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1.
Introduction

1.1
Purpose and Need

An estimated 23,000 culverts
 lie under State and Federal highways in Oregon. Most of these culverts were installed 50 or more years ago and are approaching the end of their design life. Inventory, maintenance, and replacement of culverts have not kept pace with rates of deterioration due to competing ODOT priorities and the lack of a comprehensive, statewide culvert management system. The implications of this situation are serious because deteriorating culverts threaten the safety of the traveling public, the mobility of people and freight, and the health of Oregon’s natural environment. 

ODOT currently has no comprehensive management of state highway system culverts. Failing culverts are repaired on an ad-hoc basis by Maintenance or added onto STIP-funded preservation or modernization projects. One of the problems with attaining a comprehensive culvert management system is our lack of even a basic inventory of locations and types of culverts. A culvert inventory is needed as the foundation for properly managing ODOT culverts.  However, as this Work Plan will demonstrate, an inventory alone will not result in improved processes for repairing and replacing damaged culverts. 

This Work Plan was prepared by the ODOT Geo-Environmental Section, and outlines options for culvert inventory, organizational structure, and resources necessary to develop a comprehensive, statewide Culvert Management System (CMS). An integral aspect of the CMS will be development of a Drainage Facility Management System (DFMS) that will allow for more sophisticated approaches to culvert delivery decision-making. The DFMS is more than a simple culvert inventory. It is a comprehensive, Oregon-specific system for inventorying, evaluating, and managing the condition of culverts throughout the state.

1.2
Goals

The overarching goal of the CMS will be to provide a framework for improved management of State highway culverts. A CMS will support the State’s economic goals by taking a proactive rather than a reactive approach to culvert asset management that is consistent with ODOT Asset Management Strategic Plan goals including the following:

Goal 1 - Develop and implement a robust Asset Management Data Collection and Storage System that contains corporate data for transportation features and their condition that is consistent, unduplicated, understandable, reliable, accurate, current and owned by the responsible ODOT Business Line 

Goal 2 – Develop and implement a fully automated, flexible and complete Asset Management Data Reporting System that performs cross-asset analysis and monitors the inventory, condition and performance of assets within ODOT’s jurisdiction. 

Goal 3 – Develop and implement an integrated, useable, and reliable Asset Management system that provides information, analysis tools and processes necessary for life cycle management of ODOT assets so that funding allocation decisions are broad-based across various asset categories.  

Finally, a comprehensive CMS will also help achieve the following key environmental directive in the Oregon Highway Plan:

It is the policy of the State of Oregon that the design, construction, operation and maintenance of the state highway system should maintain or improve the natural and built environment including… fish passage and habitat… sensitive habitats (i.e. wetland designated critical habitat, etc), vegetation, and water resources where affected by ODOT facilities. 

Figure 1 provides a schematic illustrating the proposed process and timeline for development of the CMS.

[image: image1.wmf]We Are Here

Identify

Resources

to Develop

Program

Create Products

to Guide/Facilitate

Program

Implementation

Program

Development

Work Plan

Program

Delivery

Culvert

Program

Plan

Program

Implementation

Culvert

Strategy

Report

Program

Planning

Program

Development

*

*

Completed.


Figure 1. Culvert Management System development timeline.  

2.   Culvert Inventory

ODOT needs a comprehensive inventory of its culverts primarily because they are one of many highway system assets that need to be located and tracked for more efficient and effective management. At this point, we do not know even the most basic information on many of our culverts, such as location and size. We do not know how many culverts are under within state highway system, much less system management information like function and condition. The amount of information gained about each culvert drives how much information we can learn about its function and condition. This Work Plan describes three main levels of culvert inventory, Level 1 as the most basic to Level 3 as the most comprehensive. Table 2.1 summarizes the benefits and cost at each level. Costs are based only on consultant data collection and processing (including travel expenses), without ODOT oversight, planning, quality control or data transfer. ODOT oversight is presented in Section 4.2.1. Approximately 8% of all culverts have been inventoried so far at Level 2, as part of a pilot study.  

Table 2.1   Summary of benefits and costs for the three levels of culvert inventory (no inflation).

	Benefits
	Definition
	Level 1
	Level 2
	Level 3

	Location 
	Culvert location along the State highway system.
	X
	X
	X

	Magnitude of problem
	The condition of culverts along the highway system.


	X
	X
	X

	General culvert condition
	Good, fair and poor rating system.
	X
	X
	X

	Detailed condition rating
	Detailed culvert and site condition assessment and ratings.
	
	X
	X

	Project scoping & cost estimate
	Ability to use information for project scoping and cost estimates.


	
	X
	X

	Risk
	Severity of problem at each location.
	
	X
	X

	Life cycle costs


	The overall cost of a selected repair or replacement alternative over the life span of the facility.
	
	
	X

	Risk benefit analysis


	The comparison of the risk of a situation to its related benefits.
	
	
	X

	Complete photo record
	
	
	
	X

	

	Estimated Total Cost without inflation (in Millions)
	$ 3.830
	$ 4.032a
	$ 5.039


a.  Assumed a single effort to collect all Level 2 data.  Cost to collect Level 2 data after Level 1 data is completed will be greater.  Multiply the Level 1 cost by the percentage of culverts listed as poor ($4,031,510)*(1.2 listed as poor condition) = $4,837,812. 

2.1
Inventory Effort

The largest time constraint for inventorying culverts involves transit time to and from the field and roaming the highways in search of culverts. This time applies equally to all three inventory levels. Additional time in the office is required to post-process the inventory information collected from the field. Level 1 and 2 inventories essentially take the same time, while Level 3 involves more time due to the large number of photos and additional research information. The three proposed culvert inventory levels are described below. After reviewing the three levels of culvert inventory, the Asset Management steering committee has recommended that the agency proceed with a statewide culvert inventory at Level 2. 
2.1.1
Level 1 Inventory

The Level 1 inventory is best described as a basic inventory. Information collected for this level would include at a maximum: the shape, material, rise, span, length and location. A simple profile of the culvert is required to determine the culvert length. This information would also be accompanied by a general culvert condition listed as good, fair, or poor.

The information collected from this level of inventory is very limited. Culverts rated in a poor condition would require an additional site evaluation in the future to gather enough information to identify and determine the severity of the problem.

2.1.2
Level 2 Inventory

The Level 2 inventory essentially follows the same procedure as outlined in the Level 1 inventory. The primary difference occurs when “poor” site and/or culvert conditions are discovered. When these situations are encountered, the Level 2 inventory collects a more detailed culvert and site assessment along with two to three photographs. 

Additional culvert rating fields in Level 2 include, among others, condition of open joints, blockage, piping and cracking. Some of the site condition ratings fields will include seeps, embankment pop outs, pavement patches and settlement of the roadway.

The additional site and culvert information provides the ability to identify and determine the severity of the problem. Other added benefits for the Level 2 inventory include project scoping information and the capability to record the beginning of an inspection history of the culvert. 

2.1.3
Level 3 Inventory

The Level 3 inventory is more detailed and in depth compared to the Level 1 and 2 inventories. Information collected in the field would include the above information plus a suite of twelve site photos, additional environmental data and detailed hydraulics and geotechnical data. Office work would include reviewing construction plans for additional information necessary for generating life expectancy models and cost benefit ratios.

2.2
Inventory Schedule Alternatives

Three different alternatives have been developed to carry out the planning and scheduling of the culvert inventory.  These alternatives include a four year plan, six year plan, and an eight year plan.  Costs for the alternatives were derived from data collected from the ongoing culvert inventory efforts.  A cumulative inflation factor of 3% per year has been added to provide a more accurate representation of future costs.  Figure 2 shows the projected costs for the alternative schedules at a Level 2 inventory.

Certain factors will have to be taken into consideration when implementing any of the three proposed alternative schedules.  The largest and most time consuming would be inner agency cooperation.  This cooperation would be needed to provide safe field conditions while inventorying the Interstates or unsafe highways and helping provide access to difficult culverts.  The most significant factor is the financial resources available per year to complete the inventory.  Other factors include ODOT and consultant staffing, equipment costs, and weather conditions.  The six year inventory schedule would be more suited to address these factors and help ease the annual financial burden of inventorying culverts statewide. 

Figure 2.  Anticipated costs of Level 2 culvert inventory, at three alternative schedules.
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3.
Culvert Management System Development

Development of the CMS Work Plan has been an effort to quantify the resources needed to develop and sustain asset management of culverts and has been prepared by a working group consisting of several Geo-Environmental Services (GES) managers, staff and consultants (Culvert Program Team). The Culvert Program Team has gained direction and guidance regarding CMS development from a steering committee comprised of section managers in various key divisions of the agency.

A culvert inventory is only useful with supporting system management, such as guidance for best practices to inventory and inspect culverts, guidance on regulatory compliance, and training.  The Geo-Environmental Section is in the process of developing the DFMS (defined in Section 1.1). The culvert inventory is just one component of the DFMS. It will also provide tools to prioritize culvert repairs. A comprehensive and integrated statewide asset management program is needed for more efficient and effective culvert management, as has been done for the Agency’s other important assets, such as the Pavement Preservation Program and the Bridge Program. 

Three main approaches to CMS management have been identified; each designed to be implemented with varying investment of resources (Table 3.0). Option 1 requires the least amount of resources but provides the lowest functionality and applicability to Asset Management Goals. Option 3 requires the greatest investment of resources and is expected to yield the highest possible functionality in terms of culvert asset management.

Table 3.0  Summary of costs and effectiveness of various levels of culvert management (no inflation).

	 
	Option 1
	Option 2
	Option 3

	Biennium 1
	 $         356,900 
	 $            1,063,425 
	 $              2,229,000 

	Biennium 2
	 $         311,400 
	 $               681,850 
	 $              1,760,300 

	Each year after Biennium 2
	 $           62,100 
	 $               216,200 
	 $                 741,100 

	Overall Functionalitya
	LOW
	MODERATE
	HIGH

	Asset Management Readinessb
	Orange 
	Yellow 
	Green


a. CMS Functionality Definitions:

Low = Limited to not functional (slightly improved process for characterizing culvert conditions, repair, and maintenance needs); resourced within existing programs.

Moderate = Functionality depends on data collection (significantly improved process for centralized culvert management); new resources needed; managed within existing programs.

High = Fully functional (includes life cycle costing and predictive modeling); new resources needed, managed as new program.

b. Asset Management Readiness Definitions (based on ODOT Asset Management, Asset Assessment 12/1/06):

Green = Process well established and resourced

Yellow = Process somewhat established

Orange = Process in development stage

Red = No processes have been established or resourced.  This is the current state.
A CMS program will achieve some of the goals and objectives of the Asset Management Strategic Plan. However, the lower options achieve fewer specific Asset Management Strategic Plan objectives (see Appendix A). 

The following information summarizes the three main options for a CMS program, and a break down of the costs for the three options is provided in Appendix A. After thorough review and discussion of the various levels of CMS development, the culvert steering committee has recommended that the agency proceed with development of the Option 2 CMS. Section 4.0 provides more detail on Option 2.  
3.1
OPTION 1

Option 1 involves improving culvert management using existing tools, programs, and resources (personnel and capital resources) for ODOT Regions and Districts to manage culverts in their geographical service area. The DFMS will not be fully functional and ongoing maintenance of the system will be as it is not, ad-hoc. Anticipated benefits of Option 1 CMS include:

· Guidance for using existing environmental permitting processes, specific to culverts

· Communication and training plan

· Guidance for Districts and Regions to inventory, inspect, and prioritize culverts

· Training for data collection

· Guidance for Regions to scope culverts during normal project development

3.2
OPTION 2

Option 2 for a CMS will include enough functionality to manage culvert delivery statewide as it creates a new centralized culvert management system. Additional resources for the new program will be needed to carry out tasks associated with Option 2 (Table 3.0). Anticipated benefits of Option 2 CMS include:

· A functional DFMS (level of functionality depends on scope of data collection)

· New strategies to streamline regulatory compliance

· An implementation plan for the CMS

· Operational notices for use of the DFMS

· Training for permitting, data management, evaluation, and scoping

· Minimal culvert delivery guidance including cost estimation, limited to scoping

3.3
OPTION 3

Option 3 CMS will most resemble a distinctive and fully functional centralized culvert program within ODOT. It will embrace all of the goals outlined in Section 1.2. Considerable additional funding for the new system will be needed to carry out tasks associated with Option 3 (Table 3.0). However, Option 3 is expected to provide the highest level of asset management and efficiency (i.e., greatest functionality).  Benefits that are unique to the Option 3 CMS include:

· A fully functional DFMS (such as for tracking culvert maintenance and costs)

· Use of predictive models for culvert deterioration and life-cycle costs to allow statewide prioritization for planning and resource allocation
· A comprehensive culvert delivery plan
4.
Option 2 Elements, Tasks and Products

This section describes the efforts necessary to initiate and carry out Option 2 for the CMS. Sufficient information has been provided to determine the scope and estimated the resources (human and capital) necessary to complete Option 2 CMS program development.  The following basic elements are needed for an effective, comprehensively managed CMS within ODOT, at any level:
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Program Administration: Administer using adaptive management principles to provide design standards, incorporate emerging technologies, resources, and streamline regulatory compliance

· Data Management: Collect critical data by inspecting and inventorying all culverts and manage the data by developing a statewide Drainage Facilities Management System (DFMS). 

· Evaluation: Evaluate alternative solutions, priorities, costs, and funding options for developing a culvert delivery plan. 

· Culvert Delivery: Provide guidance for the delivery of culvert repairs and replacements by addressing resources (human and capital), scheduling, scoping, design, construction, and maintenance needs. 

Various tasks are needed within each element to create products (such as the DFMS and user guides) that will achieve the goal of an improved system for culvert management (Figure 3). Table 4.0 describes the anticipated products developed under an Option 2 CMS. The total cost for Option 2 CMS is shown on Table 3.0, and compared to Levels of data collection on Figure 4.  Anticipated resource allocations for each task have been divided into two categories, initiative functions and core functions. Initiatives are associated with CMS program development. Core functions are necessary to maintain system support, are ongoing, and begin after initiatives have been completed. Resource needs for initiatives and core functions have been estimated for each CMS task in the following sections. 

Table 4.0  Summary of Option 2 CMS Products.

	Product
	Description

	Program Administration 

	CMS Plan
	Compilation and synthesis of all other CMS Products. Provides overall goals, objectives and strategies of the CMS.

	Operational Notice
	Guidance and clear direction on how to establish deliverables, achieve accountability, meet requirements, and develop standards for project delivery. 

	Permit Strategy
	Formal plan for development/use of CMS-specific programmatic agreements, statutory modifications, or rule changes.

	Communication & Training Plan
	Provides guidance on the type and frequency of training needed to implement CMS. 

	Data Management 

	DFMS
	A comprehensive, Oregon-specific system for inventorying, evaluating, and managing the condition of pipes and culverts throughout the state.

	Inspection Protocols
	Guidance for conducting periodic inspections so that appropriate information is gathered to prioritize and plan culvert project delivery.

	Condition Assessment Guidance
	Guidance for assigning condition scores or ratings to culvert assets.

	Evaluation 

	Evaluation Guidance 
	To aid Regions in selecting alternative design and construction solutions and evaluating and prioritizing culvert projects.

	Culvert Delivery 

	Scoping Guidance
	To guide project delivery teams to improve existing culvert delivery procedures. 

	Funding Guidance
	To guide project delivery on how to request funding for culvert projects
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Figure 4.  Option 2 CMS total costs including Level 2 culvert inventory, at the three alternative schedules for culvert inventory.
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4.1
Administration Element   

CMS Administration is the primary element for ensuring sound management of the development of all elements, tasks, and products. Effective administration will ultimately provide a more effective CMS and the ability for ODOT to meet CMS goals and objectives. Products that will be developed under the Administration element will include a Permit Strategy for regulatory compliance, Operational Notice, Structure Plan, and a Communication and Training Plan (Figure 3 and Table 4.0).

4.1.1
Program Management Task 

A more comprehensively managed culvert structure will require coordination and oversight to keep all of the interdependent elements and tasks on track toward the common goal of increasing the rate of culvert improvement. Since program management work will be needed for the duration of the program, it is a core function, and there is no real “initiative” for program management (Table 4.1). 

Table 4.1  Estimated resources for Option 2 CMS Program Management task.

	
	Human Resources (Hoursa)

	Staff Level
	Initiative
	Core

	Unit Manager (PEME)
	0
	750d

	Total Hoursa 
	0
	750

	Total Cost b
	                                   - 
	$                  84,000 


a.  Person hours rounded to the nearest 50. Time estimates based on proportion of full-time work (e.g., 100% = 2000 hrs).

b.  Rates based on ODOT's loaded hourly rate schedules for job classes (PEME=$112). Does not include inflation. 

d.  Based on 10% of all other tasks of the CMS, not including data collection.

4.1.2
Standards and Technology Task  

Effective culvert management will require ongoing compilation, review and application of the most up-to-date technological advances in engineering and construction. Incorporating the most current technology will be essential for developing CMS design and construction standards. Table 4.2 provides estimated Standards and Technology Task resource allocations. We anticipate that this is only an “initiative” function because once the standards have been developed, there will be very little work involved with maintaining and updating the standards. Future work to review current technologies and update the standards would be completed using existing staff resources in the Geo-Environmental Section.  

Table 4.2  Estimated resources for Option 2 CMS Standards & Technology task.

	 
	Human Resources (Hoursa)

	Staff Level
	Initiative
	Core

	Program Coordinator (PE 2)
	50
	0

	Technical Experts (PE 2) or Other
	300
	0

	Total Hoursa 
	350
	0

	Total Cost b
	 $                 35,700 
	 $                              - 

	Estimated Duration c
	6 mo
	 


a.  Person hours rounded to the nearest 50. Time estimates based on proportion of full-time work (e.g., 100% = 2000 hrs).

b.  Rates based on ODOT's loaded hourly rate schedules for job classes (PE2=$102). Does not include inflation. 

c.  Estimated duration indicated for Initiatives. Core functions are per year, beginning after initiatives have been completed.

4.1.3
Regulatory Compliance Task

Regulatory permitting often dictates culvert design and construction techniques and can result in the delay or shelving of projects due to permit conditions or approval timelines. The CMS will strive to eliminate some of the uncertainties associated with permitting culvert projects by providing ODOT staff with regulatory permitting guidance and/or a permitting strategy that may include amending regulations that often affect timely maintenance and repair of culvert projects. 

The Option 2 permitting strategy would seek clarification of potentially ambiguous regulatory guidance, and potentially result in new programmatic agreements, statutory modifications, or rule changes may be pursued where the potential benefits are deemed worth the cost. Training for ODOT staff tasked with implementing the permitting strategy for culvert projects will help to alleviate compliance obstacles. Most of the resources for regulatory compliance under Option 2 are for development of the permitting strategy initiative, although some core resources will continue to be needed to track regulatory permit changes as they relate to the culvert program (Table 4.3).

Table 4.3  Estimated resources for Option 2 CMS Regulatory Compliance task.

	 
	Human Resources (Hoursa)

	Staff Level
	Initiative d
	Core

	Program Coordinator (PE 2)
	600
	50

	Unit Manager (PEME)
	200
	0

	Technical Experts (EPC 3)
	1000
	100

	Total Hoursa 
	1800
	150

	Total Cost b
	 $                  167,600 
	 $                   13,500 

	Estimated Duration c
	2 years
	 


a.  Person hours rounded to the nearest 50. Time estimates based on proportion of full-time work (e.g., 100% = 2000 hrs).

b.  Rates based on ODOT's loaded hourly rate schedules for job classes (PEME=$112, PE2=$102, PE1=$84, EPC3=$84). Does not include inflation. 

c.  Estimated duration indicated for Initiatives. Core functions are per year, beginning after initiatives have been completed.

d.  Hours include training.

4.1.4
Communication and Training Task

All tasks requiring consistent application of standards, procedures, and new technologies will require that some form of training be provided to staff responsible for carrying out the various CMS tasks. In addition, effective CMS management and administration will require clear communication and coordination protocols and the dissemination of communication and training plans to appropriate Agency staff. The Program Coordinator will develop a Communication and Training Plan for developing and distributing policy and guidance for all of the initiatives under the Option 2 CMS. The Communication and Training Plan will also address additional stakeholder involvement, training and the need to communicate the CMS initiatives. Table 4.4 provides estimated resources for developing the Plan, which is exclusively an initiative function. Actual resources needed for implementing training of different tasks and products are included with the appropriate task. 

Table 4.4  Estimated resources for Option 2 CMS Communication and Training task.

	 
	Human Resources (Hoursa)

	Staff Level
	Initiative
	Core

	Program Coordinator (PE 2)
	150
	0

	Technical Experts (PE 2) or Other
	150
	0

	Total Hoursa 
	300
	0

	Total Cost b
	 $                     30,600 
	 $                           - 

	Estimated Duration c
	6 months
	 


a. Person hours rounded to the nearest 50. Time estimates based on proportion of full-time work (e.g., 100% = 2000 hrs).

b. Rates based on ODOT's loaded hourly rate schedules for job classes (PE2=$102).

c. Estimated duration indicated for Initiatives. Core functions are per year, beginning after initiatives have been completed.

4.2
Data Management Element

Proper management and use of CMS asset data is the foundation for a proactive and comprehensive structure for managing State culverts. The degree to which data management and utilization of the DFMS is undertaken will have reciprocating effects on other elements, tasks and products associated with the CMS.  

4.2.1
Inventory Support Task  

The Option 2 CMS can support varying levels data collection (Section 2.0). Higher levels of data collection would be more comprehensive and would make greater use of the capabilities of the DFMS. The main focus of the initiative effort for this task is to provides support for the data collection, such as scheduling and coordinating data collection, data processing, planning and initiating the DFMS, developing inventory protocols and other facets of the “startup phase” of the inventory process, and training of inventory procedures and data management. Training of all crews in inventory procedures will be required to ensure data consistency that is critical to the DFMS operation. Table 4.5 provides estimated resources for the support for the culvert inventory. Costs associated with data collection are provided in Section 2.0

Table 4.5  Estimated resources for Option 2 CMS Inventory Support task (not including data collection).

	 
	Human Resources (Hoursa)

	Staff Level
	Initiatived
	Cored

	Program Coordinator (PE 2)
	2550
	300

	Technical Experts (PE 2) or Other
	200
	100

	Administrative Support (AS2)
	8000
	200

	Total Hoursa 
	10750
	600

	Total Cost b
	 $               704,500 
	 $                51,400 

	Estimated Duration c
	4 yrse
	 


a. Person hours rounded to the nearest 50. Time estimates based on proportion of full-time work (e.g., 100% = 2000 hrs).

b. Rates based on ODOT's loaded hourly rate schedules for job classes (PE2=$102, AS2 = $53).

c. Estimated duration indicated for Initiatives. Core functions are per year, beginning after initiatives have been completed.

d.  Hours include training.

e.  Duration may vary depending on data collection schedule.

4.2.2
Condition Assessment Task  

The level of detail provided by condition assessments is directly related to the level of detail used in conducting asset inventories. As such, the level of resources and work required for this task and other tasks included in the CMS Data Management element is dependent on the depth of CMS culvert inventory and the DFMS. 

Option 2 CMS supports varying levels of the data collection (Section 2.0). The Option 2 Condition Assessment assumes that the Level 2 culvert inventory has been obtained.  At Option 2, all inventoried culverts will receive qualitative condition scores or ratings based on structural condition and geotechnical data collected during inventory and inspections. As such, under this Option, only a relatively unsophisticated prioritization scheme is possible. Table 4.6 provides estimated resources for the Option 2 condition assessment task.

Table 4.6  Estimated resources for Option 2 CMS Condition Assessment task.

	 
	Human Resources (Hoursa)

	Staff Level
	Initiative d
	Core

	Program Coordinator (PE 2)
	500
	100

	Technical Experts (PE 2) or Other
	100
	50

	Total Hoursa 
	600
	150

	Total Cost b
	 $                61,200 
	 $             15,300 

	Estimated Duration c
	1 year
	 


a. Person hours rounded to the nearest 50. Time estimates based on proportion of full-time work (e.g., 100% = 2000 hrs).

b. Rates based on ODOT's loaded hourly rate schedules for job classes (PE2=$102).

c. Estimated duration indicated for Initiatives. Core functions are per year, beginning after initiatives have been completed.

d. Hours include training.

4.2.3
Routine Inspection Task  

For effective, ongoing asset management, some form of routine inspections is necessary following initial inventory efforts. Following initial inventory efforts and periodic inspections, routine inspection protocols would be needed to ensure the DFMS database remains current and reflects recent changes (including maintenance corrections, further deterioration, replacement, etc.). Under Option 2, routine inspections are assumed to be conducted by Maintenance forces, but outsourcing is a delivery option. The resources necessary to conduct the routine inspections are not included in the estimated resources.  The Office of Maintenance must be included in the development of inspection protocols and assignment of responsibilities. Table 4.7 provides estimated Routine Inspection Task resource allocations at the Option 2 CMS, assuming in-house resources. Some level of training is anticipated for this task.

Table 4.7  Estimated resources for Option 2 CMS Routine Inspection task.

	 
	Human Resources (Hoursa)

	Staff Level
	Initiative d
	Core

	Program Coordinator (PE 2)
	50
	50

	Technical Experts (PE 2) or Other
	200
	50

	Total Hoursa 
	250
	100

	Total Cost b
	 $                25,500 
	 $                10,200 

	Estimated Duration c
	1 year
	 


a. Person hours rounded to the nearest 50. Time estimates based on proportion of full-time work (e.g., 100% = 2000 hrs).

b. Rates based on ODOT's loaded hourly rate schedules for job classes (PE2=$102).

c. Estimated duration indicated for Initiatives. Core functions are per year, beginning after initiatives have been completed.

d. Hours include training.

4.3
Evaluation Element

Evaluation has been included in during CMS planning as a separate Element due to the critical nature culvert evaluations have on effective culvert management activities. The functionality of culvert evaluation guidance will be contingent in large degree to the robustness of the DMFS and Data Management element.  

4.3.1
Alternatives Task  

The development of design and construction alternatives is necessary to allocate appropriate resources and ensure culvert projects are programmed in a timely manner and in a way that best achieves Agency goals. Design and construction alternatives development is directly dependent on the functionality of inventory and inspection data. Guidance for selecting alternative design and construction solutions, and integrating the Condition Assessment, will be feasible at the Option 2 CMS. Both initiatives and core functions would require resources to provide training to Regions for use of the guidance (Table 4.8).

Table 4.8  Estimated resources for Option 2 CMS Alternatives task.

	 
	Human Resources (Hoursa)

	Staff Level
	Initiatived
	Cored

	Program Coordinator (PE 2)
	50
	50

	Technical Experts (PE 2) or Other
	100
	0

	Total Hoursa 
	150
	50

	Total Cost b
	 $                 15,300 
	 $                5,100 

	Estimated Duration c
	6 months
	 


a. Person hours rounded to the nearest 50. Time estimates based on proportion of full-time work (e.g., 100% = 2000 hrs).

b. Rates based on ODOT's loaded hourly rate schedules for job classes (PE2=$102).

c. Estimated duration indicated for Initiatives. Core functions are per year, beginning after initiatives have been completed.

d. Hours include training.

4.3.2
Prioritization Task

As with many of the tasks associated with CMS planning, prioritization development is directly related to the breadth of inventory and inspection data and available CMS resources. Option 2 CMS prioritization would be limited by the inventory and inspection data available to decision-makers. For this Work Plan, resources to develop the prioritization guidance are based on structural considerations gained from the Level 2 inventory. The Program Coordinator will develop the prioritization guidance, oversee training for Region staff, and update the prioritization tools (Table 4.9).

Table 4.9  Estimated resources for Option 2 Prioritization task.

	 
	Human Resources (Hoursa)

	Staff Level
	Initiative d
	Core

	Program Coordinator (PE 2)
	50
	50

	Technical Experts (PE 2) or Other
	50
	0

	Total Hoursa 
	100
	50

	Total Cost b
	 $                    10,200 
	 $                5,100 

	Estimated Duration c
	3 mo
	 


a. Person hours rounded to the nearest 50. Time estimates based on proportion of full-time work (e.g., 100% = 2000 hrs).

b. Rates based on ODOT's loaded hourly rate schedules for job classes (PE2=$102).

c. Estimated duration indicated for Initiatives. Core functions are per year, beginning after initiatives have been completed.

d. Hours include training.

4.3.3
Life Cycle Costs   

Life-cycle cost analysis (LCCA) is a method for assessing the total cost of facility ownership. Comprehensive LCCA takes into account all costs of acquiring, owning, and disposing of an asset or group of assets. The Option 2 CMS Life Cycle Costs development task would result in the preparation of guidance for Region project development teams to perform LCCA on a project by project basis, as opposed to a program-wide standardized LCCA process under Option 3. This would be based on the breadth of information available in the DFMS and would allow for some office-level LCCA abilities prior to site-specific surveys. Table 4.10 provides estimated Life Cycle Costs Task resource allocations for the Option 2 CMS.

Table 4.10  Estimated resources for Option 2 CMS Life Cycle Costs task.

	 
	Human Resources (Hoursa)

	Staff Level
	Initiative
	Core

	Program Coordinator (PE 2)
	200
	50

	Technical Experts (PE 2) or Other
	200
	0

	Total Hoursa 
	400
	50

	Total Cost b
	 $                40,800 
	 $                   5,100 

	Estimated Duration c
	6 months
	 


a. Person hours rounded to the nearest 50. Time estimates based on proportion of full-time work (e.g., 100% = 2000 hrs).

b. Rates based on ODOT's loaded hourly rate schedules for job classes (PE2=$102).

c. Estimated duration indicated for Initiatives. Core functions are per year, beginning after initiatives have been completed.

4.4
Culvert Delivery Element

Development of a comprehensive, statewide CMS must address delivery of individual culvert projects or culvert improvements that are part of larger transportation improvement projects. Culvert delivery also includes repair, rehabilitation, and replacement of culverts by maintenance forces. There currently is no comprehensive guidance available for delivering culvert projects outside of the Agency’s standard project delivery guidance that focuses on multiple types of transportation improvement actions.  

 4.4.1
Project Scoping Task   

Proper scoping of culverts projects is essential for the successful delivery of the CMS. Project level scoping will require that project delivery teams include the necessary disciplines (e.g., hydraulics, geotechnical, maintenance, biology). It is possible that Option 2 project scoping guidance would result in more efficient and consistent centralized scoping of projects with more assurance of timely and cost effective project delivery. Table 4.11 provides estimated Project Scoping resource allocations for the Option 2 CMS.

Table 4.11  Estimated resources for Option 2 CMS Project Scoping task.

	 
	Human Resources (Hoursa)

	Staff Level
	Initiative d
	Core

	Program Coordinator (PE 2)
	400
	100

	Staff Engineer (PE1)
	50
	0

	Technical Experts (PE 2) or Other
	200
	0

	Total Hoursa 
	650
	100

	Total Cost b
	 $                66,800 
	 $                 10,200 

	Estimated Duration c
	2 years
	 


a. Person hours rounded to the nearest 50. Time estimates based on proportion of full-time work (e.g., 100% = 2000 hrs).

b. Rates based on ODOT's loaded hourly rate schedules for job classes (PE2=$102, PE1=$84).

c. Estimated duration indicated for Initiatives. Core functions are per year, beginning after initiatives have been completed.

d. Hours include training.

4.4.2
Funding Task  

Funding availability will dictate the Agency’s ability to deliver culvert projects.  Under Option 2, the CMS may rely on existing programs (e.g., Large Culverts, Fish Passage, Maintenance, Pavement, and Modernization) to deliver the majority of culvert projects, but would expend more effort to optimize and leverage existing funding sources and programs.  Funding from outside of existing Agency sources and/or the augmentation of existing programs is anticipated. The funding task includes initiative time to develop guidance materials for Agency staff to tap CMS funding and other project funding sources (Table 4.10).

Table 4.10  Estimated resources for Option 2 CMS Budget & Funding task.

	 
	Human Resources (Hoursa)

	Staff Level
	Initiative
	Core

	Program Coordinator (PE 2)
	100
	50

	Staff Engineer (PE1)
	0
	100

	Technical Experts (PE 2) or Other
	50
	0

	Total Hoursa 
	150
	150

	Total Cost b
	 $                   16,300 
	 $              15,300 

	Estimated Duration c
	6 months
	 


a. Person hours rounded to the nearest 50. Time estimates based on proportion of full-time work (e.g., 100% = 2000 hrs).

b. Rates based on ODOT's loaded hourly rate schedules for job classes (PE2=$102, PE1=$84).

c. Estimated duration indicated for Initiatives. Core functions are per year, beginning after initiatives have been completed.

Appendix A

Costs and Functionality of Three Options 

of CMS Program Development

Overall effectiveness and functionality of culvert management and delivery depends on the level of resources available to complete various Tasks and Products.  Table A-1 provides a summary of costs and functionality of the various CMS development options per ODOT funding cycles. It also summarizes how levels of CMS development apply to the goals and objectives of the Asset Management Strategic Plan.  Option 3 requires the greatest investment of resources and is expected to yield the highest possible functionality.  Conversely, Option 1 provides the least overall functionality, although at a lower cost than Options 2 or 3. 

Table A-1. Summary of costs (in thousands) and functionality of culvert system management at different development options (no inflation). 
	 
	Program Admin.
	Data Managementa
	Evaluation
	Culvert Delivery
	Total

	Option 1
	 
	 
	 
	 
	 

	Biennium 1
	 $               98 
	 $               234 
	 $              15 
	 $               10 
	 $             357 

	Biennium 2
	 $               73 
	 $               239 
	 $                 - 
	 $                  - 
	 $             311 

	Per Year After Biennium 2 
	 $               36 
	 $                 26 
	 $                 - 
	 $                  - 
	 $              62 

	Overall Functionalityb
	NONE TO LOW
	 LOW 
	NONE TO LOW 
	NONE TO LOW 
	 LOW 

	Asset Management Program Objectivesc
	1.1, 1.2
	1.2
	None
	1.1
	

	Option 2
	 
	 
	 
	 
	 

	Biennium 1
	 $            402 
	 $                464 
	 $               91 
	 $             107 
	 $           1,063 

	Biennium 2
	 $             195 
	 $                403 
	 $               31 
	 $               53 
	 $             682 

	Per Year After Biennium 2 
	 $              98 
	 $                  77 
	 $               15 
	 $               27 
	 $             216 

	Overall Functionalityb
	 LOW TO MODERATE 
	 MODERATE 
	 NONE TO MODERATE 
	 NONE TO MODERATE 
	 MODERATE 

	Asset Management Program Objectivesc
	1.1, 1.2, 2.2, 3.1 – 3.5 
	1.1, 1.2, 2.1, 2.2, 3.4, 3.5
	1.1, 2.1, 3.1, 3.5
	1.1, 2.1, 3.5
	

	Option 3
	 
	 
	 
	 
	 

	Biennium 1
	 $            939 
	 $               596 
	 $            500 
	 $            195 
	 $          2,229 

	Biennium 2
	 $           468 
	 $               555 
	 $            418 
	 $            319 
	 $          1,760 

	Per Year After Biennium 2 
	 $           234 
	 $                138 
	 $            209 
	 $            160 
	 $            741 

	Overall Functionalityb
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH

	Asset Management Program Objectivesc
	1.1, 1.2, 2.2, 3.1 – 3.5  
	 1.1, 1.2, 2.1, 2.2, 3.4, 3.5
	1.1, 2.1, 2.2, 3.1, 3.4, 3.5
	1.1, 2.1, 2.2, 3.1, 3.4, 3.5
	


a.  Does not include data collection.

b  CMS functionality ratings: Low = Limited to not functional; resourced within existing programs; Moderate = Functionality depends on data collection; new resources needed; managed within existing programs; High = Fully functional; new resources needed, managed as new program.

c  Asset Management Program Objectives (ODOT Asset Assessment 12/1/06); 
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� A culvert is a conduit that conveys stream flow through a roadway embankment or past some other flow obstruction. ODOT Hydraulics Manual (2005).  
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