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BID ITEM LIST

ITEM 
NO. ITEM DESCRIPTION

UNIT 
MEAS. QUANTITY UNIT PRICE AMOUNT

1 CONSTRUCTION STAKING LS 1

2 PROGRESS SCHEDULE 
(CRITICAL PATH METHOD)

LS 1

3 TIME-RELATED OVERHEAD 
(WDAY)

WDAY 225

4 CONSTRUCTION AREA 
SIGNS

LS 1

5 TRAFFIC CONTROL SYSTEM LS 1

6 TYPE III BARRICADE EA 4

7 FLASHING BEACON 
(PORTABLE)

EA 2

8 PORTABLE CHANGEABLE 
MESSAGE SIGN (EA)

EA 2

9 JOB SITE MANAGEMENT LS 1

10
PREPARE STORM WATER 
POLLUTION PREVENTION 
PLAN

LS 1

11 RAIN EVENT ACTION PLAN EA 25

12 STORM WATER SAMPLING 
AND ANALYSIS DAY

EA 30

13 STORM WATER ANNUAL 
REPORT

EA 2

14
MOVE-IN/MOVE-OUT 
(TEMPORARY EROSION 
CONTROL)

EA 1

15 TEMPORARY HYDRAULIC 
MULCH

SQYD 1,570

16 TEMPORARY COVER SQYD 1,000

17 TEMPORARY FIBER ROLL LF 600

18 TEMPORARY SILT FENCE LF 1,620

19 TEMPORARY 
CONSTRUCTION ENTRANCE

EA 2

20 STREET SWEEPING LS 1
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21 TEMPORARY CONCRETE 
WASHOUT

EA 4

22 TEMPORARY FENCE (TYPE 
ESA)

LF 990

23 TREATED WOOD WASTE LB 1,000

24 REMOVE FENCE LF 100

25 REMOVE GUARDRAIL LF 65

26 COLD PLANE ASPHALT 
CONCRETE PAVEMENT

SQYD 200

27 BRIDGE REMOVAL LS 1

28 CLEARING AND GRUBBING LS 1

29 DEVELOP WATER SUPPLY LS 1

30 ROADWAY EXCAVATION CY 1,570

31 STRUCTURE EXCAVATION 
(BRIDGE)

CY 765

32 STRUCTURE EXCAVATION 
(TYPE D)

CY 1,192

33 SACKED CONCRETE PCC 
RIP-RAP EXCAVATION

LS 1

34 STRUCTURE BACKFILL 
(BRIDGE)

CY 1,321

35 PLANTING LS 1

36 PLANT ESTABLISHMENT 
WORK

LS 1

37 HYDROSEED SQFT 7,205

38 FINISHING ROADWAY LS 1

39 CLASS 2 AGGREGATE BASE CY 975

40 HOT MIX ASPHALT (TYPE A) TON 551

41 PLACE HOT MIX ASPHALT 
DIKE (TYPE C)

LF 58

42 PLACE HOT MIX ASPHALT 
DIKE (TYPE F)

LF 50

43 PLACE HOT MIX ASPHALT 
(MISCELLANEOUS AREA)

SQYD 17
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44 TACK COAT TON 1.1

45 P FURNISH PILING (HP 14X89) LF 12,540

46 DRIVE PILE (HP 14X89) EA 145

47 P STEEL SHEET PILING SF 3,000

48 P PRESTRESSING CAST-IN-
PLACE CONCRETE

LS 1

49 F STRUCTURAL CONCRETE, 
BRIDGE FOOTING

CY 333

50 F STRUCTURAL CONCRETE, 
BRIDGE

CY 2,229

51 F STRUCTURAL CONCRETE, 
APPROACH SLAB (TYPE N)

CY 102

52 P PTFE/ELASTOMERIC 
BEARING ASSEMBLY

EA 10

53 P STRIP JOINT SEAL 
ASSEMBLY (MR 4.5")

LF 85

54 P-F BAR REINFORCING STEEL 
(BRIDGE)

LB 770,088

55 P-F HEADED BAR 
REINFORCEMENT

LB 1,248

56 P WELDED STEEL PIPE CASING 
(BRIDGE)

LF 80

57 F ROCK SLOPE PROTECTION 
(1/4 T, METHOD B) 

CY 250

58 F ROCK SLOPE PROTECTION 
(NO. 2, METHOD B)

CY 4

59 P ROCK SLOPE PROTECTION 
FABRIC (CLASS 8)

SQYD 24

60 MINOR CONCRETE (GUTTER) CY 14

61 P FENCE TYPE WM LF 94

62 P ACCESS CONTROL GATE LS 1

63 GUARD RAILING 
DELINEATOR 

EA 4

64 OBJECT MARKER (TYPE L) EA 2

65 P TRANSITION RAILING (TYPE 
STB)

EA 2

66 P TRANSITION RAILING (TYPE 
WB-31)

EA 2
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67 ALTERNATIVE IN-LINE 
TERMINAL SYSTEM

EA 4

68 P-F TUBULAR BICYCLE RAILING LF 1,338

69 CONCRETE BARRIER (TYPE 
60C)

LF 306

70 F CONCRETE BARRIER (TYPE 
80)

LF 1,338

71 4" THERMOPLASTIC 
TRAFFIC STRIPE

LF 4,300

72 P PAVEMENT MARKER 
(RETROREFLECTIVE)

EA 90

73 MOBILIZATION LS 1

BASE BID TOTAL = $

P - Partial Pay Item
F - Final Pay Item
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Contract Number

RR Code

Date App 

Packet 

Received Lessee Code

Regional 

Manager 

Approval

Engineering 

Approval

GIS Prefix Date Approved

Date Approved Fee Paid (initial)

Check box if Contractor unknown at this time (this form will need to be completed

Applicant FEIN 

or Social 

Security Number:

Applicant 

Contact Name 

& Title:

Telephone 

Number:

Email 

Address:

Emergency 

Telephone Number:

State of 

Incorporation or 

Partnership:

Real Estate Department, 13901 Sutton Park Dr., S, Suite 160, Jacksonville, FL 32224

Applicant:

Emergency Contact (in case of 

derailment or fallen/wire pole etc.):

Section 1 - Applicant Data

Genesee & Wyoming Railroad Services, Inc.

*If other please explain:

with contractor information and submitted prior to any work once bid process is complete)

Applicant Mailing Address:

Applicant Overnight Address:

Incomplete or Inaccurate Information will delay application request

This section to be completed by Genesee & 

Wyoming Railroad Services, Inc. Real Estate 

Dept.

Contractors Access/Occupancy on Railroad Property

Complete Name of Contractor to 

appear on Legal Document:

Corporation Partnership Sole Proprietor Individual

Municipality Developer Other*
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Proposed date of Installation:

Railroad Name:

Nearest City: County: State:

N  S  E  W

US 

DOT/AAR 

Crossing 

Number 

(Required):

If YES, List Name of Lessee:

If Yes, complete the following:

D.O.T. Contract 

Number:

D.O.T. Project 

Number:

D.O.T. Project 

Name:

D.O.T. Contact 

Information:

Name:

Address:

City: State: Zip Code:

Section 2 - Location Data

Feet from Railroad Milepost

Is this installation associated 

with a Department of 

Transportation project?

Latitude/Longitude             

(Required in Digital Format)      

(ex 12.3456789/-64.101112):  

Section 4 - Department of Transportation (D.O.T.)

If Crossing Nearest Railroad 

Mile Post (required):

If YES, List Agreement Number(s):

Describe in detail the manner and method of installation on Railroad property  (REQUIRED):

Section 3 - Existing Agreement Data

Is there an Existing Agreement at this Location which will be affected by this Request?

Railroad Subdivision 

(Required):

Will facility be exclusively used by Applicant?

Yes No

Yes NoYes NoYes NoYes NoYes NoYes NoYes NoYes No

Yes No
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Facility Owner and/or their Contractor:

Date: Signature:

Phone Number:

Printed 

Name:

Fax Number: Title:

The policy or policies, where applicable and available, shall contain Insurance Services Office Standard 
Endorsement CG 2417.  A waiver of subrogation in favor of the railroad must also be an endorsement on 
the policy.

Upon application approval, applicant agrees to reimburse Railroad for any cost incurred by Railroad incident to the 

installation, maintenance and/or supervision necessitated by the installation.  Applicant further agrees to assume all 

liability for accidents or injuries that arise as a result of this installation.

Canadian Roads

U.S. Roads

Facility Owner and/or their Contractor:

Insurance Requirements prior to any construction project

Materials and installations are to be in strict accordance with specifications of National Electrical Safety Code, 

AREMA, current edition, and requirements of the Railroad.

Current certificate of Commercial General Liability Insurance naming the Railroad and Genesee & Wyoming Inc. as 

additional insured in limits no less than $2 million dollars per occurrence and $6 million dollars in the aggregate.  The 

policy or polices, where applicable and available, shall contain Insurance Services Office Standard Endorsement CG 

2417 or its equivalent.  A waiver of subrogation in favor of the railroad must also be shown as an endorsement to the 

policy.

Prior to application submittal, it is recommended that any questions concerning this application should be submitted 

to the Real Estate Department of Genesee & Wyoming Railroad Services, Inc.  All questions or requests for 

information submitted by email receive a rapid response.  Other requests can be made by phone (904) 900-6286, or 

email donna.killingsworth@gwrr.com.  Questions can be answered and additional contact information obtained by 

visiting the website at www.gwrr.com.  

Plans for proposed installations shall be submitted to and approved by the Railroad, on behalf of 

itself, its subsidiaries, and affiliates, and designated engineer before work can begin!  Applications 

submitted not meeting current specifications as outlined in the General Specifications for Sub-

grade and Above grade Utility Crossings of Railway's Right-of-Way will be returned and may incur 

additional engineering review fees.  For your convenience a copy of these specifications can be 

found on the website along with a checklist to ensure plans meet all requirements.

A policy of public liability insurance in the amount no less than $5 million dollars per occurrence and 
naming Railroad and Genesee & Wyoming Inc. as additional insured.

This section must be completed in full, signed and dated prior to submittal to the Real Estate Department 

for processing, incomplete or inaccurate Information will delay application request and may incur additional 

fees.  Unsigned applications will be returned to the applicant for signature.

Contact Email Address:

A policy of Railroad Protective Liability Insurance, with minimum limits of liability of $2 million dollars per occurrence 

and $6 million aggregate shall be in place through either the applicant or their contractor.  The Railroad and 

Genesee & Wyoming Inc. must be shown as named insured.   This coverage may be purchased through the railroad 

for an additional fee and for your convenience an application can be found on the website at www.gwrr.com
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# of Copies Amount Due

2 $1,500

2 $1,500

$3,000

Entering or working on the railroad right of way or any other railroad property without the 

permission of the railroad is trespassing and illegal. Violators risk the possibility of serious, 

even fatal injury and will be prosecuted.

In order for the application to be complete ALL required details pertinent to the proposed installation must be 

completed in full and submitted along with the following fees:

Description

Engineer review fee, plans/drawings, no larger than 11 x 17.  Larger drawings 

may incur additional engineering fees.

Completed Contractor's Access/Occupancy Application and Fee required will 

ALL application submittals.

All applicable fees must be submitted with application.  

Applications submitted not signed, dated and without 

proper fees will be returned.

Standard Application processing takes approximately 6-8 weeks.  "Expedited processing" is 

available and will reduce the processing time to between 1-2 weeks at an additional cost of $1,750, 

plans must meet engineering specifications.  Incomplete application and plans not meeting 

engineering specifications will cause a delay in the processing of expedited applications.  Current 

utility specifications and checklist can be found in the Real Estate section of the website at 

www.gwrr.com

Mail the application for proposed project, in duplicate along with the applicable non-refundable fee(s) in 

U.S. Funds (Canadian Applicants please pay in Canadian Funds plus HST) to:

Genesee & Wyoming Railroad Services, Inc.    

Real Estate Department                            

13901 Sutton Park Dr., S., Suite 160 

Jacksonville, FL 32224

Please make check payable to the Railroad in question.  W-9 Information available upon request.
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CONTRACTOR RIGHT OF ENTRY AGREEMENT 
 

Terms and Conditions 
 
Section 1. NOTICE OF COMMENCEMENT OF WORK-FLAGGING 
 
Contractor agrees to notify the Railroad Representative at least 48 hours in advance of Contractor 
commencing its work and at least 24 hours in advance of proposed performance of any work by 
Contractor in which any person or equipment will be within 25 feet of any track, or will be near enough to 
any track that any equipment extension (such as, but not 1imited to, a crane boom) will reach to within 25 
feet of any track.  Upon receipt of notice the Railroad Representative will determine and inform 
Contractor whether a flagman will be present and whether Contractor need implement any special 
protective or safety measures.  If any flagmen or other special protective or safety measures are 
performed by the Railroad, such services will be provided at Railroad’s expense with the understanding 
that if the Railroad provides any flagging or other services Contractor shall not be relieved of any of its 
responsibilities or liabilities set forth herein. 
 
Section 2. NO INTERFERENCE WITH RAILROAD’S OPERATION 
 
No work performed by Contractor shall cause any interference with the constant, continuous and 
uninterrupted use of the tracks, property and facilities of the Railroad its lessees, licensees or others, 
unless specifically permitted under this Agreement, or specifically authorized in advance by the Railroad 
Representative.  Nothing shall be done or suffered to be done by Contractor at any time that would in any 
manner impair the safety thereof.  When not in use, Contractor's machinery and materials shall be kept at 
least 50 feet from the centerline of Railroad's nearest track, and there shall be no vehicular crossings of 
Railroad's tracks except at existing open public crossings. 
 
Section 3. MECHANIC’S LIENS 
 
Contractor shall pay in full all persons who perform labor or provide materials for the work to be 
performed by Contractor.  Contractor sha1l not create, permit or suffer any mechanic’s or materialmen’s 
liens of any kind or nature to be created or enforced against any property of the Railroad for any such 
work performed.  
 
Section 4. PROTECTION OF FIBER OPTIC CABLE SYSTEMS 
 
a). Fiber optic cable systems may be buried on the Railroad's property.  Protection of the fiber optic 

cable systems is of extreme importance since any break could disrupt service to users resulting in 
business interruption and loss of revenue and profits.  Contractor shall contact the appropriate 
Class I and shortline railroads to determine if fiber optic cable is buried anywhere on the 
Railroad's premises to be used by Contractor.  If it is, Contractor will telephone the 
telecommunications company(ies) involved, arrange for a cable locator, make arrangements for 
relocation or other protection of the fiber optic cable, all at Contractor's expense, and will 
commence no work on the right of way until all such protection or relocation has been 
accomplished. 

 
b). In addition to other indemnity provisions in this Agreement Contractor shall indemnify and hold 

the Railroad harmless from and against all costs, liability and expense whatsoever (including, 
without limitation, attorneys' fees, court costs and expenses) arising out of any act or omission of 
Contractor, its contractor, agents and/or employees, to the extent that it causes (1) any damage to 
or destruction of any telecommunications system on Railroad's property, and/or (2) any injury to 



or death of any person employed by or on behalf of any telecommunications company, and/or its 
contractor, agents and/or employees, on Rai1road's property.  Contractor shall not have or seek 
recourse against Railroad for any claim or cause of action for alleged loss of profits or revenue or 
loss of service or other consequential damage to a telecommunication company using Railroad's 
property or a customer or user of services of the fiber optic cable on Railroad's property. 

 
Section 5. COMPLIANCE WITH LAWS 
 
In the progression of  work covered by this Agreement, Contractor shall secure any and all necessary 
permits and shall comply with all applicable federal, state and loca1laws, regulations and enactments 
affecting the work.  Contractor shall use only such methods as are consistent with safety, both as concerns 
Contractor, Contractor's agents and employees, the officers, agents and employees, and property of the 
Railroad and the public in general.  Contractor (without limiting the generality of the foregoing) shall 
comply with all applicable state and federal occupational safety and health acts and regulations.  All 
Federal Railroad Administration (“FRA”) regulations shall be fol1owed when work is performed on the 
Railroad's property.  If any failure by Contractor to comply with any such laws, regulations, and 
enactments, shall result in any fine, penalty, cost or charge being assessed, imposed or charged against the 
Railroad, Contractor shall reimburse and indemnify the Railroad for any such fine, penalty, cost, or 
charge, including without limitation attorney’s fees, court costs and expenses.  Contractor further agrees 
in the event of any such action, upon notice thereof being provided by the Railroad, to defend such action 
free of cost, charge, or expense to the Railroad. 
 
Section 6. SAFETY INSTRUCTIONS 
 
Safety of personnel, property, rail operations and the public is of paramount importance in the progression 
of the work pursuant to this Agreement.  As reinforcement and in furtherance of overall safety measures 
to be observed by Contractor (and not by way of limitation), the following special safety rules shall be 
followed: 
 
a). Contractor shall keep the job site free from safety and health hazards and ensure that its 

employees are competent and adequately trained in all safety and health aspects of the job.  
Contractor shall have proper first aid supplies available on the job site so that prompt first aid 
services can be provided to any person that may be injured on the job site.  Contractor shall 
promptly notify the Railroad of any U .S. Occupational Safety and Health Administration 
(“OSHA”) reportable injuries occurring to any person that may arise during the work performed 
on the job site.  Contractor shall have a non-delegable duty to control its employees, while they 
are on the job site or any other property of the Railroad to be certain they do not use, be under the 
influence of, or have in their possession any alcoholic beverage, drug, narcotic or other substance 
that may inhibit the safe performance of work by the employee. 

 
b). The employees of Contractor shall be suitably dressed to perform their duties safely and in a 

manner that will not interfere with their vision, hearing or free use of their hands or feet.  Only 
waist length shirts with sleeves and trousers that cover the entire leg are to be worn.  If flare-
legged trousers are worn, the trouser bottoms must be tied to prevent catching.  The employees 
shou1d wear sturdy and protective work boots and at least the following protective equipment 
 
(1) Protective headgear that meets American National Standard-Z89.1-latest revision.  It is 

suggested that all hardhats be affixed with Contractor’s or subcontractor’s company logo 
or name; 

 



(2) Eye protection that meets American National Standard for occupational and educational 
eye and face protection, Z87.1-latest revision.  Additional eye protection must be 
provided to meet specific job situations such as welding, grinding, burning, etc.; and 

 
(3) Hearing protection which affords enough attenuation to give protection from noise levels 

that will be occurring on the job site. 
 
c). All heavy equipment provided or leased by Contractor shall be equipped with audible back-up 

warning devices.  If in the opinion of the Railroad Representative any of Contractor's or any of its 
subcontractor’s equipment is unsafe for use on the Railroad's right-of-way, Contractor, at the 
request of the Railroad Representative, shall remove such equipment from the Rai1road's right-
of-way. 

 
Section 7. INDEMNITY 
 
a). As used in this Section, "Railroad" includes its officers, agents, and employees; "Loss" includes 

loss, damage, claims, demands, actions, causes of action, penalties, costs, and expenses of 
whatsoever nature, including court costs and attorneys' fees, which may result from: (a) injury to 
or death of persons whomsoever (including the Railroad's officers, agents, and employees, 
Contractor's officers, agents, and employees, as well as any other person); and/or (b) damage to 
or loss or destruction of property whatsoever (including Contractor's property, damage to the 
roadbed, tracks, equipment, or other property of the Railroad, or property in its care or custody). 

 
b). As a major inducement and in consideration of the license and permission herein granted, 

Contractor agrees to indemnify and hold harmless the Railroad from any Loss which is due to or 
arises from Contractor’s work performed under this Agreement, its breach of the agreement or its 
failure to observe the health and safety provisions herein, or any activity, omission or negligence 
arising out of its performance or nonperformance of this Agreement, except to the extent such 
Loss is caused by Railroad’s negligence or willful misconduct. 

 
Section 8. RESTORATION OF PROPERTY 
 
In the event the Railroad authorizes Contractor to take down any fence of the Railroad or in any manner 
move or disturb any of the other property of the Railroad in connection with the work to be performed by 
Contractor, then in that event Contractor shall, as soon as possible and at Contractor's sole expense, 
restore such fence and other property to the same condition as the same were in before such fence was 
taken down or such other property was moved or disturbed. 
 
Section 9. WAIVER OF BREACH 
 
The waiver by the either party of the breach of any condition, covenant or agreement herein contained to 
be kept, observed and performed by the other party shall in no way impair the right of the waiving party 
to avail itself of any remedy for any subsequent breach thereof. 
 
The parties hereto have executed this agreement in duplicate as the date first herein written. 
 
RAILROAD NAME     CONTRACTOR 
 

 
 
_________________________________  _________________________________ 



Printed Name, Title     Printed Name, Title 
 
 
_________________________________  _________________________________ 
Signature      Signature 
 
 
_________________________________  _________________________________ 
Date       Date 
 



 

Railroad Protective Liability Application 

 
 

Named Insured Railroad:       

Address:       

 

Name of Designated Contractor:       

Address:       

 

Contractors GL Limits:       

Carrier:       

 

Contractors Umbrella Limits:       

Carrier:       

 

Will the Contractor be holding the Railroad Harmless? Yes  No  

Will the Railroad be listed as an “Additional Insured” on the Contractor’s CGL and Umbrella 
policies? Yes  No  

Will the Contractor’s GL & Umbrella policies remove the contractual exclusion for work within 
50’ of a Railroad?    Yes  No  
 

Railroad Protective Limits Required:       

Per Occurrence:       Aggregate:       

 
Name & Address for Whom Work is Being Performed:       

      

 

Description of Job:       

      

 

Approximate Length of Job (years/months):       

 
Total Cost of Job:       Cost of Work Within 50’ of Tracks:       

 
Daily Train Traffic:       Freight:       Passenger:       

 

Will there be any Railroad flagmen/supervisors? Yes  No  

Will there be any other work performed by any railroad employees?   Yes  No  

If yes, please describe:       

Will there be any Railroad equipment assigned to the contractor? Yes  No  

If yes, please describe:       

 
 
 
Signature:  Date:       

 
Printed Name:       

 
Title:       

 



 
 
 

Insurance Requirements for Off-Track 
Contractors and Sub-contractors 

 
For work performed farther than 50’ from the railroad’s track. 

 
 
 
Workers’ Compensation and Employers’ Liability Insurance: 

 
The Seller shall maintain Statutory Workers Compensation and Employers’ Liability 
Insurance for its employees (if any) with minimum limits of not less than $500,000 
Bodily Injury by Accident, Each Accident; $500,000 Bodily Injury by Disease, Policy 
Limit; $500,000 Bodily Injury by Disease, Each Employee. Such policy shall be 
endorsed to provide a Waiver of Subrogation in favor of Buyer. 

 
Commercial General Liability Insurance: 

 
The Seller shall maintain Commercial General Liability Insurance including Bodily 
Injury & Property Damage Coverage, Premises Coverage, Products & Operations 
Coverage, Contractual Liability Coverage and Independent Contractor’s Liability 
Coverage with limits not less than the following: 

 
Comprehensive General Liability coverage, Completed Operations coverage and 
Contractual Indemnity coverage shall not be less than $1,000,000 per occurrence and not 
less than $2,000,000 aggregate for bodily injury and property damage, with a waiver of 
all railroad exclusions. Please note the aggregate limit needs to be on a per project basis 
while the contractor is on our property. An Umbrella policy may be utilized to satisfy the 
required limits of liability. 

 
Commercial Automobile Insurance: 

 
The Seller shall maintain Commercial Automobile for all owned, non-owned and hired 
vehicles with a combined single limit of not less than $1,000,000 for Bodily Injury and 
Property Damage Liability. Such policy shall be endorsed to provide Waiver of 
Subrogation in favor of Buyer as Additional Insured. If hauling hazardous materials, 
policy is to be endorsed with the MCS-90 endorsement. 



 
Pollution Legal Liability Insurance: 

 
If required, the Seller shall maintain Pollution Legal Liability Insurance with minimum 
limits of $5,000,000 per occurrence covering all operation of the Seller. Such policy 
shall be endorsed to provide Waiver of Subrogation in favor of Buyer and name Buyer as 
Additional Named Insured. 

 
Professional Liability Insurance: 

 
If required, the Seller shall maintain Professional Liability Insurance with minimum 
limits of $1,000,000 per occurrence covering all operations of the Seller. 

 
General Insurance Requirements: 

 
1. The insurance policies must be underwritten by a company licensed in the 

state where work is to be performed, and carry a minimum Best’s rating of 
“A- VI” or better. All coverage shall be primary and non-contributory to any 
insurance coverage’s maintained by the Buyer. 

2. All insurance policies shall be endorsed to provide Buyer with thirty (30) days 
prior notice of cancellation, non-renewal or material change. 

3. The certificates of insurance shall evidence all the above required terms and 
conditions. 

4. Certificates of Insurance shall be filed with the Buyer for approval prior to 
commencing any work. Failure to furnish the required certificate within (10) 
days of “notice to proceed” shall not be considered cause for modification of 
any contractual time limits. 

5. If sub-contractors are utilized, Seller is to ensure such sub-contractors are in 
compliance with the above requirements by providing the appropriate 
certificate of insurance to Buyer. 

6. If any policies providing the required coverage are written on a claims-made 
basis, the following is applicable: 

· The retroactive date shall be prior to the commencement of 
the work. 

· Seller shall maintain such policies on a continuous basis 
· If there is a change in insurance companies or policies are 

cancelled or not renewed, Seller shall purchase an extended 
reporting period of not less than three (3) years after the 
contract completion date. 



Note: If not previously provided, please have your Insurance Agent forward the 
required certificates of insurance to: 

 
 
 

Genesee & Wyoming Railroad Services, Inc. 
Attn: Kristine Storm 
13901 Sutton Park Drive South 
Suite 330 
Jacksonville, FL  32224 

 



 
 
 

Insurance Requirements for On-Track 
Contractors and Sub-contractors 

 
For work performed within 50’ of the railroad’s track. 

 
 
 
Workers’ Compensation and Employers’ Liability Insurance: 

 
The Seller shall maintain Statutory Workers Compensation and Employers’ Liability 
Insurance for its employees (if any) with minimum limits of not less than $1,000,000 
Bodily Injury by Accident, Each Accident; $1,000,000 Bodily Injury by Disease, Policy 
Limit; $1,000,000 Bodily Injury by Disease, Each Employee. Such policy shall be 
endorsed to provide a Waiver of Subrogation in favor of Buyer. 

 
Commercial General Liability Insurance: 

 
The Seller shall maintain Commercial General Liability Insurance including Bodily 
Injury & Property Damage Coverage, Premises Coverage, Products & Operations 
Coverage, Contractual Liability Coverage and Independent Contractor’s Liability 
Coverage with limits not less than the following: 

 
Comprehensive General Liability coverage, Completed Operations coverage and 
Contractual Indemnity coverage shall not be less than $2,000,000 per occurrence and not 
less than $6,000,000 aggregate for bodily injury and property damage, with a waiver of 
all railroad exclusions. Please note the aggregate limit needs to be on a per project basis 
while the contractor is on our property. Railroad Protection Liability (RPL) is a 
requirement for any work that involves construction or demolition within 50 feet of a 
railroad track. The contractor can purchase RPL thru Genesee & Wyoming Inc. RPL 
policy. Please contact Manger of Finance & Admin at 217-788-8625 concerning this 
coverage. Such policy shall be endorsed to provide Waiver of Subrogation in favor of 
Buyer and name Buyer as additional insured. An Umbrella policy may be utilized to 
satisfy the required limits of liability. An alternative to RPL, is an endorsement for the 
deletion of the 50 feet contractual exclusion contained within the General Liability policy. 



Commercial Automobile Insurance: 
 
The Seller shall maintain Commercial Automobile for all owned, non-owned and hired 
vehicles with a combined single limit of not less than $1,000,000 for Bodily Injury and 
Property Damage Liability. Such policy shall be endorsed to provide Waiver of 
Subrogation in favor of Buyer as Additional Insured. If hauling hazardous materials, 
policy is to be endorsed with the MCS-90 endorsement. 

 
Pollution Legal Liability Insurance: 

 
If required, the Seller shall maintain Pollution Legal Liability Insurance with minimum 
limits of $5,000,000 per occurrence covering all operation of the Seller. Such policy 
shall be endorsed to provide Waiver of Subrogation in favor of Buyer and name Buyer as 
Additional Named Insured. 

 
Professional Liability Insurance: 

 
If required, the Seller shall maintain Professional Liability Insurance with minimum 
limits of $1,000,000 per occurrence covering all operations of the Seller. 

 
General Insurance Requirements: 

 
1. The insurance policies must be underwritten by a company licensed in the 

state where work is to be performed, and carry a minimum Best’s rating of 
“A- VI” or better. All coverage shall be primary and non-contributory to any 
insurance coverage’s maintained by the Buyer. 

2. All insurance policies shall be endorsed to provide Buyer with thirty (30) days 
prior notice of cancellation, non-renewal or material change. 

3. The certificates of insurance shall evidence all the above required terms and 
conditions. 

4. Certificates of Insurance shall be filed with the Buyer for approval prior to 
commencing any work. Failure to furnish the required certificate within (10) 
days of “notice to proceed” shall not be considered cause for modification of 
any contractual time limits. 

5. If sub-contractors are utilized, Seller is to ensure such sub-contractors are in 
compliance with the above requirements by providing the appropriate 
certificate of insurance to Buyer. 

6. If any policies providing the required coverage are written on a claims-made 
basis, the following is applicable: 

 
· The retroactive date shall be prior to the commencement of 

the work. 
· Seller shall maintain such policies on a continuous basis 
· If there is a change in insurance companies or policies are 

cancelled or not renewed, Seller shall purchase an extended 



reporting period of not less than three (3) years after the 
contract completion date. 

 
Note: If not previously provided, please have your Insurance Agent forward the 
required certificates of insurance to: 

 
 
 
 

Genesee & Wyoming Railroad Services, Inc. 
Attn: Kristine Storm 
13901 Sutton Park Drive South 
Suite 330 
Jacksonville, FL  32224 
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CONTRACTOR SAFETY RULES 
 
Contractor Safety Rules:  Issued to all North American Subsidiaries of Genesee & Wyoming 
Inc. Effective April 1, 2002 Revised Dec. 31, 2006  
 
Introduction:  
These rules apply to contractors performing maintenance, repair or specialty work on or about railroad 
property; on other properties the railroad is responsible for and/or on property directly adjacent to the 
railroad track.  
They do not apply to contractors providing incidental services that do not influence safety, such as 
janitorial services, food & drink services, laundry, or other supply services.  
 
Contractor Responsibilities:  

1. All contractor employees must be trained in the work practices necessary to safely perform his 
or her job.  

2. Document that each contractor employee has received and understands the purpose of the 
Genesee & Wyoming Inc. Contractor Safety Rules.  
• The contractor must prepare a record, which contains the identity of the contractor 

employee, the date of the training and means used to verify that the employee understood 
the training.  

3. Ensures that each contractor employee follows the railroad’s safety rules and procedures.  
4. The contractor must advise the railroad of any hazards presented by the contractor’s work 

when they occur.  
5. Unless otherwise provided in the contract, the contractor is responsible for restoring ballast, 

filling holes created when replacing ties and removing all debris generated as a result of the 
work that is being performed. Permanent or temporary safety precautions must be in place 
each day prior to the contractor leaving the worksite. These safety precautions are the 
responsibility of the contractor when providing hazard protection.  

6. All applicable transportation department rules apply to contractors when rail cars are involved 
in the project i.e. (Riding on equipment, 3 Points of Contact, 3 Step Protection, Getting on or 
off equipment.)  

7. All pertinent railroad safety rules and regional procedures must be reviewed prior to the 
commencement of work on railroad property.  

8. All contractor employee injuries and all railroad property damaged by the contractor must be 
reported to the regional railroad’s claims office and the Genesee & Wyoming Inc. claims 
office located in Rochester, NY at (716) 463-3406. All reports must be completed in 
accordance to FRA Reporting requirements.  

 
Definitions:  
Flagman: An employee designated to direct or restrict the movement of trains at a point on track to 
provide on-track protection for Roadway Workers. This employee must be qualified on the railroad’s 
operating rules, roadway worker safety; and may not perform any other duties.  
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Foul Time: A method of establishing working limits through exclusive use of the track in which 
notification is given and recorded by the train dispatcher or block operator to an employee that no trains 
will operate within a specific segment of controlled track during a specific time period, and the required 
blocking devices have been placed on the control machine to protect the track fouled. Foul time must 
remain in effect until the employee to whom the foul time was issued has reported clear of the track.  
Fouling A Track: The location of an individual or equipment in such proximity to a track that the 
individual or equipment could be struck by a moving train or on-track equipment, or whenever an 
individual or equipment is within four (4) feet of the field side of the near running rail.  
Inaccessible Track: A method of establishing working limits on non-controlled track by preventing 
access to the working limits.  
Lone Worker: An individual employee who is not being afforded On-Track Protection by another 
employee, who is not a member of a gang, and is not engaged in a common task with another employee.  
Restricted Speed: Prepared to stop within one-half the range of vision-short of a train, obstruction, or 
switch improperly lined. Be on the lookout for broken rail.  
Roadway Maintenance Machine: Powered equipment, other than by hand, which is being used on or 
near the track for maintenance, repair, construction or inspection of track; bridges; roadway; or signal, 
communication, or electric traction systems. These machines may have road or rail wheels or may be 
stationary.  
Roadway Maintenance Work Train: A train that is being operated within working limits in conjunction 
with roadway maintenance, construction or repairs, under the direction of a designated employee in 
charge.  
Roadway Worker: An employee, or employee of a contractor whose duties include inspection, 
construction, maintenance or repair of track, bridges, roadway, signal and communication systems, 
electric traction systems, roadway facilities or roadway maintenance machinery on or near track with the 
potential of fouling a track, and flagmen and watchmen affording on track protection.  
Track Centers: The distance from the centerline of one track to the centerline of an adjacent track.  
Gage: The distance (4 ft. 8 1/2 inches) between track rails.  
Clear of Tracks: Minimum clearance of at least four feet outside the rail of all tracks, and not between 
main tracks.  
Blue Flag Protection: A method of providing protection for people who work on, under, or between 
railroad rolling stock; freight cars, locomotives, etc.  
 
1. Accident/Injury Requirements:  
The contractor is required to have an employee qualified to give first aid. If a contractor employee is 
injured while working on railroad property, he or she should be given first aid at once. Medical assistance 
should be obtained as soon as possible if further care is needed.  
2. Personal Protective Equipment:  

a. Safety Footwear:  
• Employees whose duties require them to work on or about tracks or equipment are required to 

wear leather laced type shoes that cover the entire foot. These shoes must be at least six 
inches high, and have safety toes, must have a defined heel of not more than 1 ¼ inches in 
height and must have oil resistant soles.  

• Shoes that are excessively worn or, do not provide ankle support, have thin, loose or smooth 
soles must not be worn.  

b. Eye Protection requirements:  
• Safety glasses must be worn at all times while on railroad property. Protect your vision by 

wearing safety eyewear with side shields that are clean and properly fitted.  
• If you wear corrective lenses, you must wear either approved prescription safety glasses with 

side shields or cover-all type goggles over your personal glasses:  
• Do not face welding, heating, or grinding operations unless you are wearing appropriate eye 

protection.  
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• If you are performing work near electric (arc) welding or cutting operations, wear a welding 
helmet. If a welding helmet is not available, move a safe distance from the operation.  

c. Hearing Protection:  
• Wear hearing protection when you are welding, cutting, or exposed to flying sparks from these 

operations. Sparks from welding or cutting can burn your inner ear.  
• Wear hearing protection when working in high noise areas in accordance with the railroad’s 

hearing conservation policy, hereby attached.  
d. Respiratory Protection  

• Wear respiratory protection when you are exposed to fumes, dust, mist, or vapor.  
e. Protective Clothing  

• Wear protective gloves and clothing when you are handling or working on a wet cell battery, 
handling, pouring, or using acids, toxic substances, or solvents or, handling creosote 
materials.  

f. High-visibility Workwear  
All contractors are required to wear approved high-visibility workwear when they are on duty or 
on the Company property. Such high-visibility workwear must be worn as the outermost layer of 
clothing.  
i. High-visibility workwear must be approved by the Regional Director of Safety and may consist 

of a vest, coveralls, T-shirt or other clothing of the prescribed color (yellow/green or orange) 
equipped with reflective striping as follows: a horizontal band around the waist, two vertical 
bands and/or an “X” on the back, and two vertical bands in front from the waist to the top of 
the shoulders. Stripes must be of silver or yellow reflective material and be at least 2 inches (5 
cm) in width.  

ii. Vests must be properly sized and constructed with tear-away features as approved by the 
Regional Director of Safety.  

iii. Defective, damaged or lost workwear must be reported immediately to your supervisor and 
replaced before reporting for duty.  

iv. Exceptions:  
(a.) High-visibility workwear is not required when you are in these locations:  

• Lunchroom;  
• Locker room;  
• Inside vehicles;  
• Inside railway passenger cars;  
• Inside locomotive cabs; or  
• Offices.  

(b.) When employees are working on locomotives or other equipment inside shop buildings, 
high-visibility workwear is recommended. All employees working outside of shop 
buildings require approved high-visibility workwear.  

(c.) Accommodations for unusual conditions will be at the discretion of the Regional Director 
of Safety.  

3. Working On Equipment:  
Do not operate or ride on any equipment unless it is in the performance of your duties and you have been 
properly authorized to do so. Do not jump from equipment, platforms, or other elevated places. Use steps 
or a ladder.  
4. Keep Clear of Suspended Loads or Cables/Chains under tension:  

a. Keep clear of suspended loads.  
b. Stand clear when chains, cables or other tackle in under tension.  

5. Keeping Clear of Electrical Wires:  
Keep at least 12 feet away from a dangling wire or any object that may be in contact with an electrical 
current. Keep others away until qualified personnel are notified and take charge.  
NOTE: Qualified personnel are employees or contractors who have been trained or qualified to work with 
electricity.  
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6. Working With Tools:  
a. Do not modify tools.  
b. Before you use any tool, examine it for defects. Report any defects to your immediate supervisor.  
c. Defective tools must not be used.  

7. Working Around On-Track Equipment:  
Expect locomotives, cars and track maintenance equipment to move on any track, in either direction, at 
any time. Therefore, employees must look in both directions before crossing tracks.  
8. Avoiding Potential Hazards:  
Example: Employees should avoid walking, stepping, resting foot on or sitting on rails, frogs, switches, 
guardrails, pipe or interlocking apparatus or connections.  
9. Crossing Tracks:  
Employees must not cross tracks closer than 50 feet from standing locomotives and cars.  
10. Working Near Moving Trains:  

a. Employees should never carry objects on their shoulders when they are near moving trains.  
b. Employees should not cross in front of moving trains or equipment.  
c. Placement of Material Near Tracks.  

• Employees should place toolboxes, test equipment and other objects not less than 25 feet from 
the nearest track. Place all lid apparatus so that lid will open toward track and be secured in 
place.  

• When performing work near tracks, arrange all tools, material, equipment or other objects so 
that a moving train or equipment will not strike them.  

11. Working Near Standing Railroad Equipment:  
Employees should keep themselves and material clear of and never lean against, sit on, or otherwise rest 
on standing railroad equipment.  
12. Working In or Near Tunnels – On Bridges or Trestles:  

a. Employees must move to a safe location when a train or equipment moves past their work location 
in tunnel or on bridges, trestles or overpasses.  

b. Employees working in tunnels must be protected by railroad watchmen and must occupy safety 
manholes when a train approaches. Employees must secure loose clothing and maintain handhold 
if possible until train has passed.  

c. Walking in tunnels or on bridges, trestles and overpasses should be avoided whenever possible.  
• When an employee must walk through a tunnel or across a bridge, trestle or overpass the 

employee must look both ways and confirm with railroad personnel that they are properly 
protected and that he or she can safely complete the walk through the tunnel or across the 
bridge, trestle or overpass before any moving rail equipment passes through the tunnel or 
over that bridge, trestle or overpass.  

• Extra care must be taken when crossing open floor bridges or trestles.  
13. Action to take if Safe Passage of a train is at risk:  
If an event occurs that would interfere with the safe passage of trains, the employee must take immediate 
action to stop trains by radio communication to trains or the person in charge of the track. If protection 
cannot be immediately ensured, or if communications fail, flag protection must be immediately provided 
as prescribed by the railroad’s rules.  
14. Protection When Fouling or Working on a Track:  

a. Trains must be fully protected against any known condition that may interfere with their safe 
passage.  

b. If work on or adjacent to a track will create a condition interfering with the safe passage of trains, 
that work must not be attempted without permission of the employee in charge of the track.  

c. On Main Tracks or where Interlocking rules are in effect, protection is required in accordance with 
railroad operating and safety rules.  

15. Returning Track to Service:  
When track is to be returned to service, the employee in charge must take the following actions:  
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a. Notify the Dispatcher or railroad supervisor responsible for the safety of the track of any 
restrictions necessary for the safe passage of trains.  

b. Ascertain that all track cars and trains are clear of the track, and notify the Dispatcher or railroad 
supervisor responsible for the safety of the track that they are clear.  

c. An employee designated by the railroad must inspect the track prior to operating trains.  
16. Interlocking Switches within Work Area:  
Dispatchers controlling interlocking switches within the Work Area must line such switches for 
movements within the Work Area and must apply blocking devices to the controls of those switches. 
These blocking devices must not be removed without permission of the employee in charge of the Work 
Area. This requirement does not relieve employees operating within the Work Area from complying with 
interlocking signal indications.  
17. Flag Protection is Required When:  

a. Work is being performed by others not hired by railroad and the work is being performed on 
railroad property or adjacent to railroad right of way.  

b. Work is being performed by entities hired by the railroad and the work is being performed within 
25ft from the center the track.  

18. Fouling Track  
Whenever fouling track, the following procedures will apply:  

a. Action Required Prior to Issuance:  
Before fouling a track, the employee in charge must determine that no trains have been authorized to 
move in the direction of the point to be fouled, and must ensure that Stop Signals have been displayed and 
blocking devices applied by the dispatcher to controls of Switches and signals leading to the affected 
track to be protected.  

b. Permission to Foul a Track:  
Permission to foul a track must include the following information:  

1. Designation of track to be fouled  
2. Location of fouling (mile posts)  
3. Time limit for fouling (beginning time and ending time)  

Permission must be repeated by the receiving employee and confirmed by the Dispatcher or 
railroad supervisor responsible for track safety before it is acted upon.  

c. Clearing Fouled Track.  
1. Stop all equipment and vehicles on the right of way while the train is passing  
2. Stay clear until you are notified that it is safe to resume work  

19. Safety Precautions: When working in yards and on tracks:  
a. Keep at least 50 feet from passing trains and equipment, if possible. Face the direction from which 

the train is approaching. Watch for projecting, dragging, or falling objects.  
b. Do not perform work that will interfere with the safe passage of trains.  
c. Inspect all passing trains to detect a dangerous condition.  
d. Cross tracks at least 50 feet from standing locomotives or cars.  
e. Do not cross between cars standing less than 50 ft. apart.  
f. Give hand signals for movement of work train or wreck train only if you are a member of the train 

crew. EXCEPTION: Emergency stop signals may be given by anyone  
20. Employee In Charge:  
The employee in charge is responsible for taking charge of the work performed by assembled gangs and 
arranging protection for the gangs.  
The employee in charge is responsible for the safety, instruction, and performance of all employees under 
his or her jurisdiction.  
The employee in charge advises the foremen of the assembled gangs how each of them will protect the 
safety of the employees under their direction.  
The employee in charge is also responsible for:  

a. Ensuring that employees comply with all applicable rules.  
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Take the track out of service, or get verbal permission to temporarily foul the track according to 
operating rules.  

b. If employees are too scattered to hear the watchman's warning whistle or horn, assign advance 
(additional) watchmen as needed.  

c. If bad weather limits visibility, use additional protective measures as needed.  
21. Watchmen:  
Responsibilities:  
The employee in charge assigns watchmen to watch for approaching trains and warn employees to clear 
the tracks. If a watchman has not been assigned, the employee in charge acts as a watchman.  
Follow these precautions if you have been assigned as a watchman:  

a. Give your full attention to watching for trains and warning employees.  
b. Do not perform any other duties, even momentarily.  
c. If you do not have a full view of trains approaching in either direction, or if you cannot give your 

full attention to your duties as watchman, signal employees to clear the tracks.  
d. Do not leave your station until the employee in charge determines that protection is no longer 

necessary, or the employee in charge has assigned another watchman who is in position and 
watching for approaching trains.  

Watchman Duties:  
Watchmen are responsible for watching for approaching trains and signaling employees to clear the 
tracks. If a watchman has not been assigned, the employee in charge acts as a watchman. A watchman’s 
duty is to watch. Follow these procedures when you are performing the duties of a watchman:  
When a train approaches from either direction, warn employees in time for them to clear track at least 15 
seconds before the train approaches the point of work.  

NOTE: You may need to give additional warnings around noisy operations. Example: Sounding 
a whistle or blowing a horn.  

22. Clearing Controlled Track:  
Follow this procedure for clearing on a Controlled Track, which is any track shown in the timetable as 
being under the control of a Dispatcher or Block Operator.  

a. Clear all tracks, if possible, keeping at least 50 feet from passing trains and equipment.  
b. If you cannot clear all tracks;  

• Clear the track on which the train is approaching and the adjacent tracks.  
• Watch for trains in both directions and determine the track on which other trains will approach. 

Clear enough tracks so that you will not be trapped.  
c. If you are operating equipment within the gage of the track adjacent to the track being cleared, 

dismount the equipment and clear the track.  
23. Working On Non-Controlled Industrial and Yard Tracks  
Follow these procedures when working on and clearing Non-Controlled Track (Industrial, Yard, or any 
other track not controlled by a Dispatcher:  
Make the working limits inaccessible to trains, engines or other on track equipment using one of the 
following procedures:  

1. A switch lined and effectively secured in one of the following ways:  
• With a private lock on switches that will accommodate them.  
• Properly secured switch point clamp.  
• Driven spikes or wedges that require special tools to remove them.  

2. Portable derail with flag.  
24. Working Around Self Propelled Equipment:  
Follow these safety precautions when working on or around self-propelled equipment:  

a. Use the handrail when getting on, riding on, and getting off equipment. Maintain three points of 
contact.  

b. Do not get on or off moving equipment.  
c. When working near or observing equipment:  
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1. Perform a Job Safety Briefing and communicate with the operator of the equipment to cover the 
following:  
• Operating procedures.  
• Location of employees working around equipment.  
• Operator blind spots.  
• Signal to warn that equipment will move.  

2. When your duties require you to be around the equipment, you must maintain a 50- foot safe 
area from the equipment.  

3. If your duties require you to be within the 50-foot safe area of the equipment, perform those 
duties from the location established in your communication with the operator.  

25. Roadway Maintenance Machine Operators  
Follow these precautions when operating self propelled equipment:  

a. Communicate with employees in the vicinity of the equipment and cover;  
• Normal operating procedures including operator's blind spots.  
• Test the brakes immediately after starting.  
• Do not allow anyone to distract you or interfere with your duties.  
• Constantly look out for obstructions or unsafe conditions in the direction you are moving.  
• If you cannot see ahead or behind, designate another employee to keep a lookout for you.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
End 

 



 
ROADWAY WORKER PROTECTION TRAINING POLICY 
 
Railroad and Contractor have a mutual interest in providing a safe workplace for the employees 
of both parties and in maintaining the integrity and security of Railroad’s facilities and property 
(the “Property”).  To help ensure this goal, Railroad has instituted a training program for all 
employees of Contractor or its subcontractor(s) seeking admission to the Property (the 
“Program”). These employees must successfully complete the Program.  Contractor shall cause 
its employees, and shall cause its subcontractor to require its employees, to successfully 
complete the Program on an annual basis, at their sole cost and expense, prior to their 
admission onto the Property.  The Program will be available on-line and administered by a third 
party on behalf of GWI.  The cost per employee certification attempt is $35.00 USD, payable via 
credit or purchasing card. 
 
 
 
ROADWAY WORKER PROTECTION TRAINING POLICY CONTRACT LANGUAGE 
 

A. (i) In order to maintain the integrity and security of Railroad’s facilities or property (the 
“Property”), prior to any employee of Contractor or its subcontractor working at or 
regularly entering upon any Property (each a “Contractor Applicant”), Contractor shall 
cause its employees, and shall cause its subcontractor to require its employees, to 
successfully complete the Genesee & Wyoming Roadway Worker Training Program (the 
“Program”) on an annual basis to be administered by Roadway Worker Training (the 
“Program Administer”), at the sole cost and expense of the Contractor or subcontractor, 
as the case may be, at the price of $35.00 USD per Contractor. 
 
(ii) The Program shall be available via the internet and instructions to access the 
Program are set forth on Exhibit [*] attached hereto. 

 
B. Upon completion of the Program, the Contractor Applicant shall be required to 

satisfactorily complete a test to be administered by the Program Administer. The 
Program Administer shall be responsible for scoring such test and verifying whether the 
Contractor Applicant satisfies the requirements of Railroad to perform work on the 
Property. Any Contractor Applicant who refuses to complete such test shall not be 
permitted to enter the Property to provide services to Railroad. 
   

C. When a satisfactory score is achieved by the Contractor Applicant, the Program 
Administrator shall print a certificate authorizing the Contractor Applicant’s access to the 
Property and shall mail the certificate to the business address of Contractor or 
subcontractor, as the case may be, for distribution to the Contractor Applicant. Until 
receipt of such certificate from the Program Administrator, the Contractor shall print a 
temporary certificate authorizing the Contractor Applicant’s access to the Property. 

 
D. The Contractor Applicant shall be responsible for carrying the certificate at all times 

when on the Property. 
 

E. All communications regarding Contractor Applicants, the Program, or any other matters 
described in this Section [*] should be addressed to: 

 
Michael Lundell 



GWI Safety Department 
13901 Sutton Park Drive South 
Suite 180 
Jacksonville, FL 32081 
Mlundell @gwrr.com 
(904) 596-1766 

 
F.  Contractor or subcontractor, as the case may be, shall be responsible for managing and 

recovering Program certificates from their employees who resign, retire or are 
terminated. 

 
G. Notwithstanding the receipt of a Program certificate by a Contractor Applicant, Railroad 

reserves the right to reject any Contractor Applicant from entering upon the Property in 
Railroad’s sole discretion in accordance with Railroad’s Code of Ethics and Conduct, 
Safety Rules, and all applicable laws. 

 
H. To the extent that any portion of the requirements set forth in this Section [*] violates any 

law, ordinance, stature or regulation that portion shall be ignored and the Contractor or 
subcontractor, as the case may be, shall comply with all remaining portions of  
Railroad’s Roadway Protection Training Policy, the Program or the related application 
process.  

 
I.    Contractor or subcontractor, as the case may be, shall be primarily responsible for 

enforcement of the Program; provided, however, that both Railroad and the FRA reserve 
the right to audit Contractor or subcontractor, as the case may be, for compliance with 
the Program and Railroad’s Roadway Protection Training Policy.  Should a Contractor or 
subcontractor, as applicable, be found out of compliance, any and all fines or penalties 
incurred by Railroad shall be the sole obligation of the Contractor. 

 
 
 



 
 

EXHIBIT A 
 
 
To access the G&W Roadway Worker Protection Training for Railroad Contractors Course on 
the RWT On-Line University please follow these instructions: 
 

 Start at website www.rrtrainers.com 

 Click on the “Enter On-Line University” button 

 Select the G&W course by clicking on the course name 

 On the right hand side of the page select “New User Registration” 

 Fill out all of the fields on the registration page and submit 

 You will receive a username and password via email 

 After receiving the username and password go back to the On-Line University page and 
select the G&W course again 

 Complete the registration process and training 
 

http://www.rrtrainers.com/


California Department of Transportation 
Division of Maintenance 

 
Structure Maintenance and Investigations 

 
 
 
 

  BRIDGE 

  INSPECTION 

  RECORDS 

  INFORMATION 

  SYSTEM 

 
 

 
The requested documents have been generated by BIRIS. 

 
These documents are the property of the California Department of Transportation 

and should be handled in accordance with Deputy Directive 55 and the State 
Administrative Manual. 

 
Records for “Confidential” bridges may only be released outside the Department of 

Transportation upon execution of a confidentiality agreement. 
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File No. 1274.2 
March 24, 2014 
 
Mr. John Maniscalco 
HDR, Inc. 
2365 Iron Point Road, Suite 300 
Folsom, CA 95630 
 
Subject: FINAL FOUNDATION REPORT 

Thomes Creek Bridge (Replace) at 99W 
Bridge No. 08C-0377 
Tehama County, California 

 
Dear Mr. Maniscalco, 
 
In accordance with our October 22, 2008 Agreement, Blackburn Consulting (BCI) prepared 
this Final Foundation Report for the proposed Thomes Creek Bridge (Replace) Project at State 
Route 99W in Tehama County, California.  This report contains the findings of our subsurface 
investigation, conclusions, and recommendations for foundation design and roadway 
approaches for the new bridge.   
 
Please call if you have questions or require additional information.   

Sincerely, 
 

BLACKBURN CONSULTING 
       Reviewed by: 
 
 
 
 
 
 
 
David J. Morrell, C.E., G.E.    Patrick F. Fischer, C.E.G, C.E. 
Senior Project Manager    Principal  
 

 
Copies:  5 to Addressee 

West Sacramento Office: 
2491 Boatman Ave.    West Sacramento, CA 95691  
(916) 375-8706    Fax (916) 375-8709   

Main Auburn Office: (530) 887-1494 
Fresno Office: (559) 438-8411 

Modesto Office: (209) 522-6273 
 

Geotechnical      Geo-Environmental      Construction Services      Forensics 
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1 INTRODUCTION 

1.1 Purpose 
Blackburn Consulting (BCI) prepared this Final Foundation Report for the proposed Thomes 
Creek Bridge (Replace) Project at State Route 99W located about 3.5 miles north of the City 
of Corning in Tehama County, California.  This report contains our findings and 
recommendations for design of new bridge foundations and roadway approaches. 
 
This report is for HDR and the County of Tehama to use during design and construction of the 
bridge.  Do not use or rely upon this report for different locations or improvements without the 
written consent of BCI. 
 

1.2 Scope of Services 
To prepare this report, BCI: 

 Reviewed 60% submittal plans for the proposed structure, provided by HDR. 
 Discussed the project with Mr. John Maniscalco and Mr. Titus Keng of HDR. 
 Reviewed geologic and seismic maps pertaining to the site. 
 Reviewed the June 2013 Hydraulic Design Study for the bridge prepared and provided 

by HDR. 
 Reviewed February 5, 1951 As Built Log of Test Borings for the existing bridge. 
 Reviewed June 1, 2007 Log of Test Borings and Pile Data Plans for the Thomes Creek 

Bridge (Replace) at Interstate 5, located about 1.3 miles west of the site. 
 Prepared a February 27, 2009 Preliminary Foundation Report for the project. 
 Observed, logged and sampled four (4) exploratory borings to depths of 101.5 to 140.2 

feet along the proposed bridge replacement alignment. 
 Performed laboratory tests on soil samples obtained during the subsurface investigation. 
 Performed engineering and seismic analysis to provide recommendations for new bridge 

foundations, roadway approaches, and pavement design.  
 

2 SITE LOCATION AND PROJECT DESCRIPTION 

2.1 Site Description 
The project is located on State Route 99W (99W) at Thomes Creek, about 3.5 miles north of the 
City of Corning in Tehama County, California.  Site coordinates are approximately latitude 
39.9796ºW and longitude 122.1767ºN.  We show the general site location on Figure 1 in 
Appendix A.   
 
The site is in a topographically flat area of the northern Sacramento Valley.  Natural ground 
elevation outside the creek channel near the bridge is approximately 265 ft.  Thomes Creek flows 
easterly and is a tributary to the Sacramento River, located about 4 miles east of the site.  The 
present channel is approximately 600 ft wide with bottom at about elev. 245 ft.  A railroad 
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bridge, no longer in service, is located parallel to the project site, about 50 ft. downstream (east) 
from the existing 99W bridge. 
 
The 99W bridge is a nine-span, 625 ft long and 31 ft. wide, reinforced concrete arch bridge.  It 
was originally constructed in 1920 and widened in 1950.  The site has been subject to significant 
scour, degradation and bedload migration, discussed further in the As-Built Foundation Data 
section of this report. 
 

2.2 Project Description 
The project will replace the existing bridge with a new bridge on a similar alignment.  The new 
bridge will be a five span cast-in-place, prestressed concrete box girder structure, approximately 
609 ft long and 43.5 ft wide.  Existing approaches will be widened and raised several feet, with 
side slopes oriented at 2:1 (horizontal to vertical).  Rock slope protection (RSP) will be used to 
mitigate potential scour at the abutments.  Scour protection will not be used at the piers. 
 

3 SUBSURFACE INVESTIGATION 

BCI retained Diamond Core Drilling to drill and sample 4 exploratory borings along the 
proposed bridge alignment from October 5-13, 2009 to characterize the subsurface conditions 
and obtain soil samples for laboratory testing.  The drillers used a B-59 mobile truck-mounted 
drill rig and both 8-inch O.D. hollow stem auger and 3.5-inch O.D. rotary wash drilling methods.   
 
BCI obtained relatively undisturbed samples using both Modified California Samplers (equipped 
with 2.4-inch I.D. brass liners) and Standard Penetration Test samplers (1.5-inch I.D.).  Samplers 
were driven into the ground with a 140 pound cable-pulley trip hammer falling 30 inches.  Samples 
were sealed in relatively air tight containers and delivered to our laboratory for testing.   
 
BCI logged the borings consistent with the Unified Soil Classification System (USCS).  The Log 
of Test Borings (LOTB) in Appendix A shows the boring locations and logged soil conditions.   
 

4 LABORATORY TESTING 

We completed the following laboratory tests on representative soil samples obtained from the 
exploratory borings:   

 Moisture content and dry density (ASTM D2216 / D2937) 
 Sieve Analysis (ASTM D422) 
 Plasticity Index (ASTM D4318) 
 Triaxial Compression – Unconsolidated, Undrained (ASTM D2850)  
 Unconfined compression (ASTM D2166) 
 Sulfate content (CTM 417), chloride content (CTM 422), pH (CTM 643) and resistivity 

testing (CTM 643)  
 

 

Appendix B contains the laboratory test results.    
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5 GEOLOGY AND SUBSURFACE CONDITIONS 

5.1 Geologic Setting 
The site is located in the northern Sacramento Valley that is bounded by the Sierra Nevada on 
the east and the Coast Ranges on the west.  The Sacramento Valley is a structural trough that 
represents the northern third of the Great Valley Geomorphic Province.  The relatively flat valley 
surface is underlain by alluvial, lacustrine, and marine sedimentary deposits that have 
accumulated as the structural trough formed and the adjacent mountain ranges were elevated.  
The thickness of the sediments varies from a thin veneer along the valley margins to thousands 
of feet at the axis of the trough. 
 
Based on published geologic mapping1, the Thomes Creek channel contains Holocene age 
alluvium that consists of unconsolidated sand, silt and gravel.  The alluvium is underlain by 
Pleistocene sediments of the Modesto Formation, comprised of interbedded clay, silts, sands and 
gravels.  These sediments are underlain by older Pleistocene and Pliocene-age sediments of the 
Riverbank, Red Bluff and Tehama formations, including intensely weathered sandstone and 
siltstone with lenses of cross-bedded pebble and cobble conglomerate.  Figure 2 shows the      
site geology. 
 

5.2 Subsurface Soil Conditions 
 
BCI observed loose to medium dense silty sand and well-graded gravel in the borings from the 
existing ground surface to approximate elev. 245.0 ft. to 240.0 ft., which we interpret as recent 
stream channel deposits.  Beneath these deposits, we generally observed stiff to hard clay to 
about elev. 150.0 ft., which was interbedded with occasional dense to very dense layers of clayey 
sand, silty sand,  poorly graded sand with silt, clayey gravel and very stiff to hard silt.  Between 
elev. 150.0 ft. and 106.1 ft. (deepest boring), we generally observed dense to very dense poorly 
graded sand with gravel, clayey sand with gravel, and silty sand.  These deposits were 
interbedded with occasional very stiff to hard silt and clay layers.  
 
Refer to the Log of Test Borings sheets in Appendix A for more detailed soil descriptions, 
exploration details and sampling methods.  We also include the February 5, 1951 As Built Log of 
Test Borings in Appendix A. 
 

5.3 Groundwater 
We encountered groundwater in all of our borings during drilling in October 2009.  Groundwater 
elevations ranged from 227.5 ft. to 234.3 ft. near the existing abutments, and from Elev. 240.0 ft. 
to 240.8 ft. within the channel area.   We anticipate significantly higher groundwater elevations 
will be encountered from late Fall through Spring in response to increased precipitation and 
associated rising creek water levels. 

                                                 
1 Geologic Map of the Late Cenozoic Deposits of the Sacramento Valley, California Department of Water 
Resources, Mulder, J., 2007 
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BCI reviewed groundwater level data made available by the California Department of Water 
Resources webpage.  The closest well data indicates that the regional groundwater table is at a 
depth of about 20-40 f.t below ground surface, generally between Elev. 230-240 ft. 
 
BCI used a design groundwater elevation of 240.0 ft. in our pile analysis.   
 

6 SEISMIC RECOMMENDATIONS 

6.1 Ground Motion Study 
BCI used the Caltrans ARS Online Version 2.2.06 (web-based tool) to evaluate the minimum 
design acceleration response spectrum (Design Response Spectrum) for design of the bridge.  
Caltrans Seismic Design Criteria Version 1.7 (April 2013) defines the Design Response 
Spectrum as the maximum design envelope across the period spectrum developed by considering 
both deterministic and probabilistic spectra. 

 
Table 1 provides a summary of our ground motion study results. 
 

Table 1:  Ground Motion Study Results 
Peak Ground Acceleration (PGA) 0.27g 

*VS30 (Small Strain Shear Wave Velocity) 250 meters per second 
Near Fault Factor N/A 

Basin Amplification Factor N/A 
Controlling Deterministic Scenario Minimum Deterministic 

Nearest Late Quaternary Fault 

Great Valley 01 (Fault ID: 64) 
 Style: Reverse 
 Maximum Moment Magnitude 

(Mmax) = 6.7 
Site to fault distance (RRUP) = 22.2 miles

DESIGN RESPONSE SPECTRUM 

Recommended Design Response Spectrum is 
the Probabilistic Spectrum (probability of 

exceedance equal to 5% in 50 years, a 975-
year return period) which controls for this site 

over all periods. 
*Estimated using site boring/laboratory data and equations outlined in Appendix A of Caltrans “Methodology   
for Developing Design Response Spectrum for Use in Seismic Design Recommendations”, November 2012.  

 
Appendix C contains a graphical display of our recommended Design Response Spectrum along 
with the tabular data used to create the spectrum. 
 

6.2 Fault Rupture 
The site does not lie within or adjacent to an Alquist–Priolo Earthquake Fault Zone for fault 
rupture hazard (Bryant and Hart, 2007)2, and no known active faults are mapped within or 
through the project area based on our ARS Online evaluation which displays an active fault map 
                                                 
2 Fault Rupture Hazard Zones in California, Special Publication 42, Interim Revision; California Geological Survey    
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using data from the 2012 Caltrans Fault Database. We consider the potential for fault rupture at 
the site to be very low to nonexistent. 
 

6.3 Liquefaction Evaluation 
Liquefaction can occur when saturated, loose to medium dense, granular soils (generally 
within 50 feet of the surface), or specifically defined cohesive soils, are subjected to ground 
shaking.  We consider the potential for detrimental liquefaction at the site to be very low to 
nonexistent based on the soil and groundwater conditions encountered in our borings and the 
relatively low design peak ground acceleration. 
 

6.4 Seismic Settlement 
During a seismic event, ground shaking can cause densification of granular soil above the 
water table that can result in settlement of the ground surface.  We consider the potential for 
detrimental seismic settlement at the site to be very low to nonexistent based on the soil and 
ground water conditions encountered in our borings and the relatively low design peak 
ground acceleration.  
 

7 CORROSION EVALUATION 

Table 2 presents our soil corrosivity test results. 
 

Table 2: Soil Corrosion Test Summary 

Boring Sample 
No. 

Depth 
(ft) 

Minimum 
Resistivity  
(ohm-cm)

pH 
Chloride 
Content 
(ppm) 

Sulfate 
Content 
(ppm)

R-09-B2 7 40-41.5 1,770 7.97 31.2 3.5
R-09-B2 10 55-56.5 2,360 7.97 22.0 3.1
R-09-B2 13 70-71.5 1,630 7.42 26.0 5.2
A-09-B3 12 60-61.5 1,370 7.49 15.1 2.9

 
Caltrans considers soils corrosive to foundation elements if one or more of the following 
conditions exist: 

 Chloride concentration is 500 parts per million (ppm) or greater, 
 Sulfate concentration is 2000 ppm or greater, 
 pH is 5.5 or less. 

 
Based on the laboratory test results, the site soils are classified as “non-corrosive” to structural 
elements according Caltrans Corrosion Guidelines  (Version 2.0, November 2012).  
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8 SCOUR ASSESSMENT 

HDR prepared a June 21, 2013 “Thomes Creek Hydraulic Design Study” for the project which 
included estimated maximum scour depths at the abutments and piers.  Table 3 summarizes 
HDR’s estimated maximum scour depths: 
 
 

Table 3: Scour Depths 

Support 
Long-Term 

Degradation/Contraction 
Depth (ft.) 

Local Scour Depth 
(ft.) Total Scour Depth (ft.) 

Abutment 1 0 19.22 19.22 
Piers 2-5 20.0 14.82 34.82 

Abutment 6 0 20.37 20.37 
 
HDR is designing Rock Slope Protection to mitigate potential scour at the abutments so that they 
can be designed for the no scour case.  Scour protection will not be provided for the piers.   
 

9 AS-BUILT FOUNDATION DATA 

The 1920 bridge plans show the original abutments and pier walls supported on timber piles with 
a 5 ft. thick concrete pile cap.  The base of the cap is shown at Elev. 245 ft., about 6-9 ft. below 
the 1920 channel bottom.  A 1951 Bridge Report quotes an August 26, 1921 report indicating 
that the piles are 8-14 ft. long with a few driven to “refusal”.  The 1921 report describes some 
scour observed around Pier 4 the first year after construction. 
 
In 1950 the bridge was widened on the upstream (west) side.  The widened section, per 
discussions with Tehama County DPW, is supported on H-piles driven about 11 ft below the pile 
caps. The February 5, 1951 As Built Log of Test Borings drawing shows a channel bottom 
between about Elev. 250 and 255 ft. (approximately the same as indicated in 1920).  Several 
inspection reports in the 1950’s describe channel shaping, backfilling of potholes around piers 
and rip-rap to control scour/erosion, although a January 1960 report states that “no scour is 
evident at any of the piers”.        
 
Channel degradation and scour increased after 1960, and a 1983 inspection report states that all 
piers, except Pier 2, are undermined, and that the piling is exposed at Piers 3 and 4.  Other 
inspection reports from 1960 through 1983 describe drift on the piers.   
 
An inspection report dated May 23, 2002, includes channel cross-sections that show the 2002 
channel generally below Elev. 245 ft., and locally as deep as Elev. 234 ft.  The base of the 
abutment footings and pile caps is shown between about Elev. 244 and 246 ft.  With the 
exception of Abutment 1 and Pier 2 (south end), the 2002 channel profile is below the base of all 
the pile caps and, in the area of Piers 6 and 7, at or below the pile tips.  Sacked concrete 
protection is described in the 2002 inspection report at Abutments 1 and 10, noting channel 
migration based on a comparison of previous channel cross sections.  The 2002 report indicates 
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that, based on a hydraulic review, the anticipated scour will “go below the Pile Tip Elevation for 
all the bridge piers”.  The bridge was therefore categorized by Caltrans as scour critical.   
 
Based on our discussions with Jim Brinkley, former county bridge engineer (now retired), the 
County Department of Public Works performed a variety of measures since about 1970 to 
mitigate the scour conditions.  These included concrete cutoff walls around the pile caps to 
protect the piles; grouted rock slope protection around the piers; grouting inside the cutoff walls; 
and a rip-rap “wall” between the roadway and railroad bridge.  Mr. Brinkley estimates that about 
15-18 ft. of total channel degradation has occurred at the bridge site.   
 

10 FOUNDATION RECOMMENDATIONS 

10.1 Foundation Data and Loading 
The subsurface conditions encountered in our borings indicate that the site is conducive for 
either driven piles, Cast-In-Drilled-Hole (CIDH) piles or Cast-In-Steel-Shell (CISS) piles.  
Spread footings are not considered feasible for support due to the potential for scour and/or 
excessive settlement. 
 
CIDH piles would require temporary casing and slurry drilling due to the potential for 
encountering caving or squeezing soil.  We understand that during recent construction of large 
diameter CIDH piles for the upstream Thomes Creek Bridge Replacement at Interstate 5, pile 
defects were detected in several piles during gamma-gamma logging, resulting in delays and 
significant additional foundation installation costs.  Therefore, we favor the use of driven piles or 
CISS piles over CIDH piles.   
 
Driven steel HP piles or open-ended pipe piles are preferred over driven concrete piling in order 
to penetrate through variably thick layers of dense to very dense sand to reach specified tip 
elevations.  Standard open-ended pipe piles (16 inches or less in outside diameter) could plug 
during driving and experience driving refusal in dense to very dense sand layers prior to reaching 
specified tip elevations.  In this case, center relief drilling would be required to achieve specified 
tip elevations. 
 
At HDR’s request, BCI performed preliminary analysis for CIDH pile, CISS pile and HP pile 
alternatives for support of the piers for their cost benefit analysis.  Based on the cost benefit 
analysis, HP14x89 piles were selected at all bridge supports. 
 
At the piers, HDR is designing the bottom of the pile cap elevations at about 20 feet below 
existing grade (below long-term scour level), and designing the piles for 15 feet of unsupported 
length to account for local scour occurring after the full long-term scour occurs. 
 
HDR provided the following foundation design information in Tables 4 and 5. 
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Table 4:  Foundation Design Data Provided By HDR 

Foundation Design Data 

Support 
No. 

Design 
Method  

Pile 
Type 

Finish 
Grade 
Elev. 
(ft) 

Cut-Off 
Elevation 

(ft) 

Pile Cap Size (ft) Permissible 
Settlement – 

Service 
Load (in) 

Number 
of Piles 

Per 
Support B L 

Abut 1 WSD HP14x89  262.0 254.17 7 45.5 1 12 

Pier 2 LRFD HP14x89  255.0 235.42 19.67 16.33 1 29 

Pier 3 LRFD HP14x89  245.0 225.42 19.67 16.33 1 29 

Pier 4 LRFD HP14x89  242.0 222.42 19.67 16.33 1 29 

Pier 5 LRFD HP14x89  245.5 225.92 19.67 16.33 1 29 

Abut 6 WSD HP14x89  258.0 247.92 10 45.5 1 17 

 
 
 

Table 5:  Foundation Design Loads Provided By HDR 

Foundation Design Loads 

Support 
No. 

Service-I Limit State (kips) 
 

Strength Limit State  
(Controlling Group, kips) 

Extreme Limit State  
(Controlling Group, kips) 

Total Load Permanent 
Loads Compression Tension Compression Tension 

Per 
Support 

Per 
Pile 

Per 
Support 

Per 
Support 

Max.  
Per 
Pile 

Per 
Support 

Max.  
Per 
Pile 

Per 
Support 

Max.  
Per 
Pile 

Per 
Support 

Max.  
Per 
Pile 

Abut 1 1505 175 1265 N/A N/A N/A N/A N/A N/A N/A N/A 

Pier 2 2715 N/A 2540 4285 335 620 70 2805 370 1030 280 

Pier 3 3240 N/A 2930 4560 365 670 75 3190 405 1015 280 

Pier 4 3280 N/A 2900 4640 365 720 80 3160 394 1015 280 

Pier 5 3140 N/A 2775 4710 370 830 91 3100 390 1020 280 

Abut 6 2200 185 1950 N/A N/A N/A N/A N/A N/A N/A N/A 

 

10.2 Pile Data Table 
Based on the above information, we provide recommended pile tip elevations in Table 6.  We 
describe our engineering analysis in the following section.   
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Table 6:  Pile Data Table 

Location Pile 
Type 

Nominal Resistance Design 
Tip 

Elevation 
(feet) 

Specified Tip 
Elevation (feet) 

Required 
Nominal 
Driving 

Resistance 
(kips) 

Compression 
(kips) 

Tension
(kips) 

Abut 1 HP14x89 350 0 191.0 (1)

224.0 (2) 191.0 350 

Pier 2 HP14x89 480 280 
145.0 (1) 
188.0 (2) 
157.0 (3)

145.0 550 

Pier 3 HP14x89 530 280 
137.0 (1) 
178.0 (2) 
148.0 (3)

137.0 600 

Pier 4 HP14x89 530 280 
134.0 (1) 
175.0 (2) 
146.0 (3)

134.0 600 

Pier 5 HP14x89 530 280 
136.0 (1) 
179.0 (2) 
148.0 (3)

136.0 600 

Abut 6 HP14x89 370 0 187.0 (1) 
217.0 (2) 187.0 370 

- Design tip elevations at Abutments are controlled by: (1) Compression, (2) Lateral 
- Design tip elevations at Piers are controlled by:  (1) Compression (Scour Case), (2) Lateral (Scour Case), 

(3) Tension (Scour Case) 
- Do not raise specified tip elevations without BCI review and approval. 
- The nominal driving resistance required is equal to the nominal resistance needed to support the factored 

load plus driving resistance from the unsuitable penetrated soil layers (scourable soil), if any, which do 
not contribute to the required design resistance. 

 

10.3 Abutment Pile (HP14x89) Analysis  
In accordance with current Caltrans specifications, we used Working Stress Design (WSD) for 
the abutment piles.  BCI presents the results of our compressive resistance, settlement and lateral 
load analysis below.  No tension demand is indicated for abutment piles. 
 

10.3.1 Compressive Resistance 

Our calculations indicate that the nominal compressive resistance of the piles can be obtained 
through about 10% end bearing and 90% skin friction.  Actual contributions to end bearing and 
skin friction could vary depending on how the load is transferred to the piles.  We neglected the 
approach fill in our skin friction and end bearing analysis.   
 
We determined the compressive resistance using the Federal Highway Administration’s Driven 
1.2 (March 20, 2001) computer program developed by Blue-Six Software, Inc.      
 
Refer to the Driven input files and compressive resistance graphs in Appendix D for the 
analysis results. 
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10.3.2 Settlement 

We expect that settlement will be nominal (less than the permissible 1-inch settlement specified 
for the Service-I Limit State total load per pile) since pile compressive resistance is primarily 
derived by skin friction with competent soil along the pile length.  We do not anticipate 
significant long-term settlement at this site. 
 

10.3.3 Lateral Load Analysis 

We used LPILE Plus Version 5.0 software to evaluate lateral pile capacity.  BCI determined the 
allowable lateral pile design loads which would produce approximately ¼-inch and 1-inch top-
of-pile deflection assuming a pinned head condition.  For the ¼-inch deflection case, BCI 
applied the Service-I Limit State maximum per pile axial load in the analysis.  For the 1-inch 
deflection case, BCI applied the pile axial nominal resistance in the analysis.   
 
HDR is designing the pile orientation so that the H-pile strong axis will resist lateral loading in 
the longitudinal bridge direction, with the weak axis resisting lateral loading in the transverse 
bridge direction.  Table 7 presents the lateral pile capacity results.  
 

Table 7:  Abutment Lateral Pile Capacity 

Support Lateral Load Direction 
Top-of-Pile 
Deflection 
(inches)

Lateral Resistance 
(kips) 

Abutment 1  

Longitudinal 
 (Pile Strong Axis) 

¼ 19.5 

1 50.0 

Transverse 
(Pile Weak Axis) 

¼ 14.0 

1 34.0 

Abutment 6 

Longitudinal 
(Pile Strong Axis) 

¼ 16.5 

1 41.5 

Transverse 
(Pile Weak Axis) 

¼ 14.0 

1 34.0 

 
To account for group effects at Abutment 1, BCI used reduced p-multipliers of 0.79 and 0.85 for 
lateral loads in the longitudinal and transverse bridge directions, respectively.  For Abutment 6, 
BCI used reduced p-multipliers of 0.57 and 0.85 for lateral loads in the longitudinal and 
transverse bridge directions, respectively.  These p-multipliers are based on the pile spacing and 
layout shown on HDR’s 60% Submittal Plans for the project.  If the pile layout and/or spacing 
change, BCI will need to perform additional LPILE analysis to evaluate lateral pile capacity. 
 
BCI calculated design lateral tip elevations shown in the Pile Data Table using a factor of 
safety of 1.5. 
 
Refer to the LPILE output graphs in Appendix D for additional information. 
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10.3.4 Negative Skin Friction 

We do not anticipate negative skin friction at the abutments given the competent soil conditions. 
 

10.4 Bent Pile (HP14x89) Analysis 
We used AASHTO LRFD Bridge Design Specifications-4th Edition and current Caltrans 
Amendments for evaluating driven HP14x89 piles for compressive resistance, tension resistance, 
settlement and lateral load analysis.  HDR is responsible for evaluation of structural pile 
capacity, including buckling potential of the pier piles under the design 15-feet of unsupported 
length due to scour.     
 
BCI presents the results of our analysis below.   
 

10.4.1 Compressive and Tension Resistance 

Our calculations indicate that the nominal compressive resistance of the piles can be obtained 
through about 10% end bearing and 90% skin friction.  Actual contributions to end bearing and 
skin friction could vary depending on how the load is transferred to the pile. 
   
We determined the required nominal compressive resistance using the Federal Highway 
Administration’s Driven 1.2 (March 20, 2001) computer program developed by Blue-Six 
Software, Inc.    
 
BCI determined the required factored nominal compressive and tension resistance by comparing 
the Factored Strength Limit Load (Geotechnical Resistance Factor = 0.7) with the Extreme Event 
Load (Resistance Factor = 1.0).  We then used the higher value as the required factored nominal 
compressive and tension resistance.  In this case, the Factored Strength Limit Loads controlled 
for compression and the Extreme Event Loads controlled for tension. 
    
Refer to the Driven input files and compressive resistance graphs in Appendix D for the 
analysis results. 
 

10.4.2 Settlement 

We expect that settlement will be nominal (less than the permissible 1-inch settlement specified 
for the Service-I Limit State total load per pile) since pile compressive resistance is primarily 
derived by skin friction with competent soil along the pile length.  We do not anticipate 
significant long-term settlement at this site.       
 

10.4.3 Lateral Load Analysis 

We used LPILE Plus Version 5.0 software to evaluate lateral pile capacity for the vertical pier 
piles under the total scour case (15 feet of unsupported length).  HDR indicated that LPILE 
analysis for the battered pier piles was not needed.  BCI determined the allowable lateral pile 
design loads which would produce approximately ¼-inch and 1-inch top-of-pile deflection 
assuming a pinned head condition.  For the ¼-inch deflection case, BCI applied the highest 
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Service-I Limit State maximum per pile axial load in the analysis.  For the 1-inch deflection case, 
BCI applied the highest Extreme Limit State per pile axial load in the analysis. 
 
HDR is designing the vertical pile orientation so that the H-pile strong axis will resist lateral 
loading in the longitudinal bridge direction, with the weak axis resisting lateral loading in the 
transverse bridge direction.  Table 8 presents the lateral pile capacity analysis results.     
 

Table 8:  Pier Lateral Pile Capacity (Vertical Piles) 

Support Lateral Load Direction 
Top-of-Pile 
Deflection 
(inches)

Lateral Resistance 
(kips) 

Piers 2-5 

Longitudinal 
(Pile Strong Axis) 

¼ 1.1 

1 2.8 

Transverse 
(Pile Weak Axis) 

¼ 0.4 

0.9* 0.07 
* At higher deflections, L-pile software returned an error message indicating  
  that plastic yielding of the pile may have occurred.   

 
To account for group effects at the piers, BCI used reduced p-multipliers of 0.46 and 0.47 for 
lateral loads in the longitudinal and transverse bridge directions, respectively.  These p-
multipliers are based on the pile spacing and layout shown on HDR’s 60% Submittal Plans for 
the project.  If the pile layout and/or spacing change, BCI will need to perform additional LPILE 
analysis to evaluate lateral pile capacity.   
 
BCI calculated design lateral tip elevations shown in the Pile Data Table using a factor of 
safety of 1.5. 
 
Refer to the LPILE output graphs in Appendix D for additional information. 
 

10.4.4 Negative Skin Friction 

We do not anticipate negative skin friction at the bents given the competent soil conditions. 
 

11 LATERAL EARTH PRESSURES 

The following equivalent fluid weights (EFWs) may be used to design the abutment walls and 
wing walls assuming level backfill conditions: 
  

Table 9: Equivalent Fluid Weights 

Condition Static EFW 
(pcf) 

Seismic EFW 
(pcf) 

Active 36 8 
At-Rest 56 13
Passive 220 200
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For static design, apply the resultant of the static active earth pressure (36 lb/ft3) at a depth 
of 0.33H from the base of the wall where H equals the wall height in ft.   
 
For seismic design, calculate the resultant of incremental lateral soil pressure due to seismic 
loading based on an equivalent fluid pressure of 8 lb/ft3 and apply the magnitude of the 
resultant at 0.5H from the base of the wall.  Add the resultant of the seismic earth pressure to 
the resultant of the static active earth pressure. 
 
The values shown above are consistent with Caltrans standards/practice and assume level 
backfill conditions using Caltrans “Structure Backfill” with a soil unit weight of 125 pcf, a 
minimum angle of internal friction of 34º, and that drainage behind walls is placed in accordance 
with Caltrans “Standard Plans and Specifications.” 
 
To limit wall deflection to acceptable levels, BCI applied a factor of safety of 2.0 to the ultimate 
passive pressure to generate the allowable passive pressures provided above. 
 
BCI estimated the EFWs for seismic loading using the Mononobe-Okabe equation for active and 
passive lateral coefficients Ka and Kp.  We estimated the At-Rest coefficient, Ko, for the seismic 
condition using an increase ratio similar to the Active condition.   In the Mononobe-Okabe 
equation, BCI used a horizontal seismic acceleration coefficient (kh) of 0.14 calculated using the 
equation in Chapter 11, Section 11.6.5 of the AASHTO LRFD Bridge Design Specifications-4th 
Edition.  This kh value assumes that the walls displace at least 1-inch during the design seismic 
event.  BCI calculated the above static EFWs using methods presented in the 1982 Naval Facilities 
(NAVFAC) Design Manual 7.2. 
 
For seismic loading into abutments, use a maximum passive pressure of 5.0 ksf for longitudinal 
abutment response, with the proportionality factor presented in Section 7.8.1 of Caltrans Seismic 
Design Criteria v.1.7 (April 2013).  For surcharge loads, apply an additional uniform lateral load 
behind the wall equivalent to 0.3-times the surcharge pressure.  Use a coefficient of friction of 
0.48 to resist sliding for concrete placed on native undisturbed soil or compacted fill 
 

12 APPROACH FILL EARTHWORK 

12.1 Fill Material 
Embankments will be constructed using imported borrow material, supplemented with material 
excavated from shallow on-site cuts.  The source(s) of borrow material for construction of 
approach fills has not been identified.  Proposed borrow must be tested and approved for use by 
the project engineer prior to transporting to the site. 
 
Fill placed within the upper 4 feet of finish pavement subgrade shall have a minimum R-value of 15. 
 
Expansive soil (Expansion Index > 50 and Sand Equivalent < 20) shall not be used as fill within 
5 ft. of abutment backwalls or wingwalls.  
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12.2 Slope Geometry & Stability 
The existing roadway approaches will be widened but finish roadway grade will be raised only a 
few feet.  New fill slopes will have a gradient of 2:1 (horizontal to vertical) or flatter.  HDR’s 
design includes rock slope protection at the abutments to mitigate scour potential. 
 
Proposed 2:1 or flatter slopes will be stable based on the relatively stable condition of the 
existing slopes, provided the new slopes are constructed in accordance with current Caltrans 
Standard Specifications. 
 

12.3 Settlement 
We anticipate short-term settlement of less than 2 inches will occur beneath new embankment 
fills.  Since the settlement will occur substantially during embankment construction, a settlement 
waiting period is not required from the end of embankment construction to beginning abutment 
pile installation.   
 

13 PAVEMENT DESIGN 

HDR requested flexible pavement section thickness recommendations for Traffic Indexes of 8, 
10 and 12 using a subgrade design R-value of 15 (provided by Tehama County).    
 
Using Caltrans Flexible Pavement Design Methods and a design R-value of 15, we recommend 
the hot mix asphalt (HMA) pavement sections shown in Table 10. 
 

Table 10: Recommended HMA Pavement Sections 
(R-value = 15) 

Traffic Index 
Material Type/Thickness 

*HMA-Type A Aggregate Base 
(Class 2) 

8.0 0.40 ft. 1.25 ft. 

10.0 0.50 ft. 1.65 ft. 

12.0 0.60 ft. 2.05 ft. 
*HMA binder grade should be PG 64-10 based on 
“Inland Valley” site location per Caltrans Pavement 
Climate Regions Map (2005). 

 
HMA and Class 2 Aggregate Base material quality and construction should conform to the 2010 
Caltrans Standard Specifications. 
 
Slope all areas adjacent to pavement at a gradient of 2% or greater to allow for positive surface 
drainage away from the pavement.     
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14 CONSTRUCTION CONSIDERATIONS 

Where referenced below, Caltrans Standard Specifications (CSS) refer to the 2010 Caltrans 
Standard Specifications with latest revisions. 
 

14.1 HP14x89 Piles 
Difficult pile installation is anticipated due to the presence of dense to very dense sand and gravel 
layers above the specified tip elevations.  The contractor shall provide a Driving System Submittal 
per Section 49-2.01A(3)(b) of the CSS to verify that the pile driving system is adequate. 
 
Verify pile capacity during driving per CSS 49-2.01A(4)(b).  A pile load test is not necessary.    

 
Piles that do not attain the required nominal driving resistance at specified tip elevation during 
the end of initial driving (EOD) may be allowed to stand for a "setup period" before being 
restriked. The "setup period" must be at least 16 hours from EOD.  At least 25 percent of the 
piles (rounded up) at each support that do not achieve the required nominal driving resistance at 
EOD must be restriked after the “setup period” using the same pile driving hammer to confirm 
that the nominal resistance has been achieved following pile setup. The pile penetration during 
restrike must be at least 2 inches and the piles with the lowest nominal driving resistance at EOD 
must be selected for restrike. If all of the restrike piles meet or exceed the required nominal 
driving resistance, then the remaining piles shall be considered to have achieved the required 
nominal resistance.  If any of the restrike piles do not meet or exceed the required nominal 
driving resistance, contact BCI for additional recommendations which could include an extended 
“setup period”. 
 
Do not raise specified tip elevations without the approval of BCI. 

 
14.2 Excavation Dewatering 

Abutment and pier excavations extending below the creek water level will require dewatering 
methods to construct foundations in the “dry.”  The contractor is responsible for design and 
construction of dewatering systems.    
 

14.3 Temporary Excavation and Shoring 
The contractor is responsible for design and construction of excavation sloping and shoring in 
accordance with CalOSHA Standards.   
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15 RISK MANAGEMENT 

Our experience and that of our profession clearly indicates that the risks of costly design, 
construction, and maintenance problems can be significantly lowered by retaining the 
geotechnical engineer of record to provide additional services.  For this project, BCI should be 
retained to: 

1. Review and provide written comments on the (civil, structural) plans and specifications 
prior to construction. 

2. Monitor construction to check and document our report assumptions.  At a minimum, we 
should monitor pile installation. 

3. Update this report if: 
 design changes occur  
 2 years or more lapse between this report and construction 
 site conditions change 

 
If BCI is not retained to perform the above applicable services, we are not responsible for any 
other parties’ interpretation of our report, and subsequent addenda, letters, and discussions. 
 

16 LIMITATIONS 

BCI performed services in accordance with the generally accepted geotechnical standard of 
practice currently used in this area.  Where referenced, we used ASTM and Caltrans 
Standards as a general (not strict) guideline only.  We do not warranty our services. 
 
BCI based this report on the current site and project conditions.  We assumed the 
soil/groundwater conditions encountered in our exploratory borings were representative of 
the subsurface conditions across the site.  Actual conditions between borings could be 
different.  Ground water may be higher in other locations than measured in the borings. 
 
The interface between soil types on the logs is approximate.  The transition between soil types 
may be abrupt or gradual.  We based our recommendations on the final logs, which represent our 
interpretation of the field logs and general knowledge of the site and geologic conditions. 
 
Our scope did not include evaluation of flooding or hazardous materials on site. 
 
Use this report only for design and construction of the Thomes Creek Bridge (Replace) at 
99W project, as described herein. 
 
Modern design and construction is complex, with many regulatory sources, restrictions, 
involved parties, construction alternatives, etc.  It is common to experience changes and 
delays.  The owner should set aside a reasonable contingency fund based on complexities 
and cost estimates to cover changes and delays.  
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R-09-B1 1b 5.5-6.0 CL 100 23
R-09-B1 1c 6.0-6.5 CL 26 44 18 0 7 93
R-09-B1 2 10.0-11.5 SP-SC 38 51 11
R-09-B1 3 15.0-16.5 SP-SC 29 60 11
R-09-B1 5 25.0-26.5 CL 102 23 16 28 12 0 50 50
R-09-B1 7 36.0-36.5 CL 100 26 0.6
R-09-B1 8 40.0-41.5 CL 90 33 19 37 18 3 33 63
R-09-B1 9 45.0-46.5 SP-SC 0 88 12
R-09-B1 11 55.0-56.5 ML 109 23
R-09-B1 12 60.0-61.5 CL 107 21 16 36 20 9 41 51
R-09-B1 13 65.0-66.5 CL 101 26
R-09-B1 14 70.0-71.5 CL 98 28
R-09-B1 16 80.0-81.5 SP 6 76 18
R-09-B1 17 85.0-86.5 SC 115 18
R-09-B1 18 90.5-91.5 CL 108 22
R-09-B1 20 110-111.5 SP 14
R-09-B1 21 120.0-121.5 SP 14

R-09-B2 1 10.0-11.5 SP-SM 12 35 55 11
R-09-B2 2 15.0-16.5 CL 96 30 18 37 19 1 15 84
R-09-B2 3c 21.0-21.5 CL 93 32 1 25 75
R-09-B2 4 25.0-26.5 CL 97 30 16 34 18 0 14 86
R-09-B2 5 30.0-31.5 CL 95 29
R-09-B2 6b 35.5-36.0 CH 84 41 *1141
R-09-B2 6c 36.0-36.5 CH 28 66 38 7 3 90 1.3
R-09-B2 7 40.0-41.5 CL 7.97 1770 31.2 3.5
R-09-B2 8 45.0-46.5 CL 94 32 0 4 96
R-09-B2 9c 51.0-51.5 CL 87 32
R-09-B2 10 55.0-56.5 CL 95 24 14 36 50 7.97 2360 22.0 3.1
R-09-B2 12b 65.5-66.0 CL 22 44 22 15 25 60
R-09-B2 12c 66.0-66.5 CL 104 24 2.0
R-09-B2 13 70.0-71.5 CL 7.42 1630 26.0 5.2
R-09-B2 14 75.0-76.5 CL 100 26 0 43 57
R-09-B2 15c 80.4-80.9 CL 100 18
R-09-B2 16 85.0-86.5 ML 98 25
R-09-B2 17b 90.5-91.0 ML 5 16 79
R-09-B2 17c 91.0-91.5 CL 109 21
R-09-B2 20 105.0-106.5 ML 94 31 2.0
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Depth      
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Compressive 
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pH
Su           

(psf)

Thomes Creek Bridge (Replace) at 99W
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(ohm-cm)

Chloride 
(ppm)

Sulfate 
(ppm)

Corrosivity
Fines    
(%)

Sand    
(%)

Gravel    
(%)

Plasticity 
Index

Liquid 
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Boring
Plastic 
Limit

Natural 
Moisture 

(%)

Dry 
Density 

(pcf)

Unified Soil 
Classification

Depth      
(feet)

Sample

A-09-B3 3 15.0-16.5 CL 107 24 20 32 12 2.5
A-09-B3 6 30.0-31.5 SP-SC 16 71 13
A-09-B3 7c 36.0-36.5 CL 107 22 2.5 *1332
A-09-B3 8 40.0-41.5 CL 20 36 16 0 5 95
A-09-B3 10c 51.0-51.5 CL 98 26 3.5 *1410
A-09-B3 12 60.0-61.5 CL 20 37 17 7.49 1370 15.1 2.9
A-09-B3 13c 66.0-66.5 CL 115 19 >4.5
A-09-B3 15 75.0-76.5 CL 18 28 10 0 32 68
A-09-B3 16c 80.9-81.4 SC 128 12 2.5
A-09-B3 17 85.0-86.5 SC 29 53 17
A-09-B3 19c 96.0-96.5 CL 94 31 2.5

A-09-B4 2 15.0-16.5 GC 50 37 13
A-09-B4 4c 26.0-26.5 CL 89 31 2.5 *1954
A-09-B4 6 35.0-36.5 CL 22 38 16 0 8 92
A-09-B4 7c 41.0-41.5 CL 103 22 1.5 *886
A-09-B4 10c 56.0-56.5 CL 111 20 4.5
A-09-B4 12 65.0-66.5 CL 15 26 11 0 44 56
A-09-B4 13c 71.0-71.5 CL 108 22 3.0 *1476
A-09-B4 15 80.0-81.5 SM 0 59 41
A-09-B4 16c 85.25-85.75 SW-SM 131 11 37 55 8 2.5

*Samples appeared disturbed.
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Design Response Spectrum and Tabular Data 
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1.0 Introduction 

1.1 General 
The 99W Bridge crossing Thomes Creek (99W Bridge Replacement Project) is located in 
Tehama County, California approximately 5.0 miles west of the Sacramento River and Thomes 
Creek confluence and 1.5 miles east of Interstate 5 (I-5) (See Figure 1).  The existing bridge has 
been approved for replacement through the Highway Bridge Program (HBP) by the Federal 
Highway Administration (FHWA). Tehama County as administered by the California 
Department of Transportation (Caltrans) contracted with HDR to conduct a detailed hydrologic 
and hydraulic analysis for the Bridge Replacement Project. 

1.2 Purpose 
This report summarizes the technical hydrologic and hydraulic information to determine water 
surface elevations and scour conditions at the existing 99W Bridge site. This information will 
be used in making decisions about the planning and design of the replacement 99W Bridge, 
including deck width and depth of foundation. 

Specific design standards were provided by Tehama County and the California Department of 
Transportation (Caltrans). Tehama County specific design standards do not include freeboard 
criteria, but commonly use Caltrans hydraulic design freeboard standards for specific criteria. 
As such, the proposed bridge design will satisfy standards detailed in: 

1. Tehama County Drainage Standards, dated March 1995, and 

2. Caltrans Highway Design Standards, dated September 2006, which requires that: 

a) The proposed bridge must pass the 50-year flood without causing excessive 
backwater, excessive flow velocities, or encroaching on through-traffic lanes. 
Sufficient freeboard, typically a minimum of 2 feet is assumed for preliminary 
bridge design. 

b) The bridge should be able to convey the base flood (100-year flood). 

c) The bridge should be able to withstand scour effects for the base flood. 



THOMES CREEK AT 99W, TEHAMA COUNTY
BRIDGE REPLACEMENT PROJECT LOCATION
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2.0 Background 

2.1 Previous Studies 
HDR reviewed relevant previous studies in the vicinity of the 99W Bridge Replacement Project 
provided by the Tehama County Public Works Department for applicability to this analysis. 
This section describes the methodology used by these studies. 

2.1.1 Federal Emergency Management Agency (FEMA) 2003 Flood Insurance Study (FIS) for 
Tehama County  

A review of the FEMA FIS for Tehama County dated May 5, 2003 showed that the project site 
is within Zone A, where the floodplain delineation is based on approximate methods (FIRM 
Panel Number 0650640665B). Therefore, no base flood elevations are available for the study 
area. 

2.1.2 Design Hydraulic Study, Rawson Road over Thomes Creek Bridge No. 08C-047, Tehama 
County (2003 Design Hydraulic Study) 

The 2003 Design Hydraulic Study, dated April 10, 2003, summarizes a hydrologic and 
hydraulic assessment (performed by Pacific Hydrologic Inc. for Quincy Engineering) of the 
Rawson Road Bridge over Thomes Creek. The Rawson Road bridge is located approximately 
2.8 miles west (upstream) of the 99W Bridge Replacement Project. The analysis included 
developing peak flows using a local gage in the watershed, and a hydraulic evaluation of 
existing and proposed bridge conditions.  A scour analysis was performed for the proposed 
bridge design.   

The 2003 Design Study evaluated five gaged basins (four in adjacent watersheds and one in the 
Thomes Creek watershed) to develop flood-frequency relationships.  Characteristics of the five 
basins are summarized in Table 1. 

Table 1. Characteristics of Basins Evaluated in the 2003 Design Hydraulic Study 

Basin Description USGS Gage No. Basin Area 
(sq. mi.) 

Ave. Annual 
Precipitation (in) 

Elevation 
Index 

Years of 
Record 

Thomes Creek at Paskenta 11382000 194 35 2.7 76 

Elder Creek at Gerber 11380500 136 38 1.8 30 

Mill Creek near Los Molinos 11381500 131 35 1.5 70 

Antelope Creek near Red Bluff 11379000 123 35 1.5 41 

Paynes Creek near Red Bluff 11377500 93 35 1.5 27 

 
Candidate peak flows for the Rawson Road Bridge project site were calculated using the 
characteristics and adjusted flood-frequency information of the Thomes Creek at Paskenta 
Basin. The 50-year and 100-year peak flows for the Rawson Road Bridge site are summarized 
in Table 2.   

http://www.fema.gov/media/fhm/fis/ot_fis.htm
http://www.fema.gov/media/fhm/fis/ot_fis.htm
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Table 2. Estimated Flood Peak Flows at the Thomes Creek Bridge at Rawson Road 

Location Basin Area  
(sq. mi.) 

50-Year Flow 
(cfs) 

100-Year Flow 
(cfs) 

Adjustment from Thomes Creek near Paskenta 203 42,000 53,500 

 
The potential scour for the proposed Rawson Road Bridge design was estimated to be 
approximately 16.0 feet at the piers and 6.0 feet and 16.5 feet respectively at the north and 
south abutments. Contraction scour was not evaluated in the 2003 Design Hydraulic Study as 
the proposed replacement Rawson Road Bridge would not cause contraction of the existing 
channel. 

2.1.3 Thomes Creek Bridge #08-0085 Interstate 5; 12.6 miles north of Glen County Line and 13 
miles south of Red Bluff (2006 Office of Structures Final Hydraulic Report) 

A hydrologic and hydraulic assessment of the Thomes Creek Bridge on Interstate 5 was 
performed as part of the Bridge #08-0085 replacement project. The 2006 Office of Structures 
Final Hydraulic Report presented peak flows and scour conditions at the Bridge #08-0085 
replacement project site. 

The mean annual precipitation at the Bridge #08-0085 location was 760 mm (29.9 in). The 50- 
and 100-year peak flows at this location were calculated to be 1262 m3/s (44,600 cfs) and 
1402 m3/s (49,500 cfs) respectively by applying a basin transfer equation to the peak flows 
from the USGS gage at Thomes Creek near Paskenta. A HEC-RAS model was developed to 
compute water surface elevations and scour at the proposed bridge location. 

The degradation of the channel for an assumed bridge life span of 75 years was estimated to be 
4.6 m (15.1 feet). Potential scour was estimated to be 4.6 m (15.1 feet) at the piers and 72.8 m 
(238.9 feet) at the abutments. 

2.1.4 Preliminary Foundation Report Route 99W Bridge Replacement at Thomes Creek, 
Tehama County, California (2009 Preliminary Foundation Report) 

The 2009 Preliminary Foundation Report details a preliminary geotechnical investigation 
conducted by Blackburn Consulting Inc. at the proposed 99W Replacement Bridge site. In 
development of the 2009 Preliminary Foundation Report, existing bridge data from Tehama 
County and Caltrans, and literature related to the geologic, hydrologic and seismic conditions 
of the project site were reviewed. The review indicated that the Thomes Creek stream channel 
has been scoured approximately 15-20 feet deep at the 99W Bridge location since the 
construction of the original bridge in 1920. The report mentions channel deposits of sand and 
gravel approximately 5 feet thick immediately upstream of the bridge and stiff to hard, 
yellowish brown clay within the channel immediately downstream of the bridge. This indicates 
some aggradation at the site. The 2009 Preliminary Foundation Report provided preliminary 
design recommendations for the foundation of the proposed 99W replacement bridge, and 
indicated that additional subsurface exploration and log bore testing would need to be 
performed for final design. 
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3.0 Hydrologic Model Development 

3.1 General 
Using a methodology similar to the 2003 Design Hydraulic Study, peak flows for the 99W 
replacement bridge were estimated using both the USGS regional flood-frequency equations 
and adjusting peak flows from the USGS gage on Thomes Creek near Paskenta, which is 
located approximately 30-miles west of the 99W Bridge Replacement Project site. Figure 2 
presents the delineated Thomes Creek watersheds for the 99W study bridge location, the 
Rawson Road bridge location and the USGS gage near Paskenta. 

Two scenarios were considered for existing conditions: Scenario1, using adjusted peak flows 
based on regression equation ratios and Scenario 2, using adjusted peak flows based on area 
ratios. Simulations were carried out for the 2-, 5-, 10-, 25-, 50-, 100- and 500-year peak flows 
through Thomes Creek at the 99W Bridge location. 

3.2 USGS Regional Regression Equations 

3.2.1 General 
USGS Regional Regression Equations are used to determine the magnitude and frequency of 
floods. As at the Rawson Road Bridge and the gage near Paskenta, flood-frequency equations 
developed by the USGS for the North Coast California region were used to develop peak flows 
at the 99W Bridge Replacement Project site. Results from implementation of the Regional 
Regression Equations are summarized in Table 3. Regional Regression Equations were 
developed in the mid-1970s and have several limitations on their applicability, but the results 
provide a comparison to verify other detailed procedures. Table 3 provides the flood-frequency 
equations for the North Coast Region applicable to this study. 

Table 3. USGS Regional Regression Equations for the North Coast Region 

Recurrence Interval Regional Regression Equations Standard Error of 
Estimate (log10 units) 

Number of Stations 
Used in Analysis 

2-year Q = 3.52 A0.90 p0.89  H−0.47 0.26 141 

5-year Q = 5.04  A0.89 p 0.91  H−0.35 0.24 125 

10-year Q =  6.21 A0.88 p0.93  H−0.27 0.24 125 

25-year Q =  7.64 A0.87 p0.94  H−0.17 0.24 125 

50-year Q =  8.57 A0.87 p0.96  H−0.08 0.25 125 

100-year Q = 9.23 A0.87 p0.97   0.26 125 
Q – Peak flow in cubic feet per second; A – Basin area in square miles; p – Mean annual precipitation in inches; 
H – Altitude index of the basin in thousands of feet 
 

3.2.2 Parameters 
Mean annual precipitation values used in the equations were estimated using the Rantz rainfall 
map dated 1969 (See Figure 3). The Rantz rainfall map represents zones of mean annual 
precipitation values for California. The precipitation values for the Thomes Creek Basins at 
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99W, Rawson Road Bridge, and Paskenta site were estimated by computing an area-weighted 
average of values of different precipitation zones within that basin. The altitude index in 
thousands of feet was calculated at points located approximately 10% and 85% the distance 
from the project site along the main channel of the stream to the basin divide. 



THOMES CREEK WATERSHED, TEHAMA COUNTY
BASIN DELINEATIONS

Figure 2
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THOMES CREEK WATERSHED, TEHAMA COUNTY
RANTZ RAINFALL MAP

Figure 3
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Table 4 lists the computed basin areas and the estimated precipitation and altitude index values 
developed by HDR. 

Table 4. Precipitation and Altitude Index Values 

Basin Description Basin Area (sq. mi.) Ave. Annual Precipitation (in) Elevation Index (ft/1000) 

Thomes Creek near Paskenta 204.0 47.3 2.50 

Thomes Creek at Rawson Road 284.9 40.3 1.93 

Thomes Creek at 99W 291.1 39.9 1.85 

 
3.2.3 Results 

Table 5 summarizes the regional regression equation peak flow results for the three Thomes 
Creek basins.  Regional regression equations are not available for estimating 500-year flows; 
therefore the results were obtained from extrapolation on a flood frequency plot (See Figures 4 
and 5). 

Table 5. USGS Regional Regression Peak Flow Results 

Recurrence 
Interval 

Peak Flow (cfs) 

Thomes Creek Gage Location near 
Paskenta (Basin Area 204.0 sq.mi.) 

Thomes Creek at Rawson Rd. 
(Basin Area 284.9 sq.mi.) 

Thomes Creek at 99W 
(Basin Area 291.1 sq.mi.) 

2-year 8,500 11,200 11,600 

5-year 13,900 17,700 18,100 

10-year 18,900 23,400 23,900 

25-year 25,100 30,200 30,600 

50-year 33,000 38,600 39,100 

100-year 39,700 45,500 45,900 

500-year ----------------------- ----------------------------- ---------------------- 

 
3.3 Log-Pearson Type III Analysis 

3.3.1 General 
HDR utilized the HEC-SSP flood frequency program version 1.0 to estimate the 2-, 5-, 10-, 25-
, 50-, 100- and 500-year peak flows for the gage location near Paskenta.  Annual peak flow data 
for the recorded years 1920 - 2008 obtained from the USGS website and the flood-frequency 
relationship obtained as output from the program are presented in Appendix A. The results 
present the Weibull plotting positions, the computed Log Pearson III frequency curve, an 
expected probability frequency curve, and the 5% and 95% confidence limit curves. 
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Peak flow results from the gage located near Paskenta were used to prorate and obtain peak 
flows for the hydraulic analysis for the 99W Bridge site. Scenario1 followed the 2003Design 
Hydraulic Study to adjust the peak flows based on the area, precipitation and altitude index 
exponents from the North Coast USGS Regression Equation. Scenario 2 followed the USGS 
Scientific Investigations Report 2004–5068 entitled “Evaluation of Methods Used for 
Estimating Selected Streamflow Statistics, and Flood Frequency and Magnitude, for Small 
Basins in North Coastal California” to adjust the peak flows using the ratio of basin areas. 
Table 6 provides the two scenarios. The 500-year peak flow values were obtained by 
extrapolation on a flood frequency plot (see Figure 5). 

Table 6. Adjustments to Peak Flows from the Gage on Thomes Creek near Paskenta 

Recurrence Interval Scenario 1:  Regression Equation Ratios  Scenario 2: Area Ratios  

2-year (Q1/Q2)=(A1/A2)0.9 (p1/p2)0.89(H1/H2)-0.47 Q1/Q2 = A1/A2 

5-year (Q1/Q2)=(A1/A2)0.89(p1/p2)0.91(H1/H2)-0.35 Q1/Q2 = A1/A2 

10-year (Q1/Q2)=(A1/A2)0.88(p1/p2)0.93(H1/H2)-0.27 Q1/Q2 = A1/A2 

25-year (Q1/Q2)=(A1/A2)0.87(p1/p2)0.94(H1/H2)-0.17 Q1/Q2 = A1/A2 

50-year (Q1/Q2)=(A1/A2)0.87(p1/p2)0.96(H1/H2)-0.08 Q1/Q2 = A1/A2 

100-year (Q1/Q2)=(A1/A2)0.87(p1/p2)0.97 Q1/Q2 = A1/A2 

500-year ----------------------------- ------------------------------ 

Q – Peak flow in cubic feet per second; A – Basin area in square miles; p – Mean annual precipitation in inches 
H – Altitude index of the basin in thousands of feet; Subscripts 1 and 2 refer to the gaged and ungaged basins respectively 
 

3.3.2 Results 
Table 7 compares the peak flow results from the Log Pearson III analysis and the Regional 
Regression equations at the Paskenta gage location. The results indicate that the two sets of 
peak flows compare reasonably, thus justifying the use of the USGS Regression equation for 
flow adjustments. 

Table 7. Paskenta Peak Flow Values Comparison 

Return Period Log Pearson III Peak Flows 
(cfs) 

Regional Regression Peak Flows 
(cfs) 

Percent Difference 
(%) 

Thomes Creek at Paskenta (USGS Gage 11107745) (Basin Area 204.0 acres) 
2-Year 6,900 8,500 18.8 
10-Year 19,600 18,900 3.6 
25-Year 27,000 25,100 7.0 
50-Year 32,700 33,000 0.9 
100-Year 38,400 39,700 3.3 

500-Year 51,500 ------------------ -------------------- 
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3.3.3 Recommended Peak Flows 
Table 8 shows the peak flow results for the 99W basin obtained from Regional Regression and 
prorated flows under Scenarios 1 and 2. The peak flows from Scenario 1 are closer to those 
estimated by the Regional Regression Equations and are recommended to be used for hydraulic 
analysis at the project location. 

Table 8. Comparison of Estimated Peak Flows for the Thomes Creek Basin at 99W (Basin Area 
291.1 sq. mi.) 

Recurrence 
Interval 

Regional Regression 
Peak Flows (cfs) 

Scenario 1:  
LPIII Adjusted 

Peak Flows  
(cfs) 

Percent 
Difference 

(%) 

Scenario 2: 
LPIII Adjusted 

Peak Flows 
(cfs) 

Percent 
Difference 

(%) 

2-year 11,600 9,400 -19.0 9,800 -15.5 

5-year 18,100 18,400 1.7 20,100 11.0 

10-year 23,900 24,800 3.8 28,000 17.2 

25-year 30,600 33,000 7.8 38,500 25.8 

50-year 39,100 38,800 -0.8 46,700 19.4 

100-year 45,900 44,400 -3.3 54,800 19.4 

500-year -------------- 72,000 -------------- 82,000 -------------- 

 
Note: The Regional Regression Equations were developed in the 1970s and are subject to 
revision. Flows for Scenario 2 are closer to the peak flows used in the 2003 Design Hydraulic 
Study, and are more conservative. Hydraulic analysis for the 99 Replacement Bridge will be 
based on both Scenario 1 and Scenario 2 peak flow values. The water surface elevation and 
scour conditions calculations using Scenario 1 peak flows will be compared to those calculated 
from Scenario 2 peak flows. 



Thomes Creek Hydraulic Design Study 

Tehama County, California 14 
Thomes Creek/99W Bridge Replacement Project 
P:\352821_County of Tehama\H&H\Report\Thomes Creek Final Hydraulic Design Study_24Feb14.docx February 24, 2014 

4.0 Hydraulic Model Development 
A steady-flow model was developed to simulate the existing conditions at the 99W 
Replacement Bridge site using the HEC-RAS 4.1 dated January 2010.  Simulations were 
performed for the 2-, 5-, 10-, 25-, 50-, 100-, and 500-year return periods. Hydraulic analysis 
results for existing conditions were used for the scour analysis. 

4.1 Stream Channel Geometry Development 
Information used for the hydraulic modeling was derived using the US Army Corps of 
Engineers HEC-GeoRAS 3.1 program in combination with ArcMap 9.2. 

In general, HEC-RAS geometry is calculated using four sets of Geographic Information System 
(GIS) data layers: 1) stream centerline, 2) cross-section cut lines, 3) lines representing left and 
right banks, and 4) flow paths for each stream reach. 

Topographic field survey data for the 99W Bridge Replacement Project area was provided by SDS 
Engineering. The field survey contained data for several cross-sections, including: 

1. The existing 99W Bridge; 

2. The adjacent railroad bridge; and 

3. At respective locations upstream and downstream of each bridges perpendicular to the 
flow direction. 

The stream centerline (thalweg of the channel) and cross-sections were digitized using a 
Triangulated Irregular Network (TIN) surface developed using one-foot contours and 
supplemented with the survey points. The TIN information was supplemented with the 
surveyed cross sections for hydraulic model development. 

4.2 Bridge Modeling 

4.2.1 99W Bridge 
The geometric configuration of the existing 99W Bridge at Thomes Creek was determined 
using as-built drawings and point data obtained during the SDS Engineering field survey, 
which included point data for: 

 The high and low chords of the bridge deck, including the soffit elevation of every arch. 

 Elevations for several pier components, including around the base, top of the base and 
top of the piers. 

The dimensions of the bridge were verified using as-built drawings (See Appendix C). A skew 
angle of 20 degrees was used to make adjustments to the bridge dimensions to define an 
equivalent cross section perpendicular to the direction of stream flow. No adjustment was made 
to increase the pier widths. 
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4.2.2 Railroad Bridge 
The railroad bridge is located approximately 50 feet downstream of the 99W Bridge.  The 
dimensions and spacing of the footings and the elevations of high chord of the bridge deck 
were all determined through the survey. The low chord elevations of the bridge deck were not 
established in the field survey; they were estimated from photographs taken during site visits. A 
skew angle of 20 degrees was used to make adjustments to the bridge dimensions to define an 
equivalent cross section perpendicular to the direction of stream flow. No adjustment was made 
to increase the pier widths. 

4.2.3 Methodology 
The procedures outlined in the HEC-RAS User’s Manual and the Hydraulic Reference Manual 
for bridge and culvert modeling were followed to develop the hydraulic model. Modeling of 
hydraulic characteristics of the bridges used four user-defined cross-sections for computation of 
energy losses due to the structures. Cross section 1 is located sufficiently downstream from the 
structure so that flow is not affected by the structure. Cross section 2 is located immediately 
downstream from the structure. Cross section 3 is located just upstream from the structure. 
Cross section 4 is located sufficiently upstream so that the structure has no effect on flow. 
Additional cross-sections may be included, as deemed appropriate, between cross sections 1 
and 2, and/or 3 and 4 to better define flow expansion and contraction transition zones. 

HEC-RAS allows the use of several bridge loss methods (Energy, Momentum Balance, and 
Yarnell equations). If all the methods are selected, the model will evaluate each one and default 
to the one that computes the greatest energy loss through the bridge as the final solution. The 
Energy and Momentum methods are the most applicable to the widest range of bridges and 
flow situations. They provide the best results in situations where bridge piers are small 
obstructions to flow and friction losses are the predominate consideration. The Yarnell equation 
is an empirical formula and is more specific in its use. It is only applicable to sub-critical flow 
and in locations where bridge piers are the dominant contributor to energy losses and change in 
water surface. When neither the Momentum nor Yarnell equations can be solved, HEC-RAS 
defaults to the Energy equation. 

The methods used for the bridge modeling are based on the flow conditions at the structures.  
The flows at the two existing bridge crossings were below the low chord of the bridge at the 
bridge openings. The bridge parameters used in the HEC-RAS model are summarized in Table 
9. 

 Table 9. HEC-RAS Modeling Parameters for the Thomes Creek Bridges 

Bridge Crossing HEC-RAS River 
Station  (ft) 

Bridge 
Length (ft) 

Bridge 
Width (ft) 

Number 
of Piers  

Low Chord 
Elevation (ft) 

99W Bridge (Existing) 3425.5 530 31 8 272.2 (top of arch)  
Railroad Bridge (Existing) 3325 600 23 14 269.4 
Bridge (Proposed) 3424 605 42.83 4 267.7 
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4.3 Boundary Conditions 

Boundary conditions are used in HEC-RAS to establish upstream and downstream water 
surface elevations for the river system. For this project, a steady flow analysis was done as the 
channel bed is relatively flat at the project location. A mixed flow regime, representing a 
combination of subcritical and supercritical flow conditions, was assumed.  

HEC-RAS requires both upstream and downstream boundary conditions for mixed flow 
calculations. Critical depth was used as the upstream boundary condition and a normal depth 
with a slope of 0.005 feet/feet was used as the downstream boundary condition. The 
downstream boundary condition was determined by examining the channel slope obtained from 
the field survey.  In general, the channel slope, so long as it is sufficiently downstream of the 
area in question, can be used as an estimate of the energy grade line slope. Once the slope of 
the energy grade line is established, Manning’s equation is used by HEC-RAS to calculate the 
normal depth.   

4.4 Losses 
Manning’s “n” Coefficients: The United States Geological Survey Guide for Selecting 
Manning’s Roughness Coefficients for Natural Channels and Flood Plains (1989) was used to 
generate Manning’s n values for the Thomes Creek site. Page 2 of the guide states: 

“The most important factors that affect the selection of channel n-values are (1) the type and 
size of the materials that compose the bed and banks of the channel and (2) the shape of the 
channel. Cowan (1956) developed a procedure for estimating the effects of these factors to 
determine the value of n for a channel. The value of n may be computed by: 

n = (nb+n1+n2+n3+n4)m 

where: 

nb = a base value of n for a straight, uniform, smooth channel in natural materials, 

n1 = a correction factor for the effect of surface irregularities, 

n2 = a value for variations in shape and size of the channel cross-section, 

n3 = a value for obstructions, 

n4= a value for vegetation and flow conditions, and 

m = a correction factor for meandering of the channel. 
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Base n Values (nb) for Channels: In determining the base n value (nb) for the channel surface, 
the channel must be classified as either a stable channel or a sand channel. A stable channel is 
defined as a channel in which the bed is composed of firm soil, gravel, cobbles, boulders, or 
bedrock and the channel remains relatively unchanged throughout most of the range in flow. A 
sand channel is defined as a channel in which the bed has an unlimited supply of sand. 

Irregularity (n1): Where the ratio of width to depth is small, roughness caused by eroded and 
scalloped banks, projecting points, and exposed tree roots along the banks must be accounted 
for using the surface irregularity factor, n1. The degree of surface irregularity is rated from 
smooth to severe. 

Variation in Channel Cross Section (n2): The value of n is not affected significantly by 
relatively large changes in the shape and size of cross-sections (n2) if the changes are gradual 
and uniform. Greater roughness is associated with alternating large and small cross-sections 
and sharp bends, constrictions, and side-to-side shifting of the low-water channel. The degree 
of the effect of changes in the size of the channel depends primarily on the number of 
alterations of large and small sections and secondarily on the magnitude of the changes. 

Obstructions (n3): Obstructions such as logs, stumps, boulders, debris, pilings, and bridge piers 
disturb the flow pattern in the channel and increase roughness. The amount of increase depends 
on the shape of the obstruction; the size of the obstruction in relation to that of the cross-
section; and the number, arrangement, and spacing of obstructions. 

Vegetation (n4): The extent to which vegetation affects n depends on the depth of flow, the 
percentage of the wetted perimeter covered by the vegetation, the density of vegetation below 
the high-water line, the degree to which the vegetation is flattened by high water, and the 
alignment of vegetation relative to the flow. 

Meandering (m): The degree of meandering, m depends on the ratio of the total length of the 
meandering channel in the reach being considered to the straight length of the channel reach. 

For this study, Manning’s n values were computed based on observations made in the field 
during site visits (See Appendix D). The overbanks at the 99W Bridge site contain large 
amounts of gravel, while the main channel is composed of sand. Table 10 summarizes the 
calculated Manning’s n values for the channel and left and right overbanks for the study reach. 

Table 10. Summary of Estimated Manning's n Values for Thomes Creek Channel and Overbanks 

Reach Left Overbank n Channel n Right Overbank n 
Thomes Creek - Entire Reach 0.055 0.03 0.055 

 
Contraction/Expansion Coefficients: Contraction and expansion coefficients are used to reflect 
changes in flow due to energy loss within a reach between two cross-sections. Changes in cross 
sections are typically gradual for unconstructed stream reaches (i.e., stream reaches with no 
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bridges or culverts). Higher contraction and expansion coefficients are used at locations with 
abrupt changes in the channel configuration and at bridge locations. 

For unconstricted reaches in the Thomes Creek model, contraction and expansion loss 
coefficients of 0.1 and 0.3 respectively were used. For the existing 99W Bridge and the railroad 
bridge, contraction and expansion loss coefficients of 0.3 and 0.5 were used to represent the 
transition of the channel through the bridge opening.  

4.4.1 Ineffective Flow Locations 
For upstream and downstream bridge cross sections, ineffective flow areas at the interior of the 
abutments were used to account for pooling of water immediately upstream and downstream of 
the bridge structures. It is recommended that ineffective flow areas be modeled to project 
upstream at a taper of 45 degrees (1:1) and downstream at approximately 14 degrees (4:1) from 
the interior of the abutments to account for the pooling of water. However, in the case of the 
existing bridge structures, the width of the bridge opening is approximately equal to the width 
of the channel and, hence, only minimal ineffective flow areas were assigned to the upstream 
and downstream cross sections. Ineffective flow areas were also used to eliminate conveyance 
through low-lying portions of the cross-section that exist outside of the main channel. 

HEC-RAS evaluates each cross-section individually; therefore, the program assumes that the 
lowest points in that cross-section will convey flow. In order to account for this, the user must 
establish secondary channels as ineffective flow areas, because they do not contribute to the 
system’s conveyance. However, these areas will become effective once the water surface 
elevation rises above the highest point separating them (i.e. the two channels are connected 
through an abnormally large flow area). 

4.4.2 Verify Model Reasonableness 
There are no stream stage gages or high water mark locations available within the study limits. 
Information from stream stage gages would have allowed for the developed models to be 
calibrated to specific events. 
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5.0 Modeling Results 

5.1 Existing 99W Bridge 
The modeling indicates that the channel maintains a fairly constant hydraulic depth throughout 
the study area; the water surface profiles are roughly parallel to the channel bed profile. This 
means that the obstructions presented by the bridges do not cause a significant increase in water 
surface elevations upstream of the bridge crossings. Consequently, there is no dramatic increase 
in velocities downstream of the bridges. 

Tables 11 and 12 present the results from the modeling at the bridge location for the 2-, 5-, 10-, 
25-, 50-, 100- and 500-year storm events for Scenarios 1 and 2 respectively. Based on these 
results, it can be concluded that water surface elevations for both modeled scenarios are not 
significantly different from each other. Sufficient freeboard is available at the existing 99W 
Bridge for all the storm events modeled.  Freeboard has been measured from the low chord 
(soffit) elevation (top of the arch) of 272.2 ft.   

Table 11. Summary of Results at the Existing 99W Bridge on Thomes Creek for Scenario 1 

Recurrence Interval Estimated Peak Flows (cfs) WSE (ft) US Velocity (ft/s) Freeboard (ft) 

2-year 9,400 252.01 5.23 20.19 

5-year 18,400 255.92 5.52 16.28 

10-year 24,800 258.12 5.80 14.08 

25-year 33,000 260.57 6.15 11.63 

50-year 38,800 262.15 6.37 10.05 

100-year 44,400 263.51 6.60 8.69 

500-year 72,000 268.96 7.73 3.24 

 
Table 12. Summary of Results at the Existing 99W Bridge on Thomes Creek for Scenario 2 

Recurrence Interval Estimated Peak Flows (cfs) WSE (ft) US Velocity (ft/s) Freeboard (ft) 

2-year 9,800 252.21 5.24 19.99 

5-year 20,100 256.54 5.59 15.66 

10-year 28,000 259.11 5.95 13.09 

25-year 38,500 262.07 6.35 10.13 

50-year 46,700 264.03 6.69 8.17 

100-year 54,800 265.72 7.05 6.48 

500-year 82,000 270.74 7.96 1.46 

 
Figure 6 shows the 10-, 50-, 100- and 500-year water surface profiles estimated for existing 
conditions for Scenario 1. The 100- and 500-year floodplains for Scenario 1 are presented in 
Figure 7.  The corresponding summary output tables from HEC-RAS are included in  
Appendix E. 
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THOMES CREEK WATERSHED, TEHAMA COUNTY
FLOODPLAINS: EXISTING CONDITIONS (SCENARIO 1)

Figure 7
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5.2  Bridge Replacement  
Tables 13 and 14 present the results from the modeling at the bridge replacement location for 
the 2-, 5-, 10-, 25-, 50-, 100- and 500-year storm events for Scenarios 1 and 2 respectively. 
Both scenarios provide more than 2.0 feet of freeboard for the 100-year event.  Freeboard has 
been measured from the low chord (soffit) elevation of 267.73 ft.  Results for the 500-year 
storm event do show surcharging of the bridge deck due to a lower soffit elevation than the 
existing bridge.  

     Table 13. Summary of Results at the Proposed 99W Bridge on Thomes Creek for Scenario 1 

Recurrence Interval Estimated Peak Flows (cfs) WSE (ft) US Velocity (ft/s) Freeboard (ft) 

2-year 9,400 251.97 5.26 15.76 

5-year 18,400 255.87 5.55 11.86 

10-year 24,800 258.06 5.84 9.67 

25-year 33,000 260.50 6.19 7.23 

50-year 38,800 262.08 6.42 5.65 

100-year 44,400 263.42 6.65 4.31 

500-year 72,000 268.78 7.75 Surcharging bridge deck (-1.05) 

 
     Table 14. Summary of Results at the Proposed 99W Bridge on Thomes Creek for Scenario 2 

Recurrence Interval Estimated Peak Flows (cfs) WSE (ft) US Velocity (ft/s) Freeboard (ft) 

2-year 9,800 252.17 5.28 15.56 

5-year 20,100 256.48 5.63 11.25 

10-year 28,000 259.05 5.98 8.68 

25-year 38,500 262.00 6.41 5.73 

50-year 46,700 263.94 6.75 3.79 

100-year 54,800 265.58 7.11 2.15 

500-year 82,000 270.53 8.07 Surcharging bridge deck (-2.80) 

 
Figure 8 shows the 10-, 50-, 100- and 500-year water surface profiles estimated for proposed 
conditions for Scenario 1. The corresponding summary output tables from HEC-RAS are 
included in Appendix E. 
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6.0 Scour Analysis 

6.1 General 
Scour analysis at bridges is performed using the methodology described in the Hydraulic 
Engineering Circular No. 18 (HEC-18), Evaluating Scour at Bridges, issued by the Federal 
Highway Administration (2001). The minimum design standard for bridge scour is the base 
flood (100-year flood). 

The most common cause of bridge failure is from floods scouring the bed material around the 
bridge foundations. Scour is the result of the erosive action of flowing water, excavating and 
carrying away material from the bed and banks of streams, and from around the piers and 
abutments of bridges. Different materials scour at different rates. Loose granular soils are 
rapidly eroded by flowing water, while cohesive or cemented soils are more scour-resistant. 
However, ultimate scour in cohesive or cemented soils can be as deep as scour in sand-bed 
streams. Under constant flow conditions, scour will reach maximum depth in sand- and gravel-
bed material in hours; cohesive bed material in days; glacial till, sandstones, and shale in 
months; limestone in years; and dense granite in centuries. Under flow conditions typical of 
actual bridge crossings, several floods may be needed to attain maximum scour. Determining 
the magnitude of scour is complicated by the cyclic nature of the scour process. Scour can be 
deepest near the peak of a flood, but hardly visible as floodwaters recede and scour holes refill 
with sediment. 

6.2 Scour Analysis Methodology 
According to the Preliminary Foundation Report prepared by Blackburn Consulting Inc. in 
February 2009 for the 99W Bridge site on Thomes Creek, a 1950 log of test borings available 
for this area from CALTRANS shows the presence of waxy yellow clay below coarse bedload 
deposits. The clay is now exposed on the channel at the bridge and downstream of it, with a 
veneer of gravelly bedload. Boring tests were performed at different depths by Blackburn 
Consulting Inc. in October 2009 at two locations within the channel at the bridge site. Grain 
size distribution analyses provided four sets of D50 and D95 values, which were used in the 
scour computations. Table 15 lists the D50 and D95 values and corresponding bore depths. 

A scour analysis was done in HEC-RAS 4.1 using the hydraulic model developed for the 
proposed 99W Bridge on Thomes Creek based on the recommended peak flows (Scenario 1). 
Flow distribution was set for cross sections at the vicinity of the bridges by assigning a 
subsection distribution of 5 and 20 for overbanks and main channel respectively. HEC-RAS 
uses this information to get more detailed estimates of the depth and velocity at various 
locations within the cross-sections. 
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Table 15. D50 and D95 Values at the Existing Thomes Creek Bridge at 99W 

Sample Number Depth D50 (mm) D95 (mm) 

B1-2 10.0-11.5” 2.86 16 

B1-3 15.0’-16.5’ 1.86 16.5 

B1-5 25.0’-26.5’ 0.075 0.38 

B2-1 10.0’-11.5’ 2.32 17 

 
6.3 Long-term Aggradation and Degradation 

Aggradation and degradation are long-term streambed elevation changes due to natural or 
anthropogenic forces that can affect the reach of the river where the structure is located. 
Aggradation involves a general and progressive buildup of the longitudinal profile of a channel 
bed due to sediment deposition. Degradation involves a general and progressive lowering of the 
channel bed due to erosion. Based on the 2009 Preliminary Foundation Report from Blackburn 
Consulting for the project location, the existing channel has experienced scour depths of 
approximately 15-20 feet since the construction of the bridge in 1920. 

6.4 Contraction Scour 
Contraction scour occurs when the flow of a stream is reduced significantly, either by natural 
contraction or by a bridge constricting the flow. There are two forms of contraction scour: live 
bed and clear water. Live-bed contraction occurs at a constriction in river channel when there is 
transport of bed material in the upstream reach into the constricted cross section. With live-bed 
contraction scour, the area of the contracted section increases until, in the limit, the transport of 
sediment out of the contracted section equals the sediment transported in. Clear water scour 
occurs when there is no movement of the bed material in the flow upstream of the crossing or 
the bed material being transported in the upstream reach is transported in suspension through 
the scour hole at the pier or abutment at less than the capacity of the flow. 

The HEC-RAS program gives the user the option to choose from one of these forms of 
contraction or the default option where the program automatically determines the form of 
contraction based on the critical velocities and mean flow velocities in the channel and 
overbanks. To compute contraction scour, the user is only required to enter the D50 and a water 
temperature to compute the K1 factor. All the variables except D50 and K1 are obtained 
automatically from the HEC-RAS output file. 

For this analysis, the default contraction scour method was chosen and water temperature was 
assumed to be 60 degrees Fahrenheit. Table 16 summarizes the contraction scour computation 
results for the four D50 values based on the hydraulic modeling results for the 100- and 500-
year peak flows. The results show no contraction scour for the 500-year peak flow. 
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Table 16. Summary of Long Term Degradation and Contraction Scour at the Proposed Thomes 
Creek Bridge at 99W 

Parameters 
100-yr Peak Flow 500-yr Peak Flow 

Left Overbank Channel Right 
Overbank Left Overbank Channel Right 

Overbank 
Long-term Bed 
Elevations Change (ft) 15-20 15-20 15-20 15-20 15-20 15-20 

Contraction Scour for D50 = 2.86 

Scour Depth Ys (ft) 0.00 0.11 0.00 - - - 

Critical Velocity (ft/s) 2.93 3.60 1.90 - - - 

Equation Clear Live Clear - - - 

Contraction Scour for D50 = 1.86 

Scour Depth Ys (ft) 0.43 0.11 0.00 - - - 

Critical Velocity (ft/s) 2.54 3.12 1.64 - - - 

Equation Clear Live Clear - - - 

Contraction Scour for D50 = 0.075 

Scour Depth Ys (ft) 0.97 0.26 0.29 - - - 

Critical Velocity (ft/s) 0.87 1.07 0.56 - - - 

Equation Live Live Clear - - - 

Contraction Scour for D50 = 2.32 

Scour Depth Ys (ft) 0.00 0.11 0.00 - - - 

Critical Velocity (ft/s) 2.73 3.36 1.77 - - - 

Equation Clear Live Clear - - - 

 
6.5 Local Scour 

Local scour consists of pier and abutment scour. Scour occurs at abutments and piers where the 
flow is obstructed. A horizontal vortex called the horseshoe vortex forms at the base of the 
obstruction, running along the obstruction, resulting in a vertical vortex called the wake vortex 
downstream of the obstruction.  Both the horseshoe and wake vortices remove material from 
the base region of the obstruction 

Pier scour can be computed using either the Colorado State University (CSU) equation or the 
Froehlich equation. The CSU equation is the default. In the case of the CSU equation, the user 
is required to enter the pier nose shape (K1), the angle of attack for flow hitting the piers, the 
condition of the bed (K3) and a D95 size fraction for the bed material. All other values are 
automatically obtained from the HEC-RAS output file. In the case of the Froehlich equation, 
the user is required to enter the projected pier width with respect to the direction of flow (a) and 
a correction factor for pier nose shape (Phi), which is automatically set when a pier nose shape 
is selected. For this analysis, the Froehlich equation was used. The pier nose shape was set to 
‘Circular Cylinder’ and a projected pier width of 7 feet was used. Table 17 summarizes the pier 
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scour computation results for the four D50 values based on the hydraulic modeling results for 
the 100- and 500-year peak flows. 

Table 17.Summary of Pier Scour at the Proposed Thomes Creek Bridge at 99W 

Parameters 
Piers 

#1 #2 #3 #4 

For D50 = 2.86 mm, 100-year Peak Flow 

Scour Depth Ys (ft) 12.00 12.00 12.00 12.00 

Equation Froehlich Froehlich Froehlich Froehlich 

For D50 = 2.86 mm, 500-year Peak Flow 
Scour Depth Ys (ft) 12.64 12.64 12.64 12.64 

Equation Froehlich Froehlich Froehlich Froehlich 

For D50 = 1.86 mm, 100-year Peak Flow 

Scour Depth Ys (ft) 12.20 12.20 12.20 12.20 

Equation Froehlich Froehlich Froehlich Froehlich 

For D50 = 1.86 mm, 500-year Peak Flow 
Scour Depth Ys (ft) 12.86 12.86 12.86 12.86 

Equation Froehlich Froehlich Froehlich Froehlich 

For D50 = 0.075 mm, 100-year Peak Flow 

Scour Depth Ys (ft) 13.94 13.94 13.94 13.94 

Equation Froehlich Froehlich Froehlich Froehlich 

For D50 = 0.075 mm, 500-year Peak Flow 
Scour Depth Ys (ft) 14.82 14.82 14.82 14.82 

Equation Froehlich Froehlich Froehlich Froehlich 

For D50 = 2.32 mm, 100-year Peak Flow 

Scour Depth Ys (ft) 12.10 12.10 12.10 12.10 

Equation Froehlich Froehlich Froehlich Froehlich 

For D50 = 2.32 mm, 500-year Peak Flow 
Scour Depth Ys (ft) 12.74 12.74 12.74 12.74 

Equation Froehlich Froehlich Froehlich Froehlich 
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It can be seen from Table 17 that lower D50 values result in greater values of pier scour. In this 
analysis, the lowest value of D50 is 0.075 mm which gives scour values of 13.94 feet and 14.82 
feet for the 100- and 500-year peak flows respectively. 

Abutment scour can be computed using either the HIRE equation or Froehlich’s equation. The 
use is required to enter the abutment type and skew angles. The program automatically selects 
values for all of the other variables based on the hydraulic output. The user can select one of the 
two equations or the default mode. When the default mode is selected, HEC-RAS will choose 
between the two equations based on the ratio of the wetted embankment length (L) and the 
approach flow depth (y1). When this ratio is greater than 25, the HIRE equation is used. When 
the ratio is less than or equal to 25, the Froehlich equation is used. For this analysis, the default 
mode was selected. Vertical abutment type with a skew angle of 90 degrees was used for both 
the left and right abutments. The computed scour values at the left and right abutments for the 
100- and 500-year peak flows are presented in Table 18. The results show no abutment scour 
for the 100-year peak flow. 

Table 18. Summary of Abutment Scour at the Proposed Thomes Creek Bridge at 99W 

Parameters 100-yr Peak Flow 500-yr Peak Flow 
Left Right Left Right 

Scour Depth Ys (ft) - - 19.22 20.37 

Qe/Ae = Ve - - 2.57 1.33 

Froude # - - 0.13 0.17 

Equation - - HIRE HIRE 

 
6.6 Estimated Total Scour 

Total scour within the channel is a combination of long-term bed elevation changes, contraction 
scour, and the local scour at each pier and abutment. In the case of the 99W Bridge, contraction 
scour was not present in the cases of abutment scour. Therefore, the total abutment scour is the 
same as the local abutment scour. The total scour at the piers was computed as the sum of the 
pier scour and the contraction scour for the channel. Table 19 provides the total pier scour for 
the 100- and 500-year peak flows for D50 equal to 0.075 mm, which is the maximum total pier 
scour at the bridge. Figure 9 shows the HEC-RAS schematic of the total pier and abutment 
scour at the proposed 99W Bridge for the 500-year peak flow. HEC-RAS output reports for all 
the scour computations are included in Appendix E. 

The maximum total scour for the proposed 99W Thomes Creek bridge location is the sum of 
the total pier scour and estimated maximum degradation at the site. Table 20 provides the 
estimated maximum total scour for the bridge location for the 100- and 500-year storm events. 
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Table 19. Total Pier Scour at the Proposed Thomes Creek Bridge at 99W 

Total Pier Scour 
Piers 

#1 #2 #3 #4 

For D50 = 0.075 mm, 100-year Peak Flow 
Scour Depth Ys (ft) 14.21 14.21 14.21 14.21 

For D50 = 0.075 mm, 500-year Peak Flow 
Scour Depth Ys (ft) 14.82 14.82 14.82 14.82 

 
Figure 9. Total Scour at the Proposed Thomes Creek Bridge at 99W for the 500-Year Peak Flow and D50 of 
0.075 mm 

 
                Table 20. Estimated Maximum Total Scour at the Proposed Thomes Creek Bridge at 99W 

Recurrence Interval Maximum Local  
Scour (at Piers) (ft) 

Long-Term  
Degradation (ft) Total Scour (ft) 

100-year 14.21 20 34.21 
500-year 14.82 20 34.82 
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7.0 Scour Analysis Conclusions and Recommendations 
Values for contraction, pier, and abutment scour were estimated at the proposed 99W Bridge on 
Thomes Creek for the 100- and 500-year peak flows using HEC-RAS. An estimate of the long-
term degradation in the channel is available from the 2003 Preliminary Foundation Report by 
Blackburn Consulting. The maximum total scour for the bridge location for the 100-year storm 
event was estimated as 34.21 feet, which is the sum of the maximum pier scour (sum of 
contraction and local scour at the piers) and long-term channel degradation. HDR recommends 
that the footing depth for the proposed bridge be at least equal to the estimated maximum total 
scour. 
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8.0 Electronic Files 
Table 20 lists the HEC-RAS file names and descriptions for Scenarios 1 and 2 of the existing 
and proposed conditions runs of the Thomes Creek HEC-RAS model. These files are provided 
in Appendix F. 

Table 21. Electronic File Descriptions for the Thomes Creek HEC-RAS Model (Scenarios 1 and 2) 

Type of File File Description File Name 

Existing Bridge - Scenario 1 
HEC-RAS Project File Thomes Creek ThomesCrk.prj 
Plan Existing Conditions – Scenario 1 ThomesCrk.p03 
Geometry File Existing Geometry ThomesCrk.g01 
Steady Flow File Flows – Scenario 1 ThomesCrk.f05 

Existing Bridge  - Scenario 2 
HEC-RAS Project File Thomes Creek ThomesCrk.prj 
Plan Existing Conditions – Scenario 2 ThomesCrk.p07 
Geometry File Existing Geometry ThomesCrk.g01 
Steady Flow File Flows – Scenario 2 ThomesCrk.f06 

Proposed Bridge - Scenario 1 
HEC-RAS Project File Thomes Creek ThomesCrk.prj 
Plan Proposed Conditions – Scenario 1 ThomesCrk.p01 
Geometry File Proposed Geometry ThomesCrk.g03 
Steady Flow File Flows – Scenario 1 ThomesCrk.f05 
Hydraulic Design File Scour – Scenario 1 ThomesCrk.h06 

Proposed Bridge – Scenario 2 
HEC-RAS Project File Thomes Creek ThomesCrk.prj 
Plan Proposed Conditions – Scenario 2 ThomesCrk.p08 
Geometry File Proposed Geometry ThomesCrk.g03 
Steady Flow File Flows – Scenario 2 ThomesCrk.f06 
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Appendix A: Hydrologic Data 



G:\9
376

6_T
hom

as_
Cre

ek_
Brid

ge\
MX

D\R
epo

rt |
 Las

t Up
date

d : 
06-

02-
200

9

THOMES CREEK AT USGS GAGE NEAR PASEKENTA (Gage No. 11382000)
FLOOD FREQUENCY PLOT FROM HEC-SSP 

Appendix A



USGS Peak Flow Data at USGS Gage 11382000 near Paskenta
(Used for HEC-SSP Log-Pearson Type III Analysis)

Date Peak Flow (cfs)
November 18, 1920 13100
December 26, 1921 7100
December 28, 1922 3900

February 7, 1924 2000
February 4, 1925 13500
February 4, 1926 11700

February 20, 1927 13900
March 26, 1928 19600

December 25, 1928 2620
December 14, 1929 4750

January 23, 1931 3460
December 26, 1931 2080

April 4, 1933 1140
March 28, 1934 1970

April 8, 1935 3170
January 15, 1936 8290

March 12, 1937 2180
December 10, 1937 16500
December 3, 1938 1550
February 28, 1940 17000
February 28, 1941 13200
February 5, 1942 8120
January 21, 1943 18600

March 10, 1944 1160
February 8, 1945 2310

December 28, 1945 8990
February 12, 1947 5210

January 7, 1948 5470
March 18, 1949 1660
March 19, 1950 3040

February 4, 1951 7480
February 1, 1952 8860
January 9, 1953 10800

March 9, 1954 5390
November 15, 1954 2190
December 21, 1955 23500

February 24, 1957 7870
February 24, 1958 14300
January 12, 1959 5520
February 8, 1960 18700
January 31, 1961 4990
February 9, 1962 1330
January 31, 1963 19200
January 20, 1964 3390

December 22, 1964 37800
January 4, 1966 4180

January 29, 1967 8480
February 19, 1968 8740
January 20, 1969 9300
January 23, 1970 18000
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USGS Peak Flow Data at USGS Gage 11382000 near Paskenta
(Used for HEC-SSP Log-Pearson Type III Analysis)

Date Peak Flow (cfs)
March 26, 1971 9360

January 22, 1972 5400
January 16, 1973 7740
January 16, 1974 29400

March 7, 1975 10400
February 26, 1976 2410

March 16, 1977 315
January 14, 1978 7420
January 11, 1979 3800
January 13, 1980 18800

February 14, 1981 7890
February 15, 1982 16400
January 26, 1983 19500

November 24, 1983 8060
November 13, 1984 4020

February 17, 1986 32900
February 13, 1987 4720

December 10, 1987 6430
November 22, 1988 6850

January 8, 1990 3850
March 4, 1991 8760

March 15, 1992 3260
January 20, 1993 12100

December 8, 1993 1120
March 9, 1995 20100

December 12, 1995 6600
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Project Information: Computed: RN Date: 14-May-09

County: Tehama County Checked:     Date:      

Stream Name: Thomes Creek Route:     Postmile:     

Aerial Picture Attached:     

Photographs (#'s and locations)

Summary of n-Values:

Reach Left Overbank Main Channel Right Overbank
0.055 0.035 0.055

Notes:

Manning's n Computation Summary

     

 Thomes Creek Drainage 
Analysis 
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Project Information Computed: RN Date: 14-May-09

County: Tehama County Checked:     Date:      

Stream Name: Thomes Creek Route:     Postmile:     

Aerial Picture Attached:     

Photographs (#'s and locations)

Is roughness uniform throughout the reach? Yes

Note:  If not, n-value should be assigned for the AVERAGE condition of the reach

Is roughness uniformly distributed along the cross section? Yes
Is a division between the  channel and floodplain necessary? Yes

Calculation of n-value:
n = (nb + n1 + n2 + n3 + n4)m

where: Description of Range
nb = base n value for surface median size btwn 1" and 2.5"=0.028 to 0.035, btwn 2.5" and 10"=0.030 to 0.050
n1 = surface irregularity factor smooth = 0 up to severe at 0.020
n2 = cross section variation factor gradual = 0 up to alternating frequently at 0.015
n3 = obstructions factor negligible = 0 up to severe (over 50% of cross section) at 0.05
n4 = vegetation factor small = 0.002 to very large (average depth of flow is less than 1/2 height of vegetation) at 0.100
m = sinuosity/meandering factor minor = 1.0, appreciable = 1.15, Severe = 1.30

nb: Sand channel? No If yes, median size of bed material? median size nb
(in)

0.008 0.012
nb = 0.012 0.017

0.016 0.020
0.020 0.022
0.024 0.023
0.031 0.025
0.039 0.026

All other channels: median size nb
(in)

.04 to .08 0.026 to 0.035
1 to 2.5 0.028 to 0.035
2.5 to 10 0.030 to 0.050

>10 0.040 to 0.070

Notes:
nb = 0.030

Surface Irregularity
n1: Smooth No if yes, n1 = 0

Minor Is channel in good condition with slightly eroded or scoured side slopes? if yes, n1 = 0.001 - 0.005

if yes, n1 = 0.006 - 0.010

if yes, n1 = 0.011 - 0.020

n1 = 0.002
Notes:

Cross Section Variation Factor
n2: Gradual if yes, n2 = 0.000

if yes, n2 = 0.001 - 0.005

if yes, n2 = 0.010 - 0.015

n2 = 0.001

Notes:

Does the size and shape of the channel cross section change gradually?

Alternately occasionally Does the cross section alternate to large to small, occasionally  or does the main flow occasionally 
shift from side to side?

Alternately frequently Does the cross section alternate to large to small, frequently  or does the main flow frequently  shift 
from side to side?

Thomes Creek 
Drainage Analysis

Manning's n Computation - Main Channel

Base n value for surface

Is channel badly sloughed, scalloped banks or badly eroded or sloughed sides or jagged and irregular 
surface?

     

Is channel smooth?

Severe

Moderate Is channel a dredged channel having moderate to considerable bed roughness and moderately 
sloughed or eroded side slopes in rock? 
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Manning's n Computation - Main Channel

Obstructions factor
n3:

if yes, n3 = 0.000 - 0.004

if yes, n3 = 0.005 - 0.015

if yes, n3 = 0.020 - 0.030

if yes, n3 = 0.040 - 0.050

n3 = 0.000

Notes:

Vegetation factor
n4:

if yes, n4 = 0.002 - 0.010

if yes, n4 = 0.010 - 0.025

if yes, n4 = 0.025 -0.050

if yes, n4 = 0.050 - 0.100

n4 = 0.002

Notes:

Sinuosity/meandering factor
m Minor if yes, m = 1.00

Appreciable if yes, m = 1.15

Severe if yes, m = 1.30

m = 1.00

Notes:

Manning's n - Main Channel n = 0.035

Negligible Does the stream have a few scattered obstructions that occupy < 5% of the cross-sectional area?

Minor Obstructions occupy < 15% of the cross-sectional area and the spacing between obstructions is such 
that the sphere of influence doesn't extend to other obstructions?

Large

Appreciable Obstructions occupy 15% - 50% of the cross-sectional area and the spacing between obstructions is 
small enough to be additive?

Does the channel where the average depth of flow is equal to the height of the vegetation; 8 to 10 
years-old willows or cottonwoods intergrown with weeds and brush; where the hydraulic radius 
exceeds1.97 ft or bushy willows about 1 year old intergrown with some weeds along side slopes, and 
no significant vegetation exists along the channel bottom, where the hydraulic radius is greater than 
2.0 ft.

Severe

Small Does the channel have dense growth of flexible turf grass or weed growth where the flow is at least 2 
times the height of the vegetation; tree seedlings of willows, cottonwoods, etc?

Obstructions occupy more than 50% of the cross-sectional area or the spacing between obstructions 
causes turbulence?

Medium Does the channel have turf grass where the average depth of flow is 1 to 2 times the height of the 
vegetation; moderately stemmy grass, weeds or tree seedlings growing where the flow is 2 to 3 times 
the height of the vegetation?

Ratio of the channel length to valley length > 1.5

Very large Does the channel have turf grass growing where the average depth of flow < 1/2 the height of the 
vegetation; bushy willows about 1 year old. with weeds intergrown on side slopes; dense cattails in 
channel bottom; trees intergrown with weeds and brush?

Ratio of the channel length to valley length in 1.0 to 1.2

Ratio of the channel length to valley length in 1.2 to 1.5
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Project Information Computed: RN Date: 14-May-09

County: Tehama County Checked:     Date:      

Stream Name: Thomes Creek Route:     Postmile:     

Aerial Picture Attached:

Photographs (#'s and locations)

Is roughness uniform throughout the reach? Yes

Note:  If not, n-value should be assigned for the AVERAGE condition of the reach

Is roughness uniformly distributed along the cross section? Yes
Is a division between the  channel and floodplain necessary? Yes

Calculation of n-value:
n = (nb + n1 + n2 + n3 + n4)m

where: Description of Range
nb = base n value for surface median size between 1" and 2.5"=0.028 to 0.035, between 2.5" and 10"=0.030 to 0.050
n1 = surface irregularity factor smooth = 0 up to severe at 0.020
n2 = cross section variation factor gradual = 0 up to alternating frequently at 0.015
n3 = obstructions factor assumed to equal 0
n4 = vegetation factor small = 0.002 to very large (average depth of flow is less than 1/2 height of vegetation) at 0.100
m = sinuosity/meandering factor equals 0 for floodplains

nb: Sand channel? If yes, median size of bed material? median size nb
(in)

0.008 0.012
nb = 0.012 0.017

0.016 0.020
0.020 0.022
0.024 0.023
0.031 0.025
0.039 0.026

All other channels: median size nb
(in)

.04 to .08 0.026 to 0.035
1 to 2.5 0.028 to 0.035
2.5 to 10 0.030 to 0.050

>10 0.040 to 0.070

Notes:
nb = 0.035

n1: Smooth Compares to the smoothest, flattest floodplain in a given bed material. if yes, n1 = 0

Minor
if yes, n1 = 0.001 - 0.005

Moderate Has more rises and dips. Sloughs and hummocks may occur. if yes, n1 = 0.006 - 0.010

Severe Floodplain very irregular in shape. Many rises and dips or sloughs are visible. if yes, n1 = 0.011 - 0.020

n1 = 0.003

Notes:

n2 = 0.000

Notes: Not applicable to floodplains.

n3:
if yes, n3 = 0.000 - 0.004

if yes, n3 = 0.005 - 0.015

if yes, n3 = 0.020 - 0.030

n3 = 0.002

Notes:

n4:

Manning's n Computation - Left Overbank

Base n value for surface

Surface Irregularity

Cross Section Variation Factor

Obstructions factor

Thomes Creek 
Drainage Analysis

     

Vegetation factor

Is the floodplain slightly irregular in shape. A few rises and dips or sloughs may be more 
visible on the floodplain.

Minor Obstructions occupy < 15% of the cross-sectional area and the spacing between 
obstructions is such that the sphere of influence doesn't extend to other obstructions?

Obstructions occupy 15% - 50% of the cross-sectional area and the spacing between 
obstructions is small enough to be additive?

Negligible Does the stream have a few scattered obstructions that occupy < 5% of the cross-sectional 
area?

Appreciable
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Manning's n Computation - Left Overbank
Th  C k 

if yes, n4 = 0.002 - 0.010

if yes, n4 = 0.010 - 0.025

if yes, n4 = 0.025 -0.050

if yes, n4 = 0.050 - 0.100

if yes, n4 = 0.100 - 0.200

n4 = 0.015

Notes:

m = 1.00
Notes: Not applicable to floodplains.

Manning's n - Overbank n = 0.055

Sinuosity/meandering factor

Small Does the channel have dense growth of flexible turf grass or weed growth where the flow is 
at least 2 times the height of the vegetation; tree seedlings of willows, cottonwoods, etc 
where the average depth of flow is at least three times the height of the vegetation?

Very large Does the channel have turf grass growing where the average depth of flow < 1/2 the height 
of the vegetation; bushy willows about 1 year old. with weeds intergrown on side slopes; 
dense cattails in channel bottom; trees intergrown with weeds and brush?

Extreme Does the channel have dense bushy willow, mesquite, and salt cedar (full foliage), or 
heavy stand of timber, few down trees, depth of reaching branches?

Medium

Does the channel have turf grass where the average depth of flow is 1-2 times the height of 
the vegetation; moderately stemmy grass, weeds or tree seedlings growing where the flow 
is 2-3 times the height of vegetation? Brushy, moderately dense vegetation, similar to 1-2 
year old willow trees in dormant season.

Large Does the channel where the average. depth of flow is equal to the height of the vegetation; 
8 to 10 year old. willows, cottonwoods intergrown with weeds and brush; where the R = 
1.97 ft or bushy willows of 1 year old are in the channel bottom, where R =2.00 ft?
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Project Information Computed: RN Date: 14-May-09

County: Tehama County Checked:     Date:      

Stream Name: Thomes Creek Route:     Postmile:     

Aerial Picture Attached:

Photographs (#'s and locations)

Is roughness uniform throughout the reach? Yes

Note:  If not, n-value should be assigned for the AVERAGE condition of the reach

Is roughness uniformly distributed along the cross section? Yes
Is a division between the  channel and floodplain necessary? Yes

Calculation of n-value:
n = (nb + n1 + n2 + n3 + n4)m

where: Description of Range
nb = base n value for surface median size between 1" and 2.5"=0.028 to 0.035, between 2.5" and 10"=0.030 to 0.050
n1 = surface irregularity factor smooth = 0 up to severe at 0.020
n2 = cross section variation factor gradual = 0 up to alternating frequently at 0.015
n3 = obstructions factor assumed to equal 0
n4 = vegetation factor small = 0.002 to very large (average depth of flow is less than 1/2 height of vegetation) at 0.100
m = sinuosity/meandering factor equals 0 for floodplains

nb: Sand channel? If yes, median size of bed material? median size nb
(in)

0.008 0.012
nb = 0.012 0.017

0.016 0.020
0.020 0.022
0.024 0.023
0.031 0.025
0.039 0.026

All other channels: median size nb
(in)

.04 to .08 0.026 to 0.035
1 to 2.5 0.028 to 0.035
2.5 to 10 0.030 to 0.050

>10 0.040 to 0.070

Notes:
nb = 0.035

n1: Smooth Compares to the smoothest, flattest floodplain in a given bed material. if yes, n1 = 0

Minor
if yes, n1 = 0.001 - 0.005

Moderate Has more rises and dips. Sloughs and hummocks may occur. if yes, n1 = 0.006 - 0.010

Severe Floodplain very irregular in shape. Many rises and dips or sloughs are visible. if yes, n1 = 0.011 - 0.020

n1 = 0.003

Notes:

n2 = 0

Notes: Not applicable to floodplains.

n3:
if yes, n3 = 0.000 - 0.004

if yes, n3 = 0.005 - 0.015

if yes, n3 = 0.020 - 0.030

n3 = 0.002

Notes:

n4:

Obstructions factor
Negligible Does the stream have a few scattered obstructions that occupy < 5% of the cross-sectional 

area?

Minor Obstructions occupy < 15% of the cross-sectional area and the spacing between 
obstructions is such that the sphere of influence doesn't extend to other obstructions?

Appreciable Obstructions occupy 15% - 50% of the cross-sectional area and the spacing between 
obstructions is small enough to be additive?

Vegetation factor

Cross Section Variation Factor

Manning's n Computation - Right Overbank

     

Base n value for surface

Surface Irregularity

Is the floodplain slightly irregular in shape. A few rises and dips or sloughs may be more 
visible on the floodplain.

 Thomes Creek 
Drainage Analysis 
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Manning's n Computation - Right Overbank
 Th  C k 

if yes, n4 = 0.002 - 0.010

if yes, n4 = 0.010 - 0.025

if yes, n4 = 0.025 -0.050

if yes, n4 = 0.050 - 0.100

if yes, n4 = 0.100 - 0.200

n4 = 0.015

Notes:

m = 1.00
Notes: Not applicable to floodplains.

Manning's n - Overbank n = 0.055

Very large Does the channel have turf grass growing where the average depth of flow < 1/2 the height 
of the vegetation; bushy willows about 1 year old. with weeds intergrown on side slopes; 
dense cattails in channel bottom; trees intergrown with weeds and brush?

Extreme Does the channel have dense bushy willow, mesquite, and salt cedar (full foliage), or 
heavy stand of timber, few down trees, depth of reaching branches?

Sinuosity/meandering factor

Large Does the channel where the average. depth of flow is equal to the height of the vegetation; 
8 to 10 year old. willows, cottonwoods intergrown with weeds and brush; where the R = 
1.97 ft or bushy willows of 1 year old are in the channel bottom, where R =2.00 ft?

Small Does the channel have dense growth of flexible turf grass or weed growth where the flow is 
at least 2 times the height of the vegetation; tree seedlings of willows, cottonwoods, etc 
where the average depth of flow is at least three times the height of the vegetation?

Medium

Does the channel have turf grass where the average depth of flow is 1-2 times the height of 
the vegetation; moderately stemmy grass, weeds or tree seedlings growing where the flow 
is 2-3 times the height of vegetation? Brushy, moderately dense vegetation, similar to 1-2 
year old willow trees in dormant season.
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Looking East Photo 1  
 

 
 Looking North Between 99W and Railroad Photo 2 



 
Looking South Between 99W and Railroad Photo 3 

 

 
Looking East at Railroad Photo 4 

 



 
Looking West Photo 5 
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Appendix E. HEC-RAS Output 



  

HEC-RAS  Plan: Scenario 1 Exist   River: ThomesCr   Reach: Reach

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach 6840    2-yr 9400.00 251.77 258.20 255.99 258.39 0.001150 3.67 2772.94 742.67 0.32

Reach 6840    5-yr 18400.00 251.77 260.78 257.17 261.02 0.000789 4.18 5239.87 1314.22 0.29

Reach 6840    10-yr 24800.00 251.77 262.21 257.79 262.48 0.000698 4.45 7285.78 1455.56 0.28

Reach 6840    25-yr 33000.00 251.77 263.98 258.54 264.24 0.000542 4.46 9870.05 1472.86 0.25

Reach 6840    50-yr 38800.00 251.77 265.22 259.05 265.46 0.000465 4.47 11690.08 1511.67 0.24

Reach 6840    100-yr 44400.00 251.77 266.38 259.51 266.62 0.000407 4.46 13425.53 1521.48 0.23

Reach 6840    500-yr 72000.00 251.77 271.38 261.09 271.63 0.000285 4.63 21256.43 1691.79 0.20

Reach 5158.022 2-yr 9400.00 248.72 255.97 253.06 256.32 0.001309 4.77 2048.43 500.19 0.36

Reach 5158.022 5-yr 18400.00 248.72 258.98 254.77 259.39 0.001194 5.35 3914.58 712.44 0.36

Reach 5158.022 10-yr 24800.00 248.72 260.57 255.96 261.02 0.001080 5.65 5087.60 770.58 0.35

Reach 5158.022 25-yr 33000.00 248.72 262.58 257.34 263.07 0.000889 5.93 6977.44 1044.59 0.33

Reach 5158.022 50-yr 38800.00 248.72 264.03 258.15 264.48 0.000719 5.84 8496.49 1050.02 0.30

Reach 5158.022 100-yr 44400.00 248.72 265.33 258.65 265.77 0.000618 5.80 9863.45 1054.91 0.28

Reach 5158.022 500-yr 72000.00 248.72 270.54 260.70 271.01 0.000451 6.21 16085.93 1319.60 0.26

Reach 4954.851 2-yr 9400.00 247.25 255.68 252.84 256.04 0.001392 4.94 2164.40 594.62 0.37

Reach 4954.851 5-yr 18400.00 247.25 258.76 254.91 259.15 0.001089 5.38 4296.61 794.38 0.34

Reach 4954.851 10-yr 24800.00 247.25 260.38 256.02 260.80 0.000997 5.65 5654.86 886.19 0.34

Reach 4954.851 25-yr 33000.00 247.25 262.44 257.10 262.88 0.000833 5.87 7713.38 1119.39 0.32

Reach 4954.851 50-yr 38800.00 247.25 263.93 257.75 264.33 0.000666 5.73 9389.97 1136.66 0.29

Reach 4954.851 100-yr 44400.00 247.25 265.25 258.27 265.63 0.000569 5.68 10898.27 1148.85 0.27

Reach 4954.851 500-yr 72000.00 247.25 270.50 260.26 270.90 0.000416 6.06 17652.78 1415.16 0.25

Reach 4763.72 2-yr 9400.00 247.00 255.52 252.42 255.79 0.001049 4.19 2397.50 589.59 0.32

Reach 4763.72 5-yr 18400.00 247.00 258.63 254.00 258.95 0.000829 4.73 4485.31 746.94 0.30

Reach 4763.72 10-yr 24800.00 247.00 260.25 255.16 260.62 0.000758 5.12 5846.47 957.04 0.30

Reach 4763.72 25-yr 33000.00 247.00 262.35 256.23 262.72 0.000612 5.26 8032.83 1073.39 0.28

Reach 4763.72 50-yr 38800.00 247.00 263.84 256.87 264.20 0.000525 5.29 9727.73 1187.10 0.26

Reach 4763.72 100-yr 44400.00 247.00 265.17 257.47 265.52 0.000456 5.27 11319.25 1200.99 0.25

Reach 4763.72 500-yr 72000.00 247.00 270.44 259.72 270.82 0.000347 5.67 18516.22 1538.45 0.23

Reach 4519.802 2-yr 9400.00 247.00 255.28 252.03 255.53 0.001035 4.03 2496.28 605.81 0.31

Reach 4519.802 5-yr 18400.00 247.00 258.49 253.62 258.74 0.000698 4.19 5039.31 863.76 0.27

Reach 4519.802 10-yr 24800.00 247.00 260.14 254.73 260.43 0.000628 4.55 6505.86 1001.30 0.27

Reach 4519.802 25-yr 33000.00 247.00 262.27 256.00 262.57 0.000491 4.65 8675.75 1030.09 0.25

Reach 4519.802 50-yr 38800.00 247.00 263.78 256.68 264.07 0.000419 4.68 10265.87 1113.56 0.23

Reach 4519.802 100-yr 44400.00 247.00 265.10 257.14 265.41 0.000390 4.82 11818.55 1206.27 0.23

Reach 4519.802 500-yr 72000.00 247.00 270.40 259.04 270.73 0.000288 5.15 19414.22 1607.16 0.21

Reach 4359.189 2-yr 9400.00 247.00 254.97 251.81 255.33 0.001328 4.78 1978.82 382.57 0.36

Reach 4359.189 5-yr 18400.00 247.00 258.17 253.58 258.59 0.000998 5.40 4026.45 765.10 0.33

Reach 4359.189 10-yr 24800.00 247.00 259.84 254.81 260.29 0.000884 5.71 5319.93 782.92 0.32

Reach 4359.189 25-yr 33000.00 247.00 261.99 256.41 262.45 0.000732 5.90 7044.19 823.27 0.30

Reach 4359.189 50-yr 38800.00 247.00 263.48 257.23 263.97 0.000671 6.08 8329.61 945.32 0.30

Reach 4359.189 100-yr 44400.00 247.00 264.83 257.84 265.31 0.000605 6.14 9673.41 1041.47 0.28

Reach 4359.189 500-yr 72000.00 247.00 270.14 260.06 270.65 0.000460 6.57 16850.14 1662.16 0.26

Reach 4194.872 2-yr 9400.00 247.00 254.68 251.27 255.11 0.001287 5.23 1815.32 321.93 0.36

Reach 4194.872 5-yr 18400.00 247.00 257.85 253.25 258.41 0.001116 6.24 3623.18 656.20 0.36

Reach 4194.872 10-yr 24800.00 247.00 259.51 254.53 260.13 0.001053 6.71 4724.88 671.39 0.36

Reach 4194.872 25-yr 33000.00 247.00 261.68 256.59 262.31 0.000909 6.97 6208.87 698.00 0.34

Reach 4194.872 50-yr 38800.00 247.00 263.16 257.36 263.83 0.000860 7.24 7292.64 830.59 0.34

Reach 4194.872 100-yr 44400.00 247.00 264.47 258.01 265.18 0.000842 7.51 8517.69 1106.95 0.34

Reach 4194.872 500-yr 72000.00 247.00 269.92 260.53 270.56 0.000593 7.65 15696.69 1596.64 0.30

Reach 4053.796 2-yr 9400.00 246.00 253.50 252.09 254.72 0.004510 8.90 1098.58 244.18 0.66

Reach 4053.796 5-yr 18400.00 246.00 256.53 254.82 258.03 0.004736 10.16 2145.42 527.18 0.70

Reach 4053.796 10-yr 24800.00 246.00 258.61 256.86 259.84 0.002922 9.49 3259.30 538.74 0.57

Reach 4053.796 25-yr 33000.00 246.00 261.00 257.95 262.09 0.002004 9.15 4558.00 549.43 0.49

Reach 4053.796 50-yr 38800.00 246.00 262.60 258.63 263.63 0.001671 9.05 5527.39 678.32 0.46

Reach 4053.796 100-yr 44400.00 246.00 263.93 259.22 264.99 0.001580 9.25 6587.30 905.56 0.45

Reach 4053.796 500-yr 72000.00 246.00 269.53 261.82 270.44 0.000956 9.12 13762.07 1674.93 0.37

Reach 3856.677 2-yr 9400.00 247.00 252.63 251.60 253.72 0.005263 8.38 1138.85 291.53 0.70

Reach 3856.677 5-yr 18400.00 247.00 256.14 253.84 257.19 0.002736 8.44 2487.02 459.69 0.55

Reach 3856.677 10-yr 24800.00 247.00 258.31 254.98 259.28 0.001991 8.31 3499.99 478.20 0.48

Reach 3856.677 25-yr 33000.00 247.00 260.74 256.50 261.69 0.001550 8.31 4689.73 498.69 0.44

Reach 3856.677 50-yr 38800.00 247.00 262.30 257.25 263.31 0.001452 8.61 5541.65 722.88 0.43

Reach 3856.677 100-yr 44400.00 247.00 263.67 257.93 264.68 0.001317 8.72 6749.76 947.85 0.42

Reach 3856.677 500-yr 72000.00 247.00 269.38 260.71 270.24 0.000804 8.61 13786.37 1603.27 0.35

Reach 3627.549 2-yr 9400.00 246.00 252.34 250.19 252.82 0.002080 5.54 1703.59 376.50 0.44

Reach 3627.549 5-yr 18400.00 246.00 256.12 251.87 256.62 0.001202 5.75 3327.97 460.41 0.36

Reach 3627.549 10-yr 24800.00 246.00 258.29 253.02 258.83 0.000966 5.97 4346.93 476.25 0.34

Reach 3627.549 25-yr 33000.00 246.00 260.72 254.13 261.32 0.000845 6.32 5584.95 553.31 0.33

Reach 3627.549 50-yr 38800.00 246.00 262.30 254.82 262.93 0.000867 6.52 6667.14 865.01 0.33

Reach 3627.549 100-yr 44400.00 246.00 263.71 255.57 264.32 0.000788 6.46 7954.34 1008.00 0.32

Reach 3627.549 500-yr 72000.00 246.00 269.43 258.27 270.01 0.000486 6.51 14010.83 1146.92 0.27
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HEC-RAS  Plan: Scenario 1 Exist   River: ThomesCr   Reach: Reach (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach 3425.705 2-yr 9400.00 244.07 252.01 249.23 252.43 0.001631 5.23 1803.36 354.47 0.40

Reach 3425.705 5-yr 18400.00 244.07 255.92 251.12 256.38 0.001029 5.52 3409.94 436.73 0.34

Reach 3425.705 10-yr 24800.00 244.07 258.12 252.31 258.64 0.000862 5.80 4398.95 459.06 0.32

Reach 3425.705 25-yr 33000.00 244.07 260.57 253.54 261.15 0.000752 6.15 5545.54 480.47 0.31

Reach 3425.705 50-yr 38800.00 244.07 262.15 254.25 262.77 0.000706 6.37 6310.10 531.67 0.31

Reach 3425.705 100-yr 44400.00 244.07 263.51 254.90 264.17 0.000667 6.59 6996.87 554.05 0.30

Reach 3425.705 500-yr 72000.00 244.07 268.96 257.72 269.86 0.000604 7.73 9747.64 754.48 0.30

Reach 3425.5  Bridge

Reach 3391.818 2-yr 9400.00 243.11 251.88 249.03 252.23 0.001437 4.76 1974.62 386.96 0.37

Reach 3391.818 5-yr 18400.00 243.11 255.81 250.81 256.22 0.000859 5.15 3574.78 422.28 0.31

Reach 3391.818 10-yr 24800.00 243.11 258.02 251.81 258.48 0.000760 5.48 4529.64 444.50 0.30

Reach 3391.818 25-yr 33000.00 243.11 260.46 252.90 260.99 0.000700 5.84 5649.54 472.07 0.30

Reach 3391.818 50-yr 38800.00 243.11 262.04 253.63 262.61 0.000669 6.06 6406.81 490.09 0.30

Reach 3391.818 100-yr 44400.00 243.11 263.39 254.27 264.00 0.000638 6.28 7071.52 508.35 0.29

Reach 3391.818 500-yr 72000.00 243.11 268.61 257.10 269.47 0.000599 7.45 9666.10 555.06 0.30

Reach 3370.054 2-yr 9400.00 242.04 251.88 248.61 252.17 0.001063 4.33 2170.47 390.94 0.32

Reach 3370.054 5-yr 18400.00 242.04 255.82 250.28 256.18 0.000752 4.81 3828.38 453.84 0.29

Reach 3370.054 10-yr 24800.00 242.04 258.03 251.28 258.44 0.000661 5.10 4858.93 477.29 0.28

Reach 3370.054 25-yr 33000.00 242.04 260.48 252.40 260.94 0.000608 5.44 6070.53 508.90 0.28

Reach 3370.054 50-yr 38800.00 242.04 262.06 253.14 262.55 0.000584 5.63 6890.46 531.34 0.28

Reach 3370.054 100-yr 44400.00 242.04 263.41 253.83 263.94 0.000562 5.83 7621.08 586.43 0.27

Reach 3370.054 500-yr 72000.00 242.04 268.66 256.65 269.39 0.000515 6.87 10477.11 606.02 0.28

Reach 3326.75 2-yr 9400.00 241.16 251.76 248.64 252.11 0.001332 4.77 1971.24 362.09 0.36

Reach 3326.75 5-yr 18400.00 241.16 255.70 250.51 256.14 0.000840 5.31 3497.87 403.30 0.31

Reach 3326.75 10-yr 24800.00 241.16 257.89 251.56 258.40 0.000761 5.74 4400.25 427.45 0.31

Reach 3326.75 25-yr 33000.00 241.16 260.34 252.74 260.90 0.000785 6.06 5603.86 524.14 0.31

Reach 3326.75 50-yr 38800.00 241.16 261.92 253.47 262.51 0.000726 6.24 6458.73 576.85 0.31

Reach 3326.75 100-yr 44400.00 241.16 263.28 254.13 263.90 0.000673 6.42 7222.85 689.50 0.30

Reach 3326.75 500-yr 72000.00 241.16 268.52 257.05 269.36 0.000598 7.46 10179.80 733.35 0.30

Reach 3325    Bridge

Reach 3295.507 2-yr 9400.00 241.12 251.61 248.11 251.93 0.001071 4.55 2066.24 344.57 0.33

Reach 3295.507 5-yr 18400.00 241.12 255.53 249.99 255.96 0.000789 5.26 3554.87 410.66 0.30

Reach 3295.507 10-yr 24800.00 241.12 257.70 251.03 258.20 0.000730 5.70 4502.22 459.33 0.30

Reach 3295.507 25-yr 33000.00 241.12 260.13 252.21 260.69 0.000727 6.10 5664.99 513.42 0.30

Reach 3295.507 50-yr 38800.00 241.12 261.71 253.01 262.31 0.000708 6.29 6475.80 546.09 0.30

Reach 3295.507 100-yr 44400.00 241.12 263.06 253.76 263.70 0.000689 6.49 7199.00 591.27 0.30

Reach 3295.507 500-yr 72000.00 241.12 268.26 256.90 269.11 0.000624 7.55 10108.85 722.35 0.30

Reach 3214.96 2-yr 9400.00 240.85 251.36 247.94 251.80 0.001319 5.32 1767.88 273.27 0.37

Reach 3214.96 5-yr 18400.00 240.85 255.19 250.00 255.82 0.001182 6.39 2881.41 311.27 0.37

Reach 3214.96 10-yr 24800.00 240.85 257.30 251.24 258.05 0.001111 6.95 3622.95 394.40 0.37

Reach 3214.96 25-yr 33000.00 240.85 259.66 252.64 260.53 0.001029 7.54 4547.67 421.82 0.37

Reach 3214.96 50-yr 38800.00 240.85 261.20 253.56 262.14 0.001004 7.87 5161.42 434.17 0.37

Reach 3214.96 100-yr 44400.00 240.85 262.50 254.41 263.52 0.000993 8.19 5706.16 481.42 0.37

Reach 3214.96 500-yr 72000.00 240.85 267.45 258.09 268.87 0.000978 9.79 7928.47 791.36 0.38

Reach 2946.06 2-yr 9400.00 241.00 250.34 247.81 251.26 0.002678 7.69 1222.64 183.73 0.53

Reach 2946.06 5-yr 18400.00 241.00 253.87 250.47 255.26 0.003065 9.48 1941.30 235.53 0.58

Reach 2946.06 10-yr 24800.00 241.00 255.93 252.13 257.51 0.002893 10.12 2451.70 258.09 0.58

Reach 2946.06 25-yr 33000.00 241.00 258.22 254.15 260.02 0.002665 10.77 3062.70 275.29 0.57

Reach 2946.06 50-yr 38800.00 241.00 259.70 255.23 261.63 0.002620 11.14 3482.86 294.12 0.57

Reach 2946.06 100-yr 44400.00 241.00 260.95 256.17 263.00 0.002699 11.48 3867.02 322.35 0.58

Reach 2946.06 500-yr 72000.00 241.00 265.66 260.34 268.36 0.002398 13.22 5616.99 906.71 0.58

Reach 2687.305 2-yr 9400.00 241.00 249.85 250.59 0.002131 6.93 1355.58 201.90 0.47

Reach 2687.305 5-yr 18400.00 241.00 253.35 254.53 0.002206 8.70 2114.52 229.12 0.50

Reach 2687.305 10-yr 24800.00 241.00 255.40 256.81 0.002184 9.54 2599.21 242.98 0.51

Reach 2687.305 25-yr 33000.00 241.00 257.67 259.35 0.002222 10.40 3172.48 262.59 0.53

Reach 2687.305 50-yr 38800.00 241.00 259.12 260.95 0.002407 10.86 3571.61 293.57 0.55

Reach 2687.305 100-yr 44400.00 241.00 260.30 262.28 0.002722 11.27 3938.23 336.10 0.58

Reach 2687.305 500-yr 72000.00 241.00 265.61 267.51 0.002288 11.24 7037.45 821.70 0.54

Reach 2538.912 2-yr 9400.00 241.00 249.61 250.27 0.001875 6.53 1439.12 212.66 0.44

Reach 2538.912 5-yr 18400.00 241.00 253.12 254.19 0.001891 8.31 2213.07 227.85 0.47

Reach 2538.912 10-yr 24800.00 241.00 255.16 256.49 0.001898 9.23 2687.20 236.36 0.48

Reach 2538.912 25-yr 33000.00 241.00 257.40 259.01 0.002131 10.18 3242.40 268.50 0.52

Reach 2538.912 50-yr 38800.00 241.00 258.82 260.58 0.002336 10.64 3648.02 303.26 0.54

Reach 2538.912 100-yr 44400.00 241.00 259.98 261.88 0.002332 11.08 4019.41 339.46 0.55

Reach 2538.912 500-yr 72000.00 241.00 264.76 267.13 0.002082 12.56 6410.14 684.38 0.54

Reach 2329.127 2-yr 9400.00 241.00 248.81 246.59 249.75 0.002947 7.80 1205.30 191.60 0.55

Reach 2329.127 5-yr 18400.00 241.00 252.18 249.13 253.65 0.003215 9.70 1896.74 231.38 0.60
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HEC-RAS  Plan: Scenario 1 Exist   River: ThomesCr   Reach: Reach (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach 2329.127 10-yr 24800.00 241.00 254.32 250.66 255.96 0.003068 10.25 2418.39 261.96 0.59

Reach 2329.127 25-yr 33000.00 241.00 256.70 252.60 258.48 0.002843 10.72 3079.53 294.96 0.58

Reach 2329.127 50-yr 38800.00 241.00 258.15 253.79 260.03 0.002724 11.02 3522.11 325.24 0.58

Reach 2329.127 100-yr 44400.00 241.00 259.33 254.79 261.34 0.002734 11.38 3902.16 347.34 0.58

Reach 2329.127 500-yr 72000.00 241.00 264.43 258.81 266.66 0.002055 12.20 6711.82 698.17 0.53

Reach 2143.208 2-yr 9400.00 241.00 247.46 248.89 0.005328 9.60 979.57 177.41 0.72

Reach 2143.208 5-yr 18400.00 241.00 249.85 252.47 0.006502 13.00 1415.11 187.65 0.83

Reach 2143.208 10-yr 24800.00 241.00 251.22 250.57 254.59 0.007472 14.74 1683.06 205.34 0.91

Reach 2143.208 25-yr 33000.00 241.00 252.72 252.51 256.91 0.008414 16.43 2008.24 227.56 0.97

Reach 2143.208 50-yr 38800.00 241.00 253.70 253.70 258.37 0.008797 17.33 2239.22 242.40 1.00

Reach 2143.208 100-yr 44400.00 241.00 254.75 254.75 259.64 0.008642 17.75 2500.95 257.72 1.00

Reach 2143.208 500-yr 72000.00 241.00 258.84 258.84 264.85 0.007768 19.69 3692.68 339.16 0.99

Reach 1760    2-yr 9400.00 237.09 246.87 244.34 247.45 0.002047 6.13 1532.53 264.86 0.45

Reach 1760    5-yr 18400.00 237.09 249.18 246.36 250.31 0.002686 8.53 2158.01 278.28 0.54

Reach 1760    10-yr 24800.00 237.09 250.49 247.57 251.98 0.003034 9.80 2530.84 290.09 0.58

Reach 1760    25-yr 33000.00 237.09 251.94 248.98 253.87 0.003377 11.14 2961.28 303.24 0.63

Reach 1760    50-yr 38800.00 237.09 252.77 249.92 255.03 0.003647 12.06 3215.93 309.56 0.66

Reach 1760    100-yr 44400.00 237.09 253.60 250.77 256.14 0.003768 12.78 3475.18 314.36 0.68

Reach 1760    500-yr 72000.00 237.09 256.65 254.53 260.61 0.005136 15.96 4510.25 368.83 0.80

Reach 260     2-yr 9400.00 236.51 242.26 241.38 242.87 0.005000 6.26 1501.36 497.17 0.63

Reach 260     5-yr 18400.00 236.51 243.83 242.71 244.83 0.005009 7.99 2301.99 528.58 0.67

Reach 260     10-yr 24800.00 236.51 244.79 243.54 245.99 0.004994 8.79 2821.88 560.61 0.69

Reach 260     25-yr 33000.00 236.51 245.95 244.46 247.30 0.005001 9.34 3531.51 640.78 0.70

Reach 260     50-yr 38800.00 236.51 246.55 245.18 248.07 0.005001 9.89 3922.80 653.52 0.71

Reach 260     100-yr 44400.00 236.51 247.32 245.71 248.85 0.005006 9.91 4478.53 744.32 0.71

Reach 260     500-yr 72000.00 236.51 249.40 247.92 251.60 0.005006 11.91 6043.81 762.09 0.75
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  This section was added from the survey data.  The channel was ex

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS Overtopping

WS 500-yr

WS 100-yr

WS 50-yr

WS 25-yr

WS 10-yr

WS 5-yr

WS 2-yr

Ground

Ineff

Bank Sta

.055 .035 .055

 

0 500 1000 1500 2000 2500
245

250

255

260

265

270

275

280

ThomesCrk       Plan: ThomesCrk_Existing_Scenario1    2/24/2014 

  The left bank (STA 0 to 1275) was added from the survey data.
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  The left bank (STA 0 to 1275) was added from the survey data.
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  The left bank (STA 0 to 1275) was added from the survey data.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  HWY 99 - (High Chord, 274.0')
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  HWY 99 - (High Chord, 274.0')
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  Railroad
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from survey data.  The channel was extended down
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  This section is from survey data.  The stream channel length was
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HEC-RAS  Plan: New_Bridge_S   River: ThomesCr   Reach: Reach

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach 6840    2-yr 9400.00 251.77 258.20 255.99 258.39 0.001150 3.67 2772.81 742.67 0.32

Reach 6840    5-yr 18400.00 251.77 260.77 257.17 261.02 0.000789 4.18 5237.74 1313.92 0.29

Reach 6840    10-yr 24800.00 251.77 262.20 257.79 262.47 0.000701 4.46 7273.35 1455.51 0.28

Reach 6840    25-yr 33000.00 251.77 263.96 258.54 264.22 0.000546 4.47 9843.62 1472.47 0.25

Reach 6840    50-yr 38800.00 251.77 265.19 259.05 265.44 0.000470 4.48 11646.92 1511.43 0.24

Reach 6840    100-yr 44400.00 251.77 266.34 259.51 266.58 0.000411 4.48 13372.78 1521.19 0.23

Reach 6840    500-yr 72000.00 251.77 271.22 261.09 271.47 0.000296 4.68 20995.87 1682.60 0.20

Reach 5158.022 2-yr 9400.00 248.72 255.97 253.06 256.32 0.001310 4.77 2047.73 500.09 0.36

Reach 5158.022 5-yr 18400.00 248.72 258.97 254.77 259.39 0.001197 5.35 3911.32 712.34 0.36

Reach 5158.022 10-yr 24800.00 248.72 260.55 255.96 261.00 0.001089 5.67 5073.29 768.73 0.35

Reach 5158.022 25-yr 33000.00 248.72 262.55 257.34 263.04 0.000900 5.96 6942.73 1044.47 0.33

Reach 5158.022 50-yr 38800.00 248.72 263.98 258.15 264.44 0.000731 5.87 8449.39 1049.84 0.30

Reach 5158.022 100-yr 44400.00 248.72 265.28 258.65 265.72 0.000627 5.83 9811.53 1054.73 0.29

Reach 5158.022 500-yr 72000.00 248.72 270.34 260.70 270.83 0.000472 6.31 15828.91 1317.63 0.26

Reach 4954.851 2-yr 9400.00 247.25 255.68 252.84 256.04 0.001393 4.94 2163.33 594.47 0.37

Reach 4954.851 5-yr 18400.00 247.25 258.76 254.91 259.15 0.001091 5.38 4292.54 793.98 0.34

Reach 4954.851 10-yr 24800.00 247.25 260.36 256.02 260.78 0.001002 5.65 5638.04 880.22 0.34

Reach 4954.851 25-yr 33000.00 247.25 262.41 257.10 262.85 0.000845 5.89 7673.59 1119.00 0.32

Reach 4954.851 50-yr 38800.00 247.25 263.88 257.75 264.29 0.000677 5.76 9336.81 1136.16 0.29

Reach 4954.851 100-yr 44400.00 247.25 265.20 258.27 265.58 0.000578 5.71 10839.94 1148.49 0.28

Reach 4954.851 500-yr 72000.00 247.25 270.30 260.26 270.72 0.000436 6.15 17373.44 1413.08 0.25

Reach 4763.72 2-yr 9400.00 247.00 255.52 252.42 255.78 0.001050 4.19 2396.29 589.50 0.32

Reach 4763.72 5-yr 18400.00 247.00 258.62 254.00 258.94 0.000831 4.73 4481.30 746.75 0.30

Reach 4763.72 10-yr 24800.00 247.00 260.23 255.16 260.60 0.000764 5.13 5826.48 955.02 0.30

Reach 4763.72 25-yr 33000.00 247.00 262.31 256.23 262.69 0.000620 5.28 7993.57 1072.46 0.28

Reach 4763.72 50-yr 38800.00 247.00 263.79 256.87 264.16 0.000533 5.32 9670.53 1185.38 0.26

Reach 4763.72 100-yr 44400.00 247.00 265.12 257.47 265.48 0.000463 5.30 11256.73 1200.58 0.25

Reach 4763.72 500-yr 72000.00 247.00 270.24 259.72 270.64 0.000363 5.76 18207.95 1536.14 0.23

Reach 4519.802 2-yr 9400.00 247.00 255.28 252.03 255.52 0.001036 4.03 2494.85 605.50 0.31

Reach 4519.802 5-yr 18400.00 247.00 258.49 253.62 258.74 0.000700 4.19 5034.27 863.71 0.27

Reach 4519.802 10-yr 24800.00 247.00 260.11 254.73 260.41 0.000634 4.57 6483.56 1001.01 0.27

Reach 4519.802 25-yr 33000.00 247.00 262.23 256.00 262.53 0.000498 4.67 8636.91 1029.64 0.25

Reach 4519.802 50-yr 38800.00 247.00 263.73 256.68 264.02 0.000426 4.70 10211.37 1109.01 0.23

Reach 4519.802 100-yr 44400.00 247.00 265.05 257.14 265.36 0.000396 4.85 11754.61 1204.73 0.23

Reach 4519.802 500-yr 72000.00 247.00 270.20 259.04 270.54 0.000302 5.23 19089.37 1604.42 0.21

Reach 4359.189 2-yr 9400.00 247.00 254.97 251.81 255.32 0.001330 4.78 1977.78 382.51 0.36

Reach 4359.189 5-yr 18400.00 247.00 258.16 253.58 258.59 0.001001 5.41 4021.24 765.02 0.33

Reach 4359.189 10-yr 24800.00 247.00 259.81 254.81 260.27 0.000892 5.73 5300.49 782.59 0.32

Reach 4359.189 25-yr 33000.00 247.00 261.95 256.41 262.42 0.000741 5.92 7010.78 821.84 0.30

Reach 4359.189 50-yr 38800.00 247.00 263.43 257.23 263.92 0.000680 6.11 8280.36 940.59 0.30

Reach 4359.189 100-yr 44400.00 247.00 264.77 257.84 265.26 0.000615 6.17 9615.28 1039.33 0.29

Reach 4359.189 500-yr 72000.00 247.00 269.98 260.06 270.47 0.000444 6.42 16452.56 1655.87 0.26

Reach 4194.872 2-yr 9400.00 247.00 254.68 251.27 255.10 0.001289 5.23 1814.32 321.76 0.36

Reach 4194.872 5-yr 18400.00 247.00 257.85 253.25 258.40 0.001120 6.25 3617.94 656.13 0.36

Reach 4194.872 10-yr 24800.00 247.00 259.49 254.53 260.10 0.001064 6.73 4706.03 671.07 0.36

Reach 4194.872 25-yr 33000.00 247.00 261.64 256.59 262.27 0.000921 7.00 6177.65 697.41 0.34

Reach 4194.872 50-yr 38800.00 247.00 263.11 257.36 263.78 0.000872 7.28 7245.90 823.35 0.34

Reach 4194.872 100-yr 44400.00 247.00 264.41 258.01 265.13 0.000857 7.56 8451.92 1100.21 0.34

Reach 4194.872 500-yr 72000.00 247.00 269.74 260.53 270.41 0.000619 7.78 15419.25 1593.72 0.30

Reach 4053.796 2-yr 9400.00 246.00 253.49 252.09 254.71 0.004529 8.91 1096.83 243.97 0.67

Reach 4053.796 5-yr 18400.00 246.00 256.49 254.82 258.02 0.004832 10.23 2127.51 526.92 0.71

Reach 4053.796 10-yr 24800.00 246.00 258.57 256.86 259.81 0.002987 9.56 3233.46 538.50 0.58

Reach 4053.796 25-yr 33000.00 246.00 260.94 257.95 262.04 0.002045 9.22 4525.96 549.14 0.50

Reach 4053.796 50-yr 38800.00 246.00 262.53 258.63 263.58 0.001704 9.11 5481.34 674.37 0.46

Reach 4053.796 100-yr 44400.00 246.00 263.85 259.22 264.94 0.001618 9.33 6517.34 892.63 0.46

Reach 4053.796 500-yr 72000.00 246.00 269.32 261.82 270.28 0.001016 9.33 13414.71 1669.36 0.38

Reach 3856.677 2-yr 9400.00 247.00 252.61 251.60 253.71 0.005343 8.42 1132.64 290.65 0.70

Reach 3856.677 5-yr 18400.00 247.00 256.10 253.84 257.16 0.002795 8.50 2466.72 459.39 0.55

Reach 3856.677 10-yr 24800.00 247.00 258.25 254.98 259.24 0.002032 8.37 3473.91 477.69 0.49

Reach 3856.677 25-yr 33000.00 247.00 260.68 256.50 261.64 0.001581 8.37 4658.11 498.14 0.44

Reach 3856.677 50-yr 38800.00 247.00 262.22 257.25 263.25 0.001480 8.67 5493.77 714.55 0.44

Reach 3856.677 100-yr 44400.00 247.00 263.58 257.93 264.62 0.001351 8.79 6668.75 939.47 0.42

Reach 3856.677 500-yr 72000.00 247.00 269.18 260.71 270.07 0.000840 8.74 13464.96 1594.94 0.35

Reach 3627.549 2-yr 9400.00 246.00 252.31 250.19 252.79 0.002116 5.57 1692.42 374.50 0.45

Reach 3627.549 5-yr 18400.00 246.00 256.07 251.87 256.58 0.001225 5.79 3307.14 460.05 0.37

Reach 3627.549 10-yr 24800.00 246.00 258.24 253.02 258.78 0.000984 6.00 4320.81 475.85 0.34

Reach 3627.549 25-yr 33000.00 246.00 260.65 254.13 261.26 0.000860 6.36 5549.49 552.24 0.33

Reach 3627.549 50-yr 38800.00 246.00 262.23 254.82 262.87 0.000873 6.53 6610.18 860.14 0.33

Reach 3627.549 100-yr 44400.00 246.00 263.63 255.57 264.25 0.000808 6.52 7867.74 1006.71 0.32

Reach 3627.549 500-yr 72000.00 246.00 269.24 258.27 269.82 0.000507 6.60 13783.55 1144.35 0.27
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HEC-RAS  Plan: New_Bridge_S   River: ThomesCr   Reach: Reach (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach 3425.705 2-yr 9400.00 244.07 251.97 249.23 252.40 0.001663 5.26 1790.41 352.62 0.40

Reach 3425.705 5-yr 18400.00 244.07 255.87 251.11 256.34 0.001048 5.55 3388.44 436.08 0.34

Reach 3425.705 10-yr 24800.00 244.07 258.06 252.30 258.59 0.000878 5.84 4372.56 458.45 0.32

Reach 3425.705 25-yr 33000.00 244.07 260.50 253.55 261.09 0.000768 6.19 5519.65 479.96 0.31

Reach 3425.705 50-yr 38800.00 244.07 262.08 254.24 262.70 0.000723 6.42 6294.89 530.38 0.31

Reach 3425.705 100-yr 44400.00 244.07 263.42 254.90 264.09 0.000684 6.65 7024.35 551.99 0.31

Reach 3425.705 500-yr 72000.00 244.07 268.78 257.73 269.68 0.000614 7.75 10159.63 749.90 0.30

Reach 3424    Bridge

Reach 3370.054 2-yr 9400.00 242.04 251.84 248.73 252.17 0.001234 4.65 2023.45 366.81 0.35

Reach 3370.054 5-yr 18400.00 242.04 255.76 250.48 256.18 0.000856 5.17 3572.32 425.40 0.31

Reach 3370.054 10-yr 24800.00 242.04 257.96 251.51 258.43 0.000751 5.51 4534.89 447.64 0.30

Reach 3370.054 25-yr 33000.00 242.04 260.40 252.66 260.93 0.000693 5.88 5665.46 477.43 0.30

Reach 3370.054 50-yr 38800.00 242.04 261.97 253.43 262.55 0.000666 6.10 6430.64 497.97 0.30

Reach 3370.054 100-yr 44400.00 242.04 263.32 254.13 263.93 0.000644 6.32 7143.90 550.71 0.29

Reach 3370.054 500-yr 72000.00 242.04 268.54 257.06 269.38 0.000586 7.42 10070.57 569.06 0.30

Reach 3326.75 2-yr 9400.00 241.16 251.76 248.64 252.11 0.001332 4.77 1971.23 362.09 0.36

Reach 3326.75 5-yr 18400.00 241.16 255.70 250.51 256.14 0.000840 5.31 3497.84 403.30 0.31

Reach 3326.75 10-yr 24800.00 241.16 257.89 251.56 258.40 0.000761 5.74 4400.31 427.46 0.31

Reach 3326.75 25-yr 33000.00 241.16 260.34 252.74 260.90 0.000785 6.06 5603.63 524.13 0.31

Reach 3326.75 50-yr 38800.00 241.16 261.92 253.47 262.51 0.000726 6.24 6458.70 576.85 0.31

Reach 3326.75 100-yr 44400.00 241.16 263.28 254.13 263.90 0.000673 6.42 7222.85 689.50 0.30

Reach 3326.75 500-yr 72000.00 241.16 268.52 257.05 269.36 0.000598 7.46 10179.76 733.35 0.30

Reach 3325    Bridge

Reach 3295.507 2-yr 9400.00 241.12 251.61 248.11 251.93 0.001071 4.55 2066.23 344.57 0.33

Reach 3295.507 5-yr 18400.00 241.12 255.53 249.99 255.96 0.000789 5.26 3554.86 410.66 0.30

Reach 3295.507 10-yr 24800.00 241.12 257.70 251.03 258.20 0.000730 5.70 4502.29 459.33 0.30

Reach 3295.507 25-yr 33000.00 241.12 260.13 252.21 260.69 0.000727 6.10 5664.80 513.41 0.30

Reach 3295.507 50-yr 38800.00 241.12 261.71 253.01 262.31 0.000708 6.29 6475.78 546.09 0.30

Reach 3295.507 100-yr 44400.00 241.12 263.06 253.76 263.70 0.000689 6.49 7198.98 591.27 0.30

Reach 3295.507 500-yr 72000.00 241.12 268.26 256.90 269.11 0.000624 7.55 10108.82 722.35 0.30

Reach 3214.96 2-yr 9400.00 240.85 251.36 247.94 251.80 0.001319 5.32 1767.87 273.27 0.37

Reach 3214.96 5-yr 18400.00 240.85 255.19 250.00 255.82 0.001182 6.39 2881.39 311.27 0.37

Reach 3214.96 10-yr 24800.00 240.85 257.31 251.24 258.05 0.001111 6.95 3623.02 394.40 0.37

Reach 3214.96 25-yr 33000.00 240.85 259.66 252.64 260.53 0.001029 7.54 4547.50 421.82 0.37

Reach 3214.96 50-yr 38800.00 240.85 261.20 253.56 262.14 0.001004 7.87 5161.41 434.17 0.37

Reach 3214.96 100-yr 44400.00 240.85 262.50 254.41 263.52 0.000993 8.19 5706.14 481.42 0.37

Reach 3214.96 500-yr 72000.00 240.85 267.45 258.09 268.87 0.000978 9.80 7928.45 791.36 0.38

Reach 2946.06 2-yr 9400.00 241.00 250.34 247.81 251.26 0.002678 7.69 1222.63 183.73 0.53

Reach 2946.06 5-yr 18400.00 241.00 253.87 250.47 255.26 0.003065 9.48 1941.28 235.53 0.58

Reach 2946.06 10-yr 24800.00 241.00 255.93 252.13 257.51 0.002892 10.12 2451.77 258.09 0.58

Reach 2946.06 25-yr 33000.00 241.00 258.22 254.15 260.02 0.002665 10.78 3062.52 275.28 0.57

Reach 2946.06 50-yr 38800.00 241.00 259.70 255.23 261.63 0.002620 11.14 3482.82 294.11 0.57

Reach 2946.06 100-yr 44400.00 241.00 260.95 256.17 263.00 0.002699 11.48 3866.99 322.35 0.58

Reach 2946.06 500-yr 72000.00 241.00 265.66 260.34 268.36 0.002398 13.22 5616.95 906.68 0.58

Reach 2687.305 2-yr 9400.00 241.00 249.85 246.88 250.59 0.002131 6.93 1355.58 201.90 0.47

Reach 2687.305 5-yr 18400.00 241.00 253.35 249.45 254.53 0.002206 8.70 2114.50 229.12 0.50

Reach 2687.305 10-yr 24800.00 241.00 255.40 250.99 256.81 0.002184 9.54 2599.30 242.99 0.51

Reach 2687.305 25-yr 33000.00 241.00 257.67 252.68 259.35 0.002222 10.40 3172.29 262.58 0.53

Reach 2687.305 50-yr 38800.00 241.00 259.12 253.77 260.95 0.002407 10.86 3571.56 293.57 0.55

Reach 2687.305 100-yr 44400.00 241.00 260.30 254.75 262.28 0.002722 11.27 3938.21 336.10 0.58

Reach 2687.305 500-yr 72000.00 241.00 265.61 259.30 267.51 0.002288 11.24 7037.38 821.69 0.54

Reach 2538.912 2-yr 9400.00 241.00 249.61 246.56 250.27 0.001875 6.53 1439.10 212.66 0.44

Reach 2538.912 5-yr 18400.00 241.00 253.12 248.93 254.19 0.001891 8.31 2213.04 227.85 0.47

Reach 2538.912 10-yr 24800.00 241.00 255.16 250.34 256.49 0.001897 9.23 2687.29 236.36 0.48

Reach 2538.912 25-yr 33000.00 241.00 257.40 251.99 259.01 0.002131 10.18 3242.18 268.48 0.52

Reach 2538.912 50-yr 38800.00 241.00 258.82 253.05 260.58 0.002336 10.64 3647.96 303.25 0.54

Reach 2538.912 100-yr 44400.00 241.00 259.98 254.00 261.88 0.002332 11.08 4019.38 339.46 0.55

Reach 2538.912 500-yr 72000.00 241.00 264.76 258.84 267.13 0.002082 12.56 6410.08 684.37 0.54

Reach 2329.127 2-yr 9400.00 241.00 248.81 246.59 249.75 0.002948 7.80 1205.29 191.60 0.55

Reach 2329.127 5-yr 18400.00 241.00 252.18 249.13 253.65 0.003216 9.70 1896.70 231.38 0.60

Reach 2329.127 10-yr 24800.00 241.00 254.32 250.66 255.96 0.003068 10.25 2418.52 261.97 0.59

Reach 2329.127 25-yr 33000.00 241.00 256.69 252.60 258.48 0.002844 10.72 3079.22 294.95 0.58

Reach 2329.127 50-yr 38800.00 241.00 258.15 253.79 260.03 0.002724 11.02 3522.07 325.24 0.58

Reach 2329.127 100-yr 44400.00 241.00 259.33 254.79 261.34 0.002734 11.38 3902.12 347.34 0.58

Reach 2329.127 500-yr 72000.00 241.00 264.43 258.81 266.66 0.002055 12.20 6711.73 698.16 0.53

Reach 2143.208 2-yr 9400.00 241.00 247.46 246.30 248.89 0.005328 9.60 979.58 177.41 0.72

Reach 2143.208 5-yr 18400.00 241.00 249.85 248.93 252.47 0.006501 13.00 1415.18 187.65 0.83
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HEC-RAS  Plan: New_Bridge_S   River: ThomesCr   Reach: Reach (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach 2143.208 10-yr 24800.00 241.00 251.21 250.57 254.59 0.007479 14.74 1682.52 205.31 0.91

Reach 2143.208 25-yr 33000.00 241.00 252.72 252.51 256.91 0.008409 16.43 2008.68 227.58 0.97

Reach 2143.208 50-yr 38800.00 241.00 253.70 253.70 258.37 0.008797 17.33 2239.22 242.40 1.00

Reach 2143.208 100-yr 44400.00 241.00 254.75 254.75 259.64 0.008642 17.75 2500.95 257.72 1.00

Reach 2143.208 500-yr 72000.00 241.00 258.84 258.84 264.85 0.007768 19.69 3692.68 339.16 0.99

Reach 1760    2-yr 9400.00 237.09 246.87 244.34 247.45 0.002047 6.13 1532.53 264.86 0.45

Reach 1760    5-yr 18400.00 237.09 249.18 246.36 250.31 0.002686 8.53 2158.11 278.28 0.54

Reach 1760    10-yr 24800.00 237.09 250.49 247.57 251.98 0.003038 9.80 2529.75 290.06 0.58

Reach 1760    25-yr 33000.00 237.09 251.94 248.98 253.87 0.003375 11.14 2962.04 303.26 0.63

Reach 1760    50-yr 38800.00 237.09 252.77 249.92 255.03 0.003647 12.06 3215.93 309.56 0.66

Reach 1760    100-yr 44400.00 237.09 253.60 250.77 256.14 0.003768 12.78 3475.18 314.36 0.68

Reach 1760    500-yr 72000.00 237.09 256.65 254.53 260.61 0.005136 15.96 4510.25 368.83 0.80

Reach 260     2-yr 9400.00 236.51 242.26 241.38 242.87 0.005000 6.26 1501.36 497.17 0.63

Reach 260     5-yr 18400.00 236.51 243.83 242.71 244.83 0.005009 7.99 2301.99 528.58 0.67

Reach 260     10-yr 24800.00 236.51 244.79 243.54 245.99 0.004994 8.79 2821.88 560.61 0.69

Reach 260     25-yr 33000.00 236.51 245.95 244.46 247.30 0.005001 9.34 3531.51 640.78 0.70

Reach 260     50-yr 38800.00 236.51 246.55 245.18 248.07 0.005001 9.89 3922.80 653.52 0.71

Reach 260     100-yr 44400.00 236.51 247.32 245.71 248.85 0.005006 9.91 4478.53 744.32 0.71

Reach 260     500-yr 72000.00 236.51 249.40 247.92 251.60 0.005006 11.91 6043.81 762.09 0.75
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ThomesCrk       Plan: New_Bridge_Scenario1    2/24/2014 
  The left bank (STA 0 to 1275) was added from the survey data.
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ThomesCrk       Plan: New_Bridge_Scenario1    2/24/2014 
  The left bank (STA 0 to 1275) was added from the survey data.
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ThomesCrk       Plan: New_Bridge_Scenario1    2/24/2014 
  The left bank (STA 0 to 1275) was added from the survey data.

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS Overtopping

WS 500-yr

WS 100-yr

WS 50-yr

WS 25-yr

WS 10-yr

WS 5-yr

WS 2-yr

Ground

Ineff

Bank Sta

.055 .035 .055

 

-1000 -500 0 500 1000 1500 2000
245

250

255

260

265

270

275

280

ThomesCrk       Plan: New_Bridge_Scenario1    2/24/2014 
  This section is from GeoRAS output file.
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ThomesCrk       Plan: New_Bridge_Scenario1    2/24/2014 
  This section is from GeoRAS output file.
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ThomesCrk       Plan: New_Bridge_Scenario1    2/24/2014 
  This section is from GeoRAS output file.
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ThomesCrk       Plan: New_Bridge_Scenario1    2/24/2014 
  This section is from GeoRAS output file.
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ThomesCrk       Plan: New_Bridge_Scenario1    2/24/2014 
  This section is from GeoRAS output file.
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ThomesCrk       Plan: New_Bridge_Scenario1    2/24/2014 
  This section is from GeoRAS output file.
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ThomesCrk       Plan: New_Bridge_Scenario1    2/24/2014 
  This section is from GeoRAS output file.
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  Thomes Creek Bridge (Replace)
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  Thomes Creek Bridge (Replace)
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ThomesCrk       Plan: New_Bridge_Scenario1    2/24/2014 
  This section is from GeoRAS output file.
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ThomesCrk       Plan: New_Bridge_Scenario1    2/24/2014 
  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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  This section is from GeoRAS output file.
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Contraction Scour
Left Channel Right

Input Data
Average Depth (ft): 3.66 12.62 0.27
Approach Velocity (ft/s): 1.82 6.52 0.32
Br Average Depth (ft): 7.30 14.64 1.21
BR Opening Flow (cfs): 1603.98 42739.66 56.36
BR Top WD (ft): 65.93 410.49 45.89
Grain Size D50 (mm): 2.86 2.86 2.86
Approach Flow (cfs): 2596.45 41794.32 9.22
Approach Top WD (ft): 390.48 508.10 108.13
K1 Coefficient: 0.590 0.640 0.590

Results
Scour Depth Ys (ft): 0.00 0.11 0.00
Critical Velocity (ft/s): 2.93 3.60 1.90
Equation: Clear Live Clear

Pier Scour
All piers have the same scour depth

    Input Data
Pier Shape: Circulare cylinder
Pier Width (ft): 7.00
Grain Size D50 (mm): 2.86000
Depth Upstream (ft): 19.03
Velocity Upstream (ft/s): 7.53
Projected Width (ft): 7.00
Pier shape Coeff: 1.00

    Results
Scour Depth Ys (ft): 12.00
Froude #: 0.30
Equation: Froehlich's equation

Combined Scour Depths

Pier Scour + Contraction Scour (ft):
Channel:  12.11

testScour Results for 100-Year Peak Flow and D50 = 2.86



Contraction Scour
Left Channel Right

Input Data
Average Depth (ft): 3.66 12.62 0.27
Approach Velocity (ft/s): 1.82 6.52 0.32
Br Average Depth (ft): 7.30 14.64 1.21
BR Opening Flow (cfs): 1603.98 42739.66 56.36
BR Top WD (ft): 65.93 410.49 45.89
Grain Size D50 (mm): 1.86 1.86 1.86
Approach Flow (cfs): 2596.45 41794.32 9.22
Approach Top WD (ft): 390.48 508.10 108.13
K1 Coefficient: 0.590 0.640 0.590

Results
Scour Depth Ys (ft): 0.43 0.11 0.00
Critical Velocity (ft/s): 2.54 3.12 1.64
Equation: Clear Live Clear

Pier Scour
All piers have the same scour depth

    Input Data
Pier Shape: Circulare cylinder
Pier Width (ft): 7.00
Grain Size D50 (mm): 1.86000
Depth Upstream (ft): 19.03
Velocity Upstream (ft/s): 7.53
Projected Width (ft): 7.00
Pier shape Coeff: 1.00

    Results
Scour Depth Ys (ft): 12.20
Froude #: 0.30
Equation: Froehlich's equation

Combined Scour Depths

Pier Scour + Contraction Scour (ft):
Channel:  12.31

testScour Results for 100-Year Peak Flow and D50 = 1.86



Contraction Scour
Left Channel Right

Input Data
Average Depth (ft): 3.66 12.62 0.27
Approach Velocity (ft/s): 1.82 6.52 0.32
Br Average Depth (ft): 7.30 14.64 1.21
BR Opening Flow (cfs): 1603.98 42739.66 56.36
BR Top WD (ft): 65.93 410.49 45.89
Grain Size D50 (mm): 0.075 0.075 0.075
Approach Flow (cfs): 2596.45 41794.32 9.22
Approach Top WD (ft): 390.48 508.10 108.13
K1 Coefficient: 0.690 0.690 0.690

Results
Scour Depth Ys (ft): 0.97 0.26 0.29
Critical Velocity (ft/s): 0.87 1.07 0.56
Equation: Live Live Clear

Pier Scour
All piers have the same scour depth

    Input Data
Pier Shape: Circulare cylinder
Pier Width (ft): 7.00
Grain Size D50 (mm): 0.07500
Depth Upstream (ft): 19.03
Velocity Upstream (ft/s): 7.53
Projected Width (ft): 7.00
Pier shape Coeff: 1.00

    Results
Scour Depth Ys (ft): 13.94
Froude #: 0.30
Equation: Froehlich's equation

Combined Scour Depths

Pier Scour + Contraction Scour (ft):
Channel:  14.21

testScour Results for 100-Year Peak Flow and D50 = 0.075



Contraction Scour
Left Channel Right

Input Data
Average Depth (ft): 3.66 12.62 0.27
Approach Velocity (ft/s): 1.82 6.52 0.32
Br Average Depth (ft): 7.30 14.64 1.21
BR Opening Flow (cfs): 1603.98 42739.66 56.36
BR Top WD (ft): 65.93 410.49 45.89
Grain Size D50 (mm): 2.32 2.32 2.32
Approach Flow (cfs): 2596.45 41794.32 9.22
Approach Top WD (ft): 390.48 508.10 108.13
K1 Coefficient: 0.590 0.640 0.590

Results
Scour Depth Ys (ft): 0.00 0.11 0.00
Critical Velocity (ft/s): 2.73 3.36 1.77
Equation: Clear Live Clear

Pier Scour
All piers have the same scour depth

    Input Data
Pier Shape: Circulare cylinder
Pier Width (ft): 7.00
Grain Size D50 (mm): 2.32000
Depth Upstream (ft): 19.03
Velocity Upstream (ft/s): 7.53
Projected Width (ft): 7.00
Pier shape Coeff: 1.00

    Results
Scour Depth Ys (ft): 12.10
Froude #: 0.30
Equation: Froehlich's equation

Combined Scour Depths

Pier Scour + Contraction Scour (ft):
Channel:  12.20

test
Scour Results for 100-Year Peak Flow and D50 = 2.32



Pier Scour
All piers have the same scour depth

    Input Data
Pier Shape: Group of Cylinders
Pier Width (ft): 7.00
Grain Size D50 (mm): 2.86000
Depth Upstream (ft): 24.43
Velocity Upstream (ft/s): 8.59
Projected Width (ft): 7.00
Pier shape Coeff: 1.00

    Results
Scour Depth Ys (ft): 12.64
Froude #: 0.31
Equation: Froehlich's equation

Abutment Scour
Left Right

Input Data
Station at Toe (ft): 159.65 718.97
Toe Sta at appr (ft): 1065.52 1694.45
Abutment Length (ft): 332.14 183.89
Depth at Toe (ft): 5.23 5.03
K1 Shape Coef: 1.00 - Vertical abutment
Degree of Skew (degrees): 90.00 90.00
K2 Skew Coef: 1.00 1.00
Projected Length L' (ft): 310.41 184.20
Avg Depth Obstructed Ya (ft): 8.80 3.17
Flow Obstructed Qe (cfs): 7501.55 778.34
Area Obstructed Ae (sq ft): 2922.17 583.23

Results
Scour Depth Ys (ft): 19.22 20.37
Froude #: 0.13 0.17
Equation: HIRE HIRE

test
Scour Results for 500-Year Peak Flow and D50 = 2.86



Pier Scour
All piers have the same scour depth

    Input Data
Pier Shape: Circulare cylinder
Pier Width (ft): 7.00
Grain Size D50 (mm): 1.86000
Depth Upstream (ft): 24.43
Velocity Upstream (ft/s): 8.59
Projected Width (ft): 7.00
Pier shape Coeff: 1.00

    Results
Scour Depth Ys (ft): 12.86
Froude #: 0.31
Equation: Froehlich's equation

Abutment Scour
Left Right

Input Data
Station at Toe (ft): 159.65 718.97
Toe Sta at appr (ft): 1065.52 1694.45
Abutment Length (ft): 332.14 183.89
Depth at Toe (ft): 5.23 5.03
K1 Shape Coef: 1.00 - Vertical abutment
Degree of Skew (degrees): 90.00 90.00
K2 Skew Coef: 1.00 1.00
Projected Length L' (ft): 310.41 184.20
Avg Depth Obstructed Ya (ft): 8.80 3.17
Flow Obstructed Qe (cfs): 7501.55 778.34
Area Obstructed Ae (sq ft): 2922.17 583.23

Results
Scour Depth Ys (ft): 19.22 20.37
Froude #: 0.13 0.17
Equation: HIRE HIRE

testScour Results for 500-Year Peak Flow and D50 = 1.86



Pier Scour
All piers have the same scour depth

    Input Data
Pier Shape: Circulare cylinder
Pier Width (ft): 7.00
Grain Size D50 (mm): 0.07500
Depth Upstream (ft): 24.43
Velocity Upstream (ft/s): 8.59
Projected Width (ft): 7.00
Pier shape Coeff: 1.00

    Results
Scour Depth Ys (ft): 14.82
Froude #: 0.31
Equation: Froehlich's equation

Abutment Scour
Left Right

Input Data
Station at Toe (ft): 159.65 718.97
Toe Sta at appr (ft): 1065.52 1694.45
Abutment Length (ft): 332.14 183.89
Depth at Toe (ft): 5.23 5.03
K1 Shape Coef: 1.00 - Vertical abutment
Degree of Skew (degrees): 90.00 90.00
K2 Skew Coef: 1.00 1.00
Projected Length L' (ft): 310.41 184.20
Avg Depth Obstructed Ya (ft): 8.80 3.17
Flow Obstructed Qe (cfs): 7501.55 778.34
Area Obstructed Ae (sq ft): 2922.17 583.23

Results
Scour Depth Ys (ft): 19.22 20.37
Froude #: 0.13 0.17
Equation: HIRE HIRE

testScour Results for 500-Year Peak Flow and D50 = 0.075



Pier Scour
All piers have the same scour depth

    Input Data
Pier Shape: Circulare cylinder
Pier Width (ft): 7.00
Grain Size D50 (mm): 2.32000
Depth Upstream (ft): 24.43
Velocity Upstream (ft/s): 8.59
Projected Width (ft): 7.00
Pier shape Coeff: 1.00

    Results
Scour Depth Ys (ft): 12.74
Froude #: 0.31
Equation: Froehlich's equation

Abutment Scour
Left Right

Input Data
Station at Toe (ft): 159.65 718.97
Toe Sta at appr (ft): 1065.52 1694.45
Abutment Length (ft): 332.14 183.89
Depth at Toe (ft): 5.23 5.03
K1 Shape Coef: 1.00 - Vertical abutment
Degree of Skew (degrees): 90.00 90.00
K2 Skew Coef: 1.00 1.00
Projected Length L' (ft): 310.41 184.20
Avg Depth Obstructed Ya (ft): 8.80 3.17
Flow Obstructed Qe (cfs): 7501.55 778.34
Area Obstructed Ae (sq ft): 2922.17 583.23

Results
Scour Depth Ys (ft): 19.22 20.37
Froude #: 0.13 0.17
Equation: HIRE HIRE

test
Scour Results for 500-Year Peak Flow and D50 = 2.32



Thomes Creek Hydraulic Design Study 

Tehama County, California 
Thomes Creek/Highway 99W Bridge Replacement Project 
P:\352821_County of Tehama\H&H\Report\Thomes Creek Final Hydraulic Design Study_2013.06.07.docx June 21, 2013 

Appendix F. Electronic Files 



























































































































































































































































































































































# Date Company Name Contact Name/ e-mail or fax Mailing Address Phone Number

1 8/8/2014 Viking Construction Dalyn Fishback  - dfishback@vikingbridges.com PO Box 1508 Rancho Cordova, CA 95741-1508 916-852-5530

2 8/8/2014 EP Jarrett Foundation Greg Lucas - mike@epjarrettfoundation.com 1100 South River Road, West Sacramento, CA 95691 916-371-8760

3 8/8/2014 RNR Construction Corissa Thompson - corissa@rnr-construction.com 8589 Thys Court, Sacramento, CA 95828 916-379-0957

4 8/8/2014 Stewart Engineering Renee Thomas - rneman@ sebinc.net PO Box 990010, Redding CA 96099-0010 530-244-8464

5 8/8/2014 Stroer & Graff, Inc. Mary Silvera - msilvera@stroerandgraff.com 1830 Phillips Lane, Antioch, CA 94509-7306 925-778-0200

6 8/8/2014 Tullis, Inc Chris Brimhall - cbrimhall@tullisinc.com PO Box 493416, Redding, CA 96049 530-241-5105

7 8/11/2014 Myers & Sons Construction Alicia Mosher/Mike Lewis (amosher@myers-sons.com) 4600 Northgate Blvd, Suite  100, Sacramento CA 95834 916-283-9950

8 8/12/2014 Golden State Bridge, Inc. Dave@gsbridge.com 2990 Bay Vista Court, Suite D, Benicia, CA 94510 925-372-8000

9 8/14/2014 Valentine Corporation Lisa Davis - ldavis@valentinecorp.com 111 Pelican Way, San Rafael, CA 94901 415-453-3732

10 8/14/2014 CC Myers, Inc. jmcgowen@ccmyersinc.com 3286 Fitzgerald Road, Rancho Cordova, CA 95742 916-635-9370

11 8/14/2014 McGuire and Hester estimating@mcguireandhester.com 9009 Railroad Avenue, Oakland, CA  94603 510-632-7676

12 8/14/2014 JF Shea  Construction rob.hanson@jfshea.com PO Box 494519, Redding, CA 96049 530-246-4292

13 8/19/2014 Cal-Neva Construction Services, Inc swallace@calnevaconstruction.com 2491 Rice Avenue, West Sacramento, CA 94591 916-374-9800

14 8/19/2014 MCM Construction mpena@mcmconstructioninc.com 6413 32nd Street, North Highlands, CA 95660 916-334-1221

99W @ THOMES CREEK
BRIDGE REPLACEMENT PROJECT

Engineer's Estimate: $6,645,000 Plans $50 per set

PLAN HOLDERS LIST

O:\Employees\Nichole\Projects\99W at Thomes Creek\99W Thomes Creek Plan Holders List
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