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2.0 Scope of Services 
 
Task 1: Site Investigation   

Task 1.1: Field Visit and Preliminary Assessment - Time spent in the field at the selected sites for 

an initial visit to observe the overall site characteristics and to determine any special considerations 

for each site. 

Task 1.1.1: Topographic Maps - Collect topographic maps from digital elevation data 

to help create flow lines and delineate basins. This task is crucial to the project as it 

provides data needed for the breakdown of basins and delineation of time of 

concentration lines used for curve number analysis. 

Task 1.1.2: Aerial Maps - Maps will be collected from municipalities and public 

domain to assist in the visualization of topography as well as the identification and 

delineation of site locations. The implementation of aerial maps into Arc-Maps will 

provide an easily referenced geospatial database that will assist in highlighting vital 

topographic features as well as act as a method for communicating information to 

stakeholders. 

Task 1.1.3: Precipitation Data - Precipitation data will be sourced from the City of Flagstaff and 

The National Oceanic and Atmospheric Administration. This data is vital to the project as it is 

needed for the creation of hydrographs. This data will be used to analyze the effective precipitation 

data created by each modeling method. 

Task 1.2: Soil Assessment - Performance of one soil assessment at each selected site to verify the 

soil conditions within Flagstaff are consistent with information available on Web Soil Survey. This 

data will be used to accurately determine the runoff coefficients for each micro-basin in order to 

model each site in HEC-HMS.  

Task 1.3: Flow Measurement – Flow data will be collected during monsoon season at each site. 

Equipment from NAU will be used to collect this data. This data will be used to create hydrographs 

to calibrate the HEC-HMS model.  

 

Task 2: Basin Delineation  

Task 2.1: Major Basin - Use of AutoCAD to identify the sub-basin boundaries for each site. The 

sub-basin will be delineated to drain the entire area of each neighborhood. The sub-basin 

delineation allows for accurate flow lines and time of concentration paths to be produced. This is 

vital to the project as the TR-55 method uses these paths to calculate weighted curve numbers.  

Task 2.2: Sub-Basins for Weighted Curve Number - The major basin will be broken up into sub-

basins based on topography, land use, and hydraulic infrastructure. Sub-basins will allow for a more 

detailed approach to assigning runoff coefficients.  These will be constructed based upon land 

features and predicted flow tendencies. 

Task 2.3: Micro-Basins Based on Surface Type - Creation of micro-basins within the sub-basins 

based upon single surface type while keeping standards of practice for basin delineation and 

topography. Allowing for the individual calculation of runoff volumes from each micro basin.   

 

 



 

Task 3: Runoff Routing 

Task 3.1: Time of Concentration Path Delineation - Time of concentration lines will be drawn for 

the sub-basins and each micro-basin at each site. This will be done using AutoCAD, by drawing 

lines that represent the water flow path based on the contour lines from digital elevation data. The 

path of the flow line will run from the highest elevation in each area to the concentration points of 

each area. These flow lines will be used to calculate the time of concentration for each site. 

Task 3.2: Time of Concentration - Using City of Flagstaff standards and provided methods to 

calculate the time for water to move to the concentration point of the sub-basin and the micro-

basins. This needs to be done based on different flow conditions in accordance with the Coconino 

County Drainage Design Manual, which can mainly be computed based on the surface type. The 

computation of the time of concentration can be either done by hand or using developed software 

like Microsoft Excel.  

 

Task 4: Centroid Analysis 

Centroid analysis will be performed in AutoCAD. The distance between the centroid and the time 

of concentration path will be measured in the Cartesian coordinate system to determine the shape 

of the watershed. This will help get a general idea of the shape and uniformity of the watershed 

without looking at a map or topography. 

  

Task 5: Curve Numbers 

Task 5.1: Weighted Curve Number Calculation for Sub-Basins - Calculation of the weighted curve 

number for each sub-basin. The weighted curve numbers allow analysis of stormwater runoff and 

comparison between methods of estimation. Using the area-weighted method in TR-55 as outlined 

by the City of Flagstaff to calculate the weighted curve number of the sub-basin for each site. This 

will be used to calculate the runoff volumes for the basin. 

Task 5.2: Curve Numbers for Micro-Basins - Curve numbers for single surface type will be 

collected from TR-55. These will be used to calculate the runoff of the micro-basins. This is 

important to the project as micro-basins are being evaluated as to whether this method of estimation 

will produce more accurate volumes. 

 

Task 6: Runoff Volumes 

Task 6.1: Runoff Volumes Using Weighted Curve Numbers - The runoff volume from a known 

storm will be calculated for the sub-basins using the weighted curve number calculated. The TR-

55 method in conjunction with the City of Flagstaff Stormwater Management Design Manual will 

be used to calculate these runoff volumes for each site and sub-basin. 

Task 6.2: Runoff Calculations Using Micro-Basin Curve Numbers - The runoff volume for each 

micro-basin will be calculated using methods developed by the team. This runoff volume will be 

added for each micro-basin to get a total volume for the sub-basin, which can be compared to the 

runoff volume calculated from TR-55. The results from this method will help highlight the 

shortcomings introduced by the TR-55 area weighted method. 

 



Task 7: HEC-HMS Model  

Task 7.1: Data Input - Inputting data from the soil survey, runoff routing and topographic maps 

into HEC-HMS for analysis. This must be done to complete the analysis of results and to compare 

all the results among the different methods used to conclude the precision and the accuracy of each 

analysis. Inputting data could be done by identifying all the gathered data from the previous tasks 

and run the data. 

 Task 7.1.1: Soil Assessment Input - This will be conducted by assessing the soil type 

at the site locations to determine what the type of soil and its manning’s roughness 

coefficient values that will affect the runoff speed and volume. 

 Task 7.1.2: Runoff Routing - ARC-GIS will be used for the purpose of defining the 

water runoff path based on the contour lines and the surface type on the map. 

 Task 7.1.3: Topographic Maps - Provided topographic maps will be analyzed in Civil-

3D to visualize the elevations of the site locations. 

Task 7.2: Running HEC-HMS Model - After data input is complete, the HEC-HMS model will be 

run to create an alternative runoff scenario. This will be done to compare the calculated runoff 

volumes from a storm to known storm runoff volumes.  

Task 7.3: Create Hydrographs -Creation of hydrographs for each site based on data collected from 

NOAA Atlas 14, USGS, and City of Flagstaff. HEC-HMS will be used to show the soil response 

to the gathered 2-yr, 10-yr, and 100-yr storm event data. Hydrographs allow results of flow due to 

storm events. 

Task 7.3.1: 2-yr Storm Hydrograph - Using previously collected precipitation data from a single 

storm, a hydrograph will be created in HEC-HMS. This will be used as a baseline estimate to assess 

the validity of the HEC-HMS model of each site. 

Task 7.3.2: 10-yr Storm Hydrograph - Using previously collected precipitation data from a single 

storm, a hydrograph will be created in HEC-HMS. This will be used as a baseline estimate to assess 

the validity of the HEC-HMS model of each site. 

Task 7.3.3: 100-yr Storm Hydrograph- Using previously collected precipitation data from a single 

storm, a hydrograph will be created in HEC-HMS. This will be used as a baseline estimate to assess 

the validity of the HEC-HMS model of each site. 

 

Task 8: Bench Model Simulation  

Task 8.1: Creation of Physical Model - Creation of a bench model will be done at the NAU lab 

facilities. This is a scaled down model that will consist of similar surfaces to that of the 

neighborhoods. This will allow small scale comparison of what happens in the field to the 

theoretical calculated runoff volumes. 

Task 8.2: Physical Model Storm Testing - A known quantity of water will be sprinkled over the 

physical model to simulate a storm. The runoff will be collected and measured to produce 

comparable results to the theoretical runoff volume calculated for the physical model. The results 

will consist of data that will be runoff and infiltration values. 

Task 8.3: Generate Hydrographs from Results - Creation of a hydrograph showing the results of 

the physical model storm simulation. This will be used to compare the runoff volumes to the 



theoretical volumes in the final report. This is integral to the project as it will validate or invalidate 

the methods used to determine runoff using weighted curve numbers. 

 

Task 9: Evaluation of Results 

Task 9.1: Compare HEC-HMS Results to Known Storm Events - The HEC-HMS hydrograph of 

each site will be compared to the hydrographs produced from known storm events. This will 

evaluate how accurate modeling watershed response and runoff volumes in HEC-HMS compares 

to the response of the watershed during a storm event.  

Task 9.2: Compare Simulation to Runoff Volume Results- The results produced from the runoff 

volume calculation and volumes from the bench model simulation will be compared. This will 

evaluate how accurate the developed methods of weighted curve number and runoff volume 

calculation are to real world results.  

Task 10: Project Impacts 

Task 10.1: Economic Impacts - Research the economic impact of the alterations to development 

code. Identify changes in municipality spending due to an increase in flood response, mitigation 

and damages.  

Task 10.2: Social Impacts - Report examining how the research conducted will have long term 

impacts on the rate of development around Flagstaff, how demographics will change in the 

researched neighborhoods and the rate of migration into Flagstaff for families.  

Task 10.3: Environmental Impacts - Research the effect that uncontrolled storm water poses to city 

infrastructure. Identify the impacts to local ecosystems caused by uncontrolled runoff. Identify 

possible causes for infrastructure failure and impact it poses to local ecosystems.  

 

Task 11: Project Deliverables 

Task 11.1: 30% Submittal - Preparation of 30% submittal documents including writing, editing, 

and printing. Submittal will include the collected data. 

Task 10.1.1: 30% Report - A write up highlighting the initial collection of data. This will include 

data from the Site Investigation, Basin Delineation, Runoff Routing, and Centroid Analysis. This 

report provides an opportunity to share project progress with stakeholders.  

Task 10.1.2: 30% Presentation - The presentation will highlight findings from the initial collection 

of data. Information from the report will be compressed and delivered in a manner that is easily 

followed. 

Task 11.2: 60% Submittal - Preparation of 60% submittal documents including writing, editing, 

and printing. Submittal will include the collected data and results from each method of generating 

a weighted curve number. 

Task 11.2.1: 60% Report - In this report, the collected data and the results from Curve Numbers, 

Runoff Volumes, HEC-HMS Model and Bench Model Simulation will be compiled into one report. 

It will incorporate revisions from the previous report. 

Task 11.2.2: 60% Presentation - This will be a continuation of the 30% presentation and consist of 

edits as well as new data collected and reported in the 60% report.  



Task 11.3: 90% Submittal - Preparation of 90% submittal documents including writing, editing, 

and printing. Submittal will include the data collected, results of weighted curve number methods 

and analysis of results. This task will also include all time spent making the project website. 

Task 11.3.1: 90% Report - This report will include information compiled from the 30% and 60% 

submittals as well as the evaluation of the results from the different modeling techniques. All 

milestones will be accomplished and recorded within this report along with a study of possible 

impacts.  

Task 11.3.2: 90% Website - This will consist of a relatively complete website that will include 

information on the team members as well as the general information on the curve number project. 

The website provides an opportunity for the general public to view and follow the progress of the 

project. 

Task 11.4: Final Submittal - Preparation of final submittal documents including writing, editing, 

and printing. This submittal will not include new information, this submittal will only be used for 

fine tuning and editing of the previous submittal. This task will also include any additional time 

spent revising the project website. 

Task 11.4.1: Final Report - A complete and polished record of the findings of the curve number 

project. This document will include all information compiled from the 90% report along with an 

intense editing process. The client will be presented with the completed final report.  

Task 11.4.2: Final Presentation - This will showcase the culmination of the analysis completed over 

the course of the project. The final presentation will summarize the information encased within the 

final report and present it in an easily digestible format.  

Task 11.4.3: Final Website - A completed summary of the project that will include revised 

information from the 90% website. 

 

Task 12: Project Management 

Task 12.1: Meetings - Set up meetings, meeting times, and keeping records of all meetings 

including minutes and memo binder. 

Task 12.1.1: Client Meetings- These meetings are to update the client on the progress of the project 

and address question. These meeting will be held on a monthly basis. 

Task 12.1.2: Technical Advisor Meetings- Meet before every deliverable, to receive feedback on 

project progress and technical tasks. 

Task 12.1.3: Grading Instructor Meetings- Meet upon request for questions or concerns. These 

meetings will be used to improve future deliverables and help guide the course of project. 

Task 12.1.4: Team Meetings - These meetings will be used to complete scope tasks as well as 

coordination, scheduling and resource management. The team will meet at least once a week. 

Task 12.2: Coordination - This task will include email correspondence and delivery of documents. 

These tool are necessary for scope task completion and schedule management. 

Task 12.3: Schedule Management - Time used to make any necessary updates to the project 

schedule. This is a vital tool used to keep the project meeting deliverable dates and milestones. The 

schedule will assist in the coordination of meetings with stakeholders. 

Task 12.4: Resource Management - Time used for hour tracking for each task. This task will include 

tracking the project budget and the use of equipment. 



 

2.1 Exclusions 

2.1.1: Topographic Surveying - Topographic surveying will not be included within the project. 

When topography is necessary to the project, readily available topographic maps from the U.S. 

Geological Survey will be used. 

2.1.2: Curve Numbers - Existing curve numbers for surface type will not be evaluated or tested. 


