e Yes
PRO4 125+17 Standard Riprap Apron (C251-50) e e —— e e Yes Install after rundown (Special Detail C602-A)
Standard Detail C251-51, Placed Riprap
PROS See Report Energy Dissipator - - Yes between Cut and Fill. Install after pipe
rundown

1 - Crossing Station not provided for CO8 as it's recommended for removal. Location of PROS is given by approximate coordinates within the body of the report.
2 - Refer to C251-50 for apron shape and dimensions.

3 - Pipe Anchors required for any exposed pipes. The PDDM recommends pipes anchors on concrete pipes exceeding 10% or corrugated metal pipes exceeding 25%.

ND NP THRO 204(1) Buck Hill Road — Final Hydraulics Report




Table 3: Ditch Hydraulics

. Flow 2 Avg
Ditch Sta.rt En.d Location Type Drainage | 10-yr Slope | Depth Spread Velocity Recommendation
Station | Station Area (ac) | Flow (ft)
(ft.) (fps)
D01 100+52 | 101+75 RT Paved 0.3 0.4 7.6% 0.09 0.0 4.0 Paved with minimum 6 in. Concrete Curb
D02 106+00 | 113+80 LT Paved 1.5 1.7 8.3% 0.17 0.0 6.5 Paved with minimum 6 in. Concrete Curb
D03 108+10 | 119+63 RT Paved 2.2 2.4 5.1% 0.23 0.0 6.1 Paved with minimum 6 in. Concrete Curb
10.7 . - .
D04 119+64 | 124400 RT Paved 1.5 1.7 % 0.16 0.0 7.1 Paved with minimum 6 in. Concrete Curb
(]
. Parabolic with minimum 0.75 ft. depth
0,
D05 114+50 | 117404 LT Lined 1.9 2.1 4.2% 0.15 N/A 5.8 and 3 ft. width (ACB lining)
D06 117+95 | 125+00 LT Paved 0.8 0.9 1.0% 0.21 0.0 2.6 Paved with minimum 6 in. Concrete Curb
D07 127+50 | 129+75 RT Paved 0.5 0.5 9.0% 0.11 0.0 4.5 Paved with minimum 6 in. Concrete Curb
Triangular Ditch assuming max foreslope
1 0,
D08 131+16 | 131+70 LT Vegetated 1.3 1.4 7.8% 0.30 N/A 4.5 of 1V:4H and max backslope of 1V:3H
D09 131+70 | 136+82 LT Paved 1.3 1.4 8.7% 0.16 0.0 6.2 Paved with minimum 6 in. Concrete Curb
D10 136+82 | 138+15 LT Paved 1.2 1.3 9.3% 0.15 0.0 6.2 Paved with minimum 6 in. Concrete Curb

1-DO08 is proposed to provide erosion protection to the aggregate base layer of the guardrail terminal. Total drainage area to CO5 used to provide conservative discharge estimate for the applicability
of vegetated lining at these ditches along the project reach.
2 —Total width of paved ditch and gutter section is 3.5 ft. All flow for paved ditches contained within this section.
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1 PROJECT BACKGROUND INFORMATION

1.1 PROJECT INFORMATION

Buck Hill Road, also known as Route 204, is in the southeast portion of the South Unit of Theodore Roosevelt
National Park which falls within Billings County, ND. The route begins at the intersection of Buck Hill Road and the
South Unit Loop Road. The route then proceeds southeasterly for approximately % of a mile and ascends
approximately 300 feet vertically to the Buck Hill Overlook parking area. The Buck Hill Overlook is a very popular
location in the park with approximately 32% of visitors visiting this overlook.

The present-day condition of the road is poor; the surface is rough with broken pavement, deep cracks, and rutted
to where it is marginally safe to use. One steep segment of the road has gravel surfacing; consequently, the road
is subject to wash board type roughness soon after road maintenance takes place. This portion is also susceptible
to severe erosion after rain events, as the deep rutting forces water to run directly down the roadway washing
away much of the surface gravel. In recent years the road has been closed on occasion due to underlying drainage
structures failing, resulting in large and deep sink holes in the road surface. This project proposes to rehabilitate
the existing pavement, address subsurface issues observed along the route (including a previously identified slide
area), and rehabilitate or reconstruct the Buck Hill Overlook parking area at the end of the route. Hydraulically,
the project route has 8 existing culverts as well as stormwater inlets — all slated for replacement or removal. The
project location is depicted in Figure 1 below. The existing crossings were evaluated for capacity and
recommendations are provided for each structure. Existing crossing information can be found in Appendix A.

1.2 FLOOD INSURANCE STUDY
The Federal Emergency Management Agency (FEMA) provides Flood Insurance Rate Maps (FIRMs) that detail
special flood hazard areas. Lands inundated by the base flood (100-year) are subject to National Flood Insurance
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Program (NFIP) floodplain management regulations. This project falls outside of all special flood hazard areas. As
such, the project will not be subject to NFIP floodplain management regulations for backwater and for unregulated
floodplain zones, the PDDM allows a maximum of 1-foot rise in proposed condition base flood elevations. The
FEMA FIRM for this area has been included in Appendix A.

2 HybprAuLic DESIGN CRITERIA

One existing culvert was not analyzed as part of this project — C08. This culvert will be removed as part of the
proposed parking lot configuration. An additional existing culvert, C04, was identified at the 30% field review. This
pipe was mostly blocked by sediment and assumed to have been left behind from a previous road realignment.
This pipe is recommended to be cleaned-in-place as it may provide additional drainage for the existing slide area.

For all other culverts, the Federal Lands Highway Project Development and Design Manual (PDDM) (Federal Lands
Highway 2012) establishes the hydraulic design criteria for Buck Hill Road. Based on the project scoping
documents, Buck Hill Road will have a design speed of 15 mph and has an average daily traffic (ADT) of 150
vehicles. Per the PDDM, Buck Hill Road is classified as a low-standard road and will have a design frequency of 25
years for culverts. Therefore, hydraulic analysis will conform to the FLH design criteria listed in Table 4. The PDDM
also recommends a HW/D of 1.5 for all minor culverts with reductions made in the case of sediment or debris load
concerns. Due the sandy nature of the soil along the Buck Hill project reach, a HW/D of 1.0 has been used.

Table 4: PDDM Hydraulic Design Criteria

LT Design Frequenc (S Design Criteria
Roadway J q ¥ Frequency i
New: AHW < bottom of aggregate base layer
Where D £48", HW/D < 1.5 & Where D > 48", HW/D < 1.2
RCT:\?:::‘SY 25-year Overtopping | Heavy debris or sediment load concerns: 0.8 <HW/D < 1.0
Crossing is stable at the design flood
Minimum pipe size: 24 in. or equivalent
New: WSEL < bottom of aggregate base layer
Roadside . T Ao
Ditches 10-year N/A Minimum longitudinal slope = 0.5%
Permanent Ditch Linings: Stable at the 10-year flood
Allowable Spread = Half of one travel lane
P 10- 50- i
aw_fment year, >t-year in N/A Depth in Sumps and Parking Areas = 6” (150 mm)
Drainage sumps
Inlet Clogging Factor = 50% for grate inlets in sag or sumps
3 HYDROLOGY

3.1 HYDROLOGIC SETTING AND TOPOGRAPHIC DATA

The project is in the Missouri Plateau hydrographic region of southwestern North Dakota. The contributing
drainage basins for each crossing selected for evaluation were delineated in the Watershed Modeling System
version 11.1 using 1-meter Digital Elevation Model information obtained from the USGS National Map (U.S.
Geological Survey 2023). Point precipitation depths were determined from NOAA Atlas 14 (National Oceanic and
Atmospheric Administration 2023) using the approximate centroid of the project area. Drainage basin delineations
have been included in Appendix B.
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3.2 AVAILABLE HYDROLOGIC DATA

There are no active USGS streamflow stations within the project limits. The closest stations are located on Sheep
Creek Tributary and Sheep Creek Tributary 2, both near Medora, ND. Information from these gages was not used
in the hydrologic analysis for this project as the gages are both hydrologically disconnected from the project area
and have drainage areas much larger than any of the basins analyzed for this project.

33 RATIONAL METHOD ESTIMATES
Per the PDDM, the Rational Method is applicable for basins up to 200 acres. All basins within the Buck Hill Road
project fell below this 200-ac limit.

Values for the dimensionless runoff coefficient (C) were chosen based on the land use identified from available
aerial imagery. The basins are represented with a value of 0.2 per HDS-2 (FHWA 2002). These values are associated
with unimproved area surrounding the project area.

The Hydraulic Toolbox (FHWA 2022) was used to develop IDF curve equations from NOAA Atlas 14 rainfall data.
A single location was selected in NOAA Atlas 14 (approximate centroid of project) and was taken to represent all
basins evaluated using the Rational Method. Times of concentration were initially computed for each basin
through WMS using the Kirpich Method for overland flow on bare earth. Each basin produced a T. less than 5
minutes so 5 minutes was used corresponding to the minimum storm duration specified by NOAA Atlas 14. Rainfall
intensities were derived using this duration and computed IDF equations and the resulting Rational Method peak
flows are provided in Appendix B.

3.4 REGRESSION EQUATION ESTIMATES

The U.S. Geological Survey (USGS) provides information for estimating peak flows via regional regression
equations for North Dakota in Report 2015-5096. For these equations, the basins delineated for the Buck Hill Road
project fall within Hydrologic Zone B. The equations developed for this zone consider drainage area, a ruggedness
number, and a compactness number.

For these equations, the ruggedness number is defined as the stream density times basin relief, where stream
density is the stream length divided by the drainage area, and the basin relief is the maximum basin elevation
minus the minimum basin elevation. The NDDOT Drainage Design Manual requires the total of all flowlines
represented by the USGS National Hydrography Dataset (NHD) to be used when calculating the ruggedness
number. For small drainage areas which do not contain any NHD stream lines, the length of a single stream line
representing the longest flow path in the drainage area may be used. For Buck Hill Road, all drainage areas derived
contained no NHD streamlines so the longest flow paths developed in WMS were used to compute the ruggedness
numbers.

These equations also define the compactness ratio as a measure of basin shape related to basin perimeter and
drainage area. It is computed as the basin perimeter length divided by two times the square root of pi times the
drainage area.

For Zone B, the range of applicable drainage areas is from 0.110 to 8,342.4 mi?, the range of the ruggedness
number is 68.02 and 7819.7 ft/mi, and the range of the dimensionless compaction number is 1.41 to 3.48.
Additionally, the Zone B regression equations have an average standard error of prediction of 58.8% for the 25-yr
event and 63.5% for the 100-yr event.
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For this analysis, the parameters determined for each crossing were developed using WMS. Variables calculated
for each basin are provided in Appendix B.

3.5 RECOMMENDED DESIGN FLOWS

The selected design flows recommended for use in hydraulic design were computed using PDDM requirements
for the Rational Method. Although regional regression equations are preferred by the North Dakota Department
of Transportation (NDDOT) for rural basins (NDDOT 2023), the drainage areas and computed compactness
numbers for each basin along Buck Hill Road were well outside the ranges typically used for the Zone B regression
equations. Because of this, regional regression analysis for the existing culverts resulted in unusable peak flow
estimates. Computing approximate culvert replacement sizes using the Rational Method peak flow rates resulted
in most of the existing culverts (cross and side drainages) being adequately sized for the 25-year design flow.

4 CULVERT CAPACITY DESIGN

Using the selected design flows described in Section 3, the hydraulic performance of each of the project crossings
was evaluated. An inlet control analysis was initially performed for all crossings to determine required structure
size.

4.1 INLET CONTROL ANALYSIS

As a rapid evaluation of hydraulic capacity, an inlet control analysis was first performed for each of the identified
project culverts. This analysis is based on the inlet control equations documented in HDS-5, Appendix A (FHWA
2012). Section A.5 of HDS-5 describes how the inlet control equations were developed into polynomial equations
for use in the HY-8 software. The standard inlet control polynomial equation is provided in HDS-5, Section A.5 and
Section 5.2.1.1 of the HY-8 version 7.8 user manual. This equation was simplified as shown below for use with
round pipes (barrel span equal to rise).

o] ] ] e ] o] s

Where:

HW  Headwater depth above inlet invert, ft

D Interior height of culvert barrel, ft

Q Discharge, ft3/s

Ks Slope correction, 0.7 for mitered to slope inlet configurations
S Culvert barrel slope, ft/ft, assumed to be 0.1 for this analysis

The coefficients g, b, ¢, d, e, and f are provided for various culvert shapes, materials, and inlet edge configurations
in Appendix A of the HY-8 version 7.7 user manual. The calculations for each crossing using the above equation
were carried out using Microsoft Excel.

For this analysis, it is assumed that all minor culverts (diameter of 48-in or less) will be replaced with pipe sizes as
determined by the inlet control analysis only. In addition, project partners requested mitered to slope end
treatments for aiding in culvert maintenance. For this reason, it is assumed that the replacement structures will
be mitered with concrete toe walls for added stability. Coefficients corresponding to a Mitered to Slope inlet
configuration (K. = 0.7) were used. Maximum flow rates for various pipe sizes based on the above assumptions
are provided in Table 5 below.
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Table 5: Maximum Peak Flows Based on Inlet Control Conditions

Pipe Diameter WWA Maximum Flow (cfs)

(in) (sq ft) HW/D =0.8 HW/D =1.0 HW/D =1.2 HW/D =1.5
18 1.8 3.5 5.4 6.9 8.7

24 31 7.7 11.2 14.3 17.9

30 4.9 134 19.7 24.9 313

36 7.1 21.2 31.1 39.4 49.3

42 9.6 31.3 45.7 57.9 72.5

48 12.6 43.7 63.8 80.9 101.3

4.2 CULVERT CAPACITY DESIGN RESULTS

The results from the inlet control analysis indicate that all the crossings are considered minor drainages (requiring
less than or equal to a single 48-in barrel). Of the 7 existing culverts analyzed, 6 were determined to be adequately
sized while 1, the existing rundown, C02, required upsizing. All culverts are proposed for replacement to
accommodate the road improvements as well as to update the service life of all drainages within the project
section. Additionally, the adequately sized culverts are recommended to be upsized to meet the minimum
required pipe size recommended by the PDDM (24-in for cross culvert). No culverts will be downsized.

Of the 5 culverts originally proposed, PRO1 and PR0O2 were removed from the final scope. Reconditioning of the
existing ditch at PRO1 was determined to be more beneficial at the 30% field review than installing a new inlet. In
addition, daylighting of the outlet for PRO2 would be hindered without extensive grading of an earthen
embankment across the road. Instead, an existing ditch at the base of the slide area will be reconditioned and
lined to better convey flow from the proposed paved ditch along the right up station of the slide area.

Results and additional details of the inlet control analysis are provided in Appendix C. Final recommendations are
provided in Table 1 of the Executive Summary of the report.

5 CULVERT STABILITY DESIGN

In addition to culvert capacity, the stability at each structure was evaluated to ensure long term success. The
following suggestions discuss culvert stability considerations throughout the project.

5.1 ENTRANCE TREATMENT

At the request of project partners, C01, PR0O2, and C03 are recommended to have inlet end sections mitered to
slope for ease of maintenance. These end sections should be anchored with a concrete toe wall for stability. C02,
PRO4, and C0O7 should be equipped with flared end sections at the inlets. Also, at the request of partners, the
proposed concrete curb should be tied into these flared end sections and for C02 and C07, the asphalt paving
should extend 3 inches into the inlet to provide a continuous surface such that no vegetation may grow. A Special
of CFL Standard Detail 602-5 has been included in the project plans for these culverts. Standard drop inlets with
catch basins are recommended for C05, C06, and PR03. Analysis of these inlets has been included in Appendix C.

5.2 OUTLET PROTECTION

Outlet protection for single barrel pipe culverts with diameters less than or equal to 48 inches and pipe slopes up
to 10% may be sized in accordance with Standard Detail C251-50, Placed Riprap at Culverts. This is applicable for
culvert CO1. A Standard Riprap Apron is also recommended at CO3 once the pipe is run down to a flatter slope.
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Rundowns adhering to Special Detail C602-A are recommended for culverts C02, C07, and PR04 due to limited
surface cover. These rundowns have been successful in other areas of Theodore Roosevelt National Park.
Additional testing requirements for these rundowns will be included in the SCRs. Standard riprap aprons should
be installed at the outlets if the final outlet slope allows.

PRO3, CO5, and C06 would require lengthening in excess of 200 feet to outlet onto flatter, more stable slopes.
These pipes should be extended away from the road surface a minimum of one pipe length to protect the road
from erosion. As observed at the 30% site visit, CO5 and C06 both outlet onto a slope that is well vegetated and
stable.

The proposed location of PROS is largely driven by grading of the proposed parking lot and results in the pipe
outletting onto a fill slope. Due to sediment concerns from the surrounding hillsides which have the potential to
drain to this inlet, the alignment of the pipe should remain perpendicular to the inlet. A riprap apron adhering to
Standard Detail C251-51, Placed Riprap Between Cut and Fill, should be installed at the outlet. The location of this
inlet may be re-evaluated in subsequent project phases if the proposed parking lot grading allows for a different
configuration.

Class 1, Type E, non-woven geotextile is recommended for all aprons.

5.3 INLET PROTECTION
No inlet scour concerns were identified during project scoping. No additional inlet protections are proposed
currently aside from entrance treatments specified in section 5.1.

6 ADDITIONAL CONSIDERATIONS

6.1 HYDRAULIC DITCHES
Paved Ditches

Proposed ditches along the project reach were analyzed to ensure they meet flow capacity requirements and
convey flow to drainage structures along the corridor. Using the Hydraulic Toolbox, a capacity analysis was
completed for locations throughout the project.

To compute ditch design flows, subbasins draining to each of the outlets were delineated. In addition, longitudinal
slope for each section was provided by Design. For this project, curb and gutter dimensions were adopted from
NDDOT standards to create CFL Special Detail 609-A. For these ditches, a 2-ft wide paved section (at a 1V:6H
foreslope) was used along with a 1.5-ft wide concrete gutter and a 1-inch relief along the gutter section.

To conform with other areas throughout the park, a 6-inch-tall concrete curb is recommended. Ditch typical detail
and cross sections are available in the project plans. Site-specific results of the ditch capacity analysis can be found
in Table 3 included in the Recommendation Summary. The capacity analysis including a representative cross
section used in the analysis can be found in Appendix C.

Lined Ditches

Lined ditches are proposed in key locations throughout the project site specifically to protect the guardrail
aggregate pad from erosion. In addition, two existing ditches (one along the base of the slide area (approximate
station 114+42 to 117+55) and the second behind the RT guardrail (starting at approximate station 107+56) should
be reconditioned and lined to provide better flow conveyance. Like other ditches in Theodore Roosevelt National
Park, these ditches should be lined with Articulated Concrete Block adhering to Central Federal Lands Special
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Detail 253-A. To accommodate the use of the ACB, these ditches should be parabolic in shape with a maximum
side slope of 2:1, a depth of 0.75 ft., and maximum width of 3 ft. A detail for this ditch can found in Appendix D
and the project plans and analysis for these ditches has been included in Appendix C.

Vegetated Ditches

Vegetated ditches are proposed in key locations throughout the project site specifically to protect the guardrail
aggregate pad from erosion. Analysis for these ditches was first completed using the Hydraulic Toolbox however,
results from this analysis indicates the need for a more robust lining. From observations made in the field, many
of the existing ditch reaches are well vegetated with little evidence of significant erosion. In addition, flow depths
and velocities through these ditches is expected to be low.

Based on these observations, these ditches are recommended to be lined with a temporary Rolled Erosion Control
Product Type 2C until permanent vegetation is established. The capacity analysis completed for these ditches
assumed a triangular section with a foreslope of 1:4 and backslope of 1:3. The ditches should accommodate a
minimum flow depth of 0.5 ft. Additional details for these ditches have been included in the project plan set. Full
ditch analysis for these ditches has been included in Appendix C.

6.2 PARKING LOT DRAINAGE

A 24” HDPE with rundown and riprap adhering to Standard Detail C251-51, Placed Riprap Between Cut and Fill,
should be installed in the southeast corner of the proposed parking lot (approximately 46.92661667 N,
103.39034722 W). The inlet for PRO5 was sized using Hydraulic Toolbox. A 50% clogging factor was used for grates
located in sump. The inlet should have a curb opening height of 6” with a minimum grate length of 12 ft. to
maintain flow depths less than the curb height. The design discharge for this inlet was determined using the
Rational Method and the 50-year design event as well as a composite runoff coefficient which was derived
considering the proposed increase in impervious area.

A detail for this inlet adapted from NDDOT Detail D-722-02 for Inlet — Type 2 — Double has been included in the

project plans. In addition, grate style “D” is recommended per NDDOT guidance as it is specifically designed for
use in a sag. Analysis for this inlet has been included in Appendix C.
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Existing Structure Information

Ex. Structure Size
Crossing Crossing Arch or Elliptical Circular Existing Existing Inlet Invert Qutlet Invert Length slope Cover at Inlet
dentifi oo Number of Structure Structure Elevation Elevation o /i) Shoulder Comments/Notes
entifier on e | EE | SEr | D | Emma Barrels Type Orientation (it} (ft) (f1)
(ft) (ft) (in} (in} in)
co1 — — — — 18 1 CMP Cross 24349 24343 48.0 0.012 Cross culvert at BHR entrance - may extend based on proposed
co2 — — — — 12 1 CMP Other 2535.0 2525.6 250 0.376 Culvert discharges down steep slope
cos - - - - 24 1 CMP Cross Leave to provide drainage from Slide area - add ditch to direct flow into
Located at 30% field review - not surveyed. Inlet clear but outlet is nearly
777 unk o T T T LT T A T S T (2 0 [ i e 5 e G e =d
road alignment - clean in place for additional slide drainage. Labled C10
in 30% field notes.
Cos — — — — 24 1 CMP Cross Drop Inlet- 40"x30" - discharge down steep slope
(]3] 12 1 CMP Other 2777.2 27718 130 0.410 Unk Discharge down steep slope
co7 — — — — 12 1 CMP Cross 2789.1 2776.6 46.0 0.272 Discharge down steep slope
08 . . . . o 3 TP . Drop Inlet- 3.4'x2 &' - discharge dowr? steep slope - will be
removed/replaced for new parking lot drainage
At 30% - slope and vegetation not allowing water to flow and is
EROT . . T . continuing down road. Lebled CO8 in 30% field notes. Clear vegation and
replace riprap ditch from 30% with rundown to reduce roughness and
INCrease conveyance.
eRO2 . . o . Add culvert DI wy extended inlet grate and vault to capture flow - steep
drainage from PR ditch before it falls into flat area at base of slide
e ) Recommend superelevate road to drain to outboard side of landslide.
Add additional culvert rundowns to drain. Labled C11 in 30% field notes.
PROS o Recommend superelevate road to drain to outboard side of landslide.
Add additional culvert rundowns to drain. Labled C11 in 30% field notes.
PROS = = = = — — — 0 = = Proposed DI for drainage of proposed parking lot
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FEMA Effective FIRM

@ FEMA's National Flood Hazard Layer (NFHL) Viewer with Web AppBuilder for ArcGIS =
T S x
o T, >
0 Effective FIRM Panels
Geolndex

|| No Digital Dats Aveilabis
|| Digital Datz Availeble

@ Unmapped
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Hydrology Output Tables

Crossing Data Rational Method
i Rainfall Intensities Flow Rates
Crossing Crossing’ D':I i Runoff Tc
Identifier Station rea Coefficient [min) ¥R 5YR 10%R 25YR SO0YR 100YR YR 5YR 10YR 25YR SOYR 100YR
(ac) (infhr) [ (infhr) | (infhe) | (infhe) | {infhe) [ (inghr) [cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
Co1 100+38 1.1 0.20 =] 3.4 4.5 5.5 7.0 3.4 9.9 0.7 0.9 1.2 1.5 1.3 2.1
Co2 105+95 1.5 0.20 6.0 3.4 4.5 5.5 7.0 8.4 9.9 1.0 1.4 1.7 2.1 2.6 3.0
co3 114+45 1.9 0.20 =] 3.4 45 5.5 7.0 8.4 9.9 1.3 1.7 2.1 26 3.1 3.7
Co4 115+32 1.4 0.20 =] 3.4 4.5 5.5 7.0 3.4 9.9 0.9 1.2 1.5 1.9 2.3 2.7
Co5 131+70 1.3 0.20 =] 3.4 4.5 5.5 7.0 3.4 9.9 0.9 1.2 1.4 1.3 2.2 2.6
C0& 136+82 1.2 0.20 6.0 3.4 4.5 5.5 7.0 8.4 9.9 0.8 1.1 1.3 1.7 2.0 2.3
Co7 135+15 0.0 0.20 6.0 3.4 4.5 5.5 7.0 2.4 9.9 0.0 0.0 0.0 0.0 0.1 0.1
Cos NSA e e e e e e e - - - - e e e e
FRO1 107+60 2.2 0.20 =] 3.4 4.5 5.5 7.0 3.4 9.9 1.5 15 2.3 3.0 3.6 4.2
PROZ 117+95 0.8 0.20 6.0 3.4 4.5 5.5 7.0 8.4 9.9 0.6 0.7 0.9 1.1 1.4 1.6
PRO3 121+19 1.5 0.20 6.0 3.4 4.5 5.5 7.0 2.4 9.9 1.0 1.4 1.7 2.1 2.6 3.0
PRO4 125+17 0.5 0.20 6.0 3.4 4.5 5.5 7.0 3.4 9.9 0.3 0.4 0.5 0.7 0.3 1.0
PROS See Report 2.3 0.36 men seen men men 7.0 m=n m=n een -een neen seen men men
1- Location for PROS identified in report with approximate coordinates.
Crossing Data USG5 Regression Equation
: .3 Drainage | Stream ) § Ruggednes Brasin Flow Fates Hﬁl\:tei Selected D::la—:d 1
CFDSS.I ng Crossing Area Length Min Basin | 5 Numl:fer Perimeter | Compactnes — —— S R i e og| Design Storm Tgn Flow
Identifier Station . > Elew. [ft} (feSmi} Length s Number Method [cfs)
(sqmi] [mi} {units) {mi) fefsd | fef) | (efs) | fefs) | fef) | (cf)
col 100+38 0.00166 0.073 2485.48 | 2545.567 0.24 40.88 -5.1 -7.1 - -2.1 - -2.5 Rational Method 25YR 1.5
co2 105+35 0.00239 0.151 | 2536.759 [9108.258 0.35 41.30 4.7 -5.8 o -7.8 o -8.1 Rational Method 25YR 2.1
co3 114+45 0.00294 0.114 25559.30 | 5152.403 0.29 27.85 -3.0 -4.1 - -4.7 - -4.5 Rational Method 25YR 2.6
Co4 118+32 0.00216 0.110 | 2610.48 [ 7093.167 0.29 37.54 -4.3 -6.2 o -7.1 o 7.4 Rational Method 25YR 119
Co5 131+70 0.00206 0.145 2731.76 | 6635.623 0.36 45.24 -5.5 -2.5 - 5.8 - -10.3 Rational Method 25YR 1.2
Co& 136+82 0.00186 0.112 | 2777.97 | 4752.630 0.29 4400 -5.3 -7.5 o -3.6 o 9.1 Rational Method 25YR 17
coz 138+15 0.00005 0.021 2751.01 | 4458.316 0.05 300.90 -41.5 -50.3 - -70.6 - -74.5 Rational Method 25YR 0.0
1] NFA — - - - - — — o - - - — Select Method Select Storm e
PRO1 107+60 0.00336 0.262 2551.77 |10850.555 0.66 55.42 -6.6 8.5 - -11.0 - -11.6 Rational Method 25YR 3.0
PRO2 117+35 0.00127 0.072 | 2611.29 [7419.553 0.21 46.81 -5.7 -8.1 o -3.3 o 5.7 Rational Method 25YR 11
PRO3 121+19 0.00235 0.118 2635.04 | 5901.126 0.26 30.68 -3.4 -4.7 - -5.4 - -5.6 Rational Method 25YR 2.1
PRO4 125+17 0.00078 0.110 | 2675.23 [ 6711.352 0.26 53.88 -12.4 -17.7 e -20.6 - -21.8 Rational Method 25YR 0.7
PROS See Report — - - - - — — - - - - — Rational Method S0YR 7.0

1- Location for PROS identified in report with approximate coordinates.
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Culvert Basin Delineations
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Basin Delineation for Proposed Parking Lot Inlet
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Note: Proposed Parking Lot layout shown in blue, proposed curb and gutter shown in yellow.
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Precipitation Frequency Data Server Information

NOAA Atlas 14, Volume 8, Version 2
Location name: Medora, North Dakota, USA* 4@

Latitude: 46.9284%, Longitude: -103.2008° F. )
Elevation: 2686 ft** lgf

* source ESRY Maps
= mourcer LISGS

POINT PRECIFITATION FREQUENCY ESTIMATES

Sanja Perica, Debormh Marin, Sandra Panvio o, ishani Michael 52 Laurent, Garl Trypaluk, Dale
Urruh, Michas| Yakea, G Bonrin

WO, Mational ‘Wea ther Sardos. Siver Spring, Margdand

EE tabyiar | BE gaphical | Mans £ sprgls

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches/hour)?
o Average recurrence interval ﬁfm]

on 1 2 5 10 25 50 100 200 S00 1000

%.min 3.07 367 4.79 586 752 8.98 106 123 14.8 16.9
{2.38-3.98) || (2834.78) || 368625 | 449767) || (5.68-10.4) || (6.98-12.4) || (7.48-14.9) || ¢A3817.8 | (3a7121.9) || poF250)

10-min .24 268 350 428 5.51 6.57 7.73 .02 109 124
{1.73.2.92) || (207349} || 270457 | @2858) || (415761} || @Ata.11) || (547109} || 813130 | (7104680 || Fas1a3

15min 1.82 218 2.85 349 448 5.34 6.29 7.33 B.84 101
{1.£1.2.38) || {1.68-2.84) || 219372 || @67-4.58) || (3.38-6.18) || (3.91-7.41) || {4.45-889) || {£98-10.6) || (578130} || B.38149)

20-min 1.25 1.48 1.93 235 3.03 361 4.26 4.97 6.01 687
s8] || (114193 || peazsy | (180308} || (zraats) || 265502 || (am.e03) || (338719 | (393aa7 || wasiot

&0-min 0778 0921 119 145 145 219 2.58 3.00 3.60 ER L
0801-1.01} || (0711120} [|{0.916.1.55) | (111189} || (1.39.2.55) || (161.3.04) || {1.82.364) || (703432 | (236531} || @e0E0E

046 0.550 0.708 0.858 109 129 1.54 1.75 240 238
{0.368.0.598} |0 430.0 707} 0.551.0.912} | j0.68¢.1.11} || (0.830.1.48} || (0.955.1.78) || {1.08.210} || (130249} | (139305 || {1 53347

400 0.513 0617 0.778 0915 1.06 1.23 1.46 1.65
0.267.0.433}(/0.315-0.511) }10.401-0.658) |{0.£31.0.792))| (0.595.1.05} || 0.681.1.3¢) || (0.766-1.47} || 0.848.1.73} || 972.2.10) || (1.07.2.38)

0235 0288 0.355 0441 0.512 0590 0673 0.7 0886
0.159.0.252}(40.187.0.2981 }10.236.0.378} |/0. 27904491 03400581 [40.385.0.69 1} || 10.429.0.799) 04700931} | 0.532.1.12} || (0.579.1.26}

. 0136 0473 0.205 0.251 0.289 0329 0.373 0433 0481
0.0950.148))0.111-0.1723 0. 135.0.2 16} |{0. 163-0.256} 0.195-0.325)[[10.2 19-0.378) || 10 242 .0.439) 10 263 0507 {0235 0.602) 0. 319-0.673

0.081 0102 0120 0146 0167 0189 0. 0243 0267
0.056.0.084}()10.086.0.0931 }10.083.0.1:25) |{0.037-0.148) 0. 114-0.188)|[10.128-0.214) | 10.140.0.247) 01510282 [{0.167-0.331}| 0. 179-0.368

0046 0,050 0.069 0.084 0.095 0107 019 0135 0447
0.032.0.047}(}10.038.0.0581 }10.048.0.071) |{0.056-0.084 0.066-0.105)|[10.074-0. 120 ||10.080.0.137) 0098 .0.158). {0094 0181} 0. 100-0.200

0.033 0.042 0,049 0.059 0067 0075 0.083 0,095 0103
0.023.0.034}(10.028.0.0407 }10.035.0.051) }/0.040-0.059) 0.047.0.07 3}[#0.052.0.08.4) | 10057 .0.098) 0061 .0.108) (00860128} 0.070-0.138

0027 04033 0.033 0.046 0.052 0053 0065 0074 0080
0.013.0.027}(}{0.022 0,032} }j0.027.0.040 |{0.032-0.046 00370057} |[#0.041-0.085) || 10044 .0.074) 0047 0.084} [{0.052-0.097} §0.055-0.107

7 T 0022 0.025 0.030 0.034 0037 0041 0047 0051
93Y |\o 0130018 |j0.015.0.021) fu018.0.028) 0021 0.090) 0024 0 036 0.0270.06 1) 9,029 0047 |0.031 0.053) o 033 0,081 Jn.035 0.087

10-day 0012 0014 0T 0.019 0.023 0.026 0,029 0,032 0,036 0,039
0.01040.014}(}10.012.0.0181 }10.014.0.020} |/0.016-0.023) §0.019-0.028)|[0.021.0.032) |0.022-0.036) 10023 -0.0£0} 10,02 5.0.046) 0. 0270051

20-day 0.008 0000 0011 0.043 0.015 0.046 0.018 0.020 0022 0,023
0,007 0.003}(}10.008-0.0107 }10.003.0.013} [j0.011-0.015) 001 2.0.017)|[10.0 13-0.020 || ¥0.014-0.022) |0.015-0.024} [{0.016-0.027 | H0.016-0.030

g
&

0006 0.007 0.008 0.010 o011 0.013 0014 0015 0016 0017
M0 .005.0.007 }|10.008.0.008 iﬂ.l:U?.l:].ﬂmt iﬂmaﬂ.ﬂﬂt iﬂ.ﬂﬂg.ﬂ.mit ﬂ_ﬂm.ﬂ.mit 00110017 011.0.018 iﬂ.ﬂ12ﬂ.ﬂ21t iﬂ.mz.ﬂ.ﬂﬂt

45-day 0.006 0.007 0.008 0.009 0.010 o.0H 0042 0013 0.013
H0.004.0 008} 00050007 jﬂ.ma.ﬂ.ﬂﬂ&t jﬂ.m‘.-‘.ﬂ.mgt jﬂ.m1ﬂ.ﬂ11t E_ﬂﬂ&.ﬂ.mzt 0080013} 00090014 iﬂ.m*! ﬂ.ﬂmt jﬂ.mg.ﬂ.m?t

60-day 0.005 0.006 0.007 0.008 0.008 0.009 0010 o000 0011
10.004.0.005}){0.004.0.008] 00050007} }{0.006-0.008] {0.008-0.009]|(§0.007 -0.010}|{{0.007-0.011 }|}{0.007 0012} 0.008.0.013} {0 0080014}

1 Pmcipgitaon frequancy {FF) esimates in (his (able ane based on frequendy analysis of paftial durafion sares (POS).

Mumbers o s am PF ash af nwar and uppar baunds of the 90% confidance nterval. The probabiity thal pemcipitaBon frequancy s Smates {(lor
la givan duralion and avarage recursnce intanvall wil ba geeater than e upper baund jor less than tha lower bound) s 5%. Esmates af upper bounds ara nal
jchecked agains! probabie mendmum precigitaBion (PMP) esBmates and may be higher fan cumantly valid PMP valuss.

[Plaasa rafar to NOAAATaS 14 dacumant far mara hfarmaBian

—
Back io Top
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10-Year:

IDF Equations (Rational Method)

B Rational Method -- IDF Computation

—|DF curve computation
" Hydro 35 Data [Easten US)
7 MOAA Alas 2 Data [westem US)
* Uszer Supplied Data

Define Storm Data... |

GetNOAA Allas 14Data |

— Time of Concentration

Time of concentration: 0.0 min
" Specifiied to
be; |0.00 [rin]
* Compute e
Define Parameters. .. |
I~ Minimum te; |00 [mir)

IIDF equation: i = 306 / [T + 4.654]"0.7289

>

S-min 10-min 15-min 20-min E0-min 2-hr 2-hr £-hr 12-hr 24-hr

- 2. 1. 0. - - - -

- 2. 1. 0. - - - -

- 2. 1. 1. - - - -

S 4 2 ds 0 0. 0 0.

25-yr - 5. - 2. 1. 1. 0. - 0. 0.
S0-yr B.580 £.570 5.240 2.€10 2.180 1.2s0 0.815 0. 0.28% 0.1&7
100-yr 1000 7.730 £.2850 4.2€0 2.580 1.510 1.0€&0 0. 0.22% 0.18%
200-yr 12300 &.o2o0 7230 4.870 2.000 1.750 1.230 0. 0.272 0.211
S00-yr l4.\800 10800 B.840 £.010 2.€00 2.100 1.4&0 0. 0.422 0.242

Intensity-Duration-Frequency-Curves

— Intenzity Computation

Compute Intenzity |

Intenzity: 4.323 in/hr

*|DF equation iz given in U.S. Custarary Units

E=port [DF table... |

16-F
£
M
C T
_ A2 T
£
£ 104 T
po— _\_\4—"‘-_\_“‘_\_\
o -
E el
. T— —-—.—
4_: “+‘-=+,__4_ -h—h_%_h__‘_\__%_ _4___4"_‘*——-“—_.‘4___”__
e N B e ot e U St RS pevums
2 e e e et e ettt et S Pt ot
U_IIIIIIIII|III|III|III|III|III|III|III|III|III|III
| | | 1 | | | | | | | |
6 8 10 12 14 16 18 20 22 24 26 28 30

Duration t {min})
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25-Year:

' Rational Method -- IDF Computation

—|DF curve computation
€ Hydro 35 Data [Eastern 15)
7 MOAS Atas 2 Data [edestem LIS
% Uszer Supplied Data

Defing Stormn Data... |

GetNOAA Aflas 14 Data |

— Time of Concentration
Time of concentration: 0.0 min
" Specified tc

IIDF equation: i = 4067 / (Tc + 4.858]"0.?3?5'

ke IU-UD [rmir]

% Compute tc

Define Parameters... |

[~ Minimum to: 200 [min)

— Intenzity Computation

Compute Intensity |

Intenzity; 4.323 in/hr

*|DF equation iz given in 1.5, Customary Urits

Expart IDF table... |

B6 | Hydrology

Intensity-Duration-Frequency-Curves

S-min 10=-min 15-min 20-min E0-min 2=hr =hr €=hr 12-hr 24=hr
l-yr. 2.070 2.240 1.820 1.350 0.778 0.4€€ 0.233% 0.200 0.118 0.0€%
2-yr. 3.€70 2.€80 2.180 1.480 0.521 0.550 0.400 0.235 o.la8 0.081
S—yr. 4.750 2.500 2.850 1.%30 1.1580 o.708 0.512 0.258 o172 o102
10-yz. 5.8€0 4.2%0 2.450 2.350 1.450 0.858 0.€17 0.355 0.205 2.120

7 0 5. w 1. 1 0 0. 0.
S0-vyr. B.SBD €.570 5.240 2.€10 2.1s80 1. 0.512 0.28% 0. 1e7
100-yr. 10.€00 7.730 €.250 4._3€0 2.580 1.510 0.5%0 o.22% 0.189
200-yzr. 12.300 g.020 T.2330 4.970 2.000 1.750 o.€723 o.a7a 0.211
S00-yr. 14.800 10.500 B.B40 €.010 2.€00 2.100 0.791 0.4232 0.242

=y — —
i
IIIIVIIIIII

=
(=1
|

Intensity | (inhr)

Duration t (min)
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50-Year:

i | Rational Method -- IDF Computation X

—IDF curve computation
" Hydro 35 Data [E astem US)
O MOAS Alas 2 Data [western LS
% Usger Supplied Data

Define Storm Data... |

GetNOAA Aflas 14 Data |

— Time of Concentration

Time of concentration: 0.0 min

" Specified ko IlDF equation: i = 49.62 / [Tc + 4.938]°0. 7444 I
te: (000 i . .
i o Intensity-Duration-Frequency-Curves
* Compute tc -
Cefine Parameters... | 16 _E
I Minirum te: |5-DD [rii) .
LN
— Intensity Computation r T
124 T

-
=
1

Compute Intenzity |

Intenzity: 4,323 indhr

Intensity i (infhr)

* |DF equation is given in U.5. Customary Units Duration t {min)

Export [DF table... |
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100-Year:

i Rational Method -- IDF Computation X

—|DF curve computation
" Hydro 35 D ata [E astern LIS)
7 M0As Atlas 2 Data [western 5]
& |ger Supplied Data

Define Storm Data... |

S-min 10-min 15-min 20-min E0-min 2-hr 2-hr &-hr 12-hr 24-hr

=1 PSR E]

Get NOAA Aas 14 Data | 100-yz.

LY . P

ER
500-y=. 14.800 10.
 Time of Concentration
Time of concentration: 0.0 min
" Specified to IIDF equation: i = 5715/ [Tc + 4.??3]"0.?391'
e (000 it . .
I o Intensity-Duration-Frequency-Curves
& Compute be
Define Parameters. . | 18—;
[~ Mimimum ke |5-DD [min) .
4
— Intensity Computation C T
12+ T
£
. c e
Compute Intersity | =10+ R
= o
Intensity: 4323 indhr % 8-F
g -
e E
= 6L
gp e T e T LT
-_—__h.,___q___*_“'—4—-_;___4___J__::—_::_.\..___\*___q__“__”_::ﬁ%—-u__..;__h_,‘__J__HJ__J__J__
2_5 q_.__q_.__q_.__.__.__q_,_—_’_—w-_a,___:_:___‘.__,,_:_::_’,,__:1—_:‘::1—_:
U_|||||I|||IIIII|||||||IIIIIIIIIIIIIIIIIIIIIIIIIIII
6 8 10 12 14 16 18 20 22 24 26 28 30
* |DF equation is given in U.5. Custornany Urits Duration t {min)

Export IDF table... |
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Hydraulic Analyses
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Inlet Control Capacity Analysis

Crossing Data Existing Structure Opening Minimum Reguired Opening
Target Box Arch or Elliptical Circular {per Inlet Control Equations)
Crossing Crossing Design Flow® HW/D . . . Number of wwa’ . e
Identifier Station {cfs) Ratio Span Rise S|I'.van Rllse Dlar!1&t er Barrels (saft) Dlar!1&ter wwal
(ft) (ft) (in) (in) (in) (in} (sqft)
Co1 100+38 15 10 - — -— - 18 1 1.8 12 0.8 Existing structure size is adequate.
Co2 105+95 2.1 10 = = = = 12 1 08 18 18 Larger structure required.
Co3 114445 2.6 1.0 — — — — 24 1 3.1 18 1.8 Existing structure size is adequate.
Co4 118+92 19 1.0 — — — — Unk 1 Unk 12 0.8 Existing structure size is unknown.
COo5 131+70 1.8 10 -— — — — 24 1 3.1 12 0.8 Existing structure size is adequate.
Missing
Cos 136+82 17 10 12 1 Data 12 0.8
co7 138+15 0.0 1.0 — — — — 12 1 0.8 8 0.3 Existing structure size is adequate.
C08 N/A - 1.0 — — — — 24 1 3.1 Mot Evaluated
PROL 107+60 3.0 10 - — -— - — — — 18 1.8 Mo existing structure.
PROZ2 117495 1.1 1.0 = = = = — — -— 12 0.8 Mo existing structure.
PRO3 121+19 2.1 1.0 — — — — — — -— 18 1.8 Mo existing structure.
PRO4 125+17 0.7 10 -_— — — — - -— — 8 0.3 No existing structure.
PROS See Report 7.0 10 — — — — — — — 24 3.1 Mo existing structure.

1- Design flow is the 25-year storm for all readway culverts and the 50-year storm for PROS located in the proposed parking lot.
2 - Waterway opening area in square feet.
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Ditch Sample
Locations

Drainage Area®
fac)

Drainage Area
[sqmi]

Rational Method

Drainage Area
[ac)

Runoff
Coefficient

Ditch Analysis Summary:

Tc
{min)

10YR Rainfall
Intensity

(infhr}

10YR
Design Flow
[cfs)

X1

il

Slope Calculator

X2

Y2

Ditch Slope
(fe/fe)

Ditch Sample
Locations

10YR
Design Flow
[cfs)

Ditch Slope
(fe/fe)

Typical

d ditch, curh,

from NDDOT

Flow Depth
(Fe)

Lining Requirement

0.3

0.0005

03

6.0

5.46

0.4

0.0

2422.0

2457.0

ooz

0.078

Stone Lining N/A - Proposad ditch will be paved

Comments

Paved ditch with minimum E-inch
curb to conform with other areas of
the Park.

15

0.0024

6.0

Q.0

2537.0

7783

2801.4

008

Stone Lining N/A - Proposed ditch will be paved

Paved ditch with minimum &-inch
curb to conform with other areas of
the Park

D03

22

0.0034

22

0.20

6.0

5.46

0.0

2557.5

1077.8

2612.7

0.05

Doz

0.051

0.33

Stone Lining N/A - Proposed ditch will be paved

Faved ditch with minimum &-inch
curb to conform with other areas of
the Park.

Do4

15

0.0024

020

60

5.46

00

26340

2886

2666.0

011

D04

0.107

035

Stone Lining N/A - Proposad ditch will be paved

Faved ditch with minimum &-inch
curb to conform with other areas of
the Park.

Dos

19

0.0022

0.20

6.0

5.46

0.0

2598.2

285.0

26101

o.04

pos

0.042

0.15

Articulated Concrete Block - Special Detail 253-A

Recondition Hyd. Ditch at base of
slide - line with Articulated
Concrete Block

Do&

0.8

0.0013

0.5

0.20

6.0

5.46

0.3

Q.0

2811.5

1131

26127

001

Doe

03

0.010

0.682

Stone Lining N/A - Proposed ditch will be paved

Paved ditch with minimum &-inch
curb to conform with other areas of
the Park.

Do7

0.5

0.0008

0.20

6.0

5.46

0.0

2696.0

2178

27155

0.09

po7

0.090

0.16

Stone Lining N/A - Proposed ditch will be paved

Faved ditch with minimum &-inch
curb to conform with other areas of
the Park.

Dog

13

0.0021

0.20

6.0

5.46

0.0

27342

512.6

2779.0

0.09

Dos

0.078

Temporary RECP Type 2C - vegetated

Assumed triangular section with
max. &-inch flow depth and
foreslope of 1:4 and backslope of
1:3

D09

13

0.0021

0.20

6.0

5.46

0.0

27342

512.6

2779.0

0.09

pog

0.087

0.24

Stone Lining N/A - Proposed ditch will be paved

Paved ditch with minimum &-inch
curb to conform with other areas of
the Park.

D10

12

0.0019

0.20

6.0

5.46

0.0

2779.0

1183

2790.0

0.09

D10

0.093

0.23

Stone Lining N/A - Proposed ditch will be paved

Faved ditch with minimum &-inch
curb to conform with other areas of
the Park.
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Typical Paved Ditch with Concrete Curb and Gutter adopted from NDDOT (CFL Special Detail

609-A):

Cross Section - Double click in plot for options

Paved and Vegetated Ditch Analysis:

Cross Section

040
0,35%
030+
. 025+
€ 020
= E
B 015+
u F
0.10F
0.05F
of
—0,05—§
. 1 Il 1 1 | Il | 1 | | | Il | 1 | | | 1 | | | |
0 05 1.0 15 20 25 3.0 35
Station (ff)
Paved_D1_RT_100+52 * Paved_D2_LT_106+00 X
Type: W D efine... | Type: W Define... | —
Flow 0.400 cfs Flow 1.700 cfs
Side Slope 1 [21): |B.0 H: 1 Depth 0.0s2 it Side Slope 1 [21]: IB.D H: 1w Depth 0174 t
Side Slope 2 [£2]: |1 0 H: 1 Area of Flow oim zq ft Side Slope 2 [£2): |1 .0 H:ty Area of Flow 0.261 20 ft
Charirel Wwidth (B ID_D # wietted Perimeter 1818 ft Chanrel swidth [B]: IDD— @] ‘whetted Perimeter 2400 ft
Hydraulic Radi 0 i I .
S IDD— it pdraulic Fa I%,IS 055 ft Fipe Dismeter (D) [0.0 it Hydraulic Hadlgs 0109 ft
bk Average Yelocity 3570 fps o Awerage Velocity E.507 fps
Longitudinal Slope: ID.D?B [feAft) Top Width [T] 1771 it Langitudinal Slope: ID.DEB [eAH) Top Wit [T] 57 it
Manning's Roughness: lD.D‘I 50 Froude Mumber 2892 Manning's Roughness: ID.D1 50 Froude Mumnber 3339
Critical Depth 0154 It Critical Depth 0.31 ft
Critical Velocity 1.832 fpz Critical Welocity 2E02 fpz
ol r—D.alDD ficfs] Critizal Slope 0.00771 | it "0 Biilen e |—1.?DD (cfs] Critical Slope 0.00835 | fe/ft
Critical Top “width 2.095 ft . Critical Top Width 3108 ft
© EnterDepth: 0032 (R M Shear Stress 0438 /2 Erezie |0 |G Mo Shear Stress 0801 b2
Avg Shear Stress 0.263 b2 Awg Shear Stress 0.564 b2
Caloiate ! Composite Manning's n Equ.. | Lotter ... | Caloulate I Eomp@lt:a Manning's nEqu...  Lotter ...
M anning's Roughness 0.0150 M anning's Roughness 0.0150
Plat... | Compute Curves.. | [N Flat... | compute Curves.. | I
ok | Cencel | ok | cancel |
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Paved_D3_RT_108+10

Tvpe: [Cross Section  »]  Define.. | =
Flowe 2.400 cfs
Side Slope 1 [£1]; IB.D H: 1w Depth 0.270 it
Side Slope 2 [Z2]: I‘I,D H: 1w Area of Flow 0.396 2 ft
Channel width [B) IDD— i ‘whetted Perimeter 2.802 ft
Hydraulic R adi 014 ft
Pipe Diameter (0} [00 | 1) Jeraule nadus
o Average Velocity E.0BE fps
Longitudinal 5lope: ID.|351 (i) Top Width (T] 3557 it
Manning's Roughness: ID.D1 50 Froude Mumber 2717
Critical Depth 0382 ft
Critical Velocity 2812 fps
'O Bty Flaes > a0 (cfe] Critical Slope 0.00B08 | fift
Critical Top Width 3477 ft
¢ EnterDepth: [0230 (] M Shear Stress 0733 b2
Avg Shear Stress 0.443 I /fE2
Callate I Eomp.osﬂe Marning's n Equ... | Latter ..
Manning's Roughness 0.0150
Flat... I Compute Curves... I w

0K

| Cancel I

Paved_D4 RT_119+64_ToPRO3 x
Type: W Define. .. | =
Flow 1.700 cfs
Side Slope 1 [21]: IB.D H: 1w Diepth 0164 it
Side Slope 2 [22]: I‘I.D H: 1 Area of Flow 0239 aqft
Channelwidth (B]: [20 it Wetted Perimeter 2328 ft
Hydraulic R adi 0103 ft
Pipe Dizmeter (D) [0.0 if] veraule hadus
Average Velocity F08 fpz
Longitudinal Slope: 0,107 1% Topwidth (7] 2154 it
Manning's Roughness: ID.D‘I 50 Froude Mumber 1759
Critical Depth 0321 ft
Critical Welocity 2602 fpz
& Enter Flow: 1700 ficfs] Critical Slope 000535 | it
Critical Top %idth 3108 ft
© Enter Depth [0164 (1) Mas Shear Shiess 1084 | /2
Avwg Shear Stress 0686 b2
| Calonlate I Composite Manning's n Equ... | Lotter ..
Manning's Roughness 0.0150
Plat... | Compute Curves... | w
Ok | Cancel |

Paved_D6_LT_117+95_ToPR0O2

SideSlope TRTE 30 H:tv
SideSlope 222} 15 H:1v
Channelwidth (B} [00 | [
Pipe Dismeter (0} [0 (f
Longitudinal Slope: [T.0T (it
Manning's Roughness: IW

Type: ICross Section vl Diefine... |

& Enter Flow: ID_SUD [cfs)
" Enter Depth: ID_213 L3}

Calculate

Plat... | Compute Curves...

X
Flowe 0.900 cfs
Depth 0.213 ft
Area of Flaw 0382 zqft
wetted Perimeter 2677 ft
Hydraulic Radiuz 013 ft
Average Yelocity 2.5E0 fps
TopWidth [T) 2450 ft
Froude Mumber 113
Critical Depth 0.233 ft
Critical Yelocity 2242 fps
Critical Slope 0.00689 | fft
Critical Top 'Width 2570 ft
Max Shear Stress 0133 IbAf~2
Awg Shear Shess 0.082 /"2
I Composite Manning's n Equ.. | Lotter ...
Manning's Roughness 0.0150
[ ———
Ok | Cancel I

C4 | Hydraulic Analyses

Paved_D7_RT_127+30_ToPR(4 x
Type: ICross Section vI m
Flow
Side Slope 1 [£1]: |6.0 H: 1w Depth 0.098 it
Side Slope 2 [Z2]: I‘I,D Hi: 1 Area of Flow 0110 zq ft
Channel width [B): IDD— i Wetted Perimeter 1.857 ft
Hydraulic R adi 0.0s3 ft
Pipe Dismeter (D} [0.0 () peraie et
o Ayerage Welocity 4 527 fps
Longitudinal Slope: ID.DS [ftAf) TopWidth [T] 1755 it
Marning's Roughness: ID.D1 50 Fraude Mumber 3180
Critical Depth 0172 ft
Critical W elacity 1.940 fps
& Enter Flow: 05 [cfs) Critical Slope 000746 | frAft
Critical Top Width 2.206 ft
O ErterDepth [0058 (1) Mas Shear Stress D551 | b/
Ayg Shear Stress 0.334 Ib/f2
| Caloilate I Eomp.osne Manning's n Equ... | Lotter ...
Manning's Roughness 0.0150
Plot... | Compute Curves.. | [N —
ak. | Cancel |
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Paved_D9_LT_131+70_ToCO5

Type: ICrDss Section vl Define... |

1.400

s

Paved_D10_LT_136+82_ToCO06

Type: ICross Section vl Define... |

Flow cfs Flows 1.300 cfs
Side Slope 1 Z1): |s.n H: 1y Depth 0157 it Side Slope 1 [£1]: |l3-D Hew Depth 0143 it
Side Slope 2 [22): 1.0 H: 1w Area of Flow 0.225 0] ft Side Slape 2 [£2]: |1.D H: 1y Area of Flow 0.209 2 ft
Channel width (B [T0 i) Welted Perimeter 2219 |k Chanrel width () [20 (1) :’:“edlf'z "“de_‘e' EEE: :‘
. . Hydraulic: A adius 0.093 ft . . pdraulic: B adius X t
: ID.D Pipe Diameter [D): ID.D ft
e . fuverage Velacily 6234 s ) " :'mT :; : ]_ — [f L Berags Velocity 625 | fps
Longiudinal Slope: [0.087 (it Top Widih (7] 113 In angitudinal Slope: [0 () Top Width (T) 206 ft
Marring's Foughness: ID.D‘I i} Froude Murber 7369 Manning's Roughness: IU- 0150 Froude Humber 3459
Critical Depth 0.291 ft Critical Depth n.z2e1 ft
Critical Yelocity 2,483 fps Critical Welacity 2445 fps
& Enter Flow: 1,400 (cfs) Critical Slope 000651 | fft & Enter Flow: 1300 (cfs) Critical Slope 000657 | freft
Critical Top Width 2926 Critic:al Top 'width 2.861 ft
" Enter Depthe [0.157 () Max Shear Stress 0.853 Ibft™2 € Enter Depth ID"I"19 (ft) Max Shear Stress 0.867 Ibit"2
Avg Shear Stress 0.535 I fft™2 Awg Shear Stresz 0.544 Ibft"~2
Caloulate I Comp.osne Manning's n Equ... | Lotter ... | Caloulate I Compogite Manning's n Equ... | Lotter ...
Manning's Roughness 0050 Manning's Roughness 0.0150
Plot.. | Compute Curves.. | [ Plat. .. | Compute Curves.. | [N —
ak | Cancel I (n] 4 | Cancel I
Vegetated_D8_LT_131+16_ForGuardrail *

Type: [ Triangular ] | Defe. |
SideSlope 121} [40 H:1v
SideSlope 22} [30°  H:W
Charmel Width (B [20 | (1)
Pipe Diameter 0} [0 (1)
Longitudinl Slope: [0.078 (R

Manning's FRoughness: W

& Enter Flow:

|1 400 [cfs)
" Enter Depth: IIJ_29? [ft]

Calculate

Plat . |

Compute Curves... |

Flaw

Depth

Area of Flow
Wetted Perimeter

Hydraulic B adiuz
Average Velocity
Top Wwidth [T)
Froude Mumber
Critical Depth
Critical Yelocity
Critical Slope
Critical Top 'width
Max Shear Stress
Avg Shear Stress

0.0161
2.853
1.445
0.635

Ok

ft

fps
frfe

ft
b2
It 2

Catcel
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Lined Ditch Analysis:

X-Value |Y-Values
-3.00 3.00 Parabolic Ditch Geometry
-2.75 2.52 e
-2.50 2.08 200
-2.25 1.69
-2.00 1.33 e
-1.75 1.02 250
-1.50 0.75 2.25
-1.25 0.52
-1.13 0.42
-1.00 0.33
-0.75 0.19
-0.50 0.08
-0.25 0.02
0.00 0.00
0.25 0.02
0.50 0.08
0.75 0.19
20 L -4.00 -3.00 -2.00 -1.00 000 100 200 3.00 4.00
1.13 0.42
1.25 0.52
1.50 0.75
1.75 1.02
2.00 1.33
2.25 1.69
2.50 2.08
2.75 2.52
3.00 3.00
Ditch Width 3 ft
Ditch Depth (a) 0.75 ft
Lined_D5_LT_114+50_ToC03_BaseofSlide *

Tope O | Dove | Fl 2900 ot
() - (=54
Side Slope 1 (217 (3.0 H:1v Depth 0260 it
Side Slope 2 [£2): |3.D H: 1w Area of Flow 030 sqft
Channel width [B]: |2D— it ‘Wetted Perimeter 1.848 ft
Hydraulic B adi 0163 fit
Pipe Diameter 07 OO 1) yeraule At
Average Yelociy E.983 fps
Longitudinal Slope: ID.D42 [iia} Top'width (7] 1780 t
Manning's Roughness: ID. 0130 Froude Mumnber 2 958
Critical Depth 0.445 ft
Critical % elocity 3.081 fps
& Enter Flow: 2100 [cfs] Critical Slope 000416 Fr/ft
Critical Top 'Width 212 ft
 EnterDepth [0260 (1] Mas Shear Stress 0683 b2
Avg Shear Stress 0.426 Ib/f"2
Caloulate I Compiosne Manning's n Equ... | Lotter ...
Manning's Roughness 0.0130
Plat .. Compute Curves.. | [

ak I Cancel |
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Curb and Gutter Analysis:

Note: Gutter width represented by total width of gutter and paved ditch section.

Curb and Gutter Analysis - PRO3 x Curb and Gutter Analysis - C03 x
~ Gutter ~Irlet r Gutter rIrlet
Longitudinal Slope of Road: IU.1 40 [f/ft) Inlet Location Longitudinal Slope of Road: IU.U?4 [t Inlet Location
Ilnlet on grade j ] IInIet on grade d
Cross-slope of Pavement: 0.026 [50] Cross-slope of Pavement: IU-U43 [ftft)
Percent Clogging: IED.DDD (%) ) Percent Clogging: |5U-DDD (%)
¥ Define Crass-slope of Gutte|0.167 [t et T ¥ Define Cross-slope of Gutter |0.167 [fe#ft) Inlet Types
rlet Types
Manning's Roughhess: IU-m 5 IGrate LI Manring's Roughness: IU-U‘I 5 IGrate j
Grate Types
Grate Types .
Gutter Width: 3.500 () IP o _I Gutter ‘width: 3.500 [ft) IP EET ;I
- Enter ane of the following:
Enter one of the following: .
. : 2,500
i : Girate Width: 250 i & Design Flow T Bt el [ (f)
& Design Flow: 1.700 (cfs) ofs e
: 3.250 . § m Grate Length: X [it]
€ Width of Spread: 1391 B s [ (")  idth of Spreact |[1.457 Im _
C Length of Inlet: 10.000 [ft) Compute unknown | Length of Inlet: I X [ft]
ompute unknown |
Curb Opening Height: |6.000 (i) Curb Dpering Height; |6.000 [ir]
Bl Bl 5909 fin) . | Gutter Depression: |5.1 74 [in] . o000 . |
) Local Depressior:  |0.000 (i) i off Bl a0 2] Lecalleniessy ) fin]
Area of Flow: 0.887 [{t~2) . .
Eo [Gutter Flow to Tatal Flow): [1.000 Eo (Guter Flow o TotalFlow}.[1.000
Drepth at Curb: 2915 i
Depth at Curb: 2782 [in] G S 0

Compute |nlet D ata
Compute Inlet Data

Eo' 0.7

Eo Intercepted Flow 1.239 cfz

Intercepted Flow cfs Bypass Flow Q16T ofs

Bypass Flow - cfs Approach Yelocity 1.748 fp=z

Approach Velocity fos Splash-over Yelocity 10.371 fpz

Splazh-over Yelocity fps Efficiency

Efficiency

ok | Cancel
()8 | Cancel |
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Curb and Gutter Analysis - C06 X Curb and Gutter Analysis - PRO3 x

- Gutter ~Inlet - Gutter Irlet
Longitudinal Slope of Road: 0.090 [feAt] Inlet Lacation Longitudinal Slape of Road: IU_1 29 it Inlet Location

Inlet on grade LI Inlet in zag ¥
Cross-zlope of Pavement: iU-UZ'l 1113] i ; Cross-slope of Pavement: !D.DZS [ftft) I _I

Percent Clogging: IED.DDD (%l Percent Clogging: iED.UUU (%)
V' Defing Cross-slope of Guttes |0.167 [itt) ¥ Defing Cross-slope of Gutter 10-055 [itt]

Inlet Types Inlet Types
tanning's Roughness: !D.D‘I 3 iGrate LI Manning's Aoughness: ’m__‘ IEquﬂ"Ethh comba _'J
Giutter ‘w/idth: 3800 iﬁ ;t:;iges | Gutter width: ]1 A0 ) iG F:at:;fges |
Enter one of the following: Enter one of the following:
Oy e S & Design Flaw: . e w
" widh of Spread: [1.366 it o S £ width of Spreadt: B84 e B
RS i Length of Inlet: ’1 0.000 [ft] L A i Length of Inlet: 12.000 [ft]
Curb Opening Height: iB-UUU [in] Curb Opening Heighf |5.000 [in]
S = - Local Depression: 0.000 [in] | ERICEDERC !W L Local Depression: 0.000 [in]

Area of Flow: ]D.S1 2 [ft"2) Area of Flow: 0.725 [ft"2)
Eo [Gutter Flow to T otal Flow]: I‘I .ooo Eo [Gutter Flows to Tatal Flow]: 10.524
Depth at Curb: 2.733 [in) Depth at Curb: !2.833 [in)

Compute Inlet Data Compute Inlet Data

Eo' 0.803 Perimeter 14.000 ft

Intercepted Flow 1.182 cfs Effective Perimeter 7.000 ft
Bypazz Flow 0118 cfz Area 16.800 ft"2
Approach Yelocity 1.425 fpz Effective Area 8400 "2
Splazh-over Yelocity 10371 fps Depth at center of grate
Efficiency X Carmputed ‘Width of Spread at Sag . TR0 b

Flows type: “Wheir Flow

Efficiency 1.000

ok | Cancel Ok I Cancel
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Appendix D

Details

ND NP THRO 204(1) Buck Hill Road — Final Hydraulics Report



T Angein oo

User:

M T ey | CACKS Shaals |G-2501 2524 Soecin Articalitad Cancrals Mal.dgn

5420 AM

127142007

Galvanized or polyester coated cabl

Open cell block

Half block ————=

! .I.
Varies

MAT ASSEMBLY DETAIL

— Match existing ground.
| Backfill with native

| topsadl, piace sead

| and rolléd erasion

I control product.

Backfil with native topsoi,
place seed and bonded
fiber matrix.

Existing subgrade

Geatextils,
Class 1 Type E,
Nonwoven

DITCH DETAIL

f 1t
! ! 4.75"
[ ] *
SECTION A - A
f 1|
Vari [ o | 4.75"
aries
/ b |
" diameter cable duct —————
SECTION B -8B

y

| |

L.

11.6"

OPEN CELL BLOCK UNIT

— Match existing ground.
Backfil! with native
|' topsail, place seed
| and roted erosien
| controd product,

130"

Note:

STATE PROJIECT

ND FTHF THRD LL(7]
SOUTH UNIT LOCS Azan

1. Fumish gestexiie canfarming fo subsaction
Fid.0ifa)

il for placement af
easurad for payment.

2. Excavation and ba,
biocks will not be

4,757
_t

1" diameter cable duct

(5 Match the waterway's centerfine
aijgrment and profie.
e Lok et £ il A
Ssia, 2 EI0EL 1000 Reuetmant Mat

SECTION C - C

I

o
L
|

c c

L i
s | T

HALF BLOCK UNIT

No Scale

iy crate Binck

U5, DEPARTMENT OF TRANSPORTATION
FECERAL MIGHWAY ADMINISTRATION
CENTRAL PEDERAL LANDS HIGHWAY DIVISION

.5, CUSTOMARY SPECTAL

REVETMENT MAT
ARTICULATED CONCRETE
BLOCK

I

| 253-a
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