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Request for Proposal 
RFP-5062-22-SH 

 

COLORADO RIVER LEVEE CONSULTANT 
SERVICES 

 
 
 

RESPONSES DUE: 
May 3, 2022 prior to 2:30 P.M.  

 
Accepting Electronic Responses Only Submitted Through the Rocky 

Mountain E-Purchasing System (RMEPS) 
www.bidnetdirect.com/colorado 

 
 

(Purchasing Representative does not have access or control of the vendor side of RMEPS. If 
website or other problems arise during response submission, vendor MUST contact RMEPS to 

resolve issue prior to the response deadline. 800-835-4603) 
 

NOTE:  All City solicitation openings will continue to be held virtually.  
See Section 1.6 for details. 

 

 
 

PURCHASING REPRESENTATIVE: 
Susan Hyatt, Senior Buyer  

susanh@gjcity.org 
970-244-1513 

 
 
 

This solicitation has been developed specifically for a Request for Proposal intended to solicit 
competitive responses for this solicitation, and may not be the same as previous City of Grand 
Junction solicitations.  All offerors are urged to thoroughly review this solicitation prior to 
submitting. Submittal by FAX, EMAIL or HARD COPY IS NOT ACCEPTABLE for this 
solicitation.   

http://www.bidnetdirect.com/colorado
mailto:susanh@gjcity.org
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REQUEST FOR PROPOSAL 
 

SECTION 1.0: ADMINISTRATIVE INFORMATION & CONDITIONS FOR SUBMITTAL 
 

NOTE:  It is the Firm’s responsibility to read and review all solicitation documentation in its 
entirety, and to ensure that they have a clear and complete understanding of not only the 
scope, specifications, project requirements, etc., but also all other requirements, 
instructions, rules, regulations, laws, conditions, statements, procurement policies, etc. that 
are associated with the solicitation process and project/services being solicited. 

 
1.1 Issuing Office:  This Request for Proposal (RFP) is issued by the City of Grand Junction. 

All contact regarding this RFP is directed to: 
 

RFP QUESTIONS:                                    
Susan Hyatt, Senior Buyer      
susanh@gjcity.org   

   
The City would like to remind all Firms, Sub-Firms, Vendors, Suppliers, Manufacturers, 
Service Providers, etc. that (with the exception of Pre-Bid or Site Visit Meetings) all 
questions, inquiries, comments, or communication pertaining to any formal solicitation 
(whether process, specifications, scope, etc.) must be directed (in writing) to the 
Purchasing Agent assigned to the project, or Purchasing Division.  Direct communication 
with the City assigned Project Managers/Engineers is not appropriate for public 
procurement, and may result in disqualification. 

 
1.2 Purpose:  The purpose of this RFP is to obtain proposals from qualified engineering firms, 

licensed in the State of Colorado, to complete the Federal Emergency Management 
Agency (FEMA) certification process for the Colorado River Levee at Grand Junction to 
satisfy Title 44 of the Code of Federal Regulations (44 CFR) Section 65.10 requirements. 
 

1.3 The Owner:  The Owner is the City of Grand Junction, Colorado (City) and is referred to 
throughout this Solicitation.  The term Owner means the Owner or his authorized 
representative. 
 

1.4 Compliance:  All participating Offerors, by their signature hereunder, shall agree to comply 
with all conditions, requirements, and instructions of this RFP as stated or implied herein.  
Should the Owner omit anything from this packet which is necessary to the clear 
understanding of the requirements, or should it appear that various instructions are in 
conflict, the Offeror(s) shall secure instructions from the Purchasing Division prior to the 
date and time of the submittal deadline shown in this RFP. 
 

1.5      Procurement Process:  Procurement processes shall be governed by the most current 
version of the City of Grand Junction Purchasing Policy and Procedure Manual.  
 

1.6 Submission:  Each proposal shall be submitted in electronic format only, and only 
through the Rocky Mountain E-Purchasing (BidNet Colorado) website, 
www.bidnetdirect.com/colorado. The uploaded response shall be a single PDF 
document with all required information included. This site offers both “free” and 
“paying” registration options that allow for full access of the Owner’s documents and for 
electronic submission of proposals. (Note: “free” registration may take up to 24 hours to 

mailto:susanh@gjcity.org
http://trimview.gjcity.org/?=PROC/325
http://www.bidnetdirect.com/colorado
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process. Please Plan accordingly.) Please view our “Electronic Vendor Registration 
Guide” at http://www.gjcity.org/501/Purchasing-Bids  for details. (Purchasing 
Representative does not have access or control of the vendor side of RMEPS. If website 
or other problems arise during response submission, vendor MUST contact RMEPS to 
resolve issue prior to the response deadline. 800-835-4603). 
 
Please join the virtual opening for Colorado River Levee Consultant Services on 
May 3, 2022 at 2:30 P.M. 
 
Please join the meeting from your computer, tablet or smartphone. 
https://meet.goto.com/630667453 
 
You can also dial in using your phone. 
United States: +1 (646) 749-3122 
 
Access Code: 630-667-453 
 
Join from a video-conferencing room or system. 
Dial in or type: 67.217.95.2 or inroomlink.goto.com 
Meeting ID: 630 667 453 
Or dial directly: 630667453@67.217.95.2 or 67.217.95.2##630667453 
 

1.7 Altering Proposals:  Any alterations made prior to opening date and time must be initialed 
by the signer of the proposal, guaranteeing authenticity. Proposals cannot be altered or 
amended after submission deadline. 
 

1.8 Withdrawal of Proposal:  A proposal must be firm and valid for award and may not be 
withdrawn or canceled by the Offeror for sixty (60) days following the submittal deadline 
date, and only prior to award.  The Offeror so agrees upon submittal of their proposal.  After 
award this statement is not applicable. 
 

1.9 Acceptance of Proposal Content:  The contents of the proposal of the successful Offeror 
shall become contractual obligations if acquisition action ensues.  Failure of the successful 
Offeror to accept these obligations in a contract shall result in cancellation of the award 
and such vendor shall be removed from future solicitations. 

 
1.10 Addenda:  All questions shall be submitted in writing to the appropriate person as shown 

in Section 1.1.  Any interpretations, corrections and changes to this RFP or extensions to 
the opening/receipt date shall be made by a written Addendum to the RFP by the City.  
Sole authority to authorize addenda shall be vested in the City of Grand Junction 
Purchasing Representative. Addenda will be issued electronically through the Rocky 
Mountain E-Purchasing website at www.bidnetdirect.com/colorado and on the City’s 
website at www.gjcity.org/501/Purchasing/Bids .  Offerors shall acknowledge receipt of all 
addenda in their proposal.   
 

1.11 Exceptions and Substitutions:  All proposals meeting the intent of this RFP shall be 
considered for award. Offerors taking exception to the specifications shall do so at their 
own risk. The Owner reserves the right to accept or reject any or all substitutions or 
alternatives.  When offering substitutions and/or alternatives, Offeror must state these 
exceptions in the section pertaining to that area.  Exception/substitution, if accepted, must 
meet or exceed the stated intent and/or specifications.  The absence of such a list shall 

http://www.gjcity.org/501/Purchasing-Bids
https://meet.goto.com/630667453
tel:+16467493122,,630667453
http://www.bidnetdirect.com/colorado
http://www.gjcity.org/501/Purchasing/Bids
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indicate that the Offeror has not taken exceptions, and if awarded a contract, shall hold the 
Offeror responsible to perform in strict accordance with the specifications or scope of 
services contained herein. 
 

1.12 Confidential Material:  All materials submitted in response to this RFP shall ultimately 
become public record and shall be subject to inspection after contract award.  “Proprietary 
or Confidential Information” is defined as any information that is not generally known to 
competitors and which provides a competitive advantage.  Unrestricted disclosure of 
proprietary information places it in the public domain.  Only submittal information clearly 
identified with the words “Confidential Disclosure” and uploaded as a separate document 
shall establish a confidential, proprietary relationship.  Any material to be treated as 
confidential or proprietary in nature must include a justification for the request.  The request 
shall be reviewed and either approved or denied by the Owner.  If denied, the proposer 
shall have the opportunity to withdraw its entire proposal, or to remove the confidential or 
proprietary restrictions.  Neither cost nor pricing information nor the total proposal shall be 
considered confidential or proprietary. 
 

1.13 Response Material Ownership:  All proposals become the property of the Owner upon 
receipt and shall only be returned to the proposer at the Owner’s option. Selection or 
rejection of the proposal shall not affect this right.  The Owner shall have the right to use 
all ideas or adaptations of the ideas contained in any proposal received in response to this 
RFP, subject to limitations outlined in the entitled “Confidential Material”.  Disqualification 
of a proposal does not eliminate this right. 
 

1.14 Minimal Standards for Responsible Prospective Offerors:  A prospective Offeror must 
affirmably demonstrate their responsibility.  A prospective Offeror must meet the following 
requirements. 
 
• Have adequate financial resources, or the ability to obtain such resources as required. 
• Be able to comply with the required or proposed completion schedule. 
• Have a satisfactory record of performance. 
• Have a satisfactory record of integrity and ethics. 
• Be otherwise qualified and eligible to receive an award and enter into a contract with 

the Owner. 
 

1.15 Open Records:  Proposals shall be received and publicly acknowledged at the location, 
date, and time stated herein.  Offerors, their representatives and interested persons may 
be present.  Proposals shall be received and acknowledged only so as to avoid disclosure 
of process.  However, all proposals shall be open for public inspection after the contract is 
awarded.  Trade secrets and confidential information contained in the proposal so identified 
by offer as such shall be treated as confidential by the Owner to the extent allowable in the 
Open Records Act. 
 

1.16 Sales Tax:  The Owner is, by statute, exempt from the State Sales Tax and Federal Excise 
Tax; therefore, all fees shall not include taxes. 
 

1.17 Public Opening: Proposals shall be opened virtually immediately following the proposal 
deadline. Offerors, their representatives and interested persons may attend virtually. See 
Section 1.6 for details. Only the names and locations on the proposing firms will be 
disclosed.   
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SECTION 2.0: GENERAL CONTRACT TERMS AND CONDITIONS 
 
2.1. Acceptance of RFP Terms:  A proposal submitted in response to this RFP shall constitute 

a binding offer.  Acknowledgment of this condition shall be indicated on the Letter of Interest 
or Cover Letter by the autographic signature of the Offeror or an officer of the Offeror legally 
authorized to execute contractual obligations.  A submission in response to the RFP 
acknowledges acceptance by the Offeror of all terms and conditions including 
compensation, as set forth herein. An Offeror shall identify clearly and thoroughly any 
variations between its proposal and the Owner’s RFP requirements.  Failure to do so shall 
be deemed a waiver of any rights to subsequently modify the terms of performance, except 
as outlined or specified in the RFP. 

 
2.2. Execution, Correlation, Intent, and Interpretations:  The Contract Documents shall be 

signed by the Owner and Firm.  By executing the contract, the Firm represents that they 
have familiarized themselves with the local conditions under which the Services is to be 
performed, and correlated their observations with the requirements of the Contract 
Documents.  The Contract Documents are complementary, and what is required by any 
one, shall be as binding as if required by all.  The intention of the documents is to include 
all labor, materials, equipment, services and other items necessary for the proper execution 
and completion of the scope of services as defined in the technical specifications and 
drawings contained herein.  All drawings, specifications and copies furnished by the Owner 
are, and shall remain, Owner property.  They are not to be used on any other project. 

 
2.3. Permits, Fees, & Notices:  The Firm shall secure and pay for all permits, governmental 

fees and licenses necessary for the proper execution and completion of the services.  The 
Firm shall give all notices and comply with all laws, ordinances, rules, regulations and 
orders of any public authority bearing on the performance of the services.  If the Firm 
observes that any of the Contract Documents are at variance in any respect, he shall 
promptly notify the Owner in writing, and any necessary changes shall be adjusted by 
approximate modification.  If the Firm performs any services knowing it to be contrary to 
such laws, ordinances, rules and regulations, and without such notice to the Owner, he 
shall assume full responsibility and shall bear all costs attributable. 

 
2.4. Responsibility for those Performing the Services:  The Firm shall be responsible to the 

Owner for the acts and omissions of all his employees and all other persons performing 
any of the services under a contract with the Firm. 

 
2.5. Payment & Completion:  The Contract Sum is stated in the Contract and is the total 

amount payable by the Owner to the Firm for the performance of the services under the 
Contract Documents.  Upon receipt of written notice that the services is ready for final 
inspection and acceptance and upon receipt of application for payment, the Owner’s 
Project Manager will promptly make such inspection and, when they find the services 
acceptable under the Contract Documents and the Contract fully performed, the Owner 
shall make payment in the manner provided in the Contract Documents. Partial payments 
will be based upon estimates, prepared by the Firm, of the value of services performed and 
materials placed in accordance with the Contract Documents.  The services performed by 
Firm shall be in accordance with generally accepted professional practices and the level of 
competency presently maintained by other practicing professional firms in the same or similar 
type of services in the applicable community.  The services and services to be performed by 
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Firm hereunder shall be done in compliance with applicable laws, ordinances, rules and 
regulations. 

 
2.6. Protection of Persons & Property:  The Firm shall comply with all applicable laws, 

ordinances, rules, regulations and orders of any public authority having jurisdiction for the 
safety of persons or property or to protect them from damage, injury or loss.  Firm shall 
erect and maintain, as required by existing safeguards for safety and protection, and all 
reasonable precautions, including posting danger signs or other warnings against hazards 
promulgating safety regulations and notifying owners and users of adjacent utilities.  When 
or where any direct or indirect damage or injury is done to public or private property by or 
on account of any act, omission, neglect, or misconduct by the Firm in the execution of the 
services, or in consequence of the non-execution thereof by the Firm, they shall restore, at 
their own expense, such property to a condition similar or equal to that existing before such 
damage or injury was done, by repairing, rebuilding, or otherwise restoring as may be 
directed, or it shall make good such damage or injury in an acceptable manner. 

 
2.7. Changes in the Services:  The Owner, without invalidating the contract, may order 

changes in the services within the general scope of the contract consisting of additions, 
deletions or other revisions.  All such changes in the services shall be authorized by 
Change Order/Amendment and shall be executed under the applicable conditions of the 
contract documents.  A Change Order/Amendment is a written order to the Firm signed by 
the Owner issued after the execution of the contract, authorizing a change in the services 
or an adjustment in the contract sum or the contract time. 

 
2.8. Minor Changes in the Services:  The Owner shall have authority to order minor changes 

in the services not involving an adjustment in the contract sum or an extension of the 
contract time and not inconsistent with the intent of the contract documents. 

 
2.9. Uncovering & Correction of Services:  The Firm shall promptly correct all services found 

by the Owner as defective or as failing to conform to the contract documents.  The Firm 
shall bear all costs of correcting such rejected services, including the cost of the Owner’s 
additional services thereby made necessary.  The Owner shall give such notice promptly 
after discover of condition.  All such defective or non-conforming services under the above 
paragraphs shall be removed from the site where necessary and the services shall be 
corrected to comply with the contract documents without cost to the Owner.   
 

2.10. Acceptance Not Waiver: The Owner's acceptance or approval of any services furnished 
hereunder shall not in any way relieve the proposer of their present responsibility to 
maintain the high quality, integrity and timeliness of his services. The Owner's approval or 
acceptance of, or payment for, any services shall not be construed as a future waiver of 
any rights under this Contract, or of any cause of action arising out of performance under 
this Contract.  

 
2.11. Change Order/Amendment:  No oral statement of any person shall modify or otherwise 

change, or affect the terms, conditions or specifications stated in the resulting contract.  All 
amendments to the contract shall be made in writing by the Owner. 

 
2.12. Assignment:  The Offeror shall not sell, assign, transfer or convey any contract resulting 

from this RFP, in whole or in part, without the prior written approval from the Owner. 
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2.13. Compliance with Laws:  Proposals must comply with all Federal, State, County and local 
laws governing or covering this type of service and the fulfillment of all ADA (Americans 
with Disabilities Act) requirements. Firm hereby warrants that it is qualified to assume the 
responsibilities and render the services described herein and has all requisite corporate 
authority and professional licenses in good standing, required by law. 
 

2.14. Debarment/Suspension: The Firm herby certifies that the Firm is not presently debarred, 
suspended, proposed for debarment, declared ineligible, or voluntarily excluded from 
covered transactions by any Governmental department or agency.  

 
2.15. Confidentiality:  All information disclosed by the Owner to the Offeror for the purpose of 

the services to be done or information that comes to the attention of the Offeror during the 
course of performing such services is to be kept strictly confidential. 

 
2.16. Conflict of Interest:  No public official and/or Owner employee shall have interest in any 

contract resulting from this RFP. 
 
2.17. Contract:  This Request for Proposal, submitted documents, and any negotiations, when 

properly accepted by the Owner, shall constitute a contract equally binding between the 
Owner and Offeror.  The contract represents the entire and integrated agreement between 
the parties hereto and supersedes all prior negotiations, representations, or agreements, 
either written or oral, including the Proposal documents. The contract may be amended or 
modified with Change Orders, Field Orders, or Amendment. 

 
2.18. Project Manager/Administrator:  The Project Manager, on behalf of the Owner, shall 

render decisions in a timely manner pertaining to the services proposed or performed by 
the Offeror.  The Project Manager shall be responsible for approval and/or acceptance of 
any related performance of the Scope of Services. 

 
2.19. Contract Termination:  This contract shall remain in effect until any of the following occurs: 

(1) contract expires; (2) completion of services; (3) acceptance of services or, (4) for 
convenience terminated by either party with a written Notice of Cancellation stating therein 
the reasons for such cancellation and the effective date of cancellation at least thirty days 
past notification. 

 
2.20. Employment Discrimination:  During the performance of any services per agreement 

with the Owner, the Offeror, by submitting a Proposal, agrees to the following conditions:  
 

2.20.1. The Offeror shall not discriminate against any employee or applicant for 
employment because of race, religion, color, sex, age, disability, citizenship 
status, marital status, veteran status, sexual orientation, national origin, or any 
legally protected status except when such condition is a legitimate occupational 
qualification reasonably necessary for the normal operations of the Offeror.  The 
Offeror agrees to post in conspicuous places, visible to employees and applicants 
for employment, notices setting forth the provisions of this nondiscrimination 
clause.   

2.20.2. The Offeror, in all solicitations or advertisements for employees placed by or on 
behalf of the Offeror, shall state that such Offeror is an Equal Opportunity 
Employer.   
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2.20.3. Notices, advertisements, and solicitations placed in accordance with federal law, 
rule, or regulation shall be deemed sufficient for the purpose of meeting the 
requirements of this section. 

 
2.21. Immigration Reform and Control Act of 1986 and Immigration Compliance:  The 

Offeror certifies that it does not and will not during the performance of the contract employ 
illegal alien services or otherwise violate the provisions of the Federal Immigration Reform 
and Control Act of 1986 and/or the immigration compliance requirements of State of 
Colorado C.R.S. § 8-17.5-101, et.seq. (House Bill 06-1343). 

 
2.22. Ethics:  The Offeror shall not accept or offer gifts or anything of value nor enter into any 

business arrangement with any employee, official, or agent of the Owner. 
 
2.23. Failure to Deliver:  In the event of failure of the Offeror to deliver services in accordance 

with the contract terms and conditions, the Owner, after due oral or written notice, may 
procure the services from other sources and hold the Offeror responsible for any costs 
resulting in additional purchase and administrative services.  This remedy shall be in 
addition to any other remedies that the Owner may have. 

 
2.24. Failure to Enforce:  Failure by the Owner at any time to enforce the provisions of the 

contract shall not be construed as a waiver of any such provisions.  Such failure to enforce 
shall not affect the validity of the contract or any part thereof or the right of the Owner to 
enforce any provision at any time in accordance with its terms. 

 
2.25. Force Majeure:  The Offeror shall not be held responsible for failure to perform the duties 

and responsibilities imposed by the contract due to legal strikes, fires, riots, rebellions, and 
acts of God beyond the control of the Offeror, unless otherwise specified in the contract. 

 
2.26. Indemnification:  Offeror shall defend, indemnify and save harmless the Owner and all its 

officers, employees, insurers, and self-insurance pool, from and against all liability, suits, 
actions, or other claims of any character, name and description brought for or on account 
of any injuries or damages received or sustained by any person, persons, or property on 
account of any negligent act or fault of the Offeror, or of any Offeror’s agent, employee, 
sub-Firm or supplier in the execution of, or performance under, any contract which may 
result from proposal award.  Offeror shall pay any judgment with cost which may be 
obtained against the Owner growing out of such injury or damages. 
 

2.27. Independent Firm:  The Offeror shall be legally considered an Independent Firm and 
neither the Firm nor its employees shall, under any circumstances, be considered servants 
or agents of the Owner. The Owner shall be at no time legally responsible for any 
negligence or other wrongdoing by the Firm, its servants, or agents.  The Owner shall not 
withhold from the contract payments to the Firm any federal or state unemployment taxes, 
federal or state income taxes, Social Security Tax or any other amounts for benefits to the 
Firm.  Further, the Owner shall not provide to the Firm any insurance coverage or other 
benefits, including Workers' Compensation, normally provided by the Owner for its 
employees. 

 
2.28. Nonconforming Terms and Conditions:  A proposal that includes terms and conditions 

that do not conform to the terms and conditions of this Request for Proposal is subject to 
rejection as non-responsive. The Owner reserves the right to permit the Offeror to withdraw 
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nonconforming terms and conditions from its proposal prior to a determination by the 
Owner of non-responsiveness based on the submission of nonconforming terms and 
conditions. 

 
2.29. Ownership:  All plans, prints, designs, concepts, etc., shall become the property of the 

Owner. 
 
2.30. Oral Statements:  No oral statement of any person shall modify or otherwise affect the 

terms, conditions, or specifications stated in this document and/or resulting agreement.  All 
modifications to this request and any agreement must be made in writing by the Owner. 

 
2.31. Patents/Copyrights:  The Offeror agrees to protect the Owner from any claims involving 

infringements of patents and/or copyrights.  In no event shall the Owner be liable to the 
Offeror for any/all suits arising on the grounds of patent(s)/copyright(s) infringement.  
Patent/copyright infringement shall null and void any agreement resulting from response to 
this RFP. 

 
2.32. Venue:  Any agreement as a result of responding to this RFP shall be deemed to have 

been made in, and shall be construed and interpreted in accordance with, the laws of the 
City of Grand Junction, Mesa County, Colorado. 

 
2.33. Expenses:  Expenses incurred in preparation, submission and presentation of this RFP 

are the responsibility of the company and cannot be charged to the Owner. 
 
2.34. Sovereign Immunity:  The Owner specifically reserves its right to sovereign immunity 

pursuant to Colorado State Law as a defense to any action arising in conjunction to this 
agreement. 

 
2.35. Public Funds/Non-Appropriation of Funds:  Funds for payment have been provided 

through the Owner’s budget approved by the City Council/Board of County Commissioners 
for the stated fiscal year only.  State of Colorado statutes prohibit the obligation and 
expenditure of public funds beyond the fiscal year for which a budget has been approved.  
Therefore, anticipated orders or other obligations that may arise past the end of the stated 
Owner’s fiscal year shall be subject to budget approval.  Any contract will be subject to and 
must contain a governmental non-appropriation of funds clause. 

 
2.36. Collusion Clause:  Each Offeror by submitting a proposal certifies that it is not party to 

any collusive action or any action that may be in violation of the Sherman Antitrust Act.  
Any and all proposals shall be rejected if there is evidence or reason for believing that 
collusion exists among the proposers.  The Owner may or may not, at the discretion of the 
Owner Purchasing Representative, accept future proposals for the same service or 
commodities for participants in such collusion. 

 
2.37. Gratuities:  The Firm certifies and agrees that no gratuities or kickbacks were paid in 

connection with this contract, nor were any fees, commissions, gifts or other considerations 
made contingent upon the award of this contract.  If the Firm breaches or violates this 
warranty, the Owner may, at their discretion, terminate this contract without liability to the 
Owner. 
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2.38. Performance of the Contract:  The Owner reserves the right to enforce the performance 
of the contract in any manner prescribed by law or deemed to be in the best interest of the 
Owner in the event of breach or default of resulting contract award. 

 
2.39. Benefit Claims:  The Owner shall not provide to the Offeror any insurance coverage or 

other benefits, including Worker’s Compensation, normally provided by the Owner for its 
employees. 

 
2.40. Default:  The Owner reserves the right to terminate the contract in the event the Firm fails 

to meet delivery or completion schedules, or otherwise perform in accordance with the 
accepted proposal.  Breach of contract or default authorizes the Owner to purchase like 
services elsewhere and charge the full increase in cost to the defaulting Offeror. 

 
2.41. Multiple Offers:  If said proposer chooses to submit more than one offer, THE 

ALTERNATE OFFER must be clearly marked “Alternate Proposal”.  The Owner reserves 
the right to make award in the best interest of the Owner. 

 
2.42. Cooperative Purchasing:  Purchases as a result of this solicitation are primarily for the 

Owner.  Other governmental entities may be extended the opportunity to utilize the 
resultant contract award with the agreement of the successful provider and the participating 
agencies.  All participating entities will be required to abide by the specifications, terms, 
conditions and pricings established in this Proposal.  The quantities furnished in this 
proposal document are for only the Owner.  It does not include quantities for any other 
jurisdiction.  The Owner will be responsible only for the award for our jurisdiction.  Other 
participating entities will place their own awards on their respective Purchase Orders 
through their purchasing office or use their purchasing card for purchase/payment as 
authorized or agreed upon between the provider and the individual entity.  The Owner 
accepts no liability for payment of orders placed by other participating jurisdictions that 
choose to piggy-back on our solicitation.  Orders placed by participating jurisdictions under 
the terms of this solicitation will indicate their specific delivery and invoicing instructions. 

 
2.43. Definitions: 
 

2.43.1. “Offeror” and/or “Proposer” refers to the person or persons legally authorized by 
the Consultant to make an offer and/or submit a response (fee) proposal in 
response to the Owner’s RFP. 

2.43.2. The term “Services” includes all labor, materials, equipment, and/or services 
necessary to produce the requirements of the Contract Documents. 

2.43.3. “Firm” is the person, organization, firm or consultant identified as such in the 
Agreement and is referred to throughout the Contract Documents.  The term Firm 
means the Firm or his authorized representative.  The Firm shall carefully study 
and compare the Scope of Services, Addenda and Modifications and shall at once 
report to the Owner any error, inconsistency or omission he may discover.  Firm 
shall not be liable to the Owner for any damage resulting from such errors, 
inconsistencies or omissions.  The Firm shall not commence services without 
clarifying Drawings, Specifications, or Interpretations. 

2.43.4. “Sub-Contractor is a person or organization who has a direct contract with the 
Firm to perform any of the services at the site.  The term Sub-Firm is referred to 
throughout the contract documents and means a Sub-Contractor or his 
authorized representative. 
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2.44. Public Disclosure Record:  If the Proposer has knowledge of their employee(s) or sub-
proposers having an immediate family relationship with an Owner employee or elected 
official, the proposer must provide the Purchasing Representative with the name(s) of these 
individuals.  These individuals are required to file an acceptable “Public Disclosure Record”, 
a statement of financial interest, before conducting business with the Owner. 
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SECTION 3.0:  INSURANCE REQUIREMENTS 
 
3.1 Insurance Requirements:  The selected Firm agrees to procure and maintain, at its own 

cost, policy(s) of insurance sufficient to insure against all liability, claims, demands, and 
other obligations assumed by the Firm pursuant to this Section.  Such insurance shall be in 
addition to any other insurance requirements imposed by this Contract or by law.  The Firm 
shall not be relieved of any liability, claims, demands, or other obligations assumed pursuant 
to this Section by reason of its failure to procure or maintain insurance in sufficient amounts, 
durations, or types. 
Firm shall procure and maintain and, if applicable, shall cause any Sub-Firm of the Firm to 
procure and maintain insurance coverage listed below.  Such coverage shall be procured 
and maintained with forms and insurers acceptable to The Owner.  All coverage shall be 
continuously maintained to cover all liability, claims, demands, and other obligations 
assumed by the Firm pursuant to this Section.  In the case of any claims-made policy, the 
necessary retroactive dates and extended reporting periods shall be procured to maintain 
such continuous coverage.  Minimum coverage limits shall be as indicated below unless 
specified otherwise in the Special Conditions: 
 
(a) Worker Compensation:  Firm shall comply with all State of Colorado Regulations 
concerning Workers’ Compensation insurance coverage. 
 
(b) General Liability insurance with minimum combined single limits of:  
 
ONE MILLION DOLLARS ($1,000,000) each occurrence and  
ONE MILLION DOLLARS ($1,000,000) per job aggregate.  
 
The policy shall be applicable to all premises, products and completed operations.  The 
policy shall include coverage for bodily injury, broad form property damage (including 
completed operations), personal injury (including coverage for contractual and employee 
acts), blanket contractual, products, and completed operations.  The policy shall include 
coverage for explosion, collapse, and underground (XCU) hazards.  The policy shall contain 
a severability of interests provision. 
 
(c) Comprehensive Automobile Liability insurance with minimum combined single limits for 
bodily injury and property damage of not less than:  
 
ONE MILLION DOLLARS ($1,000,000) each occurrence and  
ONE MILLION DOLLARS ($1,000,000) aggregate  
 
(d)  Professional Liability & Errors and Omissions Insurance policy with a minimum of: 
 
ONE MILLION DOLLARS ($1,000,000) per claim 
 
This policy shall provide coverage to protect the Firm against liability incurred as a result of 
the professional services performed as a result of responding to this Solicitation. 
 
With respect to each of Consultant's owned, hired, or non-owned vehicles assigned to be 
used in performance of the Services.  The policy shall contain a severability of interests 
provision.   
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3.2 Additional Insured Endorsement:  The policies required by paragraphs (b), and (c) above 
shall be endorsed to include the Owner and the Owner’s officers and employees as 
additional insureds.  Every policy required above shall be primary insurance, and any 
insurance carried by the Owner, its officers, or its employees, or carried by or provided 
through any insurance pool of the Owner, shall be excess and not contributory insurance to 
that provided by Firm.  The Firm shall be solely responsible for any deductible losses under 
any policy required above. 
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SECTION 4.0:  SPECIFICATIONS/SCOPE OF SERVICES 
 
4.1. General/Background:  The Colorado River Levee at Grand Junction (“the levee”) is an 

earthen embankment constructed in 1997 to reduce the flood risk from Colorado River 
during major storm events. It extends approximately 0.7 miles along the Las Colonias 
Trail, north of the Colorado River, from the Las Colonias Amphitheater westward to the 
Union Pacific Railroad. To support interior drainage there are several outlet structures 
located along the levee. In addition to flood protection, the levee provides a recreation 
component with a concrete sidewalk along the levee crest.  
 

  
Source: Preliminary Levee Assessment Report, October 2021 
 
For the levee to be recognized by the FEMA and depicted on the upcoming countywide 
Flood Insurance Rate Map update, evidence that adequate design, operation, and 
maintenance systems are in place to protect from base flood elevations must be provided. 
Lack of accreditation will result in areas, currently mapped as Zone X (Protected by Levee), 
being designated as Special Flood Hazard Areas (SFHA), followed by mandatory flood 
insurance requirements and increased development standards.  
 
The specific requirements for accreditation are outlined in Title 44 of the Code of Federal 
Regulations (44 CFR) 65.10. 
 
In October of 2021, a Preliminary Levee Assessment Report was completed for the Grand 
Junction Levee, in partnership with the Colorado Water Conservation Board, to evaluate 
the existing levee condition and provide direction on additional data collection and analyses 
where deficiencies exist to satisfy the 44 CFR 65.10 requirements.  
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4.2. Price/Fees:  Project pricing shall be all inclusive, to include, but not be limited to:  labor, 
materials, equipment, travel, design, drawings, engineering work, shipping/freight, 
licenses, permits, fees, etc. 
 
The Owner shall not pay nor be liable for any other additional costs including but not limited 
to: taxes, shipping charges, insurance, interest, penalties, termination payments, attorney 
fees, liquidated damages, etc. 
 
Provide a not to exceed cost using Solicitation Response Form found in Section 7, 
accompanied by a complete list of costs breakdown and rates sheets. 
 
All fees will be considered by the Owner to be negotiable.   

 
4.3. Specifications/Scope of Services:  

4.3.1. Project Goals: The City of Grand Junction is seeking proposals from engineering 
firms, licensed in the State of Colorado, to complete the FEMA certification process 
for the Colorado River Levee at Grand Junction to satisfy Title 44 of the Code of 
Federal Regulations Section 65.10 requirements.  

 
The scope should include identification of the levee system segments that meet 
certification criteria, certification of those portions, and identification of the parts of 
the levee system that are deficient. Recommendations for modifications to obtain 
certification to FEMA requirements will be a key component of the project. 
 
Project Scope of Work will include:  
1. Project Management – The Consultant will coordinate all tasks with City of Grand 

Junction Project Manager, develop and maintain a project schedule, manage 
subconsultants, lead project meetings, provide status updates, develop meeting 
minutes, and submit monthly invoices 

2. Coordination – with key project stakeholders, including United States Army 
Corps of Engineers (USACE), FEMA, and adjacent property owners 

3. Geotechnical Analysis – in accordance with the USACE ‘Drilling in Earth 
Embankment Dams and Levees’ requirements, to document the levee 
embankment, stability, and settlement conditions 

4. Hydraulic Analysis – to evaluate geomorphology, scour potential, and internal 
drainage conditions 

5. Reporting & Documentation – certified by a professional engineer to support 
Section 65.10 Design Criteria, Interior Drainage Analysis, and Operation and 
Maintenance requirements 

6. Design – capital improvements where the levee is not in compliance with Section 
65.10 requirements 

 
To support the project components above the following tasks are anticipated:  
• Prior to the initiation of field work the Consultant shall obtain, and pay for, all 

permits necessary to perform site survey and geotechnical explorations  
• The Consultant will be responsible for locating and coordinating with all utilities, 

as required to locate all utilities in the vicinity of the exploration area. 
• Perform levee survey control development to support freeboard analysis and As-

built document preparation. 
• This work may include aerial mapping and GIS mapping. 
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• The Consultant shall prepare all necessary design plans, drawings and 
specifications to be used for the construction of the improvements and should 
therefore be complete in detail and contain all necessary information. Anticipated 
design plans include: 
o Freeboard deficiencies, upstream of the railroad crossing 
o Interior drainage infrastructure improvements, outlined on Table 1 of the 2021 

Preliminary Levee Assessment Report 
o Vegetation & Encroachment removals in accordance with Section 65.10 

Design Criteria 
• Operation Plan Updates: 

o Review of Flood Warning system documentation and updated operation 
information that will be provided by the City. 

o The Consultant shall update or prepare an addendum to the USACE 
Operations & Maintenance (O&M) Manual as necessary to satisfy the 
requirements contained within Title 44 of the Code of Federal Regulations; 
44 CFR 65.10.  

• Final Certified As-Built Plans, that reflect post-project conditions 
• Subsequent construction oversight and inspection may be additional outcomes 

of the project. 
 
4.3.2 Additional Information  
 

• A copy of the Preliminary Levee Assessment Report completed in 2021 for the 
Colorado Water Conservation Board is attached in Appendix A. 
 

• A copy of the Base Level Engineering Report Mesa County, CO – Wood, 2019 
is attached in Appendix B. 

 
• A copy of the current USACE O&M Manual is attached as Appendix C. 

 
• CO River Levee at Grand Junction, CO – As Builts, 1997 (Appendix D) 
 
• Drilling in Earth Embankment Dams and Levees – USACE, 2014:  

https://www.publications.usace.army.mil/portals/76/publications/engineerregula
tions/er_1110-1-1807.pdf 

 
• USACE National Levee Database:  

https://levees.sec.usace.army.mil/#/levees/system/5205030081/summary  
 

4.4. Project Manager: The Project Manager for this Project is Lisa Froshaug. After contract 
award, all notices, letters, submittals, and other communications directed to the City shall 
be addressed and mailed or delivered to: 

City of Grand Junction 
Public Works Department – Engineering 
Attn: Lisa Froshaug, Project Engineer 
333 West Avenue, Bldg C 
Grand Junction, CO 81501 
970-244-1592 
lisafr@gjcity.org 
 

https://www.publications.usace.army.mil/portals/76/publications/engineerregulations/er_1110-1-1807.pdf
https://www.publications.usace.army.mil/portals/76/publications/engineerregulations/er_1110-1-1807.pdf
https://levees.sec.usace.army.mil/#/levees/system/5205030081/summary
mailto:lisafr@gjcity.org
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4.5. Contract Administrator: The Contract Administrator for this Project is Duane Hoff. After 
award, all contract related inquiries, issues, and other communications shall be directed to: 

City of Grand Junction 
General Services Department – Purchasing 
Attn: Duane Hoff, Jr. 
910 Main Street 
Grand Junction, CO 81501 
duaneh@gjcity.org 
 

4.6. Timeline: It is expected that all analysis, design, and reports for certification will be 
completed December 1st, 2022. It is understood that this contract may be extended to 
include documentation for certification of any physical improvements not completed by the 
completion date.  
 

4.7. Implementation/Final Report: The implementation of this project will be determined by 
the consultant whose timeline will be used as one of the evaluation criteria. Please provide 
a good faith estimate of when the final report can be delivered. 
 

4.8. RFP Tentative Time Schedule: 
 

• Request for Proposal available: April 12, 2022 
• Inquiry deadline, no questions after this date: April 21, 2022 
• Addendum Posted: April 26, 2022 
• Submittal deadline for proposals: May 3, 2022 
• Owner evaluation of proposals: May 6, 2022 
• Interviews (if required) May 12-13, 2022 
• Final selection: May 20, 2022 
• Contract execution: May 25, 2022 
• Complete by December 1, 2022 

 
4.9. Questions Regarding Scope of Services: 
 

Susan Hyatt., Senior Buyer 
susanh@gjcity.org 
 

4.10 Term of Contract: The term of the contract shall be for one year, with the option to renew 
up to three (3) additional one year periods if needed, based on satisfactory performance of 
the contractor and mutual agreement with the City. 

 
 

 
  

mailto:duaneh@gjcity.org
mailto:susanh@gjcity.org
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SECTION 5.0:  PREPARATION AND SUBMITTAL OF PROPOSALS 

 
Submission:  Each proposal shall be submitted in electronic format only through the 
BidNet website, www.bidnetdirect.com/colorado. This site offers both “free” and “paying” 
registration options that allow for full access of the City’s documents and for electronic submission 
of proposals. (Note: “free” registration may take up to 24 hours to process. Please Plan 
accordingly.)  (Purchasing Representative does not have access or control of the vendor side of 
RMEPS. If website or other problems arise during response submission, vendor MUST contact 
RMEPS to resolve issue prior to the response deadline; 800-835-4603). For proper comparison 
and evaluation, the City requests that proposals be formatted as directed. The uploaded 
response to this RFP shall be a single PDF document with all required information 
included.  Offerors are required to indicate their interest in this Project, show their specific 
experience and address their capability to perform the Scope of Services in the Time Schedule 
as set forth herein.  For proper comparison and evaluation, the City requires that proposals be 
formatted A to F. 
 
A. Cover Letter:  Cover letter shall be provided which explains the Firm’s interest in the 

project.  The letter shall contain the name/address/phone number/email of the person who 
will serve as the firm's principal contact person with City’s Contract Administrator and shall 
identify individual(s) who will be authorized to make presentations on behalf of the firm.  
The statement shall bear the signature of the person having proper authority to make formal 
commitments on behalf of the firm. By submitting a response to this solicitation, the Firm 
agrees to all requirements herein. 
 

B. Qualifications/Experience/Credentials: Proposers shall provide statement of 
qualifications indicating the firm's qualifications, experience with similar work, technical 
expertise, capability to perform the work, familiarity with the project area,  and  resumes. 

 

 
C. Strategy and Implementation: Describe your (the firm’s) interpretation of the Owner’s 

objectives with regard to this RFP. Describe the proposed strategy and/or plan for 
achieving the objectives of this RFP. The Firm may utilize a written narrative or any other 
printed technique to demonstrate their ability to satisfy the Scope of Services. The narrative 
should describe a logical progression of tasks and efforts starting with the initial steps or 
tasks to be accomplished and continuing until all proposed tasks are fully described and 
the RFP objectives are accomplished. Include a time schedule for completion of your 
firm’s implementation plan and an estimate of time commitments from Owner staff. 
 

D. References: A minimum of three (3) references that can attest to your experience in 
projects of similar scope and size. Please also summarize the projects completed with 
these references including Client Name, Address, Contact Person, Telephone, Email 
Address, Project Dates, Project Description, etc.  
 

E. Fee Proposal: Provide an all-inclusive,  not to exceed cost using Solicitation Response Form 
found in Section 7.0, accompanied by a complete list of costs breakdown (NOTE: There is a 
section for optional pricing if virtual meetings are held in lieu of personal or onsite meetings).   
 

F. Additional Data (optional):  Provide any additional information that will aid in evaluation of 
your qualifications with respect to this project. 

  

http://www.bidnetdirect.com/colorado
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SECTION 6.0:  EVALUATION CRITERIA AND FACTORS 

 
6.1 Evaluation: An evaluation team shall review all responses and select the proposal or 

proposals that best demonstrate the capability in all aspects to perform the scope of 
services and possess the integrity and reliability that will ensure good faith performance. 
 

6.2 Intent: Only respondents who meet the qualification criteria will be considered. Therefore, 
it is imperative that the submitted proposal clearly indicate the firm’s ability to provide the 
services described herein. 

 
Submittal evaluations will be done in accordance with the criteria and procedure defined 
herein. The Owner reserves the right to reject any and all portions of proposals and take 
into consideration past performance. The following parameters will be used to evaluate the 
submittals (with weighted values): 

 
The following collective criteria shall be worth 90% 

• Responsiveness of Submittal to the RFP (10) 
(Firm has submitted a proposal that is fully comprehensive, inclusive, and conforms in all 
respects to the Request for Proposals (RFP) and all of its requirements, including all forms and 
substance.) 

• Experience (30) 
(Firm’s proven proficiency in the successful completion of similar projects.) 

• Understanding Project & Objectives (20) 
(Firm’s ability to demonstrate a thorough understanding of the City’s goals pertaining to this 
specific project.) 

• Strategy & Implementation Plan (30) 
(Firm has provided a clear interpretation of the City’s objectives in regard to the project, and a 
fully comprehensive plan to achieve successful completion. See Section 5.0 Item C for details. 
Timeline of final report included in this score.) 

 
The following criteria shall be worth 10% 

* Fees (10) 
 

Owner also reserves the right to take into consideration past performance of previous 
awards/contracts with the Owner of any vendor, firm, supplier, or service provider in 
determining final award(s).  
 
References of the short-listed firms will be assessed during the final phase of the evaluation 
process. 
 
The Owner will undertake negotiations with the top-rated firm and will not negotiate with 
lower rated firms unless negotiations with higher rated firms have been unsuccessful and 
terminated. 

 
6.3      Oral Interviews:  The Owner reserves the right to invite the most qualified rated 

proposer(s) to participate in oral interviews, if needed. 
 

6.4 Award:  Firms shall be ranked or disqualified based on the criteria listed in Section 6.2.  The 
Owner reserves the right to consider all of the information submitted and/or oral presentations, 
if required, in selecting the project Firm.  
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SECTION 7.0:  SOLICITATION RESPONSE FORM 
 

RFP-5062-22-SH Colorado River Levee Consultant Services 
 

Offeror must submit entire Form completed, dated and signed. 
 
All inclusive, not to exceed cost to provide Colorado River Levee Consultant Services:  

$___________________ 
 
Total Amount Written: ___________________________________________________________Dollars 
 
 

 
 

 
Anticipated completion date:    

 
 
  ----------------------------------------------------------------------------------------------------------------- 

The City of Grand Junction reserves the right to accept any portion of described services to be performed at its discretion 
------------------------------------------------------------------------------------------------------------------ 

 
The undersigned has thoroughly examined the entire Request for Proposals and therefore submits the 
proposal and schedule of fees and services attached hereto. 
 
This offer is firm and irrevocable for sixty (60) days after the time and date set for receipt of proposals. 
 
The undersigned Offeror agrees to provide services and products in accordance with the terms and 
conditions contained in this Request for Proposal and as described in the Offeror’s proposal attached 
hereto; as accepted by the Owner. 
 
Prices in the proposal have not knowingly been disclosed with another provider and will not be prior to 
award. 
 

• Prices in this proposal have been arrived at independently, without consultation, communication or 
agreement for the purpose of restricting competition. 

• No attempt has been made nor will be to induce any other person or firm to submit a proposal for 
the purpose of restricting competition. 

• The individual signing this proposal certifies they are a legal agent of the offeror, authorized to 
represent the offeror and is legally responsible for the offer with regard to supporting documentation 
and prices provided.   

• Direct purchases by the City of Grand Junction are tax exempt from Colorado Sales or Use Tax.  
Tax exempt No. 98-903544.  The undersigned certifies that no Federal, State, County or Municipal 
tax will be added to the above quoted prices.   

• City of Grand Junction payment terms shall be Net 30 days. 
• Prompt payment discount of ________ percent of the net dollar will be offered to the Owner if the 

invoice is paid within ___________ days after the receipt of the invoice. The Owner reserves the 
right to consider any such discounts when determining the bid award that are no less than Net 10 
days. 

         
 
RECEIPT OF ADDENDA:  the undersigned Firm acknowledges receipt of Addenda to the Solicitation, 
Specifications, and other Contract Documents.  State number of Addenda received: ___________ 
 
It is the responsibility of the Proposer to ensure all Addenda have been received and acknowledged. 
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___________________________________    _____________________________________ 
Company Name – (Typed or Printed)      Authorized Agent – (Typed or Printed) 
 
___________________________________    _____________________________________ 
Authorized Agent Signature        Phone Number 
 
___________________________________    _____________________________________ 
Address of Offeror           E-mail Address of Agent 
 
___________________________________    _____________________________________ 
City, State, and Zip Code        Date   
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This report was prepared exclusively for the City of Grand Junction and the Colorado Water 
Conservation Board (CWCB) by Wood Environment & Infrastructure, Inc., (Wood). The quality 
of information, conclusions and estimates contained herein is consistent with the level of effort 
involved in Wood’s services and based on: i) information available at the time of preparation, 
ii) data supplied by outside sources and iii) the assumptions, conditions and qualifications set 
forth in this report. This report is intended to be used by only the City of Grand Junction and 
the CWCB, subject to the terms and conditions of their contract with Wood. Any other use of, 
or reliance on, this report by any third party is at that party’s sole risk.
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Preliminary Levee Assessment Report 
Colorado River Levee Segment 

Grand Junction, Colorado 
 

1.0 Introduction 
A Federal Emergency Management Agency (FEMA) Risk Mapping Assessment and Planning (MAP) countywide 
study is currently underway for Mesa County, which includes new hydraulics for the Colorado River through the 
County based on updated hydrology for the Colorado River. That project will ultimately result in new floodplain 
mapping along the Colorado River including the section that flows through Grand Junction, Colorado. Due to 
new federal requirements, areas behind levees cannot be shown as protected by the levee in updated flood 
insurance mapping until the levee is shown to meet the requirements presented in Title 44 of the Code of 
Federal Regulations (44 CFR) 65.10, certified by a licensed professional engineer, and accredited by FEMA.  

Currently there is one section of the levee in Grand Junction that is shown as providing protection on the 
effective Flood Insurance Rap Map (FIRM) Panels 08077C0812F and 08077C0816F and will require accreditation 
against 44 CFR 65.10 to continue providing protection when the Risk MAP process is complete. This levee 
segment, officially the Colorado River at Grand Junction levee, is presented in Figure 1 and will be referred to as 
the levee throughout this report. This document summarizes the findings of the Preliminary Levee Assessment 
for the levee. The preliminary levee assessment and review included data collection, data review, field inspection, 
and determination of additional data collection and analyses required to satisfy the requirements of 44 CFR 
65.10. Wood Environment and Infrastructure Solutions Inc. (Wood) worked with City of Grand Junction officials 
and the Colorado Water Conservation Board (CWCB), among others, to collect data, view the flood control 
system, and to acquire and review data collected from other sources.
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Figure 1: Colorado River Levee Site Map
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1.1 Background 
The Colorado River drainage basin at the United States Geological Survey (USGS) Stream Gage at Fruita 
(09153000) is approximately 17,100 square miles (USGS, 2021). The headwaters originate along the Continental 
Divide at elevations above 10,000 feet. The river proper starts at Lake Granby in Grand County and flows 
southwest through mountain valleys and canyons before entering the high desert of the western slope.  

Peak flows along the Colorado River have been studied for over 110 years. The most recent study was 
completed by Wood (previously Amec Foster Wheeler) in 2017. These flows have been accepted by FEMA and 
will be used in this study for the freeboard analysis. Further information on the flow development can be found 
in the Conditional Letter of Map Revision (CLOMR) for the Colorado River, Case #: 19-08-0881R. Several large 
historical floods have been recorded on the Colorado River. The largest flood on record, estimated using high 
water marks in the vicinity of the gage near Fruita, occurred in June/July of 1884 and was approximately equal to 
125,000cfs in magnitude at its peak. This event was caused by the melting of very heavy snow cover (Follansbee 
and Sawyer, 1948). The second highest flood was in 1921. This flood had a peak flow of approximately 81,100cfs 
at the USGS gage in Fruita. This flood was also caused primarily by snowmelt runoff, with perhaps a very small 
rainfall component (Elliott, Jarrett, Ebling, 1982). 

To protect against destructive floods, there have been several berms and levees constructed along the Colorado 
River in and around Grand Junction throughout the 1900s. In addition to the levee being studied, there are three 
other levee segments listed in the National Levee Database (NLD) within Grand Junction totaling a length of 4.2 
miles of levee. However, none of these additional levees are FEMA accredited or shown as providing protection 
on the effective FIRM. These three other levee segments are not included in this analysis.  

The Colorado River at Grand Junction Levee, the levee studied in this report, was constructed in 1997 by the 
Sacramento office of the United States Army Corps of Engineers (USACE). The levee is approximately 0.7 miles 
long and located on the right river overbank where US highway 50 crosses the Colorado River. The upstream 
end of the levee ties into high ground and the downstream end ties into the high ground along the Union 
Pacific Railroad line. Most of the levee is earthen embankment with the furthest western portion consisting of a 
clay cap covering the riverside of the railroad embankment. The levee contains nine interior drainage structures 
and there are six stormwater detention ponds of various sizes along the landside of the levee. Figure 1 presents 
the levee, the area protected by the levee, and the interior drainage structure locations as well as other items of 
interest.  

1.2 Previous Studies 
Data from several sources were utilized for this report. Sources consulted are listed below along with the 
relevant appendix where the sources are located.  

• Levee as-built drawings from 1997 (Appendix A) 
• Various City of Grand Junction stormwater as-built drawings from 1965 to 2003 (Appendix A) 
• 2016 USACE presentation, for geotechnical information and drainage structure conditions (Appendix G) 
• 2019 USACE routine inspection report, for general levee conditions and points of concern (Appendix G) 
• Levee profiles created from 2017 survey data (Appendix G) 
• Operations and maintenance manual for the levee (Appendix F) 
• Geotechnical information from a nearby construction project (Appendix G) 
• 2012 FEMA Flood Insurance Studies (FIS) for Mesa County (Appendix B) 
• Flood Insurance Rate Maps (FIRM) (Appendix B).  
• 2017 Colorado River Hydrology report (Appendix B) 
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1.3 Vertical Datum 
Levee information was found in both the National Geodetic Vertical Datum of 1929 (NGVD29) and the North 
American Vertical Datum of 1988 (NAVD88). NGVD29 data was converted to NAVD88 using a conversion factor 
of 3.35ft.  Based on the latest FEMA guidance, all information used for eventual certification of the levee will 
need to be in the currently federally accepted NAVD88 (FEMA, 2014). Additionally, any updates to the effective 
FIS or FIRMs will also need to be submitted in NAVD88. 
 
1.4 Field Assessment 
A field assessment of the levee was completed on April 8th, 2021. Wood employees Chris Ide, P.E., CFM, and 
Elizabeth Jefferson, E.I. along with Grand Junction City officials visually assessed the integrity, stability, and 
maintenance of the levee. The current condition and any observed critical features were documented through 
photographs and field notes. 

In general, the levee was found to be well maintained and in good condition. However, it appeared that there 
were unpermitted levee modifications that could be an issue for levee certification. Additionally, areas along the 
levee were found to require maintenance attention, typically in the form of vegetation removal or pest control. 
Most of the areas could be addressed with routine maintenance. However, there may be some larger vegetation, 
like trees, that may need to be removed prior to certification. Based on this preliminary analysis there were no 
concerns about instability, erosion, or seepage. Further evaluation of each of these are detailed in the sections 
below. 

1.5 Geotechnical Information  
A desktop review was completed for all available geological and geotechnical data. For levee certification and 
accreditation, further field testing will be required. However, this review is useful in planning future studies and 
informing potential issues.   

Based on a review of the 1997 as-built drawings and US Army Corps of Engineers (USACE) presentation dated 
May 2016, Wood understands that the design of the levee was supported by two separate geotechnical 
investigations. Documents (e.g., geotechnical engineering reports or memoranda) that provide a comprehensive 
assessment for the completed subsurface explorations and engineering analyses were not available for Wood’s 
review. 

The 2016 USACE presentation reports that one of the completed geotechnical investigations is documented on 
pages 10 and 11 of a document prepared by the Department of Energy (DOE), titled “Basis of Design and Cost 
Estimate”, dated February 1991, which was not available for Wood’s review. This geotechnical investigation 
consisted of six exploratory trench excavations and laboratory testing. The exploratory trenches (designated as 
4F-90-01 and 4F-90-03 to 4F-90-07) were excavated to depths ranging from 5.5 to 10ft below ground surface 
(bgs) along the proposed levee alignment in February 1990. Groundwater was reported to be encountered 
within the exploratory trenches at depths ranging between 5.5 to 9.9ft bgs. 

Graphic borehole logs provided on Detail Sheet C-11 of the 1997 as-built drawings indicate an additional 
geotechnical investigation was performed. The borehole logs indicate that eight (8) boreholes (designated as 
ST1 to ST8) were explored to depths ranging from 12 to 23ft bgs. Groundwater was reported at depths ranging 
from 2 and 8ft bgs. The borehole locations provided on the as-built drawings indicate that boreholes were 
located along the centerline of the levee alignment or within 50ft of the toe. The supporting geotechnical 
interpretations and laboratory test data that are typically provided in a geotechnical report were not available for 
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Wood’s review. However, USACE (2016) reports that this borehole data likely originates from the 1996 DOE 
document, which documents a borehole study occurring sometime between 1982 and 1986. 

The USACE (2016) presentation indicates that laboratory tests were performed during the 1990 geotechnical 
study to evaluate soil samples collected from exploratory trenches and potential embankment borrow materials. 
The laboratory tests included particle-size distribution (gradation) and Atterberg limit (i.e., liquid and plastic 
limits) analyses to determine soil index properties, which facilitate identification and classification of soils for 
engineering purposes.  

The laboratory test results, and trench logs reported by USACE (2016) indicate that the upper 6 to 9ft of the 
foundation along the proposed levee alignment consist primarily of a relatively impermeable layer of clay 
measuring up to 5ft thick with thinner isolated layers of silt, sand, and gravel. The graphic borehole logs 
provided on the as-built drawings indicate that the upper layer is underlain to a depth of 15 to 20ft by a 
granular layer of sand, gravel, and cobble; followed by bedrock comprised of Mancos shale to unknown depths, 
reportedly in excess of 50ft.   

The USACE (2016) presentation indicates that the levee embankment materials are comprised of silty sand to 
sandy lean clay or lean clay soils. However, the source of this information was not provided or referenced in the 
as-built drawings. 

1.6 Levee Compliance with 44 CFR 65.10 Requirements 
Levee systems will only be recognized by FEMA and mapped on National Flood Insurance Program (NFIP) maps 
as showing protection from the 1% annual-chance-exceedance flood event, or base flood, if the levee system 
meets the requirements described in 44 CFR 65.10 as determined by a certifying engineer. Meeting these 
requirements includes providing evidence that adequate design, operation, and maintenance systems are in 
place to provide reasonable assurance of protection from the base flood. The following sections summarize the 
requirements of 44 CFR 65.10, the findings during the Preliminary Levee Assessment, and recommendations to 
obtain remaining data or perform additional analyses to determine whether the levee meets the requirements of 
44 CFR 65.10.
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2.0 Design Criteria 
For levees to be recognized by FEMA, evidence that adequate design and operation and maintenance systems 
are in place to provide reasonable assurance that protection from the base flood exists must be provided. The 
following requirements must be met as described in 44 CFR 65.10(b). The full text is provided in Appendix G. 

• 65.10(b)(1): Freeboard 

• 65.10(b)(2): Closures 

• 65.10(b)(3): Embankment Protection 

• 65.10(b)(4): Embankment and Foundation 

• 65.10(b)(5): Settlement Analysis 

• 65.10(b)(6): Interior Drainage 

• 65.10(b)(7): Other Design Criteria 

2.1 Freeboard 
Requirement 

Riverine levees must provide a minimum of three (3) feet of freeboard above the water surface elevation of the 
one percent annual chance base flood along the length of the levee. 3.5 feet of freeboard is required at the 
upstream end of levee, tapering to not less than the minimum at the downstream end of the levee. Additionally, 
four (4) feet of freeboard is required within 100 feet of hydraulic structures (such as bridges) or wherever the 
flow is constricted. 

Findings 

Levee crest elevations based on the levee survey completed in 2017 were compared with draft/preliminary base 
flood elevations (BFE) from the ongoing study along the Colorado River to estimate freeboard along the levee. 
Preliminary cross sections, flood extents, and BFEs from the ongoing study are presented in Figure 2. The BFEs, 
levee crest elevations, and required freeboard elevations along the levee are shown in Figure 3. The available 
freeboard and required freeboard are presented in Figure 4 for an alternative comparison. Stations along the 
portion of the levee that consists of a clay cap over the existing railroad embankment were given negative 
stationing values for plotting purposes. The results of the preliminary freeboard assessment show that there is 
one area just upstream of the Union Pacific Railroad bridge where the levee is currently freeboard deficient for 
approximately 150ft. The maximum deficiency is approximately 1.1ft. A couple of reasons for the deficiency were 
identified:  

• From a comparison of the 2017 survey data with the levee as-built information, it appears that the crest 
of levee is approximately 0.5ft lower than the design/as-built elevation at the location of the deficiency.  

• Preliminary results from the updated Colorado River modeling show that there may be an increase in 
the effective base flood elevation at this location. Further investigation points to sedimentation within 
the Colorado River immediately upstream and downstream of the railroad crossing being the primary 
cause for the increase. This is discussed more in the embankment protection section of this report. 

Figure 5 shows a levee plan view of the locations where freeboard is acceptable or deficient. Appendix C 
includes the calculations used to determine freeboard deficiencies and to create the following figures. The 
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preliminary hydraulic model from the ongoing countywide study was not included with this submittal. Once the 
model has been finalized it will be available under MIP Case #20-08-0021S. 
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Figure 2: Preliminary Base Flood Elevations and Cross-Section Placement from Ongoing Colorado River Study 
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Figure 3: Preliminary Freeboard Analysis Profile 
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Figure 4: Preliminary Required and Available Freeboard Comparison 
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Figure 5: Preliminary Freeboard Summary
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Recommended Actions  

New survey information should be obtained for the levee crest elevations along the levee. These updated levee 
crest elevations should be compared to the Colorado River hydraulic model results once modeling is complete 
and the model has been approved by FEMA. This comparison will produce a more accurate freeboard 
assessment and can be used as the final determination for any freeboard deficiencies. If deficiencies still exist, 
options to bring the levee into compliance include: 

• Raise this section of levee by approximately 1-foot in order to meet the freeboard requirement. This 
would require an engineered design because the levee needs to structurally withstand the base flood. 

• Dredge the channel of the Colorado River through this area to lower the base flood elevation. 

As mentioned above, based on preliminary modeling results, sedimentation and reduced channel capacity 
around the railroad bridge appear to be the primary factors leading to the increase in the base flood elevation at 
the point of freeboard deficiency. This is supported by historical aerial imagery which shows a tendency for 
sandbars to develop and shift at this location. This is described further in the Embankment Protection section of 
this report. That stated, if the second option is selected for achieving adequate freeboard, further hydraulic 
modeling will be necessary to plan the scope of work and to prove that the channel modifications will achieve 
the desired outcome. Hydraulic modeling could also be used to determine the approximate amount of sediment 
removal necessary. Additionally, it is important to note that dredging may need to be a routine maintenance 
item in order to maintain channel capacity as it is likely that the river will tend to redeposit sediment in this 
location. Sediment transport modeling could be used to estimate the required frequency of dredging to 
maintain capacity. Note that alterations to the levee, other than to restore it to its original as-built design would 
trigger a USACE 408 permit. Any work within the Colorado River would trigger a regulatory permit for work 
within the Waters of the United States.   

2.2 Closures 
Requirement 

All levee openings and penetrations for interior drainage must be provided, with closure devices that are 
structural parts of the levee system during operation, and designed according to sound engineering practices. 

Findings 

The levee has no openings that require a specialized levee closure to be operated during flood conditions. There 
are nine interior drainage structures penetrating the levee. All the interior drainage structures are associated with 
one of the six stormwater detention ponds located on the landside of the levee as presented in Figure 1. It 
appears that some of the ponds have been modified, perhaps for increased capacity, since their original 
construction. Of the nine interior drainage structures, seven were identified in the USACE 1997 as-built plans. 
The two outfall pipes from stormwater detention pond 3 were constructed after the original levee construction 
and noted as being built without a permit in the 2019 USACE inspection report. It appears that these new 
crossings replaced an original 18” interior drainage structure. Table 1 provides the location of the as-built 
information for each crossing. All as-built information is located in Appendix A. During the field assessment, all 
nine of the interior drainage structures were found and their conditions documented. Table 1 summarizes the 
interior drainage structures, their current condition, and the action that needs to take place for certification 
purposes. Pictures of the structures are included in Appendix H.  
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Recommendations 

The actions specified in Table 1 for each interior drainage structure need to take place so that each structure can 
adequately operate for certification purposes.
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Table 1: Interior Drainage and Closure Summary 

 As-Built Information Current Conditions 

Action 
  ID As-Built 

Station Source Description  Size 
(inches) Material 

Backflow 
Preventer 

RS 

Backflow 
Preventer 

LS 
As-Built Notes  Condition Notes 

1 01+44.00 USACE 1997, page C-7 Drains stormwater detention 
pond 1 (C3-261-904).  18 RCP Flap  Slide    Good  Standing water on riverside, drained by 42-in 

pipe under sidewalk.  

Ponded water is likely not an issue as it is unlikely 
that it is creating seepage paths through the levee. 
However, should correct drainage issue or 
complete geotechnical investigation. This is 
discussed further in Section 2.4. 

2 01+44.00 USACE 1997, page C-7 Drains stormwater detention 
pond 1 (C3-261-904).  36 RCP  Flap  Slide  

Labeled as a 20" crossing 
in USACE 1997 as-built 

profile 
Good Same as crossing 1 Same as crossing 1 plus revise as-built data  

3 01+44.00 City of Grand Junction 
1965, sheet 1 

Drains stormwater detention 
pond 1 (C3-261-904).  36 RCP Flap  Slide    Good Same as crossing 1 Same as crossing 1 

4 8+80.00 City of Grand Junction 
1970, sheet 4  

Drains stormwater detention 
pond 2b (C2-261-901) 18 RCP Flap  Slide  

Labeled as existing 36" in 
USACE 1997 as-builts - 

believed to be mislabeled  
Poor  

Circumferential crack found in USACE 2011 
video inspection. Barb wire fence restricting 
access to landside gate. Standing water on 
landside of levee. 

Repair crack if not already repaired. Provide access 
to landside gate. Ponded water may create seepage 
paths. Geotechnical investigation required, see 
Section 2.4. 

5 11+61.00 USACE 1997, page C-7 Drains stormwater detention 
pond 2 (C2-261-902). 18 RCP Flap  Slide    Excellent  Wall at pond outlet and barb wire fence 

restricting access to landside gate see Table 5  

Recommend remove retaining wall, repair levee, 
and extend pipe. Provide access to landside gate. 
See Section 2.7.2 for more details.  

6 18+55.00 USACE 1997, page C-
5a 

Drains stormwater detention 
pond B (Botanical Gardens). 18 RCP Flap  Slide  Relocated in as-builts see 

C-5a  Excellent  

Wall at outlet and fence restricting access to 
landside gate see Table 5. Standing water on 
landside of levee. Sediment and vegetation 
around outfall.  

Ponded water may create seepage paths. 
Geotechnical investigation required, see Section 
2.4. Recommend remove retaining wall, repair 
levee, and extend pipe. Provide access plan for 
landside gate in O&M manual. See Section 2.7.2 for 
more details. Remove plants and sediment around 
outfall.  

7 22+15.00 USACE 1997, page C-
5a 

Drains stormwater detention 
pond C (C2-262-902).  18 RCP Flap  Slide  Relocated in as-builts see 

C-5a  Good Wall at outlet and see Table 4 - Encroachments  Recommend remove retaining wall, repair levee, 
and extend pipe. See Section 2.7.2 for more details.  

8 29+90.00 City of Grand Junction 
2003, page 8  

Drains stormwater detention 
pond 3 (C2-262-901). 32 x 72 RCP Flap  Slide  

Built after levee 
completion, no USACE 

permit  
Excellent  Standing water on landside of levee.  

Ponded water may create seepage paths. 
Geotechnical investigation required, see Section 
2.4. 

9 29+90.00 City of Grand Junction 
2003, page 8  

Drains stormwater detention 
pond 3 (C2-262-901).  32 x 72 RCP  Flap  Slide  

Built after levee 
completion, no USACE 

permit  
Excellent  Same as crossing 8.  Same as crossing 8.  

 

RCP – Reinforced Concrete Pipe
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2.3 Embankment Protection 
Requirement 

Engineering analyses must be submitted that demonstrate that no appreciable erosion of the levee embankment 
can be expected during the base flood, as a result of either currents or waves, and that anticipated erosion will 
not result in failure of the levee embankment or foundation directly or indirectly through reduction of the 
seepage path and subsequent instability. 

Findings 

Based on available as-built information, the original levee was constructed with a 15” thick layer of riprap 
embedded to a depth of 6” from levee station 0+53 to 7+03, which is the extent between the Union Pacific 
Railroad bridge and the US HWY 50 bridge. During the field visit and based on aerial imagery, it was noted that 
the riprap extends beyond the design to about 100-ft upstream of the upstream face of the US HWY 50 bridge. 
The as-builts do not provide a median diameter (D50) for the riprap, but it was estimated at 24” during the field 
visit. Since the levee was constructed there has not been a large enough flood to cause any damage to the levee 
or to test the existing embankment protection. Outside of the riprap protected areas, there is very minor erosion 
along the levee that is noted in subsequent sections of this report. There is no known history of erosion issues 
with this levee that would contribute to levee failure.   

To determine whether the existing riprap revetment was sufficient to protect the levee embankment and to 
determine whether additional protection was necessary, two major factors were considered. The first factor was 
whether the levee was likely to scour based on hydraulic modeling results from the existing conditions, and the 
second was whether the river was likely to migrate toward the levee over time, exposing the levee to greater 
erosional forces.  

The preliminary hydraulic model for the Colorado River from the ongoing countywide study was used to 
estimate existing scour potentials along the levee. Average shear stresses and velocities for the right overbank, 
where the levee is located, are presented in Table 2.  Model results were then compared to the maximum 
allowable shear stresses and velocities that various channel linings can withstand provided in the reference HEC-
15 Design of Roadside Channels with Flexible Linings (FHWA, 2005). From HEC-15 Table 865.2, included in 
Appendix D, long native grasses can withstand shear stresses of up to 1.7 lb/ft2 and velocities as high as 6ft/s. 
Short native grasses can withstand shear stresses of 0.95 lb/ft2 and velocities of 4ft/s. Based on these values and 
the model results, well seeded native grasses should provide sufficient protection for the entire length of levee.  
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Table 2: Estimated Existing Shear Stresses and Velocities Along the Levee Embankment 

Hydraulic Model 
Cross-Section Levee Station 

Right 
Overbank 

Velocity (ft/s) 

Right Overbank 
Shear Stress 

(lb/ft2) 

Additional 
Protection 
Required?  

207973.6 45+31 2.5 0.44 NO  
206973.5 27+51 2.79 0.48 NO  
205685.6 15+76 2.45 0.4 NO  
204861.2 08+51 3.52 0.67 NO  
204667.5 07+01 2.58 0.33 NO  
204540 05+46 2.58 0.34 NO  

204406.4 03+91 2.16 0.22 NO  
204223.9 00+55 2.96 0.36 NO  
204127.7 -00+41 3.61 0.51 NO  

 

To evaluate the potential for increased risk overtime, site geomorphology was considered. HEC-20 Stream 
Stability at Highway Structures (FHWA, 2012) provides guidance for evaluating stream migration potential. There 
are many geomorphic factors that influence stream stability and the likelihood of stream migration overtime. 
Major factors include stream size, flow habit, bed material, valley setting, floodplains, natural levees, apparent 
incision, channel boundaries, tree cover, sinuosity, braided streams, anabranched streams, and variability and 
width of bars. Not all these factors were investigated during this preliminary assessment, due to the preliminary 
nature of this analysis and lack of field data. A couple of factors of note are described below along with their 
potential impacts on levee embankment protection.  

Sections 2.3.11 and 2.3.12 of HEC-20 discuss braided streams and anabranched streams. According to the 
manual, a braided stream “consists of multiple and interlacing channels” and usually contains “multiple, mid-
channel islands and bars.” Anabranched streams are different “in that the flow is divided by islands rather than 
bars, and the islands are large relative to channel width [...] The anabranches, or individual channels, are more 
widely and distinctly separated and more fixed in position than the braids of a braided stream.” The Colorado River 
at the levee site has characteristics of both a braided and an anabranched stream. Upon reviewing historical 
imagery, it appears that Watson Island, the large island upstream of US HWY 50, has been relatively fixed 
overtime. The island is also vegetated with large trees and the channel between the island and the levee has not 
changed significantly over time. The smaller island under the railroad bridge, however, is much more indicative 
of braided stream flow behavior. The island has changed significantly over time from being centered in the 
channel in 1993, with relatively equal conveyance on either side, to being farther to the right of the channel in 
more recent imagery. This island appears sandy and is vegetated only by small brushes and grasses. Figure 6 
presents historical imagery courtesy of Google Earth which shows these changes through time. 
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Figure 6: Channel Migration Over Time
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Overall, this preliminary assessment indicates that the channel along the upper portion of the levee is relatively 
stable and not likely to migrate over time, or if migration does occur it will likely happen slowly. The channel 
around the railroad bridge, however, appears to migrate regularly and might change significantly during a flood 
event. Section 2.3.11 of HEC-20 notes this about braided channels, “The presence of bars obstructs flow and scour 
occurs, either lateral erosion of banks on both sides of the bar, scour of the channels surrounding the bar, or both. 
This erosion will enlarge the channel and, with reduced water levels, an island may form at the site of a gravel or 
sand bar. The worst case will be where a major bar or island forms at a bridge site. This can produce erosion of 
both banks of the stream and bed scour along both sides of the island. Reduction in the flow capacity beneath the 
bridge can result as a vegetated island forms under the bridge. An island or bar that forms upstream or 
downstream of a bridge can change flow alignment and create bank erosion or scour problems at the bridge site.”  

Based on this information, it is not unreasonable to assume that over time or during a major flood event the 
main conveyance path for the Colorado River could shift toward the right bank where the levee is located. In this 
situation, the levee would be exposed to greater velocities and shear stresses than the hydraulic model 
estimated for the right overbank, because the model was developed based on the current river geometry. To 
have a conservative estimate of the embankment protection necessary to protect the levee during such a 
situation, the shear stresses and velocities for the main channel of the Colorado River were used to estimate 
riprap sizing based on guidance from HEC-15. As previously noted, this portion of the levee is already armored 
with riprap that has a D50 of approximately 24 inches. Table 3 shows the results.  

 

Table 3: Estimated Potential Shear Stresses and Velocities Along the Levee Embankment  

Hydraulic 
Model 
Cross-
Section 

Levee 
Station 

Mean 
Channel 
Velocity 

(ft/s) 

Main 
Channel 

Shear 
Stress 

(lb/ft2) 

Riprap 
D50 

Required 
(in) 

Additional 
Protection 
Required?  

204667.5 07+01 10.39 1.57 6 NO  
204540 05+46 10.26 1.57 6 NO  

204406.4 03+91 8.75 1.14 6 NO  
204223.9 00+55 7.54 0.85 3 NO  
204127.7 -00+41 7.97 0.97 3 NO  

 

Recommendations 

Based on this preliminary assessment, the existing embankment protection appears to be sufficient for the entire 
length of levee as long as native vegetation is established and well maintained on all non-riprap reinforced 
sections of the riverside embankment. The existing riprap appears to be conservatively sized and in good 
condition. However, this is a high-level review of potential issues, and not an in-depth investigation. Knowing 
that geomorphologic conditions at the site make stream migration likely, it is recommended that further 
investigation into stream geomorphology be completed to assure that there are no other potential impacts 
related to stream migration over time. Additionally, it is recommended that a two-dimensional (2D) hydraulic 
model be developed for more accurate estimates of scour potential. Two dimensional models are better suited 
for estimating scour because they allow for flow to move in any direction and allow for more variability in flow 
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velocities and momentum. Additionally, 2D models are better at handling split flow and braided stream 
scenarios. A one-dimensional (1D) model assumes a uniform flow direction and interpolates channel geometry 
between cross-sections. Although this is reasonably accurate at large scales, for example for use in floodplain 
mapping, it does not provide as detailed of information for discrete locations. A 2D model for the river reach 
along the levee would provide more accurate scour estimates.  

2.4 Embankment and Foundation 
Requirement 

For each unique levee segment which is based on construction type, embankment soil, foundation conditions, 
etc., engineering analyses that evaluate levee embankment stability must be submitted. The analyses provided 
shall evaluate expected seepage during loading conditions associated with the base flood and shall demonstrate 
that seepage into or through the levee foundation and embankment will not jeopardize embankment or 
foundation stability. An alternative seismic analysis demonstrating that the levee is designed and constructed for 
stability against earthquake loading conditions, as defined in Chapter 6, Section II, Case IV of the USACE levee 
design manual, should be considered if warranted by the severity of the expected seismic event (USACE, 2000). 

Findings 

Wood has performed a review of the USACE 1997 as-built drawings which provide information regarding the 
site topography (prior to construction), plan and profile, and detail sheets. The as-built drawings indicate that 
the maximum vertical height between the levee crest and natural grade is approximately 9ft (between STA 
11+50 to 13+00), and that the typical levee embankment cross section geometry has a 12-foot-wide crest with 
riverside and landside slope ratios of 2.5H:1V (horizontal: vertical) and 2.0H:1V, respectively. Wood’s field 
observations of the levee embankment geometry are consistent with those documented on the as-built 
drawings.  

The levee design also includes two relief wells located along the landside levee toe near station 3+00 and 6+00. 
Based on conversations with the community and the USACE, the original levee design may have included more 
than the two existing relief wells. Relief wells provide pressure relief for elevated pore-water pressures or 
artesian conditions that can develop on the landside of levees, which develop when an impermeable clay layer is 
underlain by a pervious sand layer, as in the case for the Colorado River Levee. This potentially unstable 
condition can result in significant upward flow and possibly artesian conditions where sand is present near the 
toe of the embankment. Consequently, the pore-water pressures and corresponding flow can reduce stability 
and even lead to sand boils and piping. The functionality and necessity of the relief wells cannot be evaluated 
from the information available. 

Overall, the as-built drawings provided for review appear to be in order and are stamped by a professional 
engineer to meet the requirements of FEMA Title 44, Part 65, Section 65.10, subsection (e). However, the 
drawings have been revised in several locations and may not reflect the current levee conditions. It is 
recommended that they be revised as described in Section 5.0 of this report.  

Previously completed analyses and engineering computations that evaluated levee embankment stability were 
not available for review by Wood. It is unclear whether these calculations exist, as they were not mentioned in 
the USACE-provided documents. Without documentation providing the evaluated levee embankment cross 
section locations, methodology, and calculations, Wood cannot validate the stability of existing levee 
embankments and more data is needed for certification. However, it is Wood’s opinion that the geometric 
configuration of the levee embankment has an inherent low risk of slope instability for the following reasons: 
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• Moderate height (less than 25ft) 
• Less than 2.0H:1V riverside slope (generally accepted as the steepest slope that can adequately support 

riprap) 
• Less than 3.0H:1V landside slope (readily traversable with conventional mowing equipment and 

pedestrian traffic during inspections) 
• Crown width greater than 10ft (provides adequate access for maintenance and flood-fighting 

operations) 
• No prior repairs or problem areas have been reported 

Overall, it is Wood’s opinion that the current condition of the levee is acceptable; however, deficient conditions 
exist that require improvements/corrective action. Although the levee will essentially function as intended, it will 
operate with less reliability than what should be provided, if not corrected.   

Minor erosion was observed at a few locations along the levee embankment during Wood’s field assessment. 
The most notable erosion cut into the levee less than 6” and appeared to be associated with pedestrian traffic. 
No deep-seated slides, sloughs, cracking, or depressions associated with slope instability were evident.  

Longitudinal and/or transverse cracking were observed along the concrete pedestrian sidewalk situated on 
portions of the levee crown, which was reportedly constructed upon completion of the levee or sometime 
shortly after. Based on the low degree of separation between the cracked portions of sidewalk and the relatively 
level levee crown outside of paved areas, the cracks do not appear to be associated with slope instability. 

Several small animal burrows were observed along the portion of the levee created by capping the existing 
railroad embankment. These burrows appear to be 6to 12 inches in diameter and penetrate the levee 
embankment. Additionally, numerous large anthills were observed along the portion of the levee not covered by 
a sidewalk. These burrows are not significant to the extent that the levee is at immediate risk for instability. 
However, the presence of these burrows on the slope of levee embankments can potentially shorten seepage 
paths, increase seepage volumes, decrease the factor of safety against slope failure, and increase the risk of 
internal erosion of embankment materials, which may result in piping during flooding. Photos of the animal 
burrows and anthills are included in Appendix H.  

As summarized in Table 1, ponded water against the levee was observed at four locations, stormwater detention 
ponds 2b, B, and 3 and at the riverside of the outfalls from stormwater detention pond 1. During a storm event it 
is expected that there will be water in all of the stormwater detention ponds as the ponds were constructed for 
stormwater management purposes. In general, the ponding areas against the levee should not pose an issue for 
certification as long as they are properly evaluated. Having standing water along the levee could impact the 
phreatic surface causing seepage paths through the levee which could create weak zones, and hence why the 
evaluation is necessary.   

The ponded water at the outfall of stormwater detention pond 1 likely will not impact the phreatic surface and 
cause seepage through the levee since it is on the riverside of the levee and the topography slopes away from 
the levee toward the river.  Stormwater detention pond B at the Botanical Gardens appears to have been 
constructed within the lower portion of the levee slope and the side along the levee is lined with large boulders. 
This area was inaccessible during Wood’s site assessment, but the slope appears stable. This kind of 
encroachment into the levee slope is generally unacceptable and further analysis is required to evaluate the 
implications of the design if the City wishes to maintain the current configuration. There are a few additional 
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encroachments that cut into the levee slope associated with the stormwater detention ponds. These are 
discussed further in Section 2.7.2.  

Recommended Actions 

Since documentation of the geotechnical analyses completed to support the original levee design is unavailable, 
an additional geotechnical investigation to evaluate the subsurface conditions along the existing levee 
alignment will be necessary for certification. The investigation should include a subsurface exploration consisting 
of boreholes, laboratory testing, and comprehensive geotechnical assessment of collected subsurface data. To 
ensure a wide spatial distribution of geotechnical data is obtained, boreholes should be spaced no greater than 
1,000ft on-center along the levee alignment; closer spacing may be needed where levee embankment or 
foundation conditions are inconsistent.  Where feasible, boreholes should also be drilled occasionally along the 
levee embankment toe.  Boreholes should be drilled sufficiently deep to characterize the levee embankment and 
foundation conditions within any potential slope failure surface. Drilling should be performed in accordance with 
guidance provided by USACE (2014b) for drilling in earth embankment dams and levees. The limited 
geotechnical data available from historical subsurface explorations should be reviewed to facilitate the planning 
of any additional boreholes and evaluated during further geotechnical analyses. 

As previously mentioned, the available information does not provide a basis for the design of the existing relief 
wells with respect to their locations, installation details, and intent. Therefore, the proposed geotechnical 
analyses should include an evaluation of the existing relief wells to determine if they adequately serve their 
intended function. If the existing relief wells are found to be unnecessary for levee stability based on the analysis, 
they may be abandoned during the certification process. Otherwise, the wells will need to continue to be 
maintained as described in the Operations and Maintenance Manual. It is also possible that the geotechnical 
analysis will show that additional relief wells are necessary for levee stability, which may be likely as similar 
geotechnical conditions exist elsewhere across the levee. 

An itemized checklist of FEMA Form FF-FY-21-102 requirements for geotechnical analyses to evaluate 
embankment and foundation stability is provided in Table 4. These stability analyses are required to evaluate the 
levee against shear failure for various loading conditions, including the end of construction, during sudden (also 
known as rapid) drawdown, critical flood stage, steady state seepage at flood stage, and seismic loading. The 
principal methods used to analyze levee embankments for stability against shear failure assume a sliding surface 
within the foundation and/or the embankment or a composite failure surface through the foundation and 
embankment. USACE standards in Engineering Manual (EM) 1110-2-1902 (USACE, 2003) provide guidance for 
analyzing the stability of embankment slopes, which are typically performed using different commercially 
available computer programs under the current state of geotechnical practice. 
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Table 4: Summary of FEMA Requirements for Embankment and Foundation Stability 

Requirement 
No. 

FEMA Form FF-FY-21-102 Requirements 
 

5 Embankment and Foundation Stability 

a Identified locations and basis for selection of critical location for stability analysis 

b Specified embankment stability analysis methodology used (e.g., circular arc, sliding block, infinite 
slope, etc.) 

c Summary of stability analysis results (e.g., end of construction, sudden drawdown, critical flood 
stage, steady state seepage at flood stage, and earthquake) 

d Seepage analysis for the embankment 

e Specified seepage analysis methodology used 

f Uplift pressures at the embankment landside toe checked 

g Seepage exit gradients checked for piping potential 

h Duration of the base flood hydrograph against the embankment 

 

The levee should be inspected periodically, including before flood season and immediately following major 
high-water periods to identify any unusual settlements, sloughing, caving, seepage, and boils. A discussion of 
specific maintenance items based on field observations and recommendations for corrective actions are 
discussed below. 

The mild erosion along the levee observed during the field visit appears to result from surface runoff and 
pedestrian traffic and requires periodic maintenance to repair. Over a period, surface erosion can progressively 
damage the levee embankment by creating preferred water seepage paths through eroded portions of the levee 
and through destabilization caused by volumetric loss of embankment soils. Where possible, the native grass 
and weeds should be kept in-place to provide erosion protection for the levee slopes. Bare areas on an 
embankment are more susceptible to erosion which can lead to localized stability problems such as small slides 
and sloughs. Bare areas should be repaired by establishing grass/weed cover or by installing other protective 
cover (e.g., sod, asphalt, gravel, riprap, etc.). Provided the existing grass and weeds are mowed regularly to 
increase visibility, the use of grass and weeds for protective cover is an effective and inexpensive way to prevent 
erosion of embankment surfaces. 

Wood understands that the levee embankment materials are comprised of clayey materials.  Therefore, surficial 
shrinkage cracking is expected where levee materials are dry.  Shrinkage cracks are typically narrow and shallow, 
not exceeding a few inches, but may extend as much as 2ft during periods of extreme drought (USACE, 2006).  
These shrinkage cracks may appear on any paved surface such as the sidewalk. Where cracks are excessive, they 
should be evaluated (e.g., potholing to determine if crack is present below sidewalk and determine the depth) by 
a geotechnical engineer to determine if they undermine levee stability and what type of corrective action is 
required. No such cracks were observed during the field visit.  
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Animal and insect burrows that are identified should be thoroughly excavated to identify potential seepage 
concerns and evaluate the stability of the existing levee embankments and inspected, backfilled with compacted 
soil in 6-inch-thick lifts with similar levee materials.  Plans to prevent new burrows should be implemented in 
accordance with the FEMA (2005) document titled “Technical Manual for Dam Owners - Impacts of Animals on 
Earthen Dams – FEMA 473”, which provide animal specific control measures for rodent and ant management 
methods. Re-inspection should be performed on a routine basis as an operations and maintenance item after all 
observed burrows have been properly repaired. 

As discussed, further analysis should be completed for all the stormwater detention ponds along the landside of 
the levee to evaluate their impacts on the phreatic surface and their potential to cause instability. The 
encroachment associated with stormwater detention pond B as well as other encroachments is discussed further 
in Section 2.7.2.  

The O&M manual prepared by the USACE provides periodic inspection procedures and checklists to be 
performed semi-annually.  Among the inspection checklist items addressed in the Operations and Maintenance 
(O&M) Manual, deficiencies such as the erosion and animal burrows are to be recorded and included in report 
submittals to the USACE District Engineer for further evaluation, if needed. Wood recommends the City of Grand 
Junction adhere to the periodic inspection and reporting procedures outlined in the O&M manual to maintain 
proper operation of the levee.   

2.5 Settlement Analysis 
Requirement 

Engineering analyses must be submitted that assess the potential and magnitude of future losses of freeboard 
as a result of levee settlement and demonstrate that freeboard will be maintained. These analyses must address 
embankment loads, compressibility of embankment soils, compressibility of foundation soils, age of the levee 
system, and construction compaction methods. In addition, detailed settlement analysis using procedures such 
as those described in the USACE Settlement Analysis manual must be submitted for each reach of levee and/or 
floodwall (USACE 1990). 

Findings 

Wood did not observe evidence of settlement (e.g., localized differential settlement, sags, or depressions) along 
the levee alignments which could negatively affect the freeboard during the field assessment. 

Previously completed analyses and engineering computations that evaluate levee settlement were not available 
for review by Wood. It is unclear whether these calculations exist or if any assumptions were made for 
settlement as they were not mentioned in the USACE-provided documents. Post-construction settlement of an 
earth embankment can occur from the consolidation of both embankment and foundation material subjected to 
any load, which can result in loss of freeboard or damage to appurtenant structures.   

Where foundation and embankment soils are granular (sandy), most of the settlement will occur during 
construction.  For cohesive (clayey) soils, settlement usually takes place over a greater period after construction. 
The degree and time for this settlement to occur is dependent on the consolidation characteristics of soils, 
including stress history, drainage paths, and hydraulic conductivity. The levee embankment and foundation 
materials primarily consist of clayey materials. Therefore, a proper settlement analysis will need to be performed 
to meet the FEMA certification requirements.  
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It is Wood’s opinion that any remaining settlement since completion of the levee will be minimal or negligible 
for the following reasons: 

• The levee is older than 25 years (most of the consolidation may have already occurred for clayey 
embankment and upper foundation materials) 

• The settlement of lower granular foundation soils would have occurred during construction.   

Recommended Actions 

As part of the certification process, Wood recommends that a geotechnical analysis be performed to estimate 
the settlement of levee embankments. To effectively perform the analyses, the subsurface exploration boreholes 
described in Section 2.4 should be performed.  The subsurface exploration should also include the collection of 
cohesive (clayey) embankment and foundation soil samples to perform consolidation laboratory tests that can 
be used to evaluate the consolidation characteristics of cohesive soils. 

An itemized checklist of FEMA Form FF-FY-21-102 requirements for geotechnical analyses to evaluate settlement 
is provided in Table 5.  The USACE (1990) standards in EM 1110-1-1904 provide guidance for estimating 
settlement for various soil and embankment configurations using computations based on the theory of elasticity 
and soil consolidation. 

Areas of significant settlement are important with respect to possible levee overtopping in a flood event. 
Settlement is a naturally occurring phenomenon, due to the consolidation of the levee embankment material 
and its foundation over time, but anomalous or excessive settlement may be an indication of internal erosion 
due to seepage taking place in the levee embankment or foundation (USACE, 2006). Therefore, the levee should 
be inspected periodically to identify any unusual settlements. 

Table 5: Summary of FEMA Requirements for Settlement 

Requirement 
No. 

FEMA Form FF-FY-21-102 Requirements 
 

7 Settlement 

a Has anticipated potential settlement been determined and incorporated into the specified 
construction elevations to maintain the established freeboard margin? 

b Computed settlement range documented 

c Determined cause of levee crest settlement  

 

2.6 Interior Drainage 
Requirement 

An analysis must be submitted that identifies the source(s) of interior flooding, the extent of the flooded area, 
and, if the average depth is greater than one foot, the water-surface elevation(s) of the base flood. This analysis 
must be based on the joint probability of interior and exterior flooding and the capacity of facilities (such as 
drainage lines and pumps) for evacuating interior floodwaters. 
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Findings 

As described in Section 2.2 the levee has nine interior drainage structures and six stormwater detention ponds 
are located along the landside of the levee. None of the structures/stormwater detention ponds are equipped 
with any type of emergency pumping system. The City may have available pumps for interior drainage removal 
during flood events, but there is no operational plan for any such pumping specified in the O&M manual. As 
such, they cannot be included in reducing the interior drainage extents in mapping. 

The effective FIRM panels, 08077C0812F and 08077C0816F, show limited interior flooding with elevations 
ranging from 4,563-ft to 4,568-ft (NAVD88). It appears that there have been several construction projects in the 
area, since the interior flooding was last studied.  These may impact interior flooding, and include:  

• New ramps for the US HWY 50, Riverside Parkway interchange  
• Modifications to the stormwater detention ponds and botanical gardens, including the increase in 

embankment slope the retainment with large boulders    
• General development of the commercial area protected by the levee  

Wood completed a Base Level Engineering (BLE) study for Mesa County in 2019.  BLE studies are 2D studies 
generally used to provide a base level understanding of flood risk and to help determine scope for future 
studies. BLE studies may be upscaled to approximate or detailed 2D studies for areas of interest. Wood 
enhanced the Mesa BLE study in this levee area to develop a preliminary estimate of interior drainage and 
flooding for the base flood. This was accomplished by reducing the size of the model to encompass only the 
area behind the levee and the natural/manmade watershed that drains to that area and then applying the 1% 
annual chance rain on grid hydrology to the model. The City’s stormwater system was not taken into account in 
this model based on the assumption that it would be full during a major storm event. One major cross drain 
under Struthers Avenue was incorporated into the model. Pumping that might take place during a flood event 
was not considered. For this analysis, the model was run assuming the Colorado River is flowing at its BFE, 
concurrent to a 100-year storm event impacting the City, consistent with Code of Federal Regulations (CFR) 
requirements.  

Overall results from the preliminary modeling for the interior drainage during the base flood event show an 
increase in flooding extents compared to the effective mapping. The resulting interior BFEs are similar to the 
effective BFEs, however the extents have changed likely due to new terrain data and improved methodology. The 
majority of increases in flooding extents are where water is detained along roadway embankments. Flooding 
appears to be largely contained to roads and undeveloped areas and likely only impacts three structures. Results 
are presented in Figure 7. A ready-to-run version of the model is included in the electronic files submitted with 
this report.  

Recommendations 

Interior flooding conditions should be studied in greater detail. As stated, this preliminary model did not take 
into account the stormwater system or any potential pumping. These items as well as other model refinement 
could have a significant impact on the flooding extents shown. For example, the BFEs shown to the north of 
Riverside Parkway would equalize with elevations to the south of Riverside Parkway if these areas were 
hydraulically connected in the model. This would likely reduce elevations to the north of Riverside Parkway and 
increase elevations to the south.  

Overall, based on the data available, it appears that there are a few structures at risk from interior flooding. 
Developing an operational plan for interior pumping is dependent on City interest. A more detailed study would 
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need to be performed, updating the hydraulic model to estimate the pumping capacity necessary to reduce 
interior flood extents to a desired level. Any pumping facilities added to the project would require a USACE 408 
permit. The final operational plan for any pumping efforts would need to be clearly documented in the O&M 
manual, and the hydraulic model used to estimate interior flooding BFEs will need to be accepted by FEMA. The 
community would need to work closely with the USACE for any such modification.  
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Figure 7:  Preliminary Interior Drainage Extents Shown with Effective Flood Zone Data 
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2.7 Other Design Criteria 
In unique situations, such as those where the levee system has relatively high vulnerability, FEMA may require 
that other design criteria and analyses be submitted to show that the levees provide adequate protection. In 
such situations, sound engineering practice will be the standard on which FEMA will base its determinations. 
FEMA will also provide the rationale for requiring this additional information. 

The following subsections detail miscellaneous issues found during the field assessment. These issues do not fall 
under standard design requirements described in 44 CFR 65.10(b), however, it is recommended that these 
additional design criteria be addressed prior to certification. 

2.7.1 Vegetation 
Requirement 

The USACE has developed standard guidelines for management of vegetation around levees and other similar 
structures in the report titled, “Guidelines for Landscape Planting and Vegetation Management at Levees, 
Floodwalls, Embankment Dams, and Appurtenant Structures” (2014). Within this report, the USACE defines the 
Vegetation-Free Zone, which is a three-dimensional corridor along levees and related structures that must be 
clear of all vegetation (other than native grasses) and other obstructions to, “assure adequate access by 
personnel and equipment for surveillance, inspection, maintenance, monitoring, and flood-fighting” (USACE, 
2014). A secondary purpose of the Vegetation-Free Zone is that is provides distance between surrounding root 
systems and the levee. Root systems penetrating the levee can damage the structural integrity of the levee 
system through piping and seepage issues. Additionally, root systems of trees overturned due to high winds can 
leave large holes in the surrounding earth, which could also impact the structural integrity of the levee system. 
The width of the Vegetation-Free Zone is the width of the levee plus an additional 15ft on either side with a 
minimum height of 8ft, measuring vertically from any point on the ground (USACE, 2014). For areas with 
appurtenant structures, such as the relief wells, the Vegetation-Free Zone extends 15ft past the structure or to 
the easement boundary.  
 
Findings 

Vegetation was documented within the Vegetation-Free Zone along sections of the levee during the field 
assessment and through aerial imagery. Approximately 30 percent, of the levee was found to have vegetation 
within the Vegetation-Free Zone on the landside, riverside, or on both sides of the levee. Most of this vegetation 
consists of smaller shrubs and brush, however, several trees were also found to be within the Vegetation-Free 
Zone. Figure 8 summarizes the areas of vegetation along the landside and riverside of the levee and denotes 
problematic areas of concern where vegetation is found within the Vegetation-Free Zone, which may require 
tree removal.  

Vegetated areas within the Vegetation-Free Zone include parts of the Botanical Gardens and the Butterfly 
Garden. The Botanical Gardens are located on the landside of the levee centering around stormwater detention 
pond B.  The portion of the Botanical Gardens within the Vegetation-Free Zone that incl shrubs and trees is 
largely adjacent to high ground. Therefore, most of the trees and large shrubs do not pose a threat to levee 
integrity. However as noted in Section 2.4, stormwater detention pond B does encroach into the levee prism and 
therefore vegetation against the levee within proximity of the pond could pose a risk.  

The Butterfly Garden is located on the riverside of the levee at approximately levee station 15+00. The garden 
includes a row of trees approximately 10ft to 20ft away from the toe of the levee. These trees do not likely pose 

https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=b2570f2eabf8e55d4ed70ee8d941afbc&term_occur=6&term_src=Title:44:Chapter:I:Subchapter:B:Part:65:65.10
https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=7f7de18f3854dbc8a8ceb9314b2dade8&term_occur=2&term_src=Title:44:Chapter:I:Subchapter:B:Part:65:65.10
https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=55a624cc2b0c3109f92e6e0eb9d1e8da&term_occur=18&term_src=Title:44:Chapter:I:Subchapter:B:Part:65:65.10
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a risk to levee integrity because they don’t impede visibility and physical access for inspections and flood 
fighting. Additionally, this portion of the levee features inherently stable geometry that is typically wider with a 
4.0H:1V landside slope. 

Outside of these two areas, there are three additional trees located within the Vegetation-Free Zone. The first 
tree is located on the riverside of the levee near the access road to Watson Island and is approximately 10ft from 
the toe of the levee. The second tree is located on the landside of the levee at stormwater detention pond 2. The 
tree is located on the edge of the levee embankment. The last tree is located on the west side of the Union 
Pacific Railroad tracks where the levee turns north and follows the railroad embankment. The tree is located on 
the embankment. Pictures of the trees noted within the Vegetation-Free Zone as well as other vegetation are 
included in Appendix H.  

Recommendations 

The most straightforward path to levee certification would be the removal of all vegetation other than native 
grasses and small weeds within the Vegetation-Free Zone as documented in Figure 8. This will provide for 
adequate access for inspection and maintenance and would protect against potential root damage. However, it 
is acknowledged that some of the vegetation within the Vegetation-Free Zone may be important to the 
community and provide habitat for wildlife.  

Another option would be to conduct additional field measurements and analysis for specific areas or plants 
within the Vegetation-Free Zone to avoid unnecessary removals. Analysis would include evaluating geotechnical 
conditions that pose a risk to levee integrity (e.g., slope stability and seepage) and analysis by a trained arborist 
to estimate the current or future extent of any tree root system. Certain tree species for example tend to have 
more vertical root systems than other trees and may pose less of a risk to the levee integrity. The arborist should 
also determine if the tree is healthy and stable or should be removed due to the health of the tree and risk 
imposed to general public or flood fighting personnel. 

Wood initially recommends the removal of all large plants on the levee side of stormwater detention pond B, the 
tree near the Watson Island access, the tree at stormwater detention pond 2, and the tree on the railroad 
embankment as they are rooted within the levee prism and pose a higher risk. It is initially considered unlikely 
that the levee would be certifiable without their removal.
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Figure 8: Recommended Vegetation Removal Summary
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2.7.2 Encroachments 
Requirement 

The primary purpose of the USACE Vegetation-Free Zone is to provide adequate access to levees and other 
related structures through removing vegetation and other obstructions within the three-dimensional corridor, as 
discussed in Section 2.7.1. To achieve adequate access and facilitate visual inspections, other non-vegetative 
encroachments (e.g., fences, buildings, etc.) that could impede maintenance, operations, and flood fighting, or 
obscure the ground surface, thereby preventing early detection of seepage or scour, must also be considered for 
removal. Additionally, structures that may compromise the integrity of the levee should not be allowed within 
the levee prism.  
 
Findings 

Several non-vegetative encroachments were documented during the field assessment. Encroachments include 
three small retaining walls, two small sheds, and a couple of fences. Figure 1 shows the location of the retaining 
walls and Table 6 summarizes the major encroachments.  

The first retaining wall, shown in Figure 9, is located over the outfall for stormwater detention pond 2 and cuts 
into the levee prism by approximately 2ft. The retaining structure is a simple gravity wall (i.e., utilizes its own 
weight to retain earth pressures) constructed of concrete masonry unit (CMU) blocks and appears to be in good 
condition. Since the retaining wall only measures approximately 2ft in height and has a 2H:1V backslope angle, it 
does not retain a significant amount of soil earth pressure and surcharge loads. Therefore, a wall failure would   
be unlikely to result in a soil mass collapse that would impact the integrity of the levee or cause a levee breech. 
Similarly, there is also a small shed, shown in Figure 10, located nearby that has its own small retaining wall also 
approximately 2ft in height with an approximate backslope angle of 5H:1V. For either case, the gravity retaining 
walls are located near the levee toe and do not cut significantly into the levee prism. Therefore, the seepage 
path across the embankment is not significantly shortened. 
 
If the City wishes to certify the levee with these retaining walls, a more detailed geotechnical analysis will be 
required to confirm that they do not negatively impact the integrity of the levee. Particularly, the extent of the 
soil wedge supported behind the retaining walls should be assessed and a coupled seepage and stability 
analyses should be performed to determine if retaining wall failure affects the integrity of the levee.   
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Figure 9: Retaining Wall and Fence at Stormwater Detention Pond 2 

 
Figure 10: Shed and Retaining Wall at Stormwater Detention Pond 2 
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An additional 2ft high retaining wall with a 2H:1V backslope, shown in Figure 11, is located over the outfall for 
stormwater detention pond B and cuts into the levee prism by about 2ft. This structure appears to be a cast-in-
place concrete cantilever retaining wall (i.e., footing that holds the wall in position to resist overturning and 
sliding) and appears to be in good condition. There is also a small shed located nearby. As discussed in Section 
2.4, stormwater detention pond B encroaches into the levee prism and the resulting steep slope is stabilized with 
large boulders. The reduction in levee prism also shortens seepage paths. This area generally will require further 
geotechnical analysis to evaluate the impact on levee stability and through seepage. 

 
Figure 11: Retaining Wall, Fence, and Shed at Stormwater Detention Pond B (Photo Courtesy of USACE) 
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The final retaining wall, shown in Figure 12, is located over the outfall for stormwater detention pond C and cuts 
into the levee prism by approximately 4ft. This wall is constructed of CMU blocks and appears to be in good 
condition although there is some discoloration apparent on the front of the wall indicating that rainwater may 
seep through the wall during storm events. The height of this retaining wall and therefore the consequence of 
potential failure is higher than for the other walls. Failure of this retaining wall has a potential to cause a levee 
breech as the sliding soil mass (or soil wedge) may likely extend into the levee crest. 

 
Figure 12: Retaining Wall at Stormwater Detention Pond C 

In addition to the retaining walls and sheds, there are two fences within the Vegetation-Free Zone. These fences 
are located around stormwater detention ponds 2 and 2b, as shown in Figures 9 and 10, and stormwater 
detention pond B, as shown in Figure 11, and restrict access to the head gates for the interior drainage 
structures that cross the levee at these locations. The fence around stormwater detention pond 2 is barbed wire 
and does not appear to have an access gate from the levee side. The Fence around stormwater detention pond 
B is wrought iron and does include an access gate. These fences likely do not pose any geotechnical risk but do 
hinder inspection and flood fighting efforts along the levee.  

Recommendations 

As with unsuitable vegetation, encroachments are detrimental to the performance of levees as they restrict 
access during emergency operations, obscure areas from thorough visual inspections, and may introduce 
preferred seepage paths.  Excavations, structures, or other obstructions present within the levee right-of-way 
and exclusion zones are generally prohibited (USACE, 2006). The most straight forward path to levee certification 
would be to remove all encroachments within the levee right of way and exclusion zones however certification 
may still be possible with further geotechnical analyses if the community prefers to certify with the existing 
encroachments.    
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It is Wood’s opinion that the existing private chain-link fencing, other small pole structures similar in size to 
chain-link fencing posts, and small utility encroachments (e.g., utility cable boxes), may be left in place if they do 
not adversely restrict access to perform emergency operations, maintenance, or inspections. The fence around 
stormwater detention pond B for example may remain as long as there is a formalized plan, documented in the 
O&M manual summarizing where keys to the access gate are located in case of necessary access. Such 
encroachments are typically embedded less than 1ft to provide adequate lateral and overturning resistance and 
therefore, present minimal risk if post structures overturn or get ripped from the ground, which would result in 
surficial damage to the slope rather than deep-seated damage that would cause slope instability. Embedment 
depth for each of these encroachments would need to be satisfactorily demonstrated, and the encroachment 
approved by the certifying engineer prior to certification.  

Wood recommends that other non-vegetative encroachments such as the retaining walls and small shed 
structures within the Vegetation-Free Zone be considered for removal or relocation prior to certification to 
provide adequate access to the levee as well as correct the cuts into the levee prism that could lead to levee 
instability. In contrast with chain-link fence or posts, these structures can obstruct visual evidence of erosion or 
other potentially unstable conditions. Any voids associated with the removal of the retaining walls and shed 
structures, including their foundations, should be backfilled and compacted in 6-inch lifts with similar levee 
materials in consultation with the certifying engineer. Levee certification may be possible with further 
geotechnical analyses if the community prefers to keep the smaller retaining walls and sheds, however it is 
unlikely that the levee will be certifiable without the removal of the retaining wall at stormwater detention pond 
C.   

The small retaining walls do not retain a significant soil mass and therefore their failure is unlikely to result in 
levee failure or to have other detrimental consequences to levee stability. Further geotechnical analysis would be 
required to prove that this is the case. Failure of the larger retaining wall could lead to levee failure and therefore 
geotechnical analysis would need to prove that the wall is an engineered part of the levee capable of 
withstanding the 100yr event. From initial inspection the wall does not appear to be an engineered design and 
therefore is likely unacceptable.   

Any encroachments that the City wishes to maintain will need to be permitted through USACE so that their 
future maintenance can be monitored and any modifications restricted. The City should also restrict any future 
encroachments or unauthorized activities within the levee right-of-way unless the City has reviewed and 
determined to that these encroachments and activities will not impact the levee systems’ performance and has 
received authorization from the USACE District Engineer as required in the O&M manual.    
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Table 6: Major Encroachments  

Current Conditions  

Action 
Station Type of 

Encroachment  Description  

Approx. 
Length 
cut into 
Levee 

Prism (ft) 

Approx. 
Height 
cut into 
Levee 

Prism (ft) 

Material Condition Notes 

11+61.00 Wall / Fence  
Retaining wall located at outlet 
for stormwater detention pond 2 
(C2-261-902). 

25 2 CMU 
Blocks Good  

Wall cuts approximately 2-ft 
into levee prism. Not in as-
builts, no USACE permit. 
Access restricted by barb wire 
fence.  

Recommend remove wall, 
repair levee, and extend 
pipe. Provide access to 
interior drainage headgate.  

12+33.00 Shed / Wall  
Shed with small retaining wall 
located near stormwater 
detention pond 2 (C2-261-902). 

N/A N/A CMU 
Blocks Good  

Wall does not cut into levee 
prism, but is within 15-ft of 
levee toe 

Likely not an issue, will 
need to analyze further. 

18+55.00 Wall / Fence  
Retaining wall located at outlet 
for stormwater detention pond B 
(Botanical Gardens). 

20 2 Concrete  Unknown  

Wall cuts approximately 2-ft 
into levee prism. Not in as-
builts, no USACE permit. Iron 
fence restricting access, gate 
with lock.  

Area generally needs 
further geotechnical 
investigation. Provide 
access plan for interior 
drainage headgate in 
O&M manual. 

18+70.00 Shed  
Small shed located near 
stormwater detention pond B 
(Botanical Gardens). 

12 1 Rocks Unknown 
Wall appears to cut slightly 
into levee prism.  Not in as-
builts, no USACE permit.  

Area generally needs 
further geotechnical 
investigation due to steep 
slope supported by 
boulders.  

22+15.00 Wall  
Retaining wall located at outlet 
for stormwater detention pond C 
(C2-262-902).  

70 4 CMU 
Blocks 

Appears to 
be seepage 

through 
wall  

Wall cuts approximately 4-ft 
into levee prism. Not in as-
builts, no USACE permit.  

Recommend remove wall, 
repair levee, and extend 
pipe. Levee unlikely to be 
certifiable with this 
encroachment. 
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2.7.3 Property Ownership 
Requirement 

All operation and maintenance activities of levee systems must be under the jurisdiction of a Federal or State 
agency, an agency created by Federal or State law, or an agency of a community participating in the NFIP as 
described in 44 CFR 65.10(c) and (d). 

Findings 

The City’s ArcGIS Online Parcel Map was accessed to view ownership around the levee (link provided in Section 
7.0). The City of Grand Junction Parcel Map shows that the levee and the property around the levee upstream of 
US HWY 50 is owned by the City. Downstream of US HWY 50, there are some gaps in the available parcel 
information, however this area should be US HWY 50 and Union Pacific Railroad right of way. Every parcel along 
the levee with parcel ownership information is shown as owned by the City.  

Recommendations 

Assuming that the City has established access along the US HWY 50 and Union Pacific Railroad right of way, 
property ownership is not an issue for this levee certification. Ownership and easement status should be verified.  
 
2.7.4 Utilities 
Requirement 
 
Utility penetrations through the levee can pose a risk to the structural integrity of the levee by creating potential 
seepage paths for flood waters and cause instability, erosion, or piping that could impact the levee. They should 
be evaluated to ensure seepage will not damage the levee prior to certification. 
 
Findings 

Several utility penetrations were documented in either the as-built plans, on the City of Grand Junction ArcGIS 
Online site, or in the 2019 USACE levee inspection report. Table 7 summarizes the location of these utilities and 
their characteristics, if known. 
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Table 7: Levee Utility Penetrations 

As-Built Station Source Utility 
Type  

Size 
(inches) Material Notes Action 

0+.00 City of Grand Junction 
GIS  

Sanitary 
Sewer 30 RCP   Verify 

existence/condition 

0+.00 City of Grand Junction 
GIS  

Combined 
Sewer  21 CIPP   Verify 

existence/condition 

0+92.00 USACE 1997, page C-7 Sanitary 
Sewer 12 Unknown   Verify 

existence/condition 

0+98.00 USACE 1997, page C-7 Sanitary 
Sewer 14 DIP   Verify 

existence/condition 
7+20.00 USACE 1997, page C-7 Gas Line 10 Steel  Verify condition  

8+00.00 USACE 1997, page C-7 Electric  2 – 6” Steel  Verify condition  

8+00.00 USACE 1997, page C-7 Water 24 Steel   Verify condition  

8+10.00 City of Grand Junction 
GIS  

Sanitary 
Sewer 8 PVC   Verify condition 

19+44.00 USACE 1997, page C-8 Water 24 Steel   Verify condition 

21+50.00 USACE 2019, page 8 of 
29 Unknown 4 PVC 

Projecting from 
embankment mid 
slope. Pipe has 
been fully 
grouted  

Verify condition 
and method of 
grouting 

30+75.00 USACE 1997, page C-9 Water 24 Steel  Encased in 36" 
RCP 

Verify 
existence/condition 

 
Recommendations 

The existence and condition in relation to seepage of utilities penetrating the levee summarized in Table 7. The 
action column indicates what will need to be determined prior to certification. A more complete search for other 
crossing utilities should also be completed.  
 

3.0 Operation Plan 
For a levee system to be recognized, the operational criteria must be as described below. All closure devices or 
mechanical systems for internal drainage, whether manual or automatic, must be operated in accordance with an 
officially adopted operation manual, a copy of which must be provided to FEMA by the operator when levee or 
drainage system recognition is being sought or when the manual for a previously recognized system is revised in 
any manner. All operations must be under the jurisdiction of a Federal or State agency, an agency created by 
Federal or State law, or an agency of a community participating in the NFIP. The following requirements must be 
met as described in 44 CFR 65.10(c). 

• 65.10(c)(1): Closures 

• 65.10(b)(2): Interior Drainage Plan 
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Findings 

The O&M for the levee was written by the USACE. It covers levee operation, maintenance, flood fighting, and 
local cooperation. The manual is officially adopted, and the local sponsor (levee owner) is the City of Grand 
Junction. Many of the responsibilities for levee maintenance and operation fall under the jurisdiction of the 
designated levee superintendent. The levee superintendent is appointed by the City of Grand Junction and is 
responsible for training additional personnel.  

Recommendations 

The existing O&M manual meets the requirements for being officially adopted, and under the jurisdiction of a 
community participating in the NFIP.  

3.1 Closures 
The operation plans for closures must include the following, as described in Section 65.10(c)(1) of the NFIP 
Regulations. 

3.1.1 Flood Warning System 
Requirement 

Documentation of the flood warning system, under the jurisdiction of Federal, State, or community officials that 
will be used to trigger emergency operation activities; and demonstration that sufficient flood warning time 
exists for the completed operation of all closure structures, including necessary sealing, before floodwaters reach 
the base of the closure. 

Findings 

The existing O&M manual does not state any formal flood warning system and there is no documentation 
demonstrating sufficient flood warning time for the completed operation of all closure structures. On page 16 
the manual states “When the water surface elevation of the river reaches a height which is equal to or greater than 
the elevation of the bottom of the flap gate opening, the slide gate should be manually closed.” There is no stated 
flowrate or stage along the Colorado River that would trigger the start of flood fighting activities. The manual 
states “immediately upon the receipt of information that high water is imminent” but does not state the 
information source, or the flowrate or stage at which activities should start.  

Recommendations 

The O&M manual should be updated to formalize the Flood Warning System to give specifics for stream 
discharges or stages when levee patrolling should begin, the gage that will be used to monitor this information, 
and the person responsible for monitoring this gage during flood events (see 3.1.2 for more information on 
chain of command). The results of the new hydrologic and hydraulic analysis of the Colorado River can help 
determine the stream discharges or stages when these actions should occur. The stream discharge or stage 
selected and stated in the revised O&M manual should provide enough time for the responsible individual(s) to 
close the slide gates without allowing adverse impact due to backwater through the interior drainage structure 
or to the levee itself. This should be documented in the O&M manual by estimating the time required from 
when the responsible individual(s) is (are) notified by the Flood Warning System to when they are able to close 
the slide gates and comparing that against the estimated time it would take for adverse impacts to occur from 
not closing the slide gates. Note that any modifications to the O&M manual will have to be completed with 
USACE involvement.  
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3.1.2 Plan of Operation 
Requirement 

A formal plan of operation including specific actions and assignments of responsibility by individual name or 
title must be documented. 

Findings 

There are no formal assignments of responsibility by individual name or title in the current O&M manual. 
Section 4-09 simply states that “The local sponsor is responsible for opening and closing the slide gates” The O&M 
manual describes closure maintenance and inspection activities but does not describe their operation other than 
“When the water surface elevation of the river reaches a height which is equal to or greater than the elevation of 
the bottom of the flap gate opening, the slide gate should be manually closed.” The manual also does not include 
a list of all of the closure structures and corresponding locations that should be operated in a flood event.  

Recommendations 

An addendum to the O&M manual is recommended to specify individual responsibilities, assignments, and chain 
of command triggered by the Flood Warning System during a flooding event. It is also recommended that the 
O&M manual be adapted to list all of the interior drainage structures and separate specific actions for those 
drainage structures. The slide gate manufacturer manual information should also be included in the O&M 
manual for reference on proper operation of the gates.   

3.1.3 Periodic Operation of Closures 
Requirement 

Provisions for periodic operation of the closure structure for testing and training purposes, at not less than one-
year intervals. 

Findings 

Sections 4-07 and 4-08 of the O&M manual detail flap gate and slide gate maintenance. The manual specifics 
that maintenance should occur at least twice a year, before and after each flood season, and include 
examination, lubrication, and trial operation of all structures.  Any damage or maintenance issues discovered 
should be corrected in a timely manner.  

Recommendations 

It is recommended that the O&M manual be updated to list all flap gates and slide gates. 

3.2 Interior Drainage Plan 
Interior drainage systems associated with levee systems usually include storage areas, gravity outlets, pumping 
stations, or a combination thereof. These drainage systems will be recognized by FEMA on NFIP maps for flood 
protection purposes only if the following minimum criteria are included in the operation plan. The following 
requirements must be met as described in 44 CFR 65.10(c)(2). 
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3.2.1 Flood Warning System 
Requirement 

Documentation of the flood warning system, under the jurisdiction of Federal, State, or community officials that 
will be used to trigger emergency operation activities; and demonstration that sufficient flood warning time 
exists to permit activation of mechanized portions of the drainage system. 

Findings 

The existing O&M manual does not state any formal flood warning system and there is no documentation 
demonstrating sufficient flood warning time for the mobilization of a flood fighting effort. The manual states 
“immediately upon the receipt of information that high water is imminent” but does not state where that 
information is obtained from or the stream discharge or stage at which activities should start. The internal 
drainage structures are discussed in Section 3.1.1 and the internal drainage system for this levee does not 
currently have any pumps that would need to be activated.  

Recommendations 

The O&M manual should be updated to formalize the Flood Warning System as described in Section 3.1.1. If 
results from the final interior drainage analysis show interior drainage conditions such that the City chooses to 
install pumps to mitigate interior flooding, the stream discharge or stage selected and stated in the revised 
O&M manual should provide enough time for the responsible individual(s) to commence pumping activities. 
This should be documented in the O&M manual by estimating the time required from when the responsible 
individual(s) is(are) notified by the Flood Warning System to when they are able to commence pumping and 
comparing that against the estimated time it would take for adverse impacts to occur from not activating the 
pumps. (See Section 3.2.2 for additional information that would be needed for pumps). 

3.2.2 Plan of Operation 
Requirement 

A formal plan of operation including specific actions and assignments of responsibility by individual name or 
title must be provided. 

Findings 

There are no formal assignments of responsibility by individual name or title in the existing O&M manual as 
described in Section 3.1.2.  

Recommendations 

As stated in Section 3.1.2, the O&M manual should include the following: an addendum to the O&M to specify 
individual responsibilities, assignments, and chain of command during a flooding event, interior drainage 
structures, the slide gate manufacturer manual information. In addition, if pumps are determined to be 
necessary, the manual should include specific locations of pumps, and information on how pumps should be 
transported and placed for each interior drainage structure. Additionally, if a pumping plan is pursued this will 
require a USACE 408 permit and coordination with the USACE.  
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3.2.3 Manual Backup 
Requirement 

Provision for manual backup for the activation of automatic systems must be in place. 

Findings 

There are no automatic systems that are part of the interior drainage system.  

Recommendations 

Since there are no automatic systems that are part of the interior drainage system, no manual backup is 
required. Should automatic systems ever be installed, the City in partnership with the USACE would be 
responsible for updating the O&M manual to include this information. 

3.2.4 Periodic Inspection 
Requirement 

Provisions for periodic inspection of interior drainage systems and periodic operation of any mechanized 
portions for testing and training purposes. No more than 1 year shall elapse between either the inspections or 
the operations. 

Findings 

As described in Section 3.1.3, the O&M manual specifies required maintenance activities for flap gates and slide 
gates.  Maintenance should occur at least twice a year, before and after each flood season, and include 
examination, lubrication, and trial operation of all structures.  Any damage or maintenance issues discovered 
should be corrected in a timely manner. There are no pumps or automatic systems to inspect or test.  

Sections 4-07 and 4-08 of the levee O&M manual also states that special attention be paid to the following 
items:  

• Gate alignment and seating  
• Pivots shall be free of stiff or binding action  
• Debris or obstructions inhibiting full closure  
• Trash or sediment that might obstruct gates or flow of water  
• Damage  
• Excessive vegetation  
• Corrosion  

Recommendations 

As stated in 3.1.3, it is recommended that the O&M manual be updated to include all flap gates and slide gates.  
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4.0 Maintenance Plan 
For levee systems to be recognized as providing protection from the base flood, the maintenance criteria must 
be as described in 44 CFR 65.10(d). 

Requirements 

1. Levee systems must be maintained in accordance with an officially adopted maintenance plan, and a 
copy of this plan must be provided to FEMA by the owner of the levee system when recognition is being 
sought or when the plan for a previously recognized system is revised in any manner. 

2. All maintenance activities must be under the jurisdiction of a Federal or State agency, an agency created 
by Federal or State law, or an agency of a community participating in the NFIP that must assume 
ultimate responsibility for maintenance. 

3. This plan must document the formal procedure that ensures that the stability, height, and overall 
integrity of the levee and its associated structures and systems are maintained. At a minimum, the plan 
shall specify the maintenance activities to be performed, the frequency of their performance, and the 
person by name or title responsible for their performance. 

Findings 

Section 3 of the O&M manual covers levee management and inspection, while Section 4 covers operation and 
maintenance. These sections together cover the levee maintenance plan. Most of the requirements in Section 3 
fall under the jurisdiction of the appointed levee superintendent. The requirements presented in Section 4 are 
split between the City and the levee superintendent.  

Specified levee maintenance activities include:  

• Inspections, reporting, and record keeping  
• Correcting settlement, sloughing, or material loss  
• Monitoring and correcting erosion issues  
• Maintaining service/patrol roads  
• Correcting seepage and sand boil issues  
• Maintaining drainage structures  
• Maintaining riprap  
• Monitoring for unpermitted encroachments  
• Addressing burrowing animal issues  
• Maintaining vegetation  
• Channel maintenance  
• Flap and slide gate maintenance  
• Relief well inspection and maintenance  

The plan does specify the maintenance activities that are to be performed and the frequency of their 
performance. However, it does not include any formal assignments of responsibility by individual name or title 
or provide specific locations where maintenance activities should be performed, if applicable. 

Recommendations 

The O&M manual should be more specific about the locations for required maintenance. The manual should 
also include an addendum to specify individual responsibilities related to these routine maintenance activities. It 
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is also recommended that the updated manual be re-organized such that all maintenance activities are listed 
under the maintenance section of the manual.  

5.0 Certification Requirements 
To obtain FEMA accreditation of the levee, data must be submitted to support that a given levee system 
complies with the structural requirements and must be certified by a registered professional engineer as 
described in 44 CFR 65.10(e). Also, certified as-built plans of the levee must be submitted. 

Findings  

As-built plans from the original levee construction exist. However, recent modifications to the levee do not 
appear in the as-built data. Modifications not appearing in the as-builts include:  

• Two interior drainage structures associated with stormwater detention pond 3 

• Three retaining walls within the levee embankment 

• Modifications to the levee embankment at stormwater detention pond B 

Additionally, the as-built levee profile does not match the levee crest elevations from the 2017 survey of the 
levee. It appears that the levee design was modified during construction, and it is necessary to consult multiple 
sheets to obtain a complete picture of the as-built conditions for any section of the levee. The drawings also 
present conflicting information as to pipe locations and diameters in a few places and there is no reference to 
the relief well locations. Overall, it is Wood’s opinion that modifying the existing as-built plans to reflect current 
levee conditions is not adequate and might result in confusion during emergency operations.  

Recommendations 

It is recommended that updated as-built data be developed for the levee to reflect current conditions, especially 
where any levee improvements will (or have been) be made, and for any encroachments that the City wishes to 
retain.  Additionally, certified as-built plans of the levee will need to be produced and submitted with the 
engineer’s certification package once the levee documentation is submitted for FEMA accreditation. 

6.0 Summary 
The levee overall is well maintained and is in good condition. However, there are several items that may prevent 
the levee from achieving levee certification in its current condition. The recommended actions and additional 
analyses contained in this report are necessary to determine final levee compliance based on the requirements 
of 44 CFR 65.10. Depending on the findings of these additional analyses and efforts, modifications to the levee 
may be required to achieve levee certification under the requirements of 44 CFR 65.10. 

The following table summarizes all levee accreditation requirements, the current levee condition, and 
recommendations prior to submitting for FEMA levee accreditation. 
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Table 8: FEMA Levee Accreditation Requirements  

CFR Section  Requirements  Acceptable 
Needs 

Additional 
Data 

Unacceptable  Comments / Exceptions  

65.10(b)(1) - Freeboard Has 3 feet of freeboard x       

65.10(b)(1) - Freeboard Has 4 feet of freeboard wherever flow is restricted     x Freeboard Requirement not met 
upstream of the railroad crossing  

65.10(b)(1) - Freeboard Has 3.5 feet of freeboard at upstream end of levee x       

65.10(b)(2) - Closures 

All openings are provided with closure devices that 
are structural parts of the system during operation 
and are designed according to sound engineering 
practice. 

x       

65.10(b)(3) - Embankment 
Protection 

Analyses demonstrate that no appreciable levee 
erosion can be expected during base flood event.   x   

Although preliminary analysis shows 
that embankment protection is 
adequate, further investigation into 
geomorphology of site is 
recommended. 

65.10(b)(3) - Embankment 
Protection 

Anticipated erosion for base flood is not anticipated 
to result in failure of levee embankment or 
foundation. 

x       

65.10(b)(4) - Embankment 
and Foundation Stability 

Analysis indicates anticipated seepage into or 
through the levee during loading conditions 
associated with the base flood will not jeopardize 
embankment or foundation stability. 

  x   

Unlikely that there will be 
embankment stability and seepage 
issues however geotechnical 
investigation required to meet 
requirements of FEMA Riverine 
Structures Form 3. 

65.10(b)(5) - Embankment 
Settlement 

Analysis indicates that anticipated future settlement 
will not result in a loss of freeboard per section (b) 
(1) of 65.10. 

  x   

Unlikely that there will be settlement 
issues. However, further geotechnical 
investigation is required to meet 
requirements of FEMA Riverine 
Structures Form 3.  
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CFR Section  Requirements  Acceptable 
Needs 

Additional 
Data 

Unacceptable  Comments / Exceptions  

65.10(b)(6) - Interior 
Drainage 

Analysis has been developed and submitted 
identifying the sources of such flooding, the extent 
of the flooded area, and the water surface 
elevations. This analysis is based upon the joint 
probability of the interior and exterior. 

  x   
Interior drainage model should be 
updated to account for stormwater 
system.  

65.10(b)(7) - Other Design Criteria   

65.10(c)(1) - 
Operation/Closures 

O&M manual includes documentation of an 
adequate flood warning system that provides a 
sufficient warning time to operate all closure 
structures. 

    x 
O&M manual needs to include a flood 
warning system. Coordinate with 
USACE. 

65.10(c)(1) - 
Operation/Closures 

O&M manual contains a formal operations plan, 
including specific actions and assignments of 
responsibility by name or title. 

    x 
O&M manual needs assignments of 
responsibility.  Coordinate with 
USACE. 

65.10(c)(1) - 
Operation/Closures 

O&M manual requires periodic operation of 
closures at not less than one-year intervals. x       

65.10(c)(2) - 
Operation/Interior 
Drainage Systems 

O&M manual includes documentation of an 
adequate flood warning system that provides a 
sufficient warning time to operate all mechanized 
portions of the interior drainage system. 

    x 
O&M manual needs to include a flood 
warning system. Coordinate with 
USACE. 

65.10(c)(2) - 
Operation/Interior 
Drainage Systems 

O&M manual contains a formal operations plan, 
including specific actions and assignments of 
responsibility by name or title. 

    x O&M manual needs assignments of 
responsibility. Coordinate with USACE. 

65.10(c)(2) - 
Operation/Interior 
Drainage Systems 

O&M manual includes provisions for manual 
backup for activation of automatic systems. x     No automatic systems  

65.10(c)(2) - 
Operation/Interior 
Drainage Systems 

O&M manual contains provisions for periodic 
inspection of interior drainage systems a minimum 
of annually. 

x       

65.10(d) - Maintenance 
plans and criteria 

Maintenance plan is an officially adopted 
maintenance plan. x       
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CFR Section  Requirements  Acceptable 
Needs 

Additional 
Data 

Unacceptable  Comments / Exceptions  

65.10(d) - Maintenance 
plans and criteria 

Maintenance plan includes provision that all 
maintenance activities must be performed under 
appropriate jurisdiction. 

x      

65.10(d) - Maintenance 
plans and criteria 

Maintenance plan documents formal procedure 
that ensures stability, height, and overall integrity of 
the levee system are maintained (includes 
specification of activities to be performed, their 
frequency, and person by name or title that is 
responsible. 

  x   
Maintenance plan should be updated 
and re-organized. Coordinate with 
USACE. 

65.10(e) - As-Built 
Drawings 

As-built drawings of the levee system must be 
submitted as part of the certification package.     x 

As-built plans need to be updated to 
reflect current conditions. Coordinate 
with USACE. 
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Base Level Engineering Report Overview 

Wood Environment and Infrastructure Solutions, Inc. (Wood) has been engaged by the Colorado Water 

Conservation Board (CWCB) to provide technical support and consultation for the Colorado Risk Mapping, 

Assessment and Planning (Risk MAP) program.  The Risk MAP program is designed to deliver quality data, 

increase public awareness of flood risk, and encourage local/regional actions that reduce risk by working 

with stakeholders. The Discovery phase of the Risk MAP program is an integral process that provides for 

the exchange of information between local, state, federal, and private-sector stakeholders. Mesa County 

Discovery was funded by the CWCB and wood has compiled findings from the Discovery process in the 

2019 document, Discovery Report, Mesa County, CO. 

As part of the Discovery process in Mesa County, CO, Wood investigated the flood risk potential for the 

County through development and application of large-scale Base Level Engineering (BLE). Results from the 

BLE analysis are intended to inform and aid the County in future decisions related to flood risk. This report 

summarizes the methodologies and results of the BLE analysis and though it is a stand-alone document, is 

intended to complement the 2019 Discovery Report. 
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1.0 Background Information 

Mesa County is approximately 3,350 square miles and is located in western Colorado along the Colorado-

Utah Stateline. There are three major river that flow through the county, including the Colorado River, the 

Dolores River, and the Gunnison River. The topography in the region is very diverse, and includes high 

elevation mesas, mountainous terrain, and flat valleys. The predominant land cover types in the county are 

agricultural fields, desert shrubs, pinon-juniper trees, and other forested lands. Figure 1 provides an 

overview of Mesa County, showing the location of the communities within the county, the three major rivers, 

and the HUC-8 Watersheds that cover the county. 

 

Figure 1: Project Overview Map 

2.0 Base Level Engineering 

As part of this Discovery process in Mesa County, a two-dimensional (2D) Base Level Engineering (BLE) 

analysis in the USACE Hydrologic Engineering Center River Analysis System (HEC-RAS) Version 5.0.6 was 

performed. BLE provides flood risk information at large scales that can be shared with governing officials to 

make informed decisions regarding flooding for areas that lack or have outdated flood risk information. BLE 

differs from typical FEMA flood risk products because it often applies engineering methodologies at large 

scales (i.e. watershed), as opposed to communities or specific reaches of stream. BLE data is used as best 

available information for unmapped areas and areas designated as Zone A floodplain (BLE Guidance). 
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The following sections detail the 2D BLE model development for Mesa County. 

2.1 Topographic Data 

Several topographic datasets were used as part of this analysis. The primary topographic data used was 0.7-

meter resolution LiDAR data. This data meets FEMA standards (QL2) and was gathered in 2015 and 2016 by 

Woolpert, Inc. The LiDAR data covers all of Mesa County and all analysis and mapping within the county 

boundaries utilized this topography source. A combination of other LiDAR and Interferometric Synthetic 

Aperture Radar (IFSAR) datasets and 10-meter digital elevation model (DEM) datasets were used to 

supplement areas of contributing drainage areas outside of the Mesa County LiDAR extents. Table 1 

summarizes all the topographic datasets used for this analysis and Figure 2 depicts the coverage of each 

dataset. 

Table 1: Summary of Topographic Datasets 

Region Topographic Dataset 
Quality 

Level 

Point 

Resolution 
Year Flown Flown By 

Provided 

By 

Mesa 

County 

Mesa County QL2 

LiDAR 
QL2 0.7 m 2015-2016 Woolpert, Inc. CWCB 

Delta 

County 

Western Colorado 

LiDAR 
QL2 < 1 m 2015 Quantum CWCB 

Garfield 

County 
Colorado CGS 3DEP QL2 0.9 m 2016-2017 

Merrick & 

Company, Inc. 
CWCB 

Montrose 

County 
USACE Colorado IFSAR QL3+ 15 ft Unknown InterMap, Inc. CO-DNR 

Utah 
USGS 1/3 arc-second 

(10-meter) DEM 
N/A N/A 

Continuous 

Updates 
N/A N/A 
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Figure 2: Topographic Dataset Coverage 

2.2 Computational Boundaries 

Mesa County and select contributing drainage areas outside of the county were divided in to 20 sub-

watersheds, or basins. These basin boundaries were determined based on a combination of the Mesa 

County boundary and HUC-10 and HUC-12 watershed boundaries. The basins range from 61 to 250 square 

miles (Figure 3). A separate 2D rain-on-grid hydraulic model was developed for each basin and hydrologic 

parameters were estimated for each basin. The average basin size for this analysis was significantly smaller 

than a typical 2D BLE basin size to allow for more detail in the hydrologic parameter estimation and 

hydraulic model development. 
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Figure 3: Computational Basin Boundaries 

2.3 Hydrologic Analysis 

Mesa County is located in Western Colorado along the Colorado-Utah Stateline. The topography of Mesa 

County varies from high elevation mesas, like the Grand Mesa, to low-lying flat, wide valleys. Three major 

rivers flow into the county: the Colorado River, the Dolores River, and the Gunnison River. 

Mesa County is generally a semi-arid climate, with a larger amount of total precipitation in the higher 

elevations of the eastern and southern portions of the county compared to the drier central and northern 

portions of the county. 

A rain-on-grid methodology was used for the 2D BLE analysis. This methodology applies precipitation 

directly to the modeling surface of the resulting runoff through the 2D mesh to perform the hydraulic 

calculations. 

The pre-model development hydrologic analysis of Mesa County included obtaining precipitation data for 

the entire county and developing inflow hydrographs for the three major rivers flowing into the county. 

Additionally, hydrographs for several minor streams flowing into the county were leveraged from the 

Garfield County and Delta County 2D BLE analyses provided by the CWCB. 
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2.3.1 Precipitation 

Precipitation data for the analysis was obtained from the National Oceanic and Atmospheric Association 

(NOAA) Atlas 14 Precipitation Frequency Data Server (PFDS). Precipitation grid data was downloaded from 

the PFDS (Volume 8: Midwestern States) for each required recurrence interval and was spatially averaged 

using ArcGIS Version 10.2.2 for each sub-watershed basin to obtain a single basin average precipitation 

depth. The NOAA Atlas 14 (Volume 8) - Western Colorado (Region 2) - First Quartile Hyetograph 

Distribution, shown in Figure 4 as used to temporally distribute the precipitation depths for each recurrence 

interval. 

No areal reduction factors were utilized for this project. This is discussed in more detail in the Calibration 

section below. 

 

Figure 4: NOAA Atlas 14 (Volume 8) - Western Colorado (Region 2) - First Quartile Hyetograph Distribution 

2.3.2 Loss Methodology 

The Soil Conservation Service (SCS) Runoff Curve Number (CN) Method was used to estimate the amount 

of rainfall lost to various physical abstractions and the resulting amount of rainfall that contributes to runoff 

for each basin. Land cover data and soil data was used to estimate a CN for each basin based on Natural 

Resources Conservation Service (NRCS) Technical Release 55 (TR-55). National Land Cover Database (NLCD) 

2011 data was obtained to define the land cover for Mesa County and NRCS Soil Survey Geographic 

Database (SSURGO) data was used to define the hydrologic soil group regions for the CN calculations. The 

CN for each basin was estimated by first spatially intersecting the land cover data and soil data with the 

basin boundaries and assigning a CN for each spatial element based on its land cover type and hydrologic 

soil group using the matrices presented in Table 2 and Table 3. A spatial average was then computed for 

each basin to determine the basin’s CN. Separate matrices were used to calculate the CN for the western 

and eastern portions of the county due to differences in land cover, specifically with the hydrologic 

condition of the land cover. Figure 5 shows the regional matrix utilized and the resulting estimated CN for 

each basin. 
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Table 2: Eastern Land Cover-Hydrologic Soil Group CN Matrix 

NLCD 

Value 
Land Cover TR-55 Equivalent 

Soil 

Condition 

Hydrologic Soil Group 

A B C D 

11 Open Water Impervious Areas N/A 98 98 98 98 

12 Perennial Ice/Snow Impervious Areas N/A 98 98 98 98 

21 Developed, Open Space Open Space Fair 49 69 79 84 

22 Developed, Low Intensity Residential District (1/4 acre) N/A 61 75 83 87 

23 
Developed, Medium 

Intensity 
Residential District (1/8 acre) N/A 77 85 90 92 

24 Developed, High Intensity Commercial and Business N/A 89 92 94 95 

31 
Barren Land 

(Rock/Sand/Clay) 
Pasture, grassland, or range Poor 68 79 86 89 

41 Deciduous Forest Woods Fair 36 60 73 79 

42 Evergreen Forest Woods Fair 36 60 73 79 

43 Mixed Forest Woods Fair 36 60 73 79 

52 Shrub/Scrub Brush Fair 35 56 70 77 

71 Grassland/Herbaceous Herbaceous Fair 71 71 81 89 

81 Pasture/Hay Pasture, grassland, or range Fair 49 69 79 84 

82 Cultivated Crops Row Crops (SR+CR) Poor 71 80 87 90 

90 Woody Wetlands Woods Poor 45 66 77 83 

95 
Emergent Herbaceous 

Wetlands 
Herbaceous Poor 80 80 87 93 

 

Table 3: Western Land Cover-Hydrologic Soil Group CN Matrix 

NLCD 

Value 
Land Cover TR-55 Equivalent 

Soil 

Condition 

Hydrologic Soil Group 

A B C D 

11 Open Water Impervious Areas N/A 98 98 98 98 

12 Perennial Ice/Snow Impervious Areas N/A 98 98 98 98 

21 Developed, Open Space Open Space Fair 49 69 79 84 

22 Developed, Low Intensity Residential District (1/4 acre) N/A 61 75 83 87 

23 
Developed, Medium 

Intensity 
Residential District (1/8 acre) N/A 77 85 90 92 

24 Developed, High Intensity Commercial and Business N/A 89 92 94 95 

31 
Barren Land 

(Rock/Sand/Clay) 
Pasture, grassland, or range Poor 68 79 86 89 

41 Deciduous Forest Pinyon-juniper Fair 58 58 73 80 

42 Evergreen Forest Pinyon-juniper Fair 58 58 73 80 

43 Mixed Forest Pinyon-juniper Fair 58 58 73 80 

52 Shrub/Scrub Desert Shrub Poor 63 77 85 88 

71 Grassland/Herbaceous Herbaceous Fair 71 71 81 89 

81 Pasture/Hay Pasture, grassland, or range Fair 49 69 79 84 

82 Cultivated Crops Row Crops (SR+CR) Poor 71 80 87 90 

90 Woody Wetlands Woods Poor 45 66 77 83 

95 
Emergent Herbaceous 

Wetlands 
Herbaceous Poor 80 80 87 93 
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Figure 5: Curve Number Summary 

At the time of this analysis, HEC-RAS does not have the capability to model abstraction losses within the 

model. To account for this, excess rainfall hyetographs were calculated outside of the program in 

spreadsheets using the SCS Runoff Curve Number equations outlined in TR-55. These excess rainfall 

hyetographs were then applied to the HEC-RAS models for each basin. 

2.3.3 Stream Gage Analyses and Other Inflows 

Three major rivers flow into Mesa County: the Colorado River, the Dolores River, and the Gunnison River. 

Strictly using a rain-on-grid methodology would require modeling the entire watershed for each of these 

rivers, which would add an additional 18,700 square miles of drainage area. This would increase the modeled 

drainage area to nearly 5.5 times the size of Mesa County and dramatically increase the complexity and 

computational demand of the model. Instead, hydrographs were developed for the three rivers based on 

stream gage data for each recurrence interval and input into the models where the rivers cross into the 

county. 

Historical stream gage data was used to conduct Log Pearson Type III flood frequency analyses using 

Bulletin 17C methods in the USACE Hydrologic Engineering Center Statistical Software Package (HEC-SSP) 

Version 2.1.1.137 to determine peak flows for the three major rivers flowing into Mesa County. The Colorado 

River flood frequency analysis was done as part of the regional Colorado River Hydrologic Evaluation 
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previously conducted by Wood, which studied the Colorado River from Granby to the Colorado-Utah 

Stateline (2017). 

Several additional stream gages were also analyzed using the same methodology as above for model 

calibration. Table 4 summarizes the stream gages analyzed for this study and the resulting peak flows. 

Hydrograph data was also leveraged from the neighboring Delta and Garfield County BLE studies for smaller 

drainages flowing into the county. These studies also employed a 2D rain-on-grid methodology and were 

provided to Wood by the CWCB. Using hydrograph data from these studies reduced the size of the required 

rain-on-grid study area for the Mesa County while also creating a seamless connection between these 

neighboring studies.
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Table 4: Stream Gage Analysis Summary 

USGS Gage 
ID 

Gage Name Status 
Years of 
Record 

Drainage 
Area 
(mi2) 

Bulletin 17C Peak Flows (cfs) 

10% 4% 2% 1% - 1% 1% + 0.2% 

09097600 Brush Creek near Collbran, CO. Inactive 12 9.30 217 321 419 352 537 1,260 911 

09097500 
Buzzard Creek near Collbran, 

CO. 
Inactive 59 143 1,130 1,390 1,560 1,500 1,720 2,040 2,030 

09095500 
Colorado River near Cameo, 

CO 
Active 84 7,990 29,600 34,200 37,400 37,800 40,400 44,300 46,800 

09106150 
Colorado River below Grand 

Valley Diversion 
Active 27 8,750 30,900 38,400 43,800 44,500 49,000 55,400 60,600 

09163500 
Colorado River near Colorado-

Utah State Line 
Active 67 17,855 46,900 56,200 68,600 70,500 78,100 89,200 101,000 

09180000 Dolores River near Cisco, UT Active 53 4,570 8,870 11,800 14,300 13,500 16,800 23,500 23,600 

09152500 
Gunnison River near Grand 

Junction, CO 
Inactive 109 7,930 22,800 27,200 29,900 29,900 32,200 35,800 36,300 

09152000 
Kannah Creek near Whitewater, 

CO 
Inactive 64 60.8 919 1,130 1,290 1,290 1,450 1,740 1,870 

09104500 Mesa Creek near Mesa, CO Inactive 24 5.33 75.4 105 134 122 169 304 285 

09096500 
Plateau Creek near Collbran, 

CO. 
Inactive 59 80.4 1,060 1,240 1,380 1,310 1,510 1,940 1,800 

09105000 Plateau Creek near Cameo, CO Inactive 80 592 3,240 4,080 4,690 4,640 5,290 6,180 6,650 

09153290 Reed Wash near Mack, CO Inactive 25 15.8 248 315 374 352 440 662 634 

09095000 Roan Creek near DeBeque, CO. Inactive 22 323 1,230 1,620 1,940 1,900 2,290 2,920 3,200 

09089500 
West Divide Creek near Raven, 

CO. 
Inactive 50 64.2 794 1,020 1,190 1,160 1,360 1,720 1,770 
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2.4 Hydraulic Analysis 

The 2D rain-on-grid hydraulic models for Mesa County were developed in HEC-RAS Version 5.0.6. The 

following sections detail the model development and the calibration steps conducted for these models.  

2.4.1 Terrain Development 

The multiple topographic data sources summarized in Table 1 were first merged into a single 4-foot by 4-

foot cell resolution DEM covering the entire analyzed area. To model culvert crossings that are not 

represented in the raw DEM, automated tools were developed to create a “hydroconnected” DEM. The 

series of tools connects the low elevations upstream and downstream of a culvert crossing by enforcing the 

elevation with a linear slope across the road. The resulting voids in the DEM (referred to here as 

hydroconnectors) result in improved model accuracy by allowing for conveyance through roadways and 

other embankment structures while also modeling upstream ponding effects. Through sensitivity analyses, 

4-foot hydroconnectors were determined to best represent the actual hydraulic conditions for most culvert 

crossings. The hydroconnector locations and orientations were determined using Wood proprietary tools 

and through manual edits. Figure 6 shows an example of a hydroconnector enforced in the DEM. 

The merged hydroconnector enforced DEM was then clipped to each basin boundary and imported into 

HEC-RAS to define each model’s terrain data. 

 

Figure 6: Example Hydroconnector Enforced DEM 
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2D Flow Area Development 

2D flow areas were developed for each of the 20 basins to route the rainfall runoff. The boundaries of the 

2D flow areas were determined by buffering the boundaries of the 20 basins by 300 feet to ensure all 

contributing drainage area is included for each basin, due to small inaccuracies in the basin boundaries, and 

to provide overlap for floodplain mapping purposes. 

The 2D flow area computational mesh was generated within the buffered basin boundaries using an average 

cell size of 200 feet by 200 feet. Stream centerline breaklines and buffered refinement regions were then 

enforced in the 2D flow areas to refine the mesh along streams with a drainage area greater than one square 

mile. Additional breaklines were then added along roadways, railroads, dams, and other embankments or 

high points in the terrain to add additional refinement and to align the mesh cell faces to these features. 

Roadway and railroad breaklines were derived from Colorado Department of Transportation (CDOT) data 

while dam centerline and other embankment breaklines were delineated manually. The average cell spacing 

for the refinement regions and along the breaklines as well as the starting average cell size for the 2D flow 

area computational mesh is summarized in Table 5. 

2D flow area connections were added to the models to record hydrograph data throughout the model for 

connecting upstream models to downstream models and for calibration purposes. The average cell size 

along the 2D flow area connections is also summarized in Table 5. The 2D flow area connections are 

discussed in more detail in the Boundary Conditions and Calibration sections. 

An example of a 2D flow area computational mesh for Mesa County is shown in Figure 7. 

Table 5: 2D Flow Area Mesh Cell Sizes and Spacing 

2D Flow Area Parameter 
Average Cell 

Size/Spacing (ft) 

2D Flow Areas 200 

Stream Refinement Regions 50 

Grand Junction Refinement Region 100 

Breaklines 25-50 

2D Flow Area Connections 40-50 
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Figure 7: Example 2D Flow Area Mesh 

2.4.2 Manning’s Roughness 

NLCD 2011 data was used to delineate the Manning’s n roughness regions for the 2D flow areas. Table 6 

summarizes the Manning’s n roughness value assigned to each NLCD land cover classification. 

Table 6: Land Cover Classification Manning’s n Roughness Values 

NLCD 
Value 

Land Cover 
Manning's n 

Roughness Value 

11 Open Water 0.04 

12 Perennial Ice/Snow N/A 

21 Developed, Open Space 0.04 

22 Developed, Low Intensity 0.1 

23 Developed, Medium Intensity 0.12 

24 Developed, High Intensity 0.15 

31 Barren Land (Rock/Sand/Clay) 0.03 

41 Deciduous Forest 0.12 

42 Evergreen Forest 0.12 

43 Mixed Forest 0.12 

52 Shrub/Scrub 0.07 

71 Grassland/Herbaceous 0.04 

81 Pasture/Hay 0.03 

82 Cultivated Crops 0.035 

90 Woody Wetlands 0.07 

95 Emergent Herbaceous Wetlands 0.07 
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2.4.3 Boundary Conditions 

Upstream Boundary Conditions 

Precipitation hyetographs and inflow hydrographs were defined for the upstream boundary conditions of 

the 2D flow areas. The basin specific excess precipitation hyetographs determined outside of HEC-RAS were 

applied evenly across each 2D flow area. All precipitation hyetographs were 24-hour hyetographs starting 

at the beginning of the simulation and used a 6-minute time step. 

There were two types of inflow hydrographs used in this analysis; external computational boundary inflow 

hydrographs (external) and internal computational boundary inflow hydrographs (internal). The external 

inflow hydrographs were used to account for unmodeled drainage area upstream of the computational 

boundary extents. Internal inflow hydrographs were used to link upstream models to downstream models 

within the analyzed area. 

External inflow hydrographs were defined in the models for the three major rivers flowing into Mesa County 

and for select streams from the leveraged neighboring Delta County and Garfield County BLE studies. Upon 

review of nearby stream gage data, the shape of the inflow hydrographs for the three major rivers was 

approximated as a constant value equal to the peak flow rate for the entire duration of the simulation. This 

assumption was made because the gage data showed that the hydrographs for these rivers typically peaked 

over the duration of a few weeks, while the simulation run times for this analysis were only over a few days. 

Table 7 summarizes the streams where an external inflow hydrograph boundary condition was used for this 

analysis. 

Internal inflow hydrographs linked upstream models to downstream models by taking hydrograph data 

near the outlet of the upstream models and applying it to the downstream models as an inflow hydrograph. 

The hydrograph data from the upstream models was recorded in HEC-RAS data storage system (DSS) files 

using 2D flow area connection cross sections. These 2D flow area connections were drawn perpendicular to 

the floodplains and enforced in the 2D flow area computational mesh, as described in the Hydraulic Analysis 

The 2D rain-on-grid hydraulic models for Mesa County were developed in HEC-RAS Version 5.0.6. The 

following sections detail the model development and the calibration steps conducted for these models.  

2.4.4 Terrain Development 

The multiple topographic data sources summarized in Table 1 were first merged into a single 4-foot by 4-

foot cell resolution DEM covering the entire analyzed area. To model culvert crossings that are not 

represented in the raw DEM, automated tools were developed to create a “hydroconnected” DEM. The 

series of tools connects the low elevations upstream and downstream of a culvert crossing by enforcing the 

elevation with a linear slope across the road. The resulting voids in the DEM (referred to here as 

hydroconnectors) result in improved model accuracy by allowing for conveyance through roadways and 

other embankment structures while also modeling upstream ponding effects. Through sensitivity analyses, 

4-foot hydroconnectors were determined to best represent the actual hydraulic conditions for most culvert 

crossings. The hydroconnector locations and orientations were determined using Wood proprietary tools 

and through manual edits. Figure 6 shows an example of a hydroconnector enforced in the DEM. 

The merged hydroconnector enforced DEM was then clipped to each basin boundary and imported into 

HEC-RAS to define each model’s terrain data. 
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Figure 6: Example Hydroconnector Enforced DEM 

2D Flow Area Development section. 

A total of four external and internal inflow hydrographs boundary conditions did not follow the standard 

modeling approach. The modeling approach utilized for these boundary conditions and the reasoning 

behind why the standard modeling approach was not used is summarized below. 

Little Dominguez Creek Tributary 1 – this external inflow hydrograph boundary condition was scoped to 

utilize leveraged hydrograph data from the neighboring Delta County BLE study. However, that BLE study 

did not model the 1%- annual chance recurrence interval event, which was modeled in this BLE analysis. To 

model this event, this hydrograph was approximated by first calculating the peak flow percent difference of 

the 1%+ annual chance recurrence interval event and the 1% event. This percent difference was then 

inverted, and the 1% event peak flow was scaled down by this factor to approximate the 1%- event peak 

flow. The resulting 1%- event peak flow was very close to the 4% event peak flow, so the 4% event 

hydrograph shape was used to approximate the 1%- event hydrograph shape. 

Little Dominguez Creek - this external inflow hydrograph boundary condition was also scoped to utilize 

leveraged hydrograph data from the neighboring Delta County BLE study. In addition to the 1%- event not 

being modeled, the Delta County BLE study peak flows for the other recurrence intervals for Little 

Dominguez Creek were found to be much higher than regression equations peak flows. Additionally, most 

of the Little Dominguez Creek watershed is within Mesa County, and this external boundary was only 

necessary because Little Dominguez Creek briefly flows through Delta County before re-entering Mesa 
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County. Considering all these factors, the hydrograph data was ultimately decided not to be leveraged from 

the Delta County BLE study and instead sourced from the Mesa County BLE study. The hydrograph results 

where Little Dominguez Creek exits Mesa County were taken from the first model run and then applied to 

this external inflow hydrograph boundary condition where Little Dominguez Creek re-enters Mesa County 

for the second model run. For calibration purposes, this hydrograph was scaled down. 

Gunnison River (Sink Creek Basin Model) – this internal inflow hydrograph boundary condition models the 

Gunnison River inflow into the Colorado River at Grand Junction, CO. As opposed to directly taking the 

resulting Gunnison River hydrograph from the downstream extents of the upstream basin model (Outlet 

Gunnison River) to link the models, the Gunnison River inflow hydrographs for each recurrence interval were 

entered as constant values equal to the difference between the projected stream gage analysis results for 

the Colorado River just upstream and downstream of the confluence. This ensured the Colorado River peak 

flows stayed within calibration tolerances downstream of the confluence as opposed to overestimating the 

Colorado River flows if the Gunnison River was directly linked using the upstream basin model flows. The 

calibration procedures are discussed in more detail in the Calibration section. 

West Creek – this internal inflow hydrograph boundary condition models the West Creek inflow into the 

Dolores River where they confluence near the intersection of the Beaver Creek, John Brown Creek, and West 

Creek basin models. This would normally be a standard internal inflow hydrograph boundary condition, 

however, there is a distinct split flow on West Creek as it flows into the Dolores River. The main stem of 

West Creek flows into the Dolores River within the borders of the John Brown Creek basin while the split 

flow flows into the Dolores River within the borders of the Beaver Creek basin. To account for this, the 2D 

flow area connection that was used to record the hydrograph data for West Creek was split into two 2D 

flow area connections. The main stream 2D flow area connection was linked to the John Brown Creek basin 

while the split flow 2D flow area connection was linked to the Beaver Creek basin. 

Downstream Boundary Conditions 

Normal depth boundary conditions were used for the downstream boundary and overflow boundary 

conditions for the 2D flow areas. The normal depths, or normal slopes, were determined from taking the 

average slope from the merged DEM at the respective downstream boundaries. Individual normal depths 

were determined for defined flow paths exiting the 2D flow areas and general overflow normal depths filled 

the gaps along the 2D flow area boundary between those normal depth boundary conditions and the 

upstream inflow hydrograph boundary conditions (if present). This resulted in every computational mesh 

cell face along the border of the 2D flow area to have a boundary condition so that ponding did not occur 

along the perimeter.  
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Table 7: External Inflow Hydrograph Boundary Condition Summary 

Stream Name Source Notes 

Big Salt Wash Garfield County 2D BLE   

Brush Creek Garfield County 2D BLE   

Camp Gulch 1 Garfield County 2D BLE   

Camp Gulch 2 Garfield County 2D BLE   

Camp Gulch Trib 1 Garfield County 2D BLE   

Camp Gulch Trib 2 Garfield County 2D BLE   

Camp Gulch Trib 2.5 Garfield County 2D BLE   

Coal Gulch Trib 1 Garfield County 2D BLE   

Coal Gulch Trib 2 Garfield County 2D BLE   

Colorado River Garfield County 2D BLE   

Colorado River Stream Gage Analysis 

Results taken from the Colorado River Hydrologic 

Evaluation (Amec Foster Wheeler, 2017). 

Hydrograph shape approximated as constant 

peak flow. 

Colorado River Trib 1 Garfield County 2D BLE   

Colorado River Trib 2 Garfield County 2D BLE   

Colorado River Trib 3 Garfield County 2D BLE   

Demaree Canyon Garfield County 2D BLE   

Demaree Canyon Trib 1 Garfield County 2D BLE   

Dolores River Stream Gage Analysis 
Hydrograph shape approximated as constant 

peak flow. 

Dry Canyon Wash Garfield County 2D BLE   

Dry Canyon Wash Trib 1 Garfield County 2D BLE   

East Salt Creek Garfield County 2D BLE   

East Salt Creek Trib 1 Garfield County 2D BLE   

East Salt Creek Trib 2 Garfield County 2D BLE   

East Salt Creek Trib 3 Garfield County 2D BLE   

East Salt Creek Trib 4 Garfield County 2D BLE   

East Salt Creek Trib 5 Garfield County 2D BLE   

Gunnison River Stream Gage Analysis 
Hydrograph shape approximated as constant 

peak flow. 

Little Dominguez Creek Mesa County 2D BLE 
Hydrograph determined from this 2D BLE 

analysis. See detailed description. 

Little Dominguez Creek Trib 1 Delta County 2D BLE 

There was no modeled 1%- annual chance 

recurrence interval event. Had to approximate. 

See detailed description. 

Mack Wash Garfield County 2D BLE   

Prairie Canyon Garfield County 2D BLE   

Roan Creek Garfield County 2D BLE   

Roan Creek Trib 1 Garfield County 2D BLE   

Roan Creek Trib 2 Garfield County 2D BLE   

Ruby Lee Trib Garfield County 2D BLE   

West Salt Creek Garfield County 2D BLE   

West Salt Creek Trib 1 Garfield County 2D BLE   

West Salt Creek Trib 2 Garfield County 2D BLE   

West Salt Creek Trib 3 Garfield County 2D BLE   

West Salt Creek Trib 4 Garfield County 2D BLE   
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2.4.5 Computational Parameters 

Each recurrence interval model simulation was run for 4 days to allow the peak of the hydrograph resulting 

from the 24-hour storm to pass through the entire county. The computational timestep varied from 3 

seconds to 5 seconds depending on model size and stability. This range of computation timestep provided 

stable model results with minimal numerical inaccuracies while maintaining reasonable run times. This range 

in the computation timestep was determined to be appropriate for the level of detail of this study. The 

average volume accounting error for all models was less than 0.2 percent, indicating the models were 

satisfactorily achieving a conservation of mass. For models with large stream inflow hydrographs, an initial 

condition ramp-up time was used to gradually increase the inflow hydrograph before the simulation started 

so that the stream would not go from dry to flood stage conditions rapidly. This also improved model 

stability during the earlier stages of the simulations. 

2.4.6 Calibration 

The 2D rain-on-grid models were calibrated against stream gage analysis peaks flows and regional 

regression equations peak flows. The calibration peak flows where compared against hydrographs recorded 

throughout the models in HEC-RAS DSS files using 2D flow area connection cross sections. The placement 

of the 2D flow area connection calibration cross sections were guided by HUC-12 watershed boundaries 

and basin boundaries. 

Stream gage analysis peak flow data was the primary calibration source and was projected along the gaged 

streams using the methodology outlined in the Water Resources Investigations Report (WRIR) 99-4190 

(USGS, 2002). For ungagged streams or reaches of stream where stream gage results could not be projected 

due to the limits established in the WRIR 99-4190 report, regional regression equation peak flow data was 

used for calibration. Figure 8 shows the calibrations points used in this analysis and classifies the type of 

calibration point. 

The 1% annual chance recurrence interval event was the primary focus of the calibration process since only 

the floodplains associated with this recurrence interval were developed. The results of the first several 

iterations of the 1% annual chance recurrence interval were used to make CN adjustments across the county 

within the limits of the NRCS TR-55 guidance. The goal of the CN adjustment was to get the majority of the 

modeled 1% annual chance recurrence interval peak flows within 25% of the stream gage analysis 

calibration peak flows and within 1 standard error of prediction (SEP) for the regression equation peak flow 

calibration points. The secondary goal was to minimize the absolute percent difference between the 

modeled and calibration peak flows. This calibration was specifically geared toward tributaries with smaller 

drainage areas to ensure that the peak flows on these streams were close to the calibration flows. This 

resulted in the peak flow on streams with larger drainage areas to initially overestimate when compared to 

calibration flows. These streams were calibrated using the methods described below. 

Typically, the precipitation depths for large watershed models like the ones developed for this BLE analysis 

are reduced using areal reduction factors. Areal reduction factors are used to convert point rainfall estimates 

to area-averaged rainfall estimates. They are “reduction” factors because an area-averaged precipitation 

depth is lower than a small localized precipitation depth. Areal reduction factors can significantly reduce 

the precipitation depths, especially for large watersheds. Using areal reduction factors helps reduce peak 

flows so that the peak flow on larger streams is not overestimated, however, if they are applied across an 

entire watershed, it often results in the smaller tributaries higher in the basin having their peak flows 

underestimated. This results in floodplains that are too small and do not accurately show the true risk. 

Instead of using precipitation areal reduction factors, this analysis utilized negative internal boundary 

condition hydrographs to reduce peak flows only on large streams within Mesa County. This methodology 
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reduces the peak flows on the larger tributaries in the basin by applying a scaled down inverted hydrograph 

while leaving the rest of the model unaffected. 

Negative internal boundary condition hydrographs were used on five major streams within Mesa County, 

including Buzzard Creek, the Dolores River, the Gunnison River, Kannah Creek, and Plateau Creek. The 

Colorado River did not require any negative internal boundary condition hydrographs because the smaller 

tributaries flowing into the Colorado did not cause a significant increase in peak flow due to the large 

differences in magnitude and because the Gunnison River inflow hydrograph was reduced to ensure the 

peak flow on the Colorado River stayed within calibration tolerances, as discussed in the Boundary 

Conditions section. 

It was found that negative internal boundary condition hydrographs were needed when the modeled 

drainage area of a tributary started to increase above 100 square miles. This is illustrated for the Plateau 

Creek watershed in Figure 9, which is 100% within the computational boundaries of this analysis. Through 

testing, the maximum percentage reduction without causing significant numerical instabilities was found to 

be 15%. For streams where the initial modeled peak flow was greater than 15% different from the calibration 

targets, multiple negative internal boundary condition hydrographs were utilized. 

 

Figure 8: Calibration Point Summary 
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Figure 9: Plateau Creek Calibration Summary 
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Table 8 summarizes the final calibration results for all 20 basins. 95% of the calibration points were within 

1 SEP of the regression equation calibration flows or 25% of the stream gage analysis calibration flows. 

100% of the calibration points were within 2 SEP of the regression equation calibration flows or 50% of the 

stream gage analysis calibration flows. 

Table 8: Final Model Calibration Results 

Model 

Average 
Percent 

Difference 
(%) 

Number of 
Calibration 

Points 

Calibration 
Points 

Outside 1 
SEP1 

Percentage 
of Points 
Outside 1 

SEP1 

Calibration 
Points 

Outside 2 
SEP2 

Percentage 
of Points 
Outside 2 

SEP2 

Beaver Creek -30% 4 0 0% 0 0% 

Big Creek -13% 11 0 0% 0 0% 

Big Salt Wash -1% 8 0 0% 0 0% 

Buzzard Creek 7% 6 0 0% 0 0% 

Divide Creek 22% 7 4 57% 0 0% 

Dominguez Creek 17% 6 0 0% 0 0% 

East Creek -30% 6 1 17% 0 0% 

Salt Creek -12% 6 0 0% 0 0% 

Escalante Creek -21% 8 1 13% 0 0% 

Jerry Creek 7% 6 0 0% 0 0% 

John Brown Creek -1% 9 0 0% 0 0% 

Kannah Creek -3% 12 0 0% 0 0% 

Little Dolores River -2% 7 0 0% 0 0% 

McDonald Creek 15% 6 0 0% 0 0% 

Mesa Creek -33% 1 0 0% 0 0% 

Outlet Gunnison River 1% 6 0 0% 0 0% 

Roan Creek 6% 8 0 0% 0 0% 

Sink Creek -1% 8 0 0% 0 0% 

Vega Reservoir 0% 12 1 8% 0 0% 

West Creek -23% 7 0 0% 0 0% 

Mesa County -5% 144 7 5% 0 0% 

Notes 

1. Or 25% for stream gage analysis calibration flows. 

2. Or 50% for stream gage analysis calibration flows. 

2.5 Floodplain Mapping 

1% annual chance recurrence interval floodplains were developed for all streams within Mesa County with 

drainage areas greater than one square mile. This follows FEMA guidance for setting the extents of flood 

studies since drainage areas less than one square mile are considered local drainage problems (FEMA, 2003). 

The floodplains were developed using Wood proprietary tools that take raw HEC-RAS outputs and produce 

smoothed and corrected floodplains for the select streams. 

The 1% annual chance recurrence interval floodplains were added to the Discovery Maps presented to the 

communities and other stakeholders within Mesa County during the Discovery Meeting. The Discovery 

Meeting is discussed in more detail in the following section. The 1% annual chance recurrence interval 

floodplains are also provided as supplemental data to this report to be used as best available information. 



  Base Level Engineering Report 

  Mesa County, Colorado 

Project #32790120 | Colorado Water Conservation Board  |  10/17/2019 Page 21 of 21 

32790120  

3.0 References 

AECOM. (2019). “Delta County Base Level Engineering and Discovery.” 

Colorado Department of Transportation (CDOT). (2019). “Online Transportation Information System 

(OTIS).” 

Compass PTS JV. (2018). “Garfield County Base Level Engineering and Discovery.” 

Federal Emergency Management Agency (FEMA). (2003). “Guidelines and Specifications for Flood Hazard 

Mapping Partners.” 

Federal Emergency Management Agency (FEMA). (2018). “Guidance for Flood Risk Analysis and Mapping - 

Base Level Engineering (BLE) Analyses and Mapping.” Guidance Document 99. 

Federal Emergency Management Agency (FEMA). (2018). “Guidance for Flood Risk Analysis and Mapping - 

Discovery.” Guidance Document 5. 

National Oceanic and Atmospheric Administration (NOAA). (2005). “NOAA Atlas 14.” Hydrometeorological 

Design Studies Center - Precipitation Frequency Data Server, National Oceanic and Atmospheric 

Administration, National Weather Service, 

<http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=pa> 

National Oceanic and Atmospheric Administration (NOAA). (2013). “Precipitation-Frequency Atlas of the 

United States - Midwestern States.” NOAA Atlas 14, 8. 

Natural Resources Conservation Service (NRCS). (1986). “Urban Hydrology for Small Watersheds - 

Technical Release 55 (TR-55).” 

Natural Resources Conservation Service (NRCS). (2017). “Soil Survey Geographic Database 

(SSURGO).” SSURGO Downloader, 

<https://www.arcgis.com/home/item.html?id=cdc49bd63ea54dd2977f3f2853e07fff> 

Natural Resources Conservation Service (NRCS). (2019). “National Land Cover Database (NLCD) 2011 

(CONUS).” Multi-Resolution Land Characteristics Consortium, <https://www.mrlc.gov/> 

U.S Geological Survey (USGS). (2019). “Guidelines for Determining Flood Flow Frequency - Bulletin 17C.” 

Book 4, Hydrologic Analysis and Interpretation. 

U.S. Army Corps of Engineers (USACE). (2017). “Hydrologic Engineering Center Statistical Software 

Package (HEC-SSP) Version 2.1.1.137.” Hydrologic Engineering Center, computer software. 

U.S. Army Corps of Engineers (USACE). (2019). “Hydrologic Engineering Center River Analysis System 

(HEC-RAS) Version 5.0.6.” Hydrologic Engineering Center, computer software. 

Vaill, and U.S Geological Survey (USGS). (2000). “Analysis of the Magnitude and Frequency of Floods in 

Colorado - Water-Resources Investigations Report 99-4190.” 

Wood. (2017). “Hydrology Report - Colorado River Hydrologic Evaluation.” 

Wood. (2019). “Discovery Report, Mesa County, CO.” 



APPENDIX C













































































































































APPENDIX D


































	Request for Proposal
	Appendix A - Preliminary Levee Assessment Report_Grand Junction.pdf
	1.0 Introduction
	1.1 Background
	1.2 Previous Studies
	1.3 Vertical Datum
	1.4 Field Assessment
	1.5 Geotechnical Information
	1.6 Levee Compliance with 44 CFR 65.10 Requirements

	2.0 Design Criteria
	2.1 Freeboard
	2.2 Closures
	2.3 Embankment Protection
	2.4 Embankment and Foundation
	2.5 Settlement Analysis
	2.6 Interior Drainage
	2.7 Other Design Criteria
	2.7.1 Vegetation
	2.7.2 Encroachments
	2.7.3 Property Ownership
	2.7.4 Utilities


	3.0 Operation Plan
	3.1 Closures
	3.1.1 Flood Warning System
	3.1.2 Plan of Operation
	3.1.3 Periodic Operation of Closures

	3.2 Interior Drainage Plan
	3.2.1 Flood Warning System
	3.2.2 Plan of Operation
	3.2.3 Manual Backup
	3.2.4 Periodic Inspection


	4.0 Maintenance Plan
	5.0 Certification Requirements
	6.0 Summary
	7.0 References

	Appendix D CORiverLevee_AsBuilts.pdf
	Co River Levee_Cover
	Co River Levee_C-1
	Co River Levee_C-2
	Co River Levee_C-3
	Co River Levee_C-4
	Co River Levee_C-5
	Co River Levee_C-5a
	Co River Levee_C-6
	Co River Levee_C-6a
	Co River Levee_C-6c
	Co River Levee_C-7
	Co River Levee_C-8
	Co River Levee_C-9
	Co River Levee_C-10
	Co River Levee_C-11
	Co River Levee_C-12
	Co River Levee_C-13


	undefined: 
	Total Amount Written: 
	Anticipated completion date: 
	Prompt payment discount of: 
	invoice is paid within: 
	Specifications and other Contract Documents  State number of Addenda received: 
	Company Name  Typed or Printed: 
	Address of Offeror: 
	City State and Zip Code: 
	Authorized Agent  Typed or Printed: 
	Phone Number: 
	Email Address of Agent: 
	Date: 


