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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.



rank aadt rank detour length rank age rank condition rank waterway rank Replacement rank
1 H-17-L 1 I-15-AK 1 K-14-X 1 I-18-G 1 K-16-V 1 no data 1
2 H-17-AG 2 P-18-L 2 K-16-X 2 N-16-L 2 M-16-C 2 no data 2
3 I-17-JA 3 J-15-A 3 K-18-R 3 N-17-N 3 J-18-B 3 no data 3
4 I-17-GN 4 M-16-C 4 P-17-H 4 K-18-R 4 L-19-H 4 no data 4
5 I-17-EG 5 N-16-L 5 P-17-L 5 P-17-H 5 K-15-H 5 no data 5
6 I-17-EQ 6 P-17-H 6 L-17-CD 6 L-26-H 6 H-17-L 6 no data 6
7 I-17-JB 7 P-17-A 7 K-16-T 7 H-16-K 7 H-17-AG 7 no data 7
8 I-18-G 8 P-17-K 8 J-18-B 8 H-19-C 8 I-17-JA 8 no data 8
9 J-18-B 9 P-17-L 9 M-23-A 9 O-26-L 9 I-17-EG 9 no data 9
10 I-17-R 10 P-17-J 10 N-16-L 10 N-21-C 10 I-17-EQ 10 no data 10
11 K-18-R 11 N-18-AC 11 I-18-G 11 H-19-B 11 I-17-JB 11 no data 11
12 K-16-B 12 L-24-F 12 M-24-I 12 K-16-Y 12 I-18-G 12 no data 12
13 K-17-H 13 L-24-I 13 P-22-D 13 H-16-L 13 I-17-R 13 no data 13
14 N-17-AM 14 N-21-C 14 P-22-A 14 H-17-AJ 14 K-17-H 14 no data 14
15 M-17-AQ 15 N-28-G 15 J-14-C 15 M-24-I 15 M-17-AQ 15 no data 15
16 K-16-X 16 M-24-I 16 N-17-N 16 I-16-AA 16 K-16-X 16 no data 16
17 L-18-R 17 I-16-AA 17 O-28-F 17 J-18-B 17 L-18-R 17 no data 17
18 K-16-Y 18 O-28-F 18 H-20-Q 18 H-19-A 18 K-16-Y 18 no data 18
19 O-18-BY 19 P-21-G 19 O-28-E 19 L-22-B 19 O-18-BY 19 no data 19
20 O-18-CD 20 P-23-A  MINOR 20 M-22-T 20 O-26-I 20 O-18-CD 20 no data 20
21 N-17-N 21 P-22-D 21 H-19-C 21 K-16-V 21 N-17-N 21 no data 21
22 N-17-BN 22 P-22-A 22 H-19-B 22 N-17-BH 22 N-17-B 22 no data 22
23 N-17-B 23 N-28-H 23 H-19-A 23 N-17-BN 23 H-17-AJ 23 no data 23
24 H-17-AJ 24 J-14-C 24 I-15-AK 24 M-23-A 24 H-19-C 24 no data 24
25 K-16-V 25 L-16-R 25 P-18-L 25 I-17-EG 25 H-19-B 25 no data 25
26 H-19-C 26 K-15-H 26 P-17-A 26 I-17-EQ 26 H-19-A 26 no data 26
27 H-19-B 27 L-22-B 27 P-17-K 27 L-24-F 27 L-26-H 27 no data 27
28 H-19-A 28 H-16-K 28 P-17-J 28 N-17-BM 28 K-18-BN 28 no data 28
29 L-26-H 29 H-16-L 29 L-24-I 29 N-17-BO 29 M-22-X 29 no data 29
30 K-18-BN 30 H-17-AJ 30 N-21-C 30 I-15-AK 30 K-17-AC 30 no data 30
31 M-22-X 31 K-14-M 31 K-15-H 31 L-18-R 31 K-18-BZ 31 no data 31
32 K-17-AC 32 L-17-CD 32 L-22-B 32 K-18-BY 32 I-15-AK 32 no data 32
33 N-17-BH 33 M-16-O 33 K-16-Y 33 H-20-Q 33 H-20-Q 33 no data 33
34 N-17-BM 34 P-17-F 34 I-16-AA 34 P-17-F 34 H-16-K 34 no data 34
35 N-17-BO 35 P-16-A 35 O-19-J 35 L-24-I 35 H-16-L 35 no data 35
36 K-18-BY 36 K-16-T 36 N-28-G 36 K-18-BN 36 J-25-E 36 no data 36
37 K-18-BZ 37 K-16-V 37 N-28-H 37 K-16-T 37 K-19-A 37 no data 37
38 I-15-AK 38 K-18-BN 38 P-17-F 38 M-16-C 38 M-23-A 38 no data 38
39 H-20-Q 39 H-20-Q 39 P-16-A 39 M-23-E 39 M-23-E 39 no data 39
40 L-19-H 40 K-19-A 40 H-16-K 40 M-22-X 40 L-14-C 40 no data 40
41 H-16-K 41 K-16-W 41 H-16-L 41 P-18-L 41 L-17-CD 41 no data 41
42 H-16-L 42 O-26-L 42 O-26-L 42 L-14-C 42 P-17-F 42 no data 42
43 K-15-H 43 O-26-I 43 O-26-I 43 K-14-X 43 P-16-A 43 no data 43
44 J-25-E 44 O-28-E 44 K-14-M 44 J-15-A 44 K-16-T 44 no data 44
45 K-19-A 45 I-17-JA 45 K-17-H 45 K-18-BZ 45 J-14-C 45 no data 45
46 I-16-AA 46 J-18-B 46 K-16-B 46 K-15-H 46 K-14-X 46 no data 46
47 P-18-L 47 I-17-R 47 K-16-V 47 J-14-C 47 N-16-L 47 no data 47
48 M-23-A 48 K-17-H 48 K-16-W 48 H-17-L 48 O-19-J 48 no data 48
49 M-23-E 49 L-18-R 49 H-17-AG 49 I-17-R 49 O-26-L 49 no data 49
50 L-14-C 50 M-22-T 50 H-17-L 50 N-17-AM 50 M-16-O 50 no data 50
51 J-15-A 51 I-17-JB 51 L-19-H 51 K-16-W 51 P-17-H 51 no data 51
52 L-17-CD 52 K-16-Y 52 L-14-C 52 O-19-J 52 P-17-K 52 no data 52
53 K-16-W 53 H-19-C 53 M-16-O 53 M-22-T 53 P-17-L 53 no data 53
54 P-17-F 54 H-19-B 54 M-23-E 54 L-17-CD 54 P-17-J 54 no data 54
55 P-16-A 55 H-19-A 55 P-21-G 55 K-19-A 55 N-18-AC 55 no data 55
56 K-16-T 56 J-25-E 56 K-18-BY 56 P-16-A 56 O-26-I 56 no data 56
57 J-14-C 57 L-14-C 57 K-18-BZ 57 P-21-G 57 L-24-F 57 no data 57
58 K-14-X 58 K-14-X 58 P-23-A  MINOR 58 P-23-A  MINOR 58 L-24-I 58 no data 58
59 M-16-C 59 O-19-J 59 L-16-R 59 N-28-G 59 K-14-M 59 no data 59
60 N-16-L 60 H-17-L 60 L-18-R 60 O-18-BY 60 O-28-F 60 no data 60
61 O-19-J 61 H-17-AG 61 O-18-BY 61 P-22-D 61 O-28-E 61 no data 61
62 O-26-L 62 I-17-GN 62 M-22-X 62 H-17-AG 62 M-22-T 62 no data 62
63 M-16-O 63 I-17-EG 63 K-18-BN 63 K-14-M 63 P-21-G 63 no data 63
64 P-17-H 64 I-17-EQ 64 N-17-BH 64 P-17-A 64 P-23-A  MINOR 64 no data 64
65 P-17-A 65 I-18-G 65 N-17-BM 65 N-28-H 65 P-22-D 65 no data 65
66 P-17-K 66 K-18-R 66 N-17-BO 66 P-22-A 66 P-22-A 66 no data 66
67 P-17-L 67 K-16-B 67 H-17-AJ 67 P-17-L 67 N-28-H 67 no data 67
68 P-17-J 68 N-17-AM 68 I-17-EG 68 P-17-K 68 N-28-G 68 no data 68
69 N-18-AC 69 M-17-AQ 69 I-17-EQ 69 I-17-JA 69 M-24-I 69 no data 69
70 O-26-I 70 K-16-X 70 M-16-C 70 P-17-J 70 K-18-R 70 no data 70
71 L-22-B 71 O-18-BY 71 K-19-A 71 N-18-AC 71 K-16-B 71 no data 71
72 L-24-F 72 O-18-CD 72 I-17-R 72 I-17-JB 72 N-17-AM 72 no data 72
73 L-24-I 73 N-17-N 73 M-17-AQ 73 K-17-H 73 N-17-BN 73 no data 73
74 N-21-C 74 N-17-BN 74 L-24-F 74 I-17-GN 74 N-17-BH 74 no data 74
75 K-14-M 75 N-17-B 75 J-15-A 75 L-19-H 75 N-17-BM 75 no data 75
76 O-28-F 76 L-26-H 76 N-17-AM 76 M-17-AQ 76 N-17-BO 76 no data 76
77 O-28-E 77 M-22-X 77 N-17-BN 77 O-28-F 77 K-18-BY 77 no data 77
78 M-22-T 78 K-17-AC 78 N-17-B 78 N-17-B 78 I-16-AA 78 no data 78
79 L-16-R 79 N-17-BH 79 L-26-H 79 M-16-O 79 P-18-L 79 no data 79
80 P-21-G 80 N-17-BM 80 I-17-GN 80 O-28-E 80 J-15-A 80 no data 80
81 P-23-A  MINOR 81 N-17-BO 81 O-18-CD 81 K-17-AC 81 K-16-W 81 no data 81
82 P-22-D 82 K-18-BY 82 J-25-E 82 O-18-CD 82 P-17-A 82 no data 82
83 P-22-A 83 K-18-BZ 83 K-17-AC 83 L-16-R 83 L-22-B 83 no data 83
84 N-28-H 84 L-19-H 84 N-18-AC 84 K-16-B 84 N-21-C 84 no data 84
85 N-28-G 85 M-23-A 85 I-17-JA 85 J-25-E 85 L-16-R 85 no data 85
86 M-24-I 86 M-23-E 86 I-17-JB 86 K-16-X 86 I-17-GN 86 no data 86

1 1 1 1 1 1

priority Equal



aadt detour length age condition waterway Replacement ranking
J-18-B 9 46 8 17 3 0 83
I-18-G 8 65 11 1 12 0 97
I-15-AK 38 1 24 30 32 0 125
N-16-L 61 5 10 2 47 0 125
K-16-V 25 37 47 21 1 0 131
P-17-H 65 6 4 5 51 0 131
H-19-C 26 53 21 8 24 0 132
K-16-Y 18 52 33 12 18 0 133
N-17-N 21 73 16 3 21 0 134
H-19-B 27 54 22 11 25 0 139
H-19-A 28 55 23 18 26 0 150
H-16-K 41 28 40 7 34 0 150
K-15-H 43 26 31 46 5 0 151
K-18-R 11 66 3 4 70 0 154
H-17-AJ 24 30 67 14 23 0 158
H-16-L 42 29 41 13 35 0 160
H-20-Q 39 39 18 33 33 0 162
H-17-L 1 60 50 48 6 0 165
I-17-EG 5 63 68 25 9 0 170
L-18-R 17 49 60 31 17 0 174
M-16-C 60 4 70 38 2 0 174
I-17-EQ 6 64 69 26 10 0 175
H-17-AG 2 61 49 62 7 0 181
K-16-T 57 36 7 37 44 0 181

L-17-CD 53 32 6 54 41 0 186
J-14-C 58 24 15 47 45 0 189
K-16-X 16 70 2 86 16 0 190
I-17-R 10 47 72 49 13 0 191

I-16-AA 47 17 34 16 78 0 192
K-17-H 13 48 45 73 14 0 193

K-18-BN 30 38 63 36 28 0 195
P-18-L 48 2 25 41 79 0 195
M-24-I 87 16 12 15 69 0 199
P-17-L 68 9 5 67 53 0 202
P-17-F 55 34 38 34 42 0 203
M-23-A 49 85 9 24 38 0 205
O-26-L 63 42 42 9 49 0 205
K-14-X 59 58 1 43 46 0 207
L-24-I 74 13 29 35 58 0 209

I-17-JA 3 45 85 69 8 0 210
N-21-C 75 14 30 10 84 0 213
L-26-H 29 76 79 6 27 0 217
P-17-K 67 8 27 68 52 0 222
I-17-JB 7 51 86 72 11 0 227
P-16-A 56 35 39 56 43 0 229

O-18-BY 19 71 61 60 19 0 230
P-17-J 69 10 28 70 54 0 231
O-26-I 71 43 43 20 56 0 233
L-22-B 72 27 32 19 83 0 233
M-22-X 31 77 62 40 29 0 239
L-14-C 51 57 52 42 40 0 242
L-24-F 73 12 74 27 57 0 243
P-22-D 83 21 13 61 65 0 243
P-17-A 66 7 26 64 82 0 245

M-17-AQ 15 69 73 76 15 0 248
K-19-A 46 40 71 55 37 0 249
O-28-F 77 18 17 77 60 0 249
P-22-A 84 22 14 66 66 0 252

K-18-BZ 37 83 57 45 31 0 253
L-19-H 40 84 51 75 4 0 254
J-15-A 52 3 75 44 80 0 254
O-19-J 62 59 35 52 48 0 256
M-22-T 79 50 20 53 62 0 264
N-28-G 86 15 36 59 68 0 264
M-23-E 50 86 54 39 39 0 268

N-17-BN 22 74 77 23 73 0 269
N-17-BH 33 79 64 22 74 0 272
K-14-M 76 31 44 63 59 0 273

O-18-CD 20 72 81 82 20 0 275
K-16-W 54 41 48 51 81 0 275
P-21-G 81 19 55 57 63 0 275
N-17-B 23 75 78 78 22 0 276
N-28-H 85 23 37 65 67 0 277
M-16-O 64 33 53 79 50 0 279
K-16-B 12 67 46 84 71 0 280

N-17-AM 14 68 76 50 72 0 280
N-17-BM 34 80 65 28 75 0 282
O-28-E 78 44 19 80 61 0 282

P-23-A  MINOR 82 20 58 58 64 0 282
K-18-BY 36 82 56 32 77 0 283
N-17-BO 35 81 66 29 76 0 287
N-18-AC 70 11 84 71 55 0 291
K-17-AC 32 78 83 81 30 0 304
J-25-E 45 56 82 85 36 0 304

I-17-GN 4 62 80 74 86 0 306
L-16-R 80 25 59 83 85 0 332

Scoring Matrix ranked by the six factors given in the POA memorandum equally weighted risk
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1. FHWA Plan of Action for Scour Critical Bridges 



 
SCOUR CRITICAL BRIDGE  -  PLAN OF ACTION 

1.  GENERAL INFORMATION 
 
Structure number:  
I-17-EG & I-17-EQ 

 
City, County, State:  
El Paso County 

 
Waterway:  
Fountain Creek 

Structure name: 
  

State highway or facility carried: 
US 24 A 

Owner:  
CDOT 

Year built: 1964 Year rebuilt:      Bridge replacement plans (if scheduled):       
Anticipated opening date:       

Structure type:  Bridge   Culvert  
Structure size and description:       
Foundations:       Known, type: piles Depth: 28’                   Unknown 

Subsurface soil information (check all that apply):   Non-cohesive   Cohesive   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:              3   2        1     Other:      

b.  Source of Scour Critical Code:   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, 0 to -19.7’;  abutment 4, 0 to -6’.  

 
 



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

                                                                               Recommended                     Implemented 
 
a.  Increased Inspection Frequency                    Yes       No                  Yes  No        
 
b.  Fixed Monitoring Device(s)                            Yes       No                   Yes  No 
 
c.  Flood Monitoring Program                             Yes       No                   Yes  No  
         
d.  Hydraulic/Structural Countermeasures       Yes        No                   Yes  No        
 
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    w/surveyed cross sections 
Items to Watch: piers and abutment 

 Increased Inspection Frequency of      mo. w/surveyed cross sections 
Items to Watch:       

 
 Underwater Inspection Required 

Items to Watch:       
 Increased Underwater Inspection Frequency of      mo. 

Items to Watch:       
 
 
 

 Fixed Monitoring Device(s) 
Type of Instrument:        
Installation location(s):        
Sample Interval:  30 min.   1 hr.   6 hrs.   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:       

 
 
 



 Flood Monitoring Program 
Type:  Visual inspection  
   Instrument (check all that apply): 
   Portable  Geophysical  Sonar  Other:         
Flood monitoring required:  Yes   No 
Flood monitoring event defined by (check all that apply):  
  Discharge           Stage  
  Elev. measured from Substructure  Rainfall        (in/mm) per       
(hour) 
  Flood forecasting information:       
  Flood warning system:        
Frequency of flood monitoring:  1 hr.   3 hrs.   6 hrs.    Other:         
Post-flood monitoring required:   No    Yes, within 1 days  
Frequency of post-flood monitoring:  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. 

 
 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)         $       
(5)         $       

 
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: 

 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: 

Bridge Number Waterway Sufficiency Rating/ 
Load Limitations Item 113 Code 

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. 

 
  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 
 

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
2. Summary 
 

Structure I-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 21st 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  I-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. 



 
Figure 1.  Fountain Creek Bridge Basin, Structure I-17-EG / EQ Basin, WMS model 

 
4.2.  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”. 

 
 
 
 
 
 
 
 
 
 

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

Peak Flows for the Fountain Creek Basin 
(103 SM)  (cfs) 

Return 
Frequency 

USGS 
Mountain 

Regression 
Equation 

17b 
FFA 

USGS 
Plains 

Regression 
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 



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 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. 

 
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.   

 
Figure 3.  Existing Bridge  I-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. 
 

 
Figure 4.  Detour Map – N 21st Street to Uintah Street to I – 25. 

 
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 
 

 
BASIN MAP 

 
Figure A1.  Fountain Creek Gaging Station watersheds.   
 
 
 
 
 
 
 
 
 
 



 

  
Latitude  38°51'17", Longitude 104°52'39" NAD27 
Figure A2. USGS Gage location on Fountain Creek.  Approximately 1.5 

miles upstream from I-17-EG, and 70 feet higher in elevation. 

 
Figure A3.  Peak flows at gage. 
 
 
 
 
 



USGS Regression Equations 

 
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.  

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

 
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. 

 

 
 
Figure A7.  -  Estimate of closure elevation return frequency. 
 
 
 
 
 
 
 
 
 
 
 
 
 



APPENDIX B - Hydraulics 
 
HEC-RAS  Model 
 

 
Figure B1.  HECRAS model of CDOT structure I-17-EG / EQ. 
 



 
Figure B2.  Bridge cross section facing downstream. 
 
 
Results - hecras model at bridge 

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

 
 



 
APPENDIX C – Scour Estimates 
 

◊ CDOT Bridge Inspection History and Calculated Scour limits 
for I – 17 – EG / EQ 

 
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. 

 





 
 



 



 
 

 



◊ HECRAS Scour RESULTS 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



◊ HEC No. 18 Scour RESULTS 
 

 
 
 

 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



  
 

 
Coomparison Table -  HECRAS  compared to  HEC 18  procedures. 
 

 
 
 
 
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 
 
D50  =  KuCVa

3 / { davg
0.5 K11.5 } 

 
Ku

  = 0.001 english units 
K1  = [  1 – ( sin2θ / sin2Φ ) ] 0.5 ;  K1 = 0.73 
Φ = angle of repose for angular 41° 
Θ = angle of horizontal to vertical bank slope 2 : 1.  Θ = 26.6° 
 
C = 1.61 ( SF ) 1.5  / ( Ss – 1 ) 

1.5;  C = 0.87 
 
D50  = 0.001 x 0.87 x 13.8 3 / ( 9 0.5 x 0.73 1.5 ) = 1.22 ft 
Use Facing class riprap with gradation: 100% passing 200 lbs at 1.3’ dia; 50% 
passing 75 lbs 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 I-17-EG / EQ. 
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