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3. Prioritize the list of scour critical bridges in each Region based on risk level.
Consider the following factors for establishing risk level.

e Route classification
e AADT
e Detour length should the structure be closed
e Age of structure
e Condition of structure
e Waterway adequacy
e Schedule for replacing the bridge
DATE: February 5, 2009

TO: Region Program Engineers

A7

FROM: Rick Gabel, Director, Staff Branche

SUBJECT: Plan of Action (POA) for Scour Critical Bridges and Bridges with
Unknown Foundations

Reference to procedure used. POA memorandum.

Route Classification and AADT are considered consistent with one another, not changing order, therefore only AADT is used as a factor heading.
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aadt
H-17-L
H-17-AG
1-17-JA
1-17-GN
1-17-EG
1-17-EQ
1-17-JB
1-18-G
J-18-B
1-17-R
K-18-R
K-16-B
K-17-H
N-17-AM
M-17-AQ
K-16-X
L-18-R
K-16-Y
0-18-BY
0-18-CD
N-17-N
N-17-BN
N-17-B
H-17-AJ
K-16-V
H-19-C
H-19-B
H-19-A
L-26-H
K-18-BN
M-22-X
K-17-AC
N-17-BH
N-17-BM
N-17-BO
K-18-BY
K-18-BZ
1-15-AK
H-20-Q
L-19-H
H-16-K
H-16-L
K-15-H
J-25-E
K-19-A
1-16-AA
P-18-L
M-23-A
M-23-E
L-14-C
J-15-A
L-17-CD
K-16-W
P-17-F
P-16-A
K-16-T
J-14-C
K-14-X
M-16-C
N-16-L
0-19-J
0-26-L
M-16-O
P-17-H
P-17-A
P-17-K
P-17-L
P-17-J
N-18-AC
0-26-1
L-22-B
L-24-F
L-24-1
N-21-C
K-14-M
0-28-F
0-28-E
M-22-T
L-16-R
P-21-G
P-23-A MINOR
P-22-D
P-22-A
N-28-H
N-28-G
M-24-|
1

rank

detour length
1-15-AK
P-18-L
J-15-A
M-16-C
N-16-L
P-17-H
P-17-A
P-17-K
P-17-L
P-17-
N-18-AC
L-24-F
L-24-1
N-21-C
N-28-G
M-24-|
1-16-AA
0-28-F
P-21-G
P-23-A MINOR
P-22-D
P-22-A
N-28-H
J-14-C
L-16-R
K-15-H
L-22-B
H-16-K
H-16-L
H-17-AJ
K-14-M
L-17-CD
M-16-O
P-17-F
P-16-A
K-16-T
K-16-V
K-18-BN
H-20-Q
K-19-A
K-16-W
0-26-L
0-26-1
0-28-E
1-17-JA
J-18-B
I-17-R
K-17-H
L-18-R
M-22-T
1-17-JB
K-16-Y
H-19-C
H-19-B
H-19-A
J-25-E
L-14-C
K-14-X
0-19-J
H-17-L
H-17-AG
1-17-GN
1-17-EG
1-17-EQ
1-18-G
K-18-R
K-16-B
N-17-AM
M-17-AQ
K-16-X
0-18-BY
0-18-CD
N-17-N
N-17-BN
N-17-B
L-26-H
M-22-X
K-17-AC
N-17-BH
N-17-BM
N-17-BO
K-18-BY
K-18-BZ
L-19-H
M-23-A
M-23-E
1

rank
1
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age
K-14-X
K-16-X
K-18-R
P-17-H
P-17-L
L-17-CD
K-16-T
J-18-B
M-23-A
N-16-L
1-18-G
M-24-1
P-22-D
P-22-A
J-14-C
N-17-N
0-28-F
H-20-Q
0-28-E
M-22-T
H-19-C
H-19-B
H-19-A
I-15-AK
P-18-L
P-17-A
P-17-K
P-17-J
L-24-1
N-21-C
K-15-H
L-22-B
K-16-Y
I-16-AA
0-19-
N-28-G
N-28-H
P-17-F
P-16-A
H-16-K
H-16-L
0-26-L
0-26-1
K-14-M
K-17-H
K-16-B
K-16-V
K-16-W
H-17-AG
H-17-L
L-19-H
L-14-C
M-16-O
M-23-E
P-21-G
K-18-BY
K-18-BZ
P-23-A MINOR
L-16-R
L-18-R
0-18-BY
M-22-X
K-18-BN
N-17-BH
N-17-BM
N-17-BO
H-17-AJ
I-17-EG
I-17-EQ
M-16-C
K-19-A
I-17-R
M-17-AQ
L-24-F
J-15-A
N-17-AM
N-17-BN
N-17-B
L-26-H
|-17-GN
0-18-CD
J-25-E
K-17-AC
N-18-AC
1-17-JA
1-17-JB
1

priority Equal

rank condition
1 1-18-G
2 N-16-L
3 N-17-N
4 K-18-R
5 P-17-H
6 L-26-H
7 H-16-K
8 H-19-C
9 0-26-L
10 N-21-C
11 H-19-B
12 K-16-Y
13 H-16-L
14 H-17-AJ
15 M-24-|
16 1-16-AA
17 J-18-B
18 H-19-A
19 L-22-B
20 0-26-1
21 K-16-V
22 N-17-BH
23 N-17-BN
24 M-23-A
25 1-17-EG
26 1-17-EQ
27 L-24-F
28 N-17-BM
29 N-17-BO
30 1-15-AK
31 L-18-R
32 K-18-BY
33 H-20-Q
34 P-17-F
35 L-24-1
36 K-18-BN
37 K-16-T
38 M-16-C
39 M-23-E
40 M-22-X
41 P-18-L
42 L-14-C
43 K-14-X
44 J-15-A
45 K-18-BZ
46 K-15-H
47 J-14-C
48 H-17-L
49 1-17-R
50 N-17-AM
51 K-16-W
52 0-19-J
53 M-22-T
54 L-17-CD
55 K-19-A
56 P-16-A
57 P-21-G
58 P-23-A MINOR
59 N-28-G
60 0-18-BY
61 P-22-D
62 H-17-AG
63 K-14-M
64 P-17-A
65 N-28-H
66 P-22-A
67 P-17-L
68 P-17-K
69 1-17-JA
70 P-17-J
71 N-18-AC
72 1-17-JB
73 K-17-H
74 1-17-GN
75 L-19-H
76 M-17-AQ
77 0-28-F
78 N-17-B
79 M-16-O
80 0-28-E
81 K-17-AC
82 0-18-CD
83 L-16-R
84 K-16-B
85 J-25-E
86 K-16-X
1

rank
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55

64

waterway
K-16-V
M-16-C
J-18-B
L-19-H
K-15-H
H-17-L
H-17-AG
1-17-JA
1-17-EG
1-17-EQ
1-17-JB
1-18-G
1-17-R
K-17-H
M-17-AQ
K-16-X
L-18-R
K-16-Y
0-18-BY
0-18-CD
N-17-N
N-17-B
H-17-AJ
H-19-C
H-19-B
H-19-A
L-26-H
K-18-BN
M-22-X
K-17-AC
K-18-BZ
1-15-AK
H-20-Q
H-16-K
H-16-L
J-25-E
K-19-A
M-23-A
M-23-E
L-14-C
L-17-CD
P-17-F
P-16-A
K-16-T
J-14-C
K-14-X
N-16-L
0-19-J
0-26-L
M-16-O
P-17-H
P-17-K
P-17-L
P-17-J
N-18-AC
0-26-1
L-24-F
L-24-1
K-14-M
0-28-F
0-28-E
M-22-T
P-21-G
P-23-A MINOR
P-22-D
P-22-A
N-28-H
N-28-G
M-24-|
K-18-R
K-16-B
N-17-AM
N-17-BN
N-17-BH
N-17-BM
N-17-BO
K-18-BY
1-16-AA
P-18-L
J-15-A
K-16-W
P-17-A
L-22-B
N-21-C
L-16-R
1-17-GN
1

rank
1
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Replacement
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data
no data

1
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J-18-B
1-18-G
|-15-AK
N-16-L
K-16-V
P-17-H
H-19-C
K-16-Y
N-17-N
H-19-B
H-19-A
H-16-K
K-15-H
K-18-R
H-17-AJ
H-16-L
H-20-Q
H-17-L
I-17-EG
L-18-R
M-16-C
I-17-EQ
H-17-AG
K-16-T
L-17-CD
J-14-C
K-16-X
I-17-R
1-16-AA
K-17-H
K-18-BN
P-18-L
M-24-1
P-17-L
P-17-F
M-23-A
0-26-L
K-14-X
L-24-1
1-17-JA
N-21-C
L-26-H
P-17-K
1-17-JB
P-16-A
0-18-BY
P-17-J
0-26-1
L-22-B
M-22-X
L-14-C
L-24-F
P-22-D
P-17-A
M-17-AQ
K-19-A
0-28-F
P-22-A
K-18-BZ
L-19-H
J-15-A
0-19-
M-22-T
N-28-G
M-23-E
N-17-BN
N-17-BH
K-14-M
0-18-CD
K-16-W
P-21-G
N-17-B
N-28-H
M-16-O
K-16-B
N-17-AM
N-17-BM
0-28-E
P-23-A MINOR
K-18-BY
N-17-BO
N-18-AC
K-17-AC
J-25-E
|-17-GN
L-16-R

Scoring Matrix ranked by the six factors given in the POA memorandum equally weighted risk

detour length age condition waterway Replacement ranking
46 8 17 3 0 83
65 11 1 12 0 97
1 24 30 32 0 125
5 10 2 47 0 125
37 47 21 1 0 131
6 4 5 51 0 131
53 21 8 24 0 132
52 33 12 18 0 133
73 16 3 21 0 134
54 22 11 25 0 139
55 23 18 26 0 150
28 40 7 34 0 150
26 31 46 5 0 151
66 3 4 70 0 154
30 67 14 23 0 158
29 41 13 35 0 160
39 18 33 33 0 162
60 50 48 6 0 165
63 68 25 9 0 170
49 60 31 17 0 174
4 70 38 2 0 174
64 69 26 10 0 175
61 49 62 7 0 181
36 7 37 44 0 181
32 6 54 41 0 186
24 15 47 45 0 189
70 2 86 16 0 190
47 72 49 13 0 191
17 34 16 78 0 192
48 45 73 14 0 193
38 63 36 28 0 195
2 25 41 79 0 195
16 12 15 69 0 199
9 5 67 53 0 202
34 38 34 42 0 203
85 9 24 38 0 205
42 42 9 49 0 205
58 1 43 46 0 207
13 29 35 58 0 209
45 85 69 8 0 210
14 30 10 84 0 213
76 79 6 27 0 217
8 27 68 52 0 222
51 86 72 11 0 227
35 39 56 43 0 229
71 61 60 19 0 230
10 28 70 54 0 231
43 43 20 56 0 233
27 32 19 83 0 233
77 62 40 29 0 239
57 52 42 40 0 242
12 74 27 57 0 243
21 13 61 65 0 243
7 26 64 82 0 245
69 73 76 15 0 248
40 71 55 37 0 249
18 17 77 60 0 249
22 14 66 66 0 252
83 57 45 31 0 253
84 51 75 4 0 254
3 75 44 80 0 254
59 35 52 48 0 256
50 20 53 62 0 264
15 36 59 68 0 264
86 54 39 39 0 268
74 77 23 73 0 269
79 64 22 74 0 272
31 44 63 59 0 273
72 81 82 20 0 275
41 48 51 81 0 275
19 55 57 63 0 275
75 78 78 22 0 276
23 37 65 67 0 277
33 53 79 50 0 279
67 46 84 71 0 280
68 76 50 72 0 280
80 65 28 75 0 282
44 19 80 61 0 282
20 58 58 64 0 282
82 56 32 77 0 283
81 66 29 76 0 287
11 84 71 55 0 291
78 83 81 30 0 304
56 82 85 36 0 304
62 80 74 86 0 306
25 59 83 85 0 332
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1. FHWA Plan of Action for Scour Critical Bridges



SCOUR CRITICAL BRIDGE - PLAN OF ACTION

1. GENERAL INFORMATION

Structure number: | City, County, State: Waterway:
I-17-EG & I-17-EQ | E| Paso County Fountain Creek
Structure name: State highway or facility carried: Owner:

US 24 A CDOT

Year built: 1964 Year rebuilt: Bric!g_e replaceme:nt plans (if scheduled): _
Anticipated opening date:

Structure type: X Bridge [ ] Culvert
Structure size and description:

Foundations: [X] Known, type: piles Depth: 28’ [] Unknown

Subsurface soil information (check all that apply): [] Non-cohesive [X] Cohesive [X] Rock

Bridge ADT: 20,370 Year/ADT: 2003 % Trucks: 10

Does the bridge provide service to emergency facilities and/or an evacuation route (Y/N)? y
If so, describe: serves town of Manitou Springs and El Paso county

2. RESPONSIBILITY FOR POA

Author(s) of POA (name, title, agency/organization, telephone, pager, email):

Dennis Cress, PE, Region 2 Hydraulics Unit, Colorado Department of Transportation, 719 562 5580,
dennis.cress@dot.state.co.us

Date: May 6, 2009

Concurrences on POA (name, title, agency/organization, telephone, pager, email):

Amanullah Mommandi, PE, Staff Hydraulics Denver, 303 757-9044

POA updated by (name, title, agency, organization): Dennis Cress Date of update: May 6, 2009
Items update: POA
POA to be updated every 24 months by (name, title, agency/organization):Dennis Cress

Date of next update: April 2011

3. SCOUR VULNERABILITY

a. Current Item 113 Code: X 3 []2 []1 Other:

b. Source of Scour Critical Code: [X] Observed [ ] Assessment [ ] Calculated Other:

c. Scour Evaluation Summary: Total Scour has an expected depth of 32 feet (500 yr). Abutment 1,
east side of bridge, is subject to greatest observed scour.

d. Scour History: The inspection history begins in 1998, and occurs generally every 2 years until
2008, the depth of scour has been measured and recorded at abutment 1, pier 2, the center of
channel, pier 3 and abutment 4. Abutment 1 has scoured in the range of -1 to -6 feet below
channel bottom elevation of 6099. Pier 2, between 0 and -15.8 feet; center of channel, -15’ to
-18’; pier 3, 0to -19.7’; abutment 4, 0 to -6'.




4. RECOMMENDED ACTION(S) (see Sections 6 and 7)

Recommended Implemented

a. Increased Inspection Frequency [ JYes [X]No [JYes [XINo
b. Fixed Monitoring Device(s) [ 1Yes [XINo [JYes [XINo
c. Flood Monitoring Program X Yes []No Xl Yes [ ]No
d. Hydraulic/Structural Countermeasures [ | Yes X] No [JYes [XINo
5. NBI CODING INFORMATION

Current Previous
Inspection date 11/28/2006
Item 113 Scour Critical 3 3
Item 60 Substructure
Item 61 Channel & Channel Protection
Item 71 Waterway Adequacy
Comments: (drift, scour holes, etc. - depict in
sketches in Section 10)
6. MONITORING PROGRAM

<] Regular Inspection Program [ lw/surveyed cross sections

ltems to Watch: piers and abutment

[ ] Increased Inspection Frequency of __ mo. [ |w/surveyed cross sections

ltems to Watch:

[ ] Underwater Inspection Required
Items to Watch:

[ ] Increased Underwater Inspection Frequency of __ mo.

ltems to Watch:

[] Fixed Monitoring Device(s)
Type of Instrument:
Installation location(s):

Sample Interval: [ 130 min. []1hr. [[]6hrs. []12 hrs. [] Other:
Frequency of data download and review: [ | Daily [ ] Weekly [_| Monthly [_] Other

Scour alert elevation(s) for each pier/abutment:
Scour critical elevations(s) for each pier/abutment:
Survey ties:

Criteria of termination for fixed monitoring:




X] Flood Monitoring Program

Type: [X] Visual inspection
] Instrument (check all that apply):
[ ] Portable [ ] Geophysical [ ] Sonar [ ] Other:
Flood monitoring required: X Yes [ 1No
Flood monitoring event defined by (check all that apply):
[] Discharge [ ] Stage
X Elev. measured from Substructure [ ] Rainfall (infmm) per
(hour)

[] Flood forecasting information:

[] Flood warning system:
Frequency of flood monitoring: [X]1 hr. [13 hrs. []6 hrs. [] Other:
Post-flood monitoring required: [ ] No [X]Yes, within 1 days
Frequency of post-flood monitoring: X]Daily [ ]Weekly [ |Monthly [ ]Other:
Criteria for termination of flood monitoring: below elev. 6030; over 5' of freeboard.
Criteria for termination of post-flood monitoring:
Scour alert elevation(s) for each pier/abutment:
Scour critical elevation(s) for each pier/abutment: 6086.75

Note: Additional details for action(s) required may be included in Section 8.
Action(s) required if scour alert elevation detected (include notification and closure
procedures): monitor until water recedes.

Action(s) required if scour critical elevation detected (include notification and closure
procedures): close approaches until channel is repaired.

Agency and department responsible for monitoring: CDOT region 4 maintenance

Contact person (include name, title, telephone, pager, e-mail): Chad Wright, (719) 485-3250

7. COUNTERMEASURE RECOMMENDATIONS

Prioritize alternatives below. Include information on any hydraulic, structural or monitoring
countermeasures.

X] Only monitoring required (see Section 6 and Section 10 — Attachment F)
Estimated cost $0

[] Structural/hydraulic countermeasures considered (see Section 10, Attachment F):

Priority Ranking Estimated cost
1 $
(2 $_
3) $_
4 $__
) $__

Basis for the selection of the preferred scour countermeasure:

Countermeasure implementation project type:
[ ] Proposed Construction Project [] Maintenance Project
[ ] Programmed Construction - Project Lead Agency:




[ ] Bridge Bureau[_| Road Design [ ] Other

Agency and department responsible for countermeasure program (if different from Section 6
contact for monitoring):

Contact person (include name, title, telephone, pager, e-mail):
Target design completion date:

Target construction completion date:

Countermeasures already completed:

8. BRIDGE CLOSURE PLAN

Scour monitoring criteria for consideration of bridge closure:
[X] Water surface elevation reaches 6034 at or is 5 feet below substructure.
[] Overtopping road or structure
[] Scour measurement results / Monitoring device (See Section 6)
[ ] Observed structure movement / Settlement
[] Discharge: cfs/cms
[ ] Flood forecast:
[] other: [] Debris accumulation [ ] Movement of riprap/other armor protection
[ ] Loss of road embankment

Emergency repair plans (include source(s), contact(s), cost, installation directions):

Agency and department responsible for closure:

Contact persons (name, title, agency/organization, telephone, pager, email):

Criteria for re-opening the bridge:

Agency and person responsible for re-opening the bridge after inspection:

9. DETOUR ROUTE

Detour route description (route number, from/to, distance from bridge, etc.) - Include map in Section
10, Attachment E.

Bridges on Detour Route:

Sufficiency Rating/

Load Limitations ltem 113 Code

Bridge Number Waterway

N 21st Street Fountain Creek




Traffic control equipment (detour signing and barriers) and location(s): Place detour notice west
of N 21 st Street. Place barriers just east of N 21 st Street intersection with US hwy 24.

Additional considerations or critical issues (susceptibility to overtopping, limited waterway
adequacy, lane restrictions, etc.) :

News release, other public notice (include authorized person(s), information to be provided
and limitations):

10. ATTACHMENTS

Please indicate which materials are being submitted with this POA:
[ ] Attachment A: Boring logs and/or other subsurface information
[ ] Attachment B: Cross sections from current and previous inspection reports

[ ] Attachment C: Bridge elevation showing existing streambed, foundation depth(s) and
observed and/or calculated scour depths

[ ] Attachment D: Plan view showing location of scour holes, debris, etc.
X| Attachment E: Map showing detour route(s) ( shown in Report under attachment H ).

[ ] Attachment F: Supporting documentation, calculations, estimates and conceptual designs
for scour countermeasures.

[ ] Attachment G: Photos

X] Attachment H: Other information: Bridge Hydraulic Report by CDOT Region 2 Hyd Unit May
2009




2. Summary

Structure 1-17-EG / EQ crosses Fountain Creek and experiences scour in its
channel, at its abutments, and piers. The structure is rated as scour critical, Item
Number 113 in the Structure Inventory and Appraisal of the Nation’s Bridges (item
113 = 3). The Colorado Department of Transportation (CDOT) Bridge Inspection
personnel make bi-annual inspections of this structure. The records indicate that
the channel experiences a lowering in elevation between 1 and 3 feet
approximately. The pile cap / footing of the piers have previously been exposed
due to scour. The bottom of the right abutment has been reported to have material
washed away from it causing voided areas. The void created by the washout has
been repaired with flow fill and rip rap.

This bridge is found to be in good condition while the channel has not maintained
its condition as well. The channel is monitored regularly. This is the current
method of scour countermeasure for the bridge. Structural changes to the channel
such as armoring with rip rap, and slope protection, are not required at this time
and are not recommended. The “Scour Plan of Action” recommendation is to
monitor the structure during periods when Fountain Creek is experiencing high
flows. At a stream elevation that comes to within 5 feet of the low chord of the
substructure, it is recommended that the bridge be closed to traffic. A detour for
traffic is to be made at the intersection of North 21% Street and US Highway 24.
This detour will be used until the Fountain Creek stage subsides.

3. Introduction
3.1. Project Description

The bridge over Fountain Creek on US Highway 24 is experiencing scour in
the channel under the bridge. The damage to the channel has been repaired
with rip rap and fill material as countermeasures to the ongoing This report
will estimate the flow and velocities in the channel, at the piers, and at the
abutments to be used in the preparation of a Scour Plan of Action for this
structure.

3.2. Bridge Location

Structure 1-17-EG / EQ is located at mile post 302.2 on US Highway 24 in El
Paso County.

4. Hydrology
4.1. Drainage Basin Description
The basin that contributes runoff to the US 24 bridge that crosses the

Fountain Creek is approximately 103 square miles and lies near the town of
Manitou Springs.
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Figure 1. Fountain Creek Bridge Basin, Structure |-17-EG / EQ Basin, WMS model

Basin Peak Flow Estimates

Two methods were used to estimate the design peak flow for Fountain Creek.
The methods used are: flood frequency analysis of the annual peak flow
recordings from USGS gage 7103700 and the use of the USGS Regression
Equations.

The basin annual peak flows at this location are analyzed using the
Bulletin17B Flood Frequency Analysis (FFA).

The regression equations are obtained from table 1, Regional Flood
Frequency Equations, Colorado, Water Resources Investigations Report 99-
4190, “Analysis of the Magnitude and Frequency of Floods in Colorado”.

Peak Flows for the Fountain Creek Basin
(103 SM) (cfs)
Return USGS USGS
Frequency | Mountain 17b Plains
Regression FFA Regression
Equation Equation

50 year 1,487 2,320 6,866
100 year 1,655 2,949 9,904

250 year -- 3,200 --
500 year 2,019 4,790 20,566

Table 1. Peak Flow Comparison, lists the results of the methods described above.



5. Hydraulic Analysis

5.1.Criteria

The criteria for the roadway design, the bridge design, and design of bank
protection against scour are given in the CDOT Drainage Design Manual
(CDOT DDM), mainly in Chapters 7, 10 and 17.

For US Highway 24, the classification of the highway is an urban multilane
lane road. From Table 7.2 of the CDOT DDM, shown below in Table 2, the
100 year event will govern the road and bridge hydraulic design and the scour
countermeasure design. Chapter 10.4.3 in the DDM requires the 500 yr
event for the scour analysis of the foundation of the bridge.

Table 7.2 Table of Design Frequencies

Drainage Type Frequency
A Cross Drainage
Multilane Roads - imncluding interstate
In Urban Areas 100-year*
In Rural Areas 50-year
Two-Lane Roads
In Urban Areas 100-year
In Rural Areas
Qsp 1 = 4000 efs 50-year
Qsp <4000 cfs 25-year
Culvert Outlet Scour Protection 10-year
Pedestrian Walkways and Bikeways 2 to 5-year
Bridge Foundation Scour 100 and 500-year
B. Parallel Drainage
Roadway Overtopping and Same as for Cross
Revetment Drainage
Side Drains 2 to 10-year”
C. Storm Drains
Major System 100-year
Minor System 2 to S-year
D. Detour Culverts monthly discharges
for 2 to 5-year

Notes:  Urban cross culverts (not Interstate); if Qoo = 100 cfs, consider designing the culvert using the
storm drain Minor System Frequency.
"Side drains shall not cause water to flow onto the highway at a greater probability than applies
to cross drainage.

Table 2.  Design Frequencies, CDOT Drainage Design Manual
Bridge scour analysis will be based upon four selected events, the 50 year,
100 year, 250 year, and the 500 year event using the procedures outlined in
HEC 18 and HEC 23, 2001 ed. Only the results of the 500 year analysis and
the recommended revetment countermeasures are given in appendix C.
5.2.Fountain Creek at I-17-EG and I-17-EQ

5.2.1. River Channel Characteristics

Fountain Creek is a steep channel at this location. The bed is comprised of
gravel and cobbles and the banks are vegetated.

5.2.2. Survey

The basin for Fountain Creek was modeled using the Watershed Modeling
Software (WMS) and with topographic data from the USGS. The cross



sectional data from the CDOT record drawings was used in combination with
the DEM surface to obtain the general surface and channel geometry at the
bridge.

|
& )
N
e
2
\x e
._\ i
\ %
5
- - : ] " B
' - 1] i
| g! Y s L.
! ) ol
. LI N .
N i FAREY Tien . & i
H =1 \ ’ P
£ ~y i: Tl _ ) A L Tl ! POretide Line
- k) [ - — ST
509 Ty e RS i e CLLES| SI7ETE ]
o PR TR T il . " SIRZe.
N et e S ——— : ___Frofiie iine
S =5 =
- ) i 0! = A. y . ! :
TH 5 N i1 7 : b 1
~ -4 e SN 3l I
1 I <4 ERERA ol - i i
| 3 y L2 i
Lo o : | Sl i
¥ 4 o . -
S P —— - p—y —
il WA J 3 W 2Ty
alg 3 i \.___é'
\51 g % | "\\ 3 Appr Sz
ol . i .
. i LR
R '\‘

Figure 2. CDOT survey from original plans.
5.2.3. Bridge — Structure I-17-EG / EQ

The bridge has two lanes on a deck with a width of 62 feet. The bridge span
is approximately 78 feet. The side slopes are steep and covered in rip rap.
The channel shape, the span and the bridge length are taken from the record
as-built information.

'-F-’;\;F.-.';.t;-pc-;.;imf-l-r.'-'-il.’i' Pr;:ﬂ'.-’:. -

ExE] S
SOMERAL LAVIORIT

Figure 3. Existing Bridge 1-17-EG, record drawings, 1965 CDOT, facing up
stream.



6. Recommendations for Scour Countermeasures

This structure shall be monitored regularly to ensure that its channel is not scoured
at the bridge abutments, piers, or at its center. Closure of the structure is to
happen if the Fountain Creek stages elevate to within 5 feet of the substructure of
this bridge. A detour is available and traffic shall be rerouted upon warranted

conditions.
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Figure 4. Detour Map — N 21$E Street to Uintah Street to | — 25.
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Figure 5. - Gage Height vs Flow. The approximate return frequency associated
with the closure elevation is the 50 year storm ( Q = 2300 cfs ). Several
assumptions are made in this estimate of the closure elevation which may be

found in appendix A under the FFA.




APPENDIX A - Hydrology
HEC-SSP and USGS Regression RESULTS FOR:

¢ Fountain Creek Basin upstream of CDOT I-17-EG / EQ
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Figure A2.
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USGS Gage location on Fountain Creek. Approximately 1.5
miles upstream from 1-17-EG, and 70 feet higher in elevation.
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Figure A3. Peak flows at gage.



USGS Regression Eguations

Table 1. Regional flood-frequency equations, Colorado
[@. discharge, in culric feet per second; 4, drainage area, in square miles; F, mesn smmal precipitation, in inckes; 5, mesn drainage-basin slope, in foot per foot]
R . Standard error Average standard
ecurrence interval, . _ -
. Regression equation of the model, error of prediction,
In years . .
in percent in percent
Mountain region
2 O=110(4) V56 (5+ 1.0) 396 583 306
5 0=179 (477 5+ 1027 477 435
10 0=230(4) V5% (5+1.0) 2364 437 4456
25 0=204(4) "5 5+ 1.7 0% 414 423
50 0=345(HY 5+ 1.0y L7 414 423
100 =305 (4 VT g+ 1 T 424 434
o ) )
200 O=446(4) V70 (5+ 1.0y 48 442 4352
500 0=3515(4" s+ 1.0y 12 473 4854
Rio Grande region
2 0=0.03 (47 gy 152 777 82§
3 0=0.12 () 2540 (py 1. 384 64.0 §7.9
10 0=025 (4) V4 gy 117 582 89.1
23 0=0.32 (1) ¥4 (py 1117 534 56.8
50 0=0381 (4 “¥p 11U 512 545
100 O=1.10 (4) 1548 (py 1074 499 533
200 O=1.67 (4) V528 () 1036 405 5290
500 0=2.48 (4 1308 (py 0953 50.0 536
Southwest region
2 0=287 (405 250 873
5 0=505 () 269 741 76.1
10 0=66.0 (4) 497 714 73.4
25 0=863 "™ 71.2 734
50 0=1020(4H "™ 728 75.0
100 O=1184(4075 736 780
200 0=1355(4 070 791 817
500 0=159.4(4)0728 250 g7.0
MNortlnwest region
2 0=10.30 (4) 1554 (py 1304 216 856
3 0=2.84 () M5 gy 0833 713 740
10 0=7.36 (4) 4971 (P 150 683 70.9
25 0=20.6 (4455 (p 0382 671 £0.7
50 0=388 (4) 1567 (py 0210 672 £9.8
100 0=1047 (4) 164 750 76.7
200 0=1185 (4" 77.8 70.6
500 0=137.6(4) 165 231 8.1
Plains region
2 0=30.0 (4) 0488 2337 2585
§ 0=1958(4) "% 204.2 2238
10 0=3646 (420 2124 2337
23 =7253 (4) 353 2318 2562
50 O=1116 (4) 939 2493 2783
100 0= 1640 (4) 0388 267.3 300.0
200 0=2324 (4) 035 2843 3213
500 0=3534 (4) 030 30, 3479
ESTIMATING MAGNITUDE OF PEAK DISCHARGES ]

Figure A4. A =103 sm; S = 0.3412 ft/ft.
The Mountain Region Equations for the 50, 100, and 500 year return frequencies
are used to estimate the Fountain Creek peak flows for the Bridge analysis.



Flood Frequency Analysis of Fountain Creek gage data

The USGS gaging station 7103700 has a basin area of approximately 103 square

miles.

The Army Corps of Engineers Bulletin 17b Flood Frequency Analysis is used on the
gage data for the Fountain Creek to determine the basin’s peak flow rates for the
desired range of return frequencies. The resulting peak flows were compared to the

peak flow rates estimated generated by the use of the Regression Equations.
HEC-55P - -17-EG US 24

Figure A5. Results of the FFA for the USGS Gaging Station 7103700 data at Fountain Creek

Freguency Curve for: usgs 7103700 System Statistics
Percent Chance | Computed Curve Expected Prab. Canfidence Limits Laog Transform: Flow,
Exceedance Flovwy in cfs Flowy in cfz Flowy in cfs Statistic Valle
0.03 0.93 hean 25812
0.2 4700 5 556 8,261 3,195 | Standard Dey 0.38189
0s 3672 4,110 §,039 2,533 | [otation Skew -0.0231
10 2944 3,22 4 BET 2 eg | Fegional Skew 00
20 2,320 2,450 3525 1 Gan | Wieighted Skew -0.0187
50 1619 1 Gaa 2,320 1 225 | Pdopted Ske%{*ﬂ SN 0.0—
10.0 1177 1,208 1 607 915
20.0 794 510 1,038 fid1 Ewert Mumber
S0.0 331 35 4E3 311 [ Historic Events i
a0.0 182 179 227 140 | High Cutlisrs I
90.0 124 120 158 90| Low Outliers I
5.0 30 [ida] 119 63| Zero Or Missing 0
99.0 49 45 70 3 | Systematic Events )
Histaric Period 1]

ar-IET)
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[ 8 Dhserred Bvests (ke ot prsiives) —— Comprd Cuve Expruted Probabiny Curve 6 Parvand Confberne Limt B Parvet Coribunes
Figure A6. Graph of Flood Frequency Analysis for Fountain Creek usgs gage

7103700.



In determining the return frequency associated with the recommended closure
elevation for Structure I-17-EG/EQ, there are several assumption made that are
listed here:
¢ Since the gage used in this analysis is 1.5 miles upstream from L-17-EG,
approximately 70 feet higher in elevation, the gage height had to be
transferred in elevation to the study location. This was done by
subtraction of the 70 feet from the recorded gage heights to account for
the lower elevation at the bridge of interest.
¢ The “K” value for the gage is assumed not to change between the two
locations. This assumes gage station skew would not change if a gage
were placed at the bridge under study.
¢ The flow rate associated with the closure elevation is based upon the
average of the flow rates associated with the three highest stages
recorded at the gage. This is a judgment made by the author of the
report. The average flow rate of the 3 highest gage points is 1888cfs. The
bridge closure elevation is slightly higher than the 3 highest stages
recorded at the gage, and is estimated to be associated with a flow rate of
2300cfs. This flow rate is used with the FFA to determine the return
frequency, shown below.

Log O=Awg + K™ 3

G= -0.0189
1883 awerage of the flows associated with the three highest stages, 2304cfs, 1610cfs, 1750cfs: stages 6.15,7.53, 7.81
Q= 2300 estimated Flow for closure,

Log Q= 3.3817278
Avg = 25812482

5=| 03818771
K= 2.043798
G
Prab. = 0.02 P 0 K0.0189 0.1

Tr= 0 yr 2 0.5 0.00000 0.00314 0.01662
5 0.2 0.54162 0.54247  0.84611
10 0.1 1.28155 1.27944 127037
25 0.04 1.75069 1.74410  1.71580

i 7 1.88485

50 0.02 2.05375 2.04355  1.99973
B8 0.015 2.1396248
100 0.01 2.32635 231242  2.25258
500 0.002 2.67816 285529 275706

Figure A7. - Estimate of closure elevation return frequency.



APPENDIX B - Hydraulics

HEC-RAS Model
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Figure B1. HECRAS model of CDOT structure 1-17-EG / EQ.




Cross Section - Warning Geometry is newer than output.
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Figure B2. Bridge cross section facing downstream.

Results - hecras model at bridge
=i Profile Dutput Table - Six XS Bridge

File Options Std, Tables

Locations  Help

HEC-RAS Plan: [17EG  River Fountain Creek  Reach: us
Reach River Sta Prafile E.G. Elev | 5. Elev| Crt'w' 5. | Frctn Loss|C & E Loss| Top 'Width| O Left |3 Chanrel| O Right | %&l Chnl
1] 1] i3] i3] i3] 1] [cfg] [cg] [cg] [ftis]
us 24 212,725 50 wr E032.55 BO3.7E BO023.83 0.03 011 367,28 746 218211 £4.43 7.32
us 24 212,725 100 wr EO33.70 BO32.82 603055 0.03 013 38635 12490 270756 11765 7.7
us 24 212,725 500 wr EO36. 46 BO35.26 BO32.21 0.03 014 40227 28422 421997 28581 9.09
us 24 212 BR U[50wr E032.41  BO30.52 603019 0.76 0.03 4E.43 3320 231634 034 11.05
us 24 212 BR U{100 ur E033.55 B031.35 6031.04 0.75 0.03 43,80 16.49| 292744 E.06 11.83
us 24 212 BR U{500 wr EO36.29 BOI3ES BO3315 0.70 0.06 BB.E7 13258 4571.43 85.93 1316
us 24 212 BR D|50wr EO31.63  BO29.44 B029.44 0.07 0.07 44 48 253 23747 11.89
us 24 212 BR D100 wr EO32.77  BO30.26 BO030.26 0.07 0.09 47,32 13.76| 2936.00 024 12.74
us 24 212 BR D500 ur E035.54  BO32.37 BO32.37 0.08 0.0a 5463 111.03) 4648.88 30.09 14.43
us 24 139.123 50 wr E030.95 B028.95 602893 0.03 0.45 302,25 42,80 227720 11.34
us 24 139.123 100 wr E031.95 B029.74  B023.74 0.03 051 018 89.74| 285710 316 12.08
us 24 139.123 500 wr E034.38  BO31.45 B031.48 0.08 0.64 33435 240,08  4462.03 87.90 14.00

Figure B3. Results for 50yr, 100yr, and 500yr events.




APPENDIX C — Scour Estimates

¢ CDOT Bridge Inspection History and Calculated Scour limits
for|-17-EG/ EQ

I-17-EG
D -
5 \ /
10 \ ,J .
\ //’
-15 \\:_\_\_\\\_*7—4/
: —_—___—__T—h/ .
-20 7
7
-25 “ 7
.,
N ./ . ,
T e P * '
35 - -
Abut1 Pier2 Channel Pier3 Abut 4
— 1984 FOOTING BOTTOM SA025 -20 25 -G 25 SA025 -20 28
— = 500 ¥R SCOUR -18.25 -18.25 -18.25 -18.25 -18.25
2006 0 ] -15 0 ]
2004 1.5 -13.8 -15 -16 A
—— 2002 £ -158 -16 17 22
—e— 2001 £ -18 -18 -15 22
——— 1888 -1 -15.8 -18 -18.7 -4.5
— =500 yr HECRAS POA 2009 -23.77 -32.48 -32.48 1716 845

Figure C1. Modified Scour History I17EG.xls — the calculated scour from this
report has been added to the spreadsheet and shown as the heavy dashed line
with large circular data symbol in the above chart and graph.

Bridge Number I-17-EG Scour 3
Highway 24 Drainage area 92 Sq. Miles
Spanitype 3 CSG Stream Fountain Creek
Abut1 Pier2 Channel Pier3 Abut 4
Region 2 POA HECRAS 500yr  -23.77 -32.48 -32.48 -17.16 -8.45
1964 FOOTING BOTTOM -29.25 -28.25 -29.25 -29.25 -20.25
500 YR SCOUR -18.25 -18.25 -18.25 -18.25 -18.25
2008 -3 -14 -16 -16.5 -6
2006 0 0 -16 0 0
2004 -1.5 -13.8 -18 -16 -5
2002 -6 -15 -16 -17 -22
2001 -6 -18 -18 -15 -2.2
1998 -1 -15.8 -18 -18.7 -4.5
1996 -1.5 -14.9 -16.8 -15.7 -4.5
1994 -2 -14.6 -16.4 -14.7 -25
1992 -2 -14.5 -16.4 -14.5 -25
1988 3 13.5 -13.5 13 3
1977 -3.3 13 13.5 13 -8
1971 -1.1 -5.8 -14.5 -15 -1.8




Highway Number (ON) 5D: 0024A 1

Colorado Department of Transportation
Mile Post (ON)11: 302.088 m

Structure Inspection and Inventory Report (English Units)

[Bridge Key: 1-17-EG Inspection Date: 11/28/2006 Sufficiency Rating: 78.8 FO ]
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Colorado Department of Transportation _
Mile Post (ON)11: 302.088 mi

Structure Inspection and Inventory Report (English Units)

Element Inspection Report

Elm/En Description Units[Total Qty e in{ cs1feind cs 2pein{cs3feind cs4fwing css
131 Unp Conc Deck/AC Ol {SF) 24594100 % 2494 09 q 0°%4 q 095 q 0°%5 0

1101 |RIConc Open Girder (LF) 33 99% 23104 1% 2 0% 0 0% 0 0% 0
2051  |R/Conc Column (EA) 4100 54 4 0% 0 0% 0 0% 0 0% 0
2151  [R/Conc Abutment (LF) BRI00% 6§ 0% 0 0% 0 0% 0 0% 0
22111  |Conc Pile Cap/Ftg (EA) 4100 % 4 0% 0 0% q 0% q 0% 0
2341 |[R/Conc Cap (LF) B0 90% 54 10 % g 0% 0 0% 0 0% 0
3081 |Constr Non Exp Jt (LF) BRI00% 69 0% 0 0% 0 0% 0 0% 0
3211 [R/Conc Approach Slab | (EA) 2100 4 2 D% 0 0% 0 0% 0 0% 0
325(1 |Slope Prot/Berms (EA) 2 50 % 1 50 % 1 0% 0 0% 0 0% 0
13261 |Bridge Wingwalls (EA) 4 75 % q 0% 0 25 % 1 0% 0 0% 0
3341 |Metal Rail Coated (LF) 15 0% 0100 % 15§ 0% 0 0% 0 0% 0
3381  |[Conc Curbs/SW (LF) 156100% 15§ 0% 0 0% 0 0% 0 0% 0
3591 |Soffit Smart Flag (EA) 1 0% 0100 % 1 0% 0 0% 0 0% 0
5011  |Channel Cond (EA) 11100 % 1 0% 0 0% 0 0% 0 0% 0
5041 |BankCond (EA) 1100 % 1 0% 0 09 q 0% 0 0% 0
505/1  |Debris Smart Flag (EA) 1 0% 0100 % 1 0% 0 0% 0 0% 0
Elem/Env Description Element Motes

1301 Unp Conc Deck/AC Ovl 2 inches of asphalt. Fairly new. Looks good.

110/1 RIConc Open Girder Eaﬂ;lig;t;grg;aﬂﬁ;.siun cracks. Ends of Girders 2-A and 2-D at Pier 3 have light
l205/4 RIConc Column Light shrinkage cracks. Some hairline veriical cracks with light delam. and scale.
[245/1 R/Conc Abutment Few light vertical cracks. Botiom of #1 exposed from slope washing.

PRt [Gone Pile CapiFig it Tosiers. None sxbossa s mspection. L o merAng condons
23404 RIConc Cap fﬁ;ﬁﬁ:ﬂ?' Light scaling with delams. and minor spalls at ends, from leaking
084 Constr Non Exp Jt Leaks under sidewalks a lttle. Mo cracking. Open &t sidewalks.

924/ RIConc Approach Slab Covered with asphalt. New approach slab placed at Abut. £ in 1958, due to
washout. Refer to letter in folder.

32511 Slope Prot/Berms Berm at Abut. £ formed and flow filled in 1989, dus to washout. Slope at Abut. £ has
een builtup and riprag placed. Forms still in place. Sees 1032001 PHOTO. Abut
1 kermis 3 in. to 7 in. low, expozing 2 piles. 12 inch low at l=ft end due to erosicn

frough forming.
926/ Bridge Wingwalls Stubs. #4 left is broken and connected only with rebar.
3341 |Metal Rail Coated Spotted R-1 throughout.
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Highway Numiber (ON) 50 00244 1

Colerado Department of Transportation _
Mile FPost (OM)11: 302.088 mi

Structure Inspection and Inventory Report (English Units)

Elem/Env Description Element Notes

13361 Conc Curbs/SW Fesw light frans. cracks.

13591 Soffit Smart Flag Spots of scattered light map cracking, no effior. Few zmall areas of light scale with
lightt efflar. in Span 2.

504/ Channel Cond Fountain Creek. Good alignment. Some culting. Trees and brush. Sandy and
cobbles. Check dam 100 feet downstream from parallel bridge. Flow towards Pier
3.

50441 BankCeond Fairly steep with trees, grass, and brush.

5051 Debris Smart Flag [Tree branches and trash built up at nose of Pier 3 and along span 3 side of Pier 3
wiall.

Maintenance Activity Summary

MMS Activity Description Recommended StatusYear Completed Est Cost

55.04 |Substr 17312001 -1| 2003 | 100

Remove debris at Pier 3.

p58.06  |Substr [r282006]  _] 2006 | Eoo

Repair wing wall at Abut. 4 left which is badly spalled with exposed rebars.

pe0.03 |AppSI&S 1312001 -1| 2003 | oo

Fill in slope at Abutment #1 where piling and bottom of abutment is exposed.

5503 |Cin & Pnt 17312001 -1| 2003 | hooo

Clean and paint bridge rail.
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Highway Mumber (OMN) S0D: 00244 1

Colorado Department of Transportation
Mile Post (ON)11: 202.088 mi

Structure Inspection and Inventory Report (English Units)

Bridge Notes

Inspection Notes

|Tin1£~: B:45 Temperature: 40 Degrees  Weather: Clear and windy  Team leader: WDC

Scope:

NBI: Element: |:| Underwater: |:| Fracture Critical: I:‘ Other: Type: Regular NEI

Inspector: COFFRINW Inspection Team:
Inspection Date: 11/28/2006
Inspector
Inspector

. . . . ] Tue 1/9/2007 07:08:31
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0 HECRAS Scour RESULTS

Ys (ft):
Ve (ft/s):
Equation:

Fier Scour
All Piers:

Abutment Scour

Ve=
Froude #:
Equation:

Contraction Scour

Abutment Y's (ft):

Combined Scour Depths

Left abut + contr (ft):
Right abut + contr (ft):

Left
0.48
3.07
Clear

Ys (ft):

Froude #:
Equation:

Left
2377
0.00
0.40
HIRE

Pier Scour + Contraction Scour (ft):

Channel:

32.48
1716

Channel
8.71
371
Live

4.07
0.52

CSU equation

Right
8.45
1.99
0.22

Froehlich

12.78

Right
0.18
299
Clear




0 HEC No. 18 Scour RESULTS

Scour Mode Computation
Laursen's Eq Ve=KuxY1"xD50"° Eq5.1HEC 18

500 year Scour analysis

Flow in main Channel width (ft) = 42
Flow Area in main Channel ( ft2 )= 378
Approach section average channel depth (ftz), Y11= 91t
Median Grain Size (ft), D50 = 0.0131234 ft
Ku= 11.17 english units
Bed Transpart Critical Velocity (fps), Ve = 3.8 fps
Discharge in approach channel (cfs), Q1 = 4790 cfs
Mean Velocity in approach channel (fps), Vm = 12.7 fps
Main channel scour mode Live Bed scour Vc<Vm
Live Bed Contraction Scour
¥s=Y2-Y0
_ 0.857 K1
Yo = ((QAfQ) " ((W/AW,) )Y,y
Energy Slope = 0.0121
W Fall Velocity = 0.984 fps
Average Upstream Channel Depth (ft) Y1 = 9.15
g Grav Accel ( f’tlsecz) = 32.2

V* Shear Velocity in Upstream Section (fps) = 1.88813 fps
VW= 19188281 between 0.5t0 2.0

k, from HEC 18 = 0.64
Discharge in Upstream Channel (cfs), Q, = 4790
Discharge in contracted Channel (cfs), Q, = 4571
Width of Upstream Channel Section (ft), W, = 411
Width of Main Channel Contracted Section (ft), W, = 44
Median Grain Size (ft), D;y = 0.0131234
Computed Water Depth of Contracted Section (ft), ¥, = 36.7 ft
Avereage Water Depth at Bridge (ft), Y, = 8.0

Average Scour Depth at Contracted Section, Ys = 28.8 #t




Pier Scour Using CSU Equation 500 yr analysis

Ys=20"KI*K2*K3*K4*(Y1/a)"®*Fr1®*a

Y1, Flow Depth upstream of the pier, (ft) = 10.72
K1, carrection facotre for pier nose shape from Fig 6.3 and Table 6.1 Hec 18 = 0.9
K2, correction factor for angle of attack of flow from Table 6.2 Hec 18 = 1
K3, correction factor for bed condition from Table 6.3 Hec 18 = 11
K4, correction factor for armouring by bed material size form EQ 6.5 and Table 6.4 Hec 18 = 1
a, pier width (ft ) = 2
L, length of pier (ft ) = 62
Fr1, Froude Number directly upstream of the pier = 0.53
Ys = 54
K2 =(cos 6+ L /a sin 6)°%°
Abutment Scour Using Froehlich's Equation 500 yr analysis

Yol Ya=227 K *Ky (L' Y,) = Fr% 4+ 1
3.1 Y, = Scour Depth {ft)

0.55 K, = Coefficient for autment shape (Table 7.1)
1 K, = Coefficient for angle of embankment to flow

K, = (6/90)""* (see Figure 7.5 for definition of 8)

6<90° if embankment points downstream
6>90° if embankment points upstream
280 L' = Length of active flow obstructed by the embankment, (ft)

1509 A, = Flow area of the approach cross section obstructed by the embankment, (ft2)
0.14 Fr = Froude Number of approach flow upstream of the abutment
Vel(gya)'"”
1.78463 V.= Q. [ A
2693 Q. = flow obstructed by the abutment and approach embankment, (ftals)
5.4 Y, = Average depth of flow on the floodplain (A./L), (ft)
280 L = Length of embankment projected normal to the flow, (ft)




. Contretion scour Pier Scour Abutment Scour Total Scour
comparison

table HecRas |HEC no. 18| HecRas | HEC no. 18 | HecRas |HEC no. 18| HecRas [HEC no. 18
LT Abut 0.48 2377 325
RT Abut 0.18 8.45 17.2
Channel 8.71
Pier 2 28.8 4.07 54 31 12.78 34.2
Pier 3 288 4.07 54 31 12.78 342

Coomparison Table - HECRAS compared to HEC 18 procedures.

Looking Down Stream - West to the right side

|- 17 - EG /EQ (US 24 / Fountain Ck )

pier

LT Abut

A00 Year Event

pier

h

RT Abut

33 Total Scour depth

342 ft
HEC no. 18

Total Scour depth
325 f
HECRAS

Exhibit comparing Total Scour Methods - HECRAS and HEC No. 18

Main Channel

bank

Revetment RipRap Design Fountain Creek Structure I-17-EG /| EQ.




(FHWA HEC No. 23, March 2001)

Average velocity in main channel (Va) = 13.8 fps (500 yr event)
Average depth in main channel (da) =9 feet

Riprap specific gravity = 2.65; SF =1.1
Abutment slope 2 horizontal to 1 vertical

Dso = K,CV.* / { davg”* K1'° }

K.y = 0.001 english units

K1=[1-(sin08/sin®)]%°; K1=0.73

® = angle of repose for angular 41°

O = angle of horizontal to vertical bank slope 2: 1. © = 26.6°

C=161(SF)"™ /(S.-1)" C=0.87

Dso = 0.001 x 0.87 x 13.8 %/ (9%°x 0.73 '°) = 1.22 ft

Use Facing class riprap with gradation: 100% passing 200 Ibs at 1.3’ dia; 50%
passing 75 Ibs at 0.95’ dia; and 10% passing 5 lbs at 0.4’ dia. Cover the slope
and 3 feet of the channel with a minimum thickness = 1.5(1.22 ) = 1.8 ft.

Rip Rap specification recommended for Fountain Creek at CDOT 1-17-EG / EQ.
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